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Section 9

PIPING SPECIFICATIONS AND MA TERIALS

GENERAL

Primarily, piping specifications include all of the informa-
tion necessary to properly select and install the component

materials of a complete piping system.

The materials selected must provide a durable, efficient sys-
tem at minimum expense. If we are to create such a system,
some degree of compromise must generally be anticipated in
any type of material selection. We should attempt to reduce
initial material costs and installation costs as much as pos-
sible without impairing system performance or reducing de-

sired life-expectancy.

To obtain efficient service and durability, we must consider:

e The nature of the fluid (corrosive or inert)

. The pressure and temperature of the fluid

° The quantity of fluid

° The effects of surrounding atmosphere and soil.
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Although it is important that the product be carried without
deleterious effect, proper base materials can be costly.

These expenses can be reduced by:

° Adopting cheaper materials which are lined or plated

to achieve the desired purpose

] Consolidating stock by up-grading certain materials,

thus minimizing purchasing and warehousing costs.
PIPING MATERIAL SPECIFICATIONS

Piping requirements for process or utility plants are de-
scribed on the Piping Material Specifications. This document
is comprised of a series of material service classifications,
or service classes, each one individually tailored to handle
specific fluids or commodities within limitations described

in the service classes.

The material service classification outlines suitable piping
components for the intended service: pipe, fittings, flanges,
valves, etc, It also outlines the limitations in design operat-
ing conditions (temperature, pressure, corrosion allowance,
etc.'} within which the components may be used for safety of

operation.
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9.2.1

Service classes are developed in accordance with regulatory
codes, material specifications, standards, and piping criteria

based on metallurgical and historical data.

Code For Pressure Piping - ANSI B31

The code for pressure piping sets forth engineering require-
ments deemed necessary for safe design and construction of

piping systems,
The code includes:

@ Requirements for the design of component parts and
assembled units including necessary pipe and support-

ing elements

® Requirements for the evaluation and limitation of
stresses, reactions and movements associated with

pressure, temperature, and external forces

® Material specifications and components standards which

have been accepted for code usage
™ Requirements for the fabrication, assembly, and erec-
tion of piping systems

° Requirements for the testing and inspection of elements
before assembly and of the completed systems after

erection.



9. 2.2

The Code for Pressure Piping is divided into several sections,

each dealing with specific engineering installation:

B31.1 Power Piping

B3l,2 Industrial Fuel Gas Piping

B31.3 Petroleum Refinery Piping

B31l.4 0Oil Transportation Piping

B3l.5 Refrigeration Piping

B31.6 Chemical Industry Process Piping

B31.7 Nuclear Power Piping

B31.8 Gas Transmission and Distribution Piping

Of the above, Refinery & Chemical Division's primary en-

gineering efforts are regulated by the B31.3 section.

Piping Standards

The components of piping systems should, as far as practi-

cable, comply with standards and specifications listed in the

Code.

Piping standards contain dimensional requirements and limita-
tions on the usage of piping components such as pipe, flanges,
fittings, valves, bolting, gaskets, etc. Dimensional standards

for B31.3 are listed in Table 9-1 (see pages 9-5 and 9-6),



Table 9-1

DIMENSIONAL STANDARDS

Standard Designation
BOLTING

Square and Hex Bolts and Screws, Including Hex Cap Screws and Lag Screws. . . ANSI B18.2.1

Squareand Hex Nuts. . . ... oo e ANSI B18.2.2
FITTINGS, VALVES, FLANGES, AND GASKETS <

Cast Iron Fittings, 2 inch through 48 inch for Water and Other Liquids. . . . . .. ANSI A21.10
Rubber Gasket Joints for Cast Iron Pressure Pipe and Fittings . . .. ... ..., .. ANSI A21.11
Gray lron and Ductile lron Fittings, 3 inch through 24 inch for Gas . . .« . . ., ANSI A21.14
Cast Iron Pipe Flanges and Flanged Fittings, 25, 125, 250,and 80016 .. .. ... ANSI B16.1
Malleable-Iron Screwed Fittings, 150 and 3001b. .. ... ... ... ... ... ..., ANSI B16.3
Cast Iron Screwed Fittings, 125and 2501b .. ... ... oo ANSI B16.4
Steel Pipe Flanges and Flanged Fittings . . . . ... . oo, ANSI B16.5
Wrought Steel Buttwelding Fittings . .. ..o oo i ANSI B16.9
Face-to-Face and End-to-End Dimensions of Ferrous Valves . . .. ... ....... ANSI B16.10
Forged Steel Fittings, Socket-Welding and Threaded ... ................ ANSI Bl16.11
Ferrous Pipe Plugs, Bushings, and Locknuts with Pipe Threads. .. .. ........ ANSI B16.14
Cast Bronze Screwed Fittings, 125and 2501b .. ... ... .. ... . .. ANSI B16.15
Cast Bronze Solder-Joint Pressure Fittings . .. .. .. ... . oot iii o s ANSI B16.18
Ring-Joint Gaskets and Grooves for Steel Pipe Flanges . . . ... ............ ANSI B16.20
Nonmetallic Gaskets for Pipe Flanges . .. . ... .. .. ... oo h . ANSI B16.21
Wrought Copper and Bronze Solder-Joint Pressure Fittings . .. .. .......... ANSI B16.22
Bronze Flanges and Flanged Fittings, 150and 300tb. .. ... .. ... o h ANSI B16.24
Buttwelding Ends for Pipe, Valves, Flanges and Fittings . . . .. ... ......... ANSI B16.25
Cast Bronze Fittings for Flared Copper Tubes ........ ... .. ... ... ... ANSI B16.26
Wrought Steel Buttwelding Short Radius Elbows and Returns ... ... ....... ANSI| B16.28
Refrigeration Flare-Type Fittings . .« .. oo oottt i i ANSI B70.1
Specifications for Threads in Valves, Fittings, and Flanges .. ... .. ........ APl GA
Flanged Steel Safety Relicf Valves .. ... ... ... .o oo ... API526
Steel Venturi Gate Valves, Flanged or Buttwelding End . .. ... ... ... . ... AP 597

tecl Plug Valves. .o o oo oo e API 599
Stcel Gate Valves, Flanged or Buttwelding Ends .. . ... ... ... ... ..., AP[ 600
Metallic Gaskets for Refinery Piping, Double-Jacketed Corrugated and Spiral

Wound . .. e e e e e e e e e e API 601
Compact Design Carbon Steel Gate Valves. .. ... i, APIL 602
150 Ib. Light-Wall, Corrosion-Resistant Gate Valve for Refinery Use

(“ainchto 12inchinclusive) . . . .. ... o API 603
Flanged Nodular Tron Gate and Plug Valves for Refinery Use. ... ...... ..., API 604
Large-Diameter Carbon Steel Flanges (Size: 26 inch to 60 inch inclusive;

Nominal Pressure Rating: 75,150,and 300 Ib. . . .. .. ... ... ... ... API 605
Unions and Pipe Fittings 300 1b. Pressure. ... ..o vv i i oo AAR M-404
Gate Valves for Ordinary Water Works Service .. ... ..o AWWA C500
Steel Pipe Flanges . . ..o o o e AWWA C207
Steel Water Pipe Fittings, . . .. ... o e s AWWA C208
Standard Finishes for Contact Faces of Pipe Flanges and Connecting :

End Flanges of Valvesand Fittings . . . . ... ... ... .. . .. MSS SP-6
Spot Facing for Bronze, Iron and Steel Flanges. . . ... ... ... ... ..... MSS SP-9
Standard Marking System for Valves, Fittings, Flanges and Unions . .. ... .. .. MSS SP-25
125 1b. Bronze Gate Valves . . . . . oottt e e e e e e e MSS SP-37
150 Ib. Corrosion Resistant Cast Flanged Valves ... .. .. ... ... .. . ... MSS SP-42
Wrought Stainless Steel Buttwelding Fittings . ... ... ... ... ... .. ... MSS SP-43
By-Pass and Drain Connection Standard . ... ... ... ... ... ... .. ... MSS SP-45
Steel Buttwelding Fittings (26 inchesand larger). .. .. ... o oo o MSS SP-48
150 Ib. Corrosion Resistant Cast Flanges and Flanged Fittings . . ... ... ... .. MSS SP-51
Pipc Hangers & Supports—Materials and Design . .. ... ... ovnvn ., MSS SP-58
Burterfly Valves . . . o oL MSS SP-67
Cast Iron Gate Valves, Flanged and Threaded Ends . .. . ... ... . .o ... MSS SP-70
Cast lron Swing Check Valves, Flanged and Threaded Ends. .. .. ....... ... MSS SP-71
General Purpose Ball Valves .. ... .. . o o MSS SP-72
Silver Brazing Joints for Wrought and Cast Solder Joint Fittings. ... ... ... .. MSS SP-73
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Table 9-1 {(Cont'd, )

Standard Designation
PIPE AND TUBES
Thickness Design of Cast Iron Pipe . .. o0t i i i i i s ie e eas ANSI A21.]
Cast Iron Pipe Centrifugally Cast in Metal Molds, for Water or Other Liquids . . . ANSIA21.6
Cast Iran Pipe Centrifugally Cast in Metal Molds, for Gas ... ... ..o o0ut. ANSI A21.7
Cast Iran Pipe Centrifugally Cast in Sand-Lined Molds,

for Water or.atherLigoids v: a0 i Govma i vy Semsieis v o 5 ol - ANSI A21.8
Cast Iron Pipe Centrifugally Cast in Sand-Lined Molds, forGas . ., ... ... ... ANSI A21.9
2 Ineh and 2% toch Cast tron Pipe,

Centrifugally Cast for Water or other Liquids . . ... ... ... . ST ) ANSIA21.12
Thickness Design of Ductile-lron Pipe . ... ... . . ., .. ANSI A21.50
Ductile Iron Pipe. Centrifugally Cast in Metal Molds or Sand Lined Molds,

for Water or Other Liquids .. . ... oo i e ANSI A21.51
Ductile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-Lined Molds,

FOBIGS i e son momianmoms w8 50 a6 sowvet 3 s BA6 SR 6 FEE £ BWIERIET b ANSI A21.52
Wroughe Steel and Wrought Tron Pipe .. ..oy ANSI 336.10
Setinlose-BleelBipe comwn s an va s cmmnes S wE ERTRES B R W i ANSI 36.19
Pipe, Cast Iron: Pressuee (Gus and Water), . ... L. W e B AT e FS WW-P-360
Pipe. Cast Gray and Ductile Tron, Pressure (For Water uu! “{]ur Liguids) ... .. FSWW P21

MISCELLANEOUS
Unified Serew Threads L oo ou s o n i et st e e e e e e e e e e e ANSI 1,1
Pipre Thigads fEaeplDryseallcn oo ws o suemm e i anaae s 5 s isems ANSI 321
Dreyseal Pipe Theends oL o L e e e ANSI 1322
Flos Conpling Screw Thieads v e v swems w1 05 mee e 45 o ss o el ANSI B2
Five Haose (.'llll|l“ll1.l, Serew Thread, oo e e e ANST K26
Sreface Tenbtin = wr s s cwwande Y N SRRTE D EE SEGE 3 BE 8 SV e ANST 0]

9-6



Many of these dimensional standards have been duplicated
on Bechtel standards L-524, 525 and 526 (shown on pages

9-8, 9-9, and 9-10), and are available to the designer.

Material Specifications

Material specifications are established by the American
Society of Testing Materials (ASTM). These specifications
standardize the manufacture of metallic or non-metallic ma-
terials, processes, chemical composition, heat treatment,

tests and inspection, and constitute the basis for rejection.

Selection of Materials

In a piping system, every component must be considered for
its strength, durability and maintainability, and all these con-
siderations must be weighed against the cost of the system

and the service it is to perform.

Materials are selected primarily to provide safe operation
during the expected life of the equipment. This means they
must have the ability to resist not only the design operatihg
conditions, but onstream and offstream service deteriora-
tion as well, This deterioration is usually the result of cor-
rosion, erosion, or abrasion by the fluid being handled, De-
terioration may also be in the form of a specific attack by
chemicals such as sulfur, chlorides, or hydrogen on the inner

structure of the metal.
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9.3

In choosing the suitable material for the intended service
either a careful evaluation must be made of the historical
behavior of these materials in equal or similar installations,
or a careful testing program must be conducted using labora-

tory simulation procedures.

BECHTEL STANDARD PIPING MATERIAL SPECIFICATION

L-531

The experience accumulated by Bechtel R&C in the design

and construction of piping systems for refineries and chemical
plants enables us to standardize piping materials require-
ments for all services for application to pi-ojects. This com-

posite standard is designated Specification L-531,

Knowledge of each of the commodities (or fluid service) en-
countered in any of the processes utilized in the refining of
petroleum crudes and the production of by-products makes
possible the development of material service classifications

for each of these commodities.

The body of this standard consists of the following sections:

(a) An index of the service classes, arranged by class num-
ber; commodities for which the class is suitable for

design; and major features peculiar to the class.
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(b) A list of notes describing piping requirements and cri-

teria applicable to all classifications

(c) Charts, graphs, and tables providing specific engineer-
ing information to project engineers for assistance in

choosing suitable classes
(d) The group of individual material service classes,

A sample of each of these sections is shown in Figures 9-1,

9-2, and 9-3.

Description of a Material Service Classification

The design of each standard material serx.zice classification
is based on suitable metallurgy, limitations in pressure and
temperature of piping components, and corrosion allowances,
The code calculations that accompany these parameters
make it possible to write specifications defining required
wall thicknesses for pipe, flanges, and fittings. See the

items listed in Figure 9-2 as follows:

(Items) A. Pipe and Fittings — List required wall sched-
ules and weights

B. Flanges —are rated in accordance with ANSI

Standard Bl16.5

9-12



SEFVICE CLASS INCEX
REV|SEFVICE CCPvECITY FLANGE |FLG * TEFF h(FIhILl FIFE SEMALL |VELVE EOCY VALVE
cLeass RAYING |FACE FANGF | CCFFR FTL FITYING FATERTAL TRI¥
CEC F | ALLCH
c | #reL CCCLING WBTFR, LTILITY WATER, 125 | FF 20 1716 s 10c0 ERCNZE ERCAZE
CLTTINC RRTFF, LTITLITY AIE, 10 ) THC CI
ZECL1TE TREATEC vAYFS
: -l |
¢ | sezL FCTEELE wATER, TRSTRLMENT ATIF 125 | FF z0 1718 I cs 20c BRONZF BRCAZE
120 CPLV | THL c1
F1
0 | eFaL FIFF WKATER (EFLCH GRCLAT) 126 FF z0 1716 cs T Thewe BRCNZE ERCAZE
| 10 | I c1
Il 4 - 1__
NTET FIFERATER (FELCh CRELAC) ' 250 - eF 20 1716~ | cs Y ERCNZE ERCAZE
| 150 | | c1
} ! ;
0 | eFzL | STFAF, CCND, FFw [ANST-P31.3) 20-3SIF 125 | FF SEE 1716= | cs | Tece cs 13 CF
CFE-FLCT LICLIC FYCRCCAFECNS 20-150F cermee ] } Sh c1
¢ | Feze CARECAATE (CCZ FEMCYAL) 1L1-200F | 150 | RF 33 116" ce | 3000 cs 13 CF
‘ CALSTIC SCCA (SEE SEFVICE CL2SS) cerrCe {oTee r1
ETHFAMNOLAMINES 141-200F ! [
1] ]
© | EfZC | CEFECAATE (CC: REFCVAL) 141-200F 300 | BF SEE | 1/16% Cs EIT) cs 12 cF
CALSTTC SCCA (SFE SEFVICE CLESS) corncti THC
| ETHANCLAFINFS 141-2CCF
L
o | EFuE | ETEErCLEFTNES 150 | ®F 2¢c1 | 1/6" cs €0Cn s 18-8 <t
I 250 | PoTHe oY
4 Ed LT | ETHANCLAMINES 3oQ RF 201 | 128= ; ce €0C0 cs 18-8 St
| 250 | THT
| | . H |
o | errE | ETRENCLAMINES , 150 | RF 281 | s cs €0no cs 18-8 s¢
[ | Cowto | | THC 1
4 ErFC ETHAMCLEFINES Ice RF 1 2E1 174" cs €ccn ‘ cs JIR=al <€
! uwio THC
[ ] FTRE | CALSTIC SCOA (SEF SERVICE CLASS) i 150 RF 170, 1/4= cs j ence | cs PCMEL
250 THE | o1
I = | _4 | | |
o | etec CELSTIC SPCA (SFE SEEVICE CLASS) : 200 D RF O 170 | i/u" cs I eoco t cs MCREL
| . 250 | |omee |
o | caze CEMN FYLRCCARECKS 20-5(CF 150 | RF | SEE 1716= | cs I 2000 | cs 13 CF
CEN FC h/S CF FZS (BLL CCAC) 20-SGOF cevmce l i Sk | £I
FLEL GeS, FUEL CIL 20-500F | ! i
D LUEE % SEAL CIL (UFSTREAN FILTER) Z0-SOCF | | I |
ETHANCLAMIRES Z0-140F i |
CARFCABTE (CCZ REMCVAL) Z20-14QF .
CALSTIC SCCB (SEE SERVICE CLASS) i | | |
STEAF, CCMC, EFN (ANSTI-E31.2) 2C~E00F | ‘
0 | cazc GEN HYDFCCARBCAS 20-500F 300 | RF SEE 1/1€= rs g0 cs 12 CF
CEN FC /S CF F2S (ALL CCMC) 20-S0CF cerrer s |
FLEL GAS, FLEL CIL Z0-SCOF A
LUEE & SE2L OTL (UPSTREAM FILTER) 20-500F | i
ETHERCLAFINES Z0-140F | |
CARECNATE (CCZ RENCVAL) 2C-140F | |
CAUSITC SCCA (SEE SERVICE CLASS) i
STEEF, CCAD, FFR (ANSI-E31.3) 2C-S00F
1 | ceze CEN FYCRCCAFECAS S01-750F 150 | RF SEE 1/1e= cs 2060 cs 13 ck
CEM #C h/S (ALL CCAC) E01-SSOF corver "
STEAR (ANST ET1.3) S04«7ECF |
1 | crac GEN FYCRCCARECAS 5C1-750F ago | wF SEE 171€~ l cs 2000 | cs 13 Ck
CEN FC h/S (ALL CCNC} S01-55CF correr sk |
STEBF (BASI-E31.3) £01-75CF | i
1 | cear GEN FYCRCCAFPCMNS 20-750F €00 | RF SEE 1/1€e= I cs 200 | cs 13 CR
CEN FC k/S (ALL CCNC) ZD-ESOF ceormcr ; s |
STEAM, CCNC, EFW IANSI-F31,3) 20-750F I
- - | -
1 | crae GEN FYCRCCARPCNS 20-750F c00 |RTJ SEE ! 1716~ | cs 1060 | cs 13 CF
CEN FC k/S (ALL CCNC) 2C-€5QF coewce, sk
STEAM, CCAD, EFW (ANST-E31.3) 20-750F I |
1 | cean CEN FYCRCCARBCAS Z0-7E0F o 1500 |RTJ SEE 1716 cs | eson | cs 13 R
CEM FC h/S (ALL CCNC) 20-550F corrcr sw |
STEEM, CCNC, EFW (ANSI-E31.7) 20-750F | I
" i ;o | |
1 | ccee CEN #C W/K2 § H2S (ALL CCNC) 20-SSOF 150 | RF SFE | 716" cs [ aoco | cs 12 cF
CEM ¥C w/¥Z 20-7COF CCPP[[I SH |
FYCRCGEN Z0-7CCF ! |
—— s - SN TSN L — | - - —:— -
1 | ccac CEMN FC w/F2 T F2S (ALL CENC) 20-ESQF 300 | RF | SFE | fs1€" cs 300 | cs 13 CF
GEN KO h/k2 20-7COF cervee | Sk
! FYCRCGEN 20-7CCF {
. —_ - . o n —— e ——
1 ! ceek CEN FC h/F2 L K2S (BLL CCNC) f00 | RF 1 20 | 1s1e- cs 2000 cs 13 ck
| CEM +C hsFC 5€0 Sk
| HYCRCGEM
STANCAFL FIFINC MATERIAL SPECTFICATTCA L-53t, SERVICE CLASS INCEX (REV 1 DEC 141977 ) SHEET 28

Figure 9-1.

Typical Service Class Index,
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9-14

REV SIZE DESCRIPTION CODE NOTES REV SIZE DESCRIPTION CODE NOTES
PIPE €S - ) VALVES
172-1 g/2 SCH 80 4106 B  S4LS L11GB48B GATE
2 -t0 SCH 49 aS3 8 SYLS LTLEAZAH 1/2=1 /2 B00 LB €S SH GMITH 800=SH L20KALBA (ED
12 STU "WT 453 8 SMLS LiiMAZAR 2 =24 300 LB €5 RAF PACIFIC 350s¢ L20FA78A
14 =24 SCH s 493 8 SMLS LT18A2AB 5%
FITTINGS 3000 LB CS SW
1721 172 90 DEG ELL LI0SADBC GLOBE
45 DEG ELL L30SAnaC 1/2e4 /2 goo LB €S I SHMITH Q80aSH_ L24KALBA
STR TEE L31SADBC 2 g6 00 LB €5 RF PACIFIC 36001 L2iPATBA
RED TEE LY1isAnDC
CAP LA7sADXC
UNJON L33sanic
SOCKOLET LZ6SADTC
NIPQLET LX6SAB4C
COUPLING LX4SADKC CHECK
1/2a1 £72 800 LB €5 Sw HORIZ SMITH CBOSH L22KALBA
2 =3 300 LB €9 RF PACIFIC 380s¢ L22FA7BA (E;
>, @ 4 024 300 LB €S RF WAFER MISSION 30eS#F  L23FATHC
2 .12 STD WY G5 BW
90 DEG LR ELL LAaoMA{BCB
45 DEG ELL LSOMATADB
sTR TEE L81MA{B0B 65
CONG RED LASHMATDAB
ECC RED L85MA1DRE
CAP LA7MA{ROB
WELROLET LEGMA{HOB 85
14 <24 SCH @ CS AW B 55
90 DEG LR ELL LBOsATBCE
45 DEG LR ELL L50sALADB
CONGC RED LB852A1DAB
ECC RED L85sA4DBB
CAP L57sA1R0OB SEE GENERAL NOTES ga2l, SPEC Lci, SHEBETS daedH
/f B¢ SEE ERANCH REINFORCEMENT TABLE FOR SUPPLEMENTARY HYDROPEST
REOUIREMENTS
%5 SyB LETTERG FOR s IN ACCORD W/GEN NOTE 4.4 & ADDENDUM ST
69 SIZE LIMIT & IN
99 SEE SUP TABLE OF WALL THIGKNESS POR 14 AND LARGER
102 1,24 Ls2 GEN NOTE 18,31, 2-20 NONE REQD, 2324 GEN NOTE 18.2
FLANGES .CS ~
172-1 1/2 300 LB RF $d LAOFA7EMC .
N . PIPE MATERIAL 1,q) GARBAN STEEL
172224 300 LB RF BLIND L43FATQOC FITTING MATERIALS,  CARBON STEEL
2 ~-10 300 L9 R? wN 40 OR La2FA?DEB VALVE MATERIAL:,,, CARBEN SYEEL
{2 300 LB RF WN SYD OR L42FA70MB >,, @ VALVE TRIMeyo; APlegq00 NO,
14 <24 300 LB RP WN e DR L42FA7DsB 59 RATING, , v ynyoq0 300 LB ANS! 816,55 RF
1 =10 300 L8 RF SPEC BLIND LaSFA7ENSG corros{an ALwa,,; 0,069 (NAMINAL)
12 =24 300 LB RF BLND/SPCR La5FA7FoG MAXIMUM hYDROTEST, 1100 L8 (LIMITED @Y FLANGES) 54
2 =12 360 LB RF WN S¥D L40FATDME SEAL WELDINGsy1..» SEE QEN NOTE 13.1.2
14 =24 300 LB RF WN & L40FA7DeC 9% BENDING,,}s,e21,02. SEE HOTE 102 {o2
PIPE NIP SMLS CS N
472+1 {¢2 PE - CUY FROM PIPE  L371G81BB PRESSZPEMP LIMITS | SERV]CE
f0E -« X§ LI4NAZJD BASED GON  FLANGES GEN HYDROCARBONS (SEE 4EN NQTE 276}
SEE NOTE NO, 93 GEN WG W/ 8 (ALL CONE) LIHIT 330F
STEAM (ANS1-831,3)
SWAGE NIP SMLS CS TEMP  PSIG  Psla
1/2=1 {/2 gBE « CONEC XS LASNATQS DEG F  MIN MIN
YSE - CONC xS 2L35NAMGE
501 154 425
550 141 199
GASKETS 304 S5 1,BTH 8p Wn 600 134 555
1/2«24 300 LB RING LALFFCA >' © 690 124 519
740 111 470
730 104 429
BOLTING  A193+87 STUD W/2 24  La20FMBOC
STANDARD
PIPING MAPERLAL
MISC CONICAL STRAINER LS9FATYA
ADJUST CH SPKY R[w™ L79BKAAA REV 1 Jon SPEG cLASS
CHAIN FOR SPKTY RN L7sAJA
O - - €820 §
Figure 9-2. Typical Service Class Sheet.
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Figure 9-3,
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Typical Back Page of a Service Class.




1. BRANCH CONNECTIONS SHALL BE DESIGNED AND
FABRICATED IN ACCORDANCE WITH THE

FOLLOWING:
k i 1.1 FOR LINES WITH PREDETERMINED HEADER

e —ft
HE BRANCH PIPE WALL THICKNESS, BRANCH CONNECTIONS
| 1] SHALL BE MADE IN ACCORDANCE WITH THE
TABLES REFERRED TO IN THE INDIVIDUAL
OTE 5.0 PIPING MATERIAL SPECIFICATION
SERVICE CLASSES.

BRANCH PIPE

g

\_ HEADER PIPE

1.2 FOR LINES WITHOUT PREDETERMINED
HEADER WALL THICKNESS, BRANCH
CONNECTIONS SHALL BE MADE IN

NOTE 4.0 ACCORDANCE WITH THE "L-1
D SUPPLEMENTARY TABLE OF WALL
THICKNESS".

2. TABULATED REINFORCEMENT DIMENSIONS IN THE
== "L-1 SUPPLEMENTARY TABLE FOR WALL
*h THICKNESSES" INDICATE THE FOLLOWING:

2.1 WHEN LESS THAN 1" (i.e., F06) THE
DIMENSION INDICATES SIZE OF FILLET
WELD (DIMENSION "A", DETAIL "A"}.

HEADER PIPE

2.2 WHEN 1" OR LARGER (i.e.,Pc3 ) THE

WELDED REINFPRCEMENT OR NON-REINFORCED REINFORC ING_PAD DIMENSION INDICATES WIDTH OF
90° BRANCH CONNECTIONS 900 BRANCH CONNECTIONS EE%E?ER%E? PAD  (DIMENSION  "B",

3. REINFORCING PADS SHALL BE CUT FROM PIPE
OF SAME WALL THICKNESS AND MATERIAL AS

DETAIL A DETAIL B HEADER AND MAY BE SAME SIZE AS HEADER OR

MAY BE NEXT NOMINAL PIPE SIZE LARGER AND
FORMED TO FIT.

4. FILLET WELD "D" (DETAIL "B") SHALL BE
EQUAL TO THE PAD THICKNESS, (th) TIMES
0.707.

TYPICAL SUPPLEMENTARY TABLE 5. FILLET WeLp 'CY (OETALL 0> SbALL BE TV

MINUS CORROSION ALLOWANCE.

NOV 19, 1969 PAGE 3 ,
Jos MO L-1 SUPPLEMENTARY TABLE OF WALL THICKNESSES FOR 90.0 DEG BRANCHES. REV 5 6. {Eié’;gg*‘c;gg Pfl\?g,, S*I{QEL TEET gg{é”ﬁgo ﬁg'lr)
LINE  SIZE PIPE LINE LINE  HDR  <--- PIPE SCHEDULE OR NOMINAL WALL ==qaghiul LHID g %gc)éEcgogglNioﬁgigGIgAgE UTRED TN EACH
NUMBER CLASS PRESS TEMP  FTG  <-=-- HEADER CONNECTION TYPE ---> TEST BY E , QUI
sCH 20 3 Lo 6 8 1on 120 e 16 ‘[wn 200 24 30 36"]-PR v SECTION.
4p13 36 D126 192 S0 ST L4 ko L 4o Lo A0 ST 30 30 ||sTD  STD  STO 10 10)|555 36" s 7. gﬁtEULX!r{EgKNEgFS{ES"L-?NEUPPI}:QaENT}\Eic'];:EBEISE
F06 FO6 FO6 FO6 M  FO6 SAD FO6  POE| PIO PIO PI2 pl6 TEE PIPE OF WALL THICKNESSES" ARE DERIVED FROM
g s
~l = S B —_— | r' o~ L PROGRAM ME-619.
: ~l—— 8. ABBREVIATIONS OR LETTERS USED IN THE "L-1
| HD | CATES weLDGLET i e BRANCH REINFORCEMENT TABLES" AND THE "L-1
e _ INDICATES SUPPLEMENTARY TABLE OF WALL THICKNESSES"
‘ i MANUFACTURED TEE INDICATE THE USE OF BRANCH FITTING OR
REINFORCEMENT AS FOLLOWS:
{NDICATES SADDLE l L__ SCKEDULE OR NOMINAL IN &
REINFORCEMENT WALL THICKNESS OF BRANCH
J (ONLY WHEN SIZE IS DIFF. T = STRAIGHT OR REDUCING TEE
L INDICATES THAT A FULL SIZE FROM 'HEADER S1ZE") W = WELDOLET
FITTING HAS BEEN SELECTED SWP = SWEEPOLET
WITH PIPE SCHEDULE OR NOMINAL i —— WIDTH (IN 3 INCH INCREMENTS) SAD = WELDING SADDLE
WALL THICKNESS GREATER THAN ! OF PAD REINFORCEMENT (DIM.B) P = REINFORCING PAD
THAT OF THE HEADER AND THAT i F = FILLET WELD
THE FITTING SHALL BE TAPER- | INDICATES PAD RE INFORCEMENT
BORED TO HATCH PIPE (DET. B)
L SCHEDULE OR NOM i =
OISR RUSL L————— SiZE (IN 1/16 INCH INCREMENT$) — TREVISED REINFCRCEMENT Z | 2=
:AEAF‘BE;HFL(:#"I!?:(S; o OF FILLET WELD ON NON-REINFORCE2 ﬁ) TR Tveg cESigniTIONS 5 S Wi <
BRANCH (DET. A) /N bioroproeswn 4 ssueo s s, Jeus| [ HIE 1S
';E‘:?E;’: :_:2},:::_"‘,525 CF) 1( INDICATES NON-REINFORCED A\ pv)iesuro s st |
BRANCH FiLLET WELD - | mn [rem— = == = )
HEADER AND BRANCH PIPE SCHEDULE OR NOMINAL—— = | e J e _E
DESIGN PRESSURE (PS1G) WALL THICKNESS OF HEADER
(ONLY WHEN S1ZE IS SARE BE G HTE I.
HEADER AND BRANCH AS 'HEADER SIZE') SAN FRANCISCO
MATERIAL CLASSIFICATION
:'AI'XL:‘;TE.:;?SIE:F;::;#S’E(E ) ENGINEERING STAMDARD
HEADER SIZE (INCHES) REFINERY 5 CHEMICAL DIVISION
LIMITING FACTOR
HEADER LINE NO OF MAXIMUM TEST PRESSURE DESIGN & FABRICATION DETAILS
90 DEG BRANCH CONNECT IONS
INDICATES REVISION TO WALL THICKMESS— FOR INTERHAL PRESSURE PIPING SYSTEMS
CALCULATION (BY LINE) ONLY WHEN
REVISED ON LATEST PRINT-OUT OF TABLE - e -
(PRIOR REV. ARE NOT INDICATED) @
STDR L~501 2

Figure 9-4, Standard Drawing 1.-501.



9.3,

2

C. Miscellaneous — Show Special Items; Pipe
Nipples and Swages; Bolts and Gaskets that

are suitable for use in Mechanical Joints

The Piping Engineer will select the appropriate valving in
accordance with codes and community requirements and will
list his selections on the individual service class by pressure
ratings, material, and end connections. Again, referring to

Figure 9-2:

(Items) D. Gate Valves — List requirements for shutoff
operations
E. Globe Valves — List throttling requirements
F. Check Valves — List requirements for the

prevention of back-flows

The service class also describes the temperatures and pres-

sure limitations that apply to the listed commodities.

Branch Reinforcement Tables and Primary Connection Details

A page is included at the back of each individual service
class (see Figure 9-3) that provides data to designers regard-
ing branch connection criteria and primary connection details.

The following details are given:
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® The Branch Reinforcement Table is developed to indi-

cate the types of branch connections used for any com-
bination of header and branch for sizes up to a prede-
termined size or a 24-inch maximum. The type of
connection is indicated by a code number as shown in
the adjacent legend; i.e.: FO06 is a fillet weld of 6/16
fillet size (code minimum 3/8 inch); P08 is a pad size
of 8 halves or 4-inch size. Refer to Standard Drawing

L-501 (see Figure 9-4),

® Primary Connection Details (Standard Assemblies) for

vents, drains, and instrument connections are shown
with the required piping components-to be used in de-
sign and for construction. The code numbers shown
below the Assemblies are unique and are used for iden-
tification in our computer program (BIPS) for control-
ling material. Each piping item required for the
Standard Assembly is identified by a number in a circle
and is listed in the lower right-hand corner on the back
page of the individual service class. (Figure 9-3 is

an example of the back page of Service Class CB2D).

Use of L.-531 in Specific Projects

Standard Specification L.-531 is suitable in its entirety for

use in what is called a '"grass-root' refinery project; that is,
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9.3.4

a new installation capable of processing from crude feeds to
the most refined of petroleum by-products. Occasionally, a
project consists of an expansion or additions to existing instal-
lations, and only a limited number of service classes are
required. In these cases, L-5311is converted into a job
oriented Piping Material Specification; the project specifica-

tion is then designated as L-1 (i.e., 10640-1.-1).

A review of the process requirements for a project enables
the piping engineer to select the required service classes.
Client criteria is evaluated and incorporated in the service
classes. Specification L-1 is then developed, and two addi-

tional sections are made part of the specification. These are:

(e) Supplementary tables of wall thicknesses (see descrip-

tion below)

() Revision lists, describing changes made to the classes

and criteria in any of the specification revisions.

Supplementary Tables of Wall Thicknesses

In the design of service classes of 600-pound and higher rat-
ings, wall calculations of large sizes require the specification
of heavy walls. The evaluation of the wall thicknesses of a
previous rating at the maximum allowable conditions by ANSI
B16-5 standard, will show that various schedules may be used
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within the range of pressures between one rating and the fol-
lowing higher rating. Economy dictates that for sizes above

a predetermined size (common schedules between consecutively
rated classes), the walls of the higher rating be calculated on
the basis of actual service pressure and temperature on a

line-by-line basis.

After line tables are issued, piping engineering lines to be
calculated are reviewed for code conditions (shown in line
tables)., Computer calculations using piping engineering pro-
gram ME-619A will provide tabulated information of the calcu-

lated lines. A sample computer printout shown in Figure 9<5.

STANDARD PIPING SPECIFICATIONS

The following Standard Piping Specifications are described in

this section:

® L.-501, Piping Design Basis

e L.-502, Plant Design, Piping Layout

] L-503, Shop Fabrication of Piping

® 1.-509, Field Fabrication of Piping

° L.-511, Plant Design, Equipment Layout

9-21
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9.4.2

Standard Specification L,-501 — Piping Design Basis

This specification outlines the overall design basis required
to engineer a piping design that conforms to applicable codes

and accepted practices.

It provides the basis for the development and interpretation

of P&ID's, line designation tables, and material specifications.

The information includes:

(1) A list of codes and regulations and their respective
limits of applicability

(2) Criteria to be utilized in the calculation of design
pressure/temperature, overpressure protection, and
in vacuum design

(3) Rules governing the application of valving

(4) Rules governing the application of piping material

specifications

Standard Specification L.-502 — Plant Design, Piping Layout

This specification describes requirements governing piping
layout and mechanical design. It is intended to establish a
design pattern which will produce a safe, economical and

reliable installation.
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Engineering Standard Specification L-501, Piping Design
Basis (described in Section 9. 4. 1) specifies the design con-
ditions that apply to piping systems. Engineering Standard
Drawings A-521 and A-522 set some minimum requirements

and clearances for piping and equipment layout.

In accordance with this specification, piping shall be arranged
to satisfy ease of operation, accessibility for maintenance,
economy, appearance and allowance for future additions,

Some of iternis covered are:

(1) Layout

Piping Routing
Pipe Flexibility
Critical Piping

(2) Equipment Piping

Column and Vessel Piping
Exchanger Piping

Pump and Turbine Piping
Compressor Piping
Burner and Steam Snuffing

Fired Heaters
(3) Valves

Valve Requirements
Valve Locations

Vents and Drains
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(4) Utility Piping

Steam Piping

Steam Traps

Steam Out Connections

Steam Tracing and Winterizing

Utility Stations

Auxiliary Piping for Pumps and Turbines
(5) Instruments

Control Valve Manifolds
Level Instruments
Orifice Runs

Instrument Access
(6) Materials

Junction of Different Services

Standard Specifications 1.-503 — Shop Fabrication of Piping

This specification describes the work to be provided by an
independent contractor in the fabrication of the piping sys-

tems which Bechtel has engineered.

It provides information needed by the contractor to ensure
that the fabricated piping will conform to codes and Bechtel

requirements.

The following information is included:

(1) A list and description of associated documents

(2) A list of applicable codes and their limits of jurisdiction
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. 4.

(3) Materials and fabrication requirements, including re-
quirements for fabrication drawings, nondestructive
examination, marking and shipping, and documentation

(4) A description of the functions that Bechtel will provide

toward expediting and scheduling.

It is particularly important for the designer to include the in-
formation that Bechtel is obligated to provide on piping draw-

ings and referenced drawings.

Standard Specification L-509 — Field Fabrication of Piping

This specification describes the work to be provided by the
field construction forces, either of Bechtel or an independent
contractor. In general, the information contained herein is

similar to that in the shop fabrication specification.

Again, the most signi-icant information to be provided is that
which relates to Bech 1's obligation to provide specific data
for the construction o1 he system. It is particula.rly impor-
tant to show the types information and the degree of direct

assistance that will be ovided by Bechtel.

9-26



9.4.5

Standard Specification L-511 — Plant Design, Equipment

Lazout

This specification offers guidelines on the layout and spacing
of plant equipment and units, to provide for safe and easy
operation, maintenance, and fire prevention and control. Some

of the items covered are:

(1) Plant Layout

Piping Layout

Equipment Layout

Pumps

Compressors

Vessels

Exchangers

Air Coolers

Fired Heaters and Equipment

Pipeways

(2) Clearance and Accessibility

Overhead Clearances
Horizontal Clearances

Access for Maintenance

(3) Design for the Use of Mobile Maintenance Equipment

Crane Usage
Tube Bundle Extractors
Furnace Tube Removal

Mobile Equipment



9.5

2.5.1

(4) Platforms, Stairs and Ladders (Access and

Layout Requirements

Platforms at Large Elevated Structures
Platforms with Stair Access
Platforms with Ladder Access

Ladder Requirements

(5) Spacing Between Facilities

Process Areas

Tankage Areas — Off Plot

(6) Miscellaneous Requirements

Tank Dike Enclosures
Roads
Railroads

Satellite Shelters

PIPING MATERIAL CODE SYSTEM

Piping materials used by Bechtel in the design of piping sys-
tems are catalogued by a code identification system. A pip-
ing item code number is a unique combination of letters and
numbers arranged in a specific order for the purpose of

identifying piping components.

Code Identification System

The code identification system is used to achieve brevity for
material control purposes and simplification in the requisi-
tioning, purchasing, and warehousing operations during

construction.
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This code is derived from an item composition matrix of
nine characters; each either a letter or a number. For
piping components the first digit is always the letter '"L'.
The second digit describes specific categories, and the re-
maining digits indicate variables such as material, sched-

ule, rating, etc.

The piping categories are:

® Ll --- Pipe

° L2 --- Valves

e L3 --- Screwed/socket welding fittings
° L4 --- Flanges

® 1.5 --- Welding/flanged fittings

® L6 --- Bolts, nuts, gaskets

Categories L7 through L9 are assigned to nonstandard items

of a more unorthodox matrix arrangement.

An example is given on the next page of the ordering descrip-
tion stock code number for carbon steel seamless pipe,
schedule 40 of ASTM designation A53 GR B, to be coated and
wrapped for underground service, coded in accordance with
the matrix for category Ll. (See Figure 9-6 for an example

of the matrix used in developing stock code numbers for pipe.)
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e

PIPING ACCOUNT

L e =

PRIMARY ITEM (PIPE)

TYPE (SEAMLESS)

— M

WALL THICKNESS (SCHEDULE 40)

- 1>

BASE MATERIAL (CARBON STEEL)

END CONNECTION (BEVELED END}

MATERIAL SPECIFICATION (ASTM AG3)

= m
-— =

GRADE (B; OH, EF, BO)

'_SPECIAL {COATED & WRAPPED PER SPEC L-505)

THIS PART IS NOT SHOWN ON MATRIX SHEET

In another example, the coding of a swage nipple, beveled

both ends, of carbon steel to ASTM designation A234 GR

WPB, extra strong weight, would be developed from the 1.3

matrix (see Figure 9-7) as shown below:

PIPING ACCOUNT

PRIMARY ITEM (SCREWED/SOCKET WELD FITTINGS}

TYPE (SWAGE)

WALL THICKNESS (EXTRA STRONG)

- 1>

BASE MATERIAL (CARBON STEEL)

END CONNECTION (BEVEL BOTH END)

SUB-TYPE (CONCENTRIC)

l:{MATERIAL SPECIFICATION & GRADE (ASTM A234, GR WPB)

THIS PART IS NOT SHOWN ON MATRIX SHEET
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.5.2

All items specified in a material service class are coded in
accordance with the above criteria. This system provides

an orderly means of material control for any project.

Piping Material Stock Code List

All piping material components must be properly described
for purchase. Piping Engineering develops a short descrip-
tion for inventory reports and a long description for the re-

quisition and purchase of all items,

The composite of all piping long descriptions and code num-

ber is called the Piping Stock Code List,

For example, the following is a long description of a gate

valve:

Code No.

L20BATB4Y 150 LB raised face gate valve, OS&Y, bolted
bonnet, solid wedge, renewable seats, cast
carbon steel body and bonnet per ASTM
A216 GR WCB, 13 CR trim with teflon in-
serts in wedge or seat rings, bevel gear

operated, Pacific 150-17 or equal.
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9.6

9,161

PIPING MATERIAL CONTROL

Piping material control consists of requisitioning, takeoff, and
inventory control of all pipe, fittings, valves, and special piping
items. San Francisco Engineering is responsible for requisition-
ing all construction piping materials (except consumables) for the
field. The detailed procedure for piping materials control is

shown in Engineering Instruction L-23.

Material Takeoff

The detailed procedure for Piping Material Takeoff is shown in
Engineering Instruction L.-22. Quantities for the initial requisitions
are determined from an initial takeoff from P&IDs, plot plans,
and preliminary routing drawings. This takeoff is kept current
during the entire engineering period and is updated as changes

in design are defined,

An "actual' takeoff of all piping materials is made from isometric
and orthographic drawings. The material required to install each
detail is listed directly on the isometric through the medium of

the BIPS computer program, The orthographic drawing material

is taken off by line number.
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9.6.2

9.6.3

9.7

Requisitions

Requisitions must be written months prior to construction in order
to allow the needed delivery time for valves and other piping items.

The first requisitions are generally written to cover the longer-

delivery items.

Piping Material Control Reports

All piping materials are currently being summarized by the com-
puter using the BIPS system. Thus, material required in the field
to install and field fabricate all piping can be taken off, posted,
and summarized efficiently and accurately, Instructions in making
piping material takeoffs, and descriptions of the types of material

reports available are shown in the BIPS User's Manual,

SUMMARY

The designer has a very important role in this phase of engineer-
ing. He must know how to read the material specification, and
should have a basic understanding of how the specifications are
developed, He must also be familiar with the piping stock code

system and the computerized material control reports used.

The responsibility of the Piping Engineering and Material Control sec-
tion begins with formulation of the initial piping specifications and con-

tinues through material requisitioning and takeoff. The Material
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9.8

Control section must also follow through to ensure that all piping mater-

ials needed to complete a project reach the field on schedule,

Considerable coordination with Project, Design, Purchasing, Sup-
pliers and Construction is required throughout a project. Coor-
dination will be more readily achieved and we will produce a bet-
ter job if designers and draftsmen have a thorough understanding

of this phase of engineering.

ISOMETRIC MATERIAL TAKEOFF DATA

The procedure to be used for manually drawn isometrics and
using the BIPS Computer Material Control Program is defined in

Section 7 of the BIPS User's Manual.

An example of the combined material takeoff forms — Cards 861

and 862 — is shown in Figure 9.8,

The example used highlights an actual isometric material input,
utilizing generic terms and item code numbers, and lists all field

and shop material,

After the material input cards are key-punched and processed,
the computerized list of material (the right-hand segment) for the
isometric is attached with the picture portion to be issued as the

completed isometric drawing. See Figure 9.9,
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