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Foreword

This standard replaces SY/T 5435—2000 Methods
of directional wellpath design &
graphing and SY/T 6090—94 Methods of 2-di-
mension horizontal wellpath design .

SY/T 5435—2000 and SY/T 6090—94 have been
revised, the main changes are listed below:

trajectory

——Parts of terms and definitions have been re-
vised;

——Wellpath design for 3D directional drilling has
been added;

——Minimum curvature method and curvature ra-
dius method are specified as the trajectory cal-
culation methods.

Annex A, B and C of this standard are normative.

This standard was proposed by and is under the ju-

risdiction of China Petroleum Standardization Com-

mittee for Drilling Engineering.

This standard was drafted by Drilling Engineering
& Technology Corporation, Shengli Petroleum
Administration Bureau.

This standard was mainly drafted by Liu Rushan,
Zhou Yueyun, Liu Xiushan, Han Zhiyong, Hu
Wen, Li Xiaoqun, Chen Weirong, Qiu Weiging
and Ren Yugin.

This standard will replace the following previous

editions:
SY /T 5435—2000;
—SY/T 6090—94.

This part is published in both Chinese and English.
In the event of any discrepancy between the texts,

the Chinese version shall prevail.
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Wellpath Design & Trajectory Calculation for Directional Drilling

1 Scope

This standard specifies rules for wellpath design
and actual trajectory calculation of two-dimensional
(2D) and/or three-dimensional (3D) directional
well.

This standard is applicable to wellpath design and
actural trajectory calculation of two-dimension-al
(2D) and /or three-dimensional (3D) directional
wells for oil and gas drilling.

2 Terms and definitions

For the purposes of this standard, the following
terms and definitions apply.
2.1
Wellpath
The planned borehole axis.
2.2
Well trajectory
The actual borehole axis.
2.3
Two-dimensional directional well
Any directional well whose planned wellpath is lim-
ited on a certain vertical plane.
2.4
‘Three-dimensional directional well
Any directional well whose planned wellpath is not
limited on a certain vertical plane.
2.5
3D detouring obstacles well
Any directional well whose planned wellpath by-
passes specified obstacles and reaches a predeter-
mined objective bellow the earth surface.
2.6
Target area
Defined as an predetermined control area in the tar-
get formation to be penetrated by the wellbore tra-
jectory.
24

2.7

Horizontal curvilinear length

Defined as the accumulative course length of the
wellpath projected onto the horizontal plane.

2.8

Key point

Any point on the planned wellpath that divides dif-
ferent borehole sections.

2.9

Interpolate point

Any point between two adjacent key points on the
planned wellpath used for data calculation.

2.10

“J” -type wellpath

A directional hole whose planned wellpath has a
vertical section, a build-up section and a hold-on
(or simply hold, or tangent) section from the well-
head to target sequentially.

2.11

Double build-up type wellpath

A directional hole whose planned wellpath has a
vertical section, a build-up section, a hold-on (or
simply hold, or tangent) section and another build-
up section from the wellhead to target sequentially.
2.12

“S” -type wellpath

A directional hole whose planned wellpath has a
vertical section, a build-up section, a hold-on (or
simply hold, or tangent) section, a drop-off section
and another hold-on section from the welthead to
target sequentially.

2.13

Closure azimuth

Defined as the direction at a point on the planned
wellpath or actual wellbore trajectory relative to the
wellhead.

2.14

Vertical section



Defined as the scalar value of the horizontal dis-
placement projected onto the planned azimuth plane
(made from the vertical and azimuthal lines) .
2.15

Entry point

Defined as the point at which the actual wellbore
trajectory intersects the target area.

3 The general symbols for parameters

Annex A shows the general symbols and their asso-
ciated subscripts used for wellpath design and tra-

jectory calculations.
4 Principles and conditions for wellpath design

4.1 Wellpath design principles

The following principles shall be followed when

plan /design a wellpath:

—Satisfy requirements for cil and gas explorato-
ry and development;

—Satisfy requirements for drill string strength;

—Select wellpath that is in simple shape and
easy for drilling;

~—Cther factors, such as geological structure,
tool performances and specifications shall be
considered when selecting the design parame-
ter.

4.2 Wellpath design conditions

Coordinates for the wellhead and each target, de-

termined by geological design, and associated well-

path design requirements.

5 Wellpath design method

5.1 Basic equations
5.1.1 Relationship between N,, E,andC,, 8,:

C,=+ N>+ E? )

tanf, = %‘t (2)
N, = Ccos8, (3)
E, = Cgsinb, (4)
5.1.2 Calculation of Curvature Radius:
R = 2400 (5)
K

5.1.3 For 2D wellpath design, S=C.
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5.1.4 For conventional rigs, the borehole over
the kick-off point shall be designed as vertical sec-
tion. For slant rigs (a,70), relationships between
the main parameters are as follows:
D, = L,cosa, (6)
S, = L,sina, @]
5.2 Design model
Straight-line and circular-arc models are the basic
models for 2D wellpath design. However, other
curve models such as catenary model, may also be
applied.
Slant straight-line model, cylindrical helicoid model
and spatial-circular-arc model are the basic models
for 3D wellpath design.
5.2.1 2D Wellpath design model
5.2.1.1 Straight-line model
The wellpath on the planned vertical plane is a
hold-up section. Equations for the key parameters

are as follows:

a; = aj-| (8)
AD; = AL;cosa; ()]
AS; = AL;sina; (10)

5.2.1.2 Circular-arc model
Wellpath on the planned vertical plane is a section
of circular-arc. Equations for the key parameters

are as follows:

AL;

a; = a,-_1+180><n—Ri (11)
AD; = R;(sina; — sina;_;) (12)
AS; = Ri(COSGivl — cosa;) (13)

5.2.2 Design model for 3D wellpath

5.2.2.1 Straight-line model

Wellpath is a section of spatial straight-line (see
Figure C.1 of Annex C) . Equations for key pa-

rameters are as follows:

AD; = AL;cosaiy (14)
AN; = AL;sing;_jcos$;_; (15)
AE; = AL;sina;_;sin$;_; (16)

5.2.2.2 Cylindrical helicoid model
Both vertical and horizontal projections of the well-

path are circular-arc, parameter xy and xvy are con-
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stant (see Figure C.2 of Annex C) . Equations for
key parameters are as follows:
AD; = Ry;(sine; — sina;_;) 17)
AN; = Ry;(sing; — sin$;_;) (18)
AE; = Ry; (cos$iy — cos$;) (19)

where
AL,
a; = a;- + 180 x m (20)
¢i = ¢,’_| + 180 % Rv,‘(OOS—a,-_l ~ COSH{)

nRy;

(21)

Some of the following exceptional situations shall

be considered in practice:

a) In case of xy; =0 and xy; =0, for calculation of
AD;, AN; and AE;, equations (14) ~ (16)
shall be followed.

b) In case of kv; =0 and xy,; 70,

AD; = ALjcosa;_q (22)

AL;sina;_q
nRy;

Equations (18) ~ (19) shall be used for calcula-

tion of AN; and AE;.

¢) In case of xvy; 70 and xy; =0.

AN; = Ry;(cosa;_; — cose;)cos$;_; (24)
AE; = Ry;(cosa;—; — cosa;)sing;_;  (25)

Equation (17) shall be used for calculation of

AD;.

5.2.2.3 Spatial-circular-arc model

Wellpath is a section of circular-arc on a slant plane

¢, = ¢, +180 % (23)

and k;, curvature of the spatial arc, is constant
(see Figure C.3 of Annex C) .
Equations for key parameters are as follows:

AD; = &cosa;_; — &sina;_1cosw;—;  (26)

AN; = &(oose;-joosd;_jcosw;_y — sind;_ysinw;—1)

+ §;sine;_jcos$;_; (27)
AE; = &(cose; gsing; cosw;_y + cost;_ysine;-1)
+ &;sing;_1sin$;_; (28)
where
& = R;(1 — cose;) (29)
¢ = R;sing; (30)
AL;
g; = 180 x TR: (31)
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5.3 Constraint equations

The actual planned wellpath may be a combination
of different wellpath sections, based on any of the
above-mentioned models.

5.3.1 2D wellpath design

SIAD; = D, - D, (32)
>TAS; = S-S, (33)
5.3.2 3D wellpath design

pINY
i=1
z":AEi =E, -E, (35)
i=1

S
5.4 Output format
5.4.1 Calculation results of wellpath design shall
be printed or tabulated based on the format speci-
fied in Table B.1 of Annex B.
5.4.2 Graphing of planned wellpath vertical pro-

N.- N, (34)

(36)

n
IS
|
i

file and horizontal projection shall be plotted using
data in Table B.1 of Annex B.

6 Typical design for 2D wellpath

For illustrations of “J” -type Wellpath, Double
Buildup type Wellpath and “S” -type Wellpath,
see Figure C.4, Figure C.5 and Figure C.6 of An-
nex C.

6.1 Calculation for key parameters

@y _De—+/Di+SI-R:

tan 5" = R, - S,

AL, =D+ 82— R? (38)

In case of R.= S,
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1%}
N

tan%’ =D (39)
AL, = D, (40)
For “]” -type Wellpath:
D, = D, - D, + Rysina, (41)
S. = 8,—- S, Rjcosa, (42)
R.=R; (43)

For Double Build-up type Wellpath:
D, = Dy~ D, - ADg, + Risina, — R,sine,
(44)



Se = S~ S, — ASg — Rjoosa, + Rycosa,
(45)
R.= R - R; (46)

For “S” -type Wellpath, equations (44) ~ (46)
can be used, however R, is negative.

For “S” -type Wellpath and Double Build-up type
Wellpath, ADgy,, ASg4 4 and ASy shall be
calculated as follows:

AD, )
ASg, (48)
ADy L 49)
ASy = AL gsina, (50)

6.2 Calculation of key points
6.2.1 Endpoint of the first build-up section

1
Ly, = La+ﬁ;‘0‘><’ nRy(ap — ) (51)
Dy = D, + Ry(sinay, ~ sina,)  (52)
Sy = S, + Ry(cosa, = wosay,) (53)

6.2.2 Startpoint of the sécond build-up section
or drop-off section
Le=Ly+ ALy (54)

(55)

S.= S
6.2.3 Endpoint of the
drep-off section

Ly=L.+ ﬁ},
D;= D.+R
Sq=S.+R; (59)
6.2.4 Target

6.3 Calculation of interpolate points
6.3.1

one should use MD as an independent variable,

When calculating interpolate point data,

with a predetermined step length started from the
KOP.
6.3.2
placement of a interpolate point should be calculat-

Inclination, TVD, and horizontal dis-
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ed as follows:
a) For the first build-up section:
(L

o = e, + 180 X _JR—) (64)

D; = D, + R (sina; ~ sina,) (65)

S; = SE+R1(oosaa—oosal-) (66)
b) For the hold-on section:
@ = ay (67)
D; = Dy + (L; — L,)cosay (68)
S; = Sy + (L; - L )sinay, (69)

¢) For the second build-up section or drop-off sec-

tion:
- ap+ 180 x (—LJR—) (70)
’ 2
'D; = D¢+ Ry(sing; — sinay,) 71
S; = 8.+ R,(cosay, — cosa;) (72)

d) For the borehole section in the target area:

a; = a, (73)

D; = Dg+ (L; = Lg)cosa, (74)

S; = Sq+ (L; — Ly)sina, (75)

e) For the borehole section below the final target:
R a; = a, (76)

D = (77)

Dt+(L — L, )cosa,

s + (L; — Ly)sina, (78)
6.3.3 . of E/W and N/S Coordinates:
= S;cosby (79)
E; = S;sinfy (80)

7 3D detouring obstacles wellpath design

7.1 Horizontal ﬁinjection

(81)
(82)

7.1.2 Judglnént for 3D detouring obstacles de-

sign necessity

A new XOY coordinates can be created by rotating

EON coordinates clockwise around the wellhead by

the amount of §, and pointing axis N to target ¢

(See Figure C.7 of Annex C) .
{zg = Cgc‘os(ﬁg -6, (83)

g = Cgsin(8, — 6,)
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3D Detouring obstacles design would be necessary if
0<z,< V,and | g| <R,.

7.1.3
wise 3D detouring obstacles design

Criteria for clockwise or counterclock-

— 1, Counterclockwise
detouring design

g = senlyy) = + 1, Clockwise (84
detouring design
where, sgn is the sign function.
7.1.4 Calculation of initial azimuth
$o = 0, — qsin_l(%z) (85)
7.1.5 Calculation of azimuthal change
Ny 2i1 (2R, = S.)
m2 T -/ DE+S2-2R,S
D, 2;?:_5(2 2 e(zRgise)
(86)
where
D, = Cycos(0, — $3) — Cyoos( 8, — $p) (87)
S. = Cy|sin(8, — $o) | (88)
7.1.6 Key point curvilinear length of horizontal
projection
Sp = Cyeos(8, — $o) (89)
Sq = Sp+ %6 X TR AP (90)

S, = Sq++/ D2+ S2-2R,S. (91)
7.2 Vertical profile design
Design of vertical profile for 3D wellpath is the
same as that for 2D wellpath.
7.3 Calculation of key points
7.3.1 Calculation of key point on vertical pro-
file

See 6.2.
7.3.2 Calculation of key peint on horizontal
projection
In case of Sp<<S,:
_ Se
Lp= sina, (92)
_Se
Dr = Gne (93)

In case of S,< Sp<<Sy:
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1
Lp = La+@XnR1(aP—aa) (94)

Dp = D, + R (sinap — sina,) (95)

where
cosap = cosa, ~ SPR;IS“ (96)
In case of Sp< Sp<<S.:
Lp=Ly+ S‘S’faf" 97)
Dp = Dy + =5 (98)

In case of S.< Sp<<Sg:
Lp=L.+ 1‘5156 X tRy(ay —~ ay)  (99)

Dp = D+ Ry(sinap — sinay)  (100)
where
-5
cosap = cosap — SPRZ € (101)
In case of Sp>Sy:
_ Sp— 84
Le=Lqgt sina, (102)
_ Sp— S4
Dp=Dy+ tana, (103)

Calculation of key point Q is the same as that of the
key point P, see equations (92) ~ (103) .
7.4 Calibration for borehole curvature

k =+ k% + kf » sin*a (104)
If & is greater than the predetermined borehole cur-
vature value, Ry, 3D detouring curvature radius,
shall be increased and the 3D Detouring obstacles
wellpath design repeated.
7.5 Calculation of interpolate points
7.5.1 For calculation of inclination, TVD and
horizontal curvilinear length, see 6.3.2.
7.5.2 Calculation of azimuth, N/S coordinates
and E/W coordinates, see equations (105) ~
(113) .
In case of S;<<Sp:

$ = ¢ (105)
N, = S;c0s8; (106)
E; = S;sin#; (107)
In case of Sp< S;< Sq:
1 q(S; — Sp)
$ = $pt g X (108
i = %180 X7 xR, (108)



N; = Np+ gR,(sing; — singy)  (109)
E; = Ep+ ng(oos% —cos$;)  (110)
In case of S;>Sq:
8, = by + qi$ (111)
N, = No+ (S; - SQcost,  (112)
E, = Eq+ (S, - Sg)sind,  (113)

8 Trajectory calculation

8.1 Provisions

Trajectory data shall be calculated in accordance

with the following provisions:

——Survey stations shall be numbered from top to
bottom, =1, 2, 3, -

———Survey station intervals shall be numbered

-3 the i®

interval is the interval between the (i — 1)®

from top to bottom, i=1, 2, 3,

station to the i™ station.

The calculation shall be started from the well-

head; for conventional rigs, ag=0, $y=8;;

for slant rigs, a¢ is equal to the inclination
angle of the rig and $; is equal to the azimuth
of the rig.

——The azimuth utilized in the trajectory calcula-
tion shall be calibrated with magnetic declina-
tion and meridian convergence.

——In case of well inclination at a survey station is
zero, the well azimuth at the point shall be the
same as that at another point in the same sur-
vey station interval.

—1In case of | #;—$i-1] <180°, A = ¢, —
$,_1 In case of | ;= #;,_1| >180°, A$ =4,
—¢;1—sen ($ —$;_1) x360.In case of
| #;—#;,_1| =180°, the sign of A¢ shall be
determined according to the azimuth change
trends of its up station interval.

8.2 Calculation for survey station interval

8.2.1 Length of survey station interval and av-

erage borehole curvature

AL;=L;- L, (114)

&
x; =30 % E (115)

where
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e; = cos [ cosa;_jcosa; + sina;_sine;cos
(#; — $:1)] (116)

8.2.2 Calculation of coordinates increment
8.2.2.1 Minimum curvature method
AD; = A;(cosa;_; + cosa;)

1 nA; A, (sine, | + sing;)

(117)

AS;

= 360 @n(A4;/2)
(118)
AN; = A;(sing;_jcos$;_; + sina;cos$;)
(119)
AE; = A;(sina;-;sin$;_; + sina;sin$;)
(120)
where
2 = 180 x Aletan(er2) gy,
wE;
8.2.2.2 Radius of curvature method
ki = 30 % ﬁ_z (122)
30 x ALAi:iim; (kv; = 0)
KHi =
Té?) ﬁ?]&;{ (ky; #0)
(123)
{AL,-sina,;l (kvi = 0)
AS; =
Ry, (cosa;_| — cosa;) (kv; 7 0)
(124)

AD;, AN; and AE; should be calculated using
equations (17) ~ (25) .
8.3 Calculation for survey stations

D = D,y + AD; (125)
S; = S;.1 + AS; (126)
N; = N;_; + AN; (127
E; = E,_; + AE; (128)
Cr=v/ NP+ E2 (129)
tand; = ]%: (130)

V; = Cicos(8y — 6;) (131)

8.4 Calculation for target entry points

The target entry point e shall be calculated using

interpolation method and in accordance with ap-

plied trajectory model.

8.4.1 Off-target distance of a horizontal target
29
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J =+ (N.-NJ*+(E, - E)? (132)
8.4.2 Longitudinal and latitudinal offsets of a
vertical target

H=D,-D, (133)
W = (N, - Nosing, — (E, = E.)cos$,
(134)

8.5 Output format

Trajectory calculation should ' be - tabulated and
printed according to the format ‘specified in Table
B.2 and Table B.3 of Annex B.
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8.6 Graphing
8.6.1
graphing for a 2D directional well may be plotted
using data shown in Table B.2 of Annex B.D and
V are the coordinates in the vertical projection (see
Figure C.8 of Annex C) .

8.6.2 Vertical profile, horizontal projection and

Vertical profile and horizontal projection

3D trajectory graphing for a 3D directional well
may be plotted using data shown in Table B.2 of
Annex B. D and S are the coordinates in the verti-
cal profile.



Tables A.1 and Table A.2 show the general sym-

Annex A

(normative)

The general symbols nomenclature

bols and their associated subscripts used for well-
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path design and trajectory calculations.

Table A. 1: Deseription of the general symbols used in this standard

No. Symbol .77 Description Unit

1 L Measured depth m

2 a Inclination ) )

3 é Azimuth )

4 N N/8 coordinates m

5 E | E/W coordinates m

6 D True vertical depth m

7 S H(ximml curvilinear length m

8 C Hﬁmtal displacement (closure distance) m

9 [/ Closure azimuth *)

10 \4 Verticalsec\:lm ) m

11 AL Increment of measure depth m

12 Aa ot )

13 A )

14 AN m

15 AE m

16 AD m

17 AS m

18 AL, m

19 & (*) 30m
20 ry (°) /30m
21 Ky t (°) /30m
» R Curvature radius m

23 Ry Curvature radius of a vertical profile m

24 Ry Curvature radius of a horizontal projection m

25 R, Curvature radius of the first circular-arc m

26 R, Curvature radius of the second circular-arc m

27 R, 3D detouring curvature radius m
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Table A.1 (continued)

No. Symbol Description Unit
28 w Tool face angle on a spatial-circular-arc )
29 € Bending angle on a spatial-circular-arc )
30 q The sign of a variable
31 J Off-target distance of horizontal target m
32 H Longitudinal off-set of vertical target m
33 w Latitudinal off-set of vertical target m
34 R, Intermediate variable used for calculation m
35 D, Intermediate variable used for calculation m
36 S. Intermediate variable used for calculation m
37 A Intermediate variable used for calculation m
38 x Intermediate coordinates m
39 £Y Intermediate coordinates m
40 & Intermediate coordinates m
41 7 Intermediate coordinates m
42 ¢ Intermediate coordinates m

Table A.2: Description of the subscripts used for the general symbols

No. Symbol Description

1 (o] Origin of coordinates

2 a Kick-off point

3 b Endpoint of the first circular-arc section

4 c Startpoint of the second circular-arc section

5 d Endpoint of the second circular-arc section

6 1 Target

7 f Final point of wellpath

8 g Central point of obstacles

9 P Startpoint of direction change in detouring obstacles 3D plan
10 Q Endpoint of direction change in detouring obstacles 3D plan
11 i Variable

12 j Variable

13 e Entry point
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B

{ normative)
Output format of wellpath design and trajectory calculation

The table format shown in Table B.1 shall be used
to output wellpath design data for Well X X X .

The table format shown in Table B.2 shall be used
to output trajectory Calculation data for Well X x

X,

The table format shown in Table B.3 shall be used
to output target entry data for Well X X X .

Table B.1: Wellpath design for well X X X

SY/T 5435—2003

[Planned TVD:

m lClosure distance:

m ’Closure azimuth:

deg
Target data
Target Longitudinal Latitudinal
TVD N/S E/W arge netuc @
Target : radius off-target oil-target
m m m
m m m
Key points data
MD Inc Az TVD N/S E/W CLsD DlLeg Build Turn T
t
m deg deg m m m m | deg/30m | deg/30m | deg/30m |
Interpolate points data
MD Inc Az TVD N/S E/W | CLsD | V.Sec | CLsA Dieg Build Turn
m deg deg m m m m m deg deg/30m | deg/30m | deg/30m
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Table B.2: Trajectory calculation for well X X X

Calculation model:
N MD Inc Az TVD N/S E/W CLsD V.Sec [ CLsA DLeg
o m deg deg m m m m m deg deg/30m
1
2
3
Table B.3: Target entry calculation for well X X X -
: . ) L Jina] Latitudinal
MD TVD ~N/S§ E/W CLsD CLsA - | Off-t
Target NAS arget off-target | off-target
m m m m m deg m
m m
A
B
C
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Annex C
(normative)

Tlustration graphs of planned wellpath and actual trajectory

For illustration graph of planned wellpath and actual trajectory, see Figure C.1~C.8.

N

~i

=Y

{a) Vertical profile (b) Horizontal projection graphing

Figure C.2: Cylindrical helicoid model
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Figure C.3: Circular-arc model S, I\
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Figure C.4: “J” -type wellpath
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Figure C.5: “S” -type wellpath
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Figure C.6: Double build-up type wellpath
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Figure C.7: Horizontal projection graphing for
3D detouring obstacles wellpath
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(a) Vertical profile
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{b) Horizontal projection graphing

Figure C.8: Trajectory graphing



