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1. AHOTAIIUA

KiroueBbie ciioBa: MaTepualibHbIM  OajaHC, ayAWT 3amacoB, TIas,
CPEIHEB3BEILICHHOE JABJICHUE, CEHOMAHCKas 3aJieKb, HEOINPEIECICHHOCTh B
ONpENIEIICHUH CPEIHETO AABJICHUSI, CAHTETUYECKAS MOJEIb.

OOBEeKTOM  HCCIEAOBAaHUA  SIBIISIETCS  CTENEHb  HEOIpeNeJICHHOCTH
CPEIHEB3BEILIEHHOTO TIACTOBOIO JABJIEHUS Ta30BOT0 MECTOPOXKICHHUS

Ilenb paboThl — CpaBHUTENIBbHBIN aHAIU3 METO/A0B ONPEICICHUS CPEIHErO
JABJICHUSI, UX HEONPEIENEHHOCTH, BIIMSAIONIME HAa OLEHKY 3alacoB Ta30BOI0
MECTOPOKIACHHSI METOJIOM MaTepUaIbHOTO OanaHca.

B mpouecce uccnenoBanusi ObulM M3y4YeHbI: MaTepuasibHbIA OanaHc O
ra3oBOro MECTOPOXKIEHUS; CHOCOOBbl YCPEAHEHHs IUJIaCTOBOTO  JaBJICHMUS;
HEONPEIEICHHOCTH B OIPEACIICHUN CPEIHEB3BELUIEHHOIO IIJIACTOBOTO JABJICHMUS;
crenuaibHbIe IporpaMmMHble NpoAyKThI- «lleTpenby, «Cépdep».

B pesynbTate rccienoBaHus ObLIN ITOJTYYEHBI: CPaBHUTEIIbHbBIE
XapaKkTepUCTUKA METOJOB TMOJy4EHUsI CPEIHEro [aBJICHUS Ha OCHOBAaHUU
CUHTETUYECKOM MOJEIM 3aJeXH CEHOMaHa; ObUI0 MPOBEIECHO CpaBHEHHE
HaYyaJIbHBIX 3a1aCOB MECTOPOXKICHMS, TOCUUTAHHOE 110 JABJIEHUIO, YCPEIHEHHOMY
Pa3IMYHBIMA ~ METOJAMU; OB TIPOBEJEH aHaM3 HEOMNPEICIICHHOCTEH,
BO3HMKAIOIIMX B IMPOILIECCE YCPEIHEHUS OaBiCHUS; ObUI MPOU3BEICH aHaIHU3
YyBCTBUTEIBHOCTU METOJOB IO OTHOLIECHUIO K MEHSIOUIMMCS (PUIbTPallMOHHO-
€MKOCTHBIM CBOMCTBaM MOJIEIIH.

OcHOBHBIE KOHCTPYKTHUBHBIE, TEXHOJIOTUYECKHE u TEXHUKO-
AKCIUTYaTallMOHHBIE XApaKTEPUCTUKUA: CHUHTETHYECKAasT MOJENIb CEHOMHCKAOW
3aJIe’u IOCTOSIHHAS B MPOTpaMMHOM TipoaykTe «lleTpenby.

CreneHb BHEIPEHUS: METOJ MaTepHAIbHOTO OajaHCca SIBJISETCS OAHUM W3
METO/IOB ayAuTa 3al1acoOB T'a30BbIX MECTOPOKACHHI.

O6nactb NMpUMEHEHMs: ayAUT HAYaJIbHBIX M TEKYUIMX 3alacoB Tra30BOIO

MECTOPOKICHHSL.



3HayuMOCTh paboOThI: OIEHKa BO3MOXXHOCTHM TNPHUMEHEHHUS MeTojla
MaTepuagbHOro OanmaHca Ha 3alieXax C BBICOKUMHU (PUIBTPALIMOHHO-EMKOCTHBIMU
CBOMCTBaMHU, Kak 0oJiee MPOCTOr0 METO/Ia ay/IuTa Ha4aJbHBIX U TEKYIIUX 3aacoB
ra30BOr0 MECTOPOKICHHS.

B  Oynymem nmnaHupyeTcs  TOpOBEIEHMS  aHajiu3a Ha  peajbHBIX
MECTOPOXKICHUAX C HAJIMYMEM JAaHHBIX TUAPOJIUHAMUYECKHX HCCIEIOBAHUM

CKBaXXUH U T'€0JIOTO-MPOMBICIOBOUN HH(pOpMAIIUEH.



2. ANNOTATION

Key words: material balance, audit of reserve, gas, average pressure,
senoman formation, uncertainty in average pressure estimation, synthetic model.

The object of research is uncertainty in average reservoir pressure
estimation.

The aim of research — ranking of methods of average pressure estimation,
their uncertainties that affect the gas field OGIP estimation by the methods of
material balance application.

In the process of research the following topics were studied: material
balance for gas filed; methods of formation pressure averaging; uncertainties in
average pressure estimation; “Petrel” and “Surfer” program products.

The obtained results are: ranking of result of averaging methods; the
comparison of OGIP between geological model and OGIP provided by material
balance; the analysis of uncertainties were conducted; sensitivity analysis of
formation properties alteration was provided.

Major technical, technological, and exploitation characteristics: synthetic
model of senoman formation build in “Petrel” software.

The degree of implementation: material balance method is widely applied
for gas field OGIP estimation.

Field of application: audit of gas field reserves

Work importance: estimation of possibility of material balance application
for the senomanian formation and formations with high properties, as a more
simple method of reserve estimation

For the future the application of this methods, on real formations with

available pressure and rate data is planned.



3. BBEJAEHHUE

AyaUT TEKyIIMX M HAYaJbHBIX 3alACOB Ta30BOr0 MECTOPOXKAEHUS — 3TO
OJlHA W3 OCHOBHBIX pacyeTHbIX 3aJady He(TerazoBoil uHxeHepuu. OO0beM
HAYaNbHBIX 3alacOB HANpPSAMYIO BJIHMSET Ha OyAylue MeToabl pa3paboTKw,
BKJIFOYAIOILIUE B CeOsl: CTPATETHI0 pa3padOTKHU ra30BOr0 MECTOPOXKIACHMS, TU3alH
HNOBEPXHOCTHOIO IPOMBICIOBOTO OOOpPYIOBaHUS, U Ha OOLIYI0 IKOHOMHUYECKYIO
COCTAaBJIISIIONIYIO Pa3padOTKHU.

KoMImannu-ayguTopel, 3a4acTyro, C LEIbI0 IPOBEJCHHS ayAuTa 3aracoB
MECTOPOXKACHUS, UCTIONB3YIOT HAauboJIee pacpOCTPAaHEHHBIA METOJI — OOBEMHBIN,
IIpY HAJIMYUM aJJalITUPOBAHHON MOJENH 3alieku. MeToa MaTepuanbHOro OaaHca,
KaK aJpTEepHAaTHUBA, OCHOBBIBAETCS HAa MEHBUIEM  KOJUYECTBE BXOJHOMU
uH(poOpMaMU, U TaK K€ MO3BOJSET C OMNPENEIECHHOM TOYHOCTHIO ONPENETUTh
HaYyaJIbHBIC U TEKYILHE 3a1achl MECTOPOKICHUS.

OnpeneneHus TEKyIIMX W HAYAJIbHBIX 3allaCOB METOJOM MPSMOW JIMHUH
IIpY TIOMOIIM MTOCTpOeHUs rpaduka P/z oT HakoruIeHHOW TOOBIUM OJMH U3 CaMbIX
IIPOCTBIX METOJIOB ayAMTa 3alAacOB JUI 3aMKHYTOHM 3aJIEKHU C Fa30BbIM PEKUMOM
pa3paboTku. MHorue 1oObIBatONIMEe KOMIAHUM B COCTOSIHUM MCIOJIB30BaTh 3TOT
METO/]I CAMOCTOSITENILHO 0€3 MPUBJICYEHHS] CTOPOHHUX MPOEKTHBIX HHCTUTYTOB.

Lenb naHHOM pabOThl OLEHUTH Pa3jIMuYHbIE BHUIbI HEONPEIEICHHOCTH NPHU
pacyere CpeIHEB3BEUICHHOIO IUIACTOBOIO [ABJIEHUSA, TaK KaK TOYHOCTb €ro
ONpEENICHNS] HANpPSAMYIO BIIMAET Ha OLICHKY HAYaJbHBIX M TEKYIIMX 3alacoB
ra30BOT0 MECTOPOXKACHHUS METOJIOM MarepuanbHoro OanaHca. byaer mpoBeneH
0030p CYHIECTBYIOUIMX METOAMK MO pPACUETy CPEAHEB3BEIIEHHOTO IJIACTOBOTO
JABJICHUSL.

PaccMoTpeHHBIE METOOUKHM pacyéTa CpeHEB3BEIIEHHOTO IJIACTOBOTO
JaBJCHUS C Yy4ETOM HEMOJHOrO OXBaTa (POHJA CKBaXXUH 3aMepaMH ILIaCTOBOTO
JaBJICHUS UM UX HEOJHOBPEMEHHOCTBIO MTPHU (PaKTUUECKON pa3paboTKe, a TAKKe €
3aJJaHUEM  [IOTPElIHOCTH  3amepa  OyAyT  IpUMEHEHbl JUisl  pacuera
CPEIHEB3BEILIEHHOTO  JIaBJIEHUA  CHUHTETHYECKOU MOJENM  Tra30BOro

MCCTOPOKIACHMA. Tak xe 6yz[eT OLCHCHO BJMAHHUA HCEOIPCACICHHOCTU IIPpH



pacueTe CpCAHCB3BCHICHHOTO IINIACTOBOI'O JIABJICHHMA Ha OLCHKY 3aIlaCoB B

CpaBHCHHHU C NCTUHHBIMH 3allaCaMH Ia3ad.



4. UNCERTAINTIES IN AVERAGE PRESSURE ESTIMATION

In all types of subsurface pressure gauges the extension which occurs
in the pressure-sensitive element is a function of the difference between the
external (well or calibration) pressure and the internal pressure within the
gauge, rather than a function of the external pressure only. The internal
pressure is near atmospheric and depends upon (a) the quantity of air sealed
within the gauge at the time of calibration or measurement, (b) the quantity of
moisture (liquid  water), if any, sealed within the gauge, and (c) the
temperature at which the calibration or well measurement is made. Part of
this correction for the change of internal pressure with temperature is taken care
of by the customary temperature coefficient of the gauge. However, part of it is
not, and while this portion may be only a few psi, it is nevertheless predictable or

preventable, and should be considered in precision measurements [9].

4.1. First type of error

If air is sealed in the gauge at the same temperature and pressure for
both the calibration and the well measurements, the usual temperature correction
will take care of any difference between calibration and well measurement
temperatures. However, if air is sealed within the gauge at temperature T, and
pressure P, at calibration but at temperature T, and pressure P, for a well
measurement, because different amounts of air are sealed within the gauge
in each case, the internal pressure at, or corrected to, calibration temperature T,
will be different by

P, P
AP =T, [T—i - T—j
where all temperatures and pressures are absolute. The calibration temperature
is used, and not the well measurement temperature, because  the  usual

temperature correction reduces the well measurements to calibration temperature.



The correction term as calculated by the above equation is separate from, and

in addition to, the usual temperature correction.
Example:
T, = 540°R, sealing temperature at calibration
P, = 14.7 psia, sealing pressure at calibration
T, =460°R, sealing temperature at well
P, =14.7 psia, sealing pressure at well
T. = 660°R, calibration temperature
AP =660 [14.7/460 14.7/540] = 3.1 psi

While this error is small even under these somewhat maximal
conditions, it nevertheless represents a practical situation which did occur, and
which as a matter of fact gave rise to this note. Where AP is positive, as above,
the correction is added to the measured pressure; where negative, subtracted from
the measured pressure. This correction should also be considered in successive
calibration runs where the gauge, for example, may be warm from a previous

calibration at an elevated temperature.

4.2. Second type of error
Where a small quantity of moisture (liquid water) is sealed within the

gauge at atmospheric conditions, the increased vapor pressure of the water at
higher well or calibration temperatures will cause an increase in internal
pressure. This moisture will come presumably from condensation within the
gauge following temperature changes, from moisture on the operator's
hands, and from atmospheric moisture (rain, mist, fog, etc.). Calculation
shows that approximately 0.2 cc of water (three to four drops) is
sufficient to saturate the air within an Amerada RPG-3 Gauge at 160°F, at

which temperature the vapor pressure of water is about 5 psia. As the



vaporization occurs in a sealed volume, the increase in internal pressure will be in
excess of this 5 psi. At higher temperatures the pressures will be higher;
however more water will be required to saturate the air within the gauge.

Some experimental work was carried out with an Amerada RPG-3 Gauge at
200°F fitted with a 1,000 psi element, both with a dry recording chamber
and with a small amount of water added. The results directly proved the existence
of the error due to the presence of moisture, and, it is felt, indirectly, due to the
differences in sealing temperatures and pressures, as both effects may be
ascribed simply to an increase in the moles of gas within the recording

chamber.

4.3. Application of error
In precision measurements the error introduced by sealing the gauge

during a well test at a different temperature and pressure from that of
calibration may be corrected for by using the equation presented, or it may be
prevented by taking care always to seal the gauge at near calibration conditions.
The error introduced by sealing moisture in the gauge may be prevented by
taking care to keep moisture out of the gauge, or by removing the moisture by
either warming or evacuating the gauge. Both of these errors are independent
of the range of pressure measurement and the type of gauge, and are in
addition to the usual temperature correction.

For this particular case the following types or errors which can lower the
precision of original gas in place estimation are presented in the following list:

e (Qauge error;

e (Qas measuring unit error;

e drainage area estimation error.

Important part of the average pressure determination is the level of trust one
can have to the data included in the averaging equations. The main uncertainties of
pressure determination are come from the imperfections of measuring equipment.
The maximum percentage of the gauge error is defined as 0.4%, this value is the

minimum value allowed by the governmental standards.



Figure 1 — Well gauge
The measuring error of the gas measuring unit is defined as 1.5% for the
rate greater than 10° m®, however, the real error which is occurring on the field is
defined as minimum 10%. This value will then be taken for the error determination

in the future calculation.

Figure 2 — Gas measuring unit



The drainage area and drainage volume is also very subjective values; the
error for them is estimated as 10%.

Figure 3 — Well drainage areas

Table 17 — Value of error

Measurement Percentage %
Well gauge error +0.4
Gas measuring unit error +10
Drainage area and volume estimation error +10

The averaging technics which include the values with possible errors are:
rate average, withdrawal averaged, drainage area averaged and drainage volume
averaged. Error was applied randomly to the obtained values.

In rate averaging pressure equation both variables are subjected to the error.

The result of errors application are presented in the figure 44.



P/z

Rate averaged pressure

y =-4E-10x + 138.39

20 y = -4E-10x + 138.93 y =-4E-10x +139.15

0 1E+11 2E+11 3E+11
Cummulative production, mA3

# Rate averaged (random) B Rate averaged (not random) Actual data

Figure 4 - Comparison of random distributed parameters. OGIP estimated by
rate averaged pressure

Table 18. OGIP comparison. Rate averaged method error

Pressure averaging technique OGIP, 10" m3 %
Actual data 3.639

Rate averaged (no error) 3.558 2.25
Rate averaged (error) 3.500 3.84

As it seen from the table the difference in OGIP estimation is about 1.5%.

The withdrawal averaging is also includes two errors




= Weighted averaged pressure

140 J'»
120
100
y = -4E-10x + 137.78
80
60
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40
20 y =-4E-10x + 138.9
0
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Cummulative production, mA3
< Withdrawal averaged (random) ® Withdrawal averaged (not random) Actual data
Figure 5 - Comparison of OGIP with random error application
Table 19. OGIP comparison. Withdrawal averaged pressure
N N 11 3 0
Pressure averaging technique OGIP,10 m Yo
Actual data 3.639
Withdrawal averaged (no error) 3.556 2.30
Withdrawal averaged (error) 3.445 5.37

The application of error in arithmetically averaged pressure (figure 46) resulted in
the same OGIP. The reason is that error of 0.4% is insignificant to create major

divergence. After averaging to the same month error is playing no role.
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Arithmetically averaged
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< Arithmetic averaged (not random) O Arithmetic averaged (random)

Figure 6 — Application of error in arithmetically averaged pressure.
Application of error on the drainage area (figure 47) causes no change in the
OGIP as well. The reason of it is that drainage area on the semi-steady state is
changing insignificantly so error applied in the beginning remains the same
throughout the whole field life.

P/z

Drainage area averaging pressure

140

120

100

80

60

40 y =-3E-10x + 116.35

20
y =-3E-10x + 116.37
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Cummulative production, mA3

@ Drainage area averaged (random) O Drainage area averaged (not random)

Figure 7 — Application of error in drainage averaging method



4.4. Uncertainty in pressure interpretation

The pressure obtained after the build-up has been finished should then be
interpreted by the specialist. The real data are not perfect, so there is a chance or

error (figure 47).
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Figure 47 — Typical Log-log plot
The following analysis is possesses the application of predetermined error

which is randomly distributed on the whole value of obtained pressure.
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Figure 48 — Error application results

The results of estimated OGIP is presented in the table 20.



Table 20 — Comparison of obtained OGIP values

Pressure error OGIP, 10° m® %
Actual data 3.639

Rate averaged (no error) 3.501 2.25
10 atm. error 3.671 0.86
20 atm. error 3.800 4.43
30 atm. error 3.903 7.25
40 atm. error 4,119 13.19
50 atm. error 4.258 17.01

The obtained results showed the change in OGIP estimated by P/z plot by 3-

5% each 10atm.




3AK/IIOYEHUE

OCHOBHBIMU pe3yJibTaTaMU PabOThI SIBISIOTCS:

PaccmoTpen MeTon moiaydeHUs HAaYaJIbHBIX U TEKYLIMX 3alacoB T'a30BOT0
MECTOPOXKICHHUSI METOJIOB MaTepHaIbHOTO OanaHca. PaccMOTpeHBI yCIIOBHUS €ro
NPUMEHUMOCTH, B CpaBHEHUU C OoJiee CIOXKHBIM OOBEMHBIM METOAOM,
OCHOBAaHHBIM Ha MOCTPOCHHHM T€OJIOTUYECKOW M THAPOAMHAMHYECKON MOJIEIU
MECTOPOKACHUS.

[IpoBeneH aHanu3 METOJIOB YCPEOHEHHS IIJIACTOBOTO JIaBIICHMUS, c
BBISIBJICHUE UX MOJIOXKUTEIBHBIX U OTPUIIATEIBHBIX CTOPOH U JJaHBI PEKOMEHAAIUN
110 OCHOBHBIM KPUTEPHUSM JIJIs1 UX IPUMECHEHUS.

Ha ocHoBaHuU CUHTETUYECKOW MOJIENH ObLI COCTAaBJICH TpadUK MPOBEICHUS
MHuMBIX ['JIMC, ¢ mocnenyromum NPUMEHEHUEM IOCIEIHET0O B CHHTETHYECKOU
MOJIEJI Ta30BOT0 MECTOPOKIECHHSI CCHOMAaHCKOW 3aJIEKU.

[Tonyuennsie mocpeactBom mMHuMoro I'J/IMC mmacroBble JaBiieHHS ObLIN
YCPEIIHEHBI C UCIOJIb30BAHUEM METOJIOB pacCMOTPEHHBIX paHee. [1o monyyeHHbIM
3HAYCHUSAM CPEIHCB3BEIICHHOTO JaBJCHUS OBLIM TMOCTPOCHBI rpaduku P/z, u B
MOCJIEICTBUA 00bEM HAaYaJIbHBIX 3aI1aCOB Fa30BOI'0 MECTOPOKACHHUS.

[IpoBeneHa cCpaBHUTENbHAS XapaKTEpUCTHKA METOJA MaTepUaIbHOTO
OamaHca W OO0BEMHOTO METOJa, CYHUTAIOMIErocs JTaJoHHBIM. [lomyyeHHBIE
METO/IOM MaTepUajIbHOro OajlaHca HayalbHbIEC 3alachl OTIMYAIUCh B CPEIHEM Ha
2% OT ATaJOHHBIX (B MEHBIIYIO CTOPOHY), YTO CBUJIETEIILCTBYET O BO3MOKHOCTHU
MPUMEHEHUsI METOAa MaTepHalIbHOTO OanaHca OJis MojJcyeTa HadaJlbHBIX 3al1acoB
JUISL 3aJ7I€KEN ¢ BBICOKUMH (PUIIBTPAITMOHHO-EMKOCTHBIMM CBOWMCTBaMU, MPUMEDP —
3aJIe’)KH CEHOMaHa.

Hanee meTon maTepuanbHOro OanaHca OblI MPUMEHEH Ha PAIE MOENEH C
YXYJIIEHHBIMA CBOMCTBaMH. V3MeHEHME HaYalbHBIX 3alacoB MPU YACTHYHOM
YXYAIICHUH CBOMCTB (HE3HAYMTEIHLHOM) TMPHUBEIO K TMOSBICHUIO HEOOIBIION
norpemwiHocTl  nopsaka  3-4%. Mopenp €O 3HAYUTENBHO — YXYAUIEHHBIMU
MPOHUIIAEMOCTSIMU W BBICOKOM T€TEpOr€HHOCTHIO IIOKa3ajga OTKIOHEHUE OT

STAJIOHHOT'O 3HAUEeHUA 3armacoB Ha 22-24%, 4YTO CBHUJAETEIBCTBYET O



HEBO3MOXKHOCTH TMPUMEHEHHSI METOJa MaTepHallbHOTO Oamanca Ons ayaura
3aMacoB MECTOPOXKICHUIN C HU3KUMH KOJUJIEKTOPCKUMH CBOMCTBAMH.

Taxxe OBLIM PacCMOTPEHBI OCHOBHBIE HEOMNPEJICTICHHOCTU MPU IOJCUYETE
CPEIHEB3BCIICHHOTO  IJIACTOBOIO  JIABJICHUS  PA3JIUMYHBIMM  CIOCOOaMHU.
[TorpemHocT, BOZHUKAOIIME MPH HETOYHOM 3aMepe oO0beMa ra3a Ha CKBaKUHE,
npobjieMaMu ¢ MaHOMETpPaMH, T€OJIOTO-TEXHOJIOTHYeCKOW HHpoOpMaIed manu
OTKJIOHEHUE OT 3TAJIOHHOTO 3HadyeHus Ha 3-5% Ui KOJUIEKTOPOB CEHOMAaHa.
[TorpemHocTH, BO3HUKAIOIIME TPU HWHTEPHPETAIMU IOJYyYCHHBIX 3HAYCHUU
BOCCTAHOBJICHHBIX JABJIICHUW AW MOTPEIIHOCTh mopsaka 4-5% Ha xaxasie 10
aTM. TIOTPEIIHOCTH.

Taxke OblIa paccunTaHa SKOHOMHYECKas A()(PEKTUBHOCTH Pa3BEIOYHOTO

OypeHHUsI CEMU CKBaXKUH.
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