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前 言

    本标准代替SY/I' 5435-2000《定向井轨道设计与轨道绘图》和SY/I' 6090-94《水平井二维轨
道设计方法》。

    本标准对SY/I' 5435-2000和SY/I' 6090-94进行了整合修订，主要变化如下:

    — 对部分术语和定义进行了修订;
    — 增加了定向井三维轨道设计方法;

    — 轨迹计算方法规定为最小曲率法和圆柱螺线法。
    本标准的附录A、附录B、附录C为规范性附录。

    本标准由石油钻井工程专业标准化委员会提出并归口。
    本标准起草单位:胜利石油管理局钻井工程技术公司。

    本标准主要起草人:刘汝山、周跃云、刘修善、韩志勇、胡文、李小群、陈维荣、邱维清、任玉

芹。

    本标准所代替标准的历次版本发布情况为:

    - SY/I' 5435-2000;

    —     SY/r 6090-940

    本标准以中文和英文两种文字出版。当英文与中文两种版本有歧义时，以中文版本为准。
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定向井轨道设计与轨迹计算

范围

本标准规定了定向井二维和三维轨道设计与轨迹计算。

本标准适用于石油天然气钻井的二维和三维定向井轨道设计与轨迹计算。

2 术语和定义

下列术语和定义适用于本标准。

轨道 wellpath
设计的井眼轴线。

2.2

轨迹 well trajectory

实钻的井眼轴线。

2.3

二维足问并 two-dimensional directional well

设计轨道在同一铅垂平面内的定向井。

2.4

三维足问并 three-dimensional directional well

设计轨道不在同一铅垂平面内的定向井。

2.5

绕障足问并 3D detouring obstacles well

绕过障碍物钻达目标点的定向井。

2.6

靶区 target~
要求轨迹在目的层中的控制范围。

2.7

水平投那长度 horizontal curvilinear length

轨迹在水平面上投影的曲线长度。

2.8

节点 key point
设计轨道上不同井段的分界点。

2.9

分点 interpolate point

相邻节点间的计算点。

2.10

三段制轨道 ‘̀J0 -type wellpath

自井口至靶点，依次为直井段、增斜段、稳斜段的轨道。

2.11
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双增轨道 double build-up type wellpath
具有两个增斜段且两段之间夹有一稳斜段的轨道。

2.12

五段制轨道 ‘'s,，-type wellpath
自井口至靶点，依次为直井段、增斜段、稳斜段、降斜段、稳斜段的轨道。

2.13

闭合方位角 closure azimuth

井眼轨道或轨迹上某点相对于井口的方位角。

2.14

视平移 vertical section

水平位移在设计方位线所在铅垂面上的投影。
2.15

入靶点 entry point
实钻轨迹与靶区的交点。

3 参数的符号

    轨道设计与轨迹计算参数的符号及下标说明见附录Ao

4 轨道设计原则及设计条件

4.1 轨道设计原则

    轨道设计应遵循以下原则:
    — 满足勘探开发的要求;

    — 满足下井管柱强度的要求;

    — 选择形状简单、易于施工的轨道;
    — 设计参数的选取，应考虑到地质构造和工具特性等因素的影响。

4.2 轨道设计条件
    地质设计给定的井口坐标和各靶点坐标，以及对轨道设计的要求。

5 轨道设计方法

5.1 基本换算关系

5.1.1  N，和E，与C，和0，之间的换算:

C,=丫N2+E
          E

tand = 又下
            iv,

N,=C,coSB,

E,=C,sinO,

5.1.2

5.1.3

5.1.4

为 :

曲率与曲率半径之间的换算:

                          R_5400
                                                                                      7C/C

对于二维轨道设计，S二Co
使用直井钻机时，造斜点以上设计成垂直井段。使用斜井钻机时，a,=,-0，主要参数间的关系

一
D。= Lacosa�
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一
Sa=Lesinaa

5.2 设计模型

5.2.1 二维设计模型
    二维轨道设计模型主要有直线模型和圆弧模型，也可以采用悬链线等变曲率模型。

5.2.1.1 直线模型
    轨道在设计铅垂面内为一稳斜段，主要计算公式为:

                              一 a;= ai-1

                                      △D，=△L;cosa;

                                      AS;=AL; sina;

5.2.1.2圆弧模型    轨道在设计铅垂面内为一圆弧段，主要计算公式为:

a;一a:-1+180 x要
                                    △D‘

                                  ASi

5.2.2三维设计模型
    三维轨道设计模型主要有直线模型、

5.2.2.1 直线模型 共
    轨道为一段直线，见附录C图C.1.

=R; (sina‘一sina,_1)

=R;(cosa;_:一coca;)

.-.....········............... (12)

⋯ ，，，，，，二，，..、·，·⋯(13)

圆柱螺线模型和圆弧模型。

主要计算公式为:

△D;=AL;cosa;_1

AN;=4L; sina; _1 cczA-i

DE,二LlLj sina;-jsin7"(-1

.......................... (14)

.............................. (15)

  .......................... (16)

5.2.2.2 国柱螺线模型

    轨道在垂直剖面图和

公式为 : 镌蘸鬓摹肇漏        圆攀辫斌豁漏为常数，见附录C图C.2。主要计算
OD,=Ryi (sina‘一sina,-1)

AN;=R11; (sin"‘一sinO;-1)

AE，二RH,(oosO;_1一coso,)

其 中 :

a*一‘-1+180x念
                  再= 0,-1+180 x

在实际应用中，应考1IA巍鑫元神特殊N:

二.............................(20)

      ........................ (21)

a)当‘vi =0和‘Iii =o st, LD，LN和AE;按式((14)一式(16)计算。
b)当Kvi -0和‘Hi -A0时:

△D，=△从cosai一 1

0;=0;-,+180 xOLisinai-1
  nRHi

(22)

(23)

4Ni和△E、按式(18)一式(19)计算。

c)当‘vi-A。和‘Hi = 0时:
                        ON;=Rv(。 。-1一cosai)cosO; (24)
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                            DE;=Rvi(cosai，一cosai)sin人-1       ...........................(25)

    AD;按式 (17)计算。

5.2.2.3 回弧模型

    轨道为一斜面圆弧，即K、为常数，见附录C图C.3。主要计算公式为:
                            AD;=$,cosa;-，一Zi slnai-l coswi-1             ........................ (26)

              AN,=}i(cosai-lcosoi一 lcoswi一 1一sink-1sinwi一 1)+#,sinw*一，cosoi-1 ...... (27)

              AE;=}a (cosa、一，slnOi-1cosw、一，+cos$、一，sinw*一;)+$i sins一:sin我一; ...... (28)
    其中:

Ei=Ri(1一cose)

  价=Ri sine,

              △L
e = 18UX 一下干

                  n找f

5.3

5.3

5.3

约束方程

设计的轨道可以是上述模型所描述井段的组合。

1 二 维设计

                          乙OD;=D:一Do

                          艺ASi=S、一So
2 三维设 计

                          艺ONi=N。一No
                                                                        i= 1

                        艺AE;=Et一Eo
                                                                        泣三1

                          艺OD;=D:一Do
                                                                              1=1

5.4 输出格式

5.4.1轨道设计计算结果按附录B表B.1的格式打印或填写。

5.4.2按附录B表B.1的参数绘制设计轨道的垂直投影图和水平投影图。

6 二维典型轨道设计

    三段制轨道、五段制轨道和双增轨道图示见附录C图C.4、图C5和图C.6.

6.1 关键参数的计算

一
tanatan 2-
△L-

D。一丫De+Se一Re
      R。一Se

=%/ De+SQ一Re (38)

当RQ二S。时:

加nabra*, -=SQ
一 Z DQ

AL,= De

对于三段制轨道:

=D,一De+Rlsinaa

=S,一S。一R l cosae

.......................................... (39)

.......................................... (40)

      ................................. (41)

      ................................. (42)

从

Se
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                                      Re=R1        ..........................................(43)

对于双增轨道:

                    D。二D，一D。一△Dd,+Rlsina。一Rysina,        .....................(44)

                      Se=S，一S。一△Sd:一Ricosaa+RZcosa,        .....................(45)

                              Re=R，一RZ             .......................................(46)
对于五段制轨道，计算公式同式 (44)一式 (46)，但R:取负值。

其中，五段制轨道和双增轨道的△Dd� ASdt,  ADd和△S,i的计算公式为:
ODd,二△Ld,cosa,

OSd,=OLd,sina,

AD,t=OL,fcosa,

AS,f=OL,fsina,

6.2 轨道节点数据的计算
6.2.1第一增斜段终点

:、一:。+_1180 X二*I(a、一。)
Db=De+Rl(sinab一sinaa)

Sb=Se+R, (cosa。一cosab)

6.2.2 第二增斜段或降斜段始点

  Le=Lb+AL,

Dc=Db+AL,,cosab

S,=Sb+OL,slnab

6.2.3 第二增斜段或降斜段终点

Ld一Lc+揣x rzR2(a，- ab)
Dd=Dc+R2(sina，一sinab)

Sd=S,+R2(cosab一cowl )

        ........................... (52)

        .........................(53)

··................................... (54)

    ................................. (55)

    ................................. (56)

        ....................... (57)

        ........................... (58)

        .......................... (59)

6.2.4 靶点

一
L,=Ld+AL&

6.2.5 轨道终点

                                    Lf=L,+AL f       .......................................(61)

                                      Df=Dt十△D f        .......................................(62)

                                    Sf=S,+Astf                .......................................(63)

6.3 轨道分点数据的计算

6.3.1从造斜点开始，以井深为自变量，选定步长，计算出分点数据。
6.3.2 井斜角、垂深、水平位移的计算。

    a)第一增斜段:

a;= a.+180 x(L，一Le)
  7[R f

=De+R 1(sinaj一sinae)
=Sa+RI(cosae一。a; )

........................... (64)

........................... (65)

.......................... (66)

几

sj

b)稳斜段:

一
a;= ab



SYPP 5435- 2003

=Db+(L;一Le

=Sb+(L;一Le默
................................. (68)

............................. (69)

几

凡

c)第二增斜段或降斜段:

a;= ab+180 x(L，一L,)
  trR2

(70)

=D,+R2 (sinaj一sinab)
=S,+R2(cosab一cosa;)

.............................. (71)

.......................... (72)

几

凡

d)人靶井段:

一
Dj=Dd

乓=Sd

a;=

+( Lj

十(乌

一Ld)cosa,

一Ld)sina,

.............................. (74)

............···........... (75)

e)终靶以下井段:

ai二 a,

=D。十(乌一Lt)cosat

=St+(乌一L,)sina,

···············......................... (76)

      ·.............................. (77)

        .............................. (78)

.......................................... (79)

...................................... (80)

几

乓

6.3.3  N坐标和E坐标:

=S;cosoo

=S; sin0p

凡

玛

7 三维绕障轨道设计

7.1 水平投影设计

7.1.1 换算关系

Ce=V Ng+E孟 (81)

tanOg一E.N,
(82)

7.1.2 绕障必要性判断

如附录C图C.7所示，如果将石ON坐标系绕井口点顺时针旋转么渔度，使N轴通过目标点t
而建立新的坐标系XOY，则:

    如果0<ze<C,且{yg I < RQ,
7.1.3 左右集睦判断

_fXa二
    Ly9一

则韶要进行

Cgcos( B:一B,)

Cesin( B:一B,)
绕障设计。

(83)

q=sgn(yq)=
一1，左旋绕障设计
+1，右旋绕障设计

(84)

7.1.4 初始方位角

笋。=0，一gsin (85)丛
吼

7.1.5 方位扭转角

      { Se
              一2U.

      Q尹 _ 夕

Lali万 一In /        n 一一万石，石
          }刀e一， Ue下口e一‘-R口e
          L          2R，一SQ

当2RQ=Se
(86)

当2Rg # SQ
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其中 :

DQ=C,COS( B。一$0)一Cgcos( B:一00)

      S。一C, I sin(B，一00)}

(87)

(88)

7.1.6 节点的水平投影长度

Sp二Cgcos( B:一00)

s。一Sp+揣x二*90O

................................. (89)

................................. (90)

                        S,=SQ+丫DQ+S苦一2RgSe
7.2 垂直剖面设计

    垂直剖面的设计方法与二维定向井轨道设计相同。
7.3 轨道节点数据的计算
7.3.1垂直剖面上节点参数的计算  见6.20
7.3.2 水平投影上节点参数的计算

    当Sp毛S:时:

·““’“···.................. (91)

Lp=

Dp=

Sp

Sp
L改lia,

当Sa< Sp簇Sb时:

Lp=

Dp=

L�+ x rtRl(a,一a.)

Da+R1(sinap一sina,)

土
180

其 中:

cosap= 而‘二.Sp-S,赞纂攀 R1
(96)

当Sb< Sp<S。时易薪单

脚摹一“P‘
诀 一

          Dp-

Lb十

Db十

Sp一Sb

  slnab

Sp一Sb

  tanab

当S,< Sp成Sd时:

Lp=

力P=

:。+揣x aR2(a，一、)
D。+R2(sinap一sinab) (100)

其中:

CosaP =
        Sp一S,

Cosa“一 顶丁~ (101)

当SP>Sd时:

Lp=Ld+
Sp一Sd

(102)

Dp=Dd+
Sp一Sd

  tana,
(103)

节点Q的参数计算方法与节点p相同，见式 (92)一式 (103)0
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7.4 井眼曲率校核

                          ‘=了kV+k,2H·sinla        .................................(104 )
    当‘大于井眼曲率的限定值时，应增大绕障半径R,，重复上述设计过程。

7.5 轨道分点数据的计算
7.5.1井斜角、垂深、水平投影长度的计算方法见6.3.20

7.5.2井斜方位角、N坐标和E坐标的计算见式 (105)一式 (113)0

    当S<Sp时:
                                    丸=00 ·························................ (105)

                                  凡“尽。汽 ....................................... (106)
                                  玛 “S; sin汽 ....................................... (107)

    当S'< S;簇SQ时:

0i一‘二_1180 q·S;-SpaRQ
=Np+姆,(sin六一sin0o )
=Ep+妞,(coso。一Cos劫

(108)

(109)

(110)

叹

凡

当S>SQ时:
    9;=00+qAO

凡=NQ+(导一SQ)cos丸

E;=EQ+( S;一SQ)sinO;

(111)

(112)

(113)

8 轨迹计算

8.1 规定

    对轨迹计算作以下规定:

    — 测点自上而下编号，i=1, 2, 3,⋯。
    — 测段自上而下编号，i=1, 2, 3,⋯。第 i个测段指第i-1个测点与第 i个测点之间的测

          段 。

    — 井口为计算始点，直井钻机ao=0> Oo=价，;斜井钻机a。等于钻机导斜角，0。等于钻机导
        斜方位角。

    — 并斜方位角应进行磁偏角及子午线收敛角校正。

    — 当测点的井斜角为零时，该测点井斜方位角的取值与该测段另一测点的井斜方位角相等。

    — 当}0‘一笋‘一1 I <180% AO=0‘一0‘一1。当}声、一0、一1}> 1800时，AO二0‘一0*一1一sgn(O;-
        人一1) x3600

      当}人一0，一，}=1800时，AO的正负号按上测段方位变化趋势选取。

8.2 测段数据的计算
8.2.1段长和平均井眼曲率

                                    OLi=L*一L._1       ....................................(114)

K‘一“Ox众 (115)

其中:

:、=。一‘[cosai_lcosai+sinai一,sinaicos(O;一0*一，)〕 ............... (116)

8.2.2 坐标增f

8.2.2.1 最小曲率法
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AD;=Ai(cosai_;+cosai)

=1,. X
    jOu

irAi AOi (sina_:+sina)

tan(A";/2)

=Ai (sinai _ l cos"i _ 1+sina, coso)

=A i (sina; _; slnOi _;+sina; sin0; )

.............................. (117)

      ..................... (118)

    ........................ (119)

    ........................ (120)

战
叭
城

其中:

xi= 180 x
AL;tan(e左)

(121)

8.2.2.2 回柱螺线法

      __ △a;
KVi=.5u x云了 (122)

一30 x1
  (180

  △人
OLisina

当‘vi=0

x-    rtA$i-v}
............... (123)

cosai_;一cosa,

AS*一
ALi sinai _ t

Rvi(cosa

当‘vi笋0

当‘vi=0

当‘vi井0
............... (124)

    AD,,△从 和△E‘按式 (17)一式 (25)
8.3 测点数据的计算

1一cosai)

计算。

D;=D;_1+AD,

S;=St -l+AS;

N;=N;_i+AN;
E;=E;_1+AE

C;=丫N子+E2 (129)

_ 。_E;
LQl1V‘一从

V,=C,cos(6o一6i)

(130)

(131)

8.4 入靶数据的计算

    根据选定的轨迹计算方法，用插值法计算人靶点e的数据。

8.4.1 水平靶的靶心距

                            J=,/ (N，一Ne)2+(E，一E, )2         ........................(132)

8.4.2 铅垂靶的纵偏移和横偏移

                                    H二D，一De        .................................(133)

                          W=(N:一Ne) sine一(Et一EQ)cos$， .....................(134)
8.5 输出格式

    轨迹计算数据表按附录B表B.2和表B.3的格式打印或填写。
8.6 绘图

8.6.1 二维定向井轨迹可据附录B表B.2数据绘出垂直投影图和水平投影图，见附录C中图C.8o

垂直投影图的两个坐标是D和Va

8.6.2 三维定向井轨迹可据附录B表B.2数据绘出垂直剖面图、水平投影图和三维轨迹图。垂直剖
面图的两个坐标是D和5。
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                                              附 录 A

                                (规范性附录)
                                    参数的符号

表A.1和表A.2中给出了轨道设计与轨迹计算参数的符号及下标说明。

                                  表A.1 参数的符号

序 号 符 号                     名 称 单 位

1 L 井深 】1了

2 a 井斜角 (0)

3 0 井斜方位角 一卜 (0)

4 N N坐标 n 1

5 E E坐标 一 n 1

6 D 垂深 I1】

7 S 水平投形长度 】】1

8 C 水平位移(闭合i) 】】1

9 0 闭合方位角 (0)

10 V 视平移 m

11 △L 井谬jNik n 1

12 △a

4PAJO1 (.)

13 △o 4&IMAMA (.)

14 公N N盔就 l 」11

15 △E E }04F12 _ - m

16 仑刀 垂羁量 n 〕

17 AS 水平膨长度鳍量 ; 一 n1

18 △L� aitgM 轰 二_ 一、 撤 m

19 佑 ,#ORA* (’)/30m

20 Ky 垂蜘rKRII的曲率 一 (‘)/30m

21 KH 水平投影图上的曲率 _ (‘)乃0-

22 R 曲事半径 m

23 Rv 垂直部ira图上的曲率半径
n 1

24 R� 水平投影图上的曲率半径 m

25 R, 第一圆弧段的曲率半径 m

26 Rz 第二圆弧段的曲率半径 m

27 Rg 绕障半径 m

28 w 装置角 ()

29 仁 弯曲角 (0)
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表A.1(续)

序 号 符 号 名 称 单 位

30 4 符号变量

31 I 水平靶的靶心距 n】

32 H 铅垂靶的纵偏移 n I

33 W 铅垂靶的横偏移 】】1

34 RQ 中间变量 n 1

35 DQ 中间变量 I11

36 SQ 中间变量 m

37 2 中间变量 】11

38 z 过渡坐标 】1】

39 Y 过渡坐标 n 1

40 f 过渡坐标 n 1

41 9 过渡坐标 m

42 g 过渡坐标 m

表A.2 下标说明

序 号 符 号 名 称

1 O 坐标原点

2 a 造斜点

3 b 第一圆弧段终点

4 c 第二圆弧段始点

5 d 第二圆弧段终点

6 c 靶点

7 f 轨道终点

8 8 障碍物中心点

9 P 三维绕障设计的扭方位始点

10 Q 三维绕障设计的扭方位终点

11 7 变量

12 7 变量

13 e 入靶点
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            附 录 B

        (规范性附录)

轨道设计及轨迹计算输 出格式

表B.1给出了xxx井轨道设计数据表格式。

表B.2给出了xxx井轨迹计算数据表格式。
表B.3给出了xxx井中靶数据表格式。

表B.1  xxx井轨道设计数据表

卜底设计垂深: m井底水平位移: m 井底闭合方位角: (.)

靶 点 数 据

靶点名称 垂m深
N坐标

    nI “m
靶区半径

      111 纵m 044m

轨 道 节 点 数据

#Nm 缈
井斜方

位角

  ()
JENm

N坐标

    n1 “m
水平位移

      n 1

井眼曲率

(.)/30m

井斜变

  化率

(0) /30m

方位变

  化率

(。)/30m

靶点

名称

轨 道 分 点 数 据

m
#9114(̀)

井 斜

方位角

  (.) m

N坐标

    工rl “m
水平位移

      In 视LLm移
闭 合

方位角

  (0)

井眼曲率

(') /30m

井 斜

变化率

(.)/30m

方 位

变化率

(.)/30m



SY/*P 5435- 2003

表B.2   XXX井轨迹计算数据表
计算方法:

序 号

m
#0A(̀)

井 斜

方位角

  (0)
3Xm

N坐标

    n 1 “m
水平位移

      n 1 视m
闭 合

方位角

  (0)

井眼曲率

(“)/30-

I

2

3

表B.3  XXX井中靶数据表

靶点名称

m m

N坐标

    】】】 ‘m
水平位移

      m

闭合方位角

    (.) *M,bEm fAiggm 横m
A

B

C
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      附 录 C

    走规范性附录)

轨道形状 图和轨迹 图

轨道形状图和轨迹图见图C.1一图C. So

0库一一一一一一E

图C.1 直线模型

(a)垂直剖面圈 (b)水平投影圈

图C.2 回柱蛆线模型
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n

口1
D. Rl

D

a 卜

图C.3 国弧模型 及

D

图C.4 三段制轨道

n

D。 O,

a.

口
口 卜

O,

S

D

图C.5 五段制轨道

15
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图C.6 双增轨道

O了s

Y ，气

图C.7 三维绕陈轨道的水平投影
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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

八】y 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 bold, or tangent) section, a drop-off section
and another hold-on section from the wellhead 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
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Defined as the - 1a* 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~ -

ciated subscripts used for wellpath design and tra-

jectory calculations.

4    Principles and conditions for wellpath design

Wellpath design principles

following principles shall be followed when

/design a wellpath:

4.I
The
nlan
— Satisfy requirements for oil and gas explorato-

    ry and development;

— Satisfy requirements for drill string strength;

— Select wellpath that is in simple shape and

    easy for drilling;

一一-Other 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 Nt, E, andC� B,:

            Ct=丫N?+E子 (1)

5.1.4   For conventional rigs, the borehole over

the kick-off point shall be designed as vertical sec-

tion. For slant rigs (aa=}"-0)，relationships between

the main parameters are as follows:

              Da=Lacosaa             (6)

              Sa=L�sinaa             (7)

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=a;_t (8)

              OD;=AL;cosa;            (9)
              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:

·‘一、_t+180 X箫

5.2.2

5.2.2.1

  △从=R; (sina、一sina;一 t )

  AS;=R;(cosa;_I一二a; )

Design model for 3D wellpath

  Strai叻Wine model

(11)

(12)

(13)

(2)

(3)
(4)

(5)

          E
tand,= 不下厂

            J丫t

5.1.2

5.1.3

        N,=C,coso,

          E,= C,SinO,

Calculation of Curvature

        R=5400
                                  兀 K

For 21) wellpath design,

Radius:

5=C.

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;cosa一1                                    (14)

          AN;=AL,sina,一 tcosOi一 1       (15)

          “、=AL;sina,_1sinO,_1       (16)

5.2.2.2 Cylindrical helicoid model

Both vertical and horizontal projections of the well-

path are circular-arc, parameter /CH and my are con-

                                                                  25
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stant (see Figure C.2 of Annex C).Equations for
key parameters are as follows:

        AD;=Rv; (sina:一、inai-1)      (17)

        AN;=RH, (sinO一sin0,一 1)      (18)

        AE;=RHi (COs人一，一COs人) (19)
where

a;= a;_I+180 x
AL
兀尺v:

(20)

0;=Ti-1+180 xRvt(cosa,_，一。a; )

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

          艺OD，一D,一Do         (32)

          艺OS=S,一So         (33)

5.3.2  3D wellpath design

nRH (34)

                                          (21)

Some of the following exceptional situations shall

be considered in practice:

a) In case of av; =0 and KH, =0, for calculation of

  AD，ON; and AE;, equations (14)一 (16)
    shall be followed.

b) In case of rcv; =0 and KHiZ7'-O,

              AD =AL;cosa;-,           (22)

(35)

(36)

0=Ti-,+180 xAL; sins,-1
  nRH;

(23)

Equations (18)一 (19) shall be used for calcula-

tion of△从 and AE;.

c) In case of icv,并0 and icy; =0.

      AN =Rv,(cosa*一，一cosa,)cos0;-1  (24)

      AE;=Rv,(cosa一;一cosa,)sin";-1  (25)
Equation(17)shall be used for calculation of

AD .

5.2.2.3    Spatial-circular-are model

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

and /c,，curvature of the spatial arc, is constant

(see Figure C.3 of Annex C).

Equations for key parameters are as follows:

      AD =$icosa;-1一$;sina;-1cos。-1  (26)

  AN;=E (osa. _1coso=-lmsai,-1一sin";-lslnai;-1)

      +$, sina*一，cosoi_1          (27)

  配二=氛(o sa;-tsin人-1CLsol;一，十二人-,sin-j-1)

      +#;sina,-lsin"、一， (28)
where

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-
file and horizontal projection shall be plotted using

data in Table B.1 of Annex B.

6  Typical design for 21) wellpath

For illustrations of "J”-type Wellpath, Double
Build-up 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

tan万
D。一丫De+Se一Re

      RQ一SQ

=,,/ De+Se一Re

(37)

△Lw (38)

In case of Re= Sp:

. ab_5。
ian丁一De

△Lw= D，

(39)

(40)

$i=R;(1一。:，)

  奋=R; sine,

For "J" -type Wellpath:
          DQ=D，一De+Risinaa       (41)

          Se=S，一S。一Rlcosaa       (42)

                  Re=Rt                           (43)

For Double Build-up type Wellpath:

  DQ=D,一D。一△Dd,+R l sina。一RZsina,

                                          (44)

、‘
夕

、
，J

、，.声

n
，

0

，
‘
1

，

︸

八
j

内
，

了

.
、

厂

‘‘

、:、一180 x等
                兀找 ￡
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Se= S，一S。一△Sd，一R, cosa�+RZcosa, ed as follows二

a) For the first build-up section:

、
1

、

1

沙

、

，

夕

4

1、
︶

‘
U

6

6

了0

了

.

、

了

.

.
、

了

.
几

、

Re = R,一R2

"S”-type Wellpath, equations (44)
be used, however R2 is negative.

  (45)

  (46)

一 (46)

佑 = a8+180 x(L，一Le)
  aR,

几

乓“5，，-type Wellpath and Duuble Build

Wellpath, ODd� OSd,. LD,, and AS,1

calculated as follows: 燕卒 _

up type

shall he

= Da

= sa

+R1(sinaj一sinae)

+R1(cosa。一cosa;)

For
咖
For

        }Ddc=擎d,oosa,

    4Sd, = ALd,sina,
        △D、=J L d棘a,

          AS,=AL ,lsina,

Calculation of key points

(47)

(48)

(49)

(50)

b) For the hold-on section:

                    aj=ab             (67)

        几=Db+(L;一La)cosab (68)

        尽=Sb+(乌一Le)sinab      (69)
c) For the second build-up section or drop-off sec-
    Lion:

6.2

6.2.1 Endpoint of the first build-叩section

补谕、180 x丛于玉困

:、一:a+1180 x二*t(a、一)
D、一D。+R 1(sina、一如。，)
Sb=Sa+R 1(alsa二一Cosab)
Startpoint of the second build-up

+R2 (sinaj一sinab)
+R2(cosab一coca, )

(70)

(71)

(72)

从
久

=

=

马

凡
、
，

护

、
.
尹

、
.沙

，

二

勺

︸

门j

‘

~

七
J

l、
︸

r

、

了子
、

2

.、

6.2.2 section

、
卫
了

、

户

、
卫
声

4

气

︸

6

︸勺

﹄、
曰

倪
」

‘‘

2
.
、

沪
亡
凡

or drop-off section

                L,=Lb+△Lw

。。一。七AL�msa b
S。一Sb + I矍禅nOb

6.2.3 Endpoint of the瘾蜘姗渊 城棘section or

d) For the borehole section in the target area:

                  ai=a,               (73)

        几=Dd+(乌一Ld)oosat      (74)

        Si=Sd+(乌一Ld)sina,      (75)

e) For the borehole section below the final target:

            一 a;=。， (76)
        马=I3,+(乌一乌)oosa,      (77)

一 场= S,+(Lj一L,)sina,       (78)

drop-off section

        L,,= L, (57)

(58)
(5互)

6.3.3钾释囊鬓of E/W and
      洲本不鬓      Nj=S;oOSBO

E，=尽sin0o

N/S Coordinates:

            (79)

            (80)

Dd=

sd=

D

Sc+*撅奉疏一coca,) 7  3D detouring obstacles wellpath design

6.2.4 Target 瓤 一获

Finish于馨
(60)

6.2.弓

7.1

7.1.1

7.1.2

Horizontal户州ection

  伽.网a脚 for Cg and Bg

    Cg一丫NQ + E.2
(61)

(62)

(63)

、__。_Ex
蛋口 二IV 。 — 、 r

          ivR

(81)

(82)

Judgment for 3D detouring obstacles de-

6.3

6.3.1

          Sf=S,+八S ,t一

Calculation of interpolate points

When calculating interpolate point data,

one should use MD as an independent variable,

with a predetermined step length started from the

KOP.

6.3.2   Inclination, TVD, and horizontal dis-

placement of a interpolate point should be calculat-

sign necessity

A new XOY coordinates can be created by rotating

EON coordinates clockwise around the wellhead by

the amount of B, and pointing axisNto target t

(See Figure C.7 of Annex C).

5 Xac一‘“:一。)
lYR=C,sin( B:一et)

(83)
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3D Detouring obstacles design would be necessary if

0< xs< V, and I yg I < Re.
7.1.3   Criteria for clockwise or counterclock-

wise 3D detouring obstacles design

:。一:a+揣x 7rRI(a，- a.
Dp=De+R1(sinap一sinaa)

(94)

(95)

{一Counterclockwise

where

In case

COsap = coca�
Sp一Se

  R,

4=sgn(ya)= (84 of Sb< SP<S,:

      Lp=Lb+

sgn is the sign function.

Calculation of initial azimuth       Dp=Db+

of S,<Sp<Sd:

Sp一Sb

  slnab

Sp一Sb

  tanab

(96)

(97)

(98)

A_。 ___-I I凡、
To一 以它一 q- 、}  I

                            、心Rl
(85)

Calculation of azimuthal change

      (Se
            一2D.

      0甲 J
Lan 二 卜 一

      乙 一】、 _ /了它 ‘ Q2_ 勺p Q

          一U“ v 价 ’口性 ‘介只吸
          L          2R:一Se

(2Rg=Se)

:。一:C+揣x 7rR2(a。- ab)
Dp=De+R2(sinap一sinab)

  (99)

(100)

 
 
L

h

n

.司

h

]

J

幼

口
了

7

(2Rg笋Se)

        (86)

                SP一Se
cosap=cosab一 R2 (101)

In case of SP > Sd:

where

De=C,cOs(9,一00)一Cgcos(Bg一$o)    (87)

          Se=C, I sin( 0,一Oo)I             (88)

7.1.6  Key point curvilinear length of horizontal

projection

Lp= La十
SP一Sd
set a

(102)

Dp=Dd+
SP一Sd
  tans,

(103)

SP=CzCos( B:一00)

S。一SP+揣x 7rRg0"

7.2

  St=SQ+,/ De+Se一2R,S,
Vertical profile design

Design of vertical profile for 3D wellpath

(89)

(90)

(91)

is the

same as that for 2D wellpath.

7.3  Calculation of key points

7.3.1  Calculation of key point on vertical pro-

file1

See 6.2.

7.3.2  Calculation of key point on horizontal

projection

In case of SP-<S�:

Oculation of key point Q is the same as that of the
key point P, see equations (92)一 (103).

7.4  Calibration for borehole curvature

          ‘=了‘影+‘孔·sin4a        (104)

If‘is greater than the predetermined borehole cur-

vature value, R., 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 1W coordinates, see equations(105)一

(113).

In case of S-<Sp:
              六二00            (105)

              N;=Sic-;         (106)

              E;=SsinOj        (107)
In case of Sp<尽镇SQ:

    ，，一，P+森x也 - SO             (108)        r,一「犷’180‘’ nRQ 、””，

、

.
沙

、

，
J

，

︸
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n
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=Np+gR,(sin汽一sinoo)   (109)

=Ep+姆'(cosy'。一Cos汽) (110)

。=cos 1[cosai-,Cosa;

(0一人_，)」

+smai _, smai cos

              (116)

叹

玛

In case of S > SQ:

            汽=00+gi1O (111)

(112)

(113)

8.2.2  Calculation of coordi- tes increment

8.2.2.1    Minimum curvature meth-0

N;=NQ+(S一SQ)costf;
E;=EQ+(S一SQ)sintsj

OD =Ai (cosai-:十Cosa) (117)

△S 1360 X
nAiMi(sina一I+sina)

tan(0O龙)

8  Trajectory calculation (118)

8.1  Provisions

Trajectory data shall be calculated in accordance

with the following provisions:

— Survey stations shall be numbered from top to
    bottom, i二1, 2, 3,·⋯

- Survey station intervals shall be numbered

    from top to botton，i=1, 2, 3,⋯;the i o,

    interval is the interval between the(i一1)th
    station to the i o' station.

- The calculation shall be started from the well-

    head; for conventional rigs, ao=0,九=汽;

    for slant rigs, ao is equal to the inclination

    angle of the rig and vso 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

— In case of}0*一0、一1!<1800, 0"二O;-
    0、一1. In case of 1 0*一0‘一1 1 > 1800, AO=$i

    一is*一t一sgn ( 0*一0*一1)  x 360. In case of

    }声、一Oi一1}=1800, 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一Li_1        (114)

△从 =l;(sina;一 lcosO,一 1+sinaicos0i )
(119)

}Ei=Ai(sinai_lsin"i一 1+sins: sinO)

(120)

where

8.2.2.2

2i= 180 x
ALi tan(e; /2)

      沉C苦
(121)

Radius of curvature method

一30 x1
(180

KV、一AaiOLi
  △武

ALi Sinai

(122)

(KV;=0)

、 7CDy'iK V ;
cosai-1一cosai

4S一{
OLisinai_1       (1cv

Rvi(cosat-:一cosai)

△几，△从 and AE, should be

equations (17)一 (25).

  (KV尝0)

          (123)

=0)

  (KVi笋0)
          (124)

calculated using

8.3 Calculation for survey stations

          D，=D-1+△Di

          5、=5-1+△5

        Ni二Ni-,+4N;
          Ei= E;-1+DE

=}/ N;+E?
          E

tan跳 = 屯下.
            IVi

(125)

(126)

(127)

(128)

(129)

8.4

I'he

        认=Cicos(0p一6i)

Calculation for target entry points

(130)

(131)

target entry point e shall be calculated using

、一30 x弃
                L11L;

(115)

where

interpolation method and in accordance with叩-

plied trajectory model.

8.4.1  Off-target distance of a horizontal target

                                                                  29
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      J=,/ (N，一NQ)z+(E，一Ee)2  (132)
8.4.2   Longitudinal and latitudinal offsets of a

vertical加rget

              H=D，一De         (133)

    W=(N,一NQ)sin"。一(E，一EQ)costs,
                                        (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 AnnexB

8.6  Graphing

8.6.1   Vertical profile and horizontal projection

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

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.

30
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              Annex  A

          (normative)

The general symbols nomenclature

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

bols and their associated subscripts used for well-

path design and trajectory calculations

Table A.卜珍脚洲p材如of the general symbols used in this standard

N( Sy.汕』

    _Description
Unit

1 L Measured depth 了r】

2 a Inclination ()

3 0 今Tmurh (。)

4 N N/Scoordinates 】】1

5 E E/W coordinates m

6 D True verrtical depth n 1

7 S Hxiwnta】curvilinear length m

8 C Horiwntal displacement (closure distance) m

9 0 Closure evimuth C)

10 v v州ical sectimi n 1

11 △L Increment of meawue depth m

12 △a In声nation increment 一 (.)

13 A$ Azimuth increment (“)

14 △N
          -

N瑙蛛如布加tes increment m

1$ △E E礴 coordi吻es increment t11

16 △D

TVD increment
t11

17 △5 In-娜t of horwntal curvilinear length 】n

18 △L, I响卜of a held on section - 11】

19 K Bo ehole cu‘tute - (’)/30m

20 KV

Curvature of a vertical profile
(.)/30m

21 KH

Curvature of a honzontal洲~
(.)/30m

22 R Curvature radius t11

23 Rv Curvature radius of a vertical profile ,刀

24 RH Curvature radius of a horiwntal projection n)

25 Rr Curvature radius of the first circular-arc 1勺〕

26 R2 Curvature radius of the second circular-arc 1n

27 Rg 3D detouring curvature radius 11】

31



SY/P 5435- 2003

Table A.1 (continued)

No. Symbol Description Unit

28 田 Tool face angle on a spatial-circular-arc (.)

29 E Bending angle on a spatial-circular-arc (.)

30 4 The sign of a variable

31 J Off-target distance of horizontal target 】n

32 H Longitudinal off-set of vertical target 】n

33 W Latitudinal offset of vertical target m

34 RQ Intermediate variable used for calculation n】

35 D。 Intermediate variable used for calculation m

36 SQ Intermediate variable used for calculation n 】

37 几 Intermediate variable used for calculation n1

38 r Intennediate coordinates m

39 y Intermediate coordinates rn

40 f Intermediate coordinates m

41 7 Intennediate coordinates n】

42 爹 Intermediate coordinates n1

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 t Target

7 f Final point of wellpath

8 9 Central point of obstacles

9 P Startpoint of direction change in detouring obstacles 31) plan

10 Q Endpoint of direction change in detouring obstacles 3D plan

11 2 Variable

12 少 Variable

13 e Entry point

32
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Anttx B

normative

Output 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 wellx x x

Planned TVD:                 m Closure distance:                m Closure azimuth:               deg

Target data

」访rget TVDm N/Sm E/Wm
Target

radius

    m

Longitudinal

  Jftarget

          m

Latitudinal

off target

        n】

Key points data

MDm Incdeg Az
Ueg TVDm N/Sm E/Wm CLsDm

  DLeg

deg/30m

  Build

deg/30m

  Turn

deg/30m
Target

Interpolate points data

MDm Inedeg Az
山召 TVDm N/SmE/Wm CLsDmV. Secm CLsA

  U七m

  Dl咫

deg乃0m

  R}JM

deg/3

  Tmn

吨 乃Om
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Table B.2: Trajectory calculation for well x x x
Calculation model:

No MDm Incdeg Az
Ue9
TVDm N/SmE/Wm CLsDm

V. Se,

    I11
CLsA
  U七吕

  DLeg

deg/30m

1

2 之舒泛 厂-

3

Table B.3: Target entry。咖elation for well x x x

Targd MDm
T、q)

  n1

  N/S

      瓜 E/Wm
CIsD

    m

CIsA

deg

Off-target

        】】1

}，_二 」.1「二，一-li.all‘ 口 乙 一 ~】

  off-target

          n 1

(，任target

      n 1

A

B

C

34
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                              Annex  C

                      (nonnative)

Illustration graphs of planned wellpath and actual trajectory

For illustration graph of planned wellpath and actual trajectory, see Figure C.1一C.8.

0乙一一一一一一二
占

Figure C.1: Straight-line model

(a) Vertical profile (b) Horizontal projection

Figure C.2: Cylindrical helicoid model
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O,

D. R,

D,

Figure C.3: Circular-are model s,

Figure C.4: 0J" -type wellpath

D. O.

U
a�

Os

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 p呵ection graphing for

        3D detouring obstacles wellpath
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  (b) Horizontal projection graphing

Figure C.8二Trajectory graphing


