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BBEJAEHUE

B nacTosiee BpeMs 00JbIIas 4acTh 3armacoB YIJIEBOAOPOIOB MPUXOAUTCA
Ha TPYIHOM3BIEKAaEMbIe, KOTOpPBhIC TPEOYIOT MPUMEHEHHUS HOBBIX IOJXOJIOB K
pazpaboTke  MecTopokaeHui. CBOM  OCOOCHHOCTH  TPOSIBISIOTCS  JJIA
HU3KOIIPOHHUIIAEMBIX IUIACTOB, TJE JUIMTEIHHOCTh DJKCIUTyaTallid CKBaXKUH Ha
HEYCTAHOBUBIIMXCS PEKUMaX, BEITUKO M MOXET JIOCTHTaTh HECKOJIBKHX MECSIIEB.
JlaHHBIN MEepUOJT 3HAUUTEIHHO BIMSIET HA TUHAMHUKY CHUKEHHS J0ObYM HedTH 3a
CUéT CHMXKCHHS KOA(PPUIIMEHTa MPOAYKTUBHOCTH. B CBS3M ¢ 3THM mproOpeTaroT
aKTyaJTbHOCTh MOJICJIH, OTHCHIBAIOIINE B3aUMOJICHCTBUE IJIACTa W CKBAXXUHBI Ha
pa3IMYHBIX peKUMaxX paboTHI.

PenTabenbHOCTh pa3paOOTKH HU3KOIPOHUIAEMBIX IJIACTOB O0ECIEUNBAET
IpOBEJCHUE TUIPABIMYECKOTO pa3pbiBa IJacTa KaKk Ha HOBOBBEICHHBIX
CKBa)KMHAX, TaK U B PaMKax MPOBEJICHUS I€0JIOTO-TEXHUUYECKUX MEPOTIPUSITHIA.

[locne  mpoBeneHust  ruapopaspblBa B IUIaCT€  MPOSBISAIOTCA
HEYCTAHOBUBIIMECS PEXHUMbBI TEUCHHS, OTJIMYHBIE OT PATUAIBHOTO, BO BpeMs
KOTOPBIX  MPOMCXOAUT  JOIOJHHUTEIBHOE CHUKEHUE TMPOU3BOAUTEIHLHOCTU
CKBa)KUH.

Tounas orneHka cHWKeHUs Kod(duimeHTa MOPOAYKTUBHOCTH Ha
HEYCTAHOBUBIIMXCS ~ PEKUMax TEUCHHUS] HMMEET BaXKHOE 3HAYCHHE IS
3¢ ()EKTUBHOrO  TUIAHMPOBAHUSA  pa3pabOTKU  MECTOPOXKACHHS U mHojadopa
M0JI36MHOT'0 000pY1I0BaHUS NPU MyCKe CKBAXHH B SKCILTyaTalHUIoO.

AKTyaJIbHOCTh JAHHOW TEMBbI 3aKII0YaeTCs B pa3padOTKEe aHATMTUYECKUX
METOJIOB OIICHKH TPOM3BOAUTEILHOCTH CKBaXHH. Bpicokas 3¢h(EeKTHBHOCTH
U3BJICUCHUS] TPYAHOM3BIEKAEMbIX 3allacoOB JOCTUTAETCA MPU MOMOIIU CO3JIaHUS
MaTeMaTHYECKUX MOJIENICH U IPOTPAMMHBIX MPOIYKTOB, MO3BOJISIONINX MOI0MPATh
s (eKTUBHBIE METOBI Pa3pabOTKU HU3KOMPOHHUIIAEMBIX IIACTOB. Takke O4YeHb
BOKHBIM HIOAHCOM SIBIIIETCS pacyeT TEXHOJIOTHYECKUX TIIOKa3aTenel paboThl

CKBaXWH IIpu Hasmmuuu tpeuuH ['PIL



[enbto maHHOW pabOTHI SBISETCS OIEHKA BIMSHUS HEYCTAaHOBHBILETOCS
peXrMa Ha KOJIMYECTBEHHOE CHIDKEHHE KOA((UITMEHTA MPOTYKTUBHOCTH CKBAXKHH
C TUJIPOPA3PHIBOM MECTOPOXKIeHUA V.

B pamkax mocTaBiIeHHOW LIEJIA PEIIAIUCh CIAEAYIOIIE 3a1a4Hn:

1. PaccmotrpeTs pasiMyHble PEXHMBl TEUYEHHMS B CKBaXHHAX C
tpemmHamu ['PII;

2. TlomoOpaTe MoOpenb M TEOPETHYECKOTO pacdera Koddh(UIMeHTa
MPOJYKTUBHOCTH U TIPOBECTHU aHATTMTUYECKUN pacyeT Mo BrIOpaHHOM MOJIemn;

3. ComocTaBUTh MOMYYEHHBIE pE3YyJbTaThl MaAeHUs Koddduinenrta
MPOJYKTUBHOCTHU € (PAaKTHUECKUMU TEMIIAMU NaJCHUS;

4. OLEeHUTh pacyeTHOE CHMKEHUE Ko3(uIMEeHTa NMPOAYKTUBHOCTH U
COMOCTaBUTh €r0 C IJITAHOBBIMU MOKA3aTEISIMU;

5. CpaBHUTh TEOPETUYECKUH SKOHOMMUYECKUU 3PPEKT OT MpOBEICHUS
['TM c 11aHoBBIM.

3aImIaeMble OJIOKEHNUSA:

1.  VYcranoBneHo, uTo Tekymas ¢opMa pacyeTa TEXHOJIOIMUECKHUX
nokazareneid ['TM He a3 dekTrBHA 1151 NPOTHO3UPOBAHUS 3aITyCKHBIX MAPaMETPOB
CKBaxMH nocse nmposenenus P11

2. JlokazaHO, YTO MOJie]b pacyeTa, OCHOBAHHAs Ha aHAJIM3€ T€OMETPUHU
TPEIIMHBl W TJIOIIAAU APEHUPOBAHUSA, MMEET JYYIIYI0 CXOJUMOCTh JAHHBIX U

6onee npuroana s mporuosupoBanus ['TM T'PII.



AHHOTALIUA

B nacTosimiee BpeMsi OoJiblliasi 4acTh 3amacoB YIJIEBOJAOPOAOB MPUXOIUTCS
Ha TpPYJIHOU3BJIEKAEMbIE, KOTOpbIE TPEOYIOT NPUMEHECHHS WHTECHCU(UKAIIUN
MPUTOKA B BUJIE THAPABIMYECKOTO pa3phiBa miacta. JJIMTENbHOCTh SKCIUTyaTalluu
CKBOXMH Ha HEYCTAHOBUBIIUXCS PEXKUMAX JJIsi HU3KOINPOHUIIAEMBIX IIJIACTOB
nocsie ['PII, BEIMKO U MOXET IOCTUTaTh HECKOJBKUX MECANEB. J[aHHBIN TEpHUo.
3HAYMTEIHHO BJIMSACT HA JUHAMHUKY CHIDKEHUS NOOBIYM He(TH 3a CUET CHIHKCHUS
ko3 dunreHTa mpoIyKTUBHOCTH.

JlaHHasi BbIMYCKHas KBalu(uKalnoHHas paboTa TMOCBSIIEHA OICHKE
BIIMSIHUS HEYCTAHOBUBIIETOCS pPEKHMMa TEUYCHHUS HAa KOJUUYECTBEHHOE CHUKEHUE
ko3 dunreHTa MPOAYKTUBHOCTH CKBaKHH v TUJIPOPa3pbIBOM u
COBEPIICHCTBOBAHUIO METO/Ia pacueTa CHIKEHUSI KO3 duliieHTa MpoJyKTUBHOCTH
HA HEYCTAaHOBUBIIEMCS PEKUME TCUCHUA K CKBakuHe ¢ TpermuHon ['PI1.

B mepBoii wactu auccepTarimoHHOM pabOTHI pacCMaTPUBAIOTCS OOIIHE
CBEJICHHSI O MECTOPOXJICHUH, €ro pachojiokKeHue, Teoioro-pusznueckas
XapaKTEePUCTHKA. IIpencraBieHo TEKyIIee COCTOSIHUE pa3paboTku
MECTOPOXIeHUSI. B Cuily reojornyeckux M TEXHOJOTMYECKUX OCOOCHHOCTEH Ha
0azoBoM  (oHJE MECTOPOXKISHUS  3HAUYMUTEIbHOE  KOJMYECTBO  CKBAKUH
pa3pabaThIBacTCs ¢ COBMECTHOM JKCILTyaTalieid o0beKTOB pa3padoTku. IIpupoct
n00b1YM HepTH B CBSI3aH C (POPCUPOBAHUEM TEMIIOB Pa3padOTKU U YCKOPEHHBIM
TEMIIOM Peaju3allii MPOCKTHBIX I'€0JIOr0O—TEXHUYECKUX MEponpusiaThii. bosbiioe
KOJIMYECTBO CKBaXWH BcKpbiBatoTca ¢ ['PII, BcneactBue wero HabmromaeTcs
3HAYUTEJILHOE JOTOJHUTEIBHOE TMPEBbINIEHUE AOOBIYM HEPTHU HaA MPOCKTHHIMU
3HAYECHUSIMH.

Bo BTOpO#t yacTu quccepTaliMOHHON paboThl pacCMAaTPUBAIOTCS OCHOBHBIE
0COOCHHOCTH (UIBTPAlUH KUAKOCTH B INIACTe K CKBakuHe ¢ TpemmHou ['PII.
OcHOBOW WuCCIENOBaHUS HW3MEHEHUS KOI(P(PUIIMEHTa MPOTYKTHBHOCTH CIYKHUT
muddepeHnranbHoe ypaBHeHHE (UiIbTpauud (QIirouaa B MOPUCTOM KOJUIEKTOPE.

OHO ke BKIIOYaeT B ceOs IOHATHE YpaBHCHUA IILC30IIPOBOAHOCTHU, KOTOPOC



CIIY’)KAT MAaTEMaTH4YE€CKOM OCHOBOM TEOPUM TMIAPOJMHAMUYECKUX HCCIENOBAHUM.
[TpoBenenne I'PII B ckBaknHE 3HAYUTENHHBIM O0pa30M HW3MEHSET TOBEICHUE
JIaBJICHHSI B IME€pUOJ HEYCTAHOBUBIIETOCA pEXKMMa TEUYECHUS II0 pe3ysibTaTaM
TUAPOJIMHAMUYECKUX HMCCIEAOBAaHUN CKBa)XMH. B TeueHne ucciaenoBaHus MOTYT
pa3BUBATHCA PA3JIMYHBIE CTPYKTYPHI MOTOKA (JIMHEWHBIN B TpeUIMHE, OMITMHEHHBIH,
JMHEHHBIN B IJIACTE, PaJHaIbHbIN).

B Tperbeii yacTu AucCepTalMOHHON paOOThl MPOBOAUTCS aHAIM3 MOJEIIH,
no00paHHoN Ui pacuera KodduimeHTa nNpoayKTUBHOCTH, a TaAKKE CpaBHEHUE
JIAHHBIX TMOJYYEHHBIX NPU TOMOIIM PACYECTHOW MOJEIU C IUIAHOBBIMH H
(dakTHUecKUMU TMoKazaTensiMu. B pabore paccMOTpeHbl 2 pa3IMYHbIX MOJIX0Ja K
OLICHKE BPEMEHM BBbIXOJAa HA YCTaHOBUBLIMNCS pexum. llepBbli moaxom K
ONPENEIICHUI0 BPEMEHHM BBIXOJA HA YCTAHOBUBIIHWCS PEXHUM OCHOBAaH Ha
IJIOIAAM IPEHUPOBAHUS CKBAXKUHBI U UCIIOJIB3YETCS B HACTOsALIee BpeMs. Bropou
MOJIXO0JI, UCTIOJIb3yeMbI B JJaHHOW paboTe CBsi3aH ¢ MHGPOpPMALMEH O T€OMETPUHU
TPEIIUHBI, KOTOPBIM MO3BOJISIET MPOBOJIUTH PACYET BPEMEHHBIX HHTEPBAJIOB
KKJIOTO M3 PEKUMOB TEUEHHUsI, BO3HUKarONMX B miacte. [logoOpaHHas mMojenb
JUTSl QHAJIUTUYECKOTO pacuera CHIKEHHS KOd(p(UIIMEHTa MPOAYKTUBHOCTH HMEET
MEHBIIYI0 TOTPEITHOCTh M0 CpaBHEHHUIO C (OopMOM pacuera IJIAHOBBIX
IOKa3aTeseH, UCIO0JIb3YEMOW B JaHHBIM MOMEHT B ITPAKTHUKE.

B dyerBeproii wacTh aAMcCcepTallMOHHON pabOTHl MPOBEACH pacyeT
HYKOHOMHUYECKON dPPEKTUBHOCTU MPOBEACHUS THIPABIMYECKOTO pa3pbhiBa IJIACTA.
Takke TpOBENEH pacyeT CTOMMOCTH 3aTPAayeHHBIX MAaTEpPUaAJIOB M YCIYr, Ha
MIPOBEAECHNE OCHOBHOI'O THAPABIMYECKOIO Pa3pblBa IJIACTA C JTOMOJIHUTEIBHBIMU
3aTpaTaMy M aHaiu3 9yBcTBUTENbHOCTH YJIJ] mpoekTa K pasnuyHbIM (hakTopam.
@aKkTUUYECKU CpOK OKymaeMocTtu 3arpar Ha mposeaeHue ['PII cocrasnser
JUTUTENIbHBIN TIEPUOJI, HA YTO 3HAYUTEIHHO BIHMSET OOBOJHEHHOCTH MPOIYKIIUU.
Takum o6pazom nposeaenue ['PII Ha ckBaknHax ¢ 00BOJHEHHOCTHIO BhIme 80%
uMeeT OOJIBIION PUCK HE TOJBKO M3-3a MPOPBIBA BOJbI, HO TAKXE MO MpPUYMHE
HEpPEeHTA0ENbHOCTH, M CPOK OKymaemMoctd Takux ['TM MOXeT mnpeBbIaTh

OCTATOYHBIA CPOK PAOOTHI CKBAKUHBI



B maToii wacTm AmccepTalMOHHOW pabOThl PAacCMOTpPEHA COIHATbHAS
OTBETCTBEHHOCTh oOmnepaTtopa J00ban HeTH U ra3a. OmucaHbl BHIBI BPEIHOTO
BO3JICHCTBHUS HAa OKpYXKalollyro cpeny. lIpoBeneH aHanmm3 BceX OIMACHBIX |
BpeAHbIX (haKTOpoB paboueil 30HbI. [l mpoBeneHUss pabOT MO aHANU3Y U
nporaozupoBanuio [ ' TM y omepaTopoB uMmeeTcst onpeziesieHHoe pabodee MecTo, Ha
KOTOPOM JOJDKHAa OBITh COONOJIeHAa TEXHHWKAa O€30MacHOCTH [UIS  BEICHUS
pasnuyHOro poaa paboT. YcmoBus pabotel omeparopa JIHIT xapaktepusyrorcs
COBOKYITHBIM BO3JICHICTBHEM MHOTHX (DaKTOPOB, TaKMX Kak BUOpaIlvs, IIyMBI,
OTKJIOHEHHE MHUKPOKJIMMATA, MEXaHUIECKOE TPAaBMUPOBAHHE, dJCKTPUICCKHN TOK,

M05KapO-B3PBIBOONIACHOCTh, YT€UKa TOKCUYHBIX U BPEAHBIX BEIIECTB B aTMOCHEDY.



HNPUJIOKEHHUE A

Features of fluid filtration for wells with hydraulic fracturing

1. Basic Fluid-Flow Equation

The law of conservation of matter, Darcy’s Law, and equation of state
together constitute the diffusivity equation. This equation describes the processes
of fluid flow in a porous medium to well in formation. The diffusivity equation in
radial coordinates can be expressed as:

2
8P+16—P:¢M:‘6—P r>0 t>0,
o ror k ot

where p=p(r,t) — pressure in formation, r — radial coordinate, t — time.

The derivation of equation was presented by Matthews and Russel. They
showed the importance of the assumptions of horizontal flow, a single fluid of
small and constant compressibility, negligible gravity effects, a homogeneous and
isotropic porous medium and application of Darcy’s law, and also marked that
parameters have to be independent from pressure to find the solution of equation.

It is important to take into account initial and boundary conditions to solve
the diffusivity equation.

Initial condition:

P(r.t)_, =P

where P; — initial formation pressure.

For solution of diffusivity equation boundary conditions comprise inner
and outer conditions.

Set up of boundary conditions is important for analytical solution. The
work of the well with constant bottomhole pressure or with constant rate (constant
terminal rate and constant terminal pressure) is considered for internal conditions
(inner):

Constant terminal pressure assumption is:

P(r,t) _ = const



where r,, — wellbore radius.

Constant terminal rate assumption is:

Q(r.t) . =Q =const

where Q(r.t) _ :%B“(rg_’”j
Y r s,

- liquid rate at the bottom of the well, h — effective formation thickness,
B — liquid formation volume factor.

To consider wellbore storage effect:

Qs«B—-QuB = CS% , Q,, = const

where Qwn— liquid rate at the surface, Cs — wellbore storage coefficient. For

the formation there are different external boundary conditions:

P|r_m =P mpu t>0
P|r:r =P npu t>0
&» =0 npu t>0
or r=r,

where r. — radius of the formation.

For the assumption the well is located in the porous medium of infinite
radial extent. For a finite size reservoir considering any pressure disturbance
generated at the well never reaches the external boundary of the reservoir and
pressure saves at the initial pressure this boundary condition is valid. Assumptions
describe the cases, in which the well is located in the center of a cylindrical
reservoir of radius with a constant pressure, which is equal to the initial pressure,
maintained along the external boundary, or there is no flow across the external
boundary. To account skin-factor for the wellbore radius it is necessary to use

effective wellbore radius.

10



2. Unsteady-state flow regime

The unsteady flow regime gives an opportunity of formation parameters
estimation (the time from well’s start until the influence of boundaries).

The duration of unsteady-state flow regime is relatively short after some
pressure disturbance has been created in the reservoir. For the radial flow model,
this pressure disturbance is created by change of the well’s production rate in
vicinity of the wellbore r = r,. Applicability of transient flow is valid when the
pressure response in the formation is not influenced by the presence of the external
boundary. For this case the reservoir is considered infinite in extent. This
application is used in the well test analysis in which the well’s production rate is
deliberately changed and the obtained pressure response in the wellbore is tested
and examined. The boundary will not be reached and the reservoir is considered
infinite unless the reservoir is very small.

The complex solution of equation for transient period is characterized that
both the pressure and pressure derivative, regard to time, are themselves functions

of both position and time, thus:

P=g(r,t) and (;_T:f(r’t)'

At the start, due to fluid motion and expansion, the pressure disturbance, is
localized in a region in vicinity of the center of well, but progressively moves
further out into the formation.

The “drawdown” is the difference between the initial pressure P; and that
pressure in the well (r = ry) which increases with the depth of propagation of the
pressure disturbance into the formation.

The process of pressure disturbance initializes from the wellbore to the
outer boundary after start of the well. It is called transient flow period, time during
which the pressure disturbance attains the external boundaries of drainage area.
Duration of transient flow period tpss (hour) for circular drainage area with radius

can be found using equation:

11
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where ¢ — porosity, fractions.; u — fluid viscosity, mPa*s; c; — total
compressibility, atm™; k — permeability, mD.

Low permeability formations are characterized by long duration of this
period. For this case, it is important to find productivity index at transient flow
period (Pl,) as:

T
Pe _ow (tp)

According to the Figure 1.4, the value of productivity index depends on
time, especially when flowing time is short, i.e. starting production rate is very
high. It is important to point out that the transient productivity index is much
higher than the steady value. The transient productivity index is given by the

following equation according to the theory of constant rate drawdown:
27kh

Blu(ih'l 4kt :
2 yducr,

PI, =

t

+s).

3. Main features of the wells intercepted by hydraulic fracture in low

permeability reservoirs

In the case of formations with low permeability duration of unsteady-state
period flow is much longer than in high permeability reservoirs. The calculation of
productivity index is very important in low formations with wells, intercepted by
hydraulic fracturing.

To define reservoir parameters and estimate well conditions it is common
practice to conduct transient pressure well test analysis. For the conventional
methods of transient well test analysis interpretation the radial flow theory is used

as the basis. Particular features appear for methods in the case of hydraulic fracture

12



presence in the well because for this case the different types of flow reveal itself at
different times.

Unlike unfractured wells in the wells with hydraulic fracturing the
different flow behavior reveals and, as was estimated, application of pressure
analysis methods based on radial flow theory for these cases can yield wrong
results.

Various studies were done to elucidate different flow regimes for fractured
wells. Initially, most studies were related to steady state flow for fractured wells
and both vertical and horizontal wells were inspected to estimate the effect of
fracture on well productivity.

Originally, Dyes et all conducted the study on the unsteady-state flow
behavior for wells with fracture and then Lee using a numerical simulator
presented the work about the effect of both horizontal and vertical finite
conductivity fractures and presented correlations to find fracture and reservoir
characteristic parameters.

The “linear flow graph” was presented by Clark and Millheim and
Cichowicz. They marked that a graph of wellbore pressure Py versus 2\t yields a
straight line. Sawyer et al conducted studies for the wells with the finite
conductivity fracture using the numerical simulator. They marked that usage of the
theory of infinite fracture conductivity can yield erroneous result when estimating
well performance.

After studies and reexamining of the solutions for fractured wells under
transient flow period Gringarten, Ramey and Raghavan presented three models:
infinite conductivity vertical fracture, uniform flux horizontal fracture and uniform
flux vertical fracture. These models indicate three flow periods: linear flow,
transition and pseudo-radial flow. The type curve analysis was introduced as the
effective tool for estimation of fracture and formation parameters.

But after that Cinco et al pointed out that when the dimensionless fracture
conductivity is less than 300 the validation of infinite fracture conductivity is not

true. They introduced a model of finite fracture conductivity and marked that for
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this model type the linear flow period does not appear and usage of linear flow
graph can lead to erroneous results. Later, Agarwall approved this consideration.
Cinco and Samaniego presented the general theory for the unsteady flow
towards vertically fractured wells in 1981. They marked that fracture with low
conductivity shows the “bilinear flow period” in addition to the linear and pseudo-
radial flow periods. The pressure data graph versus “\t yield a straight line for
bilinear flow period. They introduced new type curves in data analysis for this

unique problem.
4. Transient pressure analysis methods

Different type graphs are used for methods of interpretation of pressure
transient data. Different flow periods may be identified using these methods since
data of a test may correspond to various flow regimes. Special graphs for each flow
regime are used for this purpose, such as a graph of dP versus 2\t for linear flow
period, a graph of dP versus “\t for bilinear flow period and for pseudo-radial flow
the semilog graph (dP versus log t).

For the general solution of pressure behavior in a reservoir the
dimensionless functions are used. For fractured wells the general dimensionless
functions are:

Dimensionless Pressure Drop for oil well:
khAP
Py
18,410Bu

Dimensionless Time:
¢ _ 000036kt

M uex;
Dimensionless Fracture Conductivity:

k,w
co — kx, :

For finite conductivity vertical fractures of small storage capacity, the

bilinear flow graph (dP versus “vt) was developed. The superposition of two linear
14



flows describes a behavior of the regime, where one flow is incompressible and
occurs within the fracture and the other is a compressible flow in the formation.
When the flow into the wellbore is due to the expansion of the system in the
formation and fracture tip effects have not been yet affected the well behavior the
bilinear flow appears.

For pressure transient test analysis, the dimensionless wellbore pressure
change can be written as:

2 45083

According to this equation the pressure change is both inversely
proportional to VFcp and directly proportional to the fourth root of time. A graph of
dP versus “\t gives a straight line passing through the origin of slope. After the
straight line portion, the curve could be concave upwards or downwards depending
on fracture conductivity.

The end of bilinear flow at:
01

FCZD Fep 23
tow = 40,0205(F., —15) ™16 < F., <3

—4
Fop £1,6
( 4,55 _2,5J cp

V I:CD

The log-log graph can be used to identify bilinear flow if the straight line
passes through the origin. A graph of log dP versus log dP yields a straight line of
slope 1/4 for pressure data on the bilinear flow period.

For application to both the fracture linear flow and the formation linear
flow periods the linear flow graph (dP versus 2Vt) was developed. The fracture
linear flow occurs at a very early time and hard for investigation but the
investigation of formation linear flow is important. If the fracture (vertical,
inclined, horizontal) has high conductivity it shows formation linear flow.

The dimensionless pressure change for this period can be expressed by:

15



P, = [y, -

The graph of dP versus 2\t yields a straight line with slope mi; which passes
through the origin. Only if the vertical fracture has dimensionless conductivity
greater than 300 the linear flow period occurs.

According to equation the formation linear flow begins at:

End of this flow period at:
to, = 0,016.

The log-log graph can be used to identify linear flow if the straight line on
the linear flow graph passes through the origin. A half slope straight line for
pressure data in the linear flow period is exhibited on a graph of dP versus 2.

The semilog graph (dP versus log t) analysis is based on radial flow theory.
As was pointed out, the fractured wells exhibit a pseudo-radial flow after all
previous flow regimes provided the fracture penetrates less than 1/3 of the drainage
radius. For pseudo-radial flow, a graph dP versus log t yields a straight line whose
slope is inversely proportional to formation conductivity kh.

The equation to express the pseudo-radial dimensionless pressure drop is:

1_. 1 1
P, =—=Ei—In ~—(In(4t;) —7) .
wo =73 (4%%} 5 In(4t5) =7)

For oil well:

AP = %(Iogt + Iog(

2
t'w

J —3,09232 +0.86859S) .

The slope and from semilog graph may be used to find the formation
conductivity (oil well):

_ 21195qBu
SRR

kh

To find skin factor (for oil well):

s ~11513(2 0 _ Iog[
m

2
t'w

J +3,09232)..
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The following equation may be used to find effective wellbore radius:

Fer =T, ©XP(=S).

The pseudo-radial flow period for a finite conductivity fracture begins at:

tops =56Xp (- 0,5(F ) °°).

The fracture acts as a skin so it is not possible to find the fracture
parameters during the pseudo-radial flow period.

The following equation can be used to find dimensionless time value at

pseudo-radial flow period:
_ 0,00036kt

U ety

A graph of (dP versus log t) is an important diagnostic tool. Different
slopes (unity, half and quarter) of a straight line from pressure data with a log-log
graph can be used as an identification tool for wellbore storage, linear flow, and
bilinear flow, respectively.

In addition to log-log graph, a type curve is used to apply the type curve
matching technique. Under different conditions of production, a type curve
represents the pressure behavior in dimensionless form for a reservoir. The type
curve matching method of interpretation is based on the properties of logarithmic
scales. It means that the shape of the curve of real data is the same as the shape of
the dimensionless pressure behavior curve, as the dimensionless variables are
directly proportional to real. Earlougher studied this method of interpretation and
gave useful presentation is his work.

For fractured wells, several type curves were developed for pressure
transient analysis.

It has the similar shape for different cases and because of that a lot of
problems may be solved using it. The type curve matching method represents an
instrument to estimate reservoir and fracture parameters as the excellent diagnostic
tool for identifying different types of flow. Beside this, the start and end time of
each flow period can be estimated.
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Gringarten et al have pointed out that the type curve method must be used
together with specific methods of analysis to receive reliable results. Also, analysis
of production data may be used to estimate fracture parameters in low permeability
reservoirs because wells produce principally at constant bottom hole pressure.
Nowadays, use of different computer software for pressure transient analysis

(PanSystem, Ecrin, etc) is the major help for reservoir engineer.

18



3AKVIIOYEHHUE

B pesynpTaTe mpOBENEHHOTO UCCIEIOBAHMS OBLJIO MpPOaHATU3UPOBAHO
BJIUSIHUE HEYCTAaHOBUBIIETOCA pEXHMa TEUYCHHUs] Ha CHIDKEHHE KOd3(PUIlMeHTa
MPOAYKTHUBHOCTH JJIsI CKBaKHUH ¢ TpermuHaamu ['PI1.

CoryiacHO TOCTaBJIICHHOW II€JIM BBITYCKHOM KBAJIM(DPUKAIIMOHHOW pPabOTHI
OBLIIM PEIIEHBI CIEAYIOIIHNE 3aJauH:

1. PaccMOTpeHbl pa3nuyHbIE PEXKUMBbl TEUECHHS K CKBAKHHAM C
tpemmHamu ['PII;

2. IlpoBemeH aHAMUTHYECKHI pacydeT MO MOJ0OpaHHOW TEOPETHUECKOH
MOJICNIM, TPOAHAJU3UPOBAHbl MOJIYYEHHBIE pe3yibTaThl CcHWkeHus Knop c
(haKTHYEeCKUMU U TIAHOBBIMU TTOKA3aTeIIsIMHU;

3. CormocTaBiieH pacueTHBIM SKOHOMHYECKH 3(PQeKT OT mpoBeneHus
['TM ¢ niaHOBBIM MPUPOCTOM TIO TOOBIYE.

4.  OmnpeneneHbl MapaMeTpbl JKOJOTMYHOCTH W OE30MAaCHOCTH B
YpE3BbIUANHBIX CUTYAIUSX.

AHanu3, TNpPOBOAMMBIA B paMKax JIaHHOW paboOThl TOKa3all, 4YTO
JUTMTEIIbHOCTh BBIXOJa HAa YCTAHOBUBIIHUKCS PEXHUM MOXKET JOCTHTaTh 2-3
MECSLIEB, B TEUEHUE KOTOPBIX IPOAYKTHUBHOCTH CKBaXUH C TpemmHamu [ PII
MOXXET CHIDKaThbcsl Oosiee ueM B 2 pasza. HekoppekTHas Oll€HKa TOTEHIIHAala
CKB)KMHBI MOXKET CYHIECTBEHHO CKa3aThCsl HA OTKJIOHEHUU (DAKTUUECKUX TEMIIOB
n00bIYM U 0TOOpA 3araca OT IMUIAHOBBIX 3HAYCHU.

B xone BbIMonHEHUs npoekTa Obula MOJ00paHa aHAIMTHYECKas MOJENb
pacdera CHUXEHUS KO3(P(ULIHMEHTa NPOJYKTUBHOCTH, OCHOBaHHAs Ha T€OMETPUHU
TPEIIMHBI, KOTOpass HMEET MEHBIIYI0 CpPEIHIOK MOrPEIIHOCTh B OLEHKE
Koa(dpuieHTa TPOIYKTUBHOCTH U JJIUTEILHOCTH HEYCTAHOBHMBIIETOCS pexuUMa
(9,1% u 17,6% COOTBETCTBEHHO) MO CPAaBHEHHWIO C CYIIECTBYIOMIEH (opMoit
pacueta TexHonornueckux nokaszareneit ['TM (67,4% u 81,7% coOTBETCTBEHHO) U
MOXET HCIOJb30BATbCSI HA MPAKTUKE JUIsl MPOTHO3UPOBAHMSI  TE€0JIOrO-

TCXHUYCCKHUX MepOHpHHTHﬁ.
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