
DOD USA 
With participation of TMC 
(Technology Management 
Company) 

ATRP-R 
(Advanced Technology Research Foundation) 

With participation of 
Ministry of Defense 

Ministry of Nuclear Energy 
Russian Academy of Scrences 

FINAL REPORT 

ATRP-R project 

"Environmental Security Implications of Decommissioned Russian 
Nuclear Submarines, Including Dismantlement: Feasibility Study" 

----- A A SarkiSOV 

ATRP-R Expert Council Chairman 

Moscow, 2000 



• .o;...:r•·•.u•U"nL-aL< .... ,- ••.u.:.- &JC.I- '-' •' a•.u"•~~)~,"{~,..F.L.£\.l(,;.("~~J.T.E.~JT.~ ... ,,,,,,,.,,,..,,,,,.,,.,.,,.,,,., ,., .., 
1"t:"c7'n..rn."-'r.t r nr.r:- 7'UL" 1./rrt:>_Dnr.crn'[;'"I\"J: ff.iJf:.,i1''{}-).\' ·~\Y:[';"-.:a.~l~'i'\Sr:o < 

TE&TU'>!Oi'<O.~L Of Tlill DEPL"fY ;VJINISTER Of NLCLEAR ENERGY ........................................................ 4 

TEST!MOMAL OF THE VICE·PRESIDE!W OF Till: RUSSL~'I ACADnl\ OF SCIE!\CE ................................... 5 

TI:STIMO!'o'L\L OF THE HEAD OF THE ECOLOGICAL SI:CLRITY OF THE ML--:I&TRY OF DEFEJ'.SE OF RUSSl\ ........ 6 

THE LIST OF ABBRE\· !A TIONS ............................................................................................................ 7 

THE PROLOGUE ....................................................................................................................................................... 9 

L J;>;TRODCCTION ................................................................................................................................... 11 

LL 
u_ 
u.. 
ll 

li 

BRIEF HISTORY OF ATRP·R CREATION ITS STRUCTURE AND MAIN TASKS 

THE CONTENT OF THE RESEARCH OF THE 1" STAGE 

CURREI•T STATE OF THE WORKS ON THE NUCLEAR SUBMARINES DISI.MNTLEMENT IN THE 

RUSSIAN FEDERATION 

RISK FACTORS AND POTENTIAL ENVIRONMENT CONTAMINANTS CONNECTED WITH NUCLEAR 

SUBMARINES DISMANTLEMENT 

THE ~LACE OF ATRP PROGRAM IN THE COMPLEX OF EXISTING PROGRAMS AND PROJECTS 

ORIENTED ON THE RESEARCH OF THE POLLUTION PROBLEMS OF THE ARCTIC BASIN 

. 11 
13 

14 

16 

27 

b.. DISMA;>;TLEME:\ T OPERATIONS: PROCESS OVERVIEW ............................................................. 30 

£.1. BRIEF HISTORY 30 

u.. 

li 
£.!. 

li 
li 

TECHNICAL CONDITION OF THE DISMANTLED NUCLEAR SUBMARINES AND PROBLEMS OF THEIR 

SAFE AFLOAT STOR.AGE 

INDUSTRIAL UTILIZATION BASE 

EVALUATION OF THE TECHNICAL FACILITIES FOR SPENT NUCLEAR FUEL UNLOADING AND ITS 

TRANSPORTATION THE CURRENT STATE OF WORKS AND PERSPECTIVES 

TECHNOLOGICAL SCHEME OF DISMANTLEME!oJT • 

LEGAL BASIS FOR DISMANTLEMENT OF THE NUCLEAR SUBMARINE 

J, WASTES SOL'RCES AND lDE:'\TJFICA TION OF WASTE STREAl\fS AT 

33 
38 

39 

.. 44 

. 47 

ALL DISMANTLEMENT STAGES ................................................. ., .......................................................... 51 

;u_ GENERAL INFORMATION • • • 51 

g 
ll 
{i1.. 

;iQ_ 

;iQ_ 

;u_ 
38 

.li 

REACTOR COMPARTMENTS OF THE NUCLEAR SUBMARINES 

SPENT NUCLEAR FUEL (SNF) 

DAMAGED NUCLEAR SUBMARINES AND SERVICE VESSELS. 

SERVICE VESSELS , 

STORAGES OF THE SPENT NUCLEAR FUEL SOLID RADIOACTIVE WASTES AND LIQUID 

RADIOACTIVE WASTES ON COASTAL TECHNICAL BA.SES (CTB). 

TUK MBK VMF CASK 

TECHNOLOGICAL CYCLE OF THE NON-RADIOACTIVE COMPARTMENTS DISMANTLEMENT 

POTENTIAL HAZARDS FROM POLLUTION AND RADIATION SOURCES 

52 

60 
. 62 

. 63 

.. 64 

67 
68 

74 

~ RISK SC£:1/ARIOS ..................................................................................................................................... 79 

1J_ EMERGENCY SITUATIONS AT ALL DISMANTLEMENT STAGES· OVERVIEW 79 

i..f_ EMISSIONS OF THE RADIO NUCLIDES AS RESULT OF REACTOR COMPARTMENT FIRE ON NUCLEAR 

1]._ 

ll 
li 
:1.§... 

SUBMARINE 

ACCIDENTS RELATED TO SPONTANEOUS CHAIN REACTION WITH RADIO NUCLIDE DISCHARGES 

FIRE IN THE LIQUID RADIOACTIVE WASTE STORAGE FACILITY • 

UNSANCTIONED DISCHARGE OF THE LIQUID RADIOACTIVE WASTES INTO THE WATER AREA 

SINKING OF THE CUT OUT REACTOR BLOCK DURING TRANSPORTATION 

87 

88 

91 
.... 94 

95 

2 



SINKING OF THE NUCLEAR SUBMARINE WITH THE UNLOADED GORE REGION • 

DESTRUCTION OF THE LIQUID RADIOACTIVE WASTE STORAGE FACILITIES 

REASON FOR THE PROBABLE EMERGENCY SITUATIONS 

96 
96 
97 

1 1'\'TEGR>\TED T\-IONITORING SYSTEM .................................................................................................. 102 

EXISTING ENVIRONMENTAL CONTROL SYSTEM 

ENVIRONMENTAL CONTROL METHODS • 

ESTABLISHING AN INTEGRATED MONITORING SYSTEM 

102 

114 

125 

Q.. RUSSI>\ I\ RISK ASSESSMENT METHODOLOGY ................................................................................. 130 

GENERAL GUIDELINES ... 

RADIATION RISK FOR THE CREWS OF THE RUSSIAN NUCLEAR SUBMARINES 

RISK ASSESSMENT METHODOLOGY 

130 

. 133 

134 

L. i\IODEL WORK PL>\/Ii ................................................................................................................................ 143 

1!., CONCLUSIOJ\IS A'\lJ RECO:\IMEND>\TIONS ...................................................................................... 147 

LIST OF FI!\;>\L REPORT EXECL'TORS ........................................................................................................... l49 

>\PPENDIX I. THE LIST OF PARTICIPANTS OF THE PROJECT ............................................................... 151 

\PPEi'.'DIX 2. META DATABASE SPECIFICo\TIO'<S .................................................................................... 154 

3 



The Ministry of the Nuclear Energy of Russia has considered the Fmal Report of the 

ATRP-R proJect· "Environmental Secunty Implzcatwns of Decorrurusswned Russwn Nuclear 

Submannes, Includmg Dismantlement Feas1bllny Study". We are of the opmwn that all the aspects 

of the po~sible environmental secunty 1mphcatwns of decorrurusswned Russtan nuclear submannes 

have been discussed m this Fmal Report 

We agree that the mam danger at dtsmantled nuclear submannes handhng roots from 

nuclear-radtatwn consequences of the posstble acctdents In the report m question the potential 

scenanos of the emergency sttuattons which may occur at dtfferent Mages of dismantlement are 

treated 

In the course of the analys1s of the current state of works on the Russ1an nuclear submannes 

dismantlement the normative-legal basts of the dtsmantlemeni 1s gtven as well as the data on the 

number of submannes dismantled by the year of 2000 and data on dismantlement Infrastructure of 

the North-West and Far Eastern regwns All the stages of the nuclear submannes dismantlement 

technologies are d1scussed and the Russ1an concept of the complex dismantlement till the year of 

2010 ts gtven The conclusiOn about the necessny of the systematJzatton of the norrnatJve-lcgal acts 

of Federal and regwnal levels whJCh form the reqUJrements and norms for decommJsswned Russmn 

nuclear submannes handhng 

All these and other matenals of the Fmal Report are cons1dered valuable mmal data for the 

conductwn of future researches (mcludmg the researches m the network of mternatlonal programs 

and agreements) on environmental secunty 1mphcatlons of decomrruss1oned nuclear submannes 

The matenals of the g1 ven Fmal Report wlll be used by the spectahsts of the Mm1stry of the 

Nuclear Energy of Russ1a m the1r work 

(Deputy Mmtster of 1\uclear Energy of Russw) V Lebedev 
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The Russian Academy of Science has studted the Fmal Report of the ATRP-R proJeCt. 

"Environmental Secunty Imphcatwns of DecommJsswned Russwn Nuclear Submannes, Includmg 

Dtsmantlement Feas1b!ltty Study" and considers 1t to be a step towards the research of the 

ecolog1cal secunty of the regwns parttcJpatmg m the process of nuclear submannes dismantlement 

Taking mto account a large number of the nuclear submannes to be dtsmantled, thetr poor 

techmcal condtt1on and rad1at10n potential as well as the condttton ot the mamtenance factlltles , 

nuclear submannes dtsmantlement can be named amongst the most Important ecological problems 

which draw attentwn of many states and mtemauonal orgamzauons 

It JS very 1mportant that at this stage of work~ the formauon of meta-database has began on 

dtfferent aspects of nuclear submannes handling after the1r decomrrusswmng and on environmental 

secunty 1mphcatwm of decommlsswned nuclear submannes 

The obtamed results may lay good ba~1s for the start of new mtemanonal programs and 

projects on ecolog1cal problems mcludmg the contmuauon of the researches on ATRP-R prOJeCt 

(VIce -President of the Russtan Academy of Sc1ence) K Laverov 
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The Department of the Head of the Ecological Security of the Russian Defense 

Ministry has VIewed the Fmal Report of the ATRP-R proJect "Environmental Secunty 

Imphcauons of Decomrrusswned Russtan Nuclear Submannes, Includmg Dismantlement 

Feastbthty Study" We are of the opmwn that the mam goal of the ftrst stage of the works has been 

achieved- proved IS the techmcal feastbthty of the further researches m the field of the 

environmental secunty tmphcanons of decomrrusswned nuclear submannes 

Much attenuon m thts report IS pmd to the contarrunauon sources and potenual threats 

rootmg from the process of nuclear submanneo dismantlement The pnonty range of the works on 

the ecologtcal secunty mcrease dunng nuclear submannes dismantlement and storage has been 

defmed m accordance w1th nsk degrees for the env1ronment and populatwn The analysis of the nsk 

evaluatwn, their methodological and normative-legal aspects ts given m the report m questiOn 

The analym of the momtonng methods and pnnciples of the mtegrated momtonng system 

formatwn m the regwns partiCipatmg m the dismantlement process are of great Importance 

The proposals for the future works given m this report may be a basis for the development 

and realization of the future proJects and programs 

The obtamed results of the given Fmal Report w!ll be used by the spec1ahsts of the Defense 

lvlimstry of the Russian Federal\ on m their work m the field of ecological secunty 

The followmg works must be done 

the development of the norms of the allowable concentratiOns of radwnuchds m the sea water, 
~ea sediments and the places of nuclear submannes utilization and storage CootdmatiOn of 
these norms at mtemallonallevel, 

o data systemallzauon on the environmental problems m the regwns parttctpaung m handlmg of 
the decommJsStoned nuclear submannes, 

o data systemauzauon and analysis of the vanants of radwactive and non-radwactJve pollutants 
m the regwns parllc1patmg m handlmg of the decommissioned nuclear submarmes Pollutants 
rangmg accordmg to thetr hazard degree, 

method> and technolog1e'\ of ecological consequences hqutdatwn of the poss1ble acc1dents 
dunng the storage of the nuclear ~ubmannes, unloadmg of the spent nuclear fuel, radwacttve 
wastes handhng and dismantlement of the nuclear submanne'\ and serv1ce vessels of the atom1c 
fleet 

(Head of Ecological Secunty Department of the Mimstry of Defense of Russia) B Alexeev 
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THE LIST OF ABBREVIATIONS: 

AB 

ADT 

AFRF 

ARA 

ASPP 

ASV 

ATRP-R 

CG 

CTB 

EHF 

FP 

FTB 

GHP 

ICRP 

IOH 

ISM 

LMHC 

LRW 

MAC 

l'viD RF 

MESRF 

!VINE RF 

NR 

NS 

t\S 

PLS 

PLS 

PTS 

RAS 

RB 

RC 

RB 

- accumulator battery 

-ammumtwn and defense technology 

-armed forces of the Russwn FederatiOn 

-adnussrble residue amount 

-atonuc steam producmg plant 

- atomrc surface vessel 

-Advanced Technology Research Foundatron 

-compensatmg group 

-coastal techmcal base 

-Ecologrcally Hazardous Factors 

-frsswn products 

-floatmg techmcal base 

-gas of high pressure 

-International Corrurusswn on Radiation Protection 

-mtematwnal orgamzatwn on the health protectiOn 

-Integrated momtonng ;ystem 

-hqurd metal heat earner 

-liquid radwactive wastes 

-Maximum Admrs~Ible Concentration 

-Ministry of Defense of the Russian FederatiOn 

- Mmistry of Emergency Sttuations of the Russian Federation 

-Mimstry of Nuclear Energy of the Rus~Ian Federatron 

-Nuclear Reactor 

-nuclear submanne 

- nuclear submanne 

-Place of Long-term Storage 

-pomt of long-term storage 

-Place of Temporary Storage 

-Russian Academy of Scrence 

-Reactor Block 

-Reactor Compartment 

-Reactor Block 
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RED -rate of the eqUivalent dose 

Rosgtdromet -Federal Servtce on envtronment momtonng 

RS -Radwacttve Substances 

RW -Radtoacuve Wastes 

SCEP -State Corruruttee on ecologtcal problems 

SCR -Spontaneous Cham Reaction 

SES -Sanilary Eptdemtc Servtce 

SG -Steam Generator 

SH -Solid Hull 

SHPP -Spent Heat Producmg Plant 

SIR -sources of tonmng radtauon 

Sl\'F -spent nuclear fuel 

SPU "Typhoon" -Sctenllftc Producuon Umon "Typhoon" 

SPZ -Samtary Protecuon Zone 

SRS -sharp radtallon stckness 

SRW -Solid Radtoacttve Wastes 

Sl.TE "ZVEZDA" - State Umtary Plant 

SUE "ZVEZDOCHKA" -State Umtary Plant 

USASEC - Umfted State Automated System of Ecologtcal Control 

USSEM - Umfted State System of Ecologtcal Momtonng 

APS -atoffilC power Statton 

AZ -acu ve zone 

OAC -onented adffilsstble concentratiOn 

OSLA -onented safe level of affectwn 

"n"yea( 1 
- number of events per year 
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THE PROLOGUE 

In the fmal report of the ftrst stage of ATRP-R program we have constdered the posstble 

tmpact of Russtan submannes decomrrusswmng and dtsmantlement on the ecologtcal safety of the 

North-Western and Far-Eastern regwns There extsts enough open mformatwn, calculauon­

analyttcal models, expenmental possibilities as well as orgamzauonal structures for the executwn of 

such work 

At the next stage we propose to form databases from the sources of mformation 

systematized at the ! 51 stage, to make a summanzatwn and processiOn of the matenal, to perfect the 

methodology and execute nsk assessment for the whole penod (70-100 years) of handling the 

submannes and their elements after their dismantlement 

The mtegral part of the future work IS creauon of the basis for the mtegrated momtonng 

system and development and Implementation of the measures for nsk reductwn from submannes 

dismantlement 

As It IS shown m the report for the year 2000 183 nuclear submannes were 

decomrrusswned on the Northern and Pacific fleets all m 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 utilized submannes has reached the stage of reactor 

compartment storage 

The afloat penod 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 agmg, personnel 

errors, natural calam!lles or terronsm becomes dommant 

One of the mam tasks of the first stage was to gather the mformatwn (meta database ) on 

d1fferent aspects connected With the proce~s of submanne handling after decorrumsswnmg and 

possible ecological Impact of this process on nature and populatiOn The plan for the database 

( as a list of most Important blocks of the mformauon field with the corresponding sources ) 

IS placed m Appendix 2 It IS shown there that the mformation fteld of the studied problem can 

compose 13 blocks with each of the blocks combtntng the mformatlon on smular subjects For 

example, the mformauon on "Techmcal condttJons of the nuclear submannes", "Storage place of 

the wastes of the nuclear fuel" and ~o on In the hst of mformauon sources Will you fmd the utles of 

the arttcles from penodtcals, monographs, expert short letters, reports at semmars and conferences, 

sctentJfic papers For each source we have tndicated ItS storage place In the sectwns of the given 

report we have begun the pwcess of gathenng mformatwn fm the database which at the present 

stage g1ves a quantitative nouon on the utiiizatwn of the nuclear submannes m Russia, on the 

Infrastructure of Its execuuon, on the sources of pollution and potential hazards and scenanos of the 
repon we nave oegun me pwcess or gamenng mrormatwn 101 the database wnicn at the present 
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possible accidents As a matter of prelmunary discussiOn we have touched on the questiOns of the 

assessment nsk methodology and bu!ldmg of the Integrated system of dismantlement momtonng 

The maJor part of the matenals prepared by the experts (ref Appendix 1) was handed over 

to The Russian Academy of Science IBRAE for processmg, systemallzatwn, reference and editmg. 

These matenals were approved by the pubhc authonnes of the Russwn Federatwn 

The executors of the report are more than 40 leadmg specialists of the Nlimstry of the 

Defense, The Russian l\avy, Nlimstry of Nuclear Energy, Russian Agency on Vessel Buildmg, 

Russian Academy of Science as well other Nlimstnes and Departments 
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1. INTRODUCTION 

In this sectzon the structure and h1story of a non-governmental orgamzatwn 
ATRP-R 1s descn'bed The data on the content, scale and gwvity of the ecolog1cai 
aspects of the nuclew Sltbmarme uttl1zatwn 1s also discussed m this sectwn. 

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

Dunng the past two decades of the XX century espec1ally after the Chemobyl acc1dent the 

concern of the mtemauonal commumty over radwact1ve waste handhng problems has grown 

perpetually As a consequence of th1s anx1ety there has been mastermmded the 1dea of setting up the 

Nuclear Waste Advanced Technology Research Program FoundatiOn OfflC!ally th1s concept was 

put forth by the Jomt DeclaratiOn of Chmrman of the House Subcomrruttee for Ivllhtary Research 

and Development ,!VIr Curt Weldon, and Chmrman of the Russwn State Duma Comrruttee on the 

Russwn North !VIr Vlad1rrur Gomon, and s1gned m February, 1997 m Washmgton DC 

The mltlatl ve suggested m this Declaratlon was later supported m the Decree of the Russ1an 

State Duma N2 1462 on June 4, 1997 and the US Senate ResolutiOn N2 224 of May 6, 1998 

From September 1997 to March 1998 numerous meetmgs and consultations were held with 

the Representatives of the Parhaments of Sweden, Norway, TheUS A, Denmark and many others. 

As a result of these meetmg> the mltJatlve on ATRP-R creatwn was approved 

The mformatwn on the g1ven proJeCt was successfully presented at the ACOPS SessiOn 

(Stockholm, January 1998) and at Intergovernmental Group on radwact1ve wastes problems m 

Russ1a (Brussels, February 1998) 

The pnmary gutdelmes and obJeCtives of th1s Program have been agreed by the Russwn 

Mm1stry of Defense, Mm1stry for Nuclear Energy of the Russ1an Federation and u number of the 

Russwn State Duma Committees IBRAE Research lnsutute has been tdenufJed as the pnmary 

sctentlftc agency to be responstble for the Program from the Russmn s1de 

Weldon-Gomon's mltwtJve has gamed w1de support and IS defmed by the utmost 

importance of the problems to be mvesttgated These problems have global nature and can be 

dec1ded vw mtematwnal cooperation 

The mam tasks of ATRP-R are 

Assessment and certiftcauon of technologies as related to the dismantlement of the nuclear 
submannes as well as evaluatiOn of such technolog1es from the environmental secunty 
standpOint 

Creanon of the mtemauonal market and Internet database on nuclear wastes handhng 
technologies 

technologies 
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Obtammg suppon of the governmental bod1es of the Russwn Federatwn The uSA and other 

countnes for the Program 1mplementatzon . 

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

ATRP-R 

Research Institutes and 
mdustl'lal enterpnses 

I IBRAE I 
{HQ) • 

Mmlstry of Derense 
Research Institutes 

Minatom 
Research Institutes 

Industrial enterpnses of / 
other mm1ster•es tutes 

Russian governmental 
authonbes 

· State · 
! Duma I 

j Mm•stry of Defense . 1 

! Hmistry or Nucklear Energy ~ 
State CommLttee on r 

1 the Northern Reg1on 

) State comm,ttee / 
I on Ecology ~ 

.
) Russ.an Academy J 

of Sc1enses 

. I Reg•onal admm1strat1ons ) 

Fig. 1.1. 

In order to Implement the program m the Russwn Federation there has been set up a non­

governmental mstJtutwn (foundation) of Advanced Technology Research FoundatiOn for nuclear 

waste, 1 e ATRP-R The s1m1lar task from the US s1de has been authonzed to TMC (Technology 

Management Company, Albuquerque, New Mex1co) 

The hst of the state bod1e~, mst1tutwns and orgamzatwns of RF wh1ch take pan m the 

ATRP-R program can be seen tn f1g 1 l. 

In f1g I 2 you can see the orgamzauonal structure of the works on ATRP-R program 

Organization of work on 'ATRP NW' 
program 

Superv•sorv Board 
1 General management of the Program 
2 Dec1S1ons on disputable questions 

I 
Advisory Panel 

1 Assrgnmg heads of D1rectron Work Groups and Experts I 
2 Cons1derat10n or dellverables commg from Work Groups I 
3 Developmg pers~ct1ve recommendatiOns 
4 Reportmg to the Supervisory Board 

Groull of Experts 
• Conducting the work as per drrecbons ldentrfied 

Work Groups 

I =-=- _ I 
1 ~ r.:>=:~~~-·-- to i I 
(1 Each Work G;;s t~ead';di;"y an Adv~ Panel membe~, 
,2 The n1.1mber of members of a Work Group Is 2 to 5 persons I 
l3 Some experts may be mvo\ved 1n several Work Gro1.1ps. I 
t4 For some drrections, two Work Groups may work'" parallel · 

Fig. 1.2. 

Fig. 1.2. 
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As of th1s moment specifically for th1s Program there ha& been established the SuperY!sory 

Board wh1ch represents the ATRP-R supreme authonty and the Expert Council, both compnsmg 

the representatives of the Russwn Mlmstry of Defense, Kavy, l'vilmstry of Nuclear Energy, Russ1an 

Academy of Science and vanous other mstnuuons of the Russwn Federauon. The list of experts 

who participated m th1s research 1s represented m Appendix 1 

1.2. The content of the research of the 151 stage 

In the year 2000, after a number of Rus;wn-Amencan meetmgs, there wa; reached the 

deczston that at the fzrst stage of the project the pnmary emphas1s ;hould be made on the 1ssue of 

environmental secunty of the decomrmsswned Russwn nuclear submannes As the f1rst step of the 

study of the ES lmphcatwns, a feasJbJhty study was planned for th1s endeavor, outlined as an 

mdependent study. 

Taking mto account a large number of nuclear submannes to be ul!hzed as well as theu poor 

techmcal condltlon and the1r rad1at1on hazard potentwl , the nuclear submanne dismantlement may 

be considered one of the most 1mportant ecolog1cal problems 

The problem of the nuclear submanne dismantlement becomes even more d1ff1cult as most 

of the decomrrusswned submannes are located m the Far Eastern regwns where nature IS especwlly 

scnsll!ve to the harmful anthropological mterference 

The followmg f1gures speak of the large scale of the nuclear submanne uuhzauon problem 

the total actiVIty of the spent nuclear fuel of the submannes amounts to more than 600 nu!hon 

Cl (2,2 10I
9 Bq), JUSt to compare the total actiVIty of the rad1oacuve accumulated as a result of 

the actiYlty of the atom1c mdustry plants of GSSR and Russta amounts to about 4 b1lhon C1 

(1 ,48 1020 Bq) [2) 

the total we1ght of the radwacu ve constructiOn matenals of the nuclear submannes to be 
utilized IS over 150 000 tons, 

the total we1ght of the metal to be cut IS 1 5 JTIJ!hon tons [2] 

The grav1ty of the problem of the nuclear submanne dismantlement IS aggravated by the 

followmg factors 

• Rap1d mcrease of the number of the decommiSSIOned nuclear submannes and the madequacy 
of the spent fuel handlmg facllltles m the ;-.;orth West and Far East reg1ons of Rus&Ja, 

Inevttab1hty of the lengthy on-water floatmg storage of the decomm1sswned nuclear 
submannes with spent fuel on board, 

Great amount of the liqUid and solid radioactive waste accumulated dunng the past year; of 
submanne operatwn, as well as spent fuel resultmg from regular reloadmg ot the act1ve zones, 
practically exhaustmg the floating and surface nuclear fleet tcchnolog1cal mamtenance bases 
capacitieS (for spent fuel, liqUid and solid wastes), 

• Poor tech meal condition of a number of coastal and floatmg radwactlve waste storage fac1httes, 

pH:l~lJl,;ilUJ CAJJUUMJJ1b liiC JJUi::1LJII~ iUIU ~UJlilU::: IJU\,.;Jt::;QJ JJCt::L L~l,;J1IIU1Ubl\,.;i::1J JJJUJJJLCJH.liJ\.:C Ud:::r.c;:, 

canacttles I for snent fuel. ltou1d and soltd wastes). 
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• Current pracuce of lengthy storage of the spent fuel m contamers m the open areas wnhm the 
direct VICinity of the actual nuclear submanne unloading operatiOns, 

• High total acuvrty value of the spent nuclear fuel and radiOactive waste 

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

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

problem; m Russia Below will you fmd 3 mam ones 

Decomrrusswmng of a great number of nuclear submannes over a very short penod of lime 

2 DecommiSSIOning of many submannes fell on the years of economic cnsis m Russia In 
these years the Ruo;smn FederatiOn could hardly provide even the mimmal fmancmg for this 
proJeCt 

3 There has been no realistic plan for the dismantlement of the nuclear submannes m Russia. 
The concept of complex dismantlement developed m 80-s was onented for the long-term 
storage of the submannes m artificial caves which were bmlt for submanne hidmg This 
concept presupposed a costly re-eqmpment of the caves as well as development of a 
complex and very expensive transportauon system For this and many other reasons this 
concept was turned down 

The quantitative data on nuclear submanne decomrrusswmng m Pacific and Northern Fleets 

IS shown m fig 1 3 F1g 1 4 reflects the dynamics of the unloadmg of the spent fuel of the 

decommiSSioned nuclear submarme reactors The nuclear fuel remmns onboard on more than half 

of the nuclear submannes to be decommiSSioned 

Up to this moment not a smgle decommissioned submanne has been completely d1smantled 

Because of the unavallabihty of the corresponding tnfrastructure for the long-term nuclear 

submanne storage, the dismantlement 1s conducted on a temporary scheme consistmg of cutung out 

of the Ieactor block which consists of reactor compartment wtth 2 or more adJUcent compartments 

which keep them afloat 
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The created 3 or multi-compartments blocks stay afloat until works begms on cuttmg and 

formation of the reactor compartment with Its further transportation to the place of a long-term 

storage 

fig 1 5 

The dynarmcs of the nuclear submanne uol!zatwn on the temporary scheme 1s shown tn 

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

The mam pollutiOn sources connected With the process of nuclear submanne dismantlement 

are shown m fig 1 6 

Potential environment contammant 
sources resulting from nuclear 

submarme recyclmg 

~ ~ ObJects contalnmg spent fuel 

i ~ nn,...-tc rnnt:tlnmn '<n<>nt fn"l 

M<Jtntenancedepot 
vessels 

~ • Objects w1thout spent rue I 

vessels 

~ • Oblects w1thout scent rue I 
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F1g. 1.6. 

1.4.1. Decommis~ioned nuclear submarines 

Most of the potenllal ecological nsk IS connected wzth the decomnusswned nuclear 

submannes and wzth those submannes whzch are located at long-term ~torage places 

The hazard zs defmed by the nuclear fuel remammg on the submannes and by the poor 

techmcal conditiOn of those nuclear submanneo The decomnuoszoned nuclear submannes are 

located m the places unprepared for a long-term safe storage Matenal part and measures on the 

capsulatiOn of the sohd (mner) hull and on preparatiOn of the submannes for a long-term afloat 

storage Everyday operatiOn of the vessel has been practically stopped, there IS only 20 % of the 

crew aboard the vessel.[1,2] 

Especzally grave situation Js with the nuclear submannes of the 1" and 2"d generatwm , the 

dismantlement of wh1ch zs conducted very slowly due to the necessity of meetmg mtemational 

agreements on the reduction of the strategic nuclear submannes Most of the mechamsms and 

eqmpment are outdated The corrosiOn of the hght (outer) hull has reached hazardous levels and 

there are leakages m the capsulatiOn of the mam ballast Mamly for the above-mentioned reasons 

the transportation of the submanne; of the 1" generation from the storage and wanmg places to the 

place of the dismantlement wzll be tmposstble m some years without the usage of the transportation 

docks [8] 

All the above-mentiOned facts put m danger sate afloat storage of a nuclear submanne and 

require the development and reahzanon of the storage safety measures for the decomnusswned 

nuclear submannes 

Status of nuclear submarmes 
decommission and recycling 

-::IAver•ge cooling time, years 

•.:\verage ii!JI!, years 

Ftg 1.7. 
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I 
I 

These measures should mclude the provzswn of the absolute capsulation, floodabdzty, 

nuclear, radzatzon and ecologzcal safety and constant presence of the number of the crew aboard the 

vessel whzch IS suffzc1ent for the proVISIOn of the safe long-term afloat storage 

In f1g I 7 w1ll you fmd the average data on the age and storage penod for the 

decorrurusszoned nuclear submannes of d1fferent proJects. 

The general 1dea of the techmcal condltlon of the decommzsswned nuclear submannes 1s 

g1ven m tab 1 1 

2 

l 

4 

Status of Some 45 Nuclear Submarines (Decommissioned, Afloat) 

Dnvtng b.illasl 
kal-..ages 

fust tr.1me {nucle.Jr 
powet untl) ledkage~ 

Potenlt.!l PB 
emtsstom, mto 

.ttmospht!re 

3-l 

9 

Tab. 1.1. 

76 

20 

ve;,el<, 5 of whtch wLth ftN 
t\ a me le.t\...,tge.., 

t..f :::.ubmann~.;; have the1r 
high a1r prc.;;.;;ure dev1ce.;; 
down htgh ~mf..mg n~k 

The most Important problem of the decommiSSioned nuclear submanne storage 1s the 

unloaded nuclear fuel on 60% of them At present the number of the decorrurusswned nuclear 

submannes which are kept at1oat totals 120, more than 110 of which have unloaded nuclear fuel 

The total radmtwn potenual of the reactors nuclear fuel of these submannes amounts to 200-300 

nulhon. C! In case of a hypothetical nuclear accident there may anse such consequences which w11l 

correspond to the S'h -6'h levels of nuclear event scale (IANS-lntemattonal AssociatiOn on Nuclear 

Energy Control) 

If we take mto cons1derauon that the acc1dent m Chazhma Bay (m 1985) took place on the 

"fresh" fuel (the new acuve zone has JUSt been loaded). then the consequences of the acc1dent on 

the active zone wdl be more grave The overshoot of the long-hved nllcluds m this case wdl be 3-4 

times h1gher than dunng the acc1dent on the "fresh" fuel [2] (More detailed descnptwn of the 

acc1dent m Chazma Bay can be found m SectiOn 4 of this Report) 

The unloadmg of the acuve zone-, at present 1s re~tncted by many reasons That IS why the 

penod of nuclear fuel presence zn the reactor act1 ve zones 1s expected to be a very long one 
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At the current speed of acnve-zone unloadmg the questiOns of the spent nuclear fuel storage 

m the reactors become more senous. 

A special attentiOn should be paid to the nuclear submannes with damaged atorruc steam­

producmg plants which are kept afloat on a long-term basts. Aboard these nuclear submannes there 

IS nuclear fuel, the unloadmg of which IS Impossible due to the large dose exposure required for 

fulftllment of these works and lack of efficient safe technologtes for handling the nuclear fuel of 

the damaged nuclear submannes Besides, each of these submannes reqUires the development of the 

specJUl technology whJCh should take mto account the pecuhanties of the submanne constructwn, 

!IS reactor as well as the character of the damage [3J 

The hst of nuclear submannes with damaged steam-generated umts ts shown m tab 1.2 

Nuclear submarines with damaged steam-generating units 
.. - ' . .. .. ~ ·.~ . ...... . -- - ., -. -· -~ .. . • . -- -· ·- . -_ :.;. ·-·- ~-' . ' · N2/ . , - . . . . 

' 
. -- . I! ~ .. -~6t~~ -. : ·Ng - " Location 

,. 
Accident .kind -

' 
Class,_ ,. "- ·- " 

;~'r)• ~.: • 
' . ,_ . . .. - :- -. .. - . . .. . .. .. ,::·- .. ... .. " .. ·.- .-! .. 

" _, .. . ' ... " ----

Northern Fleet 

I Core ,.., "tJ ozen ·- by mgu\,u 

l AlphJ 
S~uda Brty 

I 
CIT.;uu p1pe-lme::, coolant CnmpJrtmcnt 

One re,lctor comp.ll1mem l>!ak,Jge prc:p,Jred kn extended 
waterborne c:;tor J.ge 

Core 1~ 'twzen" by regular 

" '\lph.l 
SJ1da B<1v Rele.J~e ot \..OOidnt to coolant C0mp.trtmem 

One rcttctor compar ~menc I :lie comp.:rr cment prepared tor e\rended 
waterborne storJgc 

3 Echo-f! I 10 Navy 'lupyard' 
I Reactor ~ core 

I Ddueled 
I I damdge 

Pac1fic Fleet 

St..!rbnt~rd nu\,.lcM 
'Fre-,h · nucle.tr tuel at the 
l.ubom d reacto1 Nuclem 

l Echo- II P.t\ \cl\ ">kogo B...l) teJ.L.tnr'-.. thermal 
'iubm.mne J'i larned by .f 

i 
e"plo..,Jnn 

pontoon~ 

i ~ Spent tue\1-. onbn.trd 
2 \'rctor-l 

I 
P.wlov•.J .. ogo Ba\ I Re,tctor .., core d.tmage f\u~le.tr c;ubmanne l'l c.trned 

I b} .J pontoon> 

i 

I 
Spenl fuel onbom d "iucle.tr 

_, Echo-11 P.t\ lov~kogc1 Ba) [ Re.tt.Lor ..., core damage 
I 

-.ubma1me'.;; bow he~ l)ll the 

I ~01\ 

Tab. 1.2. 

In thts table wtll you also ftnd some data on the character of the accident and on the 

techmcal conditiOn of the reactor [7] 

techmcal conditiOn of the reactor [7] 
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At the places of such submannes storage the deviatwns from the ecological norms are observed 

Fig 1 8 gives a good IllustratiOn of tlus· levels of ganuna-madJauon m 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-radiat1on at Pavlovskogo Bay 

1.- NS reactor acCident location , 
l.- two nuclear submarmes w•th damaged cores locabon 
3 - speaaJshJps Joc.at•on 

140 mA lh 

F1g. 1.8. 

The problem of the damaged compartments handling reqmres the development of the new 

methods and technologies of acuve zone unloadmg with nummal dose exposures for the personnel 

The localizatiOn and temporary safe storage of the compartments wtth the damaged active zones 

should be undertaken to allow time for such technologies development 

1.4.2. The vessels for the atomic fleet maintenance 

The followtng vessels providing the atomic fleet mmntenance are considered to be 

hazardous obJects and potential sources of pollution 

• floatmg tech meal bases for reactor rechargmg, 

special techmcal tankers 

Floating depot ships for reactor refueling 

1 326M 

1 326M 

-
0 0 

• 0 ' 

Constructio 
_ n, yea~ ._ 

1960 

1960 

!'iorthern fleet 

No 

No 

l~U 

18.32 

<;~·_:': ·:,: ,~ ~~ ~ :::.' 0 

Technical condition 
- -,.·-' :!:>- ' • • 
~·:.~:_ -... '_- __ 

Atter rene\vdl cun be 
used tor retueltng 

Atter rene\vdl cun be I 
used tor rehtehn!.! 
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-l 

3 

4 

5 

6 

7 

8 

·.···,. 

Pr~j~ct . Consiructlo . Service, · 
n, year· . ye~~;rs 

326i\1 1962 38 

326!1,1 1963 37 

3261\1 190-1 36 

.. · ".·_. 
' ... 

Damaged­
spent fuel 

assemf,llies 

No 

No 

No 

Pacific Fleet 

J26,'vl 1960 No 

326M 1962 38 No 

326 196-l 36 >100 

326 1966 >100 

. -

-~R-Wm3 -

::.: Ci . -
67 

3-1.7 

93 
9.6 

126 
118 

195 
9 

68 
-19.284 

After 1 enewal can b~ 
U'led for retuehng 

-\tter rt!new,\1 c.tn be 
u'ed for refuelmg 

CJnnot be u'ed for 
rduehng 

rcfuehng 
u~ed <./.~ d kchmcJJ 

lanker - LR \V and SR W 

nudem ..,ubmJnne 
1 eJctor relo.tdmg 

Used a:, .1 techmcJl 
tanker -LRW and SRW 

Dec:ommt~'-)1011\.!d 

Dt!Lomml~stoned 

Total amount of spent nuclear fuel stored be1ng at on-shore depots· Northern Fleet about 20000 
spent nuclear fuel assemblies, PacJ!Jc Fleet more than 10000 spent nuclear fuel assemblies. 

Tab. 1.3. 

Up to thzs moment 8 floatmg bases wzth the total of 32 000 ton dzsplacement for reactor 

rechargmg have completed the servtcmg penod (30 years) and wlth the volume of the spent nuclear 

fuel 5000 assemblages and hqmd radwacttve wastes about 9000 m3 (tab 1 3 ) 

Also, 11 technologtcal tankers with the total of 36 000 ton dtsplacement have completed the 

servzcmg penod (30 years) and wzth the volume of llqwd radwactlve wastes about 8230 m3 

(tab.14) [1,2] 

1 

I 1 

Technical tankers (collection, storage, transportation 
and distribution of LRW and SRW) 

:'iiorthern Fleet 

1960 40 

1960 40 

-· 
· Technical ciariditicin . . ;~ . . .-

Dt:commtc:;c:;!oned Cannot be 
uc:;ed J<i a ran!...e1 

u~commi..,~Iuneu LanmH oe 
uc:;ed J<i a ran!...e1 
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.. .. 
' '. . . . . ' . ' . Year of "Service, Ac!ivi"ty of Priljecf LRW,m3

· N2JN2 construction . year' LRW, Ci ::Technical condition 
' . . ' - .. ., 

2 "Vala', 1965 35 5.6 0.074 Oper..ttlon \\lth mJJnh.mJnu.: 

3 "\'ala" 1962 38 749 8 81 OperJ.uon wtth mmntenance 

4 "Vala" 1968 32 850 17.84 
Cannot be u>ed J> a ran~e1 

Used ,1<; a b.trge 

5 "Vala" 1963 37 727 3.36 OperJ.ttl>n w1th m.umenam .. e. 

Pacific Fleet 

6 '"Va\,1'" !960 -10 - Det.omm!S~Il'lleJ 10 199:2 
CJnnot be uc;ed .1s a tanke1 

7 "Vt~ln" 196'1 37 67S 66 ~7 "11 C' Jnnor be U')ed .J!:- .1 t.wke.r 
Used .ts J bm ge. 

8 "V.dd'' 1969 31 8i9 0 80-l Cannllt be u-.cd ~l'i .1 tanker 
u~ed .. , J. b.trgc 

9 "Va\,1'" !963 37 - - Cannot be uc;ed ,1c; a tanh.et 
U.:;ed Jc; a b.uge 

10 3~6M 1962 38 68 49 ~S-l U;eJ "' techntcJI \Jltker fur 
LRW and SRW >torage 

I I 326M 1960 -10 19-l 5 9 02 lJ'>cd d.., techOILUI tdnh.Cl ror 
LR\\' .md SRW ;tutJge 

Tab. 1.4. 

The repamng works on the vessels are restncted due to the htgh levels of radtauon and 

radwactt ve pollutton The problem of the dtsmantlement of these vessels ts a separate spec1f1c task. 

1.4.3. The facilities of coastal infrastructure 

The fac1httes of coastal mfrastructure are constdered to be hazardous from the pomt of 

radtatton and pollutwn The techmcal state of the 'torages of the spent fuel, sohd and hqmd 

radwactt ve wastes represents a spec tal rad1o-ecolog1cal hazard 

The coastal techmcal bases were constructed m !962-65 with outdated equipment and 

dev1ces for phys1cal and radiatton control Most of the bases are m emergency cond1tton Due to 

th1~ factor , radiatton contammatwn has occured For example, the latest researcheo; at the Pac1f1c 

Fleet have shown that the whole techmcal tern tory of the coastal techmcal base (part of the Sysoev 

Bay and Bay Strelok) ts polluted wtth the artiftctal nuchds (mamly With Ceastum-137 and Cobalt-

60) The bases of the Pacific and !'<orthern have stmtlar radto-ecologrcal problems 

The data on the quant1ty and the total actlV!ty of the accumulated radtoacttve wastes at 

coastal storages 1s shown m tab 1 5 [5] 

The data on the quant1ty and the total actlV!ty of the accumulated radtoacttve wastes at 
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Radioactive wastes amount and total activity 

. - · Liquid wastes - ,. .Solid Wastes : 
: ·_ Region 

Volume,m3 Total activity, :· • . . 3 To~.l activity, 
.Ci V~llime, m ·: 

' . Ci . 

North: 
reg1on of ~lurm.msk .J-151 I 69,15 6901 9 1-197,6 
reg1on ot Severodvmsk 3639 4 263.15 2091,61 1103.64 

Total: 8090,6 332,3 8993,5 2601,24 

Far East: 
Pt1mor e 6339 ~ 258 85 !5060.05 259679,3b 
Kamtchatk.J 928.16 '195 0 S63 2 1605.15 

Sum: 7267,36 5853,85 15923,25 261284,51 

Total: 15357,96 6186,15 24916,75 263885,75 

Total actiYlty of solid and hqmd wastes amounts to - 27000 C1. 

Tab. 1.5. 

1..1.4. 3-compartment blocks with reactor compartment 

As It was mentioned earlier, due to the absence of the places for reactor compartment long­

term storage and correspondmg mfrastructure at the fleets, at present the pnnc1ple of the temporary 

storage of the cut-out afloat reactor compartments (m the form of 3 or multi-compartment block) 1s 

realized 

Up to the present 45 nuclear submannes have been d1smantled to some extent ( at the 

Northern fleet -30 and at the Paclflc-15) accordmg to th1s scheme 8 blocks are at d1fferent stages of 

formatwn 

Up to th1s moment The Navy has been responsible for three-compartment blocks but m 

accordance with the dec1s10n of the Russian Federation Government from 28 05 98 N518 the blocks 

are bemg handed over under the JUnsdlctwn of the mdustry 

Taking mto account the s1gmf1cant amount of the accumulated modules and current works m 

th1s d1recuon, there anses the necessity of sc1enttf1c-techmcal evaluatwn of the poss1ble ecolog1cal 

consequences of the temporary afloat storage of the reactor compartments. 

AdmiSSible afloat penod of the 3-compartment 1s hrruted to the corroswn wear of Its end 

partltwns and evaluated by the experts as equal to 10-12 years 

The conunuatton of the submanne cuttmg and afloat block storage requtre add1ttonal 

measures to mcrease the durability of end part1t10ns and corros1on res1stance of the "contamer" 

matenal (sohd hull+ end panltlons) 

matenal (sohd hull+ end panltlons) 
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1.4.5. Spent nuclear fuel 

The magmtude of the potential nuclear and rad1at1on danger are defined by the spent nuclear 

fuel, m wh1ch more than 90% of all unl!zatwn components actiVIty 1s concentrated At present more 

than 300 reactor cores and 80 000 heat-producmg partttwns are concentrated at the Navy factl1Ues 

In the reactors of decorrurusswned nuclear submannes there remam on board 200 reactor cores 

The maJonty of the coastal and afloat storages are m poor techmcal cond1ttons and thelf 

capac1t1es are exhausted The problem of the long-term storage of the defective spent nuclear fuel of 

the transportatiOn reactors IS becommg more acute 

The ex1stmg equ1pment and resources as well as the lack scheme of spent nuclear treatment 

do not allow for the reqUJred speed of reactor cores unloadmg from the reactors of the nuclear 

submannes to be d1smantled 

Means of the spent nuclear fuel transportatiOn as well as the productwn facil1ttes of the PU 

"Mayak" do not allow for the transportation of more than 20 active zones for the processmg per 

year (around 5000 of spent heat producmg assemblages) The most Important problem, though, 1s 

connected wllh the spent fuel of the reactors usmg hqllld metal as a heat earner. On two submannes 

of th1s proJeCt act1ve zones are "frozen" and there IS no Infrastructure for the removal of the spent 

parts from the reactor frame 

In ftg 1 9 the technological cham of nuclear submanne handltng m the Russtan Federation IS 

shown 

As apphed to the submannes to be d1smantled th1s scheme should be corrected upon takmg 

mto account the unloadmg of the spent fuel mto metal-concrete con tamers and temporary storage of 

these con tamers at spec1ally des1gned fac1lttws m the Northern and Far Eastern regwns 

In the further stud1es there must be re>earched all the ecolog1cal nsks connected w1th all the 

stdges of the g1 ven cham 
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Technological chain for handling spent nuclear fuel from decommissioned 
nuclear submarines, and required infrastructure 

Handling of NSF from nuclear 
submarines . · 

(eXisli~ scheme) 

NS transportation to 
sh1nvard l 

Loadl;;; SFAs Into reOO.S,torv I 

Pressurlzmg reactor, Nuclear Assembtage 1' 
comnartment 

'' 

•' 

Inrrastructure for 
, NS SNF handling · , 

(e:ds'tin~ sc~mel 

Naval shipyard 

Floatmg depot tor 
reaclor reluel/ng 

r Transportmg TUK-18 With I 
,. ...... ~s~F~A~s~ro~r,~a~n~s~re~'~n~n~~·~·~••"-.......... J ~ ~ 

·1 Special transport (sea, land) for delivering 
--·-~ ·.r TUK~181rom OSD to special train 
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... 
~eliverm~;,NF to ~~0ayak' i I ant lor re rocessm 

[ Taking TUK-18 w1th SNF from tram I to 'Mayak' s1te 

< 

" 

Road to deliver TUK-18 to 
spec1al tram 

ILJHmg and transportation equipment lor 
TUK-18 cask handlma 

Site lor translerrmg TUK-18 
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Special Ira in 

Route lor transportation orTUK-18 
casks with SNF to 'Mavak' 
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__ 
1 
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F1g 1 9. 
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1.4.6. Environment pollution during the process of 
nuclear submarine dismantlement 

Tradil!onal methods of gas and plasma cuttmg of the vessel constructwns and eqUipment 

polluted With radwacuve oxides and deposits of the Isolation and pamtwork matenals lead to the 

pollutiOn of the working areas and environment by a rruxture of radwactive substances and high­

toxic combustwn products The dismantlement of only one nuclear submanne IS accompamed by 

the dumpmg 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 mtrogen oxide [6] 

Gaseous wastes resulting from 
nuclear submarines dismantlement 

Solid 
component 

I 
Metal ox1des: 

Mn02, Cr:t031 N1, 
Cu, AI I 

I 
Into sod 

(depos1t1on) 

Fig 1.10. 

Gaseous 
component 

Carbon and 
mtrogen ox1des . I . 

!Into the atmosphere 
(without I 

punficatJon) 

The mam hazardous gasifonn combustion products evolvmg as a result of thermal1mpact on 

the metal and non-metal surfaces are represented m f1g I 10 Among those products are high-toxic 

substances of 1" and 2nd hazard class- oxides of chrome, manganese and substances With a pencil­

beam actiYlty mechamsm- oxides of carbon and mtrogen In fig !.II the hst of liquid and sohd non­

radiOactive wastes, which are formed dunng the dismantlement of nuclear submannes and have a 

negative Impact on environment and human's health, IS shown [6] 



Non-radioactive liquid and solid wastes resulting 
from nuclear submarine dismantlement 

I WASTES 

~-----•~, -~·~------
LIQUID 

Acids 

Alkalis 

011-contalnmg 
waters 

Hydraulic llqu1d 
Freons 

Petrochemicals 
(o11s, fuel) 

L___ _______ j 

SOLID 

Rubber (pieces, crumbs) 
Rubber (plates) 

lnsulallon 
Asbestos contam1ng 

msulalion waste 
Polymers 

Adsorbenls 
Sohd1fled resms 

Lum1nescent lamps 1 

P/as!Jc 

Fig. 1.11. 

The qualitative parameters wh1ch charactenze the wastes formed dunng dismantlement 

process depend on the nuclear submanne type and technological processes used 

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

The protectwn of the Arctic Basin from the harmful anthropological mfluence IS a very 

Important mtematwnal problem The given problem IS connected With ecological safety at both 

regwnal and global levels The scholars of many countnes ~uppose that the declS!on of thts problem 

can be accelerated via cooperation of different countnes not only m scienllfic sphere but m 

econorruc one as well 

There are several mtemauonal programs and projects mmed at deciding the aspects of thts 

problem 

AtvlEC Program (Arctic Mdnary Environmental Cooperation)- this large-scale program 
aimed at ass1stmg the Russian Federation m creation the Infrastructure which would provide 
for the ecological safety of the region It presupposes the creation of the contamers for the 
spent nuclear fuel as well as the constructiOn of the facilities for the temporary storage of the 
spent nuclear fuel A spectal ment10n should be made to the fact that thts program 
presupposes the creation of the systems of radtallon ecological control at the nuhtary 
objects 

2 AMAP Program (Arctic Momtonng Assessment Program) The g1ven program deals wtth 
the analysis of the ecological consequences connected with the rddiOactive wastes and IS 

onented on the research of the real pollution levels The problems of the nuclear submannes 
dismantlement are not analyzed m this program 

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

3. ANWAP Program (Arctic Nuclear Waste Assessment) has many different projects onented 
L I 



4. M1\'TS-101-96B PrOJect · Analysts of the nuclear wastes bunal on the sea-floor of the 
Barents Sea and the Sea of Japan" One of the roam tasks of the g1 ven proJect was the 
creation of the database on the nuclear submannes to be dismantled The repons of thts 
program contruns very useful mformatwn but on the whole the program was rumed at 
gathenng and generahzauon of the data not at ns analysts Thts program 1; not sctenttftc m 
nature and the problems of evaluation, prognosts were not dealt wtth 

5 INT AS Program (International Assoctatlon for the Promouon wtth Sctenllsts from 
Independent States of the former Sovtet Umon) There ts only one proJeCt m thts program 
whtch has lls mam task of researchmg the radto-ecologtcal problems connected with the 
acuvny of the Russtan Navy m the Nonh One of the roam tasks of the gtven proJect ts 
evaluatiOn of the posstbthty of transboundary transponatlon of the radtonuchds after 
acctdents at nuclear submannes Dtsmantlement of the nuclear submannes as umform 
scheme IS not analyzed, only separate accidents are researched There IS no technologtcal 
data and reference to the regwn of study 

6. !ASAP (Internatwnal Arctic Seas A;sessment Program) 

As you can gather from the above-menuoned programs and proJects, none of them deals 

spectftcally wtth the research of the ecolog1cal consequences connected wnh the process of the 

nuclear ;ubmannes dismantlement. Thus , the proJect proposed by ATRP-R IS the f1rst attempt of 

the systematiC research of th1s scJentJflc problem 

Here are the umque features of the gtven prOJeCt 

a complex character of the research The research of the negat1 ve tmpact of all harmful 
substances formed at dtfferent stages of nuclear submanne dismantlement on envtronment and 
human's health 

the research wtll cover two regwns Nonhem and Far Eastern. 

• The proJect wtll have a sctenttftc research character and presupposes a w1de use of 
mathemaucal modeling processes 

The pnonty mm of the funher studtes ts not only the determmauon of the nsks connected wtth 
handlmg of the submannes to be dtsmantled but cost-beneftt analysts of the steps towards these 
nsks momtonng and reducuon 
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2. DISMANTLEMENT OPERATIONS: PROCESS OVERVIEW 

In this sectwn the retrospective and legal baszs for the zmlzzation of the Russzan 
nuclear submannes are dzscus;ed Tlus sectzon also deals wzth the analyszs of the 
number and teclzmca/ condmons of the nuclear submarmes decommzsswned by 
2000 The stages and technology of the unlzzatzo11 are also shown The Concept of 
the Russcan complex dzsnzantlemellt tz/1 2010 zs treated in the gzven section 

2.1. Brief history 

Dzsmantlement process of the nuclear submannes m Russta began m 1985 when 3 

submannes from the Northern Fleet and 2 -from the Pac1fzc Fleet were decomnuss1oned By that 

ume the submannes had operated for about 25 years and then techmcal condJtwn wa~ conszdered 

unsatisfactory The dynarrucs of the submanne dismantlement , unloadmg of the spent nuclear fuel 

and formatiOn of the reactor blocks can be seen from f1gures 1 3, 1 4 and 1.5 m the IntroductiOn 

sectiOn of thzs report 

To secure the nuclear and radzat1on safety-the f1rst step zn the technological cham of the 

nuclear submanne dzsmantlement should be the unloadzng of the spent nuclear fuel from the 

reactor. Then the reactor compartment IS packed and cut and 1s transported to the place of long-term 

storage wh1ch prov1de for the safety of the personnel, populatzon and environment. 

Followmg the dzsmantlement technology as pract1ced zn the USA, CK and France after the 

submanne has been decommtsszoned from the actz ve servzce Its nuclear reactor zs defueled In the 

next step the reactor compartment IS cut out and taken to an on-shore fac1lzty for lengthy storage, 

such a fac1lzty suffzctently distanced from the human settlements to protect the personnel, c1v1han 

population and human hab1tat [1-3] 

S1mzlar approach was also planned zn Russ1a, yet the decommzsswnzng of a large quantzty of 

submannes zn a short penod of ttme exceeded the capaczues of the technzcal and mmntenance 

faczlzties prov1dmg for the appropnate dzsmantlement operatzons As a result the nuclear submannes 

were to be put zn the trans1tzonal storage state awaztzng for thezr spent nuclear fuel to be unloaded, 

the1r fore and aft parts to be cut away and the resultzng three-compartment umts bezng kept floatzng 

at the d1slocat1on sztes (two adJmnzng compartments, one on each s1ded of the reactor compartment, 

provzde for the floatzng ab1lzty of the entzre un1t) 

70 nuclear submannes are retzred and defueled 43 reactor blocks have been formed, 9 are 

on the afloat storage, 18 at dzfferent stages of reactor block formatiOn are at scrappzng enterpnses 

The general sJtudtJOn with dismantlement, unloadmg of the spent nuclear fuel IS shown m f1g 2.1 
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Such a difference to the fore1gn dismantlement procedure has prov1ded grounds for concern 

of vanous mtematwnal agencies over the potential nuclear acc1dents with the resultmg trans-border 

nugratwns of the radiOactive substances, wh1ch called for appropnate research and anlys1s of th1s 

problem. 

Havmg evaluated the situatiOn With the decommiSSIOned Russian nuclear submannes the 

l\ATO Committee on the Challenges of Modem Society has appreciated the Russ1an d1smanthng 

procedures, however making note of the mcompleteness of the d1smantlmg technological cycle lt 

was also deternuned that the Russian specific deviations from the commonly pract1ced mtematwnal 

procedure do not bear a cnucal Impact on the general dismantlement concept and the trans-border 

nugratwns of the radioactive substances nsk was quite moderate, however m cenam cases yet 

allowmg for potential d1stnbutmg of the radwacu ve substances through air, with the subsequent 

formatiOn of the polluted radioactive environmental zones 

Th1s Side of the Issue was carefully rev1ewed dunng several semmars m the framework of 

the illRAE/NATO cooperation m the years of 1995/1999, with a particular emphas1s placed on the 

environmental secunty implications and radiation protection dunng all stages of the nuclear 

submanne dismantlement operations [2,3] 

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

supervisiOn of the decommJsswned Russian nuclear submanne dismantlmg operatiOns and the 

Currently there are bemg drafted the Federal Dismantlement System for the generai 
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environmental rehabilitation of the radiOactive hazards of the Russtan Navy (to be completed before 

the year 2005 ), as well as the Nuclear Submanne and Surface Vessels Dismantling System 

Concept Both bills are hnked to the transfer of the control over this Issue from the ivlm1stry of 

Defense of the Russian Federallon (Navy) to Mmatom (Russian Mm1stry for Nuclear Energy), 

which may facilitate the most appropnate mvestment channelmg, given the actual fmanc1al and 

econorruc environment of Russia today, which could m Its tum at the end of the day effectively 

mcrease the pace of the Russian submanne d1smantlmg operations and provide for the 

environmental rehabilitatiOn of the Russian Navy sites and tern tones (both coastal and the off-shore 

facilities). 

The Mmatom strategy shall prov1de for a faster unloadmg of the spent nuclear fuel from the 

nuclear submanne reactors and emergency offshore and coastal storage fact hUes, as well as provide 

for the safe handling of these matenals As such, the long-term model work plan shall provide for 

the followmg results 

o Provision of the safe afloat storage of the nuclear submannes with the fuel ~!Ill on board up to 
the moment of thelf dismantlement. 

o By the end of the year 2000 the spent nuclear fuelts to be unloaded from the nuclear submanne 
reactors m the amount of 20 unloadmgs per year, simultaneously prov1dmg for the temporary 
storage of such wastes, 

o By the years 2005-2006 all of the spent fuel IS to be unloaded from the reactors of all uu!Jzed 
nuclear submannes, as well as coastal and off-shore storage facilities, effectively hfung the 
threat of the radiatiOn exposure as a result of emergency occurrences 

Decrease the environmental nsk at the radtatiOn hazardou~ Sites of the Russian Navy and 

prov1de rehabdltatwn operatiOns for such tern tones 

Followmg the aforementiOned Concept such a faster pace of the spent nuclear fuel unloadmg 

operatiOns from the floating reactor compartments (m the latd-up pomts of the Russian 

decommissioned nuclear submannes) shall be provided as a result of the followmg steps 

o Settmg up spent nuclear fuel reloadmg coastal facilltles at the Russtan Shtpbu!ldmg Agency 
shipyards, 

Development of the less complicated spectalized nuclear fuel reloadmg equipment, 

Development of secure temporary spent nuclear fuel storage procedures at the shtpyard 
factlitles With the regular transportation routes and schedules established for the spent fuel 
shipments to the processmg pomts 

Both the spent nuclear fuel and radtoactl ve waste handling fac!lltles will be used for the 

contmuous mdustnal servtcmg of the acuve nuclear vessels of the Russian Navy, spent nuclear fuel 

unloadmg from the coastal and off-shore storages, as well as for the atr-condttlonmg and bunal of 

the rad10acl! ve wastes 

the rad10acl! ve wastes 



However to make such an approach effective and practical n JS crucwl to f1rst of all resolve a 

number of 1ssues, most pressing of wh1ch are as shown below· 

• Developmg of the general cntena and pnontizatlon of the radiation and environmental 1ssues 
of the Russtan Federatwn; 

• RevieW and redraftmg of the legal framework pertammg the governmental control over the 
secunty Impllcattons m the nuclear energy related mdustnes 

Resolutton of all of the above-descnbed objectives shall mcrease the efficiency and quality 

of the nuclear submanne dismantlement process 

For the prov1s10n of the further works on the analysis of the Imphcatwns of the 

dismantlement process on the ecological safety , the systemat1zatwn of the b1g volume of 

mformation on dtsmantlement technologies at shtp-bUtldmg plants and techmcal bases of different 

regwns 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 mcreasmg number of the decomrmsswned nuclear submannes the 

Issues of the rad1atwn and envtronmental protectton have become even more cntlcal Such a large 

scale decomrmsswmng m the hght of the drastic lack of fundmg and appropnate mdustnal fac!l1t1es 

have precondltloned the emergency cond1t10n of the Russ1an !'.'avy 1n the f1eld of the spent nuclear 

fuel and radwactl ve waste storage, as well as the decommiSSIOned nuclear submannes scrappmg 

operauons 

In order to apprecwte the scale of the problem 11 IS enough to say that as of August 2000 

there were over 200 retired and decommissiOned nuclear submannes parked m vanous naval 

dislocatiOn pomts of Russw, bays, lay-up bases, on-shore faciiiiles m the VICimty of human habitats 

All of this poses a senous threat of large nuclear and radiOactive accidents, whtch could 

stnke vast regwns of Russw and senously damage Its ciVIlian populatiOn 

The real danger IS charactenzed by the radiatiOn nsk ta!ang mto account the parl!culars of 

the event development connected wnh air ,seawater and floor sediments pollution as well as the 

pollution of the flora and fauna 

Under existmg circumstances 11 IS very difficult to consider all the aspects of the ecological 

s1de of the problem and forecast the development of the events connected w!lh radio ecolog1cal 

consequences of dismantlement However, some patterns can be seen from the analysis of the long 

operatiOn and 10-year long penod of dismantlement of the nuclear submannes 

The decommisswned nuclear submannes and cut out and formed reactor compartments 

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

The decommisswned nuclear submannes and cut out and formed reactor compartments 
jj 



basmg places, at the places of temporary storage and at the ship-bu!ldmg plants of the Russian ship­

bu!ldmg Agency. 

The decomrruss10ned nuclear submannes are based at the followmg pomts· 

The Northern Fleet 

Belomorsk rruhtary-naval base (Severodvmsk) 

Ostrovnoy (p. Grerrukha) 

Bay Oleme 

Town Skahst1y, bay Yagelnaya 

Y1dyaevo (Bay Ara) 

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

Town Zaozersk (Bay Bolshay Lopatka) 

Town Zaozersk (Bay Nerpichiy) 

The Pacific Fleet 

Town Petropavlovsk-Kamtchatsk (Bay Krashemnmkov) 

Zavety Ihtcha (Bay Postovaya) 

Bay Pavlovskogo , Bay Strelok 

Bay Razb01mk. Bay Strelok (place of temporary afloat storage of the reactor blocks) 

At present 88 nuclear submannes out of the above-mentioned submannes retmmng spent 

fuel are located at the places of basmg and storage 2 reactor blocks contammg spent fuel (damaged 

submannes) are at the place of temporary storage m Smda Bay The rest of the nuclear submannes 

are located on the temtory of the enterpnses which execute the dismantlement. These nuclear 

submannes are at different stages of the preparation for the unloadmg or at the different stages of 

spent nuclear fuel unloadmg 

The possib!lny of the active zone unloadmg Is limned due to several reasons and the time of 

nuclear fuel presence m the submanne reactors may be very considerable 

The presence of the nuclear submannes m the sediment with spent nuclear fuel still on board 

poses a potential radiation and radio ecological hazard The decommiSSioned vessels are located at 

piers bemg techmcally unprepared for the long-term afloat storage 

In the laid-up mode the nuclear submanne With Its spent nuclear fuel still on board presents 

a maJor potential nuclear, radiation and environmental hazard, which IS constantly mcreasmg due to 

the current continumg extensiOn of the active service of the Russian nuclear submannes, which can 

sometimes reach over 25-30 years of service, and poor techmcal conditiOn of particular submannes 

In tab 1 1 of the Introduction section selected 45 nuclear submannes m sediment are shown wnh the 

data on their techmcal conditiOn 

In tab 1 1 of the Introduction section selected 45 nuclear submannes m sediment are shown wnh the 
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To date the worst conditiOn ts charactensuc of the GeneratiOn I submanne vessels, wtth the 

corrosiOn of thetr light hull havmg already reached the cniJcal threshold values and m certrun cases 

there have also been dtscovered pnmary ballasts leaks For a lengthy time mterval over 40% of the 

nuclear submannes had no repmrs and due mamtenance There are many other precondmons for 

potentwl acctdents, wtth the most probable bemg rrustakes of the workers and personnel, htgh 

floodmg and ftre probabilJty [ 4] 

Ftg 2.2 shows the pnnc1pal scheme of the reactor compartment of the nuclear submanne 

which ts kept on the water 

Ftg. 2 2 

In the unfortunate ume of acctdents on board of the nuclear submannes, the pubhc IS usually 

concerned with the resultmg radtatwn and environmental tmphcauons Usually a spectal danger 

level system IS practJced to evaluate such Implications, 1 e the actual danger, admmtstratJve pen! 

and social and psychological Jeopardy The actual danger covers the potential radtatwn exposure 

with the resultmg contarrunatlon of the rur, seawater, seafloors, flora and fauna 

At some places of basmg the mamtenance of the nuclear submannes with sttll-on-board 

spent nuclear fuel IS restncted It IS connected wnh the problem of mamtammg the positt ve 

temperature m the reactor compartments at wmter penod (due to a poor energy provtswn of the 

regton) Thts leads to the vwlauon of the temperature condttton and causes a problem of acuve zone 

un!oadmg 

The real afloat storage condmons of the nuclear submannes with the spent nuclear fuel on 

board do not guarantee their safety because of non-observance of the mam reqUirements of the 

mamtenance and regulations mcludmg 

board do not guarantee their safety because of non-observance of the mam reqUirements of the 
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• dock check ups and repmrs are not conducted due to the deficit of the dock fac1l1t1es of the 
sh1p-butldmg plants and lack of fmancmg of the above-mentioned works 

• bottom-outboard ftttmgs m case of mamtenance measures absence (dismantlement, repm r, 
sohd1ty tnals) mcrease the nsk of outboard water penetratwn mto the soltd hull. Th1s can lead 
(under def1mte Circumstances) to the nuclear submanne smktng at the p1er or dunng Its 
transportatiOn to the place of dismantlement, 

The ~mktng of such submannes wtth unloaded acuve zones may lead to the local radwacttve 

pollullon of the water 

• the serv1ce personnel 1s reduced by 75 %. The sttll working people mmnly execute guardmg 
functwns and thus cannot guarantee the safety of afloat storage of the nuclear submannes 

• At some places of the basmg the mamtenance of nuclear submannes IS restncted (Grellllkha 
Settlement) Th1s IS mamly connected With the problem of mmntammg pos1t1 ve temperatures 
mstde the reactor compartments dunng wmter penod~ due to the problems of energy 
proviSIOn Smular sJtuauon may lead to the break of the temperature cond111on of systems and 
mcchamsms of Reactor compartments m the wmter penod [5] 

The ume of active zones presence m the reactors of some nuclear submannes amount to 25-

30 years whtch exceeds the ex1stmg techmcal cond1ttons The break of the temperature cond1t10n 

may lead to the destructiOn of the heat producmg elements, may create the problem of active zone 

unloadmg as well. 

In tab.2 1 one can see the data on potential nsk earners of the nuclear submanne The 

absence or presence of these earners aboard the submanne create a general p1cture of the potenual 

hazard of the particular vessel 

11 

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

Northern Fleet . · -,.. .Nav ·. . . 

53 2 55 45 
54 79 16 70 57 
33 49 1 2 34 28 
32 -17 3 6 35 29 

Act1ve zone 68 100 -1-1 81 112 92 
13 19 6 11 19 16 
65 96 -19 91 114 93 
21 31 50 93 71 58 
21 31 1 2 22 18 
42 62 -17 87 89 73 

Tab. 2.1. 

AbsOI be1 system 42 -17 89 



Talang mto account the techmcal condttwn of the decomrrusswned submannes , condltwns 

of theu storage , the problem of proviSion of safe long-term afloat storage (15-20 years) becomes a 

very Important one 

The flfSt measure to take IS to unload the spent nuclear fuel as the forced long-term afloat 

storage of the first contour m the active zone IS connected With the probable change m the 

conf1guratwns of the technological channels 

A special attentwn should be pmd to the safety of the long-term storage of the nuclear 

submannes With damaged heat producmg plants 

A long-term storage of such vessels poses a certmn danger and presupposes a special 

responstb!lny of the personnel for the locahzatwn of the radwtwn background w1thm the damaged 

compartment and the vessel on the whole. 

The dectsJOn of the problem of treatment the compartments w1th damaged active zones 

reqUires the development of brand new methods and technologies of unloadmg of the damaged 

active zones from the reactor hulls These technologies are expected to require rrummal radtauon 

exposure of the personnel. Before such technologtes are developed 1t IS more reasonable to take 

dec1s10ns on localization temporary safe storage of the companments wnh damaged acuve zones. 

At present the strategy of handhng reactor compartments wtth damaged acuve zones IS 

hrruted to the proviswn of the rehable tsolauon from envtronment the cut-out damaged 

compartments m "sarcophagi"- reactor compartments of b1g dwmeter of the Russian nuclear 

submannes wh1ch are bemg decomrruss10ned m accordance wnh the Agreement on strateg1c 

offenstve arms reduction [6) 

The most senous consequences on environment were cau;ed by the accident of the nuclear 

submanne class "Echo-2" m 1985 (tab l 2) Smce 1985 this submanne has a depressunzed (as a 

result of an explosiOn) reactor compartment and contams a "fresh" acuve zone which IS sull not 

unloaded and IS located m the Pavloslay Bay 

The loss of floatallon of the sohd hull of the nuclear submanne and pontoons may lead to 

the smlang of the nuclear submanne and to further radiOactive pollullon of the Pavloslay Bay, Gulf 

of Strelok and Peter the Great 

ProJeCt-techmcal works on the preparauon for the temporary afloat storage of the above 

mentioned submannes have shown the pnnc1pal possibility of such works conducllon at 

"Zvezdotchka", "Zvezda" of the Russwn Ship Buildmg Agency, at Pohammskoy and Chazmmslay 

ship bu!ldmg plants of the Russian Navy. In the proJeCt works the cond1t10ns for sarcophagi 

formatwn have been defmcd as well as the measures which will provide their safe afloat storage. 

formatwn have been defmcd as well as the measures which will provide their safe afloat storage. 
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The constructive measures prov1dmg 1mpermeab1hty of sarcophag1's frames have been also 

defmed. The addltwnal measures on corrosiOn preventiOn have been deterrruned as well 

The evaluauon of the sarcophagus (w1th damaged reactor compartment) mfluence on 

environment as apphed to the place of storage 

The proposed method allows 

• to safely 1solate the damaged reactor compartments from the environment for a penod of 25 
years 

• to exclude the expenditures on the service men and mmntenance of the nuclear submartnes 

• to exclude at th1s stage fmanc1al and radiatiOn losses connected With acuve zones unloadmg 
from the reactors 

for scientific and proJect orgamzatwns to develop brand new and rehable methods and 
technologies for active zones unloadmg from the reactor hulls which would not reqUire great 
dose exposures of the personnel 

The techmcal condition of the nuclear submannes With damaged steam producmg plants 

requ1res qmck measures on thetr dismantlement The dismantlement of these objects cannot be 

conducted on the general scheme due to the complex character of the consequences of heat 

compositiOn damage and nuclear submanne constructiOns The nsk evaluauon dunng and after 

dismantlement process IS reqmred The nsk evaluatiOn ts also reqmred at the defmllwn of the 

dzsmantlement model 

2.3. Industrial dismantlement base 

The reason for a non-tradztzonal approach towards the nuclear submanne dzsmantlement m 

Russza stems from lack of techmcal capacltles of the appropnate Russzan mdustry, whtch 

effecuvely necessttated a transitiOnal scheme Thts forced measure does not provtde for the long­

term solutiOn of the problem, yet there appears to be no avmdmg of thzs condztwn for at least 

another decade. 

The complex dzsmantlement of the nuclear submannes presupposes the executiOn of a bzg 

volume of sczenufzc-techmcal, orgamzational, producuon-technologzcal and legal measures The 

dzsmantlement requzres not only advanced technologzes , b1g productiOn facthttes of the Russtan 

ship-buJ!dmg Agency but the development of the dzsmantlement mfrastructure as well 

The dismantlement of the nuclear submannes IS earned out at the followmg ship bulldmg 

plants and Navy facilities 

North-Western Region: 

"Sevemoe Machme Bulldmg Plant" (Severodvmsk) 

"Zvezdotchka" (Severodvmsk) 

"Nerpa" (Snezhnogorsk, Murmansk Regwn) 
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Poharnmsluy Sh1p Repamng Plant (Town of Poharn1y, Murmansk Regwn) 

Murmansk Naval Plant "Sevmorput" (Town of Murmansk) 

The Eastern Region: 

Far Eastern Plant "Zvezda" (Town of Bolshoi Kamen) 

Chazhmmsluy Naval Plant (Bay Chazhma, Gulf of Strelok) 

Kamtchatsluy Naval Plant (Town of VIIoutchmsk, Kamchatka) 

The enterpnses of the sh1p-bu!ldmg mdustry have mastered the technology of the 

dismantlement of all classes of the nuclear submannes mcludmg the dismantlement of the 

submannes w1th titan hulls 

In Northern and Far-Eastern Regwns the places for temporary afloat storage of the reactor 

compartments have been created (because of the unavmlabllny of the fac1ht1es for the long-term 

storage of reactor compartments) 

In 1995-1998 at the sh1p-bmldmg plants ("Nerpa", "Zvezdotchka", "Zvezda") a new 

scrappmg equipment was put mto operatwn Th1s eqmpment was delivered by the US A m 

accordance with Intergovernmental agreement on reduction of the offensive armament (mechamcal 

SCissors, gulllotme statwnary sc1ssors-cuttmg complexes for hull constructiOns, technological !me 

for cable poundmg ("Zvezdotchka") 

At "Zvezdotcka" the umque statwnary complex on processiOn of the hqmd and sohd 

radwacttve wastes w1ll soon be bmlt and the ex1stmg complex of hqmd radwactlve wastes will be 

modernized At "Zvezda" the tnals of new floatmg complex on processiOn of the hqutd radwactt ve 

wastes are commg to an end At present shtp-bulldmg plants have the equtpment for the utthzatwn 

of 8-10 vessels per year L'pon the completiOn of the uuhzatwn complex at "Nerpa" and creation of 

the spectahzed shtp-scrappmg producuon umons at shtp-bulldmg plants of the 1'\avy the producuon 

faciitties wtll be capable of utthzmg 18-20 nuclear submannes per year 

In Northern and Far-Eastern Regions- at plants "Zvezdotchka" and "Zvezda" the works on 

statwnary bases constructwn are bemg earned out These bases are mtended for the unloadmg of 

the spent nuclear fuel are wholly fmanced by the t: S A The esttmated ttme of constructton 

completwn ts 2001 

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

Solvmg the problem of spent nuclear fuel treatmg wholly depends on the creatwn of the 

mfrastructure for tls unloadmg, temporary storage. processmg and/or bunal 



The unloadmg of spent nuclear fuel from the reactors of the submannes IS conducted 

according to the everyday operation scheme With the usage of Navy resources at the moorages of 

the sh1p-repamng plants Upon completion of the stationary bases at "Zvezdotcka" and "Zvezda", 

the unloadmg of the spent nuclear fuel Will be executed by these plants as well as With the help of 

the floatmg techmcal bases. 

At present the dismantlement of the nuclear submannes IS earned out with the use of the 

transport-technological scheme of spent nuclear fuel treatment which was developed m the former 

Soviet Umon and which IS based on the closed fuel loop and meant for the provisiOn of the reactor 

rechargmg 

The mam components of the ex1stmg scheme are 

floatmg techmcal bases of reactor rechargmg equipped with the necessary apparatus for the 
works 

1. lift-transportation means, 

2 sets of the equipment for the unloadmg of the fuel rods from the reactor 

3 water-coolmg storages for the temporary storage of the spent nuclear fuel 

coastal techmcal bases mtended for the temporary storage of the spent nuclear fuel before Its 
transportation for the processmg. 

transportatiOn paclang complex consisting of a set of safe containers, paclang complexes and 
special wagon con tamers mtended for the transportatiOn of the spent nuclear fuel to the place of 
the processing 

Temporary storage of the spent nuclear fuel at Production Umon "Mayak" The spent fuel IS 
transported by a specwl tratn and then after a certmn storage penod transported to the 
technologicallme for processmg 

At one time, for reactor rechargmg was conducted at 8 non-self-propelled floatmg techmcal 

bases (constructed m 1960) were used At present this equipment IS outdated and decomnuss1oned 

(tab 1 3). 

Cargo-hftmg equipment at these techmcal bases IS also outdated but can be used m the 

future At the Pacific Fleet all the techmcal bases of the projects 326 and 326M have been 

decomrmsswned and do not participate m the process of spent nuclear fuel unloadmg The current 

techmcal fac!lll!es are not suffiCient for the complete unloadmg of the spent nuclear fuel of the 

dismantled nuclear submannes The existmg temporary transportatwn-technological schemes of 

spent nuclear fuel treatment m the I\iorth-Westem RegiOn provides spent nuclear fuel transportation 

to the "Mayak" only via transit stops m Murmansk and Severodvmsk 

The schemes of spent nuclear fuel treatment m the Northern Region are shown m fig.2 3· 
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Twnsponatwn from Severodvmsk 

Severodvlnsk 

Belomorsk.lya 
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Spent nuclear fuel IS taken out from the nuclear submannes bemg dismantled and loaded on 

contamers (3 TK-18 contamers per car) The contamer With the spent nuclear fuel loaded by coastal 

crane IS then transported to the car of the special tram and the spent fuel Is delivered to the 'Mayak" 

on the special tram. 

Transportatwnfrom L'v!urrnansk 

CTBs (Coastal Techmcal Bases) of proJeCt 2020 ,which are not eqmpped wllh the facthty 

for contamer loadmg, transfers spent heat producmg plant from !Is storage place to TK-18 

contamer which 1s located at the loadmg place of CTB "Lotta" The contamer loaded by coastal 

crane IS then transported to the car of the spec tal tram and the spent fuel 1s deh vered to the 'Mayak" 

on the specwl tram [9) 

Transpottatwn of the spent nuclear fuel from Gremzkha settlement 

The CTB of the basmg place does not functJon Razlroads and highway wllh special surface 

wh1ch would connect Gremikha settlement wllh transport network of the Kolskly Penmsula are 

absent. Cargo transportatiOn IS conducted vw sea Besides the spent nuclear fuel of the submannes 

w!lh water-moderated reactors, spent pmts of acll ve zones of submannes wllh hqmd-metal reactors 

are also kept at GreiTIJkha. The unloadmg of the spent nuclear fuel from submannes located at 

Grem1kha settlement IS very dangerous due to the poor techmcal conditiOn of the vessels. Besides 

the spent nuclear fuel of the submannes w1th water-moderated reactors. spent parts of acttve zones 
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of submannes with hquid-metal reactors are also kept at Gremikha At present the scheme of spent 

nuclear fuel transportatiOn from Grenukha does not function 

Transportation of the spent nuclear fuel from Far Eastern region 

The scheme of spent nuclear fuel handlmg of the decomnussioned nuclear submannes 1s 

shown m fig.2 4 

The infrastructure of dismantlement ofthe nuclear submarines and spent nuclear fuel handling 
in the Far Eastern region. 

Pr1mor'e 
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' 
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The unloadmg of spent fuel can be conducted vw CTB of 2020 proJeCt m 3 places 

• ··zvezda" 

Kamchatsk sea plant 

• Chazmmslay sea plant 

CTB at Kamtchatka does not function ,so all the unloadmg procedures take place at 

Kamchatsk sea plant via CTB of 2020 proJeCt with the fuel transportatiOn to the Seaside Regwn. 

Spent nuclear fuel handling dunng Jts unloadmg at the plants of Seas1de IS conducted VIa 

CTB 2020 accordmg to accepted technologies of spent nuclear fuel handling 

TransportatiOn of the spent fuel to "Mayak" IS conducted through the followmg 

transportation-technological schemes: 

l CTB 2020 VIa Konoushkovo Bav bv a floatmg crane of the deep water berth 

Spec1al contmners are delivered to the deep sea pier of the Konyushkovo Bay and taken by 

trucks then uploaded mto rmlway cars of the special tram which delivers the contmners to the 

productiOn union "Mayak" 

productiOn union "Mayak" 



The posstble route of the specwl tram ts to the CTB with the unloadmg of the packing set at 

the accumulatiOn ground for temporary storage 

2 Through spectal tram from the accumulatiOn ground of the Sysoeva Bav to the specml 

tram to the productwn unwn "Mavak" 

Vta a tram an empty contamer 1s delivered to the accumulatwn ground of the Coastal 

Techmcal Base. The loaded con tamer from the accumulatiOn ground 1s placed on the tram platform 

of the tram and transported to the trans!l place for the loadmg of the spent nuclear fuel on the tram 

The cycle 1s repeated up to the full loadmg of the tram whtch then heads for the productwn umon 

"Mayak" As it can be seen form the above-mentwned facts , operatwns with the spent heat 

assemblages unloadmg of the nuclear submannes to be dtsmantled, presuppose repeated 

mampulatwns with the flsswn matenals m case of a smgle heat producmg plant or a set of some 

heat producmg plants Taking mto the account a large amount of the spent fuel to be unloaded,the 

analysts of the nsks connected wllh acctdents at dtfferent stages of the technologtcal 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 analysts of the transportatwn-technologtcal schemes of functwmng of spent nuclear fuel 

handlmg has shown the followmg 

The speed of the spent fuel unloadmg from the submanne reactors dunng the process of 

uulizatwn depends on many factors The mmn factors are 

the quantity and techmcal conditwn ot all the elements of the cham of spent nuclear fuel 
handhng dunng its unloadmg from the reactors dunng the process of utlltzauon (floatmg 
techmcal bases, transfer eqUipment used at the unloadmg of the heat producmg plants, lift­
transportauon means whtch ex.ecute operatwns wtth the taking of the spent heat producmg 
plants from the reactor and further operatwns to the car-contamer, contamers and spectal trmns 
for the transportatiOn of the spent nuclear fuel for the processwn); 

durauon of the correspondmg works for the reactor unloadmg, 

amount of the reqUired unloadmgs of the acu ve zones, 

volume of the spent nuclear fuel present at coastal and floaung techmcal bases and the 
tech meal cond1t10n of the equtpment, 

o regulatiOns of the floatmg base usage whtch provtdes the unloadmg of the spent nuclear fuel 
(transportauon , mterbase transfers and so on), 

total capactty of the spent nuclear fuel storages at CTB and FfB for the placement of the 
unloaded fuel, the degree of 1ts ftlhng; 

o productwn faclltlles of the productwn umons "Mayak" on the processwn of the amvmg of the 
specml trams (total capacny of the spent nuclear fuel storages, the producUvity of the 
tcchnologtcal hnes of the spent nuclear processwn), 

o amount of fmancmg avmlable and umeliness of the fundmg 
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The mcrease of speed of spent fuel unloadmg may be achteved vta complex optmuzatlon of 

all above-mentwned factors 

As an mtegral part of the problem of the spent fuel long-term storage , the problem of 

handltng the defective nuclear fuel anses Defective spent heat producmg assemblages are not 

accepted at mdustnal plants The storage of such assemblages ts conducted m the fleet storages 

whtch are not ftt for the spent nuclear fuel long-term storage 

Handltng of the defective nuclear fuel requtres a spectal approach Taking mto account the 

htgher nsk, assoctated with damaged assemblages, the mam task seems to be the JUSttftcatwn and 

development of the techmcal decJstons on the reltable Isolation of the umts 

The quantitative nsk assessment connected with the handlmg of the spent heat assemblages 

ts to be the task of the further research along wtth the substantiation and development of the 

techmcal dectstons on thetr rehable Isolation and nsk substantiation of the chosen model of 

tsolatwn and storage. 

2.5. Technological scheme of dismantlement 

The preparatiOn of a nuclear submanne for dtsmantlement mcludes unloadmg of the 

weapons and reserve ammunltlon, spare parts, means of ftltenng of the a1r The fuel of the auxdtary 

energy umt along w1th combustiOn matenals and battery are also unloaded The holds, tanks wnh 

water and spectal tanks are dramed The cleamng of the fuel and ml tanks ts earned out 

The decontammatlon of the polluted areas of the construcnons, eqUipment, ptpe-lmes ts 

earned out 

The preparatory works for the temporary afloat storage and further dismantlement on are 

conducted. The above-mentwned works are earned out (as a mle) at basmg and storage places m 

the process of afloat storage 

From the moment of the submanne transportation to the plant whtch carnes out the 

dismantlement the dismantlement procedures begm The con espondmg preparatory works are 

conducted for the unloadmg of the spent nuclear fuel from reactors and then the unloadmg of the 

fuelts earned out 

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

storage. 

LtqUJd radwacttve wastes-the water of heat earners of 1 ''and 3'd contours and water of the 

spectal tanks of the reactor compartment-are removed mto coastal (floating) capacities The 

capsulatiOn of reactor free from spent fuel and 1 '' contour ts made Vw the cleansmg filters the gas 

of special systems of atomic heat-producmg plant ts removed 
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After spent fuel unloadmg the cuttmg and further formation of the reactor block ts 

made.[8,ll] 

At present the followmg methods of nuclear submanne dismantlement have been developed 

and practically tested 

Multi-compartmellt variam (temporary afloat storage without the cutting of the reactor 

compartment 

Safety of the reactor compartment storage ts secured at the expense of the floatabthty of the 

sohd hull free from equtpment, weldmg of the sea-cocks With btbs In such condttion reactor 

compartment awatted the construcllon and puttmg mto operation the factlltles for long-term 

storage 

As soon as such facthttes are bllllt the vessels are transported to thts place for the cuttmg of 

the reactor compartment and tts further preparation for a long-term storage 

8 nuclear submannes of the Northern Fleet have been prepared for long-term afloat storage 

thts way However thts method was turned down as soon as there appeared methods of "deep" 

dtsmantlement 

One-companment vanant (block module) 

Cuttmg of the reactor compartment wtth attachmg a floatmg capacity to tt (to provtde afloat 

posltlon for the storage penod) 

Three-compw tmem vcmam (cuttmg of the reactor compartment consistmg of three­

compartment block) [10] The reactot compartment iS cut out With adJacent compartments. The 

presence of 2 adpcent compartment free from equipment secures the necessary floatabihty for 

formed block The real afloat penod of the block iS defmed by strength charactensucs of the end 

partitions and amounts to no less than 10 years Wllh the use of this el\actly method the preparatory 

works for temporary afloat storage are earned m both regwns [ 11] The technological scheme of 

submanne dismantlement accordmg to the three-compartment vanant iS executed m the followmg 

sequence 

The technological scheme of submanne dismantlement accordmg to the three-compartment 

van ant iS executed m the followmg sequence 

transportatiOn of the submanne to the plant which cames out dismantlement 

• preparatory works for the start of the dismantlement process 

unloadmg of the acttve zones of the reactors 

• settmg on the shtp-way 

cutting of the hull mto pieces 

• cutting of the hull mto pieces 



• fonnatJOn of the reactor block (dismantlement of the adJacent compartments equipment whtch 
can be unloaded at the contammatlon levels not exceedmg the nonnative values),encapsulatton 
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 mam factor of the ecological nsk at long-term storage of the reactor compartments IS 

the radiallon hazard equtpment of the atonuc steam producmg plant and sohd radiOactive wastes 

from the mdustnal act!Ylty of the enterpnse whtch executes dismantlement works 

Dunng the evaluatiOn of the ecological nsk connected with reactor compartment afloat 

storage tt IS necessary to take mto account the posstbthty of block-module floodmg due to the loss 

of capsulation of the ~ohd hull. 

A separate labor consunung and very expensIve stage of the nuclear submanne 

dismantlement IS the dismantlement of the end portiOns Equipment and sohd hull dismantlement 

works are conducted at the plants accordmg to the followmg technological stages· 

afloat eqmpment dismantlement; 

• placmg on ship-way, 

cutting preparation for transportatiOn of the reactor compartment or reactor block; 

cutting of the submanne hull mto large sectwns, 

equipment dismantlement, 

• cuttmg of the dismantled eqmpment and large sections mto scrap metal 

Eqmpment dismantlement IS conducted both on the water and after placmg the submanne on 

the ship-way Nomenclature and number of the constructiOns and eqmpment dismantled on the 

water ts restncted by the cond!lwns of the submanne' s tenaclly 

The cutting of the submanne includes 2 stages: 

1 cutting of the hull mto the transportable sectiOns (max weight up to 30 tons) 1s made VIa 
acetylene-oxygen and plasma cuttmg The cuttmg of the sectiOns takes place after the 
dismantlement of the rubber surface and the removal of the pamt surfaces on the lme of 
cutting wnh the use of filter units for collectmg the harmful substances which form dunng 
the hull cuttmg. 

2 Cuttmg of the sections of the hull and equipment dismantlement at the dismantlement work 
shops are made by a combmed method (mechamcal cuttmg with the help of the scrappmg 
equipment-SO%, gas and plasma cuttmg-20 o/c) 

The technological process of utiliZatiOn must guarantee safety (mciudmg the ecological one) 

m nonnal condltwns and dunng the accidents Specml attenllon should be pmd to the technological 

processes with toxic, carcmogemc, chemical substances, explosive and radiOactive matenals 
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2.6. Legal basis for dismantlement of the nuclear submarine 

The processes of decomrmsswnmg of nuclear submannes, their temporary storage and 

complex dismantlement must be accompamed by the protective measures for ecological, radiation 

and nuclear safety The mam goal of these measures Is to protect a human bemg and environment 

from the mfluence of wmzmg radiation It takes an effecttve legal and normative basts to achteve 

thts rum 

The followmg federal laws and programs are considered to be legal basis for dismantled 

nuclear submannes m Russia : 

The federal laws of the Russian Federation: 

• "On the use of atormc energy" 

"On radiatiOn safety of the populatiOn" 

• "On samtary-ep1dermc protection of the population" 

"On mdustnal and consummatiOn wastes" 

• "On ecological expert exarmnauon" 

"On the protectiOn of the atmosphenc mr" 

"On the pnnctpals of labor protection" 

"Water Code of the Ru~stan Federation" 

Federal programs: 

"Umf1ed federal program of nuclear and radtatiOn protection m Rus~1a" 

• "Development and mtroducuon of the state control system over nuclear matenals" 

"ProvisiOn of the works on complex dismantlement of the nuclear submannes and vessels with 
nuclear umts" 

"On radioactive matenals and wastes treatment and their bun a! (1996-2005)" 

"Creation of the umf1ed automated control system over the radwtiOn background" 

There IS also a hst of many federal and departmental normative documents, which create a 

legal field for the actiVIties m the sphere of radiOactive obJects handlmg at all stages of 

decommiSSioning. dismantlement and storage (bunal) The existmg state legal and normative basis 

at the moment provides for margmally suffiCient level of nuclear and radiatiOn safety at the Russian 

enterpnses, whtch carry out the works on dismantlement [ 12] 

However, there are many gaps m existing Laws and legal acts, federal programs and 

technologies 

Dunng the process of dismantlement there rose many problems wh1ch reqUired normative­

legal regulatiOns The pnnc1pal question IS the absence of the umf1ed federal Concept of the nuclear 

submanne dismantlement and the Concept of reactor compartment treatment of the nuclear 

submannes, surface vessels and ships The Concept IS currently bemg developed 

---~ -----·--- .l •-•·--L~------L ___ J .. L_ r"'-----~• .£ ----•-- -------~----• •-·--'------ ... £ .. L. ----1-q[ 



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 

radwacuve 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 

It IS a contamer with radwacuve wastes or metal which should be further sphced or It IS an object 

which reqUires correspondmg mamtenance) IS not defmed 

The "status" of the spent nuclear fuel which IS not mtended for further processmg IS not 

defmed as well [ 13]. 

Reactor compartments prepared for transportation and long-term storage represent a package 

set ms1de of which there are matenals With total actiVIty of 120-350 kC1 The pnnc1pal document 

regulatmg transportation of such reactor compartment IS "The rules of sea-transportation of 

dangerous cargos" However, to techmcally prepare the reactor compartment for the transportatiOn 

m accordance with these rules IS no easy task [ 13] 

The ex1stmg normative-legal basis for the orgamzauon and complex dismantlement of the 

nuclear submannes reqUires correction and perfection m regards to the questions of the proviSion 

of nuclear and radwuon safety of the temporary afloat storage (submanne sediment and floatmg 

modules) and formatiOn of the reactor compartments 

The followmg normatiVe-legal documents on reactor compartment treatment are absent 

-umf1ed requirements on radiatiOn safety provision of the reactor compartments of the 

nuclear submannes of different projects, 

-special radiatwn-hygiemc reqUirements for the reactor compartment and reactor block [13] 

The absence of the correspondmg normative-legal regulation IS strongly felt m the 

ecological sphere Legally set levels of the cont10l concentratiOns of all significant nuchds m water 

and sea-floor sediments are absent The knowledge of these levels will help forecast the 

consequences and plan protective measures and qu1ckly defme the mterference level m case of the 

accidents [ 14] 

In 1999 m Russia the Norms of Radiation Safety (NRS-99) were Introduced These norms 

meet the reqUirements of both Russwn and mtemaltonal legislatiOn Before the adoption of these 

Norms there existed Norms of Radiation Safety (NRS-76/87) and Pnnc1pal Samtary Rules (PSR-

72/87) The mtroducuon of the new documents will take a certam amount of time as there will exist 

difficulties m clear regulatiOn of the requirements and rules on radwtlon safety proVISion That fact 

ratses womes dunng the conductiOn of the dismantlement works as a large volumes of radtoacttve 

wastes of dtfferent ongm, aggregate condttion and spectftc activity are handled 

wastes of dtfferent ongm, aggregate condttion and spectftc activity are handled 



In accordance wtth the resolutwn of the Russwn Government (from 28.05 1998 N518) on 

the transfer of the decorrurusswned submannes to the plants conductmg the dtsmantlement , tt ts 

necessary to create a norrnauve-legal basts provtdmg the transfer, afloat storage ull the 

dismantlement , conducuon of works on spent fuel treatment, nuclear and radwtwn safety 

LITERATURE: 

I. US NAVAL NUCLEAR POWERED SUBMARll\'E Il\ACTIVATION, DISPOSAL AND 
RECYCLING Umted Sto1tes Depanment of navy March 1995 

2 The problems of dtsmantlement and dismantlement of the nuclear submannes Matenals of 
the sctenttflc senunar, Moscow,19-22 June 1995 

3 Analysts of nsk connected w1th decorrurusswmng, storage and dismantlement of the nuclear 
submannes. Matenals of the scientific semmar, Moscow ,24-26 November 1997 

4 Panteleev V N Analysts of nsk and measures on provtswn of the afloat storage of the 
deco1111!llsswned nuclear submannes of the Northern Fleet 

5 Axesenov E I and others. Analysts of nsk connected wllh deco1111!llsswmng, storage and 
dtsmantlement of the nuclear submannes. Matenals of the sctenuftc senunar, Moscow ,24-26 
November 1997. 

6 Gongledgan E A Constructive provtswn of the nsk numnuzauon of atonuc steam producmg 
plants tmpact on environment Matenals of the sctentiftc semmar, Moscow,24-26 November 
1997 

7. Snurnov P L alternative Concept of the nuclear submanne dismantlement Matenals of the 
sctentlftc senunar, Moscow,19-22 June 1995 

8. Kahstratov N Y. The expenence of submanne dismantlement at "Zvezdotchka" plant, the 
town of Severodvmsk The Issues of ecolog1cal safety Matenals of the scienuftc semmar, 
Moscow,24-26 November 1997 

9 Baranov I L, Rouksha V V Suggesuons for the pnnc1pal methods of spent nuclear fuel 
treatment m the North- Western regwn Analysis of nsk connected With decomnusswmng, 
storage and dismantlement of the nuclear submannes Matenals of the sczentzfzc semmar, 
Moscow ,24-26 1\iovember 1997 

10 Bougreev MI. and others Analysts of nsk connected wllh decommisswmng, storage and 
dismantlement of the nuclear submannes Matenals of the scientific semmar, Moscow, 24-
26 :>lovember 1997 

11 Maslakov V A and others Analysts of nsk connected wnh decomrmsswmng, storage and 
dismantlement of the nuclear submannes Matenals of the sctenl!ftc senunar, Moscow, 19-
22 June 1995. 

12 Dobrenyktn and others Legal and norrnattve-techmcal proviSion of the dismantlement 
process Analysts of nsk connected wnh decomnusswmng, storage and dismantlement of 
the nuclear submannes Matenals of the scientific semmar, Moscow, 24-26 November 1997 

13 13 Testov S G, Jurasov N N Legal and normative provtston of the dismantlement process 
Analysts of n;k connected wah decommtsstomng. storage and dismantlement of the nuclear 
submannes Matenals of the scienttftc semmar, Moscow, 24-26 November 1997 

14 Chlopkm N S Control levels of radwactzve pollutwn of the sea water and sea-floor 
sediments and levels of mterference Analysis of nsk connected wtth decorrurusswnmg, 

~UUIIW.llllt;~ LVlalt:~llat~ Ul Lilt; :SC:lellllllC :St;Illlll\.lr, lVlUSCUW, L.'+-L.U ~'IUVt;IllUta 1~, I 

49 



storage and dtsmantlement of the nuclear submannes Matenals of the sctenttftc semmar, 
Moscow, 24-26 November 1997 

JU 



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

In tlus section the pollutzon wastes sources and potentzal hazards are d1scussed at 
the stages of nuclear submarines handlmg after the~r decomm1sswmng It 1s 
emphaszzed that the mam sources of nuclear-radiatzon threats are reactor 
compartments and acllve zones of the reactor compamnents wuh the spent 
nuclear fttel. The qualtty charactensnc of other sources of potential hazards-the 
service objects- IS also given The hazards from nuclear submarznes wah 
damaged Atomic Steam-producing Plam are also d1scussed 

3.1. General Information 

The mam pollutwn sources at the process of nuclear submannes decomffilSSIOnmg and 

utthzatwn are not only the vessels to be utilized and thetr reactor compartments. A stgmftcant 

potential hazard comes from the techmcal facthties and eqmpment of the mfrastructure related to 

thts work The hazard level of the above-mentwned obJects has nsen due to the depreciated and 

outdated equtpment The potential hazards from the decomnusswned and dtsmantled nuclear 

submanne extst at all stages of handlmg from the moment of decomnusswnmg up to the moment 

of reactor bunal and utilizatiOn Thts penod ,accordmg to extstmg estimatiOns ,may amount to 70-

100 years For the further analysts of the hazards and nsks thts penod may be dt vtded mto 7 stages 

Slagel. Preparation for the spent nuclear fuel unloading. Includes the penod of atoffilc energy 
umt coolmg (should there be such a necessity), the unloadmg of the ammumtlon and 
techmcal equtpment, fuel, storage before the unloadmg, transportation of the nuclear 
submanne to the place of the spent nuclear fuel unloadmg 

Stage2 Unloading of the spent nuclear fuel. Includes the penod of the preparatiOn for the spent 
nuclear fuel un!oadmg, preparation of the vessel for the dtsmantlement, mcludmg tts re­
deployment. 

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

Stage3 The formation of the reactor block. Includes nuclear submanne storage after spent fuel 
unloadmg, preparation for the begmnmg of the dtsmantlement , cuttmg out of the reactor 
compartment, formatton of the reactor block for the temporary afloat storage, 
dismantlement of the end compartment blocks 

Stage4 Afloat storage (storage) of the reactor block. Includes reactor block transportation 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 cuttmg out of the reactor 
compartment, preparation of afloat storage of the reactor compartment, preparation of the 
reactor compartment for the long-term storage, dtsmantlement of the adJacent 
compartments 

c' 
compartment, preparation of at1oat storage of the reactor compartment, preparation of the 



Stage6 Long-term storage. Includes the penod of the reactor compartment storage The 
presumable storage penod IS 70-100 years 

In general the sources of the potential hazards at the stages of nuclear submannes handhng 

after thetr decolTiffilsswnmg are the followmg 

o reactor compartments of nuclear submannes before and after the unloadmg of the spent nuclear 
fuel; 

o spent nuclear fuel at all stages of lls handhng up to the moment of Its dehvery to the processmg 
facility, 

damaged nuclear submannes and servtce vessels; 

o places of the accidents of the nuclear submannes and places of their storage, 

coastal storages of the spent nuclear fuel, 

con tamers wJth the spent nuclear fuel, 

• specwl rmlway tram dehvenng the spent nuclear fuel to the processmg place, 

o 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 IS obvwus that the above-mentiOned sources carry the hazards of different levels but none 

of them can be neglected 

Below wlil you fmd the descnptwn of the all mentioned sources In the order of dec1easmg 

potential hazards The exceptiOns are the last 3 as there IS no mformation for them and the location 

of the places of the permanent storage of the reactor compartments m the regwns 1s not detenruned 

The mformatwn on the special rmlway tram IS discussed In the sectwn of the g1ven report. 

3.2. Reactor compartments of the nuclear submarines 

Reactor compartments of the nuclear submannes (especially before the unloading of the 

spent nuclear fuel) represent the most harmfultmpacts on populatiOn and nature 

In reactor compartments of the nuclear submanne> the eqmpment of the atomic steam­

producmg plant which consists of nuclear reactor ( one or two ), steam generators the main c1rcmts 

of the heat system, mam and auxtltary ctrcult pumps, biOlogical protection, armature, control 

system IS mstalled 

From the moment of the physical reactor start-up, the whole eqmpment of the atomtc steam­

producmg plant along wnh the solid hull of the submanne m the reactor compartment are exposed 

to different levels of radwuon from the reactor core In th1s very zone there develops a process of 

the accumulation of the fissiOn fragments Thts process ts proportwnal to the reactor power As a 

result of thts process the whole eqmpment of the atom1c steam-producmg plant becomes 

thP o~cnmniHtlon of thP f1ss.on fro<>ments Th1s nrncess IS nrnoort1onol to the reactor nower As ~ s_ 



radwactrve The maxrmal activrty of the zone and eqmpment rs achreved by the end of the operation 

penod of a nuclear submanne that ts why at the moment of lls decomrmsston and start of the 

drsmantlement process. It rs detenruned that before the spent nuclear fuel unloadmg from the actr ve 

zone the total act!Vlty of the reactor compartment amounts to- 106 Ct (3,7 10 16 Bq), more than 90 

%of act!Vlty rs concentrated m the flsswn products, that rs m the acuve zone [1] 

In fig. 3 1 the drstnbutwn of actiVIty on the elements of the reactor compartment eqwpment 

rs shown It rs evrdent from this frgure that the acu vlly 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 

I 1 

CG, 
rl Shields· 95% 

C) Reactor frame 4% ~ 

Construction elements 9 J ~ 1% 

i I 

i ! 
I contour 0,1 11/o 

Ftg 3.1 

The reactor frame, mtemal screens and organs of the control and protectiOn systems are the 

elements wluch were not unloaded As a result, after active zone unloadmg about 10 % of the 1rut!al 

- 15 
actiVIty IS left m the reactor compartment, that 1s around 10' Cr (3.7 10 Bq). Tlus can be seen m Frg 

3.2 [1] 



The accumulation of the activity in the r_eactor compartment 
- - 6 months after.reactor's shut dO\m.:- - ·. ~ 

" 
Reactor Compartment (RC) Fuel unload 
actmty before fuel unload 

RC + 
Reactor 

! 1 Spent Heat 
Core Producing 

Assemblage 

-106 Ci I -5-105 Ci 

F1g. 3.2 

I 

I! 
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RC achvity after fuel 

unload 
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In the course of the reactor's workmg a large amount of dtfferent radwnuchds- radtators are 

accumulated mstde and outstde of the active zone The mam radwnuchds- radtators whtch 

deterrrnne the acttvtty of the matenals are shown m tables 3 1 and 3 2 In tab 3 1 wtll you find data 

on the atonuc steam-producmg plant wtth 2 water-moderated reactors after 40000 hours of work 

[7] In tab 3 2 ( m a more generahzed form ) data on the atonuc steam-producmg plant wtth a hqutd 

metal reactor m whtch heat earner was Pb-Bt [8] 

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

. . . . . . 
: - · . . ·. ·.·< : .. Exposii~ 'tim-e, years· r,. : ·, : . .- _. • · · 
. . :. -. . .· . . -· . ' -~ . . . . 

yp 6 6 10-J I 7 I 0'2 30 2 7 10"7 
2 3 10 '' 

J3 1 6 w·+' 5 o 1 o·" 1 -+ 10'' s 5 10 +i 3 2 I 0' 1 'i 10"1
' 

yp -+ o 1o·' -+210 9 2 8 w·" 
yp 3 5 10+4 1 9 1 o·• 9 9 10"' 7 1 w< 37 7 2 10' 
yp 4 3 10"' 4-+10 4 7 7 10·'= 

J3 1 2 1 o•' l 2 10"2 1 ~ 1 o+' 1 2 10·2 l 2 10"2 l 2 10+2 

J3 9 2 \0'' 8 9 tO"; 8610-' 7 'i w-3 s 7 1 o·' -+610+3 

yp 6 8 10' 6 s 10' 6 7 10 2 6 7 w·' 6 6 w·' 6 6 w·' 
p l 9 I 0 2 l 9 10] 1 9 w·' l 9 10] 1 9 10·' I 9 10 2 

Sum ot yp so w-• l 9 Ia-• 9 9 1o·' 7 1 10"2 38 I -+ 10·' 

Sum ot p 1 7 1 o·s 59 w-• 2 3 10"4 7 7 w-' 58 10'3 -+ 7 10"' 

Sum ot I 2 2 10-s 7 s w-• 3 3 10+4 s -+ 10+3 5 8 10"' 4 7 10"1 

'ole: ll- pure beta-emttter-;, yfl- mhed beta-enutters 

Table 3.1 

'ole: ll- pure beta-emttter-;, yfl- mhed beta-enutters 
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Radioactivity in the reactor compartment dependent on the exposure time, Ci. 

Calendar Year · . . 

Acnnmds 3 38 10+' 2 89 10+1 5 78·10-' 340 Jo+' 

F1ss\on pwducts 2.70 10+5 2 39·10·5 7.16 lO~.j 2.22·10•-l 

Europmm 1 51 10+' I I 9 10+5 6 91 ro+' 4 76 10'2 

Pb-B1(alpha-1 adwtwn) I 95 1 57 4 90 3 40 10·1 

Construction trame 1 1.:1 w-' 6 90 10'2 1 47 10'2 1 14 10+2 

Tab. 3 2. 

Below m the tables data on the radwact1 v1ty decrease m d1fferent elements of reactor 

compartment accordmg to the years of exposure after the latest reactor stop. In tab 3.3 one can fmd 

reactor compartment act1v1ty and dose quantities near the reactm frame for the nuclear submanne of 

I 51 generatwn after 40000 hours of workmg [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 151 

generation after 40000 hours of working. 

Exposure time, years . Activi~y. Ci " odse power, J.L fYs 

05 I I 10 ' 5 2 0·10-~ 

5 3 9 10'" 59 w-3 

10 1 6 w·" 30 w' 

30 4 ~ 10-' 2 2 10'2 

70 2 9 w-: 1 3 

100 - 3 5 I 0 2 2 4 w· 

200 1 2 w-' 2 4 10 2 

500 2 o w-- 2 2 10 2 

1000 6 2 10-1 2 0 10 2 

Tab. 3 3. 

In tab 3 4 one can see more detmled data for the nuclear submanne of 2nd generatiOn [ 10] 

Tab. 3 3. 
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Activity of the construction materials of the reactor compartment of the nuclear 
submarine of2"d generation (Ci) 

. . 
Source' 

Solld hull 

sub 

IRn,rtnm Jnd 
JCuiiSs<m of the 
tan\.. 

lntemal 

1.0 10' 

12 

2.8 10 I 

30 

3.5 I 0' 

1,6 102 2.9 

1.9 w' ,9 10~ 1,9 w• 
17 17 17 

I 9 103 I ,9 10' 1.8 10' 

2.-Ho• 

Tab 3 4. 

1,0 10"" 

18 

1.7 w·' 

'i w-1 1,7 w-6 

17 17 

1--+ 10' 

The analys1s of the data of tab. 3 I shows that Cobalt-60 ISotope lo the most active 10 the 

reactor compartment The penod of thts ISotope's decay amounts to 5.27 years Th1s rad10nuchd 

emlls sharp gamma-radwuon and actually defmes the radwt10n s1tuat1on near reactor compartment 

10 the flfSt 50-70 years 



In terms of significance of the radiatiOn Impact then comes Nickel-63 nuchd It enuts only 

beta-particles. To protect from these particles IS a more s1mple task [7] 

In tab. 3 5 one can fmd data on the specific actiYity of Cobalt-60 and Nickel-63 m different 

places of the reactor compartment 5-500 years after the reactor shut down Also m thts table one 

can fmd the adnussible quantities of the speciftc activtty of these elements from the Russian 

normatiVe documents as well as from the documents of the InternatiOnal Comnuttee on Rad1at10n 

Protection (Ill 0-1-5) 

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

... . . . . -:· ·-··-··- .. -:. . •' -··· .·' , .. 
· ... ·. . .~ -: ~-- '--~. . . . . ' . ' : 

-··· ·-. . .M t I . . . . ··. .· .. . ~a 

·,·: .. -. 

Exposure. Reactor .screen 
·time, years 

Co-60 Nl-63 

5 8 1 10·1 2.7 10·1 

70 1 6·10 4 1 7·10"1 

100 3 o 10·6 1 4 w- 1 

150 3 9 10"9 9 7 10 2 

500 0 7 6 10" 

"·<:.:. : ·.:: :·c.: ccinstructionsin 
Reactor fra~e .. : :SO em away ... 

·.·· froin reactor . 
-;. 

Co-60 K1-63 Co-60 NI-63 

2 7 10"2 1 3 w·' 9 8 lO""' 3 2 104 

52 10"6 8 7 10 .j 1 9 w·7 2 0 104 

1 o w-7 7 3 10·4 3 6 10"9 1 7 w-4 

1 3-10 4 9 w--l 0 !.2·10"4 

0 3 8 10"' 0 9 l 10"6 

; SOLID'·.". 
SUBMARINE HULL 
UNDER ·R.EACTOR 

Co-60 NI-63 

1 3 10·5 3 o 1 o·" 
2 5·10"9 1 9 w·" 

0 I 5 10"6 

0 1 1·10"6 

0 8 4 10"8 

· : . . . -J.aciioni.J~Iid . . _ · : .. 

~ lll.C-1-Sl"-EA 2.0·10"8 

Tab. 3.5 

In tab 3 6 one can fmd the expenmental data on the specific actiVIty of Co-60 and Ni-63 m 

the samples taken from the reactor elements [7] 



Radionuclid content in the samples of reactor elements, Ci/kg 

The Element of the~ ' . . · . .. -
number reactor :·~:·. n 

of the coflstruction ·.Co-60 Ni-63 
.. 

sample peaKTopa 

I Shield 7 3 JO I 2 7 J0- 1 

2 Shield 6 5 10-1 2 7 J0- 1 

3 Co,Jting 7 8 10-1 1 3 J0- 1 

4 Coatmg 6 5 10 I l l J0- 1 

5 Hull s 7 10·' 95·10-' 

6 Hull -1- 9· 10·' 54 10·3 

7 Hull 3 2 10·' 1 3· 10·3 

8 Hull 2 4 10' 1 3· 10 1 

Tab. 3 6 

The analysis of all above-shown data shows that any works on reactor compartment 

dismantlement can be earned out only tn course of 50-70 years after reactor shut down Only by 

usmg this tactic one can reduce the nsks to the admiSSible quantities The nuclear reactor and Its 

correspondmg elements should be buned for the penod of more than 500 years 

The real rad1at10n S!tuatwn m the reactor compartment (RC) at the moment of the submartne 

decommissiomng and dynarrucs of the changes m the course of years were the maJor arguments 

dunng the development of the Concept of the Complex Dismantlement of the Russmn Nuclear 

Submartnes 

At the end of the g1ven sectiOn we will dwell on the role of beta-errutters wh1ch begm to 

play a sigmficant role at the d1stant storage penod of RC and deterrnmes the Impossibility of RC' s 

dismantlement m the feas1ble future Accordmg to normative documents, beta-active sohd wastes 

are considered radiOactive If the1r specific activity on beta-errutters exceeds 2 10-6 C1/kg In the 

reactor elements (straight after droppmg of the emergency protection) the specific actiVIty of NI-63 

may reach I 0 CI/kg Taking mto account that decay penod of NI-63 amounts to 92 years, the time 

of Its natural decay to the adrrussible level can be easily defmed This time amount to the hundreds 

of years 

of Its natural decay to the adrrussible level can be easily defmed This time amount to the hundreas 
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The concluswn about the mevnab1hty of the long-term storage of the reactor m the bunal 

ground becomes more ev1dent 1f one takes mto account one more radwnuchd-NI-59 It possesses a 

tw1ce less actiVIty than cobalt-60 or mckel-63 but has a decay penod of 80000 years 

The theoretical analysiS and the results of the actiVIty measurements at the deconurusswned 

submannes show that m 2 years after the shut down of the nuclear reactor and spent nuclear fuel 

unloadmg the only s1gmf1cant quantities for the dismantlement nsk evaluation are : 1sotopes of 

Fenum-55, Cobalt-60, Nlckel-63, Stronuum-90, CaesJUm-134 and 137 and radwnuchds of 

europium-152, 154 and 155 

Radwnuchds of europium are present m the control rods of the reactor and are left m the 

hull after spent nuclear fuel unloadmg Four of the 9 enumerated ISOtopes are beta-enutters They do 

not pose the threat of the external radiatiOn at the eqmpment dismantlement However, they express 

themselves at mechamcal processiOn of the matenals and direct contact of the personnel With these 

matenals. 

All the mformauon g1ven m this subsectwn g1ves a general Idea of the reactor companment 

as a mam source of the potential threats, the affectiOn of which IS felt for many years Takmg mto 

the account the number of the submannes to be decorrumsswned and the equal number of the 

reactor compartments, the Importance of the protection provisiOn problem becomes even more 

evident 

3.3. Spent Nuclear Fuel (SNF) 

As 11 follows from fig 3 2 after nuclear submanne decommisswnmg spent nuclear fuel 

(SNF) takes 90 % of the whole act!Vlty of the reactor compartment Sl\r 1s the mam source of 

nuclear-radzatwn hazard at all stages of handhng up to the moment of Its unloadmg from the 

reactor, m the penod of unloadmg and after It It IS exactly because of this, the Sl\r IS taken out of 

the reactor compartment as a separate potential hazard source 

The maximum heat power of the reactors amount to 180 MW The acn ve zone of such 

reactors contam up to 252 of spent heat producmg assemblages (fuel rods) Accordmg to the 

estimations [ 1] dunng f1rst 6 months after decommiSSIOn the total rad1onuchd acu vny m fueel rods 

may amount to 5 105CI (2 1016 Bqi ThiS actiVIty IS distnbuted between 15 radwnuchds shown m 

Tab 3 7 

ou 



Activity of several radionuclids in the active zone after reactor decommission 

Nuclid Activity ,Ci 
Fe-55 351'-1 
Co-60 1595 
~J-63 119 
Cr-85 12972 
Str-90 75675 

Ruth- 106 2'-105'-1 
CaesiUm-134 94595 
Caesium -137 83784 
Cenum-14'-1 2648 
PJOm-1-17 202703 
P1ut -241 s:ns 
Plut -242 0023 

Amenclllm-242M 0 0'-1 
AmencJum-243 0 045 

Cunum-243 0 013 

Tab. 3.7. 

Radwnuchds def1mng the activity of the Sl\'F have different decay penods. Due to the 

natural decay the total actiVIty of Sl'\'F IS reduced and Its quantity may be calculated at any moment 

after reactor stoppmg For example, actJ vlties of the radwnuchds of the above-discussed reactor w11l 

have the followmg guanuues m 15 year's penod (Ref Tab 3 8) [5,9] 

high. 

Activity of several radionuclids in the S:\'F after 15 years 
of reactor shut down 

- '. Nuclid Activity, «;:i -: 
Cnpton-85 127-1 

Str-90 11651 
lttm um-90 11654 

rhodtum-106 2 5 
ruthem um-106 25 
Cae~Jum-13-1 -170 
CaesJum-137 12999 
Banum-l37M 12297 

P10m 2221 
l.Jt an 23 

Plut-241 992 
Cunum-244 0 1105 

Tab 3.8 

As one can see- despite the large penod of ume actlvlly of the SNF continues to stay very 

~· As one can see- despite the large penod of ume actlvlly of the SNF continues to stay very 



Knowmg the radwnuchd content and the amount of the SNF at any lime gtves one a chance 

to analyze dtfferent sttuatwns whtch may anse at the stages of unloadmg, storage and transportatiOn 

of the SNF. The above-mentiOned data on Sl\'F IS sufficient for quahtauve modeling of any 

sttuatwns dunng the handling penod (up to the moment of process! ng ) 

3.4. Damaged nuclear submarines and service vessels 

Over the penod of the atorruc fleet operal!on there have been some acctdents wtth 

submannes and servtce vessels The techmcal condmons of those vessels still poses a threat to the 

personnel and temtory m the regwn of thetr location The hst of the damaged submannes and 

vessels IS presented m the IntroductiOn section of the gtven report 

The most stnkmg dtfference of the damaged nuclear submannes as sources of the potentml 

threat hes not only m the activity level but also m thts threat dtstnbutwn on the vessel The 

radwacttvJty of the most of decorrurusswned submannes IS concentrated only m reactor 

compartment The radwacuvJty of the damaged submannes ts dtstnbuted on the whole vessel 

In tab 3 9 one can fmd data on radwacuve Situation on non-damaged and damaged 

submannes whtch were decorrurusswned [6]. 

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

Flate of exposure dose of gamma-radiation, il)Rih·. 

0,01-0J 100-300 
0.005-0.0~ 0 1-0.5 

-reJctot compartment 0.03-15,0 200-500 
acent 0 1-30 

Internal factiJl!C> 
- 1 eaclor compartment 0.1-50 200-10000 

0.005-0.01 0 1-50 

Tab 3.9. 

A long storage of the nuclear submannes wtth damaged zones ts accompamed by 

penetration of the radwactt ve substances mto the sea The concentration of the arttftc!Ul nuchds m 

the place of the damaged submanne's storage do not decrease and constantly exceeds the maxtmum 

admtsstble concentration levels The pollutton near the damaged nuclear submannes has a local 

character Radwnuchds are dtstnbuted amsotroptcally m the atr covenng the squares of hundreds of 

char:1cter Rnchonuchrls are c!Jstnhuterl anJsntroOJcallv In the n1r covennQ the souares of hundreds g~ 



meters (f1g 1 8 of the Introductton sectton). In the sea water , flora and fauna the nuchd 

concentratton stays at the level of 0.1-0.3 of the max1mum admiss1ble quanttty. 

In the places of the long storage of the damaged nuclear submannes and tn the places of the 

submannes uttltzatton there IS a constant mcrease tn the anthropologtcal mfluence on the ecologtcal 

system One of such regwns ts Pavlovskogo Bay m whtch 3 damaged submannes are located along 

wtth damaged techmcal tanker "Vala"{ftlled wtth ltqutd radtoacttve wastes) and three Coastal 

Techmcal Bases of 326 proJect 

Also, thts IS the locatwn of storage for the nuclear submannes wtth the acttve zones sttll on 

board. 

The dectswn of how to handle the problem of the companments (contammg damaged 

reactors) handhng requtres new , reltable methods and technologtes of unloadmg of the actt ve zones 

from the reactor frames whtch would exclude madnusstbly htgh dose loads on the personnel 

3.5. Service vessels 

Servtce vessels are constdered the obJects of the potenttal radtatton threats The followmg 

obJects are connected wtth the radwacttve wastes handhng 

• floatmg techmcal bases of the reactors rechargmg (11 umts of total dtsplacement of 74000 tons, 
total volume of Sl\'F storage- around 6000 assemblages ) 

Spectal techmcal tankers ( 12 umts of total dtsplacement 45000 tons ) 

• Floatmg capactttes PEK-50( total dtsplacement 2000 m3) 

Out of 23 servtce vessels 19 have been worn out and others are outdated The proJect of the 

vessels dtd not presuppose the systems whtch would provtde for the safe storage of the spent 

nuclear fuel 

Dunng the dtsmantlement process a large number of defectt ve heat producmg assemblages 

have been accumulated These assemblages cannot be ehnunated by the ordmary measures Long­

tenn presence of the defective assemblages m the water led to the penetratiOn of stgmftcant amount 

of long-hved radwnucltds Sr-90 and Cs-137 As a result of thts, wastes wtth the acttvlty from 10-4 

to 10-1 Ct/1 have been fonned The most senous sttuatwn wtth hqutd radwactt ve wastes ts at one of 

the floatmg techmcal bases at whtch 47 tons of wastes have been accumulated wtth the total 

actlVlty of more than 5.5 thousands Ct The general data on the amount of the hqutd radwacttve 

wastes ts presented m tab 1 3 of the Introductton sectiOn 

All the floatmg techmcal bases 326, 326 M are worn out (30 years of servtce penod) The 

repmr of these bases ts restncted by the htgh levels of radtatton and pollutwn They do not meet 

demands on nuclear and radtatwn safety and thus cannot provtde the guaranteed safety of the 

works. The mamtenance of these vessels m operation mode requtres stgmftcant fmanctal resources 



The problem of safety provisiOn of the service vessels Is a separate specific task of both operation 

and utilizatiOn stages. The deciSIOn of the problem may be realized m 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 techmcal bases (CTB) along with nuclear submannes and floating objects are 

the sources of radw-ecolog1cal hazards. A special threat IS posed by the techmcal condition of the 

storage facilities of the spent nuclear fuel, sohd radwacti ve wastes and liqUid radwacu ve wastes on 

coastal techmcal bases 

The CTB at present were constructed between 1962-65 with worn-out eqUipment of the 

physical and radiatwn control As a result of this situation , there develops a constant penetration of 

the radwnuclids mto the environment For example, the latest research at the Pacific Fleet has 

shown that all the techmcal temtory of the coastal techmcal bases (part of the sea temtory of 

Sysoev bay and Strelok Gulf) are polluted with artificial radwnuclids (mamly caesmm-137 and 

cobalt-60), the content of which m separate places significantly exceeds the admissible 

concentration levels [6] 

Radiation situation at coastal technical bases of the Pacific Fleet 
. . · Area of water · : 
- _. · . . · .. ·::·-·t' ---~~ 

· · · . · , ·· Territory · c . · • 
.';/r_·' ••.• - ; l. ~ .. _: . .- _~ -:·--~ 

Zone of radiation . 
· · safe · ~· ·. · 

Zone of.radiation 
' ·.-·. ·, :-safe '· · ... · 

35 25 15 none 

1-35 0 1-1 I 0- < 0 005 0 005 
100 

- Sr-90 Ol- l-10 0 003 0 003 
0 I 

Co-60 0 1- 10- 0 001 
10 0 2000 

fauna, flora 0 1-1 0 1-5 0 001 0 001 

<0.01 e none none none 

I
~UliUlCU diL;i.l 

,r Sod. 1<0.01 Inane Inane Inane Inane Inane 
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St-90. 

- Co-60 

flora 

0 1-0,5 

<0 Ol 

Tab 3.10 

From the above-shown table one can see that the most polluted IS the water area and 

temtory of the zone of rad~atwn safety of Sysoeva Bay. Smular radw-ecologtcal problems are 

charactensttc of the other coastal techmcal bases of the Pactfic and Northern Fleets Pactftc and 

Northern Fleets The measures on radtoactlve pollution preventwn of the tern tones of coastal bases, 

wh1ch have been undertaken over the last few years, have brought poor results and have not met the 

modem reqmrements 

At the Northern Fleet spectal places for the temporary storage of the sohd radwactlve wastes 

do not meet ex1stmg safety requirements They are open, not protected from atmosphenc 

precipitations, not eqmpped wtth the groundwater treatment systems. The soil around these storages 

IS polluted by radioactive substances The total act1 vlty of the accumulated sohd radioactive wastes 

amount to 5000 Ct Takmg mro account the mcrease m the volume of works on the dismantlement 

of the nuclear submannes ,the amount of sohd radioactive wastes may nse twofold 

At the Andreev base the construction of the new storage for sohd radwactt ve wastes has JUSt 

been fmtshed (construction 67), however Its puttmg mto operatwn can be earned out only upon the 

expert exammatwn of the Mmtstry of Nuclear Energy. 

There are no capactt1es for the condttlomng of sol!d radiOactive wastes at fleets All the 

wastes are kept m ecolog1cally hazardous condlttons which do not meet the modem reqmrements 

At present 102000 m3 of solid radwact1 ve wastes and 142000 m3 are accumulated at the 

obJects of the Russian Navy Annual amount of technological hqutd wastes ts 44000 m3 Annual 

accumulation of these wastes amount to 905 m3 Around 70 % of the accumulated and current 

hqu1d radioactive wastes are concentrated m KolskJy Pemnsula and 10% m Severodvmsk Regton. 

Around 80 %of the accumulated and current soltd radwacttve wastes are concentrated m KolskJy 

Penmsula and 20 % m Severodvmsk Regwn 

Around 80 %of the accumulated and current soltd radwacttve wastes are concentrated m KolskJy 
()) 



The special group of the liqUid radwacti ve wastes IS low-active waters of special laundnes 

The amount of these waters greatly exceeds the volume of the technological hqUid radiOactive 

wastes and their specific actlVlty exceeds the quantity of 1 * 10-8 CIII only for 10-20 % of the water 

volume 

The waters of the special laundnes are formed at all facilities and their total amount IS 

112000 m3 per year. The maJor part of this amount IS formed at special laundry "Zhvezdotcka"- up 

to 100000 m3 and "Nerpa" up to 3000 m3
, Coastal Techmcal Bases-up to 2000 m3 and at the 

Northern Machme Plant- up to 2000 m3 

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. 

132 2 2!.6 2640 
0 56.:1 0 564 
27,3 27,3 

6.39 6 39 
165.-+ 55.59 109,8 

02 0.2 
0.~ 0,2 

17.0 170 
325.1 193.69 131 ~647,2 

Tab. 3.11. 

Amount of solid radioactive wastes accumulated at the Northern region facilities 
of the Russian Federation as of 1998 and forecast 

sites and facJII [le~ 
the RussJdn sh1 

buii dmg A. gene y 

till 2020 according to groups. 

9.073 

36.292 9.073 

5,444 

21,775 5,444 
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AtomiC 
Power Statwn 

"R,tdon" 

Storage''Mu on ova 
Gora'' 

· ·: · · Vol~me in thousimd.s of ml, 1998. · · · 
·: . -·2020 -

17,74 

0 35 

0 35 

18 2-.P 

60,947 

Wastes Vo!L!,nt~ of activ_ity groups . 
. . . . 

2.145 

5.517 
15.15 

Tab 3.12 

3,065 

1.017 

2,48 

0.155 

0.072 

0,21 

At "Atom Fleet" 1200 m3 of the hqmd radwacti ve wastes and 300 m3 of sohd wastes are 

formed dunng the process of the rechargmg and repmr of the CI vii vessels With atorruc umts. 

Soltd radwactive wastes are formed m the quantity of 250 rn3 per year. At present 500m3 of 

technological solid radwact1ve waste; and 760m3 of hqmd ones are accumulated at 'Atom Fleet" 

(mcludmg the wastes resultmg from bummg of combustwn wastes) 

3.7. TUK MBK VMF CASK. 

Unloadmg of the spent nuclear fuel from the decomm1sswned nuclear submanne reactors 

takes place m 3-10 years after the stoppmg of the nuclear reactor By this time the Initial actlVlty IS 

reduced but still stays at a very high level The character of the fall of the exposure total activity and 

the act!Ylty of the radwnuchd CaesiUm-137 IS shown m f1g 3 3 [9] One can see from fig 3 3. (The 

dynamiCS of the fall of the radwnuchd actlVlty m the spent nuclear fuel) that the twofold fall of the 

mitial actiVIty takes place m 18-19 years, fourfold-m 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 wtth the techmcal condttiOns the cask mcludes 25-49 of the spent heat 

producmg assemblages whtch amounts to 10-20 % of the spent heat producmg assemblages m the 

active zone. Thus , the total activtty of the radwnuchds for packing set in a year and a half may 

amount to (5.5-11)~104 Ct The acttvtty of Cesmm-137 amounts to (8-16)'103 Ct In 15 years the 

actiVIty of the packing set may amount to (2 7-5 4)" 104 Ct (total) and (6 5-13)"' 103 Ct of Cesmm-

137 

The tests of the casks conducted m accordance with the packing set requtrements of the B 

type have shown that m the Circumstances of the project acctdent the release of the radwnuchds 

mto envtronment ts not stgmftcant [9] 

Dunng the extra project acctdents connected with the destruction of the protective 

capsulation of the cask the amount of outlet greatly depends on the degree of the heat affectwn and 

destruction character of the packing set The analysts of the acctdents with the packmg sets havmg 

spent nuclear fuelts one of the tasks of the further research 

3.8. Technological cycle of the non-radioactive compartments 
dismantlement 

Nuclear submanne dtsmantlement causes (along with the radtatton hazards) the appearance 

of chemtcal ecologtcally harmful factors (EHF) whtch are classtfted accordmg to the character of 

thetr effect on environment and the mechamsms of thetr mamfestation 

.. l _____ r,e __ .. _____ ------------ ____ J .. L _____ ._ ___ ____ _ r .. L_ 
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Radwactive trradtatwn acts at practically all stages of dismantlement Electromagnetic 

radtatwn, outlet of harmful cherrucal products, acoustic, mechamcal and heat Impacts mamly 

mamfest themselves at the stage of submanne dismantlement, formation of the reactor block and Its 

preparation for a long-term storage 

Harmful substances appeanng at the cutting process are considered to be dtspersal aerosols 

and represent a dtspersal system of plasma-fonrung gas and products of tts bondmg with rur: oxtdes 

of mtrogen, carbon, ozone These gases (havmg a htgh level of toxicity) are formed as a result of 

working gases dtssoctatwn m the arch as well as of thetr active bondmg m atomtc condttwn. They 

cause tmtatwn of the mucous membranes of the respiratory tracts, asphyxta, pmson of the human 

orgamsm [4] 

Pollutants appearing at steel processing 
. ' . •{ . . . . _· ~ ·:. . . 

Pollution source 

Evolved·: 
. su!lstances or .. ,' sp'eccitic ~el~~s~~ . 

. pollution · · _... of pollutants g/m·' 
·: - compone~ts :,: . . . -. :;: ~ .,:, ·:; . 

.. : . --~- ·· .. 
Oxygen-acetylene Dust 4,90 
cuttmg. mr-arch steel Chwme oxide; 0.23 
gouging of the types Manganese and ns 
AK. MS (matenal compounds 1.20 
Width I> l 

Tab. 3.13. 

· Place.s of long-·_·· 
· t~rJl! stprage for · 
··· ' the evQived · ·' 

-substa~:~ce$; .. 
. mg/ ·a_. . m .. . 

0.-WOO 
0.0015 

0.0010 

Dust (Tab 3 13) has a htgh degree of dtsperswn and ts capable of penetratiOn mto resptratory 

tracts Espectally dangerous dunng cuttmg of chrorruc, chrorruc-mckel and manganese steels are 

aerosol particles of chrome anhydnde, manganese oxides and oxtdes of mechamcal mckel 

The cutting of one nuclear submanne With the use of gas-oxygen and plasma cuttmg ts 

accompamed by the outlet of htghly toxtc substances of 1 and 2 hazard classes mto environment­

oxide chrome and manganese of 6-23 and 3-12 kg Respecttvely. There ts an outlet of the 

substances with sharp affectiOn mechamsm -<:arbon oxtde 120-500 kg and mtrogen oxtde-40-650 

kg 

It ts known that htgh-alloy steels from whtch the hulls of the nuclear submannes as well as 

the electrodes for weldmg and cuttmg works are manufactured, contmn the metals Cr, Nt, Co and 

others 

In the working zone dunng the hull utihzatton the concentration of chrome exceeds 30 times 

the m::IXlmum adrrusstble level, manganese-3 times, mckel-15 times, lead-16 times and zmk-4 

ttmes At the dtsmantlement of the submanne hulls (as a result of the thermal affection on the metal 

the m::IXlmum adrrusstble level, manganese-3 times, mckel-15 times, lead-16 times and zmk-4 
0~ 



and non-metal surfaces the harmful combustion products penetrate mto the rur An extremely htgh 

content of the sohd aerosol phase of mdustnal dust (exceeds ma.xtmum allowable concentration 8-

17 times) as well as weldmg aerosol should be also noted. Several harmful chemtcals whtch are part 

of the non-metal surfaces have allergtc , narcollc effect on orgamsms. 

It IS known that a long contact with manganese and chlonne leads to the reductiOn of the 

protectJve-adaptatwn powers of the orgamsm, to the development of the Illnesses of the resptratory 

organs and mcreases the nsk of the cancer The manganese accumulatiOn m the orgamsm IS the 

factor of the development of the grave professwnal dtsease, chrome manganese mtoxtcatwn. The 

analysts of the hmr bw-tests of the workers of the production unwn "Sever" has shown that the 

content of Mn and Cr ts 3 4-4 Urnes htgher than that of the control group. [5] 

Currently,the cuttmg of the reactor compartment or 3-compartment block ts earned out vta 

gas weldmg For the cuttmg of austemttc weld seams and some steels and alloys the plasma cuttmg 

ts used The speed of the plasma cuttmg ts two-threefold faster that of the gas -however thts speed 

with the wtdth mcrease of the metal to be cut falls sharply 

The evolvmg of the harmful chenucal substances at laser cuttmg ts practJcally equal to that 

of the gas and plasma cuttmg. 

At present there extsts a suppositiOn that the pnnctpal method of the dtsmantlement of the 

vessels with nuclear reactors wtll be gas-cuttmg works whtch are connected with the evolvmg of a 

large amount of weldmg aerosols whtch contam metals-allergens Mn, Cr, Nt, Co and others. Thts 

factor may cause the appearance and progress of the spectftc changes the personnel's health People 

with low metabolism speed may develop pathologtcal reactwns and Illnesses 

It ts constdered to be very tmportant to conduct a complex of works on the more accurate 

defwltlon of the classes of the toxtc wastes dunng dtsmantlement process 

The Mmtstry of Health of the former Sovtet limon and The State Comrruttee on sctence 

tssued and approved m 1987 the Temporary classtfter of the toxtc mdustnal wastes Thts classtfter 

stands m !me wnh the Intematwnal Regtster 

In tab 3 14 one can fmd a hst and classtftcatJOn of the toxtc wastes formed dunng the 

process of nuclear submanne dtsmantlement. 
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The list nf non-radioactive wastes formed at the dismantlement of nuclear submarines 

··. · .. ·. .Toxic. wastes.: ·' ·: ... 
'" .~ ' r' ' • ' • ' ' .r 

wa~tcs contm 111 ng the 
COill[lOIInd<; of lead, 

chtomtum 
2 tluorc<;ccnt lamp~ 

' thalltc c.Jrtndgc<; (I tom 
the oxygen mc.t-;unng 

equtpmcnt) 

4 ltqutd oxtdant and fuel 

~ w:tstc<; I rom handltng 
the hull COn,ttUCitnn 

(dll{)tntum oxtdc) 

I hqtuds allct t egcnct at ton 

2 electrolyte (<;tdphullc 
,ICI 

1 wa~tc<; f)()m handltng the 
hull constructton (oxtde 

rnang.ute<;c. hydrni"Juottnc. 
ntt 

4 al~ahne clccuolyte of 
the 1Jeeze rnaclttncs 

~ hychogcn <;UI[lhtdc, 
SLII mane hydt ogcn 

wa-;tc~ not contauung the 
compounds of lead 

2 Rtgtd platc<;(FS-7-2-
1 

3 foJrn pla<;llc plates (llC-
1) 

4 WJ<;LC~ I rom handlmo the 
" hull construcrton (dusr) 

5 ma~ttc (BR-20) 

(, copper 

Tab. 3.14. 

I <;[Jccwl stu face~ (rubher) 

2 absolctc [llatcs, a<;hc~tm, 
-flhet, asbc<;to<;-hhcr 

.1 lome tC<;tllS 

4 wastes from handlmg the 
hull constt uctton (cat bon 

oxtdc 
5 otis, fuel, w.ttcr wtth otl 

rcm .. 11 n() 
() chl<tdone-12, 
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The total of the evolved pollutants which penetrate mto the rur at the gas cuttmg of the 

hull mto large sectwns and further cuttmg mto sme1tert-stzed pieces for one submanne of 

"Delta" type IS shown m tab. 3 15 

Delta type nuclear sub hazardous atmospheric emissions 
during cutting procedures 

·'" 
.. 

' .. . · ·substances . . . ' .Weight(kg) . ' ' . ' . 
-

Dust 
73 

Includtng 
O:'l!de manganese 43 
Ox1de chrome l 
Othe1 substances 79 

Ga.~ aerosols 
411.5 

Includmg 
Ox1de carbon 250 
N 1tnc Ol\1de 161 
F1uorrne carbon 0.5 

Tab. 3.15. 

The amount of wastes formed dunng the process of stnppmg procedures IS shown 3.16. 

Delta type nuclear sub waste generated during stripping procedures 
• • '• - • • :e. •••• • • • • ' ~ ~ • • • :--: - \· 

· · · · Wastes · · · · - · - · . · . --. -·. - .· _., .. _,. __ ._. -~-.-_ ~··-. 

Tab 3 16 

The quantity of the tox1c matena1s of hazard class 1-4 generated dunng the 

dismantlement of one sub of DELTA type IS shown m tab 3 17 

Delta type nuclear sub toxic wastes resulting from 
the dismantlement procedures 
· . ·- . . - ·. . . Toxic. materials ·- . __ , .. -· .-·- . .. 

: ~ ., ' ' . ·:·. . c '· . ' 
.. 

Hvdro-acoust1c >uri ace 
Pamt su1tucc 
Ftlrng 
Lrnoleum 
Ce1 am1c surFace 
F1 beH!lass plastic 
Heat-1solat1on ot solid hull and mtne 
L..JIJV!'Vlllll 

Ce1 am1c surFace 
Heat sound ISolating mat~ 

Weight (kg) 

275000 
7800 
8120 
3000 

580 
860 

14000 
.JUUV 

'iRO 
15000 



• Toxic materi!ils 
... • . .. -

· o/eight (kg)·.· . . . . > 

Tube Isolation 8200 
Cable rubbe1 103200 
Fluorescent lamps 2000 units 
Plastic compound 100 
U~ed Oil 40000 
Liquid of hydraulic system 20000 
Chladones 100 
Sulphunc ac1d 22000 
Diesel fuel :woo 
Impllle wate1 with remmns of 01! and cleanse1~ :woo 
F10ther of the lire e.'.tmgUish svstem 400 

Tab.3.17. 

In the ecological documentatiOn LDSO cherrucal hazard classificatiOn wllh the calculation 

of the cumulauon coefficient K IS used [Tab 3 18] 

LDSO chemical hazard classification 
-

· .... · ·: ·. . · · ,. ·· .'. . Ex'amples.;~f.the·_.substance~ · · . Value_ c, .. . .. . ·. H~zard . . 
. Hazard degree ~:. · .. ::·.: taken as the leading· ,. .· rec~ived on_ the.' . :. class . . . 

. .LD50 bas1.s . . . · . . .. " .. ' ~- - . ·.-· < > ,. components . . . .. , -- . . - - - ' -. ~ . 
les> thdn I ,2 I Ex.treme hazru d Mercunc chlonde, potassiUm 

cvamde. chrormum 
hom 1.2 to 2,2 2 High haz.ud Copper chrom1de 
!rom 2.3 to I 0 3 Moderate h.tzard Acetophenone, tet1 Jchlonde em bon 
more than 10 -1 Low hazard Calclllm chlonde 

Tab.3.18 

Note 

LDSO - lethal dose of the chemical substance wh1ch at the penetratwn mto orgamsm 

causes death of 50% of ammals, mgr/kg 

C - cumulatiOn coefficient - relatwn of dose or concentratiOn, wh1ch causes a defmne 

toxic effect after a smgle usage towards the summated dose or concentratiOn of the substance 

causmg the same effect when used several umes 

For the control of the mdustnal disposals of the chemical substances people use different 

values, mcludmg those of Maximum Permissible Concentration (MPC), Penruss1ble Residual 

Value (PRV), Estimated Safety Level Of Influence (ESLI), Esumated PermiSSible Concentration 

(EPC) 

For the samtary estimation of the atmosphere about 14 md1cators are used. Very often the 

followmg md1cators are used 

For the samtary estimation of the atmosphere about 14 md1cators are used. Very often the 



MPC w.a.- Mruumum Penruss1ble ConcentratiOn of a chenucal substance m the 

atmosphere of the working area, mgr/m3• Th1s concentratiOn at 8 hour working day (not more 

than 41 hours a week) can't cause a d1sease or lead to a worsenmg of one's health dunng the 

whole working penod The working area IS 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 

locatwn of the workers 

MPC de- Maximum Penruss1ble Everyday ConcentratiOn of a chenucal substance m the 

atmosphere of the populated areas, mgrlm3 This concentration IS not supposed to cause either 

dtrect or indirect harmful affectwn at an unhnuted penod of mhalatwn 

JIIIPD- Max1mum Penruss1ble Disposal of the pollutants mto the atmosphere at wh1ch all 

the hyg1emc norms are observed m the populated areas With the most unfavorable conditions for 

dispersion, kg/day 

PDKav standard represents the maximum concenuatwn value of the hazardous elements 

m the mr of the public access areas and stands for the concentratiOn of the admixture m the mr 

wh1ch when regularly or constantly reacting with the human orgamsm does not mcur any 

negative 1mphcatwns neither for the latter nor the environment 

The PDKw standard stands for the maximum concentration value of the hazardous 

elements m the public water areas, which do not have neither d1rect nor any other beanngs on the 

public health (on the basis of the standard human htecycle penod) and do not Jeopardize the 

hyg1ene condmons of the water usage m such areas 

A very Important task for the direction descnbed m the Task 4 IS to make a quantitative 

evaluation of the pollutant compounds m each place of storage and uttltzatton of the nuclear 

submannes as well as m case of accident ansmg 

3.9. Potential hazards from pollution and radiation sources. 

PollutiOn and radwuon sources may mamfest themselves only under certmn 

circumstances, posmg a threat for the personnel , populatiOn and nature All the hazards can be 

d!Vlded mto 4 types 

The hazard of a spontaneous chain fisswn reactwn ( nse of the cnucal mass and 
accelerauon of the heat-producmg process of the prompt neutrons, thermal exploswn) 

2 The hazards from toxic tadwactive wastes and matenals With directed activity 

3 The hazards from radwnuclids present m the spent nucleat fuel, aerosols and liqUid 
radioactive fuel 

4 The hazards from non-radwacti ve but toxic or carcmogemc compounds of the 
dismantlement products 

4 The hazards from non-radwacti ve but toxic or carcmogemc compounds of the 



Spontaneous cham f1sswn reactiOn IS the most dangerous emergency sttuatwn which 

could hypothetically happen only at first and second stage of the dismantlement. 

The hazard of 2"d type IS present at all stages of dismantlement 

The hazards of 3 and 41
h types may be present at all stages except 6th one 

As tt has been menuoned above the hazard of the flfSt type anse only m 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 existmg hazards (with 

exception of "small doses" about which the heated discussions amongst the scholms still 

contmue) 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 m the next sectiOn. A special emphasis will be made on the spontaneous chmn fiSSIOn 

reactiOn and radwnuchds outlet from the spent nuclear fuel. 

About the hazards from the induced activitv. 

The degree of the mduced activity of the constructiOn matenals of the reactor 

compartment IS defmed by the duration of nuclear reactor operatiOn and the quantity of the 

energy produced The mduced act!VIty of the some elements and the equipment of the reactor 

compartment IS presented m tab 3.1, 3 2, 3 3. [1) 

For 3 year storage after the reactor stoppmg mduced radwactiV!ty per weight umt of 

caisson amount both on Co-60 and Iron-55 to 6 ivffiq/gr Total quantity of the each ISOtope 

radtoactiVlty m cmsson amounts to 3 TBq [11] 

In surface layer of the reactor hull (from the Side of the cmsson) the act1 vtty of Iron-55 

ISotopes Will amount to not more than 5 ivffiq/gr, Co-60- 0 2 ivffiq/gr [ 11] 

In case of reactor compartment smking Its contact With water Will lead to the 

development of the corrosion processes The penetration of the all nuchds mto the water Will be 

defmed by the processes of the general corrosiOn The speed of the general corrswn of the 

stamless steel at the temperature of 5-10 C amounts to 1 Jlrnlyear and for the surface sediments 

and pearhte steel of the reactor hull- 50 Jlm/year 

Thus ,besides the danger for the personnel from working with active equipment , the 

mduced activity may stipulate hazards at the matenal corrosiOn and transfer of the corrosion 

products m water, atr Jnd soils 

The data presented m the tables g1 ves the tdea about the comparat1 ve levels of danger of 

the eqUipment With the mduced actiV!ty For the calculations of the real hazards and 

consequences It IS necessary to know the energy charactenstlcs of radiation and the1r doses 

calculations (w Gy, Sv) It can be possibly conducted for the concrete scenanos at the next stage 

of works 
consequences It IS necessary to know the energy charactenstlcs of radiation and the1r doses 



About the hazards of the radionuclids spreading. 

Radwnuchds formed as a result of nuclear fuel fission, activatiOn of different hqu1ds and 

gases pose a mam threat for nature and human bemg. They can concentrate m hve orgamsms, 

can be transferred accordmg to food cham, spread to the distant temtory from the place of the 

formatiOn It IS exactly this category of pollutiOn that was the mam trag1c consequence of the 

accident at the Chernobyl Nuclear StatiOn, accident at nuclear submanne m Chazma Bay and 

many other cases For example, m 8 years after the heat exploswn of the reactor m Chazma Bay 

there were registered high dose rates-from 0 3 up to 157 mSv/hour In 11 years after the accident 

on the hght hull of the nuclear submanne the rates reached the level of 2 9 mSv/hour The 

maximum levels of dose rates at the sea bottom (m place of accident) reached 0 26-1 4 

mSv/hour 

Such levels of radwact1ve pollutwn of the metal constructiOns stipulates three traditiOnal 

methods of the weldmg and cuttmg works conductiOn (formatiOn of aerosols with total activity 

of (103 -106 )Bq/m3 which exceeds 5-7 times the adnuss1ble norms) 

The pecuhanty of this threat IS that even small (admissible) concentrauons of the 

radiOactive elements m the water or mr may, with the course of lime, be concentrated m 

vegetatwn or human orgamsms. The possJbillly of their spreadmg over great distances has been 

proven In contrast to the non-radwacti ve chemtcal pollutants, radwnuchds 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 nuchds leavmg the active zone one can defme actiYlty of each 

radwnuchd m spent nuclear fuel as the product of specific activity (which IS received accordmg 

to the same calculatiOn model) on the quantity of the maximum energy producmg for the 

submanne of the g1 ven type Such approximatiOn allows for evaluatiOn of the accumulated 

activity with the accuracy suftlc1ent for the solutwn of the given task because 

total activity of the spent nuclear fuel Is defmed by the actiYlty of the ftsswn products, 

• the outlet of the fisSIOn products does not have a strong dependence on the content and 
ennchment of the fuel, that ts why the accumulation of the ftss1on products IS defmed by the 
energy producrng of the reactor 

For the eva! uatwn of the rad1atron and radio ecologrcal hazard of the radwacti ve rsotopes 

one should take mto consrderatwn [2] 

• total quantity of the Isotopes AO (Bq) m the researched object as a charactenst1c of radiation 
harmful object; 

the quantity of the dose coeff1crents E (Sv/Bq) as a cntenon of their radtation hazard; 

coeffiCients of therr accumulatron CA (!/kg) as a cntenon of their brologrc hazard, 

• therr physrcal propertres (half-decay penod Tl/2 (Years) or the constant of the radiOactive 
the quantity of the dose coeff1crents E (Sv/Bq) as a cntenon of their radtation hazard; 

decay A.) as a en tenon of their ecologtc hazard 



The most hazardous threat for environment pose the nuchds which are charactenzed by 

small mrunmum quanuues of first 3 of above-mentwned charactensucs That IS why the most 

ecological s1gmflcance have nuclids for which the quantity of the ecological coefficient has the 

mruumum md1cator 

Ecological Coefficient of Hazard (ECH)= AO*PCA/ 'A 

Out of all potential hazard sources the most hazardous IS the one for which the sum of the 

Ecological Coefficients of all nuchds reaches the ma'{Imum quantity 

Over each penod of lime T, from the moment of the accident , the most sigmticant IS that 

nuchd for which parlial ecological coefficient of hazard IS maximal 

Partial Ecological Coefficient of Hazard (PECH)= AO~E~CA*(l-e-M) 

It ts known that non-exceedmg of the set dose limits IS considered to be a hyg1emc 

approach to the provisiOn of the safety for the human bemg and society. 

As far as other part of the natural environment IS concerned, the answer to this question 

lies m the assertion which has become an axiom amongst scientists·" 1f a human bemg IS 

protected, then nature IS protected as well" This axwm IS the basis for the ex1stmg normative 

acts regulatmg the outlet of the mdustnal wastes and defmmg the measures to be undertaken m 

case of acc1dent. 

Kature which has been under anthropological affectiOn serves as a model and allows to 

evaluate the senousness of the changes as a result of the anthropological actiVIty Below will you 

fmd some obJectwns to the hyg1emc approach to the safety provision 

Impossibility of applymg the hyg1emc norms for the ecolog1cal substanuauon of the 
admissible man-caused acuvny m the places distant from those with htgh populatiOn, 

• Impossibility of the evacuation of the ecological systems which are m po01 condttlon 
because of the accidents, 

• creatiOn of the highly polluted zones with higher mutagemc background which can 
potentially cause the appearance of the harmful hvmg forms 

It should be noted that the research of the radiatiOn mfluence on the ammals and plants 

allow to assert that doses of 1 Gy are not dangerous for the maJonty of the h ve orgamsms. 

However, these levels of radtatwn may lead to the change of the ecological system structure 

because of 

obtmnmg an advantage of one group over another, 

general weakemng of the hve orgamsms and as a result of It 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 It to overcome the consequences of the radtauon 

• rPrliTrtlnn nf thP nrnrlnrt1v1tv nf thP PrnlnoJr!='!l .s.vs.tf'm M thP f'.XnP.ns.P nf thP. lm:.s nf .s.nmf'. 



Such affects can mamfest themselves at the level of radiatiOn equal to 0 1 Gy that ts at 

stgmftcantly low than those constdered not dangerous for the hve orgamsms (1 Gy) Thts means 

that m case the potentially hazardous activity ts conducted m places dtstant from populated areas 

the damage to the health of the populatwn (even m case of the mruumal acctdent) wtll be 

mstgmftcant while the natural envtronment can suffer stgmftcant damages. 
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4. RISK SCENARIOS 

In this sectwn ongznators of the feaszbzluy swdy revzew potemia/ nsk 
scenanos for dzsmantlement operatwns A special emphaszs zs made on the 
emergency suuatzons resultmg zn substamial dzscharge of radw nuclzdes In 
the course of ftmher research It zs planned to define rhe pamcular feasibility of 
each scenano as developed and presemed m rhzs chapter for jz1rther nsk 
assessmelll purposes, followmg the establzshed nsk assessmem methods and 
mechamsms. 

4.1. Emergency situations at all dismantlement stages · Overview 

Followmg the concept developed by the Russ ~an Mtmstry for .Nuclear Energy (Mmatom), 

the actual hfe penod of the nuclear submanne upon tts deconurusstOnmg constitutes 70-100 

years, whtch are concluded by the hqUtdattOn (uttltzattOn) of Its reactor compartment Evtdently, 

each stage of the nuclear submanne hfe penod as descnbed m the Sect10n m the above entatls a 

parttcular nsk of potenttal emergency sttuattons 

The schedule of the potenttally dangerous actt vtttes m the course of the nuclear 

submanne regular dtsmantlement operations ts shown on Tab 4 !, whtch presents assessment of 

the potenttal nsk as broken down mto several maJor categones( 1 e "mmor", etc) 

These operations entad potenttal emergency situatiOns, the assessment of whtch ts 

targeted as the mam objecttve of thts sectton 
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Note (Tab.4 1) the 4'h stage wh1ch IS not connected wtth the spent nuclear fuel unloadmg 

and hull cutting and whtch represents a separate stage for analysts has been onutted 

For further assessment of the radiatiOn and envtronmental hazard from the hst of the most 

hkely emergency situatiOns as suggested m the Tab 4 l, applicable to both decomnusswned 

nuclear submannes and other vessels With nuclear power umts on board, there have been smgled 

out the particular emergenctes resultmg m the depressunzmg of the core regions and hqmd 

radwacti ve waste/spent nuclear fuel storage umts/factlltles 

The assessment of the emergency errusswns and tmphcatwns for the local population has 

been based on the most conservative assumptwns pertammg the emergency situation scenanos, 

mcludmg the quantity and nuchde composltwn of the dtscharges and pollutants, radwacttve 

waste streams m atr and water, as well as madiauon degree of the human populatwn 

It has been estimated [2] that m the case of the unhkely developments the vanatton 

between the real f1gures and the calculated values 1s mversely as the square root of the 

probability of such a development Experts have therefore estimated the probab!ltty of the 

Regular emergenctes at 10'3• 10 4 year -i, non-regular emergencies. 10'5 year -i and lower. With 

such an approxunatwn the difference between the reahsuc Jnd estimated values may come to 2-3 

orders A consistent conservatr ve approach as applied at all stages of the scenano bmldmg 

process up to the calculation of the radiatiOn values of the potential accidents provides for the 

most extreme values, therefore cleanng such a vagueness Such an approach allows to 

substantially breach the gap between the calculated values and the pracucal data for such 

Situations. 

In the future after we have calculated the est1matwns of the potential consequences of the 

l;:_!tllfltH""'p_o;;:_ 
acciOems, It Will become teas1ble to conduct the comparative analysis ot such estimations tor 



each emergency (Tab 4.2) With the InternatiOnal Atonuc Energy Agency s1ze scale for the 

nuclear acc1dents and emergenc1es [3) 

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

0 0 
• 0 .. -

Description of the - Emergency N!! _ Possible m~jor causes -
accident ' --class 

. - :. ' : . _i ...... · ' . .·. ·-_ 

I Spill ot the liqu1d 1 adwact1 ve Bre.tch m technological process. Regular acc1dent 
wastes mto the watet dunng hum:m factor. bad weather 
the ll ansferal of the l.ttter to condllions 
specwl vessel 

2 Smkmg ot the cut-out rect01 Breach 111 technologtcul p10cess, Regul~u acctdent 
compmtment m the water areJ safety tegulauons b1eaches, 
of the sh1pvard hurn·m f~r~nr 

3 Igmt10n (loc.tl fue) wnhm the B1eacn m rransponauon ana Max Regular 
reactor compartment dunng technological procedures. accident at 
the dtsm.tntlement operations human f JCtOI. bad wc.tthet cnterp11se 

cond1t10ns, nav1 gatJon fmhnes 

-l Accident with the loss ot the Techmcal failure, human factor Max Regular 
heat-cm11er on the ve%el With acctdent on 
the spent nucle.tr fuel on board board ol- the sht]l_ 

5 Smh.mg of the vessel with the NavJgatJon failure. exttcmc :\on-regular 
unloaded cote JegJon m the weather condi[Ions human acc1dent 
naval base water area tactm _ subversr ve JCtl v1ttes 

6 Spontaneous nuclear charn Breach rn tcchnologtcal proces; Regular acCident 
1 eacuon on boat d of the 1 n the cout se of the core 1 eg10n (m.tx potentral 
nucle.:u vessel transferal opet Jllons, human acctclent) 

lactm subversr ve actr vr ties 

7 Destructron ot the hqllld Subvers1 ve acu vr ties an ct aft Regula! accident 
tadroactlve waste stmage crash, e\tieme weather wllh the max 
tacrlrty conditron; ;prll 111 water 

HI eas 
8 Fn e (general ftre) 1n the Breach In technologrcal ptocess, Non-regular 

course ot the nuclcJr vessel satety 1 eg:ulauons bt caches, accJclcnt 
dismantlement operatwns human !actor 

Tab 4.2. 

EstimatiOn; show that the maxtmum radtatwn consequences may result from the Regular 

acctdent with either the spontaneous cham reactiOn or the loss of the heat earner on the nuclear 

vessel wnlun the naval base or shtpyard water areas 

Constdenng that there rue no substantial dtfferences between the acctdent scenanos for 

the on-water-surface f!oatmg nuclem submannes and the other nuclear vessels, such scenanos as 

dcscnbed below are applicable to both types, tf not spec1f1ed otherwtse. The prectse radmtJOn 

1mphcatwns for pantcular types of vessels will need to be developed m the comse of the further 

uJnrlrt' nn thP nrAIPi"t 1n f"'nrnnJ,gnf'P \1/tth thJ:> cr"'Pnnnn(" o::ac nrPt"""ntPrltn th1t' rPnnrt 

dcscnbed below are applicable to both types, tf not spec1f1ed otherwtse. The prectse radmtJOn 
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In order to assess emergency tmpltcauons for the local populatiOn and envtronment for 

vanous scenanos 1t IS essenttal to undertake the calculatiOn of the resultant doses of the exposure 

of the latter through the rad1at1on cloud, mhaled rad1o nuclides, underlymg terram contarrunauon 

stream, as well as est1mate the beta f1eld mad1atwn skm exposure At the same t1me It seems 

reasonable to d1sregard human exposure to the rad1o nuchdes through food, as naval bases for 

nuclear sh1ps and other vessels are as a rule sufftctently dtstanced from the agncultural and 

ftshmg areas All further envtronmental 1mphcatwns wtll therefore be assessed on the bases of 

the underlying surface contammatwn (for both all tadw nuchdes combmed and the maJor ones 

parttcularly smgled out) All the acctdental dtscharges are constdered to be of short durauon, m 

other words m the course of etrusswns the atmosphere stabiitty condltlons, dtrectton and force of 

the wmd are presumed to have constant values Such a conservative approach corresponds to the 

maxtmum mos values of the land concentration m the course of the enusswns 

Evaluatwn of the consequences of the acctdental emtsstons shall be conducted [5, 6] for 

the early, mediUm and fmal phases of the acctdent [14] 

The early phase of the acctdent shall be assumed equal to 48 hours Dunng thts penod 

there ts estimated the total madtatton external dose from the cloud, underlymg terram, as well as 

the mtemal dose of the mhaled radto nuchdes from the passmg cloud 

The medtum phase of the acctdent corresponds to 240 hours and the fmal phase covers 

the remamder of l year after the acctdent has occurred Dunng these phases researches assess the 

effect! ve dose of the external madmuon through the r ad to nuchdes, as accumulated on the 

underlymg terram As lt has been earher descnbed there are no calculatiOns performed for the 

radto nuchde exposure through food Items. 

Human population and envtronment exposure through radtoacttve emtsswns ts pnmanly 

condlttoned by the adnuxture dtsperswn m the atmosphere These processes depend both on the 

cmtsston parameters (hetght, etc ) and the stabtlay of the atmosphere Itself at the ume of 

emtsswn In the case of the lengthy (contmuous) emtsstons the average meteorologtcal 

condttlons are apphed to the adnuxture d1sperston calculation (average annual wmd rose, wmd 

speed, atmosphere stabthty wetghted average value, etc) In the case of the bnef (acctdental) 

emtsstons all calculattons are based on the prectse meteorologtcal parameters at the tlme of 

emtsston 

Whtle calculatmg the values of the acctdental emtsswns and thetr environmental 

tmphcatwns the real meteorologtcal condlttons at the time of each enusswn are calculated wlthm 

the framework of the local Paskvtlle- Gtfford model [7], whtch ts based on the SIX classes of the 

standard atmosphere states 

Snhsecrtons he low sn<><>est some of the most hnzarrlous ncctrlents ns hsted tn the F1 <>ure 4 2. 
the framework of the local Paskv1lle- Gifford model [7], whtch IS based on the SIX classes of the 

------------ ---- . --o.::::--- ------ -- ---------- ----------------------------- ----- -o---



As far as the scenano of emetgency sttuatwn wah the loss heat earner ts concerned the 

followmg must be mentioned: 

In accordance Wtth the safety rules the emergency sttuatwn with the loss heat earner ts 

constdered to be the mrunmum proJect accident for the atormc vessel 

Through the heat earner (because of the encapsulauon defects) the product fissions come out. 

Dunng the acctdent out of the heat earner I 00 % of rare gases, 10 % radwactive wdmes 

m orgamc form and I % of the ftsswn product are released mto the atmosphere of the reactor 

compartment.[IO]. 

In tab 4 3 wtll you fmd the Composition and discharges on the nuclear sub as a result of 

the ftre 

Takmg mto account that th1s emergency s1tuat10n can hardly be a result of the nuclear 

submanne decomnuss!On, the gtven sttuatwn wtll not be treated at length m thts report 

Composition and discharges on the nuclear sub as a result of the fire 
0 · . . · · · ··: Gainma- · .. Atmosphere · 

Radio nuclide .. ·,-. Half-Life -· .';-~·constant, : · 0 e!liissions; ·· · . . .' · · ~ < r:cm2ig·m d · ° Ci (Bq) 
Krypton-85m 4,48h 1.12 300 (1.1110 13

) 

Krypton-87 76.3 mtn 3.72 320 (1,181013
) 

Krypton-88 2,84 h 97 460 (I ,70 1013
) 

Xcnon-133 5.245 days 0051 2600 (9 .62 10 11
) 

Xcnon-135 9,08 h 1.32 1300 (4.81 10 11
) 

Xenon-138 14 I nun 5.23 220 (8,14 101:) 

lodme-131 8.04 d<~y> 2.16 2 8 (1.0410 11 ) 

1odtne-132 2.3 h 12.6 35 I ,30 10 11) 
1odmc-133 2008 h 3.36 24 (So8S 101 1) 

1odtne-13-l 52.6 nun 13.9 73 (2,70 10 12
) 

locilne- 135 6,61 h 8,.:14 46 (I 70 10 11) 
Rub1cl1um-88 17,8 m1n 3,16 4.6 ( 1.710 11 ) 

StrollltUm-91 9,75 h 6,1 8,0 10 3 (2.96 10~) 

Strontlum-92 2.71 h 6,34 1.6 10 3 (5.92 107
) 

Z1rcon1um-95 + 6-1,05 d<~ys -1,14 I I 10 2 (-1,07 IO') 
N1ob1um-95 

Ruthemum-103 39035 d,ly> 2.98 1,3 w·' (4.81 JOsJ 
Ruthemum-1 06 368 davs 1.15 1.9 w·' o .o3 JO'J 

Ce;Ium-134 2.062 year; 8072 2 0 10' (7.40 108
) 

CesiUm- 137 30.17 year; 3.24 2,5·10·2 (9.25 lOR) 

Ce;IUm-138 33.-11 mill 11.16 6,1 (2.26 1011 ) 

Banum-139 84.9 mm 002-IJ 0.5 (] 085 10 10
) 

Banum-140 12,79 year; 1.14 I, 9 I o·2 (7 .03 I O'l 

U,l ~..:..~U lU } 

n: ......... t"'n 110 QIO:n,on f111l. 
Jab. 4.j. 



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 dunng the dismantlement of the 

nuclear vessels (gas or plasma cutttng) are h1ghly f1re and explos1on dangerous, the f1re acc1dent 

scenano probab1hty has always been cons1dered extremely h1gh 

The rad1atwn consequences of the f1re are detemuned by Its category and development 

dynarrucs, as well as the values of the atmosphere at the 1gmtwn pomt 

The followmg data IS generally assumed for the assessment of the of the potential 

d1scharge m the reactor compartment of the d1smantled sh1p, mcludmg further atmosphere 

pollutton as a result of the f1re [10] 

• Integral act1 vtty of the contarrunatton sources m the power compartment with the lay-up 
penod of 1-3 years amounts to (3-5)· 104 C1 (approximately I ,5 10 15 Bq), 

• Over 90 % of the mdtcated value IS locahzed m the mtemal compartment structures, wh1ch 
account for approximately 5-7% of the total amount of the matenals contammg radto 
nuchdes wlthm the power compartment, 

The mtegral surface of the contammated structures, whtch may errut active elements mto 
atmosph;re from the power compartment, IS assumed at 4103 C1 (1,5·10 14 Bq), as shown on 
F1gure 4 4, 

Radto nuchde composttion of the pollution ts shown on Tab 4.4, 

• Coefftctent of the radto nuclide errusstons from the contarrunated equtpment mto the a1r 
ms1de compartment depends on the phystcal and cherrucal features of the radto nuchdes, 
strrularto the meltdown of the core regton [10] 

Nuclide composition and activity values as emitted into the 
compartment air during fire 

·- ·Approximate. ·· Nuclide activity . -,Emission ... -
ActivitY in the . ' participation 'on the surface of . ·coeffich:iiit in: . Radio nuclide share in total · e(juipment; · . · compartment 

- ' ~~~.P~.rt~~.nt · · .. · air, Ci (Bq) · - · -· activity, % ; .. · Ci (Bq) . -. . ,, .. · · a1r ·. ... . · .. 
Cobalt-60 70 2,8 103 I l 10 14 ) 3 10'' 8.4(3.1 1011 ) 

Ceswm-137 20 s 10' (3 101') 0.8 640(!.4 10 13 ) 

Manganese-54 5 2·10' 17.5 10 12 ) 0.03 6(2.210 11 ) 

Stronuum-90 3 !.2 JO' ( -+.5 ]() 12) 0.1 1214,4 10 11 ) 

Tab. 4.4. 

The g1ven values of the acttve elements emtss1ons m the power compartment dunng f1re 

represent a most conservative evaluation and are feas1ble only at relatively h1gh temperatures 

(approximately. 1000° C and more) 

\appruxtmatcty. 1vvv L anu mort:; 



Whtle assessmg the scale of the potenttal radiatiOn tmphcations of the tgmtwn m the 

power compartment It IS essential to dtstmgUish thts nsk mto two particular types of fire, 1 e 

local and general ftre acctdents [ 12] 

Local ftre tgnttion occurs m the envtronment of little oxygen and the combustiOn 

products remam mstde the burnmg prerruses for a constderable penod of time. Under these 

conditions certam active elements m the compartment rur tend to form a sediment on tts mternal 

walls Followmg the most conservative assessment, the dtscharge of the act! ve elements mto 

outside the facthties on ftre does not exceed 10 % of the elements remammg mstde the 

compartment space 

However m the case of a general ftre all the burnmg occurs with sufftctent or even 

redundant oxygen The combustiOn products and therefore the active elements are errutted mto 

the external atmosphere m much greater quanttties Only a small percentage of the active 

elements remam mstde with the rest bemg dtscharged externally, 1 e almost 100 % of all of the 

active elements (set value for assessment purposes) 

The results of the radtoacuve errusswns dunng fire are shown on Tab. 4 5 

Active elements, Ci (Bq) taken outside during fire 
~ -1 •• 

Radio nuclide·.: Local fire- ' · · -. -·--. -General fire- : -
.· . . . . . . ':.. 

Cobalt-60 0,17(6.3109
) 8,-1- (3,1 10 11

) 

Cesium-137 12.s (4,7 to 1
·) 640 (2,4 10\J) 

:VI anganese-54 0.12 (-1-,4 JO'') 6 (2.2 10 1
,) 

Stronl!um-90 0.2-1- (8 8·1 0~) 12(-1-,410 11
) 

Tab 4.5 

Whde calculatmg the values of the potential radiation consequences from both local and 

general ftre behmd the tern tory of the nuclear submanne dtsmanthng enterpnse, It ts reasonable 

to concentrate on defmmg the followmg potenttal nsks 

• Effect! ve m adiatton dose for each human person, with the post lion of the latter fixed along 
the fire axis (mcludmg extemalmadiatiOn from the cloud. mhaled radio nucltdes, madiation 
from the contammated underlymg terram), 

• Contammatwn density of the underlymg terram 

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

A nuclear acctdent of spontaneous cham reactwn can occur for vanous reasons m the 

course of rechargmg of the core reg10ns of the reactors of the nuclear power umts 

A nuclear acctdent of spontaneous cham reactwn can occur for vanous reasons m the 



Such accidents, however regarded as the non-regular emergenc1es, have occurred on a 

number of occaswns m the course of reloadmg of the nuclear fuel One of the most 1llustrat1ve 

examples IS the acc1dent m the Chazhma Bay m 1985 The heat explosiOn at the nuclear 

submanne of the Echo-2 type occured m 1985 dunng the conductiOn of the works on reloadmg 

of the reactor core After the loadmg of the new heat producmg assemlages m the reactor core, 

the cover of the reactor was hfted for the substltuuon of the reactors's washer Dunng the hftmg 

of the reactor cover, the reactlVlty compensation umt also hfted wh1ch led to an explosiOn. 

At the moment of explosiOn an assemblage wah heat producmg elements was thrown out 

of the reactor The mam metal construction of the assemblage dropped near the cover of the 2"d 

reactor There was seen a flash rmsmg to the he1ght of 6 meters The orange-grey smoke was 

formed wh1ch rmsed to 20 meters There formed a cloud wh1ch began movmg With the wmd. 

R1ght after the explosuon a f1re began m the compartment The cabels, coatmgs and pamt were 

burnmg The combustwn products were formed along with the exploswn products and m the 

form of gnts were released m the surface Gnts release could be seen wllhmg 50 meters of the 

acc1dent place 

The most gnm consequences for the human population and local environment for th1s 

scenano stem from the spent core regwn, whtch represents a vast number of the long hfe ftsswn 

products that have accumulated dunng the operatiOnal mode of the power umt The total actlVlty 

of these f1sswn products, even after the core regwn has been latd up Without operatwn for a 

lengthy penod of time, substanttally exceeds the actiVIty of the f1sswn products resultant from 

the actual spontaneous cham reaction 

Spontaneous cham reactwn consequences outside the bases depend on the character and 

mtensJty of the f1ss10n products emiSSIOn mto the atmosphere 

The followmg cham reaction scenano and the resultant dtscharge values are suggested as 

the most probable 

Spontaneous cham reaction occurs on the cold or cooled reactor wah the opened reactor 
compartment, 1 e after the stueldmg detachable plate has been already removed Reactor 
has been unsealed or ts bemg unsealed (e g the ltd ts bemg blown off), 

Because of the bnef duratiOn of the flash the chatn reactton termmates as a result of the local 
bothng and water surge ftom the core regwn wlth the resulttng core regwn geometry breach, 

The mam energy dtscharged m the course of the spontaneous cham reactiOn flash 
accumulates m the acttve zones (core regtons) Due to the low thermal conductlVJty of the 
water and the water steam. the heat earner recetves only a modest share ot the energy (not 
more than 0,01 of the total cham reacuon heat portiOn), 

Flash IS bnef and the energy d1scharge IS cons1derable, so the heat earner m the thm layer 
next to the heat dtscharge elements shell turns mto steam whtch at th1s pomt 1s condensed 
mto a htghly compressed state (wtth the temperature of approx l000°K the pressure m the 
shell layer may reach several hundred Barr). Another poss1ble mechamsm of the local 
Flash IS bnef and the energy d1scharge IS cons1derable, so the heat earner m the thm layer 



pressure hike may become the enlargement of the heat discharge elements (certam 
estimatiOns show evidence of up to 5 % of the mltlal capacity), 

Because of the md1cated heat earner, the overheat steam IS bemg momentanly discharged 
together With overheated water from the reactor Flsswn products accumulated m the core 
regwn (and those havmg come mto existence dunng the spontaneous cham react1on) do not 
timely proceed mto the heat earner and an Immediate discharge of water and steam IS 
comparatively low-active, 

As practically all the cham reactiOn energy IS accumulated m the core regwn (heat discharge 
elements), core regiOn partially melts down, 

The water remammg ms1de the reactor (as well as m the Frame I), reacts With the overheated 
core regwn, evaporates and takes fission products out from the core regwn meltdown mto 
the atmosphere The fissiOn product enusswn constant lasts several mmutes. This discharge 
IS not Instantaneous m Jls nature and IS ternunated as a result of e1ther the enure water 
supply evaporation or of the core regwn cooling down FissiOn product dtscharge may 
contmue even after all water evaporates, however not as mtens1vely. 

As a result, the maJor portiOn of the act1 ve elements IS emitted mto the atmosphere 

through evaporated heat earner d1rectly after the spontaneous cham reaction occurs. 

The mtcns1ty of the atmosphere discharge depends on two factors amount of the actual 

fissiOn products (both accumulated m the core regwns and as resultant from the spontaneous 

cham reactiOn) and the power of the cham reactiOn flash (the discharged energy determmes the 

degree of destructiOn of the core region and discharge dynanucs) 

The total number of fisswns value m cham reaction (flash power) 1S assumed equal to 

1020 Such a charactenstlc of the cham reacuon IS calculated by the mtematwnal RELAP-

5/mod3 standard, however mmdmg the specifics of the particular nuclear power umts of the 

vessels. WJthm the enure feasible vanatwn scope, the Integral fission value IS below 1020
, so thiS 

1020 value IS taken as the extreme energy surge for the spontaneous cham reactiOn for the water­

based nuclear power umts 

In the further research the followmg parameters of the atmosphenc d1scharge may be 

used as the benchmark reference 

Discharge occurs while the nuclear submanne IS docked at the berth wlthm the fully 
controlled naval ba~e. 

2 Discharge IS bnef m time, 

3 The discharge height makes up 100 meters above the water area surface While 
estabhshmg the d1scharge height there has been employed the Morgan, Tailor and Tume1 
model [10], which has been expenmentally tested for the nuclear exploswns of vanous 
capacity, 

4 The radio nuclide discharge share from the melted part of the core regwn m compliance 
w1th [ 1 0] makes up 

For radw nucltdes of the rare gas - 0,9, 

• For the volatile rad1o nuclides (Imod!Um, CesiUm, Rubidium) - 0,8, 
.,..., ___ ... - - ... _.,.,_~~- --r 

PAr r~rl1n nnf"ltrlP,'\,nf thP rnrP. n!:lc: _ () 0 
t<or oanum- U,1v, 



• For heavy aerosols- 0,03, 

For Cesmm - 3 10·3• 

5. For all of the radw nuclides with the exception of the rear gases, the separatwn 
coeffiCient (sediment) m the reactor shaft, the cool structures of the nuclear submanne 
around the shaft and the fuel-handling device IS estimated at 0,5 

For the suggested parameters the fisswn product discharge mto the atmosphere at vanous 

lay-up penods Is shown on Tab. 4 6 

In the future stages of work on the proJect these parameters will be used to calculate the 

Imphcauons of the spontaneous cham reaction for human health and environment beyond the 

tern tones of the naval base. 

4.4. Fire in the liquid radioactive waste storage facility. 

The maximum discharge mto the atmosphere from the storage facility with the liqUid 

radwacuve wastes occurs dunng the f1re, when the hqu1d evaporates completely (radio nuchde 

solutwn) Such an accident 1s highly Improbable as for the evaporatwn of the large quantity of 

water substantial amount of thermal energy Is essential, 1 e 2500 kJ/kg wnh the miual water 

temperature reachmg up to 20C For the conditiOned storage of the highly acuve liqUid storage 

waste (100 m 1 of volume), cons1denng that there occurs only partial consumptiOn of the 

combustiOn heat this amounts to at least 3 108 KJ Th1s IS eqUivalent of bummg 30-50 tones of 

the regular diesel fuel m the direct VICinity of the hqu1d fuel storage facilities The followmg 

conservau ve prem1ses must also be met for such an acc1dent to occur 

Oxygen flow (fresh mr) to the seat of fire IS unrestncted, 

Dunng the enure penod there are no hqu1d radwacu ve waste sp1lls. 

The he1ght of the flame IS conditiOned by the two followmg factors 

• Intensity of the bummg, 

\Veather cond!l!ons. 

Quantity-wise the height of the frre may change from several dozens to several hundred 

of meters For the stable weather condnrons, when the transferal of the actr ve elements occurs for 

greater distances, with the bummg speed of the equrvalent fuel of 1 kg/c, the lmut herght of the 

flame averages at about 100 m 
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4.5. Unsanctioned discharge of the liquid radioactive wastes into the 
water area 

Unsanctwned discharge IS possible m the course of transfemng the liqUid radwactive 

waste onto the vessels or from such vessels to the storage facilities The reason for the 

unsanctioned discharge may be the depressunzmg (or breach) of the hqUid waste transferal hose. 

The total discharge IS detenruned by the operational time of the workmg pump after the 

depressunzmg of the hose has occurred. For esl!mauon purposes !l IS assumed that the pump IS 

to be switched off by the operator and such switch-off occurs m 10-20 nunutes after the breach 

With the pump output of a 25-30 m3/h the waste d1scharge will therefore make up not more than 

10m3 Specific act!Vlty of the liqUid radwacuve waste IS assumed at 5·10-4 CI/1 (2 107 Bq/1) The 

radw nuclide compositiOn of the liqUid radwacu ve waste and the discharge mtensity for 

particular nuclides IS as shown m Tab. 4 7 Fol!owmg the suggested scenano the total actiVIty of 

the accident discharge Will therefore make up 5 C! (2 10I 1 Bq), while at the same time all the 

active elements Will be dumped m the water area withm the fully controlled naval base prenuses 

at full sea 

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

0 •• 

Amoun_t,_·o;.; ·· Di~charge; Ci (Bq) · Radio ·nuclide : -
• 0 

- ,_ ~. Chrom Oh 7'>10 \ 7810) 
J'v!an ganese-)'I 0.3 I ,510-2 ().55 I O"J 

I1 on-59 0, I 5 10'' (I ,85 10') 
Cobalt-58 0,7 3.510- (I ,30 I O') 

Cubalt-60 () 15 7,510- (2.78 IO"J 
Stronlillm-89 l.5 7,5 lO- (2.78 10'') 

StrontJ um-90-<-1 ttn um-90 1.5 7.510 2 (2 78 10') 
ZIICOnl um-95+1\JobJum-95 10 0,5 (I ,85 10'") 

Ruthemllm-1 03 +i\ 10b1 um-95 10 0.5 ( 1.85 I O'"l 
Ruthei 55 0.275 ( 1.02 10 10

) 

(C<;Jlll11-134 55 0.27511.02 10 111) 
Cesium- J 37+ Banum-137 15 0.75 (2.78 10 111

) 

Cen um-1-11 10 0.5 ( 1.85 10 10
) 

Cenum-14-++PromethJum-144 30 1.5 15.55 1010
) 

GJdohmum-153 5 0,25 (9.25 10") 
Europium- l 52 1.0 o.o5 c 1.85 1 o''J 
Eu1 O_[Jl um-15-1 [ ,0 0,05 (l ,85 1 09

) 

Te1 blllm-160 2.0 0, I (3,70 JO''l 

Tab 4.7. 



4.6. Sinking of the cut out reactor block during transportation 

In th1s section we develop the scenano and determme the 1mphcat10ns of smkmg of the 

reactor block, wh1ch has been cut out from the submanne hull and 1s bemg loaded, unloaded or 

transported by water to the lengthy storage facil!lies In the course of preparatiOn for the bunal of 

the reactor blocks they are pressunzed and no sea water can fmd Its way ms1de. Any radlatwn 

1mphcatwns of the smkmg of such a block can result only from the corrosiOn of the submanne 

hull, wh1ch has been aclively h1t by the neutron flux wh!le m operatwnal mode 

The corrosiOn veloc1ty of the steel combmauon, wh1ch makes up the hull of the 

submanne, IS assumed at 5 10'3 em/year The resultmg discharge of the radwactlve agents mto 

the sea water can be assessed under the followmg assumed condltwns 

• The corroswn products fully dissolve m water, 

Reactor compartment remams pressunzed; 

The surface and both front and rear sealing of the reactor compartment are free from the 
radwacli ve contarrunatwn 

Only the most considerable radw nuchdes, 1 e those of long hfe and possessmg the 

maximum discharge, are taken mto account The results of the calculations performed are shown 

m Tab 4 8.[14] 

The data suggested m the Figure below has been accumulated by the means of calculation 

on the bas1s of the hardest mamtenance models and extremely high loads operational modes of 

the nuclear sub man ne; therefore such assessments represent the worst case scenano 

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

3 5000 203 50 0.4 5200 

10 S-10 81 ~8 0.4 970 

50 3 10'' 0.-1 36 0.-1 37 

100 6 w·• 6 10'5 24 0.4 2~ 

3 8.3 105 :'1.3 104 8500 60 8.7 105 

10 1,4 10' 1.3 1 o" 8100 60 I ,6 I 0' 
2 

50 4.8 69 6000 60 6100 

100 I 10 5 0.1 ~000 60 1000 

Tab.4.8. 

100 105 0.1 ~000 60 1000 



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

In this sectiOn we assess the consequences of the smkmg of the nuclear submanne with 

the unloaded core regiOn (active zone) Withm the water area of the naval base The worst case 

scenano IS assumed· the accident occurs wh1le they are works performed on the vessel, the 

reactor compartment IS unsealed and the reactor IS depressunzed. The submanne has been 

prevtously lmd up for 180 days, m other words the active zone pnmanly contmns the long hfe 

radiO nuclides Activity values of the essent1al radiO nuclides are as shown m Tab 4.9. 

As a result of the nuclear submanne smkmg the heat earner of the first contour (1 e 

reactor mamframe or Frame I) reacts with the water of the bay. After a mmor one-lime 

discharge, the nuclear fuel begms to slowly expenence the corrosive effect m the seawater The 

speed with which the f1ss10n products fmd their way from the core regwn mto the seawater IS 

deterrruned by the followmg factors: 

• The time penod after smkmg when heat discharge elements actually begm to react w1th the 
seawater, 

Temperature of the heat discharge elements shells at the moment of smkmg (after the firSt 
contact w1th the sea after) and the dynanucs of Its fluctuatiOn as time progresses, 

• State of the heat discharge elements shells at the moment of smkmg 

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

Radio n!Jc.lide -· • Half-life . Half-life co·nstant, Activity, Ci (Bq) 1/houi' · .. . . 

Stwntlum-89 50.5 day> 5.480 w·• 8.34 104 (3.09 10 15) 

Stiontlum-90 29.12 years 2.857 10 6 2, 18 105 (8.07 1015
) 

Ruthemum-103 39.28 dayo 7,312 w--l 2.43 104 (8.99101-l) 

Ruthen1 um-1 06 368.2 days 7.848 10' 4.61 104 (1.71 10 15) 

Cesmm-134 2.062 yems 3.834 w-5 2,56 104 (9,47 10 14) 

CesJUm-137 30 )'C::\IS 2,638 10'6 2.17 105 (8,03 1015) 

Cenum-141 32,5 days s,880 1 o·• 2,53 104 (9.36 1014) 

Cenum-144 28-U days 1.01710 4 6.63 1 o' (2.45 1 o1"J 

Tab. 4.9 

4.8. Destruction of the liquid radioactive waste storage facilities 

As a general rule the rece1vmg tanks are very strong m nature, they have cylinder shape 

and are placed m the remforced concrete facilities with the undersea! metal coatmg. When the 

receivmg tank IS destroyed (as a result, for example, of agmg or corrosion) the liqUid wastes flow 
As a general rule the rece1vmg tanks are very strong m nature, they have cylinder shape 



' 
out mto the mtemal facilities, which can accommodate all the hqmd waste ms1de all tanks From 

such a facility the hqmd waste can then be pumped mto new tanks and will never fmd Its way 

mto the surroundmg environment The discharge of these wastes outside the facilities IS therefore 

possible only If the rece1vmg 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 m the duect 

VICimty of the facility bmldmgs (subversive activity), crash landmg and explosion of a heavy 

aircraft with a substantial amount of fuel on board and/or arnmumtwn (rur bombs, miSSiles), 

random hit by an air bomb, nuss!le. 

T,Pe highest possible specific activity of the hqmd radiOactive wastes accounts for 
~ 

distillates and represents 5 10'4 C1!1 (2 107 Bq/1), which considerably exceeds the actiVIty of other 

hqutd wastes As an extreme case here 11 can be assumed that both the tanks and the fac!lltles 

have been completely destroyed and all of the active agents have been dumped mto the water 

area of the bay Dunng the discharge some of the hqu1d wastes Will remain m soil m the form of 

wet terram and small spills condensmg m the terram megulanlles. The water m such spills may 

evaporate soon after the accident, and the firm residue will make up the surface contanunant 

layers which with lime will be washed away with the atmosphenc precipitation and smk deeper 

mto the terram The assessed contanunatwn layer makes up the tenths of a mm, however for 

conservative assessment It IS assumed at 1 mrn 

If the acctdent occurs m wmter or late fall the water on the surface will remam m the 
l.:._ -

snow cover; dunng the snow meltmg It will be washed mto the water area with the water from 

the melted snow For this reason the remammg radiO nuclides m the sml will under no reasonable 

condition be greater than If such accident occurs m the spnng or summer seasons 

The discharge of the hqmd radiOactive waste IS assumed as bemg bnef m time For the 

bay contanunatiOn assessment purposes It IS assumed that the act1 ve agents of the tanks with the 

dis ttl late are all washed away mto the water area at the full sea 

4.9. Reason for the probable emergency situations 

The aforementioned accident scenanos are far from covenng the enure contmgency 

scope A special attentiOn should be pmd to the analysis of the spontaneous cham reactiOn 

Implications or the radio nuclide discharge resultmg from other fissiOn (nuclear) reactions. The 

mitlal reloadmg stage has here the foremost significance 

When the nuclear fuel IS unloaded from the submanne, the hull of the submanne IS 

unsealed and the external hftmg crane removes the hd from the reactor. With the reactor 

compartment w1de open and the reactor hd hfted away the followmg accidents can occur· 
When the nuclear fuel IS unloaded from the submanne, the hull of the submanne IS 



1 Sudden (hypothencal) water overflow fmds Its way 1nto the reactor, prehrrunary dned up 
dunng a lengthy lay-up mterval, the active zone reaches the cnt1cal condttlon and a 
htghly Improbable spontaneous cham reactiOn flash occurs, 

2 Over the nuclear submanne, a hehcopter (plane or other rurcraft) expenences 
malfunctiOn, crashes and Its kerosene fuel spdls mstde the reactor compartment dtrectly 
mto the reactor, It then 1gn1tes and causes a ftre mstde the reactor compartment 

Both hypothetical acctdents result With the spent nuclear fuel ermttmg radtoact1Ye 

substances mto the outstde atmosphere, where then fonn a contarrunated cloud, whtch poses a 

potenllal threat for the local populauon and environment as both the external and mtemal 

1rradwt10n source 

The actual concentratwn of the radiO nucltdes (adrmxtures) m the atmosphenc trrun 1s 

calculated on the bas1s of the Gauss double dtsperswn equallon. The dtsperswn parameters are 

ftxed cons1denng the stabthty of the atmosphere and terram spectftcs (valley, hdls, urban 

tern tones) All of th1s ts undertaken on the basts of the ex1st1ng IAEA recommendatiOns 

Vanauon of the terram speclf1c features and atmosphere types results m the necessity to 

conduct the vanatwn calculatiOns rmndmg the correlatton between the fmal results 

(detemunallon of the adffilss1ble dose) and the vanety of the tmtta! data A concrete result of the 

analysts of the radtauon 1mphcauons of the spontaneous cham reactiOn dunng the spent nuclear 

fuel unloadmg operatiOns was presented at the mtematwnal se011nar of 1998 m Ntzhmy 

Novgorod. 

There It was specifically emphastzed that the anticipated dtscharge of the radio nuchdes 

mto the atmosphere dunng the cham reacuon resultant !rom the unloadmg of the spent nuclear 

fuel wdl be at least 3 Urnes less than what had been emitted mto the atmosphere from the Reactor 

4 of the Chemobyl Nuclear Power Plant m 1986 Wnhm the 5 km footpnnt of the residue from 

the pollunon cloud all of the local population wdl need to be evacuated With the annual 

unloadmg of about 10 nuclear rectors from the d1smantled submannes, the actual poss!bdJty of 

the spontaneous cham reactwn at the first generauon reactor, whtch has not been sufftciently 

IJ!d-up, can be esumated at the value of 3 10·5 a year' 1 For the dned up reactor such posstbthty 

to of course lower [ 15] 

Handhng the spent nuclear fuel, which wdl then need to be deh vered to the processmg 

enterpnse of the Mmatom, constttutes a maJor general challenge m the enure nuclear submanne 

mamtenance system Thts task has been asstgned to the Mm1stry of Nuclear Energy of the 

Russmn Federallon, whtch has recently taken additional measures to secure that such fuel IS 

speedtly deh vered to the processmg pomts a; well as mcreased the safety precauttons for the 

entire procedure of unloadmg the fuel from the nuclear submannes ttll 1ts very dehvery to the 

mdustnal enterpnses 



It should be emphasized that for vanous accidents there can be JdenlifJed vanous 

discharges and waste streams of the radw nuclides. It IS therefore suggested that m the course of 

assessmg the environmental 1mphcatJons of the deconurusswned Russ1an nuclear submannes a 

special research targets the followmg tasks 

• IdentJficatJon of the radio nucl1de discharge from the residue on the mternal rector stainless 
steel structures mto the sea water, 

IdentJficatwn of the radw nuclide discharge from steel Itself afte1 the surface res1due has 
been cleaned away through the chenucal deacti vatwn procedures, 

• Identification of the radiO nuclide waste streams from the heat discharge assembling, 
submersed mto sea water, 

Identlfical!on of the radiO nuclide waste streams from the heat discharge assembling on fire 
from the bummg kerosene on the external surface of the heat discharge assembling funnel 
cover 

EvaluatiOn of the environmental secunty Implications requires a number of vanous 

additiOnal cntena, which need to be taken mto account The ongmators of thiS feasibility study 

believe that among such cntena there should be considered the research of the "Standard 

concentralions of the techmcal radw nuclides m the sea water", as applied to the water areas of 

the enterpnses where the nuclear submannes and reactor blocks are bemg lmd up As of the date 

of this feasibility study such a research does not ex1st, yet It 1s essential for the purposes of th1s 

survey 

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

accidents 

Natural calamities, which damage the hull of the reactor compartment of the nuclear 
submanne (earthquakes, tsunanu, humcanes, tornados, etc); 

• Techmcal accidents as a result of carelessness, low morale or exceptional tiredness of the 
personnel (e g navigatiOn errors), with the resultmg damage to the hull structures of the 
submanne reactor compartment, 

• Techmcal calam1lies (mrcraft crash With the detonatiOn of the ammunition), With the 
resultmg damage to the hull structures of the submanne reactor compartment, 

IntentiOnal destruction operatiOns (diversiOns, terronst attack, military actwn) 

The natural calanul!es are not directly lmked to the human activities and are condltwned 

by the natural and chmauc environment of the suggested storage and lay-up site for the nuclear 

submanne with the used nuclear fuel on board We can suppose that the frequency of the natural 

calamltles, which can create damage to the hull structures of the submanne reactor compartment, 

makes up 10 6 per year m the Russian North and 5 times that much m the Far East of Russia due 

to the high probabillty of tsunanu, typhoons and the high seiSmic actiVlty m th1s regwn As a 

result such an accident can occur m the North not more than once m one nulhon years, and m the 

Far East - once every two hundred thousand years However considenng the strength of the 



reactor compartment we can make a safe assumpuon that not even every accident of the 

descnbed natural cause can suffiCiently destroy the safety bamers (shieldmg structures) which 

separate the spent nuclear fuel on board of the submanne from the outside environment 

Consequently the aforemenuoned potenual frequencies of such an occurrence have an even less 

Imphcauonal value 

Anthropogemc accidents depend on the mtens1 veness of the human operatiOns, which can 

be assessed m several different ways, e.g. by conductmg the analysis of the electnc power 

consumptiOn m this regiOn or the stal!sl!cs for the local populauon of the regiOn These accidents 

have the human factor as the mam cause for their occurrence 

IntentiOnal acuons of destroymg the sh1eldmg bamers InSide the reactor compartment 

maybe caused by the nulllary acllons, subversive actiVllies, terronst attacks, etc Their potenual 

frequency depends on the social and pohucal snuauon m the regton The total nsk of the events, 

which can result m the emergency smkmg of the nuclear submanne wllh the nuclear fuel on 

board wllh the simultaneous depressunzmg of the nuclear steam producuon unrt firSt contour, 

can be assumed at 10-3 year. 

If we assume that the total lay-up penod of the nuclear submanne m the floatmg state ts 

10 years, than the total nsk of the event which may smk the nuclear submanne wllh the nuclear 

fuel on board will make 10'2 year 1
, which represents a considerably high chance 
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5. INTEGRATED MONITORING SYSTEM 

In tins chapter we analyze the existmg Russian envzronmem momtoring system, 
as applzcab/e to the nuclear submanne naval bases, mcludmg the analyszs of 
the methods for the waste Mream comrol Thzs section revzews the guzdelmes 
for an mtegrated monitormg system fm the terntones of the nuclear submw me 
dismantlement operatwns 

5.1. Existing environmental control system 

The sites wh1ch prov1de for the decomrrusswmng and dismantling of the Russ1an nuclear 

submannes are pnmanly located m the Northern and Far Eastern regwns of the country, with a 

substanl!al amount of other sources of contanunauon situated m the same tern tones 

As such, m the Northern reg1on alone there have been estimated approximately 4,4 

thousand sources of atmosphenc pollution, wh1ch together with sh1ps, other vessels and car 

transport produce on the annual bas1s up to about 578 thousand tones of hazardous elements 

All the control over the surroundmg environment m the regwns of the Russian 

FederatiOn, that mcludmg North and the Far East, 1s earned out on the federal, regional and 

mstitutwnal levels Simultaneously Followmg the "Mantia! on the control over atmosphere 

contanunatwn"[5) (RD 04 -1 86-89) there has been created the general governmental serv1ce to 

survey and control the contanunation of the environment (OGSI\1<:), with headquarters at the 

State Conmllttee on Hydrometeorology of the Russian Federatwn (Roshydromet) A substantial 

number of the controlling functions thereto have been asstgned to the Service of the Samtary 

SuperviSIOn of the Russwn Mimstry of Health The temtones of the enterpnses and m1htary 

compames are usually mdependently supervised by the appropnate msututwns and authonues 

(numstenal) Tab 5 1-5 4 show the descnpuon of the parameters (substances) as analyzed m the 

Russ1an regwns, as well as the data on the researches conducted m 1998 m the Kamchatka 

regwn, Archangelsk regwn and the North-West of Russia [5,14, 15) 

Description of the parameters watched in the Russian regions 
.·. .. •.. ' - ~ ' ' 

.. .. 
Name' ' 

.. · ·_Nilme· :.: :· :-:~ ~--N2 . .•. 
· _NaJlle· N!! ._ N!! ' 

",'l. 

' . . .. .. < ' -
I ~Hrogen d10'\1de 17 Xylol 33 Toluol 

'") i':1tJ 1c o.~Jde 18 Manganese 3--1 Mercury ~ 

3 AcJOleul 19 .'vlethyl mercdptan 35 Carbohydrates 

--1 Ammonia 20 Arsernc 30 Cu bomc mude 

5 Anllmc 21 !\aphthalcne 37 Sol1d phenols 

6 Phosphonc anhydnte '1'1 PemcJ!lm 38 Phenol --
, . ,, 

" ' ' "' ~ '' 

~ ~8e\tllrc ?] 
:Z.J 1\~Bhth~\rlle H. rog Sll!plllUe JZ ~8mtnagR~h'e 



N!! 

8 

9 

10 

11 

12 

13 

14 

15 

16 

.. 
Nam·e· · - Name 

. - ., 
N!!. N!!.' " . Name ' 

Benzol 24 Cm bon b1sulfide 40 Furfu1al 

A1rborne dust 25 Sulfur diOXIde 41 Chlonne 

Hyd10gen chlonde 26 Techn1cal carbon soot 42 Ch10me (Yl) 

Hydrogen cyamc 27 Isop1 yh!l alcohol -~-~ Ep1lchlorg1dnn 

Hydrogen fluonde 28 Methyl Jicohol 44 Ethyl acetate 

DJmeJ hyl-1 eltalat 29 Styrene 45 Ethyl benzol 

CapJolactam 30 Lead 46 AlkJh 

Sulphunc ac1d 31 Soluble sulphates 

l\ttiiC UC!d ~') 

"- Tilchlmoethane 

Tab.5.1. 

Admixture concentrations in 1998 (for the Kamchatka peninsular) 

· · ··' ' . '.·. ·· Number of observations··. :·.· :·· :.· 
· · ·· ·· · · · · · '· :. .Dep. Of:,;;:' Sa~ nary : lndustr!af, :,; 
A~inixtu~~;a~~sc.~ipt'i,on , hydroinet; .·· .~ontrol: _c.· e!lt.erp!·~~~, 

.. ..... serVice·. : · ·_ -~:!·~:~~ ~:;..:-.- -·. · ·. ~ .. .-~ ·: -_:· ~:~,. ·,. .. ' ... 

A1rbome dust 3106 

SulfUJ dJoxtde 3623 

Ca1 bon ox1de 3635 

:'-iil1ogen dJo;o,.Jde 3625 

!'\nrogcn 0\1de 1307 

Phenol 605 

Formaldehyde 1988 

TOTAL 17889 

Comments. There has been no continuous analys1s performed on 
the bas1s of the automated gas analyzers. 

Tab. 5.2. 

Admixture concentrations in 1998 (the Arkhangelsk region) 

A1rbome dusl 

Sultur d10\1de 

Carbon o' tdc 
A1rbome dusl 

· .... , Numbe'r of observations -," · 
·oep~ •. of> .Sa'nitaFy,.:. 
hydromet; -.. /·controt.· 

.. service :-'.. : :t·'.'r ~-- ·~ .. 

13065 

11889 

13940 
13065 

1437 

1786 

1013 
1437 

-



. -.. , .. · "· · ··'· Numberofobservations:· : · /-. 
· .. -·· ·< ··Dept: of_· Sanitary :lndust~ial 

Admixture descriiJtion . · -· . hyc.Jrome~, _ · . control en~erpns~7 
, . ... service·.- .;·.· 

Nitrogen d1ox1de 14959 2468 

1\'"ltl ogen ox.1de 2162 

Hyd10gen sulph1de 1?.997 737 

C:u bon b1sulf1de --1806 

Fenol 2859 

Cat bon sate 10--10 

H ydrocJrbons 1037 

Ammomum 4--116 

Fo1 mal de hyde 10061 

Methyl mercaptan 1940 88 

Methyl alcohol 713 

Furfural 590 

TOTAL 93194 10909 

Tab. 5.3. 

Admixture concentrations in 1998 (North West region) 
-... - . f -~.· •· ·- . ·, Amount of suive s . -· · -: · . -~ ' 

Adni"ixture::_ · 0• Dept: of.: __ ... .. I •;. ' • , •. • ~,.~ >I 

descript~on _· . > J'lydr_om'et- · ~ sani~rv·>.; _. ... Industria~- : · · 
.-. . . service ' 

controL. · ·; · :. enterprises -: ". .. . . - ,.,~ ·. ~ .. . _. ::-' . 

All borne dust 1420--1 1346 1950 

Sulphur dtoxtde 13969 - 847 

Soluble sulphates 16--15 . -

Ca1 bon o\lde 14375 - 1070 

"i1t10gen diOXIde 186--13 1346 2034 

Nttlogen O\tde 4642 - -

Hydrogen su!ph1dc 2249 340 985 

Ca1 bon :,ulph1de 1331 - .. 

Phenol 2974 - 449 

HydiOgcn t1uonde 909 707 -

Hydrogen chlonne 2866 - 199 

Me!CUIY 860 320 -

Arnrnonta 3998 - -
Hydrogen chlonne 2866 - 199 



. . i. 

Admixture 
description 

Sulphunc acid 

Formaldehyde 

Benzol 

Xylol 

Toluol 

Ethyl benzene 

TOTAL 

-:·· ·· Amount of. surlie . s. ;. ·.· . . . - . 
! ~ .. : ' . 

Dept. Of.· 
_hydromet. 
service _. -·. 

29.:1-1 

3001 

300\ 

3001 

3001 

97613 

Sanitary · lndustr!al .. -. 
control . . Elrltererises ' 

..... ' ... 

710 

722 

-1769 8.256 

Tab. 5.4. 

It should be noted that despite a great number of the measurements taken, these 

measurements have not been taken m a synchromzed nor automated order, the reason for th1s 

bemg that as of today there 1s no mtegrated momtonng system of the environment even withm a 

smgle regiOn of the Russtan Federation The programs and momtonng systems that are currently 

bemg developed on the federal level, mcludmg those covenng the potential nuclear and radtatiOn 

threats, are far from completion and lack fmancmg As a result the maJor responstbtllty for the 

control over the environmental situation m the aforementioned temtones falls on the Navy, 

Mtmstry of Nuclear Energy of the Russ tan Federauon and the Roshydromet 

5.1.1. Radiation monitoring 

Roshydromet currently controls (checks) the radtatton m the Russtan Federation at 1349 

testmg sites, most of whtch analyze gamma radtatlon only The radtation measurements are taken 

Simultaneously with the standard meteorological measurements from 2 to 8 ttmes each day, 

lasung 10 mmutes each. The pnmary radiation equtpment used for thts purpose at Roshydromet 

sttes ts as follows DRG-0 l T, DBG-0 l H, DBG-06T 11 DP-5 (A,B.V) dostmeters. Rtght now the 

out-of-date dostmeters are bemg generally substituted by the new models of DRG-0 IT 

Nuclear fall-out collectors (honzontal gauze platfonns without stdes) are located at 458 

of the aforementioned sites There are no platfonns wnh stde walls 01 adhest ve tapes currently 

employed at the Roshydromet Sites ExposUte penods of the platfonns vary from 24 hours to a 

quarter of a month Usually m the vtcmlty of the potentially radtauon hazardous sttes this time 

Interval makes up one day and one week The dmly platfonns are then packed mto blocks (5 m 

each) and forwarded to the regiOnal laboratory for further evaluatton At the laboratones experts 

carry out the spectrometnc gamma analysts of the recetved blocks to deterrrune the volatlle radio 

each l and forwarded to the recrtonal laboratorv for further evaluatton At the laboratones experts 
UUL:tfUC:!I 1 .:SUL;II ct.:S IUUIUC-l.J1 ul'tu ULIICI 11 lilt:: ilUUil.:S.:SIUlt; IIU1111 J:) llUl C.t\.l,;t;CUCU 1 liiC: .:SC::IIIl~lC l.:S LIJC::ll 



mcmerated and tested for beta radtallon Ftve days later the measurement of the sample ts 

repeated. In case the receiVed value does not exceed 110 Bq/m2 per day. n ts then combmed to 

make up the monthly sample, quarter and annual In case the spectfted value ts exceeded, a 

spectal wammg nollce ts telexed to the regwnal center The combmed samples undergo 

spectrometnc gamma analysts Stronuum-90 tests rue made on the basts of the combmed 

monthly samples On the regular bas1s the combmed monthly samples are bemg forwarded to the 

Typhoon sctenuftc research center, wh1ch superv1ses all of the Roshydromet snes from the 

rad1al!on-momtonng standpomt 

F!ltet vent!latwn umts are located at 53 slles Reahstically, m order to save the electncal 

energy, these umts operate only 12 hours each day, mstcad of the reqmred conunuous round-the­

clock operauonal mode In order to evaluate the concentratwn of the radwacuve aerosols m the 

atmosphere there are spec1al verllcal gauze platforms (cone-shaped) employed, however rarely 

act1vely used Exposure lasts from 24 hours to a week The ftlters are exammed m the way 

stm!lar to the platforms, as descnbed above. wnh the only dtfference bemg that here the 

spectrometnc gamma analysis, mcmeratwn and assessment of the combmed beta radtatwn IS 

performed on the bas1s of the dmly filter samples The mal. adnusstble value here makeo up 

0,037 Bq/m3 - tf 1l ts reached the local experts launch the radiO nuclide composll!on analysts and 

send a wammg nouce to the regtonal center 

Water samples and mllml (concentratmg) operattons are usually camed out at the 

hydrologtcal secttons at the Roshydromet sttes The samples are concentrated (combmed) etther 

through evaporatiOn or pnmmg a parttcular amount of water through sorbents or 10mte 

exchangers As such, for assessmg Stronttum-90 there 1s reqmred a water sample 20-40 liters of 

volume. Such small samples are usually concentrated through evaporatiOn, however wnne 

exchanger 1s also employed m some cases In order to detenrune CesJUm-137 11 ts essentwl to 

employ 500-2000 liters of water. Such quanttttes of water need to be pumped through the 

sorbent All the prec1pllaUon and snow are steamed The Radiochemical analys1s of the sample 

condensatwno 1s agam camed out at the Typhoon sctenttftc research center and the appropnate 

regwnal radtallon and chem1callaboratones m Vladtvostok, Novos1bmk and Ekatennburgh 

Soli samphng IS undertaken once every several years by speCial moblle umts formed on 

the baSIS of the regwnal laboratones There are usually no soil samples taken at the actual 

Roshydromet sttes Few of such sites are equtpped with spectal platforms for the background 

radiation testo and background samphng Wh1le assessmg the recent contammatwn the sml 

samphng IS undertaken 10 the sampler (spectal collar, 14 em 10 dtameter and 5 em htgh) While 

assessmg the total amount of the rad1o nuchdes m sotl, the actual soil samples are taken by the 

cvhnder shaoed samole sorter. 8 em 10 dtameter. whtch 1S 1mmersed mto the !!round fm 30 - 40 
samphng IS undertaken 10 the sampler (spectal collar, 14 em 10 dtameter and 5 em htgh) While 



em, dependmg on the ground type EvaluatiOn of the sml samples ts undertaken m the regwnal 

laboratones m Vlad1vostok, NovostbJrsk, Ekatennburgh and Obmnsk 

All the spectrometnc and most of the radwmetnc measurements are taken at the regwnal 

radwmetnc laboratones In the followmg c1Ues of the Russtan Federatwn there extst the 

necessary eqUipment and facthUes for the gamma f1eld spectral analysts· Barnaul, Bryansk, 

Vladivsotok, Voronezh, Ekatennburg, Irkutsks, Kaluga, Kemerovo, Krasnoyarsk, Kursk, 

Moscow, Murmansk, N1zhmy Novgorod, NovosJblfSk, Obmnsk, Omsk, Oryol, Penza, 

Petrozavodsk, Pskov, Postov-on-Don, Samara, St Petersburg, Smolensk, Tver, Tomsk, Tula, 

Ulyanovsk, Chelyabmsk, Chlta, Yakutsk. As a rule, a senu-conduct detectors are employed for 

these purposes At the regwnal laboratones after the rad10 chenucal tsolauon, a spec1al 

exammauon for Sr-90 Ull Y-90 1s undertaken on the basts of the beta count methodology Only a 

!muted number of laboratones have the abthty to determme the radto nuchdes through the alfa 

spectral ana!ys1s method The beta spectral analysts method to detcrnune the beta enuttmg radto 

nuchdes ts unfortunately rarely practiced at the Roshydromet sites The currently practiced 

attempts to deterrmne Stronuum-90 without the radwchem1cal analysts m the Potasswm-40 

env1ronment on the plastic detector result m extreme overvaluatwns 

5.1.2. Russian Navy Environmental Control Program 

As most of the snes which provide for the decomnusswmng and dtsmanthng of the 

nuclear submannes remam withm the competence of the Russtan Navy, thts IS the particular 

msutuuon that IS held responstble for the control over the temtones where such s1te are 

dislocated. However the capabilJttes and techmcal equipment ot the extstmg environmental 

contammat10n control system are qUJte hnuted, and they allow to recetve only a modest share of 

the necessary data Thts data ts then usually used for the mternal reference purposes by the very 

msututwn, which has conducted and superv1sed the research 

Below there are descnbed the pnmary objectives of the envtronmental control, as set 

forth at vanous fleets, compames, military umts, enterpnses and dtfferent mstJtutwns of the 

Russ1an Navy 

• Envtronmental control for the results of the nuhtary related actiVIties m the area, 

Exammauon of the compliance to the envtronmental protectton code and norms at vanous 
mthtary mstnutwns, 

Exammatton of the executwn of the cumculums and gUJdelmes for the protection and 
enhancement of the surroundmg environment, 

Control over the executton of the resolutions and mstruct10ns of the state envtronmental 
experttse, 

E:o.ammauon of the fulftllment of the f1xed standards, max1mum doses and discharges, other 
-----~- _________ 1 __ ,, , _ _ r ___ _, __ ' . , __ 

Control over the executton of the resolutions and mstruct10ns of the state envtronmental 
wus1e s1reams ano pouuuon sources, rormauon, msmouuon ana srorage or was1es; 



• Checkmg of fulfdlment of the earlier tssued mstructwns and procedures, asstgned by vanous 
governmental and rruhtary ecological control msutuuons 

The governmental environmental momtonng IS performed followmg the extstmg 

"RegulatiOns on the state environmental control m the closed adrrumstratwnal and temtonal 

umts, secure. htghly secure and classtfted s!les of the Armed Forces of the Russtan FederatiOn 

and the state ecologtcal expertise of the armament and rruhtary eqUipment at rruhtary sttes and 

other rruhtary actiVIties", approved by the ResolutiOn of the Government of the Russtan 

Federation N2 461 of 18 05.98 

The rruhtary environmental monnonng m the rruhtary umts of the Russian Navy ts 

earned out by the Office of the Chief of the environmental secunty of the Armed Forces of the 

Russtan FederatiOn, Envuonmental Servtce of the Russtan Navy, the Regular Comrruttee On The 

Prevention of the Harmful Environmental Implications and the offtcers responstble for the 

envtronmental secunty, stgned m each rruhtary umt or company 

Below there are suggested the currently pnmary goals for the mstrumental environmental 

momtonng 

Determme the contarrunauon level (phystcal and cherrucal parameters) of the atr, sml, lakes 
and water areas as a part of the surroundmg envtronment momtonng complex, 

Control of the dtscharges, emtsswns of the contarrunants mto the surroundmg environment 
as ftxed by the admtsstble norms 

Control of the effectiveness of fulfdhng the schedules and cumculums for the protection of 
the surroundmg environment, followmg the extstmg envtronrnental regulations 

Instrumental environmental momtonng IS usually earned out on the basts of the standard 

equtpment by the environmental officer, as well as on the basts of the mobde and stationary 

laboratones of vanous environmental servtces of the Armed Forces of the Russmn Federation 

The document and Instrumental envtronmental momtonng supervtstons are earned out by 

the Envtronmental service of the Russ tan Navy 

As a mandatory reqmrement for the mstrumental envtronmental controltt ts assumed that 

the employed equtpment has undergone all the necessary governmental testmg and has been 

offtcmlly accepted by the appropnate authonues or the Committee on Nmms and Standard~ of 

The Russtan Federarwn The appropnate procedures and manuals have to undergo a spectal 

exammatton wllh the appropnate metrologtcal authonues, before they are dtstnbuted and 

adopted on the local basts 

5.1.3. Allowable discharge levels in the Russian Federation 

The maxtmum allowable values of the hazardous substances and the hst of the hazardous 

substances which can not be dtscharged wtthm the econorruc tern tory of the Russtan FederatiOn, 



artJftctal tslands, facthlles and umts through vanous federal Resol utwns of the Government of 

the Russtan FederatiOn. The categones of such hazardous elements are descnbed followmg the 

standards of the Intematwnal Conventwn on preventiOn of the sea contanunatwn from naval 

vessels 73178 Dependmg on the envtronmentaltmphcatwns of such elements they are spltt mto 

several maJOr categones, 1 e A, B, C, D 

Category A - hazardous hqutd elements, whtch present a constderable danger for human 

health and hvmg spec1es of the sea, the d1scharge of wh1ch IS therefore stnctly prevented, 

Category B - hazardous hqmd elements, whtch when d1scharged mto sea present a 

pantcular amount of danger fm the human health and h vmg ammals of the sea and therefore 

reqmre certam measures to be taken to prevent the madnuss1ble pollution of the latter; 

Category C - halardous hqmd elements, wh1ch when d1scharged mto sea present nunor 

danger for the human health and h vmg ammals and therefore are to be handled m a des1gnated 

manner, 

Category D - hazardous hqutd elements, wh1ch when dtscharged mto sea present httle 

danger for the human health and hvmg ammals of the sea and therefore requtre particular 

precautwns when such a dtscharge occurs. 

Tab 5 5 shows the extreme adnuss1ble concentratwns of the hazardous substances wh1ch 

can be dtscharged wah the econonuc zone of the Russ tan Federatton 

Followmg the Resolutwn of the Government of the Russtan Federatwn N2 251 of 

24 03.2000 Category A hazardous elements can not be dtscharged with the economtc zone of the 

Russtan FederatiOn. 

The rules for the development and approval of the admtsst ble concentratwn norms and 

adnusstble values for water areas and the surroundmg natural envtronment wnhm the Russtan 

Federatwn were approved by the Resolulion of the Government of the Russtan F ederahon N2 

208 of I 0. 03 2000 

Admissible concentrations of hazardous substances for the discharge within 
the economic zone of the Russian Federation 

.· :-- _ .; , · · Admissib!e con~ntrations per each: .. :.· · .. 
0 .. -0- .:.:.' 0 discliar e· ml ·-.:- _ .. ;,: __ 

0 
• •• - •. 

!.0 1.0 

10.0 1.0 

1 lint t of substance fm 10 water umt:, 

Oil and oli product> 15,0 J 5.0 

Tab 5.5 

I Oil a~d ~11 oroduct> 15.0 15.0 



The mruomum values of the hazardous substances m the worlang area air and the 

consumable water reservmrs, as well as for the air m CIVIlian and other settlements are ftxed m 

the Offictal Standards Act of the Russ1an Federatton :N"<! 12 I 005-88, under the title of "General 

samtary and hyg1ene requtrements for the a1r m workmg areas". 

The amount of hazardous substances m the a1r of the worlang area and the water of the 

consumable water and other public access lakes, as well as the atr of the public tern tones, must 

under no Circumstances exceed the max1mum values 

AI list of parameters for santtary evaluatton water and atmosphenc environment m the 

worlang zones 1s shown m the sectton 3 7 

5.1.4 Control of radioactive contamination. 

The penodtcal control of the contammatton sources and waste streams 1s earned out m 

the course of the standard environmental mventory and control of the adrruss1ble d1scharges at 

the sttes and fac1lit1es of the Russtan Navy 

All the acuvtues for the control of the radwact1ve contarrunauon are descnbed m the 

ex1sting "Manual for the control over the radwacu ve contarrunat1on of the envtronment and the 

trradtatwn of the over the radwacttve contammauon of the envtronment and the mad1atton of the 

personnel on board of the nuclear naval vessels " 

The control volume over the radwactt ve pollution of envtronment 1s presented m tab 5 6 
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The control over the radwacttve contanunatwn ts usually done by means of portable 

radiatiOn assessment sets, radtometnc and spectrometnc equtpment, as well as by means of the 

stationary automated control systems 

As a good tllustrauon of such a system IS the Peanut (Orakhts) multi channel radwmetnc 

umt for the control over the radwacuve contammatwn (for water areas) Thts system ts used for 

the control over the dose and Its capacity m the water areas, tt can automatically collect large 

samples of atr and water, followed by the spectftc wetghtmg procedure of the radto nucltdes m 

the samples 

As the Russtan Navy does not have the complete ltstmgs of tts laboratory equtpment, 

whtch as a rule ts represented by some most outdated units Moreover, the ltst of parameters to 

be watched m the appropnate Naval cumculum of "Manual for the control over the radwacttve 

contammallon of the environment and the trradwtwn of the over the radwacu ve contanunatton of 

the environment and the mad1at1on of the personnel on board of the nuclear naval vessels" 

represents merely a set of recommendations Thts ts why the Issue of developmg a umfted 

mtegral envtronmental momtonng system becomes espec1ally essential by the day 

Moreover, such system IS particularly cructal to secure the environmental safety of the 

nuclear submanne lay-up and dtsmantlement sttes, so as to provtde the data on the parttcular 

tern tones where these procedures are earned 

The reasons for mcludmg these sites as a particular md1spensable component of the 

momtonng system are as follows. 

• The ecosystems of the l'iorthem and Far Eastern regwns are parttcularly senstttve to 
anthropogemc burdens, 

The envtronment of the spectfted regtons 1s parttcularly contammated and polluted, 

For the surroundmg envtronment the nuclear submanne dismantlement sltes represent 
potenttal radtatwn and chemtcal hazards. 

Such sites represent a potential threat of emergencies and acc1dents, resultmg With the 
envtronmental discharge of vanous hazardous elements wtth severe negauve 1mpltcauons 
for the personnel, mamtenance crews, pub he and ecosystems of such regiOns, 

To a substantial degree the environmental secunty of such regton~ and the nuclear 
submanne dismantlement, lay-up and dismantlement procedures depend on a number of 
hydro meteorological, cltmattc and other geophys1cal parameters of these tern tones, 

Establtshmg of a system to watch and assess the particular parametets to represent the 
condthon of the surroundmg envnonment and the tmphcatJons of the nuclear submanne 
dismantlement opera lions for the latter ts posstble m pnnctpal and physically feastble 

At thts pomt It ts essenttal to broaden and mtenstfy the current measures of controlling 

the contammatwn of the surroundmg environment, as well as achteve some of the new 

obJeCli ves, such as set up watch and control procedures on the basts of the automated stationary 

the contammatwn of the surroundmg environment, as well as achteve some of the new 
UU\,1. HlVULl..._ YLLl\..;:1, ULLU .... l\.Ui'lo.\.o lU.upplHO• \..oU'tllUHlll\.oll\.al \,.oUU.HOio:- 1Ul\...\..oll.CH.lH5, .... la3.;,1ll ..... UUUH Ul \.ll'W 



contammatwn sources by their associatiOn wnh vanous actiVIties of the Navy or mdustnal 

enterpnses, global changes or natural calamities, etc All of these operations wtll allow to 

produce an entire (mtegral) picture of the environmental snuatwn at the vanous submanne lay­

up and dismantlement sttes, adJacent water and land tern tones, mmntenance areas, as well as the 

prospects for the future Such a system wtll secure a timely and contmuous flow of sufftctent 

data through a system of regular measurements, tests and samplings 

5.2. Environmental control methods 

At thts pomt the environmental analysts m this country IS earned out on the basts of the 4 

maJor trackmg methods land, water, mrcraft and space, whtch are revtewed below 

The mltlal data as acqUired as a result of the environmental momtonng operations must 

specifically tdentify 

The type and concentration level of the contammants and waste streams m atmosphere, 
hydrosphere and lithosphere; 

Contarrunation sources and dtscharge parameters, 

The phystcal state of the atmosphere, hydrosphere and lithosphere. 

Followmg the land (water) trackmg method the mltlal data IS acquired through both 

stationary and mobde control and testmg umts Due to the specific features of the data 

acqUisltlon procedures for these methods thts data IS local m nature This drawback IS usually 

elirrunated through the lengthy aerospace trackmg methods 

5.2.1. Land methods 

The land methods allow for conductmg the assessment of the parameters of all types of 

contarrunation of the mr over the land, soil, certam types of water surface pollutions, as well as to 

carry out the analysis of the chemtcal, bwlogtcal and radiatiOn contammation of the water 

samples 

In general, the land tracking methods are further broken down mto several maJor types: 

dtscrete, mobile and remote 

A substantial number of assessment procedures currently employed, are based on the 

contact type of the land tracking method, as II has traditiOnally developed m the Russtan 

Federation Followmg the adopted practice these procedures can be either contmuous and are 

performed by vanous automated systems m two stages· on-site sampling and analysts of the 

samples m the statiOnary laboratones, mcludmg calibratmg. statistics control and assessment, 

etc The contact type of the land tracking method allows us to obtain environmental data m 

spectftc pomts of space when the stationary equipment ts used, and the data followmg spectftc 

etc The contact tvoe of the land tracking method allows us to obtam environmental data m 



routes (waste streams, etc) when the measurement mstrumentatwn IS placed on mobtle umts or 

earned as m the portable eqmpment sets. 

Mob1le methods allow to obtam the mtegral charactenstlcs of the parttcular 

contammatwn parameters along particular d1rect1ons, whtle the remote type methods enable us to 

acqUire the environmental data m the areas d1stant from the actual samplmg sttes The VIsual 

control over the air, water and specific area contarrunatwn can m pnnctpal also quahfy as the 

distant type of the land trackmg method 

In order to acqUire the data on the quahty and quantity of the contammants and waste 

streams there are over 200 ongmal physical and cherrucal techmques avrulable, wh1ch detenrune 

the concentrations of the hazardous elements m the air, sewage and natural water, mdustnal 

factl1t1es and temtones All the maJOr ones are descnbed m Figure 5 7 [7] 

In order to assess the parameters of chem1cal contarrunatlon, the aforementioned types of 

land methods are most wtdely employed, all complymg to the offtctal Russtan state standard 

documental!on [8]. 
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Table 5 8 specifically shows the capacities of certrun particular techmques of the dtscrete 

method m the land tracking procedures While the mdependent means of the dtscrete control of 

the chenucal pollutwn m the rur are bemg further researched and developed, a particular 

emphasis has been recently placed on the complex automated multipurpose systems, wtth the 

ANKOS-AG unn [7] servmg as one of the fmest example of such mstallattons Thts system has 

been particularly developed to provtde contmuous control over the fluctuatmg concentratiOns of 

chenucal adnuxtures m the mr basms of large Cities and mdustnal centers, as well as for the most 

operative forecasting of the future contrumnauon of such tern tones 

The quantities of the minimal spotted concentration for different contact 
analytical methods for average time for analysis -20 min. 
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The Al'\KOS-AG Installation has two bUllt-m assessment levels In the fmt (lower) level 

the system measures the concentrauons of the contammant substances and deternunes the 

quantities of each, converts them mto the phystcal values, regtsters them m machme codes, 

orgamzes the data, stores Il and forwards to the second (upper) level of the Data Processmg 

Center (DPC) for further elaborauon and treatment 

The ftrst level of the aforemenuoned system usually employs automated stauons of the 

atmosphere control (ASKZA- G), wh1ch supply the second level wtth the appropnate data The 

second level also recetves additiOnal data from the mobile working groups and stauonary gas 

analysts laboratory The data ts here processed so as to allow the Implementation of the practical 

tasks of contammauon momtonng, forecastmg, pnnt-outs, data storage and forwardmg to the end 

users 

tasks of contammauon momtonng, forecastmg, pnnt-outs, data storage and forwardmg to the end 



The second level bastcally represents an mformatwn-calculatmg complex system, whtch 

mcludes dtsplaymg options, data transferal, commumcauon, regtstrauon, copymg and other 

capabilities 

The mobtle type of type of the land tracking method allows fro the assessment of the 

concentratiOn of the studted admtxture, whtch ts averaged both pertrunmg the wmd dtrectiOn and 

time, as well as the length of the opucal !me, whtch altogether result m the much more accurate 

data to descnbe the actual situatiOn m the assessment pomts (even more prectse, as flxmg a 

parttcular boundary narrows down the assessed temtory) 

The remote type of the land assessment method allows to both evaluate the adrruxture 

concentration profile along the zomng !me (mchned, honzontal or verttcal) wtth the mde of a 

hdar or studymg the self-radtatwn spectrum of the adrruxture, as well as to assess the general gas 

concentratiOn m the mr column (average concentratiOn for the evenly dtstnbuted gases) on the 

basts of the spectral sun method 

The land methods of the environmental (chemical and bwlogtcal) control are currently 

based on the cherrucal and phystcal assessment of the samples by means of the "wet" cherrustry 

techmques and a substantial number of the laboratory equtpment and devtces. 

Today m order to conduct the control over the particular parameters deterrrunmg the 

water quality, whtch vary m time and space, the ANKOS-W automated water watch and control 

sy~tem ts most wtdely used m the Russian Federation Thts system can easily determme the 

contammatwn, waste streams and source of the water contammatwn, forward the acqutred data 

to the data processing centers, where all the data ts analyzed, systerruzed and quahfted to 

determme the most dangerous trends and potential hazards Such an approach atlows to timely 

take the necessary measures to protect the water areas, especially m the case of large dtscharges 

and emergency sttuatwns 

Inntally the Al\KOS-W data ongmates at water surface control automated machmes (AS 

KPV I) The contemporary model of each such machme can today measure and control over two 

dozens of water quality parameters, e g level, temperature, electro conductivity, turbtdity, 

oxygen, wetghted substances, carbon tons, tts acidity and alkahmty 

The land methods of the en vtronmental control of sod are based on the sod samples 

analysts and thetr further assessment m laboratones 

Among the remote types of the water control method there can be particularly smgled out 

the vtsual techmque of tdenttfymg the mechamcal and otl contammations, as well as the 

radiO!ocatwn techmque (on the basts of both the honzon and over-honzon radwlocauon 

stations). It should be noted that the mformauonal value of both methods ts qutte low, as the 

radtolocation method only allows to tdenttfy the temtory covered by the 01! spill, but does not 
radtolocatiOn techmque (on the basts of both the honzon and over-honzon radtolocauon 



provtde the data on the thtckness of the ml shck, whtch as a result does not allow to asses the 

volume of the spilled ml 

The methods of the radtatwn envtronmental control (atmosphere, water, sml), as well as 

the analysts of the food stuffs and the obJects m the pubhc households are based on the 

regtstration of vanous radwacttve radiatiOns, neutrons, heavy wns, nuclear ftsston debns by 

means of a large spectrum of radiatiOn control equipment, radiOmeters and nuclear phystcs 

eqUipment (alfa, beta and gamma spectrometers, neutron and heavy particle registration 

eqUipment, etc) All the Issues of both the radtatwn control and radiation safety of the personnel 

and pubhc access temtones today have to fully meet the NRB-99 [12] and OSPORB-99 

reqUirements [13] 

Below, on the basts of the referenced matenals [7,14], there ts suggested the analysts of 

the current capacities of the extstmg, potential and wtdely used (that mcludmg mtlttary umts) 

land portable, stationary, laboratory and distant types of the environmental radiation control 

umts 

The widely used IMD-1 dosage rate measunng mstrument (as well as all models 

developed on Its base) ts mtended for measunng the power of the eqUivalent dose of the temtory 

as well as to determme the radtoactJYe contarrunation of the personnel local populatwn, food 

stuffs, water techmcal equipment- on the basts of the gamma radtatwn rates (plus beta radiation 

wtthm the - 30% error margm). 

To detect the radtauon rates Withm the automated radiation watch system there can be 

used the multipurpose radtometnc device or stationary semiconductor spectrometnc mstallatwns 

with the autonomous power supply 

The maJOr techmcal charactenstics of some of the devtces for the radtatwn control are 

shown m Ftgure 5 9 (see after the ltst of literature) 
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Analysts shows that the techmcal parameters of the extstmg and developed means of the 

radmt10n survey, watch and control do mdeed allow for thetr employment for the radJOlogtcal 

assessment at the sltes parucularly targeted m thts feastbli1ty study However, 11 wtll be 

necessary to addltlonally provtde for the low-background rad10metnc mstallauons, spectrometnc 

analyzers, whtch allow to detenmne the rad10 tsotope composttton of the contarrunants and 

evaluate the potenttal radJOacttve elements to be dtscharged mto the surroundmg environment 

The careful analysts of the ex1stmg equtpment and faclitttes, as well as the extstmg 

methodology for the acqutsttJOn of the environmental data, show that tf the environmental 

momtonng system IS constructed on thetr base, 11 wtll effecttvely allow to acqmre the pnnctpal 

environmental data, covenng the 1ssues of the mr contammat10n over land and water temtones 

(tf the pnor samphng mechamsms are m place) by vanous contarrunants and waste streams, as 

well as carry out the accurate radtatiOn control of vanous sltes Of all land method types as 

descnbed above the contact techmques appear to be most mformauve and accurate, as they allow 

to detenmne the actual state of envtronment on-stte In order to cover greater areas the 

environmental momtonng has to be mded by vanous mrcraft and space means In order to 

provtde for the automated control of the envtronmental parameters of the sea areas and bottom 

sedtments, as well as the over-sea mr, 11 IS essenttal to md the monttonng system wtth the spectal 

manne vessels and equtpment 

5.2.2. Marine methods and means of ecological data obtaining 

The naval (manne) methods and means of acqumng the envtronmental data currently 

allow to measure all types of pollutants and contammants of the seas, as well as lakes and nvers, 

bottom beds, atmosphere over vast sea tern tones, as well as surface pollutton of the water areas 

In general, all the manne eqmpment can be broken down mto two types statiOnary (as 

placed permanently or for some ttme at the spectftc pomts tn water areas) and the naval vessels 

As a rule the stationary eqmpment represents automated naval buoy-based stattons wtth a 

number of sensors for the contmuous programmed automated measunng of the environmental 

and hydro meteorologtcal parameters to be then transmltted vta cable, radto or acousttc channels 

to the on-sh_ore or other naval facdtttes for analysts 

As to the naval vessels, the environmental momtonng IS performed on the basts of the 

vessels (boats), whtch may be supplemented by the followmg opt10nal equtpment 

Underkeel or towed systems wtth an array of sensors for the measurement of the 
envtronmental parameters of sea watet and for conductmg the appropnate oceanographtc 
measurements, 

• Measurement eqmpment (anchored or dnft) to be lowered from the board of the boat, 

• Automated sensors for control over the mr contanunat10n, 



• Phys1cs and che!Dlcal environmental laboratones for samphng and 1denttf1cauon of the 
conta!Dlnatlon parameters, 

Remote means of searchmg and tdentlfymg the surface conta!Dlnatwns of the water areas 

Stationary manne eqmpment and vessels allow to conduct the environmental analysts 

both locally and at specifically destgnated pmnts The acqmred stgnal represents an average 

value over a cenam penod of time for cemun tern tones (of any shape or s1ze) along the d1rectwn 

of the sea currents Such analysts gtves a pretty accurate picture of the water contanunatwn of 

the studied water areas, with the only restramts on such assessment bemg the meteorological 

conditiOns and the bottom contour m the shallow water areas 

Wh1le the sh1p IS sa1hng, the naval environmental eqUipment on Its board allows to 

1denttfy the environmental p1cture along Its route, as well as to undertake the area survey m the 

case of a more detailed study of the part1cular water areas 

The naval means and methodology of assessmg the enVIronmental parameters of the 

atmosphere, as well as the lab tests of the atr, bottom sediments and water are very Similar to the 

aforementiOned land methods and eqmpment, though certam automated eqmpment has been 

constructed spec1f1cally for the use on board of the naval vessels 

For the environmental momtonng of the sea environment the hydro acoustic means can 

be pnnc1pally used for the followmg purposes. 

Momtonng of the acoustic contammauon of the water areas, 

Search, detectton, deterrmnatlon and 1denttf1cauon of the sunk naval vessels, wh1ch present 
potential threat to the surroundmg env1ronment, 

Control over the volume and development of the waste streams, 

• Control over the mtgratwns of the phyto- and zooplankton 

The v1sual and radwlocatwn methods of detecting and evaluatmg the scope of the ml 

contanunattons are still very actively used 

5.2.3. Aerospace methods. 

The usage of the aerospace means and methods for environmental purposes mcreases the 

vlstbthty, eff1c1ency and scale of the environmental data acqmsmon process, as such methods 

considerably expand the capabtlltles of the land and sea methods as descnbed m the above by 

defmmg the development of the contammants 1n t1me and space for the atmosphere, water and 

land alike However the environmental data acqmred thts way IS less accurate and mforrnatlve, 

whtch necessitates Its usage only when combmed 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 creatmg an mtegrated momtonng system, whtch stands for the system of 

the regulated observations and surveys of the surroundmg envtronment, natural resources, 

anthropogemc envtronmental tmphcatwns, assessment, analysts and forecastmg of the 

envtronmental sttuatwn m the nuclear submanne dtsmantlement sites represents a maJor task for 

the ongmators of thts feastbthty study Such a system must be developed and launched 

Simultaneously wtth the estabhshment of the system of control and survey of the dtsmantlement 

operattons of the nuclear submannes The mam obJeCt! ve for settmg up the mtegrated momtonng 

system ts to prevent hazardous and dangerous sttuauons, whtch may potentially harm human 

health and other bwlogtcal sttes and obJects, as well as support the development of the executtve 

dectstons m the fteld of environmental secunty 

An mtegrated momtonng system ts to constst of two maJOr functional modules. the 

system for the collection of the envtronmental and other data, and the environmental mformauon 

and analysts center (data processmg). 

The results of the analysts of the tasks for the mtegrated momtonng system for the 

tern tones of the decomrmsswnmg, lay-up and uuhzatwn of the nuclear submannes have allowed 

the ongmators of thts feastbthty study to Identify the followmg pnmary gUidelmes for the 

constructiOn and mamtenance of the mformational mfrastructure of the suggested momtonng 

system. 

1 Integrated monnonng system has to be created followmg the conceptual thests of umfwd 
mformatwnal space of the Russtan Federation 

2. It should be destgned as an automated mechamsm, wtth most of Its operational tasks 
preferably earned out m the automatic mode 

3 Integrated momtonng system has to be compatible wah other temtonal automated 
mformattonal databases and systems, whtch govern the usage of the natural resources and 
provtde for the en vtronmental secunty of the appropnate tern tones 

4 In destgnmg and creatmg of the mtegrated momtonng system all work needs to be based 
on the contemporary mformatwn technologies 

5 It ts essential to provtde for the effective Implementation of the up-to-date technologtes 
of local area networks management and hypertext markup language databases, geo­
mformational technologies, etc 

To provtde for the mutual exchange of tnformauon. the mtegrated momtonng system 

must be honzontally compatible (on both mformational and posstbly techmcal levels) wtth the 

appropnate tern tonal systems of other state and mmtstenal mstltutwns (Umfted State Automated 

System of Radtatlon Control, Umfted State Automated System of Environmental Momtonng, 

Mmtstry for Emergency SituatiOns of the Russtan Federation, Mtmstry for Nature of Russta, 

Samtary and Eptdenuologtcal Supervtswn Comrmttee of Russta, etc.). 
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The IT basis for this system must be compiled on the geo-mformatwnal technology, 

represented by vanous software and hardware data processmg umts to store and process 

mformatwn on vanous tern tones and coordmates, Interpretation of such data should be avmlable 

m the format of cartographic Imagmg by means of machme graphics 

Creating an mtegrated momtonng system of the surroundmg environment for the 

temtones where the decomrrusswnmg, lay-up and dismantlement procedures for the nuclear 

submannes occur calls for the resolution of a great number of orgamzatwnal and techmcal Issues 

and the substantial research activities, such as 

Evaluation of the ex1stmg and developed radiatiOn control proJects at the military 
mstallations (m the framework of the EGASKRO Federal program), which operate m the 
environment of radwacti ve wastes and used nuclear matenals, as resultant from the 
utilization of the Russian nuclear submannes 

2 Evaluation of all works performed m the field of environmental momtonng systems on the 
temtones adJacent to the sites, where dismantlement of the Russian nuclear submannes 
occurs m the North West and Far East regwns of this country (m the framework of the 
EGSAM Federal program). Review of the ex1stmg models and suggestiOns for the new 
forecastmg models for the calculation and prognosis of the environmental Situations m 
emergencies for vanous contammauon scenanos 

3 Analysis and assessment of the Implementauon of the normative standards and other 
legislature of the Russian Federation, as well as mtematwnal agreements pertmmng the 
momtonng of contarmnatwn m the North West and Far East of Russia 

4. The scientific and techmcal foundatiOn for the basics and parameters of the mformatwnal 
system of the environmental momtonng for the temtones, as adJacent to the sites, where 
dismantlement of the Russian nuclear submannes occurs In the North West and Far East of 
this country (m the framework of the EGSAM Federal program) 

5 Definition of the mam cntena for the mtegral system of environmental momtonng on the 
basis of the followmg research act1 vi ties· 

5 1 Specific features and mventory of the hazardous danger sources, classification of the 
latter and rangmg by the degree of the existmg/potenual threats, 

5 2 Formulatmg of the general obJeCt! ves for the contammauon momtonng 

• In the standard operatiOnal mode within the fully controlled zone (wllh defmmg the 
cntena of the "normal environment" followmg the ex1stmg legislature and 
techmcal methodology of the nal!onal, mstnutional and mtematwnal Significance), 

• In the emergency operatiOnal mode (with the mtroductwn of the classtficatwn for 
the vanous states of emergency by their potential danger, to enable a more efficient 
approach towards Jdentificallon, scenano evaluation and forecastmg), 

5 3. Defmillon of the standard parameters and types of contammation for the purposes of 
the environmental momtonng 

• By the extent of control, 

• By penod1c1ty, 

• By the range of measurements and (or) Idenlificatwn 

• By penod1c1ty, 



5.4. Defm1t10n of the general requirements for the Integrated system of environmental 
momtonng· 

• Methodological basis for the wired-m check of the surroundmg environment, as 
well as the radiatiOn and chenucal Implicatwns of the nuclear submanne 
dismantlement Sites, 

• GUidelines for an mtegrated momtonng system set-up and mamtenance (mtegratwn 
of stations and analytical control laboratones, mforrnat10n and analysis centers for 
data processmg, environmental secunty centers, etc ) for vanous geographic, 
geological and environmental conditions m the Russwn regions, 

• Mam functions, 

• Pnnc1ples of Identifymg the pnonty temtones for the Initial mstallatwn of the 
mtegrated monitonng system, 

• General structure and content of the system, 

• Mamtenance crews reqUirements, 

• Metrologtcal secunng (with the evaluation of the feastbiiity of the metrological 
secunng with the help of methods and means, as currently employed by the 
Mtmstry of Defense of the Russtan federation, as well as the reasons for the 
penodtctty and extent of the environmental momtonng control parameters); 

• Mam operational modes, 

• Compatibility reqUirements, 

• !"01se tmmumty and n01se-p1 oof feature 

5 5 DefmlliOn of the mam t~chmcal requtrements for the mstrument channels of the 
environmental momtonng system, 

• Measunng ranges for the controlled parameters, 

• Control penodtctty and ume charactensttcs, 

• Umf1cauon and feasibility of mtegratmg of the envtronmental momtonng system m 
EGSAM, EGASKRO and other systems, 

• Reliability; 

• External penetratton and unsanctwned access preventiOn/control measures. 

5 6 DeftmtiOn of the requirements for the mathematic and mformattonal provtstons for the 
envtronmental momtonng system to resolve the tasks of tdenttftcatwn, assessment and 
prognosis of the SituatiOn, mcludmg suggestions for the executtve deciSions and control 
scenano (efficient reacnng and mformation analysis m the emergency conditwns). 
DeterminatiOn of the necesstty, feasibility and algonthms of mformatwnal mteracuon 
With EGSAM, EGASKRO and other systems 

5 7 Data exchange protocols on the basts of the existmg and destgned commumcatiOn 
systems and rrulllary umt management gUidelines Techmcal and orgamzatlonal 
pnnciples for the transferal of the mformat10n bulks between vanous rrulitary 
compames and umts, which provide for the environmental secunty of the Russian 
Mimstry of Defense Information exchange and mtegrauon methods wtth the EGSAM 
and EGASKRO federal systems 

5 8 SuggestiOns on the modificatiOn and adaptation of the spectahzed geo-mformauonal 

PvWh1ill-/BP JPR:9I1lenrnilJRFttiu8H e~nlti)fesaRJ IHl~g~lWl'tla/b"t'l;lbt~ \tWJ~Wltb<a~rf~r 
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environmental momtonng of the contarrunants Methods of prepanng the baste 
cartographic and attnbute mformal!on on the nuclear submanne dtsmantlement sttes 

59 EvaluatiOn of the extstmg radtauon control means and thetr feastb!lny m the destgned 
system of environmental momtonng 

5 10 Evaluation and suggestions for modtftcauons and adaptatiOn of the extstmg automated 
control systems to make up the basts for the environmental momtonng system 

5 II Suggestions on the structure of the mformatton and calculation system of 
envlfonmental momtonng for the temtones, as adJacent to the nuclear submanne 
dtsmantlement s!les, propositions on the data channeling, specmlized geo-mformatiOnal 
system, momtonng data dtsplaymg system, basiC radwlogtcal and cherrucal models 
block for the prognosis of the environmental situation 

5 12. Evaluation of efftctency of the suggested mtegrated momtonng system components, 
mcludmg mathematic gUidelines and software 

5 13. Suggestions on the list of the pnmary legislature of the state, mstttutional and 
mtemal!onal levels, whtch spectftcally defme the momtonng systems for the snes as 
related to the utilization of the decomrruss10ned Russtan nuclear submannes m the 
North West and Far East of Russta 

5 14 Suggestions for a network of techmcal cnsts centers, all wnhm the competence of the 
Russtan Navy 

5 15 eastb!lny study of the current status and potentml development of the environmental 
momtonng system at the nuclear submanne dismantlement snes, tts role within the 
general task of secunng the enure system of nuclear submanne dtsmantlement 
operatiOns 
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6. RUSSIAN RISK ASSESSMENT METHODOLOGY 

The problem of risk assessmel!l IS d1scussed her along with us methodological 
legal aspects A specwl attentron was pmd to the questwns of the radiological 
risk It has been pmnted out that nsk assessmelll methodology of the 
decomnusswned nuclear submarmes reqwres perjectwn accordmg to the 
generally accepted approaches and gwdelines 

6.1. General guidelines 

Accordmg to the Russw Law "On safety" [ 1], "safety"- ts the state of protectabtlity of 

vttal mterests of a personality, soctety and country from mtemal and external threats VItal 

mterests- a total of reqmrements , the satisfaction of wh1ch &ecures the ex1stence and possibility 

of the progresstve development of a personality, soc1ety and country The "safety" IS achteved 

by reahzatwn of a umf1ed state policy on secunty proviSion v1a the measures of econorruc, 

political, orgamzattonal character whtch are adequate to the threats for the vual mterest of a 

personality, society and country 

For creation and mamtenance of the necessary level of protectiOn at facilities m the 

Russwn FederatiOn there IS bemg developed a system of legal norms wh1ch regulate relations m 

the fteld of secunty and defmed the pnncipal activ!lles for public authonttes, formed or 

transformed secunty authonttes and mechanisms of control over their actiVIty 

The assessment and declaration of the safety of a Russ tan mdustnal facditte , the actiVIty 

of whtch 1s connected with htgher danger of production, ts conducted m accordance with the 

Russian Law "On mdustnal safety of hazardous productiOn objects" [2] atmmg to ensure control 

over safety measures observatiOn , to assess the adequacy and efficiency of the measures on 

emergency situation prevenuon and liqutdatton at an mdustnal object 

The declaration of an mdustnal fac1hty safety IS a document whtch defmes the possible 

character and scale of emergency sttuauons at an mdustnal facthty as well as the activities on 

thetr prevention and hqutdatton The declaration must charactenzed the tactltty safety at the 

stages of Its putting mto operatiOn, operation and wtthdrawal and must con tam 

nsk analysts of emergency sttuatwns of natural and man-caused character, mcludmg the 
deftmtwn of hazard sources, the evaluatton of the sttuatwn development and posstble 
consequences of the emergency sJtuatwns (mel pollutants penetratwn mto the atmosphere), 

• charactenstJc of the control system over the safety of the mdustnal productwn , the data on 
the volumes and content of orgamzattonal, techmcal acu vtues on emergency sltuauon 
preventton , 

It should be noted that 10 accordance wtth the decree of the Prestdent of the Russtan 

Federatton from 2 August 1999 N53 whtch conftrmed the status of the M10tstry of Emergency 

Snuatton (MES) iVIES 1s responstble for 
11 snouta oe notea tnat 10 accoraance wlln tne aecree or tne l:'restaent or tne Kusstan 



• development of the proposals on the formation of a umf1ed state policy m the field of 
radiatiOn catastrophes preventiOn, 

development of the legislatiOns and normative documents m the field of radiatiOn 
catastrophes preventiOn, 

• development and realizatiOn of the federal destinatiOn programs m the field of radiation 
catastrophes preventiOn; 

the conduction of the methodological gmdance over the actiVIties of the Federal authont1es, 
Executive authont1es as well as orgamzat10ns. concemmg the questions of the protectiOn of 
citizens who suffered from radiatiOn catastrophes , the rehabilitatiOn of the temtones and 
control over the activities m this field, 

orgamzat10n (along With the correspondmg Executive authonties) of the design of the 
concepts and proposals concemmg the routines of the nature protectiOn, 

conductiOn of the mtematwnal cooperatiOn m the f1eld of radiatiOn catastrophes preventiOn 

In 1995 The State Duma passed the law "On radiation safety of the population" [33 

st1pulatmg the legal foundations of the radiatiOn safety provlSlon for the population with the rum 

of Its health protection Accordmg to this law the assessment of the radiatiOn safety IS made VIa 

the followmg mam Indicators· 

charactensuc of the radiOactive pollutiOn of the environment, 

• analysis of the provision of activities on radiation safety and execution of the norms, rules 
and hyg1emc standards m the field of radiation safety, 

probability of the radiatiOn catastrophes and their scale, 

the level of readmess to the effective hqmdat1on of the radiation catastrophes and their 
consequences, 

• analysis of the radiatiOn doses received by a select group of populatiOn from all sources 
10mzmg radiatiOn 

number of persons exposed to the radtation of higher than admissible doses 

The law [3] sets the followmg pnnc1pal hyg1emc standards (admiSSible doses) for the 

population of the Russian FederatiOn 

averaged annual effective dose 1s 0 001 Sievert (Sv) or an effective hfe time dose (70 years)-
0 07 Sv 

• higher dose md1cators for separate years are admiSSible provided that averaged annual 
effective dose, calculated for 5 consecutive years does not exceed 0 001 Sv 

After the publication of the radiation norms m 1987 (RSN-76/87 radiatiOn safety norms) 

and mam samtary rules (MSR-72/87 for workmg wtth radtoactive substances and other sources 

IOntzmg radiation) the new data on the tmpact of tomzmg radiatiOn on human orgamsm was 

received and addttwnal expenence was accumulated on the conduction of the radwtion control 

and efficiency of protective measures m correspondmg mstttutiOns and environment, mcludmg 

the expenence of the hqutdatiOn of the consequences of catastrophe at the Chemobyl Nuclear 

Power Station 

the expenence of the hqutdatlon of the consequences of catastrophe at the Chemobyl Nuclear 



In 1996 new radtauon safety norms (RSN-96) were estabhshed based on the 

requtrements of the Federal Law "On radiauon safety of the populatwn", on the 

recommendauons of the International Comttee of Radtatlon ProtectiOn (1990) and 

International Safety Standards (1996) Radtatlon safety norms (RSN-96) were remade and 

supplemented m accordance wtth the pwposals of the reg10nal Centers of Samtary Inspecuon 

and some Mtmstnes- Mtmstry of the l\'uclear Energy, Nlimstry of Defense and others In thetr 

present form the norms were utled RSJ\'-99 [4,10] In thts document the radtatlon nsk ts 

determmed as the probabthty of acqumng by a human bemg a concrete harmful effect as a result 

of radtatlOn exposure. Accordmg to the same document , the effective dose (E)-the value used as 

a nsk measure of dtstant consequences ansmg from radtauon exposure of the whole human 

body and hts separate organs wtth thetr radtauon senstttvtty taken mto constderauon Thts value 

presents the sum of the products of an eqm valent dose m organs (H t) and the correspondmg 

wetghtmg coefftctents for organs or the ussue data 

E=WtHt 

Where H t-eqmvalent dose m the ttssue T over the ttme-t, WT-a wetghtmg coefftctent for 

us sueT 

Wetghtmg coefftctents for tissues and organs at the calculatwn of the effect! ve dose­

muluphers of eqmvalent dose m organs and ussues used for the radtatton protectiOn purposes for 

the constderatlOn of the dtfferent sensttt vtty of dtfferent organs and ttssues at the nse of 

acctdental radtatton effects These coefftctents amount to 

Gonads 
Marrow (red) 
Thtck bowels 
Lungs 
Stomach 
Unnary bladder 
Mamma 
Ltver 
Gullet 
Thyr01d gland 
Sktn 
Cells of the bone surfaces 
The rest . 

0 20 
0 12 
0 12 
0.12 
0 12 
0.12 
0 OS 
0 OS 
0 OS 
0 OS 
0 01 
0 01 
0 OS 

It should be noted that the norms requtrements do not apply to the radtat10n sources 

creatmg mdtvtdual annual effecttve dose not htgher than Jl Sv and collective annual dose not 

htgher than 1 human-Sv, mdtvtdual annual eqmvalent dose m the sktn not htgher than 50 m Sv 

and crystalhne lens not htgher than 1S m Sv many condtttons of thetr mfluence 

mgner man 1 numan-::>v, matvtauat annuat eqmvatent aose m me sKin not mgner man :JU m ;:,v 



For the calculauon of the possible losses and substantiatiOn of the expenditures on the 

radiation protecuon at the realization of the optinuzatwn and substantiatiOn pnnciple , the 

radiation of the group of people of any age m collective effecuve dose l human-Sv leads to the 

loss of l human-year hfe and nummalloss of one annual per-caplla state mcome 

6.2. Radiation risk for the crews of the Russian nuclear submarines 

For the 40 year penod of operation of the Russian vessel nuclear units there have been 7 

maJor accidents which led to senous radio ecological and radiOlogical consequences All of these 

accidents took place at the nuclear submannes, 5-whlle afloat and the other 2- at shipbUildmg 

facilities dunng the penod of the reactor rechargmg Two accidents were followed by the reJection 

of the radiOactive substances mto 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 dunng the vessel accidents IS over 1000, 193 of whom have radiatiOn sickness of 

different degrees, 12 with a grave form of radiatiOn sickness died over the short penod after the 

accident, 10 people d1ed from wounds after the reactor heat explosiOn m 1985 Besides, as result of 

the accidents dunng the conductiOn of the hazardous radiation works 26 people were exposed to a 

higher radiation level, 6 of these people have radiatiOn affections [9] 

Over the hi~tory 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 radiation exposure \VIth the accidents at nuclear submannes taken mto 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 stauons 

The accident of 1960 (Northern Fleet)- the radiation exposure of the whole crew Without 

the development of the radiation affection 

The accident of 196l(Northern Fleet)-5 people With radiatiOn exposure of the grave 

degree,4-mediUm, 122- hght The first 8 people died 

The accident of 1965 (Severodvmsk, plant)-higher radiatiOn exposure of 9people without 

radiatwn affection 

The accident of 1968 (Northern Fleet)-5 people with a very grave radiallon exposure, 2-

grave, 3-medium, 34-hght, 64 people had radiation reaction and 39 had a subchmcal form of 

affection 4 people of the above-mentioned 5 have died 

The accident of 1989 (J\orthern Fleet)-did not have radiological consequences Local 

radioacu ve pollution of the water area for the penod of 2 months 

The accident of 1979 (Paci fie Fleet)- 4 people-radwuon exposure of a light and mediUm 

degree, 12-radiatiOn reaction, 22-potentially hazardous radiatiOn exposure 
ramoacu ve pouuuon or me warer area ror me penon or .!. momns 



The accident of 1985 (Pacific Fleet)-10 people died on site as a result of the explosion, 7-

hght radiation expo~ure, 39- radiation reaction Total of the people exposed to a lugher radiatJon-290 

The expenence of the medical treatment of the personnel who suffered from the accidents at 

nuclear uruts shows that at the ume of the accident the personnel Is exposed to the gamma-radiatiOn 

on the whole body m doses leading to the development of hght, mediUm and grave degree of 

marrowy form of radtal!on sickness Besides all these, beta-radiallon leads to skm radiauon affectiOn 

of all levels of gravny Gamma radiatlon of the whole body IS constdered to be the deterrrunant one 

m the field of radial! on affectiOn The differences m the mdiVldual radioresistance of the personnel 

slipulated the appearance of different gravity levels of radJalion Sickness at equal radwuon doses and 

v1ce versa At the process of accident development there was observed a penetralion of radwacl!ve 

substances mto the orgamsm vw breathmg organs,for example, summauon of wdme 

The population dose of gamma-radJal!On received by the crews of the damaged nuclear 

submannes at direct rad1atwn exposure amounted to 17-74 human Gy. and average mdJvtdual 

dose- 0 57 0 22 Gy. 

6.3. Risk assessment methodology 

At present Russw (as many other highly-developed countnes) consider nsk assessment 

methodology to be the pnonty-dnven and effeclive mstrument of scJenttfJc substanliatwn of the 

adrrumstrauve decisiOns m human health protection as well as m 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 defm!llon of the 

pnonties will allow a correct directiOn and dJstnbution of the fmancial funds for the nature­

protection actJvitles dunng the process of the Ruostan submanne dtsmantlement 

The World Scientific Society with The Intemauonal CommiSSion on Radwlog1cal 

ProtectiOn (ICRP) developed (m early 70s) a fundamental philosophy of population protecuon 

from the harmful affecuon of wmzmg radiatwn It was recogmzed m many countnes (except the 

CSSR) and It 1s based on 3 mam regulatiOns 11,2/ 

It IS expected that a nonthreshold linear hypothesis of radwuon affects on a human bemg IS 

grounded, 

The conditions of applymg the ALARA (As Low As Reasonably Achievable) pnnc1ple are 
kept, 

It 1s essenual to take mto consideration only the anthropological radiation excludmg natural 
background 

Non-recognition of the several regulatwns of the given phllosophy zn the USSR was 

defmed by the fact that not all of these regulatwns were zndt~putable and sufficiently grounded 

Many facts are known, for example, which prove the stimulating affectiOn of small doses on 
l'lon-recognmon ot me several reguJatJons ot tne given pn11osopny zn tne U.'>.'>K was 



human bemgs and surroundmg nature environment which questwns the possibility of the 

unluruted application of Its firSt pnnc1ples Nevertheless, m 2000 will become a legal basis m the 

field of radiation protectiOn m Russw 

This deCISIOn has Its ments and dements. On one hand, the linear hypothesis Simplifies 

the mterpretatwn of the after-affects of Iomzmg radiation on a human bemg, on the other hand­

leads to the exaggeratiOn of the danger m usmg the small doses of radian on (up to 0 2 Gr) 

At the basis of the ALARA pnnc1ple there IS an approach of settmg the radmtwn at the 

lowest level after taking mto consideratwn econorruc and social factors, 1 e analysis of "benefit­

harm" correlation In the Atorruc Industry of the l:SSR there was accepted another approach 

which used an ALAPA (As Low As Practically Achievable) pnnc1ple 

The usage of the ALAPA pnnc1ple m the USSR IS explamed by the fact that It IS difficult 

to make a quantitative evaluatiOn of the thesis of mamtammg radmtwn doses at low levels which 

can be reasonably achieved upon the consideratiOn of the econorruc and social factors The 

expenence of the operation of the Nuclear Power Statwns 10 our country has shown that ALAPA 

pnnc1ple and protection system developed on Its basis sat1sfactonly solve the problems of 

radiation protectiOn This pnnc1ple IS considered to be the basis m orgamzation of the rad1atwn 

protection of the speCial umts of the Kavy The consequences of these umts operation will be 

evaluated m the gt ven research 

Several authors recogmz10g 10 general the positive ~Ides of the ALAPA pnnc1ple, pomted 

out that It was not sufficiently grounded for prov1dmg the safety of surround10g nature 

environment In their op1010n, there IS a need for the new concept which will spare a human 

bemg the necessity of bemg separated from natural environment The ALAPA pnnc1ple ISm l10e 

with this new concept 

At the transitional stage which IS connected with the society reconsideration of the 

essence of the ecological problems, there appears one regulauon which umtes both opmwns. the 

observation of the pnnctple of health protectiOn of a human and ecological rat1omng This stands 

10 lme with the mam approaches of the military ecology and allows for the quantitative 

evaluatwn of the degree of radw ecological danger of the operatwn of Nuclear Umts 

The exclusion ot background radwtwn from the analysiS of radiation affection on a 

human bemg and biocenosis mcreases the quality of the evaluatwns made However, this 

procedure IS not a tn vial one due to Its mconstancy 10 time and space Earlier this task was not 

considered to be an essential element of radiation protection and naturally was not studied 

properly That IS why m the given research this task will be studied regardmg the conditiOns of 

dismantlement of the special umts 

properly That IS why m the given research this task will be studied regardmg the conditiOns of 



Due to the mcompleteness of the substantiation of the ftrst regulation of ICRP's tdeology, 

the optimal vanant of evaluation of the degree of radw ecologtcal danger of operation of the 

Nuclear Umts ts the constderatwn of thts problem from the vtew of nsk theones (harmful 

affection of radiatiOn m the whole radiation range) and radiatiOn hormethests (the stimulatmg 

affect of the small doses and harmful of the btg ones) as well as the substannatwn of the 

optimum of these theones apphcauon m the researched area 

The quantltatl ve cntenon of danger ts nsk. In accordance wtth the wordmg of ICRP it 

means a threat of an undemed event mcludmg the probability of its happenmg and the degree of 

its gravity In such form nsk becomes synonymous with the defmition of danger 

When applied to the spectftcity of the mthtary acttvity which mcludes the provtswn 

system of the populatiOn, it ts more appropnate to talk about a · dtctated" rather than "free-wlll" 

nsk Apart from thts, atomtc energy has been used m the Navy for the last 4 decades whtch 

means that radw ecologtcal consequences are not to be constdered a new type of danger but 

rather an ordmary one. Under such ctrcumstances the mfluence of radtatlon factors on the 

population, employees and rruhtary men ts to be treated as a long process of exposure to 

radtatlon of small doses (less than 5 mSv/year) or to radtatlon commensurable wtth background 

(very small doses- 0 5 mSv/year) 

In the mulufactor nsk concept the pwbable death outcome ts constdered to be a dectdmg 

mdtcator. The consideration of other negau ve effects m the form of tllnesses, hen table dtseases, 

anxtettes IS expressed vta nsk coefftctent from the fatal cancer m the form of correction to its 

factual meanmg or m money eqUIvalent In those cases when an acceptable model extsts , t he 

estimation of damage IS made on mdivtdual factors 

The conceptual basts of the nsk theory ts constdered to be the notion that the soctety 

cannot extst Wtthout nsks. From thts notiOn and from the agreement about the expedtency of 

summation of all kinds of nsks whtch accompany human's hfe Commtssion ICRP m tts 

publication 26 recommends to take the quantity of the acceptable nsk at I 0 -3 deaths a year ( 1 

human/year) for professional workers and additional annual death probabthty for populatiOn 

mdtvtduals -10-5 (annual dose hnut ts I mSv) 

Accordmg to the specialists from our country there extsts a mmtm.tl regulated level 

whtch IS equal to 0 1 mSv/year-the do~es below thts level are not taken mto constderatton and 

thus there IS no necessity of nsk deterrnmatton Thts level IS constdered to be a neghgtble one 

(as it ts equal to 10-6 1/human-year) and It separates the sphere of nsk opttmtzatton from that of 

uncondtttonally acceptable nsk. 

The question of relevancy of the calculatiOn of quantity of the radtatwn nsk m case of 

small doses ts still now open as practically all the radto ecologtcal consequences of operation of 
uncondtttonally acceptable nsk. 



the Navy Nuclear Umts can be constdered relevant Thts ts connected (as 1t was stated above) 

wlth a lot of data recetved by Russtan and foretgn researchers whtch dtsprove the regulatwn (the 

workmg hypothests of ICRP) that acctdemal effects have lmear and nonthreshold dependence on 

the dose quanttty and that ts feastble the evaluatwn of nsk and quanuues of the dose lnruts on 

the basts of data recetved at evaluatwn of btg doses Under real condltlons there are no grounds 

to deny the presence of pracucal threshold of the acctdental effects at doses less than 3 5 

mSv/year. That's why 1t ts worth heedmg the opmwn of the author 113/ that the attempts of the 

Corrurusswn ICRP m the pubhcatlons 26 and 60 to defme the standards on thts basts are a httle 

blt too premature 

It ts worth remmdmg that when substanuatmg the dose lmut for the populatwn at I m 

Sv/year The Commtsswn used the approach based on the companson wllh radtatwn from natural 

background wtthout constdenng the mfluence of radon and 1t led to the fact that the natural 

background has turned out to be 2.4 Urnes lower than the world average. 2 4(0 5,+ 10 0) 

mSv/year/13/ Thts approach questwns the relevancy of detemunatwn of the radtatwn nsk at 

doses equal to average quanllty ,md further more to tts low hnut as 1t contradtcts the data about 

the sausfactory health state of the people hvmg m these condllwns for centunes 

The last tegulatwn ts constdered a conceptual basts ot the theory of radtatwn hormethests 

/14/ m accordance wtth whtch at constant radtatwn equal to the doses 5-10 umes exceedmg the 

background and the absence of other negattve factors on surroundmg nature envtronment there 1s 

no basts for saymg that radtauon ts harmful to a human's health On the contrary, radtatwn 

proves Itself as stimulator wh1ch Improves the cond1uons for the development of the plant and 

am mal world Accordmgly, the practtce of the calculatwn of the radiatiOn danger (nsk) at doses 

lower than 12-24 mSv/year becomes unreasonable Such approach ts more usetul from moral­

psychologtcal pomt of vtew than mformatwn about neghgtble but harm all the same 

It should be noted that the CommiSSIOn ICRP conftrms that at all the ages the additiOnal 

death-rate of radtatwn cancer at doses 5 and even 50 mSv/year IS less than the dtfference m 

natural death-rate of women and men and much less than the dtfference m natural death-rate of 

populatiOns of the countnes m whtch It vmg standard IS htgh enough as well as m the countnes 

where the atomtc energy IS used and not /9/ 

The analysts of the problem of the harmful affection of very small doses on a human 

bemg has shown that the mterval of 1-3 mSv/year IS cons1dered an area of uncertamty m wh1ch 

from the nsk theory It IS tmposstble to take an unambiguous dectston on the presence of harm. 

Accordmgly the data gtven m tables 7 1,7 2 should be treated carefully and only for the 

determmatton of the consequences for mdtYldual cases The conservattsm of the gt ven 

Accordmgly the data gtven m tables 7 1,7 2 should be treated carefully and only for the 



estimations (wh1ch are set several Urnes higher as a result of usmg unequal models for the 

estimations) should be always kept m mmd 

The evaluations of the potential nsks for the human's health connected wah nuclear 

submanne dismantlement do not have normatJve-methodologJcaJ bas1s The dose hnuts of the 

normative documents and the levels denved from them ongmate from the defmltlon and 

normative meamng of the effective dose wh1ch 1s recommended by ICRP Comrrusswn wah the 

a1m of charactenzatwn of the radJatJOn hann m the nsk defmJtJons R1sk methodology JS 

recommended by the U.S Environment Protection Agency and at present undergoes a tnaJ on 

the bas1s of the JOmt correspondmg resoluuon of the Comrruttee on Ecology of Russia and State 

Samtary Committee of the RussJan Mm1stry of Health It IS suggested to use the simphfJed 

approx1matwns-averaged nsk coefficients on sex, age and so on The emergency sJtuatwns do 

not cover the given coefficients. 

The consecutive nsk assessment methodology must use the defmJtwns and correspondmg 

quantities of the pollutwn event probability, dose difference probability 

The negative mfluence of radiatiOn on human bemg IS now evaluated not only as a fact of 

detenoranon of h1s health but m the form of the soc1al consequences economic, moral, vwlauon 

of human's nghts and so on. In that case m the form of generahzed cntenon of the harm we 

understand the pnce form of the harm evaluatwnl 

Y=aR, 

Where Y-damage, a- nsk pnce, R-n;k 

Damage (nsk pnce) , as a rule, IS on allocation to some smgle nsk, for example, 2 10-4 

!/person-year and I& 10-1000 $ per nsk umt for the h1ghly developed countnes m different 

mdustnal sectors For the poor countnes the pnce JS lower For example, m Russia at the 

plutomum dismantlement the damage from rad1atwn of lOper-mSv or nsk umt of 56 10-4 

!/per/year JS equal to 170 $ R1sk pnce a may depend on R In tim case It IS admiSSible to use 

any of the dependencies depicted on the p1cture however, the multtgraded one wtth a dtfferent 

nsk pnce IS cons1de1ed opllmal 

The above-mentwned approach should not be treated as the fmal stage because tn the 

future there wzll be considered a factor of socwl consequence so that the quanuty of the 

tndiV!dual nsk does not exceed the quanttty of the pubhc benefit, which the state gets from 

appltcatton of the hazardous technology tn exchange for admiSSible socwl harm Thts 1s the 

essence of the conflict between the state and the populatton tn the areas of the locatton of the 

special Units of the Navy 

special Units of the Navy 



The given nsk assessment methodology (Intended for perfectiOn and further usage m the 

proJect of Russian nuclear submanne dismantlement ) ts based on modem mtematwnal 

approaches to this problem and mcludes 4 mam stages which are realized m senes· 

• hazard (harmfulness) Identification, 

• exposure evaluatiOn, 

• determination of the "dose-reply" dependence, 

• nsk charactenzatwn 

At the Imtial stage of the works fulfillment a conceptual model of the researched area wtll 

be formed Th1s model will reflect all correlatwns of the mam sources of environment pollutiOn 

m the process of the nuclear submanne dismantlement. The given model will be corrected at 

every stage of nsk assessment 

Works on hazard (harmfulness) Identification must show which factors and how can 

cause adverse consequences for the human's health 

At th1s stage the mventory of the sources of different environmental objects pollution as 

well as the mventory of all the components of the mdustnal wastes at all stages of submanne 

dismantlement will be made All the pollutants Will be ranked m accordance wllh their 

penetratiOn volume mto the atmosphere, degree of biological actlV!ty 

Along with the data on the radwactive and chemical substances which penetrate mto the 

atmosphere there Will be gathered and analyzed the mformatwn on the pollution level of the 

researched region The question about the adequacy and rehabthty of the data at hand Will be 

dectded on the basts of thts analysis and the charactensttc of the posstble mechamsm of 

pollutants formatwn and transfer 

Besides, at this stage pnonty-dnven agents will be chosen out of the h~t of all factors 

mfluencmg the human's health at the researched area These agents Will be charactenzed at later 

stages of nsk assessment The g1ven chmce wtll be made accordmg to the system of spectal 

cntena which reflect substance prevalence, Its hazardous properties, the possibility of analytical 

defmwon The number of pnonty-dnven factors wtll be defmed upon the constderatwn of the 

existlng resources (fmanctal, tmtrumental, human) of the g1ven project on nuclear submanne of 

the Russ1an submanne dismantlement 

At the next stage of the research- exposure evaluatiOn- the charactensttc of posstble 

pollutiOn sources will be gt ven along with the route of pollutants movement from these sources 

to a human bemg, the ways and pmnts of affection and exposure levels The goal of thts stage IS 

the defmttlon of the possible radtal!on and cheiDJcal loads for the personnel, populatiOn and 

environment at different stages of nuclear submanne dtsmantlement process as well as to 

me uetmttlon ot the possible radtal!on and cheiDJcal loads tor the personnel, populatiOn and 



determmatwn of the exposure levels for the populauon on the whole and for separate 

subpopulatwns. A spectal attenuon wtll be prud to the most senstti ve "en Ileal" groups. 

Exposure evaluauon will be based on the data of dynanuc momtonng or on the results of 

prevalence process modeling, tnter-envtronmental transportatiOn and fate of the radtoacuve 

and/or chenucal substances m the envtronment The chmce of exposure evaluatiOn methodology 

ts defmed by the research goals, the degree of completeness and rehabthty of benchmark data. 

For these parttcular purposes we plan to use the software products "Trace" and "Nostradrunus" 

developed by IDRAE, although It should be noted that a pracucal use of stmilar models reqUires 

the mfonnatwn on many hard-to-get charactensttcs of a substance, envtronmental objects and 

the populatiOn exposed The posstbthty of fmdmg the group of the benchmark data for the 

accurate calculatiOns may stgmftcantly mfluence the efftCiency of these models usage for nsk 

assessment 

At the stage of evaluatiOn of the "dose-reply" dependence there will be earned out an 

analysts of the extstmg models accordmg to the quantitative correlations between doses of the 

researched agents and frequency as well as to the hazard degree of the poss1ble hannful effects m 

the researched population If at the prevtous stage of the exposure evaluauon the assoctauon 

between the agent and a hannful effect was analyzed only at qualitative level , at the stage of 

evaluation of the "dose-reply" dependence thts correlation IS expected to be led to the 

quantitative md1cators Rtsk assessment wtll be earned out separately for the agents which do not 

have affectiOn threshold (carcmogens) and for the factors whtch cause hannful effects after 

reachmg a certam dose (non- carcmogens) 

Should there be any necessny and fmancJal resources , addltlonal epidemwlog1cal 

researches can be earned out At present qualitative models are developed wh1ch reflect the 

dependence of vanous hannful effects of the populatiOn exposed (addttiOnal early mortahty, 

hospnahzation frequency, aggravatiOn of the morb1d1ty symptoms ) on the affectiOn levels of 

"classtcal" atmosphere pollunon (lead, ozone, nnrogen dtoxtde, sulfur dtoxtde and so on) The 

similar cntena are used abroad for the economical evaluation of the effiCiency of the measures 

on envtronment protectiOn EU Commtss!On recommends to apply these cnterta of nsk 

assessment for the charactenzatwn of the atmosphere pollutiOn affectwn (for example, 

suspended substance) on the human's health For many of these models Il ts very Important to 

have background data on the health and mortalny of the populatton as ,accordmg to some 

scholars, the mfluence of the polluuon factor over the human's health 1~ hmned to the 

mu]tlphcauve change of the background medJcal-statlstJcal mdicators of the population 

At the fmal stage of the nsk assessment process-nsk charactenzallon- the analysts of all 

the rece1 ved data will be g1 ven The goal of this particular stage ts detennmatwn of the medical 
mu]tlphcauve change of the background medJcal-staustJcal mdicators of the population 



and ecological pnonties as well as revelation of the nsks wh1ch should be prevented or reduced 

up to the adrruss1ble level At this stage we plan to carry out an aggregate analysis of the 

uncertamties and their mfluence on the fmal conclusiOns 

Thus m the process of nsk assessment we will deterrrune 

• nsk quantities for separate factors at different ways of affection from certam environments, 

• total nsks for affectiOn routes, ways of penetration, total nsks for substances with s1rrular 
type of harmful affectiOn; 

• mtegrated hazard md1ces for the factors With different type of harmful affectiOn, for 
example, carcmogens and non- carcmogens, 

analysis of nsk d1stnbutwn m the population, m very sensitive subgroups 

The task (which IS not part of the nsk assessment for the human's health but closely 

connected with It) and decided through the "nsk" defmltwn Is the applicatiOn of the msurance 

system to the nuclear submanne liqUidatiOn 

Upon the completion of the process of the nsk assessment all the rece1 ved data should be 

handed over to a group of specialists who are responsible for the concrete project decisiOns on 

the problems of submanne's dismantlement 

The matenals presented here should be considered as fragment IllustratiOn to a so 

complicated problem as nsk assessment 

As far as the unanswered questiOns are concerned, they are the followmg. 

choice of the affectiOn subject (adrrumstrative unit for which nsk assessment 1s earned out) 

geographical, economic, socwl and other charactenst1cs of the affection subject, 

radiation and radiO-ecological situation on the tern tory of the affectiOn subject, 

descnptiOn of the radiatiOn and radiO-ecological monnonng systems on the temtory of the 
affection subject, 

data on the level of the total, man-caused nsk on the tern tory of the affection subject, 

structure of man-caused nsk on the tern tory of the affection subject and mam nsk-bUIIdmg 
factors, 

morbidity structure on the tern tory of the affection subject, 

structure and number of cntical population groups on the temtory of the affectiOn subject 
for wh1ch an mdiVldual, soc1al and JOint nsk will be assessed, 

density and livmg conditiOns of the population, 

techmcal charactenstlc of the nsk sources for the researched population groups (the 
presence of the hazardous enterpnses ) 

techmcal charactenstic of the hazard sources at the dismantlement process 

probability of the accident mitiatJon at utilizatiOn process as a result of the accidents at other 
objects of man-caused nsk on the researched tern tory, 

method of evaluation of the accident techmcal probability (the formation of the hazard 
source), 

objects of man-caused nsk on the researched tern tory, 



method of evaluatiOn of the probable formation of the concentration f1elds, 

o method of evaluatiOn of the formatwn of effective doses at the accidents, 

o method of evaluatwn of efflc1ency of the protective measures (quantltatlve and quahtatlve), 

o socwl-psycholog1cal nsk perception by different populanon groups on the researched 
temtory; 

o proposals on the nsk hnuts and quotas for the population researched temtory, 

o proposals on the usage of the econonuc eqUivalents of the ecolog1cal satety cntena dunng 
the dismantlement process, 

o proposals on the orgamzatwn of the nsk msurance dunng the dismantlement process, 

All the above-mentioned unanswered questiOns may be d1V1ded mto 3 groups 

The questwns defmed by the necessity of gettmg the mformatwn from the executtve 
authonues. 

o The questwns (methodological) defmed by the positiOn of the ATRP-R team. 

The questiOns wh1ch anse m the research process and presuppose further reahzatwn m the 
legal and nonnat1ve documents 

It 1s obvwus that the dec1S10n of the 2 fJrSt groups of questiOn should precede the study at 

the next stage~ of ATRP-R research 
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7. MODEL WORK PLAN 

The fmal stage of the nuclear submanne hfe span begms with the decommtsswmng order 

and ftmshes with the completion of dtsmantlement (complete hqmdation) of the reactor 

compartment Followmg the UtilizatiOn Concept as developed by Mmtstry for Nuclear Energy 

earlier thts year thts penod extends for at least 70 years Dunng 95% of thts ttme no actual 

dtsmantlement operatiOns are performed on the nuclear submanne Thts time ts gtven to the 

wmtmg and storage procedure ftrst for the submanne with the spent nuclear fuel, then wtthout It, 

followed by cuttmg the hull mto three companment blocks and thetr separate storage 

After the reactor compartment has been cut out, tt ts stored at the coastal factltties It ts 

therefore more accurate to defme the envtronmental secunty tmphcatwns of not only the actual 

dtsmantlement operatiOns, but rather the lengthy storage of the decommtsstoned nuclear 

submanne and It elements, whtch con tam the rad10act1 ve matenals 

In the sections above there has been presented the overvtew of the datasets and 

mformat10n on some baste constderatwns, whtch need to be taken mto account for future 

reference at the future stages of the research 

In the Tab 7 l, 7 2 and 7 3 below there are suggested the the dataset avmlabthty for the 

tmmedtate envtronmental secunty assessment of the fmal hfe span of the decommtsswned 

nuclear submannes 

Sufficient declassified dataset availability 

Nuclear submarme dismantlement 
procedures 

Dmnantlement emergencie~ and accidents 
scenarios 

Spent fuel radio nuclide compo~ition 

.\-leta! structures radio nuclide composition 

Environmental migration of the radio 
nuclides 

Em iromnental and geographic location 
points of the nuclear ~ubmarines 

Medical and biological e"'ponents for 
various human groups 

Tab 7 1. 

f'T"_1_ ..., 1 

Yes 

Yes 

Yes 

:-.;o 



board Impact analysis 

4 2 Potential emergencies dunng spent fuel unloadmg and storage operations Impact 
analysis 

4 3 Potential emergencies dunng nuclear submanne sediment, 3 compartment (block) 
cuttmg and storage operatiOns Impact analysis 

4 4 Potential emergencies dunng radwacu ve waste unloadmg and lengthy storage 
operations m the open areas Impact analysis 

4 5 Potential emergencies dunng lay-up operatiOns, radioacu ve waste unloadmg and 
dismantlement of the emergency service ships Impact analysis. 

Section 5 "Risk analysis of the nuclear submanne dismantlement operations" 

5 I Descnptwn of the grounds for the nsk assessment methods for both natural 
environment and local population Revision and processmg of the existmg methods, If 
required 

5 2 Risk assessment for the normal regime situatiOns of the nuclear submanne 
dismantlement operations 

5.3 Risk assessment for the emergency situatiOns of the nuclear submanne dismantlement 
operallons 

SectiOn 6 "Development of the Integral momtonng system guidelines, secunng the 

appropnate level of protection for the nuclear submanne dismantlement operations". 

6 I Analysu, of the control devices for the radiOactive and cherrucal wastes, resultant 
from the nuclear submanne dismantlement operations 

6 2 Analysis and evaluatiOn of the existmg local momtonng systems 

6 3 Development of the techmcal suggesllons for the mtegral momtonng system 



8. CONCLUSIONS Al'm RECO:MIVIENDATIONS 

1. In the course of prepanng for the ATRP-R effort the Russian side of the project has set 
up the adffilmstrauve and executive structures (Supervisory Board, Expert Council, 
groups of experts) As a result over 40 highly qualified leadmg professiOnals and 
scientists of Russia have made up the skilled team of specialists m nuclear energy, 
environmental protection. sh1pbmldmg, as well as naval experts and analysts All 
pnnc1pals of the ATRP-R operatiOns have been supported by the leadmg authont1es of 
the Russian Mm1stry of Defense, M!mstry for Nuclear Energy and the Academy of 
Science of the Russwn Federation 

2. In the course of the matenal preparatiOns the current state of the works on nuclear 
submanne dismantlement has been analyzed The data on the number of the 
decmrurusswned submannes as of 2000 as well as the mforrnatwn on the dismantlement 
mfrastructure m Northern and Far Eastern regiOns have been presented 

3 In the g1ven report there IS a descnpt1on of all the stages of the applied technologies used 
at submanne utilization and Russian concept of the complex dismantlement of the 
nuclear submannes tii12010 

4 Followmg the tasks of the Statement of Works , the fmal report represents IS called to 
descnbe vanous aspects, which enable the defm1t10n of the environmental secunty 
ImplicatiOns for the decomffilsswned Russian nuclear submannes The essential pan of 
the fmal report IS presented m 7 sections, with the pnmary objeCtive of each bemg the 
defm1t10n of the avmlabiltty and suff1c1ency of the ex1stmg data as may be reqmred for 
assessmg the environmental secunty ImplicatiOns of the decorrumssiOned Russ1an nuclear 
submarmes at a late1 stage 

5 The foundation for further works on the 1ssue of the decomffilSSioned Russian nuclear 
submannc dismantlement operatiOns rests on the raw (Imllal) data sets Section 2 of this 
report represents the meta-database speCificatiOns and descnbes the content of the 
mforrnauonal field Pnmary mforrnauon on the 1mt1al data and evaluation of Its 
suffiCiency IS d1stnbuted per each particular section of this report m accordance with the 
table of contents as shown above. 

6 As a result of the meta-database analysis there has been established that for the most part 
the available declassified data IS Indeed suff1c1ent for conductmg a research and analysis 
of the environmental secunty Implications of the decommiSSioned RussiUn nuclear 
submannes AdditiOnal work IS required m 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 Initial data on the proJect reqmres 
additiOnal systematizatiOn 

7 The pnmary danger m operations with the decommissiOned Russwn nuclear submannes 
roots from the potential nuclear and radiatiOn accidents and other emergency 
occurrences, especially of the spent nuclear fuel-mded nature The pnonty for the further 
work on this project should be g1 ven to meticulous development of the emergency 
scenanos for every stage of the dismantlement operatwns and elaboration of the sets of 
actiOns to avmd or localize such occurrences 

8 In the course of the work all the sources of pollution and all potential hazards have been 
analyzed It has been pmnted out that the pnonty ranking of the works on the mcrease of 
the ecological secunty must be def:ned by the nsk degree for nature and populatiOn. 

9 Pnont1es on the works of mcreasmg the environmental protection 10 dismantlement and 
sediment operatiOns should be defmed followmg the particular hazards associated With 
tl-...... ,.,.., ...... 1~.-.. ......... 1 1-.-.1.-............. ....~.rl 1-. .. - .... ~ L.~.-.1•1.... r:' ...... J ......... ~- ~+ _,...!,.... --- ,.,,...,.,L 

the ecological secunty must be def:ned by the nsk degree for nature and populatiOn. 
UH;:; C::L.UIU~H.;ut IH.lUlLUl;) illiU IIUIIH.Ill m:::iltlll C.VC1lUilllU11 Ul ll:SK.:S }Jt;l C:Ul,;ll 



pollutant/contanunant for particular areasltemtones should represent another essential 
obJeCttve of further work on thts proJect 

10 The ftrst step for the begmmng of the second stage of works on the environmental 
secunty analysts of the decorrnrusswned nuclear submannes should consmute the 
development and agreemg of the next appropnate Statement of Works (tech meal order) 

11. Such a SOW for the year 2001 can be based on the first two diVISIOns of the suggestiOns 
as put forth m the Model Work Plan hereto 

12 As a particular pnonty should be empha~tzed not merely the defmltwn of nsks for all 
procedures associated With the nuclear submanne dismantlement operatiOns, but rather 
the feastbthty of the efforts and particular actwns whtch need to be taken m order to 
decrease such nsks 

13 In the fmal report the scales and the character of the posstble Impact of the uuhzatwn of 
the Russtan nuclear submannes on environment and human's health have been shown. A 
special emphasis has been placed on the actuality of the ecological problems , the 
Importance of whtch IS not ltmlted by only Russian Interests The necessity of the 
complex research of the ecological consequences connected with all the stages of the 
nuclear submanne dismantlement has been especially emphasized. As It follows fonn 
the analysts of both completed and m-progress mtematwnal and Russian programs, the 
proposed ProJeCt Will be a fmt attempt of the fundamental systematic research of this 
Important problem of mtemauonal sigmficance 
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APPENDIX2 

META DATABASE SPECIFICATIONS 

Identification Information 

1. General Information 

1.1. The content of the database 

The data 1denttfied m th1s feas1b1hty study will cover three broad classes of mfonnatton 

The collected mfonnatwn will be assessed, structured and spin mto three mam mfonnanon 

format categones 

• Textual (raw data, reports, memos, procedures, orgamzatwnal structure outhne, codes, 
scientific and techmcal literature, etc ), 

Charts and tables (complete sets of charts and diagrams), 

Graphics (electromc and hard cop1es of raster graph1cs, maps, schemes, etc.) 

The three aforementioned categones shall also mclude addttlonal datasets, as generated 

specifically for th1s fe:JSJbJ!Jty study, e g concernmg the Russian orgamzatwnal structure of the 

ATRP-R program 

1.2. Textual document~ 

In the fmal analysts the followmg textual data shall be provtded m the framework of thts 
feastbiltty study and accordmgly descnbed and accounted for m the proposed meta­
database 

2 Ltst of the mfonnatton sources used by the Russtan s1de mcludmg the ltst of the 
nonnattve-legal document>, conferences, semmars, meetmgs and art1cles 

3 ProJeCt documentation, mcludmg schedule of the feastbthty study related works. delivery 
ttmetables, ltsts and CVs of experts Involved, deltverables 

4 Sct~nttftc reports on the researches conducted 

5. Ex pen repotts on the proJect feastbil!ly m the particular ftelds of thetr spectahzation 

6. Descnpuon of the utthzatton stages wtth takmg mto the account the pecuhanttes of the 
Northern and Far -Eastern Regwns mcludmg the descnptwn of the utJ!tzatwn 
Infrastructure m these reg1ons. 

7 lnforrnatwn on the pnmary contammant sources and sHes, mcludmg but not hrruted to 
the mdex of the decomrrusswned nuclear submannes of the Northern and Pac1f1c Fleets 
of the Russ tan FederatiOn, hst of the nuclear submannes wtth the actt ve umts yet to be 
d1smantled, overall number of the three-tank sectiOns to be scrapped, etc 

8 Descnptwn of the contarrunant sources resultant from the decomlllisswmng and 
scrappmg procedures, mcludmg the full ltst of radtoactt ve and other hazardous 
substances thereto 

------------------ -- ----rr--, ---



9 Infonnauon on the contammatlon of the N orthem and Far Eastern tern tones of Rus;ta 

10 General geographtc outhne of the lengthy parkmg spots for the decomm1sswned and 
currently dtsmantled nuclear obJects 

11 Infonnatwn on the rrugratlon of the pollutants m air, water and sot! substances 

12 Potenttal tmpact of the contarrunants as resultant from the nuclear submanne 
dtsmantlement operanons on the natural envtronment and human health 

13 Descnptwn of the posstble nsk scenanos calculated for all submanne life cycle stages 
after decomrmsswnmg Potenttal threats and nsks for human health and natural habitats 

14 Deftmuons and standards of the Russtan nsk assessment methodologtes, mcludmg but 
not hrrutmg to, the legal regulatiOns and nonns adopted m the Russtan Federation 
pertmnmg nsk assessment techmques 

15 Complex assessment outlme for the utlhzatlon of the radtoacttvely hazardous objects 

1.3. Electronic Charts 

1 General mfonnauon on potenually hazardous radtoactlve sttes 

2 Data on the potential radwactlve hazards m the Northern regwn of Russta 

3 Data on the potential radtoactlve hazards m the Far Eastern regwn of Russta 

4 Sohd and l!gutd radwacttve waste data broken down between the Russtan regwns 

5. Gamma-radtatlon fteld maps for the decommiSSIOned reactor factltties 

6 Infonnatwn on the detonation, ftre and electnc secunty standards for the 
decoffiffilsswned ves;els 

7 Techmcal condltlons of the nuclear steam production facthhes treatment for the 
decommtsswned vessels 

8 Nuclear and radtoacttve secunty procedures, storage conditions for the decomrrusstoned 
vessels 

9 Treatment of the general naval systems for the decommtsswned vessels 

10 Treatment and mamtenance of the hull and hull structut es for the decomrrusswned 
vessels 

11 Results of the complete radwacttve and environmental secunty researches of the 
contarrunated harborages and other water area; 

1.4. Graphic data and electronic maps 

12 Survey maps of the radwactively hazardous objects dismantled m the Northern and Far 
Eastern regions of Russta 

13 Location sttes of the decomrnt~swned nuclear submannes and surface vessels 

14 Locatton of the sedtmentatton slles for the nuclear ;ubmannes and shtppmg yards as used 
for the utlhzatton and dtsmantlement operattons 

15 Temporary storage sttes for both soltd and hqutd radwacttve wastes, resultant from the 
dtsmantlement operations 

16 Schemes and layout-; of the nuclear submanne scrappmg yards 
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17 Radwact1vity assessment and waste stream maps for the lengthy parking sites of the 
decorrurusswned nuclear submannes 

18. Standard Specwllzed general geographic maps and charts (e g. currents, wmd rose, etc). 

19 Informatwn on the seasonal and longstandmg watch results of the lengthy parkmg sHes 
for the decorrurusswned obJeCts 

20 Forecastmg contarmnauon maps for the temtones and harborages polluted as a result of 
factual radwacu ve acctdents and occurrences 

21 Gamma fteld maps for the polluted tern tones and harborages 

22 Location maps of the potential envtronmental contammatwn sttes 

23 Forecast maps and modehng chans for vanous scenanos of the hypothetical radwacuve 
acctdents and occurrences at the radwacuvely hazardous sites, currently uttltzed 

2. Specifications of the project database 

2.1. Meta Data Format 

The bulk of the aforementiOned documentatton shall be made avmlable m the text format 

(Mtcrosoft Word or HT!viL), electromc tables and charts (Microsoft Excel), database form 

(M1crosoft Access 97), ptctures, chps and tmages (Wmdows BMP or JPEG) The data storage 

and usage standards for the current meta-database have to therefore provtde for 1ts readabthty 

and compattb!ltty wtth the core database(s), whtch wtll embrace the factual feastbtltty study data 

2.2. Meta Database Standards 

Followmg the recommendatiOns of the Amen can parttctpants m the proJects for the meta­

database ("data about data") ATRP-R experts have envtsaged to adhere to the Content Standards 

for Dtgttal Geospaual Metadata (FGDC-STD-00 1-1998), as suggested by the Federal 

Geographic Data Commtttee of the USA for the descnptton of the tdentlftcauon mformatton 

Pnmanly th1s standard has been developed for the spat1al geographic mformatton Th1s standard 

however presents a constderable amount of rules and recommendatiOns, the full descnptwn of 

whtch runs mto over 90 text pages 

Below we have outhned the major sections of the CSDGM standards. 
Identification Information (data set tttle, area covered, keywords, purpose, abstract, 
access and use restnctlons) 

Data Quality Information (honzontal and verttcal accuracy assessment, data set 
completeness and hneage) 

Spatial Data Organization Information (raster, vector, or an tndtrect (e g address) hnk 
to locattonj 

Spatial Reference Information (tat/long, coordmate system, or map prOJectwn) 

Entity and Attribute Information (deft mUons of the attnbutes of the data ~et) 
~·- ..._ _._._ __ -·-"-,. 
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hnk to data) 

Metadata Reference Information (who created the metadata and when). 

The supplementary minor sections of the CSDGM addltwnally provtde for the followmg 
specification· 

Citation Information (ongmator, title, pubhcauon date, publisher) 

Time Period Information (smgle date, mulhple dates, range of dates) 

Contact Information (contact person and/or orgamzatwn, address, phone, emml) 

The analys1s of the ex1stmg meta-databases by the ATRP-R experts has proved that these 

major and minor CSDGM sections seem to mdeed represent the nummum mandatory 

elements appropnate for mlllal data set documentation, which as It IS understood by the Russtan 

party fully meets the purpose and scope of the current feas1bthty study 

In the hght of the constratnts of the current feastb!ltty study and m order to Implement the 

aforementioned CSDGM standards the current feastb!llty study stage shall be based on the 

aforementiOned documentatwn types and nummum CSDGM sectwns 

2.3. Hardware and software requirements 

Current feas1bthty study metadata requtrements preconditiOn ffiM PC compatible 

computers as the most preferenttal hardware platform ( Celeron-400 processor, 64 Mb RAM, 2 

Gb HDD, 800"600 pzxels SVGA, CD-ROM, 15" mom tor, FDD 3 5") 

For the metadata preparauon there has been Identified a number of specwhzed software 

products, widely avmlable m the Internet, 1 e the followmg programs could be particularly 

considered as the most compauble With the MS-Wmdows operatmg system 

• NOAA FGDC Metadata Toolkit 1.0 Beta. 

Metamaker 2.10, 

DataLogr 1.0, 

The MDC (Metadata Collector), 

• KMDD (Klamath Metadata Dictionarv), 

Corpsmet95, 

• Dataset Cataloger 4.0, 

Metadata Manager Pro 

Metadata Management System, 

Metagen32. 

At present the analysts of these software products IS bemg earned a1mmg at the chmce of 

the most suitable one for th1~ product 
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2.4. Perspectives of computer metadatabase version development 

In the course of preparatiOn of the computer metadatabase verswn's prototype the 

additiOnal znforrnatwn on leterature sources will be given (about 300 names) and selective 

additiOnal mforrnatwn on other sectwns All the mforrnatton wtll be entered mto MS-ACCESS 

metmnf mb m the form of Interconnected tables ( for the provisJOn of the effectl ve search on any 

Important parameters), the structure of whtch ts given m fig 1 and 2 In order to simplify the 

system use by English speakers the names of all the fields m the database are given m English 

Russian-language mforrnatwn IS mamly used but part of the key mforrnatwn (utles, roam 

contents, key words) are translated mto English 

There IS a possibility of contmuauon of the development and support of the works on the 

operatiOn and expansiOn opf the metadatabase at ill RAE RAK In future the metadatabase can be 

suplemented with the data of all avmlable mforrnallon associated with the problem of nuclear 

submannes dismantlement. 

Identification_Information 

Au tors _rus TeKCTOBbii'i 
Autors_eng TeKCTOBbii'i 
Onginator TeKcrosbiii 
Pubhcation_date TeKCTOBbii'i 
Title _rus TeKCTOBbii'i 
Tit\e_eng TeKcrosbii'i 
Descnption_rus T eKCTOBbii'i 
Descnption_eng TeKCTOBbil1 
Time _Penod_information LJHcnosoi1 
Beginning_date LJHcnosoii 
Ending_data LJHcnosm1 
Status _Progress TeKCTOBbii'i 
f'ilaintanance _and_Upgr a de _I TeKcrosbii'i 
Theme _Keywords _rus TeKcrosbifl 
Theme _Keywords _eng TeKCTOBbii'i 
Access_ Constraints T eKcrosbii'i 
Use_ Constrains TeKCTOobii'i 

F1g. 1. 



Metadata_Reference_Information 

VlM~ non~ 

Code 
Met01data_Date 
Contact_Person 
Contact_Adress 
(_ity 
State 
Postal_code 
Telephone 
Metadate _Standard_ Name 
Metadata_CreatJon_Data 

T11n ..iaHHbiX 

TeKcroB 1f:i 

T eKCTOBblf:i 

T eKCTOBblf:i 

TeKCTOBblf:i 

T eKCTOBblf:i -
T eKCTOBblf:i - - -
TeKCTOBblf:i 

T 8KCT0Bblf:i 

T eKCTOBbli:i 

T 8KCTOBbiH 

Example of the meta-mformatwn data base fragment (about literature sourse) IS shown 

here· 

o Identification Information 

o Metadata Reference Information 

Identificauon_Information 

Cumwn 

C1 tarlon_lnfonltai!Oil 

01zgmalo1 Samt-Petersburg, "LIO Editor" 

Pt~bll< arwn_Dme 1998 

1 ![/(' 

Navy and radiatiOn Hlgiene v 1 

De IU"IfJIIcJI! 

Abs1rac1 

In the first volume of the Guidlmes the mam sectiOns of hygiene are given- social hygiene 

wnh legal base of populatiOn health protection and m!lnary men, commune hygiene, feedmg 

hyg1ene, clothes hyg1ene, labour of Kavy specrahsts, mcluded are the matenals on med1cal 

aspects of ecological provision ot Armed Forces m Russia The guidelines contmn theoretical 

thes1s of the navy hygiene with a complete set of mformatlon of normative, methodological and 

reference character 

rererence cnaracter 



Purpose 

The gUidelme IS mtended for the listeners of the Navy-Medical Academy, other 

educauonal mslltutwns wh1ch prepares Navy doctors and may be of use to the spec1ahzed state 

msutuuons of samtary epidemic character, M!mstry of Emergency Situations, mumcipal 

services 

Tzme_Pe1wd_oJ_Comem 

Tune_Pe!wd_lnfomwTwn 

Ran ~e _of_Dwe ~!JI/1/e 1 

Be[<llllllllg_Date 1998 

Encllllg_D({/e 1998 

Cw H'III11eo:,_Refet ence 

Swtu:, 

Prog1ess Complete 

M amtenance _and_ Update _Fretjlle!IC\' Not planned 

Keyll'o!l!; 

Theme_Ke_\ H ord_The:,awiiS H1g1ene 

Theme _Ke_lword nary, il!glene, medJCIIIe 

AcceH _Cot!lttauus Book must be received upon request 

L'1e_Con.1Umm:, Book co/llenH 1:, 1101 o\'Cu/oh/e 111 fnlellll'T 

Metadata_Reference_lnfonnauon. 

i\1etadma_Dme 2000 

lvf ewdcaa_ Cmaact 

C 01/IIIC/_/nfom/at/OJ! 

Comact_Pet.loti_PllliWI I' 

Con tel( I_Pe1:,on Vladimir K1sselev 

Co!IIO< 1_ 4ddre.l 1 

Adcb eoo_Trpe B Tulskaya 52, 1'\uclem Safety Institute RAS (HEPA3 PAH) 

Car Moscow 

State_ot_P, o1u1u' Russia 

PcHJai_ Code 113191 

Cmuau_ ~'ol! e_Teleplwne 007(095)9552296 

Metadaw_Swndwd_Name FGDC Content Standards for Digital Gcospaual Metadata 

A!etadata_Swndard_ Vet s1on 19940608 

A!etadata_Swndard_ Vet s1on 19940608 



N~N2 

1 

2 

3 

4 

' 5 

6 

7 

8 

9 

10 

11 

I 

i 
12 

I 

l l3 

3. Composite elements (blocks) of database and sources of their 
information 

Name of the blocks of the mfonnauon fteld I Infonnauon place of 

' sources mfonnatwn 
I 

( selectt vel y) stora!!e 

Orgamzattonal, management and executtve In the fmal ill RAE 

structures of the project report 

Reports and notes of the experts 3.1, 3 39, 3 46, ill RAE 

3 53 I 
General revtew of the dtsmantlement process 3 53, 3 60 lmRAE 

m the North and Far East 

Infonnatwn on the mam dtsmantled objects m ill RAE 

the Korth and Far East 

Infonnatwn on pollutton after dtsmantlement 2.12, 2 25; 2 37, I illRAE 

of nuclear submannes 3 5, 3 20,3 22 

Infonnatwn on current state of the tern tones 2 2, 3 19; 3 26, Navy 

parttctpatmg tn submanne dtsmantlement m . 3 49 

the North and Far East 

The mam regulattons of the technologtcal 2 31, 2 32, 3.60 Kavy 

process of dt~mantlement for each ground of 

the North and Far East 

Infonnatwn on the health state of population 2 9, 2 10; 2 14, In the open 

ltvmg on the temtones whtch parttctpate m ' 3 12, 3 14, 3 66 pubhcatton 

the dtsmantlement process I 
I 

Descnptton of the sedtment places, three 2 36, 2 37, 3 5, IBRAE 

compartment and reactor blocks and 3 60 

mfrastructure of the dtsmantlement process 

and places of the spent nuclear fuel storage 

Extstmg nsk evaluauon methods and , 3 13, 3 14, 3 39 IBRAE 
' ecologtcal consequences of dtsmantlement ' 

Infonnatwn on the extstmg momtonng 31, 334, 337, Navy 

J system m the reg1ons of the submanne 3 40, 3 46, 3 86 
! 

dtsmantlement 
; 

i 

Nonnatt ve-legal basts for the dtsmantlement : [ l 1-l 137], ! 1'\avy, Mmtstry 

and radtoactlve wastes treatment 2 10, 3 46 of Atonuc 

Energy 

The concept of complex dtsmantlement of the Navy 

Russtan nuclear submannes up to 2010 i 

! 



4. List of information sources used by the experts during the 
preparation of the materials of the ATRP-R program 

1. Normative·legal documents. 

1 1 Russian Law "On the protection of the populatiOn and temtones from emergency 
situatiOns of natural and man-caused character" 21 12 94 N2 68-FL 

I 2 Russmn Law "On radiatiOn safety of the populauon» 09 01 1996 r J'l2 3-FL3 defines 
legal basis for the provision of the radiatiOn safety of the population 

1.3 Russian Law "On ecological expert exammatwn" 23 11 95 N2 174-FL Stipulates the 
reqUirements for the order of the conducuon of the ecological expert exanunatwn, Its 
main tasks and functiOns 

1 4 Russian Law "On the mternal sea-waters, temtonal sea and mcluded zone of the 
Russian Federation" 31 07 98 N2 155-FL N2 31 Art 3833 Snpulates the order of 
obtammg pernuts for research works conductiOn m Internal sea-waters, temtonal sea 
and mcluded zone of the Russian Federation 

1 5 Russian Law "On contmental shelves of the Russian FederatiOn" 30.11 95 N2 187-
FL Stipulates the order of obtammg perrruts for research works conduction on 
continental she! ves of the Russian FederatiOn 

1 6 Russian Law "On the exclusive econoffilc zone of the Russian Federatwn"17 12.98 
N2 191-FL Stipulates the order of obtammg permits for research works conductiOn 
m the exclusive economic zone of the Russian FederatiOn 

1.7 Russ tan Law "Code of the trade navigation of Russmn Federation " 30 04 99 N2 81-
FL. 

I 8 Russian Law " On mdusrnal safety of the hazardous production obJects 21 07 97 N2 
116-FL Stipulates legal, economic and social basis of proviSion of the safe operation 
of the hazardous objects 

1 9 Russian Law " On environment protectiOn " 19 12 91 N22060-1 Changes from 
21 02 92 N2 2397-1 and 2 06 93 N2 5076-1 Defines general ecological requirements 
for pi OJecuon, plants operauon, constructiOns In mdustry and agnculture, ptpehne 
construction and other objects which mfluence directly or mdirectly environment. 
Defmes the system of nature protection legislation of the RF" Water code ot the RF" 
from 23 11 95, 'Land Code of RF" from 25 04 95, The basis for the forest 
legislatiOn" from 24.04 95, "on the pwtecuon of the atmosphenc mr" form 4 May of 
1999, 'On specially protected temtones" from 14 03 95 

1 10 Russian Law "On compulsory social msurance from accidents at productiOn units" 
24 06 98 N2 125 FL-3 

1 11 Russian Law" On hcensmg of several actiVIties" 25 09 98 N 158-FL 

1 12 Russian Law" On mdustnal wastes" 24 06 98 N2 89-FL 

I 13 Russmn Law" On sanitary-epidemtc safety of the population" 03 03 1999r N2 52-
FL Stipulates sanitary rules, norms and hygienic normatives dunng the treatment of 
radwacti ve substances and other sources of IOniZing radiation 

1 14 The resolunon of the Russian FederatiOn Government from 23 September N2 I 094 
"On classification of the emergency situatiOns of natural and man-caused character 

radwacti ve substances and other sources of IOniZing radiatiOn 



"Contams classification of of the emergency snuatwns of natural and man-caused 
character. 

1 15. The resolutiOn of the Russian Federation Government from 31 October N2 1310 "On 
measures prov1dmg ecological safety dunng the actJvltles of the Russ1an Armed 
Forces" 

1.16 The resolutiOn of the Russ1an Federation Government from 18 May 1998 N 461 "On 
approval of the state ecological control conduction m the closed tern tonal formations 
and specJaliTilhtary obJects" 

1 17 The resolution of the Russian FederatiOn Government "On umfled state automated 
system of rad1at10n background control", 1992 

1 18 The resolution of the Russian Federatwn Government from 24 12 94 N2 1418 (edit 
from 01 12 97) "On hcensmg of several actlVltle; " 

1 19. The resolutiOn of the Russian Federation Government 05 11 95 N2 1113 "On umfied 
state system on prevention and liquidation of the emergency snuatwns" 

1 20 The resolution of the Russtan Federation Government from 01 07 95 N2 675 "On 
declaratiOn of the mdustnal objeCt of the Russian Federatwn" 

1 21 The resolutwn of the Russian Federation Government from 17 07 98 N2 779 "On the 
Federal ex.ecut1ve body responsible for the proviSion of the mdustnal safety" 

1.22 The resolutwn of the Russian Federauon Government from 11 08 98 N2 928 "On the 
hst of techmcal eqmpment to be cert1f1ed and used at production umts" 

1 23 The resolutwn of the Russ1an FederatiOn Government from 02 02 98 N2 1420 "On 
terms of declanng the mdustnal safety of the operatmg hazardous producuon 
objects" 

1 24 The resoluuon of the Russian Federation Government from 01 07 96 N2 766 "On 
state regulauon and control of trans boundary transportatiOn of the hazardous wastes" 

1 25. The resolution of the Russian FederatiOn Government from I I 06 96 N2 698 "On 
the order of the ecological ex. pert exammatwn conductwn" 

1 26. The resoluuon of the Russmn Federatwn Government from 200693 N2 585 'On the 
creauon of the umf1ed system of ecological control" Defmes the order of the expert 
exammauon conducuon" 

1 27 The resoluuon of the Russian FederatiOn Government from 27 03 98 N2 358 "On 
hcensmg of the actiVIty on the development , production and dismantlement of the 
weaponry" Defmes the requirements for the correspondmg dismantlement 
documentation 

I 28 The resolutwn of the RussJan FederatiOn Government from 22 07 92 N505 " The 
order of the mventory of the places of storage and bunal of the radwactive wastes 
and radwtwn sources on the tern tory ot the RF" 

1 29 The resolutiOn the Russmn Federatwn Government from 11 10 97 N21298 "Rules of 
the orgamzatlon of the state control system of the radwact1ve substances and 
wastes" The rules are developed m accordance w1th the Federal Law "On atomiC 
energy usage" and defme the order of orgamzauon of the control over radioactive 
substances 

1 30 The resoluuon of the Russ1an FederatiOn Government from 07 03 97 N2 264 "Rules 
of phys1cal protection of nuclear matenals, nuclear reactors and places of nuclear 
matenal storage" 



1 31 The directive of the Commander m Chief of the Russian Navy "On the measures for 
provisiOn of ecological safety dunng the actiVIties of the Navy" from 4 07.1997 
Appendix Plan on the reahzal!on of the measures on ecological safety provision for 
1997-2000 

1.32 The Norms of Radiation Safety (NRF-99), numstry of health, 1999 

1.33. Mam samtary rules for working with radwactive substances and other sources of 
radiation (MSR-72/87) 

1 34 Mam samtary rules for working wllh radwactive substances and other sources of 
radiatiOn (MSR-72/87), numstry of health, 2000 

1 35 "Safety rules at the storage and transportation of the nuclear fuel at the objects of 
atonuc energy " 

1 36. (14-029-91) 

1.37 "Samtary rules of radiOactive wastes treatment" (85) 

1 38. "Safety rules at transportal!on of nuclear substances" (73) 

1 39 "Hygienic reqUirements for the protectiOn of the atmosphenc mr" (2.1 6 575-96) 

1 40. " Safety rules and norms of protectiOn of surface waters from the pollutiOn by 
sewage" (N24630-88) 

1 41 "The order of accumulation , transportation, neutralization and bunal of the toxic 
mdustnal wastes" (N2 3183-84) 

1.42 "The fire safety rules m the Russian Federation" (93) 

1 43 "The fire safety rules for the vessels under construction and repmr" (130-85). 

1 44. "Labor safety at the constructiOn and repair of the vessels" ( 5 0241). 

1 45 "The fire safety rules at nuclear submanne dismantlement " 

I 46 "The dismantlement of the ships and vessels of the Navy" (50811-95) 

1 47 The order of transfer of the nuclear submannes and surface ships w!lh nuclear 
reactors to the Ship Buiidmg Plants" The decree of the Property Mmistry of the RF 
23 11.98 

1 48 "The order of transfer of the utilized atomic nuclear submanne and surface ships 
with nuclear reactors to the plants executmg the dismantlement works Temporary 
resolutwn "221 0701 

1.49. General techmcal reqUirements to the content of the project development of the 
environment protection measures.l995 r 

1 50 The resolutiOn on the order of development, expert exammatwn and approval of the 
documentatiOn on constructiOn m the Mimstry of Defense" 1992 N24 

1 51 The decree of the Russian Government "On the evaluatiOn of the mfluence of the 
radiOactive substances on environment" Mimstry of the Environment Protection, 
18 07 1994 

1.52 InstructiOn on the ecological substantiatiOn of the mdustnal and other kinds of 
activ!ly (29 12 95 N2 539) 

1 53 Gmdelmes on the evaluation of the mfluence of the radiOactive substances on nature 
Approved by the Mmistry of the Environment ProtectiOn, 1 01 1992 

1 53 Gmdelmes on the evaluatiOn of the mfluence of the radiOactive substances on nature 



1.54 Cntena of the evaluation of the ecologtcal background of the temtory for the 
defmltlon of the zones wllh emergency condlllon.30 11 1992 

1.55 The gmdelmes for the substantiatiOn of the mdustnal and other acti Vt ties m the pre­
mvestment and proJeCt documentatwn Approved by the Mmtstry of the Environment 
Protectwn, 15 07 1994 

1 56 Environment protection rules m the Navy- (90) 12 12 90 N2 320 Moscow, 1993, 
p.177 

1 57 InstructiOns on the order of the expert exanunation of the mr protectiOn measures and 
on the handmg out the perrruts for outlet of the radtoactive wastes (1-84) 

1.58 The gu1dehnes for the substantiatiOn of the mdustnal and other actt VI ties m proJeCt 
documentation Mints try of Fishery of Russ1a, 1986 

1 59 Instructwns on handmg out the perrruts for spectal water usage 33 5 I 02-83 

I 60 Instructwns on norms of the outlet of pollutants Into the atmosphere and water M, 
ffilntstry of environment protectiOn of USSR, 1989 

1 61 The rules of atmosphenc atr protectiOn, M, 1990 

1 62 The resolution on the protection of underwaters M C'SSR,1985 

1 63. Methodology of the calculation of the pollutants concentration m atmosphere (86) 
1986. 

1 64 Methodologtcal recommendations The control over radtatlon background General 
reqUirements 2 6 1 Iomzmg radiation Mmistry of nuclear energy of Russia, Mmistry 
of Health, M 1998. 

1 65 Methodological recommendations on the methods of control Control of the radw 
nuchd pollution of the surfaces of the workshops , eqUipment and transportation 
means2 6.1 2 6 1 016-99 Iomzmg radiatiOn i'vhmstry of nuclem energy of Russia, 
Mints try of Health, M 1999 

1 66 Evaluatwn of the radiatiOn doses m the regiOn of the fall-out of the radwacuve 
products of the nuclear explosiOn 2 6 1 0 !5-93 Iomzmg radiatiOn Mmistry of 
nuclear energy of Russia, Mmistry of Health, M 1993 

1 67 GUldehnes on the orgamzatwn of control over environment m the regtons of atomic 
power stattons location 

1 68 Methodology of the radiatiOn control The general reqUirements. 2453-98 
RecommendatiOns 2453-98 State standards M, 1998 

1 69 Temporary classifier of the toxtc mdustnal wastes Methodological recommendatiOns 
on the defimtwn of the tox1c class of the mdustnal wastes N2 4286-87 

1 70 Ecological rules of wastes treatment m the Arkhangelsk Oblast, 1996 

1 71 AdmiSSible mnount of radtoactive wastes accumulation on the plant tern tory (n3897-85) 

1 72. Adm1sstble mnount of radwactive wastes accumulation on the plant tern tory (n3209-85) 

1 73 Maximal content of the toxic compositiOns m the mdustnal wastes, their tox1c 
categones (n3170-84) 

1 74 Samtary rules and norms of the sea waters protection N2 4631-8824 

1 75 Classifier of the mdustnal wastes "Zvezdotchka" N2 585 03-08-97 

1 76 Requirements of the Arkhangel Nature Protectwn Committee for the orgamzatwn of 
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1 77 Instructwns on wastes treatment at "Zvezdotchka" (N585 05-05-95) 

1. 78. Uuiizatwn of the nuclear submannes accordmg to the three-compartment 
vanant 000 0420.00 003 

1. 79 State standards 12 1 005-88 The system of labor safety standards The a.lf of the 
workmg zone Samtary hygiemc reqUirements 

1 80 State Standards 22 1 02-95 Safety m the emergency situauons Momtonng and 
forecasting Tenns and defmitwns. 

1 81. State Standards 22 3 03-94 Safety m the emergency Situatwns. ProtectiOn of the 
populatiOn. 

1 82. State Standards 22 1 01-95. Safety m the emergency situations Momtonng and 
forecastmg 

1 83. State Standards 22 0.02-94 Safety m the emergency sitUdtions Momtonng and 
forecasting Tenns and defmltlons 

1.84 State Standards 22.0 05-94 Safety m the emergency situatiOns Emergency 
situatwns. Tenns and defimhons 

1 85 State Standards 22 0 09-95 Safety m the emergency Situatwns. Emergency situatwns 
m the defmed areas of water. Tenns and defmitwns 

1 86 State Standards 17 0 0 01-76 System of standards m the field of environment 
protect! on and Improvement of the natural resources 

1 87 State Standards 17 0 0 04-90 Ecological passport of the mdusmal enterpnse 

1 88 State Standards 17 1 1 02-77 Environment protection Hydrosphere Classification 
of the water objects 

1 89 

1 90 

State Standards 17 1 3 05-82 Environment protectwn Hydrosphere 
requirements for the protection of the surface and subsurface waters 
pollution by oil and od products 

State Standards I 3 06-82 Environment protection Hydrosphere 
requirements for the protectwn of the subsurface waters. 

General 
from the 

General 

1 91 State Standards 17 1 3 07-82 Environment protectiOn. Hydrosphere Rules of water 
quality control 

1 92 State Standards 17 l 3 13-86 Envtronment protection. Hydrosphere. General 
reqUirements for the protectwn of the surface waters OxpaHa npHpOJlhl 

1 93 State Standards 17 1 5 01-80 Environment protection Hydrosphere General 
reqUirements for the selectiOn of the bottom sediments of the water objects for 
pollution analysts 

1 94. State Standards 17 2 1 01-76 Environment protection Hydrosphere Composite 
pollutants classification 

1 95 State Standards 17 2 3 01-86 Environment protectiOn Hydrosphere Atr quality 
control rules m the populated areas 

l 96 State Standards 17.1 3 08-82 Environment protection Hydrosphere Rules of the sea 
water quahty control 

1 97. State Standards 17 1 5 05-85 Environment protection Hydrosphere General 
requirements for the selectiOn of the surface water and sea water samples, the 
samples of tee and atmosphenc precipitations 

1 97. State Standards 17 I 5 05-85 Environment nrotect1on Hvdrosnhere General 



1.98 State Standards R-22 0 05-94 Safety m the emergency sttuattons. Man-caused 
emergency sttuatwns Terms and defimttons 04 04 96 N2 222/59) 

1 99 State Standards 17 2 4 02-81 Safety m the emergency sttuattons Environment 
protectton Atmosphere. General requirements for the methods of pollutants 
defmtttons 

1100 State Standards 17.1 4 01-80 Environment protectiOn. Hydrosphere. General 
requirements for the methods of deftmtton of the ml products m the natural and 
sewage waters. 

1 101. State Standards 17 4 1 02-83 Environment protection Soli Classiftcatton of the 
chenucals for the pollutton control 

1.102 State Standards 22 0 05-94 Safety m emergency sttuatwns Man-caused emergency 
sttuattons Terms and defmtttons (Order from the Mmtstry of emergency snuatwns 
from 04 04 96 N222/59) 

1 103 State Standards 17 4 2 01-81 Environment protectton Sot! Nomenclature of the 
md1cators of the samtary condition. 

1 104 State Standards 17 1 4 01-80 Environment protection Hydrosphere General 
techmcal requirements for 01! products defmlt!on. 

1 105 State Standards 17 4.202-83 Environment protection Sot! Nomenclature of the 
md1cators of the samtary situation 

1 106 State Standards 17 4 102-81 Environment protectiOn Sot! 

1 107 State Standards 17.2.6 02-85 Environment protectiOn Atmosphere Automatic gas­
analyzers for the control of atmosphere pollution General techmcal reqUirements. 

1 108 State Standards 17 4 3 03-85 Environment protectiOn Sot! General reqmrements for 
the methods of pollutants defmttion 

1 109 State Standards 27451 Means of ton!Zlng radtation measurement General techmcal 
cond!ttons 

1 110 State Standards 17 4 1 03-84 Envtronment protectiOn Sot! Terms and deftmtwns of 
the chemical pollutiOn 

1 111 State Standards 17 4 2 02 83 Environment protectiOn Soil Nomenclature of the 
md1cators of the aptitude of the damaged fert!le layer of the sods for land tenure 

1 112 State Standards 17 4 2 02 86 Environment protectiOn Soil Sot! passport 

1 113. State Standards 17.4 3 02 85 Environment protectiOn Soli ReqUirements for the 
protectiOn of the natural sot! layer dunng land works 

1 114 State Standards 17 4 3 06 86 Environment protectiOn Sot! ReqUirements for the soil 
c1asstftcatJon accordmg to the mfluence of the pollutants 

1 115 State Standards 17 4 3 01-83 Environment protectiOn Soli ReqUirements for the 
selectiOn of the samples. 

1.116 State Standards 17 4 3 01-83 Environment protection Sot! Reqmrements for the 
control and protection from pollution 

1 117 State Standards 17 4 4 02-84 Environment protection Soils. Requirements for the 
selection of the samples and preparation of the samples for cherrucal and 
bactenologtcal analysis 

1 118 State Standards 17 5 1 06-84 Environment protectton Land Classiftcatwn of the . . 
selection of the samples and preparation of the samples for cherrucal and 
low-yield lands 



1 119 State Standards 17 5 1 03-86 En vtronment protection Land. Classtftcation of the 
vegetatiOn 

1.120 State Standards 17 5.1.06-84 Envtronment protecuon Land Classification of the 
low-yteld lands 

1 121 State Standards 17 5 3 04-83 Envtronment protection Land General reg utrements 
for the land reclamation 

1122 State Standards 17.5 I 06-85 Environment protection Land General reqUirements 
for the defmnwn of the norms of the fertile layer of the soli 

1 123 State Standards 17 5 I 06-81 Processmg and bunal of the radwacttve wastes Terms 
and defmlt!ons 

1 124 On the Federal classtfwd catalogue of wastes The order of the state committee of the 
Russian FederatiOn on envtronment protectton From 27 11 97 n527 

1 125 The order of orgamzatton . development and approval of the adnussible 
concentratiOns of the pollutants In the water Corrumttee on ftshery 6 12 95, N987 

1 126 GUidelmes on the control of the atmosphere pollutwn, 52 04.186-89. Dtrecttve. 
Mmtstry of the Environment protection 1991, p693 

1 127 Rules of surface waters protecuon from sewage waters, M, 1991 

1 128 GUideline on chenucal analysis of the surface waters, M 1997, p542 

1.129 Book of the normattve acts on the ecologtcal legtslatwn of RF Institute of 
Economics and Law ,1995, v 1 and 2 

1.130 Methodology on forecasung and evaluation of the atr ,soil and water objects 
pollutiOn and possJbiiHy of the radtatwn exposure at atom1c power statwns, 1998-
p100 

1 131 Book of the Methodologies on the concentration defmitwn of the pollutants, 1986 

1 132 Certtfied catalogue of the mam defmmons of the Rus~tan system of prevention and 
actions dunng emergency sttuations M ,1992 

1 133 Gutdehnes on analysts and nsk management In the mdustnal regwn, v1 Concept and 
procedure of nsk evaluatwn In the mdustnal regwn, 1992 

1.134 Gutdehnes on analysts and nsk management m the mdustnal regwn, Phystcal and 
mathematical models for nsk evaluatiOn, 1992 

1.135 Methodology of the forecasting of the scale of the polluuon m the water areas. 
Normattve document RD52 04253-90, 1991 

1 136 The order of expert exammatwn of the safety declaration of the mdustnal object of 
RF (Order of the Mmtstry of the Emergency situations from 07 08 96 1\'559/125) 

I 137 Methodological recommendations RadiatiOn safety of the crew of the space ship 
Method of the nsk assessment (PLIS0-25645 205-83) M, 1984 Methodtcal 
recommendatiOns defme the algonthm of the nsk assessment of tontzmg radiatwn 
mfluence on the crew of the space ship 

2 Materials of the conferences, seminars and meetings. 

2 I. Andnanov S G . Mlshnev AM, N!lutm V S , Kahstratov K Y "Problems of the 
complex dtsmantlement of nuclear submannes Matenals of the 3rd conference on 
manne technologies" St Petersburg,September 1999, Inte!!rated report, Volume 1. 
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2 2 Behkov A.D., Petrov 0 I "Handhng of radwacttve waste m Kavy (htstory, 
consequences, forecast) Proceedmg of the 4th InternatiOnal Conference on 
Envtronmental RadwactlVlty m the Arctic Edmburgh, Scotland, 20-23 September 
1999, ISBN 82-90362-11-0. Pnnted by Norwegtan Radtatlon ProtectiOn Authonty, 
Norway, September 1999 The research mcludes defmed data on composltlon and 
quantities of radiOactive waste buned m the sea 

2 3 Bleher A Y, Kuchm N.L EvaluatiOn of radwacttve nsks m the process of nuclear 
submannes dtsmantlement. Reports of the conference "Radwacttve safety 
radwacttve waste and ecology" 9-12 November 1999, St. Petersburg, 1999, pp. 59-
64 Evaluation of radtatmg nsks at decomrrusswnmg nuclear submannes 

2 4 Blecher A , Zvonanev B , Kuchm N , Rubanov S., Sergetev I Radtatmg 
consequences of fatlures at decomrrusswnmg of nuclear submannes at the shtp­
butldmg plants. Proceedmg of the Second InternatiOnal Shtpbutldmg Conference -
ISC'98 24th - 26th November, 1998, St -Petersburg, Russta SectiOn D Shtp 
Powerplant and Envtronmental Problems, Acousttcs of Shtp Machmery and 
Equtpment. Volume 1 St -Petersburg, 1998, pp 233-239 (m Russtan) Evaluation of 
posstble radtatmg consequences of frulures at decomrrusswnmg nuclear submannes 

2 5 Vahulhn A V., Yakohn V.P. Automattc control systems of surface waters pollutton 
ANKOS-VG. Explmtatton expenence Analysts ofresults The Ctty of Kazan', 1983 
The research mcludes matenals of the 11th All-Sovtet sctenttftc and techmcal 
conference on problems of developmg automattc momtonng, control and evaluatiOn 
systems of envtronment 

2 6 Gahchenko A N New pollutiOn free non-waste technologtes of nuclear submannes 
decomrrusswnmg The Second InternatiOnal Conference and Exhtbttwn on Manne 
Intellectual Technologtes Russta, St -Petersburg, 1997, v 2 p 126-128 Justlftcatwn 
of posstbthues to decrease quantity of pollutants at decomrrusswmng nuclear 
submannes 

2 7 Ganul M N , Kuchm K L , Sergeev I V Safety mcrease on vessels of nuclear 
technologtcal mmntenance wtth the atm to decrease posstble radtoactive nsks of thetr 
submersiOn Proceedmg of InternatiOnal Conference 300-th Anmversary of Russtan 
Kavy NAVY AND SHIPBUILDING NOWDA YS 26-29 February, 1996, St­
Petersburg, Russta St -Petersburg, 1996, B6-1 - B6-11 EstimatiOn of possible 
envtronmental radtoactlve consequences of sunken vessels wtth the utmost quantity 
of radwacttve waste on board 

2.8. Ganul M, Kuchm N, Sergeiev I. Cntenon of an estimation of radtoecological 
danger of nuclear shipbuildmg objects for sea envtronrnent Proceedmg of the 
Second InternatiOnal Shipbutldmg Conference - ISC98 24th - 26th November, 
1998, St -Petersburg, Russia Sectton D Ship Power plant and Environmental 
Problems, Acousttcs of Ship Machmery and EqUipment Volume 1 St -Petersburg, 
1998, pp 251-257 (m Russtan) SuggestiOn of dosage cntena of radwecological 
danger of nuclear shipbut!dmg objects for sea envtronment. 

2 9 Dovgusha V V , Ttkhonov M K , Baranova V M Assessment of state of health of 
workers operatmg at decommtsswmng and dtsrnantlement of nuclear submannes. 
Reports of the conference "Radwacttve safety· radwacuve waste and ecology" 
November 9-12, 1999, - St Petersburg, 1999, pp 127-129 Research results of state 
of health of personnel operatmg at decomrntssiomng and uuhzatwn of nuclear 
submannes 

2 10 Dovgusha V V, Ttkhonov M N, Egorov Y N Current state and prospects of 
..1~ •• ~1~-·-~ ~•~-...1~-.-1 -~ .. L.~...l.~ L.~~~ ~- -~.-l-~~1 ~-...1 ~~~·'"~-·· ~ ........... .-. . .-.- .-.C ..... ...l ................... .... 

of health of personnel operatmg at decomrntssiomng and uuhzatwn of nuclear 
UC'vC::IUJ!lll~ ::SLUIIUUJU UJCLIIUUH . .: U~.:SC Ull UJCUH . .:a.J CI.LIU .:S(lllll(llJ 1-HUVI:::.IUII Ul li:lUIUU(,..LJVC 



and environmental safety on objects of nuclear sh1pbu!ldmg Reports of the 
conference "Radwaclive safety· radwaclive waste and ecology" November 9-12, 
1999,- St Petersburg, 1999, pp.130-l34 Prospects of developmg standard methodic 
base on medical and samtary proviSion of radiOactive and environmental safety on 
objects of nuclear sh1pbmldmg 

2 11 Dmlmtsm VA , Medvedev S A , Chugunov AS , Nechaev A F. Handling with liquid 
radwacuve waste at decomrrusswmng ships and vessels contammg nuclear power 
plants methodology and practical approach The Second InternatiOnal Conference 
and ExhibitiOn on Manne Intellectual Technologies Russia, St -Petersburg, 1997, 
v 1 pp 303-306 The research offers the scheme of handling radwactJve waste, 
generated at decomrrusswnmg nuclear vessels 

2 12 Ivanov VI, Kahnkm AN, Petrov SA. Statistic data analys1s on shipwrecks and 
suggestiOns on radtoactlve consequences classtftcatton. Proceedmg of InternatiOnal 
Conference 300-th Anmversary of Russian Navy NAVY Al\TI SHIPBUILDING 
NOWDA YS. 26-29 February, 1996, St -Petersburg, Russia St.-Petersburg, 1996, 
B2-1 - B2-8 

2.13 Kuchm N, Petuhov V, Popkov K. The comparative analysis radwecologica!Impact 
on the personnel and environment at realizatiOn of processes of scrappmg of nuclear 
submannes Proceedmg of the Second International Sh1pbmldmg Conference -
ISC'98 24th- 26th November, 1998, St.-Petersburg, Russia Section D Ship Power 
plant and Environmental Problems, Acoustics of Sh1p Machmery and Equ1pment. 
Volume 1 St -Petersburg, 1998, pp 305-311 (m Russtan) Appraisal of possible 
dosage loadmg on personnel at decorrumsswmng nuclear submannes 

2 14 L1sovskl IV R1sk assessment of severe acc1dent on NAVY sh1ps and vessels Thesis 
of the VI InternatiOnal sc1ent1f1c methodolog1cal conference "Advanced mtel!ectual 
technologies of educatiOn and sc~ence", January 28-29, 1999, St Petersburg, State 
Techmcal Umversny, Pubhshmg house "Nestor", St Petersburg, 1999, p 21 The 
research defmed the value of radtoactJve nsk for nuclear submannes' personnel on 
the basis of data about JrradJatlon consequences dunng real sea acc1dents 

2 15 Lisovski I Problems of radiOactive safety on the North-West of Russ1a New 
technologies m the environmental stud1es and life secunty The second all-Russ1an 
scJentlfJc and practical conference. May 20-22, 1997, St Petersburg, 1997, Volume 1, 
pp 63-78 Descnpuon of mam radwactJve safety problems m the North-West of 
Russ1a related to Navy objects 

2 16 L1sovsky I. RadwlogJcal consequences of the acc1dents at nuclear submannes. The 
Th1rd InternatiOnal Confe1ence on Environmental RadwactJvlty m the Arct1c, 
Extended abstracts. Tromso, Norway June 1-5, 1997, volume 2, p 132-136 The 
research produces results of calculated apprmsal of poss1ble consequences of 
acc1dents of nuclear submannes for populatiOn and environment. 

2 17 L1sovsky I, Lobymsev V, Blekher A, Zvonanev B, Kuchm N, Rubanov S, 
Serge1ev I The hst of poss1ble radiation acc1dents m the sh1ps and coastal objects of 
Russ1an Navy Proceedmg of the 4th InternatiOnal Conference on Environmental 
RadwactJvJty m the ArctJc Edmburgh, Scotland 20-23 September 1999, ISBN 82-
90362-11-0 Pnnted by Norweg1an RadJatJOn Protection Authonty, Norway, 
September 1999, c 149-153 The list of poss1ble acc1dents at radJatJon dangerous 
NAVY objects With tndJcatwn of poss1ble radwact1ve environmental consequences 

2 18. L1sovsky I, Dav1es G The mternatlonal environmental expert exammatwn of large­
scale mdustnal objects m Russ1a Proceedmgs of the International Sympostum 
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November 28-29, 1995, St Petersburg, 1996, pp 30-37 Jusnficatwn of the 
procedure of an mtemauonal environmental Impact assessment of large mdustnal 
objects takmg mto account Russian and mtematlonal documentatwn 

2 19. Lisovsky I, Lappo AD, Tarasov IN The radio ecological safety at updatmg naval 
coastal techmcal base m Andreeva bay. Proceedmg of the Second Intemauonal 
Shipbmldmg Conference - ISC'98 24th - 26th November, 1998, St -Petersburg, 
Russia Section D Ship Powerplant and Environmental Problems, Acoustics of Ship 
Machmery and Equipment Volume 1 St -Petersburg, 1998, pp 290-297 
Descnptlon of environmental pollutiOn sources m the naval coastal techmcal base m 
Andreeva bay and mam tasks and problems of updatmg the naval coastal techmcal 
base 

2 20 Lisovsky I , Lappo A , Tarasov I The sources of radioecological danger m the naval 
coastal techmcal base m Andreeva bay Proceedmg of the 4th Intematwnal 
Conference on Environmental Radioactivity m the Arctic Edmburgh, Scotland 20-23 
September 1999, ISBN 82-90362-11-0 Pnnted by Norwegian Radiation Protectwn 
Authonty, Norway, September 1999, c 338-340 Descnptwn of environmental 
pollutwn sources m the naval coastal techmcal base m Andreeva bay 

2 21 Lisovsky I , Radioeco1ogtcal nsks at dtfferent stages of utihzatwn of nuclear 
submannes Proceedmg of the Second Internauonal Shipbuildmg Conference -
ISC'98 24th - 26th November, 1998, St -Petersburg, Russia Sectwn D Ship 
Powerplant and Environmental Problems, Acousttcs of Shtp Machmery and 
Equipment Volume 1 St -Petersburg, 1998, pp 270-276 Evaluatwn results of 
radwacttve nsks of tmpact from different sources of radwactlve pollution at different 
stages of dismantlement of nuclear submannes 

2 22 Ltsovsky I , Radwecologtcal consequences of dtscharges of hqmd radwactJve waste 
m the sea at normal conditions of operatwn of naval objects and at acctdents. 
Spectation of Radw nuchdes Pre-Conference Workshop. Abstracts, Edmburgh, 
Scotland, September 17-18, 1999. p. 30. Estimation results of radtoecologtcal 
consequences of dtscharges of It quid radwacti ve waste m the sea at normal 
conditiOns of operatiOn of naval objects and at accidents 

2 23 Ltsovsky I , Ubrantsev Y A Possible consequences of power reactors fmlure on 
nuclear submannes Proceedmg of the 3'd InternatiOnal conference on manne 
technologies St Petersburg, September 1999 Integrated report, volume 1, pp 293-
297 

2 24 Ltsovsky I , State Cont10l of Radto-Ecologtcal Danger of Sunken Nuclear Objects m 
Russta Nuclear Rtsks, Environmental, and Development Co-operation m the North 
of Europe Proceedmgs from the conference m Apattty, 1999, ISBN 91-7991-789-6, 
pp 109-115 Concept of the state radioecologtcal safety momtonng of sunken 
nuclear objects 

2 25 Ltsovsky I , Radtoecologtcal safety of long-term storage statton of reactor blocks of 
utlhzed nuclear submannes Thests of reports of the VI International Sctentlftc and 
methodical Conference "Advanced Intellectual technologies of educatiOn and 
sctence", January 28-29, 1999, St Petersburg, State Techmcal Umverslty, Pubhshmg 
house "Nestor", St Petersburg, 1999, p 23 Assessment of envnonmentaltmpact of 
long-term storage stanons of reactor blocks from dtsmantled nuclear submannes m 
gallenes 

2 26 Lisovsky I Radtoacnve nsk assessment m the North of Russia - pracuce of 
mternatlonal cooperation Thests of reports of the VI InternatiOnal sctentlftc and 
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28-29 1999, St. Petersburg, State techmcal Umverstty, Pubhshmg house "Nestor", 
St Petersburg, 1999, p.21 InteractiOn between Russtan and Swedtsh spectahsts m 
the JOmt scheme INT AS 

2 27 Ltsovsky I Safety assessment of l\avy obJects m the North-West tegwn Thests of 
reports of the VI Internauonal sctentlftc and methodical conference "Advanced 
technologies of educauon and sctence", January 28-29 1999, St Petersburg, State 
techmcal Umverslty, Pubhshmg house "Nestor", St Petersburg, 1999, p 18 Safety 
assessment of some radtatmn dangerous Navy obJects m the North-West regmn. 

2 28 LisovskJ I. The Analysts of Rtsk of Radiation Fmlures on Russtan North -
Expenence of Internauonal Cooperation ENVIRONMENTAL IMPACT 
ASSESSME!\T AND STRATEGIC ENVIRONMENTAL ASSESSMENT -
Expenence of Nordtc research and practtce and prospects for the 21st century. 
Karlskrona, Sweden, 22-23 November 1999 Mam results of radtoacttve nsks 
assessment for l\avy obJeCts m the North-West regmn of Russta 

2 29 LtsovskJ I Environmental safety m Navy- tasks, posstble solutiOns Proceedmgs of 
the 3'd Internatwnal conference on manne technologies St Petersburg, September 
1999. Integrated thesis. p.204-205 Problems of the complex environmental safety 
assessment for Navy vessels constdenng dtstmcttve features of dtfferent basmg 
stauons. 

2 30 LtsovskJ I V , Ubrantsev Y A Radwecologtcal danger assessment of sunken obJects, 
case study of the "Komsomolets" nuclear submanne Proceedmgs of the 3'd 
Internauonal conference on manne technologtes St. Petersburg, September 1999 
Integrated thesis, p 203-204 Expedttwnary research results and forecast assessment 
of radwecologtcal danger of the sunken submanne 

2 31 Manmn V Y , Pen A V Problems of decommtsswmng nuclear submannes 
Proceedmg of Intemauonal Conference 300-th Anmversary of Russtan Navy. NAVY 
AND SHIPBUILDING NOWDA YS 26-29 February, 1996, St -Petersburg, Russta 
St -Petersburg, 1996, Al-31-1-6 Posstble technologies apphed at decommtssiomng 
nuclear submannes 

2 32 Muru G N Kharchenko Y G Some of expenence of uuhzation of nuclear 
submannes The Second Internatwnal Conference and Exhtb1t10n on Manne 
Intellectual Technologies Russta. St -Petersburg, 1997, v 2 p 134-136 Posstble 
technologies of nuclear submannes dtsmantlement 

2 33 Nechaev A.V Prosutenko V M "Utihzatwn" of shtps and vessels contmmng nuclear 
power plants strategtc perspective The Second International Conference and 
Exhtbttwn on Manne Intellectual Technologies Russia, St -Petersburg, 1997, v 1 
p 299-302 Concept problems of nuclear submannes dismantlement. 

2 34 Ntkanorov Lvov VA, Kammskl V S -In the book Water quality momtonng and their 
preservation General reports of the sm All-Umon hydrological congress Pnnted by 
Lemngrad Hydrometemzdat, 1986, volume 2, p 3-26 Vtews on the problem of 
momtonng of waters contmmng considerable amount of pollutants from the standpomt 
whtch parameters are subJect to be controlled pollutant groups, baste harmful pollutants, 
pomters of water environment quality chmactenzmg tts state m general 

2 35 Popkov K Rubanov S. Urgent questions of dtsmantlement of domestic nuclear 
submannes Proceedmg of the Second Internauonal Shtpbutldmg Conference -
ISC'98 24th - 26th November, 1998, St -Petersburg, Russta Sectwn D. Shtp 
Powerplant and Environmental Problems, Acousttcs of Shtp Machmery and 
Equtpment Volume 1. St.-Petersburg, 1998, pp 78-89 (m Russian) 
submannes Proceedmg ot the Second Jnternauonal Shtpbutldmg Conference -
TC'r'OQ '1A th 



2.36 Matenals of the Internattonal scientific serrunar, June 19-22, 1995 "Problems of 
decomrrusswnmg and ullhzatwn of nuclear submannes", Moscow, ffiRAE, 1999 
The bastc mfonnation from the followmg reports IS subject to be used· 

Gladkov GA., Zotov A P, Polog!lill B G, Stvmtsev Y V, Lystsov V N 
"Pnnctples of handling wnh decomrrusswned naval reactors" (pp.l96-204) The 
report offers baste pnnctples to be considered m handling With reactor blocks of 
dismantled nuclear submannes 

Ezov!l E.S , Mazolan V A., Netecha V E , Orlov Y V "Radtatmg factors related 
to safety at handling radwacttve wastes dunng decomrrusswmng of nuclear 
submannes", pp 372 - 380 Analysts of baste factors mfluencmg safety of 
radiOactive waste storage taken from the nuclear submanne corps afloat firstly m 
the water area of shipyard, then at special station of thetr long-tenn storage. 

2 37 Matenals of the mtematwnal scientific semmar 24-26 November 1997 "Rtsk 
analysts connected with decomnusswn , storage and dismantlement of the nuclear 
submannes", Moscow, ffiRAE,1999 Can be used the followmg mfonnatwn present 
m the followmg reports 

Axeenov E I, Vav!llan V N, Lebedev VI, Sandler N G 'The mcrease of the 
safety m the storage of the vessel nuclear reactors of the decomrrusswned 
submannes up to the moment of their transfer p 59-68 

Mazolan VA Bonsov V V., Netcheta ME, Orlov J V 'The evaluatiOn of the 
ecologtcal safety of the long-tenn storage of the nuclear reactor compartments 
with radiOactive equtpment of the dismantled nuclear submannes, p 339-354 

Khlopkm I' S Control levels of the radwacti ve pollutiOn of the sea water and 
bottom sediments ,p 32-40 The questions of momtonng of the radtatwn 
background are treated m this report The dynamics of the development of 
radmnon background IS researched as well 

2 38 The Matenals of the mtematlonal sctenttftc serrunar 24-28 September 1990 m 
Munnansk "Atomic energy at sea Ecology and Safety", Moscow, 1999 Can be used 
the mfonnanon of the followmg reports 

Gousev D I , Legm V K , Kouznetsov J V , Shoulepko Z S , Zouravko 
A B (P.305-318) The scales of the danger of the penetratiOn of the pollutants mto 
the sea environment and spec tal attention IS patd to the accumulatiOn effects of the 
nuchds on the cells of aquatic lives 

Kouznetsov V M "Radtometncal evaluatiOns of the pollutiOn m the regiOn of the 
sunken submarme m the Sea of Norway (p319-328) The results of the 
radwmetncal control are gt ven 

3. Monographs, articles, reports 

3 1 Alekseev S.P , Dobrotvorslu AN and others Report on the component part of the 
ATRP-Russta project "Posstble mfluence of utilized Russmn nuclear submannes 
upon environmental safety techmcal feastb!lny studtes of the project", SectiOn 
"Integrated momtonng system", 2000, ffiRAE Russtan Academy of Sciences, p 251 

3 2 Antonov AM The ftrst generatiOn of nuclear vessels SKB-43 Kava! engmeenng 
bureau MALAHIT, 1996, p 73 The research contams mfonnation about performance 
attnbute of nuclear vessels of the first generation, destgned by the Naval engmeenng 
hllrP.nn }\,111 T A l-TT'l' 



3 3 Bahasmkov S B Navtgatwn-Hydrographtcal and hydrometeorologtcal prov1s1on of 
the underwater works m the reg1on of the sunken submanne "Koornsomolets", 7-
1998., Samt-Petersburg 

3 4. Bahasmkov S B, Mastroukov S.I The state and problems of the databank 
development on the oceanographic informallon , 7-1998r, Samt-Petersburg 
Discloses the current state and the problems of the databank development on the 
oceanographic mformatwn of the M!mstry of Defense 

3 5. Blekher A J radwactl ve pollutiOn of the tern tory caused by the plants of shlp­
bulldmg and sh1p-repamng complex of the Northern-Eastern regwn N21-1999 The 
results of the research of the environment pollutiOn at the leadmg plants of shlp­
bulldmg and sh1p-repamng complex of the Northern-Eastern regwn are g1ven 

3 6 The mfluence of the harmful ecological factors on human's health Metrological 
aspects EditiOn of Isaev L K v 1 M, PAlMS, 1997 researched are the medical­
bwlogical md1cators of the mam functwnal system of the human orgamsm wh1ch 
change under the mfluence of harmful nature and man-caused factors 

3 7 Vtsotskty A A Zamyshhev V V Zoubov V E Loborev V M Malkov A J The mam 
pnnc1ples of safety provisiOn at the nuclear objects. M, 1995 1ssue 5, p 17-28 
Theoretical v1ews on the safety of the nuclear obJects 

3 8 Gagm A V Sovtet atomic submanneso,l1KH «Pohgraph Voronezh 1995., 31 p. 
Contams the mformatton on the techmcal data of the submannes of the f1rst 
generatwn 

3 9. Goubm AT Sakovltch A V Mathemaucal model of mtenslty of rad1atton deaths m 
childhood, 1992, v 72, 6 p 604-612. An ongmal mathematical model of the of 
mtens1ty of rad1at1on deaths m childhood ts treated m th1s report 

3 I 0 Goubm A T Sakovttch Shafirkm A V Mathematical model of mtensily of radiation 
deaths m chtldhood, 1995 , v 35,. 6 p 889-897 An ongmal mathematical model of 
the of 1ntens1ty of radiation deaths m childhood ts treated m thts report 

3 11 Goubm AT Sakovllch Radtauon nsk m theory and practice ot the radtatton safety, 
1998, v 85, 2, p 143-153. The quesuons of radtatlon nsk m theory and practice of 
the radtauon safety are treated 

3 12 Goubm AT Sakovitch A Mathematical model of mtenslly of rad1atton deaths m 
chtldhood, 1998, v 87, 2, p. 159-161 An ong111al mathematical model of the of 
111tens1ty of radtatwn deaths 111 childhood 1s treated 111 th1s report 

3 13 Gousev L B Report on 111tegral part of the ATRP-R project " Environmental 
Secunty Imphcattons of DecommiSSIOned Nuclear Submannes lncludmg 
Dtsmantlement FeasJb1hty Study», 2000 ffiRAE, 30 p 

3 14 Dem111 V F, Shmelev V M nsk pnce 1n the system of rad~atwn safety prov1ston. -. 
Radwtton safety and the protect1on of atomic power stattons 11 M , 1986, c 4-13 
Methodology of the rad1atton damage evaluauon for the opumtzatwn of the measures 
on rad~auon protectwn 

3 I 5 Demm V F , Koutkov V A , Goltkov V J Dunaevskty LV economic 111d1cators of 
the nsk analysts, 1999 , v 87, 1ssue6 p 487 -494 Methodology of the radwuon 
damage evaluauon for the opunuzatwn of the measures on rad1at10n protection 

3.16 Demm V F, Koutkov VA, Goltkov V J, Sazykma T G, Jatsalo I R1sk analysts and 
taking of the measures of the soc tal protectiOn of the population 1999 , v 87, 5, p 384 
-395 Methodology of the radwtton damage evaluation for the opttm1zatton of the 



3 17 Demm V F, S1dorenko VA, Shevedev V.soc1al-econom1c cntena of the safety of 
the nuclear energy - B Rad1at10n safety and the protec!lon of atormc power 
stations, 1986 , p 19-30 

3 18 Dovgusha V , Tychonov M , Blekher A Concept ecologically safe technological 
decorrumss10nmg of removed nuclear submannes The survey mformat10n VINITY 
<<Sctenllflc and techmcal aspects of guards of an environment» N 4, 1998 (m 
russ1an) The concept of the safety prov1s10n dunng dismantlement process 1s treated 

3 19 Dovgusha V V , T1khonov M N , Egorov RadiatiOn background m the North-East of 
Russta Murmansk pubhshmg house 1999,p301-322 Data on rad1at10n and nuclear 
hazardous obJects m the North-East of Russia ,about natural and artificial 
rad1oact1v1ty on th1s tern tory 

3 20 Dovgusha V.V, T1khonov Russ1a Navy Rad10act1ve wastes Concept of ecolog1cally 
safe method of complex dismantlement of the decomrmss10ned atom1c submannes 
L1fe and safety, 1997, N2 2-3, p 272-283 Modem state of the problem of the nuclear 
submanne dismantlement 

3.21. Dovgusha V V, T1khonov M N On the problem of the complex dismantlement of 
the old vessels with nuclear reactors Journal n «Ecology of the mdustnal 
product10nN2l !996r, p !2-37. The concept of the complex dismantlement of the 
nuclear obJects 1s suggested . 

3 22 Dovgusha V V report of the mam part of the prOJeCt " Influence of the 
decomrmss10ned Russian nuclear submannes on the ecolog1cal background" , 2000. 
IBRAE, Sip 

3 23 Dounkov A Rad10act1ve pollutton and ns evaluauon-M , 1993 Methods of the 
assessment of the rad10acttve pollutiOn of environment IS presented 

3 24 Engovatov IA, Maskov1tch N P <<radiOactive safety dunng the process of 
decomnusston of the nuclear umts " , proJecu~·2 465-97, M, 1999 The quest10ns of 
wastes handling are treated m the gtven report(§ 52) 

3 25 Zhourlan G The concept of bulldmg of the ecologtca!-techmca! mformauon system 
!992r , N2 2, p l 05-1!8 Defines the possibility of bmldmg of the ecologtcal­
techmcal mformat10n system 

3 26 Pollution of Arctic report on the ecolog1cal background AMAI1 Program of Arctic 
momtonng and evaluatiOn, 1998 - 188 p 

3 27 Zotov A A Ecolog1cal momtonng of the background m the regions of the :Kavy 
bases, I 998 , N2 7 ,p 127 -!31 The pnnctples of the butldmg of the momtonng system 
of the Navy bases are descnbed 

3 28 Foreign mdustnal systems of control over the content and properties of the harmful 
substances Analytical devtces for scientific researches. M , 1980, 44p Techmcal 
data on the systems of control over the content and properties of the harmful 
substances are gtven m this report 

3 29 Izmalkov V I , Izmalkov A V safety and nsk at man-caused mtrus10ns Parts I and 
2M, , 1994 -269 p Conceptual basts for the safety provision The questiOns of safety 
management and nsk at regional and temtonal levels wnh taking mto consideration 
the norms and rules of the economic and legal regulations 

3 30 Izmalkov VI Methodology of analys1s and evaluatiOn of the radition nsk m Samt­
Petetsburg reg10n, 199468 p The analysts of the evaluation of the radttlon nsk and 
the posstbthty of Its ehmmauon m Samt-Petersburg reg10n 

3 30 Izmalkov VI Methodology of analvs1s and evaluatiOn of the radition nsk m Samt-
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3 44 

Izmalkov VI Ecolog1cal safety, methodology of forecastmg of the man-caused 
pollutiOns and the bas1s of the bu!ldmg of the momtonng system , 1994 
Methodolog1es for the pollutwn forecasting have been suggested 

Izmalkov VI methodology of systemal!c analys1s of the sources of rad1a11on actiVIty 
and forecast of the radJatlon background and nsk levels, 1994 Methodologies for the 
pollution forecastmg have been suggested 

Kmlenko V P ecology of the ocean and mtemauonal law, 1994 -244p The analys1s 
of the mtematwnallegal documents 

Klmstatch A A.Fnedman E I Ecolog1cal momtonng m the Russ1an Federatwn The 
pnnc1ples of the bulldmg of the momtonng system 1992, N~ 10 The basis for the 
concept of momtonng system bUlldmg 1s presented 

Krasnova I 0 «ecological law and management m the U S A, 1992 , 239 P The 
mam aspects of the legal documents of the U S are presented 

Quanutauve substantiatiOn of the umfied mdex ofham1 N~ 45 M,, 1989. Ecolog1cal 
safety, methodology of forecastmg of the man-caused pollutwns and the basis of the 
buildmg of the momtonng 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 nsk levels, Methodologies for 
the pollullon forecastmg have been suggested 

Kouhk A.V, Lavrenouk 0 !\ Ronzhm IV , sHERHviETIEV V M On the mtegral 
part of the prOJeCI<<Current state and prospects of developmg standard methodiC base 
on med1cal and samtary provtswn of radwacnve and envtronmental safety on obJects 
of nuclear sh1pbU1ldmg Reports of the conference "Radwacnve safety radwacuve 
waste and ecology" 2000 ffiRAE , 48 P 

Ltsovskty IV regwnal law on the radwacuve protectwn of the populatwn 1996, 3, 
p 4-5. Concept of the Lemgrad Regwn law on the "radiation protectiOn of the 
populatton" 

Ltsovskty IV Methodology of analys1s and evaluatton of the rad111on nsk m Samt­
Petersburg regwn, The analys1s of the evaluation of the rad1t1on nsk and the 
poss1bll1ty of lts ehnunauon m Samt-Petersburg regwn, 2000 ffiRAE, 190 P 

Ltsovskty IV, Petrov O.I., Behkov A 0 Radtecolog1cal momtonng at bases of The 
Northern fleet «Momtonng. Ltfe safety» 1996 , 2 (6), p 7-9 The results of the 
ecologtcal momtonng at bases of The Northern fleet have been given. 

Ltsovsky I System of radwecological momtonng for sunken nuclear submannes. ln. 
Environmental radiactlvlty m the Arcuc and Antarctic Osteras, 1993r, pp 67-76 

L1sovsky I, lJbranzev J. Radtatton nsk and the Navy of Russia Proceedmgs 1\'EW 
RISK FRO!\TIERS lOth Anmversary the Soc~ety for R1sk Analysis-Europe. 
Stockholm 1997r , p.359-363 

Lisovsky I Radiecolog1cal momtonng at bases of The Northern fleet «Momtonng 
Ltfe safety» The results of the ecolog1cal momtonng at bases of The Northern fleet 
have been g1ven 1997, 2, p 7-9 

Lyscov V N Zotov A P Mourzm N V AND OTHERS The assessment of the 
ecological nsks connected wlth the spent nuclear fuel of the obJects of the atomic 
Russian fleet ProJect 101 B-96 , M, 1998 

t:l:UIUgll.:aJ n:Sl\.:S l,;Ullllt:L:LCU WIUI UU: :spt:ill IIUClt:Ur IUCJ Ul Lilt: UUjt:l,;l:S Ul UIC ctlUUllL: 

Rn .. tan fleet Protect 101 R-911 . M. 199R 



3 45 Lyscov V N Mourzm NV Report on the mtegral pan of the ATRP-R project " 
Envtronmental Secunty Implications of Decomnusswned Nuclear Submannes 
·Includmg Dtsmantlement Feastbthty Study>>. 2000 ill RAE, 30 P 

3 46 Makeev V M report of the mtegral part of the ATRP-R project " Environmental 
Secunty Imphcattons of DecommissiOned Nuclear Submannes Includmg 
Dtsmantlement Feastbdtty Study>>, 2000 ffiRAE, 76 p 

3 47 Malyshev S P., Popkov Radtatwn techmcal aspect of the problem of uuhzatton of 
nuclear submannes, 1996, 2-3, p 45-46 

3 48 Mat1shov G G , Sh1pa A.K R1ssanene R Radtonuchds m the regwn of the Barents 
Sea, Apauty 1994 

3 49 The evaluation of the radtauon background Outlet of the wastes mto the ocean 
1997r, v 39, NQ I, p 21-28 

3 50 Ostpenko L , Zt1tsov L , Mom10ul N The htstory of the atomtc fleet feats, 
catastropheso «Bogres>>, M , 1994 , 343 p The data on the acctdents of the nuclear 
submannes 

3 51 Russtan nuclear submannes Ftrst generatwn The source ot creatiOn and usage 1952 
-1996 v 1 V, part 1 Samt-Petersburg96 

3 52. Pologtch B G. safety of the under water storage of the compartment Atomtc Energy, 
V 85, ISSUe, 1998, p 233-238 

3 53 Pologtch B G Khlopkm 1\' S report on the mtegral pan of the A TRP-R project " 
Environmental Secunty Implications of Decommtsstoned Nuclear Submannes 
.lncludmg Dtsmantlement Feastbtltty Study», 2000 ill RAE, 30 p 

3 54 Problems connected wllh the development of the harm mdtcators of the wmzmg 
radtauon PubhcatwnN2 27 M, l981r The cntena of safety m different fte1ds of 
mdustry are constdered as well the frequency of the bwlogtcal affects appearance 
An attempt has been made to word the defmtllon of harm mdtcator and to gtve tls 
quantttattve expressiOn. 

3 55 Forecast of the ecologtcal consequences of radwnuchds ~preadmg of the sunken 
submanne , 1994r 183 p Researched are the posstble consequences of the 
radwnuchds spreadmg of the sunken submanne 

3 56 Radtation protection of the population 40, 43 M , J987r Pubhcauon40 ts devoted to 
the pnnctples of the creatiOn of the measures atmed at radtatton protection of the 
populauon Pubhcatton43 ts devoted to the pnnctples of control over the populatiOn 
radtatwn exposure to all sources of radtatton best des medtcal and professiOnal. 

3 57 Ecologtcal safety, methodology of forecastmg of the man-caused pollutions and the 
basts of the bmldmg of the monttonng system, Methodologtes for the pollution 
forecasting have been suggested RecommendatiOns of the International Comnuttee 
on radiation protectwn 1990 

3 58 Ecologtcal safety. methodology of forecastmg of the man-caused pollutions and the 
basts of the buildmg of the momtonng system, Methodologtes for the pollutiOn 
forecasting have been suggested RecommendatiOns of the InternatiOnal Comnuttee 
on radtatton protectiOn 1994 Contains sctenttftc appendtx of the fmt pan of thts 
publicatiOn 

3.59 Roubanov S M , Kazturov V S., N"osov ]\' A. and others Concept of radtatwn 
momtonng of the water areas Momtonng 1996, N2 2 (6), p 9-13 Suggested was the 
concent of conrluctton of the momtonnP of rhe. w~tf>r orf>~.< 
puoncauon 
------r- -- -------------- ---- -----------··o -· ---- ··---- ----



3.60 Ntkrtm V.S Ltashenko G Report on the mtegral part of the ATRP-R proJect " 
Envtronmental Secunty Imphcatwns of Decornrrusswned Nuclear Submannes 
.Includmg Dtsmantlement Feasibthty Study», 2000, 140 P 

3 61 system of water pollutiOn momtonng Water pollution system/ Water Sew, 1990., 
\94 N~ll3, p 209 The book contams generahzed phystcal and chemtcal mdtcators 
of the water quality, concentration of the dissolved oxygen, pH, temperature 

3 62 Strodomskry V V. The structure of the software of the automatized local systems of 
surface waters control Hydrochemical matenals, 1983, 84 p Contams matenals on 
the structure of the the software of the automattzed local systems of surface waters 
control (town of Novocherkask) 

3 63 Tomashevskry LG , Pertsev S F On nuclear aerosols for "terronsts" m the waters of 
the world ocean 1997 , 2, p 14-17 

3 64 Facts and problems connected wtth the bunal of the wastes m the seas of RF. 
Admtmstratlon of the Prestdent of the RF, M 1993 

3 65 Facts and problems assoctated wtth the dumpmg of radwacuve waste m the seas 
around the Russtan Federatwn Admtmstratlon of the Prestdent of the Russian 
Federatwn, Moscow, 1993 

3.66. Sharaevskry J G, Behkov AD Ltsovskry I. V., Petrov Radwlogtcal and 
radwecologtcal consequences of the acctdents at the vessels wtth nuclear reactors, 
1999 , 7, p 52-58 The list of the factual consequences of the acctdents wtth 
excesst ve radtatlon exposure of the crew 

3 67 Shtrokograd A B Sovtet atonuc submannes of the post-war construction Arsenal 
press, M , 1997 , 208 P The generalized data on the sovtet nuclear submannes 

3 68 Shmakov R A. Problems of the dtsmantlement of the submannes of the first 
generation, 1998, 1, P 85-88 Contams data on the acctdents at the submannes 

3 69 Shmakov R A Low speed automatized submanne of the proJect 705 (705K) 
Almanac "Typhoon"N2 3. \997 p 12, Samt-Petersburg 

3 70 Chepoumykh A L Novoselov A L Dounaevskty LV Economtcs of land use 
Effectency, losses, nsks M , 1998 The general questwns are dtscussed 
classtftcatlon of the ecologtcally stgntficant acttVttles Dtscussed ts the questiOn of 
the economtc evaluatton of the result of the measures realization The nsks from 
man-caused ,md nature sources of environment pollutiOn are dtscussed. 

3 71 Radwnuchdes m the Russtan Arctic Report of Russtan experts for the AMAP, 
1997r The offtctal data of The Russtan ::-lavy about the radwactlve wastes of the 
Russtan Arctic 

3 72 Deterrmnauon of the hst ot typtcal sources of danger emergency radwacuve 
excharges m an envtronment m connectiOn wnh mt!nary acnvlty on North of Russta 
Il\'TAS proJeCt 96-1802 Assessment of potential nsk of envtronmental radwactive 
contamt natwn m northern euwpe from terrestnal nuclear umts m north-west Russia 
Techmcal report AS (direction 5) St -Petersburg State Techmcal Um verslty St­
Petersburg, Russta July l998r , P 51 

3 73 Descnptwn of the baste scnpts of development of tmlures, resultmg to excharge 
radionuclides In an environment (part a) Analysis of r.ldiatmg nsk for the population 
and environment, storehouse connected to an emergency condnwn radwacttve waste 
<<Mtronova moun tam>> (part b). il'iT AS proJect 96-1802 Assessment of potential 
nsk of envtronmental radwactive contammatwn m northern europe from terrestnal 
raUionucuaes m an environmem \parr UJ Anatysis or r.laimmg nsK ror me poputauon 
nnd P.nv1rnnm~nt_ .~tnrP:hntJ~P rnnnP.rtP:rl to :m f'mf'raf'nrv r.onrltt1nn r~rltn!lr.tlVf' w::~~tP 



nuclear umts m north-west Russia Techmcal report B5 (directiOn 5) St -Petersburg 
State Technical Umverslly St -Petersburg, Russm, November 1998r, P 34 

3 74. Modelling/case studies of radwnuchde leakage from nuclear obJeCts and possible 
rmgrallon of radwnuchdes 10 sOil and coastal waters. INT AS proJect 96-1802 
Assessment of potential nsk of environmental radioactive contarmnatwn 10 northern 
Europe from terrestnal nuclear unlls 10 north-west Russta Techmcal report C5 
(duecuon 5). St -Petersburg State Techmcal Umversay. St -Petersburg. Russta 
November 1999r, P 36. 

3 75 Risk assessment of atrborne radiOactive contam10at10n from nuclear Sites m north­
west Russta by us10g several types of models for local and regiOn scale INTAS 
proJect 96-1802 Assessment of potential nsk of environmental radiOactive 
contarmnatwn m northern Europe from terrestnal nuclear umts 10 north-west Russia 
Techmcal report D5 (directiOn 5) St -Petersburg State Techmcal Umversny. St­
Petersburg, Russia December 2000, P 80 

3 76 CreatiOn of the data bank of the potentially dangerous obJects of the RF Report on 
NIR Norms of ecological safety, Saint-Petersburg. l997r, 92 p The work I; earned 
according to the order of the M10Istry of the emergency situatiOns and led to the 
formation of the database on the ;unken obJects of RF. 

3.77 Development of the recommendations for the concept of the Federal Program 
"World ocean" on the prevention and liqUidatiOn of the emergency sttuatwns at the 
potentmlly hazardous obJects of the RF m the World Ocean Report on NIR Norms 
of ecological safety, Samt-Petersburg, 1996 , p 32 

3 78 Development of the recommendatiOns 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 m the World Ocean Report on NIR Norms 
of ecological safety, Samt-Petersburg, Sa10t-Petersburg, 1999, p 187 The work 1s 
earned accordmg to the order of the Mmtstry of the emergency situatiOns and led to 
the formation of the database on the sunken obJects of RF 

3 79 The concept of the sea ecological momtonng of the underwater hazardous obJects 
and the program of as realization for the control over of the underwater hazardous 
obJect Report on NIR Norms of ecologtcal safety, Sa10t-Petersburg, Samt­
Petersburg, 1999, 79p 

3 80 ProJeCt-techmcal developments on the preparation for the temporary afloat storage of 
the damaged submannes for their further placement to the places of the long-term 
storage NIR, MT «ROUBIJ\ >>. 1996 

3 81 Typical reqUirements for the normauve development on the placement of the sohd 
radioactive wastes m the reactor compartments of the uttiized submannes NIR, MT 
«ROL.IBI:'i>>, 1999 

3 82 Development of the conceptual baSIS of the military ecology and suggestiOns on Its 
realizatiOn m the armed forces . 1993-1994 Suggested IS the classJfJcauon and 
researched are the factors of the ammumtwn affectiOn and obJects of the Navy on the 
environment and human bemg Developed IS the prOJect complex scientific program 
"Ecological safety of the armed forces" 

3.83 The substanuatwn of the concept of the ecological provisiOn of the Navy as anb 
Integral part of the ecological proviSlon of the Armed forces of the RF , 1995-1997 
rr Systematized 1s the data on the sources and factors of the ammumtwn affectiOn at 
different stages of the life cycle on the environment and human be10g 
.......... ..., ......................... u ...... "'' ....... ..,..., ........... t"' • ....,, .......................... 0~ .... u• y~'-' .............................. , ..... J .... .., ....... ..... 

mtegral part of the ecological proviSlon of the Armed forces of the RF , 1995-1997 



3.84 Developed are the recommendauons on the automauzed system of momtonng of the 
Lenmgrad nuhtary object, GNll\lNGI RF, 1993 

3 85 Substanuauon of the conceptual views and ways of development of 
hydrometeorolog1cal provision of the Navy Objects, 1997-1998 Defmed are the 
scientiftc-techmcal ways of the ship complex creation m the places of basmg of the 
Navy objects Shown are umque possibililies m contrast to the tradttionaJ schemes of 
control orgamzatwn Substantiated IS the structure allowmg the possibility of search 
and fonnatwn of the contour of hydrochenucal anomalies and defmltlon of the mam 
md1cators of the water quality Substantiated IS the chmce of the water md1cators 
Found are techmcal solutions and conducted are the modeling of the mam elements 

3 86. The developments of the proposals on the taking mto account the geophysical 
conditiOns at the operative evalualion of the ecological background of the water 
objects at nuhtary regwns 1998-1999 Substanuated IS the structure allowmg the 
possibility of search and formatiOn of the contour of hydrochenucal anomalies and 
defmltwn of the mam tndicators of the water quality Substantiated IS the chmce of 
the water md1cators Found are techmcal solutwns and conducted are the modehng of 
the mam elements 

3 87 Substanliatwn of the conceptual views and ways of development of 
hydrometeorologJcal provisiOn of the Navy Objects., 2000 110 P The mam sources 
of the pollution are defmed 

3 88 Research of the oceanographic and hydrometrorolog1cal conditions of region of the 
'Komsomolts", The results of the regwn research of the control and momtonng 
orgamzauon, 1994r 180 P 

3 89 The evaluauon of the condition of the arctic ecological <<Ecological safety of 
Russia>> Funds of GOSl\lOPAS , 1995 , 192 P. 

3.90 Research of the oceanographic and hydrometrorolog1cal conditions of regwn of the 
'Komsomolts", 1992 39 p The results of the regwn research of the control and 
momtonng orgamzauon 

3 91 Research of the oceanographic and hydrometrorolog1cal conditiOns of region of the 
'Komsomolts", 1992 51 p The results of the regwn research of the control and 
momtonng orgamzat1on 

3 92 Perfection of the structure and content ot the mformanon system on oceamc 
conditions m the regwn of the nuclear submanne 'Komsomolts" accident 1993 45 
p The given system allows to obtam the complex evaluations and forecasts of the 
development of the hazardous situatiOns m the water areas of RF The mam tasks 
decided by the system are the formatiOn of the database on the underwater hazard 
objects, momtonng of environment, operative obtmmng of the visual Image of the 
mformauon at hand, obtmmng of the attnbute data, uansfer from one scale of map 
proJectiOn to another Development of the concept model of radwnucl1d spreadmg m 
the sea environment with free and mduced turbulence, substantiation of the model 
and Its formalization 

3 93 Report on 1\'IR , GNil\'I:'lGI RF, 2000. 100 P As a result of NIR ful fillent defmed 
are the factors responsible for the distnbutwn of the admixtures on the top surface of 
the shelf Developed IS the model of the d1stnbutwn of the admtxtures m the water 
environment This model IS supplemented with the modules which take mto account 
wave processes m the coastal zone The model has been used at the evaluatiOn of the 
radwacnve hazard of the 'Komsomolets" submanne 

environment This model IS supplemented with the modules which take mto account 



3.94 Creation of the automatized control system of the radwecolog1cal background m the 
objects of the Pacific Fleet Report of NIR, 1996 Defmed are the sctenllftc-techmcal 
ways of the sh1p complex creation m the places of basmg of-the Navy objects. Shown 
are umque possib1ht1es m contrast to the tradllwnal schemes of control orgamzauon. 
Substanuated IS the structure allowmg the poss1b1hty of search and formauon of the 
contour of hydrochermcal anomahes and defmnwn of the mam mdtcators of the 
water quahty Substantiated IS the chotce of the water md1cators. Found are techmcal 
solutions and conducted are the modehng of the mam elements 

3.95 Development of sh1p measunng-management complex for the ecolog1cal prov!Slon 
of the fleet capacny., 1999 "Gramt-7" Defmed are the sc1ent1f1c-techmcal ways of 
the sh1p complex creatiOn m the places of basmg of the Navy obJects. Shown are 
umque poss1b1ht1es m contrast to the tradmonal schemes of control orgamzatwn. 
Substanuated IS the structure allowmg the poss1b1hty of search and formation of the 

-contour of hydrochermcal anomahes and defmlllon of the mam md1cators of the 
~ water quahty Substanllated IS the chmce of the water mp1cators Found are techmcal 

soluuons and conducted are the modehng of the mam elements 

3 96 The development of the system of automauzed control over radmtwn-ecolog1cal 
backround m the zones of the rmhtary objects. Report of NIR, "Energta", 1999 
Substatiated are the tacucal-techmcal requtrements, developed the conceptual 
pnnc1ples of the constructiOn of the system of the automallzed control over rad1al!on­
ecolog1cal backround m the zones of the mihtary obJects Tested and developed 
expenmental sample mcludmg measunng and serv1ce systems Prepared 1s 
documentatiOn on the sewage system Conducted IS the expenmental evaluallon of 
the "effectency-cost" system Developed was the proJect of the techmcal work for 
NIKOR. 


