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The following functional blocks can normally:

Process Units;

Utilities production Units;

Tank farms, pump rooms, loading system;

Flares and effluent treatment;

Office building, canteens, workshops,

warehouses, etc. r\\\
-:Lujﬁ

—— On-site area

Off-site area
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DN and NPS Equivalents

DN (mm) NPS (inches) DN (mm) NPS (inches)
15 1/2 350 14
20 3/4 400 16
25 1 450 18
40 11/2 500 20
50 2 600 24
80 3 650 26
100 4 700 28
150 6 750 30
200 8 800 32
250 10 900 36
300 12 1000 40







ASME B 36.10 M-1996 ASME B 36.10 M-1996 I

it .; 2ol - ld‘{'iiﬂ‘ on E ! 5 g - HE!ﬂ. i" iﬂ_ .“
Momina Outside diamefer i - WT. Nominal i thi Weic WT.
- e X5 i : S ; X5
s e | ™| e | ™ e Tches  nches | ™ | fch | "™ | BA | lg/m e
0.405 10,3 0.049 1,24 0.19 0,28 = = 10 1.660 422 0.250 6,35 376 541 = = 160
0.405 10,3 0.057 1,45 0.21 0,32 = = 30 1.660 | 422 0.382 9,70 5.21 7,77 5L XS =
1/8 0.405 10,3 0.068 1,73 0.24 0,37 5L STD 40 1.900 | 483 0.065 1,65 128 1,91 5 = 5
0.405 10,3 0.093 7,41 0.31 0,47 R %S 80 1.900 483 0.109 777 7.09 3,11 = = 10
0.540 137 0.065 1,65 0.33 0,49 - T 10 1900 | 48B3 0.125 3,18 237 3,53 = = 30
0.540 137 0.073 1,85 0.36 0,54 = = 30 11/2 1.900 | 483 0.145 3,68 272 4,05 L STD 40
144 0.540 13,7 0.088 2,24 0.42 0,63 5L STD 40 1.900 | 483 0.200 5,08 3.63 5,41 5L x5 80
0.540 137 0119 3,02 0.54 0,80 5L x5 80 1.900 48,3 0.281 7,14 4.85 7,25 - = 180
0.675 17,1 0.065 1,63 0.42 0,63 - - 10 1.900 48,3 0.400 10,15 &.41 P36 3l XS -
0.675 T 0.073 1,85 0.47 0,70 = = 30 2.375 60,3 0.085 1,65 161 2,40 = 5
3/8 0.675 7.1 0.091 2,31 0.57 0,84 50 STD 40 2.375 40,3 0.083 2,11 2.03 3,03 B =
0.675 17,1 0.126 3,20 074 1,10 5L %S 80 2.375 60,3 0.109 2,77 2.64 3,93 5L 10
0.840 213 0.065 1,63 0.54 0,80 - - 5 2375 60,3 0.125 3,18 3.00 4,48 5L 30
0.840 213 0.083 2,11 0.67 1,00 - - 10 2.375 60,3 0.141 3,98 3.36 3,01 18
0.840 21,3 0.095 2,41 0.76 1,12 - - 30 2.375 60,3 0.154 39 3.65 5,44 5L STD 40
1/2 0.840 | 213 0.109 277 0.85 127 EN STD 40 2.375 60,3 0.172 437 405 6,03 5L
0.840 21,3 0.147 3,73 1.09 1,62 5L x5 80 2.375 60,3 0.188 4,78 439 6,54 5L
0.840 21,3 0.188 4,78 1.31 1,95 - - 160 2.375 60,3 0218 5,54 5.02 7,48 18 X5 80
0.840 21,3 0.294 7 A7 1.71 295 3L XXS - 2.375 60,3 0.250 6,35 5.67 8,45 3l
1.050 267 0.065 1,65 0.69 1,03 - - 5 2.375 60,3 0.281 7,14 528 9,36 5L
1.050 267 0.083 2,11 0.86 1,28 - - 10 2.373 60,3 0.344 8,74 7.Ab L E - 160
1.050 267 0.095 2,41 0.97 1,44 - - 30 2.375 60,3 0.434 11,07 9.03 13,44 5L XX
3/a 1.050 | 267 0113 2,87 1.13 1,69 e STD 40 2.875 73.0 0.083 2,11 2.47 3,69 L 5
1.050 | 267 0.154 3,91 1.47 2,20 5L x5 80 2.875 73,0 0.109 2,77 3.22 4,80 5L =
1.050 267 0219 5,56 194 2,90 _ = 160 2.875 73.0 0.120 3,05 3.53 5,26 = 10
1.050 26,7 0.308 7,82 2.44 3,64 3L XXS - 2.875 73,0 0.125 3,18 3.67 3,48 al —
1.315 334 0.065 1,65 0.87 1,30 - - 5 2.875 73,0 0.141 3,58 412 6,13 Sl
1315 334 0.109 377 1.40 7.09 - = 10 2.875 73.0 0.156 3,96 453 674 R
1.315 334 0.114 2,90 1.46 2,18 = g 30 2.875 73,0 0.172 4,37 497 7,40 5L
1315 334 0.133 3,38 1.68 7,50 R 5D 0 21/2 2.875 73.0 0.188 478 540 8,04 L 30
1.315 33,4 0.179 4,55 217 3,24 SL X5 B8O 2.875 73,0 0.203 3,16 579 8,63 al 51D 40
1.315 334 0.250 6,35 2.84 4,24 - - 160 2.875 73,0 0214 5,49 &4.13 9,14 il
1315 334 0.358 .09 3.66 5,45 5L X5 - 2.875 73,0 0.250 6,35 7.01 10,44 5L
1.660 42,2 0.065 1,65 1.1 1,65 - - 5 2.875 73,0 0.274 7,01 7.86 11,41 5L X5 BO
1.660 42,2 0.10% 277 1.81 2,70 - - 10 2.875 730 0.375 9,53 10.01 14,92 - 160
11/4 1.660 | 42,2 0117 | 2,57 193 2,87 = = 30 2.875 73,0 0.552 | 14,02 | 13.69 | 20,39 5L XS
1.650 42,2 0.140 3,56 237 3,39 5L STD 40 3.500 88,9 0.083 2n 3.03 4,52 5L 5
1.660 42,2 0191 4,85 3.00 4,47 AL X5 B0 _ 3.500 88,9 0.10% 277 3.95 5,88 3L -
40 ﬁ TROUVAY & CAUVIN — PIPING EQUIPMENT 2001 PIPING EQUIPMENT 2001 - TROUVAY & CAUVIN ﬁ 41
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3.500 88,9 | 0.141 3,58 5.06 7,53 5L
3.500 887 | 0.156 3,94 557 8,25 5L

3.500 887 | 0172 | 437 811 911 5L

3.500 BB7 | 0188 | 478 445 9,92 5L 30
3.500 887 | 07214 5,49 758 | 11,29 5L 5TD 40
3.500 B9 | 0250 8,35 BAB | 12,93 5L

3.500 889 | 0281 7.14 946 | 14,40 L

3.500 88,9 | 0.300 762 | 1025 | 1527 5L x5 80
3.500 887 | 0438 | 11,13 1432 | 21,35 = 140
3.500 887 | 0600 | 1524 | 1858 | 27.48 5L ¥XS

4000 | 101,56 | 0083 Y 147 5,18 5L 5
4000 | 1016 | 0.109 D77 453 8,75 5L

4000 | 101,56 | 0.120 3.05 457 7,40 _ 10
4000 | 101,46 | 0125 3,18 5.17 7.72 5L

4000 | 101,6 | C.141 3,58 581 8,65 5L

4000 | 101,6 | 0156 398 6.40 953 5L

4000 | 1016 | 0172 | 437 703 | 10,48 5L

4000 | 1014 | 0188 | 478 745 | 11,41 5L 30
4000 | 101,56 | 0226 574 9.11 | 13,57 3L 5TD 40
4000 | 101,46 | 0250 635 | 1001 | 14,92 L

4000 | 1016 | 0281 7.14 | 1116 | 1663 5L

4000 | 101,64 | 0a3l8 8,0B | 12.50 | 18,63 5L x5 80
4500 | 1143 | 0.08B3 2,11 3.92 5,84 5L 5
4500 | 1143 | 0.109 277 501 742 =

4500 | 1143 | 0.120 3.05 541 8,36 = 10
4500 | 1143 | 0.125 3,18 5.84 871 L

4500 | 1143 | 0.14]1 3,58 4.56 977 5L

4500 | 1143 | 0.156 396 734 | 1078 5L

4500 | 1143 | 0172 | 437 7935 | 11,85 5L

4500 | 1143 | 0.188 | 4,78 B.&6 | 12,91 5L 30
4500 | 1143 | 0203 514 932 | 13,89 5L

4500 | 1143 | 0219 5556 | 1001 | 1491 L

4500 | 1143 | 0237 602 | 1079 | 18,07 5L 5TD 40
4500 | 1143 | 0250 635 | 1135 | 1690 5L

4500 | 1143 | 0281 714 | 1246 | 18,87 5L

4500 | 1143 | 0312 | 7,92 | 1396 | 2078 5L

4.500 1143 0531 13,4% 22.51
4.500 1143 0674 17,12 27.54
5.563 1413 0.083 211 4.8
5.563 141,3 0109 277 &.3€
3.563 1413 0125 3,18 F.2¢
3.563 1413 0.134 3,40 i
3.563 1413 154 3,26 2.01
5.563 141,3 0.188 4,78 10.7%
5.563 1413 0x1e 3,56 12.5C
5.563 1413 0258 6,55 14.42
3.563 1413 0281 7,14 15.82
3.563 141,3 0312 792 17.5C
5.563 1413 0344 8,74 19.17
3.563 1413 0375 2,53 20.78
3.563 1413 0.500 12,70 27.04
5.563 1413 0.625 15,88 J2.9¢
5.563 141,3 0750 19,05 38.55
6.625 1683 0.083 211 a.8C
6.625 1683 o1oe 277 .05
6.625 1483 S 3,18 8.68
6.625 1683 0134 3,40 .25
6.625 148,3 0.141 3,58 L
6.625 1663 0155 3,96 10.78
6.625 1483 0172 437 11.83
6.625 1683 0.188 4,78 1293
6.625 1483 0203 3,18 13.94
6.625 1483 0219 3,56 14.98
6.625 148,3 0.250 6,35 17.0:
6.625 1663 0.280 a1 18.97
6.625 168,3 0312 792 21.04
6,625 1483 0.344 8,74 23.08
6.625 1683 [T 9.53 2504
6.625 1483 0432 1097 28.57
6.625 1683 0500 12,70 3271
6.625 1683 0.562 14,27 36.3%5
6.625 168,3 0.625 15,88 40.03




B e = Epaisseur Masse E
Neminal  Outside diameter Wall thickness Waight Spuit | VT
o i poch | SID | schedl
gl I -~ B I -
6.625 168,3 0719 18,26 45.35 67,56 5L 160
6.625 168,3 0.750 19,05 47 .06 70,11 Sl
6.625 168,3 0.864 21,95 3.6 79,22 Sl XX5
6.625 168,3 0875 22,23 53.73 80,07 Sl
8.625 | 219,1 0.109 2,77 953 14,79 = 5
B8.625 2191 0.125 3.18 11.35 16,93 5l
B.625 212,1 0.148 3,76 13.40 19,96 - 10
B.625 212.1 0158 3,96 14.11 21,00 a3l
B.625 219,1 0.188 4,78 16.54 25,26 Sl
B8.625 212.1 0.203 3,16 18.26 27,22 Sl
8.625 212,1 0.219 5,36 19.66 29,28 3L
B.625 2191 0.250 6,35 22.36 33,31 L 20
B.625 212,1 0.277 7,04 2470 36,81 Al 30
B.625 2191 0312 7,92 27.70 41,24 5L
B8.625 21%2.1 0.322 8,18 28.55 42,55 Sl STD 40
B.625 219,1 0.344 8,74 30.42 45,34 3L
B8.625 219,1 0375 9,53 33.04 49,25 Sl
B.625 219,1 0.406 10,31 33.64 53,08 - 60
B.625 2191 0.438 11,13 38.30 57,08 Sl
8.625 212,1 0.500 12,70 43.39 64,64 5L X5 80
B8.625 2191 0.562 14,27 48.40 72,08 SL
B.625 219,1 0.594 15,09 50.95 75,92 - 100
B8.625 212,1 0.625 15,88 33.40 72,58 Sl
8.625 2191 0719 18,26 60.71 90,44 Sl 120
B.625 2191 0.750 19,05 63.08 93,98 5L
8.625 2191 0.812 20,62 &7.76 100,72 5L 140
B.625 2192,1 0.875 22,23 72.42 107,92 3l XX5
B8.625 21%2.1 0.906 23,01 74.69 111,27 - 160
B.625 219,1 1.000 25,40 B1.44 121,33 Sl
10.750 73,0 0.134 3,40 15.19 22,63 - 5
10.750 273,0 0.156 3,96 17.63 26,28 3L
10.750 273,0 0.165 4,19 18.65 27,78 - 10
10.750 273,0 0.188 4,78 21.21 31,63 Sl
10,750 73,0 0.203 5,16 22 87 34,09 L
10.750 73,0 0.21% 3,56 24.63 36,68 Al
10.750 73,0 0.250 6,35 28.04 41,77 3L 20
10750 | 273,0 | 0279 7.09 31.20 45,51 5L
10.750 273,0 0.307 7,80 34.24 51,03 5L 30

(PR gy s £ M s o 2 I i 2, WI.
m | e e | TR

2730 0.344 8,74 38.23 546,78 5L
273.0 0,365 Q.27 40.48 &0.31 5L STD 40
2730 0.438 11,13 48.24 71,90 5L
2730 0.500 12,70 5474 8155 SL x5 &0
2730 0.562 14,27 41.15 21,08 5L
2730 0.594 15,09 64,43 946,01 - 80
2730 0.425 15,88 &7.58 100,73 5L
273,0 0719 18,26 7703 11475 5L 100
2730 0812 20,42 B84.18 128,38 5L
9730 | 0844 | 21,44 | 8929 | 133,06 = 120
273,0 0.875 22,23 92.28 137,52 5L
2730 0.938 23,83 98.30 144,48 5L
2730 1.000 25,40 104.13 135,15 5L XXS 140
2730 1.125 28,58 115.64 172,33 - 150
273.0 1.250 31,75 124,83 188 97 5L
3238 0158 3,96 2098 31,25 - 5
3238 0.172 4,37 23.11 34,43 SL
3238 0.180 4 57 2417 36,00 - 10
3238 0.188 478 2522 37.62 5L
3238 0.203 5,16 27.20 40,546 5L
3238 0219 5,56 2231 4365 5L
3238 0.250 4,35 33.38 4973 5L 20
3238 0.281 7,14 37.42 5577 5L
3238 0312 7,92 41.45 61,71 5L
3238 0.330 8,38 4377 45,20 5L 30
3238 0.344 8,74 45.58 47,93 5L
3238 0375 9.53 4254 73,88 5L 5D
3238 0408 10,31 53.52 7973 5L 40
3238 0.438 11,13 57.53%9 55,84 5L
3238 0.500 12,70 65.42 97 .46 SL x5
3238 0.562 14,27 7315 108,24 5L &0
3238 0.4625 15,88 80.93 120,62 5L
3238 0.488 17,48 88.63 132,08 5L 80
3238 0.7350 19,05 95612 143 21 5L
3238 0812 20,62 103.53 154,21 5L
3238 0.844 21,44 107.32 159,21 - 100
3238 0.875 2223 110.97 165,37 5L
3238 | 0938 | 23,83 | 118.33 | 17633 5L [ 12 of 24 - Clipl
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Diaméire extériaur Epaisseur Masse e Diamélre exté Epai Masse TR
Outside diometer Wall thickness. Wi WT. Outside di Wall thickness Weight W
| | | | W | em 0 il B S Rl R LN
12750 | 3238 | 1.000 | 2540 | 125.49 | 186,97 ET XXS 120 16000 | 4064 | 0.165 4,19 27.90 | 41,56 = 5
12.750 3238 1.062 26,97 132.57 197,48 5L 16.000 A0S, 4 0.188 478 IS 47 34 5L
12750 | 3238 | 1.125 | 28,58 | 139.67 | 208,14 5L 140 16000 | 4064 | 0203 5,16 3425 | 51,06 L
12750 | 3238 1.250 3175 | 153.53 | 228,74 51 16000 | 4064 0217 3,56 36.91 34,96 Sl
12750 | 3238 | 1.312 | 3332 | 160.27 | 238,74 = 160 16000 | 4064 | 0250 635 | 4205 | 62,64 5L 10
14000 | 3556 0.156 3,96 23.07 34,36 = 5 16000 | 4064 | 0.281 7,14 47.17 | 70,30 3l
14.000 3556 0188 478 2773 41,35 50 16.000 406,4 0312 792 52.27 77,83 5L 20
14000 | 3556 | 0.203 516 2991 44,59 5L 16000 | 4064 | 0.344 .74 57.52 | 8571 5L
14000 | 3556 | 0210 533 | 3093 | 2504 A 16000 | 4064 | 0375 953 | 62.58 | 93727 D 5TD 30
14000 | 3556 | 0219 | 556 | 3233 | 47,99 | oL 16000 | 4064 | 0406 | 1031 | &7.62 | 10070 | 5L
14000 | 3556 | 0250 835 | 3671 | 5469 5L 0 AP A0 RGN 1,10 WpGSBOE) (10647 ok
4000 | 3556 | 0.281 714 | 4107 | 61.35 5 16000 | 4064 | 0489 | 1191 77.79 | 115,86 El
14000 | 3556 | 0312 553 | 4561 | 6790 i T 16000 | 4064 | 0500 | 12,70 | 8277 | 123,30 E %S 40
14000 | 3556 | 0344 274 | 5017 | 7474 i 16000 | 4064 | 0.562 | 14,27 | 92.66 | 137,99 D
14000 | 3556 | 0375 | 9,53 | 5457 | 81,33 | 5L STD 30 LOO08) Asd. B 0ol 15,68 Geiiaeall 10294 inmal
14000 | 3556 | 0406 | 1031 | 5894 | 8779 | 5L :g-g ﬁ-: g—:ﬁag :gﬁ 1 ?;j? } :g:‘; = &0
10 s BN 1113 RS o 9dah At A 16000 | 4064 | 0750 | 19.05 | 122.15 | 181.97 ET
LU 3036 RGOl 1191 GG 10094 2 16000 | 4064 | 0812 | 2062 | 13171 | 19616 T
14000 | 3556 | 0.500 | 1270 | 72.09 | 107,39 ET X5 e e T e = =
00| 3ms6 | Daa2 | 1427 | BOe6T) 120,11 ak 16000 | 2064 | 0875 | 2223 | 14134 | 21060 | 5L
IAIEGE 9005 RGN 1007 (i) 12007 = il 16000 | 4064 | 0938 | 23,83 | 15089 | 22482 | &L
14000 | 3556 | 0.625 | 1588 89.28 | 133,03 £ 16000 | 4064 | 1000 | 2540 | 16020 | 238,64 =
14000 | 3556 | 0.688 | 17,48 | 97.81 | 14575 50 16,000 | 4064 | 1.031 | 2619 | 16482 | 24556 5 o
14000 | 3556 | 0.750 | 19,05 | 106.13 | 158,10 T 80 16000 | 4064 | 1052 | 2657 | 169.43 | 25235 =
14000 | 3556 | 0.812 | 20,62 | 114.37 | 170,33 5L 16000 | 4064 | 1125 | 2858 | 17872 | 24628 5
14000 | 3556 | 0875 | 2223 | 12265 | 182,75 St 16000 | 4064 | 1.188 | 30,18 | 18793 | 280,00 5l
14000 | 3556 | 0938 | 2383 | 130.85 | 19494 T 100 16000 | 4064 | 1219 | 3096 | 192.43 | 28664 = 120
14000 | 3356 | 1.000 | 2540 | 138.84 | 206,63 St 16000 | 4064 | 1250 | 3175 | 19651 | 293,33 | 4l
14.000 | 33356 1.062 26,97 | 14674 | 218,57 3L 16000 | 4064 1.438 36,53 | 223.64 | 333,19 L 140
14.000 3556 1.094 2779 15079 | 224,65 - 120 16.000 4064 1.594 40,49 245.25 | 365735 = 160
14.000 3554 1.125 28,58 15469 | 230,48 5L 18.000 457.0 0165 4,19 31.43 46,81 = 5
14.000 3556 1.250 31,73 170.21 | 253,56 5L 140 18.000 4570 0.188 4,78 3574 53,31 5L
14000 | 3556 | 1.406 | 3571 | 189.11 | 281,70 = 160 18000 | 457,0 | 0219 556 | 4159 | 41,90 8
14000 | 3556 | 2.000 | 50,80 | 256.32 | 381,83 - 18.000 | 4570 | 0.250 6,35 | 47.39 | 70,57 ET 10
14000 | 3556 | 2.125 | 5398 | 269.50 | 401,50 = 18000 | 457,0 | 0.281 7,14 53.18 | 79721 5L
14000 | 3556 | 2.200 | 55,88 | 277.25 | 413,00 = 18000 | 457,0 | 0312 7,92 | 5894 | 8771 5L [ 13 of 24 - Clipb
14000 | 3556 | 2.500 | 63,50 | 307.05 | 457,40 = 18.000 | 457,0 | 0344 874 6487 | 956,61 L Bem collected,

R



5 Identification Diamétre n eniioaton
Diamétre extri E; Masse Eraa e Diamisire axté Epaisseur Masse Eciias
5 5 gL i . WT. MNominal ic thic i iy W.T.

ke || = [ | ||| gt i i |l e RS il R A :ﬁ

18.000 | 457 | 0375 953 | 7059 | 10516 5L STD 20000 | 508 | 0875 | 2223 | 17872 | 266,29 AL

18.000 | 457 | 0406 | 10,31 | 7629 | 113,57 5L 20000 | 508 | 0938 | 23,83 | 190.96 | 284,52 s

18.000 | 457 | 0438 | 11,13 | 8215 | 122,38 s 30 20000 | 508 1000 | 2540 | 202.92 | 302,28 5L

18.000 | 457 | 0469 | 11,91 | B7.81 | 13072 a0 20000 | 508 1031 | 26,19 | 208.87 | 311,17 = 80
18.000 | 457 | 0.500 | 12,70 | 93.45 | 139,15 5L %5 20000 | 508 1062 | 2697 | 21480 | 319,92 5L

18.000 | 457 | 0.862 | 14,27 | 10467 | 155,80 5L 40 20000 | 508 1125 | 28,56 | 22678 | 337,89 5L

18.000 | 457 | 0.625 | 15,88 | 11598 | 172,74 5L 20000 | 508 1.188 | 30,16 | 236.68 | 355,81 5L

18.000 | 457 | 0488 | 17,48 | 127.21 | 189,46 5L 20000 | 508 1250 | 31,75 | 25031 | 372,88 5L

18.000 | 457 | 0750 | 19,05 | 138.17 | 20574 AL &0 20000 | 508 1281 | 32,34 | 256.10 | 381,53 = 100
18.000 | 457 | 0812 | 2062 | 149.06 | 221,89 5L 20000 | 508 1312 | 3332 | 261.86 | 390,03 5L

18.000 | 457 | 0.875 | 22,23 | 160.03 | 238,34 sl 20000 | 508 1375 | 3493 | 27351 | 407,49 5L

18.000 | 457 | 0938 | 23,83 | 17092 | 254,55 s 80 20000 | 508 1500 | 38,10 | 29637 | 441,49 = 120
18000 | 457 1.000 | 2540 | 18156 | 270,34 a0 20000 | 508 1750 | 4445 | 341.09 | 508,11 - 140
18.000 | 457 1062 | 2697 | 192.11 | 284,00 5L 20000 | 508 1969 | 5001 | 379.17 | 56481 - 180
18.000 | 457 1125 | 28,58 | 20275 | 301,54 AL 22000 | 559 | 0.188 478 | 4380 | &524 = 5
18.000 | 457 1136 | 2936 | 207.96 | 309,62 = 100 27000 | 559 | 0219 556 | 5094 | 7588 5L

18.000 | 457 1188 | 30,18 | 213.31 | 317,46 5L 22000 | 559 | 0.250 &35 | 58.07 | 8854 | 5L 10
18.000 | 457 1250 | 31,75 | 22361 | 33295 s 22000 | 559 | 0281 714 | 6518 | 9717 | &L

18.000 | 457 1375 | 3493 | 244.14 | 363,56 = 120 22000 | 559 | 0312 792 | 7227 | 107,63 5L

18.000 | 457 1562 | 39.67 | 27422 | 408,26 = 140 22000 | 559 | 0344 | B74 | 7956 | 118,80 s

18.000 | 457 1781 | 4524 | 308.50 | 459,37 = 140 27000 | 559 | 0.375 953 | 866l | 129,13 5L STD 20
20000 | 508 | 0.188 478 | 3978 | 59.25 = 5 27000 | 559 | 0.406 | 1031 | 9343 | 139,50 5L

20000 | 508 | 0219 556 | 4627 | 68,89 5L 22000 | 559 | 0.438 | 11,13 | 100.86 | 150,37 5L

20000 | 508 | 0.250 835 | 5273 | 78,55 5L 10 22000 | 559 | 0460 | 1191 | 107.85 | 160,48 5L

20000 | 508 | 0.281 714 | 59.18 | 88,19 5L 22000 | 559 | 0500 | 1270 | 11481 | 171,09 5L X5 30
20000 | 508 | 0312 7.92 | 6560 | 97,67 5L 27000 | 559 | 0562 | 14,27 | 128.67 | 191,69 5L

20000 | 508 | 0.344 B74 | 72.21 | 107,60 5L 27000 | 559 | 0625 | 15,88 | 142.68 | 21249 5L

20000 | 508 | 0.375 953 | 7860 | 117,15 5L 5D 70 22000 | 559 | 0688 | 17,48 | 15640 | 233,43 s

20000 | 508 | 0.406 | 10,31 | 8496 | 126,53 s 22000 | 559 | 0750 | 19,05 | 170.21 | 253,45 5L

20000 | 508 | 0.438 | 11,13 | 9151 | 134,37 a0 22000 | 559 | 0812 | 2042 | 18375 | 273,76 5L

70000 | 508 | 0.459 | 11,91 | 97.83 | 145,70 5L 22000 | 559 | 0B75 | 22,23 | 197.41 | 294,25 5L &0
20000 | 508 | 0500 | 1270 | 10413 | 155,12 AL %5 0 22000 | 559 | 0038 | 23,83 | 211.00 | 314,49 5L

70000 | 508 | 0562 | 1427 | 11667 | 173,74 5L 27000 | 559 T.000 | 2540 | 22428 | 334,23 5L

20000 | 508 | 0.594 | 1509 | 123.11 | 163,42 = 0 27000 | 559 T.062 | 2697 | 237.48 | 353,84 50

20000 | 508 | 0.625 | 1588 | 129.33 | 19271 5L 22000 | 559 1125 | 28,58 | 250.81 | 373,83 5L 80
20000 | 508 | 0.688 | 17,48 | 141.90 | 211,44 5L 22000 | 559 1.188 | 30,186 | 264.06 | 393,57 5L

20000 | 508 | 0.750 | 19,05 | 154.19 | 229,70 5L 22000 | 559 1.250 | 31,75 | 277.01 | 412,81 5L

70000 | 508 | 0812 | 20,62 | 166.40 | 247,83 5L 0 22000 | 559 1312 | 3332 | 269.88 | 431,94 | 5l [, 14 of 24 - Clip



Schedule number(SN)

BS 3351 =
T=Pd/(20 s +P)
G.\L\la.:; L..g\..ad Br @\)L gax P(bar) d(mm) s=N/mm?

Schedule number = 1000 P/S,
where
P = internal pressure, psig
S = allowable working stress in psi.
sch40 L see
OV one g RN LI ) e 0 Caaslie bl algl Calda lada
S
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Nomisal Pipe Size ~ 0.D. Inches

=

" LD, Inches

Inches Schedule 40 80 40 80
i 1.050 1050  0.824 0.742
1 1.315 1415  L0d9 0957
1k 1.900 1.500 L.610 1500
2 2875 2,075 2.067 1.999
) 8.500 3500  3.008 2,904
4 4500 4500 4026 9,826

Scedule § (gylid WIS

American Standards Associaton piping pressure class

25 Are

ASA Pressure Class

~ Schedule No. of Pipe

< 250 Ibs./sq. in.
A00-60C
900
1500
2500 (8 in~f in.)
2500 {8 n. and larger)

— e

40

80

120

160

XX (double exira sirong)
160

— - U

e o

Ll

\¥



40% 1L ROWS CROSSES

T

LATERALS COUPLINGS CAPS

Figure 2-4B. Forged steel socket weld fittings, WOG (water, oil or gas service). Note: the working pressures are always well above actual plant
operating levels and are heavy to allow for welding. Pressure classes 3000 psi and 6000 psi, sizes ' in. through 4 in. nominal, Do not weld on
malleable iron or cast iron fittings. (By permission, Ladish Co,, Inc.)
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COUPLYNG REDUCING HALF
COUPLING

SOUARE HEAD HEX HEAD ROUND HEAD HEX HEAD FLUSH
PLUG PLUG PLUG BUSHING BUSHING

Figure 2-4A. Forged steel threaded pipe fittings, WOG (water, oil or gas service). Note: the working pressures are always well above actual plant
operating levels, Pressure classes 3000 psi and 6000 psi, sizes % in. through 4 in. nominal, By permission, Ladish Co,, Inc.
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Welding neck flanges are distinguished from other types by their long tapered hub and gen-
tle transition of thickness in the region of the butt weld joining them to the pipe. Thus this type
of flange Is preferred for every severe service condition, whether this results from high pres-
sure or from sub-zero or elevated temperature, and whether loading conditions are substan-
tially constant or fluctuate between wide limits.

Slip-on flanges continue to be preferred to welding neck flanges by many users on account
of their Initially lower cost, the reduced accuracy required in cutting the pipe to length, and the
somewhat greater ease of alignment of the assembly; however, their final installed cost is
probably not much, if any, less than that of welding neck flanges. Their calculated strength
under Internal pressure is of the order of two-thirds that of welding neck flanges, and their life
under fatigue is about one-third that of the latter.

)4
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Lap Joint flanges are primarily employed with lap joint stubs, the combined initial cost of the
two items being approximately one-third higher than that of comparable welding neck flanges.
Their pressure-holding ability is little, if any, better than that of slip-on flanges and the fatigue
life of the assembly is only one-tenth that of welding neck flanges. The chief use of lap joint
flanges in carbon or low alloy steel piping systems is in services necessitating frequent dis-
mantling for inspection and cleaning and where the ability to swivel flanges and to align bolt
holes materially simplifies the erection of large diameter or unusually stiff piping. Their use at
points where severe bending stress occurs should be avoided.

Threaded flanges made of steel, are confined to special applications. Their chief merit lies in
the fact that they can be assembled without welding; this explains their use in extremely high
pressure services, particularly at or near atmospheric temperature, where alloy steel is essen-
tial for strength and where the necessary post-weld heat treatment is impractical. Threaded
flanges are unsuited for conditions involving temperature or bending stresses of any magni-
tude, particularly under cyclic conditions, where leakage through the threads may occur in rel-
atively few cycles of heating or stress; seal welding is sometimes employed to overcome this,
but cannot be considered as entirely satisfactory.
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Socket wealding flanges were initially developed for use on small-size high pressure piping.
Their initial cost is about 10% greater than that of slip-on flanges; when provided with an inter-
nal weld as lllustrated, their slatic strength is equal to, but their fatigue strength 50% greater
than double-welded slip-on flanges. Smooth, pockelless bore conditions can readily be
attained (by grinding the internal weld) without having to bevel the flange face and, after weld-
ing, to reface the flange as would be required with slip-on flanges.

Fioura 2-A. (eontinuad on naxt nangal

Y



Orifice flanges are widely used in conjunction with orifice meters for measuring the rate of
flow of liquids and gases. They are basically the same as standard welding neck, slip-on and
screwed flanges except for the provision of radial, tapped holes in the flange ring for meter
connections and additional bolts to act as jack screws to facilitate separating the flanges for
inspection or replacement of the orifice plate.

Blind flanges are used to blank off the ends of piping, valves and pressure vessel openings.
From the standpoint of internal pressure and bolt loading, blind flanges, particularly in the larg-
er sizes, are the most highly stressed of all American Standard flange types; however, since
the maximum stresses in a biind flange are bending stresses at the center, they can safely be
permitted to be higher than in other types of flanges.
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~ Weldolet

Waldolet’ an economical bult-weld branch co
neclinn, is designed o minimize siress concer.
trations and provide integral reintorcement.

& P YLai! £l

Sweepolet

Swespolet® is a contoured, integrally reinforced
butt-weld branch connachion with a low slress
intensification faclor for low stresses and lorg
latigue lite. The atlachmen! wekd 1S éasily ¢x
aminea by radiography. uitrasound and other
standard non-destructive technigues

Neais sl Insert Weldolet

e

Insert Weldolet™ is anather contoured butt-weld
branch connection used in less gnlical applica
tions. Like the Sweapolet, the attachment welds
are easly examined by radiography. ultrasound
and other standard non-gestructive 1echnigues.

YY
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 Sockolet

Sockolet® utilizes the basic Weldolet design
configuration and incorporates a soCkel-weld
outlet.

Coupolet

Coupolet” fittings are designed for use in fire
protection sprinkler systems and other |ow
pressure piping applications.

Yo
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Thredolet

Thredelet® utitizes the basic Weldolet configura
tion, provides a threadad autlel branch connas.
tion

& YLail £lgif

Brazolet

Brazolet® is designed for use with KLM and IPS
brass or copper piping or copper tublng.

Latrolet

- Latrolal® usad for 459 lateral connactions, is

avallable bull-weld 10 mee! your specific rein
forcement requirements, and 30008 or 60008
classes for sockel weld and threaded
apphcations,

Y¢
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Elbolet

Elbolet® is used on 90* Long Radius Elbows
{can be manulaciured for Shorl Radws Elbows)
tor thermowell and instrumentation connections
Available butt-weld to meet your specific min
forcemant requirements, and 30008 and 6004
classes for sockel weld and threaded
applications.

Nipolet

Nipolet® is a ona piece fitting for valve take-ofls,
draing and van!s. Availabla with mala socket-weld
or male threaded outlets,

Yv



GENERAL INFORMATION/EQUIPMENT DESIGN

Orifices, also called onfice plates, constrict fluid flow using a flat metal
dizc wath a ciwrcular hole m the center, such as the one to the left. Ths

constriction causes a pressure drop across the plate. Pressure taps on
both sides of the onfice measure the differential

The bottom left picture shows an onfice plate
installed between flances i a pipe.

Cafferent flow condibons are accommmodated
by changing the location of the orifice m the

(Pichres conrtesy of Badzer plate and the way the edee 1z hored

Meter, Buc., Tulsa, 0K

www.mblastsavior.mihanblog.com

[(Coatesy of EOBOLD hetmnterts .,
Pitetmgh, P4
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Concentric orifices are the tost comtmon. Eccentric and segmental onfices are uzed
to prevent entrained hguds or gases from buidding up at the plate. The hole 15 placed at
the hottom of the plate for gas flows (to allow passage of heawer howd particles) and at
the top of the plate for houd flows (to allow passage of lighter gas particles).

C oncentric

Eccentric Segmental
Click to Contine

www. mblastsavior.blogfa.com

USAGE EXAMPLES

Most gas, water, steamn, and air applications are sasily metered hy
otifice plates.

Oirifices such as the one above left, made of bronze, and below left,
tade of bronze and cast won, can be used to meter lube i, cooling
water systems, and compressed air flow

The two orifice meters below are made of stanless steel and are
specially designed to handle corrosive matenals, such as strong acids
and hases.

[Pichme: comtesy of EOBOLD hemonerts B, Pitshorah, PAy)

Y4
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leak indicator

Figure 2-2, Portion of a plant piping system. By permission, Spirax-Sarco, Inc., 1991.
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OH- . NO3- . NaOH . Amuin . H2S .

Caustic , Hydrogen . See Water

( Carbon Steel ) sl 23

OH- . NO3- . NaOH . Amin . H2S .
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GENERAL MATERIAL : Carbon Steel

MAXIMUM DESIGN PRESSURE and

TEMPERATURE LIMITS : 275 PSIG at -20/100°F; 100 PSIG at 7T50°F
LIMITED BY +  150# Flanges
CORROSION ALLOWANCE : See Table, This Spec.
CONSTRUCTION : 1% and Smaller—Socket Welded
2" and Larger—Flanged and Butt-Welded
TYPE SIZE DESCRIPTION
PIPE: 14" and smaller Schedule 80, ASTM-AL06 Gr. B Seamless P.E. (Plain End). Nipples: Sch. 80 ASTM-
AlDE Gr. B
2“ through 10" Schedule 40, Standard Weight, ASTM-AB3 Gr., B, Seamless, B.E. (Bevel Ends)
12" through 247 Standard Weight, (.375") ASTM-A53, Gr. B, Seamless, B.E.
FITTINGS: 1%" and smaller 30004 F.5., Socker Weld, ASTM-AL105 Gr. [ or 11
2* through 10" Schedule 40, Standard Weight, Butt-Weld ASTM-A234 Gr. WPB, Seamless
12" through 247 Same Except Use Standard Weight (873"
BRANCHIES: Full Use Tees
Halt header
Size and larger Straight Tee and Reducer or Reducing Tee
Less half header
Size down through 27 Straight Tee and Reducer or Reducing Tee or Weldolets
14" and smaller Sockolets, Elbolets and Nipolets
FLANGES: 14" and smaller 1504 ASA, H" RLF., Socket Weld ASTM-A181 Gr. 1
2" and larger 15048 ASA K" REF Weld Neck, ASTM-A181 Gr. |
LNIONS: 14" and smaller 300 F.5. Union ASTM-AL05 Gr. 11,
(6) Socket Weld ASA B16.11. Steel to Steel Seats, Ground joint. No Bronze
BOLTING: All ASTM-A193 Gr. B7, Alloy Steel Stud Bolts, with ASTM-A194, Class 2H Heavy Series,
Hex, Muts
GASKETS: Ya" Thick, Compressed Ashestos Flat Ring Type. { M 60 or Equal) 500°F and above,
use Flexuallic CG.
THEREAD
LUBRICANT: 450°F and under Use Teflon Tape

Ower 450°F Use “Molycote™ G Paste



THREAD
LUBRICANT:

CGATE
VAIVES:

(4)

GLOBEL
VALVES:
(4]

CHECK
VALVES:
(4)

DRAINS,

VENTS and
[NSTRUMENTS:
(4)

450°F and under
Ower 450°F

14" and smaller
¥ and smaller
i1

2" and larger
(2347

14" and smaller
2" through 127
(7

15" and smaller
(3]

2 through 16"

1" and smaller

LI DI M LRI, wanF,

Use Teflon Tape
Use “Molycote™ G Paste

VGA-112, B00#, Socket Weld Ends,
Welded Bonnet, 5., ASTM-A105 Cr.11
VGA-113, 8004, Screwed Ends, Welded
Bonnet, ES., ASTM-AL05 Grll
VGA-101, 1604, Flanged O.5. &Y,
Cast Steel Body, ASTM-A216 WCB

VGL-215, 8004, Socket Weld FEnds,
Welded Bonnet, F.5,, ASTM-105
Gr. 11

VGL-200, 1504, Flanged, O.8. & Y,
Cast Steel Body, ASTM-A216 WCB

VCH-314, 8004, Horizontal Piston

Type Socket Weld Ends, F.5., ASTM-A105 Gr. 1T

VCH-212, 800#, Combination Horizontal & Vertical Ball Type, Socker Weld Ends,
TS, ASTM-A105, Gr. 11

VCH-302, 150#, Horizontal Swing Check, Flanged, Cast Steel Body, ASTM-A216 WCB

VGA-120, 800H, Male Socker Weld =
Female Thread Ends, Welded Bonnet, F.5., ASTM-A105, Gr. 11



PIPING MATERIAL SPECIFICATIONS (continued)
Alternate Process Service

- - — — — — J— — — —_— — — S — S—

Press./Temp. Limits: 175 PSIG/—20 to 150°F 125 PSIG/350°F
Corrosion Allowance: .05 inches

MATERIAL OR

ITEM RATING & TYPE MANUFACTURER NOTE
SIZE INCHES
FPIPE
2 and smaller Sch. 40 Seamless Carbon steel ASTM A-53, Gr. B, T&C
3 through 6 Sch. 40 ERW Carbon steel ASTM A-533, Gr. B, beveled
& through 12 Sch. 20 ERW Carbon steel ASTM A-53, Gr. B, beveled
14 through 20 Sch. 10 ERW Carbon steel ASTM A-53, Gr. B, beveled
FITTINGS
2 and smaller 1504 Screwed Mal. iron ASTM A-1907
3 and larger Buttweld-5ch, to Carbon steel ASTM A-234, Gr.

match pipe WPE.
FLANGES
2 and smaller 1504 RF or FF Carbon steel ASTM A-10A

Screwed
3 and larger 150# RF or FF Slip- Carbon steel ASTM A-105

on or weld neck
ORIFICE FLANGES
1 and larger 3004 RF Weld Neck Carbon steel ASTM A-105
UNIONS
2 and smaller 3004# Screwed Mal. iron, ground joint,

brass 1o iron seats
ASTM A-197



BRANCH CONN.

2 and smaller
3 and larger

REDUCERS
2 and smaller

3 and larger

STAINERS
2 and smaller

GASKETS
All sizes
All sizes

BOLTING
All sizes

30004 Threadolet
Srd. Wi, Weldoler

1506 Screwed
Sch. BO Swage

Butiweld-5ch. to
match pipe

150 screwed

¥ in. ring
Ys in. full face

Machine bolts w./
hex nuts

Forged steel ASTM A-105
Forged steel ASTM A-105

Mal. iron ASTM A-197
Carbon steel ASTM A-234,
Gr. WPB

Carbon steel ASTM A-234,
Gr, WPB

Bronze with 30 mesh monel sereen - Mueller #351 or equal.

Compressed
Compressed

Sq. hd. ASTM A-307, Gr.B.

VALVES (Alternate, for different process liquid/vapor service)

2 and smaller
5 or larger

2 and smaller
3 and larger
dtob

1508 screwed gate

125#% FT gate
3004 screwed ball
1504 RF hall

15048 butterfly

w/locking handle

Bronze, ISRS, union bonnet, Powell 2714 or equal

IBBM, OS&Y, bolted bennet, Powell 1793 or equal

CS body, Teflon seats & seals CS ball, Hills McCanna Fig. S302.CS5TCS
CS body, Teflon seats & seals CS ball, Hills McCanna Fig. S151-CSTCS
Cast iron body, Buna N seat &

seals, Al-Brz. disc, 316 58 stem. Keystone Fig. 100/122 or equal



MODIFICATION OF I5A STANDARDS

FIRST LETTER

SECOND AMD THIRD LETTERS

Controlling Devices Measuring Alarm Devices
Devices
* Process @ » o ]
Yeriable E E ;‘E £ L s
°r gl g | 8% 32| 22 B 8% .2 |B3%
Actuation 5 = D=| = T= = - o = |D=|Cc >
2 9 Eax| o | <8 = - gl 2 8 |Em |08 ninxh
8 | 2 | E¥ 2 &> B S| 2] 8| 2 |€" |EES|8T%
o | 2 g 7 | e 2 | B! @ 2le T2 68
a | & z > |& | 8 e | £ = £ |z |&m F 020
RC ic Cc cv V| sy R 1| RA 1A | A E | W G
Flow F | FRC | FIC Fv FR | FI | FRA | FIA | FA |FE FG
Level L |LRC | LIC LC | LCV Lv LR Ll { LRA | LIA | LA |LE LG
Pressure P | PRC | PIC PC | PCV | PV | PRY PR Pl | PRA | PIA | PA |PE
Spead S | SRC | SIC aC | SCY 33V SR Sl | SRA | SIA | SA |
Weight W | WRC | WIC WR | Wl [WRA | WA WE
Analysis A | ARC |AIC | AC |ACY ASY | AR | Al | ARA | AlA | AA | AE
Hand H HIC | HC |HCY
Temperature T | TRC| TIC TC | TCY ™V | TSV TR TI| TRA | TIA| TA | TE |TW
Special X | XRC | XIC AC | XCV X5y XR Xi P XRA | XIA | XA | XE

MNOTE: Blank spaces are impossible or improbable combinations.




Layout and Process Development Engineering Check-List

SiTe (AssuMES SITE SELECTED)
1. Ground contour and its relation to general oricntation of build-
ings and equipment.
2. Drainage and waste disposal, details to prevent erosion.

3. Set plant elevations: floor elevations of buildings and bottom of
steel footings for equipment and large storage tanks.

4. Location of any existing or probable locations for new railroads,
roads, power lines and power sources, telephone lines, water sup-
ply, residential and/or industrial buildings or structures.

5. Legal Requirements and Permits.

a. Rights of way for pipe crossing of road, highway, railroad,
rivers, canals, etc.
b. Easements for pipe lines, power lines, etc.

c. C.A.A. approval on airports, and for construction and paint-
ing of structures in certain areas in airport vicinity.

d. Underground storage wells for chemical and hydrocarbon
products,

e. Railroad approval of road crossings, additions to existin
facilities, automatic railroad gates, required state and railroa
clearances.

f. Navigable stream requirements and permits.



CLIMATE

. Prevailing wind; locate hazardous vents, humi;l‘g flares, waste

burning pits, waste settling ponds down-wind of plant proper.

2. Nature of climate. Consider seasonal and daily temperature

variations, dust, fog, tornados, hurricanes, earthquakes. Define
duration of conditions for design. Determine from U.S. Weather
Bureau yearly statistics for above, as well as rainfall. Establish
if conditions for earthquakes, hurricanes prevail. For stormy
conditions, structural design for 100 miles per hour winds
usually sufficient. For hurricanes, winds of 125 miles per hour
may be design basis.

. Corrosion. Plants located close (within 100 feet) to seas, oceans,

bays, lakes encounter more severe corrosion than if located one-
fourth mile or more away. Some highly industrial areas are
more corrosive than rural or non-industrial Jocations. Additional
details are presented by Mears.1®

. Pollution of Air and water. Determine allowable limits for

atmospheric vent as well as liquid wastes. Consider neutraliza-
tion. Determine federal, state and local regulations and effect of
climatic conditions on ciiapnrnion.



Uritities aAnp Raw MATERIALS

l. Sources and methods of transportation and packaging.
a. Water: potable, service, brackish, sca or ocean, cooling tower.
b. Steam: condensate disposal, feed-water make-up
c. Gas: (1) Process; may not be odorized
(2) Fuel; odorized
d. Oil: fuel, lubrication (or Liquefied Petroleum Gas)
e. Air, (1) Utility
(2) Instrument; must bc dry below lowest equivalent

dew point to prevent moisture condensation and
freczing.

f. Power

2. Warehouse receiving and storage: drums, boxes, carboys for raw

processing materials as well as laboratory control and testing
chemicals.

Pronuct SHiPMENTS

I. Conditions for pipe line transfer of product to user or customer.
2. Warehouse conditions for bagging, boxing, crating, palletizing




and methods of shipment (trailer truck, box car, tank car, hop-
per or special carg. Consider in-transit and turnaround time
to determine number in use.

3.

GeEnerat, LavouT

. Use of models.
. Maintenance considerations associated with each building,

process area and equipment. Consider (a) access for cranes and
trucks (b) work space for local repairs (c) operating conditions
of adjacent parts of process to allow local repairs.

Initial construction sequence and problems.

4. Materials of construction for buildings.

5.
6.

Roads: paving, width,

Basic pattern I:nr concrete, gravel or asphalt paving or work
floors in operating and adjacent areas.

7. Fencing.
8. Plant guard or security system.



Erectricar anp Fire Hazarps

. Define plant areas handling hazardous and lethal materials and
set rules for design considerations, such as ventilation, explosion
walls, etc. Flammable storage materials may require enclosed
dikes, foam systems and the like. Refer to National Board of
Fire Underwriters or specific insurance company to coordinate
recommended protection. Attaway? has details on many points
to consider.

. Define plant areas requiring explosion-proof, drip-proof and
open motor and associated electrical components. Refer to Na-
tional Electrical Code and National Electrical Manufacturer's
Association Standards.

. Define areas and buildings to use wet and dry sprinkler systems,
foam systems, location of hand and hose fire extinguishers, fire
carts, fire engines.

. Define location of fire walls, fire hydrants,

. Review layout for fire equipment access, and secondary and
emergency exit roads (rom each area.

- Review entire fire and other hazards program with insurance
representatives. Industrial insurance companics have excellent
facilities for evaluating the associated problems.



SareTY REQUIREMENTS

1. Special design problems for emergency handling of dangerous
or lethal materials,

2. Safety as it is reflected in factors of safcty in design of pressure
vessels, pressure testing of piping and vessels, etc. Use of A P.I,
A.S.M.E. and ASA Codes; Code Stamps on equipment.

3. Areas requiring safety showers and eye wash stations.

4, Design and sclection philosophy for use of safety devices for
pressure relief and alarm.

5. Inside block valves on acid and caustic storage vessels.

6. Emergency power and other facilities to control safe operation
or shut-down.

Future GrowTH
I. Define areas of future growth and associated space requircments.

2. Correlate future expansion plans to required utilities and raw
materials as related to economics of required installation.

3. Consider spare equipment, present and future.



—

Figure 2-5D. Lined plug valve for corrosive service. By permission, Dow Plas-
tic-Lined Products, Bay City, Mich. 48707, 1-800-233-7577.




SECTION H-H

Figure 2-5A. Lined-steel pipe and fittings for corrosive service. By permission, Performance Plastics Products.



B . SCH 40 FLANGE 3

FLANGE 2
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MaX 120"

Figure 2-5B. Lined-steel pipe flanged sparger for corrosive service. By permission, Performance Plastics Products.



2 Only the foliowing size
reductions should be made by
this technigue when connecting
pipe wilh molded raised faces
¥, 21, 214, 2¥x1is,
Mex2 Ix2 IxdV, 424,
43 64, 86 All other
reductions reguire use of
reducing filler flanges or
concentric reducers.

REDUCING SPACER

Figure 2-5C. Flanged lined-steel pipe fittings for corrosive service. By permission, Dow Plastic-Lined Products, Bay City, Mich. 48707, 1-
B00-233-T577.
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Figure 2-7. Most common flange connection joints. Cross section of a pair of flanges with bolts to draw joint tight.
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Two of the most useful and basic equations are

ﬂh=;_- 250 ) dae Gt Cae g b LIS ) [1]
i
a
Au’
AP(V)+—+AZ+E=0) (2)
2g
where

Ah = Head loss in feet of flowing fluid
u = Velocity in ft/sec
g = 32.2f/sec”
P = Pressure in Ib/ft’
V = Specific volume in ft*/lb
Z = Elevation 1n feet
E = Head loss due to friction in feet of flowing fluid

AY¥



when using it with Equation 2, which is the famous
Bermoulli equation, The terms are

|, The PV change
2. The kinetic energy change or “velocity head”

3. The elevation change
4. The friction loss

These contribute to the flowing head loss in a pipe.

AO



In Equation 1Ah is called the “velocity head.” This
expression has a wide range of utility not appreciated by
many. It is used “as is” for

|. Sizing the holes in a sparger »au3ly

2. Calculating leakage through a small hole
3. Sizing a restriction orifice

4. Calculating the flow with a pitot tube

With a coefficient it 1$ used for

. Orifice calculations
2. Relating fitting losses, etc.

For a sparger consisting of a large pipe having small
holes drilled along its length Equation | applies directly.
This is because the hole diameter and the length of fluid
travel passing through the hole are similar dimensions.
An orifice on the other hand needs a coefficient in
Equation 1 because hole diameter is a much Jarger dimen-
sion than length of travel (say % in. for many orifices).

AT



Example: heat exchanger tube pressure
loss(water)

W=10 kg/s
L=3.2m
Id=.75 in

Piping Pressure Drop (Ib=453.6 g1)

——e. =

A handy relationship for wrbulent flow in commercial p = Density, Ib/ft’
steel pipes is: d = Internal pipe diameter, in.

This relationship holds for a Reynolds number range

= W8y s
AP = WU /Eﬂ.ﬂfﬂd p of 2,100 1o 10°. For smooth tubes (assumed for heat
exchanger tubeside pressurc drop calculations), a con-
where: stant of 23,000 should be used instead of 20,000.
APy = Frictional pressure loss, psi/100 equivalent fi of Source
pipe
W = Flow rate, Ib/hr Branan, Carl R. “Estimating Pressure Drop,” Chemical
W = Viscosity, ¢p Engineering, August 28, 1978,

AV



Table 1

Equivalent Length of Valves and Fittings in Feet
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Sizing Cooling Water Piping in New Plants Maximum

Allowable Flow, Velocity and Pressure Drop

N LATERALS L _ MAINS
Pipe Size | Flow Vel, AP Flow Vel. AP
in. | GPM  ft/sec. /100 GPM  f/sec. U100
3 | 100 434 447 ‘ 0 304 231
4 200 5,08 4.29 | 140 353 2.22
i 500 5.56 319 380 4.22 1.92
8 ao0 577 248 650 417 1.36
10 1.500 G.10 211 1,100 4.48 1.18
12 | 2400 681 210 | 1,800 5.11 1.23
14 3,100 7.20 210 2,200 513 1.14
16 4,500 7.m 2.09 ‘ 3.300 5.90 1.16
i | 6,000 8.31 1.99 4,500 6.23 1147
20 6,000 667 117
24 11.000 7.02 1.19
30 19.000 B.67 1.1
www.mblastsavior.mihanblog.com
Sizing Piping for Miscellaneous Fluids
Dry Gas 100 ft/sec
Wet Gas 60 ft/sec
High Prassure Steam 150 f/sec
Low Pressura Steam 100 ftfsec
Air 100 ft/sec
Vapor Lines General Max. velocity 0.3 mach
0.5 psif100 ft
Light Volatile Liquic Near Bubble 0.5 ft head total
PL. Pump Suction suction line

Pump Discharge, Tower Reflux
Hot Ol Headers

3=5 psi/ 100 ft
1.5 psin00 it

A4
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Suggesied Fluid Yelocities in Pipe and Tubing

{Liquids, Gases, and Vapors at Low Pressures to 50psig and 50°F-100°F)

The velocities are suggestive only and are to be usad to approxi-
mate line &lze a8 & starting polit lor pressure diop calculations.

The final line size should be such as to give an economical balance
between pressure drop and reasonable velocity.

Dl eSS 5 IS ) bl

Gl aglia (S8

Suggested Trial Suggested Trial
Fluid Velocity Pipe Material Fluid Velocity Pige Matarial
Acelylens |Observe Sodium Hydroxide
pressurs limitations) 4000 fpm Steal (=30 Parcent fifps Stesd
A, 0 ho 30 psig 4000 1pm Steal 30-50 Percent 5fps and
Ammonia 50=71 Porcant 4 Micke!
Liquid & ips Steel Sodum Chioride Sei'n,
Gas 8000 tpm Steal No Selids Sfps Steal
Benzens Gips Stoel With Solds & Min—
Bromina 15 Mau ) Menal or nickal
Liguid 4fps Glass T.51ps
Gas 2000 fpm Glass Parchiorethylone 61ps Steel
Calcium Chioride 4ips Stead Steam
Carbon Tetrachloride | 6 fps Steel 0-30 psi Saturated" $000-6000 fpm Steal
Chiering (Dry] 90-150 pei Salis-
Ligquid Sips Steel, Sch. 80 rated or super:
Gas 2000-5000 ipm | Steel,Sch. 80 hoated* §000-1 0000 fpm
GChiarofam 160 psi up
Liquid 6ips Gopper & Steel superhented 65001 5000 fpm
Gas 2000 ipm Copper & Steal *Shot lines 15,000 fpm
Ethylene Gas G000 fpm Steel (.
Ethylens Cibromide | 41ps Glass Sulfurlc Acid
Ethylena Dictloride fifps Steal BB-83 Percant ifps 8. 5.=316, Lead
Ethylene Giycol Bips Stesl 93-100 Percent ifps Cast Iron & Stesl,
Hydrogan 4000 fpm Steal Seh. 80
Hydrachionic Acid Sulfur Diegide 4000 fpm Steel
Ligpuid Sfps Rubier Lined Styrane i fps Stesl
Gas 4000 fpm A. L., Saran, Trichlomthylene 8 fps Steel
Haweg Vinyl Chioride § fps Steel
Mathyl Chioride Vinylicena Chlorida Afps Steel
Liquid Gips Steal Yater
Gas 4000 fpm Steal Averagé sanvice 3-8 (avp. B) fps Stee!
Matural Gas G000 fpm Gteal Boiler fead =12 fps Steel
Oils, lubricating B fps Steel Pump suctionbines 14 fps Steel
Oiygen 1800 fpm Max. Steel (300 psig Max.) Maximum economi-
{ambien: tomg.) 4000 fpm Type 304 S5 cal (usual) 7-10 fps Steel
(Low temp) Sea and brackizh A. L., toacrsta,
Propylene Glycol 51ps Steel wates; lined pipe 548 ‘f:} 3 asphalt-line, saran-
Concrete 5-i2 (Min) | fined, transite

Note. A L = Subberined sfeel.



Typical Design Vapor Velocities* (ft./sec.)

Line Sizes

Fluid <f e 14"
Saturated Vapor

0 to 50 psig 30-115 50-125 60-145
Gas or Superheated Vapor

0to 10 psig 50-140 80-190 110-250

1110 100 psig 40-115 75-165 95-225

101 to 900 psig 30-85 60-150 85-165

ey o g ey —— L

*Values listed are guides, and final line sizes and flow velocities must
be determined by appropriate calculations fo suit circumstances.
Vacuum lines are not included in the table, but usually tolerate higher
velocities. High vacuum conditions require careful pressure drop
evaluation.

Typical Design* Velocities for Process System

Applications

Service Velocity, ft./sec.
Average liquid process 4-6.5
Pump suction (except boiling) 1-5
Pump suction (boiling) 0.5-3
Boiler feed water (disch., pressure) 4-8
Drain lines 1.5-4
Liquid to reboiler (no pump) 2-7
Vapor-liquid mixture out reboiler 15-30
Vapor to condenser 15-80
Gravity separator flows 0.5-1.5

“To be used as guide, pressure drop and system environment govern
final selection of pipe size.

For heavy and viscous fluids, velocities should be reduced lo about %
values shown.

Fluids not to contain suspended solid particles.

)



Suggested Steam Pipe Velocities in Pipe Connecting to

Steam Turbines
Service=Steam Typical range, fi./sec.
Inlet to turbine 100=150
Exhaust, nofr-condensing 175=200
Exhaust, condensing 400-500
Sources

. Branan, C. R., The Process Engineer’s Pocket Hand-
book, Vol. 1, Gulf Publishing Co., 1976,

. Ludwig, E. E., Applied Process Design jor Chemical
and Petrochemical Plants, 2nd Ed., Gulf Publishing
Ca,

. Parry, R, H., Chemical Engineer's Handbook, 3rd Ed.,
p. 1642, McGraw-Hil! Book Co.

Y



Pipe optimum diameter

Power=Volumetric flow-rate*pressure drop -

Conversion between fluid head loss in feet and pres-

sure drop m psi, any Huid;
Pressure drop, pounds/sq in., AP = h;p/144 (2-7)

For water, AP = h, /2.31, psi (9-8)

9y
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Example

Density of a Nonideal Gas from Its Equation of State
The Redlich-Kwong equation of carbon dioxide is

(P +63.72(10%/NT V)(V - 29.664) = 82.05T

with P in atm, V in mL/g mol and T in K. The density will be found
at P=20 and T = 400. Rearrange the equation to

V =29.664 + (82.05)(400)/(20 + 63.72(10%)/ V400 V3.

Substitute the ideal gas volume on the right, V = 1641; then find V
on the left; substitute that value on the right, and continue. The
successive values of V are

V =1641, 1579, 1572.1, 1571.3,1571.2, - -+ mL/gmol
and converge at 1571.2. Therefore, the density is

p=1/V=1/1571.2, or 0.6365gmol/L or 28.00¢/L.

¢
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Hepresantative ferms of horizontal two-phase flow

intermittent
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Condition 1.
A single pipe line which consists of two or more dif-
ferent diameter lines.

Let Lg = equivalent length
L, L; ... L, =length of each diameter

D;. Ds, ... D, = internal diameter of each separate
line corresponding to L,, L., ...

L.

Dg = equivalent internal diameter

D. % [ DE]4_3535| [DE ]4_5531:-
L,=L,|— + L — +...L.
'[ D1I ‘LD, D,

dm Example. A single pipe line, 100 miles in length con-
gists of 10 miles 10%-in. OD; 40 miles 12%-in. OD and

S0 miles of 22-in. O} hines.
Find equivalent length (L) in terms of 22-in. O pipe.

4.353% 38539
Lg =50+4 ——21'5] +1 |:——EL5:|
12.25 10.25
=50+ 614 + 364

= 1,028 miles equivalenr length of 22-in. OD

A



A plant decides to add a nitrogen blanket (at 5 psig) to
a storage tank holding up w 25,000 gallons of a hydro-
carbon mixture having kerosene-like properties and
pumps this material into & process reactor operating at 30
psig. (See Figure 2-19)

The flow rate needs to be 20 gpm. Conncctions of
pipe and valve are flanged, with the 6°=90" elbows added
in the line.

Example

Pipe Sizing Using Resistance Coeflicients, K

30 psi
N pad ’—></ “
s 200 ft
5 psig 70°F } I‘ _— _Normal operating level
Sharp entrance, flanged i o
Pressure gauge |
Check valve
6-80" ells
* Globe valve  In system,
Sharp axtt eck valve walded
E' ! 12 valve
] Gats valva

II~ 15 ft .'i

Storage tank Centrifugal pump Reactor

94



Pump suction velocity = 2 ft/sec (Selected low in accordance

with good pump suction practice,

Typical Design® Velocities for Process System
Applications

Service Velocity, ft./scc

Average liqmed provess {63
Pump suction {excepl boiling ) L-3
Pumnp suction, boiling 0.5-3
Boaler -eed watar (disch,, pressure] i-8
Train fines Ly=-%
Liquid to reboiler [no pump) 2=
Wapaor-liquid mixture out rebeiler 15 -30
"'urapnr trn candenser 15-80
Laravily separator lows 0.5-1.3

* To be used a3 gulde, pressure drop and syem environment guvery
final selection of Jipe size, N
For heavy and vircoue Auids, velocities should be pedveed to ahon:

L values alwewi,

Fluids not o contzin suspended solid pamicles.



Schedule 40 @

Commercial Wrought Steel Pipe Data
(Based on ANSI B36.10 wall thicknesses)

- - - -

1: mitsicle | [hick=|

Nnmm.&.l Irsicle Inside I]mmelrr hmrnnns. ' Transverse
Dipe Diam- | ness | Diameter | (11 Inches) Internal Arca
SKize eter L N Lo = S r—— — e

! T d* l d A - [ :

[ hl"u__" ) Inghire Inches | Inches | et ! | M1 im __:“ﬂ_l'l )
i G.405 | 0,068 | 0,269 (0.0224] 0.0724 0.0195 0.005241 | 0.00141 | 0.0570.00040
Vi 0,540 | (0,088 | 0,364 10,0303 0.1325 0.0482 0.01756 0.00639 | 0.104|0.00072

) %_ __Ut_f_}fi r__D.l]'il _U.ﬂ& 0.04111 0.2430 _ 0.1198 o 0. ﬂﬁqﬂﬁ i B U.ﬂl‘?]l__!__*_ﬂ 19110 ngl
!.r';'g 0.840 | 0,108 | 0.622 [0.0518 0.1860 0.2406 l:l 14'}? 0.09310 0. 304'0 00211
34 1.050 ' 0,113 0.824 |0.0687| 0.679 0. 3595 0.4610 1.3799 0.53310.00371
1 1.315 | 0.13] 1.04% [0.0874| 1.100 | 1.154 1.210 1.270 0. Ef:"zlﬂﬂﬂﬁﬂ'ﬂ
"l ';:1_" _l._l?'h!]fu ﬂ'._]llf} I._.Hﬂ lﬂ.]lﬁﬂ 1.904 | ___].ﬁlﬂ__ - 3._&15______ 5. UDS N 1. 495 0. [II__[H[:‘
14 1,900 | 0.145 1.600 (0. 1342 2 591 | 4,173 b.718 10.82 1 mﬁiﬂ 01414

Q! 2,375 | 0.154 @2.067 |0.1722) 4.270 §.811 18.250 3772 @3.355(0.02330
1Lg 2875 1 0,103 | 2,409 (0,2057| 6.095 15.051 J7.161 91.75 4,788 0,03322
3 . __fi:_ﬁ_ﬂ'l]_ ﬂllﬁ 3.068 'ﬁl‘.l."rﬁ?r N 9.413 ;E.S?E__ | B EE_.'E'I]S___ _ 271.8 7.34]) 0_1_]5!%0
Ia 4,000 | 0.226 | 3.548 [0.2957 12.59 | 44.66) 158.51 561,12 U 9,886 0.06870
4 4.500 | 0.237 | 4.026 |0.3355 16.11 i 03, 156 61,76 1058. 12.73070.08840
5 5.563 | 0,158 | 5.047 |0.4206 25.47 128.56 648,71 3275. 10,006 | 0,1390

o 0 L _fl._ﬁ_llfr_ __0.13[]_____&._0'55_ '!:|_'+51!54 J6.78 113,10 B ]351.?__ HBI‘[I&_ 13.891 "?Lﬂ_ﬂﬁ_
B B.6i5 | 0.312 7,981 [0.6651 63,70 SUﬂ 3‘& 4057 .7 31380, | 5':] [IZF 0.3474
10 10.75 0.365 | 10,02 [0.5350 100.4 1006.0 10080, 101000, I 78.855 | 0.5475
11 12.75 0.406 | 11.938 [0.9965 142.5 1701.3 20306, 242470, I]Il 93 07773

W 160|043 | 1302411097 12224 | 26005 | 29666, | 389340, 13508 |0.00%4
16 o 16,0 0.500 | 15.000/1.250 225.0 J375.0 50625, 759375, l?ﬁl ?2 |.2172
18 ' 18.0 0.562 | 16.876 i.4ﬂﬁjflﬂ4.ﬂ 4806.3 B1111, 1 368810, IIH 68 | 1.5513
20 2.0 0.593 | 18,814 |1.5078|354.0 bh3Y9 .3 125320, 1357144, 178,00 | .9305
24 | 4.0 0.687 | 22.626 |1.8855|511.9 L1583, 262040, 50209784, L402,07 1179



Density, Liquid p

Density liquid, p= (62,3 Ib/eu. {1 water) (8p. Gr. liquid),
pounds feu, It

Estimated flow velocity for assumed 2 in. Sch. 40 pipe (See

Appendix A-16)

20 gpm ) (8.33 b / gal } (.81 Splor)

(62,3 0.81) (3.395 "} (60 sec/min )/ 144
=1.911t/sec

i

= (.05664 [t of fluid

P2 LUty
Velocity head - (L)
%0 9(32.2)

50,6 Qp

Revoolds number =
du

0.6 (20)(0.81 x 62.3)
(2.06)(L125 cp)

R, = 22,036 (twrbulent )
g/ D = (L.000KE, Figul'{: 2-11

(2-49)
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From Figure 28 (friction factor), ft = 00205

{ly?
D{2g)
- 0,045 (15} (1.91)*

0T
["1. -’1] 9/32.9)
I

hy = 0,101 fi of kerosene fluid. pipe friction, for 13 ft

Loss through pump suction fittings:

4, Square edged inlet (wnk w pipe), K = 0.5, Figure 2-
12A

b, Gate valve Mlanged, open, in suction line, from Tuble
22 withf= 1. K=RI;

K = 8 (0,0205) = 0.164

e = Rv2g = (05 + 0,064) (191)%/2 (32.2) = 00833 0t
ol

Total suction pipe side [ricton foss:

Ehy= 0L1M + 0.0855 = 0.1863 ft kerosene

Nate: when used for pump system balance, this hy
must be used 25 a negative number (~0.1863) becauseit is
a pressure |oss associzied with the fuid flowing. For pipe
line sizing, e pressure head on the @nk of 5 psig and auy
clevation difference between tank outlet nomle and pump
suction centerline do not enter into the ealeulations.

Prmp Discharge Line Sizing (onky)

The pump discharge can flow at a higher velocity than
the suction line, due in part 10 NPSH conditions on the

suction side of any pump (wiich are not considered
directly in these pipe sizing calculations).

From Table 24, select 6 fi/sec as design velocity for
catimating pipe size.

For 20 gpm, crosssecion area for Juw reyuired:

A= &
7.48 gal /eu £ (60 sec/min ) (6 fi/sec)

= 0L.00742 sqp
= (0,007427)( 144) = 1,009 3q in

From Appendix A-10, Standard Schedule 40 pipe
For Lin, pipe, A = 0.8640 sq in. {too small)
Lidin, pipe, A = 1,495 sq in. {too large)
Try Liin, pipe, ID = 1,88 in,

{Note: Usually do not select this size. Could go o 1%
in. Velocity would be even slower.)

Acwal velecity would be: (1%in, pipe)
v = 90 (144) /[ (60) (7.48) (1.495)] = 1.29 R/ sec

This is aceeptable. Practical usage range i 3 ft/sec tn
9 ft/sec, although 1%in. pipe is not the best size for

sume plants,

Rewnolds number, R, = 50 60p/dj (2-49)
= 50,6 (207 (081 % 62.3)/1.38 (1,123
= 32,894 (urbulent)

For 14" e/D = 0.0014, Fi““ﬂ 2.11. {ﬂ-d.ﬂﬁt‘}



BELL - MOUTH
INLET OR REDUCER
K= 0.05

SQUARE EDEED INLET

INWARD PROJECTING PIPE

K=10

NOTE: K DECREASES WITH
INCREASING WALL THICKNESS OF
PIPE AND ROUNDING OF EDGES

REGULAR T
SCREWED ?

REGULAR
FLANGED

o

AL‘.

4]

BRANCH

FLOW

I

l

n-_xgllﬂ OF FLUID



BASKET 15 _H.J:
STRAINER 1

e 10 20
5 10 B
BT« [T
mr& o8 Y
VAL
|
FLANGED SN !,h?
— "REDUCING BUSHING
AND COUPLING
K ek
2g

USED A3 REDUCER K = 0.05 - 20
SEE ALSQ INIB-7

gl —— USED A5 INCHEASEH LOSS IS UP
TO 40% MORE THAN THI;EH%:#EED
BY A 3UDDEM ENLAR
FLANGED 1 =
SCREWED « SUDDEN ENLARGEMENT

ANGLE 2
VALVE

[V, =V}

FEET OF FLUID
SEE ALSO EOLATION (5)

IFA = = 50 THAT V; = [

h= ‘;_; FEET OF FLUID

h = K — FEET OF FLUID



GATE YALYES
Wedge Dise, Double Dise, or Plug Type

g o

| e T3 . —_—

“i | | 2
i iy "‘l"'U"""

(7. P P S K-t @

B<rand#2as....... Ky = Formula 5

B<ueand#>45 % 180", . Ky = Formula &

SWING CHECK VALVES

=

8| B

-

@ «-iof K-toff

Minimum ppe velocity  Minimum plpe velocity
{ips) for full disc lift {Ipa) for full disg Nife

GLOBE AND ANGLE VALVES

A NEERERN

If: fat.. .Ki=yofr .

fat.. Ki=s3)r

I A=t Ki=is0fr II:

All globe and angle valves,
whether reduced seat or throttled,

I: Bzi... K= Formula 7

If ﬂ-l...K.-mjr
Bei.. Ky =Formulay
Minimum pipe velocity {irgl_fcr full dise life
] , \f'l.-"

I et . Ki=gsfr
Bei... Ky = Fommula 7

Minimum pipe velogity (ps) for full disc lift
=10 Py

TILTING DISC CHECK VALVES

]

dug® da15°
Sizes 11w B, K= | 408 1o fr
Szesomong.. K- | 10fr g fr
Sizes 16 to 48", K - 10 fr bo i !
Minimum pipe velocity - o |
(fps) for full disc ift = | 8o VV | 1o ¥V




STOP-CHECK VALVES
{Glube and Angls Types)

Bav,. K -l T A
fer..  Ky=Formula; pei,.. Ks=Fommula;

Minlmum pips veloclty  Minlmum plps valocity
for Tull disg lile for Tull diag lify

- 53 @V 1@ VU

=

=1 Hi-_H':Ihf d=1.. ﬂ:-jmh
Ban.. Ky=Formmular J<i.. K -Formula

Miramum pipe vah.ul'-"_g;ﬂ.l for fulll disc lift
a oy IF vy

B K- . H:.-
ci.. Kyg=Fomrmla; 8«1 Prnuh;

Minirmum pipe velocity (Ipa) lor full dse lile
= g """h‘:'-

FOOT VALVEE WITH STRAIMER
Poppel Dlac Hingsd Diss

| &

Minirum pipe velocity  Minimum pipe velocity
(fps) for fall dtse it (fps) for Full dlise life

-]!V}r"-_ -H"“‘?-

BALL VALYES

Jimr-

[f+ B=t B=a... . .. =i1fr
Berand degrt. . K, Fumull;
fetand #5 a0 8a" . K - Formula &

BUTTERFLY VALVES

nici

Slees 110 B, Kaeusfr
Slees 1010 14%. . . K = 11 7
Jipes b w4, K=y fp



PLUG VALVES AND COCKS
Stroighi-Way Lway _
(Y
=) -
View i—K
I: 8-, If: 8-, If: & -y,

Ki=ibfr Ki=ywfr K -gfr
If: Ber... K = Foomula &

STANDARD ELBOWS
wo"

43"

K-pufr. K o= fy

MITRE BEMDS

BEEE e e
=

STAMDARD TEES

Flow thrumun. . ..... K=10r
Flow thrs branch. .. K = b0 fr

sl x
10 |30k
12 (Mh
14 |3k
16 |42 K
IR bk
%0 |04

The resistance codficient, K, for pipe bonds other
thian go® may be determined as follgws;

hi[ﬂ-l}(ﬂljlhaiﬂjﬂ)iﬁ

n = rarmiter of W0° bench
K = rpsstance cosffcient for one 907 bend [par tabix)

CLOME PATTERN RETURN BEMDS

FIPE ENTRAMCE
Tmward Flash
I'*‘“ﬂl
ifd ]
oot | o3 '
il [k}
o4 [i 7 |
004 0,18
e [t
G5 Rup | OG04
K-n2k "Shatp-edge For K.
see tble
PIPE EXIT

Frojecting  Sharp-baged  Mounded

=

K=o

J l
- | \RI
ﬂ

Ksio K=o



From Figure 2-3, read, [ — 0.0219 - [

then, pipe only friction loss:
b= (FL/D} (v/2g) (90)

D = pipe, 1D, in ft=1.38/12 = 0.1150 fi

(B=+ b6+ 200) (1.20)°
0.1150  (2)(32.2)
hy = 11.64 [t of kerosene lowing {pipe only)

h, = 0.0219

Loss through discharge fittings, valves, connections,
using K factors using Table 2-2:

2 check valves, swing, thieaded, 100 [ = 100 (0.0219)
=219=458
{for 2)

1 globe valve (open), B=1; K = 340 [; = 340 (0.0219)
= 7446

6 907 elbows, r/d = 1.88/1.38 = [.36

K = 30 f; = 30 (0.0219) = 0.657

For 6: 6 X 0.657 - 3.94

| sharp edged entrance {sudden enlargement) = 1.0
1 gate valve, open, = 1.0, K = 8 f;: K = 8 (0.0219)
=1).175

AR



K= [438 + 7.45* + 5,94 + 0,175* + 1.0] = 16,941

#*Threaded, from Table 2-2.
For fittings:

2
then, h = Kv?/2¢g = M = 4.84 ft kerosene

2(32.2)

Total friction loss for discharge side pump due to fric-

tiom:

h=11.64 + 484 = 16,48 [t [luid kerosene
he = Ap = 16.48/[(2.31) /(0.81)] = 5.77 psi

Y\ Y
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ENGINEERING STANDARD
FOR
LAYOUT AND SPACING



This Standard Specification covers the basic
requirements of the plant layout and
spacing of oil & gas refineries,
petrochemical and similar chemical plants
to ensure safety and fire prevention
together with ease of operation and
maintenance.



(AMERICAN PETROLEUM INSTITUTE) API

"Recommended Practice for Classification of Location for RP-500 A
Electrical Installation in Petroleum Refineries", Edition Fourth, Jan. 1982

"On Large, Welded, Low Pressure Storage Tanks" API Std. 620

"On Welded Steel Tanks for Oil Storage” API Std. 650

(AMERICAN SOCIETY OF MECHANICAL ENGINEERS) ASME
"Boilers and Pressure Vessel Codes":
- Section |, Power Boilers
- Section VIII, Pressure Vessels
(AMERICAN SOCIETY OF CIVIL ENGINEERS) ASCE
"Minimum Design Loads for Structures"

(IRANIAN PETROLEUM STANDARDS) IPS

"Atmospheric Above Ground Welded Steel Storage Tanks" IPS-C-ME-100

"Electrical Area Classification & Extent" IPS-E-EL-110

"Large Welded Low Pressure Storage Tanks" IPS-C-ME-110

"Aviation Turbine Fuel Storage Tanks" IPS-C-ME-120

"Pressure Storage & Spheres (for LPG)" IPS-C-ME-130

"Geometric Design of Roads" IPS-E-CE-160

"Pipe Supports” IPS-G-PI-280

“ Process design of liquid & gas transfer & IPS-E-PR-360
storage “

"Fire Fighting Sprinkler Systems" IPS-E-SF-200

"Safety Boundary Limits" IPS-C-SF-550

"Typical Unit Plot Arrangement & Pipeway Layout" IPS-D-PI1-102

"Pipeline Spacing" IPS-D-PI1-103



(AMERICAN NATIONAL STANDARD INSTITUTE)  ANSI
"Piping Hanger and Supports", 1969 Edition ANSI-MSS Standards,

(NATIONAL FIRE PROTECTION ASSOCIATION) NFPA
"Recommendation Codes and Standards" (See Table A-1 in Appendix NFPA

A)

"Standard for the Storage and Handling of Liquefied NFPA, 59
Petroleum Gases", Ed. 1989

"Standard Methods of Fire Tests of Building, Construction and NFPA, 251

Materials", Ed. 1985

(INDUSTRIAL RISK INSURANCE) IRI
"Requirement on Spacing of Flare"

(TUBULAR EXCHANGER MFRS. ASSN. STANDARD) TEMA
"From International Conference of Building Office", 1991 Ed.  Uniform Building

Code, (UBC)



DEFINITIONS AND TERMINOLOGY



sy Dike

|s an earth or concrete wall providing a specified
liquid retention capacity.

Diversion Wall

Is an earth or concrete wall which directs spills to a
safe disposal area.

Fire Resistive

Fire resistance rating, as the time in minutes or
hours, that materials or assemblies have
withstand a fire exposure as established in
accordance with the test of NFPA 251.

L1
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High Flash Stock
Are those having a closed up flash point of 55°C or over
(such as heavy fuel oil, lubricating olils, etc.).

This category does not include any stock that may be

stored at temperatures above or within 8°C of its flash
point.

Low-Flash Stocks

Are those having a closed up flash point under 55°C such
as gasoline, kerosene, jet fuels, some heating oils, diesel
fuels and any other stock that may be stored at
temperatures above or within 8°C of it’s flash point.

Non-Combustible
Material incapable of igniting or supporting combustion.



Pipe Rack

The pipe rack is the elevated supporting structure
used to convey piping between equipment. This
structure is also utilized for cable trays assoclated
with electric-power distribution and for instrument
tray.

Plot Plan

The plot plan is the scaled plan drawing of the
processing facility.

Sleepers

The sleepers comprise the grade-level supporting
structure for piping between equipment for
facilities, e.g., tank farm or other remote areas.



Toe Wall

~Is alow earth, concrete, or masonery unit curb
without capacity requirements for the retention of
small leaks or spills.

Vessel Diameter

Where vessel spacing is expressed in terms of
vessel diameter, the diameter of the largest
vessel Is used. For spheroids, the diameter at
the maximum equator is used.

Vessel Spacing

Is the unobstructed distance between vessel shells
or between vessel shells and nearest edge of
adjacent equipment, property lines, or buildings.



SOME KEY ISSUES RELATED TO
SafetylaAdYED ikbnment

Familiarization with pertinent Environmental
Regulations, (Local, National and International), and
how they might change is essential perior to
conclusion of pre-project studies.

Attention shall be given to the pertinent safety
regulations, including health and welfare needs.
Hazardous and flammable materials require special
handling, which can take up layout space.

If the process fluids are especially toxic, layout is
affected by the need for close chemical sewers and
other protection measures. Security requirements
may require special layout design when the plant
produces a high-value product.

If a plant site is governed by particular building, piping,
plumbing, electrical and other codes, these can
affect plant layout. Similar governing standards and



Throughput

It is Important not only to know the initial capacity but also
to have a good feel for how much the plant might be
expanded in the future, as well as how likely the process

technology is to be modernti)gsetdv.io'rl'mlzI ese factors indicate
how much space should be left tor additional equipment.
Multiple processing lines (trains), are often required for the
plant. Pairs of trains can either be identical or be mirror
Images. The former option is less expensive. But the

mirror image approach is sometimes preferable for
layout reasons. Two such reasons are:

a) For operator access via a central aisle.

b) The need that the outlet sides of two lines of equipment
(pumps, for instance) point toward each other so that
they can be readily hooked to one common line.
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BASIC CONSIDERATIONS

General
The plant layout shall be arranged for:
a) maximization of safety;

b) prevention of the spread of fire and also ease of
operation;

C) maintenance consistent with economical design and
future expansion.

Blocking

The plant site shall be blocked in consideration of hazards
attendant to plant operation in the area. All blocked

areas shall be formed as square as possible by divided
access roads and/or boundary lines.

Location and Weather
The plant layout shall be arranged in consideration of



Prevailing Wind

Where the prevailing wind is defined, the administration
and service facilities and directly fired equipment, etc.,
shall be located windward of process Units and storage
tanks, etc.

Layout Indication

The basic requirements to be met in the appropriate
diagram when making a piping and equipment layout
are:

All equipment, ladders, structures, shall be indicated.

All instrument shall be located and indicated.

All valving and handwheel orientations shall be indicated.

Drip funnel locations for underground drains shall be
iIndicated.
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PLANT LAYOUT ... cangemen

Classified blocked areas, such as process areas, storage areas, utilities areas, administration
and service areas, and other areas shall be arranged as follows:

1) The process area shall be located in the most convenient place for operating the process
Unit.

2) The storage area shall be located as far as possible from buildings occupied by personnel at
the site, but should be located near the process area for ready operation of the feed stocks
and product run-downs.

3) The utilities area shall be located beside the process area for ready supply of utilities.
4) Loading and unloading area shall be located on a corner of the site with capable connection

to public road directly, for inland traffics. For marine transportation, the area shall be
located on the seaside or riverside in the plant site.

5) The administration and service area shall be located at a safe place on the site in order to
protect personnel from hazards. It shall preferably be located near the main gate alongside
the main road of the plant.

6) Flare and burn pit shall be located at the end of the site with sufficient distance to prevent
personnel hazard.

7) Waste water treating Unit shall be located near at the lowest point of the site so as to collect
all of effluent streams from the processing Unit.

8) The process Unit to which the feed stock is charged first, shall be located on the side near
the feed stock tanks, to minimize the length of the feed line.

9) The process Unit from which the final product(s) is (are) withdrawn, shall be located on the
side near the products tanks to minimize the length of the product run-down line.

10) Process Units in which large quantities of utilities are consumed, should be preferably
located on the side near the utility center.



Roadways

1) Road and access ways shall offer easy access
for mobile equipment during construction and
maintenance, fire fighting and emergency
escape In a fire situation.

2) Unless otherwise specified by the Company, the
defined roads shall be made as stated in IPS-E-
CE-160, "Geometric Design of Roads".

3) Access roads shall be at least 3 m from
processing equipment between road edges to
prevent vehicle collisions.




Piperacks and Sleepers

piperack for process Units and pipe sleeps
for the off-site faclilities shall be considered
as the principals support of the pipe way

Single level pipe racks are preferred, if more
than one level Is required, the distance
between levels oriented in the same
direction shall be adequate for
maintenance but not less than 1.25 meters



Maximum piperack widths shall be 10 m. If
widths larger than 10 m are required, the
piperack shall be designed to be of two
stage. Actual widths shall be 110% of the
required widths or the required widths plus
1m. In cases where air fin coolers are to
be placed on the piperacks, the piperack
widths shall be adjusted based on the
length of the air coolers.



Allow ample space for routing instrument
lines and electrical conduit. Provide 25%
additional space for future instrument lines
and electrical

Provide 20% additional space on the pipe
rack for future piping

Pipe racks outside process areas shall have
the following minimum overhead
refinery/plant clearances: main roadway -5
meters , access roads -4.5 meters,
railroads -6.7 meters above top of rail.



Typical layout of piperack, for process plants depending on the
number of process Units incorporated and the process
complexities are given in Figs. 1 through 4 with reference
descriptions as follow:
a) "Single Rack Type" layout, is suitable for small scale process
complex consisting of two-three process Units. It is

rge area.
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"Comb Type" layout shown in Fig. 2, is recommended for use in process,
complex consisting of three or more process Units. "Single Rack Type"
in this case will not be suitable since separate maintenance and utility
administration in normal operation will be difficult because of the utility
and flare line which are placed on the common rack.
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"Double Comb Type" layout is an expansion of the "Comb Type" which is

recommended for the use in largescale process complexes where five

to ten process Units are to be arranged. This layout as shown below in
Fin 9 ~on ha conuanicntly (tilized.
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"U Type" layout shown in Fig. 4, is recommended to be used in case of
process Units whose maintenance cannot be conducted separately,
within the complex. This type can be regarded as an expansion of the
"Single Rack Type". Even process complexes of this nature, can be
regarded as one process Unit in the planning of their layout.
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The control room and substation shall be
located from an economical standpoint so
as to minimize the length of electrical and

Instrument cables entering and leaving

therefrom

The control room shall be positioned so that
the operator can command a view of the
whole system which is under control.
Large buildings, or equipment shall not be
placed in front of the control room.






APPENDIX A (continue)

TABLE A.7 - PROXIMITY OF REFRIGERATED STORAGE VESSELS TOBOUNDARIES AND

OTHER FACILITIES

BOUNDARY LINES OR
OTHER FACILITIES

MINIMUM SPACING OF
DOME ROOQF TANKS

MINIMUM SPACING OF
SPHERES OR SPHERQIDS

Froperty lines adjacent to land which is

developed or could be built upon public B0 m (1) BOm (1)
highways, and main, line railroads

Litility plants. buildings, of high occupancy 1Yz vessel diameter but not less than BOm (1)
{offices, shops, labs, wear-houses etc ) 46m notexceed B0 m (1)

Process equipment (or nearest process unit 1 vessel diameter, but not less than GO m (1)

limits if firm layout not availahle)

45 m  need not exceed 0 m (1)

Man-Refrigerated pressure storage facilities

1 wessel diameter, but not less than

*vessel diameter but not less than

a0m need not exceed 50 m 30m  need not exceed B0 m
Atmospheric storage tanks (stock closed cup 1 vesse| diameter, but not less than 1 vesse| diameter, but not [ess than
flash point under 55°C) Al m need nat exceed B0 m 30m  need not exceed B0 m
Atmospheric storage tanks (stock closed  cup Yavessel diameter, but not less than | Yevessel diameter, but nat less than

flash point 55°C ar higher)

d0m neednotexceed 45 m

A0m neednotexceed 45 m

Note:

1) Distance from boundary line or facility to centerline of peripheral dike wall surrounding
the storage vessel shall not be less than 30 m at any point.




APPENDIX A (continue)
TABLE A.8 - PROXIMITY OF ATMOSPHERIC STORAGE TANKS TO
BOUNDARIES AND OTHER FACILITIES

BOUNDARY LINES

MINIMUM DISTANCE FROM:

OR OTHER
FACILITIES: Low flash or crude Low flash stocks in Crude stocks in fixed | Highflash stocks (1)
stocks in floating fixed roof tanks roof tanks in any type of tank
roof tanks
Froperty lines
adjacent to land B0 m B0 m B0 m 45m
which is developed
or could he built
upan, public
highways, main line
railroads, and
manifolds located on
maring piers
(3)

Buildings of high 1% tank diam; but 1% tank diarm; but B0 m Ttank diam., but not
occupancy (offices, | not lessthan4dm | not  Iessthan 4d m less than 30 m need
shops, labs, need not exceed B0 | need not exceed GO not exceed 45 m
ware-houses, etc.) m M (d)
MNearest process Ttank diam., but not
equipment, or utility 45m 45m B0 m less than 30 m need

plant (or nearest unit
limits if firm layout
not availahle)

not exceed 42 m (3)

(3] (4]
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