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Beenenue:

OIHOM W3 OCHOBHBEIX COCTaBJIIOIINX POCCHICKON JYKOHOMHUKH SBISIETCS

HGCI)T?IH&?I IMPOMBINIJICHHOCTDb, KOTOpasa O4YCHbL CUJIbHO BJIMACT Ha 6IOI[)KGT CTpaHBbI.

Pecypcnas 6a3a HepTSIHOTO KOMIUIEKCA SBISETCS OUYEHb OCTPOM MPOOIEMOi.
HedtsHbie pecypchl MOCTENIEHHO HUCTOLIAIOTCS, OYE€Hb MHOIO MECTOPOXKJIECHUH
HAXOJIATCA Ha MOCIeHEN CTauu pa3pabOTKU U UMEIOT BBICOKYIO OOBOJIHEHHOCTb.
B crapplx HW HOBBIX pETrMOHAax OTKPBIBAIOTCA HOBBIE, MAaJEHbKUE U
HU3KONPOAYKTUBHBIE 3aJIekKH, pa3pad0TKa KOTOPbIX TpeOyeT 3HAaYUTEIbHBIX
KallUTAIbHBIX 3aTpaT. Ha ceroaHsamHmnii MOMEHT KOJIMYECTBO TPYAHOU3BICKAEMBbIX
U TPYIHOAOCTYIHBIX 3alacoB HEPTH, B TOM YHCIE HHU3IKOIMPOHHUIIAEMBIX
KOJUIEKTOpPOB Bo3pacTaer. Pa3paboTka TakuX MECTOPOXKIECHUH C MOMOUIbIO
pa3IMYHBIX MOAU(DUKAIMK TPATUIIMOHHBIX TEXHOJOTUH C HCIOJIb30BAHUEM
HAaKJIOHHO-HAIIPABJIICHHBIX CKB&XWUH C THUAPABIMYECKHM pPa3pblBOM ILIacTa

MaﬂOB(b(l)CKTI/IBHa, OoJIBIIIas YacTh 3aI1aCOB OCTACTCS B HCOpax.

CoBpeMeHHOE CcOCTOsiHME paboT B o0mactTh  pa3pabOTKU  TaKUX
MECTOPOXKJACHUIN TMOKAa3bIBAET, YTO HMCIOJB30BAHUE TOPU3OHTAIBHBIX CKBAXKHH C
MHOTOCTAIUHHBIM THAPABIMYECKUM pa3pbIBOM IIJJacTa SBIACTCA OJHUM W3
HanOosiee d(PPEKTUBHBIX U COBPEMEHHBIX METOJOB BOBJICYCHHS B Pa3pabOTKy
MECTOPOXKACHUN C TPYyAHOU3BICKAEMBIMU 3alacaMu, JKCIUTyaTamus KOTOPBIX C
MOMOIIBI0 CHCTEMBbl HAKJIOHHO-HANPABIEHHBIX CKBAXHH MaiodddexkTuBHa U
HepeHTabenbHa. Kak mnpaBwio ne6uThl HEPTH TOPUBOHTAIBHBIX CKBAXKUH C
MHOTOCTaIUHHBIM TUAPABIUICCKIM Pa3phIBOM IIACTA 3HAYUTEIHHO BBIIIE IEOUTOB

HAaKJIOHHO-HAaIpPaBJIeHHbIX cKkBaxuH ¢ ['PII.

[enbro pabOTHI SBJISIETCS KCCIIEIOBAaHKE OCOOCHHOCTEW MPUMEHEHUSI CUCTEM
TOPU3OHTAJIBHBIX CKBXKHH, JIJISI yBEIHMUYCHUS KOIPDUIIMEHTA W3BJICUCHUS HEPTHU
HU3KOIIPOHUIIAEMBIX KOJUIEKTOPOB, JKCIUTyaTalusi KOTOPbIX HEBO3MOXKHA C
MOMOII[LI0 HAKJIOHHO-HAMPABJICHHBIX CKBAXXUH, B CBSI3U C T€M, 4TO Hed(DPeKTHBHA

U HEepeHTalebHa.



AKTYanbHOCTh JAHHON paOOTHI 3aKIIFOYAETCS B TOM, YTO OOBEKT pa3paboTKu
MECTOPOXKICHHSI «A» OTHOCHUTCS K HH3KONPOHUIAEMBIM, €r0o peHTabeIbHas
pa3paboTKa BO3MOXHA TOJBKO TMPH TOMOIIM TOPH30HTAIBHBIX CKBAXKHH C

MHOTOCTaIUHHBIM THIPABINYCCKUM Pa3phIBOM IJIaCTa.
3amaun:

- [TogoOpaTh ONTUMANIBHYIO JITTHHY TOPU30HTAILHOTO CTBOJIA CKBAYKHUHBI
U PacCTOSTHUE MEXY PSAaMU JTOOBIBAIOIINX W HarHETATEIIbHBIX CKBAXKUH;

- Hccnenosath BJIUSTHUS paccTostHuA MEXKITY CTagusIMUA
TUPABINYECKOrO pa3pbiBa MIacTa Ha 3aIyCKHON JEOUT CKBAKUHBI;

- Ha ocHoBe wuccrnemoBanus moao0paTh ONTHMAJIbHOE PACCTOSIHUE
Mexay craausamu ['PLI;

— [Togbop  moaxomsmeit  TexHosormu  MIPII  gns manHOro
MECTOPOXKICHUS UCXOJIA U3 OMbITAa IPUMEHEHUS PA3JIUYHBIX TEXHOJIOTHS;

— PaccunraTh sKOHOMUUYECKUI d(DPEKT.
3alnIaeMbIe TTOJIOKECHUS:

- Pa3paboTansl TpeboBanus K BeIOOpY TexHonoruit MI'PII nins ropckux
OTJIOKCHMI;

— Boinenena B3auMOCBSI3b COOTBETCTBUSI OOOCHOBAHHUS PACCTOSIHUS
Mexay  TtpemmHamMu  [PII Mexny  aHanuTudeckod  Moaenpto L1 w
TUAPOAMHAMUYECKON MOAENBIO;

— BrisiBiieHa 11€1€C000pa3HOCTh BHEPEHUS] TOPU3OHTAIBHBIX CKBAXKUH
JUIMHON CEMBCOT METPOB M PACCTOSHUEM MEXIAY PAJaMH MSITHCOT METPOB st

OOBEKTOB CO CXOKUMU T'€0JI0Tr0-PU3NUECKUMHU XapaKTePUCTUKAMH.



AHHOTALHUA

Pecypcnas 6a3a HepTSIHOTO KOMIUIEKCA SBIISETCS OUYEHb OCTPOM MPOOIEMOiA.
HedTsHbie pecypchl MOCTETIEHHO HCTOILIAIOTCS, OYEHb MHOTO MECTOPOXKIACHUM
HaXOJATCS Ha TOCJeAHEN CTauK pa3pabOTKU U UMEIOT BBICOKYIO OOBOTHEHHOCTb.
B crapplx ¥ HOBBIX pErMOHax OTKPBIBAIOTCA HOBBIE, MAaJEHbKUE U
HU3KONPOAYKTUBHBIE 3aJIekKH, pa3pad0TKa KOTOpPbIX TpeOyeT 3HAaYUTEIbHBIX
KanuTaJdbHbIX 3aTpaT. Ha cerogHsAmHnii MOMEHT KOJIMYECTBO TPYAHOU3BIEKAEMBIX
U TPYAHOJOCTYMHBIX 3amacoB HEPTH, B TOM YHUCIE HHUIKOMPOHUIIAEMBIX
KOJUIEKTOPOB Bo3pactaer. Pa3zpaboTka Takux MECTOPOXKACHUI C IMOMOIIbIO
pa3IMYHBIX MOAU(PUKAIMK TPATUIIMOHHBIX TEXHOJOTUH C HUCIOJIb30BAaHUEM
HAKJIOHHO-HAIIPABJIICHHBIX CKBaXMH C TUIPABIMYECKUM pa3pbIBOM ILIACTa

MaﬂOB(b(l)CKTI/IBHa, OoJIBbIIIas YacTh 3aI1aCOB OCTACTCS B HCOpax.

[enbto pabOTHI ABISIETCS KCCIIEIOBAHKE OCOOCHHOCTEW MPUMEHEHUSI CUCTEM
TOPU30HTAIBHBIX CKBAXKHH, JUIS YBEIMYCHHUS KO3 UIMEHTa W3BJICYCHUS HEPTH
HU3KOIMPOHUIIAEMBIX KOJUIEKTOPOB, JKCIUTyaTalusi KOTOPBIX HEBO3MOXKHA C
MOMOII[LI0 HAKJIOHHO-HAMPABJICHHBIX CKBAXHUH, B CBSA3U C T€M, 4TO Hed(DPeKTHUBHA

U HEepeHTalebHa.

AKTYyaJqbHOCTH JaHHOU pabOTHI 3aKITIOYAETCS B TOM, YTO OOBEKT pa3paboTKu
MECTOPOXKACHUS «A» OTHOCHUTCS K HHU3KOIPOHMUIIAEMBIM, €r0 peHTaleIbHas
pa3pab0TKa BO3MOXKHA TOJIBKO TIPH TIOMOIIM TOPHU30HTAJIBHBIX CKBAXHH C

MHOFOCT&I[HﬁHI)IM I'uapaBIMYCCKHUM pa3pbIBOM ILIACTaA.

JlanHasi BbIMyCKHas KBalu(ukamroHHass paboTa TMOCBSIIEHA BOMPOCY
pa3pabOTKN HU3KOMPOHUIIAEMBIX KOJUICKTOPOB C TOMOIIBI0 TOPHU30HTATBHBIX
CKBQXMH C MHOTOCTaAUNHBIM THAPABIMYECKUM Pa3pbIBOM IUIacCTa Ha IMpUMEpe
MecTopoXaeHus: «A». OHa COCTOMT W3 UYEThIpEX 4YacTeW: TIe0JIOTUYECKOM,

CHGHH&J’IBHOﬁ, (I)I/IHaHCOBOFO MCHCIXXMCHTA U COHH&HBHOﬁ OTBCTCTBCHHOCTH.



B niepBoif yacTu BBITyCKHOW KBaJIM(DUKAIIMOHHOM pabOThl pacCMaTpUBAIOTCS
o0IIMe CBEEHUS O MECTOPOXKIICHUHU, XapaKTEpHbIE OCOOCHHOCTH TEPPUTOPUU H

reonoro-(bmnqecms{ XApaKTCPUCTHUKA MCCTOPOKICHUA «A».

Bo BTOpoOii YacTu BBIMYCKHOM KBaIU(PUKAIIMOHHON pabOThl MPOBOAUTCS
aHaJIN3 TEKYLIETO COCTOSHUS pa3pabOTKU MECTOPOKICHUS «A», BBIOOP CHCTEMBI
pa3paboOTKu Ui JAHHOTO MECTOPOXACHUSA, MOA0O0p ONTHUMAIbHOW IJTHUHBI
TOPU30HTAJIBHOTO CTBOJIA CKBAXKUHBI M PACCTOSHUS MEXKY PsilaMU 100bIBAIOIIUX U
HarHeTaTeJIbHbIX CKBAXXUH C IOMOIIBIO pacyeTa Ha CEKTOpPE TMAPOANHAMUYECKON
MOJIeNId B ruipoauHamuyeckoM cuMmyisitope miacta «PH-KUM» (Marma). Tak xe
B JAHHOM YacTU MpeJICTaBJICH aHaJIW3 3aBUCUMOCTH Je0UTa CKBaXKUHBI OT
PAcCTOSIHUSI MEXIY TPEIIMHAMH MHOTOCTAJIHMHOTO THUJPABIAYECKOTO pPa3pbiBa

Ijracra, aHaJInu3 OBLI IIPOBCIACH C IIOMOIIIBIO AHAJIMTUYECKOM MOJCJIH.

B TpeTheit uacTu mpoBeieH pacyeT AIKOHOMUUYECKOM 3D PEKTUBHOCTH OypeHU s
TOPU30HTAIBHBIX CKBAXKUH C Pa3JIMYHBIMU JUIMHAMU U PAa3JIUYHBIM PACCTOSTHUEM
MEXKy psAJlaMH TOOBIBAIOIINX U HAaTHETATEIbHBIX CKBAYKWH, OIICHEHBI KAlTUTAJIbHbIC
3aTparhl ISl KaXJOr0 BapuaHTa OypeHMs, pacueThl MOKas3aliu, 4yTO HauboJsiee
ONTUMAJIbHBIM OyJIeT OypeHHe rOpU30HTAIILHBIX CKBAXUH JJIMHON CEMBCOT METPOB

" PAaCCTOAHUCM MCKAY pPsAdaMU B IIATbCOT MCTPOB.

B derBepTOi yacTH BBITYCKHOW KBaTu(pUKAIMOHHONW pabOThl pacCMOTpPEHA
COLIMAJIbHAasi OTBETCTBEHHOCTh oleparopa 100buu HedpTun u raza. OnucaHsel
paziuuHble (PaKTOphl BPEAHOIO BO3JIEHCTBUS Ha OKpyXawluyto cpeny. [Iposenen
aHalM3 BCEX OMNAacCHbIX M BpeAHBIX (akTopoB padoueil 3o0HbL. OmnucaHa

HPCBBBIqaﬁHaH cuTyanms.



HORIZONTAL WELLS

Introduction

Horizontal wells have become an extremely popular development option

(Figure 1).

This chapter introduces the basics of designing and completing a horizontal
well. Well trajectory, geosteering, reservoir flow regimes and drainage areas are
discussed. Most horizontal wells use a medium or long radius build section rather
than the short radius technique that only allows a short lateral length and a limited

completion technique.
Drilling and completion of horizontal wells

The production casing (e.g. 9°® in) of a horizontal well is usually set at a high

angle (>70°) just above or just within the reservoir and an (82

in) pilot hole (Figure
2) drilled through the reservoir. A pilot hole can be employed when there is limited
geological or reservoir knowledge; the increased cost of the pilot hole being weighed
against the potential cost of the geological and other risks, which will be mitigated
once the pilot hole has been fully evaluated. The pilot hole is plugged and abandoned
after evaluation, the well-turned horizontal and then extended through reservoir to

the planned length and finally the well completion is installed.



5000 M A f} 50,000
&
*

& 4,000 - o 40,000
3 & g
= g =
o — [
= 3000 _ s0p00 2
7 * L
E ] :5/ E
=
< 2000 20000 O

*
|1
_/':}
1,000 11 10,000
*
o o
1985 1986 1988 1990 1992 1984 1996 1988 2000 2002
—= Annual —{ 3 —Cumulafive

Figure 1 Increase in horizontal well numbers.
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Figure 2 A horizontal well with pilot hole.

Horizontal Well Trajectory and Build Radii

The trajectory from surface to an entry point close to the reservoir is drilled
using “conventional” drilling technology with a long radius (1°-6°/100 feet) build-

up section to give the correct “sail” angle and well azimuth so that drill 1s directed



to the well target specified by the reservoir engineer. The build-up into the reservoir
section often increases to medium radius (8°-20°/100 feet) (Table 1). The entry point
into the reservoir is called the “heel” and the far end of the well away is called the

“toe” (Figure 3).

Build Radius
- = = £ -
1
' Heel Toe
Y ! l
_ _ _ _ S_taﬁdDE _ _ _ Qil .
1 Water

Figure 3 Horizontal well nomenclature

Build Radius for 90° turn
Hole Type (ft/m)

Long Radius 1,000-2,000 / 300-600

Medium Radius 300-800 / 100-250

Short Radius 30-200 / 10-60

Ultrashort Radius | 1-6/0.3-2

Table 1 Build radii.

The well is frequently drilled parallel to a fluid contact or reservoir / non-
reservoir rock contrast. The vertical distance to that contact is called the “standoff”.
Directional control can be £+ 1.0 m in the vertical direction by using "logging-while-
drilling" techniques that measure the distance between the tool and the fluid contact
or other property contrast. The horizontal section can be in excess of 2000 m. The

limit 1s usually set by reservoir requirements, completion or well access



considerations but not usually from drilling difficulties. Horizontal sections have
exceeded 6 km in some fields. The toe of the well can be more than 13 km
horizontally from the surface well location if the horizontal section is combined with

"Extended Reach" technology in the upper section of the well.
Horizontal Well Completion

Horizontal Well Completions are one or two orders of magnitudes longer than

conventional completions.

The greatly increased cost of the horizontal wells completion has to be
considered along with the increased complexity and the other Production

Technology requirements, e.g.

Sand Control, Zonal isolation, selectivity for water or gas shut-off and
stimulation operations which are correspondingly complex. Tractor technology is
now available to overcome operational constraints affecting wireline and coiled
tubing access to single well bore horizontal wells. Obtaining access to multi-lateral

wells still presents a problem.

The well production capacity depends on the reservoir's inflow performance
the completion design and the wells production casing or liner diameter. The

relationship between these factors is summarised in Figure 4.

Well Capacity
Completion Design | Production Casing or Liner | | Reservoir |

Wellbore length Lift considerations | | Mechanical | | Flow capacity

orientation etc. problems (diameters)

Excessive Sand Completion type Reservoir inflow

waterigas production performance
production greatly increased
by horizontal well

1 !—‘—I
Open hole Perforation Natural Farmation

productivity damage

Figure 4 Well Production Capacity.



Sketches of three type generic horizontal well completions are shown in

Figure 5. Table 2 summarises their advantages and disadvantages.

System

Advantages

Disadvantages

Open Hole barefoot
completions (Fig 5a)

low cost, large internal

diameter

risk of hole collapse,
difficult to abandon, no

sand control

Open Hole liner
completions (Fig 5b)

liner provides access for
wireline or coiled tubing,
maintains access if hole
collapses, provides sand
control if wire wrapped screen

installed

isolation and selectivity
problematic, difficult to

abandon

Cemented and cased

cmpletion (Fig 5¢)

provides zonal isolation,
allows multiple hydraulic
fracturing treatments, can be

completed as a 'smart' well

Higher cost, achieving a
good cement bond

requires good practices

Table 2 Horizontal well completion options.

Production casing shoe set in the reservoir

above the heel of the well

Open hole

l_sectinn

Figure 5(a) Open hole completion.




Tubing tail pipe installed

partially along lateral moves the
point of maximum drawdown to the
centre of the lateral

e

Slotted or drilled liner or
wirewrapped screen

Figure 5(b) Open hole liner completion with (optional) extended tubing
tailpipe.

Total flow rate measured by Multi-phase Flow Meter
installed near the Christmas Tree

Cemented liner with internal
tubuling along lateral

Interval control valve Packer separates zones
adjusts zonal inflow rate
into the tubing

Figure 5(c) Selective completion divides the lateral into three zones.
"Smart" or "Intelligent” Wells

Smart wells are normally, but not necessarily, horizontal wells equipped with
downhole monitoring and control. Surface readout of the zonal downhole

measurements (e.g. temperature, pressure) is often available and combined with the



total well flow rate measured by a Multi-phase Flow Meter installed near the
christmas tree. The data is analysed and the information used to adjust the zonal flow
control devices. This could be by a command from the surface or by a wireline/coiled
tubing intervention to shift a sleeve in the well. The downhole information could be
used directly for automatic downhole flow control; but this step has not yet been

taken.

The main driver leading to smart wells has been the problem of reservoir
management in horizontal wells. Reservoir management has the objective of
ensuring that the reserves of each flow unit are efficiently extracted with a minimum
of unwanted fluids (e.g. water). This requires the ability to close off perforated
intervals and/or open new perforated intervals. The methods of perforating and of
setting bridge plugs and scab liners in cemented casing used in conventional vertical
wells are more difficult in horizontal wells. More efficient reservoir management
could be practiced if the well were divided into a number of segments, each of which
could be monitored and controlled separately. It would also reduce the operating and
processing costs as well as reducing the workover frequency; avoiding the increased

risks and costs associated with conventional workover methods:
Timing: Waiting for availability of equipment, crews, drilling rig etc.

Cost: A typical straddle isolation (zone change) can take up to 10 days rig
time plus deferred oil. A subsea zonal isolation workover can be ten times more

expensive than a platform job.
Risk: Of problems developing during the workover.

Constraints: Deepening the well after initial completion requires drilling out

plugs etc.



Subsea (possibly deep water) field developments with real-time management
zonal flow management from an FPSO or other type of remote production facility is

now frequently practised.
The Well Productivity Improvement Factor
The stabilised, well productivity index J is defined as:
J=—e
(P—=F,)
Where
Qne — Hydrocarbon Production Rate at Standard Conditions
P — Average reservoir pressure in drainage volume of well
Pyt — Bottomhole flowing pressure measured at same datum level as P

Productivity Improvement Factor (PIF) is defined as the ratio of the horizontal

well productivity index (JH) to vertical well productivity index (JV):

J
PIF =
J,
Figure 6 shows the PIF value of a 500 m long well placed in a 15 m thick
reservoir as a function of the k,/ky ratio. At low ky/k, values the horizontal well
performs more poorly than a vertical well; while for k,/ky, = 1 the horizontal well

productivity is 4.3 times that of a vertical well.
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Figure 6 The Production Improvement Factor (PIF) for a horizontal well as a

function of the vertical and horizontal permeability ratio (k./ky).
Connection of Laterally Discontinuous Features

Naturally, fractured reservoirs contain large volumes of hydrocarbons. The
matrix permeability is often too low for commercial production rates. However,
wells intersecting open, natural fractures can produce at high rates due to their large
area open to flow. These fractures are normally close to vertical in deeper reservoirs.
A horizontal well-aligned normal to the stress direction at the time of fracture

creation has a much better chance of intersecting the fractures (Figure 7a).

The key parameter is the fracture density. If the fracture density is sufficiently
sparse, it is unlikely that a vertical or deviated well will intersect a fracture. The
horizontal well can be extended until it intersects a sufficient number of fractures to

give the required well production rate.



Figure 7(a) Vertical and horizontal wells connecting to an open fractures.

Figure 7(b) Reservoirs separated by a sealing fault can be produced by a

single horizontal well.

The horizontal well can also connect reserves in different fault blocks. The
LWD response while drilling the horizontal section may suddenly indicate a change

from reservoir to non-reservoir (Figure 7). The well must now, depending on the



type of fault, be directed upwards or downwards in a search for the reservoir. Good
quality seismic and an understanding of the field's structural history are required
here. The reservoirs in the two fault blocks may have significantly different initial
pressures or the pressures may diverge during exploitation. Management of the

inflow from the separate blocks using an intelligent well may be beneficial here.
Reservoir Flow Regimes

Vertical wells that are fully perforated across the entire reservoir section show
a radial flow regime with no vertical flow within the reservoir (Figure 8). For
horizontal wells it is essential that fluid flows vertically to the level of the horizontal
well (Figure 8). The well would drain oil from a horizontal layer whose thickness is
the well diameter if vertical flow was not possible (i.e. ky= 0). A horizontal well
completed in an ideal, homogenous reservoir whose width is shorter than the length
of the well will show consecutively radial, linear, pseudo radial and finally

hemispherical flow regimes.

Top View dg

|
Side View | —_— =~ | =% —~=—<— |Side View

Vertical Well Horizontal Well

Figure 8 Flow regimes for vertical and horizontal wells in a homogeneous

reservoir.
Reservoir Drainage Area

The length of horizontal well that can be drilled is comparable to the well
spacing between vertical wells. A horizontal well can therefore drain the same
formation volume as several vertical wells, typically replacing between two and four
vertical wells (Figure 9). This expectation needs to be confirmed by long-term

production experience for a given field, as it depends upon the reservoir structure



and continuity. It can only be definitively known at the time of field abandonment,

as with all matters concerning the field's ultimate reserves.

(a) Feld Development with (b) Field Development with
5 vertical or deviated wells 2 Horizontal Well

Figure 9 Horizontal and vertical well drainage areas compared.
Fractured Horizontal Wells
Introduction

Use of horizontal wells has become an effective means in oil field
development. The number of horizontal wells in the world has been continually
increasing in the recent years. Methods to predict performance of horizontal wells
are very important in the oil production from horizontal wells. A great deal of

research concerning this area has been done in the past years.

In 1987, Joshi summarized methods to predict performance of horizontal
wells. Later, following the form of Vogel's equation, a method to predict
performance of horizontal wells was proposed by Ben Dakhlia. These methods are
basically based on the radial flow formula derived from Darcy's law. They are used

to predict performance of horizontal wells without fractures.

In 1991, Norris et al reviewed methods for predicting performance of
hydraulically fractured horizontal wells. Prediction of performance of horizontal
wells with several vertical fractures was studied by Karcker et al and Soliman et al
using numerical method. Mukheijee et al also proposed a method to predict

performance of horizontal wells with vertical fractures using type curves. In 1989,



Economides et al investigated prediction of performance of horizontal wells with

lateral fractures.

The methods for predicting performance of horizontal wells fall into four
categories: (1) equations deviated from Darcy's law, (2) equations similar to Vogel's
equation, (3) reservoir numerical simulation method, and (4) type curve method. The
methods in the first two categories are basically used in predicting performance of
horizontal wells without hydraulic fractures, while that in the last two categories can

be used in predicting performance of horizontal wells with hydraulic fractures.

The first horizontal well drilled in the Daqing Oilfield is located in Yushuling
area in the southern part of the oilfield. The horizontal well was numbered Shuping
Well 1. After the horizontal well was drilled, it was hydraulically fractured at three
different regions. The three formed fractures were believed to be vertical. After

producing oil for a few months, the well was partially re-perforated.

The second horizontal well drilled in the Daqing Oilfield, numbered Maoping
Well 1, was drilled in Toutai area in the southern part of the oilfield. The well was
hydraulically fractured before being put into production. The four fractures were

confirmed to be vertical.

Based on a reformed flow resistance theory, a practical method for predicting
performance of a horizontal well which is hydraulically fractured and partially
perforated has been presented in this paper. The method has been successfully
applied to the two hydraulically fractured horizontal wells in the Daqing Oilfield,

one of which was partially perforated.
Model

Physical Model. To understand oil flow mechanism from drainage boundary
to the wellbore of a horizontal well with hydraulic fractures in a reservoir,
electrolytic simulation experiments were conducted in the laboratory. The
electrolytic simulation models were constructed based on the well completion

configurations of Shuping Well 1.



Based on the experimental results, which were obtained from electrolytic
simulation of a horizontal well 8, horizontal wells with different well completion
configurations under the condition of steady state flow may be simulated by the

following two simplified models:

(1) If a horizontal well is hydraulically fractured with n vertical fractures,
two stages of oil flow may be assumed: oil flows in the formation from the drainage
boundary into fractures and then flows from the fractures into the horizontal
wellbore. The whole flow area can be divided into n flow regions along the

horizontal wellbore, each having one fracture in its center.

(2) If a horizontal well is hydraulically fractured with n vertical fractures
and then partially re-perforated, it is assumed that oil flows from the formation into
the horizontal wellbore in two ways: (a) the oil flows from the formation into the
fractures and then flows from the fractures into the horizontal wellbore; and (b) the
oil flows into the horizontal wellbore directly from the formation near the wellbore.
The whole flow area can be divided into n flow regions along the horizontal

wellbore, each having one fracture in its center.

Mathematical Model Based on the above physical models and the
assumptions, a mathematical model for predicting performance of horizontal wells
has been derived using the flow resistance principle. In the following derivation of
equations, skin factor S is assumed to be negligible. In oil fields, skin factor is
usually not equal to zero. If skin factor S can not be ignored, it is easy to include it

in the flowing equations.

A Horizontal Well with n Vertical Fractures. Oil flows from the formation
into the fractures and then flows from the fractures into the horizontal wellbore. To
calculate the total flow rate, what we need to do is to calculate the oil flow rate in

each flow region and then sum all the oil flow rates in the whole flow area.

The pressure drawdown caused by oil flow in the formation of a flow region

1s expressed as



Ap, = Qito(L"—xy) Qilo (1)

B 2Kh(Lf1+Lg2) ZKhxf(Lle+$)

The pressure drawdown caused by oil flow in a fracture is

__ QiloXxy
27 2Krho (2)

The pressure drawdown caused by the convergence of oil flow near the

horizontal wellbore is given by

— 1 Qo g, B T
37 2nksw (n 27y ) 3)

Consequently, the total pressure drawdown resulted in one flow region is

_ _ _ __Qing L'—xf 1
Ap = p, Pwr = Ap; + Ap; + Aps = 2 [Kh(Lh"‘sz) Khx (L"'L) '
f Lfl sz
X 41 (1, T
Kshw + Kyghm (ln 21y 2)] )

Customary units are used in Egs. (1), (2), (3) and (4). In the above equations,
L the half distance between the interested fracture and the other on its left, while
Lp, 1s the half distance between the interested fracture and the other on its right. If
the interested fracture is at an end of a horizontal well, then L¢, or L 1s assumed to
be equal to the distance between the fracture and the flow boundary. From Eq. (4),
the flow rate (in m®/d) of the oil flow into the horizontal wellbore from one fracture

1S

170.54Ap
Q== 5)
Where
_ L*—xf 1 Xf 1 ( L_E)
A = pyB, [Kh(Lf1+Lf2) + — <;+;) tow Temam ) ©
f Lfl sz

The units in Egs. (5) and (6) are SI metric units. If a horizontal well has n

vertical fractures, the total flow rate for a well in 10°kg/d is



Q = poXiz10Q (7)



3ak/IroueHue

B pesynbrare BBIMOJIHEHHOW  palbOThl, ObUIM  MpPOAHATU3UPOBAHBI
TCOJIOTHUECKHE JaHHBIE MECTOPOXKICHUS «A», BIOpaHa Hanbosee OaaronpusiTHas
cucrema pa3paboTKu, a UMEHHO OAHOpsinHasA. bouta BeIOpaHa Hambosee TOYHAS
aHaJUTUYECKass MOJENb MPHU aJalTald K YCIOBUAM JAHHOIO MECTOPOXKICHHUS,
OTKJIOHEHHE OT TMOKa3aTelell peanbHOM CKBaXKWHbI cocTaBisieT Bcero 0,2%.
[IpoananusupoBanbl paznuunblie TexHojJoruu MI'PII u Obina BeiOpana Hanbosee
MOAXOASIIAs TEXHOJIOTUS s reojioro-QU3NIeCKuX  XapaKTePUCTHUK
MECTOPOXKJICHUSI «A», a HMMEHHO MNPUMEHEHUE PA3JIBIKHBIX MYy(PT ¢
pa3OypuBacMbIMU WJIM PAaCTBOPUMBIMHM IIapamu, pazodmenue 30H [PII

PEKOMECHAYCTCA IIPOBOANTH C ITIOMOIIBIO THAPOMECXAaHUYCCKHX IMaKCPOB.

CornacHo 1end M 3ajadyaM BBIMYCKHOW KBaTU(DUKAIMOHHONW palOOThI

BBITTOJIHCHO:

- [Tonobpana onTrMasnbHasi JUIMHA TOPU3OHTAIBHOTO CTBOJIA CKBAKMHbI
U PACCTOSIHUE MEXKIY psAaMu JOOBIBAIOIINX U HATHETATEIbHBIX CKBAXKHH;

- [IpoBeneHO HCCIIEIOBAHUE BIUSHUS PACCTOSHUS MEXAY CTaausIMU
T'UJIPaBIMYECKOTO pa3phiBa IJIaCTa Ha 3aIyCKHOM EOUT CKBa)KUHBI,

- [Tono6pano onTuManbHOE paccTosiHue Mexay ctaausmu ['PII;

— [TogoOpana nHaubosiee nmoaxoasias Texnonorus MI'PIT gyist nanHoro
MECTOPOXKACHUS UCXOS UX ONBITA IPUMEHEHUS Pa3IUYHbIX TEXHOJIOTUM;

— Omnpenenen sxkoHOMUYecKuit 3G hexT OypeHus.

bbln mpoBeAeH SKOHOMUYECKMH aHallu3 € MOMOUIbI0 KOTOpPOTO ObLia
BBISIBJICHA BIIOJIHE OXHJIaeMas 3aKOHOMEPHOCTh YTO MPHU YBEJIMUYEHUU PACCTOSHUS
MEXIY psSAaMH TOOBIBAIONINX W HarHETATEIbHBIX CKBAKUH KalTUTAIBHBIC 3aTpaThl
YMEHBIAIOTCSA, Hanbojee MPUOBLILHBIM TOKa3ayn cebst BapuaHT ¢ anuHoM ['C
CEMbCOT METPOB U  PACCTOSHUEM MEXIy psAgaMd  IMSITbCOT  METpOB,
JTUCKOHTUPOBAHHBIE MOTOK HAIWYHOCTH MPH TOM BapuaHTe, cocTaBui 250 MutH.

pyO. Ipy KanUTaIBHBIX BIOXKEHUA B 2 746 MIH. pyo.



Hcxons U3 pe3yabTaToOB JaHHOW pabOThI MOXKHO YTBEPXAaTh, YTO OypeHHE
TOPU3OHTAIBHBIX CKBAXXUH JJIMHOM CEMBCOT METPOB U PACCTOSIHUEM MEXKIY PSAAMHU
JOOBIBAIOIIMX M HarHETATEJIbHBIX CKBAXKUH B MSITHCOT METPOB SABJISIETCS Haubosee
ONTUMAJbHBIM BapUaHTOM, MPU 3TOM PACCTOSIHUE MEXKIY (pak mopTamMH JOJAKHO

COCTaBJIAThL CTO MCTPOB.



