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The Ministry of the Nuclear Energy of Russia has considered the Final Report of the
ATRP-R project: “Environmental Security Implications of Decommussioned Russian Nuclear
Submannes, Including Dismantlement Feasibility Study”. We are of the opimon that all the aspects
of the possible environmental security imphcations of decommnussioned Russian nuclear submarines
have been discussed in this Final Report

We agree that the main danger at dismantied nuclear submannes handling roots from
nuclear-radiation consequences of the possible accidents In the report in question the potential
scenarios of the emergency situattons which may occur at different stages of dismantlement are
treated

In the course of the analysis of the current state of works on the Russian nuciear submarnines
dismantlement the normative-legal basis of the dismantlement 1s grven as well as the data on the
number of submannes dismantled by the year of 2000 and data on dismantlement mnfrastructure of
the North-West and Far Eastern regions All the stages of the nuciear submarines dismantlement
technologies are discussed and the Russian concept of the complex dismantlement till the year of
201015 given The conclusion about the necessity of the systematization of the normative-legal acts
of Federal and regional levels which form the requirements and norms for decommisstoned Russian
nuclear submarines handling

All these and other matenials of the Final Report are considered valuable ininal data for the
conduction of future researches (including the researches 1n the network of intemational programs
and agreements) on environmental security implications of decommussioned nuclear submartnes

The matenals of the given Final Report will be used by the specialists of the Ministry of the

Nuclear Energy of Russia 1n their work

(Deputy Minister of Nuclear Energy of Russia) V Lebedev



The Russian Academy of Science has studied the Final Report of the ATRP-R project.
“Environmental Security Implications of Decomumissioned Russian Nuclear Submannes, Including
Dismantlement Feasibnlity Study” and considers it to be a step towards the research of the
ecological security of the regions participating 1n the process of nuclear submarines dismantiement

Taking nto account a large number of the nuclear submarines to be dismantled, thetr poor
technical condition and radiation potential as well as the condition of the mamtenance facilities ,
nuclear submannes dismantlement can be named amongst the most important ecological problems
which draw attention of many states and international organizations

It 1s very important that at this stage of works the formanon of meta-database has began on
different aspects of nuclear submarines handling after their decommussioning and on environmental
security tmplications of decommissioned nuclear submarines

The obtained results may lay good basis for the start of new internatienal programs and

projects on ecological probiems including the continuation of the researches on ATRP-R project

(Vice ~President of the Russian Academy of Science) N Laverov



The Department of the Head of the Ecological Security of the Russian Defense
Ministry has viewed the Final Report of the ATRP-R project “Environmental Security
Implicattons of Decommussioned Russtan Nuclear Submannes, Including Dismantlement
Feasibility Study” We are of the opinion that the main goal of the first stage of the works has been
achieved- proved 15 the techrical feasibiity of the further researches in the field of the
environmental security implications of decommussioned nuclear submarines

Much attention 1n this report 1s paid to the contamunation sources and potential threats
rooting from the process of nuclear submarines dismantlement The priority range of the works on
the ecological security increase dumng nuclear submarines dismantlement and storage has been
defined m accordance with nisk degrees for the environment and populauon The analysis of the risk
evaluation, theirr methodological and normative-legal aspects 15 given 1n the report 1n question

The analysis of the monttoring methods and principles of the integrated momtoring system
formation 1n the regions participating in the dismantlement process are of great importance

The proposals for the future works given n this report may be a basis for the development
and realization of the future projects and programs

The obtained results of the given Final Report will be used by the specialists of the Defense
Minsstry of the Russian Federation in their work 1n the field of ecological security

The following works must be done

+ the development of the norms of the allowable concentrations of radionuchids 1n the sea water,
sea seduments and the places of nuclear submannes utlization and storage Cooidination of
these norms at international level,

« data systematization on the environmental problems in the regions participating n handling of
the decommussioned nuclear submarines,

« data systematization and analysis of the vanants of radicactive and non-radioactive pollutants
1n the reglons participating in handling of the decommissioned nuclear submarines Pollutants
ranging according to their hazard degree,

« methods and technologies of ecological consequences hquidation of the possible accidents
during the storage of the nuclear submarines, unloading of the spent nuclear fuel, radioactive
wastes handling and dismantlement of the nuclear submarines and service vessels of the atomic
fleet

(Head of Ecological Secunty Department of the Minustry of Defense of Russia) B Alexeev
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THE PROLOGUE

In the final report of the first stage of ATRP-R program we have considered the possible
impact of Russian submannes decommussioning and dismantlement on the ecological safety of the
North-Western and Far-Eastern regions There exists enough open information, calculanon-
analytical models, experimental possibilities as well as organizational structures for the exccution of
such work

At the next stage we propose to form databases from the sources of mformation
systematized at the 1*' stage, to make a summanzation and procession of the matenal, to perfect the
methodology and execute risk assessment for the whole penod (70-100 years) of handiing the
submarines and their elements after their dismantlement

The integral part of the future work 15 creation of the basis for the integrated monitoring
system and development and implementation of the measures for nsk reduction from submarines
dismantlement

As 1t 15 shown n the report for the year 2000 183 nuclear submarines were
decommussioned on the Northern and Pacific fleets all in all, nuclear reactor fuel was unloaded
from 70 of them, dismantlement or the formation of reactor blocks has begun on 45 of them The
dismantlement process on none of the utihzed submarines has reached the stage of reactor
compartment storage

The afloat period of the nuclear submannes and reactor blocks may amount to 30 and more
years Because of the long afloat penod the accident factor due to the construction aging, personnel
errors, natural calamities or terrortsm becomes dominant

One of the main tasks of the first stage was to gather the information (meta database ) on
different aspects connected with the process of submanne handling after decommussioning and
possible ecological impact of this process on nature and populanon The plan for the database

( as a list of most important blocks of the information field with the corresponding sources )
1s placed (n Appendix 2 It s shown there that the information field of the studied problem can
compnse 13 blocks with each of the blocks combining the information on simular subjects For
example, the information on “Technical conditions of the nuclear submanines”, “Storage place of
the wastes of the nuclear fuel” and so on In the list of information sources will you find the utles of
the articles from peniodicals, monographs, expert short letters, reports at seminars and conferences,
scientific papers For each source we have indicated 1ts storage place In the sections of the given
report we have begun the piocess of gathening information for the database which at the present
stage gives a quantilaiive notion on the utihzation of the nuclear submannes in Russia, on the

infrastructure of its execution, on the sources of pollution and potential hazards and scenarios of the
report we nave begun the pirocess of gathering inrormation fol the database which at the present

9



possible accidents As a matter of preliminary discussion we have touched on the questions of the
assessment risk methodology and building of the integrated system of dismantlement monitoring
The mayor part of the materials prepared by the experts (ref Appendix 1) was handed over
to The Russian Academy of Science IBRAE for processing, systematization, reference and editing.
These materials were approved by the public authorities of the Russtan Federanon
The executors of the report are more than 40 ieading specialists of the Mimstry of the
Defense, The Russtan Navy, Minstry of Nuclear Energy, Russian Agency on Vessel Building,

Russian Academy of Science as well other Ministries and Departments

10



1. INTRODUCTION

In this section the structure and lhistory of a non-governmental organization
ATRP-R 15 described The data on the content, scale and gravity of the ecological

aspects of the nuclear submarmne utdization 1s also discussed in thts secnion.

1.1. Brief history of ATRP-R creation, its structure and main tasks

During the past two decades of the XX century especially after the Chemobyl accident the
concern of the international commumty over radioactive waste handling problems has grown
perpetually As a consequence of this anxiety there has been masterminded the 1dea of setting up the
Nuclear Waste Advanced Technology Research Program Foundation Officially this concept was
put forth by the Joint Declaration of Chairman of the House Subcommuttee for Military Research
and Development ,Mr Curt Weldon, and Chairman of the Russian State Duma Commuttee on the
Russian North Mr Vladimir Gomon, and signed in February, 1997 in Washimgton D C

The 1itiative suggested 1n this Declaration was later supported in the Decree of the Russian
State Duma Ne 1462 on June 4, 1997 and the US Senate Resolution Ne 224 of May 6, 1998

From September 1997 to March 1998 numerous meetings and consultations were held with
the Representatives of the Parliaments of Sweden, Norway , The U S A, Denmark and many others.
As a result of these meeungs the initiative on ATRP-R creation was approved

The nformation on the given project was successfully presented at the ACOPS Session
(Stockholm, January 1998) and at Intergovernmental Group on radioacuive wastes problems 1n
Russia (Brussels, February 1998)

The primary guidelines and objectives of this Program have been agreed by the Russian
Mimistry of Defense, Ministry for Nuclear Energy of the Russian Federation and a number of the
Russian State Duma Commuttees IBRAE Research Instutute has been idenufied as the primary
screntific agency to be responsible for the Program from the Russian side

Weldon-Gomon’s mitianve has gamed wide support and 15 defined by the utmost
importance of the problems to be investigated These problems have global nature and can be
decided via internationai cooperation

The marn tasks of ATRP-R are

+ Assessment and certificaton of technologies as related to the dismantlement of the nuclear
submarnes as well as evaluation of such technologies from the environmental securty

standpo1int

« Creanon of the mternational market and Internet database on nuclear wastes handling
technologies

- et SR A LY B VS Y Ll TLLWALLIQALIASLICL] LLACHE Al bV LB L LLGL WL AU/ Ao WL L 1wl Y UL D uuuuuus

technologles
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« Obtaimng support of the governmental bodies of the Russian Federation The USA and other
countries for the Program mmplementation .

List of state departments, institutes, and
organizations participating in ATRP-R

| ATRP-R
Research Institutes and | [ Russian governmental
| industmai enterprises | L authonties

p—— ——

IBRAE | State |
{I'LIQ) ; - Duma ‘

] f
| Ministry of Defense | Mimstry of Defense 'J
Research Institutes ! J Ministry of Nucklear Energy

1 | State Commuttee on {

Minatom i
the North R
Research Institutes f @ Northern Region

) State Commuttee r

[ ) on Ecology }J

Industnal enterprises of ]r Russian Academy
other ministeries tutes , of Scienses

I 1

N I' Regional admimstrations l

Fig. 1.1.

In order to implement the program 1n the Russian Federation there has been set up a non-
governmental instiiution (foundation) of Advanced Technology Research Foundation for nuclear
waste, 1 ¢ ATRP-R The sumilar task from the US side has been authorized to TMC (Technology
Management Company, Albuquerque, New Mexico)

The list of the state bodies, institutions and organizations of RF which take part in the
ATRP-R program can be seenin fig 1 1.

In fig 12 you can see the organizational structure of the works on ATRP-R program

Organization of work on 'ATRP NW'

program

Supervisory Board |
1 General management of the Pragram .
2 Decisions on disputable guestions |

{
Advisory Panel
1 Assigring heads of Direction Work Groups and Experts |
2 Consideration of deliverables coming from Work Groups
3 Developing perspective recommendations !
4 Reporting te the Supervisory Board ’

Group of Experts [
« Coanducting the work as per directions identified l

Work Groups

i~ rst ia) |

; ==+ = :
[1 Each Wark Group 15 to be headed by an Adwvisary Panel membell.
12 The number of members of a Work Group is 2 to 5 persons |
|2 some experts may be involved n several Work Groups. |
tl Far some directians, two Work Groups may work in garalle!

Fig. 1.2.
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As of this moment specifically for this Program there has been established the Supervisory
Board which represents the ATRP-R supreme authonty and the Expert Council, both compnsing
the representatives of the Russian Ministry of Defense, Navy, Minustry of Nuclear Energy, Russian
Academy of Science and vanous other nstitunons of the Russian Federation. The hst of experts

who participated 1n this research 13 represented 1n Appendix 1

1.2. The content of the research of the 1% stage

In the year 2000, after a number of Russian-American meetings, there was reached the
dectston that at the first stage of the project the pnmary emphasis should be made on the 1ssue of
environmental security of the decommussioned Russian nuclear submannes As the first step of the
study of the ES imphlications, a feasibility study was planned for this endeavor, ocuthned as an
independent study.

Taking 1nto account a large number of nuclear submarines to be utilized as well as their poor
technical condition and their radiation hazard potential , the nuclear submanne dismantlement may
be considered one of the most important ecological problems

The problem of the nuclear submanne dismantlement becomes even more difficult as most
of the decommussioned submannes are located 1n the Far Eastern regions where nature 1s especially
sensitive to the harmful anthropological interference

The following figures speak of the large scale of the nuclear submarine utihzation problem

« the total activity of the spent nuclear fuel of the submarines amounts to more than 600 mullion

Cr (2,2 10" Bq), just to compare the total activity of the radioactive accumulated as a result of
the activity of the atomic industry plants of USSR and Russia amounts to about 4 bilhion Ci

(1,48 10" Bq) [2]

« the total weight of the radivacuve construction matenals of the nuclear submarines to be
utilized 1s over 150 000 tons,

« the total weight of the metal to be cut 1s 1 5 mullion tons [2]
The gravity of the problem of the nuclear submarine dismantlement 15 aggravated by the
following factors

« Rapid increase of the number of the decommissioned nuclear submarines and the madequacy
of the spent fuel handling facilities in the North West and Far East regtons of Russia,

« Inevitability of the lengthy on-water floating storage of the decommissioned nuclear
submarines with spent fuel on board,

« QGreat amount of the liqutd and solid radioactive waste accumulated during the past years of
submarine operation, as well as spent fuel resulting from regular reloading ot the active zones,
practically exhausting the floating and surface nuclear fleet technological maintenance bases
capactttes (for spent fuel, hquid and solid wastes),

« Poor techrical condition of a number of coastal and floating radroactive waste storage facilities,

Pravically CAHMUSLILE VIT TTUGLITHE dllU dDULLALE JULIGdl 1ICCL loliluivgivdl Ldineldlive Lddod

canacittes (for snent fuel. hauid and sohid wasies).
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+ Current practice of lengthy storage of the spent fuel in containers in the open areas within the
direct vicinity of the actual nuclear submanne unloading operations,

« High total activity value of the spent nuclear fuel and radicactive waste

1.3. Current state of the works on the nuclear submarines
dismantlement in the Russian Federation

There are many reasons why the nuclear submarines dismantlement process faces so many

probiems 1n Russia Below will you find 3 main ones

1
2

Decomrussioning of a great number of nuclear submannes over a very short period of time

Decommussioning of many submarines fell on the years of economic crisis 1n Russia In
these years the Russian Federation could hardly provide even the mimimal financing for this
project

There has been no realistic plan for the dismantlement of the nuclear submannes 1in Russia.
The concept of complex dismantlement developed m 80-s was oriented for the long-term
storage of the submarines n artificial caves which were built for submanne mding This
concept presupposed a costly re-equpment of the caves as well as development of a
complex and very expensive transportation system For this and many other reasons this
concept was turned down

The guantitative data on nuclear submarine decomrmussioning in Pacific and Northern Fleets

1s shown in fig 13 Figl4 reflects the dynamucs of the unloading of the spent fuel of the

decommuissioned nuclear submarine reactors The nuclear fuel remains onboard on more than half

of the nuclear submarines to be decomrmussioned

Up to this moment not a single decommussioned submarine has been completely dismantled

Because of the unavattability of the corresponding infrastructure for the long-term nuclear

submanne storage, the dismantlement 1s conducted on a temporary scheme consisting of cutting out

of the 1eactor block which consists of reactor compartment with 2 or more adjacent compartments

which keep them afloat

14
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The created 3 or multi-compartments blocks stay afloat until works begins on cutting and
formation of the reactor compartment with 1its further transportation to the place of a long-term
storage

The dynanues of the nuclear submarine utilization on the temporary scheme 1s shown 1n

figl5s

o

1.4. Risk factors and potential environment contaminants connected
with nuclear submarines dismantlement

The main pollution sources connecied with the process of nuclear submarinie dtsmantlement

are shownmfig 1 6
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Fig. 1.6.

1.4.1. Decommissioned nuclear submarines

Most of the potential ecological risk 1s connected with the decommussioned nuclear
submarines and with those submannes which are located at long-term storage places

The hazard 15 defined by the nuclear fuel remaining on the submannes and by the poor
technical condition of those nuclear submarines The decommussioned nuclear submarines are
located 1n the places unprepared for a long-term safe storage Matenal part and measures on the
capsulation of the solid (inner) hull and on preparation of the submannes for a long-term afloat
storage Everyday operation of the vessel has been practically stopped, there 15 only 20 % of the
crew aboard the vessel.[1,2]

Especially grave situation 1s with the nuclear submarines of the 1* and 2™ generations , the
dismantlement of which 1s conducted very slowly due to the necessity of meeting nternational
agreements on the reduction of the strategic nuciear submanines Most of the mechanisms and
equipment are outdated The corrosion of the light (outer) hull has reached hazardous levels and
there are leakages 1n the capsulation of the main ballast Mainly for the above-mentioned reasons
the transportation of the submannes of the 1¥ generation from the storage and warting places to the
place of the dismantlement will be impossible in some years without the usage of the transportation
docks [8]

All the above-mentioned facts put in danger safe afloat storage of a nuclear submarine and
require the development and realization of the storage safety measures for the decommissioned

nuclear submarines

Status of nuclear submarines
decommission and recycling

T Average coaling time, years

MAverage age, yedrs

Dalla
Dena I

L7



"Nel-  Technical ,

These measures should include the provision of the absolute capsulation, floodability,
nuclear, radiation and ecological safety and constant presence of the number of the crew aboard the
vessel which 1s sufficient for the provision of the safe long-term afloat storage

In figl7 will you find the average data on the age and storage penod for the
decommussioned nuclear submarmes of different projects.

The general 1dea of the technical condition of the decommuissioned nuclear submarmes ts

aivenintab 11
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| | ‘ fiame leakages J
|
2 Driving ballast J 34 76 i I4 submartnes have therr |
leahages ) high air pressure devices
| | IL down tigh sinhing risk
T
|3 Fust trame {nuclear | 9 20 ,
power unit) leakages I ]
o Potential PB ' 44 97 |
[ SmissIons Into ’ |
I'L atmasphere L |
Tab. 1.1,

The most important problem of the decommuissioned nuclear submarnine storage ts the
unloaded nuclear fuel on 60% of them At present the number of the decommussioned nuclear
submarines which are kept afloat totals 120, more than 110 of which have unloaded nuclear fuel
The total radiation potential of the reactors nuclear fuel of these submarines amounts to 200-300
mutlion. Ct In case of a hypothetical nuclear accident there may arise such consequences which will

596" levels of nuclear event scale {IANS-International Association on Nuclear

correspond to the 5
Energy Control)

If we take 1nto consideration that the accident in Chazhma Bay (in 1985) took place on the
“fresh” fuel (the new active zone has just been loaded). then the consequences of the accident on
the active zone will be more grave The overshoot of the long-lived nucluds in this case will be 3-4
times higher than dunng the accident on the “fresh” fuel [2] (More detailed descniption of the
accident 1n Chazma Bay can be found 1n Section 4 of this Report)

The unloading of the active zones at present 1s restncted by many reasons That 15 why the

period of nuclear fuel presence in the reactor active zones 1s expected to be a very {ong one

— a - - -

nerind nf niiclaar fel nrecence 1n the reartar artive 7zones 1c axnectad tn he a varv Inno nne
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At the current speed of active-zone unloading the questions of the spent nuclear fuel storage

1n the reactors become more serious.

A special attention should be paid to the nuclear submarines with damaged atomic steam-

producing plants which are kept afloat on a long-term basis. Aboard these nuciear submannes there

1s nuclear fuel, the unloading of which 1s impossible due to the large dose exposure required for

futfillment of these works and lack of efficient safe technologies for handling the nuclear fuel of

the damaged nuclear submarines Besides, each of these submarines requires the development of the

special technology which should take into account the peculiarities of the submarine construchion,

tts reactor as well as the character of the damage [3]

The list of nuclear submanines with damaged steam-generated units 1s shown 1n tab 1.2

Nuclear submarines with damaged steam-generating units

- .. . Location
Northern Ileet
Core 1s “trozen” by regular
| Alpha Saida Bay Crrcutt pipe-lines covlant Compartment
AP One reactor compartment leakaze prepared tor extended
waterborne storage
Core 1» ‘t1ozen™ by regular
- Alpha Saida Bav Reledse of oolant to coolant Compartment
- ph. One redetor compar imeiit [ the compartment prepared tor extended
waterborne storage
; Reactor ¢ core
3 Echo-II 10 Navy slupyards ' Detueled
| damage
Pacific Fleet
“Fresh ” nuclear tuel at the
Starboard nuwlear
) . larboard reactor Nuclea
l Echo-11 Pavievskogo Bay 1eactor’™s thermal N
- submuirine s carried by 4
explosion
poneans
Spent tuzl 15 onboard
2 Victor-1 Paviovshogo Bay Reactor ~ core damage | Nuclear submarine 1s carried
by 4+ puntoons
Spent fuel anboard Nuclear
3 Echo-i1 Pavlovskogo Bay Reaclor ~ core damage | submarine’s bow liex on the
sl

Tab. 1.2.

In this table will you also find some data on the character of the accident and on the

technical condition of the reactor [7]

technical condition of the reactor [7]



At the places of such submarnines storage the deviations from the ecological norms are obseryed
Fig 1 8 gives a good illustration of this' levels of gamma-irradiation 1n the sea-floor precipitations of the

Pavlovskiy Bay where the submannes with damaged reactor are located {4]

Dimensional and topographic image of the
sediments gamma-radiation at Paviovskogo Bay
1.- NS reactor accijent location ,

2.~ two nuclear submarines with damaged cores locabhon
3 - special ships location

==
!

I-J-;,,z/f%’_‘}%lu f ” 140 mRA fh !
ER A

The problem of the damaged compartments handling requires the development of the new
methods and technologies of active zone unloading with munimal dose exposures for the personnel
The localization and temporary safe storage of the campartments with the damaged active zones

should be undertaken to allow tume for such technologies development

1.4.2. The vessels for the atomic fleet maintenance

The foilowing vessels providing the atomic fleet mantenance are conswdered to be
hazardous objects and potenttal sources of pollution
+ floatng technical bases for reactor recharging,

« special technical tankers

Floating depot ships for reactor refueling

i

Damaged | --LRY
| spent fuel

- |assemblies

Northern Fleet

) 140 Atter renewal can be
! 326M 1960 10 No 18.32 used tor retueling
l 1 ' 336M 1960 50 No 140 After renewal cdan be

1R.3? usec tor refueling



ﬁérﬁéged'

| spent fuel
assemblies| .-
3 326M 1962 38 No 67 After tenewal can be
M7 used for retueling
3 Atter renawal can be
I6N L2
3 326M 1963 37 No 9.6 used for refueling
)
n 336M 1064 36 No 126 C.mn(?t be used for
11 refueling
Pacific Fleet
Cannot be used for
195 refueling
5 326M 1960 40 Ne -'9— Used as a technical
tanker — LRW and SRwW
managemelnt
Cannot be used for
nuciear submarine
63 1eactor reloading
) | — o
6 326M 1962 38 No 49,284 Used as a techmical
tanker — LRW and SRW
mdnagement
7 326 1964 36 >100 -}—g—? Decommissioned
8 326 1966 34 >100 - _477' Decomnussioned
3556.0
Total amount of spent nuclear fuel stored being at on-shore depots' Northern Fleet about 20000
Pacific Fleet more than 10000 spent nuclear fuel assemblies.

spent nuclear fuel assemblies,

Tab. 1.3.
Up to this moment 8 floating bases with the total of 32 000 ton displacement for reactor

recharging have completed the servicing peniod (30 years) and with the volume of the spent nuclear

fuel 3000 assemblages and liquid radioactive wastes about 9000 m? (tab 13)
Also, 11 technological tankers with the total of 36 000 ton displacement have completed the

servicing period (30 years) and with the volume of liquid radioactive wastes about 8230 m3

(tab.1 4) [1,2]
Technical tankers (collection, storage, transportation

and distribution of LRW and SRW)
_Pro!'%!ct . :

LRW, m

Year of - |Service, 3 | Activity Of | T

LRW, Ci - |:
Northern Fleet

1 wV g 1960 40 Decommissioned  Cannot be
used uas a tarther
1960 | 40 ' DecomiInissioned  Cdainnot ne
used as a tarthet ”

’ 1 l “Vala™



|- vearof Activityof | - .o
LRW, ci | - Technical sondition
2 "Vata" 1968 35 5.6 0.074 Operation with mantendoce
3 "Vala" 1962 38 749 881 Operation with maintenance
4 “Vala" 1968 33 850 17.84 Cannot be used as a tanket
Used as a barge
5 “Vala™ 1963 37 727 3.36 Operation with maintenance
Pacific Fleet
! "Vala" 1960 40 - - Decommussioned 1n 1992

Cannot be used as a iankel

7 "Vala" 1963 37 678 60 37 51 Cannot be used as a tanker
Used as a barge

g "Vala” 1969 il 839 0 894 Cannut be used as a tanker
Used as 4 barge

9 "Vala" 1963 37 - - Cannaot be used as a tanker
Used a5 a barge

10 326M 1262 38 68 49 254 Used ay techniva! tanker fur

LRW and SRW storage
11 326M 1960 40 1943 902 Used as technical tanker Tor

LRW and SRW storage

Tab. 1.4.

The repainng works on the vessels are restricted due to the high levels of radiation and

radioactive pollution The problem of the dismantiement of these vessels 1s a separate specific task.

1.4.3. The facilities of coastal infrastructure

The facilities of coastal infrastructure are considered to be hazardous from the point of
rachation and pollution The technical state of the storages of the spent fuel, solid and hquid
radioactive wastes represents a spectal radio-ecological hazard

The coastal techmcal bases were constructed in 1962-65 with outdated equipment and
devices for physical and radiation control Most of the bases are in emergency condition Due to
this factor , radiation contamination has occured For example, the latest researches at the Pacific
Fleet have shown that the whole technical ternitory of the coastal technical base (part of the Sysoev
Bay and Bay Strelok) 1s polluted with the artificial nuclids (mainly with Ceasium-137 and Cobalt-
60) The bases of the Pacific and Northern have simiular radio-ecological problems

The data on the quantity and the total activity of the accumulated radioactive wastes at

coastal storages 1s shown in tab 1 5 [5]}

The data on the quantity and the total activity of the accumulated radioactive wastes at
22



Radioactive wastes amount and total activity

North:

regron of Murmansk 44511 69.15 6901 9 1497.6

region of Severodvinsk 36394 263,15 2091,61 103,64
Total: 8090,6 332,3 8993,5 2601,24

Far East:

Pumor e 63392 258 83 15060.05 23967930

Kamichatka 92816 35930 6632 1605,15
Sum: 7267,36 5853,85 15923,25 261284,51
Total: 15357,96 6186,15 24916,75 263885,75

Total activity of solid and liquid wastes amouats to ~ 27000 Cu.

Tab. 1.5.

1.4.4. 3-compartment blocks with reactor compartment

As 1t was mentioned earlier, due to the absence of the places for reactor compartment long-
term storage and corresponding infrastructure at the fleets, at present the principle of the temporary
storage of the cut-out afloat reactor compartments (in the form of 3 or muiti-compartment block) 1s
realized

Up to the present 45 nuclear submarines have been dismantled to some extent ( at the
Northern fleet-30 and at the Pactfic-15) according to this scheme 8 blocks are at different stages of
formation

Up to thus moment The Navy has been responsible for three-compartment blocks but 1n
accordance with the decision of the Russian Federation Government from 28 05 98 N518 the blocks
are being handed over under the junsdiction of the industry

Taking mnto account the significant amount of the accumulated modules and current works 1n
this direction, there arises the necessity of scientific-technical evaluation of the possible ecological
consequences of the temporary afloat storage of the reactor compartments.

Admussible afloat period of the 3-compartment 1s himited to the corrosion wear of its end
partihons and evaluated by the experts as equal to 10-12 years

The continuation of the submarine cutting and afloat block storage require additional
measures to increase the durability of end partiions and corrosion resistance of the “container”

material (solid hull+ end partitions)

material (solid hull+ end partittons) »



1.4.5. Spent nuclear fuel

The magnitude of the potential nuclear and radiation danger are defined by the spent nuclear
fuel, i which more than 90% of all utthization components activity 1s concentrated At present more
than 300 reactor cores and 80 000 heat-producing partitions are concentrated at the Navy facilities
In the reactors of decommussioned nuclear submarines there remain onboard 200 reactor cores

The majonity of the coastal and afloat storages are 1n poor technical conditions and therr
capacities are exhausted The problem of the long-term storage of the defective spent nuclear fuel of
the transportation reactors is becoming more acute

The existing equipment and rescurces as well as the lack scheme of spent nuclear treatment
do not allow for the required speed of reactor cores unloading from the reactors of the nuclear
submartnes to be dismantied

Means of the spent nuclear fuel transportation as well as the production facilities of the PU
"Mayak” do not allow for the transportation of more than 20 active zones for the processing per
year (around 5000 of spent heat producing assemblages) The most important problem, though, 18
connected with the spent fuel of the reactors using hiquid metal as a heat carner. On two submarines
of this project active zones are “frozen” and there 1s no nfrastructure for the removal of the spent
parts from the reactor frame

In fig 1 9 the technological chain of nuclear submanne handling 1n the Russian Federation 15
shown

As applied to the submarines to be dismantled this scheme should be corrected upon taking
mto account the unloading of the spent fuel into metal-concrete containers and temporary storage of
these contamners at specially designed facilities in the Northern and Far Eastern regions

In the further studtes there must be researched all the ecological nisks connected with all the

stages of the given chain
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Technological chain for handling spent nuclear fuel from decommissioned

C- nuclear submarmes and required mfrastructure
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1.4.6. Environment poliution during the process of
nuclear submarine dismantlement
Traditional methods of gas and plasma cutting of the vessel constructions and equipment
polluted with radioactive oxides and deposits of the 1solation and pamntwork matenals lead to the
pollution of the working areas and environment by a muxture of radicactive substances and high-
toxtc combustion products The dismantlement of only one nuclear submanne 1s accompanied by
the dumping mto environment up to 11,5 kg of chrome oxides, 22,5 kg of manganese oxides, 500

kg of carbon oxide and up to 650 kg of nitrogen oxide [6]

Gaseous wastes resulting from
nuclear submarines dismantiement

!'_ Formation |

1

" Aerosals from welding and ,
qas cutting work

Solid I Gaseous
component , component ,
' | ¢
!7 Metal oxides: Carhon and l

Mﬂozé&ri?y ""J nitrogen oxides

Into sodl } [Into the atmosphere

without
! (deposition) : pu.snﬁcatlon) J

Fig 1.10.

The main hazardous gasiform combustion products evolving as a result of thermal impact on
the metal and non-metal surfaces are represented 1n fig 1 10 Among those products are high-toxic
substances of 1% and 2™ hazard class- oxides of chrome, manganese and substances with a pencil-
beam activity mechanism- oxides of carbon and nitrogen In fig 1,11 the List of liquid and solid non-
radioactive wastes, which are formed during the dismantiement of nuclear submarines and have a

negative impact on environment and human’s health, 1s shown [6]

AL
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Non-radioactive liquid and solld wastes resulting
from nuclear submarine dismantlement

i
WASTES J
LiQuip ‘ ! soLiD
|
1 Rubber { bs)
i ubber {preces, ¢rumbs
: Aclds Rubber (plates)
Alkahs Insulatian
Ollcontaining | Asbestos containing
waters .
! nsulation waste !
Hydraulic liquid J ! Palymers J
Freons ] Adsarbents
Petrachemicals ! 1 Soldified resins
{oils, fugl) : Luminescent lamps :
| | Plastc |

Fig. 1.11.

The qualitative parameters which charactenize the wastes formed dunng dismantlement

process depend on the nuclear submartne type and technological processes used

1.5. The place of ATRP program in the complex of existing programs
and projects oriented on the research of the pollution problems of
the Arctic Basin.

The protection of the Arctic Basin from the harmful anthropological influence 1s a very

important international problem The given problem is connected with ecological safety at both

regtonal and global levels The scholars of many countries suppose that the deciston of this problem

can be accelerated via cooperation of different countries not only in scientific sphere but 1n

economic one as well

There are several international programs and projects aimed at deciding the aspects of this

problem

1

I

AMEC Program (Arctic Military Environmental Cooperation)- this large-scale program
aimed at assisting the Russian Federation 1n creation the infrastructure which would provide
for the ecological safety of the region It presupposes the creation of the containers for the
spent nuclear fuel as well as the construction of the facilines for the temporary storage of the
spent nuclear fuel A special menuon should be made to the fact that this program
presupposes the creation of the systems of radiation ecological control at the mulitary
objects

AMAP Program {Arcuc Monitoring Assessment Program) The given program deals with
the analysis of the ecological consequences connected with the radioactive wastes and 1s
oriented on the research of the real pollution levels The problems of the nuclear submarines
dismantlement are not analyzed n this program

ANWAP Program (Arctic Nuclear Waste Assessment) has many different projects onented
on the evaluanhon of the nuclear wastes amount of the Arctic

~t

ANWAP Program (Arctic Nuclear Waste Assessment) has many different projects onented
L1



4, MNTS-101-96B Project * Analysis of the nuclear wastes burial on the sea-floor of the
Barents Sea and the Sea of Japan” One of the main tasks of the given project was the
creation of the database on the nuclear submannes to be dismantled The reports of this
program contamns very useful information but on the whole the program was aimed at
gathering and generalization of the data not at uts analysis This program 15 not scientific tn
nature and the problems of evaluation, prognosis were not dealt with

5 INTAS Program (International Association for the Promotion with Scientists from
Independent States of the former Soviet Umion) There 1s only one project 1n this program
which has 1ts main task of researching the radio-ecological problems connected with the
activity of the Russian Navy 1n the North One of the main tasks of the given project 1s
evalvation of the possibility of transboundary transportation of the radionuchds after
accidents at nuclear submarines Dismantlement of the nuclear submarines as umiform
scheme 1s not analyzed, only separate accidents are researched There 1s no technological
data and reference to the region of study

6. IASAP (International Arctic Seas Assessment Program)

As you can gather from the above-mentioned programs and projects, none of them deals

spectfically with the research of the ecological consequences connected with the process of the

nuclear submarines dismantlement. Thus , the project proposed by ATRP-R 1s the first attempt of

the systematic research of this scientific problem

Here are the unique features of the given project

a complex character of the research The research of the negative impact of all harmful
substances formed at different stages of nuclear submanne dismantlement on environment and
human's health

the research will cover two regions Northern and Far Eastern.

The project will have a scienufic research character and presupposes a wide use of
mathematical modeling processes

The prionity aum of the further studies 1s not only the determination of the rnisks connected with
handling of the submarines to be dismantled but cost-benefit analys:s of the steps towards these
nsks monitoring and reduction
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2. DISMANTLEMENT OPERATIONS: PROCESS OVERVIEW

In this section the retrospective and legal basis for the unilization of the Russian
muclear submarnnes are discussed This section also deals with the analysis of the
number and techical condinions of the nuclear submarines decomumssioned by
2000 The stages and technology of the utthization are also shown The Concept of
the Russian complex dismantlement vl 2010 is treated in the given section

2.1. Brief history

Dismantlement process of the nuclear submanines mm Russia began mn 1985 when 3
submarines from the Northern Fleet and 2 —from the Pacific Fleet were decommussioned By that
time the submarines had operated for about 25 years and their technical condition was considered
unsatisfactory The dynamucs of the submarine dismantlement , unloading of the spent nuclear fuel
and formation of the reactor blocks can be seen from figures ! 3, 1 4 and 1.5 n the Introduction
section of this report

To secure the nuclear and radiation safety-the first step in the technological chain of the
nuclear submarine dismantiement should be the unloading of the spent nuclear fuel from the
reactor. Then the reactor compartment 1s packed and cut and 1s transported to the place of long-term
storage which provide for the safety of the personnel, population and environment.

Following the dismantlement technology as practiced 1n the USA, UK and France after the
submarine has been decommussioned from the active service its nuclear reactor 1s defueled In the
next step the reactor compartment 1S cut out and taken to an on-shore facility for lengthy storage,
such a facility sufficiently distanced from the human settlements to protect the personnel, civilian
population and human habitat [1-3]

Simular approach was also planned in Russia, yet the decommussioning of a large quantity of
submarines 1n a short peniod of time exceeded the capacitues of the techmcal and maintenance
facilities providing for the approprate dismantlement operations As a result the nuclear submarines
were to be put 1n the transitional storage state awaiting for their spent nuclear fuel to be unloaded,
their fore and aft parts to be cut away and the resulting three-compartment units being kept floating
at the dislocation sites (two adjoining compartments, one on each sided of the reactor compartment,
provide for the floating ability of the entire unit)

70 nuclear submannes are retired and defueled 43 reactor blocks have been formed, 9 are
on the afloat storage, 18 at different stages of reactor block formation are at scrapping enterprses

The general situation with dismantlement, unloading of the spent nuclear fuel 1s shown mn fig 2.1

U



State of the dismantlement and utiization process of the Russian nuclear
submarines
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Fig 2 1.

Such a difference to the foreign dismantlement procedure has provided grounds for concern
of vanous international agencies over the potential nuclear accidents with the resulting trans-border
nugrations of the radioactive substances, which called for appropnate research and anlysis of this
problem.

Having evaluated the situation with the decommissioned Russian nuclear submannes the
NATO Committee on the Challenges of Modern Society has appreciated the Russian dismantling
procedures, however making note of the incompleteness of the dismantling technological cycle It
was also determined that the Russian specific deviations from the commonly practiced ternational
procedure do not bear a critical tmpact on the general dismantlement concept and the trans-border
mugrations of the radioactive substances nsk was quite moderate, however (n certain cases yet
allowing for potenual distributing of the radioactive substances through air, with the subsequent
formation of the polluted radioactive environmental zones

This side of the issue was carefully reviewed during several seminars 1n the framework of
the IBRAE/NATO cooperation 1n the years of 1995/1999, with a particular emphasis placed on the
environmental security implications and radiation protecuon during all stages of the nuclear
submarine dismantlement operations [2,3]

Currently there are being drafted the Federal Dismantlement System for the general

supervision of the decomnussioned Russian nuclear submarine dismanthing operathions and the

Currently there are bemng drafted the Federal Dismantlement System for the general
31



environmental rehabilitation of the radioactive hazards of the Russian Navy (to be completed before
the year 2005 ), as well as the Nuclear Submarine and Surface Vessels Dismantling System
Concept Both bills are linked to the transfer of the control over this 1ssue from the Ministry of
Defense of the Russian Federation (Navy) to Minatom (Russian Mimstry for Nuclear Energy),
which may facilitate the most appropnate investment channeling, given the actual financial and
economuc environment of Russia today, which could in its turn at the end of the day effectively
wncrease the pace of the Russian submanne dismanthng operations and provide for the
environmental rehabilitation of the Russian Navy sites and territones (both coastal and the off-shore
facilities).

The Minatom strategy shall provide for a faster unloading of the spent nuclear fuel from the
nuclear submanne reactors and emergency offshore and coastal storage facilities, as well as provide
for the safe handling of these materials As such, the long-term model work plan shall provide for
the following results

« Provision of the safe afloat storage of the nuclear submarmes with the fuel stll on board up to
the moment of their dismantlement.

» By the end of the year 2000 the spent nuclear fuel is to be unloaded from the nuclear submarnine
reactors 1n the amount of 20 unloadings per year, stmultaneously providing for the temporary
storage of such wastes,

+ By the years 2005-2006 all of the spent fuel 1s to be unloaded from the reactors of all uniized
nuclear submanines, as well as coastal and off-shore storage facilities, effectively hifung the
threat of the radiation exposure as a result of emergency occurrences

Decrease the environmental nisk at the radiation hazardous sites of the Russian Navy and
provide rehabilitation operations for such ternitortes

Following the aforementioned Concept such a faster pace of the spent nuclear fuel unloading
operanions from the floaung reactor compartments (in the laid-up pomnts of the Russian
decommussioned nuclear submarines) shall be provided as a result of the following steps

» Setting up spent nuclear fuel reloading coastal facilities at the Russian Shipbuilding Agency
shipyards,

» Development of the less complicated specialized nuclear fuel reloading equipment,

+ Development of secure temporary spent nuclear fuel storage procedures at the shipyard
faciliies with the regular transportation routes and schedules established for the spent fuel
shipments to the processing points

Both the spent nuclear fuel and radioactive waste handling facilities will be used for the
continuous industnial servicing of the active nuclear vessels of the Russian Navy, spent nuclear fuel
unloading from the coastal and off-shore storages, as well as for the air-conditioning and burial of

the radioactive wastes

2"

the radioactive wastes
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However to make such an approach effective and practical 1t 1s crucial to first of all resolve a
number of 1ssues, most pressing of which are as shown below:

+ Developing of the general cniteria and prioritization of the radiation and environmental issues
of the Russian Federation,

+ Review and redrafting of the legal framework pertaining the governmental contro! over the
security implications (n the nuclear energy related mdustries

Resolution of all of the above-described objectives shall increase the efficiency and quality
of the nuclear submarine dismantlement process

For the provision of the further works on the analysis of the implications of the
dismantiement process on the ecological safety , the systematization of the big volume of
information on dismantlement technologies at ship-building plants and technical bases of different

regions of the country 1s absolutely essential

2.2. Technical condition of the dismantled nuclear submarines and
problems of their safe afloat storage

To date, as a result of an increasing number of the decommussioned nuclear submarines the
tssues of the radiation and environmental protection have become even more critical Such a large
scale decommussioning in the light of the drastic lack of funding and appropriate industnial facilities
have preconditioned the emergency condition of the Russtan Navy 1n the freld of the spent nuclear
fuel and radioactive waste storage, as well as the decommussioned nuclear submarines scrapping
OpErations

In order to appreciate the scale of the problem 1t 1s enough to say that as of August 2000
there were over 200 retired and decommuissioned nuclear submarines parked 1n various naval
dislocation points of Russia, bays, lay-up bases, on-shore facilities in the vicinity of human habitats

All of this poses a serious threat of large nuclear and radioactive accidents, which could
strike vast regions of Russia and senously damage its civilian populanion

The real danger 1s characterized by the radiaton rtsk taking mto account the particulars of
the event development connected with air ,seawater and floor sediments pollution as well as the
pollution of the flora and fauna

Under existing circumstances it 15 very difficult to consider all the aspects of the ecological
side of the problem and forecast the development of the events connecied with radio ecological
consequences of dismantlement However, some patterns can be seen from the analysis of the long
operation and 10-year long period of dismantlement of the nuclear submarines

The decommissioned nuclear submannes and cut out and formed reactor compartments

containing 1, 3 4 or more compartment blocks at present are located at the nuclear submanne

The decommissioned nuclear submarines and cut out and formed reactor compartments
33



basing places, at the places of temporary storage and at the ship-building plants of the Russian ship-
building Agency.

The decommussioned nuclear submarines are based at the following points:

The Northern Fleet

Belomorsk mulitary-naval base (Severodvinsk)

Ostrovnoy (p. Grenmukha)

Bay Olene

Town Skalistiy, bay Yagelnaya

Vidyaevo (Bay Ara)

Bay Saida (place of temporary afloat storage of the reactor blocks)

Town Zaozersk (Bay Bolshay Lopatka)

Town Zaozersk (Bay Nerpichiy)

The Pacific Fleet

Town Petropavlovsk-Kamichatsk (Bay Krashemnmkov)

Zavety Ilitcha (Bay Postovaya)

Bay Pavlovskogo , Bay Strelok

Bay Razboinik. Bay Strelok (place of temporary afloat storage of the reactor blocks)

At present 88 nuclear submarmes out of the above-mentioned submannes retaimng spent
fuel are located at the places of basing and storage 2 reactor blocks containing spent fuel (damaged
submarines) are at the place of temporary storage in Saida Bay The rest of the nuclear submarines
are located on the termtory of the enterprises which execute the dismantlement. These nuclear
submarines are at different stages of the preparation for the unloading or at the different stages of
spent nuclear fuel unloading

The possibility of the active zone unloading 1s limited due to several reasons and the time of
nuclear fuel presence 1n the submarine reactors may be very considerable

The presence of the nuclear submarines tn the sediment with spent nuclear fuel st:ll on board
poses a potential radiation and radio ecological hazard The decommussioned vessels are located at
piers being technically unprepared for the long-term afloat storage

In the lard-up mode the nuclear submarine with 1ts spent nuclear fuel still on board presents
a major potential nuclear, radiation and environmental hazard, which 1s constantly increasing due to
the current continuing extension of the active service of the Russian nuclear submarines, which can
sometimes reach over 23-30 years of service, and poor technical condition of particular submarines
Intab 1 1 of the Introduction section selected 45 nuclear submarines mn sediment are shown with the

data on their techmical condition

Intab 1 1 of the Introduction section selected 45 nuclear submanines m sediment are shown with the
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To date the worst condition 1s charactensuc of the Generation I submarine vessels, with the
corrosion of their light hull having already reached the cnitical threshold values and 1n certain cases
there have also been discovered primary ballasts leaks For a lengthy time interval over 40% of the
nuclear submarines had no repairs and due maintenance There are many other precond:tions for
potential accidents, with the most probable being mistakes of the workers and personnel, high
flooding and fire probability [4]

Fig 2.2 shows the principal scheme of the reactor compartment of the nuclear submarine

which 1s kept on the water

Light [outer
Hull

Cistern

\ /" of main ballast
) WL

Reactor/~
Hull

/Solid {inner)
Hull

Fig.22

In the unfortunate ume of accidents on board of the nuclear submarines, the public 1s usually
concerned with the resulting rachation and environmental implications Usually a special danger
level system 1s practiced to evaluate such imphcanons, 1 e the actual danger, administrative pertl
and social and psychological jeopardy The actual danger covers the potential radiation exposure
with the resulting contamunation of the atr, seawater, seafloors, flora and fauna

At some places of basing the mamntenance of the nuclear submannes with still-on-board
spent nuclear fuel 1s restrnicted It 1s connected with the problem of maintaining the positive
temperature 1n the reactor compartments at winter period (due to a poor energy provision of the
region) This leads to the violation of the temperature condition and causes a problem of active zone
unloading

The real afloat storage conditions of the nuclear submarines with the spent nuclear fuel on
board do not guarantee their safety because of non-observance of the main requirements of the

marntenance and regulations including

LY

board do not guarantee their safety because of non-observance of the main requirements of the
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dock check ups and repairs are not conducted due to the deficit of the dock facilines of the
ship-building plants and lack of financing of the above-mentioned works

bottom-outboard fittings 1n case of maintenance measures absence (dismantiement, repair,
sohdity trials) increase the nsk of outboard water penetration into the solid hull. This can lead
(under definite circumstances) to the nuclear submarine sinking at the prer or dunng its
transportation to the place of dismantlement,

The sinking of such submarines with unloaded actuive zones may lead to the local radioactive

pollution of the water

the service personnel is reduced by 75 %. The sull working people mainly execute guarding
functions and thus cannot guarantee the safety of afloat storage of the nuclear submarines

At some places of the basing the maintenance of nuclear submannes 1s restncied {Gremukha
Settlement) This 15 mawnly connected with the problem of maintaining positive temperatures
inside the reactor compartments duning winter periods due to the problems of energy
provision Sirmular situation may lead to the break of the temperature condition of systems and
mechamsms of Reactor compartments tn the winter period [5]

The ume of active zones presence 1n the reactors of some nuclear submarnines amount to 235-

30 years which exceeds the existing technical conditions The break of the temperature condition

may lead to the destruction of the heat producing elements, may create the problem of active zone

unloading as well.

In tab,2 1 one can see the data on potential risk camers of the nuclear submarime The

absence or presence of these carriers aboard the submarme create a general picture of the potential

hazard of the particular vessel

The evaluation of the presence of the potential risk carriers
which influence humans and environment

Potential.risk carrier [

Solid Hull{Inner) 10 15 | 3 6 | 13 1

}

2 |Battery 53 78 2 3 53 45
3 [Turbine oll 54 79 16 30 70 57
4 |Diesel Fuel 33 49 1 2 34 28
5 |Diesel Oil 32 47 3 6 35 29
6 [Active zone 68 100 44 81 112 92
7 |Heat camer contour 13 19 6 11 19 16
8 |Activity filtet 65 96 19 91 114 93
O |High piessuie gas 21 31 50 93 71 58
10 |Vacuumation system 21 31 1 2 22 18
11 |Absoiber system 42 62 47 87 89 73

Tab. 2.1.

1l {Absotbersystem | 42 [ 62 | 47 | 8 [ 8 [ 73 |
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Taking 1nto account the technical condition of the decommussioned submannes , conditions
of their storage , the problem of provision of safe long-term afloat storage (15-20 years) becomes a
Very 1mportant one

The first measure to take 1s to unload the spent nuclear fuel as the forced long-term afloat
storage of the first contour in the active zone 1s connected with the probable change n the
configurations of the technological channels

A special attention should be paid to the safety of the long-term storage of the nuclear
submarines with damaged heat producing plants

A long-term storage of such vesseis poses a certmn danger and presupposes a special
responstbility of the personnel for the localization of the radiation background within the damaged
compartment and the vessel on the whole.

The decision of the problem of treatment the compartments with damaged active zones
requires the development of brand new methods and technologies of unloading of the damaged
active zones from the reactor hulls These technologies are expected to require mimimal radiation
exposure of the personnel. Before such technologies are developed 1t 1s more reasonable to take
decisions on localization temporary safe storage of the compartments with damaged active zones.

At present the strategy of handling reactor compartments with damaged active zones 1s
limited to the provision of the reliable 1solation from environment the cut-out damaged
compartments n “sarcophagi”- reactor compartments of big diameter of the Russian nuclear
submarines which are being decommussioned in accordance with the Agreement on strategic
offensive arms reduction [6]

The most senious consequences on environment were caused by the accident of the nuclear
submarnne class “Echo-2" 1n 1985 {tab 1 2) Since 1985 this submarine has a depressunized (as a
result of an explosion) reactor compartment and contains a “fresh™ active zone which 1s still not
unioaded and 15 located 1n the Pavioskiy Bay

The loss of floatation of the solid hull of the nuclear submanne and pontoons may lead to
the sinking of the nuclear submarine and to further radioactive pollution of the Pavloskiy Bay, Gulf
of Strelok and Peter the Great

Project-technical works on the preparation for the temporary afloat storage of the above
mentioned submarines have shown the prncipal possibility of such works conduction at
“Zvezdotchka”, “Zvezda” of the Russian Ship Building Agency, at Poharminskoy and Chazmunskiy
ship building plants of the Russitan Navy. In the project works the conditions for sarcophagi

formation have been defined as well as the measures which will prowvide their safe afloat storage.
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formation have been defined as well as the measures which will provide their safe afloat storage.
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The constructive measures providing impermeability of sarcophagi’s frames have been also
defined. The additional measures on corrosion prevention have been determined as well

The evaluation of the sarcophagus (with damaged reactor compartment) mfluence on
envirenment as applied to the place of storage

The proposed method allows

s to safely 1solate the damaged reactor compartments from the environment for a period of 25
years

» to exclude the expenditures on the service men and mainienance of the nuclear submarnnes

+ to exclude at this stage financial and radiation losses connected with active zones unloading
from the reactors

+ for scientific and project organizations to develop brand new and reliable methods and
technologies for active zones unloading from the reactor huils which would not require great
dose exposures of the personnel

The technical condition of the nuclear submarnines with damaged steam producing plants
requires quick measures on their dismantlement The dismantlement of these objects cannot be
conducted on the general scheme due to the complex character of the consequences of heat
composttion damage and nuclear submanne constructions The nsk evaluation dunng and after
dismantlement process 1s required The nisk evaluation 1s also required at the defimition of the

dismantlement model

2.3. Industrial dismantiement base

The reason for a non-traditional approach towards the nuclear submarine dismantlement in
Russia stems from lack of technical capacities of the appropriate Russian industry, which
effectively necessitated a transitional scheme This forced measure does not provide for the long-
term solution of the problem, yet there appears to be no avoiding of this condition for at least
another decade.

The complex dismantlement of the nuclear submarines presupposes the execution of a big
volume of scientific-technical, organizational, production-technological and legal measures The
dismantlement requires not only advanced technologies , big production facilities of the Russian
ship-building Agency but the development of the dismantlement infrastructure as well

The dismantlement of the nuclear submarines 1s carred out at the following ship building
plants and Navy factlities

North-Western Region:

“Severnoe Machine Building Plant” (Severodvinsk)

“Zvezdotchka™ (Severodvinsk)

“Nerpa” (Snezhnogorsk, Murmansk Region)
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Poharmnskiy Ship Repaining Plant (Town of Polharmy, Murmansk Regicn)

Murmansk Naval Plant “Sevmorput” (Town of Murmansk)

The Eastern Region:

Far Eastern Plant “Zvezda” {Town of Bolsho1 Kamen)

Chazhmmskiy Naval Plant (Bay Chazhma, Gulf of Strelok)

Kamtchatskiy Naval Plant (Town of Viloutchinsk, Kamchatka)

The enterprises of the ship-building industry have mastered the technology of the
dismantlement of all classes of the nuclear submannes including the dismantlement of the
submannes with titan hulls

In Northern and Far-Eastern Regions the places for temporary afloat storage of the reactor
compartments have been created (because of the unavailability of the facilities for the long-term
storage of reactor compartments)

In 1995-1998 at the ship-building plants (“Nerpa”, “Zvezdotchka”, “Zvezda™) a new
scrapping equipment was put into operation This equipment was delivered by the US A 1n
accordance with intergovernmental agreement on reducticn of the offensive armament (mechanical
scissors, guillotine stationary scissors-cutting complexes for hull constructions, technological line
for cable pounding (“Zvezdotchka™)

At “Zvezdotcka” the umique stationary complex on processton of the liquid and sohd
radioactive wastes will soon be built and the existing complex of liqmd radioactive wastes will be
modernized At “Zvezda” the tnals of new floating complex on procession of the hquid radioactive
wastes are coming to an end At present ship-building plants have the equipment for the utilization
of 8-10 vessels per year Upon the completion of the utilization complex at “Nerpa™ and creation of
the spectahized ship-scrapping production unions at ship-building plants of the Navy the production
facilities will be capable of utilizing 18-20 nuclear submannes per year

In Northern and Far-Eastern Regions- at plants “Zvezdotchka™ and *Zvezda” the works on
stationary bases construction are being camed out These bases are intended for the unloading of
the spent nuclear fuel are wholly financed by the US A The estimated time of construction

completion 15 2001

2.4, Evaluation of the technical facilities for spent nuclear fuel unloading
and its transportation. The current state of
works and perspectives

Solving the problem of spent nuclear fuel treating wholly depends on the creation of the

infrastructure for 1ts unloading, temporary storage. processing and/or bunal
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The unloading of spent nuclear fuel from the reactors of the submarines 1s conducted
according to the everyday operation scheme with the usage of Navy resources at the moorages of
the ship-repaining plants Upeon completion of the stahonary bases at “Zvezdotcka” and “Zvezda”,
the unloading of the spent nuclear fuel will be executed by these plants as well as with the help of
the floating technical bases.

At present the dismantlement of the nuclear submarines 1s carmed out with the use of the
transport-technological scheme of spent nuclear fuel treatment which was developed 1n the former
Sovtet Union and which 1s based on the closed fuel loop and meant for the provision of the reactor
recharging

The main components of the existing scheme are

+ floating technical bases of reactor recharging equipped with the necessary apparatus for the
works

1. lift-transportation means,
2 sets of the equipment for the unloading of the fuel rods from the reactor
3 water-cooling storages for the temporary storage of the spent nuclear fuel

« coastal technical bases intended for the temporary storage of the spent nuclear fuel before 1ts
transportation for the processing,

« transportatton packing complex consisting of a set of safe contatners, packing complexes and
special wagon contarners 1ntended for the transportation of the spent nuclear fuel to the place of
the processing

« Temporary storage of the spent nuclear fuel at Production Unton "Mayak™ The spent fuel 1s
transported by a special train and then after a certain storage pertod transported to the
technological line for processing

At one time, for reactor recharging was conducted at 8 non-self-propelled floating technical
bases {constructed 1in 1960} were used At present this equipment 1s outdated and decommussioned
(tab 1 3).

Cargo-lifing equipment at these technical bases is also outdated but can be used in the
future At the Pacific Fleet all the technical bases of the projects 326 and 326M have been
decommussioned and do not participate 1n the process of spent nuclear fuel unloading The current
technical facihines are not sufficient for the complete unloading of the spent nuclear fuel of the
dismantled nuclear submannes The existing temporary transportaton-technological schemes of
spent nuclear fuel treatment tn the North-Western Region provides spent nuclear fuel transportation
to the “Mayak™ only via transit stops in Murmansk and Severodvinsk

The schemes of spent nuclear fuel treatment 1n the Northern Region are shown in fig.2 3
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THE INFRASTRUCTURE OF DIS‘\'IA\‘TLEI\J[ENT OF THE NUCLEAR SUB\IARINES
A\[D SPE\'T NU CLEAR FUEL TREAT‘V[ENT IN THE NORTHENRN REGION
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Transportation from Severodvinsk

Spent nuclear fuel 1s taken out from the nuclear submarines being dismantled and loaded on
contamers (3 TK-18 containers per car) The container with the spent nuclear fuel loaded by coastal
crane 1s then transported to the car of the special train and the spent fuel 1s delivered to the ‘Mayak”
on the special train.

Transporiation from Murmansk

CTBs (Coastal Techmcal Bases) of project 2020 ,which are not equipped with the factlity
for container loading, transfers spent heat producing plant from its storage place to TK-18
container which 1s located at the loading place of CTB "Lotta” The contatner loaded by coastal
crane 1s then transported to the car of the special train and the spent fuel ts delivered to the *Mayak™
on the special train [9]

Transporiation of the spent nuclear fuel from Grenukha settlement

The CTB of the basing place does not funcuon Railroads and highway with special surface
which would connect Gremikha settlement with transport network of the Kolskiy Peninsula are
absent, Cargo transportation 15 conducted via sea Besides the spent nuclear fuel of the submarines
with water-moderated reactors, spent parts of active zones of submarines with hquid-metal reactors
are also kept at Gremukha. The unloading of the spent nuclear fuel from submarines located at
Gremikha settlement 1s very dangerous due to the poor technical condition of the vessels. Besides

the spent nuclear fuel of the submarines with water-moderated reactors. spent parts of active zones
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of submarines with liquid-metal reactors are also kept at Gremikha At present the scheme of spent

nuclear fuel transportation from Grermikha does not function
Transportation of the spent nuciear fuel from Far Eastern region

The scheme of spent nuclear fuel handling of the decommussioned nuclear submarines 1s

shown 1n fig.2 4

The infrastructure of dismantlement of the nuclear submarines and spent nuclear fue! handling
in the Far Eastern region.
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The unloading of spent fuel can be conducted via CTB of 2020 project in 3 places
o “Zvezda"
« Kamchatsk sea plant

+ Chazminskiy sea plant
CTB at Kamtchatka does not function ,so all the unloading procedures take place at

Kamchatsk sea plant via CTB of 2020 project with the fuel transportation to the Seaside Region.
Spent nuclear fuel handhing duning 1ts unloading at the plants of Seaside is conducted via
CTB 2020 according to accepted technologies of spent nuclear fuel handling
Transportation of the spent fuel to “Mayak” 1s conducted through the following

transportation-technological schemes:

| CTB 2020 via Konoushkovo Bay by a floating crane of the deep water berth

Special containers are delivered to the deep sea pier of the Konyushkovo Bay and taken by

trucks then uploaded nto rallway cars of the special tramm which delivers the containers to the

production union “Mayak”

production union “Mayak” 4z



The possible route of the special train 1s to the CTB wath the unloading of the packing set at

the accumulation ground for temporary storage

2 Through special tram from the accumulation ground of the Sysoeva Bay to the special

train to the production umon “Mavak™

Via a train an empty contamner 1s delivered to the accumulation ground of the Coastal
Technical Base. The loaded container from the accumulation ground 1s placed on the tram platform
of the train and transported to the transit place for the loading of the spent nuclear fuel on the train
The cycle 1s repeated up to the full loading of the train which then heads for the production union
“Mayak” As 1t can be seen form the above-mentioned facts , operations with the spent heat
assemblages unloading of the nuclear submarnes to be dismantled, presuppose repeated
manzipulations with the fission matenals in case of a single heat producing plant or a set of some
heat producing plants Taking mto the account a large amount of the spent fuel to be unloaded,the
analysis of the risks connected with accidents at different stages of the technological scheme of
spent nuclear fuel handling becomes more actual

Factors influencing the speed of the spent fuel unloading from the submarine reactors during
the process of dismantlement,

The analysis of the transportation-technological schemes of functioning of spent nuclear fuel
handling has shown the following

The speed of the spent fuel unloading from the submarine reactors duning the process of
utihzation depends on many factors The main factors are

« the quantity and techmcal condition ot all the elements of the chain of spent nuclear fuel
handling dunng its unloading from the reactors duning the process of uulization (floating
technical bases, transfer equipment used at the unloading of the heat producing plants, lift-
transportation means which execute operatons with the taking of the spent heat producing
plants from the reactor and further operations to the car-container, containers and special trains
for the transportation of the spent nuclear fuel for the procession);

« duration of the corresponding works for the reactor unloading,
» amount of the required unloadings of the acuve zones,

« volume of the spent nuclear fuel present at coastal and floating technical bases and the
technical condition of the equipment,

« regulations of the floating base usage which provides the unloading of the spent nuclear fuel
(transportation , interbase transfers and so on),

- total capacity of the spent nuclear fuel storages at CTB and FIB for the piacement of the
unloaded fuel, the degree of its filling;

+ production facilities of the production umons “Mayak” on the procession of the arriving of the
special trains {total capacity of the spent nuclear fuel storages, the producuvity of the
technological lines of the spent nuclear procession),

« amount of financing available and timeliness of the funding
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The 1ncrease of speed of spent fuel unloading may be achieved via complex optimization of
all above-mentioned factors

As an integral part of the problem of the spent fuel long-term storage , the problem of
handling the defective nuclear fuel arises Defective spent heat producing assembiages are not
accepted at industrnial plants The storage of such assemblages 1s conducted 1n the fleet storages
which are not fit for the spent nuclear fuel long-term storage

Handling of the defective nuclear fuel requires a special approach Taking nto account the
higher nsk, associated with damaged assemblages, the main task seems to be the justification and
development of the technical decisions on the rehable 1solation of the units

The quanttative nsk assessment connected with the handling of the spent heat assemblages
1s to be the task of the further research along with the substantiation and development of the
technical decisions on thetr rehable isolation and risk substannation of the chosen model of

1solation and storage.,

2.5. Technological scheme of dismantlement

The preparation of a nuclear submanne for dismantlement includes unloading of the
weapons and reserve ammunztion, spare parts, means of filtering of the air The fuel of the auxiiary
energy unit along with combustion materials and battery are also unloaded The holds, tanks with
water and special tanks are drained The cleaning of the fuel and o1l tanks 1s carried out

The decontaminanon of the polluted areas of the constructions, equipment, pipe-lines 1s
carned out

The preparatory works for the temporary afloat storage and further dismantlement on are
conducted. The above-mentioned works are carried out (as a rule) at basing and storage places in
the process of afleat storage

From the moment of the submanne transportation to the plant which carmes out the
dismantlement the dismantlement procedures begin The coresponding preparatory works are
conducted for the unloading of the spent nuclear fuel from reactors and then the unloading of the
fuel 1s carned out

Then comes the preparation of the reactor compartment for packing and long-term afloat
storage.

Liquid radioactive wastes-the water of heat carriers of 1*' and 3™ contours and water of the
special tanks of the reactor compartment-are removed 1nto coastal (floating) capacities The
capsulation of reactor free from spent fuel and 1* contour 1s made Via the cleansing filters the gas

of special systems of atomic heat-producing plant 1s removed

A4

capsulation of reactor free from spent fuel and 1* contour 1s made Via the cleansing filters the gas
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After spent fuel unloading the cutting and further formation of the reactor block 1s
made,[8,!1]

At present the following metheds of nuclear submarine dismantlement have been developed
and practically tested

Multi-compartment varianr (temporary afloat storage without the cutting of the reactor
compartment

Safety of the reactor compartment storage 1s secured at the expense of the floatability of the
solid hull free from equipment, welding of the sea-cocks with bibs In such condition reactor
compartment awaited the construction and putting mto operation the facilities for long-term
storage

As soon as such facilities are built the vessels are transported to this place for the cutting of
the reactor compartment and 1ts further preparation for a long-term storage

8 nuclear submarines of the Northern Fleet have been prepared for long-term afloat storage
this way However this method was tumed down as soon as there appeared methods of “deep”
dismantlement

One-compartment variant (block module}

Cutting of the reactor compartment with attaching a floating capacity to it (to provide afloat
position for the storage period)

Three-compartment varant (cutting of the reactor compartment consisting of three-
compartment block) [10] The reactor compartment 1s cut out with adjacent compartments. The
presence of 2 adjacent compartment free from equipment secures the necessary floatability for
formed block The real afloat period of the block 1s defined by strength characteristics of the end
partitions and amounts to no less than 10 years With the use of this exactly method the preparatory
works for temporary afloat storage are carnied 1n both regions [11] The technological scheme of
submarine dismantlement according to the three-compartment vanant 1s executed i1n the following
sequence

The technological scheme of submanne dismantlement according to the three-compartment
varniant 1s executed 1n the following sequence

« transportation of the submanne to the plant which carnes out dismantlement
« preparatory works for the start of the dismantiement process

+ unloading of the active zones of the reactors

+ setting on the ship-way

« cutting of the hull into pieces

AC

« cutting of the hull into pieces



formation of the reactor block (dismantlement of the adjacent compartments equipment which
can be unloaded at the contamunation levels not exceeding the normative values),encapsulation
of the compartments and the whole block

transportation of the three-compartment to the place of temporary storage
temporary afloat storage of the three-compartment block

The main factor of the ecological risk at long-term storage of the reactor compartments 1S

the radiation hazard equipment of the atomic steam producing plant and solid radioactive wastes

from the industrial activity of the enterprise which executes dismantlement works

During the evaluation of the ecological rnisk connected with reactor compartment afloat

storage 1t 1S necessary to take into account the possibility of block-module flooding due to the loss

of capsulation of the solid hull.

A separate labor consuming and very expensive stage of the nuclear submanne

dismantlement 1s the dismantlement of the end portions Equipment and solid hull dismantiement

works are conducted at the plants according to the following technological stages

afloat equipment dismantlement;

placing on ship-way,

cutting preparation for transportation of the reactor compartment or reactor block;
cutting of the submarine hull into large sections,

equipment dismantlement,

cutting of the dismantled equipment and large sections into scrap metal

Equipment dismantlement 1s conducted both on the water and after placing the submarnne on

the ship-way Nomenclature and number of the constructions and equipment dismantled on the

water 15 restricted by the conditions of the submanne’s tenacity

The cutting of the submarine includes 2 stages:

1 cutting of the hull into the transportable sections (max weight up to 30 tons) 1s made via

acetylene-oxygen and plasma cutting The cutting of the sections takes place after the
dismantiement of the rubber surface and the removal of the pant surfaces on the line of
cutting with the use of filter units for collecting the harmful substances which form during
the hull cutting,

2 Cutting of the sections of the hull and equipment dismantiement at the dismantlement work

shops are made by a combined method (mechanical cutting with the help of the scrapping
equipment-80%, gas and plasma cutung-20 %)

The technological process of utilization must guarantee safety {including the ecological one)

n normal conditions and during the accidents Special attention should be paid to the technological

processes with toxic, carcinogenic, chemical substances, explostve and radioactive matenals
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2.6. Legal basis for dismantlement of the nuclear submarine

The processes of decommussioning  of nuclear submarines, their temporary storage and
complex dismantlement must be accompanied by the protective measures for ecological, radiation
and nuclear safety The matn goal of these measures 1s to protect a human being and environment
from the influence of 1omzing radiation It takes an effective legal and normative basis to achieve
this aim

The following federal laws and programs are considered to be legal basis for dismantled
nuclear submarines in Russia :

The federal laws of the Russian Federation:

« “On the use of atomc energy”

« “On radiation safety of the population”

« “On samtary-epidemuc protection of the population™
» “Onindustnal and consummation wastes”

+ “On ecological expert examunation™

+ “On the protection of the atmospheric air”

« “On the principals of labor protection”

» “Water Code of the Russtan Federation”

Federal programs:

« “Unified federal program of nuclear and racdhation protection in Russia™
+ “Development and introduction of the state control system over nuclear materials”

« “Provision of the works on complex dismantlement of the nuclear submarines and vessels with
nuclear units”

+ “On radioactive matenals and wastes treatment and their burial (1996-2005)”

“Creation of the untfied automated control system over the radiation background”

There 15 also a list of many federal and departmental normative documents, which create a
legal field for the activines in the sphere of radicactive objects handling at all stages of
decommissioning. dismantlement and storage (burial) The existing state legal and normative basis
at the moment provides for marginally sufficient level of nuclear and radiation safety at the Russian
enterprises, which carry out the works on dismantlement [12]

However, there are many gaps in exisung Laws and legal acts, federal programs and
technologies

Dunng the process of dismantlement there rose many problems which required normative-
legal regulations The principal question 1s the absence of the unified federal Concept of the nuclear
submarine dismantlement and the Concept of reactor compartment treatment of the nuclear

submarines, surface vessels and ships The Concept 15 currently being developed
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The absence of the umfied federal Concept of reactor compartment treatment does not allow
a choice of the methods of further handling (long-term storage , bunal of the reactors and other
radioactive wastes, treatment of the defective spent nuclear fuel and so on) From the view of
nuclear and radiation of safety the “status” of the reactor compartments and reactor blocks (whether
1t 1s a contamner with radioactive wastes or metal which should be further sphiced or 1t 1s an object
which requires corresponding mamntenance) 1s not defined

The “status” of the spent nuclear fuel which 1s not intended for further processing 1s not
defined as well [13].

Reactor compartments prepared for transportation and long-term storage represent a package
set inside of which there are materials with total activity of 120-350 kCi The pnincipal document
regulating transportation of such reactor compartment 1s “The rules of sea-transportation of
dangerous cargos” However, to technically prepare the reactor compartment for the transportation
in accordance with these rules 1s no easy task [13]

The existing normative-legal basis for the organization and complex dismantlement of the
nuclear submarines requires correction and perfection in regards to the questions of the provision
of nuclear and radiation safety of the temporary afloat storage (submarine sediment and floating
modules) and formation of the reactor compartments

The following normative-legal documents on reactor compartment treatment are absent

-unified requirements on radianon safety proviston of the reactor compartments of the
nuclear submarines of different projects,

-special rachation-hygienic requirements for the reactor compartment and reactor block [13]

The absence of the corresponding normative-legal regulation 1s strongly felt n the
ecological sphere Legally set levels of the contiol concentrations of all significant nuchds 1n water
and sea-floor sediments are absent The knowledge of these levels will help forecast the
consequences and plan protective measures and quickly define the interference level 1n case of the
accidents [14]

In 1999 1n Russia the Norms of Radiation Safety (NRS-99) were introduced These norms
meet the requirements of both Russian and mternational legislanon Before the adoption of these
Norms there exisied Norms of Radiaton Safety {(NRS-76/87) and Principal Sanmitary Rules (PSR-
72/87) The introduction of the new documents will take a certain amount of time as there wall exist
difficulties 1n clear regulation of the requirements and rules on rachation safety provision That fact
raises worries during the conduction of the dismantlement works as a large volumes of radicactive

wastes of different ongin, aggregate condition and specific activity are handled

wastes of different origin, aggregate condition and specific activity are handled
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In accordance with the resolution of the Russian Government (from 28.05 1998 N518) on

the transfer of the decommuissioned submarines to the plants conducting the dismantlement , 1t 1s

necessary to create a normative-legal basis providing the transfer, afloat storage ull the

dismantlement , conduction of works on spent fuel treatment, nuclear and radiation safety

[SN]
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3. WASTES SOURCES AND IDENTIFICATION OF WASTE
STREAMS AT ALL DISMANTLEMENT STAGES

In this section the pollution wastes sources and potential hazards are discussed at
the stages of nuclear submarines handhing afier thewr decomnussioming It 1s
emphasized that the main sources of nuclear-radiation threats are reactor
compartments and active zones of the reactor compartments with the spent
nuclear fuel. The quality charactenistic of other sources of potential hazards-the
service objects- 15 also given The hazards from nuclear submarines with
damaged Atomic Steam-producing Plant are also discussed

3.1. General Information

The main pollution sources at the process of nuclear submarines decommussioning and
utilization are not only the vessels to be utilized and their reactor compartments. A significant
potential hazard comes from the technical facilities and equipment of the infrastructure related to
this work The hazard level of the above-mentioned objects has risen due to the depreciated and
outdated equipment The potential hazards from the decommussioned and dismantled nuclear
submarine exist at all stages of handhing from the moment of decomnmussioning up to the moment
of reactor bunal and utthzation This penod ,according to existing estimations ,may amount to 70-

100 years For the further analysis of the hazards and risks this penod may be divided into 7 stages

Stagel. Preparation for the spent nuclear fuel unloading. Includes the penod of atomic energy
unit cooling (should there be such a necessity), the unloading of the ammunition and
technical equipment, fuel, storage before the unloading, transportanon of the nuclear
submarine to the place of the spent nuclear fuel unloading

Stage2 Unloading of the spent nuclear fuel. Includes the period of the preparation for the spent
nuclear fue! unloading, preparation of the vessel for the dismantlement, including 1its re-
deployment.

Stage2a Spent nuclear fuel handling. Includes a temporary storage of the spent nuclear fuel,
reloading of the spent nuclear fuel from the storages(should there be such a necessity) and
delivery to the place of processing,

Stage3 The formation of the reactor block. Includes nuclear submarine storage after spent fuel
unloading, preparation for the beginning of the dismantlement , cutting out of the reactor
compartment, formation of the reactor block for the temporary afloat storage,
dismantlement of the end compartment blocks

Staged Afloat storage (storage) of the reactor block. Includes reactor block transportanion to the
place of temporary afloat storage, transportation to the place of the reactor compartment
cutting.

Stages. Cutting and formation of the reactor compartment. Includes cutting out of the reactor
compartment, preparation of afloat storage of the reactor compartment, preparation of the
reactor compartment for the long-term storage, dismantlement of the adjacent
compartments

compariment, preparation of afloat storage of the reactor compartment, preparation of the
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Stage6 Long-term_storage. Includes the peniod of the reactor compartment storage The
presumable storage period 1s 70-100 years

In general the sources of the potential hazards at the stages of nuclear submarines handling
after their decommussiontng are the following

« reactor compartments of nuclear submarines before and after the unloading of the spent nuclear
fuel;

+ spent nuclear fuel at all stages of 1ts handling up to the moment of 1ts delivery to the processing
facility,

« damaged nuclear submarines and service vessels;

« places of the accidents of the nuclear submannes and places of their storage,
« coastal storages of the spent nuclear fuel,

» containers with the spent nuclear fuel,

+ special railway train delivering the spent nuclear fuel to the processing place,

+ technological cycle of the nuclear submanne cutting and dismantlement of the non-radioactive
compartments,

+ transportation-technological cycle of the reactor compartment to the place of long-term storage,
» the place of long-term storage of the reactor compartment
It 1s obvious that the above-mentioned sources carry the hazards of different levels but none
of them can be neglected
Below will you find the description of the all mentioned sources 1n the order of decieasing
potential hazards The exceptions are the last 3 as there 1s no information for them and the location
of the places of the permanent storage of the reactor compartments 1n the regions 1s not determined

The information on the special railway train 1s discussed 1n the section of the given report.

3.2. Reactor compartments of the nuclear submarines

Reactor compartments of the nuclear submarnes (especially before the unloading of the
spent nuclear fuel) represent the most harmful impacts on population and nature

In reactor compartments of the nuclear submarines the equipment of the atomic steam-
producing plant which consists of nuclear reactor { one or two ), steam generators the main circuits
of the heat system, main and auxibiary circuit pumps, biological protection, armature, control
system is wnstalled

From the moment of the physical reactor start-up, the whole equipment of the atomuc steam-
producing plant along with the solid huil of the submanne 1n the reactor compartment are exposed
to different levels of radianion from the reactor core In this very zone there develops a process of
the accumulation of the fission fragments This process 1s proportional to the reactor power As a

result of this process the whole equipment of the atomic steam-producing plant becomes

the acenmulanon of the fission fraements This nrocess 18 nronorhonal to the reactor nower Assg



racioactive The maximal activity of the zone and equipment 1s achieved by the end of the operation
period of a nuclear submanne that 1s why at the moment of 1ts decommussion and start of the

dismantlement process. It 1s determined that before the spent nuclear fuel unloading from the active

zone the total activity of the reactor compartment amounts to ~ 10° C1 (3,7 10'® Bq), more than 90
% of activity 1s concentrated 1n the fission products, that is in the active zone [1]

In fig. 3 1 the distibution of activity on the elements of the reactor compariment equipment
is shown It 1s evident from thus figure that the activity of all other elements outside the reactor

frame amounts to a little more than 1 %

Distribution of activity in the equipment of the atomic steam-producing
plant, in the protection materials and construction of the reactor compartment
after the active zone unloading.

Reactor Core
| frame
CG,

~ Shields* 95%

-
|

- | Reactor frame 4% , , /—Jﬁ
C ' : G

Construction elements
1% i

| contour 0,1%

Fig 3.1
The reactor frame, internal screens and organs of the control and protection systems are the
elements which were not unloaded As a result, after acuve zone unloading about 10 % of the mnal

activity 1s left 1n the reactor compartment, that 1s around 10° C1 (3.7 10" Bq). Thus can be seen n Fig

3.211]
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The accumulation of the activity infthe'_r_eactor compartment
- . 6 months after reactor’s shut down.. . - _ -

Reactor Conlpartment (RC) i?uel unload RC activity after fuel
activity before fuel unload unload
C v . RC
Reactor | S;)pe?it Heat
: roducing
Core Assemblage !
0 e i - - JP 5 e
~10°Ci | -510°Ci ~10°Ci
Fig.3.2

In the course of the reactor’s working a large amount of different radionuclids- radiators are
accumulated inside and outside of the active zone The main radionuchds- radiators which
determune the activity of the matentals are shown n tables 3 1 and 3 2 Intab 3 1 will you find data
on the atomic steam-producing plant with 2 water-moderated reactors after 40000 hours of work
[7] Intab 3 2 (1n a more generalized form ) data on the atormic steam-productng plant with a hquid

metal reactor in which heat carrier was Pb-Bi1 [§]

The activity of the radionuclids in the construction materials the atomic steam-
producing plant (2 Ru,Tp- 40000 h), Ci

oL LI A S
- - VT .

3 - alltypes |

.of radiators = SIRRETY 70 '

ey yp 42107 W —m
“Mn B 66107171071 30 27107 [2310" —

“Fe B 1610* 50107 14101 8510% | 32107 | 1510°
“Fe P 4010 4210° (28107 — — —

“Co  vB 3510 1910% 9910t 71107 | 37 | 72107
*Co 7B 431074400 [7710"|  — — —

YN B 1210212102 12107 12107 | 12107 12107
N B 9210 | 89107186107 | 75107 157107 | 4610
Mo P 68107 [ 6810767107 6710% | 66107 | 6610~
“Tc B 191021910 19102] 1910% | 1910°| 19102
Sum ot yp 5001191079910 7110 | 38 1410
Sumot B 17107 )5910* 23107 77107 |5810%| 4710
Sumot I 22107 [78107 33107 ] §410% [58107 | 47107

Note: - pure beta-emitters, y5 — mived beta-enutters
Table 3.1

Note:[3- pure beta-emutters, 7§ — mived beta-enutters
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Radioactivity in the reactor compartment depende

Calendar Year. -

nt on the exposure time, Ci.

components . ‘ : > ST i .

Acunoids 338 10" 289 10% 578107 340 10™

Fission ptoducts 2,70 10 2 39.10% 7.16 107 2.22.10"

Europium 151 10" 119107 691 10" 476 107

Pb-Bi(alpha-1adiation) 195 157 490 340 10"

Construction frame 114 107" 690 10** 147 10™ 1 14 10%
Tab. 3 2.

Below n the tables data on the radioactivity decrease 1n different elements of reactor
compartment according to the years of exposure after the latest reactor stop. In tab 3.3 one can find
reactor compartment activity and dose quantities near the reactor frame for the nuclear submarine of

1*" generation after 40000 hours of working [7]

Changes in time of the full directed activity in the reactor compartment and
power of exposure dose near the reactor frame of the nuclear submarine of 1*
generation after 40000 hours of working.

Exposure time, yéa:rs -:_:':- . 'Aéﬁ-vifv,'.__ci__' ) f'.f'_____D_d'sé' power, 1 R/s ;
05 110" 20-107
5 29i0™ 56107
10 1610™ 30107
30 42107 2210
70 219107 i3
100 24107 3510°
200 12107 2410°
500 20107 22107
1000 62107 2010°
Tab. 3 3.

Intab 3 4 one can see more detailed data for the nuclear submarne of 2™ generation [10]

Tab. 3 3.
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Activity of the construction materials of the reactor compartment of the nuclear
submarine of 2™ generation (Ci)

Exposure time, years

I Sohdhull Mn-54 130" 15810° (2310° 41107 | - - -
Nuclea sub  [Fe-35 28 22 1.7 2,1 15107 [7,4-10° -

Total 29,0 22,0 8.1 2.4 14107 16.6:107 [4,6:107
Co-60 20100 11,810° l1o1o° 54 7,5 2810 P3sgio?
2 Reactor  [Mn-34  |5510° [2,910° |12 2,1 100 1,210 - -
trame
Bottom and  |Fe-35 35100 127100 o710 27100 137 9,3 107 -
caisson of the
tank
Ni-59 2810" 2810 28107 [2.810' [2810" [28107 [2810"
N1-63 32 al 31 30 27 22 16
Total 3.610* (2,810 19.8-10° [2,810° |91 23 16
Co-60) 1L310° 11100 {67100 [3.510" [4810° {I8 2,4 107
3 Intemnal Mn-34 9110° |4.110° 1,6 1o |29 1.7 107 - -
Leactor

CONSructian

Fe-55 2510° 119100 le9o10' [1910° o100 j6510" [1,710°
NI-39 17 17 17 17 17 17 17
Ni-63 2010 {1910 (19o10° [1.810° [1,610° [1.410° 98107

Total 2.7:10° 12.1.10° |7.7-10° [2,410°  ]2.510° |1.410°  |1.0-10°

Total 3.1-10° [2.410° {8710 |2.7-10° (2.6:10° {1.410° |[L0-10°

Tab 3 4.

The analysis of the data of tab. 3 1 shows that Cobalt-60 1sotope 15 the most active 1n the
reactor compartment The period of thus 13otope’s decay amounts to 5,27 years This radionuchd
emuts sharp gamma-radiation and actually defines the radiation situation near reactor compartment

i the first 50-70 vears

amite charm oamma-radinhinn and actnallv defines the radhation 2itnation near reactor r‘.nmnm‘rmesl}



In terms of significance of the radiation impact then comes Nickel-63 nuclid It emuts only
beta-particles. To protect from these particles 1s a more stmple task [7]

In tab. 3 5 one can find data on the specific activity of Cobalt-60 and Nickel-63 n different
places of the reactor compartment 5-500 years after the reactor shut down Also n this table one
can find the admusstble quantities of the specific activity of these elements from the Russian
normattve documents as well as from the documentis of the Intemational Commuttee on Rachatton

Protection (111 0-1-5)

Specific activity of radionuclids Co-60 and Ni-63 in the
constructions of the reactor compartments

Exposure | -~ - | e -t - o lconstructions in

time, years Re__actqr._sl.c_:rt.aerﬁ .B_e_act?l: fra_[pfa,. . :50__cm;am'ray

R ‘ :| “from reactor

EEE S
L

i

. soup ¢

SUBMARINE HULL
UNDER REACTOR

£ .-
.. 8 [

Co-60 | Ni-63 | Co-60 | Ni-63 | Co-60 | MNi-63 | Co-60 | Ni-63
5 8110 {2710 27107 [ 13107 (9810% | 32107 |1310°)|3010°
10 16104 [1 740" 5210° |8710* [ 19107 | 20107 |2510°] 1910°
100 3010°1410" 10107 | 7310736107 1710%] O |1510°
150 39100197102 13-10 |4910™ 0 1210 0 | 1110"
500 0 17610° 0 38107 0 9110°] 0 ]8410°®

-y Regulating "~ _ .
"o document 7

QSP-72/87 1.2:1077 2.0-10°¢
N 111.C-1-5 1AEA 2.0-10°8 1.0-10"

Tab. 3.5

In tab 3 6 one can find the experimental data on the specific activity of Co-60 and N1-63 m

the samples taken from the reactor elements [7]
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Radionuclid content in the samples of reactor elements, Ci/kg

_ Element of the -
-reactor . -
~,construction
peaKrTopa
1 Shield 7310 2710"
2 Shield 6510 2710
3 Coating 78§10 1310
4 Coating 6510 L 110"
5 Hull 8710 9510
6 Hull 49107 54107
7 Hull 32107 13107
8 Hull 2410° 13.10°
Tab.3 6

The analysis of all above-shown data shows that any works on reactor compartment
dismantlement can be carned out only n course of 50-70 years after reactor shut down Only by
using thus tactic one can reduce the nsks to the admissible quantities The nuclear reactor and 1ts
corresponding elements should be buried for the period of more than 500 years

The real radiation situation 1n the reactor compartment (RC) at the moment of the submarine
decommussioning and dynamucs of the changes m the course of years were the major arguments
dunng the development of the Concept of the Complex Dismantlement of the Russian Nuclear
Submarines

At the end of the given section we will dwell on the role of beta-ermutiers which begin to
play a significant role at the distant storage pertod of RC and determines the impossibility of RC’s
dismantlement 1n the feasible future According to normative documents, beta-active solid wastes
are considered radioactive 1f their specific acuvity on beta-emutters exceeds 2 10-6 Ci/kg In the
reactor elements (straight after dropping of the emergency protection) the specific activity of Ni-63
may reach 1 0 Ci/kg Taking into account that decay period of N1-63 amounts to 92 years, the time
of 1ts natural decay to the admussible level can be easily defined This time amount to the hundreds

of years

of 1ts natural decay to the admussible level can be easily defined This time amount to the hundreds
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The conclusion about the inevitability of the long-term storage of the reactor 1n the bunal
ground becomes more evident if one takes into account one more radionuclid-N1-59 It possesses a
twice less activity than cobalt-60 or mickel-63 but has a decay period of 80000 years

The theoretical analysis and the results of the activity measurements at the decomrmussioned
submarines show that in 2 years after the shut down of the nuclear reactor and spent nuclear fuel
unloading the only significant quanuties for the dismantlement nsk evaluation are : isotopes of
Ferium-55, Cobalt-60, Nickel-63, Strontium-90, Caesium-134 and 137 and radionuclids of
europium-152, 154 and 155

Radionuchds of europtum are present 1n the control rods of the reactor and are left in the
hull after spent nuclear fuel unioading Four of the 9 enumerated 1sotopes are beta-ermtters They do
not pose the threat of the external radiation at the equipment dismantlement However, they express
themselves at mechantcal procession of the materials and direct contact of the personnel with these
materals.

All the information given 1n this subsection gives a general 1dea of the reactor compartment
as a main source of the potential threats, the affection of which 1s felt for many years Taking into
the account the number of the submarines to be decommussioned and the equal number of the
reactor compartments, the importance of the protecnon provision problem becomes even more

evident

3.3. Spent Nuclear Fuel (SNF)

As 1t follows from fig3 2 after nuclear submarine decommissiomng spent nuclear fuel
(SNF) takes 90 % of the whole activity of the reactor compartment SNF 1s the main source of
nuclear-radiation hazard at all stages of handling up to the moment of 1ts unloading from the
reactor, 1n the period of unloading and after 1t It 1s exactly because of this, the SN 1s taken out of
the reactor compartment as a separate potential hazard source

The maximum heat power of the reactors amount to 180 MW The active zone of such
reactors contan up to 252 of spent heat producing assemblages (fuel rods) According to the

estimations [1] dunng first 6 months after decommussion the total radionuclid activity in fueel rods

may amount to 5 10°C1 (2 10" Bq) This acuvity 1s distributed between 15 radionuclids shown in

Tab 37
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Activity of several radionuclids in the active zone after reactor decommission

_mn:- - Activity ,Ci
Fe-33 3514

Co-60 1593
NI-63 119
Cr-83 12972
Str-90 75675
Ruth-106 24054
Caesium-134 94595
Caestum -137 83784
Cenum- 144 2648
Piom-147 202703
Plut -241 8378
Plut -242 0023
Amencium-242M 004
Americium-243 00435
Curium-243 0013
Tab. 3.7.

Radionuctids defining the activity of the SNF have different decay periods. Due to the
natural decay the total activity of SNF 1s reduced and 1ts quantity may be calculated at any moment
after reactor stopping For example, activities of the radionuchids of the above-discussed reactor will

have the following quantuties in 15 year's peniod (Ref Tab 3 8) [5,9]

Activity of several radionuclids in the SNF after 15 years
of reactor shut down

" Nuclid | _Activity, Ci -

Cnipton-85 1274
Str-80 [165]
Ittirium-90 11654
rhodium-106 25
ruthenium-106 23
Caesium- 134 470
Caesium-137 12999
Banum-137M 12297
Prom 2221
L'ran ) 23
Plur-241 902
Curum-244 01105
Tab 3.8

As one can see- despite the large peniod of t1tme acuivity of the SNF continues to stay very

high.

[}
As one can see- despite the large penod of time activity of the SNF continues to stay very
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Knowing the radionuclid content and the amount of the SNF at any time gives one a chance
to analyze different situations which may arise at the stages of unloading, storage and transportation
of the SNF. The above-mentioned data on SNF 1s sufficient for qualitative modeling of any

situations during the handling period (up to the moment of processing )

3.4. Damaged nuclear submarines and service vessels

Over the penod of the atomic fleet operation there have been some accidents with
submarines and service vessels The technical conditions of those vessels still poses a threat to the
personnel and terntory 1n the region of their location The lList of the damaged submarines and
vessels 15 presented 1n the Introduction section of the given report

The most stnking difference of the damaged nuclear submannes as sources of the potential
threat lies not only in the activity level but also in this threat distribution on the vessel The
radioactivity of the most of decomnussioned submarines 1s concentrated only 1n reactor
compartment The radioactivity of the damaged submarines 1s distnibuted on the whole vessel

In tab 39 one can find data on radicacuve situaion on non-damaged and damaged

submarines which were decommussioned [6].

Average data on non-damaged and damaged submarines which were
decommissioned 10-15 years ago.

_ Rate of exposure dose of gammia-radiation, mA/h.

Pldce of measurement .

R - - Non-damaged subs - . i-ddmaged subs - ;" .-
Light hull (outer hull)
- 1eactlor compartment 0,01-0.1 100-300
- adjacent compartiments 0.005-0.02 01-0.5
Solid hull {inner hull)
-Teactol comparlment 0.03-15,0 200-500
- adjucent compartments 0.005-0,02 0,1-30
Internal facilities
- leaclor compartment 0.1-50 200- 10000
- adjacent compartments 0.005-0.01 0 1-50

Tab 3.9.

A long storage of the nuclear submarines with damaged zones 1s accompanied by
penetration of the radioactive substances into the sea The concentratton of the artificial nuchids 1n
the place of the damaged submanne’s storage do not decrease and constantly exceeds the maximum
admissible concentration levels The pollution near the damaged nuclear submarines has a local

character Radionuchds are distributed amisotropically 1 the air covering the squares of hundreds of

characrer Radionuchds are distributed amisotranicallv 1in the air coverine the sauares of hundreds 8{



meters (fig 1 8 of the Introduction sectton). In the sea water , flora and fauna the nuchd
concentration stays at the level of 0.1-0.3 of the maximum admissible quantity.

In the places of the long storage of the damaged nuclear submarines and 1n the places of the
submarines utilization there 1s a constant increase in the anthropological influence on the ecological
system One of such regrons 1s Paviovskogo Bay in which 3 damaged submanines are located along
with damaged technical tanker “Vala”(filled with liquid radioactive wastes) and three Coastal
Technical Bases of 326 project

Also, this 1s the location of storage for the nuclear submarines with the active zones still on
board.

The decision of how to handle the problem of the compartments {contaiming damaged
reactors) handling requires new , reliable methods and technologies of unloading of the active zones

from the reactor frames which would exclude inadmissibly high dose loads on the personnel

3.5. Service vessels

Service vessels are considered the objects of the potential radiation threats The following

objects are connected with the radioactive wastes handling

« floating techmcal bases of the reactors recharging (11 units of total displacement of 74000 tons,
total volume of SNF storage- around 6000 assemblages )

« Special technical tankers ( 12 units of total displacement 45000 tons )
+ Floating capacities PEK-50{ total displacement 2000 m3)

Out of 23 service vessels 19 have been worn out and others are outdated The project of the
vessels did not presuppose the systems which would provide for the safe storage of the spent
nuclear fuel

During the dismantlement process a large number of defective heat producing assemblages
have been accumulated These assemblages cannot be elimmated by the ordinary measures Long-
term presence of the defective assemblages in the water led to the penetration of significant amount
of long-lived radionuclids Sr-90 and Cs-137 As a result of this , wastes with the activity from 10-4
to 10-1 Cv/1 have been formed The most serious situation with liquid radioactive wastes 1s at one of
the floating technical bases at which 47 tons of wastes have been accumulated with the total
activity of more than 5.5 thousands Ci The general data on the amount of the liquid radioactive
wastes 15 presented in tab 1 3 of the Introduction section

All the floating technical bases 326, 326 M are worn out (30 years of service penod) The
repatr of these bases 1s restricted by the high levels of radiation and pollution They do not meet
demands on nuclear and radiation safety and thus cannot provide the guaranteed safety of the

works. The maintenance of these vessels i operation mode requires significant financial resources
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The problem of safety provision of the service vessels 1s a separate specific task of both operation

and utilization stages. The decision of the problem may be realized in the programs of ATRP-R.

3.6. Storages of the spent nuclear fuel, solid radioactive wastes and

liquid radioactive wastes on coastal technical bases (CTB)

The coastal technical bases (CTB) along with nuclear submarines and floating objects are
the sources of radio-ecological hazards. A special threat 15 posed by the technical condition of the
storage facilities of the spent nuclear fuel, sohd radioactive wastes and hquid radioactive wastes on
coastal technical bases

The CTB at present were constructed between 1962-65 with worm-out equipment of the
physical and radiation control As a result of this situation , there develops a constant penetration of
the radionuclids into the environment For example, the latest research at the Pacific Fleet has
shown that all the techmical terntory of the coastal technical bases (part of the sea territory of
Sysoev bay and Strelok Gulf) are polluted with artificial radionuclids (mainly caesium-137 and
cobalt-60), the content of which in separate places significantly exceeds the admissible

concentration tevels [6]

Radiation situation at coastal technical bases of the Pacific Fleet
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Tab 3.10

From the above-shown table one can see that the most polluted 1s the water atea and
territory of the zone of radiation safety of Sysoeva Bay. Similar radio-ecological problems are
charactenistic of the other coastal technical bases of the Pacific and Northern Fleets Pacific and
Northern Fleets The measures on radioactive pollution prevention of the territories of coastal bases,
which have been undertaken over the last few years, have brought poor results and have not met the
modern requirements

At the Northemn Fleet special places for the temporary storage of the solid radioactive wasies
do not meet existing safety requirements They are open, not protected from atmospheric
precipitations, not equipped with the groundwater treatment systems. The so1l around these storages
1s polluted by radioactive substances The total activity of the accumulated solid radioactive wastes
amount to 5000 C1 Taking into account the 1ncrease 1n the volume of works on the dismantiement
of the nuclear submannes ,the amount of sohd radioactive wastes may nse twofold

At the Andreev base the construction of the new storage for salid radioactive wastes has just
been finished {construction 67), however 1ts putting tnto operation can be carried out only upon the
expert examination of the Mimistry of Nuclear Energy.

There are no capacities for the conditioning of solid radioactive wastes at fleets All the
wastes are kept 1n ecologically hazardous conditions which do not meet the modern requirements

At present 102000 m3 of solid radicactive wastes and 142000 m3 are accumulated at the
objects of the Russian Navy Annual amount of technological liquid wastes 1s 44000 m3 Annual
accumulation of these wastes amount to 905 m3 Around 70 % of the accumulated and current
liquid radioactive wastes are concentrated n Kolskiy Peninsula and 10 % 1n Severcdvinsk Region.
Around 80 % of the accumulated and current solid radioactive wastes are concentrated in Kolskry

Peninsula and 20 % 1n Severodvinsk Region

Around 80 % of the accumulated and current solid radioactive wastes are concentraied in Kolskiy
[s o]



The special group of the iquid radioactive wastes 1s low-active waters of special laundries
The amount of these waters greatly exceeds the volume of the technological liquid radioactive
wastes and their specific activity exceeds the quantity of 1*10-8 Ci/l only for 10-20 % of the water
volume

The waters of the special laundnies are formed at all facitities and their total amount 1s
112000 m* per year. The major part of this amount 1s formed at special laundry *“Zhvezdotcka”- up
to 100000 m® and “Nerpa” up to 3000 m’, Coastal Technical Bases-up to 2000 m> and at the
Northern Machine Plant- up to 2000 m’

Amount of liquid radioactive wastes accumulated at the Northern region

facilities of the Russian federation as of 1998 and forecast
till 2020 according to groups.

L ,_Wastgs_'volume'in"thousan'ds of n_1_

. Name of the". ~ Total volume s Wastes volume of groups
“facilities - - ‘ (special |7 - I
s - Spec|a|
S Iaundrles are not Operatlonal De _mm_mmp_net_i - laun drles
e e ‘included) P R U Ay
Xavy sites 985 9.85 - - -
1322 110.6 21.6 2640
0564 0564 | ----- -
Atom Fleet” 27,3 273 72
Kolshaya  Atormc 6.39 639 P
INuclear Station 1654 55.39 109,8
‘Radon™ 02 02 | e e
0.2 0,2
Total 17.0 170 --- ---
325,1 193,69 131, 26472
Tab. 3.11

Amount of solid radioactive wastes accumulated at the Northern region facilities
of the Russian Federation as of 1998 and forecast
till 2020 according to groups.

Namé of.the facility

e

Navy sites and facilities 10.2 3.9 36 0.7

ot the Russian ship- 36.292 9.073 21,775 5444
burlding Agency
ot the Russian ship- 36,292 9.073 21,775 5,444
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B _ Volﬁr_ne in iﬁouééndé of ma, 1998 -

2020

Name of the facili : ————
o o ty Wastes Volume of activity groups-

Atom Fleet 5,363 2,145 3,065 0.155
Kolska}ra Atomic 6.606 5.517 1.017 0,072
Power Station 17,74 15.15 2,48 0,21
. “ 033
‘Radon 035 Concentiation on the activity groups 1s not known
Storage*Mitonova 0,26 ) he 2oty .
Gora™ 0,26 Concentration on the activity groups 1s not known
Total 18 242

60,947 o T o

Tab 3.12

At “Atom Fleet” 1200 m3 of the hquid radioactive wastes and 300 m3 of solid wastes are
formed during the process of the recharging and repair of the civil vessels with atomic units,

Solid radioactive wastes are formed in the quantity of 250 m’ per year. At present 500 m® of
technological solid radioactive wastes and 760 m® of liquid ones are accumulated at ‘Atom Fleet”

(including the wastes resulung from burning of combustion wastes)

3.7. TUK MBK VMF CASK.

Unloading of the spent nuclear fuel from the decommissioned nuclear submanne reactors
takes place 1n 3-10 years after the stopping of the nuclear reactor By this time the 1nital activity 1s
reduced but sull stays at a very high level The character of the fall of the exposure totai activity and
the activity of the radionuchd Caesium-137 15 shown in fig 3 3 [9] One can see from fig 3 3. (The
dynamucs of the fall of the radionuclhid activity 1n the spent nuclear fuel) that the twofold fall of the

mnittal activity takes place in 18-19 years, fourfold-in 50 years
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The dynamics of radionuclids activity fall in the spent nuclear fuel
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Fig. 3.3.

“In accordance with the techmcal conditions the cask mcludes 25-49 of the spent heat
producing assemblages which amounts to 10-20 % of the spent heat producing assemblages 1n the
active zone. Thus , the total activity of the radionuchds for packing set in a year and a half may
amount to (5.5-11)%10* C1 The activity of Cesium-137 amounts to (8-16)r10° Ct In 15 years the
activity of the packing set may amount to (2 7-5 4)*10* Ci (total) and (6 5-13)*10° C1 of Cesum-
137

The tests of the casks conducted 1n accordance with the packing set requirements of the B
type have shown that mn the circumstances of the project accident the release of the racionuclids
into environment ts not significant [9]

Dunng the extra project accidents connected with the destruction of the protective
capsulation of the cask the amount of outlet greatly depends on the degree of the heat affechon and
destruction character of the packing set The analysis of the accidents with the packing sets having

spent nuclear fuel 1s one of the tasks of the further research

3.8. Technological cycle of the non-radioactive compartments
dismantlement
Nuclear submanne dismantlement causes (along with the radiation hazards) the appearance
of chemical ecologically harmful factors (EHF) which are classified according to the character of

their effect on environment and the mechanisms of their manifestation
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Radioacuive wradiation acts at practically all stages of dismantlement Electromagnetic
radiation, outlet of harmful chemucal products, acoustic, mechanical and heat impacts marnly
manifest themselves at the stage of submanne dismantlement, formation of the reactor block and 1ts
preparation for a long-term storage

Harmful substances appearing at the cutting process are considered to be dispersal aerosols
and represent a dispersal system of plasma-formung gas and products of its bonding wath air: oxides
of nitrogen, carbon, ozone These gases (having a high level of toxicity) are formed as a result of
working gases dissociation in the arch as well as of their active bonding 1n atomic condition. They
cause 1rritation of the mucous membranes of the respiratory tracts, asphyx:a, poison of the human

organism [4]

Pollutants appearmg at steel processing

“.Places of long-'.

: B K Evolved T :
oo soes | wrsor | spete s | ST
ST pollutlon o_fpo_llyt_qntsgl substances,
, RIS components e e T gl
Oxygen-acetylene Dusl 4,90 0.4000
cutting. wr-arch steel | Chtome oxides 0.23 0.0015
gouging of the types | Manganese and 1ts
AK. MS (matenal | compounds 1.20 0.0010

width 15 10mm)

Tab. 3.13.

Dust (Tab 3 13) has a high degree of dispersion and 1s capable of penetration 1nto respiratory
tracts Especially dangerous during cutting of chromuc, chromic-nickel and manganese steels are
aerosol particles of chrome anhydnde, manganese oxides and oxides of mechanical nickel

The cutting of one nuclear submarine with the use of gas-oxygen and plasma cutting 1s
accompaned by the outlet of highly toxic substances of 1 and 2 hazard classes into environment-
oxide chrome and manganese of 6-23 and 3-12 kg Respectively. There 1s an outlet of the
substances with sharp affection mechanism —carbon oxide 120-500 kg and nitrogen oxide-40-650
kg

It 1s known that high-alloy steels from which the hulls of the nuclear submarines as well as
the electrodes for welding and cutting works are manufactured, contain the metals Cr, N1, Co and
others

In the working zone during the hull utilization the concentration of chrome exceeds 30 times
the maximum admussible level, manganese-3 times, nickel-15 times, lead-16 times and zink-4

times At the dismantlement of the submarine hulls (as a result of the thermal affection on the metal

rr

the maximum admussible level, manganese-3 times, nickel-15 times, lead-16 times and ka{,ﬁ



and non-metal surfaces the harmful combustion products penetrate into the air An extremely high
content of the solid aerosol phase of industrial dust (exceeds maximum allowable concentration 8-
17 times) as well as welding aerosol should be also noted. Several harmful chemmcals which are part
of the non-metal surfaces have allergic , narcotic effect on organisms.

It 1s known that a long contact with manganese and chlornne leads to the reduction of the
protective-adaptation powers of the organism, to the development of the illnesses of the resperatory
organs and increases the risk of the cancer The manganese accumulation tn the organism 1s the
factor of the development of the grave professional disease, chronic manganese intoxication, The
analysis of the hair bio-tests of the workers of the production union “Sever” has shown that the
content of Mn and Cr 1s 3 4-4 times higher than that of the control group. [5]

Currently,the cutting of the reactor compartment or 3-compartment block 1s carried out via
gas welding For the cutting of austenitic weld seams and some steels and alloys the plasma cutting
ts used The speed of the plasma cutting 1s two-threefold faster that of the gas —however this speed
with the width increase of the metal to be cut falls sharply

The evolving of the harmful chemical substances at laser cutting 1s practically equal to that
of the gas and plasma cutting.

At present there exists a supposttion that the principal method of the dismantlement of the
vessels with nuclear reactors will be gas-cutiing works which are connected with the evolving of a
large amount of welding aerosols which contain metals-allergens Mn, Cr, N1, Co and others. This
factor may cause the appearance and progress of the specific changes the personnel’s health People
with low metabolism speed may develop pathological reactions and illnesses

It 15 considered to be very important to conduct a complex of works on the more accurate
defimition of the classes of the toxic wastes during dismantlement process

The Minustry of Health of the former Soviet Union and The State Commuttee on science
1ssued and approved 1n 1987 the Temporary classifier of the toxic industrial wastes This classifier
stands in line with the International Register

In tab 3 14 one can find a list and classification of the toxic wastes formed during the

process of nuclear submarine dismantlement,

-~
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The list of non-radioactive wastes formed at the dismantlement ol nuclear submarines

.o Il

- bazard class ...

I wastes contarming the
compounds of lead,
chiomium

I liqueds after icgencration

[ wasles not contaming the
compounds ol lead

I special situces (rubber)

2 fluorescent lamps

2 clectrolytle (sulphunc

2 Ruigid plates(FS-7-2-

2 absolete plates, ashestos,

acud) 10()) glass-fiber, asbestos-fiber
3 thalhie cartndges (from | 3 wastes fiom handiing the | 3 foam plasuc plates (11C- 3 lonic 1esing
the oxygen measuring hull construction {oxide b

equipnicnt)

manganese, hydrolluonne,
nitrogen dioxide)

4 lquid oxidant and fucl

4 alkahne clecuolyte of
the fieeze machines

4 wasles [rom handhing the
hull construction {dust)

4 wasltes from handhng the
hull constiuction (caibon
oxude)

5 wasies trom handling
the hull consuuction
{(Chiomium awde)

5 hydiogen sulphide,
surmanc hydiogen

5 mastic (BR-20)

5 otlg, Tuel, water with ot
products remains

6 copper

6 chladone-t2,
chladone 22

7 cpoxy fithng

8 cement

9 hnolcum

10. plastic

Tab.

3.14.
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The total of the evolved pollutants which penetrate nto the air at the gas cutting of the

hull into large sections and further cutting into smeltert-sized pieces for one submanne of

“Delta” type 1s shown n tab. 3 15

Delta type nuclear sub hazardous atmospheric emissions
during cutting procedures

- “Substances
Dust

Including 73
Oxade manganese 43
Oxide chrome 1
Other substances 29

Gas aerosols 4115

Including
Oxide carbon 250
Nitric oxide 161
Fluorine carbon 0.5

Tab. 3.15.

The amount of wastes formed during the process of stripping procedures 1s shown 3.16.

. B Y . ot R tl PR P ':“._- -
S Wastes |t e

Delta type nuclear sub waste generated during stripping

procedures

Wastes ot the special surfaces of the hull 275000
Wastes of filing (coatings) 7200
[sulation wastes 17000
Wastes of paint surtaces 6760

Tab 316

The quantity of the toxic matenals of hazard class 1-4

dismantlement of one sub of DELTA type 1s shown in tab 3 17

generated during the

Delta type nuclear sub toxic wastes resulting from
the dismantlement procedures

* . Toxic materials % . :%

Hydro-acoustic surlace

| Weight (kg) -

275000
Puint surtace 7800
Filing 8120
Linoleum 3000
Cerammc surface 580
Fiber-alass plastic 860
Heat-1solation ot solid hull and mine 14000
Ceramic surface _580
Heat sound 1solating mats 15000




>

~ Toxic materials’ . *

Tube 1solation 8200
Cable rubbe: 103200
Fluorescent lumps 2000 units
Plastic compound 100
Used oil 40000
Liquid of hydraulic system 20000
Chladones 100
Sulphunc acid 22000
Diesel fuel 2000
Impure water with remains of o1l and cleansers 2000
Fiother of the tire extinguish system 400

Tab. 3.17.

In the ecological documentation LD50 chemacal hazard classification with the calculation

of the cumulation coefficient K 18 used [Tab 3 18]

LLD50 chemical hazard classification

L Ecamiples of 6 Silbétances

received on the . 1" -Hazard degree . taken as the leading . -
"LD50 basls O N TR ~; components - [

less than 1,2 1 Exireme hazard

-' ,\'Ialue_—(':',-".':,"-.

-
-
.

Mercunc  chlonde,  potassium

cyanide, chromium
flom 1,210 2,2 2 High hazaid Copper chromide
trom 2.3 to 10 3 Moderate hazard Acectophenone, tetiachionde carbon
more than 10 4 Low hazard Calcium chlonde
Tab. 3.18

Note

LD50 — lethal dose of the chemucal substance which at the penetration 1nto organism
causes death of 50% of animals, mgr/kg

C — cumulation coefficient — relation of dose or concentration, which causes a definite
toxic effect after a single usage towards the summated dose or concentration of the substance
causing the same effect when used several umes

For the control of the industrial disposals of the chemical substances people use different
values, including those of Maximum Permmssible Concentration (MPC), Permussible Residual
Value {(PRV), Estimnated Safety Level Of Influence (ESLI), Estimated Permissible Concentration
(EPC)

For the sanitary estumation of the atmosphere about 14 indicators are used. Very often the

following indicators are used

For the sanitary estimation of the atmosphere about 14 indicators are used. Very often the



MPC w.a.- Maximum Permussible Concentration of a chemcal substance 1 the
atmosphere of the working area, mgr/m? This concentration at 8 hour working day (not more
than 41 hours a week) can’t cause a disease or lead to a worsening of one’s health during the
whole working pertod The working area 15 considered to be a space at the height of 2 meters
above sea-level or a working ground on which there are the sites of temporary or permanent
location of the workers

MPC de- Maximum Permissible Everyday Concentration of a chemucal substance in the
atmosphere of the populated areas, mgr/m® This concentration 1s not supposed to cause either
direct or indirect harmful affection at an unlimited period of inhalation

MPD- Maximum Permussible Disposal of the pollutants into the atmosphere at which all
the hygienic norms are observed in the populated areas with the most unfavorable conditions for
dispersion, kg/day

PDKav standard represents the maximum concentiation value of the hazardous elements
1n the air of the public access areas and stands for the concentration of the admixture 1n the air
which when regularly or constantly reacting with the human orgamsm does not incur any
negative tmplications neither for the latter nor the environment

The PDKw standard stands for the maximum concentration value of the hazardous
elements 1n the public water areas, which do not have neither direct nor any other bearings on the
public health {on the basis of the standard human htecycle pertod) and do not jeopardize the
hygiene conditions of the water usage 1n such areas

A very important task for the direction descrnibed in the Task 4 1s to make a quantitative
evaluaton of the pollutant compounds in each place of storage and utilization of the nuclear

submarines as well as 1n case of accident arising

3.9. Potential hazards from pollution and radiation sources.

Pollution and radiation sources may mamfest themselves only under certain
circumstances, posing a threat for the personnel , population and nature All the hazards can be
divided 1nto 4 types

1 The hazard of a spontaneous chain fission reaction ( nise of the crnitical mass and
acceleration of the heat-producing process of the prompt neutrons, thermal explosion)

2 The bhazards from toxic 1adicactive wastes and materials with directed activity

The hazards from radionuchds present 1n the spent nuclear fuel, aerosols and Liquid
rachoactive fuel

4 The hazards from non-radioactive but toxic or carcinogenic compounds of the
dismantlement products

4 The hazards from non-radicactive but toxic or carcinogenic compounds of the



Spontaneous chain fission reaction 1s the most dangerous emergency situation which
could hypothetically happen only at first and second stage of the dismantiement.

The hazard of 2™ type 1s present at all stages of dismantlement

The hazards of 3 and 4™ types may be present at ail stages except 6™ one

As 1t has been mentioned above the hazard of the first type arise only in case of an
accident The other types of hazards exist at the process of planned dismantlement as well as at
the time of different accidents At planned dismantlement all the existing hazards (with
exception of “small doses” about which the heated discussions amongst the scholms sull
continue) can be qualitatively forecast and controlled. In case of different accidents the hazards
are difficult to forecast as they depend on many factors. The scenanos of such situations will be
treated 1n the next section, A special emphasis will be made on the spontaneous chain fission
reaction and radionuclids outlet from the spent nuclear fuel.

About the hazards from the induced activity.

The degree of the induced activity of the construction materials of the reactor
compartment 1s defined by the duration of nuclear reactor operation and the quantity of the
energy produced The induced acuivity of the some elements and the equtpment of the reactor
compartment is presented in tab 3.1,3 2,3 3.1}

For 3 year storage after the reactor stopping induced radicactivity per weight unit of
caisson amount both on Co-60 and Iron-55 to 6 MBq/gr Total quantity of the each 1sotope
radroactivity n caisson amounts to 3 TBq [11]

In surface layer of the reactor hull (from the side of the caisson) the activity of Iron-55
1sotopes will amount to not more than 5 MBq/gr, Co-60- 0 2 MBg/gr [11]

In case of reactor compartment sinking 1ts contact with water will lead to the
development of the corrosion processes The penetration of the all nuclids 1nto the water will be
defined by the processes of the general corrosion The speed of the general corrsion of the
statnless steel at the temperature of 5-10 C amounts to | um/year and for the surface sediments
and pearlite steel of the reactor hull- 50 pm/year

Thus ,besides the danger for the personnel from working with active equipment , the
induced activity may stipulate hazards at the material corrosion and transfer of the corrosion
products 1n water, air and soils

The data presented in the tables gives the 1dea about the comparative levels of danger of
the equipment with the mduced activity For the calculations of the real hazards and
consequences it 1s necessary to know the energy charactenistics of radiation and their doses
calculations (1n Gy, Sv) It can be possibly conducted for the concrete scenanos at the next stage

of works
consequences it 15 necessary to know the energy characteristics of radiation and their doses



About the hazards of the radionuclids spreading,

Radionuchds formed as a result of nuclear fuel fission, activation of different hquids and
gases pose a main threat for nature and human being. They can concentrate mn live organisms,
can be transferred according to food charn, spread to the dustant territory from the place of the
formation It 15 exactly this category of pollution that was the main tragic consequence of the
accident at the Chernobyl Nuclear Station, accident at nuclear submarine 1n Chazma Bay and
many other cases For example, i 8 years after the heat explosion of the reactor in Chazma Bay
there were registered hgh dose rates-from 0 3 up to 157 mSv/hour In 11 years after the accident
on the light hull of the nuclear submarne the rates reached the level of 29 mSv/hour The
maximum levels of dose rates at the sea bottom (in place of accident) reached 0 26-1 4
mSv/ihour

Such levels of radioactive pollution of the metal constructions stipulates three traditional
methods of the welding and cutting works conduction (formation of aerosols with total activity
of ( 103-10° )Bq/m3 which exceeds 5-7 times the admussible norms)

The peculianty of this threat 1s that even small (admissible) concentrations of the
radioactuive elements n the water or air may, with the course of time, be concentrated n
vegetation or human orgamisms. The possibility of thetr spreading over great distances has been
proven In contrast to the non-radwoactive chemical pollutants, radionuchds are not neutralized
by natural processes This category of hazard requires the most meticulous analysis even for the
cases of the regular development of this process

At the analysis of the nuclhds leaving the active zone one can define actuvity of each
radionuchd 1n spent nuclear fuel as the product of specific activity (which 1s received according
to the same calculation model) on the quantity of the maximum energy producing for the
submarine of the given type Such approximation allows for evaluation of the accumulated
activity with the accuracy sufficient for the solution of the given task because

. total activity of the spent nuclear fuel 1s defined by the activity of the fission products,

+ the outlet of the fission products does not have a strong dependence on the content and
ennchment of the fuel, that 1s why the accumulation of the fission products 1s defined by the
energy producing of the reactor

For the evaluation of the radiation and radio ecological hazard of the radioactive 1sotopes
one should take into consideration [2]

« total quantity of the 1sotopes AO (Bg) in the researched object as a charactenstic of radiation
harmful object;

« the quantity of the dose coefficients E (Sv/Bq) as a criterion of their radiation hazard,
» coefficients of thewr accumulation CA (I/kg) as a criterion of their biologic hazard,

« their physical properties (half-decay penod T1/2 (Years) or the constant of the radioacuve
« the quantity of the dose coefficients E (Sv/Bq) as a criterson of therr radiation hazard,

decay A) as a criterion of their ecologic hazard



The most hazardous threat for environment pose the nuclids which are charactenized by
small maximum quantities of first 3 of above-mentioned characteristics That 15 why the most
ecological significance have nuclids for which the quantity of the ecological coefficient has the

maximum mdicator
Ecological Coefficient of Hazard (ECH)= A0*E*CA/ A

Out of all potential hazard sources the most hazardous 1s the one for which the sum of the
Ecological Coefficients of all nuclids reaches the maximum quantity
Over each period of ime T, from the moment of the accident , the most significant 1s that

nucltd for which partial ecological coefficient of hazard 1s maximal
Partial Ecological Coefticient of Hazard (PECH)= AQ¥E*CA*(L-e™)

It 15 known that non-exceeding of the set dose limuts 15 considered to be a hygienic
approach to the provision of the safety for the human being and society.

As far as other part of the natural environment 1s concerned, the answer to this question
hies 1n the assertion which has become an axiom amongst scientists'” 1f a human being 1s
protected, then nature 15 protected as well” This axiom 1s the basis for the existing normative
acts regulating the outlet of the mdustrial wastes and defining the measures to be undertaken 1n
case of accident,

Nature which has been under anthropological affection serves as a model and allows to
evaluate the seriousness of the changes as a result of the anthropological activity Below will you
find some objections to the hygienic approach to the safety provision

« 1mpossility of applying the hygienic norms for the ecological substantiation of the
admussible man-caused activity in the places distant from those with high population,

« 1mpossibility of the evacuation of the ecological systems which are in poor condition
because of the accidents,

« creation of the highly polluted zones with higher mutagenic background which can
potentially cause the appearance of the harmful hiving forms

It should be noted that the research of the radiation influence on the animals and plants
allow to assert that doses of 1 Gy are not dangerous for the majority of the live organisms.
However, these levels of radiation may lead to the change of the ecological system structure
because of

» obtaining an advantage of one group over another,

« general weakening of the hive orgamisms and as a result of 1t mability to withstand other
harmful factors ;

« reduction of the productivity of the ecological system at the expense of the loss of some
resources which would normally allow 1t to overcome the consequences of the radiation

« rteditction of the nrodiuctivity of the ecnlooical svstem ar the axnense of the Ings nf snme



Such affects can manifest themselves at the level of radiation equal to 0 1 Gy that 1s at

sigmficantly low than those considered not dangerous for the live organisms (1 Gy ) This means

that 1n case the potentially hazardous actrvity 1s conducted 1n places distant from populated areas

the damage to the health of the population {(even in case of the maximal accident) will be

insignuficant while the natural environment can suffer significant damages.

10.
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4. RISK SCENARIOS

In this section oniginators of the feasibiity study review potential risk
scenanos for dismantlement operations A special emphasis 15 made on the
emergency situations resulting m substantial discharge of radio nuchdes In
the course of further research it 1s planned to define the parncular feasibility of
each scenario as developed and presented n this chapier for further nisk
assessment purposes, following the established risk assessment methods and
mechantsms.

4.1. Emergency situations at all dismantlement stages - Overview

Following the concept developed by the Russian Mimistry for Nuclear Energy (Minatom),
the actual life penod of the nuclear submanne upon its decommissioning constitutes 70-100
years, which are concluded by the hquidation (utilization) of its reactor compartment Evidently,
each stage of the nuclear submarine life penod as described 1n the Section 1n the above entails a
particular risk of potential emergency situations

The schedule of the potentially dangerous activities in the course of the nuclear
submarine regular dismantlement operations 1s shown on Tab 4 1, which presents assessment of
the potential risk as broken down 1nto several major categones( 1 e "munor”, etc)

These operations entail potential emergency situations, the assessment of which 1s

targeted as the main objective of this section

Schedule of risks at various dismantlement stages

*I' Description of - |-t : _|" ¢ "Potential

D- 1. kY v X } i N . "-'
ismantiem works " " ‘‘emergency -

Stage 1

1.1 The sub 1s to be I Chain reaction
Dismantlement | shut down with the iesulung
enteiprise - nuclear reacto Minot Minor Minimal tadiation pollution
rcceives  the | compression unit 1s 2 Liquid

nuclear fixed 1n the lower radivactive waste
submarine posiion, spill

from the Navy 3 The nuclear

submarine, sinks
and pollutes the

i wWalcl arca

- Stopping the Mot Minimal Minimal
hand dtive of
nuclear reactor
compression unit
through welding. l

LEwwiIv L L v asLs |

compression unit



: Potential Risks - -

‘Potential’ ™
. emergency -

Dismantlem Desﬁﬁgn o Nuclear | Radiatio | Environme
ent stages ' ea - tal hazare

hazard | n hazard | ntal hazard

1.2 Nuclear
submanne s
towed to the
dismantlement
enterpnse

1.3 Lay-up
(storage) ot the
nuclear sub at
the entetprise

Stage 2

2.1 Concurrent
dismantlement
operations foi
the uscd
nuclear fuel
unioading ops

performed

- Cables are
disconnected from
ihe electncal
engines

- Systems and
equipment
ptepared foi
storage

Nuclear Steam
Production Unit
Contiol

No works
pertormed on the
nuclear steam
production unit,
nuclear steam
production unit and
Frame I control
Combustive-
lubricating
materials unloadled,
oll tanks steamed
General use
wotkspaces
unloaded

Storage batteiles
unloaded

Transportation
(towing) ot the
submaine to the
spent fucl
unloading site
Reactor and Frame
I drained

Main Hull &
External Special
Coating Stripping

Submarine Hull
Heat retention lavel
dismantlement

Mimmal

Minor

Minmal

Minimal

Mimimal

Ninor ‘

|
|
|
|
|

Minimal

Minor

Minimal

Minimal

Mimimal

Minor

NMinimal

Minimal

Mimimal

Minimal

Minimal

Mirimal

Minor

Minor

Mino:

Ninor
Minimal

Minor

Minor

i situations

Nuclear submarine
stnks and pollutes
the sea

The nuclear
submarine sinks
and pollutes the
water area

1 Chain reaction
2 Liqud
rachoaclive waste
spill, radicactive
aas emissions mnto
the atmosphere

3 Nuclear
submarine sinks




Dismantlem
ent stages

2.2 Unloading
of the spent
nuclear fuel

Stages 3 & 5

3.1 Cutting out
and tormation
of the reactor
block

5.1 Cutting out
and woths on
the reactol
comnartment
5.1 Cutting out

— e

_Destription.of
works..
. performed

Superstructule and
submarine hull
detachable plates
dismantlement
above reactor
compartment
Dismantlement of
pipes and
equipment in the
Superstiucture and
reactol
compartment

Gas blowing irom
high pressuie gas
contuners
Dismantlement of
the executive
mechanism of
protection system
control and
thermometers on
the reactor hd
Dismanthing the
fastens,undermuntng
and unloading of the
reactor lid

Unloading of the
heat discharge
assembling fiom
the icactor
Placing and
fastening of the
reactor hd
Frame 1
conselvauon
Weiding in the
detachable plates
over the reactor
compartment
Docking the
nuclear sub {on Lhe
ship-ways)

Conservation of the
nuclear steam
producton umt and
re.actor chamber
Conservation of the

-~ !, Potential Risks

Nuclear

b hgza[_d_

Mimumal

Manor

Major

Minor

No

NO

No

No

‘Radiatio | Environme
.nhazard | ntal hazard
Mimimal Minor
Mimmal Minor
Minor Muinor
Minor Minot
Majot Minot
Minot Minor
Minoi Minimal
Minor Minimal
Minor whnor
Minor Mimimal
Minor Minimal
Minor Mrimmal

" Potential* .
" emergency
situations -

1 Chain reacuion

2 Liqud
radiocactive  waste
spill

3 Nucleat submaiine
sinks and contanunates
the wler argi

Radioactive waste
spill




Dismantlem

ent stages .

Description of "
works '
performed . -

Nuclear

Potential Risks ~ . -

Potential. "
emergency

3.2 Cutting ot
the frontal and
jcar
compartment
blochs

5.2 Cutting ot
the
compartments
adjacent to the
reactol
compartment

compartment

Dismantling of the
heat insulation and
special coats
Ligusd radioactive
waste dischaige
Dismantling the
cquipment, piping
and tubes from the
chambeis adjacent
to the reacton
compartment
Cutting the
superstructuie,
hght and tirm hull
Damping the
openings n the
firm hull and
rebuilding the
reactor
compartment
Formatton of the
bloch with the
reactot
compartment
Launching the
reactor
compairtment block
IN1o the watel
Reactor
compartment
transportation to
the long time
storage tacilrues

Dismantling of the
heal insulation and
special coats

Cutting the nuclea
sub hull

Dismantling the
equipment and
nining

haz_ard :

NO

No

No

No

No

No

No

No
NoO

No

No

Radiatio | Environme |-
n hazard | -ntal hazard
Minor Mimmal
Minor Minot
Minor Minor
Minor Major
Minoi Minor
Minot Minoi
Mimimal Mumimai
Minimal Minimal
Minor Gieat
Minot Great
Minot Mayjor

situations - .




Dismantiem. :
ent stages -

Sl e Pqténhal Risks. Potenti'éi:

_.works’ 'Nuc_lear' Radiatio Environme "em_ergency_
performed. . - n hazard | ntal hazard - situations

~'Description of

Dismantling of the No Minor Minor
cables
No Minor
53 Thransportation ot No Minor Minm

Transportation | the hull structures,
and cutting of | equipment and

the hull piping to the

structures cutting sites
Hull structures No Mino Great
splicing
Equipment and No vhnor Great

piping splicing

Tab. 4 1.

Note (Tab.4 1) the 4™ stage which 1s not connected with the spent nuclear fuel unloading
and hull cutting and which represents a separate stage for analysis has been omutted

For further assessment of the radiation and environmental hazard from the hist of the most
likely emergency situations as suggested n the Tab 4 1, applicable to both decommussioned
nuclear submannes and other vessels with nuclear power units on board, there have been singled
out the particular emergencies resulting in the depressunizing of the core regions and liquid
radioactive waste/spent nuclear fuel storage units/facilities

The assessment of the emergency ermssions and implications for the local population has
been based on the most conservative assumptions pertaining the emergency situation SCenarios,
including the quantity and nuclide composition of the discharges and poliutants, radioactive
waste streams 1n air and water, as well as irradiauon degree of the human population

It has been estimated [2] that in the case of the unlikely developments the variation
between the real figures and the calculated values s imversely as the square root of the
probability of such a development Experts have therefore estimated the probability of the

1, non-regular emergencies - 107 year "l and lower. With

Regular emergencies at 107 10* year
such an approximation the difference between the realistic and estimated values may come to 2-3
orders A consistent conservative approach as applied at all stages of the scenario building
process up to the calculauon of the radiation values of the potential accidents provides for the
most extreme values, therefore clearing such a vagueness Such an approach allows 1o
substantially breach the gap between the calculated values and the practical data for such
sttuations.

In the future after we have calculated the estimations of the potential consequences of the

- P —_ . 4 - - - . o~ . P
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qu&é'lrgé?l&?, it will become teasible to conduct the comparative analysis of such estimations for



each emergency (Tab4.2) wuth the Internanonal Atomuc Energy Agency size scale for the

nuclear accidents and emergencies [3]

Schedule of major regular and non-regular accidents For scenario building
purposes (in threat ascending order).

¥ o

- Emergency-
. rclass |’

- Description of the
accident:

*_Passible major causes -

I |Spill ot the hquid 1adioactive | Breach 1n technological process. | Regular accident
wastes mto the watet durtng L human factor. bad weather
the liansferal of the latter to condilions

special vessel
2 |Sinking ot the cut-out rector | Breach 1n technological process, | Regulat accident
compartment 1n the water area |safety 1egulations bieaches,

of the shipvard humon factor

3 llgnition (local fire) within the | Bieacn in transportauon ana Max Regular
reactor compaitment during technological procedures. acciclent at
the dismantlement operations | human factor, bad weather enterpiise

conditions, navigation fatiues
4 Accident with the loss of the | Techmcal failure, human factor | Max Regular

heat-caumer on the vessel with accident on
the spent nuclear fuel on board board ol the ship
5 [Sunking of the vessel with the | Nawvigation farlure. extieme Non-regular
unloaded cote tegion in the weather conditions human accident
naval base water area tactor. subversive activities
6 |Spontancous nuclear cham Breach in technological process | Regular accident
teaction on bourd of the in the coutse of the core tegion | (max potential
nuclear vessel transteral operattons, human accicient)
tactor subversive activities
7 | Destruction ot the hqud Subversive acuvities aircraft Regulat accident
1adioactive wasle storage ciash, extieme weather with the man
facility condinons spill in water
aredus
8 {Fne (general fire) 1n the Breach 1n technological process, | Non-regular
course ot the nucledr vessel satety regulations bieaches, acciclent
dismantlement operalions human tactot
Tab 4.2.

Estimations show that the maximum radiation consequences may result from the Regular
accident with either the spontaneous chain reaction or the ioss of the heat carrier on the nuclear
vessel within the naval base or shipyard water areas

Considering that there are no substantial differences between the accident scenanos for
the on-water-surface floating nuclear submarnes and the other nuclear vessels, such scenanos as
described below are applicable to both types, if not specified otherwise. The precise radiation

implications for particular types of vessels will need to be developed in the course of the further

wnrle nn the nrniact 1n ramnbanca unth thae cranarine ac nrecantard 1n thie rennrt

descnbed below are applicable to both types, if not spectfied otherwise. The precise radiation
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In order to assess emergency mplications for the local population and environment for
various scenarios 1t is essential to undertake the calculation of the resultaat doses of the exposure
of the latter through the radiation cloud, wnhaled radio nuclides, underlymng terramn contamination
stream, as well as estumate the beta field uradiation skin exposure At the same tume it seems
reasonable to disregard human exposure to the radio nuclides through food, as naval bases for
nuclear ships and other vessels are as a rule sufficiently distanced from the agricultural and
fishing areas All further environmental implications will therefore be assessed on the bases of
the underlying surface contarmmnation (for both ali radic nuchides combined and the major ones
particularly smgled out) All the accidental discharges are considered to be of short duration, 1n
other words 1n the course of emissions the atmosphere stability conditions, direction and force of
the wind are presumed to have constant values Such a conservative approach corresponds to the
maximum axis values of the land concentration 1n the course of the emussions

Evaluation of the consequences of the accidental emissions shall be conducted [5, 6] for
the early, medium and final phases of the accident [14]

The early phase of the accident shall be assumed equal to 48 hours During this period
there 1s estimated the total trradiation external dose from the cloud, underlying terrain, as well as
the internal dose of the inhaled radio nuclides from the passing cloud

The medium phase of the accident corresponds to 240 hours and the final phase covers
the remainder of | year after the accident has occurred Dunng these phases researches assess the
effective dose of the external rrraciation through the radio nuchdes, as accumulated on the
underlying terrain As 1t has been earlier descnbed there are no calculations performed for the
radio nuclide exposure through food 1tems.

Human population and environment exposure through radioactive emissions 1s primarily
conditioned by the admuxture dispersion in the atmosphere These processes depend both on the
emusston parameters (height, etc ) and the stability of the atmosphere itself at the time of
emisston In the case of the lengthy (continuous) emissions the average meteorological
condiions are applied to the admixture dispersion calculation {(average annual wind rose, wind
speed, atmosphere stability weighted average value, etc) In the case of the brief (accidental)
emisstons all calculations are based on the precise meteorological parameters at the tume of
emission

While calculating the values of the accidental emissions and their environmental
implications the real meteorological conditions at the time of each ermussion are calculated within
the framework of the local Paskville — Gifford model [7], which 15 based on the si1x classes of the

standard atmosphere states

Suhsections helow sugeest some of the most hazardous accidents as histed in the Fieure 4 2.
the framework of the local Paskville — Gifford model [7], which 1s based on the six classes of the
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As far as the scenario of emeigency situation with the loss heat carner 1s concerned the
following must be mentioned:
In accordance with the safety rules the emergency situatton with the loss heat carmer 1s
considered to be the maximum project accident for the atomuc vessel

Through the heat camer (because of the encapsulation defects) the product fissions come out.

During the accident out of the heat carrier 100 % of rare gases, 10 % radioactive 10dines
1in orgamc form and 1 % of the fission product are released into the atmosphere of the reactor
compartment.[10].

Intab 4 3 will you find the Composition and discharges on the nuclear sub as a result of
the fire

Taking 1nto account that this emergency situation can hardly be a result of the nuclear

submarine decommuission, the given situation will not be treated at length 1n thes report

Composition and discharges on the nuclear sub as a result of the fire

.- :o. 7| Gamma- - " Atmosphere -
.-, Half-Life - - [ .:“-constant,”” - |'. =~ emissions,

" Radio ﬁucliae. =

C ) . clod)s fomifgmCil| . - Ci(Bq) .-
Krypton-83m 448 h 1.12 300 (1.1110"9)
Krypton-87 76.3 min 3.72 320 (1,18 10%)
Krypton-88 2.84h 97 460 (1,70 10%)
Xenon-133 5.245 days 05! 2600 (9.62 10"
Xenon-135 9,08 h 1.32 1300 (4.81 10"
Xenon-138 141 min 5.23 220 (8,14 10')
lodine-131 8.0 days 2.16 28 (Lo4 10"
lodine-132 23h 12.6 35 1,3010'%
Todime-133 20.8 h 3.36 24 (8.8810")
lodine-134 §2.6 mua 13.9 73 (2,70 104
lodine-135 6,61 h 8.4 46 (1 7010"%
Rubichium-88 17,8 mun 3,16 4.6 (1.710™)
Strontium-91 9,75 h 6. 8,010° (2.9610%
Strontium-92 271 h 6,34 1.6 10° (5,92 107)
Zircomum-93 + 64,05 days 4,14 I 110°4.0710%

Niobium-93
Ruthemum-103 39.35 days 2.08 1,3 107 (4,81 10%
Ruthenium-106 368 days 1.13 1.9 107 (7,03 10%)
Cesium-134 2,062 years 8.72 20107 (7.40 10%
Cestum-137 30.17 years 3.24 2,5:10™ (9.25 10%)
Cesium- 138 33.41 mm 11,16 6.1 (2.2610")
Barium- 139 84.9 min 0.2:43 0.5 (1.8510'%
Barnum- 140 12,79 years 1.14 1,9 107 (7.03 10™)
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4.2. Emissions of the radio nuclides as result of reactor compartment
fire on nuclear submarine

As all of the works performed on the open stockpile slab during the dismantlement of the
nuclear vessels (gas or plasma cutting) are highly fire and explosion dangerous, the fire accident
scenarto probability has always been considered extremely high

The radiation consequences of the fire are determuned by 1ts category and development
dynamucs, as well as the values of the atmosphere at the 1gnition pomt

The following data 1s generally assumed for the assessment of the of the potenual
discharge 1n the reactor compartment of the dismantled ship, mcludmg further atmosphere
pollution as a result of the fire [10]

+ Integral activity of the contamunaton sources 1n the power compartment with the lay-up
pentod of 1-3 years amounts to (3-5)10% C1 (approximately 1,5 10" Bq),

« Over 90 % of the indicated value 1s localized 1n the internal compartment structures, which
account for approximately 5-7% of the total amount of the matenals containing radio
nuclides within the power compartment,

« The integral surface of the contaminated structures, which may emut active elemeats into
atmosphere from the power compartment, 15 assumed at 4 10° Cr (1,5:10"* Bq), as shown on
Figure 4 4,

« Radio nuchide composition of the pollution 15 shown on Tab 4.4,

+ Coefficient of the radio nuchde emussions from the contaminated equipment into the air
inside compartment depends on the physical and chemical features of the radio nuclides,
stimular to the meltdown of the core region [10]

Nuclide composition and activity values as emitted into the
compartment air during fire
«+ - | “Approximate " |" Nuclide activity .|.-*Emission .-
| participation | on the surface of |- coefficientin. | °
share in total | © equipment, - | compartment, _gpfnpa_rtmen_t
. PPN PR -1 §|_(Bq)

Activity in the'

Radio nuclide

7L | o activity, % )L Ci(Be) i e
Cobali-60 70 28100 (110 3107 8.4(3.1 10"
Cesium-137 20 $10° (310" 0.8 640(2.4 10"
Manganese-34 5 2107 (7.5 10') 0.03 6(2.2 10"
Strontium-90 3 1.2 107 (4.5 10" 0.1 12(4,4 10'")
Tab. 4.4,

The given values of the active elements emussions in the power compartment during fire
represent a most conservative evaluation and are feasible only at relatively high temperatures

(approximately. 1000° C and more)

(dpproxinniicly. 1vuv L dlld [orc)



While assessing the scale of the potent:al radiation implications of the 1gmtion 1n the
power compartment it 1s essential to distinguish this nisk 1nto two particular types of fire, 1€
local and general fire accidents [12]

Local fire 1gnition occurs 1n the environment of little oxygen and the combustion
products remain inside the burning premuses for a constderable period of time. Under these
conditions certain active elements 1n the compartment arr tend to form a sedtment on 1ts mternal
walls Following the most conservative assessment, the discharge of the active elements into
outside the facilities on fire does not exceed 10 % of the elements remarnung inside the
compartment space

However in the case of a general fire all the burning occurs with sufficient or even
redundant oxygen The combustion products and therefore the active elements are emutted nto
the external atmosphere in much greater quantities Only a small percentage of the active
elements remain nside with the rest being discharged externally, 1 e almost 100 % of all of the
active elements (set value for assessment purposes)

The results of the radioactive emssions during fire are shown on Tab. 4 5

Active elements, Ci (Bq) taken outside during fire

R

R'ad_ib.'h__udidél"- . Local flre General flre

Cobalt-60 0,17 (6.3 10" 8.4 (3,1 10'H

Cesium-137 12,8 (4,7 10" 640 (2.4 10

Manganese-54 0.12 (4,4 10% 6 (2.210")

Strontium-90 0.24 (8 810" 12 (4,4 10"
Tab 4.5

While calculating the values of the potential radiation consequences from both local and
general fire behind the termtory of the nuclear submanne dismantling enterprise, 1t 1s reasonable
to concentrate on defining the following potential nsks

+ Effective inadiation dose for each human person, with the position of the iatter fixed along
the fire axis (including external wrrachation from the cloud. inhaled radio nuclides, wrradiation
from the contaminated underlying terratn),

+ Contamunation denstty of the underlying terrain

4.3. Accidents related to spontaneous chain reaction with radio
nuclide discharges

A nuclear accident of spontaneous chain reaction can occur for various reasons in the

course of recharging of the core regions of the reactors of the nuclear power units

A nuclear accident of spontaneous chain reaction can occur for various reasons in the



Such accidents, however regarded as the non-regular emergencies, have occurred on a
number of occasions 1n the course of reloading of the nuclear fuel One of the most illustrative
examples 1s the accident in the Chazhma Bay in 1985 The heat explosion at the nuclear
submarine of the Echo-2 type occured m 1985 duning the conduction of the works on reloading
of the reactor core After the loading of the new heat producing assemlages in the reactor core,
the cover of the reactor was hifted for the substitution of the reactors’s washer During the lifting
of the reactor cover, the reactivity compensation unit also lifted which led to an explosion.

At the moment of explosion an assemblage with heat producing elements was thrown out
of the reactor The main metal construction of the assemblage dropped near the cover of the 2
reactor There was seen a flash raising to the height of 6 meters The orange-grey smoke was
formed which rarsed to 20 meters There formed a cloud which began moving with the wind.
Right after the explosnon a fire began in the compartment The cabels, coatings and paint were
burning The combustion products were formed along with the explosion products and n the
form of gnts were released tn the surface Gnts release could be seen withing 50 meters of the
accident place

The most gnm consequences for the human population and local environment for this
scenario stem from the spent core region, which represents a vast number of the long life fission
products that have accumulated during the operational mode of the power unit The total activity
of these fission products, even after the core region has been laid up without operation for a
lengthy peniod of time, substantially exceeds the activity of the fission products resultant from
the actual spontaneous chain reaction

Spontaneous chain reaction consequences outside the bases depend on the character and
intensity of the fission products emission into the atmosphere

The following chain reaction scenario and the resultant discharge values are suggested as
the most probable

« Spontaneous chain reaction occurs on the cold or cooled reactor with the opened reactor
compartment, 1 ¢ after the shielding detachable plate has been already removed Reactor
has been unsealed or 1s being unsealed (e g the hid 1s being blown off),

« Because of the bnef duraton of the flash the chain reaction terminates as a result of the local
boiling and water surge fiom the core region with the resulting core region geometry breach,

- The main energy discharged 1 the course of the spontaneous chain reaction flash
accumulates 1n the active zones (core regions) Due to the low thermal conductivity of the
water and the water steam. the heat carrier receives only a modest share of the energy (not
more than 0,01 of the total chain reaction heat portion),

« Flash 1s brief and the energy discharge 1s considerable, so the heat carrier tn the thin layer
next to the heat discharge elements shell turns mto steam which at this point s condensed
nto a highly compressed state (with the temperature of approx 1000°K the pressure 1n the

shell layer may reach several hundred Barr). Another possible mechamism of the local
« Flash 1s brief and the energy discharge 1s considerable, so the heat carrier in the thin layer
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pressure hike may become the enlargement of the heat discharge elements (certan
esttmations show evidence of up to 5 % of the 1itial capacity),

« Because of the indicated heat carrier, the overheat steam 1s being momentarily discharged
together with overheated water from the reactor Fission products accumulated in the core
region {and those having come 1nto existence dunng the spontanecus chain reaction) do not
timely proceed into the heat carrier and an immediate discharge of water and steam 1s
comparatively low-active,

« As practically all the chain reaction energy 1s accumulated 1n the core region (heat discharge
elements), core region partiaily melts down,

» The water remaining 1nside the reactor (as well as 1n the Frame I), reacts with the overheated
core region, evaporates and takes fission products out from the core region meltdown into
the atmosphere The fission product enussion constant lasts several minutes. This discharge
1S not instantaneous in 1ts nature and 15 termunated as a result of either the entive water
supply evaporation or of the core region cooling down Fission product discharge may
continue even after all water evaporates, however not as intenstvely.,

As a result, the major portion of the active elements 1s emiited into the atmosphere
through evaporated heat carrier directly after the spontaneous chatn reaction occurs.

The intensity of the atmosphere discharge depends on two factors amount of the actual
fisston products (both accumulated 1n the core regions and as resultant from the spontaneous
chain reaction) and the power of the chain reaction flash (the discharged energy determines the
degree of destruction of the core region and discharge dynamucs)

The total number of fissions value mn chawn reaction (flash power) 18 assumed equal to
10°®  Such a characienstic of the chan reaction is calculated by the international RELAP-
5/mod3 standard, however minding the specifics of the particular nuclear power units of the
vessels. Within the entire feasible varation scope, the integral fission value 1s below 10%, so this
10%° value 1s taken as the extreme energy surge for the spontaneous chain reaction for the water-
based nuclear power units

In the further research the following parameters of the atmosphenic discharge may be
used as the benchmark reference

1 Duscharge occurs while the nuclear submanne 1s docked at the berth within the fully
controlled naval base,

| ]

Discharge 1s brief 1in time,

3 The discharge height makes up 100 meters above the water area surface While
establishing the discharge height there has been employed the Morgon, Tailor and Turnet
model [10], which has been expenimentally tested for the nuclear explosions of various
capacity,

4 The radio nuchde discharge share from the melted part of the core region in compliance
with [10] makes up

+ For radio nuclides of the rare gas - 0.9,

+ For the volatile radio nuchdes (Imodium, Cesium, Rubicdium) - 0,8,
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+ For heavy aerosols - 0,03,
. For Cesum - 3 107,

5. For all of the radio nuchdes with the exception of the rear gases, the separation
coefficient (sediment) 1n the reactor shaft, the cool structures of the nuclear submanne
around the shaft and the fuel-handling device 1s estimated at 0,5

For the suggested parameters the fission product discharge 1nto the atmosphere at varous
lay-up penods 1s shown on Tab. 4 6

In the future stages of work on the project these parameters will be used to calculate the
implications of the spontaneous chan reaction for human health and environment beyond the

territories of the naval base.

4.4. Fire in the liquid radioactive waste storage facility.

The maximum discharge into the atmosphere from the storage facility with the hquid
rachoactive wastes occurs durtng the fire, when the hquid evaporates completely (radio nuchde
solution) Such an accident 1s highly improbable as for the evaporation of the large quantity of
water substantial amount of thermal energy 1s essential, 1e 2500 kJ/kg with the iniual water
temperature reaching up to 20C For the conditioned storage of the highly active hiquid storage
waste (100 m®> of volume), considering that there occurs only partial consumption of the
combustion heat this amounts to at least 3 10* Ky Thus 1s equivalent of burming 30-50 tones of
the regular diesel fuel in the direct vicinity of the liquid fuel storage facilines The following
conservative prermises must also be met for such an accident to occur

« Oxygen flow (fresh air) to the seat of fire 13 unrestricted,
+ During the entire period there are no liquid radioactive waste spills.

The height of the flame 1s condttioned by the two following factors

+ Intensity of the burning,
«  Weather conditions.

Quantity-wise the height of the fire may change from several dozens to several hundred
of meters For the stable weather conditions, when the transferal of the active elements occurs for
greater distances, with the burning speed of the equivalent fuel of 1 kg/c, the linut height of the

flame averages at about 100 m
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Accumulation of the radio nuclides in the core region and the spontaneous chain
reaction flash for different lay-up periods (full discharge into atmosphere)

_Maximum amount in.the core region after -
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(4,03 10" (4,03 10 (4,03 10"

Kiypton -85 2.38 m: 2,36 mf4 2,31-10'{ 2140 (7,92 10y T 2124 (7 .86 107) 2080 (7.70107)
(8.81-10" (8,73-10' (403107

Kiypton 87 i.0 10‘H 1,0 m*” 1.0 '”4.4 900 (3.33107) | 900 (3,33 10™) 900 (3.33 10")
(3,70 10'") (3,70 10" (3,70 10

Krypton -88 6,26 mH 626 |()|‘! 6.26 m]‘4 563 (208 1077 | 563 (2,08 10™) 563 (2.08 10"
(23210'h (2,32 10'Y (2,3210")

Rubidium 88 S17107 s1710° SA7-10° 207 (7.66 1077 | 207 (7,66 10") 207 (7.66 10')
(1,04 10 (1,01 10™) (1,0110™

Krypron -39 20100 2,010° 2.0 10° 1.8 10° 1,8 10° 1,810 (6,66 10™)
(7,10 10" (7,4010"%) (7,40 10'%) (6,66 10™) (6,66 10'%

Rubidium 89 6.5 m*ﬁ 6,5 |uf 6,5 m“ls 2600 (9,62 107} | 2600 (9.62-107) 2600 (9,62 107)
(2,41 10') (241 10" (241 107

Strontium-89 6.0 [ 2710 83107 130000.,11107) | 1350 (4.9910™) 415 (1,54 107y
(2,22 10" (9,99 10"%) (3.07 10'%)

Strontium-90 2.2 lo‘l_ 22 m‘l_ 22 m‘l_ 1100 (4,07 10™) [ 1100 (4,07107) 1100 (4,07 10"
(8,14 10" (8,14 10" (8,14 10"

Ruthenium- 34 m’” 1.210‘1_ 24 lo‘[4 510(1,8010") | 180 (6.66 10™) 36 (1,33 10™)

103 (1,26 10'%) (4,44 10") (8,88 10°)
Rutheuium- 6.1 1y SS1F 1.6 10° 92 (3,40 [0™) 83 (3,07 10™) 69 (2355 107
106 (2,26 10" (2,05 10") (1,70 10"

loding-131 6,0 m‘l_ 371 (L3710 | 28 (1,04 10" | 2400 (8,88 10") | 15 (5,55 10™) 11 (4,07 10"
(2,22 10"

Todine =132 | 2520 (9,32 107 | 100(3,70 10" | 100 ¢3,70-10™) | 100 (3,70 [0™) 4(1,4810™) 4(1.48 10"

lodine-133 | 782 (2,80 10"y | 782(2,89 10"™) | 782 (2,8910"") | 31 (1,15 10™) 31 (1,1510™) 31(L,15-10™)

92




Maximum amount n the core region afte'r * . Discharge into atmosphere right after

Radlo P chaln reaction for varlous’ Iay-up time. - .| spontaneous chain reaction for various lay-up
nuclide . o - intervals, Ci{Bq) - ¢ . - . time intervals, Cl (Bq) . .

B 180-da_ys ) : 90 days 180 days
770 (2,85 10"") 770(2,85 10"

[odine —134

1,92 10° 1.2 1014 1,92 m“1 770 (2.85 10 M)

L (7,10 10 (7,10 10" (7,10 10"

ody fodine =135 | 4750 (1,7610"%) | 4750 (1,76 107 | 4750 (1,76 10™) [ 190(7.03 10" T 190 (7,03 10™) 90 (7,03 10™)

Xen Xenon-133 4.4 1():q 20(7,40 107) | 2,7(999 10 [3960(1.4710™) [ 1.8(6,66 10™) .24 (8.88 10")

L (1,63 10"

{en Xenon—135 [ 422(1,56-10™) | 422 (1,56 10") 21, 10'T 38 (141 10™) 38 (1,41 107 38 (141 107

{eni Xenon —137 1,710 1,7 10 [ 7 Ol [,5310° 1.5310° 1,53 10 (5,66 10)

L (6,29 10" (6,29 10"%) (6,29 10") (5.66 10" (5,66 10"

{cn Xcnon 138 7.9 10" 7.9 107 79107 THO2,63107) [ 7110(2,63 10™) 7110 (2,63 10™)

L (292107 (2,9210") (2,92 10"

Zest Cestum-137 2,2 10“'_ 2.2 W‘I 2.2 m; 8800 (3,26 10™) | 8800 (3,26 10"} | 8800 (3,216107)
(8,14 10" (8,14 10") (8,1410)

el Cesium 138 3,2 qu 3.2 mT_ 3.2 I{T': 1280 (4,74 10"") | 1280 (4,74 10™) 1280 (4,74 107°)
(LIS 10 (1,18 10 ‘) (118107

esit Cesium —139 1.07 ml’_ 1,07 m 107 mljS 4280 (1,58 10™) | 4280 (1,58 10™) 4280 (1,58 107)
(3.96 10" (3.96 10"%) (3,96 10

3an Barum-139 1,79 10° 1.79 107 1,79 107 90 (3,33 10'%) 90 (3,33 10 90 (3,33 107)

. (6,62 10" 6,62 10" (6,62 10" ’ ,

Jari Rarium 140 2,87 lOl"( 1,12 mll 193 (7,14 107 [ 1435 (5,31 10") | 56(2,07 10™) 1,0 (3,70 10™)
(1,06 10'Y @14 10"

eri Cerium- 141 6,18 10|’( 1.72 lTalj_’ 25 lu*]I 93 (3.44 10™) 26 (9.62 10™) 3.8(1,41 10'T)
(2,29 10'%) (6,36 10") (925 10"

“erit Cerium 143 | 86 (3,19 107 | 861 (3.1910™) | 861 (3,19 10") | 0,13(4,81 107) | 0,13 (4,81 10°) 0,13 (4,81 107)

ern Cerium - 144 96 10° R3O 6,6 100 144 (5.3310™) | 125(4,63-107) 99 (3.66 [0

. (3,55 10') (3.0710') (2,44 10')

Tab 4.6.




4.5. Unsanctioned discharge of the liquid radioactive wastes into the
water area

Unsanctioned discharge 1s possible in the course of transfernng the hquid radioactive
waste onto the vessels or from such vessels to the storage facilities The reason for the
unsanctioned discharge may be the depressunizing (or breach) of the hquid waste transferal hose.
The total discharge 15 determined by the operational time of the working pump after the
depressurizing of the hose has occurred. For estimation purposes 1t 1s assumed that the pump 1s
to be switched off by the operator and such switch-off occurs 1n 10-20 munutes after the breach
With the pump output of a 25-30 m’/h the waste discharge will therefore make up not more than
10m® Spectfic activity of the liquid radioactive waste s assumed at 510 €1 (2 10 Bg/l) The
radio nuchde composition of the liqud radioactive waste and the discharge tntensity for
parttcular nuclides 1s as shown in Tab. 4 7 Following the suggested scenano the total activity of
the accident discharge will therefore make up 5 Ci1 (2 10'' Bq), while at the same time all the
active elements will be dumped 1n the water area within the fully controlied naval base premises

at full sea

Radio nuclide composition of the salt-free liquid radioactive waste and their
combined discharge into the bay

.. Radionuclide -~ ~ | '_Arhbun't',__""/_g_:'_j - "-'_':'-_I-J‘isr-c_:liérgé;'_c_i: '(_B'q)'. E

Chromim-St 0.15 7.5107" (2.78 10%)
Manganese-34 0.3 1,510~ (3,55 10%)
Iion-39 0,1 5107 (1,85 10%)
Caobalt-58 0,7 3.510° (1,30 107
Cobalt-60 015 7,510 (2.78 10%
Strontium-89 1.3 7510° (278 107)
Strontium-90-+Itrium-90 1.5 75007 (278 107
Ziconium-93+Niobium-953 10 0.5 (1,85 10"
Ruthenium-103+Niobium-93 10 0.5 (1.85 10'%
Ruther 55 0.275(1.02 10"
Cesium-134 53 0.275(1.02 10™)
Cesium-[37+Banum-137 15 0.75(2.78 10™)
Cerium-141 10 0.5(1.8510")
Cerrum- 144+Promethium- 144 30 1.5(5.55 10'%
Gadohnium-133 5 0,25(9.25 IO‘T)
Europium-152 1.0 0.05 (1.8510%)
Euiopium- 154 1,0 0,05 (1,85 10"
Tetbium- 160 2.0 0,1 (3,70 10%)
Tab 4.7
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4.6. Sinking of the cut out reactor block during transportation

In this secuion we develop the scenano and determune the 1mphcations of sinking of the
reactor block, which has been cut out from the submarine hull and 1s being loaded, unloaded or
transported by water to the lengthy storage faciliies In the course of preparation for the bunal of
the reactor blocks they are pressurized and no sea water can find 11s way inside. Any radiation
mmphications of the sinking of such a block can result only from the corrosion of the submarine
hull, which has been actively hit by the neutron flux while in operational mode

The corroston velocity of the steel combinaton, which makes up the hull of the
submarine, 1s assumed at 5 10” cm/year The resulting discharge of the radioactive agents mto
the sea water can be assessed under the following assumed conditions

« The corrosion products fully dissolve in water,

« Reactor compartment remains pl’CSSLlI']ZCd;

» The surface and both front and rear sealing of the reactor compartment are free from the
radioactive contarrunation

Only the most considerable radio nucldes, 1€ those of long life and possessing the
maximum discharge, are taken into account The results of the calculations performed are shown
n Tab 4 8.[14]

The data suggested 1n the Figure below has been accumulated by the means of calculation
on the basis of the hardest maintenance madels and extremely high loads operational modes of

the nuclear submarine; therefore such assessments represent the worst case scenario

Discharge velocity of the radioactive corrosion agents through the reactor
compartment hull (compartment remains pressurized)

of the sub period in
S| cyears -
3 5000 203 50 0.4 5200
10 540 81 48 0.4 970
1 50 3107 04 36 0.4 37
100 610% | 6107 24 0.4 24
3 8310° | 2310 8500 60 8.710°
. 10 1,410 | 13107 8100 60 1,6 10°
50 4.8 69 6000 60 6100
100 1107 0.1 4000 60 1000
Tab.4.8.
o | 110’ | ol 4000 60 1000 |




4.7. Sinking of the nuclear submarine with the unloaded core region

In this section we assess the consequences of the sinking of the nuclear submanne with
the unloaded core region (active zone) within the water area of the naval base The worst case
scenario 1s assumed' the accident occurs while they are works performed on the vessel, the
reactor compartment 15 unsealed and the reactor 1s depressurtzed. The submarine has been
previously laid up for 180 days, in other words the active zone primarly contains the long hife
radho nuclides Activity values of the essential radio nuclides are as shown in Tab 4.9,

As a result of the nuclear submanne sinking the heat carrier of the first contour (1e
reactor mainframe or Frame I) reacts with the water of the bay. After a minor one-time
discharge, the nuclear fuel begins to slowly expenence the corrosive effect in the seawater The
speed with which the fission products find their way from the core region 1nto the seawater 1§
determined by the following factors:

« The ttme penod after sinking when heat discharge elements actually begin to react with the
seawater,

» Temperature of the heat discharge elements shells at the moment of sinking (after the first
contact with the sea after) and the dynamucs of 1ts fluctuation as time progresses,

« State of the heat discharge elements shells at the moment of sinking

Activity values of the long life fission products as of the moment of the
submarine sinking (prior lay-up period — 180 days)

.Half-life constant, :

'Radio nuclide - " Activity, Ci (Bq)

.-~ 1hour - :-
Strontium-89 50.5 days 5480107 834107 (3.09 10")
Stiontium-90 29,12 years 2.85710°¢ 2,18 10° (8.07 10')
Rathemum- 103 39.28 days 7,312 10" 24310 (8,99 10™)
Ruthenium-106 368.2 days 7.84810° 4,61 10* (1.71 10%)
Cesium-134 2.062 years 3.834 107 2,56 10* (9,47 10')
Cesium- 137 30 vears 2,638 10° 2.17 10° (8,03 10%)
Cerum- 141 32,5 days 5,880 107 2,53 10" (9,36 10™)
Cerrum- 144 284.3 days 1.01710° 6.63 10° (2.4510'9)
Tab. 4.9

4.8. Destruction of the liquid radioactive waste storage facilities

As a general rule the recerving tanks are very strong 1n nature, they have cyhinder shape
and are placed 1n the reinforced concrete facilities with the underseal metal coating. When the

receiving tank 13 destroyed (as a result, for example, of aging or corrosion) the hquid wastes flow
As a general rule the recerving tanks are very strong in nature, they have cylinder shape



out 1nto the (nternal facilities, which can accommodate all the hquid waste inside all tanks From
such a facility the hiquid waste can then be pumped into new tanks and will never find 1ts way
into the surrounding environment The discharge of these wastes outside the facilities 1s therefore
possible only if the receiving tanks and concrete walls of the facilities are destroyed
simultaneously Such a massive destruction of both the concrete and metal structures can occur
only as a result of the extreme external force: explosion of a powerful charge 1n the direct
vicinity of the facility buildings (subversive activity), crash landing and explosion of a heavy
arrcraft with a substantial amount of fuel on board and/or ammunition (air bombs, musstles),
random hit by an air bomb, mussile.

T:Ee highest possible specific activity of the liqmd radioactive wastes accounts for
disullates and represents 5 10 C1/1 (2 107 Bq/l), which considerably exceeds the activity of other
liquid wastes As an extreme case here 1t can be assumed that both the tanks and the facilities
have been completely destroyed and all of the active agents have been dumped into the water
area of the bay During the discharge some of the liquid wastes will remain tn so1l mn the form of
wet terrain and small spills condensing 1n the terrain nregulanties. The water 1n such spills may
evaporate soon after the accident, and the firm residue will make up the surface contamunant
layers which with time will be washed away with the atmosphenic precipitation and sink deeper
into the terratn The assessed contamination layer makes up the tenths of a mm, however for
conservative assessment 1t 1s assumed at 1 mm

If the accident occurs i wnter or late fall the water on the surface will remain 1n the
snow co;;r; duning the snow _rne]tmg it will be washed into the water area with the water from
the melted snow For this reason the remaimng radio nuchdes 1n the so1l will under no reasonable
condition be greater than 1f such accident occurs 1n the spring or summer seasons

The discharge of the liquid radioactive waste 1s assumed as being brief 1n time For the
bay contamuination assessment purposes 1t 1s assumed that the active agents of the tanks with the

distillate are all washed away into the water area at the full sea

4.9. Reason for the probable emergency situations

The aforementioned accident scenarios are far from covering the entire contingency
scope A special attention shouid be paid to the analysis of the spontaneous chain reaction
1mphcations or the radio nuclide discharge resulting from other fission (nuclear) reactions. The
mitial reloading stage has here the forermost significance

When the nuclear fuel i1s unloaded from the submarine, the hull of the submarine ts
unsealed and the external lifting crane removes the Iid from the reactor. With the reactor

compartment wide open and the reactor lid lifted away the following accidents can occur
When the nuclear fuel 1s unloaded from the submarine, the hull of the submarine 1s



I Sudden (hypothetical) water overflow finds 1ts way into the reactor, preliminary dnied up
during a lengthy lay-up mterval, the active zone reaches the cntical condition and a
highly improbable spontaneous charn reaction flash occurs,

2 Over the nuclear submanne, a hehcopter (plane or other awrcraft) expenences
malfunction, crashes and 1ts kerosene fuel spills inside the reacior compartment directly
1nto the reactor, 1t then 1gnites and causes a fire inside the reactor compartment

Both hypothetical accidents result with the spent nuclear fuel emutting radwoactive
substances into the outside atmosphere, where then form a contarminated cloud, which poses a
potential threat for the local population and environment as both the exiernal and internal
irradiation source

The actual concentration of the racio nuclides (admixtures) 1n the atmosphenc tran 1s
calculated on the basis of the Gauss double dispersion equation. The dispersion parameters are
fixed considenng the stability of the atmosphere and terrain specifics (valiey, hills, urban
terrttories) All of this 1s undertaken on the basis of the existing IAEA recommendations

Vanation of the terrain specific features and atmosphere types results in the necessity to
conduct the varation calculations munding the correlation between the final vesults
(determunation of the admussible dose) and the variety of the imtial data A concrete result of the
analysis of the raciatton imphcations of the spontaneous chatn reaction durtng the spent nuclear
fue! unloading operations was presented at the internaticnal semunar of 1998 in Nizhniy
Novgorod.

There 1t was specifically emphasized that the anticipated discharge of the radio nuchdes
into the atmosphere dunng the chain reaction resultant trom the unloading of the spent nuclear
fuel will be at least 3 tumes less than what had been emitted into the atmosphere from the Reactor
4 of the Chernobyl Nuclear Power Plant 1in 1986 Within the 5 km footpnint of the residue from
the pollution cloud all of the local population will need to be evacuated With the annual
unloading of about 10 nuclear rectors from the dismantied submarines, the actual possibility of
the spontancous chatn reaction at the first generation reactor, which has not been sufficiently
laid-up, can be estimated at the value of 3 10° a year' For the dred up reactor such possibility
1s of course lower [15]

Handling the spent nuclear fuel, which will then need to be delivered to the processing
enterprise of the Minatom, constitutes a major general challenge 1n the entire nuclear submarine
matntenance system This task has been assigned to the Mimistry of Nuclear Energy of the
Russian Federation, which has recently taken additional measures to secure that such fuel 13
speedily delivered to the processing points as well as increased the safety precautions for the
entire procedure of unloading the fuel from the nuclear submarines till its very delivery to the

industnal enterprises

arpr o vwaa J WAL wawaa var Laaw praowwuiacs S PArETM M rraris mU LlawamMLUw YR LA LMMAV Y i wwERleiascaam aaen was —

e B A e T L o 1 P T B B L 0 DTNt oy PSR Ty



It should be emphasized that for varous accidents there can be identified vanous
discharges and waste streams of the radio nuchdes. It 1s therefore suggested that in the course of
assessing the environmental implications of the decommussioned Russian nuclear submarines a
special research targets the following tasks

« Ident:fication of the radio nuclide discharge from the residue on the mternal rector stamless
sieel structures 1nto the sea water,

« Identification of the radio nuclide discharge from steel itself afte: the surface residue has
been cleaned away through the chemucal deactivation procedures,

+ Identification of the radioc nuchide waste streams from the heat discharge assembling,
submersed into sea water,

« Identification of the radio nuchde waste streams from the heat discharge assembling on fire
from the burmning kerosene on the external surface of the heat discharge assembling funnel
cover

Evaluation of the environmental secunty implications requires a number of various
additional criteria, which need to be taken into account The onginators of this feasibility study
beheve that among such criteria there should be considered the research of the “Standard
concentrations of the technical radio nuclides 1n the sea water”, as applied to the water areas of
the enterprises where the nuclear submarines and reactor blocks are being laid up As of the date
of this feasibility study such a research does not exist, yet 1t 1s essential for the purposes of this
survey

As a result, the following occurrences can potentially lead to the suggested hypothetical

accidents

« Natural calamities, which damage the hull of the reactor compartment of the nuclear
submarine (earthquakes, tsunamu, hurnicanes, tornados, etc );

« Technical accidents as a result of carelessness, low morale or exceptional tiredness of the
personnel (e g navigation errors), with the resulting damage to the hull structures of the
submanne reactor compartment,

« Technical calamuties (aiwrcraft crash with the detonation of the ammunition), with the
resulting damage to the hull structures of the submanne reactor compartment,

» Intentional destruction operations {(diversions, terrorist attack, mulitary action)

The natural calanuties are not directly hinked to the human activittes and are conditioned

by the natural and climatic environment of the suggested storage and lay-up site for the nuclear
submarine with the used nuclear fuel on board We can suppose that the frequency of the natural
calamities, which can create damage to the hull structures of the submarine reactor compartment,
makes up 10° per year in the Russian North and 5 times that much in the Far East of Russia due
to the hugh probability of tsunamu, typhoons and the high seistmic activity i this region As a
result such an accident can occur 1n the North not more than once 1n one mullion years, and 1n the

Far East — once every two hundred thousand years However considering the strength of the
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reactor compartment we can make a safe assumption that not even every accident of the
described natural cause can sufficiently destroy the safety barmers (shielding structures) which
separate the spent nuclear fuel on board of the submarine from the outside environment
Consequently the aforementioned potential frequencies of such an occurrence have an even less
mmplicational value

Anthropogenic accidents depend on the intensiveness of the human operations, which can

be assessed 1n several different ways, e.g. by conducting the analysis of the electnic power
consumption 1n this region or the statistics for the local population of the region These accidents
have the human factor as the main cause for their occurrence

Intentional actions of destroying the shielding barriers inside the reactor compartment
maybe caused by the mulitary actions, subversive activities, terrorist attacks, etc Their potential
frequency depends on the social and political situation 1n the region The total risk of the events,
which can result 1in the emergency sinking of the nuclear submarine with the nuclear fuel on
board with the simultaneous depressunizing of the nuclear steam preduction unit first contour,
can be assumed at 107 year.

If we assume that the total lay-up penod of the nuclear submarine 1n the floating state 18
10 years, than the total risk of the event which may sink the nuclear submarine with the nuclear

fuel on board will make 10 year !, which represents a considerably high chance
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5. INTEGRATED MONITORING SYSTEM

In this chapter we analyze the existing Russian environment monutoring system,
as applicable to the nuclear submarme naval bases, ncluding the analysis of
the methods for the waste stream control This section reviews the gudelines
Jor an mitegrated monitoring system for the rerritories of the nuclear submaiine
dismantiement operations

5.1. Existing environmental control system

The sites which provide for the decommussioning and dismantling of the Russian nuclear
submarines are primarly located 1n the Northern and Far Eastern regions of the country, with a
substantial amount of other sources of contamination situated 1n the same ierritones

As such, in the Northern region alone there have been estimated approximately 4,4
thousand sources of atmospheric pollution, which together with ships, other vessels and car
transport produce on the annual basis up to about 57§ thousand tones of hazardous elements

All the control over the surrounding environment in the regions of the Russian
Federation, that including North and the Far East, 1s carmed out on the federal, regional and
mstitutional levels simultaneously Following the "Manual on the control over atmosphere
contarunation"[5} (RD 04 -1 86-89) there has been created the general governmental service to
survey and control the contarmnation of the environment (OGSNK), with headquarters at the
State Committee on Hydrometeorology of the Russian Federation (Roshydromet) A substantial
number of the controlling functions thereto have been assigned to the Service of the Santtary
Supervision of the Russian Mimstry of Health The termitones of the enterprises and mulitary
companies are usually independently supervised by the appropriate institutions and authonties
(ministenal} Tab 5 1-5 4 show the description of the parameters (substances) as analyzed in the
Russian regilons, as well as the data on the researches conducted in 1998 1n the Kamchatka

region, Archangelsk region and the North-West of Russia 5,14, 15]

Description of the parameters watched in the Russian regions
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Carbon bisulfide

Furfutai

Benzol
Aurborne dust Sulfur dioxide Chlorine
Hydiogen chlonde Technical carbon soot Chrome (VI}

Hydrogen cyanic

[sopt yhil alcohol

Epilchloraidnn

Hydrogen fluonde

Methyl alcohol

Ethyl acetate

Dimethyl-reftalat

Styrene

Ethyl benzol

Capiolactam

Lead

Alkah

Sulphuric acid

Soluble sulphates

Nttite acid

Truchlotgethane

Tab. 5.1.

Admixture concentrations in 1998 (for the Kamchatka peninsular)

Number of observatlons

Airborne dust 3106 - -
Sulfur dioxide 3623 - -
Caibon oxide 3635 - -
Nittogen dioatde 3625 - -
Nitrogen owide 1307 - -
Pheno! 605 - -
Formaldehyde 1988 - -
TOTAL 17889 - -

Comments. There has been no continuous analysis performed on
the basis of the automated gas analyzers.

Tab. 5.2.

Admixture concentrations in 1998 (the Arkhangelsk region)
' ' 'thbe‘r'o_i,‘observat_ions S

Admixture description

Airborne dust 13063 1437
Sultur dioade 11889 1786
Curbon owide 13940 1013
Airborne dust 13065 1437




Admixture des crip'tio"h'-_-" __-Dep_t. of | Sanitary- | 'Industrial
S ~hydromet. | " control .| eénterprises

_ R s . .service | .- SR
Nitrogen dioxide 14939 - 2468
Nitiogen oxide 2262 - -
Hydiogen sulphide 12997 - 737
Caibon bisulfide 4806 - -
Fenol 2859 - -
Caibon sate - - 1040
Hydrocarbons - - 1037
Ammonium 4416 - -
Formaldehyde 10061 - -
Methyl mercaptan 1940 - 88
Methy! alcohol - - 713
Furfural - - 590
TOTAL 93194 - 10909

Tab. 5.3.

Admixture concentrations in 1998 (North West region)

e T D a7 T, Amount of surveys

description’ - .

Auborne dust 14204 1346 1950
Sulphur dioxide 13969 - 847
Soluble sulphates 1645 - -
Caibon ouide 14373 - 1070
Nitiogen dioxide 18643 1346 2034
Nitiogen oxide 4042 - -
Hydrogen sulphide 2249 340 985
Carbon sulphide 1331 - -
Phenol 2074 - 449
Hydiogen tluonde 909 707 -
Hydrogen chlorine 28066 - 199
Mercury 860 320 -
Ammonia 3908 - -
Hydrogen chlorine 2866 - 199




- .- Amount of surveys' i -

Admixture 1 Dept.OF - gy | Industrial

BETPIN | Chiie . |control’ | enterprises’
Sulphuric acid - 710 -
Formualdehyde 2044 - 722
Benzol 3001 - -
Xylol 3001 - -
Toluol 3001 - -
Ethylbenzene 3001 - -
TOTAL 97613 4769 8256
Tab. 5.4.

It should be noted that despite a great number of the measurements taken, these
measurements have not been taken 1n a synchronized nor automated order, the reason for this
being that as of today there 1s no integrated monitoring system of the environment even within a
single region of the Russian Federation The programs and monitoring systems that are currently
being developed on the federal level, including those covering the potential nuclear and radiation
threats, are far from completion and lack financing As a result the major responsibility for the
control over the environmental situation 1n the aforementioned territories falls on the Navy,

Ministry of Nuclear Energy of the Russian Federation and the Roshydromet

5.1.1. Radiation monitoring

Roshydromet currently controls (checks) the radiation n the Russian Federation at 1349
testing sites, most of which analyze gamma radiation only The radiatton measurements are taken
simultaneously with the standard meteorological measurements from 2 to 8 times each day,
lasting 10 minutes each. The pnumary radiation equipment used for this purpose at Roshydromet
sttes 15 as follows DRG-01T, DBG-01H, DBG-06T u DP-5 (A,B.V) dosimeters. Right now the
out-of-date dosimeters are being generally substituted by the new models of DRG-01T

Nuclear fall-out collectors (horizontal gauze platforms without sides) are located at 458
of the aforementioned sites There are no platforms with side walls o1 adhesive tapes currently
employed at the Roshydromet sites Exposute pertods of the platforms vary from 24 hours to a
quarter of a month Usually 1 the vicinity of the potenually radiation hazardous sites this time
interval makes up one day and one week The daily platforms are then packed into blocks (5 1n
each) and forwarded to the regional laboratory for further evaluation At the laboratories experts

carry out the specirometnc gamma analysis of the received blocks to determuine the volatile radio
miralidan aiiabl o fan iAade A 121 fmd mtlan TR #ln Adec Al snmcs A et A amadad tlha acsaala sa tlhaan

each) and forwarded to the regional laboratory for further evaluation At the laboratones experts
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incinerated and tested for beta radiation Five days later the measurement of the sample 1s
repeated. In case the received value does not exceed 110 Bq/m2 per day. 1t 1s then combined to
make up the monthly sample, quarter and annual In case the specified value 1s exceeded, a
special warning notice 1s telexed to the regional center The combined samples undergo
spectrometric gamma analysis Strontium-90 tests aie made on the basis of the combined
monthly samples On the regular basis the combined monthly samples are being forwarded to the
Typhoon scientific research center, which supervises all of the Roshydromet sites from the
radiation-monitoring standpornt

Filter ventilation units are located at 53 sites Realistically, i order to save the electrical
energy, these units operate only 12 hours each day, instead of the required continuous round-the-
clock operational mode In order to evaluate the concentration of the radioactive aerosols in the
atmosphere there are special vertical gauze platforms (cone-shaped) employed, however rarely
actively used Exposure lasts from 24 hours to a week The filters are examined in the way
simular to the platforms, as descnibed above. with the only difference being that here the
spectrometric gamma analysis, (ncineration and assessment of the combined beta radiation 1s
performed on the basis of the daily filter samples The max admussible value here makes up
0,037 Bq/m’® " 1f 1t 15 reached the local experts launch the radio nuclide composition analysis and
send a warning notice to the regional center

Water samples and inittal (concentrating) operations are usually carmed out at the
hydrological sections at the Roshydromet sites The samples are concentrated (combined) erther
through evaporation or pniming a particular amount of water through sorbents or 1onite
exchangers As such, for assessing Strontiurn-90 there 1s required a water sampie 20-40 liters of
volume. Such small samples are usually concentrated through evaporation, however ionite
exchanger 1s also employed 1n some cases In order to determune Cesium-137 1t 1s essenual to
employ 500-2000 liters of water. Such quantities of water need to be pumped through the
sorbent All the precipitation and snow are steamed The Radiochemical analysis of the sample
condensations 1s again carried out at the Typhoon scientific research center and the appropnate
regional radiation and chemical laboratories tn Vladivostok, Novosibirsk and Ekaterinburgh

Sail samphing 1s undertaken once every several years by special mobile units formed on
the basis of the regional laboratories There are usually no soil samples taken at the actual
Roshydromet sites Few of such sttes are equipped with special platforms for the background
rachation tests and background samphing While assessing the recent contamunation the soul
sampling 1s undertaken in the sampler (special collar, 14 cm m diameter and 5 cm high) While
assessing the total amount of the radio nuchdes 1n soil, the actual soul samples are taken by the
cvhnder shaped sample sorter. 8 cm 1n diameter. which 1s immersed into the eround for 30 — 40

sampling 1s undertaken in the sampler (special collar, 14 cm m diameter and 5 cm high) While
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cm, depending on the ground type Evaluation of the soil samples 1s undertaken n the regional
laboratories 1n Vladivostok, Novosibirsk, Ekaterinburgh and Obninsk

All the spectrometric and most of the radiometric measurements are taken at the regional
radiometric laboratories In the following cities of the Russian Federation there exist the
necessary equipment and facilities for the gamma field spectral analysis' Bamaul, Bryansk,
Vladivsotok, Voronezh, Ekatennburg, Irkutsks, Kaluga, Kemerovo, Krasnoyarsk, Kursk,
Moscow, Murmansk, Nizhmy Novgorod, Novosibirsk, Obmnsk, Omsk, Oryol, Penza,
Petrozavodsk, Pskov, Postov-on-Don, Samara, St Petersburg, Smolensk, Tver, Tomsk, Tula,
Ulyanovsk, Chelyabinsk, Chita, Yakutsk. As a rule, a semi-conduct detectors are employed for
these purposes At the regional laboratories after the radio chemical 1solanon, a special
examination for Sr-90 till Y-90 1s undertaken on the basis of the beta count methodology Only a
limited number of laboratones have the ability to determine the radio nuclides through the alfa
spectral analysis method The beta spectral analysts method to determune the beta emutting radio
nuchdes 1s unfortunately rarely practiced at the Roshydromet sites The currently practiced
attempts to determune Strontium-90 without the radiochemucal analysis in the Potassium-40

environment on the plastic detector result in extreme overvaluations

5.1.2. Russian Navy Environmental Control Program

As most of the sites which provide for the decornmussioning and dismanthng of the
nuclear submarines remain within the competence of the Russian Navy, this 1s the particular
tnstitution that 15 held responsible for the control cver the territonies where such site are
dislocated. However the capabilities and techmcal equipment of the existing environmental
contamnation control system are quite limuted, and they allow to receive only a modest share of
the nccessary data This data 1s then usually used for the internal reference purposes by the very
institution, which has conducted and supervised the research

Below there are described the pnmary objectives of the environmental control, as set
forth at vanous fleets, companies, military units, enterprises and different stitutions of the

Russian Navy
» Environmental control for the results of the military related activities in the area,

« Examuination of the compliance to the environmental protection code and norms at varous
mulitary institutions,

« Examunation of the execution of the cumculums and guidelines for the protection and
enhancement of the surrounding environment,

« Control over the execunon of the resolutions and nstructions of the state environmental
expertise,

« Eaaminauon of the fulfillment of the fixed standards, maximum doses and discharges, other
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+ Checking of fulfillment of the earlier 1ssued instructions and procedures, assigned by various
governmental and melitary ecological control mstitutions

The governmental environmental monitoring 1s performed following the existing
“Regulations on the state environmental control in the closed admimstrational and territonial
units, secure. mghly secure and classified sites of the Armed Forces of the Russtan Federation
and the state ecological expertise of the armament and mulitary equipment at military sttes and
other military activities”, approved by the Resolution of the Govermnment of the Russian
Federation Ne 461 of 18 05.98

The mulitary environmental monitoring 1n the mulitary units of the Russian Navy 18
carned out by the Office of the Chief of the environmental security of the Armed Forces of the
Russian Federation, Environmental Service of the Russian Navy, the Regular Committee On The
Prevention of the Harmful Environmental Imphlcations and the officers responsible for the
environmental security, signed in each mihitary unit or company

Below there are suggested the currently primary goals for the instrumental environmental
monitoring

« Determune the contamunation level (physical and chemucal parameters) of the arr, soil, lakes
and water areas as a part of the surrounding environment monitonng complex,

« Control of the discharges, emissions of the contamnants into the surrounding environment
as fixed by the admissible norms

« Control of the effectiveness of fulfilling the schedules and cumculums for the protection of
the surrounding environment, following the existing environmental regulations

Instrumental environmental monitoning 1s usually carrnied out on the basis of the standard
equipment by the environmental officer, as well as on the basis of the mobile and stationary
laboratories of various environmental services of the Armed Forces of the Russian Federatuon

The document and instrumental environmental monitoring supervisions are carried out by
the Environmental service of the Russian Navy

As a mandatory requirement for the instrumental environmental control 1t 1s assumed that
the employed equipment has undergone all the necessary governmental testing and has been
officially accepted by the appropnate authorties or the Commuttee on Norms and Standards of
The Russian Federauon The appropnate procedures and manuals have to undergo a special
examination with the appropriate metrological authorities, before they are distrnibuted and

adopted on the local basis

5.1.3. Allowable discharge levels in the Russian Federation

The maximum allowable values of the hazardous substances and the list of the hazardous

substances which can not be discharged within the economuc terntory of the Russian Federation,

1 PN ) 1 1 1 1 ] .

potn nabBHEAHITY, &e&”r ? lecalite? Sheng i dobe WP URNESS ARG eI R T haraons



artificial 1slands, facilities and units through varnous federal Resolutions of the Government of
the Russian Federation. The categories of such hazardous elements are described following the
standards of the International Convention on prevention of the sea contamunation from naval
vessels 73/78 Depending on the environmental implications of such elements they are split into
several major categonies,1e A, B,C,D

Category A — hazardous liquid elements, which present a considerable danger for human
health and living species of the sea, the discharge of which is therefore stnctly prevented,

Category B — hazardous hiquud elements, which when discharged nto sea present a
particular amount of danger for the human health and living ammals of the sea and therefore
require certain measures to be taken to prevent the inadnussible pollution of the latter;

Category C — hazardous liquid elements, which when discharged 1nto sea present minor
danger for the human health and living ammals and therefore are to be handled in a designated
manner,

Category D — hazardous liquid elements, which when discharged into sea present little
danger for the human health and living ammals of the sea and therefore require particular
precautions when such a discharge occurs.

Tab 55 shows the extreme admussible concentrations of the hazardous substances which
can be discharged with the economuc zone of the Russian Federation

Following the Resolution of the Government of the Russian Federation Ne 251 of
24 03.2000 Category A hazardous elements can not be discharged with the economic zone of the
Russian Federation.

The rules for the development and approval of the admussible concentration norms and
admussible values for water areas and the surrounding natural environment within the Russian
Federation were approved by the Resolution of the Government of the Russian Federation Ne

208 of 10. 03 2000

Admissible concentrations of hazardous substances for the discharge within
the economic zone of the Russian Federation

Admlssmle concentrations per eac

Hazardous category - -

L dischare,- mI : -
S e e 'Out5|de designated areas-| " :In des:gnated areas
Category B 1.0 1.0
Category C 10.0 1.0
Category D L unit of substance for 10 water umits
Oil and ol products 15,0 15.0
Tab 5.5
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The maximum values of the hazardous substances in the working area air and the
consumable water reservorrs, as well as for the air 1n civihan and other settlements are fixed 1n
the Official Standards Act of the Russian Federation Ne 12 1 005-88, under the title of “General
sanitary and hygiene requirements for the air in working areas”.

The amount of hazardous substances 1n the air of the working area and the water of the
consumable water and other public access lakes, as well as the air of the public territones, must
under no circumstances exceed the maximum values

Al List of parameters for sanitary evaluation water and atmospheric environment 1n the
working zones 1s shown 1n the section 3 7

5.1.4 Control of radioactive contamination.

The periodical control of the contamination sources and waste streams 1S carried out n
the course of the standard environmental inventory and control of the admmssible discharges at
the sites and facilities of the Russian Navy

All the activinies for the control of the radioactive contamination are described in the
existing "Manual for the control over the radioactive contamination of the environment and the
irrachation of the over the radioactive contamination of the environment and the wuradiation of the
personnel on board of the nuclear naval vessels "

The control volume over the radioactive pollution of environment 1s presented in tab 56
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The control over the radioacuve contamination 1s usually done by means of portable
radiation assessment sets, radiometric and spectrometnc equipment, as well as by means of the
stationary automated control systems

As a good 1llustration of such a system 1s the Peanut (Orakhis) multi channel radiometric
un1t for the control over the radicactive contamuination (for water areas) This system 1s used for
the control over the dose and its capacity in the water areas, 1t can automatically collect large
samples of air and water, followed by the spectfic weighting procedure of the radio nuchides m
the samples

As the Russian Navy does not have the complete listings of its laboratory equipment,
which as a rule 1s represented by some most outdated units Moreover, the list of parameters to
be watched n the appropnate Naval curriculum of "Manual for the control over the radioactive
contamination of the environment and the irradiation of the over the radioactive contanunation of
the environment and the irradiation of the personnel on board of the nuclear naval vessels"
represents merely a set of recommendations This 1s why the 1ssue of developing a umfied
integral environmental monutoring system becomes especially essential by the day

Moreover, such system 1s particularly crucial to secure the environmental safety of the
nuclear submarine lay-up and dismantlement sites, so as to provide the data on the particular
termtones where these procedures are carred

The reasons for mcluding these sites as a particular indispensable component of the
monitortng system are as follows.

+ The ecosysterms of the Northern and Far Eastern regions are particularly sensilive lo
anthropogenic burdens,

« The environment of the specified regions 1s particularly contaminated and polluted,

« For the surrounding environment the nuclear submarnne dismantlement sites represent
potential radiation and chemical hazards.

« Such sites represent a potential threat of emergencies and accidents, resulting with the
environmental discharge of vanous hazardous elements with severe negative imphcations
for the personnel, maintenance crews, public and ecosystems of such regions,

« To a substantial degree the environmental secunty of such regions and the nuclear
submanne dismantlement, lay-up and dismantlement procedures depend on a number of
hydro meteorological, climatic and other geophystcai parameters of these territories,

+ Establishing of a system to watch and assess the particular parameteis to represent the
condition of the surrounding environment and the implications of the nuclear submarine
dismantlement operations for the latter 1s possible in principal and physically feasible

At this point 1t 1s essential to broaden and intensify the current measures of controiling
the contamination of the surrounding environment, as well as achieve some of the new

objectives, such as set up watch and countrol procedures on the basis of the automated stattonary
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contamiation sources by their association with vanous activiues of the Navy or industrial
enterprises, global changes or natural calamities, eic All of these operations wall allow to
produce an entire (integral) picture of the environmental situation at the vanous submarnne lay-
up and dismantlement sites, adjacent water and land termtories, maintenance areas, as well as the
prospects for the future Such a system will secure a imely and continuous flow of sufficient

data through a system of regular measurements, tests and samphngs

5.2. Environmental control methods

At this point the environmental analysis in this country 1s carried out on the basis of the 4
major tracking methods land, water, arrcraft and space, which are reviewed below

The mitial data as acquired as a result of the environmental monitoring operations must
specifically identify

« The type and concentration level of the contamuinants and waste streams 1n atmosphere,
hydrosphere and lithosphere;

« Contamnation sources and discharge parameters,
« The physical state of the atmosphere, hydrosphere and lithosphere.
Following the land (water) tracking method the tnitial data 18 acquired through both
stationary and mobile control and testing units Due to the specific features of the data
acquisition procedures for these methods this data 1s local in nature This drawback 1s usually

eliminated through the lengthy aerospace tracking methods

5.2.1. Land methods

The land methods allow for conducting the assessment of the parameters of all types of
contamination of the air over the land, soil, certain types of water surface poliutions, as well as to
carry out the analysis of the chemical, bological and radiation contamination of the water
samples

In general, the land tracking methods are further broken down into several major types:
discrete, mobile and remate

A substantial number of assessment procedures currently employed, are based on the
contact type of the land tracking method, as it has tradinonally developed in the Russian
Federation Following the adopted practice these procedures can be either continuous and are
performed by various automated systems in two stages' on-site sampling and analysis of the
samples 1n the stationary laboratones, including calibrating. statistics control and assessment,
etc The contact type of the land tracking method allows us to obtain environmental data 1n

specific points of space when the stationary equipment 1s used, and the data following specific

etc The contact type of the land trackine method allows us to obtain environmental data



routes (waste streams, etc ) when the measurement nstrumentation 15 placed on maobule units or
carnied as (n the portable equipment sets.

Mobile methods allow to obtain the mtegral charactenistics of the particular
contamination parameters along particular directions, while the remote type methods enable us to
acquire the environmental data in the areas distant from the actual sampling sites The visual
control over the air, water and spectfic area contamunation can 1n principal also qualify as the

distant type of the land tracking method

In order to acquire the data on the quality and quantity of the contamuinants and waste
streams there are over 200 onginal physical and chemucal techniques available, which determune
the concentrations of the hazardous elements 1n the air, sewage and natural water, industnal
facilities and terntonies All the major ones are described 1n Figure 5 7 [7]

In order to assess the parameters of chemical contaminanon, the aforementioned types of
land methods are most widely employed, all complying to the official Russian state standard

documentation [8].
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Table 5 8 specifically shows the capacities of certain particular techmques of the discrete
method 1n the land tracking procedures While the independent means of the discrete control of
the chemucal pollution in the air are being further researched and developed, a particular
emphasis has been recently placed on the complex automated multipurpose systems, with the
ANKOS-AG unit [7] serving as one of the finest example of such installations This system has
been particularly developed to provide continuous control over the fluctuating concentrations of
chermucal adrmuxtures 1n the air basins of large cities and industnal centers, as well as for the most

operative forecasting of the future contamination of such territories

The quantities of the minimal spotted concentration for different contact
analytical methods for average time for analysis —20 min.
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s |spotting grfm? |- Sha
UF Spectrometry " All kinds of substances in gaseous phase
IK Spectrometry 10"
Atonuc absorption 1 Metals 1n aerosol
Muass- Spectrometry 10’ All kinds of substances 0 gaseous form
Luminiscent spectruim analyss 10° Otganie substances
Enmussion spectrometry 10”7 Metals 1n aerosol
Polarography (i Metals n aerosol
Guaseous chromatogiaphy 10710 All hinds of substances 1n gascous phase
Chrome- Mass- Spectrometry 10" All kinds of substances 11 gaseous phase
Roentgen —flourtscent spectrometry 1o Metals 1n aerosol
Tab. 5.8.

The ANKOS-AG nstallation has two butlt-in assessment levels In the first (lower) level
the system measures the concentrations of the contaminant substances and determines the
quantities of each, converts them into the physical values, registers them in machine codes,
organizes the data, stores it and forwards to the second (upper) level of the Data Processing
Center (DPC) for further elaboration and treatment

The first level of the aforementioned system usually employs automated stations of the
atmosphere control (ASKZA - G), which supply the second level with the appropniate data The
second level also receives additional data from the mobile working groups and stationary gas
analysts laboratory The data 1s here processed so as to allow the implementation of the practical
tasks of contamination monitoring, forecasting, print-outs, data storage and forwarding to the end

uscrs

tasks of contamination monitoring, forecasting, print-outs, data storage and forwarding to the end



The second level basically represents an information-calculating complex system, wuch
includes displaying options, data transferal, communication, registration, copying and other
capabulittes

The mobule type of type of the land tracking method allows fro the assessment of the
concentration of the studied admixture, which ts averaged both pertaining the wind direction and
time, as well as the length of the optical line, which altogether result in the much more accurate
data to descnbe the actual situation 1n the assessment points (even more precise, as fixing a
particular boundary narrows down the assessed ternitory)

The remote type of the land assessment method allows to both evaiuate the admuxture
concentration profile along the zomng line (inclined, horizontal or vertical) with the aide of a
lidar or studying the self-radiation spectrum of the admuxture, as well as to assess the general gas
concentration n the air column (average concentration for the evenly distributed gases) on the
basis of the spectral sun methed

The land methods of the environmental (chemical and biological) control are currently
based on the chemucal and physical assessment of the samples by means of the "wet" chemstry
techmiques and a substantial number of the laboratory equipment and devices.

Today mn order to conduct the control over the particular parameters determining the
water quality, which vary in ttme and space, the ANKOS-W automated water watch and control
systemn 1s most widely used 1n the Russian Federation This system can easily determine the
contamination, waste streams and source of the water contamination, forward the acquired data
to the data processing centers, where all the data 1s analyzed, systemuzed and qualified to
determine the most dangerous trends and potential hazards Such an approach atlows to timely
take the necessary measures to protect the water areas, especially in the case of large discharges
and emergency situations

Inimally the ANKOS-W data oniginates at water surface control automated machines (AS
KPV1) The contemporary model of each such machine can today measure and control over two
dozens of water quality parameters, € g level, temperature, electro conductivity, turbidity,
oxygen, weighted substances, carbon 10ns, 1ts acidity and alkalinity

The land methods of the environmental control of soil are based on the soil samples
analysis and therr further assessment 1n laboratories

Among the remote types of the water control method there can be particularly singled out
the visual technique of identifying the mechamcal and o1l contaminations, as well as the
radiolocation techmque (on the basis of both the horizon and over-honzon radiolocation
stations). It should be noted that the informational value of both methods 1s quite low, as the

radiclocation method oniy allows to 1dentify the ternitory covered by the o1l spull, but does not
racholocation techmque (on the basis of both the honzon and over-honzon radiolocation

- - - a



provide the data on the thickness of the o1l slick, which as a result does not allow to asses the
volume of the spilled o1l

The methods of the raditation environmental control (atmosphere, water, soil), as well as
the analysis of the food stuffs and the objects i the public households are based on the
registration of vanous radivactive radiations, neutrons, heavy ions, nuclear fission debnis by
means of a large spectrum of radiation control equipment, radiometers and nuclear physics
equipment (alfa, beta and gamma spectrometers, neutron and heavy particle registration
equipment, etc) All the 1ssues of both the radiation control and radiation safety of the personnel
and public access terntones today have to fully meet the NRB-99 [12] and OSPORB-99
requirements [13]

Below, on the basis of the referenced maternials [7,14], there 1s suggested the analysis of
the current capacities of the existing, potential and widely used (that including mulitary units)
land portable, stationary, laboratory and distant types of the environmental radiation control
units

The widely used IMD-1 dosage rate measuning instrument (as well as all models
developed on 1ts base) 1s intended for measuring the power of the equivalent dose of the territory
as well as to determine the radioactive contamination of the personne! local population, food
stuffs, water technical equipment — on the basis of the gamma radiation rates (plus beta radiation
within the ~ 30% error margin).

To detect the rachation rates within the automated radiabon watch system there can be
used the multipurpose radiometric device or stattonary semiconductor spectrometric installations
with the autonomous power supply

The major technical charactenistics of some of the devices for the radiation control are

shown in Figure 5 9 (see after the list of literature)
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Analysis shows that the technical parameters of the existing and developed means of the
rachation survey, watch and control do indeed allow for theiwr employment for the radiological
assessment at the sites particularly targeted 1n this feasibility study However, it will be
necessary to additionally provide for the low-background radiometnc mstallanons, spectrometnc
analyzers, which allow to determune the radio 1sotope composition of the contamunants and
evaluate the potential radioactive elements to be discharged into the surrounding environment

The careful analysis of the existing equipment and facilities, as well as the existing
methodology for the acqusition of the environmental data, show that if the environmental
monitoring system 15 constructed on their base, 1t will effectively allow to acquire the principal
environmental data, covering the 1ssues of the air contamunation over land and waier temtones
(uf the pnor sampling mechanisms are 1n place) by vanious contaminants and waste streams, as
well as catry out the accurate radiation control of various sites Of all land method types as
described above the contact techmques appear to be most informative and accurate, as they allow
to determine the actual state of environment on-site In order to cover greater areas the
environmental montitoring has to be aided by vanous awrcraft and space means In order to
provide for the automated control of the environmental parameters of the sea areas and bottom
sediments, as well as the over-sea air, 1t 1s essential to aid the monitoring system with the special
marine vessels and equipment

5.2.2, Marine methods and means of ecological data obtaining

The naval (marnne) methods and means of acquinng the environmental data currently
allow to measure all types of pollutants and contaminants of the seas, as well as lakes and nvers,
bottom beds, atmosphere over vast sea territonies, as well as surface pollution of the water areas

In general, all the manne equipment can be broken down 1nto two types stationary (as
placed permanently or for some time at the specific points in water areas) and the naval vessels

As a rule the stationary equipment represents automated naval buoy-based stations with a
number of sensors for the continuous programmed automated measuring of the environmental
and hydro meteorological parameters to be then transmitted via cable, radio or acoustic channels
to the on-shore or other naval facilities for analysis

As to the naval vessels, the environmental monitoning 15 performed on the basis of the
vessels (boats), which may be supplemented by the following optional equipment

« Underkeel or towed systems with an array of sensors for the measurement of the
environmental parameters of sea water and for conducting the appropriate oceanographic
measurements,

+ Measurement equipment (anchored or drift) to be lowered from the board of the boat,

« Automated sensors for control over the air contamunation,

- Watar hnttam hadc and atmaenhara camnlina anminmmant
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+ Physics and chemical environmental laboratones for sampling and identification of the
contamination parameters,

» Remote means of searching and 1dentifying the surface contaminations of the water areas
Stationary marine equipment and vessels allow to conduct the environmental analysis
both locally and at specifically designated points The acquired signal represents an average
value over a certain peried of time for certain terntornes (of any shape or size) along the direction
of the sea currents Such analysis gives a pretty accurate picture of the water contamination of
the studied water areas, with the only restraints on such assessment being the meteorological
conditions and the bottom contour 1n the shallow water areas
While the ship 1s sailing, the naval environmental equipment on its board allows to
idennify the environmental picture along 1ts route, as well as to undertake the area survey in the
case of a more detailed study of the particular water areas
The naval means and methodology of assessing the environmental parameters of the
atmosphere, as well as the lab tests of the air, bottom sediments and water are very sumilar to the
aforementioned land methods and equipment, though certain automated equipment has been
constructed specifically for the use on board of the naval vessels
For the environmental monitoring of the sea environment the hydro acoustic means can
be principally used for the following purposes.
« Monitoring of the acoustic contamination of the water areas,

« Search, detection, determination and i1dentification of the sunk naval vessels, which present
potential threat to the surrounding environment,

+ Control over the volume and development of the waste streams,
« Control over the migrations of the phyto- and zooplankton

The visual and radiolocation methods of detecting and evatuating the scope of the oil
contaminations are still very actively used

5.2.3. Aerospace methods,

The usage of the aerospace means and methods for environmental purposes increases the
visibility, efficiency and scale of the environmental data acquisition process, as such methods
considerably expand the capabilities of the land and sea methods as described n the above by
defining the development of the contaminants 1n time and space for the atmosphere, water and
land alike However the environmentai data acquired this way 1s less accurate and informative,
which necessitates its usage only when combined with the data accumulated by means of the

land and sea methods of environmental control and assessment



5.3. Establishing an integrated monitoring system

The problem of creating an integrated monitoring system, which stands for the system of
the regulated observations and surveys of the surrounding environment, natural resources,
anthropogemic environmental 1mplications, assessment, analysis and forecasting of the
environmental situation in the nuclear submarine dismantlement sites represents a major task for
the orngmators of this feasibility study Such a system must be developed and launched
simultaneously with the establishment of the system of control and survey of the dismantlement
operations of the nuclear submarines The main objective for setting up the integrated monutoring
system 1s to prevent hazardous and dangerous situations, which may potentially harm human
health and other biological sttes and objects, as well as support the development of the executive
decisions 1n the field of environmental securty

An 1ntegrated monitoring system 1S to consist of two major functional modules. the
system for the collection of the environmental and other data, and the environmental mformation
and analysis center {data processing).

The results of the analysis of the tasks for the integrated monitoring system for the
termtories of the decommussioning, lay-up and utilization of the nuclear submarnines have allowed
the onginators of this feasibility study to identufy the following primary guidelines for the
construction and marntenance of the informational wnfrastructure of the suggested monitoring
system,

1 Integrated monitoning system has to be created following the conceptual thesis of unified
informational space of the Russian Federation

2. It should be designed as an automated mechamsm, with most of its operational tasks
preferably carried out 1n the automatic mode

3 Integrated monitoring system has to be compatible with other territorial automated
mformational databases and systems, which govern the usage of the natural resources and
provide for the environmental security of the appropnate termtones

4 In designing and creating of the integrated monttoring system all work needs to be based
on the contemporary information technologies

5 Itis essential to provide for the effective implementation of the up-to-date technologies
of local area networks management and hypertext markup language databases, geo-
informational technologies, etc

To provide for the mutual exchange of information. the integrated monitoring system
must be honzontally compatible (on both informational and possibly technical levels) with the
appropnate territorial systems of other state and minustenal 1nstitutions (Untfied State Automated
System of Radiation Control, Unified State Automated System of Environmental Monitoring,
Minstry for Emergency Situations of the Russian Federation, Mimistry for Nature of Russia,

Sanitary and Epidemuological Supervision Commuttee of Russia, etc.).
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The IT basis for this system must be compiled on the geo-informational technology,

represented by various software and hardware data processing units to store and process

information on various territories and coordinates, mterpretation of such data should be available

in the format of cartographic imaging by means of machine graphics

Creating an integrated monitoring system of the surrounding environment for the

ternitories where the decommussioning, lay-up and dismantlement procedures for the nuclear

submarines occur calls for the resolution of a great number of organizational and technical issues

and the substantial research activities, such as

1

b2

51
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e}

53.

Evaluation of the existing and developed radiation control projects at the miltary
mnstallations (in the framework of the EGASKRO Federal program), which operate 1n the
environment of radioactive wastes and used nuclear matenals, as resultant from the
utthzation of the Russian nuclear submannes

Evaluation of all works performed 1n the field of environmental monitoring systems on the
territories adjacent to the sttes, where dismantlement of the Russian nuclear submarines
occurs 1n the North West and Far East regions of this country (in the framework of the
EGSAM Federal program). Review of the existing models and suggestions for the new
forecasting models for the calculation and prognosis of the environmental situations in
emergencies for various contamination scenarios

Analysis and assessment of the implementation of the normative standards and other
legislature of the Russian Federation, as well as international agreements pertaining the
monitoring of contarmination in the North West and Far East of Russia

The scientific and technical foundation for the basics and parameters of the informational
system of the environmental monitoring for the territories, as adjacent to the sites, where
dismantlement of the Russian nuclear submarines occurs 1n the North West and Far East of
this country (in the framework of the EGSAM Federal program)

Definution of the main criteria for the integral system of environmental monitoring on the
basis of the following research activities'

Specific features and 1nventory of the hazardous danger sources, classification of the
latter and ranging by the degree of the existing/potenual threats,

Formulating of the general objectives for the contaminaton monitornng

e In the standard operational mode within the fully controlled zone (with defining the
criterta of the 'normal environment” following the existng legislature and
technical methodology of the national, institutional and mternational sigaificance),

» In the emergency operational mode (with the introduction of the classtfication for
the vanous states of emergency by their potential danger, to enable a more efficient
approach towards 1dentification, scenano evaluation and forecasting),

Definition of the standard parameters and types of contamnation for the purposes of
the environmental monitoring

* By the extent of control,
¢ By penodictty,

e By the range of measurements and (or) identification

¢ By perodictty,



5.4,
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56

58

Defimtion of the general requirements for the integrated system of environmental
monttoring’

e Methodological basis for the wired-in check of the surrounding environment, as
well as the radiation and chemical implications of the nuclear submarine
dismantlement sites,

¢ Gudelines for an integrated monitoring system set-up and maintenance (integration
of stations and analytical control laboratories, nformation and analysis centers for
data processing, environmental security centers, etc ) for vanous geographic,
geological and environmental cond:itions n the Russian regions,

s Main functions,

o Pnnciples of identifying the prionty terntones for the mmitial mstallation of the
integrated monitoring system,

e General structure and content of the system,
e Maintenance crews requircments,

s Metrological securing (with the evaluanon of the feasibility of the metrological
securing with the help of methods and means, as currently employed by the
Ministry of Defense of the Russian federation, as well as the reasons for the
periodicity and extent of the environmental monitoning control parameters);

e Main operational modes,
¢ Compatibility requirements,

e Noise immunity and noise-proof feature

Defimion of the mam technical requirements for the instrument channels of the
environmental monrtoring system,

e Measuring ranges for the controlled parameters,
¢ Control penodicity and time characteristics,

¢ Unification and feasibility of imtegrating of the environmental monitoring system in
EGSAM, EGASKRO and other systems,

¢ Rehability;
s External penetration and unsanctioned access prevention/control measures.

Defimtion of the requirements for the mathematic and informational provisions for the
environmental monttoring system to resolve the tasks of identification, assessment and
prognosts of the situation, including suggestions for the executive decisions and control
scenano (efficient reacting and information analysis in the emergency condittons).
Determination of the necessity, feasibility and algonthms of informational interacuon
with EGSAM, EGASKRO and other systems

Data exchange protocols on the basis of the existing and designed communication
systems and mulitary unit management guidelines Technical and organmizational
principles for the transferal of the information bulks between various mulitary
companies and units, which provide for the environmental secunity of the Russian
Mrmistry of Defense Informanon exchange and integration methods with the EGSAM
and EGASKRO federal systems

Suggestions on the modification and adaptation of the spectalized geo-informanonal
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environmental monttoring of the contarmnants Methods of preparing the basic
cartographic and attribute information on the nuclear submarine dismantlement sites

59  Evaluation of the existing radiation control means and their feasibility 1n the designed
system of environmental monitoring

510 Evaluation and suggestions for modifications and adaptation of the existing automated
control systems to make up the basis for the environmental monitoring system

511 Suggestions on the structure of the mnformation and calculation system of

environmental monitoning for the territories, as adjacent to the nuclear submarine
dismantlement sites, propositions on the data channeling, specialized geo-informational
system, monutoring data displaying system, basic radiclogical and chemucal models
block for the prognosis of the environmental situation

512, Evaluauon of efficiency of the suggested integrated monitorning system components,

including mathematic guidelines and software

513. Suggestions on the hist of the prnimary legislature of the state, institutional and

mternational levels, which specifically define the monitoring systems for the sites as
related to the utitlization of the decommuissioned Russian nuclear submarines mn the
North West and Far East of Russia

Suggestions for a network of technical crisis centers, all within the competence of the
Russian Navy

515 easibility study of the current status and potential development of the environmental

L]

monitoring system at the nuclear submarine dismantlement sites, 1ts role within the
general task of securing the entire system of nuclear submanne dismantlement
operations

LITERATURE

Grounds for the conceptual approaches and implementation of the hydro-metearological
system of environmental control of the Russian Navy Samnt-Petersburg, Naval
Engineering Institute, Russian Ministry of Defense, 2000, p 110

Grounds for the optimal combining of the land, aviation and space monitoring
components for the control of the environmental systems coverning the sites of the Armed
Forces of the Russian Federation Saint-Petersburg, Naval Engineering Institute, Russian
Ministry of Defense, 1998 p 115

A A Zotov, VG Harchenko Russian Navy sites — sources of the anthropogenic burdens
for the surrounding environment Hydrographic remarks, 1998, N244, p 46-53.

Grounds for the concept of environmental provisions of the Russian Navy being an
integral part of the environmental protection of the Russian Armed forces Samnt-
Petersburg, Naval Engineering Institute, Russian Ministry of Defense, p 1935,

Atmosphere contamination control manual Manual 52 04 186-89 M Goskomhydromet,

USSR, Minsstry of Health,1991 —p 696

V. Dovgusha, M, Tikhonov Nuclear wastes of the fleet vs population of the North On
problems of dismantling of the decommuissioned nuclear submarines and surface vessels
with nuclear power units Life and safety, 1996, N 3, p 216-248

Study of the scientific and technical means for dimimishing the environmental loads of
the Navy bases on the surrounding environment Developing and guidelines for the

with nuclear power units Life and safety, 1996, N 3, p 216-248



13

14

15
16

automated environmental control momitorning system. Saint-Petersburg, Naval
Engineering Institute, Russian Ministry of Defense, 1996 —p 86

GOST 17 2,4 02-81 Environmental protection Atmosphere, General requirements for
the method of determining the contaminants M Gosstandard, 1981 —p. 4.

GOST 12.1.014-84 Labor safety system of standards Working area air Measunng
method through indicator pipes M Gosstandard, 1987 —p 9

. AM Brounstemn, NN Paramonova, AD Frolov, A A Shashkov Optical method of

determining CO 1n the vertical atr column — GGO works, 1976,369, p 11-19
Unified methods of water study Part I Cherucal analysis. M« 1977, p 288

Radiation security norms (NRB-99) - Sami-Petersburg, 261 758-99 Ministry of
Health, Russia, M, 1999,

Main sanitary rules for handling radioactive substances (OSPORB-99) — Mimstry of
Heaith, Russia, M , 2000

Study of the scientific and technical guidelines for the environmental monitoring sysiem
m the Armed Forces of the Russian federaton Vol 2, Saint-Petersburg, Naval
Engineering Institute, Russian Ministry of Defense, 1993 p 79

YB of the air contamunation 1n the North West Saint-Petersburg, 1999

YB of the activities of the Kamchatsk detachment of the hydro meteorological service,
Petropavlovsk-Kamchatski, 1999



6. RUSSIAN RISK ASSESSMENT METHODOLOGY

The problem of risk assessment 1s discussed her along with us methodological
fegal aspects A special attention was paid to the questions of the radiological
risk It has been pomted out that risk assessment methodology of the
decommussioned nuclear submarmes requires perfection according to the
generally accepted approaches and guidelines

6.1. General guidelines

According to the Russia Law “On safety” [1], “safety”- 1s the state of protectability of
vital interests of a personality, society and country from internal and external threats Vital
interests- a total of requirements , the satisfaction of which secures the existence and possibility
of the progressive development of a personality, society and country The “safety” 1s achieved
by realization of a unified state policy on securty provision via the measures of economuc,
political, orgamzational character which are adequate to the threats for the vital interest of a
personality, society and country

For creanon and maintenance of the necessary level of protection at facihihes in the
Russtan Federation there 1s bemg developed a system of legal norms which regulate relations 1n
the field of secunty and defined the principal activities for public authortties, formed or
transformed securtty authorities and mechanmisms of controt over their activity

The assessment and declaration of the safety of a Russian industnal facilitie , the activity
of which 15 connected with higher danger of production, 1s conducted 1n accordance with the
Russian Law “On industnal safety of hazardous production objects” {2] aiming to ensure control
over safety measures observation , to assess the adequacy and efficiency of the measures on
emergency sttuation prevention and hquidation at an industnal object

The declaration of an industnal facility safety 1s a document which defines the possible
character and scale of emergency situations at an industnal facility as well as the activities on
their prevention and liquidation The declaration must characterized the facility safety at the
stages of 1ts putting 1nto operation, operation and withdrawal and must contain

» sk analysis of emergency situations of natural and man-caused character, including the
defimtion of hazard sources, the evaluation of the situation development and possible
consequences of the emergency sttuations (incl pollutants penetration into the atmosphere),

« charactenstic of the contro! system over the safety of the industnal production , the data on
the volumes and content of orgamzational, technical activities on emergency situation
prevention ,

It should be noted that 1n accordance with the decree of the President of the Russian
Federation from 2 August 1999 N53 which confirmed the status of the Mimnistry of Emergency

Sitvation (MES) MES 1s responsible for
It snould be noted that i accordance with the decree of the bresident of the Kussian



development of the proposals on the formation of a unified state policy 1n the field of
radiation catastrophes prevention,

development of the legislations and normative documents in the field of radiation
catastrophes prevention,

development and realization of the federal destination programs in the field of radiation
catastrophes prevention;

the conduction of the methodological guidance over the activities of the Federal authonties,
Executive authorities as well as organizations. concerning the questions of the protection of
citizens who suffered from radiation catastrophes , the rehabilitation of the terntones and
control over the activities wn this field,

organization {along with the corresponding Executive authorities) of the design of the
concepts and proposals concerning the routines of the nature protection,

conduction of the international cooperation in the field of radiation catastrophes prevention

In 1995 The State Duma passed the law “On radiation safety of the population” [33

stipulating the legal foundations of the radiation safety provision for the population with the atrm

of 1ts health protection According to this law the assessment of the radiation safety 1s made via

the following main indicators*

charactenstic of the radioactive pollution of the environment,

analysis of the provision of activities on radiation safety and execution of the norms, rules
and hygienic standards 1n the field of radiation safety,

probability of the radiation catastrophes and their scale,

the level of readiness to the effective liquidation of the radiation catastrophes and their
consequences,

analysis of the radiation doses received by a select group of population from all sources
1omzing radiation

number of persons exposed to the radiation of higher than admussible doses

The law [3] sets the following principal hygiemc standards {(admussible doses) for the

population of the Russian Federation

averaged annual effective dose 1s 0 001 Sievert (Sv) or an effective life time dose (70 years)-
007 Sv

higher dose indicators for separate years are admussible provided that averaged annual
effective dose, calculated for 5 consecutive years does not exceed 0 001 Sv

After the publication of the radiation norms in 1987 (RSN-76/87 radianon safety norms)

and main samtary rules (MSR-72/87 for working with radioactive substances and other sources

1onizing radiation) the new data on the impact of 1omzing radiation on human orgamsm was

received and additional experience was accumulated on the conduction of the radiation control

and efficiency of protective measures in corresponding institutions and environment, tncluding

the expenience of the liquidation of the consequences of catastrophe at the Chernobyl Nuclear

Power Station

the expenence of the liquidation of the consequences of catastrophe at the Chernobyl Nuclear



In 1996 new radiauon safety norms (RSN-96) were established based on the
requirements of the Federal Law “On radiauon safety of the population”, on the
recommendations of the International Commuttee of Radiation Protection (1990) and
International Safety Standards (1996) Radiation safety norms {RSN-96) were remade and
supplemented 1n accordance with the pioposals of the regional Centers of Sanitary Inspection
and some Ministries- Ministry of the Nuclear Energy, Ministry of Defense and others In their
present form the norms were titled RSN-99 [4,10] In this document the radiation nsk 1s
determined as the probability of acquinng by a human being a concrete harmful effect as a result
of radiation exposure. According to the same document , the effective dose (E)-the value used as
a nsk measure of distant consequences arising from radianon exposure of the whole human
body and his separate organs with therr radiation sensitivity taken 1nto consideration This value
presents the sum of the products of an equivalent dose 1n organs (H t) and the corresponding

weighting coefficients for organs or the tissue data

E=WtHt
Where H t-equivalent dose 1n the tissue T over the time-t, WT-a weighting coefficient for
tissue T
Weighting coefficients for tissues and organs at the calculation of the effective dose-
multpliers of equivalent dose in organs and tissues used for the radiation protection purposes for
the consideration of the different sensttivity of different organs and tissues at the nse of

accidental radiation effects These coefficients amount to

Gonads 020
Marrow (red) 012
Thick bowels 012
Lungs 0.12
Stemach 012
Urtnary bladder R | 5
Mamma . .. 005
Liver 005
Gullet 005
Thyroid gland 005
Skin woae. . 001
Cells of the bone surfaces . 001
Therest. ... ... .. . . 005

It should be noted that the norms requirements do not apply to the radiation sources
creating individual annual effective dose not higher than p Sv and collective annual dose not
higher than 1 human-Sv, individual annual equivalent dose 1n the skin not higher than 50 m Sv

and crystalline lens not higher than 15 m Sv in any conditions of their influence

ngner tan I numan->v, imdividual annual equivalent dose 1n me SkKin not nigner than dU m Sv



For the calculation of the possible losses and substantiation of the expenditures on the
radiation protection at the realization of the optimuization and substantiation principle , the
radiation of the group of people of any age n collective effective dose 1 human-Sv leads to the

loss of 1 human-year life and munimal loss of one annual per-capita state income

6.2. Radiation risk for the crews of the Russian nuclear submarines

For the 40 year period of operation of the Russian vessel nuclear units there have been 7
major accidents winch led to senous radio ecological and radiological consequences All of these
accidents took place at the nuclear submartnes, 5-while afloat and the other 2- at shipbuilding
facihities durng the penod of the reactor recharging Two accidents were followed by the rejection
of the radioactive substances into the atmosphere The frequency of the radiation accidents was
equal to 10 % of all the accidents which took place on the vessels The total of the people exposed
to radiation during the vessel accidents 1s over 1000, 193 of whom have radiation sickness of
different degrees, 12 with a grave form of radiation sickness died over the short period after the
accident, 10 people died from wounds after the reactor heat explosion 1n 1985 Besides, as result of
the accidents during the conduction of the hazardous radiation works 26 people were exposed to a
hugher radiation level, 6 of these people have radiation affections [9]

Over the history of the Russian nuclear energy there have been more than 150 accidents
which led to the development of radiation sickness of 456 people, 53 of whom died over the first 100
days after the radiahion exposure With the accidents at nuclear submarines taken into consideration,
the total number of the people injured amount to 657 The summanzed radiological consequences of
the vessel accidents are comparable to those of the nuclear power stations

The accident of 1960 (Northern Fleet)- the radiation exposure of the whole crew without
the development of the rachation affection

The accident of 1961(Northern Fleet)-5 people with radiation exposure of the grave
degree,4-medium, 122- hght The first 8 people died

The accident of 1965 (Severodvinsk, plant)-lugher radhation exposure of 9people without
radiation affection

The accident of 1968 (Northern Fleet)-5 people with a very grave radiation exposure, 2-
grave, 3-medium, 34-light, 64 people had radiation reaction and 39 had a subchimcal form of
affection 4 people of the above-mentioned 3 have died

The accident of 1989 (Northern Fleet)-did not have radiological consequences Local
radhoactive pollution of the water area for the penod of 2 months

The accident of 1979 (Pacific Fleet)- 4 people-radianon exposure of a light and medium

degree, 12-radiation reaction, 22-potentially hazardous radiation exposure
raa1oactive pollullon Of the Water area Ior (ne perioa oI £ monins



The accident of 1985 (Pacific Fleet)-10 people died on site as a result of the explosion, 7-
light radiation exposure, 39- radiation reaction Total of the people exposed to a higher radiation-290

The expernience of the medical treatment of the personnel who suffered from the accidents at
nuclear units shows that at the ume of the accitdent the personnel 1s exposed to the gamma-radiation
on the whole body in doses leading to the development of light, medium and grave degree of
marrowy form of radiation sickness Besides all these, beta-radiation leads to skin rachation affection
of all levels of gravity Gamma radiation of the whole body 1s considered to be the determinant one
in the field of radiation affection The differences 1 the individual radioresistance of the personnel
stipulated the appearance of different gravity levels of radiation sickness at equal radiation doses and
vice versa At the process of accident development there was observed a penetration of radioactive
substances 1nto the orgamism via breathing organs,for example, summation of sodine

The population dose of gamma-radiation received by the crews of the damaged nuclear
submarines at direct radiation exposure amounted to 17-74 human Gy. and average individual

dose- 0 57 0 22 Gy.

6.3. Risk assessment methodology

At present Russia (as many other highly-developed countries) consider risk assessment
methodology to be the pnority-driven and effective instrument of scientific substantiation of the
admumstrative decisions 1n human health protection as well as 1n environment protection

Among many other problems the problem of the improvement of the quality management
over environment seems to be the most significant one Only the scientific defimnion of the
prnorities will allow a correct direction and distibution of the financial funds for the nature-
protection activities during the process of the Russian submanne dismantlement

The World Scientific Society with The International Commussion on Radiological
Protection (ICRP) developed (in early 70s) a fundamental philosophy of population protection
from the harmful affection of ionizing radiation It was recogmized in many countries (except the
USSR) and 1t 15 based on 3 main reguiations /1,2/

« 1t1s expected that a nonthreshold linear hypothesis of radiation affects on a human being 18
grounded,

+ The conditions of applying the ALARA (As Low As Reasonably Achievable) principle are
kept,

» It1s essential to take into consideration only the anthropological radiation excluding natural
background

Non-recognition of the several regulations of the given philosophy in the USSR was
defined by the fact that not all of these regulations were indisputable and sufficiently grounded

Many facts are known, for example, which prove the sumulanng affection of small doses on
Non-recognition O the scveral regulations of the given pmlosopny In the UddK was



human beings and surrounding nature environment which questions the possibility of the
unlimited application of 1ts first principles Nevertheless, in 2000 will become a legal basis 1n the
field of radiation protection in Russia

This decision has 1ts ments and demerits. On one hand, the linear hypothesis stmphifies
the nterpretation of the after-affects of 1omzing radiation on a human being, on the other hand-
leads to the exaggeration of the danger 1n using the small doses of radiation (up to 02 Gr)

At the basis of the ALARA principle there 1s an approach of setting the radiation at the
lowest level after taking 1nto consideration economic and social factors, 1 ¢ analysis of “benefit-
harm” correlation In the Atomic Industry of the USSR there was accepted another approach
which used an ALAPA (As Low As Practically Achievable) principle

The usage of the ALAPA pninciple 1n the USSR 1s explained by the fact that 1t 1s difficult
to make a quantitative evaluation of the thesis of maintaining radiation doses at low levels which
can be reasonably achieved upon the consideration of the economic and social factors The
experience of the operation of the Nuciear Power Stations 1n our country has shown that ALAPA
principle and protection system developed on 1ts basis sabsfactonly solve the problems of
radiation protection This principle 1s considered to be the basis 1n organization of the radiation
protection of the special units of the Navy The consequences of these units operation will be
evaluated 1n the given research

Several authors recognizing in general the positive sides of the ALAPA principle, pointed
out that it was not sufficiently grounded for providing the safety of surrounding nature
environment In their opinion, there 1s a need for the new concept which will spare a human
being the necessity of being separated from natural environment The ALAPA principle is i line
with this new concept

At the transitional stage which 1s connected with the society reconsideration of the
essence of the ecological problems, there appears one regulation which unites both opimons. the
observation of the principle of health protection of a human and ecclogical ratiorung Thus stands
in line with the main approaches of the mulitary ecology and allows for the quantitative
evaluation of the degree of radio ecological danger of the operation of Nuclear Units

The exclusion of background radiation from the analysis of radiation affection on a
human being and biocenosis increases the quality of the evaluations made However, this
procedure 1s not a trivial one due to 1ts mnconstancy 1n ume and space Earlier this task was not
considered to be an essential element of radiation protection and naturally was not studied
properly That 1s why in the given research this task will be studied regarding the conditions of

dismantlement of the spectal units

properly That 1s why in the given research this task will be studied regarding the conditions of



Due to the incompleteness of the substantiation of the first regulation of ICRP’s 1deology,
the optimal variant of evaluation of the degree of radio ecological danger of operation of the
Nuclear Units 1s the consideration of this problem from the view of risk theones (harmful
affection of radiation 1n the whole radiation range) and radiation hormethesis (the stimulating
affect of the small doses and harmful of the big ones) as well as the substantiathon of the
optimum of these theones application in the researched area

The quantitative criterion of danger 1s nisk. In accordance with the wording of ICRP 1t
means a threat of an undesired event including the probability of 1ts happening and the degree of
its gravity In such form risk becomes synonymous with the definition of danger

When apphed to the specificity of the mulitary activity which includes the provision
system of the population, it 1s more appropriate to talk about a * dictated” rather than “free-will™
risk Apart from this, atomic energy has been used 1n the Navy for the last 4 decades which
means that radio ecological consequences are not to be considered a new type of danger but
rather an ordinary one. Under such circumstances the influence of rachation factors on the
population, employees and mulitary men 15 to be treated as a long process of exposure to
radiation of small doses (less than 5 mSv/year) or to radiation commensurable with background
(very small doses — 0 5§ mSv/year)

In the multifactor nsk concept the piobable death outcome 1s considered to be a deciding
indicator. The consideration of other negative effects in the form of illnesses, heritable diseases,
anxieties 1s expressed via nsk coefficient from the fatal cancer in the form of correction to 1ts
factual meaning or in money equivalent In those cases when an acceptable model exists , t he
estimation of damage 1s made on individual factors

The conceptual basis of the risk theory 1s considered to be the notion that the society
cannot exist without risks, From this notion and from the agreement about the expediency of
summaton of all kinds of nisks which accompany human’s life Commussion ICRP in 1ts
publication 26 recommends to take the quantity of the acceptable nisk at 10 -3 deaths a year (1
human/year) for professional workers and additional annual death probability for population
individuals -10-5 (annual dose lirt 1s 1 mSv)

According to the specialists from our country there exists a mirimal regulated level
which 1s equal to 0 1 mSv/year-the doses below this level are not taken into consideration and
thus there 1s no necessity of nisk determunation This level 15 considered to be a neghgible one
(as 1t 1s equal to 10-6 1/human-year) and 1t separates the sphere of risk opuimization from that of
unconditionally acceptable risk.

The question of relevancy of the calculation of quantity of the radiation risk 1n case of

smalil doses is still now open as practcally all the radio ecological consequences of operation of
unconditionally acceptable risk.



the Navy Nuclear Units can be considered relevant This 1s connected (as 1t was stated above)
with a lot of data recerved by Russian and foreign researchers which disprove the regulation (the
working hypothesis of ICRP) that accidental effects have linear and nonthreshold dependence on
the dose quantity and that 1s feasible the evaluation of nisk and quantities of the dose himts on
the basis of data received at evaluation of big doses Under real conditions there are no grounds
tc deny the presence of practical threshold of the accidental effects at doses less than 35
mSv/year. That’s why 1t 1s worth heeding the opinion of the author /13/ that the attempts of the
Comnussion ICRP 1n the publications 26 and 60 to define the standards on this basis are a little
bit too premature

It 1s worth reminding that when substantiating the dose limut for the population at 1 m
Sv/year The Commuission used the approach based on the comparison with radiation from natural
background without considering the influence of radon and it led to the fact that the natural
background has turned out to be 2.4 umes lower than the world average. 2 4(05,+100)
mSv/year/13/ This approach questions the relevancy of deterrnation of the radiation nisk at
doses equal to average quantity and further more to its low limut as 1t contradicts the data about
the satisfactory health state of the people hrving in these conditions for centuries

The last iegulation 1s considered a conceptual basis ot the theory of radiation hormethesis
/14/ 1n accordance with which at constant radiation equal to the doses 5-10 times exceeding the
background and the absence of other negauve factors on surrounding nature environment there s
no basis for saying that radiation 1s harmful to a human’s health On the contrary, radiation
proves ttself as sttmulator which improves the conditions for the development of the plant and
animal world Accordingly, the practice of the calculation of the radiation danger (nsk) at doses
lower than 12-24 mSv/year becomes unreasonable Such approach 1s more usetu] from moral-
psychological point of view than information about negligible but harm all the same

[t should be noted that the Commussion ICRP confirms that at all the ages the additional
death-rate of radiation cancer at doses 5 and even 50 mSv/year 15 less than the difference n
natural death-rate of women and men and much less than the difference 1n natural death-rate of
populations of the countries 1n which living standard 1s high enough as well as 1n the countries
where the atomic energy is used and not /9/

The analysis of the problem of the harmful affection of very small doses on a hutan
berng has shown that the interval of 1-3 mSv/year 1s considered an area of uncertainty in which
from the risk theory 1t 1s impossible to take an unambiguous decision on the presence of harm.
Accordingly the data given 1n tables 7 1,7 2 should be treated carefully and only for the

determination of the consequences for individual cases The conservatism of the given

Accordingly the data given 1n tables 7 1,72 should be treated carefully and only for the



estimations (which are set several times higher as a result of using unequal models for the
estimations) should be always kept in mund

The evaluations of the potential nisks for the human’s health connected with nuclear
submarine dismantlement do not have normative-methodological basis The dose himuts of the
normative documents and the levels denved from them onginate from the defimition and
normative meaning of the effective dose which 1s recommended by ICRP Comrmussion with the
aim of characterization of the radiaton harm in the nsk defimbions Risk methodology is
recommended by the U.S Environment Protection Agency and at present undergoes a triai on
the basis of the joint corresponding resolution of the Commuttee on Ecology of Russia and State
Sanitary Commuttee of the Russian Ministry of Health Tt 15 suggested to use the stmplified
approximations-averaged risk coefficients on sex, age and so on The emergency situations do
not cover the given coefficients,

The consecutive risk assessment methodology must use the definitions and corresponding
quantities of the pollution event probability, dose difference probability

The negative influence of radiation on human being 1s now evaluated not only as a fact of
deterioration of his health but 1n the form of the social consequences economic, moral, violation
of human’s rights and so on. In that case in the form of generalized cnitenion of the harm we
understand the price form of the harm evaluation/

Y=aR,

Where Y-damage, «- nsk price, R-risk

Damage (nisk pnice) , as a rule, 1s on allocation to some single risk, for example, 2 10-4
I/person-year and 15 10-1000 $ per nisk untt for the highly developed countnes wn different
industnal sectors For the poor countries the price 15 lower For example, in Russia at the
plutonium dismantlement the damage from radiation of lOper-mSv or risk unit of 56 10-4
V/per/year 1s equal to 170 $ Risk prnice & may depend on R In this case 1t 1s admissible to use
any of the dependencies depicted on the picture however, the multigraded one with a different
risk price 1s considered optimal

The above-mentioned approach should not be treated as the final stage because in the
future there will be considered a factor of social consequence so that the quantity of the
individual nisk does not exceed the quanuty of the pubhc benefit, which the state gets from
application of the hazardous technology in exchange for admssible social harm This 1s the
essence of the conflict between the state and the population 1n the areas of the location of the

special units of the Navy

special units of the Navy



The grven nisk assessment methodology (1ntended for perfection and further usage in the
project of Russian nuclear submanne dismantlement ) 1s based on modern international
approaches to this problem and includes 4 main stages which are realized 1n senes-

« hazard (harmfulness) idenufication,

+ exposure evaluation,

+ determination of the “dose-reply” dependence,
+ sk charactenzation

At the imit1al stage of the works fulfiliment a conceptual model! of the researched area will
be formed This model will reflect all correlations of the main sources of environment pollution
in the process of the nuclear submarine dismantlement. The given model will be corrected at
every stage of risk assessment

Works on hazard (harmfulness) identification must show which factors and how can
cause adverse consequences for the human’s health

At this stage the inventory of the sources of different environmental objects pollution as
well as the inventory of all the components of the industnal wastes at all stages of submarine
dismantlement will be made All the pollutants will be ranked n accordance with their
penetration volume 1nto the atmosphere, degree of biological activity

Along with the data on the radioactive and chemical substances which penetrate into the
atmosphere there will be gathered and analyzed the information on the pollution level of the
researched region The question about the adequacy and rehability of the data at hand will be
decided on the basis of this analysis and the characteristic of the possible mechamsm of
pollutants formation and transfer

Besides, at this stage pnority-dniven agents will be chosen out of the list of all factors
influencing the human’s health at the researched area These agents will be charactenized at later
stages of risk assessment The given choice will be made according to the system of special
critena which reflect substance prevalence, 1ts hazardous properties, the posstbility of analytical
defimuion The number of prniority-dniven factors will be defined upon the consideration of the
existing resources (financial, instrumental, human) of the given project on nuclear submarine of
the Russian submarine dismantlement

At the next stage of the research- exposure evaluation- the charactenstic of possible
pollution sources wiil be given along with the route of pollutants movement from these sources
to a human being, the ways and points of affection and exposure levels The goal of this stage 1s
the defimition of the possible radiation and chemical loads for the personnel, population and

environment at different stages of nuclear submarine dismantlement process as well as to

the defimition of the possible radiation and chemnucal loads for the personnel, population and



determmation of the exposure levels for the population on the whole and for separate
subpopulations. A special attention will be paid to the most sensitive “critical” groups.

Exposure evaluation will be based on the data of dynamic monitoring or on the results of
prevalence process modeling, inter-environmental transportation and fate of the radioactive
and/or chemucal substances 1n the environment The choice of exposure evaluation methodology
18 defined by the research goals, the degree of completeness and reliability of benchmark data.
For these particular purposes we plan to use the software products “Trace” and “Nostradamus”
developed by IBRAE, although 1t should be noted that a practical use of simular models requires
the information on many hard-to-get characteristics of a substance, environmental objects and
the population exposed The possibility of finding the group of the benchmark data for the
accurate calculations may significantly influence the efficiency of these models usage for risk
assessment

At the stage of evaluation of the “dose-reply” dependence there will be carned out an
analysis of the existing models according to the quantitauve correlations between doses of the
researched agents and frequency as well as to the hazard degree of the possible haimful effects in
the researched population If at the previous stage of the exposure evajuation the association
between the agent and a harmful effect was analyzed only at qualitative level , at the stage of
evaluation of the “dose-reply” dependence this correlation 1s expected to be led to the
quantitative indicators Risk assessment will be carned out separately for the agents which do not
have affection threshold (carcinogens) and for the factors which cause harmful effects after
reaching a certain dose ( non- carcinogens)

Should there be any necessity and financial resources , additional epidemiological
researches can be carmed out At present qualitauve models are developed which reflect the
dependence of vanous harmful effects of the population exposed (additional early mortality,
hospitalization frequency, aggravation of the morbidity symptoms ) on the affection levels of
“classical” atmosphere pollution (lead, ozone, nitrogen dioxide, sulfur dioxide and so on) The
stmilar criteria are used abroad for the economical evaluation of the efficiency of the measures
on environment protection EU Commission recommends to apply these cntenia of risk
assessment for the charactenzation of the atmosphere pollution affection (for example,
suspended substance) on the human’s health For many of these models it 1s very important to
have background data on the health and morality of the population as ,according to some
scholars, the influence of the pollution factor over the human’s health 1s lirmited to the
multiplicative change of the background medical-statistical indicators of the population

At the final stage of the nisk assessment process-risk charactenzation- the analysis of all

the recerved data will be given The goal of this particular stage 1s determination of the medical
multiphcative change of the background medical-statistical indicators of the population



and ecological priorities as well as revelation of the risks which should be prevented or reduced

up to the admussible level At this stage we plan to carry out an aggregate analysis of the

uncertainties and their influence on the final conclusions

L

Thus tn the process of nisk assessment we will determine
nisk quantities for separate factors at different ways of affection from certain environments,

total risks for affection routes, ways of penetration, total risks for substances with similar
type of harmful affection;

integrated hazard indices for the factors with different type of harmful affection, for
example, carcinogens and non- carcinogens,

analysis of nsk distribution 1n the population, 1n very sensitive subgroups

The task {which 1s not part of the nsk assessment for the human’s health but closely

connected with 1t) and decided through the *nisk™ defimition 1s the application of the insurance

system to the nuclear submanne hquidation

Upon the completion of the process of the risk assessment all the received data should be

handed over to a group of specialists who are responsible for the concrete project decisions on

the problems of submarine’s dismantlement

The matenals presented here should be considered as fragment :llustration to a so

complicated problem as nisk assessment

As far as the unanswered questions are concerned, they are the following.
choice of the affection subject (admumistrative unit for which risk assessment 1s carried out)
geographical, economic, social and other charactenistics of the affection subject,
radiation and radio-ecological situation on the terntory of the affection subject,

description of the radiation and radio-ecological monitoring systems on the territory of the
affection subject,

data on the level of the total, man-caused risk on the territory of the affection subject,

structure of man-caused risk on the terntory of the affection subject and main nsk-building
factors,

morbudity structure on the territory of the affection subject,

structure and number of critical population groups on the ternitory of the affection subject
for which an individual, social and jount sk will be assessed,

density and hving conditions of the population,

techmcal characteristic of the nsk sources for the researched population groups (the
presence of the hazardous enterprises )

techmical characteristic of the hazard sources at the dismantlement process

probability of the accident initiation at utihzation process as a result of the accidents at other
objects of man-caused nisk on the researched termtory,

method of evaluation of the accident technical probability (the formation of the hazard
source),

objects of man-caused risk on the researched ternitory,



the

method of evaluation of the probable formation of the concentranon fields,
method of evaluation of the formation of effective doses at the accidents,
method of evaluation of efficiency of the protective measures (quantitative and qualitative),

social-psychological nisk perception by different population groups on the researched
terriiory;

proposals on the risk hmuts and quotas for the population researched terntory,

proposals on the usage of the economic equivalents of the ecological satety critena duning
the dismantlement process,

proposals on the organization of the risk insurance during the dismantlement process,
All the above-mentioned unanswered questions may be divided into 3 groups

The questions defmed by the necessity of getting the information from the executive
authorities.

The questions {methodological) defined by the position of the ATRP-R team,

The questions which arise tnn the research process and presuppose further realtzatton n the
legal and normative documents

It 15 obvious that the decision of the 2 first groups of question should precede the study at

next stages of ATRP-R research
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7. MODEL WORK PLAN

The final stage of the nuclear submarine iife span begins with the decommussioning order
and fimshes with the completion of dismantlement (complete liquidation) of the reactor
compartment Following the Utilization Concept as developed by Minstry for Nuclear Energy
earhier this year this penod extends for at least 70 years Durning 95% of this ume no actual
dismantlement operations are performed on the nuclear submarine This time 15 given to the
waiting and storage procedure first for the submarine with the spent nuclear fuel, then without 1t,
followed by cutting the hull into three compartment blocks and their separate storage

After the reactor compartment has been cut out, 1t 1s stored at the coastal facilities It 1s
therefore more accurate to define the environmental secunity implications of not only the actual
dismantlement operations, but rather the lengthy storage of the decommissioned nuclear
submarine and tt elements, which contamn the radioactive matenals

In the sections above there has been presented the overview of the datasets and
mformation on some basic considerations, which need to be taken into account for future
reference at the future stages of the research

In the Tab 71, 72 and 7 3 below there are suggested the the dataset availabality for the
immediate environmental secunity assessment of the final life span of the decormmissioned

nuclear submarines

Sufficient declassified dataset availability
-:|: -Theoretical Data

.+~ Datasets: - ISR Avaitability S

L

Nuclear submarine dismantlement Yes
procedures

Dismantlement emergencies and accidents Yes
scenarios

Spent fuel radio nuclide composition No
Metal structures radio nuctide composition No
Environmental migration of the radio Yes
nuclides

Environmental and geographic location No

points of the nuclear submarines

Medical and biological exponents for No
various human groups

Tab 7 1.
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3.3

board Impact analysis

Potential emergencies during spent fuel unloading and storage operations Impact
analysis

Potential emergencies during nuclear submanne sediment, 3 compartment (block)
cutting and storage operations Impact analysis

Potential emergencies dunng radicactive waste unloading and lengthy storage
operations n the open areas Impact analysis

Potential emergencies dunng lay-up operations, radioactive waste unloading and
dismantlement of the emergency service ships Impact analysis.

Section 5 "Risk analysis of the nuclear submarine dismantlement operations™

Description of the grounds for the risk assessment methods for both natural
environment and local population Revision and processing of the existing methods, if
required

Risk assessment for the normal regime situations of the nuclear submarine
dismantlement operations

Risk assessment for the emergency situations of the nuclear submarnine dismantlement
operations

Section 6 "Development of the 1ntegral monitonng system guidelines, securing the

appropnate level of protection for the nuclear submarine dismantlement operations”.

61

62
63

Analysis of the control devices for the radioactive and chermical wastes, resultant
from the nuclear submarine dismantlement operations

Analysis and evaluation of the existing local monitoring systems

Development of the technical suggestions for the integral monitonng system



8. CONCLUSIONS AND RECOMMENDATIONS

In the course of preparing for the ATRP-R effort the Russian side of the project has set
up the administrative and cxecutive structures (Supervisory Board, Expert Council,
groups of experts) As a result over 40 highly qualified leading professionals and
scienusts of Russia have made up the skilled team of specialists in nuclear energy,
environmental protection. shipbuilding, as well as naval experts and analysts All
princtpals of the ATRP-R operations have been supporied by the leading authonties of
the Russian Ministry of Defense, Mirustry for Nuclear Energy and the Academy of
Science of the Russian Federation

In the course of the matenal preparations the current state of the works on nuclear
submarine dismantlement has been analyzed The data on the number of the
decommussioned submarines as of 2000 as well as the information on the dismantlement
infrastructure 1n Northern and Far Eastern regions have been presented

In the given report there 1s a description of all the stages of the applied technologies used
at submarine utilization and Russian concept of the complex dismantiement of the
nuclear submannes t111 2010

Following the tasks of the Statement of Works , the final report represents is called to
descnibe vanous aspects, which enable the defimiion of the environmental secunty
implications for the decommuissioned Russian nuclear submarines The essential part of
the final report 1s presented in 7 sections, with the primary objective of each being the
definition of the availability and sufficiency of the existing data as may be required for
assessing the environmental security implicatons of the decommssioned Russtan nuclear
submarines at a later stage

The foundation for further works on the 1ssue of the decommuissioned Russian nuclear
submanne dismantlement operations rests on the raw (imtial) data sets Section 2 of this
report represents the meta-database specifications and descnbes the content of the
informational field Prnmary information on the imtial data and evatuation of 1ts
sufficiency 1s distributed per each particular section of this report 1n accordance with the
table of contents as shown abave,

As a result of the meta-database analysis there has been established that for the most part
the avatlable declassified data 1s indeed sufficient for conducting a research and analysis
of the environmental security implications of the decommissioned Russian nuclear
submarines Additional work 1s required 1n the area of means and methods of control over
some particular types of pollutants, their exposure dynamics and legal framework for the
dismantlement operations A substantial amount of the n:tial data on the project requires
additional systematization

The primary danger 1n operations with the decommuissioned Russian nuclear submarines
roots from the potential nuclear and radiation accidents and other emergency
occurrences, especially of the spent nuclear fuel-aided nature The pnonity for the further
work on this project should be given to meticulous development of the emergency
scenanios for every stage of the dismantlement operations and elaboration of the sets of
actions to avotd or localize such occurrences

In the course of the work all the sources of pollution and all potential hazards have been
analyzed It has been poiwnted out that the priority ranking of the works on the increase of
the ecological secunty must be defined by the risk degree for nature and population.

Priorities on the works of increasing the environmental protection in dismantlement and
sediment operations should be deflned followmo the pamcular hazards assoclated with

tha T L hnlirare e [ETEP O, Tevntsne —alrn - ~nabl
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pollutant/contaminant for particular areas/territories should represent another essential
abjective of further work on this project

The first step for the beginning of the second stage of works on the environmental
secunty analysis of the decommuissioned nuclear submarines should constitute the
development and agreeing of the next appropriate Statement of Works (technical order)

Such & SOW for the year 2001 can be based on the first two divisions of the suggestions
as put forth 1n the Model Work Plan hereto

As a particalar priority should be emphasized not merely the definttion of nisks for all
procedures associated with the nuclear submarine dismantlement operations, but rather
the feasibility of the efforts and particular actions which need to be taken 1n order to
decrease such risks

In the final report the scales and the character of the possible impact of the unlization of
the Russian nuclear submarines on environment and human’s health have been shown. A
special emphasis has been placed on the actuahity of the ecological problems , the
importance of which 1s not limited by only Russian interests The necessity of the
complex research of the ecological consequences connected with all the stages of the
nuclear submarine dismantlement has been especially emphasized. As 1t follows form
the analysis of both completed and mn-progress international and Russian programs, the
proposed Project will be a first attempt of the fundamental systematic research of this
important problem of international significance
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APPENDIX 1

THE LIST OF PARTICIPANTS OF THE PROJECT
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APPENDIX 2
META DATABASE SPECIFICATIONS

Identification Information

1. General Information

1.1. The content of the database

The data 1dentified 1n this feasibility study will cover three broad classes of information

The collected information will be assessed, structured and split 1nto three matn mformation

format categornies

« Textual (raw data, reports, memos, procedures, orgamzational structure outline, codes,
scientific and technical literature, etc ),

« Charts and tables (complete sets of charts and diagrams),

+ Graphics (electronic and hard copies of raster graphics, maps, schemes, etc.)

The three aforementioned categories shali also include additional datasets, as generated

specifically for this feasimlity study, e g concerning the Russian organizational structure of the

ATRP-R program

%]

1.2, Textual documents

In the final analysis the following textual data shall be provided 1n the framework of this
feasibility swudy and accordingly described and accounted for in the proposed meta-
database

List of the informanon sources used by the Russian side including the hist of the
normative-legal documents, conferences, seminars, meetings and articles

Project documentation, including schedule of the feasibility study related works, delivery
timetables, lists and CVs of experts involved, deliverables

Scienufic reports on the researches conducted
Expert reports on the project feasibility in the particular fields of their speciahization

Description of the uulization stages with taking into the account the peculianities of the
Northern and Far —Eastern Regions including the description of the utilization
infrastructure 1n these regions.

Information on the primary contaminant sources and sites, including but not hmited io
the index of the decommussioned nuclear submarines of the Northern and Pacific Fleets
of the Russian Federation, list of the nuclear submarines with the active units yet to be
dismantled, overall number of the three-tank sections to be scrapped, etc

Description of the contamunant sources resultant from the decommussioming and
scrapping procedures, including the full lList of radioactive and other hazardous
substances thereto

T e e e
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Information on the contarmnanon of the Northemn and Far Eastern terntones of Russia

General geographic outline of the lengthy parking spots for the decommussioned and
currently dismantled nuclear objects

Information on the mugration of the pollutants 1n air, water and soil substances

Potential 1mpact of the contaminants as resultant from the nuclear submarine
dismantiement operanons on the natural environment and human health

Description of the possible nisk scenanios calculated for all submarine hife cycle stages
after decommuissioning Potential threats and risks for human health and natural habitats

Definitions and standards of the Russian risk assessment methodologies, including but
not limuting to, the legal regulations and norms adopted in the Russian Federation
pertaining tisk assessment techmques

Complex assessment outline for the utilization of the radicactively hazardous objects

1.3. Electronic Charts

General information on potentially hazardous radioactive sites

Data on the potential radiocactive hazards in the Northern region of Russia

Data on the potential radioactive hazards 1n the Far Eastern region of Russia
Sohd and liquid radioactive waste data broken down between the Russian regions
Gamma-radiation field maps for the decommssioned reactor tacilities

Information on the detonauon, fire and electric secunty standards for the
decommissioned vessels

Techmcal conditions of the nuclear steam production facilities treatment for the
decommuissioned vessels

Nuclear and radioactive secunty procedures, storage conditions for the decommissioned
vessels

Treatment of the general naval systems for the decommuissioned vessels

Treatment and maintenance of the hull and hull structutes for the decommussioned
vessels

Results of the complete radioactive and envtronmental security researches of the
contanunated harborages and other water areas

1.4.  Graphic data and electronic maps

Survey maps of the radioactively hazardous objects dismantled 1n the Northern and Far
Eastern regions of Russia

Locatton sttes of the decomnussioned nuclear submartnes and surface vessels

Location of the sedimentation sites for the nuclear submarines and shipping yards as used
for the utilization and dismantlement operations

Temporary storage sites for both sohid and hquid radioactive wastes, resultant from the
dismantlement operations

Schemes and layouts of the nuclear submarine scrapping yards
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dismantlement operations



17 Radioactrvity assessment and waste stream maps for the lengthy parking sites of the
decommussioned nuclear submarines

18. Standard Specialized general geographic maps and charts (e g. currents, wind rose, etc ).

19 Information on the seasonal and longstanding watch results of the lengthy parking sttes
for the decommuissioned objects

20 Forecasung contamination maps for the terntones and harborages polluted as a result of
factual radioactive accidents and occurrences

21 Gamma field maps for the pelluted terntories and harborages
22 Location maps of the potential environmental contamination sites

23 Forecast maps and modeling charts for vanous scenarios of the hypothetical radioactive
accidents and occurrences at the radioactively hazardous sites, currently utilized

2.  Specifications of the project database

2.1. Meta Data Format

The bulk of the aforementioned documentation shall be made available in the text format
(Macrosoft Word or HTML), electromic tables and charts (Mhcrosoft Excel), database form
(Microsoft Access 97), pictures, clips and images (Windows BMP or JPEG) The data storage
and usage standards for the current meta-database have to therefore provide for its readability

and compatibility with the core database(s), which will embrace the factual feasibility study data

2.2. Meta Database Standards

Following the recommendations of the American participants 1n the projects for the meta-
database (“data about data”) ATRP-R experts have envisaged to adhere to the Content Standards
for Digital Geospatial Metadata (FGDC-STD-001-1998), as suggested by the Federal
Geographic Data Commuttee of the USA for the description of the identification information
Primanly this standard has been developed for the spanal geographic informanon This standard
however presents a considerable amount of rules and recommendations, the full description of
which runs mto over 90 text pages

Below we have outlined the major sections of the CSDGM standards.
Identification Information {data set title, area covered, keywords, purpose, abstract,
access and use restrictions)

Data Quality Information (horizontal and vertical accuracy assessment, data set
completeness and lineage)

Spatial Data Organization Information (raster, vector, or an indirect (e g address) link
to location)

Spatial Reference Information (lat/long, coordinate system, or map projection)

Entity and Attribute Information (definitions of the attributes of the data set)
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link to data)
Metadata Reference Information (who created the metadata and when).

The supplementary minor sections of the CSDGM additionally provide for the following
specification

Citation Information {(originator, title, publication date, publisher)
Time Period Information (single date, multiple dates, range of dates)
Contact Information (contact person and/or organization, address, phone, email)

The analysis of the existing meta-databases by the ATRP-R experts has proved that these
major and minor CSDGM sections seem to indeed represent the mimmum mandatory
elements appropriate for initial data set documentation, which as 1t 1s understood by the Russian
party fully meets the purpose and scope of the current feasibility study

In the light of the constraints of the current feasibility study and 1n order to implement the
aforemenuoned CSDGM standards the current feasibility study stage shall be based on the

aforementioned documentation types and minimum CSDGM sections

2.3. Hardware and software requirements

Current feasibility study metadata requirements precondition IBM PC compatible
computers as the most preferential hardware platform (Celeron-400 processor, 64 Mb RAM, 2
Gb HDD, 800600 pixels SVGA, CD-ROM, 15" monitor, FDD 3 57)

For the metadata preparation there has been identified a number of specialized software
products, widely available n the Internet, 1e the following programs could be parucularly
considered as the most compatible with the MS-Windows operating system

+ NOAA FGDC Metadata Toolkit 1.0 Beta.
« Metamaker 2.10,

. DatalLogr 1.0,

« The MDC (Metadata Collector),

+ KMDD (Klamath Metadata Dictionary),

+ Corpsmet95,
« Dataset Cataloger 4.0,

« Metadata Manager Pro

« Metadata Management System,

« Metagen32.
At present the analysis of these software products 1s being carrned aiming at the choice of

the most suitable one for this product
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In the course of preparanion of the computer metadatabase version’s prototype the
additional information on leterature sources will be given (about 300 names) and selective
additional information on other sections All the information will be entered into MS-ACCESS
metainf mb 1n the form of interconnected tables ( for the provision of the effective search on any
important parameters), the structure of which 1s given 1n fig 1 and 2 In order to simplify the
system use by English speakers the names of all the fields 1n the database are given in English

Russian-language information 1s mamly used but part of the key informaton (utles, mamn

Perspectives of computer metadatabase version development

contents, key words) are translated into English

There 15 a possibility of continuation of the development and support of the works on the
operation and expansion opf the metadatabase at IBRAE RAN In future the metadatabase can be

suplemented with the data of all available information associated with the problem of nuclear

submarines dismantlement,

Identification_Information
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3.  Composite elements (blocks) of database and sources of their
information
NaNe Name of the blocks of the information field Information | place of
sources information
(selectively) storage
| Organizational, management and executive |In the final | IBRAE
structures of the project report
2 Reports and notes of the experts 3.1, 339, 346, | IBRAE
3353
3 General review of the dismantlement process | 3 53, 3 60 | IBRAE
1t the North and Far East
4 Information on the main dismantled objects 1n [BRAE
the North and Far East
5 Information on pollution after dismantlement | 2,12, 2 25; 237, | [BRAE
of nuclear submannes 35,320,322
6 Information on current state of the territories | 22, 3 19; 3 26, [ Navy
participating 1n submarine dismantlement 1n | 3 49
the North and Far East
7 The mamn regulations of the technological | 231, 2 32,3.60 | Navy
process of dismantlement for each ground of
the North and Far East
8 Information on the health state of population | 29, 210; 214, |In the open
living on the territories which participate n @ 3 12,3 14,366 | publication
the dismantlement process '
9 Description of the sediment places, three [ 236, 237, 35, | IBRAE
compartment and reactor blocks and |3 60
infrastructure of the dismantlement process
and places of the spent nuclear fuel storage
10 Existing mnsk  evaluanon methods and 313,314,339 |IBRAE
ecological consequences of dismantlement 5
11 Information on the existing monitoring | 31, 334, 337, | Navy
system m the regions of the submarine | 3 40,3 46,3 86
| dismantlement i
12 ] Normati ve-legal basis for the dismantlement ' [1 1-1 137], ! Navy, Ministry
and radioactive wastes treatment 210,346 of Atomic
Energy
13 The concept of complex dismantlement of the Navy

Russian nuclear submarines up to 2010
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1

11

12

1.3

14

16

1.7

18

19

110

111
112
113

114

List of information sources used by the experts during the
preparation of the materials of the ATRP-R program

Normative-legal documents.

Russian Law "On the protection of the population and territories from emergency
situations of natural and man-caused character” 21 12 94 Ne 68-FL

Russian Law "On rachation safety of the population» 09 01 1996 r Ne 3-FL3 defines
legal basis for the provision of the radiation safety of the population

Russian Law "On ecological expert exammation™ 23 11 95 Ne 174-FL Stuipulates the
requiremnents for the order of the conduction of the ecological expert examunation, 1ts
main tasks and functions

Russtan Law "On the mternal sea-waters, terntorial sea and included zone of the
Russian Federation” 31 07 98 Ne 155-FL Ne 31 Art 3833 Supulates the order of
obtaining permuts for research works conduction 1n internal sea-waters, territorial sea
and included zone of the Russian Federation

Russian Law "On continental shelves of the Russian Federation™ 30.11 95 Ne 187-
FL Supulates the order of obtaining pernuts for research works conduction on
continental shelves of the Russian Federation

Russian Law "On the exclusive economuc zone of the Russian Federanion™17 12.98
Ne 191-FL Stipulates the order of obtaining permuts for research works conduction
in the exclusive economic zone of the Russian Federation

Russian Law “Code of the trade navigation of Russian Federation “ 30 04 99 Ne §1-
FL.

Russian Law “ On industrial safety of the hazardous production objects 21 07 97 Ne
116-FL. Supulates legal, economic and social basis of provision of the safe operauon
of the hazardous objects

Russian Law “ On environment protection “ 19 1291 Ne2060-1 Changes from
2102 92 Ne 2397-1 and 2 06 93 Ne 5076-1 Defines general ecological requirements
for projection, plants operation, constructions in industry and agriculture, pipeline
construction and other objects which influence directly or indirectly environment.
Defines the system of nature protection legislation of the RF ” Water code ot the RF”
from 23 1195, ‘Land Code of RF” from 250495, The basis for the forest
legislatbion” from 24.04 95, “on the protection of the atmospheric air” form 4 May of
1999, ‘On specially protected territories” from 14 03 93

Russian Law “ On compulsory social insurance from accidents at production umts”
24 06 98 Ne 125 FL-3

Russtan Law * On licensing of several activities ” 25 09 38 N 158-FL
Russian Law * On tndustnial wastes " 24 06 98 Ne 89-FL

Russian Law “ On sanitary-epidemic safety of the population” 03 03 1999r Ne 52-
FL Stipulates sanitary rules, norms and hygienic normatives during the treatment of
radioactive substances and other sources of 1onizing radiation

The resolution of the Russian Federation Government from 23 September Ne 1094
“On classification of the emergency situations of natural and man-caused character

radioactive substances and other sources of tonizing radiation
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1.16

117

118

119.

120

121

124
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129

130

"Contans classification of of the emergency sttuations of natural and man-caused
character.

The resolution of the Russian Federation Government from 31 October Ne 1310 “On
measures providing ecological safety during the activities of the Russian Armed
Forces™

The resolution of the Russian Federation Government from 18 May 1998 N 461 “On
approval of the state ecolegical control conduction 1 the closed territonial formations
and special military objects”

The resclution of the Russian Federation Gevermnment “On unified state automated
system of radiation background control”, 1992

The resolution of the Russian Federation Government from 24 12 94 No 1418 (edit
from 01 12 97) “On licensing of several activities ”

The resolution of the Russian Federation Government 05 11 95 Ne [ 113 “On unified
state system on prevention and liquidation of the emergency situations™

The resolution of the Russian Federation Government from 01 07 95 Ne 675 “On
declaration of the industrial object of the Russian Federation”

The resolution of the Russian Federation Government from 17 07 98 No 779 “On the
Federal executive body responsible for the provision of the industnal safety”

The resolution of the Russian Federation Government from 11 08 98 Na 928 “On the
list of techmcal equipment to be certified and used at production units ™

The resolution of the Russian Federation Government from 02 02 98 Ne 1420 “On
terms of declaring the industrial safety of the operating hazardous production
objects™

The resolution of the Russian Federation Government from 01 07 96 Ne 766 “On
state regulation and control of transboundary transportation of the hazardous wastes”

The resolution of the Russian Federation Government from 11 06 96 Ne 698 “On
the order of the ecological expert examination conduction”

The resclution of the Russian Federation Government from 200693 No 585 ‘On the
creation of the unified system of ecological control” Defines the order of the expert
examtnation conduction”

The resolution of the Russian Federation Government from 27 03 98 Ne 358 “On
licensing of the activity on the development , production and dismantlement of the
weaponry” Defines the requirements for the corresponding dismantlement
documentation

The resolution of the Russian Federation Government from 22 07 92 N505 * The
order of the inventory of the places of storage and bunal of the radioactive wastes
and radiation sources on the territory ot the RF”

The resolution the Russian Federation Government from 11 10 97 Ne1298 "Rules of
the orgamzation of the state control system of the radioactive substances and
wastes” The rules are developed in accordance with the Federal Law “On atomc
energy usage” and define the order of organization of the control over radioactive
substances

The resolution of the Russian Federation Government from 07 03 97 Ne 264 “Rules
of physical protection of nuclear materials, nuclear reactors and places of nuclear
material storage”
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1.32

1.33.

1 36.

1.37

1 38.

139

140,

141

1.42
143

1 44,

145
146
147

148

The directive of the Commander in Chuef of the Russian Navy “On the measures for
provision of ecological safety during the activities of the Navy” from 4 07.1997
Appendix Plan on the realization of the measures on ecological safety provision for
1997-2000

The Norms of Radiation Safety (NRF-99), ministry of health, 1999

Main sanitary rules for working with radioactive substances and other sources of
radiation (MSR-72/87)

Main sanitary rules for working with radioactive substances and other sources of
radiation (MSR-72/87), munistry of health, 2000

“Safety rules at the storage and transportation of the nuclear fuel at the objects of
atormuc energy ”

(14-029-91)

“Santtary rules of radioactive wastes treatment” (85)

* Safety rules at transportation of nuclear substances ™ (73)

“Hygienic requirements for the protection of the atmospheric air” (2.1 6 575-96)

“ Safety rules and norms of protection of surface waters from the pollution by
sewage” (Ne4630-88)

“The order of accumulation , transportation, neutralization and bunal of the toxic
industnial wastes” (Ne 3183-84)

“The fire safety rules in the Russian Federation ” (93)

“The fire safety rules for the vessels under construction and repair” (130-85).
“Labor safety at the construction and repair of the vessels” (5 0241).

“The fire safety rules at nuclear submarine dismantiement ™

“The dismantlement of the ships and vessels of the Navy” (50811-95)

‘The order of transfer of the nuclear submarines and surface ships with nuclear
reactors to the Ship Building Plants” The decree of the Property Mimistry of the RF
23 11.98

“The order of transfer of the utilized atomic nuclear submarine and surface ships
with nuclear reactors to the plants executing the dismantlement works Temporary
resolution 7221 0701

General technical requirements to the content of the project development of the
environment protection measures, 1995 r

The resolution on the order of development, expert examination and approval of the
documentation on construction in the Ministry of Defense”1992 N24

The decree of the Russian Government “On the evaluation of the influence of the
radioactive substances on environment” Ministry of the Environment Protection,
18 07 1994

Instruction on the ecological substantiation of the industrial and other kinds of
activity (29 12 95 Ne 539)

Gudelines on the evaluation of the influence of the radioactive substances on nature
Approved by the Ministry of the Environment Protection, 1 01 1992

Guidelines on the evaluation of the influence of the radioactive substances on nature
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1.55

1.58

1565
1 60

161
162

1 63.

164

165

166

167

168

169

170
171

172,

173

174
175
176

1 /=t

Cniena of the evaluation of the ecological background of the territory for the
definition of the zones with emergency condition.30 11 1992

The guidelines for the substantiation of the industrial and other activities in the pre-
investment and project documentation Approved by the Ministry of the Environment
Protection, 15 07 1994

Environment protection rules i the Navy - (90) 121290 Ne 320 Moscow, 1993,
p.177

Instructions on the order of the expert exarmination of the air protection measures and
on the handing out the permts for outlet of the radioactive wastes (1-84)

The guidelines for the substantiation of the industrial and other activities tn project
documentation Minstry of Fishery of Russia, 1986

Instructions on handing out the permuts for special water usage 33 5 1 02-83

Instructions on norms of the outlet of poliutants into the atmosphere and water M,
munistry of environment protection of USSR, 1989

The rules of atmosphenc air protection, M , 1990
The resolution on the protection of underwaters M USSR,1985

Methodology of the calculation of the poliutants concentration in atmosphere (86 )
1986.

Methodological recommendations The control over radianon background General
requirements 2 6 1 Tontzing radianon Ministry of nuclear energy of Russta, Ministry
of Health, M 1998,

Methodological recommendations on the methods of control Control of the radio
nuchd pollution of the surfaces of the workshops , equipment and transportation
means2 6.1 261 016-99 Iomzing radiaton Ministry of nucleai energy of Russia,
Ministry of Health, M 1999

Evaluation of the radiation doses in the region of the fall-out of the radioactve
products of the nuclear explosion 261 015-93 Iomzing radiation Minstry of
nuclear energy of Russia, Ministry of Health, M 1993

Guidelines on the orgamization of control over environment in the regions of atomic
power stations location

Methodology of the radiation control The general requirements. 2453-98
Recommendaltions 2453-98 State standards M, 1998

Tempeorary classifier of the toxic industnal wastes Methodological recommendations
on the definition of the toxic class of the industrnial wastes Ne 4286-87

Ecological rules of wastes treatment 1n the Arkhangelsk Oblast, 1996
Admssible amount of radioactive wastes accumulation on the plant territory (n3897-85)
Admissible amount of radioactive wastes accumulation on the plant terntery (n3209-85)

Maximal content of the toxic compositions in the industrial wastes, their toxic
categones (n3170-84)

Santtary rules and norms of the sea waters protection Ne 4631-8824
Classifier of the industrial wastes *“Zvezdotchka” Ne 585 03-08-97

Requirements of the Arkhangel Nature Protection Commuttee for the organization of
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1.78.

1.79

180

133.

1.84

185

186

187
188

189

190

191

192

193

1 94,

195

196

197

1 97.

Instructions on wastes treatment at “Zvezdotchka” (NS85 05-05-95)

Utilization of the nuclear submarines according to the three-compartment
variant 000 0420.00 003

State standards 12 1 005-88 The system of labor safety standards The air of the
working zone Sanitary hygienic requirements

State Standards 221 (02-85 Safety in the emergency situations Monitoring and
forecasting Terms and definitions.

State Standards 22 3 03-94 Safety in the emergency situations. Protection of the
population.

State Standards 22 [ 01-93. Safety in the emergency situations Monitoring and
forecasting

State Standards 22 0.02-94 Safety (n the emergency situations Monitoring and
forecasting Terms and definitions

State Standards 22.0 05-94 Safety in the emergency situations Emergency
situations. Terms and definitions

State Standards 22 0 09-95 Safety in the emergency situations. Emergency situations
in the defined areas of water. Terms and defintions

State Standards [70001-76 System of standards n the field of environment
protection and improvement of the natural resources

State Standards 17 O O 04-90 Ecological passport of the industrial enterprise

State Standards 17 1 1 02-77 Environment protection Hydrosphere Classification
of the water objects

State Standards 17 13 05-82 Environment protection Hydrosphere General
requirements for the protection of the surface and subsurface waters from the
pollution by o1l and otl products

State  Standards 1 306-82 Environment protection  Hydrosphere  General
requirements for the protection of the subsurface waters.

State Standards 17 1 3 07-82 Environment protection. Hydrosphere Rules of water
quality control

State Standards 1713 13-86 Environment protection. Hydrosphere. General
requiremnents for the protection of the surface waters Oxpana npHpoabL

State Standards 171 501-80 Environment protection Hydrosphere General
requirements for the selection of the bottom sediments of the water objects for
pollution analysis

State Standards 17 2101-76 Environment protection Hydrosphere Composite
pollutants ciassification

State Standards 1723 01-86 Environment protection Hydrosphere Air quality
control rules in the populated areas

State Standards 17.1 3 08-82 Environment protection Hydrosphere Rules of the sea
water quality control

State Standards 171505-85 Environment protection Hydrosphere General
requirements for the selection of the surface water and sea water samples, the
samples of 1ce and atmosphenc precipitations

State Standards 17 1 505-85 Environment nrotection Hvdrosphere General



1.98

199

11060

1101.

1.102

1103

1104

1 105

1 106
1 107

1 108

1109

1110

1111

1112

1 113.

1114

1115

1.116

1117

1118

State Standards R-22 005-94 Safety in the emergency sttuations. Man-caused
emergency sttuations Terms and definitions 04 04 96 Ne 222/59)

State Standards 1724 02-81 Safety i the emergency situations Environment
protection Atmosphere. General requirements for the methods of pollutants
definitions

State Standards 17.140{-80 Environment protection. Hydrosphere. General
requirements for the methods of definition of the o1l products in the natural and
sewage waters.

State Standards 174 1 02-83 Environment protection Soil Classification of the
chemucals for the pollution control

State Standards 22 0 05-94 Safety 1n emergency situations Man-caused emergency
situations Terms and definttions (Order from the Ministry of emergency situations
from 04 04 96 N222/59)

State Standards 174 2 01-81 Environment protection Soil Nomenclature of the
indicators of the sanitary condition,

State Standards 171401-80 Environment protection Hydrosphere General
techmcal requirements for o1l products definition.

State Standards 17 4.202-83 Environment protection Soil Nomenclature of the
indicators of the sanitary situation

State Standards 17 4 102-81 Environment protection Sotl

State Standards 17.2.6 02-85 Environment protection Atmosphere Automatic gas-
analyzers for the control of atmosphere pollution General techmcal requirements.

State Standards 17 4 3 03-85 Environment protection Soil General requirements for
the methods of pollutants definition

State Standards 27451 Means of 1onizing radiation measurement General technical
condihions

State Standards 17 4 1 03-84 Environment protection Soil Terms and definitions of
the chermical pollution

State Standards 174 202 83 Environment protection Soil Nomenclature of the
indicators of the aptitude of the damaged fertile layer of the soils for land tenure

State Standards 17 4 2 02 86 Environment protection Soil Soil passport

State Standards 17.4 3 02 85 Environment protection Soil Requirements for the
protection of the natural soil layer during land works

State Standards 17 4 3 06 86 Environment protection Soil Requirements for the soil
classification according to the influence of the pollutants

State Standards 1743 01-83 Environment protection Soil Requirements for the
selection of the samples.

State Standards 174 3 01-83 Enwvironment protection Soil Requirements for the
control and protection from pollution

State Standards 17 4 4 02-84 Environment protection Seils. Requirements for the
selecnon of the samples and preparation of the samples for chemucal and
bacteriological analysis

State Standards 17 51 06-84 Environment protectlon Land Classification of the

selectnon of the samples and prcparatlon of the samples for chemucal and
low-yield lands
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1.120

1121

1127
1128
1.129

1.130

1 131

1132

1133

1.134

1.135

1136

1137

2 1.

State Standards 17 51 03-86 Environment protection Land. Classification of the
vegetation

State Standards 17 5.1.06-84 Environment protection Land Classification of the
low-yield lands

State Standards 17 53 04-83 Environment protection Land General requirements
for the land reclamation

State Standards 17.5 1 06-85 Environment protection Land General requirements
for the definition of the norms of the fertile layer of the sol

State Standards 17 5 1 06-81 Processing and bunal of the radioactive wastes Terms
and definitions

On the Federal classified catalogue of wastes The order of the state committee of the
Russtan Federation on environment protection From 27 11 97 n527

The order of orgamzation , development and approval of the admussible
concentrations of the pollutants in the water Commuttee on fishery 6 12 93, N987

Guidelines on the control of the atmosphere pollution, 52 04.186-8%. Directive.
Minmstry of the Environment protection 1991, p693

Rules of surface waters protection from sewage waters, M, 1991
Guideline on chemcal analysis of the surface waters, M 1997, p542

Book of the normative acts on the ecological legislation of RF Institute of
Economics and Law ,1995, v 1 and 2

Methodology on forecasting and evaluation of the air ,soll and water objects
pollution and possibility of the radiation exposure at atomic power stations, 1998-
pl00

Book of the Methodologies on the concentration definition of the pollutants, 1986

Certified catalogue of the main defininons of the Russian system of prevention and
actions during emergency sttuations M ,1992

Guidelines on analysis and risk management 1n the industrial region, vl Concept and
pracedure of nsk evaluation tn the industrial region, 1992

Guidelines on analysis and nisk management in the industrial region, Physical and
mathematical models for risk evaluation, 1992

Methodology of the forecasting of the scale of the pollution in the water areas.
Normative document RD32 (04253-90, 1991

The order of expert exammanon of the safety declaration of the industrial object of
RF (Order of the Minstry of the Emergency situations from 07 08 96 N359/125)

Methodological recommendations Radhiation safety of the crew of the space ship
Method of the nisk assessment (PJ150-25645205-83) M, 1984 Methodical
recommendations define the algorithm of the risk assessment of 1onizing radiation
influence on the crew of the space ship

2 Materials of the conferences, seminars and meetings.

Andnanov § G, Mishnev AM, Nikinn V §, Kalistratov NY “Problems of the
complex dismantlement of nuclear submarines Materials of the 3rd conference on

marnne technologies™ St Petersburg, September 1999, Inte%rated report, Volume 1.
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Belikov A.D., Petrov OI “Handhng of radioactive waste in Navy (history,
consequences, forecast) Proceeding of the 4th International Conference on
Environmental Radiocactivity in the Arctic Edinburgh, Scotland, 20-23 September
1999, ISBN 82-90362-11-0. Printed by Norwegian Radiation Protection Authority,
Norway, September 1999 The research includes defined data on composition and
quantities of radioactive waste buned 1 the sea

Bleher AY , Kuchin N.L. Evaluation of radioactive nisks in the process of nuclear
submannes dismantlement. Reports of the conference “Radioactive safety
radioactive waste and ecology” 9-12 November 1999, St. Petersburg, 1999, pp. 59-
64 Evaluation of radiating nisks at decomnussioning nuclear submarines

Blecher A, Zvonanev B, Kuchin N, Rubanov 8., Sergeiev [ Radating
consequences of failures at decommussioning of nuclear submannes at the ship-
building plants. Proceeding of the Second International Shipbuilding Conference -
ISC*98 24th - 26th November, 1998, St-Petersburg, Russia Section D Ship
Powerplant and Environmental Problems, Acoustics of Ship Machinery and
Equipment. Volume 1 St -Petersburg, 1998, pp 233-239 (in Russian) Evaluation of
possible radiating consequences of failures at decommuissioning nuciear submarines

Vahullin A V., Yakolin V.P. Automatc control systems of surface waters pollution
ANKOS-VG, Exploitation experience Analysis of results The City of Kazan’, 1983
The research ncludes matenials of the 11" All-Soviet scientific and techmcal
conference on problems of developing automatic monitoring, control and evaluation
systems of environment

Galichenko A N New pollution free non-waste technologies of nuclear submarnnes
decommussioning The Second International Conference and Exhibition on Marine
Intellectual Technologies Russia, St -Petersburg, 1997, v 2 p 126-128 Justfication
of possibilities to decrease quantity of pollutants at decommussioning nuclear
submarines

Ganul M N, Kuchin NL, Sergeev IV Safety increase on vessels of nuclear
technological maintenance with the aim to decrease possible radioactive risks of their
submersion Proceeding of International Conference 300-th Anmversary of Russian
Navy NAVY AND SHIPBUILDING NOWDAYS 26-29 February, 1996, St-
Petersburg, Russia St -Petersburg, 1996, B6-1 - B6-11 Estimation of possible
environmental radioactive consequences of sunken vessels with the utmost quantity
of radioactive waste on board

Ganul M, Kuchin N, Sergeiev 1. Criterion of an estimation of radioecological
danger of nuclear shipbuilding objects for sea environment Proceeding of the
Second International Shipbuilding Conference - 1SC'98 24th - 26th November,
1998, St-Petersburg, Russta Section D Ship Power plant and Environmental
Problems, Acoustics of Ship Machinery and Equipment Volume 1 St -Petersburg,
1998, pp 251-257 (in Russian) Suggestion of dosage cnteria of radioecological
danger of nuclear shipbuilding objects for sea environment.

Dovgusha V'V, Tikhonov M N, Baranova VM Assessment of state of health of
workers operating at decommussioning and dismantlement of nuclear submarines.
Reports of the conference “Radioactive safety radioactive waste and ecology”
November 9-12, 1999, - St Petersburg, 1999, pp 127-129 Research results of state
of health of personnel operating at decommussioning and utilization of nuclear
submartnes

Dovgusha V'V, Tikhonov M N, Egorov YN Current state and prospects of
ArsrAalacima atnwedaad vmatlhcadin lhnnna A nadinnl nind fnibnesr smsminiasman AF mradiAannakaaren

of health of personnel operating at decommussioning and utihization of nuclear
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and environmental safety on objects of nuclear shipbuilding Reports of the
conference “Radioactive safety: radioactive waste and ecology” November 9-12,
1999, - St Petersburg, 1999, pp.130-134 Prospects of developing standard methodic
base on medical and sanmitary provision of radioactive and environmental safety on
objects of nuclear shipbuilding

Doilnitsin V A, Medvedev S A, Chugunov A S, Nechaev A F. Handling with liquud
radioactive waste at decommuissioning ships and vessels containing nuclear power
plants methodology and practical approach The Secend Intermational Conference
and Exhibition on Manne Intellectual Technologies Russia, St -Petersburg, 1997,
v 1 pp303-306 The research offers the scheme of handling radioactive waste,
generated at decommussioning nuclear vessels

Ivanov VI, Kalinkin AN, Petrov S A, Statistic data analysis on shipwrecks and
suggestions on radioactive consequences classification. Proceeding of International
Conference 300-th Annmiversary of Russian Navy NAVY AND SHIPBUILDING
NOWDAYS. 26-29 February, 1996, St-Petersburg, Russia St.-Petersburg, 1996,
B2-1-B2-8

Kuchin N, Petuhov V , Popkov K. The comparative analysis radioecological mmpact
on the personnel and environment at realization of processes of scrapping of nuclear
submarines Proceeding of the Second International Shipbuilding Conference -
[SC98 24th - 26th November, 1998, St.-Petersburg, Russia Section D Ship Power
plant and Environmental Problems, Acoustics of Ship Machinery and Equipment.
Volume 1 St-Petersburg, 1998, pp 305-311 (in Russian}) Appraisal of possible
dosage loading on personnel at decommissioning nuclear submarines

Lisovski I V Risk assessment of severe accident on NAVY ships and vessels Thesis
of the VI Intemational scientific methodological conference “Advanced intellectual
technologies of education and sctence”, January 28-29, 1999, St Petersburg, State
Technical University, Publishing house “Nestor”, St Petersburg, 1999, p21 The
research defined the value of radioactive nsk for nuclear submannes’ personnel on
the basis of data about 1rradiation consequences during real sea accidents

Lisovski 1 Problems of radioactive safety on the North-West of Russia New
technologies 1n the environmental studies and life secunty The second all-Russian
scientific and practical conference, May 20-22, 1997, St Petersburg, 1997, Volume 1,
pp 63-78 Descripuon of main radioactive safety problems in the North-West of
Russia related to Navy objects

Lisovsky L. Radiological consequences of the accidents at nuclear submarines. The
Third International Confeience on Environmental Radioactivity in the Arctic,
Extended abstracts. Tromso, Norway June 1-5, 1997, volume 2, p 132-136 The
research produces results of calculated appraisal of possible consequences of
accidents of nuclear submarnines for population and environment.

Lisovsky I, Lobynisev V, Blekher A, Zvonanev B, Kuchin N, Rubanov S,
Sergeiev I The hst of possible radiation accidents n the ships and coastal objects of
Russian Navy Proceeding of the 4th International Conference on Environmental
Radioactivity 1n the Arctic Edinburgh, Scotland 20-23 September 1999, ISBN 82-
90362-11-0 Printed by Norwegian Radiation Protection Authority, Norway,
September 1999, ¢ 149-153 The list of possible accidents at radiation dangerous
NAVY objects with indication of possible radioactive environmental consequences

Lisovsky I, Davies G The nternational environmental expert examination of large-
scale industrial objects 1n Russia Proceedmus of [he International Symposium
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NAVY objects with indication of possxble radioactive environmental consequences
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November 28-29, 1995, St Petersburg, 1996, pp 30-37 Justfication of the
procedure of an international environmental tmpact assessment of large industral
objects taking 1nto account Russian and international documentation

Lisovsky I, Lappo A D, Tarasov IN The radio ecological safety at updating naval
coastal technical base in Andreeva bay. Proceeding of the Second Intemational
Shipbuilding Conference - ISC'98 24th - 26th November, 1998, St -Petersburg,
Russia Section D Ship Powerplant and Environmental Problems, Acoustics of Ship
Machinery and Equipment Volume 1 St-Petersburg, 1998, pp 290-297
Description of environmental pollution sources in the naval coastal techmcal base 1n
Andreeva bay and main tasks and problems of updating the naval coastal technical
base

Lisovsky I, Lappo A, Tarasov I The sources of radioecological danger in the naval
coastal techmical base in Andreeva bay Proceeding of the 4th International
Conference on Environmental Radioactivity 1n the Arctic Edinburgh, Scotland 20-23
September 1999, ISBN 82-90362-11-0 Pnnted by Norwegian Radiation Protection
Authonty, Norway, September 1999, ¢ 338-340 Description of environmental
pollution sources 1n the naval coastal technical base in Andreeva bay

Lisovsky I, Radicecological risks at different stages of utlization of nuclear
submannes Proceeding of the Second Internanonal Shipbuilding Conference -
ISC98 24th - 26th INovember, 1998, St-Petersburg, Russia Section D Ship
Powerplant and Environmental Problems, Acoustics of Ship Machinery and
Equipment Volume 1 St-Petersburg, 1998, pp 270-276 Evaluation results of
radioactive risks of impact from different sources of radioactive pollution at different
stages of dismantlement of nuclear submartnes

Lisovsky I, Radioecological consequences of discharges of liquid radioactuive waste
in the sea at normal conditions of operanon of naval objects and at accidents.
Speciation of Radio nuclides Pre-Conference Workshop. Abstracts, Edinburgh,
Scotland, September 17-18, 1999. p. 30. Estimation results of radioecological
consequences of discharges of liqud radioactive waste in the sea at normal
conditions of operation of naval objects and at accidents

Lisovsky 1, Ubrantsev Y A Possible consequences of power reactors failure on
nuclear submantnes Proceeding of the 3™ International conference on marme
technologies St Petersburg, Sepitember 1999 Integrated report, volume 1, pp 293-
297

Lisovsky I, State Conuiol of Radio-Ecological Danger of Sunken Nuclear Objects 1n
Russia INuclear Risks, Environmental, and Development Co-operation in the North
of Europe Proceedings from the conference in Apatty, 1999, ISBN 91-7991-789-6,
pp 109-115 Concept of the state radioecological safety monitoring of sunken
nuclear objects

Lisovsky I, Radioecological safety of long-term storage station of reactor blocks of
utihzed nuclear submarines Thesis of reports of the VI International Scientific and
methodical Conference *“Advanced Inteliectual technologies of education and
science”, January 28-29, 1999, St Petersburg, State Technical University, Publishing
house “Nestor”, St Petersburg, 1999, p 23 Assessment of environmental impact of
long-term storage stanons of reactor blocks from dismantled nuclear submarines in
galleres

Lisovsky I Radioactive nsk assessment in the North of Russia — practice of
international cooperation Thesis of reports of the VI International scientific and
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28-29 1999, St. Petersburg, State technical University, Publishing house “Nestor”,
St Petersburg, 1999, p.21 Interaction between Russian and Swedish specialists m
the joint scheme INTAS

Lisovsky I Safety assessment of Navy objects 1n the North-West 1egion Thesis of
reports of the VI International scientific and methodical conference “Advanced
technologies of education and science”, January 28-29 1999, St Petersburg, State
technical University, Publishing house “Nestor”, St Petersburg, 1999, p 18 Safety
assessment of some rachation dangerous Navy objects 1 the North-West region.

Lisovski I. The Analysis of Risk of Radiation Faillures on Russian North -
Experience of Internauonal Cooperation ENVIRONMENTAL IMPACT
ASSESSMENT AND STRATEGIC ENVIRONMENTAL ASSESSMENT -
Expenence of Nordic research and practice and prospects for the 21st century.
Kariskrona, Sweden, 22-23 November 1999 Main results of radioactive risks
assessment for INavy objects 1n the North-West region of Russia

Lisovski I Environmental safety in Navy — tasks, possible solutions Proceedings of
the 3" International conference on marne technologies St Petersburg, September
1999, Integrated thesis. p.204-205 Problems of the complex environmental safety
assessment for Navy vessels considering distinctive features of different basing
stations.

Lisovski I V, Ubrantsev Y A Radioecological danger assessment of sunken objects,
case study of the “Komsomolets” nuclear submarine Proceedings of the 3™
International conference on marine technologies St. Petersburg, September 1999
Integrated thesis, p 203-204 Expeditionary research results and forecast assessment
of radioecological danger of the sunken submarine

Marmmin VY, Pen AV Problems of decommissioning nuclear submarines
Proceeding of International Conference 300-th Anniversary of Russian Navy, NAVY
AND SHIPBUILDING NOWDAYS 26-29 February, 1996, St -Petersburg, Russia
St -Petersburg, 1996, A1-31-1-6 Possible technologies applied at decommussioning
nuclear submarines

Muru GN Kharchenko YG Some of expenence of utilization of nuclear
submarines The Second International Conference and Exhibition on Marine
Intellectual Technologies Russia. St -Petersburg, 1997, v2 p 134-136 Possible
technologies of nuclear submarines dismantlement

Nechaev A.V Prosutenko VM “Uulization” of ships and vessels containing nuclear
power plants strategic perspective The Second International Conference and
Exhibttion on Manne Intellectual Technologies Russia, St -Petersburg, 1997, v 1
p 299-302 Concept problems of nuclear submarines dismantlement.

Nikanorov Lvov V A, Kaminskt V § - In the book Water quality monitoring and their
preservation General reports of the 5™ All-Union hydrological congress Printed by
Lemngrad Hydrometeoizdat, 1986, volume 2, p3-26 Views on the problem of
monttoring of waters contaning considerable amount of pollutants from the standpornt
which parameters are subject to be controlled pollutant groups, basic harmful pollutants,
pomnters of water environment quality characterizing 1ts state m general

Popkov K Rubanov S. Urgent questions of dismantlement of domestic nuclear
submarines Proceeding of the Second International Shipbuilding Conference -
ISC*38 24th - 26th November, 1998, St-Petersburg, Russta Section D. Ship
Powerplant and Environmental Problems, Acoustics of Ship Machinery and

Equipment Volume 1. St.-Petersburg, 1998, pp 78-89 (in Russian)
submarines Proceeding of the Second International Shipbuilding Conference -
Qo 24th TIEth NAvam har 100C Q+ Datavchiier~r Diioas A Qantian T Qhin
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Matenals of the International scientific semunar, June 19-22, 1995 “Problems of
decomrussioning and utilization of nuclear submannes”, Moscow, IBRAE, 1999
The basic informaton from the following reports 1s subject to be used:

Gladkov G A.,, Zotov AP, Pologtkh BG, Sivintsev YV, Lystsov VN
“Principles of handling with decommussioned naval reactors” (pp.196-204) The
report offers basic principles to be considered 1n handhng with reactor blocks of
dismantled nuclear submarmnes

Ezowvit E.S, Mazokin V A, Netecha VE, Orlov YV “Radiating factors related
to safety at handling radioactive wastes during decommussioning of nuclear
submarines”, pp 372 - 380 Analysis of basic factors imfluencing safety of
radioactive waste storage taken from the nuclear submarine corps afloat firstly in
the water area of shipyard, then at special station of their long-term storage.

Matenals of the wternational scientific serunar 24-26 November 1997 “‘Risk
analysis connected with decommussion , storage and dismantlement of the nuclear
submarines”, Moscow, IBRAE,1999 Can be used the following information present
i the following reports

Axeenov EI, Vavilkin VN, Lebedev VI, Sandler NG ‘The increase of the
safety wn the storage of the vessel nuclear reactors of the decommussioned
submarines up to the moment of their transfer p 59-68

Mazokin VA Bonsov V V., Neicheta ME, Orlov JV ‘The evaluation of the
ecological safety of the long-term storage of the nuclear reactor compartments
with radioactive equipment of the dismantied nuclear submannes, p 339-354

Khlopkin NS Control levels of the racioactive pollution of the sea water and
bottom sediments ,p32-40 The questions of monitoring of the radiation
background are treated in this report The dynamics of the development of
radiation background 1s researched as well

The Matenals of the international scientific semunar 24-28 September 1990 1
Murmansk “Atomic energy at sea Ecology and Safety”, Mascow, 1999 Can be used
the information of the following reports

Gousev DI, Legin VK, Kouznetsov JV, Shoulepko Z S, Zouravko
A B (P.305-318) The scales of the danger of the penetration of the pollutants into
the sea environment and special attention 1s paid to the accumulation effects of the
nuclids on the cells of aquatic lives

Kouznetsov VM “Radiometrical evaluations of the pollution in the region of the
sunken submarine 1n the Sea of Norway (p319-328) The results of the
radiometncal control are given

Monographs, articles, reports

Alekseev S.P, Dobrotvorski AN and others Report on the component part of the
ATRP-Russia project “Possible influence of utilized Russian nuclear submarines
upon environmental safety technical feasibility studies of the project”, Section
“Integrated monitoring system”, 2000, IBRAE Russian Academy of Sciences, p 251

Antonov AM The first generation of nuclear vessels SKB-43 Naval engineering
bureau MALAHIT, 1996, p 73 The research contains information about performance

attribute of nuclear vessels of the first generation, designed by the Naval engineering
hhraan NMAT AHIT

Antonov AM The first generation of nuclear vessels SKB-43 Naval engineering
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Baliasnukov S B Navigation-Hydrographical and hydrometeorological provision of
the underwater works 1n the region of the sunken submarine “Koomsomolets”, 7-
1998., Saint-Petersburg

Baliasnitkov S B, Mastroukov S.I The state and problems of the databank
development on the oceanographic information , 7-1998r, Saint-Petersburg
Discloses the current state and the problems of the databank development on the
oceanographic information of the Mimstry of Defense

Blekher AT radioactive pollution of the ternitory caused by the plants of ship-
building and ship-repairing complex of the Northern-Eastern region Nel-1999 The
results of the research of the environment pollution at the leading plants of ship-
building and ship-repairing complex of the Northern-Eastern region are given

The influence of the harmful ecological factors on human’s health Metrological
aspects Edition of Isaev LK v ! M, PAIMS, 1997 researched are the medical-
brological indicators of the main functional system of the human organism which
change under the influence of harmful nature and man-caused factors

Visotskiy A A Zamyshhev V'V Zoubov VE Loborev VM Malkov A J The main
principles of safety provision at the nuclear objects, M, 1995 issue 5, p 17-28
Theoretical views on the safety of the nuclear objects

Gagmm AV Soviet atomic submannesoaxun «Poligraph Voronezh 1995., 31p.
Contams the mmformation on the technical data of the submarines of the first
generation

Goubin AT Sakovitch A V Mathematical model of intensity of radiation deaths in
childhood, 1992, v 72, 6 p 604-612. An original mathematical model of the of
intensity of radiation deaths in childhood 1s treated 1n this report

Goubtn AT Sakovitch Shafirkin A V Mathematical model of intensity of radiation
deaths in childhood, 1995, v 35,. 6 p 889-897 An original mathematical model of
the of intensity of radiation deaths 1n childhood 1s treated 1n this report

Goubin AT Sakovitch Radiation risk in theory and practice of the radiation safety,
1998, v 85, 2, p 143-153. The questicns of radiation risk 1n theory and practice of
the radiauon safety are treated

Goubmm AT Sakovitch A Mathematical model of intensity of radiation deaths 1n
childhood, 1998, v 87, 2, p. 159-161 An onginal mathematical model of the of
intensity of radiation deaths 1n childhood 1s treated 1n this report

e

Gousev LB Report on integral part of the ATRP-R project “ Environmental
Securtty Implications of Decommussioned Nuclear Submarines Including
Dismantlement Feasibility Study», 2000 IBRAE, 30 p

Demin V F, Shmelev V M nsk price in the system of radiation safety provision. -.
Radiation safety and the protection of atomic power stations 11 M , 1986, c 4-13
Methodology of the radiation damage evaluation for the optimization of the measures
on radiation protection

Demin VF | Koutkov V A, Golikov V J Dunaevskiy LV economic indicators of
the nsk analysis, 1999, v 87, 1ssue6 p 487 -494 Methodology of the radiation
damage evaluation for the optimization of the measures on radiation protection

Demm V F |, Koutkov V A, Golikov V J, Sazykina T G, Jatsalo I Risk analysis and
taking of the measures of the social protection of the populationl999, v 87, 5, p 384
-395 Methodology of the radiation damage evaluation for the optimization of the

Demm VFE R'ramkmf VA Galikav VI Sazvkima T( Tatealn T Rigk analvsis and
measurcs on radialion prO[eC 10on
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Demin V F, Sidorenko V A, Shevedev V.social-economic cnitenia of the safety of
the nuclear energy - B Radiation safety and the protection of atomic power
stations, 1986, p 19-30

Dovgusha V, Tychonov M, Bieckher A Concept ecologically safe technological
decommissioning of removed nuclear submarines The survey mformation VINITY
«Scientific and technical aspects of guards of an environment» N 4, 1998 (in
russian) The concept of the safety provision during dismantlement process 1s treated

Dovgusha V V, Tikhonov M N, Egorov Radiation background n the North-East of
Russia Murmansk publishing house 1999,p301-322 Data on radiation and nuclear
hazardous objects 1 the North-East of Russia ,about natural and artificial
radioactivity on this territory

Dovgusha V.V, Tikhonov Russia Navy Radioactive wastes Concept of ecologically
safe method of complex dismantlement of the decommuissioned atormic submarines
Life and safety, 1997 , Ne 2-3, p 272-283 Modern state of the problem of the nuclear
submarine dismantlement

Dovgusha V V| Tikhonov M N On the problem of the complex dismantlement of
the old vessets with nuclear reactors Journal n «Ecology of the industnal
productionNel 19961, p 12-37. The concept of the complex dismantlement of the
nuclear objects 1s suggested .

Dovgusha V'V report of the mamn part of the project * Influence of the
decommussioned Russian nuclear submannes on the ecological background” , 2000.
IBRAE, 51p

Dourtkov A Radioactive pollution and its evaluaton—M , 1993 Methods of the
assessment of the radicactive pollution of environment 1s presented

Engovatov IA, Maskovitch NP «radioactive safety during the process of
decomrmssion of the nuclear units “ , projectNe 465-97, M, 1999 The questions of
wastes handling are treated 1n the given report (§ 5 2)

Zhourkin G The concept of building of the ecological-technical information system
1992r, No 2, p 105-118 Defines the possibility of building of the ecological-
techmcal information system

Pollution of Arctic report on the ecological background AMAII Program of Arctic
monttoring and evaluation, 1998 — 188 p

Zotov A A Ecological monitoring of the background in the regions of the Navy
bases, 1998 , No 7,p 127-131 The principles of the building of the monitoring system
of the Navy bases are described

Foreign 1ndustral systems of control over the content and properties of the harmful
substances Analytical devices for scientific researches. M, 1980, 44p Technical
data on the systems of control over the content and properties of the harmful
substances are given 1n this report

[zmalkov VI, Izmalkov AV safety and nsk at man-caused intrusions Parts 1 and
2M,, 1994 -269 p Conceptual basis for the safety provision The questions of safety
management and nisk at regional and territorial levels with taking into consideration
the norms and rules of the economic and legal regulations

Izmaikov V I Methodology of analysis and evaluation of the radition risk in Samt-
Petersburg region, 199468 p The analysis of the evatuanon of the radition nisk and
the possibility of 1ts elimunation (n Saint-Petersburg region

Izmalkov V1 Methodology of analvsis and evaluation of the radition risk in Saint-
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Izmalkov VI Ecological safety, methodology of forecasting of the man-caused
pollutions and the basis of the building of the momitoning system , 1994
Methodologies for the pollution forecasting have been suggested

Izmalkov V I methodology of systematic analysis of the sources of radiation activity
and forecast of the radiation background and nisk levels, 1994 Methodologies for the
poliution forecasting have been suggested

Kirilenko V P ecology of the ocean and mternational law, 1994 -244p The analysis
of the international legal documents

Kimstatch A A.Friedman E1 Ecological monitoring in the Russian Federaion The
principles of the butlding of the monitoring system 1992, Ne 10 The basis for the
concept of monitoring system building ts presented

Krasnova 1O «ecological law and management tn the US A, 1992, 239 P The
matn aspects of the legal documents of the U S are presented

Quantitatrve substantiation of the unified index of harm Ne 45 M, , 1989. Ecological
safety, methodology of forecasting of the man-caused pollutions and the basis of the
butlding of the monitoning system, Methodologies for the pollution forecasting have
been suggested. methodology of systematic analysis of the sources of radiation
activity and forecast of the radiation background and nisk levels, Methodologies for
the pollution forecasting have been suggested

Kouhk A.V, Lavrenouk ON Ronzhin [V , sHEREMETIEV VM On the integral
part of the project«Current state and prospects of developing standard methodic base
on medical and sanitary provision of radicactive and environmental safety on objects
of nuclear shipbuilding Reports of the conference “Radioactive safety radioactive
waste and ecology” 2000 IBRAE ,48 P

Lisovskiy I V regional law on the radioactive protection of the population 1996, 3,
p 4-5. Concept of the Lenmigrad Region law on the “radiation protection of the
population”

Lisovskiy I V Methodology of analysis and evaluation of the radition risk in Saint-
Petersburg region, The analysis of the evaluaton of the radition risk and the
possibility of 1ts eltmination 1n Saint-Petersburg region, 2000 IBRAE, 190 P

Lisovskiy I V, Petrov Q.1,, Behkov A D Radiecological monitoring at bases of The
Northern fleet «Monttoring, Life safety» 1996, 2 (6), p 7-9 The results of the
ecological monitoring at bases of The Northern fleet have been given.

Lisovsky I System of radioecological monitonneg for sunken nuclear submartnes. In.
Environmental radiactivity 1n the Arctic and Antarctic Osteras, 1993r, pp 67-76

Lisovsky I, Ubranzev J. Radiation nsk and the Navy of Russia Proceedings NEW
RISK FRONTIERS 10th Anmversary the Society for Risk Analysis-Europe.
Stockholm 1997r, p.359-363

Lisovsky I Radiecological monitoring at bases of The Northern fleet «Monitoring
Life safety» The results of the ecological monitoring at bases of The Northern fleet
have been given 1997 ,2,p 7-9

Lyscov VN Zotov AP Mourzin NV AND OTHERS The assessment of the
ecological risks connected with the spent nuclear fuel of the objects of the atomic
Russian fleet Project 101B-96 , M, 1998
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Lyscov VN Mourzin NV Report on the integral part of the ATRP-R project
Environmental Security Implications of Decommussioned Nuclear Submarines
‘Including Dismantlement Feasibility Study», 2000 IBRAE, 30 P

Makeev VM report of the ntegral part of the ATRP-R project “ Environmental
Secunity Implications of Decommissioned Nuclear Submannes Including
Dismantlement Feasibility Study», 2000 IBRAE, 76 p

Malyshev S P., Popkov Radiation technical aspect of the problem of utilization of
nuclear submarines, 1996, 2-3, p 45-46

Matishov G G, Shipa AK Rissanene R Radionuchds in the region of the Barents
Sea, Apatity 1994

The evaluation of the radiation background Outlet of the wastes into the ocean
1997r,v39, Ne 1, p 21-28

Osipenko L, Ziltsov L, Mormmoul N The history of the atomic fleet feats,
catastropheso «Bogres», M, 1994, 343 p The data on the accidents of the nuclear
submarines

Russian nuclear submarines First generation The source of creation and usage 1952
-1996 v 1V, part 1 Saint-Petersburg96

Pologich B G. safety of the under water storage of the compartment Atomic Energy,
v 85, 1ssue, 1998, p 233-238

Pologich B G Khlopkin N S report on the miegral part of the ATRP-R project
Environmental Security Implications of Decommissioned Nuclear Submarnnes
Including Dismantlement Feasibility Study», 2000 IBRAE, 30 p

Problems connected with the development of the harm indicators of the ronizing
radiation PublicationNe 27 M, 1981r The cntena of safety in different fields of
industry are considered as well the frequency of the biological affects appearance
An attempt has been made to word the definition of harm indicator and to give 1ts
quantitative ¢Xpression.

Forecast of the ecoiogical consequences of radionuclids spreading of the sunken
submanne, 1994r 183 p Researched are the possible consequences of the
radionuclids spreading of the sunken submarine

Radiation protection of the population 40, 43 M, 1987r Publication40 1s devoted to
the principles of the creaton of the measures aimed at radianion protection of the
populanon Pubhcation43 1s devoted to the principles of control over the population
radiation exposure to all sources of radiation besides medical and professional.

Ecological safety, methodology of forecasting of the man-caused pollutions and the
basis of the buillding of the monitonng system, Methodologies for the pollution
forecasting have been suggested Recommendations of the International Commuttee
on radiation protection 1950

Ecological safety. methodology of forecasting of the man-caused pollutions and the
basis of the building of the monitoring system, Methodologies for the pollution
forecasting have been suggested Recommendations of the International Commuttee
on radiation protection 1994 Contains scientific appendix of the first part of this
pubhcation

Roubanov S M, Kazwurov V S., Nosov N A, and others Concept of radiation
monitoring of the water areas Monitoring 1996, Ne 2 (6), p 9-13 Suggested was the

an ent of conduction of the manitorine of the warer areas
pubhcation
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Nikiin V.S Liashenko G Report on the integral part of the ATRP-R project
Environmental Security Implications of Decommussioned Nuclear Submarines
JIncluding Dismantlement Feasibility Study», 2000, 140 P

system of water pollution monitoring Water pollution system/ Water Sew, 1990.,
194 Neii3, p 209 The book contains generahized physical and chemical indicators
of the water quality, concentration of the dissolved oxygen, pH, temperature

Strodomskiy V V., The structure of the software of the automatized local systems of
surface waters control Hydrochemical matenals, 1983, 84 p Contains matenals on
the structure of the the software of the automatized local systems of surface waters
control (town of Novocherkask)

Tomashevskity 1.G |, Pertsev SF  On nuclear aerosols for “terranists” in the waters of
the world ocean 1997 , 2, p 14-17

Facts and problems connected with the burial of the wastes in the seas of RF.
Administranion of the President of the RF, M 1993

Facts and problems associated with the dumping of radioactive waste in the seas
around the Russian Federation Admunistration of the President of the Russian
Federation, Moscow, 1993

Sharaevskity JG, Behkov AD Lisovskiy LV. Petrov Radiological and
radioecological consequences of the accidents at the vessels with nuclear reactors,
1999, 7, p 52-58 The hst of the factual consequences of the accitdents with
excessive radiation exposure of the crew

Shirokograd A B Sowviet atonuc submanines of the post-war construction Arsenal
press, M, 1997, 208 P The generalized data on the soviet nuclear submarines

Shmakov R A. Problems of the dismantlement of the submarnes of the first
generation, 1998, 1, P 85-88 Contains data on the accidents at the submarines

Shmakov R A Low speed automatized submarine of the project 705 (705K)
Almanac "Typhoon”Ne 3, 1997 p 12, Saint-Petersburg

Chepournykh A L Novoselov AL Dounaevskiy LV Economics of land use
Effeciency, losses, risks M, 1998 The general quesuons are discussed
classification of the ecologically significant activities Discussed 1s the question of
the economic evaluation of the result of the measures realization The nisks from
man-caused and nature sources of environment pollution are discussed.

Radionuchdes in the Russian Arctic Report of Russian experts for the AMAP,
1997r The official data of The Russian Navy about the radioactive wastes of the
Russian Arctic

Determinanon of the hist ot typical sources of danger emergency radioactive
excharges n an environment 1n connection with mulitary acuvity on North of Russia
INTAS project 96-1802 Assessment of potential nsk of environmental radioactive
contamination in northern europe from terrestnal nuclear units 1n north-west Russia
Techmeal report A5 (direction 5) St -Petersburg State Technical University St -
Petersburg, Russta July 1998r, P 51

Description of the basic scripts of development of tailures, resulting to excharge
radionuclides 1n an environment (part a) Analysis of radiating nisk for the population
and environment, storehouse connected to an emergency condition radioactive waste
«Mironova mountain» (part b). INTAS project 96-1802 Assessment of potential

risk of environmental radioactive contamination in northern europe from terrestrial
Tdaaionucliiaes 1n an environment (p'dr[ d) Anﬂl}/SlS Ol rdadlaung risk ror ine popumuon
and environment. storehanse connacted to an emerocencyv condifion radinachive wasta
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nuclear units 1n north-west Russia Technical report BS (direction 5) St -Petersburg
State Technical University St -Petersburg, Russia, November 1998r , P 34

Modelling/case studies of radionuchde leakage from nuclear objects and possible
mugratton of radionuchdes in soil and coastal waters. INTAS project 96-1802
Assessment of potential risk of environmental radioactive contamunation 1 northern
Europe from terrestrial nuclear umts n north-west Russia Techmical report C3
(direcion 5). St-Petersburg State Technmical Umversity. St -Petersburg. Russia
November 1999r , P 36,

Risk assessment of airborne radioactive contamination from nuclear sites 1 north-
west Russia by using several types of models for local and region scale INTAS
project 96-1802 Assessment of potential nsk of environmental radioactive
contamuination 1n northern Europe from terrestnial nuclear units in north-west Russia
Technical report D5 (dwection 5) St -Petersburg State Technical University. St -
Petersburg, Russia December 2000, P 80

Creation of the data bank of the potentiaily dangerous objects of the RF Report on
NIR Norms of ecological safety, Saint-Petersburg, 1997t , 92 p The work 15 carned
according to the order of the Ministry of the emergency situations and led to the
formation of the database on the sunken objects of RF.

Development of the recommendanuons for the concept of the Federal Program
“World ocean” on the prevention and Liquidation of the emergency situations at the
potentially hazardous objects of the RF in the World Ocean Report on NIR Norms
of ecological safety, Saint-Petersburg, 1996, p 32

Development of the recommendations for the concept of the Federal Program
“World ocean” on the prevention and hquidation of the emergency situations at the
potentially hazardous objects of the RF in the World Ocean Report on NIR Norms
of ecological safety, Saint-Petersburg, Saint-Petersburg, 1999, p 187 The work 1s
carried according to the order of the Minmistry of the emergency sttuations and led to
the formation of the database on the sunken objects of RF

The concept of the sea ecological momitoring of the underwater hazardous objects
and the program of 1ts realization for the control over of the underwater hazardous
object Report on NIR Norms of ecological safety, Saint-Petersburg, Samnt-
Petersburg, 1999, 79p

Project-technical developments on the preparation for the temporary afloat storage of
the damaged submarines for thetr further placement to the places of the long-term
storage NIR, MT «ROUBIN», 1996

Typical requirements for the normative development on the placement of the solid
radioactive wastes 1n the reactor compartments of the utilized submarines NIR, MT
«ROUBIN», 1999

Development of the conceptual basis of the mulitary ecology and suggestions on 1ts
realization 1w the armed forces . 1993-1994 Suggested 15 the classificanon and
researched are the factors of the ammunition affection and objects of the Navy on the
environment and human being Developed 1s the project complex scientific program
“Ecological safety of the armed forces™

The substantiation of the concept of the ecclogical provision of the Navy as anb
integral part of the ecological provision of the Armed forces of the RF, 1995-1997
T Systematized 1s the data on the sources and factors of the ammurution affection at
different stages of the life cycle on the environment and human being
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integral part of the ecoloclcal provision of the Armed forces of the RF, 1995-1997
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Developed are the recommendations on the automatized system of monitoring of the
Leningrad mulitary object , GNININGI RF, 1993

Substantiation of the conceptual views and ways of development of
hydrometeorological provision of the Navy Objects, 1997-1998 Defined are the
scientific-technical ways of the ship complex creation in the places of basing of the
Navy objects Shown are unique possibilities in contrast to the traditional schemes of
control organization Substantiated 1s the structure allowing the possibility of search
and formation of the contour of hydrochemical anomalies and definition of the main
indicators of the water quality Substantiated 1s the choice of the water mdicators
Found are techmcal solutions and conducted are the modeling of the main elements

The developments of the proposals on the taking 1nto account the geophysical
conditions at the operative evaluation of the ecological background of the water
objects at mlitary regions 1998-1999 Substanuated 18 the structure allowing the
possibility of search and formation of the contour of hydrochemucal anomalies and
defimition of the main indicators of the water quality Substantiated 1s the choice of
the water indicators Found are technical solutions and conducted are the modehing of
the main elements

Substantiation of the conceptual views and ways of development of
hydrometeorological provision of the Navy Objects., 2000 110 P The main sources
of the pollution are defined

Research of the oceanographic and hydrometrorological conditions of region of the
‘Komsomolts”, The results of the region research of the control and monitoring
organization, 1994r 180 P

The evaluation of the condition of the arctic ecological «Ecological safety of
Russia» Funds of GOSNIOPAS , 1995, 192 P,

Research of the oceanographic and hydrometrorological conditions of region of the
‘Komsomolts”, 1992 39 p The results of the region research of the control and
monitoring orgamzation

Research of the oceanographic and hydrometrorological conditions of region of the
‘Komsomolts”, 1992 51 p The results of the region research of the control and
monitoring organization

Perfection of the structure and content of the nformation system on oceanic
conditions in the region of the nuclear submarine ‘Komsomolts™ accident 1993 45
p The given system allows to obtain the complex evaluations and forecasts of the
development of the hazardous situations 1n the water areas of RF The main tasks
decided by the system are the formation of the database on the underwater hazard
objects, monitoring of environment, operative obtaining of the visual image of the
information at hand, obtatming of the attribute data, uansfer from one scale of map
projection to another Development of the concept model of radionuclid spreading in
the sea environment with free and induced turbulence, substantiation of the model
and 1its formalization

Report on NIR , GNININGI RF, 2000. 100 P As a result of NIR fulfillent defined
are the factors responsible for the distnbution of the admixtures on the top surface of
the shelf Developed 1s the model of the distnibution of the admixtures in the water
environment This model 1s supplemented with the modules which take 1nto account
wave processes 1n the coastal zone The model has been used at the evaluahon of the
radioactive hazard of the ‘Komsomolets™ submarine

environment This model 1s supplemented with the modules which take 1nto account
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Creation of the automatized control system of the radioecological background 1n the
objects of the Pacific Fleet Report of NIR, 1996 Defined are the scientific-technical
ways of the ship complex creation 1n the places of basing of-the Navy abjects. Shown
are unique possibilities 1n contrast to the traditional schemes of control organizatton.
Substantiated 1s the structure allowing the possibility of search and formation of the
contour of hydrochermcal anomalies and definition of the maimn mdicators of the
water quality Substantiated 1s the choice of the water indicators. Found are techmcal
solutions and conducted are the modeling of the marn elements

Development of ship measuring-management complex for the ecological provision
of the fleet capacity., 1999 "Granit-7" Defined are the scientific-techmcal ways of
the ship complex creation in the places of basing of the Navy objects. Shown are
unique possibilities 1n contrast to the tradinonal schemes of control organization.
Substantiated 1s the structure allowing the possibility of search and formation of the

. contour of hydrochemical anomalies and definition of the main indicators of the
<= water quality Substanuated 1s the choice of the water indicators Found are technical

el

soluttons and conducted are the modeling of the main elements

The development of the system of automatized control over radiation-ecological
backround in the zones of the mulitary objects. Report of NIR, "Energia”, 1999
Substatiated are the tactical-techmical requirements, developed the conceptual
principles of the construction of the system of the automatized control over radiation-
ecological backround 1n the zones of the military objects Tested and developed
expenimental sample including measuning and service systems Prepared 1s
documentation on the sewage system Conducted 1s the expenmental evaluation of
the “cffeciency-cost” system Developed was the project of the technical work for
NIKOR.



