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Öåëåñîîáðàçíîñòü ââåäåíèÿ êàòåãîðèè î÷åíü íèçêî-

àêòèâíûõ îòõîäîâ îáîñíîâàíà è íàøëà ïðàêòè÷åñêîå ïðè-

ìåíåíèå íà îáúåêòàõ ÿäåðíîé ýíåðãåòèêè âî Ôðàíöèè,

Âåëèêîáðèòàíèè, Øâåöèè, Èòàëèè, îäíàêî íå ïðèíÿòà â

ÑØÀ, Áåëüãèÿ, Ôèíëÿíäèè, Ãåðìàíèè. Â Ðîññèè ïåðâàÿ

ïîïûòêà âûäåëåíèÿ ïîäîáíîé êàòåãîðèè áûëà ñäåëàíà

ïðè ïîäãîòîâêå ÎÑÏÎÐÁ-99 [1]. Ê ñëåäóþùåìó ýòàïó ìîæ-

íî îòíåñòè ðåçóëüòàòû ðîññèéñêî-íîðâåæñêî-øâåäñêèõ

èññëåäîâàíèé, êîòîðûå ðàññìàòðèâàëèñü íà ÊÝÃ â ã. Ñòîê-

ãîëüìå 26–27 àïðåëÿ 2006 ã. Òàì áûëî îòìå÷åíî, ÷òî

ââåäåíèå â Ðîññèè ïî ïðèìåðó íåêîòîðûõ åâðîïåéñêèõ

ñòðàí äîïîëíèòåëüíîé êàòåãîðèè îòõîäîâ – î÷åíü íèçêî-

àêòèâíûõ îòõîäîâ (ÎÍÀÎ) – áóäåò ñîäåéñòâîâàòü ýôôåê-

òèâíîìó è ýêîíîìè÷íîìó îáðàùåíèþ ñ áîëüøèìè îáúå-

ìàìè ÐÀÎ, îñîáåííî îáðàçóþùèõñÿ íà ðàäèàöèîííî-çàã-

ðÿçíåííûõ îáúåêòàõ òèïà ãóáû Àíäðååâà è ï. Ãðåìèõà. Â

íàñòîÿùåå âðåìÿ ðåçóëüòàòû ýòèõ èññëåäîâàíèé âíåäðå-

íû â ãèãèåíè÷åñêèå òðåáîâàíèÿ ïî îáðàùåíèþ ñ ïðîìûø-

ëåííûìè îòõîäàìè íà ÔÃÓÏ «ÑåâÐÀÎ» [2].

Ðåøåíèå ïðîáëåìû óòèëèçàöèè è ðåàáèëèòàöèè áûâ-

øèõ ÿäåðíî- è ðàäèàöèîííî-îïàñíûõ îáúåêòîâ ÂÌÔ â

Ñåâåðî-Çàïàäíîì ðåãèîíå Ðîññèè, íåñîìíåííî, òðåáóåò

÷åòêîé êëàññèôèêàöèè ÐÀÎ, êîíêðåòèçàöèè âñåõ ýòàïîâ

îáðàùåíèÿ ñ ïðîìûøëåííûìè îòõîäàìè è óñëîâèé îñâî-

áîæäåíèÿ ìàòåðèàëîâ, ñîäåðæàùèõ íåçíà÷èòåëüíîå êî-

ëè÷åñòâî ðàäèîàêòèâíûõ âåùåñòâ, îò ðåãóëèðóþùåãî êîí-

òðîëÿ. Ñëåäóåò îòìåòèòü, ÷òî òâåðäûå ðàäèîàêòèâíûå

îòõîäû (ÒÐÎ) îò óòèëèçàöèè è ðåàáèëèòàöèè îòíîñÿòñÿ ê

îòõîäàì äëèòåëüíîé âûäåðæêè è ñîäåðæàò 50–70% 137Cs,

10–20% 90Sr , 5–15% 60Co, 1–5% 54Mn, 134Cs. Ïðàêòè÷åñêè

âåçäå îòñóòñòâóåò çíà÷èìîå çàãðÿçíåíèå α-èçëó÷àþùè-

ìè íóêëèäàìè [3,4]. Ïîýòîìó, ñðàâíèâàÿ ðàçëè÷íûå ïîä-

õîäû îáðàùåíèÿ ñ ÐÀÎ, â ïåðâóþ î÷åðåäü ñëåäóåò îðèåí-

òèðîâàòüñÿ íà 137Cs, 90Sr è ó÷èòûâàòü âëèÿíèå 60Co. Ïî îáúå-

ìó äî 90% ÒÐÎ îòíîñÿòñÿ ê ÍÀÎ, äî 10% ñîñòàâëÿþò ÑÀÎ

è íå áîëåå 1% – ÂÀÎ. Îòõîäû ñ÷èòàþò ðàäèîàêòèâíûìè,

åñëè ìèíèìàëüíî çíà÷èìûå óðîâíè óäåëüíîé àêòèâíîñ-

òè (ÌÇÓÀ) âõîäÿùèõ â íèõ ðàäèîíóêëèäîâ ïðåâûøàþò çíà-

÷åíèÿ, îïðåäåëåííûå ÍÐÁ-99. ÐÀÎ ïîäðàçäåëÿþò íà òðè

êàòåãîðèè (òàáë. 1, 2 [5]).

Îòõîäû, ñîäåðæàùèå òåõíîãåííûå ðàäèîíóêëèäû ñ àê-

òèâíîñòüþ ìåíåå ÌÇÓÀ, îòíîñÿò ê ïðîìûøëåííûì îòõî-

äàì, ÷àñòü èç êîòîðûõ âûâîçÿò äëÿ îêîí÷àòåëüíîãî çàõî-

ðîíåíèÿ íà ãîðîäñêèå ïîëèãîíû (ìîùíîñòü äîçû ñ ôî-

íîì ìåíåå 0,3 ìêÃð/÷),  à äðóãóþ ÷àñòü  õðàíÿò  â òå÷åíèå

äëèòåëüíîãî âðåìåíè â êîíòðîëèðóåìûõ óñëîâèÿõ íà

ñïåöèàëüíûõ ïëîùàäêàõ (ïîëèãîíàõ) ïðåäïðèÿòèé. Òàêîé

ïîäõîä íå âñåãäà îáåñïå÷èâàåò áåçîïàñíîñòü ãîðîäñêèõ

ïîëèãîíîâ, òàê êàê íà èõ òåððèòîðèè èíîãäà ïîïàäàþò

ìàòåðèàëû ñ óðîâíÿìè áîëåå 0,3 ìêÃð/÷. Äëèòåëüíîå õðà-

íåíèå ïðîìûøëåííûõ îòõîäîâ íà ïðåäïðèÿòèÿõ âåäåò ê

ïåðåïîëíåíèþ ïëîùàäîê. Â ðåçóëüòàòå ýòîãî ÷àñòü èç íèõ

ïîìåùàþò â êîíòåéíåðû ñîâìåñòíî ñ ÍÀÎ ÒÐÎ, à äàëåå

ïåðåäàþò â õðàíèëèùà èëè ðåàêòîðíûå áëîêè óòèëèçè-

ðóåìûõ ÀÏË. Ïðè òàêîì ïîäõîäå â ñîñòàâå ÍÀÎ ìîæåò

îêàçàòüñÿ îò 50 äî 60% ïðîìûøëåííûõ (ñëàáî èëè èíà÷å

î÷åíü íèçêîàêòèâíûõ) îòõîäîâ.

Ìíîãîëåòíèé îïûò îáðàùåíèÿ ñ ïðîìûøëåííûìè îò-

õîäàìè âî Ôðàíöèè, Âåëèêîáðèòàíèè è Øâåöèè ïîêàçû-

âàåò, ÷òî èõ ìîæíî õðàíèòü â ïðèïîâåðõíîñòíûõ è íà-

SCIENTIFIC, ENGINEERING,
REGULATORY AND LEGAL PROBLEMS
OF ESTABLISHING SYSTEM
FOR VERY LOW-LEVEL WASTE
MANAGEMENT IN THE NORTH-WEST
OF RUSSIA

The expediency of establishing the category of Very Low-

Level Waste (VLLW) has been justified by now and put into

practice at nuclear facilities in France, the UK, Sweden and

Italy; at the same time the VLLW category is not used in the

USA, Belgium, Finland and Germany. In the Russian

Federation the very first attempt at introducing the VLLW

category was made while developing the Basic Sanitary

Radiation Safety Regulations (OSPORB-99) [1]. At the

following stage joint Russian-Norwegian-Swedish

investigations were conducted which outcomes were

reported at the Contact Expert Group (CEG) Meeting in

Stockholm on April 26-27, 2006. It was stated that the

establishment in the Russian Federation of an additional

radwaste category – Very Low-Level Waste (VLLW), ad

exemplum of several European countries, would contribute

to rational and efficient management of large radwaste

volumes, especially those generated at contaminated sites

such as Andreeva Bay and Gremikha. So far the results of

these investigations have been implemented into hygienic

requirements on industrial waste management at the

Federal State Unitary Enterprise (FSUE) SevRAO [2].

Adequate solution of the problem of decommissioning

and environmental remediation of former nuclear- and

radiation-hazardous naval sites in Northwest Russia

necessitates a clear categorization of Radioactive Waste

(RW), as well as specification of all management phases

for industrial waste and conditions for exemption of

materials with low concentrations of radioactive

substances from the regulatory control. It will be recalled

that Solid RW (SRW) from decommissioning and

remediation is considered as radwaste of long-term hold-

up and contains the following radionuclides: 137Cs - 50-

70%; 90Sr - 10-20%; 60Co - 5–15%; 54Mn, 134Cs - 1–5%. There

is virtually no significant contamination by á-emitting

nuclides [3, 4]. Thus, while comparing various approaches

to  RW management, the attention should be focused

first on 137Cs and 90Sr, the contribution of 60Co being also

taken into account. By volume, up to 90% SRW are Low-

Level Waste (LLW), up to 10% are Intermediate-Level

Waste (ILW) and 1% at a maximum are High-Level Waste

(HLW). Waste is considered as radwaste when Minimal

Significant Specific-Activity (MSSA) levels of radionuclides

contained therein exceed the values established at the

Russian Radiation Safety Standards (NRB-99). The

following three radwaste categories are distinguished

at present (Tables 1 and 2 [5]).

“‡·ÎËˆ‡ 1. Ìèíèìàëüíî çíà÷èìûå óðîâíè óäåëüíîé àêòèâíîñòè ðàäèîíóêëèäîâ â ÐÀÎ
Table 1. Minimal Significant Specific-Activity Levels of Radionuclides in RW

“‡·ÎËˆ‡ 2. Êëàññèôèêàöèÿ ðàäèîàêòèâíûõ îòõîäîâ
Table 2. RW Categorization

Ðàäèîíóêëèä
Radionuclide

 54Mn

 60Co

 90Sr
134Cs
137Cs

Ïåðèîä
ïîëóðàñïàäà, ëåò

Half-Life, year

0,9

5,3

29,1

2,1

30,0

Æèäêèå îòõîäû,
êÁê/ë

Liquid waste, kBq/l

2

0,4

0,05

0,07

0,11

Òâåðäûå îòõîäû,
êÁê/êã

Solid waste, kBq/kg

10

10

100

10

10

Êàòåãîðèÿ îòõîäîâ
RW category

Íèçêîàêòèâíûå (ÍÀÎ)
Low-level waste (LLW)

Ñðåäíåàêòèâíûå (ÑÀÎ)
Intermediate-level waste (ILW)

Âûñîêîàêòèâíûå (ÂÀÎ)
High-level waste (HLW)

Óäóëüíàÿ àêòèâíîñòü, êÁê/êã
Specific activity, kBq/kg

β–γ-èçëó÷àþùèå
ðàäèîíóêëèäû

β–γ-emitting
radionuclides

ÌÇÓÀ* – 103

MSSA* – 103

103–107

> 107

α-èçëó÷àþùèå
ðàäèîíóêëèäû

α-emitting
radionuclides

< 102

102–107

> 107

Òðàíñóðàíîâûå
ðàäèîíóêëèäû

Τransuranics

< 1

1–105

> 105

* ÌÇÓÀ äëÿ 60Co, 134Cs, 137Cs – 10 êÁê/êã,  90Sr – 100 êÁê/êã

* MSSA for 60Co, 134Cs, 137Cs – 10 kBq/kg,  90Sr – 100 kBq/kg
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Ñåâåðî-Çàïàäíîì ðåãèîíå Ðîññèè

Scientific, Engineering, Regulatory and Legal Problems of Establishing System for Very Low-Level Waste Management in the
North-west of Russia

çåìíûõ õðàíèëèùàõ óïðîùåííûõ êîíñòðóêöèé èëè êàê â

ÑØÀ èçîëèðîâàòü â òðàíøåÿõ â ñïåöèàëüíî îòâåäåííûõ

ìåñòàõ (òàáë. 3[6], ðèñ. 1 [6–9]).

Ñóùåñòâóåò íåñêîëüêî ïðàêòè÷åñêèõ ïîäõîäîâ ðåøå-

íèÿ ïðîáëåìû, êîòîðûå ìîãóò ñëóæèòü ïðîòîòèïàìè äëÿ

ðîññèéñêèõ îáúåêòîâ. Îäèí èç òàêèõ âàðèàíòîâ óæå íà-

øåë ñâîå îòðàæåíèå. Íàïðèìåð, â ÏÂÕ â ãóáå Àíäðååâà

ïðåäëàãàþò [6] ñëàáîàêòèâíûå îòõîäû (ÑëÀÎ), àíàëîãè÷-

íûå ÎÍÀÎ (äàëåå ïî òåêñòó ÑëÀÎ/ÎÍÀÎ), èçîëèðîâàòü â

õðàíèëèùå, ïîäîáíîì èçîáðàæåííîìó íà ðèñ. 1,·. Ýòî

õðàíèëèùå áóäåò òðåáîâàòü êîíòðîëÿ è ýêñïëóàòàöèè íà

âñåì ýòàïå æèçíåííîãî öèêëà, âêëþ÷àÿ è âûâîä èç ýêñï-

ëóàòàöèè, òàê êàê äîëæíî îáåñïå÷èòü áåçîïàñíîå õðàíå-

íèå îòõîäîâ â òå÷åíèå 300 ëåò, ïîêà àêòèâíîñòü ñî 100

êÁê/êã íå ïîíèçèòñÿ äî 0,3 êÁê/êã. Â ñîîòâåòñòâèè ñ ï.9.1 [2]

«Âðåìÿ æèçíè ïîëèãîíà çàõîðîíåíèÿ ÎÍÀÎ äîëæíî áûòü

ðàññ÷èòàíî íà ïåðèîä, ïî èñòå÷åíèè êîòîðîãî çàõîðîíå-

íèå íå áóäåò ïðåäñòàâëÿòü ðàäèàöèîííîé îïàñíîñòè (ïðè-

ìåðíî 10 ïåðèîäîâ ïîëóðàñïàäà îïðåäåëÿþùåãî ðàäèî-

íóêëèäà)».

Íåñìîòðÿ íà òî ÷òî ñïîñîá õðàíåíèÿ/èçîëÿöèè ïðåä-

ëîæåí, ïî ðàäèàöèîííûì ïàðàìåòðàì, õàðàêòåðèçóþ-

ùèì ýòè îòõîäû, îêîí÷àòåëüíîãî ðåøåíèÿ åùå íå âûðà-

áîòàíî. Â [6] â èíòåðåñàõ êëàññèôèêàöèè ïðåäóñìàòðè-

âàþò íå òîëüêî ââåñòè êàòåãîðèþ ÑëÀÎ, íî è èçìåíèòü

ãðàíèöû óäåëüíîé àêòèâíîñòè ìåæäó íèìè è ÍÀÎ, à òàê-

æå ìåæäó ÍÀÎ è ÑÀÎ íà âåëè÷èíó, â íåñêîëüêî äåñÿòêîâ

ðàç áîëüøóþ ïî ñðàâíåíèþ ñ ñóùåñòâóþùèìè óðîâíÿìè

(òàáë.4).

Â òî æå âðåìÿ [2] êðèòåðèè çàòðàãèâàþò òîëüêî ïðî-

ìûøëåííûå îòõîäû ÔÃÓÏ «ÑåâÐÀÎ» è îðèåíòèðîâàíû

íà îãðàíè÷åííûé ðàäèîíóêëèäíûé ñîñòàâ. Ïðè ýòîì ïðåä-

ëàãàåòñÿ ïîíÿòèå ÑëÀÎ çàìåíèòü ïîíÿòèåì ÎÍÀÎ

(òàáë.5)

Ïåðâûé ïîäõîä (ñì. òàáë. 4) ìîæíî ðàñöåíèòü êàê êîí-

êðåòíûé è îáùèé, âòîðîé (ñì. òàáë. 5) ñ êàê ÷àñòíûé. Ïðè

èçìåíåíèè ðàäèîíóêëèäíîãî ñîñòàâà âåðõíèé ïîðîã ââå-

äåííîé êàòåãîðèè ÎÍÀÎ ïî óäåëüíîé β-àêòèâíîñòè íå áó-

äåò ïîñòîÿííûì. Îäíîâðåìåííî, åäèíñòâåííûé ïðàêòè-

÷åñêèé êðèòåðèé ñîðòèðîâêè îòõîäîâ – ìîùíîñòü äîçû íà

ðàññòîÿíèè 0,1 ì – òàêæå áóäåò ïåðåìåííîé âåëè÷èíîé,

òàê êàê îí ñòàíîâèòñÿ çàâèñÿùèì îò íåñêîëüêèõ ïàðàìåò-

ðîâ, êîòîðûå íåâîçìîæíî êîððåêòèðîâàòü è ñîîòâåò-

ñòâåííî êîíòðîëèðîâàòü â ïðîöåññå ñîðòèðîâêè îòõîäîâ.

Êðîìå òîãî, êàê áóäåò ïîêàçàíî íèæå, ïðèâåäåííûé äèà-

ïàçîí ìîùíîñòè äîçû 0,1–1,0 ìêÇâ/÷ íå àäåêâàòåí àêòèâ-

íîñòè 0,3 –12 êÁê/êã â ïåðâóþ î÷åðåäü ïî íèæíåìó óðîâ-

íþ 0,3 êÁê/êã.

¬‚Â‰ÂÌËÂ Í‡ÚÂ„ÓËË —Î¿Œ/ŒÕ¿Œ ‚ Â„ËÓÌÂ. Öåëå-

ñîîáðàçíîñòü ââåäåíèÿ äàííîé êàòåãîðèè ïî êðèòåðèÿì,

ïðèâåäåííûì â òàáë. 4, íà îáúåêòàõ óòèëèçàöèè è ðåàáè-

ëèòàöèè áûëà ïîääåðæàíà ïðè ðàçðàáîòêå Ñòðàòåãè÷åñ-

êîãî ìàñòåð-ïëàíà äëÿ Ñåâåðî-Çàïàäà Ðîññèè [4]. Îäíàêî

ïî ðÿäó îáúåêòèâíûõ ïðè÷èí îöåíèòü ýôôåêòèâíîñòü åå

ïðèìåíåíèÿ â ìàñøòàáå âñåãî ðåãèîíà íå óäàëîñü, õîòÿ

è áûëà ðàçðàáîòàíà ñòðàòåãèÿ êîìïëåêñíîãî ïîäõîäà

ðåøåíèÿ ïðîáëåìû îáðàùåíèÿ ñî âñåìè ÐÀÎ â ðåãèîíå

(ðèñ. 2) [4, 10], êîòîðàÿ â ñâîåé îñíîâå ïîçâîëÿåò ïðîäîë-

æèòü ðàññìîòðåíèå âíîâü âîçíèêàþùèõ âîïðîñîâ.

Ðàçðàáîòàííàÿ åäèíàÿ ñèñòåìà îáðàùåíèÿ ñ ÐÀÎ â

Ñåâåðî-Çàïàäíîì ðåãèîíå ïðåäïîëàãàåò òðàíñïîðòèðîâ-

êó ÍÀÎ, ÑÀÎ è ÂÀÎ ñî âñåõ ïðåäïðèÿòèé è îáúåêòîâ â ÏÄÕ

Ñàéäà. Îñòàâàëñÿ îòêðûòûì âîïðîñ îáðàùåíèÿ ñ ïðîìûø-

ëåííûìè îòõîäàìè, ñîäåðæàùèìè ðàäèîàêòèâíûå âåùå-

ñòâà, íî íå ïîäëåæàùèìè çàõîðîíåíèþ íà ãîðîäñêèõ ïî-

ëèãîíàõ. Ñ ââåäåíèåì ãèãèåíè÷åñêèõ òðåáîâàíèé äëÿ

«ÑåâÐÀÎ» ïî îáðàùåíèþ ñ ÎÍÀÎ ïîëîæåíèå èçìåíèëîñü.

Âîçíèêëà íåîáõîäèìîñòü ðàññìîòðåíèÿ âîïðîñà îáðàùå-

“‡·ÎËˆ‡ 3. Äèàïàçîí óäåëüíîé àêòèâíîñòè β–γ-èçëó÷àþùèõ ðàäèîíóêëèäîâ â ïðîìûøëåííûõ
è íèçêîàêòèâíûõ îòõîäàõ, ïðèíÿòûé äëÿ êëàññèôèêàöèè â ðàçëè÷íûõ ñòðàíàõ, êÁê/êã

*1 Ìîæíî íåîãðàíè÷åííî èñïîëüçîâàòü â õîçÿéñòâåííîé äåÿòåëüíîñòè.
*2 Âûâîçÿò íà îáû÷íûå èëè ìóíèöèïàëüíûå ñâàëêè.
*3 Ïîìåùàþò èëè ïåðåäàþò ïîä êîíòðîëü íà ëèöåíçèðîâàííóþ ïëîùàäêó.
*4 Ïîìåùàþò èëè ïåðåäàþò ïîä êîíòðîëü â ëèöåíçèðîâàííîå õðàíèëèùå.
*5 Ñîîòâåòñòâóåò ~ 1,5 êÁê/êã 137Cs (ñì. äàëåå òàáë. 11).

Рис. 1. Способы изоляции промышленных отходов: а – в Морвилле во Франции; б – в Оскаршамне  в Швеции;
в – в Массачусетсе в США; г – в Хэнфорде в США
Fig. 1. Modes of Industrial Waste Disposal in France (а – Morville), Sweden (b – Oscarshamn) and USA (c – Massachusetts,
d – Hanford)

a

d

б b

в г

a

Table 3. Specific-activity Limits of Betta and Gamma Emmiters in Industrial and Low Level
Waste Adopted for  Classification in Different States, kBq/kg

*1 It may be used without limits.

*2 It is removed to general and city dumps.

*3 It is placed or transferred under control to the Site having the license.

*4 It is placed or transferred under control to the Site having the license.

*5 It corresponds to ~ 1,5 kBq/kg 137Cs (see Table 11).

c

Ñòðàíà

Ôðàíöèÿ

Âåëèêîáðèòàíèÿ

Øâåöèÿ

Ôèíëÿíäèÿ

ÑØÀ

Ðîññèÿ
– òåõíîãåííûå
– ïðèðîäíûå

Îòõîäû

Ïðîìûøëåííûå Ðàäèîàêòèâíûå
Âûâîäÿòñÿ
èç ñôåðû

ðåãóëèðîâàíèÿ*1

–

0,4
–
–

–

0,3

Âëàäåëåö
ïðåêðàùàåò
êîíòðîëü*2

< 1

0,4–4
< 5
–

–

< 0,2 ìêÇâ/÷*5

< 1,5

Âëàäåëåö
ïðîäîëæàåò
êîíòðîëü*3

1–100

> 4
5–300

< 1

< 100

1,5–(10–100)
1,5–10

Âëàäåëåö
ïðîäîëæàåò

êîíòðîëü. ÍÀÎ*4

–

–104

> 300
1–103

102–105

101–2 – 103

>10

Country

France

UK

Sweden

Finland

USA

Russia
–man-caused muclides
–natural radionuclides

Waste

Industrial Radioaktive
Exempted from
regulation*1

–

0,4
–
–

–

0,3

Owner ceases
monitoring*2

< 1

0,4–4
< 5
–

–

< 0,2 ìêÇâ/÷*5

< 1,5

Owner
continuous

monitoring*3

1–100

> 4
5–300

< 1

< 100

1,5–(10–100)
1,5–10

Owner continuous
monitoring. LLW*4

–

–104

> 300
1–103

102–105

101–2 – 103

>10
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íèÿ ñî ÑëÀÎ/ÎÍÀÎ â ðåãèîíå ñ ó÷åòîì èíòåðåñîâ âñåõ

îðãàíèçàöèé, íåïîñðåäñòâåííî çàíèìàþùèõñÿ óòèëèçà-

öèåé è ðåàáèëèòàöèåé. Â Ìóðìàíñêîé îáë. ÏÂÕ â ãóáå

Àíäðååâà, ÏÂÕ â ï. Ãðåìèõà, ÔÃÓÏ «Íåðïà», ÔÃÓÏ «10

ÑÐÇ» ÌÎ ÐÔ, ÔÃÓÏ «Àòîìôëîò» è ÏÄÕ Ñàéäà; â Àðõàí-

ãåëüñêîé îáë. ÔÃÓÏ «Çâåçäî÷êà» è ÔÃÓÏ «Ñåâìàø». Îä-

íàêî äëÿ îáîñíîâàíèÿ îïòèìàëüíîãî âàðèàíòà ïîñòðîå-

íèÿ òàêîé ñèñòåìû íåîáõîäèìà îöåíêà è àíàëèç íåñêîëü-

êèõ ôàêòîðîâ:

- ýêîíîìè÷åñêîé âûãîäû õðàíåíèÿ/èçîëÿöèè ÑëÀÎ/

ÎÍÀÎ â ìåñòàõ èõ îáðàçîâàíèÿ êàê àëüòåðíàòèâû îòïðàâ-

êè íà ÏÄÕ Ñàéäà;

- óñëîâèé îáåñïå÷åíèÿ äëèòåëüíîãî êîíòðîëèðóåìîãî

õðàíåíèÿ/èçîëÿöèè â ìåñòàõ ïðåäïîëàãàåìîãî ðàçìåùå-

íèÿ õðàíèëèù ÑëÀÎ/ÎÍÀÎ;

- âîçìîæíîñòè ðåøåíèÿ íîðìàòèâíî-ïðàâîâûõ è íà-

ó÷íî-òåõíè÷åñêèõ ïðîáëåì, âîçíèêàþùèõ ïðè ââåäåíèè

íîâîé êàòåãîðèè;

- ïðåèìóùåñòâà îáåñïå÷åíèÿ ðàäèàöèîííîé áåçîïàñ-

íîñòè ïåðñîíàëà è íàñåëåíèÿ ïî ñðàâíåíèþ ñ ñóùåñòâóþ-

ùèì ïîëîæåíèåì.

›ÍÓÌÓÏË˜ÂÒÍ‡ˇ ‚˚„Ó‰‡. Çàòðàòû íà îáðàùåíèå ñ

ÐÀÎ â ðàçëè÷íûõ ñòðàíàõ íå îäèíàêîâû. Äëÿ ïîñëåäóþ-

ùåãî àíàëèçà âîñïîëüçóåìñÿ ìàòåðèàëàìè ðàáîò [6, 11,

12], ãäå ïðèâåäåíû çàòðàòû íà îáðàùåíèå ñ ÍÀÎ â ðàç-

ëè÷íûõ ñòðàíàõ (òàáë. 6).

—ÚÓËÏÓÒÚ¸ ı‡ÌÂÌËˇ. Ïîñêîëüêó ââåäåíèå êàòåãî-

ðèè ÑëÀÎ/ÎÍÀÎ ïðåäïîëàãàåò íå ìåíåå ÷åì â 10 ðàç

óìåíüøåíèå ðàñõîäîâ íà ñòðîèòåëüñòâî õðàíèëèù, ÷åì

äëÿ ÍÀÎ, áóäåì îðèåíòèðîâàòüñÿ íà ñðåäíþþ âåëè÷èíó

330±70 ª/ì3. ÂÍÈÏÈÝÒ, âûïîëíèâ ïðåäâàðèòåëüíûå èñ-

ñëåäîâàíèÿ äëÿ ÏÂÕ Àíäðååâà, ïîëó÷èë ñëåäóþùóþ îöåí-

êó: I ýòàï (ñòðîèòåëüñòâî õðàíèëèùà íà 2000 ì3) ~ 480 ª/ì3,

II ýòàï (4000 ì3) ~ 390 ª/ì3 , III ýòàï (6000 ì3) ~ 280 ª/ì3 , ÷òî

â ñðåäíåì ñîîòâåòñòâóåò ~ 350 ª/ì3. Ñ ó÷åòîì îòìå÷åí-

íîé òåíäåíöèè, à òàêæå îæèäàåìûõ îáúåìîâ îáðàçîâà-

íèÿ ÍÀÎ (ñì. ðèñ.2) ìîæíî îöåíèòü çàòðàòû íà ñòðîè-

òåëüñòâî õðàíèëèù äëÿ êàæäîãî èç ó÷àñòâóþùèõ â óòèëè-

çàöèè è ðåàáèëèòàöèè îáúåêòîâ ðåãèîíà: ÔÃÓÏ «Àòîìô-

ëîò», «10 ÑÐÇ», «Ñåâìàø» ~600 ª/ì3; «Çâåçäî÷êà»

~550 ª/ì3; ÏÂÕ Ãðåìèõà, ÔÃÓÏ «Íåðïà» ~500 ª/ì3; õðà-

íèëèùà ¹ 162 è «Ìèðîíîâà ãîðà» ~400 ª/ì3; ÏÂÕ Àíäðå-

åâà ~350 ª/ì3, ÏÄÕ Ñàéäà ~330 ª/ì3. Ïðè ñîâðåìåííûõ

òåõíîëîãèÿõ ñòðîèòåëüñòâà ýêñïëóàòàöèîííûå è ðåìîíò-

íûå çàòðàòû áóäóò ñîñòàâëÿòü îêîëî 5 % èñõîäíîé ñòî-

èìîñòè õðàíèëèùà, ïåðèîäè÷íîñòü ðåìîíòíî-âîññòàíî-

âèòåëüíûõ ðàáîò – îäèí ðàç â 50 ëåò.

—ÚÓËÏÓÒÚ¸ Ú‡ÌÒÔÓÚËÓ‚ÍË. Çàòðàòû íà òðàíñïîð-

òèðîâêó ìîðñêèì ïóòåì ïîëó÷åíû ñ ó÷åòîì ñëåäóþùèõ

ïðåäïîñûëîê. Ïî äàííûì ÔÃÓÏ «Àòîìñïåöòðàíñ», ñóòî÷-

íàÿ ýêñïëóàòàöèÿ ñóäíà, êîòîðîå ïëàíèðóåòñÿ ïîñòðîèòü

â ðàìêàõ ðîññèéñêî-èòàëüÿíñêîãî ñîòðóäíè÷åñòâà äëÿ

òðàíñïîðòèðîâêè ÎßÒ è ÐÀÎ, ìîæåò ñîñòàâëÿòü îò 15000

äî 20000 ª/ñóò. Åãî ýêîíîìè÷åñêàÿ ñêîðîñòü ïðèìåðíî 10

óçëîâ. Äîñòàâêà ÒÐÎ ïðåäïîëàãàåòñÿ â 20-ôóòîâûõ êîí-

òåéíåðàõ (òðåáîâàíèå ÏÄÕ Ñàéäà). Ðàçìåðû äâóõ ãðóçî-

âûõ òðþìîâ ïîçâîëÿò ðàçìåñòèòü 8 ïîäîáíûõ êîíòåéíå-

ðîâ â îäèí ñëîé è 16 êîíòåéíåðîâ â äâà ñëîÿ. Îïûò òðàíñ-

ïîðòèðîâêè ìåòàëëè÷åñêèõ ÍÀÎ ñ ÔÃÓÏ «Íåðïà» íà æå-

ëåçíîäîðîæíûé òåðìèíàë ã. Ìóðìàíñêà äëÿ îòïðàâêè íà

ïåðåïëàâêó íà ÔÃÓÏ «Ýêîìåò-Ñ» â 20-ôóòîâûõ êîíòåé-

íåðàõ ïîêàçàë, ÷òî â íèõ ìîæåò áûòü ñ ó÷åòîì îãðàíè÷å-

íèé ïî ìàññå ïîìåùåíî îò 5 äî 7 ì3 äàííîãî òèïà îòõî-

äîâ. Ïðè ìåíüøåé ïëîòíîñòè ìàòåðèàëà ìîæíî ðàçìåñ-

òèòü 10-15 ì3 ÒÐÎ. Ýòî ïîçâîëÿåò ïðèíÿòü çíà÷åíèå 10±5

ì3/êîíòåéíåð â êà÷åñòâå ñðåäíåé îöåíêè. Â ðåçóëüòàòå

ñóäíî ñìîæåò ïðèíÿòü â òðþìû îò 80 äî 160 ì3 ÍÀÎ

èëè ÑëÀÎ/ÎÍÀÎ. Ñîîòâåòñòâåííî ñòîèìîñòü ïåðåâîç-

êè áóäåò ñîñòàâëÿòü ïðèìåðíî 0,6±0,2 ª/(ì3⋅ìèëÿ). Ïðè

äîïîëíèòåëüíîì ðàçìåùåíèè 20-ôóòîâûõ êîíòåéíåðîâ

íà ïàëóáå ñòîèìîñòü ìîæíî ïîíèçèòü äî 0,4–0,5 ª/(ì3⋅ìè-

ëÿ). Äëÿ äàëüíåéøåãî àíàëèçà ñ ó÷åòîì ïîãðóçî÷íî-ðàç-

ãðóçî÷íûõ ðàáîò èñïîëüçóþò âåðõíèé ïðåäåë ïðèâåäåí-

íîé îöåíêè  0,8 ª/(ì3⋅ìèëÿ) (â ðåàëüíîñòè òðàíñïîðòè-

ðîâêà ïðîìûøëåííûõ îòõîäîâ íå òðåáóåò ïîìåùåíèÿ èõ

â 20-ôóòîâûå êîíòåéíåðû è èñïîëüçîâàíèÿ ñïåöñóäíà.

Äîñòàòî÷íî ãðóçîâîãî òðàíñïîðòà (áàðæè), â ðåçóëüòàòå

÷åãî ñòîèìîñòü ïîíèçèòñÿ äî 0,1–0,2 ª/(ì3⋅ìèëÿ)).

Ïðîâåäåííûé âûøå àíàëèç çàòðàò íà ñòðîèòåëüñòâî

õðàíèëèù äëÿ ÑëÀÎ â ìåñòàõ èõ îáðàçîâàíèÿ â êà÷å-

ñòâå àëüòåðíàòèâû òðàíñïîðòèðîâêè îòõîäîâ íà ÏÄÕ

Ñàéäà ïîçâîëèë îöåíèòü ýêîíîìè÷åñêóþ âûãîäó ðåà-

“‡·ÎËˆ‡ 4. Ïðåäëàãàåìàÿ êëàññèôèêàöèÿ ÒÐÎ ïî [6]
Table 4. Proposed Categorization of SRW [6]

“‡·ÎËˆ‡ 5. Êðèòåðèè ñîðòèðîâêè ïðîìûøëåííûõ îòõîäîâ íà «ÑåâÐÀÎ» ïðè èçîòîïíîì
ñîñòàâå 20% 90Sr è 80% 137Cs [2]

Ïðèìå÷àíèå. Ïðè ñîðòèðîâêå ïðîìûøëåííûõ îòõîäîâ óäåëüíóþ àêòèâíîñòü è ïîâåðõíîñòíîå

çàãðÿçíåíèå ó÷èòûâàþò îäíîâðåìåííî.

Table 5. Industrial-Waste-Categorization Criteria at SevRAO for Isotope Composition: 90Sr
(20%) and 137Cs (80%)

Comment: Specific activity and surface contamination are applied simultaneously and do not

exclude one another.

Waste containing man-caused radionuclides with the

activity below MSSA is considered as industrial waste, some

of which is transferred to city dumps for disposal (Exposure

Dose Rate (EDR) together with the radiation background <

0.3 μGy/h), whereas the remaining waste is stored under

monitored conditions at special pads (grounds) of

enterprises for a long period of time. The described approach,

however, does not ensure safe conditions at city dumps in all

cases, for sometimes materials with the levels > 0.3 μGy/h

are found at such dumps. Storage for long of industrial waste

at enterprises leads to overfilling of storage pads.

Consequently, a portion of such waste is placed into

containers together with LLW SRW and next is transferred

to storage facilities or loaded into reactor units of dismantled

nuclear powered submarines (NPS). Thus under such an

approach 50-60% of industrial waste (i.e. VLLW) could be

handled together with LLW.

Many-year experience of industrial waste management

in France, the UK and Sweden demonstrates that such waste

may be either stored within subsurface or above-ground

storages of simplified construction or disposed of in trenches

at special locations (USA) - (Table 3 [6]), Fig. 1     [6-9]).

Thus there are several practical approaches to solution

of the problem under consideration, which may serve as

prototypes for Russian sites, one of them being under

implementation at the Temporary Storage Facility in

Andreeva Bay (TSFA) [6]. There is a proposal on VLLW disposal

at TSFA within a structure similar to that demonstrated in

Fig. 1b. Such a structure would require monitoring and

running during the whole life cycle including the

decommissioning phase to ensure safe storage of waste for

up to 300 years until its activity decreases from 100 kBq/kg

down to 0.3 kBq/kg (in accordance with [2] Clause 9.1 "The

life cycle of VLLW disposal site is to be calculated for a period

after expiration of which it will not be of radiation hazard

(approximately 10 half-lives of determining radionuclide)").

Nevertheless, though the mode of storage/disposal has

been proposed, there is still no definitive decision on

radiation parameters of this waste. In Ref. [6] not only

introduction of VLLW category into the actual RW-

categorization system is proposed, but also modifications of

specific-activity limits between VLLW & LLW and LLW & ILW

by a value exceeding the actual levels by several tens of

times (Table 4).

At the same time, the criteria of Ref. [2] involve only

industrial waste of FSUE SevRAO and cover a limited

radionuclide composition (Table 5).

The approach demonstrated in Table 4 may be

considered as a general one, whereas that of Table 5 as a

particular approach. In case of radionuclide composition

alteration the upper threshold of new VLLW category would

be variable for specific â-activity. Simultaneously, the only

practical assortment criterion –EDR at 0.1 m – would be also

a variable value becoming dependent on several non-

correctable and thus incontrollable parameters in the course

of waste assortment. In addition, the given EDR range of

0.1–1.0 μSv/h would not be adequate to the activity of 0.3–

12 kBq/kg – firstly, with respect to the bottom level of 0.3

kBq/kg (see below).

VLLW-category introducing in the region. The

Ìîùíîñòü äîçû íà ðàññòîÿíèè 0,1 ì
îò ïîâåðõíîñòè óïàêîâêè, ìêÇâ/÷

Íåïðåâûøåíèå åñòåñòâåííîãî ðàäèà-
öèîííîãî ôîíà, õàðàêòåðíîãî äëÿ

äàííîé ìåñòíîñòè, áîëåå ÷åì íà 0,1

0,1–1,0

Êàòåãîðèÿ
îòõîäîâ

Îñâîáîæäåííûå
îòõîäû

ÎÍÀÎ

Óäåëüíàÿ
β-àêòèâíîñòü,

êÁê/êã

≤ 0,3

0,3–12,0

Ïîâåðõíîñòíîå
çàãðÿçíåíèå,

β-÷àñò./(ìèí⋅ñì2)

≤ 50,0

50,0–500,0

Êàòåãîðèÿ îòõîäîâ
Waste category

Ñëàáîàêòèâíûå (ÑëÀÎ) VLLW

Íèçêîàêòèâíûå (ÍÀÎ) LLW

Ñðåäíåàêòèâíûå (ÑÀÎ) ILW

Âûñîêîàêòèâíûå (ÂÀÎ) HLW

Óäåëüíàÿ àêòèâíîñòü
β-γ-ðàäèîíóêëèäîâ, êÁê/êã

Specific activity of
β-γ-radionuclides, kBg/kg

0,3–100

102–3,7⋅ 104

3,7⋅ 104–3,7⋅ 107

> 3,7⋅ 107

Waste category

Waste exempted
from regulation

VLLW

Specific β-activity,
kBg/kg

≤ 0,3

0,3–12

Surface
contamination

β-particle/min⋅ cm2

≤ 50,0

50,0–500,0

EDR at 0,1 m from waste-package
surface, μSv/h

Does not exceed local natural radiation
background by morethan 0,1

0,1–1,0
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ëèçàöèè äàííîãî ïîäõîäà â ìàñøòàáàõ ðåãèîíà (òàáë.

7–9).

Èç àíàëèçà äàííûõ, ïðèâåäåííûõ â òàáë. 7–9, ñëåäóåò,

÷òî ââåäåíèå êàòåãîðèè ÑëÀÎ/ÎÍÀÎ è õðàíåíèå/çàõîðî-

íåíèå èõ íà ìåñòå îáðàçîâàíèÿ ýêîíîìè÷åñêè âûãîäíî

äëÿ ÏÄÕ Ñàéäà è ëèêâèäàöèè õðàíèëèù ÒÐÎ ¹162, «Ìè-

ðîíîâà ãîðà», çàòðàòíî äëÿ âñåõ ÔÃÓÏ è ÏÂÕ Ìóðìàíñ-

êîé îáë., íåîïðåäåëåííî äëÿ ÔÃÓÏ «Çâåçäî÷êà» è «Ñåâ-

ìàø» (âûãîäà ñîïîñòàâèìà ñ óùåðáîì).

¡ÂÁÓÔ‡ÒÌÓÒÚ¸. Ýêîíîìè÷åñêèé ïîêàçàòåëü íå åäèí-

ñòâåííûé ôàêòîð, êîòîðûé îïðåäåëÿåò îáîñíîâàííîñòü

ïðèíÿòèÿ îêîí÷àòåëüíîãî ðåøåíèÿ. Áîëåå âàæíûì ÿâ-

ëÿåòñÿ âîïðîñ îáåñïå÷åíèÿ áåçîïàñíîñòè äëèòåëüíîãî

õðàíåíèÿ/çàõîðîíåíèÿ ÑëÀÎ/ÎÍÀÎ, êîòîðûé âêëþ÷àåò

ðàäèàöèîííûé è ýêîëîãè÷åñêèé êîíòðîëü, ôèçè÷åñêóþ

çàùèòó è ýêñïëóàòàöèþ ñ âûïîëíåíèåì íåîáõîäèìîãî

îáúåìà ðåìîíòíî-âîññòàíîâèòåëüíûõ ðàáîò (òàáë. 10).

Èç äàííûõ, ïðèâåäåííûõ â òàáë. 10, âèäíî, ÷òî ìàêñè-

ìàëüíûõ ñðîê áåçîïàñíîãî õðàíåíèÿ ÑëÀÎ/ÎÍÀÎ â òå÷å-

íèå 100 ëåò ìîæåò áûòü îáåñïå÷åí òîëüêî íà ÏÄÕ Ñàéäà.

Íà ÏÂÕ Àíäðååâà è ÏÂÕ Ãðåìèõà â ñëó÷àå ïðîäëåíèÿ

ñðîêîâ ðåàáèëèòàöèè ïåðèîä êîíòðîëèðóåìîãî õðàíåíèÿ

îòõîäîâ ìîæåò ñîñòàâèòü 25 ëåò. Ïðîãíîçèðîâàíèå äåÿ-

òåëüíîñòè ÔÃÓÏ íà 50 –100 ëåò íå îáîñíîâàííî â ñâÿçè ñ

âîçìîæíîñòüþ èõ ïåðåïðîôèëèðîâàíèÿ. Â èòîãå, íè îäèí

îáúåêò óòèëèçàöèè è ðåàáèëèòàöèè â ðåãèîíå íå ìîæåò

îáåñïå÷èòü áåçîïàñíîñòü õðàíåíèÿ äàííûõ îòõîäîâ â òå-

÷åíèå 250 ëåò.

ÕÓÏ‡ÚË‚Ì‡ˇ ·‡Á‡. Â ïðîåêòå çàêîíà «Îáðàùåíèå ñ

ðàäèîàêòèâíûìè îòõîäàìè», ðàçðàáîòàííîì â 2007 ã.

ÖÍÈÈÀòîìèíôîðì, óêàçàíî, ÷òî ïðåäïðèÿòèÿ îáëàäà-

þò ïðàâîì âðåìåííîãî õðàíåíèÿ ÐÀÎ íà ñâîèõ òåððèòî-

ðèÿõ ñðîêîì íå áîëåå 50 ëåò, äàëåå ÐÀÎ îòïðàâëÿþò â

ñïåöèàëèçèðîâàííóþ îðãàíèçàöèþ íà äîëãîâðåìåííîå

õðàíåíèå â òå÷åíèå 50–100 ëåò ñ ïîñëåäóþùåé ïåðåäà-

÷åé íà îáúåêòû îêîí÷àòåëüíîé èçîëÿöèè. Äàæå ïðè ââå-

äåíèè íîâîé êàòåãîðèè îòõîäîâ ÑëÀÎ/ÎÍÀÎ ñ ó÷åòîì

ïðåäúÿâëÿåìûõ òðåáîâàíèé ïî îáðàùåíèþ ñ îòõîäàìè

ýòîé êàòåãîðèè ïîñëå óêàçàííîãî ñðîêà îíè äîëæíû áûòü

ïåðåäàíû ñîâìåñòíî ñ äðóãèìè ðàäèîàêòèâíûìè îòõî-

äàìè íà ñïåöèàëèçèðîâàííîå ïðåäïðèÿòèå. ×òî äåëàòü ñ

ÍÀÎ, ÑÀÎ, ÂÀÎ îïðåäåëåíî – îíè äîëæíû áûòü èçîëèðî-

âàíû â ñïåöèàëüíî îòâåäåííûõ ìåñòàõ. Ïðîäîëæåíèå

ýêñïëóàòàöèè ñïåöèàëèçèðîâàííîãî ïðåäïðèÿòèÿ â èíòå-

ðåñàõ ïîääåðæàíèÿ öåëîñòíîñòè õðàíèëèù ÑëÀÎ/ÎÍÀÎ

â òå÷åíèå 250 ëåò â öåëÿõ îæèäàíèÿ ðàñïàäà òåõíîãåí-

íûõ ðàäèîíóêëèäîâ äî óðîâíÿ ôîíà íåðàçóìíî è íåöå-

ëåñîîáðàçíî, òàê êàê ïîñëå èçîëÿöèè îñíîâíûõ òèïîâ ÐÀÎ

ïðåäïðèÿòèå ñòàíîâèòñÿ óáûòî÷íûì (ðèñ. 3).

Õ‡Û˜ÌÓ-ÚÂıÌË˜ÂÒÍËÂ ÔÓ·ÎÂÏ˚. Ðàñ÷åòû, âûïîëíåí-

íûå â ÈÁÐÀÝ ÐÀÍ ñ ïîìîùüþ ïðîãðàììû «MicroShield”

[13], ïî îöåíêå ìîùíîñòè äîçû γ-èçëó÷åíèÿ, êîòîðàÿ ìî-

æåò âîçíèêàòü îò êîíòåéíåðà ñî ÑëÀÎ/ÎÍÀÎ ñ ïðîöåíò-

íûì ñîîòíîøåíèåì ðàäèîíóêëèäîâ, ïðèâåäåííûì â

òàáë. 5, äëÿ 0,3 êÁê/êã ñâèäåòåëüñòâóþò, ÷òî îíà íå ñîîò-

âåòñòâóåò 0,1 ìêÇâ/÷ è íàõîäèòñÿ â ïðåäåëàõ 0,02–0,04

ìêÇâ/÷ ïðè ïëîòíîñòè ìàòåðèàëà 0,5–2,0 ã/ñì3. Ìîùíîñòè

äîçû 0,1 ìêÇâ/÷ ýêâèâàëåíòíà óäåëüíàÿ àêòèâíîñòü ïðè-

ìåðíî 0,9–1,5 êÁê/êã. Îöåíêè, âûïîëíåííûå äëÿ îáîáùåí-

íîãî ðàäèîíóêëèäíîãî ñîñòàâà ÒÐÎ, õàðàêòåðíîãî äëÿ

îáúåêòîâ óòèëèçàöèè è ðåàáèëèòàöèè ðåãèîíà, ïðèâåäå-

íû â òàáë. 11. Äîçîâàÿ íàãðóçêà, ðåêîìåíäóåìàÿ

ÌÀÃÀÒÝ (1 ìÇâ/ãîä), äëÿ íàñåëåíèÿ ìîæåò áûòü äîñòèã-

íóòà ïðè àêòèâíîñòè îòõîäîâ îêîëî 1–1,5 êÁê/êã è íàõîæ-

äåíèè ÷åëîâåêà  24 ÷ â ñóòêè â òå÷åíèå ãîäà (365 äíåé)

ñðåäè íèõ, ÷òî íå ðåàëüíî. Äëÿ ïåðñîíàëà ãðóïï  ¿ è ¡ ïðè

îáðàùåíèè ñ îòõîäàìè àêòèâíîñòüþ 1,5–100 êÁê/êã äî 6 ÷/

ñóò â òå÷åíèå ðàáî÷åãî ãîäà (250 äíåé) äîçà îáëó÷åíèÿ íå

ïðåâûñèò íîðì, ÷òî ïî ôàêòîðó áåçîïàñíîñòè íå òðåáóåò

ââåäåíèÿ áîëåå æåñòêèõ îãðàíè÷åíèé ê êëàññèôèêàöèè è

ñïîñîáàì õðàíåíèÿ ïðîìûøëåííûõ îòõîäîâ.

Àíàëèç ïëîòíîñòè ðàñïðåäåëåíèÿ ýêâèâàëåíòíîé äîçû

γ-èçëó÷åíèÿ íà ìåñòíîñòè, õàðàêòåðíîé äëÿ ðàññìàòðè-

âàåìîãî ðåãèîíà, ïîêàçûâàåò, ÷òî â ñëó÷àå ïðîâåäåíèÿ

expediency of VLLW introduction at decommissioning

facilities and remediation sites using the criteria of Table 4

was supported in the Strategic Master Plan (SMP) for

Northwest Russia [4]. However due to several objective

reasons the efficiency of its application at the regional scale

was not evaluated under the SMP, though a strategy was

developed providing for integrated approach to

management of all radwaste in the region (Fig. 2) [4, 10]

and enabling further consideration of new arising issues.

The developed integrated system for RW management

in Northwest Russia provides for transfer of LLW, ILW and

HLW SRW from all sites and facilities to  Saida LSF. However

the issue of managing industrial waste containing

radioactive substances, which are not subject to disposal at

city dumps, remained open. The situation changed after

putting the hygienic requirements on VLLW SRW

management  at  SevRAO into action. It has become

necessary to address VLLW SRW management in the region

taking into account the interests of all parties involved

directly into decommissioning and remediation activities:

Andreeva Bay TSF; GremikhaTSF ; Nerpa Shipyard;

Poliarninskiy SRZ, Atomflot and  Saida LSF in the Mirmansk

region, Zvezdochka Shipyard and Sevmash in the

Arkhangelsk region. To justify an optimal option of such a

system development, both evaluation and analysis of the

following factors are necessary:

- economic benefits of VLLW SRW storage/disposal in

situ as an alternative to its sending to Saida LSF;

- conditions of ensuring long-term monitored storage/

disposal at locations of proposed siting of VLLW SRW storage

facilities;

- possibility of solving regulatory, legal, scientific and

engineering problems arising while establishing the new RW

category; and

- advantages in ensuring radiation safety of workers

and population as compared to the present-day situation.

Economic benefits. The expenses for RW management

in different countries are not the same. Though the spread of

expenses is large, it will undoubtedly decrease after initiation

of large-scale construction. For further analysis the data of

References [6, 11, 12] will be used, which provide the expenses

for LLW SRW management in different countries (Table 6).

Рис. 2. Интегрирующий подход решения проблемы обращения с НАО ТРО в регионе (фрагмент, К – коэффициент
компактирования)

Fig. 2. Integrated Approach to Solution of LLW SRW%Management Problem in the Region (a fragment, K – compacting factor)
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Table 6. Estimated Evaluation Cost for LLW SRW Management in Different Countries, euro

Ãåðìàíèÿ

Øâåöèÿ

Âåëèêîáðèàíèÿ

ÑØÀ

Ðîññèÿ

Ñðåäíåå

4000

1200

4000

2600

2600

~3300±700

Ñòðàíà
Country

Germany

Sweden

UK

USA

Russia

Average

Ñòðîèòåëüñòâî 1ì3

õðàíèëèùà
Construction of

storage facility (1m3)

Êîíäèöèîíèðîâàíèå
1ì3

Treatment (1m3)

2100–5700

1900–2100

2100–5700

2100–5700

~6400

~4500±2000

10000

2500

10000

4500

7000

~7000±3000

Äîëãîâðåìåííîå õðàíåíèå 1ì3

Long-term storage (1m3)

50 ëåò
50 years

100 ëåò
100 years

20000

15000

20000

9000

14000

~13500±6000
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Ñåâåðî-Çàïàäíîì ðåãèîíå Ðîññèè

Scientific, Engineering, Regulatory and Legal Problems of Establishing System for Very Low-Level Waste Management in the
North-west of Russia

ðåìîíòíî-âîññòàíîâèòåëüíûõ ðàáîò è ðåàáèëèòàöèè òåð-

ðèòîðèé ïðèìåíÿåìàÿ â íàñòîÿùåå âðåìÿ äîçèìåòðè-

÷åñêàÿ àïïàðàòóðà ñ íàäåæíîñòüþ 0,997 ìîæåò îáåñïå-

÷èòü îòäåëåíèå àíîìàëüíî çíà÷èìûõ îáðàçîâàíèé îò âà-

ðèàöèé ôîíà, îáóñëîâëåííûõ ðàçëè÷íûì ñîäåðæàíèå

ïðèðîäíûõ ðàäèîíóêëèäîâ â ñêàëüíûõ ïîðîäàõ è ïî÷âå

íà óðîâíå áîëåå 0,1 ìêÇâ/÷ (ðèñ. 4, òàáë. 12 [14]).

Â ñëó÷àå æå ïðèíÿòèÿ íèæíåãî ïîðîãà ñîðòèðîâêè îò-

õîäîâ (îñîáåííî áåòîííûõ êîíñòðóêöèé, ãðóíòîâ) íà óðîâ-

íå 0,3 êÁê/êã (0,03 ìêÇâ/÷) äîñòîâåðíîñòü îòäåëåíèÿ àíî-

ìàëüíî çíà÷èìûõ îáðàçîâàíèé íå áóäåò ïðåâûøàòü 0,7,

÷òî ïîâëå÷åò çà ñîáîé íåîáîñíîâàííîå îòíåñåíèå îïðå-

äåëåííîãî êîëè÷åñòâà ïðèðîäíûõ âåùåñòâ ê èñòî÷íèêó

òåõíîãåííîãî çàãðÿçíåíèÿ è ñîîòâåòñòâåííî ê ïîâûøåí-

íûì çàòðàòàì íà èõ õðàíåíèå. Çàäà÷ó ïîâûøåíèÿ íàäåæ-

íîñòè èäåíòèôèêàöèè òåõíîãåííûõ ðàäèîíóêëèäîâ ñ êîí-

öåíòðàöèÿìè îêîëî 0,3 êÁê/êã íà óðîâíå åñòåñòâåííîãî

ôîíà ìîæíî ðåøèòü, íî äëÿ ýòîãî íåîáõîäèìî ïåðåîñíà-

ñòèòü äîçèìåòðèñòîâ è ñîðòèðîâî÷íûå ó÷àñòêè ïîëåâû-

ìè ïîëóïðîâîäíèêîâûìè ãàììà-ñïåêòðîìåòðàìè, ñòî-

èìîñòü êîòîðûõ â äåñÿòêè ðàç âûøå ñòîèìîñòè èñïîëüçó-

åìîé â íàñòîÿùåå âðåìÿ àïïàðàòóðû. Êðîìå òîãî, ïî-

òðåáóþòñÿ ðàçðàáîòêà ìåòîäèê, ðóêîâîäñòâ, äîïîëíè-

òåëüíûå çàòðàòû íà ðåìîíò, íîâûé óðîâåíü òåõíè÷åñêî-

ãî è ìåòðîëîãè÷åñêîãî îáåñïå÷åíèÿ.

Â öåëîì, îòìå÷åííûå âûøå ïîâûøåííûå çàòðàòû ñ

òî÷êè çðåíèÿ ðàäèàöèîííîé áåçîïàñíîñòè íå îáîñíîâàí-

íû. Èäåíòèôèêàöèÿ îòõîäîâ ñ ãîäîâûìè äîçîâûìè íà-

ãðóçêàìè 0,3 ìÇâ/ãîä ïðîòèâ ðåêîìåíäóåìîé 1 ìÇâ/ãîä è

ïðèðîäíîé  2,4 ìÇâ/ãîä  [1–5], îñîáåííî äëÿ òàêîãî îáúåê-

òà, êàê ÏÂÕ Àíäðååâà, ãäå íåò íàñåëåíèÿ è íå ïëàíèðóåò-

ñÿ õîçÿéñòâåííàÿ äåÿòåëüíîñòü, íå ïðèåìëåìà. Ñëåäóåò

Storage cost. Because the introduction of VLLW SRW

category assumes a decrease in expenses for storage facility

construction by at least 10 times as compared to LLW SRW,

let us use the average value of 330±70 /m3. The All-Russian

Research Institute for Power Technology (VNIIPIET), having

performed preliminary investigations for Andreeva Bay,

achieved the following estimates: Stage I (construction of

2000 m3-capacity storage facility) ~ 480 /m3; Stage II

(4000 m3) ~ 390 /m3, Stage III (6000 m3) ~ 280 /m3 that

makes up on average ~ 350 /m3. Taking into account both

the above cost trend and the expected volumes of LLW SRW

(Fig. 2), the expenses on storage facility construction for all

decommissioning facilities and remediation sites in Nortwest

Russia may be estimated as follows: Atomflot, Poliarninskiy

SRZ and Sevmash ~ 600 /m3;  Zvezdochka Shipyard ~ 550 /

m3; Gremikha, Nerpa Shipyard ~ 500 /m3; SRW storage

facilities #162 and Mironova Gora ~ 400 /m3;  Andreeva

Bay ~ 350 /m3; and  Saida LSF ~ 330 /m3. The running-and-

repair costs using up-to-date construction technologies for

the above enterprises and sites may be estimated at ~ 5 %

of the initial storage-facility cost, the interval between repair-

and-renewal works being 50 years.

Shipment cost. The expenses for shipment by sea were

achieved from the following considerations. According to

the data of FSUE Atomspetstrans, daily running of the ship

to be built for transportation of Spent Nuclear Fuel (SNF)

and RW under Russian-Italian cooperation project is

estimated at 15000-20000  a day, the cruising speed being

~ 10 knots. As assumed, SRW will be shipped in 20-feet

containers (the requirement of  Saida LSF). The dimensions

of two cargo holds will enable arrangement of 8 such

containers in one layer and 16 containers in two layers. The
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Table 7. Expenses for VLLW SRW Storage in Situ in the Region during 250 Years Compared to
Its Shipment to Saida, ª
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Table 8. Economic Advantages and Disadvantages of VLLW SRW Storage in -Situ Compared to
Its Shipment to Saida for storage, ª

Îáúåêò, ïðåäïðèÿòèå

Ìóðìàíñêàÿ îáë.

Àðõàíãåëüñêàÿ îáë.

ÏÂÕ Ãðåìèõà
ÏÂÕ Àíäðååâà
ÔÃÓÏ «10 ÑÐÇ» ÌÎ
ÔÃÓÏ «Íåðïà»
ÔÃÓÏ «Àòîìôëîò»

ÔÃÓÏ «Çâåçäî÷êà»

ÔÃÓÏ «Ñåâìàø»

Ëèêâèäàöèÿ õðàíèëèù
ÒÐÎ ¹162, «Ìèðîíîâà
ãîðà» è ðåàëèáèòàöèÿ

2 300
12 200

450
1 800

550

Îæèäàåìûé
îáúåì

îòõîäîâ, ì3

1 300

100

5 500

1 200 000
4 300 000

300 000
900 000
320 000

800 000

60 000

2 200 000

200 000

15 000

600 000

1 000 000

75 000

2 800 000

300 000
1 100 000

70 000
200 000

80 000

1 500 000
5 400 000

370 000
1100 000

400 000

400 000
500 000

11 000
43 000
18 000

500 000

37 000

2 000 000

Îáðàùåíèå ñ ÎÍÀÎ íà ìåñòå

Ñòðîèòåëüñòâî
õðàíèëèù

Ñóììàðíûå
çàòðàòû

Îòïðàâêà
íà ÏÄÕ
Ñàéäà

Ýêñïëóàòàöèÿ
è ðåìîíò
õðàíèëèù

(Dis)Advantageous

Enterprise, site

Murmansk region

Arkhangelsk region

TSF Gremikha

TSF Andreeva

Poliarninskiy SRZ

«Nerpa» SRZ

Atomflot

«Zvezdochka» SRZ

Sevmash

Remediation of SRZ storage
facilities ¹162 and «Mironova
Gora»

Storage in situ
for 250 jears

400 000
(800 000)

500 000
(4000 000)

11 000
(150 000)

43 000
(600 000)

18 000
(180 000)

500 000
(460 000)

37 000
(35 000)

2 000 000
(1 900 000)

–40 000

–3 000

+1 100 000

–300 000

–900 000

–190 000

–450 000

–200 000

Shipment (and
storage) at LSF

«Saida»

VLLW SRW
storage in situ

Benefit, +ª

Loss, –ª

1 500 000

5 400 000

370 000

1 100 000

400 000

1 000 000

75 000

2 800 000

Disadvantageous

Advantageous

Disadvantageous

Disadvantageous

Disadvantageous

Disadvantageous

(Dis)Advantageous

Íå âûãîäíî/
âûãîäíî

Íå âûãîäíî/
âûãîäíî

Îáúåêò

Ìóðìàíñêàÿ îáë.

Àðõàíãåëüñêàÿ îáë.

ÏÂÕ Ãðåìèõà

ÏÂÕ Àíäðååâà

ÔÃÓÏ «10 ÑÐÇ» ÌÎ

ÔÃÓÏ «Íåðïà»

ÔÃÓÏ «Àòîìôëîò»

ÔÃÓÏ «Çâåçäî÷êà»

ÔÃÓÏ «Ñåâìàø»

Ðåàëèáèòàöèÿ õðàíèëèù ÒÐÎ
¹162, «Ìèðîíîâà ãîðà»

Õðàíåíèå
íà ìåñòå
250 ëåò

400 000
(800 000)

500 000
(4000 000)

11 000
(150 000)

43 000
(600 000)

18 000
(180 000)

500 000
(460 000)

37 000
(35 000)

2 000 000
(1 900 000)

–40 000

–3 000

+1 100 000

–300 000

–900 000

–190 000

–450 000

–200 000

Îòïðàâêà
(è õðàíåíèå)
íà ÏÄÕ Ñàéäà

Õðàíåíèå
ÑëÀÎ/ÎÍÀÎ

íà ìåñòå

Âûãîäà +ª

Óùåðá –ª

1 500 000

5 400 000

370 000

1 100 000

400 000

1 000 000

75 000

2 800 000

Íå âûãîäíî

Íå âûãîäíî

Íå âûãîäíî

Íå âûãîäíî

Íå âûãîäíî

Âûãîäíî

Enterprise, site

Murmansk region

Arkhangelsk region

TSF Gremikha
TSF Andreeva
Poliarninskiy SRZ
«Nerpa» SRZ
Atomflot

«Zvezdochka» SRZ

Sevmash

Elimination of SRZ storage
facilities No162, «Mironova
Gora» end remediation

2 300
12 200

450
1 800

550

Expected
waste volume,

m3

1 300

100

5 500

1 200 000
4 300 000

300 000
900 000
320 000

800 000

60 000

2 200 000

200 000

15 000

600 000

1 000 000

75 000

2 800 000

300 000
1 100 000

70 000
200 000

80 000

1 500 000
5 400 000

370 000
1100 000

400 000

400 000
500 000

11 000
43 000
18 000

500 000

37 000

2 000 000

VLLW management in situ

Construction of
storage facilities

Total
expenses

Waste
shipment

LSF «Saida»
Running end

repair of storage
facilities
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íàïîìíèòü, ÷òî îáåñïå÷èòü áåçîïàñíîå õðàíåíèå îòõî-

äîâ ïðåäëàãàåìîé êàòåãîðèè ÑëÀÎ/ÎÍÀÎ â òå÷åíèå 250

ëåò íåâîçìîæíî íè íà îäíîì ïðåäïðèÿòèè è îáúåêòå ðå-

ãèîíà. Ïðè ýòîì íåîáõîäèìî ó÷èòûâàòü, ÷òî ñòðîèòåëüñòâî

ïîëèãîíîâ/õðàíèëèù ýêîíîìè÷åñêè íåâûãîäíî íè íà îä-

íîì èç îáúåêòîâ, êðîìå ÏÄÕ Ñàéäà è â Àðõàíãåëüñêîé îáë.

Â èòîãå, ïî ñîâîêóïíîñòè ðàññìîòðåííûõ âûøå âíå-

øíèõ è âíóòðåííèõ ôàêòîðîâ ââîä êàòåãîðèè ÑëÀÎ/ÎÍÀÎ

ñ ïðåäñòàâëåííûìè â òàáë. 4,5 [2,6] ïîêàçàòåëÿìè íå

ïîçâîëÿåò ñîçäàòü ýêîíîìè÷åñêè âûãîäíóþ è íåïðîòèâî-

ðå÷èâóþ ñèñòåìó îáðàùåíèÿ ñî ÑëÀÎ/ÎÍÀÎ â ìàñøòàáå

Ñåâåðî-Çàïàäíîãî ðåãèîíà, íå ïðèâîäèò ê ïîâûøåíèþ

áåçîïàñíîñòè ïåðñîíàëà, íàñåëåíèÿ è îêðóæàþùåé ñðå-

äû. Íàïðîòèâ, â ñëó÷àå ïðèíÿòèÿ ðåêîìåíäàöèé ïî ðàç-

ìåùåíèþ ÑëÀÎ/ÎÍÀÎ ÒÐÎ â ìåñòàõ îáðàçîâàíèÿ íå áó-

äåò ðåøåíà çàäà÷à îñâîáîæäåíèÿ ðåãèîíà îò ðàäèîàê-

òèâíûõ âåùåñòâ. Â òå÷åíèå âñåãî ïåðèîäà èõ êîíòðîëèðó-

åìîãî õðàíåíèÿ/çàõîðîíåíèÿ (äî 250 ëåò) ñîõðàíèòñÿ ñî-

öèàëüíî-ïñèõîëîãè÷åñêàÿ íàïðÿæåííîñòü, îáóñëîâëåííàÿ

òåì, ÷òî ïîñëå ëèêâèäàöèè ÿäåðíî- è ðàäèàöèîííî-îïàñ-

íûõ îáúåêòîâ ÂÌÔ íà ïðåæíèõ ìåñòàõ èõ ðàñïîëîæåíèÿ

îñòàëèñü «ðàäèîàêòèâíûå îòõîäû».

œÂ‰ÎÓÊÂÌËˇ Ë ÂÍÓÏÂÌ‰‡ˆËË. Âîçíèêàåò âîïðîñ

î âîçìîæíîñòè ñîçäàíèÿ ýôôåêòèâíîé, íåïðîòèâîðå÷è-

âîé è ýêîíîìè÷åñêè ìåíåå çàòðàòíîé ñèñòåìû îáðàùå-

íèÿ ñ ïðîìûøëåííûìè îòõîäàìè â ðåãèîíå. Âåðíåìñÿ ê

áîëåå ïîäðîáíîìó ðàññìîòðåíèþ ñóùåñòâóþùåãî ïîëî-

æåíèÿ ñ èõ êëàññèôèêàöèåé (ñì. òàáë. 3). Íàïîìíèì, ÷òî

â ñîîòâåòñòâèè ñ äåéñòâóþùèìè (ïî ñîñòîÿíèþ íà 2007 ã.)

êðèòåðèÿìè [17] äëÿ ïðèíÿòèÿ ðåøåíèé ïðè îáðàùåíèè ñ

ïî÷âàìè, òâåðäûìè ñòðîèòåëüíûìè, ïðîìûøëåííûìè è

äðóãèìè îòõîäàìè, ñîäåðæàùèìè γ-èçëó÷àþùèå ðàäèîíóê-

ëèäû. ñóùåñòâóåò ñëåäóþùèé àëãîðèòì (òàáë. 13, ðèñ. 5).

Äåÿòåëüíîñòü ïî îáðàùåíèþ ñ ïðîìûøëåííûìè îòõî-

äàìè (ñì. òàáë. 13, ðèñ. 5) ñîîòâåòñòâóåò ñïîñîáàì õðàíå-

íèÿ/èçîëÿöèè, ïðåäñòàâëåííûì íà ðèñ. 1, ‚, г. Çàòðàòû íà

ñòðîèòåëüñòâî òðàíøåéíûõ õðàíèëèù, êàê èçâåñòíî, â 3–5

ðàç ìåíüøå çàòðàò  íà ñòðîèòåëüñòâî óïðîùåííûõ õðàíè-

ëèù ïðèçåìíîãî è íàçåìíîãî òèïà (ðèñ. 1, ‡, ·). Òàêîé

ïîäõîä â íàñòîÿùåå âðåìÿ ïîçâîëÿåò áåçîïàñíî èçîëè-

ðîâàòü îò 70 äî 90% ïðîìûøëåííûõ îòõîäîâ â ìåñòàõ èõ

îáðàçîâàíèÿ. Îñòàâøóþñÿ ÷àñòü îòõîäîâ ìîæíî âûâåñòè

íà îáúåäèíåííûé ïîëèãîí ïðîìûøëåííûõ îòõîäîâ, êî-

òîðûé, êàê áûëî îòìå÷åíî âûøå, ýêîíîìè÷åñêè âûãîäíî

ñîçäàòü â èíòåðåñàõ âñåõ ïðåäïðèÿòèé è îáúåêòîâ Ìóð-

ìàíñêîé îáë. â ÏÄÕ Ñàéäà, à äëÿ ïðåäïðèÿòèé Àðõàíãåëü-

ñêîé îáë. – íà áàçå ãîðîäñêîãî ïîëèãîíà ïðîìûøëåííûõ

îòõîäîâ (ã. Ñåâåðîäâèíñê).

Ýôôåêòèâíîñòü òàêîãî ïîäõîäà ïîäòâåðæäàåò ôàêò

áîëåå äâàäöàòèëåòíåãî ïåðèîäà îáðàùåíèÿ ñ îòõîäàìè

experience of shipping metal LLW SRW from Nerpa Shipyard

to the railway terminal in Murmansk-city for subsequent

sending to FSUE ECOMET-S for remelting within 20-feet

containers has demonstrated that each of them can be loaded

with 5 to 7 m3 of such radwaste taking account of the relevant

weight limitations. At a lesser density of material 10-15 m3

SRW can be loaded per container. The above reasoning allows

taking the value of 10±5 m3/container as an average estimate.

Thus two cargo holds of such a ship may be loaded with

80-160 m3 LLW or VLLW SRW, and, consequently, the shipment

cost would equal ~ 0.6±0.2 /m3-per mile. If some additional

20-feet containers were arranged on the ship’s deck, the cost

could be diminished down to 0.4-0.5 /m3-per mile. For further

analysis with consideration for handling operations, let us take

the upper limit of the above estimate - 0.8 /m3-a mile (in reality,

shipment of industrial waste does not necessitate its placement

into 20-feet containers as well as the use of special ship. A

standard barge is quite sufficient for this purpose, and thus the

shipment cost would decrease down to 0.1-0.2 /m3-per mile).

The above cost analysis for construction of storage

facilities for VLLW SRW in situ as an alternative of its

shipment to  Saida LSF allows estimating the economic

benefit of such an approach implementation at the regional

scale (Tables 7-9).

From analysis of the data of Tables 7-9 it follows that

the establishment of VLLW SRW category and its storage in

situ would be economically beneficial for Saida LSF and for

the case of elimination of SRW storage facilities # 162 and

Mironova Gora. This, however, would be unprofitable for all

shipyards and TSFs of the Murmansk region. With regard to

Zvezdochka Shipyard and Sevmash the benefit is uncertain

(i.e. comparable to the loss).

Safety. Economic indices are not the only factor that

justifies making of a definitive decision. The issue of ensuring

safe long-term storage/disposal of VLLW SRW is even more

important and includes: radiation and environmental

monitoring, physical protection and running including

necessary repair-and-renewal works (Table 10).

The data of Table 10 demonstrate that maximum

duration of safe VLLW SRW storage (100 years) may be

provided at Saida LSF only. The duration of monitored waste

storage at Andreeva Bay TSF and Gremikha TSF may attain

25 years if the remediation activities are extended.

Predictions of shipyards’ activities for 50-100 years are

unjustified due to the possibility of their conversion. Thus

none of the decommissioning facilities and remediation sites

in the region is capable of ensuring safe storage of VLLW

SRW for 250 years.

Regulatory basis. In accordance with the legislative

proposal on “Radwaste Management” developed at TSNII

“‡·ÎËˆ‡ 9. Ýêîíîìè÷åñêèå çàòðàòû è âûãîäà ââåäåíèÿ êàòåãîðèè ÑëÀÎ/ÎÍÀÎ ïî
ñðàâíåíèþ ñ ÍÀÎ ÒÐÎ äëÿ ÏÄÕ Ñàéäà ïðè îáðàùåíèè ñ íèìè â ïóíêòå Ñàéäà â òå÷åíèå 100
ëåò, ª

Table 9. Economic Losses and Benefits in Case of VLLW-Category Introduction Versus LLW SRW
for Waste Management at Saida during 100 years, ª

“‡·ÎËˆ‡ 10. Âîçìîæíîñòü äëèòåëüíîãî êîíòðîëÿ, îáåñïå÷åíèÿ ôèçè÷åñêîé çàùèòû è
ýêñïëóàòàöèè õðàíèëèù ÑëÀÎ/ÎÍÀÎ ïðè ðàçìåùåíèè ïîñëåäíèõ â ìåñòàõ îáðàçîâàíèÿ
îòõîäîâ, ëåò

Table 10. Potentialities for Long-Term Monitoring, Physical Protection and Running of Storage
Facilities in Case of VLLW SRW Storage/Disposal in Situ, Years

* Ïðåäóñìîòðåíî ïëàíîì ñòðîèòåëüñòâà. * is provided for in the construction plan.

Ñîäåðæàíèå ÎÍÀÎ â
ñîñòàâå ÍÀÎ

60%
40%
20%
10%

ÎÍÀÎ

6 000 000
4 000 000
2 000 000
1 000 000

ÍÀÎ

300 000 000
200 000 000
100 000 000

50 000 000

Âûãîäà, ª

244 000 000
196 000 000

98 000 000
48 000 000

Ââåäåíèå
êàòåãîðèè

Âûãîäíî
Âûãîäíî
Âûãîäíî
Âûãîäíî

% of VLLW in LLW

60%
40%
20%
10%

VLLW

6 000 000
4 000 000
2 000 000
1 000 000

LLW

300 000 000
200 000 000
100 000 000

50 000 000

Benefit, +ª

+244 000 000
+196 000 000

+98 000 000
+48 000 000

VLLW category
introduction

Âûãîäíî
Âûãîäíî
Âûãîäíî
Âûãîäíî

Íåò

Íåò

Íåò

Íåò

Íåò

Íåò

Íåò
Íåò

Íåò

Íåò

Íåò

Íåò

Íåò

Íåò
Íåò

Åñòü

Åñòü

Åñòü

Åñòü

Âåðîÿòíà

Âåðîÿòíà

Âåðîÿòíà

Åñòü

Åñòü

Åñòü

Âåðîÿòíà

Âåðîÿòíà

Åñòü

Åñòü

Åñòü

Åñòü

Åñòü

Åñòü

Åñòü

Åñòü

Åñòü

Åñòü

Åñòü

ÏÂÕ Ãðåìèõà

ÏÂÕ Àíäðååâà

ÔÃÓÏ «10 ÑÐÇ» ÌÎ

ÔÃÓÏ «Íåðïà»

ÔÃÓÏ «Àòîìôëîò»

ÏÄÕ Ñàéäà*

Ìóðìàíñêàÿ îáë.

Àðõàíãåëüñêàÿ îáë.
ÔÃÓÏ «Çâåçäî÷êà»

ÔÃÓÏ «Ñåâìàø»

Ðåàëèáèòàöèÿ õðàíèëèù
ÒÐÎ ¹162, «Ìèðîíîâà
ãîðà»

Åñòü

Îáúåêò 15 25 50 100 250

Åñòü Åñòü

Âåðîÿòíà

Âåðîÿòíà

Âåðîÿòíà Íåò

Presumable

Presumable

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Presumable

Presumable

Presumable

Yes

Yes

Yes

Presumable

Presumable

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

15 25 50 100 250

Yes Yes

Presumable No

TSF Gremikha

TSF Andreeva

Poliarninskiy SRZ

«Nerpa» SRZ

Atomflot

LSF «Saida»*

Enterprise, site

«Zvezdochka» SRZ

Sevmash

Remediation of SRW
storage facilities No162
end «Mironova Gora»

Arkhangelsk region

Murmansk region



4948
Âîïðîñû óòèëèçàöèè ÀÏË ¹1 (15), 2008 NPS Dismantling Issues #1 (15), 2008

Íàó÷íî-òåõíè÷åñêèå è íîðìàòèâíî-ïðàâîâûå ïðîáëåìû ñîçäàíèÿ ñèñòåìû îáðàùåíèÿ ñî ñëàáîàêòèâíûìè îòõîäàìè â
Ñåâåðî-Çàïàäíîì ðåãèîíå Ðîññèè

Scientific, Engineering, Regulatory and Legal Problems of Establishing System for Very Low-Level Waste Management in the
North-west of Russia

ôëîòà, ñîäåðæàùèìè ðàäèîàêòèâíûå âåùåñòâà, â Ïðè-

ìîðñêîì êðàå íà ÔÃÓÏ «30 ÑÐÇ» ÂÌÔ, ãäå ïîñòîÿííî âå-

äåòñÿ ðåàáèëèòàöèÿ ñîîðóæåíèé, òåððèòîðèé è àêâàòî-

ðèé, çàãðÿçíåííûõ òåõíîãåííûìè ðàäèîíóêëèäàìè, îá-

ðàçîâàâøèìèñÿ â ðåçóëüòàòå àâàðèè ßÝÓ íà ÀÏË Ê-431 â

áóõòå ×àæìà â 1985 ã. [19]. Äàííûé ïîäõîä ïîçâîëÿåò

äîáèâàòüñÿ íåîáõîäèìûõ ðåçóëüòàòîâ è íå âûçûâàåò íà-

ðåêàíèé ñî ñòîðîíû êîíòðîëèðóþùèõ îðãàíîâ è îáùå-

ñòâåííîñòè (ðèñ. 6).

Atominform  in 2007, the enterprises involved have the right

to store radwaste temporarily at their sites for maximum 50

years; next such radwaste is to be sent to a specialized

enterprise for long-term storage (50-100 years) followed by

its transfer to ultimate-disposal sites. Thus, even if new RW

category (VLLW) is established, such waste - taking account of

the requirements on its management – is to be transferred

together with other RW categories to specialized enterprises

shortly after expiration of the period indicated. The destiny of

LLW, ILW and HLW SRW is clear: they are to be confined within

special locations for thousands of years. Continuation of the

functioning of specialized enterprises to support the integrity

of VLLW storage facilities over 250 years awaiting decay of

man-caused radionuclides down to the background level is

unreasonable and inexpedient: after confinement of main RW

categories their functioning becomes unprofitable (Fig. 3).

Рис. 3. Этапы обращения с ТРО, освобождающие эксплуатирующую организацию от ответственности
за обращение со всеми категориями отходов, включая предлагаемую категорию СлАО/ОНАО ТРО, в
соответствии с проектом федерального закона «Обращение с радиоактивными отходами» 2007 г.

Fig. 3. SRW%Management Phases, which Exempt the Operator from Responsibility for Management of all
Radwaste Categories, including the Proposed VLLW SRW, in accordance with «Radioactive Waste Management”
Draft Law of the Russian Federation (2007)

“‡·ÎËˆ‡ 11. Ìîùíîñòü äîçû γ-èçëó÷åíèÿ íà ñòàíäàðòíûõ ðàññòîÿíèÿõ îò êîíòåéíåðà è íà ïëî-
ùàäêå ïðîìûøëåííûõ îòõîäîâ ïðè ðàçëè÷íîì ñîäåðæàíèè ðàäèîàêòèâíûõ âåùåñòâ, 10-2 ìê3â/÷

Table 11. Gamma-EDR at Standard Distances from Container and Industrial-Waste Pad for
Different Concentrations of Radioactive Substances, 10-2 μSv/h

œËÏÂ˜‡ÌËÂ. Ïðèíÿòà ïëîòíîñòü âåùåñòâà 1,5 ã/ñì3. Ïîãðåøíîñòü îöåíîê 20%. Ïî ÍÐÁ-99 äîïóñòèìàÿ ãîäî-

âàÿ äîçà äëÿ íàñåëåíèÿ ñîîòâåòñòâóåò 1 ìÇâ/ãîä, ïåðñîíàëà ãðóïïû ¡ – 5 ìÇâ/ãîä, ãðóïïû ¿ – 20 ìÇâ/ãîä.

Comments: Substance density of 1.5 g/cm3 is taken for estimates; the error is 20%. According to

NRB-99, the annual permissible dose is: 1 mSv/hear for population; 5 mSv/hear for Group B personnel;

20 mSv/hear for Group A personnel.

Â ïåðâûå äíè è ìåñÿöû ïîñëå àâàðèè ðåàáèëèòàöèè

ïîäâåðãëàñü òåððèòîðèÿ ñóäîðåìîíòíîãî çàâîäà è çàã-

ðÿçíåííûå ñîîðóæåíèÿ. Â òå÷åíèå ïîñëåäóþùèõ 10 ëåò

áûëà óäàëåíà íàèáîëåå çàãðÿçíåííàÿ îáëàñòü ðàäèîàê-

òèâíîãî ñëåäà â ðàéîíå ãðàâèéíîãî êàðüåðà. Î÷èùåíà

àêâàòîðèÿ áóõòû ×àæìà ó ïðè÷àëüíîé ñòåíêè è ôàðâà-

òåð. Â 2002 ã. ïðîâåäåíà ðåàáèëèòàöèÿ äíà îçåðà-êîòëî-

âàíà è ïðèëåãàþùåé ê íåìó òåððèòîðèè. Ñîîðóæåíèÿ

ðåàáèëèòèðîâàëè ìåòîäàìè äåçàêòèâàöèè, çàìåíîé îáî-

Ðàññòîÿíèå,
γ−èçëó÷àòåëü

Óäåëüíàÿ àêòèâíîñòü âåùåñòâà, ñîäåðæàùåãî ðàäèîíóêëèä, êÁê/êã

Êîíòåéíåð 1×1×1 ì

0,3 1,5 10 100

Ïëîùàäêà 50×50×1 ì

Ðàññòîÿíèå 0,1 ì
137Cs (50–70%)
60Co (5–15%)

Ðàññòîÿíèå 1,0 ì
137Cs (50–70%)
60Co (5–15%)

Ðàññòîÿíèå 0,1 ì
137Cs (50–70%)
60Co (5–15%)

Ðàññòîÿíèå 1,0 ì
137Cs (50–70%)
60Co (5–15%)

Äîçà, ìÇâ/ãîä
24 ÷ â ñóò
6 ÷ â ñóò

3,0–3,8 15–19 100–125 1000–1250

0,3–0,6 1,5–3 10–20 100–200

2,1–4,1 10–20 70–130 700–1300

2,3–4,4 12–22 80–145 800–1450

0,2–0,4 1–1,8 6–12 60–120
– – 1–2 10–20

Main gamma−emitters
Specific activity of radionuclide-containing substance, kBg/kg

Container 1×1×1 m

0,3 1,5 10 100

Pad 50×50×1 m

Distance 0,1 m
137Cs (50–70%)
60Co (5–15%)

Distance 1,0 m
137Cs (50–70%)
60Co (5–15%)

Distance 0,1 m
137Cs (50–70%)
60Co (5–15%)

Distance 1,0 m
137Cs (50–70%)
60Co (5–15%)

Dose, mSv/year
- 24 hours a day:
6 hours a day:

3,0–3,8 15–19 100–125 1000–1250

0,3–0,6 1,5–3 10–20 100–200

2,1–4,1 10–20 70–130 700–1300

2,3–4,4 12–22 80–145 800–1450

0,2–0,4 1–1,8 6–12 60–120
– – 1–2 10–20
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Scientific and engineering problems.  The

calculations performed at IBRAE RAS using MicroShield

software [13] to estimate potential ã-EDR from a

container with VLLW SRW with radionuclide composition

shown in Table 5 for 0.3 kBq/kg have demonstrated that

EDR does not equal 0.1 μSv/h and varies within 0.02-

0.04 μSv/h at material density of 0.5-2.0 g/cm3. EDR of

0.1 μSv/h corresponds to specific activity of ~ 0.9-1.5 kBq/

kg. Estimates performed for a generalized radionuclide

composition of SRW typical of decommissioning facilities

and remediation sites of the region are demonstrated in

Table 11. The dose commitment of 1 mSv/year

recommended by the International Atomic Energy Agency

(IAEA) for general population may be achieved at

radwaste activity of ~ 1-1.5 kBq/kg and in case of

population staying within the affected area for 24 hours

in the course of a calendar year (365 days) that is unreal.

For personnel of Groups A and B, the exposure dose while

managing radwaste of activity 1.5 – 100 kBq/kg during 6

hours/day in the course of a work year (250 days) would

not exceed the established standards. Thus from the safety

standpoint no tighter restrictions to industrial waste

categorization and storage procedures are required.

Analysis of γ-EDR distribution density over characteristic

“‡·ÎËˆ‡ 12. Ñòàòèñòè÷åñêèå ïàðàìåòðû ïëîòíîñòè ðàñïðåäåëåíèÿ ìîùíîñòè ýêâèâàëåíò-
íîé äîçû (ÌÝÄ) γ-èçëó÷åíèÿ íà òåððèòîðèè ïóíêòà Âèäÿåâî

Table 12. Statistic Parameters for ã-EDR Distribution Density in Vidiaevo

Ïðèìå÷àíèå. Ïî äàííûì [15] ñðåäíåå çíà÷åíèå ÌÝÄ íà ìåñòíîñòè â ï. Ãðåìèõà ñîñòàâëÿåò 0,1–0,12 ìêÇâ/÷, â

ðàéîíå ÏÂÕ Àíäðååâà (ã. Çàîçåðñê) – 0,09–0,11 ìêÇâ/÷, èíòåðâàë âàðèàöèé – 0,09–0,2 ìêÇâ/÷. Ïî äàííûì [16]

ñðåäíåå çíà÷åíèå ÌÝÄ ñîñòàâëÿåò 0,11 ìêÇâ/÷ â ìåñòàõ ñ ïî÷âåííûì ïîêðûòèåì è 0,13 ìêÇâ/÷ â ðàéîíàõ âûõîäà

ñêàëüíûõ ïîðîä, èíòåðâàë âàðèàöèé – 0,08–0,22 ìêÇâ/÷.

Comment: According to Ref. [15], the average ã-background value in Gremikha settlement is 0.1- 0.12 ìSv/h,

in TSF Andreeva area (Zaozersk-town) – 0.09-0.11 γSv/h; the variability interval is 0.09- 0.2 γSv/h. According to Ref.

[16], the average radiation background is: 0.11 γSv/h at locations with soil cover and 0.13 γSv/h in rocky areas; the

integral variability interval is 0.08-0.22 γSv/h.

“‡·ÎËˆ‡ 13, Àëãîðèòì îáðàùåíèÿ ñ ïðîìûøëåííûìè îòõîäàìè, ñîäåðæàùèìè
γ-èçëó÷àþùèå ðàäèîíóêëèäû

Ïðèìå÷àíèå. Ìîùíîñòü äîçû îïðåäåëÿþò íà 0,1 ì îò ïîâåðõíîñòè. Êðèòåðèè íå ðàñïðîñòðàíÿþòñÿ íà

ìàòåðèàëû, â êîòîðûõ ïðèñóòñòâóþò ðàäèîíóêëèäû òðàíñóðàíîâîãî ðÿäà. Ïðè íàëè÷èè â ãðóíòå è ìàòå-

ðèàëàõ ðàäèîíóêëèäîâ ðàäèÿ è òîðèÿ ðåøåíèÿ ïðèíèìàþò ïî óäåëüíîé àêòèâíîñòè.

* Â ñîîòâåòñòâèè ñ [18] äëÿ ìåòàëëîâ ïîñëå èõ äåçàêòèâàöèè/ïåðåïëàâêè ìîùíîñòü äîçû ñ ó÷åòîì

ôîíà íå äîëæíà ïðåâûøàòü 0,2 ìêÇâ/÷.

Table 12. Statistic Parameters for „-EDR Distribution Density in Vidiaevo

Comments: EDR is determined at 10-cm height from the surface. The criteria do not cover transuranics containing

materials. If radionuclides of Ra and Th are available in grounds and materials, the decisions are taken on specific-activity

basis.

*in accordance with Ref. [18], for metals after their decontamination/remelting EDR together with the background

is not to exceed 0.2 ìSv/h.

Îáúåêò Ìåðû âìåøàòåëüñòâà Îáðàùåíèå ñ îòõîäàìè

Çàãðÿçíåííàÿ ïî÷âà, ñòðîèòåëüíûå,
ïðîìûøëåííûå è äðóãèå îòõîäû ñ
ìîùíîñòüþ äîçû 0,1–0,3 ìêÇâ/÷ íàä
ôîíîì*

Ïðè îòñóòñòâèè ó÷àñòêîâ íà
òåððèòîðèè ñ ìîùíîñòüþ
äîçû > 0,3 ìêÇâ/÷ íèêàêèõ
ìåð âìåøàòåëüñòâà íå
òðåáóåòñÿ

Íèêàêèõ ìåð âìåøàòåëüñòâà íå
òðåáóåòñÿ

Çàãðÿçíåííàÿ ïî÷âà, ñòðîèòåëüíûå,
ïðîìûøëåííûå è äðóãèå îòõîäû ñ
ìîùíîñòüþ äîçû 0,3–1 ìêÇâ/÷

Çàãðÿçíåííàÿ ïî÷âà, ñòðîèòåëüíûå,
ïðîìûøëåííûå è äðóãèå îòõîäû ñ
ìîùíîñòüþ äîçû 1–3 ìêÇâ/÷

Çàãðÿçíåííàÿ ïî÷âà, ñòðîèòåëüíûå,
ïðîìûøëåííûå è äðóãèå îòõîäû ñ
ìîùíîñòüþ äîçû áîëåå 3 ìêÇâ/÷

Ïðîâîäèòñÿ äåçàêòèâàöèÿ.
Ìîùíîñòü äîçû íå äîëæíà
ïðåâûøàòü 0,3 ìêÇâ/÷

Çàãðÿçíåííûå ìàòåðèàëû èñïîëüçó-
þò äëÿ çàñûïêè ÿì, îâðàãîâ è
ñòðîèòåëüñòâà äîðîã âíå íàñåëåí-
íûõ ïóíêòîâ ñ ïîñëåäóþùåé
ðåêóëüòèâàöèåé ýòèõ ìåñò.
Ìîùíîñòü äîçû ïîñëå ðåêóëüòè-
âàöèè íå äîëæíà ïðåâûøàòü
0,3 ìêÇâ/÷

Ïðîâîäèòñÿ äåçàêòèâàöèÿ.
Ìîùíîñòü äîçû íå äîëæíà
ïðåâûøàòü 0,3 ìêÇâ/÷

Çàãðÿçíåííûå ìàòåðèàëû âûâîçÿò
íà ïîëèãîíû ïðîìûøëåííûõ è
áûòîâûõ îòõîäîâ ñ âûäåëåíèåì äëÿ
èõ ðàçìåùåíèÿ ó÷àñòêîâ èëè
îðãàíèçàöèè ñïåöèàëüíî îòâåäåí-
íûõ ìåñò ñ ïîñëåäóþùåé ðåêóëüòè-
âàöèåé.
Ìîùíîñòü äîçû ïîñëå ðåêóëüòè-
âàöèè íå äîëæíà ïðåâûøàòü
0,3 ìêÇâ/÷

Ïðîâîäèòñÿ äåçàêòèâàöèÿ.
Ìîùíîñòü äîçû íå äîëæíà
ïðåâûøàòü 0,3 ìêÇâ/÷

Îáðàçîâàâøèåñÿ ÐÀÎ âûâîçÿò íà
ñïåöèàëèçèðîâàííûå ïóíêòû
çàõîðîíåíèÿ ðàäèîàêòèâíûõ
îòõîäîâ ñîãëàñíî ïðàâèëàì ïî
îáðàùåíèþ ñ ðàäèîàêòèâíûìè
îòõîäàìè.

Èñõîäíûå
äàííûå

Ðàñïðåäåëåíèå
áåç ó÷åòà
ïðèðîäíûõ
àíîìàëèé

Ðåàëüíîå
ðàñïðåäåëåíèå

Âûñîòà,
ñì

Îáúåì
âûáîðêè

Ñðåäíåå,
ìêÇâ/÷

Ìåäèàíà,
ìêÇâ/÷

Ìèíèìóì,
ìêÇâ/÷

Ìàêñèìóì,
ìêÇâ/÷

10

100

10

100

S,
ìêÇâ/÷

0,12

0,10

0,13

0,11

750

750

800

800

0,12

0,10

0,12

0,10

0,06

0,04

0,06

0,04

0,20

0,18

0,62

0,36

0,03

0,03

–

–

Inicial data

Distribution
without
anomalies

Real
distribution

Height,
sm

Sample
size

Average,
μSv/h

Median,
μSv/h

Minimum,
μSv/h

Maximum,
μSv/h

10

100

10

100

S,
μSv/h

0,12

0,10

0,13

0,11

750

750

800

800

0,12

0,10

0,12

0,10

0,06

0,04

0,06

0,04

0,20

0,18

0,62

0,36

0,03

0,03

–

–

Subject Intervention measures Waste management

Contaminated soils, building ,
industrial and other waste with EDR
0,1–0,3 μSv/h above the
background*

No intervention measures if
areas with EDR > 0,3 μSv/h are
lacking

No intervention measures is required

Contaminated soils, building ,
industrial and other waste with EDR
0,3–1 μSv/h

Contaminated soils, building ,
industrial and other waste with EDR
1–3 μSv/h

Decontamination. EDR is not
to exceed 0,3 μSv/h

Contaminated materials are used for
filling up of trenches, ravines, etc.,
Construction of roads outside
inhabited areas followed by land
restoration. EDR after land restoration
is not to exceed 0,3 μSv/h

Decontamination. EDR is not
to exceed 0,3 μSv/h

Contaminated materials are removed
to dumps of industrial and domestic
waste and disposed of within special
areas followed by their restoration. EDR
after land restoration is not to exceed
0,3 μSv/h

Decontamination. EDR is not
to exceed 0,3 μSv/h

Radwaste produced is removed to
special RW -disposal sites in accordance
with the RW -management regulations

Contaminated soils, building ,
industrial and other waste with EDR
> 3 μSv/h
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ðóäîâàíèÿ, áëîêîâ è êîíñòðóêöèé íîâûìè, òåððèòîðèè –

óäàëåíèåì ãðóíòà ñ ÐÀÎ, íàíåñåíèåì ÷èñòîãî ïîêðûòèÿ

è ðåêóëüòèâàöèåé äî òðåáóåìûõ óðîâíåé, àêâàòîðèè – ñ

èñïîëüçîâàíèåì äíîóãëóáèòåëüíîé òåõíèêè, ìåòîäîì

îòêà÷êè âîäû ñ ïîñëåäóþùåé ðåàáèëèòàöèåé äíà ðàçëè÷-

íûìè ñïîñîáàìè. Îòõîäû (êðîìå êðóïíîãàáàðèòíûõ),

ïîïàäàþùèå ïîä  êàòåãîðèþ ÐÀÎ, ñîáèðàëè â êîíòåéíå-

ðû è ïîìåùàëè â áåòîííûå õðàíèëèùà ïðèçåìíîãî òèïà,

ìåíåå àêòèâíûå îòõîäû, âêëþ÷àÿ è ïðîìûøëåííûå, íà-

âàëîì ñâîçèëè â õðàíèëèùà òðàíøåéíîãî òèïà. Îäíî èç

õðàíèëèù ðàçìåñòèëè â ëåñíîì ìàññèâå íà ðàäèîàêòèâ-

íîì ñëåäå íà óäàëåíèè 2 êì îò çàâîäà, äðóãèå – íà òåððè-

òîðèè áåðåãîâîé áàçû â áóõòå Ñûñîåâà. Ãðàâèé èç êàðüå-

ðà ïîñëå ðåêóëüòèâàöèè äî ìîùíîñòè ýêâèâàëåíòíîé äîçû

ìåíåå  0,3 ìêÇâ/÷ èñïîëüçîâàëè äëÿ âûðàâíèâàíèÿ ïëî-

ùàäîê, îòñûïêè äîðîã âíå íàñåëåííûõ ïóíêòîâ, ñòðîèòåëü-

ñòâà ôóíäàìåíòîâ òåõíè÷åñêèõ ñîîðóæåíèé è ïð.

Ïîñëå äâàäöàòèëåòíåé âûäåðæêè ÷àñòü îòõîäîâ êàòå-

ãîðèè ÍÀÎ â ðåçóëüòàòå ðàäèîàêòèâíîãî ðàñïàäà ïåðå-

øëà â ïðîìûøëåííûå îòõîäû. Ýòî ïîçâîëèëî îñâîáîäèòü

äîðîãîñòîÿùèå áåòîííûå õðàíèëèùà è ðàçìåñòèòü ïîäîá-

íûå îòõîäû íà âíóòðåííåé ïðîìûøëåííîé ïëîùàäêå.

territory of the region under consideration demonstrates

that in case of repair-and-construction and remediation

works the currently used dose-control equipment enables

identification (with the reliability of 0.997) of abnormally

significant elevations at a level of > 0.1 μSv/h from natural

background variations caused by different concentrations of

natural radionuclides in rocks and soils (Fig. 4, Table 12 [14]).

If the bottom waste-assortment threshold (especially for

concrete structures and grounds) were established at a level of

0.3 kBq/kg (~ 0.03 μSv/h), the reliability of separating

abnormally-significant materials would not exceed 0.7 that

would lead to unjustified consideration of some natural-origin

substances as the sources of man-caused contamination and

thus in over-expenses for their storage. Potentially, the

reliability-enhancement task to identify man-caused

radionuclides with concentrations of ~ 0.3 kBq/kg (i.e. at the

natural-background level) may be solved via re-equipping

dosimetrists and waste-assortment areas with field

semiconductor gamma-spectrometers. However their cost

would exceed that of equipment currently in use by tens of

times, and the development of additional guidelines and

procedures would be necessary along with extra-expenses for

repair and updating of engineering and metrological support.

As a whole, the above-mentioned over-expenses are

unjustified from the radiation safety standpoint, whereas

the identification of waste with dose commitment of

0.3 mSv/year versus the recommended 1 mSv/year and the

natural background of 2.4 (1–5) mSv/year – especially in case

of scarcely-populated Andreeva Bay TSF with no plans for

further economic use – is unreasonable. It will be recalled

that there is no possibility of ensuring safe storage during

250 years of proposed VLLW category at any enterprise/site

of the region, and that the construction of waste-disposal

grounds/storage facilities has been estimated as unprofitable

at the majority of enterprises/sites with the exception of

Saida and shipyards in Arkhangelsk region .

Thus, taking into account the integrity of above-

considered external and internal factors, the introduction

of VLLW category with the indices demonstrated in Tables 4

and 5 [2, 6] would not allow establishing an economically

profitable and consistent VLLW-management system in

Northwest Russia and would not enhance safety of workers,

population and the environment. Quite the contrary, if

recommendations on VLLW disposal in situ were accepted,

the task of the region liberation from man-caused

radioactive materials would not be solved. Social and

psychological tension would remain in the region throughout

the period of VLLW monitored storage/disposal (up to 250

years) based on the perception of “radioactive waste”

persistent location at former naval sites even after

elimination of their nuclear and radiation-hazardous

facilities.

Рис. 4. Гистограммы распределения мощности эквивалентной дозы γ%излучения на высоте 0,1 м в районе пункта Видяево:
а – реальное распределение; б – без учета природных аномалий
Fig. 4. Histograms of г%EDR distribution at 0.1 m height in Vidiaevo area (distributions: а – real; b – without consideration for natural
anomalies)

N N

ìêÇâ/÷

μSv/h

Рис. 5. Существующий алгоритм обращения с промышленными и радиоактивными отходами,
освобождающий эксплуатирующую организацию от ответственности за них

Fig. 5. Currently Used Algorithm, which Exempts the Operator from the Responsibility for
Management of Industrial and Radioactive Waste

ìêÇâ/÷

μSv/h
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Proposals and recommendations. The question arises

of whether there is a possibility of establishing an efficient,

consistent and less-expensive system for industrial waste

management in the region. Let us consider again, but in

more detail, the actual industrial-waste-categorization

status (see Table 3) and recall the algorithm used while

managing soils, solid building, industrial and other wastes

containing ã-emitting radioinuclides in compliance with the

criteria presently in force (as of 2007) [17] (Table 13, Fig. 5).

The current industrial-waste-management activities

(Table 13 and Fig. 5) correspond to the modes of storage/

disposal demonstrated in Fig. 1c and 1d. As known, the

expenses for construction of trench-type storages are by

3-5 times less as compared to those for simplified

subsurface or aboveground facilities (Fig. 1à and 1b). At

present such an approach enables safe confinement in situ

of 70-90% industrial waste. The remaining waste may be

shipped to an integrated ground for industrial waste, which

establishment, as mentioned above, would be profitable

at  Saida for all enterprises and sites of the Murmansk

region; for enterprises of the Arkhangelsk region such a

ground may be established on the basis of Severodvinsk-

city’s industrial-waste ground.

The efficiency of the above approach is confirmed by

more than 20-year successful experience of managing naval

waste containing radioactive substances at Shipyard # 30

(Primorskiy kray, Far East Russia). Here environmental

remediation of buildings, territories and aquatic areas

contaminated with radionuclides due to the Chazhma Bay

accident (1985) at K-431 nuclear submarine is continuously

conducted [19]. The used approach enables achievement of

required outcomes and does not give rise to criticism from

supervisory authorities and public organizations (Fig. 6).

During early post-accident days and months

environmental-remediation activities were focused on the

shipyard’s site and its contaminated buildings. In the course

of the following 10 years ground contaminated at the most

close to the gravel pit within the radioactive trace was

removed, and the aquatic area nearby the quay wall and

along the Chazhma Bay’s waterway was decontaminated.

In 2002 the bottom of the lake-excavation together with

the adjacent territory was remediated. Remediation

activities were conducted as follows: buildings -

decontamination, replacement of equipment, units and

constructions by new ones; lands - removal of contaminated

and placing of non-contaminated ground, land restoration

up to required standards; aquatic areas - water pumping-

out using dredging equipment followed by remediation of

the lake bottom via different procedures. Waste considered

as radwaste was loaded into containers (save for bulky

radwaste) and placed into above-ground concrete storage

facilities; less-active waste, including industrial waste, was

loaded in bulk into trench-type storages: one of such trenches

was established in the woodland 2 km from the shipyard

within the radioactive trace, other trenches were arranged

at the site of Coastal Maintenance Base (CMB) in Sysoeva

Bay. Gravel of the pit after remediation up to <0.3 μSv/h

was used for leveling of sites, filling of roads outside

settlements, construction of basements for non-inhabited

structures, etc.

As a result of radioactive decay, after twenty years of

hold-up some LLW became ‘industrial waste’. That enabled

its removal from expensive concrete storage facilities and

arrangement at inner pad. Waste placed earlier into trench-

type facilities were left for natural decontamination

(radioactive decay) followed by transfer to industrial-waste

storages. The trench-type facility established after the

accident in the woodland within the contaminated trace

was eliminated in 1992 under the pressure of public

organizations complaining about the lack of its continuous

monitoring, and waste stored therein was shipped to CMB

in Sysoeva Bay.

In 2002 the approach illustrated in Table 13 was used

with success in the course of remediation of the lake-

excavation. The remediation algorithm provided for the

following: preliminary mapping of the bottom through water

using submersible radiometer; ã-spectrometry of the lake

bottom; radionuclide analysis of near-bottom water layer;

water pumping-out under permanent radiometric and ã-

spectrometric monitoring; radionuclide analysis of biotic

components; re-mapping and identification of remediation

areas; contouring of SRW-containing spots; SRW removal and

loading into metal containers; air-contamination monitoring;

drawing up of SRW identification sheets and sending of

containers with SRW to CMB in Sysoeva Bay for temporary

storage. Contaminated areas with the levels < 0.3 μSv/h

Îòõîäû, ðàíåå ïîìåùåííûå â òðàíøåé-

íûå õðàíèëèùà, îñòàâëåíû íà ðàäèîàê-

òèâíûé ðàñïàä ñ ïîñëåäóþùèì èõ ïåðå-

âîäîì â õðàíèëèùà ïðîìûøëåííûõ îòõî-

äîâ. Ïîä äàâëåíèåì îáùåñòâåííîñòè è

«çåëåíûõ» â ñâÿçè ñ îòñóòñòâèåì ïîñòîÿí-

íîãî êîíòðîëÿ òðàíøåéíîå õðàíèëèùå, ñî-

çäàííîå ïîñëå àâàðèè â ëåñó íà ðàäèîàê-

òèâíîì ñëåäå, â 1992 ã. áûëî ëèêâèäèðî-

âàíî, è îòõîäû ïåðåâåçåíû íà áåðåãîâóþ

áàçó â áóõòå Ñûñîåâà.

Â 2002 ã. ïðè ïîäãîòîâêå îçåðà-êîòëî-

âàíà äëÿ õîçÿéñòâåííîé äåÿòåëüíîñòè òàê-

æå áûë óñïåøíî ïðèìåíåí ðàññìîòðåí-

íûé â òàáë. 13 ïîäõîä. Àëãîðèòì ðåàáè-

ëèòàöèè ñâîäèëñÿ ê ñëåäóþùåìó: ïðåäâà-

ðèòåëüíîå êàðòîãðàôèðîâàíèå äíà ñêâîçü

òîëùó âîäû ñ ïîìîùüþ ïîãðóæíîãî ðàäèî-

ìåòðà, äîííàÿ ãàììà-ñïåêòðîìåòðèÿ, ðà-

äèîíóêëèäíûé àíàëèç ïðèäîííîãî ñëîÿ

âîäû, îòêà÷êà âîäû ñ íåïðåðûâíûì ðà-

äèîìåòðè÷åñêèì è ãàììà-ñïåêòðîìåòðè-

÷åñêèì êîíòðîëåì, ðàäèîíóêëèäíûé àíà-

ëèç ðàñòèòåëüíîñòè, ðûáû, áèîòû, ïîâòîð-

íîå êàðòîãðàôèðîâàíèå è âûäåëåíèå çîí

ðåàáèëèòàöèè, îêîíòóðèâàíèå ó÷àñòêîâ,

ñîîòâåòñòâóþùèõ ÒÐÎ, èçâëå÷åíèå ÒÐÎ è

ïîìåùåíèå â ìåòàëëè÷åñêèå êîíòåéíåðû,

êîíòðîëü ðàäèîàêòèâíîãî çàãðÿçíåíèÿ

âîçäóõà, ïàñïîðòèçàöèÿ è îòïðàâêà êîí-

òåéíåðîâ ñ ÒÐÎ íà âðåìåííîå õðàíåíèå

íà áåðåãîâóþ áàçó â áóõòå Ñûñîåâà. Îá-

ëàñòè ðàäèîàêòèâíîãî çàãðÿçíåíèÿ ñ óðîâ-

íÿìè ìåíåå 0,3 ìêÇâ/÷ áûëè îñòàâëåíû

íà åñòåñòâåííóþ äåçàêòèâàöèþ, ñ óðîâíÿ-

ìè áîëåå 0,3 ìêÇâ/÷ – ðåêóëüòèâèðîâàëè

òåõíè÷åñêèìè ñðåäñòâàìè äî óðîâíåé ìå-

íåå 0,3 ìêÇâ/÷. Çàâåðøàþùèé ýòàï: ðàäè-

àöèîííîå êàðòîãðàôèðîâàíèå, íåçàâèñè-

ìàÿ ýêñïåðòèçà êîíòðîëèðóþùèìè îðãà-

íàìè, ïîäïèñàíèå àêòîâ ïðèåìêè ÒÐÎ, ðå-

àáèëèòèðîâàííûõ ó÷àñòêîâ òåððèòîðèè è

àêâàòîðèè, ïåðåäà÷à ðåàáèëèòèðîâàííûõ

“‡·ÎËˆ‡ 14. Êëàññèôèêàöèÿ îòõîäîâ, ñîäåðæàùèõ ðàäèîàêòèâíûå âåùåñòâà Table 14. Categorization of Waste Containing Radioactive Substances

Рис. 6. Участки реабилитации сооружений, территорий и акваторий на
радиоактивном следе, образовавшемся в результате аварии ЯЭУ на АПЛ
К%431 в б. Чажма в 1985 г. :
1 – место аварии; 2 – судоремонтный завод; 3 – б. Чажма, причальная
стенка, фарватер; 4 % озеро%котлован; 5 – гравийный карьер; 6 –
траншейное хранилище

Fig. 6. Remediation areas for buildings, lands and aquatic systems within the
radioactive trace formed after the Chazhma Bay accident (1985) at K%431 nuclear
submarine (1 – accident epicenter; 2 – shipyard; 3 –quay wall and waterway in
Chazhma bay; 4 – lake%excavation; 5 – gravel pit; 6 – trench%type storage facility)

Êàòåãîðèÿ îòõîäîâ

Ïðîìûøëåííûå

Î÷åíü íèçêîé àêòèâíîñòè (ÎÍÀÎ)

Íèçêîé àêòèâíîñòè (ÍÀÎ)

Ñðåíåé àêòèâíîñòè (ÑÀÎ)

Âûñîêîé àêòèâíîñòè (ÂÀÎ)

Óäåëüíàÿ àêòèâíîñòü, êÁê/êã

β–γ-Èçëó÷àþùèå
ðàäèîíóêëèäû

< 100

100–370

3,7⋅102–3,7⋅104

3,7⋅104–3,7⋅107

> 3,7⋅107

α-Èçëó÷àþùèå
ðàäèîíóêëèäû

< 10

< 102

< 102

102–107

> 107

Òðàíñóðàíîâûå
ðàäèîíóêëèäû

< 0,1

< 1

< 1

1–105

> 105

Waste category

Industrial waste

VLLW

LLW

ILW

HLW

Specific activity, kBq/kg

β–γ-emitting
radionuclides

< 100

100–370

3,7⋅102–3,7⋅104

3,7⋅104–3,7⋅107

> 3,7⋅107

α-emitting
radionuclides

< 10

< 102

< 102

102–107

> 107

Transuranics

< 0,1

< 1

< 1

1–105

> 105
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were left for natural decontamination, and those with the

levels > 0.3 μSv/h were decontaminated up to < 0.3 μSv/h

using the equipment available. The completive remediation

stage consisted of: radiation mapping; independent peer

review by supervisory bodies; signing of acceptance

statements for SRW, remediated lands and aquatic areas;

transfer of remediated areas to economic use (Figs. 6 - 8

[20]).

Thus, as demonstrated above, the actual approach to

industrial waste management is working and does not cause

violations of the radiation safety standards in force (NRB-

99) developed with consideration for the IAEA

recommendations. At the same time it would be

unreasonable rejecting individual positive outcomes of

investigations achieved in the course of many-year Russian-

Norwegian-Swedish cooperation in this field, especially

because their implementation may yield economic benefit.

In particular, the proposals on shifting the bottom specific-

activity level for LLW SRW to the area of larger values as

compared to those presently in force (MSSA of 10-100 kBq/

kg for 137Cs and 90Sr, Table 4) and waste confinement within

simplified-type storage facilities deserve special attention.

The data of Table 4 show that the level in question may vary

from 100 kBq/kg (USA) up to 300 kBq/kg (Sweden). Under

such an approach, the VLLW category might be distinguished

within the activity interval for â-ã-emitting radionucliedes

e.g. from ~ 100 kBq/kg to ~ 370 kBq/kg. All VLLW of the

region might be consolidated at  Saida LSF and stored within

storages of the type 1a and 1b (Fig. 1) during 100 years until

a decrease in its activity from 370 kBq/kg down to 100 kBq/

kg; next such waste might be transferred to the industrial-

waste category to be managed in accordance with the

Regulations [16] (Table 13). Simultaneously, the construction

of VLLW storage facility at industrial-waste grounds would

not require its further displacement. If the duration of  Saida

LSF functioning were prolongated, such waste would remain

under monitoring by a special organization. If not, the

industrial-waste ground might be remediated using known

procedures.

If the above-described approach were applied, the

expected amount of VLLW would make up ~30-40 % of

LLW SRW amount. Thanks to simplification of the

management-and-storage procedure, the related expenses

would decrease from 7000-14000 /m3 down to 300-400 /

m3 that on the regional scale would make up tens of millions

 of savings and would recompense the expenses for

reclamation, decontamination, remelting and incineration

of industrial waste as well as those for construction of

ó÷àñòêîâ â õîçÿéñòâåííóþ äåÿòåëüíîñòü (ðèñ. 7–8 [20]).

Êàê âèäíî, ñóùåñòâóþùèé ïîäõîä îáðàùåíèÿ ñ ïðî-

ìûøëåííûìè îòõîäàìè äåéñòâóåò è íå ïðèâîäèò ê íàðó-

øåíèþ ïðèíÿòûõ íîðì ðàäèàöèîííîé áåçîïàñíîñòè

ÍÐÁ-99, êîòîðûå ðàçðàáîòàíû ñ ó÷åòîì ðåêîìåíäàöèé

ÌÀÃÀÒÝ. Îäíàêî áûëî áû íåîïðàâäàííî îòêàçûâàòüñÿ

îò îòäåëüíûõ ïîçèòèâíûõ ðåçóëüòàòîâ èññëåäîâàíèé, êî-

òîðûå ïîëó÷åíû â ïðîöåññå ìíîãîëåòíåãî ðîññèéñêî-íîð-

âåæñêî-øâåäñêîãî ñîòðóäíè÷åñòâà â ýòîé îáëàñòè, òåì áî-

ëåå, ÷òî èõ âíåäðåíèå ìîæåò ïðèâåñòè ê ýêîíîìè÷åñêîé

âûãîäå.

Â ÷àñòíîñòè, çàñëóæèâàåò âíèìàíèÿ ïðåäëîæåíèå î

ñìåùåíèè íèæíåãî óðîâíÿ óäåëüíîé àêòèâíîñòè äëÿ ÍÀÎ

â îáëàñòü áîëüøèõ çíà÷åíèé ïî ñðàâíåíèþ ñ ñóùåñòâóþ-

ùèìè (ÌÇÓÀ 10–100 êÁê/êã äëÿ 137Cs, 90Sr, ñì. òàáë.4) è

èçîëÿöèè îòõîäîâ â õðàíèëèùàõ óïðîùåííîãî òèïà. Èç

äàííûõ, ïðèâåäåííûõ â òàáë. 4, âèäíî, ÷òî ýòîò óðîâåíü

ìîæåò áûòü îò 100 (ÑØÀ) äî 300 êÁê/êã (Øâåöèÿ). Ïðè

òàêîì ïîäõîäå ìîæíî áûëî áû âûäåëèòü êàòåãîðèþ

ÎÍÀÎ â èíòåðâàëå àêòèâíîñòè äëÿ β–γ-èçëó÷àþùèõ ðà-

äèîíóêëèäîâ, íàïðèìåð,  ïðèìåðíî îò  100 äî 370 êÁê/êã.

Ïðåäëîæåíî âñå ïîäîáíûå îòõîäû ðåãèîíà ñîáðàòü íà

ÏÄÕ Ñàéäà è õðàíèòü â õðàíèëèùàõ (ñì. ðèñ. 1, ‡, ·) â òå÷å-

íèå 100 ëåò äî ñíèæåíèÿ àêòèâíîñòè ñ 370 äî 100 êÁê/êã ñ

Рис. 7. Начальные этапы реабилитации радиоактивного загрязнения дна озера%котлована:
а – картографирование; б, в – откачка воды; г – рекультивация береговой черты
Fig. 7. Initial remediation stages of contaminated bottom of the lake%excavation:
а – mapping; b, c – water pumping out; d – restoration of lakesides

а b

c d

б

в

а

г

Рис. 8. Удаление радиоактивных отходов:
а – оконтуривание области ТРО; б – извлечение ТРО; в – помещение в контейнеры; г – повторное картографирование –
промежуточная стадия
Fig.8. Radwaste Removal:
а – mapping of SRW%containing spots; b – SRW removal; c –SRW placing to containers; d – re%mapping – interim stage

а b

c d

б

в

а

г

ïîñëåäóþùèì èõ ïåðåâîäîì â ïðîìûøëåííûå îòõîäû,

îáðàùåíèå ñ êîòîðûìè ïðåäóñìîòðåíî â [17] (ñì. òàáë.

13) . Ðàçìåùåíèå õðàíèëèùà ÎÍÀÎ íà ïîëèãîíå ïðîìûø-

ëåííûõ îòõîäîâ íå ïîòðåáîâàëî áû èõ äàëüíåéøåãî ïå-

ðåìåùåíèÿ. Â ñëó÷àå ïðîäëåíèÿ ñðîêîâ äåÿòåëüíîñòè

ÏÄÕ Ñàéäà ýòè îòõîäû îñòàíóòñÿ ïîä êîíòðîëåì ñïåöè-

àëüíîé îðãàíèçàöèè åùå íà îïðåäåëåííûé ñðîê. Â ïðî-

òèâíîì ñëó÷àå ïîëèãîí ïðîìûøëåííûõ îòõîäîâ ìîæåò

áûòü ðåàáèëèòèðîâàí èçâåñòíûìè ñïîñîáàìè.

Ïðè äàííîì ïîäõîäå îæèäàåìîå êîëè÷åñòâî ÎÍÀÎ

áóäåò îðèåíòèðîâî÷íî ñîñòàâëÿòü 30-40 % ÍÀÎ. Â ðåçóëü-

òàòå óïðîùåíèÿ ïðîöåäóðû îáðàùåíèÿ-õðàíåíèÿ åå ñòî-

èìîñòü ïîíèçèòñÿ ñ 7000–14000 äî 300–400 ª/ì3, ÷òî â

ìàñøòàáå ðåãèîíà áóäåò èñ÷èñëÿòüñÿ äåñÿòêàìè ìèëëè-

îíîâ åâðî ýêîíîìèè è êîìïåíñèðóåò çàòðàòû íà ðåêóëü-

òèâàöèþ, äåçàêòèâàöèþ, ïåðåïëàâêó, ñæèãàíèå ïðîìûø-

ëåííûõ îòõîäîâ, à òàêæå ñòðîèòåëüñòâî ïîëèãîíîâ äëÿ

íèõ. Â ðåçóëüòàòå êëàññèôèêàöèþ ñ ó÷åòîì ñóùåñòâóþ-

ùèõ â Ðîññèè ïîäõîäîâ, ìåæäóíàðîäíîãî îïûòà è íåîá-

õîäèìîñòè ñîçäàíèÿ åäèíîé ðåãèîíàëüíîé ñèñòåìû îá-

ðàùåíèÿ ñ ïðîìûøëåííûìè îòõîäàìè, ñîäåðæàùèìè ðà-

äèîàêòèâíûå âåùåñòâà, â Ñåâåðî-Çàïàäíîì ðåãèîíå

ìîæíî ïðåäñòàâèòü ñëåäóþùèì îáðàçîì (òàáë. 14, ðèñ. 9).

Ïðåäñòàâëåííûé íà ðèñ. 9 àëãîðèòì îáðàùåíèÿ ñ ïðî-
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ìûøëåííûìè è ðàäèîàêòèâíûìè îòõî-

äàìè, îñâîáîæäàþùèé êàæäóþ ýêñïëóà-

òèðóþùóþ îðãàíèçàöèþ îò îòâåòñòâåí-

íîñòè çà îáðàùåíèå ñ íèìè, ñîîòâåòñòâó-

åò äåéñòâóþùåìó çàêîíîäàòåëüñòâó,

îáåñïå÷åí ìåòîäàìè è ñðåäñòâàìè ðå-

àëèçàöèè, íå ïðîòèâîðå÷èò äåéñòâóþ-

ùèì òðåáîâàíèÿì ïî îáåñïå÷åíèþ ðà-

äèàöèîííîé áåçîïàñíîñòè ïåðñîíàëà,

íàñåëåíèÿ è îêðóæàþùåé ñðåäû. Ïðè ñî-

îòâåòñòâóþùåé ìîäåðíèçàöèè îòäåëü-

íûõ îáúåêòîâ â èíòåðåñàõ äðóãèõ ïîëüçî-

âàòåëåé (íàïðèìåð, ñòðîèòåëüñòâå ïî-

ëèãîíîâ ïðîìûøëåííûõ îòõîäîâ â ÏÄÕ

Ñàéäà è â ðàéîíå ã. Ñåâåðîäâèíñêà, õðà-

íèëèùà ÎÍÀÎ â ÏÄÕ Ñàéäà è ïð.) àëãî-

ðèòì ïîçâîëÿåò ñîçäàòü íåïðîòèâîðå÷è-

âóþ è ýêîíîìè÷åñêè âûãîäíóþ ñèñòåìó

îáðàùåíèÿ ñ ïðîìûøëåííûìè è ðàäèî-

àêòèâíûìè îòõîäàìè â ìàñøòàáå ðåãè-

îíà (ðèñ. 10).

«‡ÍÎ˛˜ÂÌËÂ. Ââåäåíèå êàòåãîðèè

ÑëÀÎ/ÎÍÀÎ â ïðåäåëàõ îäíîãî ïðåä-

ïðèÿòèÿ óòèëèçàöèè èëè ðåàáèëèòàöèè,

íàïðèìåð ÏÂÕ Àíäðååâà ÔÃÓÏ «Ñåâ-

ÐÀÎ», ñ íàìåðåíèåì ðàñïðîñòðàíèòü

îïûò íà äðóãèå îðãàíèçàöèè íå ïîçâî-

ëÿåò îïòèìèçèðîâàòü òðåáîâàíèÿ ê ýòîé

êàòåãîðèè îòõîäîâ, òàê êàê óæå íà íà-

÷àëüíîì ýòàïå íå ó÷èòûâàåò èíòåðåñû

âñåõ ýêñïëóàòèðóþùèõ îðãàíèçàöèé,

ôóíêöèè è âîçìîæíîñòè êîòîðûõ íå

âñåãäà èäåíòè÷íû ôóíêöèÿì è âîçìîæ-

íîñòÿì âçÿòîãî â êà÷åñòâå ïðîòîòèïà

îáúåêòà. Ýòî îáóñëîâëèâàåò ïîÿâëåíèå

òðóäíî ðàçðåøèìûõ ïðîáëåì è íå ïî-

çâîëÿåò ñîçäàòü åäèíóþ ýêîíîìè÷åñêè

âûãîäíóþ è áåçîïàñíóþ ñèñòåìó îáðà-

ùåíèÿ ñ ïðîìûøëåííûìè îòõîäàìè â

Ñåâåðî-Çàïàäíîì ðåãèîíå Ðîññèè. Íå-

èçáåæíî âîçíèêàþùèå äîïîëíèòåëü-

íûå ýêîíîìè÷åñêèå çàòðàòû íåîïðàâ-

äàííû.

Íåäîñòàòî÷íàÿ ýôôåêòèâíîñòü äåé-

ñòâóþùåé ñèñòåìû îáðàùåíèÿ ñ ïðî-

ìûøëåííûìè è ðàäèîàêòèâíûìè îòõî-

äàìè çàêëþ÷àåòñÿ íå â îòñóòñòâèè íîð-

ìàòèâíî-ïðàâîâîé áàçû èëè íåâîçìîæ-

íîñòè ðåøåíèÿ âîçíèêàþùèõ íàó÷íî-òåõ-

íè÷åñêèõ ïðîáëåì, à â ñëàáîì ðàçâèòèè

èíôðàñòðóêòóðû íà îòäåëüíûõ ïðåäïðè-

ÿòèÿõ è â ðåãèîíå â öåëîì, ìîäåðíèçà-

öèÿ êîòîðîé ñäåðæèâàåòñÿ ïðèíöèïîì

îñòàòî÷íîãî ôèíàíñèðîâàíèÿ.

Â ðåçóëüòàòå ðàññìîòðåíèÿ ñîñòîÿ-

íèÿ ïðîáëåìû îáðàùåíèÿ ñ ïðîìûø-

industrial-waste grounds. Thus, taking into

account the approaches currently in use in the

Russian Federation, positive international

experience and the need for establishing an

integrated regional system for management

of industrial waste containing radioactive

substances in Northwest Russia, its

categorization may be represented as follows

(Table 14, Fig. 9).

The algorithm (Fig. 9) that exempts all

operators from the responsibility for

management of industrial and radioactive

waste complies with the legislation in force, is

provided with methods and implementation

procedures and is consistent with the acting

requirements on ensuring radiation safety of

workers, population and the environment. If an

appropriate modernization of individual

facilities is made for the sake of other users

(e.g. construction of industrial-waste grounds

at Saida LSF and in Severodvinsk area; VLLW

storage facility at  Saida LSF, etc.), the approach

described will allow establishing a consistent and

economically beneficial system for industrial and

radioactive waste management on the regional

scale (Fig. 10).

Conclusions. The establishment of

VLLW SRW category at only one

decommissioning facility / remediation site (e.g.

Andreeva  Bay TSF of SevRAO) with the intention

of further extension of the experience achieved

over other facilities/sites does not allow

optimization of the requirements to VLLW SRW

management because the interests of all

operators, which functions and capabilities are

not always identical to the prototype facility,

are not taken into account even at the initial

stage. The use of such an approach would involve

a series of tough problems and would give no

way of establishing an integrated economically

beneficial and safe system for industrial waste

management in Northwest Russia. Additional

expenses arising inevitably in such a case would

be unreasonable.

Though the current system for

management of industrial and radioactive

waste is not sufficiently efficient, this is not

due to the lack of appropriate legal-and-

regulatory basis or to the incapability of solving

related scientific-and-engineering problems,

but to poor development of infrastructure at

individual facilities/sites and in the region as a

whole which modernization is impeded by the

residual-financing approach.

Based on analysis of the actual status of the

problem of industrial-and-radioactive waste

Рис. 10. Предлагаемая функциональная схема обращения с промышленными
отходами, отходами особо низкой активности и низкой активности в
Северо%Западном регионе России

Fig. 10. Proposed Functional Diagram for Management of Industrial Waste,
Very%Low%Level Waste and Low%Level Waste in Northwest Russia

Рис. 9. Комплексный алгоритм обращения с промышленными и
радиоактивными отходами,освобождающий эксплуатирующую
организацию от ответственности за них

Fig. 9. Integrated Algorithm for Management of Industrial and Radioactive
Waste Exempting the Operator from the Relevant Responsibilities
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Ñåâåðî-Çàïàäíîì ðåãèîíå Ðîññèè

Scientific, Engineering, Regulatory and Legal Problems of Establishing System for Very Low-Level Waste Management in the
North-west of Russia

ëåííûìè è ðàäèîàêòèâíûìè îòõîäàìè â ðåãèîíå ïðåä-

ëàãàåòñÿ êîìïëåêñíàÿ ñòðàòåãèÿ, êîòîðàÿ â äåéñòâóþùåì

ïðàâîâîì ïîëå â êîðîòêèå ñðîêè ïîçâîëèò îñâîáîäèòü

êàæäóþ ýêñïëóàòèðóþùóþ îðãàíèçàöèþ îò îòâåòñòâåí-

íîñòè çà îáðàùåíèå ñ íèìè ïðè ñîáëþäåíèè äåéñòâóþ-

ùèõ íîðì ðàäèàöèîííîé áåçîïàñíîñòè. Îíà ìåíåå çàò-

ðàòíà, òàê êàê èñïîëüçóåò êîìïåíñàöèîííûé ïîäõîä, íå

ïðîòèâîðå÷èò íîðìàòèâíî-ïðàâîâûì è íàó÷íî-òåõíè÷åñ-

êèì òðåáîâàíèÿì ïî ðåãóëèðîâàíèþ è êîíòðîëþ çà äàí-

íûìè âèäàìè äåÿòåëüíîñòè â ìàñøòàáå âñåãî Ñåâåðî-

Çàïàäíîãî ðåãèîíà. Îäíàêî ýòîò ïîäõîä òðåáóåò äàëüíåé-

øåãî áîëåå òùàòåëüíîãî ñòðóêòóðíîãî àíàëèçà è òåõíè-

êî-ýêîíîìè÷åñêîãî îáîñíîâàíèÿ â öåëÿõ íàõîæäåíèÿ îï-

òèìóìà «ìèíèìóì çàòðàò – ìàêñèìóì áåçîïàñíîñòè íà

êàæäîì ïðåäïðèÿòèè è â ðåãèîíå â öåëîì». Ðåàëèçàöèÿ

ýòîé ñòðàòåãèè ïîòðåáóåò â äàëüíåéøåì ðàññìîòðåíèÿ

âîïðîñîâ, ñâÿçàííûõ ñ äîïîëíèòåëüíûì ñòðîèòåëüñòâîì

ïîëèãîíîâ ïðîìûøëåííûõ îòõîäîâ íà ÏÄÕ Ñàéäà (õðà-

íèëèùà íàçåìíîãî èëè ïðèçåìíîãî òèïà äëÿ ÎÍÀÎ ÒÐÎ)

è â ã. Ñåâåðîäâèíñêå íà áàçå ãîðîäñêîãî ïîëèãîíà, óòî÷-

íåíèÿ ïîêàçàòåëåé, õàðàêòåðèçóþùèõ ýòè îòõîäû, èçìå-

íåíèÿ óñëîâèé ñîðòèðîâêè, êîíòåéíåðèðîâàíèÿ, êîìïàê-

òèðîâàíèÿ, òðàíñïîðòèðîâêè è ðåøåíèÿ äðóãèõ íåîáõî-

äèìûõ âîïðîñîâ.
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management in Northwest Russia, an integrated strategy

has been proposed enabling exemption of each operator -

within the acting regulatory framework and in a short space

of time – from the responsibility for their management, the

radiation safety standards in force being observed. Thanks

to the use of a compensation approach, the proposed

strategy is less expensive and is consistent with regulatory,

scientific and engineering requirements on regulation and

supervision of the said activities on the regional scale. Such

an approach, however, necessitates further more careful

structural analysis and feasibility studies to achieve an

optimal correlation of “minimal expenses ñ maximum safety

at each facility/site and in the whole region”. The strategy

implementation will also necessitate consideration of the

issues related to additional construction of industrial-waste

grounds at  Saida LSF (subsurface/above-ground storages

for VLLW SRW) and in Severodvinsk (on the existing city dump

basis), specification of waste indices, upgrading of waste

assortment, packaging, compacting and shipment conditions

and solution of other related issues.
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