
2524
Âîïðîñû óòèëèçàöèè ÀÏË ¹1 (15), 2008 NPS Dismantling Issues #1 (15), 2008

Œ¡Ÿ¿fl  ŒÕ÷≈œ÷»fl œŒ
Œ¡–¿Ÿ≈Õ»fi — –¿Œ flƒ≈–ÕŒ√Œ
Õ¿—À≈ƒ»fl ¬ —≈¬≈–Œ-«¿œ¿ƒÕŒÃ
–≈√»ŒÕ≈ –Œ——»…— Œ… ‘≈ƒ≈–¿÷»»

¿.Œ. œËÏÂÌÓ‚, ‘√”œ ´Õ» »›“ ËÏÂÌË Õ.¿. ƒÓÎÎÂÊ‡Îˇª

GENERAL CONCEPT FOR
MANAGEMENT OF THE NUCLEAR
LEGACY WASTE IN THE NORTH-WEST
REGION OF RUSSIA

A.O. Pimenov, NIKIET, Russia

1. ¬‚Â‰ÂÌËÂ.

Â Ñåâåðî-Çàïàäíîì ðåãèîíå Ðîññèè ñîñðåäîòî÷åíî çíà-

÷èòåëüíîå êîëè÷åñòâî ïîòåíöèàëüíûõ èñòî÷íèêîâ ðàäèî-

àêòèâíûõ îòõîäîâ, îáúåêòîâ, ïîäëåæàùèõ ýêîëîãè÷åñêîé

ðåàáèëèòàöèè. Òàêèìè îáúåêòàìè ÿâëÿþòñÿ ïóíêòû áà-

çèðîâàíèÿ àòîìíîãî ôëîòà, ñóäîðåìîíòíûå ïðåäïðèÿ-

òèÿ ïðîìûøëåííîñòè è Âîåííî-Ìîðñêîãî Ôëîòà, ÏÄÕ ÐÎ

«Ñàéäà», à òàêæå ïóíêòû âðåìåííîãî õðàíåíèÿ ÎßÒ è

ÐÀÎ â ãóáå Àíäðååâà è ï. Ãðåìèõà, ïåðåäàííûå â âåäå-

íèå Ðîñàòîìà îò Ìèíèñòåðñòâà îáîðîíû äëÿ èõ ýêîëîãè-

÷åñêîé ðåàáèëèòàöèè.

Â ðåãèîíå íàõîäÿòñÿ Êîëüñêàÿ ÀÝÑ è ñïåöèàëèçèðî-

âàííîå ïðåäïðèÿòèå «Ðàäîí», íà êîòîðûõ òàêæå îñóùå-

ñòâëÿåòñÿ îáðàùåíèå ñ ðàäèîàêòèâíûìè îòõîäàìè, íî

ýòè ðàáîòû ïðîâîäÿòñÿ â ðàìêàõ äðóãèõ ôåäåðàëüíûõ

ïðîãðàìì, è â íàñòîÿùåå âðåìÿ íå ó÷èòûâàþòñÿ ïðè ðå-

àëèçàöèè ìåðîïðèÿòèé ïðîãðàììû Ãëîáàëüíîãî ïàðò-

íåðñòâà.

2. ’‡‡ÍÚÂËÒÚËÍ‡ ÔÓ·ÎÂÏ˚

Äëÿ òîãî ÷òîáû íàìåòèòü ïóòè ðåøåíèÿ ïðîáëåìû

îáðàùåíèÿ ñ ÐÀÎ â Ñåâåðî-Çàïàäíîì ðåãèîíå, ïðåæäå

âñåãî íåîáõîäèìî îïðåäåëèòü òåêóùåå ñîñòîÿíèå ïðî-

áëåìû è êîíå÷íûå öåëè ðàáîò.

Îáùåå êîëè÷åñòâî ÐÀÎ îïðåäåëÿåòñÿ îòõîäàìè,

íàêîïëåííûìè íà íàñòîÿùèé ìîìåíò, è îáðàçóþùè-

ìèñÿ ïðè ïðîâåäåíèè ðàáîò ïî óòèëèçàöèè àòîìíûõ

ïîäâîäíûõ ëîäîê (ÀÏË) è íàäâîäíûõ êîðàáëåé ñ ÿäåð-

íûìè ýíåðãåòè÷åñêèìè óñòàíîâêàìè (ÍÊ ñ ßÝÓ), à âïîñ-

ëåäñòâèè è èõ ðåàêòîðíûõ îòñåêîâ, ñóäîâ àòîìíîãî òåõ-

íîëîãè÷åñêîãî îáñëóæèâàíèÿ (ñóäîâ ÀÒÎ), à òàêæå ýêî-

ëîãè÷åñêîé ðåàáèëèòàöèè ÿäåðíûõ è ðàäèàöèîííî-

îïàñíûõ îáúåêòîâ.

Ïðîãíîçíàÿ îöåíêà îáúåìîâ îáðàçîâàíèÿ ÐÀÎ ñ ó÷å-

òîì óæå íàêîïëåííûõ íà îáúåêòàõ, ò.å. îáúåìîâ ÐÀÎ, ñ

êîòîðûì ïðåäñòîèò ðàáîòàòü, ïðîâåäåíà Ðîñàòîìîì ñ

ïðèâëå÷åíèåì ïîäâåäîìñòâåííûõ îðãàíèçàöèé, à òàêæå

ïðè ðàçðàáîòêå âòîðîãî ýòàïà Ñòðàòåãè÷åñêîãî ìàñòåð-

ïëàíà (ÑÌÏ-2). Ñ ó÷åòîì ïëàíèðóåìîãî êîìïàêòèðîâà-

íèÿ îòõîäîâ, ïåðåâîäà èç êàòåãîðèè â êàòåãîðèþ, âîç-

âðàòà ÷àñòè ìåòàëëà â õîçÿéñòâåííûé îáîðîò ýòîò îáúåì

ñîñòàâëÿåò îêîëî 100 000 ì3.

Â ðàìêàõ ðàíåå ïðîâåäåííûõ ðàáîò, â òîì ÷èñëå è ïðè

ðàçðàáîòêå ÑÌÏ-2, îïðåäåëåíî îðèåíòèðîâî÷íîå êîëè-

÷åñòâî ðàäèîàêòèâíûõ îòõîäîâ ïî êàòåãîðèÿì, íàêîïëåí-

íûõ íà êàæäîì èç óêàçàííûõ îáúåêòîâ. Óòî÷íåíèå è àêòó-

àëèçàöèÿ ïîëó÷åííûõ äàííûõ ïðîâîäèòñÿ íà ïîñòîÿííîé

îñíîâå â ðàìêàõ òåêóùåé äåÿòåëüíîñòè Ðîñàòîìà. Îðè-

1. Introduction

The North-West of Russia is known to have many

potential sources of radioactive waste as well as sites in

need of environmental remediation. There are naval bases,

shipyards, Saida RW storage site, and the temporary SNF

and RW storage sites at Andreeva Bay and Gremikha, which

were handed over by the Ministry of Defence to Rosatom

for remediation.

Kola NPP and the Rodon Company, located in this region,

carry out operations with radioactive waste but under other

Federal programmes and are currently left out of

consideration in implementing the G8 Global Partnership

Programme.

2. Problem description

In order to decide the ways of resolving the RW

management problem, it is first necessary to understand

what we have to deal with, the whole problem as it stands

today, and the final objectives of the work.

The total RW volume to be handled in the region is

determined by the waste accumulated to date being

generated by dismantling nuclear-powered submarines and

surface ships, dismantling of their reactor compartments  in

future  and the nuclear service ships, as well as the

remediation of sites of nuclear and radiation hazards.

The volume of future waste was estimated by Rosatom

and its subordinated organizations as well as in the SMP-2

development; added to the volumes already accumulated

on the sites, it makes the total volume of about 100 000 m3

to be dealt with, taking into account the planned waste

compaction, changes of waste categories, and partial reuse

of metal.

Previous efforts, including SMP-2 development, brought

tentative site-specific quantification of the accumulated RW

by categories. The results obtained are being updated on a

regular basis as part of the routine activities of Rosatom.

Figures 2 and 3 present the percentages of solid radioactive

waste (SRW) accumulated by this day and expected to be

generated by different sources.

It is tentatively estimated that the total SRW volume

comprises about 83 % of low-level waste (below 103 kBq/kg),

15.5 % of intermediate-level waste (from 103 to 107 kBq/kg)

and 1.5 % of high-level waste (over 107 kBq/kg). In terms of

composition SRW kept at the on-shore service bases and

shipyards includes about 65 % of metal, about 35 % of

compactible SRW,  30 % is accounted for by combustible

waste. The relative RW volumes accumulated in the region

are presented in Figures 4 and 5 according to the activity

categories.

The maximum specific activity does not exceed the level

of 109 Bq/kg. The waste contains mostly radionuclides with a

half-life up to 30 years, with the greatest activity coming

from Cs-137 and Sr-90. The volume  of long-lived radionuclides

present  in the waste is such that their contribution to activity

is limited to 104-105 Bq/kg, which means that there is no

need for any additional criteria in RW categorization in

accordance with the current Russian regulations.

The final goals of RW management in the North-West of

Russia may be defined as follows:

1. To establish an efficient system of RW management in

the region;

2. To phase out the environmentally hazardous

temporary RW storage facilities in the region and to restore

the contaminated sites to their normal condition;

3. To set up a regional centre for long-term RW storage.

The Russian regulatory framework as it stands today is

adequate to the purpose of ensuring radiation safety during

operations and is consistent with the international standards.

The current regulatory documents defining the

procedures for setting up storage facilities and sites for

disposal of various RW, point out that all the engineering

solutions should be developed and justified with regard to

the RW characteristics and natural conditions on the site

under consideration.

The Russian and foreign approaches to RW management

and disposal are rather similar, including the recommended

characteristics of radionuclides in the waste proposed for

disposal in subsurface storage facilities.

The Russian regulatory framework for RW management

is undergoing improvements aimed, among other things, at

further convergence with the international approaches.

Consideration is being given to the possibility of step-by-Рис. 1. Соотношение накопленных радиоактивных отходов по источникам образования
Fig. 1. Distribution of accumulated radioactive waste by sources
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åíòèðîâî÷íîå ïðîöåíòíîå ñîîòíîøåíèå íàêîïëåííûõ â

íàñòîÿùåå âðåìÿ è ïëàíèðóåìûõ ê îáðàçîâàíèþ òâåð-

äûõ ðàäèîàêòèâíûõ îòõîäîâ ïî èñòî÷íèêàì îáðàçîâàíèÿ

ïîêàçàíî íà ðèñ. 1 è 2.

Â îáùåì îáúåìå ÒÐÎ ñëåäóåò ïðèíèìàòü îêîëî 83%

íèçêîàêòèâíûõ ÒÐÎ (ìåíåå 103 êÁê/êã), 15,5% ñðåäíåàê-

òèâíûõ (îò 103 äî 107 êÁê/êã) è 1,5 % âûñîêîàêòèâíûõ (áî-

ëåå 107 êÁê/êã). Â ñîñòàâå õðàíÿùèõñÿ íà áåðåãîâûõ áàçàõ

è çàâîäàõ ÒÐÎ îêîëî 65% ìåòàëëè÷åñêèõ ÒÐÎ, îêîëî 35%

ïðåññóåìûõ, ãîðþ÷èõ è íåãîðþ÷èõ ÒÐÎ, èç êîòîðûõ îêîëî

30% ãîðþ÷èõ. Êîëè÷åñòâî íàêîïëåííûõ â ðåãèîíå ÐÀÎ

ïî êàòåãîðèÿì ïîêàçàíî íà ðèñ. 3 è 4.

Ìàêñèìàëüíûé óðîâåíü óäåëüíîé àêòèâíîñòè ÐÀÎ íå

ïðåâûøàåò 109 Áê/êã. Â îòõîäàõ â îñíîâíîì ñîäåðæàòñÿ

ðàäèîíóêëèäû ñ ïåðèîäîì ïîëóðàñïàäà äî 30 ëåò, èç êîòî-

ðûõ îñíîâíóþ äîëþ ïî àêòèâíîñòè ñîñòàâëÿþò ðàäèîíóê-

ëèäû 137Cs è 90Sr. Äîëãîæèâóùèå ðàäèîíóêëèäû ïðèñóòñòâó-

þò â êîëè÷åñòâàõ, íå ïðåâûøàþùèõ 104–105 Áê/êã, ÷òî íå

òðåáóåò ââåäåíèÿ äîïîëíèòåëüíûõ êðèòåðèåâ ïðè êàòå-

ãîðèðîâàíèè ÐÀÎ â ñîîòâåòñòâèè ñ äåéñòâóþùèìè â Ðîñ-

ñèéñêîé Ôåäåðàöèè íîðìàòèâíûìè àêòàìè.

Êîíå÷íûå öåëè îáðàùåíèÿ ñ ÐÀÎ íà Ñåâåðî-Çàïàäå

Ðîññèè ìîãóò áûòü ñôîðìóëèðîâàíû ñëåäóþùèì îáðà-

çîì:

1) ñîçäàíèå â ðåãèîíå ýôôåêòèâíîé ñèñòåìû îáðàùå-

íèÿ ñ ðàäèîàêòèâíûìè îòõîäàìè;

2) ñîêðàùåíèå êîëè÷åñòâà è ëèêâèäàöèÿ ýêîëîãè÷åñêè

îïàñíûõ âðåìåííûõ õðàíèëèù ÐÀÎ íà ïðåäïðèÿòèÿõ è

îáúåêòàõ ðåãèîíà, ðåàáèëèòàöèÿ ðàäèàöèîííî-çàãðÿçíåí-

íûõ òåððèòîðèé;

3) îðãàíèçàöèÿ öåíòðàëèçîâàííîãî äîëãîâðåìåííîãî

õðàíåíèÿ ÐÀÎ â ðåãèîíàëüíîì öåíòðå.

Ñîâðåìåííîå ñîñòîÿíèå íîðìàòèâíîé áàçû Ðîññèéñ-

êîé Ôåäåðàöèè îáåñïå÷èâàåò ðàäèàöèîííóþ áåçîïàñ-

íîñòü ïðè ïðîâåäåíèè ðàáîò è íå ïðîòèâîðå÷èò ìåæäó-

íàðîäíûì íîðìàì.

Â ñóùåñòâóþùèõ íîðìàòèâíûõ äîêóìåíòàõ, ðåãëàìåí-

òèðóþùèõ ïðîöåäóðû ñîçäàíèÿ ïóíêòîâ õðàíåíèÿ è çàõî-

ðîíåíèÿ ðàçëè÷íûõ âèäîâ ÐÀÎ, óêàçàíî, ÷òî âñå òåõíè-

÷åñêèå ðåøåíèÿ äîëæíû îïðåäåëÿòüñÿ è îáîñíîâûâàòüñÿ

ñ ó÷åòîì õàðàêòåðèñòèê ÐÀÎ è ïðèðîäíûõ óñëîâèé íà ó÷à-

ñòêå ðàçìåùåíèÿ îáúåêòà.

Ðîññèéñêèå è çàðóáåæíûå ïîäõîäû ê îáðàùåíèþ è çà-

õîðîíåíèþ ÐÀÎ íå ïðîòèâîðå÷àò äðóã äðóãó, â òîì ÷èñëå

ïî ðåêîìåíäóåìûì õàðàêòåðèñòèêàì ðàäèîíóêëèäîâ äëÿ

çàõîðîíåíèÿ ÐÀÎ â ïðèïîâåðõíîñòíûõ óñëîâèÿõ.

Â íàñòîÿùåå âðåìÿ â Ðîññèè ïðîâîäèòñÿ ñîâåðøåí-

ñòâîâàíèå íîðìàòèâíîé áàçû ïî îáðàùåíèþ ñ ÐÀÎ, â òîì

÷èñëå â íàïðàâëåíèè äàëüíåéøåãî ñáëèæåíèÿ ñ ìåæäó-

íàðîäíûìè ïîäõîäàìè. Ðàññìàòðèâàåòñÿ âîçìîæíîñòü

è ðåàëèçóþòñÿ ïðåäâàðèòåëüíûå ìåðîïðèÿòèÿ äëÿ ïî-

ýòàïíîãî ââåäåíèÿ êàòåãîðèè «î÷åíü íèçêîàêòèâíûå îò-

õîäû» – àíàëîãà êàòåãîðèè VLLW (very low-level waste) –

ðàäèîàêòèâíûå îòõîäû ñ î÷åíü íèçêîé óäåëüíîé àêòèâ-

íîñòüþ.

3. œÛÚË Ë ÓÒÌÓ‚Ì˚Â ˝Ú‡Ô˚ ÍÓÌˆÂÔˆËË Ó·‡˘ÂÌËˇ Ò

–¿Œ

Ñ äàííûõ ïîçèöèé öåëåñîîáðàçíî îïðåäåëèòü ïóòè è

îñíîâíûå òåõíîëîãè÷åñêèå ýòàïû îáðàùåíèÿ ñ ðàäèîàê-

òèâíûìè îòõîäàìè â öåëîì. Òàêèìè óêðóïíåííûìè ýòà-

ïàìè ÿâëÿþòñÿ: ñáîð–ñîðòèðîâêà–êîìïàêòèðîâàíèå (äëÿ

òâåðäûõ ðàäèîàêòèâíûõ îòõîäîâ), ñáîð–ïåðåðàáîòêà–

îìîíîëè÷èâàíèå (äëÿ æèäêèõ ðàäèîàêòèâíûõ îòõîäîâ),

óïàêîâêà–õðàíåíèå–çàõîðîíåíèå. Ïîñëåäîâàòåëüíîñòü è

âçàèìîñâÿçü òåõíîëîãè÷åñêèõ ýòàïîâ ïîêàçàíû íà ðèñ. 5.

Â õîäå âûïîëíåíèÿ äàííûõ ðàáîò, áåçóñëîâíî, ïîòðåáó-

åòñÿ òðàíñïîðòèðîâàíèå îòõîäîâ è îáðàùåíèå ñ êðóïíî-

ãàáàðèòíûì íåðàçáîðíûì îáîðóäîâàíèåì. Ïðè ïðîâå-

äåíèè äåçàêòèâàöèè ÷àñòü ìàòåðèàëîâ âîçâðàòèòñÿ â õî-

çÿéñòâåííûé îáîðîò, ÷àñòü èçìåíèò ïðèíàäëåæíîñòü ê òîé

èëè èíîé êàòåãîðèè, ò.å. â öåëîì ïðè äåçàêòèâàöèè, êîì-

ïàêòèðîâàíèè è ïåðåðàáîòêå áóäåò íàáëþäàòüñÿ ñîêðà-

ùåíèå èñõîäíûõ îáúåìîâ ÐÀÎ.

Ñëåäóþùèì ýòàïîì îïðåäåëåíèÿ èñõîäíûõ ïàðàìåò-

ðîâ ÿâëÿåòñÿ óòî÷íåíèå òåõíîëîãè÷åñêèõ îïåðàöèé äëÿ

îñíîâíûõ êàòåãîðèé ÐÀÎ ñ ó÷åòîì ñïîñîáîâ è ìåòîäîâ

îáðàùåíèÿ ñ íèìè.

Äëÿ ÒÐÎ òàêèìè êàòåãîðèÿìè áóäóò ÿâëÿòüñÿ:

- âûñîêîàêòèâíûå ÒÐÎ;

- ñðåäíå- è íèçêîàêòèâíûå ÒÐÎ;

- î÷åíü íèçêîàêòèâíûå ÒÐÎ (ïîñëå ââåäåíèÿ äàííîé

êàòåãîðèè ÐÀÎ).

Äëÿ ÆÐÎ òàêèìè êàòåãîðèÿìè áóäóò ÿâëÿòüñÿ:

- âûñîêîàêòèâíûå ÆÐÎ;

- ñðåäíå- è íèçêîàêòèâíûå ÆÐÎ;

- ÆÐÎ ñëîæíîãî õèìè÷åñêîãî ñîñòàâà.

Ñ ó÷åòîì îïðåäåëåííîñòè ñïîñîáîâ îáðàùåíèÿ ñ ÆÐÎ

ìîæíî ñîêðàòèòü äàííûé ïåðå÷åíü è ïðåäñòàâèòü îñíîâ-

íûå èñõîäíûå êàòåãîðèè ÐÀÎ ïî ñïîñîáàì îáðàùåíèÿ,

òðåáóþùèì ó÷åòà â îáùåé êîíöåïöèè îáðàùåíèÿ ñ ÐÀÎ â

ðåãèîíå. Òàêèìè êàòåãîðèÿìè ÿâëÿþòñÿ:

- âûñîêîàêòèâíûå ÒÐÎ;

- ñðåäíå- è íèçêîàêòèâíûå ÒÐÎ;

- î÷åíü íèçêîàêòèâíûå ÒÐÎ (ïîñëå ââåäåíèÿ äàííîé

êàòåãîðèè ÐÀÎ);

- æèäêèå ÐÀÎ.

Âàæíûì ýòàïîì è êîíå÷íîé òî÷êîé ïðîöåññà îáðàùå-

íèÿ ñ ÐÀÎ ÿâëÿþòñÿ èõ ëîêàëèçàöèÿ è çàõîðîíåíèå áåç

íàìåðåíèé ïîñëåäóþùåãî èçâëå÷åíèÿ â ñïåöèàëüíî ïîä-

ãîòîâëåííûõ ìîãèëüíèêàõ è ïðåæäå âñåãî â ãåîëîãè÷åñ-

êèõ ôîðìàöèÿõ. Ïðè ýòîì äîëæíà èñïîëüçîâàòüñÿ ìíî-

ãîáàðüåðíàÿ ñèñòåìà ïîäçåìíîé èçîëÿöèè ÐÀÎ, âêëþ÷à-

þùàÿ åñòåñòâåííûå (ãåîëîãè÷åñêèå) è èñêóññòâåííûå (èí-

æåíåðíûå) áàðüåðû. Â äàííîì íàïðàâëåíèè âåäóùèìè

íàó÷íûìè îðãàíèçàöèÿìè ïðîâåäåí áîëüøîé êîìïëåêñ

ðàáîò, îñîáîå ìåñòî ñðåäè êîòîðûõ çàíèìàþò ðàáîòû

ÂÍÈÏÈïðîìòåõíîëîãèè, Êîëüñêîãî íàó÷íîãî öåíòðà è

Ãîðíîãî èíñòèòóòà.

Â ýòèõ ðàáîòàõ ñôîðìóëèðîâàíû îñíîâîïîëàãàþùèå

ïðèíöèïû îáåñïå÷åíèÿ íàäåæíîé è áåçîïàñíîé èçîëÿöèè

Рис. 2. Соотношение планируемых к образованию РАО по источникам образования
Fig. 2. Distribution of Future Radioactive Waste by Sources

Рис. 3. Соотношение накопленных твердых РАО по категориям
Fig. 3. Distribution of Accumulated SRW by Categories
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ÐÀÎ â ãåîëîãè÷åñêèõ ôîðìàöèÿõ: îòâåòñòâåííîñòü ïåðåä

áóäóùèìè ïîêîëåíèÿìè è ðàäèàöèîííàÿ áåçîïàñíîñòü.

Äàííûå ïðèíöèïû ñîîòâåòñòâóþò ïðèíöèïàì áåçîïàñíî-

ñòè è òåõíè÷åñêèì êðèòåðèÿì, ðàçðàáîòàííûì ÌÀÃÀÒÝ.

Â íàñòîÿùåå âðåìÿ îáùåïðèçíàííî, ÷òî íàèáîëåå íàäåæ-

íûì è áåçîïàñíûì ÿâëÿåòñÿ óäàëåíèå ÐÀÎ â ãåîëîãè÷åñ-

êèå ôîðìàöèè, ãëóáèííîå çàõîðîíåíèå. Ïîðîäíûé ìàñ-

ñèâ ïðåäñòàâëÿåòñÿ â äàííîì ñëó÷àå âàæíåéøèì áàðüå-

ðîì áåçîïàñíîñòè.

Âìåñòå ñ òåì îáðàçîâàíèå ÐÀÎ, ïîäëåæàùèõ çàõîðî-

íåíèþ, íåîáõîäèìî óäåðæèâàòü íà ìèíèìàëüíîì ïðàê-

òè÷åñêè äîñòèæèìîì óðîâíå, ïðè÷åì èõ õàðàêòåðèñòèêè

äîëæíû ñîîòâåòñòâîâàòü íîðìàì è ïðàâèëàì â îáëàñòè

èñïîëüçîâàíèÿ àòîìíîé ýíåðãèè è îáðàùåíèÿ ñ ÐÀÎ, äåé-

ñòâóþùèì â Ðîññèéñêîé Ôåäåðàöèè.

Âàæíîå ìåñòî â äàííîì ïðîöåññå çàíè-

ìàþò ðàçðàáîòêà è âíåäðåíèå êðèòåðèåâ

ïðèåìëåìîñòè ðàäèîàêòèâíûõ îòõîäîâ, ò.

å. êðèòåðèåâ êà÷åñòâà ÐÀÎ, êîòîðûì îíè

äîëæíû îòâå÷àòü ïîñëå ñáîðà, ïåðåðàáîò-

êè, õðàíåíèÿ è êîíäèöèîíèðîâàíèÿ äëÿ äîë-

ãîâðåìåííîãî õðàíåíèÿ è çàõîðîíåíèÿ. Ðàç-

ðàáîòêà óêàçàííûõ êðèòåðèåâ ïðåäóñìîòðå-

íà íîðìàòèâíûìè äîêóìåíòàìè Ðîññèéñêîé

Ôåäåðàöèè, è â íàñòîÿùåå âðåìÿ âåäåòñÿ

äëÿ îáúåêòîâ îáðàùåíèÿ ñ ÐÀÎ â Ñåâåðî-

Çàïàäíîì ðåãèîíå.

Â ïåðèîä òðàíñïîðòèðîâàíèÿ è õðàíåíèÿ

ÐÀÎ äîëæíà áûòü îáåñïå÷åíà ñòðóêòóðíàÿ

ñòàáèëüíîñòü ôîðìû ÐÀÎ, îïðåäåëÿåìàÿ

ñîâîêóïíîñòüþ îñíîâíûõ ôèçè÷åñêèõ è õè-

ìè÷åñêèõ õàðàêòåðèñòèê. Ôîðìà ÐÀÎ äîëæ-

íà îáëàäàòü äîñòàòî÷íûìè ïðî÷íîñòíûìè

õàðàêòåðèñòèêàìè, ÷òîáû âûäåðæèâàòü íà-

ãðóçêè, âîçíèêàþùèå íà ðàçëè÷íûõ ýòàïàõ îáðàùåíèÿ ñ

ÐÀÎ, è ñîõðàíÿòü ãåîìåòðè÷åñêèå ðàçìåðû. Ôîðìà ÐÀÎ

äîëæíà áûòü óñòîé÷èâîé ê ëþáûì õèìè÷åñêèì, áèîëîãè-

÷åñêèì, ðàäèàöèîííûì è òåïëîâûì âîçäåéñòâèÿì, íà-

ëè÷èå êîòîðûõ ðàçóìíî ïðåäïîëîæèòü.

Ïðè óñòàíîâëåíèè êðèòåðèåâ ïðèåìëåìîñòè êîíäè-

öèîíèðîâàííûõ ÐÀÎ äëÿ èõ õðàíåíèÿ è çàõîðîíåíèÿ ñëå-

äóåò ó÷èòûâàòü îñíîâíûå õàðàêòåðèñòèêè ÐÀÎ:

- ñóììàðíóþ àêòèâíîñòü óïàêîâêè ÐÀÎ, óäåëüíóþ àê-

òèâíîñòü ÐÀÎ è ðàäèîíóêëèäíûé ñîñòàâ ÐÀÎ;

- ìîùíîñòü ýêâèâàëåíòíîé äîçû;

- ïîâåðõíîñòíîå çàãðÿçíåíèå;

- ñòðóêòóðíóþ ñòàáèëüíîñòü ôîðìû ÐÀÎ;

- ðàäèàöèîííóþ ñòîéêîñòü,

à òàêæå èíûå ñâîéñòâà,

îïðåäåëÿåìûå äåéñòâóþùè-

ìè íîðìàòèâíûìè äîêó-

ìåíòàìè.

Óïàêîâêè ÐÀÎ, ñîäåðæà-

ùèå âçðûâîîïàñíûå è (èëè)

ñàìîâîçãîðàþùèåñÿ âåùå-

ñòâà, íå ìîãóò áûòü ïðèíÿòû

íà õðàíåíèå è çàõîðîíåíèå.

Ñîäåðæàíèå ÿäîâèòûõ âå-

ùåñòâ, õèìè÷åñêè òîêñè÷íûõ

âåùåñòâ, ïàòîãåííûõ è èí-

ôåêöèîííûõ ìàòåðèàëîâ â

óïàêîâêå ÐÀÎ äîëæíî áûòü

èçâåñòíî ñ äîñòàòî÷íîé ñòå-

ïåíüþ òî÷íîñòè è èìåòü îã-

ðàíè÷åíèÿ. Óïàêîâêè ÐÀÎ,

ñîäåðæàùèå õèìè÷åñêèå âå-

ùåñòâà ñ òîêñèìåòðè÷åñêèìè

õàðàêòåðèñòèêàìè, ñîîòâåò-

ñòâóþùèìè I êëàññó (÷ðåçâû-

÷àéíî îïàñíûå) è II êëàññó

step introduction of the VLLW (very low-level waste)

category, with some spadework already in progress.

3. The ways and key stages of implementing the RW

management concept

In this context it is necessary to identify the ways and the

basic process stages in general management of RW, such as

collection-sorting-compacting (for SRW), collection-

treatment-cementation (for LRW), and packing-storage-

disposal. The sequence and interrelation of process stages is

presented in Figure 6.

These operations will undoubtedly involve waste

transport and handling of large non-separable pieces of

equipment. Upon decontamination, some materials will be

reused, others will be classified under a different category –

that is, generally speaking, decontamination, compacting

and processing will result in reduction of the initial RW

volumes.

The next stage of determining the initial parameters is

in specifying operations for the main RW categories in

accordance with the handling methods adopted for them.

SRW categories are:

- High-level waste;

- Intermediate- and low-level waste;

- Very low-level waste (when this category is introduced).

LRW categories include:

- High-level waste;

- Intermediate- and low-level waste;

- LRW of complicated chemistry.

With the methods of LRW management determined, the

above list may be reduced to the main initial RW categories,

which should be considered in the general concept of RW

management in the region. Such categories are:

- High-level SRW;

- Intermediate- and low-

level SRW;

- Very low-level SRW (upon

introduction of this category);

- Liquid RW.

An important step and

final point in the process of RW

management is the waste

confinement and burial in

specially built repositories,

primarily in geological

formations, with no intent of

its subsequent retrieval. Such

disposal necessitates a

multibarrier system of

underground RW isolation

including natural (geological)

and man-made (engineered)

barriers. To this end, extensive

work has been done by the

leading scientific organiza-

tions, with a contribution of special importance made by the

Design and Survey Institute of Industrial Technology, the

Kola Research Centre and the Kola  Mining Institute  .

In those activities, the basic principles of secure RW

isolation in geological formations were identified as the

answerability to the future generations and the radiation

safety, which are consistent with the safety principles and

technical criteria developed by the IAEA. To this day, waste

burial in geological formations is universally recognized as

the safest and most reliable disposal method. The rock mass

in this case appears to be the key safety barrier.

At the same time, generation of RW to be disposed of

should be kept as low as reasonably achievable, with its

characteristics adjusted to conform to the current Russian

regulations and rules related to nuclear energy uses and RW

management.

Much importance is attached in this process to

development of the RW acceptance criteria and their

application, i.e., the quality criteria to be met after waste

collection, treatment, storage, and conditioning for long-

term storage and disposal. Development of the above

criteria is provided for in the Russian regulatory documents

and is currently in progress as applied to RW management

in the North-West Region.

During transportation and storage, it  is essential to

ensure the structural stability of the RW form, which is

determined by a combination of its main physical and

chemical characteristics. The waste form should be strong

enough to withstand the loads arising at various stages of

RW management, and should retain its geometry. It should

be resistant to any reasonably conceivable chemical,

biological, radiation and thermal impacts.

Рис. 4. Соотношение накопленных жидких РАО по категориям
Fig. 4. Distribution of accumulated LRW by categories

Fig. 5. Key Technological Phases of RW ManagementРис. 5. Основные технологические этапы обращения с РАО
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The acceptance criteria for storage and disposal of

conditioned RW should be adopted with regard to the

following waste characteristics:

- total activity of the RW package, specific activity of the

waste, and its radionuclide composition;

- equivalent dose rate;

- surface contamination;

- structural stability of the waste form;

- radiation resistance;

as well as to other properties specified in the current

regulations.

RW packages containing explosive and (or) spontaneously

igniting substances are not acceptable for storage and disposal.

The content of poisonous, chemically toxic, pathogenic and

infectious materials in a package should be known with a

sufficient degree of accuracy and has to be limited. RW packages

containing chemicals with toxic characteristics corresponding

to Class I (extremely dangerous) and Class II (highly dangerous)

will not be accepted for storage and disposal.

We shall now consider the general strategic approaches

to SRW and LRW management in the North-West Region.

Such approaches were to some extent presented to our

foreign partners at previous meetings and workshops, as

well as in the SMP-2 documents.

The key points of this approach are: centralized handling

of SRW at the regional centre for waste conditioning and

long-term storage, with only initial waste sorting and

packing done locally, and treatment of LRW on the sites of

its generation with the use of modular facilities.

One of the main stages of waste preparation for storage

and disposal is conditioning, which may involve a number of

methods, such as:

- placement and cementation of SRW in a cask;

- placement of treated SRW (LRW) in a cask;

- placement of solidified LRW in a cask;

- placement and cementing of SRW in a cask;

- placement of RW package in an additional cask.

By choosing the waste conditioning method it is

appropriate:

- to assess different conditioning methods with regard

to the requirements for safety in RW storage and disposal

as well as to the technical and economic factors;

- to analyze the expected RW characteristics after its

collection and treatment, the existing RW treatment

technologies, and the safety problems associated with waste

processing;

- to check the RW characteristics against the acceptance

criteria for storage and disposal.

Considering the complicated situation on the SNF and

RW storage site at Andreeva Bay as well as the fact that a

large part of the regional RW will come from this site, an

optimized decision was taken in consultation with the foreign

donors to build an infrastructure on the site to the extent

required for SRW and LRW handling.

In the cases unprovided for in the general management

and transport scheme, or necessitating special-purpose

(âûñîêîîïàñíûå), íå ïîäëåæàò ïðèåìó íà õðàíåíèå è çà-

õîðîíåíèå.

Ðàññìîòðèì îáùèå ñòðàòåãè÷åñêèå ïîäõîäû ïî îáðà-

ùåíèþ ñ ÒÐÎ è ÆÐÎ â Ñåâåðî-Çàïàäíîì ðåãèîíå.

Îñíîâíûìè ïîëîæåíèÿìè äàííîãî ïîäõîäà ÿâëÿþò-

ñÿ öåíòðàëèçàöèÿ îáðàùåíèÿ ñ òâåðäûìè ÐÀÎ â ðåãèî-

íàëüíîì öåíòðå êîíäèöèîíèðîâàíèÿ è äîëãîâðåìåííî-

ãî õðàíåíèÿ ðàäèîàêòèâíûõ îòõîäîâ ñ ïðîâåäåíèåì íà

ìåñòàõ ðàáîò òîëüêî ïî ïåðâè÷íîé ñîðòèðîâêå è óïàêîâ-

êå ÒÐÎ; ïåðåðàáîòêà æèäêèõ ðàäèîàêòèâíûõ îòõîäîâ â

ìåñòàõ èõ îáðàçîâàíèÿ ìîäóëüíûìè óñòàíîâêàìè.

Îäíèì èç îñíîâíûõ íà÷àëüíûõ ýòàïîâ ïîäãîòîâêè ÐÀÎ

ê õðàíåíèþ è çàõîðîíåíèþ ÿâëÿåòñÿ èõ êîíäèöèîíèðî-

âàíèå. Êîíäèöèîíèðîâàíèå ÐÀÎ ïðåäóñìàòðèâàåò íå-

ñêîëüêî îïåðàöèé, â òîì ÷èñëå:

- ðàçìåùåíèå íåïåðåðàáîòàííûõ ÒÐÎ (ÆÐÎ) â îäè-

íàðíîì èëè äâîéíîì êîíòåéíåðå;

- ðàçìåùåíèå ïåðåðàáîòàííûõ ÒÐÎ (ÆÐÎ) â êîíòåé-

íåðå;

- ðàçìåùåíèå îòâåðæäåííûõ ÆÐÎ â êîíòåéíåðå;

- ðàçìåùåíèå è îìîíîëè÷èâàíèå ÒÐÎ â êîíòåéíåðå;

- ðàçìåùåíèå óïàêîâêè ÐÀÎ â äîïîëíèòåëüíîì êîí-

òåéíåðå.

Ïðè âûáîðå ìåòîäà êîíäèöèîíèðîâàíèÿ ÐÀÎ öåëåñî-

îáðàçíî:

- îöåíèâàòü ðàçëè÷íûå ìåòîäû êîíäèöèîíèðîâàíèÿ

ÐÀÎ ñ ó÷åòîì òðåáîâàíèé ê îáåñïå÷åíèþ áåçîïàñíîñòè

ïðè õðàíåíèè è çàõîðîíåíèè ÐÀÎ, à òàêæå ñ ó÷åòîì òåõ-

íè÷åñêèõ è ýêîíîìè÷åñêèõ ôàêòîðîâ;

- àíàëèçèðîâàòü îæèäàåìûå ïîñëå ñáîðà è ïåðåðà-

áîòêè ÐÀÎ õàðàêòåðèñòèêè ÐÀÎ, èìåþùèåñÿ òåõíîëîãèè

ïåðåðàáîòêè ÐÀÎ è âîçíèêàþùèå ïðè ïåðåðàáîòêå ÐÀÎ

ïðîáëåìû îáåñïå÷åíèÿ áåçîïàñíîñòè;

- ïðîâîäèòü ñîïîñòàâëåíèå õàðàêòåðèñòèê ÐÀÎ è ñîîò-

âåòñòâóþùèõ êðèòåðèåâ ïðèåìëåìîñòè ÐÀÎ, êîòîðûì

ÐÀÎ äîëæíû îòâå÷àòü, ÷òîáû áûòü ïðèíÿòûìè íà õðàíå-

íèå è çàõîðîíåíèå.

Ñ ó÷åòîì ñëîæíîñòè îáñòàíîâêè â ÏÂÕ ÎßÒ è ÐÀÎ â

ãóáå Àíäðååâà, à òàêæå òîãî ôàêòà, ÷òî èìåííî òàì áó-

äåò îáðàçîâûâàòüñÿ âåñüìà çíà÷èòåëüíàÿ äîëÿ ðåãèî-

íàëüíûõ ÐÀÎ, â ðåçóëüòàòå êîíñóëüòàöèé è ïî ñîãëàñîâà-

íèþ ñ èíîñòðàííûìè äîíîðàìè ïðèíÿòî ðåøåíèå î ñî-

çäàíèè íà îáúåêòå ñîáñòâåííîé èíôðàñòðóêòóðû äëÿ îá-

ðàùåíèÿ ñ òâåðäûìè è æèäêèìè îòõîäàìè.

Îáðàùåíèå ñ ÐÀÎ â ñëó÷àÿõ, íå ïðåäóñìîòðåííûõ îá-

ùåé òðàíñïîðòíî-òåõíîëîãè÷åñêîé ñõåìîé, èëè òðåáóþ-

ùèõ ïðèìåíåíèÿ ñïåöèàëèçèðîâàííûõ òåõíîëîãèé, ïðî-

èçâîäèòñÿ ïî îòäåëüíûì ïðîåêòàì.

Äëÿ îáðàùåíèÿ ñî ñðåäíå- è íèçêîàêòèâíûìè ÒÐÎ, ñî-

ñòàâëÿþùèìè îñíîâíóþ ìàññó ÒÐÎ â ðåãèîíå, öåëåñîîá-

ðàçíî ïðèìåíèòü ñõåìó îáðàùåíèÿ, èçîáðàæåííóþ íà

ðèñ. 6. Â ìåñòàõ õðàíåíèÿ è îáðàçîâàíèÿ ÐÀÎ ïðîèçâî-

äÿòñÿ ñáîð, ñîðòèðîâêà, ïåðâè÷íàÿ äåçàêòèâàöèÿ è óïà-

êîâêà äëÿ òðàíñïîðòèðîâàíèÿ.

Ïîñëå âûïîëíåíèÿ äàííûõ îïåðàöèé ÷àñòü îòõîäîâ

ïåðåéäåò â êàòåãîðèþ î÷åíü íèçêîàêòèâíûõ è áóäåò ïå-

ðåäàíà â ñîîòâåòñòâóþùóþ ñõåìó îáðàùåíèÿ. ×àñòü îò-

õîäîâ áóäåò âîçâðàùåíà â õîçÿéñòâåííûé îáîðîò, îñòàâ-

øàÿñÿ ÷àñòü äîëæíà áûòü óïàêîâàíà â êîíòåéíåðû äëÿ

òðàíñïîðòèðîâàíèÿ â ðåãèîíàëüíûé öåíòð êîíäèöèîíè-

ðîâàíèÿ è äîëãîâðåìåííîãî õðàíåíèÿ è ðàçìåùåíà íà

áóôåðíûõ ïëîùàäêàõ îáúåêòîâ, ñ êîòîðûõ áóäåò âûâî-

çèòüñÿ ïî ìåðå íàêîïëåíèÿ.

Êðóïíîãàáàðèòíîå íåðàçáîðíîå ðàäèàöèîííî-îïàñ-

íîå îáîðóäîâàíèå ïîñëå äåçàêòèâàöèè ìîæåò íå óïàêî-

âûâàòüñÿ â êîíòåéíåðû, à äîñòàâëÿòüñÿ â ðåãèîíàëüíûé

öåíòð öåëèêîì. Äîñòàâêà êîíòåéíåðîâ äîëæíà îñóùåñòâ-

ëÿòüñÿ ïðåèìóùåñòâåííî ñ èñïîëüçîâàíèåì ñóäíà-êîíòåé-

íåðîâîçà, ñòðîèòåëüñòâî êîòîðîãî ïëàíèðóåòñÿ ïî êîí-

òðàêòó ñ Èòàëèåé.

Âàæíûì ïðåäñòàâëÿåòñÿ âîïðîñ óíèôèêàöèè êîíòåé-

íåðíîãî ïàðêà äëÿ óïàêîâêè ÒÐÎ íà îáúåêòàõ. Â öåëÿõ

ñîêðàùåíèÿ îáúåìîâ îïåðàöèé íà ìåñòàõ îáðàçîâàíèÿ

ÒÐÎ óïàêîâûâàòü ÒÐÎ íà ìåñòàõ öåëåñîîáðàçíî â îáî-

ðîòíûå òðàíñïîðòíûå êîíòåéíåðû åäèíîãî îáðàçöà, êî-

òîðûå áóäóò ïîñòàâëÿòüñÿ íà ìåñòà èç ðåãèîíàëüíîãî

öåíòðà ïîñëå îñâîáîæäåíèÿ îò îòõîäîâ ïðåäûäóùèõ

ïàðòèé.

Ïîñëå äîñòàâêè ÒÐÎ â ðåãèîíàëüíûé öåíòð îòõîäû

ïîäëåæàò ðàñïàêîâêå è ïåðåäà÷å íà åãî ìîùíîñòè äëÿ

îêîí÷àòåëüíîé ïîäãîòîâêè ê äîëãîâðåìåííîìó õðàíå-

íèþ, âêëþ÷àÿ ñòàäèè îêîí÷àòåëüíîé ñîðòèðîâêè è ãëóáî-

êîãî êîìïàêòèðîâàíèÿ. Ïîñëå ïðîõîæäåíèÿ òåõíîëîãè-

÷åñêîé öåïî÷êè ðåãèîíàëüíîãî öåíòðà îòõîäû ïîäëåæàò

óïàêîâêå â ñåðòèôèöèðîâàííûå äëÿ äîëãîâðåìåííîãî

õðàíåíèÿ êîíòåéíåðû, òèï êîòîðûõ äîëæåí áûòü îïðåäå-

ëåí, à êîíòåéíåðû èçãîòîâëåíû è ïîñòàâëåíû â ðåãèî-

íàëüíûé öåíòð.

Èñêëþ÷åíèåì èç äàííîãî ïðàâèëà ìîæåò ñòàòü ÏÂÕ

ÎßÒ è ÐÀÎ â ãóáå Àíäðååâà, êîòîðûé, êàê îòìå÷àëîñü

âûøå, ÿâëÿåòñÿ îñíîâíûì èñòî÷íèêîì ÐÀÎ â ðåãèîíå è

ãäå ïëàíèðóåòñÿ ñîçäàíèå ñîáñòâåííûõ ìîùíîñòåé äëÿ

îáðàùåíèÿ ñ ÐÀÎ. Íà îáúåêòå áóäóò ïðîâîäèòüñÿ âñå íå-

îáõîäèìûå òåõíîëîãè÷åñêèå îïåðàöèè ñ îòõîäàìè äî

óïàêîâêè êîìïàêòèðîâàííûõ ÒÐÎ â êîíòåéíåðû, ïðåäíàç-

íà÷åííûå äëÿ õðàíåíèÿ â ðåãèîíàëüíîì öåíòðå, ñ ó÷å-

òîì êðèòåðèåâ ïðèåìëåìîñòè ÐÀÎ äëÿ èõ äîëãîâðåìåí-

íîãî õðàíåíèÿ â ðåãèîíàëüíîì öåíòðå. Äàííûå êîíòåé-

íåðû áóäóò äîñòàâëÿòüñÿ â ðåãèîíàëüíûé öåíòð è áåç

äîïîëíèòåëüíûõ òåõíîëîãè÷åñêèõ îïåðàöèé íàïðàâëÿòüñÿ

íà õðàíåíèå.

Ïîñëå ââåäåíèÿ êàòåãîðèè î÷åíü íèçêîàêòèâíûõ îò-

õîäîâ ïîÿâèòñÿ âîçìîæíîñòü çíà÷èòåëüíî ñîêðàòèòü îáúå-

ìû êîíòåéíåðíîãî õðàíåíèÿ îòõîäîâ, è ñîîòâåòñòâåííî

îáúåìû ñòðîèòåëüñòâà â ðåãèîíàëüíîì öåíòðå. Îñíîâ-

íûìè ñîñòàâëÿþùèìè äàííîãî òèïà îòõîäîâ áóäóò ÿâ-

ëÿòüñÿ ãðóíò, ãîðþ÷èå îòõîäû, âòîðè÷íûå îòõîäû ðåàáè-

ëèòàöèîííûõ ðàáîò (ñòðîèòåëüíûå êîíñòðóêöèè), îòäåëü-

íûå ýëåìåíòû âñïîìîãàòåëüíîãî îáîðóäîâàíèÿ (ðèñ. 7).

Îñíîâíûå ïóòè îáðàçîâàíèÿ î÷åíü íèçêîàêòèâíûõ îò-

õîäîâ – ñáîð, î÷èñòêà ãðóíòà ìîáèëüíîé ìîäóëüíîé óñòà-

íîâêîé, ïåðåâîä èç êàòåãîðèè ñðåäíå- è íèçêîàêòèâíûõ

technologies, the RW  will be handled under separate

projects.

The management scheme presented in Fig. 6 is

recommended for handling intermediate- and low-level SRW,

which constitutes the bulk of the SRW in the region. Waste

collection, sorting, primary treatment and packing for

transportation will be arranged in situ.

On completion of these operations, some materials will

be reclassified as very low-level waste and will be transferred

to the appropriate management system. Part of the waste

will be diverted for reuse, and the rest will be packed in

casks and placed on the site buffer pads to be subsequently

shipped as required to the regional centre for conditioning

and long-term storage.

After decontamination, large-size non-separable

components should not be necessarily packed in casks but

may be prepared with the use of special technologies and

thus delivered in one piece to the regional centre. Casks

should be shipped primarily by a special carrier ship, which is

to be built under a contract with Italy.

A point of importance to this scheme is unification of the

casks for SRW packing on the sites. In order to reduce the

operations in places of SRW generation, it is expedient to

have this waste packaged in situ using returnable shipping

casks of the same model, which will be delivered from the

regional centre when cleared of the previous waste.

On delivery to the regional centre, the waste will be

unpacked and transferred to the appropriate facilities to be

finally prepared for long-term  storage including final sorting

and high compaction. Having undergone the whole process

at the centre, waste is to be packed in casks qualified for

long-term storage; the casks, which type is yet to be

determined, will be manufactured and supplied to the

regional centre.

A possible exception to this rule is the SNF and RW storage

site at Andreeva Bay, which, as mentioned earlier, is the

main source of RW in the region, and where it is planned to

provide special facilities for RW management. On this site,

waste will undergo all the essential operations including

placement of compacted waste in the casks to be stored at

the regional centre, provided they meet the acceptance

criteria for long-term storage at the centre. These casks will

be delivered to the centre and placed in storage without

any additional treatment.

Once the category of very low-level waste (VLLW) is

introduced, it will be possible to reduce considerably the

volumes of containerized waste storage and, consequently,

the structural volumes of the regional centre. Such waste

will consist mostly of soil, combustible waste, secondary waste

from remediation work (building units), and individual

components of auxiliary equipment (Fig. 7).

VLLW will result primarily from soil collection and

treatment by a mobile modular facility, as well as from

decontamination of intermediate- and low-level waste. The

options under consideration for such waste are to store it in

special subsurface facilities at Andreeva Bay and Gremikha
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îòõîäîâ ïîñëå äåçàêòèâàöèè. Î÷åíü íèçêîàêòèâíûå îòõî-

äû ïðåäïîëàãàåòñÿ ðàçìåùàòü â ñïåöèàëüíîì ïðèïîâåð-

õíîñòíîì õðàíèëèùå â ÏÂÕ ÎßÒ è ÐÀÎ â ãóáå Àíäðååâà è

ï. Ãðåìèõà, à òàêæå äîñòàâëÿòü â ðåãèîíàëüíûé öåíòð,

äëÿ ñóïåðêîìïàêòèðîâàíèÿ è ðàçìåùåíèÿ íà õðàíåíèå.

Äëÿ æèäêèõ ðàäèîàêòèâíûõ îòõîäîâ ïðåäïîëàãàåòñÿ

ñëåäóþùèé ïîðÿäîê îáðàùåíèÿ. ÆÐÎ ïîäëåæàò ïåðåðà-

áîòêå íà ìåñòàõ ìîäóëüíûìè óñòàíîâêàìè ñ ïîñëåäóþ-

ùèì îòâåðæäåíèåì îòõîäîâ ïåðåðàáîòêè è óïàêîâêè èõ

â ñòàíäàðòíûå áî÷êè äëÿ òðàíñïîðòèðîâàíèÿ ê ìåñòó õðà-

íåíèÿ â ðåãèîíàëüíîì öåíòðå.

Âûáîð òåõíîëîãèè ïåðåðàáîòêè âûñîêîàêòèâíûõ ÆÐÎ

è ÆÐÎ ñëîæíîãî õèìè÷åñêîãî ñîñòàâà îïðåäåëÿåòñÿ â êàæ-

äîì êîíêðåòíîì ñëó÷àå â çàâèñèìîñòè îò èõ ôèçèêî-õè-

ìè÷åñêèõ ñâîéñòâ, óñëîâèé è ìåñò íàõîæäåíèÿ äàííûõ îò-

õîäîâ.

4. Œ·‡˘ÂÌËÂ Ò ‚˚ÒÓÍÓ‡ÍÚË‚Ì˚ÏË –¿Œ

Îñîáóþ ñëîæíîñòü ïðåäñòàâëÿåò ïîðÿäîê îáðàùåíèÿ

ñ òâåðäûìè âûñîêîàêòèâíûìè îòõîäàìè. Èõ äîëÿ â îá-

ùåì îáúåìå ÐÀÎ íå ïðåâûøàåò 1,5%. Îñíîâíûìè âèäà-

ìè äàííûõ îòõîäîâ ÿâëÿþòñÿ ñòåðæíè ñèñòåì óïðàâëå-

íèÿ è çàùèòû, à òàêæå ëîâóøêè ñ ñîðáåíòàìè ôèëüòðîâ

àêòèâíîñòè, ðàçìåùåííûå â îñíîâíîì íà òåððèòîðèè ÏÂÕ

ÎßÒ è ÐÀÎ, à òàêæå íà ñóäîðåìîíòíûõ çàâîäàõ (ðèñ. 8).

Ëîâóøêè ñ ñîðáåíòàìè ôèëüòðîâ àêòèâíîñòè ïîäëå-

æàò óïàêîâêå â ñïåöèàëüíûå êîíòåéíåðû, ïîñëå ÷åãî

òðàíñïîðòèðóþòñÿ â ðåãèîíàëüíûé öåíòð, ãäå ðàçìåùà-

þòñÿ íà äîëãîâðåìåííîå õðàíåíèå.

Îáðàùåíèå ñî ñòåðæíÿìè ÑÓÇ çàâèñèò îò ñîñòîÿíèÿ

ñòåðæíåé. Ñòåðæíè, íàõîäÿùèåñÿ â êîíäèöèîííîì ñîñòî-

ÿíèè, íå èìåþùèå âíåøíèõ ïîâðåæäåíèé è èñêðèâëåíèé

ïî äëèíå, öåëåñîîáðàçíî ðàçìåùàòü â êîðïóñàõ ðåàêòî-

ðîâ óòèëèçèðóåìûõ ÀÏË â ïåðèîä ôîðìèðîâàíèÿ îäíî-

îòñå÷íûõ áëîêîâ íà «ÖÑ ÑÐÇ «Íåðïà».

Ñòåðæíè, ðàçìåùåíèå êî-

òîðûõ â êîðïóñàõ ðåàêòîðîâ

íåâîçìîæíî, ïîäëåæàò ðàç-

ìåùåíèþ â ñïåöèàëüíûõ êîí-

òåéíåðàõ è óñòàíîâêå â ñïåö-

õðàíèëèùå â ðåãèîíàëüíîì

öåíòðå. ×èñëî ñòåðæíåé ÑÓÇ,

ðàçìåùåííûõ â ÏÂÕ ÎßÒ è

ÐÀÎ, à òàêæå íà ñóäàõ ÀÒÎ, â

íàñòîÿùåå âðåìÿ îöåíèâàåò-

ñÿ ðàâíûì 1800 åäèíèö, îä-

íàêî, íà íàø âçãëÿä, ýòà öèô-

ðà ïîäëåæèò óòî÷íåíèþ, ÷òî

è ïðåäñòîèò ñäåëàòü ïî ìåðå

âûïîëíåíèÿ îáñëåäîâàíèé

õðàíèëèù è ïðîâåäåíèÿ ðàáîò

â ãóáå Àíäðååâà è ï. Ãðåìèõà.

Ðàçìåùåíèå ñòåðæíåé ÑÓÇ

â êîðïóñàõ ðåàêòîðîâ óòèëè-

çèðóåìûõ ÀÏË ÿâëÿåòñÿ òåõ-

íè÷åñêè ñëîæíîé çàäà÷åé, òðåáóþùåé ñîçäàíèÿ ñïåöèà-

ëèçèðîâàííîãî ó÷àñòêà, ïðåäïîëîæèòåëüíî íà ñòàïåëü-

íîé ïëèòå «ÖÑ ÑÐÇ «Íåðïà», ÷òîáû ìàêñèìàëüíî ïðèáëè-

çèòü åãî ê ìåñòó ôîðìèðîâàíèÿ îäíîîòñå÷íûõ áëîêîâ è

îáåñïå÷èòü äîñòóï ê êîðïóñàì ðåàêòîðîâ. Èçâëå÷åíèå ñòåð-

æíåé ÑÓÇ èç ìåñò õðàíåíèÿ, äîñòàâêà ê ìåñòó ïðîâåäå-

íèÿ ðàáîò, ðàçìåùåíèå â êîðïóñàõ ðåàêòîðîâ, îáåñïå÷å-

íèå áåçîïàñíîñòè ïðîâåäåíèÿ ðàáîò – âñå ýòè ýòàïû âêëþ-

÷àåò òðàíñïîðòíî-òåõíîëîãè÷åñêàÿ ñõåìà îáðàùåíèÿ ñ âû-

ñîêîàêòèâíûìè îòõîäàìè, â íàñòîÿùåå âðåìÿ ðàçðàáà-

òûâàåìàÿ â ÍÈÊÈÝÒ.

Ïðåèìóùåñòâîì ïðåäëàãàåìîé ñõåìû îáðàùåíèÿ ñ

âûñîêîàêòèâíûìè ñòåðæíÿìè ÑÓÇ ÿâëÿåòñÿ òîò ôàêò, ÷òî

ïîñëå ðàçìåùåíèÿ èõ â êîðïóñàõ ðåàêòîðîâ óòèëèçèðóå-

ìûõ ÀÏË âîïðîñ ðåøàåòñÿ åäèíîâðåìåííî è îêîí÷àòåëü-

íî, òàê êàê âïîñëåäñòâèè ïðè óòèëèçàöèè îäíîîòñå÷íûõ

áëîêîâ ÐÎ ðàçáîðêà êîðïóñîâ ðåàêòîðîâ íå ïëàíèðóåòñÿ,

è îíè îòïðàâëÿþòñÿ íà çàõîðîíåíèå áåç âñêðûòèÿ. Íà íàø

âçãëÿä, ëó÷øèé êîíòåéíåð äëÿ âûñîêîàêòèâíûõ îòõîäîâ

ïðåäëîæèòü ñëîæíî.

Ñòåðæíè ÑÓÇ, ðàçìåùåííûå äàæå â ñàìûõ ñîâðåìåí-

íûõ êîíòåéíåðàõ, ïîòðåáóþò çàòðàò íà äîëãîâðåìåííîå

õðàíåíèå â ðåãèîíàëüíîì öåíòðå, à òàêæå çàòðàò íà ïîñ-

ëåäóþùåå çàõîðîíåíèå ñ âîçìîæíîé ïåðåêëàäêîé â íî-

âûå êîíòåéíåðû.

Èçëîæåííûå ìåòîäû îáðàùåíèÿ ñ ðàçëè÷íûìè òèïà-

ìè ðàäèîàêòèâíûõ îòõîäîâ ôîðìèðóþò îñíîâíûå òðå-

áîâàíèÿ ê ñèñòåìå îáðàùåíèÿ ñ ÐÀÎ â ðåãèîíå, òåõíè÷åñ-

êèì õàðàêòåðèñòèêàì è ôóíêöèÿì ðåãèîíàëüíîãî öåíò-

ðà.

Ïðîèçâîäèòåëüíîñòü ðåãèîíàëüíîãî öåíòðà êîíäèöè-

îíèðîâàíèÿ è äîëãîâðåìåííîãî õðàíåíèÿ ðàäèîàêòèâ-

íûõ îòõîäîâ ïî ïðèåìó è ïåðåðàáîòêå äîëæíà ñîñòàâ-

ëÿòü 5–7,5 òûñ. ì3/ãîä, îðèåíòèðîâî÷íûé îáúåì ïðèíè-

ìàåìûõ ÐÀÎ 100 000 ì3. Îòõîäû ñîñòîÿò ïðèìåðíî èç

or to ship it to the regional centre where it will be super

compacted and put in storage as required for waste of this

category.

The current plan for handling liquid radioactive waste

management looks as follows (Fig. 10). LRW is to be treated

in situ by modular facilities, with the resulting waste solidified

and packed in standard drums for transportation to their

storage facilities at the regional centre.

Technologies for processing LRW of high activity or

complicated chemistry should be chosen on a case-by-case

basis depending on the physical and chemical properties,

the conditions and location of the waste in question.

4. High-level solid waste management

High-level solid waste, which accounts for no more than

1.5 % in the total RW volume, is particularly difficult for

management. The main types of such waste are rods of

control and protection systems and activity traps with

sorption filters, found mostly on the temporary SNF and RW

storage sites and at the area of shipyards (Fig. 8).

The activity traps are to be packed in special casks and

transported to the regional centre for long-term storage.

The CPS rods will be treated depending on their condition.

Rods showing no external damage or bending may be

accommodated  inside the reactor vessels of decommissioned

submarines during formation of one- compartment unit at

Nerpa Shipyard.

If such disposition in reactor vessels proves impossible,

the rods will be loaded in special casks and put in a special

storage facility of the regional centre. The total number of

CPS rods found in the temporary SNF and RW storage facilities

and on nuclear service ships is currently estimated to be as

many as 1800, but this figure has to be updated, which will

be done during examination of storage facilities and

operations on Andreeva Bay and Gremikha sites.

Disposition of CPS rods in reactor vessels is a technically

complicated task, which necessitates arrangement of a

special  working area, presumably on building ways at Nerpa,

making it as close as possible to the site of formation of one-

compartment units and providing access to the reactor

vessels; it involves retrieval of CPS rods from their storage

places, their delivery to the working area and

accommodation in reactor vessels, with the safety of all

operations properly assured. The HLW management and

transport scheme is being elaborated by NIKIET.

An advantage of the proposed way of handling the highly

active CPS rods lies in the fact that, once they are placed in

the reactor vessels of decommissioned submarines, the

question will be settled in a conclusive way as there is no

intention to dismantle such vessels later – they will be

disposed of in one piece. In our opinion, it is hard to find a

better container for high-level waste.

Even if CPS rods are loaded in the best casks available,

their long-term storage at the regional centre will  entail

expenses, and so will their subsequent disposal with possible

repacking in new casks.

The described methods of handling various types of RW

dictate basic requirements for the system of RW

management in the region, for the technical characteristics

and functions of the regional centre.

The regional centre for conditioning and long-term

storage of RW should be designed to take in and process

waste at a rate of 5-7.5 thousand m3/year, with the RW

volume to be accommodated tentatively estimated at

100 000 m3. The waste includes roughly 65 % of metal, 25 %

of compactible non-combustible materials, and 10 % of

combustible waste. Capabilities should be provided for

dismantling, decontamination, conditioning, temporary

storage and radiation monitoring of radioactive materials

and waste.

Рис. 6. Обращение со средне" и низкоактивными твердыми отходами Fig. 6. Intermediate" and Low"Level Solid Waste Management
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65% ìåòàëëè÷åñêèõ, 25% ïðåññóþùèõñÿ íåãîðþ÷èõ è 10%

ãîðþ÷èõ îòõîäîâ. Ïðåäóñìàòðèâàþòñÿ ìîùíîñòè, îáåñ-

ïå÷èâàþùèå äåìîíòàæ, äåçàêòèâàöèþ, êîíäèöèîíèðîâà-

íèå, âðåìåííîå õðàíåíèå è ðàäèàöèîííûé êîíòðîëü ðà-

äèîàêòèâíûõ ìàòåðèàëîâ è îòõîäîâ.

Îáðàùåíèå ñ ÎßÒ â öåíòðå íå ïðåäïîëàãàåòñÿ. Â ðåãè-

îíàëüíîì öåíòðå äîëæíû áûòü îáåñïå÷åíû ïðèåì è ïå-

ðåðàáîòêà òåõ ñïåöèàëüíûõ îáúåêòîâ, õðàíÿùèõñÿ íà 2-é

î÷åðåäè (îòñåêîâ ñóäîâ ÀÒÎ, ðåàêòîðíûõ îòñåêîâ ëåäî-

êîëîâ è äðóãèõ íàäâîäíûõ êîðàáëåé), ãàáàðèòû êîòîðûõ

ïðåâûøàþò ãàáàðèòû ðåàêòîðíûõ îòñåêîâ àòîìíûõ ïîä-

âîäíûõ ëîäîê. Äîëæíà áûòü ïðèíöèïèàëüíî ïðåäóñìîò-

ðåíà ðàçáîðêà ðåàêòîðíûõ îòñåêîâ â öåõó ðàçáîðêè, ïðè

íåîáõîäèìîñòè ïîñëå ïðîâåäåííîãî äîîáîðóäîâàíèÿ.

Äîëæíà áûòü îáåñïå÷åíà âîçìîæíîñòü îáðàùåíèÿ ñ ÆÐÎ,

îáðàçóþùèìèñÿ ïðè âûïîëíåíèè öåíòðîì ñîáñòâåííûõ

òåõíîëîãè÷åñêèõ îïåðàöèé.

No provisions are made for handling spent nuclear fuel

at the regional centre. The centre should be capable of taking

in and processing the special facilities to be kept in the

regional storage facility of the second construction stage

(compartments of nuclear service ships, reactor

compartments of icebreakers and other surface ships), whose

dimensions are larger than those of submarine reactor

compartments. Reactor compartments are to be taken apart

in the dismantling shop, which will be additionally equipped

if required. Capabilities should be provided for handling the

LRW management from the internal processes taking place

at the centre.

5. Conclusions

This approach allows optimal use of the infrastructure

available already or yet to be built.

Local operation of transportable modular facilities alone

will minimize the number of facilities

to be built on the sites, which will

have to be subsequently dismantled

or subjected to remediation.

In the cases unprovoked for in

the general management and

transport scheme, the RW will be

handled under separate projects.

The technical assignment on

building the regional centre for RW

conditioning and long-term storage

should describe as much as possible

the equipment and facilities to be

provided.

It is necessary to assess in

technical and economic terms and

to optimize the management and

transport options for RW delivery

to the regional centre.

5. ¬˚‚Ó‰˚

Äàííûé ïîäõîä ïîçâî-

ëÿåò îïòèìàëüíî èñïîëü-

çîâàòü êàê óæå èìåþùóþ-

ñÿ, òàê è âíîâü ñîçäàâàå-

ìóþ èíôðàñòðóêòóðó.

Ïðèìåíåíèå íà ìåñòàõ

òîëüêî òðàíñïîðòèðóåìûõ

ìîäóëüíûõ óñòàíîâîê

îáåñïå÷èâàåò ñîêðàùåíèå

äî ìèíèìóìà ÷èñëà îáúåê-

òîâ êàïèòàëüíîãî ñòðîè-

òåëüñòâà íà ìåñòàõ, êîòî-

ðûå ñàìè ïîäëåæàò ïîñëå-

äóþùåé ëèêâèäàöèè èëè

ðåàáèëèòàöèè.

Îáðàùåíèå ñ ÐÀÎ â ñëó-

÷àÿõ, íå ïðåäóñìîòðåííûõ

îáùåé òðàíñïîðòíî-òåõíî-

ëîãè÷åñêîé ñõåìîé, ïðîèç-

âîäèòñÿ ïî îòäåëüíûì ïðîåêòàì.

Òåõíè÷åñêîå çàäàíèå íà ñîçäàíèå ðåãèîíàëüíîãî öåí-

òðà êîíäèöèîíèðîâàíèÿ è äîëãîâðåìåííîãî õðàíåíèÿ

ÐÀÎ äîëæíî ñîäåðæàòü äàííûå ïî íàèáîëåå ïîëíîìó

íàñûùåíèþ îáúåêòà íåîáõîäèìûì îáîðóäîâàíèåì è òåõ-

íè÷åñêèìè ñðåäñòâàìè.

Íåîáõîäèìî ïðîèçâåñòè òåõíèêî-ýêîíîìè÷åñêóþ îöåí-

êó è îïòèìèçàöèþ âàðèàíòîâ òðàíñïîðòíî-òåõíîëîãè÷åñ-

êèõ ñõåì äîñòàâêè ÐÀÎ â ðåãèîíàëüíûé öåíòð êîíäèöèî-

íèðîâàíèÿ è äîëãîâðåìåííîãî õðàíåíèÿ ÐÀÎ.

Íåîáõîäèìî ÷åòêî îïðåäåëèòü, óíèôèöèðîâàòü è ìè-

íèìèçèðîâàòü íîìåíêëàòóðó êîíòåéíåðîâ, ïîäëåæàùèõ

ïðèìåíåíèþ â òðàíñïîðòíî-òåõíîëîãè÷åñêîé ñõåìå.

Óêàçàííûå ðàáîòû â íàñòîÿùåå âðåìÿ âåäóòñÿ è ïëà-

íèðóþòñÿ ê çàâåðøåíèþ â òåêóùåì ãîäó.

Âñå ïðèíöèïèàëüíûå òåõíè÷åñêèå ðåøåíèÿ ïî ñèñòå-

ìå îáðàùåíèÿ ñ ÐÀÎ äîëæíû ñîãëàñîâûâàòüñÿ ñ ÍÈÊÈÝÒ

êàê íàó÷íûì ðóêîâîäèòåëåì ðà-

áîò – ãîëîâíîé îðãàíèçàöèåé ïî

ÿäåðíîé è ðàäèàöèîííîé áåçî-

ïàñíîñòè ïðè óòèëèçàöèè ÀÏË è

ýêîëîãè÷åñêîé ðåàáèëèòàöèè

ÿäåðíûõ è ðàäèàöèîííî-îïàñíûõ

îáúåêòîâ è óòâåðæäàòüñÿ Ðîñàòî-

ìîì â öåëÿõ èñêëþ÷åíèÿ íåñêî-

îðäèíèðîâàííûõ äåéñòâèé è îáåñ-

ïå÷åíèÿ ïðîâåäåíèÿ åäèíîé íà-

ó÷íî-òåõíè÷åñêîé ïîëèòèêè ïðè

îáðàùåíèè ñ ÐÀÎ â Ñåâåðî-Çàïàä-

íîì ðåãèîíå.

Рис. 7. Обращение с очень низкоактивными твердыми отходами (после введения категории) Fig. 7. Management of Very Low"Level Solid Waste (after introduction of this category)

Fig. 8. Management of High"Level Solid WasteРис. 8. Обращение с высокоактивными твердыми радиоактивными отходами

The casks to be used in the handling and transport process

should be clearly identified and unified, with the number of

their types reduced to a minimum.

Such work is already in progress and is planned to be

completed next year.

All the basic engineering solutions for the RW

management system should be adopted in consultation with

NIKIET as the scientific leader of the programme and the

organization in charge of nuclear and radiation safety in

decommissioning of nuclear powered submarines and

environmental remediation of nuclear sites. Such decisions

should also be approved by Rosatom in order to prevent

uncoordinated actions and to have a common radioactive

waste management policy pursued in the North-West

Region.


