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BBISIBJIEHUE HETEPMETUYHOCTU MY®TOBBIX
COEJJMHEHWII HACOCHO-KOMIIPECCOPHbBIX TPYH,
OBCAJIHBIX U TEXHUYECKUX KOJIOHH JJISI CKBAYKWH
MOJBEMHOIO XPAHWJIMILA TA3A B COJISTHBIX
KABEPHAX METOJOM CIEKTPAJILHOW IIYMOMETPUU

A.M. Acnanan’, M.B. Bonkos', C.B. Copoxa', A.A. Apbyso06!, 1. K. Hypeanues’, /[.B. I puwur?,
P.C. Huxumu®, A.H. Manee’, P.H. Munaxmemosa'

'000 «TI'T Cepsuc», Kasanw, Poccus
’Kasanckuii ¢pedepanvnviii ynusepcumem, Kaszanv, Poccus
000 «I'asnpom IIXI'», Mockea, Poccus
‘000 «l'asnpom zeopecypc», Mockea, Poccus

B crarbe paccmarpuBaercs ckBakuHa [logzemHoro Xpanunuiua ['a3a, B MEXKKOIOHHBIX TPOCTPAHCTBAX KOTOPOM
Ha0Io1a10Cch U30bITOUHOE JaBiaeHue. [IpoBeeHHbINH KOMIUIEKC TPOMBICTOBO-Te0(hU3MYECKUX UCCIIEI0BAHUH, BKIIIOUa-
IOIIMH B ce0sl CIIEKTPAJIBHYIO [IYMOMETPHIO, BEICOKOTOUHYIO TEPMOMETPHIO M MAarHUTHO-UMITYJILCHYIO 1e(heKTOCKO-
TTHIO TTO3BOJIMI ONPEAETUTh FEOMETPUIO ITOTOKA B IIEMEHTHPOBAHHBIX MEKKOJIOHHBIX MPOCTPAHCTBAX U BBISIBUTH HETEP-
METUYHBIE My(TOBbIE COEIMHEHHS HACOCHO-KOMIIPECCOPHBIX TPYO, 00CaIHBIX KOJIOHH U KOHIYKTOpPOB. B cTarhe mpu-
BOJIUTCSI MOPOOHBIN aHANIN3 JaHHBIX TPOMBICTIOBO-TE0()U3NUECKHX UCCIEN0BAHUN 1 PEKOMEHJALIUH TI0 TPOBEAECHHIO
PEMOHTHO-U30IALMOHHBIX paboT. XapakTep MOTOKA M THI HAPYIIEHUH FepMETUYHOCTH 1O JAHHBIM ITPOMBICIOBO-
reou3nUeCKUX HCCIeI0BaHNH MO3BOIMIN N30€XKaTh EPEBOIa CKBAXKHUHBI B (DOH KOHCEPBALIUH.

Karouesble cioBa: [loa3emHoe XpaHuinILe ra3a, n30bITOYHOE 1aBJIEHUE, CIIEKTPAIbHAS IIyMOMETpPUS, HErepMe-
THYHOCTb MY(TOBBIX COEIMHEHHUH, BBICOKOTOYHAS TEPMOMETPHS, MArHUTHO-UMIYJIbCHAS 1€(DEKTOCKOIIHS, COsSHAsL
KaBepHa.
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I.B., Hukutus P.C., Manes A.H., Munaxmerosa P.H. BrisiBieHre HerepMeTHIHOCTH MY(TOBBIX COCAMHEHHI HACOCHO-
KOMITPECCOPHBIX TPYO, 00CaIHBIX U TEXHUYECKUX KOJIOHH A1 cKkBaxxUH [1XI" B COSIHBIX KaBepHAX METOJIOM CIIEKTPallb-
HoU mymomeTpun. [ eopecypewi. 2016. T. 18. Ne 3. 4. 1. C. 186-190. DOI: 10.18599/grs.18.3.7

Beenenne

[TogzemMHOe XpaHMIIMILE Ta3a SIBISETCS COBPEMEHHBIM U
0e30macHbIM 00BEKTOM XpaHEHHS ra3a ¢ HeNIbI0 00eceueHus
6ecriepeOOMHOM, BKITFOYast MUKOBBIN MEpro, paboThl CHCTEM
razocHa0Oxenus. 13 Bcex Tunos [Tonzemubix Xpanwnuii ["aza
(ITXT") B HEMpoHHUITaeMbIX TOPHBIX MOPOIaX HanboJsee pacipo-
CTpaHEHbI ra30Bble XPAHMUIININA B COJISTHBIX KaBEpHaX.

B naHHOM cTaThe MpeICTaBsI0TCS TEXHOJIOTUU U Pe3yJib-
Tarbl re0(U3MIECKOro KOMILIEKCa HCCIe0BaHHS BBICOKOTOY-
Hoii repmometpun (HPT), ciextpanbhoii irymometpun (SNL-
HD) u maruutHo-umnyabcHoit nedekrockonuu (EmPulse).
Llenpro uccnemoanus kommiekca HPT-SNL-HD-EmPulse
OBLIIO BBISBJICHHUE MECT HETEPMETUYHOCTH B MHOTOKOJIOHHOM
KOHCTPYKIIMH CKBAXKUHBI U OTIPE/ICTICHUE TPACKTOPHHU JBHKE-
Hus ra3a B ckBakuHe [1XI B consiHOM kaBepHe. AHAIN3 TeX-
HUYECKOTO COCTOSHHSI CKBAaXKMHBI C IPUMEHEHHEM COBPEMEH-
HBIX TEXHOJIOTUH MO3BOJISIET BBIABUTH JE(PEKThI CITyIIEHHBIX
KOJIOHH,yCTaHOBUTh UICTOYHHUK H30BITOYHOTO MEKKOJIOHHOTO
nasnenust (MKJI) B mexxxononHoM mpoctpanctse (MKIT) u
NPOCIIEANTh TPACKTOPHIO JABMKEHHUS ra3a 3a HECKOIbKHMU
MeTalIMYecKUMHU Oapbepamu B CKBakuHe. M3yuenne u ycra-
HOBJICHHE NIEPBONPUYMHBI BO3HHKHOBeHUsI MK/ nenarot Bo3-
MO>KHBIM HE TOJIBKO NMPOBEACHUE PEMOHTHO-U30ISIIMOHHBIX
pabot (PUP) B Teky1eii CKBaXXMHE, HO U IPEAOCTABIISIOT pe-
KOMEH/IAllMH K KPETIIIEHHIO KOJIOHHBI TIOCJIETYIOIIUX CKBaKUH.
Tem caMmbIM yBeTH4MBask BpeMs UX SKCIUTyaTallld U CHUXKAs
BpeMs U pacxo/ibl Ha ipoBeaeHue PHP.

SCIENTIFIC AND TECHNICAL JOURNAL

GEORESURSY

Texnoaoruu
Jlanee 1o TeKcTy NPUBEIECHO KPAaTKOE OMUCAHUE KaX 101
u3 l'lpl/lMeHeHHbIX TeXHOHOFHﬁ.

BI)ICOKO‘lyBCTBI/ITeJILHaH CIIEKTpaJbHast

LIIYMOMeETpHS

OCHOBO# TEXHOJIOTMH MACCUBHON IITyMOMETPHH SBIISIETCS
perucTpanusi BO BpeMEHHOUW 00JacTH aKyCTMUECKUX CHUTHA-
JIOB, CO3/[aBAEMbIX:

- ¢unbTpareii Gparounaa rno miacry,

- TCUHCHHUEM KHUJKOCTH U ra3a 1o Tp€iuiiHaM B HIEMECHTHOM
KaMHe 32 00CaHOM KOJIOHHOM,

- yTeYKaMH KHUJIKOCTU CKBO3b JE(PEKTHl B KOHCTPYKLIUH
CKBQXXUHBbI,

- HOTOKaMHM XUAKOCTHU U ra3a BHYTPpH CKBa>KUHBI.

[Tocnenyromumii aHaJIn3 JaHHBIX CIIEKTPAJILHON LIYMOMET-
UM BO BpEMEHHOH 1 YaCTOTHOH 00/1acTAX 0O6ecneyrBaeT KoM-
TJICKCHBIN MoAXO0a B ONPEACICHUN HHTEPBAJIOB HCTCPMETHUY -
HOCTH 00Ca/IHOM KOJIOHHBI U HACOCHO-KOMITPECCOPHOM TpY-
661 (HKT), BbIsiBI€HHME HHTEpBaIOB GUIbTpALK (IItonIa.

HccnenoBanus, npe/cTaBieHHbIE B HACTOSIICH CTaThe,
6b11M BeIMosiHeHb! Tpubopom SNL-HD-9, o6ecneunnarorie-
o perucTpanuio aKkyCTU4€CKUX CUIHaJIOB B IIMPOKOM Axaria-
30He yactoT oT 9 't 1o 58.6 x['u. YacToTHOE pasperieHue
coctapmsteT 9 ' B tuanazone Hmwke S k['iu 114 ' B apanaso-
e ot 0.1 10 58.6 k"1, IMHAMHMYECKUI TUAIIa30H U3MEHEHUS



A.M. Acnansn, M.B. Boaxkos, C.B. Copoka u ap.

ypoBHs 1iryMa cooTBeTcTBYeT 90 nb. CrieKTp 11yMOB COIEPKUT
512 9acTOTHBIX KaHAJIOB, YTO MO3BOJISICT PEICTABIISATH CIICKT-
PBI IIIyMOB B BEICOKOM pa3pelieHrH. Hanmare mmpokoro au-
HAMHYECKOTO JHAIa30Ha PETUCTPUPYEMbIX CUTHAJIOB H 0OJTh-
I10€ KOJTMYECTBO KaHAJIOB TIO3BOJISIET HE TOJBKO BBISBIISTH WH-
TEpBaJIbI C IOBBIIICHHBIM YPOBHEM aKyCTHIECKUX IIIYMOB, HO
1 i GepeHITPOBAT UX IO CIIEKTPAITLHOMY COCTaBY (HATIPH-
Mep, IITyM OT IBMKEHHS (DITFOHIA BIIOTh CKBAYKIHBI — IPEHMY-
IIECTBCHHO HU3KOYAaCTOTHBIN, IITyM OT JIBIKEHHS (PIIFOH/IA IO
TUTACTY — COMCPIKUT BHICOKOYACTOTHYFO KOMITOHEHTY ).
[NonpoGHOE onHcaHe TEXHOIOTHH BRICOKOYYBCTBUTEITHHOM
IIUPOKOTIOTIOCHOM CIIEKTPATIbHON IITyMOMETPUH OBLITH OITYOITH-
koBaHeI paHee (Maslennikova et al., 2012; Suarez et al, 2013;
Aslanyan etal., 2015; Marzougqi et al, 2012; Ahmed et al., 2015).

BroicokoTounasi tepmomerpusi (High

Precision Temperature — HPT)

HPT siBnsiercst ogHUM 13 Hanbouiee THPOPMATUBHBIX Te0-
(U3MUECKIX METOJI0B MCCIIEA0BAHUS TEXHUIECKOTO COCTOS-
HUSI CKBaKUH. BbICOKasi TOYHOCTh M3MEPEHUI 10CTUTaeTCsl
MIPOBEJICHUEM HCCIIE/IOBAaHUHN Ha CITycKe, IPUOOPOM BBICOKO-
TO pa3perieHus.

[Tpu [T TENEHOM ITPOCTOE B CKBayKMHAX JIOCTUTaeTCs Tep-
MOJMHAMHUYECKOE PAaBHOBECHE MEXIY CKBaKHHOM M OKpY-
JKaIOIMMK oposiaMu. [109TOMy KOHCTPYKIIHSI CKBayKHH, BKJTFO-
Yasi [IEMEHT 3a KOJIOHHOM, HE OKa3bIBACT CYIIECTBEHHOTO BITH-
SIHUSL HA TEMIepaTypy B CTBOJIE CKBaXXHMHBI, 3aMEPEHHYIO B
YCIIOBUSIX, KOT/Ia CKBa)KMHA 3aKPbITA B TEYEHHE KAaK MUHUMYM
HECKOJIbKHX JIHeH. B Takux yclioBHsIX 3aMepeHHBIN TeMIepa-
TYPHBIH POQHITL HA3bIBAETCS CTATHYECKON TEMIIEpaTypoOH.

OTKIIOHEHNE TEMIIEPATYPHON KPUBOM, 3aMEPEHHOMN B M-
HaMHYECKHUX YCIIOBHSIX, OT CTaTHYECKOH TEMIIEpaTyphbl SIBIISIET-
Cs1 CIIEZICTBUEM JIBMKEHHS KUAKOCTH W
rasa Io IuIacTy, Wik 4epe3 HerepMeTny-
HOCTb KOJIOHHBI, @ TAK)KE KOMMYHHUKaLUsI-
MU Mexy rtactamu. [loatomy npu aHa-
JIM3€ TaHHBIX TEPMOMETPUH B CKBAXKHHAX
HCCIIEMYIOTCS M QHAITM3UPYIOTCS TETIOBBIS
aHOMaJIMH, BbI3BAHHBICTEPMO/IMHAMHYEC-
KUMH 3 deKTamu,HartpruMep, ABHKEHHEM
(irons1a B 11acTe MM B CTBOJIE CKBAXKH-
HBl. TakuMm oOpa3om, Mo Gopme Temre-
paTypHBIX aHOMAJINI1 JIeNaloTCs BBIBOIBI
00 UCTOYHUKAX U HANPaBJIEHHHU ITOTOKOB.

KoHeTpyKUHA CKBaXMHBI
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MarHuTHO-UMNYJIbCHAS 1e(eKTOCKONMS
(EmPulse)

BBuay Hanmums arpecCUBHOTO COJIEBOTO pacTBopa (pac-
cosia) B HKT, 1 MHOTOKOJIOHHO KOHCTPYKIMU CKBaKWHBI,OT1-
peneeHve TOMIIMH moasecHoi (177.8 M), ocHOBHOI 00ca/I-
HOW KOJTOHHBI (244.5 MM) ¥ TEXHIUYECKOH KOJTOHHBI (324 MM)
3HAYUTENBHO 3aTPYAHEHBL. JJITKOHTPOIISt TEXHUYECKOTO COCTO-
SIHUSL: OLIEHKH MECT KOPPO3HH CKBaXKHHHOTO 000PY/10BaHUS
BBISIBIIEHHSI My(T KOJIOHHBI,B TAHHOM HUCCIIE0BAHUH UCTIONb-
30BaJlach TEXHOJIOTHsI MAarHUTOUMITYJIbCHOM 1€(DEKTOCKOTINT
c ucnosnb3oBanneM rpudopa EmPulse-3. [Tpubop EmPulse-3
TI03BOJISIET MPOBOANTH UCCIIEAOBAHUS B KOJIOHHAX OOJIBILIOTO
mrametpa (1o 355 mwm). [puanmn geficteus nproopa EmPulse-
3 OCHOBaH Ha aHAJIN3€ BPEMEHHOTO XapakTepa CIajoB Ha-
MarHM4eHHOCTH Ha Ka)XXJJ0H ITyOnHe nociie 00ayYeH s CHITb-
HBIMH UMITYJIbCAMH MarHUTHOTO Tiouisi. Popma criaja cozep-
XKHUT UHOOPMALIMIO O INaMETpE, IEKTPUUECKOM IPOBOANMO-
CTH, MAarHUTHOW POHHUIIAEMOCTH, a TAKKe TOJIIIMHE BCEX HC-
ciieyeMblx OapeepoB. Boccranosnenune sroil nadopmannu
13 CTaj1a HAMarHMYeHHOCTH OTAEIBHO JJISl KaXKJI0TO U3 U3y-
YaeMbIX 0apbepoB pelraeTcs MyTeM CPaBHEHHMSI, MOJICIIEHOTO
1 3aMEPEHHOTO0 CMaJI0B HAMArHUYEHHOCTH /ISl KaXKJJOH KOHK-
peTHol KOMIIOHOBKH npubopa (Ansari, 2015).

Kpatkasi ucTopusi CKBa)KMHbI U LIeJIH

HCCIeJ0BaAHUSA

Hccnenyemas ckBaxkuHa rpoOypena B anpene 2012 roga
1 3amyIleHa B TOM K€ TOAY/UIsi MHOTO()a3HOTO pa3MbIBa CO-
JSTHBIX KaBEpH M nocuietytomeit sxerutyaranuu [1XT. B nexa6-
pe 2013 roaa nposiBUII0CH M30BITOYHOE IABJICHHE B [IEMEHTH-
POBaHHOM MEXKKOJIOHHOM TipocTpaHcTBe244.5/324 MM, KoTO-
poe nocturaino 64 krc/cm? (Puc. 1). B asrycre 2015 roga B xoze
onpeccoBkH 1 ctpaBiuBaHustMKIT 244.5/324 mm 1 324/426 Mmm
TIOJTBEP/INIIOCH HAJTMYHME COOOIIeHUsT Mexty HUMU. [Tocie-
JIHHE NpoBeeHHbIe 3amepsl AaBnenus B MKII na noBepxHoc-
TH IIOKA3aJI1 HAJIMYKE U30LITOYHOTO JaBiieHus B & 244.5 MM
kojioHHe — 114 kre/em?, B 324 MM — 58 kre/cm? u B (3 426 MM —
16 kre/em?.

Peliy.]'leaTbI HCCJIeJ0BAHUA KOMIIJIEKCOM
HPT-SNL-HD-EmPulse

[To BBITOTTHEHHOMY KOMILICKCY MPOMBICIOBO-Te0(U3U-
yeckux uccnenoanuii (I1I'N) ncTouHrKOM H30BITOYHOTO aB-
nenus siensiercst raz MKIT 177.8 Mm/244.5 MM, oCTyArOIIHA

lpaduk KoHTpona gasneHuna 8 MKI

40

20

pa ] e il il

T ]
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| 244.5 mm/324 mm u 324 mm/426 mm.

—Pa26(urfcm®)  ——P324({ur/cm®)
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——P245(urfcm®)  ——P178(ur/cm?)

! | Puc. 1. Koncmpykyusi cK6ajiCuHbl U OUHAMUKA OAGIEHUSI 8 MEICKOIOHOM npocmpancmee medcoy 177.8 mm/244.5 mm,
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Puc. 2. Obnapyscennvie komnnexcom I1I'H 3akononnvie nepemoku u Hecepmemuunvie Myghmosvie coeounenus. 1) Ilo usmenenuio epaduenma
memnepamypHuix Kpuewix, usmeneruio oamuuxa CTH u nanuquio 61coKOAMNAUMYOHOU AHOMANUU CREKMPATbHOU UYMOMEmpUU Ha 2youHe
157.3 m Oenaemcs 661600 0 Heeepmemuunocmu Mygpmosozo coedunenusi T/K 177.8 mm. 2) Ilo dannvim cnekmpanvHol wymomempuu 6
unmepsane enyoun 199-211 m ommeuaemes usmenenue amniumyowt wyma npu cmpasiusaruu MKIT 244.5 mm/324 mm. B mooice epems, no
dannvim mepmomempuu 6 unmepsane 202.0-203.0 m ommeuaemcs anoManus memMnepamypbl, U3 3mo2o cliedyem 6bl800 0 He2ePMemuuHOCmuU
MYpmoeoeo coedunenust Konouuvl £ 244.5 mm na enyoune 203 m. 3)B unmepeane 132-138 m nabrrodaemes wym, ces3anHbll ¢ HeepMemuy-
Hocmbio My¢hmosoeo coedunenusi T/K 324 mm.

yepe3 HerepMeTnyHoe My(hTOBOE COCAMHEHHE KOIOHHBI & Jak/a4YeHue
244.5 mM Ha riryOuHe 203 M B MEXKKOJIOHHOE MPOCTPAHCTBO [IporpaMMHO-anmapaTHbIi KOMIUIEKC CIIEKTPaabHOM
244.5 Mm/324 MM ¥ 4epe3 HerepMeTHIHOE My pTOBOE COe/H- LIYMOMETPUH, BBICOKOTOYHON TEPMOMETPUU U MAarHUTHO-
HEHHUE TeXHUUECKOH KoJoHHbI & 324 MM Ha rityOuHe 133 M B MMITYJIbCHOM 1epeKTOCKONHHOKa3ancst 3 heKTUBHBIM U MO~
MEKKOJIOHHOE MpocTpaHcTBO 324 Mm/426 mm. (Puc. 1).Tak- SBOJTHT:
Ke ObLI0 OOHAPYKEHO HErepMETHYHOE My(TOBOE COe/MHE- 1) onpenesuTh MECTa HErepMETUYHOCTH MY(TOBBIX CO-
HHE MMOBCCHOM KOJIOHHBI & 177.8 MM Ha riiyoune 157.3 M. emunennii HKT, 06caHoi 1 TeXHUUECKUX KOJIOH,
HerepmeTnuHOCTE My(PTOBBIX COCAMHEHHIT KOIOHHBI & 2) J0Kanu30BaTh UCTOYHUK MEKKOJIOHHOTO U30BITOUHO-
244.5 mm B unTepBasie 203.0 M u kostorHbl I 177.8 MM B UH- T'O JaBIIEHNS,
Tepaje 157.3 M moaTBepKAALTCS U3MEHEHHEM aMIUTUTY/ IbI 3) IPOC/IEUTH TPACKTOPHIO JABUKCHHS Ia3a, B TOM YHCIIE
nryma mpy CTpaBIMBaHWU, HAIMYMEM TEMIIEpaTypHOH aHO- 33 HECKOJILKHMHM KOJIOHHAM.
MaJIiH, a TAKXKE pe3ylibTaTaMNi HHTEPIPETAlNN JaAHHBIX J1E- AHanu3 pe3yabTaToB KOMIUIEKCHOTO MCCIeIOBaHUS yKa-
(hexrockomnuu nposeeHHoro kommiekca [, 3aJ1 Ha TIepBONPUUYMHBI BO3HUKHOBeHUS MK/I:
HerepmeTniHocTh My(hTOBOIO COEMHEHHS TEXHUIECKOM 1) HemocTaTOUHBIE U30JISIIMOHHBIE CBOMCTBA LIEMEHTA, U
KOJIOHHBI 324 MM Ha r1yOuHe 132.4 M xapakrepusyercs yBe- KaK CJIEZICTBUE MJIOXO€ CLEIJIEHUs C KOJIOHHOM U OPOJ0H,
JMYEHHEeM MHTEHCUBHOCTH LIIyMa MpH cTpaBauBaHu. [Toka- 2) He ONTHMAIBHO MOZOOPAHHBIC AHTHKOPPO3UOHHBIE
3aTesIbHO, YTO JaTYMKAMH BBICOKOTOUHOW TEPMOMETPHUH €€ CBOHCTBA META/LINYECKHIX GapbepoB,
3aperucTprupoBaTh HE y1a10Ch, TAK KAK HHTEHCHUBHOCTB I10TO- 3) HeloCcTaTOUHAs FePMETH3aLKS MY (PTOBBIX COSAMHEHHH.
Ka Obl1a He3HAYMTENbHOM [1sl (POPMUPOBAHMS TEMIIEPaTyp- OnpeneneHHbIe MeCTa U XapaKTep HETepMETHYHOCTH MO~
HOI aHOManuu. B ToXxe Bpemst co3aBaeMblil aKyCTHICCKHIA 3BOJIMJIM M30€KaTh TUKBUIALIMKM CKBAYKHHBI, @ TAKXKE CIIIAHH-
myM OKasaJICA NOCTaTOYHBIM UL PCTUCTPALIMK CIICKTPAJIb- poBarb PUP. ['eomeTpusi moToka mpu cTpaBiMBaHUU 000MX
HBIM aBTOHOMHEIM 1rymMmomepom SNL-HD, uro rosoput 00 MKII npeamonaraer 3 heKTHBHOE ero yCTpaHeHHe MyTeM
YHHUKAJIbHOCTH annapaTypbl K METO/A. LEMEHTUPOBAHUS KOJTOHHBI 1 77.8 MM M cITycKa TOTIOJTHUTENb-
Hapsiny ¢ atum, uccienoanus npubopom EmPulse-3 no- HOM KOJTOHHBL.

Ka3aJM CrocoOHOCTh MarHUTHO-UMITYJIbCHO# JIeheKTOCKONMH
OTpeeNATh TONIIMHBI KOJOHH AuameTrpamu 177.8, 244.5 u
324 MM 32 OIHY CITYyCKO-TIOABEMHYIO OTIEPaIHIO.
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Abstract. The article considers a well of the
underground gas storage, in the annular space of which
excess pressure was observed. Conducted complex of
geophysical studies, including a spectral noise logging,
precise temperature logging, magnetic pulse fault detection
allowed us to determine the geometry of the flow in the
cemented annular space and identify leaking couplings in
tubing, casing and conductors. The article provides a
detailed analysis of geophysical studies and
recommendations for repair and insulation works. The nature
of the flow and type of tightness failure according to
geophysical research allowed avoiding the transition of well
in the preservation fund.

Keywords: Underground gas storage, excess pressure,
spectral sound meter, leaking couplings, precise temperature
logging, magnetic pulse fault detection, salt cavern.
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