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BeeneHune

Mopckne ocHoBaHWs, BypoBble NNaTopMbl
noaBoaHOE HeEPTENPOMbBIC/IOBOE 060pyA0OBaHME Ha
HeMTAHbIX MECTOPOXXAEHMSIX B aKBaTOPUSX apKTUHECKNX
1 CyBapKTUYECKNX MOPEN B LieNsx 6e30nacHoro
BeJeHs paboT OO/KHbI ObITb 3aLLMLLEHbI OT
BO3OENCTBUS 1600BbIX MONEN 1 ancbepros, YTO TpebdyeT
YTSOKENEHNS U YCNIOXKHEHNSA TAKMX COOPYXKEHWUI, @ TakKe
NPUMEHEHWNSI 1e00KO/IbHOMO d1oTa A5 X aKTUBHOWM
3alThl, HTO 3HAYUTENBHO YBENMYMBAET CEOECTONMOCTb
nobbiBaemon HedhTw [1]. CyLeCTBEHHO CHU3UTL 3aTpaTbl
Ha 0BbyCTPOMCTBO M 3KCMJTyaTaumio MOPCKUX HEDTAHbIX
MECTOPOXAEHNN APKTUKM C TSXKENbIM NeQOBbIM
PEXNMOM MOXXHO TOJIbKO 3a CHET 3HAYNTESIbHOMO
YMEHbLLEHUS Y1Cia OOBEKTOB CUCTEMbI SKCMyaTaLmm
MECTOPOXOEHNS.
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Introduction

Gravity based structures, drilling rigs, and subsea
equipment in the ail fields in the Subarctic and Arctic
waters should be protected against ice and iceberg
impacts for safety reasons. This results in an increase of
the weight and complexity of the structures as well as

the use of an ice-breaking fleet for their active protection,
which in turn, increases the cost of production [1]. Only a
considerable reduction in the number of facilities within the
oil field operation system can considerably cut down the
construction and operation costs for offshore oil fields in the
Arctic which have complicated ice conditions.

A likely solution can be found from, at home, from

experiences with viscous ail field operations by utilising a
subsurface and surface ail field system [2]. The in situ part
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COMPLETIONS H

Bo3MOXXHOE peLLeHne COOeEPXXNTCS B OTEHECTBEHHOM
OnMbITe 3KCnyaTaUmm MECTOPOXKOEHWN BASKOW

HeMTM LWaXTHbIM COCOB0OM C MOMOLLBIO NOA3EMHO-
NOBEPXHOCTHOW HEPTENPOMBICIOBOM CUCTEMBI [2].
BHyTprinnacToBas 4yacTb 4aHHOW CUCTEMbI PaspaboTKm
MECTOPOXXAEHNS BKIOHAET rOPU30OHTasbHbIE
OpeHaXKHble CTBOJIbI U rasiepeto A1 coopa u
TpaHcnopTa HedhTW.

BryTprnnacTtoBas HedTenpombicioBas cuctema (BHC)

Ha MECTOPOXAEHUN 0BbIYHON HEDT PACLUMPUT KOHTYP
MUTaHWst 0OOLIBAKOLLIVMX CKBaXKWH 1 OyAET BbINOSHSATL YaCTb
yHKLMIN HA3EMHOTO 0BYCTPONCTBA MECTOPOXKAEHWS

no TpaHcnopTy HedbTn [3, 4]. MNMpumererHre BHC Ha
MOPCKOM MECTOPOXAEHMN MO3BOSINT COKPaTUTL

YMCNO AOObIBAIOLLINX CKBaXKWH, & ClieqoBaTesbHO,
SKCMITyaTaUMOHHBIX MIaT(OPM 1 COOPY>KEHWIA.

Opranmnsauusa BHC

B ycnoBusix HehTAHbIX MECTOPOXAEHWM CO3aaHMNE

BHC B B1ae pasBeTBAEHHbIX CTBOIOB MOXET ObITh
peanM3oBaHO TOMbKO 3a CYET rOPU30HTasIbHOIO
OypeHns ¢ NCNosIb30BaHMEM COBPEMEHHbIX TEXHUKMN

1 TEXHOMIOMMM: aMasHbIX JO0T C MPOXOOKOWM CBblLLe

5 TbIC. M; TMOPaBAINHECKMX 3aB0MHbIX OBUraTenem

C pecypcoM paboTbl 6onee 500 4; 3a60MHbIX
TENEMETPUYECKUNX CUCTEM C DYHKLIMAMUN N3MEPEHUS 1
nepepads onepaTopy HaBUraLMOHHbIX, TEXHOIOTMHYECKNX
1N reor3NHECKNX MaPaMETPOB; POTOPHLIX YMPaBASEMbIX
cuctem (PYC). Kpome Toro, y MAO «HK «PocHedTb»
€CTb OMbIT MPOBOAKN MOPU30HTa/bHBIX CTBOJIOB AJIMHOM
6onee 13 km (0. CaxanuH).

Cosparve BHC TpebyeT MprUMeHEHNST CNOXXHbBIX
MPOCTPaHCTBEHHbIX BUAOB MPOEKTHOMO MPOdUIS
CKBaXKMH, 06eCneYNBarOLLMX AOCTVIKEHME CTBOSIOM
CKBEDKMHbI KOHTPOJTbHBIX TOYEK B MPOAYKTVBHOM N1acTe,
a Tarke NepeceqeHe CTBOSTIOM MPOMEXYTOHHBIX 1 KO-
HEYHOW TOYEK C 3afaHHbIM KOOpaMHATaMM, 3EHUTHBIM
YINIOM U @3MMYTOM. [TPOMEXKYTOUHbIE TOYKM PasaenstoT
MPOCTPAHCTBEHHBIVI MPOEKTHbIN MPO(WIb CKBAXKWHDI

Ha CeKLMM 13 OBYX COMPSKEHHbBIX YHaCTKOB, KOTOPbIE
Ha3bIBAIOTCH TPAEKTOPHbIMU eduHMLLEamm (TEL). Ons
pacyeTa NPOCTPAaHCTBEHHOIO MPOdMNs Ha ocHose TE[]
NPUMEHSIETCA MeToAMKa, B KOTopor TELL cocTouT 13
OBYX Y4aCTKOB: MPOCTPaHCTBEHHO PaCMOSIOXKEHHOM Oy
OKPY>KHOCTU 1 MpsiMom [3, 5.

ABTOpammn paspaboTaHa METOAVKA pacyeTa CIIOMXHOMO
MPOCTPaHCTBEHHOIO MPOMUNS FOPU3OHTASTLHOM
CKBaXKVHbI Ha ocHoBe TELL, B KOTOPOW Kavkaas

TE[ npenctaBneHa OByMs COMPSPKEHHbIMM Oyrami
OKPY>KHOCTW: PACMOSIOMEHHON OT Ha4a/IbHbIX A0 380aHHbBIX
3HAYEHWIN 3EHTHOIO YA 1 a31MyTa U PacroNOXKEHHOM B
BEPTUKASIBHOM MIOCKOCTU, COBMaAAOLLIEN C MPOEKTHBIM
a3vIMyTOM.
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of this oil field development system includes horizontal and
an oil gathering and transport well.

An in situ ol field system (I0S) at a conventional oil field will
expand the external boundary of the production wells and
partially perform some of the surface facility functions for oil
transport [3, 4]. The use of I0S at an offshore oil field will aid
in reducing the quantity of production wells and hence the
quantity of production platforms and structures.

I0S Arrangement

In the oil field environment 10S side tracks can be created
only through lateral drilling with cutting edge equipment and
technology: diamond (PDC) bits with a meterage exceeding
5,000m; hydraulic bottom-hole motors with a service life of
over 500 hr; MWD and LWD, process and the geophysical
characteristics and rotary steerable systems (RSS). Further,
the PAO Rosneft Oil Company has experience of drilling
horizontal wells over 13km long (Sakhalin Island).

IOS creation calls for complex spatial views of the formation
and well profile to enable the targeting of the reservoir at
specific points, inclination and azimuth. The intermediate
points divide the model into sections consisting of two
adjacent areas, which are called the trajectory units (TU). To
calculate a TU based spatial profile a technique where TU
consists of two sections is used: a spatially placed arc of a
circle and a straight line [3, 5].

The authors have developed a calculation technique for

a spatial profile of a horizontal well based on TU where
each TU is presented by two adjoining arcs of a circle: one
located from the starting point to a specified inclination and
azimuth values and the other located in the vertical plane
coinciding with the design azimuth.

Spatial Profile Calculation

The spatial profile consisting of n-TUs is calculated by
sequential determination of each TU characteristics
providing for the well target (a point with the specified
coordinates) reaching at the specified azimuth with a
specified inclination. The picture shows a sample spatial
profile calculation diagram. The calculation is done in the
relative coordinate system with its zero placed at a hole
point with the coordinates X, ¥, and Z,.

The spatial profile has two TUs: TU ., and TU, .. TU
are presented as a spatially located arc (0-1) of a circle and
an arc (1-2) of a circle located in the vertical plane. TUpss
consists of a spatially located arc (2-3) of a circle and the
arc (3-4) in the vertical plane.

The spatial hole profile may include intermediate point 2 and

end point 4 that are characterized by the coordinates X, Y,
Z,, (point 2) and X, Y,, Z, (point 4). The hole crosses both
the intermediate and end points at the specified values of
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PacueT npocTpaHcTBEHHOro npodomna
[MpoCTpaHCTBEHHbIN NPOtb, cocToALMA U3 N TEL,
paccyMTbIBAETCH MyTEM MOCIEA0BATENIbHOrO ONPeneEHNS
napameTpoB kaxkaon TEL, obecneuBarolmx OOCTVIKEHNE
CKBaXKNHOW LIENM (TOYKN C 33aHHbIMU KOOPANHATaMWM)

B 33]jaHHOM a3uMyTe C 3a0aHHbIM 3EHUTHBIM YI/IOM.

Ha purcyHke npeacTaBneH npumep PacyeTHOM CXeMb
MPOCTPaHCTBEHHOIO NMPoduss. PacyeT npoBoanTCs B
OTHOCUTESIBHOW CUCTEME KOOPAVHAT C HA4a/1OM OTCHETa B
TOYKEe CTBOJ1A C KoopaMHaTamm Xo, Y(y ZO.

[MpoCTpaHCTBEHHbIN NPOMIb coaepPXUT asa TELL
TS,D,(O_1_2) n TS,):I,2 sy 1EL,, ) BEINONHEHA B BiAE
MPOCTPAaHCTBEHHO paCI'IOJ'IO>KeHHOI7I oy (0-1)
OKPY>XKHOCTU 1 ayru (1-2) OKPY>KHOCTW, PACroNIOXKEHHOM

B BEPTUKa/IbHOW MIOCKOCTU. TE,D,(Z_S_ ,) COCTOUT 13
MPOCTPaHCTBEHHO PACMONOMEHHON Ay OKPY>KHOCTW (2-3)
1 oyrn (3-4) — B BEPTUK&/IbHOM NMIIOCKOCTW.

[MpOCTPaHCTBEHHbIN MPOMNIb CKB2XKMHBI MOXXET BKJIKOHATL
MPOMEXYTOUHYHO TOUKY 2 I KOHEYHYHO TOUKY 4, KOTOPbIE
XapaKTepU3yoTCH KOopANHATaMM:

X, Y, Z, (Touka 2); X, Y, Z, (Touka 4). CTBO/N CKBaXKVHbI
MepeCceKaeT MPOMEXKYTOUHYHO 1 KOHEHHYIO TOYKN C
3a0aHHbIMU 3HAYEHVISMY 3EHUTHOIO Yriia U asuMyTa:

a,, @, (touka 2), a,, @, (Toqka 4).

B naHHOM npumMepe 1Cnosb3yroTes CReaytoLLve
0603HaYEHUS:

-AX ,, AX, ,, AY, ,, AY, , - npvpaLleHms KoopayHar no
OCAM X 1 Y B VHTepBasiax (O 1) n (1-2) NPOCTPaHCTBEHHOIO
npodunns cTeoNa ckBakWHbI (TEL 01 2)

-AX, ,, AX,,, AY, ,, AY, , — NpypaLLieHrs KoopayHar no
ocam X 1Y B MHTEpBaIax (2 3) 1 (3-4) NPOCTPaHCTBEHHOIO
npochunns CTeoMa CkBaKWHDbI (TEL s 4)

— L, , — TOPUBOHTasIbHasA NPOEKLINS CKPVIBIEHHOTO B
BEPTUKaIIbHOW NIOCKOCTN MHTepBana (1-2);

= L, , — TOPU3OHTasIbHaA NPOEKLINS NCKPVBIEHHOTO B
BEPTUKASIbHOW MIIOCKOCTU UHTepBana (3-4);

-Lo, L, L, L, ,— 0JMHA yHAaCTKOB COOTBETCTBEHHO
(0-1), ( 2), (2-3), (3 4) MPOEKTHOrO NPOUNA CTBOSIA
CKB2XMHb, M;

- Ry, R, R, R, , — P2OVNYC KPVBU3HDBI yHaCTKOB
COOTBETCTBEHHO (0- 1) (1-2), (2-3), (3-4) npoeKTHOro

I'IpOCbI/IJ'IFI CTBOJ1a CKBa>KMHbI, M.

[ns pacyeTa npupaLleHnin KOopaVHaT B MHTepBasiax
(0-1) n (2-3) NpodhnNa NCNOMB3YETCS M3BECTHBIN METOL,
MUHMYMa KPUBW3HbI, B COOTBETCTBUM C KOTOPbIM
BbIPaXKEHWNS A1 MPUPALLEHUI KOOPOVHAT UMEOT B, [6]

1800- Ay, ,-

0-1~ . 3

D, -,

—L-(sina, *sing, +sina, -sing,) (1)
AX,
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YA
AY,, |y, JO
AY,, Y2Y3 2 3 Ligy
Ay, Y, 1191
Lrio
AY,,
0 ax, X ax, X% AX, Xax,X X
Cxema pacHeTa MPOCTRaHCTBEHHOMO MPOMIA CTBOMA
CKBaXKHbI 13 OByX TOL]

Dual TU spahal hole profile calculation diagram
inclination and azimuth: @, @, (point 2) and a,, ®, (point 4).

This example employs the following designations:
-AX, , AX, ,, AY, ., AY, ,: Coordinate increment along
the X and Y axes within the spatial profile ranges (0-1) and
(1-2) of the (FUO ; 2) hole
-AX, ,, AX,, AY2 o AY, , . Coordinate increment along
the X and Y axes within the spatial profile ranges (2-3) and

(3-4) of the (TU hole

234)

- L., Plan view of the vertically curved range (1-2)
- L., Plan view of the vertically curved range (3-4)
-L,, L ,L,, L,,:Lengthof the (0O-1), (1-2), (2-3), and

(3-4) design profile sections of the hole respectively, m
-R,,, R , R, R, Curvature radius of the (0-1),

(1-2), (2 3), and (3- 4) design profile sections of the hole
respectively, m

To calculate the coordinate increment in the profile ranges
(0-1) and (2-3) a popular minimum curvature method is
used where the coordinate increment expressions look as
follows [6]

1800 Ay,_, *tg—*(sinc, *sing, +sin, *sing, )
AX, = . ’ 1
n D,
D . .
1800 Ay,_, -tg—"+(sinay,  cos @, +sina, ‘cosq, ) (2)
AY, = 2 : )
n-D,
D
1800- Ay,_, -tg !
AZ, , = _ “(cosa, +cosa, ), (3)
D
where
_[[sinc, -cosat, -cos (g, - ¢, )-sin, -ccns<1|]2 +
Ay,_, =arcsin -

. 2 . 2
+sin” @, -sin” (@, - @,) -
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D . .
1800-Ay,_, - tg;‘-(sma[, *COS (P, +SIN O, 'coqu,) 2)

AY,, = )
- n-D, i,
1800-Ay,_, - tg b,
AZ, = _ “(cosa, +cosa, ), 3)
D g
roe
_ [sina]-cosao-cos(cpl—ch]—sinaﬂ-cosal]2+
Ay,_, =arcsin -

2 .2
+sin” o, *sin” (g, - ¢,) -

MPOCTPaHCTBEHHbIN yron Ha yyacTke (0-1), rpaayc;
i, — IHTEHCVBHOCTb UCKPVB/IeHNs Ha nHTepsaie (0-1),
rpagyc/10 m;

D, = arccos (sind,, - sin®, - sina, - sin®. + sin@, - cos$,
sin@, -cos®, +cosa, -cosd, );

D . . . .
1800 Ay, ;- tg;l (sina, *sing, +sina *sing; )

AX, = , (@
s D% (4)

1800- Ay, ;- tg% “(sina, - cos @, +sina - cosg;)

AY, , = ,
2'3 n D, i, 5)

1800- Ay, ;- tg&-

AZ, = -(cosaz+cosa3), (6)

- D, -,

rae i, — VHTEHCUBHOCTb VICKPUBIIEHNS Ha MHTepBasie (2-3),
rpaayc/10 m;

-
. [[sina; cosa, -cos (¢, - g, ) -sina, cosa, | +

Ay,_, =arcsin -

+sin’ a, -sin” (@, - @,

MPOCTPAHCTBEHHbIN Yrof Ha y4acTke (2-3), rpanyc;
D2 = arccos (sind,, * sin®, * sind,, - sin®, + sina, -cos®,, -
sin@, -cos®, +cosa, - cosA3 ),
. 1800
[=——0.
'R

[n1Ha npocTpaHCTBEHHO NCKPUBIEHHbIX MHTEpBaUIoB (0-1)
1 (2-3) npodnns BbIMNCASETCS MO hOpMyIam
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Spatial angle at the (0-1) section, degrees
i, : Curving intensity at the (0-1) range, degree/10 m

D1 = arccos (sin@,, - sin®, - sin@, - sin®, + sin, - cos$,, -
sin@, "cos®, +cost,, *cosq, ),

D . . . .
1800 Ay, ;- tg;l (sina, *sing, +sina *sing; )

AX-"- = ] 4
- D% (4)

1800- Ay, ;- tg% “(sina, - cos @, +sina - cosg;)

AY, ;= ,
2'3 n D, i, )

1800- Ay, ;- tg&-

AZ, 5= -(cosaz+cosa3),

- D, -,

Where: i,: Curving intensity at the (2-3) range, degree/10 m

_ [sina3-cosal-cos(cp_,‘—qiz]—sinaz-cosa5]3+
Ay, , =arcsin -
+sin’ a, -sin” (@, - @,
Spatial angle at the (2-3), degrees
D2 = arccos (sina, - sin®, - sindt,, * sin®, + sin, *cos®,,
sin@, -cos¢, +cosd, - cosa3 ),

1800
TR’

The length of the spatially curved (0-1) and (2-3) ranges are
calculated by the following equations:

10-A

Ly, = ¢> (7)
L

L, =108 )
L

To calculate the AZ, , coordinate increment and the R, ,
curvature radius of the (1-2) range of TU( , @ system of
equations is used

0-1-2
Ly, =R, (cosa, —cosat,)
AZ,_, =R, (sina, -sina,)

Where: a,: Current value of inclination at point 1 of the
spatially curved (0-1) range
@, Design inclination of the hole at point 2.
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Ly y=—"F"". (8)

[na pacdeTta npvipalLieHns koopavHaTel AZ, , 1 paauyca
KOVBU3HBI R, MHTePBaJTa (1-2) TEA,, ., VicnonbayeTcs
cucTemMa ypaBHEHUN

Ly, =R_,(cosa, —cosaz)]

AZ, ,=R_,(sina, -sina,) )

rae O, — Tekyllge 3Ha4YeHe 3eHUTHOMO yria B TOUKe 1
MPOCTPaHCTBEHHO VCKPUBIEHHOrO nHTepBasia (0-1); &, —
MPOEKTHBI 38HUTHbIM YO CTBOSIA CKBEXKMHBI B TOYKE 2.

[nsa pacyeta npupalleHns AZ& 4 V1 padnyca KprBusHbI R, ,

VHTepBana (3-4) TEA, ,, cncTema YPaBHEHNIN IMEET BU,

L!.M=R3_4-(cosaj—cosa4)} (10

AZ, , =R, ,(sina, -sina;)
rae o, — Tekyllge 3Ha4YeHe 3eHUTHOTO yria CTBosa
CKBaXKWHbI B TOUKE 3 MPOCTPaHCTBEHHO UCKPUBIEHHOMO
vHTEpBana (2-3); &, — MPOEKTHbIN 3EHUTHBIN YroJ1 B TOYKE
4, R, ,, R, , — paayyc Kp1BM3HbI Y4aCTKOB COOTBETCTBEHHO
(1-2) 1 (3-4) cTBONIA CKB2XKMHBI, M.

LnvHbl L, v L, , 'HTEPBAJIOB COOTBETCTBEHHO TE,D,(
TE,EI,Q_S_ 4y BBIHMCIISIOTCSA MO dopmynam

0-1-2) n

L,_,=0,01745"R_, (o, -, ),

L, ,=0,01745R,_, (0 -ct,).

Mpw peLleHnn ypasHeHU (1)—(6), korga 3agatoTes
KOOPAMHATBI TOYEK W KYPCOBbIE YI/lbl, BO3HUKAIOT
TPYOHOCTM BbIYNCIIUTENBHOIO XapakTepa BCeaCTBME
TPaHCLEHOEHTHOCTY ypaBHeHuI. [osTomy s
nHTepBanos (0-1) 1 (2-3) npoduna no hopmynam (1)—6)
MPOBOAUTCH pacyeT NpUPaLLEHNIA KOOPOVHAT

AX, ., AY,,,AZ ., AX, ,, AY, ,, AZ, , C 3a0aHHbIM LLIAroBbIM
VBMEHEHNEM (yBEMYEHEM) BEHUTHBIX YTIOB &, 1 O, [0
NX 380aHHbIX MPOEKTHBIX 3HAYEHUIN 1 Paanyca KPUBMSHDI
R, , N R, , cOOTBETCTBEHHO MHTepBasios (0-1) 1 (2-3).

Moy 3TOM Luar 3MEHEHNS 3Ha4eHNs YrrioB i, 1

(X, NMPVHYMAETCA 13 YCIOBUSA 00ECTIeHEHNS [/ INHbI
nHTepBasios (0-1) 1 (2-3), koTopasa aos/»kHa BbiTh HE MEHee
omHbl KHBK.
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To calculate the AZ, , increment and the R, , curvature
radius of the (3-4) range of TU,, , , a system of equations is
as follows

0-3-4

L!.M=R‘g_4-(cosa‘3—cosa4)} a0

AZ, , =R, ,(sina, —sina)

Where: a: Current value of hole inclination at point 3 the
spatially curved (2-3) range; @, : Design inclination at point
4, R, ,, R, Curvature radius of the (1-2) and (3-4) hole
sections respectively, m.

Thelength L, ,and L , of the TU, , and TU, , , ranges
respectively are calculated by the following equations:

L,_,=0,01745-R_, (o, -0,), (11)

L, ,=0,01745"R,_, *(0t; —ct,).

When solving the equations (1)-(6) for which the point
coordinates and azimuth angles are specified the
calculation difficulties that emerge because of the
equation transcendence. Therefore, the AX , AY, ,, AZ
. AX, ., AY, ., AZ, . coordinate increments for the (0-1)
and (2-3) profile ranges are calculated by equations (1)—
(6) using the specified step changes (increases) in the &,
and &, inclinations up to their design values and the R,
and R, , curvature radius for the (0-1) and (2-3) ranges
respectively.

And the step change for the &, and &, angle value is
assumed under a condition of providing the (0-1) and
(2-3) range length, which should be no less than the BHA
length.

When calculating the coordinate increments for each
value of &, and &, by the method of successive
approximations, the values of the curving intensity i, and
i, should be determined within the (0-1) and (2-3) profile
ranges at which point 2 with the coordinates (X,; Y,) and
point 4 with the coordinates (X,; Y,) are reached at the
specified values of the design azimuth (¢, and ®,) of the
L. ,and L, section.

To do so, the AX, ,, AY, ,(range 1-2) and AX, ,, AY, ,(range
3-4) coordinate increments are calculated for each i, and i,
value by the following equations:

AX]-;Z =X2_A‘XU—I’ (13)
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[Mpw pacyeTe NPUPALLEHNIA KOOPAVHAT OJ15 KEXKAOrO
3Ha4eHVs &, VI &, METOLOM MOC/Ie0BaTE IbHbIX
NPUBIIMIKEHW ONPENENSOTCHA BENUHMHBI UHTEHCUBHOCTU
VCKPUBIIEHNA i, 1 i, UHTEPBaIOB npocbvmuq O-1wm -

3), NPV KOTOPbIX A1 3a0aHHBIX 3HAYEHWA MPOEKTHOrO
asmumyTa (@, 1 @ ) otpeska L, , U L, , AOCTUratoT TOHKN 2
C KoopauHaTamm (X, Y,) 1 Touku 4 ¢ koopavHatamn (X; Y,).
C aTOM Lesblo AJ15 KXKOOro 3HAYEHNS i, U1 i, BbIHMCIAOTCS
npvipaLLieHs koopayHat AX, ,, AY, , (MHTepsan 1-2) n AX,
AY, , (vHTepBsan 3-4) No credytoLmM opMyiam:

AX, ,=X,-AXy,,

AY, , =Y,-AY,,, (14)
AX, ,=X,-X,, (15)
AY, , =Y, -Y,, (16)
AX, =X, X, 17)
AY, =Y, -Y,. (18)

Ha ocHoBaHWK NoJTyHeHHbIX MPUPAaLLEHNIA KOOPAMHAT
Touek 1 n 3 BolucnsioTes TekyLLye 3HadeHua L' L', ,
no hopmysiam

2

Lir1~3 =\/(AX1~3)A +(AY|—2) > (19)
Ly J(AX_H ) +(AY,, )- . (20)
[Npr 3TOM ON4 BbiBEAEHNA KOHLA ydYacTKa L, , npocpv?ﬂq B
TOYKY 2 [OJDKHBI CODNIOAATECS CneayroLLmMe YCoBUS:
. AX
arcsin—=2-@,| ( 9, 1)
ri-2
AY,_,
arccos——=—-¢,| ( O, (22)
ri-2

rae 8, — MakcyManbHas abCosoTHas MOrPeLHOCTb
onpeneneHs MPOEKTHOrO aavMyTa CTBOJIa CKBaXKUHbI @,

rpagyc.

[N KaXXOoro KoHUa 0TpesKka L, , B TOUKE 4 [OSDKHbI
cobntogaThCs creayroLLve YCrnoBys:
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AY, , =Y, =AY, ,, (14)
AX374 _X4 X3> (1 5)
AY, , =Y, -Y.

M3_4 =X4 _Xz’ (17)
AY, =Y, -Y,. (18)
The current values of L', , and L', , are calculated based

on the obtained coordinate increments of point 1 and 3 by
the following equations:

2

Ly ,= \/(AX1~3 )2 +(AY,,), (19)

Ly J(AX_H )2 +(AY,, )2- (20)

And the following conditions should be obsérved to bring
the end of the L, , profile section to point 2:

ri-2
. AX
arcsin—=2-q,| ( 9, (21)
ri-2
AY,_,
arccos——=-@,| ( 9, (22)
ri-2

Where: 8,: Maximum absolute error of determining the
design hole azimuth @, degrees.

The following conditions should be observed for each end
of the L, , section at point 4:

(9,

. AX,
arcsin—=—"-q,
ri-4

AY; ,

i -,

ri-4

arccos

(9,

Where: 6,: Maximum absolute error of determining the
design hole azimuth @, degrees.

When the conditions of inequalities (21) through (24) are
observed, TU_, , and TU, ., will reach design points 2
and 4 at an azimuth error not exceeding the specified &,
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3-4
F -,

ri-4

(9,

arcsin

AY; ,

i -,

ri-4

arccos

(9,

rae 8, — MaxcyManbHast abCOSIOTHas MOrPeLLHOCTb
onpefeneHs MPOEKTHOrO a3 MyTa CTBOJIa CKBKVIHbI @,

rpagyc.

[Mpu cobnogeHnn yCnoBui HepaBeHCTs (21)—(24)
obecneqvBaeTcs foctvkenve TEL , , n TEL, , , MPOEKTHbIX
TOYeK 2 1 4 C NMOrpeLHOCTbLIO, He MPEeBbILLAOLLEN M0
asnMyTY 3afaHHble 3Ha4eHVss COOTBETCTBEHHO &, 1 8, Mpu

MPUHATLIX 3HAYEHVAX i, Ly, ,, i, L

r1-2’ "27 -r3-4°

[na KaxkOoro 3Ha4eHV s 3eHUTHOro yrna ¢, 1 BeSIHMHbI
L, , NPy 3ajaHHOM MPOEKTHOM 3EHUTHOM Yriie &, B TOUKe
2 TS,EI,(O“) BbIMMC/IAOTCA MpuypaLLieHne AZ, , KoopauHaTbl
Z Ha y4acTke (1-2) v paguyc (R, ,) NCKPVBIIEHWS MPOMNIIS
Ha 3TOM y4acTke.

[na KaxkOoro 3Ha4eHs 3eHUTHOTO yria o, Y BeSIVHMHbI
L, , NPy 3a42HHOM MPOEKTHOM 3eHUTHOM yrie &, B
TOuke 4 TE,EL(Z_S_ 4 PACCHNTBIBAIOTCS MpVpaLLeHne AZ,,
KOOpAMHaThI Z Ha y4acTke 3-4 1 pagnyc UCKPUBNEHNS
npodung (R, ,) Ha 8TOM y4acTKe.

[N KaXXOoro 3Ha4eHNs 3eHUTHOO yria i, BbMUCISETCA
CYMMapPHOE npupaLLieHe KoopanHaTel Z ongd TS,EI,(
Az, ,=DZ, . +DAZ ).

0-1-2)

[N KaXXOoro 3Haj4eHNs 3eHUTHOTO yria i, onpeaenseTcs
CYMMapPHOE npupaLLieHe KoopanHaTel Z ongd TS,EI,(
Az, =AZ,, + AZ, ).

2-3-4)

Lanee NnpoBoanTCS NPOBEPKa COOTBETCTBUSA PE3YbTATOB
pacyeTa yCNoBUaM NepecedeHnst MPOEKTHbIM MPOUIEM
TOYeK 1 1 2 ¢ 3aaaHHbIMK KoopAVHATaMY COOTBETCTBEHHO
(X,, Y)) n (X}, Y,) Npy 3a0aHHOM MPOEKTHOM asvMyTe.

[ns TE,D,(O_1_2) L9 BCeX 3Haj4eHn 3eHUTHOro yrna o,
OOJDKHbI COBMOAATLCA YCIOBUS

X, =AX,,+AX,, =AX,,,

(25)
Yz = AYEJ—I + AYI—E = AY{}—z-
Lns TE,D,(Z_S_ 4 NPV BCEX 3HA4EHVISIX 3EHNTHOTO yrna &
OOJDKHbI COBNOAATLCA YCIOBUA
X, =AX, ,+AX, ;+AX; ,, (26)

Y, =AYy, +AY, ; =AY, ;.
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and 6, values respectively at the specified values of i,
L., i,L
I

ri-2* ‘20 “ra-4

For each value of the @, inclination and L, , value at the
specified @, design inclination at point 2 of TU(0-1-2) the
increment AZ, , of the Z coordinate at the (1-2) section
and the (R, ,) profile curvature radius for this section are
calculated.

For each value of the @, inclination and L, , value at the
specified @, design inclination at point 4 of TU, ., the
increment AZ_ , of the Z coordinate at the (3-4) section
and the (R, ,) profile curvature radius for this section are
calculated.

For each value of the @&, inclination a total increment
of the Z coordinate for TU, AZ,,=DZ  +AZ )is
calculated.

0-1-2) (

For each value of the @&, inclination a total increment
of the Z coordinate for TU, . ,(AZ, , = AZ, , + AZ, ) is
calculated.

27374)(

Then the calculation results are checked for compliance
with the condition of the design profile crossing point 1
and 2 with the specified (X,, Y,) and (X,, Y,) coordinates
respectively at a specified design azimuth.

The following conditions should be complied with for

TU(O_1_2) at all the values of the a2 inclination

X, =AX,,+AX,, =AX,,,
Yz = AYEJ—I +AYI—2 = AY{}—z-

(25)

The following conditions should be complied with for TU,
at all the values of the @, inclination

0-3-4)

X, =AX, ,+AX, ;+AX; ,,
Y, =AYy, +AY, ; =AY, ;.

(26)

The design profile characteristics are determined in
accordance with the specified (Z,; Z,) coordinates of point 2
and 4 using the following equations:

Z,=AZ, \+AZ, _,, (27)

Where: AZ, , + AZ, ,: Total increment of Z coordinates for
TU,,, (BZ, ),

0-1-2 ( 0-2

Z,=Z,+AZ, ;+NZ,_,, (28)

Where: AZ, , + AZ, ,: Total increment of Z coordinates for
TU AZ

(2-3-7) ( 2»4)'

www.rogtecmagazine.com



COMPLETIONS H

B cooTtBeTCTBUM C 3aaHHbIMMN KoopOMHaTaMu To4ek 2 n 4
(Z,; Z,) onpeaensoTcs napameTpbl MPOEKTHOro NPOMUsIs ¢
NCMNOMBb30BAHVEM CNEAYIOLLMX YPaBHEHUN:

Z,=AZ, +AZ,_,, (27)

rae AZ, , + AZ, , — CyMMapHOe NpupaLLeHiie KOopanHaTb

Zpra TER, ,, (07, );

Z,=7,+NZ, ,+AZ, ,, (28)
roe AZ, , + AZ, , — CymMmapHOe NMpupalLLieHe KOopavHaTbI
Zpna TEL, . (AZ, ).

3akntoueHue

MeToavka pacyeTa NpOCTPaHCTBEHHOO NPOodms,
cocTosero 13 TEL ¢ OByMst UICKPUBIEHHBIM
NHTEPBaIaMK, 0BECNEYNBAET TOHHOE BbIBEAEHNE KaXXOOW
TEL B NPOEKTHYIO TOYKY C 3aaHHbIMU 3EHUTHBIM

YI/IOM 1 @3VMYTOM B LLIMPOKOM ApnanasoHe riyouH no
BEPTUKaIN. DTO NO3BOSET MPOBOANTL MHOrOBaPUIaHTHBIN
pacyeT NPOCTPaHCTBEHHOMO NMPOMWIA 415 Pa3INYHBIX
TEXHOOMNHECKNX YCIIOBU MPOBOOKM CKBaXKMH.
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Conclusion

The calculation technique for the spatial profile consisting
of TUs with two curved sections supports the precise
placing of each TU at the specified design point at the
specified inclination and azimuth within a wide range of
vertical depths. It provides for a multi-optional calculation
of the spatial profile for varying process conditions of
well drilling.
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