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PE3IOME

Beeoenue. 2Kuixoe TOILUIMBO BKJIIOUYAET B ce0s1 1Ba OCHOBHBIX KOMIIOHEHTa — TOplouee U OKUCIUTeNb. Pac-
MPOCTPaHEHHBIMU KOMIIOHEHTaMU XUAKWUX pakeTHhIX ToruuB (K2KPT) sBasiIoTCS BBICOKOTOKCUYHBIE
COCIVMHEHUS — TenTusl (HecuMMeTpUIHbIN nuMmetunruapasud (HJIAMI)) n amun (a30THBIN TETpaoOKCHUI).
Pacuér cueHapueB aBapUilHBIX CUTYallMii C MPOJMBOM KOMIIOHEHTOB XKMIKOI'O PaKETHOrO TOIUIMBA Ha
MECTHOCTD IIpeaHa3HA4YeH [JIs1 OTIEPaTUBHOIO IIPOTHO3MPOBAHMST MACIITA00B 3arpsi3HEHUSI, ONITUMU3AllNI
paboT B 30HE XUMUYECKOT0 3apaxKeHNsI M Pa3pabOTKU CUCTEMBI MEIUKO-CAaHUTAPHOTO 00eCIIeUYeHNsI Hace-
JICHUSI TP BO3HUKHOBEHUHU SKCTPEMaIbHOM CUTYALIUH.

Mamepuaa u memooot. B cratbe IipefcTaBieHbI CLIEHAPUHM aBapUITHBIX CUTYALW C IIPOJIUBOM KOMITOHEHTOB
KUIKUX PaKeTHBIX TOTJIMB Ha TEPPUTOPUU XUMUYECKH OIMACHBIX O0BEKTOB U IIPU TPAHCIIOPTUPOBKE.
Pesyavmamot. ViccienoBaH pacuér pacipocTpaHeHNSI OpPUEHTHUPOBOYHBIX KOHIIEHTPALIMI P MPOJIMBaX Ha
OTKpPBITOI MecTHOCTH TeTpaokcuaa azota (TA) u HIMI'. TlonyyeHHbIe ClieHapyUM aBapyUiHBIX CUTyalUi
yKa3bIBalOT Ha BO3MOXHOCTb paclpeiesieHus] TOKCUUEeCKUX KOHIeHTpaluii: Ha ypoBHe CLs, B mpenesax
1 xm nipu iposniuBe HIAMI ot 0,5 no 10 TouH, TA — ot 0,1 10 5 ToHH; Ha ypoBHe 1/10 CLs, — moporoBoit
TOKCOA03bl (KOHIIeHTpalu) Ha pacctosiHue 10 0,5—0,7 km nipu nposuse HAMI ot 0,5 no 1,0 ToHHBI,
aTA — 1o 1 TOHHBL.

Oepanuuenus uccaedoeanus. [1py n3ydeHnu clieHapreB aBapUIHBIX CUTYallWil ¢ TIPOJIMBOM KOMIIOHEHTOB
KMIKWX paKeTHBIX TOIUIMB Ha TEPPUTOPUU IIPOBEASHA OLICHKA PAaCIIPOCTPpaHEHMUsI OPUEHTUPOBOUYHBIX KOH-
LIEHTpaLii KOMIIOHEHTOB COTJIACHO HOPMAaTUBHOMY JOKYMEHTY IT0 METOIMKE IIPOTHO3MPOBAHMUS MaCIIITa-
00B 3apaxkeHMsI CUJIBHONECTBYIOIINMH SITIOBUTHIMU BEIIECTBAMM TIpM aBapysIX (pa3pylIeHMUSIX) Ha XUMU-
YeCKHM OIMACHBIX 00bEKTaX U IIPU TPAHCIIOPTUPOBKE.

3axarovenue. B pesynbrare MccienoBaHUs BBISBICHO, YTO HaceJleHUE, MTPOXUBAIolllee B paanuyce CBbIIIE
2 KM OT MeCTa aBapuM, MOXET oKa3aThCsl o[ Bo3aeiictBueM pacnpocTtpaHeHuss KXKPT, yto 3aBucur ot
00bEMa MPOJIUBa, BUIA aBapUITHO-OITACHOTO XMMHWYECKOTO BEllleCTBA M HallpaBJicHUsI BETPa B 30HE XUMU-
YeCKOIo IMOpaKeHUs.
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Beenenmne

B xayecTBe UCTOYHMKA SHEPTUM B PAKETHBIX ABU-
raTejisiX B HACTOSIIIEe BPEeMsI MIPUMEHSIETCS XUMUYe-
cKasl Heprusl ToruidBa. ['oprouee M OKUCIUTENb —
3TO IBa OCHOBHBIX KOMIIOHEHTa, BKJIIOYEHHBIX B
COCTaB XXUAKOro TorauBa. PacmpocTpaHEHHBIMU
KOMIOHEHTaMU XUJAKUX pakeTHbIX Torus (K2KPT)
SIBJISIIOTCSI BRICOKOTOKCUYHbBIE COSAMHEHMS — TeITUII
(HecumMMeTpuuHBI  guMmetvnTuapasud  (HIMI))
1 aMu (a30THBIN TeTpaokcun) [1, 2].

AHaiM3 3TaloB TEXHOJOTUYECKOTo Tpoliecca
IMOKa3bIBaeT, YTO aBapUiiHbIE CUTyalluM Ha OOBEK-
T€ BO3MOXHBI IIPU BBIMOJHEHUHU CJASAYIOIINX BUIOB
paboT: TPaHCHOPTUPOBKA KOMIIOHEHTOB PaKETHOTO
TOIUIMBAa W 3aMpaBiIe€HHON pPaKeTHO-KOCMUYECKOMN
TeXHUKM; CTHIKOBKA M PACCTHIKOBKA CJIMBO-3allpa-
BOUHBIX MarucTpajeil mpu 3aloJHEHUN TEXHOJIOTH-
YeCKHX CUCTEM KOMIIOHEHTaMU paKeTHOIO TOILIMBA;
3aMoOJIHEHNE KOMIIOHEHTAMU PaKEeTHOTro TOIUIMBA
MarucTpajeil TEeXHOJIOTUYSCKMX CHCTEM COOpYXKe-
HUM 10 MeMOpaH KJIallaHOB <«BXOIOB» IBUTATEIS;
3arpaBka ©0aKOB pPaKeTHO-KOCMMYECKOW TeXHU-
KA KOMIIOHEHTaMU KUIKOTO PaKEeTHOTO TOILUINBA;
3arpaBKa (CJIMB) pacXOIHBIX EMKOCTEil KOMIIOHEHTAa-
MM KHUJIKOTO paKeTHOTO TOIUIMBA; PEMOHT arperaTon
IMTHEBMOTI'MAPABINYECKUX CUCTEM — CJIMB KOMITOHEH -
TOB XKHUJKOIO PaKETHOro TOIUIMBAa U3 O6AKOB pakKeT-
HO-KOCMUYECKOM TEXHUKH; YCTpaHEHHE Herepme-
TUYHOCTU 4YaCTel PaKETHO-KOCMUYECKOW TEXHUKU,
3arpaBJIeHHON KOMIOHEHTAMU XUJIKOI0 PaKeTHOTO
TOIUIMBA; TIEPBUYHBIN JEMOHTAaX MOCTYMUBIIETO Ha
HEWTpaInu3aluio U3AeNus ¢ TOIUIMBHBIMM OakaMu,
HaXOMSIIMMMUCSI II0J, TPaHCIOPTHBIM JaBICHHUEM;
CTBIKOBKA CJIMBO-3alpaBOYHbIX Marucrpajiei pa-
KET C CUCTeMOI HEWTpaau3aluyi TEXHOJIOTUYECKOTO
KopIryca 0a3bl M COpPOC TpaHCIIOPTHOIO OAaBJICHUS
13 0aKOB TOPIOYEro M OKHUCIMTENSI CO CIMBOM HX
OCTAaTKOB; HeWTpanu3auus €MKOCTEe ¢ KOMITIOHEH-
TaMU PaKeTHOTO TOIUIMBA; BBITIOJHEHUE OIepainii
I10 TIepeKauKe IIPOMCTOKOB FOPIOYETO Y OKHUCIIUTEIIS,
TepMHUYECKAsd HEUTpaIu3alusg OPEeHAXel U IIPOM-
CTOKOB KOMIIOHEHTOB pPaKeTHOTO TOIIMBA; CJIUB
KOMIIOHEHTOB TOIJIMBA W3 TPaHCIOPTUPOBOYHBIX
HUCTepH B Xxpanuiuiia [1, 3, 4].

OmnacHOCTb TIOCHIEACTBUI XUMWYECKUX aBapuit
B HauOOJbIIEH CTeNEeHU ONpeaessieTcs JeTy4yeCThbio
aBapUHBIX XMMUYECKU oMacHbIX BelecTB (AXOB)
U TPOJOJKUTEILHOCTBIO HMX IIOpaXKalollero meli-
cTBMA |5, 6].

KOMMNOHEHTHI XUAKOTO pPakeTHOro TOIUIMBA —
Terpaokcun azota (TA) u renTu1 (HECUMMETPUYHBIN
OUMETUITUAPA3NH) BXOAAT B TPYIIy aBapUitHO-
OITACHBIX XMMHUYECKUX COCTMHEHMI, OTHOCSIIMXCS
K B3pBIBOMNOXAapOOMNacHBIM BelllecTBaM, o00Jjanaro-
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IIMM CIOCOOHOCTBIO MPUBOAUTL K OCTPBIM U XPO-
HUYECKMM OTPABJIICHUSM IIpU WHTAISLIMOHHOM U
HaKOXHOM Bo3neiicTBuu. [Ipy aBapuilHBIX cUTya-
LIUSIX BBICOKASI TOKCUMYHOCTh KOMITOHEHTOB KMIKO-
IO PaKETHOIO TOIUIMBA U MPOAYKTOB UX IECTPYKIIUU
CIIOCOOCTBYET OITACHOMY 3arpsiI3HCHUI0 OOBEKTOB
OKpY2Kalollleil cpeibl, YTO He3aMeIJIUTEIbHO TpeOyeT
TUTUEHNYECKOM OLEHKU CTEIIEHU XUMUYECKOTO 3a-
IpSI3HEHWS M ero TnKBuaauun |3, 7, 8].

Pacuér cueHapueB aBapUIiHBIX CUTyallUid C MpO-
JIUBOM KOMIIOHEHTOB 3KUAKOTO PAaKETHOTO TOTLIM-
Ba Ha MECTHOCTb IIpeaHa3HAUYeH I OTICPAaTUBHOTO
MPOTHO3UPOBAHUS MACIITA0OB 3arpsI3HEHUS, OITHU-
MM3aLUU paboT B 30HE XUMUYECKOTO 3apakeHUS U
pa3paboTKU CHUCTEMbl MEIMKO-CAaHMTapHOro obec-
TeYeHUs] HaceJeHUsI TPY BO3HUKHOBECHUU 3KCTPE-
MaJIbHOM CUTYalliH.

Lleav uccaedosanuss — MpPOrHO3 BO3MOXKHBIX CLIEHA-
pUEB aBapUIHBIX CUTYallii C TPOJIMBOM KOMITOHEH-
TOB XXMIKOT'O PAaKETHOT'O TOILJIMBA HA MECTHOCTb.

Matepua 4 MeTOIbl

B wuccinenoBaHumM ObLIa HMCIIOJb30BaHA METO-
IMKa IIPOTHO3MPOBaHMSI MAcCIITa0OB 3apakeHUs
CHJIbHOJIEICTBYIOIIMMHY  SIIOBUTHIMM  BEIIECTBAMU
pu aBapuax (pa3pylieHnsIX) Ha XUMUYECKN Orac-
HBIX O0BEKTaX M TPAHCIIOPTUPOBKE MPU pacyeéTe
o PJI 52.04.253—90%*.

Pe3yabTaThl

KommoneHTsl x)xuakoro paketHoro Torusa (TA
nu HIAMI) o6nagaloT BBICOKOW TIOTEHIMATbHOMU
OITACHOCTBIO Pa3BUTHUSI OCTPOrO CMEPTEIBLHOTO WH-
TAISILIMOHHOIO OTPABJICHMS, TIPX Pa3IMBE KOTOPBIX
MOXET 00pa30BbIBATHCS MEPBUYHOE U BTOPUYHOE
00y1ako 3arpsi3HeHHoro Bosmyxa. Oba coeanHeHUs
00J1aal0T BHICOKOI CITOCOOHOCTBIO IPOHUKATH Ye-
pe3 HEMOBPEXIEHHYIO KOXY KaK IIpM HEMoCpel-
CTBEHHOM TIOIaJaHWM MpPHU IPOJUBE, TaK U B BUJE
IMapoB, BBI3bIBAasI ITOPAKEHUS Pa3IMYHOM CTEIIEHU
TsKecTH [3, 4].

TpancopTpoBKa KOMIIOHEHTOB KMIKOIO pa-
KETHOTO TOIJIMBA B CIIELIMAJbHBIX KEJIe3HOMIOPOXK-
HBIX LMCTEpHAX HE MCKIIIOYAeT BO3MOXKHOCTHU ITPO-
quBa HIMI u TA npu HapylleHUN UX TepMETUYHO-
CTU Ha MOIbE3MHBIX ITyTSIX.

C npuMeHeHueM MpoILeayp, MpeacTaBIeHHbIX
P 52.04.253—90, ObL1 mpoBen€H pacyéT pacrapo-
CTpaHEHMSI OPUEHTUPOBOYHBIX KOHILIEHTPALMA (TOK-
como3) npu mponuBax TA m HIAMI Ha OoTKpBITOI
MECTHOCTH (CM. TabJIUILY).

* PJI 52.04.253—90 «MeToauka nMporHo3MpoBaHUsT MacilTa-
00B 3apaXkeHMsI CWJIbHONEHCTBYIONIMMU SITIOBUTHIMY BEIECTBA-
MM TP aBapusiX (pa3pylIeHHUsIX) Ha XMMUYECKHU OMTACHBIX 00K~
Tax u TpaHcnopte». CI16; 2000.
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CueHapun aBapUNHbIX CUTYaL M1 C NPOJINBOM KOMMNOHEHTOB XXUAKNX PaKeTHbIX TOM/INB Ha MECTHOCTb
(vnBepcns, ckopocTb 1m/c, 20 °C)

KOMMNOHEHT MokasaTenn YpoBHU Bo3AeiicTBUA A03/KOHUeHTpauunin KXKPT
KNJKNX MNMokasaTenn n3mepeHus MOPOroBblii Ha
paKeTHbIX aBapuiiHou cutyauum | (nponms, - 4acTU4HO pasfpaxatouiero
s y TOHH) CMepTeNbHblIii cMepTenbHbIii Tepar;,e:J::eecKom neiicTena
HecummeTpuyHbin| PacuéTHble rpaHnLbl 0,5 0,036 0,368 0,438 3,885
AUMETUArMAPasuH | (Km) pacnpepeneHus 10 0,072 0,485 0,603 5760
PacyYETHbBIX TOKCO03
C YY4ETOM KonnyecTsa 10,0 0,485 1,698 2,166 23,920
MKPT npu nponuse
TeTpoakcng a3ota | PacuétHoe 0,1 0,076 0,38 0,497 1,234
pacripeaenexne 0,5 0,955 1,226 1,703 4,664
B aTMocdepe (Km)
npu nponuse 1,0 1,21 1,70 4,594 12,119
50 1,856 5,052 7,567 20,606
IMTonyyeHHBIE CcLEHApUM aBapUKMHBLIX CUTyalUid Ocpanuvenus uccaedoganus. Ilpu um3ydeHUU

yYKa3bIBaIOT Ha BO3MOXXHOCTD pacIpeaeIeHUsSI TOKCH -
YECKUX KOHLICHTPALIUA:
* Ha ypoBHe CLs, B mpeaenax 1 KM Npu MpoJivBe

HIMTI ot 0,5 no 10 TonH, TA — o1 0,1 10 5 TOHH;

*Ha ypoBHe 1/10 CLsy, — mMOporoBoii TOKCOIO3bI

(koHUeHTpauuun) Ha pacctosiHue no 0,5—0,7 km

npu npoauBe HIMI 0,5-1,0 tonH, a TA —

1o 1 TOHHBI (CM. TabuUILy).

PacuéThl cueHapueB ¢ MpPOJUMBOM Ha MECTHOCTU
HJIMTI B xonuyectBe 10 TOHH yKa3bIBalOT Ha BO3-
MOXHOCTb PaclpOCTpaHEHUsI aBapUITHOTO 3arpsi3-
HEHHOTO 00JIaKa Ha ypOBHE ITOPOTrOBBLIX TOKCOIO3
(KOHLIEHTpAaLIMii) Ha paccTosgHue 6osee 1,6 KM, B TOM
Ylclie Ha CeJIMTEOHYIO TEPPUTOPHUIO (CM. TAOIUILY).

O0cyxnenue

B cnygae peanusanmy rMIIOTeTUYECKON aBapuu C
nponuBoM 6osee 1,0 Tonnsl TA unu HIAMI cnenyet
OXXUIATh MPOSIBIICHUII TOKCUYECKOTO BO3IECHCTBUS
oTux AXOB He TOJIbKO Ha MepcoHall 00bEKTa, HO
1 Ha pabOTHUKOB, KoTophie B rpanuiiax C33 obec-
MeYnBalOT CEPBUCHOE OOCIYXMBaHWE KPMOTEHHOM
MpOAyKLIMU, 0cO00 omacHbIX Ipy3oB ¢ TA, HIMI,
a TakxXe paboTarlolIuX B IPYrMX MH(PACTPyKTypax
00bEKTA.

Kaxk mokaszanu pacueTsl ClLieHaApueB aBapuM C
MOCTYIJIEHUEM Ha OTKphITYI0 Tepputoputo HJIMI
B konauuectse 0,5—10,0 TonH, TA — 0,5—5,0 ToHH,
TOKCMYecKre KoHleHTpanuu 3tux AOXB MoryT pac-
npocTpaHuThbes 3a rpaHully C33 1 Ha cenuTeOHYIO
TEPPUTOPUIO.

[Ipy 3TOM BO3MOXHO OXWMIATh BO3ICICTBHUSI HA Ha-
cenenre 3tiX AOXB Ha ypOBHSIX OT YaCTUYHO CMep-
TenbHBIX 103 (TA — 5,0 TOHH) 10 MOPOTrOBBIX 103 O0IIIe-
TeparneBTUYECKOTO ¥ MECTHO-PA3IPAKAIOIIIETO NECTBUSI.

CILICHApPMEB AaBAPUMHBIX CUTyallUi C MOPOJMBOM
KOMITOHEHTOB XKUIAKHUX PAKETHbIX TOIUIMB Ha TEp-
pUTOPUM TPOBEJAEHA OLIEHKAa paclpoOCTpaHEHUS
OPUEHTUPOBOYHBIX KOHILIEHTPALIMi KOMIIOHEHTOB
COIJIaCHO HOPMAaTUBHOMY AOKYMEHTY IO METOAUKE
MPOTHO3MPOBAHMUSI MacIITa0OB 3apakeHUsl CUJIb-
HOAEUCTBYIOIIMMU SIIOBUTBIMUA  BEILECTBAMU TIPU
aBapusxX (pa3pylIeHMsIX) Ha XMMUYECKU OMaCHBIX
00BEKTAX U MPU TPAHCITIOPTUPOBKE.

3aKkioueHue

B 3aBrUCMMOCTH OT BeIMYMHEI IPOJIMBA, BUIA aBa-
pUifHO-OImacHOTO XuMm4yeckoro BemlectBa (TA nmm
HJIMT') u nHanmpaBiieHUsT BeTpa B 30HY XMMHUUYECKOTO
MOpaKeHUsI MOXKET ITOIAacTh HaceJieHUe, OKa3aBIlle-
ecsl B paInyce CBBIIIE 2 KM OT MECTa aBapUM.

B cBsa3u ¢ atuM, B ciaydyae aBapuM, HacelIeHME,
MpoxXuBalolee B paguyce 10 23 KM (Ipy MPOJIMBeE
10 ronH HIMT'), Hago obGecrieunTh HEOOXOAUMBIMU
MepaMU 3alllUTHl: Tra30yOeXWIIaMHu, TPaHCIIOPTOM
IUIST DBAKyallMW, MOIOJHUTEIbHOM MEAULIMHCKOMN
MOMOIIBIO ST JUll (M3 HaceleHUs), CTpamalolInx
MMaTOJIOTUSIMUA  CEPICYHO-COCYAUCTON U IbIXaTelb-
HOI CHCTeM, IIPOSBICHUS KOTOPBIX MOTYT YCHJINTh-
cd TIpM BO3meicTBUM paccMaTpuBaeMbix AOXB n
MPUBECTU K HeXelaTeJIbHbIM OCIOXHEHUSIM U daxe
K JIeTaJIbHOMY ucxony. st peanm3alny TAaKUX MEIH -
LUHCKUX MEPOIIPUSITUII B MEAULIMHCKUX YIPEKIC-
HUSIX, OOCTYXKMBAIOIIMX HACEJICHHBIE ITyHKTHI, ITOMI-
Magamlre B 30HY T'MIIOTETUYECKOTro XMMUUECKOTO
3apaxeHusi, lieJecoodpa3Ho TPOBECTU Tpodu-
JIAKTMYECKIUE OCMOTPBHI HACEIEHMSI C IMOCTAHOBKOI
Ha YYET JIUII, HY>XKIAIOIINXCsI B 3KCTPEHHOM ITOMOIIN
B CJIyyae aBapuu.
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ABSTRACT

Introduction. Liquid fuel includes two main components — fuel and oxidizer. Common liquid rocket fuels
components are highly toxic compounds — heptyl (asymmetric dimethylhydrazine) and amyl (nitrogen
tetraoxide). The calculation of emergency scenarios with the spill of liquid rocket fuel components on the
terrain is intended for operational forecasting of the scale of pollution, optimization of work in the zone of
chemical contamination and the development of a system for providing medical care to the population in case
of an extreme situation.

Material and methods. The article presents scenarios of emergency situations with the spill of liquid rocket fuel
components on the territory of chemically hazardous facilities and during transportation.

Results. The calculation of the distribution of approximate concentrations at spills in an open area of nitrogen
tetroxide (NT) and asymmetric dimethylhydrazine (UDMH) is investigated. The received scenarios of
emergency situations indicate the possibility of distribution of toxic concentrations: at the level of CLs, within
1 km at the UDMH spill from 0.5 to 10 tons, NT — from 0.1 to 5 tons; at the level of 1/10 CLs, — threshold
toxodose (concentration) at a distance of 0.5—0.7 km at the UDMH spill 0.5—1.0t, and NT —upto 1t.
Limitations. When studying emergency scenarios with the spillage of liquid rocket fuel components in the
territory, an assessment was made of the distribution of approximate concentrations of components according
to the regulatory document on the methodology for predicting the extent of contamination of highly toxic
substances in accidents (destruction) at chemically hazardous facilities and transportation.

Conclusion. As a result of the study, it was revealed that the population living within a radius of more than
2 km from the accident site may suffer from the spread of liquid rocket fuel components, which depends on
the volume of the spill, the type of emergency hazardous chemicals and the wind direction in the chemical
damage zone.

Keywords: emergency hazardous chemicals; liquid rocket fuel components; protective measures zone; chemical
accident; nitrogen tetroxide; asymmetric dimethylhydrazine

Compliance with ethical standards. The study does not require the submission of the conclusion of the
Biomedical ethics committee or other documents.

For citation: Kucherskaya T.I, Gulmamedov E.Yu., Kombarova M.Yu., Polyakov A.D. Forecast of emergency situations with the
spillage of liquid rocket fuel components in the territory for the disposal of chemically hazardous substances. Toksikologicheskiy
vestnik / Toxicological Review. 2024; 32(4): 201-208. https://doi.org/10.47470/0869-7922-2024-32-4-201-208 (in Russian)

For correspondence: Taisiya I. Kucherskaya, researcher of the “Scientific Research Institute of Hygiene, Occupational Pathology
and Human Ecology” FMBA of Russia, 188663, Leningrad Region, Russian Federation. E-mail: kucherskaia@gpech.ru

Authors contribution: Kucherskaya T.I. - data collection and processing, writing the article; Gulmamedov E.Yu., Polyakov A.D. -
data collection and processing, editing; Kombarova M.Yu. - the concept and design of the study. All co-authors — approval of the
final version of the article, responsibility for the integrity of all parts of the article.

Conflict of interest. The authors declare no conflict of interest.

Funding: The study had no sponsorship.

Accepted: February 28, 2024 / Received: July 10, 2024 / Published: August 30, 2024

205



Toksikologicheskiy vestnik / Toxicological Review - Volume 32 - Issue 4 - 2024

JULY — AUGUST

Introduction

Chemical fuel energy is currently used as an energy
source in rocket engines. Fuel and oxidizer are the
two main components included in the composition of
liquid fuels. Common liquid rocket fuels components
(LRFC) are highly toxic compounds — heptyl
(asymmetric dimethylhydrazine) and amyl (nitrogen
tetraoxide) [1, 2].

The analysis of the stages of the technological
process shows that emergency situations at
the facility are possible when performing the
following types of work: transportation of rocket
fuel components and refueled rocket and space
equipment; docking and undocking of discharge
and refueling lines when filling technological
systems with rocket fuel components; filling with
rocket fuel components of the lines of technological
systems of structures to the membranes of the valves
of the “inputs” of the engine; refueling of rocket
and space technology tanks with liquid rocket fuel
components; refueling (draining) of consumable
tanks with components of liquid rocket fuel; repair
of units of pneumohydraulic systems — draining
components of liquid rocket fuel from tanks of
rocket and space technology; elimination of leaks
of parts of rocket and space technology filled
with components of liquid rocket fuel; primary
dismantling of a product received for neutralization
with fuel tanks under transport pressure; docking
of rocket discharge and refueling lines with the
neutralization system of the technological base
housing and discharge of transport pressure from
fuel and oxidizer tanks with the discharge of their
residues; neutralization of tanks with rocket fuel
components; performing operations for pumping
fuel and oxidizer effluents; thermal neutralization
of drains and effluents of rocket fuel components;
draining fuel components from transportation tanks
to storages [1, 3, 4].

The danger of the consequences of chemical
accidents is determined to the greatest extent by
the volatility of emergency hazardous chemicals
(EHCS) and the duration of their damaging
effect 5, 6].

The liquid rocket fuel components — nitrogen
tetraoxide (NT) and heptyl (asymmetric
dimethylhydrazine) are included in the group of
emergency hazardous chemical compounds related to
explosive and flammable substances with the ability
to lead to acute and chronic poisoning by inhalation
and skin exposure. In emergency situations, the high
toxicity of liquid propellant components and products
of their destruction contributes to dangerous pollution
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of environmental objects, which immediately requires
a hygienic assessment of the degree of chemical
contamination and its elimination [3, 7, 8].

The calculation of emergency scenarios with the
spillage of liquid rocket fuel components into the
terrain is intended for operational forecasting of the
scale of pollution, optimization of work in the zone
of chemical contamination and the development
of a system of medical and sanitary provision of the
population in the event of an extreme situation.

The purpose of the study is to forecast possible
scenarios of emergency situations with the spill of
liquid rocket fuel components on the terrain.

Material and methods

The study used a methodology for predicting the
extent of infection with highly toxic substances in
accidents (destructions) at chemically hazardous

facilities and transportation when calculating
GD 52.04.253-90*.
Results

The liquid rocket fuel components (NT and
UDMH) have a high potential danger of developing
acute fatal inhalation poisoning, the spill of which
can form a primary and secondary cloud of polluted
air. Both compounds have a high ability to penetrate
intact skin both in direct contact with pouring and
in the form of vapors, causing lesions of varying
severity [3, 4].

Transportation of liquid propellant components in
special railway tanks does not exclude the possibility
of spilling NT and UDMH in case of violation of their
tightness on access roads.

In this regard, using the procedures presented by
GD 52.04.253-90, the distribution of approximate
concentrations (toxodoses) in the spills of NT and
UDMH in open areas was calculated, Table.

The received scenarios of emergency situations
indicate the possibility of distribution of toxic
concentrations:

« at the CLs, level within 1 km at the UDMH spills
from 0.5 to 10 tons, NT — from 0.1 to 5 tons;
at the level of 1/10 CLs, — threshold toxodose

(concentration) at a distance of up to 0.5—0.7 km

with a 0.5—1.0 ton UDMH spills, and NT — up to

1 ton, see Table.

Calculations of scenarios with a 10-ton UDMH
spill in the area indicate the possibility of the spread

* GD 52.04.253—90. Guidance document "Methodology for
predicting the extent of infection with highly toxic substances in
accidents (destructions) at chemically hazardous facilities and
transport”. St. Petersburg; 2000.
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Scenarios of emergency situations with spill components of liquid rocket propellants on the terrain
(inversion, speed 1m/sec, 20 °C)

Levels of exposure of doses/concentrations
of components of liquid rocket fuels
Components Emergency Measurement P q
of liquid indicators indicators
rocket fuels (spill; t) Deadl Partially | Threshold atthe | Irritating
y fatal therapeutic level effect
Asymmetric Calculated boundaries 0,5 0,036 0,368 0,438 3,885
dimethylhydrazine | of the distribution of calculated
toxodoses (km), taking into 10 0,072 0,485 0,603 5,760
account the amount of liquid
rocket fuels in the spill 10,0 0,485 1,698 2,166 23,920
Nitrogen tetraoxide | Calculated atmospheric 0,1 0,076 0,38 0,497 1,234
distribution (km) at the spill
0,5 0,955 1,226 1,703 4,664
1,0 1,21 1,70 4,594 12,119
50 1,856 5,052 7,567 20,606

of an emergency contaminated cloud at the level of
threshold toxodoses (concentrations) over a distance
of more than 1.6 km, including residential territory
(see Table).

Discussion

Thus, in the case of a hypothetical accident with
a spill of more than 1.0 tons of NT or UDMH,
manifestations of the toxic effects of these dangerous
chemicals should be expected not only on the
personnel of the facility, but also on workers who,
within the boundaries of the SPZ, provide service
for cryogenic products, especially dangerous goods
from NT, UDMH, as well as those working in other
infrastructures of the facility.

As shown by calculations of accident scenarios
with the entry of UDMH into the open area in the
amount of 0.5—10.0 tons, NT — 0.5—5.0 tons, toxic
concentrations of these EHCS can spread beyond the
SPZ border and into residential territory.

At the same time, it is possible to expect the
impact on the population of these EHCS at levels
from partially fatal doses (NT — 5.0 tons) to
threshold doses of general therapeutic and local
irritant action.

Limitations. When studying emergency scenarios
with the spillage of liquid rocket fuel components
in the territory, an assessment of the distribution
of approximate concentrations of components

was carried out in accordance with the regulatory
document on the methodology for predicting the
extent of infection with highly toxic substances in
accidents (destructions) at chemically hazardous
facilities and during transportation.

Conclusion

Depending on the size of the spill, the type of
emergency hazardous chemicals (NT or UDMH)
and the direction of the wind, the population trapped
within a radius of more than 2 km from the accident
site may enter the chemical damage zone.

In this regard, the population living within
a radius of up to 23 km (when spilling 10 tons
of UDMH spill), in case of a spill, should be
provided with the necessary protective measures —
gas shelters, transport for evacuation, additional
medical care for persons (from the population)
suffering from pathologies of the cardiovascular
and respiratory systems, the manifestations of
which may increase when exposed to the considered
EHCS and lead to undesirable complications
and even death. To implement such medical
measures in medical institutions serving settlements
falling within the zone of hypothetical chemical
contamination, it is advisable to conduct preventive
examinations of the population with registration
of persons in need of emergency assistance in the
event of an accident.
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