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Preface

This two-volume set on Process Piping Design has been written to supple-
ment my first book, Process Piping Drafting. I have purposely used a very
practical writing style for both of these efforts, applying my personal pracncal
experience rather than trying to present the technical aspects of piping. In
Process Piping Design I have elected to have each chapter self-sustaining. I
have reproduced some charts and tables but only those required in learning the
basics of piping design.

To become a competent piping designer requires muany years of experience
plus a talent for creative thinking. Piping designers must call on their
knowledge for each design job but also must apply their own ingenuity daily. I
like to call that horse sense.

Many piping designers have told me that their job is 25% knowledge, 25%
experience and 50% horse sense. This book will try to deal with the first 25%
and touch on the last 50%.

Fluor Corporation has been very farsighted by instigating piping drafting
and piping design training classes and they have been very generous in allow-
tng me to reproduce some of their instructional material. I wish to take this
opportunity to thank Fluor for its assistance,



introduction

In a refining or petrochemical complex, piping constitutes the major expen-
diture of ail the design disciplines. Piping consumes about 50% of the design
engineering manhours, 35% of the material cost of the plant and about 30% of
the labor cost in the field. Inept piping design in the office can increase the cost
of a plant.

The design engineering department of a contractor designing refinery or
petrochemical complexes consists of four main functions: piping, structural,
electrical and vessels. The piping section encompasses flow diagrams, model
making, insulation and painting, piping material take-off, piping material
control, instrument design and piping design itself.

Experienced piping designers know the functions of all of these groups.
They also must have a broad knowledge of the structural, electrical and vessel
sections. And they must know the many pieces of equipment that they must
pipe up, the numerous details of piping, the materials necessary for various
services, piping flexibility basics and field construction practices. Then comes
a general knowledge of plant operation and maintenance. When all of this is
considered, it is easy to see why there is always a shortage of experienced,
competent piping designers.

Ironically, piping design is the one subject that has been neglected in the
school systems. This is largely due to the fact that adequate textbooks were
not available. No book can teach a person to become a piping designer but it
can teach the fundamentals and how to apply them to become a designer.
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1 General Piping

The dictionary describes pipe as a long tube of
cliy, concrete, metal, wood, etc., for conveying
water, gas, oil or other fluids. A fluid is defined as
any substance that can flow—liquid or gas.

Pipe has been with us for over 5000 years.
Each year introduces new purposes for piping
which create demands for new and improved mate-
rial specifications and ingenuity on the part of the
piping designer. Piping has advanced from its ear-
lier function of transporting water through wooden
conduits from the mountains’ melting snow to the
village below. Today piping can be found almost
any place one looks, from the piping in an automo-
bile to the complicated maze of piping in a process
plant,

A piping designer is one who designs piping
systems. Since piping is so widely used, the piping
designers cannot learn the complete field of piping,
and consequently they have become more special-
ized, going into the fields of process piping, pipe
line piping, steam power plant piping or one of the
many other categories.

Process piping design is, in the author's estima-
tion, the most interesting specialization in the
piping field. Each process piping unit presents a
new challenge to the designer. Each plant is custom
designed, and while there is some similarity be-
tween a crude unit of 50,000 barrels a day and one

of 75,000 barrels a day, there is no duplication. A
piping designer may work on two or three crude
units in his entire career. There are literally hun-
dreds of different types of units in a refinery or
petrochemical complex. Each type of unit presents
its own piping challenges.

How, then, can one learn process piping design
from a book? It can’t be done. A book can present
the basic similarities that exist in many types of
units and introduce guidelines for competent de-
sign. From there on, the process piping designer
must utilize his personal judgment,

Piping Materials

The term piping means not only pipe but the
fittings, flanges, valves and other items which form
part of the overall piping system. Piping materials
are divided into two basic classes, metallic and nion-
metallic. Nonmetallic piping might be glass, ceram-
ic, plastic, etc. The metallic piping is again divided
into two classes, ferrous and nonferrous. Ferrous
materials are those of, containing, or derived from
iron and are most commonly used in process
piping. Ferrous metals are carbon steel, stainless
steel, chrome steel, cast iron, ete. Nonferrous met-
als include aluminum.



2 Process Piping Design

Table 1-1.
Some Steel Pipe Specifications

ASTM

Number  Type Materiat Remarks

A.53 Gr.AB Carbon Steel Manutactured in welded and seamless.

Grade B is most commanly specified.

A-106 Gr. A, B Carbon Steel Secamless. Grade B is preferred and mostly used.
In the wodern plant, almost all carbon steel
pipe is this specification.

A-333 Gr. | Carbon Steel Used for sub-zero temperatures. Incorporates
special testing. For use to -50°F.

A-335 P1 Carbon Moty Buasically a carbon steel with %% molybdenum.
Used in medium high temperature service.

A-335 P11 Chrome Maoly 1%4% chrome, %% molybdenum. Used in higher
temperature, corrosive services.

A-335 P5 Chrome Moly 5% chrome, %% malybdenum. Used in higher

: temperature, corrosive services.

A-335 P9 Chrome Moly 9% chrome, 1% molybdenum. Used in high
temperature highly corrosive services.

A-312 304 Stainless Used for temperatures below -50°F and for
corrosive service at higher temperatures, Widely
used for food product piping.

A-312 316 Stainless Used for high temperature, highly corrosive service.

A-312 321 Stainless Used for very high temperature, highly corrosive
service.,

A-312 347 Stainless Used in harsher conditions than Type 321 stainless.

A-333 Gr.3 Nickel 3%% nickel. Used for temperatures from -50°F
10 -150°F.

Table 1-1 lists some of the many hundreds of
ferrous metals available for pipe. Those listed are
the most commonly used in process units. For a
complete listing see the ASTM book, Ferrous Mate-
rigls*

Methods of Manufacturing Pipe

Pipe diameter, wall thickness, material specifi-
cation and delivery requirements are determining
factors in the selection of the manufacturing proc-
ess. Steel piping is made by lap-welding, spiral
welding, buttwelding and seamless methods.
Welded pipe types are made from flat plates which
are rolied to form round shapes; the edges are then

*Refer to ASTM Standard, Part 1: Steel Piping, Tubing
and Fittings.

welded together to form a longitudinal weld. The
longitudinal weld reduces the pressure-containing
characteristics of pipe and the ANSI (American Na-
tional Standards Institute-formerly ASA) piping

code reduces the allowable stress of this method of ™

manufacture by imposing a “joint efficiency™ of
less than 100%. Seamless piping has a joint effi-
ciency of 100% since there is no longitudinal joint.
Welded pipe also can attain this 100% joint effi-
ciency rating with special quality control proce-
dures such as stress relieving and full x-ray exami-
nation. However, these add to the cost and may
not be needed. In the smaller sizes, seamless piping
is quite often as economical as welded if 100%
joint efficiency is specified.

Whatever method of manufacture is specified, a
“mill tolerance” must be added to the minimum
calculated wall thickness. Plate is manufactured to




Table 1-2

Commercial Wrought Steel Pipe Data 3
Norn~ | Qutside {Schedule] Wall | Inside | Area Transverse Moment| Weight | Weight [External] Secti
ig:mi Diam-~ No. Thick- | Diam- of Internal Area of o?h o? Surface M@::.iucl’::s
Pipe cter ness eter | Metsal Son Inertin | Pipe | Water ‘
Size D) NS:e , ] {h sq(a) Note 2 I Pounds | Pounds | Sq. Fr. (2 )
ote uare | Square uare | Inches to r | per foot | per foot
Inches | Inches Inches | Inches | Inches | Inches Sg'eez 4t Power Pc of pipe | of pipe
y l 0.405 409 068 .269 0720 05681 00040 Q0106 244 025 106 00523
8 - B80x 058 218 0925 0364 ¢ 00025 00122 314 016 106 00602
l/ 0.540 40s 088 364 1250 0410 .00872 00331 414 045 141 01227
4 N B0x 118 .302 .1574 0716 1 00050 80377 .535 031 141 01395
:?/ 0.675 40 091 493 1670 19101 00133 06729 567 083 178 H1160
8 ) 80x J26 423 2173 L1405 | 00098 00862 Z38 061 178 02554
40s 109 6522 L2503 30401 .00211 01709 850 132 3] 04069
’ﬂé 0.840 80x 147 546 3200 L2340 1 00163 02008 1.087 .102 e ] 04780
. 160 187 466 L3836 7861 00118 02212 1.300 074 20 05267
e XX 294 252 E043 050 00035 02424 1.744 022 220 5772
40s 113 424 3326 B330 1 .00371 03704 1.130 L2331 275 07055
3/ 1.050 BOx 164 J42 4335 4330 ; .00300 04479 1.473 188 275 08531
4 y 160 218 614 5698 L2961 1 00206 05269 1.940 A28 275 10036
Lo XX 308 434 7180 .148 00103 .05792 2.440 064 275 11032
40s 133 1.049 4939 8640 1 .00608 08734 1.678 375 344 1328
1 1315 80x | 179 | 957 | 63881 .7190| .00499 | 1056 | 271 312 | 344 | .1606
* 160 250 815 8365 52171 .00362 L1151 2.840 .230 344 L1903
S 358 .599 1.8760 182 00196 1405 3.659 d22 34 L1136
40s 140 1.380 6685 | 1.495 01040 L1947 2.372 649 4315 L2346
11/ 1660 80x 191 1.278 8815 1.283 00891 2418 2.996 555 435 L2913
4 : 160 250 1.160 1.1070 1 1.057 00734 .2839 3.764 458 435 3421
Ce XX 382 896 1.534 630 00438 L3413 5.214 273 435 4110
40s 145 1.618 7995 2.036 | 01414 3059 2.717 .B82 497 3262
114 1.900 B80x 200 1.500 ; 1.068 1.767 | 01225 3612 3.631 765 497 4118
2 - 160 .281 1.338 1.429 1.406 00976 4824 4.862 608 497 5078
ve o XX 400 1.100 1.885 .850 00660 5678 6.408 42 .497 5977
40s 154 1.067 1.075 3.355 02330 6657 3.652 1.45 5612 5606
2 2.37% 80x 218 1.939 1.477 2.953 02050 .8679 5.022 1.28 622 7309
) 160 343 1.68% | 2.190 2.241 01556 1.162 7.440 97 622 879
Vo XX 436 1.503 | 1.656 1.774 01232 1.311 9.029 77 621 1.104
40s .203 2.469 1.704 4.7B8 03322 1.530 579 2.07 753 1.064
21 2.875 80x 276 1.323 | 1154 4.238 02942 1.924 7.66 1.87 753 1.339
2 ) 160 375 2.125 1.945 3.546 .02463 2.35) 10.01 1.54 753 1.638
LXK 552 1.771 4.028 2.464 01718 871 ¢ 13.70 1.07 753 1.997
40s .216 3.068 1.228 7.393 05130 3.017 | 7.58 3.20 916 1.724
3 3.500 BOx | .300 | 2.900 | 3.016 | 6.605 | .04587 | 3.894 ! 1025 | 2.86 | 916 | 2.225
. 160 438 1.624 | 4.205 5.408 ! 03755 5031 ! 14.32 .35 916 1.876
VXX 600 2.300 | 5.466 4.155 ;| 01885 5,993  18.58 1.80 916 J.424
3y, i 4.000 40s | 226 | 3.548 i 2.680 9.886 06870 4,788 ; 9.11 ; 4.29 E 1.047 1.394
2 ) BOx 318 | 3.364 . 3.678 B.888 06170 6.280 . 12.51 | 384 ! 1,047 J.140
A0s 237 4.026 3.174 12.73 .08840 7.233 10.79 5.50 1.178 3.214
80x 337 3.816 4.407 {11.50 07986 9.610 i4.98 4.98 1.178 4.271
4 4.500 120 438 3.624 5595 |10.31 0716 11.65 19.00 4.47 1.178 5.178
160 531 3.438 ; 6.621 9.28 .0645 13.27 1281 4.02 1.178 5.898
e XX 674 3.152 210} 780 1 0542 15.28 i 17.54 3.38 1.178 6.791
408 .258 5.047 | 4.300 1 20.01 1390 15.16 14.62 8.67 1.456 5.451
. 80x 375 4813 6.1i2 | 1B.19 L1263 10.67 10.78 7.88 1.456 7.431
5 5.563 120 500 4.563 | 7.953 {1635 1136 25.73 27.10 | 7.09 1.456 9,250
166 625 4.313 | 9.696 | 14.61 1015 30,03 32.96 6.33 1.456 | 10.796
.o XX 750 4,063 |11.340 |12.97 L0961 33.63 38.55 5.61 1.456 | 172.090
40s .280 6,065 | 5.581 |28.8¢9 L2006 28.14 © 18.97 12.51 1.734 £.50
BOx 432 5.761 8.405 |26.07 1810 40.49 28.57 11.29 1.734 [ 12.22
6 6.625 110 862 5.501 | 10.70 23.77 1650 49.61 36.40 10.30 1.734 114.98
160 718 5.189 | 13.32 21.15 1469 58.97 45.30 9.16 1.734 117.81
s XK 864 4.897 | 15.64 18.84 1308 66.13 | 53.16 8.16 1.734 | 20.02
20 250 8.125 | 6.57 51.85 L3601 57.72 22.36 22.47 } 2.258 11339
30 277 B.071 7.16 51.16 L3553 63.35 24.70 22.17 ¢ 1.258 | 14.69
40s 322 7.981 3.40 50.03 3474 72.49 28.55 21.70 7.258 | 16.B}
: 60 .406 7.813 [ 10.48 47.94 328 88.73 35.64 20.77 2.258 | 20.58
8 g625 | - 80x | 500 | 7.625 1276 |45.66 | 3171 1057 43.39 | 19.78 | 2258 |24.51
. 160 593 7.439 | 14.96 43.46 3018 1121.3 50.87 18.83 2.2§8 28.14
120 718 7.189 117.84 40.59 (1819 [140.5 60.63 17.59 1.258 | 32.58
140 812 7.00]1 | 19.93 38.50 L2673 [153.7 67.76 16.68 21,258 | 35.65
. 875 6.875 [ 21.30 782 0 578 11620 72.42 16.10 2.138 | 37.56
160 906 6.813 | 21.97 36.46 L2532 [165.9 74.69 15.80 2.258 | 38.48

Saurge: Crane Co. {Table 1-2 continued on Foltowing pagel

MNote 1: The letters s, x, and xx in the column of Schedule Mote 2: The values shown in square feet for the Transverse
Numbers indicate Staaéard Extra Strong, and Double Internal Area also represent the volume in cubic feet per
Extra Strong Pipe, respectsveiy foct of pipe length.



4 {Teble 1-2 continued)

Nom~ | Outside |Schedule] Wall Inside | .Ares- - Transverse ** [Moment \Vei%ht Wei?ht Externall Section

inal Diam- No. | Thick~ ] Diam- of Internal Area of o Surfacej Modulus
Pipe eter ness eter | Metg] |- See | Inertin | Pipe | Water
Size D | See | - {r ) - {a} Notez'| (D) Pounds | Pounds Sq. Fr. (2 )
’ Note 1 Square | Square -Sguare inches to r | perfoot | per foot
Inches | Inches Inches | Inches | {nches | Inches €el  4th Py f%fx of pipe | of pipe
i .25¢ | 10.350 [ . §.34 §1.52 5731 113.7 28.04 3576 | 2.814 21.15
30 307 10.136 10.067 80.69 5603 137.4 34.24 34.96 | 2.814 25.587

40s 365 | 10.020 1190 7886 .547% 160.7 | 40.48 34.20 | 2.814 29.90
Bx 500 9.750 16.10 | 74.66 5185 212.0] 5474 3135 | 2514 39.43

16 10,750 80 593 9.564 18.92 | 7184 4989 | 2441 64.33 3113 1 2.814 45.54
149 718 9.314 1 2263 | 68.13 4732 286.1 76.93 2953 1 2814 53.22
120 -843 9.064 | 26.24 | 64.53 4481 3242 | 8920 22.96 {1 2.814 60.32

140 1.000 8.750 | 30.83 60,13 4176 1 367.8 | 104.13 26.06 | 2,814 68.43
160 1.125 8.500 | 34.0n 86,75 FH1 399.3 | 115.65 24.59 | 2.814 74.29

20 250 1 12.250 9.82 | 117.86 8185 131.8 33.38 51.07 13338 30.2

30 330 | 12,090 12.87 | 114.80 7972 248.4 43.77 4274 | 3.338 39.0

-.8 375 1 12,000 14.58°1 113.10 7854 2793 49.56 49.00 { 3.338 43.8

40 406 | 11.938 15.77 | 111.93 2773 300.3 33.53 48.50 | 3.338 471

X 500 | 11.750 19.24 | 108.43 7528 361.5 | 65.42 46.92 | 3.338 56.7

12 12.75 &0 562 | 11.626 21.52 | 106.16 7372 40604 ¢ 7316 46.00 | 3.338 2.8
. 80 587 | 11.376 26.03 § 101.64 7058 475.1 88.51 44.04 | 3338 74.6

100 843 | 11.064 31.53 96,14 6677 561.6 | 107.20 41.66 | 3.338 88.1

126 1.000 § 10.750 36.93 90.76 6303 641.6 | 125.49 39.33 | 3.338 100.7
140 1.125 | 10.500 41.08 86,59 5013 700.5 | 133.68 37.52 1 3.338 109.9
160 1.312 | 10.126 47.14 80.53 -5592 781.1 | 160,27 34.89 | 3.338 122.6

10 -250 | 13.500 10.80 | 143014 .9940 285.3 1 36.71 62.03 | J.68% 36.6

20 312 5 13376 13.42 | 140.52 9758 | 314.4 45.68 60.89 | 3.665 45.0

303 375 | 13.250 16.05 | 137.88 8875 372.8 { 54.57 59.75 | 3.665 §3.2

40 438 1 13.124 18.66 | 135.28 9394 429.1 63.37 58.64 ¢ 3.668 61.3

L% 506 | 13.600 2021 | 132.73 8217 | 4838 | 7209 57.46 | 3.665 69.1

i4 14.00 60 593 | 12.814 24.98 | 128.96 8956 562.3 1 84.91 55.86 | 3.665 80.3
80 750§ 12.500 31.22 7 121272 8522 687.3 | 106.13 5318 i 3.665 88.2

i00 837 1 12,126 38.45 | 115.49 -8020 | 824.4 | 130,73 50.04 | 3.665 117.8

120 1.093 | 11.814 44.32 | 109.62 7612 929.6 | 150.67 47.45 | 3.665 132.8
140 1250 | 11.500 50.07 : 103.87 J213 | 1027.0 | 170.22 45.01 | 3.665 146.8
160 1.406 | 11,188 55.63 98.31 -6827 | 1117.0 | 189.12 41.60 | 3.665 159.6

10 250 | 15.500 12.37 | 188.69 | 1.3103 3837 | 42.05 8174 1 4189 48.0.

10 3121 15376 15,38 | 185.69 | 1.2895 473.2 | 5236 B0O.50 | 4.189 59.2

30s 375 | 15.250 18.41 | 182.65 | 1.2684 362.1 62.58 79.12 1 4,189 70.3

40x 500 | 15.000 24.35 | 176.72 | 1.1272 731.9 1 8277 76.58 | 4.189 81.5

16 16.00 60 656 | 14.688 31.62 1 169.44 | 1.176% 932.4 | 107.50 73.42 | 4.189 116.6
: 80 B43 | 14.314 40.14 | 160.92 | 1.1175 | 1135.8 136.46 69.73 1 4.189 144.5

100 1.031 13.938 48.48 | 152.58 | 1.0396 | 1364.5 164.83 66,12 | 4.189 i70.5
120 1.218 | 13.564 56.56 | 144.50 | 1.0035 | 1355.8 192.29 62.62 1 4.189 194.5
140 1.438 | 13124 63.78 1 135.28 9394 1 1760.3 | 223.64 58.64 | 4.189 220.0
160 1.593 | 12.814 72.10 | 125.96 -B936 | 1893.5 | 245.11 55.83 | 4.189 136.7

10 250 | 17.500 13.94 | 240,537 1.6703 549.1 47.39 1 10421 T 4.712 61.1

20 312 17.376 17.34 1 237.13 | 1.6467 678.2 59.63 | 102.77 | 4.712 75.5

..8 375 1 17.250 20.76 | 233.71 | 1.6230 806.7 70.59 1 101.18 | 4.712 89.6

3o 438 17.124 24.17 | 230.30 | 1.5990 930.3 82.06 99.84 | 4.712 103.4

X A00 17.000 27.49 1 22698 | 1.5763 | 1053.2 32.45 98.27 | 4.712 117.0

I8 18.00 40 562 | 16.876 30.79 | 223.68 | 1.5533 | 11715 104.75 96.93 | 4,712 130.1
. 60 750 | 16.500 40.64 | 213.83 | 1.4849 | 1514.7 138.17 92.57 | 4.712 168.3

80 937 16.126 30.23 ¢ 204.24 | 1.4183 | 1833.0 170.75 88.50 | 4.712 203.8

160 1.156 15.688 61.17 | 15330 { 1.3423 | 2180.0 207.96 83.76 | 4.712 242.3

126 1.375 15.250 71.81 | 1B2.66 | 1.2684 | 24981 244,14 79.07 | 4.712 177.6

140 1.562 | 14.876 80.66 | 173.80 | 1.2070 | 2749.0 274.23 75.31 1 4.712 305.5

160 1.781 14.438 90.75 | 163.72 i 1.1369 | 3020.0 30851 | 7088 1 4.712 | 3356

i0 250 15.506 15.51 | 29865 | 2.0740 756.4 52.73 1 11942 | §736 75.6

20s 375 18.250 1312 1 290.04 | 2.0142 | [113.0 78.60 | 12567 | 5.136 111.3

30x 500 19.000 30.63 | 283.53 | 1.9690 | 1457.6 | 104, 13 ;122,87 { 5136 145.7

40 593 18.814 36.15 | 278.00 | 1.5305 | 1703.0 £12.91 | 12046 | 5.236 170.4

20 20.00 60 BI2 18.376 48.95 | 265.21 | 1.8417 | 22570 166,40 | 114.92 | 5.33g 115.7
’ 80 1.031 17.938 6l.44 | 252.72 | 1.7550 | 2772.0 208.87 | 109.51 | 5,236 2774

100 1.281 17.438 75.33 | 138.83 | 1.6385 | 33152 156.10 | 103.39 | 5.236 331.8
126 1500 | 17.600 57.18 | 226.98 | 1.5767 | 3754.0 196.37 98.33 | 5.236 375.5
140 1750 | 16.500 | 100.32 | 213.82 1.4849 | 4216.6 | 341.10 92.56 | 5.236 421.7
160 1.968 | 16.064 | 111.49 | 10267 11,9074 | 4583.5 | 37901 87.74 | 5.236 458.5

24 24.00 60 | 968 22064 |
80 | 1218 | 21,561 |

§7.17 | 38322 5362 . 38720 1 19638

i
10 130 1 23,500 | 18.65 43394 1 3.0031 13153 | B34l | 18733 | 6283 | 109
20s 375 (132801 27.83 | 42436 © 2.9483 | 19420 | 94.62 | 18395 | 6283 | 1619
X 500 | 23000 | 3591 ° 4i5.48 | 2.8853 | 23495 112549 | 17987 | 6283 | 2125
30 562 | 22.876 | 41.39 | 411.00 | 1§54 | 1843.0  140.80 1 17809 | 6283 | 1370
401 687 | 72636 | 50311 40207 | 27971 : 33213 P 17807 17423 6.283 | 95
| 0041 38235 0 26552 ¢ 46528 238111 | 16557 | 6283 | 3ary
i
3

|
|
2 i
: ;
D 2.5362 153.26 ¢ 6,283 ! 472.8
105.07 - 3443 23911 | 6849.9 | 367.40
2
2 J
2

i i

: 180 1331 20,935 | , L 149.06 4 6.283 ¢ 5708

§ 120 1812 | 20.376 | 12631 | 336.08 © 2.2645 | 78150 [ 429.39 | 14117 | 6.283 | 6521

I 1900 2.067 | 19.876 | 142.11 | 31828 | 71347 [ 8625.0 [ 483.13 | 13445 | 6.283 | 7189
L A60 12343 19314 | 15941 29795 | 2034 94359  541.94 | 12684 | 61833 | "srg
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a tolerance of 0.01”. Pipe made from plate (all
pipe with a longitudinal seam) will have 0.01”
added to its calculated minimum thickness for this
mill tolerance. Seamless pipe is made by a process
that requires a tolerance of 12%%.

Seamless pipe is made from hot, round solid
billets of steel. A mandrel is centered and pene-
trates the hot billet, expanding the solid piece to a
hollow pipe. This method of manufacturing can
cause some possible thin spots in the pipe wall;
consequently, the 12:% tolerance is imposed.

Special manufacturing of seamless pipe, such as
centrifugally cast or special forging, is specified for
very thick requirements. This type is cast or forged
to a thicker wall and is precision machined, inside
and out, and the tolerance is usually nil.

The piping engineer or designer must recognize
the method of manufacture and its related mill tol-
erance before calculating the minimum wall thick-
ness required for his piping,

The various methods of manufacture also de-
termine the length of the delivered pipe. Com-
monly, pipe is made in “random length” which is
+20-0", and in “double random length” which is
+40'-0". Unless double random length is specified,
the manufacturer will ship single random. For long,
straight runs of piping, considerable savings can be
made by utilizing the longer pieces, saving butt-
welding.

Centrifugally cast and special forged pipe will
be shipped in 6-12' lengths. Since these are ma-
chined inside and out, the lengths are very short.
This adds numerous buttwelds to long runs of pipe,
increasing the system cost. Consequently, this
method of manufacture is utilized only where the
other methods cannot produce the desired pipe
more economically. And any economic evaluation
must consider the number of buttwelds.

Pipe Diameters, Thicknesses and Schedules

Table 1-2 lists pipe data for most commercially
available sizes. Normally, sizes 1%, 2147, 3% and
5" are considered as noncommercially manufac-
tured and are not specified by a piping designer,
Equipment manufacturers will employ these sizes
and the piping designer will have to attach a flange
or reducer to this connection but should immedi-
ately increase to the next larger size for his piping.

Pipe and tubing are not the same. Tubing is
specified by its outside diameter; 4” tubing is 4"

OD, 4" pipe is 4.5"0D. ‘This is usually specified as
4" IPS (Iron Pipe Size) for pipe and can also be
defined by specifying 4” schedule 40. The schedule
number defines the QD and the “Nominal®™ wall
thickness for IPS piping.

Nominal wall thickness is the average wall of
the pipe—not the minimum wall. To ascertain the
minimum wall, the mill tolerance must be sub-
tracted.

| Fittings and Flanges

Welding fittings are manufactured to match the
companion pipe. However, it is not mandatory that
the fitting and the pipe have the same thickness.
While pipe of several schedules is available, fittings
are not stocked for all schedules. Fittings are usu-
ally specified as standard weight, extra strong,
schedule 160 and double extra strong. It is usually
advantageous to specify the fitting thickness of the
next higher available weight if the pipe wall thick-
ness is not standard, extra strong, etc. As an exam-
ple, with 14" schedule 10 (0.250” wall) the stand-
ard weight fitting would be specified, which is
0.375" wall. For 14" schedule 40 (0.438” wall)
the extra strong fitting would be specified, which is

0.500” wall. .
For pipe sizes 2 and below, welding fittings

are usually not used. For low pressure, noncritical
service, the screwed fitting is specified, while for
higher pressures and most process systems, the soc-
ketwelding fittings are employed.

Figure 1-1 describes forged steel screwed fit-
tings and Figure 1-2 gives dimensional data for
them.

Figure 1-3 describes forged stecl socketwelding
fittings and Figure 1-4 gives their dimensions.
Starting in 1970, the 2000-pound series was dis-
continued by most manufacturers. The 3000-
pound series would be used with schedule 40 and
schedule 80 pipe.

Socketwelding cosis a small amount more than
screwed fittings. This cost reverses into an overall
installed savings as socketwelded systems withstand
the hydrostatic testing and remain a leak-free sys-
tem for years.

Figure 1-5 describes steel buttwelding fittings
and Figure [-6 gives their dimensions.

The fittings depicted in Figure 1-5 are the ones
that may be specified by a piping designer. Howev-
er, due to delivery and cost. additional practical
data is:



$0° Elhow
No, 240, 2000-Found
No. 380, 3000.Pound
Na. 650, 4000-Pound

Coupling

No. 388, 3000-Pound
No. 4665, 8000-Pound

Working Pressures
Steam, Water, OII, Ol Vapoer, Gas, or Alr

Tes
No, 241, 2600-Pound
No. 381, 3000-Pound
No. 861, 6000.Pound

Reducer

Neo. 387, 3000-Pound
No. 667, $000-Pound

Recommendations:
strong, rugged fittings.

Process Piping Design

45° Etbow
Ne. 242, 2000-Pound
No. 382, 3000-Pound
Neo. 662, 6000.-Pound

Halt Coupling

Ne. 388, 3000-Pound
Nao. 668, $000-Pound

Croas
No. 243, 2000-Pound
No. 383, 3000-Pound
No. 663, 4000.Pound

Cap
MNo. 389, 3000-Found

These are unusually
They are ideally suited

Ternp. Psi, Non-Shoek for high pressure hycfrau!:c !1nes_ and fo_r hlgij
Carbon Steel pressure-temperature service in oil refineries, oil
ASTM A105. Grade 11 and gas fields, centra) power stations, and
industrial and chemical plants,
2000 | 3000 | 6000 o _
Deg. | Pound | Pound | Pound The 2000-Pound W.0.G. Fittings, exceptionally
Fahr. |W.0.G.|W.0.G.|W.0.G. compact and light in weight, are intended for
160° 7000 3600 6000 services beyond the temperature range of mal-
150 1970 2955 | 5915 leable iron fittings and for many relatively low
200 1940 | 2915 | 5830 pressure installations where the extra strength
250 1915 2875 5750 and safety afforded by steel fittings are desired.
300 1895 2845 5690 :
350 1875 2819 5625 Materials and design: Elbows, tees, crosses,
228 ;gfg %"’;fg gggg and Y-bends are forged solid: the cups, couplings,
500 735 7605 3310 reducers, plugs, and bushings are machined from
550 1640 | 2460 | 4023 solid steel. Carbon stee! billets or bar stock
600 1540 2310 4620 used in the manufacturing process arc subject
650 1430 2150 4306 to rigid specifications for strength, toughness,
700 1305 | 1960 | 3520 and resistance to temperature and shock.
750 1180 | 1775 | 3550 S _ i
800 1015 1525 3050 The fittings feature liberal metal sections through-
850! 830 4 1250 | 2300 out and have an ample factor of safety over the
.24 SI 725 1090 2180 recommended working pressures. Al openings
332; 2 g’%g %g iggg are drilled; on forged Attings, each opening is
95012 475 640 1285 reinforced with a wide hand which completely
9752 330 500 1000 surrounds the thread chamber, extending beyond
Aooohe | 235 3535 715 the last thread. The design provides the requisite

‘Product use

Scction 1,

d within the jurisdiction of
Power Boilers, of the ASME
Ruuler und Pressure Vessel Codc is sub.
Aot T the same maximum termnperature
limitations placed upon the material in

strength, adds to the com
and permits a sure wrenc

table P7. 1959 edition thereof.

Arroduct u

sed within the jurisdiction of
Scetion |, Power Piping, of the ASA

cut 1o gauge,
and chamfered

MSS ratings: Working

Code for Pressure Piping B31.1 is sub-
et to the sarme maximum temperature
tationa pluced upon piping of the
ywihe general composition in Table 2a,
955 edition thereof,

Figure 1-1. Forged steel socketwelding fittings {2000, 3000, 40060 and 60CD pound W.0.G,

Crane Co.

pressures agree with those in
the MSS Stundurd for
Forged Steel Screwed Fit-
tings, No. SP-4g-1436.

pact, neat sppearance,
h grip.
Threads: Threads are long and are accurately

All openings are in true alignment
to permit easy entrance of pipe.

&1

Face Bushing
No. 501, 80C0-Poynd

90° Sirast Elbow

No. 384, 3000-Pound
No. 654, &000-Poynd

435% Y.Bend

No. 245, 2000.Pound
Ha. 6565, 5000-Pound

Round Hend Plug
Na. 308, 3000-Pound

Sguare Head Plug
Ho. 309, 3000-Pound

Hexagon Head Plug
Neo. 602, 4000-Pound

Hexogan Bushing
No. 600, 4000-Pound

Reprinted courtesy of
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$0° Elbow Tee 45° Ethow
N [N
I T -
P.
4
Coupling Reducer Half Coupling
Couplings, reducers, ond cops Dimeasions of reducing sizes are the tome ox thos of
459 Y-Bend are machined from solid steel, the straight size corresponding to the largest apening
Size A B C D E F G H J K L M N P R v
2000-Pound W.0.G. Fittings
Ve 346t *%A2 | % | 1%A2] 3%z 1
3 32 1Az | M [ ¥V5e | 32| - - .- - . .
¥ 1% 18461 % 1 1%l 1% 1 1%e | .. - - 3 2 | 1%4g
3% 184 | 14 i Ve | 134g 1 14 .. .. . 13%e | B ) 1R .. .. . .
1 1% 113460 1% | 1134g] 1% (113461 .. .. AU 2 VAR I TR B R &V .. . -
1Y 13 | 2742 1 1A | 2% | 134 1 2%} .. - oA 3V I BBhe ] L. - .- o
Clig 2 12845 1946 128842 2 12746} .. - . 1 5% 13'%gi 2s
2 23 ] 3 Tiinsel 3 | 2% |234.] .. . o Tatas | 434 12314,
21 3! 3% IR EE2 VAN - . .. .
3 334 | 4546 1 Vo 434 .. .
4 43e i 5% | 3V | 53 | 43%4s | 5% . .. ..
3000-Pound W.0.G. Fittings
(] V36 1 %%z | % | Az | .. . » . o . o By 1% | % . %
A 314, 0 1042 | 34 ) 134y | 34, 1 % 1Y 1 AU - 13 % | YW 1
Ya e i 1% e} T | 1% | 1Va | 1% | ! e | 1Y | . . - % | Y % 1
Y 154} 1% | 1 1% | 154s] 1% | 1y [ 1 | B o b1 | 1Ye | Y%het 1%
34 116 J1134.1 1%, [1134.1 144 (1834 134 | 1% | 13% .. . .. 2 135 1 134
1 B3 0 24 1%s ) 2% | 134 | 2%s | 134 | 2% 2 o o | 2% | 13 | 1% | 1A
4§ 2 % 1Ae [2%2| 2 [27%e| 2 | 3% [2Ae| . | . | 2% | 2% | 196 | 1%
_ 1 23 00 03 111%e1 3 2% 113VAa| 2 12334g] 234 o .. 3 | Ve [ 1%4g | 134
2 PAL 3% | 2 1304, 2% | 3% ; e 3he i 3%he | - . 3% |3 1‘}/'15’ 2
Wo 3% A% | A 3 . e e D 3% 3% (1P¥%e 2%
3 C3Y 4% e | 4% . S T [ T T 4V 1 4% | 2% | 2%
4 Ll g 6 - o N R Y S 434 | 514 R 1 2V
6000-Pound W.0.G. Fittings
1 § 31/32! Y2 | 3% | 1te | 314, | 1 U RO R A £ %
Vo 1% [ 1%s| Y | 1% ] 1% | 1%e | 1 i I A N L I N T
& | 134 : 1% H Ve [ 154 | 1% | 1V | 136 | 1% | 3%g [ 2946 | 1% | 1Y2 | 1% *%
e Uh Ul 1y (U] 1% (el 13 [ 1% 14 | ave | 3 i1l 1% L0 | 2%e oo
% ? 1% 227/32 1546 | 2346 | 13% [ 2%s | 1% | 2% ! T [4t3%%e] 3% !13/15 i 13 1
3 I 3 !115/32 V104, 274, 2 e 2 2% | 246 | 8% 53!!:/[“ hs | 23 24 136
L4 ’ 2% L3 A 2810 236 |23V 2V [213%4e] 234 | 6T4s | 4% (23042 2% | 2% | 1%
R L) Fasge 11234, 1 3345 | 214 | 354 2% 3%4e 3% .. 1 . D .o 13| 3 1%Mel .o
z P33 0 4% IM4e 1 4 3% 4 B e 3% 1 3% |11l
vh L3y ey 2w | e 3% lesm o o ] ] 3% | 44 (1%
3 1%ne 8% | 3% | S | 4Mel 5%t . o oo ¢ i 141 S 12

Figure 1-2. Forged steel screwed fittings {dimensions in inches).
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No. Y241, 2000-Pound WO G No
No. 1381, 3000-Pound WOG No

Ko
Ne

- 1461, 4000-Pound WOG
- 1661, $000-Paund WO G
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45° Eibow

- ¥242, 2000-Pound WOG
- 1382, 3000-Pound WO
- L4422, 4000-Pound WOoG
- 1662, 5000-Found WOG

No
Na
Neo
Mo

Croxs
- 1243, 2000-Pound WOG
- 1383, 3000-Pound wOoG
- 1443, 4000-Pound WOS
- 1663, 3000-Pound WOIO

2000-Pound WOG Fittings are for usa with Scheduls 40 or Standard pipe
30C0-Pound WOG Fittings ars for yse with Scheduls B0 or Exira Sirong pipe
4000-Pound WOG Fittings ore for use with Schedule 160 pipe

6000-Pound WOG Fitlings are for uss with Doubls Extra Strang pipe

Recommendations: These

Working Pressures*

Steam, Waler, Oil, Oil VYepar, Gas, or Air

unusually rugged, durable fir. Material | Temnp. Pounds, Non-Sheck
til"}gs are ideal for smail (Up to 2600 3000 4600 6000
and mciudmg 4"} welded lines Dxeg. ound! Pound! Pound| Pound
on relatively low pressure Fahr. | WOG | wOG | woG | woo
Sgrvice, for high pressure hy- 100° 2600 | 3000 | 2000 | 6000
draulic lines, or for high pres- 150 + 1970 | 2955 | 3940 | s015
Sure-temperature service, 200 + 1940 | 2915 | 3885 | 5839
. ) 250 | 1915 | 2875 | 3830 | 3750
lhe 2000-Pound WOG Fit- 300 11895 | 2845 | 1790 | 5650
tings are for use with Schedule agg :grg gs;g g?go sgézs
Stand ipe . . . 4 185 7 700 | 5550
oo poanclard pipe the 450 | 1810 | 2715 | 3620 | o230
3000~ Ound, With - hedufe 80 500 1735 2605 3470 5110
or Extra Strong pipe . . . the Carbon 550 [ 1640 | 2460 | 3380 | 4933
4000-Pound, with Schedule Steel 600 | 1540 | 2310 | 3080 | 4620
100 pipe . . . and the 6000 ASTM Aos| 650 1 1430 | 2150 | 7865 | 4300
Pound, with Double Extra Grade 1 700 | 1305 | 1960 ; 2610 | 3920
Strong pipe. 750 1180 1775 2365 3550
800 mig 15§g 223? gts]gg
esign: W 850 B3 12 166
g B Elbous, tees roses
. ¢ ge : 900 | 615 | 925 | 1235 | 18ss
their openings are reinforced 535 520 | 785 | 1045 155G
with a wide band which com- 950 415 640 B55 | 1285 -
pletely surrounds the socket 975 330 500 665 | 1000
vhamber, extends wel] beyond 1000 | 235 | 355 | 475 | 715

the back of the socket, and

meets recognized requirements for
sacket-weld dimensions, Reducer in-
serts, couplings, reducers, and caps are
machined from solid stee|. Openings of
all fittings are driiled and the ends are
bored to slip over pipe,

Materials: The fittings are made
trom high grade carbon steel (ASTM
Auzs, Grade 1) of unusual strength
and toughness. 1t is particularly suit-
iable for fusion welding.

American Standard: These fittings
conform to the American Standard for
Steel Socker-Welding Fittings (B16.13-
1940}, This Standard includes elbows,

Figure 1-3, Forged steel socketwelding fitrings {2000, 3000, 4000 and 6000 pound W.0.G.),

tees, crosses, and couplings in sizes
3-inch and smaller for use with Schedule
40, Schedule 8o, and Schedule 160 pipe.

*Note: When pipe is rated in accardance
with the Code for Pressure Piping or
any other Code, these fittings may be
used for the same pressures and temper-
atures as the pipe even though such
ratings exceed those in the table above,

The fittings, of course, must be made
of a material having chemical and phys-
ical properties comparable o the pipe,
and must be of suitable weight, as
indicated by the schedyle numbers.

Nao
Mo
No

90° Elhawe
- 1240, 2000-Pound hignle]
- 1380, 3000-Found wWOGo
- 1460, 4000-Povnd WOG

Ne. 1660, $000-Paynd WO O

Mo

Ne.
Ma.
No.

Ko,
Mae.
Mo,
No.

Ho,
No,
No.
No.

No.
Na.
No.
Ne.

45° Y.Bend
- 1245, 2000-Pound WO G
1385, 3000-Pound WOG
1485, 4000-Pound WOG
1655, 4000-Pound WO G

Coupling
1246, 2000-Pound WO G
13864, 3000-Pound WO G
14686, 4000-Pound WO S
1868, 5000-Pound WO G

Raducer

1247, 2000-Pound WO G
F387, 3000-Pound WOS
1447, 4000-Pound WO G
1667, 6000 -Poynd woG

Cop
1249, 2000-Pound WO G
1389, 2000-Pound WOG
449, 4000 -Poynd WwWoo
1649, 6000-Pound WOG

—
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2000-Pound WOG Fittings, for use with Schedule 40 or Standard Pipe
l/‘. 15/15 7/35 3,/8 29/32 29/32 3/‘ 5/15 7/35 11,’32 3!/32 17’52 1 25/&6 ]% la/m 1 % % 5/3
%o ||| The 1Y\ PAz! W | Yhe | A [1A2|3Vh2] Yhe | T P16 1A 1 1 1% | ey 1 | M
b B 0 % | Ve 1134611561 Vb | VA | he 15461 11 Yo 11846l 3 12% 1 1Y 1131 % 1% 1 %
% %] % | % 1% | 10| 1 Yo | Y | IVe 13461 %6 | 1% 3% 2% 1% | 12 | %s | 1% | YA
1 VWa| % | % 1161136 1V | %s | %o [1136) 12 | % {L1%e 4%a | 3 {1136 13| 3 | 1% 1
1 1% 1161 A6 12%2 [ 2742 | 19451 " Wis | % 127521 1% 1 1%46 (23464 %6l 3% (2% ! 176 |61 24 116
Ll 2 A% 3 (DISAa2154, 17461 1346 | Y (2384, 2 3% 1276} 5% 131544/ 2746 | 2 3| 232 1346
? H}iI1g | % 3 3 1MAg 1 | WAgl 3 | 2% | Th {23144 64| 4% (3% 22 VAl 3 1 1%
24 3| 1% | 1% [ 3% | 3% |2%e| 1V |1%4e] 4 [ 3Y (1% | 4 .. | .. ] (2% Ve | 3% 1%
3 3% | V4| 1Vs (4% | 4%4s | 2R [ 1% [ 1% ] 4% | 3% | 1 | 4% %[ 1 | 4% 1%
4 Pa3400 255 119400 5% | 534 1314 | 154 | 104 1534 1434.1194610 53 1 .. ... .0 3 (1% 5y, 1%
3000-Pound WOG Fittings, for use with Schedule 80 or Extra Strong Pipe
Ye 26| The | Ve (%%82[2%z| YU | e | Ve | 1VA2i %A |14z | 1 12344 1% |15 T % | R |1Ve
3% Mhe (VA2 TAs 1Az [ 1Az % | %6 | TAs [ TVA2!3%ha| The | 1 [2'Aej 1% | 1 | 1% ] Ve | 1 i)
Y I | % | Ve 11%6{1%6| % | TAe | e |154si 1Wa | % 11%e] 3 2% [ 1% (1% Y | 1% | %
¥ 1%46] % | %s | 12 | 1% | 1 Vol Yo | 1% 1%46] %6 | 1% | 3946 2%6| 1% | 132 Ye [ 12 ] 1
1 15 | % | % [133461'%6; 1% | %6 | Yis (1% 1% | % (11346 4Va | 3 [1'%6 1% | % | 1% 146
e D13 1 VA6 A (2742274211546 | P ig ] % 1 27421 134 111461234619 %6l 3% 12%6] 1% |1 A6l I% 1170
1% PO Y ID%421540 1746 | Pt % (2154 2 | W |27Ae| 5% {31%6|2s| 2 % | 2% | 1%
z /I ] 3 3 U 1 (MAsl 3 | 2% Th (232 67| 4% 23V 2% Y | 3 | 1%
2 30015, 1 1% [ 3%, 3% 12V4s ) 1Ve |154el 4 I3 i 1%k | 4 | . . 0o %] T 13% |1
3 3% 2% | 1% |4%46 45461 2V [ 1V [ 14 1 4% | 3% | 1% | 4% Wl o2 AV 13U
4 4361 2% [ 19261 534 1834 13V | 1% | 1% | 634 (434511946 5% | ... 1 .. 3 1Sl 1%
4000-Pound WOG Fittings, for use with Schedule i60 Pipe
Ya 1546 3 (1 %s | 12|12 1 Yo | Vo | 1V [154s]| %6 | 1% |3%s|2%e 12 11| Y2 |12 | A
% 1% | % | % (11346186l 1% | %46 | %e (1'%6l 120 %% 11346 4% | 3 [M34e 1% | %As | 13% | ¥ie
1 134 1% | 114 | 2316 | 2246 | 1946 | Y W46 | % 23/15I 13 116 [ 236 91 %6l 3% (22461 1% | % 2% | 1%
WA 2 Vel % 1246 1 VA6 11 e VY6 1T 1 2%e 2 | % [27he! 5% 13196l 2he | LY |1M4ei 2V 1106
114 % P 1e | T 231434 1A 1 L1, 13:/321 234 1 T 123441 67441 434 (23042 2 34 3 1%
2 2% | 1% | Th 13%e|3%6(12%2 1% [19%4213%6 2% | T 13%6: - ¢ . | |2 TR 3% [ 1%
2% kDA I3/ 4 4 (241 10, 113461 4 13% | 1 4 % | Y% |4 1%
3 %zl aveiaulan i ve s |1 4% (3% 1 % 4% | . 23 L1 1 s% 1%
6000-Pound WOG Fittings, for use with Double Extra Strong Pipe
Yoo D1V VA1 1%, 16| 1%e] Te | Y | Yo |1%46] 1% | Y%Az |1546] 3 1216 1 1M | 1Va | TAe |1%e | 1%s
Vi 1545, % MM 1M 1% 1 C 35 L 5L 16 (15451t 114 [39451 2% 1 1% 1 131 Y 1 1WA 1
s e © 34 1 3 IA10340 115 L Thg [ M6 (11346 13 1 3% {13346 4% | 3 134l 142 ! %4 | 13 1V
i 13/3; Vo o Ve 12%s 2% 1% Vo |34 2Me 1% 0 T ([ 2¥s W\ Mis 3% [ 26 1% 1 % | 2 1
N L 2 § L TIAL T 1"/as|?—"fis 11040 5, (234,274 2 11545127461 5% 131546 2%s ! 1% (' Yiei 2V2 i1%s
1l : 23, [ 11 1% 2“/32““/52?1”/:&‘ ‘%zi 134211314, 2% ! 14, 12314, 57/:65 43, 123%22 2 3 3 { 134
2 2V | Ve | 1 |3%46]3%6 112347 T 12742 3% 20 1 (3% ... o] 2k TA | 3% E 1%
p T3y 1 4 4 2% 1 (14g] 4 (3% 1% 4 L | T L 4V | 1%
3 Pang Dave iasq 4 1434 2% 104 L 1Ye | 4% 3% 0 1V | 4% 2% 1 1 5 i 1%

Figure 1-4. Forged stee! socketwelding fittings {dimensions in inches).
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No, 352 F Ne. 331 E No, 354 E No. 574
$0°% Lang Rudius Elbow 90° Short Radlut Elbaw 45°Long Rodius Elbow Cransfap Stub End

Straight and Reducing’

Thickness: Standard fittings in sizes 1 2-inch and smaller
are mude for use with Standard pipe (the heaviest weight
on 8, 10, and 12-inch sizes}. In sizes 1 4-inch and larger,

?tapdard fttings are made for use with O.D. pipe B T
o 3g-inch thick. No. 350 E
Ne. 335 E Materials: Unless otherwise specified, the fittings are 99° Shaped Nipple

90° Long Radius Elbow made of carbon steel conforming to requirements of
Long Tangent on One End  ASTM Specification A 2134, Grade B, :

(Range is nat included) Fictings made of Grade A carbon steel, genuine wrought
iron, stainless steel, or other materials can be furnished
when specified; information on request.

American Standard: These fittings conform, in types
and sizes included therein, to the American Standard
for Steel Butt-Welding Fittings, Bi6.g-1948.

The Standard does not include sizes smaller than 1-inch,
nor does it include go° elbows with a long tangent on
one end, short radius g0° elbows, crosses, short radius

Ho. 351 E

No. 353 E return bends, or shaped nipples. 45° Shapad Nipple
Tes .
Siraight ond Reducing 90° elbow with long tangent: The No. 335 E are go*

long radius elbows having a long tangent on one end to
permit welding on a slip-on welding flange. The tangent
end is not beveled; the other end is beveled. ﬁ

Cranelap stub ends: Cranelap stub ends, made of
Grade B seamless steel ipe lapped to the full thickness
of the pipe wall, and ranelap flanges afford an ideal
method of installing flanged equipment in a welded line.
The swivel flange eliminates the difficulty of aligning
bolt holes and permits installing the equipment at any
angle.

Shaped nipples: Shaped nipples eliminate the use of

No. 336 & templates when saddling one Pipe upon another; they

Crous save erection time and assure an accurate fit, Both ends

Straight end Reducing are beveled for welding. When ordering, be sure to )
specify both the pipe size and the nominal size of the Concentric Ruducer
header on which the nipple will be used: header sizes
which the nipples are shaped to fit are included in the
upper table on the facing page.

Prices: Prices are furnished on request,

Ordering reducing tees and crosses: \When ordering
reducing tees and crosses, specify the size of openings in
the sequence of the lower case lerters {a and b) shown on

Return Bend their itlustrations at the left.
Mo. 372 E, Short Rodius Becontric Reducar
Neo, 373 &, long Redius

Figure 1.8, Steel buttwelding fittings for use with standard pipe. Reprinted courtesy of Crane Co,
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r—A—u-; by
| i
r_' ‘ 1 standard, Extra Strong, Schedule 180,
A and Double Extra Strong Fitlings
I- hove the nume cutsde dimensions.
40° Leng Radius 90° Long Radive American Standard: These fittings Reducing Tea Redocing Cross
Elbow Elbow with confo.rm. in sizes and types included o L el shown in table Betow;
Straight or Long Tengent therein, to the American Standard, refar to large table for dimension “E”,
Reducing on One End Bib.g-1958. Size Eize
b | Tl e ]| T

Thickness: Standard Fittings 12-inch =

and smaller are made for use with 1 _x% - 12’: 5::%% 4%’
. , . by * x

Standard pipe (heaviest weight on 8, 1/:x§/ : %4: 3T a3

10, and 17-inch sizes) ; sizes 14-inch and Ao
] ’ A ) 6
larger are made for use with O.D. pipe Dax1¥] %:f,: 8xd 2%’;
90° Short Radius %'E“Ch thick. =3 * 11 :gl& 66/3
Elbow Eibow Extra Strong Fittings 12-inch and 2 x1} 1?? T 5
smaller are made for use with Extra :’i/* 22" . 78
Strong pipe; larger sizes are made for 1% x5 | 7%
use with O.D. pipe W-inch thick. 392 % Tiix:_a_ ;iﬁ
Schedule 160 Fittings are made for use :R’} i,ﬁ o7 9&
with Schedule 160 pipe. kA x6 8%
Doubte Extra Strong Fittings are made 3 x%‘/& 3‘3/4 W
Stralght Tes Stralght Cross for use with Double Extra Strong pipe. S | 2% x;g: ;é,
x1is 1 2% 4 g 9:2

2
— 1 RN Ao I S S
1! ”‘ﬁ% 3% | Texiar | 12
TN N N ’a ot il Az |1
L A l N TP B4 I Yy
-y : i
3 —G— P — ~ 4

L A B
x3 3%, 18x16* | 13

-
x
et

-

Cap Short Radlus Cranslap 90° Type 45° Type 35 133 <14* | 13
Return Bend Stub End Shaped Nipples i'l 3!‘ w12¢ {1254
%114 3& x10" (12

5 x4 3%, | 20x1B° | 141
41

31 4
e VI sl 14
NSV S A x12* {1355
4 %2 4% 173420 | 17

s 5 T TE% ) «18* |16%
Reintorclng tong Radive Concantric Eccentric xd i 5‘/i x16* { 16
Welding Saddls Relurn Bend Reducer Reducer

R ——
Pipe Schedule
Numbers for:

7 . xtra
Size] A B]C|D§E}FEG|H!J[K§M|N}PgQ[S o | Evens
v 114 .. . A . .. .. 3 T .. b i .. 40 80
|t - U B 7 PR I 7\ S ol L g 1A 4 o L2 40 80
1 1] 1 . LA IR VLR I V'O 3 1% | 2%e | 2 4 1 4% l 2 40 80
14017 1 1% ] .. 1 1% | 1% 1 2% | 3% |2V | 2% 2% | 4 1t | 4% 2 40 a0
el Al ik 34 L 1 [ 2T 1A 3 atp 2746 | 3% | 2% | 4 1, | 54 | 2| 40 80
2 3|2 a1l 2 1te] 4 6 3% | 4%e | 3% | 6 | 1% (5'%e; 3 40 80
251 33, | P 8 13,1 3 | 1| 5 | 7% |3%s| 5%e; 4% 6 | 1% | 6The | 3V2 | 40 &0
3 bawd o3 I3 | 2 %2 6 9 | 434 | 6% 5 6 | 114 | 794g 1 3% | 40 | 80
3151 5% 1 3% | 6% | 2% | 3| R Y - .. .. L s% | 6 1V |84l 4 40 80
4 6 | 4 | 7% | 2% | 4% | 4| 8 12 | 6% | BY% [6%s 6 | 1% | B%s) 4 40 80
5 (7| 5 9 3l | sl 3 10 15 | 7% 110%46| 7546 | 8 | 1% | 9% | & 40 80
& g |6 1034 | 334 | 5% | 3% | 12 18 | 9% |12546] 8% | 8 1 1% | 11%4 | 5 1 40 80
8 | 12| 8 [13%; 5 7 ! 4 16 74 | 12%¢ | 16%6] 10% | 8 | 2 | 14% | 6 40 80
o t1s 10 17 | 6% | 8% | 5 26 | 30 [ 15% | 20% | 123% | 10 | 1% V% 7 40 &0
12 18 1 12 0% | e 10 6 24 | 36 |18% | 24% | 15 | 10 ! 2% 0% 8 . ..
14 21 | 141 ley el el 28 1 42 | 21 28 11614 4 12 1 3V, |22l | 13 30 B
16 | 241w .. w7 3 a8 | 24 | 31 | 1815 | 12 | 3Vp . 14V | 14 IR
18 127 |18 .. 1% 13%) 8 36 1 54 | 17 | 36 0|12, 4 Gt lls ., -
0 .30 |20 .. (12% 157 | 9 40 | 60 | 30 | 40 23 120 4 ;30% ¢ 20| 20 0
24 36 3 24 5oz lotg ! a8 | 7z 1 36 . 48 (w32 4 T34 20 20

Figure 1-6. Steei buttwelding fittings {dimensions in inches). Courtesy of Crane Co.
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Welded flanged joints can be

Process Piping Design

furnished in the .l:ypes Welding: The shop welding of these flanged joints

illustrated here. The Cranelap stub ends with is performed by Crane welders working under ap.
Cranelap flange, also illustrated, afford an auxiliary proved procedure congrol.

flanged connection for welding.

Application: Any of the w
shown at the right can be app

elded flanged joints
lied to straight pipe,

Special piping materials: These types of welded
flanged joints can be furnished on many special

A piping materials, including numercus alloy steels
pipe bends, the ends and nozzles of welded headers, ; s N ; s

and the flangec ends of weldod assemblies. Special with facilities for heat treating after fabrication,
shop equipment assures the perfect alignment of Complete information and prices will be furnished on
flange faces on all Crane Welded Flanged Joints. application.

Screwad Flonge
Seal-Welded and Refoced

Walding Neck Flange
Bult-Walded 1o Pipe

. Typs Neo. 1
Stip.On Weiding Flangs
Welded Front ond Back

Typs No. 2
Stip-On Welding Flange
Welded Frant and Baek and Refoced

Cranelap Flange with
Cransiap Stub End
Butr-Weided 1o Fipe

Forged Steel Screwed Flange, Seal-Welded

A Crane Forged Steel Screwed Flange is used in this joint. The pipe and
the flange are accurately threaded: the flange is made up tight on the pipe,
seal-welded, and then refaced. The Joint is sealed by fillet-welding the back
of the flange to the pipe, thus assuring no leakage through the threads.

The refacing assures perfect alignment of the flange faces, and that the end
of the pipe is flush with the face of the flange. The threads retain the function
of holding the flange securely on the pipe, hence there s no shearing action.

Forged Steel Welding Neck Flange

Crane Welding Neck F langes are of forged steel. They are machined with
a beveled end and bored to match the inside diameter of the pipe to which
they are applied. A butt-weld is used to attach the welding neck flange to
the pipe, which is also machine beveled.

Forged Steel Slip-On Welding Flange

Crane Forged Stee! Slip-On Welding Flanges are bored for a snug fit on the
pipe and, when applied to fabricated piping, are welded at the front and back
through the two methods defined below and illustrated at the righe.

Type No. 1: Type No. ;1 is Crane standard for welded flanged joints using
Forged Steel Slip-On Welding Flanges. Regular flanges are utilized with the
enc of the pipe set back from the face of the flange and the flange welded to
the pipe both in front and back

Type No. 2: Type No. 2 is furnished on special order only; slip-on flanges
with a special front groove for welding are used. The pipe is Aush with
the flange face: this js accomnplished by refacing, after both the front and
back of the flange are welded to the pipe,

Code limitation- When piping must comply with the American Standard Coae
for Pressure Piping or the ASME Boiler and Pressure Vessel Code, the use
of the slip-on flanged Joint is permissible on all sizes of flanges listed under

Cranelap Stub Ends and Cranelap Flange

The Cranelap stub end with Cranelap flange can be applied 1o fabricared
piping. Both the stub end and the pipe are machine beveled. A butt-wel
is used to complete the joint.

This type of joint has all of the advantages of the regular Cranelap : “int
In most cases, piping can be fabricated with Cranelap joints applied
directly, which eliminates the weld necessary for the application of the
Cranelap stub end with Cranelap fange.

Figure 1-7. Flanging processes—welded flanged joints. Reprinted courtesy of Crane Co.
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The Crane line of Forged Steel Flanges comprises
the complete assortment of straight and reducing
types illustrated on this page. Made in seven
different pressure classes . . . . 150, 300, 400, 600,

§o0, 1500, an§ zsoo-Pound_ .« .. they are avail- Raducing Scrawed Flangs Scrawsd Flangs
able in a variety of‘ r{xateria!s and with various No. 558%, 150-Found No. 558, 1 50-Pound
flange facings, providing a correct type for any MNo. 292 E, 300-Pound Ho. 291 &,  300-Pound
service requirement, No. 638 E,  400-Pound No. 651 E,  400-Paund
No. 57 E, &00-Pound No. 854 E, S00-Pound
No. 1263 E, 900-Pound Mo, 1266 E,  900-Pound
No. 1552 E, 1 500-Pound Mo. 1554 E, 1500.Pound

Materials: Crane flanges are made of carbon
steel forgings having 2 highly refined grain
structure and generally excellent physical prop-
erties well in excess of recognized minimum

Reducing Slip-On Welding Flonge Stip-On Walding Flangs

: Ho. 354%, 13530-Pound No. 554, 1 50-Pound
requirements. No. 290 E,  300-Found Mo, 294 E, 300-Pound
In the 150 and oo-pound pr MNa. 693 E, 400.-Pound No, 694 E, 400G-Pound
H ] 300-pound pressure classes, the Mo. 853 £,  400-Pound Mo. B54 £, 600-Pound

anges are regularly made of carbon steel con- . .

) y - No. 1295 E, 900.Pound Na. 1294 E, 900-Pound

forming to ASTM Specification A 181, Grade 1; No. 1595 E, 1500-Pound Ne. 1594 E, | 500-Pound

on special order, they can be furnished heat-

treated (normalized or annealed) to
conform to ASTM Specification A 105,
Grade 1.

I the 400-pound and higher pressure
classes, the Ranges are regularly made
of carbon stee! conforming to ASTM
Specification A 105, Grade 11.

In addition, flanges in 300-pound and
higher pressure classes can be made to
order of Crane No. 5§ Chrome-Molyb-
denum Forged Steel (ASTM A 182,
Grade Fga).

American Standard: The dimen-
sions and drilling of all flanges con-
form to the American Steel Flange
Standard B16.5-1957, for their respec-
tive pressure class.

This Standard does not include slip-
on welding flanges of the 2500-pound
class nor sizes 3-inch and larger of
the 1500-pound ¢lass; in such classes
andsizes, Crane slip-on welding flanges
have the same dimensions as Amer-
ican Standard Steel Screwed Flanges.
being bored instead of threaded.

Flange facings: The 150 and 300-
Pound Screwed, Slip-On Welding,
Welding Neck, and Blind Flanges are
regularly furnished with an American
Standard Mg-inch raised face.

The aforementioned flanges, in sc0-
pound and higher pressure classes, are
regularly furnished with an American
standard  li-inch male face (large
mate)

Other types of facings such as ring
joint, female, tongue, groove, etc.,
can be furnished; see pages 332 to 335
for complete information.

In addition, flanges of any pressure
class are available with a flat face
(raised or male face removed); the flat
face will have a spiral serrated Rnish.

Finish of flange faces: The Ls-inch
raised faces and the Y4-inch large male
faces are regularly furnished with a
serrated finish. A smooth fnish can
be furnished when specified.

Drilling: The flanges are regularly
furnished faced, drilled. and spot faced
to the corresponding pressure class of
the American Standard. They can be
furnished faced only, when specified.

Reducing flanges: The Reducing
Screwed and Reducing Slip-On Weld-
ing Flanges, illustrazed above. are
avaiiable in any size reduction; prices
are based on the outside diarmeter of
the flange. For ordering information,
see page 111,

Reducing Welding Neck Flanges and
Eceentric Reducing Screwed or Slip-
On Welding Flanges can be made 10
order; information on request.

Reducing Cranelap Flanges are not re-
commended and, consequently, arenot
manufactured. Arother typeof langed
joint or connection should be used

Figure 1.8. Forged steel flanges. Heprinted courtesy of Crane Co.

Welding Neck Flange

[For horing, see poge 314}

Mo, 568, 150-Pound
Mo, 295 E, 300-Pound
MNo. 656 F, 400-Pound
No. B55 E, 500-Pound
No. 1265 E, 900-Pound

No.

15635 E, 1500-Pound

Cranslap Flangs

. 572, 150-Pound
. 494 E,  3G0-Pound
. 664 E, 400-Pound
. B6Z E, 4600-Pound

. 1262 E, 900-Pound
. 1542 E, 1 500-Pound

Blind Flange
. 558Y:,  150.Pound
. 297 B, 300-Pound
. 657 E, 400-Found
. BLE E, ¢00.-Pound
. 1247 B, 900-Pound

. Y557 B, 1 500-Pound
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Steam, Water, Qil, Oil Vapor, Gas, or Air

Metal Temp, Pounds per Square Inch, Non-Shock
Deg. § 150 | 300 | 400 | 600 | 900 | 1500 | 2500
Fahr f Lb. | Lb. | Lb. | Lb. | Lb. | 1b. | Lb.
100°1 275 | 720 | 960 | 1440 | 2160 | 3600 | 6000
150 § 255 | 710 | 945 | 1420 | 2130 | 3550 | 5015
200 § 240 | 760 | 930 | 1400 | 2100 | 3500 | sa30
250 § 225 | 690 | 920 | 1380 | 2070 | 3450 ! s7so
300§ 210 | 680 | 910 | 1365 | 2050 | 3415 | 5690
350 7 195 | 675 | 900 | 1350 | 2025 | 3375 | 5625
400 g 180 | 665 | 890 | 1330 | 2000 | 3330 | 5550
450 § 165 | 650 | B70 | 1305 | 1985 | 3255 | 5430
500 || 150 | 625 | 835 | 1250 | 1875 | 3125 | 5210
. 550 f 140 | 590 | 790 | 1180 ! 1775 | 2055 | 4525
Cs‘*t; *;‘;“ 600 § 130 | 555 | 740 | 1110 ! 1660 | 2770 | 4620
Flanges 650 || 120 | 515 | 690 | 1030 | 1550 | 2580 | 4300
700 | 110 | 470 | &35 940 | 1410 | 23350 | 39720
750 || 00 | 425 | 578 B50 ! 1275 | 2175 | 3550
800 92 | 365 | 490 730 | 1100 | 1830 | 3050
850 || 82 | 7300 | 2400 | 600 | 9060 | 1500 | 2500
875 §| 75 | 260 | 2350 | 2525 | 3785 | 21308 | 22180
900 || 70 | 2225 | 1295 | 445 [ %670 | 2115 | 21855
925 f 60° | *190% | 7250% | 23753 | 25651 | w945t | asyon
950 || 588 | 11553 | 22088 | 13108 | 4653 | tyypn | 1128se
975 1| 2503 | 21200 | %160% | 72408 | 1360% | 2600 | 210007
1000 0 *40% | 5% | 71151 | 3703 | 255t w4301 | g

At temperatures lower than 700 E, ratings

are the same as those for Carbon Steel Flanges.

700° 485 | 645 965 | 1450 | 2415 | 4025
750 450 | 600 960 | 1350 | 2250 | 3745
800 415 | 555 835 | 1250 | 2080 | 3470
850 385 | 510 765 | 1150 | 1915 | 3190
875 365 | 490 735 | 1100 | 1830 | 3055
No. 5 900 350 | 465 700 | 1050 | 1750 | 2015
Ch!roggm"’h 915 335 | 445 665 | 1000 | 1665 | 2775
M:”{)y Snam | eso 315 | 420 | 635 | 950 | 1385 | 2640
Flanges 975 300 | 400 600 S00 | 1500 | 2500
. 4 1000 250 | 335 500 750 | 1250 | 2085
fmade to order)l 05 215 | 285 | 430 | 645 | 1070 | 1735
1050 180 | 240 355 | 535 890 | 1485
1075 145 | 195 290 | 435 | 730 | 1215
1100 115 | 150 225 340 | 565 | 945
1125¢ 95 | 125 190 285 | 470 | 7ss
11501 75 | 100 150 225 | 375 | 630
11754 65 85 125 190 | 315 | 3530
12004 | 50 | 70 105 155 255 | 430

Where welded con-
struction isused, con-
sideration xhould be
tivens ta the posibil-
sev ot graphite forma.
Liun on carbon steel

4f temperatu
above 775 F

res

Product used within the juris-
diction of Section !, Power
Boilers. of the ASME Boiler
and Pressure Vessel Cedu, is
subject Lo the same maximum
temperature limitations
placed upen the material in
Toble P7_1939cditionthercof.

*Product used within the jurisdic-
tion of Section {, Power Piping, of
the ASA Code for Pressure Piping,
D331 s subgect to the sanie maxi-
mum femperature limitations Na
placed upeon piping of the same
peneral composition in Table 2a
1933 cdition thereof

ASA and API Standards: Crane
pressure-temperature ratings con-
form o those listed in the American
Steel Flange Standard, ASA Bi6.s-
1957, and in the American Petroleum
Institute {AP1) Standard No. boo,
Fourth Edition, 1448.

Cold service: For temperatures
between minus z0 F and plus 100 F,
the ratings shown in the table for
100 F will apply.

For temperatures below minus 20 F,
steels with suitable impact strength
must be used; pressure ratings for
such steels will be the sume as shown
in the table for 100 F.

Gaskets: The use of these ratings
requires gaskets conforming to re-
quirements set forth in American
Standard B16.5-1957.

The user is responsible for sclecting
gaskets of dimensions and materials
capable of withstanding the required
bolt loading without injurious crush-
ing, as well as being suitable for
the service conditions in all other
respects.

Flange facings: Unless otherwise
ordered,  Crane  screwed, slip-on
welding, welding neck, and blind
Aanges of the 150 and 30o~-pound
classes are furnished with a l-inch
raised face. In the goo-pound and
higher pressure classes, these flanges
are furnished with a lg-inch large
male face.

Cranelap flanges and joints:
L'hese ratings also upply to Cranelap
flanges, the rating being dependent
upon the type of facing applied to
the lapped pipe end. Ratings for
Cranelap joints are contingent upon
the use of pipe of proper material
having an equal or higher rating.

‘Consideration  should
be given to the possi-
bility of excessive oxi-
dution {scaling) when
§ Chromium-Mo-
bybdenum Steel is used
at temgeratures above
a0 F.

Figure 1-8. Forged steet fianges—working pressures. Reprinted courtesy of Crane Co.
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Screwsd Flangs
150 and 300-Pound

Screwed Fiongs
400, 600, 900, 1500, and 2500-Paund

o) A ,
. Bored taslip_ [t ¥
aver pipe Ié' i 4 i }B‘E
! C Tiyed

Slip-On Welding Flange
150 ond 300-Pound

1 . A

=

; - Bored o slip 13 é
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Slip-On Welding Flange
400, 600, 900, ond 1500-Pound
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Walding Neck Fiangs
£50 and 300-Pound
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Walding Neck Flange
400, 400, $00, 1500, ond 2500-Pound

[ D * D ————

_ f‘_Bor:d w0 slip P 1 4] __Bored to slip__[%, !
,I F;_:‘ over pipe ‘.'«:;, 1 I lB_& “H ;%;J aver pipe :;;l FBI?
Cransiop Flange Cranslap Fiange

400, 600, 900, 1500, ond 2500-Pound 150 and 300-Pound
class [EPer A 5 | c]D ‘54”38'“0%? E|(F| G |u
Vo |3 ) e | 1% | 2% | 4 | %% ] 5 | 1% | 0.84 E
% {3 | W (1A 2% 4 | | % [214¢) 1.08 %
1 Y4 %he | 2 13% ) 4 |1 IN401234,1 1321114
140 4% & % | 2% (3] 4 | % [134.] 214 | 1.66 1346
g | 5 1MAg | 2% 1 3% 4 | W[ %% |2744] 1.90 %
2 [ Yo | 3% [43%4 ] 4 | % {1 124 238] 1
Y| 7 Vo | 4% |5% | 4 | % | 1% ] 234 2.88] 134
3 7 {1846 ) 5 6 4 | % 11%el 23| 3500134,
3 | BY, | 1546 ] S L 7 8 1 o8 g sl 40 1y
150 4 9 | Mhe | 6%s |7V B | % [1%e]| 3 | 450154
Pound | 5 10 | 1545 | 7846 [ 816 | 8 | 34 11%44| 3% | 5.56 | 174,
6 11 1 8% 1 9% | 8 | % |1%4| 315 | 6.63)1%,
8 13% | 1% [ 10% ;1134 B | 3% [134 | 4 | 8.63] 1%
10 16 | 1346 | 12% | 143 | 12 | % (11844 4 |10.75 115,
12 19 0 B | 15 1 17 D12 | R {234,] 4% | 12.75 | 234,
14 21 1% | 6% [18%; 12 | 1 (214 | 5 1400 314
16 W | ViAe 1 18% [2134] 16 | 1 | 23] 5 [16.00] 374,
18 25 | 1346 [ 21 [2334] 16 | 1V (1144 515 [ 18.00 [313,
20 e (1146} 23 | 25 | 20 | 1% | 2% |5114¢ 20.00 | 414,
24 32 1 1% [ 279 129%! 20 [ 1% 13141 6 |24.00] 43
YVa | 3% | %e | 13% | 2% | 4 | Y | % |24e, 0.84] ...
Y | 4% | %h 1MAe| 3% | 4 1 % | 1 |214| 105 1
1 4% | MAst 2 3% | 4 | %% 1|26 132114,
YA SY | % 1 2% | 3% 1 4 | % [1%e]2%e| 1.66|114
| 6% | 1% | 2% | 4% | 4 | 3% |134e 21144 1.90] 134,
2 6% | % | 3% 1 5 8 | % |1%46] 2% | 2.38 184,
Yol 7% 1 4% | 5% | B 3% {1V | 3 ] 288 1%
3 814 | 1Y S5 i6% 0 8 134 (N4 341 350 11,
3% 1 9 1346 5% [ 7V 8 | 3 | 134 |3%e| 400 .
300 4 10 | VA 6% 7% 0 8 | 3 |3y | 450 1%
Pound | 5 11 13% | 7S¢ ; 9%, 1 B 1 34 1 2 3% ) 556! 2
6 125 | 1746 | BV i10% | 12 | 34 12V4] 3% | 6.63 e
8 15 | 1% | 10% 1 13 | 12 | % [2%4e] 4% | B.63| 274
10 7% | 1% 1123 [15%] 16 | 1 | 2% | 4% 11075 334
12 20% 1 2 15 [173%; 16 | 1% | 2% | 514 [12.75] 4
14 23 1 2% | X6Y4 120V 20 | 1% | 3 | 5% |14.00] 43
16 25V, | 2V, | 18V, 22041 20 | 1Y, | 31, | 534 | 16.00 ) 43
18 I 2% ¢ 21 |24%] 24 1V, 3y | 614 18.00F 514
20 0% | 2ve | 23 | 27 | 24 | 1y | 334 | sy, 12000 54
24 36 234 LY 32 | 24 | 114 1434, 65 | 24.00] 6
4 10 | 1% [6%6i17% | 8 | % , 2 | 34| 4.50] 2
§ W11 [ 75%6 (9% 1 8 | % 2% 1 4 | 556, 2%
3 2% 1 1% | 8% i10%: 12 | 74 j 214 ats.) 6630 21
400 8 15 | 1% 110% ] 13 | 12 I2146 4% | 8.63 211/,
Pound | 10 | a7e | 2y | 1234 1154 16 | 1y | 2% % (1075 a4
For 12 0% | 2% | B5 117340 16 | 1% | 3V 5% | 12751 4y,
imalter | 14 23 2% 1 16Ye (2007 20 | 1Y, {35461 574 | 14.00 ] 4%
to0-Pound | 16 25V, ¢ 2% | 185 (224! 20 1 134 |P14el & 116001 5
18 8 p 285 ¢ 21 24341 24 | 134 ‘ 3% | 814 [ 18.00]) 53;
20 30% ¢ 2% | 23 27 0 24 | 1% 4 | 6% |2000] 5
24 36 3 ody, o3t 24 |y I 34, | 67 12400 6Y,

Figure 1-10. Forged steef flanges (dimensions in inches). Courtesy of Crane Co.

[Figure 1-10 continued on following page}
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Regular Facings
In 150 and 3c0-pound pressure
classes, the screwed, slip-on
welding, welding neck, and
blind flanges are furnished with
a Mp-inch raised face.

In goo-pound and higher pres-
sure classes, the aforemen-
tioned flanges have a {-inch
male face (large male).

A metrican Standard

The dimensions and drilling of
fianges conform to the Amer-
ican Steel Flange Standard,
B16.5-1957, for their respective
pressure class. This.Standard
does not include slip-on weld-
ing flanges in the 2500-pound
class nor sizes 3-inch and
larger of the 1 s00-pound class.
Crane flanges of this type have
the same dimensions as Amer-
ican Standard Steel Screwed
Flanges, being bored instead of
threaded.

Cranelap Flanges
Cranelap flanges also  are
recommended for use in com-

bination with Cranelap stub
ends.

3-inch Cranelap Joints

(300 end 600-Pound)
When 3-inch 300 or Boo-pound
flanges with ring joint facing
are 1o be bolted to Cranelap
joints, orders must $o specify;
they require a groove of special
pitch diameter.

Galvanizing

Galvanized flanges can be fur-
nished to order.

Figure 1-10 continued)

Process Piping Design

Dimensions, in inches — continued

Class | Sel Al B | cin i‘i.;;ffﬂgm‘“% E| F | G| nu
A B S detl B A .
Vo | 3% | %e | 1% | 2% | 4] % | % | 2| 084] 14
3 4% | % |1lt4e] 3% | 4 | %4 i | 1.05]
1 % | MWel 2 3 | 4 %o e[ 2746 | 1.32] 114,
1V 1 5% 346 | 218 | 3%, 4 54 1is | 2% 1661 114
e | 6% | % | 2% | 4% ! 4| 3% [ 134 | 234 [ 190] 1 VA
2 6y 1 35 5 B 1 % [1T4e | 1% | 2.38] 174,
e ) T | 1% | 4% ] 5% ¢ 8 % 1% 1 3% | 2.88] 1%
3 814 | 114 5 6% | 8 Y i34 31,1 3501 134
600 4 W | 1Ye 1634, | 8% | B | % | 11 4 4.50] 214
Pound | 5 3] 1% | T3he [ 1004 ] 8 1 ¥ | 4% | 556 13
6 M 1% 8% 1zl 1 2% | 4% | 6.63] 2%
8 16 | 2346 | 10% 1 1334 ] 12 1% 1 3 5% 7 B.63| 3
10 W 2% 12340 17 16 1Y% ] 3% & 1075 4%
12 % 1519141200 1Y, | 3% | 6% |12.75| 434
14 23% | 2% ) 16V4 1 2034 | 2101 13 |34 614 j14.00] s
16 27 | 3 | 18% 1 23% [ 20| 1% | 4% | 7 |16.00] 54
18 Vel 3% D 21 283 20 1% | 45 | 7 [i8.00] 6
20 321 3% . 23 | 181 | 24 1% 5 7vh | 20,00 814
24 37 4 T 33 || 1y | osu 8 124.00] 7Y,
3 91, | 114 5 el 8l o 1oy 4 3.50) 214
4 U b 13 | 63%e | 9% | 8 | 1% | 23% | 415 | 4.50] 234
5 13% | 2 | 7% 1t | B | 1% | 3y 5 5.56 | 314
500 6 15 | 2%g | 8% | 12% | 12 ] L% | 3% | 5% | 6.63] 3%
Pound | B 183 1 114 | 10% ! 15% [ 12] 13 4 6% | 8.63] 414
For 10 2% | 2% | 128 P18V, | 16 ] 1% | 4% | 7Y j1075) §
smalter | 12 24 | 3% | 15 2120 1% | 4% | 7% |12.75] 5%
;s;::?’u‘ff:d 14 25V, 1 334 | 1814 12 20| 1% ¢ 5% | B3 114.00] 614
16 7% | 3% | 18Y | 244, | 20 ] 1% | 5V, | 8% | 16.00]| 614
18 31 4 2t 27 W01 1% 6 9 118.00| 74
20 33% | 414 | 23 !w/z 61 12 61 | 9% |20.00] 8y
24 41 1 8% |27, [35% | 20 205 | 8 | 11Y4 | 24.00] 10
1 4% 1 TR 13 L 3% 4 % | 1| 2% ] o] 11
3 174 I JiMAe 3% | 4| 3% | 1% 1 234 | 1.05] 1%
1 5% | 114 2 4 4 Y | 1% | 1% | 1.32] 1%
1A 1 84 1 1V | 2% | 4% 1 4] T | 1% | 21 | 1.66] 1%
1Y 7 Vg | 2% | 4% | 4| t 134 1 31, | 1.80] 134
1 814 1% ! 3% 1 oblh 8 | Iy , FRTA 4 1.38 7 144
1500 L 9% | 1% ) 3% TV L B 1 T D ey | 188 214
Pound | 3 1a0% | 1% | 5 ! 8 |8 1% 2% | 4% | 350| 274
4 12 | 2V | 63%g | 9% | 8 | 1V | 3%, ! 4% | 4.50] 3%,
8 143 1 2% 1 7%e [ 1% ] 8 | 1% | 4V | 6l ; 556 4l
6 15% | 3% | 8% ! 1235 [ 121 1% [4'l4e0 6% | 6.63| 4114,
8 19 | 3% [ 10% ; 15% | 12| 1% | 5% | 834 | 8.63| 5%
10 2300 4% 123 19 P12 1% ) ey ! 10 [io9s5] 7
12 WY | 4% | 15 iy lie | 2 7% | 11 11.75’ 834
14 29 1 514 164 0 25 16 | 214 “nzy lison! g
Voo @ 54 [ 13s | 13 3% D d 0 Y (1% 2% | 0.84] 1%
% | S W% |Uvg) 3% | 4 % il 3y, | o10s |11y
I 64 | 13 2 Y4 T | 1% ] 3y [ 8325 1%
Vo | 7% ; Ve | 2o § S¥s | 40 1 2| 3% | 1.66| 2Vs
1Y% 8 130 1% | 53 1 41 1Y | iy j 434 } 1.90] 2%
2 O, | 2 | 3% [ 6% |81 1 | 13 5| sy
3500 A L1024l | 7% ) 8 | 1Y, 3% | 5% | 1.88] 314
Pound 3 12 2% | 5 9 B LIV o3% U e 0 3300 )
4 1 14 3 16%e [ 10% 1 8 C 1lp | 4y | 7ih } 4.50 ] 414
5 6% | 3% | 75/,5§ 2% 0 8 | 134 | 5151 9 | 586 5l
BTG DL SN &7 S8 I -3 SLE. s B 1 6 | 103 | 663
8 QI 5 103 174,012, 2 7 ‘12! 863] 7
D10 128l bV, | 123 MY 120 2% 0 9 1615 11075, 9
b1z 30 T 1 M3 12 13y 10 I18% 11275 10




150 and
- 30G-Pound

General Piping

Oval Ring

400, 400, 900, 1500,
and 2500-Pound

For Valves, Flitings, und Flanges

Oval rings Bt groaves having either ¢ Aot or raund bottom;
octagenal rings only fit grooves hoving o Pot botiom.

B ;
i%
D LA Octagonal Ring /ff
1.4 ‘
e ey o Y U N—
p tlE Lo
: . LT b
AN
Croove for either Oval or Octagonal ng
SN RS

17

{uza-
pipe thickness)
Cranslap Jeinty

represents

Class | Size |RPEi A | Bl c | D B F|G|mn|«ySudBeles
: : : H 1 No,  Dia.
"G s 1 R15| 1% | 86 | %s | % [1%42] % | %% | 2% ] 3 4 %
e LA IRIZ VA Ye %6l Vo VWl Ve |%a 2% 3 1 4 | Y
clearance Vg (RIS 2% %6 ! %6 Y2 YiAgl Y4 (%A [ 3% 3% | 4 | %
with 2 RI1 3% i %e: Ye ) Yo 11 Vaz| Yo 152 4 | 3% | 4 | %
ot bl e |R25| & (%6 Yo | Yo MWl Y [ % | 4% 3% ] 4 | %
3 [R29 4% | %el%el % ("Waol Y 1% 5% ]| 4| 4 | %
. 3% R 33, 5%, Y ! Y Vo [VAz, Wi %4, 1 blhg; 4 8 %
Assembled Ring Jolnp 4 R 36! 5% | 4 | %4 o (114, 14 Sh4s | 6% 4 8 5%
“Bimension “J' does not opply to 150 5 R 40 | 634 | %4¢ Y%s Y2 I“i('ﬂ Y Bh | 796 | 4% 8 34
Cronelap loints; 1es Pound| ¢ R 43 | 7% | %46 | 24a Ve 1141 Y4 | 55z 1 8% | 44 8 Y%
8 RA4B1 9% %6 [ %e | Yo (''hai % | %2 |10%] 4% | 8 %
;Cas.:incn: :Ea-inc:_ 3oJo and (;90- 10 R52| 12 | 84s | %e | Y2 ("YA2! Y | 845 | 13 5 12 Ya
Bun tanelap Ring Jolals vse Ring 12 R 56 13 '5/ 24 1/ '“/ V 5/& 16 5 12 7
No. R 30, havi ieh di r of 16 a6 | 2 J2oA 2 8
4%, inches. Whea 3.inch 300 or $00. 14 IR 59‘,1‘5-'1/._1 She | %e | Y | Magl Ve | e L1615 1z |
Pound sing joim :u‘ive!. ﬁgings,! or 16 Rod4 | 17% ! S4c 1 %46 | 14 A0 Va 19 | 534 16 1
ttunges are 1o be bolted to Crone
Eoinr: ord:rs must specify; lh:y v:ﬁ 18 R 68 20% 5/‘5 9/!6 ‘/2 1'/32 % ‘/a 21‘/2 GIA 16 11/5
be mochined special. 10 R721 22 | %6 | %e | % l“/sz Yo | Ya |23%| 6| 20 1 1Y%
24 R76 126056 ! %s | Vo (30421 Y4 | Y5 | 28 [ 734 | 20 1 134
| ; ‘ ! i No. of Dia. of
; G H ‘]
'Rin I | | Stud Bolts | Stud Bolts
Ci = oE
ass l Size | 'N AGB|ICD F 36674001500 | 300400 ﬁoelsoclaoo 600 | 300 | 400 | 500
| |1b|LblLbi  |Lbd {Lb,| Lb.l Lb.
I ‘/zskn Wil Yo | "hs | % | %z % i Vs [ Vs 2;3;..;354[..;4 Yei... %
% | RI3IMVAG S | Y6 | Vo | 1VAa) ‘ﬁl%z A2V 3N (3 4 L 4 %l---i%
i 1 Rle| 2 S46 | e | Yo [VWA2| Y %4 ¥ | 134 3% jJ'/zE MEE | 4 1% |1 %
| 1Y IRIB| 2% | %46 | % | Vo ["Wa2| Y% %2 .. |5A2l3% 13V 3% 4 . 4% i %%
| 1V |R20ID G| %6 | %6 ) Vo [1Vaz] Yo %a|. %Aa3%el 4 4 |44 [ %]
Tl iRZ3 3 1 The [ VWis| Y |54 s/usi%z 1% ] 4 14y 83---“‘.”/’8? -
M2 R4 s [ 'As] Y | Y84z} %is | VA '3/15 5 4% (434 8 84 R Y
oo, S MRILLNT [ Yhe VAl % 1'%l Yhe Yl . %slsulenl s s | isiwul iy
00, 3 | R34 | 5345 | A, E”fzsl % 11542 %e i Thi . 1 Yei6%: 5 5%z B . 1 8 (%) i %
ang . 3 iRJ?‘ 5% e MAs! % (1% Shs A "/32, % 6% 5 515753 B B 18 [ KR!
teon 1 S ;R‘ﬂ Vo e 1Y4s] % ’%z! e ; Tz Yz | 3/:5E8'/4[5%|53/4 f31/zi 818,81 %,%,!
Pound ! 6 R 45! 8%, | e 46| 5% 1'% %s i Yz Y2l Yiel 9% 15y, 6 6%II21121121% it
© 8 S R49 1 10% | e | MWs] % | 1%2! Ms | Va2 Va2 Yie i “7/52 6 (6% F/INZ 12|12 %1 [i%
10 5R53i 12% 1 % 116 ] % 115420 %4 'V:z"/azz’/as 1634 |7 [ 81, 16 | 161161 1 [14]1%
12 IRST 15 L e [TVl % V$42] %he | %Az | V32! Ve ievmv. 8 18%| 16116 1%’!*/4 1%
P14 [ REl116Y4 i Vs 1HAg! %__j"/zzf SAs | Az Taz' e 187! 8140914128 ' 20 O__E__l’/a 14i1%
16 fnes;‘ 18U | Mg iVi46] 35 ! Pisgy: s/w;m:?/ma/mzol B 835 muaézo]zait%;:%'l%
TR 2§ (T4l % '15/32, Sie V21 Thz| Vis zz-’y,lsm. 9 10%) 24124120 | 141 1% (1%
.26 R?3 30 D3 I PRAG I AL 3 TAL TAn 34g 0 25 1834 934 nvz] 24 Pza 24 (1Y vsl1%
i R S% i % [ 8346 120450 T4e " M4 ° V4 1 T4 129Yh 10 1 11 1314 D24 24 11 11%0 1Y,
Figure 1-11, Ring joint facing and rings, American standard {dimensions in inches), Reprinted courtesy of

Crane Co,
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"“Flex Gate’’ Valves
{Sizes 2 te Y2.uinch regular;
sizex 14 to 38-Gnch on order)

Yoke steave nut
‘Whee!

Yoke xlsave
tataining nut
Graase fitting

Yoke slasve
Gland flange
Gland
Packing Ralief plug

Stuffing box spacer
Bonnet bushing

Bonne!

Stem
Body seat ring

Flaxible disc
Body

“Flex Gote'™ Valves
{300-Pound valve iffustroted)

Regularly furnished in sizes 2 to 12-
inch; available on order in sizes 14.
inch 1e 3&-inch,

or resiliency

full degrees .

Crone's  potented one-piece  Hex.
ible disc . | . solid thraugh the center
only . . . permitt each dire foce to

move independantly of the ather, inch
Crone "Flex Gate” Volves offer
& host of benefits. The de-
sign effects easy operation; less
torque is required to seqt and un-
seal . .. . the disc will not stick
in the closed pasition, even if
closed while hot gnd clfowed ta
cool. .. the resifiency of the con-
struction compensates for tinor
misolignment af seats due 1o pipe-
tine deflection . . .. gnd the valves
are light over o wide ronge of
Pressures ¢n both the inle! sead
end the outlet seor.

Disc guides

Figure 1-12. Cast stes wedge gate valves— 150 1o 300 pound. Reprinted courtesy of Crane Co.

two faces separated from each other
fo a small section at the center, See the two
ilustrations at the left,

The shape of the flexible
axle. The “axie” or spud
the two halves of the disc
degree of action between them
tight on both faces over a wide
during temperature changes, apd

Although each disc face can move

; Ste
have long, machi
maintain true aj
faces do not con

Process Piping Design

A complete line . . . featuring
Crane’s patented “Flex Gate”
design in sizes 2 1o 12-inch

The form “Flax Gate™ is a Crane Co. trodemark;
fegisiration pending in tha U.5. Palent Office.

Crane 150 and j00-Pound Cast
Steel Wedge Gate Valves offer
dependable service in steamn,
water, oil, and oil vapor lines
Quality materials and fine work.
manship combined with tested
designs assure high utility in
severe service. A variety of
trim materials are furnished,

The line, in the popular 2 to s2-
inch size range, introduces
Crane's "Flex Gate™ Vaives . o
with patented one-piece Acxible
wedge disc . . .. a major step for-
ward in fine valve construction.

"Flex Gate™ Valves: Cranme
"Flex Gate™ Valves feature o
new concept in valve design .
& flexible wedge disc, Instead of
being made solid with both seat-
ing faces maintained in the same
rigid position, flexibilicy . . . .
< - - Is attained by having the
except

Solid Disc Valves

(Sizas 14 1o 24.inch reguiar;
sizes 30 and 36.inch on order)

Solid Disc Valves
{300-Pound Valve illustratad)

Solid wedge disc valves, except
for the disc, are the same de-
sign a1 the "Flex Gale” Valves.

disc can be likened to two wheels on o very short
at the cénter of the disc js amply strong to carry
together at all times . . .
It is this “fAexibility that makes the disc
range of pressures |
USSUTLS Minimum operating torguce,

and yet, it DEFMits &

- prevents sticking

ndependently of the other . . _ . up Lo two

. - . the construction is one-piece. There are no joose parts to

cause harmful vibration,

Solid Disc Valves: Crane Solid We
right, are regularly furnished in the i Y4-inch size and in sizes
: they are optional in sizes 7 to 12

dge Disc Valves, iliustrated at the upper

14 LO 24~

sinch. As in the "Flex Gate™ chesipn,
careful engineering and workmanship are combined to produce a quality
product highly dependable in severe service.

The disc is the solid web type. The facings are smoothly and accurately
machined, and are then ground to a mirror-like finish,
fully fitted into the val
with the corresponding

The dise is care-

ve so that an even, wide, and true contact is made
faces of the body seat rings.

m connection: Both the flexible disc and the solid disc
ned guide slots which viigage the
ignment of the disc throughout
tact each other until the valve is virtually ¢losed
head disc-stem connection prevents lateral strai

guide ribs in the body to
its travel. The seuting
A tee-

as on the stem
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Face to face: langed valves of the 150 and j300-
pound pressure classes are regularly furnished with a
Li-inch raised face; those of the 400, 600, goo, 1500,
and 2500-pound classes are regularly furnished with
14-inch high large male {acing; face to face dimen-
sions include these facings.

All flanged and butt-welding valves conform to the
American Standard for Face-to-Face Dimensions of
Ferrous Flanged and Welding End Valves, Bi6.io-

B 1957, for their respective pressure class. This Stand-
Serawed Flanged But-Welding ard does not include 3 M4-inch steel valves.
Dimensions, in Inches
Cass Szeof | 4 | B | ¢ | b | E Class  |S%0fl B | ¢ | D | E
2 614 7 814 | 1534 8 F 11% | 1134 | 18Y 8
24 7 Ve | 9% 1 18V 8 Y% 13 13 | 23Y 9
3 7% 8 1% | 20% 9 3 14 14 | 25% 10
3t 8% 23 9 3 15 32 14
4 8 9 12 2534 10 4 17 17 3ith 14
5 10 15§ 30% 12 5 20 20 | 3634 16
6 10% | 15% | 35% 14 6 22 22 4234 20
150-Pound 8 1Y% | 164 44 16 600-Pound 8 26 16 521, 24
10 13 8 | 5% 18 10 3 3t 623, 27
12 14 193, | 6014 18 12 33 33 70 17
14 15 22, | 7014 22 14 35 35 77y, 30
16 i6 24 793 24 e | 39 39 8334 30
18 17 6 89 27 18 | a3 43 [ 933 | 36
20 18 28 o7y, | 30 20 47 47 1 104% | 36
24 20 37 01234 30 L1 24 55 55 126 42
114 . 74 ... 1634 8 3 15 | 15 7Y, 12
2 7 8Y, | 8y 18 8 4 18 1 s 1 s | 14
p17A 8 9lp | 94 19 8 5 1T 1T | 363 16
3 5 1% | Bl | 2314 9 6 | 4 . 24 423, 20
4 11 12 12 1814 10 900-Pound 8 | 29 29 | 524 24
5 15 15 334 12 10 33 33 | 621 17
6 15% | 15% | 384 14 12 38 38 ] 73 | 30
300-Pound 8 164 164 47 16 14 4015 | 40 | 7Y 30
10 18 18 5644 20 i6 4414 | a4lh | 853 36
12 1934 | 19% 641/ 20 T ¢ i 0 ;1o 16 8
14 ae 30 751, 27 (R VAN § B I 1614 8
16 33 33 81 27 114 12 12 20 g
18 36 3% | 91 1 30 2 14, | 141 | 2% 10
20 39 39 | 9u34 36 2 | 1614 | 16V, | 26% 12
24 45 45 | 12015 | 36 | 1500-Pound | 4 18%; | 1815 | 18 14
b4 16 16 | 303 12 4 DUV W ¢ 33 16
o5 18 18 35 14 5 ! 26k | 26% | 3834 20
I8 1844 | 1914 | 401 16 6 | 73 | 7Y 47 24
P8 13 | 2344 | 50 20 8 | 3134 | 32y ' 55 1 27
300-Pound |
P10 6V | 6% | 593 24
P12 30 30 6234 24 2500-Pound Dimensions of 2500-Pound Valves
P14 32 1 31 743 27 H are lurnished on application.
P16 331, | 354, | 80y | i

Figure 1-13. Cast steel wedge gate valves— 150 to 1500 pound dimensions. Reprinted courtesy of Crane Ca.
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PFlug Typs Dise

Process Piping Design

Crane Steel Globe and Angle
Valves c¢mbody muny  refine-
ments in design and materials.

Disc and seat: The “xR"
trimmed valves (forsteam, water,
or general service} and “u»
trimmed valves {forsteam, water,
oil, or oil vapor service) in sizes
&-inch and smaller have a plug
type disc and seat (illustrated at
left}; the 8-inch size has a flat
disc and sear {mot illustrated),
The z-inch valves do not have a
disc stem guide.

All sizes of “X** trimmed valves
{for oil or oil vapor service) are
furnished with a 15° taper seat
and a ball shaped seating face
on the disc (illustrated at right),

Body seat ring: All valves have
the shoulder-type screwed-in
body seat ring for utmost tight-
ness and security; in “'yU**
trimmed valves, the rings are
also seal brazed or seal welded,

Ball Type Dise

Body and bonnet: The body and bonnet have
heavy metal sections with liberal reinforcement at
points subjected to greatest stress. The bonnet is
fitted with a stem hole bushing.

Bonnet joint: A ring-type bonnet joint holds pres-
sure easily on the g00, boo, aoo, 1500, and 2500~
pound valves, assuring tightness and maximum
strength. On 150 and jo0-pound valves, a close-
fitting male and female bonnet joint retains the
gasket and accurately centers the working parts.

The 3o0-pound and higher pressure valves have
through stud bolts in the bonnet joint. The 150
pourd valves employ studs, threaded into the bon-
net flange on the body.

Stuffing box: The stuffing box on all valves is
deep, assuring tightness and long packing life, The
stuffing box is the lantern-type on all except the
150-pound valves. When wide open, the valves can
be repacked while under pressure.

Gland: A two-piece ball-type gland and gland
flange assure even pressure on the packing without
binding on the stem. The gland flange is held in
place by swinging eye bolts: the bolts will not
ioosen in service,

Stem: The stem is of liberal diameter and has un-
usual strength. Threads are clean and accurately
cut and have long engagement with the yoke bush-
ing. The stem and disc are held together by a disc
stem ring, which permits the disc to swivel,

{)rii;ipg: [Flanged valves of each pressure class are
furnisned with the end flanges faced, drifled, and

et fzied FD & SFY uniess otherwise ordered,

When orders so specify, Aanged valves can be
furnished faced only.

Flange facings: The 150 and 300-pound flanged

* valves are regularly furnished with an American

Standard L{g-inch raised face on the end flanges; the
400, 600, goo, 1500, and 2500-pound flanged valves
regularly have a l4-inch male face {large male).

When 50 ordered, valves can be furnished with other
types of facings, such as ring joint, female, tongue,
groove, etc.

Finish of flange faces: The L{;-inch raised faces
of the 150 and 300-pound valves and the Li-inch
male faces of the goo-pound and higher pressure
ciassi’1 valves are regularly furnished with a serrated
finish.

A smooth finish can be furnished on the raised or
male faces, when specified.

American Standard: In design and rmaterials,
Crane Cast Steel Globe and Angle Valves exceed the
requirements of Standards issued by the American
Standards Association.

The butt-welding valve ends and the dimensions and
drilling of end flanges on fAanged valves conform to
the American Scteel Flange Standard, Bi6.s-1g957,
for their respective pressure ciass.

Flanged and butt-welding valves conform to the
American Standard for Face-to-Face and End-to-
End Dimensions of Ferrous Flanged and Welding
End Valves, Bio.1o-1953, for their respective pres-
sure class.  This Standard does not include 314-inch
steel valves,

Figure 1-14. Cast stee! globe and angle vaives, Reprinted coyrtesy of Crane Co.
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Globe Globe Globa

Dimensions, in Inches
All dimensions shown below apply fo valves without gears; di-
mensions "HH'" and “H" apply alse to valves with gears. For sizes
regularly furnithed with gears, see osterisked {*} note at right.

Class 'Size Globe Valves Angle Valves || All
i Valves
. Flanged or
’ Flanged Butt-Welding ! Screwed Bute-Weldingt
; HH | K |uH | Kk | | & | B |k |
B i1 8 1334 8 1334 8 1334 4 12, | 8
a il 8% 1 14 | 8l | 1alhy | . ... 414 13 8
3 9% | 16% ] 9% | 18%% | .. . 4% 15 9
150 | 3%l 101, | 17y . 9
Pound| 7y M¥% | 193 | 1y, | 193 | 534 | 173 ] 10
5 14 23 14 23 . 7 2034 4 10
6 16 24%% 16 416 | . . 8 213 |12
3 1914 6 1914 2% i, .. 93, | 23 | 16
2 10, | 1734 | 104, | 1734 - . L37A 173 9
P E e 19 | 1%, | 19 | s 19 10
13 R | 204 | 12% | 2014 e e 614 2014, 16
300 ;3% 13% | oy 6% i W | 12
Pound | 1
I 4 14 243, 14 24% B 7 2434 1 14
| 5 15% | 6% | ... . 7V | 264 [ 16
E 6 e | 29% | 17% | 2934 | . B3 1 193% || 18
PR 22 k1373 22 3 . 11 361, || 24
L 4 16 25y, 16§ 251, . o 8 25 14
400 ;5 18 2814 18 |y, 4 28% | 18
Pound 6 1914 3114 19%, 1 31y, ) ’ 93/ 3t 20
‘8 Wi | 384, | a3vg | 38y, | 0 1 { 1134 | 38%, 3 27
2 1144 19 Wi , 10
4l 13 21y 13 211 S ele | 1Y | 1z
boo 15 14 23t 14 231 ! 7 231, || 12
P Pound: 3% |l 18 25 R T 7% 25 14
i 4 17 | 17 1wy o 814 ' 27 |18
5 0 | 303 20, 303 . : 0! 303 | 20
5 2 35 22 ! 35 b 1ot 35 i
so0 |3 15 ) 24 15 ;24 b Yy 24 12
Pound | * 18 9% | 18 | 19, b 9 | 29% | 10
6 M. 37y, 24 037y _ 12 3734 | 17
1500 1 b Wz} . 143 | 254 i i i4
Pound! Va2 | Inta * 2815 161y | 2814 : ! 18
3k I8Ya . 334, 18l | 3314 | ; 24
Angle butf-welding valves NWhen Juaneh 100 and olil-pound flnged valves with
are made only i the 600 fing joint fucing arc to be bolted to Crunclap Juints,
pound clas< mosizes 213, arders must so specify . a graove of speciad prtch dine
4. 3. uatid vangh metet 15 required.

Figure 1-15. Cast steel globe and angle valves. Reprinted courtesy of Crane Co.

Angle Angls
Flanged Butt-Walding Scrawad _ Fisnged Butt-Welding

*Ball-bearing yoke;gearing :

Crane Cast Stcel Globe and
Angle Valves, in the larger
sizes of the joo-pound and
higher pressure classes, are
regularly furnished with a
ball-bearing yoke and spur or
bevel gears, as follows:

300-Pound. . . .. e 8-inch
400-Pound. .. ... & and 8-inch
600-Pound. .. . .. 5 und G-inch
900-Pound. .. ..4 and 6-inch
1500-Pound . .......... 3-inch

Orders must state whether
spurorbevel gearsare wanted;
see page 149 for description.

When specified, the above
valves can be furnished with-
out gears {plain bearing yoke),

Note: All dimensions agpiy to
valves without gears. Face to
face (HH) and center to face
(H) dimensions also apply to
valves with gears; for addi-
tionat dimensions of geared
valves | see page tag.

Face to face: The 150 and
joo-pound flanged valves are
regularly furnished with a
Is-inch raised face; valves
of the soe-pound and higher
pressure classes have a Y-
inch high large male face.
The fuce to fuce (HH) and
center to fuce (D Jimensions
include this facing.

Flanged and bute-welding
valves conform to the Ameri-
can Standard for Fuce-to-Trace
Dimensions of Ferrous Flanged
and  Welding End  Valves,
Bioro-1gsy. This Standard
does not include steel valves
in the 3lo-nch size
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Scrawad

For Oil, Ol Vaper,

Steam, or Water

No. 148 X, I 50-Pound
No. 158 X, 300-Pound

No
No

Neo.
No.
Mo,
No.

Neo.
MNu.
Mo,
Mo,
MNa,
Mo,

Figure 1.18. Cast steel swing check valves, Reprinted courtesy of Crane Co.

Flenged

Far Oil, OQit Vapar,
Steam, or Water

. A7 X, 150-Pound
159 X, 300-Pound
169 X, 400-Pound
175 X, 400-Pound
187 X, 900-Pound
199 X, 1500-Paund

oM.

CRANE

ETEEL
300,

Buti-Welding

For Oif, Qil Yapor,
Stesm, or Waler

F47%1 X, 150.Pound
15919 X, 300-Pound
149Y: X, 400-Pound
1753 X, 600-Pound
187% X, 900-Pound

199 X, 1500-Pound

Process Piping Design

A rugged line . . . designed for
severe service on oil, oil
vapor, steam, and water lines.

Crane Cast Steel Swing Check Valves,
described on these facing pages, em-
body the many refinements in design
and materials necessary to withstand
severe service.

Materials: These valves, in all pres-
sure classes, are regularly furnished
with a body and cap made of Crane
Carbon Steel conforming to require-
ments of ASTM A 216, Grade WCB.

Seating materials are Exelloy to Exetloy
(Class X" trim), suitable for steam,
water, oil, oil vapor, air, or gas.

Design: On Aanged and butt-welding
valves the full port area is maintained
without packets, from the inlet port to
the valve seat, to avoid turbulence. On
the outlet side of the valve seat, the
body is of generous proportions, allow-
ing full swing of the disc and minimiz-
ing erosion and flow resistance,

Body seat ring: A shoulder-type
screwed-in body seat ring provides
maximum tightness and security,

Cap joint: Valves of the 150 and
3oo-pound pressure classes have a male
and female type cap joint.

Valves of the 400, 600, goo, 1500, and
2500-pound pressure classes have a ring
type cap joint.

Crane Triplex Stee! studs and stud
bolts assure an unusually strong and
tight-joint. The 15c-pound valves are
equipped with studs; all other valves
have through stud bolts.

Flange facings: The 150 and j00-
pound flanged valves are regularly fur-
nished with an American Standard M.
inch raised face on the end flanges.

The 400, 600, goo, 1500, and z3500-
pound flanged valves are regularly fur-
nished with o ff-meh nule Lice {(Turge
male).

Cross Section of
Cast Stee! Swing Check Yalve

Note: The 1 50-pound valves In sizes 14 and
1&-inch. {not illustrated] have o boltem sested
body seut ring . . . . end the complete dise, hinge,
ond hinge pin ausembly it wspended trom o
hinge brockel; the hrocket is securely Fastened
te o pod which is cast integral with the body.

When so ordered, flanged valves can be
furnished with other types of facings,
such as ring joint, female, tongue,
groove, etc.

Finish of flange faces: The l-inch
raised faces and the Y{-inch male faces
are regularly furnished with a serrated
finish.

A smooth finish can be furnished on
raised or male faces, when specified.

Standards: In design and rnaterials,

- Crane Cast Stee! Swing Check Valves

exceed the requirerments of Standards
issued by the American Standards
Association and the Amecrican Petro-
leun [nstitute.

The end flanges on Ranged valves as
well as the dimensions of butt-welding
valve ends conform to the American
Steel Standard, Bi6.5-1957, for their
respective pressure class.

Flanged and butt-welding valves of all
classes, in sizes 1:-inch and smatller,
conform to the American Standard for
Face-to-Face and End-to-End Dimen-
sions of Ferrous Flanged and Welding
End Valves, Bivio-1g957, for their
respective pressure class. This Stand-
ard does not include 3lg-inch stee!
valves,

Flanged and butt-welding vaives of al
classes conform also to the AP} Stand-
ard for Pipe Line Valves, No, &-D,
Ninth Edition, April, 1gbo. This
Standiind doos not inchwde o 3145 or g-
inch size.
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Weights and Dimensions — Prices on Request

. l: Pres- | Size Pounds, Each i Dimensions, in Inches
L é?::s ScrewediFlanged) Buti- Screwed | Flan :::i;;_
; % Valves : Valves [Welding i But-Welding
T — » Valves |- -~ o2
Strewnd Inches FD & SF N t P l M } P
2 7 34 15 8 5 8 5
=3 2% 40 50 30 814 :174 81 514
P 3 50 65 50§ 9% 6 M L
4 34 .y 94 . o . 1{:174 7
4 96 100 180 114 7 1134 7
Mo 150 5 . 140 120 S 13 8
Flanged BuH-Waelding Pound & e 200 160 s 1 14 k4
8 o 390 360 o i 1274 10y,
Whaen ordering, specify cotalog numbar 10 e 510 . . S dh 1 12l
and suifix; sen the preceding page. 17 L. 773 . . S 7% 1334
14 o 1200 35 on
Drilling: Flanged valves are 16 o 1450 - i = 39 | request
reguiarly furnished with end 2 40 82 47 94 6% 101, 63
flanges faced, drilled and spot 17 70 80 60 103 8 114 8
{aced (FID & SF); they are drilled *3 100 120 80 1134 Bl 13 8%
to the corresponding pressure 4 180 130 14 93,
cliss of the American Stundard, doo 5 L 250 240 o o 1534 103
they can be furnished faced only, ~Pound | o 330 260 . o 171, 1134
when specified. 8 . 620 510 . 21 14
Face to face: Face to face 10 . 920 780 o o v i o
dimensions (M) of flanged valves 12 - 1290 1015 e = 28 16%
include the Lg-inch raised face on 4 ©00 190 o 16 10
the 159 und 3co-pound pressure 5 ©270 . 265 - - 1812
classes and the Y4-inch high large 400 6 3% ¢ Lo - e 19%: = 124
male face on the yoo-pound and  Pound 8 ) 680 | 580 . o 23 . 14
higher pressure classes. 16 . 900 ! 820 o . 2614 i 15y,
- | T
Butt-welding valves: Unless 12 — 1% : b — - 3: 1::,{3
otherwise ordered, 150 and jo00- 1 T ‘ES E 32 T o 9t ‘ 53;
pound butt-welding valves are 1% e 58 -fu o o 11'1/2 | 74
bored to match the inside diam- ? o 704 8 a o 3/2 | st
cter of standard pipe (heaviest T - s 4 70 R R
i . - 00 PN [ . 14 £ 9
weight on the 8, 10, and 1 2-inch 600 3 -
sizes}. For all other pressure 4 -] 260 ! 170 e 171 10%
g Pound . : 3
classes, orders must specily che 5 Poo400 1 300 : 0 0123
dhamerer of the bore (1D, of A 530 oA W b o 121 13
pipe). 8 L0900 740 o o 26 18Y
) 10 L1430 | 880 . S 3 18%
Smaller size 400 and 900- 12 [ t970 | 1100 . o 330 Uk
pound valves: For smaller size 3 T F 180 | 155 T L 15 ‘ EPA
soo-pound  valves, use the boo- 560 3 P3| 140 _ 18 1
> S ' : !
pound valves. For smaller size Pound 6 640 . 500 24 1334
goo-pound valves, use the 1500 g 1180 290 29 - thl,
pound valves ™ TR 20 i : 1 81
1500-pound valves: Prices, 2 CoI80 7130 | E s 9
weights, and dimensions of 2500~ 17 245 170 16l o 10%
pound valves are furnished on 1500 3 - 80 20 i Lo 1BV 0 14
request. For sizes and general  Pound 4 | © 630 U poAW L 13
description. 5 . 938 480 ! P26 1 15V
6 | 1360 | 780 D27y 15Y
8 | .. i omeo oz I 32y, 18y,

“3-inch Cranelap Joints: When Janch U and olU-pound (langed valves
with ring joint facing are to be holted 1o Cranclap Joints orders must so specily
A greave of spoeciai poch doareror s regquared

Figure 1-17. Cast steel swing check valves. Reprinted courtesy of Crane Co.
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1. Avoid the use of the cross. Cost and deliy-
ery are undesirable,

2. Use eccentric reducers only where absolute-
ly necessary. They cost almost twice as
much as concentric reducers.

3. Reducing elbows are a cost saving (and are
generally available) for sizes 8 and below
for the large end in carbon steel materials,
Avoid their use in alloy materials.

4. Avoid the use of the 90° elbow with long
tangent on one end, ,

3. The short-radius elbow causes additional
pressure drop in a piping system. Use it
only where close connections are needed.

6. Avoid the shaped nipples. Stub the pipe di-
rectly into the header,

Figure 1-7 shows how flanges are joined with
pipe. Figure 1-8 describes the seven basic pressure
classes. Figure 1-9 gives their allowable working
pressures and Figure 1-10 supplies flange dimen-
sional data. Figure 1-11 gives dimensions for ring

' joint facing and ring numbers.

Valves

The three basic valve types are gate, globe and
check. Figure 1-12 describes gate valves. Note that
the stem rises up, raising the disc into the bonnet
and offering relatively smooth fluid flow through
the valve body. Flow can enter either end of the
gate body.

Figure 1-13 gives dimensions for gate valves.
When drawing valves always show the stem in the
open position, dimension 2. The handwheel is lo-
cated about one pipe size below the top of stem.
Always show the handwheel diameter, dimension
£, to scale. Gate valve handwheels should not be
oricnted below the horizontal. It is preferable that
they be vertical, however horizontal installation
will keep the bonnet cavity relatively free of loose
debris. It can easily be seen that if the bonnet cav-
ity is below the flowing fluid, a trap is created for
colection of debris, condensate, etc.

Figure 1-14 describes the globe valve. The
giobe body is designed for throttling. Flow must
enter the valve and flow up, against the seat, and
change direction again to the outlet end. This tur-
bulent flow causes pressure drop and pressure drop
is money in a piping system. The gtobe body pat-

tern is also more expensive to make than the gate
pattern. Consequently, globe body valves should be
specified only where throttling is required and
nust be used often for throttling.

It is the author's opinion that specilying globe
valves for control valve by-passes is too costly for
nine out of ten installations. Some people will say
that the valve is for throttling so a globe body is
needed. However, this valve is closed almost all the
time and a gate valve would be able to handie the
necessary throttling, would be cheaper, and, be-
cause of the body design, a gate valve could be
used which is one size smalier than the required
globe valve.

Figurc [-15 gives dimensions for globe and
angle valves. On a globe valve, the handwheel is
fixed to the stem and as the valve is opened the
handwhecl! rises with the stem. When drawing the
globe valve, always show the handwheel in the
open position, dimension K, and show the hand-
wheel diameter, dimension L, to scale. The angle
valve is quite expensive and should be avoided.
Globe valves larger than 6" are seldom justified.

Figure 1-16 depicts cast steel swing check
valves. The check valve is designed to permit flow
in only one direction. In Figure 1-16 the flow en-
ters the valve on the left side and the pressure
raises the disc, allowing flow through the valve,
Velocity of the fluid keeps the disc raised up in the
cavity. As llow subsides or stops, the disc spring
forces the disc down on the seat, preventing flow
from reversing.

The swing check valve is the most commonly
specified type of check valve. It jg very efficient for
constant flowing fluids. 1t should never be used for
pulsating flow such as reciprocating pump or com-
pressor installations. For pulsating [Tow, the piston
or ball type check valve, spring loaded, should be
specitied.

The swing check valve should not be installed
with flow in the down position. The weight of the
fluid upstream of the disc would tend to open the
disc when the line pressure was less upstream,
thereby permitting the flow to reverse, destroying
the “check™ feature of the vaive. Check valves
should be installed horizontally or with the flow
going up. Piston checks are generally for horizontal
installation only.

Figure 1-17 gives dimensional data for cast
steel swing check valves.
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Chapter 1
Revlew Test

1. Define “ferrous™ metal.

2. Name one “non-ferrous’ metal.

3. Name four pipe manufacturing methods.

4. Define ANSIL

5. What is meant by “joint efficiency?”

6. What is meant by “mill tolerance?”

7. The mill tolerance for plate is

8. The mill tolerance for seamless pipe is

9. Random length pipe is % feet long.

10. Supply the following outsdie diameters for IPS pipe:
Pipe Size oD
3v
6"
1g”
12”
16

11. The OD of a 6 tube is

12, Define the difference between “minimum?™ and “nominal” wall.

13. Why is socketwelding preferred over screwed systems?

14, An eccentric reducer costs almost the cost of a voncentric reducer.

I5. What type of valve shall be specified for-control valve by-passes?




2 Process Terms

To understand the complete piping problem,
the piping designer must realize certain process bas-
ics. When handling utilities, the designer knows
that steam cools and forms condensate which must
be drawn off. This is accomplished with a “‘steam
trap™ installed at selected low points in the steam
system. But his education must also include how to
handle “two-phase flow,” ‘“‘equilibrium liquids,”
“hot vapor by-passes” and other special conditions.

The Hydrocarbon

Hydrocarbon is the term applied to most proc-
ess fluid designations. A hydrocarbon is a mixture
of the atoms hydrogen and carbon. How they are
mixed and the quantities mixed are very impor-
tant. Whether the hydrocarbon is in a liquid or
vapor state must be known by the designer.

Crude oil is a hydrocarbon which may be
“sweet” or “sour,” depending on its percent of
“mercaptans,” a sulfur-bearing compound. A sweet
stream is one with very low or no sulfur content
while the sour stream ranks high in mercaptians.

Sour streams must be sweetened by removing
the mercaptans or the piping and equipment wil]

be subject to corrosion by contact with the sulfur, -

These mercaptans are separated out and sent to u
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unit for disposal. One type of disposal unit is the
Merox unit, shortened from mercaptan oxidation,
licensed by UOP, Universal Qil Products.

Crude oil also contains salt, which must be re-
moved. This is accomplished by running the crude
through a desalter, usually located in the crude
unit of a refinery.

Hydrocarbon Structures

Methane is the lightest hydrocarbon, having
one atom of carbon and four of hydrogen. This is
stated CH,. The next lightest hydrocarbon is eth-
ane which contains two atoms of carbon. Table 2-1
lists the lightest 20 hydrocarbons by weight.

Hydrocarbons consist of only two elements,
but the number of the hydrogen and carbon atom —
and their arrangement in the molecule cause the
wide variety of products we know. The arrange-
ment generally is divided into two classes, the
straight chain (aliphatic) and the ring {napthenic
and aromatic).

Atoms combine to form a chemical molecule
and each carbon atom holds or can contain four
hydrogen atoms or their equivalent, When this hap-
pens the carbon atom is said to be saturated. The
force holding the atoms together is called the bond
and is indicated by a small streight fine.
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Table 2.1
Momenclature of Hydrocarbons

No. of Paraffin  No. of Paraffin

C Atoms Name C Atoms Name
1 Methane 1} Undecane
2 Ethane iz Duodecane
3 Propane 13 Tridecane
4 Butane i4 Tetradecane
5 Pentane 15 Pentradecane
6 Hexane 16 Hexadecane
7 Heptane 17 Heptadecane
8 Octane 18 Octadecane
9 Nonane 19 Nonadecane

10 Decane 20 Eicosane

Figure 2-1 shows the chemical composition of
some hydrocarbons and how these chains are built.
These are the straight chain series of paraffins.

Of the 20 hydrocarbons listed in Table 2-1, the
first four zre normally gases and have a very low
boiling point. The next 13 are liquids and the last
three are solids. As a CH, is added, the hydrocar-
bon is heavier and the boiling point and melting
point rise,

Fractionation

Fractionation is the most widely used dpera»
tion in process plants today and has been for hun-
dreds of years. Crude oil is sent to the crude tower
for fructionation as its first processing step. Any
process unit will have several fractionation (gsome-
times referred to as distillation) towers.

Fractionation is the separation of lighter from
heavier fluid components, which occurs while these
fluids are in contact with each other and are in
equilibrium.

Equilibrium liquid is liquid that is at it’s boiling
point due to pressure and temperature.

Assume that two pure separate liquids are
placed in a container. One liquid, say pentane, is
fighter than the other, say heptane (refer to Table
2-1). By application of an exact amount of heat.
the lighter fluid, pentane, can be vaporized while
the heavier fluid remains a liquid. Then the two
Hluids are separated into two containers; one fluid
is a liquid and one a vapor. As the vapor cools it
returns to its liquid state and is pure pentane. This
is simple fractionation.

~C— H
i !

CARBON ATOM HYDROGEN

{4 BONDS) ATOM {1 BOND)

H
|

Hu?wH
H

METHANE

STRUCTURE

[CH,)

H H H H H
Lo oo
H—C-—C—H Hm?wc—?—H
. I
H H H H H
ETHANE PROPANE
STRUCTURE STRUCTURE
(CaHg) {C5Hg)

This structure can continue for the complete hydrocarbon
series, Note that adding one atom of carbon adds two hy-
drogen, -

Figure 2-1. Composition of the hydrocarbon molecules.

Multiple tfractionation occurs in a fractionating
tower. Each tray has liquid of different weight and
temperature. As the hotter vapors rise up the tower
they make physical contact with the cooler liquid
on each tray. As the vapor cools, the heavier
hydrocarbons drop out in liquid form and become
part of the tray’s liquid. Conversely, as the hotter
vapors heat the tray liquid, some of the lighter
hydrocarbons vaporize and join the vapor on its
upward journey. As a result, fractionation is ocecur-
ring on every tray in a tower. Also, each tray con-
tains liquid that is in equilibrium, liquid that is af
its boiling point.

As liquid floods the uppermost tray, meeting
the warmer vapors, tractionation occurs. As the lig-
uid runs down the tower, the lighter hydrocarbons
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Figure 2-2. incorrect equilibrium piping.

are lractionated out, leaving a heavier liquid. Each
tray down, then, contains a heavier liquid. The
heavier the liquid, the hotter the temperature must
be to vaporize hydrocarbons.

Hot vapors from a reboiler enter the tower’s
vapor space below the bottom tray, making con-
tact with the heavy hydrocarbons on the bottom
tray. As the vapors rise, a calculated temperature
drop occurs at each tray, maintaining just enough
temperature to vaporize lighter hydrocarbons and
dropping the vapor temperature enough so that the
heavier hydrocarbons will condense out.

Piping Equilibrium Liquids

Equilibrium liquids require the piping de-
signer’s special attention. By definition, the liquid,

at its pressure and temperature, is at its boiling
point. Should the piper induce a very small amount
of pressure drop in the piping system, the cquilibri-
um liquid will start flashing, resulting in two-phase
flow, increased line velocity and a fluid that is dif-
ficult to control and impossible to measure.

In some instances flashing does no harm, but
the piping designer must first recognize what lig-
uids are in equilibrium, and second, when flashing
can be tolerated.

The main streams that contain equilibrium lig-
uids are any tray draw-off, tower bottoms, two-
phase flow and reboiler liquid draw-offs. The big-
gest piping probiem occurs at reboiler liquid draw-
offs,

Figure 2-2 shows incorrect piping of reboiler
liquid draw-off. The piping designer has the prob-
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Figure 2-3. Correct equilibrium piping.

lem of routing the reboiler liquid from the area
behind the weir, through z pair of orifice flanges
{meter run), through a level control valve and into
the main pipeway or radk. Liquid is drawn off at
nozele A, runs horizontally, and rises at 8. Because
the hiquid must push against the head of liquid in
riser £, pressure drop is induced in the system and
flashing will start. The meter run, C, cannot prop-
erty measure two-phase flow. The control valve, D,
cannot control properly. If this installation were
fubricated and installed, it would have to be dis-
mantled and rebuilt in the field, a costly mistake.

Figure 2-3 is one correct method of piping
equilibrium liquid. Liquid is drawn off through
nozzle A, stays horizontal through meter run B
and the control valve, then rises vertically at C.

Now, flashing occurs after the measuring and con-
trol functions and if excessive flashing occurs, the
line size can be increased to keep the velocity low.
By keeping both the meter run and the control
valve below the liquid level in the reboiler, flashing
is prevented in this run.

This reboiler liquid is often a product going to
storage. Tt usually must be cooled before going to a
product tank. Cooling will drop this liquid below
its equilibrium point and condense any flashed va-
pors. Then it is preferable to locate the meter run
and the control valve downstream of the cooler.

The basic rule for piping equilibrium or any
liquid subject to flashing is to keep pressure drop
to a minimum and have no vertical risers before
measuring or control devices.
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__/
EXCHANGER A ’
EXCHANGER "B

IMPROPER TWO-PHASE Pt FPING

EXCHANGER A"

EXCHANGE R "B

PROPER TWO-PHASE PIPING

Figure 2-4. Proper and irmproper two-phase piping. .
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Figure 2-5. Piping at fired heaters.

Two-Phase Flow

Next to adequate flexibility, two-phase flow
causes piping designers the most problems. Two-
phase flow occurs when both liquid and vapor are
in the same pipe, flowing together. Since the pipe’s
friction reacts more on the liquid portion, the va-
pors tend to flow at a greater velocity. The real
problem occurs when two-phase flow must be di-
vided equally into separate piping systems.

Figure 2-4 shows improper and proper two-
phase piping at exchanger inlets. In the improper
illustration, the major portion of the flow would
be routed to exchanger 8. This would cause ex-
changer 4 to have less pressure drop and exchanger
B to have more when both exchangers were de-

signed for the same pressure drop, as well as for the
same heat transfer duty. Since 4 has less pressure
drop and the liguid’s velocity wil direct it to B,
another problem is evident. The vapor of the two-
phase flow will take the path of least resistance and
most of it will go to exchanger A. Now exchanger
A is getting the vapor and B is getting the liquid.
But the heat transfer rate of both exchangers is
designed for equal flow of liquid and vapor. So
they will not transfer heat as designed. And be-
caus¢ these cxchangers will not perform as de-
signed, the process unit will not perform and must
be shut down lor correction. And this is because a
piping designer did not recopnize he was piping
two-phase flow, or if he knew he was not know-
ledgeable enough to design the piping.
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Figure 2-6. Mot vapor by-pass,

In the proper illustration, the two-phase flow
enters the horizontal pipe midway between the
two exchangers. The pressure drop is the same to
either one so there is no path of least resistance
und the ow of both liquid and vapor will be equal
to both exchangers.

Figure 2-5 is a flow sketch of piping at a four-
pass fired heater. This is a very common piping
installation where the heater inlet is all liquid flow
and the outlet is two-phase flow. And in nine out
of ten cases this installation is completely unneces-
sary and excessively expensive!

To analyze this statement, the liquid heater
feed, item 1, is divided into four streams to match
the four passes of heater tubes. Each stream has 2
globe valve, item 2, for throttling and a flow indi-
cator (orifice or meter run), item 3. Each heater
pass outlet has a temperature indicator, To operate
the heater, flow is regulated with the globe valves
to ensure that each pass has the same flow, while

the temperature indicator shows the desired outlet
temperature. The piping is correct to this point.

The incorrect design occurs downstream of the
TI located in cach pass outlet. Someone has coined
the magic term fwo-phase flow and has decided
that this means symmetrical piping. And symmetri-
cal piping means money and piping problems. This
can be doubly expensive if the heater outlet is ¢
loy material. .

Symmetrical piping is necessary for two-phase
flow if there is no method of control, and distribu-
tion must be made. But in Figure 2-5 distribution
is made while the fluid is all liquid, controlled by
the globe valve and metered by the flow indicator
to insure that streams 4, B, C and D are all equal
flow. If the flow is equal going into the heater it
must be equal coming out. Only in cases of very
low pressure, such as a crude charge heater service,
should symmetrical piping be considered. In higher
pressure installations the outlets should be com-

e
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Figure 2-7. Impact of water head.

bined in the most economical manner and routed
on its way. The outlet pass dilferential pressure
drop is so minor that it is of no actual conse-
quence.

Any time a competent piping designer sees
symmetrical piping called for he should seriously
question its need, especially if it is on a fired heater
outlet,

Hot Vapor By-Pass
Figure 2-6 is a hot vapor by-pass schematic.

The tower overhead vapor line is routed to an air
cooler (fin-fan). This could be a shell and tube ex-

changer. The condensed. vapor is then directed to
the overheud accumulator. Yo maintain pressure on
the accumulator, a hot vapor by-pass is installed.
Hot overhead vapor is by-passed around the cooler
and is routed to the pressure control valve, which
allows pressure to enter the accurulator as re-
quired.

Hot vapor by-passes should never be pocketed.
The pressure control valve should be installed
above the top of the accumulator and the by-pass
piping should continuously drain from point A to
point B.

As this by-passed vapor cools, due to rainfall
on the line or cool air cooling the line, condensate
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Tahle 2-2
Water Static Head Pressures

Feet of Pressure Fest of Pressure
Water psig Water psig
1 0.43 26 11.26
2 0.86 27 11.69
3 1.30 28 12.12
4 1.73 28 12.55
5 2.16 30 i2.99
6 2.59 31 13.42
7 3.03 32 13.86
8 346 33 14.29
9 3.89 34 14,72
10 4.33 35 15.16
I 4.76 36 15.59
12 5.20 37 16.02
i3 5.63 38 16.45
14 6.06 39 16.89
i5 6.49 40 17.32
l6 6.93 4] 17.75
17 7.36 42 18.19
18 1.7% 43 18.62
19 8.22 44 19.05
20 8.66 45 15,49
21 9.09 46 19.92
22 Q.53 47 20.35
23 9.95 48 20.79
24 10.39 49 21.22
25 10.82 50 21.65

is formed. With the small amount of differential
pressiure between points 4 and B, a pocket of lig-
uid head might not be overcome and the hot vapor
by-pass would not work. There is generally less
than 10 psig differential between these two points,
The pressure control valve s usually specified as a
butterfly type to keep pressure drop to a minimum
but this will consume 2-3 psig. Line loss due to
friction may consume another 2-3 psig. This only
leaves about 4 psig and that would not overcome
much liquid head,

Static Head

Hydraulics is the term used for the action of
liquids in motion or at rest. Unconfined liquids
seek the lowest possible level and a horizontal posi-
tion,

Feet of Pressure Feet of Pressure
Water psig Wazer psig
51 22.09 76 3292
52 22.52 77 33.33
.53 2295 78 33.78
54 23.39 79 3421
55 23.82 30 34.65
56 24.26 81 35.08
57 24 69 82 35.52
58 25,12 83 3595
59 25.55 84 36.39
60 2599 as 36.82
6l 26.42 86 37.25
62 26.85 87 3768
63 27.29 88 38.12
64 27.72 89 38.55
65 28.15 90 38,98
66 28.58 91 39.42
&7 29.02 92 39.85
68 29.45 93 40.28
69 29.88 5S4 40,72
70 30.32 95 41,15
71 30.75 96 41.58
72 3118 97 42.01
73 31.62 ug 42.45
74 32.05 99 42.88
43.31

75 3248 100

Liquids at rest cause a pressure equal in all di-
rections and perpendicular to any surfaces in con-
tact with the liquid. This pressure is caused by the
weight of the liquid above the point in question
plus the pressure at the top level of the liquid. The
liguid height is called sratic head, pressure head or
quite often just ead.

To calculate the head pressure one must multi-
ply the height of liquid by the specific gravity and
divide by 2.309.

Specific gravity is the item’s weight compared
to water, which has the assigned specific gravity of
one. Conscquently, a column of water 2.309° high
would exert 1 psig ol pressure at jts basc. This
would be called 1 pound of head. To this head
pressure one must add the pressure above the Lig-
uid to get the actual pressure at the base of the
liquid.




Process Terms 35

Table 2.3
Saturated Steam Data

Steam Temp Steam Temp Steam Tomp

psia °F psia °F psia °F
14.7 212 140 353 290 414
15 213 145 356 300 417
20 - 228 150 358 320 424
25 240 155 361 340 429
30 250 160 364 360 434
35 259 165 386 380 440
40 267 170 368 400 445
45 274 175 371 420 449
50 281 180 373 440 454
55 287 185 375 460 459
ol 293 180 378 480 463
65 298 195 380 500 467
70 303 200 382 550 477
75 308 205 384 600 486
80 312 210 386 6350 495
85 316 215 388 700 503
90 320 220 390 750 511
95 324 225 392 800 518

100 328 230 394 850 525

105 331 235 396 900 532

110 335 240 397 950 538

118 338 245 399 1000 545

120 341 250 401

125 344 260 404

130 347 270 408

£35 - 350 280 411

This becomes very important when calculating
the hydrostatic pressure of vessels and piping sys-
tems. For instance, in Figure 2-7 there is a tower
system designed for S0 psig. This requires a hydro-
static test pressure of 75 psig. This test pressure
must be measured at the highest point in the sys-
tem, point 4.

To attain this pressure at point A the field
brings in a hydrotest pump and fills the system full
of water. The piping designer knows this pump is
located at grade. He must calculate the height from
the pump’s pressure gage to point 4, divide by
2.309 and add this to the required test pressure. In
this case 54 psig must be added to 75 psig. totaling
129 psig. which is the pressure that must be ob-
tained at the pressure gage to satisfy the 75 psig
hydrostatic conditions.

The vessel designer must also consider the stat-
ic water head when calculating the tower head and
shell thickness. This added weight is considered in
the design of the support for the tower. 1t becomes
very critical when vessels are located high in 2 steel
or concrete structure.

In most organizations it is the piping designer’s
responsibility to furnish the field hydrostatic test
flow diagrams, showing the required hydrotest
pressures for each line in the system. It is impera-
tive that static head calculations be made for each
system and that proper test pressures are assigned.

Table 2-2 gives the pressures caused by water
head from 1’ to 100'. For greater heights the fig-
ures shown may be added, i.e., for 125" add the
figure for 100" and 25°.

Steam Data

Steam is generated by heating water to such a
temperature that it vaporizes and this vapor is
steam. Steam is invisible,

The boiling point of water is 212°F, or 100°C,
at sea level atmospheric pressure, 14.7 psig. Boiling
point is the temperature at which a liquid boils,
changing into a vapor with the application of heat,
The pressure applied to a hgquid such as water
greatly changes its boiling point. Water will boil at
32°F with a pressure of 0.0885 psig. Place water
under 1000 psig pressure and the temperature must
reach 544°F to make steam.

Saturated steam is steam which is at its mini-
mum temperature for its pressure. No additional
heat (called superheat) has been added. Saturated
steam data is given in Table 2-3.

Superheated steam is saturated steam to which
additional *‘degrees of superheat™ have been added.
Its condition is usually expressed by the degrees of
superheat above the saturation point and by its
pressure. Superheated steam has gas characteristics;
when compressed the pressure increases. when
heated its volume increases al constant pressure
and its pressure rises if the volume remains con-
stant. Adding superheat to steamn and maintaining
the same pressure then gives more steam for each
pound of water.

One cubic toot of water at 14.7 psig and 212°F
becomues 1606 cubic feet of saturated steam. One
pound of this steam will vccupy 26.8 cubic feet.
Water weighs 62.4 pounds per cubic foot.



36

. Define “mercaptan.”

- Define “equilibrium liquid.”

Chapter 2
Review Test

What is a “sweet” stream?

What is the lightest hydrocarbon?

What is a saturated hydrocarbon?

Define “fractionation.”

What is two-phase flow?

Define “flashing.”

What is the purpose of a reboiter?

10.

What is symmetrical piping?

1L
12.
13.
14,

15.

Hot vapor by-passes shall never be

Define “hydraulics.”

What is “head?”

Define “specific gravity.”

Superheated steam is usually expressed by




3 Plant Arrangement
and Storage Tanks

This chapter will deal with general plant ar-
rangement and will probably be the most contro-
versial chapter in the book. For each “‘grass roots”
plant being designed a different approach can be
justified. There is not enough space in this book to
explore all possibilities and their justifications.
One basic conception is presented with some alter-
nate methods of plant layout.

Site Data

Assuming the plot area is ample, the first thing
a luyout designer must know is the topography. If
the site is relatively flat, many problems will not be
encountered. But for a flat site, the most impor-
tant item to know is the soil condition. Some flat
sites have been filled by some means over the
years. How good is the load-bearing characteristic?
Generally, the natural soil will have good aliow-
ables while the filled areas may not, requiring all
foundations with heavy loads to be pile supported.

The plant is basically divided into two areas,
offsite and onsite. The offsite portion consists of
storage tanks, loading or unloading facilities, cool-
ing tower, steain generation, electrical power gener-
ation when not purchased, electrical transformer
subsiation(s), flare(s), waste disposal facilities,
buildings, plant roads and other items as needed.
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The onsite part of a plant is limited to the process
units. This is the area of heaviest concentration of
loads and should be located in the area of best soil.
The offsite will need from 75-80% of the total plot
area and, depending on storage capacities, will be
about the same percentage of the total plant cost.

Hilly Terrain

When the plant is to be built on a hilly site, the
soil is usually ‘pretty good and is not a major con-
sideration for locating onsite vs. offsite. The author
advocates knocking off the top of the hill to con-
struct a relatively flat site for the process units,
with the offsites located below. This has several
advantages which outweigh the disadvantages.
First, and most important, it offers maximum
safety to the greatest number of personnel working
in the process units and offices. The higher eleva-
tion produces head for natural flow into product
OF Terun storage tunks.

By locating the loading faciiities still jower, the
designer can make the loading pumps smailer if not
eliminate them entirely. The entire sewer system is
greatiy simplified with waste treatment located at
the lowest possible elevation, eliminating costly
waste T pumps.

Soil removed from the hilltop is utilized as
tank dike muterial or for leveling sublevels.
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SALES
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Figure 3-1. Refinery biock plot plan.
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Block Plot Plan

After the site topography has been established
and the preliminary soil report has been studied,
the plot designer is ready to make a block plot
plan. When the plant site is flat and soil conditions
are good, the designer needs to know the quantity
and size of the tanks, location of access highways,
railreads, barge or ship docks, prevailing wind di-
rection and the area’s climatic conditions. If there
are incoming utiities such as purchased electrical
power or potable water, these locations may effect
the plot layout.

Figure 3-1 is 2 block plot plan for a refinery.
To develop this, the designer must:

. Establish plot limits
. Define process units and area required
. Estimate storage dike areas
. Know and allow for plant expansion
. Locate waste treating at lowest elevation
- Locate process units on best soil
. Locate rerun storage near process units
. Locate truck, rail and pipe line sales near
roads, railroads or existing pipe line tie-in
point
. Locate product biending near sales area
}0. Locate product tanks near product blend-
ing
1'1. Keep plant road system in mind
12, Locate utilities generation near process
units
13. Keep in mind the cooling tower and electri-
cal substation location

00 ~3 Oy e 0 10 e

\O

These blocked areas are estimated and located
in relation to each other within the plot limits.
When this is approved the designer must establish
the actual space requirements for each block.

The Process Block

To determine the space required for the proc-
ess units ong must kirow what units are to be built,
the general capacity of each unit and the flow be-
tween units. This data can be obtained from the
Process engineer.

Figure 3-2 is the block plot plan for the process
area of Figure 3-1. The crude oil is pumped from
the crude storage tanks to the crude unit so this
process unit is to be located near the crude storage
area. The interconnecting pipeway routes both
process and utility lines to the different units. By
establishing this blocked. area, the designer is ready
to set the sizes of each process unit, the unit pipe-
way sizes, the interconnecting pipeway size and fi-
nally the required plot size for all the process units.
Tentatively set are the junctions to the intercon-
necting pipeway from crude storage, other storage
and utilities generation.

Storage Tanks

To establish plot areas for storage tanks the
designer must have a fairly good knowledge of
tunks, how they are designed and when to use what
type as well as operation and maintenance proce-
dures.

Tanks for storing liquids at atmospheric pres-
sure are built in two basic styles, floating roof de-
sign where the roof floats on top of the liquid,
rising and falling with the level, and the cone roof
design where the roof is fixed.

Cone Roof Design

Figure 3-3 is u cone roof tank of 200’ in diame-
ter and 48’ in shell height, storing 368,000 barrels.
The size of large tanks is limited by the plate thick-
ness of the bottom course, which should not ex-
ceed 1%”. By using special high-strength steels, it is
possible to utilize very large tanks without exceed-
ing this maximum plate thickness.

Soil conditions and cost of land are economic
factors in the selection of tank dimensions. For
very poor soil, tanks with low shell height but
larger diameters usually are more economical than
high shells and smaller diameters because the
higher the shell, the greater the head pressure on
the soil. If the pressure becomes greater than the
soil allowable bearing pressure, pile-supported
foundations will be necessary and this is very ex-
pensive.
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Figure 3-3. Cone roof tank. Courtesy of Chicago Bridge and iron Co.

Piling is to be avoided but there ure times when
there is no choice. If land is very costly or just is
not available, it is justitiable to construct high
shells and utilize the expensive piling.

Figure 3-4 shows a ‘“‘pancake’ tank design,
~00" in diameter but only 14’ for the shell height,
providing 78,000 barrels of storage on “marshy”
soil unable to support conventional tank height
without elaborate pile foundations.

Large cone roof tanks usually have columns to
support the roofs with a roof slope of %" to 1707,
Since these roofs are fixed, there is always a vapor
space above the liquid. These tanks must be vented

to the atmosphere and quite often the loss of this
vapor is so extensive that it warrants specifying the
more expensive floating roof tunk design.

Floating Roof Design

For storing volatile liquids, floating roof stor-
age tanks huave three distinct advantages. They re-
duce evaporation loss, greatly increase safety from
fire and minimize air pollution. Figure 3-5 shows
how the floating roof (a) eliminates filling loss, (b)
reduces breathing loss and {¢) provides effective
fire protection and lightning satety.
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(e)

M \\\".

Figure 3-5. Floating versus cone roof desi
reduces breathing loss {8), and provides effective fire protection

corrasion. Courtesy of Chicago Bridge and Iron Co.,

{c}

gn. The fioating roof, by minimizing vapor space, eliminates fil
and lightning safety (¢}, It also inhibits roof and shel

ling toss {a},
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Figure 3-6. Pontoon roof design tank. The pontoon roof has a compartmented annular ring of pontoons and a single deck.

Courtesy of Chicago Bridge and tron.

Figure 3-6 depicts the pontoon roof design,
This has a compartmented annular ring of pon-
toons and a single - deck center. The most cxpern-
sive design is the double-deck roof which has two
complete decks with an insulating air space be-
tween, which makes it the most efficient of all
floating roofs for handling the more volatile lig-
wids.

Why do people specify the more expensive
Noating roof tank when the cone roof is more eco-
nomical? In terms of economy only, consider an
80,000 barrel cone roof tank in average service. In
normal operation it will lose 2700 barrels of gaso-
line per year by evaporation. At 42 gallons per
barrel that loss would be over 100,000 gallons a
year, a very substantial loss. And over 90% of this
loss is preventable with a floating roof design.

Table 3-1 gives data on storage tanks designed
of standard steel in accordance with API Standard
650 for welded tanks.

Table 3-2 gives tank data for typical API Stand-
ard 650 welded oi} storage tanks for Appendix D
and high - stress design (Appendix G),

Tank Spacing

The National Fire Protection Association has
published several volumes of recommended prac-
tice concerning fire protection. Volume 1, Flam-
mable Liquids, pertains to storing liquids and sup-
plys guidelines for storage tank location, spacing
and dike requirements. The following text and ta-
bles comply with the NFPA recommendations.

Liquids are divided into three basic classes:
flammable liquids with flash points below 100°F,
flamrnable liquids with flash points over 100°F but
below 140°F and combustible liquids with flash
points over 140°F but below 200°F. Table 3-3 de-
fines these classes.

Table 3-4 shows the further restrictions based
on the actual storage conditions. Tables 3-5
through 3-9 are used to set the actual tank spacing
in feet, from property lines, public ways or impor-
tant buildings.

Shell to shell tank spacing is restricted by para-
graph 2120 of the NFPA as follows:
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Table 3-1
APl Standard 650 Welded Qil Storage Tanks
Tonk Dimenslons Walght In Sased on 1.0 Produst Specific Gravirty
Capodly In Fsot ond Inches Pounds Shell Plote Thickness in inches
n Tap Angie Site
Borrels With 35" in lnches
Exact Diamaeter Huighy Cone Roof t b4 3 4 b1 &
. 14" Batom
303 LE=:] 14-0 11,400 M W P LYY
1,010 21-3 18- 17,400 2}: e 2% a2
1,515 X1-3 240 2,000 Y L 2 xTVash
1,512 24-0 140 22,100 Y Yu INadifais
2,020 253 328 4,800 Z": By W % 21422V x Y
2,100 25-0 24.0 27,100 W £ 2Van2¥x
3,02% 26.9 az.0 3i 400 e W e Wt
3,020 0.0 2140 34,800 W ¥ 2T
3,745 336 14-0 40,500 ¥ ) 242t
4,030 30.9 320 41,300 ¥ ¥ i ¥ 2%s2%%
5,040 300 g0 47,800 ¥ ¥ 3 Y ¥ 2¥x2Vr'4
5020 33-4 120 47,700 ¥ ¥ i ¥ 2V x2%rl4
5,485 350 2.0 50,900 E W W ¥ a2l
&,049 g-0 48.0 55,300 205 Wy Y ¥ Y e Ihadifail
&858 350 0.6 8,900 199 ¥ 1 ¥ % 24ax2th a4
&£010 34-8 32.8 54,200 k) ¥ Y Y 2¥an2Vax¥e
7,160 40-0 3.0 41,300 Ha W W L 22V
7418 36-8 40.0 42,900 .208 s W W W 2iA 2V uly
8,950 40.0 40-9 71,500 227 Y Y W He a2 V¥
10,100 42.8 408 79,100 243 REF ¥ b e 2ax2ig by
10,315 48-0 320 81,600 N7 Y ¥ K 232 M
11,330 £5-0 0.0 84,700 258 283 4 W 3y 2Vax2¥aae
12,100 426 40.0 93,200 A9 241 92 % W W 2422V aa ¥
12,100 52-0 32.0 104,900 Ya Y Vi Y 2vaxTih ¥y
12,890 420 £0.0 94,200 273 217 Y Uy W 2Yx2Va A%
13,593 450 48.0 102,500 308 256 203 ¥ e Y 222 al
13,985 50.0 400 $14,160 284 Y [ ' 4 2%V
15470 48-0 £8.0 114,200 328 273 217 Y LA e 2422V
15130 52.0 40.0 122,10 295 Y4 [ % Y 252V
15,060 58-6 320 123,400 2462 % YA % 22 Vaxdy
14785 50.0 48-0 133,400 242 284 Y% % Y Y4 2Vax2Vaa¥a
10,140 40-0 44.0 154,400 L34 37y ¥ % Y 2ax2Vax¥u
24,170 40.0 48-0 181,800 411 A4 3] A LA Ve 2Vax2YaxMe
25,120 470 £2.0 185,400 a0 302 Y Ya ¥ A3
27,415 70-0 £0.0 101,600 397 36 o 4 /A 3x3x%
30,140 &7-0 48.0 219,200 A58 380 302 % Vi "3 eI
30,100 734 490 218,700 Ald 33t Y Y Y4 RPRTe
32,905 70-0 48.0 238,400 A79 397 als i4 A % RPETL
EEX 1T 80-0 40-0 258,100 454 361 268 % % 3x32h
40,425 85-0 49-0 296,300 L4832 84 285 % % 353a¥
42,970 800 48.0 105,700 LS4y A4 S8t 248 4 Y 3xdalh
45,320 $0-0 40-0 313,700 S A0S 301 P2 Y 3xdx%%
44,740 100-0 12.8 314,600 ASY 335 % Vi 3z3x¥
54,390 0.0 48.0 379,100 ALS JSEE ATE 01 Y% A Ix3a¥
54,545 110-0 PR 380,600 e 348 Y% Y 3x3x¥4
55,950 100-0 40-8 382,400 548 Ast 338 Ve Y 3x3134
67,140 180-0 3.8 140,700 484 S48 AST Ja3s8 % A 3:3x3
67,705 1100 40.2 454,800 425 e 68 % A EPE T
81,245 1100 45.9 533,800 753 425 496 348 Y Y 3x3x%
86,380 120-0 40-0 554,860 681 542 A5 [ e Ixdxih
96,690 120-0 48-0 448,800 821 £81 542 402 e 3x31¥
100,470 1340 4¢-0 482,900 61 405 Aag Ha He LW
109,700 140-0 40.0 744,500 295 432 449 # e 32 ¥h
120,365 134-0 43.0 811,500 M7 741 &5 A4y A % 3adndsy
175895 1500 Pr.u- 852,000 832 &77 502 328 % 3x3x34
131,600 140.0 8.6 894,400 938 795 432 Asw %, e 3a3x34
143,200 140-0 0.5 971,900 959 722 537 49 i FEETE
150,995 130.9 48-0 t, 035700 1.828 B52 A7 502 A28 M %715
171,900 140-0 8.0 1,188,500 1093 S4¢ F12 537 e e 313x%4
181,300 180-0 458 1,225,600 1022 812 403 393 ¥ 3x2x34
217,500 130-0 3.9 1,476,900 1232 1.022 A2 403 393 e 3132%
223,800 208-0 40-9 1,487,000 1134 993 470 437 He 323ad
248,880 208.0 3.0 1,815,300 1,349 1,136 401 470 A3y N PETE

Source: Chicago Bridge and Iron Co.

Weights include stairway, roof ond thell monholes, connection in roof for vent and usuol inlet oad oulle! conneclions in shell. Plate
thicknesses shown are for eight feet wide rings, but ring widths and plate thicknesses may vary fo sult availeble stock. Standard
tanks ore furnished with shell pltes conforming to the latest edition of ASTM Specification A283, grade C.
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Table 3-2
API| Standard 650 Tanks for High Stress Design
For Appendix D and Appendix G
Weight in Pounds for 0.85 Product Specific Gravity—
Capucity Tank Dimensions in Feet Weight Includes Y4 Bottom, 34" Roof, and Contilevered Roof Framing
in l Appendix D Design High Stress Design {App. G}
Bé::i: Digmeter Height Ho Corrosion With Yi” No Corrosion With Wd”
Allowonce Corrosion Allowance Corrosion
{See Mote 2} Allowance [See Note 2) Allowance
42,970 80-0 48-0 278,200 288,600 — —
50,130 80-0 56-0 321,000 334,000 o —
&7, 140 100-0 48-0 412,200 427,200 — ——
78,330 100-0 56-0 479,000 494,400 —_ —
26,690 120-0 48-0 596,800 612,200 —" —
112,800 120-0 56-0 693,200 710,000 e —
131,400 140-0 48.0 800,200 814,800 — —
153,500 140-0 56-0 931,500 946,400 - —
171,900 1600 48-0 1,037,000 1,051,000 — -
200,500 160-0 56-0 1,209,000 1,222,600 —_ —
217,500 180-0 48-0 1,304,000 1,321,000 —_ -
253,800 180-0 56-0 1,520,000 1,538,000 — e
268,600 200-0 48-0 1,599,000 1,617,000 — —
313,300 200-0 56-0 1,867,000 1,885,000 — —_
325,000 220-0 48.0 1,942,000 1,955,000 1,762,000 1,778,000
379,100 220-0 56-0 2,265,000 2,279,000 2,013,000 2,029,300
387,000 240.0 48-0 2,301,000 2,316,000 2,086,000 2,101,000
451,200 240-0 56-0 2,687,000 2,702,000 2,385,000 2,401,000
453,500 260-0 48-0 2,691,000 2,705,000-' 2,438,000 2,452,000
526,000 280-0 48-0 3,112,000 3,124,000 2,792,000 2,802,000
529,500 260-0 56-0 See Note 1 See Note 1 2,789,000 2,803,000
604,000 300-0 48-0 — — 3,204,000 3,216,000
614,000 280-0 54-0 — —_— 3,19%,000 3,209,000
&7 2,500 293-0 56-0 — — 3,505,000 3,517,000
487,500 320-0 48-0 — — 3,634,000 3,645,000
705,000 300-0 56-0 — — See Note 1 See Note 1
776,000 340-¢ 48.0 — — 4,092,000 4,102,000
789,800 343.0 48-0 —_ — 4,143,000 4,172,000
See Note 1 See Note 1

Source: Chicago Bridge and fron Co.

1} Maeaximum taak size limited by 112" maximum plate thickness.
2) The design of tank shelfs storing products with o specific grovity of 0.91 or less is governed by the hydrostatic test {provided no

corrgsion alfowance is specified].

3} Type of steel supplied for App. D. design varies with design metal temperature specified; Either ASTM A283 Grade C; ASTM AT31
Grode A, B, or C; or ASTM A131 Grode C. Mermalized. In cold climates, the higher cost of the quality steel required may offset
any onticipated saving from weight reduction when compared with cn APl Standard 8§50 shelf design,

4} For certoin tank sizes, circumferantial stiffening rings are not mondotery by Appendix D design but are recommended by CB&L,

5} The high stress design uses high strength steels having a minimum tensile strength of 70,000 psi, a minimum yield of 50,000 psi, and
an improved notch-toughness. The use of high strength steels mokes it possible to build lorger tonks without exceeding 12" plofe
thickness, The weight of circumferential windgirders Is included in the Appendix G design, [Basis of 100 mph wind),
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Table 3-3
Tank Liquids Classification

Class I Flammable Liquid Flash point below 100°F and vapor
pressure not exceeding 40 psia at 100°F

ClassIA  Flammable Liquid Flash point below 73°F, boiling point
below }00°F

Ciass 1B Flammable Liquid Flash point below 73°F, boiling point
100°F or above .

ClassIC  Flammable Liquid Flash point 73°F or above but below 100°F

ClassII  Flammable Liquid Flash point betow 140°F but at or
above 100°F

Class I Combustible Liquid  Flash point above 140°F but below 200°F

No Class  Unstable Liquid Will polymerize, decompose, condense or
become self-reactive under shock,
temperature or pressure

No Class  Liquids with boitover characteristics such as crade vil

Table 3-4
Restrictions for Conditions of Storage

Condition 1

Condition 2

Condition 3
Condition 4

Class I through III liquids stored below 2.5 psig

or equipped with emergency venting which will

not permit pressure to exceed 2.5 psig. Use ta-

ble 3-5.

Class 1 through 111 liquids stored above 2.5 psig

or equipped with emergency venting which will
permit pressure to exceed 2.5 psig. Use Table 3.6.
Unstable liquids. Use Table 3-7.

Liquids with boiltover characteristics, Use Table 3-8,

Three feet minimum distance between any
two flammable or combustible liquid stor-
age tanks.

Minimum distance between adjacent tanks
(all services except unstable liquids and
crude in production areas), 1/6 the sum of
their diameters; unless one tank is less than
%2 the diameter of the other tank, spacing
shall be 4 the diameter of the smaller tank.
Crude Petroleum in production areas-
minimum spacing; capacity under 3000
barrels—3’; capacity over 3000 barrels—
diameter of smaller tank.

Unstable flamsmable or combustible liquid-
¥ the sum of tank diameters.

Local authorities (fire protection, insur-
ance, etc.) may require greater spacing for

grouped tankage (3 or more rows or irregu-
lar pattern) to allow access for fire fighting.
6. LPG Containers (Liquified Petroleum Gas)
6.1 20 minimum spacing to flammable or
combustible liquid tank
6.2 When adjacent flammable or combus-
tible liquid tanks are diked, LPG con-
tainers shall be a minimum of 10’ out-
side centerline of dike. Suitable means
shall be taken to prevent accumulation
of flammable liquid under LPG tanks
(dikes, curbs or grading is acceptable).

Tank Dike Regulations

The NFPA establishes minimum dike regula-
tions in Volume I, paragraph 2170. Earthen dikes
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Table 3-5
Tank Spacing Table—Condition 1

47

Type of Tank

Protection

Minimum Distance (Feet) from
Property Line Which May Be Built
On, Including the Opposite

Side of a Public Way

Minimum Distance {(Feet) from
Nearest Side of Any Public Way

Floating soof

Protection for
exposures*

% times diameter of tank but
need not exceed 90’

1/6 times diameter of tank but
need not exceed 30'

No Protection

Diamelter of tunk but necd not
exceed 175

1/6 times diameter of tank but
need not exceed 30"

Vertical Approved foam or % times diameter of tank but need 1/6 times diameter of tank but need
with inerting system Aot exceed 90 and not not exceed 30" and not
weak on the tank less than 5’ less than §’
roof Protection for Diameter of tank but need not /3 times diameater of tank but
to exXposures* exceed 175 need not excead 60°
shell Twice diameter of tank but need 1/3 times diameter or tank but
seam No protection not exceed 35¢° need not exceed 60
Horizontal Approved inerting
and system on the % timnes Table 3-9 but not % times Table 3-9 but not
vertical, tank or approved less than 5° less than §'
with foam system on
emergency relief vertical tanks
venting to limit
pressures t0 2.5 psig | Protection for
exposures® Table 3-9 Table 3.9
No protection Twice Tuble 3-9 Table 3.9

*Protection for exposures shall mean fire
When acceptable to the authority having j
Jurisdiction of any public lire de
fire brigades shall be considered

protection for structures on property adjacent to tanks,
urisdiction, such structures located (1) within the
partment or (2) within or adjucent to plants having private
a3 having adequate protection for EXpOsUres.

Table 3-6
Tank Spacing Table—Condition 2

Minimum Distance (Feet) from

Type of Tank | Protection Property Line Which May Be Built Minimum Distance (Feet)
On, Including the Opposite Side from Nearest Side of
of a Public Way Any Public Way
Protection 1% times Table 39 but shall 114 times Table 3-9 but not
for less than 25 less than 25°
exposures
Any type !

No protection

3 times Table 39 byt not
less than 5¢'

14 times Table 3.9 but
not less than 258°
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Table 3-7
Tank Spacing Table—Condition 3
Type of Tank Protection Minimum Distance (Feet) from Minimum Distance (Feet) from
Property Line Which May Be Nearest Side of Any Public
Built On, Including the Way
Opposite Side of a Public Way
Tank protected with any
Horizontal one of the following:
and Approved water spray
vertical Approved inerting
tanks with Approved insulation and Table 3-9 but not less than 25' Not less than 25
emergency refrigeration
relief Approved barricade
venting
to
permit Protection for 2% times, Table 3-9 but not less
pressure not eXposures than 50' Not less than 50’
1n excess No Protection 5 times Table 3-9 but not less :
of 2.5 psig than 100" Not less than 100’ =
Tank protected with any
one of the following:
Horizontal Approved water spray
and Approved inerting Twice Table 3-9 but not less Not less than 50
vertical Approved insulation and than 50'
tanks refrigeration
with Approved barricade
emergency
relief Protection for exposures 4 times Table 3-9 but not less Not less thun §00°
venting than 100’
to permil
pressure No protection 8 times Table 3-9 but not less Not less than 150
over 2.5 psig than 150

are usually specified by the designer; however, con-
crete. wall dikes are sometimes used where plot
costs are high or where earth fill material is either
expensive or just not available. Dike requirements cant land or impounding basin having
are generally specified by the customer, local regu- minimum capacity of the iargest tank
latory bodies or, if neither of them have estab- served. _

lished specifications, the minimums noted below 2.3.The terminating area and the route of
may be used: the drainage system shall be so located

2.1.8lope not less than 1% away [rom the
tank toward the drainage system.
2.2.Drainage system shall terminate in va- _

L.

b

The area surrounding a tank or group of
tanks shall be provided with either drainage
or dikes to protect adjacent property and
waterways (from a rupture and/or spill) un-
less the jurisdictional authority has waived
this requirement {which never happens).
Drainage systern shall comply with the fol-
lowing:

that burning liquids in the system will
not seriously expose tanks or adjacent
property.

2.4 The drainage system, including drainage
pumps, shall not discharge to adjoining
property, natural water courses, public
sewers or public drains unless no huzard
is constituted or its design does not per-
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Tabile 3-8
Tank Spacing Table—Condition 4
! Minimum Distance {Feet) from Minimum Distance {Fect)
‘ Property Line Which May Be from Nearest Side of Any
! Type of Tank | Protection Built On, Including the Public Way
Opposite Side of a Public Way
i
Protection Diameter of tank but need not 1/3 times diameter of tank but
for exceed 175 need not exceed 60"
Floating exposures
roof
No protection | Twice diameter of tank but i/3 times diameter of tank but
need not exceed 350 need not exceed 60
Approved foam | Diameter of tank but need 1/3 times diameter of tank but
. or inerting not exceed 175’ need not exceed 60
system
Fixed Protection Twice diameter of tank but 2/3 times diameter of tank but
roof for need not exceed 350 need not exceed 120
exposutes
No protection | 4 times diameter of tank but 2/3 times diamete; of tank but
need not exceed 350° need not exceed 120
Table 3-9
Tank Spacing Table Reference
from Tables 3-5 through 3-8
Minimum Distance {Fest) from
Capacity Tank (Gallons) Property Line Which May Be Built Minimum Distance {Feet) from
—~ On, including the Opposite Nearest Side of Any Pubiic Way
Side of a Public Way
275 or less 3 5
276 10 750 10 5
751 to 12,000 15 5
12,001 to 30,000 20 5
30,001 to 50,000 30 1o
30.00! to 100,000 50 i5
100,001 10 500,000 80 25
300,001 to 1,000,000 100 35
1,000,001 10 2,000,000 135 45
2,000,001 to 3,000,000 165 55
3000001 or more 175 &0
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'P'rocess Piping Design

Figure 3-7. Typical dike design.

mit flammable or combustible liquids
to be released. (Note: this implies the
requirement of separator facilities in all
but the most remote locations)

3. Diked areas shall comply with the fol-

lowing when protection of adjoining prop-
erty is accomplished by retaining the liquid
around the tank with dikes:
3.1.For other than crude petroleum tanks
with fixed roofs, the minimum capacity
of the diked area shall be not less than
can be released from the largest full
tank. (Diked area capacity not to in-
clude capacity of enclosed tanks [other
than the largest tank] below height of
the dike.)
3.2.For crude petroleum tank or group of
tanks with fixed roofs, minimum diked
area capacity shall be the full capacity
of the tank or tanks enclosed. (Diked
area capacity not to include capacity of
enciosed tanks below the height of the
dike.}
3.3 Dike construction requirements:
3.3.1. Maximum average height of 6
above interior grade.
3.3.2. Earthen walls over 3° high shall
have 2" wide flat section at the top.
3.3.3. Slope consistent with the angle of
repose of the material.
3.3.4. Drains from diked areas to be lo-
cated at most remote location from
tank, controlled to prevent flamma-

ble or combustible materials from

entering adjacent property, natural -

waterwadys or public drains and sew-

ers,

3.4 Diked areas containing two or more
tanks shall be subdivided by drainage
channels or curbs to prevent spills from
endangering adjacent tanks within the
diked area as follows:

3.4.1. Normally stable liquids in:

a. Cone roof tank with weak root
to shell seam.

. Floating roof tanks

¢. Crude petroleum in production
areas-any type tanks:

I subdivision lor euch tank in
excess of 10,000 barrel cu-
pacity

1 subdivision for each group
of tanks (no tank exceeding
10,000 barrel) having aggre-
gate capacity not exceeding
15,000 burrel capacity

3.4.2. Normully stable liquid in tanks not

covered in 3.4.1:

I subdivision for each tank in ex-
cess of 100,000 gallons capacity
{2500 barrels)

I subdivision for each group of
tanks {(no tank exceeding
100,000 gallons) having aggre-
gate capacity not exceeding
150,000 galions (3570 barrels)
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Figure 3-8. Truck access into diked area,

3.4.3. Unstable liquid-any type tank-1
subdivision each tank (exception-
tanks protected by water spray
system per NFPA No. 15 require no
additional subdivision) (Subdivision
by drainage channels is preferred).
Curbs shall be not less than 18”
high.

Figure 3-7 shows a typical earthern dike design.
Item A should be 2-0” minimum with 3-0” pre-
ferred for tall dikes. Itern B is the freeboard and
should be 1’-0" minimum for crude oil for boilover
wave, Tanks holding other commodities require no
freeboard. C is a 1’-0” layer of clay that prevents
penetration of liquid through the bank. Top soil
and grass should be applied above this clay blanket
10 prevent crosion.

The slope of the dike wall should match the
angle of repouse for the arca’s soil. A slope of 1% to
I is depicted as a design guide and may be used
until actual soil data is known.

Many authorities will demand truck access into
the tank’s diked areas for fire fighting. When large
pumps arc located within the diked area, truck ac-
cess also s necessary. Some customers require
truck access for general maintenance. Figure 3-8
shews how to design the truck access. Ramp slope
is 10% maximum, or 1’ to 10"

3.4.4.

Storage Tank Design

In muny companies the design of atmospheric
storage tanks rests with the piping designer since it
is a nonpressure vessel. It then becomes his task
not only to orient the nozzles but to specify the
tank materials and sizes. To do this he must have
more than a passing knowledge of tank design and
material specifications.

Tank materials for hydrocarbon service are di-
vided into three basic types: intermediate strength
steels such as ASTM A285-C for general service
(also ASTM A516 for atmospheric and low-temper-
ature service and ASTM AS515 for intermediate and
higher temperature service), high-yield strength
steels used for larger and taller tanks to_keep shell
thicknesses to a minimum (ASTM A514 and A517)
and the low-temperature steels used [or a pressure
coataining tank (ASTM AS537). Water tanks are
specified usually as A283-C, a low grade steel.

Before specifying the material, the designer
must consider that the higher strength steels will
cost more per pound. Freight will be less but how
much less will depend on the plant location. By
utilizing the higher allowuable stresses, the shell wall
thickness is reduced. Base plate, roof and fruming
are not affected. Any corrosion allowance specified
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Figure 3-10. Crude tank dikes,

A Refinery

Figure 3-9 is an aerial view of British Petrole-
um’s Vohburg refinery in West Germany where
Chicago Bridge and Iron’s German division built
161 tanks and vessels with an aggregate capacity of
over 6.5 million barrels of storage. The refinery has
a capacity of 100,000 barrels per day.

These tanks range in size from a small 10’ dia-
meter corrosion inhibitor tank to the large 168" in
diameter Horton Floating Roof tanks used for
crude oil storage. In this installation, 41 tanks are
of the floating roof design, 112 are dome roof (or
cone roof) and eight are spheres. Spheres are used
to store propane, butane, propylene and butylene
under pressure.

In the foreground, the large crude tanks are
located four to & unit with road access around the
unit for the fire-fighting equipment. Large crude
tanks are diked separately. It is usual practice to
limit a diked area to 250,000 barrels,

In the center of the tank farm are the rerun
and transfer storage tanks, unitized with like or

similar commeodities bunched together in one diked
area. Farther in the background are the product
storage tanks, again unitized, with the LPG spheres
in the far background, located near the product
loading area, the railroad.

The process units, right center, utilize two
common stacks for all the fired heaters in the plant
with the waste heat exhausting almost 500° high.
Huge ducts, large enough to walk through, connect
each heater to these stacks. (In most of Germany
this type of design is required to try to keep the air
as pollution free as possible.)

The Vohburg installation is considered a large
refinery; however, there are many over twice its
size,

Exercise

A crude storage area has six floating roof stor-
age tanks with a total storage capacity of
3,060,000 barrels. The soil bearing will allow a
tank height of 56%-0. What tank diameter is
needed? (Tanks are the same diameter.)
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Figure 3-11. Diked area drainage plan,

Refer to Figure 3-10 and supply the following:

Dimension A with 6-0" dike height.

Cubiv yards of carth npecded Tor dikes.
Dimension A with 50" dike height.

Cubic yards of earth needed for dikes.
Square feet of plot area saved with 607
dike.

If this oil has a specific gravity of (.85,
what is the head pressure on the tank’s base
plate with the tank Full. Express in pounds
per square fool.

Wb s —

i

Diked Area Drainage

Each diked area must be drained to rid the area
of rainwater. Figure 3-11 shows how to design this
drainzge system. All gravity flow is directed toward
the catch basin. Note that surface water is sloped
away {rom the tanks (see tank A, which is typical).
This is done to keep the tank supports as dry as
possible. For very large diked areas, two catch ba-
sins may be required.

Coming from the catch basin a line is routed
through the dike to a gate valve which is normully
closed. This valve discharges to the storm water
drain systent. The valve is Keptl clused to contain
the oil within the diked area in case of a rupture.
After a rain, the valve is opened to drain off the
surface water and is then closed again.

Storage Tank Piping

Eacl storage tank will have most of the follow-
ing piping systems: inlet, outlet, overtflow, manual
drain, vent, steam if tank heating is necessary und
possibly a foam system for fire fighting. The inlet
and outlet nozzies are both located near the bot-
tom of the tank.

The outiet goes to a “booster pump”, a low-
heud, high-velocity pump that boosts the pressure
enough to get it from the tank to the unit’s
“charge pump.” If possible, the booster pump is to
be located outside of the diked area. To keep this
pump suction as short as possible, locate tanks
closer to the dike near the pump. It is not neces-
sary 1o have the tank in the middle ol the diked
area. Also, diked arcas may be rectangular instead
of squure.
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s STORAGE TANK.

/"“TANK OUTLET NOZZLE

LAF JOINT FLANGE
- WELD NECK FLANGE

TO BOOSTER PUMP

Figure 3-12. Lap joint flange detail for tank settlement.

Since large diameter tanks have a tendeney to
settle on their foundations, provision must be
made in the suction piping to take care of tank
settlernent. This may require the use of expansion
joints, victaulic couplings or a lap joint fiange in-
stallation as shown in Figure 3-12. Here the piping
to the tank outlet nozzle has a horozontal offset
with two lap joint flanges installed. The offset
would be several feet, depending on the calculated
tank settlement. (The soil report will usually sup-
ply good data on anticipated tank settlement.)

With the design of lap joint flanges, as the tank
gradually settles, the lap joint stub end can rotate
within the flange. maintaining its gasketed seal. It
is good design to set the outlet nozzle higher than
* the line to the booster pump for 4 new installation.
This dimension should be equal to the anticipated
settlement so that the piping is horizontal after
settlement occurs.

The API code for storage tanks gives detailed
design data for nozzles such as projection, rein-
forcem'ent, minimum dimension above base ring
and manhole requirements. Location is the piping
designer’s responsibility but must comply with the
code. Nozzles on the top head of cone roof tanks
should be grouped together for ease of access.
Handrails are to be provided around the tank edge
for the protection of personnel who service these

nozzles but shall be located only in the nozzles’
vicinity. Shell nozzles are to be oriented to keep
piping runs to & minimum. Manways at grade can
be located almost any place. The target gage type
level indicator must be located so it may be read
from the operating aisle or roadway if in a diked
area.

Foam Protection System

Many safety-conscious companies have a fire-
fighting system called foam blanketing. This is usu-
ally specified only for cone roof tanks. Foam is a
powder which, when mixed with the proper ratio
of water, forms a foam resembling thick shampoo
suds. 1 attaches itsell o the walls of the tank and
also floats. preventing uir from getting to the flame
and suffocates the fire.

Foam chambers are located inside the tanks,
with foam piped to them from a central foam-mix-
ing unit. When activated, a blunket of foam about
6> thick will cover the tank liquid in a very few
minutes and snuff the flame,

Foam connections are located at the very top
of cone roof tanks. With tall tanks, many times an
internal foam trough is specified which slopes from
the nozzle 1o the bottom to keep the foam from a
long fall which might dumage it.
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. Define “onsite” and “offsite.”

Chapter 3
Review Test

Which of the above should be located on the best soil and why?

. Give the two basic storage tank styles.

. Name two items that determine maximum storage fank height.

Name three advantages of floating roof storage tanks.

10.

Define LPG.

Maximum height of tank dikes is limited to

High strength tank steel saves weight and shell thickness. However,

and are not affected.

Spheres are used to store

Define “angle of repose.”

-y



4 Process Unit

The purpose of any drawing is to communicate
information to the construction personnel, office
people, customers and other interested parties. The
equipment plot plan of a process unit is the most
carefully scrutinized drawing the piping depart-
ment will make.

~ Unit plot plans are made for {a) equipment lo-

cation, (b) foundation location, (¢} excavation
drawings, (d) paving plan, (e) flow diagram trans-
position and (f) for the model shop to fix compo-
nents to the model plot board if a model is uti-
lized.

Equipment Plot Plan

Equipment plot plans are drawn to scale, usual-
ly 17 = 200" or if possible on one sheet of paper,
|” = 10'-0". Process unit plot plans are to be drawn
to as large a scale as feasible and each item de-
picted is to be drawn to scale. These plot plans
should nor have uny dimensions, as all equipment
will be focated on the foundation location plan.
Many costly errors are committed by dimensioning
the plot plan and duplicating equipment locations
on the foundation location plan.

Plot plans should show all equipment., main
pipeways. buildings, major structures, housed elec-
trical gear and starter rack location, roads, access-
ways and any other item of importance. True
north and plant north arrows are to be shown. A

57

Plot Plans

bar graph scale should be drawn in above the title
block to help visulize distances if the reader is
viewing a reduced copy or microfilm.

Pipeways are shown by centerlines only. Indi-
cate simple outlines for all equipment, especially
for pumps and compressors. Indicate all equipment
by item number but do not try to give equipment
titles as this will clutter the drawing. Figure 4-1 is
an example of a plot plan of new equipment inan
existing area. Here u bar scale was not drawn and
relative distances cannot be determined.

To establish a preliminary plot plan the piping
designer must first know basic maintenance and
layout rules. These are usually designated in the
general piping specifications or the customer speci-
fications and are listed below for guidance:

1.0 Clearances beneath main pipeway shall
be 120" minimum. To maintain this,
the bottom of pipe in the lower rack is
to be about 15-0" above the high point
of the finished surface.

2.0 Clearance of 76" will be maintained for
all lines inside buildings. miscetlancous
fines in the process units and lines run-
ning over aisles and platforms.

3.0 Roadway clearance shall be 176" for
main roads and 150" for secondary
roads.
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4.0 Minimum horizontal clearance between
equipment and/for piping shall be 26",
Exception: clearance between exchanger
flanges may be 1’-6”. _

5.0 Main pipeway supports will be spaced
evenly and at 200" maximum. Pickup
supports shall be supplied for lines 37
and below, supporting them from the
larger lines.

6.0 For pipe racks supporting air coolers
{fin-fans), 30°-0" width is desirable. Air
cooler tube length will be 32°-0".

7.0 Locate pumps under the pipeway with
the centerline of discharge 20" out
from under the pipe rack (20 from
centerline of rack columns).

8.0 There are two operating aisles, one under
the pipe rack and one between the
pumps and the equipment line. Control
valve stations located 2°-0" from the
rack column centerline shall have their
handwheels turned in under the rack.

9.0 Locate cxchangers for adequate tube
removal space at the channel end (refer-
red to as the front end) and locate the
back head on a line 8-0" {rom the pipe
rack column centerline. This is called the
equipment line.

10.0 Locute vertical vessels by locating the
lurgest diameter vessel’s OD on a line
20" away from the equipment line or
10°-0” from the rack column ceaterline.
Line up all other vertical vessels’ center-
lines with this one.

10.1 Horizontal vessel heads will line up
with the equipment line.

taying Out the Plot Plan

Most plot plans are first roughly sketched on
v back of an old print to establish relative locu-
nons, Many designers use paper cul-outs, taping
them 1o a scaled drawing of the plot ares. The
castest method s to.use a 1/87 = 10" scale model
with a magnetized plot board. Once the plot plan
hus besn compieted it is photographed for record
puiposes und for customer approval.

Since a book cannot utilize a magnetized
mude] or paper cut-outs, the rough sketch proce-

dure will be explained. The following data is need-
ed but does not have to be complete:

Process flow diagram for unit.

Plot size.

Rough equipinent sizes.

Control building location (off-plot or in

unit); if in unit show the approximate size.

5. Location of oft-plot main pipeway (for
unit conncctions).

6. Which lines are alloy, large carbon steel or

other, which must be kept as short as pos-

sible.

el

For item 1, refer to Figure 4-2. This rough
process flow disgram has been skeiched in a hurry
by & process engineer to give the piping designer
some idea of the equipment and the major piping
involved. Tt is incomplete and subject to careful
study by the designer laying out the plot plan.
Some items the piping designer will consider are:

1. Pumps are shown as single units for

P-1-P-6, but each unit is actually two

pumps, the operating one and the spare.

Common spares may be utilized later.

FF-1FF-§, air coolers, should be located

on the pipe rack. Each unit may be several

cells, but the process engineer has given a

hint by showing FF-4 as the largest one.

This indicates that it is turger than the oth-

ers butl not necessarily just two cells,

3. Vessel sizes are not known at this time.
This is not important for relative locations
of equipment but must be known to fina-
lize equipment locations. A good rule of
thumb is to consider all vessels as 96" diam-
eter for units with large throughput and
72" for smaller units until sizes are deter-
mined.

4. Exchanger sizes are also unknown, The re-
boiler E-2 is guessed as 72" OD while other
shell and tube units are considered as 36"
diameter. Estimate tube bundles o 20°-0"
length for E-1, E-3, and E-4. Figure 16"-0"
tube bundie length for reboilers.

5. Since F-1 and F-2 are pump-through type
reboiler furnaces, it can be assumed that
they are vertical type heaters about 20°-0"

~J
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diameter. Piping at reboiler heaters is usu-
ally all carbon steel so assume no alloy
piping in the unit.

The plot plan designer knows to keep the fired
heaters at a minimum of 50"-0" from any piece of
equipment containing hydrocarbon. The only ex-
ception to this is reactors, which are located about
20°-0" from heaters to keep the alloy lines shorter.
This unit has no reactors so this is not a considera-
tion here.

Figure 4-3 is a plot plan for multiple process
units. The dotted spaces indicate the future light
ends unit, the equipment shown in Figure 4-2. The
plot is sized at 60° x 220’ with the fired heater area
innedialely south of the unit,

This process area is well laid out with the fired
heaters to the outside away from the units but
with ample access. The units themselves have a
common control building with easy access to all
areas for the operators. The main pipeway will con-
tain all utility, feed and product headers.

Figure 4-4 is a rough layout for the light ends
unit plot plan. It is made freehand and to no scale.
The existing rack is drawn and equipment is
sketched in according to flow of the process
streams. Note in Figure 4-2 that the first feed goes
to E-1 to preheat the T-1 feed liquid. So E-1is
tocated as the first piece of equipment on the plot.
The flow goes from E-1 to T-1, the fractionating
tower, so it is placed next to E-1, leaving some
room between them for operator walkway and,
anticipating a large spread footing octagon for T-1,
ample room to keep the two foundations from
touching. The reboiler, E-2, is located next to T-1.
Since the liquid line from T-1 goes to E-2, usually
tow und blocking wulkthrough access, reboilers are
located close to towers and their back foundation
usually rests on the tower octagon.

The overhead condenser E-3, is located next to
E-7. since the overhead line will be oriented on the
gast side of T-1 and will be able to span across E-2
to E-3 shellside connection.

The next piece is the accumulator V-1, which
is placed next to the condenser. This keeps the
complete system from E-1 to V-1 flowing in se-
rictice.

The same philosophy is used for locating the
other pieces of equipment. The only items out of

sequence are the combined air coolers, FF-1, 2,3
and 5. The largest duty will occur at FF-3, the
overhead condenser; consequently, its piping will
be the most expensive, which governs its placement
between T-2 and V-2. The air coolers (fin-fans)
were not located on top of the pipe rack because
there was no space left on the existing rack.

A small rack has been added to route process and
utility lines to the two reboiler fired heaters. This rack
will have the two liquid lines to the reboiler and the
return lines to the two towers T-2 and T-3, plus fuel
oil, fuel gas, atomizing steam, snuffing steam, instru-
ment air, utility station air, water and steam, and elec-
trical conduits plus possibly the instrument tray,
which carries the pneumatic signals to the control
building.

The two heaters are located close together so
that one ladder or stairway from grade can serve a
platform common to both heaters. The operator
can then check both heaters without having to go
up and down and back up again, This design is
often overlooked but is an initial savings and an
operator convenience.

Now the designer is ready to get the supervi-
sor’s approval on the sequence layout. With a criti-
cal eye the supervisor scans the plot plan and the
flow diagram. To him it looks good except for one
piece of equipment. Can the student find the error
without reading on? It is actually a costly error in
judgment. A

Large insulated lines are costly to install. Every
insulated elbow is expensive. The experienced su-
pervisor’s eye tells him the most expensive lines in
this unit are the hot lines to and from the fired
heaters. Consequently, these lines should be routed
as straight as flexibility will allow and with a mini-
mum number of elbows. The error is in locating
1-2. By changing places with T-2 and V-2 a great
savings is assured. The liquid line from the bottom
pump is shortened and about eight elbows are
saved. The reboiler return line has an even greater
saving.

T-3 is not exchanged with F-4 as no fittings are
involved. Some straight pipe could be saved but
this would be offset by adding more pipe to the
feed to E-4 coming from the west.

Pump locations are not considered during this
preliminary layout. 1t is planned that they will be
located under the rack but their final position will
not effect the length of the process string.
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Now that the designer has an approved se-
quence plot plan, he is ready to establish prelimi-
nary dimensions. Again, this can be done with no
equipment sizes. A lot of progress is lost on design
because people think they need all the answers be-
fore they can do anything,

Preliminary Plot Plan Dimemsions

Figure 4-5 is a frechand sketch made to estab-
lish preliminary plot plan dimensions. Final dimen-
sioning is done when equipment sizing is com-
pleted and piping layout is in the final stage. To
establish preliminary dimensions the designer
makes certain assumptions based on his experience
and training Assumptions and conclusions are
listed below.

Dimension 1. Locate E-1 from the plot limit
line; 5-0" clearance is maintained, Assuming a
maximum of 48" exchanger channel flanges, set
this dimension at 5"-0" plus 2'-0", or 7-0".

Dimension 2. Locate T-1 from E-1. T-1 is as-
sumed to be 72" diameter. Since there are pumps
taking suction, the skirt will be about 20’ high.
Below tray 1 there is a surge space of about 14,
Assume trays are spaced at 2'-6". Between tray |
and tray 15 there are 14 spaces at 26", or 35"-0".
Between trays 15 and 16 there is a cone section of
about 4-0". From trays 16 to 22, there are six
spaces at 2-6", or 15-0". The vapor space above
tray 22 is about 4'-0". Adding all of these, the
designer learns that the tower is about 820" tajl.
With normal sojl bearing, a tower of this size will
require a foundation with a spread footing about
18" wide. These are octagon shaped. E-1 footing is
estimated to be 40" wide. To keep spread foot-
ings clear and to allow ample walkway between,
dimension 2 is established as 9'-0” (one-half of T-1
octagon) plus 2°-0” (one-half of E-1 footing) plus
2°.0" for clearance to total 13'-0".

Dimension 3. Locate E-2 from T-|. E-2is a
kettle type reboiler and will be elevated a little
above grade. The liquid line from T-1 will probably
be low enough to block walking between these two
pieces of equipment, so E-2 is located so the back
support will rest on the T-} octagon. This makes
the octagen a “combined footing” therefore,
dimension 3 should be less than 970" {one-half the
octagon). One-half of T-1 OD is 3'-0", One-half of

E-2 OD is assumed to be 3-0". Allowing 1'.¢"
clearance, dimension 3 becomes 3'-0" plus 3'¢”
plus 1-0” or 7-0”.

Dimension 4. Locate E-3 from E-2. There are
three things to consider in estimating this dimey.
sion. The spread footings must clear (about 6’0"
will accomplish this). The cquipment must clear
(6™-0" will clear this). Since there was no walkway
west of E-2, access for maintenance and Operation
should be provided on the east side. The 26" a¢-
cess path added to one-half of E-2 OD of 3"-0" plus
one-half of E-3 diameter of 1’-6” makes dimension
4 total 7°-0".

Dimension 5. Locate V-] from E-3. Vo Ky
pumps taking suction from it so it will be elevated
about 14-0” or higher. The main consideration is
to clear the spread footings. The V-1 footing is
assumed to be 6’0" wide. E-3 footing is about
40" wide so §'-0" plus 1-0" clearance would
suffice. Dimension 5 then becomes 6-0", -

Dimension 6. Locate V-2 from V-1. V-2 also
has pumps taking suction from it so it will be ele-
vated about the same as V-1. Assuming 72" diame-
ter for both vessels and a common platform
between them with 6’-0” for working space, dimen-
sion 6 becomes 12°-0”.

Dimeusion 7. Locate combined air cooler from
V-2. Equipment clearance is all that is necessary
since foundations will be relatively small. Dimen-
sion 7 becomes 8-0",

Dimension &8 Estimate width of air cooler.
Four separate cooling cells are located in one cool-
ing frame. The product coolers, FF-1, 2 and 5, are
generally small-duty units and wil] require one or
two cells per unit. FF-3 is an overhead condenser
and has larger duty which may have three or four
cells. Assume a total of eight cells 5-0” wide or
400" plus frame of 2-0" to total 42'-0" for dj-—
mension 8.

Dimension 9. Locate T-2 from air cooler. T-2
has 30 trays so it will be taller than T-1. The spread
footing (octagon) is assumed to be wider than the
one required for T-1 by 2"-0”, which makes it a
20"-0" octagon with an allowance of 2°-0” for one-
half of the air cooler footing and 2'-0” for clear-
ance, dimension 9 totals 100" plus 4’0", or
140",

Dimension 10, Locate pipe rack from T-2. Here
the footings must clear so the 140" dimension is
used.
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Dimension 11. Establish pipe rack width. To
do this accurately the pipe sizes must be known.
For this purpose assume a 14'-0" width.

Dimension 12 Locate E-4 from pipe rack.
Footings must clear and some accessway between
rack columns and exchanger should be provided.
Assume 6™-0",

Dimension 13. Locate T-3 from E-4, T-3 has 36
trays so it will be taller than T-2, but we can
assume  that the 20%0" octugon will be large
enough. By using the same procedure used for de-
termining dimension 9, dimension 13 also is 14'-0".

Dimension 14. Locate FF-4 from T-3. Use the
same 14°-0".

Dimension 15. FEstimate width of air cooler.
FF-4 is in overhead condensing service and the
process flow diagram indicates jt is the largest of alj
the air coolers, Assume five cells, 5" wide plus 2°-0"
frame, or 27-0".

Dimension 16. Locate V-3 from FF-4. Use
same procedure as dimension 7. Dimension is 8"-0".

Adding all these estimated dimensions, the de-
signer finds he has used 213'-0" of plot length.
Since the total plot length is 220'-0" (Figure 4-3),

-3 is located 7'-0" from the east battery limits. As
more firm information is developed some of the
above dimensions may vary slightly, but if so there
s no more plot fength available and the designer
will have to adjust other dimensions to suit, per-
haps combining some foundations.

Plot Plan Exercise

The designer is now ready to draw the plot
plan to scale. The student is to do this, assuming
that the existing rack is 30’-0” wide and rack bents
are spaced ut 20'-0” with the last bent at the east
piot limit, 7-0” from V-3 centerline. Assuming no
common spare pumps, locate pumps under the
rack with the centerline of discharge 2°-0" out
from the rack column centerline. Each pumping
service shown in Figure 4-2 has two pumps, one
operating and one spare. Locate pumps to keep
stction lines short, Use cquipment sizes and dimen-
Slons as estimated in thi chapter. Fin-fans are
266" long. Draw ail pumps 26" wide by 6'-6"
fong. Use 1" = 100 scale. Remember, piot plans
do noe show dimensions.

Process Piping Design

Foundation Location Plan

Figure 4-6 is the foundation location plan for
the plot plan shown in Figure 4-1. This shows the
location of all underground concrete by coordinate
and to scale. The underground portion of founda-
tion is shown dotted while the concrete portion
projecting above grade is shown with a solid line.

Using Figure 4-6 as a guide, the student is tg
prepare a foundation location plan for the equip-
ment shown in Figure 4-5. Figure 4-3 supplics the
two basic coordinutes of the existing unit, called
the “bench mark.” Bench marks also supply exist-
ing elevation base,

Excavation Pilan

When the field construction crew moves onto
the job site the first thing they want to do is exXCa-
vate. To do this they need a plot ptan marked with
the bottom of concrete elevations or an excavation
plan, usually a transparency of the plot plan show-
ing the excavation depth and periphery.

Flow Diagram Transposition

The flow diagram transposition is the first cf-
fort of laying out the Major piping systems. It is
made on a print or sepia of the plot plan, Piping is
sketehed in from equipment to equipment, show-
ing all meter runs and control valve locations. No
effort is made to orjent tower nozzles at this stage
but the piping is shown Boing to the towers. This
transposition is sometimes called the flow diagram
overlay.

Itis best to develop this drawing after mechani-
cal and utility flow diagrams are prepared showing
line sizes and full mstramentation. Then one truns-
position is mude for the process lines and one lor
the utility lines.

Piping Drawing Index

A piping druwing index is made for cach proc-
©ss unit to show the extent of area covered by each
piping drawing and the drawing numnbers showing
the piping details for that area Figure 4-7 is a pip-
ing drawing index for the plot plun shown in Fig-
ure 4-1. The student is to prepare o piping drawing
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68 Process Piping Design

index for his plot plan of the light ends unit. Try
to keep the piping areas no wider than 60-65',

Equipment Setting

Ing on the type of unit he must lay out. Each
subsequent chapter in this book will go into detail
about most of these items but, in general, the de-
signer must know how to locate equipment for
plot plan purposes and the following is offered as a
guide to this. ’

Fractionating Towers

Fractionating towers are located on a comimon
centerline about 12-14 from the rack columns,
The first ladder from grade should be located on
the pipe rack side for €asy access by the operators.

dling vesse} trays. A clear drop area is to be pro-
vided on the side away from the rack,

Exchangers

Exchangers set the “equipment line.” This is
the location of the back head, usually set at 8§’
from the pipe rack column. Shell and tube type
exchangers may have a removable shell cover, a
flanged head, Access must be provided for equip-
ment to handle this cover, usually from under the
rack. Tube pulling or rod cleaning area must be
allowed at the channel end. This should be the
tube length plus 5’ from the tube sheet. Double
pipe exchangers are located with the front end

tory if grade mounted, as mobi} maintenance
equipment can pick up the entire unjt and trans-
port it to the repair shop.,

Controf Buildings

Centrol buildings are to be centrally located
because they are home base for all the unit opery-
tors. This also keeps instrument leads shorter, Con-
trol buildings should have road access. Keep proc-

keep hydrocarbon equipment 50’ 4way as control
buildings usually get larger than originally planned.

To size control buildings, get the instrument engi-
Neer to size the control board and space needeg for
future board. Then consider requirements for of
fices, toilet facilities, lockers, tables and chairs for ;
a lunch foom, stoves, refrigerators, any electrica
switchgear (consult the electrical engineer) or pos-
sibly an air tompressor and related equipment for
the plant instrument gjr system. Allow space for
the heating and/or air-ccnditioning unit. Some cus.
tomers want a small lab area in the control building
to test samples taken in the unit.

Fired Heaters

Fired heaters are located a minimum of 50’
from hydmcarbon-con taining equipment: however,
reactors may be closer. The fired heaters must have

nance area.
Couling Towers

Cooling towers are to be located where the pre-
vailing wind is directed to the small side. This a)-
lows both long sides to intake an equal amount of
circulating fresh air. Many people locate cooling
towers exactly Opposite, directing the prevailing
wing to the statted long side. This allows one-hajf

side is starved. Locate cooling towers away from
fired heaters, flare stack or any heat producing

Piping

Piping determines MOost equipment locations.
Alloy piping costs much more than carbon steel,
sometimes a thousand dollars a faot, so special at-
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70 Process Piping Design

tention is needed to keep these lines short. Large
insulated lines are also kept short. Many times the
insulation is almost as costly as the pipe and is an
expense often overlooked by the designer.

Reboilers

Reboilers are to be located next to the tower
they serve except for pump-through type fired
heaters. Kettle type reboiler elevation is deter-
mined by the tower liquid. Thermosiphon reboilers
are regular shell and tube type exchangers. Hori-
zontal thermosiphon exchangers are located at a
minimum elevation. Vertical thermosiphon types
are usually supported by the tower and are Jocated
on the back side to be accessible to the mainten-
ance equipment. Large vertical types may require a
supporting structure. Consult the vessel engineer to
see if the tower can support the reboiler or reboil-
ers. There may be more than one.

Compressors

Compressors have two basic categories, centrif-
ugal and reciprocating. Drivers may be electric
motor, gus cngine, gas fired turbine or steam tur-
bine. Locate compressors to keep suction lines as
short as possible,

Reciprocating compressors are usually housed
in a tropical type building with a drop-curtain wall
extending to within 8" of the floor. In areas of
scvere winter, such as Canada, they are fully
housed. Keep the building far enough away from
the pipe rack to allow for the suction drum and the
suction and discharge headers on the sleepers.
Large motor-driven compressors may require room
behind the building for transformers. Always allow
room at one end of the building for parts drop and
pick-up area. Compressor buildings must have
truck access.

Centrifugal compressors should be mounted
outside unless the customer requires u shelter. Al-
low a farge area for the lube and seal il console,
usually about 153 x 20, with truck access. Locate
the console outside the building, if a building is

required, and at grade. behind the building, away
from the pipe rack. Motor-driven COMDICSSOrs may
require a large transformer. If the compressor is
turbine driven, a large surface condenser may be .
needed. II' it is necessary, locate the surfice con
denser above the compressor.

Electrical Starter Racks

Electrical starter racks and switchgear must be
located as early as possible. Consult the electrical
department to get the size and, with them, deter
mine the focation.

Maintenance

Maintenance requirements must be considered
during early plot plan development. Shell and tube
exchangers should not be stacked over three u. e
high and then only if the centerline of the top unit
is not over 15' from grade. For exchangers re-
quiring four shells, stack them two high by two
wide,

Between two major processing units allow for u
road, if space is available, and clearance for a 25-
ton crane. Provide accessways from main plant
roads into unit roads.

Erection

Erection of the new equipment must be con-
sidered. For large diameter and long towers, con-
sider how the field crew can get them in the plant
and where they can lay them for erection. For
field-constructed equipment such as very large ves-
sels and reactors space must be allowed for fictd
construction. —

Future Expansion

Future cxpansion must always be considered,
Future pumps, vessels and exchangers are often
overlooked, Consult the process engineer for these
requirements.



Chapter 4
Review Test

This is a composite review of the first four chapters. The student

the questions in his own words, without referring to the text.

I

2

12.

13..

14.

15.

16.

. Define ANSI.

Ferrous metals differ from nonferrous because they

71

should be able to answer 20 of

. A joint efficiency is applied to a___ joint,

Seamless pipinghasa_____ 9 joint efficiency.

Pipe made from plate has a mill tolerance of

Seamless pipe has a mill tolerance of _____ %,

. Random length carbon steel pipe is *___feet long.

What is the difference between pipe and tubing?

Name the three basic types of valves,

Which valve is for throttling?

What type of check valve is specified for pulsating flow?

Define hydrocarbon.

Define mercaptan.

Which is the lightest hydrocarbon?

Define fractionation.

What is flashing?

Define equilibrium,

Define head.

Define two-phase flow.

What is hydrotesting and why is it done?

Define topography,
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21.
22

23.
24.

25.

Process Piping Design

Define cone roof vs. floating roof tank.

What determines tank height?

What are the -advantages of the floating roof tank?

There are

gallons per barrel of oil,

What is the purpose of “foam™ and how does it work?




5 Piping Systems

Every piping installation is resplendent with
systems, each having something in common with—
yet different from—the last unit the designer fin-
ished. The fractionation system (see Chapter 2) is
the most common system since it is the basis of all
process units. All offsite and onsite units have
drainage systems to handle surface Or rain water,
oily drips and drains or special liquids such as caus-
tics, acids, etc. Most process units have one or two
Nare systems. Steam tracing systems are similar
from job to job. This chapter will discuss these and
other systems,

Details are also similar from unit to unit. Many
details should be standardized in the industry, but
because they are not, countless millions of dollars
are spent and man-hours are wasted developing a
way to do something that has already been done
50 times before by other designers. This chapter
will present details showing ways to solve problems
which are not standardized but do the job.

Piping fabrication is done on all piping. Most
process pipe is fabricated in a pipe shop and
shipped to the job site in “shop spools” to be as-
sembled by the erection workers. Most piping de-
signers know very little of a pipe fabricator’s prob-
lems or how he gets his work done. While his costs
are high, the shop’s streamlined efficiency and as-
sembly line techniques make shop fabrication cost
less than field fabrication.

73

and Details

Underground Piping

Underground piping is broken dawn into two
main categories: process systems and utility sys-
tems. Underground process lines should be
avoided; however, there are times where this is the
best installation and this will be discussed in other
chapters. Underground utility systems are classified
into two divisions: gravity flow and pressurized
systems.

Gravity Flow Systerns

Gravity flow systems depend on the pull of
gravity for flow. Consequently these lines must
have a constant slope from liquid origin to ter-
minus. Recommended minimum slope is 1/8" per
foot, or 1’ per 100’ of line.

Piping is supplied for the following systems:

1. Storm water or clean water includes rain
water, wash water and fire water run-off.
This is usually collected from paved areas
by a catch basin and piped to a separation
pit or API separator to separate any oils
that may get into the system and will then
80 to a creek, river or possibly a large
evaporation pond.
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2. Process sewer, sometimes called oily sewer
or dirty water sewer, includes drips and
drains from pumps, vessels, sample con-
nection funnels and other dirty drains. This
system is routed through a separator and
the hydrocarbons are usually recovered.

3. Combined sewer is the sewer that collects
both storm and process sewers, utilizing
only one piping system. This must be
routed through a large API separator capa-
ble of handling the combined flow to sepa-
rate hydrocarbons from water. While the
combined system saves money on piping
costs, the savings are usually offset by
larger separation facilities costs. The com-
bined system is rarely used today.

4. Sanitary sewers are the systems that carry
human waste. These are routed to a large
sanitary system or, if handled locally, to a
septic tank and its related field.

5. Corrosive sewers are designed as a separate
sewer system within the unit. This includes
acids, amines, carbonates and others. Some
of these circulate within the unit, with all
funnels draining to a separate header which
is routed to a local sump. A sump pump
either returns sewage to the pressurized
system or sends it out of the unit for dis-
posal, possibly to a neutralizing pit. Some
acids, such as sulphuric acid, are pumped to
storage, then shipped to a reclaiming plant
where the acid is recovered.

As these systems vary widely, the materials of
consfruction will be somewhat different than nor-
mal and each selection must be thoroughly investi-
gated. If vitrified clay or cast iron soil pipe is se-
lected, careful attention must be given to the mate-
riad selected to be used at the joints,

Sewer terms are different and often confused
with terms applied to overhead systems. Inverss
are used as a dimensional reference point on all
but carbon steel piping. Inverts are the elevations
of the inside bottom of the sewer line. In the
larger sizes of vitrified clay pipe, the thickness is
very large and must be considered when calculat-
ing clearances from other lines or underground
concrete. The use of a concentric reducer or in-
creaser will change the invert elevation and must
be calculated.

When carbon steel pipe is selected for gravity
sewer systems, dimensioning is to the bottom of
pipe (BOP), expressed as an elevation. Inverts are
also expressed as an elevation.

The liquid flow is determined by the slope of a
gravity system which in turn is governed by the
inverts’ set. The designer must be concerned with
the elevation of the internal surface, the invert,
regardless of wall thickness. A joint’s internal sur-
face must line up even though the two wall thick-
nesses differ. The gravity systems’ flow must be as
smooth as possible, without projections which
would form weirs or dams, providing a point for
solids to accumulate and block flow.

Reducer Selection

When reductions in line sizes for headers :
required, special care must be taken in selecting
the type of reducer. Because of inconsistent termi-
nology, there is a great deal of confusion when
defining a line reduction in either clay or cast iron
material.

Proper terminology is defined below. All terms
are specified in the direction of flow.

1. Vitrified clay: Concentric is all that is
available,

«. For increasing line size use increaser
with bell on small end.

b. For reducing line size use reducer with bell
on large end.
2. Cast iron soil pipe: Concentric ondy is
available,

a. For increasing line size use reduce _
with bell on small end.

b. For reducing line size use increaser
with bell on large end.

3. Cast iron pressure pipe: Concentric and ec-
centric are available.

a. For increasing or reducing line size use
reducer. End types must be called out
for both ends to match adjoining fit-
ting or pipe.

b. Eccentric reducers are available in lim-
ited sizes and patterns but their use
should be avoided. Before specilying,
the designer must be sure proper sizes
are commercially avaiiable,




Piping Systerns

Sewer System Terms

To discuss any sewer system, verbally or on
paper, the designer must know the terms that
make up the system. These are:

Mains. Sewers for collection from two Or more
Lateruls; usually located in roadway easements.
Mains shall be sealed at regular intervals, with
manholes, to prevent the spread of fire or gas
backup.

Laterals: Sewer lines collecting from two or more
sublaterals and discharging to mains through a
sealed manhole.

Sublaterals: Sewer lines connecting branches and
caich basins to laterals.

Branches: Collect from various drain funnels or
catch basins and tie into sublaterals.

Funnel: Liquids collection point, usually project-
ing 2" above the finished surface. For carbon
steel systems, a 6"x4” concentric swage is an
economical funnel. Lines from funnels should
not be smaller than 4" to prevent clogging. For
other materials a 6"x4" reducer could be used;
6" should be the minimum size for the funnel
collection end. The swage is specified over the
reducer because the swage is longer and will
have a deeper bowl area for splashing.

Catch Basin: Used to collect surface drainage. Pav-
ing or other surface is sloped to the catch
basin. Catch basin is usually about 2’ square by
1" to 1%’ deep and covered with grating.

Manhole: A central collection box of a size that a
man can enter to clean the sewer laterals. In-
coming lines are usually sealed to prevent
backflow of fire or gases.

Sewer Materials

Selection of sewer material depends on pres-
sure. temperature, durability, cost (of material and
labor), availability and the fluid. Carbon steel pipe,
properly coated, is quite often used. Vitrified clay
and cast iron soil pipe are widely used. It is very
difficult to establish hard and fast rules for mate-
rial selection. Experience with the particular appli-
cation is the best asset. The plant sites soil cor
rosiveness must also be considered.

1
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Vitrified clay pipe is cconomical. It is used
for gravity systems handling surface drain-
age and sanitary sewers. Since this piping
has joints mechanically assembled, it
should not be used under buildings or 6"
or thicker concrete paving, If the com-
modity being handled is 150°F or hotter,
special joint material may be necessary.

Cast iron soil pipe is used for gravity sys-
tems. When vitrified clay is specified, use
cast iron soil pipe under buildings and
thick paving. If the fluid is too hot for
vitrified clay, use cast iron soil pipe for the
necessary length to cool the fluid.

Carbon steel piping is preferred by many
designers because it is easily instafled. It is
subject to external corrosion and must be
coated to ensure long life. The old stand-
ard coating is tar and felt paper, usually
referred to as “‘tar and feathers.” This is
the cheapest coating but has many disad-
vantages. It is easily damaged during han-
dling and damages are not always properly
repaired. The author recommends coating
with plastic at the mill, such as “Scotch-
kote™ or “Plicoflex.” This costs more ini-
tially but is almost impossible to damage
and lasts for many years in the ground.

Cast iron water pipe is used for gravity
sewers where the use of 12 or longer sec-
tions makes a more economical installation
than the 4' to €’ lengths of vitrified clay or
cast iron soil pipe. Also specified for pres-
surized water systems.

Concrete pipe is generally used for surface
drainage headers for sizes 24" and larger.
Investigate cost, freight and availability be-
fore specifying it.

Concrete-lined steel pipe is used for pres-
surized corrosive service where pressures
are greater than allowed for cast iron pip-
ing.

Duriron pipe is sometimes specified for
highly corrosive special drains. Because of
its high silicon content it is very brittle—
like glass-and has high breakage from han-
dling, which adds to its already expensive
cost,
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Figure 5-1. Cast iron bell and spigot pipe detail,

Joints for Cast Iron Piping

Cast iron pipe and fittings are equipped with
bell and spigot ends. Figure 5-1 pictures the pipe
detail, The joint can be sealed with lead and
oakum, cement or a rubber or neoprene ring fit-
ting into the groove shown. Lead and jute or
oakum is standard joint material for surface water
systems. To ensure operational tightness, the joint
material must be kept moist. The conveyed liquid
accomplishes this. :

Bell and spigot joints are rarely used in gas
pressurized systems. Pressures of up to 200 psig
can be held by the joint for liquid service. For high
pressure water service, such as fire water systems,
bell and spigot pipe and fittings are available with
bolting lugs to prevent joint separation.

For pressurized systems, thrust blocks are ap-
plied at turns or points of thrust to restrict joint
separation. Thrust blocks are generally a mass of
concrete,

The mechanical joint, a modification of the
bell and spigot joint, is used in low pressure gas
distribution systems. However, the main use of the
mechanical joint is for higher pressure fire water
systems operating above 150 psig. The author re-
stricts all cast iron piping to water and sewer sys-
tems. For any hydrocarbon gas service, welded car-
bon steel is recommended.

The mechanical lock joint groove which is
shown in Figure 5-1 is located in the beli end. The
groove accommodates a rubber or neoprene gas-
ket. For installations where sagging is likely to oc-
cur the mechanical lock joint is recommended.

This might be river crossings running above the
water, supported by the bridge, or undergroung _
where soil heaving is expected. The Gulf Coast soif~
calls for this joint detail rather often.

The mechanical roll-on joint is a low cost
mechanical joint with a round rubber gasket over
the spigot end. When the spigot is pulled into the
bell, the ring is seated in the bottom of the bell.
Outside the rubber gasket, braided jute wedged
behind a projected ridge confines the gasket to
retain pressure in the piping system. A bituminous
compoungd seals the mouth of the bell, retaining
the jute and gasket. Both bell and spigot and
mechanical joint fittings can be used with this

pipe.

Table 5.1
Sewer Flow Diagram Symbols

Manhole

@ Catch basin

o-— Drain funnel

o=~ Drain funnel with seal
Of Tunning trap

Manhole with sealed inlet
—4—5—@ Catch basin with sealed outlet

—wat— g Clean out
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Figure 5-2. Typical process sewer flow diagram,

For special service conditions, the piping de-
signer might employ the mechanical screw-gland
joint which will contain oil, gas and water at great-
€r pressures, the ball-and-socket Joint which pro-
vides great flexibility at the Joints, or the universal
pipe joint which is a rather stiff joint.

The Dresser coupling is a compression-sleeve
coupling. It is used with plain end cut pipe of ei-
ther cast iron or steel in both underground and
aboveground installations for air, gas, water and
oil. This type of joint is quite often installed with-
out proper anchors or bracing and when the line js
pressured it will come apart. Properly installed, this
joint will have anchors or braces at turns on both
sides of the joint. These joints are a fine economi-
cal design for lines needing a small amount of ex-
pansion. Improperly installed they result in total
chaos.

The Victaulic coupling is a split-coupling joint
used with cast jron and carbon steel piping. This
coupling is joined to the pipe or fitting via grooves
vul near the ends. It ig acceptable for use in liquid

OF Vapor service, will take some expansion and al- |

lows considerable angular displacement. This joint
is easily installed and/or broken apart.

Sewer Flow Diagram

The sewer flow diagram is the easiest way to
communicate information about the drainage
system to the layout designer and the customer.
Finalizing locations of drain funnels, where man-
holes are in the system, locations of seals, etc., are
much easier settled on a flow diagram than on the
finished sewer drawing. Although most companies
do not prepare a sewer flow diagram, many man-
hours would be saved if they did. If proper design
information is given to the layout designer and hig
checker, a better job can be done in about half the
expended man-hours,

Because these flow diagrams are not commonly
made, the symbols used are different in each com-
pany that does make them. Table 5-1 depicts
symbols which are used and could be standardized
by the industry. Figure 5-2 js a typical process sew-
er flow diagram.

Cast lron Soil Pipe and Fittings

. Cast iron soil pipe and fitting standards are es-
tablished by the Cast Iron Soil Pipe Institute, 2029
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Figure 5-3. Dimensions of service cast iron soil pipe and fittings, Courtesy of Cast iron Soit Pipe Institute.
Table §5-2
Dimensions of Hubs, Spigots, and Barrels for
Service Cast lron Soil Pipe and Fittings
Qutside
Inside diameter Qutside {nside Thickness
diameter of spigot2 4 Diameter Teiescopmg diameter of
Sizel of hub? Bead of barrel? lengths® of barrel? barrel?
A M J Y B8 T
inches inches inches inches inches inches inches
2 2.94 2.62 2.30 2.50 1.96 0.17
3 3.94 3.62 3.30 Z.75 2.96 17
4 4.94 4.62 4.30 3.00 3.94 .18
5 5.94 5.62 5.30 3.00 4,94 18
[ 6.94 6.62 6.30 3.00 5.94 .18
8 9.25 8.75 8.38 3.50 7.94 .23
i0 11.38 10.88 10.50 3.50 9.94 .28
iz 13.50 12.88 12,50 4.25 11.94 .28
15 16.75 16.00 15.62 4.25 15.00 31
Distance from
Thickness of hub Width of lead groove to Depth of lead groove
Width of Spigot end, pipe and
Size! Hub body Over bead  hub head?™s bead?* fittings®
S {min.) R (min.) F N P G{min.) G (max.)
inches inches inches inches inches inches inches inches
2 0.13 0.34 0.15 0.69 0.28 0.10 0.13
3 16 .37 81 75 .28 .10 13
4 16 37 .88 Bl .28 10 i3
5 .16 37 88 Bl .28 .10 13
[ .18 37 88 81 28 10 B3
8 .19 44 1.1% 1.12 .38 15 .19
10 .27 33 1.19 1.12 .38 15 19
12 27 53 1.44 1.38 .47 1S 19
15 .30 .58 i.44 1.38 .47 13 .19

Source Cast Iron Soil Pipe Institute, Cast fron Soil Pipe and Fittings Handbook.

'Nominal inside diameter,

2Ft:n' tolerances see Table 3, Cast Iron Soil Pipe and Fittings Handbook.

31.aying length, all sizes--Single hub 5’0" less Y, for 5-foot lengths; single hub 10°0™; Double hub 10707 less Y, for 10-foot

lengths.

“if a bead is provided on the spigot end, M may be any diameter between J and M.
$Hub ends and spigot ends can be made with or without draft, and spigot ends can be made with or without draft, and
spigot ends can be made with or without spigot bead.

—
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Figure 5.4, Dirmensions of extra heavy cast iron soil pipe and fittings. Courtesy of Cast Iron Soil Pipe Institute.

Table 5.3
Dimensions of Hubs, Spigots, and Barrels for
Extra Heavy Cast lron Soil Pipe and Fittings

g

Outside
diameter
Inside of Qutside Inside
diameter spigot? diameter Telescoping diameter Thickness
Size? of hub? Bead of barrel? length? of barrel? of barrel?
A M J Y B T
inches inches inches inches inches inches inches
2 3.06 2.75 2.38 2.50 2.00 19
3 4.19 3.88 3.50 2,75 3.00 25
v 5.19 4,88 4,50 3.00 4.00 25
5 6.19 5.88 5.50 3.00 5.00 .25
6 1.19 6.88 6.50 3.00 6.00 .25
8 9.50 9.00 8.62 3.50 8.00 31
10 11.62 11.13 10.75 3.50 10.00 37
12 13.75 13.13 12.75 4.25 12.00 37
15 17.00 16.25 15.88 4,25 15.00 44
Distance from
Thickness of hub Width of lead groove 1o Depth of iead groove
Width of Spigot end, pipe and
Size! Hub body Over bead  hub head?'S bead s fittings?
S {tmin.} A {min.) F N P Gimin.} G {rmax.}
— inches inches inches inches inches inches inches inches
2 0.18 0.37 0.75 0.69 0.28 0.10 0.13
3 25 43 .81 .75 28 10 .13
4 . .25 43 88 81 28 A0 13
5 .25 43 .88 81 28 ' .10 13
6 25 43 88 81 28 10 13
8 34 .59 1.19 1.12 38 15 19
10 40 .65 1.19 1.12 38 15 19
12 40 65 1.44 1.38 A7 15 A9
15 46 71 1.44 1.38 A7 15 .19

Source: Cast lron Soil Pipe Institute, Cast fron Soil Fipe and Fittings Handbook.

' Nominal inside diameter.

2For tolerances see Table 3, Cast fron Soit Pipe and Fittings Handbool:.

3Laying length, all sizes—Single hub 50" less Y, for 10-foot lengths; single hub 10°0”; Double hub 10°0" Jess Y, for 10-foot
lengths,

*If 2 bead is provided on the spigot end, M may be any diameter, between / znd M.

%

Hub ends and spigot ends can be made with or without draft, and spigot ends can be made with or without draft, and
spigot ends can be made with or without spigot bead.
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- K Street, N.W., Washington, D.C. 20006. They
have published an excellent book on all cast iron
piping called Cast Jron Soil Pipe and Fittings Hand-
Book, which should be in every designer’s library.

Cast iron soil pipe is available in sizes 2-15".
Sizes are the nominal inside diameter of the pipe.
The wall thickness varies with the class specified,
which changes the outside diameter. Laying lengths
vary, but in general will be either 5 or 10, See
Tables 5-2 and 5-3 and Figures 5-3 and 5-4 for
details,

Fittings are manufactured in sizes to match the
pipe. Terms are different than the ones for carbon
steel and the designer must specify the correct
term. For instance, the 90° ell is called a 1/4 bend.
The 45° ell is a 1/8 bend. Cast iron fittings also
employ bends of 1/5, 1/6 and 1/16. These terms
are devised according to what fraction of 360°
they turn.

All junctions are made with fittings. Welding is
not employed. Fittings are available for line inter-
-sections, clean-outs, etc. Flow is always directed
into the barrel of the pipe or fitting (see Figure
5-1),

Joints are usually made with twisted jute (or
oakum) and calked with lead. Jute is a vegetable
fibre. Cotton and hemp are also sometimes used.
These materials are ordered by the pound. Lead
joint requirements are calculated to be 12 ounces
per inch of diameter. Thus an 8" diameter pipe
would require 6 pounds of lead. Jute is estimated
at 10% of the lead requirement by weight. The 8"
pipe would need 0.6 pounds of jute. To order joint
material, the piping designer must count all joints
by sizes and calculate the total weight of joint ma-
terials. Ten precent is added to this total to allow
for waste.

Designing Systems

To design a sewer system the designer must
know the depth of cover required. The highest
point in his horizontal piping must be below the
frost line or the liquids could freeze in the line.
With a slope of 1’ per 100’, the lowest point could
be very deep. Lines are also Jocated below frost
lines to protect them from “heaving,” rising and
falling caused by frozen earth thawing and freez-
ing. Frost lines of each ares are designated in the
general specifications. In any event, underground

lines should have a minimum of 3’ of cover in up-
paved areas for protection against truck traffic. A
cover of 1'-6" is the minimum under paved areas,

+

Student Exercise

The plot plan, Figure 4-1, and the foundation
location plan, Figure 4-6, comprise a unit for
which the designer must prepare an underground
piping plan and elevation. The student will make
these drawings as a class exercise. Figure 5-2 is the
process sewer. Assume a frost line of 3’. Use car-
bon steel material and supply dimensions or coor-
dinates necessary for fabrication and installation,
Locate funnels and lines by coordinates in plan.

To design the storm sewer, the designer must
divide the process area into drainage areas to facili-
tate the removal of liquids as quickly as possible. If
possible, drainage areas should be square, Pave
drainage areas should have a maximum of 2500~
square feet of surface per catch basin. The student
is to designate the surface drainage areas, locate the
catch basins and route the total flow to the
existing manhole. The centerline coordinates of the
existing manhole are W.610-0" and N.1090'0",
High points of paving extremities are W.610°-0"
and W.655’-0", N. 975"-0" and N.1205°-0"".

Drainage area slopes shall be limited to a mini-
mum of 0.01" per foot and a maximum of 0.04"
per foot. The maximum total drop allowed is 6”
from the high point of paving to the lowest point
at the catch basin.

After completing the drawing, prepare a bill of
material listing all material necessary to install the
two sewer systems.

Refer to Figures 5-5, drain funnel installation,
and 5-6, typical clean-out detail, for design data.

Upon completion, students may exchange
drawings, checking one anothers work.

Design Guidelines

Manholes should be located at all major inter-
sections and in line turns of major headers, which
are 90°. For sewer line sizes up to 24", provide
manholes every 300" and for line sizes over 24",
provide them every 500" for cleaning the system.
Manholes may be square or round.
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Figure B-5. Drain funne! installation. ..

Clean-outs shall be instalied at dead ends of
pracess sewers, or where the line turns a total of
90° or at a 45° turn preceded by 50’ of straight-
run pipe. Locate clean-outs so that cleaning may be
accomplished in the flow’s direction. Drain funnels
may be considered as clean-outs if the line from
the funnel is short and total turns do not exceed
135°,

When routing underground lines always check:

. Location of underground electrical en-
velopes, their sizes and elevations.

2. Llines entering or leaving buildings routed
by architectural or structural groups.

3. Location and elevation of all foundations,
whether they are spread footings or grade
beams. Sewer piping must clear.

4. Angle of repose of the soil. Foundations
must not be underreamed by excavation
for sewer piping. Any time a pipe is run
deeper than the foundation (if not on pil-
ing) and within a few feet of it, check the
structural group about possible underream-
ing. If there is no other route for the pipe,.

A

the structural group may have to lower
their footing.

Underground Pressurized Systems

Fire water, cooling water, closed process drains
and pump-out systems are the more common pres-
surized underground lines. Carbon steel is the most
commonly used material for these systems.

Transite piping is often used in pressurized
brine systems and some people specify it for fire-
water service, Transite is an asbestos material, very
light in weight and, since it does not rust, it needs
no external protection when laid underground. It is
also used in some aboveground special service.

The Johns-Manville *“‘Ring-tite” joint is the
author’s selection of transite joints. It is easily
joined by the field people and keeps installed costs
at a minimum while furnishing an excellent pres-
sure-containing closure, Johns-Manville will be hap-
py to supply catalogs, at request, showing full de-
tails of their transite pipe and Ring-tite coupling
JOmL.
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Figure 5-8, Typical clean-out detail.

Fittings of transite material are very different
and limited in types. Corrosion Proof Fitting Com-
pany manufactures most fittings and Johns-Man-
ville selis their fittings. Tyler Pipe Industries of
Tyler, Texas, makes a cast iron fitting for use with
transite pipe.

Mechanical joint cast iron is also very popular
for pressurized systems. The Clow Company is one
of the larger manufacturers of this. When specify-
ing mechanical joint piping, either tie rods or
thrust blocks must be used. Consult the Clow cata-
log for details.

Fire Water

Every day people see fire plugs but not many
consider the design of the underground fire system.
Fire plugs and monitors are furnished in plant pro-
tection systems.

Monitors are used to direct water to protect
specific risks which may not be accessible with a
portable hose stream or where the fire hazard is
such that prompt application of water is necessary.
They are also used where the area would be ex-
tremely hazardous to occupy during an emergency.
Monitors may be fixed on one target, but usually
they are left free to rotate by the operator. They
emit as much water as a 2%" hose which requires
three men to handle,

The Elkhart Brass Mfg. Co., of Elkhart, Indi-
ana, is a large producer of monitors. Figure 5-7
shows three types of their monitors.

Fire plugs are located around the perimeter of
each process unit, 5' from the road’s edge, at all

road intersections and one between road intersec-
tions if this distance exceeds 250'. Locate the
about 50" from an area or building where speciiﬂ!f
protection is desired. Do not locate them where
falling buildings or walls would injure the fire fight-
ers or possibly knock over the fire plug, resulting in
a loss of system pressure when it is needed the
most.

Fire water headers are usually 8", while
branches to plugs are 6”. Valves should be instalted
at intervals in the main header to make it possible
to shut -off small sections for repair or a new line
tie-in without having to shut down the system. Pro-
vide valves so that no break or repair will shut
down more than 1000 of the system.

Fire water mains should be looped, allowing
hydrants and monitors to be fed from two direc-
tions, greatly increasing the possible delivery of wa-
ter without excessive friction loss. Flushing con-
nections, 4" size, should be located at the ends ¢
far corners of the main. Fire water will freeze and
must be located under the area frost line. For safe-
ty, locate it 1° below frost line. Minimum cover
should be 3’ except under railroads where this is
increased to 4'. If the main is routed under a rail-
road the author suggests a culvert or pipe sleeve for
load protection.

Underground Cooling Water

For most installations, underground cooling
water supply and return lines are utilized for two
reasons. First, they eliminate possible freezing, and
second, they are cheaper. Some companies insist
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Elkhart manufactures a complete line of Deck Pipes or
Monitor Nozzles, There are eight different styles and three
different sizes to choose from. Elkhart monitor nozzles are
the only ones manufactured with double row, full diameter
nylon bearings, These “King-sized" bearings make the
nozzles extremely easy 1o operate at high pressures and
never need to be lubricated. Even at high pressures, one
man cen easily control any of these nozzles. Nozzles are
normally supptlied with a discharge tube and one tip. 600
GPM,, 1100 G.PM. and hydrant Monitor nozzies are
supplied with a 2% x 21" No, 282 discharge wbe and No,
181 tip. 2000 G.P M. Monitor nozzles are supplied with a
3%"” x 3%” No. 284 discharge tube and No. 181-3 tip. All
293 and 294 Monitors a'e available with a gauge and gauge
guard at extra cost, Frequently it is desirable to use a
combination straight stream and fog nozzie on thesa

price of the fog nozzle, Monitors are available with either
female TIPT or ASA flat-faced flanged bases (see list of
availabie bases). AR discharge tubes are equipped with
double stream shapers. Brass body painted red — specify
either polished brass or chromium piated trim.

Elkhart Monitor Nozzies

292 Handle Operated Monitor
Full 360% rotation with lock — Maximum elevation with
handle control — Has positive elevation lock.

202-6 for discharges from 200 to 500 G.P.M,
292.11 for discharges from 600 to 1 106 G.P.M.
292-20 for discharges from 1100 to 2000 G.P.M.

293 Single Wheet Cperated Monitor

Fuli 380° romton with ok - Maximum elevation hy
wheel operated worm gears which lock positively unless the
wheel is turned.

293.6 for discharges from 200 1g 800 G.P.M.
283-11 for discharges fram 600 to 1100 G.P.\m,
283-20 for discharges from 1100 to 2000 G.P.M.

284 Double Wheel Operated Monitor
Wheel-operated worm gears contro! hoth vertical and
horizontal operation and lock avtomatically — ful} 360°
rotation,

294-11 for discharges from 800 1100 G.P.M.
294-20 for discharges from 1 100 to 2000 G.P.M.

S

Figure 5.7, Fire menitor nozzles, Courtesy of Elkhart Brass Mfg. Co., Inc,
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on cooling water in overhiead pipeways, but this
means that their racks will be larger and laterals to
exchangers will be longer and consume more fit-
tings. The most economical system will employ un-
derground headers routed outside of the channel
end of exchangers, causing very short lateral lines.
If possible during plot plan development, locate all
exchangers using cooling water on one side of the
unit pipeway. This would eliminate having two sels
of supply and return headers. If one or two small
water users must be located on the opposite side, a
subheader could be run across the unit from the
main header to feed them.

Locating the cooling water headers at the chan-
nel end of the exchangers leaves the area under the
unit pipe rack clear for underground drains and
electrical distribution envelopes. It simplifies main-
tenance when needed and keeps these big headers
free and clear of foundations.

Space underground cooling water supply and
return headers at least 5’ apart (clearance between
steel) to keep heat from being conducted through
the earth from the hotter return header to the
cooler supply header. Branches are to have 1'-6"
clear tor shovel room only.

Pump-Out System

The closed process pump-out system is usually
tocated underground. It is a pressurized carbon
steel pipe connecting to the unit’s vessels, ex-
changers and some pumps, routed to a pump mani-
folded so it can be used as a pump-out pump,
which pumps the unit down discharging fo a stor-
age tank in the tank farm. This system is run with
90° elbows; clean-outs and manholes are not pro-
vided.

Glycol Lines

Glycol lines in cold process gasoline plants
should aiways be run underground. These are
routed to injet gas chillers and are discharged from
a positive displacement pump. This pump raises the
pressure from S50 psig to over 1000 psig and due to
the pump design the small glycol line is subject to
intense pulsation from each thrust of the pump’s
plunger. When this line is located overhead it has 2
good chance of shaking, rattling in the rack, and
eventually fatiguing and leaking at joints.

. Steam Tracing

Tracing is the term used to describe the trans.
fer of heat from a foreign source to piping systems,
Tracing is usually accomplished by a steam trucer
line, but sometimes this gives way to electrivc trac-
ing, where an electrical wire transmits heat to the
pipe.

Figure 5-8 shows how steam tracers are in-
stalled inside insulated lines. Steam traced lines
may have one or more tracers depending on the
amount of heat transfer required for the fluid. In-
sulation for steam traced lines must be sized one
size larger than line size to accommodate the trac-
er. For example, 8" insulation would be ordered
for 6" lines, ete. Since electrical tracing employs a
flat tape, oversized insulation is not necessary.

Steamn tracing is used to keep liquids from
freezing in cold climates, to keep a viscous liquid

from setting up or solidifying and to vaporize smilr—’

amounts of hydrocarbon condensate that may
form in a vapor service.

One-half inch copper tubing, with flared fit-
tings, is the most common and least expensive
method of steam trucing. Properly instalied, all
flared joints will be located outside the insulation
where any leak can be observed and repaired. This
also will prevent damage to insulation should a leak
occur. Steam of 100 to 150 psig is usually econom-
ically available for tracing.

Steam Tracing Design Practice

The “Low January Average” is available from
the U.S. Weather Bureau office for any particuiar
area. The Weather Bureau calculates this by aver-
aging the low temperatures for the entire month.
This Low January Average is used as the design low
temperature for determining extent of tracing or
“winterizing.”

For a Low Junuary Average ol 30°F or higher,
winterizing is specitfied oanly where a sustained
reading below 30°F is recorded several days of the
month, lasting 24 hours or longer.

For a Low January Average of 0°F to 29°F,
water must be protected from freezing. Trace
water to maintain a temperature of approximately
75°F. Hydrocarbons containing water must have
tracing applied to ““dead leg™ areas, where water
{which is heavier) can settle out and become a
freezing hazard.

e
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INSULATION
PIPE BEING TRACED

TRACER
SUPPORT SHOE

FPIPE. SUurPPORT

Figure 5-8, Section of steam tracer,

All fluids with pour points at or above the low
ambient design temperature should be traced to
maintain a temperature approximately 100°F
above their pour point. Pour point temperatures of
all fluids are available from chemical engineering
handbooks.

For a Low January Average below 0°F:
Winterizing is required for water and aquecus solu-
tions, Trace to maintain temperature of approximately
75°F.

Fluids with pour points at or above the low ambient
design temperature should be traced to maintain a tem-
perature approximately 100° above their pour point.
Special consideration i given to the following:

Buried lines, because of the deep frost line.

Air intakes 1o boilers and other heating equipment.
Cooling towers and air coolers.

Equipment Winterizing:

Pumps ure preferably winterized with companion pip-
ing. Compressors, blowers and other mechanical equip-
ment are specified for operation at low ambient design

temperature.

Storage tanks and vessels have winterized type drajns.

Water draw off sections of vessels and bottoms of Air
ot Gas receivers where water can collect are heat
traced.

Materials for Steam Tracing

Tracers shall be 0.D. tubing. Soft annealed copper tub-
ing shall be used where temperature of the product line
Or tracing steam does not exceed 400°F. Above this
temperature dead soft annealed hydraulic quality, low
carbon seamless steel tubing shall be used.

For stainless stee] lines, the tracer material shall be low
carbon steel. Stainless steel instrument leads shall be
traced with copper tubing.

For aluminum pipe lines, the tracer material shall be
stainiess steel.

For conditions where the tracer could overheat lines
containing acid, caustic, amine, phenolic water, or other
chemicals insulation spacer blocks shall be installed be-
iween tracer and pipe.

Each tracer shall have its own trap, Tracer traps shall
discharge to sewer. If condensate must be collected,
minimum usable pressure is 25 psig.

Tracer Size and Length

3. Required tracer size is determined by piping
heat loss and tracer steam pressure found in
the *Heat Loss Chart™ (Figure 5-93.
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b Minimum tracer size s 3/8°" OD. tubing;
maximum size is 1" O.D. tubing. For econo.
my, where “Heat Loss Chart™ indicates the
requirements for multiple tracers, a single

tracer with heat transfer cement should be
considered.

€. When using heat transfer cement, tracers of

3/8" and 12" are recommended. If more trac-

er area is required, multiple tracers of 3/8"
and 1/2" are used.

d. Meximum tracer lengths are based on tracer
size and steam pressure as follows:

L. Steam pressure 15 thru 25 psig:

200" for 3/8" and 1/2" tracers, 300° for
3/4” and 1" tracers,

2. Steam pressure $0 thru 200 psig:

200" for 3/8" and 172" tracers, and 400°
for 3/4” and 1” tracers.

Fracer lengths for tracing with heat transfer
cement shall be based on recommendation of
manufacturer,

Tracer Pocket Depth

Pocket depth is the distance the tracer rises in the di-
rection of flow from a low point to a high point. The
total pocket depth is the sum of all risers of the tracer,

Maximum tracer total pocket depth is equal to 40% of -

tracing steam gage pressure expressed in feet.

Example: Tracing steam 150 psig; 150 x .40 = 60’ total
pocket depth,

Figure 5-9, heat Joss chart, is used to determine
size and number of steam tracers. Note that

this chart is based on still air and heat loss must be

increased by the factors shown for the area’s nor-
mal winter wind velocity.

Example #1. water line:

A 4" water line is 1o be maintained at 35° minimum

fluid temperature. The low ambient design temperature
is ~10°.

At =35 minus (~10°) = 45,

Available steam 50 psig at 250°.
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Table 5-4

Flow Diagram Legend for Winterizing

ST
8TS

STT

SJ
ET

EX¥T

WD
wC
WF

Equ
ST

ET
PP

Steam traced and minimum insulation

Steam traced with spacers and minimum insulation
Steam traced with heat transfer cement and insulated
Steam jacketed pipe and insulated

Electric traced and minimum insulation

Electric traced with heat transfer cement and insulated
Winter drained and no insulation

Winter circulated and no insulation

Winter flushed and no insulation

ipment:  List the symbol with the title.
1" insulation, steam traced

1" insulation, electric traced

1" insulation, process protection

Instruments: List the symbol next to the instrurnent
number circle.

3T
ET
WS

Steam traced and minimum insulation
Electric traced and minimum insulation
Winter seal

Minimum fluid temperature = 35°,
Aty = 250° minus 35° = 215°.

Entering a 4" line and 45 for Aty and 215 for At,, one
3/8" O.D. tracer is indicated.

Example #2, Process Line:

An 8" line is to be maintained at 125° minimum fluid
temperature. The low ambient design ternperature is
25°,

Aty = 125° minus 25° = 100°,

Available steam 150 psig at 365°,

Minimum fluid temperature = 125°,

Aty = 365° minus 125° = 240°.

Entering an 8" fine and 100° for At, and 240° for Aty
one 3/8" O.D. tracer is indicated,

Winterizing Flow Diagram Symbols

Winterizing is accomplished by several means,

in addition to steam tracing. Whatever the means,
winterizing must be shown on the flow diagram to
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FROM PSSV
DISCHARGE.

Figure 5-10. Detail of directing flow in flare header.

communicate it to the customer, the field, the op-
eration people and the piping designer. The usual
place to communicate this is immediately after the
line number and size. For instance, 427A-6" ST
means that line 427 is material specification A, 6"
line size, and is steam traced. Winterizing symbols
may vary between companies, but Table 5-4 de-
picts terminology that is fairly common.

Flare Systems

Flare is the term used for the system which
disposes of a plant’s waste gases. Flare stacks are
the tall structures that route the gas to the atmos-
phere, usually with a “flare tip” which ignites the
gus. Not all flare stacks are ignited. In some parts
of the world, such as Lake Maracaibo in Venezuela,
the government will not allow a flame and the gas
is vented directly to the atmosphere.

Flare headers are the lines in units that receive
reliel valve discharges, vents, etc., and route this
gas to a flare knock-out drum which separates any
liquid that may have condensed in the line. Waste

gas from the knock-out drum is then routed to the
flare stack. Knock-out drums are located at the
flare stack to keep the line from the drum to the
stack as shert as possible.

[t is quite normal to have two flare headers and
two knock-out drums feeding one flare stack or
possibly separate stacks. One is for the low pres-
sure flare, for relief valves set at 175 psig or below,
and one is for the high pressure flare, for relief
valves with set pressures above 175 psig. This pres-
sure break point will vary from plant to plant and
is determined by a process pressure drop calcula-
tion and allowable back pressure in the low pres-
sure flare header., When two flare headers are re-
quired, the utility flow diagram will show the pres-
sure break point and which lines will vent into each
header.

Flare headers must be self-draining from origin
to the flare knock-out drum. There should be no
rises In the header as these will form pockets where
condensed liguids will accumulate and eventually
block the vapor flow.

Lines from relief valves to the flare headers
must also be routed to be self-draining into the top
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RELUIEF
VAILVE -

N

LS~ MANUAL DRAIN
~ROUTE T6 DRAIN FUNNEL

Figure 5-11. Drain valve installation for flare line,

of the header. This means relief valves will be lo-
cated higher than the flare header and the unit
flare header is usually one of the highest lines in
the pipe rack to keep it flowing down to the
knock-out drum. High pressure relief valve dis-
charges should have the ﬂow' directed into the
header. This would apply for relief valve sct pros-
sures of over 1000 psig. Figure 5-10 shows the pip-
ing detail for directing flow into a flare header.
There are cases where it is impossible or im-
practical to keep relief valve outlets sel f-draining to
the flare header. But in no case can a liquid pocket
be allowed to cause uncalculated back pressure on

the relief valve. When pressure must be relieved,

the relief valve must have a smooth flowing outlet
line to rid the piping of overpressure. When the
relief valve outlet must be lower than the flare
header, piping shall conform to Figure 5-1 1, drain
valve installation for flare line. The manual drain
valve must be accessible from grade or platform.

This installation would require regular draining by
the unit operators. Note that the flare line goes
into the top of the flare header. This must always
g0 in the top to prevent any condensate which may
be in the header from backing up in the lateral
coming from the relief valve.

Deid legs in cold climites must be steam traced
to prevent [reczing, Steam trucing may evaporate
all condensate in the leg and this is one method of
ridding dead legs of accumulated liquids. Even
when steam tracing is used the manuval drain valve
must be provided.

If the deud leg is in a spot where it prevents
access (by ladder or platform) to the druin valve,
provide two valves. One shall be located at the
dead leg, as shown in Figure 5-11. which shall al-
ways be left open. The other valve shall be located
at the druin funnel and this will be the operating
valve. The line to the operating valve will be steam
traced in cold climates, The valve at the dead og s
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ReLiefr

r*"‘jz SQUARE cUT &

PLAIN E8ND

- ProVIDE 4" WEEP )
HOLE. AT Low POINT

Figure 6-12. PSV discharging to atmosphere,

provided as an emergency shut-off in case of a
break in this small line.

Relief valves are usually located to relieve va-
pors. Hydrocarbon vapors are sometimes vented to
the atmosphere if located very high on top of tall
towers. Figure 5-12 shows how to route this to the
atmosphere. The tail pipe is to terminate a mini-
mum of 76" above any platform within a 40’ radi-
us. Relief valves must be accessible from a plat-
form. Always mount relief valves with the spring
vertical except for small liquid thermal relief
valves, which may be installed with the springina
horizontal position.

Never route liquid reliefs to a flare header.
These are to be routed to a nearby drain funnel or,
if none is available, run the PSV discharge line to
within 6" of grade. In cryogenic piping it is normal
to route liquids to a flare header; however, these
light hydrocarbons usually immediately flash into
vapor as they become warmer.

Tail Pipe Cuts

There is a very old myth among piping design-
ers that calls for a 45° bevel on relief valve tail
pipes discharging to the atmosphere. This myth has
been handed down from generation to generation
and in almost every plant today the beveled tail
pipe is seen. The idea proposed by the myth is that
beveling will direct the outlet velocity away from a
platform or building. The square cut end shown in
Figure 5-12 will direct the discharge upward, away
from platforms, etc., and will do it at the minimum
cost. The 45° bevel is more expensive to cut and
results in extra waste pipe. The real falacy of this

myth is seen when observing the actual installation

where bevels have been cut which, in ef fect, direct
the velocity toward operating platforms! This is
caused by improper orientation of the bevel. The
square cut end design esliminates all orientation
problems.
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Chapter 5
Review Tesat

The student should be able to answer the followin

read the chapter.

g questions. If three or more are missed, re-

1. Underground lines should be avoided.
2. Underground utility systems are classified in two divisions. Name them.
and
3. The minimum slope for gravity sewers is
4. Define storm water sewers,
5. What is in a2 combined sewer?
6. Define sanitary ;cwcr.
7. What is an invert?
8. What is a catch basin?
9. Cast iron soil pipe is available in sizes fo
10. A 90° elbow in cast iron is called
11, Cast iron joints are usually sealed with .
2. All sewer lines are to be located below the
13. To keep liquids from freezing in cold climates is one use of
14. A flare system disposes of a plant’s
15. When discharging to the atmosphere, relief valve tail pipes are fo have their ends

cut.
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6 Pipe Fabrication

Fabrication is the assembling and attaching of
component pieces to make a completed item. Fab-
rication of piping, the joining together of weldable
pipe and fittings, is done by field personnel at the
job site and by “shop fabricators,” a shop located
at a metropolitan area with access to qualified per-
sonnel and all materials on a large scale. Shop fabri-
cation is usually less costly than field fabrication
due to modern assembly line techniques and access
to the latest fabrication equipment. This savings
will average 10-15% over the usual field fabrica-
tion. Because shops have instant communication
with steel mills and large suppliers, they can locate
special materials or fittings for their customers’
needs. And as they buy huge quantities of piping
materials yearly, they can get the best possible
prices. Shop fabrication thus saves money on both
labor and materials,

Most pipe shops employ all union personnel.
The national union agreement calls for all pipe 2"
and smaller to be fabricated in the field. By ar-
rangement with the local union, smaller pipe may
be shop fabricated. They usually agree to this if
they cannot supply enough people to field fabri-
cate the work.

Normally,. pipe 3" and larger is shop fabricated.
Long straight runs are not supplied by shops. This
pipe is sent directly to the field. Underground pipe
is field fabricated.

Shops fabricate pipe for all companies. Each
company’s drawings and specifications are sent to
the shop in many different kinds of forms. Half of

g2

their drawings are supplied as fully dimensioned
plans and elevations. The other half are line isome-
trics, referred to as “spools” by contractors. Shops
do not call isometrics spools. Shops prepare a
drawing of a piece that js shippable and they call
this piece a spool. A line isometric may producr _
dozen shop spools. -~

" Welding

Shops have welders and engineers fully quali-
fied to make almost any type of weld necessary,
Most large contractors, such as Fluor, have com-
plete welding specifications and procedures which
shops use. However, for customers who do not fur-
nish welding specifications, shops have their own
specifications.

Welding symbols have been standardized by
AWS, the American Welding Society. Figure 6-1,
welding symbols, shows these standards.

Shop Details

The shop’s drafting room prepares drawings of™”
shop spools, showing every piece and every detail
dimension necessary for fabrication. With each
shop piece drawing a list of material is shown with
cut lengths for each piece of pipe to the closest
1/16".

When plans and elevations are supplied, a
“take-off” man is given the job of preparing a
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rough sketch of the shop spool. The sketch is
checked by a “take-off checker.” Then it is passed
to the detail draftsman who produces a finished
drawing, the shop spool. Take-off men sometimes
make a line isometric to pass on to draftsmen.

When isometrics are furnished to the shop, the
take-off man is usually by-passed and the line iso-
metric goes to the draftsman. He makes the deci-
sion of where to locate shop piece break points and
completes the detail drawing. The drawing is then
checked by a “break-down checker.” Some com-
panies have spools checked twice to ensure accura-
cy.

Shop spools are drawn orthographically and as
isometrics. Some shops do single line spools while
some do double line. Texas Pipe Bending Co. in
Houston has done ali kinds and now does single
line spools in isometric except for single plane
spools, which are drawn orthographically.

Figure 6-2, orthographic pipe spool, is drawn
orthographically because the pipe is in one plane.

Figure 6-3, isometric pipe spool, shows how
shop spools are drawn to show more than one
plane.

Figure 6-4, isometric spool with miters, shows
detail miter dimensioning. Note that the pipe’s to-
tal length is shown in the material list.

Figure 6-5, shop spool with bends, is drawn
orthographically because it is in one plane. Al
bend data is shown in the boxes at the drawing’s
top. The material list gives the total length of pipe
needed to complete the spool.

Pipe Bends

Pipe bends are used to make turns without us-
ing fittings. The pipe is usually filled with sand,
heated and bent to g radius and angle as specified.
The bend’s radiug should not be less than 5 pipe
diameters. For a 12" line this would be 5',

Fabrication shops have developed charts and
tables to aid detaijl draftsmen. These charts are use-
tul to piping designers as well. Tables 6-1 and 6-2,
30° bend data, supply dimensional data for 30°
bends. Tables 6-3 and 64, 45° bend data. supply
the same information for 45° bends. Tables 6-5
and 6-6, 60° bend data, supply dimensions for §0°
bends. Table 6-7, 90° bend data, shows 90° bend
dimensions. To read this table, for a 36" radius,
see 30" at the top and go down to 6 (at the left)

which would supply the arc dimension of 5°6".

Miter Waelds

Miter welds are often specified in low pressure
services as elbow substitutes. I very large lines fit-
tings are unavailable and miter weld elbows are
used. Where pressure drop must be held to a mii-
mum, the four-weld miter is used. Two-weld 90°
miters are used for maximum €conomy, but they
Cause the greatest pressure drop. The three-weld
miter is a compromise. Table 6-8, miter welding
dimensions, gives full details on miters. For angles
of 45° or less the one-weld miter is common.

Small Fittings

The pipe fabricator s concerned with dimen-
sions that affect the length of pipe he must supply.
Table 6-9, screwed and socketweld fittings, gives
dimensions of interest to pipe fabricators. Normal
thread engagement is also shown.

The Triangle

Piping designers run pipe vertically, horizontal-
ly and at angles. The most common angles formed
are 30° and 45°. By construction, piping draftsmen
make 90° triangles and apply their math back-
ground to solve triangles formed by these angles.
Pipe shops have developed triangle tables to aid in
quick solutions. Tables 6-10 and 6-1 1, 30° offsets,
supply solutions for 30° triangles. Tables 6-12 and
6-13, 45° offsets, show 45° triangle solutions.

The Cutback

A cutback is the dimension from the header
centerline to the nozzle’s nearest point. Cutback
dimensions are needed to determine the exact
length of the nozzie pipe. Table 6-14, 90° cutback
for standard weight pipe and Table 6-15, 90°
cutback for extra heavy pipe, give the cutback
dimensions when the nozzle’s ID rests on the
header's OD.

Table 6-16, cutback at elbows, supplies dimen-
sions for cutbacks occurring at 90° elbows. The
formula shown can be applied for sizes not listed.
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Bosic weld symbels and their location significonce

Arc end gas weld symbols
'Le_c{qﬂore Fillat Bl ot Arc-seam Groove
signilicance ihe UG OF 810t} o are-spot | Squnre vV Tevel U 7 FlareV
) Z v
Arrow- side 7\ T3 T™N#7N K| N ) I
o | WD | X7 | - NV v | e
~side \ \
Hot ¥
Both-sides —-b—/ A Nat YH- N .__,,lé: S X K "¢
No arrow-sids Not Not Kot Nat Not Nat Not Not Not
or ofher-side used used used usad used used used ysed used
significonce
Suppiementary symbols Typical welding symbols
Conlour Back or backing weld symbol
Weid all oround Fiald weld Fiosh ro— -
Any applicsble single
O . P groave weld symbal.

Locotion

of elements of o welding symboi

Surfocing weid symbol ingicating built-up surface

Finish symbal
Comdeat symbod

Size; size or strengih
for resistance weldd

Refesence line

Roat opening; depth of filling
for plug and stot welds

Groove angle, incivded
angie of countersink
tor phuy welds

Length of weid
Pitch {centes-to-center

.

01 hes
side

ot other reference =
Tail {may be omitled -
when referance

is not wsed}

Basic weld symbol |
or detail reference

gﬂ ]
Specitication, process,

] Field weld symbot

L Weld~gli-ground symbo!

Nymber of spot ar
projectisn weids

Elemanls in 1his oren
remain as shawa
whes toil and arrow

are revessad

spacingl of weids
Atrow connecling referents
fing 1o orecw side
of osrow-side member
= ol jainl
L-P

g other than size ore
shown on the drawing

Qrientglion, locdlion
Size {height of deposit]. ._W._/ ension
Omission indicates 50 :3

and alt disnensions
specitic height desired.

Double-fillet weiding symbel -'léeﬂg!!_s‘ i
i mission indicotes
Size Heagth af feg) womrmme _;_ 1 ~e_{1001 wed exlends
Specification, procesi1G between ehrupt

or ¢ther referance changas in ditection
or g3 dimeasigned

Chain-intermitient-fillet welding symbol
AT Langth of increments

3
Sire flengty of tegl———">"[g 2-8
Pitch{distance between
centers} of increments

Staggered intermittent-fille! weldiag symbol

Size {lengih of lee&————)—% 3% Length of increments
- \{Pilch [distance helween

centers) of increments

Single-V groove welding symbol

Size [depth of chamieringh
Omission indicates splh I i

&l ¢hamfering equal o z 8
thickness of members

Roat apening
§0° #————Grogve engle

Supplementery symbols used with welding symbols

Weld-all-around symbol

Weltd-o-araund  tymdol
indicates thot weid exiends
comptelely oround the jeint

Figid weid symbot
Fisld weld symbei.
% ./ Indicates thal weld &
16 be made af o place
other than that of
initig} coashragtion

Basic join's~ Identification of arrow side and other side of joint

Arraw of
welding symbol

Bult joint

Arrgw side
of joint
-

Areow side
of joint

P

-

gt
>
PV
17 Olner it
i . b side
Other side of jeint
of joint Arrow of

welding symbel

Corner joint

Arrow $ide
of joint

hrrow side
of joénL
-
e
| P

. e |

-

Arrow gof

1
I
¢
l
i
i
1
I
i
: of jeint
b

Eregu of

welding tymdel ol joint

Tee join!

Figure 8-1. Welding Symbols. Courtesy of Texas Pipe Bending Co., Inc.
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Figure 6-1., continued.
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STANDARD WELDING SYMBOLS

. Resistance weld symbals
otk or Meli- . rlange Hesistonce g Hesistance | Figsh or
Flare beve| backing thry Surfocing Edge Corner spot Projection seam upset
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Material List
Quantity Size Description
1 3 Std. Wt LR 90° Elt
2 3" Std. Wt. 45° Ell
1 3" 150 1h. SO RF Flg.
All pipe to be ASTM A-108 Gr. B Smls. Sch 40
1 3 0" — 7-3/4” {PE 1BE
1 3" 4 — 11-5/8" 28k
1 ) 3" 12" —- 16-3/16 28E

.

Total length 18" — 7

Figure 6-2. Orthographic pipe spool. Courtesy of Texas Pipe Bending Co., Inc.
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Material List
- Quantity Size Description

3 " Std. Wt. LR 90° Ell
5 6" Std. Wt. Str, Tee
1 17z 3000 tb. Thd'd Half Cplg.

All pipe to be ASTM A-108 Gr B. Smis Sch, 40
1 6" o' — 3.3/8" 2BE
1 &' O — 3-3/4 2BE
1 6" 0 - 7-1/8" 2BE
1 6" O —10-3/16" 2BE
2 8" 1 - 8.3/8" 2BE
2 6" - 11.3/4" 28k
1 6" 2 —8-15/18" 2BE

Total length 12— 11"

Figure 8-3. Isometric pipe spool. Courtesy of Texas Pipe Bending Co., inc.
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J" /o%ﬂ

Material List
Quantity Size Description
1 14" 150 ib. SO RF Fig.

Al pipe to be ASTM A-106 Gr. B. Smis. 0.375" Wall
1 14" 16° - 11-1/8”  2PE

Figure 6-4. lsometric spoo! with mitres, Courtesy of Texas Pipe Bending Co., Inc.
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Material List
Quantity Size Description
2 127

150 1b. SO RF Flg.

All pipe to be ASTM A-108 Gr. B. Smis 0.375" Wali
1 12" w1114 2p¢

Figure 6-5. Shop spool with bends, Courtesy of Texas Pipe Bending Co., Inc.
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Table 6-1
Q Center-ta-end (CE), Back Center-to-end {B/CE) and Arc
. Length for 30° Bends of Varying Radii and Pipe Sizes
e N&
areel \oi2
Feat — Inches {B/CE} Nominal Pipe Sizes linches}
Rad, Arc {CE} 2 3 4 5 6 8 10 12
6 348 1.5/8 1-15/18
7 3-11/16 78 2-3/16
8 4-3/16 2-1/8 27018
9 4-11/16 2:7/16 2.3/4 2-15/16
| 10| 514 | 211/16 |3 33/16
1 5-3/4 215/16 | 3-1/4 37118
1 -0 6-5/16 3.3/18 3172 31416 |3-13/18
1—-1 6-13/16 3-1/2 313/16 | 4 4-1/8
1 -2 7-5/18 3-3/4 4-1/18 4-1/4 4-3/8
1—3 7.7/8 4 45/16 4.1/2 4-5/8 4-3/4
1 -4 8-3/8 4.5/16 4-5/8 4-13/16 {4-15/16 | 5-1/18
1-~5 g8.7/8 4-8/18 4.7/8 5-1/16 5-3/16 5-5/16
1 -6 9-7/16 4-13/16 | 5-1/8 5-5/16 5.7/18 5-9/16 5-11/16
1 -1 9-15/16 5-1/18 5-3/8 5-9/16 5.11/16 | 5-13/16 |5-15/16
t—-8 10-1/2 §-3/8 5-11/16 | 5-7/8 & 6-1/8 6-1/4
1-9 11 5.6/8 5-15/16 | 6-1/8 6-1/4 6-3/8 . |6-1/2
1 - 10 11-1/2 5-7/8 6-3/16 8-3/8 6-1/2 6-5/8 6-3/4
1~ 111101116 6-3/16 6-1/2 68-11/16 |6-13/16 | 6-15/16 [7-1/16
2—-0 |1-~08/16 §-7/16 6-3/4 6-15/16 | 7-1/18 7-3/16 7-5/16 7-9/186
2—-1 |1 —-11i/18 6-11/16 | 7 71-3/18 7-5/16 7-7/16 7-9/18 7-13/18
2—-2 [1-158/8 6-15/16 | 7-1/4 11118 7-9/186 71118 [ 7-13/16 | 8-1/16
2-3 |1-218 7-1/4 7-8/18 7-3/4 1-7/8 8 g-1/8 8-3/8
24 i{1-2%8/8 7-1/2 7-13/16 | 8 8-1/8 8-1/4 B-3/8 8-5/8
25 11— 33/16 7-3/4 8-1/16 8-1/4 8-3/8 812 8-5/8 8-7/8
286 [1~-311/16 ] 81/18 8-3/8 8-9/18 g-11/16 | 8-13/16 |8-15/16 |9-3/16 9-1/2
2—-7 |1-41/4 8-5/16 8-5/8 8-13/16 |B-15/16 | 8-1/16 9-3/16 9.7/16 9-3/4
28 |1—-43/4 8-9/18 8-7/8 9-1/18 9-3/18 8-5/16 9.7/16 8-11/16 § 10
2-8 11 -514 8-13/16 | 9-1/8 9.5/18 9-7/16 9-8/16 8-11/16 | 8-15/16 | 10-1/4
2—-10}1-513/16 | 9-1/8 8.7/16 9-5/8 9-3/4 9-7/8 10 10-1/4 10-9/18
2 -~ 11;1 - 6.5/18 9-3/8 9-11/16 | 8-7/8 i0 10-1/8 10-1/4 10-1/2 10-13/16
3~0 11~87/8 8-5/8 9-15/16 | 10-1/8 10-1/4 10-3/8 16-1/2 10-3/4 11-1/16 1 11-6/186
3 -1 1 7-3/8 g-15/16 | 10-1/4 10-7/16 | 109/18 | 10-11/16} 10-13/16 11-1/16 ¢ 11.3/8 11-5/8
3—-2 {1-138 10-3/16 | 10-1/2 10-11/16 | 10-13/16} 10-156/16; 11.1/16 | i1-5/16 | 11.5/8 11-7/8
3~-3 ;187216 10-7/16 | 10-3/4 10-16/16 | 11-1/16 | 11.3/16 [ 11.5/16 | 11-8/16 | 11.7/8 1 - 0-1/8

Source: Texas Pipe Bending Co., Inc., Houston, Texas.




Pipe Fabrication 101
Table 6-2
Center-to-end {CE), Back Center-to-end (B/CE) and Arc
Length for 30° Bends of Varying Radii and Pipe Sizes
R
-
-t
ce IN®
IS
B/ce] \©
Feat — inchas {B/CE)} Nominal Pipe Sizes
Aad. Arc {CE} 2 3 4 5 3 8 10 12
3-4 11815181 1019/16] 11 11-3M18 11:5/15 117118 11-8/18 1131811 08 |1 — pas
3-5 | t-g12 1 11-5/16 11172 11-5/8 11-3/4 W28 |1-018 [1-0716 |1—011/18
3-6 |1-10 11144 11-9/18 11.3/4 11978 li-_p 1o0W8 11 -03/8 1011716 |1 - 015718
3-7 [ i-10172 11-1/2 113/16]1 - 0 1-0V8 [1-014 {1-038 |1-058 |1-015/15]1 = 13/16
3-8 [1-1116] V361018 |1 0518 1 Q16 11— 09/16 |1~ 0-11/16 |1 < 0.15/16 |1 = 1372 1— 1172
(3-89 [T- 1w |i-eing 1038 |1-0016 |1-011/16 |1 01216 |1 — 038716 |1 £318 {112 J1- 13/
3-1012-08 [1-0516 |1 o8 |1 -oswie i 9IS/IB |1~ V6 1~ 1-316 |1 19716 |1 - 1374 |1 =2
3112058 [1-058 101516 |1 118 10 V1S L1138 [1-112 |1-1am |1-2a18 |1 - 25778
8-0 12-118 1-018 11318 |1- 13/ 1=1y2 (1158 |1 ta/a |1-2 t- 2816 |1 - 2.9/16
A1 12001611~ 1/8 v — tats |1 = te/s 1—t3%4 Jt-178 |12 P~2U4  |1-28/16 1t- 21318
472 {2-2316 [1-1%/8 |1 - 111/16 |1 - 1978 1-2 1 =28 1-214 |2-242 [1- 324318 |1 - 31716
4-~3 1220316 {1 - 111716 |1 — 2 Lo2Y18 112615 |1- 2916 |1 - 20018 |1 < 213716 |3 = Ve |1 —3m
88 12314 1~ 18018 1~ 2178 |1 2718 T 2918 |1-211/18 |1~ 21316 {1 — 31716 |1 - 33/ |1 - 35/
3-8 [2-3%8 N -2316 {1-202 |1 —21i/16 1o 20306 (1 - 215/16 [1- 31716 |1 - 38/18 11— a5m 11 37/8
9-612-4va NM-2v2 [t _aq318|1 -3 1318 |1-314 [1-3a8 1356 1 osienslio 43718
SZ7 [2-836 1 238 [T -31716 11518 T I¥8 _J1-3V2 [y -358 1318 |i<aanis 1 - ains
4-8 [2-55/16 [1-3 123516 |1~31/2 [1-368 |1-3d8 1. 378 |1~418 |1-a716 |1 = 411715
429 12-518 11-3%4 [\ zens v awi 3ve_Ji-4 1-4618 11 - aam [T<arvie]i - 157
210128638 [1-39/16 |1 318 |1 atis [1o 338 [1m4va |1 -aye gt —asi |1 - a18/16 |1~ Barte
S 2-88 [1-31316 (148 1o asis Tio 47716 (1 -49116 11 - a1 s T Ts e o 5:1/2
50 12-77/16 "4l [1- 4w 3o 48/16 {1~ 411/16 1 - 413/16 |1 ~ 4.15/16 |1 — 53715 |1 512 15374
5=V 12711601 —ay8 |1 a1118 |1 47/8 li-s 1=5W8 |1-5V8 11-512 |1-513/16 1 6.1/16
5-2 12-816 [1-458 |1 awnsl1_sirm 1518 1-5%8 [1-s5v2 l1-swe |1—eurs 1o §-5/16
5~3 |z~9 T-418 [1-5316 [1-53m |[1-61z 1= 558 |1-534 [1-§ 1-65/16 |1 649/18
5% j2-9v2 T8 |1 o578 1T 55/8 [1-534 |1-578 |i-6 V-614 11-65/16 11— 619/18
S-S5 |2-106 1~ 5718 [1<s%a 1o SIS116 |1~ 6116 |1~ 6316 |1~ 68/16 11— 6816 T3 63/8 |1~ 7.1/8
5-8 | 2-100M6]1-511/1611 - ¢ 1 -63/16 |1 - 6516 |1-67/16 11— 6816 |1 - 615 1 718 |1- 7.378
527 121161 - 51818 [T — a1 87716 11-8916 [1-611/16 |1 - 613716 11~ 7.718 |1 = 738 [1- 788
| 58 [2~115/8 |1-s1/4 11_gorie 1o 634 [1-871/8 [1-7 1~V 1738 1< 111716 |1 = 715718
5-8 |3-018 [T 52 [T ewie]i o3 1-7v8 T1-7w8 |i-7am [1-78m 170 715016 | 1 - 8.3/16
3-3013-088 |1—saa J1-7n8 T3 tUE 1 -138 f1-792 [1-75m [1-77 1o 83/16 |1 - 8716
51131318 13 1=7516 11-7v2 1788 1 rawd |17 1—-818 [1-87/16 |1~ 8.11/18
6~0 [ 3- 11161~ 75/16 |1~ 75m 17 71N 1 - 1518 [V - 81/16 (128316 |1- 8318 i 834 |1-9

Source: Texas Pipe Bending Co.

. Ine., Houston, Texas,
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Process Piping Design

Table 6-3

Center-to-End (CE}, Back Center-to-End (B/CE) and Arch Length
for 45° Bends of Varying Radii and Pipe Sizes

R /
E i Ov (},
ce TN\
8/CE
Fest — inches {B/CE} Nominal Pipe Sizes
Rad. Ase CE Z 3 4 5 <] 8 16 12
6 4-11/16 2-1/2 3
7 5-1/2 2-1/8 3.3/8
8 8-5/16 3-5/16 31316
9 7-1/16 3.3/4 4-1/4 4-1/2
10 7-7/8 4-1/8 4-5/8 418
131 8-5/8 4-9/18 5.1/16 5-5/16
1-0 9-7/16 5 8-1/2 5.3/4 5.15/16
1—-1 10-3/186 5-3/8 5.7/8 6-1/8 6-5/16
V- 2 11 5-13/16 6-5/18 6-9/16 6-3/4
t -3 11.3/4 6-3/16 6-11/16 6-15/16 7-1/8 71-8/16
-4 1-09/18 6-5/8 7-1/8 7.3/8 79416 7.3/4
1-85 1 - 13/8 7-1/16 7-8/18 7-13/16 8 B8-3/16
1—-6 1-21/8 7-1/18 7-15/16 8-3/16 8-3/8 8-9/16 8-13/186
1-7 1 — 216016 7-7/8 8-3/8 B8-5/8 8-13/16 9 a-1/4
1—-8 1-311/18 8.5/16 8-13/18 9-1/16 a-1/4 9-7/16 9.11/16
1«9 1~ 4-1/2 8-11/16 9.3/18 8.7/16 | 9-5/8 9-13/16 10-1/16
110 |1~ 5-1/4 9-1/8 9-5/8 9-7/8 10118 10-1/4 10-1/2
1-1 i~ 6116 9.1/2 10 10-1/4 10-7/16 10-11/16 10-15/16 —
2-0 1 —67/8 8-15/16 15-7/16 10-11/18 10-7/8 11116 11-5/16 11-3/4
2-1 [1-725/8 10-3/8 16-7/8 11-1/8 11-5/18 11142 11-3/4 |1 - 0316
22 1-87/186 10-3/4 1-1/4 1-1/2 11-11/16 11-7/8 [1 - 0-1/8 1 - 0-9/18
2-3 1-93/16 11.3/16 111118 11-15/16{1 - 0-1/8 T~ 0816 (1-0916 (1-1
2~ 4 1~ 10 11-5/8 - 0B 1 - 0-3/8 1 - 08/186 1 - (-3/4 1 -1 1 - 1418
25 1 - 10-3/4 1-0 1 - 012 1 - 0-3/4 1--0-15/16 |1 - 1-4/8 1 - 13/8 1 - 1-13/18
2~6 1-118/%6 | 1 ~ 0.7/186 1015/ |1 - 1-3/16 1--1-3/8 1 - 1.8/18 1- 1-13/16 |1 - 2-1/4 1 - 2-11/16
27 2 - 03/8 1~013/18] 1 - 1.5/16 1 - 1-9/18 1 - 1-3/4 1 1.16/16 {1 — 2-3/16 1-— 25/8 1 - 3116
2—-8 2~ 11/8 1 - 1-1/4 1 - 1-3/4 1-2 1 223/16 11~ 2.3/8 1 — 2-5/8 1—-3Y16 | 1-~3V2
2-98 2~ 15716 5 1 —~ 1-11A86] 1 - 2.3/18 1 —2.7/18 1 - 2.5/8 1 - 2-13/18 |1 — 3-1/16 ¥ - 3172 1 - 3-15/16
210 12-2111611V-2118 1 - 2.8/18 1~ 2:13/16 1 -3 11— 3316 1 - 3718 1378 1 — 45/16
2 -11 12 - 3V2 1 21/2 1 -3 1-31/4 1 376 11 - 15/8 1 - 378 14806 L1 a4
3 6 2 414 1- 2156 1 - 32216 |1 - 31916 |1 - 3778 1~ 41716 |1 - 4518 [l - 434 t— 5316 |1 - 58/16
31 (2-8116 |1~ 35/16 { 1-313/16 [1-41/16 [1~414 |[1-47/16 |1 -~40/16 {1 ~51/8 {1-569/16 |1-515/
3i-2 i2-57/8 1— 334 1 —4.1/4 1 - 4.1/2 T - 41116 |1 — 4%/8 1 - 5.1/8 t1~-58/16 i1—-6 1~ 638
3-3 |2-658 1—-41/8 | 1-458 {1-47/8 {1-51/16 i1-51/4 |1-512 1 - 515/16 | 1 — 6:3/8 1 - 5.3/4
Source: Texas Pipe Bending Co., Inc., Houston, Texas,




Pipe Fabrication . 103

Table 6-4
Center-to-end (CE}, Back Center-to-end (B/CE) and Arc

Length for 45° Bends of Varying Radii and Pipe Sizes

R ,
{ cf"oﬁ,
CE A
B/CE
... . ..Fret— Inches . . {B/CE) Nominal Pipe Sizes_

Rad. Ars [CE) z I 4 I3 6 [ 10 12
381279016 11-49/16 | 1-5116 |1~ 5508 Vo5W2 [1-811/16 ] 1-518/16 | 1~ 6ara 16116 | 173018
3-6 | 2-83/16 li1-8 1—5.1:2 1-5-3/4 '~ 515/16 | 1 - 6-1/8 1-638 [ 1-613/18 | 171 1 7.5/8
3i-6 | z2-9 1— 5.3/8 1-878 (1618 | 1-6515 | 162 |1 exa | 17376 1 - 7.5/8 1-8
3-7 | 2-ga/ 1251318 [1-66/16 | 1-60/16 | 1-8m4 |1 6-15/16 | 1~ 7316 | 1 - 7-5/8 1—-8116 | 1-87/18
3-8 -~ 109/16 | 1 6.1/4 1- 634 1-7 1-73/18 |1~ 728 1-78/8 1=81/16 | 1—8.1/2 1-8.7/8
3-89 [2-11516 |1 _6Em 1- 718 1—7.3/8 1-79/16 |1 - 7.3/4 1-8 1—-87/16 | 1-87/8 1-0.1/4
3-.0 ] 3-01/8 V~7U16 {17916 [ 1-713/16 | 18 178316 | V-87/16 [1~8W8 | 1-95/16 | {—919/18
37311301516 |1-77/16 | 1- 71515 |3-8318 1-838 |1 8ens | 1-giwe T o4 [1Zeniie [T ois
4~0 | 311118 11— 7978 1-828 1-B5/8 181316 i -8 1-9V4 1 1-91Y16 | 1-100/8 | 1—10.1/3
41 | 3-2.1/2 128816 | 181316 (19118 | 1~81/a |12 SWIE [ 1-91116 | 11048 | 1-108/16 | 1—10.15/15
4~2 | 3-31/4 J-81N18 | 1-98316 |1-89/18 | 1658 V-@1316 [ 1-101/18 [ - 1002 111071 | 1o 115175
4-3 1 3-41/18 [1-878 1-853 1 - 5.7/8 1-10V16 11074 [0z | 1-109808] 1o i@ T 11-3/4
44 | 3-41316 [1-89/16 | 1- 101718 1 905/16 § 1~10¥2 |1~ 1011/16 1- 10.15/16] 1= 11.3/8 1 $1-13/18 | 2 — 0-3/15
4-5 T3 %58/ 1 =S58 1-107/16 | 1-1011/18] 1— 10778 |52 V138 [1-106/%8 [ 11134 | 2-0318 | 2 - 00718
A6 | 3-6116 [1-1038 | 110778 1118 |- 10516 [ 11102 | 1 1134 | 2= 09718 2 - 05/8 21
877 [3-7316 11-~101316) 1- 115718 1-119/16 | 1~ 11-3/4 | 1-11-15/16] 2~ 0-3/16 | 2~ 05/8 2-19/16 | 21718
4-8 | 3-8 V- 11316 | 1~ 1111/16 | 1 11.15/16 | 2 - o.1/8 2-05/16 | 2-0918 |21 21716 | 2- 1-13/16
4-9 | 3 83/4 1-115/8 |2-pig 20378 2~09/16 | 72— g3/a 2-1 2-1716 | 2-1-7/8 2 - 2172
4-1013-9518 |20 2- 0472 2-03/3 2-015/16 ] 2- 1-1/8 2-1.3/8 2-113/16 | 2- 2174 2--2.5/8
4-M [ 3-10518 [2-07716 | 2-015716 |22 1316 12-v38 [2-19/16 | 2- 11318 | 42173 221116 | 2~ 3-1,18
5-0 [a-111/8 |2-67/8 2-138 215§ 2113116 | 22 2~2H4 | 2-21116 | 2~ 3978 2-31/2
5-1 | 3~1115/16 ] 2— 1.1/4 2 - 1.3/4 2-2 2~2318 | 2-233/8 2-2.5/8 23116 1 2-31/2 2-3.7/8

52 | 4-01116 T2 111716 (2o 2358 2-2718 | 2-25/8 |2-213/16 | 2-3118 | 23172 2-3.95/16 | 2 - 4.6/18
5-3 |a-vyz 2397 2-25/8 2 < 2.7/3 2-3116 | 2-3v4 2. 3.1/2 2-315/16 | 2— 4978 2~ 4.3/4
[5-4 | a-7is4 RERS X N EEE 2734 12-37/15 12-35m 2-378 | 2-45/16 | 2-334 3-8 51/ |
5-5 [4-318 [2-298n8 2155 2-31118 | 2-378  [2Z 435 N 2-asnns T2-amd T3 5.3/16 | 2 .- 5.8/16
576 | 4-31316 [2-38/16 | 251978 2-4116 [2-414 |2-47716 | 2-411/16 2 - 5.1/8 2-59/16 | 2 615/18
|57 | 4457 7—33/4 2-41/4 2~ 4172 2-41/1612-27/8 | 2-5.1/8 2-58/16 | 2-6 Z-6378
5-8 [ 457118 ] 2- 436 | 2-aiiis 3o 415716 [ 2-51/8 [2-55/16 |a-3ens |21 % 2~ 67/18 | 2- 613716
528 14-6318 123816 |2-5118 2755018 |2-581/2 [2-51118 | 2-515/18 | 2= 6.378 2 6.13/16 | 2~ 7-3718
5-10 | 47 2-8 2-51/2 25374 2~5.15/15 | 2 - 6-1/8 2 - 53/8 2 813/16 | 2 — 7-1/4 2 75/8
5~11.] 4~ 73/ 2--5.3/8 2878 2-61/8 2-65/16 [2-612 |2-534 | 3-73/18 | 20758 28

§5-0 1 4~B9/16 |2-613/16 | 5-65/15 [2-68/16 | 7-6344 |7-8155 l2-73n6 T 2-78i | 3-81e 1283718

Source: Texas Pipe Bending Co.,

Inc., Houston, Texas.



104 Process Piping Design
Table 6-5
Center-to-end {CE), Back Center-to-end (B/CE) and Arc
Length for 60° Bends of Varying Radii and Pipe Sizes
0 /
&
E=-S
4]
CE
B/CE
¥ aat - Inches {B/CE} Nominat Pipe Sizes
flad. Arc TCE z 3 r F 6 g8 () iz
-] £5/16 3118 A1/8
7 7-5/16 4115 4.3/4
8 8.3/8 4-5/8 55/18
) 97116 5-3/18 5718 6-3/16
10 10:1/2 5-3/4 67718 6374
11 112 6-3/8 71716 7-3/8
1— 0 |1-08/18 6-15/16 7-5/8 7-15/18 81/4
1—1 {1-158 7-1/2 8-3/16 8-1/2 81316
1-2 [1-25/8 81/18 8-3/4 9-1/16 9-3/8
T—3 1311116 811/16 $-3/8 911/16 10 105/16
T4 | 14374 9-1/4 5-16/16 16-1/4 16:9/16 10:7/8
1— B |- 513/18 §-13/16 10-1/2 10-13/16 11-1/8 11-7/18
1-6 |1-67/8 10-3/8 11-1/16 11-3/8 M11/16 [1~0 1 - 06/16
1-7 [1-778 11 13-11/16 |1 ~ 0 1-0516 |1--058 |1~ 015/18
1—8 | 1- 81518 119/16 | 1~014 |1-00/16 |1-0W/8 1— 1316 |1 1142
1-9 [1-10 1018 |t-013/16 |1~ 11/8 1-3116 |t—1a/4 [i-2116
1= 10[ 1 - 111810161~ 438 [t~ 11818 [1-2 1-25/18 [1-258
1—1ij2-018 |1-11a4 [1-11516 {1214 1-29/16 |1-218 113386
2-0 f2-11/8 J1—17/8 |1-29/16 [1-278 1-3316 [1-312 [1-31316]1-438
21 [2-2316 |1 2716 |1-3Wi6 113716 |1-334 1-4118 |1-438 |1-415/18
2-2 |2-314 jt-3 131118 14 t— 4516 1458 |1-415/16]1-5612
23 [2~41/4 [1-3916 |1-41/4 [1-4916 [1-418 1-5316 |1-812 |1-61/16
2-4 {28516 |1-4316 |1-47/8 [1~5316 |1-51/2 1= 51316 |V~ 6-1/8 |1 — 61116
25 |2-63/8 |1-43/4 |1-57/18 |1—53/4 1-61/16 {1—-63/8 |[1-611/16]1~7-1/4
2—-8 127716 |[1~55/16 |1—6 16516 |1-65/8 1= 615016 |1~ 71/8 [1—7-13/16 |1~ 8.7/16
2-7 [2-8B316 |1-57/8 |1-68/16 |}-679/8 1-7318 J1-712 |[1-71316]t-aams 1-9
2-8 [2-81/2 [1~612 [1-74/16 |t-73/2 1-713/16 {1-818 |[1-8716 [t—8 1 9.5/8
2-9 12108161~ 7116 [1-734 {1-8116 |1-838 1811716 [1-8 19516 |1- 103016
2~ 10} 2-115/8 |1-75/8 |1-85/16 |t~ B854 1-815/16 [1-914 |1-9916 |1~ 1018 |1-—103/4
2~ 1113~05/8 [1-8316 |1-87/8 |1-03/16 |1-81/2 1< 913716 |1 — 10:1/8 | 1— 1011/16 | 1 — 11.6/16
30 [3~1111B|1-813/16] 1 - 8.1/2 |1-61316 ]1-101/8 |1 -107/16{1— 1034 |1—115/16 |t~ 11-15/16 | 2 —O-1/2
3~-1 [3-23/4 |[1-03/8 [1-101/18]1~103/8 ]1- 011/16 (1 - 11 1 115/16 |1 - 11.7/8 12 - 0-1/2 FRSERYIT
32 |2~ 31316 |1~ G 15/16] 1 — 105/8 {1~ 1015/16 ] 1 — 11-1/4 {1 119161 ~11.7/8 [2-0N16 |2~ LYiE |2 - 16/8
3w3 (34131611012 |1 -133/18 ]t~ 101/2 11 - 1193/18 |2 018 |2-07/16 |21 2- 158 2 - 23/18

Source: Texas Pipe Bending Co., Inc., Houston, Texas,
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Pipe Fabrication 105
Table 6-6
Center-to-end (CE}, Back Center-to-end {B/CE}, and Arc
 Length for 60° Bends of Varying Radii and Pipe Size
F\’ /
&y
- VA
N
ce IG5
B/CE -
Feet — inchas {B/CE) Nominal Pipe Sizes .
Rad, Arc T3] Fl 3 3 5 ) i6 13
3-4 3587/ 1—11-1/8 P—1113/16 2~ 0-1/8 2—-0118 2-0-3/4 2 - 1.4/16 2~ 15/8 1~ 2-1/4242:13/18
3-8 3-615M186 1-1131/16 | 2 0378 201G {2w1 2 18/18 2-18/8 2-~23/18 2-213/16 2-»3-3/8-
3-8 3-8 2- 014 2-015/18 |2~ 114 |2- 1916 | z-17/8 2-23/16 | 2-2.3/4 2338 | 231516 |
3.7 -8 2—-013/16 | 2 1-1/2 2-11316 | 2 2.1/8 2-23116 | 2— 2374 2-35/16 [2-315/16 | 2 - 4172
ics 3-101/18 [ 2- 1578 2-2116 [2-23/8 [2-Z1118 23 2- 38716 | 3<39/8 Z-479j2 [2-6i/16
3-8 3-1.1/8 |2-2 221116 [2-3 2-35/16 | 2— 358 2~ 315016 | 2 - 4-1/2 2-51/8 |2-511/18
(376 | 4-03/16 |[2-29/18 2-31/4 2--39/18 |2-37/8 24316 | 2~ a1/2 2-5116 [2-B11/16 | 2 - 61/4
311 | 4-1318 | 2_31/8 2-31316 [2-4V8 |2-47/18 | 2- 4974 2-5Y15 | 2- 556/8 2-61/4 |2-613/18
4-0 4-214  12-371/16 | 2 43/8 2-41116 |26 2-55/16 | 2-55/8 2-63/16 | 2-6-13/16 | 2~ 7-3/B
P 4~38/16 |2-456/16 |2-8 2-5516 |2-558 |2-515/16 | 2-6.1/4 | 2- 61316 | 279716 128
4-32 4—a.a/s 247/ 2-68/16 | 2-57/8 |[7-63/16 |2-61/2 2-813/18 | 2 - 7.3/8 2-8 2z -B8i16
4.3 4 ~523/18 2—57/16 2 - §1/8 2-B-7/16 2 - 5304 2 #1116 2~ 7318 2~ 15118 2-88/16 2-89-1/8
4-4 4—-67/16 |28 2—-B11/16 |27 27516 | 2. 7.5/8 2-715/16 | 2 - B-1/2 2-9-1/8 | 2-9.11/18
4-5 4— 7172 2~ 6-5/8 2-75/16 |2-788 |2-715/16 | 2~8.1/4 2-80/16 | 2-0-U/8 2-903/4 | 2- 106/18
4-8 4-89/16 [2-7.3/16 | 2—79/8 28316 |2-8172 ?2-813/16 | 2-9.4/8 29116 | 2 168/16 | 2~ 10.7/8
) 4 - 9.5/8 27374 28718 [2-834 [Zw01/18 |2-99/8 293116 | 2~10-1/4 [ 21078 | 2~ 11.9/18
I R 4~106/8 | 2—85/16 |28 2-985/16 |2 g5/ 2-915/16 |2~ 101/4 | 72— 101316 2= 11-7/16 | 30
48 41111716 | 2 — 8.15/16 2-08/8 2—-8.15/16 | 2~ 10-1/4 2 - 10916 2-10-7/8 2~ 117418 =015 3-045/8
4-10 | §-04/4 2-91/2 2-10W16 |2-101/2 [2-1013/16] 2~ 111/8 | 2117718 § 3D 3~06/8 |3~ 1316
4-11 5. 1-13/18 2 - 13-1/16 2-1603/4 Z2—- 11416 ] 2 -~ 11.3/8 2—- 11111161 3 -0 3I-09/18 3~ 1.3/16 3~ 1-3/4
5.0 521316 [2-105/8 [2-11518 |2~ 116/8 |2 11.16/16 | 3= 0.1/ 3-039/16 | 3 1-1/8 T 1-3/4 | 325716
51 5— 3-7/8 244 | 2-1115/16 [ 3~ 01/ | 3-0-0/16 | 30978 3~13/16 | 3. 1374 3I-23/8 | 3-215/18
5_3 5~ 415/16 { 2 - 11.13/16 | 3— 0172 3-013/16 | 3 1.1/8 3I-17/16 | 3- 1-3/4 3-2516 [3-215/16]3-312 |
{53 5-6 3 - 0-3/8 3-8 13-13/8 13- 11916 13- 2 3. 25/16 | 3 2708 3I-3Y2 | 3-4118
54 5_7 3-0-15/16 | 3 1-5/8 3~ 116716 | 3—2.1/4 3-26/16 | 3-27/8 3-3718 13-4116 | 3-45/8
5-5 5-81/18 [ 3~11/2 3-23/16 (3-2V2 |[2-243/18 | 3- 318 3-3716 | 3-4 3-45/8 | 3-53/16
5-5 &—-9.1/8 3-2.1/8 3-213N18 3~31/8 33186 3-3¥4 34118 3-a45/8 3-5-1/4 I-513/16
5_7 §—103/16 | 3~ 2.11/16 | 3— 33/8 3-311/16 | 3- & 3-45/16 | 3- 45/8 35318 [ 3-513/16] 3~ 63/8
58 6~ 11.3/16 | 3— 3374 3-315/16 3414 13-48/16 | 34778 35316 | 3~ 53/4 3I-638 | 3-615/16
_i:_g_- 8~ 01/4 3 313/18 3 4-1/2 I 41316 | 3 ~5-1/8 3-57/16 3~ 53/4 3 ~5:5/16 3--6-15/16 | 3~ T-1/F
5-30 | 6-18/16 | 34716 | 35178 3-57/16 | 3534 3-61/i16 | 3- 62/ 3-6158/16 | 3~ 7.9/16 | 3—8.1/8
5-11 | 6-2.3/8 1.5 3-511/16 | 3-8 36516 | 3-66/8 3-615/16 | 3- 7./2 3--8.1/8 | 3-811/16
6-0 6 - 3378 359/16 | 36174 3-69/16 3-8y | a- 718 | 3-71/2 3I-8Y16 | 3-B11/16 | 38174

Source: Texas Pipe Bending Co., Inc,, Houston, Texas.
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Pipe Fabrication

Table 6-BA
Miter Welding

107

-SEE 307 o B
45 CR &0 - -
o
j N [
45° \
o\ 22030
kaf.j R

Size| 30° 45° 60° A A 8 c D E

3| 2 3/4 1 212 | s 1.7/8 2518 5.1/4 33/4 2114

4 | &8 15/16 1.5/15 6 15/16 2172 EXY 6-7/8 5 3178

6| 8 1-3/8 1-15/16 9 1-3/8 3374 5174 10-3/16 17115 4-11/18

8 | 118 L1Y16 (2472 1-0 11318 5 7 1- 19118 515/16 6-5/16
10 | +7716 | 2174 3178 1-3 214 5316 BII6) 1~ 415016 | 1- 07718 115118
12 | 111/16 | 2578 31116 1—6  |25/8 7.7/18 10-9/16| 1 - 83/16 | 1-2.15/18 8-11/15
14 i-7/8 .7/8 4116 1-8 27/8 B11/16 | 1 - O-5/18 i—-1Nn-u8 1 —5-3/8 11-5/8
16 | 21/8 35/16 45/8 7-0 25/18 81516 |1 - 218 | 2-2972 | 1-7%/8 1 1-1/4
18 | 29/16 | 3.9/4 5-3/16 2-3  |33m V316 ] 1~31316] 2-5.7/8 | 1- 1038 | 12778
20 | 21116 | 418 534 I-8 |ei/8 1-07/16 |1~59/16 |2-61/8 | 206778 1 45/8
22 | 2806 | 298 63/8 7-9 48/18 1= 11116 |1~ 7516 | 3-07/16 | 2~ 35116 | 16318
% 336 |5 615/16 3.0 5 1=215/16 {1 -9-1/16 | 3~ 313/16 | 23— 513716 | 1= T13/16
28 3172 8.3/8 7442 3-3 B-3/8 - 4.1/8 1 167/8 3-7 1{!5 2 - 8-5/16 1 ?-9/16
28 | 3378 513/16 81/16 3¢ 81916 1538 |2-066/8 |3-109187 210937168 | Y- 113716
% 14 &3/18 85/8 ) 6-3/16 1-65/8 12-238 14-158 |3-1wa |2-0778
32 | 45/16 | G&/8 e1/4 4-0 |[&sm 1~77/8 |2-41/8 |4-8 3- 3374 72172
M | aons | 7ans %1318 4-3 71716 1~818 [2-57/8 |4-83/8 |3-61/4 2~ 418
36 | 41316 | 1778 6378 Py 778 1-1038 [2-76/ | 4- 1158 | 3-89/ 25778
38 | &1/18 | %78 T Py 7778 T<1156/8 |2-538 (5.3 3~11-1/4 [ 29172
40 | 53/8 85/16 119716 5-0 | 85/18 2-07/8 [2-111/8 [5~6516 |4- 111716 | 2-90.1/5
42 [55/8 | 811715 1-0Y8 [5-3 (8118 2-218 [3-07/8 |5-99/16 |4~ 43/16 |3~ 1013/18
48 | 67716 | 615718 =178 |6—~0 |&is/1e 2-8513/16 {36316 | 6-7-1/2 |4- 116/ |3-3%5a
54 | 7174 11.3/18 1-39/t6 |58 113718 2-99/16 (31178 | 7=54i2 |5~ 51/ - a4
B0 [ 81/16 | 1-06716 |1-5518 15_8 120W16 13-1114 [4-axa | 8-37/16 |6-20/16 | 4=i1i/15
72 | as/g 1-216/16 | 1~ 8 ais o6 |5 —25ns |3 aws [6l3va |g- 148 17512 |[a-1155

Source: Texas Pipe Bending Co., Houstan, Texas.

. - it e i



108

Process Piping Design

Table 6-88
Miter Welding Dimensions

—

G H I J K L M N P s T u

/2 11318 3-5/16 37118 2-7/16 1-7/16 3/8 /8 35/8 2.9/16 1-13/16 | 1+-1/18

/8 | 1-5/8 4-3/8 43118 3318 1-15/16 716 | t-3/18 3-13/18 3-1/4 2-3/8 1-1/2

8 12716 6-6/16 6-9/16 41316 31/18 11/1611-131§ 7-3/36 41518 3916 2-3/18
1-1/8 | 33ns 8-13/16 8-11/15 &7/16 4-3/16 8 12:3/8 9.5/8 6-1/2 4-3/4 3
1-7/16 | 4 11 10-16/16 8-1/16 53/18 |1-1118 [3 1-0 8-1/16 8-16/16 | 313/18
1-11/16| 413148 11318 11 8-5/8 8-1/4 1-t/4  139/18 1—-2716 9-11/16 7-3/18 4-11/18
1-7/8 |66/8 1-—-33%/8 1-3 11-1/4 112 1-3/8 14316 1—413/16 11-1/8 8-3/8 5-5/8
21/8 {6716 1—-58/18 1-~51/8 1-0-1/8 8-5/8 1-9/16 [4.3/4 1= 7-1/4 1 0-11/16 9-9/16 67716
2-7116 { 7-1/4 1 7.3/4 1--78/16 - 27716 §9/16 {1-13/1615-3/8 1~ 9-5/8 1-2.3/8 10-3/4 7-1/8
2-11/16} 81118 1 9-15/16 1-9.7/18 1~ 4118 10117161 2 515/16 ]2 0116 {1~ 31518 11-36/16 | 7-15/186
2-15/16] 8-13/16 2~ 03/18 T~ 116/16 | 1-511/16 11-13/16) 2.3/16 | 6-9/16 22316 |1-51/2 t—1-1/8 B-3/4
3-3/16 {96/8 2 2-3/8 2-2116 1t—75/16 |1-p15/18 |28 | 7.3/16 2—41316 [t~ 1116 | 1—2-8/16 §5-9/16
342 |1e 2 —49/16 2-37/8 1—-87/8 1 — 178 2-9/16 |7-3/4 2714 1 —8-5/8 1312 10-3/8
33/4 I 1/4 2 - 63/4 26 1—-101/2 (13 2-13/16]8.3/8 2~ 95/8 1-306/16 |1~ 411/16 {11.1/16
4 t~-0118 2 - 8-15/16 2-8-1/8 2-0-18 1-—-41/8 3 815/18 {3-0¥16 |1-11.72/8 {1-5.7/8 11-7/8
45/16 {1 0/8 2—11-1/8 2-105/16 12-1-11/16 |1~ 6116 13316 |9-9/18 A-27/118 12-1-112 1~7-1/8 1—0:3/4
4-9/16 |1~ 111718 3~ 1-5/16 3-07/16 2~ 3516 [1-6-3/16 |33/8 (1018 3 47/8 2-31/1 |1-85/16 1= 19716
4-13/16] 1 - 2.7/18 33916 3-249/16 2—-416/16 | 1- 7516 |38/16 | 109/4 3714 2 45/8 1—~9:1/2 1-2.3
5116 1—21/4 3~5.3/4 3-411/18 [2-6918 [1-8716 lawa [115/16 |3- 911116 2—-63/18 |1 10-1H16 [ 1 — 3 3rw’
53/8 |1—41118 3 - 1-18/16 3 6-7/8 2—-8.1/8 T—-9.3/8 4 1L.16/16 |[4— 01116 |2~ 7718 1-11.1/8 1—-37/8
&5/8 11-47/8 3 10-1/8 3-9 2~ 9.3/4 T-002 14316 11012 |4~21/2 2~8716 |2-1-1/18 1—- 41116
687/16 | 1 - 7-58/16 4~ 41116 4~ 37/16 3-29/16 [2-111/16 1434 [1-25/16[4-9-11/16 | 3— 2.1/8 2-4.5/8 1-7-1/8
1174 [1-811/18 4 — 11-5/18 4 8.7/8 3-7-3/8 2478 5-3/8 |1-41/8 [5—-47/8 37 2814 1~9.1/2
81/16 {2~ 0-1/8 5—5-7/8 5—4-3/8 4 - 0-1/4 2-8-1/8 5-15/1611 - 5-7/8 |6 - 0-1/8 3-~115/8 [2-11.3/4 1—1i-7/8
95/8 |2~-8 E~7 6 5-1/4 410 3 2-3/4 36 f1-942 |T-21902 4 - 9-3/8 3-7 2 45/8

Source: Texas Pipe Bending Co., inc., Houston, Texas
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Table 6-9A
Socket Weld Fittings

*4 4 c . :
émr i I O R M{ mm@%@#

a0°en Tee Cross 45° EH Coupling  Half Coupling " Flange
Nominal Nominal
Pipe 12000 Ib. & 3000 ib. 4000 Ib, 6000 th, All Wis. 1501b. 3001, 6001b. | Pipe
Size A B A B A B C D E E E Size
1/8 116 | 5116 1/4 5/8 ' 1/8
1/4 W6 | 5716 1/4 5/8 1/4 172 3/4 1/4
3/8 9/16 | s/16 8/16 3/8 174 | 1116 174 12 3/4 3/8
1/2 5/8 /16 3/4 1/2 6/8 3/8 am 7/8 1/4 1/2 3/4 1/2
3/4 3/4 142 7/8 9/16 | - 3/4 7416 38 1 15/16 | 3716 | 9/16 | 1318 ] 374
S~ 1 7/8 9/16 [11/16 11118 | /8 12 172 -8 | 316 | 916 | 13/15 1
VYA L 1118 L 1Me | 14 | 131 1-1/16 | s5/8 W2 1318 | 14 172 1316 ] 1174
Y2 4 [ 13ne | 1172 1 1-1/4 5/8 172 1-1/4 /4 9/16 7/8 1-1/2
2 1-1/2 1 1-5/8 | 11/8 | 1172 7/8 3/4 1-5/8 | 5/15 5/8 1 2

Table 6-98
Threaded Fittings

NS N

A

o0° en Tee 45° |t Coupling
Nominat ] i 3000 1b.] Normal | Nominal
Pipe 2000 Ib, 3000 ib, ! 6000 ib, 6000 16.]  Thread Pipe
Size | A B c A B c ' A T8 ¢ D | Engagement | Size
1/8 I 9/16 | 3/4 | 7716 | 9/18 | 34 716 . 34 | 3/4 142 3/4 174 1/8
V4 718 | 88 5/16 5/8 5/8 378 3/4 3/4 1/2 5/8 a8 1/4
3/8 5/8 5/8 3/8 3/4 3/4 142 | 18/16 | 18/16 | 5/8 3/4 38 3/8
1/2 5/8 5/8 38 | 13116 | 13018 112 1 1 5/8 7/8 1/2 1/2
34 1 34 3/4 716 1 15/16 | 15/16 | 9/16 | 1-3/16 | 1-3/16 | 3/4 7/8 8/16 374
111316 | 1316 | 718 /16 11916 | 5/8 | 1-5/16 | 1-65/16 | 11/16 1 11/16 1
FHA 11118 11716 | s/8 | 1.8/18 1-5/16 | 11/15 1116 (111716 ] 1 1-1/4 11/16 1-174
1-1/2 | 1.5/18 1-5/16 | 11718 1-14/1611-11/18 1 f ‘E-?3/36;‘¥-73/15 1-1/16 1.3/4 11/16 1172
2 l1sm | 15 | 15718 1.3/4 | 1-3/4 1] 2172 | 272 [1-5/16 | 1.7/8 34 2

Source: Texas Pipe Bending Co., Inc., Houston, Texas
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Process Piping Design

Table 6-10
H Table of 30° Offsets
0
ae®
A 0ft. —0-1/4in. to 0 ft. — 11-3/4 in.

o H A o H A 0 H A
0-4 0-8 0-—-6-15/16 [0—8 1-4 1 — 1-15/16

c—014|0-01/2 {0~-07/16 |0-41/4 | 0—8-1/2 0-—7-3/8 0--81/4 [1~41/2 1 1-258/16

0—01/2 1 0-1 0-07/8 0-41/2'o0-9 0-—-7-13/16 |0-81/2 |1-5 1—2-3/4

0—-03410-11/2 10-15/16 (10-43/4 |0-9-1/2 0-—8-1/4 0—-83/4 [1-512|1-31/8

o—1 0-—2 0-—13/4 0-5 010 0--811/16 |0—9 1—86 1 - 39/16

0—11/4|0-21/2 |0-23/16 |0—-51/4 [0—-101/2 | 0—01/16 |O-5y/4 |1-861/2]11—4

0—112}0-3 0-—25/8 0-561/2 |0 11 0-9-1/2 0—-912 |1-7 1~ 4-7/18

0—13/4]0-31/2 |03 0-63/4 |0~11-1/2 | 0~915/16 |0—93/4 |[1—-71/2 | 1-471/8

Q-2 04 6-3716 |0—86 1-0 0—103/8 [0-10 1—8 1— 65/16

0—214 ] 0-41/2 l0~-37/8 0-—-61/4 | 1-01/2 0 10-13/16 |0 - 10-1/4 |1 —8-1/2 | 1~ 5.3/4

0—~2120-5 0-45/16 |0—61/2 [ 1—1 0-11-14 |0-101/2|1—-9 1-63/18

0—~23/410-51/2 |0-43/4 0-63/4 [1—1-1/2 0—-11-11/16| 0~ 10-3/4 |1 —~9-1/2 | 1 — 6-5/8

0—3 0—86 0-5%3/16 |0-~7 12 1-01/8 oc-—11 110 1-7-1/16

0~31/4]0-61/2 [0-55/8 0714 | 1-21/2 1—-09/16 [0-11-1/411—-101/2| 1 —7-1/2

0—-312 | 0~7 0-6116 jOo-71/2 {1-3 1-1 0-111/211-11 1--7-15/18

0—33/4 | 0712 |0~61/2 0—73/4 11-31/2 1-17/16 |0-11-3/4]1-11-¥/2{ 1—-8-3/8

tft.—Qin. to 1 ft. ~ 11.3/4 in,

0 H A o H A 0 H A
1—-0 2-0 1-813/16 {1-4 28 2311416 {18 3-4 2 - 10-5/8
1—014 ] 2-01/2 {1-93/16 |t—414 |2-81/2 2—4-1/8 1-814 {3—41/2 | 2111186
1-01/2 ] 2~1 1--8.5/8 1412 |2~-9 2—-49/16 {1-8-12 |3-5 2 —11-1/2
1—-03/41 2—1-1/2 1 - 10-1/16 1—4-3/4 | 2-9-1/2 25 1—-83/4 [3~51/2 | 2~ 11-16/16
1—-1 2-2 1-101/2 [1-5 2-10 2-657/16 {1—9 36 3. 0-3/8
1—11/4 x2~-2-1/2 | 1—1015/16|1~56.1/4 | 2-101/2 | 2-5.7/8 1—-914 |3-6-1/2 | 3—0-13/16
A1—-11/212-3 1—11-3/8 [1-51/2 | 2-11 2-65/16 |1-91/2 |3-7 3-1-1/4
1T—13/41 2312 (1 1113/16] 156374 | 2-11-1/2 | 2-83/4 1—93/4 {13-7-1/2 | 31111186
1-2 2—4 2-0-1/4 1—-8 3-0 3-73/16 {1-10 3-8 3-21/8
1214 2-41/2 {2-011/16 | 1~6-1/4 ;| 3-0-1/2 2-75/8  {1-10-1/4|3--81/2 | 3-2916
1—21/2) 2-58 2-1-1/8 1-612 ! 3-1 2-8-1/16 |1-10-1/2(3-9 3-3
1—-23/41 2512 |2-1916 |1-63/4 |3 112 2812 1-10-3/4{3-9-1/2 | 3—-3-3/8
1—3 2~6 2-2 17 3-2 2-8-15/16 {1— 11 3-10 3-— 3-13/16
T—314 | 2~-61/2 | 227186 11-714 12-212 2-98/16 |1—-11-1/413-10-1/2| 3 4-1/4
t—39/2]2-7 2 —2-7/8 1—-7-1/2 i13-3 7-—9-3/4 1—11-1/213-11 3-411/16
1—33/4 | 2-71/2 [ 2~31/4 1—7-3/4 13- 31/2 2-10-3/16 | 1-11-3/413-11-1/2) 3—5-1/8

Source: Texas Pipe Bending Co., Inc., Houston, Texas.




Pipe i;"abrication

111
H Table 6-11
Table of 30° Offsets
0
30°
A
2—0"1t02 — 11.3/4"

o H A 0 H A o H A
20 40 3-59/16 | 24 4-8 -4~ 0112 2-8 54 4--7-7/18
72— 0-1/4 4—0-1/2] 3-8 2-41/4) 4-81/2 4-0-15/16] 2—-8-1/4 {5—-4.1/2 | 4~ 7.7/8
2 - 0-1/2 4-1 3—-67/16 | 2-41/21 a—¢g 4 - 1.3/8 2-81/2 |B~5 4 —8-5/16
2 - 0-3/4 4-11/2| 3-867/8 2-43/4F 4—-9.1/2 4—-113/16] 2-83/4 [5-5-1/2 | 4 - 8-3/4
21 4-2 3-75/16 | 2—-5 410 4 2.1/4 2-9 5—6 4 — 9.3/16
2 1-1/4 4-2/2) 3-7.3/4 2-5Y4] 4-101/2| 4-211/18| 2-0.1/4 |5-8.1/2 4 - 0-9/16
2 — 1-1/2 43 3-83/16 § 2-51/2] 4—11 4~ 3.1/8 2-9-1/2 |5~7 4-—10
2 — 1.3/4 4-—-3.1/2| 3-85/8 2-53/41 4-111/2 4-~3.1/2 2-03/4 |5—-712 | 4~ 107/18
2-2 _4-4 3-9.Y16 | 2—8 50 4 — 3-15/16] 2 - 10 5—8 4 — 10-7/8
2— 2-1/4 4-41/2] 3-901/2 2—-61/4] 5012 4 —4-3/8 2-10-1/45-8.1/2 | 4 — 11-5/16
2~ 2-1/2 4-~5 3-97/8 2-81/2| 5-1 4—413/16] 2—10-1/2|15—-9 4—-11-3/4
2 - 23/4 4-512| 3-105/16| 2-63/4| 5—1.1/2 4-5-1/4 2-10-3/4|5~8-1/2 | 5 — 0-3/16
23 46 3—-103/4 | 27 -2 4511161 2—-11 |s5—-10 5 .. 0-5/8
2— 314 4-6-1/2] 3-11-3/16{ 2-7-1/4] 5—2.1/2 4—6-1/8 2-111/4{5 - 10-1/2] 5 — 1-1/186
2 3.4/2 4-7 3—-115/8 1 2-71/20 5—_3 4—68/16 | 2-11-1/215— 11 5~ 1-1/2
2 - 33/4 4-7127 4-01/16 | 2-7.3/4] 5312 47 2—-11-3/4{5~ 11-1/2] 6 ~ 1-13/18

3~0"t0 3~ 11.3/4"

0 H A 0 H A s} H A
3-0 6—-0 5—23/8 3-4 6-8 5-95/16 |3-8 7—-4 6 — 4-3/18
3-01/4 | 6-0-1/2 |5—213/16 [3—4-1/4 6 8-1/2 5—-8-11/16 {3-81/4 {7412 |6-— 45/8
3-0-12 1 6-1 5—13.1/4 3—-412 |6—-19 5—10-1/8 [3-81/2 [1—5 6 —5-1/16
3-0-3/4 | 6~ 1.1/2 |5 35/8 3--43/4 |6—9-1/2 5~ 10-9/16 {3~83/4 [7-51/2 16— 6-1/2
31 6—2 5—-41186 |23-5 6~ 10 5— 11 3-9 786 6 — 5-15/16
3~ 114 | B 21/2 |5 4-1/2 3-51/4 16—-101/2 [ 6~11.7/16 |3—-9.9/4 |7~6-1/2 |6—6-3/8
3--11/2 {63 5~ 4.15/16 [3-5.1/2 |6 11 5—11.7/8 [3-91/2 {7-7 6 — 6-13/16
3-1-3/4 | 6-31/2 |5-5.3/8 3-53/4 16-11-9/2 |6-05/16 [3-93/4 [7-712 |6—7-1/4
3-2 64 5-5.13/16 [3-§ 7-0 §-0-3/4 3—10 78 8- 7-11/16
3-2-1/4 1 6-41/2 |65_5.1/4 3~6-1/4 |7-01/2 6~ 1-3/16 31014 |7-8.1/2 |6~ 8-1/8
3-21/2 16-5 §—61116 [3-61/2 |71 6— 1.5/8 3-10-1/2 {79 6~ B-9/15
3-234 | 6-51/2 |5-7.1/8 3-63/4 {7+11/2 6—-2116 |3-103/4[7-91/2 |6—9
3-3 6—86 5-—-79/16 [3-—7 72 6—2-1/2 3—-1 710 6~ 9-7/16
3-31/4}6-61/2 [5-38 3I-7Y4 T —21/3 68— 2-18/16 {3—11-1/4 {7—101/216 — 9-13/16
3-312 |{B6-7 5-87/186 3712 |7-1 6 - 3-3/8 3I-11-1/2 {7 - 11 6 — 10-1/4
3-334 6-71/2 I15_87/8 3—73/4 {7312 6~ 3-3/4 3-113M4 [7—-11-12 16 - 10-11/16

Source: Texas Pipe Bending Co., Ine., Houston, Texas.




112 Process Piping Design
Table 68-12A
45° Offsets
0 1 2 3 4 5 B 7 8 g ) 1

o 0 1.7/18 213716 | 41/4 6511/16 | 7-1/16 8172 9-7/8 11-5/16 | 12.3/4 14-1/8 15.9/16 0

1116 /18 1-1/2 218 4.5/16 53/4 7-3/18 8-8/18 1Q 11-3/8 12-13/16 | 14-1/4 15-5/8 118
1/8 3/18 1-8/18 3 47/18 513716 | 7-1/4 81116 | 10118 | 1142 12-7/8 14-5/16 | 15314 /8
3/16 1/4 1-11/16 | 31118 4172 52/8 7-5/18 8-3/4 10-3/16 [ 11-9/16 |13 4116 1181316 | 3/18

i 38 1.3/4 3-3/16 4.5/8 4] 118 8-13/16 10-1/4 11-11/16 | 13-1/16 14.1/2 15.-15/16 174
5/16 7118 1-7/8 3174 4-11/16 | 80/8 71/2 8-15/16 | 10-3/8 11-3/4 13:3/16 | 14-9/16 |18 5/18

3/8 1/2 1-156/18 3-3/8 4-3/4 5-3/16 7-5/8 9 10-7/16 11-7/8 13.1/4 14-11/16 | 16.1/18 8

7/18 5/8 2-3/18 3.7/16 4-7/8 61/4 7-t1/16 9-1/8 10-1/2 11-15/16 | 13-3/8 14-3/4 16-3/18 718

172 e | 218 3-9/16 4-15/16 | &5-3/8 7-3/4 9.3/16 10-5/8 12 13-7/16 | 14-7/8 18-1/4 172

9/16 13/16 | 23/16 3-5/8 &1/18 &7/16 7-7/8 9-1/4 10-13/16 § 12-1/8 13-9/16 | 14-15/16 | 16-3/8 916

5/8 8 25118 31118 | 58 6-9/16 7.15/16 | 9-3/8 1013416 | 12-3/16 | 13-5/8 15 16-7/186 5/8
11116 1 2.3/8 313/16 | 5316 &5/8 8-1/16 8.7/16 10-7/8 12.5/16 | 13-11/16 | 16-1/8 16-1/2 11118

34 1-1/16 Z1/2 37/8 | 55/16 6-11/18 | 818 9-9/18 11 12-3/8 1313476 | 15:3/16 | 16-5/8 3/4
1318 | 118 2:3/16 4 5-3/8 6-13/18 | 8-1/4 9-5/8 11116 | 122716 {13.7/8 15-8/16 [ 16-11/16 § 13/

718 1-1/4 2:5/8 4-1/16 B8-1/2 &1/8 B-5/16 3-11/16 11-1/8 12.9/16 13-15/16 | 15-3/8 16-13/16 7/8
15/16 { 1-5/16 23/4 4-1/8 5-9718 7 8-3/8 9-13/16 11-1/4 12-5/8 14-1/16 15-2/16 16-7/8 15/16
Source: Texas Pipe Bending Co., Inc,, Houston, Texas.

Table 6-12B
450 TRIANGLES — BASE TO HYPOTENUSE
12 13 14 15 16 17 18 e 1 2 21 22 23
0 17 18-3/8 19-13/16 | 21-3/16 | 22.5/8 2-0116 | 2-1.7/i6 [ 2-2-1/8 2~ 45/16 | 2 -511/16] 2 - 7-1/8 2-81/2 c
¢ U8 117316 [181/2 19-7/8 21-8/16 {2271/16 [2—-0-1/8 218/ |2~ 2-15/16| 2 —~ 4.3/8 2-51316 27316 | 2 -B5/8 i1

L.

i e 117-1/8 18-9/16 | 20 21.3/8 22-13/16 {2 - 0-1/4 2~ 15/8 2-3116 | 2~ 412 2—~5-7/8 2--75/16 | 2--8-11/16] U
36 [17-1/4 18-5/8 20-1/16 {21112 22.1/8 2-—-05/16 | 2-13/4 2. 31/8 2-49/16 | 2--515/16! 2 - 1-3/8 2 8-13/16] 3/
14 {17816 [18-3/4 20-1/8 21-9/16 |23 Z~03/8 2-11316 [ 2 - 31/4 2~ 4-5/8 26418 (2776 | 2—-8-118 !

i 5/16 | 17-7/8 18-13/16] 20-1/4 21-5/8 33116 (20172 2-1.7/8 23516 | 2-4.3/4 2-6-18 2-79/16 ( 2-9 ““ﬁ;‘

E 8 1742 18-72/8 20-5/16 | 21-3/4 233/16 |2-09/16 1272 2-33/8 2~ 413/16] 2 - 6-1/4 2-~75/8 2-9-1/18 3/
7/16 5179716 {19 2007716 [ 211316 23-1/4 20116 2-2116 |2- 312 2-4.7/8 2-65/16 | 2-7.3/4 2-08-1/8 7/
W2 FiT1116 18148 20-1/2 21-18/16 | 23-5/16 |2 - 0-3/4 2-2318 [2-39%16 |25 2 -63/8 2 - T13/6) 2--9-1/4 .
916 J17.2/4 19-3/16 | 20-5/8 22 2318 {20136 2 - 21/4 2—-313/16 25116 | 2—6-716 | 2- 715/16; 2 — 9-5/16 8/
5/8 117-7/8 19-1/4 20-11/16 { 22-1/8 23172 2—-C158/16, 2~ 25/16 |2 - 3-3/4 2-53/16 | 2-69/16 |2-8 2 - g.72/i6 54

1V16 §17.15/16 [19-3/8 .} 20-3/4 22-3/16 | 23-5/8 2-1 22716 2~ 31318 2 --5.4/4 2-511/16;12-81/16 | 2-6-1/2 11/

¥4 1181418 197718 | 20078 22-1/4 231512 —-1118 [ 2 - 2.1/2 2-318/18] 2 ~ 5-3/8 2 - 53/4 2-83/16 | 2 -9-8/186 3/
1336 1 18-1/8 18-9/16 | 20-15/156 | 22-3/8 22-3/4 2~ 1316 | 2-75/8 2-4 25716 | 2-6.7/8 2~- 814 2-91061 V¥

8 H18.316 [19-5/8 2118 22716 |38 2-1-1/4 Z-211/161 2~ 4-1/8 2 - 512 2-6-18/16; 2~ 8.3/8 2~ 9.3/4 2/

15/16 {18.5/16 [19-11/16] 21.1/8 22.8/16 |2315/16 12 - 1-3/8 22131812 ~4-3116 | 2 -~585/8 -7 2~-8¥6 {1 2-97/8 15/

Source: Texas Pipe Bending Co., Inc., Houston, Texas.
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" Chapter 6
Review Test

Define pipe “‘fabrication.”

. Define AWS.

Normally, pipe_______inch and larger is shop fabricated.

Shop spools are dimensioned to the closest inch.

. A pipe bends radius should not be less than._______ pipe diameters.
. Miter welds are specified in place of _______ for low pressure services and for use in

. For minimum pressure drop, a__________ weld miter is used.

Branches and nozzles are specified as OD to ID and ID to OD types. Prepare a cross-sectional

view explaining these two types.

What is a “cutback?”

10.

Define how a shop spool differs from a contractor’s spool.




Definitions

Vessels are the heart, or main piece, of a refine-
Ty or chemical plant. Things happen inside vessels.
In reactors. a chemical change is taking place. In
fractionating towers, a separation is occurring. The
vessel orientation, or location of nozzles on the
shell, is critical to every piping layout. While ori-
enting a vessel, the competent piping designer will
call upon his past experience and his good judg-
ment.

Vessels have many names. A fractionating tow-
er is a vessel and is sometimes called a fractionating
column or just a2 column. Fractionating towers are
then given names according to the function they
perform. A Depropanizer fractionates out propane,
which leaves the Depropanizer as a vapor ¢coming
out of the top part of the tower. A Debutanizer
fractionates out butane. A Deisobutanizer fraction-
ates out isobutanes, ete. In short, the name of the
fractionating tower will tell you its purpose in the
petrochemical complex.

Another vessel is a reflux accumulator. Thisis a

 horizontal vessel that is sometimes called an over-
head accumulator because it accurnulates the over-
head product from the fractionators noted in the
paragraph above. The overhead leaves the fraction-
ating tower as a vapor, is cooled and condensed in
an exchanger and flows as a liquid (sometimes with
some vapor} to the overhead accumulator.

e e

7 Vessels

This vessel then holds a level of liquid used as
“reflux” liquid, which is pumped back to the frac-
tionating tower’s top tray. Any liquid, above the
fractionator’s set need for reflux. is pumped out as
product. A reflux accumulator usually has little, if
any, internals.

A reactor is usually a vertical vessel containing
a reactive catalyst used to rearrange the molecular
structure of the stream being fed to it. The stream
coming from the reactor can then be fractionated
into the desired salable products. A reactor is
where a chemical change occurs. A catalyst causes
this reaction but does not take part in the reaction
itself,

Separators may be either horizontal or vertical
vessels. They are used to separafe usually o vapor
from a liquid. They also can be used to separate
two liquids which have different specific gravities,
To separate two liquids, a long vessel with very
little velocity and long retention time is specified
by the process engineer.

Horizontal Vessels

Horizontal Vessels Above 15'-0" Elevation

Figure 7-1 is a horizontal vessel, a reflux
accumulator. To orient the nozzles on this vessel,
the elevation must be known. Since reflux aceumu-
lators have pumps which take suction from thenmt,
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N SIDE  ELEVATION N-3 2—2" 300#RF__ BRIDLE
C-1 112" 3000# CPLG. DRAIN
MW 18" 300#RF  MANWAY
Figure 7-1. Horizontatl vessel, reflux accumulator. Courtesy of Fluor Corp.

they must be elevated to supply adequate “head”
(NPSH, see “Pumps” in Volume 2). This usually
means the bottom of the vessel will be about
147-0" above the high point of the finish surface.
Since piping drawings always work to centerlines,
and this vessel is 6'-0" 1D, the centerline of this
vessel will be at 3"-0” plus 14’-0” or 17-0" above
the high point of the finish surface.

Platforms

When the elevation of the centerline is over
15,"-0" above grade, ladders and platforms must be
provided for access to the manhole, instruments
and any valves which may be operating valves. Fif-
teen feet is an acceptable break point for permu-
nent platforming. Below this, portable platforming
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or ladders are generally used. Some operating com-
panies will build temporary scaffolding for access
to items under 150" elevation. Ladders and plat-
forms are expensive for first installation cost as
well as for continual maintenance. It is good design
to keep them to a minimum. Platforms weigh

about 30 pounds per square foot. Ladders without'

cages weigh about 12 pounds per linear foot and
tadders with cages weigh about 18 pounds per line-
ar foot,

Structural steel, fabricated but not assembled,
will vary in cost from year to year. To that cost,
the shipping and field erection costs must be add-
ed. Using $1.00 per pound installed as a rule of
thumb, the cost of a 4-0" x 10"-0" platform would
be 40 square feet at 30 pounds per square foot or
1200 pounds. Seventeen feet of ladder without
cage would add another 204 pounds to total 1404
pounds. This, then, would bring the cost to $1404.
But these are not all the costs. Someone had to
design the platform, make a drawing and purchasge
it. Vendor’s prints had to be checked and returned.
Letters had to be written to the vendor outlining
the corrections required to his drawing. By the
time all expenditures are added in, that little plat-
form will have cost over $2000! So use platforms
only where absolutely necessary and then keep
them to a minimum size.

Platforms for horizontal and vertical vessels
should be made from %" checkered plate except in
areas of heavy snow where floor grating should be
uscd. See Figure 7-2 for typical ladder and plat-
form details for horizontal vessels.

Nozzle Orientation

Orienting the nozzles (locating them along the
shell) on a horizontal vessel is basically a simple
Job. The pump suction must be located on the
same end that the pumps are located to keep the
pump suction line 2 minimum length so that pres-
sure drop will be at the minimum. Every foot of
pipe and every fitting causes pressure drop in any
line. This is called “Yine loss.”

Besides the pump suction {(usually called liquid
outiet on the vessel drawing). there are inlet, vapor
outlet, levél control. level gage and manhole con-

ccases. which will be shg

nections. There could e other nozzles for special

ASeS. wn on the mechanical flow
diagram where requireq.

The main rule in orienting horizontal vessels s
to locate the inlet and outjey nozzles 4 maximum
distance apart. Since you may have two outlets,
the liquid and vapor outlet, this means that the
inlet will go at the extreme far oy of the vessel
(away from the rack) and the vapor yp g fiquid out-
lets will be located at the extrem, near end. Inlets
will be located on the top part of the vesse]. Liguid
outlets are set on the bottom. Vapor outlets will be
located on the top part of the shel].

The vessel length is determined by the provess
engineer to suit (2) an economical diameter-to-
length ratio, and (b) a length to satisfy “disengag-
ing requirements.” What is “disengaging’? Tie in-
let may enter the horizontal vessel ag Hauid and
vapor. In the vapor phase, there are small droplets
of liquid. This is called “entrained Hquid.” Gravity
will settle out most of the droplets if the vapor is
kept in the vessel long enough in a basically low
flow condition. This time is calculated and s called
“retention time” and helps determine the vessel
length. The retention time is then determined by
the disengaging requirements. A vapor, containing
more droplets of liquid, will require more disengag-
ing, which in turn means a longer vessel.

If the piping designer located the inlet and the
vapor outlet side by side, the whole purpose of the
horizontal vessel would be destroyed. The vapor
coming in would just duck in to the vessel and
right out the outlet, raking with it all the entrained
liquid. Disengaging could not occur.

Also in the liquid portion of the inlet feed a
small quantity of vapor bubbles may be found.
These bubbles will rise out of the liquid into the
vapor area if the vessel has adequate retention
time. Again, the liquid outlet must be located at
the opposite end from the inlet nozzle to enable
this separation to occur.

The liquid Jevel of these accumulators is usual-
ly maintained at the vessel centerline. It is kept
there by a liquid level controller. A level gage is
provided so the operator can visually check the
level to ensure that the level controller is function-
g properly. The level gage and level controlier
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Below 150" Elevation

should be oriented on the same end as the ouflets,
visible to the operator as he
ating aisle. They should also be located together.
The operator can adjust the level controller and
change the leve] point in the vessel. While doing
this, he needs to view the level gage to check his

adjustment.

walks down the oper-

Why not locate these instruments on the inlet
end? The inlet is coming in as liquid and vapor at a
e flow through the vessel,
This will cause higher turbulence at this end of the
the liquid would move the

higher velocity than th

vessel. This motion of
float of the level contr

oller

and the level control

-0”, Courtesy of Fluor Corp.

would not function properly. Always locate level
instruments in the least possible area of turbulence.

Saddles

Horizontal vessels ‘are supported by saddles
welded to the vessel shel]. Except for special design
Cases, these saddles should be located about 15% of
the vessel length in from each end, or about 70% of
the vessel length apart. For a vessel which is 20°-0”
tangent to tangent, the vessel saddles would be jo-
cated 14°-0" apart and 3"-0” ip from each tangent
line. For special thin wail and/or long vessels, the

Pipeway
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vessel design department should be consulted for
-the best location of these saddles.

This 20"-0" long vessel is going to expand and
contract due to heat. The designer wants to contro}
this so as not to put excess strain on his pumps.
The saddle near the rack will have round holes
drilled in it to receive the anchor bolts. This end
will be bolted down tightly and is designated as the
“anchor” end, causing the vesse] to grow away
from the rack and the pumps.

The other saddle is provided with slotted holes
for the anchor bolt and is not bolted down tightly,
which enables the saddle to slide on the foundation
as expansion or contraction occur, This is called
the “sliding” end.

If the vessel is very hot or very long and a large
amount of growth could occur or if the vessel is in
¢yclic service, meaning that the temperature rises
and falls during normal operation, then ‘slide
plates” are embedded in the concrete grout for the
stiding saddle to rest on. If sliding was extensive on
bare concrete, it would eventually chip away the
concrete due to the friction resistance. This slide
plate is installed to reduce the resistance and pro-
tect the concrete. Slide plates are usually made
from sheet steel plate of 4" thickness, but for
some cases special “lubrite” plate, an oil impreg-
nated steel, is used. Teflon slide plates are now
used for special cases.

In cryogenic piping, which involves subfreezing
operating temperatures, supporting horizontal ves-
sels presents a different problem. If the vessel is
operating at -50°F the saddle would freeze the
concrete. The slide plate would freeze to the saddle
and as the vessel would then contract, the concrete
would be harmed. In this case, wood blocks about
6-8" thick would be installed on both concrete
piers. The anchor bolts would project through the
wood blocks and the saddles would rest on these
wood blocks. Wood will serve as an insulation bar-
rier, keeping the freezing temperatures from reach-
ing the concrete. Both saddles could have round
holes for anchor bolts, as the contraction is usually
small, and with bolt holes about 5/16” larger than
the anchor bolts, this slop will usually take care of
any contraction. If the contraction is expected to
be large, a slotted saddle would be provided and
would be located on the end away from the pipe
rack and pumps. Another reason for locating the
stotted saddle on this end is that the vesse] and the
inlet tine both grow or contract together, reducing

) Process Piping Design =

expansion forces. The inlet line is usually the larg-
est line connecting to the horizontal vesge) and
consequently will exert the greatest forces.

Miscellaneous Connections

Other connections to horizontal accumulators
will be the vent and/or drain nozzles. Both require
valves which must be accessible. If the liquid outlet
to the pumps does not have projection inside the
vessel, it is preferable to install the drain on the
lowest possible part of the pump suction line, rout-
ing the drain to the drain funnel which services the
pump. This will save the cost of supplying a drain
funnel to the vessel. The vent may go to the atmos-
phere or to the flare header. The flow diagram wil}
define this routing,

Relief valves are sometimes located on top of
these accumulators. This is costly and the comp
tent designer will avoid this installation. 1t is morz”
desirable to locate relief valves on piping going to
the vessel. Adding a nozzle to the pipe is much
cheaper than installing the same size nozzle on a
vessel. The vessel is built to the ASME section VHI
code and requirss special welding. This makes ves-
sel nozzles expensive.

The operator will need to know the tempera-
ture of the fluid in this vessel. This means a ther-
mowell must be installed. The thermowell could be
installed in the pump suction line or in the dis-
charge line, but since any obstruction in the suc-
tion piping would cause pressure drop, it should be
installed in the discharge piping. If there is an oper-
ating pump and a spare pump, locate the thermo-
well after the discharges are combined so the ther-
mowell will be in the flowing fluid, regardiess of
which pump is operating. Never install a tempera-
ture connection in a “dead leg” or nonflowing por-
tion of a line. The reading would be false and
therefore of no value. The temperature of the
pump suction and discharge is the same, and is also
the temperature of the fluid in the vessel.

Inspection openings are required to be located
on vessels by the ASME section VIII code. These
are usually 18" manways and most horizontal ves-
sels have at Jeast one. The best place to locate in-
spection openings is in the head, on the centerline
of the vessel, if platforming is not required. If plat-
forms are required, the openings will be located on
the vessel shell, either on the top or side, depend-
ing on platforming required for other vesse! con-
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nections. These manways may be 18" OD pipe
with WN flange and blind, with hinge or davit as
reciuired. Hinges should be used for manholes
mounted on the side of the shell. Davits work bet-
ter for top mounted manholes, Any manhole
which is top mounted and hinged should have a
“hinge stop” installed to keep the blind flange
(manhole cover) from slamming down on the vessel
shell. The hinge stop should be set so that the cov-
er will open only 135°,

Horizontal Vessel Below 15'-0" Elevation

Figure 7-3is a piping plan of a horizontal vessel
located below 15'-0" elevation. No platforms are
provided. The manhole is located in the head, op-
posite the pipeway, near the inlet. The anchor sup-
port is located on the end near the pipeway. The
LC and LG are shown installed on a “bridle.” A
bridle is a fabricated piece of pipe which has a
liquid and vapor connection to the vessel. The lig-
uid level in the bridle is the same as in the vessel, as
liquid will seek its own level. Instruments then are
connected to the bridle,

Bridles

Bridles have a definite use but are costly and so
should be specified only where required. In most
cases it is much cheaper to install LC and LG con-
nections on the vesse]l and eliminate the bridle.
When bridles are mandatory. they should always be
installed “self-draining.” The lower connection, in
the liquid section of the vessel, should be located
about 6" above the bottom of the vessel. Never
locate the bridle connection on the bottom of the
vessel. It will accumulate anything that may enter
the vessel and stop-up the bridle, and the instru-
ments will not function. The author remembers a
case where a clogged bridle was found to have old
rags in it. No one could offer an explanation as to
where they came from.

Miscellaneous Connections

The connections shown in Figures 7-3 are
M-Manhole, A-Inlet, P-Pressure Gage, V-Vent, 5-
Liquid outlet and L-7 and 2 are the bridle connec-
tions. The PS is a pipe support, built up from the
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vessel to support the inlet line. This vessel has all
liquid coming into it so there is no vapor outlet,

Grade Mounted Vessel

Figure 7-4 shows a general arrangement for a
horizontal vessel which is grade mounted. Its
height is determined by the elevation necessary to
clear the piping out of the bottom of the bootleg,
A bootleg is installed to separate and draw off wa.
ter. Since water is heavier than hydrocarbons it will
drop out in the boot and can be seen in the boot’s
LG. It will then be drawn off through the LC valve.
Some similar designs use a manually operated
draw-off valve. This would be a globe body valve
used for throttling. The operator would view the
gage glass on a regular schedule. As more water
accumulated in the boot, he would slightly open
the globe valve and and draw off the water until it
was below the viewing area of the LG. With the
manual design, the LG is visible while the draw-off
valve is operating. With the automatic design, the
LG is visible while the control valve by-pass is oper-
ating.

Bootlegs are located as close to the calm end of
the vessel as possible, away from the inlet end. This
gives ample time for the liquid to settle to the
bottom part of the vessel and drop into the boot.

Note the different possible locations for the
manhole. The most desirable location is noted by
1.5 in Figure 74. Also shown dotted, the manway
could be located below the centerline, making it
easier to get in and out of the vessel. This is called
a “hillside” conneciion and the welding is much
more expensive. Use this only where dropping the
manhole is specified by the customer or where do-
ing 50 would eliminate the need for platforming.

Also note that the bridle bottom nozzle is spe-
cified as tangential. It will be self-draining.

Piping Arrangement for Elevated Vessels

Figure 7-5 depicts a general arrangement for a4
horizontal vessel which is elevated above 15°-0".
The platform shown is at an elevation of 125"-3",
25"-3" above the grade elevation, The manhole is
located on top of the vessel, with a hinge and hinge
stop. Platforming extends all around the manhole,
enabling the bolts to be removed. Also located on
the platform is 2 control station, PIC. The inlet is
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Figure 7-8. Manhole davits and hinges. Courtesy of Fluor Corp.

routed to the end away from the pipeway and the
liquid outlet is on the pipeway end.

Dimensions shown are to locate nozzles and to
outline extremities of the platform. The vessel
group must show this data on their vessel drawing
and on their platform detail drawing. Dimensions
will appear on the piping layout drawing but will
not necessarily be shown on the finished piping
drawing. Final piping drawings will show the plat-
forrn drawn to scale and piping will be dimen-
sioned as required.
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Manhote Davits and Hinges

Figure 7-6 shows Fluor's standard manhole
hinge and davit details. As the cover gets larger and
the flange rating increases the davits get larger.
These blind flanges are heavy. An 18”-300 pound
blind flange weighs 390 pounds!

The piping designer will always locate hinges
and swing an arc from the hinge to make sure the
blind flange will open wide, He does not want o
locate small instrument connections behind the
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swinging cover. That's a good way to start a fire in
the plant!

Saddle Details

Figure 7-7 is Fluor’s typical saddle detail for
horizontal vessels. H is the width of the “‘wear
plate™ which is continuously welded to the outside
of the vessel to protect the vessel, distributing the
load over a large area of the shell. “Ribs™ are verti-
cal plates added as reinforcement for vessels of a
heavier load. As the load gets larger the ribs get
thicker.

Fiping Arrangement

Figure 7-8 shows how a section across g typical
pipeway might look. The pump suction line, 44,
coming from the horizontal vessel must not be poc-
keted but still must be routed above the aisleway,
C5. Other points of this figure will be discussed in
other related chapters.

Vertical Vessels
Fractionating Towers

Vertical vessels are many and varied. Reactors
are usually vertical; separators may be either hori-
zontal or vertical and fractionating towers must be
vertical. There are countless other vertical vessels,
but we will cover the ones that designers come in
contact with most,

Fractionating towers are the inexperienced de-
signer’s Waterloo. At an employment interview the
applicant will be asked if he can orient a tower. In
other words, can the designer locate all the nozzles
correctly around the circumference of the tower
and in the proper elevation, including all manholes,
instruments, ladders and .platforming where re-
quired, skirt connections and all the other connec-
tions pertaining to the monster. To do this, the
designer must have a good knowledge of the vessel
trays. Trays are the horizontal plates which are lo-
cated about 2" apart and always seem to be in ex-
actly the place where the designer wants to put a
nozzle.

The most common types of trays are called
“‘one pass™ and “two pass.” Three and four pass
trays are also used and become even more difficult
to lay out,

What does the designer need to start orienting a
tower?

}. Mechanical and utility flow diagrams

2. Vessel outline drawing

3. Plot plan drawing

4. Job data such as customer specifications,
platform requirements, etc.

5. Instrument data on LG, LC, PSV, etc.

6. Tray design such as number of passes, di-

mension of downcomer area and tray spac-
ing

7. Line list showing pressures, temperatures
and whether the fluid is liquid or viipor

When a designer orients a tower he assumes the
responsibility for the tower and its related equip-
ment. This responsibility includes the equipment
coordinates, location of tray downcomers, piping
equipment connections, instrument connections,
manholes, ladders and platforms, and the necessary
pipe supports and guides on the tower.

Manhole Orientation

Figure 7-9 shows the single pass and the two
pass tray and possible tocations for manholes. The
downcomer is the vertical part of the tray which
extends above the horizontal tray plate to form a
dam, forcing liquid to have a constant level on the
tray. The downcomer also drops down below the
liquid level of the tray below, forming a vapor seal.

Tray Types

Trays come in several types, all with the same
general purpose—to fractionate out lighter hydro-
carbons from a liquid. The heavier hydrocarbons
will remain in their liquid state and flow down the
downcomer to the next tray. The lighter hydrocar-
bons will vaporize and flow up through the holes in
the tray plate, making contact with the liguids on
that tray. Since the downcomer drops below the
level of liquid on the tray plate, vapor cannot
by-pass the tray, and since vapor is light it must
flow up through the bottom of the tray.

Tray types are:

V. Bubble cap trays were used for many years
but are now obsolete. A standpipe was at-
tached to the tray for vapor to pass
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Manhole Orientation

Possible Orient,
Range Alternate )

NN

o awh

2" min, Consult with
Vessels Group for
Best Design

SRy

Alternate
S
‘i
> Preterred Location

Normal Location / k

Plan Plan
1
“?“E—H—‘F—r“
Tray
G Marhole | .
} T !
<n x
“—% [ . “___j! A Downcomer
Section through Vessel G Section through Vesse! G
Single Pass Two Pass

Manholes or handholes shall be provided for access and inspection of vessel internals, trays, internal
piping, etc. Manhole slevations are normally dependent on tray arrangement. Orient manhole in

rear half of vesse! away from pipeway, with all manholes on or about the same centerline.
Consideration shall be given to raising or iowering manholes one tray to provide the most economical
ladder and platform arrangement,

Figure 7.9, Manhole orientation, Courtesy of Fluor Corp.
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through. A bubble cap was connected to
the standpipe which forced the vapor to
make contact with the tray liquid.

2. Valve trays are in the most common use
today. Stamped out by big presses, these
trays come with small valves attached to
them which allow vapor traffic. They are
made in sections wide enough to permit
passage through a manhole and are installed
in these pieces, usually 17" wide. They rest
on a tray support ring welded to the vessel
wall. These trays are usually bolted to this
support ring.

3. Sieve trays are perforated flat plates. They
are inexpensive for small diameter vessels
but large diameter towers must have exten-
sive supports for these trays. Sieve trays are
used for heavy hydrocarbon fractionation.

All trays have foam on top of the liquid. The
height of the foam will vary with the process. In-
ternal piping will interfere with the foam and
should be avoided where possible. Foam may rise a
foot or more above the tray liquid. Any horizontal
pipe extending into it will serve as a dam. There are
cases where the designer must have internal piping
to properly distribute the incoming liquid on the
tray. These will be shown later in this chapter.

To make fractionating towers work, the hot
liquid must be retained in the bottom of the tower,
drawn off, heated and vaporized and returned to
the tower in a large vapor inlet nozzle. This vapor
then starts its passage up the tower, making con-
tact with the liquid on each tray, losing some tem-
perature and some heavier hydrocarbons at each
tray but vaporizing some lighter hydrocarbons
from the liquid flowing down the tower.

Reflux Liquid

The liquid enters the vessel at the top tray and
the nozzle must be oriented to assure that the lig-
uid will flow evenly on the tray surface. This liquid
is called “reflux.” If the velocity is high an inlet
baffle may be required (see Figure 7-11, Type
“A). The liquid is cool when it enters the top
tray. As it flows down each tray it makes contact
with the warmer rising vapor and some of the heat
1s retained. So each tray operates at a different

Process Piping Design

temperature, getting a little hotter as the liquid
comes down the tower. The liquid in the bottom
of the tower may be 700°F, while the vapor leay-
ing the top of the tower may be only 200°F. .

Tower Ternperature Gradient

Since tower temperature is different at each
tray, the tower rate of expansion will vary depend-
ing on what part of the vessel you are considering,
To determine this expansion, the piping designer
will develop a tower temperature gradient and will
calculate the expansion from grade to several
points on the tower. This is the only way to deter-
mine if the piping to the tower is flexible enough
to withstand the growth of the tower.

Figure 7-9 also shows the two pass tray. This
type of tray has two downcomers which alternat-
from center downcomers to side downcomers—
Note that the onc pass tray has only side down-
comers. Generally, the larger diameter towers will
have two or more passes.

Tray types and the number of downcomers are
determined by the tray manufacturer. Enginecring
contractors send the fray vendor a specification
outlining the requirements of a particular tower.
The tray vendor calculates the required service, de-
fines the tray type and guarantees the perfonmance
of his product. Most tray suppliers have the right
to approve the designer’s nozzle orientation and
any internal pipe arrangements.

Figure 7-9 shows possible location for man-
holes. The single pass tray offers great flexibility
for manhole location. The manhole may be located
on any tray with a wide orientation range. The two
pass tray has a limited location. The manhole could
not be located on a tray with center downcomers —
coming down from above. They would block en-
trance to the vessel since the downcomers would
drop in front of the manhole. So location of man-
holes is limited (1) to every other tray and (2) to
an area between the two side downcomers.

Manholes are used to gain entry to vessels for
maintenance personnel and for replacement of
vessel internal parts such as tray pieces, demister
parts and internal piping. Access to the tower from
grade, is usually from a road on the side opposite
the pipeway, so manholes are to be located on the
tower side opposite the main pipeway.
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Tower Ladders and Platforms

Ladders and platforms on vertical fractionating
towers must be layed out by the piping designer as
he orients the nozzles. Platforms are to be provided
at each manhole, usually three or four per tower.
Other platforms will be needed for access to criti-
cal instruments or operating valves. Some operating
companies require platforms to be located at each
flanged nozzle so that they could easily tighten
bolts should a leak occur. Others require no plat-
forming in clean service, they believe the cost and
maintenance is too high for the few times the plat-
forms would be used. They feel it i cheaper to
erect temporary scaffolding. Some feel they can
clevate a workman with a crane to tighten bolts.
Before trying to lay out platforming, the designer
must thoroughly know his job specifications.

At a minimum, the author suggests a platform
at each manhole. Instruments should be located for
access from the ladder. Where this is not possible,
platforms will be provided for instrumentation.

Ladders should be caged if they are over 20"-0"
above grade. The maximum continuous tadder run
should be 30™-0". This means the ladder should be
offset every 300", and the designer will supply an
“offset platform™ at these points.

The author also suggests that all ladders and
plutforms for vertical vessels should be galvanized.
This costs about 5¢ per pound more but will save
countless paintings over the years, and the ladders
and platforms will always present a neat appear-
dNCe,

Figtire 7-10 shows typical ladder, cage and plat-
form details for vertical vessels. Note that ladder
rungs are spaced every 1-0". A rung should be lo-
cated at the top of each platform for easy entrance

and exit. Cages are omitted for the first 8-0" of

the ladder from grade or one originating at a plat-
form. Cages are also partially omitted at a side en-
try platform for 8'-0"

Platforms at towers should be focated 2°-6" be-
fow the manhole centerline, They should be con-
structed of %" thick checkered floor plate except
for areas of heavy snow load, where grating should
be used. Grating should be avoided where possible
4s 2 workman'’s tools could fall through and might
hit personnel below, Platforms for towers should

be 3-0" wide plus the 6” clesrance from the vessel
OD.

Process Nozzle Orientation

Figure 7-11 shows some basic orientation possi-
bilities for some process nozzles, whether they are
located in one or two Pass trays. The reflux nozzle
in the single pass tray has a baffle shown inside the
vessel. This will reduce the incoming velocity and
assure even distribution over the top tray. The type
“B” reflux nozzle is used when the piping layout
forces the orientation to be in the downcomer gen-
eral area. Then the nozzle will be elevated higher
and an internal distributor pipe is required to drop
the liquid on the back part of the tray. If the serv-
e is corrosive, a pair of breakout fanges are wdd-
ed to the internal pipe to make replacement easy,
This type of installation is costly and is to be
avoided.

Orienting reflux liquid to the two pass tray re-
quires a piping manifold internally above the top
tray. Liquid must be allocated evenly to both sec-
tions should the tray have center downcomers as
shown. Should it have side downcomers, the reflux
could dump in the center and flow to the sides
without any internal pipe.

Liquid feed nozzles are shown for single and
two pass trays. Again, the object is to introduce
liquid to the tray with the most even flow possible
over the tray. Liquid feeds usually enter the tower
at or above the middle tray. For a two-sized vessel,
the liquid feed is located in the conical fransition
picce, giving added liquid to the larger diameter
trays.

Instrument Connections

Location of instrumentation on towers is a cri-
tical item and requires great thought. The designer
must understand the function of the instrument,
its operation and how often the operator reads or
services it Figure 7-12 shows some instrument lo-
cations.

A temperature indicator (T1Y may be needed to
check the temperature of cither the liquid or the
vapor. Unless the designer knows the instrument’y
purpose, he cannot properly locate it. A sample
connection (SCY may alse be designed to take a
vapor or liquid sample. Liquid sample and tempera-
ture points should always be located where there is
flowing fluid. Since the greatest amount of flow
occurs in the downcomer area, this is the place to
locate these connections.
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12

N‘— ~® {Vapaor)
yarse. | | 'n
{Vapor} T 7 ™ Thermowell Type Inst.

T, TW, TR, Etc,
l .

Do ()
34" S.C, ,
{Liguid} 9 {Liquid}

—

Typical Flow Diagram
Call Out

Normal Location

Orientation Range
for Liquid Points

Vapor Connection Points
Located Behind Downcomer
Area

Ti

Plan

Thermawell Length of Accessibility
May Necessitate Tangential Connections,

i
. Orientation Range

. for Vapor Sample Conns.
or Temp. Points

— Top of Tray
A 6 Elevational G Range
//_;;r Vapor Sample Connections

Liquid Connection Points

v
Normally at Downcomer Area

1

Top of Tray

Figure 7.12,

= 6" of Thermowell Instruments

— Top of Tray Weir

ELEVATION

Instrumentation on vertical vessels. Courtesy of Fluor Corp.
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The temperature connection has a thermowell
that -projects inside the vessel and the designer
must know the projection dimension and the
downcomer clearance dimension to locate the ther
mowell so that it will miss the downcomer. The
liquid sample connection has no internal projection
so it may be oriented any place in the downcomer
area.

The thermowell is normally located 2" above
the top of the tray. If the well is too long the
location may be raised and the thermowell could
be angled down about 45° to reduce the horizontal
projection. When this is done. the bottom of the
well should be set about 2" above the top of the
tray.

Vapor sample and temperature points are to be
located behind the downcomer in the vapor area of
the tray.

Since all of these connections must be main-
tained or operated, they must have permanent ac-
cess, either by permanent platform or ladder. Most
designers will make them accessible from a ladder
as platforms are expensive,

Tray quantity and location requirements will
be shown on the mechanical flow diagram. The
designer will orient as specified.

Other instrumentation which requires orienta-
tion may be the level controller (LC) the level gage
(LG), the pressure indicator (PI) and the relief
valve or pressure safety valve (PSV).

The LC and LG are to be located so that any
incoming liquid or vapor will not disturb their
function. A good way to accomplish this is to lo-
cate them next to the nozzle causing this turbu-
lence. The velocity will then be directed toward
the vessel center and away from the instruments.

The Pl should be located in the vapor part of
the tower so that any liquid head will not be re-
flected in its reading.

Other Nozzle Orientations

Probably the largest and most critical nozzle is
the reboiler return. This connection will govern
Most nozzle and tray orientations. The reboiler re-
turn is feeding vapor and liquid to the tower. The
liquid will drop and the vapor must go evenly up to
the bottom tray to start its upward journey. For

141,

one pass trays, this nozzle should be located paral-
lel to the downcomer and the top of the nozzle
will be set about 1-0” below the bottom tray. Nev-
er locate it perpendicular to the seal pan. The velo-
city coming in may blow the liquid out of the seal
pan and cause loss of seal. Then the vapor could
by-pass the bottom tray via the downcomer area.
This would mean the bottom tray would be oper-
ating at only partial efficiency and it might rot
even make the product for which the tower wag
designed—all because one nozzle was improperly
oriented,

If the tower has two pass trays, the bottom
tray should have side downcomers. Then the re-
boiler return should be located parallel to both
downcomers and equidistant between them.
Should the botitom tray have center downcomers,
locate the reboiler return parailel to and immedi-
ately below the downcomer seal pan. The vapor
will flow evenly to both sides of the above tray and
there is no way the seal could be blown out.

For a liguid and vapor flow {called two-phase
flow) internal piping may be necessary to reduce
velocity and direct the flow. For this case, the bot-
tom half of the internal pipe will be cut out and an
end plate fastened at the extreme end. This will
direct the liguid down and the vapor will flow out
and up to the bottom tray.

Liquid draw-off nozzles may be needed at one
or more trays. These nozzles are used for taking
various *‘cuts” or draws of a specific hydrocarben.
The best locution for these druw-off nozzles is op-
posite the downcomer in 2 small draw-off pan lo-
cated immediately below the tray for one pass
trays. To locate this nozzle in two-pass trays, make
it draw liguid from a tray that has side downcom-
crs. Build a trough in the center of the tray and
locate the nozzle to draw liquid from this trough.
It is preferable to make this draw with the nozzle
parallel to the trough. If the vessel is very large,
two separate draw-off nozzles may be needed, one
at cach end of the trough. The piping connecting
the two nozzles should be symmetrical to the point
of connection to the one line going down the tow-
er.

If the nozzle cannot be located parallel to the
side downcomers. 4 draw may be made at the cen-
ter of the vessel with internal pipe running from
the trough to the draw-off nozzle,
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Products

Products of fractionating towers are collected
from the overhead vapor stream, the bottoms out-
let and the side cut streams. The first fractionating
tower in a refinery is usually the crude tower.
Crude oil is heated to a temperature of 750°F or
more and sent to the crude tower. It enters the
tower “flash zone,” the vapor area below the bot-
tom tray, but above the normal liquid level,

The crude entering the tower has been partly
vaporized due to the preheating. As it enters the
flash zone it is both liquid and vapor. The Hiquid
portion partially {lashes, or vaporizes, and the
heavier fractions remain in a liquid state and fall
down to the liquid portion of the column. As the
flashed vapor rises up through the trays, a tempera-
ture level is reached where the heavier fractions
condense and become liquid. Lubricating oils and
heavy oils collect in the lower trays. A few trays
higher, the fuel ojls are condensed out of the va-
por.

Higher yet, kerosene is condensed. Near the
top the gasoline components drop out of the va-
por, depending on the design temperature of the
top of the tower. The methanes, ethanes propanes
and butanes remain as vapor and exit the crude
tower at the top, going to the overhead condenser
and accumulator.

To capture the other products a draw-off nog-
zle must be installed at the appropriate tray. These
nozzles will drawoff the desired product and possi-
bly send it to a side cut stripper for further frac-
tionation,

Gasoline which is drawn off a crude tower is
called “‘straight-run gasoline.” For many years, gas-
oline was made this way, and with a few additives
It wuy comunercially marketed. Now, very lew
crude columns have a straight-run gasoline curt.
This cut would be too low in octane rating for
modern automobiles,

Also, it would not produce enough gasoline for
cach barre! of crude oil to be economical.

To meet these needs for economy and high per-
formance, new and better processes were devel-
oped. To produce more gasoline per barre] of crude
oil. cracking and polymerization were developed.
Crucking is the making of gasoline out of heavier
fractions by changing their molecular structures,
Polymerization does the Opposite, making gasoline
out of lighter fractions by changing their molacular

Process Piping Design

structure. Reforming is another process which ac
tually makes a better gasoline, improving its antik.
nock rating.

Every year new methods lor improving he
marketable yields of crude oi} are developed. Each
new process must be studied by the modern piping
designers, for each one offers a new challenge.

Vertical Vessel Davit

Figure 7-13 shows a vertical vessel davit, This is
& device used to raise heavy objects from grade to
the desired platform or to lower vessel parts to
grndes The davit shondd - e Istalled on fowers
which arc over 307 tall if there are removable parly
in the tower. Davits should be oriented so that
they will drop their loud into the “drop area,™ the
clear open area at the back side of the column,
away from the main rack. Very large diameter to )
Crs may require two davits. The swing of the davii
must reach every platform which services a man-
hole to pick up o tray part and then must be swing
around so that the part can be lowered to the drop
area.

Vertical Vessel Pipe S upports

Figures 7-14 and 7-15 depict pipe supports and
pipe guides for vertical vessels. Pipe attaching 1o
the vessel nozzles is heavy and the nozzie is not
designed to carry this dead toad. Pipe supports are
attached to the vessel shell, as near the nozzie as
possible, to carry this load. Pipc guides are locuied
below the pipe Supports, at very wide spactng, to
keep the pipe from swaying and putting moments
on the vessel nozzle. Figure 7-15 defines this spac-
ing.

Locating pipe supports is the piping designer's
responsibility. As he designs the piping on a tower,
he must define locations of pipe supports. Typical
locations of Pipe supports are shown in Figure
716,

The piping designer must also locate the pipe
being supported in relation to the vessel. As shown
in Figure 7-16, a minimum ciearance of 1'-0" must
be maintained between the vessel steel and the pipe
steel. This dimension is the “L > dimension reterred
to in Figure 7-14, The Type L] pipe support is to
be used tor sizes 2" through 10" for “L° dimen-
sions of 12" to 20", ete. For farge lines and long
“L™ dimensions., utilize the Type L4 support which
requires special design.

S—
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. A chemical change occurs in what kind of vessel?

Chapter 7
Review Test
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2. Separation occurs in what kind of vessel?
3. What is the purpose of a depentanizer?
4, What is “reflux liquid?™
5. What is a catalyst?
6. Detine “retention time" in a vessel.
7. Horizontal vessels________ feet or less above grade are usually not provided with permanent
tadders and platforms.
8. Platforms weight about pounds per square foot.
9. Ladders with cages weigh pounds per linear foot.
10. When locating nozzles on horizontal vessels, the main rule to remember is
I't. What is entrained liquid?
12. Where is the liquid level normally set for accumulators?
13. What is the purpose of a horizontal vessel bootleg?
14, What is a “hillside” connection?
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15. Define the following parts of a fractionation tower and give their use,

a. tray

b. downcomer

¢. seal pan

d. pipe guide

e. manhole

f. skirt

g. reboiler return

h. liquid draw-off




8 Instrumentation

Instrumentation for piping designers is one of
several important disciplines of piping, but most
“pipers” have a very limited knowledge of instru-
ments. This ignorance results in misapplied installa-
tions in almost every unit erected. These errors
must be corrected in the field, which is costly.

In the last decade each year saw increasing use
of instrumentation. Instruments give better control
of process or utility units with less manpower. As
manpower costs increase, instruments become
more feasible. As an exampie, all control valves
could be eliminated by supplying a man, 24 hours
a day, to operate a globe valve. This would not
only be expensive, but the job would be boring and
undesirable. Without instruments in today’s proc-
ess units, costs of products would be several times
more than thay are.

Instrumentation is shown by a symbol on the
flow diagram and piping drawings. A circle is used
to depict the instrument type, function and identi-
fying number. This circle is commonly called a
“bubble” or a “balloon.”

instrument Types

There are four major instrument types: pres-
sure, temperature, flow and liquid level. Each of
the types may be locally mounted, which means
they are read at the instrument, or they may be
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board mounted, which means they will have a
transmitter sending impulse signals to an instru-
ment located at the control board. The board’s re-
ceiver converts this signal to a readable digit and
this reading or recording is noted on the control
board. Locally read instruments are identified by
an open circle while board-mounted ones are
shown with a-circle split in the middle with a hori-
zontal line.

Instrument Functions

There are also four major functions for each
instrument type. The functions are to control, to
indicate, to record and to alarm. Each instrument
type may perform one or more of these functions.
For example, a Pl is a pressure indicator, a pres-
sure-type instrument performing only one func-
tion, indicating. But a PIC is a pressure indicating
controller which performs two functions, indica-
ting and controlling.

Dual Instruments

Dual instruments are indicated on flow dia-
grams by touching circles. This means that two in-
struments are housed together, probably indicating
and recording on the same chart. Dual instruments
may be board mounted, locally mounted or on a
local control panel.
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Figure 8-1. Thermowell detail.

Transmitters

Transmitters are shown on the flow diagram as
a circle. If the transmitter is board mounted the
horizontal line will split the circle. Local transmit-
ters may be mounted on the pipe, grade or plat-
form mounted on a pipe pedestal or on a plat-
form’s handrail. Unthinking designers often
wrongly locate transmitters on platforms subject to
vibration. If the transmitters are left there, vibra-
tion will eventually make the joints leak and the
instrument will be inoperable. Permanent damage
may occur.

Thermowells

Thermowells are the simplest instrument item.
There are no moving parts. The thermowell is
merely a protective case for another instrument
item. Figure 8-1 shows a typical thermowell. The
length of immersion is custom designed to fit the
pipe into which it is being inserted. Normally ther-
mowells project to the center of pipe. A 1” cou-
pling is welded to the pipe. The thermowell’s cut-
side threads will screw into the 17 coupling. The
ternperature instrument then screws into the ther-
moweli’s inside threads and the temperature im-
pulse point extends to the end of the immersion
point. Instruments screwed into a thermowell are
tocal temperature indicators, thermocouples for

board-located temperature indicators, recorders
and controllers or capillary tubing for local control
of a temperature-regulating control valve.

‘Thermowells are often installed without any in-
strument. These are designated TW on the Now
diagram. The plant operater uses these thermowells
as check points and inserts a thermometer into
them when he needs a temperature check. Quite
often he just lays a simple glass tube type thermo-
meter in the thermowell, which is called a “yellow-
back” because of its color. Thermowells should al-
ways be located in a spot convenient to the opera-
tor.

Thermowells are often located adjacent to a
board-mounted temperature instrument which has
its own thermowell. This TW would be the opera-
tor’s check point. Now the designer has two ther-
mowells projecting inside the pipe at least to the
pipe’s center, probably beyond. The unthinking de-
signer has located them on the same centerline.
The 1" couplings will weld on the pipe, but alter
the pipe is erected the two thermowells cannot be
installed because they hit each other inside the
pipe. This requires one coupling to be plugged and
a new coupling to be installed. Always stagger TW
locations.

Piping designers are guilty of another error in
locating thermowells. They forget that something
must be inserted or removed from them and locate
their coupling where there is a close obstruction.
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Always leave 2’ clear from a thermowell to allow
insertion of the instrument. A thermocouple in a
large line may require more distance. if the design-
er is presented with this problem, he should check
the thermocouple length and leave ample room.

This brings up the most prevalant error com-
mitted by piping people. They quite often orient
thermowells for thermocouples so that they point
horizontally into a walkway or platform area. The
piper considers only the coupling, and he wants to
make the connection accessible. It looks good on
paper. Then the instrument installer comes along
and inserts a thermocouple that sticks out 18” info
a 37 aisleway or platform. After saying a few words
about the piper’s background, the field crew has to
plug another coupling and install a new one to par-
allel the aisleway or platform.

Thermowells for local temperature indicators
are often mislocated by pipers. Again pipers must
consider what will be inserted into the thermowell.
To properly locate the TW coupling, the designer
must know the temperature indicator type. For the
backmounted or “T* type indicator, the designer
should never locate the coupling pointing above
the horizontal. This would force the thermowell’s
glass to be pointed up, which will accumulate wa-
ter on its face and eventually rust out the face. In
common piping language, “never point them to-
ward the moon.*

Other types of temperature indicators are the
bottom-mounted type and one type that rotates on
a head. The rotating type costs a little more but
has many advantages.

-

Other Temperature Instruments

A board-mounted temperature indicator will
employ a thermocouple. Electrical impulse wire(s)
will transmit the signal to the control room instru-
ment panel. The receiving instrument converts this
signal to a readable indication which is either visu-
ally observed (an indicator) or is recorded with pen
and ink on a chart (a recorder). Recorders and indi-
cators may also be located near the pipe or equip-
ment.

Capillary tubing is used to transmit signals to
many local temperature instruments. It is o facto-
ry-cut hollow tube filled with inert £as ommercury
and sealed. Capillary tubing is ordered to a certain
iength and cannot be cut or lengthened in the field,

"Ihe. piping designer must Jocate the temperature

connection and receiving instrument, sometimes a
control valve, fo be compatible with the capillary
tubing length. This length is specified on the instru-
ment specification sheet.- There is a maximum
cconomical fength of tubing, which will vary from
time to time, but is approximately 30-35'. For dis~
tances greater than this, employ a transmitter with
a signal to the receiving instrument.

Pressure Instruments

The pressure indicator shown as P1 on flow dia-
grams, is the most common pressure instrument.
Pressure recorders and controllers are also utilized.
Piping designers supply a 1/2” or 3/4” coupling,
nipple and valve for these connections. The instru-
ment designer usually starts with the valve and sup-
plies the instrument hook-up. The first nipple and
valve should always conform to the piping specifi-
cation for material and rating. After the valve, a
smaller instrument valve and tubing is quite often
used.

Piping designers must locate pressure cotinec-
tions with great care, considering their function
and accessibility, and orienting them toward their
companion instrument when there is one. A pres-
sure controller tap will connect to a control valve.
This tap (or coupling, nipple and valve) should be
located near and oriented toward the control valve
to keep the piping as short and compact as possi-
ble. :
Figure 8-2 shows a pressure recording control-
ler portion from a mechanical flow diagram. The
impulse point is on the 6" line. The A-3" line is
mixed with the A-4" line which comes from a high-
er pressure line, the C-3". The control valve reduces
the pressure from the C (300 pound) flange rating
to an A (150 pound) flange rating. This could
cause a change in velocity or some surging in the
line. The impulse point is located downstream of
the junction to allow the flow to stabilize. The 10’
shown can be reduced for smaller line sizes, but it
should be 30 pipe diameters minimum.

The pressure recording controller is shown as 2
board-mounted recorder. The impulse line is
routed to the control board. From the control
valve an impulse line goes to a transmitter which
transmits to the recording controller on the main
control panel.
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10"~ 0" MIN.

Figure 8-2, Pressure recording controller diagram,

At the control station, the specification break
from C to A is carried through the downstream
block valve. Should the control valve stick in the
open position and the 4” downstream block valve
should be closed it would have to withstand the
pressure in the C line. Specification breaks at con-
trol stations should be downstream of the block
valve and the by-pass as shown.

Flow Instruments

Flow instruments encompass flow meters, rota-
meters, sight glasses and orifice meters among oth-
ers. Orifice flanges cause piping designers the great-
est problems, especially in the larger sizes. Many
orifice flanges, or meter runs as they are commonly
called, are critical to a plant’s operation and are
designated “‘accounting meter” on flow diagrams,
Flow accuracy is critical in them and all possible
upstream straight-run piping should be provided to
ensure this accuracy. Most meter runs, such as a
FRC which records and controls flow, are not so

critical. At the FRC meter run the flow is set by
hand to flow a certain volume. This volume is re-
corded and if the proper amount is not going
through the line the flow is adjusted manually to
correct it.

Meter runs containing orifice flanges have
lengths established by the American Gas Associa-
tion (AGA) based on the configuration and diame-
ter ratio between the orifice plate hole diamete
and the pipe size. Piping designers assume a mini="
mum diameter ratio of 0.7 or 0.75 to determinc
minimum upstream straight run of pipe. This as-
sumption is conservative in most cases and results
in a straight-run upstream length greater than nec-
essary. The AGA curve might specify 27 pipe dia-
meters upstream with a 0.75 diameter ratio. With a
10" line size, this would require 270" or 22'-6" of
straight-run pipe upstream of the orifice flanges.
When this length is not practical, consult the in-
strument engineer. The actual diameter ratio can
be calculated, which may be 0.56. Using this ratio,
the AGA curve will reduce the upstream require-
ment by several feet.
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Figure 8-3. Detail of staggered 45° orifice taps.

For sizes 16" and larger, orifice runs gettobea
piper’s nightmare. One solution is to replace orifice
flanges with a venturi tube which needs only a few
feet of straight-run pipe upstream. Another solu-
tion is straightening vanes installed in the line up-
stream of the orifice flanges. When meter run
lengths become excessive and expensive to provide,
consult the instrument engineer for an alternative
method.

Six diameters of straight-run pipe are to be pro-
vided downstream of orifice flanges. In some cases
this may be reduced to four diameters but six
should be the design basis.

Orifice flanges may be installed in a vertical
pipe run for liquid flowing up or down and for
vapor flowing down. Horizontal meter runs are pre-
ferred and should be provided where feasible. For
many years, only horizontal runs were allowed. To-
day modern instrument engineers realize that pip-
ing configuration costs often outweight the slight
advantage of the horizontal meter run. All account-
ing meter runs are to be horizontal.

Orifice Flange Taps

It is preferable to locate orifice flange taps hor-
izontally for liquid flow and vertically for vapor
flow. Steam service falls between the two and each
company has ideas for tap location, so no orienta-
tion is standard,

Many companies have settled on taps located
45° off the vertical for all services. No error can be
made with this plan. Orifice flanges have two taps
in each flange that are 180° apart. A further im-
provement is to locate taps 45° from the vertical
but staggered 90° apart. See Figure 8-3 for details
of staggered 45° taps. For vapor service the two
taps above horizontal would be valved and the two
taps below horizontal would be plugged. With lig-
uid service the two lower taps would be valved
while the upper taps are plugged. This is highly
advantageous in critical services where orifice taps
must émploy flanged valves. When the two taps are
located side by side, flanged valves will need offset
piping to clear.

The staggered tap approach will not work with
an orifice valve manifold, a manifold prefabricated
with valves especiaily designed for orifice tap serv-
ice.

Orifice flange rating is 300 pound minimum
because a wide flange thickness is needed to allow
taps to be drilled. Flanges are erected, bolted and
hydrotested prior to insertion of the orifice plate,
When the plate is inserted a gasket is placed on
both sides and the flangés are then reboited. This
results in a gap, shown in Figure 83, caused by the
plate and two gaskers. Thick flanges for the tups
and this gap result in a need for longer bolts, a fact
often overlooked by piping people.

Pipers must also leave about 15" clear from
orifice taps for valves and piping.
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Figure B-4. Theory of displacement tyoe controller.
Courtesy of Masoneilan.

Level Instruments

Level controllers are manufactured in several
types. Some, such as the ball type, are located in-
side the equipment and some are located outside
the equipment in a float cage, The ball type needs
only one connection to project the ball float inside
and flange up the controller. However, if mainte-
nance is needed the equipment must be shut down
so that the controllér can be removed.

Float cage controllers are located outside the
equipment with their own cage and two valved
connections to the equipment, allowing mainte-
nance with equipment under pressure. For this rea-
son, float cage controllers are most often selected
by designers.

The external level controlier is made in dis-
placement, constant displacement, variable dis-
placement and interface types. The most common
one is the variable displacement type. In this type,
the displacer always weighs more than the liquid it
displaces at full immersion. Although the displacer
rises and falls with level changes, its movement is
substantially less than the actual level movement.

: O WATER
i LEVEL

p—

Figure 8-5. Torque type picture, Courtesy of Masoneilan,

The difference in movement is dependent on the
cross-sectional area of the displacer, the liquid’s
specific gravity and the stiffness of the supporting
spring or torque tube,

When a body is immersed or partly immersed
in any liquid, it loses weight equal to the weight of
the liquid being digplaced. Figure 8-4, theory of
displacement type controller, ilustrates a method
of using this principle for level measurements in
vessels open to the atmosphere. The dimensions,
volumetric displacement, weight and change in
weight of the displacer in this example are the actua _
values used in the 14% range controller. In each
picture a 2.25" diameter, 14" long displacer is
shown.

In example A4 the displacer is suspended by a
spring scale having a range ¢f 0-5 pound, and the
liquid level is even with the bottom of the dis-
placer. The fuli weight of the displacer is supported
by the spring scale and is 3 pounds. In example B
the water level has been raised to 7". The displacer
now loses weight equal to the weight of the liquid
displaced {1 pound) and the net weight shown on
the spring scale is 2 pounds. While the liquid level
has risen 7°, note that the dispiacer has risen very
little.
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TORQUE TURE,
TORQUE TUBE ROD AND

TORQUE ARM BLOCK
WELDED HERE

TORQUE TUBE WELDED HERE
ESTABLISHES FIXED END, AND

SEALS PROCESS FLUID FROM INSTRUMENT

TORSION OF TORQUE TuBE
TURNS ROD TO TRANSMIT
ANGULAR MOTION TO INSTRUMENT

KNIFE-EDGE BEARING SUPPORTS
FREE END OF TORQUE TUBE

Figure 8.6, Torque tube subassermbly. Courtesy of Masoneitan,

In example C the liquid level has increased to
14" and the scale weight is reduced to 1 pound.
The 14" increase in liquid level has decreased the
displacer weight by 2 pounds.

As the net weight of the displacer is decreased,
the net ioad on the spring is reduced in direct pro-
portion to the water level increase. In this case the
water volume displaced by the 14" increase in level
is equal to approximately 56 cubic inches, a weight
of 2 pounds.

Using an accurate spring scale, the scale could
be calibrated in terms of level, thus providing a
simple and accurate level indicator for liquids of
known specific gravity. This type is limited to
equipment open to the atmosphere but forms the
basis for all level controller design. For accurate
operation in pressurized containers, a frictionless
seal was developed, which is now commonly called
the torque tube.

Figure 8-5 depicts the torgue tube design. The
torsion spring or torque tube replaces the spring
scale shown in Figure 84. The torsion spring can

be designed to indicate net weight or level as
shown previously.

Figure 8-6, a torque tube subassembly, is an
exaggerated sectional view of an actual hiquid level
controller. The angular motion in a typical design
is from 4 ° to 5°. This angular motion is used to
actuate instruments which transmit air signals pro-
portional to level changes for pneumatic indica-
tion, recording or controtling.

Figure 8-7, level controller types, shows the
various types available from Masoncilan Interna-
tional, a world leader of control instruments. Con-
troliers are available with flanged ends also.

Figure 8-8, level controller installation dia-
grams, shows instaliations for reboilers and crude

towers and an application for flow recording con-

trolling,

Figure 8-9, levei controller installation dia-
grams, sheet 2, shows installations for three other
applications.

Figure 8-10, level controllers—screwed connec-
tions, shows models available for screwed piping.
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MODEL 12800
TOP AND BOTTOM
SCREWED CONNECTIONS

MODEL 12843
TOP AND SIDE
SCREWED CONNECYIONS

MODEL 12808
SIDE AND SIDE
SCREWED CONMECTIONS

MODEL 12806
SIDE AND BOTTOM
SCREWED CONNECTIONS

MODEL 12803
TOP VESSEL
FLANGED CONRECTION

MODEL 12804
SIDE VESSEL
FLANGED CONNECTYION

Figure 8.7,

t_evel controller types. Courtasy of Masoneilan.
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Control of product level within a
fractionating tower reboiler

A welr In this kettle type reboiler maintains a constant
level around the heating tubes. A 12800 levet controller
operates a control valve fo maintain the rate of draw-off
of the bottom product in accordance with the levei
changes In the downstream side of the waeir,

Control and transmission of
crude tower level

A 12807-20 side-and-bottom connected controlier-trans-
mitter is used on this high temperature application. it
controls the valve in the draw-off line from the bottom
of the crude fractionating column in accordance with
the fevel changes in the column, An independent pneuy-
matic transmission system measures the level in the ves-
sel which Is transmitted to a recorder tocated at a central
panel, ’

l 128ig

FLOW krtonpme bl

CONTROLLIA wiTuf )
PHEVMATIC -
IIT POINT

Control of feed rate by pneumatically
setting the index of a flow controlier

The feed rate through the heating units is stabilized by
a flow controller. The 12810 level controlier (with re.
set} averages the fevel changes within the feed accumu-
lator by pneumatically adjusting the set point of a flow
controller,

Figure 8-8. Level controller instal

fation diégrams. Courtesy of Masoneilan.




158

Process Piping Design

mji

i

Control of distillate and water levels
in a gas and water separator

On applications where three fluid phases exist, such as
in a gas-water separator, two level controllers are used:
one to control the interface level between the two liquids;
the other to maintain the level of the lighter liquid.

FLOW CONTRDLE
LEVEL RECEITER

CNAL
LISHTS

SRS PHEUMATIC
FEQUEHTIAL MGuAL JWITCH

Transmission of level to remote
recorder and signal lights

Where the flow to a heater must be maintained at a rela-
tively constant rate (within the limits of the storage
capacity available), a 12820 level transmitier is used to
transmit the tevel changes of a feed accumulator to a
central panel. A flow controller records on a single
chart both the rate of flow which it receives from a fiow
transmitter located in the discharge line to the heater,
and the tevel. This provides the operator with a contin-
uvous record of level and How which permils him fo adjust
the flow rate to the existing conditions. A 485-0 se-
guential switch, which is connected to three signat lights,
gives five-position indication of level which can be seen
at some distance.

[ ——
i —

SICHAL LIGHTS

485 -0 FNEUMATIG
SEAUENTEAL
T sena swive

)

Level transmission and control
of a reflux accumulator

Where the exchangers that condense the overhead prod-
uct from a fractionating lower are operated to produce a
reflux supply but no overhead liquid product, the 12800-
20 controlier-transmitter maintains the leve! in the re-
Hlux accumulator by controlling the Hlow of water through
the condensers. The independent transmission system
provides remote indication of level at the control station
where it may be correlated with changes in process re-
quirements.

Figure 8-9. Level controller installation diagrams, sheet 2. Courtesy of Masoneilan.
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Dimensions {inches)

R 12609W 15805W 12806W
RANGE FF MR FF MR FF MR
14 147 2 7 % 7
32 32 16 38 18 34 16
48 48 24 54 24 50 24
60 60 30 66 30 62 30
72 72 35 78 38 74 36
84 B4 42 214} 42 86 42
a6 a6 48 102 48 98 48
120 12C0 60 126 60 122 60

Screwed Connections A = 114~ —. 2~ NPT — 600 Ib, ASA rating

Figure 8-10. Level controllers — screwed connnections, Courtesy of Masoneilan,
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Dimensions {inchas)
RANGE 12802W 12808W 12807W
FF MR FF MR FF MR
14 14 7 22 7 18 7
32 32 16 40 16 36 18
48 48 24 56 24 52 24
&0 60 30 68 30 64 . 30
72 72 36 80 36 76 36
84 &84 42 92 42 88 42
96 96 48 104 48 100 48
120 120 60 128 60 124 60
Flanged Connection B = 1¥2* — 2" size 150 - 300 -~ 600 Ib, ASA rating

Figure 8-11. Level controllers — flanged connections. Courtesy of Masoneilan,

Figure 8-11, level controllers—flanged connections,
shows the flanged models. Both are available in
1%:" or 2" connection sizes. The 1%4” size is usually
specified to keep piping costs to a minimum. Fig-
ure 8-12, level controller head orientation, gives
allowable orientations for both models. Orienta-
tion of control arms is the piping designer’s respon-
sibility and access to the control box must be pro-
vided,

Leve!l Gage
Level gages (also spelled gauges) show the lig-

utd level in equipment. They come in several styles
and various lengths. Figure 8-13, liquid level gage

types, shows five common types. Everytime a level
controller is installed a level gage must be installed
to cover the float range of the controller. Figure
8-14, level gage dimensions, supplies dimensions
for leve! gages. Piping designers are concerned with
the center-to-center dimension of valves which lo-
cate their connections on equipment. Note the dif-
ference between ‘“visible glass” and *‘distance be-
tween valve centers.” For a 60" float range level
controller, visible glass of 60" minimum must be
provided. This may mean multiple gages, as most
companies limit the distance between valve centers
to 60”. For the standard gage this limits the view-
ing area to 55", not enough to cover the 60" float
range. So two gage glasses are needed.
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Flange connection position 1 and left hand lnstrument position wiil be supplied unless otherwise spacified,

For high pressure chambars (1500 Ib, snd 2500 ASA) connection positions 1, 3 and 7 only are avallable,

Figure 8-12, Level controller head orientation, Courtesy of Masoneifan.
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Direct Reading LIQUID LEVEL GAGES

1T EM: Special Service Heating and Cooling
and/or Design Gages and Valves

FiG. 1

FiG. 3

Fig. Y-—External type Reflex goge with integral hecting or
cooling chamber of the bock of liquid chamber.

Flg. 2 —External type transparent gage with welded heating
or tooling chambers on each side of liquid chamber.

Fig. 3 __-Stondard reflex or transparent type gages ond volves
with internal heating or cooling stoinless steel tube passing
through liquid chamber and valves. Tube being held in placs
with packing adapters in the vent and drain connections of the
valves,

Fig. 4 _.Pocking block tees replace valves of Fig. 3 which
enables side connection instaliation.

Process Piping Design

For accurate level measurements of ligulds whose
viscosity tends to vary, or volatile ligulds which
tend to boll under existing conditions, heating or
cooling type gages are avallable. Gage and
valves are traced with heating or cooling me.-
dium, either externolly or internally as shown
and described.

FIG, 4 FiG. 5

Fig. 5—Standard %" dia. tubular glass gages equipped v*
heating or cooling tube and packing adapters. —

All Penberthy reflex series gages are available with exfernally
heated or cooled feature—transparent type is only oveilabie
in the ST Series.

When Orderlng: For example “S-1108HC” is an $-1108
with external heating or cooling chamber.

Figure 8-13. Liquid level gage types. Courtesy of Penberthy,
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ITEM: Technical Data: Valve Centers
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FOR PENBERTHY REFLEX AND TRANSPARENT LIQUID LEVEL GAGE SETS
Threaded Gage Connection Types

GAGE TYPE AND MODEL NUMIER DISTANCE BETWEEN VALVE CENTERS IN IKCHES?
STANDARD UNION ‘close
REFLEX TRANSPARENT NUMBIR | visistE NO. 305 CONRECTION | HOOKuP
of GLASS on NG. 325 | Mos. 303, 315
SECTIONS | (inches) NO. 405 OF NO. 425 oR
VALVES 3 VALVES® | NoS. 405, 425
x s w x 51 wr WITH NIPPLES | WITH NIPPLES | VALYES 784
x-500 | s.1100 — X1-400 | st.1200 — 1 2y 8% HY% I%
X-501 | S-110t - XT-661 | sr-1701 — 1 4% % 12% 4%
X-507 | S.1102 - XT-402 | $T.1202 - 1 5% 10% 13% 5%
X-503 | S.1103 | w.13 XT.603 | S1-1203 | wraa i 6% M% 14% &%
X-504 | $-1104 | wai4 XT-404 | ST-1204 | WT-14 ! 7% 12% 15% 7%
X-505 | 5.1105 | w-1s XT-405 | $T-1205 | wr.ts 1 9% 13% 16% %
X-506 | 5.1104 | W-1e XT-506 1 S7-1206 | WT-14 | 10% 15 17% 10%
X-507 i 51107 | w.i7 XT-807 | ST-1207 | Wri17 1 1% 16% 19% 1%
x-508 | $1108 | w.s XT-408 | ST-1208 | WrT-18 1 12% 17% 20% 12%
X523 | s-1133 | w.zz X1-623 { ST-1223 | wraa 2 15 19% 22% 15
X-524 1 S.v124 | wead XT424 | ST-1224 | wrad 2 7Y% 22 24% 17%
%525 | S0125 | w.zs XT-625 | st1225 | wras 2 19% 24% 7Y 19%
X528 | 51126 1 w.2s XT-626 | $1.1226 | Wr-26 2 22 26% 29% 22
X-527 1 s.v127 | wepr XT-627 | 511227 | Wwr.ay 2 25% 30 32% 25%
X528 [ s1128 | w.2g Xr-628 | ST.1228 | wr.28 2 26% 3ty 34% 28%
X545 | $.1148 | w.3s XT.645 | ST245 | WT.35 3 0% 5% 7% 0%
X-546 | 5.1146 | w.34 XT-846 | ST-1248 | WT-a6 3 3% k1174 iy 33%
X547 | s-1147 | waay XT-847 1 stbz47 | wraz 3 8% 43% 44% /Y%
X-548 | 51148 | w.38 XT-848 | ST-1248 | WT.38 3 40% 5% 48% 40%
X568 | $-1186 | w.ds XT-866 | ST-1284 | wras 4 A5% 50% 53 45%
X-567 | 51167 | w.d7 XT-667 | St.1267 | wWrar 4 52 4% 9% 52
X-568 | 51168 | w.48 XT-468 | ST-1268 | WT-48 4 55 9% 82 55
X.56 5.56 W.56 XT-56 5T-54 WT.58 5 57 Y% 82 64% 7Y
X-57 5.57 V.57 X7-57 5157 WI-57 5 85% 70% 72% 85%
X-58 5.58 w.58 XT.58 sT.58 WT.58 5 9% 3% 76% 9%
X-67 567 W.47 Xt.47 ST-87 WT.-47 é 78% B3 86% 78%
X-48 5.68 W58 Xt.68 $T-68 WT.48 ¢ B3% 88 0% B3%
X-77 s w.77 Xt77 ST.77 WT.77 7 2% 4% 9% 92%
X.78 578 w.78 XT.78 ST.78 WT.78 7 7Y 102% 104% 7Y%
x.87 5.87 w.g7 Xr.g7 §Y.87 WT.87 8 105% 110% 113 105%
X-88 5.88 V.88 X7-88 sT-88 WwT.88 8 P 116% t1g i
x-97 5-97 W.97 XT.97 §1.97 WT-97 L T 123% 128% 118%
X.98 5.98 w.o8 X198 | ST.9g WT-98 9 1254 130% 133% 125%
X107 | s.to07 w-t07 | xr.107 | srouor w107 10 132% 137 139% 13214
X-108 | 5.108 | w.108] xr108 | sri08 WTr.108 10 139% 144% 147 4% 139%

{7} Select correct goge by raforving fo prevure-temparature rating.
{2} The center-ta-center dimension given in tobly it the minimem dislance
obtninable batween valva canters For the corrmponding goge ond valves.
large Chamber Gauge End connected edd W to figures shown.
For olher requirements, rafer o dimensicaal date of guge vuives,

{3] Volve coniers givan in toble olra apply whan goger are vied with
valver &f other sizes in the corretpanding Series,

For goge valve pressure.-temperoture rating ond dimensions.
{4} Minimum Yolve centers for Y7 Close Hook.up Goge is % fonger

than shows in table for raspective gage.

Cn Tromporent goges, requiring several short sections to make vp the
tolal vivibility desired, Iess interference in fevel racding will rasult If the

goge it selucted from bigher presjurs groups. Thi,

opply 1o the ReBex type pages.

Figure 8-14, Level gage dimensions. Courtesy of Penberthy,

howaver, doas nol
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BLAN PLAN,
SINGLE GLASS MATIPLE GLASSES
o ANGLE COCH
VAL%UM%M ENDS
bif -
hol
fad
H
|
2* DRAIN VALVE
L PLUG
ELEYATION.
WLYIPL{ GLASRES
HOT

s
AS A MINIMUM THE VIEWING ARZA WILL COVER THE
FLOAT RANGE OF LEVEL CONTROLLERS.
HIPPLES , VALVES £ FITTINGS TO CONFORM TO GOVERNING
PiPE SPECS

FOR VALVES GATE OR PLUG, SEE FLOW DIAGRAM FOR
ADJNING VALVES. -

Figure 816. Multiple level gage installation, Courtesy of
Fluor Corp.

Figure 8-15, multiple level gage installation,
shows how gages are overlapped 8" to overlap view-
ing area 1" minimum. This viewing area overlap
will vary with the manufacturer.

Control Valves

Control valves are designed with a body for
throttling. Most control valves employ a globe-type
body, but ball, butterfly and other types are also
used. Control valves regulate flow throughout the
unit by opening or closing fractional amounts let-
ting more or less flow pass as the impulse signal
commands them to do. The impulse signal may be
pneumatic, electronic, hydraulic or electro-hydrau-
lic. A few control valves are operated manually,
but the great majority are pneumatically operated.

Process Piping Design

The control valve is comprised of two basic
components, the actuator or motor operator and
the valve body. Figure 8-16, a control valve actua-
tor, gives details of actuator and terminology of
diaphram actuator parts. Figure 8-17, a control
valve body, gives details and terminology for body
parts. A double-port body is shown but many parts
are common for all control valves.

For fluid temperatures of 450°F or higher, ra-
diating cooling fins are installed on top of the body
but under the actuator to dispell heat to the atmos-
phere, protecting the actuator. This makes the ov-
erall height of the control valve greater and piping
designers often forget to consider cooling fins. This
results in actuators and by-passes vying to occupy
the same spot and this cannot happen. .

Figure 8-18, typical control stations, shows how t
design control valve installations incorporating
block valves on either side of the control valve. A
globe valve by-pass is shown but gate valves can be
used more economically. Dimensions from cen-
terline of by-pass to control valve are a guide for stu-
dents and will be sufficient in most cases. Each con-
trol valve height must be checked to ensure 9
minimum clearance above the actuator. Actvator dia-
phragm widths vary and must also be checked to en-
sure clearance from the vertical pipe. When station
types CS-1 or CS-2 are used, diaphragms are often
wide enough to interfere with the block valves’

flanges.
Control valves are sometimes purchasea with

handwheels, commonly called handjacks, mounted
on the actuator. The handwheel allows manual op-
eration, opening or closing the valve, which makes
manual fluid control possible if the automatic con-
trol becomes inoperative. Manual control will con-
tinue until repairs are completed and automatic
control is resumed. Block and by-pass valves are
not supplied when manual handwheels are speci-
fied. Handwheels are usually mounted on the actu-
ator’s side; however, a reverse-acting control valve
may have the handwheel on top.

Control valves must be located near the equip-
ment they serve and must be accessible to the oper-
ator. A level control valve controls the level in a
vessel by receiving impulse signals from a level con-
troller attached to the vessel. Locating the control
valve near the level controller reduces length of
impulse line. When operating the control valve
manually or when operating on by-pass, the opera-
tor should be able to see the vessel’s gage glass.
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Type 457 diract acting diaphragm actuater.

| Diaphragm Case
2 Diaphragm
3 Diaphragm Plate

4  Actuator Spring 7 Spring Adjustor 10 Travel Indicator
5 Actuator Stem g8 Siem Conncctor 11 Travel Indicator Scale
6 Spring Seat 9 Yoke

Figure 8-16. Control valve actuator. Courtesy of Fisher Controls Co.
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PACKING FLANGE NUT

FELT WIPER RING
PACKING FOLLOWER

PACKING SPRING

PACKING BOX RING

GUIDE BUSHING

SEAT RING

SEAT RING

GUIDE BUSHING

Process Piping Design

Figure 8-17. Control valve body. Courtesy of J.E. Lonergan Co.

PACKING FLANGE STUD

— PACKING FLANGE
-YOKE LOCKNUT

PACKING

VALVE PLUG STEM

TEFLON WIPER RING
BONNET

/\ VALVE BODY

VALVE PLUG

BOTTOM FLANGE
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N2 -
TYPE CS-i TYPE C5-2 TYPE CS5-3
FLG'D FLG'D.

USE REDUCING ELLS WHEN BLOCK VALVES ARE 8" £ UNDER (TYPE CS-14 C5-2),
FOR LARGER SIZES USE CONCENTRIC REDUCERS (TYPE CS-3)

bt s
g RS
e Iinl — Iil ﬂ_mj‘ﬂ'g

A M "
'C?J ] I/2 !/2
RS
TYPE CS-4 TYPE CS-5 TYPE CS-6
SCREWED SOCKETWELD MAY FLOW EITHER DIRECTION
CHECK INST. ENGINEER
NOTES:

|. CHECK HEIGHTS § WIDTHS OF CONTROL VALVE OPERATORS FOR CLEARANCE.

2. CONTROL VALVE COOLING FINS REQUIRED AT 450°F & ABOVE.

3. ON PULSATING PIPING LOWER BY-PASS AS MUCH AS POSSIBLE. MAKE THE
INSTALLATION COMPACT TO REDUCE VIBRATION.

4. DIMENSION 2'-0" IS FROM HIGH POINT OF GRADE OR PAVING.

Figure 8-1B. Typical control stations,
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LONERGAN Safety-Relief Valves

D Series
Conventional
GAG SCREW
GAG SCREW GASKET
i o mrareme COMPRESSION SCREW
— CAP, SCREWED
CAP GASKET
SPRING STEPS
SPRING
BONNET |
80DY STUDS ﬁ. SPRING STEP
STUD NUTS - | BONNET GASKET
SUIDE . L i BODY GASKET

HOLDER INSERT B _... DISC HOLDER
RING PIN . B e Sl 0 RETAINER
RING PIN GASKET i .

NOZILE

BODY

NAME OF PART MATERIAL
Gag Screw AlS1 416 Stainless Steel
Gag Screw Gasket Corrugated Soft bron
Stem AISI 416 Stainless Steel
Compression Screw AlSI 416 Stainless Steel
Bannet Plug Carbon Steel
Locknut AIS1 416 Stainiess Stect
Cap Gasket Corrugated Soft Iron
Spring Steps AISL C-1117 Carbon Stecl
Body Studs ASTM A-198 GR B7, Alloy Stecl
Stud Nuts ASTM A-194 GR ZH, Alloy Stecl
Bonnet Gasket Corrugated Soft Iron
Body Gasket Corrugated Soft Iron
Guide ASTM A-351 GR CF8, Stainless Steel
Holder Inscre ALSI 416 Stainless Steel, Hardened
Ring Pin Gasket Corrugated Soft Iron
Ring Pin AISL 416 Stainless Seeed
Disc Holder ASTM A-351 GR CFB8, Stainless Steel
Dise Retainer ALSI 302 Stainless Stecl
Dise [7-4 PH. Stainless Steel, Hardencd
Adjusting Ring AISI 302 Stainiess Steel
Neznle ASTM A-351 GR CF8, Stainless Steel
Spring {Note 1) Carbon Steel
Spring {Note 2) Tungsten Steel (8.75-9.75)
Cap, Screwed ASTM A-216, GR WCB. Carbon Steel
Bonnet (Note 3) ASTM A-216, GR WCB, Cathon Steei
Bonnet {Note 4) ASTM A-217, GR WCbs, Alloy Siccl
Bedy (Note 8) ASTM A-216, GR WCB, Carbon Steel
Body {Note 4) ASTM A-217, GR. W6, Alloy Steel

Figure 8-19, Conventiona!l flanged relief valve, Courtesy of J.E, Lonergan Co.




Instrumentation

Control valve actuators should be installed in the
vertical position. In some rare cases this is not practi-
cal, as with body sizes of 10" and larger with actu-
ators utilizing cooling fins resulting in diaphragm
heights of 7-8°. Accessibility demands that these dia-
phragms be lowered, which results in horizontal in-
stallation, particularly on angle control valves.

With a horizontal valve plug stem or rod, two spe-
cial problems arise. Supporting the diaphragm is a
mechanical problem best handled by cable from
above. This allows free expansion. Many times the
valve manufacturer can offer support solutions. The
other problem is lubrication of the stem or rod. With
the horizontal installation, gravity will compel the lu-
bricant to seck and lubricate the lower half of the
stem. The manufacturer must be notified if horizontal
installation is selected, so that he can alter the lubrica-
tion design to make it effective for horizontal instalia-
tion.

Angle control valves are specified for large pres-
sure drop applications. Flow is normally in the side
and out the bottom when the diaphragm is vertical.
However, this varies with the service. Before issuing
the final piping drawing, the manufacturer’s certified
outline drawing must be checked to determine flow
pattern.

169

Control valves must be removable for mainte-
nance. With flanged valves the flanges can be un-
bolted and removal is simple. If the flanges are ring
joint, removal is much easier if one of the block
valves is located in the vertical so a flanged elbow
can be removed. For screwed or socketwelded con-
trol valves, provide a union on both sides of the
control valve. '

Relief Valves

Figure 8-19, conventional flanged relief valve,
lists the relief valve’s various parts. Except for
small thermal relief valves, springs should always be
installed upright. The inlet flange is part of the
body while the nozzle forms the flange face or
seating surface. This nozzle is % to 1" thick, result-
ing in longer than standard bolting. When tabula-
ting material needed for a relief valve always check
the nozzle for added bolt length. As a guide, for
relief valve flanged inlets up to 1” size, add 1" to
normal bolting. For sizes 1% to 4" add %" and for
6" and larger add 1"
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Chapter 8
Review Test

Define the four major instrument types.

Give the four major functions of the types.

10.

[

[2.

. What is a dual instrument?

What does “board mounted”mean?

Which instrument item has no moving parts?

Define AGA.

Orifice flanges are____ pound minimum rating.

Level gages are usually limited to inches length between valve centers,

Multiple gage glasses shall have a viewing area overiap of

Most control valves are of the type body.

Cooling fins are added to control valves for fluid temperatures of °F or greater.

What is a control valve handjack?

13.

14.

15,

For angle control valves, flow normally goes in the and out the

Relief valve springs should normally be installed

Because of the inlet nozzle, relief valve inlet flanges require longer




Appendix

In any international operation, measurement conversion is common. Engineers, designers and
draftsmen are constantly seeking conversion tables and charts and usually find every one but the one
they need. In this chapter conversion factors are assembled in alphabetical order. Following the factors
are conversion tables useful to engineers and designers.

Acre

Acre

Acre

Acre

Acres

Acres

Acres

Acres

Acre-feet

Acre-feet -
Amperesfsquare centimeters
Amperes/square centimeters
Amperes/square inch
Amperes/ square inches
Amperes/square meter
Amperesfsquare meter
Are ‘

Arcs

Ares

Atmospheres
Atmospheres

10

160

1 x 105
0.4047
43,560
4,047
1.562 x 1073
4,840
43,560
3.259 x 108
6.452

10*

0.1550
1,550

1074

6.452 x 1074
0.02471
119.60

100

14.7

1.058
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H oo onH

It

Square chain (Gunters)

Rods

Square links (Gunters)
Hectare or square hectometer
Square feet

Square meters

Square miles

= Square yards

I .

b

Cubic feet

Gallons

Amperesfsquare inch
Amperes/ square meter
Amperesfsquare centimeters
Amperesfsquare meter
Amperesfsquare centimeter
Amperes/square inch

Acre (USA)

Squure yurds

Squure meters
Pounds/square inch

= Tons/square foot

Conversion factor A {continued on following page)




Conversion factor A (bonc!iuded}
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Atmospheres x 29.92 = Inches of mercury at 0°C
Atmospheres x 76 = Centimeters of mercury ‘
Atmospheres x 33.90 = Feet of water at 4°C
Atmospheres x 1.033 = Kilograms/square centimeter
Atmospheres x 10,332 = Kilograms/square meter
Atmospheres x 1,013.2 = Millibar
Atmospheres x 760 = Millimeters of mercury
Atmospheres x 10.332 = Meters of water at 4°C
B
_Barrels (USA, dry) x 7,056 = Cubic inches
Barrels (USA, dry) x 105 = Quarts (dry)
Barrels (USA, liquid) x 31.5 = (Gallons
Barrels (oil) x 42 = Gallons {oiD)
Barrels (oil) x 0.159 = Cubic meters
Barrels (oil) x 159 = Liters ,
Barrels/day X 6.6245 x 1073 = Cubic meters/hour ~
Barrels (oil) X 5.6154 = Cubic feet
Barrels/day X 29.167 x 1073 = (allons per minute
Bars x 0.9869 = Atmospheres
Bars x 106 = Dynes/square centimeter
Bars x 1.020 x 10% = Kilograms/square meter
Bars x 2,089 = Pounds/square foot
Bars x 14.50 = Pounds/squaré inch
Btu x 1.055 x 10t° = Ergs
Btu x 778.3 = Foot-pounds
Btu x 252 = Gram-calories
Btu x 3931 x 1074 = Horsepower-hours
Btu x 1,054.8 = Joules
Btu x 0.252 ' = Kilogram-calories
Btu x 107.5 = Ki]oggam-meters
Btu x 2.298 x 1074 = Kilowatt-hours
Btu/hour x 0.2162 = Foot-pounds/second
Btu/hour x 0.070 = Gram-caloriefsecond )
Btu/hour x 3.929 x 107¢ = Horsepower-hours. (British) -
Btu/hour x 0.2931 = Watts
Btu/hour foot °F x 1.4882 = Kilocalorie/meter hour °C
Btu/hour foot? x 2.7125 = Kilocalorie/meter? hour
Btufpound x 0.5556 = Kilocaloriefkilograms
Btu/pound °F x 1 = Kilocalorie/kilograms °C
Ptu inches/hour foot? °F x 0.12402 = Kilocalorie/meter hour °C
Btu/minute x 12.96 = Foot-poundsfsecond
Btu/minute x 0.02356 = Horsepower
Btu/minute x 0.01757 = Kilowatts
Btu/minute x 17.57 = Watts
Btu/square foot/minute x 0.122] = Watts/square inch

Conversion factor B {continued on facing page)




Conversion factor B {concluded)

Bucket (British-dry)
Bushels
Bushels
Bushels
Bushels
Bushels
Bushels
Bushels

Candlefsquare centimeter
Candlefsquare inch
Centares

Centigrade

Centiliter
- Centiliter

Centiliter

Centimeters
Centimeters
Centimeters
Centimeters of mercury
Centimeters of mercury
Centimeters of mercury
Centimeters of mercury
Centimeters of mercury
Centimeters/second
Centimeters/second
Centimeters/second
Centimeters/second
Centimeters/second
Centimeters/second
Chain '
Chain

Cords

Cord feet

Coulomb

Coulombs
Coulombs/fsquare centimeter
Coulombsfsquare centimeter
Coulombs/square inch
Coulombs/square inch
Cubic centimeters
Cubic centimeters
Cubic centimeters
Cubic centimeters
Cubic centimeters
Cubic centimeters

E I

Appendix

1.818 x 10¢
1.2445
2,1504
0.03524
35.24

4

64

32

C

3.142

0.487

1.0

9/5 + 32
0.3382
0.6103
2.705
3.281 x 1072
0.3937
1.094 x 107%
0.01316
G.4461

136

27.85
0.1934
1.1969
0.03281
(.03¢
0.1943

0.6

0.02237

792

20.12

8

16

2.998 x 10°
1.036 x 1073
64.52

104

0.155

1,550

3.531 x 107¢
0.06102
107¢

1.308 x 167¢
2.624 x 1074
0.001

% 0 % B 9 % §

W o8 % e ny N

i #

W
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W
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Cubic centimeters
Cubic feet

Cubic inches
cubic meters
Liters

Pecks

Pints (dry)
Quarts (dry)

Lamberts

Lamberts

Square meters
Fahrenheit

Fluid ounce (USA)
Cubic inch

Drams

Feet

Inches

Yards

Atmospheres

Feet of water
Kilograms/square meter
Pounds/square foot
Poundsfsquare inch
Feet/minute
Feet/second
Kilometers/hour

Knots

Meters/minute
Miles/hour

Inches

Meters

Cord feet

Cubic feet
Statcoulombs

Faradays
Coulombs/square inch
Coulombs/square meter
Coulombs/fsquare centimeter
Coulombs/square meter
Cubic feet

Cubic inches

Cubic meters

Cubic yards

Gallons (USA liquid)
Liters

Conversion factor C {continued on following page)
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Conversion factor C {continued}

Cubic centimeters
Cubic centimeters
Cubic feet
Cubic feet

Cubic feet

Cubic feet

Cubic feet

Cubic feet

Cubic feet

Cubic feet

Cubic feet

Cubic feet

Cubic feet/minute
Cubic feet/minute
Cubic feet/minute
Cubic feet/minute
Cubic feet/minute
Cubic feet/second
Cubic feet/second
Cubic feet/second
Cubic inches
Cubic inches
Cubic inches
Cubic inches
Cubic inches
Cubic inches
Cubic inches
Cubic inches
Cubic inches
Cubic meters
Cubic mefers
Cubic meters
Cubic meters
Cubic meters
Cubic meters
Cubic meters
Cubic meters
Cubic meters
Cubic meters
Cubic meters/hour
Cubic meters/hour
Cubic metersfhour
Cubic meters/hour
Cubic metersfhour
Cubic metersfhour
Cubic metersfhour
Cubic yards

Process Piping Design

2113 x 1073
1.057 x 10732
0.8036
28,320
1,728
0.02832
0.03704
7.480572
28.32

59.84

29.92
0.1781

472

0.1247
0.4720
62.43
1.6989
0.646317
448.831
101.94
1639

5.787 x 1074
1.639 x 1075
2.143 x 1075
4.329 x 1073
0.01639
1.061 x 108
0.03463
0.01732
6.290

28.38

108

35.314
61,023
1,308
264,17
1,000

2,113

1,057

9.810 x 1073
0.5886
4.4033
150.95
3.6651

35.31

277.8

7.646 x 10°

[

Pints (USA liquid)
Quarts (USA liquid)

= Bushels (dry)

]

[N S S R { N | (AN || ({1 | O O 1

IS B [

1S LI | I
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I R 1 [ A T

Cubic centimeters
Cubic inches

Cubic meters

Cubic yards

Gallons (USA liquid)
Liters

Pints (USA liquid)
Quarts (USA liquid)
Barrels (oil, USA)
Cubic centimeters/second
Gallons/second
Liters/second

Pounds of water/minute
Cubic metersfhour
Mitlion gallons/day
Gallons/minute

Cubic meters/hour
Cubic centimeters
Cubic feet

Cubic meters

Cubic yards

Gallons

Liters

Mil-feet

Pints (USA liquid)
Quarts (USA liquid)
Barrels (USA oil)
Bushels (dry)

Cubic centimeters
Cubic feet

Cubic inches

Cubic yards

Gallons (USA liquid)
Liters

Pints (USA liquid)
Quarts (USA lquid)
Cubic feet/second
Cubic feet/minute
Gallons/minute (USA)
Barrels/day

Imperial gallons/minute
Cubic feet/hour

Cubic centimeters/second
Cubic centimeters

Conversion factor C {Continued on facing page}



Conversion factor C {concluded)

Cubic yards

Cubic yards

Cubic yards

Cubic vards
Cubic yards

Cubic yards

Cubic vards

Cubic yards/minute
Cubic yards/minute
Cubic yards/minute
Cubit, Bible

Cup

Cup

Dalton

Days

Days

Decigrams

Deciliters

Decimeters

Degrees (Angle)

Degrees (Angle)

- Degrees (Angle)
Degrees (Angle)
Degrees/second
Degrees/second
Dekagrams
Dekaliters
Dekameters
Drams (apothecaries or troy)
Drams (apothecaries or troy)
Drams
Drams
Drams
Dyne/centimeters
Dyne/square centimeters
Dyne/square centimeters
Dyne/square centimeters
Dynes
Dynes
Dynes
Dynes
Dynes

Dynes
Dynesfsquare centimeters
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27
46,656
0.7646
202
764.6
1,615.9
807.9
0.45
3.367
12.74
21.8
0.5

16

D

1.650 x 10724
1,440
86,400

0.1

0.1

0.1

60

3600
0.01745
001111
0.1667
2778 x 1073
10

10

10
0.1371429
0.125
27.34375
1.771845
0.0625

6.01

9.869 x 1077
2.953 x 1073
4.015x107%
1.020x 107°
1077

1073

1.020 x 107¢
7.233x 107°%
2.248x 107°¢
107¢
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Cubic feet

Cubic inches

Cubic meters
Gallons (USA liquid)
Liters

Pints (USA liquid)
Quarts (USA liquid)
Cubic feet/second
Gallons/second
Liters/second

Inch .

Pint

Tablespoon

Gram

Minutes

Seconds

Grams

Liters

Meters

Minutes

Seconds

Radians

Quadrants
Revolutions/minute
Revolutions/second
Grams

Liters

Meters

Ounces (avoirdupois)
Cunces (troy)

Grains

Grams

Ounces

Erg/square millimeters
Atmospheres

Inch of mercury at 0°C
Inch of water at 4°C
Grams
Joules/centimeters
Joules/meters (newtons)
Kitograms

Poundals

Pounds

Bars

175



176

Ell

Ell

Em, pica
Em, pica
Erg/second
Erg

Erg

Erg

Expansion coefficient, °F

Fahrenheit —32
Famm

Famm
Faradays
Fathom, British
Fathom, British
Fathom, British
Fathom, USA
Fathom, USA
Fathom, USA
Feet, USA
Feet, USA
Feet, USA
Feet, USA
Feet, USA
Feet, USA

Feet of water
Feet of water
Feet of water
Feet of water
Feet of water
Feet of water
Feetfhour
Feet/hour
Feet/hour
Feet/minute
Feet{minute
Feet/minute
Fect/minute
Feet/minute
Feet/minute
Fest/minute
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E

114.30

45

0.167

0.4233

I

9.480 x 10711
i

7.367 x 1078
1.8

555
5.8455
1.7814
26.8
6.08
1.8532
0.001

6

1.8288

2

12
0.3048
0.3333
0.18939 x 1073
1.2 x 104
0.0606
0.0295
0.8826
0.03048
304.8
62.43
0.4335
0.01666
027177 x 1973
0.1894 x 1073
0.5080
0.01666
0.18288
0.009868
0.3048
0.00508
001136

LI N I O ¢

I I I

Centimeters

Inches

Inch

Centimeter
Dyne-centimeter/second
Btu

Dyne-centimeter
Foot-pounds

Expansion coefficient, °C

= Centigrade
= Foot, USA
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1

Meter

Ampere-hour

Feet

Meter

Nautical mile, British
Feet

Meter

Yard

Inches

Meters

Yards

Miles, USA statute
Mils

Rod

Atmospheres

Inches of mercury
Kilograms/square centimeters
Kilograms/square meter
Pounds/square foot
Pounds/square inch
Feet/minute
Feet/second
Miles/hour
Centimeterfsccond
Feet/second
Kilometer/hour
Knot

Meter/minute
Meter/second
Mile/hour

Conversion factor F {continued on facing page)



Conversion factor F {continued)

Feet/minute
Feetfsecond
Feetfsecond
Feet/second
Feet/second
Feet/second
Feet/second
Feetfsecond
Feet/second
Feet/second/second
Feet/second/second
Feet/second/second
Feet/second/second
Feet/100 feet
Firkin

Firkin

Foot-candle
Foot-candle
Foot-candle
Foot-candle
Foot-candle
Foot-candle
Foot-Lambert
Foot-Lambert
Foot-Lambert
Foot-Lambert
Foot-Lambert
Foot-Lambert
Foot-Lambert
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound
Foot-pound/minute
Foot-pound/minute
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0.1894x 1073

30.48
1.097
0.5921
18.29
0.681818
0.0113636
3600

60

30.48
1.097
0.3048
0.6818

H

9
34.06798
10.764

1

10.764
1.076
0.001076

distance in feet?
0.3425 x 1073

0.3183
0.00221
0.001076

square foot Area

1.076
0.342x 1073

1.2853 x 1073

1.356 x 107
0.32389

5.0505 x 1077

5.12x 1077
12

1.35582
1.3554
3.238x 1074
0.1383
3.766 x 1077
0.001356
0.61338

0.3766 x 1073

1.356
0.077118
1.286 x 1073
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Mile/minute
Centimeters/second
Kilometers/hour

Knots

Meters/minute
Miles/hour
Miles/minute

Feet/hour

Feet/minute
Centimeters/second/second
Kilometers/hour/fsecond
Meters/second/second
Miles/hour/second
Percent grade

Gallon, liquid, USA
Liter

Lumen/square meter
Lumen/square foot

FLux

Milliphot

Phot

Candlepower
Candiefsquare centimeters
Candlefsquare foot
Candle/square inch
Lambert

Lumen

Millilambert

Stilb

Btu

Ergs

Gram-calorie
Horsepower-hours, USA
Horsepower-hours, metric
Inch-pound

Joule absolute

Joule international
Kilogram-calories
Kilogram-meters
Kilowatt-hours
Kilowatt-second

= Liter-atmosphere

L T I

Watt-hour
Watt-second
Btu/hour
But/minute

Conversion factor F {continued on foltowing page)




e 378

Canwversion factor F {concluded)

Foot-pound/minute
Foot-pound/minute
Foot-pound/minute
Foot-pound/minute
Foot-pound/minute
Foot-pound/minute
Foot-pound/second
Foot-pound/second
Foot-pound/second
Foot-pound/second
Foot-pound/second
Foot-pound/second
Foot-pound/second
Fot

Fot

Fot

Fot

Foute

Furlong

Furlong

Furlong

Furlong

Furlong

Furlong

Furlong

Fuss

Fuss

Galion, British, Imperial Liquid
Gallon, British, Imperial Liquid
Gallon, British, Imperial Liquid
Gallon, British, Imperial Liquid
Gallon, British, Imperial Liquid
Gallon, British, Imperial Liquid
Gallon, British, Imperial Liquid
Galion, British, Imperial Liquid
Gallon, dry, USA
Gallon, dry, USA
Gallon, dry, USA
Gatlon dry, USA
Gallon, dry, USA
Gallon, dry, USA
Gallon, dry, USA
Galion, dry, USA
Gallon, dry, USA

Process Piping Design
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2.259 x 10
0.01666
3.066 x 1075
3.0303 x 1075
2.2597 x 107%
0.022597
0.0771
4.6263

1.843 x 1073
1.818 x 1073
1.356

1.3558 x 1073
1.3558

0.974

100

0.2969

10

!

6.6

10

660

201.168
0.125

220

40

0.9842

0.300

G

0.125
4546
0.16046
0.0045
1.032
1.2009
4.54596
10
0.125
4404.92
0.155555
268.803
1.16365
4.4049
0.05

8
4.6546

o
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Erg/second
Foot-pound/second
Horsepower, metric
Horsepower, USA
Kilowatt

Watt

Btu/minute
Btu/hour
Horsepower, metric
Horsepower, USA
Joule

Kilowatts

Watt

Foot, USA

Lines

Meter

Turn

Foot, USA

Chain, engineer
Chain, Gunter

Feet

Meters

Mile, statue, USA
Yards

Rods

Foot, USA

Meter

Bushel, dry, British
Cubic centimeter
Cubic foot

Cubic meter
Gallon, dry, USA
Gallon, liguid, USA
Kilogram

Pound, water, 62°F
Bushel, USA

Cubic centimeter
Cubic foot

Cubic inch

Gallon, liquid, USA
Liter

Peck

Pint

Quart, liquid, USA

Conversion factor G {continued on facing page)



Conversion factor G (continued)

Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallon, liquid, USA
Gallonsfhour, USA
Gallons/hour, USA
Gallons/hour, USA
Gallons/hour, USA
Gallons/minute, USA
Galions/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA
Gallons/minute, USA

Gallons/minute, USA

Gallons/second, USA
Gallons/second, USA
Gullons/second, USA
Gallons/fsecond, USA
Gills, British

Gills, British

Gills, British

Grade

Grade

Grade

Grade

Grain

Grain

Grain

Grain

Grain

Appendix
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0.0238
3785.434
3.785434
0.13368

231

3.7854 x 1073
4951 x 1073
0.859365
0.832673
3.7853

8

4 :
8.3453
0.1337

2228 x 1073
0.01666
2777 x 1074
34.2857
1.42857
0.023809
192.49999
8.021
0.13368
2.228x 1073
0.2271

1440

60

0.01666
5.35565
5.99839
0.06308

481

8.02

0.1337

60

142.07
0.1183

0.25

0.0025
9,000

54

0.01571
0.01666
0.03657

I

0.0648
2.0833 x 107°
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Barrel, oil

Cubic centimeter
Cubic decimeter
Cubic foot

Cubic inch, water, 62°F
Cubic meter

Cubic yard

Gallon, dry, USA
Gallon, liquid, British
Liter

Pint, liquid, USA
Quart, liquid, USA
Pounds, water

Cubic feet/hour
Cubic feet/minute
Gallons/minute
Gallons/second
Barrels/day, oil
Barrels/hour, oil
Barrels/minute, oil
Cubic feet/day

Cubic feet/hour
Cubic feet/minute
Cubic feet/second
Cubic metersfhour
Gallons/day
Gallons/hour
Gallons/second

Tons, long, water, 62°F/day
Tons, short, water, 62°F/day
Liters/second

Cubic feet/hour
Cubic feet/minute
Cubic feet/second
Gallons/minute, USA ;
Cubic centimeter
Liters

Pints, liquid

Circle

Degree

Minute

Radian

Dram, apothecary
Dram, avoirdupois
Grain, troy

Grams

Cunces

Conversion factor G {continued on following page}




180 Process Piping Design

Conversion factor G {concluded)

Gram X 5 = Carat
Gram X 3.858 = (Carat, metric
Gram x 100 = Centigram
Gram x 0.2572 = Dram, apothecary
Gram - x 0.56438 = Dram, avoirdupois
Gram x 980.665 = Dyne
Gram x 15.4324 = (Grain
Gram x 9.807 x107¢ = Joules/centimeters
Gram x 9.807 x 1073 = Joules/meter (newtons)
Gram x 0.001 = Kilograms
Gram x 1000 = Milligrams
Gram x 0.03527 = Qunces, avoirdupois
Gram x 0.03215 = Qunces, troy
Gram x 0.07093 = Poundals
Gram x 2205 x 1073 = Pounds
Grams/centimeter X 5.6x1073 = Poundsfinch
Grams/cubic centimeter x 62.43 = Pounds/cubic foot
Grams/cubic centimeter x 0.03613 = Pounds/cubic foot
Grams/liter x 58.417 = Grainsfgallon, USA
Grams/liter x 8.345 = Pounds/1,000 gallons
Grams/liter x 0.062427 = Pounds/cubic foot
Grams/liter x 1,000 = Parts/million
Grams/square centimeter x 2.0481 = Pounds/square foot
Gram-alories X 3.968x 1073 = Btu
Gram-calories x 4.1868 x 107 = Ergs
Gram-calories x 3.088 _ = Foot-pounds
(Gram-calories x 1.55856 x 107¢ = Horsepower/hours
Gram-calories x 1.163 x 107 ¢ = Kilowatt-hours
Gram-calories x 1.163 x 1073 = Watt-hours
Gram/calories/second x 14.286 = Btu/hour
Gram-centimeters X 9.29658 x 1078 = Btu
Gram-centimeters x 980.7 = Ergs
Gram-centimeters x 9.807 x 107°% = Joules
Gross x 12 = Dozen
Gross, great x 144 = Dozen
Gross, great x 12 = (Gross

H
Hand x 10.16 = Centimeter
Hand X 4 = Inch
Hand x 48 = Foot
Hand x 1,016 = Meter
Head, feet elevation, water x 0.433 = Pounds/square inch
Hectare X 2.471 =" Acre
Hectare x 100 = Are
Hectare x 1.07639 x 10¢ = Square feat

Conversion factor H (continued on facing page)



Conversion factor H {continued)

Hectare

Hectare

Hectare

Hectare

Hectogram

Hectoliter

Hectoliter

Hectoliter

Hectoliter

Hectoliter

Hectometer

Hectometer

Hectometer

Hectometer

Hectowatts

Henries

Hogsheads, British
Hogsheads, USA
Hogsheads, USA
Hogsheads, USA
Hopgsheads, USA
Hogsheads, USA
Horsepower, USA
Horsepower, USA
Horsepower, USA
Hormsepower, USA
Horsepower, boiler
Horsepower, boiler
Horsepower, boiler
Horsepower, electric
Horsepower, electric
Horsepower, electric
Horsepower, electric
Horsepower, hours, USA
Horsepower, hours, USA
Horsepower, hours, USA
Horsepower, hours, USA
Horsepower, hours, USA
Horsepower, hours, USA
Horsepower, hours, USA
Horsepower, hours, USA

Horsepower-hours, metric
Horsepower-hours, metric
Horsepower-hours, metric
Horsepower-hours, metric
Horsepower-hours, metric

Appendix
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X

0.01

10,000
3.861 x 1073
11,960

100

3.532

0.1

0.1308
26.42

100
328.089
100
0.06214
109.36

100

1,000
10.114
8.42184

63

238476
504

252

42.44
33,000

350

0.7457
33,479
345

9.803
0.7072

146

0.746

746

2,547
2.6845 x 10'3
1.98 x 10°
641,190
1.01387
2,376 x 10°
26.8453 x 108
0.7457
2509.83
1.9529 x 10¢
0.98632
632,467
26.4761
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Square kiiometer
Square meters
Square miles
Square yard
Gram

Cubic feet
Cubic meter
Cubic yard
Gallon, USA
Liter

Feet

Meter

Mile, statute, USA
Yard

Watts
Millihenries
Cubic feet
Cubic feet
Gallons, USA
Liter

Pint

Quart
Btu/minute

= Foot-pounds/minute

I

LI | I

LI

o

w0 " #

oW

Foot-pounds/second
Kilowatts

Btu/hour

Pounds water/hour
Kilowatts
Btu/second
Joule/second
Kilowatts

Watts

Btu

Ergs

Foot-pounds
Gram-calories
Horsepower-hour, metric
Inch-pound

Joule

Kilowatt-hour

Btu

foot-pounds
Horsepower-hour, USA
Gram-calories

Joule

Conversion factor H {continued on following page}
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conversion factor H {concluded}

Horsepower-hours, metric
Hours

Hours

Hours

Hours

Hours

Hundredweight (long)
Hundredweight (long)
Hundredweight (short)
Hundredweight (short)
Hundredweight (short)
Hundredweight (short)
Hundredweight (short)
Hundredweight (short)

Inch

Inch

Inch

Inch

Inch

Inch

Inch

hich

Inch

Inch

Inch

inch

Inch, mercury
Inch, mercury
Inch, mercury
Inch, mercury
Inch, mercury
Inch, mercury
inch-pound
Inch-pound
Inch, water, 4°C
Inch, water, 4°C
inch, water, 4°C
Inch, water, 4°C
Inch, water, 4°C
Inch, water, 4°C

Process Piping Design
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0.73545
0.0417

60

0.00137
0.1142x 1073
5952x 1073
12

0.05

1.8

45.36

100

0.05
0.04536
0.044643

254 x 108
2.54

0.833x 1073
1.2626 x 1073
0.254
0.08333
0.0254
1.578 x 10753
254

1,000

5.05 x 1077
0.02778
0.03342
1.133

13.61

70.73
0.49116
0.03453

1.07 x 107°
0.0833
2.458 x 1073
0.07355
2.54 x 1073
0.5781

5.204
0.03613
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K

Kilowatt-hour
Day

Minute
Month

Year

Week
Pounds
Tons, long
Cubic foot
Kilograms
Pounds
Ton, short
Tons, metric
Tons, long

Angstrom

= Centimeter

B "y 8 1 1 1 1 n

o uon g

it H

il

Chain, engineer
Chain, Gunter
Decemeter

Foor, USA

Meter

Mile, statute, USA
Millimeters

Mils

Rods

Yards
Atmospheres

Feet of water

Inch height, water
Pound /square foot
Pound/square inch
Kilograms/fsquare centimeter
Btu

Foot-pound
Atmospheres
Inches of mercury
Kilegrams/square centimeter

= Qunces/square inch

Pounds/square foot
Pounds/square inch



Joule
Joule
Joule
Joule
Joule
Joule

Kilogram

Kilogram

Kilogram

Kilogram

Kilogram

Kilogram

Kilograms/cubic meter
Kilograms/cubic meter
Kilograms/cubic meter
Kilograms/cubic meter
Kilograms/cubic meter
Kilograms/meter
Kilograms/meter
Kilograms/meter
Kilograms/meter
Kilograms/square centimeter
Kilograms/square centimeter
Kilograms/square centimeter
Kilograms/square centimeter
Kilograms/square centimeter
Kilograms/square meter
Kilograms/fsquare meter
Kilograms/square meter
Kilograms/square meter
Kilogramsfsquare meter
Kilograms/square meter
Kilometers

Kilometers

Kilometers.

Kilometers

Kilometers

Rilometers/hour
Kilometers/hour
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J

9.48 x 1074
107

0.7376
2.389x 1074
1.0197 x 10%
2.778 x 1074

K

1,000

70.93

2.205

9.842 x 107%
1.102 x 1073
0.001

0.001
0.06243
3.613x 107%
3.405 x 10710
8.428 x 1073
10

391.983
0.672

0.056

0.9678

32.81

28.96

2,048

14.22

9.678 x 107°%
3.281 x 107?
2.896 x 1073
0.03937
0.2048
1.422x 1073
3281

3.937 x 10%
1,000
0.6214
1,094

27.78

54.68
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Btu

Erg

Foot-pound
Kilogram-calorie
Gram-centimeter
Watt-hours

Grams

Poundals

Pounds

Tons, long

Tons, short

Tons, metric
Grams/cubic centimeter
Pounds/cubic foot
Pounds/cubic inch
Pounds/mil-foot

Ton, short/cubic yard

.Gram/centimeter

Gram/inch
Poundsffoot
Poundsfinch
Atmospheres

Feet of water

Inch of mercury
Pounds/square foot
Pounds/square inch
Atmospheres

Feet of water
Inches of mercury
Inches of water
Pounds/square foot
Pounds/square inch
Feet

Inches

Meters

Miles

= Yards
= (entimeters/second

Feet/minute

Conversion factor K {continued on following page}
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Conversion factor K (concluded)

Process Piping Design

Kilometers/hour x 09113 = Feetfsecond
Kilometers/hour x 0.539¢6 = Knots
Kilometers/hour X 16.67 = Meters/minute
Kilometers/hour x 0.6214 = Miles/hour
Kilowatts X 5692 = Btu/minute
Kilowatts x 1.35972 = Horsepower, metric
Kilowatts x 1.341 = Horsepower, USA
Kilowatts x 1,000 = Watts
Kilowatt-hours X 3413 = Btu
Kilowatt-hours X 3.6x 103 = Ergs
Kilowatt-hours x 1.36 = Horsepower-hour, metric
Kilowatt-hours x 1.34 = Horsepower-hour, USA
Kilowatt-hours x 3.6x10¢ = Joules
Kilowatt-hours x 860.5 = Kilogram-calories
Kilowatt-hours x 3.671 x 108 = Kilogram-meters
Kilowatt-hours x 3.53 = Pounds of water*
Kilowatt-hours x 22.75 = Pounds of watert
Kip X 1 = Kilopound
Kip x 1,000 = Pound
Knott, USA X 51.48 = Centimeter/second
Knott, USA x 6080.2 = Feet/hour
Knott, USA x 1.8532 = Kilometerfhour
Knott, USA x 30.887 = Meter/minute
Knott, USA x 1.15155 = Mile/hour
Knott, USA x 2027 = Yards/hour

L
League, land X 24 = Furlong
League, land _ x 4.828 = Kilometer
League, land x 3 ‘ = Mile
League, marine x 5.56 = Kilometer
League, marine x 3 = Mile, nautical
League, marine X 3.45 = Mile, statute
Light year x 59x10!? = Miles
Light year _ X 9.46091 x 1012 = Kilometers
Links, engineers* x 12 = _Inches
Links, surveyors’ x 7.92 = Inches
Links, surveyars’ x 0.66 = Feet
Links, surveyors’ x 0.22 = Yard
Liters x 0.02838 = Bushels, USA, dry
Liters x 100 = Centiliters

*Evaporated from and at 21 2°F
+Raised from 62°F to 212°F

Conversion factor L. {continued on facing page)



Conversion factor L {concluded)

Liters

Liters

Liters

Liters

Liters

Liters

Liters

Liters

Liters

Liters
Liters/minute
Liters/minute
Liters/second
Lumen
Lumen
Lumens/square foot
Lux

Maas

Meter

Meter

Meter

Meter

Meter

Meter

Meter

Meter

Meter

Meter
Meters/minute
Meters/minute
Meters/minute
Meters/minute
Meters/minute
Meters/minute
Meters/fsecond
Meters/second
Meters/{second
Meters/second
Meters/second
Meters/second
Micron

Micron

Mite, USA, nautical
Miie, USA, nautical

Appendix

1,000
0.035316
6.291 x 1073
61.027
0.001

1.308 x 1073
0.2642
1.7598
2.1134
2.202

5.886 x 107%
4.403 x 1073
2.1186
0.07958
1.47 x 1073
1

0.0929

xxxxxxxxxxxxxxxxx

M

1.5

100
3.2808
0.01
39.37
0.001
5.396x 107°
6.214 x 107°
1000
1.094
1.179
1.667
3.281
0.05468
0.06
0.03238
0.03728
196.8
3.281
3.6
0.06
2.237
0.03728
0.0001
1000
6,080.2
6,080

XX)CXXKMMXHXKXXNN%XNXX%N%#NN

fof o8 ¥ B oW OE oD OHoWowow B AWMU [

185

Cubic centimeters
Cubic feet

Barrels, oil, USA
Cubic inches
Cubic meter
Cubic yard
Gallon, USA, liquid
Pint, USA, dry
Pint, USA, liquid
Pounds of water
Cubic foot/second
Gations/second
Cubic feet/minute
Candlepower
Watt

Foot-candles
Foot-candles

= Liter

H
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Centimeter
Feet, USA
Hectometer
Inch

Kilometer

Miles, nautical
Miles, statute
Millimeters
Yards

Vara
Centimeters/second
Feet/minute
Feet/second
Kilometers/hour
Knots
Miles/hour
Feet/minute
Feet/second
Kilometers/hour
Kilometers/minute
Miles/hour
Miles/minute
Centimeter

= Millimicron

= Feet, USA

Feet, British

Conversian factor M {continued on following page]
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Conversion factor M {concluded)

Process Piping Design

Mile, USA, nautical x 72,962.5 = Inches

Mile, USA, nautical x 1.853 = Kilometer

Mile, USA, nautical x 0.333 = League

Mile, USA, nautical x 1,853.248 = Meter

Mile, USA, nautical x 1.15155 = Mile, USA, statute
Mile, USA, nautical x 2,026.73 = Yard

Miles, USA, statute x 5,280 = Feet, USA

Miles, USA, statute x 8 = Furlongs

Miles, USA, statute X 63,360 = Inches

Miles, USA, statute x 1.60935 = Kilometer

Miles, USA, statute X 8,000 = Link

Miles, USA, statute X 1,609.35 = Meters

Miles, USA, statute x 0.8684 = Mile, USA, nautical
Miles, USA, statute x 1,900.8 = Vara

Miles, USA, statute X 1,760 = Yard

Miles/hour x 44.7 = Centimeters/second
Miles/hour x 88 = Feet/minute
Miles/hour x 1.467 = Feet/second
Miles/hour x 1.609 = Kilometers/hour
Miles/hour x 0.02682 = Kilometers/minute
Miles/hour x 0.8684 = Knots

Miles/hour X 26.82 = Meters/minute
Miles/hour x 0.4470 = Metersfsecond
Miles/hour x 0.01667 = Miles/minute
Miles/minute x 5,280 = Feet/minute
Miles/minute x 316,800 = Feet/hour
Miles/minute x 88 = Feetfsecond
Miles/minute x 60 = Mile/hour
Miles/minute x 1.609 = Kilometers/minute
Miles/minute x 0.8684 = Knots/minute
Millimeter x (.1 = (entimeter
Millimeter x 3.281 x 1077 = Feet

Millimeter x 0.03937 = Inches

Millimeter x 1076 = Kilometers
Millimeter x 0.001 = Meters

Millimeter X 6.214%x 1077 = Miles

Millimeter x 39.37 = Mils

Millimeter x 1.094x 1073 = Yards

Million gallons/day x 1.54723 = Cubic feet/second
Mils x 2.540x 1073 = Centimeters

Mils x 8333x107° = Feet

Mils x 0.001 = [nches

Mils X 2.540x 107¢® = Kilometers

Mils x 2718 x 1075 = Yards



Nail
Nepers
Newton

Qunces
Qunces
QOunces
Ounces
Ounces
QOunces
Ounces
Qunces, fluid
QOunces, fluid
Ounces, troy
Qunces, troy
Qunces, troy
Qunces, troy

Ounces/square inch

Parsec
Parsec
Parts/million
Parts/million
Parts/million
Peck, British
Peck, British
Peck, British
Peck, USA
Peck, USA
Peck, USA
Peck, USA
Peck, USA

Pennyweights, troy
Pennyweights, troy
Pennyweights, troy
Pennyweighis, troy
Pfund, Germany

Pint, USA, dry
Pint, USA, dry
Pint, USA, dry
Pint, USA, dry
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x 2.5
8.686
x 1 x 108

»

0

i6

437.5
28.349527
0.0625
0.9115
2.79x107°%
2.835x 1078
1.805
0.02957
480
31.103481
1.09714
0.08333
0.0625
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19x 102
3.084 x 103
0.05833
0.07016
8.345
554.6

2

9.0919
0.25
537.605
8.809582
8

9.3092
24

0.05
1.55517
4.1667 x 1073
500
0.015625
550.6136
0.01945
33.6
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Inch
Decibels
Dynes

Drams

Grains

Grams

Pounds

Qunces, troy

Tons, long

Tons, metric

Cubic inches

Liters

Grains

Grams _
Qunces, avoirdupois
Pounds, troy
Pounds/square inch

.Miles, USA, statute

Kilometers

Grains/gallon, USA
Grains/gallon, British
Pounds/million gallons, USA
Cubic inches

Gallons, British

Liters

Bushels

Cubic inches

= Liters

i

#

]

ouodononon i

Quarts, dry
Quarts, liquid
Grains
Qunces, troy
Grams
Pounds, troy
Gram

Bushel

Cubic centimeter
Cubic feet
Cubic inches

Conversion factor P {continued on following page)
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Conwersion factor P (continued)

e A e, 7o

Pint, USA, dry
Pint, USA, dry
Pint, USA, dry

* Pint, USA, dry

Pint, USA, dry
Pint, USA, dry
Pint, USA, dry
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Pint, USA, liquid
Poise

Pole

Pole

Pole

Pole

Ponce

Pood

Pood

Pood

Pood

Poundals
Poundals
Poundals
Poundals
Poundals
Poundals
Poundals

Pounds

Pounds

Pounds

Pounds

Pounds

Pounds

Pounds

Pounds

Pounds

Pounds

Pounds

Process Piping Design
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2
0.125
0.14545
0.5506
0.0625
0.5
0.58182
437.2
0.01671
28.875

2.

0.1074
0.125

4

0.4732
16

0.5
0.42968
128

100

16.5
5.0292

1

5.5

2.71
1,000

40

4.32
16.3805
13,826
14.098
1.383x 1073
0.1383
0.0141
0.1383
0.03108
2267.9616
256
7,000
453.5924
0.04448
0.4536
16
14.5833
32.174
1.21528
4.464x 1074
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Cup

Gallon, USA, dry
Gallon, USA, liquid
Liter

Peck

Quart, USA, dry
Quart, USA, liquid
Cubic centimeters
Cubic feet

Cubic inch

Cup

Gallon, USA, dry
Gallon, USA, liquid
Gill

Liters

Ounces

Quarts, USA, liquid
Quarts, USA, dry
Dram, fluid
Centipoise

Feet

Meter

Rod

Yard

Centimeter

Cubic inch

Funt

Gallon, USA
Kilogram

Dynes

Grams
Joules/centimeter
Joules/meter
Kilograms

Newton
Pound-force
Carats

Drams

Grains

Grams
Joules/centimeters
Kitograms

Ounces

Ounces, troy
Poundals

Pounds, troy

= Tons, long

Canversion factor P (continued on facing page)



Conversion factor P {concluded)

Pounds

Pounds

Pounds, troy
Pounds, troy
Pounds, tray
Pounds, troy
Pounds, troy
Pounds, troy
Pounds, troy
Pounds, troy
Pounds, troy

Pounds of water
Pounds of water

Pounds of water
Pounds of water/minute
Pounds/cubic foot
Pounds/fcubic foot
Pounds/cubic foot
Pounds/cubic foot
Poundsfcubic inch
Poundsfcubic inch
Pounds/cubic inch
Pounds/cubic inch
Pounds/hour
Poundsfhour
Pounds/hour
Pounds/hour
Pounds/square foot
Pounds/square foot
Pounds/square foot
Pounds/square foot
Pounds/square foot
Pounds/square foot
Pounds/square foot
Pounds/square foot
Pounds/square inch
Pounds/square inch
Poundsfsquare inch
Pounds/square inch
Pounds/square inch
Pounds/square inch
Pounds/square inch
Pounds/square inch
Pounds/square inch

oM oM OMOM M M OH OO M M M MMM MM R M OKOM M MM MM K MK M Kk M MK KK MK KKK

Appendix

4,536 x 1074
5x107%
5,760
373.241717
13.1657

12

240

0.822857
3.6735x 1074
37324 x 1074
4.1143 x 1.0"4

0.01602
27.68

0.1198

2.67 x 1074
0.01602
16.02

5.787 x 1074
27

2768
2.768 x 10
1,728
46,656
10.714 x 1073
12x 1073
10.886 x 1073
0.45359
4.725 x 1074
0.01602
0.01414
4.8824
0.1111
0.107638
6.944 x 1073
10.76387
0.068046
2.307

27.7

2.036
0.0703

703.1

51.714
2,304
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Tons, metric

Tons, short

Grains

Grams

Qunces, avoirdupois
QOunces, troy
Pennyweights, troy
Pounds, avoirdupois
Tons, long

Tons, metric

Tons, short

Cubic feet

Cubic inches

Gallons

cubic feet/second
Grams/cubic centimeters
Kilograms/cubic meter
Pounds/cubic inch
Pounds/cubic yard
Grams/cubic centimeter
Kilograms/cubic meter
Pounds/cubic foot

-Pounds/cubic yard

Tons/day, long
Tons/day, short
Tons/day, metric
Kilograms/hour
Atmospheres

Feet of water

Inches of mercury
Kilogramsfsquare meter
Qurnce/square inch
Pound/square centimeter
Pound/square inch
Pound/square meter
Atmospheres

Feet of water

Inch of water

Inch of mercury
Kilogram/square centimeter
Kilogram/square meter
Millimeters of mercury
Ouncefsquare foot

= Pound/square foot



Quadrant

Quadrant

Quadrant

Quadrant

Quarts, USA, dry
Quarts, USA, dry
Quarts, USA, dry
Quarts, USA, dry
Quarts, USA, dry
Quarts, USA, dry
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liguid
Quarts, USA, liquid
Quarts, USA, liquid
Quarts, USA, liquid

Radians
Radians
Radians
Radians
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod

Seconds, angle
Seconds, angle
Seconds, time
Seconds, time

Process Piping Design
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0.25

90
5,400
1.571
0.03125
1,101.2
0.03889
67.20
1.1012

.1.16365

946.331
0.03342
51.75

9.464 x 107°
1.238 x 1073
4

256

0.25
0.946331
59523 x 1073
32

2

0.8594

R

573
3,438
0.6366
2.063 x 10°
0.165
0.25
16.5
0.025
198

25
5.029
5.5

S

2.778 x 107¢
16.67 x 1073
2777 x 1074
0.1666
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Circumference
Degrees

Minutes

Radians

Bushel

Cubic centimeter
Cubic foot
Cubic inches
Liter

Quart, USA, liquid
Cubic centimeter
Cubic foot

Cubic inches
Cubic meters
Cubic yard

Cup

Dram fluid
Gallons

Liter

Qil, barrel
QOunces

Pint

Quart, USA, dry

Degrees
Minutes
Quadrants
Seconds
Chain, engineer
Chain, Gunters
Foot

Furlong

Inch

Link

Meter

Yard

Degrees
Minutes
Hour

Minutes

Canversion factor § {continued on facing page}



Conversion factor § {continued}

Snow, cubic foot
Snow, inch deep
Square centimeter
Square centimeter
Square centimeter
Square centimeter
Square centimeter
Square centimeter
Square feet, USA
Square feet, USA
Square feet, USA
Square feat, USA
Square feet, USA
Square feet, USA
Square feet, USA
Square feet, USA
Square inches
Square inches
Square inches
Square inches
Square kilometer
Square kilometer
Square kilometer
Square kilometer
Square kilometer
Square kilometer
Square kilometer
Square meters
Square meters
Square meters
Square meters
Square meters
Square meters
Square meters
Square meters
Square miles
Square miles
Square miles
Square miles
Square miles
Square miles
Square millimeters
Square millimeters
Square millimeters
Square rods
Square rods
Square rods

Appendix

x 7.2

x 0.1

x 1.076x 1073
0.155
0.0001

3.861 x 107!
100

1.196 x 1074
2.296 x 1075
929 x 1074
929.034 .
144

0.0929
3.587Tx 1078
9.29 x 104
0.1111
6.452

6944 x 1073
645.2 -
7116 x 1074
247.1

100

10.76 x 104
1.55 x 10°?
10¢

0.3861
1.196 x 108
2471 x 1074
0.01

G.0001
10,000
10.764
1,550 .
3.861 x 1077
1.196

640

259

27.88 x 10°
2.59

2.59 x 10¢
3.098 x 10¢
0.01

1.076x 1075
1.55x 1077
0.00625
272.25
25.253
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Pounds, 32°F
Inch, water
Square foot
Square inch
Square meter
Square miles
Square millimeters
Square vards

Acre

Are

Square centimeters
Square inches
Square meter
Square miles
Square millimeters
Square yards
Square centimeters
Square feet

Square millimeters
Square yard

Acre

Hectare

Square feet

Square inches
Square meters
Square mile, USA
Square yards

Acre

Are

Hectare

Square centimeters
Square feet

Square inches
Square miles
Square yards

Acre

Hectare

Square feet

Square kilometers
Square meters

= Square yards

i

H

0o

Square centimeters
Square feet

Square inches

Acre

Square feet

Square meter

Conversion factor § {continued on following page}
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Conversion factor § (concliided}

Process Piping Design

Square rods x 30.25 = Square yard
‘Square vara x 7.716 = Square feet
Square yard x 2.066 x 1074 = Acres
Square yard x 83561 = Square centimeter
Square yard x 9 = Sguare feet
Square yard x 1,296 = Square inches
Square yard x 0.8361 = Square meters
Square yard x 3.228 x 1077 = Square miles
Square yard x 8.361 x 10° = Square millimeters
Square yard x 0.03306 = Square rods
Stone x 14 = Pound
Stone x 6.35 = Kilogram

T
Tablespoon x 0.0625 = Cup
Tablespoon X3 = Teaspoon
Teaspoon x 0.0208 = Cup
Teaspoon x 0.333 = Tablespoon
Temperature, °C + 17.78 x 1.8 = °F
Temperature, °F 32 x 0.555 = °C
Ton, long x 1,016 = Kilogram
Ton, long X 2,240 = Pounds
Ton, long x 1.016 = Metric tons
Ton, long x 1.12 = Short tons
Ton, metric x 7.454 = Barrel, oil, 36API
Ton, metric x 1,000 = Kilograms
Ton, metric x 2,208 = Pounds
Ton, metric x 0.9842 = Ton, long
Ton, metric x 1.1023 = Ton, short
Ton, shipping, USA x 40 = Cubic feet
Ton, shipping, USA x 2.8317 = Cubic meter
Ton, shipping, USA x 1.050 = Ton, shipping, British
Ton, short x 40 = Cubic feet
Ton, short x 268.8 = (Gallons, USA, liquid
Ton, short x 4 = Hogshead
Ton, short x 907.18486 = Kilograms
Ton, short x 1,000 = Liter
Ton, short x 32,000 = Cunces
Ton, short x 2,000 = Pounds
Ton, short x 0.89286 = Tons, long
Ton, short x 0.907 = Tons, metric
Tons, short/square foot x 9,765 = Kilograms/fsquare meter
Tons, short/square foot x 2,000 = Pounds/square inch
Tons, short/day x 83.333 = Pounds/hour
Tons, short/day x 0.16643 = Gallons/minute

Conversion factor T {continued on facing page}




Conversion factor T | concluded) -

Tons, short/day
Tons, shortfday
Tons, short/day
Tons, metric/day
Tons, metric/day
Tons, metric/day
Tons, metric/day
Tons, long/day
Tons, long/day
Tons, long/day
Tons, long/day

Vara
Vara
Vara
Voltfinch

Water, 62°F
Water height in feet
Water height in feet
Water height in inches
Water height in inches
Water height in meters
Water height in meters
Watts
Watts
Watts

- Watts
Watis
Watts
Watts
Watts
Watt-hours
Watt-hours
Watt-hours
Watt-hours
Watt-hours
Watt-hours
Watt-hours
Watt-hours
Watt-hours
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0.9072
0.8929
31.8
91.859
41.667
0.9843
1.1023
1.12
1.016
93.333
42.335

v

277111
33.3333
0.9259
0.3937

w

8.3311
0.4335
0.03048
0.03613
0.00254
1.42087
0.100
3.4128
0.05688

107

4427
0.7378
1.34} x 1073
136 x 1072
0.001
3.4128
3.60x 100
2,656
859.85

1.341 x 1073
1.3596 x 1073
(.8605
367.2
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Tons, metric/day
Tons, long/day
Kilograms/hour
Pounds/hour
Kilogramsfhour
Tons, long/day
Tons, short/day
Tons, short/day
Tons, metric/day
Pounds/hour
Kilogramsfhour

Feet
Inch
Yard
Volt/centimeter

Pound

Pound/square inch
Kilograms/square centimeters
Pound /fsquare inch _
Kilograms/square centimeter
Pound/square inch
Kilograms/square centimeters
Btufhour

Btu/minute

Ergs/second
Foot-pounds/minute
Foot-pounds/second
Horsepower, USA
Horsepower, metric
Kilowatt

Btu

Ergs

Foot-pounds

Gram-calories
Horsepower-hours, USA
Horsepower-hours, metric
Kilogram-calories
Kilogram-meters
Kilowatt-hours
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Yard, USA
Yard, USA
Yard, USA
Yard, USA
Yard, USA
Yard, USA
Yard, USA
Yard, USA
Yard, USA
Year

Year

Process Piping Design
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Y

91.4402

3

36

9.144 x 107¢
0.9144
4934 x107*
5.682x 107*
914.402
0.1818
8,765
525,948
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Centimeter

Feet

Inch

Kilometer

Meter

Mile, nautical, USA
Mile, statute, USA
Millimeters

Rod

Hours

Minutes



Appendix 195
Table A-1
Conversion Table, Pounds per Square Inch to Kilograms per Square Centimeter
Based on 1 inch = 26.4 Millimetres; 1 Pound = 0.45359243 Kilograms
Ib./ 0 1 2 3 4 5 6 7 8 9
sq. in.

' kg/em®  kg/em®  kglem®  kg/em®  kgfom?  kofem?  kgfem?  kefem?  kgfem®  kg/em?
- -~ 007031 0.14061 0.21092 0.28123 035153 0.42184 049215 0.56246 0.63276
10 0.70307 0.77338  0.84368 091399 098430 1.05460 1.12491 1.19522 126553  1.33583
20 140641  1.47645 1.54675 1.61706 1.68737 1.75767 1.82798 1.89829 196860 2.03890
30 210921  2.17952  2.24982 232013 239044 246074 253105 260136 2.67166 2.74197
40 281228 2.88259 295289 3.02320 3.09351 3.16381 3.23412 3.30443 3.37473  3.44504
50 3.51535 3.58566 3.65596 3.72627 3.79658 3.86688 3.93719 4.00750 4.07780 4.14811
60 4.21842 4.28873  4.35903 4.42934 449965 4.56995 4.64026 4.71057 4.78087 4.85118
70 492149 499179 508621 5.1324  5.2027 52730 53433 54136 54839  5.5543
80 5.6246  5.6949 57652  5.8355 59058  5.9761 6.0464  6.1167 61870  6.2573
90 63276 63979 64682 65385  6.6089 66792 67495 68198  6.8501 6.9604

100 7.0307 71010 7.0713 72416 733119 7.3822 74525 75228 7.5932 7.6635
10 7.7338 7.8041 18744 7.9447 8.0150 8.0853 8.1556 8.2259 8.2962 8.36635
20 8.4368  8.5071 8.5775  8.6478 8.7181 8.7884 88587 89290 89993  9.069
30 9.139%  9.2162  9.2805  9.3508  9.4211 9.4914  9.5617  9.6321 97024 97727
40 9.8430  9.9133 9.9836 10.0539 10.1242 10.1945 10.2648 10.3351 104054 10.4757
50 10.5460 10.6164 106867 10.7570 10.8273 10.8976 10.9679 11.0382 11.1085 11.1788
60 112491  11.3194 11.3897 114600 11.5303 11.6006 11.6710 11.7413 11.8116 11.8819
70 119522 120225 12,0928 12,1631 12.2334 123037 123740 124443 125146  12.584%
g0 12.6353 12,7256 127959 12.8662 12.9365 13.0068 13.0771 13.1474 132177 13.2880
90 133583 134286 13.4989 13.5692 13.6396 13.7099 13.7802 13.8505 13.9208 13.9911

200 14.0614  14.1317 142020 142723 143426 144129 144832 14.5535 14.6238  14.6942
10 147645 148348 14.9051 14.9754 15.0457 15.1160 15.1863 15.2566 15.3269 15.3972
20 154675 15.5378 15.6081 15.6785 157488 15.8191 15.8894 159597 16.0300 16.1003
30 16.1706  16.2409 163112 163815 16.4518 16.5221 16.5924 16.6628 16.7331 16.8034
40 168737 169440 17.0143 17.0846 17.1549 17.2252 17.2955 17.3658 17.4361 17.5064
50 175767 17.6470 177174 177877 17.8580 17.9283 17.9986 18.0689 [8.1392  18.2095
60 18.2798 183501  18.4204 184907 18.5610 18.6313 18.7017 18.7720 18.8423 189126
70 189829  19.0532 191235 19.1938 19.2641 19.3344  19.4047 19.4750 19.5453 19.6156
80 19.6860 19.7563 19.8266 19.8969 19.9672 200375 20.1078 20.1781 202484 20.3187
90 203890 20.4593 205296 20.5999 20.6702 20.7406 20.8109 20.8812 209515 21.0218

300 21.0921  21.1624  21.2327 213030 21.3733  21.4436 215139 21.5842 21.6545  21.7249
10217952 21.8655  21.9358  22.006] 22.0764 22.1467 22.2170 222873 22.3576 22.4279
20 224982 22.5685 22.6388  22.7092 22.7795 228498  22.9201 22.9904 23.0607 23.1310
30 232013 232716 23.3419 234122 23.4825  23.5528  23.6231  23.6934  23.7638  23.8341
40 239044 23.9747  24.0450 24.1153  24.1856 242559 243262 243965 24.4668 24.5371
50 246074 246777 247481 24.8184 24.8887 249590 25.0293 250996 25.1699  25.2402

Table A-1 {continued on follawing page)
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Table A-1 {continued)

Process Piping Design

./ 0 1 2 3 4 5 6 7 8 9
a0 gfem?  kgfem?  kgfem?  kalem? kglem?  kgfem?  kafem?  kgfem®  kg/em?  kg/em?
60 253105 25.3808 25.4511  25.5214  25.5917 25.6620 257324  25.8027 258730 25.9433
70 26.0136 26.0839  26.1542 26.2245 26.2948 263651 264354 26.5057 265760  26.6463
80 267166 26.7870 26.8573 269276 269979 27.0682 27.1385 27.2088 27.2791 27.3494
90 274197 274900 27.5603 276306 27.7009 277713 17.8416 279119 27.9822 28.0525
400 28,1228  28.1931 282634 283337 284040 284743 28 5446  28.6149 28.6852  28.7555
10 28.8259 288962 28.9665 29.0368 29.1071 29.1774 292477 29.3180 29.3883  29.4586
20 29,5780 29.5992 296695 297398 29.8102 29.8805 259508 300211 30.0914 30.1617
30 302320 303023 303726 304429 305132 30.5835 30.6538 307241 30.7945 30.8648
40 309251 31.0054 310757 31.1460 31.2163 31.2866 313569 314272 314975 31.5678
50 31.6381 31.7084 31.7788 31.8491 31.9194 31.9897 320600 32.1303 32.2006 322709
60 32,3412 324115 324818 325521 37.6224 326927 327630 32.8334 329037 32.9740
70 33.0443 33.1146 33.1849 33.2552  33.3255 33,3958 33.4661 33.5364 33.6067 33.6770
80 33,7473 33.8177 33.8880 33.9583 34.0286 34.0989 34.1692 34.2395 34.3098  34.3801
90 14.4504 34.5207 345910 34.6613 347316 348019 348723 345426 350129 350832
500 35.1535 35.2238  35.2941 35.3644 35.4347 355050 355753 35.6456 35.7159 35.7862
10 358566 359269 359972 36.0675 36.1378 36.2081 36.2784 36.3487 36.4190 36.4893
20 36.5596 36.6299 367002 36.7705 36.8409 369112 36,9815 37.05 18 371221 37.1924
30 37.2627 37.3330 374033 374736 37.5439 37.6142 37.6845 37.7548 37.8251 37.8955
40 37.9658 38.0361 38.1064 38.1767 38.2470 383173 38.3876 38.4579 38.5282 3B.5985
50 38,6688 38.7391 38.8094 38.8798 38.9501 39.0204 - 39.0907 39.1610 39.2313 393016
60 39.3719  39.44722 39.5125 39.5828  39.6531 397234 39.7937 39.864! 39.9344 40.0047
70 40.0750 40.1453  40.2156 40.2859  40.3562  40.4265 40,4968 40.5671 40.6374  40.7077
30 407730 40.8483 40.9187 40.9890 41.0593 41.1296 4] 1999 412702 41.3405 41.4108
90 414811 415514 41.6217 41.6920 41.7623 41.8326 41.5030 419733 42.0436 42.1139
600 47,1842 422545 423248 423951 424654 42,3357 42,6060 42.6763 42,7466 42.8169
10 478873 429576 43.0279 43.0982 43.1685 43.2388 43.3091 433794 434497  43.5200
20 43.5903 43.6606 43.7309 43.8012 43.8715 439419 44.0122 44.0825 44.1528 44.2231
30 447934 443637 44.4340 44.5043 445746 44,6449 44.7152 44.7855 44.8558 44.9262
40 449965 45.0668 45.1371 452074 452777 45.3480 45.4183 454886  45.5589 45.&292
50 45.6995  45.7698  45.8401 45.9104 459808 46.0511 46.1214  46.1917 46.2620 46.3323
&0 46.4026 46.4729  46.5432  46.6135 46.6838  46.754) 46.8244  46.8947 46,9651 47,0354
70 47.1057 47.1760 47.2463 473166 473869 474572 47.5275 475978 47.6681 47.7384
80 478087 478790 47.9494 48.0197 48.0900 48.1603 48.2306  48.3009 483712 48.4415
90 485118 48.5821 48.6524 487227 487930 48.8633 489336 490040 49.0743  49.1446
700 49,2149 . 49.2852 49.3555 49.4258 49.4961 49.5664 49.6367 49,7070  49.7773  49.8476
10 499179 4995883 50.059 50.129 50.199 50,269 50.340 50.410 $0.480 50.551
20 50.621 50.691 50.762 50.832 50.902 50.873 51.043 51.113 51.183 51.254
30 51.324 51.394 51.465 51.535 51.605 51.676 51.748 51.816 51.887 51.957
44 52.027 52.097 52.168 52.238 52.308 52.379 52.449 52.519 52.590 52.660

Table A-1 {continued on facing page)
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Table A-1 {concluded)
Ib.f
0 1 2 3 4 3
s, in. 6 ’ 8 s
kg/em?  kgfem®  kgfem®  kglem®  kg/em®  kofem®  kg/em? kg/em?®  kgfem?  kglem?

50 52.730 52.801 52871 | 52941 53.011 53.082 53.182 3.2 53.293 53.363
60 53433  53.504  53.574 53.644  S37IS 53785 53855  $3.925  S3.996  $4.066
70 54136 54207 54277 54347  S44I8  S4.4B8  S4.558 54629 54699 54769
80  54.839 54910 54980 55050  S5.121  S5.191  S55.261 55332 55402  $S.472
90  55.543 55613  SS.683 55753 55824 55894  55.064  S6.035  $6.105  $6.175
800 56.246 56.316 56.386 56.456 56.527 56.597 56.667 56.738 56.808 56.878
10 56.949 57.019 57.089 57.160 §7.230 §7.300 57.370 57.441 57.511 57.581
20 57.652 57.722 57.7192 57.863 57933 58.003 58.074 58.144 58.214 58.284
30 58.355 58425 58.495 58.566 58.636 58.706 58.777 58.847 58917 58,988
40 59.058 59,128 59.198 59.269 59.339 59.409 59.480 59.550 59.620 59.691
50 59.761 59.831 59.902 59.972 60.042 60.112 60.183 60.253 60.323 60.394
60 60.464 60.534 60.605 60.675 60.745 60.816 60.886 60.956 61.026 61.097
70 61.167 61.237 61.308 61.378 61.448 61.519 61.589 61.659 61.730 61.800
80 61.870 61.940 62.041 62.081 62.151 §2.222 62.292 62.362 62.433 62.503
90 62.573 62.644 62.714 62.784 62.854 62.925 62.995 63.065 63.136 63.206
900 63.276 63.347 63.417 63.487 63.557 63.628 63.698 63.768 63.839 63.909
10 63.979 64.650 64.120 64.190 64.261 64.331 64.401 64.471 64.542 64.612
20 64.682 64,753 64.823 64.893 64.964 65.034 65.104 65.175 65.245 65.315
30 65.385 65.456 65.526 65.596 65.667 65.737 65.807 65.878 65.948 66.018
40 66.089 66.159 66.229 | 66.299 66.370 66.440 66.510 66.581 66.651 66.721
30 66.792 66.862 66,932 67.003 67.073 67.143 67.213 6§7.284 67.354 67.424
50 67.495 67.565 67.635 67.706 61.776 67.846 67917 67.987 68.057 68.127
70 68.198 68.268 68.338 68.409 68.479 68.549 68.620 68.690 68.760 68.831
30 68.901 68.971 69.041 69.112 69.182 69.252 69.323 69.393 69.463 69.534
90 69,604 69.674 69.745 69.815 69.885 69.955 70.026 70.096 70.166 70.237



198 Process Piping Design
Table A-2
Circumference, Area and Volume of Circles and Cylinders
Courtasy of Chicage Bridge and lron Co.

Circumference Area of Circle Volume of Cylinder Per Foot of Height
Diam. US. Bl Diam,
in Feet | Fept Meters Sa.Feet | Sq.Meters | U.S.Gals. | Imperial Gals, o - g | 10 Feet

1 3.14 0.9576 0.785 0730 5.9 4.9 0.140 H
2 6.28 1.9151 3142 201y 2.5 19.6 0.560 2
3 9.42 2.8727 1.069 L6567 52,9 44.0 1.259 3
4 12.57 3.8302 12.566 L1675 940 78.3 2.248 4
5 15.71 4.7878 19.635 LH241 1464 1223 3.497 5
6 18.85 5.7454 28.274 2.6268 L5 1761 5.04 O
7 21,99 6.7029 38.485 3.5753 7.9 o297 6.85 7
8 25.13 7.6G05 50.266 46698 176,06 313 8,95 8
9 2827 8.6180 63.617 5.9102 475.9 196.3 1.3 9
10 31.42 9.5756 78.540 7.2966 587.5 ARG.2 13,99 10
1} 34.56 16,5331 95.033 8.8289 710,49 5414 1693 17
12 37.70 11.4907 113.097 10,5071 846.0 704.5 20,14 12
13 40.84 12.4482 132,732 12,3312 M1y 8368 23.64 I
14 43.98 13.4058 153.938 14,3013 1,151.5 958.9 27.42 11
15 47.12 14.3634 176.715 164173 L3210 Liong 11,47 15
16 50.27 15.3209 201.062 18.6793 1,504.0 12524 345.81 16
17 53.41 16.2785 226,980 21.087] 1,697.9 1,413.4 40.43 17
14 56.55 17.2360 254,469 23,6400 1,903.6 1,585.1 45,32 i8
1y 59.69 18.19:36 281,529 26.3407 21209 1,766.1 50.50 19
20 62,83 19.1511 314,159, 20,1864 2.350.1 1,956.9 55,95 20
21 65.97 20.1087 346.361 32.1780 2,591.0 2,1574 61.60 21
22 69.12 21.0663 380,133 35.3155 2,843.6 2,367.8 67.70 22
23 72.26 22.0238 415.476 38.5999- 3,108.0 2,587.9 74.00 23
24 75.40 22,0814 452.380 42,0283 3,384,1 2,817.9 RO.57 24
25 78.54 23.9389 490.874 45.6037 3,672.0 3,057.6 87.43 25
26 81.68 24.8965 530.029 49.3249 3,976 3,307.1 94.56 26
27 84.82 25.854] 572.555 53.1921 4,283.0 3,566.4 101.98 27
28 87.97 26.8116 615.752 57.2052 4,606.1 3,8354 109.67 28
29 9i.11 27.7692 660.520 61.3643 4,941.0 4,114,3 117.64 29
30 04.25 28.7267 706.858 65.6693 5,287.7 4,402.9 125.90 30
1 97.39 206813 754.768 70,1202 5,03.1 14,7004 134,43 31
32 100.53 30.6118 804.248 74.7171 6.016.2 5,009.6 143.24 32
33 103,67 31.5994 855,290 79.4598 6,398.1 5.327.5 15214 13
34 106.81 32.5570 907.920 84.3486 6,791.7 5,655.3 161.71 34
35 109.96 33.5145 962.113 89,3632 1001 | 5,992.9 171.36 as
36 113.10 34.4721 1,017.88 94.5638 1,614.2 6,340.2 181.29 36
a7 116.24 35.4206 1,075.21 99.8903 8,041.1 6,697.4 191,50 ar
38 119.38 36,3872 INRINE 105.3627 84810 7,064.3 201.99 a8
39 122.52 37.3447 1,194.59 tH10.981] 8,936.2 7,441.0 212,77 a9
40 125.66 ag.3n2g 1,236.64 116.7454 9,400.4 78274 221,82 40
4 128.41 49.2509 1,320.25 12226556 G,R76.2 8,223.7 235,15 4
42 131.95 My.2174 1,385.44 128.7118 10,3634 8,629.7 246,76 42
ER! 135.09 41,1750 1,452.20 134.9139 10,862 4,045.6 258.65 43
44 138.23 421325 1.520.53 i41.2619 11,374.4 9.471.2 270,82 41
45 141,37 43.0901 1,590.43 147,753 11,897.2 9,906.6 284,27 45
16 134.51 44.0476 1,661.90 1534.3058 12,431.9 10,351.8 296,00 a6
a7 147.65 45.0052 1,734.94 161.1816 12,978.3 14,806.8 10901 a1
48 150.80 45.9628 1,809.56 168.1134 13,536.4 11,271.% 322,30 48
49 153.94 46.9203 1.883.74 175.191] 14.106.3 11,746.0 45,86 49
50 157.08 4TR71Y 1.563.50 182.4147 14,688.0 12,210.4 349,71 50
51 160,22 48.8354 2,042.82 LR, 7842 15,281 4 12,724.5 Joi.84 51
52 163,36 49.74930 2,123.72 197.2907 15,846.5 13,2284 478,25 52
53 166.50 30.7505 2,206.18 204.9611 16,503.4 13.742.0 0294 53
54 169.65 51.708 2.290.22 212.7685 17.132.0 14,2655 20791 54
55 112,79 526057 2,375.83 2 T2 17,7724 14.798,7 421,15 55
5 175.03, 33.62:42 2,46%.01 2I8K2 14 18,424.0 15,3418 AR08 56
37 179.07 515808 2,551.76 237.0661 19,0R8.3 15.804.6 45140 57
58 182,21 555883 2,642.08 2154572 19,7011 16,457.2 FT0.57 58
50 183.45 20,4954 2,733.97 233.09.42 20,4313 17,029.40 486,404 59
60 188.50 57.4534 2,827.43 262.6772 21.150.7 17.611.7 503,59 o
61 191.64 58.4110 2,922.47 271.5060 21,861.6 18,2037 520,51 61
62 194.78 59.3686 3,619.07 280.4808 22,5842 18,805.4 537.72 62
63 197.92 60,3261 3,117.25 289.6016 23,3186 19,416.9 555.21 63
64 201.66 61.2837 3,21699 | 208.8682 24,064.8 20,038.2 572.97 64
&3 204,20 62.2412 331831 |} 308.2808 24,8227 20,669.3 591.02 65

Table A-2 {continued on facing page)



Table A-2 {continued) Appendix 199

i Circumference - Area of Circle Volume of Cylinder Per Foot of Height
Diam. Diam.
inFeet | Feet Meters Sq.Feet | Sa.Meters | U.S.Gals. |imperial Gals.] YS-Bbls. | . e o
{42 Gals))
&6 207.35 ©3.1988 3,421.19 317.8394 25,592.3 21,310.2 609.34 66
67 210.49 64.1563 3,525.65 327.5438 26,373.7 21,960.9 627.95 67
68 213.63 65.1139 3,631.68 337.3942 27,166.9 22,621.3 646.83 68
69 216.77 66.0715 3,739.28 347.3905 27,9718 23,2915 665.99 69
10 219.91 67.0200 3,848.45 357.5328 28,768.4 23,9715 685.44 70
71 22305 67.9866 3,959.19 367.8210 29,6168 24,661.3 705.16 71
T2 226.19 68.9441 4,071.50 378.2551 30,457.0 25,360.9 725.17 72
13 229,34 69,9017 4,185.39 3188.8352 31,3089 26,070.3 745.45 73
74 232.48 70,8593 4,300.84 399.5611 32,172.5 26,789.4 766.01 74
5 235.62 71.8168 4,417.86 410.4331 33,0479 27,518.3 786.86 75
76 238.76 727744 4,536.46 421.4508 33,935.1 28,257.0 807.98 16
7 241.90 7371319 4,656.63 432.6147 34,834.0 29,005.5 829.38 17
78 245.04 74.6895 4,718.36 A43.0244 35,744.6 20,763.8 851.06 78
79 248.19 75.6470 4,901.67 455.3800 36,667.0 30,5319 873.0° 79
80 251.33 76.6046 5.026.55 466.9816 37,601.2 31,309.7 895,27 80
8l 254,47 77.5622 5,153.00 478.7291] 38,547.1 32,0074 917.79 81
82 257.61 5167 5,281.02 90,6226 39,504.7 32,894.8 940,59 82
XY 240.75 TLATTR 5,410.6} S02.0614 40,4741 33,7020 963,67 83
81 263.89 H0.4348 5,541.77 514.8472 41,455.3 34,519.0 987.03 84
85 267.04 81.3924 5,674.50 527.1785 42,448.2 35,345.8 1,010.67 85
86 270.18 82 3499 5,808.80 539.6556 43,452.9° 36,182.3 1,034.59 86
87 273.32 R3.3075 5,944.68 552.2787 44,469.3 37,028.7 1,058,719 87
88 276.46 842651 6,082.12 565.0478 45,497.4 37,884.4 1,083.27 88
89 279.60 85.2996 6,221,14 5779627 46,537.3 38,750.7 1,108.03 89
90 282.74 86.1807 6,361.73 591.0236 47,589.0 39,626.4 1,133.07 90
91 285.58 87.1377 6,503.88 604.2304 48,652.4 40,5119 1,158.39 91
92 289,03 88.0953 6,647.61 617.5832 49,7216 41,407.1 1,183.99 92
93 299,17 80.0528 6,792.01 631.0819 50,814.5 42,312.2 1,209.87 93
94 305.31 90.6104 6,939.78 644.7265 51,913.1 43,227.0 1,236.03 94
95 208,45 a0.9680 7,088.22 658.5170 53,023.5 44,151.6 1,262.47 95
96 301.59 91.9955 7.238.23 672.4535 54,1457 45,086.0 1,289.18 96
97 304.73 92.8831 7,389.81 686.5359 55,279.6 46,030.2 1,316.18 97
98 307.88 93.8406 1,542.96 700.7643 56,425.3 46,0842 1,343.46 o8
W 21102 94,7982 7,697.69 715.1386 57,582.7 47,947.9 1,371.02 99
100 314.16 05,7557 7,853.98 729.65R8 58,751.9 48,9215 1,398.85 100
101 317.30 96.7131 8,011.85 T44.3249 59,932.8 49,904.8 1,426.97 101
2 320,44 97.6709 8,171.28 759.1370 61,125.4 50,897.9 1,455.37 102
103 32358 98.6284 8,332.29 14,0950 62,329.8 51,900.8 1,484.04 103
104 320,73 99 5860 8,404 87 78Y.1989 63,546.0 52,913.5 1,513.00 104
103 429.87 100.5435 8,659.01 B04.4488 64,773.9 53,9359 1,542.24 105
106 333.01 101.5011 8,824.73 819.8446 66,013.6 54,968.2 1,571.75 106
107 336,15 102.4586 8,992.02 R35.3863 67.265.0 56,010.2 1,601.55 107
oy 339.29 1034162 4,160 88 #51.0740 68,528.2 57,0620 1,631.62 108
109 324 04,3738 9,331.32 866.5076 60.603.1 38,123.6 1,661.98 109
110 345.58 105.3313 ,503.32 AR2.HRTIL 71,080.7 59,195.0 1,692.61 110
Til 348.72 106,2884 9,676.89 BUO.0126 72.388.2 60,276.2 1,723.53 11l
[ 45186 07,2464 9,85:2.03 HI5.2840 73,6983 61,367.1 1,754.72 152
13 155.00 108.2040 10,028.75 93176138 73.020.2 62,467.8 1,786.20 113
11t 358.14 109.1615 10,207.03 1.1, 2645 76,353.9 63,578.4 1,817.95 114
115 36128 P10.1191 10,386.89 9649737 77.699.3 64,6098.7 1,840.08 115
1o 3hd.42 1110767 10,568.32 9818288 79.036.5 65,828.7 1,882.30 116
147 167,57 112.0342 10,751.31 904.8299 80,425.4 66,968.6 1.914.89 117
118 170.71 112.9914 10,935.88 1,015.9764 81,806.1 68,118.3 1,947.76 118
HY 373.85 113.0403 11,122.02 1,0083.2008 83,198.5 69,277.7 1,080.92 119
120 376.99 114.9069 11,309.73 1.050.7086 BLE02.T 70,446.9 2,014.35 120
121 380.13 115.8045 11,499.01 1,068.2934 86,018.6 71,625.9 2,048.06 121
122 383.27 116.8220 11,680.86 1,086.0241 87,446.3 12,814.7 2,082.05 122
124 386,42 H7.7796 11,882.20 1,103.9008 88,885.7 73,013.3 2,116.33 123
R 185,56 118.7371 12,076.28 1,121.9233 90,136.8 75,2217 2,150.88 124
123 192,70 116.6947 12,271.84 1,140.0018 91,799.8 76,439.8 2,185.71 125
126 393.84 120.6522 12,468.98 1,158.4063 93.274.4 71.667.7 2,220.82 126
127 398.98 121.6098 12,667.68 },176.8666 94,760.9 78.905.5 2,256.21 127
12 10212 122.5674 12,867.96 1,195.4729 96,259.0 80,153.0 2,291.88 128
129 403.27 123.5249 13,069.81 1,214.2252 97,769.0 81,4102 2,327.83 129
130 408,41 124.4825 13.273.23 1,233.1233 99,260.6 82,677.3 2,36:4.06 130
131 411.55 125.4400 13,478.22 1,252.1674 100,824.0 83,054.2 2,400.57 131
152 414.69 126.3976 13,684.77 1.271.3574 102,369.2 85,2408 2,437.36 132
133 417.83 127.3551 13,892.91 1,290.6934 103.926.1 86,537.2 2,474.43 133
133 420.97 128.3127 14,102.61 1,310.1733 1065,494.8 87.813.4 251178 134
135 424,12} 120.3703 14,313.88 1,320.8031 107,075.2 89,159 4 2,549.41 135

Table A-2 {continued on following page}



200 Table A-2 {concluded)

. Circumference Area of Circle i Volume of Cylinder Per Foot of Height ¢
Diam. Diam,
inFeet |  Feet Meters Sq.Feet | Sq.Meters | US.Gals. |imperial Gats.| U5 8PS | in Feet
i {42 Gals.)
136 427.26 130.2278 14,526,72 1,349.5769 108,667.4 90,485.2 2,587.32 136
137 430.40 13]1.1854 14,741.14 1,369.4965 110,271.3 91,8207 2,625.51 137
138 433.54 132.1429 14,957.12 1,389.5622 111,887.0 93,166.1 2,663.98 138
139 436.68 133.1005 15,174.61 1,406.7737 113,514.4 94,521.2 2.702.73 139
140 439.82 134.0580 15,303.80 1,430.1312 115,153.6 95,886.1 2,741.75 140
141 442,96 135.0156 15,614.50 1.450.6346 116,804.6 47,260.8 2,781.06 141
142 446,11 1359732 15,836,717 1,471.2839 118,467.2 98,645.3 2,82G.65 142
143 449.25 136.9307 16,060.60 1,492.0792 120,141.7 100,039.5 2,860.52 143
144 452,39 137.8883 16,286.01 1,513.0204 121,821.8 101,443.6 2,900.66 144
143 455.53 138.8458 16,512.99 1,534.1076 123,525.8 102,857.4 2,941.069 145
146 458.67 139.8034 16,741.54 1,555.3406 125,235.4 104,281.0 2,981.80 146
147 461.81 140.7609 16,971.67 1,576.71986 126,956.9 105,714.4 3,022.78 147
148 464.96 141.7185 17,263.36 1,598.2446 128,690.1 107,157.6 3,064.05 148
149 4+68.10 142.6761 17,436.62 1,619.9154 130,435.0 108,610.6 3,105.60 149
150 471.24 143.6336 17.671.46 1.,641.7322 132,191.7 110,073.3 3,147.42 150
151 474.38 144.5912 17,907.86 1,5663.6950 133,960.1 111,545.9 3,189.53 151
152 477.52 145.5487 18,145.84 1,685.8036 135,740.3 113,028.2 3,231.91 152
153 480 66 146.5063 18,385.38 1,708.0582 137,532.2 114,520.3 3,274.58 153
154 483.81 147.4638 18,626.50 1,730.4587 139,313.9 116,022.2 3,317.52 154
155 486.95 1484214 18,869.1% 1,753.0052 141,151.3 117,533.9 3.360.75 155
156 490.09 1493790 19,113.45 1.775.6976 142,978.5 119,055.3 3,404.25 156
157 493.23 150.3365 15,359.28 1,798.5359 144,817.4 120,586.6 3,448.04 157
158 496.37 151.2941 19,606.68 1.821.5202 146,668.1 122,127.6 3,492.10 158
159 499,51 152.2516 19,855.65 1,844.6503 148,530.6 123,678.4 3,536.44 159
160 502.65 153.2092 26,106.19 1,867.9264 150,404.7 125,239.0 3,581.07 160
161 505.80 154.1667 20,358.30 1,891.3485 152,290.7 126,809.4 3,625.97 161
162 508.94 155.1243 20,611.99 1,914.9165 154,188.4 128,389.5 3,671.15 162
163 512.08 156.0819 20,867.24 1,938.6304 156,057.8 129,979.5 3,716.62 163
164 515,22 157.0394 21,124.06 1,962.4902 158,019.0 131,579.2 3,762.36 164
165 518.36 157.9970 21,382.46 1,586.4940 159.951.9 133,188.7 3.808.38 165
166 521.50 158.9545 21,642.43 2,010.6477 161,896.6 134,808.0 3,854.68 166
167 524.65 1599121 21,903.96 2.034.9453 163,853.0 136,437.1 3,901.26 167
168 527,79 160.8696 22,167.07 2,059.3889 165,821.2 138,076.0 3,948.13 168
169 530.93 161.8272 22,431.75 2,083.9784 167,801.2 139,724.6 3,995.27 169
170 534.07 162.7848 22,698.00 2,108.7138 169,792.8 141,383.1 4,042.69 170
171 537.21 163.7423 22,965.82 2,133.5952 171,796.3 143,051.3 4,090.39 171
172 540,35 164.6599 23,235.21 2,158.6225 1738115 144,720.3 4,138.37 172
173 543,50 165.6574 23,506.18 2,183.7957 175,838.4 140,417.1 4,186.63 173
174 546.64 166.6150 23,778.71 2,209.1149 177,877.1 148,114.7 4,235.17 174
L75 549.78 167.5726 24,052.81 2,234.5800 179,927.5 149,822.0 4,283.99 175
176 552.92 168.5301 24,328.4% 2,260.1910 181,989.7 151,539.2 4,333.09 176
117 556.06 169.4877 24,605.73 2.285.9440 184.063.7 158,266.1 1.3R2.47 177
178 559.20 170.4452 24, 884.55 2,311.8508 186,149.4 155,002.8 4,432.13 178
179 562.35 171.4028 25,164.94 2,337.8997 188,246.8 156,749.3 4,482.07 179
180 565.49 172.3603 25,446.90 2,364.0944 196,356.0 158,505.6 4,532.29 180
181 568.63 173.3179 25,730.42 2,390.4351 192,476.9 160,271.7 4,582.79 181
182 571,77 174.2755 26,015.52 2,416.9217 164,609.6 162,047.5 4,633.56 182
183 574.91 175.2330 26,302.19 2,443.3543 196,754.1 163,833.1 4,684.62 183
184 578.05 176.1606 26,590.43 2,470.3327 198,916.3 165,628.6 4,735.96 184
185 581.19 177.1481 26,880.25 2,497.2571 2061,078.2 167,433.8 4,787.58 185
186 584,34 178.1657 27,171.63 2,524.3275 203,257.9 169,248.8 4,839.48 186
187 587.48 179.0632 27,464.58 2,551.5447 205,446.3 171,073.5 4,891.65 187
188 590.62 180.0208 21,759.11 2,578.9060 207,652.5 172,908.1 494411 188
189 593.76 180.9784 28,055.20 2,606.4141 209,867.5 174,752.4 4,996.85 189
190 596.96 181.9359 28,352.87 2,634.0682 212,094.2 176,606.5 5,049.86 190
161 600.04 182.8933 28,652.10 2,661.8682 214,332.6 i78,470.5 5,103.16 191
192 603.15 123.8510 28,952.91 2,689.8141 216,582.8 180,344.1 5,156.74 192
193 606.33 184.8086 29,255.29 2,717.9059 218,844.8 182,227.6 5,210.59 193
194 609.47 185.7661 25,559.24 2,746.1437 231,118.5 184,120.9 5,264.73 194
195 612.61 - 186.7237 29,864.76 2,714.5275 223,403.9 186,023.9 5,319.14 195
186 615.75 187.6813 30,171.85 2,803.0571 2257081 187,936.8 5,373.84 196
197 §18.89 188.6388 30,480.51 2,831.7327 . 228,010.1 18%,859.4 5,428.81 197
198 622.04 186.5064 30,750.74 2,860.5542 230,330.8 191,791.8 5,484.07 198
169 625.18 190.5539 31,102.55 2,889.5217 232,663.2 193,734.0 5,539.60 159
200 628.32 191.5115 31,415.93 2,918.6351 235,007.4 195,685.9 5,595.42 200
Notes: Fornsula te determine capacity per Tout of vertical height of cylinder.

I. If diameters are assumed as meters, values in eolumns '"Cir-
cumference Feet” and "Area of Circle Square Feet™ will represent
circumference in meters and area of circle in square meters respec.
tively.

201 diumeters are assumed as meters, values in eolumn "Ares
uf Lircle Square Feet”™ will represent volume of evlinder in cubic
meters per vertical meter of height,

= Diameter in Feet,
0.1398854D* = Barrels of 42 U5, Gallons per vertiral font.
5875185 ? = li.58. Gallons per vertical fool.
3892148 1 = [mperial Callons per vertival fust,
0022240 D = fluLiu Meters per vertical fnut.
0.785398 D* = (D =[iameter in Meters) = Cubic meters per
sertival meter.



Appendix

2
Table A-3
Surface and Volume of Spheres
. . Surface Volume of Sphere : Surface Volume of Sphere
Diam. | of Sphere Diam. } o¢ Suhere P
in Ft. | inSq. F1, Cu.Ft. | US.Gals, | US.Bbis. | inFt. | inSq. Ft. Cu. Ft, US. Gals. | US. Bbls.
1 3.4 0.52 3.92 09 61 1L,6U0 118,847 859,037 21,168
2 1257 4.19 31.33 15 62 12,076 124,788 933,481 22,226
3 28.27 1414 105.75 2.52 61 12,464 110,924 979,382 23,319
4 50.27 33.51 250,67 597 64 12,868 137,258 1,026,764 24,447
5 1 18.54 63.45 489,60 11.66 65 13,273 143,793 1,075,649 25,611
i
6 113.10 113.10 846.03 20.14 66 13,685 150,533 1,126,062 26,811
o 153.94 179.59 1.343.46 3199 o; T1ae 157,479 1,178,026 28,048
8 201.06 268.08 2,005.40 47,75 ol 14,527 Hoho3o 1241565 29,323
9 254.47 381.70 2,855.34 67.98 64 FLURT 172007 1.186.761 30,636
o 31416 523.00 3,916.79 93,26 70 P 179,594 1.3438,460 35,087
. 350 697 5,213 124 i 13,887 187,402 1,401,863 31,378
124 453 905 6,768 161 72 16,240 145,432 1,461,835 34,808
13 531 1,150 8,605 205 13 16,742 203,684 1,523,699 36,270
14 616 1.437 10,748 256 74 17.203 242175 1.587.178 22,790
5 U7 1,767 13,219 a5 73 1.0 226,893 1,652,307 39,343
lo 804 2,145 16,043 382 16 18,146 229,847 1,719,378 40,938
37 908 2,572 19,243 458 7 18,627 239,640 1,788,145 42,575
1B 1018 3,054 22,843 544 78 19,113 248,475 1,858,721 44,255
19§ 1131 3,591 26,865 640 79 19.607 258,155 1,981,131 45,9749
20§ 1,287 4,189 31,334 746 80 20,106 268,083 2,605,308 47,748
t

21 1 L38S 4,849 36,273 864 81 20,612 278,262 2,081,544 14,561
2 ¢ 1,52 5,575 41,706 993 a2 21,124 288,696 2,159,594 51,419
il % 1,662 6,371 47,656 1,135 83 21.642 200,387 2,239,571 53,321
2t 1810 7,238 54,146 1,289 84 22,167 310,339 2,321,498 53,274
30T 1,963 8,181 61,200 1,457 85 22,604 421,555 2,405,400 57,271
26 2,124 9,203 68,842 1,639 86 23235 333,038 2,491,299 59,317
a7 2,290 10,306 77,054 1,836 87 23,779 344,792 2,579,219 61,410
24 2.463 11,494 85,981 2,047 88 24,328 356,818 2,669,184 63,552
R 2,642 12,770 95,527 2,274 89 24,885 369,121 2,761,217 65,743
an 2,897 14,137 105,753 2,518 90 25447 381,704 2,855,341 67,984
Ly oS00y 15,594 116,685 2,778 ] 26.016 304,560 2,951,581 70,276
2] a2 17,157 128,345 3,036 U] 26,500 407,720 3,049,959 72,618
33 1 3421 18,817 140,758 3,351 93 37172 42100l 3,150,499 75,012
34 . 3042 20,580 153,946 3.665 H 275 A3 RO 3,260,225 TIA58
B E BRI 22,449 167,932 3,908 93 TR 448,921 3,358,160 79,956
3| 4072 24,429 182,742 4,351 46 28,953 164,247 3,465,327 82,508
37 430 26,522 198,397 4,724 Y7 29,559 477,875 3,574,750 85,113
AR 4,536 28,731 214,922 5117 98 30,172 492,807 3,686,453 87,773
2 1,778 31,054 232,340 5,532 9 30,791 508,048 3,800,459 90,487
MY a7 33,510 250,675 5,968 100 31416 523,599 3,916,792 93,257
i1 !5,28] 36,087 269,949 6,427 101 32,047 539,465 4,035,475 96,083
42 0 552 38,792 290,187 6109 102 12,6H5 535017 4,156,531 08,965
M 3B 41,630 31,812 7415 103 31329 572,154 4,279,981 101,964
i enal 44,602 333,618 044 104 KA Y SHB,TH 4,405,854 14,008
50 6302 47,713 336,918 8,494 105 ALEAG i, 131 4534176 107,957
o 6,018 50,965 341,245 u.077 106 3300 623,615 4,664,902 11H071
i a7 6,910 54,362 406,653 9,682 o7 33,908 041,431 4,798,234 114,244
48 7,238 57,906 433,166 10,313 108 30,611 630584 | 4,034,000 117,477
19 7,518 61,601 460,807 10,972 100 ATA2S 1 OTHOTL | 5072354 120,771
500 0 7,834 65,430 459,599 11,657 1o A0 H96.910 5,213,250 124125
50 BITL 69,456 519,566 12,37} 111 34.708 TH6.090 5,356,726 127,541
521 8,495 73,622 550,732 13,113 112 39,408 745,619 5,502,811 13,014
350 8,835 77,932 583,120 13.884 113 40,115 755,499 5,651,527 134,560
34 i 9,161 82,444 616,754 14,683 114 40,828 775.745 5,802,900 138,164
33 1 9,503 87,114 631,636 18,516 115 31,5498 796,324 5,936,951 141,832
Jo0 1 9,852 51,952 687.85] 16,377 116 42,273 ¢ BIT.28E | 6,113,705 145,564
3T 10207 96,967 795,362 17,271 117 34,005 BiRGG3 | 6,273,185 144,362
o8 i 16,568 102,160 764,213 18,196 118 5 440 860,260 6435415 153,224
391 1093 107,536 804,427 19,153 1Y 4R BH2,344 6.600,417 157,153
0 | 1L3mwm 113,007 846,027 20,144 1200 0 452 404,779 6,768,217 161,148

Nate: i Jdiameters are assumed as meters, values in celumns

Usurface of Sphere in &

13

¢

sustuve ares of sphere = 3.141593 D¥ Square Fest,

uare Feet'" and "Volume of Sphere— Cubic
Wt will represent Surlace of Sphere in Square Meters and Volume
of Sphere in Cubic Meters respectively.

Yolume of spl D= 0.573309 19 Cabie Feet,
otume 61 =pUETC $ _n 093257 D¥ Barrels of 42 .S, Gallons.

Number of bareels of 32 UK, Gullons at any inch in a true sphere =
{3d-—20) B < AUOG3UGHTE where d i digieter of sphere and b is
depth of Jiyuid bath in inches.
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Table A-4
Decimal Equivalents in Inches, Feet and Millimeters
tn. Equlv, for . Miliimeters Equiv, in. Equiv, for
Decimal of In, Decimals for Decimal of in. Decimal of Ft.
T 0156 0.397 e
Yo 0318 0.794 a?
&. 0469 1191 e
8 0625 1.588 3
564 0781 1984 1y
Yo 0538 2381 1
Ty 1094 2.778 z;‘ic
¥ 1250 3.175 144
By 1406 3572 1%,
B4 1563 1060 1%
e, 1719 4.366 Mg
Ha 1875 4763 24
¥ 203} 5.159 2%,
T 288 5.556 984
1354 2344 5.053 2ty
1 2500 6.350 3
T, 2656 6747 e
2813 1144 3%
W0y 2069 1.541 3%q
e 3125 7534 3%
2 3281 A.334 3154,
] 3438 8731 414
.3504 9,128 4%
% 3750 9.595 i
4y 3906 9.022 414,
4063 10,319 4%
ey 4219 0716 SUq
T4 A375 11.113 i
4531 11.509 s
L7 4688 11906
36, 4844 12.303 5134
% 5000 12.700 6
5156 13097 6%¢
19ea 5313 13.404
B 5469 13801 6%
He 5625 14.288 &,
T 5781 14.684 6154
1940 5938 15.081 7
ey 6094 154780 e
6250 15875 14
a4, 5406 16.272 Thigy
14, £563 16.660 T
6719 17.066 8l
1 6875 17463 8%
g .T031 17.859 8%
7188 18.256 8%
T 734 18653 8134,
4 7500 19.050
044 1656 19.447 e
2 7813 19.844 5
S5y 7969 20.241 T
! 8125 2(0.638 9%,
5304 8281 21.034 9154,
% 8438 21431 10
e 8594 21828 19
% 8750 22,225 10%4
i 8906 22622 10114,
e 9063 23019 10%
G- 921% 23416 114,
g 9375 23813 1Y
04, 9531 24.209 1%,
i Hess 25,606 115§
4, 5844 25.003 111,
1 1.0000 25.400 12
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Temperature Conversion Chart, Centigrade-Fahrenheit

NOTE: The numbers in boldface refer to the temperature in degraes,
into the other scale. If converting from Fahrenheit to Centigrade degrees,
while if converting from degrees Centigrade to degrees Fahrenheir,

cither Centigrade or Fahrenheit, which it is desived to convert
the equivalent tempersture will be found in the left column;
the answer will be found in the column on the right.

Centigrade Fahrenheit

Centigrade Fahrenheit [Centigrade Fahrenheit Centigrade Fahrenheit

Centigrade Fahrenheit

550

Fahtenheil degrees into the other scales,

Degrees helvin, K* = (* 4 273.1%

Liegrees Rankine, B* = ¥+ ~+ ¢58.72

2233 ~370 -93 ..139 2.2 3 96.8 328 9i 1958 288 1622
220.6 6% -G -}30 28 37 98.46 A3.3 92 1976 293 560 1040
C2IT.R 0 -360 -85 121 3.3 38 1004 339 93 1994 299 570 1058
2150 =335 -80 1120 39 39 1022 4.4 84 2012 304 580 1076
SE122 0 350 -5 -103.0 4.4 44 1040 5.0 Y3 2030 310 590 1094
2004 =345 ~70 940 5.0 41 {05.8 356 9 2048 316 600 iz
206.7 -340 -65  -85.0 5.6 42 1676 36.1 97 20606 321 610 1130
2039 ~-333 =60  -76.0 6.1 43 i09.4 36.7 98 2084 327 620 1148
-201.1 ~333 ~35  -67.0 6.7 44 1112 37.2 49 202 332 630 1166
-198.% ~325 -3¢ - 58.0 7.2 45 £13.0 318 160 2126 338 640 1184
5.6 ~320 -45 -49.0 7.8 46 £14.8 43 10 230 343 650 1202
02K <315 —44 -40.6 8.3 47 1166 449 120 248 349 660 1220
4500 <310 -85 -31.0 8.9 48 1184 A4 130 266 354 670 1238
iR7.2 -305 Lasit] -220 94 +9 120.2 [il4] 140 284 360 680 1256
1814 -3060 -23  -13.0 1.0 50 122.0 66 150 an2 366 690 1274
iH1.7 203 -2 4.0 0.6 51 1218 i 160 320 471 700 [2492
TR ~290 -13 50 I3 N 52 125.6 7 170 358 317 710 1310
ET0.1 -285 -16 14.6 1L 53 121.4 82 180 356 382 720 1328
1733 ~280 i 23.0 12.2 5% 129.2 atd 190 374 388 730 1346
~170.6 w275 0 32.0 2.8 55 i31.6 93 200 392 393 140 1364
-167.8 -210 454 1 33.8 13.3 56 1328 99 210 410 399 750 1382
-165.0  ~265 445 2 35.6 13.9 T 134.6 100 212 414 404 760 1400
1622 =260 436 3 37.4 144 58 136.4 104 220 428 410 170 1418
1594 255 427 4 39.2 15.0 59 138.2 116 230 446 116 e 1436
156.7 =250 -418 15. & 41.0 15.6 Gl 140.0 116 240 404 421 790 1454
-153.9 ~245 409 4.4 6 42.8 16.1 61 418 123 250 482 427 800 1472
i54.1 -240 4G 134 T 44.6 16.7 62 1436 127 260 500 442 g1 14960
148.3 ~235 kU3 B K] 8 46.4 7.2 63 145.4 132 270 5i8 448 820 1508
LR ~230 82 -12.8 9 48.2 1.8 64 147.2 118 280 546 113 B30 1526
I42.4 =225 -373 122 10 500 18.3 65 §49.0 1% 290 254 4449 840 1544
-EHLO -220 364 -§11.7 11 51.4 8.9 1 150.8 FA 304 572 454 50 1562
137 =215 355 BN 12 5%.6 19.4 67 [ 154 h31i] 500 464 860 1580
xRt -2 -346 t0.6 13 55.4 20,0 68 hd 4 e A20 60y A0t 70 [508
131.7 ~203 337 ~10.4 113 57.2 b £9 156.2 166 330 626 471 880 1616
-128.9 ~20¢) 328 -94 15 59.0 21.1 70 158.6 71 J40 644 477 890 1634
P26 ~165  -110 -8.9 16 60.8 21.7 71 155.8 177 350 662 482 900 1652
1233 -1%0 310 -8.3 17 62.6 22.2 72 161.6 182 360 680 488 910 1670
12006 ~185 .30 ~71.8 18 64.4 22.8 73 163.4 188 310 698 493 920 1688
TR ~186G -292 1.2 19 66.2 23.3 Tt 165.2 194 380 716 499 930 1786
115.0 -175 283 -6.7 20 OR.0 244 5 1620 oy 390 T4 504 940 1724
B R =170 274 -6.] 21 6498 2.4 Th 1688 Hid Mty 752 510 950 1742
HH =165 265 - 5.6 22 71.6 V&R v 1706 210 40 770 £33 960 1760
6.7 ~16H0 256 A 21 714 25.6 T 1724 2it 126 THY 521 a6 tT78
IR N] -1535 - 247 -4.4 2% 75.2 261 kt'J 174.2 2214 4 806 K27 980 1766
1611 ~150 238 -39 23 70 26.7 a6 176.0 227 413 824 832 990 1814
~HR.A -t4h 224 3.3 26 8.4 27.2 il 1718 ey 450 a42 R 1000 [RA2
3.6 BB 2 R S - 2.8 T HiLG 27.8 uz 179.6 et 1} Hoh ot 1050 1922
LR} ~135 2t R 28 82.4 2R3 #3 181.4 243 470 874 540 1100 2012
900 138 202 b7 29 84.2 289 Ht 1842 244 1 Hiy G2 150 2HR2
7.2 =125 ..193 -1.1 3 B6.0 9.4 83 185.0 254 490 ui4 [ L3 1260 2192
Hi4 ~1200  -i84 -0.6 k1 B7.8 ann RH 1868 260 300 342 677 1250 2282
®1.7 -5 173 [HR1] 32 8Y.6 306 Ry 188.6 266 E31i] Uah 04 1300 2372
TRy ~1i0 -l86 4.6 34 91.4 311 88 1490.4 i§ 2% 520 G964 732 1350 2562
T =103 157 1.t 34 93.2 317 8’9 192.2 | 277 330 986 | 760 1400 2552
TR ~100 - 148 1.7 35 95.0 32.2 90 oty | oau2 40 10t T88 1456 2642
i 816 1500 2732
The farmulas at the right mav also 5 9
be used for converting Centigrade or Degrees Cent.. C° = 'l (F* 4+ 40y —4i Degrees Fahr.. F* = 2 (C* 4 40) — 40
b

Source: Chicage Bridge and tran Company.
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Liquid

Acctaldehyde

Acetic Acid

Acetic Anhydride
Acetone

Aniline

Asphaitum

Bromine

Carbon Disulfide
Carbon Tetrachloride
Castor Gil

Caustic Soda, 66% Solation
Chioreform

Citrie Acid

Cocoanut Gil

Colza Qil {Rape Seed Dil)
Corn Oil

Cottanseed Qil
Creosote

Dimethy! Aniline
Ether

Ethyl Acetate

Ethyl Chloride

Ethyl Ether
Formaldehyde

Ft Fuetl 0il

#2 Fuel Oil

#4 Fuel Oil

£5 Fuel Oil

§6 Fuel Oil

Furfural

Gusoline (Motar Fuel)
Glucose

Glycerin

Hydrachloric Acid, 43.4% Sel.

Kerosene

Lactic Arid

Lard (il

linseed Oil—Raw
Linseed Oil--Boiled
Mercury

Molasses
Naphthalene
Neaisfoot Qil

Nitrie Acid, 91% Solutien
(Hive Oil

Peassut (Kl

Phenni

Piteh

Raosin Oil

Soy Bean Nil
Sperm Ol

Sulfer Dioxide
Sulfuric Acid, 87% Salution
Tar
Tetrachiorosthane
Trichloraethylens
Tung Oil
Tuzpentine

Water {Sea) -
Water {0°0)

Water (20°C)
Whale Gil

Process Piping Design

Specific Gravity and Weights of Various Liquids

At Temp.
of °F

68.0
59.0
59.0
77.0
68.0
68.0
59.0
59.0
0.0
64.4
68.6
68.0
68.0
59.0
68.0
59.0
39.2
68.0
39.0

Source: Chicago Bridge and lran Company.

Table A-6

Specific
Gravity

0.783
1.049
1.083
0.792
1022
LI1-1.5
3.114
1.263
1.595
0.969
L70
1.489
1.542
0.926
0.915
0.921-0.928
0.926
1.040-1.100
0.956
0.708
0.901
6.917
0.712-0.714
1.139
0.80-0.85
0.81-0.91
0.84-1.00
0.91-1.06
6.92-1.08
1.159
0.70-0.76.
1.544
1.260
1.213
0.82
1.249
0.913-0.915
0.93
0.942
13.595
1.47
1.145
0.913-0.918
1.502
0.915-0.920
0.917-0.926
1.07¢
Lo7-1.15
0.98
0.924-0.927
06.878-0.A84
1363
1.834
1.2
1,596
1464
0.935-0.949
6.87
1.025
160
0.098
0.917-0.924

Weight in
{ bs. per

U.S. Gal,

6.52
8.74
9.02
6.60
8.51
9.2-12.5
25.98
10.52
13.28
8.07
i4.16
12.40
12.84
.1
7.62
7.67-1.73
771
8.66-9.2
1.96
5.90
1.50
7.64
5.93-5.95
9.49
6.7-1.1
6.7-7.6
7.0-8.3
7.6-8.8
1.1-9.0
9.65
5.8-6.3
12.86
10.49
1610
6.83
10.40
7.60-7.62
78
7.84
113.23
j22
9.54
7.60-7.65
12,51
7.62-7.66
7.64-7.71
8.92
8.91-9.58
861
7.70--7.72
7.31-7.36
11.35
15.27
10.0
13.29
12.19
7.82-7.90
1.23
8.54
8.4
8.3z
7.64-7.70

Weight in
Lbs, per
Cu. Ft.

49
65
68

51

849

94
57
57
73
67-72

58
55
85
114
75
100
91
39
54
64
62.4
62.3
51

g



Appendix
Table A-7
inches of Mercury, Weight in Pounds and Inches
) of Water Equivalents

tn. of Mercury Lbs. In. of Water
{0°c) per Sq. In, {4°C)
1 49118 13.5955
L5 37 20.393
2. 982 21191
2.5 1.228 33.989
3 1.473 40,786
1.5 L7119 ) 47.584
4. 1.965 54,382
4.5 2.210 61.180
5. 2.456 67.977
55 2.701 74.175
6 2.947 81.573
6.5 3.193 88.371
7. 3.438 95.168
7.5 3.684 101.966
8, 3.929 108.764
8.5 4.175 115.562
9. 4.420 122.359
8.5 4.666 129,157
10, 4.912 135.955
10.5 5.157 142,753
1L 5.403 149.550
11.5 5.648 156.348
12, 5.894 163.146
12,5 6.139 . 169,944
13. 6.385 176,74)
13.5 6.63} i83.539
i4. 6.876 190.337
14.5 T.122 197.134
135. 7.368 203.932
15.5 7.613 210,730
16. 7.858 217,528
16.5 8.104 224,225
17 8.350 231.123
17.% 8.595 237.921
18, 8.841 244.719
i85 9.086 251.516
19, 9.332 258.314
19.5 9.578 265.112
20, 9.823 271,810
20.5 10.069 278.707
21, 10,314 285.505
215 10.560 : 292,303
22, 10.805 299.101
22.5 11.051 305.898
23, 11297 112.696
235 11.542 319.494
24 11,788 126,202
24.5 12.033 333.080
25. 12,279 339.887
25.5 12.524 346,685
26, 12770 $R4.4R2
265 13.016 360.280
27, 13.261 367.078
27.5 13.507 373.876
28, 13.752 380.673
285 13.908 387.471
29. 14.243 194,260
295 14,430 HHL.067
30, 14.735 407.864

Source: Chicago Bridge and Iron Company
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Table A-8
Inchas to Millimeters and Feet to Meters
Inches Inches
1/2s | 1/4s [ 1/8s 11/16s | 1/32s | 1/64s| Decimals® | Milli- 11725 [1/4s {1/8s |1/16s] 1/32s | 1/64s] Decimalss | Milli-
meters meters
1 100156 25} 0397 33 {0515 6251 13.097
i 2 10031 25 0.794 17 34 | 0.531 25 13.494
_ 3 | 0.046 875 1.191 35 | 0.546 875{ 13.891
1 2 4 100625 1.588 9 18 36 | 05625 14.288
5 10078 125 1.9384 37 10578 125] 14.684
3 6 10093 75 2.381 - 19 38 {0593 75 | 15.08!
7 | 0.109 375 | 2778 39 10609 3751 15478
1 2 4 8 161250 3.175» 5 10 20 40 1 0.625 0 15.8752
9 §0.140 625 | 3.572 41 10.640 625] 16.272
5 10 1 0.15625 3.969 21 42 1 0.656 25 | 16.669
11 10071 8715 | 4.366 43 | 0.671 875| 17.066
3 6 12 | 0.187 § 4.762 11 22 44 {0687 5 17462
13 | 0.203 125 { 5.159 45 1 0.703 125] 17.859
7 14 10218 75 5.556 23 46 | 0.718 715 | 18.256
. 15 [ 0.234 375 | 5.953 47 1 0.734 3751 18.653
i 2 4 8 16 | 0.250 0 6.350* 3 6 12 24 48 [ 0.750 ¢ 19.050¢
17 | 0.265 625 | 6.747. 49 | 0.765 625 19.447
9 18 | 0.281 25 7.144 25 50 {0.781 25 19.844
19 | 0.296 875 | 7.541 S1 | 0.796 875} 20.241
5 10 20 103125 7.938 13 26 52 108125 20.638
21 10328 125 | 8334 53 ;1 0.828 125} 21.034
Il 22 10343 75 8.731 27 54 | 0.843 75 | 21.431
. 23 10359 375 ) 9.128 55 1 0.859375 ] 21.828
3 6 i2 24 | 0.3750 9.5252 7 14 28 56 0875 0 222252
25 |1 0390 625 | 9.922 57 | 0.890 625| 22.622
13 26 | 0406 25 10.319 29 58 {0906 25 | 23.019
27 10421 875 1 10.716 56 | 0921 875] 23.416
7 i4 28 | 0437 5 11.112 15 30 60 0937 5 23.812
29 | 0.453 125 | H1.509 61 | 0.953 125] 24.209
15 30 | 0468 75 111.906 31 62 | 0.968 75 | 24.606
31 | 0484 375 | 12.303 63 | 0984 375] 25.003
i 2 4 8 16 32 105000 12,700 | 2 4 & 16 32 64 | 1.000 0 25.400°

Table A-B {continued on facing page}




Process Piping Design

Volume 1

Piping designers, engineers, students, and professors:
Here's a thorough course in the design of piping systems
tor processing plants.

In the two-volume Process Piping Design, Rip Weaver
systematically explains each phase of piping design.
With his extensive experience, he provides solutions 1o
the problems facing piping designers.

This reference is an excellent text for schools and
businesses. It includes review questions at the end of
each chapter and dozens of helpful illustrations.

Easy to understand and absolutely complete, this book
is a vital guide to all involved in the design or instaliation
of industrial piping systems.

About the Author

The late Rip Weaver had more than 35 years of experi-
ence in drafting, design, and engineering for such firms as
M.W. Kellogg, Fluor, and SMC McEver. He trained hun-
dreds of drafting technicians and had numerous articles
published. His books are used as textbooks throughout
the world. Mr. Weaver was a consultant in Houston, Texes.

Also from Gulf Publishing Company—

Video Training Presentéd by Rip Weaver: ... . =

Piping Pointers #BP06  5-pan series
Shows designers and supervisors many time-saving,
cost-cutting techniques for doing better, more efficient
piping drafting. '

Piping Familiarization #BF14  13-part series
Frovides a clear, thorough understanding of process
plant terminology, components, and functions.

Applied Process Design for Chemical and
Petrochemical Plants
Ernest E. Ludwig

Velume 1, Third Edition iISBN (-88415-025-9 #5025
Volums 2, Second Edition ISBN 0-87201-753-2 #1753
Volume 3, Second Edition ISBN 0-B7201-754-0 #1754

This classic, best-selling series shows how to apply technigues
of process design and how to interpret results into mechanical
equipment detafls.

Guif Publishing Company

Book Division

P.O. Box 2608
“‘-*-—!- Houston, Texas 77252-2608

Blueprint Reading Basics #BB10  9-part series
A complete course in reading blueprints and drawing
blueprint symbols.

Preview videos are available. Calf (713) 520-4444.

Piping Fundamentais #BE70 10-par series
Packed with proven techniques of piping drafting, design,
and engineering.

Process Design Case Studies 1SBN 0-85295-276-7 49CH14
Ron Scoit with Norman Macleod )

Examples of real processes help students undertaking design
projects and serve as a relresher for industrial design engineers.

Process Plant Commissioning ISBN 0-85295-260-0 #9CH35
A User Guide

David Horstey and John Parkinson, Editors

Now ensure that initial commissioning and subsequent modifi-
cations are carried out safely.

PRODUCT #1993

ISBN D-87201L-993-4y
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