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to the Sixth Edition

This Sixth Edition of the Drilling Data Handbook, brought 
completely up-to-date, has nevertheless been prepared in the same 
sp irit as the previous one, in other words to provide users with 
a working tool ottering them all the data, charts and procedures 
employed in d rilling  operations.

The authors o! th is edition, Gilles Gabolde and Jean-Paul
Nguyen, of Ecole Nationale Superieure du Petroie et des Moteurs, 
Formation Industrie (ENSPM FI), have taken account of the latest 
Standards and recommendations issued by international bodies,
such as API and the International Association of Drilling Contractors 
(IADC), and have expressed the characteristics of the equipment 
in  the International System of Units (SI), adding standard English 
and American units in routine use whenever necessary.

The presentation of some of the chapters of th is Handbook
has sometim es been altered to include new data and to make 
it easier to find certain parameters.

This search is facilitated by the index at the end of the
Handbook,

These changes should satisfy practised users, who w ilt be 
happy to find all the inform ation they could possibly need in 
th is book.

A. LEBLOND
D irec to r o f D rillin g , P roduc tion  and  Reservoirs 

EN SPM  Form ation  Indus trie

Publisher’s  Note:
This is the second English-language version of Formuiaire du Form , now 
in its sixth edition in French. We have chosen to refer to this as the sixth 
edition so that the reader will know that it corresponds to the same edition 
in French.



NOTICE

The numerical values and characteristics of the equipment 
described in th is book are only given for guidance 
purposes, and do not engage the responsib ility  of the 
authors or the companies mentioned. Further inform ation 
can be obtained directly from the companies concerned.
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IM PORTANT NOTICE

T he  m easurem ents a n d  fo rm u la s  in  th is  h a n d b o o k  a re  g iven in le g a l u n its  (un less 
o therw ise  spec ified ).

T he  user m ust rem em ber th e  va rio u s  co rre sp o n de n ce s  w ith  p ra c tica l units.

The legal uni! lor pressure is the Pascal (Pa)

1 P a  =  10 ” 5 bar 
1 kP a  =  1 0 ~ 2 b a r 

1 M P a =  10 b a r

The legal unit for force is the Newton (N)

1 N =  0.102 kg f 
1 d a N  =  1.02 kg f

The legal unit for torque is the Newton meter (N.m)

1 N.m =  0.1 daN .m  
1 N.m =  0.102 kgf.m



DECIMAL MULTIPLES  
AND SUBM ULTIPLES OF A UNIT 

MULTIPLES

U n it  m u lt ip l ie r
P re f ix  t o  p u t  b e fo re  

th e  n a m e  o f  th e  u n it
S y m b o l to  p u t  

b e fo re  th e  u n i t  s y m b o l

1 0 '2 = 1 0 0 0  0 0 0  0 0 0  0 0 0 te ra T

1 0 9 = 1 0 0 0  0 0 0  0 0 0 g ig a G

1 0 6 = 1 0 0 0  0 0 0 m e g a M

1 0 3  = 1 0 0 0 k i lo k

1 0 2 = 100 h e c to h

1 0 1 = 10 d e c a d a

SUBM ULTIPLES

U n it  m u lt ip l ie r  . P re f ix  to  p u t  b e fo re  
th e  n a m e  o f  th e  u n it

S y m b o l to  p u t  
b e fo re  th e  u n i t  s y m b o l

1 0 " '  *  0.1 d e c i d

©©*Io

c e n t i c

10~ 3 =  o.oot m iff / m

10~6 «  0.000001 m ic ro t*

10“ 9 «  0.000 000 001 n a n o n

1 0 ~ 12 ~  0.000 000 000 001 p ic o P

10-1 5  =  0.000 000 000 000 001 fe m to f

10“ 58 “  0.000 000 000 000 000 001 a t t o a

E x a m p le s :  1 m e g a m e te r  (M m ) =  106 m e te rs  (m )
1 m ic ro m e te r  ( f im )  (m ic ro n  o r  * i)  =  1 0  6 m e te rs  (m )
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BRITISH AND AMERICAN UNITS

9

N a m e S y m b o l
V a lu e

R e la t iv e * In  m e tr ic  u n its

L e n g th  : ( m e te r )

In c h  ( p o u c e ) .............. in 0 .0 2 5 4 0

F o o t  ( p ie d ) ................. f t 1 2  in 0 .3 0 4 7 9

Y a r d ............................... y d 3  f t 0 .9 1 4 3 8

F a th o m  ( b r a s s e ) . . — 2  y d 1 .8 2 8 7 6

M ile  ( s t a t u t e )  . . . . _ _ 1 7 6 0  y d 1 6 0 9 .3 1 4 9

M ile  ( n a u t ic a l )  . . . — 2 0 2 9  y d 1 8 5 3 .1 2 3 2

A r e a : ( s q u a r e  m e te r )

S q u a r e  i n c h .............. s q .  in . 0 .0 0 0 6 4 5 1 3

S q u a r e  f o o t .............. s q .  f t . 1 4 4  s q .  in . 0 .0 9 2 8 9 9 7

A c r e ............................... 4 8 4 0  s q .  y d . 4 0 4 6 .8 1

S q u a r e  m i le  ( s t s l .) s o .  m ile 6 4 0  a c r e s 2 5 9 .0  h a

V o lu m e : ( c u b ic  m e te r )

C u b ic  i n c h ................. c u .  in . 0 .0 0 0 0 1 6 3 8 6

C u b ic  f o o t ................. c u .  ft. 1 7 2 8  c u .  in . 0 .0 2 8 3 1 5 3 1

C a p a c i t y : ( l i te r )

G a l lo n  ( U S ) .............. g a l  (U S ) 3 .7 8 5

B a r r e l  o f  o i l .............. b b l 4 2  g a l  (U S ) 1 5 8 .9 8

M a s s  : ( k i lo g r a m )

O u n c e ............................ o z 0 .0 2 8 3 5

P o u n d  ( i iv r e )  . . . . lb 1 6  02 0 .4 5 3 5 9 3

T o n  ( s h o r t  t o n ) . . . s h  tn 2 0 0 0 1 b 9 0 7 .1 8 5 3

M ISCELLANEOUS CONSTANTS

0 .0 7 6 4  =  a ir  d e n s ity  in  lb / f t 3 a i  6 0  T  a n d  1 4 .7  p s ia  
14 .6 91 =  n o r m a l a tm o s p h e r ic  p re s s u re  (7 6  c m  H g )  in  p s i 
3 2 .1 7 4  =  g r a v i t a t io n a l  a c c e le r a t io n  in  f t / s 2 (9 8 0 .6 6 5  c m /s 2 )
5 5 0  =  n u m b e r  o f  lb .  f t / s  o n e  h o rs e  p o w e r  (h p )
7 7 8 .2  -  n u m b e r  o f  ib .  ft  in  o n e  8 tu
6 2 .4 3  =  w a te r  d e n s ity  in  Ib f /c u .  f t .  & 4  *C
8 .3 4 5  =  v /aS er d e n s ity  in  !b < /g a i a t  4  °C

*C  +  2 7 3 .1 6  =  K  (K e lv in )
°F +  4 5 9 .6 9  ~  °R (R a n k in e )
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DECIMAL AND M ETRIC EQUIVALENTS  
OF FRACTIONS OF AN INCH

Fra c tio n D e cim a l
e q u iva le n t

m m Fra ctio n O o cim a l
e qu iva le n t mm

1/64 0.0 1 5 6 25 0.3 9 6 8 3 33/84 0.5 1 5 6 25 1 3.09690

1 / 3 2 ................... 0 .0 3 1 2 5 0 .7 9 3 7 5 17/32 . . . . 0.5 3 1 2 5 1 3.49378

3/64 0 .0 4 6 8 75 1.19063 35/64 0.5 4 6 8 75 1 3.89065

1 / 1 6 ....................................... 0 .0 6 2 5 1.58750 9 / 1 6 ......................................... 0 .5 6 2 5 1 4.28753

S/64 0 .0 7 8 1 26 1.98438 37/64 0 .5 7 8 1 25 1 4.68440

3 / 3 2 ................... 0.09375 2.3 8 1 2 5 19/32 . . . . 0 .5 9 3 7 5 1 5.08128

7/64 0 .1 0 9 3 75 2.7 7 8 1 3 39/64 0.6 0 9 3 75 1 5.47816

1 / 8 .......................................................... 0 .125 3.17501 S/8 ..................................................... 0 .625 1 5.87503

9/64 0 .1 4 0 6 25 3.5 7 1 8 8 41/64 0 .6 4 0 6 25 16.27191

5 / 3 2 ................... 0 .1 5 6 2 5 3 .9 6 8 7 8 21/32 . . . . 0 .6 5 6 2 5 1 6.66878

11/64 0 .1 7 1 8 75 4.3 6 5 6 3 43/64 0 .8 7 1 8 75 1 7.06566

3 / 1 6 ....................................... 0 .1 8 7 5 4.76251 11/16 ................................ 0 .6 8 7 5 17.46253

13/64 0 .2 0 3 1 2S 5.1 5 9 3 9 45/64 0 .7 0 3 1 25 17.85941

7 / 3 2 .................... 0 .2 1 8 7 5 5.5 5 6 2 6 23/32 . . . . 0 .7187S 18.25629

15/64 0 .2 3 4 3 75 5.95314 47/64 0 .7 3 4 3 75 18.65316

1 / 4 .......................................................... 0 .25 6.35001 3 /4  ..................................................... 0 .75 19.05004

17/64 0 .2 6 5 6 25 6 .7 4 6 8 9 49/64 0 .7 6 5 6 2 5 19.44891

9 / 3 2 .................... 0 .2 8 1 2 5 7.1 4 3 7 6 25/32 . . . . 0 .7 8 1 2 5 19.84379

19/64 0 .2 9 6 8 7 5 7.54064 51/64 0 .7 9 6 8 75 20.24067

5 / 1 6 ....................................... 0 .3 1 2 5 7.93752 13/16 ................................ 0 .8 1 2 5 20.63754

21/64 0 -3 2 8 1 25 8 .3 3 4 3 9 53/64 0.8 2 8 1 25 2 1 .0 3 4 42

11/32 . . . . 0 .3 4 3 7 5 8.73127 27/32 . . . . 0 .8 4 3 7 5 2 1 .4 3 1 29

23/64 0.3 5 9 3 7S 9.1 2 8 1 4 55/64 0.8 5 9 3 75 2 1.82817

3 /8  . . . .  ....................................... 0 .375 9 .5 2 5 0 2 7/8 ..................................................... 0 .875 22.22504

25/64 0 .3 9 0 6 25 9 .9 2 1 8 9 57/64 0.8 9 0 6 25 2 2 .6 2 1 92

13/32 . . . . 0 .4 0 8 2 5 10.31877 29/32 . . . . 0 .9 0 6 2 5 2 3 .0 1 8 80

27/64 0 .4 2 1 0 75 10.71565 59/64 0.9 2 1 8 75 2 3.41567

7 / 1 6 ....................................... 0 .4375 11.11252 15/16 ................................ 0 .9 3 7 5 23 .8 1 2 55

29/64 0 .4 5 3 1 25 11.50940 61/64 0.9 5 3 1 25 2 4 .2 0 9 42

15/32 . . . . 0 .4 6 8 7 5 11.90627 31/32 . . . . 0 .9 6 8 7 5 2 4 .6 0 6 30

31/64 0 .4 8 4 3 7 5 12.30315 63/64 0 .9 8 4 3 7 5 2 5 .0 0 3 1 8

1 / 2 .......................................................... 0.5 12.70003 1 .................................................................. 1.0 25 .4 0 0 05
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CONVERSION FACTORS FROM ENGLISH  
TO  METRIC UNITS

L e n g t h :
in  x  2 .5 4  w  c m  
c m  x  0 .3 9 3 7  =  in  
f t  x  0 .3 0 4 8  =  m 
m  x  3 .2 8 1  =  ft

V o lu m e  ( g a s ) :
s td  f t3  x  0 .2 8 3 2  =  s td  m 3 
s ! d  m 3 x  3 5 .3 1 4  =  s J d  f t 3

V o lu m e  ( l iq u i d ) :
U S  g a t  x  3 . 7 8 5 3  =  l i te r s  
b b l  x  0 .1 5 9  =  m 3 
f t 3 x  0 .0 2 8 3  =  m 3

P re s s u re  :
p s i  x  6 .8 9 4 8  =  k P a  
k P a  x  0 .1 4 5  =  p s i

M a s s :
lb  x  0 .4 5 3 6  =  k g

F o r c e :
Ib  x  0 .4 4 4 8  =  d a N

D e n s it y :
l b / g a l  x  0 .5 1 9 8  =  k g / l i t e r  
l b / f t 3 x  0 .0 1 6 0 2  =  k g / l i t e r

P re s s u re  g r a d ie n t:
p s i / f l  x  2 2 .6 2  =  k P a /m

T o r q u e :

f t . l b f  x  0 .1 3 5 6  =  d a N .m

P o w e r :
h p  x  0 ,7 4 6  =  kW
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CONVERSION TAB LE FEET TO  METERS 
(from 1 to 100 feet)

F e e t M e te rs F e e t M e te rs F e e t M e te rs F ee t M e te rs

1 0 .3 0 4 8 2 6 7 .9 2 4 8 51 1 5 .5 4 5 7 6 2 3 .1 6 5

2 0 .6 0 9 6 27 8 .2 2 9 6 5 2 1 5 .8 5 0 77 2 3 .4 7 0

3 0 .9 1 4 4 2 8 8 .5 3 4 4 5 3 1 6 .1 5 4 7 8 2 3 .7 7 4

4 1 .2 1 9 2 29 8 .8 3 9 2 54 1 6 .4 5 9 7 9 2 4 .0 7 9

5 1 .5 2 4 0 3 0 9 .1 4 4 0 5 5 1 6 .7 6 4 8 0 2 4 .3 8 4

6 1 .8 2 8 8 31 9 .4 4 8 8 5 6 1 7 .0 6 9 81 2 4 .6 8 9

7 2 .1 3 3 6 3 2 9 .7 5 3 6 57 1 7 .3 7 4 8 2 2 4 .9 9 4

8 2 .4 3 8 4 3 3 1 0 .0 5 8 58 1 7 .6 7 8 8 3 2 5 .2 9 8

9 2 .7 4 3 2 34 1 0 .3 6 3 5 9 1 7 .9 8 3 8 4 2 5 .6 0 3

10 3 .0 4 8 0 3 5 1 0 -6 6 8 6 0 1 8 .2 8 8 8 5 2 5 .9 0 8

11 3 .3 5 2 8 36 1 0 .9 7 3 61 1 8 .5 9 3 8 6 2 6 .2 1 3

12 3 .6 5 7 6 37 1 1 .2 7 8 6 2 1 8 .8 9 8 8 7 2 6 .5 1 8

13 3 .9 6 2 4 3 8 1 1 .5 8 2 6 3 1 9 .2 0 2 8 8 2 6 .8 2 2

14 4 .2 6 7 2 3 9 1 1 .8 8 7 6 4 1 9 .5 0 7 8 9 2 7 .1 2 7

15 4 .5 7 2 0 4 0 1 2 .1 9 2 6 5 1 9 .8 1 2 9 0 2 7 .4 3 2

16 4 .8 7 6 8 41 1 2 .4 9 7 6 6 2 0 .1 1 7 91 2 7 .7 3 7

17 5 .1 8 1 6 4 2 1 2 .8 0 2 6 7 2 0 .4 2 2 9 2 2 8 .0 4 2

18 5 .4 8 6 4 4 3 1 3 -1 0 6 6 8 2 0 .7 2 6 9 3 2 8 .3 4 6

19 5 .7 9 1 2 44 13 .4 1 1 6 9 2 1 .0 3 1 94 2 8 .6 5 1

2 0 6 .0 9 6 0 4 5 1 3 .7 1 6 7 0 2 1 .3 3 6 9 5 2 8 .9 5 6

21 6 .4 0 0 8 4 6 1 4  021 71 2 1 .6 4 1 9 6 2 9 .2 6 1

2 2 6 .7 0 5 6 4 7 1 4 .3 2 6 7 2 2 1 .9 4 6 97 2 9 .5 6 6

23 7 .0 1 0 4 4 8 1 4 .6 3 0 73 2 2 .2 5 0 9 8 2 9 .8 7 0

2 4 7 .3 1 5 2 4 9 1 4 .9 3 5 74 2 2 .5 5 5 9 9 3 0 .1 7 5

2 5 7 .6 2 0 0 5 0 1 5 .2 4 0 7 5 2 2 8 6 0 1 00 3 0 .4 8 0
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CONVERSION TAB LE FEET TO  METERS  
(from 100 to 20 000 feet)

F e e l M e ie rs F e e l M e te rs F e e t M e te rs F e e t M e te rs F e e t M e te rs

1 00 3 0 .4 8 4 1 0 0 1 2 4 9 .6 8 8  1 00 2  4 6 8 .8 8 12 1 00 3  6 8 8 .0 8 1 6  10 0 4 9 0 7 .2 8
2 0 0 6 0 .9 6 4 2 0 0 1 2 8 0 .1 6 8  2 0 0 2  4 9 9 .3 6 1 2  2 0 0 3  7 1 8 .5 6 1 6  2 0 0 4 9 3 7 .7 6
3 0 0 9 1 .4 4 4  3 0 0 1 3 1 0 .6 4 8  3 0 0 2  5 2 9 .8 4 12  3 0 0 3  7 4 9 .0 4 1 6  3 0 0 4  9 6 8 .2 4
4 0 0 1 2 1 .9 2 4 4 0 0 1 3 4 1 .1 2 8  4 0 0 2  5 6 0 .3 2 12  4 0 0 3  7 7 9 .5 2 1 6  4 0 0 4  9 9 8 .7 2
5 0 0 1 5 2 .4 0 4 5 0 0 1 3 7 1 .6 0 8  5 0 0 2  5 9 0 .8 0 1 2  5 0 0 3  8 1 0 .0 0 16 5 0 0 5  0 2 9 .2 0
6 0 0 1 8 2 .8 8 4  6 0 0 1 4 0 2 .0 8 8  6 0 0 2  6 2 1 .2 8 12  6 0 0 3  8 4 0 .4 8 16 6 0 0 5  0 5 9 .6 8
7 0 0 2 1 3 .3 6 4  7 0 0 1 4 3 2 .5 6 8  7 0 0 2  6 5 1 ,7 0 12  7 0 0 3  8 7 0 .9 6 16 7 0 0 5 0 9 0 .1 6
8 0 0 2 4 3 .8 4 4 8 0 0 1 4 6 3 .0 4 8  8 0 0 2  6 8 2 .2 4 1 2  8 0 0 3  9 0 1 .4 4 16 8 0 0 5  120 .6 4
9 0 0 2 7 4 .3 2 4 9 0 0 1 4 9 3 .5 2 8  9 0 0 2  7 1 2 .7 2 1 2  9 0 0 3  9 3 1 .9 2 16 9 0 0 5  1 5 1 .1 2

1 0 0 0 3 0 4 .8 0 5  0 0 0 1 5 2 4 .0 0 9  0 0 0 2  7 4 3 .2 0 13  0 0 0 3  9 6 2 .4 0 17 0 0 0 5  1 8 1 .6 0
1 1 00 3 3 5 .2 8 5  1 00 1 5 5 4 .4 8 9  10 0 2 7 7 3 .6 8 1 3  1 00 3  9 9 2 .8 8 17 1 0 0 5  2 1 2 .0 8
1 2 0 0 3 6 5 .7 6 5  2 0 0 1 5 8 4 .9 6 9  2 0 0 2  8 0 4 .1 6 13  2 0 0 4  0 2 3 .3 6 17 2 0 0 5  2 4 2 .5 6
1 3 0 0 3 9 6 .2 4 5  3 0 0 1 6 1 5 .4 4 9  3 0 0 2  8 3 4 .6 4 1 3  3 0 0 4  0 5 3 .8 4 17 3 0 0 5  2 7 3 .0 4
1 4 0 0 4 2 6 .7 2 5  4 0 0 1 6 4 5 .9 2 9  4 0 0 2  8 6 5 .1 2 13  4 0 0 4 0 8 4 .3 2 17 4 0 0 5  3 0 3 .5 2
1 5 0 0 4 5 7 .2 0 5  5 0 0 1 6 7 6 .4 0 9  5 0 0 2  8 9 5 .6 0 13  5 0 0 4 1 1 4 .8 0 17 5 0 0 5  3 3 5 .0 0
1 6 0 0 4 8 7 .6 8 5  6 0 0 1 7 0 6 .8 8 9  6 0 0 2  9 2 6 .0 8 1 3  6 0 0 4  1 4 5 .2 8 17 6 0 0 5  3 6 4 .4 8
1 7 0 0 5 1 8 .1 6 5  7 0 0 1 7 3 7 .3 6 9  7 0 0 2  9 5 6 .5 6 13 7 0 0 4 1 7 5 .7 6 1 7  7 0 0 5  3 9 4 .9 6
1 8 0 0 5 4 8 .6 4 5  8 0 0 1 7 6 7 .8 4 9  8 0 0 2  9 8 7 .0 4 1 3  8 0 0 4  2 0 6 .2 4 1 7  8 0 0 5  4 2 5 .4 4
1 9 0 0 5 7 9 .1 2 5  9 0 0 1 7 9 8 .3 2 9  9 0 0 3  0 1 7 .5 2 13  9 0 0 4 2 3 6 .7 2 17 9 0 0 5  4 5 5 .9 2
2  0 0 0 6 0 9 .6 0 6  0 0 0 1 8 2 8 .8 0 1 0  0 0 0 3  0 4 8 .0 0 14  0 0 0 4 2 6 7 .2 0 1 8  0 0 0 5  4 8 6 .4 0
2  1 00 6 4 0 .0 8 6  1 00 1 8 5 9 .2 8 1 0  10 0 3  0 7 8 .4 8 14 1 00 4 2 9 7 .6 8 t s  t oo 5  5 1 6 .6 6
2  2 0 0 6 7 0 .5 6 6  2 0 0 1 8 8 9 .7 6 1 0  2 0 0 3  1 0 8 .9 6 14 2 0 0 4  3 2 8 .1 6 1 8  2 0 0 5  5 4 7 .3 6
2  3 0 0 7 0 1 .0 4 6  3 0 0 1 9 2 0 .2 4 1 0  3 0 0 3  1 3 9 .4 4 14 3 0 0 4 3 5 8 .6 4 1 8  3 0 0 5  5 7 7 .8 4
2  4 0 0 7 3 1 .5 2 6  4 0 0 1 9 5 0 .7 2 1 0  4 0 0 3 1 6 9 .9 2 14  4 0 0 4 3 8 9 .1 2 1 8  4 0 0 5  6 0 8 .3 2
2  5 0 0 7 6 2 .0 0 6  5 0 0 1 981.20 1 0  5 0 0 3  200.40 14 500 4  4 1 9 .6 0 1 8 5 0 0 5  6 3 8 .8 0
2  6 0 0 7 9 2 .4 8 6  6 0 0 2  0 1 1 .6 8 10 6 0 0 3  2 3 0 .8 8 14 6 0 0 4  4 5 0 .0 8 1 8  6 0 0 5  6 6 9 .2 8
2  7 0 0 8 2 2 .9 6 6  7 0 0 2 0 4 2 .1 6 1 0  7 0 0 3  2 6 1 .3 6 14 7 0 0 4 4 8 0 .5 6 1 8  7 0 0 5  6 9 9 .7 6
2  8 0 0 8 5 3 .4 4 6  8 0 0 2  0 7 2 .6 4 1 0  8 0 0 3  2 9 1 .8 4 14  8 0 0 4 5 1 1 .0 4 1 8  8 0 0 5  7 3 0 .2 4
2  9 00 8 8 3 .9 2 6  9 0 0 2  1 0 3 .1 2 1 0  9 0 0 3  322.32 14 900 4  5 4 1 .5 2 18 900 5  760.72
3  0 0 0 9 1 4 .4 0 7 0 0 0 2  1 3 3 .6 0 11 0 0 0 3  3 5 2 .8 0 15  0 0 0 4  5 7 2 .0 0 19 0 0 0 5  7 9 1 .2 0
3  1 0 0 9 4 4 .8 8 7 1 0 0 2  1 6 4 .0 8 11 10 0 3  3 8 3 .2 8 15  1 0 0 4 6 0 2 .4 8 19 1 00 5  8 2 1 .6 8
3  2 0 0 9 7 5 .3 6 7  2 0 0 2  1 9 4 .5 6 11 2 0 0 3  4 1 3 .7 6 15  2 0 0 4 6 3 2 .9 6 19 2 0 0 5  8 5 2 .1 6
3 300 ! 005.84 7 300 2  225.04 15 3 0 0 3  4 4 4 .2 4 15  3 0 0 4 6 6 3 .4 4 19 3 0 0 5  8 8 2 .6 4
3  4 0 0 1 0 3 6 .3 2 7 4 0 0 2  2 5 5 .5 2 11 4 0 0 3  4 7 4 .7 2 15  4 0 0 4 6 9 3 .9 2 19 4 0 0 5 9 1 3 .1 2
3  5 0 0 1 0 6 6 .8 0 7  5 0 0 2  2 8 6 .0 0 11 5 0 0 3  5 0 5 .2 0 1 5  5 0 0 4 7 2 4 .4 0 1 9  5 0 0 5  9 4 3 .6 0
3  6 0 0 1 0 9 7 .2 8 7  6 0 0 2  3 1 6 .4 8 11 6 0 0 3  5 3 5 .6 8 15  6 0 0 4 7 5 4 .8 8 1 9  6 0 0 5  9 7 4 .0 8
3  7 0 0 ! 127.76 7 700 2  3 4 6 .9 6 11 7 0 0 3  5 6 6 .1 6 1 5 7 0 0 4  7 8 5 .3 6 19 7 0 0 6  0 0 4 .5 6
3  8 0 0 1 1 5 8 .2 4 7  8 0 0 2  3 7 7 .4 4 11 8 0 0 3  5 9 6 .6 4 1 5  8 0 0 4  8 1 5 .8 4 19 8 0 0 6  0 3 5 .0 4
3  9 0 0 1 1 8 8 .7 2 7 9 0 0 2  4 0 7 .9 2 11 9 0 0 3  6 2 7 .1 2 1 5  9 0 0 4  8 4 6 .3 2 1 9  9 0 0 6  0 6 5 .5 2
4  0 0 0 1 2 1 9 .2 0 8  0 0 0 2  4 3 8 .4 0 12 0 0 0 3  6 5 7 .6 0 1 6  0 0 0 4 8 7 6 .8 0 2 0  0 0 0 6  0 9 6 .0 0
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CONVERSION TAB LE BARRELS (US OIL) 
TO  CUBIC METERS

23

0 1 2 3 4 5 6 7 8 9

0 0 .1 5 9 0 .3 1 8 0 .4 7 7 0 .6 3 6 0 .7 9 5 0 .9 5 4 1 .1 1 3 1 .2 7 2 1.431
10 1 .5 9 0 1 .7 4 9 1 .9 0 8 2 .0 6 7 2 .2 2 6 2 .3 8 5 2 .5 4 4 2 .7 0 3 2 .8 6 2 3 .02 1
20 3 .1 8 0 3 .3 3 9 3 .4 9 8 3 .6 5 7 3 .8 1 6 3 .9 7 5 4 .1 3 4 4 .2 9 3 4 .4 5 2 4 .6 1 1
30 4 .7 7 0 4 .9 2 9 5 .0 8 8 5 .2 4 7 5 .4 0 6 5 .5 6 5 5 .7 2 4 5 .8 8 3 6 .0 4 2 6 .20 1
40 6 .3 6 0 6 .5 1 9 6 .6 7 8 6 .8 3 7 6 .9 9 6 7 .1 5 5 7 .3 1 4 7 .4 7 3 7 .6 3 2 7 .79 1
50 7 .9 5 0 8 .1 0 9 8 .2 6 8 8 .4 2 7 8 .5 8 6 8 .7 4 5 8 .9 0 4 9 .0 6 3 9 .2 2 2 9 .38 1
60 9 .5 4 0 9 .6 9 9 9 .8 5 8 1 0 .0 1 7 1 0 .1 7 6 1 0 .3 3 5 1 0 .4 9 4 1 0 .6 5 3 .1 0 .8 1 2 10 .9 7 1
70 1 1 .1 3 0 1 1 .2 8 9 1 1 .4 4 8 1 1 .6 0 7 1 1 .7 6 6 1 1 .9 2 5 1 2 .0 8 4 1 2 .2 4 3 1 2 .4 0 2 12.561
80 1 2 .7 2 0 1 2 .8 7 9 1 3 .0 3 8 1 3 .1 9 7 1 3 .3 5 6 1 3 .5 1 5 1 3 .6 7 4 1 3 .8 3 3 1 3 .9 9 2 14 .1 5 1
90 1 4 .3 1 0 1 4 .4 6 9 1 4 .6 2 8 1 4 .7 8 7 1 4 .9 4 6 1 5 .1 0 5 1 5 .2 6 4 1 5 .4 2 3 1 5 .5 8 2 15 .7 4 1

100 1 5 .9 0 0 1 6 .0 5 9 1 6 .2 1 8 1 6 .3 7 7 1 6 .5 3 6 1 6 .6 9 5 1 6 .8 5 4 1 7 .0 1 3 1 7 .1 7 2 17 .3 3 1
110 1 7 .4 9 0 1 7 .6 4 9 1 7 .8 0 8 1 7 .9 6 7 1 8 .1 2 6 1 8 .2 8 5 1 8 .4 4 4 1 8 .6 0 3 1 8 .7 6 2 18 .9 2 1
120 1 9 .0 8 0 1 9 .2 3 9 1 9 .3 9 8 1 9 .5 5 7 1 9 .7 1 6 1 9 .8 7 5 2 0 .0 3 4 2 0 .1 9 3 2 0 .3 5 2 2 0 .5 1 1
130 2 0 .6 7 0 2 0 .8 2 9 2 0 .9 8 8 2 1 .1 4 7 2 1 .3 0 6 2 1 .4 6 5 2 1 .6 2 4 2 1 .7 8 3 2 1 .8 4 2 2 2 .1 0 1
140 2 2 .2 6 0 2 2 .4 1 9 2 2 .5 7 8 2 2 .7 3 7 2 2 .8 9 6 2 3 .0 5 5 2 3 .2 1 4 2 3 .3 7 3 2 3 .5 3 2 2 3 .6 9 1
150 2 3 .8 5 0 2 4 .0 0 9 2 4 .1 6 8 2 4 .3 2 7 2 4 .4 8 6 2 4 .6 4 5 2 4 .8 0 4 2 4 .9 6 3 2 5 .1 2 2 2 5 .2 8 1
160 2 5 .4 4 0 2 5 .5 9 9 2 5 .7 5 8 2 5 .9 1 7 2 6 .0 7 6 2 6 .2 3 5 2 6 .3 9 4 2 6 .5 5 3 2 6 .7 1 2 26 .8 7 1
170 2 7 .0 3 0 2 7 .1 6 9 2 7 .3 4 8 2 7 .5 0 ? 2 7 .6 6 6 2 7 .8 2 5 2 7 .9 8 4 2 8 .J 4 3 5 8 .3 0 2 2 8 .4 6 !
180 2 8 .6 2 0 2 8 .7 7 9 2 8 .9 3 8 2 9 .0 9 7 2 9 .2 5 6 2 9 .4 1 5 2 9 .5 7 4 2 9 .7 3 3 2 9 .8 9 2 3 0 .0 5 1
190 3 0 .2 1 0 3 0 .3 6 9 3 0 .5 2 6 3 0 .6 8 7 3 0 .8 4 6 3 1 .0 0 5 3 1 .1 6 4 3 1 .3 2 3 3 1 .4 8 2 3 1 .6 4 1

CONVERSION TAB LE BARRELS (US OIL) 
TO  US GALLONS

0 1 2 3 4 5 6 7 8 9

0 4 2 8 4 12 6 1 68 2 1 0 2 5 2 2 9 4 3 3 6 3 7 8
10 4 2 0 4 6 2 5 0 4 5 4 6 5 8 8 6 3 0 6 7 2 714 7 5 6 7 9 8
20 8 4 0 8 8 2 9 2 4 9 6 6 1 0 0 8 1 0 5 0 1 0 9 2 1 134 1 1 7 6 1 2 1 8
30 !  2 6 0 1 3 0 2 1 3 4 4 1 3 8 6 5 4 2 8 1 4 7 0 1 5 1 2 1 5 5 4 1 5 9 6 1 6 3 8
40 1 6 8 0 1 7 2 2 1 7 6 4 1 8 0 6 1 8 4 8 1 8 9 0 1 9 3 2 1 9 7 4 2 0 1 6 2  0 5 8
50 2  1 00 2  1 42 2  1 84 2  2 2 6 2  2 6 8 2  3 1 0 2  3 5 2 2  3 9 4 2  4 3 6 2  4 7 8
60 2  5 2 0 2  5 6 2 2  6 0 4 2  6 4 6 2  6 8 8 2  7 3 0 2  7 7 2 2 8 1 4 2 8 5 6 2  8 9 8
70 2  9 4 0 2  9 8 2 3  0 2 4 3  0 6 6 3  1 08 3  1 5 0 3  1 92 3  2 3 4 3  2 7 6 3 3 1 8
80 3  3 6 0 3  4 0 2 3  4 4 4 3  4 8 6 3  5 2 8 3  5 7 0 3 6 1 2 3  6 5 4 3  6 9 6 3  7 3 8
90 3  7 8 0 3  8 2 2 3  8 6 4 3  9 0 6 3  9 4 8 3  9 9 0 4 0 3 2 4  0 7 4 4  1 16 4  1 58

100 4  2 0 0 4 2 4 2 4  2 8 4 4  3 2 6 4  3 6 8 4 4 1 0 4  4 5 2 4  4 9 4 4  5 3 6 4 5 7 8
110 4  6 2 0 4  6 6 2 4  7 04 4  7 4 6 4 7 8 8 4  8 3 0 4  8 7 2 4 91 4 4  9 5 6 4  9 9 6
120 5  0 4 0 5  0 8 2 5  12 4 5  1 6 6 5  2 0 8 5  2 5 0 5  2 9 2 5  3 3 4 5  3 7 6 5 4 1 8
130 5  4 6 0 5  5 0 2 5  5 4 4 5  5 8 6 5  6 2 8 5  6 7 0 5 7 1 2 5  7 54 5  7 9 6 5  8 3 8
140 5  8 8 0 5  9 2 2 5  9 6 4 6  0 0 6 6  0 4 8 6  0 9 0 6  13 2 6  1 74 6 2 1 6 6  2 5 8
150 6  3 0 0 6  3 4 2 6  3 8 4 6  4 2 6 6  4 6 8 6 5 1 0 6  5 5 2 6  5 9 4 6  6 3 6 6  6 7 8
160 6  7 2 0 6  7 6 2 6  8 0 4 6  8 4 6 6  8 8 8 6  9 3 0 6  9 7 2 7 0 1 4 7  0 5 6 7 0 9 8
170 7  1 4 0 7  1 8 2 7  2 2 4 7  2 6 6 7  3 0 8 7  3 5 0 7 3 9 2 7  4 3 4 7  4 7 6 7  5 1 8
180 7  5 6 0 7  6 0 2 7  6 4 4 7  6 8 6 7  7 2 8 7  7 7 0 7  8 1 2 7  8 5 4 7 '8 9 6 7 9 3 8
190 7 9 8 0 8  0 2 2 8  0 6 4 8  1 06 4  1 4 8 8 1 9 0 8  2 3 2 8  2 7 4 8 3 1 6 8  3 5 8
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NUMERICAL CONSTANTS  
AND M ATHEM ATICAL FORMULAS

- 3 .1 415927 0 .3 1 8 3 09 9
2

1.5707963
180

0 .0 1 7 4 5 3 3

*2

* 3

9 .8 696044

3 1 .0 0 6 27 6 7

1.7724539

r 2

1 3

1

0 .1 0 1 3 21 2

0 .0 3 2 2 51 5

0 .5 6 4 1 69 6

3

4
4s-

3

1.0471976

0 .7 8 5 3 96 2

4.1887902

200
180

200

0 .0 1 5 7 0 6 0

5 7 .2 9 5 77 9 5

6 3 .6 6 1 97 6 3

3 ,” 1.4645919 0 .6 8 2 7 84 0

;'2 1.414214 ;3 1.732051 vS 2 .2 3 6 0 6 8 ,1 0 3 .1 6 2 2 78

12
0.70711

.3
0.5 7 7 3 5

.1
0 .4 4 7 2 !

. T o
0.3 1 6 2 3

2 .7 1 8 2 81 6
1

0 .3678794 t o g i o e  = 0 .4 3 4 2 9 4 5 g  =  9 ,8 0 6 6 5  m /s^

1
2.3025851 ! o g i o *  =  0.4342945 log® a:

log so e

A rith m e tic  p ro g re s s io n
a  =  first term

a  a  +  r  a  +  2 r a  +  3/"... a  +  I n  -  1 ) r r  =  c o m m o n  d iffere n ce

.  ( a  +  «
n  =  n u m b e r  of lefrcis

i  -  1)/

■“  I 2  y  2  1

G e o m e tric  p ro g re s s io n
a  =  first term

a  a q 3 < r  .. a o n  1 0  =  c o m m o n  ratio

Si Q  #
-

1 $ n  «  ------------
<7 -

a  (p  
—  =  a  —  

i

"  -  1) 

-  1

n  =  n u m b e r  of lerm s 

/  “  Iasi ie rm  =  aQ n ~
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TRIGONOM ETRIC FORMULAS

DEFINITION

co s a. =

sin  a  ~  

ta n  a  =

OP
OM

P M
OM

PM
O P

co ta n  x
1 _  O P

ta n  *  P M

GEOM ETRIC INTERPRETATION
OA  =  O M  =  R  =  1
0 0  =  s in  a  
O P  =  co s  a  
A T  =  ta n  a  
B T  — co ta n  a

TRIGONOM ETRIC RELATIONS
cos2 a  +  s in 2 a 

s in  x
ta n  a  — ----------

c o s  a
C O S  a

s in  «

1

c o la n  a
ta n  a

sin 2a  =  2  s in  x  co s  a
co s  2 a

ta n  2a

cos^ «  -  s in4 x  
t  -  2 s in 2 a

2 ta n  *

sin (a  +  f i )  -  s in  a  co s  /? 4- co s  a  sin f t
co s  (a  +  j2) =  c o s  *  co s  /3 — s in  a  sin 0
sin (a  -  ( i)  =  s in  <r co s  /3 -  co s  «

c o s  *  co s  j# +  s in  a
ta n  a  +  ta n  ( i 

1 -  ta n  a  ta n  ( i 
ta n  f t

co s  (a  -  {}) - 

tan (x  +  f i)  

ta n  (a  -  /3/

sin
sin

ta n  a
1 +  ta n  «  ta n  /S

1 ta n 2

VALUES OF TRIGONOM ETRIC FUNCTIONS RELATED
TO  HALF-ANGLE TAN G EN TS

a  1 ~  f2
ta n  -  -  t  c o s  *  =

2 ?

1 -  f2
2 f

1 +  f2

RELATIONS BETW EEN SIDES AND ANGLE  
OF ANY TRIANGLE

A  +  8  +  C

=  2  R
a 2 =  &2 +  c2 -  2 6 c  co s  >4
b 2 -  c2 +  a 2 -  2 c a  co s  8
c2 =  a 2 +  b 2 -  2a b ,  co s  C
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GEOM ETRY  
FORMULAS FOR AREAS AND VOLUMES
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CO N TEN T OF HORIZONTAL  
CYLINDRICAL TANKS  

Tank characteristics: Volum e: V ; Height: H 
Concordance table of fraction of H and fraction of V

F ra c t io n  
o f  H

F ra c t io n  
o f  V

F ra c t io n  
o f  H

F ra c t io n  
o f  V

F ra c t io n  
o f  H

F ra c t io n  
o f  V

0.01 0 .0 0 1 7 0 .3 4 0 .2 9 9 8 0 .6 7 0 .7 1 2 2

0 .0 2 0 .0 0 4 7 0 .3 5 0 .3 1 1 9 0 .6 8 0 .7 2 4 1

0 .0 3 0 .0 0 8 7 0 .3 6 0 .3 2 4 1 0 .6 9 0 .7 3 6 0
0 .0 4 0 .0 1 3 4 0 .3 7 0 .3 3 6 4 0 .7 0 0 .7 4 7 7

0 .0 5 0 .0 1 8 7 0 .3 8 0 .3 4 8 7 0.71 0 .7 5 9 3

0 .0 6 0 .0 2 4 5 0 .3 9 0 .3 6 1 1 0 .7 2 0 .7 7 0 8
0 .0 7 0 .0 3 0 8 0 .4 0 0 .3 7 3 6 0 .7 3 0 .7 8 2 1
0 .0 8 0 .0 3 7 5 0 .41 0 .3 8 6 0 0 .7 4 0 .7 9 3 4
0 .0 9 0 .0 4 4 6 0 .4 2 0 .3 9 8 6 0 .7 5 0 .8 0 4 5
0 .1 0 0 .0 5 2 0 0 .4 3 0 .4 1 1 1 0 .7 6 0 .8 1 5 5

0.11 0 .0 5 9 9 0 .4 4 0 .4 2 3 7 0 .7 7 0 .8 2 6 3
0 .1 2 0 .0 6 8 0 0 .4 5 0 .4 3 6 4 0 .7 8 0 .8 3 6 9
0 .1 3 0 .0 7 6 4 0 .4 6 0 .4 4 9 0 0 .7 9 0 .8 4 7 4

0 .1 4 0 .0 8 5 1 0 .4 7 0 .4 6 1 7 0 .8 0 0 .8 5 7 6

0 .1 5 0 .0 9 4 1 0 .4 8 0 .4 7 4 5 0.81 0 .8 6 7 7

0 .1 6 0 .1 0 3 3 0 .4 9 0 .4 8 7 2 0 .8 2 0 .8 7 7 6
0 .1 7 0 .5 1 2 7 0 .5 0 0 .5 0 0 0 0 .8 3 0 .8 8 7 3

0 .1 8 0 .1 2 2 3 0.51 0 .5 1 2 8 0 .8 4 0 .8 9 6 7

0 .1 9 0 .1 3 2 3 0 .5 2 0 .5 2 5 5 0 .8 5 0 .9 0 5 9
0 .2 0 0 .1 4 2 4 0 .5 3 0 .5 3 8 3 0 .8 6 0 .9 1 4 9

0.21 0 .1 5 2 6 0 .5 4 0 .5 5 1 0 0 .8 7 0 .9 2 3 6

0 .2 2 0 .1 6 3 1 0 .5 5 0 .5 6 3 6 0 .8 8 0 .9 3 2 0
0 .2 3 0 .1 7 3 7 0 .5 6 0 .5 7 6 3 0 .8 9 0 .9 4 0 1
0 .2 4 0 .1 8 4 5 0 .5 7 0 .5 8 8 9 0 .9 0 0 .9 4 8 0

0 .2 5 0 .1 9 5 5 0 .5 8 0 .6 0 1 4 0.91 0 .9 5 5 4

0 .2 6 0 .2 0 6 6 0 .5 9 0 .6 1 4 0 0 .9 2 0 .9 6 2 5
0 .2 7 0 .2 1 7 9 0 .6 0 0 .6 2 6 4 0 .9 3 0 .9 6 9 2

0 .2 6 0 .2 2 9 2 0.61 0 .6 3 8 9 0 .9 4 0 .9 7 5 5
0 .2 9 0 .2 4 0 7 0 .6 2 0 .6 5 1 3 0 .9 5 0 .9 8 1 3

0 .3 0 0 .2 5 2 3 0 .6 3 0 .6 6 3 6 0 .9 6 0 .9 8 6 6

0.31 0 .2 6 4 0 0 .6 4 0 .6 7 5 9 0 .9 7 0 .9 9 1 3
0 .3 2 0 .2 7 5 9 0 .6 5 0 .6 8 8 1 0 .9 8 0 .9 9 5 2

0 .3 3 0 .2 8 7 8 0 .6 6 0 .7 0 0 2 0 .9 9 0 .9 9 8 3

E x a m p le :  C o n s id e r  a  t a n k  o f  v o lu m e  V =  1 2 0 0 0 ! a n d  h e ig h !  H  ~  2  m . M e a s u re m e n ts  s h o w  a 
l iq u id  h e ig h t  o f  0 .2 0 m  in  th e  ta n k .  H o w  m u c h  l iq u id  d o e s  th e  ta n k  c o n t a in ?

A n s w e r :  F r a c t io n  o f  h e ig h t  0 .2 0 /2  =  0 .1 0  c o r r e s p o n d in g  in  th e  ta b le  to  a  v o lu m e  f r a c t io n  o f  
0 .0 5 2 0 . T h e  c o n te n t  is  t h u s :  0 .0 5 2 0  *  12  0 0 0  =  6 2 4  l ite rs .

V  =  t o t a l  v o lu m e :

4

F ra c t io n  o f H  =  —

h  =  l iq u id  h e ig h t
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MECHANICS AND STRENGTH OF MATERIALS

M OM ENT OF A FORCE A B O U T A POINT. MOMENT OF A TORQUE

M'qF F d M qC F d

(M b  en  n e w to n s -m & tre s , F e n  n e w to n s  e t d  en  m e tres ) 

UNIFORM STRAIGH T LINE MOTION

/  =  /0 +  v! t

t

d is ta nce  tra ve lle d  (m) 
in it ia l d is ta nce  {m) 
ve lo c ity  {m /s) 
tim e (s)

UNIFORM LY-ACCELERATED MOTION

I  — I q +  v0t  4-
v  t2

UNIFORM CIRCULAR MOTION  

Angular velocity

o r

/  =  d is ta nce  trave lled  (m)
Iq =  in it ia l d is ta nce  (m) 
vq -  in itia l ve lo c ity  (m /s) 
t  =  tim e (s) 
r  =  a cce le ra tio n  (m /s2)

-  a :  a n g le  o f ro ta tio n  d u rin g  tim e ! 

cot
Angular velocity as a function of revolutions per minute

2 tvN

60

{w  in  ra d ia n s  p e r se co nd  a n d  N in re vo lu tio n s  p e r m inu te ) 
Circumferential velocity: wfm /m in) =  2 n R N  

o r  v(m /s) =  coR
2 ttRN

60
(<i> in ra d ia n s  per second, /9 in  m eters a n d  W in  re vo lu tio n s  per m inu te ) 
Centripetal acceleration yc

t /z
Yc =  co2 R  o r yc =  —

(y c in m eters per se co nd  per seconde , w  in  ra d ia n s  per second, R  in 
m eters a n d  V  in  m eters per second)

FUNDAM ENTAL FORMULA OF DYNAMICS
F  =  m y  m  =  m ass, y  =  a cce le ra tio n

(F  in  new tons, m  in k ilo g ra m s and  y  in  m eters per se co nd  per second)

~g =  g ra v ita tio n a l a cce le ra tio n  

~g =  a b o u t 9,81 m /s2
S pec ific  ca se  o f g ra v ity  P  =  n ig
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MECHANICS AND STRENGTH OF MATERIALS  
(continued)

CENTRIFUGAL FORCE

L  — m c o 2 R o r t  -  m
1/2

( lc in  new tons, m  in  k ilog ram s, w  in  ra d ia n s  per second , R  in  m eters a n d  v  in  m eters 
p e r second)

WORK OF A FORCE

C o n s ta n t fo rce  in  q u a n tity  a n d  d ire c tio n  d is p la c in g  its  p o in t o f a p p lica tio n  
1°) o n  its  a c tio n  line  T -  FI
2°) on  an  o b liq u e  lin e  to  its a c tio n  line  T  =  F lcos a
3°) o n  a  cu rve  in  its  p la n e  T  =  F a a ’
( T  in  jou/es, F  in  ne w to n s a n d  /  in  m eters)

C o n s ta n t fo rce  m ov in g  ta n g e n tia liy  to  a  c irc le
T  — FRoc — M qFcc 
fo r  o n e  ro ta tio n  T  =  2 k R F
( T in  jou les . F in  new tons, f l  in  meters, 
«  in ra d ia n s  a n d  M S in  m eter N ew tons)

WORK OF A TORQUE
T o rq u e  ro ta tin g  a b o u t an  axis p e rp e n d icu la r to  its  p lane

T  =  Fdct =  M '0C«
fo r  o n e  ro ta tio n  T  — 2-k M 'qC  =  2 n F d
( T in  jo u le s , F in  new tons, o 'in  meters, 
a in  ra d ia n s  a n d  M !0 in  m eter N ew tons)

POWER
W o rk  p ro d u ce d  per u n it tim e P  — -

(P  in  w a tts , T  in  jo u le s  a n d  t  in  seconds)
P ow er o f a  to rq u e  ro ta tin g  a t co n s ta n t speed o>

2 7zN
P  — M '0Co) o r P  =  F d u  — F d  ^

(P  in  w a tts , M lo in  m ete r new tons , co in ra d ia n s  p e r second , F  in  new tons, d  in  m eters
a n d  N  in  re vo lu tio n  per m inu te )
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MECHANICS AND STRENGTH OF MATERIALS  
(continued)

KINETIC ENERGY

w m v 2

( W in  jou les, m  in  k ilo g ra m s a nd  v  in  m eters per second)

STRENGTH OF MATERIALS  
Tension and compression

S tre ss : n
$

1 0 '

n  =  stress 
N  -  tensile  o r com press ive  fo rce  {N) 
S  — c ross-se c tio na l a rea  (m2)

H o o ke 's  la w : n  

E Y o u n g 's  m od u lu s  o r lo n g itu d in a l e las tic  m o d u lu s : a p p ro x im a te ly  200 000 to  
220 000 M Pa fo r steel

I
' =  e lo n g a tio n  -i , . ,
_  |engt^  /  expressed in the  sam e un its

Torsion

T o rs io n a l m o m e n t:  M , =  2 F r
(M , in  m e te r n e w to n s , F  in  n e w to n s  a n d  r  in  m e te rs )

U n it to rs ion

H o o k e 's  la w  : t

a
/

=
k
r

e
a
(

GrO !

v G

u n it  to rs io n { ra d /m )  
a n g le  o f  r o ta t io n  ( ra d )  
le n g th  (m )
to r s io n a l o r ta n g e n t ia l s h e a r  s tre s s  
(M P a )
tra n s v e rs e  e la s t ic  m o d u lu s :
G  =  0 .4  x  E  {Y o u n g 's  m o d u lu s )
G =  80  0 00  M P a  fo r  s te e l 
ra d iu s  o f c y lin d e r  (m ) 
p o la r  m o m e n t o f in e r t ia

fo r  a  c y lin d e r

(D* -  dA) fo r  a  tu b e  w ith

o u ts id e  d ia m e te r  D  a n d  in 
s id e  d ia m e te r  d
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E L E C TR IC ITY
direct current

C U R R E N T :I  
U n it : Ampere (A)
Constant current which, maintained in two straighl parallel conductors of infinite length and 

negligible circular cross-sectional area, and placed one meter apart in a vacuum, produces a 
force of 2.10“  7 newtons per meter of length between these conductors.

Q UANTITY OF E LE C TR IC ITY : Q 
U n it : Coulomb (C)
Quantity of electricity transmitted in one second by a current of one ampere.
Practical unit : ampere-hour (Ah)
Quantity of electricity transmitted in one hour by a current of one ampere (1 Ah -  3 600 C)

POTENTIAL DIFFERENCE (V O L TA G E ): U 

U n it : Volt (V)
Potential difference between two points of a conducting wire carrying a constant current of 

one ampere when the power dissipated between these points is one watt.

RESISTANCE : R 
U n it : Ohm (Q)
Resistance between two points of a conducting wire when a potential difference of one volt, 

applied between these two points, produces a current of one ampere in the conductor, the 
conductor not being a source o f any electromotive force.

Resistivity: p  (Q /m/mrn2) at 15'C
Resistance of a wire one meter long with a cross-seciional area o f one square millimeter

Q  -  I  t 
(Ah) <A)(h)

p e r  m m 2 )

C o p p e r .  . 
S ilv e r .  . . 
A lu m in iu m

0 .0 1 7  -  0 .0 1 7 5  
0 .0 1 6  - 0 .018 
0 .0 2 9  - 0 -0 1 7 5

Kon........................
S t e e l .........................................................
N ic k e l/ s ilve r.........................................
(C u  6 0  % . Z n  2 0  % .  N i 20 % )

O -l! 
0 .1 0  - 0 .25 
0 .3 6  • 0.39

/: length of conductor (m ); S: cross-sectional area of conductor (mm2)

TEM PERATURE COEFFICIENT OF A RESISTANCE AND RESISTIVITY

R, =  R0 (1 +  cct) p, =  p0 (1 +  set)

i% p i --= resistance, resistivity a t t  degrees Celsius 
%  Po ~  resistance, resistivity at 0 degree Celsius 
«  =  temperature coefficient at 15 *C

C o p p e r  . . 
S ilve r. . . . 
A lu m in iu m .

!'on........................
S t e e l .........................................................
N ic K e l/ s ilv e r........................................
(C u  6 0 % ,  Z n  2 0 % .  N i 2 0 % )
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E L E C TR IC ITY
direct current (continued)

RESISTANCE CONNECTIONS
1) C o n n e c tio n  in series :

R  — R -i +  R%  +  R $  ■■■
U  =  U % +  U z +  Us ...

2) C o n n e c tio n  in  p a ra lle l:
1  ,  J L  +  _L +  J _  ..
R  R -\ R  2 R z

I  =  l \  +  h  +  1$ ...

/c o n s ta n t

F o r tw o  resistances in p a ra lle l: 
R i R z

R  =
R 1 +  R o

/ 2 -  /
R \ +  R 2

OHM’S LAW

J  =  R i  /  =  ^  R =  ~  R (a ) ,  /(A ), y { v ;

ELECTRICAL ENERGY (W) OR Q UAN TITY OF HEAT : Q 
U n it : jo u le  (J)

E lectrica l energy g e n era te d  e ach  se co nd  by a cu rre n t o f one  a m pere  flow ing  
th ro u g h  a  res is tance  o f o ne  ohm .

W  =  R I 2 t W  =  U  /  t
(J) <U) (A) (s) (J) (V) {A ) (s)

Non Si units:
1) W a tt-h o u r (Wh)
E nergy expended in 1 h o u r by a  pow er o f 1 w att

W  =  R  I 2 !  1 W h =  3  600 J
(W h) (£}) (A) (h)

2) C a lo rie  (cal)
Q  =  0.24 R  I2 t  1 ca l =  4.1855 J 1 J  =  0.2389 ca l
(ca l) (12) (A) (s)

4.1855 is an  e xpe rim en ta l value.

ELECTRICAL POWER (P ) : P 
U n it : W a tt (W)

P ow er o f 1 jo u le  per second

P  =  R  /2 P  — U  I  P  =  (V )
(W ) (Q) (A ) (W ) (V) (A ) (W ) R  {Q )
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E L E C TR IC ITY
alternating current

V o l t a g e - c u r r e n t

p e r io d  T

fre q u e ncy  F (Hz)

2 rzF  (rd /s)a n g u la r f re q u e n c y ^
instantaneous values:
u  =  Um co s  w f 
i  =  Im co s  (a>t -  <pj 
¥  =  a n g le  o f pha se  d iffe rence  between 

cu rre n t a n d  vo lta ge
Hoot-mean-square values (nms values):

U
Power :

1) A pp lie d  pow er
2) A ctive  pow er
3) R eactive pow er

U n

■J2
I k i  

J 2

S  =  UI in  vo lt-a m p e re s  (VA)
P  =  U I co s  (p in  w a tts  (W)

U I s in  rp in  reactive  vo lt-am peres  (VAR)
= P 2  +  Q Z

Q

(pow er fa c to r)
A c t iv e  p o w e r v o lta g e

THREE-PHASE SYSTEM  

Phases windings
(fo rm u la s  v a lid  w ith  sam e lo a d  fo r a li 3  phases)
S ta r co n n e c tio n  
Uv -  1.73 Up 

Uv

M esh o r D elta  co n n e c tio n
I  *= /„

1) A pp lied  pow er
2) A ctive  pow er

3) R eactive pow er

UD I 1.73 L

UI (VA)
1.73 Uv I co s  <p (W)
3  Up Ip co s  <p (W)

-  P 2
1.73 U v I  Sin <p (VAR)
3 Uplp<p (VAR)

Uv Uv

1 |.

' ' V ?
£ \

where 
Uv =
UP =
I  = 
L  =

vo lta g e  in  vo lts  betw een tw o  c o n d u c to rs  o l th e  th re e -p h ase  w ind ing  
vo lta g e  fo r e ach  phase
cu rre n t in  am peres th ro u g h  e ach  c o n d u c to r o f th e  th re e -p h ase  w in d ing  
cu rre n t in  e ach  phase
phase  d iffe rence  betw een cu rre n t a n d  vo lta ge
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ELEC TR IC ITY  
alternating current, three-phase system (continued)

Capacitance: C
Unit: fa r a d  (F ) . A  c a p a c i ta n c e  o f  o n e  la r a d  re q u ire s  o n e  c o u lo m b  o f  e le c t r ic i t y  to  ra is e  its  

p o te n t ia l  o n e  v o lt .

1 C o u lo m b  Q
1 fa ra d  =  ------------------ C  =  —

1 vo lt J

Connections of capacitors (or condensers)
C a p a c ito rs  in  p a ra lie l:

C  =  C, +  Cz +  C3 +  ...
C a p a c ito rs  in s e r ie s :

1 1 1 1  C , . C 2
+  —  +  —  +  ... fo r 2 c a p a c ito rs : C

C  C 1 C  2 C  3 C i +  C 2

Permissible current through conductors

N o m in a l
c ro s s -

s e c t io n a l
a re a

{m m ^ )

C u r re n t  
T e m p e ra tu re  r is e  — 4 5  *C

N u m b e r  o f  c o n d u c to r s

2 3 4

(A) (A ) (A )

2 2 0 17 15

3 27 2 2 .5 21

5 35 31 2 8

10 53 47 44

16 66 6 0 5 5

2 5 8 8 81 7 0

4 0 1 1 0 1 0 3 8 8

5 0 1 3 0 123 10 5

7 5 167 154 13 2

9 5 192 184 15 5

F o r  te m p e ra tu re  r is e s  d if fe re n t  
f r o m  4 5  °C 

m u lt ip ly  th e  c u r r e n ts  o p p o s i te  b y  
th e  fo l lo w in g  c o e f f ic ie n t s :

T e m p e ra tu re
r is e C o e f f ic ie n t

2 0 0 .6 7

25 0 .7 5

3 0 0 .8 2

3 5 0 .8 8

4 0 0 .9 4

45 1

50 1 .0 5

5 5 1 .1 0

6 0 1 .1 5
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PRINCIPAL CHEMICAL SYMBOLS, 
ATO M IC NUMBERS AND WEIGHTS

N a m e S y m b o l A to m ic
n u m b e r

A to m ic
w e ig h i N a m e S y m b o l A to m ic

n u m b e r
A to m ic
w e ig h t

A lu m in iu m  . . A l 13 27 M e r c u r y .  . , H g 8 0 2 0 0 .6

A n t im o n y . . . S b 51 1 22 M o ly b d e n u m M o 42 9 6

A r g o n  . . . . . A 18 4 0 N e o n .............. N e 10 20

A r s e n ic  . . . . A s 3 3 7 5 N ic k e l  . . . . N i 2 8 5 8 .7

B a r iu m  . . . . B a 5 6 1 3 7 N i t r o g e n  . , N 7 14

B is m u th .  . . . B i 8 3 2 0 9 O x y g e n  . . , O 8 16

B o r o n .............. B 5 11 P h o s p h o r u s P 15 31

B r o m in e .  . . . B r 3 5 8 0 P ia t i / i i u m , . P I 7 8 19 5

C a d m iu m . . . C d 4 8 112 P lu to n iu m  . P u 94 2 4 2

C a lc iu m .  . . . C a 2 0 4 0 P o ta s s iu m  . K 19 397

C a r b o n  . . . . C 6 12 R a d iu m  . . , R a 8 8 2 2 6

C h lo r in e  . . . C l 17 3 5 .5 S e le n iu m  . . Se 34 79

C h r o m iu m  . . C r 24 5 2 S i l i c o n . . . . S i 14 2 8

C h lo r i n e  . . . C ! 17 3 5 .5 S e le n iu m  . . Se 34 7 9

C h r o m iu m  . . C r 24 5 2 S i l ic o n .  . . . S i 14 2 8

C o b a l t .............. C o 27 59 S i lv e r .............. A g 47 108

C o p p e r  . . . . C u 2 9 6 3 .5 S o d iu m  . . , N a 11 2 3

F lu o r in e .  . . . F 9 19 S t r o n t iu m .  . S r 3 8 8 7 .6

G o l d ................. A u 7 9 1 97 S u l fu r  . . . . S 16 3 2

H e l iu m .............. H e 2 4 T i n ................. S n 5 0 119

H y d r o g e n .  . . H 1 I T i ta n iu m  . . T i 3 2 4 8

I o d i n e .............. 5 3 127 T u n g s t e n . . W 74 184

i r o n ..................... F e 2 6 5 6 U r a n iu m  . . U 9 2 2 3 8

L e a d ................. P b  ' 8 2 2 07 V a n a d iu m  . V 2 3 51

L i th iu m  . . . . L i 3 7 X e n o n . . . . X e 5 4 13 1 .3

M a g n e s iu m  . M g 12 24 Z in c  . . . . . Z n 3 0 6 5 .4

M a n g a n e s e  . M n 2 5 5 5 Z ir c o n iu m  . Z r 4 0 91
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N a m e S p e c if ic
G ra v ity N a m e S p e c if ic

G ra v ity

R o c k : M a t e r i a l s :

D ry  s a n d ............................... 2 .6 B a r y te  ( b a r iu m  s u l f a t e ) . . . . 4 .2  to  4 .3

G y p s u m .................................. 2 .3 0  to  2 .3 7 C o m p a c t  b r i c k ............................... 2 .2

G r a n i t e .................................. 2 .4  to  3 .0 C o m p a c t  c l a y .................................. 2 .1

H a r d  l im e s t o n e ................. 2 .4  to  2 .7 C o n c r e t e ............................................ 2 .2 5

M a r b l e ...................................... 2 .5  to  2 .9 G l a s s ................................................... 2 .5 3

M e d iu m - h a r d  l im e s to n e 1 .9  to  2 .3 P o r t la n d  c e m e n t  ( p o w d e r ) .  . 3 .0  to  3 .3

0 u a r t2 i t e ............................... 2 .2  d  2 .8 P o r t la n d  c e m e n t  ( s lu r r y )  . . . 1.8  to  2 .0

R o c k  s a l t ............................... 2 .1 6 W a ln u t  s h e l l s .................................. 1 .3

S a n d s t o n e ........................... 1 .9  t o  2 .6 G a s  ( a t  1 0  °C  a n d  7 6 0  m m H g  

in  r e la t i o n  to  a i r )  :

L iq u id s  ( a t  2 5  ° C ) : A i r .......................................................... 1

A c e t o n e .................................. 0 .79 1 I s o b u t a n e .................................. 2 .0 6 7

B e r u e n e .................................. 0 .8 7 8 N - b u t a n e  (7 1 0  m m H g ) .............. 2 .0 8 5 4

C a r b o n  t e t r a c h l o r i d e . . 1 .5 9 5 C a r b o n  d i o x i d e ........................... 1 .5 2 9

C h lo r o f o r m ........................... 1 .4 6 2 C a r b o n  m o n o x id e ........................ 0 .9 6 7 1

E t h e r ............................... ... 0 .7 1 4 E th a n e  ............................... ................. 1 .0 4 9 3

E th y l a l c o h o l ..................... 0 .8 1 6 E t h y l e n e ............................................ 0 .9 7 4 9

G ly c e r in .................................. 1 .2 6 0 H y d r o g e n ............................................ 0 .0 6 9 5 2

M e th y l a l c o h o l ................. 0 .7 9 2 H y d r o g e n  s u l f i d e ........................ 1 .1 9

T r ic h lo r o e th y le n e  . . . . 1 .4 5 5 M e t h a n e ............................................ 0 .5 5 4 4

W a te r  a t  4 “ C ..................... 1 O x y g e n ................................................

P r o p a n e ............................................

1 .1 0 5 2 7

1 .55 4
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PHYSICAL PROPERTIES OF METALS

N a m e S y m b o l S p e c if ic
g ra v i ty

M e lt in g  
p o in t  ; 
C C )

B r in e ll
h a rd n e s s

M o h s
s c a le

A l u m i n i u m ................. A l 2.7 6 6 0 16 2 .5

A n t i m o n y ..................... S b 6 .7 631 - 3 .2

B is m u lh  . . . . . . . . Bi 9 .7 5 271 - 2 .5

C a d m iu m ..................... C d 8 .6 5 321 2 3 2

C h r o m i u m ................. C r 7 .1 9 1 8 9 0 7 0 -1 3 0 9

C o b a l l ........................... C o 8 .9 1 4 9 5 124 -

C o p p e r  ........................ C u 8 .9 4 1 0 8 3 - 2 .5

G o l d ............................... A u 1 9 .3 2 1 0 6 3 - 2 .5

I r o n .................................. F e 7 .8 8 1 5 3 5 77 4 .5

L e a d ............................... P b 1 1 .3 4 3 2 7 4 1.5

M a g n e s iu m ................. M g i .7 4 6 5 ! 2 9 2

M a n g a n e s e ................. M n 7 .2 1 2 6 0 - 5

M e r c u r y  ......................... H g 1 3 .5 5 -3 9 - -

M o ly b d e n u m .............. M o 10 .2 2 6 2 0 1 5 0 -2 0 0 -

N i c k e l ................. N i 8 .9 1 4 5 5 1 1 0 -3 0 0 _

P la l i n i u r n ..................... P i 2 1 .4 5 1 7 7 4 64 4 .3

S i l v e r ............................... A g 10 .5 961 - 2 .5 -7

T i n .................................. S n 7 .3 2 3 2 - 1.7

T i t a n iu m ........................ T i 4 .5 1 8 0 0 - -

T u n g s t e n ..................... W 1 9 .3 3 3 7 0 3 5 0 -

V a n a d iu m .  . . . . . . V 5 .9 6 1 7 1 0 - -

Z in c .................................. 2 n 7 .1 4 4 1 9 - 2 .5
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BUOYANCY FACTOR. BUOYANCY  
(Steel specific gravity = 7.85)

M u d  d e n s ity F a c to r
k

M u d  d e n s ity F a c to r
k

( k g / l ) ( lb /g a l) (Ib /c u .fS ) ( k g / ! ) ( lb /g a l) ( lb / f ! 3 )

1.00 8 .3 5 62 .4 0 .8 7 3 1.62 1 3 .5 2 1 0 1 .2 0 .7 9 3
1.02 8.51 63 .7 0 .8 6 9 1.64 1 3 .6 8 102 .4 0 .79 1
1.04 8 .6 8 6 4 .9 0 .8 6 7 1.66 1 3 .8 5 1 0 3 .7 0 .7 8 9
1.06 8 .8 5 6 6 .2 0 .8 6 4 1.68 1 4 .0 2 1 0 4 .9 0 .7 8 6
1.0S 9 .0 1 6 7 .4 0 .8 6 2 1.70 14 .1 8 1 0 6 .2 0 .7 8 3
1.10 9 .1 8 6 8 .7 0 .8 5 9 1.72 1 4 .3 5 1 0 7 .4 0 .78 1
1.12 9.31 6 9 .9 0 .8 5 7 1.74 1 4 .5 2 1 0 8 .7 0 .7 7 9
1.14 9.51 7 1 .2 0 .8 5 4 1.76 1 4 .6 8 1 0 9 .9 0 .7 7 6
1.16 9 .6 8 7 2 .4 0 .8 5 2 1.78 1 4 .8 5 1 1 1 .2 0 .7 7 3
1.18 9 .8 5 7 3 .7 0 .8 4 9 1.80 1 5 .0 2 1 1 2 .4 0 .7 7 1
1.20 10.01 7 4 .9 0 .8 4 7 1.82 1 5 .1 8 1 1 3 .7 0 .7 6 8
1.22 1 0 .1 8 7 6 .2 0 .8 4 4 1.84 15 .3 5 1 1 4 .9 0 .7 6 5
1.24 1 0 .3 5 7 7 .4 0 .8 4 2 1.86 1 5 .5 3 1 1 6 .2 0 .7 6 3
1.26 1 0 .5 2 7 6 .7 0 .8 3 9 1.88 15 .0 9 1 17 .4 0 .7 6 0
1.28 1 0 .6 8 7 9 .9 0 .8 3 7 1.90 1 5 .8 6 1 1 8 .7 0 .7 5 8
1.30 1 0 .8 5 8 1 .2 0 .8 3 4 1.92 1 6 .0 2 1 1 9 .9 0 .7 5 5
1.32 1 1 .0 2 8 2 .4 0 .8 3 2 1.94 16 .1 8 1 2 1 .2 0 .7 5 2
1.34 1 1 .1 8 8 3 .7 0 .8 2 9 1.96 1 6 .3 6 1 22 .4 0 .7 4 9
1.36 1 1 .3 5 8 4 .9 0 .8 2 7 1.98 1 6 .5 3 1 2 3 .7 0 .7 4 7
1.36 1 1 .5 2 8 6 .2 0 .8 2 4 2.00 1 6 .6 9 1 2 4 .9 0 .7 4 5
1.40 1 1 .6 8 8 7 .4 0 .8 2 2 2.02 1 6 .8 6 1 2 6 .2 0 .7 4 2
1.42 1 1 .8 5 8 8 .7 0 .8 1 9 2.04 1 7 .0 2 1 2 7 .4 0 .7 3 9
1.44 1 2 .0 2 8 9 .9 0 .8 1 7 2.06 1 7 .1 8 1 2 8 .7 0 .7 3 7
1.46 1 2 .1 8 9 1 .2 0 .8 1 4 2.08 1 7 .3 6 1 2 9 .9 0 .7 3 4
1.48 1 2 .3 5 9 2 .4 0 .8 1 2 2.10 1 7 .5 3 1 3 1 .2 0 .7 3 2
1.50 1 2 .5 2 9 3 .7 0 .8 0 9 2.12 17 .6 9 1 32 .4 0 .7 2 9
1.52 1 2 .6 8 9 4 .9 0 .8 0 7 2.14 17 .8 6 1 3 3 .7 0 .7 2 7
1.54 1 2 .8 5 9 6 .2 0 .8 0 4 2.16 18 .0 2 1 3 4 .9 0 .7 2 5
1.56 1 3 .0 2 9 7 .4 0 .80 1 2.18 1 8 .1 9 1 3 6 .2 0 .7 2 2
1.58 1 3 .1 8 9 8 .7 0 .7 9 8 2.20 1 8 .3 6 1 3 7 .4 0 .7 1 9
1.60 13 .3 5 9 9 .9 0 .7 9 6 2 .22 1 8 .5 4 1 3 8 .7 0 .7 1 7

k =  1
M u d  d e n s ity  

S te e l d e n s ity

Calculation of apparent 
string weight in mud

A p p a re n t w e ig h t =  R ea l w e ig h t -  B u o y a n c y
Real w e ig h t x  M ud density

B uoyancy =  ---------------------------------------------------
S teel density

h e n c e :

A p p a re n t w e igh ! =  Real w e igh t
Steel d e n s ity -  M ud  density  

Steel density

A p p a re n t w e ig h t =  R ea l w e ig h t x  B u o y a n c y  fa c to r

E xa m p le  : S tee l w e ig h t o f a  s tr in g  =  125 t.
M ud  d e n s ity  =  1.18 kg /l.

A p p a re n t w e ig h t o f  s tr in g  =  125 x  0 .849 =  106.1 t.
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API STEEL GRADES AND PROPERTIES  
(APi Spec 5D - 7)

Y ie ld  s t r e n g th M in im u m

M in im u m M a x im u m
te n s ile

s t re n g th

(p s i) (M P a ) (p s i) (M P a ) (p s i) (M P a )

D rill pipe

S te e l g r a d e :

£ 7 5 ...................................................
X 9 5 .............. .....................................

G 1 0 5 ................................................
S 1 3 5 ....................................................

7 5  0 0 0  
9 5  0 0 0  

1 0 5  0 0 0  

1 3 5  0 0 0

5 1 5

6 5 5
7 2 5

9 3 0

1 0 5 0 0 0  
1 2 5  0 0 0  

1 3 5  0 0 0  
1 6 5  0 0 0

7 2 5
8 6 0

9 3 0

1 1 4 0

1 0 0  0 0 0  
1 0 5  0 0 0  

1 1 5  0 0 0  
1 4 5 0 0 0

6 9 0
7 2 5

7 9 0
1 0 0 0

T o o l  j o i n t s ................................................... 1 2 0  0 0 0 8 3 0 - - U 0  0 0 0 9 7 0

D rill collars and cro ss-o ve r sub

O u ts id e  d ia m e te r  ( i n ) :

3  1 /6  to  6  7 / 8 ........................... 1 1 0  0 0 0 7 6 0 1 4 0  0 0 0 9 7 0

7  t o  1 0 ............................................ 1 0 0  0 0 0 6 9 0 — • — 1 3 5  0 0 0 9 3 0
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PROPERTIES OF NON-API SPECIAL H?S STEELS  
FOR DRILL PIPES

H 2S
s le e t

g r a d e

Y ie ld  s t re n g th M in im u m M a x im u m

M in im u m M a x im u m
te n s ile

s tre n g th
R o c k w e ll
h a rd n e s s

(p s i) (M P a ) (p s i) (M P a ) (p s i) (M P a ) H R C

3O
D P -8 0  V H ................. 8 0  0 0 0 5 5 0 9 5  0 0 0 6 5 5 9 5  0 0 0 6 5 5 2 2 .0

TO
> D P -9 5  V H ................. 9 5  0 0 0 6 5 5 1 1 0  0 0 0 7 6 0 1 0 5  0 0 0 7 2 5 2 5 .4

M W -C E -7 5 ................. 7 5  0 0 0 5 1 5 9 0  0 0 0 6 2 0 9 5  0 0 0 6 5 5 2 2 .0

Cc
(8 M W -C X -9 5 ................. 9 5  0 0 0 6 5 5 1 1 0  0 0 0 7 6 0 1 0 5  0 0 0 7 2 5 2 8 .0

C
e T h e s e  d r i l l  p ip e s  a re  e q u ip p e d  w i th  s p e c ia l  g r a d e  t o o l  j o i n t s :

2
S p e c ia l  H 2S g r a d e  
o f  to o !  jo in t s .  . . . 9 5  0 0 0 6 5 5 1 1 0 0 0 0 7 6 0 !  0 5  0 0 0 725 2 8 .0
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API DRILL PIPE LIST 
AND BODY AND UPSET GEOM ETRY  

(API Spec 5D)

N om in a l
dia m e te r

N
o

m
in

a
l 

w
e

ig
h

t 
(I

D
/I

t) “  o
™ =  o ?
5 . s - § £

In
si

de
 

d
ia

m
e

te
r 

ol
 

pi
pe

 
b

o
d

y
 

(m
m

)

S teel
g ra d e

U p sst

IU E U ie u

(in ) (m m )
O D

(m m )
ID

(m m )
O D

(m m )
ID

(m m )
O D

(m m )
ID

(m m )

2  3/8 
2  3/8

6 0 .3
60.3

6.65
6 .65

7.11
7.11

46.1
46.1 X -G -S -

- 67.5
6 7.5

46.1
39.7 z -

2  7/8 
2  7/8

73.0
73.0

10.40
10.40

9.19
9.19'

54.6
54.6 X -G -S

73.0
73.0

3 3 .3
41.4

8 1.8
8 2.6

5 4.6
4 9.2 z

3  1/2 88.9 9.50 6 .45 7 6.0 € 88 .S 5 7 .2 97.1 7 6 .0 - -

3  1/2 
3  1/2

88.9
88.9

13.30
13.30

9 .35
9 .35

70.2
70.2 X -G -S

6 8.9
8 8.9

4 9.2
4 9.2

97.1
101.6

66.1
63.5

-
-

3  1/2 
3  1/2

88.9
88.9

15.50
15.50

11.40
11.40

66.1
66.1 X -G -S

8 8.9 4 9.2 97.1
101.6

66.1
6 3.5 96.0 49.2

4 ' 101.6 11.85 6.65 88.3 £ 101.6 76.4 114.3 6 8.3 - -

4
ro t .e
101.6

<4.00
14.00

6 .38
8 .38

84 .8
8 4.8

£
X -G -S

105.6
101.6

6 9 .8
6 6.8

114.3
117.5

34 .8
77.8 Z -

4 1/2* ! 14.3 13.75 6 .88 100.5 £ 114.3 85.7 127.0 100.5 - -

4 1/2 
4 1/2

114.3
114.3

16.60
16.60

8 .56
8 .56

9 7.2
97.2

e
X -G -S

-
-

127.0
131.8

97.2
90.5

118.3
118.3

80.2
73.0

4 1/2 
4 1/2

114.3
114.3

20 .00
20 .00

10.92
10.92

92.5
92.5 X -G -S

-
-

127.0
131.8

9 2.5
8 7.3

121.4
121.4

76.2
71.5

5‘ 127.0 16.25 7 .52 5 12.0 E 127.0 9 5.2 - - - -

S
5

527.0
127.0

19.50
19.50

9 .19
9 .19

108.6
108.6

E
X -G -S

- -
546 1 100

131.8
131.8

93.7
90.5

5 127.0
127.0

25 .60
25 .60

12.70
12.70

101.6
101.6 X -G -S

_
149.2 96.9

131.8
131.8

87.3
84.2

5  1/2 
5  1/2

139.7
139.7

21 .90
21 .90

9.17
9.17

125.4
121.4 X -G -S

~ z - Z 141.3
141.3

101.6
96.9

5  1/2 
5 1/2

139.7
139.7

2 4 .70
2 4 .7 0 .

10.54
50.54

118.6
118.6

E
X -G -S

-
-

- Z 145.3
141.3

101.6
9 6 .9

6  5/8 168.3 25 .20 8 .3 8 151.5 E N o n -A P I

■ T e n ta tive  d im e n s io n s  a n d  w e ights, 

m m  *  0.0394 =  in
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INSPECTION STANDARDS  
Zones and color code identification 
(API RP7G, 12th Edition, May 1987)

I D E N T I F I C A T I O N  O F  L E N G T H S  C O V E R E D  
B Y  I N S P E C T I O N  S T A N D A R D S

L e n g ih  c o v e r e d  
u n d e r  too l jo in t  

in s p e c t io n  s t a n d a rd
C a u t io n : le n g ih  n o t c o v e re d  

b y  in s p e c t io n  s ta n d a rd s

L e n g i h  c o v e r e d  
u n d e r  to o l Jo in t 

in s p e c t io n  s t a n d a rd

—
—

L e n g t h  c o v e re d  
u n d e r  to o l jo in t  

in s p e c t io n  s t a n d a rd

L e n g th  c o v e re d  u n d e r  d r i l l  p ip e  
c la s s if ic a tio n  s y s te m

C a u t io n  :  le n g t h  n o t c o v e r e d  
b y  in s p e c t io n  s ta n d a rd s

L e n g th  c o v e re d  
u n d e r  to o l jo in t  

in s p e c t io n  s t a n d a rd

L e n g th  c o v e r e d  u n d e r  d r il l  p ip e  
c la s s if ic a t io n  s y s te m

D B i L i  P IP E  A N D  T O O L  J O I N T  C O L O R  
C O D E  I D E N T I F I C A T I O N

T o o l  jo in t  a n d  d r ill N u m b e r  a n d  c o lo r
p ip e  c la s s if ic a tio n o f b a n d s

P r e m iu m  C l a s s  .  .
C la s s  2  .........................
C l a s s  3 .........................
S c r a p  .............................

T o o l  jo in t C o lo r  of
c o n d it io n b a n d s

S c r a p  o r  s h o p
r e p a ir a b le  . ..................... .........................R e d
F ie ld  r e p a i r a b le  . . . .
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RECOMMENDED PRACTICE  
FOR MILL SLO T AND GROOVE METHOD  

OF DRILL STRING IDENTIFICATION  
(API RP 7G, 12th Edition, May 1987)

S ta n d a r d  w e ig h t  h ig h  s t r e n g t h  d r il l  p ip e  H e a v y  w e ig h t  h ig h  s t r e n g t h  d r il l  p ip e

tp B  “  pin long space length.
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RECOMMENDED PRACTICE  
FOR MILL S LO T AND GROOVE METHOD  

OF DRILL STRING IDENTIFICATION  
(API RP7G, 12th Edition, May 1987) 

(continued)

Drill p ip e  g ra d e  c o d e

Slanda/cJ gratSc-s H igh strength grades

Grade Symbol Grade Symbol

E ................................................ e 6 - 1 0 5 ......................................... G

C -7 5 ......................................... C S-S35 ......................................... S

V-150 ......................................... V

D rlil p ip e  w e ig h t  c o d e

1 4

Size 0 0 Nom inal W ell th ickness W eigh!
(in ) ( lb /ft) (in) co d e  num ber

2 3 /8 4.85 .190 1
6.65- .280 2

2 7/8 6.85 .217 1
. 10.40- .362 2

3 1 /2 9 50 .254 1
13.30' .368 2
15.50 .449 3

4 11.85 .262 1
14.00' .330 2
15.70 .380 3

4 1/2 13.75 .271 1
16.60' .337 2
20.00 .430 3
22.82 .500 4
24.66 .550 5
25.50 .575 6

5 16.25 .296 1
19.50* .362 2
25.60 .500 3

5 1 /2 19.20 .304 5
21.90- .361 2
24.70 .415 3

8 5/8 25.20' .330 2

’  D e s ig n a te s  s t a n d a r d  w e ig h t  t o r  d r i l l  p ip e  s iz e .
N o t e :  S ta n d a r d  w e ig h t  g r a d e  E d r i l l  p ip e  d e s ig n a te d  b y  a n  a s te r is k  { ' )  in  th e  d r i l l  p ip e  w e ig h t  
c o d e  w i l l  h a v e  n o  g r o o v e  o r  m i l le d  s lo t  f o r  id e n t i f ic a t io n .

. O ra c le  E  h e a v y  w e ig h t  d r i l l  p ip e  w i l l  h a v e  a  m i l le d  s lo t  o n ly ,  in  th e  c e n t e r  o f  th e  t o n g  s p a c e .
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B 13 59

M EC H A N IC A L PR O PER TIES O F DRILL PIPES
2 3/8 (4.85 lb/ft) and 2 3/8 (6.65 Ib/f!)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h t
( lb / f t )

C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
(D  

(1 0 3  d a N )

T o rs io n a l
s tre n g th

(2 )
(d a N .m )

B u rs t
p re s s u re

(3 )
(K P a )

C o lla p s e
p re s s u re

(3)
(K P a )

E 4 3 .5 6 5 0 7 2 .4 76.1

X 9 5 55 .1 8 2 0 9 1 .7 96 .4

G 1 0 5 61 9 0 0 1 0 1 .3 1 0 6 .6

S 1 3 5 7 8 .3 1 1 6 0 1 3 0 .0 1 3 1 .5

E 3 4 .2 5 1 0 6 6 .2 58 .9

X 9 5 4 3 .3 6 4 0 8 3 .8 70 .0

2  3 /8 4 .8 5 P re m iu m G 1 0 5 4 7 .9 7 1 0 92 .7 75 .1

S 1 3 5 6 1 .6 9 1 0 119.1 89.1

E 2 9 .7 4 4 0 5 7 .9 4 7 .2

X 9 5 3 7 .6 5 5 0 7 3 .4 55.1
It G 1 0 5 4 1 .5 6 1 0 81 .1 5 8 .5

S 1 3 5 5 3 .4 7 9 0 1 0 4 .2 6 6 .6

£ 6 1 .5 8 5 0 106 .7 1 0 7 .5

X 9 5 7 7 .9 1 0 7 0 135.1 13 6 .2
t G 1 0 5 86 .1 1 1 9 0 1 4 9 .3 15 0 .6

S 1 3 5 11 0 .7 1 5 3 0 1 9 2 .0 19 3 .6

E 4 7 .9 6 5 0 9 7 .6 9 2 .2

X 9 5 6 0 .7 8 3 0 1 2 3 .5 11 6 .9

2  3 /8 6 .6 5 P re m iu m G 1 0 5 67 .1 9 1 0 1 3 6 .6 129.1

S 1 3 5 8 6 .2 1 1 70 1 7 5 .6 16 6 .0

E 4 1 .3 5 6 0 8 5 .3 8 3 .7

X 9 5 5 2 .3 7 1 0 108.1 1 0 6 .0
II G 1 0 5 5 7 .8 7 8 0 11 9 .5 117.1

S 1 3 5 7 4 .4 1 0 1 0 15 3 .6 1 5 0 .6

(1 ) B a s e d  o n  u n i lo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  ll.
(2 ) B a s e d  o n  s h e a r  s t r e n g th  o f  5 7 .7 %  o f  m in im u m  y ie ld  s t r e n g th  a n d  u n ifo rm  w e a r  o f  2 0 %  fo r
P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II.
(3 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
d a N  x  2 .2 5  =  lb  d a N .m  x  7 .3 8  =  lb . f l  M P a  x  1 4 5  «  p s i



60 B 14

M EC H A N IC A L PR O PER TIES O F DRILL PIPES
2 7/8 (6.85 lb/ft) and 2 7/8 (10.40 Ib/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h t
( Ib / f t )

C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
(1 ) 

(1 0 3 d a N )

T o rs io n a l
s tre n g th

(2)
(d a N .m )

B u rs t
p re s s u re

(3)
(K P a )

C o lla p s e
p re s s u re

(3)
(K P a )

E 6 0 .5 1 1 0 0 6 8 .3 7 2 .2

X 9 5 7 6 .6 1 3 9 0 8 6 .5 89 .1

l G 1 0 5 8 4 .7 1 5 3 0 9 5 .6 9 6 .6

S 1 3 5 1 0 8 .9 1 9 7 0 1 2 2 .9 1 1 7 .6

E 4 7 .6 8 6 0 6 2 .5 5 2 .9

X 9 5 6 0 .3 1 0 9 0 79.1 6 2 .0

2  7 /8 6 .8 5 P re m iu m G 1 0 5 6 6 .6 1 2 0 0 8 7 .4 6 6 .3

S 1 3 5 8 5 .7 1 5 5 0 1 1 2 .4 7 7 .3

E 4 1 .3 7 4 4 5 4 .6 4 1 .7

X 9 5 5 2 .3 9 4 0 69 .2 4 8 .0

II G 1 0 5 5 7 .8 1 0 4 0 7 6 .5 5 0 .6

S 1 3 5 7 4 .3 1 3 4 0 9 8 .4 5 6 .0

E 9 5 .4 1 5 7 0 11 4 .0 1 1 3 .8

X 9 5 1 2 0 .8 1 9 9 0 1 4 4 .3 1 4 4 .2

6 1 0 5 1 3 3 .5 2 19 0 15 9 .5 1 5 9 .3

S 1 3 5 1 7 1 .7 2  8 2 0 205 .1 2 0 4 .9

E 74 .1 1 2 0 0 10 4 .2 9 8 .0

X 9 5 9 3 .8 1 5 2 0 1 3 2 .0 1 2 4 .2

2  7 /8 1 0 .4 0 P re m iu m G 1 0 5 103 .7 1 6 8 0 1 4 5 .8 1 3 7 .3

S 1 3 5 1 3 3 .4 2  16 0 18 7 .5 1 7 6 .5

E 6 3 .9 1 0 3 0 9 1 .2 8 9 .2

X 9 5 8 0 .9 1 3 0 0 1 1 5 .5 11 3 .0

G 1 0 5 89 .4 1 4 4 0 12 7 .6 1 2 4 .9

S 1 3 5 1 1 4 .9 1 8 5 0 164.1 1 6 0 .6

(1 ) B a s e d  o n  u n i fo r m  w e a r  o l  2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(2 ) B a s e d  o n  s h e a r  s t r e n g th  o f  5 7 .7 %  o i  m in im u m  y ie ld  s t r e n g th  a n d  u n i fo r m  w e a r  o f  2 0 %  fo r
P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(3 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
d a N  x  2 .2 5  =  lb  d a N .m  x  7 .3 8  =  Ib . f t  M P a  *  1 45  =  p s i



B 15 61

M EC H A N IC A L PR O PER TIES O F DRILL PIPES
3 1/2 (9.50 lb/ft) and 3 1/2 (13.30 lb/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h t
( lb / f t )

C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
( D  

(1 0 3 d a N )

T o rs io n a l
s tre n g lh

(2)
(d a N .m )

B u rs t
p re s s u re

(3 )
(K P a )

C o lla p s e
p re s s u re

(3)
(K P a )

E 8 6 .4 1 9 2 0 6 5 .6 6 9 .2

X 9 5 1 0 9 .5 2  4 3 0 8 3 .2 83 .1

G 1 0 5 1 2 1 .0 2  6 8 0 9 2 . 0 9 0 .0

S 1 3 5 1 5 5 .6 3  4 5 0 1 1 8 .2 1 0 8 .8

E 68 .1 1 5 0 0 6 0 .0 4 8 .9

X 9 5 8 6 .2 1 9 1 0 7 6 .0 5 7 .0

3  1 /2 9 .5 0 P re m iu m G 1 0 5 9 5 .3 2  1 10 CD o 6 0 .7

S 1 3 5 1 2 2 .5 2 7 1 0 108.1 6 9 .8

e 59 .1 1 3 0 0 5 2 .5 3 8 .2

X 9 5 7 4 .8 1 6 5 0 6 6 .5 4 3 .4

II G 1 0 5 8 2 .7 1 8 2 0 7 3 .6 4 5 .5

S 1 3 5 1 0 6 .3 2  3 5 0 9 4 .6 4 9 .2

E 1 2 0 .8 2  5 2 0 95.1 9 7 .3

X 9 5 153.1 3  19 0 1 2 0 .5 1 2 3 .3

1 G 1 0 5 1 6 9 .2 3  5 2 0 1 3 3 .2 1 3 6 .2

S 1 3 5 2 1 7 .5 4  5 3 0 1 7 1 .2 175.1

E 9 4 .4 1 9 5 0 8 7 .0 8 2 .9

X 9 5 1 1 9 .6 2  4 7 0 1 1 0 .2 1 0 4 .9

3  1 /2 1 3 .3 0 P re m iu m G 1 0 5 1 3 2 .2 2  7 2 0 1 21 .7 1 1 6 .0

S 1 3 5 1 7 0 .0 3 5 1 0 1 5 6 .6 149.1

E 8 1 .6 1 6 8 0 76.1 7 4 .9

X 9 5 1 0 3 .3 2  12 0 9 6 .4 9 4 .8

II G 1 0 5 1 1 4 .2 2  3 5 0 1 0 6 .6 10 3 .7

S 1 3 5 1 4 6 .8 3  0 2 0 1 3 7 .0 12 6 .9

(1 ) B a s e d  o n  u n i f o r m  w e a ;  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(2 ) B a s e d  o n  s h e a r  s t r e n g th  o f  5 7 .7 %  o f  m in im u m  y ie ld  s t re n g th  a n d  u n ifo rm  w e a r  o f  2 0 %  fo r
P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(3 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
d a N  x  2 .2 5  =  lb  d a N .m  x  7 .3 8  =  Ib . f t  M P a  x  14 5  «  p s i



62 B 16

MECHANICAL PROPERTIES OF DRILL PIPES
3 1/2 (15.50 ib/ft) and 4 (11.85 lb/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h t
( Ib / f t )

C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
CD 

(1 0 3 d a N )

T o rs io n a l
s tre n g th

(2)
(d a N .m )

B u rs t
p re s s u re

(3 )
(K P a )

C o lla p s e
p re s s u re

(3)
(K P a )

E 1 4 3 .6 2  8 6 0 116.1 1 1 5 .6

X 9 5 1 8 1 .9 3  6 2 0 1 4 7 .0 1 46 .5

I G 1 0 5 201 .1 4  0 0 0 1 6 2 .5 1 6 1 .9

3 1 3 5 2 5 8 .5 5  15 0 2 0 9 .0 208 .1

E 1 1 1 .5 2 1 9 0 106.1 9 9 .8

X 9 5 1 4 1 .2 2  7 7 0 1 3 4 .4 1 26 .4

3  1 /2 1 5 .5 0 P re m iu m G 1 0 5 156.1 3  0 6 0 1 4 8 .6 1 3 9 .7

S !3 5 2 0 0 .6 3  9 6 0 1 9 1 .0 1 7 9 .6

E 96 .1 1 8 7 0 9 2 .9 9 0 .8

X 9 5 1 2 1 .7 2  3 7 0 1 1 7 .6 1 1 5 .0

II G 1 0 5 1 3 4 .5 2  6 2 0 1 3 0 .0 1 2 7 .2

S 1 3 5 1 7 2 .9 3  3 7 0 1 6 7 .2 1 6 3 .5

E 1 0 2 .7 2  6 4 0 5 9 .3 5 8 .0

X 9 5 130.1 3  3 4 0 75 .1 6 8 .7

I G 1 0 5 1 4 3 .8 3  7 0 0 8 3 .0 7 3 .8

S 1 3 5 1 8 4 .8 4  7 5 0 1 0 6 .7 8 7 .2

E 8 1 .0 2  0 8 0 5 4 .2 3 9 .5

X 9 5 1 0 2 .6 2  6 3 0 68 .7 4 4 .7

4 1 1 .3 5 P re m iu m G 1 0 5 1 1 3 .4 2 9 1 0 7 5 .8 4 7 .0

S 1 3 5 1 4 5 .6 3  7 4 0 9 7 .6 5 1 .5

E 7 0 .3 1 8 0 0 4 7 .4 2 9 .7

X 9 5 89 .1 2  2 8 0 60 .1 3 2 .4

G 1 0 5 9 8 .5 2  5 2 0 66 .4 3 3 .6

S 1 3 5 1 2 6 .6 3  2 4 0 8 5 .4 37 .5

(1 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(2 )  B a s e d  o n  s h e a r  s t r e n g th  o f  5 7 .7 %  o f  m in im u m  y ie ld  s t r e n g th  a n d  u n ifo rm ,  w e a r  o f  2 0 %  fo r  
P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II.
(3> B a s e d  o n  u n ifo rm  w e a r  o f  2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II. 
d a N  x  2 .2 5  -  Ib  d a N .m  *  7 .3 8  =  Ib . f t  M P a  *  1 4 5  =  p s i



B 17 63

MECHANICAL PROPERTIES OF DRILL PIPES
4 (14 lb/ft) and 4 1/2 (13.75 lb/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h t
( lb / f t )

C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
(1 } 

(1 0 3 d a N )

T o rs io n a l
s tre n g th

(2)
(d a N .m )

B u rs t
p re s s u re

(3 )
(K P a )

C o lla p s e
p re s s u re

(3)
(K P a )

E 1 2 7 .0 3  1 6 0 7 4 .7 7 8 .2

X 9 5 1 6 0 .8 4  0 0 0 9 4 .6 99.1

I G 1 0 5 1 7 7 .8 4  4 2 0 1 0 4 .5 1 0 9 .6

S 1 3 5 2 2 8 .6 5  6 8 0 1 3 4 .4 139.1

E 9 9 .8 2  4 7 0 6 8 .3 6 2 .3

X 9 5 1 2 6 .4 3  1 2 0 8 6 .5 7 4 .3

1 4 .0 0 P re m iu m G 1 0 5 1 3 9 .7 3  4 5 0 9 5 .6 8 0 .0

S 1 3 5 1 7 9 .6 4  4 4 0 12 2 .9 9 5 .6

£ 8 6 .5 2  1 3 0 5 9 .7 5 0 .3

X 9 5 1 0 9 .5 2  7 0 0 7 5 .7 59.1

II G 1 0 5 1 2 1 .0 2  9 9 0 8 3 .6 6 3 .0

S 1 3 5 1 5 5 .6 3  8 4 0 1 0 7 .5 7 2 .5

E 1 2 0 .2 3 5 1 0 5 4 .5 4 9 .6

X 9 5 1 5 2 .2 4  4 5 0 6 9 .0 5 7 .9

I G 1 0 5 1 6 8 .2 4  9 2 0 7 6 .3 6 1 .7

S 1 3 5 2 1 6 .3 6  3 2 0 98 .1 71 .1

E 9 4 .9 2  7 7 0 4 9 .8 3 2 .5

X 9 5 1 2 0 .2 3  5 0 0 63.1 3 5 .6

4 1 /2 1 3 .7 5 P re m iu m G 1 0 5 1 3 2 .8 3  8 7 0 6 9 .8 3 6 .8

S 1 3 5 1 7 0 .8 4  9 8 0 8 9 .7 4 0 .7

E 8 2 .5 2  4 0 0 4 3 .6 2 3 .4

X 9 5 1 0 4 .5 3  0 4 0 5 5 .2 2 6 .5

G 1 0 5 1 1 5 .5 3  3 6 0 6 1 .0 2 7 .7

S 1 3 5 1 4 8 .4 4  3 2 0 7 8 .5 2 9 .6

(1 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II.
(2 ) B a s e d  o n  s h e a r  s t r e n g th  o f  5 7 .7 %  o f  m in im u m  y ie io ’ s t r e n g th  a n d  u n i fo r m  w e a r  o f  2 0 %  lo r
P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II.
(3 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II.
d a N  x  2 .2 5  =  Ib  d a N .m  x  7 .3 6  =  Ib . f t  M P a  *  1 4 5  =  p s i



64 B 18

M EC H A N IC A L P R O PER TIES O F DRILL PIPES
4 1/2 (16.60 lb/ft) and 4 1/2 (20.00 lb/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h !

( Ib / f t )
C la s s G ra d e

T e n s ile  
y ie ld  

s f re n g th  
(D  

<103 d a N )

T o rs io n a l
s tre n g th

(2 !
(d a N .m )

B u rs t
p re s s u re

{3 !
(K P a )

C o lla p s e
p re s s u re

<3)
SKPa)

E 147.1 4 1 80 6 7 .8 7 1 .6

X 9 5 18 6 .3 S 2 9 0 8 5 .8 8 7 .9

G 1 0 5 2 0 5 .9 5  8 5 0 9 4 .9 9 5 .3

S 1 3 5 2 6 4 .8 7 5 2 0 1 2 2 .0 T 15 .8

6 11 5 .7 3  2 7 0 6 2 .0 5 2 .0

X 9 5 14 6 .6 4 1 50 7 8 .5 6 1 .0

4  1 /2 16 .6 0 P re m iu m G JG 5 1 6 2 .0 4  5 8 0 8 6 .7 6 5 .2

S 1 3 5 2 0 8 .3 5  8 9 0 1 1 1 .5 7 5 .8

E 1 0 0 .4 2  8 3 0 5 4 .2 4 1 .0

X 9 5 12 7 .2 3  5 9 0 6 8 .7 47 .1

G 1 0 5 1 4 0 .6 3  9 7 0 7 5 .9 4 9 .5

S 1 3 5 1 8 0 .8 5  1 0 0 9 7 .6 5 4 .6

E 16 3 .5 5  0 0 0 8 6 .5 8 9 .3

X 9 5 2 3 2 .4 6  3 4 0 1 0 9 .5 1 1 3 .2

G 1 0 5 2 5 6 .9 7 0 1 0 121.1 125.1

S 1 3 5 3 3 0 .3 9  0 1 0 1 5 5 .7 1 6 0 .8

E 1 4 3 .7 3  8 9 0 7 9 . t 7 5 .7

X 9 5 18 2 .0 4 9 3 0 1 00 .1 9 5 .8

4  1 /2 2 0 .0 0 P re m iu m G 1 0 5 2 0 1 .2 5  4 4 0 1 1 0 .6 1 0 5 .8

S 1 3 5 2 5 8 .7 7  0 0 0 1 4 2 .3 1 2 9 .9

E 12 4 .3 3  3 6 0 6 9 .2 6 6 .4

X 9 5 1 57 .5 4  2 5 0 8 7 .6 8 0 .0

G 1 0 5 174.1 4 7 0 0 9 6 .8 8 6 .3

S 1 3 5 2 2 3 .8 6  0 4 0 1 2 4 .5 J 0 3 .6

(1 ) B a s e d  o n  u n i fo r m  w e a r  o f 2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(2 )  B a s e d  o n  s h e a r  s t r e n g th  o f  5 7 .7 %  o f m in im u m  y ie ld  s t r e n g th  a n d  u n i fo r m  w e a r  o f  2 0 %  fo r  
P re m iu m  c la s s  a n d  3 0 %  t o r  c la s s  II.
(3 )  B a s e d  o n  u n ifo rm  w e a r  o f  2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II. 
d a N  x  2 .2 5  =  Ib  d a N .rn  x  7 .3 8  =  Ib . f i  M P a  x  1 45  =  p s i



B 19 65

MECHANICAL PROPERTIES OF DRILL PIPES
5 (19.50 lb/ft) and 5 (25.60 lb/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h t
( lb / f t )

C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
(1 ) 

<103 d a N )

T o rs io n a l
s tre n g th

(2)
(d a N .m )

B u rs t
p re s s u re

(3 )
(K P a )

C o lla p s e
p re s s u re

(3)
(K P a )

E 1 7 6 .0 5  5 8 0 6 5 .5 6 8 .9

X 9 5 2 2 3 .0 7 0 7 0 8 3 .0 8 2 .8

l G 1 0 5 2 4 6 .4 7 8 1 0 9 1 .7 8 9 .6

S 1 3 5 3 1 6 .9 10 5 0 0 1 1 8 .0 1 0 8 .2

E 1 3 8 .6 4  3 8 0 5 9 .9 4 8 .7

X 9 5 1 7 5 .6 5  5 4 0 7 5 .8 5 6 .7

5 1 9 .5 0 P re m iu m G 1 0 5 194.1 6  1 30 8 3 .8 6 0 .4

S 1 3 5 2 4 9 .5 7 8 8 0 1 0 7 .8 6 9 .3

E 1 2 0 .3 3  7 9 0 5 2 .4 3 8 .0

X 9 5 1 5 2 .4 4  8 0 0 6 6 .4 4 3 .2

II G 1 0 5 1 6 8 .4 5 3 1 0 7 3 .4 4 5 .2

S 1 3 5 2 1 6 .5 6  8 3 0 9 4 .3 4 8 .9

E 2 3 9 .9 7 0 9 0 9 0 .4 93 .1

X 9 5 2 9 8 .8 8  9 8 0 1 1 4 .6 1 1 7 .9

I G 1 0 5 3 3 0 .3 9  9 2 0 1 2 6 .7 1 3 0 .3

S 1 3 5 4 2 4 .6 1 2 7 5 0 1 6 2 .8 1 6 7 .5

£ 1 8 4 .5 5  5 0 0 8 2 .7 7 9 .0

X 9 5 2 3 3 .7 6  9 6 0 1 0 4 .8 1 0 0 .0

5 2 5 .6 0 P re m iu m G 1 0 5 2 5 8 .3 7 7 0 0 1 1 5 .8 1 1 0 .6

S 1 3 5 3 3 2 .2 9  9 0 0 1 4 8 .9 1 4 1 .6

E 1 5 9 .6 4 7 4 0 72 .4 7 1 .3

X 9 5 2 02 .1 6  0 0 0 9 1 .7 87 .1

II 6 1 0 5 2 2 3 .4 6  6 3 0 1 01 .4 9 4 .4

S 1 3 5 2 8 7 .2 8  5 3 0 1 3 0 .3 1 14 .4

(1 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(2 ) B a s e d  o n  s h e a r  s t r e n g th  o f  5 7 .7 %  o f  m in im u m  y ie id  s i r e n g th  a n d  u n i fo r m  w e a r  o f  2 0 %  fo r
P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II.
(3 ) B a s e d  o n  u n ifo rm  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
d a N  x  2 .2 5  -  lb  d a N .m  x  7 .3 8  =  Ib . f !  M P a  x  1 45  =  p s i
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M EC H A N IC A L PR O PER TIES OF DRILL PIPES
5 1/2 (21.90 lb/ft) and 5 1/2 (24.70 lb/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h !
( lb / f t )

C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
(1 ) 

(1 0 3 d a N )

T o rs io n a l
s tre n g th

(2)
(d a N .m )

B u rs t
p re s s u re

(3 )
(K P a )

C o lla p s e
p re s s u re

(3 )
(K P a )

E 19 4 .5 6  8 8 0 5 9 .4 5 8 .2

X 9 5 2 4 6 .4 8 7 1 0 7 5 .2 6 8 .9

6 1 0 5 2 7 2 .3 9  6 3 0 83.1 7 4 .0

S 1 3 5 350 .1 1 2  3 8 0 10 6 .9 8 7 .6

E 1 5 3 .4 5 4 1 0 5 4 .3 39 .7

X 9 5 1 9 4 .3 6  8 5 0 6 8 .8 4 5 .0

5  1 /2 2 t , 9 0 P re m iu m G 1 0 5 2 1 4 .8 7  5 7 0 7 6 .0 4 7 .3

S 1 3 5 2 7 6 .2 9  7 3 0 9 7 .8 5 1 .8

E 1 3 3 .2 4 7 2 0 4 7 .5 2 9 .9

X 9 5 1 6 8 .8 5  9 4 0 6 0 .2 3 2 .6

I! G 1 0 5 1 8 6 .5 6  5 6 0 6 6 .5 33 .8

S 1 3 5 2 3 9 .8 8  4 4 0 8 5 .5 3 7 .7

E 2 2 1 .3 7  6 7 0 6 8 .5 72 .1

X 9 5 2 8 0 .3 9  7 2 0 8 6 .5 89 .1

I G 1 0 5 3 0 9 .8 1 0  7 4 0 9 5 .6 9 6 .5

S 1 3 5 3 9 8 .3 1 3 8 1 0 1 2 2 .9 1 1 7 .5

E 174.1 6 0 1 0 62 .4 5 2 .9

X 9 5 2 2 0 .6 7 6 1 0 79.1 6 2 .0

5  1 /2 2 4 .7 0 P re m iu m G 1 0 5 2 4 3 .8 8 4 1 0 8 7 .4 6 6 .3

S 1 3 5 3 1 3 .4 1 0 8 1 0 1 1 2 .4 7 7 .2

E 1 6 1 .0 5  2 0 0 5 4 .6 4 1 .7

X 9 5 1 9 1 .3 6  5 9 0 6 9 .2 4 8 .0
II G 1 0 5 2 1 1 .4 7 2 9 0 76 .5 5 0 .5

S 1 3 5 2 7 1 .9 9  3 7 0 9 8 .3 5 6 .0

(1 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(2 ) B a s e d  o n  s h e a r  s l r e n g th  o f  5 7 .7 %  o f  m in im u m  y ie ld  s t r e n g th  a n d  u n i fo r m  w e a r  o f  2 0 %  fo r
P re m iu m  c la s s  a n d  3 0 %  f o r  c la s s  II.
(3 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
d a N  x  2 .2 5  =  lb  d a N .m  *  7 .3 8  — lb . f t  M P a  x  1 45  =  p s i
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M ECHANICAL PROPERTIES OF DRILL PIPES
6 5/8 (25.20 lb/ft)

(API RP 7G)

N o m in a l
d ia m e te r

( in )

N o m in a l
w e ig h t

{ lb / f t )
C la s s G ra d e

T e n s ile  
y ie ld  

s t re n g th  
( D  

(1 0 3 d a N )

T o rs io n a l
s tre n g th

(2)
(d a N .m )

B u rs !
p re s s u re

(3)
(K P a )

C o lla p s e
p re s s u re

(3 !
(K P a )

E 2 1 7 .8 9  5 7 0 45.1 3 3 .2

X 9 5 2 7 5 .9 1 2  1 20 57.1 3 6 .6

G 1 0 5 3 0 4 .9 13 4 0 0 63.1 3 7 .8

S 1 3 5 392 .1 17 2 3 0 81.1 4 1 .6

E 1 72 8  2 0 0 4 1 .2 2 0 .2

X 9 5 2 1 8 1 0  4 4 0 5 2 .2 2 2 .4

6  5 /8 2 5 .2 0 P re m iu m G 1 0 5 2 4 2 11 5 2 0 5 7 .7 23.1

S 1 3 5 3 1 0 14 8 0 0 7 4 .2 2 3 .6

E 1 5 0 .0 6  5 8 0 36 .1 15 .4

X 9 5 1 9 0 .0 8  3 3 0 4 5 .7 1 6 .2

G 1 0 5 2 1 0 .0 9 2 1 0 5 0 .5 16 .2

S 1 3 5 2 7 0 .0 11 8 4 0 6 4 .9 16 .2

(1 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  f o r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(2 ) S a s e d  o n  s h e a r  s i r e n g th  o f  5 7 .7 %  o f  m in im u m  y ie ld  s t r e n g th  a n d  u n i fo r m  w e a r  o f  2 0 %  fo r
P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
(3 ) B a s e d  o n  u n i fo r m  w e a r  o f  2 0 %  fo r  P re m iu m  c la s s  a n d  3 0 %  fo r  c la s s  II.
d a N  x  2 .2 5  =  lb  d a N .m  x  7 .3 8  =  lb . f t  M P a  x  1 4 5  =  p s i
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THREAD DIMENSIONS OF ROTARY  
SHOULDERED CONNECTIONS  

(API Spec 7)

{S e e  F ig .  B  2 8 )  A l l  d im e n s io n s  in  m m
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c D l D l f D S L p c L b t L b c O c

+  N C 1 0 V -0 .0 5 5 6 1 2 .5 2 7 .0 3 0 .2 2 5 .5 38 .1 4 1 .3 5 4 .0 3 0 .6
+  N C 1 2 V -0 .0 5 5 6 1 2 .5 32 .1 3 5 .4 2 9 .8 44 .4 4 7 .6 6 0 .3 3 5 .7
+  N C 1 3 V -0 .0 5 5 6 1 2 .5 3 5 .3 3 8 .6 3 3 .0 4 4 .4 4 7 .6 6 0 .3 3 8 .9
+  N C 1 6 V -0 .0 5 5 6 1 2 .5 4 0 .9 44 .1 3 8 .5 4 4 .4 4 7 .6 6 0 .3 4 4 .5

N C 2 3 V -0 .0 3 8 R 4 1 6 .6 6 5 9 .8 65 .1 6 1 .9 5 2 .4 7 6 .2 7 9 .4 92 .1 6 6 .7
N C 2 6 * V -0 .0 3 8 R ■ 4 1 6 .6 6 6 7 .8 73 .1 6 9 .8 6 0 .4 7 6 .2 7 9 .4 92 .1 7 4 .6
N C 3 1 ‘ V -0 .0 3 8 R 4 1 6 .6 6 8 0 .0 86 ,1 8 3 .0 7 1 .3 8 8 .9 92 .1 1 0 4 .8 8 7 .7
N C 3 5 V -0 .0 3 8 R 4 1 6 .6 6 8 9 .7 9 5 .0 92 .1 79 .1 9 5 .2 9 8 .4 111.1 9 6 .8
N C 3 8 * V -0 .0 3 8 R 4 1 6 .6 6 9 6 .7 1 0 2 .0 9 8 .8 85 .1 1 0 1 .6 1 0 4 .8 1 1 7 .5 1 0 3 .6
N C 4 0 - V -0 .0 3 8 R 4 1 6 .6 6 1 0 3 .4 1 0 8 .7 1 0 5 .6 8 9 .7 1 1 4 .3 1 1 7 .5 13 0 .2 1 1 0 .3
N C 4 4 V -0 .0 3 8 R 4 1 6 .6 6 1 1 2 .2 1 1 7 .5 1 1 4 .3 9 8 .4 1 1 4 .3 1 1 7 .5 13 0 .2 119.1
N C 4 6 " V -0 .0 3 8 R 4 1 6 .6 6 1 1 7 .5 1 2 2 .8 1 1 9 .6 1 0 3 .7 1 1 4 .3 1 1 7 .5 13 0 .2 1 2 4 .6
N C 5 0 - V -0 .0 3 8 R 4 1 6 .6 6 128 .1 1 3 3 .4 1 3 0 .4 1 1 4 .3 1 1 4 .3 1 1 7 .5 . 13 0 .2 1 3 4 .9
N C 5 6 V -0 .0 3 8 R 4 2 5 .0 0 1 4 2 .6 1 4 9 .3 1 4 4 .9 1 1 7 .5 1 2 7 .0 1 3 0 .2 14 2 .9 1 5 0 .8
N C 6 1 V -0 .0 3 8 R 4 2 5 .0 0 1 5 6 .9 1 6 3 .5 1 5 9 .2 1 2 8 .6 1 3 9 .7 1 4 2 .9 15 5 .6 165.1
N C 7 0 V -0 .0 3 8 R 4 2 5 .0 0 179.1 1 8 5 .8 1 8 1 .4 14 7 .7 1 5 2 .4 1 5 5 .6 16 8 .3 1 8 7 .3
N C 7 7 V -0 .0 3 8 R 4 2 5 .0 0 1 9 6 .6 2 0 3 .2 1 9 8 .8 1 6 2 .0 1 65 .1 1 6 8 .3 1 8 1 .0 2 0 4 .8

2  3 / 8  R E G V -0 .0 4 0 5 2 5 .0 0 60.1 6 6 .7 — 4 7 .6 7 6 .2 7 9 .4 92 .1 6 8 .3
2  7 / 8  R E G V -0 .0 4 0 5 2 5 .0 0 6 9 .6 7 6 .2 — 5 4 .0 8 8 .9 92.1 10 4 .8 7 7 .8
3  1 /2  R E G V -0 .0 4 0 5 2 5 .0 0 8 2 .2 8 8 .9 — 65 .1 9 5 .2 9 8 ,4 111.1 9 0 .5
4  1 /2  R E G V -0 .0 4 0 5 2 5 .0 0 1 1 0 .9 1 1 7 .5 — 9 0 .5 1 0 8 .0 111.1 1 2 3 .8 119.1
5  1 /2  R E G V -0 .0 5 0 4 2 5 .0 0 1 3 2 .9 1 4 0 .2 — 110.1 1 2 0 .6 1 2 3 .8 13 6 .5 1 4 1 .7
6  5 / 8  R E G V -0 .0 5 0 4 1 6 .6 6 1 4 6 .2 1 5 2 .2 — 1 3 1 .0 1 2 7 .0 1 3 0 .2 14 2 .9 1 5 4 .0
7 5 / 8  R E G V -0 .0 5 0 4 2 5 .0 0 1 7 0 .5 1 7 7 .8 — 1 4 4 .5 1 3 3 .4 1 3 6 .5 14 9 .2 1 8 0 .2
8  5 / 8  R E G V -0 .0 5 0 4 2 5 .0 0 1 9 4 .7 2 0 2 .0 — 1 6 7 .8 1 3 6 .5 1 3 9 .7 15 2 .4 2 0 4 .4

5  1 /2  F H V -0 .0 5 0 4 1 6 .6 6 1 4 2 .0 1 4 8 .0 — 1 2 6 .8 1 2 7 .0 1 3 0 .2 14 2 .9 1 5 0 .0

N o te :  C o n n e c t io n s  m a rk e d  w ith  a  +  a re  te n ta tiv e .
(1 ) T h e  N C  c on ne ction  N o. is m e  pitch dia m e te r in inches of the  p in  threa d  at the g a g e  point (C ).  ro u n d e d  oft to units 

a n d  tenths o t a n  inch.
■ N C  con n e c tio n s  a re  in tercha n ge a ble  w ilh  c o nne ction s h a v in g  the sam e pitch diam eter in  the F H  a n d  IF  styles. Those 

c o nn e ctions differ o n ly  in the form  of the thread. Like the thread, the con n e c tio n s  a re  interchangeable

N C 2 6 2  3/8 IF
N C 3 1 2  7/B IF
N C 3 8 3  1/2 IF
N C 4 0 4 F H
N C 4 6 4  IF
N C 5 0 4  1/2 IF

m m  x  0 .0 3 9 4  =  in
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DIMENSIONS OF OBSO LETE  
SHOULDERED CONNECTIONS  

(API Spec 7, Appendix I)

(S e e  F ig .  B  2 8 ) A l l  d im e n s io n s  in  m m
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C 0 L D l f O s L P C l-B T L b c Q c

3  1 /2  FH V -0 .0 4 0 5 2 5 .0 0 9 4 .8 10 1 .4 _ 7 7 .6 9 5 .2 9 8 .4 111.1 1 0 2 .8
4  FH V -0 .0 6 5 4 16 .6 6 1 0 3 .4 10 8 .7 1 0 5 .6 8 9 .7 1 1 4 .3 11 7 .5 1 3 0 .2 1 1 0 .3
4 1 /2  FH V -0 .0 4 0 5 2 5 .0 0 115.1 12 1 .7 — 9 6 .3 1 0 1 .6 1 0 4 .8 1 1 7 .5 1 2 3 .8
6  5 /8  FH V -0 .0 5 0 1 6 .6 6 1 6 5 .6 17 1 .5 — 1 5 0 .4 1 2 7 .0 13 0 .2 1 4 2 .9 1 7 3 .8

2  3 /8  IF V -0 .0 6 5 4 1 6 .6 6 6 7 .8 73.1 6 9 .8 6 0 .4 7 6 .2 7 9 .4 92.1 7 4 .6
2  7 /8  IF V -0 .0 6 5 4 1 6 .6 6 8 0 .8 86.1 8 3 .0 7 1 .3 8 8 .9 92.1 1 0 4 .8 8 7 .7
3  1 /2  IF V -0 .0 6 5 4 1 6 .6 6 9 6 .7 1 0 2 .0 9 8 .8 85 .1 1 0 1 .6 10 4 .8 1 1 7 .5 1 0 3 .6
4  IF V -0 .0 6 5 4 1 6 .6 6 1 1 7 .5 1 2 2 .8 1 1 9 .6 1 0 3 .7 1 1 4 .3 11 7 .5 1 3 0 .2 1 2 4 .6
4 1 /2  IF V -0 .0 6 5 4 1 6 .6 6 128.1 13 3 .4 1 3 0 .4 1 1 4 .3 1 1 4 .3 11 7 .5 1 3 0 .2 1 3 4 .9
5  1 /2  IF V -0 .0 6 5 4 1 6 .6 6 1 5 7 .2 16 2 .5 _ 1 4 1 .3 1 2 7 .0 13 0 .2 1 4 2 .9 1 6 3 .9

mm X 0 0394 =  in



API THREAD FORMS AND DIMENSIONS 
(API Spec 7)
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A ll  d im e n s io n s  in  m m
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2 1 o - - Cresl Root

( D H II S r n ~  S rs  
U n~ Us

fen  — U s F v n ~  F cs F /n ~  F ts rtn =  Frs r

V -0 .0 3 8 R 16 .6 6 5 .5 3.1 1 .0 1.4 1.7 _ 1.0 0 .4

V -0 .0 3 8 R 2 6 .0 0 5.5 3.1 1 .0 1.4 1.7 _ 1.0 0 .4

V -0 .0 4 0 2 5 .0 0 4.4 3 .0 0 .5 0 .9 1 .0 — 0 .5 0 .4

V -0 .0 5 0 2 5 .0 0 5.5 3.7 0 .6 1.1 1.3 __ 0 .6 0 .4

V -0 .0 5 0 16 .6 6 5.5 3 .8 0 .6 1.1 1.3 — 0 .6 0 .4

V -0 .0 6 5  (2 ) 1 6 .6 6 5.5 2 .8 1.2 1.4 1.7 1.4 _ 0.4

{1 )  T a p e r  ( % )  e q u a l  8 .3 3  x  ta p e r  in  in / f t .

(2 ) O b s o le te  th re a d  fo rm ,  to  b e  re m o v e d  f ro m  th e  S ta n d a r d s  a t  a  la te r  d a te .

V -0 .0 3 8  R p ro d u c t  th re a d  fo rm

, T a p e r  h e re
L —  p ------- s h o w n

V -0 .0 4 0  a n d  V -0 .0 S 0  p ro d u c t  th re a d  fo rm V -0 .0 6 5  p ro d u c t  th re a d  fo rm  
O b s o le s c e n t.  T o  b e  re m o v e d  a t  a  la te r  d a te

m m  x  0 .0394 =  in
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CHARACTERISTICS OF SOME NON-API 
TO O L JO IN T THREADS

T h e  d im e n s io n s  in  th e  ta b le s  b e lo w  a re  g iv e n  o n ly  to  id e n t ify  th e  ty p e  o f 
th re a d . In  p a r t ic u la r ,  th e  jo in t  o u ts id e  a n d  in s id e  d ia m e te rs , th e  d ia m e te r  o f  th e  
c y lin d r ic a l p a r t  p o s s ib ly  tu rn e d  a t th e  b a s e  o f th e  p in , a n d  th e  le n g th s  o f th e  
th re a d e d  p a r ts ,  w h ic h  d if fe r ,  fo r  th e  sa m e  sh a p e , fro m  o n e  m a n u fa c tu re r  to  
a n o th e r ,  h a ve  n o t b e e n  in d ic a te d  b e lo w .

S iz e .
( in )

P in
B o x  

Q c  ( D  
(m m )

T a p e r
< % >

T h r e a d s /
in T h re a d

fo rm
M a k e -u p

to rq u e
(d a N .m )O l f  (1 ) 

(m m )
C

(m m )

E x t r a  H o le  (X H )  s ty le

2  7 /8 8 4 .5 7 9 .2 8 5 .3 1 6 .6 6 4 V -0 .0 6 5 7 6 0 -9 5 0
3  1 /2 9 6 .8 9 1 .5 9 8 .4 1 6 .6 6 4 V -0 .0 6 5 9 7 5 - 1 2 2 0

' 4  1 /2 1 2 2 .8 1 1 7 .5 1 2 4 .6 1 6 .6 6 4 V -0 .0 6 5 1 9 5 0 -2 4 4 0
5 1 3 3 .3 128.1 1 3 4 .9 1 6 .6 6 4 V -0 .0 6 5 2 1 4 0 -2 5 1 5

D o u b le  s t r e a m lin e  s ty le

3  1 /2 8 4 .5 7 9 .2 8 5 .3 1 6 .6 6 V -0 .0 6 5 5 7 0 -7 0 5
4 9 8 .7 9 3 .4 9 9 .6 1 6 .6 6 4 V -0 .0 6 5 8 7 0 -1 0 8 0

4  1 /2 10 8 .7 1 0 3 .4 1 1 0 .3 1 6 .6 6 4 V -0 .0 6 5 1 0 6 0 -1 3 3 0
5  1 /2 13 3 .3 128.1 1 3 4 .9 1 6 .6 6 4 V -0 .0 6 5 1 9 0 0 -2 3 7 0

S lim  H o le  (S H )  s ty le

2  7 /8 73 .1 6 7 .8 7 4 .6 1 6 .6 6 4 V -0 .0 6 5 3 9 0 - 4 9 0
3  1 /2 86.1 8 0 .8 8 7 .7 1 6 .6 6 4 V -0 .0 6 5 6 5 0 - 8 0 0

4 9 6 .8 9 1 .5 9 8 .4 1 6 .6 6 4 V -0 .0 6 5 8 7 0 - 1 0 8 0
4 1 /2 1 0 2 .0 9 6 .7 1 0 3 .6 1 6 .6 6 4 V -0 .0 6 5 1 0 6 0 -1 3 3 0

H u g h e s  H 9 0  s ty le

3  1 /2 1 0 4 .8 9 9 .8 1 0 6 .4 1 6 .6 6 3  1 /2 H 9 0 1 3 0 0 -1 6 3 0
4 1 1 4 .3 1 0 9 .3 1 1 5 .9 1 6 .6 6 3  1 /2 H 9 0 2 0 0 0 -2 4 5 0

4  1 /2 1 2 2 .8 1 1 7 .8 1 2 4 .2 1 6 .6 6 3  1 /2 H 9 0 2 2 0 0 -2 7 0 0

R e e d  W id e  O p e n  (W O ) s ty le

2  3 /8 7 1 .5 6 6 .2 7 2 .6 1 6 .6 6 4 V -0 .0 6 5 2 4 5 - 3 0 0
2  7 /8 8 4 .5 7 9 .3 8 5 .7 1 6 .6 6 4 V -0 .0 6 5 4 0 5 -5 1 5
3  1 /2 1 0 2 .0 9 6 .7 1 0 3 .6 1 6 .6 6 4 V -0 .0 6 5 7 3 0 - 9 2 0

4 1 2 2 .8 1 1 7 .5 1 2 4 .6 1 6 .6 6 4 V -0 .0 6 5 6 7 0 - 2 0 5 0
4  1 /2 1 3 3 .3 128.1 1 3 4 .9 1 6 .6 6 4 V -0 .0 6 5 9 0 0 - 2 3 7 0

( l )  id e n t ic a l  lo  th o s e  u s e d  to  d e f in e  th e  c h a r a c te r is t ic s  o f  A P I to o  jo in t  th re a d s , 

m m  x  0 .0 3 9 4  =  in  d a N .m  x  7 .3 8  =  Ib . f t
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CHARACTERISTICS OF SOME NON-API 
TO O L JO IN T THREADS  

(continued)

S ize
( in )

P in
8 o x  

O C  (1 ) 
(m m )

T a p e r
( % )

T h r e a d s /
in T h re a d

fo rm

M a k e -u p
to r q u e

(d a N .m )D l f  0 )  
(m m )

C
(m m )

A m e r ic a n  O p e n  H o le  (O H )  s ty le

2  3 /8 6 9 .8 65 .7 7 1 .4 12 .5 2 6 0 -  3 2 5
2  7 /8 7 9 .9 7 5 .8 8 1 .8 12 .5 4 S p e c ia l 4 9 0 -  6 1 0
3  1 /2 9 8 .8 9 4 .7 1 0 0 .4 1 2 .5 4 6 5 0 -  8 1 0
4 11 6 .3 1 1 2 .2 1 1 7 .9 1 2 .5 4 A m e r ic a n 1 5 2 0 -1 9 0 0
4  1 /2 12 4 .8 1 2 0 .7 1 2 6 .6 1 2 .5 1 1 7 0 -1 4 6 0

S ize
( in )

P in
T a p e r
( % )

T h re a d s /
in

H y d r i l
s p e c ia l
ih r e a d

M a k e -u p
to rq u e

(d a N .m )Ot F ( 1 )
(m m )

C
(m m )

H y d r i l  IF  s ty le

2  3 /8 7 1 .3 10 0 .0 4 .1 7 3 2  s te p s 5 1 5
2  7 /8 8 0 .8 10 0 .0 4 .1 7 3 2  s te p s 7 3 0
3  1 /2 9 7 .5 10 0 .0 4 .1 7 3 2  s te p s 8 9 5
4  1 /2 132.1 10 1 .6 4 .4 7 3 8  s te p s 3 5 5 0

H y d r i l  E IU  s ty le

3  1 /2 9 5 .0 10 7 .9 4 .1 7 3 2  s te p s 8 9 5
4 1 18 .4 10 9 .6 4 .1 7 3 2  s te p s 1 5 5 0
4  1 /2 1 2 0 .4 11 2 .7 4 .1 7 3 2  s te p s 1 5 5 0
5  1 /2 148 .2 13 9 .7 4 .1 7 2 2  s te p s 2 0 6 0

H y d r i l  S H  s ty le

2  7 /8 7 1 .3 10 0 .0 4 .1 7 3 2  s te p s 5 8 0
3  1 /2 8 0 .8 1 0 0 .0 4 .1 7 3 2  s te p s 7 3 0
4 9 7 .5 1 0 0 .0 4 .1 7 3 2  s te p s 8 9 5
4  1 /2 1 0 6 .5 1 0 4 .8 4 .1 7 3 2  s te p s 1 1 8 0
5  1 /2 132.1 1 0 1 .6 4 .1 7 3 2  s te p s 1 5 5 0

H y d r i l  F  s ty le

2  3 /8 4 8 .9 65 .1 4 .1 7 4 1 s te p 2 1 5
2  7 /8 60 .1 9 0 .5 4 .1 7 2  s te p s 3 6 5
3 1 / 2 7 1 .3 1 0 1 .6 4 .1 7 3 2  s te p s 5 8 0
4 8 4 .8 1 0 0 .0 4 .1 7 3 2 s te p s 7 3 0
4  1 /2 9 7 .5 1 0 0 .0 4 .1 7 3 2  s te p s 8 9 5
5  1 /2 1 1 8 .4 1 0 6 .4 4 .1 7 3 2  s te p s 1 5 5 0

(1 ) Id e n t ic a l  to  th o s e  u s e d  to  d e f in e  th e  c h a r a c te r is t ic s  o f  A P I t o o l  jo in ;  th re a d s .

m m  x  0.0394 =  in  daN .m  x  7 .38 =  lb .ft
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ROTARY SHOULDERED CONNECTION INTERCHANGE LIST

C o m m o n
n a m e

P in  b a s e  
d ia m e te r  
ta p e re d  

D l  
(m m )

T h re a d s T a p e r T h re a d
fo rm

(D

S a m e  a s

S ty le S ize in ( % )
o r  in te r c h a n g e s  w ith  

(2 )

2  3 /8 73 .1 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

2  7 /8  S l im  H o le  
NC26

2  7 /8 86 .1 4 1 6 .6 6 V -0 .0 6 5
(V -Q .0 3 8 R )

3  1 /2  S l im  H o le  
NC31

In te r n a l
F lu s h

3  1 /2 1 0 2 .0 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

4  1 /2  S l im  H o le  
NC38

(IF )
1 2 2 .8 4 1 6 .6 6 V -0 .0 6 5

(V -0 .0 3 8 R )
4  1 /2  E x t ra  H o le  
NC38

4  1 /2 13 3 .4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

5  E x t r a  H o le  
NC50
5  1 /2  D o u b le  S t r e a m lin e

F u ll H o le  
(F H j

4 10 8 .7 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

4  1 /2  D o u b le  S t r e a m lin e  
NC4D

2  7 /8 8 4 .5 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

3  1 /2  D o u b le  S t r e a m lin e

E x tra
H o le

3  1 /2 9 6 .8 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

4  S lim  H o le  
4  1 /2  E x te r n a l  F lu s h

(X H )
EH

4  1 /2 1 2 2 .8 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

4  I n te r n a l  F lu s h  
NC46

5 1 3 3 .4 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

4  1 /2  In te r n a l  F lu s h  
NC50
5  1 /2  D o u b le  S t r e a m lin e

2  7 /8 73 .1 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

2  3 /8  I n te r n a l  F lu s h  
NC26

S lim
3  1 /2 86 .1 4 1 6 .6 6 V -0 .0 6 5

(V -0 .0 3 8 R )
2  7 /8  I n te r n a l  F lu s h  
NC31

H o le
(S H ) 9 6 .8 4 1 6 .6 6 V -0 .0 6 5

(V -0 .0 3 8 R )
3  1 /2  E x t r a  H o le
4  1 /2  E x te r n a l  F lu s h

4  1 /2 1 0 2 .0 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

3  1 /2  I n te r n a l  F lu s h  
NC38

(1 ) C o n n e c t io n s  w i th  tw o  th r e a d  fo rm s  s h o w n  m a y  b e  m a c h in e d  w ith  e i th e r  th r e a d  fo rm  w ith o u t  
a f fe c t in g  g a g in g  o r  in te r c h a n g e a b i l i t y .
(2 ) N u m b e re d  c o n n e c t io n s  (N C ) m a y  b e  m a c h in e d  o n iy  w ith  th e  V -0 .0 3 8  ra d iu s  th r e a d  fo rm .

m m  x  0 .0 3 9 4  —  in
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ROTARY SHOULDERED CONNECTION INTERCHANGE LIST 
(continued)

C o m m o n
n a m e

P in  b a s e  
d ia m e te r  
ta p e re d  

D l  
(m m )

T h re a d s T a p e r T h re a d
fo rm

( D

S a m e  a s  
o r  in te r c h a n g e s  w ith  

(2 )S ty le S ize in ( % )

3  1 /2 8 4 .5 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

2  7 /8  E x t ra  H o le

D o u b le
S tre a m lin e

4  1 /2 1 0 8 .7 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

4 F u l l  H o le  
NC40

(D S L )
5  1 /2 133 .4 4 1 6 .6 6 V -0 .0 6 5

(V -0 .0 3 8 R )
4 1 /2  I n te r n a l  F lu s h
5  E x t ra  H o le  
NC50

26 73.1 4 1 6 .6 6 V -0 .0 3 8 R 2  3 / 8  I n te r n a l  F lu s h  
2  7 /8  S lim  H o le

31 8 6  1 1 6 .6 6 V -0 .0 3 8 R 2  7 /8  I n t e r n a l  F lu s h
3  1 /2  S l im  H o le

N u m b e r e d
38 1 0 2 .0 4 1 6 .6 6 V -0 .0 3 8 R 3  1 /2  I n t e r n a l  F lu s h

4 1 /2  S l im  H o le

C o n n e c t io n
(N C ) 40 1 08 .7 4 1 6 .6 6 V -0 .0 3 8 R 4  F u l l  H o le

4  1 /2  D o u b le  S t r e a m lin e

46 1 2 2 .8 4 1 6 .6 6 V -0 .0 3 8 R 4  In te r n a l  F lu s h  
4  t / 2  E x t ra  H o fe

50 1 3 3 .4 4 1 6 .6 6 V -0 .0 3 8 R 4  1 /2  I n te r n a !  F lu s h
5  E x t ra  H o le
5  1 /2  D o u b le  S t r e a m lin e

E x te r n a l
F lu s h
(E F )

4  1 /2 9 6 .8 4 1 6 .6 6 V -0 .0 6 5
(V -0 .0 3 8 R )

4  S lim  H o le  
3  1 /2  E x t ra  H o le

(1 ) C o n n e c t io n s  w ith  tw o  th r e a d  fo r m s  s h o w n  m a y  b e  m a c h in e d  w ith  e ith e r  th r e a d  fo r m  w ith o u t  
a f fe c t in g  g a g in g  o r  in te r c h a n g e a b i l i t y .
(2 ) N u m b e re d  c o n n e c t io n s  (N C ) m a y  b e  m a c h in e d  o n ly  w i th  th e  V -0 .0 3 8  r a d iu s  th r e a d  fo rm .

m m  x  0 .0 3 9 4  =  in
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CYLINDRICAL DRILL COLLARS  
Dimensions and threads (API Spec 7)

D ril l 
c o l la r  N o . (1 )

O u ts id e
d ia m e te r

D
B o re  d L e n g th  

+  0 .1 5  
L 

(m )

D ia m e te r  
a !  

b e v e l 
+  0 .4 

Of  
(m m )

BS R

(in ) (m m )
+  1 /1 6  
-  0

( in )

+  1.6 
-  0
(m m )

N C 2 3 - 3 1 ............................ 3  1 /8 7 9 .4 1 1 /4 3 1 .8 9 .1 7 6 .2 2 .5 7
N C 2 6 -3 5  (2  3 /8  IF ) . . 3  1 /2 8 8 .9 1 1 /2 38 .1 9.1 8 2 .9 2 .4 2
N C 3 1 -4 1  (2  7 /8  I F ) . . 4  1 /8 1 0 4 .8 2 5 0 .8 9.1 1 0 0 .4 2 .4 3
N C 3 5 -4 7  ............................ 4  3 /4 1 2 0 .7 2 5 0 .8 9.1 1 1 4 .7 2 .5 8
N C 3 8 -5 0  (3  1 /2  I F ) . . 5 1 2 7 .0 2  1 /4 5 7 .2 9 .1 1 2 1 .0 2 .3 8
N C 4 4 -6 0  ........................... 6 1 5 2 .4 2  1 /4 5 7 .2 9 .1  o r  9 .4 1 4 4 .5 2 .4 9
N C 4 4 -6 0  ........................... 6 1 5 2 .4 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 1 4 4 .5 2 .8 4
N C 4 4 -6 2  ........................... 6  1 /4 1 5 8 .8 2  1 /4 5 7 .2 9 .1  o r  9 .4 1 4 9 .2 2 .91
N C 4 6 -6 2  (4  I F ) .............. 6  1 /4 1 5 8 .8 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 1 5 0 .0 2 .6 3
N C 4 6 -6 5  (4  I F ) .............. 6  1 /2 165.1 2  1 /4 5 7 .2 9 .1  o r  9 .4 1 5 4 .8 2 .7 6
N C 4 6 -6 5  (4  I F ) .............. 6  1 /2 165.1 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 1 5 4 .8 3 .0 5
N C 4 6 -6 7  (4  I F ) .............. 6  3 /4 1 7 1 .5 2  1 /4 5 7 .2 9 .1 o r  9 .4 1 5 9 .5 3 .1 8
N C 5 0 -7 0  (4  1 /2  IF ) . . 7 1 7 7 .8 2  1 /4 5 7 .2 9 .1  o r  9 .4 1 6 4 .7 2 .5 4
N C 5 0 -7 0  (4  1 /2  IF ) . . 7 1 7 7 .8 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 1 6 4 .7 2 .7 3
N C 5 0 -7 2  (4  1 /2  IF ) . , 7  1 /4 1 8 4 .2 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 1 6 9 .5 3 .1 2
N C 5 6 -7 7  ........................... 7  3 /4 1 9 6 .9 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 1 8 5 .3 2 .7 0
N C 5 6 -8 0  ........................... 8 2 0 3 .2 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 190.1 3 .0 2
6  5 /8  R E G ........................ 8  1 /4 2 0 9 .6 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 1 9 5 .7 2 .9 3
N C 6 1 - 9 0 ........................... 9 2 2 8 .6 2  1 3 /1 6 7 1 .4 9 .1  o r  9 .4 2 1 2 .7 3 .1 7
7  5 /8  R E G ........................ 9  1 /2 2 4 1 .3 3 7 6 .2 9 .1  o r  9 .4 2 2 3 .8 2 .81
N C 7 0 -9 7  ........................... 9  3 /4 2 4 7 .7 3 7 6 .2 9 .1  o r  9 .4 2 3 2 .6 2 .5 7
N C 7 0 -1 0 0  ........................ 10 2 5 4 .0 3 7 6 .2 9 .1  o r  9 .4 2 3 7 .3 2.81
N C 7 7 - 1 1 0 ........................ 11 2 7 9 .4 3 7 6 .2 9 .1 o r  9 .4 2 6 0 .7 2 .7 8

(1 ) T h e  d r i l l  c o l la r  n u m b e r  c o n s is ts  o f  tw o  p a r ts  s e p a ra te d  b y  a  h y p h e n .  T h e  f i r s t  p a r t  is  th e  
c o n n e c t io n  n u m b e r  in  t h e - N C  s ty le . T h e  s e c o n d  p a r t ,  c o n s is t in g  o f  2  ( o r  3 )  d ig i ts ,  in d ic a te s  th e  
d r i l l  c o l la r  o u ts id e  d ia m e te r  in  u n i ts  a n d  te n th s  o f  in c h e s .  T h e  c o n n e c t io n s  s h o w n  in  p a re n th e s e s  
in  C o l.  1 a re  n o t  a  p a r t  o f  th e  d r i l l  c o l la r  n u m b e r ;  th e y  in d ic a te  im e r c h a n g e a b i l i t y  o f  d r i l l  c o l la r s  
m a d e  w i th  th e  s ta n d a r d  (N C )  c o n n e c t io n s  a s  s h o w n .  If th e  c o n n e c t io n s  s h o w n  in  p a re n th e s e s  in  
c o lu m n  1 a re  m a d e  w ith  th e  V -0 .0 3 8 R  th r e a d  fo r m  th e  c o n n e c t io n s ,  a n d  d r i l l  c o l la r s ,  a re  id e n t ic a l  
w ith  th o s e  in  th e  N C  s ty le . D r i l l  c o l la r s  w i th  8  1 /4  a n d  9  1 /2  in c h e s  o u ts id e  d ia m e te rs  a re  s h o w n  
w ith  6  5 /8  a n d  7  5 /8  R E G  c o n n e c t io n s ,  s in c e  th e re  a r e  n o  N C  c o n n e c t io n s  in  th e  re c o m m e n d e d  
b e n d in g  s t r e n g th  r a t io  ra n g e .

m m  x  0.0394 =  in  m x  3 .28 =  ft
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STRESS-RELIEF GROOVE  
FOR DRILL COLLAR CONNECTIONS  

(API Spec?)

N u m b e r  o f  s iz e  
a n d  s ty le  o f  c o n n e c t io n

L e n g th ,  s h o u ld e r  
fa c e  to  g ro o v e  

o f  b o x  m e m b e r  I *  ( 1 )

D ia m e te r  o f  
p in  m e m b e r 

a t  g r o o v e  O r g  ( 2 )

(m m ) ( in ) (m m ) ( in )

N C  3 5  . ' ........................................................................ 8 5 .7 3  3 /8 8 2 .1 5 3  1 5 /6 4
N C  3 8  -  3  1 /2  I F ................................................... 92 .1 3  5 /8 8 9 .3 3  3 3 /6 4
N C 4 0  -  4  F H .......................................................... 1 0 4 .8 4  1 /8 9 6 .0 3  2 5 /3 2
N C  4 4 ........................................................................... 1 0 4 .8 4  1 /8 1 0 6 .4 4 3 /1 6
N C  4 6  - 4  I F .............................................................. 1 0 4 .8 4  1 /8 1 0 9 .9 4 2 1 /6 4
N C  5 0 -4  1 /2  I F ....................................................... 1 0 4 .8 4  1 /8 1 2 0 . 6 4  3 /4
N C  5 6 ............................................................................ 1 1 7 .5 4  5 /8 1 3 4 .5 5  1 9 /6 4
N C  6 1 ........................................................................... 1 3 0 .2 5  1 /8 1 4 8 .8 5  5 5 /6 4
N C  7 0 ........................................................................... 1 4 2 .9 5  5 /8 171.1 6  4 7 /6 4
N C  7 7 ........................................................................... 1 5 5 .6 6  1 /8 1 8 8 .5 7  2 7 /6 4
4  1 /2  F H ..................................................................... 92 .1 3  5 /8 1 0 6 .8 4  1 3 /6 4
5  1 /2  R E G ................................................................. 1 1 1 .2 4 3 /8 1 2 3 .4 4  5 5 /6 4
6  5 / 8  R E G ................................................................. 1 1 7 .5 4 5 /8 . 1 3 7 .5 5  2 7 /6 4
7  5 / 8  R E G ................................................................. 1 2 3 .8 4  7 /8 1 6 2 .7 6 1 3 / 3 2

(1 ) T o l +  0  — 3 .2 m m  ( +  0  -  1 /8 " ) .
(2 ) T o l  +  0  -  0 .8 m m  (4 - 0  -  1 /3 2 " ) .

2 5 .4 rO .7 9

R e m a r k s :

D im e n s io n s  in  m m .

C o n n e c t io n s  N C  2 3 , N C  2 6  a n d  N C  31 (2  3 /8  IF a n d  2  7 /8  IF ) d o  n o t  h a v e  a  s u f f ic ie n t  s te e l th ic k n e s s  
to r  m a c h in in g  s t re s s - re l ie f  g ro o v e s .

M o s t m a n u fa c tu r e r s  h a v e  m o d i f ie d  th e  A P I fe m a le  s t re s s - re l ie f  g r o o v e :  O r i lc o  B o re -B a c k  s tre s s -  
r e l ie f  g ro o v e ,  S M F I lo n g  r e l ie f  g ro o v e  e tc .
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LARGE-DIAM ETER DRILL COLLARS  
FROM 8 3/4 TO  11 1/4 INCHES 

SHOULDER MODIFICATIONS FOR LOW -TORQUE  
CONNECTIONS

7  5 /8  R E G  S e c t io n

DIMENSIONS OF LOW -TORQUE SHOULDERED

C o n n e c 
t io n  
s iz e  

a n d  s ty le

O u ts id e  
d ia m e te r  
0 0  ( in )

B e ve l
d ia m e te r

L

In s id e  d ia m e te r  
o f  s h o u ld e r e d  E

W id th  o f  f la t  H 
N  : N o rm a l R  : m o d if ie d

f in ) (m m ) ( in ) (m m ) ( in ) (m m )

8 1 / 4 8 2 0 3 .2 6  9 /1 6 1 6 6 .7 2 3 /3 2 1 8 .2 5 N
8 1 / 2 8  1 /4 2 0 9 .5 6  9 /1 6 16 6 .7 2 7 /3 2 2 1 .4 0 N

7  H  9 0 8  3 /4 8  1 /2 2 1 5 .9 7  1 /8 1 8 1 .0 1 1 /1 6 1 7 .4 5 R
9 8  5 /8 2 19 .1 7 1 /8 18 1 .0 3 /4 1 9 .0 5 R

9 1 / 2 9  1 /4 2 3 4 .9 7  2 9 /6 4 18 9 .6 5 7 /6 4 2 2 .6 0 N
9  3 /4 9  1 /4 2 3 4 .9 8 2 0 3 .2 5 /8 1 5 .9 0 R

7  H  9 0 10 9  5 /8 2 4 4 .5 8 2 0 3 .2 1 3 /1 6 2 0 .6 0 R
1 0  1 /4 9  5 /8 2 4 4 .5 8 2 0 3 .2 1 3 /1 6 2 0 .6 0 R

9  1 /2 8  7 /8 2 2 5 .4 7 3 /3 2 18 0 .2 5 7 /6 4 2 2 .6 0 N
7  5 / 8  R E G 9  3 /4 9 1 / 4 2 3 4 .9 7  3 /4 1 9 6 .8 3 /4 1 9 .0 5 R

10 9  1 /4 2 3 4 .9 7  3 /4 1 9 6 .8 3 /4 1 9 .0 5 R

1 0  1 /2 1 0  3 /8 2 6 3 .5 8  1 1 /3 2 2 1 1 .9 1 1 /6 4 2 5 .8 N
1 0  3 /4 1 0  1 /2 2 6 6 .7 9  3 /8 238 .1 9 /1 6 1 4 .3 R

8  5 / 8  H  9 0 11 1 0  1 /2 2 6 6 .7 9  3 /8 238 .1 9 /1 6 1 4 .3 R
11 1 /4 10 3 /4 2 7 3 .0 9  3 /8 238 .1 1 1 /1 6 1 7 .5 R

1 0 1 / 2 9  3 /4 2 4 7 .7 8  1 /1 6 2 0 4 .8 2 7 /3 2 2 1 .4 N
8  5 / 8  R E G 1 0  3 /4 11 1 /2 2 6 6 .7 9 2 2 8 .6 3 /4 1 9 .0 5 R

11 1 0  1 /2 2 6 6 .7 9 2 2 8 .6 3 /4 1 9 .0 5 R
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DRILL COLLAR SLIP AND ELEVATOR RECESS  
AND ELEVATOR BORE DIMENSIONS 

(API RP 7G)

D r il l  c o l la r  
O D  ra n g e  

( in )

D im e n s io n s
E le v a to r  b o re

E le v a to r S lip

A  (1 ) 
(m m j

R
(m m )

C  <2} 
O

B (1 ) 
(m m )

0  (2) 

C )

T o p  B o re  (3) 
+  0  
-  1 

(m m )

B o t to m  B o re  
(3 )

+  2  
-  0 

(m m )

4 t o  4  5 /8 5 .6 3 .2 4 4 .8 3 .5 O D  -  7 .9 O D  4- 3 .2
4  3 /4  to  5  5 /8 6 .4 3 .2 5 4 .8 3 .5 O D  -  9 .5 O D  +  3 .2
5  3 /4  to  6  5 /8 7 .9 3 .2 6 6 .4 5 O D  -  12 .7 O D  +  3 .2
6  3 /4  t o  8  5 /8 9 .5 4 .8 7 .5 6 .4 5 O D  -  14 O D  +  3 .2

8  3 /4  a n d  u p 11.1 6 .4 9 6 .4 5 O D  -  1 5 .9 O D  +  3 .2

(1 ) A  a n d  B  d im e n s io n s  a re  f ro m  n o m in a l  O D  o f  n e w  d r i l l  c o l la r .
(2 )  A n g le  C  a n d  D  d im e n s io n s  a re  re fe re n c e  a n d  a p p r o x im a te .
(3 ) O D  is  th e  o u ts id e  d ia m e te r  in  m il l im e te rs  o f  th e  n e w  d r i l l - c o l la r .

D rill c o l la r  e le v a to r 
N o te :  T h e s e  d im e n s io n s  m u s t n o t 
b e  u s e d  a s  A P I S ta n d a rd s .

m m  x  0.0394 =  in
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STRETCH OF SUSPENDED DRILL PIPE

STRETCH DUE TO  ITS OWN W EIGHT

L 2
=  0.0785 —

L =  le n g th  o f s tr in g  (m )
E  -  m o d u lu s  o f e la s t ic i ty  =  210  0 00  M P a

A a in  m e te rs  — 1.87 10 ~7 L 2

SHRINKAGE DUE TO  BUOYANCY iN MUD

dbL 2
^  *  -  - j -  (1 -  u)

db -  m ud sp e c ific  g rav ity  
L =  leng th  o l s tr in g  (m)
E  =  m od u lu s  o f e la s tic ity  =  210 000 M Pa 
y  =  P o isson 's  ra tio  =  0.3 fo r steel

A b in  m eters =  -  0.334 10 ~ 7 dbL z

STRETCH DUE TO  TEM PERATURE

A , ~  11.8 1 0 - 6  L d t

L =  ie n g lh  o f string  (m)
d? =  tem pera tu re  va ria tio n  o f th e  m ud

TO TA L STRETCH
A -  A g +  A b +  A,

A  =  L 2 10 " 7 (1.87 -  0.334 dD} +  11.8 1 0 " 6 L 6!
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A. DESIGN PARAMETERS

a ) A n t ic ip a te d  to ta l  d e p th  w ith  th is  s tr in g .
b ) H o le  size.
c )  M u d  w e ig h t.
d ) D e s ire d  F a c to r  o f S a fe ty  in  te n s io n  a n d /o r  M a rg in  o f O ve r P u ll.
e ) D e s ire d  F a c to r  o f  s a fe ty  in  c o lla p s e .
{) L e n g th  o f d r i l l  c o lla rs ,  O D , ID  a n d  w e ig h t p e r m ete r, 
g ) D r i l i p ip e  s ize s  a n d  in s p e c t io n  c la ss .

B. TENSION LOADING

T =  0.981 x  10 -  3 (L opPdp  +  LdcPdc)  k
w h e re :

T  =  subm erged  lo a d  h a n g in g  b e lo w  th e  u p p er e nd  o f th is  se c tio n  o f d rill p ipe 
(103 daN )

Lop =  leng th  o f d rill p ip e  o f se c tio n  co n s id e re d  {m j 
Lqc -  le n g th  o f d rill co lla rs  (m)
POF =  w e ig h t p e r m ete r o f d rill p ip e  assem bly in a ir  {kg /m )
Poe =  w e ig h t per m eter o f d rill c o lla r  in  a ir (kg /m ) 
k  =  b u o ya n cy  fa c to r

C. ALLOW ABLE LOAD. FACTOR OF SAFETY. MARGIN OF OVER PULL

Ta =  0.9 Te

w h e re :

Ta =  m axim um  a llo w ab le  toad  on  th is  p ip e  in te n s ion  (103daN)
Te =  y ie ld  s tren g th  o f th is  p ip e  (K P d a N )

R i  ~  Ta -  T
R r  =  M arg in  o f Over P ull {M O P) (103 d a N ) on  th is  d r ill p ipe

DR ILL STEM  DESIG N  C A L C U LA TIO N S
(API R P 7G , 12th E d i t i o n ,  May 1987)

Fs  -  sa fe ty  fa c to r  in  te n s io n  on  th is  d riil p ipe
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D. MAXIMUM DRILLING DEPTH

C o n s id e rin g  the  type  o f d rill p ipe , the  load  a nd  the  des ired  safety, the  s tr in g  len g th  
is lim ited  to  the  fo llo w in g :

0.9 T0 103 P d cLdc

DRILL S TEM  DESIG N  C A L C U L A TIO N S
( A P I  R P  7 G ,  12 th  E d i t i o n ,  M a y  1 9 8 7 )  ( c o n t i n u e d )

D P m a x

F$POPk  PDP

103 (0.9 Te -  R t) _  P qcL qc 
kPnp Pop

'-DPmax ~  m axim um  le n g th  {in  m) o f th is  d r ill s tr in g  ta k in g  a c c o u n t o f the  desired 
safety, the  p ipe  m e c h a n ica l p rope rties , th e  lo a d  o f the  d r ill co lla rs  a nd  
the  mud.

Composite drill strings

!f th e  d rill s tr ing  is com posite , i.e. co n s is tin g  o f se c tio n s  o f p ipes w h ich  d iffe r in the ir 
n o m in a l size, g ra d e  o r w e a r c lass, the  w eakest se c tio n  in te n s ion  m ust be p la ced  above  
th e  d r ill co lla rs  a nd  its m axim um  le n g th  is ca lcu la te d  as above . A  s tro n g e r se c tio n  is 
p la ced  above  a n d  its m axim um  len g th  c a n  be ca lcu la te d  b y  us ing  th e  e q u a tio n  fo r  D, 
b u t by re p la c in g  the  te rm  PDC Lo c  by th e  w e ig h t in a ir  o f th e  d rill c o lla rs  p lus the  
w e ig h t o f the  w eakest section.

E. COLLAPSE DUE TO  ANNULAR HYDROSTATIC PRESSURE

P cp  =  —  
ca c  

t "  c

w h e re :

P ct =  lim it co lla p se  p ressure (kPa)
Pca ~  m axim um  a llo w ab le  co lla p se  p ressure  {kPa)
Fc =  co lla p se  sa fe ty  fa c to r

W hen th e  flu id  levels ins ide  a n d  o u ts ide  the  d r ill p ipe  a re  eq u a l, the  co lla p se  pressure 
{e qua l to  the  d iffe re n tia l h yd ro s ta tic  pressure) is zero.
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If the re  is  no  flu id  in s id e  th e  p ipe  {fo r exam ple, d u rin g  testing ), the  co lla p se  pressure 
i s :

P c  =  9.81 Z d

w h e re :

P c — co lla p se  p ressure  (kPa)
Z  =  ve rtica l d e p th  (m) 
d  =  m ud w e ig h t (Kg/I)

F. TORSIONAL STRENGTH
The to rq u e  a p p lie d  to  the  d r ill s tr in g  sh o u ld  n o t exceed th e  a c tu a l to o l jo in t m ake 

up  to rq u e . For a  co m p o s ite  s tr in g , the  to rs io n a l to rq u e  a t th e  ro ta ry  tab le  sh o u ld  be 
lim ited  to  th e  low est va lu e  o f th e  to o l jo in t m ake -up  to rque .

Torsional deformation
T he  fo llo w in g  fo rm u la  ca n  be used to  c a lcu la te  th e  n u m b e r o f ro ta tio n s  caus ing  

to rs io n a l d e fo rm a tio n  o f a  d rill s tr in g , ig n o rin g  fr ic t io n  a n d  to o l jo in ts :

DRiLL S TE M  DESIG N  C A L C U L A TIO N S
(API R P 7G , 12th Edition, May 1987) (continued)

nu m ber o f to rs io n a l ro ta tio n s  
a p p lied  to rq u e  (daN .m ) 
le n g th  o f d rill p ipes  (m) 

p o la r m od u lu s  (mm3) 

p ipe  o u ts id e  d ia m e ter (in)

Torsion limit taking account of tensile load
In c e rta in  d r illin g  c o n fig u ra tio n s , su ch  a s  w ashove r, deep  holes, h ig h ly -dev ia ted  holes, 

use o f a  p o w er sw ive l efc., II m ay be  necessa ry  to  a p p ly  a  h ig h  to rq u e  to  th e  drif) 
s tr in g . T he  p ipes m ust w ith s ta n d  b o th  th e  tensile  a nd  to rs io n a f loads.

The API c r ite rion  is as fo llo w s :
n 2 +  3 !2 =$ Y?p

w h e re :

YP =  y ie ld  s treng th  
n  =  n o rm a l stress

w h e re :

N  =  
M  =  

L  =  
/o  _  
R
D  =

t  — ta n g e n tia l stress



DRILL. STEM  DESIG N  C A L C U L A TIO N S
(API R P 7G , 12th Edition, May 1987) (continued)

The  fo llo w in g  fo rm u la  ca n  be used So c a lcu la te  the  m axim um  a llo w a b le  to rq u e :

w h e re :

7  =  tensile  toad  o n  pipe
Te =  tensile  yie ld s treng th
M  -  to rs io n a l to rq u e  o n  p ipe
M „  =  to rq u e  a t m axim um  a llo w a b le  stress

•  C a lc u la tio n  o f the  m axim um  a llo w a b le  to rq u e  fo r a tensile  io a d  T  a n d  th e  p ipe  
m e ch a n ica l p ro p e rt ie s :

•  C a lc u la tio n  o f th e  m axim um  a llo w a b le  tensile  io a d  fo r a  to rq u e  M  a n d  th e  p ipe  
m e c h a n ica l p ro p e rtie s :

M  <
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DRILL STEM  DESIGN CALCULATIONS  
CALCULATION EXAMPLES 

(API RP7G, 12th Edition, May 1987)

Design parameters

D e p th  =  3800 m
H ole size =  8 1 /2
M ud  w e ig h t =  1.16
D esired M O P  =  30 103 daN
S ate ty fa c to r  in  co lla p se  =  1.15
Size o f d r ill co lla rs  =  6 3 /4  x  2 1 3 /1 6
L e n g th  o f d rill co lla rs  =  185 m
T he  fo llo w in g  fo rm u la  ca n  be used to  ca lcu la te  th e  len g th  o f the  d rill c o lla rs  (if 

n e c e s s a ry ):

1 0 5 WOB
L d c  -  ------------------ z — ~ — rco s a  FpNPDCk

w h e re :
Lqc  =  le n g th  o f d r ill co lla rs  (m)
W OB  =  m ax im u m  w e ig h t on  b it (t)
«  =  ho le  a n g le  fro m  ve rtica l
Fpn -  n e u tra l p o in t p o s itio n  a s  p e rce n ta g e  o f the  to ta l d rill c o lla r s tr in g  leng th
Poe  =  w e ig h t per m eter o f d rill co lla rs  (kg /m )
k  =  b u o ya n cy  fa c to r

I Numerical Application

a  = 3  degrees 
W OB  =  2 0 1
Fpn =  8 5 %
k  =  0.852
PDC -  149.8 kg /m

20  1 0 5
Ln c  =  -------------------------------------  =  185 m o r 20 D C(0.998)(85){149.8)0.852
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DRILL STEM  DESIGN CALCULATIONS  
CALCULATION EXAMPLES 

(API RP7G, 12th Edition, May 1987) (continued)

If Pipe size, weight and grade used

5 in  x  19.50 lb /ft. G rade  E, NC50 too) jo in ts , Inspection  C lass il

P0Px =  31.06 kg /m  
Te , =  120.3 1 0 3 daN
Pcl =  38 000 kPa

® C a lc u la tio n  o f the  m axim um  p ipe  len g th  ta k in g  a c c o u n t o f the  des ired  M O P :

ft is a p p a re n t tha t d rill p ipe  o f a  h ig h e r s tre n g th  w ill be requ ired  to  reach  3800 m. 
For exam ple, the  fo llo w in g  p ipes ca n  be used :

5 in x  19.50 lb /ft. G rade  X, NC50 to o l jo in t, P rem ium  C lass

PDP2 -  31.83 kg /m  
r e2 =  175.6 1 0 3 daN

® C a lc u la tio n  o f th e  m axim um  p ip e  leng th  co n s id e rin g  the  M OP a nd  w e igh t o f the  first 
se c tio n  :

1 0 3 (0.9 x  175.6 -  30)1.02 (2125 x  31.06) +  (185 x  149.8)

t-O P  1

IQ 3 (0.9 x  120.3 -  30)1.02 
0.852 x  31.06

2125 m

(185 x  149.8) 
31.06

0.852 x  31.83 31.83
L qp2 — 1872 m

T he  d e p th  o f 3800 m ca n  the re fo re  be  reached  w ith  these d rill s tr in g s  a n d  in  the 
requ is ite  co n d itio n s .
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DRILL STEM DESIGN CALCULATIONS  
CALCULATION EXAMPLES

(API RP 7G, 12th Edition, May 1987) (continued)

S um m ary o f s tr in g  w e igh ts  a n d  d im e n s io n s :

D r i l l  c o t ta r s  
P q c  =  1 4 9 .8  k g /m

L e n g th
(m )

W e ig h t  in  a ir  
(!)

W e ig h !  in  m u d  
(t)

185 2 7 .7 2 3 .6

N o .  1 p ip e  
5  in  x  1 9 .5 0 . G r a d e  £ 

C la s s  M 
P q p \  =  3 f .0 6 f< g / 'm

2 1 2 5 6 6 5 6 .2

N o .  2  p ip e  
5  in  x  1 9 .5 0 , G r a d e  X 

P re m iu m  C la s s  
Pd p z  ~  3 1 .8 3  k g /m

1 4 9 0 47 .4 40 .4

T o ta l 3 8 0 0 141.1 1 2 0 .2

III Collapse pressure
For th e  No. 1 p ipes, th e  lim it co lla p se  p ressure is :

Pcn =  38 M Pa 
The m axim um  h yd ro s ta tic  p ressure  o n  th e  No. 1 p ipes is :

Ph =  9.81 x  1.16 x  (3800 -  185)

P h =  41 140 kP a o r 41.14 M Pa

T h e  s tr in g  ca n n o t be ru n  e m p ty  to  th e  fin a l dep th .
® C a lc u la tio n  o f th e  m ax im um  d e p th  th a t ca n  be reached  by em pty No. 1 p ipes w ith  
a  S afe ty F a c to r o f 1 .15:

38 000
L max =  -------------------------------------- =  2904 m

max 9.81 x  1.16 x  1.15



DRILL STEM DESIGN CALCULATIONS  
CALCULATION EXAMPLES 

(API RP7G, 12th Edition, May 1987) (continued)

IV Combination of tensile and torsional loads
Let us co n s id e r the  use o f a  p o w er sw ivel to  p u il o u t th e  s tr in g  in ro ta tio n  to  release 

it. In th is  case, the  co m b in a tio n  o f the  tensile  load  a n d  to rq u e  m ay be h igh.
T he  string  is a t th e  m axim um  depth .

»  M ax im um  a llo w a b le  (ensile lo a d  a t s u rfa c e : 120.3 +  30 =  150.3 103 daN.
T o rq u e  a t m axim um  a llo w a b le  stress o f No. 1 p ip e s : M e =  3790 daN.m .
M a k e -u p  to rq u e  o f to o l jo in ts :  1 9 0 0 daN.m .
L o a d  o n  No. 1 p ip e s : (56.2 +• 23.6) 0.981 +  30 =  108 .3103 daN.
Tensile  y ie ld  s tren g th  : f e, =  120.3 1 03 daN.

M  <

1650 daN .m

T he  to rq u e  lim it sh o u ld  be 1650 daN.m .

•  C a lc u la tio n  o f m ax im um  to rq u e  w ith  ex tra  tensile  load  o f l 5 l 0 3 daN. 
L o a d  o n  No. 1 p ip e s : (56.2 +  23.6) 0.981 +  15 =  93.3 103 daN

M  <  3790
■ !

2393 daN .m

T he  to rq u e  lim it rem a ins the  m in im um  m ake -u p  to rq u e , i.e. 1900 daN.m .
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API C A S IN G S  LIST
(API Standard SCT, 15 March 1988)

N o m in a l
o utside

diam eter

(in )

N o m in a l
w eight

(lb/ft)

W a ll
thickness

(m m )

G ra d e Jo in t type

o
X K

5
5

O §
s
z

0
6

0

C
9

5

0. 0
1

2
5

CO L
o

n
g

go
X

9 .S 0 5.21 • 0 • X
10.50 5.89 • • x x
11-60 6.35 • • X x x
11.60 6.35 0 • • • 0 0 X X
13.50 7.37 0 • 0 • 0 0 x X
15.10 8.56 0 » X X

11.50 5 .5 9 • • X
13.00 6.43 • 0 X x X
15.00 7.52 • 0 X x X x
15.00 7.52 • • • 0 0 0 X X X
18.00 9.19 • • • • 0 0 • x X X
21 .40 11.10 • • 0 • 0 0 • x X
23 .20 12.14 • • 0 • 0 0 * X X
2 4 .1 0 12.70 • • • 0 0 0 * X X

14.00 6.20 • e 0 X
15.50 6 .9 8 • 0 x x x x
17.00 7.72 • 0 X x x x
17.00 7.72 • « 0 • 0 0 X X x
20 .00 9.17 • 0 0 • 0 0 X X X
2 3 .0 0 10.54 « e 0 0 0 0 * x X x

5  1/2 2 8 .6 0 12.70 0
2 9 .7 0 14.27 0
3 2 .6 0 15.86 •
3 5 .30 17.45 0
3 8 .00 19.05 0
4 0 .50 2 0 .62 0
4 3 .10 2 2 .23 0

2 0 .00 7.32 • X
2 0 .00 7.32 • • X X X

a  c/o 2 4 .00 8.94 • • x x x x
2 4 .0 0 8.94 0 • • 0 0 0 X x x
2 8 .00 10.59 « • • 0 0 0 X X X
3 2 .00 12.06 • • • 0 0 0 X X *
17.00 5.87 • X
2 0 .00 6.91 0 • • X
2 3 .00 8.05 • • X X X X
2 3 .00 8.05 • • • 0 0 x x x
2 6 .00 9.19 » • X X X X
2 6 .00 9.19 e • • 0 0 0 X X X
2 9 .00 10.36 • • • 0 0 0 X x x

? 3 2 .0 0 11.51 • • • 0 0 0 x X X
3 5 .00 12.65 • » 0 0 0 0 • x x x
3 8 .0 0 13.72 • • 0 0 0 0 * X X X
4 2 .70 15.86 0
4 6 .40 17.45 0
5 0 .10 19.05 0
5 3 .60 2 0 .62 0
5 7 .10 22.23 0

2 4 .00 7.62 • X
2 6 .40 8.33 • • x x X X
2 6 .40 8.33 • • 0 0 0 X X X
2 9 .70 9.52 • » • 0 0 0 X X X

7  5/8 ' 3 3 .70 10.92 • e • 0 0 0 x x x
3 9 .00 12.70 • • 0 0 0 0 • x X X
4 2 .80 14.27 • • 0 0 0 0 * X X
4 5 .30 15.11 • • 0 0 0 0 X x
4 7 .1 0 15.86 • • • 0 0 0 X X
5 1 .20 17.45 0
5 5 .30 19.05 0

7  3/4 4 6 .10 15.11 • • • 0 0 0 #

m m  x  0 .0 3 94  -  in
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API C A S IN G S  L IS T  (continued)
(AP! Standard 5CT, 15 March 1988)

N o m in a l
o utsio e

dia m e te r

(in )

N o m in a l
w e ig h t

(lb/ft)

W a ll
thickness

(m m )

G ra d e Jo in t type

o
X J5

5

8 O i
g
Z C

9
0

s

Q

CL o I L
o

n
g

S
u

it
re

s
s

X
-l

in
e

2 4 .00 6 .7 ! 0 • s
2 8 .00 7 .72 0 X
3 2 .00 8.94 e X
3 2 .00 8.94 • 0 X X X X

8  S/8 3 6 .00 10.16 • 0 X X X X

3 6 .00 10.16 • © 0 0 0 X X X
4 0 .00 11.43 • © S 0 0 0 X X X
4 4 .00 12.70 0 • 0 0 0 0 X X X
4 9 .00 14 15 • « 0 0 0 0 0 x x X

3 2 .30 7 .92 e X
3 6 .00 8.94 • X
3 6 .00 8.94 • 0 X X X
4 0 .00 10.03 e 0 X X X X
40.00 10.03 e o 0 0 0 X X X
4 3 .50 11.05 • e 0 0 0 0 x X X

9  5/8 4 7 .00 11.99 e « 0 0 0 0 0 X X X

5 3 .50 13.84 • # 0 0 0 0 0 X X X

5 9 .40 15.47 0
64.SO 17.07 0
7 0 .30 18.64 0
7 5 .60 20.24 0

3 2 .75 7.09 « X
4 0 .50 8.69 • X
4 0 .50 8 .89 e 0 X X
4 5 .50 10.16 • « X X X

5 1 .00 11.43 • • e © 0 0 0 0 X X X

5 5 .50 12.57 • • 0 0 0 0 X X X
10 3/4 S 9.40 13.84 0

6 0 .70 13.84 0 0 X X X
6 5 .7 0 15.11 0
6 5 .7 0 15.11 0 0 X X
7 3 .20 17.07 0
7 9 .20 18.64 0
0 5 .30 20 .24 0

4 2 .00 8.46 e X

1 1 3 / 4 4 7 .00 9.52 • © X X
5 4 .00 11.05 • 0 X X
6 0 .00 12.42 • • • 0 0 0 0 0 0 x x
4 8 .0 0 8.38 • X

5 4 .50 9.65 • • X X

1 3 3 /8 6 1 .00 10.92 • • X X
6 8 .00 12.19 « « • 0 0 0 0 0 x X
7 2 .00 13.06 • 0 0 0 0 0 0 X x
6 5 .00 9.52 X

16 7 5 .00 11.13 « • X X
8 4 .00 12.57 • • x x

18 5/8
8 7 .50 11.05 • « • X
8 7 .5 0 11.05 • • x

9 4 .0 0 11.13 • • • X x

20
9 4 .0 0 11.13 • • X

106.50 12.70 • • X X X
133.00 16.13 • • X X x

mm x 0.0394 = in
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API TU B IN G  LIST
(API Standard 5C T, 15 March 1988)

N o m in a l o utside  
dia m e te r N o m in a l

w eight

(16/ft)

W a ll thickness G ra d e

Jo in t
type

(in ) (m m ) Sin) {m m ) X
s

C
7

S

0
9

1

0
9

N

C
9

0

P
1

0
5

1.14 0 .113 2 .87 « 0 • • 0 0 N o n -U p s e t
1.050 26.7 1.20 0 .113 2 .87 0 • © • 0 0 E x l. U p se t

1.50 0 .154 3 9 1 0 0 N o n -U p s e t

1.70 0 .133 3 .3 8 e • • 0 0 0 N o n -U p s e t
1.315 33.4 1.72 0 .133 3 .3 8 • o e • 0 0 In te g ra l Jo in t

1.80 0 .133 3 .38 • • « • 0 0 Ext. U p s e t
2.25 0 .179 4.55 0 0 N o n -U p s e l

2 .1 0 0 .1 2 5 3 .1 8 • • In te g ra l Jo in t
2.30 0 .1 4 0 3 .5 6 e • 0 0 0 0 N o n -U p s e t

1.660 4 2.2 2.33 0 .1 4 0 3.56 • • • 0 0 0 In te g ra l Jo in t
2.40 • 0 .1 4 0 3.56 e e • 0 0 0 Ext. U p s e t
3.24 0 .198 5.03 0 0 N o n -U p s e t

2.40 0 .1 2 5 3.18 • • In te g ra l Jo in t
2.75 0 .1 4 5 3.68 • • 0 0 0 0 N o n -U p s e t
2.76 0.145 3.68 • • • 0 0 0 In te g ra l Jo in t

1.900 4 8.3 2.90 0 .1 4 5 3.68 • • • 0 0 0 Ext. U p s e t
3.64 0.200 5.08 0 N o n -U p s e t
4.41 0 .2 5 0 6.35 0 N o n -U p s e t
5.13 0 .3 0 0 7.62 0 N o n -U p s e t

3.25 0 .1 5 6 3.96 e • « 0 0 0 In te g ra l Jo in t
2 .063 52.4

4.50 0 .225 5.72 0 0 N o n -u p s e t

4.00 0 .167 4 .24 • • • 0 0 0 N o n -U p s e t
4.60 0 .190 4 .83 • • • 0 0 0 0 N o n -U p s e t
4.70 0 .1 9 0 4 .8 3 • • • 0 0 0 0 Ext. U p s e t

2 .375 6 0.3 5 .8 0 0 .254 6 .4 5 • 0 0 0 0 N o n -U p s e t
5.95 0 .254 6.45 • 0 0 0 0 Ext. U p s e t
6.55 0 .2 9 5 7.49 • 0 0 N o n -U p s e t
7.70 0 .336 8.53 • 0 9 N o n -U p s e t

6.40 0.217 5.51 • • • 0 0 0 0 N o n -U p s e t
6.50 0.217 5.51 • • • 0 0 0 0 E xt. U p se t
7.80 0.276 7.01 • 0 0 0 0 N o n -U p s e t
7.90 0.276 7.01 0 0 0 0 E x l. U p se t

2 .875 7 3.0 8.60 0.308 7.82 • 0 0 0 0 N o n -U p s e t
8.70 0.308 7.82 e 0 0 0 0 E x l. U p se t
9.50 0.340 8.64 0 0 N o n -U p s e t

10.70 0.392 9.96 0 0 N o n -U p s e t
11.65 0.440 11.18 0 0 N o n -U p s e t

7.70 0.216 5.49 • • • 0 0 0 N o n -U p s e l
9 .2 0 0.254 6.45 • • 9 0 0 0 0 N o n -U p s e l
9 .3 0 0.254 6.45 • • • 0 0 0 0 E xt. U p se t

10.20 0.289 7.34 • • • 0 0 0 N o n -U p s e l
3 .500 8 8.9 12.70 0.375 9.52 • 0 0 0 0 N o n -U p s e l

12.95 0.375 9.52 • 0 0 0 0 E xt. U p s e l
14.11 0 .4 3 0 10.92 0 0 N o n -U p s e t
15.80 0 .4 7 6 12.09 0 0 N o n -U p s e l
17.05 0 .5 3 0 13.46 0 0 N o n -U p s e t

9.50 0 .2 2 6 5.74 • e • 0 0 0 N o n -U p s e t
11.00 0.262 6.65 » • • 0 0 0 Ext. U p s e l

4 .0 0 0 101.6 13.40 0 .3 3 0 8 .3 8 0 0 N o n -U p s e l
15.89 0 .4 1 5 10,54 0 0 N o n -U p s e t
19.00 O.SOO 12.70 0 0 N o n -U p s e t
22.50 0 .6 1 0 15.49 0 0 N o n -U p s e t

12.60 0.271 6.88 0 • • 0 0 • N o n -U p s e t
12.75 0.271 6.88 • • • 0 0 0 Ext. U p s e t
15.50 0.337 8.56 • 0 0 N o n -U p s e t
16.90 0 .380 9.65 • 0 0 N o n -U p s e t

4.500 114.3 19.20 0 .430 10.92 • 0 0 N o n -U p s e t
2 1 .6 0 0 .500 12.70 • 0 0 N o n -U p s e t
24 .60 0 .560 14.22 • 0 0 N o n -U p s e l
2 6 .5 0 0 .630 16.00 » 0 0 N o n -U p s e t
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DRIFT DIAMETER  
(API Standard 5CT)

T h e  d r i f t  (o r  m a n d re l d ia m e te r )  is  th e  d ia m e te r  o f th e  c y lin d r ic a l m a n d re l (1) 
th a t  s h o u ld  p a ss  f re e ly  in s id e  th e  tu b e  u n d e r th e  a c t io n  o f a  fo rc e  e q u a l to  its  
o w n  w e ig h t.

T h e  m a n d re l h a s  th e  fo llo w in g  g e o m e tr ic  c h a ra c te r is t ic s :

Casing diameter 
(in)

Mandrel length Mandrel diameter

(in) (mm) (in) (mm)

8 5/8 or le s s ...................................... 6 152 d -  1/8 tf-3 .1 8

9 5 /8  to 1 3 3 /8 .................................... 12 305 d — 5/32 d - 3.97

16 or m o re ......................................... 12 305 of—3/16 o ' - 4.76

Casing diameter 
(in)

Mandrel length Mandrel diameter

(in) (mm) (in) (mm)

2" 7/8 or le s s .................................... 42 1067 d — 3/32 d -  2.38

3" 1/2 or more.................................... 42 1067 d -  1/8 d - 3.18

E x a m p le :  7  in c h  (177 .8  m m ) c a s in g  2 6 .00  lb / f t ,  w a il th ic k n e s s  t  -  9 .2  m m : 
d  =  177 .8  -  2 x  9 .2  =  159 .4  m m

M a n d re l d ia m e te r :
d  -  3 .18  =  159.4  -  3 .18  =  156 .22  m m

(1) C ylindrica l and not dum b-bell shaped.
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EFFICIENCY OF A CONNECTION

113

!n th is  sec tion , th e  e ffic ie n cy  is the  ra tio  o f the  c r it ica l cross-se c tio n  o f th e  co n n e c tio n  
(p in  o r  bo x  e n d ) to  th e  steei cross-se c tio n  o f th e  p ipe  b o d y  (line  5). It is expressed as 
a  pe rcen tage.

The  e ffic ie n cy  a lso  represen ts th e  ra tio  o f th e  te n s ion  a t th e  y ie ld  s tren g th  o f the
co n n e c tio n  to  the  te n s ion  a ! the  y ie ld  s tren g th  o f th e  sm o o th  p ipe  (line  11), un less the
co u p lin g  is o f a  d iffe re n t g ra d e  fro m  the  p ip e  body.

S ince  She API 5C 3  fo rm u la s  lo r  c a lc u la tin g  th e  s tre n g th  o l API ro u n d  a n d  bu ttress 
jo in ts  em ploy co n s id e ra tio n s  o f p u ll-o u t and  o n ly  a c c o u n t fo r th e  m in im um  tensile  
s treng th , it is n o t poss ib ie  to  a p p ly  the  co n c e p t o f e ffic ie n cy  to  these c o n n e c tio n s  fo r 
cas ings. For API tu b in g s  s ince  th e  s tren g th  is ca lcu la te d  a t th e  y ie ld  stress, the  co n cep t 
o f e ffic ie n cy  c a n  be app lied :

An efficiency under 100 means that the connection is weaker than the pipe body.

The e ffic ie n cy  h ence  serves to  c a lcu la te  th ree  p a ra m e te rs :

a) critical cross-section of the joint: th e  va lue  in  line  5  is m u ltip lied  b y  the  e ffic iency. 

E x a m p le :

H ydril S uper FJ/FJP 7 in  29 lb /ft, line  22, e ff ic ie n c y : 59.3
C ritica l c ross-se c tio n  o f S uper F J /F JP : 5 4 5 0 m m 2 x  0,593 =  3 2 3 2 m m 2

8.45 in 2 x  0.593 =  5.011 in 2

b) Tension at yield stress of the joint: the  va lu e  in line  11 is m u ltip lied  by the  
e ffic iency.

E x a m p le :

H ydril S uper FJ/FJP 7 in 29 ib /ft, te n s io n  a t th e  y ie ld  stress fo r  N 8 0 :
301 X  0.593 =  178 l 0 3 daN

c) The minimum tensile strength of the joint: th e  c r it ica l cross-se c tio n  o f the  jo in t 
is m u ltip lie d  by th e  m in im um  tens ile  s tre n g th  (100 000 psi fo r N80).

E x a m p le :
5.011 in2 x  100 000 =  501 103 lb

=  2 2 3 1 0 3 daN
O r th e  va lue  in  line  11 is m u ltip lie d  b y  the  e ffic ie n cy  a n d  by th e  ra tio  o f the  m in im um  
tensile  s tren g th  to  th e  y ie ld  s tren g th  :

100 000
301 x  0.593 x  ------------  =  223 1 0 3 daN

80 000
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MAKE-UP TORQUE

T h e  m a k e - u p  to r q u e s  in t h e  ta b le s  in t h e  f o l l o w i n g  p a g e s  c o r r e s p o n d  to  the  
v a lu e s  a n d  r e c o m m e n d a t i o n s  b e lo w :

B u ttr e s s T o r q u e  at the b a se  of the tr iangle

A P I S T C  
o r  L T C

O p tim a l  value

m in im u m  v a lu e  =  o p t im a l  v a lu e  — 2 5 %  
m a x im u m  v a lu e  =  o p t im a l  v a lu e  +  2 5 %

A t la s  B r a d fo r d M in im u m  value

H y d r i i

M in im u m  value

o p t im a l  v a lu e  =  m in im u m  v a lu e  +  1 2 .5 %  
m a x im u m  v a lu e  =  m in im u m  v a lu e  +  2 5 %  
(m a x im u m  v a lu e  =  m in im u m  v a lu e  +  1 5 %  ( o r  C S )

M a n n e s m a n n
M i n i m u m  value

m a x im u m  v a lu e  =  m in im u m  v a lu e  +  2 5 %

V a l lo u r e c
O p tim a l  value

m in im u m  v a lu e  =  o p t im a l  v a lu e  -  1 0 %  
m a x im u m  v a lu e  =  o p t im a l  v a lu e  +  10 %
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CORRECTION FACTOR FOR MAKE-UP TORQUE  
ACCORDING TO  TYPE OF GREASE

fa c to r

B e s t o l i f e  2 7 0 ......................................................................................................................................... 1
H o u g h t o n  S ta p  P b  6 .................................................................................................................... 1
H o u g h to n  j o in t  N o  1 ............................................ ........................................................................ 1
J e t - l u b e  T e f  K o te  ( m a d e  in  U K ) ......................................................................................... 1
J e t - l u b e  A P I m o d i f ie d  ( m a d e  in  U K ) ............................................................................... 1
J e t - L u b e  P o la r  {m a d e  in  U K ) ................................................................................................ 1
M o ly k o te  H S C  ( M o  S2) ...................................................................................................  - - - 1
S h e l l  A P I m o d i f ie d  c o m p o u n d ................................................................................................ i
S h e l l  F r a n c e  m o d i f ie d  t h r e a d  c o m p o u n d ......................................... ........................... 1
S h e l l  M y r in a  S 7 7 1 5 ........................  ......................................................................................... 1
S h e l l  L u b  1 7 9 A ............................................................................................................................... 1

T e c h lu b e  T l  6 0  ? n ........................................................................................................................ 1

B a k e r s e a l ..................................................................................................................................... ... 0 .6 0
B e s t o l i fe  H o n e y - K o a t .................................................................................................................... 0 .7 0
B P  E n e r g r e a s e  A S  1 3 . ................................................................................................................. 0 .7 5
B P  A S  1 1 ................................................................................................................................................ 0 .8 0
H o u g h t o n  S ta p  Z n  6 .................................................................................................................... 0 .7 0
J e t - l u b e  2 1 ........................................................................... ............................................................. 0 .7 0
H e t - l u b e  K o p r - k o t e  (m a d e  in  U K ) .................................................................................. 0 .8 5
J e t - l u b e  T F -1 5  ( m a d e  in  U K ) ................................................................................................ 0 .9 0
J e t - L u b e  T F -S S  ( m a d e  in  U K ) ................................................................................................ 0 .8 0
J e t - l u b e  T F -6 5  P b  ( m a d e  in  U K ) ...................................................................................... 0 .7 0
J e t - l u b e  T l - 6 0  Z  1 5  ( m a d e  in  U K ) .................................................................................. 0 .8 0
l i q u i d  O  R in g  1 0 4 , ........................................................................................................................ 0 .7 0
R e s e a r c h  L a b o r a t o r ie s  A P I m o d i f ie d  H P  3 0 0  ................................................... 0 .8 5
S h e l l  H P  A P I m o d i f ie d  (S h e ll  O i l  C o m p a n y  C o d e  7 2 7 3 2 ) ............................... 0 .8 0
S h e l l  H P  A P I  m o d i f ie d  (S h e ll  C a n a d a  L td  C o d e  5 0 4 - 5 9 9 ) ........................ - 0 .8 0
S h e l l  H P  ( J a p a n ) ........................................................................................................................... 0 .8 5
T e c h lu b e  A P I  m o d i f ie d  t h r e a d  c o m p o u n d ................................................................. 0 .7 0
T e c h lu b e  T l - 6 5  P b ................................................................................................... .................... 0 .7 0
T h r e d k o te  7 0 6  .................................................................................................................................. 0 .8 5
T h r e d k o te  7 0 9  .................................................................................................................................. 0 .7 5

H e t - l u b e  S S -3 0  ( m a d e  in  U K ) ............................................................................................. 1 .1 5
M o ly k o te  H S C ...................................................................................................................................... 1.20
S h e l l  S  9 8 2 ............................................................................................................................................. 1 .3 0

B a k e r l o k ................................................................................................................................................ 1 .6 0
G e lo k o te  T 7 .2 8 5  ............................................................................................................................... 0 .7 0
H a l l ib u r t o n  W e ld - A  ........................................................................................................................ 0 .9 0
T h r e a d  L o c k ......................................................................................................................................... 0 .6 0

T h e  m a k e - u p  t o r q u e s  g iv e n  in  t h e  ta b le s  a r e  v a l id  f o r  t h e  A P I g r e a s e  [S ta n d a r d  5 A 2 )  w i th  
th e  f a c t o r  1.

T o  o b t a in  th e  t o r q u e  t o  b e  a p p l ie d  w i th  a n o t h e r  g r e a s e ,  m u l t ip ly  th e  v a lu e  o f  th e  to r q u e  
r e a d  in  th e  ta b le s  b y  th e  c o r r e c t io n  fa c to r .
E x a m p le :  t o  m a k e  u p  a  n e w  V A M  7  in ,  2 6  I b / f t ,  N 8 0  j o i n t  w i t h  a  J e t - l u b e  21  g r e a s e  : th e  to r q u e  
r e a d  in  t h e  ta b le  is  1 1 3 0  d a N .m  a n d  th e  c o r r e c t io n  f a c t o r  is  0 .7 0 , g iv in g  a  t o r q u e  o f :

1130 x  0 .70  =  7 9 0  d aN .m
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GEOMETRIC 
CHARACTERISTICS 
AND MECHANICAL. 

PROPERTIES OF CASINGS (1)

N o t e :  F o r  fu r th e r  d e ta ils  c o n c e r n in g  A P I c a s in g s , re fe r 
t o :
(a )  th e  fo re g o in g  p a g e s  a n d  A P I 5 C T  fo r  s ta n d a rd  
d im e n s io n s
(b ) A P I 5 B  fo r  th re a d  c h a ra c te r is t ic s
(c )  A P I 5 C T  fo r  g e o m e tr ic  c h a ra c te r is t ic s
(d )  A P I S C 3  fo r  fo rm u la s  a n d  c a lc u la t io n s  

{e ) A P I 5 C 2  fo r  m e c h a n ic a l p ro p e r t ie s

(1 ) T h e  fo l lo w in g  ta b le s  g iv e  th e  p ro p e r t ie s  o f  A P I a n d  
n o n -A P I c a s in g s .

N o te s  to  ta b le s  C 3 6  to  C 7 3

(2 ) T h e  c lo s e d -e n d  d is p la c e m e n t d o e s  n o t  a c c o u n t  fo r 
c o u p lin g s .

(3 ) G ra d e  J 5 5  is  n o t  m e n t io n e d  in  th e  ta b le s  b e c a u s e  
it h a s  th e  s a m e  p ro p e r t ie s  a s  g ra d e  K 55 , e x c e p t fo r  
th e  te n s ile  s tre n g th ,  w h ic h  is  h ig h e r  f o r  K 5 5  (se e  p a g e  
C l ) .

(4 ) T o  o b ta in  b e tte r  e f f ic ie n c y , it is  a  p o s s ib le  p ra c t ic e  
to  u s e  a  h ig h e r  g ra d e  fo r  c o u p lin g s ,  a s  s h o w n  in  the 
ta b le  b e l lo w :

C a s in g  g ra d e H ig h e r  g ra d e  fo r 
c o u p lin g

K 55 N 8 0
C 7 5 N o t a l lo w e d '
N 8 0 P110
C 9 5 N o t  a llo w e d
P 105 Q 1 2 5
P 110 V150
Q 1 2 5 V150

* C 9 5  is  s o m e tim e s  u s e d  a s  a  h ig h e r  g ra d e .



144 C 36

G E O M E TR IC  C H A R A C TE R IS TIC S
AN D M EC H A N IC A L P R O PER TIES O F CAS IN G S

1 4.500 in 114.3 m m 4.500 in 11-4.3 m m

2 9 .5 0  Ib / l t 13 .9  d a H /m 10.5 0  l b / l l 1 5.3  d a  N /m

3 0 .2 0 5  in 5.2  m m 0 .2 2 4  in 5 .7  m m

4 4 .090 in 103.9 m m 4 .0 5 2  in 102.9 m m

5 2 .77 in 2 1786 m m 2 3.01 in2 1941 m m ^

6 0 .6 8  gal/tl 8 .4 8  I/m 0 .6 7  gal/ft 8 .3 2  I/m

7 0 .8 3  gal/ft 1 0 .26 I/m 0 .8 3  gal/fl 10.26 I/m

S K55 C 7 5 L8 0 N 8 0 C S O C S S PH0 O T 2 S K55 C75 teo N 8 0 CSO CSS P i ! 0 Q ! 2 5

9 22.9 2 6 .3 26.9 26.9 28.1 2 9.0 31.1 3 2 .6 27.6 33.0 3 4.0 3 4.0 3 5.9 36.6 38.3 40.2

10 30.2 41.2 44.0 4 4.0 4 9.5 5 2.2 6 0 .5 68.7 33.0 4 5.0 48.1 48.1 54.1 57.1 66.1 75.1

11 68 92 9 8 9 8 1 1 117 135 154 74 100 107 107 120 127 147 167

12 102 106 107 512 114 120 142 155 111 115 117 122 124 130 154 1 68

13 102 12 142 155 111 122 154 168

14 102 106 107 11? 114 120 142 155 111 115 117 122 124 T30 154 168

15 102 112 142 155 m 122 154 168

18 57 69 71 73 75 79 94 101 65 78 81 83 85 90 107 115

17 60 71 71 7$ 75 79 94 101 69 81 81 35 85 90 107 1 15

18

19 4S.0 45.0

20

21

22

23

24

25

28 113.? ( I 0 T .3 I

27 112.3

28

Make-up to rq u e  (daN.m) M a k e -u p  t o rq u e  (d a N .m )

5

C
7

5
/L

N
6

0

C
9

0
/C

9
5

o

ft O

o  ef 
°  £ • Q I

§  s '  
a S  
< S

o
z
_ j

iC
o

5
6

0
/

0
6

0

o

£ 5

O
D

(m
m

)

ID
(m

m
)

•5  s '  
z. £  
<  “

29 127.0 100.7 127.0 99.7

30 127.0 100.7 127.0 99.7

31 123.8 100.7 123.8 99.7

32 123.8 100.7 123.8 99.7

33 150 127.0 100.7 20 0 127.0 99.7

34 127.0 100.7 127.0 99.7

35

38 340 114.3 101.3 100.7 340 114.3 100.4 99.7

37

38 114.3 100.7 114.3 99.7

39

40

41

42

43 460 61 0 710 790 8 9 0 123.5 99.7

44 370 45 0 450 540 5 9 0 123.5 99.7

45

M P a x  145 =  p s i d a N  x  2 .25 =  lb  d aN .m  x  7 .38 =  Ib .f! m m  x  0.0394 =  in



C 37 145

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 4.500 in 1 1 4.3  m m 4.500 in 114.3 m m

2 11 .60 IW Jt 16.9  d a N / m 13.50 lb/ft 19.7 da N /m

3 0 .2 5 0  in 6 .4  m m 0 .2 9 0  in 7.4 m m

4 4 .0 0 0  in 1 0 1 .6  m m 3 .9 2 0  in 9 9 .6  m m

5 3.34 in 2 21 5 4  m m ^ 3,84 in2 2 4 7 6  m m 2

6 0 .6 5  gal/ft 8.11 I/m 0 .6 3  gas/ft 7 .7 9  I/m

7 0 .8 3  gal/ft 10.26 I/m 0 .8 3  gat/lt 10.26 I/m

8 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5 KS5 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P 110 0 1 2 5

9 3 4.2 42.1 43.8 43.8 47.0 48.4 52.2 55.2 44.3 56.2 58.9 5 8.9 6 4.2 6 6.7 73.8 80.1

10 3 6.9 5 0.3 53.6 53.6 60.3 63.7 73.7 83.8 42.8 58.3 62.2 6 2.2 7 0.0 73.9 85.6 97.2

11 82 111 119 119 134 141 163 186 94 128 137 137 154 162 188 213

12 123 126 129 135 138 145 171 187 141 147 149 155 156 166 197 2 15

13 123 135 171 187 141 155 197 2 15

14 123 128 123 135 138 145 171 187 141 142 142 150 150 157 187 2 02

1S 123 135 171 187 141 155 197 2 1 5

16 76 91 94 96 9 9 104 124 134

17 80 94 94 99 99 104 124 134 97 114 114 120 120 126 150 162

18 9 2 .3

19 5 5.0 5 5 .0

20 104.4

21 49.3

22 58.8

23 6 5.5 69.9

24 69.9

25

2S 1 0 2.5  (9 1 .3 ) 1 0 9.0  (7 9 .4 )

2 7 304. J 1P& 0

28 53.0

Make-up torque (daN.m) Make-up torque (daN.m)

$
z

£ C
9

0
/

C
9

5

P
1

1
0

0
1

2
5 O  I T  

°  £

ID
(m

m
)

•§ B
E  £  
< K

5
5 i

■2
o C

9
0

/
C

9
5

!

P
1

1
0

O

0
0

(m
m

)

H

A
P

I 
d

fi
! 

(m
m

)

29 127.0 98.4 127.0 96.4

30 127.0 98.4 127.0 9 6.4

31 123.8 98.4 123.8 96.4

32 123.8 98.4 123.8 96.4

33 2 3 0 127.0 98.4 127.0 96.4

34 240 3 0 0 350 4 3 0 127.0 98.4 3 7 0 4 2 0 500 127.0 96.4

35 390 540 5 4 0 6 8 0 125.7 96.4

36 37 0 430 4 3 0 430 114,3 99.7 98.4 4 1 0 470 470 470 114.3 97.7 96.4

37 4 1 0 4 7 0 470 540 125.5 96.4

3 6 114.3 9 8.4 200 2 0 0 300 3 0 0 340 114.3 9 6.4

39 270 3 4 0 340 3 4 0 4 7 0 116.7 97.5 96.4

40 430 4 3 0 570 5 7 0 680 119.9 99.6 98.4 4 3 0 430 5 7 0 570 680 119.9 97.5 96.4

41 4 3 0 430 5 7 0 570 680 120.7 97.5 96.4

42

43 47 0 630 7 3 0 810 91 0 123.5 9 8.4 500 6 7 0 760 860 9 5 0 126.0 96.4

44 44 0 540 5 9 0 640 69 0 123.8 9 8.4 490 570 620 670 730 126.0 9 6.4

45 114.3 97.7 9 6.4

M P a *  145 =  p s i d a N  *  2 .25 =  lb  d aN .m  *  7.38 =  ib .ft m i* ' *  0.0394 =  in



146 C 38

G E O M E TR IC  C H A R A C TE R IS TIC S
AN D M EC H A N IC A L PR O PER TIES OF C A S IN G S  (continued)

1 4 .5 0 0  in 114.3 m m 4 .5 0 0  in 114.3 m m

2 15.10lt>/ft 2 2 .0  d a N / m 16 .90 ItJ/fi 2 4 .7  d a N / m

3 0 .3 3 7  in 8 .6  m m 0 .3 8 0  in 9.7

4 3 .8 2 6  in 9 7 .2  m m 3 .7 4 0  in 9 5 .0  m m

S 4.41 in 2 2 8 4 4  m m ^ 4 .9 2  in 2 31 7 3  m m 2

6 0 .6 0  g al/it 7 .4 2  i/m 0 .5 7  gai/tt 7 .09 I/m

7 0 .8 3  g al/f! 1 0 .26 I/m 0 .8 3  g a l/ t: 10.26 I/m

8 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 K55 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P110 0 1 2 5

9 5 2.5 71.7 76.4 76.4 84.3 88.0 98.9 109.2 58.6 79.9 85.3 85.3 95.9 101.3 117.3 133.2

10 4 9.7 6 7.8 7 2.3 72.3 81.3 85.8 99.4 113.0 S 6 .0 76.4 81.5 81.5 91.7 96.8 112.1 127.3

11 108 147 157 157 176 186 216 2 4 5 120 164 175 175 197 2 08 241 273

12 162 169 171 178 182 191 226 246 181 181 181 191 191 2 00 2 38 258

13 162 178 - 226 246 181 199 2 52 275

14 142 142 142 150 150 157 187 202 142 142 142 150 150 157 187 202

15 150 178 2 2 6 240 150 187 2 4 0 240

16

17 116 137 137 144 144 152 180 195

18 92.4

19 55.0 63.9

20 10 8 4

21 52.6

2 2 56.3 54.6

2 3 73.4

2 4 73.9

2 5 +  100.0

2 6 10 3.6  (8 2 .8 ) 108.4

2 7 101.9 107.6

28 59  1 63.3

M a k e -u p  lo r q u o  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m ) „

K
5

5

C
7

5
/

L
N

8
0

C
9

0
/C

9
5

2
5

O  {?
O  _£ Q 1

A
P

I 
d

ri
l 

. 
(m

m
)

%

C
7

5
/L

N
8

0

C
9

0
/C

9
5

P
1

1
0

0
1

2
5 O

D
(m

m
)

Q I
■ § ?

<•

29 127.0 94.0 127.0 91.8

30 127.0 94.0 127.0 91.8

31 123.8 94.0 123.8 91.8

32 123.8 94.0 123.8 91.8

33

34 600 660 127.0 94.0

a s 540 810 810 880 129.5 91.8

36 4 10 4 70 4 7 0 4 7 0 114.3 95.3 94.0 430 50 0 5 0 0 500 114.3 93.4 9 1 .8

37 540 61 0 6 1 0 680 130.8 9 1 .8

38 2 00 2 00 3 0 0 300 340 114.3 9 4 .0

39 3 3 0 4 30 430 430 610 116.7 95.1 9 4 .0 3 3 0 430 4 3 0 430 610 117.7 93.3 9 1 .6

40 4 30 4 3 0 570 570 680 120.7 95.1 9 4 .0

41 4 30 4 3 0 570 570 68 0 122.8 95.1 94.0

42 52 0 590 690 80 0 92 0 127.0 91.8

43 5 7 0 790 9 0 0 1030 1130 127.3 94.0 69 0 940 1080 1230 1380 129.7 91.8

4 4 '5 9 0 730 7 9 0 830 88 0 127.1 94.0 730 880 930 98 0 1080 129.7 91.8

4 5 310 3 5 0 39 0 430 114.3 95.4 94  0 340 3 8 0 420 460 114.3 93.3 91.8

M P a X 145 =  p s i d a N  x  2 .25 =  lb  d aN .m  x  7 .38 =  ib .ft  m m  *  0.0394 -  m
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O P ER TIES  O F C A S IN G S  (continued)

1 4.500 in 114.3 m m 4.500 in 114.3 m m

2 1 7 .70 tb/ft 2 5 .8  d a N / m 18 8 0  IW it 2 7.4  d a N / m

3 0 .4 0 2  in 10 .2  m m 0 .4 3 0  in 10.9 m m

4 3 .6 9 7  in 9 3 .9  m m 3 .6 4 0  in 9 2 .5  m m

5 5 .17 in 2 3 3 3 6  r o n ? 5 .5 0  in ^ 3 5 4 7  m m 2

6 0 .5 6  gal/lt 6 .9 3  i/m 0 .5 4  gal/fi 6 .7 1 1/m

7 0 .8 3  gal/ft 1 0 .2 6 1 /m 0 .8 3  g a i m 10 .2 6  i/m

8 K 5 5 C 7 5 1.80 NBD C 9 0 C 9 5 P 1 1 0 Q 1 2 5 K55 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P110 Q 1 2 S

9 6 1.6 - 84.1 89.7 89.7 100.9 106.5 123.3 140.1 6 5.5 89.4 95.3 9 5.3 107.2 113.2 131.1 148.9

10 59.2 80.8 06.1 86.1 96.9 1Q2.3 118.4 134.6 6 3.4 86.5 92.2 9 2,2 103.7 109.5 126.8 144.1

11 126 172 184 584 2 07 2 18 253 287 134 183 196 196 220 232 269 306

12 161 181 181 191 191 2 0 0 238 256 181 181 1 8 ! 191 191 200 238 256

13 191 209 265 289 191 222 282 305

14 142 142 142 150 150 157 187 202 142 142 142 150 150 157 187 202

t5 !5 0 f a ? 2 4 0 2 4 0 !5 Q 187 24 0 240

16 145 174 181 185 190 2 0 0 238 257

17 153 181 181 190 190 200 23 8 257

18

19 6 5.0

20

21 4 2.2

22 55. J

23 5 8 .9

24 7 9.0

25 +  100.0

26 102.6

27 102.3 110.3

28 65.1

M a k e -u p  t o rq u e  (d a N .m ) M a fce -u p  t o rq u e  (a a N .m )
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0
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9

0
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o  £  
°  §• Q 1

•o S ' 
a . 5  
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29 127.0 90.7 127.0 89.3

30 127.0 90.7 127.0 89.3

31 123,8 90.7 123.6 89.3

32 123.8 90.7 123.8 89.3

33 127.0 89.3

34 127.0 69.3

35

36 4 3 0 500 500 5 0 0 114.3 90.6 89.3

37

SB 20 0 200 3 0 0 300 340 114.3 8 9.3

39 330 4 3 0 430 4 3 0 6 1 0 116.7 90.4 89.3

40 43 0 430 570 570 6 8 0 120.7 90.4 89.3

41 430 430 570 570 680 126.8 90.4 8 9.3

42 127.0 8 9.3

43 71 0 960 1 1 3 0 1270 1420 1 3 0 .7 8 9.3

44 790 9 3 0 1 0 3 0 1 1 3 0 1 2 3 0 129.7 9 0 .7 880 1030 1130 1230 1320 132.1 8 9.3

45 114.3 9 0.8 8 9.3

M P a x  145 =  p s i d a N  x  2 .25 =  lb  d aN .m  *  7 .38  =  lb . f i  m m  x  0.0394 -  in



148 C 40

G E O M E TR IC  C H A R A C TE R IS TIC S
AN D M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 5 .0 0 0  in 1 2 7.0  m m 5 .0 0 0  in 127.0 m m

2 1 1 .50 IB/It 16 .8  d a N / m 1 3 .00 lb/ft 19.0  d a N /m

3 0 .2 2 0  in 5 .6  m m 0 .2 5 3  in 6 .4  m m

4 4 .5 6 0  in 1 1 5.8  m m 4 .494 in 114. m m

5 3 .3 0  in 2 2 1 3 2  m m 2 3 .7 8  in 2 2 4 3 6  m m 2

6 0 .8 5 g a l/ lt 10.54 I/m 0 .8 2  g a l/ti 1 0 .23 I/m

7 1 .0 2  gal/it 12 .67 I/m 1 .0 2  g a l/H 1 2 .67 I/m

S K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 110 Q 1 2 5 K55 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P 1 10 0 1 2 5

9 21.1 23.9 24.6 24.6 26.2 26.9 28.6 2 9 .7 2 8.6 3 4-3 3 5.5 35.5 37.5 38.4 40.4 41.7

10 29.2 39-8 42.5 42.5 47.8 50-5 58.4 66.4 3 3.6 4 5 -8 4 8.9 48.9 55.0 5 8.0 6 7.2 76.4

11 81 n o 118 116 132 140 162 184 92 126 134 134 151 160 185 210

1 2 120 126 127 133 136 143 169 184 138 144 146 152 155 163 193 210

13 120 133 169 184 138 152 193 210

14 120 126 127 133 136 143 169 164 138 144 14$ 152 155 163 193 210

IS 120 133 169 184 138 152 193 210

16 68 82 86 87 93 98 116 126 83 100 104 105 113 119 141 152

17 9 0 107 107 113 113 119 141 152

18 9 1.3

19 45.0 5 5.0

2 0 9 1.3

21

22

23 6 6.0

24

25

2 6 1 4 5.6  (1 0 0 .7 )

27 140.4

28 45.9

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )
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%  S 
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28 141.3 112.6 141.3 111.0

30 141.3 112.6 141.3 111.0

31 136.5 112.6 136.5 111.0

32 136.5 112.6 136.5 111.0

33 2 0 0 141.3 112.6 250 141.3 111.0

34 270 141.3 111.0

35 410 5 4 0 540 680 136.5 111.0

36 4 1 0 127.0 113.3 112.6 410 127.0 112.2 111.0

37 410 5 4 0 540 68 0 136.9 111.0

38

39

40 520 5 2 0 680 68 0 810 112.1 132.6 111.0

41

42

43 570 620 660 690 720 141.9 111.0

44 490 5 4 0 590 640 690 141.3 111.0

45 127.0 112.1 111.0

M P a x  145 =  p s i d a N  x  2 .25 =  lb  d aN .m  x  7 .38 =  lb . f i  m m  x  0.0394 =  in



C  41 149

G E O M E TR IC  C H A R A C TE R IS TIC S
AN D M EC H A N IC A L P R O P ER TIES  O F C A S IN G S  (continued)

0 .2 9 6  in  

4 .4 0 8  in 

4 .3 8  in2 

0 .7 9  gal/ft 

1 .0 2  gal/lt

21 9  d a N / m  

7 .5  m m  

1 1 2 .0  m m  

28 2 3  m m 2 

9 .6 4  I/m 

12.67 I/m

18.00 lt>/tt 

0 .3 6 2  in

4 .2 7  8  in

5 .2 7  In2 

0 .7 5  gal/St 

1.02 g a l/ lt

26.3  da N /m  

9 .2  m m  

1 0 9 .8  m m  

3401 m m 2 

9 .27 I/m 

12 .67 I/m

K S S  C 7 5  L 8 0  N 8 0  C 9 0  C 9 5  P 1 1 0  0 1 2 5 K55 C 7 5  L 8 0 N 8 0 C 9 0  C 9 5  P n O  0 1 2 5

3 8 .3

39.3  

107

4 7 .9  50.0

5 3 .6  57.2

146 156

5 0 .0  5 4.0

5 7 .2  64.3

156 175

5 5.9  61.1

6 7 .9  7 8.6

185 214

65.4

89.3

2 4 3

5 0 .9  6 8 .6  72.3

4 8 .0  6 5 .5  6 9.8

129 176 188

7 2 .3  79.4  8 2 .8  92.8

6 9 .8  78.6  8 2 .9  96.0

188 211 2 2 3  258

102.1

109.1

293

160

160

160

160

101

110

167 169

127 127

131 131

176

176
171

176

129

138

138

138

!8 9  224

224

179 213

224

145 172

145 173

244

244

2 30

244

187

187

192

192

162

171

201 203 2 1 2  2 1 6  228 

212

171 171

212

270 

270

179 213

2 7 0

294

294

230

273

140 167 167 176 176 185 220

9 2.5  

5 5.0

92 .5

5 0.4

5 4.4

70.7

70.7 

+ 100.0
125.7 (8 6 .9 ) 

121.1

52.7

93.9

65.0

9 3 .9  

5 3.2

57.0

70.6

75.7 

+ 100.0
104.3 (7 J .1) 

102.0

60.7

M a K e -u p  t o rq u e  (d a N .m )
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M a k e -u p  t o rq u e  (d a N .m )

00
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C
7

S
/

L
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8
0

C
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0
/C

9
5

o

a . 0
1

2
5

S2

C
7

5
/L

N
8

0

C
9

0
/C

9
5 O

U
d

5

29 141.3 108.8 141.3 105.4

30 141.3 108.8 141.3 105.4

31 136.5 108.8 136.5 105.4

32 136.5 108.3 J3 6 .5 105.4

33 310 141.3 108.8

34 330 4 2 0 4 8 0 570 141.3 1 0 8.8 5 4 0 6 2 0 720 800 141.3 105.4

35 4 1 0 5 40 540 690 138.4

<08

540 680 6 8 0 840 141.0 105.4

36 4 7 0 5 40 540 5 4 0 127.0 110.1 108.8 4 7 0 540 540 540 127.0 102.2 105.4

37 4 10 5 4 0 540 6 8 0 138.8 108.8 540 6 8 0 680 84 0 141.4 105.4

38 260 2 6 0 3 8 0 38 0 4 3 0 127.0 108.8 260 2 6 0 3 8 0 3 8 0 430 127.0 105.4

39 3 0 0 4 10 4 1 0 410 5 3 0 129.4 109.9 108.8 3 8 0 520 520 5 2 0 750 129.4 106.6 105.4

40 5 2 0 5 20 6 8 0 680 810 132.6 109.9 108.8 5 2 0 5 2 0 680 680 8 10 133.4 106.6 105.4

41 S 2 0 5 2 0 6 8 0 6 8 0 810 133.7 109.9 10 8.8 5 2 0 5 2 0 680 680 810 136.8 106.6 105.4

42 4 10 4 5 0 510 580 6 0 0 141.3 108.8 480 580 640 72 0 8 0 0 141.3 105.4

43 6 4 0 70 0 5 9 0 760 79 0 141.9 108.8 7 7 0 8 3 0 8 7 0 9 1 0 9 6 0 141.9 5 05.4

44 4 9 0 5 40 5 9 0 640 690 141.3 108.8 640 7 9 0 880 930 1030 141.5 105.4

45 127.0 110.1 108.8 3 9 0 440 490 540 127,0 •106.8 105.4

M P a x  145 psi d a N  x  2.25 d aN .m  x  7 .38 =  Ib .ft m m  x  0.0394 =  in



GEOM ETRIC CHARACTERISTICS  
AND MECHANICAL PROPERTIES OF CASINGS (continued)

150 C  42

1 S.000 in 1 2 7.0  m m 5.500 in 139.7 m m

2 2 0 .8 0  lb/ft 3 0.4  d a N /m 1 4 .00 IW ft 2 0  4 d a N / m

3 0 .4 2 2  in 10.7 m m 0 .2 4 4  in 6 .2  m m

4 A . !  5 6  in J0 5 .6  m m 5 .0 1 2  in 127.3 m m

S 6 .0 7  in 2 3 9 1 6 m m 2 4 .0 3  in 2 2 6 0 0  m m 2

6 0 .7 0 g a l/ !t 8 .7 5  I/m 1 .0 2  g a l/ ll !2 .7 3  I/m

7 1 .0 2  g a)/lt 12.67 I/m 1 .23 gal/it 15.33 I/m

8 KSS C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P11Q Q 1 2 5 KS5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 110 Q 1 2 5

9 5 8 -6 7 9 .9 85.3 85.3 95.9 101.2 117.2 133.2 21.5 24.4 25.0 2 5.0 2 6.6 27.4 29.2 30.4

10 56.0 76.4 81.5 81.5 91.7 96.8 112.0 127.3 29.5 40.2 42.8 42.8 4 8.2 5 0 .9 58.9 66.9

11 149 203 216 216 243 257 297 33 8 99 134 143 143 161 170 197 224

12 221 227 227 239 239 251 299 32 2 145 153 155 161 165 173' 205 224

13 221 2 4 4 310 33 8 145 161 205 224

14 162 162 162 171 171 179 213 230 145 153 155 161 165 173 205 224

15 171 213 273 273 145 161 205 224

16 84 102 106 108 117 123 144 161

17

18 94.6

19 65.0 4 5  0

20 94.6

21 46.2

22 59.3

23 64.9

24

25

26 9 0 .6  (6 2 .6 )

27 114.7

28 65.9

M a k e -u p  to rq u e  (d a N .m ) M a k e -u p  t o rq u e  (O a N .m ) _
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29 141.3 102.4 153.7 124.1

30 141.3 102.4 153.7 124.1

31 136.5 102.4 149.2 124.1

32 136.5 102.4 149.2 124.1

33 260 153.7 124.1

34

35 680 8 1 0 6 10 980 143.5 102.4

36 6 1 0 6 1 0 610 127.0 103.7 102-4 S2 0 139.7 124.8 124.1

37 68 0 81 0 8 1 0 9 8 0 141.4 102.4

3B 260 260 3 8 0 3 80 4 3 0 127.0 102.4

39 38 0 520 5 2 0 5 20 750 129.4 103.5 102.4

40 610 6 1 0 810 8 1 0 950 146.1 125.3 124.1

41

42

43 -9 5 0 1030 1080 1180 1230 141.9 102.4

44 8 3 0 98 0 1080 1230 1320 146.1 102.4

45 430 480 5 3 0 580 127.0 103.9 102.4

M P a x  145 =  p s i t fa N  x  2 .25 =  lb  d aN .m  x  7.38 =  lb . lt  m m  x  0.0394 — in



C  43 151

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 5 .50 lb/ft 1 7 .00 lb/ft 2 4.8  d a N /m

0 .2 7 5  in 

4 .9 5 0  in 

4.51 in2 

1 .0 0  gal/it 

1 .23 gal/ft

7 .0  m m  

1 2 5.7  m m  

2 9 1 0  m m 2 

12.42 l/m 

1 5 .33 i/m

0 .304 in 

4 .8 9 2  in 

4 .9 6  in 2 

0 .9 8  g a fffi 

1 .23 g al/ tl

7.7  mu? 

1 2 4.3  m m  

3201 m m 2 

1 Z I 3 l / m  

15.33 i/m

K 5 5  C 7 5 L8 0 C 9 0  C 9 5  P 1 1 0  Q 1 2 5 K 5 5  C 7 5  1 8 0  N 8 0  C 9 0  C 9 5  P 1 1 0  Q 1 2 5

2 7 .8  3 3 .3  3 4 .3

3 3 .2  4 5 .2  48.2

110 1 5 0  161

3 4 .3  36.2

4 8 .2  54.3

181 181

3 7 .0  3 8 .7  40.5

5 7 .3  6 6 .3  75.4

191 221 251

3 3 .8  4 1 .6  4 3  3

3 6 .7  5 0 .0  5 3 .3

121 166 177

4 3 .3  46.4

5 3 .3  6 0.0

177 199

4 7 .8  51.5

6 3 .3  73.3

2 1 0  243

54.4

83.3

276

163

163

163

183

171

119

128

173

124

132

180

180

180

180

126

136

137

139

194 2 3 0  251

2 3 0  251

194 2 3 0  2S1

2 3 0  251

144 168 188

146 174 188

179

179

179

179

112

121

135

146

190

141

150

198

198

189

198

144

155

155

158

164

166

253

253

236

2S3

191

198

276

276

255

276

214

214

92.1

55.0

92.1

+ 100.0

13 2.5  (9 3  9 )

128.6 

47.5

92.8  

55.0

92.8

50.8  

54.7  

71.6

+ 100.0 
1 2 0.4  !85.< 

116.9 

51.4

M a k e -u p  t o r q u e  { a a N .m l
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29 153.7 122.6 153.7 121.1

30 153.7 122.8 153.7 121.1

31 149.2 122.6 149.2 121.1

32 149.2 122.6 149.2 121.1

33 300 153.7 122.6 340 153.7 121.1

34 3 2 0 153.7 122.6 3 7 0 4 6 0 54 0 630 153.7 121.1

35 530 6 8 0 680 81 0 152.4 122.6 680 810 810 960 152.4 1 2 ! . l

36 5 2 0 139.7 123.8 122.6 5 2 0 61 0 610 6 1 0 139.7 122.4 121.1

37 530 6 8 0 680 81 0 152.8 122.6 680 810 810 960 152.8 121.1

38 3 1 0 31 0 460 4 6 0 540 139.7 121.1

39 350 470 4 7 0 470 720 142.9 122.2 121.1

40 610 6 1 0 610 81 0 950 146.1 123.7 122.6 6 1 0 61 0 81 0 810 9 5 0 146.8 122.2 121.1

41

42 400 45 0 510 5 8 0 590 153.7 122.6 47 0 540 6 2 0 700 72 0 153.7 121.1

43 6 4 0 700 73 0 770 8 1 0 154.3 1 2 2.6 6 9 0 7S0 790 820 860 154.3 121.1

44 390 490 54 0 590 6 4 0 153.7 122.6 S4 0 690 7 3 0 790 830 153.7 121.1

45 139.7 123.7 122.6 139.7 122.4 121 1

M P a X 145 =  p s i d a N  *  2 .25 =  lb  d aN .m  *  7.38 =  lb .lt m m  *  0.0394 =  in



152 0  44

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

20.00 lb/11 
0 .361 in 

4 .7 7 8  in 

5 .8 3  in2  

0 .9 3  g a l/ U  

1 .23 g a l/H

2 9 .2  O a N/m 

9 .2  m m  

121.4 m m  

37 6 0  m m 2 

11.57 I/m 

15.33 I 'm

2 3 .0 0  Ib/fl 

0 .4 1 5  in 

4 .6 7 0  in 

6 .6 3  in 2 

0 .8 9  gai/ft 

1.23 gal/ft

3 3 .6 d a N / m

10.5 m m  

1 1 8 .6  m m  

42 7 7  m m 2

11.05 I/m 

1 5 .33 I/m

K 5 5  C 7 5  L 8 0  N 8 0  C 9 0  C 9 5  P 1 1 0  G 1 2 5 K 5 5  C 7 5 L8 0 N 8 0  C 9 0  C 9 5  P 1 1 0  0 1 2 5

4 5 .6  5 8 .0  60.9

4 3 .6  59.4  63.4

143 194 207

6 0 .9  66.4

6 3 .4  7 1.3

207 233

69.1

75.2 

246

7 6.6

87.1

285

8 3.3

9 9 .0

324

5 2 .9  72.1

50.1 6 8.3

162 221

77.0

72.8

236

77.0

72.8

236

85.3

81.9

265

8 9 .2  100.2 110.7

8 6 .5  100.1 113.8

2 8 0  324 369

210

210

179

189

221 224 233

233

189

233

297 3 24 2 39

297 3 24 2 39

2 3 6 2 55 179

297 3 02 189

2 5 8

265

3 2 2

337

236

302

149 179 185 190 135 2 1 0  2 1 7  2 2 3  2 2 9  2 4 0  2 8 6  309

9 3.8

6 5.0

9 3.8  

53.4

5 6.9

75.2

7 5.8

+ 100.0 
102.5 (7 2 .7 ) 

115.7 

5 8.7

94.6

6 5 .0

94.6

4 7 .0

62.1 

66.1
78.7 

+ 100.0
90.1  (6 3 .9 ) 

101.7 

63.6

M a X e -u p  to rq u e  (d a N .m )
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/
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2 9 153.7 118.2 153.7 115.4

30 153.7 118.2 153.7 115.4

3 t 149.2 118.2 149.2 115.4

32 149.2 118.2 149.2 115.4

33

34 5 7 0 660 770 153.7 118.2 670 78 0 910 1010 1S3.7 115.4

35 6 8 0 8 1 0 8 1 0 960 156.2 118.2 3 1 0 950 95 0 1060 156.2 115.4

36 5 7 0 680 680 6 8 0 139.7 119.5 118.2 570 680 68 0 680 139.7 116.7 115.4

37 6 8 0 810 810 9 6 0 156.6 118.2 810 950 95 0 1060 156.6 115.4

38 3 1 0 310 4 6 0 460 5 4 0 139.7 118.2 310 310 46 0 4 6 0 5 4 0 139.7 115.4

39 460 610 6 ! 0 610 8 8 0 142.9 119.3 118.2 460 610 61 0 6 1 0 8 6 0 142.9 116.6 115.4

40 610 610 8 1 0 8 1 0 9 5 0 146.8 119.3 118.2 610 610 81 0 8 1 0 9 5 0 1 4 6.8 116.6 115.4

41 610 610 8 1 0 8 1 0 9 5 0 149.6 119.3 118.2 610 610 81 0 8 1 0 9 5 0 152.0 116.6 115.4

4 2 540 700 800 s a o 9 2 0 153.7 118.2 600 760 880 9 6 0 1000 153.7 115.4

43 800 880 920 970 1030 154.3 118.2 9 6 0 1080 1130 1180 1270 154.3 115.4

4 4 7 3 0  . 8 8 0 9 8 0 1030 1130 156.2 118.2 3 80 1080 1180 1320 1420 156.2 115.4

4S 480 540 610 690 139.7 119.6 118.2 520 580 6 5 0 720 139.7 116.9 115.4

M P a x  145 =  psi d a N  x  2.25 =  lb  d a N .m  x  7 .38 =  lb .ft m m  x  0.0394 =  in



C  45 153

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F  C A S IN G S  (continued)

3 0 .2 8 8 in 7 .3  r 0 .3 5 2  in 8 .9  m m

4 6 .0 4 9  in 1 5 3.6  m m 5.921 in 150.4 m m

S 5.74 in 2 3701 m m 2 6 .9 4  in 2 4 4 7 5  m m 2

6 1.49 gal/lt 18.54 I/m 1 .43 g al/U 1 7 .76 I/m

7 1.79 gal/ft 2 2 .24 I/m 1.79 gal/ft 2 2 .24 I/m

8 KSS C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 K55 C 7 5 180 N 8 0 C 9 0 C 9 5 P 110 0 1 2 5

9 2 0.5 23.1 24.0 2 4 .0 25.5 26.2 2 7.8 2 8.8 31.4 38.2 39.7 39.7 4 2.3 4 3.5 46.4 48.4

10 2 8.9 39.4 42.0 4 2 .0 47.2 49.9 5 7.7 8 5.6 35.3 48.1 51.3 5 1.3 57.7 6 0.9 70.5 80.1

11 140 191 204 204 230 242 281 319 170 231 2 4 7 247 2 78 293 3 39 3 86

12. 2 02 214 218 2 2 6 233 245 289 316 244 259 263 274 281 2 96 3 50 3 83

13 202 226 289 3 1 6 244 274 3 50 3 83

14 202 214 213 226 231 2 4 3 289 3 1 2 2 2 0 220 2 2 0 231 231 243 289 3 12

1S 2 0 2 226 289 3 t 6 231 274 3 5 0 3 7 0

16 119 14S 151 154 167 176 2 0 5 230 152 186 194 197 214 2 25 2 63 2 95

17 129 157 164 167 180 189 223 244 166 201 210 214 231 2 43 2 85 312

92.4  

5 5 .0

92.4

+ 100.0 

1 6 8.5  (9 0 .0 ) 

164.0

93.8  

5 5 .0

9 3.8  

4 8.6  

S3.2

+ 100.0 
139.4 (7 4 .4 ) 

135.6 

5 7.6

M a k e -u p  to rq u e  (d a N .m )

(U
JU

i)

0
0 S l ■B e

z *
<

M a k e -u p  t o rq u e  (O a N .m )

C l £
°  H S I

A
P

I 
d

ri
ft

 

(m
m

)

S

C
7

5
/

L
N

8
0

C
9

0
/C

9
5

o

Q
1

2
5

•2
z-i

£
o C

9
0

/C
9

5

P
1

1
0

5

29 187.7 150.5 187.7 147.2

30 187.7 150.5 187.7 147.2

31 177.8 150.5 177.8 147.2

32 177.8 150.5 177.8 147.2

33 3 6 0 187.7 150.5 460 187.7 147.2

34 3 9 0 187.7 150.5 50 0 640 740 870 187.7 147.2

35 680 8 1 0 810 9 8 0 180.3 150.5 84 0 95 0 950 1110 182.9 147.2

36 610 168.3 151.7 150.5 64 0 8 1 0 8 ! 0 3 ) 0 >68. 3 148.5 147.2

37 6 8 0 810 8 1 0 98Q 180.7 150.5 84 0 9 5 0 95 0 1110 183.3 147.2

39 43 0 430 65 0 650 720 168.3 147.2

39 49 0 65 0 650 6 5 0 7 6 0 171.5 148.4 147.2

40

41

42 6 0 0 600 720 800 880 187.7 150.5 640 80 0 960 1000 1100 187.7 147.2

43 760 8 6 0 910 9 7 0 1030 188.3 150.5 9 4 0 1080 1130 1180 1270 188.3 147.2

44 540 6 9 0 730 790 830 187.7 150.5 790 980 1080 1130 1230 187.7 147.2

45 630 730 830 940 168.3 148.5 147.2

M Pa x  145 =  psi d a N  *  2 .25 =  lb  d a N .m  x  7 .38 «  Ib .f! m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

2 8 .0 0  IB/fl 4 0 .9  d a N /m 3 2 .0 0  lb/it 4 6 .7  d a N / m

0 .4 1 ?  in 

5.791 in 

8 .1 3  in 2  

1.37 gal/ft 

1.79 g a l / t t

1 0.6  m m  

147.1 m m  

5 2 4 6  m m 2 

16.99 » m  

2 2 .2 4  Urn

Q.475 in 

5 .6 7 5  in 

9.17 in 2 

1.31 g a l/ ll 

1.79 gal/f!

1 2 . 1  mm 

1 4 4.2  mm 

5 9 1 9  m m 2  

16.32 I/m 

2 2 .24 I/m

K 5 5  C 7 5  IS O  N 8 0  C 9 0  C 9 5  P 1 1 0  Q 1 2 5 K 5 5  C 7 5  L 8 0  N 8 0  C 9 0  C S S  P 1 1 0  Q 1 2 5

4 2 ,5  53.7

4 1 .8  57.0

199 271

5 6 .3  56.3

60.7  60.7

2 8 9  289

61.2

68.3

326

6 3 .5  70.0

72.1 83.5

344 398

75.8

94.9  

452

5 0.5

4 7.6  

224

41 0 448 323

41 0 448 323

289 312 22 0

370 37 0 231

6 7.5

6 4.9

306

71.1

6 9.2  

326

71.1

6 9.2  

326

?8.1

7 7.8

367

81.4

82.2

91.1 100.2

95.1 108.1

449 510

2 8 6  304

2 8 6

2 2 0  2 2 0

231

321

321

231

289

330 347 362 3 7 2

362

231 231

289

463

463

289

370

2 0 2  245 2 5 6  2 6 0  2 8 2  2 9 6  347

506

5 0 6

312

370

2 3 3  2 6 4  2 9 6  301 3 2 6  3 4 2  4 0 2  440

94.7

65.0

94.7

53.0  

57.6

+ 100.0 
T 1 8 .9 (5 3 .5 ; 

115.7 

63.8

9 5.3

6 5.0

95.3

47.0

+ 100.0 
105.4  (£ 6 .3 } 

102.6 

65.9

M ake -up  io ro u o  (daN.m )

00
; 

(m
m

)

o  £ 
£

■6 £  
£  S- <

M ake -up  to rqu e  (OaN.m)

o  e  
°  E ID

(m
m

) •5 S 
a t  <§

o

2

o C
9

0
/

C
9

5

o

51 O
2

1- j
s
Cl C

9
0

/C
9

5

51 O

29 187.7 143.9 187.7 141.0

3 0 187.7 143.9 187.7 141.0

31 177.8 143.9 177.8 141.0

3 2 177.8 143.9 177.8 141.0

3 3

34 7&0 91 0 1060 187.7 143.9 900 1050 1230 1370 187.7 141.0

3 5 9 9 0 1080 1080 1220 185.4 14 3.9 1080 1220 1220 1290 188.0 141.0

36 6 8 0 8 5 0 8 5 0 8S 0 168.3 145.2 143.9 8 80 8 8 0 880 168.3 142.2 1 4 1.0

37 990 1080 1080 1220 185.8 143.9 1080 1220 1220 1290 188.3 141.0

38 430 430 650 65 0 610 168.3 143.9 4 3 0 4 3 0 650 650 750 168.3 141.0

39 610 8 1 0 8 1 0 81 0 1080 171.5 145.1 143.9 6 1 0 8 10 8 1 0 810 1080 172.2 142.1 141.0

40

41

42 800 1100 1300 1500 1600 167.7 143.9 9 60 1300 1500 1700 1700 187.7 141.0

43 1.180 1320 1420 1520 1570 188.3 143.9 1230 1420 1520 1570 1670 188.3 141.0

44 1080 1270 1380 1470 1670 187.7 143.9 1380 1570 1760 1960 2160 187.7 141.0

45 670 770 87 0 97 0 16 8.3 145.4 143.9 720 8 1 0 910 1030 168.3 142.5 141.0

M P a X 145 =  p s i d a N  x  2.25 daIM.m x  7 .38 =  Ib .ft m m  x  0.0394
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G E O M E TR IC  C H A R A C TE R IS TIC S
AN D M EC H A N IC A L PR O PER TIES O F  C A S IN G S  (continued)

1 7.000 in 1 7 7.8  m m 7.000 in 177.8 m m

2 1 7 .00 lb/ft 2 4 .8  da N /m 2 0 .0 0  (£>/(t 2 9 .2 tfa N / m

3 0.231 in 5 .9  m m 0 .2 7 2  in 6 .9  m m

4 6 .5 3 8  in 16 6 .1  m m 6 .4 5 6  in 1 6 4.0  m m

S 4.9 in 2 3171 m m 2 5 .7 5  in2 3 7 1 0  m m 2

6 1.74 gal/ft 2 1 .6 6  I/m 1.70 g al/fl 2 1 .12 I/m

7 2 .00  g a l/H 2 4 .8 3  I/m 2 .00  g a l/ ll 2 4 .8 3  I/m

8 K55 C 7 5 L8Q N 8 0 C 9 0 C 9 5 P 110 0 1 2 5 K55 C 7 5 1.80 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5

9 11.3 12.3 12.4 12.4 12.5 12.5 12.5 12.5 15.7 18.4 18.9 18.9 19.7 2 0.0 2 0.5 20.6

10 2 1 .9 29.9 31.9 31.9 3 5.9 3 7.8 4 3.8 4 9.8 2 5.8 3 5.2 37 .S 37.5 42.2 4 4.5 5 1.6 58.6

11 120 164 175 175 197 208 240 2 7 3 141 192 205 205 230 243 281 320

12 171 183 186 193 199 2 0 9 247 270 2 0 0 214 217 226 233 245 289 316

13 171 193 247 270 2 0 0 226 289 316

14 171 163 186 193 199 209 247 270 2 0 0 214 217 226 233 245 289 316

IS 171 193 247 2 7 0 200 2 2 6 289 316

16 9T 111 116 i t s 125 135 157 176 T i 3 m 145 147 !S0 J6S !9 7 220

17

18 9 2.0

19 4 5 .0 5 5.0

28 92.0

21

22

23 6 5 .8

24

25

26

27

28

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m ) _

K
5

5

§Z

IC
o : G

9
0

/C
9

S

o
K 0

1
2

5 OD (m
m

)

SI
-3 £  
£  S. < K5

5 z

O C
9

0
/C

9
5

P
1

1
0 w>

5

0
0

(m
m

)

ID
(m

m
)

6  'e  
s: £  <

29 194.5 562.9 194.5 160.8

30 194.S 162.9 194.5 160.8

31 187.3 162.9 187.3 160.8

32 187.3 162.9 187.3 160.8

33 1S4.5 !8 2 .9 3 4 0 194.5 160.8

34

35 760 98 0 980 1150 189.2 160.8

36 177.8 163.5 162.9 540 177.8 162.1 160.8

37 750 98 0 9 8 0 1150 f8 9 .6 160.8

38

39

40 88 0 8 8 0 1150 1150 1360 185.8 162.0 160.8

41

42

43

44

45

M P a x  145 =  p s i d a N  x  2 .25 =  lb  d aN .m ' *  7 .38 =  Ib .ft m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L P R O P ER TIES  O F  C A S IN G S  (continued)

2 3 .0 0  lb/it 3 3 .6  d a N /m 2 6 .0 0  Ib/fi

0 .3 1 ?  in 

6 .3 6 6  in 

6 .6 5  in 2 

1 .65 g al/It 

2 .00  g al/lt

S .!  m m  

1 6 1.7  m m  

4 2 9 3  m m 2 

2 0 .5 4  I/m 

2 4 .8 3  I/m

0 .3 6 2  in 

6 .2 7 6  in 

7 .5 5  in2 

1 .6 1  g a i/ n  

2 .00  g a l/ ll

9 .2  m m  

159.4 m m  

4 8 6 8  m m 2 

1 9 .96 I/m 

2 4 .8 3  I/m

KS5 C 7S  ! .8 0  N 80  CSO C 9 5  P u O  0 ) 2 5 K 5 5  C 7 5 L 8 0 CSO  C S S  P 1 1 0  0 1 2 5

2 2.5

3 0 .0

163

2 5.9

4 1.0

222

26.4

43.7

237

2 6.4

43.7

237

27.7

49.2

266

2 8 .6  3 0 .6

5 1 .9  60.1

281 326

3 2.0

6 8.3

3 7 0

29.8

3 4.3

185

3 6 .0  37.3

4 6 .8  49.9

25 2  269

3 7 .3  3 9.5

4 9 .9  56.1

2 6 9  302

4 0 .5  4 2.9

5 9 .2  6 8.6

31 9  369

4 4.4

78.0

420

232

232

232

232

138

152

168

185

176

193

261

261

250

261

179

196

194

213

205

225

335

335

312

335

239

262

3 6 6

3 6 6

337

3 6 6

267

291

263

263

237

250

162

178

281 285

1 98 207

217 227

2 9 6  305

296

2 5 0  250

2 9 6  

2 1 0  2 2 8  

231 250

321

24 0

264

37 9

379

312

379

281

308

415

415

337

3 9 9

314

342

93.2

55.0

93.2

51.5

55.3

70.5

+ 100.0

1 3 6.2  (8 4 .4 )

131.2

51.1

9 4.0

6 5.0

9 4.0

53.0

5 7 .0

74.0

+ 100.0
1 2 0 .2 (7 4 .4 )

115.7

5 6.9

M a k e -u p  to fq u e  (d a N .m )

O
D
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m
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m
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M a K e -u p  ro rq u e  (d a N .m )

00 (m
m

)
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m

)
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O C
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0
/C

9
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1
0 £Cg

Q 52

C
7

5
/

L
N

8
0

C
9

0
/C

9
5

P
1

1
0

0
1

2
5

2 9 194.5 158.5 194,5 156.2

30 194.5 158.5 194.5 156.2

31 187.3 158.5 187.3 156.2

32 187.3 158.S 1 8 7.3 1S6.2

33 4 2 0 194.5 is a s 490 194.5 156.2

34 4 6 0 590 6 8 0 194.5 158.5 540 690 800 9 4 0 194.5 156.2

35 7 5 0 9 8 0 980 1150 193.0 158.5 950 1080 1080 1290 193.0 156.2

36 5 4 0 750 750 750 177.8 159.8 158.5 6 8 0 9 5 0 950 9 5 0 177.8 157.5 156.2

37 750 980 980 1150 193.4 158.5 950 1080 1080 1290 193.4 156.2

38 470 470 610 710 8 10 177.8 1S8.5 4 7 0 4 7 0 680 8 1 0 9 50 1 7 7.8 156.2

39 420 610 610 6 1 0 710 181.0 159.7 158.5 4 7 0 6 8 0 680 6 80 8 10 181.0 157.4 156.2

40 880 830 1150 1150 1360 185.8 159.7 158.5 8 8 0 880 1150 1150 1360 185.8 157.4 156.2

41

42 740 -8 0 0 880 9 6 0 1000 194.5 158.5 800 960 1100 1300 1400 194.5 156.2

43 8.40 9 5 0 1030 1080 1130 195.1 158.5 980 1130 1180 1270 1380 195.1 156.2

44 6 4 0 790 8 3 0 8 8 0 980 194.5 158.5 880 1080 1180 1270 1380 194.5 156.2

45 720 8 3 0 9 6 0 1080 177.8 159.8 158.5 730 850 9 8 0 1080 177.8 157.7 156.2

M P a x  145 =  p s i d a N  x  2.25 =  lb  d aN .m  x  7 .38 =  Ib .ft m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F  C A S IN G S  (continued)

1 7.000 in 1 7 7.8  m m 7.0oain 1 7 7.8  m m

2 2 9 .0 0  ItJ/fi 4 2 .3  da N /m 3 2 .0 0  ID/ft 46.7  da N /m

3 0 .4 0 8  in 10.4 m m 0 .4 5 3  in 11.5 m m

4 6 .1 8 4  in 157.1 m m 6 .0 9 4  in 154.8 m m

5 8 .4 5  in ^ 5 4 5 0  m m 2 5 .3 2  in2 6 0 1 3  m m 2

6 1.56 g al/f! 19 .38 I/m 1.52 gal/f! 18.82 I/m

7 2 .00  gal/ft 2 4 .8 3  I/m 2 .0 0  gal/f! 2 4 .83 I/m

8 K 5 5 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P 1 10 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5

9 37.3 46.4 48.4 48.4 5 2.2 5 4.0 5 8.8 6 2.8 4 4.6 5 6.8 59.4 59.4 64.7 67.2 74.4 80.8

10 38.7 52.7 56.2 5 6  2 6 3.3 6 6.8 77.3 8 7.9 4 3.0 5 8.6 62.5 6 2 .5 7 0.3 7 4.2 8 5.9 9 7.6

11 207 282 301 301 3 3 8 357 413 470 228 311 332 332 373 394 4 5 6 518

12 294 314 319 332 342 359 425 465 3 2 5 347 352 366 377 396 469 513

13 294 332 425 465 3 2 5 366 469 513

14 237 237 237 2S0 250 262 312 337 237 237 237 2 5 0 250 262 312 337

15 2 5 0 31 2 3 99 3SS 2 5 0 3 ! 2 399 399

16

17 205 2 5 0 261 266 288 303 354 393 231 282 294 299 324 342 399 443

18 9 4.6 95.1

19 65.0 6 5.0

20 94.6 95.1

21 52.2 5 1.6

22 59.3 6 T .3

23 76.0 72.2

24 76.8 78.9

25 +  100.0 +  100.0

26 10 7.3  (6 6 .5 ) 9 7 .3  (6 0 .3 )

27 103.3 126.7

26 61.5 65.1

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )
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z
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(m
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28 194.5 153.9 194.S 151.6

30 194.5 153.9 194.5 151.6

31 J8 7 .3 153.9 187.3 151.6

32 187.3 153.9 187.3 151.6

33

3 4 8 0 0 9 3 0 1080 194.5 153.9 9 0 0 1040 1220 194.5 151.6

35 1020 1220 1220 1360 198.1 153.9 1150 1360 1360 1490 198.1 151.6

36 9 5 0 950 9 5 0 177.8 155.2 153.9 1020 1020 1020 177.8 152.9 151.6

37 1020 1220 1220 1360 198.5 153.9 1150 1360 1360 1490 196.5 1S1.6

SS 4 7 0 4 7 0 8 8 0 8 1 0 9 5 0 i? ? .8 153.9 4 7 0 4 70 6 8 0 8 1 0 9 5 0 177.8 151.6

39 540 7 5 0 75 0 7 5 0 1080 181.0 156.5 153.9 68 0 8 8 0 8 80 8 80 1220 181.8 153.3 151.6

40 880 8 8 0 1150 1150 1360 185.8 155.0 153.9 880 8 6 0 1150 1150 1360 186.5 153.4 151.6

41 8 8 0 880 1150 1150 1360 189.6 155.0 153.9 8 8 0 8 80 1150 1150 1360 191.7 1S2.8 151.6

42 96 0 1200 1500 1700 1700 194.5 153.9 1000 1300 1600 1700 1700 194.5 151.6

43 1130 1270 1380 1470 1570 195.1 153.9 1230 1380 1470 1570 1670 195.1 151.6

44 1080 1270 1380 1570 1670 194.5 153.9 1270 1470 1670 1860 1960 2 0 0.9 151.6

45 76 0 8 8 0 9 8 0 I J 3 0 !7 7 .8 155.4 553.9 7 90 9 5 0 1030 1180 177.8 153.1 151.6

M P a x  145 =  p s i d a N  x  2 .25 =  !b  daN .m - x  7 .38  =  ib .ft  m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 7.000 in 177.8 m m 7.000 in 1 7 7.8  m m

2 3 5 .0 0  Ib/fl 51.1 d a N / m 3 8 .0 0  Ib/lt 5 5 .5  d a N / m

3 0 .4 9 8  in 12.7 m m 0 .5 4 0  in 13.7 m m

4 6 .0 0 4  in 1 5 2.5  m m 5 .9 2 0  in 150.4 m m

5 10.17 in 2 6 5 6 3  m m 2 10.96 in 2 7 0 7 2  m m *

6 1.47 g a l/ ll 18.27 I/m 1.43 g a l/tl 1 7 .76 I/m

7 2 .0 0  g a  I/ft 2 4 .8 3  I/m 2 .00  gal/f! 2 4 .8 3  I/m

8 K55 C 7 5 L 8 0 N 3 0 C 9 0 C 9 5 P 1 1 0 Q 1 2 5 K 5 5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P110 Q 1 2 5

9 5 0 .! 66.7 70.2 70.2 7 7.0 80.4 8 9.8 9 8.7 54.0 73.6 78.6 78.6 88.4 92.7 104.4 115.5

10 47.2 64.4 68.7 68.7 77.3 8 1.6 9 4.4 107.3 51.2 69.8 74.5 74.5 83.8 88.5 102.4 116.4

11 249 339 362 362 407 430 49 8 566 268 366 390 3 9 0 439 463 536 6 1 0

12 3 SS 370 3 7 0 390 390 409 487 526 37 0 370 3 7 0 3 9 0 390 409 437 5 2 6

13 3 5 5 400 511 56 0 382 431 551 6 0 3

14 237 237 237 250 2 5 0 262 312 337 237 237 237 250 2 5 0 262 312 337

15 250 312 399 39 9 250 312 399 399

16

17 2 5 6 • 3 1 3 327 332 360 379 443 49 2 280 341 356 3 6 2 3 9 3 414 484 537

18 9 5.5 95.8

19 65.0 6 5,0

25 95.5 95.8

21 52.5 48.7

22 56.9 6 0.0

2 3

24 80.7 82.1

25 +  100.0 +  100,0

26 89.1 (5 5 .2 ) 8 2 .7  (5 1 .2 )

27 116.1 107,7

28 65.5 65.3

M a k e -u p  fo m u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )
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29 194.5 149.3 194.5 147.2

30 194.5 149.3 194.5 147.2

31 187.3 149.3 187.3 147.2

32 187.3 149.3 187.3 147.2

33

34 1000 1160 1350 1510 194.5 149.3 1090 1260 1470 1650 194.5 147.2

35 1150 1360 1360 1490 198.1 149.3 1220 1420 1420 1560 201.7 147.2

36 1020 1020 1020 177.8 150.6 149.3 1020 1020 1020 177.8 148.5 147.2

37 1150 136Cf 1360 1490 198.5 149.3 1220 1420 1420 1560 202.1 147.2

38 470 470 6 8 0 810 95 0 177.8 149.3 470 470 6 8 0 810 95 0 177.8 147.2

39 680 880 8 8 0 880 1220 1 8 2.6 150.5 149.3 680 880 880 88 0 1220 182.6 150.1 147.2

40

41 880 6 8 0 1150 1150 1360 193.7 150.5 149.3 880 8 8 0 1150 1150 1360 195.6 148,3 1 4 7.2

42 1000 1400 1700 1700 1700 194.5 149.3 1100 1500 1700 1700 1700 194.5 147.2

43 1270 1420 1520 1620 1?2 0 195.1 149.3 1320 1520 1570 1670 1760 195.1 147.2

44 ~1470 1760 1960 2160 2 1 6 0 2 0 0.9 149.3 1670 2 0 6 0 2160 21 6 0 21 6 0 2 0 0.9 147.2

45 820 9 4 0 1080 1180 177.8 150.8 149.3 860 9 8 0 1080 1230 177.8 148.7 147 2

M P a x  145 =  p s i d a N  x 2 .25 =  lb  d aN .m  *  7 .38  =  ib .f!  m m  x  0.0394 =  in



C  51 159

G E O M E TR IC  C H A R A C TE R IS TIC S
AN D M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 7.000 in 177.8 m m 7.00b in 177.8 m m

2 4 1 .0 0  Ib/lt 5 9 .6  d a N / m 4 4 .0 0  Ib/lt 6 4 .2 d a N /tn

3 0 .5 9 0  in f5.0m iii 0 .6 4 0  in 16.3 m m

4 5 .S 20  in 1 4 7.8  m m 5 .7 2 0  in 145.3 m m

5 1 1 .88 in2 7 6 6 2  m m 2 1 2 .78 in 2 8247 m m 2

6 1 .38 gal/ft 17.171/m 1.34 gal/It 16.581/m

7 2 .00  gat/ft 2 4 .8 3  I/m 2 .0 0  g a l/11 2 4 .83 1/m

8 K55 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P 110 Q 1 2 5 K55 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P 110 0 1 2 5

9 58.5 79.8 85.1 85.1 9 5.8 101.1 117.0 133.0 63.0 85.9 91.6 91.6 103.1 108.8 126.0 143.1

10 55.9 76.2 81.3 8 1.3 9 1.5 9 6.6 111.8 127.1 60.7 82.7 88.2 88.2 99.2 104.8 121.3 137.8

It 2 3 t 3 9 6 4 2 3 4 2 3 4 7 5 5 0 2 581 6 6 0 3 1 3 426 455 455 512 540 625 711

12 370 37 0 370 3 9 0 3 90 4 09 487 5 26 3 7 0 3 7 0 370 390 3 9 0 409 487 5 2 6

13 39 0 467 5 97 6 24 3 9 0 487 624 624

14 237 237 237 2 50 2 50 2 62 3 12 3 37 237 237 237 2 5 0 250 262 312 337

15 250 3 12 3 99 3 99 250 312 399 399

16

17

18 9 6.2 9 6.5

19 ■65-0

20 96.2 96.5

21

22 55.3

23

24 78.1 79.7

25 +  100.0

26 7 6 .3  (4 7 .3 ) 7 0.9

27 102.7

28 65.2

M a fc s -u p  lo rQ u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )
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<

I
K5

5 
j

z

O C
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29 194.5 144.7 194.5 142.1

30 194.5 144.7 194.5 142.1

31 187.3 144,7 187.3 142.1

32 187.3 144.7 187.3 142.1

33

34

35 1220 1420 1420 1560 201.7 144.7 20 3.2 142.1

36 177.8 145.9 144.7

37 1220 1420 1420 1560 202.1 144.7 203.2 142.1

36

39 63 0 880 8 8 0 880 184.0 145.8 144.7

40

41 1630 1900 1900 2370 193.0 144.7 1630 1900 1900 2370 195.2 142.1

42 194.5 144.7

43 1420 1570 1670 1760 i8 6 0 195.1 144.7 1670 1860 1960 2060 2160 195.1 142.1

44 1960 21 6 0 21 6 0 2160 2160 20 1.7 144.7

45 9 1 0 1030 1130 1270 177.8 146.1 144.7

M P a x  145 -  p s i d a N  *  2 .25 =  Ib  d a N . n v *  7 .38 =  Ib .f! m m  x  0.0394 =  in



160 C  52

G E O M E TR IC  C H A R A C TE R IS TIC S
A N D  M EC H A N IC A L P R O PER TIES O F C A S IN G S  (continued)

1 7.625 in 193.7 m m 7.62S in 193.7 m m

2 2 4 .0 0  ib/lt 35.0  d a N / m 2 6 .4 0  Ib/lt 3 8 .5  d a N / m

3 0 .3 0 0  in 7.6  m m 0 .3 2 8  in 8 .3  m m

4 7 .025 in 178.4 m m 6 .9 6 9  in 177.0 m m

5 6 .9 0  in 2 4454 m m 2 7 .52 in 2 4 8 5 0  m m 2

6 2 .0 1  gal/lt 25.01 I/m 1.98 g al/lt 24.61 I/m

7 2 .3 7  gal/ft 2 9 .4 6  I/m 2.37 gal/lt 2 9 .4 6  t/m

6 K 5 5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 110 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P11Q 0 1 2 5

9 16.0 18.9 19-4 19.4 2 0.3 20.7 2 1.3 21.4 2 0.0 22.6 23.4 23.4 24.9 2 5.5 27.0 27.9

10 26.1 3 5.6 3 8.0 3 8.0 42.7 45.1 52.2 5 9.3 2 8.5 38.9 41.5 41.5 46.7 4 9.3 57.1 64.9

11 169 230 246 246 276 292 338 384 184 2 5 1 26 8 268 301 318 366 4 1 8

12 237 255 259 269 278 292 345 3 7 8 258 277 282 29 3 303 318 3 7 6 412

13 237 269 345 3 7 8 258 293 376 412

14 237 255 259 26 9 278 29 2 345 378 258 277 282 293 3 0 3 318 376 412

15 237 269 345 378 258 293 376 412

16 136 167 175 178 193 203 237 266 152 187 195 198 216 227 265 297

17 167 20 5 214 2 !8 237 249 291 326

18 92.8 93.4

19 55.0 S5.0

20 92.8 9 3.4

21 49.3

22 53.2

23 71 .5

24

25 +  100.0

26 171.6 (10 4 .4

27 166.8

28 5 1.8

M a k e -u p  to rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )
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29 2 1 5.9 175.3 2 1 5.9 173.8

30 2 1 5.9 175.3 2 1 5.9 173.8

31 206.4 175.3 206.4 173.6

32 206.4 175.3 206.4 173.8

33 215.9 175.3 460 2 1 5.9 173.8

34 510 650 760 2 1 5.9 173.6

35 9 2 0 1080 1080 1220 2 0 6.4 175.3 920 1080 1080 1220 2 0 6.4 173,8

36 193.7 176.5 175.3 680 6 8 0 880 8 6 0 193.7 175.1 173.8

37 9 2 0 1080 1080 1220 2 0 5.6 175.3 9 2 0 1080 1080 1220 2 0 6 .8 173.8

38 5 7 0 570 680 6 6 0 950 193.7 173.8

38 5 7 0 6 8 0 680 680 810 196.9 175.0 1 7 3.8

40 1020 1020 1360 1360 1630 2 0 1.6 175.0 173.8

41

42 ' 6 6 0 880 1000 1100 1200 2 1 5 .9 173.8

43 9 7 0 1080 1180 1230 1320 2 1 6.6 173.8

44 730 830 9 3 0 1030 1130 2 1 5.9 173.8

45 8 6 0 1030 1180 1320 193.7 175.2 173.8

M P a *  145 =  p s i d a N  x  2 .25 =  lb  d aN .m  x  7 .38 «= Ib .ff m m  *  0.0394 =  in



C  53 161

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 7 .6 2 5 in 193.7 m m 7 .6 2 5 in 193.7 m m

2 2 9 .7 0  !t>/f! 4 3.3  d a N / m 3 3 .7 0  16/11 4 9 .2  d a N /m

3 0 .375 in 9.5 mm 0 .4 3 0 in 10.9

4 6 .875 in 174.6 m m 6 .76S in 171.8 m m

5 8.54 n 2 5 5 0 8  m m 2 9 .72 n 2 6 2 7 0  m m 2

6 1 .9 3 g a lrt t 2 3 .95 I/m 1.87 gai/ft 23 .19 I/m

7 2 .3 7  gal/lt 29.46 I/m 2 .3 7  gal/ft 29 .46 I/m

8 K 5 5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5 K55 C 7 5 180 N 8 0 C 9 0 C 9 5 p i  so Q 1 2 5

9 26-9 3 2 .0 3 3.0 33.0 34.7 35.3 36.8 39.1 35.1 43.4 45.2 4 5 .2 48.6 50.1 54.2 57.5

10 32.6 44.5 47.4 4 7.4 53.4 56.3 65.2 74.1 37.4 51.0 54.4 54.4 61.2 64.6 7 4.8 8 5.0

11 209 2 35 304 304 342 361 418 475 2 3 8 324 346 346 389 411 476 54Q

12 2 9 3 3 15 321 333 344 361 42? 468 334 359 365 379 391 411 486 533

13 2 9 3 333 427 468 334 379 486 533

14 2 93 3 15 321 333 344 361 427 465 327 327 327 344 344 361 430 465

15 2 9 3 333 427 468 334 379 486 533

16

17 197 2 4 1' 252 256 278 293 342 383 231 282 295 3 0 0 326 3 4 3 401 449

94.2

6 5.0

94.2

53.4

57.4

7 5.0

+ 100.0 
151.1 (9 1 .9 ) 

146.9 

5 7.6

9 4.9

6 5.0

94.9

54.8

5 8.8

73.9

78.0 

+ 100.0
132.7 ( 

129.1 

62.7

M a k e -u p  t o rq u e  (d a N .m )

00
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W a k e -u p  t o rq u e  (d a N .m )
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29 21 5.9 171.5 21 5.9 168.7

39 21 5.9 171.5 2 1 5 .9 168.7

31 205.4 171.5 206.4 168.7

32 2 0 6.4 171.5 206.4 168.7

33

34 770 8 9 0 1040 21 5.9 171.5 900 1050 1220 2 1 5.9 168.7

3 5 9 9 0 T 150 1 150 1290 2 1 0 .8 171.5 U 9 0 1380 1360 J4 9 0 210.8 1 6 8 7

36 1020 1020 1020 193.7 172.7 171.5 1020 1020 1020 193.7 169.9 168.7

37 9 9 0 1150 1150 1290 2 1 1.2 171.5 1190 1360 1360 1490 21 1.2 168.7

38 570- 57 0 81 0 8 1 0 9 5 0 193.7 171.5 570 57 0 810 8 1 0 950 193.7 168.7

39 610 81 0 810 8 1 0 9 5 0 196.9 172.6 171.5 680 81 0 810 610 1080 196.9 169.8 168.7

40 1020 1020 1360 1360 1630 20 1.6 172.6 171.5 1020 1020 1360 1360 1630 203.2 169.8 168.7

41 1020 1020 1360 1360 1630 2 0 6.6 169.8 168.7

42 880 1100 1300 1500 1600 2 1 5 .9 171.5 1000 1400 1600 1700 1700 2 1 5.9 168.7

4 3 1130 1270 1380 1470 1570 21 6.6 171.5 1380 1570 1670 1820 1910 2 1 6.6 168.7

44 98 0 1180 5270 1380 1470 21 5.9 171.5 1180 1380 1570 1670 1760 2 1 5.9 168.7

45 880 1030 1180 1320 193.7 1 7 2.8 171.5 9 1 0 1080 1230 1380 193.7 170.1 168 7

M P 3 x  1 4 5  = )S i d a N X  2 .2 =  Ib d a N .m x  7.36 =  lb ft m m  x 0.03S 4  =  in



162 C 54

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 7.625 in 193.7 m m 8.625 in 219.1 mm

2 3 9 .0 0  ib/lt 5 6 .9  d a N /m 2 4 .0 0  IB/It 3 5 .0  d a N / m

3 0 .5 0 0  in 12.7 m m 0 .264 in 6 .7  m m

4 6 .6 2 5  in 168.3 mm 8 .0 9 7  m 2 0 5.7  m m

S 1 1 .19 in 2 7221 n m 2 6.94 in* 4 4 7 7  m m 2

6 1.79 gal/ft 2 2 .2 4  I/m 2 .6 7  gal/fl 3 3 .2 2  I/m

7 2 .3 7  g a l/ ll 29 4 6  I/m 3 .04 gat/11 3 7 .6 9  I/m

8 K 5 5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 K55 0 7 5 L 8 0 N 8 0 C 9 0 0 9 5 P l l O 0 1 2 5

9 45.5 57.9 60.8 60.8 66.3 68.9 76.4 83.1 9.5 9.9 9.9 9.9 9.9 9 .9 9.9 9.9

10 43.5 59.3 63.3 63.3 71.2 75.2 87.0 96.9 20.3 27.7 29.6 2 9.6 3 3.3 35.1 40.7 46.2

11 274 373 3 9 8 398 448 473 548 622 170 231 247 247 278 293 3 4 0 386

12 385 413 420 436 451 474 560 613 233 253 258 267 277 292 344 378

13 385 436 560 613 233 267 344 378

14 327 327 327 344 344 361 43 0 465 233 253 258 267 277 292 344 3 7 8

IS 3 4  a 430 551 551 233 267 344 3 7 8

16 124 154 161 163 178 167 219 2 4 5

17 273 334 350 355 386 406 474 531

18 95.6

19 6 5.0 5 5.0

20 95.6

21 5 3.0

22 56.4

23 69.4

24 80.9

25 +  iOO.O

26 115.3 170.1)

27 112.1

28 6 5.2

M a k e -u p  to rq u e  (d a N .m ) M a k e -u p  t o rq u e  (a a N .m ) _
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28 2 1 5.9 165.1 2 4 4.5 2 0 2.5

30 2 1 5.9 165.1 2 4 4.5 2 0 2.5

31 206.4 165.1 2 3 1 .8 2 0 2.5

32 ' 206.4 165.1 2 3 1.8 2 0 2.5

33 36 0 2 4 4.5 2 0 2.5

34 1070 1240 1450 1620 2 1 5.9 165.1

35 1330 1490 1490 1630 2 1 4.6 165.1

36 1020 1020 1020 193.7 166.4 165.1 68 0 219.1 2 0 3.8 2 0 2.5

37 1330 1490 1490 1630 2 1 5.0 165.1

38 5 70 5 70 6 1 0 810 9 5 0 193.7 165.1

39 7 5 0 9 50 9 5 0 950 1360 196.4 166.2 165.1

40 1020 1020 1360 1360 1630 2 0 3.6 166.2 165.1

41 1020 1020 1360 1360 1630 2 0 9.9 166.2 165.1

42 1200 1600 1700 1700 1700 2 1 5.9 165.1

43 1470 1670 1820 1910 2 0 6 0 2 1 6.6 165.1

44 157Q 1760 1960 2060 2160 2 1 5.9 165.1

45 9 60 1130 1270 1420 193.7 166.S 165.1

M P a x  145 =  p s i d a N  *  2 .25  =  lb  d aN .m  x  7 .38 -  Ib .f! m m  x  0.0394 =  in



C 55 163

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

2 8 .0 0  Ib/lt 

0 .304 in 

8 .017 in 

7 .95 m 2 

2 .6 2  gal/ll 

3 .0 4  g a l/ ll

4 0 .9  d a N / m  

7.7  m m  

2 0 3 .6  m m  

5 1 2 6  m m 2 

3 2 .5 7  I/m 

3 7 .6 9  I/m

3 2 .0 0  Ib/ll 

0 .3 5 2  m  

7.921 in 

9 .1 5  in 2 

2 .56 g a l/ ll 

3 .0 4  gal/lt

46 7 oaM /m  

8 .9  m m  

2 0 1 .2  m m  

5 9 0 2  m m 2 

3 1 .7 9  I/m 

3 7 .6 9  I/m

K 5 5  C 7 5  L 8 0  N 8 0  C 9 0  C 9 5  P 1 1 0  Q 1 2 5 KS5 C 7 5  L 8 0  N 8 0  0 9 0  C 9 5  P I  10 0 1 2 5

12-.9

2 3.4

194

14.6

31.9

265

14.9

34.0

283

34.0

283

15.2

38.3  

318

15.2

40.4

3 3 6

15.2

53.1

442

17.5

27.1

224

20.4

36.9

305

21.0
39.4

326

21.0
39.4

326

2 2.2
4 4.3

366

22.6
46.8

387

23.6

54.2

23.9 

61.5 

509

267 2 9 0  295

267

2 6 7  2 9 0  295

267

149 184 193

30 6  3 1 7  334

306

30 6  3 1 7  334

306

196 2 1 3  225

394

394

394

394

262

43 3

433

433

433

294

307

307

307

307

179

201

221 232

2 4 7  259

352

352

352

352

235

263

2 5 6

286

2 7 0

302

454

454

454

454

315

352

92.9  

5 5.0

92.9

2 0 6.4  (1 1 2 -1 ) 

2 0 2.9

93.8

55.0

93.8

50.1

53.9

100.0

1 7 9.3  (9 7 .3 ) 

176.2 

54.5

M a k e -u p  t o rq u e  (d a N .m )
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M a k e -u p  to rq u e  (d a N .m )
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28 2 4 4.5 200.5 2 4 4.5 198.0

30 2 4 4.5 200.5 2 4 4.5 198.0

31 2 3 1.8 2 0 0.5 2 3 1.8 198.0

32 2 3 1.8 200.5 2 3 1.8 198.0

33 2 4 4.5 200.5 5 5 0 244.5 198.0

34 6 1 0 2 4 4.5 198.0

35 9 9 0 1150 1150 1290 2 3 1.8 200.5 1060 1220 1220 1360 2 3 5.0 198.0

36 6 8 0 219.1 201.7 200.S 750 219.1 199.3 198.0

37 9 9 0 1150 1150 1290 2 3 2.2 2 0 0 .5 1060 1220 1220 1360 2 3 5.3 198.0

38 6 9 0 6 9 0 810 8 1 0 1080 219.1 198.0

39 690 8 1 0 810 8 1 0 1080 222.3 198.4 198.0

40

41

42 8 8 0 1000 1200 1400 1500 244.5 198.0

43 1030 1180 1270 1380 1470 245.1 2 0 0.5 1130 1270 1380 1470 1570 245.1 198.0

44 730 8 3 0 880 93 0 980 2 4 4.5 2 0 0 .5 880 980 1080 1180 1270 24 4.5 198.0

45 1130 1320 1520 1720 219.1 194.4 198.0

M P a x  145 =  psi 2.25 =  lb 7 .38 ~  Ib .ft m m  x  0.0394



164 C  56

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L P R O PER TIES O F C A S IN G S (continued)

1 8.625 in 219.1 m m 8.625 in 219.1 m m

2 3 6 .0 0  lb/11 5 2 .5  da N /m 4 0 .0 0  lb/11 5 8.4  da N /m

3 0 .4 0 0  in 10 .2  m m 0 .4 5 0  in 11.4 m m

4 7 .8 2 5  in 1 9 8.8  m m 7 .7 2 5  in 1 9 6.2  m m

5 10.34 in 2 6668 m m 2 1 1 .56 in 2 7456 m m 2

6 8 .50 gal/ft 3 1 .0 3  I/m 2 .4 3  g al/lt 3 0 .2 4  I/m

7 3 .0 4  gal/lt 3 7 .6 9  I/m 3 .04 gal/ft 37.6 9 1 /m

8 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 3 0 C 9 5 P 110 0 1 2 5

8 23.8 2 7 .6 2 8.3 2 8.3 2 9.3 3 0.0 32.3 34.0 30.3 36.7 38.1 38.1 4 0.5 4 1.5 44.1 45.7

10 3 0 .8 4 2.0 4 4.8 4 4.8 50.4 5 3.2 61.6 69.3 34.6 4 7 .2 50.4 5 0.4 56.7 5 9.8 69.2 78.7

11 253 345 368 368 414 437 506 575 283 386 411 411 463 488 565 643

12 34 7 377 384 396 413 434 512 5 6 3 388 421 43 0 445 482 486 573 629

13 347 398 512 563 388 445 573 629

14 347 3 7 3 373 393 393 412 4 9 ! 530 3 7 3 373 373 393 393 412 491 53 0

15 347 398 512 563 388 445 573 628

16 208 257 270 273 298 314 3 6 6 411

17 234 288 302 306 333 3S1 410 453 268 330 345 351 381 402 46 9 526

16 94.6 95.1

19 65.0 6 5 .0

20 94.6 95.1

21 52.S 49.9

22 56.1 58.8

23

24

25 +  100.0 +  100.0

26 158.7 (8 6 .2 ) 141.9 (7 7 .1 )

27 156.0 139.5

28 59.7 6 4 .0

Make-up torque (daN.m) Make-up torque (daN.m)
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28 24 4.5 135.6 2 4 4.5 193.0

30 244.S 135.6 2 4 1.5 193.0

31 23 1.8 195.6 2 3 1 .8 193.0

32 23 1.8 195.6 2 3 1.8 193.0

33 630 24 4.5 195.6

34 710 9 2 0 1070 24 4.5 195.6 1050 1230 1430 2 4 4.5 193.0

3S 1220 1360 1360 1560 23 5.0 195.6 1360 1490 1490 1690 2 4 1.3 133.0

36 750 9 5 0 350 9 5 0 219.1 196.9 195.6 1080 1080 1080 219.1 194.3 193.0

37 1220 1360 1360 1560 2 3 5.3 195.6 1360 1490 1490 1690 2 4 1.7 133.0

38 690 6 9 0 350 9 5 0 1080 213.1 195.6 690 6 9 0 1020 1020 1150 219.1 193.0

39 750 $ s a 3 5 0 3 5 0 1360 22 2 .3 196.7 195.6 8 1 0 1080 toeo 1080 1490 2 2 2 .3 194.2 193.0

40

41

42 1000 1200 1400 1600 1700 2 4 4 .5 195.6 1200 1500 1700 1700 1700 2 4 4.5 193.0

43 13S0 1570 1670 1820 1960 245.1 195.6 1470 1670 1820 1310 2 0 6 0 245.1 193.0

44 1080 1230 1380 1470 1570 24 4.5 195.6 1380 1570 1760 1860 1960 2 4 4.5 193.0

45 1130 1320 1520 1720 219.1 197.0 195.6 1180 1320 1520 1760 219.1 194.6 193.0

M P a x  145 =  psi d a N  *  2 .25 =  lb  d aN .m  x  7.38 =  Ib .ft m m  *  0.0394 =  m



C 57 165

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 8.625 in 2 19. m m 8.625 in 219.1 m m

2 4 4 .0 0  Ib/fl 6 4 .2  d a N / m 4 9 .0 0  Ib/fl 7 1.5  d a N /m

3 0 .S 00  in 12.7 m m 0 .557 in 14.2 m m

4 7 .6 2 5  in 193.7 m m 7.511 in 1 9 0.8  m m

S 12 .76 in 2 8234 m m 2 14 .12 in2 9 1 1 0  trim2

6 2 .3 7  gal/11 29.461/m 2 .3 0  g a l/ ll 2 8 .5 8  I/m

7 3 .0 4  g a l/ ll 3 7 .6 9  I/m 3 .04 g a l/ ll 37 .69 I/m

8 K55 C 7 5 1 8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 K55 C 7 5 180 N 8 0 C 9 0 C 9 5 P 110 Q 1 2 5

9 36.9 4 5.9 4 7.9 4 7.9 5 1.7 53.4 58.1 61.9 44.4 5 6.3 59.1 59.1 64.4 66.9 74.0 80.4

10 38.5 5 2.5 5 6.0 5 6.0 6 3.0 66.4 76.9 87.4 42.9 58.4 6 2.3 62.3 70.1 74.0 85.7 97.4

11 312 426 454 454 511 539 624 710 345 471 502 502 565 597 691 785

12 428 465 474 492 51 0 53 6 633 695 474 515 525 544 564 593 700 769

13 42 8 492 633 695 474 544 700 769

14 37 3 373 373 3 9 3 393 412 491 5 3 0 373 3 7 3 373 3 9 3 393 412 495 530

15 393 491 6 2 8 6 2 8 393 491 628 628

16

17 302 371 389 394 429 452 5 28 5 92 339 418 437 444 4 8 3 509 594 666

16 95.8 96.0

19 65.0 6 5 .0

20 95.6 98.0

21 53.0 47.9

22 59.3 63.0

23

24

25 +  100.0 +  100.0

26 1 2 8 .5 (6 9 .8 ) 116.1 |63.1)

27 126.3 114.2

28 65.5 69.3

M a k e -u p  to rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )
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29 2 4 4 .5 190.5 244.5 187.6

30 2 4 4.5 190.5 2 4 4.5 187.6

31 2 3 1 .8 190.5 2 3 1 .8 187.6

32 2 3 1 .8 190.S 2 3 1 .8 187.6

33

34 1180 1380 1610 2 4 4.5 190.5 1330 1550 1810 2020 244.5 187.6

35 1420 1630 1630 1830 2 4 1 .3 190.5 1490 1760 1760 1970 2 4 1.3 187.6

36 1150 1150 1150 219.1 191.8 190.5 1150 1150 11SQ 219.1 188.9 187.6

37 1420 1630 1630 1830 241.7 190.5 1490 1760 1760 1970 241.7 187.6

38 6 9 0 690 1020 1020 1150 259.1 190.5 690 6 9 0 1020 1020 1150 219.1 187.6

38 8 5 0 1080 1080 1080 1490 2 2 2 .3 191.6 190.5 8 1 0 1080 1080 1080 1490 2 2 2.3 188.7 187.6

40

41

42 1400 1700 1700 1700 1700 2 4 4.5 190.5 1600 1700 1700 1700 1700 244.5 187.6

43 1570 1760 1910 2 0 6 0 2160 245.1 190.5 1670 1860 20 6 0 2160 2160 245.1 187.6

44 1670 1860 2 0 6 0 2 1 6 0 2160 244.S 190.5 1960 2160 25 6 0 2160 2160 2 4 4.5 187.6

4S 1180 1380 1570 1760 219.1 192.1 190.5 1230 5420 1620 1820 219.5 189.2 187.6

M P a x  145 =  p s i d a N  x  2 .25 =  lb  d aN .m  x  7 .38  =  lb .ft  m m  x  0.0394 -  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L P R O PER TIES O F C A S IN G S  (continued)

1 9.62S in 2 4 4 .5  m m 9.625 in 2 4 4 .5  m m

2 3 2 .3 0  lb/ft 4 7 .! d a N / m 3 6 .0 0  Ib/f! 52.5  d a N / m

3 0 .3 1 2  in 7.9 m m 0 .3 5 2  in 8.9

4 9.001 in 2 2 8 .6  m m 8.921 in 2 2 6 .6  m m

5 9 .1 2  in 2 5 8 6 6  m m 2 10.25 in 2 6 6 1 5  m m 2

6 3.31 g a l/ ll 4 1 .0 6  I/m 3 .2 S g a l/ fl 4 0 .3 3  l/m

7 3 .7 8  g a l/ ll 46 .94 I/m 3 .7 8  gal/ft 46 .94 I/m

B K55 C 7 5 IS O N 8 0 C 9 0 0 9 5 P 110 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 0 9 5 P 1 1 0 Q 1 2 S

9 10.8 11.7 11.8 11.8 11.8 11.8 11.8 11.8 13.9 16.0 16.4 16.4 16.8 17.0 17.1 17.1

10 2 1.5 2 9.3 3 1.3 3 1.3 3 5.2 3 7 .) 43.0 48.9 24.3 33.1 35.3 35.3 39.7 45.9 48.5 55.2

11 2 2 3 304 325 325 365 386 446 507 251 342 365 365 410 433 502 5 7 0

12 2 9 9 328 336 347 362 381 448 493 336 369 377 390 407 428 504 555

13 299 347 448 493 3 3 6 390 504 5 55

14 299 328 336 347 362 381 448 493 3 3 6 369 377 390 407 428 504 5 55

15 299 347 448 493 3 3 6 390 504 5 55

16 162 201 211 214 234 246 287 322 188 234 245 249 271 286 334 374

17 217 269 282 286 312 328 383 4 30

18 93.2 9 3  9

19

20 93.2 9 3.9

21 5 0.0

22 5 3.9

23 66.4

24

25

26 177.6 (9 6 .7 )

27 173.9

28 5 3.5

M a k e -u p  t o rq u e  (O a N .m ) M a k e -u p  t o rq u e  (d a N .m )
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29 2 6 9.9 224.7 2 6 9 .9 2 2 2.6

30 2 6 9.9 224.7 2S 9.9 222.6

31 2 5 7.2 224.7 2 5 7.2 222.6

32 2 5 7.2 2 2 4.7 2 5 7.2 2 2 2.6

33 2 6 9.9 224.7 570 2 6 9.9 2 2 2.6

34 660 2 6 9 .9 2 2 2.6

35 1080 1290 1290 1420 2 6 0.4 2 2 4.7 1080 1290 1290 1420 260.4 2 2 2.6

36

37 1080 1290 1290 1420 2 6 0.7 224.7 1080 1290 1290 1420 260.7 2 2 2.6

38 840 840 1080 1080 1360 2 4 4.5 2 2 2.6

38 840 1080 1080 1080 1360 247.7 2 2 3 .0 2 2 2.6

40 1490 1490 2030 2 0 3 0 2440 2 5 4.0 2 2 3.0 2 2 2 .6

41

42

43 1180 1380 1520 1620 1760 2 7 0 .5 222.6

44 980 1180 1270 5380 1470 2 6 9 .9 2 2 2 .6

45 1380 1670 5950 2160 2 4 4.5 2 2 4.0 2 2 2.6

M P a x  145 =  p s i d a N  x  2 .25 =  lb  d aN .m  x  7.38 =  ib .ft  m m  x  0.0394 => in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 9.625 in 2 4 4 .5  m m 9.625 in 2 4 4 .5  m m

2 4 0 .0 0  Ib/lt 5 8.4  d a N / m 4 3 .5 0  lb/ft 63.5  d a N / m

3 0 .3 9 5  in 10.0  m m 0 .4 3 5  in 11. m m

4 8 .8 3 5  in 2 2 4 .4  m m 8 .7 5 5  in 22 2.4  m m

S 11.45 in 2 7387 m m 2 1 2 .56 in 2 81 0 3  m m 2

3 .1 8  gal/ft 3 9 .5 5  I/m 3 .1 3  gal/ft 3 8 .84 I/m

7 3 .7 8  gal/11 4 6 .94 I/m 3 .7 8  gal/f! 4 6 .94 I/m

S K 5 5  . C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 110 Q 1 2 5 K55 C 7 5 1 8 0 N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5

9 17.7 20.6 21.3 21.3 22.4 22.9 23.9 2 4.3 22.4 25.7 26.3 26.3 27.6 28.5 30.5 31.9

10 27.2 37.1 3 9 .6 39.6 44.6 47.0 5 4.5 6 1.9 3 0.0 4 0.9 43.6 43.6 49.1 51.8 60.0 68.2

11 280 382 407 4 0 7 458 484 560 637 307 4 19 447 447 503 531 615 698

12 3 7 5 412 421 436 454 478 563 619 411 4 5 2 462 4 7 8 <98 524 617 679

13 3 7 5 436 563 619 411 4 7 8 617 679

14 3 7 5 412 416 436 437 459 547 591 411 4 16 416 437 437 459 547 5 9 )

15 375 436 563 619 411 478 617 679

16 216 268 2 8 ! 285 311 328 383 430

17 250 3 0 9 323 328 35? 377 439 493 279 3 45 3 62 367 400 422 492 552

18 94.5 95.0

19

20 94.5 95.0

21 51.7 53.0

22 55.5 S6.8

23 69.9 72.5

24

25 +  100.0 +  100.0

26 1 5 9 .0 (8 6 .6 ) 1 4 5 .0 (7 8 .9 )

27 155.7 141.9

28 5 8.3 62.0

M a k e -u p  to rq u e  (d a N .m ) M a k o -u p  lo rQ u e  (d a N .m )
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29 2 6 9.9 220.4 2 6 9.9 218.4

30 2 6 9.9 220.4 2 6 9.9 218.4

31 2 5 7.2 220.4 2 5 7.2 218.4

32 2 5 7.2 2 2 0.4 2 5 7.2 218.4

33 660 2 6 9.9 2 2 0.4

34 760 9 9 0 1150 2 6 9.9 2 2 0.4 1100 1290 1500 2 6 9.9 218.4

35 1220 1360 1360 1630 260.4 2 2 0.4 1360 1490 1490 1830 2 6 6.7 218.4

36

37 1220 1360 1360 1630 260.7 2 2 0.4 1360 1490 1490 1830 267.1 2 1 8.4

38 840 8 4 0 1220 1220' 1360 2 4 4.5 2 2 0.4 8 4 0 8 40 1220 1220 1360 2 4 4.5 2 1 8.4

39 950 1220 1220 1220 1490 2 4 7.7 2 2 2.4 2 2 0.4 9 5 0 1220 1220 1220 1490 247.7 2 2 0 .3 218.4

40 1490 1490 2030 2030 24 4 0 2 5 4.0 2 2 2.4 2 2 0.4 1490 1490 2 0 3 0 2030 2440 2 5 4.0 2 2 0 .3 218.4

41

42 1100 1400 1700 1700 1700 2 6 9.9 2 2 0.4 1300 1600 1700 1700 1700 2 6 9.9 218.4

43 1420 1670 1820 1960 2160 2 7 0 .5 2 2 0.4 1620 1910 2 0 6 0 2160 2160 2 7 0.5 218.4

44 1180 1380 1570 1670 1660 2 6 9.9 220.4 1470 1670 1860 1960 2160 2 6 9 .9 218.4

45 1420 1670 1910 2160 2 4 4.5 222.4 2 2 0.4 1420 1670 1910 2160 2 4 4 .5 ’ 2 2 0.4 218.4

M P a x  145 =  p s i d a N  x  2.25 =  lb  d aN .m  x  7 .38 =  Ib .ft m m  x 0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L P R O PER TIES O F C A S IN G S (continued)

1 9.625 in 2 4 4 .5  m m 9.625 in 2 4 4 .5  m m

2 4 7 .0 0  Ib / l t Sa.S d a N /m 5 3 .5 0  >bJU 78.1 d s N /m

3 0 .4 7 2  in 12 .0  m m 0 .5 4 5  in 13.8 m m

4 8.681 m 2 2 0.5  m m 8 .5 3 5  in 2 1 6 .8  m m

S 13.5? m 2 8757 m m 2 15.54 in2 10028 m m 2

6 3 .0 7  gal/f! 3 8 .1 8  I/m 2.97 g a l/ ll 36.91 I/m

7 3 .7 8 g a !/ lt 46 .94 I/m 3 .7 8  g a l/ U 4 6 .9 4  I/m

S K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 1 1 0 0 1 2 5 K55 C 7 5 18 0 N 8 0 C 9 0 C 9 5 P110 Q 1 2 5

9 26.8 3 1.8 3 2.8 3 2.8 3 4.4 35.1 36.5 38.9 35.4 4 3.8 45.6 45.6 49.0 50.6 54.8 58.1

10 3 2.5 44.4 47.3 47.3 53.3 56.2 65.1 7 4.0 3 7.6 51.2 5 4 .6 5 4  6 61.5 64.9 75.1 85.4

11 3 3 2 4 53 4 83 4 83 543 574 664 755 3 3 0 5 ) 9 5 5 3 55 3 622 657 761 8 64

12 4 4 5 4 88 4 99 5 16 538 566 667 734 509 559 572 591 616 648 764 841

13 445 5 16 667 734 509 591 764 841

14 4 16 4 16 4 16 4 37 437 459 547 591 416 416 416 437 437 459 547 591

IS 4 37 5 16 887 700 437 547 7 00 700

16

17 3 06 3 79 397 4 03 439 463 540 6 0 5 359 444 465 472 515 542 6 3 3 7 10

ie 95.4 9 6.0

19 65.1

20 95.4 9 6 .0

21 53.8 55.7

22 57.9 5 8.9

23 74.6 7 2.8

24 77.8

25 +  100.0 +  100.0

26 134.1 (7 3 .0 ) 117.1 (6 3 .8 )

27 131.3 114.7

28 65.0 6 5.2

M a k e -u p  Jo rQ ue  (d a N .m ) M a k e -u p  lo fQ u e  (d a N .m )
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29 26 9.9 2 1 6.5 2 6 9.9 2 1 2.8

30 2 6 9.9 21 6.5 26 9.9 2 1 2.6

31 2 5 7.2 2 1 6 .5 257.2 2 1 2.8

32 257.2 21 6.5 257.2 2 1 2.8

33

34 1210 1410 1640 1840 26 9.9 2 1 6 .5 1420 1650 1930 2 1 6 0 2 6 9.9 2 1 2.8

35 1490 1630 1630 1370 266.7 21 6.5 1690 1900 1900 2 1 7 0 26 6.7 2 1 2.8

36 1150 1150 11S0 24 4.5 21 4.9 2 1 2 .8

37 1490 1630 1630 1970 267.1 21 6.5 1690 1900 1900 2170 267.1 2 1 2.8

38 34 0 840 1220 1220 1360 24 4.5 21 6.5 8 4 0 340 1220 1220 1360 2 4 4.5 2 1 2.8

39 fOSO !3 6 0 1350 1360 1630 2 4 7 .7 218.5 21 6.5 m o !3 S 0 m o !3 5 0 1830 24 7.7 2 )7 .0 2 1 2.8

40 1490 1490 2 0 3 0 2030 24 4 0 254.0 21 8.5 21 6.5 1490 1490 2030 2030 2 4 4 0 25 5.6 2 1 8 .8 2 1 2.8

41 1490 1490 2030 2 0 3 0 2440 26 1.4 2 1 4.6 2 1 2 .8

42 1500 1700 1700 1700 1700 26 9.9 21 6.5 1700 1700 1700 1700 1700 269.9 2 1 2.8

43 •1670 1960 21 6 0 2160 2 1 6 0 27 0.5 216.5 1820 2160 2160 2160 2160 2 7 0.5 2 1 2.8

44 1760 1960 2 1 6 0 2160 21 6 0 2 6 9.9 21 6.5 1960 2160 21 6 0 2160 2160 26 9.9 21 2.8

4 5 1470 1720 i9 6 0 2 2 S0 2 4 4.5 2 1 8.5 21 6.5 1520 1760 1960 2250 24 4.5 21 4.8 212.8

M P a x  145 =  psi d a N  x  2.25 =  Ib d aN .m  x  7 .38 =  Ib .ft m m  x  p.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L P R O PER TIES O F C A S IN G S  (continued)

1 9.625 in 2 4 4 .5  m m 9.625’m 2 4 4.5  m m

2 5 8 .4 0  lt>/(1 8 5 .2  caM/mi 61.1016/1! 8 9 .2  d a N /m

3 0 .5 9 5  in 15.1 m m 0 .6 2 5  in 15.9 m m

4 8 .4 3 5  in 2 1 4 .3  m m 8 .3 7 5  in 21 2.7  m m

5 16 .88 in 2 1 0 8 8 6  m m 2 17 .6 7  in ? 11 3 9 8  m m 2

6 2 .9 0 ga J/ f! 3 6 .0 5  i/m 2 .86  g ai/ ii 3 5 .54 I/m

7 3 .7 8  o al/U 4 6 .94 I/m 3 .7 8  g a l/ li 4 6 .94 I 'm

8 K55 C 7 5 iao N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P11Q 0 1 2 5

9 4 1.3 5 2 .0 54.4 54.4 5 9.0 6 1.2 67.3 72.6 44.8 5 6.9 5 9.7 59.7 6 5.0 6 7.6 74.8 8 5.3

10 4 1.0 55.9 59.7 59.7 67.1 7 0.8 8 2.0 93.2 43.1 58.7 62.7 62.7 70.5 74.4 85.2 97.9

11 413 563 $01 6 0 ! 676 713 826 938 432 589 629 629 707 747 864 982

12 553 607 621 642 669 704 830 9 1 3 579 63 6 650 672 7 00 737 868 956

13 553 642 830 9 1 3 579 6 72 868 956

14 416 4 T 6 416 43 7 4 3 ? 4 5 9 547 5 9 ! 416 4 16 4 16 437 437 459 547 591

15 437 547 700 700 437 547 700 700

16

17

18 96.3

19

20

21 51.3

22 6 2  2

23

24 79.6

25 +  100.0 +  100.0

26 1 0 7 .9 (5 8 .7 )

27 105.6

2 8 65.3

M a k e -u p  lo rQ u e  jd a N .m ) M a k e -u p  to rq u e  (d a N .m )
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29 2 6 9.9 2 1 0.3 2 6 9.9 2 0 8.8

30 2 6 9.9 21 0.3 2 6 9.9 2 0 8.8

31 2 5 7.2 2 1 0 .3 2 5 7.2 2 0 8.8

32 25 7.2 21 0.3 2 5 7.2 2 0 8.8

S3

34

35 26 8.6 21 0.3

36

37

38 840 840 5220 1220 1360 2 4 4 .5 2 1 0 .3

39 1060 1360 1360 1360 1630 25 0.0 21 2.2 2 1 0.3

40

41 263.7 2 1 2.2 2 1 0.3

42 2 6 9.9 2 1 0.3 2 6 9.9 20 8.8

43 1910 2 1 6 0 2160 2 1 6 0 2160 27 0.5 2 1 0.3

44 2160 2160 2160 2 1 6 0 2160 26 9.9 2 1 0.3

45 1570 1820 2060 2 2 5 0 2 4 4 .5 2 1 2.3 2 1 0.3

M P a x  145  =  p s i d a N  x  2.25 =  lb  d a N . m *  7 .38 «  lb.1t m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 9.625 in 2 4 4 .5  m m 10.750 in 273.1 m m .

2 7 1 .8 0  10/ft 104.8 d a N / m 3 2 .7 5  lb/ft 4 7 .8 d a N / m

3 0 .7 5 0  in 19.1 m m 0 .2 7 9  in 7.1 m m

8 .1 2 5  in 2 0 6.4  m m 10.1 9 2  in 25 8.9  m m

5 2 0 .9 ! in2 13491 m m 2 9 .1 8  in 2 5 9 2 4  m m 2

6 2 .6 9  gai/tt 3 3 -4 5  I/m 4 .24 g al/ i! 5 2 .6 3  I/m

7 3 .7 8  g al/f! 4 6 .94 I/m 4 .7 2  gal/It 5 8 .5 6  I/m

8 KS5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 1 10 0 1 2 5 K55 C 7 5 1.80 N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5

9 S 4.5 74.3 79.3 79.3 89.2 94.1 106.2 117.6 6 .0 6-0 6.0 6.0 6.0 6.0 6.0 6.0

10 5 1.7 70.5 75.2 75.2 84.6 89.3 103.4 117.5 17.2 2 3.5 25.1 25.1 28.2 29.6 3 4.5 3 9.2

11 552 698 744 744 837 884 1023 1163 225 306 327 327 368 3 8 8 449 511

12 6 8 5 743 743 782 782 8 2 ! 977 1055 292 326 334 344 361 3 8 0 447 4 9 3

13 685 79S !0 2 8 1131 292 344 447 493

14 4 1 6 4 1 6 416 437 437 459 547 591 292 326 334 344 361 3 8 0 447 4 9 3

IS 437 S47 700 700 292 344 447 493

16 436 5 4 ! 567 ■ 575 628 662 772 866 150 188 197 200 218 2 3 0 268 3 0 !

17 503 622 652 661 721 760 886 994

16 92.3

19

20

21

22

23

24

25 +  100.0

26

27

26

M a k e -u p  s o iq u e  (d a N .m ) M a k e -u p  to rq u e  (d a N .m )
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29 269.9 202.4 2 9 8.5 2 5 4.9

30 269.9 202.4 2 9 8.5 2 5 4.9

31 257.2 202.4 2 8 5 .8 2 5 4.9

32 257.2 202.4 2 8 5.8 2 5 4.9

33 2 9 8.5 2 5 4.9

34

35 2 8 7.0 2 5 4.9

36

37

36

39

40

41

42 26 9.9 202.4

43

44

45

M P a x  145 =  p s i d a N  x 2 .25 =  lb  d aN .m  x  7X38 =  lb .ft  m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 10.750 in 273. m m 10.750 in 273.1 m m

2 4 0 .5 0  lb/ft 59.5 a a N /m 4 5 .5 0  Ib/ft 6 8.4  da N /m

3 0 .3 5 0  in 8.9 m m 0 .4 0 0  in 10.2 mm

4 1 0.0 5 0  in 2 5 5 .3  m m 9 .9 5 0  in 2 5 2.7  m m

5 11.44 in 2 7 3 7 8  m m 2 13.01 in 2 8391 m m 2

6 4 .1 2 g a l/ U 5 1 -1 8  I/m 4 .0 4  gal/it 5 0 .1 7  I/m

7 4 .7 2 g a i/ U 5 8 .5 6  i/m 4.72 gal/tt 5 8 .5 6  I/m

8 K55 C 7 5 1.80 N 8 0 C 9 0 C 9 5 P510 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P110 Q I 2 5

9 50.9 11.9 15.9 11.9 11.9 11.9 11.9 11.9 14.4 56.7 17.1 57.1 17.6 17.8 18.0 18.0

10 21.6 2 9.5 3 1.4 31.4 35.4 3 7.3 43.2 49.1 24.7 33.7 35.9 35.9 40.4 42.7 49.4 56.1

11 260 382 407 407 458 483 560 6 3 6 318 434 463 463 521 550 636 723

12 364 405 416 429 449 473 557 614 414 461 473 488 511 538 633 698

13 364 429 557 614 414 488 633 698

14 364 4 05 416 42 9 449 473 557 614 454 465 463 488 488 512 610 6S8

IS 364 42 9 557 614 414 488 633 698

16 2 0 0 2 50 262 266 295 306 357 401 235 293 3 0 8 312 345 359 419 471

17

18 93.9 9 4.6

19

20

21

22 55.6

23 6 6.3 7 0.3

24

25 +  100.0 +  100.0

26 1 7 7 .0 (9 7 .2 ) 1 5 5.6  (8 5 .5 )

27 173.7 152.7

28 52.3 58.1

M a k e -u p  t o rq u e  (d a N .m ) Make-up t o rq u e  (daN.m)

§

C
7

5
/

L
N

8
0

8

O

o

Cl O

Q  ?  
°  £

ID

(m
m

) •5 s' 
S i  
< £

C
7

S
/L

N
8

0

C
9

0
/C

9
5

P
1

10

Q
I2

5 O  E  
°

ID
(m

m
)

•5 "e  

«

29 2 9 8.5 2 5 1.3 298.5 2 4 8 .8

30 2 9 8.5 2 5 1.3 2 9 8.5 2 4 8.8

31 2 8 5 .8 2 5 1.3 2 8 5.8 2 4 8.8

32 2 8 5.6 2 5 1.3 2 8 5.8 2 4 8.8

33 61 0 2 9 8.5 2 5 1.3 720 2 9 8.5 2 4 8.8

34

35 2 8 7.0 2 5 1.3 292.1 248.8

36

37

38 95 0 95 0 5220 1220 1490 273.1 2 4 8.8

39 95 0 1220 5220 1220 1490 276.2 2 5 0.7 2 4 8.8

40 5760 1760 2440 2 4 4 0 2440 2 8 4.2 251.7 2 5 1 .3 1760 1760 24 4 0 2440 2440 284.2 250.7 2 4 8.8

41

42 1100 5500 1700 1700 1700 2 9 8.5 2 5 1 .3 1500 1700 1700 1700 1700 2 9 8.5 248.8

43 1270 5520 1670 1820 1960 2 9 9 .0 2 5 1.3 1570 1910 2060 21 6 0 2160 2 9 9.0 2 4 8.8

44 1080 1270 1470 1570 1670 2 9 8.5 2 5 1 .3 1380 1570 1760 1960 2160 2 9 8.5 2 4 8.8

45 1760 2 0 6 0 2450 2 7 5 0 273.1 252.7 2 5 1.3 1760 2060 24 5 0 2750 27371 250.2 2 4 8 .8

M P a x  145  =  p s i d a N  x  2 .25 =  !b  d aN .m  x  7 .38 =  lb .lt n irri *  0.0394 =  in



172 C  64

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 10.750 in 273.1 m m 10.750 in 273.1 m m

2 5 1 .0 0  Ib/fl 74 4 d a N / m 5 5 .5 0  Ib/ft 8 1 .0  d a N /m

3 0 .4 5 0  in 11.4 m m 0 .4 9 5  in 12 .6  m m

4 9 .8 5 0  in 2 5 0 .2  m m 9 .7 6 0  in 2 4 7 .9  m m

S 1 4 .56 in2 93 9 4  m m 2 15.94 in 2 10 2 8 6  m m 2

6 3 .9 6  g a i/ n 4 9 .5 6  I/m 3 .8 9  g al/ il 4 8 .2 7  !.'m

7 4 .7 2  gal/ft 5 8 .5 6  I/m 4 .7 2 g a l/ « 5 8 .5 6  i/m

8 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P110 0 5 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 S P1 1 0 Q 1 2 5

9 18.7 21.4 22.2 22.2 23.5 24.0 25.2 2 5.6 23.4 2 7 .! 27.7 27.7 28.7 29.6 31.8 33.4

10 2 7 .6 37.9 40.4 40.4 45.5 48.0 55.6 63.1 3 0.6 4 1.7 44.4 44.4 5 0 .0 52.8 61.1 69.4

11 3 5 6 486 518 518 583 615 712 8 1 0 3 90 S32 567 567 638 674 780 887

12 464 516 529 546 572 602 709 782 5 08 S65 580 598 627 659 776 856

13 464 546 709 782 5 08 598 776 856

14 4 6 3 463 ' 453 488 488 5 1 2 610 6 S 8 4 63 4 63 463 488 488 512 6 1 0 658

15 464 546 709 780 4 88 598 776 780

16 269 336 353 358 391 412 480 539 3 0 0 3 75 3 93 398 435 459 535 601

17

18 9 5.2 9 5.6

19

20

21

22 57.2 58.1

23 73.5 75.8

24

2$ +  100.0 +  100.0

26 539.0 (7 6 .3 ) . 1 2 6.9  (6 9 .7 )

27 136.4 124.6

28 62.6 65.4

M a k e -u p  s o tQ u e (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )

£
I 1 ©

§ 1 | i 8 1 1 o a §1 ID m
m

)

S  —
S s E a < s §> G. a <

o o o o

29 29 8.5 2 4 6 .2 20ft S 24 3.9

30 2 0 8 -; 2 4 6.2 2 0 ft* 2 4 3 .9

31 2 4 6.2 2 3 5.8 24 3.9

32 28 5.8 2 4 6.2 2 8 5 .8 2 4 3 .9

33 8 2 0 1080 1260 5460 2 4 6 .2 5200 1400 5630 ? 0 ff> 2 4 3.9

34

35 292.1 24 6.2 2 9 7.2 2 4 3.9

36

37

38 9 50 95 0 1220 1220 1490 273.1 24 6.2 1360 1360 1630 1630 5900 273.1 2 4 3.9

39 9 50 1220 1220 1220 1490 27 6.2 24 8.2 246.2 1360 1630 1630 1630 5 7 6 0 . 2 7 6.2 245.9 2 4 3.9

40 1760 !7 6 0 2440 24 4 0 2440 2 6 4 .2 24 8.2 24 6.2 1760 1760 2440 2440 2 4 4 0 2 8 4.2 2 4 5.9 2 4 3,9

41

42 1700 5700 1700 1700 1700 ?<)« S 24 6.2 1700 1700 1700 1700 1700 2 9 8.5 2 4 3.9

43 1670 1960 2160 2160 2160 2 9 9.0 24 6.2 1760 2060 2160 2160 2160 2 9 9.0 2 4 3.9

44 1670 I8 6 0 2 0 6 0 2160 2160 2 9 8.5 24 6.2 1960 2160 2160 2160 2160 2 9 8.5 2 4 3.9

45 1820 2 1 6 0 2450 2750 273.1 247.6 24 6.2 1820 2160 2450 2 8 5 0 273.5 2 4 5.5 2 4 3.9

M P a X 145 =  psi d a N  X 2.25 =  lb  d aN .m  x  7 .38 =  lb .f i m m  x  0.0394 =  in



C  65 173

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 10.750 in 273.1 m m 10.750 in 273.1 m m

2 6 0 .7 0  lb/ft 8 8  6  d a N /m 6 5 .7 0  Ib/lt 95.9  da N /m

3 0 .5 4 5  in 13.8  m m 0 .S 9 S  in 15.1 m m

4 9 .6 6 0  in 2 4 5.4  m m 9 .S 6 0  in 2 4 2 .8  m m

5 17 .47 in 2 1 1270 m m 2 1 8 .98 in 2 12244 m m 2

6 3 .8 ! gat/fl 4 7 .2 9  t/m 3 .7 3  gal/ft 46.31 t/m

7 4 .7 2 g a l/ tl 5 8 .56 I/m 4 .7 2  gal/lt 5 8 .5 6  I/m

8 K55 0 7 5 180 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 C95 P110 Q 1 2 5

8 28.7 34.4 3 5.6 3 5 .6 37.6 38.5 40.5 41.8 3 3 .9 41.7 43.4 43.4 46.6 4 8.0 51.7 54.6

10 33.6 4 5.9 4 8.9 46.9 55.0 58.1 67.3 76.4 36.7 50.1 53.4 53.4 60.1 63.4 73.4 83.5

11 427 583 6 22 622 699 738 855 971 464 633 67$ 6 7 5 760 802 929 1055

12 5SS 619 6 35 6 55 6 87 723 850 9 3 8 60S 673 69 0 712 746 785 924 1019

13 556 6 55 850 9 3 8 605 712 924 1019

14 463 463 4 63 4 8 8 4 8 8 512 610 6 5 8 4 6 3 463 46 3 488 512 512 610 6 5 8

IS 483 6 1 0 7 8 0 780 488 610 780 780

IS 334 457 4 37 4 4 3 484 511 595 6 6 8 3 6 7 458 481 487 533 562 655 735

17

16 9 6 .0 9 6.3

19 65.1 6 5.8

20

21

22 55.9 59.4

23 77.1 7 8.2

24 7 7.9 79.7

25 +  100.0 +  100.0

26 1 1 5.8  (6 3 .6 ) 1 0 6 .6 (5 8 .6 )

27 113.7 104.7

28 6 5.8 6 5.8

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )

K
5

5

§
Z
-J
B

O C
9

0
/C

9
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o
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C
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/
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8
0

C
9

0
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9
5

P
1
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5

0
0

(m
m

)

%  e  

s i  
<

29 2 9 8 .5 241.4 2 9 8.5 2 3 8 .9

30 29 8 .5 241.4 2 9 8.5 2 3 3 .9

31 28S.8 241.4 2 8 5.3 2 3 8.9

32 28 5.8 241.4 2 8 5.3 2 3 8.9

33 1810 2 0 3 0 29 8.5 241.4 2000 2240 2 9 8.5 2 3 8.9

34

35 29 7.2 2 4 1.4 2 9 7.2 238.9

36 273.1 2 4 3.5 2 4 1.4 1900 1900 1900 273.1 238.9

37

39 1360 1360 1760 1760 2030 273.1 241.4 1360 1360 1760 1760 2030 273.1 233.9

39 1490 1760 1760 1760 2030 27 7.0 2 4 3.3 241.4 1480 1760 1760 1760 2030 279.4 242.4 238.9

40 1760 1760 2440 2 4 4 0 2440 28S.8 2 4 3.3 2 4 1.4 1760 1760 2440 2440 2440 237.4 2 4 2 .S 2 3 8.9

41 '7 6 0 1760 2440 2 4 4 0 2440 29 0.2 2 4 3.3 2 4 1.4 1760 1760 2440 2440 2440 2 9 2.5 2 4 0.8 2 3 8.9

42 1700 1700 1700 1700 1700 29 8.5 2 4 1.4 1700 1700 1700 1700 1700 2 9 6.5 2 3 8 .3

43 I8 6 0 2 1 6 0 2160 2160 2160 2 9 S .0 241.4 1960 2160 2 1 6 0 2 1 6 0 2160 2 9 9.0 238.9

44 2160 2 1 6 0 2160 2160 2 1 6 0 29 8.5 2 4 1 .4 2 1 6 0 2160 2160 2 1 6 0 2 1 6 0 2 9 8.5 238.9

45 1860 2160 25 5 0 2 8 5 0 273.1 2 4 3 .0 2 4 1.4 1910 2250 2 5 5 0 2850 273.1 2 4 0.5 238.9

M Pa X  145 =  psi d a N  x  2 .25  =  Ib  d aN .m  x  7 .38 =  lb .it m m  x  0.0394 =  in



174 C  66

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L P R O PER TIES O F C A S IN G S  (continued)

1 11.750 in 2 9 8 .5  m m 11.750 in 2 9 6 .5  m m

2 4 2 .0 0  lb/ft 6 !  .3 S a N fm 4 7 .0 0  Ib/fi 6 8 .6  a a N / m

3 0 .3 3 3  in 8.5 m m 0 .3 7 5  in 9.5 m m

4 11.084 in 2 8 1 .5  m m 1 1 .0 0 0  in 2 7 9.4  m m

5 1 1 .95 in2 7707 m m 2 13.39 in 2 8641 m m 2

6 S O I gal/ft 6 2 .2 5  I/m 4.94 gal/ft 6 1 .3 2  I/m

7 5 .6 3  gal/ft 6 9 .9 6  I/m S .6 3  gal/lt 6 9 .9 6  I/m

e K55 C 7 S LSD N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5 K 5 5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 1 I0 0 1 2 5

9 7.7 7 .8 7.6 7.8 7.8 7.8 7.8 7.8 10.4 11.2 11.2 3 ! .2 11.2 11.2 11.2 11.2

10 18.8 2 5.7 27.4 27.4 30.S 3 2 .5 37.6 42.8 21.2 28.9 30.8 30.8 34.6 3 6.6 42.3 48.1

11 2 9 2 399 425 425 478 505 585 664 328 447 477 477 536 566 6 5 5 745

12 371 418 430 442 466 490 576 637 416 469 482 496 522 550 646 714

13 3 7 ! 442 5 7 6 637 416 496 646 714

14 371 418 430 442 466 490 5 7 6 637 416 469 482 496 522 550 646 714

15 3 7 ! 442 576 637 416 496 646 7.14

16 196 246 258 251 286 3 0 ! 351 395 226 284 298 302 330 348 406 45 6

17

18

18

20

21

22 5 2.7

23 6 8.5

24

25 +  100.0

26 16 4.6  (9 0 .6 )

27 161.S

28

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )

$
1

3
© £ S j Q I 1 1 S I 1 2 2 0

0
[m

m
)

!D

[m
m

j

I s
£

2 § £ O < * s § 5! O <

o o

2 9 32 3.9 2 7 7 .6 3 2 3.9 2 7 5.4

30 3 2 3 .9 2 7 7 .6 3 2 3.9 2 7 5.4

31 32 3.9 2 7 7 .6 3 2 3.9 2 7 5.4

32 32 3.9 2 7 7 .6 W Q 2 7 5.4

33 32 3.9 2 7 7 .6 690 9 2 7 5.4

3 4

35

36

37

38 1030 1030 1360 1360 1630 2 9 8.5 2 7S.4

39 1030 1360 1360 1360 1630 3 0 3.2 2 7 6.6 2 7 5.4

40 2030 2 0 3 0 2850 2 8 5 0 3 0 9.6 2 7 5.6 2 7 5.4

41

42 1700 1700 1700 1700 1700 3 2 3.9 275.4

43 - 1420 1720 1910 2 0 6 0 2160 3 2 4.4 2 7 5.4

44 1470 1670 1760 I9 6 0 2160 3 2 3.9 2 7 5.4

45

M P a *  145  “  psi d a N  x  2 .25 =  lb  d aN .m  x  7 .38 ~  lb .ft m m  x  0.0394 =  in



C 67 175

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 11.750 m 2 9 8 .5  m m 11.750 in 2 9 8.5  m m

2 5 4 .0 0  lb/ft 78.8  O a N /m 6 0 .0 0 10/ft 8 7.6  d a N /m

3 0 .4 3 6  in 1 1 . 1  m m 0 .4 9 9  in 12.4 m m

4 10.880 in 2 7 6.4  m m 10.772 in 2 7 3.6  m m

5 15.46 in2 9 9 7 7  m m ? 17.30 in ? 11160 m m 2

6 4 .8 3  gal/f! 5 9 .9 8  I/m 4 .7 3  gal/ft 5 8 .8 0  I/m

7 5 .6 3  g al/f! 6 9 .9 6  I/m 5 .6 3  gal/ft 6 9 .9 6  l/m

8 K 5 5 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5 K55 C 7 5 L8 0 N 8 0 0 9 0 C 9 5 P 110 Q 1 2 5

9 14.3 16.5 16.9 16.9 17.4 17.6 17.7 17.7 18.4 21.2 21.9 21.9 23.2 23.7 24.9 25.4

10 2 4 .6 33.5 35.7 35.7 40.2 4 2.4 49.1 55.8 27.6 37.7 4 0 .2 40.2 45.2 47.7 55.2 62.8

11 378 516 5 50 5 50 619 653 757 860 4 2 3 577 616 616 693 731 846 962

12 4 8 0 541 5 5 6 5 7 3 6 03 6 3 5 ?46 8 2 5 S 3 7 605 5 2 2 5 4 ! 675 71 0 S3S 923

13 48 0 5 7 3 746 825 537 641 835 923

14 48 0 541 558 573 6 03 635 746 825 537 6 0 5 622 641 675 710 835 923

15 480 5 73 746 825 537 641 835 923

16 270 338 3 65 3 60 3 94 415 484 543 308 386 406 411 450 474 553 621

17

18

19

20

21

22 56.5 61.3

23 72.7 75.6

24

25 +  100.0 +  100.0

28 142.5 (7 8 .5 ) 127.4 <70.1}

27 139.9 >25.1

28

Make-up t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )

2
2

fCo

O

O

o

O

a  G- 
° ID
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■o ?  

£  £  
<

in z
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9
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a t  <

29 32 3.9 272.4 323.9 2 6 9.6

30 3 2 3 .9 2 7 2 A 3 2 3 .9 2 6 9 .6

31 3 2 3.9 272.4 3 2 3.9 269.6

32 32 3.9 2 7 2.4 3 2 3.9 269.6

33 820 32 3.9 2 7 2.4 9 4 0 1240 1450 1680 1890 3 2 3.9 269.6

34

3S

35

37

38 1030 1030 1490 1490 1630 29 8.5 2 7 2.4 1490 1490 1760 1760 1900 2 9 8.5 269.6

39 1360 1760 1760 1760 1900 30 3.2 2 7 4.3 2 7 2.4 1490 1760 1760 1760 1900 3 0 3.2 2 7 1.6 2 6 9.6

40 2 0 3 0 2030 28 5 0 2850 30 9.6 274.3 272.4 2 0 3 0 2030 2 8 5 0 2 8 5 0 3 0 9.6 2 7 1.6 2 6 9.6

41

42 1700 1700 1700 1700 1700 3 2 3.9 2 7 2.4 1700 1700 1700 1700 1700 3 2 3.9 2 6 9.6

43 1980 2160 2160 2160 2 1 6 0 324.4 2 7 2.4 2060 2160 2160 2 1 6 0 2160 324.4 269.6

44 1860 2060 2160 2160 2 1 6 0 3 2 3.9 272.4 2 1 6 0 2160 2160 2 1 6 0 2160 3 2 3.9 269.6

45

M P a x  145 =  psi d a N  x  2 .25 =  lb d a N .m  x  7 .38 =  lb . lt  m m  * 0.0394 =  in



176 C 68

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C AS IN G S (continued)

1 13.375 in 3 3 9 .7  m m 13.375 in 3 3 9.7  m m  -

2 4 8 .0 0  Ib/tt 70.1 da N /m 54.50 lb/ft 79.5  d a N / m

3 0 .3 3 0  in 8.4 m m 0 .3 8 0  in 9.7  m m

4 12.7 1 5  m 3 2 3 .0  m m 12.615 in 3 2 0.4  m m

5 1 3 .52 in2 87 2 3 m m 2 ! 5.51 in 2 10007 m m 2

6 6 .6 0 g a !/ ft 8 1 .9 2  I/m 6 .4 9  gat/fs 8 0 .6 4  I/m

7 7 .3 0  g al/lt 9 0 .6 5  I/m 7 .3 0  g ai/fi 9 0 .6 5  I/m

8 KS5 C 7 5 180 N 8 0 C 9 0 0 9 5 P110 0 1 2 5 K55 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P I  10 Q 1 2 5

9 S .i 5.1 5.1 5.1 5.1 5.1 5.1 5.1 7.8 7.9 7.9 7.9 7.9 7.9 7.9 7.9

10 16.4 22.3 23.8 23.S 26.8 28.3 32.7 3 7.2 18.9 25.7 27.4 27.4 30.8 32.6 37.7 42.8

11 331 451 481 481 5 4 ! 571 662 752 379 517 552 552 621 655 759 862

12 402 463 478 490 5 2 1 548 643 713 461 531 548 562 597 629 738 8 1 8

13 402 490 643 713 461 562 738 8 1 8

14 4 0 2 463 478 490 5 2 ! 548 643 713 461 531 548 562 597 629 738 8 1 8

1S 402 490 643 713 461 5 6 2 738 8 1 8

16 205 258 2 7 1 274 3 0 ! 317 370 416 243 307 322 326 358 377 439 494

17

18

18

20

21

22

23

24

25 +  100.0

26 161.1 (1 2 1 .8

27 158.0

26

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  S d a N .m )
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29 365.1 3 1 9 .0 365.1 3 1 6 .5

30 365.1 3 1 9 .0 365.1 31 6.5

31 365.1 3 1 9 .0 365.1 31 6.5

32 365.1 3 1 9.0 365-1 31 6.5

33 365.1 3 1 9 .0 740 365.1 31 6.5

34

35

35

37

38

39

40

41

42 1700 1700 1700 1700 1700 365.5 3 1 6 .S

43 1570 1960 2 5 6 0 2160 2 1 6 0 36 5.7 3 1 6.5

44 1670 1960 2 1 6 0 2160 2160 365.1 3 1 6.5

45

M P a x  145 =  psi d a N  x  2.25 =  lb  d aN .m  x  7 .38 -  Ib .ft m m  x  0.0394 =  in



C 69 177

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F  C A S IN G S  (continued)

1 13.375 in 3 3 9 .7  m m 13.375’in 3 3 9.7  m m

2 6 1 .0 0  IW ft 8 9 .0  da N /m 6 8 -0 0  Ib/tt 9 9  2  da N /m

3 0 .4 3 0  in 10.9 m m 0 .4 8 0  in 12.2 mm

4 12.5 1 5  in 3 1 7 .9  m m 12.4 1 5  in 3 1 5 .3  m m

S 17 .48 in ^ 1 1 2 8 0  m m 2 19.44 in 2 12543 m m 2

6 6 .3 S g a l/ tt 7 9 .3 7  I/m 6 .2 9  gal/ft 78.101/m

7 7 .3 0  gal/ll 9 0 .6 5  I/m 7 .3 0  gal/ft 9 0 .6 5  I/m

8 K5S C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P 1 1 0 Q 1 2 5 KSS C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5

8 1(X6 11.4 11.5 11.5 11.5 11.5 11.5 11.5 13.4 15.3 15.6 15-6 16.0 16.1 16.1 16 . 1

10 21.3 29.1 3 1 .0 31.0 34.9 3 6.8 42.7 4 8.5 2 3.8 32.5 34.6 34.6 39.0 41.1 47.6 54.1

11 428 583 622 622 700 739 856 372 4 76 6 49 6 92 6 92 778 822 9 5  T !G 8 !

12 520 598 618 634 673 709 832 922 5 7 8 6 65 6 87 705 749 788 925 1026

13 5 2 0 634 832 9 2 2 5 78 705 925 1026

14 520 598 618 634 673 709 832 9 2 2 5 78 6 6 5 687 705 749 788 925 1026

15 520 634 6 3 2 9 2 2 5 7 8 70S 925 I0 2 S

16 281 355 373 377 414 437 508 572 319 4 03 4 24 428 470 496 577 649

17

18

ts SO .0 64.0

20

21

22 54.7 59.2

23 68.9

24

25 + 100.0 + 100.0

26 1 4 2.9  (108.1 1 2 8.5  (9 7 .2 )

27 140.2 126.1

28

M a k e -u p  to fQ u e  (d a i-j .m ) M a k e -u p  t o rq u e  (d a N .m )

s
2
_j

O C
9

0
/C

9
5

CL 5

O ' E  
O  £_ Q I

■5 f  

< ■2
z
_j

O C
9

0
/

C
9

5

K 5

o  “e  
O £ ID

(m
m

)

§ 1? 
s: ~  
<

29 365.1 313.9 365.1 31 1.4

30 365.1 3 1 3.9 365.1 311.4

31 365.1 3 1 3.9 365.1 311.4

32 365.1 31 3.9 365.1 311.4

33 86 0 365.1 3 1 3.9 970 1290 1510 1760 365.1 311.4

34

35

36 1110 3 3 9.7 3 1 5.6 3 1 3 .9 TT90 33 9.7 3 1 3 .! 3 1 ) .  4

37

38 1630 1630 1900 1900 2030 339.7 311.4

39 1360 1760 1760 1760 1900 3 4 4.5 3 1 5.8 3 1 3.9 1630 2030 2 0 3 0 20 3 0 2170 3 4 4.5 3 1 2.5 311.4

40 2 7 1 0 2710 36 6 0 3660 4070 3 5 0.9 3 1 2.5 311.4

41

42 1700 1700 1700 1700 1700 365.1 3 1 3.9 1700 1700 1700 1700 1700 365.1 311.4

43 2060 2 1 6 0 2160 2160 2160 3 6 5.7 3 1 3.9 2 1 6 0 2160 2160 21 6 0 2160 365.7 3 1 1.4

44 2060 2 1 6 0 2160 2160 2 1 6 0 365.1 3 1 3.9 2160 21 6 0 21 6 0 2160 2160 365-1 311.4

45

M P a x  145 =  p s i d a N  x  2 .25 =  lb  daN .m  x  7 .38 =  ib .ft  m m  x  0.0394 =  in



178 C  70

G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S (continued)

1 13.375 in 3 3 9 .7  m m 1 6 .0 0 0  in 4 0 6 .4  m m

2 7 2 .0 0  lb/ft 105 < d a N / m 6 5 .0 0  lb/f! 9 4  9  d a N /m

3 0 .5 1 4  in 13. mm 0 .3 7 5  in 9 .5  m m

4 12.347 in 3 13 .6  mm 15.250 in 3 8 7 .4  m m

5 2 0 .7 7  in 2 13403 m m 2 18.40 in 2 1 5870 m m 2

6 6 .22  g a l/ ll 77.24 I/m 9 .4 9  gat/lt 117 .8 5  l/ro

7 7 3 0  ga)/ft 90.651/m 1 0 .45 gal/lt 129 .7 2  I/m

8 KS5 C 7 5 UO N 8 0 C 9 0 C95 P 1 10 0 1 2 5 K55 C 7 5 t 8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5

9 15.4 17.9 58.4 18.4 19.2 19.5 19.9 19.9 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4

10 25.5 3 4.8 37.1 37.1 41.7 44.1 5 1.0 5 8.0 15.5 21.2 22.6 22.6 25.4 26.9 31.1 35.3

11 508 693 739 739 832 878 1056 1155 4 5 0 614 655 6 5 5 737 777 900 1023

12 618 711 734 753 800 842 9 88 1096 S09 607 632 644 694 731 8 5 5 954

13 6 1 8 753 9 8 8 1096 S09 644 855 954

14 6 1 8 711 734 753 800 842 9 8 8 1096 5 09 607 632 644 694 731 855 954

15 6 1 6 753 9 8 8 1096 5 09 644 855 954

16 3 4 5 435 458 463 508 536 624 7 02 2 78 352 371 375 412 435 506 570

17

18

19 6 6.3

20

21

22 6 1.8

23 70.9

24

25 +  100.0

26 120.2 (9 0 .9 )

27 118.0

26

M a k e -u p  to rq u e  (d a N .m ) M a k e -u p  to rq u e  (d a N .m )

$ 1 1 2 O
D

;m
m

)

ID

;m
m

)

H £
1

1
©

§ 1 Q I S I

O 1
£ 5 < 55

ft S
ii. O % “

29 365.1 3 0 9 .6 4 3 1.8 38 2.6

30 365.1 3 0 9.6 4 3 1.8 3 8 2 .6

31 365.1 3 0 9.6 4 3 1.8 3 8 2 .6

32 365.1 3 0 9.6 4 3 1.8 3 8 2 .6

33 1400 1630 1900 2130 365.1 3 0 9.6 4 3 1.8 3 8 2 .6

34

35

36 339.7 3 1 1.3 3 0 9.6

37

36 1630 1630 1900 1900 20 3 0 339.7 'in o f i

39 1630 20 3 0 2030 2 0 3 0 2170 3 4 4.5 3 1 2.3 W t f i

40 2 7 1 0 27 1 0 3660 3 6 6 0 4070 3S 0.9 312.4 3 0 9.6

41

42 1700 1700 1700 1700 1700 365.1 3 0 9.6

43 2160 21 6 0 21 6 0 2160 2 1 6 0 3 6 5 .7 3 0 9.6

44 2160 21 6 0 25 6 0 21 6 0 2 1 6 0 365.1 3 0 9.6

45

M P a X  145 =  ps! d a N  x  2 .25 =  lb  d aN .m  x  7.38 =  Ib .ft m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 16 .0 0 0  in 4 0 6.4  m m 16 .0 0 0  in 4 0 6.4  m m

2 7 5 .0 0  Ib/lt 1 0 9.5  d a N /m 8 4 .0 0  IB/It 12 2 . 6  a a N /m

3 0 .4 3 8  in 11.1 m m 0 .4 9 5  in 12.6 m m

4 15.124 in 384.1 m m 1 5.010 in 38 1.3  m m

5 2 1 .4 2  in 2 13821 m m 2 24.11 in2 15552 m m 2

6 9 .3 3  g a l/ ll 115.90 I/m 9 .1 9  gai/lt 114.16 I/m

7 10.45 gal/ft 129.72 1/m 10.45 ga!/!t 129.72 I/m

8 K 5 5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5 KS5 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 Pno 0 1 2 5

9 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 9.7 10.2 10.2 10.2 10.2 10.2 10.2 10.2

10 18.2 2 4.8 26.4 26.4 29.7 31.4 3 6.3 4 1.3 20.S 28.0 29.9 29.9 33.6 35.5 41.1 45.6

11 524 715 762 762 858 905 1048 1191 590 804 858 858 965 1019 1180 1340

12 592 707 736 750 8 0 8 8 5 1 9 9 5 1110 666 796 828 844 9 09 957 1120 1249

13 592 7S0 9 9 5 1110 666 844 1120 1249

14 592 707 736 750 808 851 995 1110 6 6 6 796 8 2 8 844 9 09 957 1120 1249

IS 5 92 750 SSS 1110 65S 844 1120 1249

16 3 34 4 24 447 451 496 523 609 6 8 6 385 488 514 519 5 7 ! 602 701 7 89

17

18

19

2 0

21

22

23

24

25

26

27

28

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )

2

z

O C
9

0
/C

S
S

o

51 O

O
D

(m
m

)

e £ •5 £
S i
< S

Z

£
o C

9
0

/C
9

5

CL O

O  ?  
°  £ Q I

5  S ’ 
a  £  
<

29 4 3 1.8 379.4 4 3 1.8 3 7 6.5

30 4 3 1.8 3 7 9.4 4 3 1.8 3 7 6.5

31 43 1.8 379.4 4 3 1.8 3 7 6.5

32 4 3 1.8 379.4 4 3 1 .8 3 7 6.5

33 1020 4 3 1.8 379.4 1170 4 3 1.8 3 7 6.5

34

35

36

37

38

39

40

41

4 2

43

44

45 -

M P a X 145 =  p s i d a N  X 2.25 =  lb  daN .m  x  7 .38 =  1b.fi m m  *  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AND M EC H A N IC A L PR O PER TIES O F C A S IN G S  (continued)

1 18.625 in 473.1 m m 2 0 .0 0 0  in 50 8.4  m m

2 8 7 .5 0  Ib/fS 127 7 d a N /m 9 4 .0 0  lb/ft 1 3 7.2  d a N /m

3 0 .4 3 5  in 11.1 m m 0 .4 3 8  in 1 1 . 1  m m

4 17.7 5 5  in 4 5 1 .0  m m 19.124 in 48 5.7  m m

5 2 4 .8 6  in2 16039 m m 2 2 6 .9 3  in 2 17374 m m 2

6 12 .86  gal/ft 159.73 I/m 14.92 gal/ft 185.31 I/m

7 1 4 .15 gal/lt 175.77 I/m 16.32 gal/lt 2 0 2 .6 8  I/m

8 K55 C 7 5 L8 0 N 8 0 0 9 0 C 9 5 P l l O 0 1 2 5 KS5 C 7 S L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 Q 1 2 5

9 4.3 4.3 4 .3 4.3 4.3 4.3 4.3 4.3 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3 .6

10 15.5 21.1 22.5 22.5 25.4 26.8 3 1 .0 35.2 14.5 19.8 21.1 21.1 23.8 25.1 29.1 3 3 .0

11 608 82 9 885 885 995 0 5  f 1216 1382 659 898 958 958 1078 1138 1318 1497

12 635 790 829 840 917 967 1127 1265 658 838 883 892 982 1036 1205 1357

13 635 84 0 1127 1265 658 892 1205 1357

14 635 790 829 840 917 967 1127 1265 658 838 883 892 9 8 2 1036 1205 1357

15 635 84 0 1127 1265 658 892 1205 1357

16 353 451 475 480 529 558 649 731 367 469 495 499 551 581 675 761

17 425 543 572 577 636 671 780 879

18

19

20

21

22

23

24

25

26

27

28

M a k e -u p  to rq u e  (d a N .m ) M a k e -u p  t o rq u e  (d a N .m )

2

§

o C
9

0
/

C
9

5

©

CL 0
1

2
5 O
D

(m
m

)

s i
•§ £? 

< £

§

O

S
6

0
/

0
6

0

o

a 0
1

2
5 o  e  

°  £

ID
(m

m
)

A
P

I 
d

ri
l 

(m
m

)

29 5 0 3.0 4 4 6.2 5 3 3.4 4 8 1.0

30 5 0 8.0 4 4 6.2 5 3 3.4 4 8 1 .0

31 5 0 8.0 4 4 6.2 533.4 4 8 1 .0

32 5 0 8.0 4 4 6 .2 5 3 3.4 4 8 1.0

33 1080 5 0 8.0 4 4 6.2 1120 5 3 3.4 4 8 1.0

34 1290 533.4 4 8 1.0

35

36

37

38

39

40

41

42

43

44

45

M P a x  145 =  p s i d a N  x  2.25 =  ib  d aN .m  x  7.38 =  ib .ft m m  x  0.0394 =  in
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G E O M E TR IC  C H A R A C TE R IS TIC S
AN D M EC H A N IC A L P R O PER TIES O F C A S IN G S (continued)

1 20.000 in 5 0 8 .0  m m 2 0 .0 0 0  in 5 0 8 .0  m m

2 105 .5 0  Ib/tt 155.4 da N /m 133 .0 0  Ib/f! 194 1 flaN /m

3 0 .5 0 0  in 1 2.7  m m 0 .6 3 5  in 16.1 m m

4 1 9.0 0 0  in 4 8 2 .6  m m 18.7 3 0  in 4 7 5 .7  m m

5 3 0 .6 3  in 2 1 9762 m m 2 3 8 .6 3  in2 2 4 9 2 5  m m 2

6 14 .73 gal/fl 182.92 I/m 14.31 gal/fl 177.761/m

7 16.32 gal/fl 2 0 2 .6 8  I/m 16.32 gal/ft 2 0 2 .6 8 1 /m

8 K 5 5 C 7 5 L 8 0 N 8 0 C 9 0 C 9 5 P 110 0 1 2 5 K55 C 7 5 L8 0 N 8 0 C 9 0 C 9 5 P1 1 0 0 1 2 5

9 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 10.3 11.0 11.1 11.1 11.1 11.1 n . l 11.1

10 16.6 2 2.6 24.1 2 4 .! 27.1 28.7 33.2 37.7 21.1 28.7 3 0.6 3 0.6 34.5 36.4 42.1 47.9

11 749 1022 1090 1090 1226 1294 1499 1703 945 1289 1375 1375 1547 1633 1890 2148

12 749 954 1005 101S 1117 1178 1371 1544 944 1203 1267 1280 1409 I4 8 6 1729 1947

13 749 1015 1371 1544 944 1280 1729 1947

14 749 954 1005 1015 1117 1178 1371 1544 944 1203 1267 1280 1409 1486 1729 1947

15 749 1015 1371 1544 944 1280 1729 1947

16 427 546 576 581 641 876 787 887 557 714 753 759 837 883 1027 11S8

17 495 632 666 672 741 781 90 9 1024 647 825 87 0 87 8 967 1020 1187 1337

18

19

20

21

22

23

24

25

25

27

28

M a k e -u p  t o rq u e  (d a N .m ) M a k e -u p  to rq u e  (d a N .m ) _

3
§

o C
9

0
/

C
9

5

o

£ O
0  S '
O  £_ ID

(m
m

) ■5 s 
< 52

SZ-J
O C

9
0

/C
9

5

©

£L 0
1

2
5 0
0

(m
m

)

Q1
■5 £ 
s i  <

28 533.4 4 7 7.8 533.4 4 7 1.0

30 5 3 3.4 4 7 7.8 533.4 4 7 1.0

31 5 3 3.4 4 7 7.8 533.4 4 7 1.0

32 5 3 3.4 4 7 7.3 533.4 4 7 1.0

33 1300 5 3 3.4 4 7 7.8 1700 533.4 471.0

34 1510 5 3 3.4 4 7 7.8 1970 S33.4 4 7 1.0

35

36

37

38

39

40

41

42

43

44

45 •

M P a *  145 =  p s i d a N  x  2 .25 =  lb  daN .m  x  7 .38 =  Ib .f! m m  x  0.0394 =  in
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API AND BUTTRESS CASING THREAD FORMS

C 77 185

A P I ro u n d  th re a d  fo rm

Taper: 6 .25%
8 th re a d s /in , p  =  3.175 mm

H  -  0.866 p  =  2.750 mm
h  =  0.626 p  -  0.178 =  1.810 mm

tb  -  0 .120 p  +  0.051 =  0.432 mm
ts  =  0.120 p  +  0.127 =  0.508 mm

Buttress thread form

Taper: 6 .25%
5 th re a d s /in

T h re a d  cres ts  and  ro o ts  a re  p a ra lle l to  cone.
D im ens ions  in  mm un less o therw ise  ind ica ted .

m m  x  0.0394 =  in



186 C  78

APi TUBING THREAD FORM

T h re a d  e le m e n t
10 'b r e a d s  
p e r  in c h  

p  -  2.540 m m

8  th re a d s  
p e r  in c h  

p  =  3.175 m m

H  ~  0 .8 66  p  ......................................... 2 .2 00  mm 2 .7 50  mm
h  ~  0 .6 26  p  -  0 .178  . . ................. 1 .412 mm 1.810 mm
t b  =  0 .1 2 0 p  +  0 . 0 5 1 ...................... 0 .356  mm 0.432  mm
IS  =  0 .1 20  p  +  0 . 1 2 7 ...................... 0 .4 32  mm 0.508  mm

O D
(in )

T h re a d s  p e r  in c h

T u b in g
w ith o u t

u p s e t

T u b in g  w ith  
e x te rn a l 

u p s e t

T u b in g  w ith  
in te g ra l 

jo in s

1 .0 5 0 10 10 _

1 .3 1 5 10 10 10
1 .6 6 0 10 10 10
1 .9 0 0 10 10 10
2 .0 6 3 — ___ 10
2  3 /8 10 8 ___

2  7 /8 10 8 ___

3  1 /2 10 8 ___
4 8 8 ___

4 1 /2 e 8 —

m m  x  0 .0 3 94  =  in
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EFFECT OF TENSILE LOAD  
ON COLLAPSE RESISTANCE

Formula

w ith

0.75
S .

L V p _

P-ca ~  m in im um  co i/a pse  pressure  u n d e r a x ia l tensile  stress, psi o r  M Pa
P co  ~  m in im um  co lla p se  p ressure w ith o u t a x ia l tens ile  stress, psi o r M Pa
SA ~  a x ia l tensile  stress, psi o r M Pa
YP ~  m in im um  yie ld  s tre n g th  o t p ipe, ps i o r  MPa

Th is  fo rm u la  is based  on  the  H encky /V on  M ises m ax im um  stra in  ene rgy o f d is to rs ion  
th e o ry  o f y ie ld ing . It is a p p lic a b le  w here  the  co lla p se  p ressure is d irec tly  p ro p o rtio n a l 
to  th e  y ie ld  s treng th .

The  p a rt o f th is  cu rve  co n c e rn in g  the  co lla p se  res is tance  is show n  by the  pa rt o f the 
e llipse  o n  the  next page.

Example of how to use this curve
Let us assum e th a t 100.103 d a N  o t ca s in g  a re  susp en d e d  be low  a 9 5 /8  inch , 43.50 

lb /ft  N80 jo in t. U sing th e  e llipse  o f b ia x ia l y ie ld  stress, de term ine  the  e ffective  co llapse  
res is tance  o f th e  p ipe  as a fu n c tio n  o f the  ap p lied  load.

S o lu tio n : D e te rm in a tio n  o f the  tens ile  s tress :
___ tensile  lo a d  a p p lie d  __ 1 000 000 _  ^ 3 4  MPa

A p ipe  cross-se c tio n  a re a  8 103 10“  5

D e term ina tion  o f the  percen t o f  m in im um  yie ld  s tre s s :

.ensile  stress m  _  S ,  ^  m  =  1214  __
m in im um  yie ld  s tren g th  o f p ipe  YP 551

The p la s ticy  e llipse  g ives fo r $A!Y P =  22 .4%  ; P ca'P co ~  87.0% .
For th e  9 5 /8  in ch , 43.50 lb /ft N80 ca s in g , P co  =  26.3 M P a (ta b le  o f ca s in g  c h a ra c 

te ris tics), h e n se ;
Pca =  P co  x  8 7 %  =  22.9 M Pa
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ELLIPSE OF BIAXIAL YIELD STRESS  
Effect of tensile load on collapse resistance



C 81 189

Q UALITATIVE INFLUENCE OF 
VARIOUS OPERATIONS ON THE STRESSES IN A 

PARTIALLY-CEM ENTED CASING STRING

O p e ra t io n s T e n s io n C o lla p s e B u rs t in g B u c k lin g
te n d e n c y

D e c r e a s e  o f  a v e r a g e  
t e m p e r a t u r e ........................

In c r e a s e  o f  a v e r a g e  
t e m p e r a t u r e ........................

In c r e a s e s

D e c re a s e s

D e c re a s e s

in c r e a s e s

In c r e a s e  o f  in te r n a l  
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QUANTITATIVE INFLUENCE OF 
TEMPERATURE AND PRESSURE VARIATIONS 

ON THE STRESSES IN A PARTIALLY-CEMENTED  
CASING STRING

Influence of temperature changes

The increase  o r d ecrease  o f th e  te n s ion  a t the  to p  o f a  ca s in g  s tr in g  due  to  a 
decrease  o r increase  o f th e  ave rage  te m p e ra tu re  is g iven b y :

T =  25.5 S A t  o r  T — 32.7 W  A t
w h e re :

T  =  te n s ion  va ria tio n  {daN )
S  =  cross  sec tion  o f ca s in g  (cm 2)
W  =  lin e a r w e igh t o f ca s in g  (daN /m )
A t  — ave rage  te m p e ra tu re  va ria tio n  o f ca s in g  (°C)

The  ave rage  tem p e ra tu re  o f th e  free pa rt o f th e  ca s in g  is g iven by th e  fo rm u la :

w ith  :
t  =  ave rage  tem p e ra tu re  o f th e  free p a ri o f the  ca s in g  (°C) 
to =  su rfa ce  te m p e ra tu re  f C )

=  b o tto m  ho le  te m p e ra tu re  CC)
L j -  d e p th  o f ho le  (m)
L z  =  d e p th  o f to p  o f cem ent (m)

Influence of internal pressure changes

The increase  o r d ecrease  o f the  te n s ion  a t the  to p  o f a ca s in g  s tr in g  d ue  to  an
increase  o r  decrease o f th e  in te rn a i p ressure is g iven by the  fo rm u la :

T  =  6A , A p ,
w h e re :

T  -  te n s ion  va ria tio n  (daN )
A,- =  in te rn a l se c tio n  a rea  o f ca s in g  (cm 2)
A p , =  va ria tio n  o f in te rn a i a ve ra g e  p ressure (M Pa)

Influence of external pressure changes
The increase  o r decrease  o f the  te n s ion  a t th e  to p  o f a  ca s in g  s tr in g  due  to  a

d ecrease  o r  in c re a se  o f the  exte rna l p ressure is g iven  by the  fo rm u la :

T  =  QAe A p e
w h e re :

T — te n s ion  va ria tio n  (daN )
Ae -  exte rna l se c tio n  a rea  o f ca s in g  (c m 2)
A p e -  va r ia tio n  o f exte rna l ave rage  p ressure (M Pa)
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QUANTITATIVE INFLUENCE OF 
TEMPERATURE AND PRESSURE VARIATIONS 

ON THE STRESSES IN A PARTIALLY-CEMENTED  
CASING STRING (continued)

If the  ave rage  in te rn a l o r  exte rna l p ressure ch a n g e  is d ue  to  a ch a n g e  in the  m ud 
w e igh t, the  a ve ra g e  p ressu re  c h a n g e  is g iven  b y :

-1 p  =  9.81 ( d 2 -  a , }  ^

w h e re :
d  s ~  in it ia l m ud sp e c ific  g rav ity  
d 2 =  new  m ud sp e c ific  g rav ity  
L 2 =  d e p th  a t th e  to p  o f cem ent (m)
J p  =  a ve ra g e  p ressure  ch a n g e  (kP a)

Critical buckling force

The c r it ica l b u c k lin g  fo rce  is g iven  by :

Fe =  10 (Pe A e -  P, AJ
w h e re :

Fc =  c r it ica l b u ck lin g  fo rce  (daN )
P e =  a n n u lu s  p ressure  a t to p  o f cem ent level (M Pa)
P, =  in te rn a l p ressu re  a t to p  o i cem ent level (M Pa)
A e, A , =  exte rna l a n d  in te rn a l sec tion  a reas o f ca s in g  (cm 3)

if Fc is positive , the  s tr in g  ca n  w ith s ta n d  a  m ax im um  co m p re ss io n  load  at the  to p  o f 
the  cem ent level e q u a l to  Fc w ith o u t buck ling .

If Fc is negative , the  s tr ing  w ill buck le  io r  a tens ile  lo a d  low er th a n  Fc
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GENERAL FORMULAS

Volume of a cylinder

V =  -  D *L  
4

Volum e in  I / m :
V = 0.0007854 D 2
I /  = 0.5067 D 2

(w ith  D  in  m m) 
(w ith  D  in  inches)

A p p ro x im a te  fo rm u la .

V -
D z (w ith  D  in  inches)

Exam ple:
D  =  3  inches 

=  76.2 mm
Exact fo rm u la : 
A p p ro x im a te  fo rm u la

V =  4.560 i/m
V =  4.5 i/m

Volume of an annular space

Volum e in  I/m  :

V  =  0.0007854 (D 2C D V {w ith  D 0 in  m m) 
(w ith  D i in m m)

(w ith  D 0 in  inches) 
(w ith  D, in  inches)

l/m  X 0.0805 =  g a !/ft I/m  x 0.00192 =  b b l/ft
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CLEARANCE BETW EEN STANDARD BITS 
AND CASING SIZES

C a s in g  d im e ns io n s

Drill
Bit Size (1! 

im m ediately 
bstov; dril!

C le a 
rance  

between 

bit a n d  
casing  

sizes

O u tsid e

dia m e te r
N o m in a l
w eight

Thickness
inside

diam eter

(in) (m m ) (tW It) {kg/m ) (m m ) (m m ) (m m ) (in ) (m m ) (m m )

4 1/2 514.3 9.50 14.54 5.21 103.88 100.71 3 7/8 9 8 .43 5.5
10.50 15.63 5.69 102.92 99 .75 3 7/8 9 8 .43 4.5
11.60 17.26 6.35 101.60 9 6  4 3 3 7/8 9 8 .43 3.2
13.50 2 0 .09 7.3? 9 9 .56 96 .39 3 3/4 9 5 .25 4.3
15.10 2 2 .47 6.56 9 7 .1 8 94.01 3 5/6 9 2 .08 5 .!
16.90 25.15 9.65 9 5 .00 91 .83 31/2 8 8 .9 0 6.1
17.70 26.34 10.20 9 3 .90 90 .73 31/2 6 6 .9 0 5.0
18.80 2 7 .96 10.92 9 2 .46 89 .29 31/2 8 8 .9 0 3.6

127.0 11.50 17.11 5.59 115.82 112.65 4 3/8 115.53 4.7

13.00 19.35 6.43 1 )4 .1 4 110.9? 41/4 107.95 6.2
15.00 2 2 .32 7.52 111.96 108.79 41/4 507.95 4.0
18.00 2 6 .79 9.19 108.62 105.45 4 1/8 504.78 3.8
2 0 .80 30.95 10.72 105.56 102.39 4 101.60 4.0

5 1/2 139.7 14.00 2 0 .83 6.20 127.30 124.13 4 7/6 123.83 3.5

15.50 23.07 6.98 125.74 122.57 4 3/4 120.65 5.5
17.00 2 5 .30 7.72 1 24.26 121.09 4 3/4 120.65 3.6
20 .00 29.76 9.17 1 21.36 118.19 4 5/8 117.48 3.9
23 .00 34 .23 50.54 118.62 115.45 4 1/2 114.30 4.3

6  5/8 168.3 20  00 29.76 7.32 553.64 150.46 5 7/8 149.23 4.4

24 .00 35 .72 8.94 1 50.40 547.22 5 3/4 146.05 4.3
28 .00 41.67 10.59 1 47.10 143.92 5 5/8 142.88 4.2

32 .00 47 .62 12.06 144.16 140.98 51/2 139.70 4.5

177.8 17.00 25 .30 5.87 166.06 162.69 6 3/8 161.93 4.1

20 .00 2 9 .?6 6.91 163.98 160.6! 61/4 ■ 158.75 5.2

23 .00 34 .23 8.05 161.70 158.53 81/8 'i j  555.58 6.1
26 .00 38 .69 9.59 159.42 156.25 61/8 555.58 3.8
2 9 .0 0 43 .16 10.36 157.08 153.91 6 5S2.40 4.7
32 .00 47 .62 11.51 154.78 151.61 5 7/8 549.23 5.6
35 .00 52 .09 12.65 152.50 149.33 5 7/8 149.23 3.3
38 .00 56 .55 13.72 150.36 147.19 5 3/4 146.05 4 .3
41 .00 61.01 14.98 147.84 144.67 5 5/3 142.88 5.0
44 .00 65.46 16.25 145.30 142.13 51/2 139.70 5.6

7 5/8 593.7 24 .00 35.72 7.62 178.44 175.26 6 7/6 174.63 3 .8
26 .40 39.29 8.33 177.02 573.84 6 3/4 171.45 5.6
2 9 .7 0 44 .20 9.52 574.64 571.46 6 3/4 171.45 3.2
3 3 .7 0 50.55 10.92 571.84 568.66 6 5/8 168.28 3.6
3 9 .00 58.04 1 2 7 0 568.28 565.10 61/2 165.10 3.2

( ! )  D rill fo u n d e d  off to the  low er 1 /8  m e n . N o t ne ce ssa rily  a  s>2e p ro p o s e d  b y  a  bit m a n ufacture*, 

m m  x  0.0394 =  in
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CLEARANCE BETW EEN STANDARD BITS 
AND CASING SIZES (continued)

C a s in g  d im e n s io ns

O n f!
8il size ( 1 ) 

imm ediately 
below  drill

C le a 
rance

between

bit a nd  
casing  

sizes

O u ls id e
diam eter

N o m in a l
w e ig ht

TnicKness
insid e

dia m e te r

(in )- (m m ) (lb/ll) (kg/m ) (m m ) (m m ) (m m ) (in) (m m ) |mm)

8 S/8 219.1 2 4 .00 3 5 .7 2 6.71 205 .6 6 2 0 2 .4 8 7 7/8 2 00 .0 3 5.6

3 8 .0 0 41 .67 7.72 2 0 3 .6 4 2 0 0 .4 6 7 7/8 2 00 .0 3 3.6

3 2 .00 4 7 .62 8.94 201 .2 0 198.02 7 3/4 1 96.85 4.3

3 6 .00 5 3 .57 50.16 598.76 195.58 7 5/8 593.68 5.1

4 0 .0 0 59.S3 11.43 596.22 193.04 71/2 190.50 5.7

4 4 .00 65 .48 12.70 193.68 190.50 71/2 190.50 3.2

4 9 .00 72 .92 14.15 190.78 187.60 7 3/8 187.33 3.5

9 S/8 2 4 4.5 3 2 .30 48.07 7.92 228.64 224.67 8 3/4 2 22 .2 5 6.4

3 6 .00 53.57 8.94 226 .6 0 222 .6 3 8 3/4 2 22 .2 5 4.3

4 0 .00 59 .53 10.03 224 .4 2 220 .4 5 8 5/8 2 19 .0 8 5.3

4 3 .5 0 6 4 .74 11.05 2 2 2 .3 8 218 .41 81/2 2 1 5 .9 0 6.5

4 7 .00 69.94 11.99 220 .5 0 216 .5 3 SI/2 215 .9 0 4.6

5 3 .50 7 9 .62 13.84 2 5 6 .8 0 252 .8 3 8 3/8 212 .7 3 4.1

5 8 .40 86.91 15.11 214 .2 6 210.29 81/4 209 .5 5 4.7

6 5 .10 9 0 .93 55.87 212.74 208.77 81/8 2 0 6 .3 8 6.4

7 5 .80 106.85 19.05 206 .3 8 202.41 7 7/8 200 .0 3 6.4

103/4 273.1 3 2 .75 48.74 7.09 258.87 254 .9 0 10 2 54 .0 0 4.9

4 0 .50 60.27 8.89 255.27 251 .3 0 9 7/8 2 5 0 .8 3 4.4

4 5 .50 6 7 .7 ! 10.16 252 .7 3 248 .7 6 9 3/4 2 47 .6 5 5.1

51.00 75 .9 0 11.43 2 5 0 .1 0 245 .2 2 9 S/8 2 44 .4 8 5.7

5 5 .S 0 8 2 .5 9 12.57 2 4 7 .9 ! 243-94 91/2 2 41 .3 0 6.6

6 0 .7 0 90 .33 13.84 245 .3 7 2 4 1 .4 0 91/2 2 41 .3 0 4.1

6 5 .70 97.77 15.11 242 .8 3 238.86 9 3/8 2 38 .1 3 4.7

11 3/4 2 9 8.5 4 2 .00 62 .50 8.46 281 .5 3 277 .5 6 10 7/6 2 76 .2 3 5.3

4 7 .00 69 .94 9.52 279.41 275.44 10 3/4 2 73 .0 5 6.4

5 4 .00 8 0 .3 6 11.05 276 .3 5 272 .3 8 10 5/8 269.88 6.5

6 0 .0 0 89 .29 12.42 273.61 269 .6 4 101/2 2 6 6 .7 0 6.9

13 3/8 3 3 9 .7 4 8 .00 7 1 .43 8 .3 8 3 2 2 .9 7 3 1 5 .0 0 1 2 1 /2 3 1 7 .5 0 5.5

5 4 .50 81 .10 9.65 3 2 0 .4 3 316 .4 6 12 3/8 3 14 .3 3 6.5

6 1 .00 90 .78 10.92 317 .8 9 313 .9 2 121/4 3 11 .1 5 6.7

6 8 .00 101.20 12.59 315 .3 5 311 .3 8 121/4 3 51 .1 5 4.2

7 2 .00 107.15 13.06 313.61 309.64 121/8 3 07 .9 8 5.6

1$ 406.4 6 5 .00 9 6 .73 9.52 387 .3 6 3 8 2 .6 0 15 381 .0 0 6.4

7 5 .00 ! ! !  .61 1 ! .13 384 .1 4 379 .3 8 14 7/S 377 .8 3 6.3

8 4 .00 52S.05 12.57 381 .2 6 376 .5 0 14 3/4 374.65 6.6

18 5/8 4 7 3  ! 8 7 .5 0 T 3 0 .2 I 11.05 450 .3 8 4 4 6 .2 ! 1 7 1 /2 4 4 4 .5 0 5.5

20 S 0 8 .0 9 4 .0 0 139.89 11.13 485 .7 4 4 8 0 .9 8 18 7/8 479.43 6.3

105.50 !5 8 .4 9 12.70 4 8 2 .6 0 477.84 18 3/4 476.25 6.4

133.00 5 97.93 16.13 475.74 470 .9 3 181/2 4 6 9 .9 0 5.6

(1 ) D rill ro u n d e d  o il  the low er 1/8 in ch . N ot ne c e ssa rily  a size  p ro p o s e d  b y  a  bit m a n u fa c tu re r 

m m  x  0.0394 ~  in
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CAPACITIES OF CYLINDERS

D ia m .

( in )

C a p a 
c ity

( l/m )

D ia m .

( in )

C a p a 
c ity

( l /m )

D ia m .

( in )

C a p a 
c ity

( l/m )

D ia m .

(in )

C a p a 
c ity

( i /m )

D ia m .

( in )

C a p a 
c ity

( I/m )

D ia m .

( in )

C a p a 
c ity

( I /m )

1 0 .5 0 7 5 1 2 .6 7 9 4 1 .0 4 13 8 5 .6 3 17 1 4 6 .4 21 2 2 3 .4
1 1 /8 0 .64 1 5  1 /8 13.31 9  1 /8 4 2 .1 9 1 3 1 / 8 8 7 .2 9 17  1 /8 1 4 8 .6 21 1 /8 22 6 .1
1 1 /4 0 .7 9 2 5  1 /4 13 .9 7 9  1 /4 4 3 .3 6 13 1 /4 8 8 .9 6 17 1 /4 1 5 0 .8 21 1 /4 2 2 8 .8
1 3 /8 0 .9 5 8 5  3 /8 14 .6 4 9  3 /8 4 4 .5 3 1 3  3 /8 9 0 .6 5 17 3 /8 1 5 3 .0 21 3 /8 2 3 1 .5
1 1 /2 1 .1 4 0 5  1 /2 15 .3 3 9  1 /2 4 5 .7 3 13 1 /2 9 2 .3 5 17  1 /2 1 5 5 .2 21 1 /2 2 3 4 .2
1 5 /8 1 .3 3 8 5  5 /8 16 .0 3 9  5 /8 4 6 .9 4 1 3  5 /8 9 4 .0 7 17 5 /8 15 7 .4 21 5 /8 2 3 7 .0
1 3 /4 1 .5 5 2 5  3 /4 16 .7 5 9  3 /4 4 8 .1 7 1 3  3 /4 9 5 .8 0 17  3 /4 1 5 9 .6 21 3 /4 2 3 9 .7
1 7 /8 1.781 5  7 /8 17 .4 9 9  7 /8 49 .4 1 1 3  7 /8 9 7 .5 5 17  7 /8 1 6 1 .8 21 7 /6 2 4 2 .5
2 2 .0 2 7 $ 1 8 .2 4 to 5 0 .6 7 14 9 9 .3 1 18 16 4 .2 22 2 4 5 .2
2  1 /8 2 .2 8 8 6  1 /8 19.01 1 0  1 /8 5 1 .9 5 14  1 /8 1 0 1 .1 0 18  1 /8 16 6 .5 2 2  1 /8 2 4 8 .0
2  1 /4 2 .5 6 5 6  1 /4 1 9 .7 9 1 0  1 /4 5 3 .2 4 14  1 /4 1 0 2 .8 9 1 8  1 /4 16 8 .8 2 2  1 /4 2 5 0 .9
2  3 /8 2 .8 5 8 6  3 /8 2 0 .5 9 1 0  3 /8 5 4 .5 4 14  3 /8 104 .7 1 1 8  3 /8 171.1 2 2  3 /8 2 5 3 .7
2  1 /2 3 .1 6 7 6  1 /2 21 .4 1 1 0  1 /2 5 5 .8 6 14  1 /2 1 0 6 .5 4 18  1 /2 173 .4 2 2  1 /2 2 5 6 .5
2  5 /8 3 .4 9 2 6  5 /8 2 2 .2 4 1 0  5 /8 5 7 .2 0 1 4  5 /8 1 0 8 .3 8 1 8  5 /8 17 5 .8 2 2  5 /8 2 5 9 .4
2  3 /4 3 .8 3 2 6  3 /4 2 3 .0 9 10 3 /4 5 8 .5 6 14  3 /4 1 1 0 .2 4 1 8  3 /4 178.1 2 2  3 /4 2 6 2 .3
2  7 /8 4 .1 8 8 6  7 /8 2 3 .9 5 10 7 /8 5 9 .9 3 14  7 /8 1 1 2 .1 2 1 8  7 /8 1 8 0 .5 2 2  7 /8 2 6 5 .1
3 4 .5 6 0 7 2 4 .8 3 11 6 1 .3 1 15 1 14 .0 1 19 1 8 2 .9 23 2 6 8 .0
3  1 /8 4 .9 4 8 7  1 /8 2 5 .7 2 11 1 /8 6 2 .7 1 15  1 /8 1 1 5 .9 2 1 9  1 /8 1 8 5 .3 2 3  1 /8 2 7 1 .0
3  1 /4 5 .3 5 2 7  1 /4 2 6 .6 3  ' 11 1 /4 6 4 .1 3 15  1 /4 1 1 7 .8 4 1 9  1 /4 1 8 7 .8 2 3 1 / 4 2 7 3 .9
3  3 /8 5 .7 7 2 7  3 /8 2 7 .5 6 11 3 /8 6 5 .5 6 1 5  3 /8 1 1 9 .7 8 1 9  3 /8 1 9 0 .2 2 3  3 /8 2 7 6 .9
3  1 /2 6 .2 0 7 7  1 /2 2 8 .5 0 11 1 /2 6 7 .0 1 1 5  1 /2 1 2 1 .7 4 19 1 /2 1 9 2 .7 2 3  1 /2 2 7 9 .8
3  5 /8 6 .6 5 8 7  5 /8 2 9 .4 6 11 5 /8 6 8 .4 8 1 5  5 /8 1 23.71 19 5 /8 1 9 5 .2 2 3  5 /8 2 8 2 .8
3  3 /4 7 .1 2 6 7 3 /4 3 0 .4 3 11 3 /4 6 9 .9 6 1 5  3 /4 1 2 5 .7 0 10 3 /4 1 9 7 .6 2 3  3 /4 2 8 5 .8
3  7 /8 7 .6 0 9 7  7 /8 3 1 .4 2 11 7 /8 7 1 .4 5 1 5  7 /8 1 2 7 .7 0 19 7 /8 2 0 0 .2 2 3  7 /8 2 8 8 .8
4 8 .1 0 7 8 3 2 .4 3 12 7 2 .9 7 16 1 2 9 .7 2 20 2 0 2 .7 24 2 9 1 .9 '
4 1 /8 8 .6 2 2 8  1 /8 3 3 .4 5 12  1 /8 7 4 .4 9 16 1 /8 1 3 1 .7 5 2 0  1 /8 2 05^2 2 4  1 /8 2 9 4 .9
4  1 /4 9 .1 5 2 8 1 / 4 3 4 .4 9 12  1 /4 7 6 .0 4 16 1 /4 1 3 3 .8 0 2 0  1 /4 2 0 7 .8 2 4  1 /4 2 9 8 .0
4  3 /8 9 .6 9 9 8  3 /8 3 5 .5 4 12  3 /8 7 7 .6 0 16 3 /8 1 3 5 .8 7 2 0  3 /8 2 1 0 .4 2 4  3 /8 3 01 .1
4  1 /2 10 .2 6 1 8  1 /2 36 .6 1 12  1 /2 7 9 .1 7 1 6  1 /2 1 3 7 .9 5 2 0 1 / 2 2 1 2 .9 2 4  1 /2 3 0 4 .2
4 5 /8 1 0 .8 3 9 8  5 /8 3 7 .6 9 12  5 /8 8 0 .7 6 1 6  5 /8 1 4 0 .0 5 2 0  5 /8 2 1 5 .5 2 4  5 /8 3 0 7 .3
4 3 /4 1 1 .4 3 3 8  3 /4 3 8 .7 9 12  3 /4 8 2 .3 7 1 6  3 /4 1 4 2 .1 6 2 0  3 /4 2 1 8 .2 2 4  3 /4 3 1 0 .4
4 7 /8 1 2 .0 4 2 8  7 /8 39 .9 1 12  7 /8 8 3 .9 9 1 6  7 /8 1 4 4 .2 9 2 0  7 /8 2 2 0 .8 2 4  7 /8 3 1 3 .5

l/m  x  0 .0805  =  g a l/ f t  l/m  x  0.00192 =  b b l/ f t
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CAPACITIES OF CYLINDERS 
(continued)

O ia m e le r

( in )

C a p a c i ty

( I/m )

D ia m e te r

(in )

C a p a c ity

( I /m )

D ia m e te r

( in )

C a p a c ity

( l /m )

2S 3 1 6 .7 29 4 26 .1 33 5 5 1 .6

2 5  1 /8 3 1 9 .9 2 9  1 /8 4 2 9 .8 3 3  1 /8 5 5 6 .0

2 5  1 /4 3 23 .1 2 9  1 /4 4 3 3 .5 3 3  1 /4 5 6 0 .2

2 5  3 /8 3 2 6 .3 2 9  3 /8 4 3 7 .2 3 3  3 /8 56 4 .4

2 5  1 /2 3 2 9 .5 2 9  1 /2 4 4 1 .0 3 3  1 /2 56 8 .7

2 5  5 /8 3 3 2 .7 2 9  5 /8 4 4 4 .7 3 3  5 /8 5 7 2 .9
2 5  3 /4 3 3 6 .0 2 9  3 /4 4 4 8 .5 3 3  3 /4 5 7 7 .2

2 5  7 /8 3 3 9 .2 2 9  7 /8 4 5 2 .2 3 3  7 /8 5 8 1 .5

26 3 4 2 .5 30 4 5 6 .0 34 5 8 5 .8

2 6  1 /8 3 4 5 .8 3 0  1 /8 4 5 9 .8 3 4  1 /8 590 .1

2 6  1 /4 3 4 9 .2 3 0 1 / 4 4 6 3 .7 3 4  5 /4 5 9 4 .4

2 6  3 /8 3 5 2 .5 3 0  3 /8 4 6 7 .5 3 4  3 /8 59 8 .7

2 6  1 /2 3 5 5 .8 3 0  1 /2 4 7 1 .4 3 4  1 /2 6 0 3 .1

2 6  5 /8 3 5 9 .2 3 0  5 /8 4 7 5 .2 3 4  5 /8 6 0 7 .5

2 6  3 /4 3 6 2 .8 3 0  3 /4 4 7 9 .1 3 4  3 /4 6 1 1 .9

2 6  7 /8 3 6 6 .0 3 0  7 /8 4 8 3 .0 3 4  7 /8 6 1 6 .3
27 3 6 9 .4 31 4 8 6 .9 35 6 2 0 .7

2 7  1 /8 3 7 2 .8 31  1 /8 4 9 0 .9 3 5  1 /8 62S .2

2 7  1 /4 3 7 6 .3 31 1 /4 4 9 4 .8 3 5  1 /4 6 2 9 .6

2 7  3 /8 3 7 9 .7 31 3 /8 4 9 8 .8 3 5  3 /8 634 .1

2 7  1 /2 3 8 3 .2 31 1 /2 5 0 2 .8 3 5  1 /2 6 3 8 .6

2 7  5 /8 3 8 6 .7 31  5 /8 5 0 6 .8 3 5  5 /8 64 3 .1

2 7  3 /4 3 9 0 .2 31  3 /4 5 1 0 .8 3 5  3 /4 6 4 7 .6

2 7  7 /8 3 9 3 .7 31  7 /8 5 1 4 .8 3 5  7 /8 6 52 .1

26 3 9 7 .3 32 5 1 8 .9 36 6 5 6 .7

2 8  1 /8 4 0 0 .8 3 2  1 /8 5 2 2 .9 3 6 1 / 8 6 6 1 .3

2 8  1 /4 4 0 4 .4 3 2  1 /4 5 2 7 .0 3 6  1 /4 6 6 5 .8

2 8  3 /8 4 0 8 .0 3 2  3 /8 53 1 .1 3 6  3 /8 6 7 0 .4

2 8  1 /2 4 1 1 .6 3 2  1 /2 5 3 5 .2 3 6  1 /2 6 75 .1

2 8  5 /8 4 1 5 .2 3 2  5 /8 5 3 9 .3 3 6  5 /8 6 7 9 .7

2 8  3 /4 4 1 8 .8 3 2  3 /4 5 4 3 .5 3 6  3 /4 6 8 4 .3

2 8  7 /8 4 2 2 .5 3 2  7 /8 5 4 7 .6 3 6  7 /8 6 8 9 .0

l/m  x  0.0805 -  g a l/ f l  I/m  x  0 .00192  =  b b l/ f t
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CAPACITIES OF DRILL PIPES

N o m in a l
size

(in )

N o m in a l
w eight

(IB/It)

U p se l G ra d e T h re a d s

A p p ro x im a te  w e ig h t C a p a c ity  ( ! )  (I/m )

(IO/I!) (k g /m )
M e ta l d is

p la c e m e n t
C a p a c ity

T o ta l d is
p la c e m e n t

2 3/6 6 .65 £ U £ 7 5 N C 2 6 7.01 10.43 1.33 1.66 2.99
E U X95 N C 2 6 7.10 10.57 1.35 1.66 3.01
E U G '0 5 N C 2 6 7.10 10.57 1.35 1.66 3.01

2 7/8 10.40 e u E75 N C 3 1 10.90 15.21 2.07 2.34 4.41
E U X95 N C 3 1 11.09 16.50 2.10 2.33 4.43
E U G 1 0 5 N C 3 1 11.09 16.50 2.10 2.33 4.43
E U S i  35 N C 3 1 11.55 17.19 2.19 2.29 4.48

3 1/2 9 .50 £ U E75 N C 3 8 10 34 15.38 1.96 4.54 6.50

3 1/2 13.30 E U £ 7 5 N C 3 8 13.95 2 0 .76 2.64 3 .8 6 6.50
E U X95 N C 3 8 14.61 2 1 .75 2.77 3.84 6.61
E U G 105 N C 3 8 14.71 2 1 .89 2.79 3.82 6.61
E U S 1 35 N C 3 8 14.92 22.21 2.83 3.78 6.61

3 1/2 15.50 E U E75 N C 3 8 16.57 2 4 .55 3.14 3.42 6.57
E U X95 N C 3 8 16.83 2 5 .05 3.19 3.41 6.60
E U G 1 0 5 N C 3 8 17.05 2 5 .37 3.23 3.37 6.60
e u S 1 3 5 N C 4 0 17.78 26.47 3.37 3.38 6.75

4 14.00 IU E 7 5 N C 4 0 15.04 2 2 .39 2.85 5.57 8.42
IU X95 N C 4 0 15.27 2 2 .73 2 .9 0 5.55 8.44
IU G 105 N C 4 0 15.85 2 3 .5 9 3.00 5.51 8.52
!U S i  35 N C 4 0 16.13 2 4 .0 0 3.06 5.46 8.52
eu £ 7 5 N C 4 6 15.89 23.64 3.01 5.64 8.65
E U X95 N C 4 6 16.19 2 4 .09 3.07 5.64 8.71
E U G 1 0 5 N C 4 6 16.19 2 4 .0 9 3.07 5.64 8.71
E U S I  35 N C 4 6 16.42 2 4 .4 3 3.11 5.59 8.71

4 1/2 13.75 IU E7S N C 4 6 15.11 2 2 .46 2.86 7.82 10.69
E U E75 N C 5 0 15.03 22.37 2.85 7.92 10.77

41/2 16.60 ie u £ 7 5 N C 4 6 18.37 2 7 .33 3 .4 8 7.30 10.79
le u X95 N C 4 6 18.61 2 7 .70 3.53 7.26 10.79
IEU G 1 0 5 N C 4 6 18.61 2 7 .70 3 .5 3 7.26 10.79

IEU S i  35 N C 4 6 18.82 2 8 .02 3.57 7.22 10.79
IEU £ 7 5 PM 18.14 2 6 .99 3.44 7.26 10.70
ie u X95 F H 18.16 2 7 .02 3.44 7.26 10.71
IE U G 1 0 5 F H 18.16 2 7 .02 3.44 7.26 JO-71
IE U S135 F H 19.02 2 8 .3 0 3.61 7.18 10.79

E U £ 7 5 N C S O 17.99 26.77 7,40 10.81
E U X95 N C 5 0 18.36 2 7 .33 3.48 7.40 10.88
E U G 1 0 5 N C 5 0 18.36 2 7 .33 3.48 7.40 10.88
E U S 1 35 N C 5 0 18.62 27.71 3.53 7.35 10.88

4 1/2 2 0 .0 0 IE U E75 N C 4 6 22.12 32.91 4.19 6.60 10.79
IEU X95 N C 4 6 2 2 .62 3 3 .66 4.29 6.56 10.84
ie u G 1 0 5 N C 4 6 22.81 3 3 .94 4.32 6.52 10.84
IEU S 1 35 N C 4 6 22 .98 3 4 .20 4.36 6.49 10.84
IEU E75 F H 2 1 .6 6 32.24 4.11 6.60 10.71
IEU X95 F H 22.35 3 3 .25 4.24 6.52 10.76
IEU G 1 0 5 F H 22 .35 3 3 .25 4.24 6.52 10.76
e u E75 N C 5 0 2 1 .6 3 3 2 .19 4.10 6.71 10.81
E U X9S N C 5 0 22 .09 3 2 .88 4.19 6.69 10.88
E U G 1 0 5 N C S O 22 .09 3 2 .88 4.19 6.69 10.88
E U S 1 35 N C 5 0 23 .06 34.31 4.37 6,59 10.97

(1 ) V o lu m e s c a lc u la te d  u s in g  fo rm u la s  for c a lc u la tin g  m e  a p p ro x im a te  w e ig h t (A P I H P 7 G ) .  T h e s e  vo lu m e s are 
a p p ro x im a te  in so  lar a s the  p ip e  le n g th  is not c o n s ia n t. A llo w a n c e  m a d e  lo r  too l joints.

I/m x  0 .0 8 0 5  =  gal/ft l/m x  0 .0 0 1 9 2  =  bbl/ft
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C A P A C ITIE S  O F DRILL PIPES
(continued)

N o m in a l
size

(in )

N o m in a l
w e ig h t

(IB/!!)

U p se ! G ra d e T h re a d s

A p p ro x im a te  w e ig h t C a p a c i t y ( i )  (I/m )

(lb/1!) (k g /m )
M e ta ! d is
p la c e m e n t

C a p a c ity
Toias d is
p lacem ent

5 19.50 IEU E75 N C 5 0 20.87 3 1 .06 3.96 9 .15 13.1!

ie u X 95 N C 5 Q 21 .39 3 1 .83 4.06 9 .10 13.16

IEU G 1Q 5 N C 5 0 21 .67 3 2 .55 4.15 9 .05 13.20

IEU S 1 35 N C 5 0 2 2 .5 6 33.57 4.28 8.97 13.24

IEU £7-5 F H 22 .30 3 3 .19 4.23 9.14 13.3?

IEU X 95 F H 2 2 .5 6 3 3 .56 4.28 9 .14 13.42

IEU G 1 0 5 F H 2 2 .5 6 3 3 .58 4.28 3.14 13.42

IE U ' S 1 35 PH 2 3 .4 2 3 4 .86 4.44 9 .08 13.52

5 2 5 .6 0 IEU E 7 5 N C 5 0 2 6 .88 4 0 .00 5.10 8.01 13.10

IE U X 95 N C 5 0 2 7 .82 4 1 .40 5.27 7.92 13.19

( W <3105 N C 5 0 28 .28 4 2 .0 8 5 .3 6 7.87 13.23

IEU E 7 5 F H 28 .30 4 2 .12 5.37 7 .99 13.36

IEU X95 F H 28.54 4 2 .48 5.41 7 .99 1 3 4 1

IEU G 1 0 5 F H 2 9 1 1 4 3 .32 5.52 7 .99 13.51

IE U S 1 35 F H 29 .38 4 3 .73 5.57 7.94 13.51

5 1 / 2 21 .90 IEU E75 F H 23 .79 3 5 .40 4.51 11.37 15.88

IEU X95 F H 24.41 3 6 .33 4.63 11.32 15.95

IEU G 1 0 5 F H 25 .26 37.59 4.79 11.26 16.05

!£ U S !3 S FH 26 .37 3 9 .24 5.00 1 1 .IS 16.15

S 1/2 24 .70 IEU £ 7 5 F H 2 6 .3 ! 3 9 .16 4.99 10.89 15.87

IE U X 95 F H 2 7 .7 5 4 1 .29 5.26 10.77 16.03

IE U G S 0 5 F H 2 7 .75 4 1 .29 5.26 10.77 16.03

IEU $ 1 3 5 F H 28 .86 4 2 .94 5.47 10.67 16.14

(1 ) V o lu m e s  c a lc u la te d  u sin g  fo rm u la s  lo r  c a lc u la tin g  the  a p p ro x im a te  w ie g h t (A P I S P 7 G ) .  T h e s e  vo lu m e s are 
a p p ro x im a te  in  s o  far a s ine  p ip e  len g th  is n o i c o n s ta n t. A llo w a n c e  m a d e  for io o l joints

I /m  *  0 .0 8 0 5  =  g a in  I I /m  x 0 0 0 1 9 2  “  BB!/ft



CAPACITIES OF DRILL COLLARS (1)

204 D 8

O u ts id e
d ia m e te r

( in )

T o ta l
d is p la c e m e n t

( i /m )

S ta n d a rd
in s id e

d ia m e te r
( in )

C a p a c ity
( I /m )

O p t io n a l
in s id e

d ia m e te r
( in )

C a p a c i ty
( I /m )

3  1 /8 4 .9 5 1 1 /4 0 .7 9 - -

3  1 /4  

3  3 /4

5 .3 5

7 .1 3

1 1 /2  

1 1 /2
1 .14

1 1 /4  

1 1 /4
0 .7 9

4 1 /8  
4 1 /4  
4  1 /2

8 .6 2
9 .1 5

1 0 .2 6

2
2
2

2 .0 3
1 3 /4  
1 3 /4  
1 3 /4

1 .5 5

4  3 /4
5
5  1 /4  
5 1 / 2

1 1 .4 3
1 2 .6 7
1 3 .9 7
1 5 .3 3

2  1 /4  
2  1 /4  
2  1 /4  
2  1 M

2 .5 6

1 3 /4  
1 3 /4  
1 3 /4  
1 3 /4

1 .5 5

5  3 /4
e
6  1 /4

1 6 .7 5
1 8 .2 4
1 9 .7 9

2  1 /4  
2  1 /4 
2  1 /4

2 .5 6
2 1 3 / 1 6  
2  1 3 /1 6  
2  1 3 /1 6

4 .01

6  1 /2
6  3 /4
7
7  1 /4  
7  1 /2

2 1 .4 1
2 3 .0 9
2 4 .8 3
2 6 .6 3
2 8 .5 0

2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6

4 01

2  1 /4  
2  1 /4  
2  1 /4  
2  1 /4  
2  1 /4

2 .5 6

7 3 /4
e
8  1 /4  
8  1 /2  
8  3 /4

3 0 .4 3
3 2 .4 3  
3 4 .4 9  
3 6 .6 1  
3 8 .7 9

2  1 3 /1 6  
2 1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6

4.01

3
3
3
3
3

4 .5 6

9
9  1 /4  
9  1 /2  
9  3 /4  

10  
11
11 1 /4
12 
14

4 1 .0 4
4 3 .3 6
4 5 .7 3
4 8 .1 7
50 .6 7
61 .3 1  
6 4 .1 3  
7 2 .9 7
9 9 .3 1

3
3
3
3
3
3
3
3
3

4 .5 6

2  13 /1 %  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6  
2  1 3 /1 6

4.01

(1 ) C a p a c i ty  p e r  m e te r  is  c a lc u la te d  o n  th e  b a s is  o f  s im p le  c y l in d e rs .

I/m  x  0 .0005  =  ga l/fs  I/m  x 0.00192 =- b b l/ f t



C
A

P
A

C
IT

IE
S 

AN
D 

D
IS

P
LA

C
EM

EN
TS

 
OF

 
CA

SI
NG

 
(1

)

D 9 205

(1
) 

No
 

al
lo

w
an

ce
 

m
ad

e 
lor

 
co

up
lin

gs
.

mm
 

x 
0.

03
94

 
= 

in 
I/m

 
x 

0.
08

05
 

« 
ga

l/f
! 

I/m
 

x 
0.

00
19

2 
= 

bb
l/f

l



CAPACITIES AND DISPLACEMENTS OF TUBING (1)

206 D 10

O u tsid e  

dia m e te r 
(OD) 

(m  ana
m m )

N o n f a t
wesgm T h ic k n e s s

(m m )

Insice
diam eter

(ID)
(m m )

T o ia l

d isp la ce 
m ent

(i/m )

C a p a c ity

(i/m )

M eta;

d isp la ce 
ment

(I/m )

Lin e a r 

m eters per 
cu b ic  
meter 

(m j

1 .0 5 0
(2 6 .7 ) 1 .1 4 -1 .2 0 2 .8 7 2 0 .9 0 .5 6 0 .3 4 0 .2 2 2 9 4 1 .2

1 .3 1 5
(3 3 .4 ) 1 .7 0 -1 .7 2 -1 .8 0 3 .3 8 2 6 .6 0 .8 9 0 .5 6 0 .3 3 1 7 8 5 .7

1 .6 6 0
(4 2 .2 )

2 .1 0
2 .3 0 -2 .3 3 -2 .4 0

3 .1 8
3 .5 6

3 5 .8
35 .1

1.41
1.41

1.01
0 .9 7

0 .4 0
0 .4 4

99 0 .1
1 0 3 0 .9

1 .9 0 0
(4 8 .3 )

2 .4 0
2 .7 5 -2 .7 6 -2 .9 0

3 .1 8
3 .6 8

4 1 .9
4 0 .9

1 .8 3
1 .8 3

1.38
1.31

0 .4 5
0 .5 2

7 2 4 .6
7 6 3 .6

2 .0 6 3
(5 2 .4 ) 3 .2 5 3 .9 6 4 4 .5 2 .1 6 1.56 0 .6 0 6 4 1 .0

2  3 /8  
(6 0 .3 )

4 .0 0
4 .6 0 -4 .7 0

5 .1 0
5 .8 0 -5 .9 5

6 .3 0
7 .3 0

4 .2 4
4 .8 3
5 .5 4
6 .4 5
7 .1 2
8 .5 3

5 1 .8
5 0 .7
4 9 .2  
4 7 .4  
46.1
4 3 .3

2 .8 8
2 .8 8
2 .8 8
2 .8 8
2 .8 8
2 .8 8

2.11
2 .0 2
1.91
1 .77
1.67
1 .47

0 .7 7
0 .8 6
0 .9 7
1.11
1.25
1.41

4 7 3 .9
4 9 5 .0  
5 2 3 .5
5 6 5 .0  
5 9 8 .8  
6 8 0 .2

2  7 /8  
(7 3 ,0 )

6 .4 0 -6 .5 0
7 .7 0  

8 .6 0 -8 .7 0
9 .7 0
1 0 .7 0

5.51
7.01
7 .8 2
9 .1 9

1 0 .2 8

6 2 .0
5 9 .0
5 7 .4  
5 4 .6
5 2 .5

4.21
4.21
4.21
4.21
4.21

3 .0 2
2 .7 3
2 .5 9
2 .3 4
2 .1 6

1 .1 9
1 .4 8
1 .6 2
1.87
2 .0 5

3 3 1 .1
3 6 6 .3
3 8 6 .1
4 2 7 .3  
4 6 3 .0

3 1 / 2
(8 8 .9 )

7 .7 0
9 .2 0 -9 .3 0

1 0 .2 0
1 2 .7 0 -1 2 .9 5

1 3 .7 0
1 4 .7 0  
1 5 .8 0

5 .4 9
6 .4 5
7 .3 4
9 .5 2

1 0 .5 0
1 1 .4 3
1 2 .4 0

7 7 .9
7 6 .0  
7 4 .2
6 9 .8
6 7 .9
6 6 .0  
64.1

6 .2 6
6 .2 6
6 .2 6
6 .2 6
6 .2 6
6 .2 6
6 .2 6

4 .7 7
4 .5 4 .-,,
4 .3 3
3 .8 3
3 .6 0
3 .4 3
3 .2 9

1.49
1.72
1 .9 3
2 .4 3
2 .6 6
2 .8 3
2 .9 7

2 0 9 .6
2 2 0 .3
2 3 0 .9
261 .1
2 7 7 .8
2 9 1 .5
3 0 4 .0

4
(1 0 1 .6 )

9 .5 0
1 0 .9 0 -1 1 .0 0

1 3 .0 0
1 4 .8 0
1 6 .5 0

5 .7 4
6 .6 5  
8 .3 8
9 .6 5  

1 0 .9 2

90.1
8 8 .3
8 4 .8
8 2 .3
7 9 .8

8 .1 6
8 .1 6
8 .1 6
8 .1 6
8 .1 6

6 .3 8
6 .1 2
5 .6 5
5.31
4 .9 9

1 .7 8
2 .0 4
2 .5 1
2 .8 5
3 .1 7

15 6 .7
163 .4
17 7 .0
18 8 .3
2 0 0 .4

4 1 /2  
(1 1 4 .3 ) 1 2 .6 0 -1 2 .7 5 6 .8 8 1 0 0 .5 10 .3 5 7 .9 4 2.41 12 5 .9

(1 ) C a p a c i t ie s  w i th  c o u p l in g s .  T o ta l  d is p la c e m e n ts  o f  t u b in g s  w ith  c o u p l in g s  a re  a n  a v e ra g e  d u e  
to  m a x im u m  e r r o r  o f  0 .5  % .

m m  x  0.0394 =  in  I/m  x  0 .0805  =  g a l/ f l  I/m  x  0.00192 =  b b l/ f t
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AN N ULAR  V O LU M E BETW EEN  DR ILL PIPE AND OPEN HOLE
(liters per meter)

N o m in a l s iz e  o f  d r i l l  p ip e  ( in )

0  (1 ) 2  3 /8 2  7 /8 3  1 /2 4 4  1 /2 5 5 1 / 2 6  5 /8

0  {2 ) ( I/m ) 3.0* 4 .4* 6 .5* 8 .6 * 10.8* 13.3* 16.1* 2 2 .9 *

5  7 /8 1 7 .5 1 4 .5 13.1 1 1 .0 8 .9
6 18.2 15.2 13.8 11.7 9.6
6  1 /8 1 9 .0 1 6 .0 1 4 .6 1 2 .5 10 .4

6  1 /4 1 9 .8 1 6 .8 15 .4 1 3 .3 11 .2 9 .0
6  5 /8 2 2 .2 19 .2 1 7 .8 15 .7 13 .6 1 1 .4 8 .9
6  3 /4 23.1 20 .1 18 .7 1 6 .6 14 .5 12 .3 9 .8
7 3 /8 2 7 .6 2 4 .6 2 3 .2 21.1 19 .0 1 6 .8 1 4 .3 1 1 .5 4 .7

7 7 /8 3 1 .4 2 8 .4 2 7 .0 2 4 .9 2 2 .8 2 0 .6 18.1 1 5 .3 8 .5

c 8  3 /8 3 5 .5 3 2 .5 31 .1 2 9 .0 2 6 .9 2 4 .7 2 2 .2 19 .4 1 2 .6

cT e i / 2 36.6 33.6 32.2 30.1 28.0 25.8 23.3 20.5 13.7
o 8  5 /8 3 7 .7 3 4 .7 3 3 .3 3 1 .2 29 .1 2 6 .9 2 4 .4 2 1 .6 1 4 .8
c0) 8  3 /4 3 8 .8 3 5 .8 3 4 .4 3 2 .3 3 0 .2 2 8 .0 2 5 .5 2 2 .7 1 5 .9
Q.
O 9 4 1 .0 3 8 .0 3 6 .6 3 4 .5 3 2 .4 3 0 .2 2 7 .7 2 4 .9 18.1
o 9  5 /8 4 6 .9 4 3 .9 4 2 .5 4 0 .4 3 8 .3 36 .1 3 3 .6 3 0 .8 2 4 .0
.£ 9  7 /8 4 9 .4 46 .4 4 5 .0 4 2 .9 4 0 .8 3 8 .6 36 .1 3 3 .3 2 6 .5
I
<0 10 5 /8 5 7 .2 5 4 .2 5 2 .8 5 0 .7 4 8 .6 4 6 .4 4 3 .9 41.1 3 4 .3
b 12 7 3 .0 7 0 .0 6 8 .6 6 6 .5 6 4 .4 6 2 .2 5 9 .7 5 6 .9 50 .1

121 /4 76.0 73.0 71.6 69.5 67.4 65.2 62.7 59.9 53.1
14  3 /4 1 1 0 .2 1 0 7 .2 1 0 5 .8 10 3 .7 1 0 1 .6 9 9 .4 9 6 .9 94 .1 8 7 .3
15 1 14 .0 1 1 1 .0 1 0 9 .6 1 0 7 .5 1 0 5 .4 1 0 3 .2 1 0 0 .7 9 7 .9 91.1
171 /2 155.2 152.2 150.8 148.7 146.6 144.4 141.9 139.1 132.3
2 0 2 0 2 .7 1 9 9 .7 1 9 8 .3 19 6 .2 194.1 1 9 1 .9 N '8 9 . 4 1 8 6 .6 1 7 9 .8
2 4 2 9 1 .9 2 8 8 .9 2 8 7 .5 2 8 5 .4 2 8 3 .3 2 8 1 .1 2 7 8 .6 2 7 5 .8 2 6 9 .0
2 6 3 4 2 .5 3 3 9 .5 3 3 8 .1 3 3 6 .0 3 3 3 .9 3 3 1 .7 3 2 9 .2 3 2 6 .4 3 1 9 .6
3 6 6 5 6 .7 6 5 3 .7 6 5 2 .3 6 5 0 .2 648 .1 6 4 5 .9 6 4 3 .4 6 4 0 .6 6 3 3 .8

(1 ) T h e  z e ro  v e r t ic a l  c o lu m n  g iv e s  th e  c a p a c i ty  o f  o p e n  h o le  in  I/m .
(2 ) T h e  z e ro  h o r iz o n ta l  l in e  g iv e s  th e  to ta l  d is p la c e m e n t  o f  d r i i l  p ip e  w ith  to o l  jo in t  ( l/m ) .  
'  D r i l l  p ip e  d is p la c e m e n t  is  a v e r a g e d  to  a l lo w  fo r  v a r io u s  t o o l  jo in t  s ize s .

I/m  x  0 .0805  =  g a l/ f t  l/m  *  0.00192 =  b b l/ f t
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A N N U LAR  V O LU M E BETW EEN
C A S IN G  AND DR ILL PIPE

(liters per meter) .

N o m in a l size  of drill p ip e  (in )

0 (1 ) 1.050 1.315 1.660 1.900 2  3/8 2  7/8 3  1/2 4 4  1/2 5 5  1/2 6  5/8

0  (2 ) I/m 0.6 0.9 1.4 1.8 3.0 4.4 6 .5 8.6 1 0 .a 1 3 .3 16.1 22.9

9 .S 0 8.5 7.9 7.6 7.1 6.7 5.5 *
10.50 6.3 7.7 7.4 6.9 6.5 5.3 X

<1.60 8.1 7.5 7.2 6.7 6 .3 5.1 X
13.50 7.8 7.2 6.9 6.4 e.o 4.8 X

15.10 7.4 6 .8 6.5 6 .0 5.5 4.4 X
16.90 7.1 6.5 6.2 5.7 5.3 4.1 X
17.70 7.0 6.4 ' 6.1 5.6 5.2 4 X

18.80 6.7 6.1 5.8 5.3 4.9 3.7 x

H .5 0 10.5 9.9 9.6 9.1 8.7 7.5 6.1 x
13.00 10.2 9.6 9.3 8.8 8.4 7.2 5.8 x
15.00 9.9 9 .3 9.0 8.5 8.1 6.9 5.5
13.QQ 9.3 3.7 8.4 7.9 7 .5 6 .3 X
2 0 .80 8.8 8.2 7.9 7.4 7.0 5.8 *

s 14.00 12.7 12.1 11.8 11.3 10.9 9.7 8 .3 „

x> 15.50 12.4 11.8 11.5 11.0 10.6 9.4 3 .0 X
§ 17.00 12.1 11.5 11.2 10.7 10.3 9.1 7.7 X

c «•> 2 0 .00 11.6 11.0 10.7 10.2 9.8 8 .6 7.2 X

c*
2 3 .00 1 ! . ! 10.5 10.2 9.7 9 .3 8.1 6.7 x

» 2 0 .00 18.6 18.0 17.7 17.2 16.8 15.6 14.2 12.1 x

<s> 2 4 .0 0 17.8 17.2 16.9 16.4 16.0 14.8 13.4 11.3 X
o in 2 8 .0 0 17.0 16.4 16.1 15.6 1S.2 14.0 12.6 10.5 X

1
<o 3 2 .00 16.3 15.7 15.4 14.9 14.5 13.3 11.9 9.8 *

1
17.00 21.7 21.1 2 0 .8 2 0.3 19.9 18.7 !7 .3 1 5.2 13.1

§ 2 0 .00 21.1 2 0.5 2 0.2 19.7 19.3 18.1 16.7 1 4.6 12.5

<D 2 3 .0 0 20.5 19.9 19.6 19.1 18.7 17.5 16.1 14.0 11.9
2 6 .00 20.0 19.4 19.1 18.6 18.2 17.0 15.6 1 3 .5 11.4

— 2 9 .00 19.4 18.8 18.5 18.0 17.6 16.4 15.0 1 2 .9 10.8

c 3 2 .00 18.8 18.2 17.9 17.4 17.0 15.8 14.4 1 2 .3

I
3 5 .0 0 18.3 17.7 17.4 16.9 16.5 15.3 13.9 1 1.8

'Z 3 8 .00 17.8 17.2 16.9 16.4 15.0 14.8 13.4 1 1.3
4 1 .00 17.2 16.6 16.3 15.8 15.4 14.2 12.8 1 0.7
4 4 .00 16.6 !6 .0 15.7 15.2 14.8 ! 3.6 12.2 10.1

2 4 .00 2 5 .0 24.4 24.1 2 3.6 2 3.2 2 2 .0 20.6 1 8.5 16.4 1 4 .2

ef\ 2 6 .4 0 2 4.6 2 4.0 23.7 2 3.2 2 ? .8 21.6 20.2 18.1 16.0 1 3 .8Q/
2 9 .70 2 4 .0 23.4 23.1 2 2 .6 22.2 21.0 19.6 17.S 15.4 1 3 .2

h. 3 3 .70 2 3.2 2 2.6 2 2.3 2 1.8 21.4 20.2 18.8 1 6.7 14.6 12.4

3 9 .0 0 2 2.3 21.7 2 1.4 2 0.9 2 0 .5 19.3 17.9 1 5 .8 13.7 1 1 .4

2 4 .00 33.2 3 2.6 3 2 .3 31.8 31.4 3 0.2 2 8.8 2 6 .7 24.6 2 2 .4 1 9 .9 17.1 X

2 8 .00 3 2.6 3 2.0 3 1.7 3 1 .2 3 0 .8 29.6 2 S .2 2 6 . t 2 4 .0 2 1 .8 19.3 18.5 X
© 3 2 .0 0 3 1.8 3 1.2 3 0,9 3 0.4 30.0 28.8 27.4 2 5.3 23.2 2 1 .0 16.5 15.7 X

3 6 .0 0 3 1.0 30.4 30.1 2 9.6 29.2 2 8 .0 2 6 .6 2 4 .5 22.4 2 0 .2 17.7 14.9 X

( ! )  T h e  z e ro  vertica l c o lu m n  gives the  c a p a c ity  o! Ihe c a s in g s  in  I/m.

(2 ) T h e  z e ro  h o riz o n ta l line g ive s Ihe a ve ra g e  total d isp la ce m e n t o l d rill D ipe with too l joint in i/m. 

x T n e  o u ts id e  d ia m e te r o l the  lo o l jo in l is la rg e r  m a n  m e  insid e  d ia m e ie r  o l m e  ca sin g.

I/m X O.OBOS *■ gal/ll I 'm  *  0.00192 =  Dbl/ll
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A N N U LAR  V O LU M E BETW EEN
CA S IN G  AND DRILL PIPE

(liters per meter) (continued)

N o m in a l size  o t drill p ip e  (in )

0 ( 1 ) 1.050 1.315 1.660 1.900 2  3/8 2  7/8 3 1/2 4 1 / 2 5  1/2 6 5/8

0  (2 ) l/m 0.6 0.9 1.4 1.8 3.0 4.4 S .S 8 .6 10.8 13.3 16.1 2 2.9

<0

4 0 .00
4 4 .0 0
4 9 .0 0

3 0.2
2 9.5
2 8.6

2 9.6
2 8.9
2 8.0

2 9.3
2 8.6
27.7

2 8 .8
28.1
27.2

28.4
27.7
26.8

27.2
26.5
25.6

25.8
25.1
24.2

23.7
2 3 .0
22.1

21.6
20.9
20.0

19.4
18.7
17.8

16.9
16.2
15.3

14.1
13.4
12.5

X
X

32 .30
36 .00 
■40.00
43 .50
47 .00
53 .50 
5 8 .4 0  
6 1 .10 
7 1 .80

41.1
40.3
39.6
38.8
38.2
36.9  
36.1
35.5
33.5

4 0.5  
39.7 
3 9 .0
38.2
37.6
36.3  
3 5.5
34.9
32.9

4 0.2  
3 9.4  
38.7 
3 7 .9
3 7 .3  
3 6.0  
35.2
34.6
32.6

3 9.7  
3 8.9  
3 8.2
37.4
3 6.8
3 5.5  
34.7
34.1
32.1

39.3  
38.5  
37.8
3 7 .0
3 6.4
35.1 
3 4.3
3 3.7
3 1.7

38.1 
37.3  
36.6
35.8
3 5 .2
33.9  
33.1
32.5
30.5

36.7  
35.9  
35.2
34.4
33.8
32.5  
31.7
31.1
29.1

3 4 .6  
3 3 .8  
33.1
3 2 .3
2 1 .7
3 0 .4  
2 9 .6
2 9 .0
2 7 .0

32.5  
31.7  
31.0
30.2
29.6
28.3  
27.5
26.9
2 4 .9

3 0 .3  
2 9 .5  
2 8 .8  
2 8 .0
2 7 .4  
26.1 
2 5 .3
2 4 .7
2 2 .7

2 7 .8  
27.0  
26.3
25.5
24.9
23.6  
22.8  
2 2 .2  
2 0 .2

2 5 .0  
24.2 
2 3.5
22.7
22.1
2 0 .8  
2 0 .0  
19.4 
1 7.8

18.2
17.4
16.7
15.9
15.3
14.0
13.2
12.6

X

j

n

3 2 .75
4 0 .50
4 5 .50 
5 1 .00
5 5 .50
6 0 .70
6 5 .70

52.6
51.2
50.2  
49.1
48.3
47.3
46.3

52.0
50.6
49.6  
4 8.5
47.7
46.7
45.7

51.7
50.3
49.3  
4 8.2
47.4
46.4
45.4

5 1.2
4 9.8
4 8.8  
47.7
46.9
45.9
44.9

5 0.8
49.4
48.4 
4 7.3
4 5.5
4 5.5
4 4.5

4 9 .6
48.2
4 7.2  
46.1
4 5.3
4 4.3
4 3.3

48.2
46.8
45.8  
44.7
43.9
42.9
41.9

46.1
4 4 .7
4 3 .7  
4 2 .6
4 1 .8
4 0 .8
3 9 .8

44.0
42.6
41.6  
40.5
39.7
38.7
37.7

4 1 .8
4 8 .4
3 9 .4
38.4
3 7 .5
3 6 .5
3 5 .5

3 9 .3
3 7 .9
3 6 .9  
3S .8
3 5 .0
3 4 .0
3 3 .0

36.5
35.1
34.1 
33,0
3 2 .2
31.2
30.2

29.7
2 8.3
2 7 .3  
26.2
25.4
24.4
23.4

0  

2

1

4 2 .00
4 7 .00
5 4 .00
6 0 .00

62.2
61.3
60.0
58.8

61.6
60.7
59.4
58.2

6 1 .3
60.4 
59.1 
57.9

60.8
59.9
58.6
57.4

60.4
5 9.5  
5 8.2  
5 7 .0

5 9.2
5 8.3  
5 7.0  
5 5.8

5 7 .8
56.9 
5 5.6  
5 4.4

5 5 .7
5 4 .8  
5 3 .5  
5 2 .3

53.6
52.7  
51.4 
S0.2

5 1 .4
5 0 .5  
4 9 .2  
4 8 .0

4 8 .9
48.0
4 6 .7
4 5 .5

46.1
45.2  
43.9 
42.7

3 9 .3
38.4 
37.1 
35.9

6

%

4 8 .00 
5 4 .50
6 1 .00 
6 8 .0 0  
7 2 .00

81.9
80.6
79.4
78.1
77.2

81.3
80.0
78.8
77.5
76.6

• 81.0  
79.7 
78.5
77.2
76.3

80.5
79.2
78.0
78.7
75.8

80.1
7 8.8
77.6
76.3
75.4

7 8.9
7 7.6
76.4
75.1
74.2

77.5
76.2
7 5.0
7 3.7
7 2.8

7 5 .4
74.1
7 2 .9
7 1 .6
7 0 .7

73.3
72.0
70.8
69.5
68.6

71.1
6 9 .8
6 8 .6
6 7 .3
6 6 .4

6 8 .6
6 7 .3
66.1
6 4 .8
6 3 .9

65.8
64.5
6 3 .3
62.0
61.1

5 9 .0
57.7
5 6 .5 .
5 5 .2
54.3

Z

s
6 5 .0 0
7 5 .00
8 4 .0 0

117.9
115.9 
114.2

117.3
115.3 
113.6

117.0
115.0 
113.3

116.5
114.5 
112.8

116.1
114.1
112.4

114.9
112.9 
111.2

113.5
111.5 
109.8

1 1 1 .4
1 0 9 .4  
1 0 7 .7

109.3
107.3 
105.6

1 0 7.0
105.1 
1 0 3.4

1 0 4 .6
1 0 2 .6  
1 0 0 .9

101.8
99.8
98.1

9 5 .0
9 3 .0  
91.3

§ 8 7 .50 159.7 159.1 1S8.8 158.3 157.9 156.7 155.3 1 5 3 .2 151.1 1 4 8.9 1 4 6 .4 143.6 136.8

©
9 4 .00 

1 06.50
1 33.00

185.3
182.9
177.8

184.7
182.3
1 7 7.2

184.4
182.0
176.9

183.9
181.5
176.4

183.5
181.1
176.0

182.3
179.9
174,8

180.9
178.5
173.4

1 7 6.8
1 7 6.4
1 7 1 .3

176.7
174.3
169.2

1 74. S 
172.1 
1 8 7 .0

1 7 2 .0
1 6 9 .6
1 6 4 .5

169.2
166.8
161.7

162.4
160,0
154.9

s
2 6 7 .0
31 0.0

4 0 7.8
3 9 7.0

4 0 7.2
3 9 6.4

4 0 6.9
396.1

4 0 6.4
3 9 5.6

4 0 6.0
3 9 5.2

4 0 4.8
3 9 4 .0

4 0 3.4
3 9 2.6

4 0 1 .3
3 9 0 .5

3 9 9.2
3 8 8.4

3 6 7 .0
3 8 6 .2

3 9 4 .5
3 8 3 .7

3 9 1.7
3 8 0.9

3 8 4 .9
374.1

(1 )  T h e  z e ro  vertica l c o lu m n  gives the c a p a c ity  o l m e  c a s in g s  in  I/m.

(2 ) T h e  z e ro  h o rizo n ta l line g ive s m e  a ve ra g e  total d isp la ce m e nt o l  drill p ip e  w ith  lo o l jo int in  I'm  

x  T h e  o utside  dia m e te r of the too l jo in : ;s  larg er th a n  th e  inside d ia m e te r o l the c a s in g .

l /m -x  0.0805 -  g a l/tl I/m *  0.00192 -  b b l/ll
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ANNULAR VOLUME BETWEEN CASING AND TUBING  
(liters per meter)

N o m in a l size  of n n e r string  (in )

0  (1 ) 1 .0 5 0 1 315 1.660 1.900 2.063 2  3/8 2  7/8 3 1 /2 4 4 1/2

o (2 ) (I/m ) 0.56 0.88 1.40 1.84 2.16 2.88 4.22 6.26 8.17 10.33

9 .50 8 .4 8 7.92 7 .60 7.08 6 .64 6 .32 5 .60 4 .26

50.50 8.32 7.76 7.44 6.92 6 .48 6 .16 5 .44 4 .10

11.60 8.11 7.55 7.23 6.71 6.27 5 .95 5 .23 3 .89

c ; 13.50 7.79 7.23 6.91 6.39 5 .95 5.63 4.91 3.57

' j 15.10 7.42 6 .8 6 6.54 6.02 5 .58 5.26 4.54 3 .20

16.90 7.09 6.53 6.21 5.69 5 .25 4.93 4.21

17.70 6.93 6.37 6.05 5.53 5 .09 4.77 4 .05

18.80 6.71 6.15 5.83 5.31 4 .87 4.55 3 .83

11.50 10.54 9.98 9.66 9.14 8 .7 0 8.38 7.66 6 .32

Sf 13 .00 SO. 23 9 .5? 9 .35 6 .8 3 8 .3 9 8 .07 7 .35 6 .0 !
Q

./> 15.00 9.34 9.28 8 .96 8 .44 8 .00 7 .68 6 .9 6 5.62

= 18.00 9.27 8.71 8 .39 7.87 7 .43 7.11 6 .39 5 .05

£ 2 0 .80 8.75 8.19 7.87 7.35 6.91 6 .59 5.87 4 .53

§
14.00 12.73 12.17 11.85 11.33 10.89 10.57 9 .85 8.51 6.47

15.50 12.42 11.86 11.54 11.02 10.58 10.26 9.54 8 .20 6.16

o 3 17.00 12.13 11.57 .1 1 .2 5 10.73 10.29 9 .97 9 .25 7.91 5.87

O 2 0 .00 11.57 11.01 10.69 10.17 9 .73 9.41 8 .69 7 .35 5.31

£ 2 3 .00 11.05 10.49 10.17 9.65 9  21 8.89 8  17 6 .83 4 .79

| 2 0 .00 18.54 17.98 17 66 17.14 16.70 16.38 15.66 14.32 12.28 10.37 8.21
eo

2 4 .00 17.76 17.20 16.88 16.36 15.92 15.60 14.88 13.54 11.50 9 .59 7 .43

£ £ 2 8 .00 16.99 16.43 16.11 15.59 15.15 14.83 14. n 12.77 10.73 8 .82 6 .66

c
'£

3 2 .0 0 16.32 15.76 I S .44 14.92 14.48 1 4 .to 13.44 12.10 10.06 8 .15

c

Z 17.00 21 .66 2 1 .10 2 0 .7 8 2 0 .26 19.82 19.50 18.78 17.44 15.40 !3 .4 9 11.33

2 0 .00 21.12 2 0 .56 2 0 .24 19.72 19.28 18.96 18.24 16.90 14.86 52.95 10.79

2 3 .0 0 20.54 19.98 19.66 19.14 18.70 18.38 17.66 56.32 14.28 12.37 10.21

2 6 .0 0 19.96 19.40 19.08 18.55 18.12 17.80 17.08 15.74 13.70 11.79 9 .63

2 9 .0 0 19.38 18.82 18.50 17.98 17.54 17.22 16.50 15.16 13.12 11.21 9 .05
F*.

3 2 .0 0 18.82 18.26 17.94 17.42 16.98 16.66 15.94 14.60’ ’ ' •xl 2 .56 10.65 8 .49

3 5 .00 18.27 17.71 17.39 16.87 16.43 16.11 15.39 14.05 12.01 10.10 7.94

3 8 .00 17.76 17.20 16.88 16.36 15.92 15.60 14.88 13.54 11.50 9 .5 9 7 .43

4 1 .00 17.17 16.61 16.29 15.77 15.33 15.01 14.29 12.95 10.91 9 .00 6.84

4 4 .00 16.58 16.02 15.70 15.18 14.74 14.42 13.70 12.36 10.32 8.41 6 .25

( ! )  T h e  z e ro  vertica l c o lu m n  g ive s the  c a p a c ity  o t the  c a s in g  in liters p e r m otet.

(2 ) T h e  z e ro  fto rizo n ia l tine g ive s  the tota l d isp la ce m e n t o t tu O in g  wish c o u p lin g  in  liters p e r meter. 

I/m X 0.0305 »  gal/ft I/m *  0.00192 =  bDI/tt
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ANNULAR VOLUME BETW EEN CASING AND TUBING  
(liters per meter) (continued)

N o m in a l size ot n n e r s ir in g  (in )

0  ( ! ) 1 .0 5 0 1.315 1.660 1.900 2.063 2  3/8 2  7/8 31/2 4 1/2

0  (2 ) (I/m ) 0.56 0.88 1.40 1.84 2.16 2.88 4.22 6.26 8.17 10.33

2 4 .00 25.01 2 4 .45 2 4 .13 23.61 2 3 .17 2 2 .85 2 2 .13 2 0 .79 18.75 16.84 14.68

2 6 .40 24.61 2 4 .05 2 3 .73 2 3 .2 ! 22.77 2 2 .45 2 1 .73 20.39 18.35 16.44 14.28

2 9 .70 2 3 .95 2 3 .39 2 3 .07 2 2 .55 22.11 2 1 .79 21.07 19.73 17.69 15.78 13.62

3 3 .7 0 2 3 .19 2 2 .6 3  • 22.31 2 1 .79 2 1 .35 2 1 .03 20.31 18.97 16.93 15.02 12.86

f
3 9 .00 22.24 2 1 .6 8 2 1 .36 20.84 2 0 .40 2 0 .08 19.36 18.02 15.98 14.07 11.91

<0 2 4 .00 3 3 .22 3 2 .66 3 2 .34 3 1 .82 31 .38 3 1 .06 3 0 .34 2 9 .00 2 6 .96 2 5 .05 22.89
c

2 8 .00 3 2 .57 32.01 3 1 .69 31.17 30 .73 30.41 2 9 .69 2 8 .35 26.31 24 .40 22.24

c 3 2 .0 0 3 1 .79 31 .23 3 0 .9 ! 3 0 .3 9 2 9 .95 2 9  63 2 8 .9 ! 27.57 2 5 .53 23.62 21.46

S s 3 6 .00 3 1 .03 30 .47 30. IS 2 9 .63 2 9 .1 9 2 8 .87 28.55 26.81 24.77 2 2 .86 2 0 .70

- 4 0 .00 30.24 29 .68 2 9 .36 28.84 2 8 .40 2 8 .0 8 2 7 .38 2 6 .02 2 3 .9 8 22.07 19.91

4 4 .00 2 9 .46 2 8 .90 2 8 .58 2 8 .06 2 7 .62 2 7 .3 0 2 6 .5 8 25.24 2 3 .20 2 1 .29 19.13

4 9 .00 2 8 .5 8 28.02 2 7 .7 0 2 7 .18 26.74 2 6 .42 2 5 .70 2 4 .36 2 2 .32 20.41 18.25

S
3 2 .3 0 4 1 .06 40 .50 4 0 .18 3 9 .66 3 9 .22 3 8 .90 3 8 .18 36.84 3 4 .80 32.89 30.73

3 6 .00 4 0 .33 39 .77 3 9 .45 3 8 .9 3 3 8 .49 3 8 .17 3 7 .45 36.11 3 4 .07 3 2 .16 3 0 .0 0

'5 4 0 .00 3 9 .55 3 8 .99 3 8 .67 3 8 .15 37.71 3 7 .39 3 6 .67 3 5 .3 3 33.29 3 1 .38 2 9 .22

c 4 3 .50 3 8 .84 3 8 .2 8 3 7 .96 3 7 .44 37 .00 3 6 .68 3 5 .9 6 3 4 .62 3 2 .58 3 0 .67 28.51

o Ol
4 7 .0 0 3 8 .1 8 3 7 .6 2 3 7 .3 0 3 6 .78 36.34 3 6 .02 35 .30 3 3 .96 3 1 .92 30 .0 ! 2 7 .85

2 5 3 .50 36.91 33 .35 3 6 .03 35.51 3 5 .07 3 4 .75 3 4 .03 3 2 .69 3 0 .65 28.74 26.58

5 8 .40 3 6 .05 3 5 .4 9 35.17 3 4 .65 34.21 3 3 .89 3 3 .17 3 1 .83 2 9 .79 2 7 .88 25.72

6 1 .10 3 5 .54 3 4 .98 3 4 .66 3 4 .14 33 .70 3 3 .38 3 2 .66 31.32 2 9 .28 27.37 25.21

7 1 .80 3 3 .45 3 2 .89 3 2.S7 3 2 .05 31.61 3 1 .29 3 0 .57 2 9 .23 2 7 .19 2S.28 2 3 .12

(1 ) T h e  z e ro  vertica l c o lu m n  gives m e  c a p a c ity  o l trie c a s in g  in  liters p e r meter.

(2 ) T n e  z e ro  h o riz o n ta l line g ives the  tota l d isp la ce m e n t o l tu b in g  w ith  c o u p lin g  in  liters p e r meter, 

l/m * 0 .0905 =  gal/lt I/m * 0 .0 0 1 9 2  “  bbl/(t
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IADC ROCK BIT CLASSIFICATION

T he  new  IADC c la ss ifica tio n  (SPE/IADC 1987 No. 16143) uses fo u r ch a ra c te rs , un like  
the  e a rlie r c la ss ifica tio n  o f 1972, w h ic h  used th ree  d ig its .

The s ig n ifica n ce  o f these  th ree  d ig its  rem a ins u n ch a n g e d . T he  a d d itio n  o f a le tter to  
th e  fo rm er IADC co d e  p ro v id e s  a d d it io n a l in fo rm a tio n  a b o u t th e  b it ch a rac te ris fics .

First digit
T he  n u m bers  1, 2 a nd  3  d e s ign a te  steel to o th  b its and  co rre sp o n d  to  inc reas ing  

fo rm a tio n  hardness.
T he  nu m b e rs  4, 5, 6, 7 a nd  8  des ign a te  b its w ith  tu n gs te n  ca rb id e  inserts a n d  a lso 

co rre sp o n d  to  in c re a s ing  fo rm a tio n  hardness.

Second digit
T he  nu m b e rs  1, 2, 3 a n d  4 d e n o te  a su b -c la s s ifica tio n  o f th e  fo rm a tio n  ha rdness  in 

ea ch  o f th e  e igh t c lasses d e te rm ined  by the  first d ig it.

Third digit
The  n u m b e rs  1 to  7 de fin e  the  type  o f b e a rin g  a n d  sp e c ify  th e  p resence  o r absence 

o f g a g e  p ro te c tio n  b y  tu n gs te n  ca rb id e  inserts, o n  th e  le a d in g  f la n k s  o f th e  b it ro lle rs :
1 =  s ta n d a rd  ro lle r bea ring .
2 =  ro lle r bea ring , a ir-co o le d .
3  =  ro lle r b e a rin g , g a g e -p ro te c ted .
4 =  sea led  ro lle r bea ring ,
5  =  sea led  ro lle r b e a rin g , gage-pro te c ted .
6  =  sea led  fr ic tio n  bea ring .
7 =  sea led  fr ic tio n  b e a rin g , g a g e -p ro te c ted .

The  nu m b e rs  8 a n d  9 a re  reserved fo r  fu tu re  use.

Additional letter
A  =  a ir  a p p lic a t io n : jo u rn a l b e a rin g  b its  w ith  a ir  c irc u la tio n  nozzles.
C =  ce n te r jet.
D =  d e v ia tio n  con tro l.
E =  extended jets.
G =  ex tra  g a u g e /b o d y  p ro te c tion .
J =  je t de flection .
R =  re in fo rce d  w e ld s : fo r pe rcuss ion  a p p lica tio n s .
S =  s ta n d a rd  steel to o th  m odel.
X =  ch ise l insert.
Y ~  co n ic a l insert.
Z  -  o th e r insert sha p e
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HOW TO  USE THE ROCK BIT TABLES

EXAMPLE OF TH E CHOICE OF A BIT
T he  fo rm a tio n  to  be d rilled  is soft, w ith  lo w  com press ive  s tre n g th  a n d  h ig h  d rilfab ility . 

W e w ish  to  use a  m illed  to o th  b it w ith  sea led  fr ic t io n  bearings.
T he  ta b le  on  p a g e  E3 g ives us the  b it C ode  N o . :
(a) First d ig it :  so ft fo rm a tio n  w ith  h ig h  d r i lla b i li ty : 1.
(b) S econd d ig i t : estim ated  ha rdness in  series 1 a b o v e : 2 (cj T h ird  d ig i t : sealed bea rin g s  : 6.

Bi! Code No. 126

T he  ta b le  on  page  E4 gives a ch o ice  b e tw e e n :
(a) H u g h e s : J2.
(b) R e e d : HP12.
(c ) S e c u r ity : S33F.
(d ) S m ith : FDT.
(e) V a re l: L126.

HOW TO  KNOW THE DESIGN OF A ROCK BIT

Let us co n s id e r Reed HP53 bit. W h ich  fo rm a tio n  is  it d es igned  fo r?
Tab ie  E6 s ta tes th a t it is e q u iva le n t to  th e  H ughes ATJ33, S ecurity S86F, S m ith  F3 

a n d  V arei V537 bits, a nd  th a t its C ode  No. is 537.
Tab le  E3 show s us th a t it is an  inse rt b it fo r m ed ium  fo rm a tio n s  w ith  ha rdness 3 and 

th a t it h a s  sea led  b e a rin g s  a n d  g a g e  p ro tecto rs .

Note

B it c la ss ifica tio n s  a re  g e n era l g u id e lin e s  only. A il b it types w ill d riif e ffective ly  in 
fo rm a tio n s  o th e r th a n  those  spec ified . It is the  m an u fa c tu re r 's  re sp o n sa b ility  to  c lass ify  
h is  b its  in  these tables.
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ADC CLASSIFICATION OF BITS WITH FIXED CUTTERS  
(DIAMONDS, PDC, TSP...)

T he  new  IADC c la ss ifica tio n  (SPE/IADC 1987 No. 16142) rep laces th e  1981 c la ss ifica 
t io n  w h ic h  o n ly  ap p lied  to  n a tu ra l d ia m o n d s  b its, a n d  w h ic h  w as co n seq u e n tly  bare ly  
used (D rill in g  M a n u a l Tenth E dition).

Th is  c la ss ifica tio n  m akes use o f fo u r  cha rac te rs . It is hence  co n s is te n t w ith  the  1987 
ro c k  b it c la ss ifica tio n  (p a g e  E 1). S ince th e  d u ll g ra d in g  co d e s  a re  co m m on  (p a g e  E 13) 
fo r ro ck  b its  and  fixed cu tte r bits, the  d a iiy  reports , b it repo rts  a n d  d a ta b a se s  a re  filled  
in  the  sam e way.

Firs! character
The le tters D, M, S, T  and O d e fin e  the  type  o f cu tte r ( 1) a nd  the  bo d y m ateria l.

Second character

The  nu m b e rs  1 to  9 de fin e  the  b it p ro file .

Third character
The  num bers 1 to  9 de fin e  the  h yd ra u lic  d es ign  :
(a ) F lu id  exit (cha n g e a b le  jets, fixed  ports, o pen  th ro a t).
(b) C u tte r d is tr ib u tio n  (b iad e d , ribbed , op e n -face d ).
The le tters R, X and O m ay re p lace  the  num bers 6  o r 9  (w h ich  co rre sp o n d  to  m ost 

d ia m o n d  a n d  TSP bits).

Fourth character

T h e  nu m b e rs  0 to  9 d e n o te  th e  cu tte r size a n d  density.

Examples
D ia m a n t B oa rt b it LX291 C ode  M269. Th is  is a  m a tr ix  b o d y  PDC  bit (M ) w ith  a  long  

ta p e r  m ed iu m  co n e  a n d  h ig h  g a g e  h e ig h t (2) w ith  o p e n  th ro a t h yd ra u lics  (6). The 
cu tte rs  a re  sm a ll a n d  heavy (9).

C h ris tensen  b it D24 C ode D4X9. T h is  is m atrix  bo d y n a tu ra l d ia m o n d  bit (D), w ith  a 
m ed ium  ta p e r deep  c o n e  a n d  m ed ium  g a g e  he ig h ! (4) a n d  c ross  flow  h yd ra u lics  (X). 
The cu tte rs  a n d  sm all a n d  heavy (9).

(1 ) C le a ry  in  a  b o d y  w ith  tw o  o r  m o re  m a te r ia ls  ( d ia m o n d s  +  P D C ' to r  e x a m p le ), o n ly  o n e  is  th e  
c u tte r ,  a n d  ffae o th e rs  s e rve  to  p ro te c t  th e  g a g e , fo r  e x a m p le .
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IADC CLASSIFICATION OF BITS 
C UTTER S (DIAMONDS, PDC, TSP.

WITH FIXED 
..) (continued)

H Y D R A U L IC  O H SIG N

Typ *  de dutag*

Changeable
jess

FixeO
Oorts

Opon
Ihroat

Bladed!'* 2 3

Ribbed 5 6
Open
laced 7 8 9

A lt e r n a t e  c o d a s !2 )

R : R a dia l flow 

X : C ross ilow 

O : Other

Size

L a r g s

M e d iu m

S m a ll

C U T T E R  SIZE 
A N D  D E N S ITY  

Density
L ig h t M e d iu m  H ftavy

2 3

4 5 6

7 8 9

0  • im p re g n a te d

o  s

L a i g e  . 

M e d iu m  

S m a ll ..

3s 2  E < 
t%~-6 :

>SIB"

y e ' - w i "

F ir s t  c h a ra c te r ' S e c o n d  c h a ra c te r T h ird  c h a r a c te r
T

F o u r th  c h a r a c te r

C u tte r  ty p e  a n d  
b o d y  m a te r ia l

B it
p ro f ile

H y d ra u lic
d e s ig n

C u tte r  s ize  a n d  
d e n s ity

.............1  ......... t

D : N a tu ra l d ia m o n d  
M a tr ix  b o d y

M  : M a tr ix  b o d y  P D C

S : S te e l b o d y  P D C

T : T S P  M a tr ix  b o d y

0 :  O th e r

B IT  PROFILE CODES
D rill bit

T T

D : S it  d ia m e te r

G : G a g e  height

C :  C o n e  heigh!

High
c  >  1/40

McdfUfT)
1/80 €  C  <  V4D

Low 
C  <  I/8D

Hign G >  3/6 D 1 2 3
Medium t/S D ?  6  «  3 «  0 4 5 6
Low G <  t/8 0 7 8 9

(1 ) Bladed re fe rs  to  ra is e d , c o n t in u o u s  f lo w  re s t r ic to rs  w ith  a  s ta n d o f f  d is ta n c e  fro m  th e  b it  b o d y  o f 
m o re  lh a n  2 5 .4  m m  ( i.O  in ).
Bibbed re fe rs  to  ra is e d  c o n t in u o u s  f lo w  re s tr ic to rs  w ith  a  s ta n d o f f  d is ta n c e  fo rm  th e  b it  b o d y  o f 
2 5 .4  m m  (1 .0  in )  o r  less.
Open face re fe rs  to  n o n - re s tr ic te d  f lo w  a rra n g e m e n ts .

(2 ) T h e s e  le t te rs  a re  u s e d  in  p re fe re n c e  lo  n u m b e rs  6  a n d  9  fo r  m o s t n a tu ra l d ia m o n d  a n d  T S P  b its .
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PARAMETERS FOR USING ROCK BITS  
(After SPE/IADC/16143 of 1987)

Milled tooth bits

IA D C  c o d e ............................................ 1 1 4 /1 1 6 1 2 4 /1 2 6 1 3 4 /1 3 6 2 1 4 /2 1 6 314 3 35

R o ta ry  s p e e d  ( r p m ) ........................ 1 7 5 -8 0 1 7 0 -5 0 1 4 0 -5 0 1 2 0 -5 0 8 0 -5 0 8 0 -5 0

S iz e  ( in ) W e ig h t  o n  p i t  (1 0 3 d a N )

4  1 / 2 -  4 3 /4 7 -9 7 -9 7-11
5 7 / 8 -  6 1 / 4 7 -9 7-11 7-11 7-11
6 1 / 2 -  6 3 /4 7-11 7 -1 3 9 -1 3 9 -1 6
7  5 / 8 -  7  7 /8 9 -1 6 9 -1 6 9 -1 8 9 -1 8 1 1 -1 8
8  3 / 8 -  9 1 1 -1 6 1 1 -1 6 1 1 -1 8 1 1 -1 8 1 1 -2 0 1 1 -2 0
9  1 / 2 -  9  7 /8 1 1 -1 8 1 1 -1 8 1 1 -2 0 1 3 -2 0 1 3 -2 0

10  5 / 8 - 1 1 1 3 -2 0 1 3 -2 0 1 3-2 2 1 6-2 2
12  - 1 2  1 /4 1 6 -2 2 1 6-2 2 1 6-2 4 1 6-2 4 18-2 7 1 8 -2 9
1 3 1 / 4 - 1 5 1 6 -2 2 1 6 -2 2 1 8-2 4 1 8 -2 7 1 8 -2 7
1 7 1 / 2 - 1 8  1 /2 1 8 -2 4 18-2 4 2 0 -2 9 2 0 -2 9 2 2 -2 9
2 0  - 2 6 1 8-2 7 2 2 -2 9

Insert bits with friction bearings

IA D C  c o d e ...................................... 43 7 5 1 7 /5 2 7 5 3 7 /5 4 7 6 1 7 /6 2 7 7 2 7 /6 4 7 7 3 7 /7 4 7 8 1 7 /8 3 7

R o ta r y  s p e e d  ( r p m ) ................. 1 2 0 -5 5 1 2 0 -5 0 * 9 0 -4 0 7 0 -4 0 6 0 -4 0 5 5 -3 0 5 0 -2 5

S iz e  ( in ) W e ig h !  o n  b i t  (1 0 3 d a N )

4 1 /2  - 4 3 /4 5-11
5  7 / 8 -  6 1 /4 5 -11 7 -1 3 7 -1 3 7 -1 3
6 1 / 2 -  6 3 / 4 7 -11 9 -1 6 9 -1 6 9 -1 6 1 1 -1 8 1 1 -1 8
7  5 / 8 -  7  7 /8 9 -1 6 9 -1 8 1 1 -2 0 1 1 -2 0 1 1 -2 2 11-2 4 1 1 -2 9
8  3 / 8 -  9 9 -1 8 9 -2 0 1 1 -2 2 1 1-2 2 1 1-2 4 13-2 7 1 3 -2 9
9  1 / 2 -  9  7 /8 11 -2 0 1 1 -2 2 1 3 -2 4 1 3 -2 7 1 3 -2 9 1 6 -2 9 1 6 -2 9

1 0 5 / 8 - 1 1 1 3-2 4 1 6 -2 9 1 6 -2 9
12  - 1 2  1 /4 1 6 -2 9 1 6 -2 9 18-31 18-31 1 8 -3 3 2 0 -3 3 2 0 -3 6
1 3 1 / 4 - 1 5 1 8 -3 3 2 0 -3 8
17  1 / 2 - 1 8  1 /2 1 8 -3 8 2 0 -4 0 2 0 -4 0 2 0 -4 0

'  E x c e p t fo r  IA D C  c o d e  N o s . 5 1 7  a n d  5 2 7 :  14 3 /4  in  (1 1 0 -5 0 )  17 1 /2  in  (1 0 0 -5 0 ) . 
d a N  x  2 .2 5  =  Ib.
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PARAMETERS FO R  USING INSERT BITS AND 
FRICTION BEARINGS 
(After Hughes Tool)

For inse rt b its  w ith  fr ic tio n  bearings, the ta b ie  be low  g ives the  n u m ber WN, the 
p ro d u c t o f th e  w e ig h t (expressed in  103 d aN ) m u ltip lie d  by th e  ro ta ry  speed (expressed 
in  rpm ). T h is  n um ber o n ly  a cc o u n ts  fo r b e a rin g  s treng th . R isks o f b ro ke n  inserts or toss 
o f t ig h tn e ss  have n o t been co n s ide red  in  its  de te rm in a tio n .

W N J11 J 1 1 C J 2 2 J 2 2 C J 3 3 J 3 3 C J3 3 H J44 J 4 4 A J 4 4 C J 5 5 J 5 5 R J 7 7 J99

4  3 /4 1 1 5 0

5  7 /8 1 2 5 0 1 2 0 0

6 1 2 5 0 1 2 0 0 1 2 0 0

6  1 /8 1 2 5 0 1 2 5 0 1 2 0 0

6 1 / 4 1 2 5 0 1 2 0 0

6  1 /2 1 2 5 0 1 1 5 0 1 3 0 0 1 3 0 0 1 3 0 0

6  3 /4 1 1 5 0 1 3 0 0

7  7 /8 16 5 0 1 6 5 0 1 6 5 0 1 6 5 0 1 6 5 0 1 6 5 0 '6 5 0 ? 6 0 0 1 6 0 0 1 6 0 0 1 6 0 0 1 8 0 0 16 0 0 1 6 0 0

8  3 /8 1 6 5 0 1 9 5 0 1 9 0 0

8  1 /2 1 6 5 0 1 9 5 0 1 9 5 0 5 ) 5 0 2 ) 0 0 2 1 0 0 2 1 0 0 2 1 0 0 2 1 0 0

8  3 /4 1 9 5 0 2 1 5 0 2 1 5 0 2 1 5 0 2 1 5 0 2 1 5 0 1 9 5 0 1 9 5 0 1 9 5 0 1 9 5 0 1 9 5 0 1 9 5 0

9  1 /2 2 1 5 0 2 2 5 0 2 2 5 0 2 2 5 0 2 2 0 0 2 2 0 0 2 2 0 0 2 2 0 0 2 2 0 0

9  7 /8 2 2 5 0 2 2 5 0 2 2 5 0 2 2 5 0 2 1 5 0 2 1 5 0 2 1 5 0

1 0  5 /8 2 2 0 0 2 1 5 0

11 2 2 0 0 2 9 0 0 2 8 0 0

12 1 /d 2 9 0 0 2 9 0 0 2 9 5 0 2 9 5 0 2 9 5 0 3 3 0 0 3 3 0 0 3 3 0 0 3 3 0 0

Fo r W N in 1 0 3 lb * rpm  m ultiply the num ber given by the tabie by 2 .2 .

E x a m p le :  8  1 /2 , J2 2  : W N  =  1950 x  2 .2  =  4300.
T h e  fo llo w in g  a lte rn a t iv e s  a re  a v a i la b le :
(a ) w e ig h t  19.5 103 d a N  (4 3 .1 0 3 lb )
(b ) ro ta ry  s p e e d  100 rp m  19.5 *  100 =  1950 (43 *  100 =

4300)
o r :

(a ) w e ig h t 25 103 d a N  (55 .10 3 lb )
(b ) ro ta ry  sp e e d  7 8  rp m  25  *  78  =  1950 (55  x  78  =  4300)

o r  a n y  o th e r  c o m b in a t io n ,  a c c o rd in g  to  w h e th e r  th e  ro ta ry  sp e e d  o r  w e ig h t on  
b it is  a d ju s te d  fo r  b e s t a c t io n  o n  th e  fo rm a tio n .

d a N  *  2 .25  =  lb
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USED BIT DULL GRADING SYSTEM  FORMAT AND CODES  
(After SPE/IADC/16146 of 1987)

T h e  d u ll g ra d in g  sys te m  a p p lie s  b o th  to  ro lle r  b its  a n d  d ia m o n d  b its , P D C . TSP 
a n d  c o re  b its . T h e  sys te m  is f le x ib le  e n o u g h  fo r  use  in  th e  b it re p o r ts ,  d a ily  
re p o r ts  a n d  d a ta b a s e s .

C u t t in g  s tru c tu re B G R e m a rk s

In n e r
ro w s

O u te r
ro w s

D u ll
c h a r a c t e 

ris tic s
L o c a t io n B e a r in g /

s e a ls
G a g e  

1 /1 6  in
O th e r
d u ll

R e a s o n
p u lle d

T a b le
1

T a b le
1

T a b le
2

T a b le
3

T a b le
4

T a b le
5

T a b le
2

T a b le
6

T A B L E  1

I n n e r : in n e r  2 /3  o f  b il 
O u te r  • o u t e r  1 /3  o f  b i t

0  =  N o  w e a r

8  =  N o  u s a b le  c u t t in g  s t r u c tu r e

B C =  B r o k e n  C o n e
B T =  B r o k e n  T e e t h /c u t te r s
B U =  B a l le d  u p

■ C C =  C r a c k e d  C o n e
• C D =  C o n e  D ra g g e d

C l => C o n e  In te r fe r e n c e
C R =  C o re d
C T =  C h ip p e d  T e e t h /c u t te r s
ER =  E ro s io n
PC =  F la t  C re s te d  w e a r
H C =  H e a t  C h e c k in g
J D =  J u n k  D a m a g e

* L C =  L o s t  C o n e
I N -  l o s t  N o z z le
L T =  L o s t  T e e ih / c u t te r s
O C =  O f f - C e n te r  w e a r
P B =  P in c h e d  B it
P N =  P lu g g e d  N o z z le / f lo w  p a s s a g e
R G =  R o u n d e d  G a u g e
R O =  R in g  O u t
S D =  S h i r t t a i l  D a m a g e
SS =  S e lf  S h a r p e n in g  w e a r
T R =  T r a c k in g
W O =  W a s h e d  o u !  - b i t
W T =  W o r n  t e e th / c u t te r s
N O -  N o  m a jo r / o t h e r  d u l l  c h a r a c t e r is t ic s

* S h o w  c o n e  n u m b e r ( s )  u n d e r  lo c a t io n
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USED BIT DULL GRADING SYSTEM FORM AT AND CODES 
(continued) 

(After SPE/IADC/16146 of 1987)

T A B L E  3

F ix e d  c u t t e r  b its R o l le r  c o n e  b i ts

C  =  C o n e  
N  - N o s e  ( r o w )
T  =  T a p e r  
S  =  S h o u td e r  
G  = G a u g e  
A  — A l l  a r e a s / r o w s  
M  =  H e e i ro w

N  = N o s e  ro w s  c o n e  1 
M  = M id d f e  r o w s  2 
H  = H e e l  r o w s  3 
A  — A !I ro w s

gage

co n e  nose

shou lder
la n e /

T A B L E  4 T A B L E  6

N o n s e a le d  b e a r i n g s : 
0  =  N o  l i f e  u s e d

8  “  A l l  l i f e  u s e d

S e a le d  b e a r i n g s ;
E =  S e a ls  e f fe c l iv e  
F  =  S e a ls  ta i le d

X F ix e d  c u t t e r  b i ts  
( d ia m o n d s ,  P D S . T S P )

T A B L E  5

I <= m  g a g e
0  to  1 /1 6  in  u n d e r  g a g e  
1 /1 6  to  1 /8  in  u n d e r  g a g e

B H A « C h a n g e  B o t to m h o le  A s s e m b ly
O M F SB D o w n h o ie  M o t o r  F a i lu r e
D S F SB D r i l l  S t r in g  F a i lu r e
D S T 1= D r i l l  S te m  T e s t
D T F = D o w n h o le  T o o l  F a i lu r e
C M =5 C o n d i t io n  M u d
C P = C o r e  P o in t
D P « D r i l l  P lu g
F M — F o r m a t io n  c h a n g e
H P = H o le  P r o b le m s
H R — H o u r s  o n  b i t
L O G = R u n  L o g s
P P = P u m p  p re s s u re
P R — P e n e t r a t io n  R a te
R IG = R ig  re p a ir s
T D = T o t a l  D e D th /C S G . d e p th
T Q = T o r q u e
T W = T w is t - o f f
W C = W e a th e r  C o n d i t io n s
W O = W a s h o u t  - d r i l l  s i r in g
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CRITICAL ROTARY SPEEDS 
(After API RP 7G)

D rill s tr ing  ro ta tio n  ca u ses tw o  types o f v ib ra t io n :
(a) N o d a l v ib ra tio n s  (v io lin  s tring).
(b) L o n g itu d in a l v ib ra tio n  (spring  p e n du lu m  type).
T he  n o d a l o r transverse  v ib ra tio n s  becom e c r it ica l a t c e rta in  ro ta ry  speeds de p en d ing  

on  d rill p ipe  size. These c r itica l speeds a re  g iven  to  w ith in  ±  15%  by the  fo llo w in g  
fo rm u la , a n d  th e  c r it ica l ra n g e s a re  g iven  in  the  ta b le  b e lo w :

+

N  =  rpm
D  ~  o u ts id e  d ia m e ter (cm) 
d  -  ins ide  d iam e ter (cm) 
i  -  le n g th  o f one  p ipe  (m)

P ip e  s ize  
( in )

A p p r o x im a te  c r i t ic a l  
r o ta r y  s p e e d  

( rp m )

2  3 /8 9 5  — ( 1 1 0 ) —  1 25
2  7 /8 1 1 0  - ( 1 3 0 ) -  1 50
3  1 /2 1 3 5  - ( 1 6 0 ) -  1 85
4 1 6 0  - ( 1 8 5 ) -  2 1 0
4 1 /2 1 8 0  - ( 2 1 0 ) -  2 4 0
5 2 0 0  - ( 2 3 5 ) -  2 7 0
5  1 /2 2 2 0  - ( 2 6 0 ) -  3 0 0

The lo n g itu d in a l v ib ra tio n s  d e pend  on  the  leng th  o f th e  d rill s tr in g , a nd  the  c r itica l 
speeds a re  g iven by th e  fo rm u la  b e lo w :

78600
N  = --------- w here  L is expressed in meters.

N  =  -----------  w here  L is expressed in feet

Th u s fo r e ach  leng th  o f d riil s tring , i.e. fo r ea ch  dep th , a  c r it ica l ro ta ry  speed  exists • 
th a t is in d e penden t o f p ipe size. The se co n d a ry  a nd  h ig h e r h a rm o n ic  v ib ra tio n s  w ill 
o c c u r  a t 4, 9, 16, 25 etc. tim es th e  speed g iven  by th is  eq u a tio n .

L o n g itu d in a l v ib ra tio n s  a re  less d a n g e ro u s  th a n  transverse  v ib ra tio n s , but, w hen  b o th  
types becom e c r it ica l s im ultaneously , the  d rill s tr in g  is in  d a n g e r o f b reak ing.

T h e  ta b le  b e lo w  g ives the  co in c id e n c e  d e p th s  o f these  tw o types o f c r it ica l v ib ra tion .

Drill 
p ip e  O O  

(in )

C ritica l
rota ry
speed

(/p m )

A v e ra g e  v ib ra tio n  c o in c id e n c e  oeptd

(m ) (ft) (m ) (II) lm ) (fl) (m ) (It)

2  3/8 110 700 2300 2  800 9400 6  400 2 1 0 0 0 _
2  7/8 130 600 1960 2  400 8000 5  500 18000 9  7 5 0 3 2000
3  1/2 160 5 0 0 1S00 2  000 6600 4 500 14800 8  0 0 0 2 6000
4 185 <25 1390 1 700 5 6 0 0 3  900 12700 6  700 2 2000
4 J/2 210 370 1200 1 500 5000 3  400 11200 6  0 0 0 19700
5  . 235 330 1100 1 300 4500 3  0 0 0 10000 5  3 0 0 17500
5  1/ 2 260 300 980 1 200 4000 2  ?00 9000 4 8 5 0 15900

cm  x  0.394 =  in  m x  3 .28 =  ft
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THREADS AND MAKE-UP TORQUES  
FOR DRILL AND CORE BITS  

(After API)

Rock bits

S ize
( in )

T h re a d s
M a k e -u p  to rq u e

(d a N .m ) ( lb . l t )

3  3 /4  - 4 1 / 2 ..................................
4  5 /8  -  5  .........................................
5  1 /8  - 7  3 / 8 ..................................
7 1 /2  -  9  3 / 8 ..................................
9  5 /2  -  U  1 /2  ...............................

2  3 /8  R E G
2  7 / 8  R E G
3  1 /2  R E G
4  1 /2  R E G
6  5 / 8  R E G
7  5 /8  R E G
8  5 / 8  R E G

4 0 0 -4 8 0  
8 0 0 -9 5 0  
9 5 0 - 3 2 0 0  

1 6 0 0 -2 2 0 0  
3 8 0 0 -4 3 0 0  
4 6 0 0 -5 4 0 0  
5 4 0 0 -8 1 0 0

3 0 0 0 -3 5 0 0
6 0 0 0 -7 0 0 0
7 0 0 0 -9 0 0 0

1 2 0 0 0 -1 6 0 0 0
2 8 0 0 0 -3 2 0 0 0
3 4 0 0 0 -4 0 0 0 0
4 0 0 0 0 -6 0 0 0 01 8  5 /8  e t  p l u s ..................................

Diamond and PDC bits

S ize
T h re a d s

M a 'te - u p  to r q u e

( in ) (d a N .m ) ( lb . l t )

3  1 1 /1 6  - 4  1 / 2 ...........................
4 1 7 /3 2  -  5 ......................................
5  1 /3 2  - 7 3 /8  ...........................
?  1 3 /3 2  - 9  3 / 8 ...........................
9  1 3 /3 2  -  14  1 / 2 ...........................

14  9 /1 6  - 1 8  1 / 2 ............................
1 8  9 /1 6  e t  p lu s ...............................

2  3 / 8  R E G
2  7 /8  R E G
3  1 /2  R E G
4  1 /2  R E G
6  5 / 8  R E G
7  5 / 8  R E G
8  5 /8  R E G

4 0 0 -4 8 0
8 0 0 -9 5 0
9 5 0 - 1 2 0 0

1 6 0 0 -2 2 0 0
3 8 0 0 -4 3 0 0
4 6 0 0 -5 4 0 0
5 4 0 0 -8 1 0 0

3 0 0 0 -3 5 0 0  
6 0 0 0 -7 0 0 0  
7 0 0 0 -9 0 0 0  

1 2 0 0 0 -1 6 0 0 0  
2 8 0 0 0 -3 2 0 0 0  
3 4 0 0 0 -5 0 0 0 0  
4 0 0 0 0 -6 0 0 0 0

Coring bits

C o re  b a r re l 
s iz e  
( in )

T h re a d s
M a k e -u p  to rq u e

(d a N .m ) ( I b f t )

4 1 / 8 ....................................................... 4 0 0 -4 9 0 3 0 0 0 -3 6 0 0
4  1 / 2 ....................................................... 6 8 0 - 8 0 0 5 0 0 0 -6 0 0 0
4  3 / 4 ....................................................... 5 5 0 - 6 8 0 4 0 5 0 -4 8 5 0
5  3 / 4 ....................................................... 1 0 0 0 -1 1 9 0 7 4 0 0 -8 8 0 0
6  1 /4  x  3 ............................................. 2 0 2 0 -2 4 1 0 1 4 9 0 0 -1 7 8 0 0
6  1 /4  x  4 ............................................. 1 1 0 0 -1 3 3 0 8 1 5 0 -9 8 0 0
6  3 / 4 ....................................................... 1 3 4 0 -1 6 3 0 9 9 0 0 -1 2 0 0 0
8 ................................................................. 2 5 8 0 -3 0 8 0 ? 9 0 0 0 -2 2 7 0 0
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TOLERANCE ON NEW B IT SIZE 
(After API)

Rock bits

Size T o le ra n c e

(in ) (m m ) (in ) (m m )

3  3 / 8 -  1 3  3 /4 85 .7  -3 4 9 .3 +  1 /3 2  .0 +  0 .7 9  .0
1 4 -1 7  1 /2 3 5 5 .6  4 4 4 .5 +  1 /1 6  ,0 +  1 .5 9  ,0

17  5 /8  o r  m o re 4 4 7 .7  o r  m o re +  3 /3 2  .0 +  2 .3 8  .0

Diamond and PDC bits

Size T o le ra n c e

(in ) (m m ) ( in ) (m m )

6  3 /4  o r  le s s 1 7 1 .5  o r  le s s 0 , -  0 .0 1 5 0 . -  0 -38
6  2 5 /3 2 -  9 1 7 2 .2 - 2 2 8 .6 0, -  0 .0 2 0 0 , -  0.51
9  1 / 3 2 -  13  3 /4 2 2 9 .4  - 3 4 9 .3 0 . -  0 .0 3 0 0 . -  0 .7 6

1 3  2 5 / 3 2 - 1 7  1 /2 3 5 0 .0  4 4 4 .5 0 , -  0 .0 4 5 0 . -  1,14
17 1 7 /3 2  o r  m o re 4 4 5 .3  o r  m o re 0, -  0 .0 6 3 0 , -  1 .60
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TURBODRILLING

! TURBODRILL CHARACTERISTICS

T u rb o d rills  a re  ch a ra c te r ized  b y :
(a ) O u ts ide  d ia m e ter o f th e  body.
(b) N um ber o f stages.
(c ) N u m b e r o i sections.
(6 ) Type o f blades.
(e) L e n g th  a n d  w e igh t.
T he  h y d ra u lic  ch a ra c te r is tics  a re  g iven  fo r  a  n o m in a l p u m p  flow  On a nd  a m ud 

sp e c ific  g ra v ity  o f 1 .2.
These  n o m in a l ch a ra c te r is tics  a r e :
(a) N o m in a l speed N n.
(b) N o m in a l h o rse p o w e r o u tp u t P„.
(c) N o m in a l d rive  to rq u e  Tn.
(d ) N o m in a l p ressure  d ro p  A p „ .  x
(e) A x ia i th ru s t Pa. '
T he  n o m in a l ho rsepow er o u tp u t is  the  m ax im um  o u tp u t o b ta in e d  w ith  n o m in a l pum p

flow .
T he  e ffic ie n cy  o f the  tu rb o d rill is  e q u a l to  th e  ra tio  o f the  m e ch a n ica l h o rsepow er 

su p p lie d  by th e  tu rb o d rill to  th e  h yd ra u lic  h o rse p o w e r su p p lie d  to  the tu rb o d r il l:

M e ch a n ica l horsepow er 
7 } --------------------------------------------------------------

H yd ra u lic  h o rsepow er

II VARIATIONS IN NOMINAL CHARACTERISTICS  
WITH PUMP FLOW AND MUD SPECIFIC GRAVITY

If Pn, T„ a n d  A p „  a re  the  n o m in a l ch a ra c te r is tic s  o f a tu rb o d rill fo r  a flo w  rate 
Qn a n d  sp e c ific  g ra v ity  o f 1.2, fo r  a  flo w  ra te  Q\ a nd  sp e c ific  g ra v ity  d, the  ch a ra c te r is tics  
a r e :

9 l
Q n

' 1.2

—
1 

lO
i 2

_On J

1.2
Q t

O n
=

_d_
' 1.2

The  ax ia l th ru s t is a p p ro x im a te ly  p ro p o rtio n a l to  d  a n d  to  th e  sq u a re  o f O.
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TURBODRILL

E 18

th ru s t  b e a r in g
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VARIATION IN MECHANICAL CHARACTERISTICS OF 
TURBODRILLS WITH ROTARY SPEED 

(Specific gravity d,  constant pump flow Q„)

L e g e n d s :

P h o rs e p o w e r  o u tp u t ---------------------------
A p  p re s s u re  d ro p ,  h y d ra u lic  t h r u s i—
i) e f f ic ie n c y  ___________________________
T  t o r q u e  _______________________  .
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POSITIVE DISPLACEMENT MOTORS

1 CHARACTERISTICS OF POSITIVE DISPLACEM ENT MOTORS

P os itive  d is p la ce m e n t m o to rs  a re  id e n tifie d  b y :
(a ) O u ts ide  d ia m e te r o f th e  body.
(b ) R a tio  o f the  sh a ft lobes (ro to r) to  th e  sleeve (s ta to r) w h ic h  m ay va ry  fro m  1/2 to 

9 /1 0 :

(c) N um ber o f stages.
(d) L e n g th  and  w eight.

T he  h y d ra u lic  c h a ra c te r is tic s  a re  in d ica te d  b y :
(a ) M in im um  a n d  m axim um  flo w  rates.
(b ) M in im u m  a n d  m ax im u m  ro ta ry  speeds.
(c ) M ax im um  pressure  d ro p  a c ro ss  the  m otor.
(d) M ax im um  to rq u e  supp lied .
(e j M axim um  m e c h a n ica l h o rse p o w e r o u tp u t supp lied .
(f) M ax im um  e ffic iency .

IJ VARIATIONS IN CHARACTERISTICS
T he  ch a ra c te r is tic s  a re  g iven  b y  th e  m a n u fa c tu re rs  fo r a  sp e c ific  g ra v ity  o f 1.2 (10 

P P 9 ):
*  Rotary speed is d irec tly  p ro p o rt io n a l to  the  flo w  r a te :

The  h ig h e r the  n u m b e r o t sh a ft lobes, the  low er th e  ro ta ry  speed. 
It va rie s  o n ly  s lig h tly  w ith  to rq u e  a n d  p ressure  drop.

5 / 6  R o to r /S ta to r

t / 2  R o to r /S ta to r ■ 3/4 R o to r /S ia io r
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POSITIVE DISPLACEMENT MOTORS  
(continued)

•  T he  torque is d ire c tly  p ro p o rtio n a l to  th e  p ressure  d ro p  a c ro ss  the  m o to r :

r  _  r
I  2  *  i ,A p ,

•  T he  mechanical horsepower output tra n sm itte d  to  the  ro to r is the  p ro d u c t o f the  
ro ta ry  speed m u itip lie d  by the  to rq u e :

TN
m ~  955

•  T he  hydraulic horsepower is the  p ro d u c t o f th e  p ressure  d ro p  m u ltip lie d  b y  th e  fiow  
r a te :

P  „  A P Q  

h 60  000

w h e re :
T  -  to rq u e  (in  daN.m )
N  =  ro ta ry  speed {in  rpm )
A p  -  p ressure d ro p  in  the  m o to r (in  kPa)
Q  =  m ud  flo w  ra te  (in  l/m in )
Pn -  h y d ra u lic  ho rsepow er (in  kW)
Pm — m ech a n ica l h o rsepow er o u tp u t a t ro to r (in  kW)

T he  e ffic ie n cy  is the  r a t io :

P m  

Pr,

TN
62.8 ------

A p Q

E x a m p le : N a v i D rill M a c h l 6  3/4.

Qmax =  1400 l/m in  7max =  345 daN .m

P<rax =  4000 kPa Nmax =  180 rpm

1400 x  4000
=  93 kW

60000 
345 x  180 

955 

65
7 93

=  65 kW 

70%
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M e c h a n ic a l h o rs e p o w e r  o u tp u t  
N  R o ta ry  s p e e d  —
tj E f f ic ie n c y ----------------
T  T o rq u e _____________
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HOISTING MECHANICS  
Reeving function

F  =  h o o k  lo a d  (!)
N  =  n u m b e r o t lines
t  =  te n s ion  o f d ead  line  (t)
ta =  te n s ion  o f fast line  (!)

=
F
N

ta  *  t

t
ta  —

V m

rjm-  re ev ing  e ffic ie n cy  (see F3)

Vc =  h o o k  speed (m /s)
!/, =  fas! lin e  speed  (nVs)

/? =  w in c h  speed o f ro ta tio n  (rpm ) 
D  -  w in c h  sp o o lin g  d ia m e ter (m)

in  s ta tic  co n d itio n s  

in  d yn a m ic  co n d itio n s

R -
60 V,
k D



250 F 2

HOISTING MECHANICS 
Power

I POWER DEVELOPED A T HOOK

p o w er on  h o o k  (W) 
h o o k  load  (N) 
h o o k  speed (m /s)

Pc(kW)

^ S h p )

^ f h p )

Ii POWER CONSUMED A T  WINCH

P, =  w in ch  p o w er (W)
ta =  fast line  te n s ion  (N)
V, =  fast line speed (m /s)
t  =  d ead  line  te n s ion  (N)

Pc = FVC

F(kg) x  K;(m /s)
102

^ k g ) *  t^ m /s )
76

F{lb) X l'c(ftZS)
550

P, =  taV,

t FVC
P, =  VCN  =  —

'0  m  V m

h o o k  lo a d  (N) 
h o o k  speed (m /s) 
reeving e ffic iency

FZC
H, =

Vm

w in c h  to rq u e  (m.N) 
speed o f ro ta tio n  (ra d /s )

/W (m.daN)

/W(ft.ib)

III TO R Q U E CONSUMPTION AT WINCH

M  = P,
R

955 Pf (kW) 
R {  rpm ) 

5252P, (hp) 
R  (rpm )
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API WIRE ROPE
Factor ol safety {RP 9B, 30 May 1986)

1 DEFINITION OF FACTOR OF SAFETY

r
t  S —

ta

f  -  fa c to r  o f  sa fe ty
T -  w ire  ro p e  b re a k in g  lo a d  (t)
ta -  fa s t line  te n s io n  {t)

II MINIMUM FACTOR OF SAFETY
C ab le  r ig ..................................................................................  3
S and  l i n e ................................................................................ 3
R otary d r illin g  lin e .................................................... ... 3
H o is tin g  o th e r th a n  d rillin g  lin e .................................... 3
M ast ra is in g  l in e ............................................................... - 2.5
D rillin g  lin e  w hen  ru n n in g  in  c a s in g ......................... 2
E xtra  p u ll fo r u n s tick in g  o r

o th e r o cc a s io n a l o p e ra tio n s .................................  2

III CALCULATIO N  OF FAST LINE TENSION

F
*3  ~  A/N r j m

F  =  h o o k  toad  (t)
!a =  fa s t line  te n s ion  (t)
N  =  n u m ber o f lines
7}m =  reeving e ffic ie n cy

K N -  1 
N (K  -  1 ) K N
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API WIRE ROPE 
Factor ot safety (RP 9B, 30 May 1986) (continued)

Crown block

IV EXAMPLE OF APPLICATION

The h o is tin g  equ ipm en t is reeved w ith  e ig h t lin e s : N  ~  8.
The  h o o k  lo a d  is 150 I.
The  d riliin g  line  is : 1 1/4, 6 x  19 IWRC, EiPS w ith  b re a k in g  lo a d  T  =  7 2 .5 1.
The  sheaves have bearings, thus K  -  1.04 o r sheave e ffic ie n cy  r,p'.

1

'°P 1.04
P  150

t a  =
'//!)

7

ta 22.27

8  x  0.842 

72.5

22.27 t

3.26

R e m a rk : if id le r sheaves a re  p la ced  be tw een th e  d r illin g  w in c h  a nd  the  crow n  b lock, 
the  fa s t line  te n s ion  m ust be m u ltip lie d  by the  fr ic t io n  fa c to r (K  =  1.04) a s  m any tim es 
a s  th e  n u m b e r o f s h e a v e s :



API WIRE ROPE

i DEFINITIONS AND USUAL ABBREVIATIONS

F 5 253

w W a r r in g t o n T h e  o u ts id e  la y e r  c o n t a in s  f i l l i n g  w ire s .
s S e a le A i l  la y e r s  c o n t a in  th e  s a m e  n u m b e r  o l  w ire s .

ws W a r r in g to n - S e a le M ix e d  s t r a n d ,  W a r r in g t o n  in s id e  a n d  S e a le  o u ts id e .
FS F la t te n e d  S t r a n d F la t  S t r a n d .
F W F i l le r  W ire In n e r  la y e r  w i t h  f i l l e r  w ire s .
PS P lo w  S te e l S te e l w i th  b r e a k in g  s t r e n g th  b e tw e e n  1570 a n d  

1760 M P a .
IP S im p r o v e d  P lo w  S te e l S te e i w i th  b r e a k in g  s t r e n g th  b e tw e e n  1770 a n d  

1960 M P a .
E iP S E x tra  Im p r o v e d  P lo w  S te e l S te e l w i th  b r e a k in g  s t r e n g t h  b e tw e e n  1 9 7 0  a n d  

2 1 5 0  M P a .
P F P r e fo r m e d P r e fo r m e d  w ire s .

N P F N o n  P r e fo r m e d N o n  p r e fo r m e d  w ire s .
R L R ig h t  L a y N o rm a !  ( r e g u la r )  r ig h t  l a y :  th e  s t r a n d s  a re  tw is te d  

!o  t h e  r ig h t  a n d  th e  w ir e s  t o  th e  le fs .
L L L e t t  L a y N o r m a l ( r e g u la r )  le f t  l a y ; th e  s t r a n d s  a re  tw is te d  

t o  th e  le f t  a n d  th e  w ir e s  to  th e  r ig h t .
FC F ib e r  C o re F ib e r  c o re .

IW R C in d e p e n c fa n f  W ire  R o p e  C o re In d e p e n d a n t  w ir e  r o p e  c o re .

II TYP ICAL STRAND CONSTRUCTION

S IN G L E  L A Y E R  

e.g. s tra n d  1-5

F IL L E R  W IRE

Inner layer 
contains 

lining wires 
e .g .:  1 - 6 -6 1-12  

?
Filler wires

S E A L E  

T w o  layers 
with (ha sam e 

nu m be r o l wires 
e .g . : 1-9-9

W A R R IN G TO N

T w o  layers 
w ith  w ires o l  

m e  sam e diam eter 
T h e  outside 

layer contains 
tiller wires 

e .g . . 1-6-JS +• S)

M IX E D  W A R R IN G TO N  
S E A L E  

l r> e  fa s t tw o  
layers are 

W arrington
a n d  m e  las! 

two Seale 
e .g .: l - 5 - f i  +  5 )- !0

III DIFFERENT K IN D S  O F  WIRE ROPE TW ISTING

R ignt lay 
reg u la r lay

Left lay
reg u la r tay

R ig nl lay 
la n g  lay

Lelt lay 
la n g  lay

In  ro p e s  w ith  “  r e g u la r ”  la y  th e  w ire s  a re  tw is te d  in  o n e  d ire c tio n  a n d  th e  s tra n d s  
in  th e  o p p o s ite  d ire c tio n .

In ro p e s  w ith  "  la n g  "  la y  th e  w ire  a n d  th e  s tra n d s  a re  tw is te d  in  th e  sam e d ire c tio n .



TY
PI

CA
L 

SI
ZE

S 
AN

D 
C

O
N

S
TR

U
C

TI
O

N
S

 
OF

 
W

IR
E 

R
O

P
E

254 F 6

(1)
 

Si
ng

le 
lin

e 
pu

llin
g 

of 
ro

ds
 

an
d 

tu
bi

ng
 

re
qu

ire
s 

le
ll 

lay
 

co
ns

tru
ct

io
n 

or 
18 

* 
7 

or 
19 

x 
7 

co
ns

tru
ct

io
n.

(2
) 

Br
ig

ht
 

wi
re 

sa
nd

 
lin

es
 

are
 

re
gu

la
rly

 
fu

rn
is

he
d 

: g
al

va
ni

ze
d 

fin
ish

 
is 

so
m

et
im

es
 

re
qu

ire
d.



TY
P

IC
AL

 
SI

ZE
S 

AN
D 

C
O

N
S

TR
U

C
TI

O
N

S
 

OF
 

W
IR

E 
R

O
P

E 
(c

on
ti

nu
ed

)

F T 255

x  Sfc
ID  U !

CB <0
I  5

</> 0> 
5  $

co co 
x  x  
<0 (£>

2  2  
O  O  
a> cr>

o o Occ X CC
$ 5 1

CO CO to *
a CL a .
U4 UJ w

o o o
cn CA c/>
a . £ : a .

- J - J _ i
c c cr <r
u»* u.’ u."CL a . a
s f >
«3 S3 <c

0 0 O
O o o

S j = SZ
O ) 0> g >

<5 m £
w w
<15 ® <0

o O o
o> r-

c o <£>
X X X
<0 O CO

«  to 
o  o
a> h*.

w

x> 2  c  _  
®  ?  

CO P5 
<0 CNJ

’(4
) 

Ap
pf

je
s 

to 
pu

m
pi

ng
 

un
its

 
ha

vin
g 

tw
o 

ve
rti

ca
l 

lin
es



256 F 8

c v o m o o o o o

■e-tO<DOOOOO 
c v o ' - ( 0 ’ - w r i w  
t n r ^ < 3 5  —  ' » 0 ^ u >  T- T- C\‘ CNJ CO

a
U J
H *

o £ 
o o
z t t  

=  U 1

£ l
CC UJ 
ffl N
U - Z

o <  
p o  

< 2  

& <  
(A CC 
( 0  Q

3 *
d o

o o o o o o o oC\t<0OOOOOO

CO(£>COOOOO©
^ ( £ > © d o i c d W ' -

r*. O  O  O  O  O  r- r- -7 (D CD S tDSOMNfOO 
f  r -  r -  rV  fO

o o o o o o o oo o <mooooo
— cv cv c*> in <o

a.
<

(J ) ffl CO O! *7 U> o

R
op

e 
c

o
n

ti
g

u
ra

ii
o

n



F 9 257

— s t ?
Q  ©

S i
o  o  
O  o  
z  w
3 L U
— a .

h-o 
z  c c

< 5 t u

c c e c

“ S

o Q  
' - ' m (D

Z N  *Da. «■»
2  Z  

H  <

< > :

t §
w _
CO Z
< 5  
- j  <  

o  a

1 °

< §

O i C M C O “f ^ N O l O )

i ^ O C n C V C D W f i i f l ( O W O O O
( D s l O N f f i r - i r t O i A C V  

T * - w c j r t ’ f i n < D C D a ) * * ‘ 0 4 T

fO ’T ID CO O M
T - « r - « r - T - < M < N C V < 0

c o i o o j ' t o i v n o
( O O C ' J O j ^ C ' J O Ocm co in

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

<V T f  i f t  <7> y -

CvJOS'-COCO'-tDOO

C M C O i O ^ O C O f O O O D ® ^ ^

J l  ID CO N
CO **T CO CSJ CO ^  co 

1-  «  * -  in  co n



258 F 10

.•o
Q QJ
111 3
H C
<
O

c
o

O Oz
Z>iii

a
h- O
X CC
o l it
a ce
a i
LL
O Q

U I
z N
o Zp << >
o _J
Q. <<5
CO
W Z
<
_i <o QC
_ QQ.
< a

o

O

c c

5

o
o

c
<D

T J
C
o
CL
©

■ o
c

»
(Are

O

--c>ii .̂r~r-o)oui. — o o o o o
c \ i ^ < D u > < £ > u j o > o j r ^ M d o j c o o
t - T - T- c v j f O T r u ) S i O O £ \ j ( ' ) i ^ c f i

■c u i  s  co o

c\j oj <o co co

( v n i i f i ( f l N ® o c w n i n

----f\JCOWU5(0NCDO

o o o o o o o o o o o o o o  o o o o o o o o o o o o o o  oococvcvicoocoocooooo 
r a c n i O ' - f f l O i n c o s K o i o O ' ' r  

c o u ) ( D t c * ~ n ( O O i « i f i O , r  
---------- N O

0> <0 T  P - O

i D D ) ( M - j c \ ! i O ^ S ) 0 < o m s O ( j )
' r i c s o ,T < O f o c o i f ) ' - c o t o » n c o
o 6 6 ' - ' - r * w c j p > 7 ' 7 « i ( o ^

O l y j  CO N
co «  co c>j as » r  co 
^  -r - co —  cr> m  r~

N
ot

e:
 T

he
 

st
re

ng
th

 
ol

 
ga

lv
an

iz
ed

 
wi

re
 

ro
pe

 
is 

10%
 

les
s 

th
an

 
the

 
fig

ur
es

 
giv

en
 

in 
thi

s 
ta

bl
e.



AP
I 

C
LA

SS
IF

IC
A

TI
O

N
 

OF
 

BR
IG

HT
 

(U
N

C
O

A
TE

D
) 

OR
 

DR
AW

N 
G

A
LV

AN
IZ

ED
 

W
IR

E 
RO

PE
 

(c
on

ti
nu

ed
)

F 11 259

O
CC

S

©w
O

o

o
a
0  

c c

fl>w

1  
c

T3
C
<Da
•o
c

CO
X

CO
4ft
(A
CO

O

f - W N N - o ) O i o * ' O O O p o q o p p q q o o o o q q p q  
cvu *>cb<d<0<1D 0 > c \ i r ^ c 0 O C 7 > t d o o ‘̂ : 0 > ,7 C > c 0 ' - c r > f ^ r x-h ^0 > t/ > t/ >  
-T- » - r - W f f i ' » f l 0 S £ 0 O 0 J C 0 l / 5 © O W T l S 0 5 O ^ C D ’ “  <»? 5 0  « -  CO CO

f f l f f i W W ’T O C O T - ^ O O O O O O O O p o O O O p O O O O O
v - C J C O ® O ^ T < M

r -  » - ( \ f c 0 ' * 7 ^ N . c 0 O ’- c 0 ^ r ^ c D C 0 ^ ^ a > C N j u ^ c D O C 0 N . o r ^ t r >  
v- T- - _ v- v- T_< ^joo C M C \iCo c * > c ^ 'T  c n «? < o

o o o o o o o o o o o o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o o o o o o o o o o o o
< 0 O O J C O < O ^ r O C O O O O O O O O O Q O O O O O O O O O O O
<D f,>*“ C O C » f O O C O f ^ C O ‘<7 ^ C O < D C S I ,7 C O ^ J - C D C D < l 5 C 0 O r r T r T r O < D
<rvjco,7 U * > f ^ o c r> io < T > c \ f < ^ 0 '« r < T > ^ ? '0 ,> ^ T O x D c o a i» / > c 'jc o r ^ '< r < 7 > < j5

T W W W ' T N n o s N O o o o o O p o o O p q q q p p q q  
o  <X> C ? O  C ? t o  <7> *5f r - ‘  C 5  <£> T f  t/>  {*> &

'C \ J C O M i / )0 , S C O O ‘- C O l O N O ^ ^ ^ i r t N O C ^ i O t O O O O ) ^ !
—  r - r - r - t - * - W f > j C v ! ( \ l { T) f O W f O ’? ’T ,J t O

o o o o o o o o o o o o o o o o o o o o o o o o o o o o  o o o o o o o o o o o o o o o o o o o o o o o o o o o o  0 0 f f l w w © 0 c0 0 ® 0 0 0 0 0 0  0 0 0 0  0 0 0 0 0 0 0 0  
c o o > u > »“ 0 ) < 3 > c o c O f ^ h * -0 « 3 ,̂ ^ f ^ r O c o ,̂ < o a ? o ^ o c o c o c o < v - ^ r ^ T
C \ i C V C 0 L 0 O C D » -C T> C i > 0 > C 0 C D O ,< T C 0 C 0 ^ - C \ i t ^ C \ f < 0 ^ 0 3 '/ > » - < 0 ^ - l 0

c o c o f O '^ ,7 t r > L O ( i > c o h - f ^ c D a > c ^ '

C 0 D 3 M f l " i n ® O ’ ' O ( f i ^ N O O O O O O O O O O O O O O O
£ O c o o u ,j ^ s ^ w W ' - f ^ ' j « > o ^ o ) w > C 9 0 c o c o s o p r t ® N q
o o * - - » - - c v o j c o ^ r u ^ < £ > h ^ c 6 o > » ~ C M C ,7 ^ n f ŝ 0 5 0 C v i ,« r < o o > ‘r -c o c 6 ^ ?

T-^-r-r-T-T-CVOJ<\JfNiMrtnD^

( O o r y ' T C v i n ^ o ^ o ^ c o s o o u J C D O O o o o o o o o o p o
,C l f ) S O ^ ® C O C O « > * " C O ( £ J l f J f O ( O C 5 ^ t O C O O C O O q ^ O N O ' 0
o o O ’~ ' -* * -C 'i c M C T> r r '5 r u ,> < £ j ^ c d o ) 0 » - C M T r i r > < i > c o o i r - f v < o c 5 >

* < O t f> O C O O C V C O W > r* .a >  <\i <0 h*. 0> <0
> r ^ ^ ^ o W f ^ o < ^ j < b o c o ( D C > c \ i u ,jc d if ? r *  

; C ' j r o f O C o ^ T ^ r r r u > « ‘> u > < 0 y> c D ^D ^p * * * Js- < G c o c o o > o

CD -sf CO Csi CD tr CO 03 T* CO C\J CO <X> CO ̂  CO CN *<T
^ n v i n r t i * .  * -  * -  <o v -  fo- r- r~ t— »— -̂<MC«JC\JĈCMC'JOJ<NfCOCOCOCOCOCOrf
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I WINCH DRUM

T he  w in c h  d ru m  m ust a llow  w ire  rope  sp o o lin g  w ith  a  m in im um  o f laye ring . Its 
d ia m e ter m ust be m ore th a n  tw enty  tim es the  n o m in a l ro p e  d iam eter.

II SHEAVES

API WIRE ROPE
Sheave sizes (API RP 9B, 30 May 1986)

D t =  d F

D T -  sheave g ro o ve  roo t d iam eter 
d  =  n o m in a l ro p e  d iam eter 
F  =  service fa c to r

R o p e  T y p e

S e rv ic e  f a c t o r  

F

C o n d i t io n s

A B

6 x 7 7 2 4 2
6 x  1 7  S 5 6 3 3
6 x  1 9  S 51 3 0
6 x  21  F 4 5 2 6
6 x  2 5  F W 41 2 4
6 x  31 3 8 22
6 x  3 7 3 3 1 8
8  x  19  S 3 6 21
8 x  19 w 31 1 8

1 8  x  7  a n d  1 9  x  7 51 3 6
F S 51 4 5

Condition A :  id e a l size.
Condition B : less r ig o ro u s  s ize  b u t im p ly in g  s h o r te r  ro p e  life .

E x a m p le :  w ith  a  6  *  19 w ire  ro p e , d ia m e te r  1 1 /4  in c h e s , in  c o n d it io n  A :  

D r -  1.25 x  51 =  63.75 in

=  1620 mm

In c o n d it io n  B : O r =  953 mm

=  37.50 in
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SHEAVE GROOVES

N o m in a l 
w ire  rope

N e w  g ro o v e  root 
r a d iu s : fi

W o rn  g ro o v e  g a g e  
ra d iu s  ft

fin ] t in ) (m m ) (in ) fm m )

1/4 0 .137 3.48 0 .129 3.28

5/16 0.167 4.24 0.1 SO 4.06

3/8 0.201 5.11 0 .190 4.83

7/16 0 .234 5.94 0 .220 5.59

1/2 0.271 6 .8 8 0 .256 6.50

9/16 0 .303 7.70 0 .288 7.32

5/8 0.334 8.48 0 .3 2 0 8 .13

3/4 0.401 10.19 0 .380 9.65

7/8 0 .468 11.89 0 .440 11.18

1 0 .543 13.79 0.513 13.03

1 1/S 0 .605 15.37 0.577 14.66

! 1/4 0 .669 16.99 0 .639 16.23

1 3/8 0 .736 18.69 0 .699 17.75

1 t /Z 0 .8 0 3 2 0 .4 0 0 .7 5 9 >9.28

! 5/8 0 .876 22.25 0 .833 2 1 .16

1 3/4 0 .939 23 .85 0 .897 2 2 .78

1 7/8 1.003 2 5 .48 0 .959 2 4 .36

2 1.070 27 .18 1.019 25.88

2 1/8 1 137 28.88 1.079 27.41

2  1/4 1.210 30 .73 1.153 29.29

2  3 /8 1.273 32.33 1.217 30.91

2  1/2 1.338 33 .99 1.279 32.49

2 5 / 6 ■ iA d 35 .66 1.339 3 4 .0 !

2  3/4 1 .48) 37.62 1.409 3 5 .79

2  7/8 1.544 39 .22 1.473 37.41

3 1.607 4 0 .82 1.538 3 9 .07

D rillin g  lin e  a n d  c a s in g  lino  sh e a v e

S a n a  lin a  sh e ave
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WORK DONE BY A DRILLING LINE

I ROUND-TRIP OPERATIONS

R u n n in g  th e  d rill s tr ing  in to  the  ho le  a n d  p u llin g  the  s tr in g  o u t o f the  ho le  ( to .ch a n g e  
th e  b it) a t d e p th  l :

Tm -  a m o u n t o f w o rk  (103 daN .km )
L =  d e p th  o f h o le  (m)
/  =  le n g th  o f a  s ta n d  (m ) (s ing le , d o u b le  o r tr ip le ) (m)
d  =  a d d it io n a l w e ig h t d u e  to  d rill co lla rs  a n d  b it (a cc o u n tin g  fo r b u o ya n cy ) (kg) 

(See Note)
p  =  w e igh t per m eter o f d r illp ip e s  w ith  to o i- jo in ts  (a cc o u n tin g  fo r b uoyancy )

(kg/m )
P  =  to ta l w e ig h t o f tra ve llin g  b lo c k /e le v a to r assem bly (kg)

II DRILLING OPERATIONS

T o  d r i l l  to  d e p th  L, :

T o  d r i l l  fro m  d e p th  Z., to  d e p th  L2 :

— 3 7 m!

— 3 [T mj  ~  7mi j

CORING OPERATION

Betw een d e p th  L,, a nd  d e p th  L2 : ^c1-2 — 2  [Tm2 — Tm1)

E x a m p le :
D e p th  =  4 0 0 m ; 1 0 0 m  o f DC 8 "  x  3 "  ; DP 5 " -  19.5 (T J 6 1 /4 ) -E .
M ud  d  -  1 .4 ; w e igh t o f trave lling  b lo c k /e le v a to r assem bly P  -  8000 kg. 
W e ig h t o f d r illp ip e s  in  a ir =  31.06 kg/m .
A p p a re n t w e ig h t =  31.06 x  0.822 =  25.53 kg/m .
W e ight o f  DC in  a ir =  218.8 kg/m .
W e ight o f DC in  m ud =  179.85 kg/m .
T o ta l a d d it io n a l a p p a re n t w e igh t d  -  (179.85 — 25.53) x  100 =  15432 kg.

Tm =  28.9 103 daN .km

Note: If Ldc  is th e  leng th  o f th e  d r ill co lla rs
p DC is th e  w e ig h t per m eter o f the  d r ill co lla rs  a c c o u n tin g  fo r b u o y a n c y :

Tm =  0.981 p L (L  +  /?) +  4  L \ P  +
d

2 ,
1 0 "  6

w here

Tm =  0.981 25.53 x  400 (400 +  27) 4- 4

d  -  L d c  (P d c  ~  P )
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C U T O F F  P R A C TIC E  FOR DR ILLIN G LIN ES (1) {continued)
Cum ulative work before first cutoff

(API RP 9B)

Derrick 

o r  mast 
height 

(ft)

Drilling

Dilficullies

T o ta l w o rk  of drilling line before first cu lo fl. function of line diam eter

1“ 1 1/8' 1 1 « " 1 3/8' 1 1/2'

103
da N .k m

ton.
mile

I03
da N .km

ton.
mile

103
da N .km

Ion.
mile

103
da N .km

ton.
mile

103
da N .k m

ton.
mile

80
10
87

V e ry  h a rd  
H a r d  

M e d iu m  
L o w

716
716
716
859

5 0 0
5 0 0
500
600

94
to

100

V e ry  h a rd  
H a ro  

M e d iu m  
t o w

716
716
716
8 5 9

500
500
50 0
60 0

859 
1003 
i !4 6  
1289

6 0 0
700
800
900

126
10

13!

V e ry  h a rd  
H a rd  

M e d iu m  
Lo w

8 5 9
1003
1146
1289

600
700
80 0
90 0

1432
1575
1719
1882

1000
n o o
1200
1300

133
10

138

V e ry  h a rd  
H a rd  

M e d iu m  
L o w

859
1003
1146
1289

600
700
800
90 0

1432
1575
1719
1862

1000
1100
1200
1300

142
10

147

V e ry  h a rd  
H a rd  

M e d iu m  
Lo w

1432
1575
1719
1862

1000
1100
1200
1300

2292
2 5 7 8
2864
3 0 0 8

1600
1800
2000
2 1 0 0

187
to

189

V e ry  h a rd  
H a rd  

M e d iu m  
L o w

2292
2 5 7 8
2864
3 0 0 8

1600
1800
2000
2100

2864
3 1 5 0
3437
3724

2 0 0 0
2200
2400
2600

( ! )  T h is  ta b le  a p p ro xim a te ly  g ive s  m e  w o rk  d o n e  b y m e  1,5
d rilling  lin e  b e lo re  the  tirsl c u lo lf . lor Im p ro ved  P lo w  S ie e l ;
d rilling  lines w ith  a  m etal core , u s in g  a  fa c to r o l sa fe ly  o l 5. ;

If a  different facto/ of safety is sele cte d . Ine c u rv e  o pp o site  i
g ive s  m e  co rre c tio n  factor to  a p p ly  1 0 m e  w o rk  g w e n  m  the <
ta ble  a b o v e .

E x a m p le : I
M a s l he ig h t =  !3 8  fl i
W ire  ro p e  d ia m e le r  =  1  I « "  •= 1 ,0
D rilling  d ilfic u llie s  =  h a rd  ’
D ru m  d ia m e te r -  2 8  in  <
f a c i o r  o l sa fe ty  =  3  _
P o r  a  fa c to r of 5, the a O o ve  lab le  g ives 1575 to 3  d a N .k m
F a c io r  selected =  3. T h e  c u rv e  o p p o site  g ive s a  corre c tio n

fa c to r of 0.58
W o rk  “  1575 x  0.S8 =  914 10^ d a N .k m  b e fo re  She lirsi 

c u io tl
T h e  la b le  F23 " C u t o f f  len g th  a s  a  fu n c tio n  of d ru m  d ia - 0 , 5

m eier "g iv e s  2 5 .70 m  for 2 8  m

N o te : Fo r  the following cutoffs, the total work 
given In the table must be reduced by 100 ton. 
mile (143 103 daN.km ) for 1 1/8 in in and sm aller 
wire rope diameter, and by 200 ton.mile  
(2 86 103 daN.km ) for other w ire rope diameters.

✓

/
/

...

J
/

f -

5 6  7  8

F a c io r  o f  safety
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DRUM AND REEL CAPACITY  
(From iADC Drilling Manuaf)

•  T he  len g th  o t w ire ro p e  {in  m eters) th a t ca n  be spoo led  on  to  a  d rum  o r reel i s :

(A  + D } x A x 8 x K

w h e re :

D  -  d iam e ter o f d ru m  b a rre l (cm)
H  -  o  H  ~  d iam e ter o f d ru m  fla n g e s  (cm)

A  =  — - —  (cm ) k  =  fa c to r  d e p e n d in g  o n  th e  w ire  rope  d iam eter
se lected

B  -  d is ta nce  be tw een ffa n ge s (cm)

*  T he  le n g th  o f w ire  rope, in  m eters, c o n ta in e d  on  an  in com p le te ly  fille d  d ru m  o r reei 
is g iven by th e  sam e fo rm u la  w h e re :

H  -  D  -  2 Y  Y  — d is ta nce  betw een th e  last ro p e  lay a nd
A  =  *  th e  fla n g e  edge

N o m in a l
rooe

d ia m e le r

(in )

F a cto r
K

N o m in a !
rope

dia m e le r

(in i

Fa cto r
K

N o m in a l
(o p e

dia m e le r

(in )

Faesof
K

3/6 0.0 2 9 3 9 13/16 0 .0 0 6 5 8 1 5/8 . 0 .0 0 1 6 5
7/16 0.02214 7/8 0.0 0 5 7 3 1 3/4 0.0 0 1 4 3
1/2 0.01721 1 0.0 0 4 4 5 1 7/6 0 .0 0 1 2 6
9 / !6 0 .0 1 3 7 8 1 1/6 0.0 0 3 5 5 2 0.00111
5/8 0.0 1 1 2 9 1 1/4 0.0 0 2 8 3 2  1/8 0.0 0 0 9 9

l i/ 1 6 0.00941 1 3/8 0.0 0 2 3 6 2 1 /4 0.0 0 0 8 9
3/4 0.0 0 7 9 6 !  1/2 0.0 0 1 9 9 2  3/6 0.0 0 0 7 8

S

D O H

A

A
Y

C a s e  t C a s e  2
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R EC O M M E N D A TIO N S  ON PIPE HANDLING
E Q U IP M E N T C O N T A C T  S U R FA C E  RADII

(API Spec 8A, May 1985)

C a p a c ity

T ra v e llin g  b lo c k  
a n d  h o o k  b a il

A ,
M a x .

Aa
M in .

B ,
M in .

b 2
M ax.

( to n s ) (103  d a N ) ( in ) (m m ) (in ) (m m ) ( in ) (m m ) (in ) (m m )

2 5 -4 0 2 2 -3 6 2  3 /4 6 9 .8 2  3 /4 6 9 .8 3  1 /4 8 2 .5 3 7 6 .2
4 1 -6 5 3 6 -5 7 2  3 /4 6 9 .8 2  3 /4 6 9 .0 3  1 /4 8 2 .5 3 7 6 .2

6 6 -1 0 0 5 7 -8 9 2  3 /4 6 9 .8 2  3 /4 6 9 .8 3  1 /4 8 2 .5 3 76 .2
1 0 1 -1 5 0 8 9 -1 3 3 2  3 /4 6 9 .8 2  3 /4 6 9 .8 3  1 /4 8 2 .5 3 76 .2
1 5 1 -2 5 0 1 3 3 -2 2 2 4 1 0 1 .6 4 1 0 1 .6 3  1 /4 8 2 .5 3 7 6 .2
2 5 1 -3 5 0 2 2 2 - 3 1 2 4 1 0 1 .6 4 1 0 1 .6 3 1 / 4 8 2 .5 3 7 6 .2
3 5 1 -5 0 0 3 1 2 - 4 4 5 4  • 1 0 1 .6 4 1 0 1 .6 3  1 /2 8 8 .9 3 1 / 4 8 2 .5
5 0 1 - 6 5 0 4 4 5 - 5 7 8 4 1 0 1 .6 4 1 0 1 .6 3 1 / 2 8 8 .9 3  1 /4 8 2 .5
6 5 1 - 7 5 0 5 7 8 - 6 6 7 6 15 2 .4 6 1 5 2 .4 3  1 /2 8 8 .9 3  1 /4 8 2 .5

7 5 1 - 1 0 0 0 6 6 7 - 8 9 0 6 15 2 .4 6 1 5 2 .4 6 1 / 4 1 5 8 .7 5 6 152 .4

T r a v e l l in g  b lo c k

I

h o o k  b a il
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R EC O M M E N D A TIO N S  ON PIPE HANDLING
EQ U IP M EN T C O N T A C T  S U R FA C E  RADII

(API Spec 8A, May 1985)

C a p a c ity

E le v a to r  lin k  
a n d  l in k  e a r

c ,
M a x .

c 2
M in.

D,
M in .

d2
M a x.

( to n s ) (1 0 3 d a N ) (in ) (m m ) ( in ) (m m ) (in ) (m m ) ( in ) (m m )

2 5 -4 0 2 2 -3 6 1 1 /2 38 .1 1 1 /2 38 .1 1 1 /4 3 1 .7 7 /8 2 2 .2
4 1 -6 5 3 6 -5 7 2  1 /2 6 3 .5 2  1 /2 6 3 .5 1 1 /4 3 1 .7 7 /8 2 2 .2

6 6 -1 0 0 5 7 -8 9 2  1 /2 6 3 .5 2  1 /2 6 3 .5 1 1 /2 38 .1 1 1 /2 2 8 .6
1 0 1 -1 5 0 8 9 -1 3 3 2  1 /2 6 3 .5 2  1 /2 6 3 .5 1 1 /2 38 .1 1 1 /2 2 8 .6
1 5 1 -2 5 0 1 3 3 -2 2 2 4 1 0 1 .6 4 1 0 1 .6 1 3 /8 4 4 .4 1 3 /8 3 4 .9
2 5 1 - 3 5 0 2 2 2 - 3 1 2 4 1 0 1 .6 4 1 0 1 .6 1 3 /4 4 4 .4 1 3 /8 3 4 .9
3 5 1 - 5 0 0 3 1 2 - 4 4 5 4 1 0 1 .6 4  3 /4 1 2 0 .6 2  1 /4 57 .1 1 7 /8 4 7 .6
5 0 1 - 6 5 0 4 4 5 - 5 7 8 4 1 0 1 .6 4  3 /4 1 2 0 .6 2  1 /4 57 .1 1 7 /8 4 7 .6
6 5 1 - 7 5 0 5 7 8 - 6 6 7 4 1 0 1 .5 5 1 2 7 .0 2  1 /2 6 3 .5 2  1 /2 6 3 .5

7 5 1 - 1 0 0 0 6 6 7 - 8 9 0 4  1 /2 1 1 4 .3 5 1 2 7 .0 3 7 6 .2 2  3 /4 6 9 .9

L in k  e a rs

E le v a io r  links
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R EC O M M E N D A TIO N S  ON PIPE HANDLING
E Q U IP M EN T C O N T A C T  S U R FA C E  RADII (continued)

(API Spec 8A, May 1985)

C a p a c ity

H o o k  a n d  
s w iv e l b a i!

M in .
e 2

M a x .
F ,

M a x .
f 2

M in.

( to n s ) (1 0 3 d a N ) (in ) (m m ) (in ) (m m ) { in ) (m m ) (in ) {m m )

2 5 -4 0 2 2 -3 6 2 5 0 .8 1 1 /2 38 .1 3 7 6 .2 3 76 .2
41  -6 5 3 6 -5 7 2 5 0 .8 1 3 /4 44 .4 3 1 / 2 8 8 .9 3  1 /2 8 8 .9

6 6 -1 0 0 5 7 -8 9 2  1 /4 57.1 2 5 0 .8 4 1 0 1 .6 4 101 .6
1 0 1 -1 5 0 8 9 -1 3 3 2  1 /2 . 6 3 .5 2  1 /4 57 .1 4  1 /2 1 1 4 .3 4  1 /2 114 .3
1 5 1 -2 5 0 1 3 3 -2 2 2 2  3 /4 6 9 .8 2  1 /2 6 3 .5 4  1 /2 1 1 4 .3 4 1 /2 114 .3
2 5 1 - 3 5 0 2 2 2 - 3 1 2 3 7 6 .2 2  3 /4 6 9 .8 4  1 /2 11 4 .3 4  1 /2 114 .3
3 5 1 - 5 0 0 3 1 2 - 4 4 5 3  1 /2 8 8 .9 3  1 /4 8 2 .5 4  1 /2 1 1 4 .3 4  1 /2 114 .3
5 0 1 - 6 5 0 4 4 5 - 5 7 8 3 1 / 2 8 8 .9 3  1 /4 8 2 .5 4  1 /2 1 1 4 .3 4  1 /2 1 14 .3
6 5 1 - 7 5 0 5 7 8 - 6 6 7 4  1 /4 1 0 7 .9 4 1 0 1 .6 4  1 /2 1 1 4 .3 4  5 /2 ? 14 .3

7 5 1 - 1 0 0 0 6 6 7 - 8 9 0 5  1 /4 1 33 .4 5 1 2 7 .0 5 1 2 7 .0 5 127 .0

£ * ~ ~

. . u .
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DRILLPIPE ELEVATORS

T o o l jo im  
d e sig n a tio n

D rillp ipe 

ly p e  a n d  
n o m in a l 

size 

( ! )

T a p e r  s h o u ld e r S q u a re  s n o u ld e f

N e ck

dia m e ie r
max.

E le vaio r
bo re

Nock
dia m e ie r

m ax

E le vaio r

bore

(m ) (m m ) (in ) (m m ) (in ) (m m ) (in ) (m m )

N C 2 6  (2  3/6 IF )  . 2  3/8 E U 2  9/16 65.1 2  21/32 6 7.5 _ _ _ _

N C 3 3  (2 7 / 8  I F ) .  . 2  7/8 E U 3  3/16 8 1 .0 3 9/32 8 3.3 3  3/36 8 1.0 3 3/8 85.7

N C 3 8  (3  1/2 I F ) .  . 3  !/ 2  E U 3  7/8 9 8.4 3  31/32 100.8 3 7/8 98.4 4 1/16 103.2

N C 4 0  (<  F H )  . . . 3 !/ 2  E U 3  7/8 9 8.4 3  31/32 100,8 3  7/8 98.4 4 1/16 103.2

4 IU 4 3/16 106.4 4 9/32 108.7 4 1/8 104.8 4 5/16 109.5

N C 4 6  (4  I F ) . . .  . 4 E U 4  1/2 114.3 4  25/32 121.4 4 1/2 114.3 4 13/36 122.2

4  1/2 IU 4 11/16 119.1 4  25/32 121.4 4  5/8 117.5 4 13/16 122.2

4 1/2 IEU 4  11/16 119.! 4 25/32 121.4 4 5/8 117.5 4 13/16 122.2

4  1 (2  F H ................. 4 !/ 2  IU 4  i 1/16 ! 19.1 A 25/32 121.4 4 5/8 117.5 4 13/16 122.2

4 1/2 IEU 4 11/16 119.1 4 25/32 121.4 4 5/8 117.5 4 13/16 122.2

N C S O  (4  1/2 I F ) .  . 4  1/2 IEU 5 127 5  3/4 133.4 5 327 5 5/36 134.9

5 IE U  . 5  1/8 130.2 S 1/4 133.4 5  1/8 130.2 5 5/36 134.9

5  1/2 F H .................... 5  IE U 5 1 / 6 130.2 5  1/4 333.4 5  1/8 130.2 5 5/16 134.9

5  1/2 16U 5 11/16 144.5 5  13/16 147.6 5  11/16 144.5 5 7/8 349.2

(1 ) F o r  all w e ig h ls  a n d  g ra d e s.
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BRAKEBLOCKS (API Spec 7)

6 hole API brake block 4 hole API brake block

A P I 
b lo c k  N o

A
(in )

8
( in )

C
( in )

A P I 
B lo c k  N o

0
( in )

E
(in )

F
(in )

6 1 1 /4 3 1 /2 10 6 1 1 /4 3 1 /2
2 7 1 1 /2 4 11 7 1 1 /2 4
3 8 1 3 /4 4  1 /2 12 8 1 1 /2 5
4 9 2 5 13 9 1 1/2 6

. 5 10 2 1 /4 5 1 /2 14 10 1 1 /2 7
6 11 2 1 /2 6
7 32 2 3/4 6

B ra ke  b lo c k  th ic k n e s s : .b ra ke  b lo c k  th ickn e ss  is  n o t s tip u la te d ; fo r a n y  g iven b lock 
size, how ever, severa l s ta n d a rd  th ickn e ss  a re  p rov ided  :

6 ho le  b ra ke  b lo c k : T  (in ) =  5 /8 , 3/4, 
7 /8 ,1, 1 1/8, 1 1/4

•  4 ho le  b ra ke  b lo c k :  7- (in ) == 5/8, 
3 /4 , 7/8, 1

D -

Screw s fo r fa s te n in g  b ra ke  b lo c ks  to  th e  b ra ke  b a n d s  sh a ll be  3 /8 , 120°, fla th e a d  
b ra ss  m ach in e  sc re w  a s  sh o w n  in  figu re . S crew  th re a d s  sha ll be 3 /8 -16  UNC-2A.
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VIBRATOR AND DRILLING HOSE 
(API Spec 7, April 1989)

In s id e
d ia m e te r

D

S ta n d a r d  
le n g th  (1 ) 

L

L in e  P ip e  
th r e a d  s iz e  

T 
( in )

G ra d e

( in ) (m m ) m {m )

2 5 0 .8 3 5 1 0 .6 7 2  1 /2 A - 8
4 0 1 2 .1 9 2  1 /2 A - 8 - C

2  1 /2 6 3 .5 10 3 .0 5 3 A - B - C - D - E
12 3 .6 6 3 A -B -C -D -E
15 4 .5 7 3 A - B - C - D - E
20 6 .1 0 3 A - B - C - D - E
3 0 9 .1 4 3 A - B - C - D - E
5 0 1 5 .2 4 3 A -B -C -D -E
5 5 1 6 .7 6 3 A - B - C - D - E

3 76 .2 10 3 .0 5 4 C -D -E
12 3 .6 6 4 C -D -E
15 4 .5 7 4 C -D -E
2 0 6 .1 0 4 C -D -E
3 0 9 .1 4 4 C -D -E
5 5 1 6 .7 6 4 C -D -E
6 0 1 8 .2 9 4 C -D -E
7 0 2 1 .3 4 4 C -O -E
7 5 2 2 .8 6 4 C -D -E

3 1 / 2 8 8 .9 10 3 .0 5 4 C -D -E
12 3 .6 6 4 C -D -E
15 4 .5 7 4 C -D -E
2 0 6 .1 0 4 C -D -E
3 0 9 .1 4 4 C -D -E
55 1 6 .7 6 4 C -O -E
6 0 1 8 .2 9 4 C -D -E
70 2 1 .3 4 4 C -D -E
7 5 2 2 .8 6 4 C -D -E

4 1 0 1 .6 10 3 .0 5 5 C -D
J2 3 .6 6 5 C -D
15 4 .5 7 5 C -D
2 0 6 .1 0 5 C -D
3 0 9 .1 4 5 C -D
5 5 1 6 .7 6 5 C -D
6 0 1 8 .2 9 5 C -D
7 0 2 1 .3 4 5 C -D
75 2 2 .8 6 5 C -D

[1 )  N o n  s ta n d a r d  le n g th s  in  5  f t  (1 .5 0  m ) in c r e m e n ts  m a y  b e  m a rk e d  w ith  A P I m o n o g r a m  p ro v id e d  
th e  h o s e  m e e ts  a l l  o th e r  r e q u ir e m e n ts  o f  th is  s p e c if ic a t io n .
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V IB R A TO R  AN D  DRILLING HOSE
(API Spec 7, April 1989) (continued)

W o rk in g Ts s l
pre ssu re p re ssu re

(p si) (’K P a) (p s i) (K P a )

G ra d e  a ......................... 1500 10300 3000 20600

G r a d e  6 ......................... 2 0 0 0 13800 4000 2 7600

G r a d e  C ......................... 4000 2 7600 8000 5 5200

G ra d e  D ......................... 5000 34500 10000 5 9 0 0 0

G ra d e  E. . ..................... 7500 S 1 70 0 15000 1 03400

Hose length

L =  — +  rcR +  S
2

w ith  :
L =  len g th  o f hose  in feet o r m eters
L , =  le n g th  o f hose (rave i in  feet o r  m eters
R  =  m in im um  b e n d in g  ra d iu s  o f hose  in  feet o r m e te rs :

R  =  0.9 m (3 ft) fo r 2“  hose
R  -  1.2 m (4 ft) fo r 2 1 /2  cm  a n d  3 "  hose
R  =  1.4 m {4 1/2 (t) fo r 3 1 /2 "  hose

S  ~  a ifo w a n ce  fo r  co n tra c tio n  in  L d ue  to  m axim um  recom m ended  w o rk in g  p ressure
in  feet o r  m eters, w h ic h  is 0.3 m {1 ft) fo r a ll sizes o f hose

S ta n d  p ip e  h e ig h t

w ith  :
Hs -  ve rtica l h e ig h t o f s ta n d  p ip e  in feet o r m eters 
L r  =  le n g th  o f hose  in  feet o r  m eters
Z  =  he igh t, in  f t  o r m, fro m  th e  to p  o f th e  d e rric k  flo o r to  the  e nd  o f hose a t the 

sw ive l w h e n  the  sw ivel is in  its  low est d r illin g  p o s itio n

F  : Por d r illin g  hoses, th is  d im e n s ion  m ust be  6 to  18 inches. For d r ill in g  pum p 
hoses, th is  d im e n s ion s  is  6  to  10 inches

'  N o te :  M a n u fa c tu re r m ust m ark  the  h o s e : “ Fix sa fe ty  c la m p  h e re ".
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CHAINS 
(API Standard 7F)

I SINGLE AND MULTIPLE CHAIN ASSEMBLIES

C h a in s  a re  d e s igna ted  by :
a ) A  n u m b e r o f w h ic h  the  r ig h t-h a n d  d ig it is :

0  fo r s ta n d a rd  ch a in
1 fo r  lig h tw e ig h t ch a in
5  fo r  c h a in  w ith o u t ro ller
a n d  th e  o n e  o r tw o  d ig its  to  th e  le ft represent(s) th e  p itch  o f the  ch a in  expressed 
a s  th e  n um ber o f 1/8 in  increm ents.

b ) A  n u m b e r represen ting  the  n u m b e r o f c h a in  strands.
c) The  le tte r H m ay be inse rled  betw een these 1wo n u m bers  fo r a heavy cha in . 
E xa m p le : c h a in  160-6 o r 160-H-6.

0  =  s ta n d a rd  
16 =  16/8 =  2 in

6 =  s ix-s trand  cha in  
H =  heavy

In th e  H series, o n ly  the  fla n g e  th ickn e ss  a re  d iffe rent.
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CH AIN S (continued)
(API Standard 7 F)

II ROTARY CHAINS

S ta n d a rd  ro ta ry  ch a ins  a re  g iven  in  the  Tab le  below.

P itc h  P .....................................................................................................
R o lle r d ia m e le r  A .............................................................................
R o lle r  le n g th  B .....................................................................................
D is ta n c e  b e tw e e n  M anges £ ............................................ .... .
D is ta n c e  b e tw e e n  c e n te r  lin e s  lo t  D u p le x  e n a in s  . 
N u m b e r  o< lin ks m  10 It (3 .0 4 8  m ) .........................................

N o m in a l size  (in )

3 1 /8 4

(in ) (m m ) (in ) (m m ) (in ) (m m )

3 .075 
1 1/4 
1 7/16 
1 1/2

3

7 8 .!
3 1.7
3 6.5
3 8 !

S

3.125 
1 5/8 
1 19/32 
1 S/8  
3  3/18

3

79.4
4 1.3
4 0.5
4 1.3  
8 1.0

9

4 .0 6 3  
l 3/4 
1 7/8 
1 1 5 / !6

3

103.2
44.4
47.6
49.2

)

N o te  :  F o r  Ihe p u rp o s e  o f m e a s u rin g  s ta n d a rd  le n g th , th e  c h a in s  s h o u ld  Be u nd e r 
a  tensile  lo a d  of 5 0 0  IB (2 2 5  d a N ).

HI LENGTH OF A CHAIN
N  +  n  (N  —

L =  2 C  +  -------------  +  39.5 -----------
2  cw h e re :

L =  c h a in  len g th  in  p itches 
C  =  d is ta n c e  betw een sp ro cke t cen tres in p itches 
N  =  n u m b e r o f teeth  o n  the  la rge  sprocke t 
n  =  n u m ber o f teeth  o n  th e  sm a li sp rocke t

IV PROPER CHAIN TENSION

For a  ch e c k  o f a  c h a in  tens ion , tu rn  o n e  sp ro cke t to  tig h te n  the  low er s tra n d  o f 
c h a in ; th e n  m easure  th e  sa g  o f u p p e r s trand . TH is sa g  m easu red  a t m id p o in t shou ld  
be_ a p p ro x im a te ly  tw o  to  th ree  p e r ce n t o f the  leng th  o f th e  ta n g e n t Jo th e  sprocke ts .

E xa m p le : If the  le n g th  o f th e  ta n g e n t be tw een th e  sp ro cke ts  is 200 cm , the  sag sha ll 
be betw een 4  a n d  6 cm.
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FOUR-PIN DRIVE KELLY BUSHING 
AND MASTER BUSHING 

(API Spec 7)

Nom inal 
table size 

(in)

F G H / J K

±  1-6

(m m )

±  1/16 

(in)

±  0.13 

jnwri)

+  0.005 

On) (m m ) (in)

±  0.13 

(m m )

+  0.005 

(in)

+  1.6 
-  0  

irran)

+  1/16 
-  0

(in)

+  1/16 
-  0 

(m m )

+  1/16 
-  0 

(in)

17 1/2 4 8 2 .5 19 65.2 2 .585 107.9 4  1/4 6 2.8 2 .472 365.1 14 3/8 2 5 7.2 10 1/8
2 0  1/2 5 8 4.2 23 65.2 2.565 107.9 4  1/4 6 2.8 2 .472 412.7 16 1/4 311.1 12 1/4

654.2 2 5  3/4 86.2 3 .3 9 5 107.9 4  1/4 8 2.9 3 .265 4 8 2.6 19 3 8 1.0 15
3 7  1/2 654.1 2 5  3/4 86.2 3 .3 9 5 107.9 4  1/4 8 2.9 3 .265 — — — —
4 9  1/2 — — — — — —

~
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TENSION IN SLINGS  
Two-wire slings

I PRINCIPLE OF BREAKDOWN OF FORCES

2  s in < z

li TENSION IN SLINGS AS A FUNCTION OF ANGLE a  
F o r a load P  ~  1000 kg

« {d e g re e s ) .............................. 15 30 45 60 75 90

M k Q ) ............................ 1940 1000 ' 700 580 520 500

O  T e n s o n  /[

S lin g in g  a n g le s



— -----------pumping and
pressure losses

G 1 Mud pumps .........................................................................................  2 9 3

G 2 Pumping power ..................................................................................  2 9 4

G 3 Output in liters per stroke. Double acting duplex pumps
based on liner size and piston rod diameter ..................... 2 9 5

G 4 Output in liters per stroke. Double acting duplex pumps
based on liner size and piston rod diameter (continued) 2 9 6

G 5 Triplex pumps. Maximum pressure based on liner ..........  2 9 7

G 6 Output in liters per stroke of single acting Triplex pumps 2 9 8

G 1 M ud cycle time ..................................................................................  2 9 9

G 8 Circulation flew rate as a function of mud rising velocity
opposite d rill pipes and ho le /p ipe annulus ..........................  3 0 0

G 9 Circulation flow rate as a function of mud rising velocity
opposite drill pipes and hole/pipe annulus (continued) . .  3 01

G 10 Amount of drilled cuttings in mud .......................................... 3 0 2

G 11 Annular mud specific gravity d&nn .......................................... 3 0 3

G 12 Hydraulics ........................................................................................- 3 0 4
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MUD PUMPS

I TH EO R ETICA L FLOWRATE

a. Duplex pump

b. Single-acting Triplex pump

0 , =  0.0386 n L D 2

w h e re :
Q, =  th e o re tica l f lo w  ra te  (I/m) 
n  =  s trokes per m inu te  (s trokes/m in ) 
L =  le n g th  o f s troke  (in)
D  =  lin e r d ia m e ter (in) 
d  =  p is to n  rod d ia m e ter (in)

(f VOLUM ETRIC EFFICIENCY r)v

Q r
V v  -

Q>

Q , — true  m easured  How ra te  (l/m in )

ill HYDRAULIC POWER P h
w h e re :

p  =  d isch a rg e  pressure (kPa)

O, =  flow  ra te  (l/m in )

p O i
p»  ( m 60 000

P * <hp)
p O i

44 750

l/m  x  0.264 =  g a l/m in
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PUMPING POWER

i TRUE HYDRAULIC POWER P hr

Pn, (hp)
44 750

p „, ( m  --
pQ, or pQtfv

Ph, (kW ) =
60 000 60 000

o r P ,„  {hp ) p Q tQ v  

44 750

II ENGINE POWER REQUIRED TO  PRODUCE p and Q r

=  m e ch a n ica l e ffic iency o f pum p 
•/), =  co m p o u n d  e ffic iency

P,n (kW ) =
pQ,

60 000 yjm 5f,

Pm (hp)
pQ,

44 750 r „ n rn

lit MAXIMUM SERVICE PRESSURE pmax (kPa)

| 0 F m a >
Pmax g

where:
Pma* ~  m axim um  lo a d  on  cross h ead  extens ion  {piston load] (N) 
S  =  ave rage  a rea  u n d er p ressure a t p mai (cm 2)

S  =  5.067 (£>2 

S  =  5.067 D 2

-) D uplex pum p 

T rip lex pum p
where:

O  =  line r d ia m e ter (in) 
d  =  p is to n  rod d ia m e ie r (in)

IV EFFICIENCY

V tn

V l

m e ch a n ica l e ffic ie n cy  o f p u m p : 0.85 to  0.90 
co m p o u n d  effic iency:
V-bel1s -  0.97 
c h a in s  =  0.95
to rq u e  co n ve rte r =  0.70 to  0.90
vo lu m e tric  e ffic iency , w h ich  varies w ide ly  a c c o rd in g  to  the  sta te  o t the  valves, 
the  su p e rc h a rg in g  , a n d  the  type  o f flu id . In the  best ca se  7jv =  0.98 fo r a 
su p e rcha rge d  T rip lex pum p
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A M O U N T OF DRILLED C U TTIN G S  IN M UD

G 10

P u m p  How rale  (l/min)

6 0 -

—
T" / ” 1A /

'  V

r JZ 1 .
$ —

£

- fj £ r

3r ~' / > r £ r
/ 'I/ p

7 / / , /j /
!

Wl/AV & I

\ j , r T y~ft?

AW ( :In IL
l\\ s 5̂ -N

N

j

_ _ _

\ \ S ^=»~,\\ \ \ \ IV . j  /_..

\ \ \ f e s \ S

—

\\ L_ i

<  i

.•>j

> v \
1—

n: s L. _t— \
~T t %j\~ i_ X s.__| r ; A \_it© 1 s i
~ T 1

s
r - r

5 >

i i i i;_i £ 5 s t v \
I i__ ;=H —\

S 3
^ ■ v

i i \i □ r \ v Ss
E x a m p l e s :

1 . R a t e  o f  p e n e t r a t i o n  
P u m p  f l o w  r a l e  
H o t e  s iz e
A m o u n t  o f  c u t t i n g s

2 .  R a t e  o f  p e n e t r a t i o n  
P u m p  f l o w  r a t e  
H o l e  s iz e
A m o u n t  o f  c u t t i n g s

=  6  m / h  

=  2  0 0 0  l / m i n  
=  1 2 . 2 5  in
=  3 8 . 0  I i n  1 0  m 3  o f  m u d

=  1 0  m / h  
—  1 0 0 0  l / m i n  
=  7  7 / 8  in
=  5 2 . 2  I i n  1 0  m 3  o f  m u d  

8 4 .4 5  D*AV
w h e r e : 

V  =  
D  =  
A ,  =

a m o u n t  o f  c u t t i n g s  { 1/10 m 3
h o l e  s i z e  ( i n )
r a t e  o f  p e n e t r a t i o n  ( m / h )

Q  =  p u m p  f l o w  r a t e  ( l / m i n )  

m/h X 3 .28  =  ft/h I * 0 .264 =  gat

Q

l/m in  x  0.254 =  g a l/m in



A N NULAR M UD SPEC IF IC  G R A VITY  dann

G 11

t /a n n  d e p e n d s  o n  t h e  f o l l o w i n g :

( a )  R a t e  o f  p e n e t r a t i o n  A v  ( m / h ) .

( b )  i n i t i a l  s p e c i f i c  g r a v i t y  d in i t .

( c )  M u d  f l o w  r a t e  Q  ( t / m i n ) .

{ d >  R a t e  o f  f a l l  o f  c u t t i n g s  V s  ( m / m i n ) .  

( e )  H o l e  s i2e  D ( i n ) .

(< ) P i p e  s i z e  D t  ( i n ) .

d  +  £ > /2 A v  ( 2 , 5  -  d in i t )

,m l 1 1 8 . 4 1 0  -  6 0  ( D /  -  D , 1 )  V s

Example: 0/  =  1 - 7  1 / 2 "

O ,  =  5 "

c t a t  =  1 1 5

A v  =  2 5  m / h

O  =  3 2 0 0  l / m i n

’/ <  =  10 m / m i n

303

d a m  =  d m  +  0 . 0 5  =  1 .2 0
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HYD RA ULICS

( F r o m  t h e  M a n u e l  d e  r h e o l o g i e  d e s  f l u i d e s  d e  f o r a g e  e !  l a i t i e r s  d e  c i m e n t .  M a n u a l  
o f  R h e o l o g y  o f  D r i l l i n g  F l u i d s  a n d  C e m e n t  S l u r r i e s ) ,  O i l  a n d  G a s  E x p l o r a t i o n  a n d  
P r o d u c t i o n  A s s o c i a t i o n ,  P u b l i s h e d  b y  E d i t i o n s  T e c h n i p .  P a r i s  1 9 7 9 )

NOTATION  
(Practical units)

S y m b o l U n i ! S ig n if ic a t io n

A i n 2 T o ta l  s u r fa c e  a r e a  o f  b i t  n o z z le s
a k g / l F lu id  s p e c i f ic  g r a v i t y
0 in S t r in g  in s id e  d ia m e te r

D o in A n n u lu s  o u ls i d e  d ia m e te r
0 , in A n n u lu s  in s id e  d ia m e te r  ( o u ts id e  s t r in g )
L m L e n g th

P k P a P re s s u re  lo s s e s , p re s s u re
Q l/ m in F lu id  f lo w  ra te
V m / m i n F lu id  v e lo c i t y

Vc m / m in C r i t ic a l  f lu id  v e lo c i ty
u CP D y n a m ic  v is c o s i ty

[ I p CP P la s t ic  v is c o s i ty
" 0 1 0 /1 0 0  I t2 Y ie ld  v a lu e
K Ib .s n /1 0 0  f t 2 C o n s is te n c y  in d e x
n R h e o lo g ic a l  b e h a v io r  in d e x
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RH EO LO G Y

R H E O IO G IC A L
S Y S T E M

R H E O L O G IC A I
E Q U A T IO N

F L O W  C U R V E  
C A R T E S IA N  

C O O R D IN A T E S

F L O W  C U R V E  
LO G A R IT H M IC  
C O O R D IN A T E S

N e w to n ia n r  r - u y r log <

/ \ « L

V log y

B in g h a m  
o r  p la s t ic

1 -  v * v r i o q  T

y 'og r

"  P o w e r
o r  p s e u d o p la s t ic  
o r  O sfs va id

l  K y " ic>9 J

1 —  —  —

i
\

y log l  log y

Rheoiogical formulas tor the Fann viscom eter:

A p p a r e n t  v i s c o s i t y  . . . .  y . s  =

Y i e l d  v a l u e ...................................  r 0  =  ®600 —  2 ( 0 6 0 o  “  ® 3 o o )

P l a s t i c  v i s c o s i t y ....................y . p  =  © e o o  ~  ©300

R h e o i o g i c a l  i n d e x ................ n  -  3 . 3 2  l o g  (— " • )
S '  300

m © 6 0 0  ® 3 0 0
C o n s i s t e n c y  i n d e x  . . . .  K  -  —

( 1 0 2 0 )  n  ( 5 1 0 ) n

(cP)
( l b /100 I t 2 ) 

(cP)

i b . s 'V l O O  f t 2 )
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C R IT IC A L V E LO C ITY  BASED  
ON RH EO LO G IC A L PARAM ETERS  

(P rac tica l units)

B I N G H A M  F L U ID S

C ir c u la t io n  in  d r i l l  p ip e s  a n d  d r i l l  c o l l a r s :

2 . 4 8  i—  ------------------------------------------

Vc =  ~Dd +  4 +  7 3 ' 5 ?  V°D

C ir c u la t io n  in  th e  a n n u l u s :

3 . 0 4  --------------------------------------------------------------------------------
=  77;--------------- ( f * P  +  W  +  4 0 . 0 5  r 0 ( D 0  -  D ^ d )

( D 0  -  O h  d

O S T W A L D  F L U ID S

C ir c u la t io n  in  d r i l l  p ip e s  a n d  d r i l l  c o l l a r s :

1 n

v  =  0 6  A 3470 ~  1 3 7 0 f t )  / 3 n  +

°  ~  \  1 - 2 7  d  J  \  1 . 2 5 D n  J

C ir c u la t io n  in  th e  a n n u l u s :

y _  0 6  A 3470 ~  1 3 7 0 / ? )  /  Zn +  1
c  ' \  2 . 0 5 d  J  \ 0 . 6 4 ( D 0  -  D , )  n )

I f  1/ <  V c  t h e  f l o w  i s  l a m i n a r  
| {  V  >  V c  t h e  f l o w  i s  t u r b u l e n t  

w i t h  c r i t i c a l  R e  =  2 1 0 0  ( B i n g h a m  f l u i d )
c r i t i c a l  R e  =  3 4 7 0  —  1 3 7 0 n  { O s t w a l d  f l u i d ) .
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PRESSURE LOSSES 
(g e n e ra l)

Fluid flow in pipes

A n y  f l u i d  f l o w i n g  i n  a  p i p e  i o s e s  p a r t  o f  i l s  e n e r g y ,  w h i c h  is  a b s o r b e d  b y  d i s s i p a t i o n  
i n  f r i c t i o n  f o r c e s :

( a )  I n t e r n a l  f r i c t i o n  d u e  t o  i t s  v i s c o s i t y .
( b )  E x t e r n a l  f r i c t i o n  d u e  t o  p i p e  r o u g h n e s s .

T h i s  l o s s  o f  e n e r g y  i s  c a l l e d  t h e  p r e s s u r e  d r o p  o r  l o s s ,  a n d  is  e x p r e s s e d  b y  t h e  
d i f f e r e n c e  i n  t h e  p r e s s u r e  o f  t h e  f l u i d  b e t w e e n  t w o  p o i n t s  o f  t h e  p i p e .  F o r  e x a m p l e ,  a  
c i r c u l a t i n g  d r i l l i n g  m u d  h a s  a n  i n i t i a l  e n e r g y  r e p r e s e n t e d  b y  t h e  p u m p  d i s c h a r g e  
p r e s s u r e .  T h i s  e n e r g y  i s  t o t a l l y  l o s t  i n  t h e  m u d  c i r c u i t  b e c a u s e  t h e  m u d  p r e s s u r e  is  z e r o
w h e n  i t  r e t u r n s  t o  t h e  p i t s .  I n  t h i s  c a s e ,  t h e  p u m p  d i s c h a r g e  p r e s s u r e  r e p r e s e n t s  t h e
t o t a l  p r e s s u r e  t o s s e s  in  t h e  m u d  c i r c u i t .

T h e s e  p r e s s u r e  l o s s e s  o c c u r :

1 )  I n  t h e  s u r f a c e  e q u i p m e n t .
2)  i n  t h e  d r i l l  p i p e s  a n d  d r i l l  c o l l a r s .
3 }  T h r o u g h  t h e  b i t .

4 )  I n  t h e  a n n u l u s  b e t w e e n  t h e  w e l l  b o r e  a n d  t h e  d r i l l  s t r i n g .

T h e  p r e s s u r e  l o s s  e q u a t i o n s  a r e  a  f u n c t i o n  o f :

( a )  T h e  r h e o l o g y  o f  t h e  f l u i d .
{ b )  T h e  t y p e  o f  f l o w  { l a m i n a r  o r  t u r b u l e n t ) .
( c )  T h e  p i p e  a n d  h o l e  g e o m e t r y .

T h e  e q u a t i o n s  g i v e n  b e l o w  a r e  u s e d  i n  d r i l l i n g  f o r :

( a )  A  N e w t o n i a n  f l u i d ,  a  B i n g h a m  f l u i d  a n d  O s t w a J d  f l u i d .
< t>) L a m i n a r  a n d  t u r b u l e n t  f l o w .
( c )  A  c y l i n d r i c a l  p i p e  a n d  a n n u l u s .



308

PRESSURE LOSS EQ UATIO NS

G  16

N E W T O N I A N  F L U ID  

In  d r i l l  s i r in g

«  L a m i n a r  f l o w :

T u r b u l e n t  f l o w

A n n u lu s

•  L a m i n a r  f l o w :

O L / j .

6 1 2 . 9 5 D 4

L d 0 6 Q ' s p 0 -2 

9 0 1 . 6 3 0 4 '8

Q L p .

4 0 8 . 6 3  ( D 0 +  £>,) ( D o  -  D p

T u r b u l e n t  f l o w :

L c f O S Q W ^ Q i

7 0 6 . 9 6  { D o  +  Q )1-8 ( D 0  -  D j 2
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P R E S S U R E  L O S S  E Q U A T I O N S  (c o n t in u e d )

B I N G H A M  F L U ID  

In  d r i l l  s t r in g

»  L a m i n a r  f l o w :

L Q f ip  r 0L
P  6 1 2 . 9 5  D A 1 3 . 2 6  D

e  T u r b u l e n t  f l o w :

L d M Q ' s n p 0 2

P  9 0 1 . 6 3 D '18

A n n u lu s

e  L a m i n a r  f l o w :

____________ L O ftp____________  +  ______ t 0L

P  ”  4 0 8 . 6 3  ( D 0 +  D b { D 0  -  £>,)3 1 3 . 2 6  ( D 0  ~  D ,)

«  T u r b u l e n t  f l o w :

L d 0 8 O 1V p 0 '2
P  ' ------------------—

7 0 6 . 9 6  ( D 0 +  D ,)18 < D 0 -  D f

309
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P R E S S U R E  L O S S  E Q U A T I O N S  (c o n t in u e d )

O S T W A L D  F L U ID  

In  d r i l l  s t r in g

•  L a m i n a r  ( l o w :

K L

1 3 . 2 6  D

2 . 5 9  ( 3 n  +  1 )

D s  ®  n

•  T u r b u l e n t  f l o w :

( l o g  n  4 -  2 . 5 )  < S Q Z L  

5 8 6 . 9 4  D s

,  . 2 . 5 9  3 n  +  1
D 4 K | —  O  --------------------------

D 3 n

1 8 . 0 7  Q 2 d

A n n u lu s

•  L a m i n a r  f l o w :

K L

1 3 . 2 6 { D 0  -  D j)

5 . 1 8 0

( O 0 +  D i )  ( D 0  -  D ;)2

•  T u r b u l e n t  ? f o w :

( l o g / ?  +  2 . 5 )  d Q 2 L

4 7 9 . 2 3 ( D 0  +  D ,)2 ( D 0  -  D ;)3

( D 0  +  D - s H D o  -  D j)2 K
5 . 1 8  Q 2  n  +  1

_ { D q +  D j ) ( D o -  D , ) 2 \  n  

2 2 . 1 3  Q 2 t f

1.4 -  lo g  n
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PRESSU RE DROP IN O R IFICES

d Q ‘

2959.41 C 2A 2

w h e r e :

p  =  p r e s s u r e  d r o p  ( k P a )  

d  =  s p e c i f i c  g r a v i t y  ( k g / l )  
Q  -  f l o w  r a t e  ( l / m i n )
A  —  t o t a l  n o z z l e  a r e a  ( i n 2 ) 
C  =  o r i f i c e  c o e f l i c i e n t

C :  0 . 8 0  f o r  n o n - j e t  b i )  
C :  0 . 9 5  f o r  j e t  b i t

E x a m p l e .

d  =  1 . 1 5  k g / l  
0  =  1 5 0 0  l / m i n

2  n o z z l e s  s i z e  1 2 / 3 2  in  
f  n o r z i e  s i z e  1 3 / 3 2  in

1 .1 5  x  ( 1 5 0 0 ) 2

2 9 5 9 . 4 1  x  ( 0 . 9 5 ) ;
1 2 2 4 -  1 2 2 4 -  1 3 2 

3 2 2

W i t h  t a b l e  G  4 9  : a t  1 5 0 0  l / m i n

p a  =  6 8 5 7  k P a  f o r  d  =  1

p  =  6 8 5 7  x  1 .1 5  =  7 8 8 5  k P a

7 8 8 5  k P a



C A LC U LA TIO N  OF THE B IT  N O ZZLE  VELO C ITY

312 G  20

Q
38.71 A

V  ~  v e l o c i t y  ( m / s )

Q = =  f l o w  r a t e { l / m i n )

A  =  t o t a l  n o z z l e  a r e a  ( i n 2 )

O r d e r  o f  m a g n i t u d e :  t O O m / s  <  V  <  1 2 0  m / s

CA LC ULA TIO N OF THE HYDRAULIC  
POW ER AT THE B IT  NO ZZLE S  : Ph

P n  ( k W )  =  — — —  p a  =  p r e s s u r e  d r o p  i n  n o z z l e s  ( k P a )
6 0  000

P n Q
P n ( h p )  =  --------------  O  —  f l o w  r a t e  ( l / m i n )

4 4  7 5 0

HYD RA ULIC  PRESSURE AT B IT  IN RELATIO N  
TO B IT  AREA : P hHSl

D  =  h o l e  s i z e  ( i n )

P n n s i  =  p o w e r  ( h p / i n 2 )

P d Q

3 5 1 4 0 D 2

O r d e r  o f  m a g n i t u d e : 2  h p / i n 2 <  P „ H S / <  5  h p / i n 2
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PRESSU RE LO SS C A LC ULA TIO N

313

T h e  t a b l e s  b e l o w  c a n  b e  u s e d  t o  c a l c u l a t e  t h e  p r e s s u r e  l o s s  o f  a  f l u i d  c i r c u l a t i n g  in  
a  d r i l l i n g  i n s t a l l a t i o n .

T h e  f l u i d  i s  a s s u m e d  t o  b e  a  B in g h a m  flu id  i n  tu rb u le n t f l o w .  T h e  e q u a t i o n s  u s e d  
a r e  t h o s e  i n  p a g e  3 0 9  ( G  1 7 )  o f  t h e  D r i l l i n g  D a t a  H a n d b o o k .  T h e  p r e s s u r e  l o s s e s  h a v e  
t h e  f o r m  :

w i t h

N B

L Q ' *
N  ~  ------------------------—  ( i n  d r i l l  s t r i n g )

9 0 1 . 6 3  D * 6

L Q i S
( a n n u l u s )

7 0 6 . 9 6  ( D 0  +  D ,):'8 { D o  -  D ,)3 

( T h e  t a b l e s  a r e  c a l c u l a t e d  w i t h  L  =  1 0 0  m )

Im p o r t a n t :  N o te  th a t  th e  c o e f f ic ie n ts  N  r e p r e s e n t  p r e s s u r e  fo s s e s  fo r  p u r e  
w a te r

T o  c a l c u l a t e  t h e  p r e s s u r e  l o s s e s  i n  a  c i r c u i t :

a )  F in d  i n  p a g e s  3 1 5  t o  3 2 1  t h e  c oeffic ien t B  c o r r e s p o n d i n g  t o  S h e  c i r c u l a t i n g  m u d

b )  N o te  t h e  le n g th s  o f  t h e  d i f f e r e n t  s e c t i o n s  o f  i d e n t i c a l  g e o m e t r y  i n  h u n d r e d s  o f  
m e t e r s  ( d r i l l  p i p e  i n t e r i o r ,  d r i l l  c o l l a r  i n t e r i o r ,  h o l e / d r i l l  c o l l a r  a n n u l u s ,  h o l e / d r i l l  p i p e  

a n n u l u s ) .
c )  F in d  i n  p a g e s  3 2 2  t o  3 5 9 ,  t h e  c o r r e s p o n d i n g  c oeffic ien ts  A/,, <V2, N 3, a n d  N$.
d )  C a lc u la te  t h e  p re s s u re  d ro p s  i n  t h e  n o z z le s .

Ptoai =  ( « i  +  * -2 « 2 +  +  L AN 4 +  L 5N 5) B  +  Pdd

w h e r e :

L 2 , L z ...... L 5 -  l e n g t h s  o f  t h e  d i f f e r e n t  s e c t i o n s  {100 m )
p r j  =  p r e s s u r e  d r o p  i n  n o z z l e s  f o r  r j  -  i  k g / l  ( k P a ) ,  p a g e s  3 3 9  t o  3 4 7  

d  =  s p e c i f i c  g r a v i t y  ( k g / l i t e r )

A / ,  =  p r e s s u r e  l o s s  c o e f f i c i e n t  i n  t h e  s u r f a c e  e q u i p m e n t  p a g e  3 2 2

N 2  -  p r e s s u r e  l o s s  c o e f f i c i e n t  i n  t h e  d r i l l  p i p e s  ( k P a / 100m ) ,  p a g e s  3 2 3  t o  3 3 6

N 3  =  p r e s s u r e  l o s s  c o e f f i c i e n t  i n  t h e  d r i l l  c o l l a r s  ( k P a / i O O m ) ,  p a g e s  3 3 7  a n d  3 3 8

=  p r e s s u r e  l o s s  c o e f f i c i e n t  i n  h o l e / d r i l l  c o l l a r  a n n u l u s  ( k P a / i O O m ) ,  p a g e s  3 5 1  t o
3 5 5

A/5 =  p r e s s u r e  t o s s  c o e f f i c i e n t  i n  h o l e / d r i l l  p i p e  a n n u l u s  ( k P a / 1 0 0 m ) .  p a g e s  3 5 6  t o  
3 5 9

......... “ "I
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C a lc u la t io n  e x a m p le

8 1 / 2  i n c h  h o l e  a t  a  d e p t h  o f  2 3 0 0  m .  T h e  m u d  s p e c i f i c  g r a v i t y  d =  1 . 1 5  a n d  i t s  
p l a s t i c  v i s c o s i t y  y .p  -  2 2  c P .  T h e  d r i l l i n g  f l o w  r a t e  Q  =  1 5 0 0  l / m i n .  T h e  s u r f a c e  e q u i p m e n t  
i s  N o .  3 .

T h e  d r i l l  s t r i n g  c o n s i s t s  o f :

( a )  1 7 0  m  o f  6 3 / 4  x  2 1 3 / 1 6  in  d r i l l  c o l l a r s .
( b )  2  1 3 0  m  o f  5  i n c h ,  1 9 . 5 0  -  E  -  N C 5 0  d r i l l  p i p e s .

T h e  b i t  i s  e q u i p p e d  w i t h  a  c o m b i n a t i o n  o f  n o z z l e s :  1 1 / 1 1 / 1 2 .

I. C o e f f i c i e n t  B  -  2.08 ( p a g e  3 1 5 ) .

1 )  S u r f a c e  e q u i p m e n t  ( p a g e  3 2 2 ) N 1 =  95

2 )  I n  d r i l l  p i p e s  ( p a g e  3 3 2 ) n 2 =  57

3 )  I n  d r i l l  c o l l a r s  { p a g e  3 3 7 ) * 3 =  404

4) I n  n o z z l e s  ( p a g e  3 3 9 ) P a  1=  9611 kPa

5 )  H o l e / p i p e  a n n u l u s  ( p a g e  3 5 2 ) n 4 =  102

I I I.  D i s c h a r g e  p r e s s u r e  i n  n o r m a l  c i r c u l a t i o n  p r : 

p , =  ( A / ,  +  2 1 . 3  N 2  +  1 .7  W 3  +  1 .7  N a  +  2 1 . 3  N s )  B  +  p d d

=  ( 9 5  +  2 1 . 3  x  5 7  +  1 .7  x  4 0 4  +  1 .7  x  1 0 2  +  2 1 . 3  x  1 9 )  2 . 0 8  +  9 6 1 1  x  1.15 
=  16 407 kP a
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TA BLE OF C O E FFIC IE N T S  N, 
C alcu la tio n  of p ressu re  losses  

in surface  equ ip m ent
/ ^ s u r la e e  e q u i p m e n t  ^ 1 B  (kPa)

S ta n d  p i p e ...............................

C a s e  1 C a s e  2 C a s e  3 C a s e  4

3 "  -  4 0 ' 3  1 /2 ' ' -  4 0 ' 4 "  -  4 5 ' 4 “  -  4 5 '

D r i l l in g  h o s e ........................... 2 "  -  4 5 ' 2  1 /2 "  -  5 5 ' 3 *  -  5 5 ' 3 "  -  5 5 ’

K e l l y ................................................ 2  1 /4 “  - 4 0 ' 3  1 /4 "  - 4 0 ' 3  1 /4 “  - 4 0 ’ 4 "  -  4 0 '

S w iv e l ................. .......................... 2 "  - 4 ' 2 1 / 2 "  - 5 ' 2  1 / 2 "  -  5 ' 3 "  - 6 '

Q
(l/mln)

Case 1 Cass 2 Case 3 Case 4
Q

(l/mln)
Case 1 Case 2 Case 3 Case 4

500 6 3 24 13 10 2250 9 5 0 3 5 7 1 98 154
550 75 2 8 16 12 2300 9 8 9 371 2 0 6 161
600 8 8 3 3 18 14 2350 1 0 2 8 3 8 6 21 4 1 67
650 10 2 3 8 21 17 2400 1 0 6 8 401 2 2 2 1 73
700 11 6 44 24 19 2450 1 1 0 8 4 1 6 231 1 80
750 13 2 4 9 27 21 2500 1 1 4 9 431 2 3 9 1 87
800 14 8 5 5 31 2 4 2550 1191 4 4 7 2 4 8 1 93
850 16 5 6 2 3 4 2 7 2600 1 2 3 3 4 6 3 25 7 2 0 0
900 18 3 6 9 3 8 3 0 2650 1 2 7 6 4 7 9 2 6 5 2 0 7
950 201 76 42 3 3 2700 1 3 2 0 4 9 5 2 7 5 2 1 4

1000 221 8 3 4 6 3 6 2750 1 3 6 4 5 1 2 2 8 4 221
1050 241 9 0 5 0 3 9 2800 1 4 0 9 5 2 9 2 9 3 2 2 9
1100 2 6 2 9 8 5 5 4 3 2850 1 4 5 4 5 4 6 3 0 3 2 3 6
1150 2 8 4 1 07 5 9 4 6 2900 1501 5 6 3 3 1 2 2 4 4
1200 3 0 7 1 15 64 5 0 2950 1 5 4 8 581 3 2 2 251
1250 3 3 0 1 2 4 6 9 54 3000 1 5 9 5 5 9 9 3 3 2 2 5 9
1300 3 5 4 1 33 74 57 3050 1 6 4 3 6 1 7 3 4 2 2 6 7
1350 3 7 9 1 42 7 9 62 3100 1 6 9 2 6 3 5 3 5 2 2 7 5
1400 4 0 5 1 52 84 6 6 3150 1 7 4 2 6 5 3 3 6 2 2 8 3
1450 4 31 1 62 9 0 7 0 3200 1 7 9 2 6 7 2 3 7 3 291
1500 4 5 8 1 72 9 5 74 3250 1 8 4 2 691 3 8 3 2 9 9
1550 4 8 6 1 82 101 79 3300 1 8 9 4 711 3 9 4 3 0 7
1600 5 1 5 1 93 107 84 3350 1 9 4 6 7 3 0 4 0 5 3 1 6
1650 5 4 4 2 0 4 1 13 8 8 3400 1 9 9 8 7 5 0 4 1 6 3 2 4
1700 5 7 4 2 1 5 1 1 9 93 3450 2 0 5 1 7 7 0 4 2 7 3 3 3
1750 6 0 5 2 2 7 1 26 9 8 3500 2 1 0 5 7 9 0 4 3 8 3 4 2
1800 6 3 6 2 3 9 1 32 1 03 3550 2 1 6 0 8 1 0 4 4 9 351
1850 6 6 8 251 1 39 1 08 3600 2 2 1 5 8 31 461 3 6 0
1900 701 2 6 3 1 46 1 14 3650 2 2 7 0 8 5 2 4 7 2 3 6 9
1950 7 3 5 2 7 6 1 53 1 19 3700 2 3 2 7 8 7 3 4 8 4 3 7 8
2000 7 6 9 2 8 8 1 60 1 25 3750 2 3 8 4 8 9 4 4 9 6 3 8 7
2050 8 0 4 3 0 2 1 67 1 30 3800 2 4 4 1 9 1 6 5 0 8 3 9 6
2100 8 3 9 3 1 5 1 75 1 36 3850 2 4 9 9 9 3 8 5 2 0 4 0 6
2150 8 7 6 3 2 9 1 82 1 42 3900 2 5 5 8 9 6 0 5 3 2 4 1 5
2200 9 1 3 3 4 2 1 90 1 48 3950

4000
2 6 1 7
2 6 7 7

9 8 2
1 0 0 5

5 4 5
5 5 7

4 2 5
4 3 5

l/m in  x  0.264 =  g a l/m in
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RELATIONSHIP BETW EEN MUD WEIGHT 
AND PRESSURE HEAD OF MUD

Mud weight Fluid head

(kg/l) (lb /g a l) (tb/ft3) (psi/ft) (fePa/m)

0 .9 0 7.51 5 6 .2 0 .3 9 0 2 8 .8 3
0 .9 2 7 .6 8 57 .4 0 .3 9 8 8 9 .0 3
0 .9 4 7 .8 4 58 .7 0 .4 0 7 5 9 .2 2
0 .9 6 8.01 5 9 .9 0 .4 1 6 2 9 .4 2

0 .9 8 8 .1 8 6 1 .2 0 .4 2 4 8 9.61
1 .00 6 .3 5 6 2 .4 0 .4 3 3 5 9.81
1.02 8.51 63.7. 0 .4 4 2 2 10.01
1 .0 4 8 .6 8 6 4 .9 0 .4 5 0 9 1 0 .2 0
1 .06 8 .8 5 6 6 .2 0 .4 5 9 5 1 0 .4 0
1 .08 9.01 6 7 .4 0 .4 6 8 2 1 0 .5 9
1 .10 9 .1 8 6 8 .7 0 .4 7 6 9 1 0 .7 9
1 ,12 9 .3 5 6 9 .9 0 .4 8 5 5 1 0 .9 9
1 .14 9.51 7 1 .2 0 .4 9 4 2 1 1 .1 8
1 .16 9 .6 8 7 2 .4 0 .5 0 2 9 1 1 .3 8
1 .1 8 9 .8 5 7 3 .7 0 .5 1 1 6 1 1 .5 8
1 .20 10.01 7 4 .9 0 .5 2 0 2 11 .7 7

1 .22 1 0 .1 8 7 6 .2 0 .5 2 8 9 1 1 .9 7

1 .24 1 0 .3 5 77 .4 0 .5 3 7 6 1 2 .1 6
1 .2 6 10.51 7 8 .7 0 .5 4 6 2 1 2 .3 6

1.28 1 0 .6 8 7 9 .9 0 .5 5 4 9 1 2 .5 6
1 .30 1 0 .8 5 8 1 .2 0 .5 6 3 6 1 2 .7 5
1 .34 11 .1 8 8 3 .7 0 .5 8 0 9 13 .1 5
1 .38 11 .5 2 86.1 0 .5 9 8 3 13 .5 4
1 .42 1 1 .8 5 8 8 .6 0 .6 1 5 6 1 3 .9 3
1 .4 6 1 2 .1 8 91.1 0 .6 3 2 9 14 .3 2
1.50 12 .5 2 9 3 .6 0 .6 5 0 3 1 4 .7 2
1.54 12 .8 5 96.1 0 .6 6 7 6 15.11
1 .58 1 3 .1 9 9 8 .6 0 .6 8 5 0 1 5 .5 0
1 .62 1 3 .5 2 101.1 0 .7 0 2 3 1 5 .8 9
1.66 13 .8 5 1 0 3 .6 0 .7 1 9 6 1 6 .2 8
1.70 1 4 .1 9 106.1 0 .7 3 7 0 1 6 .6 8
1.74 1 4 .5 2 1 0 8 .6 0 .7 5 4 3 1 7 .0 7

1 .7 8 1 4 .8 5 111.1 0 .7 7 1 7 1 7 .4 6
1 .82 15 .1 9 11 3.6 0 .7 8 9 0 1 7 .8 5
1.86 15 .5 2 116.1 0 .8 0 6 3 1 8 .2 5

1.90 1 5 .8 6 1 1 8 .6 0 .8 2 3 7 1 8 .6 4
1.94 1 6 .1 9 121.1 0 .8 4 1 0 1 9 .0 3

1 .98 1 6 .5 2 1 2 3 .6 0 .8 5 8 4 1 9 .4 2

2 .0 2 16 .8 6 126.1 0 .8 7 5 7 1 9 .8 2

2 .0 6 1 7 .1 9 1 2 8 .6 0 .8 9 3 0 20 .2 1
2 .1 0 17 .5 2 131.1 0 .9 1 0 4 2 0 .6 0
2 .1 4 1 7 .8 6 1 3 3 .6 0 .9 2 7 7 2 0 .9 9
2 .1 8 1 8 .1 9 136.1 0 .94 5 1 2 1 .3 9
2 .2 2 18 .5 3 1 3 8 .6 0 .9 6 2 4 2 1 .7 8
2 .2 6 1 8 .8 6 141.1 0 .9 7 9 8 2 2 .1 7

2 .3 0 1 9 .1 9 1 4 3 .6 0 .99 7 1 2 2 .5 6

Hydrostatic pressure

PH «  9.81 Zd

H h y d ro s ta t ic  p re s s u re  
(k P a )

Z  =  v e r t ic a l d e p th  (m ) 

d  =  m ud  w e ig h t (k g / l)

Conversion factors

T o

c o n v e r t

ir o m

in to
m u it ip ly

b y

kg/1 lb / g a l 8 .3 4 5 2

kg/l lb /ft3 6 2 .4 2 7

lb / g a l lb /ft3 7 .4 8 0 8 2

lb / g a l kg/l 0 .1 1 9 8 3

lb /ft3 kg/l 0 .0 1 6 0 1 9

ib / fl3 lb / g a l 0 .1 3 3 6 8

k P a / m p si/ft 0 .0 4 4 2 1 3

psi/ft k P a / m 2 2 .6 1 8
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374 H 6

FINAL VOLUME VF (IN LITERS) 
AFTER ADDING WEIGHTING MATERIAL  

OF SPECIFIC GRAVITY da TO 1 m3 OF MUD 
Ma weight of weighting material added (kg/m3)

d a

M a
2.75 2.70 2.65 2.60 2.55 2.50

50 1 0 1 8 1 0 1 9 1019 1 0 1 9 1 0 2 0 1 0 2 0
100 1 0 3 6 10 3 7 1038 1 0 3 8 1 0 3 9 1 0 4 0
150 10 5 5 1 0 5 6 1057 1 0 5 8 10 5 9 1 0 6 0
200 10 7 3 10 7 4 1075 1 0 7 7 1 0 7 8 1 0 8 0
250 1091 1 0 9 3 1094 1 0 9 6 1 0 9 8 1 1 0 0
300 11 0 9 1111 1113 1 1 1 5 11 1 8 1 1 2 0
350 11 2 7 1 1 3 0 1132 1 1 3 5 1 1 3 7 1 1 4 0
400 1 1 4 5 1 1 4 8 1151 1 1 5 4 1 1 5 7 1 1 6 0
450 11 6 4 11 6 7 1170 11 7 3 11 7 6 1 1 8 0
500 11 8 2 11 8 5 1189 1 1 9 2 1 1 9 6 1 2 0 0
550 1 2 0 0 12 0 4 1208 1 2 1 2 12 1 6 1 2 2 0
600 1 2 1 8 12 2 2 1226 1231 12 3 5 1 2 4 0
650 12 3 6 1241 1245 1 2 5 0 1 2 5 5 1 2 6 0
700 12 5 5 12 5 9 1264 1 2 6 9 1 2 7 5 1 2 8 0
750 1 2 7 3 1 2 7 8 1283 1 2 8 8 1 2 9 4 1 3 0 0
800 1291 1 2 9 6 1302 1 3 0 8 1314 1 3 2 0
850 1 3 0 9 13 1 5 1321 1 3 2 7 1 3 3 3 1 3 4 0
900 1 3 2 7 1 3 3 3 1340 1 3 4 6 1 3 5 3 1 3 6 0
950 1 3 4 5 1 3 5 2 1358 1 3 6 5 1 3 7 3 1 3 8 0

1000 1 3 6 4 1 3 7 0 1377 1 3 8 5 1 3 9 2 1 4 0 0
1050 1 3 8 2 1 3 8 9 1396 1 4 0 4 1 4 1 2 1 4 2 0
1100 1 4 0 0 1 4 0 7 1415 1 4 2 3 1431 1 4 4 0
1150 1 4 1 8 1 4 2 6 1434 1 4 4 2 1451 1 4 6 0
1200 1 4 3 6 1 4 4 4 1453 1 4 6 2 1471 1 4 8 0
1250 1 4 5 5 1 4 6 3 1 4 7 2 1481 T 4 9 0 1 5 0 0
1300 1 4 7 3 1481 1491 1 5 0 0 1 5 1 0 1 5 2 0
1350 1 491 1 5 0 0 1509 1 5 1 9 1 5 2 9 1 5 4 0
1400 1 5 0 9 1 5 1 9 1528 1 5 3 8 1 5 4 9 15 6 0
1450 1 5 2 7 1 5 3 7 1547 1 5 5 8 1 5 6 9 15 8 0
1500 1 5 4 5 1 5 5 6 1566 15 7 7 1 5 8 8 1 6 0 0
1550 1 5 6 4 1 5 7 4 1585 1 5 9 6 1 6 0 8 1 6 2 0
1600 1 5 8 2 1 5 9 3 1604 16 1 5 1 6 2 7 16 4 0
1650 1 6 0 0 1611 1623 1 6 3 5 1 6 4 7 1 6 6 0
1700 1 6 1 8 1 6 3 0 1642 16 5 4 1 6 6 7 1 6 8 0
1750 1 6 3 6 1 6 4 8 1660 1 6 7 3 1 6 8 6 17 0 0
1800 1 6 5 5 1 6 6 7 1679 16 9 2 1 7 0 6 1 7 2 0
1850 1 6 7 3 1 6 8 5 1698 17 1 2 1 7 2 5 1 7 4 0
1900 1691 1 7 0 4 1717 1731 1 7 4 5 17 6 0
1950 1 7 0 9 1 7 2 2 1736 17 5 0 1 7 6 5 1 7 9 0
2000 1 7 2 7 1741 1755 17 6 9 1784 1 8 0 0

d a

M a
4.40 4.35 4.30 4.25 4.20 4.15

50 1011 1011 1 0 1 2 1 0 1 2 1012 1 0 1 2
100 1 0 2 3 1 0 2 3 1 0 2 3 1024 1024 1 0 2 4
150 1 0 3 4 1 0 3 4 1 0 3 5 1 0 3 5 1036 10 3 6
200 1 0 4 5 1 0 4 6 1 0 4 7 1 0 4 7 1048 1 0 4 8
250 1 0 5 7 1 0 5 7 1 0 5 8 1 0 5 9 1060 1 0 6 0
300 1 0 6 8 1 0 6 9 1 0 7 0 1071 1071 1 0 7 2
350 1 0 8 0 1 0 8 0 1081 1 0 8 2 1083 1 0 8 4
400 1091 10 9 2 1 0 9 3 1 0 9 4 1095 1 0 9 6
450 1 1 0 2 1 1 0 3 1 1 0 5 1 1 0 6 1107 1 1 0 8
500 1 1 1 4 1 1 1 5 1 1 1 6 1 1 1 8 1119 1 1 2 0
550 1 1 2 5 1 1 2 6 1 1 2 8 1 1 2 9 1131 1 1 3 3
600 1 1 3 6 1 1 3 8 1 1 4 0 1141 1143 1 1 4 5
650 1 1 4 8 1 1 4 9 1151 1 1 5 3 1155 1 1 5 7
700 1 1 5 9 1161 1 1 6 3 1 1 6 5 1167 1 1 6 9
750 1 1 7 0 11 7 2 1 174 1 1 7 6 1179 1181
800 1 1 8 2 1 1 8 4 1 1 8 6 1 1 8 8 1190 1 1 9 3
850 1 1 9 3 1 1 9 5 1 1 9 8 1 2 0 0 1202 1 2 0 5
900 1 2 0 5 1 2 0 7 1 2 0 9 1 2 1 2 1214 1 2 1 7
950 1 2 1 6 1 2 1 8 1221 12 2 4 1226 1 2 2 9

1000 12 2 7 1 2 3 0 1 2 3 3 1 2 3 5 1238 1241
1050 1 2 3 9 1241 1 2 4 4 1247 1250 1 2 5 3
1100 1 2 5 0 1 2 5 3 1 2 5 6 1 2 5 9 1262 1 2 6 5
1150 1261 12 6 4 1 2 6 7 1271 1274 1 2 7 7
1200 1 2 7 3 1 2 7 6 1 2 7 9 12 8 2 1286 1 2 8 9
1250 12 8 4 12 8 7 1291 12 9 4 1298 1301
1300 1 2 9 5 1 2 9 9 1 3 0 2 1 3 0 6 1310 1 3 1 3
1350 13 0 7 1 3 1 0 1 3 1 4 1 3 1 8 1321 1 3 2 5
1400 1 3 1 8 1 3 2 2 1 3 2 6 13 2 9 1333 1 3 3 7
1450 13 3 0 1 3 3 3 1 3 3 7 1341 1345 1 3 4 9
1500 1341 13 4 5 1 3 4 9 1 3 5 3 1357 1361
1550 13 5 2 1 3 5 6 1 3 6 0 1 3 6 5 1369 1 3 7 3
1600 1 3 6 4 1 3 6 8 1 3 7 2 1 3 7 6 1381 1 3 8 6
1650 1 3 7 5 13 7 9 1 3 8 4 1 3 8 8 1393 1 3 9 8
1700 13 8 6 1391 1 3 9 5 1 4 0 0 1405 1 4 1 0
1750 1 3 9 8 14 0 2 1 4 0 7 14 1 2 1417 1 4 2 2
1800 1 4 0 9 1 4 1 4 1 4 1 9 1 4 2 4 1429 1 4 3 4
1850 14 2 0 1 4 2 5 1 4 3 0 1 4 3 5 1440 1 4 4 6
1900 1 4 3 2 1 4 3 7 1 4 4 2 1 4 4 7 1452 1 4 5 8
1950 1 4 4 3 1 4 4 8 1 4 5 3 1 4 5 9 1464 1 4 7 0
2000 145S 1 4 6 0 1 4 6 5 1471 1476 1 4 8 2

I x  0 .0 0 6 2 9  =  b b l  k g  *  2 .2 0  =  lb

M a
V e  = V, 4- —

d B

Z f  =  f in a l v o lu m e  (I)
V/ — in i t ia l v o lu m e  =  1 0 00  1
M ’a =  w e ig h t  o f  w e ig h t in g  m a te r ia i (k g )
d a =  s p e c if ic  g ra v ity  o f w e ig h t in g  m a te r ia l
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EFFECT OF TEM PERATURE ON DENSITIES OF CALCIUM  
CHLORIDE  

AND SODIUM CHLORIDE SOLUTIONS  
(Field Data Handbook, Dowell Schlumberger)

As th e  te m p e ra tu re  o f th e  s o lu tio n  rises, th e  vo lum e increases w ith  a  resu lting  decrease 
in  density . T he  ch a n g e  in  density  o f these  so lu tio n s  ca n  be read ily  ca lcu la te d  by the 
fo rm u la  :

D e n s ity  c h a n g e  =  0.647 ( T ,  -  T 2) (k g /m 3)

f ,  =  in it ia l te m p e ra tu re  f C )
T 2 -  desired te m p e ra tu re '(°C )

E x a m p le  o f  a p p lic a t io n

For exam ple, if th e  ave rage  w ell tem p e ra tu re  is 80 °C, a n d  an  ave rage  so lu tio n  density  
o f 1 300 kg /m 3 is re q u ire d  a t 15*C .

D ensity ch a n g e  (kg /m 3) =  0.647 (80 -  -15)
=  42.06 kg /m 3

R equired s o lu tio n  density  a t 15 °C =  1 300 +  42.06
=  1342.06 kg /m 3 at 15 °C
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GRAIN SIZE CLASSIFICATION OF SOLIDS 
( 1 ^  =  0 . 0 0 0 0 0 1  m )

H 14

S o m e  e x a m p le s  o i s o l id  s iz e s  :

H um an h a i r ............................................... 30 to  200
P o l le n .......................................................... 10 <o 100
Pow dered  c e m e n t ...................................  3 to  100
F io u r ............................................................  1 to  80
T a lc ...............................................................  5 to  50
M ake -u p  p o w d e r .................................... 35

F r e n c h  d e f in it io n  f o r  c la s s if ic a tio n  o f s o l id s  :

( £ )

C oarse  s a n d ............................................ >  200
F ine s a n d .................................................  20 to  200
S il t ..................................................................  10 to  20
C oarse  c la y ...............................................  20 to  10
F ine c la y ....................................................  0.2 to  2
C o llo id a l c la y ............................................ < 0 . 2

A m e r ic a n  d e f in it io n  in  A P I  1 3 C  :

C o a rse .......................................................... >  2  000
In te rm e d ia te ............................................... 2 000 to  250
M e d iu m ....................................................... 250 to  74
F in e ...............................................................  74 to  44
U ltra  f in e ....................................................  44 to  2
C o lio id a l....................................................... < 2

In d rillin g , a n o th e r c la ss ifica tio n  has been a d o p te d  :

t e L
S a n d ............................................................  > 7 4
S il t ..................................................................  2  to  74
C o llo id .......................................................... <  2
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SHALE SHAKER SCREENS

383

M e s h / in

W ire  d ia m e te r W id th  o f  o p e n in g  y T

A P I
D e s ig n a t io n

(in ) (1 0  3 m m ) (in ) (1 0  3 m m )

A p p r o x i 
m a te  

o p e n  a re a  

( % )

8 ^ 8 0 .0 2 8 711 0 .0 9 7 2 4 6 4 6 0 .2 8 x 8  
{2 4 6 4  x  2 4 6 4 , 6 0 .2 )

10  x  10 0 .0 2 5 6 3 5 0 .0 7 5 1 9 0 5 5 6 .3 10 x  10  
(1 9 0 5  x  1 9 0 5 , 5 6 .3 )

12  * '  12 0 .0 2 3 5 8 4 0 .0 6 0 15 2 4 5 1 .8 1 2  x  12 
(1 5 2 4  x  1 5 2 4 , 5 1 .8 )

1 4  x  14 0 .0 2 0 5 0 8 0 .05 1 1 2 9 5 5 1 .0 14 x  14 
(1 2 9 5  x  1 2 9 5 , 5 1 .0 )

16  x  16 0 .0 1 8 4 5 7 0 .0 4 4 5 1 1 3 0 5 0 .7 1 6  x  1 6  
(1 1 3 0  x  1 1 3 0 , 5 0 .7 )

18  x  18 0 .0 1 8 4 5 7 0 .0 3 7 6 9 5 5 4 5 .8 1 8  x  18  
(9 5 5  x  9 5 5 , 4 5 .8 )

2 0  x  2 0 0 .0 1 7 4 3 2 0 .0 3 3 8 3 8 4 3 .6 2 0  x  2 0  
(8 3 8  x  8 3 8 , 4 3 .6 )

8  *  2 0 0 .0 3 2 /0 .0 2 0 8 1 3 /5 0 8 0 .0 9 3 /0 .0 3 0 2 3 6 2 /7 6 2 4 5 .7 8  x  20
(2 3 6 2  x  7 6 2 , 4 5 .7 )

2 0  x  3 0 0 .0 1 5 381 0 .0 3 5 /0 .0 1 8 3 8 8 9 /4 6 5 3 9 .5 2 0  x  3 0  
(8 8 9  x  4 6 5 , 3 9 .5 }

3 0  x  3 0 0 .0 1 2 3 0 5 0 .0 2 1 3 541 4 0 .8 3 0  x  3 0  
(5 4 1  x  5 4 1 , 4 0 .8 )

3 0  x  4 0 0 .0 1 0 2 5 4 0 .0 2 3 3 /0 .0 1 5 5 9 2 /3 8 1 42 .5
3 0  x  4 0  

(5 9 2  x  3 8 1 , 4 2 .5 )

4 0  x  3 6 0 .0 1 0 2 5 4 0 .0 1 5 /0 .0 1 7 8 3 8 1 /4 5 2 4 0 5 4 0  x  3 6  
(3 8 1  x  4 5 2 , 4 0 .5 )

4 0  x  4 0 0 .0 1 0 254 0 .0 1 5 381 3 6 .0 4 0  x  4 0  
(3 8 1  x  3 8 1 , 3 6 .0 )

5 0  x  4 0 0 .0 0 8 5 2 1 6 0 . 0 1 1 5 /
0 .0 1 6 5 2 9 2 /4 1 9 3 8 .3

5 0  x  4 0  
(2 9 2  x  4 1 9 , 3 8 .3 )

5 0  x  5 0 0 .0 0 9 2 2 9 0 .01 1 2 7 9 3 0 .3
5 0  x  5 0  

(2 7 9  x  2 7 9 , 3 0 .3 )

6 0  x  4 0 0 .0 0 9 2 2 9 0 .0 0 7 7 /0 .0 1 6 2 0 0 /4 0 6 31.1
6 0  x  4 0  

(2 0 0  x  4 0 6 , 3 1 .1 )

6 0  x  6 0 0 .0 0 7 5 191 0 .0 0 9 2 2 3 4 3 0 .5 6 0  x  6 0  
(2 3 4  x  2 3 4 , 3 0 .5 )

7 0  x  3 0 0 .0 0 7 5 191 0 .0 0 7 /0 .0 2 6 1 7 8 /6 6 0 4 0 .3 7 0  x  3 0  
(1 7 8  x  6 6 0 , 4 0 .3 )

8 0  x  8 0 0 .0 0 5 5 1 40 0 .0 0 7 178 3 1 .4 8 0  x  8 0  
(1 7 8  x  1 7 8 , 3 1 .4 )

1 0 0  x  1 00 0 .0 0 4 5 1 14 0 .0 0 5 5 140 3 0 .3 1 0 0  x  1 0 0  
(1 4 0  x  1 4 0 , 3 0 .3 )

1 2 0  x  1 20 0 .0 0 3 7 94 0 .0 0 4 6 117 3 0 .9 1 2 0  x  1 20  
(1 1 7  x  1 1 7 , 3 0 .9 )

. Q .

TT
F o r a  s q u a re  m esh

(o p e n  a re a }2
T  { % } (p itc h ) ;

i f
p 2 1 0 0
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SCREEN STANDARDS
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Fra n ce G e rm a n y
G ro at

Britain Italy US SR - U S A

A F N O R  
Association 

Fran?ais8 de 
Normalisation

Deutsche
Normen

British
Standards
Institution

U n iica -
zione

Kagans

T h e W S  
TY L E R  

Cleveland 
14 Ohio

American
Society tor 

Testing 
Materials

N F  X 
11-501 
1970

DIN 4  500 
1957

8S-410
1943

UN i-
2332
1943

CO ST-3584-53
1953

Th e  TY L E R  
Standard 

Screen 
Scale 
Sieves

AS TM  e 
11-61 
1961

Wentworth 
and 

J. Boucafd 
scale

' i  e

2 O
pe

ni
ng

(m
m

)

c  "S

8 s -

c

a -  %. 

Q

’1  &  
a  6  
O O

pe
ni

ng

(m
m

)
.1  1

O
pe

ni
ng

(r
um

!

e

I  I  
&

J S . 1  I

o

0 .0 4 0

0 .0 5 0

0 .063

17

18

19

0.04
0.045
0 .05
0 .0 5 6

0.063

0.044

0.053

0.064

350

300

240

0 .04

0 .05

0  063

0.040
0.045
0.050
0.056

0.063

0 04 
0045
0 05 
0056

0063

0 .038

0 .0 4 3

0 .0 5 3
0.061

40 0  +

32 5

270
250

0.037

0.044

0.053

0.063

400 

325 

2 7 0  +  

230

S ilt, loe ss 
62.5  to  4 p

0 .0 8 0

0 .100

0 .125

2 0

2 !

22

0 .0 7 !
0 .08

0 .09
0.1

0.125

0.076

0.009

0.104

0.124

200

170

150

120

0 .075
0 .08

0 .09
0.1
0 .106

0 .125

0.071
0.080

0.090
0.100

0.112
0.125
0.140

0071
0 0 8

0 09
01

0112
0125
0 14

0.074

0 .0 6 8

0 .104

0 .124

2 0 0  +  

170 +

150 +  

115

0.074

0.088

0.105

0 1 2 5

20 0  +  

170

140 +  

120

V e ry  fin e  s a n d  
125 to  62.5  n

0 .1 6 0

0 .200

0 .250

2 3

24

2 5

0 .16

0.2

0 .25

0.152

0.178

0.211

0.251

100

85

72

60

0 .15
0 .16
0 .18
0.2
0 .212

0 .2 5

0.160
0.180
0.200

0.224
0.250
0.280

0 16
0 1 8
02

0224
0 2 5
0 26

0 .147

0.S7S

0 .2 0 8

0 .246

100 +  

8 0  +  

6 5  +  

60

0.149

0.177

0.210

0.250

100 +  

8 0  

70 

6 0  +

F in e  s a n d  
2 5 0  to  125 ft

0 .315

0.40

0.50

2 6

27

?R

0.315

0.4

0.5

0.295

0.353

0.422
0.500

5 2

44

36
30

0.3
0 .315
0 .355
0.4
0 .425
0.5

0.355
0.400
0.450
0.500

0355
04 
04S
05

0 .2 9 5

0.351

0 .417
0 .495

4 8  +

42

3 5  +  
32

0.297

0.354

0.420
0.500

5 0  +

45

4 0  +  
35

M e d iu m  s a n d  
0 .5  to  0.2S m m

0.63

0.80

1.00

2 9

3 0  

11

0 .63

0.8

1

0.599

0.699

0.853

1.003

25

22

18

16

0.6
0.63
0.71
0.75
0.8
0.65

1

0.560
0.630
0.700

0.800

0.900
1.00

0 5 6
0 6 3
07

08

09
1

0 .569

0.701

0 .833
0.991

2 8  +  

24

2 0  +  
16

0.595

0.707

0 .8 4 !

1.00

3 0  +  

25

2 0  +  

18

C o a rs e  s a n d  
1 to  0 .5  m m

1.25

1.60

2.00

3 2

33

34

1.25

1.6

2

1.204

1.405

1.676
2.057

14

12

10
8

1.18
1.25
1.4
1.6
1.7

2

1.25

1.60

2 .00

1.25

1.6

2

1.168

1.397

1.651
1.981

14 +

12

10 +  
9

1.19

1.41

1.66
2.00

16

14

12 +  
10

V e ry  c o a rs e  s a n d  
2  to  1 mm

2.50

3 .1 5

4.00

5.00

35

36

37

38

2.5

3.15

4

5

2.411

2.812

3.353

?

6

5

2.36
2.5
2.8

3.15
3.35
4

2 .50 2.5
2 .362

2.794

3 .327
3 .9 6 2
4 .699

5 .613

8  +

7

6  +  
5

+

312

2.38

2 .8 3

3.36
4.00
4 .7 6

5.66

8

7

6  +
5
4

312

G ra n u la te d  
m a te ria l 

2  to  4  m m

m m  x  0 .0 3 9 4  -  in
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AIR/GAS FLOW RATE REQUIRED FOR DRILLING 
Data for calculating approximate circulation rates required to 
produce a minimum annular velocity which is equivalent in 

lifting power to a standard air velocity 
of 914 m/mtn (3000 ft/h)

Q  -  ( lo w  ra ts  re q u ire d  (m 3/m in )
Q0  =  in it ia l f lo w  ra le  (m 3/m in )  ( ta b le s )
N  -  ( ta b le s )
H  =  d e p th  (1 0 0  m ) (3 3 0  ft)

Hole

size

Drill

pipe

size

Air G a s  a  -  0.60

Values of N values ol (V

(m) (m m ) (m! (m m )

Rale of penetralion 

jm/h)

Rale o i penelralion 

(m  iny

10 20 30 50 20 30

17 1/2 445 6  5/8 !6 8 119.18 0.764 1.250 1.719 2 .5 6 0 153.87 0.616 1.243 1 8 2 ! 2.35?
5  1/2 140 125.38 0.741 1.216 1.667 2.085 181.86 0.574 1.158 1.711 2 .263
4 1/2 ! !4 129.92 0.725 1.184 1.614 2 .020 167.75 0.539 1.096 ! .619 2.124

15 3 8 ! 6  5/8 168 82.26 0.666 1.074 1.470 1.833 108.22 0.596 1.142 1.635 2.038
5  1/2 140 91.01 0.638 1.027 1.389 1.742 114.20 0.544 1.043 1.507 1.938
4 1/2 114 93.02 0.613 0 .9 8 9 1.335 1.669 120.09 0.502 0.983 1.411 1.829

12 1/4 311 6  5/8 168 48.14 0.579 0.940 1.258 1.559 62.13 0.585 1.082 1.509 1.910
5  !/2 140 54.31 0.S 38 0 .8 6 ! 1.151 1.423 70.14 0.523 0.942 1.332 1.662
4 !/2 114 58.87 0.514 0.801 1.074 1.321 78.08 0.472 0.853 i .20? ! .540

11 279 6  5/8 168 35.03 0.563 0 .906 1.201 1.467 45.22 0.599 1.075 1.472 1.837

S !/2 140 41.23 0.509 0 .803 1.066 1.3 ! 2 53.24 0.516 0.940 1.258 1.594
4  1/2 114 45.76 0.470 0 .737 0.977 1.208 59.10 0.465 0.814 1.126 1 431

9  7/8 251 5  S/2 140 30.55 0 .4 9 2 0 .769 1.007 5.229 39.45 0.524 0.912 1.239 1.530

5 127 32.93 0.4 6 ? 0 .723 0.952 ! .164 42.53 0.486 0.846 1.156 1.434

4 1/2 114 35.11 0.444 0 .885 0.902 3.105 45.31 0.453 0.785 1.074 1.346
9 229 5 127 25.43 0.456 0 .6 9 ? 0.911 ! .096 32.85 0.492 0.836 1.119 1.372

4 1/2 114 27.81 0.428 0 .653 0 .8 5 3 ! .042 35.82 0.455 0.769 1.047 1.281
3  1/2 89 31.23 0.386 0 .582 0 .764 0 .926 40.32 0.390 0.666 0.907 1.118

8  3/4 222 5 127 23.43 0.455 0 .696 0 .897 1.084 30.24 0.497 0.835 1.113 1 380
4  1/2 114 25.57 0.427 0 .650 0 .8 4 3 1.018 33.02 0.456 0.768 1.062 1.266
3  1/2 89 29.22 0.379 0 .572 0 .7 4 6 0 .905 37.72 0.388 0 .6 5 8 0 .893 1.112

7 7/8 200 4 1/2 ! 1 4 18.97 0.415 0 .620 0 .795 0 .952 24.49 0.465 0 .7 5 6 1.004 1.21!
3 1 / 2 89 22.60 0.364 0 .540 0 .7 0 0 0.8*52 29.19 0.386 0.636 0.850 1.039

7 3/8 !8 ? 3  1/2 89 19.14 0 .3 5 8 0.524 0 .669 0 .802 24.72 0.366 0 .624 0 .827 1.014

6  3/4 171 3  1/2 89 15.15 0 .347 0 .503 0.634 0 .753 19.54 0.3B6 0 .6 ! ! 0.794 0.962
6  1/4 1S9 3  1/2 89 12.18 0 .344 0 .488 0 .613 0.721 15.72 0 .3 9 0 0 .602 0.742 0 .9 !?

2  7/8 73 13.99 0 .3 0 5 0 .438 0 .450 0 .652 18.07 0 .344 0 .532 0.687 0.824
4 3/4 121 2  7/8 73 6.48 0 .294 0.391 0 .472 0 .540 8.38 0 .344 0 .487 0.599 0.691

2  3/8 60 7.67 0 .2 5 8 0 .352 0 .427 0 .493 9.91 0 .300 0 .432 0.538 0 .628

m ^/m in  * 3 5 .3  »  c u .ll/ m in  m /h x  3 .2 S  -  fl/h

E x a m p le : 8 3/4 in  h o le , 5  in  d r i l l  p ip e s , d e p th  7 9 0 0  ft

VA  =  1 0  m /h  

Q  =  2 3 .4 3  +  2 4  x  0 .6 9 6  =  4 0 .1 3  m 3/m in

S o u r c e :  R R  A n g e l,  P h ill ip s  P e tro le u m  C o ., A IM E  P a p e r  8 7 3  -  6 ,  A IM E  P e tro le u m  T ra n s a c tio n s .  
v o l. 2 1 0 , 1957.

Q  =  0 0  +  ( N H )
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GENERAL DATA UNITS 
COMMONLY USED IN CEMENTING

P a c k a g in g

>94 ib
1 sa c k  o f cem en t (U SA)....................................................... > 42 64 kg

(  1 cu .ftC em ent vo lu m e  in one  s a c k  o f 94 ! b .........................

(H ence a s ilo  o f x  ft3 co n ta in s  x  sacks)

Net w e ig h t o f-o n e  50 kg sa ck  o f cem ent (F rance)

C em ent vo lu m e  in one  50 kg sack.

{  28.32 liters

49.5 kg 
109 Ib 
32.89 liters 
1.16 cu.ft

W e ig h t

I  2  000 lb

1 sh o rt to n  -  j 2?72g9s a c k s o { 9 4 lb
\  18.33 sa cks  o f 50 kg 
(  2  205 Ib

< , . , )  23.45 sa cks  o f 94 ib
m etric  to n  =  i  1,10 sh tn

\  0.984 lo n g  ton
(  2 240 Ib

. , ,  )  1 016 kg1 iong ,on J 23.83 sa cks  o f 94 Ib
\  20.53 sa cks  o f 50 kg

V o lu m e

1 c u b ic  fo o t =  28.32 liters
1 US g a llo n  =  3.785 liters
1 ba rre t =  0.159 m3
1 b a rre l =  5.61 cu.ft

D e n s ity

1 k g /l =  8.345 ib /g a l
1 k g /l =  62.428 fb /cu .ft
1 Ib /g a l =  0.1198 kg /l
1 Ib /g a l =  7.48 Ib /cu .f!
1 Ib /cu .f! =  0.01602 kg /l
1 Ib /cu .ft =  0.1337 Ib /g a l

C e m e n t  s p e c if ic  g r a v it y

True  d e n s ity  o f po w de re d  c e m e n t................................. 3.15
A p p a re n t density  o f p o w dered  ce m e n t.........................1.5
T rue  vo lu m e  o cc u p ie d  by 1 kg o f pow dered
cem ent ( l i t e r s ) .......................................................................... 0.3175
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CORRELATION BETWEEN SACKS AND TONS OF CEM ENT  
94 lb sacks 50 kg sacks

S a c k s
M e tr ic  
to n n e s  
2 2 0 5  lb  
10 0 0  k g

S h o r t 
to n s  

2 0 0 0  lb  
907  kg

L o n g  
to n s  

2 2 4 0  lb  
1 0 1 6  kg

1 00 4 .2 6 4 .7 0 4 .2 0
1 2 0 5.11 5 .6 4 5 .0 4
1 4 0 5 .9 6 6 .5 8 5 .8 8
16 0 6 .8 2 7 .5 2 6 .7 2
18 0 7 .6 7 8 .4 6 7 .5 6
2 0 0 8 .5 3 9 .4 0 8 .3 9
2 2 0 9 .3 7 1 0 .3 4 9 .2 4
2 4 0 10 .2 2 1 1 .2 8 1 0 .0 8
2 6 0 11 .0 7 1 2 .2 2 1 0 .9 2
2 8 0 11 .9 3 1 3 .1 6 1 1 .7 6
3 0 0 1 2 .7 9 1 4 .1 0 1 2 .5 9
3 2 0 13 .6 3 1 5 .0 4 1 3 .4 4
3 4 0 14 .4 8 1 5 .9 8 1 4 .2 8
3 6 0 15 .3 4 1 6 .9 2 1 5 .1 2
3 8 0 1 6 .1 9 1 7 .8 6 1 5 .9 6
4 0 0 1 7 .0 5 1 8 .8 0 1 6 .7 9
4 2 0 1 7 .8 9 1 9 .7 4 1 7 .6 4
4 4 0 1 8 .7 4 2 0 .6 8 1 8 .4 8
4 6 0 1 9 .6 0 2 1 .6 2 1 9 .3 2
4 8 0 2 0 .4 5 2 2 .5 6 2 0 .1 6
5 0 0 2 1 .3 2 2 3 .5 0 2 0 .9 8
5 2 0 2 2 .1 5 2 4 .4 4 2 1 .8 4
5 4 0 2 3 .0 0 2 5 .3 8 2 2 .6 8
5 6 0 2 3 .8 6 2 6 .3 2 2 3 .5 2
5 8 0 2 4 .7 1 2 7 .2 6 2 4 .3 6
6 0 0 2 5 .5 8 2 8 .2 1 2 5 .1 8
6 2 0 2 6 .4 1 2 9 .1 4 2 6 .0 4
6 4 0 2 7 .2 6 3 0 .0 8 2 6 .8 8
6 6 0 2 8 .1 2 3 1 .0 2 2 7 .7 2
6 8 0 2 8 .9 7 3 1 .9 6 2 8 .5 6
7 0 0 2 9 .8 5 3 2 .9 0 2 9 .3 8
7 2 0 3 0 .6 7 3 3 .8 4 3 0 .2 4
7 4 0 3 1 .5 2 3 4 .7 8 3 1 .0 8
7 6 0 3 2 .3 8 3 5 .7 2 3 1 .9 2
7 8 0 3 3 .2 3 3 6 .6 6 3 2 .7 6
8 0 0 3 4 .1 1 3 7 .6 1 3 3 .5 7
8 2 0 3 4 .9 3 3 8 .5 4 3 4 .4 4
8 4 0 3 5 .7 8 3 9 .4 8 3 5 .2 8
8 6 0 3 6 .6 4 4 0 .4 2 3 6 .1 2
8 8 0 3 7 .4 9 4 1 .3 6 3 6 .9 6
9 0 0 3 8 .3 7 4 2 .3 1 3 7 .7 7
9 2 0 3 9 .1 9 4 3 .2 4 3 8 .6 4
9 4 0 4 0 .0 4 4 4 .1 8 3 9 .4 8
9 6 0 4 0 .9 0 4 5 .1 2 4 0 .3 2
9 8 0 4 1 .7 5 4 6 .0 6 4 1 .1 6

S a c k s
M e tr ic  
to n n e s  
2 2 0 5  lb  
1000 k g

S f io r t  
to n s  

2 0 0 0 1 b  
9 07  kg

L o n g  
to n s  

2 2 4 0  lb  
1 0 1 6  k g

10 0 4 .9 5 5 .4 5 4 .8 7
12 0 5 .9 4 6 .5 3 5 .8 4
1 4 0 6 .9 3 7 .6 2 6 .8 2
1 6 0 7 .9 2 8.71 7 .7 9
1 8 0 8.91 9 .8 0 8 .7 6
2 0 0 9 .9 0 1 0 .8 9 9 .7 4
2 2 0 1 0 .8 9 1 1 .9 8 1 0 .7 2
2 4 0 1 1 .8 8 13 .0 7 1 1 .6 9
2 6 0 1 2 .8 7 1 4 .1 6 1 2 .6 6
2 8 0 1 3 .8 6 1 5 .2 5 1 3 .6 4
3 0 0 1 4 .8 5 16 .3 4 1 4 .6 2
3 2 0 15 .8 4 1 7 .4 3 1 5 .5 9
3 4 0 1 6 .8 3 18 .5 2 1 6 .5 6
3 6 0 1 7 .8 2 19.61 1 7 .5 4
3 8 0 18.81 2 0 .6 9 1 8 .5 2
4 0 0 1 9 .8 0 2 1 .7 8 1 9 .4 8
4 2 0 2 0 .7 9 2 2 .8 7 2 0 .4 6
4 4 0 2 1 .7 8 2 3 .9 6 2 1 .4 4
4 6 0 2 2 .7 7 2 5 .0 5 2 2 .4 2
4 8 0 2 3 .7 6 2 6 .1 4 2 3 .3 8
5 0 0 2 4 .7 5 2 7 .2 3 2 4 .3 6
5 2 0 2 5 .7 4 2 8 .3 2 2 5 .3 4
5 4 0 2 6 .7 3 2 9 .4 1 2 6 .3 0
5 6 0 2 7 .7 2 3 0 .4 9 2 7 .2 8
5 8 0 2 8 .7 1 3 1 .5 8 2 8 .2 5
6 0 0 2 9 .7 0 3 2 .6 7 2 9 .2 2
6 2 0 3 0 .6 9 3 3 .7 6 3 0 .2 0
6 4 0 3 1 .6 8 3 4 .8 5 3 1 .1 7
6 6 0 3 2 .6 7 3 5 .9 4 3 2 .1 5
6 8 0 3 3 .6 6 3 7 .0 3 3 3 .1 2
7 0 0 3 4 .6 5 3 8 .1 2 3 4 .1 0
7 2 0 3 5 .6 4 39 .2 1 3 5 .0 7
7 4 0 3 6 .6 3 4 0 .2 9 3 6 .0 5
7 6 0 3 7 .6 2 4 1 .3 8 3 7 .0 2
7 8 0 3 8 .6 1 4 2 .4 7 3 7 .9 9
8 0 0 3 9 .6 0 4 3 .5 6 3 8 .9 7
8 2 0 4 0 .5 9 4 4 .6 5 3 9 .9 5
8 4 0 4 1 .5 8 4 5 .7 4 4 0 .9 1
8 6 0 4 2 .5 7 4 6 .8 3 4 1 .8 9
8 8 0 4 3 .5 6 4 7 .9 2 4 2 .8 6
9 0 0 4 4 .5 5 49 .0 1 4 3 .8 4
9 2 0 4 5 .5 4 5 0 .0 9 4 4 .8 2
9 4 0 4 6 .5 3 5 1 .1 8 4 5 .7 9
9 6 0 4 7 .5 2 5 2 .2 7 4 6 .7 6
9 8 0 4 8 .5 1 5 3 .3 6 4 7 .7 3
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API CEM ENT CLASSES AND TYPES

C la s s T y p e  ;

A F o r  u s e  f r o m  s u r fa c e  to  1 8 3 0  m  (6 0 0 0  f t )  d e p t h  w h e n  s p e c ia l  p r o p e r t ie s  a re  
n o l  r e q u i r e d .  O r d in a r y  ty p e .

B F o r  u s e  f r o m  s u r fa c e  to  1 8 3 0  m  (6 0 0 0  f t )  d e p t h  w h e n  c o n d i t io n s  re q u ir e  
m o d e r a te  lo  h ig h  s u l f a te - r e s is ta n c e .

C F o r  u s e  f r o m  s u r fa c e  t o  1 8 3 0  m  (6 0 0 0  f t )  d e p t h  w h e n  c o n d i t io n s  r e q u i r e  h ig h  
e a r ly  s t r e n g th .  A v a i la b le  in  lo w .  m o d e r a te  a n d  h ig h  s u l fa te - r e s is ta n s  ty p e s .

D F o r  u s e  f r o m  to  1 8 3 0  m  (6 0 0 0  f t )  t o  3 0 5 0  m  (1 0 ,0 0 0  f t )  d e p t h  u n d e r  c o n d i t io n s  
o f  m o d e r a te ly  h ig h  te m p e r a tu r e s  a n d  p r e s s u r e s .  A v a i la b le  in  m o d e r a te  a n d  
h ig h  s u l f a t e - r e s is t a n t  ty p e s .

E F o r  u s e  f r o m  3 0 5 0  m  (1 0 ,0 0 0  f t )  t o  4 2 7 0  m  (1 4 ,0 0 0  f t )  d e p t h  u n d e r  c o n d i t io n s  
o f  h ig h  te m p e r a tu r e s  a n d  p r e s s u r e s .  A v a i la b le  in  m o d e r a te  a n d  h ig h  s u l fa te -  
r e s is t a n t  ty p e s .

F F o r  u s e  f r o m  3 0 5 0  m  (1 0 ,0 0 0  f t )  to  4 8 8 0  m  (1 6 ,0 0 0  f t )  d e p t h  u n d e r  c o n d i t io n s  
o f  e x t r e m e ly  h ig h  te m p e r a tu r e s  a n d  p r e s s u r e s .  A v a i la b le  in  m o d e r a te  a n d  h ig h  
s u l f a te - r e s is ta n t  ty p e s .

G F o r  u s e  f r o m  s u r fa c e  to  2 4 4 0  m  (8 0 0 0  f t )  d e p t h  a s  m a n u fa c tu r e d ,  o r  c a n  b e  
u s e d  w i th  a c c e le r a to r s  a n d  r e ta r d e r s  to  c o v e r  a  w id e  r a n g e  o f  w e l l  d e p t h s  
a n d  te m p e r a tu r e s .  A v a i la b le  in  m o d e r a te  a n d  h ig h  s u l f a t e - r e s is t a n t  ty p e s .

H F o r  u s e  f r o m  s u r fa c e  to  2 4 4 0  m  (8 0 0 0  f t )  d e p t h  a s  m a n u fa c tu r e d ,  o r  c a n  b e  
u s e d  w ith  a c c e le r a to r s  a n d  r e ta r d e r s  to  c o v e r  a  w id e  r a n g e  o f  w e l l  d e p t h s  
a n d  te m p e r a tu r e s .  A v a i la b le  o n ly  in  m o d e r a te  s u l f a t e - r e s is t a n t  ty p e .

J F o r  u s e  f r o m  3 6 6 0  to  4 8 8 0  m  (1 2 .0 0 0  to  1 6 ,0 0 0  f t )  d e p t h  u n d e r  c o n d i t io n s  o f  
e x t r e m e ly  h ig h  te m p e r a tu r e s  a n d  p r e s s u r e s .  A v a i la b le  o n ly  in  s u l f a te - r e s is ta n t  
ty p e

N o t e :  F o r  d e ta i ls  c o n c e r n in g  th e  c h e m ic a l  c o m p o s i t io n  o f  t h e  d i f f e r e n t  c la s s e s  o !  A P I  c e m e n t ,  
r e fe r  to  A P I S p e c  10.
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PREPARATION OF FRESHWATER SLURRY

Rule o f th u m b :

f  94 lb
1 sack

. 1 cu.ft
+  5 g a l w a te r => cem ent w ith  d  - - 1.90

C em ent m ass +  W ater m ass To ta l m ass
S lu rry  d e n s ity  =  ------------------------------------------------------------  =  ------------------------

C em ent vo lu m e  +  W a te r vo lu m e  S lu rry  vo lum e

F o r  1 0 0 k g  of c e m e n t :

S lu rry  sp e c ific  g ra v ity :

W ater vo lu m e  {in  li te rs ) :

Class % water e in 1/100 kg 
in relation to cement Sp.gr. obtained

A 46 1.88
8 46 1.88
C 56 1.78
D 38 1.98
E 38 1.98
F 38 1.98
Q 44 1.90

68.3
V  =

d  -  1

E xa m p le : 100 kg o f cem en t +  44 lite rs w a te r g iv e s :
100 +  44 144 144

s lu rry  sp e c ific  g ra v ity  -  — -------------  =  +  -  -  —  -  ISO
------  +  44
3.15

a n d  : s lu rry  y ie ld  =  75.8 liters
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PREPARATION OF ONE CUBIC METER  
OF FRESHWATER CEM ENT SLURRY

397

S lu rry  sp . 
g ra v ity

C e m e n ! w e ig h ! W a te r v o lu m e  
( lite rs )

(kg ) (94  lb  s a c k s )

1 .7 5
1 .7 6
1.77

1 0 9 9
1 1 1 3
11 2 8

2 5  8 
26 .1  
2 6 .5

651
6 4 7
6 4 2

C la s s  C 1.78 1143 26.8 637

1.79 1 1 5 7 27.1 6 3 3
1 .8 0 1 1 7 2 2 7 .5 6 2 8
1.81 1 1 8 7 2 7 .8 6 2 3
1 .8 2 1201 28 .2 6 1 9
1 .8 3 - 1 2 1 6 28 .5 6 14
1.84 1231 28 .9 6 0 9
1 .8 5 1 2 4 5 2 9 .2 6 05
1.86 1 2 6 0 2 9 .6 6 0 0
1.87 1 2 7 5 2 9 .9 5 9 5

C la s s  A , B 1.88 1289 30.2 591

1 .8 9 1 3 0 4 3 0 .6 5 8 6

C la s s  G 1.90 1319 30.9 581

1.91 1 3 3 3 3 1 .3 5 77
1.92 1 3 4 8 3 1 .6 5 7 2
1 .9 3 1 3 6 3 3 2 .0 5 6 7
1.94 1 3 7 7 3 2 .3 5 6 3
1.95 1 3 9 2 3 2 .6 5 5 8
1 .9 6 1407 3 3 .0 5 5 3
1.97 1421 3 3 .3 5 4 9

C la s s  D . E . F 1.98 1436 33.7 544

1 .9 9 1 4 5 0 3 4 .0 5 4 0
2.00 1 4 6 5 3 4 .4 5 3 5
2.02 1 4 9 4 3 5 .0 5 2 6
2 .0 4 1 5 2 4 3 5 .7 5 1 6
2 .0 6 1 5 5 3 3 6 .4 507
2 .0 8 1 5 8 2 37.1 4 9 8
2.10 1 6 1 2 3 7 .8 4 8 8

m 3 x  2 6 4  =  g a l  m 3 x  35.3  =  c u . ! t  I x  0 .2 6 4  =  g a l  I x  0 .0 3 5 3  ~  c u .f t
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SATURATED SALT WATER SLURRY 
(Brine 315 g/l. d  = 1,20)

I 8

C em ent m ass +  b rine  mass
S lurry density

C em ent vo lu m e  +  b rine  vo lum e 

B rine m ass (kg) =  1.20 *  b rine  vo lum e  (liters)

F o r  100 kg  of c e m e n t :

S lu rry  sp e c ific  g ra v ity :

w h e re :
d  — s lu rry  sp e c ific  g rav ity  
e =  b rine  vo lu m e  in  liters

B rine  vo lum e 
(in li te rs ) :

( d\100 1 ------------V 3 .1 5 /

d  -  1.20

S lu rry  yie ld 
(in  l i te rs ) :

61.9
v  -

d  -  1.20

E xa m p le : 100 kg o f cem ent +  46 lite rs o f w a te r g iv e s :

100 +  1.2 x  46 
s lu rry  sp e c ific  g ra v ity  =  --------— ------------------  =  2.00

---------  +  4 6

3.15
a n d :

slu rry  y ie ld  =  77.4 liters



CE
M

EN
T 

SL
UR

R
Y 

(S
A

TU
R

A
TE

D
 

S
A

LT
-W

A
TE

R
) 

(B
rin

e 
31

5 
g/

l. 
d 

= 
1.

20
)

I 9 399
Sl

ur
ry 

vo
lu

m
e

5 c
3 i

0 > n O ) ^ 0 ) W O < C > T 'S fO O ) W ’ - « ^ ’ 'S ' f t - N » - < O O W O t f > « “ (0
c o < N ^ ^ d d d < 7 > o > c d c O f^ f^ r ^ ( i> c D C £ > u S to u ,> r j: Tj: < o c ^ < > io i r ^ r ^ d<OC*5rtKO<OCOCOOJ<VC\JM<NC\)™CVCMCVOJCJC\fCVC\JC\SC>J<\S<MC'J<MC'J

. 
(l/s

h 
tn

)

COv“*r ,* ' ' * r ,*“ CQ<0*‘7 C '4 * -O C T 5 C J O O > a 3 0 ^ -C ‘JU‘><?)COCO'^©f*'-U‘)
C 0 fM O < » N .< 0 i^ r tC M T -O O « X » < D in ’<rC0CVC^*“ O C 0C 0tf> f0C vi« f-0 }C 0C>OO><©<DCOCOCOCDCOCDf'*'P'*'is**f***l'**l'-r**-N -fs-N.<0<DCO tD<O tD»/>if>

t f> c o o c o < D « - “ 0 > p ^ t f> c o ^ -a > c o < o ^ y c O T -o c O f^ ^ r  — c o < o -5 f» -o )r^  
t f ) W W ^ ^ ^ , '? W C ! ) C 0 W r tW W N W C y N C J ’“ ’ “ ’ - ’ - O O O O 0 > 0 J

(I/9
4 

lb
 

sa
ck

) o c o < D o > f N j< o o ^ c o < o r ^ e v f ^ W K C ' j ^ c o c o ,« T O c ^ ,« rh * .p c o t^ » - fc O
T T < r 5 o j^ T - d d o > c b c d h ^ r ^ f r » < D u S u S ^ '^ ; 'r5 0 < r> c « j- ^ d d a > c 6 o c > f^T r v - c f r r r r '» jT r c o c T>c,5 c o o ^ c o c o c o c o c o fTt>c*>c^)cT)cy) ^ < ^ ro c v c v o jC N j

100
 

kg
) C JU^CDC9^C \!CO ,* r O f^ ^ r C \ fO C O f^ iO ir t '< T ^ ^ ^ lO f^ 'O C O Q 3 C O O ,) ‘J>

c o ^ - a > c 6 to ^ c o c v » - o > c d f ^ .a i ,̂ : c o o j* — d < j> c o f ^ u S c o C ' id c d ^ ^ > >,a:0 0 0 ) 0 > C J > 0 ) C > (3 )< 7 )< 0 © O C O < D a 3 a 3 C D C O N N N N N N S tO (£ (£ i^

Br
ine

 
vo

lu
m

e

5 c

i i

Co ^ ^ T- T-^ ^ c o o > r^ t£ K £ > r^ o > r t^ -< N c o tf> fo e s 3 » -^ o iu > < D < o < » > < 3 >COfCCOCO<X>COCO,'yO >tO »“ N-COO>tDC'JO)</)C‘JC3>5DO'TCCiCO£OCOO,T
w w ^ ^ o o o > c > a 5 < x > < © ^ r ^ c o < Q tc > < r > io t f> * 5 ;,< y * j: o '>cvC 'i*'': ^ © d

(g
al

/ 
sh 

tn
) ^ C T V U > © < O O > W O « " O O T - C 5 < D O ) n N r t< O iO O N in < O O ) C O ® < 0

T ^ ^ c o a > u > c ^ c 6 in < N ia > < r> c o d r^ ,̂ '^ - : a > < o rry ^« 7 > io d < D C V 'X > tO ’- ; cdS < D ( D lf t t 0 lA T ? < « ^ < 0 r tC 0 C 0 W W W ’- ' - - * ^ O O O 0 ) 0 > C 0 a > C 0 N

(l/s
h 

tn
)

O W ® C ') f f> < O O O C D < 0 ,« r C O N T - » - » - T - r - C 'J C O ^ N O lf lO < O f 'J O ) N^ € 0 '- o c o r ^ < D t f> r 5 C ^ T - o o > c o r ^ < £ » ir > ^ c o o j^ a > c D ( 0 » /> fO C ^ o o >(£><D<£>t£>lOiOU‘)U‘) lO lO tO tf) '*y * '!J , *<T,'3, , ’y ,’7^?^7^?C O <,}<T}0 }0 }< 'O C T}OJ

(1/
94

 
lb

 
sa

ck
) m C 0 ^ 'V r** .^ W 0 > < 0 h *< ^N .» ~ C 0 C \lh -f'5 C 0 C 0 0 > U ^h *-< 3 )C M tf> C 0 C \f< 0 O

6 o > 5 > f f lN I ^ < O ^ V > ^ : , T < O O C ' iC ' iT - r ' 6 d O ) 0 > O S N ( C t f > ^ ’«, 'fl:
f O O J « N O J C ^ C ^ C N 3 C g C ' J C V C ^ f M C v J O J C M C M C y C ^ C M ' - » - T - ^ - r - ^ - T - * - T - T -

(c
u.

ft/
 

94 
lb

 
sa

ck
) c D u ^ c o o a > (D '* ?  — c f> h - L n ^ ? C ' jo c o i^ in < ^ { > jo o > y > « ' - c o c D ,̂ T - < ^  0 0 0 0 0 ® 0 ) O f l 5 ® C O © € O C O N S N S N N t D < f l l D < O U ) W ^ l r t V  

r - V V ^ o d d d d d d o d d d d d d o d d d d d d d d d d

(g
al

/ 
94 

lb
 

sa
ck

) t 0 ^ a 5 0 « < O O t f ® 'J O J > r t - - ® ^ « 0 © N l O T T O f O ^ W < 0 » - « ,) (»O < 0 t0 t0 C 0 '“ O C 0< 0t0C 0C vi*^0>C 0N .<D ^rc0C N J»“ 0 > h -U ^ f0 » * 'O C 0 < 0
c b N ^ r^ r ^ N ^ f ,̂ f ,̂ (D C © < b < C >< £ > < 0 tf> k /5 tf5 tf5 tr> l/> l/> lrtV V ^ ’ ^ ’ T f^ C > C 5

(1/
10

0 
kg

)

^ f ^ r - U > © t f > © < £ C O © f ' - ’«T C \)t-O C © f'.<0 (£>C O <© h*.O C \J<© O tf>» '-f '*;
v ^ a )< c u d in c o < N )d a > c o « 5 tr )T 3 : ^ - r ^ d a jo d r ^ < £ > L r > < o o J d c 6 f^ u > '^ ; <N!r^ -< D « > o < D C D < D < D iA io t0 4 0 tr t in w > tf> ,« r ,< r x r ,< T ^ T r 'C T r f ,><ococ,>co

I 
Sl

ur
ry

 
de

ns
ity

(ib
/c

u.
ft) • « T O t D C M ( 3 > U > T - - r ^ ^ f O < £ » C v j « 3 5 m ' - r ^ ^ O < O C M ( 3 ) ' - ‘< r < D < » T ^ C O t D < C

c v c o c o ^ ^ u i < £ > < r > t ^ c o < x > < ? > a > © ^ ^ e \ } < * > c 6 ,«3; , * ; < 6 i ^ e c j < j > « r ^ < ' j € O T j :

ftCT
&

O r - N r t ' f < T U > C 1 5 N f f i O > 0 > O ^ N n ^ ^ U > < D N < J > 0 < ' J ' J l f l S O ) 0
y ‘> i / ) L r > t o i r ) u ,> i / > i r > u S i o i n ^ < o < £ > Q d c d c D < o c o c b ( 0 < O N ^ h ^ r ^ h ^ r ^ ^ c o

w -

0 » - < M < 0 ,« f t r t < O r ^ C D 0 5 0 » “ C V f O ' ^ t f > t D f s- C O < J > O C V T f < O C O O O J ,* r U 5  
a o O C O C D O ® a ) ® ( » ® 0 ) 0 ) a J f l ) O J O » f f l O J ® f f i O O O O O r - r - » - » -  

»—  t — ■»-*■ r-~  w~ t — r — r — t -  ▼— i* “  «■** r*“  v— * — ♦— 1—  CV CV (V  O J C\J C*J CV C \i C \i



400

PREPARATION OF ONE CUBIC METER  
OF SATURATED SALT-W ATER SLURRY

110

S lu rry  sp. 
g ra v ity

C e m e n t w e ig h t W a te r  v o lu m e , 

( lite rs )(k g ) (94  Ib  s a c k s )

1 .7 5 8 8 9 2 0 .8 7 1 8
1.76 9 0 5 2 1 .2 7 1 3
1.77 921 2 1 .6 7 0 8
1 .7 8 9 37 2 2 .0 7 0 3
1 .7 9 9 5 3 22 .4 6 9 7
1 .8 0 9 6 9 22 .7 6 9 2
1.81 9 8 5 23 .1 6 8 7
1 .8 2 1 0 0 2 2 3 .5 6 8 2
1 .8 3 1 0 1 8 2 3 .9 6 7 7
1.84 1034 2 4 .2 6 7 2
1 .8 5 10 5 0 2 4 .6 6 6 7
1 .8 6 1 0 6 6 2 5 .0 6 6 2
1.87 1 0 8 2 25 .4 6 5 6
1 .8 8 1 0 9 9 2 5 .8 651
1 .8 9 1 1 1 5 26.1 6 4 6
1 .9 0 1131 2 6 .5 641
1.91 1147 2 6 .9 6 3 6
1.92 1 1 6 3 2 7 .3 631
1.93 1 1 7 9 27 .7 6 2 6
1.94 1 1 9 5 2 8 .0 621
1.95 1 2 1 2 28 .4 6 1 5
1.96 1 2 2 8 2 8 .8 6 1 0
1.97 1244 29 .2 6 0 5
1.98 1 2 6 0 29 .6 6 0 0
1 .9 9 1 2 7 6 29 .9 5 9 5
2 .0 0 1 2 9 2 3 0 .3 5 9 0
2 .0 2 1 3 2 5 31 .1 5 8 0
2 .0 4 1357 3 1 .8 5 6 9
2 .0 6 1 3 8 9 3 2 .6 5 5 9
2 .0 8 1 4 2 2 3 3 .3 5 4 9
2 .1 0 1454 34 .1 5 3 9
2 .1 2 1 4 8 6 3 4 .9 5 2 8
2 .1 4 1 5 1 9 3 5 .6 5 1 8
2 .1 6 1551 3 6 .4 5 0 8

m 3 x  2 6 4  =  g a l  m 3 x  3 5 .3  =  c u . f l  I *  0 .2 6 4  =  g a l  I *  0 .0 3 5 3  =  c u .f t
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BENTONITE CEMENTS

T o  p r e p a r e  a  l i g h t w e ig h t  c e m e n t  w i t h  f r e s h w a t e r ,  b e n t o n i t e  ( 1 )  c a n  b e  a d d e d :

( a )  D ry  t o  t h e  c e m e n t  in  p r o p o r t i o n s  r a n g i n g  b e t w e e n  1 a n d  2 0 %  t o  o b t a i n  s lu r r y  
s p e c i f i c  g r a v i t i e s  b e t w e e n  1 .8 5  a n d  1 .4 2  ( f o r  C la s s  G ) .

( b )  O r  p re h y d ra te d  in  p r o p o r t i o n s  r a n g in g  b e t w e e n  0 .2 5  a n d  5 %  t o  o b t a i n  s lu r r y  
s p e c i f i c  g r a v i t ie s  b e t w e e n  1 .8 4  a n d  1 .3 9  ( a ls o  f o r  C la s s G ) .

C e m e n t  m a s s  +  w a t e r  m a s s  +  b e n t o n i t e  m a s s
S lu r r y  d e n s i t y  ------------------------------------------------------------------------------------------------------------- :------------ ;---------

C e m e n t  v o lu m e  +  w a t e r  v o lu m e  +  b e n t o n i t e  v o lu m e

F o r  100 kg  of c e m e n t :

S lu r r y  s p e c i f i c  g r a v i t y : d  =
1 0 0  + e  +  ( Z  + 1 )  b

1 0 0 1
e  +  ( Z  + “ 7 “) b3 .1 5 2 .6 5

w h e r e :

d  =  b e n t o n i t e  s l u r r y  s p e c i f i c  g r a v i t y
b  =  p e r c e n t a g e  o f  b e n t o n i t e  in  r e la t i o n  t o  c e m e n t  ( o r  w e ig h t  o f  b e n t o n i t e  p e r  10 0  k g  

c e m e n t )
in  g e n e r a l  0  <  b  <  2 0  if d r y  m i x t u r e

0  <  b  <  5  if  p r e h y d r a t e d  m i x t u r e
e  =  v o l u m e  o f  c e m e n t  h y d r a t a t i o n  w a t e r  in  r e l a t i o n  t o  c e m e n t

C la s s %  w a t e r :  e  (1 /1 0 0  k g )  
in  r e la t i o n  to  c e m e n t

A 4 6
B 4 6
C 5 6
D 3 8
E 3 8
F 38
G 44

Z  -  p e r c e n t a g e  o f  b e n t o n i t e  s w e l l in g  w a t e r  in  r e la t i o n  t o  b e n t o n i t e  ( o r  l i t e r s  o f  w a t e r  
p e r  k g  o f  b e n t o n i t e )

Z  =  5 .3  f o r  b e n t o n i t e  a d d e d  d r y  
Z  =  2 1 .2  f o r  p r e h y d r a t a i i o n  b e n t o n i t e

T h e  s p e c i f i c  g r a v i t y  o f  b e n t o n i t e  is  t a k e n  a s  2 .6 5 .

(1 ) A t ta p u ig ite  ( d  =  2 .8 9 ) is  u s e a  w ith  s e a -w a te r .



BENTONITE CEM ENTS (continued)
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B en to n ite  
w e ig h t (in  k g ) :

1 00  1
3.15

{ d  -  1) e

d  (  +  Z  \ -  (Z  +  1)
\2 .6 5

W a te r vo lum e (in liters) E  -  e  +  Zb

S lu rry  vo lu m e  (in  liters) 100
V  =

3.15 2.65

E xa m p le : to  p repa re  a s lu rry  w ith  p re h yd ra te d  be n to n ite  a n d  c lass  G  cem ent, w ith  
s p e c ific  g ra v ity  d  ~  1.50;

d  =  1.50 
e =  44 
Z  =  21.2

th e  ca fc u la tlo n  (o r tab le  113) g ives b -  3% .
For 100 kg o f c e m e n t:

3  kg o f ben ton ite  
107.6 lite rs  o f w ater 
140.5 liters o f slurry.
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BENTONITE CEM ENT SLURRY 
Class G (per 100 kg of cement)

P R E H Y D R A T E D  M I X T U R E

%  b  
b e n to n ite

%  E  
w a te r

S p e c if ic
g ra v ity

0 .0 0 4 4 .0 1 .90 1
0 .2 5 4 9 .3 1 .8 4 3
0 .5 0 5 4 .6 1 .7 9 2
0 .7 5 5 9 .9 1 .7 4 8
1 .0 0 6 5 .2 1 .7 0 8
1.25 7 0 .5 1 .6 7 2
1 .5 0 7 5 .8 1 .6 4 0
1.75 81.1 • 1 .611
2 .0 0 8 6 .4 1 .5 8 5
2 .2 5 9 1 .7 1 .5 6 0
2 .5 0 9 7 .0 1 .5 3 8
2 .7 5 1 0 2 .3 1 .5 1 8
3 .0 0 1 0 7 .6 1 .4 9 9
3 .2 5 1 1 2 .9 1 .4 8 2
3 .5 0 1 1 8 .2 1 .4 6 6
3 .7 5 1 2 3 .5 1 .451
4 .0 0 1 2 8 .8 1 .43 7

2 1.2  l i t e r s  o f  w a t e r / k g  b e n t o n i te

D R Y  M I X T U R E

%  b  
b e n to n ite

%  E  
w a te r

S p e c if ic
g ra v ity

0 4 4 .0 1.901
1 4 9 .3 1 .84 6
2 5 4 .6 1 .7 9 8
3 5 9 .9 1 .7 5 6
4 6 5 .2 1 .7 1 9
5 7 0 .5 1 .6 8 5
6 7 5 .8 1 .6 5 6
7 81 .1 1 .6 2 9
8 ( 1 ) 8 6 .4 1 .6 0 4
9 9 1 .7 1 .58 2

1 0 9 7 .0 1 .5 6 2
11 1 0 2 .3 1 .54 3
12 1 0 7 .6 1 .5 2 6
13 1 1 2 .9 1.511
14 1 1 8 .2 1 .49 6
15 1 2 3 .5 1 .48 2
16 1 2 8 .8 1 .4 7 0
17 134.1 1 .4 5 8
18 1 3 9 .4 1 .44 7
19 1 4 4 .7 1 .4 3 6
2 0 1 5 0 .0 1 .42 6

5 .3  l i t e r s  o f  w a t e r / k g  b e n t o n i te

(1 ) F o r  8 %  a n d  h ig h e r  it is  a d v is a b le  to  a d d  a  th in n e r .
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PREPARATION OF ONE CUBIC METER  
OF BENTONITE CEM ENT SLURRY -  CLASS G CEM ENT

P R E H Y D R A T E D  M I X T U R E

%
b e n to n ite

C e m e n !
(k g )

B e n to n ite
(k g )

W a te r
v o lu m e
( lite rs )

S p e c if ic
g ra v ity

0 .0 0 1 3 2 0 0 .0 0 581 1.901
0 .2 5 12 3 2 3 .0 8 6 0 8 1 .8 4 3
0 .5 0 1 1 5 6 5 .7 8 631 1 .7 9 2
0 .7 5 1 0 8 8 8 .1 6 6 5 2 1 .7 4 8
1 .0 0 1 0 2 8 1 0 .2 8 6 7 0 1 .7 0 8
1 .2 5 9 7 4 1 2 .1 7 6 8 6 1 .6 7 2
1 .5 0 9 2 5 1 3 .8 7 701 1 .6 4 0
1 .7 5 881 1 5 .4 2 7 1 4 1.611
2 .0 0 841 1 6 .8 2 7 2 7 1 .5 8 5
2 .2 5 8 0 5 1 8 .1 0 7 3 8 1 .5 6 0
2 .5 0 771 1 9 .2 8 7 4 8 1 .5 3 8
2 .7 5 7 4 0 2 0 .3 6 7 5 7 1 .5 1 8
3 .0 0 7 1 2 2 1 .3 6 7 6 6 1 .4 9 9
3 .2 5 6 8 6 2 2 .2 8 7 7 4 1 .4 8 2
3 .5 0 661 2 3 .1 4 781 1 .4 6 6
3 .7 5 6 3 8 2 3 .9 4 7 8 8 1.451
4 .0 0 6 1 7 2 4 .6 8 7 9 5 1 .4 3 7

D R Y  M I X T U R E

%
b e n to n ite

C e m e n t
(k g )

B e n to n ite
(k g )

W a te r
v o lu m e
(lite rs )

S p e c if ic
g ra v ity

0 1 3 2 0 0 .0 0 581 1.901
1 1 2 2 8 1 2 .2 8 6 0 5 1 .8 4 6
2 1 1 4 8 2 2 .9 6 6 2 7 1 .7 9 8
3 1 0 7 8 3 2 .3 4 6 4 6 1 .7 5 6
4 1 0 1 6 4 0 .6 3 6 6 2 1 .7 1 9
5 9 6 0 4 8 .0 2 6 7 7 1 .6 8 5
6 911 5 4 .6 4 6 9 0 1 .6 5 6
7 8 6 6 6 0 .6 1 7 0 2 1 .6 2 9
8 8 2 5 6 6 .0 3 7 1 3 1 .6 0 4
9 7 8 8 7 0 .9 5 7 2 3 1 .5 8 2

10 7 5 5 7 5 .4 6 7 3 2 1 .5 6 2
11 7 2  4 7 9 .6 0 7 4 0 1 .5 4 3
12 6 9 5 8 3 .4 1 7 4 8 1 .5 2 6
13 6 6 9 8 6 .9 3 7 5 5 1.511
14 6 4 4 9 0 .1 9 761 1 .4 9 6
15 621 9 3 .2 2 7 6 8 1 .4 8 2
16 6 0 0 9 6 .0 5 7 7 3 1 .4 7 0
17 581 9 8 .6 9 7 7 8 1 .4 5 8
18 5 6 2 1 0 1 .1 6 7 8 3 1 .44 7
19 5 4 5 1 0 3 .4 8 7 8 8 , 1 .4 3 6

- 2 0 5 2 8 1 0 5 .6 6 7 9 2 1 .4 2 6

k g  x  0 .0 2 3 5  =  s a c k  I x  0 .26 4  =  g a l  I x  0 .0 3 5 3  -  cu .ft
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F o r  100 kg  of c e m e n t :

•  S lu r r y  s p e c i f i c  g r a v i t y

W EIGHTED CEMENTS

1 0 0  + e  +  a

1 0 0 a

3 .1 5 d a

w h e r e :
e  . =  w a t e r  v o lu m e  ( i n  l i t e r s )  
a  -  w e ig h t  o t  h e a v y  w e ig h !  a d d i t i v e  ( in  k g )  
d a  =  h e a v y  w e ig h t  a d d i t i v e  s p e c i f i c  g r a v i t y

•  S p e c i f i c  g r a v i t y  o f  s o m e  h e a v y  w e ig h t  a d d i t i v e s :

B a r i t e  =  4 .2 0
F e r - o - b a r  =  4 .8 5
l im e n i t e  -  4 .6 5
H e m a t i t e  =  4 .9 5

•  S p e c i f i c  g r a v i t y  o b t a in e d  ;

S p e c if ic  g ra v ity 2 .10 2.20 2.30 2.40 2.50 2.60 2.70

F e r - o - b a r  ( % )  . 5 5 75 95 115 1 4 5 175 1 95
W a te r  ( % ) . . . . 6 0 6 0 6 0 6 0 6 0 6 0 60
T h in n e r  ( % } .  . . 1 1 1 .4 1.4

B a r i t e  ( % ) . . . . 4 0 87 n o
W a te r  ( % ) . . . . 45 6 0 6 0
T h in n e r  ( % ) .  . . 1

l lm e n i ie  ( % } .  . . 3 0 5 5
W a te r 4 2 -4 4 4 2 -4 4

H e m a t i te  ( % )  . . 4 0 6 0 8 0 11 0 1 50 175
W a te r  ( % ) . . . . 4 5 47 4 8 51 5 5 58
T h in n e r  (. % ) .  . . 0 .3 0 .5 0 8 1

T h in n e r s :  0 6 5  ( D o w e ll)  —  C F R 2  ( H a l l ib u r t o n )  o r  s im i la r .

E x a m p l e : f o r  1 0 0 k g  o i  c e m e n t :
8 7  k g  o f  b a r i t e  
6 0  l i t e r s  o f  w a t e r

1 0 0  +  6 0  +  8 7

6  ~  1 0 0  8 7
--------  +  6 0  +  --------
3 .1 5  4 .2 0

d  =  2 .2 0
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EFFECTS OF SOME ADDITIVES  
ON CEM ENT PROPERTIES (1)

D e n s ity
D e c re a s e d

o

05
£

1

a

o

a
I B

a
ri

te

1
z

o

s
£

o So
diu

m 
ch

lo
rid

e

o

CM
HE

C 
(2

j

o

Q W
ate

r 
los

s 
ad

di
tiv

e

3

• • • •

In c r e a s e d • • * X

W a te r re q u ire d
D e c re a s e d •

In c r e a s e d • X • X X X X

V is c o s i ty
D e c re a s e d X •

In c r e a s e d X X X X X

T h ic k e n in g
t im e

A c c e le r a te d X X * •

R e ta rd e d X X • » X X

S e t t in g
t im e

A c c e le r a te d X X * »

R e ta rd e d X X X X • * X

E a r ly
s t r e n g th

D e c re a s e d X X X X X X • • X X

In c r e a s e d * •

F in a l
s t r e n g th

D e c re a s e d X X • X X X X X

In c r e a s e d

D u r a t io n
D e c re a s e d X X X X X

In c r e a s e d •

W a te r
lo s s

D e c re a s e d • X + X * X

In c r e a s e d X X

(1 ) F ro m  D o w e ll S c h lu m b e rg e r  E n g in e e r 's  H a n d b o o k .
x  D e n o te s  m in o r  e ffe c t.
•  D e n o te s  m a jo r  e f fe c t  a n c f /o r  p u rp o s e  o f  a d d it iv e .

(2 ) C a rb o x y m e th y l h y d ro x y e lh y l c e llu lo s e .
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SLURRY DISPLACEMENT

C a lc u la tio n  o f d isp la ce m e n t vo lu m e  co rre sp o n d in g  to  th e  tim e w hen  th e  flu ids in the 
a n n u lu s  a nd  the  f lu id s  in  th e  ca s in g  reach  h yd ro s ta tic  e q u il ib r iu m :

sp a ce r vo lum e a t d e n s ity  ds 
cem ent vo lu m e  a t density  d c
d isp la ce m e n t vo lu m e  a t density  d D a t tim e o f e q u ilib rium
vo lu m e /m  in  ca s in g
vo lu m e /m  in  a n n u lu s
sp a c e r he ig h t in  a n n u iu s  in m eters
cem en l he ig h t in a n n u lu s  a t e q u ilib riu m  in  m eters
ca s in g  se tting  d e p th  in  meters

( 1 )

b  +  a
------------------------------ v s  —
{b  +  a) d c

(25

(3)
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SLURRY DISPLACEMENT 
(continued)

S pec ific  ca se  w ith o u t s p a c e r :

( vcV = z  -
\ b  +  a )

(4)

Cementing with two slurries: F o rm u la s (1). (2) a nd  (3) c a n  be used  fo r a  cem ent 
ge l ins tead  o f the  spacer, p rov ided  tha t, a t th e  tim e of e q u ilib riu m , th e  cem en t ge l, like 
th e  spacer, is a lrea d y in  the  annuius.

C a lc u la tio n  e x a m p le :

Z  =  3000 m
H ole  size 1 2 1 /4  inches
C a s ing  9 5 /8  inches 47 lb /ft (a =  38.181/m )

(b =  28.94 I/m)

S pacer vo lum e v* =  5 000 liters
S pacer sp e c ific  g rav ity ds =  1.50
C em ent vo lum e Vc =  50 000 liters
C em ent sp e c ific  g rav ity dc =  1.90
M ud sp e c ific  g rav ity dD =  1.10

h =  173 m
H =  696 m
V =  85 m3
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REFERENCE COORDINATES

A Z I M U T H  ;

A zim u ths  m easured  in ho les re fe r to  one  o f th e  fo llo w in g :

(a ) G e o g ra p h ic  N o rth  {m e rid ia n  d irec tion ).
(b ) M a g n e tic  N o rth  {co m p a ss d irec tio n ).
{c) L a m b e rt o r UTM N o rth  (y  a x is  o f g rid ).

Th e y a re  m easu red  pos itive ly  c lo ckw ise  from  :

(a) 0  to  360 degrees .
(b j 0  to  400 grades.

The  system  o f q u a d ra n ts  s till used in  c e rta in  m ea su rin g  in s tru m e n ts  refers, d epend ing  
o n  th e  d irec tio n , to  N o rth  o r S ou th , from  0  to  90 degrees to  east o r west.

E xa m p le : A z im u th  227 degrees is e qu iva len t to  S47W  o r 47SW.

D E C L I N A T I O N

The  d e c lin a tio n  is the  a n g le  between lo c a l m a g n e tic  N o rth  a n d  g e o g ra p h ic  N o rth  
(lo ca l m erid ian ) m easured  pos itive ly  eastw ard .

C O N V E R G E N C E

C on ve rg e n ce  is the  a n g le  between the  lo ca l m erid ian  a n d  L a m b e rt o r UTM N orth  
(ce n tra l m erid ian  o f th e  p ro je c tio n ).

The  va lues  o f d e c lin a tio n  re la ted  to  th e  g rid , a n d  th e  va lues  o f co n ve rge n ce  are 
n o rm a lly  in d ica te d  by a  d ia g ra m  on  the  rig h t-h a n d  m arg in  o f to p o g ra p h ic  m aps.
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R EFER EN CE C O O R D IN A TE S  (continued)

M a g ne tic  decim ation corre sp on ds io  m e 
center o l m e  sneet a n a  to ;  Ja n u a ry  1967

M N

4 .6 ?  g*

R E L A T IO N S H IP S  B E T W E E N  T H E  D IF F E R E N T  A N G L E S : 

y  =  N orth o ! xitom etnc grid

D  =  D eclination (varies a c c o rd in g  to  location a n d  time*, o rd n a n c e
m a p s p ro vid e  details allo w ing tneir ca lcu latio n)

d  »  O e c ln a t 'o n  related to  grid

c  =  C o n ve rge n c e  angfe o l m eridians {varies a c c o rd in g  to  location)

2 .6 5 9 '

M a g n e tic  decim ation dec<easos 
e a cn  year Oy S ' centesim al m inutes

A cco rd in g  to  the  d ia g ra m  o ( th is sp e c ific  case, th e  d e c lin a tio n  d  re lated to  the  grid  
in  1988 i s :

d  =  4.67 -  0.11 x  21 =  2.36 gr

if th e  m a g n e tic  a z im u th  (MA) o f th e  ta rg e t m easured  b y  a co m p a ss  is 150 g r : 
L a m b e rt a z im u th  (LA) o r  b e a rin g  =  150 -  2.36 =  147.64 gr

G e o g ra p h ic  a z im u th  =  L a m b e rt a z im u th  -  convergence  
=  147.64 -  2.85 =  144.79 gr

If th e  d ire c tio n  is m arked  using q u a d ra n ts :

MA =  150 g r =  S45E

a n d  a c c o rd in g  to  the  d ia g ra m :

LA =  M A +  convergence
=  S45E +  2.85 x  0.9 =  S47.56E
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RADIUS OF CURVATURE  
AND PROJECTION IN THE VERTICAL PLANE

A E  =  L
360 & L  
27r  A  i  

_

A  L

R  =

g b u

len g th  d r ille d  fro m  A  to  E  

ra d iu s  o f cu rva tu re  (m )

ra te  o f b u ild u p  (7 1 0  m)

A/'
in  g e nera ! —  is kep t a s  c o n s ta n t a s  poss ib le  d u rin g  k ick o ff (c o n s ta n t ra d iu s  o f 

A  L
cu rva tu re ). H e n c e :

573
R  =

g b u

D£ — R  (1 -  co s  i) (m)

AZ  -  R  s in  /  (m )

Radius of curvature (or different rates of buildup:

g b u  
( 7 1 0  m>

0 .5 1 1 .5 2 2 .5

f l ( m ) 1 1 4 6 5 7 3 3 8 2 2 8 6 2 2 9

m x 3.28 =  ft '/1 0  m x 3.048 =  7100 ft
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C A L C U L A T IO N  O F C H A R A C TE R IS TIC S  POINTS
O F T H E  T H E O R E T IC A L  V E R TIC A L  PROFILE

J  hole - D > R
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C A L C U L A T IO N  O F C H A R A C TE R IS TIC S  POINTS
O F  T H E  T H E O R E TIC A L  V E R TIC A L  PROFILE

J  hole -  D >  f t  (continued)

180 ta n Z k

z  -  Z K
sin  tan

Z  -  Z *

E xa m p le :

D isp lacem en t D 700 m
KOP z * =  350 m
V ertic l d e p th  o t ta rg e t Z =  2  350 m
R ate  o f b u ild u p g b u =  1710 m

/ =  180 

20 °

ta n  ~ 1
2 000

700 -  573
cos

(See g ra p h ic  m ethod  in  J13)

( f t  =  573 m)

573 2 0 0 0
--------  s in  ta n  1 ------
2 000 700 573

M e a s u re d  
d e p th  L  (T M D )

V e r iic a i
d e p th

Z ( T V D )
In c l in a t io n D is p la c e m e n t

K ic k o f i
p o in t

(K )
Z k Z k 0 0

E n d  o f  
d e v ia t io n  

( £ )

rciR
L f  =  Z k  +  —  

£ 180
Z e  -  Z K

+  R  s in
i <Pf =  B (1  -  c o s  f)

T a r g e t  ( T

m R
l t = z k +  -

i Z  — Z k  — f t  s in  / Z / D

c o s  i

V e r t ic a l d e p th  Z P a s  a  fu n c t io n  o f d r i l le d  d e p th  L p a t  p o in t P :

573 ( 10 A
Z P == Z K +  ------  Sin +  \ l p  - - Z K -  ——  ) co s  /

g b u g b u )



C A L C U L A TIO N  O F C H A R A C TE R IS TIC S  POINTS
OF T H E  TH E O R E TIC A L  V E R TIC A L  PROFILE

J  hole - D < R
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C A L C U L A T IO N  O F C H A R A C TE R IS TIC S  POINTS
OF T H E  T H E O R E T IC A L  V E R TIC A L  PROFILE

J  hole - D <  R  (continued)

E x a m p le :

D isp lacem ent D =  300 m
KOP Z k =  600 m
V ertic! d e p th  o f ta rg e t Z =  1 800 m
Rate o f b u ild u p g b u =  1 710  m

i  =  15°

(See g ra p h ic  m eth o d  in  J13)

K ic k o ff
p o in t

(K )

M e a s u re d  
d e p th  (T M D )

V e r tic a l 
d e p th  Z  (T V D ) In c l in a t io n D is p la c e m e n t

Z k Z k 0 0

E n d  
o f  d e v ia t io n  

(£ )

7ciR
t-£ =  Z K +  —  

180
Z e  =  Z K

+  R  s in  /
i D e  =  R  (1 — c o s  i)

T a rg e t { T)

m R
L t  =  Z K +  —

180
Z  — Zk ~  f f s in  / Z i D

c o s  /

V ertica l d e p th  Z P a s  a  fu n c tio n  o f d rilled  d e p th  L P a t p o in t P :

573 /  1 0 / \
Z P =  ZK +  ------  s in  /  +  I L P -  Z K -  ------ 1 co s  /

g b u  \  g b u j
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C A L C U L A TIO N  OF C H A R A C TE R IS TIC S  POINTS
O F TH E  T H E O R E TIC A L  V E R TIC A L  PROFILE

S hole - /?, +  R? <  D

o
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C A L C U L A T IO N  O F C H A R A C TE R IS TIC S  POINTS
O F T H E  T H E O R E T IC A L  V E R TIC A L  PROFILE

S hole -  /?, +  /?2 <  D  (continued)

A ssu m in g  a  re tu rn  o f th e  w ell to  the  ve rtica l a t F, th e  in c lin a tio n  /  depends on  the 
d e p th  se lected fo r p o in t F :

i  =  180 -  tan
Z F -  Z K

D  -  f l ,  -  R 2 

-  c o s ' +  # 2  . ,------------—  sm  ta n
Z *  -  Z *

Z f -  ZK
D  -  f t ,  -  R 2

The  re m a in ing  ca lc u la tio n s  a re  id e n tica l to  those  in J5 a n d  J7 u p  to  D  {Zd, D d). 

V ertica i p ro je c tio n  a t D :

M easured  d e p th  a t D :

Z q — Z f  — /?2 s in  i

n iR \ Z d  — ZK -  R  i sin i
L° ~ z* + w  +

D isp lacem en t a t D :

0 D =  R \  {1 ~  co s  /) +  (ZD -  ZK ~  R \ s in  /) ta n  t

M easured  d e p th  a t F :

L f  -  L q  +
W R  2 

180

T o ta l m easu red  d e p th  a t T:

L t
m R \

180
Z D R-, sin i 7ViR2

180
+  Z Z F
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C A L C U L A TIO N  O F C H A R A C TE R IS TIC S  POINTS
OF TH E  TH E O R E TIC A L  V E R TIC A L  PROFILE

S hole - /?, +  R2 >  D
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C A L C U L A T IO N  O F C H A R A C TE R IS TIC S  POINTS
O F  T H E  T H E O R E TIC A L  V E R TIC A L  PROFILE

S  hole - +  R2 >  D  (continued)

A ssum ing  a  re tu rn  to  th e  ve rtica l a t F, th e  in c lin a tio n  /  dep en d s o n  the  d e p th  selected 
to r  p o in t F :

i  -  ta n ' Z f  ~  ZK 
f f ,  +  R 2 -  D

cos s in  tan
R \  +  R 2 ~  D

T he  re m a in in g  ca lc u la tio n s  a re  u n ch a n g e d  (see J 9 ).
II the  ho ie  do e s n o t re tu rn  (o  th e  vertica l, th e  d isp la ce m e n t a ! T  fro m  p o in t G  

b e c o m e s :

D ' =  Dg  +  (Z  -  Z q) ta n  / ’

(Z  ~  Z s)
L r  -  L e  +

c o s  i ‘
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20C
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D is p la c e m e n t  (m )

200 400 600 800 1000 5200 1400
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TH EO R ETICAL VERTICAL PROFILE (continued)
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120C

1 4 0 C

i 6 a

180C

200C

2200 200 400 600 800 1000 1200 1400

D is p la c e m e n t (m )
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RAG LAND D IAG R AM

The  R a g la n d  d ia g ra m  serves to  d e te rm ine  the  p a ram ete rs  used to  ca lcu la te  the 
o rie n ta tio n  o f th e  d e fle c tin g  too l.

The d ia g ra m  h a s  fo u r lines re p re se n ting  th e  ch a ra c te r is tic s  o f the  h o le  a n d  the  
d e fle c tin g  too ls .

These lines a re  th e  fo llo w in g :
1 ) O rig in a l d ire c tio n  a n d  in c lin a tio n  o f a  p a rt o f th e  hole.
E xa m p le : 5° a n d  N25E

,o  2 ° 3 '  4° 5°
a - i__________________t -  ..........- i __________________1__________________ I_______________ f c . N 2 S E

2) D og leg  c irc le  (see d o g le g  fo rm u la  in  J 21). 
E xa m p le : 1.5“ d o g le g

3) O rie n ta tio n  o f d e fle c tin g  to o l in  re la tio n  to  th e  o r ig in a l d ire c tio n , ta k in g  ro ll-o ff in to  
a cco u n t.

E xa m p le : d e fle c tin g  to o l 45° to  the  r ig h t o f th e  o r ig in a l d ire c tio n , i.e. N70E



RA GLAND D IA G R A M  (continued)

4) D irec tio n  o b ta in e d  in re la tion  to  th e  o r ig in a l d irec tion .

432 J 18

th e  a n g le  betw een the  tw o  d ire c tio n s  is 10 degrees.
T he  new  d ire c tio n  is N35E.
P o in t E  is co m m on  to  three lin e s :
(a) O r ie n ta tio n  o t de fle c tin g  tool.
(b ) D og leg  circle.
(c ) D irec tio n  ob ta ined .
T h e  th ird  c a n  be o b ta in e d  if tw o  o f them  are know n.
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CO N TR O L OF A C TU A L HO LE SHAPE  
C a lcu la tio n  of p ro jec tions

T he  fo llo w in g  ta b le  g ives the  m ethod  to  be  used  to  c a lcu la te  th e  d i f f e r e n t  elem ents. 
E xam ple o f th e  m ethod  o f th e  se ca n t o r ave rage  a n g le :

E le m e n t B a s ic  d a ta C a lc u la tio n  (a v e ra g e  a n g le )

V e r t ic a l d e p t h  
A Z C o u r s e  le n g t h  

b e tw e e n  tw o  
c o n s e c u t i v e  

s u r v e y s z l i

A v e r a g e  
d rif t  a n g le

h  +  i t  

'  2

A Z  =  A t  c o s  i 

A D  =  A L  s in  iH o r iz o n t a l
d is p la c e m e n t

A D

R e la t iv e  n o r t h  o r 
s o u t h  c o o r d in a t e s  

4 V H o r iz o n t a l
d is p la c e m e n t

A D

A v e r a g e  L a m b e r t  
o r  g e o g r a p h ic  

a z im u t h

A t  +  A 2
A  =  -------------------------

2

A y  =  A D  c o s  A  

A X  =  A D  s in  AR e la t iv e  e a s t  o r 
w e s t c o o r d in a t e s  

A X

P r o je c t io n  o n  th e o r e t ic a l 
p la n e  

A h

A n g u l a r  d if fe re n c e  
b e tw e e n  

g e o g r a p h ic  
a z i m u t h s : 

s u r v e y  a n d  
ta r g e t 

( A  -  A m )

A h  -  A D  c o s  (-4  -  A,n)
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CO NTR O L OF AC TU AL HO LE SHAPE (continued) 
D iffe ren t ca lcu la tio n  fo rm ulas

The d r i ll a n g le  /, and  a z im u th  a re  m easured  a t p o in t A.
if 4 a n d  Az a re  m easured  a t p o in t B, ly ing  a t a  d is ta nce  A L from  p o in t A :

a. Tangent method

A Z  =  A L  co s  /2 
A D  =  A L  s in  i 2 
A Y  -  A D  co s  ,42 
A X  =  A D  s in /4 2

b. Secant or average angle method

A Z  =  A L  cos 

. A D  =  A L  sin 

A Y  =  A D  c o s  

A X  =  A D  sin

h +
2

h + >2
2

A \ + A 2
2
+ a 2

c. Balanced tangent method

A L  a lA Z  -  --------- C O S  I ,  +  --------- C O S  12
2  2

A L  A L& D  =  —  s m , .  +  —  s in  / 2 
2  2

A Y  — s in / !  c o s -4 ) 4- ~ ~  s i n c o s  A s

A L  A L
A X  =  —  s in / ,  s in /4 ,  +  —  s in / '^  s in  A z
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C O N TR O L OF A C TU A L HOLE SHAPE (continued) 
D iffe ren t c a lcu la tio n  fo rm ulas

d. Radius of curvature method

4 Z  

A D  

A Y  

A X

Dogleg

The  fo rm u la  fo r d o g le g  (D L) is the  fo llo w in g :

D L =  C O S - 5  [co s  i ]  co s  <2 +  s in / ',  s in / 2 co s  (A 2 -  /A ,}]

D ogleg  S everity

The  API fo rm u la  fo r D o g le g  Severity (DLS) is the  fo llo w in g  :

DLS =  c o s ” 1 [ c o s / ,  c o s / ;  +  sin / ,  s in  i 2 co s  (A 2 — ^ t ) )

The va lues  a re  expressed in deg rees /100  ft if A L  is in feet.
O th e r DLS fo rm u la s  a re  a va ila b le  a c c o rd in g  to  th e  ca lc u la tio n  m eth o d s em ployed.

180 A L
TZ /j  ~  /,

180 A L
7T i 2 -  i ,

180 A D
■ z  A 2 -  

180 A D
7T A ,  -  A

{s in / 'z ~  s in / ', )  

{c o s / 't  — COS/2)

-  {s in  A 2 — s in  A  s)
t

-  ( c o s -  cos  ,4 2)
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COURSE CORRECTION

Let us assum e th a t the  last survey w as m ade a! p o in t M :
(  D rift a n g le  =  iM

M  5 A z im u th  -  A m
)  C o o rd in a te s  -  Xu, YM, ZM

T he  ta rg e t is a t p o in t T :
T  C o o rd in a te s  ~  X h Y T, Z 7

Drift angle correction

M

M T  =  j ( X r  -  XM) 2 +  (Y r  ~  Ym)Z +  (Z T ~  Z M} *  

A Z  =  Zy -  Zw

iT =  cos 

a  =  /> -

A Z

M T

h
M T ra te  o f b u ild u p



COURSE CORRECTION (continued)
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Azimuth correction

A X ■ X r  -

A Y - YT -

A t =- ta n  ” i A X

0  = A t - a m

2 0
R O W  =

M T
ra te  o f a z im u th  ch a n g e

Possible azimuth variation with a deflecting tool
T he  m ax im um  a n g le  th a t c a n  be tu rn e d  to  r ig h t o r  let! w ith  a  d e fle c tin g  to o l is g iven 

by th e  p ra c tic a l fo rm u la :

A A  =
180

w h e re  A A  is the  m ax im um  a zim u th  va ria tio n  w ith  a  ho le  a n g le  i.



TYPICAL STRINGS FOR DIRECTIONAL DRILLING
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FG

A .  A N G L E  B U I L D I N G  A S S E M B L I E S

D C Am D C  A m DC

FG FG

B . A N G L E  H O L D I N G  A S S E M B L I E S

MB
FG

6 / 1 0 ' 30' 60'

M B
F G

M B
U G

C . A N G L E  H O L D I N G  A S S E M B L I E S  F O R  S O F T  F O R M A T I O N

F G

F G

D . A N G L E  D R O P P I N G  A S S E M B L I E S  ( P E N D U L A R )

L E G E N D  

N B  =  N e a r Bit 
M B  =  M id  B o d y  
D C  =  D rill C o lla r  
A m  =  N o n m a g n e tic  
F G  =  F u ll G a g e  
U G  =  U n d e r G a g e
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MAIN SYMBOLS USED

BHP
C,
C*
C0fi
CP
d i

d2
o 'e

<?irac

d 0
O',

FC P
G
G m a >

h

H P
ICP
ICP2

K

M AA SP

N
K

Pa
Palg 
P a  max

A P c ,

P i
P u a c  
A  P t .

O

Q ,

S

b a rite  w e ig h t to  be a d d e d  to  V  m3 o f m ud  to  ra ise th e  m ud  w e igh ! from  d ,  
to  d 2 (kg)
ra te  o f b a rite  a d d itio n  (kg /rn in )
B ottom  H o le  P ressure (kPa)
n u m b e r o f p u m p  s troke s  co rre sp o n d in g  to  d rill s tr in g  in te rna ! vo lum e V,
n u m b e r o f  p u m p  s troke s  co rre sp o n d in g  to  to ta l a n n u la r vo lu m e  V3
n um ber o f p u m p  strokes co rre sp o n d in g  to  o p e n -h o le  a n n u la r vo lum e Vol,
c irc u la tin g  p ressure (kPa) 
in itia l sp e c ific  g rav ity
in te rm ed ia te  sp e c ific  g ra v ity  in  case  o f m u lti-s te p  w e ig h tin g  
sp e c ific  g ra v ity  b a la n c in g  fo rm a tio n  pressure 
fra c tu r in g  sp e c ific  g rav ity
sp e c ific  g ra v ity  fo r d e n s ity  in  kg /I) o f g a s  m easured  w ith  respect to  w ater 
sp e c ific  g ra v ity  re q u ire d  to  k ill tt ie  w ell
f in a l c irc u la tin g  p ressure a t k ill ra te  w ith  m ud  sp e c ific  g ra v ity  d, (kPa) 
vo lum e o f k ick  m easured  a t sh u t-in  (liter)
m axim um  vo lu m e  o f k ic k  to  avo id  fra c tu re  a t shoe  o r e xceed ing  th e  m axim um  
w o rk in g  p ressure  (liter) 
h e igh t o f g a s  (m) 
h yd ro s ta tic  p ressure  (kPa)
in it ia l c irc u la tin g  p ressu re  a t kill ra te  w ith  m ud  sp e c ific  g ra v ity  d, (kPa) 
In itia l c irc u la tin g  p ressure a t kill ra te  w ith  m ud  sp e c ific  g ra v ity  d% (kPa)

ra tio
z* r .

o f Z T
PV

c o n s ta n t^ be tw een s u rla ce  a n d  b o ttom  hole
Zb Tb -  "  \ Z T

m axim um  a llo w a b le  a n n u iu s  pressure, w e ll c losed, co rre sp o n d in g  to  fra c tu 
ring  a t w e a k  zo n e  (kPa)
n u m b e r o f p u m p  strokes co rre sp o n d in g  to  d r illin g  ra te  (s trokes /m in )
n um ber o f  p u m p  strokes co rre sp o n d in g  to  kiff ra te  (s trokes /m in )
a n n u iu s  p ressure d u rin g  c o n tro l (kPa)
s ta tic  a n n u iu s  p ressure o f ga s  filled  w ell (kPa)
a n n u iu s  p ressure  w hen  ga s reaches su rfa ce  (kPa)
pressure  losses in  ch o ke  line  (kPa)
fo rm a tio n  p ressure (kPa)
fa c tu r in g  p ressure  a t w e a k  zo n e  (o r shoe ) (kPa)
a d d it io n a l p ressure  loss due  fo  c irc u la lin g  h ead  (k ick  assem bly) a n d  to  
p u m p in g  lin e  betw een re ad ing  p ressure g a u g e  a n d  c irc u la tin g  h ead  on 
flo a tin g  rig  (kPa)
m axim um  safe ca s in g  p ressure , e ithe r the  w o rk in g  p ressure  o f th e  BO P's or 
th e  b u rs tin g  s tren g th  o f th e  fast ca s in g  s trin g , w h iche ve r is th e  low est. Th is 
p ressure  m ust never be exceeded (kPa) 
p ressure  a t w e a k  zone  (o r shoe) (kPa) 
m axim um  pressure a t w eak zone  (kPa)
pressure losses a t (s low ) k ill ra te  w ith  m ud  sp e c ific  g rav ity  m easured  by
th e  n o rm a l d r illin g  c irc u it (sha le  shakers o r riser) (kPa)
pressure  losses a? (s low ) k ill ra te  w ith  m ud  sp e c ific  g ra v ity  d2, m easured  by
th e  n o rm a l d r illin g  c irc u it (sha le  sh a ke rs  o r riser) (kPa)
pressure  losses a t (s low ) k ill ra te  w ith  m ud sp e c ific  g ra v ity  d „ m easured by
the  n o rm a l d r illin g  c irc u it (sha le  shakers o r riser) (kPa)
flow  ra te  used in  d r illin g  (1/min)
flo w  ra le  (re d u ce d )  used to  k ill th e  we!) (1/min)
d o w n h o le  p ressure  in c re a se  (safe ty m arg in ) (kPa)



444 K  2

M A IN  S YM B O LS USED (continued)

SICP stab ilized  a n n u lu s  (cas ing ) pressure, w e ll c losed, a fte r k ic k  (kPa)
SIDPP stab ilized  d rill p ip e  oressure, w e ll c losed , a fte r k ick , w ith  m ud  sp e c ific  g rav ity  

(kPa)
SIDPP2 s ta b ilize d  d rill p ipe  pressure, w e ll c losed, a fte r kick, w ith  m ud  sp e c ific  g rav ity  

<?2 (kPa)
V to ta l vo lum e  o f m ud to  be w e igh ted  {in c lu d in g  ta n ks) (m 3)
Va to ta l a n n u lu s  vo lu m e  (m3)
va vo lum e per m eter o f a n n u lu s  (I/m)
Vab vo lu m e  per m eter o f a n n u lu s  d o w n h o le  (I/m)
VB vo lu m e  increase  d ue  to  ba rite  w e ig h tin g  o f V m3 o f m ud from  o',, to  d2 (m 3)
Vi drill s tr in g  in te rn a l vo lu m e  (m3)
Voh o p e n -h o le  a n n u la r vo lu m e  (m 3)
v * vo lu m e  o f m ud  in ta n ks  (m 3)
z ve rtica l dep th  (m)
z s ve rtica l dep th  a t w eak zone  (o r shoe ) (m)
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P R E LIM IN A R Y  CA LC U LA TIO N S

To  a c t p ro m ptly  a n d  e ffective ly w hen  a  k ick  o ccu rs , ce rta in  d a ta , necessary to  co n tro l 
a  w ell, m ust be kn o w n  o r de term ined  in a dvance , a n d  the  va lues  re g u la rly  updated .

VOLUMES OF CIRCULATING FLUIDS
V, =  ins ide  vo lu m e  o t d r ill s tr ing  (m 3)
Va =  to ta l a n n u la r vo lu m e  (m 3)

~  o p e n -h o le  a n n u la r  vo lu m e  (m 3)
Vtk =  vo lum e  o f m ud  in  ta n ks  (m 3)

REDUCED MUD FLOW RATE TO CONTROL KICK
The re d u ce d  m ud  flo w  ra te  Q „  se tecfed  in a dvance , g e n e ra lly  ra n g e s betw een a h a ll 

a n d  a  q u a rte r o f th e  d r illin g  m ud  flo w  ra te  Q  (usua lly  0 /2 ). It is se lected a c c o rd in g  to  
the  g eom etry  o f th e  well, and. the  su rfa ce  in s ta lla tio n .

NUMBER OF CIRCULATING STROKES 
AT REDUCED MUD FLOW RATE

a) From  su rface  to  bit

b) F rom  bit to  s u rfa c e :

V i

c '  -  o ,  N '

c - "  t
c) C o rre sp o n d in g  to  o p e n -h o le  a n n u la r  vo lu m e :

Cofl =  ^  N,

PRESSURE LOSSES AT REDUCED MUD FLOW RATE 
WITH INITIAL MUD WEIGHT

These p ressure  losses c a n  be de term ined  a s  d r illin g  p ro c e e d s :
(a ) A t fixed  tim es, a t crew  ch a n g e  fo r  exam ple.
(b) A fte r ru n n in g  in  a new  bit be fo re  resum ing  d rillin g .
These p ressu re  losses a re  m easured  o n sh o re  a n d  o ffsh o re  b y  th e  n o rm a l d riiiin g  

c ircu it.
A d d itio n a l p ressure  losses A P ci o cc u r w hen  c irc u la tin g  in  the  c o n tro l lines. They are 

n o rm a lly  n e g lig ib le  on  land  o r on  a  fixed  o ffsh o re  su p p o rt, b u t a re  h ig h e r on  a  flo a tin g  
"9 -

S ince these a d d itio n a l p ressure losses o c c u r in  th e  a nnufus , th e y  m ust no t a p p e a r in 
the  express ion  o f the  c irc u la tin g  p ressure  d u r in g  con tro l.

MAASP and dUaz
{s e e : W eil s treng th , K11).
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C A LC ULA TIO N AFTER W ELL CLO SURE
Basic calculations

P, =  SIDPP +  9.81 Z d s

P ,

448 K  6

9.81 Z

IC P  =  SID PP  +  Pm  +  S

SIDPP  +  S
dr  =  o', +  ---------------------

9.81 Z

FC P  =  Psr,  =  Psri ^
<3i

Circulation of an intermediate mud weight d2
From  th e  tim e w hen the  m ud  d? reaches th e  bit, the  ca s in g  p ressure b e c o m e s : 

ICP2 =  SIDPPs +  PS!2 +  S

w ith
SIDPP2 =  P, -  9.81 Zd?_

0 2P  =  P  —r s r  2  r s r  i ,
O i

S pe c ia l case, i f :

d, +  dr 
( j 2  =   _ ^ e n :

IC P  +  FPC  ICP2 =  ---------------------

Barite addition
B arite  w e ig h t to  be a d ded  to  V  m3 o f m ud to  ra ise the  w e ig h t from  d, to  dz :

d? ~  d,
B  =  4.2 V — -------------(in  m etric  tons)

4.2 ~ d 2

Rate o f b a rite  a d d itio n  a t flow  ra te  Q, to  ra ise th e  w e ig h t fro m  d t to  d2 :

S , =  4.2 Qr — ---------—  {in  kg /m in )
4.2 -  d t

V olum e in c re a se  d u e  to  b a rite  a d d it io n :

*  =  £  (in  m3)
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CO NTR O L ON FLO ATING  SUPPORT

452 K 10

C o n tro l is s ta rte d  w ith  a ca s in g  p ressure o f :
IC P  =  PSf, +  A P ka +  S lD PP  +  S  (1)

T o  avo id  c ra c k in g  a t the  shoe, th e  s ta rtin g  a n n u la r  p ressure m ust b e :
Pa <  MAASP -  A P cl

W hen th e  m ud o l the requ ired  w e ig h t reaches the  bit, th e  ca s in g  p ressure  is :

FC P  =  (P sn +  A P ka) ~

in  very deep w ater, the  ch o ke  line  p lays the  ro le  o f a  fixed  choke . As lo n g  as the 
pressure  loss ca u sed  by th is fixed  ch o ke  ca n  be o ffse t by o p e n in g  the  a d ju s ta b le  choke, 
th e  d o w n h o le  p ressure is una ffec ted .

A s c o n tro l is com p ie ted , w ith  the  a d ju s ta b le  ch o ke  com p le te ly  open, the  c irc u la tin g  
pressure  exceeds FCP. To  lim it th is  excess, w h ic h  co rre sp o n d s  to  a  d o w n h o le  ove r
p ressure  o f

at the  end  o f co n tro l, the  second  ch o ke  line  c a n  be o p e ne d  o r c o n tro l com p le ted  a ! a 
low er flo w  rate.

(1 ) A P k a : a d d it io n a l p re s s u re  loss d u e  to  a  k ick  asse m b ly . If fluids c irc u la te  th ro u g h  she kelly in ste ad  
o f a  k ick  a s s e m b ly  A P k a  -  0.
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WELL STRENGTH

MAASP
The  m axim um  a llo w a b le  p ressure  M AASP  a t th e  to p  o f th e  an n u lu s , w ith  th e  well 

c losed , w ith o u t an y  risk o f fra c tu r in g  th e  fo rm a tio n  a t the  w e a k  zone, is re lated to  the  
d e n s ity  o f  the  flu id  in  th e  a n n u iu s  betw een th e  w e a k  zone  a nd  the  surface.
T he  M AA SP  ch a n g e s  as th e  flu id  d e n s ity  c h a n g e s :

M AA SP  =  P,rac -  9-81 Zsd,

Fracturing densiiy

Ptmr
oirac 9.81 Zs

Maximum allowable gain at shut-in to avoid cracking at the weak zone

G as h e ig h t :

=  M AASP  -  (P i -  9.81 2cfr)
9.81 (tf, -  dg)

dg is g iven  by the  c h a rt o n  p age  K 13.

M AASP -  (P , -  9.81 Z d J
k f n a x  —  m ,  , , ,  va 09.81 (d, -  dg)

Maximum allowable gain at shut-in to avoid exceeding the Pmsx pressure of 
the well w h e n  th e  g a s  a r r iv e s  b e lo w  th e  B O P  d u r in g  th e  c i r c u la t io n  o f a g a s  
k ic k  :

r  -  P m a x  ^  ~  ( P !  ~  P m a x ))

° max "  ' 9.81 K dt P , VaD

K  is g iven  by the  c h a rt o n  page  K 13.

Maximum annulus pressure, well shut-in and filled with gas

Patg =  Pf ~  9-81 Zdg

dg is g iven  b y  th e  c h a rt on  page K 13.
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W E L L  S T R E N G T H  ( c o n t i n u e d )

Maximum casing pressure during the circulation of a gas kick 
with the initial m ud  weight

SIDPP
2

S ID P P2 KGdyP,
P ia  max + +  9.81

4

K  is g iven b y  the  ch a rt on  page  K 13.
N o te :  th is  p ressure  is ca lcu la te d  w hen  th e  ga s  a rrives b e lo w  the  BOP. T he  geom etry 
o f the  a n n u lu s  is cons ide red  cons tan t.

Maximum pressure at weak zone during circulation of a gas kick 
with mud of the initial weight

N o te :  th is  p ressure  is c a lcu la te d  w hen  the  g a s  a rrives be low  the  w eak zone. The 
geom etry  o f th e  a n n u lu s  is co n s id e re d  co n s ta n t. K  is e q u a l to  1.

G d ^ P ,



K 13

CHARTS G IV IN G  C O E FFIC IE N T K 
AND GAS S P E C IF IC  G R AVITY

455

K
V a lu e  o l  the co eificie n t K  a s  a  fu n c 
tio n  o f d e p th  a n d  b a la n c in g  m u d  
w e ig h t for a  g iv e n  fo rm a tio n  (c o e f

ficient u s e d  to  c a lc u la te  m a x im u m  
c irc u la tin g  c a s in g  p re s su re  P A max 

w h e n  ta k in g  a  k ick).

F r o m  B lo w o u t  P rev en t io n  a n d  W ell 
C on tro l.  E d itio n s  T e c h n ip . Paris, 

1981.

S p e cific  g ra v ity  o f a  g a s  a s  a  fu n c 
tio n  o f p re s s u re  a n d  te m p e ra tu re  (for 

a  g a s  o f a v e ra g e  c o m p o s it io n  (8 0 %  
C 1 ) .  s pe cific  g ra v ity  of 0 .67 5  (a ir  =  

1 )  a n d  a  te m p e ra tu re  g ra d ie n t of 

3  °C/100 m ).
F ro m  B lo w o u t  P rev en t io n  a n d  W ell 
C on trol. E d itio n s  T e c h n ip , Paris. 

1981.

m  x  3 .2 8  =  ft  M P a  *  1 45  =  p s i k g / l  =  s p .g r. k g / l  *  8 .3 5  ~  lb /g a l
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EXAM PLE OF K ICK CO NTRO L
I IN IT IA L  D A T A

W ell d e p th ....................................................................................... Z  =  2 500 m
C a s ing  size 9 5 /8  in (N80-47 lb / f t ) .............................. ... . 2 S =  1 750 m
BOP serie 10 000 
B it size 8 1/2 in  w ith  :

. 5  in  d rilip ip e s , 19.5 l b / f t .................................................. 2 320 m

. 6 3 /4  in  - 2  1/4 in  d r ill c o lla rs ....................................... 180 m
. m ud  w e ig h t ..........................................................................d-, =  1.15
. d r illin g  m ud flo w  ra te . . ..................................................O  =  1 3001/m in

{80 s troke s /m in )
. reduced  m ud flo w  ra te ....................................................Qr =  6501/m in

(40 s trokes/m in )
. p ressure  losses w hen  d r i l l in g ......................................P  =  l0  9 0 0 k P a
. p ressure  losses w ith  m ud  d, a t re d u ce d  Psr, =  3  500 kPa

flow  ra te ..................................................................................
Le a k O ff Test a t shoe  w ith  m ud  a t d , .............................. M AASP  =  7 700 kPa

II P R E L IM IN A R Y  C A L C U L A T IO N S
(liters)

Inside vo lu m e  o f d rilip ip e s  (9.15 i/m ) ................................................. 21 228
Inside vo lu m e  o f d rill co lla rs
(2.565 i/m ) ......................................................................................................... 462

Inside vo lu m e  o f d rill s tr in g  V , ............................................................  21 690 (1 335 strokes)
A n n u lu s  ca s in g  (38.18 I/m ) —  d rillp ip e
{13.11 I/m) v o lu m e .....................................................................................  43 872
A n n u lu s  ho le  (36.61 I/m ) —  d rillp ip e
(13.11 I/m ) v o lu m e .............................................................................   1 3 395
A n n u lu s  ho le  (36.61 !/m ) —  d rill co lla r
(23.09 I/m ) v o lu m e .....................................................................................  2 434

T o ta l a n n u lu s  vo lum e Va ................................. ......................................  59 701 {3  673 strokes)
O p e n -h o le  a n n u lu s  vo lum e Von. . ...................................................  15 829 (974 strokes)

F ra c tu r in g  p re s s u re :
PUac =  M AASP +  9.81 Z s d s =  7 700 +  9.81 *  1 750 *  1.15

Pltac -  27 440 kPa

F ra c tu r in g  m ud  w e ig h t :
Pfrac =  27 440

" ac 9.81 Zs 9.81 x  1 750 

diiac =  1.60

II I  W E L L  C L O S U R E
A fte r w a itin g  a b o u t 15 m in fo r s ta b iliza tio n  o f the  pressures, th e  re a d in g s  a re  :

SID PP  =  2 300 kPa 
S iC P  =  4 500 kPa 

<3 =  4 000 liters.
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IV CALCULATIONS AFTER SHUT-IN

P, =  2 3 0 0  +  9.81 x  2 5 0 0  x  1.15 =  3 0 5 0 0 k P a

G iven th e  d iffe rence  be tw een  M AA SP  (7700 kPa) a nd  SICP  (4500 kP a), the  fo llo w in g  
sa fe ty  m a rg in  is used  :

S =  1 000 kPa

IC P  =  2  300 +  3  500 +  1 000 =  6 800 kPa

2 300 +  1 000
d , =  '1 .15 +  --------------------------  =  1.29

9.81 x  2 500

F C P  -  3 500 x  —  -  3 925 kPa 
1.15

To ta l vo lu m e  to  be w e ig h te d  by co n s id e rin g  th e  c irc u ia tin g  vo lu m e  o f 80 m3 a! the 
su rface  :

V =  V, +  Va +  Vlk =  21.690 +  59.701 +  80.000 =  161.4 m3 

B arite  w e igh t to  be  a d d e d  :

1.29 -  1.15
B  =  4.2 x  161.4 x  ----------------------  =  32.6 m e tr ic  tons

4.20 -  1.29

E X A M P L E  O F  K I C K  C O N T R O L  ( c o n t i n u e d )

V olum e increase  due  to  b a r ite :

32.6
7.8 m3 

4.2

V KICK CONTROL BY THE DRILLER’S METHOD

a) A fte r se tting  th e  p u m p  s troke  c o u n te r to  zero , o pen  the  ch o k e  a n d  s ta rt th e  pum p 
a t th e  ra te  o f 6 5 0 l/m in  {4 0 s troke s /m in ). A d jus t the  ch o ke  to  read  the  ca s in g  p re ssu re :

Pa =  SICP  +  S  =  4 500 +  1 000 =  5 500 kPa

b) A fte r a  few  m om ents, the  d rillp ip e  p ressure sh o u ld  s tab ilize  a t :

IC P  -  6  800 kPa
If n o t :
. if Pap read <  ICP , th e  p u m p  m ay be ru n n in g  a t less th a n  40 s trokes /m in  : check 

th e  pum p,

. if Pap read  >  ICP, the  p u m p  m ay be ru n n in g  a t m ore th a n  40 s troke s /m in  : check 
the  pum p.
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c) W hen the  d r illp ip e  p ressure  is s tab ilized  a t ICP, co n tin u e  to  m a in ta in  IC P  to r a t 
least 3673 strokes.

d ) A fte r 974 strokes, the  e n tire  e ffluen t h a s  g o n e  in to  th e  ca s in g . If the  ca s in g  pressure 
th e n  exceeds MAASP, there  is no  risk o f fra c tu re  if IC P  a n d  O, a re  still co n s ta n t.

e) A fte r 3673 strokes (o r m ore if the  w eil is caved  in ), the  e ffluen t h a s  been c ircu la te d  
o u t com p le te ly , a n d  yo u  ca n  s to p  the  p u m p  a nd  shu t in  the  well (re co rd  the  pos ition
o i th e  ch o ke  b e fo re  sh u t-in ) to  read th e  pressures. They m ust b e :

Pap -  SID PP  =  2 300 kPa

Pa =  SID PP  =  2  300 kPa

f) Reset th e  co u n te r to  zero. Restart the  p u m p  a t 6 5 0 l/m in  (40 s troke s /m in ) re p o s itio 
n in g  the  ch o ke  a t its  va lu e  be fo re  shu t-in , a s  d ,  m ud  is pum ped  in to  the  drillp ipes.

g) C o n tro l th e  ch o ke  to  have the  fo llo w in g  ca s in g  p re s s u re :

Pa =  SID PP  +  S  =  2 300 +  1 000 =  3 300 kPa 

T he  d rillp ip e  p ressure sh o u ld  d ro p  f r o m :
IC P  ~  6 800 kP a  to  FC P  =  3  925 kP a in  1 335 strokes

h) A fte r 1 335 strokes, m a in ta in  the  d r illp ip e  p ressure  a t :
F C P  =  3 925 kPa 

u n til the  heavy d, m ud  reaches the  surface.

VI WELL STRENGTH
a. Maximum allowable gain at shut-in to avoid fracturing at weak zone

M A A S P  -  (P , ~  9.81 Z d ,)
9.81 (d, -  d g)

W ith  P , =  30 5 0 0 k P a  =  30.5 M Pa a n d  w hen  e s tim a ting  a  d o w n h o le  te m p e ra tu re  o f
a b o u t 80 °C. we ca n  ta ke  {c h a rt p age  K 1 3 ):

dg =  0.25

7 700 -  (30 500 -  9.81 x  2 500 x  1.15)
9.81 (1.15 -  0.25)

h  =  612 m

o r :  180 m o p p os ite  the  d rill
c o lla rs : 180 x  13.52 =  2424 liters
432 m o p p o s ite  the  d rillp ip e s  : 432 x  23.5 =  10152 liters

G a in  =  12586 liters
S ince  th e  m ax im um  a llo w ab le  g a in  is less th a n  the  o p e n -h o le  a n n u lu s  vo lum e, the 

c a lc u la tio n  w ith  th e  g a s-fille d  w ell is u n a cce p ta b le .

E X A M P L E  O F  K I C K  C O N T R O L  ( c o n t i n u e d )
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b. Maximum pressure at weak zone during gas circulation

S lD P P  +  9.81 Zsd ,  I  (S lD P P  +  9.81 Z sd ,)2 Gd^P,
p  —  ----------------------------------------------------  - j_ j -----------------------------------------------------------  4 -  0  3 1  -------------

2 \ j  4 va

2 300 +  9.81 x  1 750 x  1.15
D  =  --------------------------------------------------------------------------------------------------------
'  Smax 2

I  (2 300 +  9.81 x  1 750 x  1 .15)2 4 0 0 0  x  1.15 x  3 0 500
+  / - ----------------------------------------------------------— +  9.81 --------------------  ---------------------

\ j  4 23.5

P sm ax =  2 4  4 3 9  k P a  <

A t sh u t-in , th e  p ressure  a t the  s h o e :
Ps =  S ICP +  9.81 Z sd \  =  4 500 +  9.81 x  1 750 x  1,15 =  24 242 kPa

W h e n  c irc u la tio n  is s ta rted  :
Ps =  S IC P  +  S  +  9.81 Zsd % =  25 242 kPa

PSmax c a lcu la te d  is low er th a n  th e  va lu e  reached  w hen  s ta rtin g  c o n tro l

T h is  is exp la in e d  by the  m o d e ra tin g  e ffect o f the  d rill co lla rs . The  g a s  he ig h t a ! the 
sh o e  is low er th a n  d ow nho le . T h is  is n o t a lw ays th e  case, especia lly  if the  shoe  is 
sha llow .

E X A M P L E  O F  K I C K  C O N T R O L  ( c o n t i n u e d )

c. Maximum casing pressure when circulating the kick

For Z  =  2 500 m and  d e =  1.24, w e  o b ta in  K  -  0.95 on  th e  ch a r! on  page K 13.

S lD PP  I  S lD P P 2 K G d , Pf
p— -  — +  j —  + 9m — r

2 3 0 0  /2 3 0 0 2 9.81 x  0,95 x  4 0 0 0  x  1.15 x  3 0 5 0 0
+

2 \ l  4 23.5
=  8  697 kPa

V a lu e  low er t h a n :
(a) T he  BOP w o rk in g  p ressure  =  68 9 5 0 kP a .
(b) T he  ca s in g  b u rs tin g  p ressure  == 47 300 kPa.
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D E T ER M IN A TIO N  OF THE LENGTH  
OF FREE PIPE IN A STUCK STRING

The len g th  o f free p ip e  in  a  s tu ck  s tr in g  is g iven by th e  fo rm u la :

=  2.675 P p p f 
h  ~  T,

w h e re :

L ' =  len g th  o f free p ip e  (m)
P D p =  w e ig h t per m eter o f p ip e  {kg /m )
/  =  d iffe re n tia l s lre tch  in mm  fo r d iffe re n tia l p u ll T2 - Tx ( l0 3 daN )

N o te :  T h is  m ethod  d oes no ! g ive h ig h  a cc u ra cy  on  L.

EXAMPLE OF HOW TO USE THE METHOD

S tick in g  a t 2247 m in  a  8  1/2 inch  ho le  w ith  a  m ud  w e igh t 1.40 (SG). T he  d rill s tring 
co n s is ts  o f 2000 m o f 5  inch , 19.50 lb /ft {N C 5 0 ) g ra d e  95, c lass  P rem ium  d rill pipes. 
31.83 kg /m  a n d  247 m o f 6 3 /4  in ch  by 2 1 3 /1 6  in ch  d rill co lla rs . 149,8 kg /m .

First step. C a lc u la te  the  m ax im um  p u ll on  d rill p ip e :
{a) Tension  lo a d  a t m in im um  yie ld  s tre n g th  (See B 19) =  175.6 1 03 daN.
(b ) M axim um  a llo w a b le  p u ll =  175.6 x  0.9 -  158 1 03 daN.

Second step. C a lcu la te  the  w e ig h t o f th e  d r ill s tr in g  in  m u d :
{a) D rill c o lla rs  =  247 m x  149.8 kg /m  =  37 000 kg *  37.0 103 daN.
(b ) D rill p ipes =  2 000 m x  31.83 kg /m  =  63 600 kg  s  63.6 103 daN.

T o ta l =  100.6 103 daN.

In m ud  d  =  1.40, the  b u o ya n cy  fa c to r  is  0.822.
W e igh! o f d rill s tr in g  in  m ud  ~  100.6 x  0.822 =  82.6 l0 3 daN.
T he  a llo w a b le  p u ll m arg in  is 158 -  82.6 =  75.4 l0 3 daN.

Third step. P ull on  the  d rill s tr in g  u n til th e  w e igh ! in d ic a to r show s a p u ll 7, o f 105 
l0 3 d a N  (1). D ra w  a m ark  a t !h e  ke ily -d rive  b u sh in g  level. A p p ly  110 103 d a N  a n d  re tu rn  
to  105  l0 3 daN . D raw  a  se co nd  m ark  a t the  ke ily -d rive  b u sh in g  leve. T h is  se co nd  m ark 
sh o u ld  be d is tin c t fro m  the  firs t {d iffe ren ce  ca u sed  by fr ic tio n  o f d rill p ipe  in  the  hole). 
D raw  a  d a tu m  line m idw ay betw een th e  tw o  m arks.

(1 ) E x a m p le s  o n ly .
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D E T E R M IN A TIO N  OF THE LENGTH  
OF FREE PIPE IN A STUCK STR ING  (continued)

Fourth step. P roceed as a b o ve  by a p p ly in g  Ts =  135 1 03 d a N ( l) .  D raw  a  m ark. Puli 
a t 140 1 03 d a N  and  re tu rn  to  135 l0 3 daN. D raw  a  m ark. D raw  a  d a tu m  line m idw ay 
betw een these  tw o  m arks. M easure th e  d is ta nce  /  in  m m  between the  tw o  d a tu m  lines. 
Assum e /  =  700 mm.

Fifth step. A pp ly  the  fo rm u la  w i t h :

PDP -  31.8 kg /m
/  =  700 mm
7, =  105 103 daN
T2 =  135 103 daN

2.675  x  31.8 *  700
L -------------------------------------------- -----  1985 m

30

Conclusion. T he  s tic k in g  p o in t is ne a rly  a t th e  to p  o f the  d rifl co l/ars.

(1 )  E x a m p le s  only.
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BACK-O FF

1) B e fo re  an y  b a ck -o ff, d e te rm ine  the  d e p th  o f the  stucl< p o in t fus ing  an  extensom eter 
o r  by th e  s tre tch  test (see K19).

2) M ake -u p  the  d ril! s tr in g  to  a  m axim um  o f 8 0 %  o f the  to rs io n a l lim it (see K21 to  
K24).

3) Set th e  n e u tra l p o in t a t the  level o f the  jo in t to  back -o ff.
The te n s io n  on  the  M a rtin  D ecker is g iven  b y :

H P  x  s
T =  P  +  ----------------

100 000

w h e re :
T =  w e ig h t in d ic a to r  te n s ion  {103daN )
P  — w e ig h t in m ud  o f free le n g th  o f d r illp ip e  p !us tra ve llin g  b iock, h o o k  e tc  (103daN) 
H P =  h yd ro s ta tic  p ressure  a t b a c k -o ff p o in t (kPa)
S  =  a re a  o f m a ttin g  su rfa ce  o f to o l jo in t (cm 2) {see K26)
4) A pp ly  le ftw a rd  tw is t a m o u n tin g  to  60 to  8 0 %  o f the  rig h tw a rd  tw ist used to  m ake

up  th e  s tring .
E xa m p le : 8 a c k -o ff a t 2 0 0 0 m  o f a  s tr in g  o f 5  in, 19.50 lb /ft  {NC50), c lass Prem ium , 
g ra d e  95 d rill p ipe, in  a h o le  co n ta in in g  m ud  w ith  SG -  1,40. W e ight o f tra ve llin g  b lo ck  
a n d  accessories: 8.103daN.

Calculations:
W e ig h t p e r m eter o f d rill p ipe  =  31.83 kg/m .
B uo ya ncy  fa c to r  =  0.822.
W e ig h t per m eter o f d rill p ip e  in  m ud =  31.83 x  0.822 =  26.16 kg/m .
W e ig h t o f  2000 m of d r ill p ipe  in  m ud  -  2000 x  26.16 a* 5 2 1 0 3daN.
H yd ro s ta tic  p ressure  a t 2000 m H P  -  9.81 x  2000 x  1.4 ~  28 0 0 0 kP a .
A re a  o f m a ttin g  su rfa ce  o f to o !-jo in ts  (see K26) S  =  34.73 cm 2.

F irs t step. M ake -u p  th e  d rill s tr in g  to  8 0 %  o f the  to rs io n a l lim it o f the  d rill p ipes  in 
tens ion . The w e ig h t o f th e  d r ill s tr ing , be fo re  s tick in g , w as 9 8 1 0 3d a N  on  the  w e igh t 
in d ica to r, o r 98 -  8  =  9 0 1 0 3d a N  fo r th e  d rill s tr in g  on ly . For 9 0 1 0 3d a N  , p age  K22 
in d ica te s  a  m ax im um  n um ber o f tu rn s  o f 1 0 1 /4  per 1000 m o f d rill p ipe, o r 2 0 l / 2 t r  
tu rn s  fo r  2000 m. M ake -u p  th e  d rill s tr in g  w ith  8 0 %  o f 21 tu rns, o r 16 tu rn s  o f the  right.
S eco n d  step. Set the  n e u tra l p o in t a t 2 0 0 0m . T he  w e ig h t in d ic a to r sh o u ld  s h o w :

H P  x  5 H P  x  s  28 000 x  34.73
T  -  P  + ------------- w ith  : P  =  52 +  8  =  60 a n d  : -------------= -------------------------- =  10

100 000 100 000 100 000

T  =  60 +  10 =  70 1 03daN

Th ird  step. Tw ist to  the  left to  8 0 %  o f the  rig h tw a rd  tw is t g iven  above, o r 8 0 %  o f 16 
tu rn s  o r 13 turns.
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T O O L  J O I N T  M A T T I N G
S U R F A C E  A R E A

( A P I  S p e c  7 )

T y p e  Of 
c o n n e x io n

B evel
ciiam elef

O f
(m m )

Inside
d iam e ter

Q c
(m m )

M a ttin g  su rfa c e  a re a

(m m 2) (in 2)

N C 2 3 7 6 .2 66 .7 1 0 66 1 .6 5 3
N C 2 6 8 2 .9 7 4 .6 1 027 1.591
N C 3 1 10 0.4 8 7 .7 1 8 76 2 .9 0 8
N C 3 5 11 4.7 9 6 .8 2 9 7 3 4 .6 0 9
N C 3 8 11 6.3 10 3.6 2 1 9 3 3 .4 0 0
N C 4 0 12 7.4 1 1 0 .3 3 1 9 2 4 .9 4 8
N C 4 4 14 4.5 119.1 5 2 5 9 8.151
N C 4 6 14 5.3 1 2 4.6 4 3 8 8 6.801
N C 5 0 150.4 13 4.9 3 4 7 3 5 .3 8 3
N C 5 0  (1 ) 15 4.0 1 3 4 .9 4 3 3 4 6 .7 1 7
NC56 1 8 5 .3 1 5 0 .8 9 1 0 7 1 4 .1 1 6
N C 6 1 2 1 2 .7 165.1 14 12 4 2 1 .8 9 2
N C 7 0 2 3 2 .6 1 8 7 .3 14 93 9 2 3 .1 5 6
N C 7 7 2 6 0 .7 2 0 4 .8 2 0 4 3 7 3 1 .6 7 8

2  3 / 8  R E G 7 6 .6 6 8 .3 9 4 5 1.46 4
2  7 /8  R E G 9 0 .9 7 7 .8 1 7 3 6 2 .6 9 0
3  1/2 R E G 10 3.6 9 0 .5 1997 3 .0 9 5
4  1/2 R E G 13 4.5 119.1 3 0 6 7 4 .7 5 4
5  1/2 R E G 1 6 4 .3 1 4 1.7 5431 8 .4 1 9
6  5 /8  R E G 186.1 1 5 4.0 8 5 74 1 3 .2 9 0
7  5/8 R E G 2 2 3 .8 1 8 0.2 13834 2 1 .4 4 3

5  1/2 F H 170.7 1 5 0.0 5214 8.081

(1 )  S t a n d a r d  f r o m  J u n e  1 9 86  

m m  x  Q .0 39 4  =  ia
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size .......................................................................................................  4 7 3
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PH Y S IC A L PRO PER TIES  OF STEEL  
FOR W ELLHEADS (PSLO) 

(A P I Spec 6A, 15th Edition, 1 A pril 1986)

P hysical and chem ica l p ro p e rties  (PSLO)

P ro p e rty T y p e  1 T y p e  2 T y p e  3 T y p e  4

M in im u m  tensile stre n gth
( p s i ) .  . . . 7 0  0 0 0 9 0  0 0 0 1 0 0  00 0 7 0  0 0 0

( M P a ) .  . . 4 8 3 621 6 9 0 48 3

M in im u m  y ie ld  s tr e n g t h
( p s i ) .  . . . 3 6  00 0 6 0  0 0 0 7 5  0 0 0 4 5  0 0 0

( M P a ) .  . . 24 8 41 4 5 1 7 3 1 0

M in im u m  e lo n g a t io n  {  %  in  2 

i n c h e s ) ................................................................
22 18 17 19

M in im u m  r e d u c t io n  in a r e a  {  % )  . 30 3 5 3 5 3 2

M a x im u m  c a r b o n  c o n t e n t  (  % )  . . — — 0 .3 5

M a x im u m  m a n g a n e s e  co nte n t ( % ) — .... — 0 .9 0

M a x im u m  s u lf u r  c o n t e n t  (  % )  . . . _ .. — 0 .0 5

M a x im u m  p h o s p h o ru s  co n te n t ( % ) — — — 0 .0 5

Type of s tee l for eq u ip m en t (PSLO)

E q u ip m e n t

W o rk in g  p re s su re  (p s i)

1000 2 000 3000 5000 10 0 0 0  . 15 000 2 0  000

B o d y  (v a lv e ,  C h r i s t m a s  tre e

o r  w e llh e a d  e q u ip m e n t _ _ 1 o r  2 1 o r  2 1 o r  2 1 o r  2 3 3

In te g r a l e n d  c o n n e c t io n  :

f l a n g e d .................................... — 2 2 3 3

t h r e a d e d ................................ — 2 2 — _ —

B o n n e t ............................................... _ 1 ,2 ,3 .4 1 ,2,3 .4 1 ,2,3 ,4 1 ,2 ,3 ,4 1 ,2 ,3 ,4 1 ,2 ,3 ,4

W e llh e a d  e q u ip m e n t

in d e p e n d e n t  s c r e w in g .  . 1 .2 ,3 ,4 1 ,2,3 .4 — — — — —

N o n - in t e g r a l  f la n g e s  :

w e ld e d  f l a n g e .................. 4 4 2 3 3

b lin d  f l a n g e ..................... ..... 2 2 2 3 3

t h r e a d e d  f l a n g e .............. .. 2 2 — — —



L  3 475

PH Y S IC A L PRO PER TIES  OF STEEL  
FOR W ELLHEADS (PSLO) (continued) 

(A P I Spec 6A, 15th E d ition , 1 A p ril 1986)

R in g -jo in t g aske t m ate ria l 
and id en tifica tio n  (PSLO)

M ateria l

Brinell 

h a rd n e s s  

n u m b e r (m a x .) ( 1 )

R o ckw ell 

B  s c a le  

(m a x .) (2 )

Identification

m a rk

S o ft  iro n  ( 3 ) ......................................................... 90 5 0 0

L o w  c a r b o n

s te e l ( 3 ) ............................................................ 120 6 8 S

T y p e  3 0 4  s ta in le s s  s t e e l............................. 16 0 8 3 S 3 0 4

T y p e  3 1 6  s ta in le s s  s t e e l............................. 160 8 3 S 3 1 6

(1 )  B r in e ll h a r d n e s s  m e a s u r e d  w ith  3  0 0 0  k g  lo a d  e x c e p ! s o ft i r o n  w h ic h  is  m e a s u r e d  w ith  

5 0 0  k g  lo a d .

(2 )  R o c k w e ll  B  m e a s u r e d  w ith  1 0 0 k g - ! o a d  a n d  1/16 in  d ia m e t e r  b a ll.

(3 )  U n le s s  o t h e rw is e  s p e c if ie d  o n  she p u r c h a s s e  o r d e r ,  s o ft ir o n  a n d  s te e l g a s k e t s  to  be  

c a d m iu m  p la t e d  0 .0 0 0 2 -0 .0 0 0 5  in.

PSL for « Product Specification Levels >< existing from  0 to 4.
PSLO has the sam e requirem ents as those of API 6A, 14th Edition, M arch 1983, with 
supplement.
PSL 1 to 4 take account of working conditions defined In Appendix A of Spec 6A, 15th 
Edition, 1 April 1986.
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(A P I Spec 6A, 15th Edition, M arch  1986)

P H Y S I C A L  P R O P E R T I E S  O F  S T E E L
F O R  W E L L H E A D S  ( P S L  1 to  4)

P ro p e rty

A P I D e s ig n a tio n  of steels (P S L  1 to 4)

3 6  K 45  K 6 0 K  j 7 5 K

M in im u m  te n s ile  s tr e n g t h  ( p s i ) ..............

(M P a )  . . . .

M in im u m  y ie ld  s tr e n g t h  ( p s i ) ..............

(M P a )  . . . .  

M in im u m  e lo n g a t io n  (  %  in 2

in c h e s ) .  .......................................................................

M in im u m  r e d u c t io n  in  a r e a  f % )

7 0  0 0 0  

4 8 3  

3 6  00 0  

2 4 8

22

7 0  00 0  

48 3  

4 5  0 0 0  

31 0

19

32

85  0 0 0  9 5  00 0  

5 8 6  j 65 5  

6 0  0 0 0  I 7 5  0 0 0  

4 ! 4  517

1 8  j 18

3 5  | 3 5
l

Type of s tee l fo r eq u ip m en t (PSL 1 to 4)

E q u ip m e n t

W o r k in g  p re s su re  (p s i)

1000 2000 3 000 5000 10000 15000 20000

B o d y  a n d  b o n n e t -
3 6  K .4 5  K, 

6 0  K .7 5  K

3 6  K .4 5  K , 

6 0  K .7 5  K

3 6  K .4 5  K , 

6 0  K .7 5  K

3 6  K .4 5  K , 

6 0 K .7 5  K

4 5  K .6 0  K. 

75  K
6 0  K .7 5  K

In te g r a l e n d  

c o n n e c t io n  :

f l a n g e d ..............

t h r e a d e d  . . . .

- 6 0  K 

6 0  K

6 0  K 

6 0  K

6 0  K 

6 0  K

6 0  K 7 5  K 7 5  K

W e llh e a d

e q u ip m e n t

in d e p e n d e n t

s c r e w in g

3 6 K .4 5 K ,

6 0 K .7 5 K

3 6  K .4 5  K . 

6 0  K .7 5 K
- - - _ -

N o n - in t e g r a l  

f la n g e s  :

w e l d e d ...............

b l i n d .....................

t h r e a d e d  . . . .

— 4 5  K 

6 0  K  

6 0  K

4 5  K 

6 0  K 

6 0  K

4 5  K 

6 0  K 

6 0  K

6 0  K 

6 0  K

7 5  K  

7 5  K

75  K 

75  K
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M IN IM U M  VE R TIC A L FU LL-O P E N IN G  BODY BORES  
AND M A X IM U M  CA SIN G  S IZES

N o m in a l fiangs C a s in g  bene a th  b o dy ' Mifiimtim 
vertical 

fult-opening 
wellheads 
B ody boie

N om ina ! i'ZO  a n a  
b o re  of llange

Rased w ording  
pressure

Size outside 
d iam eiei

N om ina !
weight

Specified drill 
diam elef

(ms (m m ) iPS' ) (M P a ) (in) (m m ) |IWfl) (m ) (m m ) (<n) (m m )

2 .000 S 3.8 177.00 17 6 .413 >62.9 6.45 163.8
7 1/16 179 39 3 .000 2 0 .? 177.80 2 0 6.331 160.8 6.36 161.5

5 .000 3 4.5 177.80 23 6.241 158.5 6  28 159.5

10.000 6 9.0 s r/.a o 29 6 .059 153.9 6.09 154.7
7 1/1(3 179.39 15.000 103.5 177.80 38 5.795 147.2 5.83 148.1

20.000 138.0 177.80 38 S .795 147.2 5  83 148.1

2 .000 13.8 8  5/8 219 .0 8 24 7.972 2 0 2.5 8.00 203.2
9 228 .6 0 3 .000 20.? 8  5/8 219 .0 8 32 7.796 198.0 7.83 198.9

5  0 0 0 3 4.5 8  5/8 219 .0 8 36 7.700 195.6 7.73 196.3

10.000 5 9.0 8  5/8 219 .0 8 40 7.600 193.0 7 62 193.52 2 8  60
15.000 103.5 8  5/8 219 .0 8 49 7.386 187.6 7.41 186.2

2 .000 13.8 10 3/4 273.05 40.5 9.894 251.3 9 .92 25 2.0
11 279 .4 0 3 .000 20.7 10 3/4 273.05 40.5 9.894 251.3 9 .92 25 2.0

5 .000 34.5 10 3/4 273.05 51 9.694 246.2 9 .73 24 7.1

11 n VO 10 000 6 9.0 9  5/8 244.48 53.5 8 .379 21 2.8 8.41 21 3.6
15.000 103.5 9 5/8 244 .4 8 53.5 8 .379 25 2.8 8.41 2 1 3 6

i  ' i  c ret o . i ;  no 2.000 13.6 13 3/8 339 .7 3 54.5 12.459 31 6.5 12. SO 317 5
f s5 O/O O^D.UD

3.000 20.7 13 3/8 339 .7 3 61 12.359 31 3.9 12.39 314.7

13 S/8 3*16.08 S .000 34.5 13 3/8 339 .7 3 72 12.191 309.7 12.22 310.4

13 5/8 346 .0 8 10.000 69.0 11 3/4 298 .4 5 60 10.616 .269.6 10.66 270.8

2.000 13.8 16 406 .4 0 65 15.062 38 2.6 15.09 383.3
' 3.000 20 .? 16 406 .4 0 8< 14.822 3 / 6 .5 14 86 377.4

5.000 34.5 16 406 .4 0 84 14.822 376.5 14.86 377.4
1 4 425 .4 5

50.000 69.0 15 406 .4 0 34 14.822 376.5 14.86 377.4

x  7K 5.000 34.5 18 5/8 4 73 .0 8 87.5 17.567 446.2 17.59 4 4 6.8h /  0 . 43
10.000 69.0 18 5/8 4 73 .0 8 8 7 .5 17.567 4 4 6.2 18.97 4 8 1.8

21 l/<3 539 .7 5 2 .0 0 0 13.8 20 5 08 .0 0 S4 18.936 4 8 1.0 18.97 4 8 1.8

20  3/4 527 .0 5 3.000 20.7 20 5 08 .0 0 94 18.936 4 8 1.0 18 97 4 8 1.8

21 1/4 COQ VS 5 .0 0 0 3 4 .5 20 508.00 94 18.936 4 8 1.0 18.97 4 8 1.8JOS.  ! 0
10 000 6 9  0 20 5 0 8  00 94 18 936 481 0 18 97 481 &
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A P I  T Y P E  6 B  F L A N G E S
W o r k i n g  p r e s s u r e  2 0 0 0  p s i  (1 3 .8  M P a )

( A P I  S p e c  6 A ,  1 A p r i l  1 9 8 6 )

KQ*Tnnat
size

M axim um

DOre

Ou'.side
dia m e ie '

0 0

Diam eter of 
raise s (ace 

K

Total
liucfcness

T

M inim um
tffscMtess

Q

Diameter 

o l  nuC 

X

(in ) (in ) (m m j <m) (m m ) (in ) (m m ) (,n) (mm) (m ) (m m ) (m ) (m m }

2.GS25 2.09 53 .09 6.50 165.10 4.25 107.95 .31 33.27 1.00 25 .40 3.3 ! 8 4 .07

2.5 6 2 5 2.59 65  79 7.50 190.50 5.00 127 00 1.44 3 6 .58 1.12 28.45 3.94 '0 0 .0 8

3 .1 2 5 0 3.22 83 .79 8.25 2 0 9  5 5 5.75 146.05 3.56 3 9 .62 1.25 3 1 .75 4.62 117.35

4.0 6 2 5 4.28 108.7! 10 75 273 .0 5 6.88 !7 4 .7 5 1.81 45.97 1.50 38 .10 6.00 152.40

7.0 6 2 5 7.16 181.86 54.00 3 5 5  60 9.50 245.30 2.19 5 5 .63 1.88 47 .75 8.75 222 .2 5

9.0 0 0 0 9.03 229 .3 6 16.50 419 .1 0 I I . 88 301.75 2.50 6 3  50 2.59 55 .63 10.75 273 .0 5

11.0000 11.03 280 .1 6 20.00 508.00 14.00 355 .8 0 2.81 75.37 2 .5 0 6 3 .50 13.50 342.90

13.6250 13.66 346.96 22.00 558 .8 0 16.25 4 1 2 7 5 2.S4 74.68 2  62 6 6 .55 15.75 400 .0 5

16.7500 16.78 426.21 2 7 .00 685 .8 0 20 .00 508 .0 0 3 .3 ! 8 4 .07 3 .00 76.20 59 50 495 .3 0

2 !.2 5 0 0 2 1 .28 54 0 .5 ! 3 2 .00 8 1 2  80 25 .00 63 5  00 3.88 98.55 3 .50 8 8  90 2 4 .00 609 .6 0

Bolt sizes

N om ina!
size

Diameie/ ol 

boll circle 

B C
N um ber

Ol
bolis

Diam ctet

05

bolts

Lengtti o! 

bolts

R ing

num ber
R

or
RX

(in ) (in) (m m ) (in ) |mm) (m ) fm m ) n -ftx

2.0 6 2 5 5.00 127.00 8 0 .625 15.88 4.50 114.30 23

2.5 6 2 5 5.88 149 35 8 0 .750 19.05 5.00 127.00 26

3 .S 250 6.62 168.15 8 0 .750 19.05 5.25 533.35 31

4.0 6 2 5 3 .5 0 215 .9 0 a 0 .675 2 2 .2 3 6.00 152.40 3?

7.0625 5 1.50 292 .1 0 12 1.000 25 .40 7.00 177.80 45

9.0 0 0 0 13.75 349 .2 5 12 1.125 28 .53 8.00 203.20 49

11.0000 17.00 435.80 16 1.250 31.75 8.75 222.25 5 3

13.6250 19.25 488.95 20 1.250 31.75 9.00 228 .6 0 57

16.7500 23.75 6 0 3  25 20 1.500 3 8 .10 50.25 260 .3 5 65
25.2 S0 0 28.50 7 23 9 0 24 1.625 4 1 .28 11.75 2 9 8  45 73
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A P I  T Y P E  6 B  F L A N G E S
W o r k i n g  p r e s s u r e  3 0 0 0  p s i  (2 0 . 7  M P a )

( A P I  S p e c  6 A ,  1 A p r i l  1 9 8 6 )

N om inal
su e

M axim um

Core

B

Outside

diam eier

O D

D iam eier ol 
raised lace

T o ia l
Ihickness

T

M inim um

Ihickness

O

Diam eier 

o i h u b  

X

(m ) (in ) (m m ) (in ) (m m ) (m> (m m ) (,n) (m m ) (in ) (m m ) On) (m m )

2 .0 6 2 5 2.09 5 3 .09 8 .50 215 .9 0 4.88 123.95 t .81 45.97 1.50 3 8 .1 0 4 .12 104.65

2.5 6 2 5 2.59 6 5 .79 9 .62 2 4 4 .3 5 5.38 136.55 1.94 4 9 .28 1.62 41 .15 4 .3 8 123.95

3-1 2 5 0 3 .22 8 1 .79 9 .5 0 241 .3 0 8.12 155.45 1.8! 45.97 1.50 38 .10 5 .00 127.00

4 .0S25 4 .28 108.71 11.SO 292 .1 0 7.12 180.85 2 .06 52.32 1.75 44 .45 6 .25 158.75

7 .0325 7 .16 1 81.36 15.00 381 .0 0 9.50 241 .3 0 2 .50 6 3 .5 0 2.19 55 .63 9 .25 2 34 .9 5

9.0 0 0 0 9 .03 229 .3 6 18.50 469 .9 0 12.12 307 .8 5 2.81 71.37 2.50 63 .50 11.75 2 98 .4 5

11.0000 11.03 280 .1 6 21 .50 546 .1 0 14.25 361 .9 5 3 .06 7 7 .72 2.75 6 9 .85 14.50 368 .3 0

13.6250 13.66 346 .9 6 24 .00 6 0 9  60 16.50 4 1 9 .1 0 3.44 8 7 .38 3.12 79.25 16.50 4 19 .1 0

16.7500 16.78 4 2 6 .2 ! 27.75 704 .8 5 2 0 .62 523 .7 5 3.94 100.08 3 5 0 3 8 .9 0 2 0 .00 5 0 8 .0 0

20.7 5 0 0 2 0 .78 527.81 3 3 .75 857 .2 5 2 5 .50 647 .7 0 4 .75 120.65 4.25 107.95 2 4 .50 6 22 .3 0

Bolt sizes

N om inal
size

D iam eier o ' 

bo ll circle

e c
N u m b e r

o!
bo lls

Diam eier

of

boiis

Le n g th  o l 

boils

S in g
nu m b e r

R

or
RX

(in ) On) (m m ) (in ) (m m ) (in ) (m m ) R-RX

2.0 5 2 5 6 .50 165.10 8 0 .875 22 .23 6 .00 152.40 24

2.5 6 2 5 7.50 190.50 8 1.000 25 .40 6 .50 165.10 27

3 .1 2 5 0 7.50 190.50 6 0 .875 2 2 .2 3 6 .0 0 152.-fO 31

4.0 6 2 5 9.25 234 .9 5 8 1.125 2 8 .58 7 .00 177.80 37

7.0 6 2 5 12.50 3 1 7 .5 0 12 1.125 28 .58 8 .00 2 03 .2 0 45

9.0 0 0 0 15.50 393 .7 0 12 1.375 34 .93 9 .0 0 228 .8 0 49

i ! .0000 18.50 469 .9 0 16 1.375 34 .93 9 .5 0 241 .3 0 53
13.6250 21 .00 533 .4 0 20 1.375 34 .93 10.25 260 .3 5 57

16.7500 2 4 .25 61 S.95 2 0 1.625 41 .28 11.75 298 .4 5 66

20.7 5 0 0 29 .50 749.30 20 2 .000 50 .80 (4 .5 0 36S .30 74
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A P I  T Y P E  6 B  F L A N G E S
W o r k i n g  p r e s s u r e  5 0 0 0  p s i  (3 4 .5  M P a )

( A P I  S p e c  6 A ,  1 A p r i l  1 9 8 6 )

N om inal

size

M axim um

bore

B

Outside
diam eler

0 0

D iam eter o! 

raised Sace 

K

Total

thickness

T

M inim um

Ihickness

O

Diameter 

o i H u b  

X

(in) (in ) (m m ) (in) (m m ) (in ) (m m ) (in) (m m ) (in ) (m m ) (m ) (m m )

2.0 6 2 5 2 .09 53.09 8 .50 215.90 4.88 123.95 1.51 4 5 .97 1.50 3 8 .10 < 1 2 104.65

2.5 6 2 5 2 .59 65.79 9 .62 2 4 4  35 5.38 1 36.65 1.94 4 9 .28 1.62 < 1 .15 4 .88 123.95

3.1 2 5 0 3 .22 81.79 10.50 2 66 .7 0 6.62 1 68.15 2.19 5 5 .63 1.88 4 7 .75 5 .25 1 33.35

<5.0625 4 .28 108.71 12.25 3 11 .1 5 7.62 1 93.55 2.-14 6 1 .98 2.12 5 3 .8 5 6 .38 1 62.05
7.0 3 2 5 7 .16 181.85 15.50 3 93 .7 0 9.75 247 .6 5 3.62 9 1 .95 3.25 8 2 .5 5 9 .00 228 .6 0
9.0 0 0 0 9 .03 229 .3 6 59 00 4 82 .6 0 12.50 317 .5 0 4.06 103.12 3.62 9 1 .95 11.50 292 .1 0

11.0000 51.03 2 8 0  16 23 .00 5 84 .2 0 14.63 371 .6 0 4.69 119.13 4.25 107.95 14.50 368 .3 0

Bolt sizes

N om inal

size

Diam olsr oi 

Doll circle

e c
N u m be r

ot
bolls

O iam eler

ol
bolts

le n g t h  ol 

bolls 

L

Ring

nu m be r
R

or

RX

(in ) (m ) fm m ) (m ) (m m ) m (m m ) R-RX

2.0 6 2 5 6 .50 165 10 8 0 .875 22.23 6.00 152.40 24

2.5 6 2 5 7.50 190.50 8 1.000 2 5 .40 6.50 165.10 27
3.1 2 5 0 8 .00 203 .2 0 8 1.125 2 8 .5 8 7.25 184.15 35
4.0S25 9 .50 241 .3 0 8 1.250 31 .75 8.00 203 .2 0 39
7.0 6 2 5 12.50 317 .5 0 12 1.375 34 .93 10.75 273 .0 5 46
9.0 0 0 0 15.50 393 .7 0 12 1.625 41 .28 12.00 304 .8 0 50

11.0000 19.00 48 2  6 0 12 1.875 47 .63 13.75 349 .2 5 54
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A P I  T Y P E  6 B X  F L A N G E S
W o r k i n g  p r e s s u r e  : 1 5 0 0 0  p s i  (1 0 3 . 5  M P a )

( A P I  S p e c  6 A ,  1 A p r i l  1 9 8 6 )

N om inal
size

M axim um

bore

6

Outside

diam eler

0 0

O iam e!er OS 

raised lace  

K

Total
thickness

la / g o

Oiameler
o ! nu b  

J i

Sm all 
ciiam ele; 

o '  nu b  

J2

(in) (in ) (m m ) (in ) (m m ) (in ) (m m ) (in ; (m m ) (in ) (m m ) (in ) (m m )

1.8125 1.84 46.74 8 .19 208 .0 3 4.19 105.43 1.78 45.21 3.84 97.54 2.81 71.37
2.0(525 2.09 5 3 .09 8 .75 222 .2 5 4.50 114.30 2.00 5 0 .80 4 .38 111.25 3.25 8 2 .55
2 .5 6 2 5 2.59 6 5 .79 10.00 254 .0 0 5.25 133.35 2.25 5 7 .15 5.06 128.52 3 .94 100.08
3.0 6 2 5 3.09 7 8 .49 11.31 287 .2 7 6.06 153.92 2.53 6 4 .26 6.06 153.93 4.31 122.17
4 .0 6 2 5 4.09 tO S.SS <4.13 3 6 0 .4 3 7.62 593.5S 3.09 7 8 .4 9 V.6 9 195.33 6.25 '5 6 7 5
7.0 6 2 5 7.09 180.09 19.88 5 0 4 .9 S 12.00 304 .0 0 4.69 119.13 12.81 325 .3 7 10.88 2 76 .3 5
9 .0 0 0 0 9.03 229.3 S 2 5 .50 647 .7 0 15.00 381 .0 0 5.75 146.05 17.00 431 .8 0 13.75 3 49 .2 5

11.0000 11.03 280 .1 6 3 2 .0 0 812 .8 0 17.88 454 .1 5 7.38 187.45 23 .00 584 .2 0 16.8! 4 26.97

1 3.62S0 13.65 346 .9 8 3 4 .88 3 8 5 .9 5 2 1 .3 ! 541.27 8.06 204 .7 2 23.44 595 .3 8 20.81 5 28.57
18.7500 18.78 477.01 4 5 .75 1152.05 28.44 722.33 10.08 2 5 5 .5 2 3 2  0 0 812 .8 0 2 8 .75 7 30.25

Bolt sizes

N om ina!

size

D iam eier of 

boll circle 

B C
N u m be r

of

Oiam eler
ol

bolls

Le n g in  of 

bolls 

L

Ring-

lOini

type

(in) (in ) (m m ) (in ) (m m ) (in ) (m m ) 8X

1.8125 6.31 160.27 8 0 .875 22.23 5.50 1 39.70 151
2 .0 6 2 5 6.88 174.75 8 0 .875 2 2 .23 6.00 1 52.40 152
2 .5 6 2 5 7.88 2 0 0 .1 5 8 1.000 2 5 .40 5.75 171.45 153

3 .0 6 2 5 9 .0 6 230 .1 2 8 1.125 2 8 .58 7.50 1 90.50 154
4 .0625 11.44 290 .5 8 8 1.375 3 4 .93 9 .2 5 234 .9 5 155
7 .0625 16.88 428 .7 5 16 1.500 3 8 .10 12.75 323 .8 5 156
9.0 0 0 0 2 1 .75 552 .4 5 16 1.87S 4 7 .63 15.75 400.05 157

11.0000 2 8 .00 711 .2 0 2 0 2 .000 5 0 .80 19.25 488.95 158
13.6250 3 0 .38 771.65 2 0 2 .250 5 7 .IS 2 1 .2 5 539 .7 5 159
18.7500 4 0 .00 1016.00 20 3.000 7 6 .20 26.75 679 .4 5 164



484 L  12

A P I  T Y P E  6 B X  F L A N G E S
W o r k i n g  p r e s s u r e :  2 0 0 0 0  p s i  (1 3 8  M P a )

( A P I  S p e c  6 A ,  1 A p r i l  1 9 8 6 )

N om inal
size

M axim um

bore

e

Outside

diam eter

O D

D iam eter o l 

raised face
T o ta l

thickness

T

L a rg e  diam eter 

o l fiub 

J1

Sm all 
Oia meter 

of bu b  

J2

(in ) (in) (m m ) (in ) from) (in) (m m ) (in ) (m m ) (m ) (m m ) (m ) (m m )

1.8525 1.84 46.74 10.12 257.05 4.62 1 17.35 2.50 6 3 .50 5 .25 133.35 4.31 109.4?
2.0 6 2 5 2 .09 53 .09 11.31 287.27 5.19 1 31.83 2.81 71.37 6 .0 6 153.92 5 .00 127.00
2.5 6 2 5 2 .59 6S .79 12.81 325.37 5.94 1 50.88 3.12 7 9 .25 6 .8 ! 172.37 5 .69 144.53
3 .0 6 2 5 3 .09 78.49 14.OS 3 57 .1 2 6.75 1 71.45 3.38 8 5 .85 7.56 192.02 6.31 160.27
4.0 6 2 5 4.09 103.89 17.56 446.02 8.62 218 .9 5 4 .1 9 106.43 9 .5 6 2 4 2 .8 2 8 .12 208 .2 5
7.0 6 2 5 7.09 180.09 25.81 6 55 .5 7 13.88 352 .5 5 6.50 165.50 15.19 385 .8 3 13.31 338.07
9 .0 0 0 0 9 .0 3 229.36 31 .69 8 04 .9 3 17.38 441 .4 5 8.06 204 .7 2 18.94 481 .0 8 56.88 428 .7 5

11.0000 11.03 280.16 34 .75 8 82 .6 5 19.88 504.95 8.81 223 .7 7 22.31 566.67 2 0 .00 508 .0 0
13.6250 13.66 346 .9 6 45 .75 1162.05 2 4 .19 614 .4 3 11.50 292 .1 0 2 7 3 1 693.67 2 4 .75 628 .6 5

Bolt sizes

N om inal

size

D iam eter ol 
bolt circle 

B C
N u m b e r

ot

Diam eter

ol

bolts

Le n g th  ol 

bolts
Ring-

joint

lype

(in ) fin) (m m ) (m ) {m m ) (in ) (m m ) BX

1 .8125 8.00 203 .2 0 8 1.0000 2 5 .40 7.50 190.50 151
2.0 6 2 5 9 .0 6 230 .1 2 8 1.1250 2 8 .5 8 8 .25 209 .5 5 152
2.5 6 2 5 10.31 261.67 8 1.2500 3 1 .75 9 .25 234 .9 5 153
3 .0 6 2 5 11.3! 287.27 8 1 .3750 3 4 .93 10.00 254 .0 0 154
4.0 6 2 5 14.06 357 .1 2 8 1 .7500 44.45 12.25 311 .1 5 155
7.0625 21.81 553.97 16 2.0 0 0 0 5 0 .8 0 17.50 444 .5 0 156
9.0 0 0 0 2 7 .00 665 .8 0 16 2.5000 6 3 .50 22 .38 568 .4 5 157

11.0000 2 9 .50 749 .3 0 16 2.7 5 0 0 6 9 .85 23 .75 603 .2 5 156
13.6250 4 0 .00 1016.00 20 3.1 2 5 0 79.38 30 .00 762 .0 0 159
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API TYPE BX R IN G -JO IN T  G ASKETS

Ring

No.

O u lsid e
diam eter

0 0

Heignl

H

W idth

ol
ring

A

Depth

Ol

g roove

O uisio e 

diameter 

o l groove 

G

Width 

of groove 

N

BX (in ) (m m ) (m ) {m m ) (in) (m m ) (in ) (m m ) (in ) (m m ) fm ) (m m )

150 2.842 7 2 .19 0 .3 6 6 9.30 0.366 9.30 0 .2 2 0 5.59 2 .893 73.48 0  450 11.43
151 3.008 7 6 .40 0.379 9.63 0 .379 9 .6 3 0.220 5.59 3 .062 77.77 0 .466 11 84

152 3 .334 84 .68 0.403 10.24 0 .403 10.24 0.230 5.84 3 .395 86 .23 0 .498 12.65
t s s 3.974 100.94 0 .6 4 6 U . 3 6 0 .4 4 8 1 1 .36 0 .2 7 0 6 .8 8 4 .046 102.77 0 .554 14.0  /
154 4.600 116.84 0 .480 12.40 0.488 12.40 0.300 7.62 4 .685 119.00 0 .6 0 6 15.39
155 5.825 147.96 0 .560 14.22 0 .5 6 0 14.22 0.330 8.38 5 .930 150.62 0 .698 5 7 73
!5 6 9 .367 237 .9 2 0 .733 18.62 0 .7 3 3 18.62 0.440 11.18 9.521 241.83 0.921 2 3 .39
157 11.593 294 .4 6 0 .8 2 6 20 .98 0 .026 2 0 .98 0.500 1 2 7 0 11.774 299 .0 6 1.039 2 6  39
158 13.060 352 .0 4 0.911 23.14 0.911 23.14 0.560 14.22 14.064 357 .2 3 1.149 2 9 .10
1SS 18.800 426 .7 2 1.012 2 5 .7 0 1.012 2 5 .70 0 .6 2 0 15.75 17.033 432.64 1.279 32.49
!6 0 15.850 4 02.SS 0 .938 23 .83 0.S41 13.74 0 .5 6 0 14.22 16.063 408 .0 0 0 .7 8 6 19.96
161 19.347 491.41 1.105 28 .07 0 .6 3 8 16.21 0.670 17.02 19.604 497.94 0 .930 2 3 .62
162 18.720 475 .4 9 0 .560 14.22 0  5 6 0 14.22 0.330 0 3 8 18.832 478 .3 3 0 .705 17 91

163 2 1.8 9 5 556 .1 6 1.18S 30 .10 0.634 17.37 0.720 1 8 2 9 2 2.185 563 .5 0 1.006 2 5  5 5
164 2 2 .4 6 3 570 .5 6 1.185 30 .10 0 .368 2 4 .59 0.720 18.29 22.7 5 2 577 .9 0 1.290 32.77
165 2 4.5 9 5 624.71 1.261 32 .03 0.728 10.49 0.750 19.05 2 4.904 632 .5 6 1.071 2 7 .20
166 2 5.1 9 8 640 .0 3 1.261 32 .03 1.029 26.14 0.750 1 9 0 5 2 5.507 647 .8 8 1.373 34.87
167 2 9 .8 9 6 759 .3 6 1-412 35 .86 0 .516 13.11 0.840 2 1 .34 3 0 .2 4 9 768 .3 2 0 .902 22.91
168 3 0 .1 9 8 767 .0 3 1.412 35 .86 0 .632 16.05 0.840 21.34 30.481 774 .2 2 1.018 2 5  8 6
169 6.631 173.51 0.624 15.85 0 .509 12.93 0.380 9 .6 5 6 .955 176.66 0 .666 16.92
170 8.584 218 .0 3 0.560 14.22 0 .560 14.22 0 .330 8  3 8 3 .6 9 6 220 .0 8 0 .705 17.91
171 10.529 267.44 0 .560 14.22 0 .S 60 14.22 0.330 8.38 10.641 270 .2 8 0 .705 17.91

172 13.113 333.07 0 .560 14.22 0 .5 6 0 14.22 0.330 8 3 8 13.225 3 3 5  92 0  705 17.91
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CR O SSO VER CO NN EC TO R  
W ITH R ESTR IC TED  AREA PAC KING  M E C H A N IS M  (continued) 

(AP! 6A, 15th Edition, 1 A p ril 1986)

490 L 18

A  M axim um  sealed diameter 
B  M a xim u m  seal diameter 
C  M a xim u m  cou n tc.'-bote  diameter

D  A re a  ring gasket 
£  M axim um  Core a l flange lace

API type 6 B  or 6 8 X  Itange A P I type 6  B  or 6 8 X  tlanae
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CIW  C LA M P  FOR FLANG ES  
C1W hub d im ensions

W ilh  B X  fing-joins W ilh  RX ring-joint

N o m in a l size 
A

R in g -jo in t
N o .

H u b  le n g th  
(m m ) O u ts id e

diam e ter

B

(m m )

C la m p
No.

(in ) (m m ) RX BX

RX

C

(m m )

B X

{m m )

2000 psi. Maximum working pressure =  13.8 MPa

7 1716 1 7 9 .3 9 4 5 _ 66 .7 _ 2 6 3 .5 2 25
16 3/4 4 2 5 .4 5 65 — 63 .5 — 5 1 7 .5 2 12
2 0  3/4 5 2 7 .0 5 73 — 73.1 — 6 3 0 .2 4 18
21 1/4 5 3 9 .7 5 73 — 1 0 4.8 — 6 8 9 .9 3 18

3000 psi. Maximum working pressure = 20.7 MPa

11 2 7 9 .4 0 53 _ 7 3 .0 _ 3 9 6 .8 4 9
1 3  5/8 3 4 6 .0 8 57 — 7 6 .2 _ 4 6 6 .7 2 11
16 3/4 4 2 5 .4 5 65 — 76 .2 — 5 3 9 .7 5 14
2 0  3/4 5 2 7 .0 5 73 — 9 5 .3 — 6 5 0 .8 7 18

5000 Psi. Maximum working pressure =  34.5 MPa

2 1/16 5 2 .3 8 8 23 152 5 4 .0 1 2 7 .7 9 1
2  9/16 6 5 .0 8 8 24 15 3 5 7 .2 6 3 .5 1 4 6 .8 4 2
3  1/8 7 9 .3 7 5 27 154 6 0 .3 66 .7 1 6 0 .3 3 4
4 1/16 1 0 3 .1 9 35 155 6 0 .3 6 3 .5 1 9 3 .6 7 5
7 1/16 1 7 9 .3 9 ■ 45 — 79.4 — 2 7 6 .2 2 7
7 1/16 1 7 9 .3 9 156 — 92.1 3 3 6 .5 5 8
9 2 2 8 .6 0 49 157 85 .7 92.1 3 3 6 .5 5 8

11 2 7 9 .4 0 53 158 92.1 1 0 1.6 4 1 2 .7 5 10
13 5/8 3 4 6 .0 8 57 160 10 8.0 1 4 2.9 5 2 3 .8 7 13
16 3/4 4 2 5 .4 5 65 1 6 2 15 2.4 152.4 6 5 0 .8 7 19
21 1/4 5 3 9 .7 5 — 165 — 2 0 3 .2 6 9 3 .7 5 27

m m  x  0.0394 =  in
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CIW  CLAM P FOR FLANG ES (continued) 
CIW  hub d im ensions

N o m in a l size  
A

R in g -jo in l
N o .

H u b  le n g th  
(m m ) O u is id e

d iam e ter

B

(m m )

C ia m p
N o .

(in ) (m m ) RX BX

RX

C

(m m )

B X

(m m )

10 000psi. Maximum working pressure = 69 MPa

1 53/16 4 6.038 20 151 54.0 60.3 127.79 1
2  1/16 5 2.388 23 !S 2 57.2 63.5 146.84 2
2 9/16 6 5.088 24 153 60.3 66.7 160.33 4
3  1/8 7 9.375 27 154 60.3 69.9 193.67 5
4  1/16 103.19 35 155 69.9 76.2 214.31 6
7 1/16 179.39 45 — 85.7 — 336.55 8
7 1/16 179.39 — 156 — 88.9 412.75 10
9 228.60 49 157 92.1 92.1 412.75 10

11 279.40 — 158 — 130.2 523.88 22
13 5/8 346.08 57 159 130.2 136.5 565.15 15
16 3/4 425.45 — 162 — 177.8 711.20 28
18 3/4 476.25 — 164 — 203.2 793.75 27
21 1/<1 539.75 — 166 — 203.2 86 3  60 26

15 000 psi. Maximum working pressure = 103.5 MPa

1 13/16 46.038 20 151 57.2 63.5 146.84 2
2 1/16 52 .3 8 8 23 152 82.6 85.7 155.57 3
2  9/16 65.088 24 153 82.6 85.7 155.57 3
3  1/8 79.375 27 154 69.9 76.2 214.31 6
4  1/16 103.19 — 155 — 92.1 336.55 8
7  1/16 179.39 45 — 92.1 — 412.75 10
7  1/16 179.39 _ 156 — 130.2 523.90 22

11 2 79.40 — 158 — 136.5 565.15 15
13 5/8 3 46.08 — 159 — 177.8 711.40 28
18 3/4 476.25 — 164 — 203.2 863.60 26

20 000 psi. Maximum working pressure =  138 MPa

1 13/16 46.038 ___ 151 ___ 85.7 155.57 3
2  1/16 52.388 — 152 — 85.7 155.57 3
2  9/16 65.088 — 153 — 76.2 214.30 6
3  1/8 79.375 — 154 — 92.1 336.55 8
4 1/16 103.19 — 155 — 88.9 412.75 10
7  1/16 179.39 — 156 — 136.5 5 6 5 1 5 15

m m  x  0 .0394 =  in
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CIW  CLAM P FOR FLANGES  
CIW  c lam p dim ensions

------------------------------------------ 8 ------------------------------------- --

I
G

|

-O 
€

j ..................- ..................... . J .

o 
-e

W ------------- ;---------------------------------->

t
I
H

I e-
o J----- ----------1 (!)

0

C la m p

N o .

B

(m m )

C

(m m )

N o m in a l 

size  

of s tu d s  

(in )

L e n g th  

of 

s tu d s  F 

(m m )

G

(m m )

H

(m m )

1

(m m )

1 2 6 6 .7 5 0 .8 0 .8 7 5 -9 U N 1 7 7 .8 1 0 6 .4 3 ___ 9 7 .5 4

2 3 0 4 .8 6 3 .5 0 .8 7 5 -9 U N 2 0 3 .2 108.71 ' 108.71

3 3 5 5 .6 6 9 .8 5 1 .0 0 0 -8 U N 2 2 8 .6 1 5 7 .2 3  ' ....... 1 2 7 .7 6

4 3 1 7 .5 6 3 .5 1 .0 0 0 -8 U N 2 1 5 .9 113.5 4 ...... 1 1 9 .1 3

5 3 4 9 .2 5 6 3 .5 1 .0 0 0 -8 U N 2 1 5 .9 1 1 4 .3 134.11

6 419.1 7 6 .2 1 .1 2 5 -8 U N 2 4 7 .6 5 1 3 6 .6 5 — 153.9 2

7 5 0 8 .0 9 5 .2 5 1 .3 7 5 -8 U N 3 0 4 .8 1 4 9 .3 5 — 1 8 7 .4 5

6 6 0 3 .2 5 1 0 7 .9 5 1 .5 0 0 -8 U N 3 4 2 .9 165.1 _ _ 2 23.0 1

9 6 5 4 .0 5 1 0 7 .9 5 1 .3 7 S -8 U N 3 3 0 .2 13 9.7 1 4 6 .0 5 2 4 5 -3 6

10 7 2 3 .9 1 3 9 .7 1 .6 2 5 -8 U N 4 1 2 .7 5 1 7 1 .4 5 — 2 64.4 1

11 7 7 1 .6 5 1 4 1 .2 2 1 .3 7 5 -8 U N 381 13 9.7 1 4 9 .3 9 292.1

12 7 7 1 .6 5 1 3 3 .3 5 1 .3 7 5 -8 U N 381 1 1 7 .3 5 1 4 6 .0 5 3 0 5 .5 6

13 8 3 8 .2 1 5 3 .1 6 2 .2 5 0 -8 U N 5 0 8 1 9 5 .0 7 2 3 4 .9 5 3 3 1 .2 2

14 7 9 3 .7 5 165.1 1 .6 2 5 -8 U N 4 6 3 .5 5 1 4 6 .0 5 5 46.0 5 3 2 8 .6 8

15 9 9 0 .6 1 3 3 .3 5 2 .5 0 0 -8 U N 4 8 8 .9 5 2 6 3 .6 5 — 3 7 1 .3 5

16 8 8 9 .0 1 7 1 .4 5 1 .6 2 5 -8 U N 4 7 6 .2 5 1 3 9.7 1 72.9 7 3 7 3 .1 3

17 9 6 8 .2 5 1 6 2 .0 5 2 .2 5 0 -8 U N 5 0 1 .6 5 1 72.9 7 2 3 4 .9 5 3 9 3 .7

18 9 9 0 .6 165.1 2 .2 5 0 -8 U N 50 8 1 8 4 .1 5 2 4 1 .3 0 4 1 2 .7 5

19 1 0 2 8 .7 2 0 0 .1 5 2 .5 0 0 -8 U N 5 9 6 .9 2 2 5 .3 0 2 6 6 .7 0 4 0 6 .4

2 0 1 2 1 6 .2 152.4 1 .5 0 0 -8 U N 4 3 1 .8 1 9 3 .5 5 — 505.7 1

21 1 0 2 5 .7 1 3 9 .7 1 .2 5 0 -8 U N 381 165.1 _ _ 4 2 1 .3 9

2 2  . 8 5 3 .9 5 139.7 2 .2 5 0 -8 U N 4 5 7 .2 2 2 2 .2 5 2 3 4 .9 5 3 3 8 .0 7

2 3 1 3 97 1 8 4 .1 5 2 .2 5 0 -8 U N 546.1 2 3 4 .9 5 — 607.3 1

24 1 2 9 5 .4 162.0 5 1 .6 2 5 -8 U N 4 5 7 .2 1 9 3 .5 5 _ _ 54 6.1

2 5 4 2 5 .4 5 6 6 .5 5 0 .8 7 5 -9 U N 2 1 5 .9 1 2 0 .6 5 — 1 6 9 .9 3

2 6 1 3 8 4 .3 2 9 0 .5 8 4 .0 0 0 -8 U N 9 3 9 .8 4 0 1 .5 7 — 5 5 2 .2 0

27 1 2 3 1 .9 1 6 9 .6 7 3 .2 5 0 -8 U N 6 2 2 .3 3 3 3 .2 5 — 4 9 6 .8 2

2 8 1 1 3 6 .9 15 2.4 3 .0 0 0 -8 U N 6 6 0 .4 3 0 4 .8 — 4 5 0 .8 5

m m  x  0.0394 =  in
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C I W  C L A M P  F O R  F L A N G E S

M a k e - u p  t o r q u e  o n  b o l t s  of C I W  c l a m p s

C la m p

N o .

N o m in a l 

size 

of s tu d s  

(in )

T o rq u e  

A P I 5 A  

lu b rica n t 

(d a N .m )

T o r q u e

m o ly b d e n u m

lu b ric a n !

(d a N .m )

1 7/8 1 8 6 12.7

2 7/8 3 7 .2 2 4 .5

3 } 5 4 .9 3 7 .2

4 1 5 4 .9 3 7 .2

5 1 5 4 .9 3 7 .2

6 1 1/8 8 1 .4 5 4 .9

7 1 3/8 149 9 5

8 1 1/2 197 129.4

9 1 3/8 149 9 5

10 1 5/8 251 1 6 2 .8

11 1 3/8 149 95

12 1 3/8 149 95

13 2 1/4 6 7 8 .8 4 3 4 .5

14 1 5 /8 251 1 6 2 .8

15 2  1/2 9 4 9 .6 5 9 7 .4

16 1 5/8 251 16 2.8

17 2  1/4 6 7 8 8 4 3 4 .5

18 2  1/4 6 7 8 .8 4 3 4 .5

19 2 1/2 9 4 9 .6 5 9 7 .4

20 1 1/2 197 129.4

21 1 1/4 1 0 8.8 74 .5

22 2  1/4 6 7 8 8 4 3 4 .5

2 3 2  1/4 6 7 8 .8 4 3 4 .5

24 5 5/8 251 16 2.8

2 5 7 (8 3 6 2 2 4 .5

2 6 4 3 8 6 6 2 4 2 7

2 7 3  1/4 2 0 6 2 1 302

2 8 3 1 6 28 1031

daN .m  x  7.38 =  ib.ft
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C A M E R O N  R A M - T Y P E  B L O W - O U T  P R E V E N T E R S

O p e r a t i n g  d a t a

N om inal W o rking
pressure

(PSi)

Flu id  volum e 
to  o p e n  ram s

Flu id  volum e 
to close ram s Closing O p e n in g

On) (g a l) (liters) (g a l) (liters)
ratio ratio

7 1/16
30 0 0

10
15000

1.3 4.9 1.3 4.9 6.9 2.2

11
3000

to
10000

3.4 12.9 3.5 13.2 7.3 2.5

11 15000 6.1 23.1 6.2 2 3.5 9.8 2.2

13 5/8
3000

to
10000

5.4 20.4 5.8 2 2 .0 7.0 2.3

z> 13 5/8 15000 10.4 3 9.4 10.6 40.1 10.6 3.6

o
a

k 16 3/4
3000
a n d

5000
9.8 37.1 10.6 40.1 6.8 2.3

16 3/4 ' 5 0000 11.6 4 3.9 12.4 46.9 6.8 2.3

18 3/4 10000 21.2 8 0.2 23.1 87.4 7 4 3.7

20  3/4
21 1/4

3000
2000

7 9 29.9 8.4 31.8 7.0 1.3

21 1/4 5000 27.2 103.0 2 9.9 113.2 6.2 4.0

21 1/4 10000 24.5 9 2.7 2 6.9 101.8 7.2 4.0

26  3/4 3000 10.1 3 8.2 10.8 40.9 7.0 1.0

11
3 0 0 0

to
10000

7.4 28.0 7.6 28.8 12.0 4.8

? 11 15000 8.9 33.7 9 .0 34.1 15.2 3.7

<0

sz
r > c o

13 5/8
3 0 0 0

10
10000

10.5 39.7 10.9 41.3 10.8 4.5

13 5/8 15000 16.0 6 0.6 16.2 61.3 16.2 6.0

h '  5
o

15
o

16 3/4
3 0 0 0
a rid
5000

18.1 6 8.5 19.0 71.9 10.4 4.1

a .
CO 16 3/4 10000 18.2 6 8.9 19.1 72.3 10 4 4.4

2 0  3/4
21 !/4

3 0 0 0
2000 14.3 54.1 14.9 56.4 10.8 1.7

18 3/4 10000 22.3 8 4.4 24.7 93.5 6.7 2.5

& r >
18 3/4 15000 32.3 122.3 34.7 131.4 9.3 3.5

Ty
p

e
T 18 3/4 15000 22.2 84.0 24.2 91.6 6.7 3.1
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H Y D R I L  R A M - T Y P E  B L O W - O U T  P R E V E N T E R S
O p e r a t i n g  d a t a

L  24

N om inal
sa e

W orking
pressure

Flu id  volum e 
lo  o pe n  ram s

Fluid volum e 
lo  close ram s Closing O p e n in g

(in) (psO (g a 'i liiiers! (g a l) (lilersj

7 1/16
3 0 0 0  
a nd  

5  000
0.93 3.5 3.8 4.8 1.5

? 1/16 50 000 1.8 6.8 1.9 7.2 7 7 1.7

7  1/16 IS  000 3.4 12.9 3.7 1 4 0 7.1 6.6

9
3  000 
a n d  

5 0 0 0
1 9 7.2 9 7.2 4.5 2.6

0
- J

s 1
3  0 00 
a n d  

5  000
3.2 12.1 3.3 1 2 5 6 0 2.0

C 11 10 0 0 0 5 0 18.9 5.2 19.7 6.9 2 4

11 55 000 8.1 30.7 8 8 33.3 7.2 3.24

13 5/S
3  000 
a n d  

5  0 0 0
4 9 18.5 5 4 20.4 4.8 2.1

13 5/8 10 0 00 11 8 44.7 11.8 44.7 1 0 2 3.8

20  3/4
21 1/4

3 000 
2  000 7.2 2 7.3 8  1 3 0.7 4.75 0.9S

21 1/4 5 0 0 0 '16.6 62.8 17.5 6 6.2 10.2 1.9

i t
3  0 0 0  
a n d  

5  0 0 0
5.0 18.9 S.5 2 0.8 5.6 4.2

o  I
_ j  ra

11 10 000 8.2 31 0 6.8 33.3 11.7 4 0

11 15 000 8.1 30.7 8.8 33.3 7.2 3.24

10 w  
3  <0 
C 13 5/8

3  000 
an d  

5  0 00
11 2 42.4 11.5 43.5 10 1 4.7

2 0  3/4
21 1/4

3  000 
2  000 16.3 61.7 17.2 65.1 10.14 2.2

21 1/4 5  000 16.6 62.8 17.5 66.2 10.2 5.9

7 1/16
3  0 0 0  
a nd  

5  000
0 .93 3.5 1.2 4.5 5.4 1.5

— I 7 1/16 10 000 1.8 6.8 2 7.6 8.2 1.7

2 7 1/16 15 0 0 0 3.4 1 2 9 3.9 14.8 7.6 6 6

9
3  000 
a n d  

5  000
1 9 7.2 2.2 3.3 5.3 2.6
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H Y D R J L  R A M - T Y P E  B L O W - O U T  P R E V E N T E R S  ( c o n t i n u e d )

O p e r a t i n g  d a t a

Model

N om inal
&ze

W o rking
pressure

Fluid volum e 
lo  o p e n  ram s

Flu>d volum e 
lo  close ram s Closing

ratio
O n e n m g

(in) (PSO (g a l) (Mersj (g a l) liiiers)

11
3 000 
an d  

5  0 00
3.2 12 1 3.7 14.0 6.8 2 0

t i 10 000 5.0 1 8 9 5.7 21.6 7.6 2 4

I t 15 000 8.1 3 0  7 9.3 35.2 7.6 3.24

13 5/8 3  000 4.9 18.5 5.9 22.3 5.2 2.1

13 5/8 5 0 0 0  ' 5 2 19.7 5.9 22.3 5 2 2.1

)3  5/8 10 000 11.8 44.7 12.9 48.8 10.6 3 .8

5
13 5/8 15 000 11 41.6 12.6 47.7 7.74 3.56

16 3/4 10 000 14 1 53.4 15.6 59.1 1 0 6 2.41

18 3 « 10 000 15.6 59.1 17.1 64.7 10.6 1.9

18 3/4 15 000 16.7 63.2 19.4 73.4 • 7.27 2.15

2 0  3/4
21 1/4

3  000 
2  000

7.2 27.3 8.9 33.7 5.2 0.98

21 1/4 5  000 16.5 62.8 19.3 73.1 10.6 1.9

11
3  000 
a n d  

5  000
5 18.9 6 22.7 6 4 2

11 10 000 8.2 31.0 9.3 35.2 12.4 4.0

1 i 15 000 8.1 30.7 9 .3 35.2 7.6 3.24

13 5/8
3  000 

a n d  
5  000

11.2 42.4 12.0 45.4 10.6 4.7

o  £—t (O 13 5/8 10 000 11.8 44.7 12.9 48.8 10.6i 3.8

=> «  
c  2
fO •£*

S3 5/8 15 000 11.0 41 6 12.6 47.7 7.74 3.56

2 16 3/4 10 000 14.1 53.4 15.6 59.1 10.6 2.4

18 3/4 10 000 15.6 59.1 17.1 64.7 10.6 1.9

18 3/4 15 000 16.7 63.2 19.4 73.4 7.27 2.15

2 0  3/4
21 1/4

3  0 00 
2 000 16.3 61.7 18.0 68.1 10.6 2.2

21 1/4 5  0 0 0 16.6 62.8 19.3 73.1 10.6 '  1.9
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N L  S H A F F E R  B L O W - O U T  P R E V E N T E R S

O p e r a t i n g  d a t a

L  26

Model

N om inal W o rking FiuiO  volum e 
to o pe n  ram s

Flu id  volum e 
to close ram s CtoS'ng O p e ning

Ram
Fy.ze

(in ) (PSi) (gal) (liters) (g a l) (liters) (m )

S e n tin e l 7 1/4 3C-00 0 .26 1.1 0.29 1 .1 4.0 2.5 . .

L W P
7  1/16 3 0 0 0 0.51 i 9 0.55 2.1 4 .49 2.5 5

9 3000 0.68 2.6 0.77 2.9 4.49 1.81 5

7 1 /!6 10000 2.34 8.9 2 .72 10.3 7.11 3  37 10

7 1/16 10000 5.57 21.1 6 0 22.7 13.94 7.14 14

7 1/16 15000 2.34 8.9 2 .72 10.3 7.11 3.37 10

7 1/16 15000 5.57 2 1 ! 6 .00 2 2.7 13.94 7.14 14

11 10000 7.0 26.5 9 .45 35.8 7 11 4.62 14

o 11 15000 0  t 3 0.7 9.4 35.6 7.11 2.8 14

i 13 5/6 3000 4.46 16.9 5.44 20.6 5.54 3  00 10

13 5/8 5000 4.46 1 6 9 5.44 20.6 5.54 3 .00 10

13 5/6 5000 10.52 3 9 .8 11.0 4 5.6 10.85 10.02 14

13 5/8 10000 1 0 5 2 3 9  8 10.58 4 0  0 7.11 4 .29 14

8 13 5/8 15000 10.52 39.8 11.56 43.8 7.11 2.14 14

. j 16 3/4 5000 4.97 18.8 6.07 23.0 5.54 2  03 10

16 3/4 5000 10.67 40.4 11.76 4 4  5 1 0 8 5 5.77 14

16 3/4 10000 12.50 47.3 14.47 54.8 7.11 2 .06 14

18 3/4 10000 13.21 50.0 14.55 5 5  1 7.11 1.33 14

18 3/4 15000 13.33 50.5 14.62 55.3 10.85 1.68 14

21 1/4 10000 13.86 52.5 16.05 60.8 7.11 1.63 14

4 1/16
5000 

a n d  10 00 0
0.52 2.0 0.59 8.45 4.74 6

7  1/16 5000 t 16 4.5 1.45 5.45 1.93 6  1/2

x 7 1/16- 10000 5.25 19.9 5.18 19.6 10 63 15.22 14

o
9 5000 2.27 8.6 2.58 9 .8 5.57 3 .0 0 8  1/2

3 i 1 3000 I 45 5.5 1.74 6.6 5.45 1.16 6  172

s 11 5000 2.62 9.9 2 .9 8 11.3 5.57 2 .09 8  1/2

11 5000 8.9 33.7 9.5 36.0 16.00 3.41 14

8 2 0  3/4 3000 4.46 16.9 5 .07 19.2 5.57 0 .78 8 1 / 2

o
Q. 2 0  3/4 3000 6  86 26.0 7.80 29.5 8.16 1.15 10

3 2 0  3/4 3000 13.59 51.4 14.50 16.00 2.21 14

21 1/4 2000 4.46 16.9 5.07 19.2 5.57 0.78 8 1 / 2

21 1/4 2000 6.86 26.0 7.80 2 9 .5 8.16 1.15 10

21 1/4 2000 13.59 51.4 14.50 54.9 16.00 2.21 14

• R e p la c e d  b y  7 1/16 in cn . 10000 p si typ e  S I .
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K O O M E Y  R A M - T Y P E  B L O W - O U T  P R E V E N T E R S

O p e r a t i n g  d a t a

M o d e l
N o m in a !

size

(in )

W o r k in g
p re s s u re

(p s i)

F lu id  v o lu m e  
to  o p e n  ra m s

F lu id  v o lu m e  
to  c lo s e  ra m s C lo s in g

ra tio
O p e n in g

ra tio

(g a i ) (lite rs ) (g a i) (lite rs )

P
8

-P
B

C
 

(P
o

w
e

r 
Ra

m
 

C
h

a
n

g
e

) 7  1/16 3  0 0 0 0 .9 6 3 .6 1.02 3 .9 4 .6 2 1.50

7  1/16 5  0 0 0 0 .9 6 3 .6 1 .02 3 .9 0 .6 9 0 .50

7  1/16 10  0 0 0 0 .9 6 3 .6 1.02 3 .9 7 .7 5 2 .5 0

13 5/8 3  00 0 5 .7 8 2 1 .9 6 .2 5 23.7 . 4 .6 2 1.50

13 5/8 5  0 0 0 5 .7 8 2 1 .9 6 .2 5 23 .7 7 .69 2 .5 0

1 3  5/8 10 0 0 0  ' 5 .7 8 2 1 .9 6 .2 5 2 3 .7 7 .75 2 .5 0

, 
P

L
-P

R
C

(P
o

w
e

r 
Ra

m
 

C
h

a
n

g
e

)

7 1/16 3  0 0 0 0 .97 3 .7 1 .10 4 .2 4 .6 2 1.50

7 1/16 5  00 0 0 .9 7 3 .7 1 .10 4.2 7 .6 9 2 .5 0

7 1/16 10 00 0 0 .9 7 3.7 1 .10 4.2 7 .75 2 .5 0

11 3  0 0 0 3 .3 1 2 .5 3 .6 13 .6 4 .4 4 1 .50

11 5  00 0 3 .3 1 2 .5 3 .6 13 .6 7.41 2 .5 0

11 1 0  0 0 0 3.3 1 2 .5 3 .6 53.6 7.41 2 .5 0

13 5/8 5  0 0 0 5 .7 8 2 1 .9 6 .2 5 23 .7 7 .69 2 .5 0

1 3  5/8 1 0  0 0 0 5 .7 8 2 1 .9 6 .2 5 2 3 .7 7 .7 5 2 .5 0

a !
£

7  1/16 15 0 0 0 0 .7 5 2.8 0 .7 5 2 .8 3 0 .0 1 8 .9 9

11 15 0 0 0 2 .6 6 10.1 2 .66 10.1 4 2 .8 6 1 6 .7 2

1 3  5/8 10  0 0 0 2 .8 1 0 .6 2 .8 10 .6 2 8 .5 7 2 0 .7 5

13 5/8 15 0 0 0 3 .5 4 1 3 .4 3 .54 13.4 4 2 .8 6 2 5 .0

18 3/4 1 0  0 0 0 11 .5 4 3 .5 51.5 4 3 .5 2 0 .0 2 5 .0

1 8  3/4 1 5  0 0 0 11 .5 4 3 .5 11 .5 4 3 .5 3 0 .0 2 5 .0

2 0  3/4 3  0 0 0 1 2 .1 8 46.1 1 2 .6 5 4 7 .9 1 .48 0 .7 5

21 1/4 2  0 0 0 9 .2 3 4 .8 9 .2 3 4 .8 4 .0 2.0

21 1/4 5  0 0 0 9 .7 3 6 .7 9 .7 3 6 .7 4 .9 4 1.60

21 1/4 10 0 0 0 4 .4 16.7 4 .4 16.7 18 .3 2 13 .3 0
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512 L  40

HYD RIL ANNULAR BLO W -O UT PREVENTERS  
A v e ra g e  closing p ressu re  (psi) req u ired  to estab lish  

in itia l sea l-o ff in a surface  in s ta lla tio n  (continued) 
Type MSP

P ip e  Outside 
diam eter 

(in )

N o m in a ! size  a n d  w o rk in g  p re s su re  of M S P  2 0 0 0  B O P

7 1/16 

2000

9

2000

11 

7.000

21 1/4 

20 0 0

S 1/2 35 0 5 0 0
4  1/2 3 5 0 40 0 45 0 •  7 0 0
3 1 / 2 40 0 *  5 0 0 •  5 5 0 6 0 0
2  <78 • 4 0 0 5 5 0 6 5 0 6 5 0
2 3/8 5 0 0 6 5 0 7 5 0 70 0
1 .90 6 0 0 75 0 8 5 0 80 0
1 .65 7 0 0 8 5 0 8 5 0 90 0

F u ll  c lo s u r e 1000 1 0 5 0 1150 1100

* F o r te s ts : p ip e  size  a n a  c lo s in g  p re s s u re  re c o m m e n d e d  fo r m a x im u m  p a c k in g  u n it life

In itia l c lo s in g  p re s s u re  (p s i) 
fo r M S P  2 9 "  1/2 -  5 0 0  psi 

B O P / d iv e rte r  (W e ll p re s s u re  ■ 5 0 0  p si)

In itia l c lo s in g  p re s s u re  (p s i) 
fo r M S P  3 0 "  -  1000 psi 

B O P / d iv e rte r

P ip e  o u t s id e  
d i a m e t e r  ( in ) 12 5

F u ll
c l o s u r e

3  1/2 to 
5

7  to 
9  5/8

20

C lo s i n g  p re s s u re  
(p s i )

95 0 1 3 50 1 500 10 00 70 0 40 0

N o t e :  F o r  tests , th e  re c o m m e n d e d  p ip e  d ia m e te r  is  5  in c h e s .
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520

S c a le  $  10

1 1 1

2 5 6  128 64

1 p m 31 6 2 ,5  1 2 5  2 5 0  5 0 0  1 m m  2 4
i _ . . I . . . i ___________ ! _

L u t ite s A r e n ite s f iu d it e s

C la y s ,  s h a t e s

A r g ill it e s

S ilts
( a l e u r i t e s )

S ilts ,
s ilts to n e s

S a n d s

w

O

S a n d s t o n e s  
(s a m e  s u b d iv is io n  

a s  s a n d s )

C o n g lo m e r a t e s

S iz e s  a re  e x p re s s e d  in m illim e te rs  o r  m ic ro n s , in fr a c t io n s  of m illim e te rs  a n d  in <i> u n its  
(<i> =  -  lo g ?  o f  d ia m e te r  in m illim ete rs !-

F r o m  J .  G u ille m o t , E le m e n ts  d e  G e o lo g ie .  E d it io n s  T e c h n ip .  P a ris , 1986.



REPR ESEN TATIO N OF S E D IM E N TS  ( 1)

M 5 521

1 P R E D O M I N A N T L Y  S H A L E  R O C K S

1.1 O n e -c o m p o n e n t  ro c k s

{■CH I H 3  C la y , sh a le

1 .2  T w o -c o m p o n e n t  ro c k s

A L S  S lig h tly  s a n d y  shale

A S S  S a n d y  sh a le

A C L  C a lc a re o u s  sh a le  

r E r z J r z s i  A D L  O o lo m itic  sh a le

A S L  Silicified c laysto n e

2  P R E D O M I N A N T L Y  S I L I C A  R O C K S

2.1 O n e -c o m p o n e n t  ro c k s

s i i p - - : :
• • :::] s l t Silt | .................. | G F N F in e  to  v e ry  fine s a n d s to n e

h ' - - " ~ ~ 1  S F N F in e  to  v e ry  fine s a n d | .................. | G M N M e d iu m  s a n d s to n e

•.?V.| S M N M e d iu m  s a n d I . W W . v !  G G R C o a rs e  to v e ry  c o a rs e  s a n d s to n e

\ ? A S G R C o a rs e  to v e ry  c o a r s e  s a n d [v-iWh - ^ Q  Q T Z Q u a rtz ite

S ti |— .. s n S ilistone C h e rt

2 .2  T w o -c o m p o n e n t  ro c k s

S T A  A rg illa c e o u s  sill 

{ ^ ■ ^ Z v . r r i  G A R  A rg illa c e o u s  s a n d s to n e

/ j ' G C L  C a lc a re o u s  s a n d s to n e

v / . v l  G D L  D o lo m itic  s a n d s to n e

. v . v - v l  G M O  A s p h a lt ic  o r  b itu m in o u s  s a n d s to n e  

. • j / ' v . v l  G C Q  S h e lly  s a n d s to n e

3 P R E D O M I N A N T L Y  C A R B O N A T E  R O C K S

3.1 P r e d o m in a n t ly  lim e s t o n e  ro c k s

3.1 .1  O n e -c o m p o n e n t  ro c k s

£ L£  L im e s to n e

Coo:

C R A  C h a lk  

vfe j C O O  O o litic  lim esto ne

C C N  R eefa l lim esto ne  

C C Q  C o q u in a

(1 ) F ro m  d o c u m e n t of F r e n c h  O il a n d  G a s  In d u stry  A s s o c ia t io n , T e c h n ic a l  C o m m ittee .



3 .1 .2  T w o -c o m p o n e n t  ro c k s

. j -j - f  C S S  S a n d y  lim e s to n e  C D L  D o lo m iiic  lim e sto n e

C A R  A r g illa c e o u s  lim e sto ne

3.2 Predominantly dolomiiic rocks

3.2.1  O n e -c o m p o n e n t  ro c k s

j D L M  D o lo m ite

3 .2 .2  T w o -c o m p o n e n t  ro c k s

i~ :~?  ; " H " i D S B  S a n d y  d o lo m ite  D C L  C a lc a re o u s  do lo m ite

D A R  A rg illa c e o u s  do lo m ite

4 ROCKS W ITHOUT PREDOMINANT COMPONENT

Two-component rocks

r a c  C la y - lim e s ,o n e  ro ck  ^  r a d  C la y , d o lo m ite  ro ck
Hs=  ^  (M a rls to n e , not re c o m m e n d e d ) —  - ^ .1

5 EVAPORITES

E V P  Evaporite  ?< X > < y<5 ^ A N H  A n h y d rite

H I T  H alite  G P S  G y p s u m

6 CONGLOM ERATES (one or more components)

b ic  C G  M o n o g e n ic  c o n g lo m e ra te  ! ®rs,? M o n o g e n ic  b r e c c ia
(c o b b le s  to b o u ld e rs )

7 OTHER TYPE OF SEDIMENTARY ROCK

H B B  C H R  C o a l  o r  lig n ite

8 ERUPTIVE AND METAMORPHIC ROCKS

RVI U n d iff e r e n t ia te d  v o lc a n ic s  M T M  M e t a m o r p h ic  ro c k s

i T ~ I - I ' l l  a c i  A c id  ro c k s  (g r a n it e ) h '-V -j-'A ’ - i J  S S L  B a s a lt
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R E P R E S E N T A T I O N  O F  S E D I M E N T S  ( c o n t i n u e d )

M 6

9 MINERALS

X  G lauconite
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SHOWS

A. Shows from cuttings and cores

Oil in  m ass •

O il in  fra c tu re s  J ?

E m a n a tio n  o f ga s  ■&

. D irect flu o re sce n ce  o f m ass (p a le  + ,  b r ig h t +  + ,  very b righ t +  +  +  } A  +

D irect flu o re sce n ce  on  fra c tu re s  2 ?  *

F luo rescence  on  e x tra c tio n  A

A spha lt, b itum en

W a te r (w ith  in d ic a tio n  o f sa lin ity  in  g /l)  ©  35

O d o r (x) (1) O x

B. In drilling mud

Oil

D irect flu o re sce n ce  (pa le  + ,  b r ig h t + + ,  very b r ig h t +  +  + )  

G as (y, z, ...) (2)

G asoline , co n d e n sa te  

S u lfides d isso lved  in m ud 

Losses 

G ains

Q By

S ~ B

( 1 )  x  =  h y d ro c a rb o n s , H j S  etc.
(2 ) y, z, ... =  h y d ro c a rb o n s . C O 2. N 2. H 2S . H 2 etc.



524 M 8

G ASES PRESEN T IN D R ILL IN G  M U D S  AND DETECTED BY 
C H R O M A TO G R A P H Y  <i)

G a s Form ula
B o ilin g  po in t

(* C ) (3 )

D ensity  

(in  re lation  to  a ir) (4 )

H e liu m H e -  2 6 8 .9 0 .1 3 8

H y d r o g e n h 2 -  2 5 2 .9 0 .0 7 0

N it r o g e n ^ 2 -  19 5.8 0 .9 6 7

M e t h a n e C H 4 (C ,S -  1 6 1 .5 0 .5 5 5

C a r b o n  d io x ide C 0 2 -  7 8 .5  (2 ) 1.527

E t h a n e C 2 H 6 ( C 2S -  8 8 .6 1 .04 7

H y d r o g e n
s u lf id e H 2 S -  6 0 .3 i .1 8 7

P r o p a n e C 3 H 8 (C a ) -  42.1 1.551

is o b u t a n e C 4 H 10 ( 1C 4 ) -  11 .8 2 .0 7 5

/ 7 -b u ta n e C ^ H j o  S 'TCa) -  0 .5 2 .081

Is o p e n t a n e C 5 H 12 (r C i ) 27.8 2.626

n -p e n t a n e C 5 H 12 ( r t C 5) 36.1 2 .6 4 3

— f C 6  +  > >  5 0 —

(1 ) R e te n tio n  tim e  in th e  c h r o m a t o g r a p h  is in v e rs e ly  p r o p o r t io n a l to  th e  b o ilin g  p o in t  (e x c e p t tor 

CO*).
T h e  d e te c tio n  o f  a  g a s  d e p e n d  o n  th e  ty p e  o f c h r o m a t o g r a p h ic  c o lu m n  a n d  o n  its c o n c e n t ra tio n .

(2 )  S u b lim a t io n  p o in t.

(3 )  A t  1 0 1 .3 2 5  k P a  (a b s .) .

(4 )  A t  1 0 1 .3 2 5  k P a  {a b s .)  a n d  1 5 * C .

R e fe re n c e : J . F .  G r a v ie r .  Propri6t6$ des (h id e s  d e  gissm enls. E d it io n s  T e c h n ip .  P a ris , 1986.
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C o lo r : Colorless.

Odor : R o tten  eggs a t lo w  co n c e n tra tio n , od o rle ss  a t h ig h  co n cen tra tion .

Density : 1.189 hence heavier than air.

Solubility: fo u r vo lu m e s o f g a s  a re  so lu b le  in  o ne  vo lu m e  o t w ater.

Flammability : It fo rm s an  exp los ive  m ixture  w ith  a ir w hen  it o cc u p ie s  betw een 4.3 
a nd  4 6 %  o f th is  m ixture.
It b u rn s  w ith  a  b lu e  flam e  and  its co m b u s tio n  p ro d u ce s a very ir r ita tin g  gas, su lfu r 
d io x id e  {SO2).

H2S is a toxic  gas

For an H2S content o f :

1 ppm  =  0 .0001%  : d e te c tio n  by sm ell (ro tte n  eggs)
10 ppm  =  0 .001%  : c o n c e n tra tio n  lim it fo r w o rk  la s tin g  8  h o u rs  (1)

USE YOUR BREATHING APPARATUS  
ABOVE THIS CONCENTRATION

100 p p m  =  0 .01%  : toss o f sense o f sm ell in  3 to  l5 m in
200 ppm  =  0 .02%  : sense o f sm ell pa ra lyzed
500 ppm  =  0 .05%  : loss o f b a ia n ce  a n d  co n sc io u sne ss b re a th in g  d iff icu lty  w ith in

2  to  15 m in
700 p p m  =  0 .07%  : fa in t in g  ; re sp ira to ry  arrest

1000 ppm  -  0 .1%  : mortal co n c e n tra tio n  if a rtif ic ia l re sp ira tio n  is n o t p ractised

( 1 )  1 0  o r 20  p p m  d e p e n d in g  o n  lo c a l re g u latio n s .

F r o m  p u b lic a tio n  of th e  F r e n c h  O il a n d  G a s  In d u stry  A s s o c ia t io n .  T e c h n ic a l C o m m itte e .-
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PORE PRESSURE

T he  m a in  te ch n iq u e s  fo r e va lu a tin g  the  pore  p ressure  a re  based on  th e  d iffe rence  
betw een the  m easured  o r ca lcu la te d  va lue  o f a p a ra m e te r (resistiv ity, sha le  density , 
s ta n d a rd  ra te  o f p e n e tra tio n ) a nd  the  e x tra p o la te d  va lu e  based  on  the  n o rm a l trend.

O ne of the  m ost w ide ly  used p a ram ete rs  is the  ra te  o f p ene tra tion .

The « d exponent» method of Jordan and Shirley
T he  d  exp o n e n t is o n ly  s ig n ifica n t in  shales.
The in te rp re ta tio n  is based  on  the  a ssu m p tio n  o f u n d e rco m p a c te d  shales.

KN ( WOB 
\ 6

va =  ra te  o f p e n e tra tio n  (m/h o r ft/h ) 
WOB  =  w e ig h t on  b it (t o r lb)
N  ~  speed  o f ro ta tio n  f r p m )
D  =  b it size (In )
K -  p ro p o rtio n a lity  fa c to r
d  =  exo o n e n t d

log
/V

log
WOB

D

d
log  — — 1.26 -  log  —

6 0 N  N
12 WOB WOB

log  ------ 1—  1.58 -  loq  ---------
y  1 0 5 D  a  0

A m e rica n  u n its  C om b ined  u n its  (in  b o ld  above)

p , ~  observed  p o re  p ressure
Pin =  n o rm a l pore  pressure

a t d e p th  Z
dn ~  e xp o n e n t d  e x trapo la ted

on  th e  n o rm a l curve
do =  exponent d  ca icu la ie d

a t the  sam e dep th
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EATON FORMULA

FR A C TU R IN G  G R AD IENT  
AND LEAK O FF TEST

p ,  + {S  ~  Ph

Pirac == fra c tu r in g  p ressure
P f =  p o re  p ressure
S  =  g e o s ta tic  p ressure  (w e igh t o t fo rm ations)
u  =  P o isson 's  ra tio  (0.25 to  0.5)

LEAK OFF TE S T

w h e re :

P u a c

MAASP

d
Zs

P(rac =  M AASP +  9.81 Zsd  

P u a c
d lta c 9.81 Z5

fra c tu r in g  p ressure  (kPa)
pressure a t s ta rt o i in je c tio n  p o in t (kPa)
fra c tu re  d e n s ity  (l/kg )
m ud  d e n s ity  in w ell (i/kg )
d e p th  o f w eak p o in t (m).

Mud compressibility
W ater c o m p re s s ib iiity : 5  1 0 "  2 lite rs /b a r per m 3 
O rde r o f m a g n itu d e  fo r  a  m u d :
4  to  5 lite rs p e r b a r fo r 100 m3
o r 4 to  5  lite rs per m3 to r 100 bar
o r 4 to  5  liters per M Pa to r 10 m 3
o r 4 to  5  liters per m3 fo r 10 MPa
o r 3  liters p e r m3 fo r 1000 psi 
0.125 g a l per b b i fo r 1000 psi.
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A B B R E V IA T IO N S  USED  
IN W IR ELIN E LO G G IN G  

W estern  A tlas

Resistivity Production Logging

e i Ele ctrica l L o g g in g C S F S p in n e r F lo lo g
IE L In d u c tio n  E le ctro lo g F D L F lu id  D ensity
D IF L D u a l In d u c tio n  F o c u s e d  L o g T E M P Te m p e ra tu re  L o g
L i t La te ro lo g T L P Te m p e ra tu re  L o g  (In  C o m b o )
O L D u a l L a te ro lo g T L Te m p e ra tu re  L o g  (A lo n e )
M L M in ilo g N F L N u c le a r  F lo lo g
M L M M ic ro la tS fO to g -M in ilo g P F L P a c k e r F lo w m e te r
P L M P ro xim ity  L o g -M in i!o g B F L B a sk e t F lo w m e te r
M I A M ic ro la te ro lo g H P M S u rfa c e -R e c o rd e d  H P  P re ssu re
P X L P ro xim ity  L o g G a u g e  (R un  A lo n e /
O C L L P ro xim ity  L o g  (4 7  M H z ) H P P S u r fa c e -R e c o rd e d  H P  P re ssu re
O C L H D ie le ctric  L o g  (2 0 0  M H z ) G a u g e  (W ith  S P C )
D D L D ie le ctric  C o m b o S P C S im u lta n e o u s  P ro d u c t io n  

C o m b o

Radioactivity
R T T R a d io a c tiv e  T r a c e r  T o o l
P F S P ro d u c t io n  F lu id  S a m p lin g
F M T C H F o rm a tio n  Te s te r C a s e d  H o le

G R G a m m a  R ay S N L S o n a n
G R S G a m m a  R a y  (C o m b o ) T T L T h r o u g h  T u b in g  C a lip e r
P F C G a m m a  R a y  (P F C ) W H I W a te r H o ld -U p  In d ic a to r
S P L S p e c tro lo g  

P h o to n  L o g  
G a m m a  R a y  B lank et

P H T
G R B

Perforating

N L N e u tro n  L o g  (S in g le  D e t.)
SW N S id e w a ll  N eu tron JBJ J u m b o  Je !
C N C o m p e n s a te d  N e u tro n H S D H i S h o t D ensity
N B N e u tro n  B la n k et S A P H i P e n e tra tio n  5"
C D L C o m p e n s a te d  D e n silo g G D J G o ld e n je t
Z D L Z -D e n s ilo g B H P B ig  H o le  P e rfo ra to r
G N L G a m m a -N e u tr o n  ( T T ) E G D E -G u n
P D K N e u tro n -L ife tim e  P D K S L K S lim k o n e
N L L N e u tro n  Lifetim e L K K Lin k  K o n e
N L B N e u tro n  Lifetim e B la n k et B R K B a r K o n e
C O C C a r b o n  O x y g e n  (C o n t in u o u s ) T P T u b in g  P u n c h e r
M SI C a r b o n  O x y g e n  (M u lt i S p e c t) T C S C o m p a c  Perf. 3 -3/6 " G u n s

T C M
T C L
T C C

C o m p a c  Perf. 4 "  G u n s  
C o m p a c  P eri. 5 "  G u n s  
C o m p a c  Perf. H i D e n sity

F r o m  W ireline L o g g in g  T o o l  C a ta lo g ,  E d itio n s  T e c h n ip , P a ris , 1986.
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A B B R E V IA T IO N S  USED  
IN W IR E LIN E  LO G G ING  

W estern  A ila s  (continued)

Acoustic Auxiliary

A C
A C A L
A C L
A C L C
C B L V

C B L S
A M P
S IG
V O L

N o r m a l S p a c e  A c o u s t ilo g  
N o r m a l S p a c e  A c o u s t ilo g  w /C al. 
L o n g  S p a c e  A c o u s tilo g  
L o n g  S p a c e  A c o u s t ilo g  w /C a l 
C e m e n t B o n d  L o g  {V D L  o r  C B L  
&  V D L )
C e m e n t B o n d  L o g  S ig n a tu re  
A c o u s t ic  A m p litu d e  L o g  
A c o u s t ic  S ig n a tu re  L o g  
V a r ia b le  D e n sity  L o g  
A c o u s t ic  W a v e  T r a in  R e c o rd e r 
A c o u s t ic  T im e  In te g ratio n  
B o re h o le  Te le v ie w e r

C A L
8 G D C
C A L
C A L
F P l
B O l
B O
T C
C C
C C G

C a p ile r  L o g
B o re h o le  G e o m e try  O u a l C a lip e r 
4 -A r m  C a lip e r 
S im u lta n e o u s  C a lip e r  
F re e p o in t In d ica to r 
B a c k  O ff (A fter F P l)
B a c k  O ff (A lo n e )
T u b in g  C u tte r 
C h e m ic a l C u tte r 
C a s in g  C u tte r

T T I
B H T V

Casing Evaluation

C A C
S R S

C irc u m fe re n tia l A C  
S e is m ic  R efe re n ce  S ervice V T L

M G L
Vertilo g
M a g n e lo g

Directional C P P
M C L

C a s in g  P o te n tia l Profile  
M u lt i-F in g e r  C a lip e r

D IP
D IP S

4 -A r m  D ip lo g
4 -A r m  D ip lo g  S o lid  State

Plugs and packers

D IR
D ip  F r a c  L o g  
D ire c tio n a l S u rv e y B P S

T P S
B rid g e  P lu g  S etting 
T h r o u g h  T u b in g  B rid g e  P lu g

Sampling P S
D B
J B
J B B
T B G

P a c k e r S etting 
O u m p  B ailer 
J u n k  B ask e t
J u n k  B a sk e t (B e fo re  B P S ) 
T u b in g  G a u g e  R u n

F M T S

F M T P

H P F T

S W C
S W S

F o rm a tio n  M u lti-T e s te r-F lu id  
S a m p lin g
F o rm a tio n  M u lti-T e s te r P re s su re  
Te s t
F o rm a tio n  M u lti-Te s te r w / H e w - 
le tt -P a c k a rd  G a u g e  
S id e w a ll C o r in g  
S id e w a ll C o r in g  S lim  H o le

f r o m  W ireline L o g g in g  T o o l  C a ta lo g .  E d itio n s  T e c h n ip , P aris. 1986.
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A B B R E V IA T IO N S  USED  
IN W IR ELIN E LO G G ING  

G e a rh a rt

Computed Logs Production

U L T R A U ltim a te  L o g g in g  T o o l F M S -D A C o n tin u o u s  F lo w m e te r
R e s p o n s e  A n a lys is F D T F lu id  D e n s ity  T o o l

C O M L I T H C o m p le x  li t h o lo g y  A n a lys is T L T T e m p e ra tu re  L o g g in g  T o o l
C O M S A N D C o m p u te riz e d  S h a ly  S a n d  A n a  H Y D H y d r o  T o o l

lysis G R T G a m m a  R a y  T o o l
W E L W e ll S ite  E v a lu a tio n B A T S B o re h o le  A u d io  T r a c e r  S u rv e y
G O R G a s -O il-R a tio R D T R a d ia l D ifferentia l T e m p e ra tu re
F M O P F -M o v e a b le  O il Plot T o o l
C O M S E T C o m p le x  S h a le  E v a lu a tio n M A C M u lti A r m  C a lip e r

T e c h n iq u e O P T Q u a rtz  P re s su re  G a u g e  T o o l
X P L O T C ro s s  Plot R T T R a d io a c tiv e  T r a c e r  in je c to r T o o i
F R A Y F r a c tu re d  R e s ervo ir A n a lys is B F S B o tto m  H o le  F lu id  S a m p le r T o o l
F -P A IR S X Y C X -Y  C a lip e r
B H V B o re h o le  V o lu m e P E T P u ls e  E c h o  T o o l
T V D T r u e  V e rtica l D e p th T G R T r a c e r  G a m m a  R a y  T o o l
N E X U S D ipm eter F M S -D B H ig h  T e m p e ra tu re  F lo w m e te r
P R O N T O F M S -D C G e o th e rm a l F lo w m e te r

Cased Hole Resistivity

H S C C a s in g  G u n IE L In d u c tio n  e le ctric  L o g
G o -W in d e r T h r o u g h  T u b in g  G u n D IL D u a l In d u c tio n  L a te ro lo g
F P T F re e  P o in t D L L D u a l L a te ro lo g
J B J u n k  B ask et M E L M ic ro lo g
B P B rid g e  P lu g M L L M ic ro ia te ro lo g
O B D u m p  S ailer M S F M ic ro s p h e ric a lly  F o c u s e d  L o g

D C L D ie lectric  C o n s ta n t L o g

Radioactivity
Sonic

U G R G a m m a  R ay
S G R S p e c tra l G a m m a  R a y B C T B o re h o le  C o m p e n s a te d  S o n ic
N L N e u tro n  L o g  (S in g le  D et.) B C T -E A L o n g  S p a c e  S o n ic
S N T S id e w a l N e u tro n V D L V a r ia b le  D e n sity  L o g
C N S C o m p e n s a te d  N e u tro n  L o g C B L C e m e n t B o n d  L o g
C O T C o m p e n s a te d  D e n sity  L o g S R S S e is m ic  R e fe re n ce  S ervice
G N T G a r n m a  R a y  N e u tro n
T D L T h e r m a l D e c a y  T o o l Dipmeter

Sampling
F E D F o u r E le c tro d e  D ipm eter
OIR D ire ctio n  S u rve y

S F T Selective  F o rm a tio n  Te s te r D F L D ip  F r a c  L o g
S W T S id e w a ll C o r in g

S in g le  B it H a rd  R o ck
R C T  (S 8 T ) C o r in g  To o t
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A B B R E V IA T IO N S  USED  
IN W IR ELIN E LO G G IN G  

S ch lu m b erg er

Resistivity Sampling

U L S E L U ltra  lo n g  s p a c in g  electrical S T L S id e w a l c o rin g  L a rg e
lo g g in g S T S S id e w a l c o rin g  S m all

IES In d u c tio n  e lectrical lo g g in g R F T R e p e a l F o rm a tio n  Te s te r
IS F  . In d u c tio n  s ph e ric a lly  fo cu se d H P -R H e w lett P a c k a rd  w ith  R F T
D L L D u a l la tero lo g F IT F o rm a tio n  Te ste r
O IL D u a l in d u c t io n  la tero lo g R F T -N R F T -N
O IS D u a l in d u c tio n  S F L
D IT -E M ulti F r e q u e n c y  D IT

FPI-BOD P T D e e p  P ro p a g a t io n  log

Mlcrodevlces S IT F re e  p o in t in d ica to r
B O B a c k  O ff (a fte r S IT )  o r  w ith  F P IT
T G C T u b u la r  G o o d  Je t  C u tte r

M L M ic ro lo g F P IT F re e  p o in t in d ic a to r C o m b in a b le
M L L / P L M ic ro la te ro lo g  o r  P ro xim ity B O -S B a c k  O ff a lo n e
M S F l M ic ro s p h e ric a lly  fo c u s e d  lo g C H C C h e m ic a l C u tte r
M S F L -M D e riv ed  M ic ro lo g  (f ro m  M S F L ) S C T S e v e rin g  C o llid in g  T o o l
E P T E le c tro m a g n e tic  p ro p a g a t io n  

lo g
C E R T E le c tro m a g n e t

M l - C C o m b in a b le  M ic ro lo g
Producting logging

Dlpmeter
C F M C o n tin u o u s  F lo w m e te r
F B S F u ll B o re  S p in n e r

H O T H ig h  R e so lu tio n  D ipm eter P F M P a c k e r F lo w m e te r
H D T -K H D T  w ith  o il b a se  m u d  kit P F S P e ta l P a c k e r F lo w m e te r
S H O T S tra tig ra p h ic  H ig h  R e so lu tio n V F S V o rte x  F lo w m e te r

D ip m ete r G M G ra d io m a n o m e te r
M E S T M ic ro e le c tric  S c a n n e r  T o o l N F D N u c le a r  F lu id  D e n sim e te r

X F T X -R a y  F lu id  A n a lys e r

Nuclear H R T T h e rm o m e te r  w ith  P L T
H T T T h e rm o m e te r  H T T - C
T T C T h r u  T u b in d  C a lip e r

G R G a m m a  R a y H P -C H ew lett P a c k a rd  in C o m b in a t io n
N G S N a tu ra l G a m m a  R a y  S p e c tro s  H P H ew lett P a c k a rd  ru n  a lo n e

c o p y  (T h .U .K .) M A N M a n o m e tte r
C N L C o m p e n s a te d  N e u tro n R T P R a d io a c tiv e  T r a c e r  E je cto r
C N T -G M u ltid e te c io r N e u tro n P S T P ro d u c t io n  F lu id  S a m p lin g
F D C F o rm a tio n  d e n sity N O L N o is e  L o g g in g
L D L U t h o  d e n sity P T S P re ssu re  T e m p e ra tu re  S o n d e
N M l N u c le a r  M a g n e t ic  R e s o n a n c e
G R L / N G a m m a  R a y  o r  N e u tro n  th ru  tu 

b in g
G R N G a m m a  R a y  a n d  N e u tro n  th ru  

tu b in g
T D T - K T h e r m a l D e c a y  L o g
T O T - M . M u ltig a te  T h e r m a l D e c a y
G S T -I N e u tro n  In d u c e d  G R  S p e c tro s 

c o p y  Ine lastic  M o d e
G S T -C G S T  C a p t u r e  m o d e
T G P G ra v e l P a c k  M o n ito rin g  w ith  

T D T
T D T - M B D u a l C ro s s  S e c tio n  T D T
C T l C e m e n t T r a c e r  lo g
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A B B R E V IA T IO N S  USED  
IN W IR ELIN E LO G G IN G  

S ch lu m b erg er (continued)

W S S -D

W S S -0
D W S S
S A T

S A T - 0

S A T -W
B H C
8 H C -V D
S I S
S L S -V O
W F T

S O T
C M S
8 H T V
C B L -V D

c e r
C 8 T

Acoustic

C a b le  c h a rg e  (E U R )
S e is m ic  R e fe re n ce  S ervice  w ith  
W S T
S R S  O ffset w ith  W S T  
O u a ! W S T
S e is m ic  R e fe re n ce  S e r v ic e  w ith  
3 -A x is  T o o l
S eis m ic  R e fe re n ce  S ervice  with 
S A T ,  Offset
S A T  w ith  S A T m  M ulti-O ffset 
S o n ic  fog
S o n ic -V a ria b le  D e n sity  
S o n ic  lo n g  s p a c in g  
S o n ic  lo n g  s p a c in g  V a ria b le  
D ensity
W a v e fo rm  ta p in g  
D ig ita l S o n ic
C irc u m fe re n c ia l M icrosortic  
B o re  H o le  Te le v ie w e r 3"3/8 
C e m e n t B o n d  w ith  o r w ith o u t 
V a r ia b le  D ensity  
C e m e n t E v a lu a tio n  
C e m e n t B o n d  T o o l

C D R

C D R -B G
G C T

G P IT

B G L
C A L
D O
D O S
C IS -S

C IS -D

C I S -0

T

O F S

6 T T - A

E T T - D

P A L
M F C
A S T
C P P
S B H T V
C E T -D

Corrosion

C a s in g  T h ic k n e s s  D e te ctio n  
T y p e  A
C a s in g  T h ic k n e s s  D e te ctio n  
T y p e  D
P ip e  A n a ly s is  L o g  
M ultilinger C a lip e r  
U ltra  S o n ic  C a s in g  S c a n n e r 
C a s in g  P o te ntial Profile 
B o re  H o le  T V  1 "3/4 
C E T  for C o rro s io n

Directional

D ire c tio n a l s u rv e y  w ith  H D T  o r 
S H O T
B o re  H o le  G e o m e try  
G y ro  C o n t in u o u s  G u id a n c e  (D e 
v ia tio n )
In c lin o m e try  T o o l

Miscellaneous

C a lip e r  w ith  H o le  G e o m e try  
C a lip e r  o th e r th a n  B G T  o r  T T C  
D e p th  D e te rm in a tio n  
S u b s id e n c e  L o g g in g  
C u s to m e r In stru m e n t S ervice  -  
S e is m ic
C u s to m e r In stru m e n t S ervice  -  
D ire c tio n a l
C u s to m e r In stru m e n t S e rv ic e  -  
O th e rs
Te m p e ra tu re  lo g  o th e r th an  
H R T
O th e r S ervices
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A V I

B O S

B P S
B R B P

C C l

C L

C M C

C S N G '

O S

O C T
D O

D E N
D G L
D G M G
D l l

DIP
D t

D U .T

D R P

O S G T

O S N
D T T B P

F D

F D S P T

F O R X O

F P  B O

F P L

F P S

F T L
F W A T

A B B R E V IA T IO N S  USED  
IN W IR ELIN E LOG G ING  

W elex

C o m p e n s a te d  A c o u s tic  V e lo c ity  L o g

B a c k  O t!  S e rv ice  
S ta n d a rd  B r id g e  P lu g  Service 
B a k e r R etrievable  Plu g

C a s in g  C o lla r  L o c a to r  
C a lip e r  L o g  

C h e m ic a l C u lle r  

C o m p e n s a te d  S p e c tra l N a tu ra l 
G a m m a

D u m p  Bailer 
D ie le ctric  C o n s ta n t T o o !

D e p th  De te rm ina tio n  

C o m p e n s a te d  D e n s ity  L o g  
D u a l G u a r d  Lo g 

D u a l G u a r d  M ic ro -G u a rd  
D u a l In d u c tio n  G u a r d  L o g  

Resistivity D ip  Lo g  

C o n tin u o u s  Drift L o g  
D u a l La te ro lo g  L o g g in g  T o o l 

D R  P lu g
D its S h o rt G u a r d  L o g g in g  T o o l 

D u a l S p a c e d  N e u tro n  L o g  
D u a l Tim e r T h r o u g h  T u b in g  B leedoif 

B rid ge  P lu g  S e rv ice

F lu id  D e n sity  T o o l 
C o m b in a tio n  F lu id  D e n s ity . S p in n e r 

a n d  T e m p e ra tu re  L o g  
M ic ro -G u a rd  C a lip e r  L o g  
(F o rx o  Ca S ipo ; L o g )
Free P o int a n d  B a ck o ft S e rv ice s

F ra c tu rc  Profile  L o g
F re e  P o int Service

F lu id  T ra v e l L o g
Full W a ve  A c o u s tic  T o o l

G A U

G L

G R
G R D C
G R N

G R N O C

G R P S

J C

J C C

M G

M S G ’ B
M S G ’ F F

m e
NEU
N G R T

R O S
R T L

S D L T  
S F T T  

S P N  
S P N  F D

S W C

T E M P

T S P N

G a u g e  R u n

G u a r d  L o g
G a m m a  R a y  L o g

G a m m a  R a y  D e p th  C o n tro l
G a m m a  R a y N e u tro n  L o g

G a m m a  R a y  N e u tro n  D e p th  C o n tro l

Lo g
G a m m a  R a y  P e rfo ra tin g  S u b  

In d u c tio n  E le ctric  L o g  

J u n k  C a tc h e r

Je t  C u tters a n d  C irc u la tio n  Ho le s

M icro fo g  C a lip e r  L o g  
(C o n ta c t  C a lip e r  L o g )
M ic ro -G u a r d  L o g g in g  T o o l 
M ic ro -S e is m o g ra m  B o n d  T o o l 

M ic ro -S e is m o g ra m  F ra c tu re  F in der 

L o g

M ultiset Te ste r

N e u U o n  D e a th  C o n tro l  
N e u tro n  L o g
N a tu ra l G a m m a  R a y  T o o l

P ro d u c tio n  P a c k e r a n d  Retainer 
Setting

R a d io a c tive  O rie n ta tio n  Service 

R a d io a c tive  T ra c e r  L o g

S p e c tra l D e n sity  L o g g in g  T o o l 

S e q u e n tia l F o rm a tio n  T e st T o o l 

S p in n e r
C o m b in a tio n  S p in n e r a n d  F lu id  

Density
S id e w a ll C o rin g

P re c is io n  T e m p e ra tu re  Lo g  
C o m b in a tio n  te m p e ra tu re  a n d  

S p in n e r L o g

• A  b r a n d  o f W e le x , a  H a llib u r to n  c o m p a n y .



Acceleration ( c e n t r ip e t a l ) ,  A 2 6

Additive ( c e m e n t in g ) ,  116, 117

Air { f lo w  ra te  re q u ir e d  to r d r i l l in g ) ,  H I  7

Air drilling ( g a s  f lo w  ra te ), H t ?

Allowable gain, K 1 1

A m p e re ,  A 29

Angular (v e lo c i t y ) ,  A 2 6

Angular frequency, (e le c t r ic it y ) ,  A 3 1

Annular space, (v o l u m e ) ,  D1

Annulus (a r e a ) ,  A 2 4

Annulus ( v o l u m e ) ,  0 1

API grades (d r i l l  s t r i n g ) ,  B1

Archimedes (b u o y a n c y ) ,  A 3 7

Area (c o m b i n a t i o n s  o f  n o z z ie s ) ,  S 5 6 - G 5 8

Areas ( f o r m u l a s ) .  A 2 4

Azimuth (d i r e c t io n a l  d r i l l in g ) ,  J 1 .  J 2 ,  J 2 3

B (p r e s s u r e  lo s s  c o e ff ic ie n t },  6 2 1 ,  G 2 3 -G 2 9  

Back-off (d r i l l  s t r i n g ) ,  K 2 5  

Ball 
h o o k , F 2 7  
s w iv e l ,  F 2 9  

Baker (d o w n h o le  m o t o r s ) ,  E 2 4 - E 2 6  

Barite ( m u d  w e ig h t  in c r e a s e ) ,  H 2 ,  K 6  

Barrels ( U S  o il,  c o n v e r s io n  in to  m 3 ) ,  A 1 9  

Bearing friction ( r o c k  b i t ) ,  E 1 - E 3  

BHA (d i r e c t io n a l d r i l l in g ) ,  J 2 4  

Biaxial yield stress (e l l ip s e ,  c a s in g ) ,  C 8 0  

Binghamlan (f l u id ) ,  G 1 3

Bit

c o m p a r is o n ,  E 4 -E 7  
d i a m o n d ,  E 8 ,  E 9 ,  E 1 5 ,  E 1 6  
r o c k  b i ts  ( I A D C  c la s s i f ic a t io n ) ,  E 1 - E 3  
t o le ra n c e  o n  n e w  b it  s iz e ,  E 1 6  
u s e d  b it  d u l l  g r a d in g  s y s t e m ,  E 1 2 ,  E 1 3  

Blocks ( w i n c h  b / a k e ), F 3 1  

Blowout ( c o n t r o l ) ,  K 1 - K 1 7  

Bolts ( f o r  f la n g e s ) ,  L 6 - L 1 2  

BOP, annular (o p e r a t in g  d a ta ,  d i m e n s io n s ) ,  L 3 5 -  
L 3 7

BOP, ram type

d i m e n s io n s  a n d  w e ig h t s ,  L 2 8 - L 3 4  
o p e r a t in g  d a ta ,  L 2 3 - L 2 7  

Brake (b l o c k ) ,  F3 1  

BSR (d r i l l  c o l la r s ) ,  6 3 5

Buckling (c r i t ic a l  b u c k l in g  f o r c e  o f  c a s in g ) ,  C 8 3  

Build-up (/ a te  o t ) ,  J 3 ,  J 1 2 - J 1 6  

Buoyancy ( f a c t o r ) ,  A 3 7  

Burst pressure 

d r ill  p ip e ,  8 1 3 -8 2 1  
t u b i n g ,  c a s in g ,  C 1 0 -C 7 3  

Buttress ( t h r e a d  f o r m ),  C 7 7

C75 (g r a d e ) ,  C l  

G95 (g r a d e ) ,  C1 

CaCI2 (s o lu t i o n ) ,  H 1 1  

Calcium chloride ( s o lu t i o n ) ,  H 1 1  

Cameron ( B O P ) ,  1 2 3 ,  L 2 8 ,  L 3 5  

Capacitance (e l e c t r ic it y ) ,  A 3 2  

Capacitor (e le c t r ic it y ) ,  A 3 2
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Casing

A P I  ( l i s t ) ,  C 3 ,  C 4
c o l la p s e  r e s is t a n c e , t e n s i le  lo a d ,  C 7 9  
c o n n e c t io n s ,  C 3 6 -C 7 3  
e f f ic ie n c y  o f c o n n e c t io n ,  C 7 ,  C 3 6 -C 7 3  
g e o m e t r y ,  C 3 6 -C 7 3
s t r e s s  o n  c e m e n t e d  c a s in g  s t r i n g ,  C 8 1 -C 8 3  

Celsius ( c o n v e r s i o n  in to  F a h r e n h e it ) ,  A 2 0  

Cement 

a d d it iv e s ,  116, 117 
A P I  s p e c if ic a t io n s ,  14 
b e n t o n it e , 1 1 1 -1 1 4  
c la s s e s ,  13 
d e n s it y ,  11 
w e ig h t e d ,  115 

Cementing 

d is p la c e m e n t ,  1 19 , I2 0  
g e n e r a l  d a ta  u n i t s ,  n  

Cenozoic ( e r a ) ,  M 1  

Centrifugal ( f o r c e ) ,  A 2 7  

Chains ( r o t a r y ) ,  F 3 4 ,  F 3 5  

Chalk ( r e p r e s e n t a t io n ) ,  M 5  

Chromatograph (g e o lo g ic a l  s u r v e y ) ,  M 8  

Circle (a r e a ) ,  A 2 4  

Clamp (to ?  C S W  f la n g e s ) ,  L 1 9 - L 2 2  

Classes of used drill pipe, 8 5  

Classes, API cement, 13 

Classification 

o f  d a l! pipes, B5 
o f  ro c k  b its , E l ,  E 3 ,  E 8 ,  E 9  

Clearance ( c a s i n g / b i t ) ,  0 2 ,  0 3  

Closing ratio, L 2 3 - 1 2 7  

Closing ( v o l u m e  t o  c lo s e  r a m s ) ,  L 2 3 - L 3 4  

Coal ( r e p r e s e n t a t io n ) ,  M 6  

Code (color) 

d r i l l  p ip e ,  B 6  
c a s in g - t u b in g ,  C 1 ,  C 2  

Collapse resistance 

d r ill  p ip e ,  B 1 3 -B 2 1  
e ffe c t o f (e n s i le  lo a d  (c a s i n g ) ,  C 7 6  
t u b i n g ,  c a s in g ,  C 1 0 -C 7 3  

Colloid (g r a in  s i z e ) ,  H 1 4  

Color code (d r i l l  p i p e ) ,  B 6  

Combined tension and torsion, 8 5 3  

Composite drill string, B 5 2

Compressibility ( m u d s ) .  M i l  

Conductor pipe, ( l i n e  p i p e ) ,  C 7 4 -C 7 6  

Cone ( v o l u m e ) ,  A 2 4  

Connection ( s t a r ,  m e s h / d e lt a ) ,  A 3 1  

Content (s o l i d )  H 8 ,  H 9  

Convergence (d i r e c t io n a l  d r i l l in g ) ,  J1  

Conversion tables, A 7 - A 2 0  

Coordinates (d i re c t io n a l d r i l l in g ) ,  J 1 ,  J 2  

Coring (b i t ,  t h r e a d , t o r q u e ) ,  £ 1 5  

Correction 

a z im u t h  (d i r e c t io n a l  d r i l l in g ) ,  J 2 3  
c o u r s e  (d i r e c t io n a l d r i l l in g ) ,  J 2 2  

Correction factor 

w o r k  o f  d r i l l in g  iin e ,  F  2 4  
m a k e -u p  t o r q u e , C 9  

Coulomb, A 2 9

Course (d i r e c t io n a l  d r i l l in g ) ,  J 4 - J 1 6  

Course control (d i re c t io n a l d r i l l in g ) ,  J 1 9 - J 2 1  

Cretaceous, A 3 6 .  M 2  

Critical (v e lo c i t y ) ,  G 1 4  

Cross-section ( d r i l l  p i p e s ) ,  B 9 - B 1 2  

Current 

a lt e r n a t in g ,  A 3 1 .  A 3 2  
d i r e c t ,  A 2 9 ,  A 3 0  

Curvature ( r a d i u s ,  d i re c t io n a l d r i l l in g ) ,  J 3  

Cuttings (a m o u n t  in  m u d ) ,  6 1 0  

Cutoff practice (d r i l l in g  l i n e s ) ,  F  2 3 ,  F  2 4  

Cycle (m u d  c ir c u l a t io n ) ,  G 7  

Cylinder ( v o l u m e ) ,  A 2 4

d (e x p o n e n t ) ,  M ! 0  
Dead line, F1 

Deca, A 4

Declination (d i r e c t io n a l  d r i l l in g ) ,  J 1  

Degrees API ( c o n v e r s i o n  in to  s p e c if ic  g r a v i t y ) ,  A 21  

Delta connection, A 3 1  

Density 

a n n u la r  m u d ,  G 1 1  
f r a c tu r in g ,  K i t  

Detection (g e o lo g y ,  c h r o m a t o g r a p h y ) ,  M 8  

Diamond (d r i l l  b i t s ) ,  E 8 ,  £ 9 ,  E 1 5 ,  E 1 6  

Dilution ( m u d  w e ig h t  r e d u c t io n ) ,  H 4 ,  H 5
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Directional drilling string, J 2 4  

Displacement

d ire c t io n a l d r i l l in g ,  J 4 - J 1 6  
s lu f t y ,  c e m e n t in g ,  1 19 , 120 

DLS ( D o g l e g  S e v e r i t y ,  d i re c t io n a l d r i l l in g ) ,  J 2 1  

Dogleg (d i r e c t io n a l  d r i l l in g ) ,  J 1 7 ,  J 1 8 ,  J 2 1  

Dolomite ( r e p r e s e n t a t io n ) ,  M 6  

Drift

c a s in g  a n d  t u b i n g ,  C 6 ,  D 2 ,  D 3  
d ir e c t io n a l  d r i l l in g ,  J 4 - J 1 6  

Drilex (d o w n h o le  m o t o r s ) ,  E 2 4 - E 2 6  

Drill bit 

c o m p a r is o n ,  E 4 - E 7
d i a m o n d ,  1 A D C  c la s s if ic a t io n ,  E 8 ,  E 9  
r o c k  b i ts ,  1 A D C  c la s s if ic a t io n ,  E 1 - E 3  
t o le ra n c e  o n  n e w  b i t  s iz e ,  £ 1 6  
u s e d  b it  d u l l  g r a d in g  s y s t e m ,  E 1 2 ,  E 1 3  

Drill collars 

c h a r a c t e r is t ic s ,  B 3 5  
s p i r a l ,  8 3 9  

OrBf pipes 

d i m e n s io n s ,  B 9 - B 1 2  
h e a v y -w e ig h t ,  8 4 6  

Drill string 

d e s ig n  c a lc u la t io n s ,  8 5 1 - 8 5 4  
v ib r a t io n s ,  £ 1 4  

Drilled cuttings (a m o u n t  in  m u d ) ,  6 1 0  

Driller’s (c o n t r o l  m e t h o d ) ,  K 7  

Driller's procedures (S o ck  c o n t r o l ) ,  K <  K 5  

Drum ( c a p a c i t y ) ,  £ 2 5

Dull grading system (u s e d  b i t s ) .  £ 1 2 ,  £ 1 3  

Duplex pumps (o u t p u t ,  l in e r  s i z e ) ,  G 3 ,  6 4  

Dynadriil (d o w n h o le  m o t o r s ) ,  E 2 4 - E 2 6

EasCman Christensen (dow nhole  m o t o r s ) ,  E20,  £ 2 4 -  
£ 2 6

Eaton (f r a c t u r in g  f o r m u la ) ,  M 1 1  

Efficiency 

c a s in g  c o n n e c t io n ,  C 7 ,  C 1 0 -C 7 3  
r e e v i n g ,  F 3  
v o lu m e t r ic ,  G1 

EIPS (e x t r a  im p r o v e d  p lo w  s t e e l ) ,  F 5  

Elastic modulus, A 28

Electricity, A 2 9 - A 3 2  

Elevator

d r ill  c o l la r s ,  B 4 0  
d r il l  p ip e s ,  F 2 6  

Elevator link arms (c a p a c i t y ) ,  F 2 6  

Ellipse

a r e a , A 2 4
o t b i -a x ia l y ie ld  s t r e s s  (c a s i n g ) ,  C 8 0  

Equivalent lengths, G 6 8  

Evaporiles ( r e p r e s e o f a t io n ) ,  M 6  

External upset ( t u b i n g ) ,  C 5

Factor of safety

d f i l l  p ip e  t e n s io n ,  B 5 1  
d r i l l in g  lin e ,  F 3  

Fahrenheit ( c o n v e r s i o n  in to  C e l s iu s ) ,  A 2 0  

Fann viscometer (m e a s u r e m e n t s ) ,  G 1 3 

Farad, A 3 2  

Fast line, F1

Fer-B-bar (w e ig h t e d  c e m e n t s ) ,  115 

FH ( t h r e a d ) ,  B 2 8

Fishing (e x a m p le s  o t  s t r i n g s ) ,  K 1 8  

Flanges 

6 B ,  L 6 - L 8  
6 B X ,  L 9 - L 1 2  
A P I ,  1 1 - 1 1 2  
A P I  (b o l t s ) ,  1 6 - 1 1 2  
A P I  (n o m in a l  d i m e n s io n s ) ,  11 

Flint ( r e p r e s e n t a t io n ) ,  M 5  

Flow rate ( a i r  d r i l l in g ) ,  H 1 7  

Form of casing/tubing threads, C77, C7S 

Fracturing 

d e n s i l y ,  K 1 1  
g r a d ie n t ,  M i l  
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	STRESS-RELIEF GROOVE FOR DRILL COLLAR CONNECTIONS (API Spec?)





	IJ

	DRILL COLLAR SLIP AND ELEVATOR RECESS AND ELEVATOR BORE DIMENSIONS (API RP 7G)
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	STRETCH OF SUSPENDED DRILL PIPE
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	STRETCH DUE TO TEMPERATURE

	TOTAL STRETCH

	A.	DESIGN PARAMETERS
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	DRIFT DIAMETER (API Standard 5CT)

	EFFICIENCY OF A CONNECTION
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	1	DEFINITION OF FACTOR OF SAFETY
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	DRUM AND REEL CAPACITY (From iADC Drilling Manuaf)

	DRILLPIPE ELEVATORS

	BRAKEBLOCKS (API Spec 7)

	6 hole API brake block	4	hole	API	brake	block

	VIBRATOR AND DRILLING HOSE (API Spec 7, April 1989)

	CHAINS (API Standard 7F)
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	HYDRAULICS

	RHEOLOGY

	CRITICAL VELOCITY BASED ON RHEOLOGICAL PARAMETERS (Practical units)

	PRESSURE LOSSES (general)

	PRESSURE DROP IN ORIFICES

	2959.41 C2A2

	CALCULATION OF THE BIT NOZZLE VELOCITY
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	FINAL VOLUME VF (IN LITERS) AFTER ADDING WEIGHTING MATERIAL OF SPECIFIC GRAVITY da TO 1 m3 OF MUD Ma weight of weighting material added (kg/m3)

	EFFECT OF TEMPERATURE ON DENSITIES OF CALCIUM CHLORIDE AND SODIUM CHLORIDE SOLUTIONS (Field Data Handbook, Dowell Schlumberger)

	GRAIN SIZE CLASSIFICATION OF SOLIDS (1^ = 0.000001 m)

	SHALE SHAKER SCREENS

	SCREEN STANDARDS

	GENERAL DATA UNITS COMMONLY USED IN CEMENTING

	CORRELATION BETWEEN SACKS AND TONS OF CEMENT 94 lb sacks	50	kg	sacks

	PREPARATION OF FRESHWATER SLURRY

	For 100kg of cement:


	PREPARATION OF ONE CUBIC METER OF FRESHWATER CEMENT SLURRY
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	PREPARATION OF ONE CUBIC METER OF SATURATED SALT-WATER SLURRY

	BENTONITE CEMENTS
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	PREHYDRATED MIXTURE
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	SLURRY DISPLACEMENT (continued)
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	4	ROCKS WITHOUT PREDOMINANT COMPONENT

	Two-component rocks

	5	EVAPORITES

	6	CONGLOMERATES (one or more components)

	7	OTHER TYPE OF SEDIMENTARY ROCK

	8	ERUPTIVE AND METAMORPHIC ROCKS

	9	MINERALS


	EXPLORATION SYMBOLS IN DRILLING

	GASES PRESENT IN DRILLING MUDS AND DETECTED BY CHROMATOGRAPHY <i)

	PHYSICAL PROPERTIES OF H,S

	H2S is a toxic gas

	PORE PRESSURE

	( WOB \ 6

	FRACTURING GRADIENT AND LEAK OFF TEST

	ABBREVIATIONS USED IN WIRELINE LOGGING Western Atlas

	ABBREVIATIONS USED IN WIRELINE LOGGING Western Ailas (continued)

	ABBREVIATIONS USED IN WIRELINE LOGGING Gearhart

	ABBREVIATIONS USED IN WIRELINE LOGGING Schlumberger

	ABBREVIATIONS USED IN WIRELINE LOGGING Schlumberger (continued)

	ABBREVIATIONS USED IN WIRELINE LOGGING Welex









