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BHEJIPEHUE U PA3BUTHUE TEXHOJIOT U
TEPMOCTABWIN3ALIUU 'PYHTOB HA OFBEKTAX HIIC-2
MAT'MCTPAJIBHOI'O TPYBOITIPOBOJIA «KYIOMBA — TAHUIIET»

MpencTtaBneH onbIT MPOEKTUPOBAHUS OCHOBAHWA WM (PyHAAMEHTOB MIOLLaaKK
HMNC-2 maructpanbHoro Tpybonposoaa «Kytomba — TanweT». [JaHbl 060CHOBaHMSA Bbl-
bopa TeXHUYECKMX peLUEHUA NO pesynbratam NPOBEAEHWUS] KOMMIEKCHbIX TEMNMOTEXHW-
YeCKUX pacyeToB.

KnioueBble cnoBa: marnctpanbsHbin Tpybonposoa, Kytomba — Tanwwert, TennoTex-
HMYECKUI pacyeT, HecyLlasi CnocoBHOCTb, CBaliHble pyHOaMeHTbI, TepmocTabunmaaTtop
rPYHTOB, NPOBETPMBaAEMOE MNoAMornbe, 3KBUBaNeHTHas Temnepartypa.

Teppuropusi crpoutenscrBa HIIC-2 marumcrpansHOTOo TpyOompoBoma «Kyrom-
0a — TaiiiieT» XapakTepu3yercs: CJIOKHBIMU WHXEHEPHO-TEOKPHOIIOTHUECKUMHE yC-
noBusiMH. [IpakTiHuecku BCS TEPPUTOPUS CIIOKEHA MHOTOJIETHEMEP3IbIMU TPYHTAMU
(MMI') cnuBaromerocsi 1 HECIMBAIOIIETOCS TUTIOB. Tajble TPyHTHI PaciipOCTPaHEHBI
JIOKaJIbHO W 3aHUMatoT He 6onee 20 % TeppuTopuu. ['eonornueckuii pa3pes miomai-
KU TIPEJICTABIICH CYTIIMHKAMU C BKJIFOYCHUSIME TIEOHS ¥ TPaBUsl, a TaKke MeOSHUCTHI-
MU TpyHTaMu. [1o TemrepaTypHOMYy COCTOSIHUIO TPYHTBI IDIaCTHYHOMEP3ibie (Ouo-
TeHHbIE, TNIMHUCTHIC U MIECUaHbIC TPYHTHI) U TBEPIAOMEP3Jble (KPYIHOOOIOMOUHbBIE U
CKaJIbHBIC — TOTyCKaJIbHEIC TPYHTHI). Temmieparypa rpyHToB Ha TiryonHe 10 M m3me-
HSIETCS OT MOJIOKUTENBHBIX 3HaueHni 110 —0,8 °C (cpennee 3Hauenue —0,2 °C).

Ha ocHOoBaHMM aHaNMM3a JaHHBIX WHKEHEPHO-TECOJIOTHYECKIX U3bICKAaHUH, B Ka-
YEeCTBE MPUHIUIIA UCTIONB30BaHMUS TPYHTOB OCHOBaHUs ObLT BbIOpaH [Ipunmum I, T.e.
ucnoias3oBanue MMI' B Mep3J10M COCTOSIHUU B TIPOLIECCE CTPOUTEIBCTBA U IKCILTY-
aTanuy 31aHui U coopyxeHnid [1—7]. BeiOop mpuHIHITA UCTIONB30BaHUS TPYHTOB
OCHOBaHUSI 000CHOBBIBAETCS CIICAYIOUIMMHE (DAKTOpaAMHU:

1) nannune MMI Ha 80 % TeppuTOpHUN ITUIOINAIKY;

2) OTCyTCTBHME JOCTAaTOYHO IIMPOKOTO PACIPOCTPAHEHHUs CKAJIbHBIX T'PYHTOB
HETTyOOKOTO 3aJI0’KEHUS TTOT IPOEKTUPYEMBIMH 3aHHUSIMH U COOPYKEHHSIMH,

3) mepexof] CyIIIMHUCTHIX TPYHTOB B TEKy4ee COCTOSIHHE TIPU OTTaMBaHUU (I10
pe3ynbTaraM UCIBITAaHU TPYHTOB FOPSIYUM IITAMIIOM [TOKa3aTelb TeKYYECTH CYTIIH-
HUCTOTO 3anoHuTens /, > 1).

YuuteiBas mepeunciacHHble (aKThl BCe KapKacHBIC 3MaHMs U OJOK-OOKCHI Ha
mwiomaake HIIC-2 3anpoekTupoBaHbl ¢ BEHTUIMPYEMbIM MOAMONIbEeM. VcKntoueHue
cocrasisieT «[lofmopHas HaCOCHAsI CTaHIIMS», 3AMPOCKTUPOBAaHHAs 0€3 BEHTHIINPY-
€MOro MOANONbs (TITUTHO-CBAWHBIA (YHAaMEHT, HU3 IUIUTHI 3ar1yOieH Ha 3 M OT
MMOBEPXHOCTH TUTAHUPOBKH). 3MaHUSI ¥ COOPYKEHHSI 3aIPOSKTHPOBAHBI HA CBAITHOM
tune (QyHIaMeHTa ¢ BBICOKHM XECTKHUM POCTBEpKOM. JlmameTp cBail cocTaBisieT
325 u 426 MM, obmas aiauHa cBait 9...12 M (puc. 1). Ilonnas mpoekTHas BEpTUKAIb-
Has Harpyska, epeiaBaemas Ha cBaio, cocrasister ot 10,6 1o 50,4 Tc.
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Puc. 1. Monrax OypoomnyckHbix cBaii Ha HIIC-2 tpy6onpoBona «Kytomba — Taiiner»

[To pesynbratam pacueToB, Ajsi obecrieueHns: HeoOXOMMMOW HeCyIel Crocoo-
HOCTH CBai, 00ecIieuuBaroIIeil BOCHPUATHE MEepelaBaeMbIX MPOEKTHBIX Harpys3ok,
SKBUBAJICHTHAs TEMIIEpaTypa IrpyHTa 10 OOKOBOW moBepxHocTH cBail (Te) momkHa
cocraByath He Boiiie —0,5 °C. YuuTsiBas, 4To Ha OOJIbIICH TEPPUTOPUU TIPOCKTUPYE-
MOM TUIOIIAAKH TeMIIepaTyphl TPYHTOB M3MeHst0TCa B nHTepBasie ot —0,1 1o —0,3 °C
HEOOXOAMMBI MEPOIIPHUATHA M0 MOHWKEHHUIO TEMIEPaTypbl TPYHTOB J0 PacdyeTHBIX
MPOEKTHBIX 3HAYEHUH.

st obecriedeHus OHMKEHHSI TEMITEPATYPhI TPYHTOB PacCMaTPUBAIUCH CIIEITY-
IOII[e BApHAHThI TEXHUYECKuX pemeHuit [§—10]:

MIPUMEHEHHNEe MPOBETPUBAEMOTO MOJIIONBS MO/ 3aHUSIMUA U COOPYKEHHUSIMH;

MIPUMEHEHHE MTPOBETPUBAEMOT0 TOATONIbS COBMECTHO C YCTAaHOBKOM CE30HHO-
JEHCTBYIONINX OXJIAXKIAIOIINX YCTPOHCTB (TEPMOCTa0UIN3aTOPOB TPYHTOB).

TepMocTaOUIN3aTOPBl TPYHTOB — CE30HHOJEHCTBYIOIINE OXJIAXKAAIONINE
YCTpOMCTBa MapOXHUIKOCTHOTO THIIA, MpeIHa3HAauYeHHbIE IS TOAJEp)KaHUs pac-
YETHOro TeMmIeparypHoro pexuma MMI' ocHOBaHUI 31aHMH M COOPYKECHHM.
TexHonorus MOHTaka M KOHCTPYKLMS POBETPUBAEMOTO MOTIONBS C TPUMEHEHUEM
TEPMOCTAOMIIM3aTOPOB TPYHTOB OBUIM paHee pa3pa0dOoTaHbl MPU MPOCKTUPOBAHUH
MaructpaibHoro Tpydonposoaa «3anonsippe — HIIC ITypre» [11].

[IporHo3Hble TEMJIOTEXHUYECKHE PACUeThl BBIMOIHSUIMCH IO CIIENHATbHON
KoMIIbIOTepHOM Tiporpamme TermoStab 67-87 (ceprudukar coorBerctBus POCC
RU.CII15.H00723) mo3BoSIOIEH MOIETHNPOBATh U3MEHEHUS TEMIIEPaTypPHOTO pe-
JKUMa BEUHOMEP3JIbIX TPYHTOB B MPOIECCE CTPOUTENHCTBA M IKCILTyaTallii 00beK-
Ta [12]. Ilporpamma mo3BoJsieT MPUMEHSTh KaK JIByX-, TaK U TPEXMEPHYIO CXEMY,
YTO MIPU pacueTax, yUYHUTHIBAIONIUX pabOTy CEe30HHOAEHCTBYIONIMX OXJIaKIAOIINX
YCTPOMCTB, SIBISIETCS ONpEACISIOmEM (pakropoM. [IporHo3 Tpou3BOIUTCS IS
OTPaHUYEHHOT'0 TPYHTOBOTO MaccHBa MyTEM MOCIEI0BATEIBHOTO pacyeTa TemMiepa-
TYPHBIX IOJIEN B 3TOM MAacCUBE, C 33/IaHHBIM 11aroM BO BpeMeHHU. [Ipornosupyemsiii
TEMIIEPaTYPHBII PEKUM B TPYHTOBOM MacCHBE OIPEEIeTCs COBOKYITHOCTBIO 3a/1a-
BaeMBIX TEIUIOBBIX BO3JICHCTBUII HA IpaHHIIAX PACUETHOM 00JIaCTH, a TAKKE BO3/ICH-
CTBHEM BHYTPEHHHMX MCTOYHHUKOB TEIUIa (CUCTEMBI TEPMOCTAOMIN3AIMH TPYHTOB).
ITonpo6Ho, mporecc MOAEIUPOBAHUS TEIUIOBOTO B3aUMOJIEHCTBHSA COOPYKEHHM C
TpyHTaMHU OCHOBaHUs onuchiBaeTcs B [13].
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PacdeTbl BBIMONHSINCH M1 KOHKPETHBIX MEP3JIOTHO-TPYHTOBBIX YCIOBHH C
y4eTOM M3MEHEHHH TeMIlepaTyphl BO3AyXa B TOAOBOM LIMKJIIE, YCIOBUH TETNIOOOMe-
Ha Ha MMOBEPXHOCTH (BO3MOKHOE HAJMUNE CHEXHOTO MOKPOBA) M B TOJIIIE TPYHTO-
BOTO MaccuBa (pabora TepMocraduiam3aTopos) [14, 15].

BrimonHeHHbIE TPOTHO3HBIE TEIIOTEXHUYECKHE PACYEThl MOKa3alId, YTO MPHU
paboTe TONBKO BEHTHJIMPYEMBIX IOAIOINA B OCHOBAaHHUHM COOPYKEHHH TUIOIIAIKU
HIIC-2 (6e3 mcoiap30BaHUS TEPMOCTAOMIH3aTOPOB) MIPOTHO3UPYETCS TTOHIKEHNE
TEeMIEPaTypbl MEP3IIBIX TPYHTOB, OHAKO TpeOyeMble pacueTHbIE TeMIIepaTyphl s
obecnieueHus Hecymel criocoonoctu crait (—0,5 °C mo 60KOBOM MOBEPXHOCTH CBai
Y HWKE) 32 OAWMH XOJOAHBIA CE30H HE TOCTHraroTcs. s y9acTKoB pacipocTpaHe-
Huss MMI crirBaromierocst TUIa HEOOXOAMMBIE TEMITEPaTyPhI TOCTUTAIOTCS TOIHKO
K IIATOMY TOIy dKCIUTyaTanuu (puc. 2), a Iy y9acTKoB pacrpocTpaneans MMI He-
CIIMBAIOIIETOCS TUTIA He mocTuraroTcs u K 10 roxmy (puc. 3).

o

Puc. 2. ®parMeHTH TeMIepaTypHBIX MOJIeH, (POPMHUPYIOMIIXCS B MPOIECCe IKCIUTyaTa-
IIUA COOPYKEHHSI ¢ BEHTHIMPYEMBIM MOANOIheM (0e3 TpUMEHEHNs TEPMOCTaONITH3aTOPOB).
MMI crnuBaroterocst TuIa (Ha4ajo): @ — HaYalbHOE COCTOSIHHE IPYHTOB OCHOBAHUS (TeMIepa-
Typa rpyHToB oT —0,1 10 —0,2 °C); 6 — uepe3 1 rox sKcmIyaTauu
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2

Puc. 2. ®parmMeHTHI TeMnepaTypHbIX TOJIEH, (POPMUPYIOIINXCS B ITPOIIECCe IKCILTyara-
LIUH COOPY>KEHHUS C BEHTHIIMPYEMBIM OATOIbEM (0€3 MPUMEHEHHsI TEPMOCTA0NIN3aTOPOB).
MMI cnuBaroterocst Tuna (OKOHYaHHE): ¢ — yepe3 2 roja SKCIUTyaTalut; 2 — Yepes 5 JIET DKC-
Iryataiuu

a
Puc. 3. ®parmMeHThl TeMnepaTypHbIX TOJIEH, (POPMUPYIOIINXCS B ITPOIIECCe dKCIITyara-
UM COOPYXKCHHUSI C BEHTUIMPYEMBIM MONIOIbeM (0€3 MPUMEHEHHUS TEPMOCTAOUIH3aTOPOB).
MMI HecnuBaromerocs TUMa (Ha4aj0): @ — HavyalbHOE COCTOSHUE MPYHTOB OCHOBAHMS,
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2
Puc. 3. ®parmMeHTHI TeMIIepaTypHBIX MOJeH, (POPMHUPYIOIINXCS B MPOIECCE IKCILTyaTa-
MU COOPY>KEHUS ¢ BEHTHIMPYEMBIM TOATIONbEeM (0€3 MIPUMEHEHHS TePMOCTA0MIN3aTOPOB).
MMI HecnuBaromierocst TUIA (OKOHYaHUE): 6 — yepe3 | roj sKcIulyaTauuu; ¢ — 4epe3 5 Jer
SKCIUTyaTanuu; 2 — 4epe3 10 et sxcruryaraiuu

[IporuosHele TEMIOTEXHUYECKHUE pacueThl AJIs BapHaHTa IMPUMEHEHHs NIPOBe-
TPUBAEMOTO MO0 COBMECTHO C YCTAHOBKON CE€30HHO-/IEHCTBYIOLINX OXJIaX/1a-
IOLIUX YCTPOMCTB (TEpMOCTAOMIN3aTOPOB) BHIIOIHSIMCH [UIS BCEX 31aHUH U COOPY-
sxerud momanku HIIC-2 ¢ yueTom reonoruueckoro paspesa, TEMIEpAaTypHOIo pe-
JKUMa TPYHTOB OCHOBAHMsI, a TAKXKE CXEMBbI PACIIONIOKEHNS CBall M HArpy30K Ha CBau.

Cxema paccranoBku Tepmoctadmimzaropos (TCI') monOupanace ucxoas w3
HEOOXOIMMOCTH MTOHMKEHUS TEMIIEpaTyp I'PyHTa /10 PACUETHBIX 3HAYCHUH 33 OUH
nonHbId 1K padotel TCIL. PaccmarpuBanuck ABe OCHOBHBIE CXEMbI PACCTaHOBKHU:

ycrpoiictBo ogHoro TCI™ Bo3ne cBau;

ycTrpoiictBo aByx TCI' Bozie cBau.
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O6mas cxema ycranoBku TCI' B moamosnbe 3MaHUA U COOPYKEHUH MpUBEICHA
Ha puc. 4.

==

Puc. 4. Cxema ycranoBku TCI' B moamnosse 31aHUS U COOPYKEHUS

PesynbTarsl TEMIOTEXHUUECKUX PACUETOB IPUBEICHBI B BU/IE IPaMKOB U (par-
MEHTOB TEeMIIEPaTypPHBIX MOJIeH Ha puc. 5 u 6.
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Puc. 5. ®parMeHThl TeMIIEpaTypHBIX M0JIeH, POPMHUPYIOIIUXCS B POLIECCE IKCILTyaTa-
LUK COOPY)KEHMsI NIPU NMPUMEHEHUH TePMOCTA0MIN3aTOpOB. TemIeparypHble Mojisl mpuBe-
JIEHBI I10 MIOIIEPEYHOMY Pa3pe3y COOPYIKEHUS: a — HAYaIbHOE COCTOSHUE TEMIICPATypPHOTO MO
rpyHroB (temrneparypa MMI™ —0,2 °C); 6 — uepe3 1 nonubiii nuki padorsl TCI" Ha 1 okTa6pst; 6 —
gepe3 5 nmoaubIx HukiIoB padotel TCI Ha 1 okTs0pst
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Puc. 6. I'paduk m3MeHEHNS SKBUBAIICHTHOHN TeMIiepaTypsl rpyHTa 7e, °C, mo 60KoBOM
MOBEPXHOCTH CBaii B IIPOIIECCE IKCIUTYaTALUH COOPYKEHHUSI C IPUMEHEHUEM TePMOCTa0UIIH-
3aTOpOB

Kak nokasanu pe3yabrarsl MPOTrHO3HBIX TEIUIOTEXHHYECKUX PAacdyeToB, ITPH HC-
MOJTF30BAHUH TEPMOCTA0MIIN3aTOPOB TPYHTOB U paOOTH BEHTHIIMPYEMBIX TTOATIONEH
noy 3naHusAMu romankn HIIC-2 mporcxomuT MoHMKEHHE TeMIIeparypbl TPYHTOB
OCHOBaHUS J0 TpeOyeMBbIX 3HAUYEHHH, ITPH KOTOPHIX 00ecIIeunBaeTCsi HeCyIas CIo-
CcOOHOCTP CBaif 3a OIMH XOJIOMHBIA CEe30H (PKBHBAJICHTHAsI TEMIIEpaTypa IPyHTa 110
0OKOBOIT TTOBEPXHOCTH CBaii qoimkHa ObITE —0,5 °C).

Buvisoost. Beibop Ilpuanmma I ucnons30BaHNs TPYHTOB OCHOBAHUS 3MaHUN H
coopyxkenuit twromanku HIIC-2 maructpampaoro TpyoOompoBoma «Kyromba —
Tailler» OCHOBBIBAETCS HA AHAJIN3E MAaTEpUAJIOB MHKEHEPHBIX U3bICKAHUIN CBHUJIE-
TEIbCTBYIOIINX:

o Hammanu MMI Ha 80 % TeppuTOpHH TIIOIAIKH;

OTCYTCTBHHU JOCTAaTOYHO ITUPOKOTO PACHpPOCTPAHEHUS CKAIBHBIX TPYHTOB He-
TTyOOKOTO 3aJI0KEHHUS TIOJ] MPOEKTUPYEMBIMHU 3MaHUSIMHU U COOPYKECHUAMU;

Tepexo/ie CyTITMHUCTHIX TPYHTOB B TEKy4ee COCTOSIHUE TTPH OTTanBaHUHM (10 pe-
3yJabTaTaM HMCIBITAHWN TPYHTOB TOPSYUM IITAMIIOM TOKa3aTeNb TEKYy4eCTH CyTIIU-
HUCTOTO 3anoHuTens /, > 1).

ITo pesynbpraTam BBITTOTHEHHBIX PAcYeTOB, IS OOECTIedeHn HeOOXOANMOM He-
cyIel CltocoOHOCTH CBalf, 00eCTIeUnBarOIIel BOCTIPUITHE TIEPEIaBaeMbIX TIPOEKT-
HBIX Harpy30K, SKBUBAJIEHTHAs TEMIIepaTypa rpyHTa 1o O0KOBOI MOBEPXHOCTH CBait
Te momxHa coctaBiaTh He Boimie —0,5 °C. YauteiBas, 9to Ha O0NbIIEH TEPPUTOPUT
MPOEKTUPYEMOH TUTOMIAAKN TEMIIEpaTyphl TPYHTOB M3MEHSIOTCS B WHTEpBaje OT
—0,1 10 —0,3 °C, He0OXOIUMBI MEPOTIPUATHS 10 TTIOHIKEHUTO TEMIIEPATyphl TPYHTOB
JIO PaCYETHBIX MTPOEKTHBIX 3HAYCHH.

BrimoHeHHBIE TEMIIOTEXHIYECKHE PACUETHI TOKA3aJId 9TO TPUMEHEHHUE TOIb-
KO BEHTHJIMPYEMOTO TTOAIIOIES B OCHOBAaHUH coopyxkeHuit momanku HIIC-2 mpo-
THO3WPYETCS TOHWKEHHE TEeMIIepaTyphl Mep3JbIX TPYHTOB, OIHAKO TpeOyemble
pacyeTHBIC TeMIIEpaTyPhI IJIs 00ecieueHus Hecymel criocoonoctu cpait (—0,5 °C
1Mo OOKOBO MOBEPXHOCTH CBAaW M HIDKE) 33 OJIMH XOJOAHBIM CE30H HE JOCTHUTa-
f0TCH.
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JocrikeHne TpeOyeMbIX PacUYeTHBIX TEMIIEpaTyp 3a OAWH XOJIOAHBIH CE30H
o0ecrieunBaeTcss COBMECTHOH paboTOl BEHTHIMPYEMOTO MOATOINbS U CUCTEM Tep-
MOCTaOMITH3aI[U TPYHTOB, YTO MOATBEPIKAACTCS Pe3yAbTaTaMH TEINIOTEXHUIECKHX
pacyeToB.
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A.N. Sapsay, V.V. Pavlov, V.D. Kaurkin, A.V. Korgin

INTRODUCTION AND DEVELOPMENT OF SOIL THERMAL STABILIZATION
TECHNOLOGIES AT THE OBJECTS OF OIL PUMPING STATION-2 (OPS-2)
OF "KUYUMBA — TAYSHET" TRUNK OIL PIPELINE

The article deals with the questions of designing the foundations for the Oil Pump-
ing Station-2 site of "Kuyumba — Tayshet" trunk oil pipeline. The problems of choice and
grounds for technical solutions are considered basing on the results of complex thermo-
technical calculations.

The construction territory of OPS-2 site of "Kuyumba — Tayshet" trunk oil pipeline is
characterized by complex engineering and geocryological conditions:

1) presence of permafrost soil on 80 % of the site area;

2) absence of sufficiently widespread rocky soils under designed buildings and con-
structions;

3) transition of loamy grounds into yield during thawing.

The buildings and facilities are designed on the basis of pile foundation type with
high rigid foundation grill. The piles’ diameter is 325 mm and 426 mm, the total length
of piles is 9—12 m. The full designed vertical loading, transferred to the pile, is ranging
from 10.6 to 50.4 tf.

According to the results of the calculations, in order to provide the necessary bear-
ing capacity of piles, securing the perception of transmitted designed loadings, the equiv-
alent temperature of the soil along the side surface of piles (Te) should not be higher than
—-0,5 °C. Taking into account that the soil temperatures on the projected site mainly range
from —-0.1 to —0.3 °C, in order to lower their temperatures to the calculated values venti-
lated underground areas are arranged under the buildings and facilities and seasonally
active cooling devices (soil thermal stabilizers) are installed.

Assembly technique and construction of ventilated underground areas with applica-
tion of soil thermal stabilizers were developed earlier while designing the pipeline system
"Zapolyarye — Oil Pumping Station Purpe".

For confirmation of the accepted decisions forecasting thermotechnical calculations
were performed with the use of a special computer program TermoStab 67-87, which al-
lows simulating the changes of temperature regimes of the permafrost in the process of
construction and operation of the facility.

As a result of thermo-technical calculations, in case of operation of ventilated un-
derground areas only, in the foundation of the facilities at the OPS-2 site (without the
application of thermal stabilizers) a reduction in temperature of frozen soils is predicted,
however, the required design temperatures, necessary for providing the bearing capac-
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ity of piles (=0,5 °C on their side surfaces and below), in one cold season cannot be
achieved. For the areas of the distribution of the confluent type of the permafrost the
necessary temperatures are achieved only by the 5th year of operation, and for the areas
of distribution of non-confluent type of permafrost such temperatures are not achieved
even by the 10th year of operation. A joint operation of the ventilated underground areas
and soil thermal stabilization systems is conductive to the reduction of soil temperature
of the buildings and facilities’ foundations up to the required values, which secure the
load-bearing capacity of piles for one cold season.

Key words: major pipeline, "Kuyumba-Tayshet", thermotechnical calculation, bear-
ing capacity, pile foundations, thermal stabilizer of soils, ventilated underground area,
equivalent temperature.

References

1. SP 22.13330.2011. Osnovaniya zdaniy i sooruzheniy [Requirements 22.13330.2011.
Foundations for Buildings and Structures]. Minregion Rossii, Moscow, OAO «TsPP» Publ.,
2011, 164 p.

2. SP 24.13330.2011. Svaynye fundamenty [Requirements SP 24.13330.2011. Pile
Foundations]. Minregion Rossii, Moscow, OAO «TsPP» Publ., 2011, 90 p.

3. SP 25.13330.2012. Osnovaniya i fundamenty na vechnomerzlykh gruntakh [Require-
ments SP 25.13330.2012. Soil Bases and Foundations on Permafrost Soils]. Moscow, Minre-
gion Rossii, 2012, 123 p.

4. Rukovodstvo po proektirovaniyu osnovaniy i fundamentov na vechnomerzlykh grun-
takh [Manual for Designing the Bases and Foundations on Permafrost Soils]. The Gerse-
vanova Institute — Research Studies Institute of Foundations and Underground Structures,
Moscow, Stroyizdat Publ., 1980, 305 p.

5. McFadden T.T., Lawrense Bennett F. Construction in Cold Regions: A Guide for Plan-
ners, Engineers, Contractors, and Managers (Wiley Series of Practical Construction Guides).
Wiley-Interscience; 1 edition, October 1991, 640 p.

6. Tiratsoo J. Trans Alaska Pipeline System. Pipelines International, ISSUE 004,
June 2010. Available at: http://pipelinesinternational.com/news/trans_alaska_pipeline_sys-
tem/041523. Date of access: 05.04.2014.

7. Modelling Tools Aid in Arctic Pipeline Design. Pipeline International Magazine. Sep-
tember 2009, pp. 48—49.

8. Ershov E.D., editor. Osnovy geokriologii. Ch. 5. Inzhenernaya geokriologiya [Funda-
mentals of Geocryology. Part 5. Engineering Geocryology]. Moscow, MGU Publ., 1999, 526 p.

9. Khrustalev L.N. Osnovy geotekhniki v kriolitozone [Fundamentals of Geotechnical En-
gineering in Permafrost]. Moscow, MGU Publ., 2005, 544 p.

10. Karnaukhov N.N., Kushnir S.Ya., Gorelov A.S., Dolgikh G.M. Mekhanika merzlykh
gruntov i printsipy stroitel'stva neftegazovykh ob"ektov v usloviyakh Severa [Frozen Soil Me-
chanics and Principles of Construction of Oil and Gas Facilities in the North Conditions].
Moscow, TsentrLitNefteGaz Publ., 2008, 430 p.

11. Lisin Yu.V., Soshchenko A.E., Pavlov V.V,, Korgin A.V., Surikov V.I. Tekhnicheskie
resheniya po temperaturnoy stabilizatsii mnogoletnemerzlykh gruntov osnovaniy ob"ektov
truboprovodnoy sistemy «Zapolyar'e — NPS "Pur-Pe" [Technical Solutions for Temperature
Stabilization of Permafrost Grounds of the Objects of “Zapolyarye-OPS Purpe” Pipeline Sys-
tem]. Promyshlennoe i grazhdanskoe stroitel'stvo [Industrial and Civil Engineering]. 2014,
no. 1, pp. 65—68.

12. RSN 67—87. Inzhenernye izyskaniya dlya stroitel'stva. Sostavlenie prognoza
izmemeniy temperaturnogo rezhima vechnomerzlykh gruntov chislennymi metodami [RSN
67-87. Engineering Surveys for Construction. Forecasting Changes in Temperature Regime
of Permafrost Soils Using Numerical Methods]. Moscow, Gosstroy RSFSR Publ., 1988, 40 p.

13. Lisin Yu.V., Sapsay A.N., Pavlov V.V., Zotov M.Yu., Kaurkin V.D. Vybor optimal'nykh
tekhnicheskikh resheniy po prokladke nefteprovoda dlya obespecheniya nadezh-noy eksplua-
tatsii truboprovodnoy sistemy «Zapolyar'e — NPS Purpe» na osnove prognoznykh teplotekh-
nicheskikh raschetov [The Choice of Optimal Technical Solutions on Qil Pipeline Laying for
Ensuring Reliable Operation of the Pipeline System "Zapolyarye-OPS Purpe" on the Basis of
Expected Thermo-Technical Calculations]. Transport i khranenie nefteproduktov i uglevodorod-
nogo syr'ya [Transport and Storage of Oil and Hydrocarbon Feedstock]. 2014, no. 1, pp. 3—7.

Beddings and foundations, subterranean structures. Soil mechanics 71



BECTHMK 3/2014

14. Parkhaev G.V., Shchelokov V.K. Prognozirovanie temperaturnogo rezhima vechno-
merzlykh gruntov na zastraivaemykh territoriyakh [Predicting a Temperature Regime of the
Permafrost Soil on Built-up Territories]. Leningrad, Stroyizdat Publ., 1980, 112 p.

15. Strizhkov S.N. Snizhenie tekhnogennogo vozdeystviya zdaniy i sooruzheniy na grun-
tovye osnovaniya i ikh geomonitoring v kriolitozone [Reduction of Technogenic Influence of
Buildings and Facilities on the Soil Bases and their Geomonitoring in the Permafrost Zone].
Promyshlennoe i grazhdanskoe stroitel'stvo [Industrial and Civil Engineering]. 2013, no. 11,
pp. 8—12.

About the authors: Sapsay Aleksey Nikolaevich — Vice-President, JSC "Trans-
neft'”, 57 Bolshaya Polyanka str., Moscow, 119180, Russian Federation; +7 (495) 950-81-78;
transneft@ak.transneft.ru;

Pavlov Vyacheslav Vladimirovich — Chief Engineer, OJSC "Giprotruboprovod"”, 24,
1, Vavilov str, Moscow, 119334, Russian Federation; +7 (495) 950-86-50; gtp@gtp.transneft.ru;

Kaurkin Vasiliy Dmitrievich — Candidate of Geological and Mineralogical Sciences,
Chief Specialist, Department of Engineering Protection, OJSC "Giprotruboprovod" branch
"Moskvagiprotruboprovod”, 24, 1, Vavilov str, Moscow, 119334, Russian Federation; +7
(495) 950-87-51 (ext. 1481); kaurkinVD@gtp.transneft.ru;

Korgin Andrey Valentinovich — Doctor of Technical Sciences, Professor, Supervisor,
Scientific and Educational Center of Constructions Investigations and Examinations, Depart-
ment of Test of Structures, Moscow State University of Civil Engineering (MGSU), 26
Yaroslavskoe shosse, Moscow, 129337, Russian Federation; +7 (499) 183-56-83; korguin@
mgsu.ru.

For citation: Sapsay A.N., Paviov V.V., Kaurkin V.D., Korgin A.V. Vnedrenie i razvitie
tekhnologiy termostabilizatsii gruntov na ob"ektakh NPS-2 magistral'nogo truboprovoda
«Kuyumba — Tayshet» [Introduction and Development of Soil Thermal Stabilization Tech-
nologies at the Objects of Oil Pumping Station-2 (OPS-2) of "Kuyumba-Tayshet" Trunk Oil
Pipeline»]. Vestnik MGSU [Proceedings of Moscow State University of Civil Engineering].
2014, no. 8, pp. 62—72.

72 ISSN 1997-0935. Vestnik MGSU. 2014. Ne 8



