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8.3.11.1 RYKXHHO, PRI EH, R ERI B .

8.3.11.2 XM IEE 3 MPa~5MPa, $&/E 15min, FREE/NT 0.3MPa &8, BERNESHENE

RIEH.
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8.4 REMIELE
8.4.1 HELFRHREHTELES.
8.4.2 MLUZEXBAKRE.
8.5 REEZLFRAKEH
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RA1 FERHBNEESE

e R B B R EAT FEFFEK hE W H AR E A B
S RS 10kN m kN« m min~!
1 2-0.6-2.8 2 0.6 2.8
2 3-1.2-6.5 1.2 15
6.5
3 3-1.5-6.5 3 1.5
4 3-2.1-13 2.1 13
5 4-1.5-9 1.5 9.0
6 4-2.5-13 4 2.5 13
7 4-3-18 3.0 18
8 5-1.8-13 1.8
13
9 5-2.1-13 2.1
5
10 5-2.5-18 2.5 18 12
11 5-3-26 3.0
26
12 6—-2.5-26 6 2.5
13 8-2.1-18 2.1 18
14 8§-2.5-26 8 2.5 26
15 8-3-37
37
16 10~-3-37 3.0
10
17 10-3-53 53
18 10-4.2-53 10 4.2
53 10
19 12-3.6-53 3.6
20 12-4.2-73 12 4.2
21 12-4.8-73 4.8
22 14-3.6-73 3.6 73
9
23 14-4.8-73 14 4.8
24 14-5.4-73 5.4
25 16-4.8-105 4.8
16
26 16— 6 - 105 105
6
27 18-6-105 6.0
18
28 18 -6~ 146 146

A5 R HLERRE)

EA—HEARNT, FRMEEN 0.912 g/cm®, FIPHEE 1100 mPa « s, Bt &= EN 70
w*/d, HARRINT FERWEAEN 1150 m, XSHIMALEEITERE,
A5 1 WERAE. EBOHEMERE, SEBERehRmyL. SR A 4 N RRAE,

A.5.2 FERERERAE (HA 49 LHEMERNRMILES. ERAFEMERS TRRE 1150 m
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Potymax = Purt + (14 m)EWacosaw | AL; |+ 8P+ Pyt Py evveeeeeeeees (C. 38)
Pomin = Pucy + (1 +m ) EW ycosay | AL; [+ 8P, — Py = Pry veeeesesveeees (C.39)
E*:
SnZ
™ = 1790

C4.8 BHWERR (€20 HERE. DRER (C22) REREN, UL b il g St R
BAMERE RSB, FEZE LR SR T .
C.4.9 RS AHERR (C.23) IHH,

C.5 HmARHAR &I HETE

EAHMEAFER 4, = 44mm, BN 1K 6=0.035mm), AR HLE, HBEFARE

D, =1800m, ZhKEGHEE 1400m, 3 OEE 0. 7MPa, RBIEF &/ BE, BB HEEE 10mPa - s,
HEF 850kg/m’, £FFSH: S=6m, n=4min"'; JHEHRME, FRITHMWTE.
C.5.1 VIEHbitRERS . RRUEEFSORE, RATRE, WG/ D &HBT, HRMEHH
WP T=793MPa, BL SF=0.9,
C.5.2 WEHMFEASRA . HEH d,=44mm, S=6m, n=4min"', D, = 1800m., &% B. 1,
HFRRSH 65 WHMmMITHERAEGE, HBATRRE Lo = 1843m, FHH 58% 4 19mm T,
42 %Ky 16mm HIHFF R4 K.
C.5.3 MMERESHEZRMNERESHTE X C D]

F, = 0.94(d,/8) — 140 = 1041(N)
C.5.4 FigFotd [HX C2]:

Re = 52. 63nSpud?/(dop,) = 9448
C.5.5 WMBABGHE. EN Re=9448<3X10', #HEX (C.3) &1, =0.28,
C.5.6 WUE T HED BAK B B e s R R SR B (% (C.5 ],

3 —_
A= AoA) ¢ (5320 = 780D

= L. 5m
F 729,12><

C.5.7 YA TFHmFFRIREEHE X C o) :
Fu = AuD,pug = 3014(N)
C.5.8 TR AR ZHATTE R R €D
P, = F,+ Fy,+ Fs = 4835(N)
C.5.9 TEMEAKEHE (&R (C ). &EAMEFWERZY 38mm, W,
Ly, = P./(Aup:g) = 44(m)
C.5.10 FZMmmMFFRETE [ C 10].
16mm WA Ly = (D, —Ly) Ai= (1800-44) X41% =738 (m)
19mm FIMFFAE L, = 1800 - 44 - 738 = 1018 (m)

AR, 38mmX 44+ 19mm X 1018 + 16mm X 738
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C.5.11 BTN FARERTE X C1pl.

A = Dp/(Zg /L;")— 0. 000246 (m?)
C.5.12 WERIBIPHREIHE R (C 127, B3 C 10 HE MBS EMMF L, i
AR . 73mmX 1800m, S,

4
A =D,/ 3} £ = 0.001165(m?)
C.5.13 #FFREAEREFHE A (%R C 1]
M
= 'O%I‘M(ELﬁq,+Pw) = 37502(N)
i=1

C.5.14 WAREIE (B (C147,
Py = [(D, ~ D) Pug+ P,JA, = 16370(N)

C.5.15 HHEINTPHRBAMLE. hTHEEREE, K (C16) 4.

A= L;B(Aif%(f 0. 38(m)

C.5.16 wBREHMimE AR (&R C17]:
$. = arccos(1—24/8) = 0. 51(rad)
C.5.17 {HHEERSHARE: OFmEEREE, Sk (C18) itHE.
¢=AJ(A+A) = 0.825
C.5.18 Bk, B/MRAIHE &R (C.200. R (C.2D];

Prgymax = Wyt P[.+EA' o gy ¢c+@2 —(1 - ¢)sing, | = 60683(N)
v 60 ¢

th,,,“-nzw,,—cE—A"-"S” sin ¢+@E (1 - )sing, | = 30690(N)
o e (% S0 ) ]

60
C.519 BZRFRE (HFX 2]
o, P“/;“—-Jm = 214(MPa)
T Probin _
(4+o. 5625 " )SF = 233(MPa)
P T P
[P T<(4+0‘ 5625 y» )SF

BT HR R
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Foreword

This Standard is an integrated revision and re-

place of such six standards as SY/T 5873.1—

1993 Practice for sucker rod pumping job—Part

1: Conventional pumping, SY/T 5873.2—1994

Practice for sucker rod pumping job—Part 2;

Deep pumping, SY/T 5873.3-1993 Practice

for sucker rod pumping job—Part 3: For devi-

ated-well, SY/T 5873.4—1993 Practice for
sucker rod pumping job—Part 4. Pumping
with large-sized pump, SY/T 5903—1993 Design
method for tapered sucker rod string and SY/T

5905—1993 Practice for sizing of beam pum-

ping unit. Its main modifications to the previous

standards go as follows:

—The structure, elements and formulation of
this standard is revised in compliance with
GB/T 1. 1—2000 Directives for standardiza-
tion—Part 1. Rules for the structure and
drafting of standards.

—The basic parameter table and chart selecting
of the beam pumping unit is upgraded in ac-
cordance with SY/T 5044-—2003 Beam pum-
ping unit. The size of 18 — 6 — 146 is added in
the table and chart, making the sizes of the
beam pumping unit increasing from 27 to 28.

—The design method of tapered sucker rod
string for deviated well is added. The symbol
used to represent a tapered sucker rod string is
modified with the symbol of its uppermost
stage before that of its bottommost stage.

—The values of tensile strength of sucker rod is
upgraded in accordance with SY/T 5029—

54

2003 Sucker rod.

—HSE stipulations regarding the downhole op-
eration is added.

—The schematic layout of the tubing string is
redrawed in compliance with SY/T 5952.

—Some regulations with regard to job execution
make direct reference to standards in current
use. .

—Annexes A, B, C, D and E are informative.

This standard is proposed by and under the ju-

risdiction of Professional Standard Committee of

Oil and Gas Production.

The drafting departments: Oil Production Re-

search Institute of SINOPEC Shengli Oilfield

Co. Ltd. Oil Exploitation Department of Pet-

roChina Daging Oilfield Company Ltd.

This standard is drafted by Feng Yonggquan,

Zhang Junging, Jiang Dong, Luo Yan, Chu

Yongming, Dong Degui, Chen Xianjin, Liu

Changfu.

The previously published version of the standard

replaced by this standard.

——S8Y/T 5873. 1—1993;

——SY/T 5873.2—1994;

—S8Y/T 5873. 3—1993;

—SY/T 5873. 4—1993;

~-—8Y/T 5903-—1993;

—8Y/T 5905—1993.

This standard 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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Recommended practices for design and execution

of sucker rod pumping system

1 Scope

The Standard specifies the practice for selection
and installation of the beam pumping unit, the
practice for subsurface pump selection, the
practice for grade selection and design of tapered
sucker rod string, configuration design of sucker
rod string and tubing string, and job execution.
The standard is applicable to design and execu-

tion of sucker rod pumping system.
2 Normative references

The following normative documents contain pro-
visions which, through reference in this stand-
ard, constitute provisions of this standard. For
dated references, subsequent amendments to,
or revisions of, any of these publications (ex-
clude errata) do not apply. However, parties to
agreements based on this standard are encour-
aged to investigate the possibility of applying the
most recent editions of the normative documents
indicated below. For undated references, the Jat-
est edition of the normative document referred to
applies.

GB/T 18607—2001
rod pump and its components

SY/T 0408—2000 Speci fications for installa-

Speci fications for sucker

tion and acceptance of pumping unit

SY/T 5029—2003 Sucker rod

SY/T 5044—2003 Beam pumping unit

SY/T 5059 Tubing pump with combined barrel
SY/T 5587.3—2004 Operating regulations for
conventional well workover operations—Part 3
Killing and induced flowing

SY/T 5587.5—2004 Operating regulations for
conventional well workover operations—Part 5:
Well bore preparation for downhole operations
SY/T 6361—1998  Guide for framework of
management of HSE for producing and injec-
ting well site

SY/T 6362—1998  Guide for framework of
management of HSE for downhole operations

of petroleum industry
3 Symbol

3.1 As shown in Table 1, the symbol used to
represent a tapered sucker rod string is made up
of symbols of its uppermost and bottommost sta-
ges with the former before the latter. For exam-
ple, the symbol of the sucker rod string com-
posed of sucker rods with diameters of 19mm,
16mm and 13mm is 64.

3.2 Symbols of physical quantities are shown
in Table 2.

Table 1 Symbol of sucker rods

Sucker rod symbol 9 8 7 6 5 4
Sucker rod diameter
29 25 22 19 16 13
mm
Table 2 Symbols of physical quantities
No. Symbol Description Unit
1 [as] Allowable stress range MPa
2 {M.] | Rated torque Nem
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Table 2 (continued)

No. Symbol Description Unit
3 [Puwl | Polished rod load rating N
4 2a Sum of deviation angles at ends of hole section AL @
5 Ai Percentage of stage 7 of tapered sucker rod string 1
6 AL Hole section length at the pump-setting depth m
7 AL Sucker rod length of hole section 7 m
8 iy Difference of deviation angles at ends of hole section AL )
9 Ay Difference of azimuths at ends of hole section AL )
10 a Constant, a=0.25 1
11 A, Inner cross-section area of the traveling valve seat m?
12 A, Cross-section area of pump plunger m?
13 A Length-weighted average cross-section area of sucker rod string m?
14 Ay Cross-section area of stage i of sucker rod string m?
15 Ay Cross-scction area of the sucker rod at the check point m*
16 An Cross section area of the bottommost stage of sucker rod string m?
17 Ag Length-weighted average cross-section area of sucker rod string below the check point m?
18 A j71‘mgthfweightecl average cross-section area of tubing string m?
19 Ay Cross-section area of stage j of tubing string m*
20 w Cross-section area of sinker bar m’
21 b Constant, #=0. 5625 1

Correction coefficient for downstroke dynamic load, which is dependent on geometric
22 C parameters of the pumping unit and pump fullness, generally C=0. 85~0. 9 when fluid 1

[ree of gas is pumped.
23 D 1D of production casing mm
24 do ID of traveling valve seat m
25 D, OD of subsurface pump mm
26 o Nominal diameter of stibsurface pump m
27 o True vertical pump-setting depth m
28 ' Measured pump-setting depth m
29 Dy Depth to flowing fluid level in casing m
30 D, working submergence of sucker rod pump m
31 . Diameter of sucker rod of hole scction m
32 D ID of tubing m
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Table 2 (continued)

No. Symbol Description Unit
33 E Elastic modulus of steel Pa
34 E Factor of sinker bar cm’
15 5 Friction factor between sucker rod and tubing, which is dependent on properties of the 1
reservoir oil

36 F, Friction load between the barrel and the plunger of the pump N
37 Fs Friction force between fluid column and sucker rod string at the 7th hole section

38 Fy Friction force between fluid column and tubing string at the ith hole section

39 Fs Hydraulic resistance produced by fluid flowing through the traveling valve N
40 Fioy Load acting on the bottom end of the ith section of sucker rod string

41 F, Contact area of the anchor slip with the casing cm?
42 F, Cross-section area of tubing m?
43 S Water cut of well fluid 1
44 g Gravitational acceleration m/s?
45 H Mid-point depth of the formation m
46 h Distance from the ball/seat contact point of the valve to the inner wall of the valve cage m
47 h; Setting-proof spacing of mechanical anchor or packer cm
8 b, Helical pitch of tubing or sucker rod at any location below the neutral point on which om

there is no load acting

49 i The stage sequence of the tapered sucker rod string from bottom to top, i=1, 2, -, M 1
50 I Inertia moment of the tubing or sucker rod with respect to its traverse centroid cm?®
51 j The stage sequence of the tubing string from bottom to top, j=1, 2, *, Z 1
52 J The first stage of the sucker rod string below the check point 1
53 I3 Weightlesness coefficient 1
54 Ky Service factor Allowing for corrosion 1
55 K. ratio of tubing ID to sucker rod diameter 1
56 ! Stage No. of tapered sucker rod string, 1=1, 2, =+, {—1 1
57 L Length of tubing above mechanical anchor or packer m
58 L, Length of tubing between the neural point and the mechanical anchor m
59 Ly Length of subsurface pump mm
60 L; Length of sucker rod string of hole section ¢ m
61 L Length of sucker rod string of hole section ¢ ~ 1 m
62 L; Length of stage j of tubing string m
63 Ly Length of the sucker rod string below the check point m
64 Lrax Ultimate pump-setting depth of sucker rod string m
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Table 2 (continued)

No. Symbol Description Unit
65 L Length of stage ¢ of tapered sucker rod string m
66 Ly Length of sinker bar needed m
67 m, Dynamic load coeffecient m/s?
68 Mo, max Peak crankshaft torque Nem
69 n Strokes per minute min™!
70 N¢ The number of Nylon centralizer installed on sucker rod string 1
7 N, Compres-sive force acting on the internal wall of tubing by unit length of sucker rod at N/m
hole section i

72 7, The number of anchor slip 1
73 e The number of traveling valve 1
74 Nonax Maximum strokes per minute min™’
75 Pty max Peak polished rod load

76 Promin Minimum polished rod load N
77 Pu Friction force between sucker rod and tubing at the ith hole section N
78 IS Bubble point pressure Pa
79 Py Buoyant force acting on the bottom of the sucker rod string N
80 Proax Maximum load acting on the check point of the sucker rod N
81 Proin Minimum load acting on the check point of the sucker rod N
82 P Liquid load acting on the pump plunger N
3 P. Compressive force acting on any cross section of the sucker rod or the tubing below the KN

neutral point

84 Po Wellhead back pressure Pa
85 Prs Submersible pressure required for a pump fullness coefficient of 8 Pa
86 P Pressure at the pump inlet Pa
87 P Pressure under standard conditions, set at 101 X 10° Pa
88 " Spring force of the anchor slip after being set kN
89 - Total resistance acting on the bottom of the sucker rod string during downstroke N
90 Pt Flowing bottom hole pressure Pa
91 Q Displacement of pump m’/d
92 g Gravity force of unit length of the ith stage of tapered sucker rod string N/m
93 q Daily liquid production rate t/d
94 Quax Maximum pump displacement m’/d
95 q: Average gravity force in the air per unit length of sucker rod string N/m
9% qs Gravity force in the well fluid per unit length of tubing kN
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Table 2 (continued)

No. Symbol Description Unit
97 Ry Valve ball radius m
98 Re Reynolds number 1
99 Ry Producing gas-oil ratio 1
100 R; Curvature radius of the projection of section 7 of borehole axis on a vertical plane m
101 i Curvature radius of the projection of section ¢ of borehole axis on a horizontal plane m
102 R. Curvature radius of the wellbore axis m
103 Rue Curvature radius of the wellbore axis required to avoid bending the subsurface pump m
104 S Length of stroke m

Goodman service factor, which is an empirical value dependent on well corrosive de-

105 SF gree, handling and maintenance of the sucker rod, etc. . Generally SF=0.7~0.9, but 1
SF=1.0 for wells where new sucker rods are used and where there is no corrosion

present
106 Srmax Maximum length of stroke of polished rod m
107 Somax Maximum effective length of stroke of pump plunger m
108 T Tensile strength of sucker rod Pa
109 t Well temperature at the pump-setting depth ‘C
110 v Propagation velocity of stress wave along the sucker rod string, v=4968 m/s
11 w; Gravity force per unit length of sinker bar in the air N/m
112 W Liquid column load N
113 Wea Gravity force of sucker rod string in the air
114 Wy Gravity force of sucker rod string in the well fluid N
115 W Gravity force of sucker rod string below the check point in the well fluid N
116 Wi Gravity force per unit length of sucker rod string of section ¢ N/m
117 a Deviation angle )
118 - Allowable deviation angle which ensures that the sucker rod pump runs properly at the *

hole section where the pump is installed
119 @ Azimuth of the top of borehole axis of the ith hole section ()
120 ai-1 Azimuth of the bottom of borehole axis of the ith hole section @)
121 av Average deviation angle of the hole section where the sinker bar is instaled @]
122 v Average deviation angle of ends of hole section ¢ )
123 B Deviation angle variation over hole section AL @
124 7. Gravity of well fluid kN/m*
125 Ye specific density of well fluid 1
126 8 Radial clearance between the barrel and plunger of the pump m
127 7 Pump fullness degree required 1
128 » Pump efficiency 1
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Table 2 {continued)

No. Symbol Description Unit
129 A Displacement that the hanger moves from start of upstroke till the time when fluid col- o
umn load fully acts on the hanger
130 A Incremental length of stroke caused by inertia load m
131 N Displacement that the check point moves from start of upstroke till the time when fluid .
colurmn load fully acts on the check point
132 “ Flow coefficient 1
133 o Dynamic viscosity of well fluid mPa -+ s
134 & Buoyancy factor, &=0.872 1
135 o Density of steel kg/m®
136 ow Density of well liquid kg/m*
137 Orymax Maximum stress MPa
138 Or.min Minimum stress MPa
139 Grpymax Permissible maximum stress of sucker rod MPa
140 4 Angle that the crank rotates from start of upstroke till the time when fluid column load rad
fully acts on the hanger
41 b Angle that the crank rotates from start of upstroke till the time when fluid column load d
fully acts on the check point
142 [ Azimuth of the bottom end of borehole axis of hole section i )
143 Pri- 1 Azimuth of the top end of borehole axis of hole section ¢ )
144 ¢ Deformation distribution coefficient 1
145 4 Deformation distribution coefficient determined by the sucker rod string and tubing 4
string below the check point

4 Practice for selection and installation of beam
pumping unit

4.1 Selection principles of beam pumping unit
4.1.1
ting depth required, a beam pumping unit is

With certain parameters and pump-set-

chosen such that the polished rod load Pop.mx

and maximum reducer torque M, my should follow
Pomox < [Pos ] (0
Mt << [ M ] @

4.1.2 A choice of beam pumping unit should

meet the requirements of the oilfield develop-

ment plan for long-term exploitation.

4.1.3 A choice of beamn pumping unit should

60

be of high utilization percent in load, reducer
torque and motor power during most of its life-
time.

4.1.4
should be preferred.

An energy-saving beam pumping unit

4.1.5 Sizing of beam pumping unit for wells in
one block should be planned as a whole, choo-
sing, if possible, only one beam pumping unit
type and size for similar wells.

4.2 Plotting of selection chart of beam pumping
unit

4.2.1 The selection chart of beam pumping u-
nit as shown in Fig. A.2~Fig. A. 5 is obtained
on the base of those shown in Annex A by



means of calculation which follows the sizing
principles stipulated in 4. 1, co-ordinates sizing
of beam pumping unit and design of the whole
pumping system, and integrates the limitation
of sucker rod strength.

4.2.2 In Fig. A.2~Fig. A5, region [ is
suitable for a pump with a displacement of less
than 200m®/d, region II for 200m®/d~400m’/d,
and region [II for greater than 400m®/d.

4.3 Selection procedure for beam pumping unit

4.3.1
cording to the length of stroke needed on the ba-

A proper selection chart is chosen ac-

sis of well conditions, sizes of beam pumping u-
nit available and sizing principles of beam pum-
ping unit stipulated in 4. 1.

4.3.2
find the points corresponding to the daily pro-

On the axis of abscissa and ordinate,

duction liquid rate ¢, and pump-setting depth D,
required, respectively, and from the two
points, draw a horizontal line and a vertical
one, respectively, whose intersection will fall
in the range of use of a certain beam pumping u-
nit size, which is the optimum one for the well.
4.3.3 In order for the beam pumping unit cho-
sen above to be capable of serving as long as the
well lasts, prediction should be conducted of the
production performance at the last stage of the
well and, if necessary, procedures 4.3.1 and
4. 3.2 should be performed again.

4.3.4

production performance at the tail period of the

In case it is impossible to predict the

well, a larger beam pumping unit size should be
chosen.

4.3.5 An example of how to size a beam pum-
ping unit is given in A. 5 of Annex A.

4.4 Installation of beam pumping unit

On-site assembly sequence of the beam pumping
unit is basically the same as that of shop assem-
bly. In the case of on-site installation, there are
strict requirements for the installing location of
its foundation so as to ensure that the hanger is
in alignment with the wellhead. Please refer to

its instruction for installation and the require-

SY/T 5873—2005

ments of SY/T 0408—2000 for mounting of

beam pumping unit.
5 Practice for subsurface pump selection

5.1 Selection principles of subsurface pump
5.1.1 Pump sizing should be based on the pre-
dicted productive capacity of a well. For a well
with conventional fluid properties and pump-set-
ting depth, pump sizing should follow the prin-
ciple of adopting maximum stroke length and
medium pumping speed; for a heavy or deep
well, pump sizing should follow the principle of
adopting maximum stroke length and low pum-
ping speed. A pump sized this way is capable of
not only achieving reasonable production re-
sponse but allowing for adjusting working pa-
rameters on the surface when there is a differ-
ence between practical well deliverability and
that predicted after the well is put on stream.
5.1.2 Pump fit selection should depend on vis-
cosity of the well fluid. For a conventional well
with a fluid viscosity below 0. 1Pa » s, clearance
I may be chosen; for a well with a fluid viscosi-
ty in the range of 0. 1Pa « s~0.43 Pa - s, clear-
ance I may be chosen; and for a well with a
viscosity ranging from 0. 43Pa + s to 1. 10Pa « s,
clearance [l may be chosen. The amount of leak-
age of the subsurface pump of every clearance
number should not be in excess of that stipulated
in SY/T 5059.

§.1.3
should be preferred.

For a deep stringer, an insert pump

5.1.4 For a well with high gas-oil ratio, sand
cut or viscosity, a specialized subsurface pump
should be utilized; for a well where a long
tailpipe is needed below the pump for a certain
reason, a bridge type subsurface pump should
be applied; for a long-stroke well, a pump with
one-piece barrel should be used; for a slim well
with high productivity, a tandem pump should
be suitable; and for a deviated well, a hanging
type pump with one-piece barrel should be con-
sidered.
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5.2 Pump efficiency selection

5.2.1 Pump efficiency may be chosen based on
those wells producing from the same reservoir.
5.2.2 Pump efficiency may be chosen based on
the previous production report.

5.2.3 A pump efficiency of 60%~70% is gen-
erally recommended.

5.3 Determination of pump size

The size of a subsurface pump is given by

= qL
d, =0.0297 Snnpu (€)]

5.4 Determination of pump-setting depth
5.4.1 Vertical well
The pump-setting depth is given by

Dp=H———3EP“;w:g- o)

where

- Repucpn (1~ £4,) (273 +1)/293
P = 5781 + R (1~ fu) (273 +1)/293

5.4.2 Deviated Well
Firstly, determine the pump-setting TVD D,

and convert it into pump-setting MD D,’. Then,
if necessary, adjust the pump-setting TVD to
meet the requirements of the subsurface pump
for the deviation angle and curvature radius of
the well bore.

5.4.2.1 When the deviation angle o at the con-
verted pump-setting MD is less than 35°, the
pump-setting TVD corresponding to the MD
may be initially determined as the pump setting
depth.

5.4.2.2 When the deviation angle a>>35", in
order to ensure that the pump work stably, the
deviation angle has to be checked against devia-

tion angle allowable a., which is given by

. =2 (arccos /24%; —45) (5)

5.4.2.3 R,,, curvature radius of the section

AL of the borehole axis at the pump-setting
MD, has to be greater than R,., allowable curva-
ture radius of borehole axis to avoid bending the
pump barrel, namely R,>>R...
R.., allowable curvature radius of borehole axis
to avoid bending the pump barrel, is given by
i

8 (D—-Dy)

R, curvature radius of the section AL of bore-

Rue 6

hole axis at the pump-setting TVD D,, is given
by

R _AL V2 (1+cosp) N
e 2sing

8=\ 8d® + Adhsin? %

It is required that R, >R, for a deviation angle

where

no greater than 12°while, for a deviation angle
greater than 12°, in addition to the requirement
that Ry>>R,., it is still required that the devia-
tion angle variation of borehole section AL be
less than 0.125°/25m, and that the length of
borehole section AL be greater than 50m.

5.4.2.4 Deviation angle variation over any of
the other borehole sections located above the
pump setting TVD should be less than 10°/25m.
5.4.2.5
should be capable to ensure a steady daily liquid

The determined pump-setting TVD

production rate even when there is a change in

well producing fluid level, water cut and so on.

6 Practice for grade selection and design of ta-
pered sucker rod string

6.1 Grade selection principles of sucker rod
6.1.1 Grade selection of sucker rod should be
based on well fluid properties and the type of
load. Grades of sucker rod are listed in Table 3.

Table 3 Mechanical properties of sucker rod

Rod grade K C D H
Tensile strength of rod
MP. 620~793 620~793 793~965 966~1136
a
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6.1.2 Grade C rods are recommended for light-
to-medium load wells with mild brine corrosion.
6.1.3 Grade K rods are recommended for me-
dium-load applications in CO,, H,S, highly
sandy or highly paraffinic wells.

6.1.4 Grade D or H rods are recommended for
highly loaded wells with mild brine corrosion.
6.2 Design procedure for tapered sucker rod
string
6.2.1
tapered sucker rod string

Approximately-equal-strength design of

The modified Goodman’s stress diagram is em-
ployed to design a sucker rod string, which had
better to be a tapered one. Its number of stages
and length of each stage may be found from Ta-
ble B. 1 of Annex B or calculated by following e-
qual-strength principle for every stage and mini-
mizing weight of the string. Stress difference be-
tween stages of the string should be kept within
0. 5MPa. In a deep well or a well where a subsur-
face pump sized 70mm or larger is applied, a
sinker bar may be added to the bottom of the
string to avoid rod buckling.

6.2.1.1 Design of sinker bar

Follow C.1.1~C. 1.6 of Annex C to design a
sinker bar.

6.2.1.2 Design of tapered sucker rod design lo-
cated above sinker bar

Its design procedure is given in C. 2 of Annex C.
6.2.2 Equal-strength design of tapered sucker
rod string

6.2.2.1 Design of sinker bar

Follow C. 1.1~C. 1.6 and C. 1. 1~C. 1. 7 of An-
nex C to design a sinker bar for use in a vertical
well and a deviated well, respectively.

6.2.2.2 Design of sucker rod string located a-
bove sinker bar

Follow C.3 and C.4 of Annex C to design a
sucker rod string located above the sinker bar for
use in a vertical well and a deviated well, re-
spectively.

6.2.3 Example of design of tapered sucker rod
string
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Design of sucker rod string is exemplified in C. 5
of Annex C.

7 Configuration design of production string

7.1 Rod string

7.1.1 The rod string consists of polished rod,
sucker rod string (one stage or multi-stage),
plunger. See Fig. 1.

7.1.2 Due to the require end well condition or
the string structure, corresponding downhole
tools are installed in the string. See Fig. 2.
7.1.2.1
to be added between rod and plunger when tub-

Connecting-tripping device is needed

ing’s ID is smaller than plunger’s OD.
7.1.2.2 When bleeder is required, the control
block or oil drain starter should be added at the
proper location in rod string.
7.1.2.3 Parting preventer could be put in the
neutralization point of rod string or the part
where well bore or orientation angle variation
rate is high.
7.1.2.4 Rod centralizers should be added to
the part where rod wear problem has been found
above or under the neutralization point.
Centralizers are usually installed under the neu-
tralization point. And the spaces between cen-
tralizers increase from top to the bottom. The
screw pitch of the rod string’s helixcal bending
can be calculated by equation (8):
P.=[3.3(d} ~d?) » (d,/d,)* * (Sn/p)?y. X 107"

+1770d, — 141X 1072 (€))
For deviation wells, the configuration of centralizers
should meet the condition of equation (9);

W/ Ni>50 ()]

For the interval whose rate of overall angle
change is less than 7°/30m, three centralizers
per rod is needed. For the interval whose grads
of overall angle change is larger than 7°/30m, or
where paraffin deposit is serious.
7.1.2.5

controller or paraffin scraper in rod string should

For paraffin deposit wells, paraffin

be installed in the proper location of tubing.
7.1.2.6 In order to reduce the maximum load
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in hanger and cyclic load, impact damper might
be installed in the proper location of rod string.
7.2 Tubing string

7.2.1 The basic structure of tubing string

From top to the bottom, basic tubing string
screen pipe, tail

consists of tubing, pump,

Polished rod

Polished rod

Sucker rod
(Including weight rod)

Paraffin controller

Centralizer

Parting preventer

Sucker rod

Qil drain device

Connecting-tapping
device

Fig. 1 Fig. 2

7.2.2.1 For the a well with connecting-trip-
ping device, connecting-tripping mandrel (also
called tubing pup joint and connecting-tripping
ring) is necessary to be placed above the pump.
7.2.2.2 Bleeder should be added to the lower
part of tubing string for non-flowing wells.

7.2.2.3 For deeper pump location wells, tub-
ing string should be anchored according to the

tubing string condition.
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pipe and plug. See Fig. 3.

7.2.2 Conventional tubing string

According to the requirement of well conditions,
different downhole tools might be added into the

conventional tubing string. See Fig. 4.

Sucker rod
Sucker rod
| |Tubing
Reflector
Tubing
Casing
c .
Casing
Bleeder
Er j Pump
Pump

$

g) | Anchor

(o

\O/ Screen pipe Paraffin controlier
o o
0% Screen pipe/gas anchor
Tail pipe o0 /sand anchor
o
Bull plug
Bul! plug
Artificial Artificial
bottom hole bottom hole
Fig. 3 Fig. 4

7.2.2.4 Tubing centralizer is available to be
installed in the lower part of tubing string to a-
void the swing or helical bending of tub-
ing. Tubing centralizer is needed when pump is
set to deep well bore and the installation location
could be got by equation (10):

ho=n V/8X10°EI/P, o
7.2.2.5 Paraffin controller should be installed

between the pump and screen pipe, or in the



proper location of the string for paraffin-troubled
oil wells.

7.2.2.6 Screen pipe should be replaced by gas
anchor for high gas liquid ratio wells or anti-gas
treatments are needed.

7.2.2.7 Sand control screen should replace the
conventional screen for sandy wells.

7.2.3 Selective production string

7.2.3.1 Selective zone production with back off
string

If the long-term water plugging zone is deter-
mined, or the distance between pump depth and
water plugging zone is larger as well as the pro-
ducer doesn’t belong to the casing deforming ar-
ea, this kind of tubing string would be select-

Sucker rod

Pump

Production Screen pipe
string
Packer
Packer
Packer Packer
—_ . Screen pipe
Screen pipc
)
&3
Bull plug Bull plug
Artificial Artificial
bottorn hole bottom hole
Fig. 5 Fig. 6
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ed. See Fig. 5 And the number and type of the
packers in the string depend on the status of sep-
arate zone production and whether the string
needs to be set to bottom of the well or not.

7.2.3.2
zone production
7.2.3.2.1
Ing string structures:

Integrated tubing string for selective

Two selective zone production tub-
(1) Plugging upper zone &
producing lower zone; (2) Plugging middle zone &
producing upper and lower zones. See Fig. 6.
7.2.3.2.2 Plugging lower zone and producing
upper zone. See Fig. 7.

7.2.3.2.3 Plugging upper and lower zones and
producing middle zone. See Fig. 8.

Sucker rod Sucker rod
Pump
Pump
\O/ Screen pipe
o o
o
© o| iPacker
Screen pipe I
00
JE— ooo Packer
Packer Screen pipe
© O
-
© °|_jPacker
Bull plug
Bull plug
Artificial Artificial
bottom hole bottom hole
Fig. 7 Fig. 8
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7.2.4 Releasing Snubbing operation tubing string
Centralizer and poker are connected to the bot-
tom of conventional producing tubing string.
Release packer is set above the top boundary of
perforation area. Under the release packer, a
faucet is connected, then the screen pipe, tail
pipe and plug. Wellhead mandrel is installed in
the upper of the string. See Fig. 9.

7.2.5
For 140mm casing, when plunger OD is 56mm

Eccentricity testing string

or smaller as well as eccentricity wellhead is ap-
plied, the conventional plug should be replaced
by guide cone plug. See Fig. 10.

7.2.6 Thermal circulating string but killing well
For non-large-size casing wells in low reservoir
pressure area, a packer is connected under the
conventional producing string which is also seat-
ed above the top boundary of perforation part. A
check valve is below the packer. See Fig. 11.

Wellhead mandrel
Pump
Sucker rod Sucker rod
Screen pipe
0 o
o
oo
Centralizer
Rod pocker
od poc Pump Pump
Packer \O/ \O/
Faucet
t; \O/ \O/ Screen pipe
i ° 0
Oil zone . Screen pipe o
Screen pipe X Packer
OOO °°° —_
o o o0
Bull pulg — Check valve
Guide cone T | [ sereen pipe
oo
°
o o| |Bullplg
Artificial Artificial Artificial
bottom hole bottom hole bottom hole
Fig. 9 Fig. 10 Fig. 11

7.3 Proper tubing string selection
7.3.1
the first choice except the following special ca-

Snubbing string technology should be

Ses:
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(1) Reservoir pressure is remarkable lower than
the well’s hydrostatic liquid column.

(2) Snubbing controller couldn’t be installed on
the wellhead.



(3) Treatment could only be implemented in
case of well killing.

7.3.2 When eccentricity wellhead is installed,
guide cone plug must be applied on the bottom of
the string. And the distance between the tail of
the string and the top boundary of perforation
area should be larger than 15m. No connector is
permitted to find in the scale of 8m under the
hanger. The width of eccentricity should be lar-
ger than 35mm.

7.3.3 The bottom of gas lift string for spotting
water zone should be 15m higher than the top
boundary. In selecting the type of the mandrel
below pump, the plugger should be sure to pass
through the pump and testing apparatus.

7.3.4 The location of downhole tools in the
string and the coupling in operation should be
kept away from the sub-coupling of bleeder and
composite string.

7.3.5 The selection of the fixed method of par-
affin scraper limit block should take rod safety
into account.

7.3.6 Anchor packer should be applied for re-
lease selective zone production string without
running into the bottom hole, or the string
should be fixed with the spider should be
fixed. Packers are needed to be seated both above
and below the plugging zone to keep balance for
the release string running into the bottom hole.
7.3.7 For the release Snubbing (selective zone
production) string, pumping string shouldn’ t
be loaded on the release string while the distance

as a 0. 3m or larger should be remained.
8 Operation

8.1 Operation design
8.1.1 The
piled according to the present status of oil well

Operation instructions are com-

or geological project. If the operation instruction
is needed to change, the operation can’t be exe-
cuted until the design department put forward to
additional project or change notice and be double
checked.
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8.1.2 The format and requirements for opera-
tion design are shown as Annex D.
8.2 Operation preparation
Executing the well cleanout requirements in SY/T
5587. 5—2004. '
8.3 Pulling and running operation program,
technical requirements
8.3.1 Well cleanout
Executing the well cleanout requirements in SY/T
5587. 5—2004.
8.3.2 Well kill
Executing the well kill requirements in SY/T
5587. 3—2004.
8.3.3 Pulling sucker rods
8.3.3.1 Well control must be done, well con-
trol devices muse be installed well. For a well
with connecting-tripping device, pulling the
first sucker rod must lift slowly so that connect-
ing-tripping device can decoupling smoothly; for
a well with oil drain valve, when oil drain valve
is near bleeder, it must be pulled up slowly so
that connecting-tripping device can switch
smoothly. When encountering the resistant force
in pulled up sucker rods, sucker rods can’t be
pulled strongly; after the reason should be in-
vestigated, make some measures to treat it.
8.3.3.2 When pulling sucker rods, each posts
must match closely, prevent sucker rods from
deforming and prevent some objects from falling
in well bore.
8.3.3.3 Smoothly pulling sucker rods and pis-
ton. 4 sucker rods must used to build sucker rod
bridge, each sucker rod must use at least 4
bridge base to erect, 10 pulled rods in a group is
arranged, the length of sucker rod hanging end
is no more than 1. 0m, the height of sucker rod
to ground is no less than 0. Sm.
8.3.4 Pulling pipe strings
Executing the requirements of pulling pipe string
in SY/T 5587. 5—2004.
8.3.5 Paraffin Cutting & Drifting
Executing the drifting requirement in SY/T
5587. 5—2004.
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8.3.6 Displacing Flow

Executing displaced flow requirements in SY/T
5587. 3—2004.

8.3.7 Detecting sand, sand washing

Executing SY/T 5587. 5—2004.

8.3.8 Matching pipe strings

8.3.8.1 Clean tubing, sucker rods with steam
to ensure running clean tubing, sucker rods and
downhole tools.

8.3.8.2 Damaged thread, bent rod body,
joint or serious wear rod body, other deforma-
tion sucker rod body are not permitted to run in-
to well. Damaged thread, sand hole, fracture
and wear tubing are not permitted to run into
well. If necessary, failure strength of tubing and
sucker rod must be detected.

8.3.8.3 For a 73mm plain tubing, $59mm X
800mm inside caliper is used to drift tubing; for

a $89mm tubing, $73mm X 800mm inside caliper

is used to drift tubing, unqualified tubing is not
permitted to run into well.

8.3.8.4 Tubing and sucker rod must measure
3 times and record, the error of less than
0.02% is regarded as qualification.

8.3.8.5 When assembling downhole tools, de-
sign, conformity certification and object muse be
consistency. After double-checking, if no error,
these tools can be run into well.

8.3.9 Running pipe string

Executing the requirements on running pipe
string in SY/T 5587. 5—2004.

8.3.10 Running sucker rod string

8.3.10.1

face must clean, the position and number of in-

Sucker rod thread and contact sur-

stalling sucker rod centralize must accord with
design requirement.
8.3.10.2

must conform with the specification in Table 4.

Tightening torque of sucker rod

Table 4 Executive standard on sucker rod tightening torque

Sucker rod specification Tightening Torque, kN +m
mm Stress is 245MPa Stress is over 245MPa
16 0. 30 0.33
19 0.48 0.53
22 0.72 0.79
25 1.10 1.22
29 1.52 1.67

8.3.10.3 Preventing excessive tightening torque
and damaging sucker rod thread.

8.3.10.4 Smoothly and slowly run piston into
pump barrel. For a well with connecting-tripping
device, first connect the device, but after con-
necting, the height of sucker rod is not over
height, prevent it decoupling. For a well with
downhole switch, the switch must open accord-
ing to usage requirement.

8.3.10.5 After piston setting into pump bar-
rel, polished rod stretches below flange, and its
length is no less than the sum of shock isolation

68

space and maximum stroke. After piston setting
in pump barrel, horse head is in lower dead
point, ensuring polished rod stretch into mule-
head hanger, its length is no more than 0. 3m.

8.3.10.6
flowing is forbidden.

During running pipe strings, open

8.3.11 Pumping test and transferring well
8.3.11.1 Horse head alights to wellhead, strictly
prevent polished rod from bending, and adjust
shock isolation space according to design require-
ment.

8.3.11.2 Pumping test, when closing all out-



lets, pressure is reached to 3MPa ~ 5MPa,
pressure maintains for 15min, pressure draw-
down of less than 0. 3MPa is regarded as qualifi-
cation. If unqualified, investigate the cause.
8.3.11.3 Change flow path, start to pump. If
normal, transfer the well.

8.4 Compile Operation Summary

8.4.1 After finishing operation, compile oper-
ation summary in time.

8.4.2 The format of operation summary is

SY/T 5873—2005

shown as Annex E.

8.5 HSE Control

8.5.1 HSE control executes the standard of
SY/T 6361—1998 and SY/T 6362—1998.

8.5.2
quality inspector who is in charge of field quality

Operation Company must arrange a

inspection. Each group has a part time quality in-
spector to check operation quality. Next proce-
dure cannot be done until the previous procedure

is qualified.
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Annex A
(Informative)

Plotting of selection chart of beam pumping unit

A.1 Theoretical bases of plotting of selection
chart of beam pumping unit

The two basic parameters denoting the scope of
application of beam pumping unit are pump set-
ting depth and pump displacement.

A 1.1
ting depth.

Determination of maximum pump set-

The three main factors limiting the maximum
pump setting depth of a pumping equipment are
polished rod load rating [Pg.,], reducer torque
rating [ M., ] and strength of sucker rod.
Al.l1
limited by polished rod load rating [ Pe.] is given
by

Maximum pump-setting depth L,

o [Pra]
i Stnex Nowax
o 8CA, ~ Ay) *qr(l + W)
(A. D
A.1.1.2 Maximum pump-setting depth L.,

limited by reducer torque rating [M,,,] is given

by

L= (M ] = 300S s
0. 236 nax [prg(A,, ~ A +2q, S"f;—];g“*}
(A.2)
A.1.1.3 Maximum pump-setting depth L,

limited by strength of sucker rod:

By means of the modified Goodman’s stress dia-
gram shown in Fig. A. 1, maximum stress al-
lowable and stress range allowable of sucker rod

under asymmetric cyclic loading is given by

= (@aT+ boemn) SF (A.3)

Grpimax
[As] =6 mx — Gemin (A4

For a tapered sucker rod string, the principle of
equal utilization coefficient is applied to make the
top of each stage equal in strength, namely
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T/ Cmin

Fig. A.1 Modified Goodman’s stress diagram

Opmaxl,  _ _ Orpomax,L+1
aT +boemin. @T + b0 minLe1

thereby, yielding maximum pump setting depth

(A.5)

of each stage and that of the whole string.
A.1.2 Maximum pump displacement is calcu-
lated by
Qroox = 1440A, S e Novax 7 (A.6)
Where
Sprmax = Seax —A T A

= LLm(1+1)

E (AT A
2
L= () e

For a tapered sucker rod string, it is only neces-
sary to modify the first term in the expression
determining the value of A.

A.2 Plotting procedure for sizing chart of beam
pumping unit

A.2.1

plication of the sizing chart, sort merge beam

For the convenience of plotting and ap-

pumping units with the same PRL into short-

stroke, medium-stroke and long-stroke ones.



Classify the 2—0.6— 2.8 and 6 — 2.5 — 26 beam
pumping units as a short-stroke and a medium-
stroke one, respectively, and classify the 5 —
2.5- 18 beam pumping unit as a separate one.

A.2.2 For each beam pumping unit size, cal-
culate the maximum pump displacement and the
three maximum pump setting depths for each

combination with sucker rod string and pump

SY/T 5873—2005

size (the standard of GB/T 18607—2001 specifies
10 subsurface pump sizes) and find the smallest of
the three pump setting depths, which is the one
used to plot the sizing chart. The two values con-
stitute a pair of coordinates in the sizing chart.
A.2.3 Plot the sizing chart for each category of
beam pumping unit (Fig. A. 2~Fig. A.5) .

200 400
Symbol| Type of beam pumping unit C
175 A | CY12-06-28 3751
B |cCYi-12-65 L
E | CYH4-15-9 =

150 I 350 u
H |CYI5-18-13 o
M | cyis-21-18 T
125 P | CYJ0-3-37 325
- s | cysi2-3.6-53 « R
g v | cvna-ze-73 E oo
o 100 < 30
Y | cyiie-48-105 r
AA | cYiis-6-10s C
75 275
50 250~
25 25—
1 )i, Ada a1 PR S O BN A V') 1111l 1 200, \
10000 1500 2000 2500 3000 3500 4000 0 500 1000

Dy, m

Dy, m

Fig. A. 2 Sizing chart of beam pumping unit A

A.3 Assumed values of parameters during plot-
ting of sizing chart of beam pumping unit

During plotting sizing chart of beam pumping u-
nit, values of related parameters is set as fol-
lows:
ouL = 950kg/m’
D, =200m
E=2.058X10"Pa
T=8X10°Pa

SF=0.9

7=0.85
It is assumed that the tubing string is anchored
during plotting sizing chart of beam pumping

unit.

A.4 Assumed values of maximum strokes per
minute

Maximum strokes per minute of beam pumping

units is given in Table A. 1.
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200 400
i Symbol| Type of beam pumping unit C
175 CYI3-1.5-65 375 I
o F | CYl4-25-13
F 7| CYIs-25-18 -
150 350
r L | cYi6-25-26 r
r N | CYI8-25-26 -
125 Q | CYIl0-3-53 3251
s [ T | CYJI2-42-73 -
E b W | CYJ14-4.8-73 E
< 100 <300
F z | cyne-6-10s
F BB | CYI8-6-146
e 275
50 250
25 225
1 i 11 1 ceade e N oM NS BaNe g | 20011
0 500 1000 1560 2000 2500 3000 3500 4000 4500 (]
Dy, m
Fig. A.3 Sizing chart of beam pumping unit B
200 400]
L Type of beam
+ pumping unit
1751~ CYI3-21-13 375
r CYJ4-3-13 C
150 CYI5-3-26 350~
F CYJ8-3-37 F
F CYJ10-4.2-53 E
125 325
2 C CYJ12-48-73 £
5 C CYJ14-5.4-73 C
100 FE 300C-
50 G 2754
[ b o
S0 2501 450
E =
25 25 5425,
O....,..|.L._\.|...|..‘|....| s LN L 17 B
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 )
Dy,m Dym

72

Fig. A. 4 Sizing chart of beam pumping unit C




200

175

Type of beam
pumping unit
CYJ5-2.1-13

ISymboll
I

LUNLEL N B B

150

125

75

LN L L (L S B A

50

25

T T T

ol by e N I N Ny

500 1000 1500 2000 2500
Dym

=3

Fig. A.5 Sizing chart of beam pumping unit D
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Table A.1 Basic par s of beam pumping unit
Polished rod Maximum stroke length Reducer torque Maximum frequency|
No. Unit size load rating of polished rod rating of stroke
10kN m kKN +m min”!
1 2-0.6-2.8 2 0.6 2.8
2 3-1.2-6.5 1.2 15
6.5
3 3-1.5-6.5 3 1.5
4 3-2.1-13 2.1 13
5 4-1.5-9 1.5 9.0
6 4-2.5-13 4 2.5 13
7 4-3-18 3.0 18
8 5-1.8-13 1.8 13 12
9 5-2.1-13 2.1 13
5
10 5-2.5-18 2.5 18
11 5-3-26 3.0
26
12 6-2.5-26 6 2.5
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Table A.1 (continued)

Polished rod Maximum stroke length Reducer torque Maximum frequency;
No. Unit size load rating of polished rod rating of stroke
10kN m kN *m min~!
13 8-2.1-18 2.1 18
14 8-2.5-26 8 2.5 26
12
15 8§-3-37
37
16 10-3-37 3.0
10
17 10-3-53 53
18 10-4.2-53 10 4.2
53 10
19 12-3.6-53 - 3.6
20 12-4.2-73 12 4.2
21 12-4.8-73 4.8
22 14-3.6-73 3.6 73
9
23 14-4.8-73 14 4.8
24 14-5.4-73 5.4
25 16—4.8-105 4.8
16
26 16 -6~ 105 105
6
27 18-6-105 6.0
18
28 18-6-146 146

A.5 Example of sizing beam pumping unit

A well has an oil density of 0.912g/cm® and a
dynamic viscosity of 1100 mPa » s. The well pro-
duces with a water cut of 0. Which size of beam
pumping unit should be chosen to ensure that
the well produces with a designed production of
70m®/d at a pump setting depth of 1150m?
A.5.1 Sizing chart selection

Relatively high viscosity of the well dictates a
long-stroke beam pumping unit for use in the
well, so Fig. A. 4 should be applied.
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A.5.2 Sizing of beam pumping unit

In Fig. A. 4, locate the point of 1150m corre-
sponding to the pump setting depth on the ab-
scissa axis and the point of 70 m®/d correspond-
ing to the designed well daily oil production rate
on the ordinate axis, and from these two points,
draw two lines perpendicular to the abscissa axis
and the ordinate axis, respectively. Their inter-
section point falls within the range of choice of
beam pumping unit sized 8 = 3 — 37, so a large-
size beam pumping unit, 10— 4.2 -53, may be
chosen for use in the well.
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Amnex C
{ Informative)
Design procedure for tapered sucker rod string

1.5m XM X (5%0s  (C.5)

C.1 Design procedure for sinker bar F= 729

C.1.1 Knowledge of D,, S and n (regard D, as
Lghere) leads to determination of a proper tapered
sucker rod string together with percentage of its ev-
ery stage from Table B. 1 of Annex B.
C.1.2
the plunger of a subsurface pump is given by

F, = 0.94(d, /8 — 140 .1
C.1.3 Calculation of hydraulic resistance caused by
fluid flowing through traveling valves:

Friction force between the barrel and

C.1.3.1 Reynolds number is given by
Re = 52.63nSpud3/(dops)
C.1.3.2 Calculation of flow coefficient:

(C.2)

Flow coefficient 4 may be found from Fig. C. 1 or
given by
#=0.28 (for Re<{3X 10%) (C.3)
£=0.37-InRe - 1. 38 (for Re>3X 10*)
C. o
C.1.3.3 Hydraulic resistance of fluid flowing

through traveling valves is given by

where

A, = (x/0)d}

A, = (n/Dd}
C.1.4 Buoyancy force acting on the bottom of
the sucker rod string is given by

F,. = AuDypug (C.6)
C.1.5 Total force acting on the bottom of the
sucker rod string during downstroke is given by

P, =F,+F,+F; .7
C.1.6 Length of sinker bar needed is given by
P,

A.o:8
Considering variation in deviation an-

Ly =

(C.8

C. 17
gle, length of sinker bar may be given by

L 0.98E'7.D,
* = W, cosa, (1 - 0. 1287,

Where E’, sinker bar coefficient, may be found
from Table C. 1.

C.%

0.8
0.6

304

0.2 =

0

10° - 10

10*
Re

1 — single valve, tank type; 2 — single valve,

standard type; 3 — two valves

Fig.C.1 Experimental chart

Table C.1 Sinker bar coefficient

Pump diameter Sinker bar coefficient Pump diameter Sinker bar coefficient
mm em’ mm om®
28 1.94 57 3.55
32 1.94 64 3.87
38 2.58 70 4.52
44 2.90 83 7.23
50 3.23 95 9.03
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C.2  Procedure for approximately — equal —
strength design of sucker rod string above sinker
bar

C.2.1

sucker rod string.

Length calculation of every stage of

Now that the tapered sucker rod string together
with the percentage of each stage is known in
Sec. C. 1. 1, the length of each stage is given by

Li=(D,~Ly)ai (C.10)
C.2.2 Length-weighted average cross-section

area of tapered sucker rod string is given by

A =Dy kaikey e
DAL ETR) ©

C.2.3 Length — weighted average cross = sec-

tion area of tubing string is given by
Z

A=D/3 L (€.12)
j=1 Atj

C.2.4
the fluid is given by

M
Wy = L;M(Eanﬁer) (C.13)
o i=t

Weight of tapered sucker rod string in

C.2.5 Liquid column load acting on the pump
plunger is given by

P. = [(D,~ Dwpwg+ P.JA, (C.14)
C.2.6 Displacement that the hanger moves
from start of the upstroke till the time when lig-

uid column load fully acts on the pump plunger

is given by
P.D .
A= ‘E‘ATE (for anchored tubing) (C.15)

r

A= %ﬂ (i + i) (for unanchored tubing)

(C.16)

C.2.7 Angle that the crank rotates from start

of the upstroke till the time when liquid column
load fully acts on the pump plunger is given by

$. = arccos(1 —22/5) [(Or))

C.2.8 Deformation distribution coefficient is

given by

¢=A,/(A,+A) (or unanchored tubing)

(C.18)
(C. 19

Maximum and minimum polished rod

¢ =1 (for anchored tubing)
C.29

92

loads are given, respectively, by

Popymax = Wt P+ Efr . 7(650n
P xnDyy o4 .
. [sm(sﬁﬁ—ﬁ) 1 (/))smsic]
(C.20)
_ . EA,  nSn
thymin - Wr[ C v 60
D Te cmnDyy
[sm(k 4‘2301/ ) 1 (,[;)sm¢c}
(C.2D

C.2.10 Check on the fatigue strength of taper-
ed sucker rod string is conducted according to

Probomax T
A< (7
If Eq. (C.22) is not satisfied, another tapered

Prnh roin
+0.5625 —m2mR )\ SE - (C. 22)
A

sucker rod string or higher grade rod should be
chosen and calculated again according to the a-
bove procedure.
C.2.11 Peak reducer torque is given by
M mx = 3008+ 0. 236S(P oo moax — Prabmin)
(C.23)

C.3 Procedure for equal — strength design of
sucker rod string located above sinker bar

C.3.1 Use of iterative method is made to de-
sign the tapered sucker rod string located above
the sinker bar as follows.

C.3.2 Length — weighted average cross — sec-
tion area of the part of the tapered sucker rod

string which is located below the check point is

given by
M
L Ly -
Ay =1L/ L4 (C.24)
ST L/ AR

where

M

Ly= > L,+Ly

=1

C.3.3 ILength —~ weighted average cross — sec-

tion area of tubing string is given by
4
L
A=Dy/ 25 5
=1 At/

C.3.4 Weight in the fluid of tapered sucker rod
string located below the check point is given by

M
W =L~ pu)/o] (Zqux+PW)
i=1

(C.26)

(C.25)



C.3.5 Liquid column load acting on the pump
plunger is given by Eq. (C. 14) .
C.3.6

moves from start of the upstroke till the time

Displacement that the check point

when liquid column load fully acts on the pump

plunger is given by

_PL
EA,

_ P L Dy
A=TF(5 A

A (for anchored tubing) (C.27)

) (for unanchored tubing)

(C.28)
C.3.7 Angle that crank rotates from start of
the upstroke till the time when liquid column
load fully acts on the pump plunger is given by
$y = arccos(1—24;/S) (.29

C.3.8 Deformation distribution coefficient is
given by
g =A/ (Ag+A) (for unanchored tubing)
(C.30)
¢ =1  ({or anchored tubing) (C.31)
C.3.9 Maximum and minium loads of the
check point are given by
Popomag :WrUJrPL*‘Eé’—sJ . é—i . %
. wilyy
. Iism(%*‘ 3011) 1 4)])51H¢d]
(C.32)
Pt it :Wru*c'% .%1 .“6_%”
. malgy
. [Sln<¢d+ 307]) (1 </)])sm¢cy}
(C.33)

C.3.10 Check on the fatigue strength of taper-
ed sucker rod string is conducted according to
Eq. (C.22) .

C.3.11 If Eq.

crease the size of sucker rod to next stage of the

(C.22) is not satisfied, in-

tapered sucker rod string and follow C.3.2~
C. 3. 10 again.

C.3.12
creased to that of the last stage of the tapered

When the size of sucker rod is in-

sucker rod string, the ultimate pump — setting
depth L...of the tapered sucker rod string is ob-

tained.

SY/T 5873—2005

C.3.13 Comparison of D,with L.,

If D, > e choose another tapered sucker rod
string or a higher grade rod ; if D, <<L..,
choose another tapered sucker rod string or a
lower grade rod or reduce the SF value. Then
repeat C. 3. 1~C. 3. 11 until D, = Lo, thereby
determining the sucker rod string meeting the
needs of the well conditions.

C.3.14 Peak reducer torque is given by Eq.
(C.23) .

C. 4 Design procedure for design of sucker rod
string located above sinker bar for use in deviated
wells

Assuming that the whole hole axis is composed
of circular curves of varying radius of curvature
(as shown in Fig. C. 2), which are the sections
between two consecutive survey points of hole
deviation, and the curvature radii of whose pro-
jections on a vertical and a horizontal plane are
R.and r; C(herei=0, 1, 2, 3,

survey point of borehole deviation corresponding

=+, n with the

to the top of the pump plunger as the starting
point), calculate the load of the top of each sec-
tion P;, which is P;_; in the calculation of next
section, until the maximum and the minimum
polished rod loads are obtained. In the case of a
tapered sucker rod string, maximum stress ov,mx
and minimum stress g, 0f the top of each stage
should be checked to ensure 6.,mx<Gmpmxs and if
necessary, its stage lengths are adjusted.

C.4.1 Compressive force acting on the internal
wall of tubing by unit length of sucker rod at

hole section 1 is given by

2 2
N, :\/[pﬂ Ri *(1j:m.)W.,sina\1} + (pﬁ, . risinzaw)

(C.34)
l — Qi1 T Qi
Where R 5737 AL | [AL ]
1 Prri — P

7 57.3| AL: | sinax
In Eq. (C.34), the plus sign should be applied
in calculations referring to the upstroke while
93
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the minus sign in calculations referring to the

downstroke.
H
Fig. C.2 Projections of hole
horizontal
Fi = fN; | aL; | (C.35)
where

AL, =L, — L
C.4.3 On the downstroke, friction between

sucker rod and well fluid at hole section i is giv-

en by
Pra = 3X 107 Snp, | AL |
'[(Kﬁﬂ)lﬁ,juﬁ,ﬂ)] (C.36)
where
K. = Dy/ds
C.4.4 On the upstroke, friction force between
sucker rod and well fluid at hole section i is giv-
en by
Pru = 1171—" (C.37)
C.4.5 Friction between barrel and plunger of
the pump is given by Eq. (C. 1) .
C.4.6 Liquid column load acting on the pump
plunger is given by Egq. (C. 14) .
C.4.7 Maximum and minimum sucker rod loads

of the top of hole section i are given by
Probymax = Put + (1+m, )W cosaw

«| AL; |+ &Py + Pyt Py (C.38)
Prpmin = Poy + (1+m, )W ;cos0u
«| AL; |+ &P, — Py, — P (C.39)
where
Snz
m, = 175;6

94

C.4.2 Friction between sucker rod and tubing

at hole section i is given by

Puit

trajectory on vertical and
planes

C.4.8 Fatigue strength is checked by Eq.
(C.22) .IfEq. (C. 22) is not satisfied, another
tapered sucker rod string or higher grade rod
should be chosen and calculated again according
to the above procedure.

C.4.9
(C.23) .

Peak reducer torque is given by Eq.

C.5 Example of design of tapered sucker rod
string

Design the sucker rod string in a pumping well,

given the following data:

Diameter of subsurface pump, mm 44
Pump clearance I
Number of traveling valves 2
Pump setting depth, m 1800
Depth to flowing fluid level in casing, m 1400
Tubing — head pressure, MPa 0.7
Salinity of well fluid low
Dynamic viscosity of well fluid, mPa+s 10
Density of well fluid, kg/m’ 850
Length of stroke, m 6
Pumping speed, min™' 4
Whether is tubing anchored NO

C.5.1 [Initial grade selection of sucker rod:

Because of low fluid salinity and heavy load of



the well and, Grade D rod will be tried first,
whose minimum tensile strength T =793 MPa,
Let SF=0.9.

C.5.2

string:

Initial selection of tapered sucker rod

According to the given data d, =44 mm, S=6
m, n=4 min™' and D, = 1800 m, it is found
from Table B.1 that the tapered sucker rod
string symbol 65 is suitable for use in the well.
It is 1843m in maximum pump setting depth
Lous and is made up of 58% of 19mm rod and
42% of 16mm rod.
C.5.3 Calculation of barrel — plunger friction;
F, = 0.94(d, /8 — 140 = 1041(N)
C.5.4 Calculation of Reynolds number:
Re = 52.63nSpu.di/ (dopto) = 9448
C.5.5 Calculation of flow coefficient.
For Re = 9448<C3 X 10*, it is obtained accord-
ing to Eq. (C.3) that x=0.28.

C.5.6 Calculation of hydraulic resistance
caused by fluid flowing through traveling valves:
301 —
R R e

o= 780(N)

C.5.7 Calculation of buoyancy force acting on
the bottom of sucker rod string:

Fi. = AuDppug = 3014(ND
C.5.8 Calculation of total resistance acting on
the bottom of sucker rod string during down-
stroke:

P, = Fy+ Fy, + Fs = 4835(N)
C.5.9 Calculation of length of sinker bar nee-
ded. Let the diameter of the sinker bar be
38mm, then

Ly, = P./(Ayp.8) = 44(m)
C.5.10 Calculation of length of every rod size:
For 16mm rod, L, = (D, —Ly) Ai= (1800-
44) X41% =738 (m)
For 19mm rod, L., = 1800 — 44 —738=1018 (m)
C.5.11 Calculation of length — weighted aver-

age cross — sectional area of sucker rod string

A _Dp/(Z Ln 5)—0. 000246 (m?)
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C.5.12 Calculation of length ~ weighted aver-
age cross — sectional area of tubing string:
According to length of every rod size calculated
in Eq. (C.10), single — size tubing string with
an OD of 73mm is chosen, so

A _D/Z)A = 0. 001165(m?)
i=1
C.5.13

string in well fluid:

M
Wy = L;M<2an,-+pw) = 37502(N)
" i=1

Calculation of weight of sucker rod

C.5.14 Calculation of liguid column load:

P, = [(D, — D, )P.g+P,JA, = 16370(ND
C.5.15 Calculation of displacement of hanger
at the end of primary deformation stage:

The tubing is not anchored, so
Para
C.5.16 Calculation of crank angle at the end of

A= )= 0. 38(m)

primary deformation stage:

é. = arccos(1 —21/S) = 0. 51(rad)
C.5.17 Calculation of deformation distribution
coefficient;

The tubing is not anchored, so

= AJA+A) =0.825
C.5.18 Calculation of maximum and minimum
PRLs:

EA,
Prsrue =W+ Py o+ Ee . 258

. [sin(¢c+""—3£2) - 1= s, | = 609D
Pm},,mgn ZW,( -C»
. |:sin(¢c+

C.5.19 Check on fatigue strength:
The left side of Eq. (C.22).

v 60

""—30’);) - —¢)six1¢c:| =30690(N)

Prmas _
A, 214(MPa)

The right side of Eq. (C. 22):
T Pt min —
( 1 +0. 5625 A, )SF == 233(MPa)
It is apparent from above that the sucker rod

string is of enough strength.
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Annex D
{ Informative)

Operation design instruction of sucker rod pumping

D.1 Paper size of operation design instruction D.2 Format of operation design instruction
Paper size of operation design instruction is Format of operation design instruction (see Ta-
190mm X 265mm, namely A4. ble D. 1)

Table D, 1 Operation design instruction of well

Operation|
purpose
Specification and . X Liquid
. mmX m Casing thickness mm . t/d
depth of casing production
. Casing to bushing X i
Perforated interval m i m Oil production t/d
distance
. . Artificial bottom
. Mid depth of oil zone m m |Pro- Water cut %
Static of a well R
4 uctior
1
e Pumping unit Depth of kickoff point m |data |Flowing pressure MPa
Total horizontal Rate of over —all . .
. m *) /30m Static pressure MPa
displacement angle change
Maximum hole Maximum deviation R Date to measure]
o Interval, m (] .
deviation angle static pressure
Borehole condition and existing problems
Pipe strings of|
original well
Operation requirements
Sketch map of string design P q‘
and cautions
. . Depth Specification
Zone Pipe string Name
m m
Operation party Designer Primary Check
Official of checkup .
Double check Design date
and approval
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D.3 Requirements of filling in operation design

instruction

D.3.1 Fill in operation purpose column

The objective of the operation should be filled in
this column. Comma is used to separate each i-
tem. If too many items can't be written down in
a single row, another row should be used fol-
lowing the former row.

D. 3.2 Fill in production data and status of orig-
inal well strings

This column should be filled in on the basis of
surveying oil wells. Status of original well
strings must include last operating date, current
and other string structure related to the opera-
tion, which lays a foundation for operator to
prepare materials and plan specific process for
the operation.

D.3.3 Fill in the column of string design sketch
map

For pumping wells without water shut off, allo-
cation or sand control treatments in some zones,
these zones needn't be marked, otherwise,
sketch map of oil zones at the corresponding
depth in the string graph should be drawn and
zone code names and essential depth data should
be marked.

In the column of strings graph, sketch map is
drawn depending on the corresponding position
of each arranged downhole tool, and one line is
drawn from the bottom of each tool to the speci-

fication column on the right. The lines for tub-
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ing and rod could be put at any position in the
same stage; the line for pump should be drawn
at the end of the standing valve; and lines for
other downhole tools should be drawn at the
bottom. As to packer, its top depth of packing
element should be marked. Nominal size is used
for all the data in the specification column. In
case of the precision of depth data being rigor-
ously restricted, its precision should be marked.
Otherwise, units of the data should be put zero.
D.3.4 Fill in the borehole condition and existing
problems column

The borehole condition and oil well problems
should be filled in this column, which needs to
pay attention by operation section. For example:
indicate the characteristics of casing deformation
and the depth of the deformation point, or indi-
cate what kind of fish dropped and the depth of
the top of fish.

D.3.5 Fill in operation requirements and cau-
tions column

Requirements of operation arrangement should
be filled in the column. For example: indicate
the running sequence of rods and value of shock
isolation space.

D.3.6 Fill in static data column

Depth of kickoff point, total horizontal displace-
ment, rate of over — all angie change, maximum
borehole deviation and maximum deviation angle
should be filled in for deflecting wells, other-
wise, no need filling in these data for vertical

wells.
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Annex E
( Informative)

Operation summary of sucker rod pumping

E.1 Paper size of operation summary E.2 Format of operation summary

Single paper size of printed operation summary is Format of operation summary is seen Table E. 1.
190mm X 265mm, namely A4.

Table E. 1 Operation summary of well

Operation purpose;:

Specification and depth of casing mmX m Artificial bottom of a well m
Perforated interval m Mid - depth of oil zone m
Basic data
Casing to bushing distance m Height of cross m
Operation data: From to
Sketch map of downhole strings Key data of downhole strings
. Pump setting
Pump diameter mm m
depth
Pump manufacturer Plug depth m
Specification of polish rod mmX m
Specification and joints .
) mmX joints
of tubing
Specification, joints and .
mmX jointsX m
length of sucker rod
Operation party: Editor: Assessor:
Table E.2 Well original well structure & well performance analysis
Original well structure diagram Original well performance analysis
Operation party: Editor: Assessor;
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Table E.3 Working procedure instruction

Working procedure Completion date Key data
Operation party: Editor: Assessor:
Table E. 4 Well trouble shooting

Trouble shooting:

QOperation party: Editor: Assessor:
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Table E.5 Well

tubing record

Operation date: (dd/mm/yy)

Order Length
No. m

Accurmulated
length

Order | Length
No. m

Accumulated
length
m

Order
No. m

Length

Accurnulated
length
Jst3

Tubing size

Type

Diameter

Inside

caliper

Length

Casing top spacing

Cross height

Tubing hanger

Length

Rod

LD

pump

Setting
depth

Accumulated

length

Depth

Warking

barrel

Depth

LD

Measurer

Calculater

Examiner

Operation party;
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REG6 Well sucker rod record
Operation date: (dd/mm/yy)
Order Length chum‘f:md Order Length AcTumutl;\lcd Order Length Acrl:mnutlljtcd
No. m g No. m e No. m g
m m m
Polished rod size

First— stage rod

Second —stage rod

Third — stage rod

Plunger | Length

0.D.

Accumulated

length

Measurer

Calculater

Examiner

Operation party:

E.3 Requirements in filling in operation summary

E.3.1 Original well performance analysis column

The downhole string and well bore status should
be applied in this item, eg. The back off string

or any other special tools, or casing deformation

Manager:

should be applied.

E. 3.2 Trouble — shooting column

The problems should be applied in this item, in-

cluding rod — tubing wearing status, description

of tools, well bore status, and any treatments in

operation,
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