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PEABUWJIUTUPYEM FrorPOL4

B.A. CAJTIMUKOB,
B.I. CAOPOHOB, k.m.n,
(I'YIT MocHIIO «Padon»)

H Peabunutauua paguoakTuB-
HO 3arpsiSHEeHHbIX TEeppUuTo-
puii — 3TO UEJibli KOMMJIEKC
OpPraHM3aLuMoHHbIX, TexXHu4e-
CKMX, COLMabHbIX U PaAu03KO-
JIOTMYECKUX MEPONpPUATUii, HamnpaB/IeHHbIX Ha
BOCCTaHOBJIEHUE cpeabl 0OMTaHUSA U HOPMaJIbHbIX
YCNOBMIA NPOXUBaHUS Jiloaein. TOT npouecc npe-
AycMmaTpuBaeT paguauMoHHoe oOcnepoBaHue,
Ae3aKkTUBaLuMIo 06beKToB, JIoKanu3auuio, U3onga-
LMIO U CTaOUIN3aumIo PaauoaKTUBHbIX BELLECTB,
a TaKkKe peKynbTUBaLUIO HApYLUEHHbIX 3eMelb.

OpOIII0 W3BECTHO, YTO Hambojee OOIIMpHBIE
3arpsI3HEHUS TOPOACKUX TEPPUTOPUI TTPOU3OLILITU
¢ 1940 mo 1960 roasl, KOorma OTXOIbl OT Iepepa-
OOTKM CBIPbsI, COAEPXKAIIEro IMOBBIIIEHHOE KOJMYECTBO
€CTECTBEHHBIX PAAWOHYKJIMUIOB, WCITOJb30BaIN IS
3aChINIKMA OBParoB M HEPOBHOCTEH MecTHOCTU. Torma 3To
JIOITYCKAJIOCh CYIIECTBOBABITMMM HOPMaTUBAMMU.
[maBHBIE «BUHOBHMKW» PaJMOAKTUBHOTO 3arpsi3He-
HUS TEPPUTOPUI KPYITHBIX TOPOJOB — MPEANPUATUS U
OpraHM3alliy, WCIONbL3YIOIIMe paglOoaKTUBHBIE BeIle-
CTBa, UCTOYHUKH MOHU3UPYIOIINX U3JTYYEHUI U ChIPbE C
MOBBIIIEHHBIM COAEPXaHUEM €CTECTBEHHBIX paguOHY-
kaumoB. K HUM OTHOCATCS Takxke paboTaiolide Ha
KamMeHHOM yriie TOII.
3a mocjeaHee BpeMsl MHOTHE U3
STUX TPEANPUITHI peopraHnu30Ba-
JINCh, TIEpeJaB CBOW 3arps3HEHHbBIE
MOMELIEHUs, ODOPYNOBAHUE U Tep-
pUTOPUN COOCTBEHHUKAM, paHee He
paboTaBIMM C pPagUuOAKTUBHBIMU
BelIeCTBAaMU. DTO IIpuUBEJI0O K Oec-
KOHTPOJLHOMY MCIOJIb30BaHUIO U
MOCJIeAYIONIEMY PacIpOCTPaHEHUIO
3arpsi3HEHUS B OKpYKaloleit cpee.
Kpome ToOrO, uepe3 KpyITHBbIE
ropofa, SBJISIONINecs TPAHCTIOPTHBI-
MU Y3JIaMH, OCYIIECTBIISIOTCS TEpe-
BO3KH (B TOM YKCJIe, HEKOHTPOJIHUPY-
eMble) paIMOaKTUBHBIX BEIIECTB U
CcolepKaIlleTo WX ChIpbs, a TakKXke
PaaMoOaKTUBHBIX OTXOIOB, KOTOpBIE
M3-32 HETEPMETUYHOCTU YIMaKOBOK B
MpoIecce MOrpy304HO-Pa3rpy30d-
HBIX pabOT MOTYT pacceuBaThbCs B
aTMoc(depe U 3arps3HATH TPYHT.
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CLEANING UP THE CITY

V.A.SALIKOV,
V.G. SAFRONOV, Candidate of Technical sciences
(SUE SIA Radon)

B Cleanup of contaminated
territories is a whole set of
organizational, technical, so-
cial and radioecological meas-
ures aimed at rehabilitating
the environment and conditions of human habi-
tation. This procedure includes radiation survey-
ing, decontamination, localization, isolation and
stabilization of radioactive materials, and recul-
tivation of contaminated lands.

t is well known that urban territories were most seriously

contaminated in 1940—60s, when waste from recycling

raw materials with high natural radionuclide content was
used to fill gullies and surface imperfections — the norms of
that period allowed it.

The main responsibility for radioactive contamination of
urban territories lies with companies and organizations that
use ionizing radiation sources, radioactive materials and raw
materials with high natural radionuclide content. This also
concerns heat stations that use coal.

Besides, some of these companies have recently been
restructured, handing their contaminated premises, equip-
ment and terrifories over to owners that have never worked
with radioactivity. This leads to uncontrolled use and conse-
quent contamination of the environment.

ENVIRONMENTAL SAFETY
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Ellle onHMM MCTOYHMKOM pPaguOakKTUBHOTO 3arpsi3He-
HUS SBJISIETCS BTOPUYHOE MCMOJIb30BAHUE B CTPOUTENb-
CTBE «OTpabOTaHHBIX» B He(TEra30BOM KOMILIEKCE TPYO,
Kak MpaBujIo, C MOBBIILIEHHBIM COAEPXKAHUEM €CTeCTBEH-
HBIX PaAMOHYKJIUIOB.

CJI0XHbIX MPOLIECC MOUCKA U KOHTPONSA

BoisiBUTH Ha OOIIMPHBIX TOPOJICKUX TEPPUTOPUSIX
yYacTKM paaMoakKTUBHOTO 3arpsisHeHus (YP3) — kak
ToyeyHble (MeHee 1 M?), TaK M IUIOLIAAbIO B HECKOJIBKO
COTEeH KBaJIpaTHbIX METPOB, — JOCTATOYHO TpyaHO. Jls
9TOr0 TPeOYeTCsl CEPhEe3HbIN panuallMOHHbIA KOHTPOJIb IO
CeTKe, He TIPEeBBINIAIIIeH MUHUMAIbHBIE TTOMEePEYHbIC
pa3mepsl yyactka. B 1iesoM ke, paboThI TTO BBISBICHUIO
YYaCTKOB 3arpsi3HEHMSI BKJIIOYAIOT CTPOroe, Mo3TarHoe
MpoBeAeHUE PaalallMOHHOTO 00CAeI0BaHUSI TEPPUTOPHUIA
ropoja, cucteMaTuyeckoe, moapooHoe BeAeHUE UX pee-
CTpa C IeTAIbHBIM OMMUCAHUEM, YUeTa BCEX BbISIBIEHHbIX U
JIe3aKTUBUPOBAHHBIX YP3, a Takke TpeaBapuTebHBII
BBIOOP MECTHOCTH JUTSI PAAUAIIMOHHOTO KOHTPOJIS.

<I A Cneyuanucmur I'VIT MocHIIO «Padon» aukeudupyrom paduoak-
MUBHoe 3aepsi3HeHUe Ha CIMPOUMenbHoOU naowadke U 6 00HOU U3 NapKo-
8blx 30H Mockebl

Specialists from SUE SIA Radon cleaning up radioactive contaminationa
in one of Moscow parks

D> Hsmepenue saepssnenus paduoaxmueHoeo epyHma

Measuring vehicle radioactivity

[ ] HanbGonee oGLIMPHbIE 3arpA3HEHUS FOPOACKUX
Tepputopuii npousownu ¢ 1940 no 1960 roapl,
Korga oTxoAbl OT nepepaboTKu Cbipbs, coaepxa-
LLEero rnoBbILUEHHOE KOJINYECTBO €CTEeCTBEHHbIX
PaAVOHYK/NIMAOB, UCMONIb3OBaNMU AJiIA 3acbiNKu
OBparoB U HeEpPOBHOCTEN MecTHOCTU. Torga 3TO
[0MnycKasoch CyLLeCTBOBaBLLMMYU HOPpMaTUBaMM.

It is well known that urban territories were most seri-
ously contaminated in 1940-60s, when waste from
recycling raw materials with high natural radionuclide
content was used to fill gullies and surface imperfec-
tions — the norms of that period allowed it.

BE3OMNACHOCTb OKPY>KAIOLLEWN CPEAbLI

Moreover, big cities are at the same time major traffic
centers, and through them radioactive waste and raw mate-
rials are shipped (sometimes without proper control). If the
impermeability of containers is breached in the process of
loading and unloading, radioactive substances can escape
into the atmosphere and contaminate the soil.

Another source of radioactive contamination is the reuse
of pipes from the oil industry that have a high level of natural
radionuclides.

RETRIEVAL AND CONTROL: LONG AND COMPLICATED

1t is rather hard to discover areas of radioactive con-
tamination, both point (less than 1 m?) and larger ones
(several hundreds of m?). This requires serious radiation
surveying with a grid that does not exceed minimum point
parameters. On the whole, the process of search includes
phased radiation surveying of the city territories, their sys-
tematic registering with detailed description of spotted and
cleaned radioactive contamination areas, as well as site
selection for radiation surveying.

After contaminated areas have been discovered, the cor-
responding regulatory bodies (the Federal Service for Con-
sumer Protection and Human Welfare/Rospotrebnadzor,
and the Ministry of Emergency Situations) are informed.
These regulatory bodies give their sanction to start cleanup
operations.

The volume of work is defined with the account of the
Radiation Safety Norms (RSN-99) for the population and
personnel, with the view of possible future use of the terri-
tory, location and area of contaminated sites and the pos-
sibility of conducting cleanup operations that can raise the
radiation level. The gamma-radiation dose rate at differ-
ent levels from the surface, as well as the levels of specific
activity of different materials, soil and rubble are taken
into account.
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[ ] rnaBHble «<BUHOBHUKU» PaAU0aKTUBHOIO 3arpsa3HeHus TeppuTopuii
KPYNHbIX FOPOAOB — MpeanpuaTUS U opraHu3auum, Ucnosnb3ayiowme
pagnoakTUBHbIE BELLeCTBa, UCTOYHUKU UOHU3UPYIOLLUX USTTYYEHUI U
Cbipbe C MOBbILLIEHHbIM COAEPXaHUEM eCTeCTBEHHbIX PafUOHYKIIN-
naoB. K HUM oTHoceATCca Takke paboTatowme Ha kKamMeHHoM yrne TOL,.

The main responsibility for radioactive contamination of urban territories
lies with companies and organizations that use ionizing radiation sources,
radioactive materials and raw materials with high natural radionuclide con-

tent. This also concerns heat stations that use coal.

IMocne BBISIBIIEHUSI 3arpsI3HEHHBIX TEPPUTOPUI 0O
5TOM MHMOPMUPYIOTCS COOTBETCTBYIOIINE OpPraHbl Bia-
ctu, Pocniorpe6bHanzopa 1 MUC P®, no corinacoBaHUIO ¢
KOTOPBIMU TIPOBOMSITCS BCE PeaOMIMTAIIMOHHBIE MEpO-
TIPUSTHS.

OO0beMBbl pabOT ONIpEAeNsIIOTCS C Yy4eTOM HOPM
paguanMoOHHOM Oe30IMaCHOCTH HACEJICHUS U TIepCcoHaIa
(HPB-99). Ilpu 3TOM NpUHUMAIOTCS BO BHUMaHUE
MEePCIEKTUBB UCIIOJIb30BAaHUSI TEPPUTOPUIL, MECTOHA-
XOXIeHWEe W TUIOIIANW 3arpsi3HEHHBIX YJ9acTKOB, BO3-
MOXHOCTh TIPOBEICHHS TaM pPabOT, KOTOPBIE MOTYT
TTOBJICYb YBEJIMYECHUE YPOBHS PaadallMOHHOTO BO3MIeii-
cTBUSI. bBe3ycloBHO, YYMTHIBAIOTCS MOIIHOCTU O3B
raMMa-u3JIy4eHUsI, B TOM YMCJIe Ha pa3IMYHOMN T1yOrnHe
OT ITOBEPXHOCTH MOYBbI, U YPOBHHU YAEJIbHBIX aKTUBHO-
CTell 3arpsI3HEHHBIX MaTePHUaJIOB, TPYHTOB, CTPOUTEb-
HOTO Mycopa U T. TI.

OnHako B HOPMATUBHBIX TOKYMEHTaX OTCYTCTBYIOT
CBEJICHMST O TOM, KaKUM 00pa30oM JOJDKHBI YUUTHIBATHCS
Bce 3TH ycsioBusl. [ToaToMy Tpu olieHKe, TIJIaHUPOBAHUH,
BBIIMOJTHEHUN [e3aKTUBALMOHHBIX Pa0OT M IPUHSITUU
pelreHnsT 00 MX OKOHYaHWM BO3HMKAIOT OIpeleIeHHBIC
TPYIHOCTHU.

Yrobbl pewmuTh 3Ty Ipobaemy, crneuuanuctsl MUC
Poccuu coBMecTHO ¢ coTpynHUKaMU Kadeapbl 9KOJOTUHN
YyeJIoBeKa U OKpyxXKalrouieil cpeabl MOCKOBCKOM MEAUIIMH-
ckoii akamemun uMm. MU.M. CeuenoBa, I'YII MocHIIO
«Pamon» u I'Il «MockoBckuii 3aBoa MOJIUMETAIOBY,
UCIIOJIB3YSl COOCTBEHHBIN ombIT, B 2005 romy pa3zpaboTanu
«TpeGoBaHus K 00eCTIieYeHNI0 PATHANMOHHOI 0€30MACHOCTH
TepCoHAa M HACEJEHUS NPU MPOBEJACHNH J1e3aKTHBAIMOH-
HBIX PadOT MO JMKBHIALUMH JIOKAJHHOTO PAJHOAKTHBHOIO
3arpsi3HeHus1 (TepPUTOPHUIi, KIIbIX, 0OLIECTBEHHDbIX 3IAHUIA
M NMPOU3BOICTBEHHBIX 00BEKTOB)>.

[Ipu pa3paboTke mOKyMeHTa ObLIO YYTEHO, YTO Tep-
PUTOPUH U OOBEKTHI, COTIIACHO peKOMeHIalusIM Mexky-
HapOAHOTO KOMMWTETa IO PaAvOJIOTUYSCKON 3aliuTe U
HPB-99, monpaznensitorcss Ha aBe rpymnmbl. K mepBoit
OTHOCSITCSI KWJIBIC I0Ma, MOJCOOHBIE CTPOCHMS, MEAM-
LIIMHCKUE, TETCKUE TOIIKOJBbHBIC M IIKOJBHBIC YIeOHBIC
VUPEKICHUS, TIPSIIIPUSTHS TOPTOBIM M OOIIECTBEHHOTO
MUTaHUS, a TaKXKe ceJleTeOHble TepPUTOPUH, TIPUJIETar0-
e K SKWJIbIM 3acTpoiiKaM, TpuycafaeOHbIE y4YacTKH,
MapKU M JeCONapKoBble 30HBI, OYyIbBaphbl, CKBEpPHI, CTa-
JIVOHBI, CIOPTUBHBIE TUTOIIAIKU ¥ a1p. Ko BTopoit — mpo-
MBIIUICHHBIC TIPEATIPUATUS U UX TEPPUTOPUH, JKeJIe3HBIC
W aBTOIOPOTH.
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However, regulatory documents do
not specify how all these data should be
accounted for. Therefore, when assess-
ment, planning and decontamination
are carried out, and when the decision
about their results is taken, it presents
certain difficulties.

To deal with this problem, in 2005
the specialists of the Center for Strategic
Research and Civil Protection of the
Ministry of Emergency Situations,
together with the researchers from the
Chair of Human and Environmental Ecology of the Sechen-
ov Medical Academy, SUE SIA Radon and Moscow Poly-
metal Plant developed “Radiation safety requirements for
the personnel and the population during cleanup activities at
local radioactive contamination areas (territories, public
and residential quarters and industrial buildings)” .

When the document was being elaborated, it was taken
into account that, according to the recommendations of the
The International Commission on Radiological Protection
and the RSN-99, the sites and territories can be divided into
two categories. The first category includes apartment blocks,
subsidiary premises, healthcare institutions, children’s facil-
ities, educational institutions, shopping areas and public
catering institutions, recreational zones neighbouring apart-
ment blocks, homestead lands, parks and woods, boulevards,
public gardens, stadiums, sports grounds, efc.

The indices denoting man-made radionuclide content are
used as a supplement to the indices of the gamma-radiation
dose rate for contamination with alpha, beta and transurani-
um radionuclides.

The indices of natural radionuclides given in RSN-99
for materials used in construction and reconstruction of liv-
ing and public buildings (A, = 370 Bq/kg) and for materi-
als used in road construction within city limits and prospec-
tive construction zones, as well as industrial buildings
(A, = 740 Bq/kg) are not included into the table (instead,
there are blanks). Since RSN-99 is a document of a high-
er standing, it is necessary to use these indices in practice,
given that the indices of gamma-radiation dose rate from
the table are not exceeded.

On the whole, methodological aids serve as a good prac-
tical help in conducting cleanup operations in large cities.
Nevertheless, they do not offer solutions to a number of prob-
lems, such as rehabilitation of sites with deep radioactive
contamination. Therefore, at present specialists of SUE SIA
Radon, using theoretical research, international and own
experience have developed a number of approaches to solving
this problem, when complete removal of contaminated soil is
not feasible for different reasons. In fact, we speak of long-
term isolation of such contamination in situ. It is the depth of
contaminated soil and industrial waste that determines the
method of their isolation and the depth of deactivation.

WHICH ISOLATION METHOD TO CHOOSE?

Long-term isolation of radioactive waste requires thorough
selection of the composition and construction of the walls and
floors that must meet a whole number of requirments

ENVIRONMENTAL SAFETY
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PEKOMEH/IYEMBIE ITOKA3ATEJI HOPMAJIM3AIIUU PAITUAIIMOHHOY OBCTAHOBKI

HA CTAIUU BBIIIOJTHEHUA TESAKTUBAITMOHHBIX PAGOT ITPU JIOKAJTbHOM
PATMOAKTBHOM 3AT'PA3ZHEHUU PA3JIMYHBIX OBLEKTOB

THE RECOMMENDED INDICES FOR NORMALIZING RADIATION SITUATION AT THE STAGE
OF CLEANING UP LOCAL RADIOACTIVE CONTAMINATION OF DIFFERENT OBJECTS

OObeKTblI KOHTPONSA U 3HAYEHUS KPUTEPUERB PAAUALMOHHOIO BO3AENCTBUS
TEeXHOreHHbIX U NPUPOAHbLIX UICTOYHUKOB U3JTy4YEeHUS Ha HaceJsieHne
Objects of monitoring and indices of criteria of man-made and natural
radiation sources impact on the population

Kputepum pagmaumoHHOro Bo3aemncTeus
TEeXHOT€HHbIX U NPUPOAHBIX UCTOYHUKOB
n3ny4yeHus Ha HaceneHue / Criteria of man-
made and natural radiation sources impact

1-9 rpynna o6beKToB
1st group

2-9 rpynna o6bLeKToB
2nd group

MouBa n pOpPOXHbIE

MomeLweHns Xunbix n

MouBa n fOpPOXHbLIE

on the population MOKPbITUSA CENINTEOHDbIX | OOLLECTBEHHbIX 34aHUN MOKPbITUS NPON3BOA-
TeppuTtopuii / Soil and Residential and CTBEHHbIX TEPPUTOPUNA,
pavement of public buildings NPON3BOACTBEHHbIE
recreational areas nomewyeHus / Soil and
pavement of industrial
territories and
production facilities
MOLLHOCTb 3KBMBANIEHTHOM [03bl raMMa-U3y4eHnst
(M3[1, T'N) 3a cHeT MPUPOAHBIX U TEXHOMEHHbBIX Paavo-
HYK/IMZ0B, NPEBbILLIAOLLAsS GOHOBBIE 3HAYEHMS, MPU-
cyLume JaHHOW MEeCTHOCTU, Mk3B/4* / Equivalent 0,4 0,3 0,6

gamma-radiation dose rate of natural and man-made
radionuclides over the background level, mcZv/h*

CopepkaHue TeXHOreHHbIX PaaNOHYKIUAOB, Bk/kr
The man-made radionuclide content Bq/kg

1/20 M3YA**
1/20 MSSA**

1/20 M3YA**
1/20 MSSA**

1/10 M3YA**
1/10 MSSA**

CopepxaHvie NPUPOLHbIX PAAVIOHYKINAO0B, A, BK/KT -

Natural radionuclide content Ay, Bq/kg

= 1500

IMoxazaTenu Mo conepKaHUIO TEXHOTEHHBIX PaIUuOHY-
KJIM/IOB UCITOJIb3YIOTCSI KaK TOTMOJTHUTEIbHbIE K TTOKa3aTe-
M 1o MO/ 'Y tipu 3arpsisHeHusIX alibda-, OeTa-u3iy-
YalOIIMMU 1 TPAHCYPAHOBBIMU PATMOHYKINIAMU.

B Tabauiy He BHECEHBI TTOKA3aTeIU MO COMEPKaHUIO
MIPUPOIHBIX PATUOHYKIUAOB (MecTa MpOYepKOB), MPU-
BegaeHHble B HPB-99 mis matepuanoB, UCIIOIb3yeMBIX B
CTPOSIIIUXCS U PEKOHCTPYUPYEMBIX XUJbIX U 00Ile-
CTBEHHBIX 3AaHUAX (A,, = 370 BK/Kr), B HOPOXHOM
CTPOUTEILCTBE, B Mpelesax TePPUTOPUM HACETEHHbIX
ITyHKTOB U 30H TEePCIEKTUBHOM 3aCTPONKHM, a TAKXKE TTPU
BO3BEJCHUN TPOU3BOACTBEHHBIX COOpPYXeHUi (A, =
740 Bk/kr). [Tockonbky HPB-99 sBaseTcss nokymeHTOM
0oJiee BBHICOKOTO YPOBHSI, 9TU MoOKa3aTeJu B MpakTuye-
CKOU JesITeIbHOCTM HEOOXOIMMO HCIOJb30BaTh MpU
YCIIOBUM HeTpeBbIlIeHUsT TokKazateiaeir mo MOBJl T',
MIpUBEJICHHBIX B TAOJIUIIE.

B uenom, meTonuueckue rocoOusi SIBISIIOTCS XOpO-
UM MPaKTUYECKUM TIOACIOPbEM MPU TMPOBEAECHUU
JIe3aKTUBALIMOHHBIX pabOT B KPYMHbIX Topofax. OnHaKo u
TaM HEeT MPEeUTOKEHUI 10 PelIeHUIO 1LIeJIOT0 psiaa Mpo-
0sieM — MpexxJie Bcero, peabuanuTaluu TEPPUTOPUIA € TITy-
OMHHBIM PACITOJIOXKEHUEM PaAMOaKTUBHBIX 3arpsi3HUTE-
seit. Tloatomy B Hacrtosiiiee Bpems crieuuanuctsl ['YII
MocHIIO «PagoH» Ha OCHOBE TEOPETUUECKUX MCCIIEH0-
BaHUi, MEXIyHAPOJHOTO U COOCTBEHHOIO OIMbITa pa3pa-
0oTanu psl TOAXOJOB K PEUIEHUIO 3TOH MpoOJeMbl

BE3OMNACHOCTb OKPY>KAIOLLEWN CPEAbLI

Tlpumeuanue: * Bce usmepenus M3/l 't nposodames Ha paccmosHuu
0,1 m om nosepxHocmu usmepsemozo 066eKkma nocae U36AeHeHus: 3aK-
DBIMBIX MOYEUHBIX UCIOYHUKO8.

**M3YA — MuHUMAnbHO 3HAUUMAS YOeAbHAs AKMUBHOCMb, NPUBEOeH-
Has 6 npunoxceruu I[1-4 HPb-99.

Note: *All the measurements of the equivalent gamma-radiation dose
rate are conducted at the distance of 0.1 m from the surface of the meas-
ured object after the extraction of closed point sources.

** MSSA — minimum significant specific activity stated in the Appendix
P-4 of the RSN-99.

to ensure radiation safety, i.e. they must prevent contami-
nants from seeping into the environment, serve as a radioac-
tive barrier, limiting the radon flow from its surface, imped-
ing erosion in the fill-up soil, as well as plant roots and bur-
rowing animals from getting into it, resist the negative impact
of freezing and defreezing processes on isolation effective-
ness. Finally, the constructions should drain rainwater and
water from melting snow.

Natural (clay, sand, soil, stone, gravel and crushed
stone, separately or in combination) and artificial materials
(asphalt and concrete) are used in construction. Quite often
different polymers are used, but practice has showed their low
efficiency because they are short-lived and low-resistant to
climatic factors. Besides, the long-term impact of artificial
materials on the environment has not been properly studied.

The most effective are multilayer covers with surface soil
layer and vegetation that can serve as landscape zones.
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B YCJIOBUSIX, KOT/Ia MOJIHOE yaJieHUe 3arpsi3HEHHBIX TPYH-
TOB HElLIeJIECOOOPa3HO MO TeM WJIM UHBIM COOOPaKEHUSIM.
Peub uaeT o mauTenbHON M30JSILUMU TaKUX 3arps3HEHUM
HEIOCPEACTBEHHO B MECTax UX OOHApy>KeHUs. A UMEHHO
IyOMHA 3ajieraHusl 3arpsI3HEHHBIX TPYHTOB WX TIPOMBbI-
LIJIECHHBIX OTXOJIOB OITpeIeisieT BEIOOP criocoda nx n30si-
LIUU U TJIYOUHBI 1e3aKTUBALIMU.

KAKOWM CMOCOB U30/1LUN BbIBPATH?

JnuTenbHas U30Js1Ms paaiMoaKTUBHbBIX 3arps3HEHU I
TpedyeT TUIaTeJIbHOTO BbIOOpA COCTaBa U KOHCTPYKIIUMU
MOKPBITUI, KOTOPbIE JOKHBI COOTBETCTBOBAThH LIEJIOMY
psiny TpeGoBaHUI, oOecrneyMBarOIMX paavualMOHHYIO
0e3omacHOCTb. A MMEHHO: TpeaoTBpalllaTh paccesHue
3arpsi3HUTENIEN B OKPYXKAIOIIYIO CPey, CYKUTh paaruoaKk-
TUBHBIM 0apbepoM, T.€. OrpaHWUYMBATh MOTOK pajoHa CO
CBOEI MOBEPXHOCTHU, MPEMITCTBOBATH 3PO3UOHHBIM TPO-
lieccaM B HAcCbIMTHBIX I'PYHTax, MPOHUKHOBEHMUIO Tyla
KOPHEBOW CHCTEMbl PACTEHW M POIOIIMX KMBOTHBIX,
MPOTUBOIEICTBOBATh HETATUBHOMY BJIMSIHUIO TIPOIIECCOB
3aMOpaKUBAHUS-OTTauBaHUS Ha 3 (GEKTUBHOCTD U301~
uuu. M, HakoHel, KOHCTPYKIMSI TOKPBITHSI TOJXKHA
obecrnieunBaTh OTBOA AOXAEBBIX U TaJbIX BOA U HE IOIY-
CKaTb UX MPOCAYMBAHUSI B TPYHT.

st coopyKeHusl TIOKPBITUI MPUMEHSIIOT MPUPOJI-
Hble M MCKYCCTBEHHbIE MaTepuasbl. M3 MpupoaHbIX
yalle BCEro MCIOJb3YIOT TJIMHY, MECOK, MOYBY, KAMHU,
rpaBui, 1IeOEHKY — MO OTAEJbHOCTU WJIM B KOMOMHA-
uur. Cpenu UCKycCTBEHHbIX Haubosee a2hbeKTUBHBI U
palMoHaIbHbI acanbro0eTOHHbIE MOKPbITUSI. Hepeako
MOJIL3YIOTCSI M PA3JIMYHOTO PoJia MOJUMEPHBIMU MaTepu-
aJaMM, OJIHAKO, MPaKTUKa MoKa3aja uxX HU3Kylo ahdex-
TUBHOCTb U3-3a HEAOJITOBEYHOCTU U IJIOXOW YCTONYUBO-
CTU K BO3JEUCTBUIO KIMMaTUYeckKux dhaktopos. K Tomy
K€ BJMSIHUE BELIECTB HEMPUPOAHOIO IMPOMCXOXKIECHUS
Ha OKPYXalOIlyl0 cpely Majo M3yYeHO B IUIaHe NOJroc-
POYHOI MEepPCTIeKTUBDI.

Camble ke 3(pheKTUBHbIE — MHOTOCJIOMHBIE TTOKPBI-
TUSI C TIOBEPXHOCTHBIM TUIOJOPOAHBIM CJIOEM TpyHTa U
BbICaXKEHHOU PaCTUTENbHOCTbIO, SIBJSIONIECs JaHaad-
THBIMU 30HaMU 0JIarOyCTPOMCTBA TEPPUTOPUM.

IMocnenoBatebHOCTL 3ajieraHusl Pa3IMYHBIX CJIOEB
MOXET OBbITb pa3HOI, HO Yallle BCEero caMblii HUXKHUMI
HAChIMaeTCsl TUAPOU3OJUPYIOIIMM MaTepuaioM, B Kade-
CTBE KOTOPOrO0 OOBIYHO MCMOJb3YIOTCSI TPUPOIHBbIE
IJIMHBL. [JIMHA CylIeCTBEHHO YMEHbIIIAeT BbIXO/ pajoHa 1
OIHOBPEMEHHO MPENITCTBYET MUHGUIBTpaLMY Boabl. Tos-
muHa cinost — 0,1—0,4 m. Kak nmpaBuio, ero yrloTHSIIOT,
KCIIOJIb3YSl COOTBETCTBYIOIINE MEXaHU3MBbI. A TeoMeTpust
3aChIIIKM JOJKHA OBITh TaKoOil, 4TOOBI 3adepKuUBaeMasi
Boda MO JAEWCTBUEM CHMJIBI TSDKECTH TMepemelianach OT
LIEHTpa K Kpalo yJacTka u, 10O BbIXOIMJIA 32 €ro IMpeje-
JIbl Ha paccTosiHue 2—3 MeTpa, MO0 BbIBOAMIACH BOBCE.

Bropoit cioit siBasieTcsl ApeHaXXHBIM W CIYXUT ISt
MpOoMycKa M0XAeBOW WK Tajoi Boa. OH OOBIYHO COCTOUT
n3 necka toimmHoit 0,2—0,3 M. Tpertumii yaie Bcero
BBITTOJTHSIETCSI U3 KaMHeW TOPHBIX TMOpOJ, TpaBUsl WU
meOHs1. YeTBepThlii — caMblil BEpXHUI — U3 TIOYBEHHOTO
rpyHta. ToniuHa ero o0b14HO Koseosercs oT 0,1 10 0,2 M.
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The layers can follow each other in any order, but more
often the lowest layer is made of waterproof material (usu-
ally — natural clay). The clay reduces radon emitting from
the surface and at the same time prevents water infiltration.
The layer is 0.1-0.4 m thick. As a rule, it is compacted with
the help of special mechanisms. The geometry of the filling
must guarantee that the water should flow from the center
to the borders of the site, exiting it by 2-3 meters or leaving
it completely.

The second layer serves for draining and filters rainwater
and water from melting snow. It usually is composed of sand
0.2-0.3 m thick. The third one is usually made of rock, grav-
el or crushed stone. The forth top layer consists of soil, usual-
ly from 0.1 to 0.2 m thick.

Ecnu rny6uHa BbipaGoTkM Npu ges3akTuBa-
LMW HaxoamTtces B npenenax 0,1—1 M 1 MOLWHOCTb 3KCMOo-
3ULMOHHOW 003bl HA OHE BbIPAOOTKM Npu ee rmyouHe 1 m
He npeBbiwaeT 450 MKP/4, onTumanbHa pexkynsTuBauus ¢
3acbINKOl BbIPabOTKM CI0EM YMCTOrO FPyHTa (kenatesb-
HO MMWHOM) #o oTmMeTkn — 0,2 M, a nocnenylLnn Cnon
3acblnaeTcs pacTutesibHbiM cnoem go otmetkm 0,0.

Ecnn xe rnybuHa BbipaboTku cocTtaBnsieTr 1 M, a MOLL-
HOCTb [03bl Ha AHe BblpaboTku npesbiwaeT 450 MkP/y,
LenecoobpasHa MHOrOCA0ONHAA M30NALMS MPUPOLAHBIMA
marepuanamu: cnon muHel — 0,3 M, necka — 0,3 M, rpa-
Bus — 0,2 M, pactutenbHbii — 0,2 M.

Takaa pekynbTMBaUMSA MNPy OTCYTCTBUM NepPeMeLLEeHns
rPYHTOB 1 pPa3MblBaHUS MOBEPXHOCTHOIO PACTUTESNIbHOrO
Cnosi 06eCneYnT HEOOXOANMYIO U30NIALMIO MPOMBILLIEH-
HbIx oTx0n0B |l kateropumn Ha cpok o 100 net n 6onee.
Korpa >xe ygenbHas akTUBHOCTb 3arpsi3HEHHbIX FPYHTOB
He npesbllaeT npegenos ans Il kareropum oTxon0B, a
rnybuHa ux 3aneraHusi 6onblle OAHOro MeTpa U Ha
y4acTKe XOPOLIO OpraHW30oBaH OTBOA MOBEPXHOCTHbIX
BOJ, YCTPOWCTBO LOMOSHUTENBHOIO MOKPbLITUS BOOOLLE
HeLenecoobpasHo.

If the depth of the excavation is within 0.1—
1 m and the exposition dose rate at the bottom does not
exceed 450 mcR/h, it is recommended to fill the cavity
with a layer of clean soil (preferably clay) up to the level
of — 0.2 m, and then — with fertile earth up to the sur-
face level.
If the depth of the excavation is T m and the exposition
dose rate exceeds 450 mcR/h, it is feasible to use multi-
layer isolation with natural materials: a clay layer 0.3 m
thick, sand — 0.3 m thick, gravel — 0.2 m thick and fertile
earth — 0.2 m thick.
Such remediation, if the soil is not shifted and the upper
vegetative layer does not erode, will create necessary iso-
lation of the industrial wastes belonging to Category Ill up
to 100 years and over. When the specific activity of the
contaminated soil is within Category Il specifications and
its depth is over 1 m with good draining, the construction
of an additional cover is not feasible.

ENVIRONMENTAL SAFETY



cLeanup / HIGHLIGHT

OueHb BaxKHO, YTOOBI TTOKPBHITHE BCETAa HAaXOAUJIOCH
HECKOJIbKO BBIIIIE YPOBHSI OKpyXKalolleili MecTHOCTH (3a
CYET TMepBOro Cjosi), YTOObl 00eCNEeUUTh OTBOJ MOBEPX-
HOCTHBIX Y TPYHTOBBIX BOJ, 00pa3yolIUXCs HaJl MECTHBIM
BOJIOYTIOPOM.

OntumasibHasl TOJIIMHA CJIOEB OIpeaessieTcsl B KaxX-
JIOM KOHKpeTHOM ciydyae. MHorma BMeCTO 4eTbipex
HUCTIOJIb3YIOTCS JBa: BOHNOYIIOPHBIM M OPEHAXHBIA U3
mebHs wiau rpaBus. OAHAKO JaXxe B YCIOBUSX MPOMbI-
IIUIEHHOW 3aCTPOUKM TakKas IMOBEPXHOCTb MOKPBITUS
MMEET HEICTETUYHBIN BUJIL.

«BEJIbIE» MATHA

Jlo HacTosIIero BpeMeHM He pelleH BOMpPOC O BO3-
MOXHOCTU peadWIUTalUUU IMOBEPXHOCTHO (m0 25 cMm)
3arpsi3HeHHbIX Tepputopuit ¢ MO ' — ot 0,4 Mx3B/4
u 6osiee — METOJOM IJTyOOKOM BCIAILKU C MepeMelIeHU -
€M BEpPXHEro 3arpsi3HeHHOro rpyHTa Ha JTHO BBIEMKM U C
3aCHINIKOM TPYHTOM W3 HIKHUX CJIOEB. TeopeThuecKu
TaKkoe BO3MOXHO, HO BO3HMKAET BOIMPOC: KAKUMHU Mexa-
HU3MaMHM 3TO JeaTh?

Bcnamka B psae ciiyyaeB — TpakKTUUYHBIA METO
OYMCTKU 3arpsi3HEHHON MOYBbI Ha OOJBIIUX TEPPUTO-
pusiX. Yxe mpu OOBIYHOM BcCralike Ha riyouHy 20—
30 cM BO3MOXHO TIOJaBUTh BBIAEJICHUE PATUOHYKIHUIOB
B OKPYXKAIOIIYIO Cpely U YMEHBIIUTh UX YCBOGHUE KOP-
HaMmu pacteHuii. Eme Oojiee addexkTuBHa riaydbokas
OoTBaJIbHas Bcralka (10 riyouHsl 1 M), OIHAKO OHA Tpe-
OyeT crieluajJbHBIX MOYBOOOpabdaThIBalOIIUX opyauit. Mx
WCIIOJb30BAaHME B OTEUYECTBEHHOW MpPaKTUKE HaM He
MU3BECTHO, XOTS TOAOOHBIE pPa3pabOTKU TPOBOAATCS B
Benuko6puranuu, CIIIA u IlIBeunu.

Eie ogHa mpo6iema — cO0p U BbIBO3 pagdallMOHHbBIX
MaTepuajioB, 00pa3ylolIMXcsl B MPOLEcce peaduanuTaluMm.
Ecnu oOpailieHue ¢ MpOM3BOJACTBEHHBIMU OTXOJaMU C
MOBBILIEHHBIM COAECPKAHUEM MPUPOAHBIX PATUOHYKIU-
noB ctporo Hopmupyetcst CIT 2.6.1.1292-2003, to ¢ Gec-
XO3HBIMU, HaXOASAIIUMUCS Ha TEPPUTOPUU TOpOaa B BUIE
CBAJIOK WJIM MCMOJb30BAaHHBIMU [JI51 TIOICHIKM OBpa-
roB, — BbI3bIBAET OpPraHU3allMOHHBIE U TEXHUYECKUE
tpyaHoctu. Hanpumep, orxoasl 111 kareropuu nomiexar
cOopy, BBIBO3Y M JUTMTEIbBHOMY XpaHEHMIO Ha TTOJIMTOHAX
CTIeIIMATM3UPOBAHHBIX TIPEANPUATHI «PamoH». A BOT TO,
KakMe OpraHM3alluM M KakKuM oOpa3oM AOJIKHBI oOpa-
maTbes ¢ otxogamu 11 kareropuu, B HacTosIIee BpeMsl He
sicHo. Kak HernoHsITHO U TO, KTO JIOJKEeH pa3pabdaTbiBaTh
COOTBETCTBYIOLLYIO MTPOSKTHYIO TOKYMEHTALIMIO HA MecTa
UX 3aXOPOHEHUS W TIPEJICTABIISATh €€ Ha CAaHUTApHO-3ITHU -
JMEMUOJIOTUYECKOE 3aKITIOUCHUE.

HeTt onpeneneHHOCTH U ¢ 3aXOPOHEHUEM MTPOU3BO/I -
CTBEHHBIX OTX040B | Kateropuu Ha cBajiKax OOILLEIpPO-
MBIILJIEHHBIX OTXOA0B 06€3 orpaHWYEHU i 1Mo paaualioH-
HoMY (akTopy.

TakuM 006pa3oM, HECMOTPST Ha OTIpee/IeHHBIC TOCTH -
SKEHUST B pellIeHUH TPo0JieM peabuInTaluy paauioakTUB-
HO 3arpsI3HEHHBIX TEPPUTOPUI B KPYMHBIX ropojax,
HeoOxoauMa pa3paboTKa MOTMOJTHUTENbHBIX HOPMATHUB-
HBIX U METOANYECKUX JOKYMEHTOB, PErJaMeHTUDPYIOLINX
paboTHI B 3TOI 00JIaCTH.

BE3OMNACHOCTb OKPY>KAIOLLEWN CPEAbLI

[] PaboTbl NO BbLIABJIEHUIO Y4aCTKOB 3arpsi3He-
HUS BKJIIOYAIOT CTPOroe, noaTanHoe nposeaeHue
pagmaumMoHHoro oGcnepoBaHUs TeppPUTOPUIA
ropoga, cucremarumyeckoe, nogpobHoe Bepe-
HUe UX peecTpa C AeTasibHbIM ONUCcaHneM, yyeTa
BCeX BbiSIBJIEHHbIX U [e3aKTUBMPOBaHHbIX YP3, a
TakXe npegsapuTesbHblli BbLIGOP MECTHOCTU 4NN
pagnauuoHHOro KOHTPONS.

The process of search includes phased radiation sur-
veying of the city territories, their systematic register-
ing with detailed description of spotted and cleaned
radioactive contamination areas, as well as site selec-
tion for radiation surveying.

1t is important that the cover should always be somewhat
higher than the surrounding ground level (due to the first
layer), so that the surface and groundwater are drained.

The optimum thickness of the layers is determined in
every separate case. Sometimes, instead of four layers two are
used: the water resistant one and the draining one made of
crushed rock and gravel. However, even in industrial areas,
such surface looks unattractive.

UNSOLVED PROBLEMS

Up to now, it has not been decided if it is possible to
rehabilitate surface contamination (up to 25 cm) with
gamma-radiation dose rate over 0.4 mcZv/h by means of
deep plowing, when the upper layer of soil is shifted to the
bottom of the excavation and covered with soil from the
lower layers. In theory it is possible, but it is still unclear
which mechanisms to use.

In a number of cases, plowing is a feasible method of
cleaning contaminated soil over vast territories. It is possible
to suppress radionuclide emission into the environment and
reduce their absorption by plants’ roots even by usual 20-30
cm deep plowing. It is even more effective to use moldboard
plowing up to 1 m deep, but this method requires special
tillage machines. There is no information whether such
equipment has ever been used in Russia; similar projects are
known to run in the UK, United States and Sweden.

Another problem is collecting and shipping radiation
materials from rehabilitation. The management of waste with
high natural radionuclide content is strictly regulated by SP
2.6.1.1292-2003, whereas ownerless radioactive waste that
has been used to fill gullies or piled at city dumps present
management and technical problems. For example, Category
111 waste is to be collected, shipped and stored at special
Radon facilities. On the other hand it is unclear, who is to
manage Category II waste, elaborate the design documenta-
tion for the storage facilities and apply for a sanitary and epi-
demiological license.

The question whether Category I industrial waste can be
disposed of at industrial waste dumps without radiation
restrictions is far from being answered as well.

Therefore, notwithstanding certain progress made in
rehabilitating contaminated urban territories, additional
regulatory and methodical documents in this sphere are
required.
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