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TEXHONOIrMA U TEXHWYECKU CPEACTBA 3A MPOBEXAOAHE HA TA30OAWHAMUYHA
WU3CNEABAHUA HA COHOAXWUTE OT NrX-YUPEH

PymeH Kynes

MwHHo-reonoxkm yHneepcuteT “Ca. ViBaH Puncku”, Cocpust 1700, Brnrapus

PE3IOME

B HacTodAlara Ctatua ca NpeacTaBeHW TeXHONorus U TeXHWYeckn CpeactBa 3a NpoBeXAaaHe Ha KOMMNEeKC rasoAMHamu4Hu u reO(*)I/ISI/IHHVI un3cnegBaHua Ha
COHOaxuTe ot an-queH. 3a peanu3npaHe Ha rasoguHaMu4yHUTE M3cCneaBaHua KbM pa60THaTa NINHMA Ha COHOAXa Ce MOHTMpa W3CnefoBaTesncku 6rok.
I'IonyquMTe W perncTpupaHu AaHHu OT U3cnefoBaTenckua 60k nocTbMBaT 3a 06p360TKa B TEKyLLO BpeMe B MUKPOKOMMIOTbPHA CUCTEMA, UHCTaNMpaHa Ha camata
nnowagka Ha coHaaxa. BaxxeH MOMEHT OT NOAroTOBKaTa Ha npoBexaaHe Ha rasognHaMmuvHUTe U3CneaBaHuA ce ABABa TapMpPOBKaTa Ha OTAENHUTE eNneMeHTU Ha

U3MEPUTENHNA Bb3en.

[lo HacToAwms MOMEHT B YMPEHCKOTO ra3oKOHAEH3aTHO
Haxogullie W NOA3EMHO rasoXpaHunuwe ca npoBeAeHu
MHOXECTBO ra3oAyHaMWUYHU W3CRefBaHns Ha coHpaxuTte. B
ronsiMara cv 4acT Te Ce OTHACAT KbM nepuoaa Ha paspaboTka
Ha HaxOAWLLETO M KbM HA4YanoTo Ha Cb3faBaHeTo Ha
NOA3EMHOTO rasoxpaHunuile. Pesyntatute ca nybnukyeaHu B
Arves, (1968).

MbpBuTe MawabHM M3CNedBaHUS Ha COHAAXWUTE Npy
HarHeTsiBaHe 1 106uB Ha ra3 B [MX-YupeH ca npoBeaeHu npe3
nepuoga 1992 - 1993 r. Pesyntatute ca npeacraBeHn C
WHOMKAaTOPHW KPUBW W PEryIMPOBBYHM  33BMCMMOCTU  3a
MoBeYeTO OT COHAaXWTe U ca nybnmukyBaHu oT MuHuyeBa u
benyes, (1993).

Tean n3cneaBaHWst ca NpoBEEHU C MOMOLLTA Ha U3MepH-
TeneH 60K, MOHTMPaH Ha TecToBaTa nuHWs. Ype3 To3n Brok
Ce nonyvaeatT [aHHW 3a HanAraHeTo W TemnepaTypata Ha
“3MepBaHus ra3 npean Auadparmarta, Kakto u audepeHuman-
HOTO HansraHe B auacdparmara. 1o Tean faHHM e U3unCnsiBaH
paboTHus 0ebuT Ha COHAaXa 1 ca NOCTPOEHU PerynmpoBadHM
3aBUCMMOCTM Ha [ebuTa OT HansraHeTo Ha MaHudonga.
PerynupoBayHUTE KpWBK Ca MPENU3YMCIIEHN B UHAMKATOPHU W
ca onpefeneHn KoeUUMEHTUTE Ha (UNTPALMOHHO CbMpO-
TMBneHne A u B, xupgporasonpoBogMMOCTTa M MpOHMLAE-
MocTTa. B noBeyeTo cnyyau WHOMKaTopHaTa KpuBa He
npemMWHaBa npe3 Ha4yanmoTo Ha KoOopAauHaTHaTa cucTema,
nopagu KOEeTo Ca U3NON3BaHN KoeUUMEHTU 3a Kopenaums Ha
HEBBH3CTAHOBEHO NNAacToBO MM 3ab0MHO HansraHe.

Kakto 6e otbenssaHo, u3cneaBaHusiTa Ha COHOaxuWTe ca
NPOBELEHMN C U3MNON3BAHETO Ha TECTOBA NINHMS, KbM KOSITO Ca
BKMIOYEHU TECTOB cenapaTtop W auadparmeH usmeputen,
KOMMIIEKTOBaH C Auadparmi ¢ opuriHanHa opma v pasmepu.
3a perymupaHe Ha pgebuta ce M3nOn3BaT MHOMBMOyanHWTE
“npobKoBK” KpPaHOBE Ha COHOAXWTE KbM TecToBaTa JMHUS.
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LisnaTta mHcTanaums e opasmepeHa 3a paboTHo HansraHe 16
MPa, HO cBBbp3aHWTE KbM cuCTeMaTa cenapaTtop M MUHENHM
kpaHoBe ca 3a paboTHO HansraHe 6 MPa, koeTo e npuunHa
TEcTOBaTa NUHWA Ja He MOXe Aa ce u3nonssa npu paboTHo
HandraHe Ha Manudonga Hag 6 MPa, T.e. nmpu pexum
HarHeTsBaHe.

O6obwlaBaiik1 gaHHUTE OT MPOBEAEHUTE XMOpOrasoauHa-
MWYHW W3CMEABaHUS W aHANM3Wpaikm  TEXHOMOrMsATa Ha
TAXHOTO MpOBexdaHe W MeToaukata Ha obpaboTka Ha
pesynTaTiTe, MOraT a Ce HanpaBsT CregHUTE KOHCTaTaLm:

* Mpu BCMYKM npoBedeHn npe3 nepuopa 1992-1993 r.
ra3oguMHaMWyHM  W3CMEABaHUS, OTCbCTBAT  AMPEKTHN
“3MepBaHus Ha NNacToBOTO U 3aB0NHO HansraHus;

e  MMacToBOTO HansiraHe € ornpedeneHo Ype3 M3non3BaHe
Ha 6GapomeTpuyHaTa cpopMmyna no CTOMHOCTUTE Ha
CTaTUYHOTO HansraHe;

e 3a00/iHMTE HamsraHUs Npu OTAEMHUTE pPexumn ca
OnpeaeneHn Ypes 13nonssaHe Ha popmynara Ha AgamoB
Mo HansiraHeTo Ha YCTWeTO Ha COHpaxa, KOeTo OT CBOSt
CTpaHa ce Onpeaens 4Ypes U34MUCIEHNs MO HaNsAraHeTo Ha
maHudonaa;

*  OTCBbCTBAT HAaAEXOHW [aHHW 3a TEMMEPATYPHUS PEXUM
Ha paboTa Ha CoHAaXWTe MO BpeMe Ha M3CeBaHeTo;

e [aHHWTE OT M3CredBaHMsATa Ha COHpaxuTe (nedwr,
NNactoBW 1 3ab0OiAHM HansraHus)) ce nonyvaeaT Cneq
3aBbpLUBAHE Ha W3CMeJBaHETO T.e. He € Cb3fajeHa
TEXHOMOTMYHA Bb3MOXHOCT 3a HENOCPEACTBEH KOHTPOI W
perynupaHe Ha W3crnegBaHUTE PEXMMU B 3aBUCUMOCT OT
nomnyyaBaHNTE B X04a Ha U3CNEABAHETO pe3ynTaTu.

Cnep 1993 r. Ha MMX-YmpeH ce peanuaupa nporpama 3a
npoeexaaHe PeMOHTHO-Bb3CTaHOBUTENHU pa6ow| Ha rongama
yacT OT COHOaxHMs (DOHL Ha XpaHunuweTo. ToBa Hanara
NPoBeXAaHEeTO Ha KOMMIIEeKC FGO(*)VI3VI‘-IHVI un3cnegBaHMa  3a
W3SICHABAHE Ha TEXHWYECKOTO CBCTOSIHME Ha COHAaxuTe,



KaKTO M MPOBEXAAHETO Ha [OMbIHUTENHU ra30auHaMU4YHU
“3credBaHus 3a OTYNTAHE HA NPOMSIHATA B XapakTepucTukaTa
Ha npu3aboiHaTta 30Ha Ha COHAAXUTE Cred U3BBLPLUBAHETO HA
WHTEH3WU(UMKALMOHHM MeponpusiTus B Tax. 3a uenTa Oe
n3bpaHa ¥ peanuaupaHa Cxema 3a KOMMIEKCHU ra3oguHa-
MWUYHU M reodn3nyHI n3cneaBanns (cur.1), KosTo ce peanu-
31pa HEMOCPEACTBEHO Ha YCTUETO Ha COHOAXMTE.

e

RS 7 1)
|
|
|
|
|
|
|
|
|
|
|
|

J

=
1
—_ -
©
I-m
5
%=|
S |
. L

Queypa 1. Cxema 3a nposexdaHe Ha KOMNIEKCHU
uscrned8aHusi Ha COHOax.

B reouanyHNsA KOMMNEKC Ca BKIHOYEHN PaaMOMETPUYHM,
[e6UTOMETPUYHM, BNIArOMETPUYHN U LUYMOMETPUYHI U3Cnef-
BaHWS, peanuaauusTa Ha kouTo ce Gasupa Ha W3Mon3BaHeTo
Ha reo13nyHa CTaHLus.

B rasognHamMuyH1s KOMMNEKC Ca BKIIOYEeH U3cneasaHuns Ha
COHOaxuTe npu cTabunuampaH 1 HecTabunuanpaH pexum Ha
unTpaums.

3a nposexgaHe Ha W3CnedBaHMsATa HEMmoCpesCcTBEHO Ha
COHAaXHaTa nnoljagka, NpW PEMOHTA Ha COHOAXWUTE, Ha
BXOZa Ha Lunernda e BrpafeH cnewuaneH TpoitHuk. Ypes To3u
TPOWHMK € Bb3MOXHO OCbLLECTBABAHETO Ha bainacHa Bpbaka
Mexay Oydepa Ha coHpaxa 1 wneidda. B Ttasn paboTHa
IMHWSA Ce MOHTUPA NMOABWKEH U3crefoBaTenckm 6rok.

M3cnenoBaTenckuar GnoK ce CbCTOM OT ABa OCHOBHU
Bb3eNa-TEXHOMNOMYEH U M3MepUTENEH.

TexHONOMYHWAT Bb3eN Ce CbCTON OT CNEeAHUTE eNeMEeHTH:
noJeMeH arperar 1, Upes KoTo Ce OCbLEeCTBABa MOHTaXa Ha
ny6bpuKaToOpHOTO YCTPOICTBO 5, NOCPEaCTBOM NOABUKEH BNOK
7, pabotHa nuHMs Ha coHgaxa 15; ouucTBawmM rasa
CbOPBKEHWS, CBbCTOSALWM Ce OT ABa LMKMOHHW cenapaTopa
(Bucoko W Hucko HansraHe) 9, 10 u cvbupateneH pasgenu-
TeneH cbg (OTCTOMHMK) 3a TeuHocT 11. Korato cxemata 3a
NpoBEXAaHe Ha M3cnedBaHWsiTa Ce peanuaupa npu pPexum
HarHeTABaHe Ha rasoxpaHunuiie YvpeH, oTnagat OuMCTHUTE
cbopbxeHns 9, 10 n 11,

KbM M3mepuTEnHWS Bb3en ca BKIIOYEHW: re0tU3nNYHM
npubopu 3, CBBP3aHM Ype3 reodusnyeH kaben KoM reodm-
314Ha CTaHums 17; uamepuTenHa nuHnsa 16, KOMNNekToBaHa ¢
puacparmeH  usmeputen 12, MaHomeTpu (gartuuum) 3a
n3mepBaHe Ha abCoOMOTHOTO M audepeHUManHo HansraHe 8,
18; MMKpPOKOMMIOTbPHA CUCTEMA 3a ynpaBfieHWe C aHaroro-

13

uncpos  npeobpasosaren
cnuparenHu kpaHose 13.

(AU 14; perynupawm u

Mpu Taka u3bpaHata cxema HansraHeTo Ha Oycbepa Ha
COHAAXa UM B M3BBHTPBHOHOTO MPOCTPAHCTBO CE& KOHTPONMpa
ypes TEH30METPUYHM AATYNLM Ha HansraHeTo 8, aybnmupanm ¢
06pasLoBK MaHoMeTpu. HansraHeTo Ha rasa B M3MepuTer-

HaTa nuHus Ppas , npen avadparmenus usmeputen 12, ce
M3MepBa CbLi0 OT TEH3OMETPWYEeH gatumk, AybnupaH oT
00pa3LoB MaHoOMeTbP. 3a M3MepBaHe Ha AudepeHLManHoTo
HansraHe e wu3nonssaH MeHOpaHeH npeobpasoBaten Ha
HansraHeTo Tmn “Candmp’, CMrHambT OT KOWTO Ce Mogaea Ha
ALIM v gONbAHMTENHO € W3BedeH Ha AMUCMnen 3a OCbLLECTBS-
BaHE Ha TEKYyLL KOHTPO.

B 3aBucumoct 0T aebuta Ha coHpaxa B auadparmeHus
“3MepuTen e npedBMOEHO M3MOM3BaHE Ha Pa3nnyHu Mo
obxsar guadparmu.

KoHTpona Ha TemnepaTypHWs peXuM Ce OCbLLECTBSIBA Ypes3
ABe TepMOZBOWKY, BrpafieHn CbOTBETHO Npef Anadparmata u
Ha bydbepa Ha CoHpaxa (Mpean Apocenupalyns KpaH).

MMonyyenute u peructpupann B ALM pesynTtatv oT gadeH
PEXMM Ha M3credBaHe MocTbnBaT 3a 06paboTka B Tekywlo
BpeMe B MWKPOKOMMIOTbpHa cuctema HP, uHCTanupaHa Ha
camaTa Nnolyaaka Ha coHaaxa. Mo TO3K HaYMH € Bb3MOXKHO
OTYMTAHETO Ha MOMEHTHWS Pa3XxoZ Ha ras 3a BCEKU PexuM Ha
n3cregBaHe Ha AafleH COHAaX NPWU CbOTBETHUTE CTOMHOCTY
Ha bycdepHoTo HansraHe. C Tean CTOMHOCTU B TEKYLLO Bpeme
ce 13umcnsBa 3aborMHOTO HansraHe u paboTHaTa fenpecus Ha
coHgaxa. Ha dwr. 2 e nokasaHa pasnevatka OT MONyyYeHnTe
Mo BpeMe Ha NpOBEEHO N3CNeaBaHe pesynTaTy.
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Queypa 2. Paznedamka om pe3ynmamu, Nomy4yeHu 8 meKywo
gpeme, npu u3crnedsaHe Ha COHOaXU.

BaxeH MOMEHT OT MOATOTOBKATa Ha MPOBEXOaHETO Ha
rasofvHaMWU4HUTE W3CTedBaHWs Ce siBsiBa TapupoBKaTa Ha
OTAEMNHUTE ENEMEHTU OT M3MEPUTENHMS Bb3EN. TeH30MET-
PUYHUTE AaTuMLM, KakTo W 00Opa3LoBWTE MaHOMETPU Ce



NnpoBepABaT U TapupaT Ha TErnoBHa npeca 0T 0TOpU3MpaHu B
Tasu obnact na60paTop|/|v|. WacnensaHeto ce OoChblLeCTBABa
MOAYIHO.

MagbT Ha HansraHe B AuadparMeHnst UaMepuTen ce oTuMTa
oT MemOpaHHMAT npeobpasosaten. [lpean npoBexaaHe Ha
rasogMHaMMYHUTE UM3cneaBaHns MemOpaHHMAT npeobpaso-
BaTeN CbLO Ce Tapupa No METOAMKA ONMMUCaHa B MHCTPYKUMSTA
My 3a ekcrnoaTaums.

KoHTponupaLuumTe TemnepaTtyparta Ha rasa, BrpafieHi TepMo-
[ABOVAKM, CbLLIO Ce TapupaT B NabopaTopHM YCroBuS.

Cnep npoBexXaaHe Ha TapupoBKaTa enemMeHTUTe OT M3MEpU-
TENHUS Bb3EN CE MOHTMPAT Ha CUMYNUpaLL, peanHuTe yCrioBus
cTeHa. Ha Tosu cTeHn ce oTpaboTBa paboTtaTta Ha usnaTa
M3MepUTeNHa cucTEMa MPW PasnuyHKM CTOMHOCTM Ha Hansra-
HETO W PasnYHK1 CTOMHOCTW Ha NOMyYaBaHWst CUrHar, CUMymu-
paLy gebuta Ha coHpaxa.

Mo npeanoxeHaTa TEXHOMOrMYHA CXeMa Ca u3crnenBaHu
oceMm coHgaxa oT MMFX-YupeH. MMpu Tesn wscnegsaHus ca
YCTaHOBEHU CNEAHNUTE NpeumMyLLecTBa:

*  Cb3faBa ce Bb3MOXHOCT 3a M3cneaBaHe Ha CoHAaxa npu
3HauuTeneH Bpo pexumu Ha paboTa;

*  KOraTO COHOAXBT € BKIIOYEeH KbM MaHudonga Moxe aa
ce Onpefeni BAMSHUETO Ha OCTaHaNUTE COHOAXM BbPXY
HeroeaTa paboTa;

lMpenopwyaxa 3a nybnukysaHe om
kamedpa “CoHOupaHe u dobus Ha Hecpm u 2a3” Ha [TIO
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*  uHdopmauusTa 3a paboTHuTe gebuTW, HanmsraHusTa u
TEMnepaTypara ce nonyyaea BegHara, bnarogapeHue Ha
n3noraBaHaTa cuCTemMa 3a aBTOMAaTu3npaH KOHTPON Ha
n3crnenBaHeTo;

* un3bsrBa Ce BBH3MOXKHOCTTAa 3a MPOMYCKM Ha ra3 npes
KpaHoBeTe Ha paboTHWUA MaHudong, KOuTO Morar
3HAYMTENHO [Ja MPOMEHST LEeNCTBUTENHUTE NapameTpy
Ha paboTa Ha CoHAaxa;

*  ©[HOBPEMEHHO C MPOBEXAAHETO Ha ra3oguHaMU4HWTE
n3cregBaHus Ce MpOBEXAa W KOMMMEKC COHAaXHO-
reohu3nyHN U3cneaBaHus.

CbyeTaBaHETO Ha TE3M WU3CNeaBaHUs HenocpeacTBeHaTa
obmsHa Ha MHCbOpMaLI'VIH OT npoBexaaHuTe eaHOBPEMEHHO
KOMMNNEKCHU OT U3CneaBaHna yBennvaBa 3HAYMTENHO TAXHaTa
I/IHqDOpMaTI/IBHOCT 1 IOCTOBEPHOCT.
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NEW TECHNOLOGY AND TOOLS FOR GAS WELL TESTING CHIREN UNDERGROUD
GAS STORAGE

Rumen Kulev

University of Mining and Geology “St. Ivan Rilski“, Sofia 1700, Bulgaria

ABSTRACT

This article describes the technology and equipment for carrying out a complex of geophysical studies and well testing of wells in the underground gas storage of
Chiren. A test unit is mounted in the testing line from the well. Data obtained and registered by the measuring unit are used by PC on the well site to calculate the test
parameters. The system is reliable and robust. It easy to operate, saves time and money.

A great number of gas wells testing have been carried
out in the underground gas storage of Chrien. Most of
them are during the period of exploitation of the gas field
and in the period of setting up of underground gas
storage.

At the period 1992-1993 a extensive gas well testing was
performed at the gas storage field. The results of this study
were published by Mincheva, Belchev, (1993). In their report
the authors presented productivity curves for most of the wells
used in the gas storage. The testing equipment for study
includes test line, separator, measuring block, diaphragm,
valves, and pressure gauges. The measuring block was
mounted on the test line from the well. During the test the well
flow rate was controlled by the manifold valves installed on the
test line. Due to pressure rating of the valves on the separator
line (6 MPa) the testing of the wells during injection was not
possible (the manifold is rated to 16 MPa). During well testing
pressure and temperature data are measured. The obtained
data were used to calculate the well coefficients A, B as well as
the permeability and the mobility. The curve of the productivity
obtained from the calculations did not pass through the origin
of coordinate system. In order to account for the unsteady
state of the formation/bottom hole pressure coefficients for
correcting are involved.

The review of the well testing studies and the analysis of the
applied technology lead to the following conclusions:

e All gas well tests carried out in 1992-93 missed out direct
measurements of reservoir and bottom hole pressures;

e The well testing reported in excludes measuring of the
bottom hole pressure during the test;

e The reservoir pressure was determined by the barometric
formula using values of the static head pressure;

e The bottom hole pressure was calculated by the formula
of Adamov using the well head pressure. The measured
manifold pressure was used to calculate the later;

- The temperature was not measured during the
well testing;

e The formation and bottom hole pressure during the testing
were not measured but calculated, which lead to
erroneous interpretations and bad control of the testing.

An extensive geophysical, well testing and workover
program for some of the wells in the storage of Chrien
started in 1993. This program included a complex of
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geophysical studies in order to check the technical state
of the casing as well as a well testing. The gas-testing
program was aimed to evaluate the reservoir
performance, formation characteristics and well damage
after well stimulation. The workover program included
tubing inspection and change and well stimulation.

The equipment used in this study consists of two units:
technological and measuring. It's shown in figure 1.

Figure 1

The technological units includes the following: drilling rig 1;
geophysical devices 3 and 4; lubricating device 5; traveling
block 7; test line 15; cyclone separators for high and low
pressure — 9,10 and collecting and separating liquid and debris
vessel 11. The cyclones 9 and 10 and collecting vessel 11 are
not used during injection testing.

The measuring unit included geophysical devices 3,
connected to the geophysical station 17 by means of
geophysical cable; measuring line 16 fitted up with measuring
diaphragm 12, absolute-and differential-pressure gauges 8,18;
control PC fitted up with analogue-to-digital converter 14,
regulating and closing valves 13.

The pressure of the tubing annulus and well head was
measured with pressure gages 8 (Hottinger Baldwin -
1000 bar) and high accuracy manometers (0,4%),
calibrated in testing laboratories. After calibration the
pressure gages are mounted on a test bench simulating
the real test conditions and tested again. A pressure
membrane converter “Sapphire” was used to measure the



differential pressure. Diaphragms of various sizes were
used according to the flow rate of well. The temperature
measurements were performed by two thermocouples
mounted in the test line. The pressure and temperature
data was measured by HP Data Acquisition and Control
Unit and stored in PC for further manipulations. This
arrangement of the testing line with the measuring
devices and the use of the PC enabled the continuous
calculation of the flow rate at the well site. Thus it was
possible to distinguish the steady state during test
regime. Printout from two well tests; well P-2 and E-27
is shown in figure 2. The gas well testing was performed
in stabilized and non-stabilized regime of filtration.

The geophysical complex consisted of radiometric study and
flow, humidity and noise measurements performed by
geophysical station.

The described above equipment was used to study
eight wells in the Chiren underground gas storage. The
equipment showed robust and reliable work allowing
performing different testing regimes. All data obtained
during the well testing was used for the necessary
calculation.

The following advantages have been observed:

e The schedule enables to study the wells in a several

different regimes;

e The loop used for the testing allows determining the effect
of the neighboring wells on the well performance;

e Information about the working flow rates, pressures and
temperatures is provided by the measuring system
during the well testing on the well site. It allows
controlling the study;

*  The surface manifold loop enables to avoid the possible
gas leaks from the manifold’s valves, which can influence
the results obtained from the testing;

e The testing equipment setup allows simultaneous running

geophysical studies and gas well testing.

Recommended for publication by Department
of Drilling and Qil and Gas Production, Faculty of Geology
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The study of the eight wells showed that the equipment
and setup used are reliable and robust. The testing
program used and nesting some of the operations saved
considerable amount of time and money.
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Figure 2. Real - time printout from well testing
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