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Otnenenue HePTETa30BOTO JIEiIa
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YTBEPXJIAIO:

PykoBogutens OOIT
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3AJJAHUE
HA BbINOJIHEHNE BBINYCKHON KBAJIN(QUKAMOHHOH PadoThI
B dopwme:

Marucrepckoit gucceprauuu

(bakanaBpcKoil pabOTHI, TUIIIOMHOTO MPOEKTa/pabOThI, MATUCTEPCKON AUCCEPTAIINH)

Crynenry:

I'pynna DOUO

2bM6B MemkoB Huknra AnapeeBuy

Tema paGoThI:
[IpumeHeHre MHUKPOOMOIOTHYECKHX METOAOB Ui TOBBIIICHUS HE(PTEOTAaYlM Ha TpUMEpe

He(dTsaHOTO MecTopoxaeHus MyxTo (CaxanuHckast 0671acTh)

YTBepxkaeHa npukazoM gupexropa UIIITP IIpuka3 Ne oT

CpOK ca4yu CTyJCHTOM BBIIIOJIHEHHOM pa6OTLII

TEXHUYECKOE 3AJIAHHUE:

HcxonHble 1aHHbIE K padoTe TekcThl ¥ TpauuecKue MaTepraIbl OTUYETOB I'€OJIOr0—
TEXHUYECKOTO OTHeNna, (oHAOBasS W TMEpPHOIAMUYCCKAs
JUTEpaTypa.




NMPOEKTHPOBAHUIO U Pa3padoTKe
BOIIPOCOB

IlepeyeHnb noaJIesKAMMX UCCIEIOBAHUIO,

1.00mue cBemeHMsT O  METOJAX  yBEIMYCHUS
HePTEOTHAYH.

2. OOmme cBeaeHHS O MHKPOOHMOIOTHYECKOM
BO3JECHCTBUMU.

3. Amnamu3 0O0OpYyIOBaHUS MHUKPOOHOJIOTHUYECKOTO
BO3JICUCTBUSL.

4.DdUHAHCOBBIA MEHEIKMEHT, pecypcoddPEeKTUBHOCTD
u pecypcocOepexeHne

5. CoumaiibHast OTBETCTBEHHOCTb

Ilepevens rpadguueckoro marepuasa

KOHchIbTaHTbI Imo pasaejgam Bbll'[yCKHOﬁ KBaJ’[I/I(l)I/IRaIII/IOHHOﬁ paﬁoTbI

Pazgen KoncyabTant
DuHANCOBbILL MEHEONCMEHM ... Bepa Bopucosna Pomantok, morient OHJI, TITY
Coyuanvras omsemcmeeHHOCMb Hukuta CepreeBuuy Abpamenko, accuctent, TITY
eciu 6bl KOHCYNIbIMUPOBANUCH XowmsikoB MBan CepreeBud, noueHt, TITY
¥y K020-mo no unwvim pazoeiam BKP,
sHecume ux cooda
Jara BpI1a4u 3aJaHUS HA BBINOJHEHNE BbINYCKHOM
KBATU(PUKAIMOHHOM PadoThI 10 JUHEHHOMY rpauky
3anaHune BbIIaJI PYKOBOAMTEJIb:
JlokHOCTH DdUO YueHas cTeneHb, Moanuceh JaTa
3BaHHUE
Jouent Xowmskos 1.C K.X.M
3aaHne NPUHSAJ K MCNIOJHEHHIO CTY/ICHT:
I'pynna [0)7 (0] Moanucey Hara
2bM6B MemkoB Hukuta AHnpeeBuy




PE3YJIBTATBI OBYUYEHMUS 110 ITPOT'PAMME

Kon TpedoBanusa ®I'OC,
PesyabTaT 00yuenuns
pe3yJnb- KpUTepUeB U/ NI
rata (BBINLYCKHUK /10JI7keH ObITh T'OTOB) AHHTCDECOBAHHEIX CTOPOH
1 2 3
[IpuMeHATH ecTeCTBEHHOHAYYIHEIE,
MaTeMaTHYeCKue, TyMaHUTapHBIE,
SKOHOMMYECKUE, UH)KEHEPHBIE, TEXHUUECKUE U OK-1; OK-2; OK-3, OIIK-1; OIIK-2; OIIK-4;
riry0okue mpodeccrnoHaIbHEIC 3HAHUS B 007IaCcTH OIIK-5; OIIK-6; OIIK-7, OIIK-8, TIK-1; ITK-2;
P1 COBPEMEHHBIX He(DTETra30BBIX TEXHOJIOTHH IS T1K-3; IIK-4; I1K-6; TIK-7; TIK-9; IIK-10; ITK-
pellIeHus MPUKIIAIHBIX MEXKIUCIUILIMHAPHBIX 11; TIK-14; TIK-16; TIK-17; TIK-19; I1K-20; [TK-
3a/1a4 ¥ HMHKCHEPHBIX MPOOIIEeM, 21; I1K-23
COOTBETCTBYIONIUX MPO(UIIIO TIOATOTOBKH (B
He(hTEra30BOM CEKTOPE IKOHOMUKH)
[InanupoBaTh ¥ MPOBOIUTH AHATUTUYECKUE U
SKCIIEPUMEHTATIbHBIEC UCCIIECIOBAHMS C
HCTIOIb30BAHUEM HOBEHIINX JOCTHXKEHUI HAYKU OK-1: OK-2: OTTK-2: OTTK-4: OTTK-6: [TK-1: TTK-
1 TEXHHUKH, YMETh KPUTHUYCCKH OIICHUBATH i i ] ) i ) ) .
P2 Pe3yNbTaThl U AENIATh BHIBOJbI, IOJYyYEHHBIE B 21’_125_3.’ II:IIII{<-? 1’ Hl'ﬁjl’ IHIEI-I%- lréKgI’(-?f _?_’Hl;[_ I;ég’
CJIOKHBIX M HEONPEAEJIEHHBIX YCIOBUSIX; ’ g g 2 ) ’
HCTIOJIB30BaTh MPUHIUTIH H300peTaTeIbCTBa, TIK-19; TTK-20; TTK-22; [TK-23
MIPaBOBBIC OCHOBHI B 00J1ACTH MHTEIUICKTYAIbHOM
COOCTBEHHOCTH
[posBaaTh IpodeccHoHANEHYIO
OCBEJIOMJICHHOCTh O TIEPEIOBBIX 3HAHUIX U
OTKPBITUSAX B 00IACTH HEPTETA30BBIX
TEXHOJIOTUH C Y4E€TOM IIEPENOBOr0O
OTEUECTBEHHOTO U 3apy0eKHOTO OTIBITA; OK-1; OK-2; OIIK-1; OITIK-2; OIIK-3; OIIK-6;
P3 HCTIO0Ib30BATh MHHOBAI[MOHHBIN MOAXO/ TIPU OIIK-7, OIIK-8, TIK-1; T1K-2; T1K-3; [TK-4; T1K-5;
pa3paboTke HOBBIX HICH U METOJIOB IIK-6; IIK-7; IIK-8; I1K-9; I1K-11; I1IK-13; IIK-
MIPOEKTHPOBAHUS 0OBEKTOB HE(DTETa30BOTO 14; TIK-15; TTIK-18; TIK-20;I1K-21; I1K-22; TTIK-23
KOMILIEKCa TS PEIICHHST MH)KEHEPHBIX 33124
pa3BUTHS HEPTETA30BBIX TEXHOJIOTHIA,
MOJEpHU3ALMU U YCOBEPLICHCTBOBAHUS
He(TEera30BOro NPOU3BOACTBA
BHenpsTh, 9KCIUTyaTHPOBATh U 0OCITY)KUBATh
COBPEMEHHBIE MAITUHBI U MEXaHU3MBI JIJIS
peanu3anyy TEXHOJIOTMUYECKHUX MPOIECCOB ) ) ) .
P4 HedTerasosoit 061acTH, 06eCIeunBaTh HX HOKK_ éz,l'IOKr-Ig-ll‘[’Ko-gI;Ii’-loonllf[-IZ-’ lolﬁglﬁ,lllKl:[t-
BBICOKYIO 3()(EKTUBHOCTb, COOMIOJATh MIPaBUIa ) 6"1'[I<-1 7’ HK-1’8' l'[K-l’9' l'[K-’zl' l'[K-,22'
OXpaHbI 3I0POBbS U 0€30MACHOCTH TPYAa, ’ ’ ’ ’ ’ ’
BBITIONTHSATEH TPEOOBAHUS 110 3aAIUTE
OKpY Karouei cpeabl
BrICTpO OpUEHTHPOBATHCS M BEIOUPATH OK-2: OK-3: OIK-1: OIMK-2: [TK-4: TIK-5: TTK-6"
Ps ONITHMAJIGHBIE PELIEHHUsI B MHOTO(AKTOPHBIX HK-7’; HK-é; TIK-9: ’HK-I 0: ﬁK-l 1;’ MK-1 %; HK-'

CUTyalludX, BJIaJICTb METOJJaMU U CPEACTBAMU
MAaTeMAaTU4YCCKOIro MOJACIIMPOBAHUSA

20;




TCXHOJIOT'MYCCKUX MPOLCCCOB 1 00BEKTOB

D¢} dexTUBHO UCTIONTB30BATH 000N HMEIOIIHIACS
apceHasl TEXHMYECKUX CPEJICTB IS
MaKCHUMAaJIbHOT'O TPUOJIMKEHUS K MOCTABICHHBIM
MIPOU3BOJICTBCHHBIM IIEJISIM TIPH pa3paboTke U

OK-2; OIIK-1; OIIK-2; OIIK-4; OIIK-7, OIIK-8,
IIK-1; TIK-3; [1K-4; TIK-5; [1K-6; TIK-8; I1K-9;

P6 AL TTDOCKTOB. TDOBOMITE IIK-10; TIK-11; [IK-12; TIK-13; I[1K-14; TTK-15;
Pealliisaltitil TocKToB, IPOBoA TK-16; TIK-17; TIK-18; TTK-19; TIK-20; [K-21;
HKOHOMHUYECKHI aHAIIN3 3aTPAT, MAPKETHHTOBbIC ]

IIK-22; TIK-23
HCCIIeIOBaHMs, PACCUUTHIBATH IKOHOMHIECKYIO
3¢ hekTHBHOCTD
D¢ dexTuBHO pabOTaTh MHANBUIAYAIBHO, B
e e o o | ooz ok ot o, o
p7 | pMHp A p OIIK-5; OITK-6; TTK-6; TTK-11; TTK-12; [TK-13;
UIAHBI BCEX BUJIOB ACATEIBHOCTH, PACTIPEICIST TIK-14: TIK-15: TTK-23
06H3aHHOCTI/I YJICHOB KOMaH/bl, TOTOBHOCTb
HECTH OTBETCTBEHHOCTh 33 PE3YJIbTaThl pabOoThI
CaMOCTOATENBHO YUUTHCS U HETIPEPBIBHO
IIOBBIIIATH KBaIII/I(bI/IKaI_II/IIO B TCUYCHHEC BCCIO
neproa mpoheCCHOHATBHOM IeTebHOCTH;
P8 aKTUBHO BJIaJIETh UHOCTPAHHBIM S3bIKOM Ha OK-1; OK-2; OK-3; OIIK-2; OIIK-3; OIIK-4;

YPOBHE, TI03BOJISFOLIEM paboTaTh B
MHTEPHALIMOHAJIBHOM cpejie, pa3pabaTeiBaTh
JOKYMEHTALIHIO W 3alIUIIATh Pe3yJIbTAThI
WHXXCHEPHOU e TeIbHOCTH

OIIK-5; OIIK-7, OIIK-8, I1K-1; TTIK-8; TTK-23




3AJTAHUE JIJISI PA3JIEJIA

«®UHAHCOBBII MEHEKMEHT, PECYPCO3®PEKTUBHOCTH 1

PECYPCOCBEPEKXEHUE»
Crygenry:
I'pynna DOUO
2BM6B MemikoB Hukura AnapeeBud
IxoJa nuiIp OTtaenenune mxosasl (HOLT) Otnenenne
HedTera3oBoro jaena
YpoBennb
o6pazoBaHus Maructparypa Hanpasienne/cnenuansuocts | Hedrerasosoe neno

Hcxonnbie naHHbIe K pa3jaeny «OHHAHCOBBIH MEHEIKMEHT, pecypcod(p(peKTUBHOCTb U

TEXHUYECKUX, DJHEPTETUUECKHNX, (PUHAHCOBBIX,
HH()OPMAITMOHHBIX U YEJIOBEUCCKUX

pecypcochepekeHne»:
1. CroumocTb pecypcoB HayyHoro | OneHKa 3aTpaT Ha YCTaHOBKY M OKCIUTyaTallliO0 CKBAKHH
HcCIeA0BaHUs (HN): MaTepuaibHO- | Ha MecTopoxaennu Komenno , CaxanuHckasi 00JacTb.

ynpasieaus HTU: crtpyktypa u rpaduk
MIPOBEJICHUS, OIOKET, PUCKA M OpTaHU3alus
3aKYIOK

2. Hopmel u HopmatuBbl pacxomoBanus | PJ] 153-39-007-96
pecypcoB
3. Hcnonszyemas cucteMma | 1. Hanmoroserit koaekc Poccuiickoit deneparinu
HaJI0r00010KEHN, CTaBKH HajoroB, | 2. ®3 Ne212 ot 24.07.2009 B pen. ot 19.12.2016
OTYUCIICHUH, JUCKOHTHPOBAHMS u
KpeIUTOBaHUS

[lepeueHs BOMPOCOB, MOJISKAIINX UCCIECTOBAHHIO, TPOSKTHUPOBAHUIO M pa3paboTKe:
1. Ormenka KOMMEPUYECKOTO u | O6ocHOBaHUE MEPCTIEKTUBHOCTH 3aKauMBaHUs
WHHOBalMOHHOro norenuunana HTHU MUKpPOOOB B IJIACT
2. Paspabotka ycTaBa HayyHO- | CocTaBieHMe  MEpONpHUSITHHA  JAJs  NPOBEAEHUs
TEXHUYECKOTO MPOCKTA MHUKPOOHOH 00paboTKH

3. [InanupoBanue npouecca | Pacuer kamuTanbHBIX M TEKYIIHMX 3aTpaT Ha 3aKadyKy

OakTepuil B miact

4. Ormpenenenue pecypcHol, | TeXHUKO-3KOHOMUYECKOE o0oCcHOBaHUE
(uHAHCOBOIA, SKOHOMHYeCcKOM | ucnons3zoBanust MMVYH na Konenno
b dexTrBHOCTH

JlaTa BbI1a4yu 3a1aHUsA VI pa3/iena 1o JUHeHHOMY rpaguKy ’

33}13HI/IQ BbIJ1AJ KOHCYJbTAHT:

J0KHOCTH dUO Yuenas crenemr, Moanmuck Jara
3BaHHe
Jouent Pomaniox B.b K.3.H.
3anaHue NPUHSAJ K MCIIOJHEHUIO CTY/IEHT:
I'pynna PHUO IHoanuck Hara
2bM6B Memxos H.A




3AJAHUE JIJISI PA3JIEJIA
«COIIMAJIBHASI OTBETCTBEHHOCTb»

Crygenry:
I'pynna DPUO
2bM6B MemkoB Huknura AaapeeBud
koaa nuamiIp OTtaenenue mxosasl (HOL) Otnenenne
HedTera3zoBoro aena
YpoBeHb
ofipazosanms Maructparypa Hanpasienue/cnenuanbHoctb | Hedterasosoe nemno

Hcxonnble nannble K pazaeny «CounanbHasi 0TBETCTBEHHOCTbY !

1. Xapakrepuctuka o00bBekTa wuccienoBanusa | OObEKTOM HCCIIEIOBAHUS TAHHON PaOOThI

SIBJIIETCS MUKPOOHOJIOTUYECKOE

(BemecTBO, MaTepual, Mpuoop, aaropuTM, METOINKA, .
BO3/ICIICTBHUE HA IJ1acT

paboyast 30Ha) ¥ 00JIACTH €r0 MPUMEHEHUS

IMepeyeHsb BONMPOCOB, MO/JIEKANIMX HCCIEI0BAHUIO, TPOEKTHPOBAHMUIO N Pa3padoTKe:

1. IlpousBoacTBeHHAas1 6€30MACHOCTH
1.1. AHanu3 BBISIBIEHHBIX BPeIHBIX (PAKTOPOB MpHU
pa3paboTKe U SKCIUTyaTalluy IPOEKTUPYEMOTO
pELIEHNs B CIEIYIOIIEH TOCIEN0BATEIbHOCTH: 5.2 Ananu3 BpeIHbIX (AKTOPOB, KOTOPbIE
—  (u3HKO-XMMHUYECKas IPUPOA BPETHOCTH, €€
CBSI3b C pa3zpabaThiBa€MON TEMOM;
— JeiicTBue (paKkTOpa Ha OPraHU3M YEIIOBEKa, 5.2.1 IlpeBbiliieHnst ypOBHS LIymMa
— TPUBCICHUC NOITYCTUMbIX HOPM € 5.2.2 TIpeBbitieHuUs ypOBHS BUOPAIMH
HE00X0AMMON Pa3MEPHOCTHIO (CO CCHUIKON Ha
COOTBETCTBYIOMIMH HOPMATHBHO-TexHMYeckuii | O-2-3 IIOBBIIICHHAS 3ara30BaHHOCT

5.1 IIpousBoacTBEeHHAs: OE30MACHOCTD

MOTYT BOBHMKHYTh Ha paboueM MecTe.

JIOKYMEHT); BO3/yXa paboyeii cpesl.
— IpeAsiaraéMble CPEJCTBA 3allUThI;
— (cHavasia KOJUIEKTUBHOM 3alllUTHI, 3aTEM —
WH/IMBUyaJIbHbIC 3alIUTHBIE CPEICTBA). MOTYT BO3HMKHYTb Ha pa60qu MECTE.
1.2. AHanu3 BBISIBJICHHBIX ONACHBIX (PAKTOPOB MPHU
pa3paboTKe U IKCILTyaTalluyi TPOSKTUPYEMOTO
PCUICHUA B cnenyiomeﬁ IMOCJICA0BATCIbHOCTHU. 53.2 AnnapaTLI II0JT JaBJICHUEM
— MEXaHWYECKHUE OMACHOCTH (MCTOYHUKH,
CpEeJICTBA 3alIMThI;

5.3 Ananu3 onacHbIX (PaKTOPOB, KOTOPHIE

5.3.3 DnekTpobe30nacHOCTb.




TEPMHUUYECKUE ONTACHOCTU (MCTOYHHKH,
CpelICTBa 3alIUThI);

3JIEKTPOOE30MaCHOCTH (B T.4. CTATHYECKOE
ANEKTPUYECTBO, MOJTHUE3AIINTA — UICTOYHUKH,
CpeJlICTBa 3alIUThHI);
M0KapOB3PBIBOOE30MACHOCTH (MPHUYMHBI,
npodunakTHYecKue MEpONpuUsTUs, IEPBUYHBIC
CPEICTBA MOXKAPOTYILICHUS).

2. IkojJornyeckas 0e30MacCHOCTb:

3aIuTa CeMUTEOHOM 30HbBI

aHaJIM3 BO3JICUCTBUS 00BEKTAa Ha aTMOchepy
(BBIOpOCHI);

aHaJIM3 BO3JICHCTBHsI 00BEKTa Ha TUApochepy
(copochl);

aHaJIN3 BO3JICHCTBHsI 00BEKTA Ha IUTOChEpY
(oTX0/1B1);

pa3paboTarh penIeHUs 10 00CCIICIYCHHUIO
IKOJIOTUYECKOM 0€30MaCHOCTH CO CChIIIKAMHU
Ha HT/I no oxpane okpy>Karolieu cpeibl.

5.4 Dxonoruueckas 6€30MaCHOCTb

5.4.1 Meponpusitus o OXpaHe
aTMoc(hepHOro BO3/lyxa OT 3arpsi3HEeHUs
5.4.2 3amuTa runpocdeps

5.4.3 3amuTa auTocdeps

5.4.4 TBépaplie OTXO/IbI

3. be30nacHOCTb B Ype3BbIYAWHBIX CHTYAIMAX:

nepedyeHb Bo3MoxHbIX YC mpu pa3paboTke U
HKCILTyaTaIluH MPOEKTUPYEMOTO PEIICHUS;
BBIOOp Hambosee TunuuHoit UC;
pa3paboTKa IPEBEHTHUBHBIX MEp 10
npenynpexaennto YC;

pa3paboTka AeHCTBHI B pe3ynbTaTe

Bo3HuKIIEH YC n Mep 1o TUKBUAALUY €€

OCJIEICTBUN.

5.5 be3onacHOCTh B Upe3BbIYAHBIX
CUTYalHsAX

5.5.1 Ananus Bepostasix UC Ha MecTe
npoBeAeHUs paboT

5.5.2 Mepornpustus, HamnpaBJIeHHbIE Ha
npeaorBpamienne YC, u  mopsaok
JICUCTBUI B CIIy4ae €ro BO3HUKHOBEHUS.

4. [IpaBoBbI€e M OPraHU3aANHOHHbIE BOMPOCHI
o0ecreyeHus 0€30IMACHOCTH:

crielManbHble (XapaKTepHbIE MPH
JKCIUTyaTaluy 00bEeKTa UCCIIeI0BaHus,
MPOEKTUPYEMOii paboueil 30HbI) MPaBOBbIE
HOPMBI TPYJIOBOT'O 3aKOHOAATEIbCTBA;
OpraHHU3alOHHbIE MEPOTIPUSATHS TIPU
KOMITIOHOBKE paboueil 30HBI.

5.6 IIpaBoBBI€ 1 OpraHU3aI[IOHHBIE
BOIPOCHI oOecrieueHust 0€30MacHOCTH.
5.6.1 CriennanbHble IPaBOBbIE HOPMBbI
TPYZIOBOTO 3aKOHO/IATEIHCTBA.

5.6.2 OpraHu3alMoOHHBIE MEPOIPUATHS

IIpU KOMIIOHOBKE paboueil 30HBI.

JlaTa BbI1a4H 3a1aHUA IS pa3/ieia 1o JuHeiiHOMY rpaguky

3aganue BbIAAT KOHCYJbTAHT:




Yyenas

JomxHoCTh dPUO HHoanuck Jara
cTeNneHb, 3BaHNe
AcCCHUCTEHT Aobpamenko H.C.
3anaHue NPUHSAJ K MCNIOJHEHUIO CTY/IEHT:
I'pynna DPUO Hoanuck Hdara
2bM6B Memkos H.A




O06o03HaueHus1, onpeaeTeHusl, COKPAIleHUus

MMYVYH — mukpoOuonorundeckuii MeTo/i yBenudeHus: Hehreotaauu
MVYH — meton yBenuuenust HepTeoTnauu

['MC — reodmsndeckue UCCIeTIOBaHNS CKBAXKUH

A — nemeHnTaxxHblii arperar

[13I1 — mpu3aboiinas 30Ha miacTa
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Pegepar

B TeueHue mociieqHUX NecATH JET OONbIIOE BHUMAHHE YACISIIOCH OLIEHKE
€AMHUYHBIX [TIPOMBICIIOBBIX IPUMEHEHHUN pa3inuuHbIX cocTaBisomux MEOR. OnHako
0 pe3ynpTaTax MpUMEHEHHUs KoHKpeTHoro rmpouecca MEOR mnpu Gombimom
pa3HOOOpa3uM  MECTOPOKIEHUH W TPOM3BOJCTBEHHBIX  CTpAaTeTUdl  OBLIO
OIyOJIMKOBAaHO COBCEM HE3HAUYUTEIbHOE KOJU4ecTBO paboT. B  pesynbrare
He(Te100bIBAIOIINE KOMIIAHUM JIOCTATOYHO OCTOPOKHO OTHOCSTCA K TEXHOJIOTHH
MEOR, nonaras, 4To OHa €lle HE MpolUIa OOLIMPHBIX MOJEBBIX HCIBITAHUM Ha
00JIBILIOM KOJIMYECTBE OOBEKTOB.

Hacrosimas pabota coaepuT CBEIEHUs, WLTIOCTpUpYIomue 3(pPEeKTUBHOCTD
npouecca MEOR, KOTOpBIN YCIEIIHO NPUMEHSIICS B KOMMEPYECKHX ITPOEKTax,
oxBarbiBaommx Oosee 2000 MpoayKTUBHBIX HEPTSAHBIX CKBaXXWUH HA TEPPUTOPUU
CIIA. B naHHOi1 cTaThe pacCMOTpPEHA IKOHOMHUYECKasi peHTa0EIbHOCTh TPUMEHEHUS
MEOR , HegocTaTKu U MOJIOKUTEIbHBIE MOMEHTHI UCIOIb30BaHMUS 3TOTO METOJ1a Ha
MECTOPOKIECHUAX C HCHOJIb30BAHMEM IMOJJEPkKAHUA IUIACTOBOTO  JIABJICHUS.
[IpuBeneHbl HECKOJIBKO BapHaHTOB HCMHOJb30BaHUs OMOIIAB, W ombITHI Apyrux
KOMITIaHUH B HccienoBaHuu 1anHoro MY H tak ke paccmaTpuBaeTcs IpOrHo3upyemast
aKTyaJIbHOCTh HCIIOJBb30BAaHMS JIAHHOTO METOJAa YBEIWYEHUs HedTeoTAaud Ha

MpUMepe CKBAXKUH MECTOPOXKAEHUI MyXTO.

TpaguUMOHHBIE XHWMHUKaThl, TaKME KaK pacCTBOPUTEIA U ITIOBEPXHOCTHO-
aktuBHbIE BeniecTBa (ITAB), ucnonb3yroTcest yisl yBeTUUYEHUs TTOJABUKHOCTH HEPTU U
CIIOCOOCTBYIOT €€ W3BJIEKaeMOCTH. PacTBOpuTENM TMOHIKAIOT BS3KOCTh HedTH,
nenaroT ee 6osee Tekydei, a [IAB pa3psiBaroT cBsI3u MEXKIy HEPTHIO U IOPOJION WK

MCXKOY HC(l)TB}O )51 BOHOﬁ, YMCEHbIIAsA CUITY ITIOBECPXHOCTHOTO HATAXKCHM.
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BBenenue

B TedyeHue mocneaHMX AeCATH JIET OOJBIIOE BHUMAHMUE YJIEISUIOCH OLEHKE
€IMHUYHBIX TPOMBICIOBBIX IPUMEHEHUN pa3inuuHbIX cocTaBisitomux MEOR. Ognako
O pe3yiapTaTax MpUMEHEHHUS KOHKpeTHoro rmnpouecca MEOR mnpu 6omibiiom
pa3zHoOOpa3uM  MECTOPOXKIECHHM U  TMPOU3BOJICTBEHHBIX  CTpaTeruii  ObLIO
OMyOJIMKOBAaHO COBCEM HE3HAUYMTEIbHOE KOJMW4ecTBO paboT. B  pesynbrare
He(Ten00BIBAIOIINE KOMIAHUU JOCTaTOYHO OCTOPOXHO OTHOCSITCS K TEXHOJIOTUH
MEOR, mnonaras, 4To OHa €lle HE NPOLUIa OOIIMPHBIX IOJIEBBIX HCHBITAHWA Ha

OOJIBIIIOM KOJIMYECTBE OOBEKTOB.

MeTob1 MUKPOOHOJIOTHYECKOTO BO3ICUCTBUS Ha HE(TAHBIC U Ta30BBIC 3aJICHKHU
(Microbial Enhanced Oil Recovery, MEOR) B kadecTBE TE€XHOJIOTMH MOBBIIIECHUS
HedTeornaun miactos (ITHIT) cpaBHUTENBEHO MIMPOKO PACIPOCTPAHEHBI 32 pyOEKOM,
tornga kak B Poccuu umcio ckBaxuHo-oneparuii MEOR HeykJIOHHO CHMXKaeTcs,

HECMOTPS Ha OTPOMHBIN ITOTEHIIUAI.

MukpoOHbIE TEXHOJIOTMM OCHOBAHBl Ha HCIOJIb30BaHUU  (DU3HOJIOTO-
OMOXMMHMYECKUX OCOOCHHOCTEH MHKpPOOPraHU3MOB, BBOJAMMBIX B IUIACT: HX
CIIOCOOHOCTH PAacTU B HIMPOKOM JHAara3oHe TEeMIIepaTyp, AABJICHUS, COJICHOCTH B
a’pOOHBIX M aHa’pPOOHBIX YCJIOBHUSX W HUCIOJB30BATh ISl KU3HEIEATEIbHOCTH B
KauecTBe MCTOYHWKA nmuTanus HedTh. brioMacca MUKpPOOPTraHW3MOB 3aKaUMBAETCS B
HarHeTaTeJIbHbIe CKBAKUHBI HEPTAHBIX MECTOPOXKICHHM Ha CpeaHed M MO3IHEen
cTaauu pa3pabOTKU, Ha KOTOPBIX NMPUMEHEHHE 3aBOJHEHUs Manod(pdekTuBHO. B
pe3ynbTate OWOCHMHTE3a HEMOCPEICTBEHHO B IUIACTe OaKkTepuu OOpa3yloT TaKue
METabONMHUThI, Kak Tra3bl, KHUCJIOTHl, TOBEPXHOCTHO-aKTHBHBIC  BEIIECTBA,
CIIOCOOCTBYIOITUE YIYUIICHUIO0 (QUIBTPAIMOHHO-eMKOCTHBIX cBoMcTB (PEC) mmacra

H, KaK CJICACTBHUEC, IIOBBIIICHUTIO HC(l)TCOT)IaLII/I.

14



CornacHo CTaTUCTHKCE, MI/IKp06I/IOJIOFI/I‘I€CKI/I€ MCTO/JbI IMO3BOJIAIOT B CPCAHEM

Ha 5-7% yBeAMYUTHh 00BHEM BOBJIEKAEMBIX B pa3pabOTKy 3al1acoB YIJI€BOJIOPOIOB
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4 ®UHAHCOBBIM MEHE[)KMEHT, PECYPCOR®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE

B Marucrepckoil nuccepranuu paccMaTrpuBaroTcsi Bonpockl yBenudenuss KMH

MyTeM 3aKa4Ky MUKPOOHOJIOTUYECKUX T00ABOK B I1acT. J[jst paccMOTpeHus BIOpaHBI

CKBa)KHMHA-KaHAUIaT HaruetaTenbHas (1 ckBakuHa) U 2 JOOBIBAIOIIMX PEArupyIOIIHX

CKBa’XHUHBI.

4.1 Vicxonuble TaHHBIC IJI pacuera

Taomuua 4.1 — Mcxonuble JaHHBIE

[Tokazarenu En.m3mep Harneratensn | JloOwiBatoma | {oObiB
asi CKBOKMHA | Sl CKBOKMHA | arormas
X1 CKBaXu
Ha X2
O6pabotka Mukpobamu - 3 4 5
CpennecyTo4HbIi 1e0UT HedTH: TOHH/ - 3,98833819 | 2,579104
CYTKH 48
[lena peanu3anuu HePTH pyO/TOHH 16742 16742 16742
(BHYTp.pBIHOK)
MeXpeMOHTHBIH MePHO/T CKBAKHH CyT - 320 462
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4.2 PacueTa 3KOHOMHYECKOTO0 3(phpeKTa

Pacuer 3apadoTHOI mu1aThl padounx Opurajabl 100b1YM HePTH U ra3a

3aTpatel Ha 3apa0OTHYIO TIUIATy TPOMBINUICHHO - MPOU3BOJCTBEHHOTO
nepconana (I1I1I1) (6purana I[TPC):
33/11 = Tyopm X Ben

rac THOpM — HOPMATHUBHOC BPCMA Ha MCPOIIPUATHUC, daC,
3.1 — caenbHas Tapud padbounx, pyo.

Ta6muma 4.2—-Tapudnsie ctaBku Opuraast [TPC
Mammuauct AKM V p 73
Omneparop no6s1un Hedu u raza IV p 96,3
Wroro (py6/4ac): 458,2

Tabmuna 4.3-Pacder 3apabOTHOM MJIaTHl IPU TPOBEICHUHM MOHTaka 000PYI0BaAHUS

1 2 3 4
HopmaruBHOe Bpemst Ha 3aKadyKy pacTBOpa B qac - 2
HarHeTaTeJIbHYI0 CKBAKUHY
YacoBas TapudHas craBka
-Oneparopa IHul 1V pa3psaa pyo. - 96,3
- Mammanct AKM pyo. 73
UucneHHoCTh pabounx B Opuraje 100b14u yen - 4
He(TH U raza
[Tpemus % - 50
PaiionHbIid KOdQPHuIHEHT % - 180
CeBepHas Haji0aBKa % - 80
Haunor Ha npuObsuth % - 20
CrpaxoBble B3HOCHI % - 30
CroumocTh MUKPOOHOTO areHTa Jutst 1 pyo - 180000
HarHeTaTeJIbHOW CKBAKUHBI
CymmMma
[TokaszaTenn Hopwmo-gacsl 3apaboTHOM
IJIaThL, pyo
1 TIloAroroBUTENbHO-3aKIIOUUTENbHBIE  PAOOTHI 2
(T13P)
Wtoro o Hapsii-3a1aHurO 2

Tapudmnas craBku, pyo/6p-uac

458,2

ITpemust (50,0%)

229,1
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Paiionnsiii koadduuuent (180,0%) 824,76
Cesepnas Hanbaska (80,0%) 366,56
HWtoro no Tapudy, pyod/6p-uac 1878,06
HToro cuenbHbIi 3apaboTok (uToro*2 yaca) 3756

CrtpaxoBble B3HOCHI

3aTparhl Ha CTPAXOBBIE B3HOCHI

Beon = 33/n X a3 = 3756 X 0,3 = 1126,8 py6.ei
I'ne:

a1 — HOpMa CTPaxoBbIX B3HOCOB, %o.

3aTpaThl Ha apeHy cllelTeXHUKH

Jlist pabot 1Mo MOHTaxy oOopynoBaHus ucmonb3yercs [[A-320 [AHII-320,

YHB-125x32] npeana3nayen i HarHeTaHusi pabouunx xxkugkocteid. CTOOCTh apeH/IbI

cocraisietr 2200 py6ieli B yac.
CTOMMOCTB apeHIbI 1711 MOHTa)ka 000PYI0BAaHUS COCTABIISET

Beney, = By X C = 2200 2 = 4400 py6reii

3aTparsl Ha MepoNIpUATHE NPSIMbIE

Tabnuna 4.4 — crateu 3aTpar

Cratbu 3aTpar Cymma, pyo
1. 3akynka MEKpOOHOTO areHTa 105000
2. 3apaboTHas 1uIaTa 3756
3. CTpaxoBble B3HOCHI 1126.,8
4. 3aTpaTel Ha apeHy CIIELTEXHUKHU 4400
5. JlocTaBka 70 MECTOPOKICHUS 25000
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6. Texnomornueckoe comnporusienue ( KomanaupoBka 180000

CIEINAJINCTOB)

Hroro 319282

JlonmoIHUTEIBLHO 100bITast HePTh :
JlononHUTENBHO 100BITast HEPTh HA CKBaKUHE X 1:
Quon = Qunosp — Quau ¥4 = 2,6311 — 2,5058 * 320 = 40,096 m3
['ne :
Qunosp — A0ObIBaeMas HEPTH TOCIE OOPAOOTKU HATHETATENLHON CKBAKUHBI ,
M3/cyT ;
Q yay — OOBIBaeMast HePTH 10 00pabOTKH , M3/CYT ;
A — MPII ckBaxuHBI , CyT
JonomHuTeNbHO J00ObITast He()Th HA CKBAXKUHE X2:
Quon = Qunosp — Qnau * A = 4,1877 — 3,8440 x 462 = 158,78 M3
YcnoBHO gonoHUTENIbHAS 100bITas HedTh 3a 320 mHEi :
Quon = Qunosp — @ nau * A = 4,1877 — 3,8440 + 320 = 109,984 m3
T.e cymmapHo go00bITas momnojHUTeNbHasT HePTh C 1 oOpaboTaHHOM
HarHEeTaTEIbHON CKBAXHUHBI :
109,984 + 40,096 = 150,08 m3
['nme:
Qunosp — N0ObIBaeMas HEPTH 10CIE OOPAOOTKU HATHETATENLHON CKBAKUHBI ,
M3/cyT ;
Q ;.4 — D0OBIBaeMast HeTh 10 00paboTKu , M3/CyT ;
A — MPII ckBaxuHHI , CyT
OO0wme 3aTpaThl HA MEPONIPUATHE

s Bapuanra 2:

3o = 180000 + 25000 + 4400 + 1126,8 + 3756 + 105000 = 319282

pyOnen
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Y ciI0BHO-TIEpeMEeHHbIE PACX0/bl, CBI3AHHbIE C J0NMOJHUTEJIbHBIM 00 beMOM
HedTH
3aTpaThl CBSI3aHHBIC C JOTIOTHUTEIIBHON JOObIUeH HeTH:
Jns ckBakuHbl X1:
3non = Qpon X 3pep = 40,096 X 31,90 = 1279 pyo.iei
st ckBaXkuHbI X2:
30n = Qpon X 3pep = 109,984 X 31,90 = 3508 py6sien
I'ne:
Qi zon — 00BEM TOTIOTHUTENHHO NOOBITOM HEPTH, T;

3nep — YCJIIOBHO-TIEPEMEHHBIE 3aTpaThl HAa J00bIYY 1 T HedTH, pyO/T.

IKOHOMUYECKHUM IPPeKT 0T BHEAPEHUA MEPONIPUATHS

9=8B, —3

don 0o

JIiist ckBaskuHBI X 1

3=(40,096*16746)- 1279 =670168 pyo/roxm;

Jns Bapuanra 3:

3=(109,984*16746)- 3508 =1838284 py6/rox;

IpuobL1L NpeAnpuaTHs 0aTaHCOBasI

[Ipubbuib, KOTOPYIO TOJYYUT NPEANpPUSITHE TNPU BHEAPEHUU METOMAA
yBeln4YeHusi HepTeoT1aun 3a CYeT JOMOJHUTEIBHO JOOBITONM HepTH W HM3MEHEHUs
cebecTouMocTu 100bun HeTU ompenensieTcs mo Gpopmyie (MPUOBLITL OanaHcoBas):

JI1st ckBaXKuHbBI X 1:
[lg = (1 —C,) X (Q1 + Q,aon) — (I —Cy) X Qy = (16746 — 31,90) x (941,37 +

40,096) — (16746 — 29,70) X 941,37 = 6666967 pyb6ieii

JIist ckBaXkuHbBI X2

Mg = (I — C3) X (Q1 + Quon) — (I —Cy) X Q; = (16746 — 31,90) x (1455 +
109,984) — (16746 — 29,70) X 1455 =16667418 pyodneii

['ne: 11 — niena peanuzanuu HedtH, pyo;

C1 u C; — cebecroumoct J0ObIYM HEPTH COOTBETCTBEHHO 10 W MOCJIC BHEIPEHUS

MUKpPOOHOI 00paboTKH, pyo.;
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Q1 — rozoBoit 00beM 100bIYM HEDTHU MO MPEANPUATHIO 10 BHEPEHUS THAPOPA3PHIBA,
T,

Q4 zon — JOTIOTHUTENBHAS T00BIYA HEDTH, T.

HaJior Ha npuobLIbL
Jl1st ckBakuHBI X1:
Hnpy=6666967%0,20=1333393 py0Oneii;
Jlst ckBaskuHBI X2:

H,,,=16667418%0,20=3333483 py6uieii;

HpuosL1b YKcTaA
[TpuObLIE yKicTast (MPUOBLIL, OCTAIOMIASICS B PACHIOPSKEHUN TIPEINIPUSATHISA)
J{nst ckBakuHbI X 1:
[1,=IIs-Hy, = 6666967-1333393=5333574;
J171s1 CKBa>KMHBI X2:

IT.=I1s-H,,=16667418-3333483=13333935

CyMmapHasi IpuObUIb ¢ 2X CKBaXXHH :

5333574+13333935= 18667509

Cpok oKynaeMoCTH 3aTPaT HA NPOBeJeHUe ONTUMU3AIUN:

Jliis BapuaHTa 00€UX CKBaXUH:

Bogm 319282
M, 18667509

T, = = 2 Mecd1a

TexXHUKO — 3KOHOMHYECKHE I0Ka3aTeJd ONTHMH3ALUHU pexuma

padoThl CKBAXKWH

TaGnHua 4.5 - TeXHHKO — YKOHOMUYECKHUE TTOKa3aTeIn MMPOBCACHUA OIITUMU3AIIUN

ITokazarenu En.uzme CkBaxuHa CkBaxuHa X2
p X1
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1 T'omoBoii 06beM T 941 1455
I00bIYM HEPTH
2 O6bem T 40,096 109,984
JIOTIOJTHUTEIHLHON HehTH
3 CpenHecyTOUYHBIH T/cyT 2,5 3,6
neouT
4 CyT 400 400
[IpoaoIKUTENBHOCTh
TEXHOJIOTHYECKOT0 3 deKra
5 CebecTonMOCTh pyo 31,9 31,9
n00b1yn 1 T HEDTH
6 3aTpatbl Ha pyo - 319282
MEpPOIPHUATHE, BCETO
B TOM YHCJIE:
7 DKOHOMUYECKUI MJTH.pyO 0,67 1,83
ekt
8 [IpuObLIb yricTasgs | MIH.pYO - 18,6
9 Hanor ma npubbute | MitH.pyO - 1,6
10 Cpok CyT - 60

OKYIIA€MOCTH NPAMBIX 3aTpaT

Ha MCPOIIPUATUC
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5. ConmajbHasi OTBETCTBEHHOCTH

Ha pansblii MoMeHT 3(@eKTHUBHOCTh W3BICYCHHS HE(DTH OCHOBHBIMU
METOJlaMU  Pa3pabOTKH, CUYUTACTCS HEYAOBICTBOPUTEIBHOM, YYUTHIBAs, YTO
norpebieHne HEPTENPOAYKTOB pacTeT BO BceM wmwupe. llosTomMy BHenpenue
COBPEMEHHBIX METOJIOB YBEIMUEHUS HE(PTEOTAAUH SBISETCS aKTyalIbHBIM U PACTET C
KaXXabpIM rojioM. [IpropuTeTHbIM HampaBieHneM B He(hTeq0ObIue ABISETCS pPa3BUTHE
COBPEMEHHBIX HMHTEIPUPOBAHHBIX METOAOB YBEIHUYEHHUS He(TeoTAauu, KOTOphIE
CMOTYT 00€eCreunTh BBICOKUH KO3 uiieHT HepTeoTnaun Ha yke pa3padaThiBa€MBbIX,

a TaKIKC HOBBIX MCCTOPOKICHUAX.

BonorazoBoe BO31EHCTBUE SABISIETCS OOHUM M3 TaKUX METOAOB, K KOTOPOMY
Kbl TOJ pacTeT Bce OONbIIMNA UHTEpec. Takke 3TOT METOJI MHTEPECEH C TOUYKU
3peHMs YTUIM3ALUU IIOIyTHOTO ra3a. Bogorazosoe BO3AEHCTBUE OJHUM U3 METOMIOB
YTWIA3AIUU T'a3a MyTEeM 3aKa4yKy €ro 00paTHO B IIIACT JUIs MOAEpPKaHUs IIJIAaCTOBOTO
naBieHus. OOCITyXMBalOT YCTAHOBKM IO 3aKayke ra3a B IUIACT OINEpaTOphl
NOJJIEp>KaHMs IIJIaCTOBOTO JaBiieHMs. J[aHHAs yCTaHOBKA YJIyYIIAeT 3KOJIOIMYECKOE
COCTOSIHUE€ MECTOPOXACHUS, OJHAKO, MMEET HEKOTOphbIE BpeHbIE (PaKTOphHI mpu

pabore ¢ Heil. Hanpumep, noBwilieHHas BUOpAIUs U IIyM.

96



5.1 IIpousBoacTBEeHHAsI 0€30MIACHOCTH

Tabnuna 1 — OnacHeie 1 BpenHble PaKTOPBI TPU MUKPOOHOIOTHUECKOM BO3ACHCTBUU

Ha IUIacT.
HUcrounuk HopmaruBHbIE
(¢akropa, ®axtopsl (no F'OCT 12.0.003-74) | nOKyMeHTbI
HAUMEHOBAHME

BHMJIOB padoT

Bpennbie

Onacuoie

1.Kommpeccopnbie
YCTaHOBKU;

2. @oHTaHHAas
apmarypa;

3. TpyOomnpoBobI
Y pa3INdHbIE
KOJUIEKTOPA;

4. PaznuuHble
AIEKTPOYCTAaHOBKHU
u
TpaHC(HOPMATOPBHI.
5. [yck
KOMIIPECCOPHOU
CTaHIUH.

6. O0cimyXuBaHue
HACOCHBIX

YCTaHOBOK

1. OTKI0HEHHUE
IoKa3aTeen
KJIMMaTa Ha
OTKPBITOM
BO3/yX€E;

2. IIpeBpiienne
YPOBHEM 1Iyma U
BUOpaIuu;

3. IloBhbImeHHAS
3ara30BaHHOCTh
BO3/1yxa pabouei

CpEIIbl.

1. Anmapatsl moj
JTaBJICHUEM;
2. DNEKTpUYECKUI

TOK;

1. CaunlluH 2.2 .4-
548-96
2.TOCT
12.1.012-90
CCBhTuI'OCT
12.1.003-2014
CCBT.
3.TOCT
12.1.007-76
CCBT.

4. TOCT
12.1.038-82
CCBbT
5.TOCT
12.2.061-81

5.2 AHajau3 BpeaHbIX GaKTopoB

5.2.1 llpeBbliieHus YPOBHS IyMa M BUOpauuu

97



B pabouem nomeneHuu, B KOTOPOM PaCION0KEHbI HACOCHO-KOMITPECCOPHBIE
YCTAaHOBKH, KOTOpPBIE CO3JAlOT YpPOBEHb 3BYKOBOTO JaBJEHUSI B JenuOenax,
NPEBBIIAOMINA TONYCTUMBIM YpOBEHb IIyma, coriacHo tpedoBanusM ['OCT
12.1.003-83 CCBT «lllym. OO6mue TpeboBanus. Hopma mua nomenieHus
ynpasieHus” coctaBisieT 75 nbA.

NunuBuayanbHble MEPONPUATHS JJisI YCTPAHEHHS YPOBHS IIIyMa COTJIACHO
['OCT 12.4.051 MoryT OBITh: HAyIIHUKH, TPOTUBOLIYMHBIC BKJABIIIN, HUIEMbl U
KAaCKHU MEePEPhIBbI HA OT/ABIX OT IAHHOTO MOMEIICHUSI.

3amura oT mryma npu padore Ha [1K o6ecneunBaercs:

- YCTaHOBKOM Ta30MepeKaunBaIOUX arperaToB B MHANBUIYATbHBIX YKPBITUSIX
U OCHAIllCHHWE MX CPEICTBAMU ABTOMATHKHU, JAWCTAHLIMOHHBIM YIPABICHUEM, HE
TpeOyIOMIMUM MTOCTOSHHOTO MPUCYTCTBUS 00CTYKUBAIOLEr0 EPCOHAIA.

3amuTa oT BUOparuu ooecreynBaeTCs:

- 0aTaHCUPOBKOM BpalIaIOIIUXCs YacTel 000py/I0BaHUS U MEXAaHU3MOB;

- YCTPOMUCTBOM BHOpOTACAIIUX OMOp U (PyHIaMEHTOB.

K meromam m cpeactBam kosuteKTuBHOM 3ammutsl corsmacHo 'OCT 12.1.029
MOTYT OBITh IPUMEHEHBI B JJAHHOM CIIy4ae 3BYKOM3OIHPYIOUIUE KOXKYXHU, KAaOWHBI,
BBITOPOJIKH, a TAKXKE pallMOHAIIBHOE pa3MelieHne pabourX OpraHoB U padOuHUX MECT.

KomnpeccopHble yCTaHOBKHM CO3alOT OMNPENCICHHBIA ypOBEHb BUOpAIUU.
Bubparus npu yactore 16 ['11 He qomxHa mpeBbimath ammmmtyay 0--28 mm. Bubparus
noipkHa otBevarh TpedoBanusM ['OCT12.1.012-90 CCBT "BuOpauusa. OO6uiue
TpeboBanus 6e30macHoCTH".

Co BpeMeHeM, Tak Kak d5TH BHOpallid HWMEIOT TOCTOSHHBIM XapakTep,
BUOpAIMKU OT pabOThl KOMIIPECCOPOB MOTYT YCUJIMTCS M3-3a U3HOCA 000PYI0BaHUs, B
OCOOEHHOCTH JJIEMEHTHI KperuieHus. [[1si 4acTUYHOTO yCTpaHEHUs ITHUX BHOparui
PEKOMEHTyeTCsl YCTAHOBUTD MPOKJIAJIKHA U3 PE3UHBI, ac0eCTa, pe3UHBI MEXKIY MOJIOM U
CaMUM KOMIIPECCOPOM B Kau€CTBE KOJJIEKTUBHON MEPhI 3aIlIUTHI.

OnepaTopoB MO MOAAEPNKAHUIO TUIACTOBOTO JIaBIIEHHWS B 0053aT€IHLHOM

nopsiKe CHaOIUTh BUOPOOOYBBIO U BUOPOPYKABUIIAMH.
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5.2.2 OTKJIOHEeHHe TOKa3aTeled KJIMMATAa HA OTKPHITOM BO3/1yXe

[Ipy HapylieHHH TepMETUYHOCTU TPYOOIPOBOJOB, 3allOPHOM apMaTyphl
IPOUCXOAAT YTEUKH rasza, Konaencara, Hedtu. ['a3, koHaeHcat, HeTh MPEACTABISAIOT
coboii cmech yriieBogopo1oB C1-C7+B, u 1pyrux KoMrnoHeHToB. [1oaToMy ocHOBHas
3aJlaya ONEpPAaTUBHOIO MEpPCOHAIa CBOEBPEMEHHO OOHApYyXUTh MECTO NOpbIBA U
IPUHATH HE3aMEVIUTEIbHBIE MEPBI MO JIOKAJTU3ALUHA U OTKIIOYEHUIO TTOBPEKICHHBIX
YYacCTKOB.

[Tpu HEOOXOAMMOCTH IPOU3BOCTBA PA0OT B MECTE, I€ MPOU3OIIET HOPBIB U
yTeuKa MpOJYyKTa, J0 Hayaja OTHEBbIX pabOT JOJKEH ObITh yOpaH BeCh IPYHT,
IIPONUTAHHBIN Npoaykuuel B paxnyce He meHee 30 M. Ilpm 3TOM mpousBoaUTCS
CHSITUE CIIEUUATbHON TEXHUKOW 3arpA3HEHHOTO CJIOS MTOYBBI U BHIBO3 €0 Ha MOJUTOH
yTuiau3auuu oTxoAoB. [locie BBINONIHEHUS PEMOHTHBIX pabOT, BBIBE3E€HHAs IOYBA
BOCITOJIHSIETCSI HOBOM.

Bo Bpems skcruryatanuu KC MOTyT mpOMCXOIUTH CIEAYIOIIHUE BBIOPOCHI B
atMocdepy:

- BEIXJIOITHBIE Ta3bl OT aBuratencii Waukesha;

-cOpOC IMyCKOBOTO Ta3a;

-cOpOCHI C IPEIOXPAHUTEIBHBIX U PETYIUPYIOUIUX KJIANaHOB;

- BBIOPOCHI Ha (pakes BHICOKOTO J1aBJICHUS;

- BBIOPOCHI Ha CBEYY.

BbIOpOC BBIXJIONMHBIX Ta30B MPOUCXOAUT YEPE3 BBIXJIOMHON KOJUIEKTOp Mo 1
TOUKE BBIOpOCaA JUIsl KaXKJI0TO arperara.

BeiOpocsl ¢ mpeaoXpaHUTENbHBIX KJIAMaHOB MOTYT IPOUCXOJIUTH MPH
MOBBIIICHUN JIABJIEHUS B COCyAax, pabOTalolKX MO JaBJIEHUEM U TpyOOmpoBoaax,
BBIIIIE€ PA3PEIIEHHOr0 U CpabaThIBAHUU KJIANIAHOB B TEUCHHE HECKOIBKUX CEKYH].

BoiOpocsl Ha cBewy. a3 roprouuii npupoaHBIA  cOpachiBaeTcsi ¢
TEXHOJIOTUYECKOro 000pyI0BaHusA, TPYyOOIPOBOJIOB M CEMapaTopoB IMpHU IMyCKaxX U
OCTaHOBKaX MOPIIHEBBIX arperaToB Npy MPOBEJCHUH PEMOHTHBIX padoT.

XapakTepucTuka BBIOpOCcOB B aTMoc(hepy npuBeieHa B Tadnuiie 2.
99



HaumenoBanue | KoamdecTtBo YcaoBus (meron) | [lepuoguyHocTs
cOpoca BbLIOPOCOB 10 BHAAM | JIMKBHIALMH, BbLIOPOCOB
00e3Bpe:KUBaAHMS,
YTHIH3AIUA
- M3/rox
A3oT - 50
JIuneiHble TouHoe 3HaUeHHE BRHIOPOCOB B aTMOC(hepy depe3 He MIIOTHOCTH

BBIOPOCHI ~ Yepe3 | BO (PIIaHIEBBIX COCAWHEHHUSX apMaTyphl M TPyOOIpoOBOJaX
HE TUIOTHOCTH BO | ONIPEACISICTCS PU Ja0OPaTOPHBIX UCCIIETOBAHMIX
(bIaHIIEeBBIX
COEIUHEHUAX
apMaTypsl 5

TPyOOTIPOBOIOB.

Bentwisinponssie | - - B atMocdepy ITOCTOSTHHO

BBIOPOCHI

[Ipu HOpManbHOM H3KCIUTyaTallud BBIOPOCHI MOMYTHOTO Ta3a OTCYTCTBYIOT.
He3HnauntenbHble BHIOPOCHI ra3a BO3MOXKHBI MPU pa3repMeTH3alu 000pydOBaHMUS.

Heobxoanmo nepuoanyecku MpoBOIUTD MOUCK YTEUEK Tasa.

5.3 Dy1eKTP00€3011aCHOCTD.

[Ipu 3akauke ra3a B TUIACT 3apsAabl CTATHYCCKOTO DJIEKTPUYECTBA B
OOJBIIMHCTBE CIIy4aeB OOpa3yroTCs NPHU JBIKCHUM HE(TENPOMYKTOB W Ta30B IO
TpyOOTIPOBOaM, TIPH CIIMBO-HAJMBHBIX OIEPAIHsX, 3AMIOJTHEHUN WM 0CBOOOKICHUH
€MKOCTEH, JPOCCETUPOBAHUH MTOTOKOB T'a30B, MPOMAPUBAHUHN U JIPYTUX OTEPAIHSIX.

QHGKTpOCTaTI/I‘—IeCKI/IC paspAabl, BOSHUKAOIHWC B YCJIOBHAX B3PbIBOOITACHBIX CPCI,
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MOTYT IIPUBECTHU K B3pbIBaM, & BOSHUKHOBEHHE BBICOKHMX ITOTEHIIMAJIOB IPEICTABIISAET
OIAaCHOCTb ISl )KU3HU OOCITYKUBAIOLIETO MIEPCOHANIA.

OnacHOCTh JEHCTBUS CTATHYECKOrO AJIEKTPUUECTBA JOJDKHA YCTPAHATCS TEM,
YTO CIEUHAIBHBIMM MEpPaMHM  CO3JAETCs yTedKa JJIEKTPUYECKUX  3apsoB,
IpeIoTBpallaonas HaKOIJIEHUE SHEPTUH 3apsia Beilie ypoBHs 0,4 A B MUH.

JInsg  3ammThl OT HAKOIUIEHHWs W MPOSBICHHS 3apsioB  CTaTUYECKOTO
JJIEKTpUYECTBA Ha OOOpYIOBAaHUHM, Ha TeEJIE€ 4YEJIOBEKA M Ha IEpEeKaunBaeMbIX
BELIECTBAX JOJDKHBI NIPEAYCMATPUBAIOTCS, ¢ YYETOM OCOOCHHOCTEN NMPOU3BOJACTBA,
CJIEYIOIKE MEPBI, 00ECTIEUNBAIOLINE CTEKAaHNE BOSHUKAIOIINX 3aPsi/10B:

a) OTBOJ 3apsAJOB IyTEM 3a3eMJICHHS KOPIyCOB OOOpYyIOBaHUS U
KOMMYHUKAIIMI, a Takxke OOECIeUeHUs IOCTOSSHHOTO AJIEKTPHUYECKOTr0 KOHTAKTa
He(TENPOAYKTOB U TeJIa YEJIOBEKA C 3a3€MIICHUEM;

0) oTBOI 3apsAAOB IyTEM YMEHBIICHUS YAEIbHbIX, OOBEMHBIX U
ITOBEPXHOCTHBIX JJIEKTPUUECKUX CONPOTHUBIICHUM;

B) HEWTpaiu3auus 3apsAA0B IIyTEM HCIOJb30BaHUS PaJUOU30TONHBIX,
WHIYKIIMOHHBIX U APYTUX HEUTPAIU3ATOPOB.

Bce anekTpornpoBosiine 4acTd TEXHUYECKOTO 000PYAOBAHUS TOJKHBI ObITH
3a3€MJICHBl HE3aBUCHMO OT TOTO, MNPHUMEHSIOTCA JIM APYTHE€ MEpbl 3alUThl OT

CTAaTUYCCKOI'O 3JICKTPUUICCTBA.

5.3.1 Annaparsl noj 1aBJIeHHEM

DKCIuTyaTaniss  TPOM3BOACTB M OOBEKTOB  HEPTAHOH ©  Tra30BOH
MPOMBINIUICHHOCTH pPa3pellieHa TOJBKO TMOCTAE TOMyYeHUs JUIEH3UH OpPTaHOB
Pocrexnanzopa (nmunensus BI1-00-009985 (AKHCX) ot 24.04.2009).

AmmmapaTel M COCYHBI, HaXOJAIIUECS TIOA JABJICHUEM, HCIOJIb3yeMbIe
MOIbEMHBIE MEXAaHU3MBI, TTPUCTIOCOOJICHUSI M YCTAHOBKHU TIOJIKOHTPOJIBHBIE OpraHaM

PoctexHnanzopa, MOJKHBI OBITh 3aperMCTPUPOBAHBI, MOABEPTaThCs TEXHUYECKOMY
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OCBHUJICTEIIbCTBOBAHUIO M DKCIEPTU3E  MPOMBILUICHHOW  O€30MacHOCTH B
YCTaHOBJICHHOM TOPSI/IKE.

Mepbpl 10 NOpPEJOTBPALICHUIO BO3HMKHOBEHMSI OIACHBIX M BPEIHBIX
MPOU3BOJICTBEHHBIX  (PAKTOPOB  MpeayCcMAaTpUBAIOTCA  IUIAHAMHU  TPOBEJICHUS
PEMOHTHBIX padOT, MPOU3BOJCTBEHHBIMU UHCTPYKIUSMU, BBITIOJIHEHUEM TPEOOBAHMIA
npoMmcanutapuu, coomoaeauem I[1TD. KonTponas 3a cobmomeHuem TpeOOBaHMIA
MPOMBIIIUICHHONW — 0€30MacHOCTH  ocyulecTBisieTcss coryacHo  «llonoxkeHuto o
IPOM3BOJCTBEHHOM KOHTpPOJIE 3a COOJIOACHHEM TpeOOBaHUI MPOMBIILICHHON
0€3011acHOCTH Ha ONIACHBIX MPOU3BOJICTBEHHBIX 00BbEKTaxX», yTB. qupekTopoM I'TIY ot

22.03.2000r.
5.4 Dxosornyeckas 0e30MacHOCTh

Paznen oxpaHbl OKpyxaromeid cpeapl pa3paboTaH B COOTBETCTBUM C
JNEUCTBYIOIIUMU HOPMATUBHBIMU JIOKYMEHTAMHU M 3aKOHOAATEILCTBOM B 00JacTH
OXpaHbI OKPYKAIOIIEH TPUPOTHOM CPEBI.

Bo3gaelictBue HamedaemMoil  JIEATEIPHOCTH Ha OKPYXKAIOIIyl0 cpeay Oyner

3aKJIII0YaThCA B.

— BO3JICHCTBUU Ha aTMOC(EPHBIN BO3YX;

— BO3JCHCTBUU HA BOJHYIO CpEAY;

— HCIOJIb30BAHUM TEPPUTOPHUH, BO3IECUCTBUH HA MIOYBBI U PACTUTEIBHOCTD;
— BO3JICHCTBUU HA KUBOTHBIA MHUP;

— o0Opa3oBaHUU OTXOIOB.
5.4.1 MeponpusiTusi 10 oXpaHe atTM0ocGepHOro Bo3ayxa oT 3arpsi3HeHus!

BosgeictBue Ha atmocdepHbi BO3AyX B Nepuos CTPOUTENbCTBA
XapaKTepmU3yeTcs KakK BPeMeHHOE U JioKanbHoe. Bbibpocbl Npu CTpouUTenbCcTBe OT

paboTbl 4OPOKHO-CTPOUTENBHOM TEXHUKWN, MPU CBAPKe, MOKPaCKe.

OCHOBHBIMM MCTOYHUKAMH BBIJICTICHUSI 3arpsi3HAIONIMX BEIIECTB B arMmochepy npu

AKCIUTyaTalui OyayT SIBIATHCS
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e (axemn;

e pesepBHBI nu3enbpreneparop J19C-200;

o ['JIDC-1 MBrT (2 mir.);

e Oy(epusie emkocTd HedTH 50 M3(2 1mT.);

® HEIUJIOTHOCTU HE(TAHOTO 000PYI0BAHUS;

e 0a3a ['CM u TomnuBopaznatounbie kKonoHkH (TPK);

® TIPOE3] aBTOTPAHCIIOPTA;

e OBII;

e HerioTHocTH obopynoBanust BKHC;

arps3ssitonue  BemectBa (3B), BbelOpackiBaeMble B atMocdepy  OT
TUIAHUPYEMBIX 0OBEKTOB OTHOCATCA K 1 — 4 KJlaccaM OMacHOCTH.

VYaaneHHOCTh MECTOPOXKICHUS OT HACENIICHHBIX ITyHKTOB, PaBHUHHOCTb
TEPPUTOPUH CO3AAIOT OJATONPHATHBIE YCIOBUS Ui paccenBanus 3B B mpuzemMHOM
cioe atMocdepsl. Banossiil BeiOpoc 3B B atMocdepy OT MOCTOSHHBIX UICTOYHUKOB Ha

MOJIHOE PA3BUTHE OPUEHTHUPOBOYHO COCTABUT 433.64 TOHH/TOI.

Uctounuku BeIOpoca 3B B arMmocdepy paccpedoTOYEHbl Ha IUIOLIATU
pa3pabOTKN MECTOPOK/IEHHS, YTO CIIOCOOCTBYET paccenBanuio 3B B mpuzeMHOM ciioe

aTMoc(ephl.

5.4.2 3ammra ruapocdepsbl

OxpaHa BOJHOUW cpeabl OyJeT 3aKI0YaThbCsl B KOHTPOJIE TE€PMETHUYHOCTHU
TpyOOIIpOBOZIa, M CBOEBPEMEHHOM cOope HedTH TpH aBapUHOW CUTyalluu B

APCHAXKHBIC CEMKOCTH.

JInss oxpaHbl TOBEPXHOCTHBIX M TOJ3EMHBIX BOJ OT 3arpsi3HEHUS C
MTOBEPXHOCTH IIAHUPYEMBIX IUIOIIAJ0K CTPOUTENIBCTBA IKCIUTYaTAlUOHHBIX CKBAKUH
MPEAYCMOTPEH COOp MPOU3BOJCTBEHHO-I0XKIEBBIX CTOYHBIX BOJ[ B 3aryyOJICHHBIC

APCHAKHO-KAaHAJIM3AIIMOHHBIC C€MKOCTU C IMOCICAYIOIINM BbIBO3OM HX MW KHIKHX
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OTXOJ0B OypeHMss U3 IUIaMOBBIX aM0apoB Ha OYHUCTHBIE COOPYKEHUS
IIPOU3BOJICTBEHHBIX CTOKOB.

MeponpusiTiss 1O OXpaHE IOA3EMHBIX BOJX OT 3arpsi3HEHUS JOJIKHBI
COOTBETCTBOBATh TPEOOBAHUSAM CAHUTAPHBIX NPaBUIl «I HTHEHHUYECKHE TPEOOBAHUS K
oxpaHe mnoja3emMHbIx Boja oT 3arpssHeHus. CII 2.1.5.1059-01», yTBepxka¢HHBIM
['1aBHBIM roCy1apCTBEHHBIM CaHUTAPHBIM BpadyoMm P® 16 urong 2001 r., BBeAEHHBIM

B netictBue ¢ 1 okTsa6ps 2001 .

B mensix CHMKEHHMST HETATUBHOTO BO3JICHCTBHS Ha BOJHYIO Cpeny IpHU
pa3paboTKe MECTOPOXKACHUS MTPEyCMATPUBAIOTCA CIEIYIOIINE MEPOTIPUSITHSL:

® U3BSATHE TOJ3EMHBIX BOJ B KOJIMYECTBAX, 00ECIIEUMBAIONINX COXPAHHOCTH
OCHOBHBIX CBOMCTB UCIOJIb3YEMBIX BOJIOHOCHBIX TOPU30HTOB;

e 00BaJIOBKa KyCTOBBIX U HEPTECOOPHBIX IUIOMIA/IOK;

® OpraHu3alys 30H CAaHUTApPHOM OXpaHbl apTE3MAHCKUX CKBAYKUH;

e NOBTOpHOE (OOOPOTHOE) HCIONB30BAHUE BOJbI MPU CTPOUTEILCTBE H
OCBOEHUU KCIUTyaTallUOHHBIX CKBAXHH;

® MpUMEHEHHWE COPOCHTOB M  MHUKpPOOOB-IECTPYKTOPOB  aOOPHUTEHHOMN
MUKpO(hIOopbl Ajii  OOpbObI C BO3MOXHBIMU pa3iMBaMM HEPTH Ha 3E€MHYIO
MOBEPXHOCTb;

e cOOp MPOU3BOJICTBEHHO-A0XKEBBIX CTOKOB Ha HE()TECOOPHBIX TIIOMIAKAX B
JPEeHaXHO-KaHATN3AIMOHHbIE €MKOCTH C TOCJEIYIOINIMM BBIBO30M HAa OYHCTHBIC
COOPY>KEHHUS.

e cOOp U 00E3BPEIKUBAHUE KUJIKHX OTXOJ0B OypEeHHUS;

® [pPUMEHEHHE AaHTUKOPPO3UOHHOM 3aIUTHI HEPTEPOBOIA;

e o0ecrieyeHWe  MEPONPUATUN,  KOHTPOJHUPYIOIIUX  TEePMETUYHOCTH
o0opyaOBaHUSI.

Peanm3amusi TMepeunCICHHBIX MEpPONPUATHH  00ECTEYUT palnrOHAIBHOE
UCTIONIb30BaHUE BOJHBIX PECYPCOB W TMO3BOJIMT CHU3UTH JO MHUHHUMYMa HETaTHBHOE

BO3I[CI‘/JICTBI/IC p213pa6OTKI/I MCCTOPOKACHHUA Ha ITIOBCPXHOCTHLIC U ITOA3CMHBIC BOABI.
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5.4.3 3amura autocdepnl

B nmpouecce skcmiyaranuum yCTaHOBKM 00pa3yloTCs TBEpAbIE OTXOJBI,
IPOM3BOAATCS BBIOpOCHI B arMocdepy Tra3000pa3HbBIX MPOAYKTOB, a TaKkxke

MIPOU3BOIUTCSI COPOC CTOYHBIX BOJI.
5.4.4 TBépabie 0TX0bI

TBepaple OTXOIBI 00pa3yloTCsl B PE3yibTaTe PEMOHTAa U OOCTYKHUBaHHS
000py0BaHUs, COJIEPKaHUSI CAHUTAPHO-OBITOBBIX MOMeleHUH. XKuakumMu oTxo1amMu
MIPOU3BO/JICTBA SBJISIOTCS OTPAOOTAHHOE MACIIO C KOMIIPECCOPOB M HacocoB. OTkauka
MacJja U3 arperaTHbIX Maclio0aKoB MPOU3BOIUTCS B IPEHAKHYIO €eMKOCTh. JJist ciiuBa
HEOOJIBIIIOTO KOJIMYECTBA C JIyOPUKATOPHOM CHUCTEMBbl MPEAYCMOTPEHA IpEeHaKHAsS
eMkocTh 1ist kaxkaoro [TK. XapakTepuctuka TBEpABIX U )KUJKUX OTXOJ0B PUBEICHA
B Ta0IuIE 3.

Tab6muma 3 - TBepapie OTXOIBI

HaumMmeHnoBaHue IHorpedoHocTy Ha | [lepuoauunocts | ExuHoBpeMeHnHast
roj 3aMEeHbI 3arpyska
Berowb 12kr ITpu -
TE€X00CTy)KUBaHUHU
[Innenka 50m2 IIpu -
MOJIMATUIICHOBAS TEX00CTyKUBaHUU

5.5 be3onacHOCTH B Ype3BbIYAHHBIX CUTYaLMSAX
5.5.1 Bepositubie UC Ha MecTe npoBeaeHnst padoT

Jlis Mectoposxaenust C, pacroioskeHHOe Ha ceBepe TOMCKOM 00J1acTH, XapaKTepHBbI
CUJIbHBIE 3aMOPO3KH (10 —45 oC), CHIIbHBIE METENH, KOPOTKOE JIeTO (50 qHel).
[Ipu pabore C KOMIIPECCOPHOM YCTAaHOBKOW OIEpaTop MO MNOJAEP>KaHUIO

MJIACTOBOTO JABJICHUS TIOJIBEPIKEH OMMACHOCTH B3PBIBA/TIPOPHIBA TPYOOIIPOBOIOB M3-3a
TUAPATO00pa30BaHUsl, KOTOphIE O0pazyloT MpoOKy B TpPyOONpoOBOjE, YTO B CBOIO

ouepellb BeIET K MPOPBIBY Tr'a3a MoJi BHICOKUM AaBieHueM (cotHu MIla).
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Hanbonee TunmyHoM 4pe3BblualiHON CUTYaIUeH sIBJSCTCS pa3iviB He(PTH WU
BBIOpOC Ta3a BCIIEJCTBUE HEMPaBUILHON pabOThl ycTaHOBKH. KpymHoMaciitaOHbIE
MOKapbl BCJIEICTBUE pa3iiiBa HEPTH WK BbIOpOCa rasa.

A Takxke B TpOLECCE SKCIUTYaTallMy JIMLIEH3WOHHOIO Y4YacTKa BO3MOKHBI
CIEYIOIINE aBAPUINHBIC CUTYAIUN:

®  OTKpbITOE (POHTAHMPOBAHUE HEPTHU U3 CKBAKUH;

®  MOpBIBBI He(hTECOOPHOU CeTH.

B pesynbrare OTKpHITOrO (POHTAHUPOBAHUS MOKET OBITh BBIOPOIIEHO Ha
MOBEPXHOCTh MOYBBI HECKOJIBKO JIECATKOB TOHH HEPTH. B 3TOM ciiydyae BO3ZMOXKHO U
IIOTa/IAHKE €€ B OTKPBITHIE BOJOEMBI U B IIOJI36MHBIE TOPU30HTHI. DTO CaMblii OITIACHBIN
BuJ aBapui. lpu paznuBe HepTU B OKPYXKAIOIIYIO MPUPOJHYIO CpELy MPUHUMAIOTCS
Mepbl K OBICTPOM JIOKaJU3alUKh aBapuu, cOOpy HEDTU M JUKBUAALMH TOCIEICTBUN
3arpsi3HEHUsI IPUPOTHOM CPEJIbI.

Hwuxe omucanel MeponpusTHs, HalpaBJCHHbIE HAa HEIOMYILIEHUE pa3uBa,

JUKBUIALMIO PA3IUTON HEPTH.

5.5.2 Meponpusitusi, HanpaBJeHHble HA npeaoTBpalenne YC, u nopsaaok

AECTBUHU B C/Iy4ae ero BO3HUKHOBEHUA

Jlnis ipenynpexaeHns BO3MOKHBIX aBapuil PeyCMaTPUBACTCS

— BCKpbITHE HE(QTAHBIX IUIACTOB C YCTAHOBKOM  NPEBEHTOPOB -
IPOTUBOBBIOPOCOBBIX YCTPONCTB Ha YCThsI CKBAXKHH;

— OCHalleHue TpyOOmpoBOAa aBTOMATHUYECKHMMH CHCTEMaMU OOHApYKCHHS
yTeueK, OTIEPATUBHOTO OMOBEIEHHUS U OTCEKaHUS MOBPEKICHHBIX Y4acTKOB TpyO. Ha
ydacTkax TpyOONpOBOJOB, PACIIONIOKEHHBIX B BOJIOOXPAHHBIX 30HAX WJIM y4acTKax
MOWMBI, TPYOOTIPOBOIBI 000PYAYIOTCS 3aIBUKKAMU;

— CO3J]aHKe CHEIHAIbHO 00YYEHHOT0 MOpa3ieIeHHs MO JUKBUIAIINH aBapHil

1 UX MOCJICJCTBUM;
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— OpUMEHEHHE  TpyOOmpoBOJla C  HAPYXKHBIM W BHYTPEHHHUM
AHTUKOPPO3UMHBIM MTOKPBITUEM;

— OpraHu3alys MOHUTOPUHTA 32 KOPPO3UOHHBIM COCTOSTHUEM TPYOOTpOBOa;

— TMPOBEICHUE IJTAHOBO-TIPEAYIIPEAUTEIILHOTO peMoOHTa (I1I1P)
sKcIuTyatupyemoro obopymoBanusa. Cmyx6a I[P oGecneunmBaercs cpeacTtBamu
JTUArHOCTUKHM,  TO3BOJIIIONIMMHU  ONPENENSATh  COCTOSHHUE  OOOpYIOBAaHUS U
TpyOOIIPOBOIOB, OUEPEIHOCTh U TEXHOJIOTHIO PEMOHTA.

[Ipu aBapuitHOM pasnvBe HEPTH HA CYXOJ10JI€ TPOU3BOIUTCS:

— JUMKBUAALMSA (3arTyLIKa, IEPEKPBITHE) HICTOYHUKA Pa3jiiBa B TEYEHUE CYTOK;

— JIOKaJu3alus pacTeKaHusi He(PTU MO 3€EMHOM MOBEPXHOCTH MPOKIIAIKON
COOpHBIX KaHAB, YCTPOUCTBOM SM-JIOBYILIEK B TEUEHHE JIBYX CYTOK;

— OTKa4Ka U BBIBO3 UX HA OUMCTHBIE COOPYKEHUS MECTOPOKICHUS.

s 6onee mojHOro coObopa HeTH HAPSAAY C MEXAHMUECKUMHU CpEACTBaAMU

MPUMEHSIOTCS a/ICOPOUPYIOIINE MaTEPUAIIbl: IEHOMIOJINYPETaH, EPIUT.

Jlns cobopa HePTH € MOBEPXHOCTH BOJbI PEKOMEHIYETCS HCIOIb30BaTh
copOupyIoImue MaTepHuallbl MHOTOPA30BOTO HCIIOJIB30BAHMS ISl cOOpa pasiUThIX
HeTH U HePTenpoaykToB, BbimyckaeMbie (upmoit «IKOcepBuc-HEDTEI'A3y, r.
Mockga. CyniepcopoeHT u MynbTu-C BBINMYCKAIOTCS B BUAE S-TH METPOBBIX CEKIUN
copoupytomux 0oHOB nuametpoMm 10 cm m 20 cm, a Takke B Buae 10-M cexmuit
copoupytomux 6oHoB auamerpoMm 10 cm u 20 cm. KoHcrpykius copOupyrommx
OOHOBBIX 3arpakJIeHUN O0ECIEeYMBACT MX JJTUTEIBHYIO IJIABYYECTh IMOCJE MOJHOTO

HACHIIIEHUS HEPTEIPOTYKTaMHU.

5.6 IIpaBoBble M OpraHu3alMOHHbIE BONIPOCHI o0ecnedeHusi 0€30MaACHOCTH

Pazpabotka mectopoxkaenuii HedTH u raza B 3anagHoit CuOupu, OTHOCUTHCS
paboTaM TIO W3BJICUCHUIO TPYAHO TOOBIBAEMBIX MOJIE3HBIX HCKOMAEMBIX, KOTOPHIC
PacCIOJIOKEHbI B TPYJIHOAOCTYITHOM MecTHOCTHU. [To3TOMYy HaHHBIN BUI IESITEIBHOCTH

B JJaHHOM peruoHe Poccuiickoit deepariuy uMeeT psiJi CBOUX 0COOCHHOCTEH.
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[TosTOMy oOCyllIeCTBIIEHHE NPABOBOTO PETyJIMpPOBaHUS Tpyda padbouyux, B
JJAHHOW OTpaciii M B JaHHOM cyObekTe Poccuiickori dexneparuu, coOromaeTcs ¢
y4eTOM HOPM, KOTOpbIe OBLIIM yCTaHOBJEHHI B paboTtax 297-302 TpyaoBoro xojekca
Poccuiickoit ®eneparuu, rinaBa 47 «OcoOEHHOCTH pETyJIUpPOBaHUS TpyAa JIUIIL,
paboTarolMx BaxTOBbIM MeTOAOM». Kpome TOro, y4YUTBIBAIOTCS HOPMBHI,
ycTaHoBJIeHHbIE T11aBoit 50 TpynoBoro kojekca «OCOOEHHOCTH pEeTryIUpOBaHus Tpyaa
711, paboTalOIIKX B pailoHaX KpalHEro ceBepa 1 MPUPABHEHHBIX K HUM MECTHOCTSIM,

ctateu ¢ 313 mo 327.

Cy1iecTByeT psiji XapaKTEpPHBIX OCOOCHHOCTEH, OTHOCSIIMXCS K MPABOBOMY

PETYINPOBAHUIO TPpyda B He(l)TeFaBOBOfI oTpaciu. CJICIII/I HHUX MOXXHO BBIACIIUTD:

e Bemnunna paboyero BpemMeHu;
e Bemunna BpeMeHHU OTNIBIXA;
e 3apaboTHas IjiaTa;

e OxpaHa Tpyza.

Poccuiickum 3aK0HOIATENbCTBOM paO0OTHUKAM 32 TSKEJble pabOThl U pabOThI
C BpEIHBIMH U OMNACHbIMU YCIOBUSIMU MPEAYCMOTPEHBI CIEAYIOIIUE JbIOTHl H
KOMIIEHCAIIUH:

- €KETOJIHBI JOTIOJTHUTEIIbHBIN OTITYCK MUHUMAJIBHOUN MPOIOTKUTEIBHOCTH 7
kaeHaapubix aHel (cr.117 TK P®, IlocranoBnenue mpaBureinbctBa PP oT
20.11.2008 1. Ne®70 «OO yCTaHOBIEHUM COKPAUIEHHOW MPOJOJIKUTEIBHOCTH
paboyero BpPEMEHM, €¥KErOJTHOTO JOMOJHUTENBHOTO OIJIAYMBAEMOT0 OTIYCKa,
MOBBINICHHON OIUIATHI TPYJla paOOTHUKAM, 3aHITHIM Ha TSHKENBIX padoTax, paboTax ¢

BpPEITHBIMU U (WJTM) OMTACHBIMU U UHBIMU OCOOBIMH YCIIOBUSIMU TPYIa»);

- TIOBBIILIEHUE OIJIAThl TpyAa - He MeHee 4% TapudHoil cTaBku (okiana),
YCTaHOBJICHHOM JJIsl Pa3IMYHBIX BUAOB pabOT C HOPMAJIbHBIMU YCIOBUSIMU TpyAa (CT.

147 TK PO, ITocranosnenue npasutenbcTBa PO ot 20.11.2008 1. Ne870);
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- COKpallleHHas MPOJOJIKUTENBHOCTh pabouero BpeMeHu - He 6osee 36 yacoB
B Hepaenmo (cT. 92 TK PO, [Tocranosnenue npaButenbctBa PO o1 20.11.2008 1. Ne870);

- BbIJJa4a MOJIOKA U JieueOHO-TIpopuiakTuyeckoro nutanus (ct. 222 TK P®);

PaGoTHMKaM MOTYT OBITh YCTAHOBJIEHBI JOMOJHUTEIbHBIE MO CPABHEHUIO C
3aKOHOJATEIbCTBOM TPYIOBBIE M COLIMAIBHO-OBITOBBIE JBIOTHl U KOMIICHCALIMM 32
paboTy B HEOJArompusITHBIX YCIOBHUSIX TpyJa 3a CYET COOCTBEHHBIX CPEJICTB
paboronarens. IlepedyeHp W pa3Mep JONMOJHUTENBHBIX JBIOT (DUKCUPYETCS B
KOJUIEKTUBHOM JIOTOBOPE.

B cnyuae oOecrieuenust Ha pabouux MecTax O€30MacCHBIX YCJIOBHM TpyAa,
HOJITBEP>KJIEHHBIX Pe3yJIbTaTaMM aTTECTAlMM pabOUUX MECT M0 YCIOBHUAM TpyAa WU
3aKJIIOYEHUEM TOCYJAPCTBEHHOM OKCIEPTU3bl YCIOBHM TpyJa, KOMIICHCALIMU

paboTHuKaM He ycraHaBiuBaroTcs (cT.219 TK POD).
5.6.1 CneunanbHble IPaBOBbIe HOPMbI TPYI0BOI'0 3aKOHOAATEJIbCTBA

[Topsimok pomycka nepcoHana k padbote onpenesieH TpynoBeIM Kojekcom PO
or 26.12.2001r., «lIpaBunamu Oe3omacHOCTH B He(TSIHOW U  Ta30BOM
npombinuieHHOCTH (I1b 08-624-03) I'ocroptexnamzop Poccun Ne 256 ot 05.06.03 1.,
'OCTowm 12.004-90 "Opranuzamus oOydenus 6e3omacHoctu Tpynaa, «llomoxenrnem o
MOPSIAKE TOJATOTOBKU M aTTecTalldd pPaOOTHUKOB OpraHU3allUi, TMOJIHAI30PHBIX
®denepanbHO CIyxk0€ MO HKOJIOTHYECKOMY, TEXHOJIOTUYECKOMY U aTOMHOMY
Ham3opy, yTB. 29.01.2007 Ne37 wum mnpeamosiara€T HaIW4Yue Yy CHCHUAIMCTOB
oOpa3oBaHus, COOTBETCTByIolIero nmnpoduiao paboTel, a y pabouux —
COOTBETCTBYIOIIEH MPOPECCUOHAIBHON TOATOTOBKH.

Hauany pa6ot o Hapsiny (pacnopsbKEHHUIO) T0DKEH PEAIIeCTBOBATh IEIeBOM
uHCTpyKTaX. LleneBoil MHCTpyKTaXX — yKazaHus TO 0€30ImacHOMY BBITIOJTHEHUIO
KOHKPETHON pabOThI B AJIEKTPOYCTAHOBKE, OXBATHIBAIOIINE KATETOPUIO PAOOTHUKOB,
OTIPENICJICHHBIX HAPSJIOM WJIM pacnopsbkeHueM (OT BBIJABIIErO Hapsig — JI0 4JeHa
Opurazpl). be3 npoBeaeHus 11€71€BOr0 HHCTPYKTaXKa JI0MYCK K paboTe He pa3peliaeTcs.

[leneBoit MHCTPYKTaX MpH paboTax Mo HapsALYy (PaCOPsIKEHUIO) MPOBOJISIT:
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1. BBlHarOIMiA Hapsig — OTBETCTBEHHOMY pPYKOBOAMTENIO (€clii OH He
Ha3HaYaeTCs MPOU3BOIUTENIO PabOT MM HAOIIOJAI0IeMY);

2. JIOIMYCKAIOUINil — OTBETCTBEHHOMY PYKOBOJUTENIO PabOT, MPOU3BOIUTEINIO
paboT (HabroAaroeMy) U WwieHaM Opurajbl;

3. OTBETCTBEHHBIH PYKOBOAMTENh pPAOOT — TMPOU3BOAUTENIO PadOT
(mabmroaromeMy) 1 4jieHaM OpUTapl;

4. npou3BoOaUTENL PAOOT (HAOIIOIAFOIINI ) — YJieHaM OpUTaIbl.

[Ipu BKIIFOYCHUH B COCTaB OpUTaIbl HOBOTO WICHA OpUTaIbl MHCTPYKTAX, KaK

paBUiIO, TPOBOUT MPOU3BOAUTENH PAOOT (HAOTIOJAOIINA).
5.6.2 OpraHnu3anuoHHble MEPONPUATHS IPU KOMIIOHOBKE padoyeii 30HbI

[Topsimok MOATOTOBKMA M BBIMOJHEHHUSI Ta300IMACHBIX, OTHEBBIX M aBapUUHO-
PEMOHTHBIX pabOT Ha KOMIIPECCOPHOM yCTaHOBKe, ompeneneHbl «TumoBoi
WHCTPYKIIMEN 10 OpraHu3aluu 0€30MacHOro MpPOBEACHUS ra300MacHbIX padoT», YTB.
['ocroprexnamzopom  20.02.85r., «TunmoBol HMHCTPYKUMEW IO OpPraHU3aLHH
0e3omacHOr0  TPOBEJIECHUSI ~ OTHEBBIX  pabOT  HA  B3PHIBOOMACHBIX U
B3PBIBOIOKApOOMacHbIX 00bekTax. PJ[ 09-364-00 Ne38y», yTB. ['ocroprexHamzopom
Poccun. ITocranonenue Ne 38 ot 23.06.00r.

Texnonornueckui nporecc Ha KC gomkeH BECTUCh B COOTBETCTBHM C
pasznenom Hacroswmero «PermamenTa...» «HOpMBI TEXHOJIOTHYECKOIO pEXUMAy,
coOmtofasi TpeOOBaHUS MPABUJI, TOJIOKEHUN W MHCTPYKIMM TO OXpaHe Tpyla Hu

TEXHUKE 0€30MaCHOCTH.

110



Cnucok urepaTyphl

111



Ipunoxenune A

Microbial activities and Microbial enhancement of oil recovery

CryaeHt
I'pynma dU1O [Toanuce Jara
2bM6B MemxkoB H. A
PykoBoautens BKP
JIOIKHOCTD )5(0) Yuenas [Toanuck Jara
CTEIIEHb,3BAHUE
Cr. XowmsikoB U.C Kanggmnoat
MIPETO/IaBaTEIb XUMHUUYECKUX HAYK
KOHCYIbTaHT-IMHTBUCT OTIENIEHNSI THOCTPAHHBIX A3bIKOB [IIBMII
JOIKHOCTD OdUO YueHnas [Moanuck Hara
CTETICHb,3BAHUE
JloneHT Vr1kuna A.H Kannupar

dunocodckux HayK

112




Tomsk 2018

113



1 Microbial enhancement of oil recovery (MEOR)

1.1 EARLY EXPERIMENTS ON MEOR

The first suggestion that bacteria might have a useful role in enhanced oil
recovery came from Beckman in 1926. Claude ZoBell followed up the suggestion with
an extensive series of laboratory experiments. He used cultures of sulphate-reducing
bacteria  designated as  Desulfovibrio  hydrocarbonoclasticus and D.
halohydrocarbonoclasticus, claiming that treatment of oil-bearing formations with
bacteria could potentially release oil by a number of mechanisms. Crude oil
hydrocarbons were utilized by bacteria, leading to the production of carbon dioxide
and acids. The acids reacted with rock carbonates, increasing permeability and

producing more carbon dioxide.

Carbon dioxide, and other gases which might be produced, increased reservoir
pressure and dissolved in the oil, forcing it to swell and reducing its viscosity, thus
aiding displacement. It was also reported that the growth of bacteria on the surface of
oil-bearing rocks in contact with nutrient media led to films of oil forming on the
(aqueous) liquid surface, and it was suggested that displacement of oil from surfaces
by bacterial growth was occurring. Some degree of oil utilization was reported and it
was suggested that oil viscosity fell as a result of a reduction in the average molecular
weight of oil components. The bacteria were also said to produce surface-active agents,
reducing surface tensions from about 70 to about 50mN/m, thus potentially aiding oil

release. MacKenzie [1]

Beck , using similar bacteria, found that utilization of oil was slow, and was
unable to demonstrate enhanced oil release attributable to bacteria in model systems.
Updegraff and Wren , working in consultation with petroleum engineers, were unable
to demonstrate consistent enhancement of oil release by sulphate-reducing bacteria
alone under conditions relevant to reservoir operations. La Riviere (1955) expressed
some reservations about ZoBell’s conclusions but was able to demonstrate the

reduction of surface tension by a number of bacteria. He pointed out that peptone, used
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by ZoBell, would itself reduce surface tension. On the other hand, Updegraff and Wren
and Updegraff (1957) patented techniques in which a variety of other organisms
including Escherichia coli, E. freundii, Aerobacter aerogenes and members of the
genera Clostridium and Bacillus or sulphate-reducing bacteria in conjunction with
other types, were claimed to produce significant enhancements of oil release when

supplied with carbohydrates and mineral nutrients.
1.2 POSSIBLE MECHANISM OF OIL RELEASE

The early publications of ZoBell proposed a series of possible mechanisms by
which bacteria might release oil: several more have been added since. Not all are

equally plausible.

Modification of reservoir permeability by acids. Many bacteria certainly produce
acids under anaerobic conditions. Many reservoir rocks consist partly or entirely of
carbonate. Bacterial action may result in dissolution of reservoir rock carbonate and
changes visible to the naked eye can be produced in calcite and dolomite cores by
bacterial action , but it is not obvious that effects on permeability will necessarily prove
favourable. There is a danger that fine particles, released by acid, might be swept into
pore throats resulting in plugging. Extensive dissolution of a pure carbonate rock would
require massive amounts of acid and hence of substrate. Acid might well preferentially
attack the largest channels and there appear to be signs of this in the photographs
presented by Bubela .This would increase permeability but would result in bypassing
most of the oil. On the other hand, production of acid resulting in pore enlargement
might well be favourable where the vital region immediately round the injection well

has become partly plugged, and Johnson appears to have exploited this possibility.

2. Repressurization by production of carbon dioxide, hydrogen, methane,
nitrogen. This seems a plausible mechanism and many field trials report pressure
increases on bacterial treatment, sometimes of substantial magnitude and duration.
Yarbrough and Coty (1983) reported that Clostridium aceto- butylicum could generate

pressures up to 8-8 MPa in laboratory culture in the absence of a gas phase, mainly due
115



to production of hydrogen which has a very low solubility in water. Carbon dioxide

generated from rock carbonate could contribute to this mechanism.

3. Solution of gases in oil resulting in swelling and decreased viscosity. Gases,
particularly carbon dioxide, dissolve in oil under pressure, reducing its viscosity and
increasing its volume. An increase in volume of sufficient magnitude might free some

oil from ganglia and the effect on oil viscosity might be useful.

4. Reduction of oil viscosity by degradation of large molecules. Singer et al.
(1983) isolated an aerobic organism, designated H13, which reduced the viscosity of
heavy crude by as much as 98%. Part of this reduction was due to formation of an oil-
water emulsion under the influence of a gtycolipid surfactant. The surfactant alone
reduced viscosity by about half, the remaining effect being apparently due to changes
in oil composition, as yet only partly characterized (Donaldson, 1982). Similar results
have been reported by Zhang and Quin (1983). These reports serve to demonstrate that
bacteria can reduce oil viscosity, apparently by selective degradation as well as by
emulsion formation, but as yet there is no demonstration that this is possible under the
anaerobic conditions pertaining in the reservoir and the persistent emulsions generated

would be disadvantageous.[2]

5. Reduction of oil-water interfacial tension by surfactants. The introduction of
chemical surfactants into the reservoir together with the waterflood forms the basis for
a well-known EOR technique. The production of surfactants of different chemical
types by a variety of bacteria is well documented. Many of the cultures used for MEOR
operations are reported to reduce the surface tension of culture broths. However, where
interfacial tension measurements have been reported for bacterial surfactants, the
values with one exception fall far short of that required to effect oil mobilization under

reservoir conditions .The operation of this mechanism is thus hypothetical.
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6. Dissolution of oil by solvents e.g. alcohols and ketones. It seems unlikely that
appropriate substances would be produced in high enough concentrations to dissolve

oil but they might act as co-surfactants, modifying the behaviour of the surfactant itself.

7. Sulphonation of oil by bacteria. Sulphonated petroleum fractions are used as

surfactants for EOR. No evidence exists of bacterial surfactant production in this way.

8. Displacement of oil from rock surfaces by bacterial growth. Most reservoir
rocks are water-wet. The oil is trapped by pore throats rather than stuck to a surface.

The mechanism might operate in oil-wet rocks.

9. Increase in viscosity of the aqueous phase caused by bacterial polymers.
Polymers, mainly of bacterial origin, are already used to increase the viscosity of
injected water. Polymers can be produced under anaerobic conditions so it is feasible

to consider their production in situ.

10. Selective plugging of regions of high permeability. If permeability variations
are a serious problem this is a highly plausible mechanism. Bacterial cells can block

pores either directly or by producing extracellular slimes .
1.3 CONDUCTING MEOR OPERATIONS

As a result of early laboratory experiments a picture emerged on the way in
which an MEOR operation might be conducted in the field. The work of ZoBell (1946,
1947a, b, 1953) had placed emphasis on sulphate-reducing bacteria and on utilization
of crude oil as a substrate for growth. Later workers had difficulty in demonstrating oil
utilization under anaerobic conditions and sometimes found that sulphate-reducing
bacteria were ineffective at removing oil and were likely to cause a variety of problems
. Emphasis therefore shifted to the use of other bacteria, either strict or facultative
anaerobes, and to the provision of a carbohydrate substrate, usually molasses, or an

organic acid such as lactate, for growth together with

a range of mineral nutrients . Hitzman (1962) pointed out that certain problems

might arise if vegetative cells, injected together with nutrients, were used as the
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inoculum. Growth would begin in the vicinity of the well where, for geometrical
reasons, large volumes of fluid would pass through a very small cross-sectional area of
rock. Plugging of the formation at this point by cells or metabolic products would be
particularly detrimental (Crawford, 1983), whereas the beneficial effects of bacterial
growth and metabolism would be most effective further into the reservoir. Vegetative
cells are susceptible to environmental hazards, such as high shearing forces, especially
in the absence of nutrients, and Hitzman proposed to overcome these problems by first
injecting the inoculum in the form of spores, introducing nutrients only after the spores
had penetrated deep into the formation. He pointed out that spores penetrated
sandpacks more readily than vegetative cells, an observation confirmed by later reports
Later, as an alternative way of avoiding plugging, he proposed injecting the inoculum
into the brine layer below the oil-bearing formation, the injection well being shut off
from the brine layer. The inoculum would, it was claimed, grow at the oil-water
interface, repressurizing the reservoir by producing methane for a 10-30-year period,
but causing no dangers of plugging because bacterial growth would be outside the main
oil-bearing layer (Hitzman, 1965).[1]

Generally, the use of aerobic organisms has not been seriously considered
because of the low oxygen status of reservoirs, because of the difficulties of introducing
large quantities of oxygen without interfering with the waterflood and because
engineers normally go to much trouble and expense to exclude oxygen to avoid
corrosion of metal pipework. However, Jones (1967) proposed the use of aerobic
bacteria, injected along with oxygen or air, to metabolize oil hydrocarbons in situ.

Fracturing the rock formation to facilitate bacterial penetration was also proposed.

In many cases MEOR operations have proceeded as part of the waterflooding
operations with nutrients and inoculum injected at one point and oil produced
elsewhere (water-drive method). Alternatively the ‘huff-and-puff’ method has been
used in which nutrients and inoculum are injected into a well which is then sealed for

a period of months. Oil is produced by opening the well and reversing the flow.
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1.4 POTENTIAL ADVANTAGES OF MEOR

MEOR offers, in principle, three advantages over other EOR systems. It is cheap,
because the main raw material is an inexpensive carbohydrate source such as molasses,
with or without inorganic nutrients. It is further expected that MEOR might be more
effective than some types of EOR operation because the active materials would be
generated throughout the reservoir, and their effectiveness would not be reduced by
adsorption during migration to the site of action. It is also thought that bacteria, by
diffusing out of the main lines of fluid flow, could mobilize oil in regions not accessible

to other methods. The latter two advantages have yet to be proved.
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1.5 LABORATORY MODELS OF MEOR

The techniques used to study oil release on a laboratory scale are of critical
importance. Most reservoir rock is water-wettable and the surface is covered with a
layer of water even when oil fills most of the pore-space. Oil is held in place by surface
forces .Thus the displacement of oil from oil-wet surfaces is not likely to be of

importance in most reservoirs.

In order to simulate the porous reservoir for displacement studies, two main
devices—sandpacks and cylindrical rock cores—usually derived from outcrop rocks,
have been used. Sandpacks consist of glass or plastic tubes containing fine sand or
other material such as glass beads. They are easy to make in a fairly uniform fashion
but the grains are not normally fused as with a rock core, and it can be difficult to obtain
permeabilities in the lower range. Yarbrough (personal communication) has used lucite
(perspex) tubes packed with sand and then heated to fuse the sand to the tube wall in
order to prevent edge channelling. Rock cores have been used in a variety of shapes
and sizes. Berea sandstone has been a favourite material because of its fairly uniform
structure and easy availability in the US in a range of permeabilities. Cylindrical shapes
are usually used with fluid flow induced across the ends. To prevent the escape of fluids
from along the length, the surfaces can be coated with an epoxy resin or the core can
be sealed in a tightly fitting rubber sleeve (Hassler cell). In the latter case it is
comparatively easy to apply uniform pressure to the core independent of the pressure
differential across the ends. Occasional use has been made of other materials to
simulate porous rock. Thus Bubela (1983a) described the use of concrete, which can
be cast in a wide range of permeabilities, and cores of sintered alundum have also been

used.

In some instances visual monitoring of the progress of an experiment may be
useful. For studies of oil displacement a variety of systems have been devised in which
a thin layer of the porous matrix is sandwiched between sheets of plastic or glass so

that flows of oil and water can be observed directly (Dawe, personal communication).
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Similar arrangements have been used for bacterial experiments by the group at Queen

Mary College (Andrew McKay, personal communication) and by Bubela (1983a).

The preparation of cores or sandpacks for an experiment is critical. Several
workers steam-clean outcrop rocks before use to remove humic acids (Hank
Yarbrough, personal communication, Jenneman et al. 1983). Sterilization may be
carried out at this stage but is difficult to achieve. Jenneman et al (1983) used a
commercial chlorine dioxide preparation. This, they said, reduced the counts of
indigenous bacteria for 24-48 hours but the population became reestablished after this
time or upon introducing nutrients. Even after steaming cores for two weeks,
autoclaving for 12 hours and drying at 121“C, variable numbers of indigenous bacteria
remained, presumably due to failure of steam fully to penetrate the pore structure. Jang
et al. (1983) and Jang and Yen (1983) reported the use of 70% ethanol for sterilization.
This, too, is unlikely to have been fully effective. The use of mercuric chloride or of
low temperature to inhibit bacterial action in controls is not acceptable as both

treatments reduce oil mobility (Davis and Updegraff, 1954).

Cores or sandpacks are first flooded with water . Vacuum or pressure infiltration
IS necessary to get good penetration. Crude oil is then pumped in until no more water
is displaced. In this way the rock surfaces become water-wet while the capillaries are
full of oil as in a reservoir. If water is now injected at a steady rate, oil will be expelled.
It is essential to continue with this process until no more oil emerges. This represents
waterflooding to exhaustion and can be used both as a control and as a preliminary to
bacterial injection. The lack of an explicit mention that this operation has been properly
performed, makes it difficult or impossible to evaluate some of the reports in the
literature. It is of no practical use to demonstrate that a bacterial culture (plus the
waterflood) will release a certain percentage of the retained oil if the waterflood alone

will produce as much or more.

Oil released can be measured volumetrically. Jang and Yen (1983) extracted it

into toluene, evaporated the solvent and determined the oil by weighing. This seems
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advantageous if oil is released as an emulsion, as it may be if bacteria or synthetic
surfactants are used, or if the quantities released are small. Small cores (say 7-5 cm X
2-5 cm) are frequently used commercially to test the effects of surfactants or polymers,
but larger cores may be useful to facilitate accurate measurements of released oil and
to avoid the possibility of end effects. Fluctuations in back pressure are almost
inevitable: these are easily monitored by solid-state differential-pressure transducers
connected across the column. Peristaltic pumps are widely available and convenient,
but flow rates are very susceptible to fluctuations in back pressure. Continuous-action
motor-driven syringe pumps are more expensive but can be virtually pulse-free and are
much less sensitive to back pressure. Electronic flow-measuring devices are available

but expensive.
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2.Microbial activities and MEOR

2.1 PLUGGING AND PENETRATION OF RESERVOIR ROCK BY BACTERIA

Many authors have described the presence of a wide variety of bacteria in oil
samples, formation rock and produced water. With some justification a range of
undesirable activities has been attributed to bacteria and these include degradation of
oil in reservoirs (Kuznetsov, Ivanov and Lyalikova, 1963; Anonymous, 1972;
Westlake, 1983) the promotion of corrosion (Allred, 1976; Miller, 1971), souring by
the production of H,S, and formation plugging. The sulphate-reducing bacteria are
considered to be especially undesirable (for general discussions see Beerstecher, 1954;
Davis and Updegraff, 1954; Kuznetsov, lvanov and Lyalikova, 1963; Davis, 1967;
Moses and Springham, 1982).[1]

Pressure maintenance and waterflooding operations involve the injection of
enormous volumes of water into reservoirs, and micro-organisms present in the water
may cause serious plugging problems. Crawford (1983) has calculated the effects of
different degrees of plugging on waterflooding operations. Reservoir engineers have
devised methods of treatment to alleviate this and other problems, and water treatment
prior to injection may involve the use of flocculating agents to remove solids, de-
aeration, addition of biocide to prevent bacterial growth on filters, passage through
various filters and, finally, the addition of substances such as oxygen scavengers,
corrosion inhibitors, scale inhibitors and biocides. Two dangers arise in respect of
MEOR operations: the suspension of treatment to permit bacterial inoculation and
growth may permit undesirable organisms to enter, and the inoculum itself may have a

detrimental effect.

It is not easy to generalize on the dangers of plugging. Some of the early work
demonstrated that serious plugging of cores could occur very rapidly (Plummer et al.,
1944) but the waters used for the study contained a variety of bacteria, fungi, algae,
protozoa, as well as precipitates of calcium carbonate and metal sulphides. Beck (1947)

studied injection waters which had given rise to plugging problems and noted the
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presence of a variety of bacteria together with ferrous sulphide and ferric hydroxide
precipitates. He recommended pretreatment of the water by filtration and the addition
of germicides. It is clearly important to distinguish between plugging caused by cells
and that caused by metabolic products, and to ask to what extent different types of cells
cause different degrees of plugging, so that bacteria intended for MEOR can be chosen
to eliminate or minimize these problems. Particularly serious problems are likely to be
caused by iron bacteria and sulphate-reducing bacteria producing ferric hydroxide and
ferrous sulphide precipitates respectively, and by slimeforming organisms; these would

normally be avoided in MEOR operations or used only for special purposes.[1]

Many investigators have used killed or non-growing suspensions of bacteria,
injecting them into a variety of rock cores and measuring the pressure drop as an index
of plugging. In some cases pressure was measured at a serious of points along the core.
There is general agreement that the injection of large volumes of dense bacterial
suspensions produces a progressive reduction in permeability (Hart, Fekete and Flock,
1960; Kalish et ai, 1964; Raleigh and Flock, 1965; Jenneman et al., 1983). The most
severe plugging occurs at, or close to, the injection face. The greater the concentration
of cells injected, the greater the degree of plugging. There is a concentration effect: a
given number of cells causes more plugging if injected at low concentration than at
high concentration (Hart et ai, 1960; Kalish et ai, 1964). Kalish et al. (1964) found that
permeability values tended to stabilize after the injection of large volumes of
suspension: the proportional reductions in permeability at this point were greatest in
the formations of highest permeability. They attributed this to the ability of cells to
penetrate further into the more permeable formations and thus cause plugging in depth.
By contrast Hart, Fekete and Flock (1960) found that in some cases permeability was
reduced almost to zero and were unable to relate permeability reductions to the initial
permeability values of their rock samples. Using different bacterial species, Kalish et
al. (1964) concluded that large cells cause more plugging than small cells and clumps
cause more plugging than single cells. Jack, Thompson and DiBlasio (1983) isolated

an anaerobic rod-shaped isolate which grew as discrete cells on sucrose medium but as
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chains on glucose/fructose medium. The chains were much more effective at plugging
than the discrete cells. Bubela (1983b) found that rod-shaped organisms caused greater
plugging than did cocci and that the plugs are more difficult to shift by the application

of pressure.

Kalish et al. (1964) found that the adverse effects of bacteria on core
permeability could be overcome readily by increasing the applied pressure, which
increased permeability apparently by dislodging cell plugs, or by acid treatment
followed by reverse flooding. Chlorine treatment is an alternative (Crawford, 1983).
Sharpley (1961) discussed the various problems of plugging in waterflood operations
and specified safe limits for the numbers of bacterial cells in injection water. The
general validity of these limits may be open to question. Allred (1976), also discussing

field operations, suggested that no such generalizations could be made.

The risks of serious plugging by the inoculum itself do not seem very high. The
cells are an inoculum, not a reagent, and very high numbers should not be necessary,
According to Kalish et al. (1964) the injection of 10 cells of Pseudomonas aeruginosa
into a core of 323 md permeability, reduced the permeability by only about 15% and,
even with a 32 md core, 5 x 10 cells reduced the permeability only by about half. The
most vulnerable part of the formation, for geometrical reasons, is the part nearest to the

face of the injection well, but that is the part easiest to clean.

Cells actually growing in the formation are likely to present a more serious
problem (Jenneman et al., 1983). Hitzman (1962) recommended introducing the
bacteria first in the form of spores, nutrient being pumped in later when the spores had
moved into the formation. This suggestion does not seem to have been followed up in
field trials; in most instances the cells and medium are injected together. Despite this,
plugging does not seem to have caused any serious problems. Yarbrough (personal
communication) found that injectivity decreased as a result of inoculation but the effect

could be overcome by pumping instead of letting fluids flow in by gravity.
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Quantitative studies of penetration rates have been made by Yarbrough (personal
communication) who found negative semilogarithmic relationships between spore
numbers and distance moved, using a series of sample points along the length of
sandpacks. Jang et al. (1983), using Pseudomonas putida, Clostridium sp. and Bacillus
subtilis, found that, in general, cells were detectable in the fluid emerging from their
rock cores after one pore volume of fluid had passed through. For several more pore
volumes of fluid, cell concentrations remained more or less constant at a fraction of the
input concentration. Eventually cell concentrations rose to equal the input level. They
interpreted their data in terms of a deep bed filtration model, calculating the filtration

coefficient (Ky) for cells and spores as:

in

k=" (2)

where C, = initial cell concentration, C. = emerging cell concentration, L =

length of core.[2]

They studied the effects of ions and chelating agents and concluded that, at low
cell concentrations, filtration was mainly due to adsorption on to rock surfaces. Spores
had lower filtration coefficients than cells and the presence of residual oil lowered the
filtration coefficient, suggesting that cells might penetrate waterflooded reservoirs

more readily than most experiments with rock cores would suggest.

In contrast to the results of Jang et al. (1983), Jenneman et al. (1983), measuring
the emergence of Pseudomonas cells from a rock core, found that the concentration of
ceils emerging fluctuated with time, with no discernible pattern. The cell concentration
in the effluent never exceeded 1% of the input concentration. Unfortunately Jang et al.
(1983) presented only a generalized curve, and not the results of individual

experiments, so an exact comparison is not possible.

Linear rates of cell movement can be calculated from laboratory data and the
values obtained are not wholly incompatible with MEOR operations, even where

considerable distances are involved between wells (Moses and Springham,
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1982) . The reports of field trials generally indicate that bacteria can become
distributed fairly rapidly (see the compilation of data presented by Hitzman,

1983) and, subject to the permeability limits mentioned above, there is no sign
so far that penetration is a serious limitation to MEOR.

2.3 PRODUCTION OF POLYMERS AND SURFACTANTS

We have seen that polymers and surfactants can play a part either in chemical or
microbial EOR. Where such materials are produced by bacteria they could either be
produced above ground and injected into the reservoir, or the organisms could be

injected to produce them in situ.

The properties required of a polymer for EOR are fairly well understood. Water
viscosity must be increased up to about the same value as that of the oil being displaced.
The solution must be resistant to shear degradation as high shearing forces are normally
experienced when water is injected into the formation. Shear thinning has the
advantage that the viscosity of the aqueous phase drops (temporarily) on injection.
Reservoir brines frequently contain high concentrations of salts so these must not
seriously affect viscosity. The internal surface area of reservoir rocks is enormous:
Hesseiink and Teeuw (1981) mention 01-10m? surface area per gram of sandstone. It
is therefore important that adsorption is minimal. The two polymers most used (by
injection from the surface) are partly hydrolysed polyacrylamides and a
polysaccharide, xanthan. Polyacrylamides are good viscosifiers at low salt
concentrations but lose most of their viscosity above 1 g/dm® NaCl and are very
sensitive to shear degradation. Xanthan, a bacterial product, is a good viscosifier and

iIs relatively insensitive to shear degradation and salt content.

Little work has been published on the generation of polysaccharide in situ as
opposed to its injection from the surface. Xanthan itself is synthesized under aerobic
conditions but some polysaccharides such as dextrans and levans can be produced
anaerobically. A valuable body of experience concerning the selection and strain

movement of suitable organisms is available (Sutherland, 1983). Improvements
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include the selection of high-yield mutants, modification of polysaccharide properties,
and mutation to eliminate unwanted products. Successful in situ polysaccharide
generation will also require an appropriate nutrient balance. In general, for good
polysaccharide production, carbohydrate must not be limiting and high
carbohydraternitrogen ratios are generally favourable. There is some evidence that

different limiting nutrients may affect the precise chemical nature of the product.

Rather less is known in general terms about the factors controlling surfactant
production but it appears that these, too, would probably require control of the nutrient
status in the reservoir to achieve high levels of production. The properties required of
a microbial surfactant can also be predicted from a consideration of oil

displacement.[5]

Under normal waterflooding conditions a large proportion of the oil is trapped
by capillary (surface) forces, even in regions which are fully swept by the waterflood.
Oil globules which are surrounded by water are unable to move through constrictions
because this would require an increase in the interfaciai surface area as the globule is
distorted. If the flow rate of water is made sufficiently high, the viscous (flow) force
tending to displace oil will overcome the capillary forces resisting displacement. Taber
(1968) and Melrose and Brandner (1974) have stressed the utility of a single
dimensionless parameter representing the balance between viscous and capillary

forces. The one most frequently used is the capillary number:

where = water viscosity, F,, = water velocity and a = oikwater interfacial tension.

After waterflooding, the local displacement efficiency of oil (in well-swept
zones) is likely to be about 50% and the capillary number about 10°. To exceed
significantly this displacement efficiency, capillary values above 103 are required, and
to approach 100% displacement, the capillary number has to be increased to about 10-
2 (Shah, 1981). The applied pressure gradient is limited by the operating equipment and

by the need to avoid fracturing the reservoir rock and cannot be increased to the
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necessary values (Taber, 1968). Reduction of the interfacial tension from 30mN/m to
102 or 10° mN/m can be achieved by the use of surfactants, thus increasing the

capillary number to the required value.

The attainment of ultralow values of interfacial tension is by no means straight-
forward. Shah (1981) provides a useful survey of some of the complexities. Interfacial
tension is affected by several factors, including the properties of both the surfactant
and the oil, surfactant concentration, salt concentration, temperature, and the nature of
the cosurfactant. Surfactant formulations for chemical EOR are thus designed for the
specific oil type, salinity and temperature of a particular reservoir. The surfactant slug
injected may contain one or more surfactants, salt, a cosurfactant such as a short-chain
alcohol (which has a number of desirable effects), a sacrificial agent which will
preferentially adsorb to rock surfaces and minimize loss of the surfactant, and perhaps

a chelating agent to remove ions which may interfere with the surfactant.

The surfactant slug moves through the reservoir displacing trapped oil droplets
which are pushed ahead and merge together to form the so-called ‘oil bank’. Formation
and maintenance of an oil bank is considered to be essential for efficient oil recovery.
Displaced oil droplets must coalesce readily so the interfacial viscosity must be low.
The surfactant slug must be of an appropriate viscosity to minimize fingering, the
materials must not be unstable or insoluble under reservoir conditions, and loss by
adsorption on to the enormous rock surface area must be minimized. Usually a polymer
slug will follow the surfactant flood to optimize the flow pattern. It can be seen that,
once ideal conditions have been achieved in the surfactant slug, there will be a tendency
for the composition to change by adsorption, partitioning and degradation of com-
ponents and for the slug itself to break up. These factors will tend to limit the efficiency

of surfactant flooding operations over any but the shortest distances.

For micro-organisms to release oil by surfactant production requires more than just
production of a surfactant. An effective product must have certain specific properties,

especially the ability to lower oikwater interfacial tension to 102 or 10"3mN/m,
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Cationic surfactants are unlikely to be useful because of adsorption on to negatively
charged rock surfaces. Low values of interfacial viscosity are essential so that displaced
oil ganglia can coalesce to form an oil bank. A wide variety of surface-active agents is
known to be produced by micro-organisms (see Zajic and Panchal, 1976; Finnerty and
Singer, 1983).

Where interfacial tension has been measured, the values have usually been too
high to effect oil mobilization, although it should be remembered that even the best
synthetic surfactants give ultralow interfacial tensions only in the presence of critical
concentrations of salt. Singer et al. (1983) have isolated a bacterial strain (H13) which
produces a glycolipid surfactant when grown on crude oil. The crude glycolipid
solution gave an interfacial tension of 2 x 10-2 mN/m against hexadecane, and Finnerty
and Singer (1983) mention a minimum interfacial tension of less than 10~*nvN/m with
0-5% pentanol as cosurfactant. The material has apparently not yet been tested for oil
mobilization. As it is reported to stabilize oil-in-water emulsions it would presumably
inhibit oil-bank formation and would therefore not mobilize oil effectively in a con-

ventional recovery procedure.

However, there are recent indications from other sources that microbial
surfactants can give low interfacial tensions and are very effective at mobilizing oil
from sandpacks and rock cores without the addition of cosurfactants. The latter
property would be particularly useful for in situ MEOR as it would simplify the

attainment of critical conditions within the reservoir.
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