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The text refers to standards and codes, using designations such
as ANSI B31.1, ASTM A-53, ISA S5.1—1968, etc. Full titles of
these standards and codes will be found in tables 7.3 thru 7.15,

Retferences: Numbers in straight brackets (thus: [12]) refer to
sources of published information listed under ‘References’, at
the end of the index.

Sections, figures, charts and tables in Part | are referred to
numerically, and are located by the margin index. Charts and
tables in Part Il are identified by letter.

FOR TERMS NOT EXPLAINED IN THE TEXT,

REFER TO THE INDEX,
ABBREVIATIONS ARE GIVEN IN CHAPTER 8.

The authors are grateful to the companies, designers, and
engineers who assisted in the development of the Piping Guide.
Apart from source material, individual acknowledgements are
not made because neither these contributors nor the authors
assume liability or responsibility for designs using information
presented herein. The user is responsible for complying with
the various codes and standards, Federal, State, and Municipal
regulations, and other legal obligations which may pertain to the
construction of plants, industrial installations, etc. Discussion
or mention of products does not necessarily imply endorsement.
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SNP;6027 The ‘PIPING GUIDE'..........a Brings together information of especial value to de5|gner
................................. ' draftsmen, and systems engineers concerned with pipin
BIBLIOTECA ' technology

« Discusses in detaul the design and drafting of piping systems

NP 6013

« Describes pipe, piping components most comm y us€3
valves, and equipment

« Presents charts, tables, and examples for daily reference

o Lists piping terms and abbreviations concerned with piping
technology ’

» Provides a design reference for companies and consultants

» Supplements existing company. standards, information, and
methods

e Serves as an instructional aid

'PART I’ explains ....cceeieeeee.n Current techniques of piping design

» Piping terms, assembling of piping from components and
methods for connecting to equipment

s Office organization, and methods to translate concepts into
finished designs from which plants are built

‘PART 1§’ provides......e......n  Frequently-needed design data and information, arranged for
quick reference

» Principal dimensions and weights for pipe, Yittings, flanges
valves, structural steel, etc.

« Direct-reading metric conversion tables for dimensions
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PIPING:

USES, EXPENDITURES, & PLANTVCONSTBUCTlON

USES OF PIPING ' 1.1

Piping is used for industrial (process), marine, transportation, civil engineer-
ing, and for ‘commercial’ {plumbing) purposes.

This book is primarily toncerned with industrial piping for processing and
service systems. Pracess piping is used to transport fluids between storage
tanks and processing units. Sevvice piping is used to convey Steam, air,
water, etc., for processing. Piping here defined as ‘service’ piping is some-
times referred to as ‘utility’ piping, but, in the Guide, the term ‘utility
piping’ is reserved for major lines supplying water, fuel gases, and fuel oil
{that is, for commodities usually purchased from utilities companies and
bulk suppliers).

Marine piping for ships is often extensive. Much of it is fabricated from
‘welded and screwed carbon-steel piping, using pipe and fittings described in
this book. .

Transportation piping is normally large-diameter piping used to convey
liguids, slurries and goses, sometimes over hundreds of mifes. Crude oils,
petroleum products, water, and solid materials such as coal (carried by water)
arg transpotted thru pipelings. Different liquids can be transported consecu-
tively in the same pipeline, and branching arrangements are used to divert
flows to ditferant destinations.

Civil piping is used to distribute public utilities {water, fuel gases), and to
collect rainwater, sewage, and industrial waste waters, Most piping of this
type is placed underground,

Plumbing {commercial piping) is piping installed in commercial buildings,

schoals, hospitals, residences, etc., for distributing water and fuel gases, for

collecting waste water, and for otfier purposes.

COMMISSIONING, DESIGNING, . 12

& BUILDING A PLANT

When a manutacturer decides to build a new plant or to expand an existing
uhe, ha will either employ an engineering company to undertake design and
constiuction, or; it his engineering department is large engugh, he will do
the design work, manhage the project, ano employ one of nofe contractors
td do this torstruction work, ‘

i

In either procedure, the manufacturer supplies information concerning the
purposes ofs buildings, production rates, processes, design criteria to meet

his practices, details of existing plant, and site surveys, if any.

Chart 1.1 shows the principals involved, and the fiow of information and
materiel. '

SCHEMATIC FOR PLANT CONSTRUCTION CHART 1.1
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The designing and building of an industrial plant is a complex undertaking.
Except for the larger industrial concerns, who may maintain their own design
staffs, the design and construction of plants and related facilities is usually
undertaken by specialist companies. '

The Guide describes in 4.1 the organizatian and responsibilities of design
engineering, with special reference to the duties of individuals engaged in the
development of piping designs for plants.

. US expenditures over the years 1967 thru 1971 averaged 14.1 billion dollars
‘per year for new plants and equipment in the petraleum, chemical, food and
beverage, paper, rubber, and textile industries, according to the ‘Survey of
current business” compiled by the US Department of Commerce.

For these quoted industries, the averaga cost of piping is about one fifth
ol the cast of the finished plant and equipment: large variatipns from this
ratio are possible, however, ’

(2)



PIPE, FITTINGS,

FLANGES, & LINE EQUIPMENT

PROCESS PIPE 2.1

PIPE & TUBE 2.1.1
Tubular products are termed ‘tube’ or pipe’. Tube is customarily specified
by its outside diameter and wall thickness, expressed either in BWG
(Birmingham wire gage) ot in thousandths ot an inch. Pipe is customarily
identified by 'nominal pipe size’, with wall thickness defined by ‘schedule
_ number’, ‘APl designation’, or ‘weight’, as explained in 2.1.3, Non-standard
pipe is specified by nominal size with wall thickness stated.

The principal uses for tube are in heat exchangers, instrument lines, and
small _interconnections on equipment such as compressors, boilers, and
reliigerators,

SIZES & LENGTHS COMMONLY USED 2.1.2

FOR STEEL PIPE

Manutacturers offer pipe in established sizes (see 2.1.3) ranging from 1/8 thru
44 inch nominal diemeter {'nominal pipe size’). Pips sizes normally stocked
include: 1/2, 3/4, 1, 1%, 1¥., 2, 2%, 3, 3%, 4,5, 6, 8, 10, 12, 14, 16, 18,
20 and 24. Sites 1%, 2%, 3%, and 5 inch are seldom used {unusual sizes are
sometimes tequired for connectmg to equipment, but piping is notmally

run in the next larger stock size after connection has been made). 1/8, 1/4, -

3/8 and 1/2-inch pipe is usually restricted to instrument lines or to service
and other lines which have to mate with equipment. 1/2-inch pipe is
extensively used for steam tracing and for auxilisry piping at pumps, etc.

Straight pipe s supplied in ‘random’ tengths (17 to 25 ft), and sometimes
*double random’ lengths {38 to 48 ft), if preferred. The ends of these lengths
are normally either plain (PE), beveled for welding (BE), or threaded and
supplied with one coupling per length {"threaded and coupled’, or ‘T&L’).
If pipe is ordered T&C', the rating of the coupling is specified—see chart 2.3.
Other types of ends, such as grooved for specval couplings, can be ubtained
to order.

DIAMETERS & WALL THICKNESSES bF PIPE 213
The size of all pipe is identified by the nominal pipe size, abbreviated "NPS’,
which is seldom equal to the true bore (internal diameter) of the pipe—the
dillerence in some instances is large. 14-inch NPS and larger pipe has outside
diameter squat to tha nominal pipe size.

13

Pipe in the various sizes is made in several wall thicknesses for each size,
which have.been established by three different sources:—

(1) The American National Standards Institute, thru ‘schedule numbers’

(2) The American Society of Mechanical Engineers and the American
Society for Testing and Materials, thru the designations ‘STD" (stand-
ard), 'XS' (extra-strong), and ‘XXS’ (double-extra-strong), drawn from
dimensions established by manufacturers. /n the Guide, these desig-
nations are termed ‘manufacturers’ weights’

(3) The American Petroleum Institute, thru its standards 5L and 5LX.
These dimensions have no references for individual sizes and wall
thicknesses

‘Manufacturers’ weights’ {second source) were intended, as long ago as 1939,
1o be superseded by schedule numbers. However, demand for these wall
thicknesses has caused their manufacture to continue. Certain fittings are
available only i manulacturers’ weights.

Pipe dimensions from the second and third sources are incorporated in
American National Standard B36.10-1970. Table P-1 lists dimensions for
welded and seamless steel pipe in this standard, and gives derived data.

IRON PIPE SIZES were initially established for wrought-iron pipe, with wall
thicknesses designated by the terms ‘standard’, ‘extra-strong’, and “double-
extra-strong’. ANSI B36.10-1870 lists these wrought-iron pipe dimensions
{in table 3). Wrought-iron pipe has been almost completely supplanted by
steel pipe. Before the schedule number scheme for steel pipe was first
published by the American Standards Association in 1935, the iron pipe
sizes were-modified for steel pipe by slightly decreasing the wall thicknesses
{leaving the outside diameters constant) so that the weights per foot {1b/ft)
equalled the iron pipe weights. Table P-1, which is reproduced by permission
of the Crane Company {(Midwest Fitting Division), lists steet pipe data under the
heading ‘iron pipe sizes’. As ANS! B36.10-1970 states that “the size of all
pipe is identified by nominal pipe size”, the Guide uses the term ‘manu-
facturers’ weights’ to denote the STD, XS, and XXS demgnanons applued by

-manufacturers to steel pipe and fittings.

LIGHT-WALL (also termed ‘light-gage’) is a commercially -accepted desig-
nation corresponding to SCH 10S (ANSt B36.19) and SCH 10 (ANSI B36.10)
in certain sizes. Tabla P-1 lists these sizes under ‘L’




STAINLESSSTEEL SIZES American National Standard B36.19-1965 (re-
vised 1971) establishes a range of thin-walled sizes for stainless-steel pips,
identilied by schedules 58S and 10S. These sizes are included in table P-1.

MATERIALS FOR PIPE 214

REFERENCES

‘Metallic piping’. Masek J.A. 1968. Chemical Engineering, Jun 17. 215-29

‘Materials of construction: 19th Biennial CE Report’. Aldrich C.K. 1960.
Chemical Engineering, Nov 14

‘Lined pipe systems’. Ward J.R, 19568, Chemical Engineering, Jun 17. 238-42

‘Non-metallic pipe: promise and problems’. Wright C.E. 1968. Chemical
Engineering, Jun 17. 230-7 :

——0___.

Engineering companies have materials engineers to determine materials to
be used in piping systems. Most pipe is of carbon steel and (depending on
service) is manufactured to ASTM A-53. .

STEEL PIPE Straight-seam-welded and spiral-welded pipe is made from
plate, and seamless pipe is made by piercing solid billets.

Carbon-steel pipe is strong, ductile, weldable, machineable, reasonably dur-
able and is nearly always cheaper than pipe made from other materials. If
carbon-steel pipe can meet the requirements of pressure, temperature,
corrosion resistance and hygiene, it is the natural choice.

The most readily-available carbon-steel pipe is mada to ASTM A-563 in
schedules 40, 80, STO, and XS sizes, in electric-resistance-welded (Grade A
and Grade B-the fatter grade has the higher tensile strength) and in seamless
{Grades A and B) constructions. Common finishes are ‘black’ ('plain’ ot
‘mill’ finish) and galvanized.

Most sizes and weights are also available in seamless carbon steel to ASTM
A-106, which is a comparable specification to A-53, but prescribing more
stringent testing. Three grades of A-106 are available—~Grades A, B, and C, in
order of increasing tensile strength. Charts 2.1, 2.2 and 2.3 indicate pipe
specifications most used industrially.

Steel specifications in other countries may correspond with USA specifi-
cations. Some corresponding european standards for carbon steels and
stainless steels are listed in table 2.1.

(RON pipe is made from cast-iron and ductile-iron. The principal uses are
for water, gas, and sewage lines. Wrought-iron pipe is seldom employed.

OTHER METALS & ALLOYS Pipe or tube made from copper, lead,
nickel, brass, aluminum and various stainless steels can be readily obtained.
These materials are relatively expensive and are selected usually either because
of their particular corrosion resistance to the process chemical, their good
heat transfer, or for their tensile strength at high temperatures. Copper and
copper alloys are traditional for instrument lines, food processing, and heat
transfer equipment, but stainless steels are increasingly being used for these
purposes.

[4)

PLASTICS Pipe made from plastics may be used ta convay actively caiqasivg
fluids, and is especially useful for handling carrosive of hézggdqus, gises and
dilute mineral acids. Plastics are employed in thres ways: as altplastic pips,
as ‘illed’ plastic materials (glass-fiber-reinforced, cmlu'm;li_llgn.l‘1 eic.) andl a.
fining or coating materials. Plastic pipe is mada from polypropylene, poly-
sthylena (PE), polybutylene (PB), polyviny! chlaride {PVC), acrylonitrile-
butadiene-styrene (ABS), cefluloss acetate-butyrate (CAB), polyolefins, and
polyesters. Pipe made from polyester and epoxy resins is frequently glass-
fiber-reinforced (‘FRP’) -and commercial products of this type have goad
fesistanca to wear and chemical attsck,

232?:’.’?3:%’%&'??03 gggglrgﬁ’g S TAGLE21
! USA 1 w Y W.GERMANY SWEDEN
ASTM AS3 1530 OIN 1829
Grade A SMLS HFS 22 8 CDS 22 5136 915 121360
Grado B SMLS HFS 27 8 CDS 27 5145 §1§ 14 D
ASTM A5) 85 3600 DIN 1628
Graks A ERW ERW 22 Blat) 351 34-2 ERW
Gradks B ERW EAW 27 Blalt 351 37-2 ERW
ASTM AS) 85 3601 OIN 1824
Few BW 22 Bl 150 4 2 Fuw
ASTM A108 85 3602 [GL M
Grado A HFS 23 §1 368 815 127008
Grado B HFS 27 $1458 $I5 1448
Grado € HFS 35
ASTM AT 85 360t IN 1828
EFW Blaty 2 EFW
ASTM A138 85 3601 DIN 1628 .
Grade A ERW 22 Blatt 351 M-2 ERW Blb 124346
g Grado B EHW2? Blatt 351 37-2 EAW IS 143409
& ASTM A9 8S 3601 DIN 1828
] Grank: A EFW 22 B 2513
ﬁ Grxk: 8 Efw2? Blan 2 51 42
173 ASTM A15§ 85 3602 OIN 1628, Blett 3, with
F4 Class2 + eertification €
<] .C45 §134:2
-] c% 51372
€55 EFW 28 St 422
hi KC 56 S1422°
KC 60 EFW 285 51422°
KC 65 5162-3
KC 70 . $1623
APISL 83 3601 0IN 1829
Grade A SMLS HFS 22 & CO5 22 S135 SIS 123305
Grade B SMLS HF$27 & COS 27 S1 45 SIS 143405
AP SL 85 360t Otn 1628
Grade A EAW €AW 22 Blatt ISt 34-2 ERW SIS 123406
Grads B EAW ERW 27 ¢ Btatt 4 S1 372 ERW SIS 143445 1
PiSL 8 3601 OIN 1628 .
A Double-walded
Grade A EFW EFW22 81211 30 342 Fw
Grade 8 EFW EFW271 Bltt 451 37-2 FW
AFi 5L 83 3601 OIN 1628
FEW w22 Blatl 351 342 FEW
*Specily “Sikilled”  1Spacily API 51 Grade B tasting procedurss lee (hese s1sely
w ASTM AJ12 85 1605 WSN  ODuigmtion:
a. TP 304 Grade B0 4301 X6LiNi 18O SI15233302
= TP 304H Grade 811
o TP 304L Grade BOIL” 406 X2CiNi 189 SIS 235202
5] P 310 Giade 805 480 XI5CNISI2520 SIS 236102
I P36 Gsade 845 ::gé/ X5CINMo 1810 SIS 234302
@ TP 316H Gtade B55
g TP 6L Grade B4SL M0 A2CNIMO 1B 10 SIS 245302
z P37 Gsade B46
s ™R Giade 822 Ti G4 XI10GNTIBY SIS 2531Q
< P32 Grade 832 1)
« ™7 Grade 822 Nb 550 X 10CNND 189 SIS 23802
TP 371 Grado 832 Nb
American Natlona Standar s tristitute, 1430 Broadway, New York . NY 10018, ISA
British Standards tnstittion, Sates Branch, 101 Renkarvitle Ruad, Lunin NY Frgland
Deutscher Nowmenaissciusss, § Bertin 15, Unlandab 175, West Gonasey
Svesige Standardisciingel ommissios, Box 3295, 10366, Stockhobin b, Sweka
“Piphrg Cuite”, PO Bos 377.Cotall.CA BADIS, USA




Tha American National Standards Institute has introduced several schedules
for pips made from various plastics. These ANSI standards and others for
plastic pipe are listed in table 7.4.

GLASS All-glass piping is used for its chamical resistance, cleanliness and
transparency. Glass pipe is not subject to ‘crazing’ often found in glass-lined
pipe and vessels subject to repeated thermal stresses. Pipe, fittings, and hard-
ware are availsble both for process piping and for drainage. Corning Gilass
Works offers a Pyrex ‘Conical’ system for process lines in 1, 1%, 2, 3, 4
and 6-inch sizes {1D) with 450 F as tha maximum operating temperature,
and pressure ranges 065 PSIA (1 in. thru 3 in.), 0-50 PSIA (4 in.) and
0-35 PSIA (6 in.). Glass cocks, strainers and thermowells are available. Pipe
fittings and equipment are joined by flange assemblies which bear on the
thickened conical ends of pipe lengths and fittings. Corning also offers a
Pyrex Acid-Waste Drainline system in 1%, 2, 3, 4 and 6-inch sizes {ID) with
beaded ends joined by Teflon-gasketed nylon compression couplings. Both
Corning systems are mada from the same boraositicate glass.

LININGS & COATINGS Lining or coating carbon-steel pipe with a material
able to withstand chemical attack permits its use ta carry corrosive fluids.
Lengths of lined pipe and fittings are joined by flanges, and elbows, tees, etc.,
are available already flanged. Linings (rubber, for example) can be applied
after fabricating the piping, but-pipe is often pre-fined, and manufacturers
give instructions for making joints. Linings of various rubbers, plastics, metals
and vitreous (glassy) materials are available. Polyvinyl chloride, polypropylene
and copolymers are the most common coating materials, Carbon-steel pipe
zinc-coated by immersion into molten zinc (hot-dip galvanized) is used for
conveying drinking water, instrument air and various other fluids. Rubber
lining is often used to hendle abrasive fluids.

TEMPERATURE & PRESSURE LIMITS 215

Carbon stesls lose strength at high temperatures. Electric-resistance-welded
pipe is not considered satisfactory for service above 750 F, and furnace-butt-
welded pipe above about 650 F. For higher temperatures, pipe made from
stainless steels or other alloys should be considered.

The Midwest catalog 61 [54], the Taylor Forge catalog 571 and the Ladish
catalog 65 {33] give pressure timits for carbon-steel pipe at various temper-
atures, These tables are derived from the ANSI B31 Code for. Pressure Piping
(detailed in table 7.2). '

METHODS FOR JOINING PIPE 22

The joints used for most carbon-steel and stainless-steel pipe are:

BUTTWELDED . . & + « « & « « & . SEE23
SOCKETWELDED . . . . . . . . . . . SEE 2.4
SCREWED . + « « + + « + « . . . . SEE28

BOLTED FLANGE. . . . . . . . SEE 234, 2.4.1 & 251
HOLTED QUICK COUPLINGS . . . . . . . . .SEE 28.2

WELDED & SCREWED JOINTS 2.2.1

Lines 2-inch and larger are usually butt-welded, this being the most
economic leakproof way of joining larger-diameter piping. Usually such
lines are subcontracted to a piping fabricator for prefabrication in sections
termed ‘spools’, then transported to the site. Lines 1%-inch and smaller
are usually either screwed or socket-welded, and are normally field-run by
the piping contractor from drawings. Field-run and shap-fabricated piping
are discussed in 5.2.9.

SOCKET-WELDED JOINTS 222

Like screwed piping, socket welding is used for lines of smaller sizes, but
has the advintage that absence of leaking is assured: this is a valuable factor
when flammable, toxic, or radioactive fluids are being conveyed—the use of
socket-welded joints is not restricted to such fluids, however.

BOLTED-FLANGE JOINTS 223

Flanges are expensive and for the most part are used to mate with flanged
vessels, equipment, valves, and for process lines which may require periodic
cleaning.

Flanged joints are made by bolting tegether two flanges with a gasket between
them to provide a seal. Refer to 2.6 for standard forged-steel flanges and
gaskets. -

FITTINGS 224

Fittings permit a change in direction of piping, a change in diameter of pipe,

or a branch to be made from the main run of pipe. They are formed from

plate or pipe, machined from forged blanks, cast, or molded from plastics.

Chart 2.1 shows the ratings of butt-welding fittings used with pipe of various
schedule numbers and manufacturers’ weights. For dimensions of butt-
welding fittings and flanges, see tables D-1 thru D-7, and tables F-1 thru
F-9. Drafting symbols are given in charts 5.3 thru 5.5.

Screwed or socket-welding forged-steel fittings are rated to the nominal cold
non-shock working pressure in pounds per square inch (PS}) of the fitting.
Fittings rated at 2000, 3000, and 6000 PS! are available and are used with

. pipe as shown in table 2.2:

SCREWED & SOCKET-WELDING FORGED-STEEL FITTINGS

TABLE 2.2
TO BE USED WITH CARBON-STEEL PIPE OF VARIOUS WEIGHTS
FORGEDSTEEL FITTING (ANS? B18.11) > SCREWED SOCKET-WELDING

PRESSURE RATING OF FITTING (PSD) 2000 § 3000 | 6000 | 3000 | 6000

PIPE WEIGHT" | SCHEDULE" 0 | eo 80 | 160
USUALLY usep | NUMBER

WITH FITTING 1—
(ansig360) | MARUFACTURERS | oo | xs | xxs | xs

TABLES |
2i&22 |



Sections 2.1.3 thru 2.2.4 have shown that there is a wide variety of
differently-rated pipe, fittings and materials from which to make a choica.
Charts 2.1 thru 2.3 show how various weights of pipe, fittings and valves
¢an be cambined in a piping system.

COMPONENTS FOR BUTT-WELDED
PIPING SYSTEMS

2.3

WHERE USED:
ADVANTAGE OF JOINT:

For most process, utility and service piping

Most practicable way of joining larger pipes and
fittings which offers reliable, Ieakproof joints

DISADVANTAGE
OF JOINT:

HOW JOINT IS MADE:

Intruding weld metal may affect flow

chart 2.1, Fittings are similarly beveled by
* the. manufacturer, The two parts are aligned,

properly gapped, tack welded, and then a cont-

inuous weld is mads to complete the joint

Chart 2.1 shaws the ratings of pipe, fittings and valves that are commonly

combined or may be used together. 1t is a guide only, and not a substitute
far a project specification.

FITTINGS, BENDS, MITERS & FLANGES 234

FOR BUTT-WELDED SYSTEMS

Refer to tables D, F and W-1 for dimensions and weights of fittings and
flanges. '

—CO———

ELBOWS or ‘ELLS’ make 90- or 45-degres changes in direction of the run
of pipe. The elbows normally used are ‘long radius’ {LR) with centerling
radius of curvature equal to 1% times the nominal pipe size for 3/4-inch and
larger sizes. "Short radius’ (SR) efbows with centerline radius of curvature
equal to the nominal pipe size are also available. 90-degree LR elbows with
a straight extension at one end (‘long tangent’) are still available in STD
weight, if required.

REDUCING ELBOW makes a 90-degree change in direction with change in
line size. Reducing elbows have centerline radius of curvature 1% times ths
nominal size of the pipe to be attached to the larger end.

RETURN changes direction of flow thru 180 degrees, and is used to
construct heating coils, vents on tanks, etc.

BENDS are made from straight pipe. Common bending radii are 3 and §
times the pipe size (IR and SR bends, where R = nominal pipe size—
nominal diameter, not radius). 3R bends are available from steck. Larger
radius bends can be custom made, preferably by hot bending. Only seamless
or electric-resistance-welded pipe is suitable for bending.

The end of the pipe is beveled as shown in

16}

BUTT-WELDED PIPINGEEEE CRART 2.1

_CARRON SEEL PIP & FORGED-STEEL FTTNGS
i

[ZZZ XTI SN
ROQY GAP*

END PREPARATION OF PIPE, & METHOD OF
JOINING TO BEVEL-ENDED PIPE, FITTING,

BEVEL ENDED

FLANGE, vnf.ve, OR EQUIPMENT NOTE? el 5‘?‘} 15

A 1 s v E?.‘;‘i"-‘ M

P ™ BEVEL ‘
R

MINIMUM LINE SiIZE NORMALLY o
BUTT-WELOED #4hcH

FOR 8 INCH

NOMINAL and lager

PIPE IN 3w 8 INCH €ALCuLATS
WEIGHT OF PIPE & FITTINGS NOAMALLY SIZE: WALL [NICENESS
USED. CHOICE OF OTHER MATERIALS OR : trou coos
HEAVIERWEIGHT PIPE & FITTINGS WiLL -
DEPEND ON PRESSURE, TEMPERATURE 8/0R | oo, o SCH 20
THE CORROSION ALLOWANCE REQUIRED. | Sritere SCH 40 o
2INCH AND LARGER PIPE IS USUALLY SCH 20
ORDERED TO ASTM A-53, Grade B. SEE 2.1.4 —

MFRS' —

WEIGHT so

VALVES i

160, 300, 600, 900 AND HIGHER

FOR 2-INCH AND

LARGER VALVES ACCORDING TO SYS1EM PHESSUNE
PRESS%RE :
RATIN FOR 1%-INCH AND
'I,Ns ' SMALLER VALVES SEE CHARTS 2.2AND 2.3

USUALLY J00MINIMUM {SEE Y1.108

FOR CONTROL VALVES

*See 6.3.6 under '‘Dimensioning spools’

1A ‘backing ring’—sometimss termed s “chill ring’~may be inserted betwesn sy bastt wehfisng juent
prior to welding. Preventing weld spatter and spikes {'icicles’) of wetd metal from hurming inside
the pipe during welding, the ring also serves a3 an alignment aid. Normally used tor scvare servica,
but should be considered for process fluids such as fibrous suspensions, whers weld icicles could
result in material collecting st joints snd choking lines. See 2.11

FIGURE 2.t

BACKING RING

FLAT TYPE

{COURTESY TUBK TURNS DIV. OF CHEMETRON 1MC)



ELBOWS & RETUANS FIGURE 2.2

{COURTESY TAYLOR FORGE & PIPE WORKE)

90° LONG-RADIUS
ELBOW

90° SHORT-RADIVUS
ELBOW

450 ELBOW LONG-RADIUS
(LR} RETURN

REDUCING
€ELBOW
SHORT-RADIUS
RETURN
-'T
]
P L
a
H
<\
£ls
]
1% x NPS I . . I
—— [ 2 x NPS l

{Of larger pipe)

REDUCER (or INCREASER) joins a larger pipe to @ smaller one. The two
evailable types, concentric and eccentric, are shown. The eccentric reducer
ts used whan it Is necessary to keep either the top or the bottom of the line
lavel--offsot equals ¥ x {largar 10 minus smaller 1D).

REODUCERS FIGURE 2.3

MWOUNTISY TUSE TURNS B3IV, OF CHEMETRONM e}

CONCENTAIC ECCENTRIC

m

SWAGE is employed to connect butt-welded piping to smaller screwed or
socket-welded piping. In butt-welded lines, used as an alternative to the
reducer when greater reductions in line size are required. Regular swages
in concentric or eccentric form give abrupt change of line size, as do
reducers. The ‘venturi’ swage allows smoother flow. Refer to table 2.3 for
specifying swages for joining to socket-welding items, and to table 2.4 for
specifying swages for joining to screwed piping. For offset, see ‘Reducer’.

SWAGES, or SWAGED NIPPLES FIGURE 2.4
CONCENTRIC
i Yrrrri ‘A p
} N / I N
‘. 'y s,

, .

E________/_—
ECCENTRIC VENTURI TYPE

‘ T~
0\ ' ',

- s a

MITERED ELBOWS are fabricated as required from pipe—they are not
fittings. The use of miters to make changes in direction is practically
restricted to low-pressure lines 10-inch and larger if the pressure drop is
unimportant; for these uses regular elbows would be costlier. A 2-piece,
90-degree miter has four to six times the hydraulic resistance of the cotres-
ponding regular long-radius elbow, and should be used with caution. A 3-piece
90-degree miter has about double the resistance to flow of the regular long-
tadius elbow—refer to table F-10. Constructions for 3-, 4-, and 5-piece miters
are shown in tables M-2.

3PIECE & 2PIECE MITERS - FIGURE 2.5

3PIECE MITER 2-PIECE MITER

ARRUNRNRNY

12 TIMES NPS

THE 2-PIECE MITER HAS HIGH
FLOW RESISTANCE (See TABLE F-10)

CHART q
21 i
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The following five flange types are used for butt-welded lines. The different
- flange facings available are discussed in 2.6.

WELDING-NECK FLANGE, REGULAR & LONG Regular welding-neck
flanges arg used with butt-welding fittings, Long welding-neck flanges
are primarily used for vessel and equipment nozzles, rarely for pipe. Suitable
where extreme temperature, shear, impact and vibratory stressas apply. Regu-
larity of the bore is maintained. Refer to tables F for bore diametars of
these flanges.

WELDING-NECK FLANGE FIGURE 2.8

(COURTESY TAYLOR FORGE INC)

SLIP-ON FLANGE is properly used to flange pipe. Slip-on flanges can be
used with long-tangent elbows, reducers, and swages(not usual practice).
The internal weld is slightly more subject to corsosion than the butt weld.
The flange has poor resistance to shock and vibration. Itintroduces irregutarity
in the bore. It is cheaper to buy than the welding-neck flange, but is costlier
to assemble.. It is easier to align than the welding-neck flangs. Calculated
strengths under internal pressure are about ona third that of the corresponding
welding-neck flanges. The pipa or fitting is set back from the face of ths
flange a distance equal to the wall thickness 0" + 1/16".

SLIP-ON FLANGE FIGURE 2.7

LOE vavion FORGE Al

(COURTESY TAYLOR FORGE INC)

REDUCING FLANGE  Suitable for changing ling slro, but shauld not bo
used if ahrupt transition would create undesirable turbuluncs, g3 ay pumip
connactions. Available to order in welding-neck and eccentric types, and from
stock in slip-on types. Specify by line size of the smaller pipe and the OD of
tha flange to be mated. Example: a slip-on raducing flange 10 cannect 4-inch
pipe to a B-inch line-size flange for 150 PSI service is ordered; ;

RED FLG 4"x11"0D 150# SO

For a welding-neck reducing flange, correct bore Is obtalied by giving the
pipe schedule- number or manufacturers’ waight of the pipe to be welded
on.

REDUCING SLIP-ON FLANGE FIQURE 2.8

2504 80%v1 F@ o5

ICOURTELY TAYLOR FORGE 1NC)

EXPANDER FLANGE Application as for welding-nack flango see asbove.
Increases pipe size to first or second larger size. Alternative to using reducer
and welding-neck flange. Useful for connecting to valves, compressars and
pumps. Pressure ratings and dimensions are in accord with ANSI B16.5,
Available from the Tube Turns Division of the Chemetron Corparation, and

from the Tube-Line Manufacturing Company.
EXPANDER (or INCREASER) FLANGE FIGURE 2.9

ICOURTESY TUSE TURNS OIV. OF CIEMETRON INC)



LAPJOINT, or ‘VAN STONE’, FLANGE Economical if costly pipe such
as stainless stesl is used, as the flangs can be of carbon stes! and only the lap-
joint stub end need be of the line material. A stub end must be used in a lap
joint, and the cost of the two items must be considered. It both stub and
‘fiange are of the same matarial they will be more expensive then a welding-
neck flanga. Ussful where alignment of bolt holes is ditficult, as with spools
.to ba sttached to flanged nozzles of vessels.

FIGURE 2.10

LAPJOINT FLANGE {with Stub-end) '

STUB END

{COURTESY LADISH COMPANY)

BUTT-WELDING FITTINGS FOR BRANCHING 23.2

FROM BUTT-WELDED SYSTEMS

$TUB-IN Term for a branch pipe welded directly into the side of the main
pipe run—it is not a fitting. This is the commonest and least expensive method
of welding a full-size or reducing branch for pipe 2-inch and larger. A stub-in
can be reinforced by means set out in 2.11,

STUB-IN FIGURE 2.11

BUTT.WELDING TEES, STRAIGHT or REDUCING, are employed 1o make
B0-degree bianches from the main run of pipe. Straight tees, with branch
the same sizo o3 tho run, are teadily awailable. Reducing tees have branch
smollet than the run. Bullhead tees have branch larger than the run; and are
very soldom used but can be made to special order. None of these tees
tequires reinforcement. Reducing tees are ordered es follows:—

19}

SPECIFYING S1ZE OF BUTT-WELDING REDUCING TEES

HOW TO SPECIFY TEES: | AUN INLET | AUN OUTLET § BRANCH EXAMPLE

REDUCING ON BRANCH 6" 6" 4" AED TEE 6" x 6" x 4"

BUTT-WELDING TEES FIGURE 2.12

STRAIGHT BUTT-WELDING TEE REDUCING BUTT-WELDING TEE

(COURTESY TUBE TURNS DIV, OF CHEMETRON tNC)

O

The next four branching fittings are made by Bonney Forge and Foundry Inc.
These fittings offer an alternate means of connecting into the main run, and
do not require reinforcement. They are preshaped to the curvature of the run
pipe.

WELDOLET makes a 90-degres branch, full-size or reducing, on straight
pipe. Closer manifolding is possible than with tees. Fiat-based weldolets are
available for connecting to pipe caps and vessel heads. .

WELDOLET FIGURE 2.13

FIGURES
2.6-2.13

J [COURTEISY BONNLY FORGE & FOUNDRY INC)




BUTT-WELDING ELBOLET makes a reducing tangent branch on long-radius
and short-radius elbows.

ELBOLET
FIGURE 2.74

BUTT-WELDING LATROLEY
FIGURE 2.1

BUTT-WELDING LATROLET makes a 45-degree reducing branch on straight
pipe. :

SWEEPOLET makes a 90-degree reducing branch from the main run of pipe.
Primarily developed for high-yield pipe used in oil and gas transmission lines.
Provides goad flow pattern, and optimum stress distribution.

SWEEPOLET FIGURE 2,16

(COURTESY BONKEY FORGE & FOUNDRY thC}

The next three fittings are usually used for special designs:

CROSS, STRAIGHT or REDUCING Straight crossesare usually stock items.
Reducing crosses may not be readily available. For economy, availability and
to minimize the number of items in inventory, it is preferred to use tess, stc.,
and not crosses, except where space is restricted, as in marine piping or ‘re-
vamp’ work. Reinforcement is not needed. -

o)

BUTT-WELDING CROSS FHUNE 3.1

LATERAL, STRAIGHT or REDUCING, permits odd-angled entry into the
pipe run where low resistance to flow is important. Straight laterals with
branch bore equal to run bore are available in STD and XS waights. Reducing
laterals and laterals at angles other than 45 degrees are usually available only
to special order. Reinforcement is required where it is necessary to restore
the stiength of the joint ta the full strength of the pipe. Reducing laterals
are ordared similarly to butt-welding tees, except that the angle batween
branch and run is also stated.

LATERAL FIGURE 2.18

G IIGITIITIIIIIIIGIITITIIIIS KOURTERY IUBE TURNS OIV. OF CIogal 1 B0 toat )

SHAPED NIPPLE Now rarely used, but can be obtained from stock in 90-
and 45-degree angles, and in any size and angle, includiny offset, to special
order. The run is field-cut, using the nipple as template. Needs reinfarcement
if it is necessary to bring the strength of the joint up to the tull strength

- of the pipe.

SHAPED NIPPLE FIGURE 2.18




CLOSURES . . 23.3
CAP is used to seal the end of pipe. {See figure 2.20(a).)

FLAT CLOSURES Flat plates are normally cut especially from platestock
by the fahricator or erector. {See figure 2.20 (b) and (c).)

THREE WELDED CLOSURES FIGURE 2.20

{a) BUTT-WELDING CAP {b) FLAT CLOSURE (c) FLAT CLOSURE

[

Z
g
Z

{COURTESY MIDWEST FITTING DIVISION, CRANE CO.)

ELLIPSOIDAL, or DISHED, HEADS are used 1o close pipes of large
diameter, and are similar to those used for constructing vessels.

COMPONENTS FOR SOCKET-WELDED ' 24
PIPING SYSTEMS. |

For fines conveying flammable, toxic, or
expensive material, where no leakage can
be permitted. For steam: 300 to 600 PSI,
and sometimes 150 PSI steam. For corros-
ive conditions, see index under ‘Corrosion’

WHERE USED:

Easier alignment on small lines than
butt welding. Tack welding is un-
necessary

{2) - No weld metal can enter bore

(3) Joint will not ieak, when properly
) made .

ADVANTAGES OF JOINT: {1)

The 1/16-inch recess in joint (see
chart 2.2) pockets liquid

{2) Usenot permitted by ANSI B831.1.0
—1967 if severe erosion or crevice
corrosion is anticipated

DISADVANTAGES OF JOINT: (1}

The end of the pipe is finished flat, as
shown in chart 2.2. It is located in the
fitting, valve, flange, etc., and a continu-
ous fillet weld is made around the circum-
ference

HOW JOINT IS MADE!:

SOCKET-WELDED PIPING CHART 2.2

Chart 2.2 shows the ratings of pipe, fittings and valves that are commonly
combined, or may be used together. The chart is a guide only, and not a
substitute for a project specification.

SOCKET-WELDED PIPING EX GHART 2.2

CARBON-STEEL PIPE & FORGED-STEEL FITTINGS

\ng”
EXPANSION
WELD~——__ [ GAP ©
. . - BOAE
END PREPARATION OF PIPE, AND FLAINEND P [
METHOD OF JOINING TO FITTING, SCH160)
FLANGE, VALVE, OR EQUIPMENT
PIPE
éxtt-mum ITEM SUCH AS
COUPLING, EQUIPMENT, VALVE, Etc.
MAXIMUM LINE SIZE NORMALLY 1%-INCH
SOCKET WELDED 12%-INCH 1N MARINE PIPING)
AVAILABILITY OF FORGED-STEEL
SOCKET-WELDING FITTINGS 1/8-70 4.INCH
SCHEOULE | scrao SCH 80 SCH 160
, & ~
2 -
WEIGHTS OF PIPE MFAS’
AND PRESSURE WEIGHT sTo xs -
RATINGS OF
FITTINGS WHICH FITTING
ARE COMPATIBLE! | © RATING 3000 PSI 3000 PSY 6000 PS)
4
E | #trine
i | BORED SCH 40 SCH 40 SCH 160
J0:

MOST COMMON COMBINATION: CHOICE OF MATERIAL OR
HEAVIER-WEIGHT PIPE AND FITTING WILL DEPEND ON
PRESSURE, TEMPERATURE AND/OR CORROSION ALLOW-
ANCE REQUIRED. PIPE 1%-INCH AND SMALLER I5 USUAL-

LY ORDERED TO ASTM SPECIFICATION A-106 Grade B.
REFER T0 2.1.4

VALVES | i

MINIMUM CONTROL VALVES
PRESSURE {USUALLY FLANGED} USUALLY 300 {SEE 3.1,10)
RATING

N VALVES OTHER THAN 600 (ANSH}

Psi CONTROL VALVES 800 (API)

R+ #+19 Oimio~ PO Baa 27 7. Colall. CA Su926.USA

* ANS! B16.11- 1968 recormmends # ¥/ 16th-inch gap to prevent weld from cracking under thermal stress
tSocket-ended fittings ere now only made in 3000 and 6000 P51 ratings {ANS! B16.19-1968)

i
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h
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1



FITTINGS & FLANGES FOR
SOCKET-WELDED SYSTEMS

241

Dimensions of fittings and flanges are given in tables D-8 and F-8.

—————— |

FULL-COUPLING {termed ‘COUPLING) joins pipe to pipe; or to a nipple,
swage, elc, : :

FULL-COUPLING

g

FIGURE 2.21

REDUCER joins two different diameters of pipe.

REDUCER FIGURE 2.22

T

REDUCER INSERT A reducing fitting used for connecting a small pipe to a
larger fitting. Socket-ended reducer inserts can be made in any reduction by
boring standard forged blanks.

SOCKET-WELDING REDUCING INSERTS ‘FIGURE 2.23

SOCKET-ENDED
FITTING, FLANGE,
OR EQUIPMENT

P R _(

THREE FORMS
OF REDUCER
INSERT:

(COURTESY LADISH COMPANY)

na

UNION is used primarily for maintenance and Installation purpases. This isa
screwed joint designed for use with socket-welded piping systems. Sce ex-
planation in 2.6.1 of uses given under ‘screwed union’, Unian shuuld by
screwad tight bafare the ends are welded, to minimize warping uf Vhe saat,

SOCKETWELDING UNION FIGURE 2.24

SWAGED NIPPLES  According to type, these allow joining: (1} Socket-
ended items of different sizes—this type of swaged nipple has both ends
plain (PBE) far insartion into socket ends. (2) A socket-ended item 10 a larger
hutt-welding pips or fitting—this type of swaged nipple has the larger end bev-
eled (BLE) and the smaller end plain (PSE) for insertion into a socket-endad
item, A swaged nipple is also referred to as a ‘swage’ (pronounced ‘swedge’)
abbreviated on drawings as ‘SWG’ or ‘SWG NIPP’, When ordering a swage,
state the waight designations of the pipes to be joined: for example, 2"(SCH
40) x 1”(SCH 80). Examples of the different end terminations that may be
specified are as follows:—

SPECIFYING SIZE & END FINISH TABLE 2.3

OF SOCKET-WELDING SWAGES

SWAGE FOR JOINING —
EXAMPLE NOTE ON DRAWING

LARGER to SMALLER
SW ITEM SW ITEM SWG 1%" x 1" PBE
BW FITTING or PIPE SW ITEM SWG 2" x 1" BLE -PSE

SW = Socketweiding BW = Butt waiding

ABBREVIATIONS: PBE = Plainboth ends PLE = Plain large end
PSE = Phinsmallend BLE = Bevel large end
SWAGE (PBE) FIGURE 2.25




£LBOWS make 90- or 45-degree changes of direction in the run of pipe. SOCKET-WELDING TEE FIGURE 2.28 ‘4—‘”1 -
SOCKET-WELDING ELBOWS _ FIGURE 2.26 : ' l 4.2

{COURTESY CRANE COMPANY)

(COURTESY CRANE COMPANY}
SOCKET-WELDING FLANGE Regular type is available from stock. Reduc- LATERAL makes full-size 45-degree branch from the main run of pipe.
ing type is available to order. For example, a reducing flange to connect
a l-inch pipe to a 1%-inch ling-size flange for 150 PSI service is specified: SOCKET-WELDING LATERAL . : FIGURE 2.20

RED FLG 1" x 5" 0D 150# SW

SOCKET-WELDING FLANGE ' FIGURE 2.27

m\\\\\\\\\ NN

{COURTEIY CRANE COMPANY)

3
Q0E] Ta o ronse A8

CROSS  Remarks for butt-welding cross apply—ses 2.3.2, Reduclng Crosses

ICOURTESY TAYLON FORGE mec) are custom-fabricated by boring standard forged blanks.
SOCKET-WELDING CROSS FIGURE 2.30
FITTINGS FOR BRANCHING FROM 24.2
SOCKET-WELDED SYSTEMS . H'/

BRANCH FROM SOCKET-WELDED RUN

TEE, STRAIGHT or REDUCING, makes 90-degree branch from the main
run of pipe. Reducing tees are custom—fahncated by boring standard forged
blanks.

SPECIFYING SIZE OF SOCKET-WELDING TEES

MOW TO SPECIFY TEES: | RUN INLET | RUN OUTLET | BRANCM EXAMPLE

REDUCING ON BRANCH 13" 13 1" | eeoree s o : _

Itbijcﬁld l.JNV RUN A ] ]l" REDTEE 1K 2 1x 15" ‘ TABLE 1-

SPECIAL APPLICATIONS ONLY) 2 2 " 23 !
. COURTESY CRANE COMPANY) ]

131 ;
|



FITTINGS FOR SOCKET-WELDED BRANCH
FROM VESSEL OR BUTT-WELDED MAIN RUN

2.4.3

HALF-COUPLING  Tha full-coupling is not used for branching or for ves-
sel connections, as the half-coupling is the same length and is stronger. Tha
half-coupling permits 90-degree entry inta a larger pipe or vessel wall. Tha
sockolet Is more practicable as shaping is necessary with the coupling,

SOCKET-WELDING HALF-COUPLING

The next four fittings are.made by Bonney Forge and Foundry Inc, and offer
an alternate method of entering the main pipe run., They have the advantage
that the beveled welding ends are shaped to the curvature of the run pipe.
Reinforcement for the butt-welded piping or vessel is not required.

FIGURE 2.31

SOCKOLET makes a 90-degree branch, fullsize or reducing, on straight pipe.
Flat-based sockolets are available for branch connsctions on pipe caps and
and vesse! heads.

SOCKOLET FIGURE 2.32

(COURTESY BONNEY FORGE & FOUNDRY i%C})

SOCKET-WELDING ELBOLET makes a reducing tangent branch on long-
radius and short-radius elbows.

SOCKET-WELDING ELBOLET FIGURE 2.33

_} 7

{ s / - /

[14)

SOCKET-WELDING LATROLET makes a 45-degree teduging branch ap

straight pipe.

SACKET-WELRING LATROLET FIAURE 3-3¢

MIPOLET A variant of the sockolet, having integral plain nipple. Primarily
daveloped for small valved connections—ses figure 6.47,

NIPOLET FIGURE 2.36

=

—_——fr——— e

. O——

STUB-IN Ses comments in 2.3.2 . Not preferred for lines under 2-inch due to
risk of wald metal entering line and restricting flow.

CLOSURE 244
SOCKET-WELDING CAP seals plain-ended pipe.
SOCKET-WELDING CAP FIGURE 2.38

i

NN

(COURTESY HENAY YOO T SLALHING €O.}



COMPONENTS FOR SCREWED 25

PIPING SYSTEMS

WHERE USED: For lines conveying services, and for smaller process
piping
ADVANTAGES: (1) Easily made from pipe and fittings on site
(2) Minimizes fire hazard when installing piping in
areas where flammable gases or liquids are
present

DISADVANTAGES: (1)* Use not permitted by ANSI B31.1.0-1967,
it severe erosion, crevice corrosion, shock, or
vibration is anticipated, nor at temperatures
over 925 F. For corrosive conditions, ses Index
under ‘Corrosion’ '

{2) Possible teakage of joint

(3)* Seal welding may be required—see footnote to
chart 2.3

(4) Strength of the pipe is reduced, as forming the
screwthread reduces the wall thickness

*These remarks apply to systems using forged-steel fittings.

FITTINGS & FLANGES FOR
SCREWED SYSTEMS

A wids range of screwed fittings has been developed by many manufacturers
for special purposes, and for plumbing in buildings. Most of these fittings are

nut utitized in process piping, although their pressure and temperature ratings

may ba sultable,

Galvanized 150 and 300 PSI malleable-iron fittings and simifarly- fated valves
sta used with SCH 40 pips for drinking water and air lines. The overall
gconomicy arg in favor of utilizing as faw different types of screwed fittings as
passibie. Material specifications, drafting, checking, purchasing and warehous-
ing are simplitied. Dimensiohs of malleable-iron fittings are given in table D-9.

Sctewed forgad-steal fittings ere used more extensively than cast-iron and
malleable-iron Fittings because of their greater mechanical strength, Dimen-
signs of fotged-steel screwed fittings are given in table D-10.

D e, ¢ ]
FULL-COUPLING {termed ‘COUPLING’) joins pipe or items with threaded
ends,

FULL.COUPLING FIGURE 2.37

I,

A

25.1

i1s})

SCREWED PIPING CHART 2.3

Chart 2.3 shows tha ratings of pipe, fittings and valves that are commonly
combined, or may be used together. The chart is a guide only, and not 8
substitute for a project specification.

.
END PREPARATION OF PIPE, AND SCREWED
METHOD OF JOINING TO FITTING, ITEM SUCH
FLANGE, VALVE OR EQUIPMENT cm}’,,{',-,“’ﬁ-
EOUIPMENT,
ETC.
ONAL
SEAL WELD
MAXIMUM LINE SIZE NOAMALLY
SCREWED VA-INCH
AVAILABILITY OF FORGED-STEEL
scneweo FITTINGS 1/8- TO 4.INCH
SCHEDULE o
w | NUMBER SCH 40 SCH 80
WEIGHTS OF PIPE | &
AND PRESSURE S
RATINGS OF WEIGHT ST0 Xs XXS
FITTINGS WHICH
ARE COMPATIBLE -
FITTING 2000 3000 6000
RATING ] PSt PSI

=

MOST COMMON COMBINATION: THE MINIMUM RATING
FOR FITTINGS PREFERRED IN MOST INSTANCES FOR
MECHANICAL STRENGTH 15 3000 P $ §. CHOICE OF
MATERIAL OR HEAVIER-WEIGHT PIPE & FITTING WILL
DEPEND ON PRESSURE, TEMPERATURE AND/OR CORRO-

- SION ALLOWANCE REQUIRED, PIPE 1%-INCH & SMALLER
15 USUALLY ORDERED TO ASTM SPECIFICATION A-106
Grade 8. REFER TO 2.1.4

| TS 1

CONTROL VALVES y
MINIMUM

MINt JUSUALLY FLANGED) USUALLY 300 (SEE 3.1.10)
RATING

N VALVES OTHER THAN 600 (ANS1)

PSt CONTROL VALVES 800 (AP1)

Buiie~, PO Bor 277. Colail, CA Bu920. USA

. I;r::l ﬁ'a' .0—1067 states thn seal welding shall not be considered to contribute to the strength
O e Join!

SEAL WELDING APPLICATIONS

On-plot: On alt screwed connections within battery limits, with the exception of piping carrying sir or
other inert gas, and watey

Ofi-plot: On screwed lines for hydrocarbon service and for lines conveying dangerous, toxic, corrosive
or valuable fluids

e

CHART
2.3

FIGURES
2.31-2.31

i
i
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REDUCING COUPLING, or REDUCER, joins threaded pipes of different
sizes. Can bs made in any reduction by boring and tapping standard forged
blanks.

REDUCING COUPLING FIGURE 2,38

l
3
/
[

NIPPLES join unions, valves, strainers, fittings, etc. Basically a short length
of pipe either fully threaded (close nipple} or threaded both ands {TBE), or
plain one end and threadsd one end (POE—TOE). Availabla in various lengths
—seg tables D-9 and D-10. Nipples can be obtained with 8 Victaulic groove
at one end. )

NIPPLES FOR SCREWED ITEMS FIGURE 2.39

{b) LONG (or SHORT) (c) NIPPLE (POE—TOE)

NIPPLE (TBE)

(2) CLOSE NIPPLE

.)';,
N RONROG NG AR ANNA

o [
A

{d) TANK NIPPLE
Wwall of

" Gasket Vaesse)

Locknul

Locknut thread (NPSL)

NPT

}//////////////7/

4"

&

TANK NIPPLE is used for making a screwed connection to a non-pressure
vessel or tank in low-pressure service. Overall length is usually 6 inches with
a standard taper pipe thread at each end. On one end only, the taper pipe
thread runs into 8 ANSI lock-nut thread.

UNION makes a joint which pesmits easy installation, removat af eplacement
of lengths of pips, valves or vessels in screwed piping systems. Examples:
to remava a valve it must have at least one adjacent unian, and ta remove
piping from a vessel with screwed connections, gach outlet from the vessal
should have one union between valve and vessel. Ground-faced jaints ara
preferred, although other facings are availabla.

SCREWED UNION FIGURE 2.40

Y
X

I

HCOURTESY STANLEY G F1LAGT 8 CO. INC)

PIPE-TO-TUBE CONNECTOR For joining threaded pipe to tube. Figure 2.41
shows a connector fitted to specially-flared tube. Other types are availabla

s

PIPE-TO-TUBE CONNECTOR FIGURE 2.4%

HEXAGON BUSHING A reducing fitting used for connecting a smaller pipe
into a largar screwed fitting or nozzle. Has many applications to instrument
connections. Reducing fittings can be mads in any reductian by boring and
tapping standard forged bfanks. Normally not used for high-pressure service,

HEXAGON BUSHING FIGURE 242

=




SWAGED NIPPLE This is a reducing fitting, used for joining larger diameter
to smailer diameter pipe. Also referrad to as a ‘swage (pronounced ‘swedge’)
and abbreviated as ‘SWG" or ‘SWG NIPP’ on drawings. When ordering a
swage, State the weight designations of the pipes to be joined: for example,
2"(SCH 40) x 1”(SCH 80). A swage may be used for joining:' {1} Screwed
piping to screwed piping. (2) Screwed piping to butt-welded piping. (3) Butt-
welded piping to a screwed vessel nozzle. 1t is necessary to specify on the
piping drawing the terminations required.

SPECIFYING SIZE & END FINISH OF SCREWED SWAGES TABLE 2.4

SWAGE FOR JOINING

. XAM NOTE WIN
- LARGER to SMALLER E PLE ON DRAWING I

SCRD ITEM SCAD ITEM SWG 1%” x 1” TBE
BW ITEM or PIPE SCRD ITEM SWG 2” x 1" BLE-TSE
SCRD ITEM* BW ITEM® SWG 3” x 2 TLE-BSE
® This pla is not too , but may occur when a butt-welded line is to
be joined to a screwed nozzie (coupling) on a vessel
BW = Butt welding SCRD = Screwed
ABRREVIATIONS TBE = Thieadedbothends TLE = Threaded large end
* | TSE = Threaded small end
BLE = Beveled large end B8SE = Beveled small end
SWAGED NIPPLES, TBE and BLE-TSE FIGURE 2.43
{ \ LISIIIVYI

ELBOWS make 90- or 45-degree changes in direction of the run of pipe.
Street etbows having an integral nipple at one end (see table D-9) ere avail-
sble.

SCAEWED ELBOWS, 45 end 90 DEGREE FIGURE 2.44

nn

SCREWED FLANGES are used to connect screwed pipe to flanged items.
Regular and reducing types are available from stock. For example, & reducing
flange to connect 1-inch pipe to a 1¥%-inch line-size flange for 150 PSI

service is specified:
RED FLG 1" x 5" 0D 150# SCRD

SCREWED FLANGE FIGURE 2.45

i
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ITE] Tavior FORGE A

(COURTESY TAYLON FORGE INC)

FITTINGS FOR BRANCHING FROM
SCREWED SYSTEMS

25.2

BRANCH FROM SCREWED MAIN RUN>

TEE, STRAIGHT or REDUCING, makes a 90-degree branch from the run of

pipe. Reducing tees are made by boring and tapping standard forged blanks.

SPECIFYING SIZE OF SCREWED REDUCING TEES

HOW TO SPECIFY TEES: RUN INLET | RUN OUTLET | BRANCH EXAMPLE
AEDUCING ON BRANCH ] %" "i" ]" MED TEE 1%~ u 1% x 1~
REDUCING ON RUN. Vv " 0 .
(SPECIAL APPLICATIONS ONLY) ] 2 ] ] 7 RED TEE 157 1" x 1%

SCREWED TEES, STRAIGHT and REDUCING FIGURE 2.46
STRAIGHT TEE REDUCING TEE

. I, E /7 |

L v 3'//;/'/‘/////-

2.38-2.48

FIGURES ll



LATERAL makes full-size 45-deg;ea branch from the main run of pipe.

SCREWED LATERAL FIGURE 2.47

' :' ;;;&\i AR ‘\\\\\X

CROSS Remarks for butt-walding cross apply — see 2.3.2. Reducing crosses
are made by boring and tapping standard forged blanks.

SCREWED CROSS FIGURE 2.48

FITTINGS FOR SCREWED BRANCH 253
FROM VESSEL OR BUTT-WELDED MAIN RUN

HALF-COUPLING can be used to make 90-degree screwed connections to
pipes for instruments, or for vessel nozzies. Welding heat may cause em-
brittlement of the threads of this short fitting. Requires shaping.

SCREWED HALF-COUPLING & FULL-COUPLING FIGURE 2.49
o \ i l
a . : .o =
20 Vzzzzzzzz2z7

FULL-COUPLING Superior to halfcoupling. Also requires shaping for can-
necting to pipe. ’
TANK NIPPLE See 2.5.1, figure 2.38(d).

The next four fittings for branching are made by Bonnay. Ferge and Faundry
Inc. These fittings offer a means of joining screwed piping ta a welded (un,
and for making instrument connections. The advantages g[é that the y«@lgﬂqq'
end daes not require reinforcament and that the ends are shaped to the cuf-
vatura of the run pige.
'

THREDOLET makes a 90-degree branch, full or reducing, on straight pipe.
Flat-based thredolets are available for branch connections an pipe caps and
vessel heads,

THREDOLET FIGURE 2.60

ICOURTESY BONKEY FORLUE & FOUNDEY HC)

SCREWED ELBOLET makes reducing tangent branch on long-radius and

short-radius elbows.

SCREWED ELBOLET - FIGUAE 2.61

ICOURTISY SCMNE Y FORGE & TOUNDRY InC)

SCREWED LATROLET makes a 45-degres reducing branch on straight pipe.

SCREWED LATROLET FIGURE 2.62

FCOURTESY SONMEY FORTE & FOUNRDR ¥ L)




SCREWED NIPOLET A variant of the thredolet with integral threaded
nipple. Primarily developed for small valved connections—see figure 6.47.

SCREWED NIPOLET FIGURE 2.53

o —e—p———

STUBIN So8 comments in 2.3.2. Not preferred for branching from pipe
smaller than 2-inch as weld metal may restrict flow.

CLOSURES 254
CAP seals the threaded end of pipe.
SCREWED CAP FIGURE 2.54

-
i

(COURTESY HENRY YOOT MACHINE €0.}

BARSTOCK PLUG seals the screwed end of a fitting. Also termed ‘round-
head plug’

BARSTOCK PLUG (IN TEE) FIGURE 2.55

TLOURTRSY LADISH LOMPAtY)
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PIPE THREADS 255

It is sometimes necessary to determine the overall length of a run to be made
from screwed fittings and pipe. Tables D-9 and 0-10 give dimensions of
screwed fittings. In calcufating run lengths from these tables, allowance
should be made for thread engagement-(given in the tables).

The standard ANS! B2.1-1968 defines tapered and straight threads for
pipe (and fittings, etc.). The ANS! tapered thread is normally used for
screwed piping. The tapered threads change diameter at 1/16 inch per inch
{of run).

The number of threads per inch is the same for ANSI B2.1--1968 straight or
tapered threads for the same nominal pipe size. Tapered and straight threads
will mate. Taper/taper and taper/straight (both types) joints are self-sealing
with the use of pipe dope, plastic tape, etc. A straight/straight screwed
joint requires a gasket and focknut(s} to ensure sealing.

The standard ANSI B2.2—1968 defines ‘dryseal’ pipe threads which do not

require pipe dope or tape for sealing. ANSI B2.4—-1966 defines hose coup

ling screw threads.

ANS! B2.1-1968 : PIPE THREADS (EXCEPT DRYSEAL)

Teper pipe thread . . . . e 4+ e s s+ s s s s e . o NPT
Stnigm plipe thread in pipe couplings s e e s s e o o o o s + NPSC
swgm pipe threads for mechanifealjoints ., ., . . . . . . . o NPSM
Straight pipe thread for tock end focknut pipe thread, ., , . ., ., NPSL

Straight pipe thread for hose couplings snd nipples , ., ., . ., . NPSH

ANSI B82.2-1968 : DRYSEAL PIPE THREADS

Dryseal taper pipe thread {lubricant optionsl), . . . NPTF
Drysaal straight pips thread {lubricant optionat} . . . . . . . . . NPSF
Oryseal internal straight pipe thread, , . ., . e e e e e e NPSI

il
S
oo,y
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|
|
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FLANGE FACINGS, BOLTS & GASKETS

FLANGE FACINGS & FINISHES 26.1

Many facings for flanges are offered by flange manufacturers, including
various ‘tongue and groove’ types which must be used in pairs. However,
only four types of facing are widely used, and these are shown in figure
2.56.

The raised face is used for about 80% of all flanges. The ring-joint facing,
employed with either an oval-section or octagon-section gasket, is used mainly
in the petrochemical industry.

THE MOST-USED FLANGE FACINGS FIGURE 2.66

RAISED-FACE FLAT-FACE

T

—
2, 7

N \ 1
N N

T

LAP JOINT
RING JOINT
& ] 1
N a 7

__\/\_

The RAISED FACE is 1/16-inch high for 150 and 300 PSI flanges,and %-inch
high for all other pressure classes. 250 PSI cast-iron flanges and flanged
fittings also have the 1/16-inch raised face.

Manufacturers’ catalogs give a ‘length thru hub’ dimension
which includes the 1/16th-inch raised face for 150 and 300
PSI ratings, but which excludes the Y-inch raised face for
flanges rated 400 PSI and higher.

FLAT FACE Most common uses are for mating with non-steel flanges en
bodies of pumps, etc. and for mating with 125 PSI cast-iron valves and fittings.
Flat-faced flanges are used with a gasket whoss outer diameter equals that of
the flange —this reduces the danger of eracking a cast-iron, brenze or plastic
flange when the assembly is tightened.

120}

RING-JOINT FACING is a more expensive facing, and considered the must
efficient for high-temperature and high-pressure service, Bath flanges ol a pais
are alika, Tha ring-joint facing is not prone ta damage in handling as the sur-
faces in contact with the gasket are recessed. Use of facings of this type may
increasa as hollow metal O-rings gain acceptance for process chamical seals,

LAP-JOINT FLANGE is shaped to accommodate the stub end. ‘The combin-
ation of flange and stub end presents similar geomstey to the raised-face
flangs and can be used where severe bending stresses will not accur. Advant-
ages of this flanga are stated in 2.3.1.

et s

A)

The term ‘finish’ refers to the type of surface texturs praduced by machining
the flange face which contacts the gasket. Two principal types of finish are
now used, which may be referred to as ‘serrated’ and ‘smaoth’,

Flange faces are usually finished by machining to produce a spiral sound-
bottomed groove (which is more common and may be tesmed ‘stock finish’)
or a vee-shaped spirsl or concentric groove, termed ‘serrated fuisl'. [he
pitch of the graove is 1/32 inch for steel flanges for lines 12-inch NPPS and
smaller,

‘Smooth’ finish is ususlly specially-ordared, and is availuble In two qualities.
The smoother surface is termed ‘cold-water finish’. The regular smooth finish
(disused term: ‘smooth plane’) shows no tool marks to the naked eye.

Serrated finish is used with asbestos and other gaskels. The regular smooth

finish is used with gaskets mads from hard materials and with spiral-wound
gaskets. Cald-water finish is normally used without gaskets.

BOLT HOLES IN FLANGES 26.2

Bolt holes in flanges are equally spaced. Specifying the number of holes, dia-
meter of the balt circle and hole size sets the bolting configuration. Number
of bolt holes per flange is given in tables F.

Flanges are positioned so that bolts straddle vertical and horizontal center-
lines. This is the normal position of balt holes on all Hlanged items.

BOLTS FOR FLANGES 263

Two types of bolting are available: the studbolt using two nuts, and the
machine bolt using one nut. Both boltings are illustrated in figure 2.57.
Studbolt thread lengths and diameters are given in tables F.

Studbolts have largely displaced regular bolts for bolting flanged piping joints.
Three advantages of using studbolis are:

m

(2)
(3

The studbolt is more easily removed if carroded

Confusion with other bolts at the site is avoided

Studbolts in the less frequently used sizes and matarials can be readily
mada from round stock



MACHINE BOLT & NUT, snd STUDBOLT & NUTS FIGURE 2.57
{COURTESY CRANT COMPANY)
SQUARE-HEAD STUDBOLY
MACHINE 8OLT
HEX NUT HEX NUT HEX NUT

UNIFIED SCREW THREADS The Unified Standard for bolts snd nuts
is used in the USA, Canada and the UK. The standard is ANSI B1.1, and
@ mstric translation is availabls—ANS! B1.1a, There are three Unified Screw
Threads:

Unified Coarse (UNC), Unified Fine (UNF), and Unified Selected {UNS).

Only UNC (class 2, medium-fit bolt and nut) is used for bolts and studbolts
in piping. The thread is specified as follows:— -

OUTSIDE DIAMETER . INCHES
THREAD . . . « + e o o o = . .« +« « . . UNC
THREAD DENSITY . . .THREADS PER INCH
CLASSOF FIT. . . . o o « o o « = S
BOLT. . + o « o« « ¢ o » OO
NUT . . . . . O -
EXAMPLES: Bolt: % UNC 13-2A
Mating Nut: % UNC 13-28
GASKETS 264

Gaskets are used to make 8 fluid-resistant seal between two surfaces. The
common gasket patterns for pipe flanges are the full-face and ring types, for
use with flat-faced and raised-face flanges respectively. Refer to figure 2.56.
Widely-used materials for gaskets are compressed asbestos (1/16-inch thick)
and asbestos-filled metal ('spiral-wound’, 0.175-inch thick). The filled-metal
gasket is especially useful if maintenance requires repeated uncoupling of
flanges, as the gasket saparates cleanly and is often reusable.

Choice of gasket Is decided by:

(1)  Temperature, pressure and cotrosive nature of the conveyed fluid

{2) Whether maintenance or operation requires repeated uncoupling

{3) Cods requirements that may apply

{4} Cost

Garlock Incorporeted’s ‘Industrlal products catalog’ includes tables giving the
expected resistance of gasket materlals to many process fluids and conditions.
Table 2.5 gives sume charscteristics of gaskets, to aid selection. ’

1t ray ba tenuired that adjscent patts of a line are electrically insulated from

ohe anothitr, anid this may be eflected by inserting a flanged joint fitted -

with an Insulating gasket set between the parts. A gasket electrically insu-
lates the flahye faces, ard sleeves end washers insulata the bolts from one
ot both fianges, a8 thustrated in figure 2.58.

121

GASKET CHARACTERISTICS TABLE 2.5
MAXIMUM MAXIMUM ‘TP FACTOR | AVAILABLE
GASKET MATERIAL EXAMPLE USE | TEMPERATURE | Tempersture n Pressure THICKNESS
(O F} (Deg F 2 PSI} {INCHES)
Synthetic rubbers Water, Air 250 15,000 1/32,1/16,3/32,1/8,1/4
Vegetable fiber on 250 40,000 1/64,1/32,1/16,3/32,\/8
Synthatic rubbers WP water, air | 250 125,000 1320163321818
"Sofid Tefton Chemicals 500 150,000 1132,3116,3/32.\/8
Compressed asbestos Most 750 250,000 1164,1/32,1/16,\/8
Carbon stee! highpresiure | 759 1,600,000
- Foi vlng-lo'im
N gaskety, refer to
High-pressure X
Staintessstest | &Jor corosive | 1200 3,000,000 table -1, part !
fluids
Spiral-wound: Most-used thickness
§S/Tefion Chemicals 500 . for spiral-wound
CS/Asbestos Most 750 250,000+ gaskets is 0.175.
$S/Asbestos Corrotive 1200 4 Alternative gasket
SS/Cersmic Hot gases 1900 thickness: 0.125.

FIGURE 2.68

STEEL WASHER
INSULATING WASHER X

INSULATING GASKET
INSULATING SLEEVE

INSULATING WASHER
STEEL WASHER

TEMPORARY CLOSURES FOR LINES 2.7

IN-LINE CLOSURES 271

A complately leak-proof means of stopping flow in lines is necessary in piping
systems when: (1) A change in process material to flow in the line is to be
made and cross-contamination is to be avoided. {2) Periodic maintenance is
to be carried out, and a hazard would be presented by flammable and/or
toxic material passing a valve. S

- The valves described in 3.1 may not offer complete security against leakage, ‘

and one of the following methods of temporaty closure can be used: Line-
blind valve, line blind (including special types-for use with ring-joint flanges),
spectacle plate (so-called from its shape), ‘double block and bieed’, and blind
flanges replacing a removable spool. The last three closures are illustrated in
figures 2.9 thru 2.61.

FIGURES
2.56-2.58

TABLE
25



SPECTACLE PLATE & LINE B8LIND FIGURE 2.69
SPECTACLE LINE
PLATE BLIND

(Jack screw Jack screw
() >
o

Jack screw

Jack screw

SIDE VIEW)

It should be noted
that jack screws may
sieze In corrosive
conditions

DOUBLE-BLOCK-AND-BLEED FIGURE 2.60

‘BLOCK’ VALVE \

- oe
BLEED CONNECTION————*= 4

/ ‘BLOCK’ VALVE

ol

LTAl’i‘ING ONE OF THE ‘BLOCK’
VALVES IS LESS EXPENSIVE
THAN EMPLOYING A

BLEED RING

REMOVABLE SPOOL FIGURE 2.61

a

REMOVABLE SPOOL.

if a line is to be temposarily closed down with double-block-and-bleed, both
valves are closed, and the fluid between drawn off with the bleed vaive. The
bleed valve is then left apen to show whether the other valves are tightly shut.

(It must be possible to
move one or both of the
adjacent flanges away
from the spool to effect
removat—this Is espseclally
Important with ring-joint
flanges)

Figure 2.60 shows the bleed ring connected to a blesd vajve-sea 3.1.11, The
use of a tapped valve rather than a bleed ring should be copsidered, as il is
g mare economic arrangement, and usually can be specified merely by adding
a suffix ta the valve ardering number.

A line-blind valve is not illustrated as canstjuctian varies. This type of
valve incorporates a spectacle plate sandwictigd. between two flanges which
may be expanded or tightened (by soma easy means), allowing the spectacle
plate to be reversed. Constant-length line-blind valves are elso available,
made to ANS) dimensions for run length,

Table 2.8 compares the advantages of the four in-line tamporary closures:

N-LINE CLOSURES TABLE 2.6
CLOSURE A LE
LINE BLIND ,s,tiﬁz c::s 2832:‘ s AEMOVABLE
CRITERION VALVE LINEBLIND | BLEED 5P00}
RELATIVE MEDIUM EXPENSE, N
OVERALL :i:zzswe OEPENDING ON FREQUENCY masy
coST OF CHANGEOVER ) EXPENSIVE
MANHOURS
FOR DOUBLE | NEGLIGIBLE | 103 NEGLIGIBLE | 2108
CHANGEOVER
INITIAL FAIRLY Low VERY HIGH
cast HIGH HIGH
CEATAINTY
CreHuTORF | COMPLETE COMPLETE DOUBTFUL COMPLETE
VISUAL YES, BUT .
iNpicATION? | YES YEs SUSPECT M
WHO PLANT PLANT
OPERATES? OPERATOR PIPEFITTER | GpgaaTOR PIPEFIITER
CLOSURES FOR PIPE ENDS & VESSEL OPENINGS 2.7.2

Temporary bolted closures include blind flanges using flal gaskets of ring
joints, T-bolt closures, welded-on closures with hinged duors — including the
boltless manhole cover (Rabert Jenkins, England) and closures puimarily it
tended for vessels, such as the Lanape range (Bonnay Forge) which may also
be used with pipe of large diameter. The blind fiange is mostly used with @
view to future expansion of the piping system, or for cleaning, inspection, etc.
Hinged closures are often installed on vessels; infrequently on pipe.

QUICK CONNECTORS & COUPLINGS 28
QUICK CONNECTORS ' 28.1

Two forms of cannector specifically designed for temporary use are.
(1) Lever type with double lever clamping, such as Evertite ‘Standard’ and
Victaulic “Snap Joint'. (2) Screw type with captive nut — “hose connector’,

Typical use is for connecting temporarily to tank cars, trucks or process ves-
sels. Inter-trades agreements permit plant operators to attach and uncouple
these boltless connectors. Certain temporary connectors have built-in vilves
Evertite manufactures a double shut-off connector for liguids, and Schrader
a valved connector for air lines.



BOLTED QUICK-COUPLINGS 2.8.2

Connections of this types may be suitable for either permanent or temporary
use, depending on the joint end gasket, and service conditions. Piping can
be built rapidly with them, and they are especially useful for making repairs
to lines, for constructing short-run process installations such as pilot plants,
and for process modification. :

COUPLINGS FOR GROOVED COMPONENTS & PIPE

Couplings of this type are manufactured by the Victaulic Company of
America for use with steel, cast-iron, FRP or plastic pipe, either having
grooved ends, or with Victaulic collars welded or cemented to the pipe
ends.

The following special fittings with grooved ends are available: elbow, tes
{all types), lateral, cross, reducer, nipple, and cap. Groove-ended valves and
valve adaptors are also available. Advantages: (1) Quick fitting and removal .
{2) Joint can take up some deflection and expansion. (3) Suitable for many
uses, with correct gaskets.

The manufacturer states that the biggest uses are for permanent plant air,
water {drinking, service, process, waste) and fubricant lines.

COMPRESSION SLEEVE COUPLINGS are extensively used for air, water,
oil and gas. Well-known manufacturers include Victaulic, Dresser and Smith-
Blair. Advantages: (1) Quick fitting and removal. (2) Joint may take up some
deflection and expansion. (3) End preparation of ‘pipe is not needed.

VICTAULIC COMPRESSION SLEEVE COUPLING FIGURE 2.62

"EXPANSION JOINTS & FLEXIBLE PIPING _ 29
EXPANSION JOINTS ) 291

Figures 2.63 thru 2.66 show methods of sccommodating movement in piping
dup o teinperative ehanges, it such movement cannot be taken up by:

123)

" {3) Calculated placement of anchors. {4) Cold springing—see 6.1. Bellows-type

(1) Re-routing or re-spacing the line. (2} Expansion loops—see figure 6.1. 9 7 1'
l2‘| 9.1

expansion joints of the type shown in figure 2.63 are also used to absorb
vibration.

SIMPLE BELLOWS FIGURE 2.63

 [smil

=

g

ARTICULATED BELLOWS FIGURE 2.64

O

, WS ' _ [Fltsuﬁes '
ARTICULATED TWIN-BELLOWS ASSEMBLY FIGURE 2.65 2.59-2.65 l

L
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SLIDING-SLEEVE-AND-ANCHOR SUPPORT FIGURE 2.66

SLIDING SLEEVE
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77////V//////////////////// 7 7777777777

FLEXIBLE PIPING 2.9.2

For filling and emptying railcars, tankers, etc., thru rigid pipe, it is necessary
1o design articulated piping, using ‘swiveling’ joints, or ‘ball’ joints (the latter
is @ ‘universal’ joint). Flexible hosa has many uses especially where there is
a need for temporary connections, or where vibration or movement occurs,
Chemical-resistant and/or armored hoses are available in regular or jacketed
forms (ses figure 6.39).

SEPARATORS, STRAINERS, SCREENS & DRIPLEGS .2.10

COLLECTING UNWANTED MATERIAL FROM THE FLOW 2.10.1

Devices are included in process and service lines to separate and collect un-
desirable solid or liquid material. Pipe scale, loose weld metal, unreacted or
decomposed process material, precipitates, lubricants, oils, or water may harm
either equipment or the process.

Common forms of line-installed separator are illustrated in figures 2.67 and

2.68. Other more elaborate separators mentioned in 3.3.3 are available, but

these fall more into the category of pracess equipment, normally selected by
the process engineer.

Air and some other gases in liquid-bearing lines are normally self-collecting at
piping high points and at the temote ends of headers, and are vented by dis-
charge valves — see 3.1.9.

SEPARATORS 2.10.2
These permanent devices are used to collect droplets from a gaseous stream,
for example, to collect oil droplets from compressed air, or condensate drop-
lets from wet steam. Figure 2.67 shows a separator in which droplets in the
stream collect in chevroned grooves in the barrier and drain to the small well.
Collected liquid is discharged via a trap—see 3.1.9 and 6.10.7.

124}

STRAINERS 2.103

Inserted in lines immediately upstream of sensitive equipment, strainers
collect solid particles in the approximate size range 0.02—0.5 inch, which can
bs separated by passing the fluid bearing them thru the strainer's screen.
Typical locations for strainers are before a controf valve, pump, turbine, o

. traps on steam systems, 20-mesh strainers are used for steam, water, and heavy

or medium oils, 40-mash is suitable for steam, air, ather gasas, and light ails.

The commanest strainer is the illustrated wye type where the scroen is cylin-
dric and retains the particles within. This type of strainer Is easily dismant-
led. Some strainers can be fitted with a valva to facilitate blowing out collect-
ed material without shutting the line down-—ses figure-6.9, for example.
Jacketed strainers are available.

SEPARATOR FIGURE 2.67
WET STEAM = DRIERSTEAM
N
\
N
N
\
,
\
REMOVED WATER
PIPED TO TRAP
STRAINER FIGURE 2.68




SCREENS 2,104
Simple temporary strainers made from perforated sheet metal and/or wire
mesh are usad for startup operations on the suction side of pumps and comp-
pressors, especially where thera is a long run of piping before the unit that
may contain weld spatter or material inadvertently left in the pipe. After
startup, the screen usually is removed.

1t may be necessary to arrange for a small removable spool to accommodate
the screan. It is important that the flow in suction lines should not be
restricted.  Cone-shaped screens ore “therefor preferred, with cylindric
- types as second choice. Flat screens are better reserved for low-suction heads

SCREEN BETWEEN FLANGES FIGURE 2.69

USUAL DIRECTION
OF FLOW THRU

THE SCREEN
DRIPLEG CONSTRUCTION FIGURE 2.70
CILIITIIVINIIIIIIIIIIIN
7772227 Y7722 222
A,
t _— TRAPPIPING
2 CONNECTION
& BLOWDOWN
/ CONNECTION
DRIPLEGS 2.108

Often made from pipe ond fittings, the dripleg is an inexpensive means of
collesting undeasate, Figure 2,70 shows a dripleg fitted to a horizantal pipe.
Renovid uf eandensate Troim stéam lines is discussed in 6.10. Recommended
stres for dripleys ofe given in table 8.10,

t2s)

REINFORCEMENTS 2.1

BRANCH CONNECTIONS

‘Reinforcement’ is the addition of extra metal at a branch connection mads
from a pipe or vessel wall.The added metal compensates for the structural
weakening due to the hole.

Stub-ins may be reinforced with regular or wraparound saddles, as shown
in figure 2.71. Rings made from platestock are used to reinforce branches
made with welded laterals and butt-welded connections to vessels. Small
welded connections may be reinforced by adding extra weld metal to the
joint. *

Reinforcing pieces are usually provided with a small hole to vent gases
produced by welding; these gases would otherwise be trapped. A vent hole
also serves to indicate any leakage from the joint.

STRAIGHT PIPE

It a butt weld joining two sections of straight pipe is subject to unusual
external stress, it may be reinforced by the addition of a ‘sleeve’ (formed
from two units, each resembling the lower member in figure 2.71 (b)).

The code applicable to the piping should be consulted for reinforcement
requirements. Backing rings are not considered to be reinforcements—see the
footnote to chart 2.1. '

REINFORCING SADDLES FIGURE 2.7

{a) REGULAR SADDLE

(COURTESY MIDWEST FITTING DIVISION, CRANE €O.)

VENT HOLE
{In saddle oniy)

* (b) WRAPAROUND SADDLE

1] VENT HOLES
(In saddie onty}
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HARDWARE FOR SUPPORTING PIPING 212

Symbols for drafting various types of suppart are shawn in chart 6.7. For
designing suppart systems, see 6.2,

PIPE SUPPORTS 2.12.1
Pipe supports should be as simple as conditions allow. Stock items are used
where practicable, especially for piping held from above. To support piping
from below, supports are usually made to suit from platestock, pipe, and
pieces of structural steel,

A selection of available hardware for supporting is illustrated in figures 2.72A -

and B.

TERMS FOR SUPPORTS 2.12.2
SUPPORT The weight of piping is usually carried on supports made from
structural steel, or steel and concrete. (The term ‘support’ is also used in
reference to hangers.)

HANGER Device which suspends piping (usually a single line) from strue-
tural steel, concrete or wood. Hangers are usually adjustable for height.

ANCHOR A rigid support which prevents transmission of movement (thermal,
vibratary, etc.) along piping. Construction may be from steel plate, brackets,
flanges, rods, etc. Attachment of an anchor to pipe should preferably encircle
the pipe and be welded all around as this gives a better distribution of stress
in the pipe wall.

TIE An arrangement of one or more rods, bars, etc., to restrain movement
of piping.

DUMMY LEG An extension piece (of pipe or rolled steel section} welded
10 an elbow in order to support the ling—see figure 2.72A and table 6.3.

The following hardware is used where mechanical and/or thermal movement
is a problem:

GUIDE A means of allowing a pipe to move along its length, but not
sideways.

SHOE A metal piece attached to the underside of a pipe which rests on sup-
porting steel. Primarily used to reduce wear from sliding for lines subject to
movement. Permits insulation to be applied to pipe.

SADDLE A welded attachment for pipe requiring insulation, and subject
10 longitudinal or rolling movement (resulting from temperature changes
other than climatic). Saddles may bs used with guides as shown in 6.2.8.

)
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SLIDE PLATE A slide plate support is illustrated in figuiq 2.72A. Figuia
2.728 shows applications of ‘Ucar’ graphite slide plates wtm:h are olfered hy
Unian Carbide Inc. The two plates used in a suppori are mads from o
faced with a material of low friction able to withstand mechanical stfess
and temperature changes. Plates are often made fram graphite blacks. Stee|
plates with a teflon fecing are available and may be welded to steal,

Spring hangers or supports allow varlations in the langth of pipe dus ta
changes in temperature, and are often used for vertical lines. Rufes 10 6.2.6
figure 6.16. There are two types of spring hanger or support;

‘CONSTANT LOAD’ HANGER This device consists of a coil spring and
lever mechanism in a housing. Movement of the piping, within limits, will
not change the spring force holding up the piping; thus, no additional forces
will ba introduced to ths piping system.

‘VARIABLE SPRING’ HANGER, and SUPPORY Thess devices consist of a
coil spring in a housing. The weight of the piping rests on ths spring in com-
pression. The spring permits a limited amount of thermal mavement. A
variable spring hanger holding up a vertical line will reduce its lifting force as
the line expands toward it. A variabla spring support would increase its lift-
ing force as the line expands toward it. Both place aload on the piping system.
Where this is undesirable, a constant-load hanger can be used instead.

———tC——e

HYDRAULIC DAMPENER, SHOCK, SNUBBER,. or SWAY SUPPRESSOR

. One end of thae unit is attached to piping and the other to structural steet ur

concrete. The unit expands or contracts to absorb slow movement of piping,
but is rigid to rapid movement.

SWAY BRACE, or SWAY ARRESTOR, is essentially a helical spsing in 8
housing which is fitted between piping and a rigid structure. Its function
is to buffer vibration and sway.

WELDING TO PIPE 2123

If the applicable cods permits, iugs may be welded to pipe. Figure 2.72A
illustrates soms common arrangements using welded lugs, rolled steel sections
and pipe, for:—

m
(2)

Fixing hangers to structural steel, etc.
Attaching to pipe
Supporting pipe

Welding supports to prelined pipe will usually spail the lining, and therefor
lugs, etc., must be welded to pips and fittings befare the lining is applied.
Welding of supports and lugs to pipes and vessels to be stress-relieved should
be done before heat treatment.



VALVES,

PUMPS, COMPRESSORS,
& PROCESS EQUIPMENT

VALVES 3.1
FUNCTIONS OF VALVES 3.1.1
Tablg 3.1 gives a basis for classifying valves according to functim-i:

USES OF VALVES TABLE 3.1

VALVE ACTION ' EXPLANATION SEE SECTION:
STOPPING OR

ON/OFF STARTING FLOW 3.1.4and3.1.6
VARYING THE =

REGULATING | oo e oW 3.1.5,3.1.6 and 3.1.10
PERMITTING FLOW

CHECKING IN ONE DIRECTION 3.1.7
ONLY
SWITCHING FLOW

SWITCHING ALONG DIFFERENT 318
ROUTES
DISCHARGING FLUID

DISCHARGING | oo v sTEm 319

Types of valve suitable for on/off and regulating functions arg fisted in
chart 3.2, The suitability of a valve for 8 required purpose depands on its
construction, discussed in 3.1.3.

PARTS OF VALVES 3.1.2
Valve manulacturens’ catalogs offer a seemingly endless varlety of construc-

tions. Classilication is possible, however, by considering the basic parts that
thake up o valve:

t29)

(N The ’dis;:' and 'seat’ thet directly affect the flow

{2) The ‘stem’ that moves the disc — in some valves, fluid under pressure
does the work of a stem

(3) The ‘body’ and ‘bonnet’ that house the stem

(4) The “operator’ that moves the stem (or pressurizes fiuid for squeeze

valves, etc.)

Figures 3.1 thru 3.3 show thres common types-of valve with their parts
labeled.

DISC, SEAT, & PORT

Chart 3.1 illustrates various types of disc and port arrangements, and mech-
anisms used for stopping or regulating flow. The moving part directly atfect-
ing the flow is tesmed the ‘disc’ regardless of its shape, and the non-moving
part it bears on is termed the ‘seat’. The ‘port’ is the maximum internal open-
ing for flow (that is, when the valve is fully open), Discs may be actuated by
the conveyed fluid or be moved by a stem having a linear, rotary or helical
movement. The stem can be moved manually or be driven hydraulically,
pneumatically or electrically, under remote or automatic control, or mech-
anically by weighted lever, spring, etc.

The size of a valve is determined by the size of its ends which connect to the
pipe, etc. The port size may be smaller.

STEM

There are two categories of screwed stem: The rising stem shown in figures
3.1 end 3.2, and the non-rising stem shown in figure 3.3.

Rising stem (gate and globe) valves are made sither with ‘inside screw’ (1S)
or ‘outside screw’ (0S). The OS type has a yoke on the bonnet and the
assembly is referred to as "outside screw and yoke’, abbreviated to ‘0S&Y".
The handwheel can either fise with the stem, or the stem can riss thru the
handwheel.
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Non-rising stem valves are of the gate type. The handwhes! and stam are in
the same position whether the valve is open or closed. The screw is inside
the bonnst and in contact with the conveyed fluid.

A ‘tloor stand’ is a stem extansion for use with both types of stem, where it
is necessary to operate 8 valve thru a floor or platform, Alternately, rods
fitted with universal joints may be used to bring 8 valve handwheel within
an operator’s reach.

Dopending on the size of the required valve_and availabilities, selection of
stem type can be based on:

{1) Whether it is undesirable for the conveyed fluid to be in contact with
the threaded bearing surfaces

(2) Whether an exposed screw is lisble to be damaged by abrasive atmo-
spheric dust »

(3)  Whether it is necessary to see if the valve is open or closed

In addition to the preceding types of stem used with gate and globe valves,
most other valves have a simple rotary stem. Rotary-ball, plug and butterfly
valves have 8 rotary stem which is moved by e permanent lever, or tool applied
to a square boss at the end of the stem,

FIGURE 3.1 FIGURE 3.2
(COURTESY JENKING BROS-VALVE MANUPACTURERS)

GATE VALVE (OSAY, boltsd bonnet, rising stem)

GLOBE VALVE {0S&Y, bolted bonnet, rising stem}

BONNET

There are three basic types of attachment for valve bonnets: screwed

{including union), bolted, and breechlock.

A strewad bonnet may occasionally stick and turn when a valve is opened.
Although sticking is less of a problem with the union type bonnet, valves
with screwed bonnets are best reserved for°services presenting no hazard to
personnel. Union bonnets are more suitable for small valves requiring fre-
quent dismantling than the simple screwed type.

The botted bonnet has largely displaced screwed and union bonnet valves in
hydrocarbon applications. A U-bolt or clamp-type bonnet is offered on some
small gate valves.for moderate pressures, to facilitate frequent cleaning and
inspection.

The ‘pressure sea!’ is a variation of the bolted bonnet used for high-pressure

‘'valves, usually combined with OS&Y construction. It makes use of line pres-

sure to tighten and seal an internal metal ring or gasket against the body.

The breechlock is a heavier infrequently-used and more expensive construc-
tion, also for high-pressure use, and involves seal-welding of the bonnet with
the body.

FIGURE 3.3

GATE VALVE (1S, bolted bonnet, non-rising stem)
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A critical factor for valves used for process chemicals is the lubrication of the
stem. Care has to be taken in the selection of packing, gland design, and
chaice and application of lubricant. As an option the bonnet may include a
‘lantern ring’ which serves two purposes — either to act as a callection point

to drain off any hazardous seepages, or as a point where lubricant can bg

injected.

LANTERN RING
LANTERN RING

(CouATESY WM. POWELL CO.)

Vs

Selection of material to fabricate the interior of the valve body is important
with a valve used for process chemicals. There is often a choice with regard
to the body and trim, and some valves may be obtained with the entire
interior of the body lined with corrosion-resistant material.

8ODY

Valves are connected to pipe, fittings or vessels by their body ends, which may
be flanged, screwed, butt- or socket-welding, or finished for hose, Victaulic
coupling, etc. Jacketed valves are also available—see 6.8.2.

SEAL

In most stem-operated valves, whether the stem has rotary or lineal move-
ment, packing or seals are used between stem and bonnet (or body). If high
vacuum or corrosive, flammable or toxic fluid is to be handled, the disc or
stem may be sealed by a metal bellows, or by a flexible diaphragm {the latter
is termed ‘packiess’ construction). A gasket is used as a seal between a bolted
bonnet and valve body.

BELLOWS-SEAL VALVE

{COURTESY HENRY VOGT MACHINE CO.1

‘PACKLESS’ VALVE

. (COURTESY CRANE COMPANY)

1321

Flanged valves use gaskets ta sal against the line flanges. Butterfly valvas wmay
extend the (esilient seat to also serve as line gaskats. '(ha prossy(p-sa| puum
|0|n; utilizes the pressure of the convayed {luids pgl,nulep, the seaf -
‘Pressura seal’ under ‘Bannet’, this section.

MANUAL OPERATORS

HANDLEVER is used to actuate the stems of small buttesfly and rotary-ball
valves, and small cocks. Wrench operallon is usad far cocks and small plug
valves.

HANDLEVERS ON SMALL VALVES

ICOURTESY WM. POWELL €O.}

WRENCH USED
AS OPERATOR

COCK ON COCK

WRENCH

HANDWHEEL is the most common means for rotating the stem on the
malority of popular smaller valves such as the gate, globs and disphragm
types. Additional operating terque for gate and globs valves is offered by
‘hammerblow’ or ‘impact’ handwheels which may ba substituted for normal
handwheels if easier operation is needed but where gearing is unnecessary.

HAMMER-BLOW HANDWHEEL

ICOURTASY wi. POWELL CO.}

HAMMER ACTION IS PROVIDED
8Y TWO LUGS CAST ON UNDER-
SIDE OF HANDWHEEL, WHICH HIT
ANVIL PROJECTING BETWEEN

CHAIN operator is used where a handwheel would be out of icach. The siem
is fitted with a chainwheel or wrench (for lever-operated valves) and the loop
of the chain is brought within 3 ft of working flaor level. Universal-type
chainwheels which attach to the regular handwheel have been blumed for
accidents: in corrasive atmospheres whera an infrequently-operated valve has
stuck, the attaching bolts have been known to fail. This problem dous not
arise with the chainwhee! that replaces the regular valve handwheel.

GEAR operator is used to reduce the operating torque. For manual operation,
consists of a handwheel-operated gear train actuating the valve stem. As a
guide, gear operators should be considered for valves of the tollowing sizes
and ratings: 125, 150, and 300 PSI, 14-inch and lasger; 400 and 600 PSI,
8-inch and larger; 900 and 1500 PSI, 6-inch and larger; 2500 PS1, d-inch
and larger.



BPUR-GEAR OPERATOR BEVEL-GEAR OPERATOR

POWERED OPERATORS

Electric, pneumatic or hydraulic operation is used: (1) Where a valve is
remots from the main working area. (2) If the required frequency of opera-
tion would need unreasonable human effort. (3) if rapid opening and/or
closing of a valve is required.

ELECTRIC MOTOR Tha vaive stem is moved by the electric motor, thru
teducing gears.

SOLENOID may ba used with fast-ecting check valves, and with on/off valves
in tight-duty instrumentation applications. -

ELECTRIC MOTOR OPERATOR PNEUMATIC OPERATOR

OUNTRSY POWELL VAL VE COMPANTY)

PNEUMATIC & HYDRAULIC OPERATORS may be used where flammable
vapor is fikely to be present. They take the following forms: (1) Cylinder
with doubla-scting piston driven by air, water, oil, or other liquid which
usually sctuates the stem directly. (2) Air motor which actuates the stem thru

(33}

gearing—these motors are commonly piston-and-cylinder radial types. (3) A
double-acting vane with limited rotary movement in a sector casing, actuating
the stem directly. {4) Squeeze type (refer to ‘Squeeze valve'}.

QUICK-ACTING OPERATOES FOR NON-ROTARY VALVES
{Manualiy-operated vaives)

Quick-acting operators are used with gate and globe valves. Two stem
movements are employed:—

(1) Rotating stem, rotated by a lever .

{2) Sliding stem, in which the stem is raised and lowered by lever

QUICK-ACTING LEVERS ON VALVES

1) Rotating stem on 9Ic‘:he vaive {2) Sliding stem on gate valve

(COURTESY JSENKINS BROS-VALVE MANUFACTURERS]

(COURTESY LUNKENHEIMER COMPANY)

Steam and air whistles are examples of the use of sliding-stem quick-acting
operators with globe valves,

SELECTING ON/OFF & REGULATING VALVES 3.1.3
The suitability of a valve for a particular service is decided by its materials of
construction in relation to the conveyed fluid as well as its mechanical design.
Referring to the descriptions in 3.1.2, the steps in selection sre to choose:
(1) Material(s) of construction. (2) The disc type. (3) Stem type. (4} Means
of operating the stem — the ‘operator’. (5) Bonnet type. {(6) Body ends —
welding, flanged, etc. (7) Delivery time. {8) Price. (9) Warranty of perform-
ance for severe conditions. '

Chart 3.2 is a guide to valve selection, and indicates valves which may be

chosen for a given service. The chart should be read from left to right. First, -

ascertain whether a fiquid, gas or powder is to be handled by the valve. Next,
consider the nature of the fluid—whether it is foodstuffs or drugs to be
handled hygienically, chemicals that are corrosive, or whether the fluid is
substantially neutral or non-corrosive.

Next consider the function of the valve — simple open-or-closed operation
{"on/off’), or regulating for control or for dosing. These factors decided, the
chart will then indicate types of valves which should perform satisfactorily in
the required service.

If the publication is available, reference should also be made to the Crane
Company's 1966 printing of "Choosing the right valve’. :




KEY TO VALVE SELECTION GUIDE

VALVE SELECTION GUIDE ) GHART 3.2

%ﬁ?}

CONVEYED | WATURE OF FLUID VALVE TYPE OF SPECIAL FEATURES CHART 3.3
FLUID Sou Mats () in Koy FUNCTION 01 {_) desetm Limitstion. () donstas ﬂ!ﬂlt -
RoTARY aaLL | NONE '
oNOFF Pl HONE - (1)} Determine type of conveyed fluid—tiquid, gu slurry, or
IAPHAAGM For oll: No natural rubber) pow er
NEUTRAL BUTTEAFLY NONE
WATER PLUGGATE | NONE (2) Determine nature of fluid:
oIL, Eic) gllgggnm NoNE ) ° Substantially neutral-not naticeally aid o alkating,
REGULATING | PLUG GATE | NONE . such as various oils, drinking water, nitiogen, gas, air,etc.
o natural rubber|
NEEOLE NONE, [Small flows onty) e  Corrosive—markedly acid, alkaline, o atherwisa cheni-
SMIE o | Amconnosive: iosaviiuion ws cally reactive
L
owore | FOTARY Bhu [ ANTLEORROSIVE: hi"&?é. aitoed ] H'\‘/gnenk(:j ~materials for the food, drug, cosmetic or
* ALyl
CORROSIVE DIAPHRAGM | ANTI-CORROSIVE® {Lined) other industries
IALKALINE BUTTERFLY | ANTI.CORROSIVE" (Lined) ] Slurry—suspension of solid particles in a liquid can have
ACID, Etc) siose [ Auncona-ossvi omnagn o euown seu] - an abrasive effect an valves, etc. Non-abrasive shiriics
REGULATING | BUTrEmrer | AN ConROaIvE L such as wood-pulp slurries can choke valve mechanisms
_]ruc Gate | anvicomrosives.iosa) (3) Determine operation:
| |U BUTTERFLY SPECIAL DISCI, WHITE SEAT ¢ ’ .
l‘ 0“ HYGIENIC ON/OFF DIAPHRAGM | SANITARY LINING, WHITE DIAPHRAGM t L On/off’—fully open ar fully closed
(BEVERAGES, BUTTERFLY | SECIAL piscr, whE SEATY . e  Regulating—including close regulation (throullm)
ORUGS) REGULATING | Sicerto™ | SATTARY  LINING, WHITE DIAPHRAGM {4) Look into other factors affecting cholce:
Pinew WHITE FLEXISLE TUBE! e  Pressure and temperature of canvayed fluld
ROTARY BALL 1 ABRASION-RESISTANT LINING H -
surienrly | ASMASGNAEEET, SIs Rebuewy sear S tomed of operating stgm-copukder losim Hie
onorF | pLug LUBRICATED, (Lined) o ﬁoszab'll
. vailability
SQUEEZE CENTRAL SEAT
SLURRY s
BUTTER ABRASION-RESIST. DISC, RESILIENT GEAT e Special installation problema—such as welding valves o
DinFHRAGM | LD \ lines. Welding heat will sometimes distort the body
ReGuLATING | BOLEr2E NOnE and affect the sealing of smali valves. ¢
GATE SINGLE SEAT, NOTCHED DISC '
FIBROUS ON/OFF & glAA'PEMRAGM :'g,&“ SEAT, KNIFE-EDGED DISC, “°'°,§‘,§2 * This pl‘?bltm is discussed In the Willlam Powall Company's
SUSPENSIONS REGULATING | SQUEEZE NONE vaive 69, 20, pages EDB3 and EDSA.
PINCH NONE
GATE NONE
GLOBE {Compasition Dlixc),{Plug Type Dix)
ON/OFF ROTARY BALL | NONE
PLUG NONE, {Unsuitshis lor steam service)
NEUTRAL DIAPHRAGM NONE, [Unsultable tor steam service
fAIR, STEAM, Etc) GLOBE NONE
NEEDLE NONE, |Small fiows only)
REGULATING |BUTTERFLY [ NONE
DIAPHRAGM NONE, (Unsuitsble for steam servics)
GATE SINGLE SEATY
G AS ' . BUTTERFLY | ANTI-CORROS! we-
ROYARY BALL | ANTI-CORROS!
ON/OFF DIAPHRAGM | ANTI.CORR
CORROSIVE PLUG ANTI-CORROS
(ACID VAFORS,
caiopi, ) BEELY | MO e
REGULATING | NEEDLE ANTI.CORROSIVE®, [Smatl flows onty)
DIAPHRAGM ANTI-CORROSIVE®
Glose DIAPHRAGM o BELLOWS SEAL
L
VACUUM ON/OFF ROTARY BALL | NONE u
BUTTERFLY RESILIENT SEAT
ABRASIVE PINCH NONE
POWDER ON/OFF & SQUEEZE {CENTRAL SEAT)
{SILICA, Ecc) REGULATING | ShiAAL SOCK | NONE
Sﬂllﬂ LUBRICATING PINCH NONE
POWDER ON/OFF & GATE SINGLE SEAT
(GAAPHITE, REGULATING | soueeze {CENTRAL SEAT)
TALC, Etc) SPIRAL SOCK | NONE *

* Suluability of mawrists of construction with respect lommllvﬂwolmmdhlunﬂumkkwmd
ratarence is the current edition of the Chemical Enginesr’s Handbook [B).

t The disc should be smooth, without bolts and recesses, In ¢ sanitary materis) such es sisintess sted, or fully costed with ‘white’ piastic _
of rubber material. ‘Whits" means thsi the materla) does not contain 8 filter which Is toxic or can discolor the product.
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VALVES MAINLY FOR ON/OFF SERVICE: 3.14

In industrial piping, on/off control of flow is most commonly etfected with
gate valves. Most types of gate valve are unsuitable for regulating: erosion
of the seat and disc occurs in the throttling position due to vibration of the
disc (“chattering”). With some fluids, it may be desirable to use globe valves

for on/of service, as they offer tighter closure. However, as the principal
function of globe vaives is regulation, they are described in 3.1.5.

—o—-

SOLID WEDGE GATE VALVE has either a solid or flexible wedge disc. In
sddition to onfofl service, these valves can be used for regulating, usually
in sizes 6-inch and larger, but will chatter unless disc is fully guided through-
out travel. Suitable for most fluids including steam, water, oil, air and gas.
The flexible wedge was developed to overcome sticking on cooling in high-
temperature service, and to minimize operating torque. The flexible wedge
is ot illustrated—it can ba likened to two wheels set on a very short axle.

SOLID WEDGE GATE VALVE

COURTESY WM. POWELL CO.}

DOUBLE-DISC PARALLELSEATS GATE VALVE has two parallel discs
which are foiced, on closure, against parallel seats by 8 “spreader’. Used for
liquids and gases at normal temperatures. Unsuitable for regulation. To
prevent jamming, installation Is usually vertical with handwhee! up.

DOUBLE-DISC (SPLIT-WEDGE)WEDGE GATE VALVE Discs wedge against
inclined seats without use of a spreader. Remarks for double-disc parallel
seats gate valva apply, but smalter valves are made for steam service. Often,
construction allows the discs to rotate, distributing wear. '

SINGLE-DISE SINGLESEAT GATE VALVE, or SLIDE VALVE, [s used
bt handiiviy Baver pulp sluiry and other fibrous suspensions, and for low-
pressure gasts. Will ot lunction properly with inflow on the seat side.
Suitable tot tegutativiy How iF tight closure is not required.

t3s)

SINGLE-DISC PARALLEL-SEATS GATE VALVE Unlike the single-seat
slide valve, this valve affords closure with flow in either direction. Stresses
on stem and bonnet are lower than with wedge-gate valves. Primarily used
for liquid hydrocarbons and gases.

SINGLE-DISC PARALLEL-
SEATS GATE VALVE

PLUG GATE VALVE

{COURTESY LRANE COMPANY)

({COURTEIY HENRY VOOT MACHINE CO.)

PLUG GATE VALVE This valve has a round tapered disc which moves up
and down. Suitabie for throttling and full-flow use, but only available in
the smaller sizes.

PLUG VALVE Mechanism is shown in chart 3.1, but the disc may be cylind-
ric as well as tapered. Advantages ars compactness, and rotary 90-degree stem
movement. The tapered plug tends to jam and requires a high operating
torque: this is overcoma to some extent by the use of a low-friction {teflon,
etc.) seat, or by lubrication {with the drawback that the conveyed fluid is
contaminated). The friction problem is also met by mechanisms raising the
disc from the seat before rotating it, or by using the ‘eccentric’ design
(sea rotary-ball valve). Principal uses are for water, oils, slurries, and gases.

LINE-BLIND VALVE This is a positive shutoff device which basically consists
of a flanged assembly sandwiching a spectacle-plate or blind. This valve is
described and compared with other closures in 2.7.1.

VALVES MAINLY FOR REGULATING SERVICE 3.15

GLOBE VALVE, STRAIGHT & ANGLE TYPE These are the valves most
used for regulating. For line sizes ovar 6-inch, choice of a valve for flow con-
trol tends to go to suitable gate or butterfly valves. For more satisfactory
service, the direction of flow thru valve recommended by manufacturers is
from stem to seat, to assist closure and to prevent the disc chattering against
the seat in the throttiing position. Flow should be from seat to stemsida
(1) if there is @ hazard presented by the disc detaching from the stem thus
closing the valve, or (2) if a compasition disc is used, as this direction of flow
then gives less wear.

3l
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ANGLE VALVE This is a globe valve with body ends at right angles, saving
the use of a 80-degree elbow. However, the angles of piping are often subject
to higher stresses than straight runs, which must be considered with this
type of valve. '

GLOBE VALVES

{COURTESY HENRY YOGT MACHINE CO.}

REGULAR-DISC GLOBE VALVE Unsuitable for closa regulation as disc
and seat hava narrow (almost line) contact.

PLUG-TYPE DISC GLOBE VALVE Usad for severe regulating service with
gritty liquids, such as boiler feedwater, and for blow-off service. Less subject
to wear under close regulation than the regular-seated valve.

WYE-BODY GLOBE VALVE has in-line ports and stem emerging at about
45 degrees; hence the ‘Y". . Preferred for erosive fluids due to smoother flow
. pattern. .

WYE-BODY GLOBE VALVE {1 porating position disc)

{COURTESY JENXINS SROS- VALVE MANUFACTUREAS)

COMPOSITION-DISC GLOBE VALVE Suitable for coarse regulation and
tight shutoff. Replaceable composition-disc construction is similar to that of
a faucet. Grit will imbed in the soft disc preventing seat damage and ensuring
good closure. Close regutating will rapidly damage the seat.

DOUBLE-DISC GLOBE VALVE features two discs bearing on separate seats
spaced apart on a singla shaft, which frees the operator from stresses set up by
the conveyed fluid pressing into the valve. Principle is used on control valves
and pressure regulators for steam and other gases. Tight shutoff is not
ensured.
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NEEDLE VALVE is a small valve used for flow cantial and tag dusing
liquids and gases. Resistance to flow is precisely cantiolled by a wmivut{;
larqe seat area and the adjustment affarded by fine thieading of the stew,

NEEDLE VALVE

L

SQUEEZE VALVE is wellsuited to regulating the flow of difficult liquids,
slurries and powders. Maximum closure is about 80%, whicls limits the range
of regulation, unless the variation of this type of valve with a ceiral
core (seat) is used, offering full closure.

PINCH VALVE Also suited to regulating flow of difficult liquids, sl und
powders. Complete closure is possible but tends to rapidly wear the flexible
tube, unless of special design.

VALVES FOR BOTH REGULATING & ON/OFF SERVICE .16

ROTARY-BALL VALVE Advantages are low operating torque, availability
in large sizes, compactness, rotary 90-degree stem movement, and ‘in-ling’
replaceability of all wearing parts in some designs. Possible disadvantages are
that fiuid is trapped within the body (and within the disc on closuie), and
that compensation for wear is effected only by resilient material behind the
seats: the fatter problem is avoided in the single-seat ‘eccentric’ version, which
has the ball slightly offset so that it presses into the seal, on closuis.
Principal uses are for water, oils, slurries, gases and vacuum. Vaiva is available
with a ball having a shaped port for regulation. .
ROTARY-BALL VALVE

(COURTESY LUKKENNIIMER COMPANY)




BUTTERFLY VALVE olfers the advantages of rotary stem movement (90
degrees or less), compactness, and absence of pocketing. 1t is available in

all sizes, and can be produced in chemical-resistant and hygienic forms.
The valves are used for gases, liquids, slurries, powders and vacuum. The -

usual resilient plastic seat has a temperature limitation, but tight closure at
high temperatures is available with a version having a metal ring seal around
the disc. If the valve is flanged, it may be held between flanges of any type.
Slip-on and screwed flanges do not form a proper seal with some water
forms of the valve, in which the resilient seat is extended to serve also as
line gaskets. :

BUTTERFLY VALVE
(Wafer type)

(COURTEDY LUNKENHEIMER COMPANY)

VALVES FOR CHECKING BACKFLOW 317

Al valves in this category are designed to permit flow of liquid or gas in one
disection and closa if How reverses.

SWING CHECK VALVE The regular swing check valve is not suitable if there
is frequent flow reversal es pounding and wearing of disc occurs. For gritty
liquids 8 composition disc is advisable to reduce damage to the seat. May be
mounted vertically with flow upward, or horizontally. Vertically-mounted
valve has a tendency to remain open if the stream velocity changes slowly.
An optional lever and outside weight may be offered either to assist closing
ot to counterbalance the disc in part, and allow opening by low-pressure fluid.

SWING CHECK VALVES

{COURTESY MNKING BROS - VALVE MANUFACTURENS)

Outside Lever & Welght
for swing check valve

ICOURTESY WALWORTH CO}

TILTING-DISC VALVE Suitable where frequent flow reversal occurs. Valve
closes rapidly wilh better closuré and less slamming than the swing check
valva, which it sumewhet tesembles. 1t has higher pressure drop with large

137}

flow velocities and lower-pressure drop with small velocities than a compar-
able swing-check valve. May be installed vertically with flow upward, or

horizontally. Disc movement can be controlled by an integral dashpot or

snubber.

LIFT-CHECK VALVE resembles the piston-check valve. The disc is guided,
but the dashpot feature is absent. Spring-loaded types can operate at any
orientation, but unsprung valves have to be arranged so that the disc will
close by gravity. Composition-disc valves are available for gritty liquids.

PISTON-CHECK VALVE Suitable where frequent change of direction of
flow oceurs as these valves are much less subject to pounding with pulsating
flow due to the intdyral dash-pot. Spring-loaded types can operate at any
orientation. Unsprung .valves have to be onemated for gravity closu:e Not
suitable for gritty liquids.

STOP CHECK VALVE

{COURTEZSY ROCHWELL MFG €O.)

PISTON-CHECK VALVE

couRTEsy mockweLs Mra ol = ﬁj l. I _l tﬁF

STOP-CHECK VALVE Principal example of use is in steam generation by
multiple boilers, where a valve Is inserted between each boiler and the main

steam header. Basically, acheck valve that optionally can be kept closed auto- -
“matically or manually.

BALL-CHECK VALVE is suitable for most services. The valve can handle
gases, vapors and liquids, including those forming gummy deposits. The ball
seats by gravity and/or back pressure, and is free to rotate, which distributes
wear and aids in keeping contacting surfaces clean.

WAFER CHECK VALVE elffects closure by two semicircular ‘doors’, both
hinged to a central post in a ring-shaped body which is installed between
flanges. Frequently used for non-fouling liquids, as it is compact and of
relatively low cost. A single disc type is also available. .

FOOT VALVE Typical use is to maintain a head of water on the suction
side of 8 sump pump. The valve is basically a lift-check valve with a strainer
integrated.

- P e



VALVES FOR SWITCHING FLOW 3.1.8

MULTIPORT VALVE Used largely on hydraulic and pneumatic contral cir-
cuits and sometimes used directly in process piping, these valves have rotary-
ball or plug-type discs with one or more ports arranged to switch flow.

DIVERTING VALVE Two types of “diverting’ valve are made. Both switch
flow from a line into one of two outlets. One type is of wye pattern with a
hinged disc at the junction which closes one of the two outlets, and is used
to handle powders and other solids. The second type handles liquid only, and
has no moving parts—flow is switched by two pneumatic control lines. It is
available in sizes to 6-inch [9].

VALVES FOR DISCHARGING 3.1.9

These valves allow remaval of fluid from within a piping system either to
atmosphere, to a drain, or to another piping system ‘or vessel at a lower
pressure.-Operation is often automatic. Relief and safety valves, steam traps,
and rupture discs are included in this section. Pressure-relieving valves are
usually spring loaded, as those worked by lever and weight can be easily
rendered ‘inoperative by personnel. The first three valves are operated by
system pressure, and are usually mounted directly onto the piping or vessel
to be protected, in a vertical, upright position. Refer to the governing code
for the application of these valves, including the need for an external lifting
devica (handlever, etc.).
P

SAFETY VALVE A rapid-opening (popping action) full-flow valve for aif
and other gases.

RELIEF VALVE Intended to relieve excess pressure in liqdids, in situations
where full-flow discharge is not required, when release of a small volume of
liquid would rapidly lower pressure. Mounting is shown in figure 6.4. -

RELIEF VALVE

{COURTESY CRANE COMPANY]

SAFETY VALVE

COURTESY CRANE COMPANY)

SAFETY-RELIEF VALVE Relieves excess pressure of either gas or liquid
which may suddenly develop a vapor phase due to rapid and uncontrolted
heating from chemical reaction in liquid-laden vessels. Refer to figure 6.4.

BALL FLOAT VALVE These automatic valves are used: (1) As air Laps
to remave water from air systems. (2) To remave it frymn Hyuld sysieing
and act as vacuum breakers or breather valves. (3) To contiul liyuid level
in tanks. They are not intended to remove condensata,

BALL FLOAT VALVE
{For first use above}

BLOWOFF VALVE
ICOURTESY CRANE COMPANY)

" FROM DRIPLEG

WATER
RELEASED

BLOWOFF VALVE A variety of globe valva conforming with boiler code
requirements and especially designed for boiler blowoff sorvice. Sometinies
suitable also for blowdown sarvice. Wye-pattern and argle types uften usad,
Used to remaove air and othes gases from baoilers, stc. Manually operated.

FLUSH-BOTTOM TANK VALVE Usually a globe type, dasigned 1o mini-
mize pocketing, primarily for conveniently discharging liquid from the low
point of a tank,

FLUSH-BOTTOM TANK VALVE {GLOBE TYPE)

(COURTESY Wi, POWELL €O.)

SECTIONAL VIEW

RUPTURE DISC A safety device designed to burst at a certain excess pressuie
and rapidly discharge gas or liquid from 8 system. Usually made in the form
of a replaceable metal disc hetd between flanges. Disc may also be of graphite
or, for lowast bursting pressures, plastic film.

SAMPLING VALVE A valve, usually of needle or globe pattein, placed ina
branch line for the puspose of drawing off samples of process material thru
the branch. Sampling from very high pressure lines is best done thru a double
valved collecting vessel. A cooling arrangement may be needed fur sampling
from high-temperature lines.



TRAP An automatic valve for: (1) Discharging condensate, air and gases
from steam lines without releasing steam. (2) Discharging water from air
lines without releasing air—see ‘Ball float valve’, this section.

INVERTED-BUCKET TRAP
{COUNTESY ARMITRONG MACHINE WORKS)

STEAM AND
CONDENSATE
#rRom oripLEG | |

PERIODIC DISCHARGE
OF CONDENSATE

CONTROL VALVES & PRESSURE REGULATORS 3110

CONTROL VALVES

Control valves automatically regulate pressure and/or flow rate, and are avail-
able for any pressure. f there are different system pressures in a plant up to
and including 300 PSIG, sometimes all contro! valves chosen will be rated at
300 PSI for interchangeability. However, if none of the system pressures
exceeds 150 PSIG, this is not necessary. Tha control valve is usually chosen
to be smaller than line size to avoid throttling and cansequent rapid wear
of the seat.

Globe-pattern valves are normally used for control, and their ends are usually
flanged for ease of maintenance. Tha disc is moved by a hydraulic, pneumatic,
glectrical, or mechanical operator.

Figure 3.4 shows schematically how & control valve can be used to control
tato of flow In @ line. Flow rate is related to the pressure drop across the
‘sensing element’ {an orifice plate in this instance—see 6.7.5). The ‘controller’
tecaives the pressure signals, compares them with the pressure drop for the
desired flow and, if the actua! flow is ditferent, adjusts the contro) vaiva to
increass or decreass the flow.

Comparsble arrarigements to figure 3.4 can be devised to control any
ol numetous provess vatisbles ~temperature, pressure, Iavel and flow rate
gte tha most common controlled variables.

Contra! valves may by self-operating, and not require the addition of a

controling, sensing elnment, ete. Pressure regulators are 8 common example

of this type of valve, and chart 3.1 shows the principles of operation of a
pressure regulator,

PRESSURE REGULATOR Control valve of globe type which edjusts

downstteam pressute of liquid or gas (including steam ot vapors) to a lower
dasited valug ["sot pressure’),

BACK-PHESSURE REGULATOR Control valve used to maintain upstream
Pressure [n o systemm,
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SCHEMATIC FOR A CONTROL VALVE ARRANGEMENT FIGURE 3.4

CONTROL AUTOMATIC

SIGNAL " CONTROLLER

{Refer to SIGNAL
chart 5.1)

N

OPERATOR

=k

CONTROL VALVE

SENSING ELEMENT
{Primary eiement)

UNCLASSIFIED VALVES & TERMS

With few exceptions, the following are not special valve types different from
those previously discussed, but are terms used to describe vaives by service
or function.

BARSTOCK VALVE Any valve having a body machined from solid metal
(barstock). Usually needle or globe type.

BIBB A small valve with turned-down end, like a faucet.
BLEED VALVE Small valve provided for drawing off fluid.

BLOCK VALVE An on/off valve, nearly always a gate valve, placed in lines at
battery limits.

BLOWDOWN VALVE Usually refers to a plugtype disc globe valve used
for removing sludge and sedimentary matter from the bottom of boiler
drums, vessels, driplegs, etc.

BREATHER VALVE A special self-acting valve mstalled on storage tanks,
etc., to release vapor or gas on slight increase of internal pressure {in the
region of % to 3 ounces per square inch).

BYPASS VALVE Any valve placed in a bypass arranged aruund another
valve or equipment—ses 6.1.3 under ‘If there is no P&ID...
6.6 thru 6.11.

DIAPHRAGM VALVE Examples of true diaphragm valves, where the dia-
phragm closes off the flow, are shown in chart 3.1. These forms of diaphragm
valve are popular for regulating the flow of slurries and corrosive fluids and for
vacuum, The term ‘diaphragm valve’ is also applied to valves which have a
diaphragm seal between stem and body, but these are better referred to as
‘diaphragm seal’ or ‘packless’ valves—see 3.1.2, under ‘Seal’.

DRAIN VALVE A valve used for the purpose of draining liquids from a line
or vessel, Selection of a drain valve, and the method of attechment, is
influenced by the undesirability of pocketing the material being drained—
this is important with slursies and liquids which are subject to: (1) Solidifi-
cation on cooling or polymerization, (2) Decomposition.

DRIP VALVE A drain vaive fitted to the bottom of a dripleg to permit
blowdown,
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FLAP VALVE A non-return valve having a hinged disc or rubber or
leather flap, used for low-pressure lines.

HEADER VALVE An isolating valve installed in a branch whare it iulm
a header.

HOSE VALVE A gate or globe valve having one of its ends extemally
threaded to one of the hose thread standards in use in the USA [12, p.62].
Thess valves are used for vehicular and firewater connections.

ISOLATING VALVE An on/off valve isolating a piece of equipment or a
pracess from piping.

KNIFE-EDGE VALVE A single-disc single-seat gate valve (sllde gate) with
a knife-edged disc.

MIXING VALVE regulates the proportions of two inflows to produce a
controlled outfiow.

NON-RETURN VALVE Any type of stop-check valve—see 3.1.7.
PAPER-STOCK VALVE A single-disc single-seat gate valve (slide gate) with

knife-edged or notched disc used to regulate flaw of paper slurry or other
fibrous slurry.

PRIMARY VALVE See ‘Root valve’, this section.

REGULATING VALVE Any valve used to adjust flow.

ROOT VALVE (1) A valve used to isolate a pressure element or instrument
from a line or vessel. (2) A valve placed at the hegmmng of a branch from
a header.

SAMPLING VALVE Small valve provided for drawing off fluid. See 3.1.9.
SHUTOFF VALVE An on/off valve placed in lines to or. from equipment,
for the purpose of stopping and starting flow.

SLURRY VALVE A knife-edge valve used to control flow of non-abrasive
slugries.

SPIRAL-SOCK VALVE A valve used to control flow of powders by means of
a twistable fabric tube or sock.

STOP VALVE An on/off valve, usually a globe valve.

THROTTLING VALVE Any valve used to closely regulate flow in the
just-open position.

VACUUM BREAKER A special self-acting valve, or any valve suitable for

vacuum service, operated manually or automatically, installed to admit gas -

(usually atmospheric air} into a vacuum or low-pressure space. Such valves
are installed on high points of piping or vessels to permit draining, and
sometimes to prevent siphoning.

UNLOADING VALVE See 3.2.2, under ‘Unloading’, and figure 6.23.

QUICK-ACTING VALVE Any on/off valve rapidly operable, either by man-
ual lever, spring, or by piston, solenoid or lever with heat-fusible link releasing
a weight which in falling operates the valve. Quick-acting valves are desirable
in lines conveying flammable liquids. Unsuitable for water or for liquid service
in general without a cushioning device {hydraulic accumulator, ‘pulsation pot’
or ‘standpipe’) to protect piping from shock. See 3.1.2, under ‘Quick-acting
operators for non-rotary valves'.

[40]
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PUMPS 329
REFERENCE

"Pumps & the chemical plant’. Thurlow C. 1965. Chemical Enginesring reprint
DRIVERS

Electric motors are the most frequently used drivers. Largar pumps may be
driven by steam-, gas-, or diesel-engines, or by turbines,

‘HEADS' (PRESSURES) {N PUMP PIPING FléURE a6

b

VESSEL, Etc. SUCTION HEADER, Eic. | 4

A

i~ v o

-

ORIVER §

CENTERLINE OF PUMP

NOTES

The total head, #, which must be provided by the pump in the arrangement shown, is: —

Hy ¢ Ueg ¢ he) + Pg-8)

Heads may be expressed either ali in sbsoluts units or all in gage units, but not in muxed units. The

various head terms in this are, with rat to the ilk ion: —

44 = total discharge head

A = total suction haad

= static head (differential} = 0~ §

Ay = friction head loss In discharge piping, inctuding exit boss {as byuid disharges into vessal, etc.}
and loss at increaser located at pump muel’

gy = fri head loss in piping, 1
etc.) and loss at reducer located at pump lnkl'

Py = pressure head above liquid tevel in discharge vessel or header

Py = pressure head sbove liguid levet in suction header oc vessal

NET POSITIVE SUCTION HEAD (NPSH)

"NPSH’ Is defined by:— S—by 4P~ Py, where

Pyep = vapor pressure of liquid st temperature of liquid st muction hudu etc. Vapor pressures
e given In absotute units

Homhg—b, =

loss (s tiquid enters tine om headks,

*Tabls F-10 gives entrance loss, exit loss, flow resistance of reducens and swages, o1c., expressed
in equivatent lengths of pipe.
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TYPES OF PUMP

A pump is a device for maving e fluid from ane place to anather thru pipes
or channels. Chart 3.3, a selection guide for pumps, puts various types of
pumnp used industrially into five categories, based on operating principle. In
common reference, the terms centrifugal, rotary, screw, and reciprocating
ara used. Chart 3.3 is not comprehensive; pumps utilizing other grinciples
sre in use,

About nine out of ten pumps used in industry are of centrifugal type.

———

The following information is given to enable an estimate to be made of
tequired total head, pump size, capacity and horsepower for planning pur-
poses. Data in the Guide permit estimating pressure drops and total head
for pumped water systems: further information for calculating systems
pumping other liquids may be found in the Chemical Engineer's Handbook
{81, the Engineering Manual (McGraw-Hill), and the Mechanical Enginger’s
Handbnok (McGraw-Hill).

PRESSURES, or ‘HEADS'

For pump calculations, pressure is often stated as a ‘head’ (height) of water
~0r of the liquid being pumped. Unless otherwise stated, pressures thus
expressed may be assumed given in feet of water. Atmospheric pressure at
sea level is equal to 14.7 PSIA, or 34 feet of water,

Figute 3.5 relates the total head supplied by 8 pump to various head losses
in the piping.
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VELOCITY HEAD

Usually the liquid being pumped is stationary before entering the suction
piping, and some power is absorbed in accelerating it to the suction Tine
velocity. This causes a small ‘velocity head’ loss {usually about 1 ft) and
may be found fram table 3.2, which is applicable to liquid of any density,
it the velocity head is read as feet of the liquid concerned.

VELOCITY & VELOCITY HEAD TABLE 3.2

VELOCITY (Ft/ser) L} 5 6 7 8 9 10 122 115

VELOCITY HEAD  (FL) 026 039 056 0.76 039 1.26 1.55 224 3.50

Flow rate, liquid velocity and cross-sectional area: (at right angles to flow)
are related by the formulas:

{v)(a)/(144)
(3.11690 v N a)

Flow rate in cubic feet per second
Flow rate in US gallons per minute

where: v = liquid velocity in feet per second .
2 = cross-sectional area in square inches (table P-1) .
POWER CALCULATIONS

It S.G.= specific gravity of the pumped liquid, # = total head in feet of
pumped liquid, and p = total head in PSI, then: -

(GPM)H)(S.G.) _ (GPM)(p)

H i =
ydraulic horsepower 3960 1714
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The mechanica! etficiency, e, of a pump is defined as the hydraulic horse-
power {power transferred to the pumped liquid) divided by the brake horse-
power {power applied to the driving shaft of the pump).

if the pump is driven by an electric motor which has a mechanical etfi-
ciency &y, the electricity demand is:

(GPMMA)(S.G) _
5310} {e)apn)

(GPM)(p)

Kitowatt (KW) = (2299)(eMlepy,)

Often, estimates of brake horsepower, electricity demand, etc., must be made
without proper knowledge of the efficiencies. To obtain estimates, the mech-
anical efficiency of a centrifugal pump may bs assumed to be 60%, and that
of an electric motor 80%.

COMPRESSORS, BLOWERS & FANS 3.22

REFERENCES

‘Compressed air and gas handbook’. Compressed Air and Gas Institute {New
York) Revised 1966

‘Compressof installation manual’. Atlas-Copco AB. 1966
et

Compressors are used to supply high-pressure air for plant use, to pressurize
vefrigerant vapors for cooling systems, to liquefy gases, etc. They are rated
by their maximum output pressure and the number of cubic feet per minute
of a gas handled at a specified speed or power, stated at ‘standard conditions’,
60 F and 14.7 PSIA (not at compressed volume). 80 F is accepted as standard
temperature by the gas industry. ’ '

The term ‘compressor’ is usually reserved for machines developing high press-
- ures in closed systems, and the terms ‘blower’ and “fan’ for machines warking
at low pressures in open-ended systems.

COMPRESSOR PRESSURE RANGES TABLE 3.3
MACHINE DISCHARGE PRESSURE RANGE
COMPRESSOR 15 theu 20,000 PSIG, and higher
BLOWER 1 thru 15 PSIG
FAN Up to 1 PSIG (about 30 in. water)

COMPRESSING IN STAGES

Gases (including air) can be compressed in one or more operations termed
‘stages’. Each stage can handle a practicable increase in pressure—before
temperature increase due to the compression necessitates cooling the gas.
Cooling between stages is effected by passing the gas thru an intercooler.
Staging permits high pressures, and lower- discharge temperatures, with
reduced stresses on the compressor.

(42}

TYPES OF COMPRESSOR

RECIPROCATING COMPRESSOR Air of ather gas is pressurized in eylinders
by recipracating pistons. |f the compressor is lubricated, the outflaw may
be contaminated by oil. If an oil-free cutflow is required, the pistons may
be fitted with graphite or teflon piston rings. Flaw is pulsating.

ROTARY SCREW COMPRESSOR Air or other gas entess pockets formed
between mating rotors and a casing wall. The pockets rotate away from
the inlet, taking the gas toward the discharge end. The rotars do not touch
each other or the casing wall. Gutflow is uncontominated in the ‘diy typs’
of machine, in which power is applied to both rotors thru extornal timing
gears. In the ‘wet type’, power is applied 1o ung 10107, bud buth iulurs aie
separated by an oil film, which contaminates the dischargs. Flow is umiform,

ROTARY VANE COMPRESSOR resembles the rotary vane pump shuwn in
chart 3.3. Variation in the volume enclosed by adjacent vanes as thuy sutate
praduces compression. Ample lubrsication is required, which may introduce
contamination. Flow is uniform.

ROTARY LOBE COMPRESSOR consists of two synchronized Inhed rotors
turning within a casing, in the same way as the pump shown in charnt 3.3
(under ‘spurgear’ type). The rotors do not touch each other or the casing.
No lubrication is used within the casing, and the outflow is not contaminated.
Flow is uniform. This machine is often referred to as a ‘blowar’.

DYNAMIC COMPRESSORS resemble gas turbines acting in revarse. Both
axial-flow machines and centrifugal machines (with radial flow} are available.
Centrifugal compressors commonly have either ons or two stages. Axial
compressars have at least two stages, but seldom more than 16 stages.
The outflow is not contaminated. Flow is uniform.

LIQUID RING COMPRESSOR This type of compressor consists of a single
multi-bladed rotor which turns within a casing of approximately elliptic cross
section. A controlled volume of liquid in the casing is thrown to the casing
wall with rotation of the vanes. This liquid serves both to compress and tu
seal. Inlet and outlet ports located in the hub communicate with the puckets
formed between the vanes and the liquid ring. These compressors have special
advantages: wet gases and liquid carryaver including hydrocaibons which are
troublesome with ather campressors are easily handled. Additional caoling is
seldom required. Condensible vapor can be recovered by using liuid similar
to that in the ring. Flow is unilorm.

'EQUIPMENT FOR COMPRESSORS

INTERCOOLER A heat exchanges used for cooling compressed gas between
stages. Air must not be cooled below the dew point (at the higlies prussure)
as moisture will interfere with lubrication and cause wear in the next stage.

AFTERCOOLER A heat exchanger used for cooling gas after comnpression is
completed. If air is being compressed, chilling permits removal of much of
the moisture.

DAMPENER or SNUBBER; VOLUME BOTTLE or SURGE DRUM Recip-
racating compressors create puisations in the air or gas which inay cause the



discharge and/or suction piping to resonate and damage the compressor or
its valves. A dampener, or snubber, is a baffled vessel which smooths pulss-
tions in flow. A volume bottle or surge drum has the same purpose, but lacks
balfles, These devices are not normally part of the compressor package, and
are often bought separately {with the compressor maker's recommendations).
Latge compressors may require an arrangement of ‘choke tubes’ (restrictions)
and ‘bottles’ (vessels), conforming to a theoretical design and located near the
compressur’s oullet, upstream of the aftercooler.

The location of the following four items of equipment is shown in figure 6.23:

SEPARATOR (normally used only with air compressors) A water separator
is often provided following the sftercooler, and, sometimes, also at the intake
to a compressor having a long suction fine, it water is likely to collect in
the line. Each separator is provided with a drain to allow continuous removal
of water.

RECEIVER Refer to 'Dlscharge (supply) lines’ and 'Stonng compressed air’,
this section.

SILENCER is used to suppress objectionable sound which may radlate from
an air intake. ;
FILTER is prowded in the suction line to an air compressor to collect
particulate matter,

The following information is given as a guide for engineering purposes

" LINE SIZES FOR AIR SUCTION & DISTRIBUTION

SUCTION LINE Suction lines and manifolds should be large enough to pre-
vent excessive noise and starvation of the air supply. If the first compression
stage is reciprocating, the suction line should allow a 10 to 23 ft/sec flow:
it a single-stage reciprocating compressar is used, the intake flow should not

be fastes than 20 ft/sec. Dynamic compressors can operate with faster intake .

velocities, but 40 ft/sec Is suggested as a maximum, The inlet reducer for
a dynamic compressor should be placed close to the inlet nozzle.

DISCHARGE (SUPPLY) LINES &re sizad for 150 to 175% of average flow,
depanding nn the number of outlets in use at any time. Tha pressure loss in
8 branch should be limited to 3 PSI. The pressure drop in a hose should not
axceed 5 PSI. The pressure drop in distribution piping, from the compressor
to the most remote part of the system, should not be greater than 5 PSI {not
including hoses),

These snggested pressure drops may be used to select line sizes with the aid
of tahle 3.5. From the tequired SCFM flow in the line to be sized, find the
naxt higher flaw in the table. Multiply the allowed pressure drop (PSI) in the
line by 100 and divide by the length of the line in feet to obtain the PS1 drop
per 100 ft-find the next fower figure to this in the table, and read required
ling size.

Equipment drawing air at a high rate for a short period is best served by a
receiver close to the point of meximum use—-lines can then be sized on

average demand. A thinifum recelver size of double the SCF used in Intermit-

tent demand should limit the pressure drop at the end of the period of use to
about 20% in the worst irstantes and keep it under 10% in most others.

ta3)

COMPRESSOR CHARACTERISTICS TABLE 3.4
MAXIMUM CONTAM- INFLOW ECONOMIC RANGE
ouTPUT

COMPRESSOR YYPE PRESSURE INANTIN | {(CFM/HP) {Infiow CFM)
ouTPUT
{PStG) DATA FOR 100 PSIG OUTFLOW
RECIPROCATING
Lubicated 35,000 OIL 4t07 10,000
Non-lubricated 700 NONE
DYNAMIC
Centrifugal 4,000 NONE 4 500 to 110,000
Axial 80 | NONE 4% | 5,000 to 13,000,000}

ROTARY VANE [ 125 | OIL 4 150 to 6,000

ROTARY LOBE . " 30 NONE 50,000

ROTARY SCREW 125 NONE/ 4 30 to 150

NON-LUBE D/LUBED oI
LIQUID RING © 75 WATER |16 t02.2| 20 to 5,000
. or other

*Figure applles to a t tag hi

FLOW OF COMPRESSED AlR:

PRESSURE DROPS OVER 100 Ft PIPE, TABLE 35

WiTH AIR ENTERING AT 100 PSIG*

(Adapted 'rpm data published by Ingersoll-Rand)}

FREE AIR NOMINAL PIPE SIZE (INCHES) — SCHEDULE 40 PIPE
INFLOW
(SCFM) % 1 1%'_2]2%|3I4I8
40 1.24 | 0.37
70 3.77 | 1.05] 0.12 Pressure drop smaller than
90 6.00] 1698 ]| 0.19 than 0.1 PSI per 100 It
100 753§ 209 | 0.24
400 32.2 359]| 098] 041 ] 0.13
700 10.8 292 | .19 ] 038 | 0.10
900 . 17.9 4781 197 |1 062 | 0.15
1,000 22.0 590| 243 ) 0.76 | 0.19
4,000 ' 1.9 290 | 0.35
7,000 ’ 8.77 | 1.06
9,000 Pressure drop larger 14.6 1.75
P
10,000 than 35 PS! per 100 It 18.0 2.13
40,000 338

*Pressure drop verles inversely as shsolute pressure of entering air.

POWER CONSUMPTION

The power consumption of the different compressor types is characteristic.
Table 3.4 gives the horsepower needed at an output pressure of 100 PSIG.
Power consumption per CFM rises with rising output pressure. Air cooling
adds 3-5% to power consumption (including fan drive). ‘FAD’ power con-
sumption figures for compressors of "average’ power consumption are given.
‘FAD’ denotes ‘free air delivered corresponding to standard cubic ft per
minute (SCFM) or liters per mmute measured as set out in ASME PTCY,

© BS 1571 or DIN 1945,

JER

TABLES ° :
33-35 4.



SPECIFIC POWER CONSUMPTION (FAD)

Psia 50 76 100 125 )
WP por 100 CFMINFLOW | SINGLESTAGE | 14 18 22 2 |
TWO-STAGE 13 16 18 2 |

COOLING-WATER REQUIREMENTS

Cooling-water demand is normally shown on the vendor’s P&ID ar data shest.
Most of the water demand is for the aftercooler (and intercooler, with a two-
stage compressor). Jackets and lube oil may also require cooling. As a guide,
8 US gallons per hour are needed for each horsepower supplied to the comp-
ressof. If the final compression is 100 PSIG, the water demand will usually
be about 2 US GPH per each SCFM inflow. These approximate demands
are based on an 40 F temperature increase of the cooling water. Demand
for cooling water increasas slightly with relative humidity of the incoming
air. :

QUANTITIES OF MOISTURE CONDENSED

FROM COMPRESSED AIR

The following calculation (taken from the referenced Atlas Copco manual)
is for a two-stage compressor, and is based on moisture content given in the
table below: : .

DATA: Capacity of the compressor = 2225 SCFM
Temperature of the incoming air = 86 F

Relative humidity of the incoming air = 75%

Qutlet temperature =86 F

Air pressure = 26.3 PSIG, or 40 PSIA
Water separation efficiency = 80%
Outlet air temperature = 86 F

Air pressure = 100 PSIG, or 115 PSIA

Water separation efficiency = 30%

Intercooler ,

Aftercooler g

CALCULATIONS:

(1) From the table, weight of water vapor in 2225 SCFM air at 86 F and

75% RH = (0.00189)(2225)(0.75) = 3.15 Ib/min.

Rate of removal of condensed water from intercooler, thru trap

=(0.8)(3.15 — (0.00189)(2225)(14.7)/{40)] = 1.28 Ib/min., or
(1.28)(60)/(8.33) = 9.2 US GPH

Rate of removal of condensed water from aftercooler, thru trap

={0.9)[3.15 — 1.28 — (0.00189)(2225){14.7)/{115)} = 1.20 Ib/min., or
(1.20){60)/(8.33) = 8.6 US GPH

Total rate at which water is removed from both coolers

= 92+86 =178 US GPH

(2

(3)

{4)

MOISTURE CONTENT OF AIR AT 100% RH

TEMPERATURE | .0 32 50 68 8 104 122
(Degrees F)
MDISTURE

.35 3.02 5.87 10.9 189 31.6 51.3
mw-wmd) | s

[44)

UNLOADING {POSITIVE-DISPLACEMENT COMPRESSORS)

‘Unloading’ is the remaval of the compressian load (ram the running com-
pressar. Campressors are unloaded at startup and for shorl poginds'when
demand for gas falls off. Damage to the compressar's drive matar can result
if full compression duties are applied suddenly.

It the vendor does not provide means of uploading the cumplé&‘m. a manual
or automatic.bypass line should be provided betweei suclion and discharge
(on the compressor’s side of any isolating valves)—see figure 6.23,

Provision should be made so that ths discharga prassure cannul ise: dwiva 3
value which would damaga the compressor of its driver. Aulomitic unioarding
will ensure this, and the control actibns are listed in able 3.5,

AUTOMATIC UNLOADING -
ACTIONS FOR COMPRESSORS YABLF 36
DISCHARGE AUTOMATIC CONTROL
COMPRESSOR | poessune ACTION
Not running L h Starts compressor unloaded,

accelerates 10 normal speed,
and brings on load

lower sat value

Uniloads cornpiessor for '—'
preset pwiodp
L Iy Reload
reload pressure

before idling
period is over
Medium—idlin Switch
period ends befors
teload pressure

is reached

High—reaches

Running
highar set vatue

Idling

STORING COMPRESSED AIR

A limited amount of compressed air or other gas can be stored in receivers.
One or more receivers provided in the compressor’s discharge piping also
serve to suppress surges (which can be dus to demand, ss well as supply)
to assist cooling, and to collect moisture. Receivers storing air or other gas
are classed as pressure vessels—refer to 6.5.1.

RECEIVER CONSTRUCTION Usual construction is a long vertical cylinder
with dished heads, supported on a pad. Water will cullect in the base, and
therefor a valved drain must be provided for manual blowdown. Cullia.ted
water may freeze in cold climates. Feeding the warm air or gas at the base of
the receivar may prevent freezing, but the inlet must be designed su that it
cannot be closed by water if it does freeze.

CAPACITY NEEDED A simple rule to decide the total recuiver vuluiie is 10
divide the compressor rating in SCFM by ten 19 get the volume in cubitr. tet
for the receiver. For example, if the compressor is designed to take 5500
cubic feet per minute, a receiver volume of about 550 cubic fest is adequate.
This rule is considered suitabla for outflow pressures up o abuut 125 PSIG
and where the continuously funning compressor is unloaded by aulomatic
valves—ses ‘Unloading’ above. An extensive piping system for distnbuting
compressed air or other gas may have a capacity sufficiently large in itsell to
serve as a receiver.



PROCESS EQUIPMENT 33

Process squipment is a tarm used to cover the many types of equipment used
to perform one or more of these basic operations on the process material:

{1} CHEMICAL REACTION

2) MIXING

(3) SEPARATION

(4] CHANGE OF PARTICLE SIZE
{5) HEAT TRANSFER

Equipment manufacturers give all information necessary for instelfation and
piping.

This section is a quick reference to tha function of some items of equipment
used in processwork. In table 3.7, the function of the equipment is expressed
in terms of the phase {solid, liquid or gas) of the process materials mixed.
Examples: (1) A blender can mix two powders, and its function is tabulated
as “S#S”. (2} An agitator can be used ta stir a liquid into another liquid—this
" function is tahulated “L+L". Another large and varied group of equipment
achieves ssparations, and a similar method of tabulating function is used in
table 3.8. '

CHEMICAL REACTION 3.3.1

Chemical reactions are carried out in a wide variety of specialized equipment,
tormed reactors, outoclaves, furnaces, etc. Reactions involving liquids, sus-
pensions, end sometimes gases, are often performed in ‘reaction vessels”. The
vossel and its contents frequently have to be heated or cooled, and piping to a
Jacket or internal system of coils hes to be arranged. If reaction takes place
under pressure, the vessel may need to comply with the ASME Boiler and
Prassure Vesse! Code, Refer also to 6.5.1, under ‘Pressure vessels’, and to the
stendards listed in table 7,13,

MiXING 3.3.2

A varlsty of equipment I8 made for mixing operations. The principal types
of equipment are listgd in table 3.7:

. MIXING EQUIPMENT TABLE 3.7
EOQUIPMENT PHASES MIXED

AGITATOR S LeL
HLENDER (TUMBLER TYPE) S45,5+L
EDUCTOR LHLL*G, GG
MIXER (RIBBON, SCROLL, L

OR OTHER TYPE) 548,840
PROPORTIONING PUMP LeL
PROPOHTIONING vALVE S

1G=6A5 L« meb 4 SouM

(C1Y]

SEPARATION 3.3.3

Equipment for separation is even more varied. Equipment separating solids
on the basis of particle size or specific gravity alone are in general terméd
classifiers. The broader rangs of separation equipment separates phases {solid,
liquid, gas) and some of the types used are fisted in the table below:

SEPARATION EQUIPMENT TABLE 3.8

EQUIPMENT wATERIAL | MATERIAL |  maTERIAL
CENTRIFUGE S+L s L
CONTINUOUS CENTRIFUGE L) + L2} None L, L2, ¢
CYCLONE S+G None G,St
DEAERATOR L+G - . L G
DEFOAMER L+G L G
DISTILLATION COLUMN L{1) + L2 Lty une °
DRYER S+L s L
DRY SCREEN S(1) +5(2) s(n S(2)
EVAPORATOR L+S L+S L

L+ 12 un L2
FILTER PRESS S+l s L
FLOTATION TANK S+L s L
FRACTIONATION COLUMN L) + L2} None 1), Li2),
. + L{3) + ete. L{3), etc. ¥
SCRUBBER $+6 s G
SETTLING TANK S+L s L
STRIPPER L)+ L2 L L2
tSeparate flows * Removed a3 vapor
1G = GAS, L » L1OUID, 8 = SOLID, S11), {2, LU1), L(2), ete. » DIFFERENT SOLIDS OR LICUIDS)

CHANGE OF PARTICLE SIZE 334

Reduction of particle size is a common operation, and can be termed
‘attrition’. Equipment used includes crushers, rod-, ball- and hammer-mills,

and—to achieve the finest reductions—energy mills, which run on compressed.

air. Emulsions {‘creams’ or ‘milks’), which are liquid-in-liquid dispersions,

are stabilized by homogenizers, typically used on milk to reduce the size

of the fat globules and thus prevent cream from separating.

Occasionally, particle or lump size of the product is increased. Equipment for
agglomerating, pelletizing, etc., is used. Examples: tablets, sugai cubes, pow-
dered beverage and food products.

PROCESS HEAT TRANSFER

Adding and removing heat is e significant part of chemical processing.
Heating or cooling of pracess material is accomplished with heat exchangers,
Jacketed vessels, or other heat transter equipment. The project and piping
groups specify the duty and mechanical arrangement, but the detail design
is hotmally left to the manufactuter,

3356
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The term ‘heat exchanger’ in chemical pracessing refers to an unfired vessel
exchanging heat between twao fluids which are kept separated.The commanest
form of heat exchanger is the ‘shell-and-tube’ exchanger, consisting of a
bundle of tubes held inside a ‘shell’ (the vessel part). One fluid passes inside
the tubes, the other thru the space batween the tubes and shell. Exchanged
heat has to flow thyu the tube walls. Refer to 6.8 ('Keeping process material
at the right temperature’) and t0 6.6 for piping shell-and-tube heat exchangers.

Heat exchange with process material can take place in a variety of other
equipment, such as condensers, evaporators, heatess, chillers, etc.

MULTIFUNCTION EQUIPMENT ; _ 336

Sometimes, items of equipment are designed to perform more than ons of

the functions listed at the beginning of 3.3.

Mixing and ‘heating (or cooling) may be simultaneously carried out in mixers
having blades provided with internal channels to carry hot {or cold) fluid.

Separation and attrition may ba achieved in a single mill, designed to output
particles of the required degree of fineness and recycle and regrind pasticles

which are still too coarse.
1
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ORGANIZATION:

JOB RESPONSIBILITIES,

DRAWING-OFFICE EQUIPMENT & PROCEDURES

THE PIPING GROUP 4.1

Plant design’is divided into severa! areas, each the responsibility of a ‘design
group’. Chart 4.1(a) shows the main groups of people cooperating on the
plant design, and the types of drawings for which they are responsible. Other
groups, involved with instrumentation, stress analysis, pipesupport, etc., con-
tribute to the design at appropriate stages. .

The personnel respansible foi the piping design may be part of an engineering
department’s mechanical design group, or they may function as a separate
section or department. For simplicity, this design group is referred to as the
‘piping group’, and its relationship with the organization and basic activities
are indicated in chart 4.1(a).

Chart 4.1{c) shows the structure of a design group.

RESPONSIBILITIES OF THE PIPING GROUP 4.1.1

The piping group produces designs in the form of drawings and model(s),
showing equipment and piping.

The following are provuded by the piping group as its conlnbutlon to the
plant design:—

AN EQUIPMENT ARRANGEMENT DRAWING, USUALLY
TERMED THE 'PLOT PLAN’

i

2) PIPING DESIGN (DRAWINGS OR MODEL)
3} PIPING DETAILS FOR FABRICATION AND CONSTRUCTION
(4) REQUISITIONS FOR PURCHASE OF PIPING MATERIEL
JOB FUNCTIONS 4.1.2

On joining 9 design office it is important that the new member knows what
line of authority exists and to whom he is responsible. This is especially
fiacessary whan Information s required and it saves the wrong people from
being interrupted. Different companies will have different set-ups and ditfer-
eiit job titles. Chart 4.2 shows two typlcal lines of authority,

JoB FUNCTIONS
DESIGN (1) RESPONSIBLE FOR ALL PEASONNEL IN GROUPS
SUPERVISOR INCLUDING HIRING

NOTE: The position of
Chief Draftsman some- .
times exists in large

design Groups

GROUP LEADER

NOTE: On small B
may also assume
Supervisor's duties

CHECKER

DESIGNER

DRAFTSMAN

1

o

3)
(4)
(1)}
(2)
3)

(4)

5)
(s)

mn

8)

(9)

(o)
)

(L))

(2)

m

2)
{3)

-CHECKING DESIGNERS’

COORDINATING WITH OTHER GROUPS (AND
THE CLIENT)

OVERALL PLANNING AND SUPERVISING THE
GROUP'S WORK

LIAISON WITH PROJECT ENGINEER(S)

SUPERVISING DESIGN & DRAFTING IN AREA(S)
ALLOCATED BY DESIGN SUPERVISOR

ASSIGNING WORAK TO DESIGNERS & DRAFTS.
MEN

RESPONSIBLE FOR PLOT PLANS, PLANT DE-
SIGNS & PRESENTATION & COMPLETENESS OF
FINISHED DRAWINGS

COORDINATES MECHANICAL, STRUCTURAL,
ELECTRICAL, AND CIVIL DETAILS FROM OTriEﬂ
GROUPS

CHECKING & MARKING VENDOHS' DRAWINGS

QBTAINING INFORMATION FOR MEMBERS OF
THE GROUP

ESTABLISHING THE NUMBER OF DRAWINGS
REQUIRED FOR EACH JOB (DRAWING CONTROL
OR REGISTER)-SEE INDEX

ASSIGNING TITLES FOR EACH DRAWING AND
MAINTAINING UP-TO-DATE DRAWING CONTROL
OR REGISTER OF DRAWINGS, CHARTS, GRAPHS,
AND SKETCHES FOR EACH CURRENT PROJECT

ESTABLISHING A DESIGN GROUP FILING SYS-

TEM FOR ALL INCOMING & OUTGOING PAPER-

WORK

KEEPING A CURRENT MANHOUR SCHEDULE
AND RECORD OF MANHOURS WORKED

REQUISITIONING VIA PURCHASING DEPART-
MENT ALL PIPING MATERIALS

AND ORAFTSMENS’
DESIGNS AND DETAILS FOR DIMENSIONAL
ACCURACY AND CONFORMITY WITH SPECIFI-
CATIONS, P&ID’s, VENDORS' DRAWINGS, ETC,
IF AGREED WITH THE DESIGNER &/OR GROUP
LEADER, MAY MAKE IMPROVEMENTS AND
ALTERATIONS TO THE DESIGN

PRODUCING STUDIES AND LAYOUTS OF EQUIP-
MENT AND PIPING WHICH MUST BE ECONOMIC,
SAFE, OPERABLE AND EASILY MAINTAINED
MAKING ANY NECESSARY ADDITIONAL CALC-
ULATIONS FOR THE DESIGN

SUPERVISING DRAFTSMEN

MINIMUM RESPONSIBILITIES ARE:~

(L}

(2)
)

PRODUCING DETAILED DRAWINGS FROM DE-
SIGNERS’ OR GROUP LEADERS' SCHEMES OR
SKETCHES

SECONDARY DESIGN WORK . H

ACQUAINTING HIMSELF WITH THE RECORDS,
FILES, INFORMATION SHEETS AND COMPANY
PRACTICES RELATING TO THE PROJECT




OFFIGE ORGANIZATION

(a) PROJECT ORGANIZATION

HEAVY LINES SHOW FLOW OF INFORMATION

LIGHT LINES INDICATE AUTHORITY

stare a9

CHART 4.1

CLIENT
VENDORS CHIEF ENGINEER - "
INFOAMATION FOR HEAD OF HEAD OF HEAD OF HEAD OF HEAD OF
Mo s oesion, MECHANICAL sTAUCTURAL | | ARcHiITECTURAL | | ELECTRICAL CIVIL ENGINEERING
o Folntox alouneurnis8 DESIGN DESIGN DESIGN DESIGN VESILN )
“mﬁu
EOUIPMENT
Seitoasto
AL SNGINGERING COMPANY STAPP ASSIONED TO PARTICULAS PRONGCT
TYPICAL LINE OF '7
E:fé.%eg RING ALL DERIGH ORAWINGS, PBIO & WOOIL (,N;i?,‘:;;c,:z:s‘ :Ef,:'é"":“ & | staucturaL ARCHITECTURAL | ELECTAICAL CIVIL ENGINEEHING
OFFICE NOINEERING) DESIGN GROUP | DESIGN GROUP | DESIGN GROUP DESIGN GROUP | DESIGN Ghuud
P81D'0 B BPECIFICATIONS T
E SITE & PLOY PLANS, MOOEL, & FIPING & HVBAC DRAWINGS
']
" H
. i STRUCTURAL DAANINGS
o
§
: ARCHITECTURAL DRAWINGS
i .
SLECTAICAL DRAWNGS
OUTSIDE SPECIFICATION J—
CONSULTANT GROUP
[hl PROJECT ENGINEER < [c]
DAAMMGE, or
yy x o aract s o0t DESIGN SUPERVISOR|
SCHEMES,
PROJECT oo, DESIGN
S BID ANALYSES
L 4]
AND FLOW COUNPMENT AECARATMINTS
& DESIGN ] I GROUP
. OAAWINGE GROUP LEADER ¢
GROUPS o SHOWING o swreavisiNG ||| cuecxen
LINES OF DRAFTSMAN ' 4
PROCESS [CHEMICALI AND
SHOWING INSTRUMENTATION ENGINEERING
FLOW OF e AUTHORITY
£ \ MECHANICAL & PIPING GROUP > . v
INFORMATION §
F; ARCHITECYURAL DESIGN GROUP >
¢ - DESIGNERS
< CIVIL DESIGN GROUP
ELECTRICAL DESIGN GROUP
STRUCTURAL DESIGN GROUP v
ORAFISMEN
\
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DESIGN INFORMATION TO PIPING GROUP 4.2

The following infarmation is raquired by the piping group:—

(1)  *JOB SCOPE' DOCUMENT, WHICH DEFINES
PROCEDURES TO BE USEOD IN PREPARING
DESIGN SKETCHES AND DIAGRAMS

{2) PIPING & INSTRUMENTATION DIAGRAM
(P&ID-SEE 65.2.4)

(3) LIST OF MAJOR EQUIPMENT (EQUIPMENT

INDEX), SPECIAL EQUIPMENT AND MAT-

ERIALS OF FABRICATION

LINE DESIGNATION SHEETS OR TABLES,

INCLUDING ASSIGNATION OF LINE NUM-

BERS-SEE 4.2.3 AND 6.2.8

{5) SPECIFICATIONS FOR MATERIALS USED
IN PIPING SYSTEMS—-SEE 4.2.1 .

{6) SCHEDULE OF COMPLETION DATES (UP-
DATED ON FED-BACK INFORMATION)

{7} CONTROLS (METHODS OF WORKING,ETC.}
TO BE ADOPTED FOR EXPEDITING THE

FROM THE @
PROJECT GROUP

Jos
FROM OTHER GROUPS (8) DORAWINGS-SEE 5.2.7
FROM SUPPLIERS {9) VENDORS' PRINTS~SEE B.2.7
SPECIFICATIONS 4.2.1

Thess consist of sepatate specitications for plant layout, piping materials,
sipporting, febrication, insulation, welding, erection, painting and testing.
The piping desigher is mostly concemed with plant layout and materiel
specifications, which detail the design requirements and materials for pipe,
flanges, fittings, vlves, atc., to be used for the particular project.

The piping matetials specification usvally has an index to the various services
or processes. The part of the specification dealing with a particular service
tan be identified from the piping drawing line number or P&ID line number—
se0 5.2.4 under ‘Flow lines’. All piping specifications must be strictly adhered

to as they are compiled from information supplied by the project group. -

Although the fittings, etc., described in the Guide are those most frequently
used, they will not necessarily be seen in every piping specification.

On some projects {such as ‘revamp’ work) where there is no specification,
tha designer may be responsibls for selecting materials and hardware, and it is
important to give sufficient information to specify the hardware in all essential
datails, Non-standard items are often listed by the item number and/or model
specification for ordering taken from the catalog of the particular manufacturer.

LIST OF EQUIPMENT, or EQUIPMENT INDEX 4.2.2

This shows, for sach item of squipmant, the equipment number, equipment
title, and stotus - that s whether the item has been approved, ordered, and
whisther rertilied vendof's prints have been raceived.

tas)

LINE DESIGNATION SHEETS, or TABLES 4.23

These sheets contain tabulated data showing nominal pipe size, material
specification, design and operating conditions. Line numbers are assigned in
sequence of flow, and a separate sheet is prepared for each conveyed fluid
—see 5.2.5.

DRAWING CONTROL (REGISTER)

4.2.4

A drawing number relates the drawing to the project, and may be coded
to show such information as project {or ‘job’) ‘number, ares of piant, and
originating group (which may be indicated ‘M’ for mechanical, etc.). Figure
5.15 shows a number identifying part of a piping system.

The drawing control shows the drawing number, title, and progress toward
completion. The status of revision and issues is shown—see 5.4.3. The drawing
controt is kept up-to-date by the group leader.

LEAD DESIGNERIS)

or
SENIOR DESIGNER(S}

SENIOR DRAFTSMEN

EQUIPMENT & PIPING
LAYOUTS &
CALCULATIONS
FAOM PAIDS

PRODUCE DETAILED
DESIGN Y0
DESIGNERS®
INSTRUCTIONS

DESIGN GROUP—TWO TYPICAL LINES OF AUTHORITY CHART 4.2
Example 1 Example 2
HEAD OF DESIGN, MANAGER,
MANAGER poLICY & CHIEF ENQINEER
or . DIRECTION or
CHIEF ENGINEER DEPARTMENT HEAD
CHIEF DESIGNER PROCEOURES, PROJECT ENQINEER
or STAFFING, and
DESIGN SUPERVISOR ADMINISTRATION ASSISTANT(S)
BECTION LEADERIS) SECTION LEADER(S}
or or
GROUP LEADER(S) PLANNING, GROUP LEADERIS)
SUPERVISION,
DESIGN
T COORDINATION I

LEAD DESIGNERI(S}

or
SENIOR DESIGNER(S)

Wi

CHARTS
418&42



FILING DRAWINGS 4.3

There are two types of drawings to file—those produced by the group and
those received by the group. The former are filed in numerical order under
plant or unit number in the drawing office an a ‘stick file’ or in a drawer—
see 4.4.10. Thefiling of the latter, ‘foreign’, prints is often poorly done, caus-
ing time to be wasted and information to be lost. These prints are commonly
filed by equipment index number, placing all information connected with
that item of equipment in the one file,

A suggested methad for filing these incoming prints is illustrated in chart 4.3,
which cross-references process, function, or area with the group originating
the drawing, and with associated vessels, equipment, etc. All correspondence
between the project and design groups, client, vendors and field would be
filed under ‘zero’, as shown,

MATERIALS & TOOLS FOR THE DRAFTING ROOM 44

PAPER 44.

TRACING PAPER is used for all drawings. It has to be translucent to the
light used in copying machines (see below). The cheapest paper used is rag
vellum. Linen is expensive but still used for important work, ‘though largely
supplanted by plastic film such as mylar, which is very durable. Papers can
be supplied printed with border and title block and with a ‘fade out’ ruled
grid on the reverse side. ‘lsometric’ sheats with fade out 30-degree grid are
available for drawing isos.

Tracings must be carefully handled, avoiding crumpling, folding, punching,
tearing and heavy erasing. If torn, the tear must be repaired with ‘Magic tape’
or equivalent—not with regular ‘Scotch tape’, which will show on prints.

ANS! Y14.1 defines the following drawing-sheet sizes (in inches): (A) 8%x11,
or 9x12. {B) 11x17, or 12x18. (C) 17x22, or 18x24. (D) 22x34 or 24x36.
(E) 34x44, or 36x48.

PAPERS FOR COPYING MACHINES Photosensitive paper is used for
making prints for checking, issuing and filing purposes. ‘Sepia’ photocapying
paper (Ozalid Company, etc.) gives brown pasitive prints which may be
amended with pencil or ink, and the revision used as an original for photo-
copying in a diazo machine. Sepias may also be used to give a faint back-
ground print for drawing other work over, such as ducting or pipe supports.
The quality of sepia prints is not good. Positive photocopies of superior
quality are made on clear plastic film, which may have either continuous
emulsion to give heavy copies, or screened emulsion to yield faint background
prints {emulsion should preferably be water-removable).

LEADS & PENCILS 442

Pencil leads used in the drawing office are available in the following grades,
beginning with the softest : B (used for shading), HB {usually used for writing
only), F (usually softest grade used for drafting), H (grade most often used for
dralting), 2H (used for drawing thinner lines such as dimension lines}, 3H and
4H (used for faint lines for layout or background). Softer penciling is prone

{so}

L

FILING SYSTEM CHART 4.3
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Paperwork classified sccording to a system of this type may be locsted in & tibiny
cabinet fitted with aumbered dividers s shown :—

STANDARD DIVIDERS FOR FILING CABINET

to smearing.on handling. Grades harder than 3H tend to cut paper so that
lines are difficult to erase. For plastic drafting films, special pencils are
available and are better than HB and H leads for these films. Conventional
leads are 2mm in diameter and require fraquent repointing. 0.5mm and
0.3mm leads speed work, as they need no repointing. Flat leads, about
0.5mm x 2mm, are also available.

Clutch pencils (lead holders) which are commenly used, use metal chucks 10

grip the lead. Holders for the thinner 0.5mm and 0.3mm leads lisve 8 push-
button advance.

SCALES 443

The architect's scale is used for piping drawings, and is divided into fractions
of an inch to one foot—for example, 3/8 inch per foot. The engineer’s scale
is used to draw site plans, etc., and is divided into ane inch per stated number
of feat, such as 1 inch per 30 feet.



ERASERS & ERASING SHIELDS 444
Several types of eraser and erasing methods are available—use of each is given
in tabla 4.1: Rubber in various hardnesses from pure gum rubber (artgum)
for soft penciling and cleaning lead smears, to hard rubber for hard penciling
and ink; ‘plastic’ is cleaner to uss, as it has less tendency to absorb graphite;
‘magic rub’ for erssing pencil from plastic films. Most types of eraser are
available for use with electric erasing machines.

An erasing shigld is a thin metal plate with holes of various shapes and sizes so

that parts of the drawing not to be erased may be protected.

ERASING GUIDE TABLE 4.1
meowm | SOFT HARD INDIAN PHOTOGRAPHIC
MATERIAL PENCIL PENCIL INK BACKGROUND
TRACING
SRE, or HRE, or fHRE
:f::n or artgum SRE i
SEPIA N
{OZALID .
o1 PMOTOTOPY SRE HRE or | Blade, or Bleach
PER

(PNOYOSYA"
H.Asnc Wet PE, or Wet PE, or
cim Wet PE Wet PE | oyade Bleach®

KEY: E = eraser. SR = soft rubber, HR = hard rubber, | = ink, P = plastic.

* Chenical bleach for removlng black photognphlc silver deposit

CLEANING POWDER 445
Fine rubber granules are supplied in ‘salt-sheker’ drums. Sprinkied on 8
drawing, these granules reduce smearing of pencil lines during working. The
use of cleaning powder is especially helpful when using 8 teesquare. The
powder is brushed off after use.

LETTERING AIDS 4.4.6
Title blocks, notes, and subtitles on drawings or sections should be in capitals.
Capitals, either upright or stoped, are preferred. Pencilled lettering is normally
used. Where ink work is required on drawings for photography, charts, re-
ports, etc., ink stylus pens {Technos, Rapidograph, etc.) are available for
stencil lettering {and for line drawing in place of ruling pens). The Leroy
equipment is also used for inked lettering. Skeleton lettering templates are
used for lettering section keys. The parallel line spacer is 3 small, inexpensive
tool useful for ruling guide fines for lettering.

As alternatives to hand-inked lettering, special typewriters such as the Vari-
typer can elther print directly on the drawing or onto adhesive-backed trans-
parent film which is fater positioned an the drawing. Adhesive or transferable
Mettess aiid numberg are avellable in sheets, and special patterns snd panels
vafl R wapplied Yo wider for title blocks or detailing, symbolism, abbrev-
ialing, special notek, ete, Sull-adhesive tapes are somewhat fimited in appli-
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cation, but are useful for making drawings for photographic reproduction,

such as panel boards, charts, and special reports—see 4.4.13, under ‘Photo-
graphic layouts’.

TEMPLATES 44.7

Templates having circular and rectangular opening§ are common. Orthogonal
and isometric drafting templates are available for making process piping
drawings and flow diagrams. These piping templates give the outlines for

ANSI valves, flanges, fittings and pipe diameters to 3/8 inch per foot, or
1/4-inch per foot.

MACHINES 4.4.8

The first two machines are uéually used in ﬂrawing offices in place of the
slower teesquare:

DRAFTING MACHINE Articulated rods allow parallel movement of 3 pair of
rules set at right angles. The rules are set on a protractor, and their angie on
the board may be altered. The protractor has 15-degree clickstops and vernier
scale.

PARALLEL RULE, or SLIDER, permits drawmg of long horizontal lines
only, and is used with a fixed or adjustable triangle.

PLANIMETER A portable machine for measuring areas. When set to the
scale of the drawing, the planimeter will measure areas of any shape.

PANTOGRAPH System of articulated rods permitting reductlon or enlarge-
ment of a drawing by hand. Application is limited.

LIGHT BOX 449

A fight box has a translucent glass or plastic working surface fitted under-
neath with electric lights. The drawing to be traced is placed on the illumina-

- ted surface.

FILING METHODS 4.4.10

Original drawings are best filed flat in shallow drawers. Prints filed in the
drawing office are usually retained on a ‘stick’, which is a clamp for holding
soveral sheets. Sticks are housed in a special rack or cabinet.

Original drawings will eventually create a storage problem, as it is inadvisable
to scrap them. |f these drawings are not sent to an archive, after a period of
about three years they are photographed to a reduced scale for filing, and only
the film is retained. Equipment is available for reading such films, ot large
photographic prints can be made.

CHART ™
4.3 C

‘TABLE
Y



COPYING PROCESSES 4.4.11

‘Diazo’ or ‘dyeline’ processes reproduce to the same scale as the ariginal
drawing as a positive copy or print. Bruning and Ozalid machines are often
employed. The drawing that is to ba copied must be on tracing paper, linen
ar film, and the copy is made on light-sensitive papers or films. The older
reversed-tone ‘blue-print’ is no longer in use.

SCALED PLANT MODELS 4412
Plant models are often used in designing large installations involving much
piping. When design of the plant is completed, the model is sent to the
sita as the basis of construction in the place of arthographic drawings.
Some enginesring corpanies strongly advocate their use, which necessitates
maintaining a model shop and retaining trained personnel. Scaled model
piping components are available in 8 wide range of sizes. The following
color coding may be used on models:—

PIPING . . . « + « « « o YELLOW, RED or BLUE
EQUIPMENT . . GREY
INSTRUMENYS , ., . . ORANGE
" ELECTRICAL . GREEN

ADVANTAGES
s  Auvailable routes for piping are easily saen
] Interferences are easily avoided

¢ Piping plan and elevation drawings can be eliminated; only the model,
plot plan, P&ID’s, and piping fabrication drawings (isos) are required

s  The model can be photographed — see 4.4.13. ‘Wire-and-disc’ construc-
tion, where the disc shows pipe diameter, makes photographing easier.

»  Provides a superior visusl aid for conferences, for construction crews
and for training plant personnel

DISADVANTAGES

s Duplication of the model is expansive

»  The model is not easily portable and is lisble to damage during trans-
portation

o  Changes are not recorded in the maode! itself

PHOTOGRAPHIC AIDS 44.13

‘DRAWINGS’ FROM THE MODEL

The lack of portability of a scaled plant madel can be partially overcome by

photographing it. To do this it must be designed so that it can be taken apart
easily. Photographs can be mads to correspond closely to the regular plan,
elevation and isometric projections by photographing the model from 40 ft
or more away with long focal length lenses—'vanishing points’ (converging
lines) in the picture are effectively eliminated.

(s2)

The negative is projected through a contact scresn and a print maue en
‘reproducible’ film. Dimensions, notes, etc., are added {0 \he repraducihle
film which can be printed by a diazo process—ses 4.4.11. These prints Aty
used as working drawings, and distributed to those nesding informatian.

REVAMP WORK FOR EXISTING PLANTS .

A polaroid camera can be used to supply views of the plant to the design off-
ice. Filed drawings of the plant do not always includs alterations, and the

- photographs may show unrecorded changas,

et P

Photographs of sections of a plant can be combined with diawings to facilitate
installation of new equipment, or to make furthar changes to tha existing
plant. To do this, photographs are taken of the raquired views, using a
camera fitted with a wide-angle lans (to obtain 8 wider viaw),

Tha negatives obtainad are printed onty screened positive films which are
attached to the back of & clear plastic drawing sheet. Altorations lu Ihe pip
ing system ara then drawn on the front face of this shaat, finking the photw
graphs as desirad. Reproductions of the compaosite deawiny aie mads in the
usual way by diszo process.

Alternately, positives may be marked directly for minos changes or instruc
tions to the field.

PHOTOGRAPHIC LAYOUTS

The following technique produces equipment layout ‘drawings’, and is
especially useful for areas where method study or investigational repprts

are required. :

First, equipment outlines are produced to scale an photogiaphic film, eithsr in
the regular way or by xerography. Next, a drawing-sized shest of clear fitm is
13id on a white backing sheet having a correctly-scaled grid marked on it.

The building outline and other features can ba put onto the film using the
variety of printed transparent tapes and decals available. The pisces of film
with equipment outlines may then be positioned with clear tape, and eny
othar parts of the ‘drawing’ completed. Alterations to the layout may be
rapidly made with this technique, which photographs well for reports, and
allows prints to be made in the usual ways for marking and comment. The
film layout should ba covered with an acetats or other protective sheet
before insertion in a copying machins,

REDUCTION BY PHOTOGRAPHY

It is frequently required to include reproductions of diagrams and drawings
in reports, etc. Photographic reduction to less than halfsize {on lengths) is
not recommended because normal-sized printing and details may nut be legible.
A graphic scale should be included on drewings to be reduced - see chart 5.8.



DRAFTING:

PROCESS & PIPING DRAWINGS
[CONTENT, SYMBOLS, & DIMENSIONING]

PIPING SYMBOLS 5.1

REFERENCE

‘Dictionary of mechanical engineering sbbreviations, signs & symbols’,
Polon D. . {Ed.) 1967 {Odessey)

SHOWING PIPE & JOINTS ON PIPING bRAWINGS 5.1.1

Most companies now represent piping' (arrangements) by single lines. Pipe
and flanges are sometimes drawn partiatly ‘double line’ to display clearances.

. ® o

in double-line drawing, valves are shown by the symbols in chart 5.6 (refer
to the panel 'Drafting valves’). Doubletine representation is not used for
entire piping arrangements, as it is very time-consuming, difficult to read,
and not justified technically,

" SINGLE-LINE
PRESENTATION

DOUBLE-LINE
PRESENTATION

T, T

In presenting piping ‘single line’ on piping drawings, only the centerline of
the pipe is drawn, using a solid line (sea chart 5.1), and the line size is
written. Flangss atg shown as thick lines drawn to the scaled outside diameter
of the Nange. Valves aré showh by Special symbols drawn to scale. Pumps
arg shown by dtawing the pads oh which they rest, and their nozazles: tigure
8.21 illustiotes this simplitied presentation. Equipment and vessels ara shown
by drawing theii nozales; vutlines, and suppotting pads,

-

153)

If there is a piping specification, it is not necessary to indicate welded or
screwed joints, except to remove ambiguities—for example, to differentiate
between a tee and a stub-in. In most cumrent practice, the symbols for screwed
joints and socket welds are normally omitted, aithough butt welds are often
shown.

The ways of shawing joints set out in the standard ANSI Z32.2.3 {1949, re-
affirmed 1953) are not current industrial practice. The standard’s butt-weld
symbol as shown in table 5.1 is now used to indicate a butt-weld td be made
*in the field’ {"fisld weld’). The standard will be renumbered in the Y’ series.

.

SHOWING NON-FLANGED JOINTS TABLE 6.1

AT ELBOWS

BUTT WELD SOCKET WELD § SCREWED JOINT

SIMPLIFIED
PRACTICE *

CONVENTIONAL
PRACTICE

ANS| 232,23
(Not current
practice)

lm:ﬂlcallon. l| 9 vsuslly
distinguish

*Thw joint symbol may be omitted I the typs of foint Is ﬂelmn(ncd by e p|pl
terred to use |ho dot weld symbo! to make the type of
twien @ tee and & stubln.

TABLE



LINE SYMBOLS WHICH MAY BE USED ON ALL DRAWINGS 6.1.2

Chart 5.1 shows commonly accepted ways of drawing various lines. Many
other line symbols have been devised but most of these are not readily recag-
nized, and it is bstter to state in wards the function of special lines, partic-
ularly on process flow diegrams and P&D’s. The designer or draftsman

should use his current employer’s symbols.
SYMBOLS FOR LINES B S CHART 5.]

LINE SYMBOLS WHICH MAY BE USED ON P&ID's, PROCESS FLOW DIAGHAM & PIPING DRAWlNGS
.*__‘v .

PIPING DRAWINGS (PLANS, ELEVATIONS, 1503 AND SPOOL DRAWINGS)

waTCHLINE N N N I

OUTLINES OF BUILDINGS, UNITS, ETC,
CENTERLINE —— —— e -
SINGLE.LINE PIFING

PIPING UNDE on av EnT,
WALL,ETC. - —— -
'“TUR‘

FUTURE PIPING — — — o

EXISTING HIPING . -— iils'l"ﬂ: —_——
EQUIPMENT OUTLINES, DIMENSION LINES, DOUBLE-LINE PIPING

FUTURE EQUIPMENT — fuTRE—y
EXISTING EOUIPMENT EXISTING—

P81D°s AKD PROCESS FLOW DIAGRAMS

PRIMARY PROCESS, SEAVICE OR UTILITY

€S5S, ORUTILITY, N SN SR GEUEE EVER O
SECONDARY PROCESS, SERVICE OR UTILITY
PROCESS, OR UTIUTY, . S — —— — —

BIGNAL {INSTRUMENT) LINES .
INSTRUMENT AIR (PNEUMATIC SIGNAL} o i

INSTRUMENT LIQUID (HYDRAULIC SIGNAL) t = =

ELECTAIC —_——— i ——
ELECTROMAGNETIC' OR SONIC B oS e
INSTRUMENT CAPILLARY TUBING —_—

* AADIATION: LIGHT, HEAT, RADIO WAVE, ETC.

'm-mpmg Guide®, PO Boa 277, Cotatll, C

VALVE & EQUIPMENT SYMBOLS FOR P&ID's & 5.13
PROCESS FLOW DIAGRAMS

Practice in showing equipment is not uniform. Chart 5.2 is based on ANSI
Y32.11-1961, and applies to P&ID’s and process flow diagrams.

REPRESENTING PIPING ON PIPING DRAWINGS 5.14

Charts 5.3-6 show symbals used in butt-welded, screwed and socket-welded
systems. The various aspects of the fitting, valve, etc., are given. These sym-
bols are based on conventional practice rather than the ANS! standard
232.2.3, titled ‘Graphic symbols for pipe fittings, valves and piping’.

REPRESENTING VALVES ON PIPING DRAWINGS 5.15

Chart 5.6 shows ways of denoting valves, including stems, handwheels and
other operators. The symbols are based on ANSI Z32.2.3, but more valve
types are covered and the presentation is up-dated. Valve handwhesls should
to be drawn to scale with valve stem shown fully extended.

54)

MISCELLANEOUS SYMBOLS FOR PIPING DRAWINGS 5.1.6

Symbals that are shown in a similar way in all systems ar callected in chart
5.7.

GENERAL ENGINEERING SYMBOLS 6.1.7

Chart 5.8 gives some symbols, signs, etc., which are used geneselly and are
likely to be found ar needed an piping drawings.
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PROGESS EQUIPMENT SYMBOLS

COLUMNS

(E1}]

l
- =y
N < | .
— ¢t \ )
[ ——] %\ & ]
T N X N
— \ ‘Q -] ATMOSPHERIC (CONE ROOF) TANK FLOATING.ROOF TANK QASHOLDER
——— - L I
v v N—r l l CATALYTIC NEACTOR
nare racxen secTion DISC AND DONUT ' vessEL
SECTIONALLY PACKEDS OPEN or VENTED PRESSURIZED
cotumms -.vow:u RESERVOIR
' HERT-EXCHANGE ECUIPMENT THICKENER or CLARIFIER .
8 . |
g octsa Tnean N
o reso = ovensiow
'lm:.:f:'b -—-:\!—‘P »‘_fgz @ |
"T‘ SHELLSIOE FRED ki ‘ & convnsate k4
WATEACOULED COVDENSER SACKENED KETILE THicKENER
SHELL & 1UBT HEAT EXTHANGEN - € HEAT COOLING TOWER
._‘,JI,,mnmu TOUPNENT  {Will, grmden, oic,) @ SEPARATION EQUIPNERT ‘
J oo T Solid from sofid
b eroouet - - 2
- s0LI08 soL108
t+ LigutD} 1+ Lrouin
't‘, CONTINUDUS TUNNEL DRYER SEPAMATOR IB‘AIIAM
- ~
onouben ‘é‘; “ lm“"' from WITH MANUAL DRAIN ‘mm AUTOMATIC DRA ncemn
~ SALLMILL \ oRIED FINER
Joruensitn solid + fiquid propuct souios
MIXING EQUIPMENT s —p — —p -
(RS o mosicr : Solid from
N O | . —%“9 . DEticcATOR .
i ——hie s . J 2% morany onven norany e reto FITER @ sTRANER - sofid + gas
| - l," _:.;m v%
TRAY DRYEN (BATCH) FEED caxe {rg- Ph‘ =
m'mm T PPy _tlﬁ" —,__E:J_\ "
Auhiriva :,. -... - " ? g:ng mc':mm L—g‘?
A Y EYSEREY 3 P"“ ouTrLOw
vitngtiran ¥ . N SN
Rl f i e :. AN “’:é’ tiovon T rraatenLovon fLEO —?‘;‘ souos
Bt Wit Faftion. touctod  bacton BESICCANY DAYER renones " ROTARYDAUM FILTER J— ELECTAICAL PRECIPITATOR
= ™ L - ilping Guide* O Box R77,Cotat, CA Bhoza, Uss JORIETD e B ATt S e O St le e L e
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VALVES

MM@

NORMALLY OPEN NOAMALLY CLOSED

Special Types of valve may be indicsted by ths symbots given ln chart 5.8

VALVES (GENERAL)

CONTROL

ROTARY MOTOR
(Elecuric Signal)

SINGLE-ACTING
CYLINDER

<.

DOUBLE-ACTING

cvi I.IN.D( R

SOLENOID

VKN (Siete R-II

PUMPS, COMPRESSOR, BLOWER, & FAN

ACCUMULATORS

@ RECEIVER g

&
RECEIVER FOR
CENTAIFUGAL PUMP RECIPROCATING PUMP AIR e OTHER GAS
SUMP PUMP & MOTOR
GENERAL  CPRING-LOADED  GASCHARUED WEIGHIE0
SYMBOL TvE e e
T l
—{ @
THESE SYMBOLS CAN W6 USED FOM HYDRAULIC Uit
PNEUMATR: ACCUMUS ATEMS. U.iD Tu SMUOTH 1nf
f. PULEATING LUTFLOW $nM Fusy = OND LUne BLSS.IND
[l OR YO ACT AR RESERVOIRS tOA vAMIABLE Dilarns
BLOWER or FAN TURBINE COMPRESSOR ROTARY PUMP VISIBLE DRAIN
Drive Coupling N
Tve) —
eni . ROLLER CONVEYOR
£E INE DRIVER A
2PHASE ELECTRIC MOTOR JPHASE ELECTRIC MOTOR ‘-‘eﬁ
SCREW CONVEYOR
STEAM OR AIR 8527 STEAM OR AIR
\F !
I l f
SUCKET & FLIGHT CONVEYOR

W *Plping Guide®, PO Box 2

77,Cotall, CA 94028, USA
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WEIGHIED
1vee

SYIBOLS FOR BUTT-WELDEDSYSTENS 35

2 8
A

:I‘p:l..‘ 8

%‘i %4

B0

Lan
i
o
PREE T
R
:

A
oS

e

A,

. (onwrs3

I)‘v‘i:}wi.‘nm
LG ot 1 e

%
$ .
: IN CHARTS S, , SHOWN IN HEAVY LINE. LIGHTER
2 NOTE > LINES SHOW CONNECTED PIPE, AND ARE NOT A PART OF THE SYWBOL.
& : :
ki . 2
:2 NAMEOFITEM | END VIEW ] SIDEVIEW { END VIEW NAME OF ITEM END VIEW ) SIDEVIEW [ END VIEW NAME OF ITEM END VIEW ; SIDEVIEW { END VIEW
' ‘——\ LAP JOINT FLANGE 1 ‘ '
? BEND (State Rediva) ? fE & 5TUB _-l '.l_.- O
ii RETURN .
% BT WELD ’_—_.y . : - (lj O
g -+ LATERAL 2 é SOCKOLET SHOW AS ‘WELDOLET'—THIS CHART
AL muno ruance ' "—— @ 5
© © - -
iff - o | o
‘ LATROLET : FIELD
flmee | 0| d | d |
: I MITER SEE END OF THIS CHART %—_1
: SWAGE,
; ‘ CROSS . CONCENTRIC TOPVIEW ‘>‘ :
: , NIPOLET . ECCENTRIC '>_ D @
- 0 D BaTToM 1 FLAT
',i HBOW, 50°% LN ? ' } 1 PIPE @ ‘ 8——% @ SWEEPOLET @ { E ) @
N REDUCER, TOPVIEW D .
i " Hsow, 80°, $R sn? :'N s“(i) CONCENTRIC D THREDOLET SHOW AS 'WELDOLET'~THIS CHART
- : : - - ECCENTRIC __D_ @
| sow. e 2 || 98 SIS O
3 < RED FLG RED FLG RED FLG
. REDUCING FLANGE }__—
8 ¢f TOPVIEW —I WELDING-NECK _I I

nenter . FLANGE

EXPANDER FLANGE _lh — REDUCING ELBOW ? oo mj;, 9 WELDOLET @ Jb_ @

rELowELD ;- : i 2-PIECE MITER M? " ’ M(P

—-—-——-::::t:::t—-———::: SEE "COUPLING' THISCHART "5‘:‘:::::""'"3 _ll'_. _ /
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SYMBOLS F _
KT-ng[:l s | s i DRM“NG VALVES

SYMBOLS FOR

SCREWED SYSTEMS

GHAN| A8 GIVEe it PABIL 22 il d FlIN vm_wzj‘.
THESE BASIC ¥YMBOLY Ak USEL UR AbLak KR

NAME OF ITEM NAMEOFITEM |END VIEW raone:
PRIDY
cap — CAP O USE THE RELEVANT VALVE SYMUUL Tu Shuw Ik

TYPE OF VALVE. DRAW MOST §YMBOLS V4 o LONR
MANUAL QPERATUHS ARE NUY DininN

PIPING BRAWINGS
OPERATOR I8 SHOWN IF IMPORTANT

1) SCREWED VALVES
USE THE BASIC VALVE SYMBOL. DRAW THE LENGTH
OF THE VALVE TO SCALE.
12) SOCKET-ENDEU VALVES
1F THE PROJECT HAS A PIPING SPECIFICATION, LSE
THE BASIC VALVE SYMBOL. IF NOT, SHOW SOCKEY
ENDS TO THE VALVES:

Sochot ome oad]

VALVE WTH: ) Seckenboih snds | 1o 134 34

aq.‘ SYMBOL
EXAMPLE
DRAW THE LENGTH OF THE BASIC VALVE §YMBOL

ELoow, 45° TO SCALE OVER SOCKET ENDS.
HOSE ‘ 13} FLANGED VALVES

USE THE BASIC VALVE SYMBOL, WITH OPLRATOR,
AND SHOW MATING FLANGES AS DETAILED SELOW;

_“_o 1 _SINGLELINE | pousteLine |

1. Drawing the symbol

HXH

COUPLING, SHOW FOR BRANCH CONNECTIONS ONLY- COUPLING, SHOW FOR BRANCH OONNECTIONS [¢] -
FULL- & HALF- SEE ‘COUPLING' IN CHART 6.3 FULL- & HALF SEE 'COUPLING' IN CHARY 6. LY

ELBOwW, 90°

ELBOLEY SEE ‘ELBOLET'-CHAR

ELBOW, 45°

|- |+ol+st

HOSE CONNECTION

PIPE

S

PLUG

NN\NS,
REDUCER, ‘_] E.
NO SOCKET-WELOING FORGEDSTEEL FITTING m @

REDUCER @

RETURN

[l ior

rtur . Fi

forge

lorgedstrel elbows. IS AVAILASLE. IF A 1S0DEGREE RETURN IS
RETUAN AEGUIRED, IT MAY BE MADE USING A GUTT-

. WELDING RETURN, OR TWO SOCKET-WELDING A Shuw the bas vave 3,000 briwenn (ang
SEAL WELD SHOW 8Y NOTING ‘SEAL WELD’ ELBOWS WITH NIPPLE 8ETWEEN. 5 Disw flange OV W wate

i) Orew ;im gl n-;cu tu the quplno::)
Dangs lne » wente to Clange-{ace dosocaions

SWAGE, TOP VIEW

CONCENTRIC

_>|_ @ vaive,
?

-
d—
|1
D

CoO|®

SOCKOLET SHOW AS WELDOLET'~CHART 6.3

‘ 2. Bimensioning nonstandaid valves
swe;:«%zmmc TOP VIEW —>— Retar 0 8.3, wade Dl 0 vabet!

ECCENTRIC ->—
STATE WHETHER TOP &

OR BOTTOM IS FLAT"

S ®

STATE WHETHER TOP
ORBOTTOM IS ‘FLAT

TEE,
STRAIGHT or REDUCING

TEE,
STRAIGHT or REBUCING

THREDOLEY SHOW AS ‘WELDOLET'-CHART 6.3
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( SHMBOLS FOR VALVES AND VALVE OPERATORS

b5 n

1 veeoruae

SIDE VIEW

TOPVIEW

TYPEOF VALVE

{s) LINE.BLIND VALVE
{Using spectacts plate}

DEIERAT

SIDE ViEW

b)

TOP VIEW

%

i

TYPE OF VALVE

. O

SIDE VIEW

THiS CHANT UIVED THE BASIC VALVE SYMBOL WHICH IS USED ON PAIDYI AND FLOW DIAGRAMS.
ADAPTATION OF THE SYMSOLS 1O PIPING DRAWINGS IS EXPLAINED ON THE FACING PAQE ¢
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(1) FOR PLANS AND ELEVATIONS

{2) FOR ISOMETRIC DRAWINGS
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ADJACENT TO
AAEA ON FRONT

OF SHEET
T ENCIRCLE AREA IN
QUESTION AND THE
‘HOLD' MARKING ON
STATE REASON REAR OF SHEET
FOR HOLO —% .

‘CONSTRUCTION HOLD' MARKING. IF SUF-
FICIENT INFORMATION IS NOT AVAILABLE
T0 FINALIZE PART OF THE DESIGN, THE
'HOLD' MARKING IS USED TO INSTRUCT THE
CONTRACTOR TO AWAIT A LATER REVISION
OF THE DRAWING BEFORE STARTING THE
WORK IN QUESTION

o (] 20 30

GRAPHIC SCALE REQUIRED ON DRAWINGS
LIKELY TO BE CHANGED [N SIZE PHOTO-
GRAPHICALLY FOR REPORTS, ete.

SYMBOL LOCATING AXES OF REFERENCE:
INTERSECTION OF ORDINATES (COORDIN-
ATE POINT}

TYPICAL SECTION INDICATORS. LETTERS "I
AND °'Q° SHOULD NOT BE USED TO AVOID
CONFUSION WITH NUMERALS ‘1" AND ‘0.
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‘FITTING MAKEUP' SYMBOL

INOT PREFERRED — SEE S. 3.3 UNDER ‘FITT-
ING MAKEUP)

(03 (2):] (5)}

DISCONTINUED VIEWS:

(1) PIPE, ROUND SHAFT, etc.

(2} SLAB, SQUARE BAR, etc.

13) VESSEL, EQUIPMENT, etc.
{Also used to terminate drawing)

PEDF
thestnumtint
/ Unpe Sy
snocees vanane—< F 1UNCTIONAL ISR TIFRCATION
ot
1oor Wmara—-§ To0r rratwicAnon

SOLID MAYERIAL
_ {ond pipe crons section)

INSTRUMENT BALLOON, USUALLY DRAWN
1/18-INCH DIAMETER ON P&I0’s AND PIPING
OHAWINGS {TO 3/8 IN. PER FT SCALE)

W - )

SCREWTHREAD SYMBOLS

CHAIN SYMBOL

BRICK &
STONE MASONRY

CHECKEN PLATE
{Use 30° lines)

GRATING

A —=

“Plplng Guide", PO Box 277. Colati, CA 94928, USA

ts1)

CHARTS

57&58



PP~

WELDING SYMBOLS (AMERICAN WELDING SOCIETY) ¥ eerpeneeee

THE AMERICAN WELDING S0CLETY

Bas eld bo and 2 ocatio 0 B A < £, - 3

7LASH OR| o 1 Eac—n o
LOCATION rLugon | sroTon urscy GROOVE sackon FLANGS ARC agaM g L ¥ A :
SIGNIFICANCE ey ctor . broscrion]  s2an u————,‘w"‘ Frromy - : YT Fyv surracing an Rear A" paunciwnli SaToney

[T CORNER | anrsroy ]

- il

< g7<< P Py
otHEnsioe WRW@WWWAWWW 2 = U et
>H e

LI
>yl
-
e Sriece ';/ & -
- [ LR o
NOT L NOT 407 HOT Ny 90 NoT ¢
BoTHSIDES >—B'/ uSED uSED ustD YH"( >_K> % \"%'< He\ sED [ra3 1) fr] ot -
- -~ -
NO “ARROW SIDE" NOT USED > N ;
. not HOT \ o wot not ®oT nOT NoT noT woT noy I ]
X Sk " L toe lash L
gzmo’:r‘:iz“n: e wED dwomimatn|  USEO uSED D usED SED wEo WSED )'W\ =t wio [, b / v
e ” . D
pple 6 > bolg . 2 pld . bols g 3t 56
WELD F1ELe | meLt- CONYTOUR BACK OB BACKING WELD 8YMBOL “INCLE-V-GROOVE WELDING SYMAOL INDICATING ROOT FENKTRATION|  rencies siisec  PROIEETION wes QING symear
AROUND | WELD THRU FLUSH | CONVEX [CONCAVE| )ﬁ“ Ry Wy um-\‘ / '-'--p
+ o) ; ety o o arw s
r'e f t\: s it sway ™ -nz-‘u-u-" [ et oryiens E?.".',',‘ ey __'.>looz s re=calatl bHUAIILE S
CoO0vy {1 A Y
! Kmieiron caoaet sncii roncin wives | H=— - - =7 e W e
‘Yit-ocallon of Elements SURFACING WELD $YMBOL INDICATING BUILT-UP SUATACE POUBLEBEVELGROOVE WELOING SYMROL T ] kA wELoma sYmaoy .'..'?,':.z;'"h w
: ontl tamsan oo
SRUNISTION, 1OCATEN \:F'_'" " " cmwine [y ot '>£$_‘ 2 \ :7- ""v’ﬂ W&"‘“‘
AR ML BitWONS R : E 1 28000 "¢ i 4
sus pacnt o owrowis] £ F OInes Taun w1 4} . H 00143 i1y mimy 7 - 1 -,
oo ST ImeE et  — T T miet 2 Nt o
Twnn sTeso ARGLE OF COURTIRVI T cacont s Frt i [riaisone of "‘a’"‘:
CONTOUD L] —— - T

90GT OPLIING: BEPIN OF FRLNG:
YoR MUE sk WIT WILEY

108 RS B - T 12 Ea
Ctmcim 0 with DOUSLE FILLET WELDING 8YMBOL WELDING $YMBOLS FOR COMBINED WELOS PLASH ON UPSET RiLOING SVMBQY .
— SICH (CINTLR- TO-CLAILE W aumin @ U —\ oagicn mocatts 1- 0 )
WL SaT 08 MRTAGH SrACH) OF wiisy 12: Tuat wi10 SUILNEY . e B} Gltrem
——u- T T e Bt o sy i o [sal et
1 Ay B
et 1 ST G S & 3 -»
X CHALN INTEAMITTENY FILLET-WELDING SYMBOL. PLUG WELOING SYMBOL :"’f-;.g‘":::n - o SAVARE-QROQVE WELDING SYMBO..
Ei] 1’ Lo o woaery L o
- 2 rin 00 ruiom
: !_.\ﬁtl fortance atrwtes WL P, 07 ML 43 DRST): e 0" -l .'.u £z !
W et o s L SINTRIR) O Scstuismy :‘a‘-‘:u’;‘:}"—_—— e &' Couniny Eouniie wm
P tasion
STAGGERED INTERAMITTENT FILLET-WELDING SYMEOL SLOT WELOING SYMBOL PLARK-V-GROOVE AN FLARE SRVEL GHUUYE SELOING §THOTLS
StunIATe. 10CATIN 7
W aIeSIn O W) PICH (SIANCE B TWE N
T !'ll\ﬁunm 00 scatusary F ey
s auie srason ] -4 oot - e o semsmins |/ -7 YN
— WTLO ALL ASOUNS JTHNGL ) plmeen oo R T 2 "
N ta o 1901 o8 URGIN @ SuChiNgaTy LT LTI ey ”: hadhad
FroALIon atiey BINGLE-V-GROOVE WELDING SYMBOL sPOTwELOING sYMBOL T | 6DAEFLANGE AND CORNENFLANGE WEL OiiG SYHAD! §
CLEMENTS I» Iy anis WMD OF S et - (3] ’__Emu CinIEN o
RIMAN 43 GNOWN 103

[X¢] m,—ﬁ'ﬁ

L bl aernid 1
-4 .:MQ. e

®uiN Taa ArD ASOW WL (UFTR O Coass ] Rwad) ‘
a1 mmnee Ouason oty M >
u S~

TuCzNIS) Of wtustey -l e o

WELD-ALL-AROUND SYMSOL MELT-THRU 8YMBOL

WL AL ASOUNS STALBOL
WOCAIES Fual wiLe (RIa0s
LOWMETILY AMOURD Dt sOM?

ZIELD WELD SYMBOL

[ra10 wtie sreacn
MOCATIN 1T Wt @
0 82 maDt &) & act
[serae nx

CONVAA CUNTOUN VY MBOL
. .
e )
sy Lmets LOmtUA Sra0ech e
v K Lt SLANS IKE o s18 o 217y =y ince 00
Sa1i0mng WuCHAY " o tanuis s
conTous aur et Coerts Contone -_ L rorate Xoed

i
AT B

[waus susy srunca @ mor
jonat K3ORED LLIELIY mistnt)

ANT SMCANE aLio Simac

TEE JOINY €DGL JOINT & nes

DESIGNATION OF CUTTING |2 ] nowsassaanto syusone:
PROCESSES BY LETVTERS 4

US1 PALFRARED STMBOL WITH PROCISS ALFIAINCE 89 R 1AL
o o g ¥ S
& froavst el Cane v <t by 0w
= oyttt AMERICAN WELDING SOCIETY
|- 343 Lem ¢ Shoet, Nym Yot .V, a3t
= . ool
asahie

PEes LI, R S S AT :

28FR LD WrASSEerRl e ~Plping Gulde", PO Box 277, Colati, CA 84928, USA

he RN PRIRR N EOAOpNE e

{62) i .



Tancr, n.nn o-
| ursey
P 1

Vb s
- P2 -~

FERENCE 9 THE TAR.

mn snclr fv

wrmy ey

SYMBOLS FOR WELDING DETAILS 5.1.8
Standard welding symbols are published by the American Welding Society.

These symbols should be used as necessary on details of attachments, vessels,

piping supports, ete. Thae practice of writing on drawings instructions such
as ‘TO BE WELDED THROUGHOQUT’, or ‘TO BE COMPLETELY WELDED’
translers the design responsibility for all attachments and connections from
the designer to the welder, which the Society consnders to be a dangerous
and uneconomic practice,

The ‘welding symbol’ devised by the American Welding Society has eight

elements. Not all of these elements are necessarily needed by piping designers.

The assembled welding symbol which gives the welder all the necessary in-
struction, and locations of its elements, is shown in chart 5.9. The elements
ara:

REFERENCE LINE

ARROW

BASIC WELD SYMBOLS

DIMENSIONS & OTHER DATA

SUPPLEMENTARY SYMBOLS

FINISH SYMBOLS

TAIL

SPECIFICATIONS, PROCESS or OTHER REFERENCE

" The following is e quick guide to the scheme. Full current details will be
found in the 1968 revision of ‘Standard Welding Symbols’ available from the
Amarican Welding Soclsty.

ASSEMBLING THE WELDING SYMBOL

Reference ling and arrow: The symbol begins with a reference line and arrow
pointing to the joint where the weld is to be made. The reference ltine has two
‘sides’: 'other side’ (above the line) and ‘arrow side’ (below the line)—refer
to the following examples and to chart 5.9.

BASIC WELDING ARROW FIGURE 5.1
Othersids _ Other side / Other m\ Other side
Arrow side \ Arrow side Atrow side Arrow sly
BASIC WELDING SYMBOLS
{a) The weld symbol
[ NS [ rweemer | B, | ma | i | e

V IMIDTO || ]I

Sairihe X 4 e _‘“'(I . v r FLAREY FLARESEVEL

A TR AR 7C 1<
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EXAMPLE USE OF THE FILLET WELD SYMBOL

If a continuous fillet weld is needed, like this:

—

@ 18
the fillet weld symbol is placed

on the ‘arrow side’ of the
reference line, thus:

the weld symbol is shown on
the ‘other side’ of the refer-

If the weld is required on the far side from the arrow, thus:
(:[Lij " ence line: ‘E

If @ continuous filiet weld is needed on both sides of the joint,

A =

EXAMPLE USE OF THE BEVEL GROOVE SYMBOL

if a bevel groove is required, like this:

the fillet- weld symbol is
placed on both sides of the
reference line:

The ‘groove’ symbol for a
bevel is shown, with the fillet
weld symbol, and a break is
made in the arrow toward the
member to be beveled, thus:

cHART

Only the bevel and °J' groove symbols require a break in the arrow —see t5.9
chart 5.9, ' T
DIMENSIONING THE WELD CROSS SECTION
Suppose the weld is required to be 1/4 inch in size, and the bevel is to be
3/16 inch deep:

N\ " These dimensions are shown '
{ ] to the left of the weld sym- & '

1]a bol : Y

4108

' FIGURE

Alternatively, the beve! can be expressed in degrees of arc: 5.1

sa’f\:l ‘L
r A ] and be indicated thus on the E—%
symbol:
i i
—

It @ rgot gap is required, thus:

o] _th _
| the symbol Is:
]

e Tles
=

"
-



DIMENSIONING THE LENGTH OF THE WELD

Going back to the fillet weld joint without a bevel, if the weld needs {0
be 1/4-inch in size and 6 inches long, like this:

1" [
the weld symbol
may ba drawn:
3
alternately: ;

If a series of B-inch long welds is required with 6-inch gaps-between them
(that is, the pitch of the welds is 12 inches), thus:

% I\6—12

the symbol is: alternately:

! l Supﬁ—lz

If these Welds are required staggered on both sides—

like this: pP—a—=22 the symbol is:
e e
SUPPLEMENTARY SYMBOLS

Thess symbols give instructions for making the weld and define the required
contour:

WIS ALL CONTOUR
nEowLe MELY-THRY
Anouxg o CoAVEX concAvE

(64}

Going back to the example of a simple fillet weld, if (he weld is requifed
all around a member,

like this: or like this:

it is shown in this way: 76%

if this same ‘all around’ weld has to be made In the Hsld, it Is shown thus.

The contour of the weld is shown by a contour sﬁnbol on the weld symbol:

CONCAVE CONTOUR

N

FLUSH CONTOUR

like this 7 W

CONVEX CONTOUR

like this: F/ L\ or:

The method of finishing the weld contour is indicated by adding & finish
notation letter, thus, ’

EM\

where M = machining, G = grinding, and C = chipping.

LAY

FULL WELDING SYMBOL

Occasionally it is necessary to give other instructions in the welding symbul.
The symbol can be elaborated for this as shown in “Location of elements of a
welding symbol’ in chart 5.9.

Chart 5.9, reproduced by permission of the American Welding Sutlity,
summarizes and amplifies the explanations of this section.



DRAWINGS 5.2

- AN information for constructing piping systems is contained in drawings,

apart from the specifications, and the possible use of a model and photo-

graphs,

THE MAIN PURPOSE OF A DRAWING IS TO COMMUNICATE
INFORMATION IN A SIMPLE AND EXPLICIT WAY.

PROCESS & PIPING DRAWINGS GROW FROM 5.2.1

THE SCHEMATIC DIAGRAM

To design process piping, three types of drawing are developed in sequence
from the schematic diagram (or "schematic’} prepared by the process engineer.

These thiae types of drawing are, in order of development:—-

(1)  FLOW DIAGRAM (PROCESS, or SERVICE}
{2)  PIPING AND INSTRUMENTATION DIAGRAM, or PRID’
{3)  PIPING DRAWING

EXAMPLE DIAGRAMS

Figure 5.2 shows a simple example of a ‘schematic’. A solvent recovery
system is used as an example. Based on the schematic diagram of figura 5.2,
8 developed process flow diagram is shown in figure 5.3. From this flow
diagram, the P&ID (figure 5.4) is evolved. '

As far as practicable, the flow of material(s) should be from left to right.
incoming flows should be arrowed and described down the left-hand edge
of the drawing, and exitting flows arrowed and described st the right of
the drawing, without intruding into the space over the title block.

Information normally included on the process drawings is detailed in sections
5.2.2 thru 5.2.4. Flow diagrams and P&ID’s each have their own functions
and should show only that information relevant to thsir functions, as set
out in 5.2.3 and 5.2.4. Extrangous information such as piping, structural
and mechanical notes should not ba included, unless essential to the process.
SECURITY !

A tea) or supposed need fot Industrial or national security may restrict infor-
matlon appeating on drawings. Instead of naming chemicals, indeterminate
of traditional tarms such es 'sweet water’, ‘brine’, “leach acid’, ‘chemical 8,
ray b Ised. Data ifiportant to the reactions such as temperatures, pressures
arid N rales fhay be withheld. Sometimes certain key drawings are locked
#way when ot in use.

165}

SCHEMATIC DIAGRAM 5.2.2

Commonly referred to as a "schematic’, this diagram shows paths of flow by
singie lines, and operations or process equipment are represented by simple
figures such as rectangies and circles. Notes on the process will often be
included. o

The disgram is not to scale, but relationships between equipment and piping
with regard to the process are shown, The desired spatial arrangement of
equipment and piping may be broadly indicated. Usually, the schematic is
not used after the initial planning stage, but serves to develop the process flow
diagram which then becémes the primary reference.

FLOW DIAGRAM 5.2.3

This is an unscaled drawing describing the process. |t is also referred to as
a 'flow sheet’.

It should state the materials to be conveyed by the piping, conveyors, etc.,
and specify their rates of flow and other information such as temperature
and pressure, where of interest. This information may be ‘flagged’ {(on lines)
within the diagram or be tabulated on a separate panel-such & panel is
shown at the bottom left of figure 5.3.

LAYOUT OF THE FLOW bIAGRAM

Whether a flow diagram is to be in elevation or plan view shouid depend
on how the P&ID is to be presented. To easily relate the two drawings, both
should be presented in the same view. Elevations are suitable for simple

* systems arranged vertically. installations covering large harizontal areas are

‘best shown in plan view.

Normally, a separate flow diagram is prepared for each plant process. If a
single sheet would be too crowded, two or more sheets may be used. For
simple processes, more than one may be shown on a sheet. Process lines
should have the rate and direction of flow, and other required data, noted.
Main process flows should preferably be shown going from the left of the
sheet to the right. Line sizes are normally not shown on a flow diagram.
Critical internal parts of vessels and other items essential to the process
should be indicated.

All factors considered, it is advisable to write equipment titles either near the
top or near the bottom of the sheet, either directly above or below the
equipment symbol. Sometimes it may be directed that all pumps be drawn at
a common level near the bottom of the sheet, although this practice may lead
to a complex-looking drawing. Particularly with flow diagrams, simplicity in
presentation Is of prime importance.

JEH



SCHEMATIC DIAGRAM
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FLOW LINES

Directions of flow within the diagram are shown by solid arrowheads. The
use of arrowheads at all junctions and corners aids the rapid reading of the

diagram. The number of crossings can be minimized by good arrangement.

Suitable line thicknesses are shown at full size in chart 5.1. For photographic
rerluction, lines should be spaced not closer than 3/8 inch.

Process and service streams entering or leaving the flow diagram are shown
by large hollow arrowheads, with the conveyed fluid written over and the
continuation sheet numbgr within the srrowhead, as in figure 5.3.

ARROWS ON FLOW DIAGRAMS

b

SHOWING VALVES ON THE FLOW DIAGRAM

Instrument-controlled and manual valves which are necessary to the process
are shnwn. The following valves are shown if required by a governing code or
tegulation, or if they are essential to the process: isolating, bypassing, venting,
diaining, sampling, and valves used for purging, steamout, etc., for relieving
excess pressure of gases or liquids (including rupture discs), breather valves
and vacuum breakers,

SHOW ONLY SPECIAL FITTINGS

Piping fittings, strainers, and flamie srrestors should not be shown unless of

sporial importanca to the process.

ESSENTIAL INSTRUMENTATION

Only instrumentation essential to process control should be shown. Simplified
tepresentation is suitable. For example, only instruments such as controllers
and indicators need be shown: items not essential to the drawing {trans-
mitters, for example) may be omitted.

- EQUIPMENT DATA

Capacities of equipment should be shown. Egquipment should be drawn
schematically, using equipment symbols, and where feasible should be drawn
in proportion to the sctua! sizes of the items. Equipment symbols should
neither dominate the drawing, nor be too small for clear understanding.

STANDBY & PARALLELED EQUIPMENT

Standby equipmant Is not normally drewn. #f ldentical units of equipment
are provided for porallgled oparation (that is, all units on stream), only one
unit need normally b drawn. Paralleled or standby units should be indicated
by fintifg the equipmint number shd the service function ('STANDBY’ ot
TARALLEL OP'), -

1671

It is advisable to draw equipment that is operated cyclically. For example,

" with filter presses operated in parallel, one may be shown on-stream, and
_ tha second press for alternate operation.

PROCESS DATA FOR EQUIPMENT

The basic process information required for designing and operating major
items of equipment should be shown. This information is best placed immed-
iately below the title of the equipment.

IDENTIFYING EQUIPMENT

Different types of equipment may be referred to by a classification letter
(or letters). There is no generally accepted coding — each company has its
own scheme if any standardization is made at all. Equipment classed under a
certain letter is numbered in sequence from ‘1" upward. If a new installation
is made in an existing plant, the method of numbering may foliow previous
practice for the plant.

Also, it is useful to divide the plant and open part of the site as necessary
into areas, giving each a code number. An area number can be made the first
part of an equipment number. For example, if a heat exchanger is the 53rd
item of equipment listed under the classification ietter ‘E’, located in area °1°,
(see ‘Key plan’ in 6.2.7) the exchanger’s equipment number can be 1-E-53.

Each item of equipment should bear the same number on all drawings, dia-
grams and listings. Standby or identical equipment, if in the same service,
may be identified by adding the fetters, A, B, C, and so on, to the same
equipment identification letter and number. For example, a heat exchanger
and its standby may be designated 1-E-53A, and 1-E-53B.

SERVICES ON PROCESS FLOW DIAGRAMS

Systems for providing services should not be shown. However, the type of
service, flow rates, temperatures and pressures should be noted at consump-
tion rates corresponding to the material balance—usually shown by a ‘flag’
to the ling—see figure 5.3.

DISPOSAL OF WASTES

The routes of disposal for all waste streams shoutd be indicated. For example,
arrows or drain symbols may be labelled with destination, such as ‘chemical
sewer’ or ‘drips recovery system’. In some instances the disposal or waste-
treatment system may be detailed on one or more separate sheets. See6.13
where ‘effluent’ is discussed. :

MATERIAL BALANCE

The process material balance can be tabulated on sebarate 8% x 11-inch sheats,
of along the bottom of the process flow diagram.

FiGURES ™
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PIPING & INSTRUMENTATION DIAGRAM 6.2.4

This drawing is commonly referred to as the ‘P&ID’. Mts object is to indicate
all process and service lines, instruments and controls, equipment, and data
necessary for the design groups. The process flow diagram is the primary
source of information for developing the P&ID. Symbols suitable for P&ID's
are given in charts 5.1 thru 5.7.

The P&ID should define piping, equipment and instrumentation well encugh
for cost estimation and for subsequent design, construction, operation and
modification of the process. Material balance data, flow rates, temperatures,

pressures, etc., and piping fitting details are not shown, and purely mechanical -

piping details such as elbows, joints and unions are inappropriate to P&1D’s.

INTERCONNECTING P&ID

This drawing shaws pracess and service lines between buildings and units,
etc., and serves to link the P&!D’s for the individual processes, units or
buildings. Like any P&ID, the drawing is not to scala. It resembles the layout
of the site plan, which enables line sizes and branching points from headers
10 be established, and assists in planning pipeways.

P&ID LAYOUT

The layout of the P&ID should resemble as far as practicable that of the
process flow diagram. The process relationship of equipment should corres-
pond exactly. Often it is useful to draw equipment in proportion verti-
cally, but to reduce horizontal dimansions to save space and allow room for
flow lines between equipment. Crowding information is a common drafting
fault — it is desirable to space generously, as, more often than naot, revisions
add information. On an elevational P&ID, a base line indicating grade or
first-floor level can be shown. Critical elevations are noted.

For revision purposes, a P&lD is best made on a drawing shest having a grid
system—this is a sheet having letters along one border and numbers along the
adjacent border. Thus, references such as ‘A6’, ‘B5’, etc., can be given to an
area where a change has been made. (A grid system is applicable 10 P&ID’s
more complicated than the simple example of figure 5.4.)

DRAFTING GUIDELINES FOR P&ID’s

s Suitable line thicknesses are shawn at full size in chart 5.1

o  Crossing lines must not touch—break lines going in one direction only.
Break instrument lines crossing process and service lines

e  Keep parallel lines at least 3/8 inch apart

o  Preferably draw all valves the same size—1/4-inch long is suitable—as
this retains legibility for photographic reduction. Instrument isolating
valves and drain valves can be drawn smaller, if desired

) Draw instrument identification balloons 7/16th-inch diameter—see 5.5
¢  Draw trap symbols 3/8th-inch square

FLOW LINES ON P&ID’s

All flow linss and interconnections should be shown an P&ID'%, Every line
shauld shaw direction of flow, and be labeled ta shew the area of piuject,
conveyed fluid, line size, piping material or specification code pumber
{company code), and number of the line. This infarmatian Is shown in the
‘line number’,

EXAMPLE LINE NUMBER: (F4]82]6[412]23) may denute the 231d
line in area 74, a 6-inch pipa to company specification 412, ‘82" identilies
tha conveyed fluid.

This type of full designation for a flow line nead not bis usud, providui
identification is adequate.

Piping drawings use the line numbering of the P&ID, and the lolluwing
points apply to piping drawings as well as P&ID's,

o  For a continuous line, retain the same number of line (such as 23 in
the example) as the line goes thru valves, strainers, small filturs,
venturis, traps, orifice flanges and small equipment genarally

e  Change the number of a lina terminating at @ major ilem of eyuip-
ment such as a tank, pressure vessal, mixer, or any equipnient carrying
an individual equipment number

) Alloéata new numbers to branches

o For a system of lines carrying the same. material, allocate sequential
numbers to lines, beginning with ‘1° for each system

et P—

As with the pracess flow diagram, directions of flow within the drawing are
shown by solid arrows placed at every junctian, and all corners except vhers
changes of direction accur closely together. Corners should be square. The
number of crossings should be kept minimal by good arrangament.

Process and ssrvice streams entering or leaving the pracess are noted by hollow
arrows with the name of the conveyed fluid written over the arrowhead and
the continuation sheet number within it. No process flow data will normally
be shown on a P&1D.

FLOW LINES ON P&ID’s
i

v ¥+ £

—
NOTES FOR LINES
Special points for design and operating procedures are noted—sich as ivx-

which need to bs sloped for gravity flow, lines which need caeful cleainy
before startup, etc.



P&ID SHOWS ALL EQUIPMENT & SPECIAL ITEMS

The P&ID should show all major equipment and information that is relevant
to the process, such as equipment names, equipment numbers, the sizes,
ratings, capacities, and/or duties of equipment, and instrumentation.

Standby and paralleled equipment is shown, including ell connected lines.
Equipment numbers and service functions ('STANDBY' or ‘PARALLEL OFP')
are noted. .

*Future’ equipment, together with the equipment that will service it, is shown
in broken ovtline, and labeled. Blind-flange terminations to accommodate
future piping should be indicated on headers and branches. ‘Future’ additions
are usually not anticipated beyond a S-year period.

Pressure ratings for equipment are noted if the rating is different from the
piping system. A ‘typical’ note may be used to describe multiple pieces of
identical equipment in the same servics, but all equipment numbers are
written,

CLOSURES

Temporsry closures for process operation or personnel protection are shown.

SEPARATORS, SCREENS & STRAINERS

These items should be shown upstream of equipment and processes needing
protection, and are discussed in 2.10.
STEAM TRAPS ON THE P&ID *

- If the locations of traps are known they are indicated. For example, the trap
required upstream of a pressure-reducing station feeding a steam turbina
should be shown. )

Steam traps on steam piping are not otherwise indicated, as these trap posi-
tions are determined when making the piping drawings. They can be added
later to the P&ID if desired, after the piping drawings have been completed.

DRIPLEGS
Driplegs are not shown.

VENTS & DRAINS

Vents and drains on high ahd low points of lines respectively, to be used for -

hydrostatic testing, are not shown, as they are established on the piping
arrangement drawings. Process vents and drains are shown.

THIS DIAGRAM SHOWS THE MANNER OF PRESENTATION
ORLY-A WORKING DRAWING WOULD BE DEVELOPED 7O
INCLUDE MORE INFORMATION.

FIGURE 54

I PIPING_AND_INSTRUNENTATION _DIAGRA

oM INSTRUMENT NUMBERN T Bibw dize.
ON ALL (NSTRUMENTATION * + — (o
SYMEOLS (REFEN 10 8.83) - ‘7

©

D PRESSURERATING. -
AN

Dikty Wit
SOLVENT

owe NOD] e ]

“SPACE OVER TITLE 8LOCK FOR NOTES; ; NN
A N
' NN

RECLAIMED SOLVENT,
gDWG NO >

SLOWDOWN L
COIL DATA
] cOOULING wATER
YOWG NO >
SrEAm
DWG NO . A
SLUDGE COOLING WATER -
(WG NO&—— (TR0 r \ JoWG No»>
. CONDENSATE ’
SoWG NO)
V WATER SEPARATOR
SEPARATOR SOLVENT PREHEATER  SOLVENT VAPORIZER SOLVENT COOLER EQUIP NO
tour No TQUIF NO EQUIP NO EQUIP NO
SOLVENT RETURN PUMP

EQUIP NO

) —
s "Plplng CGulde", PO Box 277, Cotati, CA 94928, USA

t69)

Bfee

54



VALVES ON THE P&ID

s  Showand tag process and service valves with siza and identifying num-
ber if applicable. Give pressure rating if different from line specification

o  Indicate any valves that have to be locked open or locked closed -

e Indicate powered operators’

SHOWING INSTRUMENTATION ON THE P&ID

Signal-lead drafting symbols shown in chart 6.1 may be used, and the
ISA scheme for designating instrumentation is described in 5.5. Details of
instrumBnt piping and conduit are usually shown on separate instrument
installation drawings. :

o  Show alt instrumentation on the P&ID, for and including these items:
element or sensor, signal lead, orifice flange assembly, transmitter, con-
troller, vacuum breaker, flame arrestor, level gage, sight glass, flow indica-
tor, relief valve, rupture disc, safety valve. The last three items may be
tagged with set pressure(s) also

o Indicate local- or board-mounting of instruments by the symbol-refer
to the labeling scheme in 5.5.4 : .

INSULATION & TRACING

Insulation on piping and equipment is shown, together with the thickness
required. Tracing requirements are indicated. Refer to 6.8.

CONTROL STATIONS

Contro! stations are discussed in 6.1.4. Control valves are indicated by press-
ure rating, instrument identifying number and size—see figure 5.15, for ex-
ample.

P&ID SHOWS HOW WASTES ARE HANDLED

Drains, funnels, relief valves and other equipment handiing wastes are shown
on the P&ID. If an extensive system or waste-treatment facility is involved,
it should ba shown on a separate P&ID. Wastes and effluents are discussed
in 6.13.

SERVICE SYSTEMS MAY HAVE THEIR OWN P&ID

Process equipment may be provided with various services, such as steam for
heating, water or refrigerant for cooling, or air for oxidizing. Plant or equip-
ment providing thess services is usually described on separate “service P&ID's".
A service line such as a steam line entering a process P&ID is given a ‘hollow
arrow’ line designation taken from the service P&ID. Returning service lines
are designated in the same way. Refer to figure 5.4.

UTILITY STATIONS

Stations providing steam, compressed air, and water, are shown. Refer to
6.1.5.
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LINE DESIGNATION SHEETS OR TABLES 5.2.4
These sheets are tabulated lists of lines and information abiout them. The
numbers of the lines are usually listed at the right of the sheei. Othey
calumas list line size, material of construction {using cumpany’s specificatian
code, if there is one), conveyed fluid, pressure, temperature, flow rate, test
pressure, insulation or jacketing (if required), and connegted lines (which
will usually ba branches). '

The sheets are compiled and kept up-to-date by the project group, taking all
the information from the P&ID. Copies are supplied to the piping group for
reference.

On small projects invalving anly & few lines line designation sheats may not be
used. It is useful to add a note on the P&ID stating the numbers of the last

- line and last valve used.

VIEWS USED FOR PIPING DRAWINGS 6.2.6

Two types of view are used:

(1) ORTHOGRAPHIC ~ PLANS AND ELEVATIONS
{2) PICTORIAL — ISOMETRIC VIEW AND OBLIQUE PRESENTATION

Figure 5.5 shows how a building would appear in thesa different views.

FIGURE 6.6

PICTORIAL m

PRESENTATIONS USED IN PIPING DRAWINGS

g ORTHOGRAPHIC

BOE -SRI Y N
Y Yoz (gUS

PLAN

ISOMETRIC

-

ELEVATIONS

OBLIQUE

PLANS & ELEVATIONS

Plan views are more common than elevational views. Piping layoul is duveloped
in plan view, and elevational views and section details aie added fur claity
where necessary.

PICTORIAL VIEWS

In complex piping systems, where orthographic views may not easily illus-
trate the design, pictorial presentation can be used for clarity. ta either
isometric or oblique presentations, lines not horizontal or vertival un the
drawing are usually drawn at 30 degress to the horizontal.



Oblique presentation has the advantags that it can be distorted or expanded to
show areas of a plant, etc. more clearly than an isometric view. It is not
commonly used, but can be useful for diagramatic work.

Figure 5.6 illustrates how circular shapes viewed at different angles are ap-
proximated by means of a 35-degree ellipse template. Isometric templates
for valves, etc., ere available and neat drawings can be rapidly produced with
them. Orthographic and isometric templates can be used to produce an
oblique presantation.

ISOMETRIC PRESENTATION FIGURE 6.6
OF CIRCULAR SECTIONS

‘

PLAN, ELEVATION, ISOMETRIC & OBLIQUE
PRESENTATIONS OF A PIPING SYSTEM

Figure 5.7 is used to show-the presentations used in drafting. Isometric
and oblique drawings both clearly show the piping arrangement, but the
plan view fails to show the bypass loop and valve, and the supplementary
elevation is needed.

PIPING DRAWINGS ARE BASED ON OTHER DRAWINGS 5.2.7

The purpose of piping drawings is to supply detailed information to enable
a plant to be built. Prior to making piping drawings, the site plan and
equipment arrangement drawings are prepared, and from these two drawings
the plot plan is derived. These three drawings are used as the basis for
developing the piping drawings.

SITE PLAN

The piping group produces a ‘site plan” to a small scale (1inch to 30 or 100 ft
for example). It shows the whole site including the boundaries, roads,
railroad spurs, pavement, buildings, process plant areas, large structures, stor-
age areas, effluent ponds, waste disposal, shipping and loading areas. ‘True’

P A / N (geographic) and ‘assumed’ or ‘plant’ north are marked and their angular
_~30° 60°\ '/60° 30° separation shown—see figure 5,11, .
PIPING ARRANGEMENT IN DIFFERENT PRESENTATIONS FIGURE 6.7
@
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KEY PLAN

A ‘key plan’ Is produced by adapting the site plan, dividing the area of tha
site into smaller areas identified by key letters or numbers. A small simplified
inset of the key plan is added to plot plans, and may be added to piping and
other drawings for reference purposes. The subject area of the particular
drawing is hatched or shaded, as shown in figure 5.8,

FIGURE 6.8

4

DRAWING SHEET SHOWING KEY PLAN & MATCHLINE

©

KEY PLAN
NOTES

ENGINEERING
COMPANY

MATCHLINE AREA 2

DOWG No.

MATCHLINE AREA ‘Y

PIPING PLAN,
AREA ‘Y

EQUIPMENT ARRANGEMENT DRAWING

Under project group supervision, the piping group usually makes several
viable arrangements of equipment, seeking an optimal design that satisfies
pracess requirements. Often, preliminary piping studies are necessary in order
10 establish equipment coordinates.

A design sid for positioning eguipment is to cut out scaled outlines of
equipment from stiff paper, which can be moved about on & plan view of
the area involved. (If multiple units of the same type are to be used, xeroxing
the equipment outlines is faster.) Another method which is useful for areas

where method study or investigational reports are needed is described in .

4.4.13 under ‘Photographic layouts’.

PLOT PLAN

When the equipment arrangement drawings are approved, they are developed
into ‘plot plans’ by the addition of dimensions and coordinates to locate
all major items of equipment and structures.

North and east coordinates of the extremities of buildings, and centerlines of
steelwork or other architectural constructions should be shown on the plot
plan, preferably at the west and south ends of the installation. Both ‘plant
north’ and true north should be shown—see figure 5.11.

172)

Equipment caardinates are usually given ta the centerlines, Cuudinates fu
pumps are given ta the centerline of the pump shalt and either ta the face
af the pump foundation, or to the centerline af the discharge pat,

Up-dated coples of the above drawings are sent 1o tha elvil, atruutyjal sl
electrical or other groups invalved in the design, 19 inform shem al eguire:
ments as tha design develops.

VESSEL DRAWINGS

When the equipment ariangement has been approved and thy piping arrange-
ment determined, small dimensioned drewings of pracess vessels are made
(on sheets 8% x 11 or 11 x 17 inches) in order to fix nozzles and their
orientations, manholes, ladders, etc. These drawings are then sent to the
vendor who makes the shop detsil drawings, which are examined by the
project engineer and sent to the piping group for checking and approval.
Vessel drawings need not ba to scale. (Figure 6.14 is an example vessel
drawing.)

DRAWINGS FROM OTHER SOURCES

Piping drawings should be correlated with the following drawings from ather
design groups and from vendors. Points to be checked are listed:

Architectural drawings:

o  Outlines of walls or sidings, indicating thickness
o  Floor penstrations for stairways, lifts, elevators, ducts, drains, etc.
e Positions of doors and windows

Civil engineering drawings:
¢  Foundations, uriderground piping, drains, etc.
Structural-steel drawings:

o Pasitions of steel columns supporting next higher floor level

o Supporting structures such as overhead cranies, monorails, platiorms
or beams

o  Wall bracing, where pipes may be taken thru walls

Heating, ventilating & air-conditioning (HVAC) drawings:
s  Paths of ducting and rising ducts, fan room, plenuins, space heaters, elc.

Electrical drawings:
¢ Positions of motor control centess, switchgear, juncliun buaas und
contral panels :

¢  Major conduit or wiring runs {including buried uns}
o Pasitions of lights

Instrumentation drawings:
s Instrument panel and console lacations

Vendors’ drawings:

¢ Dimensions of equipment o
e Positions of nozzles, flangs type and pressuie rating, instrumants, 8ic.

Mechanical drawings:
e Positions and dimensions of mechanical equipment such as conveyors,
chutes, etc.

s  Piped services needed for mechanical equipment.



PIPING DRAWINGS 5.2.8

Process equipment and piping systems have priority. Drawings listed on the
preceding page must be reviewed for compatibility with the developmg piping
design. .

Pertinent background details (drawn faintly) from these drawings help to
avoid interferences. Omission of such detail from the piping drawing often
leads 10 the subsequent discovary that pipe has been routed thru a brace,
stairway, doorway, foundation, duct, mechanical equipment, motor contro!
center, fire fighting equipment, stc.

Completad piping drawings will also show spool numbers, if this part
of the job is not subcontracted — sse 6.29. Electrica) and instrument
cables are not shown on piping drawings, but trays to hold the cables are
indicated-for example, see figure 6.3, point (8).

It is not always possible for the piping drawing to follow exactly the logical
arrangement of the P&ID. Sometimes lines must be routed with different
junction sequence, and line numbers may be changed. During the preliminary
piping studies, economies and practicable improvements may be found, and the
P&I0D may be modified to take these into account. However, it is not the
piping designer’s job to seek ways to change the P&ID.

SCALE
Piping is arrangad in plan view, usually to 3/8 in./ft scale.
ALLOCATING SPACE ON THE SHEET

®  Obtain the drawing number and fill in the title block at the bottom
right corner of the sheet

ALLOCATING SPACE ON A DRAWING SHEET FIGURE 5.9
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¢ On non-standard sheets, leave a 1%- to 2-inch margin at the left edge of
the sheet, to allow filing on a ‘stick’. Standard drawing sheets usually
have this margin

¢  On drawings showing a plan view, place a north arrow at the top left
corner of the sheet to indicate plant north—see figure 5.11

¢ Do not draw in the area above the title block, as this space is allocated
to the bill of materiel, or to general notes, brief descriptions of changes,
and the titles and numbers of reference drawings

¢ If plans and elevations are small enough to go on the same sheet, draw
the plan at the upper left side of the sheet and elevations to the right
and bottom of it, as shown in figure 5.9

BACKGROUND DETAIL

o Show background detai! as discussed in 5.2.8 under Piping drawings’,
It is sometimes canvenient to draw outlines on the reverse side of the
drawing sheet

®  After background details have been determined, it is best ta make a
print on which nozzles on vessels, pumps, etc., to be piped can be
marked in sed pencil. Utility stations can also be established. This will
indicate areas of major usage and the most convenient locations for the
headers. Obviously, at times there will be a number of alternate routes
offering comparable advantages

PROCESS & SERVICE LINES ON PIPING DRAWINGS

& Take line numbers from the P&ID. Refer to 5.2.4 under ‘Flow lines on

P&ID’s’ for information on numbering lines. Include line numbers on
all views, and arrowheads showing direction of flow

o  Draw all pipe ‘single line' unless special instructions have been given
for drawing ‘double fine’. Chart 5.1 gives line thicknesses {full size)

¢  Line numbers are shown against lines, thus:

( LINE NUMBER [

' )

¢ Teke lines continued on another sheet to 8 matchling, and there code
with line numbers only. Show the continuation sheet numbers on
matchlines—see figure 5.8

®  Show where changes in line material specification occur. The change is
usually indicated immediately downstream of a flange of a vaive of

squipment
SPEC ‘A’ SPEC '8’
( )
' )
VALVE, stc.

®  Show a definite break in 8 line crossing behind another line—ses ‘Rolled
oll’, under ‘Plan view piping drawings', this section

FGURES
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¢ |f pipe sleeves are required thru floors, indicate where they are needed
and inform the graup leader for transmitting this information ta the
group(s} concerned '

o Indicate insulation, and show whether lines are electrically ar steam
traced—see chart 5.7

FITTINGS, FLANGES, VALVES & PUMPS ON PIPING DRAWINGS

o The following items should be tabeted in one view only: tees and ells
rolled at 45 degrees (see example, this page), short-radius ell, reducing
ell, eccentric reducer and eccentric swage (note on plan views whather
‘top flat' or ‘bottom flat'), concentric reducer, concentric swage,

non-standard or companion flange, reducing tes, special items of

unusual material, of pressura rating different from that of the system,
etc. Refer to charts 6.3, 5.4 and 5.5 for symbol usage

o  Draw the outside diameters of flanges to scale
e  Show valve identification number from P&ID

s Label control valves to show: size, pressure rating, dimension over flan-
ges, and valve instrument number, from the P&ID —ses figure 5.15

o  Draw valve handwheels to scale with valve stem fully extended

s |If a valve is chain-operated, note distance of chain from operating
floor, which for safety should be approximately 3 ft

o For pumps, show outline of foundation and nozzles

DRIPLEGS & STEAM TRAPS

Driplegs are indicated on refevant piping drawing plan views. Unless identical,
a separate detail is drawn for each dripleg. The trap is indicated on the drip-
leg piping by a symbol, snd referred to a separate trap detail or data sheat.
The trap detail drawing should show all necessary valves, strainers, unions,
etc., required at the trap—see figures 6.43 and 6.44.

The piping shown on the dripleg details should indicate whether condensate
is to be taken to a header for re-use, or run to waste. The design notes in
6.10.5 discuss dripleg details for steam lines in which condensate forms
continuously. Refer to 6.10.9 also.

INSTRUMENTS & CONNECTIONS ON PIPING DRAWINGS

o  Show location for each instrument connection with encircled instrument
number taken from the P&ID. Refer to 5.5.3 and chart 6.2

»  Show similar isolating valve arrangements on instrument connections as
“typical’ detail, unless covered by standard company detail sheet

VENTS & DRAINS
Refer to 6.11 and figure 6.47.

PIPE SUPPORTS
Refer to 6.2.2, and chart 5.7. for symbals.
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PLAN VIEW PIPING DRAWINGS

o Draw plan views for each floor of the plant. Thesa views shuuld shuw
what the layout will look like between adjacent flaors, viewad from

abava, ar at the efevation thru which the plan view is cus

o |f the plen view will not fit on ane sheet, presant it an twa of more
sheets, using matchlines to link the drawings. Sea figure 6.8

. Nate the elavation below which a plan view is shuwn-for example,
‘PLAN BELOW ELEVATION 15°-0" °. For clasity, both clevations
can be stated: ‘PLAN BETWEEN ELEVATIONS 40'-0" & 15'-0" '

e if a tes or elbow is ‘rolled’ at 45 degrees, nota as shown in the view
where the fitting is rolled out of the plane of the drawing shiit

‘ROLLED" ELL 'ROLLED’ TEE

r—~<“j

ROLL ELL

AOLL TEE _/

AT 45° AT 48°

o  Figure 5.10 shows how lines can be broken to give sufficient information
without drawing other views

. Indicate required field welds

ELEVATIONS (SECTIONS) & DETAILS

¢ Draw elevations and details to clarify complex piping or piping hidden
in the plan view

o Do not draw detail that can be describerd by a note

s  Showonly as many sections as necessary. A section does not have tu Lia
a complete cross section of the plan

o Diaw to 8 large scale any part needing fuller detail. bntaryed details
are preferably drawn in available space on elevational drawings, and
should be cross-referenced by the applicable detail and drawing num-
ber(s)

» Identify sections indicated on plan views by letters (ses chart 5.8) and
details by numbers. Letters | and O are not used as this can lead to con-
fusion with numerals. 1f more than twentyfour sections are needed
the letter identification can be broken down thus: A1-Al, A2-A2,
B4-B4,....... and so on

¢ Donot section plan views looking toward the bottom of the drawingsheet



o * Figure 5.10 shows how to break lines to give sufficient information
whilst evoiding drawing another view or section

SHOWING ‘HIDDEN’ LINES FIGURE 6.10
ON PIPING DRAWINGS
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IDENTIFY 8Y LINE NUMBER
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Corresponding ELEVATION {or PLAN)
PIPING FABRICATION DRAWINGS-'ISOS’ & ‘SPOOLS’ 5.2.9

The two most common methods for producing piping designs for a plant
are by inaking either plan and elevation drawings, or by constructing a scaled
model. For fabricating welded piping, plans end elevations are sent directly
to 8 subcontractor, usually referted to as a ‘shop fabricator’—if 8 model is
used, isometric drawings (referred to es ‘isos’) are sent instead.

Isometric views are commonly used in prefabricating parts of butt-welded
piping systems. isos showing the piping to be prefabricated are sent to the
shop fabricator. Figure 5.15 is an exemple of such an iso.

———

The prefabricated parts of the piplng system'm termed ‘spools’, described 7

under ‘Spools’, this section. The piping group either produces isos showing
tha requited spools, or marks the piping to be spooled on plans and elevations,
depending on whether or not @ model is used (es shown in chart 5.10).
From these diawings, the subcontractor makes detail drawings termed
‘spon! sheets’. Figure 6,17 is an example spoo! shest. ‘
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SPOOL FABRICATION ¥

FABRICATION FROM DRAWINGS:

CHART 5.10

ORTHOGRAPHIC PIPING DRAWINGS FOR ERECTION
(OPTIONALLY - " K
1S0S FROM PIPING DRAWINGS) | FOR FABRICATION
ENGINEERIAG ¥ FIELD
DESIGN OFFICE SPOOL SHEETS FABRICATED
|, FOR RECORD®. | SHOP FASRICATOR PIPING (SPOOLS) | UoBSITE)
- (PIPING CONTRACTOR) e

FABRICATION FROM A PLANT MODEL:

: l SCALED MODEL OF PLANT

A 4

ISOS OF PIPING FROM MODEL FOR ERECTION
T ] FIELD
FOR FABRICATION

A 4

ENGINEERING
DESIGN OFFICE

{Joe SiTE}

SPOOL SHEETS
|, FOR RECORD* SHOP FABRICATOR

M [PIPING CONTRACTOR)

FABRICATED
PIPING (SPOOLS)

? SPOOL DAAWINGS ARE MADE BY THE PIPING CONTRACTOR FOR THE PURFOSE OF FABRICATING S7OOLS IN HIS WORKSHOP.

NOTE: SOMETIMES PIPING 19 PABNICATED AND ERECTED DIRECTLY PROM {309, AND ON 3MALL PRORCTS DIRCEILY
. FROM THE ORTMDORAPHIC PIPING ORAWINGS,

ISOMETRIC DRAWINGS, or ‘ISOS’

An iso usually shows a complete line from one piece of equipment to
another—see figure 5.15. It gives all information necessary for fabrication and
erection of piping.

Isos are usually drawn freehand, but the various runs of pipe, fittings and
valves should be roughly in proportion for easy understanding. Any one
line (that is, all the piping with the same line nuinber) should bs drawn
on the minimum number of iso sheets. If continuation sheets are needed,
break the line at natural breakpoints such as flanges (except orifice flanges),
walds at fittings, or field welds required for installation,

ltems and information to be shown on an iso include:

o North arrow (plant north}
¢  Dimensions and angles

o  Reference number of plan drawing from which iso is made (unless
model is used), line number, direction of flow, insulation and tracing

o  Equipment numbers and locations of equipment {by centerlines)

o ldentify all items by use of en understood symbot!, and amplify by
a description, 3as necessary :

o  Give details of any flanged nozzles on equipment to which piping has
to be connected, if the flange is different from the specification for
the connected piping : ' o

Size and type of every valve
Size, pressure rating and ins}tument number of control valves
¢ Number, location and orientation for each instrument connection

.
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o  Shop and field walds. Indicate limits of shop and field fabrication
° Iso sheet continuation numbers
¢ Unions required for installation and maintenance purposes

s On screwed and socket-welded assemblies, valva handwheel positions
need not be shown

0 Materials of construction
e Locations of vents, drains, and traps
e  Locations of supports, identified by pipesuppart number

The following information may alsa be givan:

o  Requirements for stress relieving, seal welding, plr.kllng, lining, coating,
or other special treatment of the line

Drawing style to be followed is shown in the example iso, figure 5.15,
which displays some of the above points, and gives others as shadad
notes. An iso may show mare than one spoal,

SPOOLS

A spool is an assembly of fittings, flanges and pipe that may be prefabricated.
It does not include bolts, gaskets, valves or instruments. Straight mill-run
lengths of pipe over 20 ft are usually not included in a spool, as such lengths
may be welded in tha system on erection (on the iso, this is indicated by
noting the length, and stating ‘BY FIELD’).

The size of a spool is limited by the fabricator’s available means of trans-
portation, and a spool is usually contained within a space of dimensions
40 ft x 10 ft x 8 ft. The maximum permissible dimensions may be obtained
from the fabricator.

FIELD-FABRICATED SPOOLS

Some States in the USA have a trades sgreement that 2-inch and smaller
carbon-steel piping must be fabricated at the site. This rule is sometimes
extended to piping larger than 2-inch,

SHOP-FABRICATED SPOOLS

All alloy spools, and spools with 3 or more welds made fram J-inch (accasion-
ally 4-inch) and larger carbon-steel pipe are normally ‘shop-fabricated’. This
is, fabricated in the shop fabricator's workshop, either at his plant or at
the site. Spools with fewer welds are ususlly made in the field.

Large-diameter piping, being more difficult to handle, often necessitates the
use of jigs and templates, and is more economically produced in a warkshap.

SPOOL SHEETS

A spool sheet is an orthographic drawing of a spoo! made by the piping
contractor either fraom plans and elsvations, ar from an iso—see chart 5.10.

176)

Each spool shest shows only one type of spool, and:~
(1) Instructs the welder for fabricating the spool

{2)  Lists the cut lengths of pips, fittings and flangas, etc, neudud 1o make
the spool

(3) Gives materials of construction, and any special twatmom of the
finished piping

(4)  Indicates how many spools of the same typa are required

NUMBERING 1SOS, SPOOL SHEETS, & SPOOLS

Spool numbers ere allocated by tbe piping group, and appear on all
piping drawings. Various mathads of numbsring can be usad as long as
identification is easily made: A suggested methad follows:—

Iso sheets can ba identified by the line number of the section of line that is
shown, followed by a sequential number. For example, the fouith isu sheat
showing a spool 1o be part of a line numbered 74/82/6/412/23 could be
identified: 74/B2/6/412/23-4 .

. ® oo
Both the spool and the spoo! sheet can ba identified by number or letiai

using the iso sheat number as e prefix. For example, the numbering of
spool sheets relating to iso sheet 74/82/6/412/23—4 could be

74/82/6/412/23-4-1,  74/BZ2/6/412/23-4-2, ....... etc.,
or 74/82/6/412/123-4-A, 74/82/6/412/23-4-8, ........ stc.

The full line number need not be used if 8 shorter form would suffice for
identification.

Spool numbers are also referred to as ‘mark numbers’. They are shown on
isos and on the following:~

(1)}  Spool shests—as the sheat number

{2} Tha fabricated spool—so it can be related to drawings or isos

(3) Piping drawings—plans and elevations

DIMENSIONING 63
DIMENSIONING FROM REFERENCE POINTS 6.3.1

HORIZONTAL REFERENCE

When a proposed plant site is susveyed, 8 geographic reference point is
utilized fram which measurements to boundaries, roads, buildings, tanks,
etc., can bs made. The geographic reference point chosen is ususlly an
officially-established one. .

Ths lines of latitude and longitude which define the geographic reference
point are not used, as a ‘plant north’ {ses figure 5.11) is established, parallel
to structural steelwork, The direction closest to tiue north is chosen fos
the ‘plant north’.



The coordinates of the southwest comer of the plant in figure 5.11, as
referred to ‘plant north’, are N 110.00 and E 200.00.

Sometimes coordinates such 8s those above may be written N 1410 and
£ 2400. Tha first coordinate is read as “ons hundred plus 10 ft north” and
the second as “two hundred plus zero ft east”. This is a system used for
travaise survey, and is more correctly applied to highways, railroads, etc.

Coordinates are used to locats tanks, vessels, major equipment and structural
steel. In the open, these items are located directly with respect to a geo-
graphic reference point, but in buildings and structures, can be dimensioned
from the building steel.

HORIZONTAL REFERENCE FiGURE 6.11

Coordinates are usually
given to the S.W corner
of plant, bulldings snd
structures

SOUTHWEST CORNER
OF PLANT: COORDINATES

NORTH N 110, E 200

GEQGRAPHI
HEFENENCE POINT
{MONUMENT)

The US Department of Commerce’s Coast and Geodetic Survey has estab-
lished a lorge number of references for latitude and longitude, end for
nlevations shove sea level, These are termed ‘geodetic control stations’.

Control stations for horizontal reference {latitude and longitude) are referred
tn as ‘triangulation stations’ or “traverse stations’, ete. Control stations for
vastical reference are referred to as ‘benchmarks’. Latitude and longitude
have not been sstablished for all benchmarks,

A geodetic control station is marked with 8 meta! disc showing identity
and date of establishment. To provide stable locations for the discs, they
are set into tops of ‘monuments’, mounted in holes drilled in bedrock or
large fitmly-imbedded boulders, or affixed to 8 solid structure, such as a
building, bridge, etc.

Tha geographic positions of these stations can be obtained from the Director,
US Cosst and Geodetic Sutvey, Rockville, Maryland 20852,

7

VERTICAL REFERENCE

Before any building or erecting begins, the site is leveled {‘graded’) with
earth-moving equipment. The ground is made as flat as practicable, and after
leveling is termed “finished grade'.

The highest graded point is termed the ‘high point of finished grade’,
(HPFG), and the horizontal plane passing thru it is made the vertical reference
plane or ‘datum’ from which plant elevations are given. Figure 5.12 shows
that this horizontal plane is given 8 ‘false’ or nominal elevation, usually 100 ft,
and is not referred to mean sea level.

The 100 ft nominal elevation ensures that foundations, basements, buried
pipes and tanks, etc., will have positive eevations. ‘Minus’ elevations, which
would be a nuisance, are thus avoided.

Large plants may have several areas, each having its own high point of
finished grade. Nominal grade elevation is measured from a benchmark, as
illustrated in figure 5.12.

FIGURE 5.12

VERTICAL REFERENCE

ELEVATION OF EQUIPMENT
CENTERLINE STATED AS .

HIGH POINT OF FINISHED GRADE
105—4”, OR 5'-4" ABOVE HPFG

ELEVATION SET AT 100° NOMINAL
(EQUALS B11°~7" TRUE DATUM}

ELEVATION 722 ABOVE SEA LEVEL

8y-r

BENCHMARK MONUMENT

=Y

DIMENSIONING PIPING DRAWINGS 5.3.2

DRAWING DIMENSIONS—& TOLERANCES
MAINTAINED IN ERECTED PIPING

On plot:  Dimensions on piping drawings are normally maintained within
the limits of plus or minus 1/16th inch. How this tolerance is met does not
concern the designer. Any necessary allowances to ensure that dimensions
are maintained are made by the fabricator and erector {contractor).

Oft plot:

WHICH DIMENSIONS SHOULD BE SHOWN?

Sufficient dimensions should be given for positioning equipment, for fabri-
cating spools and for erecting piping. Duplication of dimensions in different
views should be avoided, as this may easily lead to error if alterations are
made.

Dimensions are maintained as closely as practicable by the erector.

r29
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Basically the dimensions to show are:

TYPE OF DIMENSION

VESSELS
. PUMPS
1 | REFERENCE LINE® TO CENTERLINE | Eouroment
LINES
ENTERLINE TO CENTERLINE LINES
2 [ L STANDARD VALVES
VESSELS
3 | CeNTERLINE TO FLANGE FACEt | nozzieson ’ PUMPS
EQUIPMENT
VALVES
4 | FLANGE FACE TO FLANGE FACE? Nousrmnmnz nevens Y
INSTRUMENTS

* REFERENCE LINE CAN BE EITHER AN ORDINATE (LINE OF LATITUDE
OR LONGITUDE) OR A CENTERLINE OF BUILDING STEEL

t 1T IS NECESSARY TO GHOW THESE DIMENSIONS FOR ITEMS LACKING
STANDARD DIMENSIONS (DEFINED 8Y ANY RECOGNIZED SYTANDARD)

Figure 5.13 illustrates the use of these types of dimensions.

PLAN VIEW DIMENSIONS

Plan views convey most of the dimensional information, and may also show
dimensions for elevations in the absence of an elevational view or section.

EXAMPLE DIMENSIONS FOR PLAN VIEW - FIGURE 6.13

J:'
1
i
|

2
REFERENCE LINE

Jr'
i

! .
—G

[78)

VERTICAL VIEW ELEVATIONS & DIMENSIONS

On piping drawings, elevations may be given as in tabla 5.2,

TR
o “"-&f”.‘;“‘w’" 1

e e e -
J BURIED PIPE _

BURIED LINES (IN A TRENCH):
SHOW ELEVATION OF BOTTOMS OF PIPES
B N N\ N N

[ LY.V Yy

SHOWING ELEVATIONS Fx

e

SINGLE PIPE;
SHOW CENTERLINE ELEVATION

==
FOR MINIMUM COVER, ALFER TOP OF

SINGLE PIPE TO NOZZLE: SKOW PIPE TO GRADE ELEVATIUN:
CENTERLINE ELEVATION OF €L

PIPE AT NOZZLE
EL
& %@é§‘ ll\nws >

DRAINS AND SEWERS:
SHOW ‘INVERT ELEVATION' (IE)

SEVERAL PIPES SHARING A COMMON
SUPPORT: SHOW ELEVATION OF
BOTTOMS OF PIPES

80P EL

CLEARANCES:

SEVERAL PIPES ON A PIPERACK:

SHOW ‘TOP OF SUPPORT’ ELEVATION -GRAUE

BEAM*

TOS EL

SPPES MAY BE RUN UNDER GRADE BEAMS OF
BULLOUNGE, BUT MO T UNOE S FOUNDA 11OXS.

m MISCELLANEOUS ELEVATIONS m
FINISHED FLOOR: VEATICAL NOZZLE:

SHOW ELEVATION OF HIGH POINT SHOW ELEVAYION OF FLANGE FACE
Of FLOOR

FINFLR EL FreL

FOUNDATION: SHOW ‘TOP OF CONCRETE’,
INCLUDING GROUT INSTRUMENT POINT: SHOW ELEVATION OF
CONNECTION CENTERLINE, or OIMENSION

FROM NEAREST RELEVANT ELEVATION

TOCEL

g EL

EL
L ey
SHOE: DIMENSION AS SHOWN IN THE =
PIPERACK SKETCH ABOVE




GUIDELINES FOR DIMENSIONING ALL PIPING DRAWINGS

5.3.3

Show all key dimensions, including elevations and coordinates

Show dimensions outside of the drawn view unless unaveidable — do not
clutter ths picture

Draw" dimension lines unbroken with a fine line. Write the dimension
just above a horizontal ling. Write the dimension of a vertical line
sideways, preferably at the left. It is usual to terminate the line with
arrowheads, and these are preferable for isos. The oblique dashes shown
are quicker and are suitable for plans and elevations, especially if the
dimensions are cramped )

L DIMENSION DIMENSION

: . ,\
_.@_ﬁa

I a series of dimensions is to bs shown, string them together as shown
in the sketch, (Do not dimension from a common reference line as in
machine drawing.) Show the oversll dimension of the string of dimen-
sions if this dimension will ba of repeated interest

4 i)

“\|/

DIMENSION

DIMENSIONS ON MACHINE DRAWINGS

oM

' | DIM

I ) ' DIM |

[~ OIMENSIONS ON PIPING DRAWINGS

—y

om oIm ™M

A

i P
~’ N
. 2 l D
|

~ O
o
| om I
| I

Do it ninlt & sigiticant dimanston other than ‘fitting makeup', even -

thungh it may ba batily calculated = 568 “fitting makeup’, this section

179}

Most piping under 2-inch is screwed or socket-welded and assembled at
the site (field run). Therefore, give only those dimensions necessary to

~ route such piping clear of equipment, other abstructions, and thru

walls, and to locate only those items whose safe positioning or access-
ability is important to the process

Most lengths will be stated to the nearest sixteenth of an inch. Dimen-
sions which cannot or need not be stated to this precision are shown
with a plus-or-minus sign:  8'—-7"%, 15'-3"%, ate.

Oimensions under two fest are usually marked in inches, and those
over two feet in feet and inches. Some companies prefer to mark all
dimensions over one foot in feet and inches

Attempt to round off rion-critical dimensions to wholé feet and inches.
Reserve fractions of inches for dimensions requiring this precision

PLANS & ELEVATIONS-GENERAL DIMENSIONING POINTS

o  Reserve horizontal dimensions for the plan view

o  Underline all out-of-scale dimensions, or show as in chart 5.8

o It acertain piping arrangement is repeated on the same drawing, it is sul-
ficient to dimension the piping in one instance and note the other
appearances as ‘TYP’ (typical). This situation occurs where similay
pumps are connected to a common header. For another example, ses
the pump base in figure 6.17

¢ Do not duplicate dimensions. Do not repeat them in different views

DIMENSIONING TO JOINTS

¢ Do not terminate dimensions at a welded or screwed joint

o  Unless necessary, do not dimension to unions, in-line couplings or any
other items that are not critical to construction or operation of the
piping .

o  Where flanges meet it is usval to show a small gap between dimension
lines to indicate the gasket. Gaskets should be covered in the piping
specification, with gasket type and thickness stated. Refer to the pane!
‘Drafting valves’, preceding chart 5.6.

]
o As nearly all flanged joints have gaskets, a timesaving procedure Is to

note flanged joints withput gaskets (for example, see 3.1.6 undet
‘Butterfly valve’). The fabticator and erector tan be alerted to the
rieed for gasketselsewhere by @ general note on all piping drawings:

“GASKETS AS SPECIFICATION EXCEPT AS NOTED”

ol
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FITTING MAKEUP

If a number of items of standard dimensions are grouped together it is un-
necessary to dimension each item, as the fabricator knows the sizes of stand-
ard fittings and equipment. It is necessary, however, to indicate that the
overall dimension is ‘fitting makeup’ by the special cross symbol, or
preferably by writing the overall dimension. Any non-standard item inserted
between standard items should be dimensioned.

FITTING MAKEUP SYMBOL 3

Lot

OIM or 3

DIN
" 1)

DIM or 3¢

DIMENSIONING TO VALVES

s  Locate flanged and welding-end valves with ANSI standard dimensions
by dimensioning to their centers. Most gate and globe valves are stan-
dard—see table V-1

s Dimension non-standard flanged valves as shawn in the panel opposita
chart 5.6. Although a standard exists for control valves, face-to-face
dimensions are usually given, as it is possible to obtain them in non-
standard sizes

s  Standard flanged check valves need not be dimensioned, but if location
isimportant, dimension to the flange face(s)

o  Non-flanged valves are dimensioned to their centers or stems

DIMENSIONING TO NOZZLES ON VESSELS & EQUIPMENT

o In plan view, a nozzle is dimensioned to its face from the centerline of
the equipment it is on ’
¢ In elevation, a nozzle's centerline is elthet given its own elevation or is

dimensioned from another reference. In the absence of an elevational
view, nozzle elgvations can be shown on the plan view

DIMENSIONING 1SOS 6.3.4

in order to clearly show all dimensions, the best aspect of the piping must

be determined. Freedom to extend lines and spread the piping without regard
10 scale is a great help in showing isometric dimensions. The basic dimensions
set out in 5.3.2, 5.3.3, and the guidelines in 5.2.9 apply.

Figure 6.15 illustrates the main requirements of an isometric drawing, and in-

includes a dimensioned offset. Figure 5.16 shows how other offsets are dim-

ensioned.

o  Dimension in the same way as plans and elevations -

s  Give sufficient dimensions for the fabricator to make the spool drawings
—ses figure 5.17

EXAMPLE VESSEL DRAWING SHOWIN

FIGURE 6.14

DIMENSIONS REQUIRED BY VENDOR (Roll 6.2

@

CENTERLING KLEVATIONS
MAY 85 GIVEN FOR DESIGN
28" OFFICE RERERENCE

FACES OF FLANGED NOZ2LES SHALL
PROJECT THE FOLLOWING DISTANCES
FROM INTERNAL SURFACE OF VESSEL,
UNLESS OTHERWISE SPECIFIED:-

NOZZLE SIZE: 3”& ew 47 theu 127 u"th'
PROJECTION: &7 L2

| NOZZLE LISTING I

NOZZLE | SIZE [RATING & DESCRIPTION

3
i T
TANGENT LINED I
e
$'-8" 0D
9 N
®
@l
TANGENT LINE 1y -
- |3
¥ ot ¥ i
A]
| N
7 . i
3 LEGS, EQUALLY 26 ELEVATION
SPACED, FROM N
3" SCH 4O PIPE
N4

‘THIS YYPE OF DRAWING 1§ UIUALLY MADE
ON A SPECIAL SHEET WHICH MAB PRINTED
QUERIES TO BE ANSWERED BY THE DESIGNER
i3 OADEA TO PROVIDE OTHER INFORNATION
NECESEARY FON DENIGN AND FABRKCATION
OF THE VESSEL. .

Nl 7 | FLG 1508 WNRF
N2 6" | FLG 1508 WNRF
N3 6 | FLG 1509 WN RF
Ne 1% | HALFCPLG 3000 @ FS SW

MARHOLE QUICK-OFENING

ENGINEERING
COMPANY

TIILE BLOCK

BVl “Piping Guide®, PO Box @77, Cotatll, CA 84028, USA JaL 3
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FYPE OF SPROCKET,
LENGTY OF chAl

CENTERUINES OF F1EEL . . .
ARE IDENTIFIED 8 NUMBERING
N ONE DIRFCTION AND T
LETTERING (N THE

OTHER

INSULATION

~ SHOEDET'LNo___

NuMBER
{SEE FIGURE B.44
FON EXAMPLE)

q‘/

@

5 33
3.4
SPOOL NUMBERS
- 74/B2/6/012/23-1-A
4/BZ/8/412/23.1.8
74/82/8/612/23-1C
74/BZ/8/411/23-1-D
/821810111231 €
NOTES
iy ALL GASKETS - THICK
(k) INSULATION —" THICK
§-8" ABOVE GRADE
OR FiNISHED FLOOR
ELEVATION PLUS -
MANDWHEEL RADIUS
THOW INSTRUMENT
NUMBER, 812E AND'
RESSURE RATING
FIGURES
5148&5.15

ABSREVIRTE] lsometric Drawing Number
1% mEcines

74/B2/6/412/23-)
PLANT/AREA -
: FLUID :
NOMINAL FIPE SIZE

USA KB

\ 150 NUMBER
NUMBER OF LINE

MATERIAL SPECIFICATION



HOW TO SHOW OFFSETS ON ISOS FIGURE 6.16 DIMENSIONING SPOOLS (WELDED ASSEMBLIES) 6.3.6

{Chart M-] glves a formula for
calculating the compound angle)

/| COMPOUND OFFSET Allowance for weld spacing {root gap) is a shop set-up problem and should
o not be considered in making assembly drawings ar dateiled sketches. The
Pipa Fabrication Institute recommends that an overall dimension is shown
which is the sum of the nominal dimensions of the companert parts,

VERTICAL OFFSET

e ¢ ]

DiM

*

A spool sheet deals with only one design of spool, and shows complele
dimensiona! detail, lists materie) for making the spool, and specifies how
many spoals of that type are required. Figure &.17 shaws how a spoal fruin
figure 5.15 would be dimensioned,

HORIZONTAL OFFSET

EXAMPLE SPOOL SHEET FIGURE 6.17
—> «BEVEL END FOR WELDING 8 =BEND BOLTHOLES TO STRADDLE Ll § T F MALENIEL
EXAMPLE SPOOL No. 23-1-€ —W = THREADED END Me=MITER CENTERLINE UNLESS NOTED T T r—r—t——— J
0. - MATERIAL
FROM FIGURE 5.1§ : ""‘l‘“l DESCRIPTION loa REQ. 8O
\ ° PIPE
< (08 B A )
Y 2 [ ]eran s stnan AS530
’ 3 Ul y l‘ -
THIS ISOMETRIC VIEW IS SHOWN 3 |1 | 7 036" ST ALl
HERE FOR EXPLANATION ONLY, 450 4 o
AND IS NOT A PART OF THE /‘\',\ I
SPOOL DRAWING AT RIGHT ) Ckl/\ @
. : | . FITTINGS
1 33 J 4 [ 1] tRELLG STD W AZH
' i
W O \ FLANGES
5 | 1] 430000 2181 GR §
g @ 6 | 2] 6150850 A181 GA Y
o~
&
/ 4" I
4 OTHER

@\C I 7T T wneooter w-suwe | atsscan

a ]
o~
Y
- 12 »§ L] * .
oeciFicaTiON: 11 ENGINEERING €O
‘@ NUMBER REQUIRED: _}
/ 213 REFERENCE ORAWINGS 308 NO. ISOMETRIC . REV
/ 212 {PLAN DRAWING ND. SHOWING SFOOL) REFERENCE NO. sPool NO
sh ORAWN: | CHECKED: JAPPROVED:| DATE:
i 12BN 2 1€ (i
= |0f ISSUED FOR CONSTRN. :
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CHECKING & ISSUING DRAWINGS 5.4

RESPONSIBILITIES ‘ 5.4.1

P&1D’s, process flow diagrams and line designation sheets are checked by
engineers in the project group.

Except for spool drawings, all piping drawings are checked by the piping group.

Orthographic spoo! drawings produced by the piping fabricator are not usually
cherked by the piping group, except for ‘critical’ spools, such as spools for
overseas shipment and intricate spools.

Usually an experienced designer within the piping group is given the task
of checking. Some companies employ persons specifically as design checkers.

The checker’s responsibilities are set out in 4.1.2.

CHECKING PIPING DRAWINGS 5.4.2

Prints of drawings are hhecked and corrected by marking with colored pencils.
Ateas to be corrected on the drawing are usually marked in red on the print.
Correct areas and dimensions are usually marked in yellow.

Checked drawings to be changed should be returned to their originator when-
ever possible, for amendment. A new print is supplied to the checker with
the original ‘marked up’ print for ‘backchecking'.

ISSUING DRAWINGS 5.4.3

Areas of o drawing awaiting further information or decision are ringed clearly
on the reverse side and laheled '"HOLD'~refer to chart 5.8. (A black, red, or
yellow china marker is suitable for film with 3 slick finish on the reverse
side.)

Changes or revisions are indicated on the fronts of the sheets by a small
trianqle in the area of the revision. The revision number is marked inside the
triangle, noted above the title block {or in an allocated panel) with a descrip-
tion of the revision, required initials, and date. The revision number may be
part of tha drawing number, or it may follow the drawing number {preferred
mathod -see figure 5.17). Tha drawing as first issued is numbered the ‘zero’
revision,

A drawing is issued in three stages. Tha first issue is ‘FOR APPROVAL’, by
managrment of client. The second issue is'FOR CONSTRUCTIGN BID', when
vendors are invited to bid for equipment and work contracts. The third
issue is 'FOR CONSTRUCTION' following awarding of all purchase orders
and contracts. Drawings may be reissued at each stage if significant changes
ate made. Minor changes may be made after the third stage (by sgreement
on cost and extent of work) but major changes may involve all three stages of
Issue,

183)

CHECKING PIPING DRAWINGS 5.4.4

(PLANS, ELEVATIONS, & iSOS)

Points to be checked on all piping drawings include the following:

o  Title of drawing

o  Number of issue, and revision number

o  Orientation: North arrow against plot plan

o inclusion of graphic scale (if drawing is to be photographically reduced)

] Equipment numbers and their appearance on piping drawings ‘

¢  That correct identificatipn appears on ali lines in all views

o Line material specification changes

o  Agreement with specifications and agreement with other drawings

e  That the drawing includes reference number(s) and title(s) to any other
relevant drawings

¢  That all dimensions are correct

e  Agreement with certified vendors’ drawings for dimensions, nozzle

orientation, manholes and ladders

o  That face-to-face dimensions and pressure ratings are shown for all
non-standard flanged items
Location and identification of instrument connections
Provision of line vents, drains, traps, and tracing. Check that vents are
at all high points and drains at all low points of lines for hydrostatic
test. Driplegs should be indicated and detailed. Traps should be identi-

_ fied, and piping detailed

e  The following items should be labeled in one view only: tees and ells
rolled at 45 degrees (ses example in 5.2.8), short-radius ell, reducing
ell, eccentric reducer and eccentric swage {note on plan views whether
‘top flat' or ‘bottom flat’), concentric reducer, concentric swage,

non-standard or companion flange, reducing tee, special items of

unusual material, of pressure rating different from that of the system,
etc. Refer to charts 5.3, 5.4 and 5.5 for symbol usage
That insulation has been shown as required by the P&ID b
Pipe support locations with support numbers

That all anchors, dummy legs and welded supports are shown
That the stress group's requirements have been met

That all field welds are shown ‘

Correctness of scale

Coordinates of equipment against plot pfan

Piping arrangement against P&!D requirements

Possible interferences

Adequacy of clearances of piping from steelwork, doors, windows and
braces, ductwork, equipment and major electric apparatus, including
contral consoles, cables from motor contro! centers (MCC's), and fire-
fighting equipment. Check accessibility for operation and maintenance

[
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e  That floor and wall penetrations are shown correctly
e Accessibility for operation and maintenance, and that adequate man-

holes, hatches, covers, dropout and handling areas, etc. have been .

provided
s Foundation drawings with vendors’ equipment requirements

List of materiel, it any. Listed items should be identified once, either
on the plan or the elevation drawings

That section letters agree with the section markings on the plan view
That drawings include necessary matchline infarmation

Appearance of necessary continuation sheet number(s)

That spool numbers appear correctly

Presence of all required signatures

——

This further point should ba checked on isos:

e  Agreement with model

These further points should be checked on spoo shests :

e  That materiel is completely listed and desctibed
o  That the required number of spools of identical type is noted

INSTRUMENTATION (As shown on P&ID's) 6.6
This section briefly describes the purposes of instruments and explains how
instrumentation may be read from P&1Ds. Piping drawings will also show
the connection (coupling, etc.) to line or vessel. However, piping drawings
should show anly instruments connected to {or located in) piping and vessels.
The only purpose in adding instrumentation to 8 piping drawing is to identity
the connection, orifica plate or equipment to be installed an or in the piping,
and to correlate the piping drawing to the P&ID.

INSTRUMENT FUNCTION ONLY 85 SHOWN 5.6.1

Instrumentation is shown on process diagrams and piping drawings by
symbols. The functions of instiuments are shown, not the instruments. Only
the primary connection to a vessel or line, or devices installed in a line
{such as orifice plates and control vaives) are indicated on piping drawings.

There is some uniformity, among the larger companies at least, in the way in
which instrumentation is shown. There is a willingness to adopt the recom-
mendations of the Instrument Society of America, but adherence is not always
complete. The 1SA revised its standard 5.1, titled ‘Instrumentation symbols
and identification’, in 1968.

Compliance with the 1SA scheme is to some extent international. This is bene-
ficial when drawings go from one country to another, as there is lhen no diffi-
culty in understanding the instrumentation.

(s4)

INSTRUMENT FUNCTIONS 6.6.2
Althaugh Instrumants are used for many purposes, their hasic functions aie
few in number:

(1) Yo sense a ‘condition’ of the process materlul, mast cominonly its
pressure, temperature, flow rate or level. Thesa ‘canditinns' are termed
procass variables. The piece of equipment thal does the sensing is
termed @ ‘primary element’, ‘sensar’, or ‘dateciar’,

{2) 7o transmit & measure of the pracess variable from a primury element.

{3) Yo indicate a measure of a process variable to the plant operator, by
showing tha measured value by a dial and painter, pen and paper foll of
digital dlsplay Another form of indicator is an alaim which gives audible
or visual warningwhen a process vanabla such as temparatuig approdihss
an unsafe or undesired value.

(4) To record the measure of 8 process variable, Most recardars are
alectrically-operated pen-and-paper-roll types which recard either the
instantaneaus value or the average over a time period.

(5) 7o controf the process vériable. An instrument initiating this function
is termed a ‘controlier’. A controller sustains or changes the value ot
the process variable by actuating a ‘final control element’ {this element
is usually a valve, in process piping).

Many instruments combine two or more of these five functions, and may slso
have mechanical parts integrated — the commonest example of this is the
sslf-contained control valve (ses 3.1. 10 undsr ‘Pressure regulator’, and
chart 3.1).

HOW INSTRUMENTATION IS IDENTIFIED 6.6.3

The most-used instruments are pressure and temperature gages ('indicators’)
and are shown as in figure 5.18 (a) and (b). An example ‘instrument
identification number’ {or ‘tag number’) is shown in figure 5.18 (c). The
balloon around the number is usually drawn 7/16-inch diameter.

INSTRUMENT IDENTIFICATION NUMBERS FIGURE 6.18

) 0 ()]

TYPE OF

INSTRUMENTY
(© : /E Upper koo
PROCESS VARMBlE—'-'>F G FUNCTIONAL IDERVIFICATIUN
100r NuMBER——— 8 Lo bou:
1OOP 10t RIFILALIUN

In figure 5.18, *P", T', and ‘F’ denote process variables pressure, tempurature,
and flow respectively. ‘I’ and ‘G’ show the type of instrument; indicator
and gage respectively. Table 5.3 gives other letters denoling pracess variabla,
type of instrument, etc. The number ‘8", fabeled ‘loop aumbier’, is an example

- sequential number {allocated by an instrumentation engineer),



INSTRUMENT MOUNTING, 554

& MULTIPLE-FUNCTION INSTRUMENTS

A horizontal lina in the ISA balloon shows that the instrument performing
the fnction is to bo “board mounted” in 8 console, etc. Absence of this lina
shows ‘Ingal mounting’, in or near the piping, vessel, stc. ’

BOARD MOUNTING

LOCAL MOUNTING

Tl

The ISA scheme shows instrument functions, not instruments. Howaver, 8
multiple-function instrument can be indicated by drawing the balloons show-
ing the separate functions so that tha circles touch,

Sometimes, a multiple-function instrument will be indicated by a single
baflaon symbol, with a function identification, such as 'TRC’ for a temp-
erature recorder-contioller. This practice is not preferred—it is better to
draw (in this example) separate ‘TR’ and 'TC’ balloons, touching.

INTERCONNECTED INSTRUMENTS (‘LOOPS') 5.5.5
The 1SA standard uses the term ‘loop” to describe an interconnected group
of instruments, which is not necessarily a closed-loop arrangement: that is,
instrumentation used in a feedback (or feedforward) arrangement,

I several instruments are interconnected, they may be all allocated the same
numbsr for ‘loop’ identification, Figure 5.19 shows 8 process line served by
one group of instruments (loop number 73) to sense, transmit and indicate
tempesatuee, and a second group (loop number 74) to sense, transmit, indi-
cate, recrd and control flow rate,

EXAMPLE INSTRUMENT 'LOOPS’ FIGURE 5.19
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Conveyling tiquid

SIGNAL LEADS 5.5.6

Elements, transmitters, recorders, indicators and controllers communicate with
each other by means of signal leads ~ which are represented by lines on the
drawing. The signal can be a voitage, the pressure of a fluid, etc.—these are the
most common signals.

Symbols for instrument signal leads are given in chart 5.1.

INSTRUMENTATION CODING : ISA CODING TABLES.3

L PROCESS VARIABLE ! TYPE OF INSTRUMENT
ANALYSIS, . ., ., . .. A JALARM |, | |, | .. A
CHEMICAL COMPOSITION . . . . A | USER'SCHOICE . . ... B
BURNER FLAME . ., , . . . . . B | CONTROLLER . , , , . . C
ELECTRICAL CONDUCTIVITY . . C | CONTROL VALVE . .CVv
DENSITY ., . . . . . ., ... D | TRAP ., ., . | . ¢« + 0 . JCV
SPECIFIC GRAVITY |, ., . . . ., . O | PRIMARY ELEMEN ... E
FLOWRATE . . ., .. . . . .. F | GLASS (Sightglass) . . . , G
LENGTH (Thickness,etc) . . . .. G | INDICATOR . . . . . A |
CURRENT (Electric} . . . . . . . | CONTROL STATION., . . . K
LEVEL . . . . ..., ... .. L PILOTLIGHT. . . ., .. &
HUMIOITY . . ., . . . M I USER'SCHOICE . , . . . N
MOISTURE., . . . . . . ... .. M JORIFICE. . . . ., , ., o]
USER'SCHOICE . . . . . . . . N | TESTPOINT . . ., ., ., P
USER'SCHOICE ., . . . . . . . O { RECORDER ., .- ., . . . R
PRESSURE . . . . .., ., . . . P ISWITCH . . ., ., .., . S
VACUUM . . . . ... . ... P 1 TRANSMITTER ; . . . ., . T
RADIOACTIVITY . . . . . . .. R ! MULTIFUNCTION . . . . . U
SPEED (or Frequency) S VALVE . . . . .. s e o V
TEMPERATURE . . . . . . . . T | DAMPER . ., , . . ., .. v
MULTIVARIABLE. . . . , . . . U | RUPTUREDISC. . . . . . \
VISCOSITY . . . .. ... .. V IWELL. . ... .., .. . W
FORCE . .., .. ... .. + « W J UNCLASSIFIED . . . . . . X
WEIGHT . . . . . . ..., ... WIRELAY . . ., ., ... Y
UNCLASSIFIED ., . . . . .. .. X IDRIVER ., . . . . . ., . 4
USER'SCHOICE . . . . . . .. Y ACTUATOR . . . ... . r4

QUALIFYING LETTER AFTER THE ‘PROCESS VARIABLE LETTER
THE QUALIFYING LETTER IS USED:~

DIFFERENTIAL. . . D

When the difference between two values of
the process variable is involved

TOTAL ... ... Q When the process variable is to be summed
over a period of time. For example, flow
rate can be summed to give tota! volume

RATIO . .....F When the ratio of two values of the process
variable is involved

SAFETYITEM . . . S To denote an item such as a relief valve or
rupture disc .
To denote a hand-operated or hand-started

‘HAND" . . ., .. . H
. . item

QUALIFYING LETTER AFTER THE ‘TYPE OF INSTRUMENT’ LETTER

To denote instrument action on ‘high’ set

HIGH . ., . ... . H
value of the process variable

INTERMEDIATE. . . M To denote instrument action on ‘intermedi-
ate’ set value of the process variable
tow ., . ... L To denote instrument action on "low’ set

value ot the process variable

FIGURES ~
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LISTING PIPING MATERIEL ON DRAWINGS 6.6
In the engineering construction industry, it is usual for piping camponents
to be given a code number which appears in the piping specification. In
companies aot primarily engaged in plant construction, materiel is frequently
listed on drawings.

DIFFERENT FORMS OF LIST 6.6.1
This list is usually titled “list of material’, or preferably, ‘list of materiel’, as
iterns of hardware are referred ta. ‘Parts list’ and ‘Bill of materiel’ are alternate
headings.

Either a separate fist can be made for materiel on several drawings, or each
drawing sheet can include a list for items on the particular drawing. Lists on
drawings are written in the space above the title block. Column headings
normally used for the list are:

LISTOF MATERIEL

REMARK, REQUISITION NUMBER,

DESCRIPTION OR COMPANY CODE

ITEM NUMBER

| e

QUANTITY

SUGGESTED LISTING SCHEME

Vessels, pumps, machinery and instruments are normally listed separately
from piping hardware. However, it is not uncommon, on small projects or
revamp work, to list all materiel on a drawing.

" CLASSIFICATION FOR PIPING COMPONENTS CHART 6.11

INTENDED DUTY OF HARDWARE

EXAMPLE HARDWARE
WITH RESPECT T0 FLUID

CLASS

CONVEYANCE: To provide a path Pipe, fittings, ordinary flanges, bolt
Jor fluid flow ang gasket sets

(A}
Non-powered

FLOW CONTROL.:
W To produte a large
change in flow rate 8)

or pressure of fluid Powered

In-line valve, orifice plate, venturl

Pump, ejector

Steam trap, discharge vatve, safety

m SEPARATION: To remove material ,
or relief valve, screen, strainer

by mechanical means from the fluid

HEATING OR COOLING: To

562

w change the temperature of the fluid Jacketed pipe, tracer
by adding or removing heat
MEASUREMENT: To measure a | Gages (al: types), lher:!nomsteu:ull
v variable of the fluid, such as flow gﬁ- mg:m"ﬁg T, densitometer,
rate,temnperature, pressure, dﬂmty, WE") and other special fittings for
viscosity, turbidity, color instruments
] ] R ]
Vi NONE:  Ancillary hardware suppon hanger |

(s6)

Haphazard listing of items makes reference troublesome, The scheme sugy
gested in chart 5,11 is based on the duty of the hardwara and can be exiended
to listing equipment if desired. Items of higher prassura rating and larger size
can be listed first within each class.

LISTING SPECIFIC ITEMS 6.6.3

Under the heading DESCRIPTION, usually the size of the itumis stated first.
A typical arder is: SIZE (in inches), RATING (pressure, schedule number, etc.)
NAME (of item), MATERIAL (ASTM or other material specilication), and
FEATURE (dasign feature).

Descriptions are best headed by the NAME of the item, followed by the SIZE,
RATING, FEATURE(S), and MATERIAL. Materiel listings are nnw alten
handled by data-processing machines, and heading & descaiption by thu natin
of the item is of assistanceinhandling thedata.  The description for pipe’ is
detailed.

EXAMPLE LISTING FOR PIPE
o NAME:

s SIZE:

s  RATING:

State ‘PIPE’
Specify nominal pipa size. See 2.1.3 and tabla P-1

Specify wall thickness as either a schedule number, a
manufacturers’ weight, etc. Sea table P-1. SCH=schedule,
STO= standard, XS= extra-strong, XXS= double-extra:
strong, L= light, APl= American Petroleum Institute.

Specify design featurels) unless covered by a pipe
specification for the project.

FEATURE:

Pipe is available seamless or with 8 welded seam—
examples of designations are: SMLS = seamless, FBW =
furnace-butt-welded, ERW = electyic-resistance-welded
GALYV = galvanized. Specify ends: T&C = threaded and
coupled, BE = beveled end, PE = plain end.

o MATERIAL: Carbon-stes! pipe is often ordered to ASTM A53 ot

A108, Grade A or B. Cther specifications are given in
tables 7.4 and 2.1,

POINTS TO CHECK WHEN MAKING THE LIST 5.6.4

e See that all items in tha list have been given a sequential item numbes

o Label tha items appearing an the piping drawings with the item number
from the list. Write the item number in a circle with a fine liue o affuw
pointing to the item on the drawing. Each item in the list of materiv s
indicated in this way once on the plan or elevational pipiny diawings

o Verify that all data on the list agres with:

(1) Requirements set aut in piping drawings
{2) Awailable hardware in the manufacturers’ catalogs



DESIGN:

ARRANGEMENT, SUPPORT, INSULATION, HEATING,
VENTING & DRAINING OF PIPING SYSTEMS,

VESSELS, & EQUIPMENT

ARRANGING PIPING 6.1

GUIDELINES & NOTES 6.1.1

Simple arrangements and short lings minimize pressure drops and lower
pumping costs.

Designing piping so that the arrangement is ‘flexible’ reduces stresses due
to mechanical or thermal movement—refer to figure 6.1 and "Stresses on
piping’, this section. ‘

inside buildings, piping is usvally arranged parallel to building steelwork to
simplify supporting and improve appearance.

Qutside buildings, piping can be arranged: (1) On piperacks. (2) Near grade
on steepers. (3} In trenches. (4) Vertically against steelwork or large items
of equipment.

PIPING ARRANGEMENT

®  Use standard available items wherever possible
o Do not use miters unless directed to do so

o Do not run piping under foundations. (Pipes may be run under grade
beams)

o  Piping may have to go thru concrete floors or walls. Establish these
noints of penetration as early as possible and inform the group concern-
ed {architecturat or civil) to avoid cutting existing reintorcing bars

e  Prelerably lay piping such as lines to outside storage, loading and
receiving facilities, ot grade on pipe sleepers {see figure 6.3) if there
is no possibility of future roads or site development

(871

° Avoid burying steam lines that pocket, due to the ditficulty of collect-

ing condensate. Steam lines may be run below grade in trenches
provided with covers or (for short runs) in sleeves :

o Lines that are usually buried include drains and lines bringing in water
or gas. Where long cold winters freeze the soil, burying lines below
the frost line may avoid the freezing of water and solutions, saving
the expense of tracing tong horizontal parts of the lines

e Include removable flanged spools to aid maintenance, especially at
pumps, turbines, and other equipment that wili have to be removed
for overhaul :

e Take gas and’ vapor branch lines from tops of headers where it is
“necessary to reduce the chance of drawing off condensate (if present)
or sediment which may damage rotating equipment '

o  Avoid pocketing lines—arrange piping so that lines drain back into
equipment or into lines that can be drained

o  Vent all high points and drain all low points on fines — see figure 6.47.
Indicate vents and drains using symbols in chart 5.7. Carefully-placed
drains and valved vents permit lines to be easily drained or purged
during shutdown periods: this is especially important in freezing climates
and can reduce winterizing costs

ARRANGE FOR SUPPORTING

¢  Group lines in pipeways, where practicable
o Support piping from overhead, in preference to underneath
e  Run piping beneath platforms, rather than over them

REMOVING EQUIPMENT & CLEANING LINES

e Provide union- and flanged joints as necessary, and in addition use
crosses instead of elbows, to permit removing material that may solidify

5.11



CLEARANCES & ACCESS

s Route piping to abtain adequate clearance for maintaining and remov-
ing equipment

e  Locate within reach, or make accessible, all equipment subject to perio-
dic operation or inspection — with special reference to check valves,
pressure relief valves, traps, strainers and instruments

o  Take care to not obstruct access ways — doorways, escape panels, truck-

. ways, walkways, lifting wells, etc,
e Position equipment with adequata clearance for operation and maint-

enance. Clearances often adeopted are given in table 6.1. In some
circumstancas, these clearances may be inadequate—for example, with
shell-and-tube heat exchangers, space must be provided to permit
withdrawal of the tubes from the shell

CLEARANCES & DIMENSIONS * B2

MINIMUM CLEARANCES
HORIZONTAL QUperating space around equipment ¥ 2t Gin,
CLEARANCES: Cantedine of railroad to nearest
obstruction: (1) Straight track 8ft 6in.
{2) Curved track 9ft  6in,
Manhols to railing or obstruction It Oin.
VERTICAL Over walkway, platform, or operating sres 6ft Bin.
CLEARANCES: Qver suirway It Oin,
QOver high point of plant roadway:
) (1) Minor roadway 1Mt Oin
{2) Major roadway 20ft  Qin.
Over cailroad from top of rail ) 22t Gin.
MINIMUM HORIZONTAL DIMENSIONS '
Width of walkway at floor level : 3t Oin.
Width of etevated walkway or stairway 2t Gin,
Width of rung of fixed ladder See chart P-2. 16in.
Width of way for forklift truck 8ft Oin.
VERTICAL DIMENSIONS
Railing. Top of floos, platform, or stair, to: (1) Lower rail 1t Qin.
(2) Upper nil 3t Gin.
Manhols centerline to floor 3 Qin.
Valves: Saa table 6.2 and chart P-2,

*in laying out e ptant, refsrence should be made to the Federal “Occupstional safety and hesith
standasd™, 1971, US Ospartment of Labor {which may give smalles dimensions thsn sbovel, to
ths Unitorm Building Cods, and to regulations by Individusl States. For tank sacings, refer to
wbte 6.11, to the NFPA ‘Nstionst fire codes’ {volums 1, eic), to the API Standard 2510 for LPG
instalistions, and to the Ol iation's ds for mini

tEmBmml such &3 hest
eck " i to
and tsble 6.5 for spacing heat axchangers.

ings, No. 63 {1964).
h P and 1 will require additiona) clsarance.
particular space requirtements. Rsfer 1o figuge 6.33

Establish sufficient headroom for ductwork, essential electrical runs,
and at least two elevations for pipe run north—south and east—wasst
(based on clearance of largest lines, steelwork, ductwork, etc.—ses
figure 6.49)

Elevations of lines are usually changed when changing horizantal
direction where lines are grouped together or are in a congested area,
so as not to block space where future lines may have to be routed

Stagger flanges, with 12-inch minimum clearance (rom supparting stee}
Keep field welds and other joints at least 3inches fram supporting
steal, building siding or ather obstruction. Allaw room far ths joini
to bs mada

Allow room for loops and other pipe arrangements to cope with eapan-
sion by early consultation with staff concemad wilh pips stiessing.
Notify the structural group of any additional steel required 10 suppon

such loops

THERMAL MOVEMENT

Maximum and minimum lengths of a pipe run will correspand to the tempera-
ture extremes to which it is subjected. Tha amount of expansion or shrinkage
in steel per degree change in temperature (‘coelficient of expansion') is ap-
proximately the same — that is, the expansion froni 40F ta 41F is about the
sams as fram 132 F 1o 133 F, or from 179 F to 140 F, etc. Chart 6.1 gives

changes in line length for changes in temperature,

EXPANSION OF CARBON-STEEL PIPE CHART 6.1
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FOR AN APPROXIMATE ANSWAR, FIND TEMPERATURE DIFFERENLE AT LEFG AND: 100
INCHES EXPANSION PER 100 FT OF PIPE AY BOTTOM, FOR EXAMPIE, A 36 ¢ Rik
IN TEMPERATURE WOULD GIVE EXPANSION PER 100 FT AS 2.8 INCHES. (AN ACCURATE
AEADING FROM 70 F TO 370 F IS 315 — 0.63 = 240 INCHES) -




In current prectice, foops are made from strelght
pipe end eibows in nesrly oft circumstances, The
fogs perpendiculse to the run give flenbility.

- -
B

-~ -

On piperecks, srrange lines subject to thermal

movemeni to one side with targer lines outermost

90 that targer loops cen be provided for them, end

0 that sl loops cen be made over the piperack to
nace.

o the run gives which

g nn
with the length of the offsat

Rigid connections between tanks end versels or

other connected equipment are to be svoided if:
{1} There is likely to be large changes in
terpevaturs due to the process or to climare
{2) The tenks or equipment sre placed in the
open on separste foundations which ere ilably
o settle

In both srrangementy, the pump Is used to circulats
ficuid in the tanks or vessels. The flexidle arrenge-
ment reduces stresses on nozeles and siso permity
sccens batween the units,

In tuming corners, sn offser fimd gives @ Timited
fNexidility to the piping. The longer the offset, the
rester the flexibility, i

The extrs fimb in the more flexibla srrangement
::::m grester thermsl movement between branch
e,

|

Piping Guldo”, PO Box 277,

Theswe are two srrangements using o loop st &
corner. Greater flexibility Is gained by making one
of the rum form one limb of the toop—this
rengement sho saves an elbow end two welds.

Cototl, CA Du928, USA d

STRESSES ONPIPING

THERMAL STRESSES Changes in temperature of piping, due either to
change in temperature of the environment or of the conveyed fluid, cause
changes in length of the piping. This expansion or contraction in turn causes
strains in piping, supports and attached equipment.

SETTLEMENT STRAINS Fﬁundations of large tanks and heavy equipment
may settle or tilt slightly in the course of time. Connected piping and equip-
ment not on 3 common foundation will be stressed by the displacement,

References (12, p.388) and [33, p.247] give methods for calculating work-
ing pressures, stresses and strength of pipe.
FLEXIBILITY IN PIPING

To reduce strains in piping caused by substantial thermal movement, flexible

* and expansion joints may be used. However, the use of these joints may be

minimized by arranging piping in a flexible manner, as illustrated in figure 6.1.
Pipe can flex in a direction perpendicular to its length: thus, the fonger
an offset, or the deeper a ioop, the more flexibility is gained.,

COLD SPRING

Cold springing of lines shou!d be avoided if an alternate method can be used.
A ling may be cold sprung to reduce the amplitude of movement from
thermal expansion or contéaction in order: {a) To reduce stress on connec-
tions. {b) To avoid an interference. '

Figure 6.2 schematically illustrates the use of cold springing for both pur-
poses. Cold springing in example (a) consists of making the branch in the
indicated cold position, which divides thermal movement between the cold
and hot positions. In example (b) the cold spring is made equal to the
thermal movement.

COLD SPRINGING FIGURE 6.2
{a) TO REDUCE STRESS
/ \8
HOT POS"'ONﬂ / COLD POSITION
1
— {
LJ
— — N
COLD SPRING

(b) TO AVOID AN INTERFERENCE
°

T
i
I
N
Hot Fostno { {— coto rosimion
COLD LINE l
i
— I COLD UINE '
a—expansion || HOT LINE )

. —J =

COLD SRING

Anchored end

!CHAPT
|6.1

FiGURES
6.1-6.2

“TABLE
, 6.1



In the following example, cold springing is employed solely to reduce a stress:

A long pipe connected by a 90-degree elbow and flange to a nozzle may
on heating expand so that it imposes a load on the nozzle in excess of that
recommended. Assume that piping to the nozzle has been installed at ambient
temperature, and that the pipe expands 0,75 inch when hot material flows
thru it, putting a tateral (sideways) load of 600 Ib on the nozzle.

tf the pipe had 0.375 inch of its length removed befare connection, the room-
temperature lateral load on the nozzle would be about 300 Ib (instead of zero),
and the hot load would be reduced to about 300 Ib,

The fraction of the expansion taken up can be varied. A cold spring of 60%
of the expansion between the temperature extremes gives the most benefit in
reducing stress. Cold springing is not recommended if an alternate solution
can be used. Refer to chapter 3 of the Coade for Pressura Piping, ANS! B 31.1
-1955, or p.28 of the later version, ANSI B31.1.0-1967.

RESISTANCE OF PIPING TO FLOW

All piping has resistance to flow. The smaller the flow cross section and
the more abrupt the change in direction of flow, the greater is the
resistance and loss of pressure. For a particular fing size the resistance is
proportional to the length of pipe, and the resistance of fittings, valves, etc.
may be expressed as a length of pipe having the same resistance to flow.
Table F-10 gives such equivalent lengths of pipe for fittings, valves, etc.

Table F-11 gives pressure drops for water flowing thsu SCH 40 pipe at
various rates. Charts to determine the economic size (NPS) of piping are
given in the Chemical Engineer’s Handbook [8], and on- page 134 of
reference [20].

SLIDERULE FOR FLOW PROBLEMS
Problems of resistance to flow can be quickly solved with the aid of the
slide-rule calculator obtainable from Tube Turns Division of Chemetron
Corporation, PO Box 987, Louisville, KY 40201.

PIPERACKS 6.1.2

A ‘pipsway’ is the space allacated for routing several parallef adjacent lines. A
‘piperack’ is a structure in the pipeway for carrying pipes and is usually fabri-
cated from steel, or concrete and steel, consisting of connected " 1-shaped
frames termed ‘bents’ on top of which the pipes rest. The vertical members of
the bents are termed ‘stanchions’. Figure 6.3 shows two piperacks using
this form of construction, one of which is ‘double-decked’. Piperacks for
only two or three pipes are made from ‘T'-shaped members, termed
‘tee-head supports’.

Piparacks are expensive, but are necessary for arranging the main process and
sarvice lines around the plant site. They are mada use of in secondary ways,
principally to provide a protected location for ancillary equipment.

Pumps, utility stations, manifolds, fire-fighting and first-aid stations can be
located under the piperack. Lighting and other fixtures can be fitted to stan-
chions. Air-cooled heat exchangers can be supported above the piperack.

The smallest size of pipe run on a plpalack without additianal suppar! is
usually 2 inch. It may be more ecanomic to change prapased small lines 1q
2-inch pips, ar to suspend them fram 4-inch ar largar lines, instead aft
praviding additional support.

Table S-1 and charts S-2 give stress and suppart data far spans af horjzantal
pipe.

| KEY FOR FIGURE 6.3 ]

{1) WHEN USING A DOUBLE DECK, IT IS CONV ACE UTILITY
AND EERVICE PIPING ON THE UPPER Levsf me!” FPIFERACK "
2} DO NO P
3} DO NOT RUN PIPING OVER STANCHIONS AS THIS WILL PREVENT ADDING
1) PLACE LARGE LIOUID-FILLED PIPES NEAR STANCHIONS TO REDUCE )
ONHORIZONTAL MEMGERS OF BENTS HEAVY u qui ILL wesﬁm
AN LARGER] ARE MORE ECONOMICALL'Y RUN AT GRABE 2oL NeTe i
{4) PROVIDE DISTRIBUTED SPACE FOR FUTURE mss—lw ROXIMATELY AN
" ADDITIONAL 26 PERCENT [THAT 15, 20 PERCENT OF FINAL WIDTH SEE
{61 HOT PIPES ARE USUALLY INSULATED AND MOUN D ON SHOFS
{8) WARM PIPES MAY HAVE INSULATION LOCALLY REMUVED AT SUPPORTS
(7} THE HEIGHT OF A RELIEF HEADER IS FIXE 8 POI o+ 0
AND THE SLOPE REQUIRED TO DRAIN THE LINE TOA TANK. Fie. 07 ORIGIN
(8) ELECTRICAL AND INSTRUMENT YRAYS (FOR CONDUID ANU CALLES) ARE
BEST PLACED ON QUTRIGGERS OR BRACKETS AS SHOWN, 1O P THE
LEAST PROBLEM WITH PIPES LEAVING THE mswu. AUTERNATELY,
TAAYS MAY BE ATTACHED TO THE STANCHIONS
{9) WHEN CHANGE tN DIRECTION OF A HORIZONTAL LINE IS MADE n IS 8ES)
ALSO TO MAKE A CHANGE OF ELEVATION (EITHER UP OR LGWN THiS
AVOIDS BLOCKING SPACE. FOR FUTURE LINES. B0.DEGREE CHANGES |

DIRE TION OF THE WHOLE PIPEWAY OFFER THE OPPORTUNITY TO
CHANGE THE ORDER OF LINES. A SINGLE DECK IS SHOWN AT AN INTER-
MEDIATE ELEVATION

(1) SOMETIMES INTERFACES ARE ESTABLISHED TO DEFINE BREAKPOINTS FOR

ONTRACTED WORK (WHERE ONE CONTRACTOR‘S PIPING HAS TO JOIN

WITH ANOTHERS). AN INTERFACE IS AN IMAGINARY PLANE WHICH MAY BE

ESTABLISHED FAR ENOUGH FROM A WALL, SIDING, PROCESS UNIT, OR
STORAGE UNIT TO ENABLE CONNECTIONS YO BE MADE

{11} PIPES SHOULD BE RACKED ON A SINGLE DECK IF SPACE PERMITS

{12) PIPING suoum BE SUPPORTED ON SLEEPERS AT GRADE IF ROADS, WALK-
NOT BE REQUIRED OVER THE PIPEWAY AT A AT EA DATE.
PIPING "A¥ caAoE' SHOULD BE 12 INCHES OR MORE ABOVE GRAD

() CURRENT PRACTICE IS TO SPACE BENTS 20-26 FEET APART THIS SPACING
COMPROMISE N THE ACC'EA TABLE DEEFLE E

NOT OVER 26 FEET IN
IF MORE ROOM IS NEEDED, THE PIPERACK IS DOUBLE- OR TRIPLE-DECKED

(W) MINIMUM CLEARANCE UNDERNEATH THE PIPERACK {S DETERMINED BY
LE MOBILE LIFTING EQUIPMENT REQUIR ACCESS DER THE
PIPERACK VERTICAL CLEARANCESS OU D 8E UT IN TABLE 6.1
BUT CANNOT NECESS BE ADH DTOASEI.E TOSO PIPES
AT INTERFACES ARE SOMETI ES FIXED BY PLANT SUBCONTRACTORS.
IF THIS SITUATION ARISES, THE PIPING GROUP SHOULD ESTABLISH MAX-
{MUM AND MINIMUM ELEVATIONS WHICH THE PIPING SUBCON‘I'RACTORS
MUST WORK TO-THIS HELPS TO AVOID PROBLEMS AT A ER DATE
CHECK THE MINIMUM HEIGHT REQUIRED FOR ACCESS WNERE THE PIPE-
RACK RUNS PAST A UNIT OR PLANT ENTRA

{15) WHEN SETTING ELEVATIONS FOR THE PIPERACK TRY TO AVOID POCKETS
IN THE PIPING. LINES SHOULD BE ABLE TO DRAIN INTO EQUIPMENT OA
LINES THAT CAN BE DRAINED

(16) GROUP HOT LINES REQUIRING EXPANSION LOOPS AT ONE SIDE OF THE
PIPERACK FOR EASE OF SUPPORT-SEE FIGURE 6.1

im LOCATE UTILITY STATIONS, CONTROL (VALVE) STATIONS AND FIREHOSE
NTS ADJACENT TO STANCHIONS FOR SUPPORTIN

{18) LEAVE SPACE FOR DOWNCOMERS 1O PUMPS, Etc., BETWEEN PIPEHACK AND
ADJACENT BUILDING OR STRUCTURE
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ALTERNATE POSITION |
IF CLEARANCES ARE
ADEQUATE, & THERE
IS NO INTERFERENCE

‘? : : FIGURE
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VALVES IN PIPING DESIGN
Valves are used for these purpases:

(1) Process contral during operation

(2)  Controlling servicas and utilities—steam, water, air, gas and oil
(3) Isolating equipment or instruments, for maintenance

(4) Discharging gas, vapor or liquid '

{5) Draining piping and equipment on shutdown

(6)  Emergency shutdown in the event of plant mishap or fire

WHICH SIZE VALVE TO USE ?

Nearly all valves will be line size — one exception is control valves, which are
usually one or two sizes smaller than line size; never larger.

At control stations and pumps it has been almost traditional to use line-size
isolating valves. However, some companies are now using isolating valves at
control stations the same size as the control valve, and at pumps are using
‘pump size’ isolating valves at suction and discharge. The chaice is usually
an economic one made by a project enginear.

The sizes of bypass valves for control stations are given in 6.1.4, under
‘Control (valve) stations’.

WHERE TO PLACE VALVES

Ses 6.3.1 for valving pumps, under ‘Pump emplacement & connections’.

o  Preferably, place valves in lines from headers {(on piperacks) in horizon-
tal rather than vertical runs, so that lines can drain when the valves are
closed. (in cold climates, water held in lines may freeze and rupture the
piping: such lines should be traced — see 6.8.2)

o To avoid spooling unnecessary lengths of pipe, mount valves directly

onto flanged equipment, if the flange is correctly pressure-rated. See

6.5.1 under ‘Nozzle loading’

s A relief valve that discharges into a header should be placed higher than
the header in order to drain into it

o  Laocate heavy valves near suitable support points. Flanges should be
not closer than 12 inches to the nearest support, so that installation is
not hampered

s For appearance, it practicable, keep centerlines of valves at the same
height above floor, and in-line on plan view

OPERATING ACCESS TO VALVES

o  Consider frequency of operation when locating manually-operated
valves

o Locate frequently-operated valves so they are accessible to an operator
from grade or platform. Above this height and up to 20 ft, use chain op-
erators or extension stem. Over 20 ft, consider a platform or remote
operation ’

192}

VALVE OPERATING HEIGHTS * TABLE 6.2
ORDER OF | STEM CENTERLINE ELEVATION t:&,’:‘m‘: :g“ . “"Ew" f{t"ﬂ“ﬂ o
PREFEAENCE |  FOR HORIZONTAL VALVES | yg | VALY AILTED vaLvis
FOR VALVE veRmIeA apves L2 &
LOCATION | openating | maivenance |  WPrieht clsed) :&‘3&%‘;’3;‘.’5‘: £LEvaTION
, - V77 77,
" T-6" 06" | 76" 1046 PR ////// y//
777744
% %
i indieaind Bndetdndll Bikdndotdnd /////A ///
%t W05 y s il
R s/
/ -
A 7 / % 707
AND SMALLER 97
VALVES 6'-9" t0 -8 é // 7 //A

* REFER TOCHART P2 m 'M" [}

* 70 1# VALVES ARE TO BE LOCATED AV NEIGHTS
WITHIN 2nd AND Xd CNOIC(S AVO!0 POINTING STEMS INTO WALKWAYS AND WUNKING
AREAS. TRY TO PLACE VALVES CLOSE TO WALLS OR LARGE $TEMS WHICH ARE CLEAALY
SEEN.

¢ [nfrequently-used valves can be reached by a laddei ~but consider alte:-
natives

o Do not locate valves on piperacks, unless unavoidable

o  Group valves which would be out of reach su that all can b uperaied
by praviding a platform, if automatic operatours are nol used

[ If'a chain is used on a horizontally-mounted valve, take the bottom of
the loop to within 3 ft of floor level for safety, and provida a hook near-
by to hold the chain out of ths way —ssa 3.1.2, under 'Chain’

o Do notuse chain operatars on screwed valves, of on any valve Vi-inchies
and smaller

o  With lines handling dangerous materials it is better to place valves st a
suitably tow level above grade, floor, platform, elc., so that the operator
daes not have to reach above head height

ACCESS TO VALVES IN HAZARDOUS AREAS

- Locate main isolating valves whera they can be reached in an emeigency

such as an outbreak of fire or a plant mishap. Make sure that personnel
will be able to reach valves easily by walkway or automobile )

¢  Locate manually-operatad valves at the plant perimeter, or outside the
hazardous area

o  Ensure that sutamatic operators and their contro! lines will be prot-
ected from the effects of fire

s Make use of brick or concrete walls as possible fire shiglds for valve
stations

e Inside a plant, place isolating valves in accessible pasitions to shut
feed lines for equipmant and processes having a fire risk

o  Consider the use of automatic valves in fire-fighting systems to release
water, foam and other fire-fighting agents, responding 1o heat-fusible
links, smoke detectors, etc., triggered by fira or undue rise i tlemperature
—advice may be obtained from the insurer and the local fire department



MAKE MAINTENANCE SIMPLE

o  Provide sccess for mobile lifting equipment to handle heavy valves

o  Consider providing lifting davits for heavy valves difficult to move by
other means, if sccess is restricted

» [f possible, arrange valves so that supports will not be on removable
spools:

L
-

o A plug valve requiring lubrication must be easily accessible, even though
it may not he frequently operated

PREFERRED
- . ARRANGEMENT

NHIB

N

MAKE MAINTENANCE SAFE

s Use ling-blind valves, spectacle plates or the ‘double block and bleed’
wharn positiva shutoll is required either Tor maintenance or process
needs - ses 2.7

ORIENTATION OF VALVE STEMS

(] Do not point valve stems into walkways. truckways, fedder space, etc.

¢ - Unless necessary, do not arrange gate and globe valves with their stems.’

puinting downward (at any engle below the horizontal), as:—

(1) Sediment may collect in the gland packing and score the stem.
(2) A projecting stem may be a hazard to personnel.

o 1f an inverted position is necessary, consider employing a dripshield:

. Refer to the Willlam Powell
Company's valve catslog,
No. 69, Sectlon 19, page 353

DRIPSHIELD

POWELL VALVE ¢

193]

CLOSING DOWN LINES

Consider valve-closing time in shutting down or throttling large lines. Rapid
closure of the valve requires rapid dissipation of the liquid's kinetic energy,
with a risk of rupturing the line. Long-distance pipelines present an example
of this problem. ’

.

A liquid line fitted with a fast-closing valve should be provided with a stand-

- pipe upstream and close to the valve to absorb the kinetic energy of the

liquid. A standpipe is a closed vertical branch on a line: air or other gas is
trapped in this branch to form a pneumatic cushion.

IF THERE ISNO P&ID .....

e  Provide valves at headers,: pumps, equipment, etc., to ensure that the
system will be pressure-tight for hydrostatic testing, and to allow equip-
ment to be removed for maintenance without shutting down the system

o  Provide isolating valves in all small lines branching from headers—for
example, see figure 6.12

®  Provids isolating valves at all instrument pressure points for removal of
instruments under operating conditions

o Provide valved drains on all tanks, vessels, etc., and other equipment
which may contain or collect liquids

o Protect sensitive equipment by using a fast-closing check valve to stop
backflow befare it can gather momentum

e  Consider butt-welding or ring-joint flanged valves for lines containing
hazardous ot ‘searching’ fluids. Hydrogen is especially liable to feak

o  Consider seal welding screwed valves if used in hydrocarbon service
—see chart 2.3 {inset sketch)

e Provide sufficient valves to control flows

e Consider providing a concrete pit (usually sbout 4 ft x 4 ft) for 8
valve which is to be located below grade

@  Consider use of temporary closures for positive shutoff—see 2.7

e Provide a bypass if necessary for equipment which may be taken out of
service

o  Provide a bypass valve around control stations if continuous flow is
required. See 6.1.4 and figure 6.6. The bypass should be at least as
large as the control valve, and is usually globe type, unless B-inch or
larger, when a gate valve is normally used (see 3.1.4, under ‘Gate valve')

e Provide an upstream isolating valve with a small valved bypass to equip-
ment which may be subject to fracture if heat is too rapidly applied on
opening the isolating valve. Typical use is in steam systems to lessen the
risk of fracture of such things as castings, vitreous-lined vessels, etc.

e  Consider providing large gate valves with a valved bypass to equalize
pressure on either side of the disc to reduce effort needed to open
the valve

bl

TABLE

6.2



PIPING SAFETY & RELIEF VALVES

o  Reler to3.1.9 for valve arientation

¢ Extend safety-valve discharge risers that discharge to atmosphere at
least 10 ft above the roof line or platform for safety. Support the
vent pipe s0 as not to strain the valve or the piping to the valve.
Pointing the discharge line upward (sea figure 6.4) imposes less stress
when the valve discharges than does the horizontal arrangement

o The downstream side of a safaty valve should bs unobstructed and
involve the minimum of piping. The downstream side of a relief or
safety-relief valva is piped to a relief header or knockout drum—ses
6.11.3, under ‘Venting gases’, and 6.12, under ‘Relieving pressure~
liquids' ’

o Pipe exhausting to atmosphers is cut square, not at a slant as formerly
dons, as no real advantage is gained for the cost involved

o Normally, do not instal a valve upstream of a pressure-relief valva
protecting a vessel or system from excessive pressure. However, if an
isalating valve is used to facilitate maintenance of a pressure-relief
valve, the isolating valve is ‘locked open’—sometimes termed ‘car sealed
open’ {CSO)

o Incritical applications, two pressure-relief valves provided with isolating

valves can be used

FROM VESSEL
OR SYSTEM

The installation of pressure-retieving devices and the use of isolating valves in
lines to and from such devices is governed by the Code for Pressure Piping,
ANS| B31 and the ASME Boller and Pressure Vessel Code.

INSTALLING BUTTERFLY VALVES

o  Ensure that the disc has raom to rotate when the valve is installed,
as the disc enters the piping in the open position

s Place butterfly valves with integral gaskets between welding-neck or
socket-welding flanges—see 3.1.6, under ‘Butterfly valve’. The usual
method of welding a slip-on flange (ses figure 2.7) will not give an
adequate seal, unless the pipe is finished smooth with the face of the
flange

PRESSURE-RELIEF-VALVE PIPING

FIGURE 4.4

RELIEF VALVE,
SAFETY VALVE,
or SAFETY-RELIEF

vm\
N
p—C

ISOLATING VALVE

10 F7 MIN. ABOVE

VAPOR TO ATMOSPHERE \~FERSONNEL AREA

DISCHARGE
r] FOR SAFETY
. VALVE

1/4"-INCH DRAIN HOLE

DISCHARGE
FOR SAFETY
VALVE

VAPOR TO ATMOSPHERE

?@

DISCHARGE FOR
RELIEF VALVE OR
SAFETY-RELIEF
VALVE

VAPOR AND/OR LIQUID
TO RELIEF LINE

KEY

§1}
2

3

REFER TO 6.1.3 UNDER PIPING SAFETY AND RELIEF VALVES' REGARDING USt
OF AN ISOLATING VALVE IN THIS POSITION

IF AN ISOLATING VALVE IS PROVIDED, IT IS ALSO NECESSARY TO PROVIOE
A BLEED VALVE TO RELIEVE PRESSURE BETWEEN THE (SOLATING VALVE AND
THE PRESSURE RELIEF VALVE (FOR MAINTENANCE PURPOSES)

IF A SPOOL BETWEEN THE TWO VALVES IS NOT USED, THE BLEED VALVE MAY
BE PLACED AS SHOWN IF THE VALVE'S BODY CAN BE TAFPED

ey
*Plping Culde™, PO Hos 277,Colall, CADLE 2B, USA




CONTROL (VALVE) STATIONS 6.1.4

A contro! station is an arrangement of piping in which a contro! valve is
used to reduce and regulate the pressure or rate of flow of steam, gas, or
liquid.

—— —

Control stations should be designed so thet the control valve can be isolated
and removed for servicing. To facilitate this, the piping of the stations should
be s Hexible as circumstances permit. Figure 6.5 shows ways of permitting
control valve removal in welded or screwed systems. Figure 6.6 shows the
basic arrangement for control station piping.

The two isvlating valves permit servicing of the control valve. The emergsncy.
bypass valve is used for manual regulation if the control valve is out of action,

The bypass valva is usually a globe valve of the same size and pressure rating
as the control valve. For manual reautation in lines 6-inch and larger, a gate
valve is often the more economic choice for the bypess line—refer to 3.1.4,
under ‘Gate valve'.

Figures 6.7--11 show other ways of arranging control stations—many more
dosigns than these are possible. These illustrations are all schematic and can
ha adapted to both welded and screwed systems.

DESIGN POINTS

o For best control, place the control station closs to the equipment it
serves, and locate it at grade or operating platform level

o Provide a pressure-gage connection downstream of the station’s vaives,

Depending on the operation of the plant, this connection may either be -

fitted with & permanant pressura indicating gage, or be used to attach
a gage temporarily (for checking purposes)

o Preferably, do not ‘sandwich’ valves. Place at lsast one of the isolating
valves in avertical ling so that a spool can be taken out allowing the con-
trol valve to be remaoved

¢ If tho equipment and piping downstream of the station is of lower
pressure rating than piping upstream, it may be necessary to protect
the duwnisiream system with a pressure-relief valve '

¢ Provide a valved drain near to and upstream of the control valve. To save
space, the drain is placed on the reducer. The drain valve allows pressure
between the isnlating valvels) and control valve to be released, One
drain is used if the contro! valve fails open, and two drains (one each side
of the cuntrol valve) if the control valve fails closed ’

¢ Lacate stations in rack piping at grade, next to a bent or column for
£asy supporting

DRAFTING THE STATION

In plan view, instead of drawing the valves, etc., the station is shown as a
tactangle labeled 'SEE DETAIL “X” * or ‘DWG “Y"-DETAIL X" ‘, if
the olevational detail appaars on another sheet. Ses chart 5.7. '

[95)

(8) TRAP

6.1.5

A utility station usually comprises three service lines carrying steam, com-
pressed air and water. The steam line is normally %-inch minimum, and the
other two services are usually carried in 1-inch fines, These services are for
cleaning local equipment and hosing floors. (Firewater is taken from points
fed from an independent water supply .). .

The steam lineis fitted with a globe valve and the air and water lines with gate
valves. All are terminated with hose connections about 3% ft above floor or
grade. A utility station should be located at some convenient steel column for
supporting, and all areas it is to serve should be reachable with a 50-ft hose.

UTILITY STATIONS

Most companies have a standard design for a utility station. Figure 6.12
shows a design for a standard station which can be copied onto one of the
design drawings for reference, or otherwise supplied with the drawings to the
erecting contractor who. usually runs the necessary lines. A notation used
on plan views to indicate the station and services required is:

W A steam |

LAISH

UTILITY STATION FIGURE 6.12
YALVESMAY BE REQUIRED LOCATE OVEANTAD

| OVERHEAD FOR MAINTENANCE VALVES WHERE Tery
Zomn vALvEs i pLant €AN 0T AEACHED
LOCATE DVERNEAD VALVES
FON ACCESSIBILITY ROY
OVER THE PIPERACK)

- PWERACK nmcmn/ '

ALNS STEAN: GRANCH F ROW
TO%S OF HEADERS 1O AVOID
4G OFF LITUD AND
TRt
. )]

KEY to figure 6.12: SRANCH CAN 0F USED IAS

to figure 6. SHOWN) PROVIOED FUTURE"

: SPACE ON PPERACK 1S NOT

OuSTAUCTED.

(1) 1.in. GATE VALVE

(2} 1-In. GLOBE VALVE

(3) 3/4-In. GLOBE VALVE
(4) 3/4-In. HOSE COUPLING
(5) 1-in. HOSE COUPLING
(6) 1-In. PIPE

(7) 3/4-In. PIPE

X‘\\\-'\‘ |-vunn"—\"“—W \/“

AT
Py

It subject to freezing canditions, utility station steam lines are usually trapped
(otherwise, the trap can be omitted). Water is sometimes run underground in
cold climates using an additional underground cock or plug valve with an ex-
tended key for operating, and a self-draining valve at the base of the riser.
Another method to prevent freezing, is to run the water and steam lines
in @ common insulation,

Bl

FIGURES ™.
6.4&6.12



PIPING FITTINGS ALLOWING COVTROLVALVE REMOVAL

FLANGED CONTROL VALVES SCREWED CONTROL VALVES

FIGUAS 6.6
._:l_:_
FLANGE SWAGE
RESUCER \ NI °" ELaow
- .- _.4_.. _ Liows
EASY CV ==
REMOVAL

BASIC ARRANGEMENT W ARRANGEMENTS FOR ANGLE CV's

FIGURE 0.6 FIGURE 67

‘ ALTERNATE

l OUTLETS

CHECK POSITION  _/\
OF VALVEWITH
[] INSTRUMENT

lmntia\

.| ® THESE ARRANGEMENTE ARE SUITABLE
FOR SEDIMENT-FREE FLUIDL IN LINES
CARRYING SECIMENT. PLACE THE &Y-
PASS VALVE AT A HIGHER LEVEL THAN
THE CONTROL VALVE TO REDUCE THE
AUSK OF TME BYPALS LINE SECOMING
FLUGGED,

ISOLATING VALVES CAN
OE THE SAME SIZE AS THE
CONTROL VALVE
SEE 6.1.3 UNDER ‘WHICH
SIZE VALVE TO USE'

p<H

! 17" MIN. TO BOP

lnmiuunnq ton (uwuuqrmuumus;nz ’ nmm . l; )

1

REFER 1O tiguns 8.8
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TO DRAIN AT -
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THIS VALVE MAY NOT
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THE HEADER
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PRIPLEG — OTHEALSER

CHECK CLIARANCE ! PiPE FU DRAI
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ALt UDINO

T
Jl_@h TOLAAIN

CHECK CLEARANCE
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STATIONS FOR LIQUIDS HARMFUL TO PERSONNEL
] y

LOCATE VALVES AT GRADE OR FLOOR
TO LESSEN CHANCE OF SKIN CONTACY

§07 MIN. FROM
B0TTOM OF CV

£t Vo A TR s SN TS SRR AR A A L N

o
*Piping Guide®, PO Box 277, Cotatll, CADu4928,USA
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ARRANGING SUPPORTS FOR PIPING 6.2

Pipa is hald either from above by hangers or by supports of variaus types on
which it rests. Hangers are also referred to as supports. Refer to 2.12 for

typical hardware.
el —

In the open, single pipes are usually routed so that they may be supported by
fixtures to buildings or structures. A group of parallel pipes in the open is
normally supported on a piperack—see 6.1.2,

Within a building, piping is routed primarily with regard to its process duty
and serondarily with regard to existing structural steelwork, or to structural
steel which may be conveniently added. Separate pipe-holding structures in-
~ side huildings are rare. '

FUNCTIONS OF THE SYSTEM OF SUPPORT
Tha mechanical requirements of the piping support system sare:

1) To canry the weight of the piping filled with water {or other liquid
involved) and insulation if used, with an ample safety margin — use a
tactor of 3 (= ratio of foad just causing failure of support or hanger
to actual load) or the safety factor specified for the project. External
loading factors to be considered are the wind loads, the probable weight
of ice buildup in cold climates, and seismic shock in some areas

{2} To ensure that the material from which the pipe is mada is not stressed
beyond e safe limit. Maximum tensil stress occurs in the pipe cross
sections ot the supports. Table S-1 gives spans for steel and aluminum
pipe at the respective stress limits 4000 and 2000 PS!. Charts S-2 give
the maximum overhangs if a 3-ft riser is included in the span. The

system of supports should minimize the introduction of twisting forces

in the piping due to offset loads on the supports—the method of
cantilevered sections set out in 6,2.4 substantially eliminates torsional
forces

{3) To allow for draining. Holdup of liquid can occur due to pipes sagging
between supports. Complete draining is ensured by making adjacent
supports adequately tilt the pipe—ses 6.2.6

{4} To permit thermal expansion and contraction of the piping—ses 6.1.1,
under ‘Stresses on piping’

{6) To withstand and dampen vibrotional forces applied to the piping by

" compressors, pumps, ete.

PIPING SUPPORT GROUP RESPONSIBILITIES 6.2.2

A large company will usuatly have a specialist piping support group respons-
Ible for designing and srranging supports. This group will note all required
Sippdrts on the piping deawings {terminal job) and will add drawings of
any special detalls. '

The piping support group works in tooparation with 8 stress analysis group~
ot the two may be combined as one group—which investigates areas of stress
dun v thermal movement, vibration, ete., end mekes recommandations to
the piping group. The stress group should be supplied with preliminary layouts
Tor Whis pinipus by th piping yioup, as early as possible.

6.21

ted)

Supports for fines smaller than 2-inch and non-critical lines are often left to
the “field’ to arrange, by noting ‘FIELD SUPPORT’ on the piping drawings.

LOADS ON SUPPORTS

Refer to table P-1, which lists the weights per foot of pipe and contained
water (see 6.11.2). Weights of fittings, flanges, bolts, valves and insulation are
given in table W-1, reproduced by permission of the Bergen-Paterson
Pipesupport Corporation,

ARRANGING POINTS OF SUPPORT 6.2.3

Pipe supports should be arranged bearing in mind all five points in 6.2.1.
Inside buildings, it is usually necessary to arrange supporis relative to existing
structural steelwmk,. and this restricts choice of support points.

The method of support set out in 6.2.4 is ideal: In practice, some compro-
mize may be necessary. The use of dummy legs and the addition of pieces of
structural steel may be needed to obtain aptimal support arrangements.

CALCULATING PREFERRED POINTS OF SUPPORT 6.24

Ideally, each point of support would be at the center of gravity of an
associated fength of piping. Carrying this scheme thru the entire piping
system would substantially relieve the system from twisting forces, and
supports would be only stressed vertically. A method of balancing sections
of pipe at single support points is illustrated for a straight run of pips in
tigure 6.13.

BALANCING SECTIONS OF PIPE FIGURE 6.13

LLLLLLLLLL L LSS LSS S LSS s

d

L]

B ——
~

bl=.

: . [FGURES
Consider hanger B associated with a length of pipe b. This length of pipe 6.5-6.1186.13 -

is supported by B, located at its center of gravity, which is at the midway

point for a straight fength of uniform pipe. Hangers A, €, D and E are .

likewise placed st the respective centers of gravity of lengths of pipe 4, ¢,
d and e. |f any length of pipe is removed, the balance of the rest of the line

would be unaffected. Each of the hangers must be designed to adequately .

support the load of the associated piping—see 6.2.1, point (1).

The presence of heavy flanges, valves, etc., in the piping will set the center
of gravity away from the midpoint of the associated length. Calculation
of support points and loadings is more' quickly dons using simple algebra.
Answers may be found by making trisl-and-error calculations, but this is
much more tedious.



Correct location of piping supports can be determined by the use of ‘moments
of force’. Multiplying a farce by the distance of its line of action from a point
gives the ‘moment’ of the force about that point, A moment of force can
be expressed in Ib-ft {pounds weight times feet distance). The fosces involvad
in support calculations gither are the reactions at supports and nozzles, or are
the downward-acting forces due to the weight of pipe, fittings, valves, atc.

In figure 6.14{(a), the moment about the support of the two flanges is )
(30 + 20)(16) = BOO Ib-ft, counter-clockwise, The moment of the 100-Ib
valve about the support is (100)(8) = 800 Ib-ft, clockwise. As the lengths of
pipe each side of the support are about the same, they may be omitted
from the moment equation. The problem is simplified to balancing the valve
and flanges.

USE OF MOMENTS FIGURE 6.14
(a) 1611 8h v 8f )
30b8LIND| 2050 ]lmm VALVE ]
FLANGE § FLANGE N
| SUPPORT
800>t taoonm
(b} 161 L (18— x} e .
RAII)NBGLEIND |§?.:?nge "lnlb VALVE ‘|
I SUPPORT D :}
‘moum lnzoun ety

Suppose it was required to balance this length of piping with a 120 Ib valve
on the right—where should the 120 Ib valve be placed?

Referring to figure 6.14(b), if x represents the unknown distance of the
120 Ib valve from the support, the piping section would be in balance if:

{50)(16) = (120)(x).

That is, if x = (50)(16)/(120) = (800)/(120) = 6 ft Bin.

———

A more involved example follows:—

Figure 6.15 shows a length of 4-inch piping held by the hangers F, G,

and H, and support J. The lengths of associated piping are shown by dashed
separation lines. The weights of pipe and fittings are shown on the drawing.
The 4-inch pipe is assumed to weigh 15 Ib per foot of length. Welded
elbows and tees ere assumed to weigh the same as line pipe.

First consider the section associated with hanger F. The weight of pipe to
tha leftof F is (15)(20 —x} b, and as its center of gravity is at {20 -x)/(2) ft,
its moment on the hanger is (15){(20 — x)?/(2) Ib-ft. Tha heavy valve and
flanges are assumed to have their mass center 5 ft from the end, and their
moment is {x — 5)(360) Ib-fi. lgnoring the pipe ‘replaced’ by the valve,
the weight of pipe to the right of F is (15){x) Ib and its moment about F
is (19){x)(x)}/(2) Ib-ft. As the associated length is in batance:

(98)

CALCULATING PIPE SUPPORTS FIGURE 6.1§

24 #t

4/ J\\
2“1/2!;w
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summess DENOTES ENDS OF BALANCED
SECTIONS OF PIPING
{ASSOCIATED LENGTHS)

(15)(20 — x)¥(2) = (360)(x— 5) + (16)(x2)/(2)
x = (B80)/(11), or ebout 7 f1 3 in.

The x2 tarms canceled—this must be so, &s there can physicdlly be only one
value for x. The load on hanger F is (20)(16) + (360) or 660 Ib.

The support & should be at the center of the associated lungth of gipe, as
already shown in figure 6.15, and tha load on the support is (30}{15), or
450 b,

" The hanger G is easily seen to be suitably placed, as there is 6 ft of 4-inch

pipe overhanging each side. Only the load on the hanger need be calculated,
which is (6 + 5+ 24 + 2)(15) + (10), or 550 Ib.

The location of hanger H has to be found by a calculation like that lur
hanger F, except that the heavy terminal flange has also to be taken into
account. The moment equation in Ib-ft is:

{300)(y - 0.5) + (15)y*M/(2) = (16)(10 — y)*/(2) + (40)(10 - 5)
which gives y as nearly 2 ft 8 in.
The load on hanger H is about {220}+{3){40)+{15)(10), or 430 Ib.



PROBLEM OF THE END . .

The supported length at one end of a run of piping may be cantilevered in
the same way as the other lengths, and this has the advantage that if the
piping terminates at a nozzle the foad on the nozzle is minimal. However,
it may be necessary to use or arrange @ suppoit at or near the end of a
piping run. If the end of the run is vertical, the end support should be
drsigned 1o carry the vertical run, The problem is usually more complex
when the end of the run is horizontal.

The locations of fittings and support points will usually be already defined,
and the pioblem is to calculate the reaction on the terminal support,
and to see that the support is designed to withstand the load on it. In
calculating the load on the terminal support, it should be made certain that
the load /s downward-with some arrsngements, the piping would tend
to raise itsell off the terminal support {negative load) and if this type of
arrangement is not changed, the terminal support will have to anchor the
piping. '

The sketch shows a horizontal end arrangement. Taking moments in Ib-ft
shout the support A:

Y on \ " an,
18 ®/ht 100 b VALVE
A . 8
Edolpwvions  SUPPORT ,A- ﬁ
contilevared sect T - Aesction R = Resction

(ISH10M%)(10) = (15)(18 + 2)(%)(18#2) +(100)(18) — (R)(18 + 2)
which gives R = 202% Ib.
The reaction, F, on the support A can be calculated by taking moments about
the support 8 or another axis, or more simply by equating vertical forces:
F + 202% = (15)(10+18+2) + 100 = 650, which gives F = 347% Ib.

PROBLEM OF THE RISER

Supports for lines changing in direction can be calculated by the cantilever
method. Sketch {a) below shows that the weight of the vertical part of the
piping can ba divided between two cantilevered sections in any proportion
suited to the available support points. Sketches (b) and (c) show the vertical
piping gssociated whally with the left- or right-hand cantilevered sections.
The piping may be supported by means of a dummy leg, if direct support
i5 not practicable,

o} (b) (c)

== DENOTES ENDS OF
CANTILEVERED
SECTIONS OF
PIPING.
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{TEXT CONTINUES OVERLEAF}

GRAPHIC METHOD FOR FINDING LOADS ON SUPPORTS

.
of bearing loads for ‘corner’ piping

The foll g graphicsl P quick
arrsngements,

PROBLEM To find the load to be teken by 8 support to be placed st point ‘€’ in the piping
arrangement shown:

8
r—4
AN
\ .
NP
AXIS FOR
ANy TAKING
& Ny MOMENTS
: ~
ﬁ MIDPOINT Q
- ? ~N
~N
SUPPORT
| 7
€ A
P s e
c th 200m < miproINT
51 151 J,
SOLUTION

111 Draw the plan view to any convenient scale (as sbovel

{2)  Add the axis line AB (this must pass thru points of support)

3] Divide the run of piping into parts. Piping between the support points A and B is
considered in three parts: {1} The vaive. (2) The length of pipe BC. (3} The length
of pipe AC~the short piece of line omitted for the valve is ignored, and the effect
of the etbow neglected.

14) Orop perpendiculers from midh
the axis Hne.

[6]  Take moments sbout the axis line, measuring the lengths of perpendiculars M3 P, ES,
DQ and My R directly from the plan view {these iengths are noted on the sketch):

My and M3, the valve and support point € to

PIPE LENGTH AC PIPE LENGTH C8 ‘VALVE ASSY. LOAD ON SUPPORT
120018108}  +  (15)(18){B) + (200){9} - (F)(9.6)
which.gives the foad on the support st E as:
F=5311b

EXTENSION OF THE METHOD

The same mathod can be used If the angle st the comner is ditferent from 80 degrees, or If
vertical tines sre included In the piping.

NOTES
1] The axis line must pass thru points of support. If the axis line is not horizontal,
the lengths of the perpendicutars are still d directly from the plan view.

{2) This method does not take into dditionat due to bending and
torsion of pipe. However, [t Is legitimate to calculate loads on supports s if the plpe
Is rlgid.

e~
mlping Cuide”, PO Bor 277, Colall,CA 84028, USA_

FIGURES
6.14 & 6.15




This problem often occurs when running pipes fram one piperack to another,
with a changs in elevation, as in figure 6.15, Tao much ovarhang will stress
. the material of the pipe beyond a safe limit near one of the supports adjacent

to the bend, and the designer needs to know the allowable averhang. ‘
The stresses set up in the material of the pipe set practical limits on the
overhangs allowed at corners. The problem is like that for spans of straight
pipe allowable between supports. Overhangs permitted by stated limits for
stress are given in charts S-2. ‘

PIPE SUPPORTS ALLOWING THERMAL MOVEMEN'I: 626

Piping subject to large temperature changes should be routed so as to flex
under the changes in length—see figure 6.1. However, hangers and supports
must permit these changes in length, Figures 2.72 A & B show a selection
of hangers and supports able to accommodate movement. For single pipes
hung from rod or bar hangers, the hanger should be sufficiently long to
limit total movement to 10 degrees of arc.

SPRING SUPPORTS

There are two basic types of spring support: (1) Variable load. (2) Constant
load—refer to 2.12.2. Apart from cost, the choice between the two types
depends on how critical the circumstances are. For example, if 8 vertical line
supported on a rigid support at floor level is subject to thermal movement,
a variable-spring hanger or support at the top of the line is suitable—ses
figure 6.16 (a) and (b).

If a hot line comes down to a8 nozzle connected to a vessel or machine, and
it is necessary to keep the nozzle substantially free from vertical loading,
a constant-load hanger can be used—see figure 6.16(c).. Cheaper slternate
methods of supporting the load are by a cable-held weight working over a
pulley, as illustrated in figure 6.16(d), or by a cantilevered weight.

VARIABLE- & CONSTANT-LOAD HANGERS & SUPPORTS FIGURE 6.16

(b} VARIABLE
SPRING
HANGER

{d) COUNTER-
WEIGHT

{c) CONSTANT
LOAD .

HANGER

{3) VARIABLE
SPRING
SUPPORT

f Guioe

CENTERLINE
OF PPE OA

SLOPED LINES AVOID POCKETING 6.2.6

AND AID DRAINING .
As pipeis not completely rigid, sagging between points of support must occur.
In many instances, sagging is acceptable, but in othars it must be restricted.

The nature of the conveyed materia), the process, and flow requirements
determina how much sagging can be accepted. Sagging is reduced by bringing
adjacent points of support closer. Packeting af liquid dua to sagying can be
eliminated by sloping the line so that the diffaranee in height bstwesn
adjacent supports is at least equal to tripla the deflection (sag) at the mid-
point. Linas which require sloping include blawduwn headors, pressure-relief
lines, and some process, condensate and air lines, {Air lings are discussed in
6.3.2, and draining of compressed-gir lines in 8.11.4.)

Complete draining may be required for |ines used in batch processing to
avoid contamination, or whera a product held In @ line may degenerate ur
polymerize, or where solids may setile and become a problem,

In freezing conditions, lines conveying condensate from traps to disins wie
sloped; condensate headers may be staped (as an alternative to steain tracing),
depending on the rate of flow,

In the past, steam lines were stoped 1o assist in clearing condensate, but the
improved draining is now not considered to be worth the dillicully and
expense involved.

SLOPED LINES ON PIPERACKS

Sloped lines can be carried on brackets attached to tha pipeiack stanchions
{see figure 6.3). To aobtain the 1equired change in elevalion at each benl,
the brackets may be attached at the required elavations; alternately, 8 series
of brackets can be arranged at the same elevation and the slope obtained
by using shoes of. different sizes—this method leads to fewer constiuction
problems, -

Shaes of graded sizes are also the best methad for sloping smaller fines on the
piperack. It is not usual or desirable to hang lines from the piperack unless
necessary vertical clearances can be maintained.

SLOPED LINES IN BUILDINGS

Inside a building, both large and small sloped lines can rest on stee! brackets,
or be held with hangers. Rods with turnbuckles are used for hangers on lines
required to be sloped. Otherwiss, drilled flat bar can be used. (Adjustable
brackets are available from the Unistrut and Kindarf ranges of suppont
hardware.)

SUPPORTING PIPE MADE FROM PLASTICS OR GLASS 6.2.7

Pipe mads either from flexible or rigid plastics cannot sustain the same span
loads as metal pipe, and requires a greater number of support points. One
way of providing support is to lay tha pips upon lengths of steel channel sec-
tions or half sections of pips, or by suspending it trom other stec! pipes. The
choice of steel section would depend on the span loads and the size and type
of plastic pipe.

For glass process and drain lines, hangers for steel pipa are used, provided that
they hold the pipe without causing lacal strains and are padded sv a3 nni to
crack the pipe. Rubber and asbestos paddings are suitable. Uninsulated
horizontal lines from 1 ta 6 inch in size containing gas or liyuid of specific
gravity less than 1.3 should be supported at 8 1o 10 It intervals. Couplings
and fittings should be about 1 ft from a point of support.



DESIGN POINTERS 6.28

Tarms such as ‘dummy feg’, ‘anchor’, “shos’, etc., used in detailing supporting
hardwaie are explained in 2.12.2. Refer to chart 5.7 for symbols.

GENERAL

o  Design hangers for 2¥rinch and farger pipe to permit adjustment after
installation

o If piping is to be connected to equipment, a valve, etc., or piping
assembly that will require remova! for maintenance, support the piping
so that temporaty supports are not needed

¢  Base load calculations for variable-spring and constant-load supports
on \he operating canditions of the piping {do not include the weight
of hydrostatic test fluid) :

o I nacessary, suspend pipes smaller than 2-inch nominal size from 4-inch
and larger pipes :

DUMMY LEGS

Table 6.3 suggests sizes for dummy legs. The allowable stress on the wall
uf the elbow or line pipe to which the dummy leg is attached sets a maximum
length for the leg. The advice of the stress group should be sought.

APPROXIMATE SIZES FOR DUMMY LEGS " TABLE 6.3

NPS of Piping (inches) 2 3 4 6 8 10 | 12 | 14

] 8 8 10

NPS of Pipe forming Leg {in.} } 1% | 2 3 L)
{ Size of W-Flangs {in.) %%%% 6 |8 |8 10

ANCHORS

Anchars are required as stated in the following two points. However, advice
from the stress and/or piping support groups should be obtained:

o PMavide anchors as necessary to prevent thaermal or mechanical move-
ment uverlonding nozzles on vesssls or machinery, branch connections,
cast-iron valves, etc.

¢  Pravide anchors to contiol direction of expansion; for example, at
tattery limits and on piping leaving units, so that movement is not
transmitted to piping on 8 piperack

SHOES, GUIDES, & SADDLES

¢ Do not use shoes on uninsulated pipes, unless required for sloping
purpases. For reduced friction where lines are long and subject to
movement, slide plates are an alternative—see 2.12.2,

s Use of wya-type shoes enables pipes to be placed on the shoe before
wulding and makos construction gasier — ses figure 2.72A

& Welding the pipe directly to shoes Is not always acceptable; for example
with rubber-lined pipe: Bolted or strapped shoes are more suitable
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o Check the code pertinent to the project, as it may prohibit ‘partial’
welds for supports—that is, welds that do not encircle the pipe

“o  Provide slots in shoes to accept the straps or wires used to hold

insulation to pipe

e  Provide guides for long straight' pipes subject to thermal movement,
either by guiding the shoe or by guiding pipe support saddles attached
to the pipe, as shown:

PIPE SADDLES: . ,_\ 4 INSULATION
ME — SNOE\ /nmns
< ==K

o  For better stress distribution in the pipe wall, pipe support saddles are
usually used on large lines. They can also be used for lines that may
twist over when moving

INSULATION

SUPPORTING VALVES

¢ Provide support as close as possible to heavy valves, or try to get vaives
moved close to @ sui(abla point where support can be provided

e  Large valves and equipment such as meters located at grade will usually
require a concrete foundation for support

WELDING PIPE-SUPPORT & :
PLATFORM BRACKETS TO VESSELS, Etc.

o  Instruct the vendor to add brackets required on pressure vessels prior
to stress-relieving and testing—otherwise, retesting and recertification
may be obligatory

¢  Itispermissible to specify brackets to be welded to non-pressure vessels
provided that the strength of the vessel is not degraded

SUPPORTING PIPE AT NOZZLES

Ensure that nozzles on machinery, compressors, pumps, turbines, etc., are
substantially free from loads transmitted by the piping, which may be due to
the weight of the piping, or to movement in the piping resulting from con-
traction, expansion, twisting, vibration or surging. Equipment suppliers will
somstimes state maximum loadings permissible at nozzles. Excessive loads
applied to nozzles on machinery can force it from alignment and may cause
damage. ‘

Piping to pumps, turbines, etc., should be supported adequately, but should
allow ths equipment to be removed. Supports for this piping are best
made integral with the concrete foundations, especially if thermal movement
occurs and should be on the same level as the base of the equipment, so that
on heating or cooling, vertical differential expansion and contraction between
supports and equipment will be minimized.

FGURE ™
6.16

TABLE
6.3 .



PIPING TO PUMPS & COMPRESSORS 6.3

PUMP EMPLACEMENT & CONNECTIONS 6.3.1

TYPICAL PIPING FOR CENTRIFUGAL PUMPS

Most pumps used in industry are of the centrifugal type. Figures 6.17 end
6.18 show typical piping and fittings required at a centrifugal pump together
with the valves necessary to isclate the pump from tha system.

The check valve is required to prevent possible flaw reversal in the discharge
line. A permanent in-line strainer is normatly used for screwed suction piping
and a temporary strainer for butt-welded/flanged piping. The temporary
strainer is installed between flanges—sea figure 2.69, A spool is usually requi-
red to facilitate removal.

Although centrifugal pumps are provided with suction and discharge ports of
cross-sectional area large enough to cope with the full rated capacity of the
pump, it is often necessary with thick fluids or with long suction lines to use
an inlet pipe of larger size than the inlet port, to avoid cavitation. Cavitation
is the pulling by the pump of vapor spaces in the pumped liquid, causing
reduction of pumping efficiency, noisy running, and possible impellor and
bearing damaga. Refer to 6.1.3, under ‘Which size valve to use?".

Most pumps have end suction and top discharge. Limitations on space may .

require another configuration, such as top suction with top discharge, side
suction with side discharge, etc. Determination of nozzle orientation takes
place when equipment layout and piping studies are made. .

AUXILIARY, TRIM, or HARNESS PIPING

Pumps, compressors and turbines may require water for cooling bearings, for
mechanical seals, or for quenching vapors to prevent their escaps to
atmosphere. Piping for cooling water or seal fluid is usually referred to as
auxiliary, trim, or harness piping, and the requirement for this piping is
normally shown on the P&ID. This piping is usually shown in isometric
view on one of the piping drawings. .

In order to cool the gland or seal of a centrifugal pump and ensure proper
sealing, it is usually supplied with liquid from the discharge of the pump,
by a built-in arrangement, or piped from a connection on the pump’s casing.
The gland may be provided with a cooling chamber, requiring piped water.
if a pump handles hot or volatile liquid, seal liquid may be piped from an
external source.

DRAINING

Each pump is usually provided with a drain hub 4 to 6 inches in dia-
meter, positioned about 9 inches in front of the pump foundatian on the
centerline of the pump. The drain hub is piped to the correct sewer or

effluent line—sea 6.13. If two small pumps have a common foundation, they

can share the same drain hub.

foz)

Most centrifugal pumps have baseplates that callect any leakage (rawm i
pump. Tha baseplate will have a threaded connaction which is piped to 1he
drain hub. Waste seal water is also piped to the drain hub -sea figuie 6.18,

ettt e

o In outside installations in freszing climates, provide a valved diain trom
the pump’s casing '

o  Provide a short spool for a 3/4-inch drain batwaan the on/off valve and
the check valve, to drain the discharge line. If the valve is large
enough, the drain can be made by drilling end tapping a boss un the
check valve, as shown in figure 6,17, nota (3), in which instance no
spool is required.

INSTALLATION

o Do not route piping over the pump, as this interferes with maintenance.
It is bettar to bring the piping forward of the pump as shuwn in ligurg
6.17

o Leave vartical clearance over pumps ta permit remavst for servicing
—sufficient headroom must be left for a mabila cranw for all but the
smaller pumps, unless other handling is planned

o |f pumps positioned close to supply tanks are on separate fuundations,
avoid rigid piping arrangements, es the tanks will “sattle’ in the courss
of tims -

o Locate the pump as closely as practicable to the source of liquid to ba
pumped from storage tanks, sumps, etc., with dus consideration for
flexibility of the piping

e Position valves for ease of opsration placing them so they ase unlikely
to be damaged by traffic and will not be 8 hazard to personnel—ses
table 6.2 and chart P-2

s The foundation may be of any material that has sigidity sulficient to
suppart the pump baseplate and withstand vibration. A concrete foun-
dation built on salid ground or a cancratae slab floor is usual. The pump
is positioned, the height fixed (using packing), and the grout is then
poured. Grout thickness is not usually less than one inch—see figure
6.17

o A pit in which a pump is instatled should have a drain, or have a
sump that can b drained or pumped out

o Make tha concrete foundation at least as large as the baseplate, and
ensure that concrete extends at least 3 inches from each bolt

VALVES -

¢  Valves are ‘line size’ unless shown otherwise on the P&ID. See 6.1.3
under ‘Which siza valva to use?’
Use tifting disc or swing check valves for preference

o Do not uss globs valves for isolating pumps. Suction and dischaiye liny
isolating valves are usually gate valves, but may ba other valves olfering
low rasistance to flow



SUCTION LINE

To avoid cavitetion, tha pump must be at the correct elevation, related to
the level or head of the liquid heing pumped. If the location of the pump
has not previously been established on an equipment arrangement drawing,
teler to the engineer involved,

Concentric reducers are used in lines 2-inch and smaller. Eccentric reducers
are used in lines 2Y-inch and farger, and are arranged to avoid: {1) Creating
a vapor space. (2) Creating a pocket which would need to be drained.
These conditions set the configuration of the reducer—that is, whether it
is to be instailed ‘top flat’ or ‘bottom flat’,

It a centrifugal pump has the suction nozzle at the end (in line with the
drive shaft), en elbow may be connected directly to the nozzle at any
orientation,

It a pump has the suction nozzle at the side with split flow to the impellor
provide a straight run of pipe equal to 3 to § pipe diameters of the suction
line to connect to the nozzle, Alternately, an elbow may be connected to
the suction nozzle, but it must be arranged in a plane at 90 degrees to the
driving shaft, to promote equal flow to both sides of the impellor, If an
elbow must be in the same plane as the driving shaft of the pump, consider
the use of turning (or splitter) vanes to induce more even flow. Uneven flow
causes damage to the impellor and bearings.

TURNING VANE!

N

®  Route suction lines as directly as possible so as not to starve the pump
and incur the risk of cavitation

¢ I the pump draws liquid from a sump 3t a lower elevation, provide g
combined foot valve and strainar. A centrifugal pump working in this
situation requires priming initially—provide for this by a valved branch
near the infet port, or by other means

®  Provide a strainer in the suction lina—ses figures 6.17 thru 6.21. Do
not place 3 temporary startup screen immediately downstream of a
valve, as debris may back up and prevent the valve from being closed

DISCHARGE LINE

The outlet pipe for centrifugal and other non-positive displacement pumps is
in most cases chosen to be of larger bora than the discharge port, in order to
todute velocity and consequent pressure drop in the line. A concentric
teducer or reducing efbow is used in the discharge line to increase the dia-
felak Thera is no restriction on the placemient of elbows in discharge lines
6% therb is in suction lines,
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®  Provide a pressure connection in the discharge line, close to the pump
outlet — seg figures 6.17 thru 6.21. It may be necessary to provide a
short spool for this purpose if there is no pressure point tapping on the
.pump discharge nozzle
®  For locations of drain connections in the discharge line, see figures 6.17
thru 6.21 '

PUMPS WITH SCREWED CONNECTIONS

A pump with screwed connections fequires unions in the suction and dis-
charge lines to permit removal of the pump.

PIPING FOR POSITIVE-DISPLACEMENT PUMPS

Reciprocating and rotary pumps of this type must be protected against over-
loading due to restriction in the discharge line, If a positive-displacement
pump is not equipped with a relief valve by the manufacturer, provide a
relief valve between the pump discharge nozzle and the first valve in the
discharge line. The discharge from the relief valve is usually connected to
the suction line between the isolating valve and the pump,

As positive displacement pumping does not greatly change the flow velocity,
reducers and increasers are not usually required in suction and discharge
lines. See figures 6.20 and 6.21. A positive-displacement pump having a
pulsating discharge may set the piping into vibration, and to reduce this

- an air chamber (pneumatic reservoir) such as a standpipe can be provided

downstream of the discharge valve.

KEEPING MATERIAL FROM SOLIDIFYING IN THE PUMP

_ 1t may be necessary to trace a pump (see 6.8.2) in order to keep the conveyed

material in a fluid state, especially after shutdown. This problem arises either
with process material having a high melting point, or in freezing conditions.
Alternately, jacketed pumps can be employed (such as Foster jacketed
pumps available from Parks-Cramer).

FIGURES 6.17 THRU 6.21 ARE ON
THE FOLLOWING THREE PAGES, &
THE KEY FOR THESE FIGURES IS
ON THE THIRD OF THESE PAGES
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ALTERNATE HORIZONTAL DISCHARGES, WITH LINE OFFSET AND WITH VALVES
LAID OVER AND OFFSET AS NECESSARY—THIS MAY BE NECESSARY IF THE
VERTICAL POSITION PLACES HANDWHEEL OUT OF REACH OR IF DISCHARGE
NEEDS TO TURN DOWN

ALTERNATE POSITIONS FOR MANDWRREEL

PROVIDE 1/2 TO M4 INCH DRAIN ON CHECK VALVE ABOVE DISC {A DRAINPOINT -

OR BOSS S USUALLY PROVIDED ON 2-INCH AND LARGER VALVES) AND AUN
LINE TO DRAIN. OTHERWISE, PLACE DRAIN ON SPOOL BETWEEN CHECK AND
ISOLATING VALVES. ON SCREWED AND SOCKET-WELDED PIPING, PROVIDE A
TEE FOR THE DRAIN CONKECTION

$POOL FOR DRAIN POINT, IF DRAIN CANNOT GO ON CHECK VALVE

ALTERNATE PRESSURE GAGE POINTS ON DISCHARGE PIPING IF POINT 13 NOT
PROVIDED ON PUMP BY VENDOR

CASING VENT. - CAN BE USED FOR SEAL LIQUID TAKEQFF
TEMPORARY STARTUP STRAINER
PERMANENT LINE STRAINER FOR SCAEWED OR SOCKET-WELDED PIPING

CONNECTIONS FOR COOLING OR SEAL LIOUID. USUALLY WATER OR o

(106}

AEDUCER CONCENTRIC TYPES MAY 8§ USED ON PUMFS
SWAGE (SWAGED NIPPLE) WITH INLET POATS 2INCH AND SMALLER

CASING DRAIN FLUQ. RUN VALVED LINE IF LIOUID (8 LIKELY TO FREEZE

PIPE BASEPLATE OF PUMP TO DRAIN HUS. PROVIOE HUB AT CACH PUMP
PIPE HUD TO APPROPAIATE DRAIN ON BEWER. IF TWO MUMPS ARE ON A COMMON
BASE, THEY CAN SHARE THE SAME HUB

SYPASS PROTECTS POSITIVE DISPLACEMENT PUMP AND DRIVER IF AN ATTEMPT
18 MADE TO OPERATE PUMP WITH A DISCHARGE VALVE CLOSED

SYPASSES FOR PUMPS OPERATING IN PARALLEL ALLOW FLOW N SUCTION AND
OISCHARGE LINES TO A HEADER IF A PUMP IS SHUT DOWN

SPOOL FOR TEMPORARY STRAWNER
REDUCING ELBOW MAY REFLACE REGULAR ELBOW AND REDUCER

IF A PUMP HAS SIDE SUCTION WITH SPLIT FLOW TO IMPELLOR, PROVIDE 3 OR
MORE DIAMETERS OF STRAIGHT PIFE AS SHUWN, OR CONNECT AN E£LBOW IN
A PLANE AT 90 DEGREES TO THE MAPELLOR BHAFT




COMPRESSOR PIPING 6.3.2

Refer to0 3.2.2 for a description of compressors and associated equipment. A
compressor supplies compressed air or a gas to process or other equipment.
A compressor is usually purchased as a ‘package unit’, which includes coolers,
and the designer is left with the problem of installing it and piping auxiliaries
to it. These various auxiliaries are shown in figure 6.23.

Compressors may be installed in the open, or within a plant or separate

compressor houss. An srrangement of compressor, ancillary eguipment and

distribution lines is shown in figure 6.22 {derived from an illustration by

Atlas Copco). .

COMPRESSOR HOUSE

o I the compressor is handling a gas heavier than sir, eliminate pits or
trenches in the compressor house to avoid a suffacation or explosion
risk

o Provide air entry louvers if a compressor takes air from within a comp-
rassor house or ather building

s  Provide maintenance facilities, including 8 lifting rail or access for
mobile lifting equipment. Allow adequate floor space for use during
maintenance. Additional access may ‘be required for installation

®  Prevent transmission of vibration by providing a foundation for the
compressar, separate from the compressor-house foundation

o Consider the use of noise-absorbing materials and construction for a
compressor house

The vendor's drswings should be examined to determine what auxiliary

piping, valves and equipment covered in the following design points are to

ba supplied with the compressor by the vendor:

AIR-COMPRESSOR PIPING

COMPRESSOR & PIPING LAYOUT

o Install the compressor on a concrete pad or elevated structure. Piling
s often 8 necessary part of the foundation

e large reciprocating compressors are often installed on an elevated
structure.to allow access to valves and provide space for piping. Provide
a platform for operation and maintenance of such an installation

o Keep piping clear of cylinders ot reciprocating compressors and provide
withdrawal space at cylinder heads
Use long-radius elbows or bends, not short-radius elbows or miters
If the compressor and the pressurized gas are cooled with water, route
cooling water first to the aftercooler, then to the intercooler {for a
two-stage machine), and lastly to the cylinder jackets {or casing jacket,
if present, in other types of compressor) _

®  Arrange an air compressos, associated equipment and piping so that
water is able to drain continuously from the system

¢  Pipe a separate trapped drain for each pressure stage. Ensure that the
pressure into which any trap discharges will be lower than that of the
system being drained—less the pressure drop over the trap and its
associated piping. Do not pipe different pressure stages thru separate
check valves to a common trap

e If a toxic or otherwise hazardous gas is to be compressed, vent possible
shaft seal leakage to the suction line to avoid a dangerous atmosphere
forming around the compressor '

o Do not overlook substantial space required for fube oil and seal oil
control consoles for compressors

o  Discuss piping arrangement with the stress group

FIGURE 8.22

KEY

Q1 COMPRESSOR
(2) AFTERCOOLER
ODAMPENER

(4}  RECEIVER

(5} DRAIN

(8)  RING MAIN

” BRANCH CONNECTION
8} OUTLEY VALVE

(9)  DISTRIBUTION HEADER

{10} WALL VENT
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SCHEMATIC ARRANGEMENTS
OF COMPRESSED-AIR EQUIPMENT

(3) SINGLE-STAGE COMPRESSOR

FIGURE 6.23

/—MIN GHIELD AND SCREEN FOR INTAKE AIR

(-munmm VALVE 8 BVPASS
)R PO
%
< —
g COMPRESSOR
DRIVER ‘V’

{b) TWO-STAGE COMPRESSOR

SUCTION PIPING FOR AIR COMPRESSORS

To reduce damage to a compressor by abrasion or carrosion, the sir

supply needs to be free from solids and water (water in the air intake
does not affect operation of liquid-ring air compressors). Air intakes
are best located where the atmosphere is uncontaminated by exhaust
gases, industrial operations, or by traffic

For efficiency the air supply should be taken from the coolest source
such as the shaded side of a building, keeping to building clearances
shown in figure 6.24

If the air supply is from outside the building, locate the suction paint
above the roofline, and away from walls to avoid excessive noise

Keep suction piping as short as possible, If a line is unavoidably long
and condensate likely to form, provide a separator at the compressor
intake

Pravide a rain cover and screen as shown in figure 6.24

Small (and sometimes medium-sized) air compressors usually take air
from inside a building. Large air compressors take air from outside a
compressor house (figure 6.24): this minimizes effects on the building
of pulsations radiated from the air inlet. In both instances, a filter is
needed to remove dust, which is always present to some extent

Filters must have capacity to retain large quantities of impurities with
low pressure drop, and must be rugged enough to withstand pulsations
from reciprocating compressors

{108)

Provide a pressure gage connection between filter and enmpiessas ty
allow the pressure drop across the filter ta he measured in arder 1y

check when cleaning or replacement is neaded

¢  Usa a temporary screen at the compressar Inlet at startup—ses 2.104

e  Avoid low points in suction lines where malsture and dist can collect.
if low points cannot be avoided, provide a clean-out —sea figure 6.24

o |t tha suction line is taken from 8 header, take it from the top of the
header to reduce the chance of drawing off moisture or sediment

e A line-size isolating valve is required far the suction line if ths suction
line draws from a header shared with other compressars

o  Consider pickling or painting the inside of the suction piping to inhibit
tust formation and lessen the risk of drawing sust into the compressor

SUCTION LINES TO FIGURE 6.24
AIR COMPRESSORS
“F=3" AAINCOVER
o in. | & SCREEN
e | =

CLEANOUT
DRAIN

A

( oraw |} }i3
;
AEMOVADLE 5001
FOR CLEANING
sn
o

r
min. PURPOSES
(
AAIN

i

E I 6 ft min.

DISCHARGE PIPING (GENERAL)

o

Discharge piping should ba arranged to allow for thermal movement and
draining. Anchors and braces should be provided to suppress vibiation. The .
cutflow from the aftercooler will usually be wet {from the excess moisture
in suction air) and this water must be continually removed.



¢ Anisolating valve in the discharge line is ling-size

¢ Provide discharge piping with connections for temperature and pressure
gages .

o  Provide an unloading valve and bypass circuit connected upstream of
the discharge isolating valve, and downstream of the suction isolating
valve, so as to ensure circulation thru the compressor during unioading,
and to permit equalizing pressure in the compressor—ses 3.2.2, under
‘Unloading’

o Normally locate a receiver close to the compressor. (Auxiliary receivers
may be located near points of heavy use.)

»  For diaining compressed-air discharge lines, refer to 6.11.4
————

The use uf dampeners and volume bottles in the discharge is discussed in

3.2.2, under "Equipment for compressors'.

LOADS & VIBRATION

The design of supports for piping to large compressors (especially for recip-
rocating machines) requires special knowledge.” Usually, collaboration is
necessary with the piping support group, the stress group, and the compressor
manufacturer’s representative. A major problem is that the compressor may
be forced from alignment with its driver if the piping and supports are not
properly arranged. ’

1t a diesel or gasoline engine is used as driver, a flexible joint on the engine's
exhaust pipe wilt reduce transmission of vibration, and protect the exhaust
nozzle. Flexible connections are sometimes needed on discharge and suction
piping. Pulsation in discharge and—~to a lesser extent—suction lines, tends to
vibrata piping. This effect is reduced by using bellows, large bends and
laterals, instead of elbows and tees. ’

INSTRUMENTATION & INSTRUMENT CONNECTIONS
Figurg 6.23 shows the mare useful locations for pressure and temperature

yayes, but does not show instrumentation for starting, stopping and unloading .

the compressors, Simple compressor contro! arrangements using pressure
switches have Jang been used, but result in frequent starting and stopping of
the compressor, causing unngcessary wear to equipment. .

Automatic contro! using an unloading valve is superior: table 3.6 gives the
working principles—see 3.2.2, under 'Unloading’. Further information can be
found in the ‘Compressor installation manual’ (Atlas-Copco). Unloading
valves are aflocated instrument numbers,

The sir-pressure signals for unloading, starting, loading and stopping a com-
messor should be fres from pulsations. It is best to take these signals from
@ connection on the receiver or a little downstream of it.

Details of construction of instrument connections are given in 6.7. Instrument
branchas should be braced to withstand transmission of line vibration.

[109)

ISOLATING VALVES FOR COMPRESSOR

Compressors operating in parallel should be provided with isolating valves
arranged so that any compressor in the group may be shut down or removed.
An isolating valve at the discharge should be placed downstream of the
pressure-relief valve and any bypass valve connection. The isolating valve at
the suction should be upstream of the bypass yalve connection. fsolating
valves are not required for a single compressor installation.

PRESSURE-RELIEF VALVES

Pressure-relief valves should be installed on interstage piping and on a dis-
charge line from a compressor to the first downstream isolating vaive. A
pressure-relief valve may be vented to the suction line—see figure 6.23. Each
pressure-relief valve should be able to discharge the full capacity of the
Compressor.

CHECK VALVE

Unless supplied with {or integral with) a compressor, a check valve must be
provided to prevent backflow of stored compressed air or other gas.

DISTRIBUTION OF COMPRESSED AIR

Headers larger than 2-inch are often butt welded. Distribution lines aie
screwed and usually incorporate malleable-iron fittings, as explained in 2.5.1.
Equipment used in distribution piping is described in 3.2.2.

A more efficient layout for compressed air fines is the ring main with auxiliary
receivers placed as near as possible to points of heavy intermittent demand.
The loop provides two-way air flow to any user.

COMPRESSED AIR USAGE

The compressed air provided for use in plants is designated ‘instrufent
air’, ‘plant air’ or process air’. Instrument air is cleaned and dried compressed
air, used to prevent corrosion in some instruments. Plant air is compressed air
but is usually neither cleaned nor dried, although most of the moisture and
oil, etc., can be collected by a separator close to the compressor, especially
if adequate cooling can take place. Plant air is used for cleaning, power tools,
blowing out vessels, etc: if used for air-powered tools exclusively, some
suspended oil is advantageous for lubrication, although filter/lube units are
usually installed in the air line to the tool.

Process air is compressed air, cleaned and dried, which may be used in the
process stream for oxidizing or agitation. The trend is to supply cleaned and
dried air for both general process and instrument purposes. This avoids run-
ning separate lines for process and instrument air.

Process and instrument air for some applications requires to have an oil
content less than 10 parts per million. As almost all oily contaminants are
present as extremely small droplets (less than 1 micran in diameter) mech-
anical filtration may be ineffective; adsorption equipment can efficiently
remove the oil.

FGURES ™
6238624



PIPING TO STEAM TURBINES 6.4

A turbine is a machine for deriving mechanical power (rotating shaft) from
the expansion of a gas or vapor (usually air or steam, in industrial plants).

Steam turbines are used where there is a readily-available source of steam,
and are also used to drive standby process pumps in critical service in the
event of an electrical power failure, and emargency standby equipment such
as firewater pumps and electric generators.

Figure 6.9 shows a schematic arrangement of piping fOI' automatic operation.
There are similarities between steam-turbing and pump and compressor
piping. Their common requirements are:—

{1) To limit loads on nozzles from weight of 'piping or from thermal
movement
{2)

To provide access and overhead clearance
{3) To prevent harmful material from entering the machine

INLET (STEAM FEED) 6.4.1

In order to guard against damage to a steam turbine, protective piping
arrangements such as those mentioned in table 6.4 are needed in the
steam feed.

PROTECTIVE PIPING FOR FEEDING
STEAM TO TURBINE

TABLE 6.4

HAZARD TO TURBINE | PROTECTIVE PIPING

DRIPLEG & STRAINER, or
SEPARATOR, IN THE FEED
LINE (See figure 6.9)

. FOREIGN MATTER & WATER
IN THE STEAM FEED

EXCESSIVE PRESSURE IN
STEAM FEED CAUSING
OVER-FAST RUNNING OR
CASING RUPTURE

PRESSURE RELIEF VALVE
&/OR CONTROL VALVE
IN THE FEED LINE

THERMAL SHOCK, DUE TO ORIFICE BYPASS TO

FEED SMALL AMOUNT
;%‘\)Rﬁ’ﬁ’;)lo HEATING ON OF STEAM TO TURBINE
AT ALL TIMES

EXHAUST (STEAM DISCHARGE) 6.4.2

Figure 6.25 shows three methods for dealing with the turbine’s exhaust.
Steam from an intermittently operated turbine may he run to waste and all
that is required is a simple run of pipe to the nearest outside walt or up thru
the roof. Exhausts should be well clear of the building and arranged so as not
to be hazardous to personnel. The turbine discharge will include drops of
water and oil from the turbine, which are best collected and run to drain. A
device suitable for this purpose is a Swartwout ‘exhaust head’ shown in figure
6.26. Alternately, steam discharged from a continugusly mnnmg turbine may
be utilized elsewhere, in a lower-pressure system,

{110}

TURBINE EXHAUST ARRANGEMENTS FIGURE 6.29
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BYPASS STEAM & OTHER PIPING FOR TURBINES 6.4.3
An orifice plate is used as a ‘bleed’ bypass to ensure that steam constantly
passes thru tha turbine. An orifice plate is used rather than a straight pipe, as
a changeable constriction is needed. Alternately, the small amount of steam
needed to keep the turbine warm can be admitted by a cracked-open valve in
a bypass—a wasteful and uncertain practics.

A trap is fitted to the casing of the turbine to remove condensate. Piping
is provided to supply seal liquid to the turbine’s bearings-reter to 6.3.1,
under ‘Auxiliary, trim, or harness piping’.

SWARTWOUT HEAD

{COURTESY CRANK COMPANY)

FIGURE 6.28
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PIPING TO VESSELS & COLUMNS 6.5

VESSEL CONNECTIONS 6.5.1

Vessel connections are often made with couplings {for smaller lines), flanged
or welding nozzles, and pads fitted with studs, designed to mate with flanged
piping. Nozzle outlets are also made by extrusion, to give & shape like
that of the branch of a welding tee—this gives @ good flow pattern, but is
an expensive method usually reserved for such items as manifolds and dished
heads. Weldolats, sockolets and thredolets are suitable for vessel connections
and are available flat-based for dished heads, tanks, and large vessels.

Almost any type of connection may be made to open vessels or vessels
vented to atmosphere, but for pressure vessels, the applicable design code
will dictate requirements for connections (and possible reinforcement—see
1),

PRESSURE VESSELS

With exceptions and fimitations stated in section 8 of the ASME Boiler and
Pressure Vessel Coce, vessels subject to internal or external operating
pressures not exceeding 15 PS1 need not be considered to be pressure vessels.
A vessel operating under full or partial vacuum and not subject to an external
pressure greater than 15 PSI would not require Code certification.

VESSEL DRAWING & REQUIRED NOZZLES

Preliminary piping layouts are made to determine a suitable nozzles arrange-
ment. A sketch of the vessei showing all pertinent information is sent to the
vessel fabricator, who then makes a detail drawing. The preliminary studies
for pressure vessel piping layouts should indicate where pipe supports and
platforms (if required) are to be located. In the event that the vessel has to
- be stress-relioved, the fabricator can provide clips or brackets—see 6.2.8,
under ‘Welding pipe-support and platform brackets to vessels, etc.’

Figure 5.14 shows the type of drawing or sketch sent to a vesse! fabricator.

NOZZLES NEEDED ON VESSELS

e  Nozzles needed on non-pressure vessels include: inlet, outlet, vent (gas
or air), manhole, drain, overflow, agitstor, temperature element, levet
instrument, and a ‘steamout’ connection, sometimes arranged tangent-
ially, for cleaning the vessel ]

e  Nozzles needed on pressure vessels includa: inlet, outlet, manhole; drain,
pressure relief, agitator, level gsge; pressure gage, temperature element,
vent, and for ‘steamout’, a8 abova

& Cheek whthier nozales are réguived for an electric heater, coils for
Kisstiiig of cooling: or viasel jatket: A jocket requires a drain and vent

b Check special nozzlé Heeds, such o8 for flush-bottom tank valves {ses

3:.1.9) :

tin

PIPE FLEXIBLY TO NOZZLES

o  Provide additional flexibility in lines to a vessel from pumps and other
equipment mounted on a separate foundation {if liabis to settie)

¢  Be cautious in making rigid straight connections between nozzles. Such
connections may be acceptable if both items of equipment are on the
same foundation, and are not subject to more tHan normal atmospheric
temperature changes {see figure 6.1)

NOZZLE LOADING

® Ensure that a nozzle can take the load imposed on it by connected
piping—see 6.2.8, under ‘Supporting pipe at nozzles’. Manufacturers
often can provide nozzle-loading data for their standard equipment

¢  Check all connections to-ensure that stresses due to thermal movement,
and shock pressures {'kicks’) from opening pressure relief vaives, etc.,
are safely handled

FRACTIONATION. COLUMN PIPING 6.5.2

(OR TOWER PIPING)

As columns and their associated equipment take different forms, according
to process needs, the following text gives a simplified explanation of column
operation, and outlines basic design considerations.

THE COLUMN'S JOB

A fractionation column is a type of still. A simple still starts with mixed
liquids, such es alcohol and water produced by fermenting a grain, etc.,
and by boiling produces a distillate in which the concentration of alcohol is
many times higher than in the feed. In the petroleum industry in particular,
mixtures not of two but a great many components are dealt with. Crude oil
is a typical feed for a fractionation column, and from it the column can form
simultangously several distillates such as wax distillate, gas oil, heating oil,
naphtha and fuel gases. These fractions are termed ‘cuts’.

COLUMN OPERATION

The feed is heated {in a "furnace’ or exchanger) before it enters the column.

As the feed enters the column, quantities of vapor are given off by 'ﬂashing',‘ _

due to the release of pressure on the feed.

As the vapors rise up the column, they come into intimate contact with -

downflowing liquid—see figure 6.2, During this contact, some of the heavier
components of the vapor are condensed, and some of the lighter components
of the downflowing liquid are vaporized. This process is termed ‘refluxing’.

It the composition of the feed remains the same and the column is kept in
steady operation, a temperature distribution establishes in the column. The
temperature at any tray is the boiling point of the liquid on the tray. “Cuts’
are not taken from every tray.- The P&ID shows cuts that are-to be made, in-
cluding elternatives—nozzles on Seie;:ted trays are piped, and nozzles for
alternate dperation are provided with line blinds or valves.

. 64
Ui 5.2

FIGURES ™
16.25 & 6.26

| AR

TRELE ™
64



£2°9 3unoi4

| NOILVAII3
. U sty
$$300V RO RS
// NIVia \ _ . s.“
- oAkr/\\kf _A m :
q “// - \“ T =/ — Oz_xhw_mw‘\m
- _ \vA ~ m®fI, 3004 $5300V
— |
&SDL .nzo.—.._.Oﬂ. N o k a - _ -
\ “ :ua
SWoLLot.—" ,

IN3A

1 RNDNI

. . 1ND IAVIGIWNIING |} i .
m _ m_ 1D Ho
—) '
\ . .“llﬁh"T a1

1
|}

(239 ‘s3AjoA ;xo.:lw_l
Buijpuey J05) 11AVA

8] ]
I% /Su MvIH  3ans—=1 (5 ﬁm/
N m _” " - | ——39vo 1AM
OVl ¥3GV3IH 43134 :J —
¥WISNIANOD INIIVIaV 9/0 I -
—t C\|H{li W=
¥3LV3IH WOU4 0334 _ Yin .Aowo“w_oomuﬂu
(SNOILIVYS ¥IIAVIH) L E —
1N AAV3H | -
15 3vIaaWHINI——H—=H]
NWN10D NI SAVAL i -
Q3103135 WOU4 —
- NINVL 33V (SLND, —
£ =) (SNOILOVY4 ¥ILHOI) —r=—
- o~ N3 1HOI N} Iye= F
— - JTOHNYW
— I 4 1”
) NS (s1nss2.d puo
=L q U l/o‘_EE&Eo. 10§ 53606)
o~ m 1109 — k 2] > 30vds INIWNYLSNI
. 7 .
N o INIT 43— =
e ¢ A 5
g : ,
o i ‘A
g ¢ IATVA um_.mx-tmﬁml\\wk
o=
—
=
F




)

SPACE FOR INSTRUMENTS
(optional for ladders)

Trays are of various designs. Their purpose is to collect a certain amount of P
© liquid but allow vapors to pass up thru them so that vapor and liquid come ‘6 5.2
g into contact. (Refer. to figure 6.29, which shows simple bubblecap trays S
w —many tray designs are available.) .
=)
‘ E TRAYS & BUBBLECAPS : . FIGURE 6.28
§
1 ?
f Iﬁ
- :
' Q_FJ ! TRAY 23(PLAN)
[ E— 1
v - — )
2
(9] - e —— Y : ey
3! | t"'_; \ .
£ — ' o —
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z 2 3l 215]% o <
b‘ o o olv = - - TRAY 22
L0 g nn}:n;uov Q o.
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< > v “1Elo
S N ] BN .
]
| : / : To produce the required ‘cuts’, a column operates under steady temperature,
v feed, and product removal conditions. Starting from cold, products are col-
§ 5 lected after steady conditions are reached, and the column is then operated
/7 a y continuously. v
B\ W Y . o 23 All materials enter and leave the column thru pipes; therefor columns are
{ 9% located close to piperacks. Figures 6.27 and 6.28 show an arrangement,
w= Products from the column are piped to collecting tanks (termed ‘drums’, : 5"
l L S ; . =]
t\ & g ‘accumutators’, etc.) and held for further processing, or starage. FIGUAES 1 .
\'__ o, D ——— VO\J" < If the vapor from the top of the column is condensible, it is piped to a 6.27&6.29
Z. N .. condenser to form a volatile liquid. The condenser may be mounted at grade,
3 b T OO e —— or sometimes on the side of the column.
p ’
8 b Ci Product from the top of the column may be gaseous at atmospheric pressure
2 after cooling; if the product liquefies under moderate pressure, it may be
§ : stored pressurized in containers.
g | .
o ,SPACE FOR. MANHOLES AND In addition to the condenser for the top product, a steam-heated heat ex-
DROPOUT! (tray and valve o, .
handling) - changer, termed a ‘reboiler’, may be used to heat material drawn from a
selected level in a column; the heated material is returned to the column,
Reboilers are required for tall columns, and for columns operated at high
temperatures, which are subject 1o appreciable loss of heat. Mounting the
reboiler on the side of the column minimizes piping.
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Material from the bottom of a column is termed ‘bottoms’, and must be
pumped away (see figure 6.27)—this material cansists of ‘heavier’ (higher
malecular weight) liquids which either did not vaparize, ar had condansed,
plus any highly viscous material and solids in the feed.

COLUMN ORIENTATION & REQUIREMENTS

Simultaneously with orientating nozzles and arranging piping to the column,
‘the piping designer decides the positions of manholes, platforms, ladders,
davit, and instruments.

FIGURE 6.30

|

Manholes are necessary to allow installation and removal of tray parts.

COLUMN ORIENTATION

D_R_O_POUT AREA
-

~

\VAPOR OUTLET
o> (TOP OF COLUMN)

§} NOZZLE AND
§ PIPING SPACE

PIPERACK ——
LADDER SPACE

Piatforms and ladders are required for persanne! access to valves on nozales,
to manholes, and to column instruments.

A davit is needed to raise and lower column parts, and a dropout area has
to be reserved.

MANHOLES & NOZZLES

Fora Aparticular project or column, manholes are preferably of the same type.
_They should be located away from piping, and within range of the davit.

If required, manholes can be placed off the column centerlines {plan view).

The manhole serving the sparger unit (figure 6.31) should permit easy re-
moval of the unit, which may be angled to place the feed connection in
a desired position.

The portions 'of the column wall available for nozzles are determined by
the orientation and type of tray—see figure 6.29. Elevations of nozzles are
taken from the column data sheet {normally in the form of a vesse! drawing).
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SPARGER UNIT FIGURE 6.3%
€ -~ LIGUI
Feee bowng,ousn AREA
LIQUID FLOW
OVER TRAY
+
MANHOLE FOR
FOR ACCESS
TQ SPARGER
SPARGER TO

R
QISTRIBUTE FEED
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if the cuts are to be taken either from even-numbered trays, or from odd-
numbered trays, all nozzles can be located an one sida of the column, facing
the piperack. If cuts are to come from both even- and odd-numbered trays,
it will almost certainly be impossible to arrange all nozzles toward the
piperack. (See ‘Arranging column piping', this section.)

PLATFORMS & LADDERS

Platforms are required under manholes, valves st nozzles, lsvel yages, con-
trollers if any, and pressure relief valves. Columns may be giouped and
sometimes interconnecting platforms between columns are used. Individual
platforms for a column are ususlly shaped as circular segments, as shown in
figure 6.30. A platform is required at the top of the column, for operating
a davit, 8 vent on shutdown, and for sccess to the salety-relief valva.
This top platform is often rectangular.

Usual practice is to provide a separate ladder to go from grade past the
lowest platform. Ladders are arranged so that the operator steps sideways
onto the platforms.

Ladder length is usually restricted to 30 ft between landings. Some States
allow 40 ft (check local codes). If operating platforms are further apart
than the maximum permissible tadder height, a small intermediate platform
is providad.

Ladders and cages should conform to the company standard and satisly the
requiremants of the US Department of Labor (OSHA), part 1910 (D).



DAVIT

Referring to figure 8.30, the davit should be focated at the top of the column
so that it can lower and raise tray parts, piping, valves, etc., batween the plat-
forms and the dropout area at grade.

ARRANGING COLUMN PIPING

To achieve simplicity and good arrangement, some trial-and-error working
is necessary. Columns are major pieces of equipment, and their piping needs
take precedence over other piping.

e e e

As lings from nozzles on the column are run down the length of the column,
it is Ingical to start srranging downcomers from the top and proceed down
the column. A lower nozzle may need priority, but usually piping can be
artangerd more efficiently if the space requirements of piping coming from
above are already established.

Sometimes tray spacing is increased slightly to permit installation of man-
holes. It may be passible to rotate trays within limits, to overcome a
difficulty in arranging column piping. Such changes in tray spacing and
arrangement must be sanctioned by the process engineer and vessel designer.

¢  Allocate space for vertical lines from lower nozzles, avoiding running
these fines thru platforms if possible

¢  Lines from the tops of columns tend to be larger than others. Allocate
space for them first, keeping the lines about 12 inches from the plat-
forms and the wall of the column—this makes supporting easier, and
prrmits aceess to valves, instruments, etc,

o Allocate space for access (manholes, ladders) clear of piping—-especially
clear of vertical lines

o  Provide 8 clnar spaca tor lowering equipment from the top of a column
{for maintenance, etc.)

¢ Provide access for mobile lifting equipment ta condenser and reboiler

o Provide clearance to grade (approximately 8it) under the suctmn ling,
{from the c.alumn to the bottoms pump

o Anange vent(s) in the skirt of the column

. Ensure that nu low point occurs in the line conveying ‘bottoms’ to

the suction port of the bottoms pump, in order to avoid blocking of

this line dus to tooling, etc.
[4

INFORMATION NEEDED TO ARRANGE THE COLUMN PIPING

¢ Plot plan showing space available for column location, and details of
equipment which is to connect to the tolumn

+  P&ID for nozile eanneotions, NPSH of bottoms pump, instrument-
ation, line blinds, relisl valves, ste,
¢ Column data shieals aid Sketch of column showing elevations of nozzles
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e  Line designation sheets, to obtain operating temperatures of lines for
calculating thermal movement

s Details of trays and other internal parts of the column
Restrictions on the heights of ladders
Operational requirements for the plant

———

BOTTOMS PUMP & ELEVATION OF COLUMN

The elevation of a column is set primarily by the NPSH required by the
bottoms pump, the access required under the suction line to the bottoms
pump, and by requirements for a thermosyphon rebailer, if used.

VALVES

Valves and blinds which serve the tower should be positioned directly on
nozzles, for economy. It is desirable to arrange other valves so that fines
are self-draining.

Platforms should be located to give access to large valves. Small valves may
be located at the ends of platforms. Control valves should be accessible
from operating platforms or from grade.

The pressure-relief valve for the relief line should be placed at the highest
point in the tine, and should be accessible from the top piatform. -

Valves should not be located within the skirt of the column.
INSTRUMENTS & CONNECTIONS

Temperature connections should be located to communicate with liquids in

the trays, and pressure connections with the vapor spaces below the trays. -

Access to isolated gages can be provided by ladder.

Gages, and gage and level glasses, must be vusvbla when operatmg valves,
and be accessible for maintenance,

Gages and other instruments should be located clear of manholes and

accessways to ladders and platforms. I necessary, temperature and pressure
gages may be located for reading from ladders. Locating msttuments at one
end of a circular platform may allow a narrower platform.

THERMAL INSULATION

Thermal insulation of the exterior of a column may be required in order to
reduce heat loss to the atmosphere. Insulation may be inadequate te maintain
the required temperature distribution; in these circumstances, a reboiler is
used. Thermal insulation is discussed in 6.8.1.

FOUNDATION FOR COLUMN

The basa ring of a column's skist Is attached to 8 reinforced-concrete con-
struction. The lower part of this construction, termed the ‘foundation’, is
below grade, and is square in plan view: the upper part, termed the ‘base’
to which the base ring is sttached, is usually octagonal and projects above
grade approximately 6 inches.

FIGURES
;_6.30 &6.31 -



PIPING FOR HEAT EXCHANGERS 6.6
Heat exchangers are discussed in 3.3.5.
DATA NEEDED TO PLAN EXCHANGER PIPING 6.6.1

Preliminary exchanger information should be given early ta the piping group,
so that piping studies can be made with special reference to orientation of
nozzles. Before arranging heat-exchanger piping, the following information
is needed:

PROCESS FLOW DIAGRAM This will show the fluids that are to be handled
by the exchangers, and will state their flow rates, temperatures and pressures.

EXCHANGER DATA SHEETS One of these sheets is compiled for each
exchanger design by the project group. The piping group provides nozzle
orientation sketches (resulting from the piping studies). The data shest in-
forms tha manufacturer or vendor of the exchanger concerning performance
and code stamp requirements, materials, and possible dimensional limitations.

TEMA CODING FOR EXCHANGER TYPE

The Tubular Exchangers Manufacturers Association (TEMA) has devised a
method for designating exchanger types, using a letter coding. The exchanger
shown in figure 6.32 would have the basic designation AEW. See chart H-1.

DESIGN POINTERS 8.6.2

Engineering Notes:

¢  Provide the shell with a pressure-relieving device 1o protect against

excessive shell-side pressure in the event of internal failure

Put fouling and/or corrosive fluids inside the tubes as these are (except
U-type) easily cleaned, and cheaper to tsplace than the shell

Put the hotter fluid in the tubes to wduce heat loss to the surigundings

However, if steam is used to heat a fluid in an exchanger, passing the
steam thru the shell has adventages: for example, candensote is far
easier to handle shellside. Insulation of the shell is poimally required
10 protect personnel, and to reduce the rates of condensate formation
and heat loss

Pass refrigerant or coaling liquid thiu the tubes, if the exchanger is
not insulated, for economic operation

{f heat transfer is between two liguids, a countercunegnl tow pattain
will usually give greater overall heat transter than @ pinalield luw
pattern, ather factors being the same

Orisntate single-tube spiral, helical and U-tube exchangers (with steam
fed thru the tube) to permit outflow of condensats

SHELL-AND-TUBE HEAT EXCHANGER WITH REMOVABLE TUBE BUNDLE FIGURE 6.32 ’

HEAD

NOZZLE . p  STATIONARY 2nd FLUID
CHANNEL ENTERS TUBE-SHEET ENTERS

(COLD) - 2nd FLUID RELIEF VALVE (HOT)
L'I‘E AVES CONNECTION SHELL
CHANNEL (WARM)  SHELL nozzLe ' FLOATING
COVER NOZZLE REMOVABLE HEAD RING
‘ TUBE BUNDLE ’
' PACKED
FLOATING

VENT TUBE-SHEET

HEAD DRAIN

NOZZLE SADDLE
1st FLUID
LEAVES
(WARM)

BAFFLE {TYP)

SADDLE

(COURTESY BELL & GOSSETT AND CALIFORNIA HYDRONICS CORPORAYIGKS)
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Nozzlo Pasitions:

e  Arrange nozzles to suit the best piping and plant layout. Nozzles may
be positioned tangentially or on elbows, as well as on vertical or
horizonta! centerlines (as usually offered at first by vendors). Although
@ tangential or elbowed nozzle is more expensive, it may permit econo-
mies in piping multiple heat exchangers
Make condensing vapor the descending stream

Make vaporizing fluid the ascending stream
Locating Exchangers:

o Position exchangers so that piping is as direct and simple as possible.
To achieve this, consider afternatives, such as reversing flows, arranging
exchangers side-by-side or stacking them, to minimize piping

o Elevate an exchanger to allow piping to the exchanger's nozzles to be
arranged above grade or floor level, unless piping is to be brought up
thru a floor or from a trench

o Exchangers are sometimes of necessity mounted on structures, process
columns and other equipment. Special arrangements for maintenance
and tube handling will bs required

PIPING TO NOZ2ZLES FIGURE 6.33
OF HEAT EXCHANGERS

19 ALLOW LIFTING OF REAR HEAD
TUR MAINTENANCE, PIPE MAY 0L OrF.
St A4S S"WN, OR A SHORT BPrdl.
CAN AF PROVIDED

a8 e et 4t e ot end 127 MIN, FOR

WHENCH ACCESS
]

SUPPORTED LINES UNDER AN
EXCHANGER ARE SOMETIMES
INSUFFICIENTLY FLEXIBLE FOR
THE FLANGED JOINT AT THE

fF_THIS IS LIKELY, A SHORY
REMOVABLE SPOOL 10 THE
rSAD NOZZLE SHOULD BE

{ REMOVABLE SPOOL ROVIDED,

4

ALLOW SPACE FOR
PULLING TUBES

——— —r—

ISEE TABLE 6.8)

OBLICUE OFFSETS IN FIPING SIMILAR
10 THOSE SHOWN ALLOW EXCHANGERS
10 BE PLACED CLOSER TOGETHER.

CONSIDER RENUESTING FROM VENDOR
DIFFERENT NOZZLE YYPES, ORIENTA-
TIONS AND LOCATIONS YO OBTAIN THE
BESH PLANT AHRANGEMENT,
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MINIMUM SPACING & CLEARANCES TABLE 6.5
FOR MULTIPLE HEAT EXCHANGERS

(al  Exchangers arranged with 2 ft 6 in. operating space between piping

Lt (0.8)L} 1t

{b) Exchangers arranged with 2 ft 0 in. maintenance space between paired units
and 2 ft 6 in. operating space between piping

Lit § (0.8}L) 1t

61t

AN

¥

LEARANCE

PIPERACK
3
W

NN

o
-
=

|

20
5t /zé"'dﬁ -
& 2 / Ty N SPACE FOR
z = n-| ‘ N
%/g/ et 2in. mi;\ . &[ Tuees

W

]

_
N

1) Show outl of exchanger supports or foundations before arranging piping
{2) Add to clearances shown, thick of Insulation for exchanger sheils and
NOTES connected piping
(3)  Provide additional clzarance to the 2'~6" operating space if valve handwheels
snd valve stems, etc., protrude, depending on piping arrangement
Operating and Maintenance Requi

Access to operating valves and instruments {on one side only suffices)

e Operating space far any davit, monorail or crane, etc., both for move-
ment and to set loads down .

®  Access to exchanger — space is needed for tube-bundle removal, for
cleaning, and around the exchanger's bolted ends (channelcover and
rear head) and the bolted channel-to-shell closure

o Access for tube bundle removal is often given on manufacturers’
drawings, end is usually about 1% times the bundle length, 15 to 20
ft clearance should be allocated fram the outer side of the last exchang
er in a row for mobile lifting equipment access and tube handling

FGURES
6328633

TABLE
6.5



TEMPERATURE CONNECTIONS

PRESSURE CONNECTIONS

INSTRUMENT CONNEGTIONS et -

LINE SIZE (INCHES)

ALTEANATE BRANCH CONNECTIONS RUTARLE FOR INSTRUMENTS
ARE DEICRIZED IN 2.3.2 (FOR SUVI.WELDED BYSTEMS), 2.4.3 (FOR
SOCKET-WELDEO SYSTIME) AND Wt 2.6.7 (FOR SCREWED SYSTEMS)

1/2 34 W1

2 25 3

GHART 6.2

4 | & MDIAGER

IPE, 4~ MIN. s 6~ LONG

ALTIRNATE
SCREWED Ling gapansiON] PIPE, 4" MiN. 8 §” LONG
ALOUIRLO FOR LATROLET,
THERMOWELLS THREDOLET, r'\ iy THREDOLET, 1~ 1~ THREADED HASPOLEL, 1°
IN STRAIGHT SWAGE. TEE-SLE PENETRATION AEDUCEN, BW
RUNS .
o o
SCREWED ve€, SCRD[1£ 0 18 1~ 0 Lanain,
THERMOWELLS VMIN Ve ntatoto 180w, 0, oW
'N ELBOWS F1T THEAMOWELL
o
“Buage o8 nct e D s 1o trpr fusoer s  TiRssoso
FLANGE, '%" /@
FLANGED IF GREATER STRENGTH IS FLANGS, 1% SW. /® ‘}T
THERMOWELLS REQUIRED, THE NIPOLET I8 T TR
SHORTENED $O THAT THE NIPOLET, NP6
IN STRAIGHT WELD IS PARTLY ON THE REDUCER, -~
RUNS SHOULDER OF THE NIPOLET i S
PIPE4"MIN 1 8"LONG
- 0" o
SWAGE,0™sT", ’
FLANGED SO
THERMOWELLS
IN ELBOWS o
FLANGE, 1%~ SW LANGE 18" 8%
NIPPLE, 1% & 3~ PBE NIPPLE, 14" 2 3° PBE

ELBOW, 2°BW N\ aoLer, 15" 5w ELBOLET, 1%~ 5w
SCREWED W 7 ® ﬂﬁldlurial for 6-l|_m:h :
CONNECTIONS SWAGE,0ma3e" and larger lines B
FOR PRESSURE 1eevr | ormn
INSTRUMENTS e, TeE TEE, D" CAD ®\

o~ - .
. VALYE 3¢ 7_uaave -
£T,34°
SOCKET-WELDED .
CONNECTIONS
FOR PRESSURE
INSTRUMENTS
DIAPHRAGM ASSENBLY

DIAPHRAGM- CONNEGTIONS SMALLER THAN 3/4INCH
ISOLATED ARE NOT USED BY SOME COMPANIES @/ umﬁ.a.l'r-r
INSTRUMENT [ VALVE 3
CONNECTIONS NIPOLET, ¥4°

(for wetded lines)

"Piping Guide®, PO Box 277, Co1atLCA 84828, USA

{118}



INSTRUMENT CONNECTIONS : ) 6.7

PRIMARY CONNECTIONS TO LINES & EQUIPMENT 6.7.%

Connections will usualty be specified by company standards or by the specifi-

cations for the project. If no specification exists, full- and half-couplings,

swaged nipples, thredolets, nipolets and elbolets, etc., may be used. Chart 6.2
illustrates instrument connections used for lines of various sizes. The fittings
shown in chart 6.2 are described in chapter 2. Orifice flange connections
are discussed in 6.7.5. B

CHOOSING THE CONNECTION 6.7.2

The choice of instrument connection will depend on the conveyed fluid and
sometimes on the required penetration of the element into the vessel or pipe.
Instrument connections should be designed so that servicing or replacement of
instruments can be carried out without interrupting the process. Valves are

needed to isofate gages for maintenance during plant operation and during

hydrostatic testing of the piping system. These valves are shown in chart 6.2
and are referred to 85 ‘root’ or ‘primary’ valves.

TEMPERATURE & PRESSURE CONNECTIONS 6.7.3
Chart 6.2 illustrates various methods for making temperature and pressure
connections. At the bnttom of chart 6.2 8 method of connecting a diaphragm
flange assembly (diaphragm isoletar) is shown. Corrdsive, abrasive or viscous

fluid in the process line presses on one side of the flexible diaphragm, and the
neutral fluid (glycol, etc.) on the other side transmits the pressure.

it the conveyed fluid is hazardous or under high pressure a branch fitted
with a bleed valve is inserted between the gage and its isolating valve, to
telieve pressure and/or drain the liquid before servicing the gage. The bleed
valve can also be used to sample, or for adding a comparison gage..

o Position connections for instruments so that the instruments cen be
seen when operating essocisted valves, etc.

¢ Pressure connections for vessels containing liquids are usually best
located above liquid level

¢ A temperature-measuring element is inserted into a metal housing
termed g ‘thermowell’. Place thermowells so that they are in contact
with the fluid—an elbow is @ good location, due to the increased
turhulence

THERMOWELL CONSTRUCYION {EXAMPLE}

NPT THERMOWELL
" AN A
ELEMENT, 1/4.inch diameter -——ee A==
!lﬂ\!\ﬁ*ﬂx\\\m.-
/ 0.260-inch bore
NPT
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LEVEL GAGE CONNECTIONS (TYPICAL) 6.74

»  Locate a liquid fevel controller {float type, for example) clear of any
turbulence from nozzles

o More than one level gage, level switch, etc., may be required on a
vessel: consider installing a ‘strongback’ to a horizontal vessei on
which instrument connections have to be made—see figure 6.34{c)

LEVEL-GAGE CONNECTIONS FIGURE 6.34
{3) LEVEL GAGE {b) CONNECTIONS FOR A GAGE GLASS
ASSEMBLY
~—— PLUG (OR VALVE)
[COURTESY THE Wik, POWELL COMPANY) -
’ b—-M—'I l ~—— SCREWED TEE

COUPLING [~ LEVEL GRASS

NIPPLE or
/ THAEADED PIPE

J—-D(}—-{ I ~—— SCREWED TEE

wu.ve\

UNION

ELBOLET Vent i
2in. x 3/4In,

-—— X R %" SWG, TBE

= %" VALVE
~— PLUG

{c) CONNECTIONS ON STRONGBACK

Vant PLUG 3/4In,
VALVE 3/4in.
SWG 2in. x 3/4In,
2in, BLE—TSE
fo—2in.
Isoiating
vaive
1

Connectlon for
[}o——— - pressure gage,
evel gage, etc. -

——STRONGBACK T

Isolating
valve

A

: ¥
: Drain

- Isolating—
valve

Alternate !
gre ty s v
. VALVE 3/ain. -
Oraln PLUG 37410,

F—T&Fﬁ o

6.2 -




MEASURING FLOW-ROTAMETERS & ORIFICE PLATES 6.7.5

ROTAMETER CONNECTIONS

A rotameter consists of a transparent tube with tapered and calibrated bore,

arranged vertically, wide end up, supported in a casing or framework with end

connections. The instrument should be connected so that flow enters at the

lower end and (eaves at the top. A ball or spinner rides on the rising gas or li-

quid inside the tapered tube — the greater the flow rate, the higher the ball or

~ spinner rides. Isolating valves and a bypass should be provided, as in figure
6.35 .

ROTAMETER FIGURE 6.36

() ‘PIPING TO ROTAMETER {b) INDUSTRIAL ROTAMETER

ICOURTESY SK INSTRUMLNTS DIV, OF
KHUTTE @ ROLATING COMPANY]

ORIFICE PLATE ASSEMBLY

An ‘orifice plate’ is a flat disc with a precisely-made hole at its center. {t
offers a well-defined obstruction to flow when inserted in a line—see figure
6.36. The resistance of the orifice sets up a pressure difference in the fluid
either side of the plate, which can be used to measure the rate of flow.

ORIFICE PLATE ASSEMBLY & GAGE (MANOMETER) FIGURE 6.368

GAGE

DIFFERENCE IN

LIGUID LEVELS
~~) GIVES PRESSURE
DIFFERENCE
ACROSS ORIFICE,
CALIBRATED AS
FLOW RATE FOR
PARTICULAR
ORIFICE USED

The orifice plate is held between special flanges having ‘orifice taps'~these
are tapped holes made in the flange rims, to which tubing and a pressure
gage can be connected, as in figure 6.36. A pressure gage may be termed a
‘manometer’,
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Manometers for use with orifice plate assemblies ara calibrated in terms af
differential pressure by the manufacturer. The meter run (that is, the piping
in which the orifice plate is to ba installed) must correspond with the piping
used to calibsate the orifice plate—the readings will be in errar if there is very
much variation in thess two piping arrangsments,

Sometimes the orifice assembly includes adjacent piping, ready for welding
in place. Otherwise, lengths of straight pipe, frea from welds, branches of
abstruction, should be provided upstream and dawnstieam of the orifice
assembly,

Table 6.6 shows lengths of straight pipe required upstream and downstream
of orifice flanges (for ditferent piping arrangements) to sulficiently reduce
turbulence in liquids for raliable measurement,

PIPING TO FLANGE TAPS

Figure 8.37 shows a suitabla tapping and valving arrangement at orifico
flange taps. In horizontal suns, the taps are located at the tops of the flanys
in gas, steam and vapor lines. An epproximately horizonta! pasitivn avuids
vapor locks in liquid fines. Taps should not be pointed downward, as sediment
may collect in pipes and tubes.

CONNECTIONS TO ORIFICE FLANGES
& INSTRUMENT

FIGURE 6.37

KEY:

(1) t-inch mintmum cisarance betwesn
gate of batl vatves. Atternalety, splay
vaives and arrange slde-by-sice.

(2) Plpe-to-tube connsctor.

(3) Optionally, lines may be sloped.

(4) Higher-pressure connsclion.

(5) Instrument—shown schematically.

{6) Vent.

{7) Lowerp tlon.

(8) Gilobe vaive is normaily closed. it is
opsned only for ‘ero chscking® the

Instrument.
(9) Cap. Removad for ‘rodding out’,



STRAIGHT PIPE RUN TO THE ORIFICE

The arrangement of orifice plate assemblies should be made in consulation
with the instrument engineer. Usually, it is preferred to locate orifice plate
assemblies in horizonta} lines. :

Flow conditions consistent with those used to calibrate the instrument are .
ensured by providing adequately long straight sections of pipe upstream and
downstream of the orifice. Table 6.6 gives lengths that have been found
satisfactory for liquids.

STRAIGHT PIPE UPSTREAM & DOWNSTREAM

CLEARANCES

Clear space should be left around an orifice assembly. Figure 6.38 shows
minimum clearances required for mounting instruments, seal pots, etc., and
for maintenance.

CLEARANCES TO ORIFICE ASSEMBLIES

CLEARANCES FOR
LINES CONVEYING
AIR OR OTHER GAS

OF ORIFICE ASSEMBLY TABLE 6.6
= S | PATIO OF INTERNAL DIAMETERS OF ORIFICE PLATE AND PIPE
S ¥ Ze
=220 “5 | vie | 1:4 | 3:8 | 1:2 | 5:8 | 3.0
z2q
Z.2| 38 MINIMUM RUNS OF STRAIGHT PIPE REQUIRED UPSTREAM
Y83 | 28 AND DOWNSTREAM OF ORIFICE. IN PIPE DIAMETERS (NPS) ™)
; v 6 6 | s 6% | 10 7 IE
0 ) % <1 4 ay
2 13 13 13 15 20 N
% 3 3 3% 4 4%
8 6 8 ™% 10% 13%
3 2% 3 % % a av N
[(8)}
5 5 5% 6% 8% "
4 2% 3 % % 4 a%
18% 18% 2% 25 32 a4
5 % 3 % ay, 4 av
* USE THIS COLUMN FOR PRELIMINARY PLANNING —3.
KEY: PIPING ARRANGEMENTS FOR ABOVE RUN LENGTHS
U E‘ D ] 1] ]
1 ENlor Tee Flow memeep . ] >
Tt
v 0 ]
Two 809 Elis |
2 1 —
1t
Red t v ! o { %
ucer or [
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FIGURE 6.38

CLEARANCES FOR
LINES CONVEYING
LIQUIDS OR STEAM
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FIGURES
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6.6



KEEPING PROCESS MATERIAL 6.8

AT THE RIGHT TEMPERATURE

To ensure continuity of plant operations it is necessary to maintain some
process, service and utility lines within a desired temperature range in order
to keep materials in a fluid state, to prevent degradation, and tc prevent
damage caused by liquids freezing in cold conditions. Piping can ba kept
warm by insulation, or by applying heat to the insulated piping—this is
‘jacketing’ or ‘tracing’, as discussed in 6.8.2 and 6.8.3.

THERMAL INSULATION

REFERENCE

*Keeping piping hot—Part I’. Chapman F.S. & Holland F.A. 1965. Chemical
Engineering reprint. Chemical Engineering, Dec 20

INSULATION

‘Insufation’ is covering material having poor thermal conductivity applied ex-
ternally to pipe and vessels, and is used: (1) To retain heat in a pipe or vessel
$0 as to maintain process temperature or prevent freezing. (2) To minimize
transfer of heat from the surroundings into the line or vessel. (3) To safe-
guard personnel from hot lines. The choice of insulation is normally included
with the piping specification. The method of showing insulation an piping
drawings is included in chart §.7. '

Installed insulation normally consists of three parts: (1) The thermal insula-
ting material. (2) The protective cavering for it. (3) The metal banding to
fasten the covering. Most insulating materials are supplied in formed pieces
1o fit elbows, etc. Formed coverings are also available. Additionally, it is
customary to paint the installed insulation, and to weatherproof it before
painting, if for externat use. See [43, pages 6.14 to 6.16] and [27, chapter 9].

The principal thermal insulating materials and their accepted approximate
maximum line temperatures, where temperature cycling (repetitive heating
and cooling periods) occurs are: asbestos (1200 F), calcium silicate (1200 F),
cellular glass [foamglas) (BOO F), cellular silica (1600 F), diatomaceous silica
plus asbestos {1600 F), minerat fiber (250-1200 F, depending on type),
mineral wool (1200 F), magnesia (600 F), and polyurethane foam (250 F).
Certain foamed plastics have a very low conductivity, and are suitable far
insulating lines as cold as —400 F. Rock cork [bonded mineral fiber) is
satisfactory down to —250 F, and mineral wool down to —150 F.

6.8.1

HOW THICK SHOULD INSULATION BE ?

Most insufation in a plant will not exceed 2 inches in thickness. A rough
guide to insulation thicknesses of the more common materials required on
pipe to B-inch size is:

GUIDE TO INSULATION THICKNESS TABLE 6.7

USUAL THICKNESS

APPLICATION TYPICAL INSJJ..ATING MATERIAL OF INSULATION
Hot Lines (o 500 F) Asbertos, Siticste, Magnesla 1 to 2 inches
Cold Lines {to —150 F) Mineral Woo! 1 to J inches °

Personne) Protection Asbestos, Siticate, Magnesis 1 inch
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For personne! protection insulation should he pigvided up to a height ol
about 8 ft above operating floor level. Alternately, wire inesh guards can be
provided. The following more-detailed table gives insulation thickness for
heat conservation, based on 85% magnesia 1o 600 F, and calcium silicate
above 600 F.

INSULATION REQUIRED FOR PIPE

AT VARIOUS TEMPERATURES ‘ TABLE 6.9
MOMINAL
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JACKETING & TRACING 6.8.2
REFERENCES

'Keeping piping hot—part Il°, Chapman F.S. & Holland F.A. 1966. Chemical
Enginearing, Jan 17

‘Winterizing chemical plants’. House F.F. 1967. Chemicul Evyinearing. Sep 1)

'Pipe tracing & insulation’. House F.F. 1968. Chemical Engineering, Jun 17

The common methods by which temperatures are maintained, other than by
simple insufation, are jacketing and tracing {with insulation),

JACKETING

Usually, ‘jacketing’ refers to double-walled construction of pipe, valves, vessels,
hase, etc., designed so that a hot or cold fluid can circulate in the cavily be-
tween the walls. Heating media include water, oils, steam, or proprietary
high-boiling-point fluids which can be circulated at low piessure, such as
Dowtherm or Therminol. Cooling madia include water, water mixtures and
various alcohals. ' '

Jacketed pipe can bs made by the piping fabricator, but an engineered system
bought from a specialist manufacturesr would be a more reliable choice. The
jumpover lines connecting adjacent jackets, thru which the heating or cooling
medium flows are factary-made by the speciatist manufacturer with less joints
than those made onsite, where as many as nine screwed joints imay ba neces-
sary to make one jumpover. Details of the range of fittings, valves and
equipment available and methods of canstruction for steel jacketed piping
systems can be found in the Parks-Cramer Company’s catalog J77.

Another type of jacketing is ‘Platecoil’ (Tranter Manufacturing Inc.) which is
a name given to heat transfer units fabricated from embossed metal sheats,
joined together to form internal channeling thru which the heating {or cool-
ing) fluid is passed. The term ‘jacketing’ is also applied to electric heating
pads or mantles which are formed to fit equipment. It also sometimes refers
to the spiral winding of electric tracing and fluid tracing lines around pipes,
vessels, etc. :



JACKETED PIPE & HOSE FIGURE 6.39
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TRACING

External “tracing’ consists in running tubing filled with a hot fluid {usually
stram), o1 electric heating cables, in contact with the outer surface of the
pipe to be kept warm, The tubing or cables may be run parallel to the pipe
o1 wound spirally around it, The pipe end tracer(s) are encased in thermal
insulation.

An afiernative, now little ysed due to sealing and cleaning problems, is internal
teuging by maang ol tubing litted inside the fine to be heated. An internal
Hier 18 teniad 3 "gutting’,
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‘Unitrace’ (Aluminum Company of America) is an integral product and tracer
pipe extruded in aluminum, which gives excellent heat transfer. The system
uses flanges and jumpover fittings similar to those used for jacketed systems
to connect adjacent traced sections of the lines.

Electric tracing allows clase control of temperature, and can provide a wider
range of temperatures than steam heating.

GETTING HEAT TO THE PROCESS LINE (USING STEAM)

It the process line temperature has to approach that of the available steam,
jacketing gives the best results. Barton and Williams have stated {4] that the
cheaper method of welding steam tracers directly to the process lines has pro-
ven adequate. In this unusual method, the welding is “tack’ or continuous
depending on how much heat is required to be transferred thru the weld.

A greater rate of heat transfer may be achieved by using two (seldom more)
paralle! tracers. Sometimes a single tracer is spirally wound about the pipe,
but spiral winding should be restricted to vertical lines where condensate can
drain by gravity. If the temperature of the conveyed fluid has to be closely
maintained, winding the tracer is too inaccurate—but it is a suitable method
for getting increased heating in non-critical applications.

To improve heat transfer between the tracer and pips, they may either be
pressed into contact by banding or wiring them together at frequent (1 to
4 ft) intervals, or a heat-conducting cement such as “Thermon’ can be applied.
Unless used to anchor the tracer, banding is normally applied sufficiently
loosely to permit the tracer to expand.

Hot spots occur at the bands. IF this is undesirable fora product line, a thin
piece of asbestos may be inserted between tracer and line.

CHOOSING THE SYSTEM

There are advantages and disadvantages wiih the various systems. Piping which
is to be externally traced can be planned with little concern for the tracing.

Fluid-jacketed systems are flanged, and last-minute changes could result in
delays. Jacketing offers superior heat transfer and should be seriously consid-
ered for product lines, especially for those conveying viscous liquids and
material which may solidify, whereas service lines usually just need to be kept
from freezing and tracing is quite adequate for them. If process materiaf has
to be kept cold in the line, refrigerant-jacketed systems are the only prac-
ticable choice.

For process lines, all systems should be evaluated on the criteria of heat distri-
bution, initial cost and long-term operating and maintenance costs before a
decision can be made.

WHERE TRACING & JACKETING ARE SHOWN

Using the symbols given in chart 5.7, tracing is shown on the plan and eleva-
tion drawings of the plant piping and it will similarly be indicated on the
isometric drawings. It will also be indicated on any modsl used. Tracing is
one of the last aspects of plant desigh, and steam subheaders can either be
shown directly on the piping drawings or on sepias or film prints.

FIGURE
6.39 -

(TABLES "
187868 -



STEAM TRACING 6.8.3

This is a widely-used way of keeping lines warm—surplus steam is usually
available for this purpose. Figure 6.40 shows typical tracing arrangements,
A steam-tracing system consists of tracer lines separately fed from a steam
supply header (or subheader), each tracer terminating with a separate trap.
Horizontal pipes are commonly traced along the bottom by a single tracer.
Multiply-traced pipe, with more than two tracers, is unusual.

STEAM PRESSURE FOR TRACING

Steam pressures in the ranga 10 to 200 PSIG are used. Sometimes steam will
be available at a suitable pressure for the tracing system, but if the available
steam is at too high a pressure, it may be reduced by means of a control
{valve) station—see 6.1.4. Low steam pressures may be adequate if tracers
are fitted with traps discharging to atmospheric pressure. If a pressurized
condensate system is used, steam at 100 ta 125 PSIG is preferred.

SIZING HEADERS

The best way to size a steam subheader or condensate header serving several

. tracers is to calculate the total internal cross-sectional area of all the tracers,
and to select the header size offering about the same flow area. Table 6.9
allows quick selection if the tracers are all of the same size:

NUMBER OF TRACERS PER HEADER

TABLE 6.9

SIZE OF TRACER (IN)

;‘fz‘;‘(’,ﬂ‘, Va8 v2_wa_ 1
NUMBER OF TRACERS

% 8 4 2 1 -

1 % 7 4 2 1

1% 3 18 98 a4 2

64 28 118 7 4

MAXIMUM LENGTHS & RISES

The rate at which condensate farms and fills the line determinas the fangth
of the tracer in contact with the pipe. Too many variables are involved te
give useful maximum tracer lengths. Most companies have their own design
figure {or figures based on experience) for this: usually, length of tracer in
contact with pipe does not exceed 250 ft.

1 PSI steam will lift condensate about 2.3 ft, and therefor vertical rises
will present no problem unless fow-pressure steam is being used. Companies
prefer to limit the vertical rise in a tracer at any one place to 6 ft (for 25-49
PSIG steam) or 10 ft {for 50-100 PSIG steam). As a rough guide, the tota}
height, in feet, of all the rises in one tracer may be limited to one quarter of
the initial steam pressure, in PSIG. For example, if the initial steam pressure
is 100 PSIG, the total height of all risers in the tracer should be limited
to 25 ft. The riss for a sloped tracer is the difference in elevations between
the ends of the sluping part of the tracer.

(124}

EXPANSION OF THE TRACER, & ANCHORING

Expansian can be accommodated by looping the tracer at elhaws aud/ar o
viding horizontal axpansion loops in the tracer. Vertical downwaid expun
sion loops abstruct draining and will cause troybhla i frenzing blimates, unless
the design includes & drain at the bottam of the loop, or a union to breuk
the loop. It is necessary to anchor tracers ta conirol tha amaunt uf expansion
that can ba tolerated in any one direction. Straight tracers 100 I oy lunger are
usually anchored at their midpoints.

Expansion st eibows must be limited where no ioop I used and excessive
mavement of the tracer could lift the insulation. In such cases the tiaces is
anchored not more than 10 to 25 ft away from an albow which limits start-up
expansion to 1/2 to 3/4 inch in maost cases. The distance of the anchor from
the elbow is best calculated from the ambient and steam temparatures.

EXAMPLE: Systam traced with copper tubing: coefficient of linear expan-
sion of copper = 0.000009 per deg F. Steam pressure to be used = 50 PSIG
{equivalent steam temperature 298F). Lowsst ambient temperature = 60 F.
If the anchor is loacated 20 ft from the elbow, the maximum expansion in
inches is (298-50)(0.000009)(20)(12) = 0.63 in. This expansion will usually
be toferable even for a small line with the tracer construction for elbows
shown in figure 6.40.

L ' 201

e} 807510 STEAM PRESSURE
I 'h: IN COPPER TAACER
}
@1& inch EXPANSION .

LOWEST AMBIENT TEMPENATURE - 50 F

PIPE, TUBE & FITTINGS FOR TRACING
SCH 80 carbon steel pipe, or copper or stainless steel tubing is used for

. tracers. Selection is based on steam pressure and teynired tracer size. In prac-

tice, tracers are either 1/2 aor 3/8-inch size, as smaller sizes involve 100 much
pressurs drop, and larger material does nat bend well enough for customnary
field installation.

1/2-inch OD copper tube is the most economic material fur tiacing straight
piping. 3/8-inch OD copper tubing is more useful where small bends are
required around valve bodies, etc. Copper tubing can be used fur pressures up
to 150 PSIG {or to 370 F). Table T-1 gives data for copper tube.

Supply tines from ths header are usually socket welded or screwed and seal-
welded depending on the pressures involved and the company’s practice. A
pipe-to-tube connector is used to make the connection between the stes! pipe
and tracer tuba — ses figure 2.41.

TRACING VALVES & EQUIPMENT

Different methods are used. Some companies require valves to be wrapped
with tracer tubing. Others merely run the tubing in a vertical loop alongside
and against the valve body. In either method, reom should be left for re-
moving flange bolts, and unions should be placed in the tracer so that the
valve or equipment can be removed.
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DESIGN POINTS FOR STEAM TRACING & INSULATION

o Run tracers parallel to and against the underside of the pipe to be heated

) Ensure that thé temperature limit for process material is not exceeded
by the temperature of the steam supplying the tracer. Hot spots occur
at bands—see 6.8.2, under ‘Getting heat to the process line’

s  Run a steam subheader from the most convenient source if there is no
suitable existing steam supply that can be used either directly or by
reducing the pressure of the available steam

(] Take tracer lines separately from the top of the subheader, and provide
an isolating valve in the horizontal run

o  Feed steam first 1o the highest point of the system of lines to be
traced, so that gravity will assist the flow of condensate to trapl(s)
and condensate header

o Do not split (branch) a tracer and then rejoin—the shorter limb would
take most of the steam

o  Preferably, absorb expansion of the tracer at elbows. If loops are used
in the line, arrange them to drain on shutdown

[ Keep loops around flanges horizontal or overhead, and provide unions
so that tracers can be disconnected at flanges :

s If possible, group supply poinis and traps, locating.traps at grade or
platform level

] Do not place a trap at every low paint of a tracer (as is the practice
with steam lines) but provide a trap at the end of the tracer

o Do not run more than one tracer to a trap

s Increased heating may be obtained:
(1)* By using more than one tiacer
(2) By winding the tracer in a spiral around the line
(3) By applying heat-transfer cement to the tracer and ling
(4} By welding the tracer to the line—refer to 6.8.2, under ‘Getting
heat to the process line’
o  Reserve spiral winding of tracers for vertical lines where condensate
can drain by gravity flow

¢ In freezing conditions, provide drains at low points—and at other poims
where condensate could collect during shutdown

o Provide slots in insulation to accommodate expansion of the tracer
where it joins and leaves the line to be traced

. Indicate thickness of insulation to envelop line and tracer, and show
whether insulation is also required at flanges

(] indicate limits for insulation for personnel protection—see 6.8.1, under
‘How thick should insulation be?’, and chart 5.7

e  Provide crosses instead of elbows and flanged joints at intervals in
heated lines conveying materials which may solidify, to permit cleaning
L if the heating fails

(126)



6.9
6.9.1

STEAM & LOW-PRESSURE HEATING MEDIA
EXPLANATIONS OF STEAM TERMS
HOW STEAM 1S FORMED

Steam is a convenient and easily handled medium for heating, for driving
machinery, for cleaning, and for creating vacuum.

After water has reached ths boiling point, further addition of heat will convert
water into the vapor state: that is, steam. During bailing there is no further
tise in temperature of the water, but the vaporization of the water uses up
heat. This added heat energy, which is not shown by a rise in temperature, is
terned ‘latant heat of vaparization’, and varies with pressure, i

tn boiling ons pound of water at atmospheric pressure (14.7 PSIA) 970.3 BTU
i absutbed. If the steam condenses back into water (still at the boiling
tempeiature and 14.7 PSIA) it will releass exactly the amount of heat it
absorbad on vaporizing. .

The term ‘satusated steam’ refers to both dry steam and wet steam, described
below. Steam tables give pressure and temperature data applicable to dry and
to wet steam. Small amounts of air, carbon dioxide, etc., are present in
steam from industrial boilers. . :

STEAM/WATER/ICE DIAGRAM CHART 6.3
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CHANGE OF STATE
DRY STEAM

Dry steam is a gas, consisting of water vapor only. Placed in contact with
water al the same tempersture, dry steam will not.condense, nor will more
steam form~liquid and vapor are in equilibrium,

WET STEAM

Wot steam consists of water vapor and suspended water particles at the same

femperature as the vapor. Heating ability {"quality’) varies with the percentage

of y steam in the mixhire (the water particles contain no latent heat of

vapniization). Like dry steam, wet steam Is in equilibrium with water at the
- same temperatute,

i

127y

SUPERHEATED STEAM

i heat is added to a quantity of dry steam, the temperature of the steam will
rise, and the number of degrees rise in temperature is the ‘degrees of super-
heat'. Thus, superheat is ‘sensible’ heat — that is, it can be measured by a
thermometer,

.

EFFECT OF PRESSURE CHANGE

Under normal atmospheric pressure (14.7 PSIA) pure water boils at 212 F,
Reduction of the pressure over the water will lower the boiling point. {ncrease
in pressure raises the boiling point. Steam tables give boiling points corres
ponding to particular pressures,

FLASH STEAM

Suppose a quantity of water is being boiled at 300 PSIA (corresponding to
417 F). 1f the source of heat is removed, boiling ceases. If the pressure over
the water is then reduced, say from 300 to 250 PSIA, the water starts boiling
on its own, without any outside heat applied, untit the temperature drops to
401 F (this temperature corresponds to 250 PSIA). Such spantaneous boiling
due to reduction in pressure is termed "flashing’, and the stesm produced,
‘flash steam’,

The data provided in steam tables enable calculation of the quantity and
temperature of steam produced in ‘flashing’.

CONDENSATE — WHAT IT IS & HOW IT FORMS

Steam in a ling will give up heat to the piping and surroundings, and will
gradually become ‘wetter’, its temperature remaining the same. The change of
state of part of the vapor to liquid gives heat to the piping without lowering
the temperature in the lina. The water that forms is termed ‘condensate’. 1f
the ling initially contains superheated steam, heat lost to the piping and

.surroundings will first cause the steam to lose sensible heat until the steam

temperature drops to that of dry steam at the line pressure,

AIR IN STEAM

With both dry and wet steam, a certain pressure will correspond to a certain
temperature. The temperature of the steam at various pressures can be found
in steam tables. I airis mixed with steam, this relationship between pressure
and temperature no longer holds. The more air that is admixed, the more
the tempersture is reduced below that of steam at the same pressure. There
is no practicable way to separate air from steam (without condensation) once
it is mixed.

LOW-PRESSURE HEATING MEDIA 6.9.2
Special liquid media such as Dowtherms (Dow Chemical Co.) and Thermingls
{Monsanto Ca.) can be boiled like water, but the same vapor temperatures as
steam are obtained at lower pressures. Heating systems using these liquids
are more complicated than steam systems, and experience with them is neces-
sary in order to design an efficient installation, However, the basic principles
of steam-heating systems apply. '

" 83
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STEAM PIPING 6.10

REMOVING AIR FROM STEAM LINES

Air in steam lines lowers the temperature for a given pressure, and calculated
rates of heating may not be met. Sea 6.9.1 under ‘Air in steam’.

6.10.1

The most economic means for removing air from steam lines is automatically
thru temperature-sensitive traps or traps fitted with temperature-sensitive air-
venting devices placed at points remote from the steam supply. When full
line temperature is attained the vent valves will close complately. See 6.10.7
under ‘Temperature-sensitive (or thermostatic) traps’.

WHY PLACE VENTS AT REMOTE POINTS ?

On start-up, cold lines will be filled with air. Steam issuing from the source
will mix with some of this air, but will also act as a piston pushing air to the
remote end of each line.

WHY REMOVE CONDENSATE ? 6.10.2

In heating systems using steam with little or no superheat, steam condenses

to form water, termed ‘condensate’, which is essentially distilled water. Too
valuabla to waste, condensate is returned for use as boiler feedwater unfess it
is contaminated with ail {usually from a steam engine) or unless it is
uneconomic to do so, when it can sither be used locally as a source of hot
water, or run to a drain. If condensate is not removed:—

¢ Steam with entrained water droplets will form a dense water film on
heat transfer surfaces and interfere with heating

o Condensate can be swept dlong by the rapidly-moving steam (at
120 ft/sec or more) and the high-velocity impact of slugs of water
with fittings, etc. (waterhammer) may cause erosion or damage

UTILIZING CONDENSATE FIGURE 6.41
Low-pressure Flash Steam
Condensate from Traps »
.FLASH
TANK Atmaospheric Vent
. Low-temperature Condensate
Condensate Pump
RECEIVER
Boiler-teed Systam
<
Condennte Pump
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In early steam systems, there was cansiderable waste of steam and conduiisaty
after passing thru heating coils, etc., es steam was nerely vanied b th upen
air. Later, the wastefulness of this resulted in closed stcam lines lrum which
only the condensed steam was removed and then re lud (0 the boilur, (e 1w
moval of condensate to atmospheiic pressura was sffactued with traps~special
automatic discharge valves—ses 6.10.7.

This was @ much more efficient system, but it stifl wasted tHash steain. On
passing thru the traps, the depressurized condensate boiled, yoncrating lowes
pressure steam. In modern systems, this flash steam is used und thy resuduat
condensate returned to the boiler.

STEAM SEPARATOR OR DRYER 6.10.3

This is an in-line device which provides better drying of steam being isnmed-
iately fed to equipment. A separator is shown in figure 2.67. It separates
droplets entrained in the steam which have besn picked up from condensate
in the pipe and from the pipe walls, by means of one or more baffies {which
cause a large pressure drop). The collected liquid is piped to a trap.

SLOPING & DRAINING STEAM & CONDENSATE LINES 6.10.4

Sloping of steam and condensate lines is discussed in 6.2.6, under ‘Stoped
lines avoid pocketing and aid draining’

Condensate is collected from a steam line sither by s steam separator (some-
times termed a ‘dryer’)—see 6.10.3 above—or more cheaply by a dripley
{dsip pocket or well — see below) from where it passss to a trap for periodic
discharge to a condensate retusn line or header which will be at a lower pres-
surg than the steam line. The header is either taken to a boiler feedwaler
tank feeding make-up water to the boiler or to a hotwaell for puinping to the
boiler feedwater tank. .

DRIPLEGS COLLECT CONDENSATE 6.105

It is futile to provide a small dripleg or drain pocket on large lins, as thy
condensate will not be collected efficiently.

Driplegs are made from pipe and fittings. Figure 6.42 shows thres methods ut
construction, and table 6.10 suggests dripleg and valve sizes.

DRIPLEG CONSTRUCTIONS FIGURE 6.42
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DRIPLEG & VALVE SIZES TABLE 6.10

DIMENSIONS & SIZES (NOMINAL) IN INCHES -

LINE SIZE # 3 4 6 B8 10 12 14 16 18 20 24
DIMENSION "A’ 3 4 [ 6 8 8 10 12 12 12 12
DIMENSION '8’ 12 12 4 14 16 %6 18 20 20 22 24
SIZE OF V, % ¥% % % ¥ % 1 1 ] ] 1
SIZEOF V, Y % % %X % 1 1 1 1 1 1
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STEAM LINE PRESSURE FORCES CONDENSATE 6.10.6

INTO RECOVERY SYSTEM

In almost every steam-heating system where condensate is recovered the trap-
ped condensate has to be lifted to a condensate header and run to a boiler
ferdwater tank, either directly or via a receiver. Each PSI of steam pressure
behind a trap can lift the condensate about two feet vertically. The pressure
available for lifting the condensate is the pressure difference between the
steam and condensate lines fess any pressure drop over pipe, valves, fittings,
trap. etc. :

STEAM TRAPS 6.10.7
Tha purpose of fitting traps to steam lines is to obtain fast heating of systems
and equipment by freeing the steam lines of condensate and air. A steam
trap is a valve device able to discharge condensate from a steam line without
also discharging steam. A secondary duty is to discharge air—at start-up, lines
arn full of air which has to be flushed out by the steam, and in continuous
operation 8 small amount of air and non-condensible gases introduced in the
boiler fredwater have slso to be vented. )

Soma traps have built-in strainars to give protection from dirt and scale which
may cause the trap to jam in an open position. Traps are also available with
thecking featuies to sateguard against backflow of condensate. Refer to the
manufacturers’ catatogs for detalls.

Choosing a trap from the meny desighs should be based on the trap's ability
to operate with minimal malnténance, and on its cost. To reduce inventory
stid aid maintenance, the minimum number of types of trap should be used
1 @ plant. The essistance of manufacturers’ representatives should be sought
betare trap types and sizes are selected,
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" FLASHING

Steam traps are designed to react to changes in temperature, pressure or
density:

TEMPERATURE-SENSITIVE (or ‘THERMOSTATIC’) -TRAPS are of two
types: The first type operates by the movement of a liquid-filled bellows,
and the second uses a bimetal element. Both types are open when cold and
readily discharge air and condensate at start-up. Steam is in direct contact
with the closing valve and there is a time defay with both types in operating.
A large dripleg allowing time for condensate to cool improves operation.
As these traps are actuated by temperature differential, they are economic
at steam pressures greater than 6 PSIG. The temperature rating of the bellows
and the possibility of damage by waterhammer should be considered—refer
to 6.10.8.

IMPULSE TRAPS are also referred to as ‘thermodynamic’ and ‘controlled
disc’. These traps are most suited to applications where the pressure down-
stream of the trap is less than about half the upstream pressure. Waterhammer
does not affect operation. They are suitable for steam pressures over 8 PSIG.

DENSITY-SENSITIVE TRAPS are made in ‘float’ and ‘bucket’ designs. The
float trap is able to discharge condensate continuously, but this trap will not
discharge air unless fitted with a temperature-sensitive vent {the temperature
limitation of the vent should be checked). Float traps sometimes may fail
from severe waterhammer. The inverted bucket trap (see 3.1.9) is probably
the most-used type. The trap is open when cold, but will not discharge
large quantities of air at startup unless the bucket is fitted with a temperature-
sensitive vent. The action in discharging condensate is rapid. Steam will be
discharged if the trap loses its priming water due to an upstream valve being
opened; refer to note (9) in the key to figure 6.43. Inverted bucket traps
will operate at pressures down to 1/4-PSIG.

6.10.8

Refer to 6.9.1. When hot condensate under pressure is released to a lower
pressure return line, the condensate immediately boils. This is referred to as
‘flashing’ and the steam produced as ‘flash steam’.

The hotter the steam fine and the colder the condensata discharge line, the
more flashing will take place; it can be severe if the condensate comes from
high pressure steam. Only part of the condensate forms steam. However, if
the header is inadequately sized to cope with the quantity of flash steam
produced and backpressure builds up, waterhammer can result.

Often, where a trap is run to a drain, a ot of steam seems to be passing thru
the trap, but this is usually only from condensate flashing. :

DRAINING SUPERHEATED STEAM LINES

Steam lines with more than o few degress of superheat will not usually form
condensate in operation. During the warming-up period after starting a cold
circuit, the farge bulk of metal in the piping will nearly always use up the
degrees of superheat to produce a quantity of condensate. '

6.10.9

b
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FOR DRIPLEG DETAILS,
REFER TO TABLE 6.10
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\ STEAM HEADEA
3 e

PREFERRED POSITION FO

ARRANGEMENTS ONLY)

CONDENSATE HEADER

g —e——

IDENTIFY BY MAKER,
MODEL NUMBER, TYPE,
AND PRESSURE RATING

A

RISK OF FREEZING

MrE TO DRAIN

{IN BUILDIRGS)
i DRAIN

Pipe, fittings and valves
within shaded areas in
figures 643 and 644
are shown on drawings
by the above symbol

(3130}

FIGURES 6.43 & 6.4 SHOW EQUIFMINT WHICH CAN B8 LBED IN TRAF NINING
ARRANGEMENTS. ONLY [TEMS OF EQUIPMENT NECESSARY FOR LLONOMIC
& BAFE DESIGN NEED B3 USED. THE FOLLOWING NOTES Wii4. ATD SELECTION

(1] gmruo FROM STEAM HEADER, OR LINE TO EQUIPMENT, OR § WK FAOM STEAM-PER

] ORIPLEG VALVE FOR PERIODICALLY BLOWING DOWN SEDIMENT. FOR BAFETY, VALVE
SHOULD BE PIPED TO A DAAIN OR TO GRADS

o (SOLATING VALVE TO B8 LOCATED CLOSE TO DANLIQ

W) ¥ INSULATION, NEEDED 1M A COLD ENVIRONMENY (F THERD IS A AISK UF CONGENSATE
FREEZING AS A RESULT OF SHUTDOWN OR INTERMITTENT OPERATION. N EXTHEMS
COLD, TRACING MAY ALSO 8E REQUIAED-IF STEAM (8 NOT CONSTANILY AVAILABLE
FOR THIS PURPOSE, ELECTRIC TRACING WOULD BE NECEIARY

) *  (SOLATING VALVE. REQUIRED ONLY {F VALVES (3) AND IV7) ARE OUT OF AEACH. OB
1F A BYPASE I8 USED-SEE NOTE (18}

[] STRAINER. NORMALLY FITTEQ N LINES YO TRAPS OF LES8 THAN JUNCH GIZ8. &
STRAINER MAY BE AN INTEGRAL FIATURSE OF TN YRAP

M % VALVE FOR BLOWING STRAINER SEDIMENT TO ATMOSPRERE. FLUG FOR SAFETY

) ®  MANUALLY-OPERATED DRAIN VALVE FOR USE i FRESZING CONDITIONS WHEN THE
TRAP {8 POSITIONED NORIZTONTALLY - BEE NOTE (18

9 *  CHMECK VALVE. PRIMARILY REQUIRED ¥ LINES USING BUCKET TAAYS 10 PASVENT
LOSS OF SEAL WATEN IF DIPFERENTIAL PRESSURE ACAOSS TAAP ASVERSES OUS TO
BLOWING DOWN THE LINE OR STRAINER UPSTREAM OF THE TAAP

(100 UNIONS FOR REMOVING TRAP, ETC

(1) SWAGES FOR ADAPTING TRAP TO Si28 OF LINE

D®  SLOWDOWN VALVE FOR A TRAP WITH A BUILTSM STRAINER (ALTEANATIVE T0 183)

(NT  TEST VALVE SHOWS IF A FAULTY TRAP (B PASHING STEAM SOMITIMES, SO0V OF TRAP
HAS A FAPPED PORT FOR FITTING THIS VALVE

(W®  CHECK VALVE PREVENTS BACKFLOW THRU TRAP IF 15 B81NG €0
TO A HEADER FROM MORE THAN ONE TRAZ, 1N THE LOWER POSITION, THE VALVE HAS
THE ASSISTANCE OF A COLUMN OF WATER TO HELP 1Y C1 OSF AND 1O GIVE 1T AWATER
SEAL. REQUIRED IF SEVERAL TRAPS DISCHARUE INTO A GINGLE HEADER WHICH 16
OR MAY BE UNDER PRESSUAE

A®  SIGHT GLASS ALLOWS VISUAL CHECK THAT TRAP (3 DISCHARGING CURRECTLY INTD
A PRESSURIZED CONDENSATE RETURN LINE, SUIT 26 SELDOM USED BECAUSE THE GLASE

- MAY ERODE, PRESENTING A RISK OF EXPLOSION

QY TEMPERATURE-SENSITIVE (AUTOMATIC) DRAIN ALLOWS 1iNE 10 EMPIY, PAEVENTING
DAMAGE TO PIFING IN A COLD ENVINONMENT (SEE NOIE (41} IF VALVE {14} iS OVER
HEAD, THE AUTOMATIC DRAIN MAY BE FITTED TO THE TRAP - SOME TRAP SODIES
PROVIOE FOR THIS

{171 ISOLATING VALVE AT HEADER

(\®  SYFASS. NOT RECOMMENDED AS (T CAN 8§ LEFY OPEN (T IS SETIER TO PROVIDE
A STANDBY TRA?

Qooaogaoaoo

% ASTERISK INDICATES THAT THE EQUIPNMENT 18 OPTIONAL AND 18 NOJ ESSENTIAL TO
THE BASIC TRAP PIFING DERIGN

.. . . R A . . o, .
“Piping Guide", PO Box 277,Cotatl, CA 94628, USA I



Start-ups arg infrequent and with more than a few degrees of superheat it is
unnecessary to trap a system which is continuously operated. These super-
heated steam lines can operate with driplegs only, and are usually fitted

with g blowdown line having two valves so that condensate can be manually -

1gleased from the dripleg after startup.

A superheated steam supply to an intermittently operated piece of equip-
ment will require trapping directly before the controlling valve for the equip-
ment, as the temperature will drop at times allowing condensate 1o form,

PREVENT TRAPS FROM FREEZING 6.10.10

Insulation and steam or electric tracing of the trap and its piping may also
be required in freezing environments. Temperature-sensitive and impulsa traps
are not subject to freszing trouble if mounted correctly, so that the trap
can drain. Bucket traps arg always mounted with the bucket vertical and a
type with top inlet and bottom cutlet should be chosen, unless the trap can
be drained by fitting an automatic drain. .

GUIDELINES TO STEAM fRAP PIPING 6.10.1
e  Figures 6.43 thru 6.45 are a guide to piping traps from driplegs, lines,
vessels, etc.

o Try to group traps to achieve an orderly arrangement

¢ Unless instructed otherwise, pipe, valves and fittings will be the same
size 85 the trap connections, but not smaller than 3/4 in.

¢ Traps are normally fitted ot a level lower than the equipment or dripleg
that they serve '

o Trap each item of aquipment using steam separately, even if the steam
pressure is common

o Provide driplegs (and traps on all steam lines with little or no superheat)
at low points before or at the bottom of risers, at pockets and other
places where condensate collects on starting up a cold system. Table
6.10 gives dripleg sizes

¢ Locate driplegs at the midpoints of exchanger shells, short headers, etc.
If dual driplegs are provided it is better to locate them near each end

o For installations in freezing conditions, where condensate is wasted,
preferably choose traps that will not pocket water and which can be
instalted vertically, to allow draining by gravity. Otherwise, select 8
trap that can be fitted with an automatic draining device by the manu-
facturer

¢ Avoid long horizontal discharge lines in freezing conditions, as ice can
form in" the line from the tap. Keep discharge lines short and pitch
them downward, unless they are returning condensate to a header

¢ For efficient operation of equipment such as heat exchangers using
large amounts of stearn, consider installing a separator in the steam feed

13n

(] ‘Syphon’ removal of condensate; In certain instances it is not possible
to. provide a gravity drain path — for example, where condensate is
formed inside a rotating drum. The pressure of the steam is used to
force (‘syphon’) the condensate up a tube and into a trap. Figure 6.45
shows such an arrangement

TRAPPING ARRANGEMENT FOR ROTATING DRUM FIGURE 6.45

Rotary Joint

ROTATING DRUM

NS\ SR

o If condensate is continuously discharging to an open drain in an in-
side installation a personnel hazard or objectionable atmosphere may
be created. To correct this, discharge piping can be connecied to an

exhaust stack venting to atmosphere and a connection to the main -

drain provided, as in figure 6.46

CONDENSATE VENT STACK FIGURE 6.46
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VENTS & DRAINS ON LINES & VESSELS 6.11

WHY VENTS ARE NEEDED 6.11.1

Vents are needed to let gas (usually air) In and out of systems. When aline or
vessel cools, the pressure drops and creates a partial vacuum which can cause
syphaning or prevent draining. When pressure rises in storage tanks dus to an
increase in temperature, it is necessary to release excess pressure. Air must
also be released from tanks to allow filling, and admitted to permit draining or
pumping out liquids.

Unless air is removed from fuel lines to burners, flame fading can result, In
steam fines, air reduces heating efficiency.

CVENTS AND DRAINS J
DESIGN

VENTS AND DRAINS FOR HYDROSTATIC TEST ARE INDICATED ON PIPING DRAWINGS 8Y THE SYMBOLE®
1P THE VENT OR DRAIN i§ FOR ANOGTHER PURPOSE, IT {8 DETAILED ON THE PIPING DRAWING, OR THE DESIGN

HYDROSTATIC TESTING 6.11.3

After piping has been erected, it is often necassary to subject the system ta g
hydrostatic test to sea if there is any leakage. In compliance with the
applicable code, this consists of filling the lines with watar or other liquid,
closing the line, applying test pressure, and observing how well pressura s
maintained for a specified time, while saerching for leaks.

As tha test pressure s greater than the operating pressure of the system, it is
necessary to protect equipment and instruments by closing all relevant vatves.
Vessels and equipment usually are supplied with a certificate of code compli-
ance, After testing, the valved drains are opened and tha vent plugs teinporar-
ily removed to allow air into the piping for complete diaining,

) b ¥
frd)
25

MAY 8

Y A ¥ §T,

DOUBLE-VALVED CONSTRUCTION
(POSITIVE SHUTOFF) USED FOR:
3 High-presture staam

Wit gmai—san Vaives, this shart
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OPERATION OF PROCERS
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SOCKET-WELDING ENDY
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Positions of the required vent end drain points are established on the piping
drawings. (P&ID’s will show only process vents, such as vacuum breakers,
and process drains.) Refer to figure 6.47 for construction details.

VENTING GASES 6.11.3

Quick-opening vents of ample size are needed for gases. Safety and safety-'
relinf valves sre the usus! venting means. See 3.1.9 for pressure-relieving
devices, and 6.1.3, under ‘Piping safety and relief valves’.

Gases which offer no serious hazard after some dilution with sir may be
vented to atmosphere by means ensuring that no direct inhalation can occur.
it a (combustible} gas is toxic of has a bad odor, it may be piped to an
incinerator or Harestack, and destroyed by burning.
DRAINING COMPRESSED-AIR LINES 8.1f.4
Air has a moisture content which is partially carried thru the compressing
and cooling stages. It is this moisture that tends to separate, together with
any oil, which may have bsen picked up by the air in passing thru the
compressor. :

If air for disuibuﬁon.has not been dried, distribution lines should ﬁe sloped
toward points of use and drains: lines carrying dried air need not be sloped.
Sloping is discussed in 6.2.6.

B e ® oo

It the compressed-alr supply is not dried, provide:-

{1)  Traps at alt drains from equipment forming or collecting liguid—such as
intercooler, aftercooler, separator, receiver. .

{2) Driplegs with traps on distribution headers {at low points before rises)
and traps or menual drains at the ends of distribution headers.-

LIQUID REMOVAL FROM AIR LINES ~ FIGURE 8.48
rPARATOR oRmee MANUAL DRAIN AT
ENDOF AN LINE

AP

- Figure 2,70 shows
construction. Table 6.10
glves sizes suitable for

Figure 2,67 glves

8 sectional view driplegs
of a separator -
(inline type) T

Figure 6,44 shows
T Items covered by
the trap symbol

SLOWDOWN

SLOWDOIWN
yaLvE

vaLVE

10 DRAIN 10 DRAIN TOORAIN

1133)

RELIEVING PRESSURE—LIQUIDS 6.12

The buildup of pressure in a liquid is halted by discharging a small amount of
liquid. Relieving devices having large ports are not required. Relief valves—

-see 3.1.9-are used, and need to be piped at the discharge side, but the piping

should be kept short. See6.1.3 under ‘Piping safety & relief valves’.

Rarely will the relieved liquid be sufficiently non-hazardous to be piped
directly to a sewer. Often the liquid is simply to be reclaimed. Relieved
liquid is frequently piped to a 'knockout drum’, or toa sump or other
receiver for recovery. The P&ID should show what is to be done with ihe
relieved liquid. ’

RELIEF HEADERS 6.12.1

Headers should be sized to handle adequately the large amounts of vapor and
liquid that may be discharged during major mishap. Relief headers taken
to knockout drums, receivers or incinerators, are normally sioped, Refer to
6.2.6 and figure 6.3, showing the preferred location of a relief header on a
piperack.

WASTES & EFFLUENTS 6.13

Manufacturing processes may generate materials that cannot be recycled,
and for which there is no commercial use. These materials are termed ‘waste
products’, or ‘wastes’. An ‘effluent’ is any material flowing from a plant
site to the environment. Effluents need not be polluting: for example,
properly-treated waste water may be discharged without harming the envi-
ronment or sewage-treatment plants,

Restrictions on the quantities and nature of effluents discharged into rivers,
sewers or the atmosphere, necessitate treatment of wastes prior to discharge.
Waste treatment is increasingly a factor in plant design, whether wastes are
processed at the plant, or are transported for treatment elsewhere. Forin-
plant treatment, waste-treatment facilities are described on separate P&ID's
(ses 5.2.4) and should be designed in consultation with the responsible focal
authority.

Liquid wastes have to be collected within a plant, usually by a special
drainage system. Corrosive and hazardous properties of liquid wastes will
affect the choice and design of pipe, fittings, open channels, sumps, holding
tanks, settling tanks, etc. Because many watery wastes are acidic and corro-
sive to carbon steel, collection and drainage piping is often fined or made
of alloy or plastic. Sulfates frequently appear in wastes, and special concretes
may be necessary for sewers, channels, sumps, etc., because sulfates deterio-
rate regular concretes.

Flammable wastes may be recovered and/or burned in smokeless incinerators
or flarestacks. Vapors from flammable liquids present serious explosion
hazards in collection and drainage systems, especially if the liquid is insoluble
and floats. ' '

Wastes may be held permanently st the manufacturing site. Solid wastes
may be piled in dumps; or burled. Watery wastes containing solids may be
pumped into artificial ‘ponds’ or ‘lagoons’, where the solids settle.

(E,

FIGURES
6.47%6.48 -

1



SAFETY GUIDELINES FOR FLAMMABLE LIQUIDS 6.14

REFERENCES

‘National Fire Codes’. National Fire Protection Assaciation, Vol |, Flammable
liquids. Vol. 2, Gases. Vol. 3, Combustible solids, dusts & explosives

‘Flashpoint index of tradename liquids’. NFPA. 1964, No. 325A

‘Fire protection for chemicals’. Bahme C.W. 1961. NFPA

‘Fire protection in refineries’. Amarican Petroieum institute. 1959. RP 2607.
4th edn

‘Protection against ignitions arising out of static, Ilghtmng & stray currents’,
API. 1967. RP 2003. 2nd edn

‘Welding or hot-tapping on equipment containing flammables’. API.
PSD 2201 (Free)

‘Guide for the safe [hot] storage & loading of heavy il & asphalt’. AP{,
1966. PSD 2205 (Fres)

1963.

TANK SPACINGS (NFPA) TABLE 8.11

' CONDITIONS ' MINIMUM INTER-TANK CLEARANCE |

Whichsver Is nrulcsl:-—

3ft

{Sum of diameters of adjacent tanks)/6
{Diameter of smaller tank)/2

FLAMMABLE or
COMBUSTIBLE LIQUID
STORAGE TANKS

CRUDE PETROLEUM
126,000 gal max tank size
Non-congested locale

3ft

CRUDE PETROLEUM
126,000 gal min larger tank
Producing area

Diameter of smaller tank

UNSTABLE FLAMMABLE and
UNSTABLE COMBUSTIBLE
LIQUID STORAGE TANKS

(Sum of diameters of adjacent tanks)/2

LIQUEFIED PETROLEUM GAS
CONTAINER from Flammable or
Combustible Liquid Storage Tank

201t

10 ft from centerline of dike wail
NOTE: If LPG contsiner is smaller than

126 gal (US) and each liquid storage tank
is smaller than 650 gal, exemption applies

other Tanks

LIQUEFIED PETROLEUM GAS
CONTAINER outside diked area
containing Flammable or Combus-
tible Liquid Storage Tank(s) .

TANKS surrounded by

Authority Limit*

Far minimum clearances from property lines and public
ways, consult Chapter Il, Vol 1 of the National Fire Codes*

¢ D

*For LPG tanks, the US Department of Labor glves clearances in tables H-23, H-33, etc.
part 1910-110 of ‘Occupational safety and heaith standards’, 1971. These standards
also give clearances for ammonia tanks, In part 1910-111.

(134)

SOME GUIDELINES

e  Apply the recammendations-relating to the project of the NFPA, AP
or other advisory body

o  Check insurer’s requiremants

¢  Isolate flammable liquid facilities so that they do not endanger impor-
tant buildings or equipment. In main buildings, isolate from other
areas by firewalls or fire-resistive partitions, with fire doors o opsnings
and with means of drainage

o  Confing flammable liquid in closed containers, equipment, and piping
gystems. Safe design of these should have thres primary objectives:
(1) To prevent uncontrolled escape of vapor from the liquid. (2) To
provide repid shut-off if liquid eccidentally escapes. {3) Tu confing
the spread of escaping liquid to the smallest practicable area

o  If tanks contsining flammeble material are sited In the open, it is good
practice to space them according to the minimum saparations set out in
the NFPA Code (No. 385. ‘Farm storage of flammable liquids') and to
provide dikes (liquid-retaining walls) around groups of tenks. Additiong)
mathads for dealing with tank fires are: (1) fu Lansler e tank’y
contents to enother tank. (2) To stir the contents ta prevant a layer
of heated fuel forming

¢ . Locate valves for emergency use In plant mishap or fire—see 6.1.3

"o Valves for emergency use shoutd be of last-acting type

e  Provids pressure-relief valves to tanks containiny flannsble liquid (or
liquefied gas) if exposed to strang sunlight and/or high ambient temps- )
ature, so that vapor under pressure can escape

o Consider providing water sprays for cooling tanks containing flammable
liquid which are exposed to sunlight

e  Provide ample ventilation in buildings for all processing operations so
that vapor cancentration is always below the lower flammability limit.
Process ventilation should be interlocked so that the process cannot
operate without it

# Install explesion panels in buildings to relieve explosion pressure and
reduce structural damage

o Install crash panels for personnel in hazardous areas

s  Ensure that the basic pratection, automatic sprinklers, is to be installed

¢  Some hazards require special fixed extinguishing systems—foam. carbon
dioxide, dry chemical or water spray—in addition to sprinklers. Sesk
advice from the fue department responsible for the area, and from the

insurers i



BUILDINGS IN RELATION TO PIPING 6.15

SPACE BETWEEN FLOORS 6.15.1

To avoid interferences and to simplify design, adequate height is necessary
between floors in buildings and plents for piping, electrical trays, and air
ducts if requited. Figure 6.49 suggests vertical spacings:

VERTICAL SPACING A
BETWEEN FLOOR & CEILING

FIGURE 6.49

SPACE FOR STRUCTURAL STEEL 2-2%
Vd .

‘ m SPACE FOR DUCTING 2-31t
E====-_ SPACE FOR ELECTRIC CONDUIT,etc. § 11t
RN

“ SPACE FOR PIPES I-4n
SPACE FOR EQUIPMENT,
ACCESS & PERSONNEL fo-12 e

INSTALLATION OF LARGE SPOOLS & EQUIPMENT 6.15.2
Large openings in walls, floors or the roof of a building may be needed for
installing equipment. Wall and roof openings are covered when not in use,
but somelimes floor openings are permanent and guarded with railings, etc.

BUILDING LAYOUT 6.15.3

RELAT!ON TO PROCESS

Dilterent processes require different types of buildings. Some processes are
tiest housed in single-story buildings with the process beginning at one end
and finishing at the other end. Other processes are better assisted by gravity,
starting st the top of @ building of structure and finishing at or near grade.

(135)

BUILDING SHAFTS FOR SERVICES

Provision of a services shaft or ‘chase’ in multi-storied buildings greatly
simplifies arrangement of vertical piping, ducting and electric cables commu-
nicating between floors. Conceptual arrangements of services and elevator
shafts, with fan room for air-conditioning and/or process needs, are shown
in figure 6.50. Services shafts can be located in any position suitable to the
process, and need not extend the whole height of the building.

SUGGESTED BUILDING LAYOUTS FIGURE 6.50

[ FAN ROOM

- __ SERVICES SHAFT FOR
PIPE, CABLES & DUCTING

ELEVATOR SHAFT

o———ELEVATOR SHAFT

———=FAN ROOM

= SEAVICES SHAFT

ELEVATOR SHAFT

ELECTRIC CABLE SHAFT

SERVICES SHAFT

FAN ROOM

RUNNING RING MAINS _
FROM SERVICES SHAFT

b

P14

Ji 153

FIGURES
6.49 & 6.50

TABLE -
641



STANDARDS & CODES:

PIPING SYSTEMS, SYMBOLS, PIPE, PIPESUPPORTS,
FLANGES, GASKETS, FITTINGS, PUMPS, VALVES,
STEAM TRAPS, VESSELS, EXCHANGERS,

& SCREWTHREADS

REFERENCES
‘Codes & Standards for today's Industry’. ASME Staff Report. 1966. Mech-
anical Engineering, Jun. Vol 88. (6)

‘Piping Codes & Standards’. Wright L. E. 1968. Chemical Engmeenng, Jun
17. 247-50

‘Piping codes & the chemical plant’.
eering, Oct 10. 118-204

WHAT ARE STANDARDS & CODES ?

Canham W. G. 1966. Chemical Engin-

71

Both standards and codes ere documents which establish methods for
manufacture and testing. The documents are prepared and kept current by
committees whoss members represent industry, government, universities,
institutes, professiona! societies, trade sssociations, lsbor unions, etc.

Proven engineering practices form the basis of standards and codes, so that
they embody minimum requirements for selection of material, dimensions,
design, erection, testing, and inspection, to ensura the safety of piping
systems. Periodic revisions are mads to reflect developments in the industry.

The terms ‘standard’ end ‘code’ have become almost interchangeable, but
documents are termed codes when they cover a broad ares, have govern-
mental acceptance, and can form a basis for legal obligations. "Recommen-
dations’ documant advisable practice. ‘Shall’ in the wording of standards
and codes denotes a requirement or obligation, end ‘should’ implies recom-
mendation,

(138}

FOUR REASONS FOR THEIR USE 1.2

(1) liems of hardware made according to a standard are interchangeabls,
and of known dimensions and characteristics

(2) Compliance with a relevant code or standard guarantess perfoimance,
reliability, quality, and provides 8 basis for contract nsgotmmns for
obtaining insurancs, etc. :

(3) A lawsuit which may follow a plant mishap, possibly due to failuie

of some part of a system, is less likely to lead to 8 punitive judgement
if the system has been engingsred and built to a code or standard
Codes often supply the substance for Federal, State, and Municipal
safety regulations, However, the US Federal Government may, as
nesded, devise its own regulations, which are somstimes in the form
of a code

@

WHO ISSUES STANDARDS ? 7.3

The American Standards Asscciation was founded in 1918 to authorize nat-
ional standards originating fram five major engineering societies. Previously
a chaotic situation had arisen as many societies and trade associatiuns had
been issuing individual standards which sometimes overlapped. In 1967, the
name of the ASA was changed to the USA Standards Institute, and in
1969 8 second change was made, to Amarican National Standards Institute.
Standards previously issued under the praﬂxes ‘ASA’ end ‘USASI’ are now
prefixed 'ANSI'



Not alt USA standards and codes are issued directly by the Institute. The
American Society of Mechanical Enginears, the Instrument Society of Amer-
ica, and several other organizations issus standards and codes that apply
to piping. Table 7.1 fists the principal sources.

Other countries also issue standards. The British Standards Institution {BSI)
in the UK, the Deutscher Normenausschuss (DIN) in West Germany,and the
Swadish nationa! organization (SIS) issue many standards. Addresses of the
UK, West-German, and Swedish national bodies are given at the foot of
table 2.1. Copies of foreign standards can be obtained directly, or from
the American National Standards Institute, Inc, 1430 Broadway, New York,
NY 10018.

IDENTIFYING THE SOURCES OF STANDARDS 7.4

The tables in 7.5.6 give the initial letters of the standards-issuing organizations
preceeding the number of the standard, thus: ‘ASTM N28°. Table 7.1 includes
the initials used in tables 7.3 thru 7.15, and gives the full titles of the organ-
izations. (Table 7.1 is not a comprehensive listing.)

PRINCIPAL ORGANIZATIONS TABLE 7.1
ISSUING STANDARDS

INITIALS | FULL TITLE OF ORGANIZATION

AlA American Insurance Association ®

ANSI American National Standards Institute t

API American Petroleum Institute

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

AWS American Welding Society

AWWA American Waterworks Association

FCl Fiuid Controls Institute

GSA General Service Administration

ISA Instrument Society of America -

MSS Manufacturers’ Standardization Society of the

Valve and Fittings Industry

NFPA National Fire Protection Association

PFt Pipe Fabrication Institute -

usoc United States Department of Commerce
*Standards formerly Issued by Underwriters’ Laboratorles Inc.
tFormerly, United States of America Standards Institute, and

American Standsrds Association,
PRINCIPAL DESIGN-ORIENTATED CODES 7.5
ANSI CODE B31 7.5.1

The most important code for land-basad pressure-piping systems is ANSI B31.
Parts of this code which apply to various types of plant piping are listed
in table 7.2,

ANS! CODE B31 FOR PRESSURE PIPING TABLE 7.2
L3
PETROLEUM Pipine for refi R ,
S;IF:";E“Y 831.3-1966 mﬂ:&;km‘ chemu:afs water snd nur:: " o

Piping for industrial applications. State law

POWER PIPING | 831.1.0-1967* may tequire adherence.

CHEMICAL St i fon. Usuatly chemical plant pipi .

PLANT 83t.6-? n prep . Usuatly plant piping complies
i

PIPING with the ‘Power piping’ code.

FUEL GAS Piping for conveying and handling combustible hydro-

PIPING B31.2-1968 | (A9 T o

REFRIGERATION
B31.5-1966 | Principsl application is the piping of package units,

PIPING

NUCLEAR More stringent design and inspection requirements than

POWER B31.7-1969 other 831 codes. To be applied to pressure piping where
. escape of fluld from the system would incur » radiation

PIPING hazord.

¢ 831.1-1955 b out of print. The ‘Power piping’ code will eventuslly be designated 831.1-1967

AMERICAN PETROLEUM INSTITUTE'S CODE 2510—1965 7.5.2

This second edition covers des1gn and construction of liquefied petroleum gas
installations at marine and pipeline terminals, natural gas processing plants,
refineries and tank farms.

———l e

The two following codes are not directly related to piping, but frequently
are involved in the piping designer's work:

API-ASME UNFIRED PRESSURE VESSEL CODE : 7.53

This code applies to piping that is attached to a pressure vessel in petro-
chemical service. If the vessel is fabricated largely from fittings, construction
will come entirely under the code.

ASME BOILER & PRESSURE VESSEL CODE 7.5.4

The background of this code is described in the ‘History of the boiler code’
{ASME: -1955). The ASME Boiler and Pressure Vessel Code is mandatory
in many States, with regard to design, material specification, fabrication, and
erection. Compliance is required in the USA and Canada in order to qualify
for insurance. The 1971 version of the Code consists of the following eleven
sections: —

ASME BOILER & PRESSURE VESSEL CODE

section
Power bollers ., C e e e e e e e e e e e e -1
Materlaf specifications ., . . C e e e e e e e e e .2
Nuclear power piant components v e e e e e .3
Hesting bollers . . . S e e e e e e e e e e e . 4
Nondestructive examlnnﬂon . . « e e e e . 6
Recommended rules for care and opera(lon of heatlng bollen e e e e s . 6
Recommended rules for care of power bollers . . e e e e e e .7
Pressurevessels . . . . . . . . . . . . . . v . . 4 4. .8
Welding qualifications . . T
Fiberglass-reinforced plastic preswra vemls E O | ]
Rules for Inservice inspection of coolentsystems, , . . . . 1

I

TABLES
(11&12



CODES FOR MARINE PIPING 1.8.6

Requirements for merchant and naval vessels are contained in the follawing

standards:

{1} American Bureau of Shipping: ‘Rules for building and classing vessels'

{2} Lloyds’ Register of Shipping: ‘Rules’

{3) US Coast Guard: ‘Marine engineering regulations and material specl-
fications’

{4)

US Navy, Bureau of Ships: ‘General specifications for building naval
vessels’, ‘Geéneral machinery specifications’ -

SELECTED STANDARDS 76.8

The fotlowing tables ara not comprehansive: a selection has been made from
standards relating to piping design and technolagy. Sources of these standards
may be found from table 7.1. Addresses of the issuing organizations may be
found from the current edition of 'Encyclopedia of assaciations: Vol 1,
National organizations of the United States’ {Gale Research Company).

STANDARDS FOR SYMBOLS & DRAFTING

TABLE 2.3

Piping Graphic symbols for pipe fittings, valves and piping | ANSI 232.2.3
Graphic symbols for plumbing ANSI Y32.4
Graphic symbols for fiuld power diagrams ANSI Y32.10
Fluld power diagrams ANSI Y14.17

Process Graphle symbols for proces: llow diagrams in ANSI Y32.11

Engineering petroteum and chemical industries ASME K40
Operation snd process flow charts ASME No, 101
Letter symbols for chemical englneering ANSI Y10,12
Letter symbols for hydreulics ANSI Y10.2
Letter symbols for petrofeum resarvolr ANSI Y10.16
engineering and electric logging

Instr Instr fon sy Is and identification ISA §5.1

Waelding Graphic symbols for welding ANSI ¥32.3
Standard welding sy ts and rules for their use AWS A2.0

Heating and Giraphlc symbols for heating, ventilsting, and ANSI 232.2.4

Ventilsting sir canditioning )

Electricsl Electrical and electronics diagrams ANSI Y14.16

Drafting Size and format ANS] Y14.1
Line conventions, sectioning srd lettering ANSI Y14.2
Projections ANSI Y14.3
Pictorial drewing ANSI Y14.4

. Dimensioning and tolerancing for engineering ANS! Y14.5
drawings )
Screw threads ANSI Y14.6
Nomenclature, definitlons and latter symbots for | ANSI 81.7
- {screw thresds

PRINCIPAL STANDARDS FOR PIPE TABLE 1 ‘
Stostariron | Specification for wlded and seamless ANS) B126.1
stasl pips ARTM AR
ASME BAG]
Specification for seamless carbop-stes! plpe ANS) 836.3
for high-temperature service ASTM A106
Specification for etectric-fusion{erc)-weided ANS) 836.4
stesl-plate pipe (sizes 16 inch snd over) ASTM A1
Specification for slectric-resistance-waided ANSI B126.3
stee! pipe ASTM A135
ASME §A135
Wrought-stes! and wrought-iron pipe ANS) 838.10
ASME M3
ISO RG4
Stainlessstes! plpe ANS) B36.19
Specification for seamiess and waided sustenitio ANS) B125 18
stainlesy-steel pipe ASTM A2
Spacification for sesmtess farritic ailay stesl plps | ANS) 8176.24
{or high-temperature service ASTM AJJ6
Thresded cast-iron plpe for dralnage, vent, ANS| A4S
and waste services ! ASME M22
Specification for line pipe AP} AL
Specification for line pipe, high tast AP} 6LX
Non-ferrous | Specification for sluminum slloy seamiess pipe ANS| H38.7
maetals and seamless extruded tube ASTM 8241
Specitication for genarat requirements for ANS| H23.4
wrought saamless copper and copper-aliay tube ASTM 8261
Lead pipe GSA WW-226
Spaecificstion for nickel ssamless pipe and tubs ¢ ANSI H34.1
pee s ASTM 8161
Plastics Specification for polysthylens (PE) plastic pips,  |ANS) 872.8
" S(p:H 40 polvethy ASTM D2104
Polyethylenae plpe usDC CS-197
Specification for polylvinyl chioride} (PVC) ANSt 822.)
plastic pipe, SCH's 45 80. & 120 ASTM D185
Potyvinyl chioride plps, di jons and USDC C5-207
tolersnces for
fication for Ionluﬂobundlmm:m- ANSI 872.3
(ABS) plastic pipe (SDR«PR & Cless T ASTM D2282
Specification for scrytonitrile-butadiene-styrsns ANSI 822.5
{ABS) plastic pips, SCH's 40 & 80 ASTM D1527
fluloss acetate butyrate ANSI B72.4
(CAB) phstic pbo, SCH 40 ASTM D1500
*Mads 10 stainless-steel schedules, ANSI 836.19
STANDARDS FOR HANGERS & SUPPORTS TABLE 75
Application Pipe hangers and supporty—satsction and appllcativ> |MSS SP-69
Production MSS SP-68

Pips hangers and supports—materisl end design
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STANDARDS FOR PIPING (DESIGN & FABRICATION) TABLE 7.6 STANDARDS FOR FITTINGS TABLE 7.9
Drafting Method for di foning piping bl PFi ES2 Steel Factory-made wrought steel butt-welding fittings :\YNSI B16.9
f SO R285
Mini tength and spacing for welded nozzles PF1 ES? . .
mmam teng spacing for we " Wrought stee! butt-welding short-radius elbows ANSI| B16.28
and returns ASME M53
F -weld] ds for pipe, (] , and ANSI| B16.26
eon ranelding ends for plpe, valves, flangss. a Butt-welding ends for pipe, valves, flanges, and ANS) B16.25
fittings ASME J13
ton, hi ing fl PFIESY
'Eov;dbzr':x;::;’on snd machined backing rings Steel butt-walding fittings (26-inch end larger) MSS SP-48
End preparstion for ! inert-gas tung arc PFI ES21 High-strength wrought welding fittings MSS SP-63
- idi
root-pass welding Forged-steel fittings, socket-welding and threaded ANSI 816.11
Fabricating tolerances PFl ES3 ASME M16
s tisving welded sttach PFI ES10
Stress . Stainless steel | Wrought stainfess-steel butt-welding fittings MSS SP-43
Heot treatment of ferrous pipe welds PF1 ES19
- fron Cast-iron screwed fittings, 125 and 250 PSI ANS)I B16.4
Tost) Shnp hydrostatic testing of fabricated pipin, PFI ES4"
e mp yrliostatic testing el Costiron threaded drainage fittings ANSI B16.12
Classification of shop testing, insp , and PFI ES13 ASME J21
teani .
cleaning Malleable-iron screwed fittings, 150 and 300PSI | ANS1 816.3
[¥]] ic Inspection of less piping PFI ES18 ASME LS
Ferrous Ferrous pipe plugs, bushings and locknuts with ANS! B16.14
pipe threads ASME j32
T E 7.
STANDARDS FOR FLANGES - TABLE 7.7 Copper slloy | Wrought copper and wrought copper alloy ANS! B16.29
solder-joint drainage fittings ASME NB7
Steel Steel fla ond {langed fittin ANSI 816.6 .
Pipe flanges ged it ASME M15 Cast bronze fittings for flared copper tubes ANSI B16.26
. ASME J8
Large dismeter csrbon steel flanges APl 605
MSS steel pipe line flanges MSS SP-44 Plastics Plastic insert fittings for flexible polyethylene pipe AN’al B16.27
ASME L37
High-pressure chemica! industry flanges and MSS SP-65
thresded stubs for use with lens gaskets
Untired pressure vessel flange dimensions ANSI 816.30
ASME J27
Cast iron T 3o Jupe Hanges end, flanged fittings, ASES! STANDARDS FOR PUMPING MACHINERY TABLE 7.10
MSS 160 PSI corrosion-resistant cast flanges MSS SP-51 Centrifugal Centrifu
gal pumps ASME PTC8.2
and {laniged fittings pumps .
- Centrifugal pumps for general refinery services APl 610 °
Finishing Finlshes for contact faces for connecting end MSS SP-8 -
flanges of ferrous valves and fittings Positive- Displacement pumps ASME PTC7.1
p m D Recipi ing steam-drivan positive-displacement ASME PTC?7
pumps
Displacement compressors, vacuum pumps and ASME PTC9
STANDARDS FOR GASKETS TABLE 7.8 blowers .
Metstlic Ringjoint gaskets end grooves for stee! pipe flanges :lsﬂzleﬂcgt.’zo Compressors ‘ Hation of bl and exh systems for dust, | ANSI 233.1
) and stock and vapor removal or conveying NFPA 91
Metallic gaskets for refinery piping (doublejscketed, | API 601 exhausters AlA 91
corrugatsd, and wirel-wound) : Compressors and exhausters ASME PTC10
Nonmetallic | Ralsed-tece flange gaskets, imiting dimensions of | MSS §P-47 Ejectors and boosters ASME PTC24
which mest iequirémants of ANSI B16.5
g R ok e Nuclear Nuclear power plant tomponents ASME F3
Nor-matatiie M““ Tor bipé Renpes ﬁgﬁ'eaffg” power (Section 3, ASME Bolier Code) )
NENTIe S _ L . - ! —— _
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STANDARDS FOR VALVES TABLE 7.1%
Stee) Stes! ru valves {flanged or hun-wnldlng ends} APl 600
for refinery use. 6th edn,
Specification for pipeline vaives {stes! gate, plug, APl 60
ball, and check valves)
Compact deslgn carbon-stes) gate valves for refinery |API 602
use
Pressure—tempersture ratings for sml butt-wslding- |MSS SP-68
end valves
iron Cast-iron pipaline vaives MSS 5P-62
Flanged nodular iron gate and plug vaives for APl 604
refinery use. 2nd edn, .
MSS 160 PS{ corrosion-resistant cast flanged valves |MSS SP-42
160 PS! light-wall, corrosion-resistant gate valves for ] API 603
refinery usa {%-Inch to 12-inch Inclusive). 15t edn.
Ferrous Fc;o—to-fnéu and end-to-end dimenslons of ferrous ANS! B16.10
valves
Finishes for contact facas of connscting end flanges | MSS SP-6
of ferrous valves and fittings
Bronze MSS 126 PS| bronze gate vaives MSS S§P-37
Butterfly Butterfly vaives MSS SP-67
Relief Safety and rellef valves with ltm&phul: or ASME PT7C26.2
superimposed back-pressure before discharging . | .
Control Uniform face-to-face dimensions for fianged ISA RP4.Y
control vaive bodies
R ded dure In rating flow and pressure | FCI 68-2
characteristics of solenold vatves for liquid service
ded dure in rating flow and pressure | FCI 68-1
chuncurinlu of solenold valves for gas service
Recommended voluntery standards for face-to-face | FCI 65-2
dimensions of control vaives in sizes 10-inch thru
16-inch In ratings of 125 PSI thru 260 PSI for cast
Iron, and 150, 300, and 600 PSI for cast steel
ded vo! y standard formulas for FCI 6211
slzino contro! vaives
Definltions for regulator capacities FCI B8
Standard classificstion and terminology for FC1 65.1
power-sctuated valves
STANDARDS FOR STEAM TRAPS TABLE 7.12
Reting Presture rating standard for steam traps FCl 691
Voluntary standards for determining Industriat FCl 65:.3
steam trap capacity rating
Testing Lifecycling tests applicable to balanced pressure FCi 68-3
ther ic trap el

STANDARDS FOR UNFIRED VESSELS & TANKS TABLE 1.4}
Pressure ] Is (Section 8, ASME 8o T asmE Fbang
™ . Aoiler Cads) \E FUALG
Low-presture | Recommended rules for daim OM eonnwoum APi 620
tanks of large welded low-pressure storgas tanks
Welded stes) tanks for oll storage AP| 660
Vanting atmospheric snd low-pressure storsge anks | AP) 2000
Nuciesr vassais Gafety standard for ceslgn, febvication end ANS| 88.2
maintanance of stes! contalnment structures ASME N42
tor statlonsry nuclesr power reactors
Nuclesr powsr plsnt components ABME F3
(Sectlon 3, ASME Boller Codll
STANDARDS FOR HEAT EXCHANGERS TABLE 2.14
Exchangers Heat exchangers for general refinsry sarvices AP! 660
Tube dimensions for hest exchangers AP} 640
Heaters * Fesdwatsr heaters ASME PTCI12.1
SCREW THREADS FOR PIPING, NUTS & BOLTS TASBLE 7.16
General Unified scraw threads ANS) B1.1
ASME M28
Unlifisd screw thu-h—mwic wransistion ANSE B1.18
Maetric screw threads ASME NA48
N ) , dafinitions, and lstter symbots ANS| B1.?
for scraw threads : ASME L1%
Pipe Pipe threads {except drysesi) ANSI B2.1
ASME L18
Drysas) pipe threads ANS!I B2.2
ASME M36
Hosa -~ Firshosa couplng screw thread ANS| 828
ASME J34
Hose coupling screw thrasds ANSI 82.4
ASME K14
Vatves, " | Spacification for wallhead squipment APl 6-A
fittings, and
flanges
Nuts snd Square and hex nuts ANSI 818.2.2
bolts ASME M43
1SO R272
Square and hax bolts and screws ANS! 818.2.0
ASME M44
ISO R272




ABBREVIATIONS

FOR PIPING DRAWINGS & INDUSTRIAL CHEMICALS

ABBREVIATIONS USED ON PIPING DRAWINGS, DOCUMENTS, Etc.

Bl

8.1

A
A

ABS
AGA
AlS|
ANSI
APl
ASTM
AWS
AWWA

BBL

BLE
BLK
BLVD
BorP

8s
B8TU
BW

CENT
CFM
CHU
Ct
C™
Cr

cs

Ccsc

(1) Air

(2) Absolute

Absolute

American Gas Association

American Iron and Stee! Institute
American National Standards Institute
American Petroleum Institute

American Society for Testing and Materials
Arnerican Welding Society

American Waterworks Association

Barrel

Bolt circle

Beveled largn end
Black

Beveled

Bottom {of outside] of pipe. Used for
pipe support location
British Standard
British thermal unit
{1} Butt weld

(2) Butt welded

{1) Centigrade, or Celsius

(2) Condensate

Centigrade

Cubic feet per minute

Centigrade heat unit

Cast iron

Centimeter

Chromium

(1) Carbon steel .

(2) Cold spring

Car-sealed closed. Denotes a valve to be
locked in the closed position under all
circumstances other than repair to adjac-
ent piping

Car-sealed open, See CSC

Center '

Cubic

Degree

Diameter .

D:‘tilsche Industria Notin {German stand-
al

Drawing bHice
Drawirig. [Not pretered]
Didwiny

E

E
ECN
EFW
ELL
ERW

F

F
F&D
FAHR
FBW
FCN
FD&SF
FE

FF

FLG
FLGD
FOB

FOT

FRP
FS
FW

GAL
GALV
GPH
GPM

HEX

HPT
HR

13

East

Engineering change number
Electric-fusion-welded
Elbow
Electric-resistance-welded

Fahrenheit

Faced and drilled

Fahrenheit

Furnace-butt-welded

Field change number

Faced, drilled and spot-faced

Flanged end

(1)  Flat face(d)

(2)  Full face [of gasket]

(3) Flange face [dimensioning]

Flange '

Flanged

(1)  Flat on bottom. [Indicates orient-
ation of eccentric reducer]

{2) Freight on board. [Indicates loca-
tion of supply of vendor's freight at the
stated price]

{3) Free on board. [Indicates location
of supply of vendor’s freight}

Flat on top. [indicates orientation of
eccentric reducer]

[Glass-]- fiber reinforced pipe

Forged steel

Field weld

{1} Gas

(2)- Grade

(2} Gram
Gallon
Galvanized
Gallons per hour
Gallon per minute

(1) Horizontal
(2) Hour
Hexagon(at)
Mercury
Hose-pipe thread
Hour

Invert elevation
1141}

iMP
IPS
IS
1SO
I1S&Y

LB.Lb
LR

MACH
MATL
MAWP
MAX
MCC
m/C
MFR
Ml
MIN

MM
Mo
MSS

NC
NEMA
Ni
NIC

NPSC
NPSF

. NPSH

NPS|
NPSL
NPSM

{1} Inside diameter

(2) Internal diameter
tmperial. [British unit)

Iron pipe size

Inside screw. [Of valve stem]
Isometric drawing

Inside screw and yoke

Kilo, times one thousand, x 1000
Kilogram

Liquid

Pound weight

Light-wall {of Pipe]
Long radius. [Of Elbow]

{1) Meter

{2) Mega, times one mitlion, 1 000 000.
[On old drawings, x 1000}

Machined

Material .

Maximum allowable working pressure

Maximum

Motor control center

Machine

Manufacturer

Malleable iron

(1)  Minimum

(2) Minute. [Of time)

Millimeter

Molybdenum

Manufacturers’ Standardization Saociety

of the Valve and Fittings industry

North

Normally closed .

National Electrical Manufacturers’ Assn,
Nickel

Not in contract
Normally open

255

255 :

{1)  Net positive suction head.[3.2.1]

(2) 255 o
ggg ['—FT\BLES
265 , 141-115



NPT National pipe thread SAE Society of Automotive Engineers U
NPTF 255 SCH Schedule. [Of pipe) : .
NRS  Non-ising stem. [Of valve] SCRD Screwed UNC 263
o SF Spot-faced UNF 263
. SKT Socket : UNS 263
o Qil SMLS  Seamless
(s]5] Outside diamater Si Silicon \' .
0S Outside screw. [Valve stem] SO Slip-on v {1} Vertical
OS&Y Outside screw and yoke. [Valve stem} SP (1) Sample point (2) Vanadium
p (2) Standard practice. [MSS term]
- SR °  Short radius. [Of elbow) . w
P&ID  Piping and instrumentation diagram SST Stainless steel W . (1) West
PBE Plain bath ends. {Swage, etc.) ST Steam trap. i2) Water
PE Plain end. [Pipe, etc.} STM  Steam WGT  Weight
PFi Pipe Fabrication Institute STD Standard WLD  Weldled)
POE Plain one end. {Nipple, etc.] STR Straight WN Welding neck
PS {1} Pipe support. {Anchor, guide or SwW Socket welding WOG  Water, oll and gas
shoe, or items combined to form the SWG  Swage WP (1)  Workpaint ar referenca point
support] . SWG ! swaged nipple - (2)  Markings with this prefix desiynate
(2) Prespring ) NiPP certain steals and are used on pipe,
PSI  Pound [weight] persquare inch. [Pressure] SWP | Steam working pressure fittings and plate, Example; ‘WP’
PSIA  Pbund per square inch absolute T marked on forged fittings denotes
PSIG  Pound per square inch gage ‘ A181 grade 2, Refsr ta ASME SA-
‘ T (1) Temperature 234, tables V and 2,
R (2) Trap WT ~ Weight
RED  Reducing T&C  Threaded and coupled. [Pipe)
RF Raised face TEMA Tubular Exchanger Manufacturers’ Assn. - X
RJ Ring jaint TGT  Tangent xXH Extra-heavy. (See index)
RPM  Revolutions per minute TOE  Threaded ane end. {Nipple or Swage XS Extra-strong
RS Rising stem, [Of valve] Tgls }gp of suppor‘t:h . XXS  Double-extra-strong
T reads per in
s TSE  Threaded small end - OTHER
s (1)  South TYP  Typical. [Used to avoid redrawing similar ¢ Centerline
(2) Steam arrangements) () Diameter
ABBREVIATIONS FOR COMMERCIAL CHEMICALS 8.2
ABBREVIATION CHEMICAL NAME AREA OF USE D
DAP Diammonium phosphate Agriculture
A pCO Dehydrated castor oil Paint
ADA Acetone dicarboxylic acid Drugs OMC D"ﬁg::::‘ onium dimmyl Reflning
AEA Alr-entraining agent Concrets DMF Dimethyl formamide
ANW 83% ammonium nitrate in water DMU Dimethylurea
B DNA Dinonyladipate Plastlcs
DONM Dinonyl mateate Plastics
BAP Benzyl para-amino phenol Fuel DNP Dinonyl phthalate Plastics
BHA Butylated hydroxyanisole Food DNT Diniwotoluene Explosives
BHC Benzene hexachloride General DOP Dioctyl phthalate Plastics
BHT Butylated hydroxytoluene Food DOV 86% sulfuric acid General
BOV 77-78% sulfuric acid .General {‘distilled oil of vitreol’)
{'blown oil of vitreol’) DSP Disodium phosphate Generdl
BzH Benzaldehyde General DT8P Ditertiary-butyl peroxide Plastics
B20H Benzoic acid General pvB Divinyl benzene Plastics
DPG Dipheny! guanidine Rubber
C DOPA 3,4-dihydroxyphenylanitine Rubber
co Carbon monoxide ) ’
cov 95.96% sulfuric acid General E
(‘concentrated oil of vitreol’) - EA Ethylidene aniling Rubber
Co2 Carbon dioxide General EDTA Ethylens diamine tetre-acstic acld Food
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ABBRE.VIATION MEANING AREA OF USE
F
FA Furfuryl alcohol General .
FGAN Ammonium nitrate Agriculture
FPA Fluorophosphoric acid
FREON One of a farge number of chloro- or Refrigeration,
fluoro- substituted hydrocarbons General
H
HCN Hydrocyanic acid, hydrogen cyanide Plating
HET Hexa-ethyl tetraphosphate Agriculture
HMDT Hexamethylene triperoxide
HMT Hexamethytene tetramine
HNM Mannito! hexanitrate Explosives
HTP 100% hydrogen peroxide Rocketry,
(‘high test peroxide’), General
Branched atiphatic alcohols of high b.pt.
H20 Water
§
IMS Commercial ethyl alcohol (Brit.) General
IPA Isophthalic acid
IPC Isopropyl n-phenyl carbonate
iPS Isopropyl alcohol {Shell Oil Co.) General
L .
LOX Liquid oxygen Rocketry
Lrc Lauryt pyridinium chloride Soaps
LPG Liquefied petroleum gases, mainly Fuel
butsne and propane
M
MBMC Monotertiary butyl-methyl-cresol General
MEK Methyl-ethyl-ketone Paint,
. General
MEP 2-mathyl, 5-ethyl pyridine .
. Miec Methyl Isobutyl carbinol
MIBK Methy!-isobutyl-ketone
MNA Methyl-nony! acetaldehyde
MNPT m-nitro p-toluidine
MNT Mononitro toluens Explosives
MSG Monosodium glutamate Food
N
NBA nbromacetamide
NBS n-bromosuccinamide
NCA n-chloracetamide
NCS n-chlorosuccinamide
NH powder Explosive powder
N2 Nitrogen

{143)

OMPA
ONB
OPE

03

P

PAS -
P8
PBNA
PDB
PE
PETN -
PTFE
PVA or PVAL
PVAc
PVB
PVC
PVM

R
RNV

S

S
SAP

'SDA

02

TCA
TCE
TCP

TEG
TEL
TEP
TFA
TNA
TNB
TNG
TNM
TNT
TNX
TOF
TPG
TSP

VA

ZMA

Octamethy! pyrophosphoramide
o-nitrobiphenyl
Octylphenoxyethanol

Oxygen

Ozone

p-aminosalicylic acid
Polybutene

Phenyl beta-naphthylamine
p-dichlorobenzene
Penta-erythrito!
Penta-erythritol tetranitrate
Polytetrafluorethylene
Polyviny! alcahol

Polyvinyl acetate

Polyvinyl butyrol
Polyvinyl chioride
Polyvinyl methyl-ether

Sulfuric acid {‘refined oil of vitreol’)

Sulfur

Sodium acid pyrophosphate
Specially denatured alcohol
Sulfur dioxide

Sodium tetrachloracetate
1,1,1-trichlorethane
Tricresyl phosphate

Triethylene glycol
Tetraethyl lead
Tetraethyl pyrophosphate
Tetrahydrofurfuryl alcohol
Trinitroaniline
Trinitrobenzene
Trinitroglycerine
Trinitromethane
Trinitrotoluene
Trinitroxylene

Trioctyl phosphate
Tripheny| guanidine
Trisodium o-phosphate
Tetrasodium phosphate

Viny! acetate

2inc methylarsenate

Agriculture
Plastics
Refining
General

Drugs
Piastics
Rubber
Agriculture

Explosives
Plastics

General

Genera!

General
General

Agriculture
Dry cleaning
Fuel,
Plastics
Refining
Fuel
Agriculture

Explosives
Explosives
Explosives

Explosives
Explosives
Plastics
Rubber

Timber




INDEX

& GLOSSARY

A

ABBREVIATIONS. 8

ACCESS TOVALVE. 6.1.3

AFTERCOOLER.3.2.2

AGITATOR. table 3.7

AIR IN STEAM. 69.1.6.10.1

AIR LINE. Liquid removal. 6.11.4

ALLOYS, For pipe. 2.1.4

AMBIENT. Pertaining to the surroundings. Usual
ly refers to temperature

AMERICAN STANDARDS ASSOCIATION, 7.3

ANCHOR. 2,12.2. 6.2.8. A pipe fixture used to
hold piping rigidly a1 8 chosen point. Position

where piping is restrained s termed the ‘anchor .

int’
ANGLE VALVE, 3.16
ANSL, 2.3

ARCHIVE. Place where drawings, specifications,
@1c., may be permanently stored
ASA. 73
ATTRITION, See ‘Change of particle size’ 3.3.4
AUTOCLAVE. Vessel in which materiat or react-
ants are held under controtled conditions (time,
, etc.)

AUXILIARY PIPING, 6.3.1

BACK WELD., In giping, 8 continuous weld made
at the back of a butt weld—possible only If there
is access 10 the interior

BACKCHECK, 6.4.2

BACKING RING=Chill ring. chart 2.1. figure 2.1

BALL FLOAT VALVE. 3.1.9

. BALL VALVE, Check vaive. 3.1.7

BALL VALVE. Rotary. 3.1.6

BAROMETRIC LEG. Il a process which takes
place below C quires water
or other liquid to be continuously drained from
it, this may be achieved by connecting the drain
10 8 vertical pipe termed a ‘barometric feg’, the
lower end of which is Inserted in » seal por,
When the leg and seal are primed with liquid
draining from a | e can ocour
continuously. It the pressure of the process
approaches zero (sbsolute) the leg must be at
feast 34 (v in height,

BARSTOCK PLUG. 2.5.4. figure 2.55

BARSTOCK VALVE. 3.1.1), Vaive machined
from solid metat

BATTERY LIMIT. Arbitary line shown on draw-
ings to define on-plot and ofi-plot areas. Also
used to define limits of contractural responsi-
bility within an on-plot area.

BENCHMARK. 6.3.1. figure 5.12

BENDS, BUTT WELDING. 2.3.1

BENT. 6.0.2

BEVEL, The ends of pipe and butt-welding fittings
are beveled (ses chart 2.1) to aid making welded
joints

8188. 3.1.11

BILL OF MATERIEL. 5.6.1 -

BLEED RING. 2.7.1. figure 2.60, chart 5.7

BLEED VALVE, 31,11, ligure 2.60

BLENDER. 3.32. table 3.7

BLIND FLANGE. 2.7.1. 2,7.2. figure 2.6, Flange
with no central opening used for closure of
flanged terminations. Rated similarly to other
types of flange—see tables F

BLOCK VALVE. 3.1, 11

BLOWDOWN VALVE. 31.11

BLOWDOWN SYSTEM., A (discharge) piping
o for ing ial from a pro-

cess, vessel, bailer, ete,

BLOWER, 322

BLOWOFF SYSTEM. Piping hookup used for
blowing scale and foreign matter trom tanks,
boilers, ec.

BLOWOFF VALVE. 3.19

gg:‘LTE:l' (;LEEESD;NATER. 6.10.2

n 2.6.2. 1ables F

BONNET, 3.1.2 flanges.

BOTTOMS. Ses ‘COLUMN OPERATION’ 6.5.2

BAEECHLOCK. See "Bonnet’ 3.1.2

BREAKING LINES. figure 6.10

BREATHER VALVE, 3.1.11.

BRITISH STANDARDS INSTITUTE. 7.3

BRUNING. 44.11

BUILDING LAYQUT, 6.15.3

BUILDINGS. In relation 10 piping. 6,15, figures
6.49 & 6.50 " >

BULLHEAD TEE. 2.3.2

BUND. Sce 'DIKE®

BURIED PIPE. Dimensioning, table 6.2

BURSTING DISC=Rupture disc, 3.1.9

BUSHING. Hexagon. Screwed. 2.6.1. figure 2.42

BUTT-WELDED PIPE JOINTS. 2.3

BUTTERFLY VALVE. .16

BYPASS. Vatved length of piping that allows full
or partial {low, arranged around a valve, valve
assembly, equipment, etc. See figures 6.6 thru
6.11 for examples

BYPASS VALVE. 3.1.11

Cc

cap
Butt-wetding. 2.3.3. figure 2.20
Screwed. 2.5.4. figure 2.64
Socket-welding. 2.4.4. figure 2.36

CARBON STEELS are iron-based alloys having
properties chiefly determinod by their carbon
content

CATCHBASIN. R le designed to
matter from a waste stream

CATCHMENT, Reservoir or basin

CATHODIC PROTECTION. Buried pipe can be
protected from corrasion by wiring burled
sacrificial anodes {usually cylinders of zinc) to
the plpe. Galvanic corrasion then tends to
occus in the zing instead of the steel. Protection
msy a'so be provided by mcans of electric vols-
ages and ground currents

CAVITATION. 631

CENTRIFUGE, 333, wabls 38 :

CERTIFIED DRAWING/PRINT. Final vendor's
print of equi, showing di tons which
will be mat

CHATTERING, 3.1.4

CHECK VALVE, 3.1.7

CHECKER. 4.1.2. 65.4.1

CHIEF DRAFTSMAN. 4.12

CHILL RING=Backing ring. chart 2.1.figurs 2.1

CIVIL PIPING. 1.1

CLEANOUT. Arrangement for cleaning out » line
or vesse|

CLEARANCE. 61,1, 1able 6.1
Orifice plate assembly. tigure 6.38

CLOSING DOWN LINES. 6.1.3

CLOSURES. Permanent. figure 2.20
Butt-welding 2.3.3
Saewed, 2.5.4
Secket-welding, 2.4.4

during 1.

CLOSURES, Temporary, 2.7. table 2.6
COAST & GEODETIC SURVEY, 5,3.1
COATINGS. For pipe. 2.1.4
COCK. Simple plug vatve In the smatler slzes
CODES
ANS| code lor peessure piping. table 7.2
AP} code 2610, 7.6.2
AP;:;S;AE code for unfirad pressure vessels.
ASME code for bollers. 3.5.4
COLD SPRING. 6.1.1. figwe 6.2
COLOR CODING
Model. 4.4.12
Piping. ANSI A13.)
COLUMN .
Fractionation. Distillation. 8.6.2. table 3.8
COLUMN PIPING, 6.5.2
COMMERCIAL PIPING. 1.1
COMPANION FLANGE. A fiangs—or a flanging
fabrl t0 mate with
non-standard flanges on some special itams of
equipmeny
COMPOSITION DISC. 3.1.5. Non-metallic disc
used In certain valves
OOMPRESSSOR. 322

COMPRESSED AIR LINES. Draining 6.91.4
CONDENSATE, 6.8.1. 6.10.2
CONNECTION. To equipment. Ses NOZZLE,
CONNECTOR
Pipe-to-tube. 2.5.1. figure 2.41
Quick connector. 2.8.1
CONSOLE, An arrangement of gages and controls
mounted {n @ desk or cabinet, from which o
process may be monitored and controlled
CONSTANT LOAD HANGER. 2.12.2
CONTINUATION SHEET, Sce 'Process & service
lines on piping drawings’ 6.2.8. Any sheet on
. which information is continued

CONTROL STATION. 6.1.4, ligures 6.6 thru 6.1

Symbol. chart 6.7
CONTROL VALVE, 3.1.10. figurs 3.4
CONVEYED FLUID. This term is used in tha
Guide for liquid or gas carried by piping
coguu.isa, Heat exchanger used to cool process

COOLING WATER. Water used to cool process
fluld or equipment

COORDINATE. 6.3.0

COPYING PROCESSES, 4.4.11

CORROSION. Conveyed fluld may sttack mates-
ials from which pipe and fittings are made. The
degres of corrosion will depend on the pipe

* material, the ved fluid, its
and ion, time of exposure,
presence of water or alr, and whether galvanic
action is also present

CORROSION ALLOWANCE. Additional thickness
of metal ine: ! that cafculstad for strength

COUPLING 5
Sazewed. FULL-. 251, 253 ligures 2.37 &

49

Screwed, HALF-, 2.6.3, figurs 2.49

Scewed. REDUCER, 25.1. figwe 2.38

Socket-welding FULL-, 2.4.1. figure 2.21

Sockel-welding. HALF-, 2.4.3, ligure 2.31

Sockel-welding. REOUCER. 2.4.1, figuie 2.22
CRASH PANEL. Breakabls panel thru which per-

sonnet inay escape from s hazard In @ building
CROSS .

Butt-welding. 2.3.2. figure 2.17
Screwed, 48

252, figure 2.
Socket-welding. 2.4.2. figure 2,30
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CRAYOGENIC. Describes very Jow 1oyt atuny
nd equipment used 8t thew wingwretures.
Term usually applies (0 - 200 F snd colder

CYCLONE. 2.3.3. wble 38

DASHPOT. Piston-typs duvics wsed fov demping
mechanica! movemeons

DATUM, Ses ‘Vertical ratrence’ 6.3,)

DAVIT. 8.6.2. figure 0.27

DAY TANK. Term used for storage tank, holding
limitad supply of fuel, sic.

DEAD WEIGHTING. Method of measuring jwes-
sure of fluld in s line. Device aplaifum
on whith wuights can be glaced, tonyoraily
fitted to vertical vaived branch- weights Lialas &
tine pressure. Usad for celitiwation

DEADMAN. Anchar perinsnenily st 1o gruuny
for evection purposes ~used for securing cables

DEAERATOR. 3.1.3. table 3.8

DEFLECTION OF PIPE. 6.2.8, table S-}

DEFOAMER. 3.3.3. uble 38

DEM‘INE HALI‘IED WATER. Water with ali forms
of hard: direohoad mb \ o

DESICCANT, A drying agani, such 8 concentrated
sulturic scid or silica gel

DESICCATOR. Machine for amoving water or
other liquid from & process material by spply-
ing heat, or by chemical means

OESUPERHEATER. Device for reducing super-
heat in steam, usually by sdding water 1o the
stsam

DETAIL, See “Elevations (ssctions) & dotats’ 6.2.8

OEWPOINT. The teinperatwre st which o vapor
forms liquid (‘dew’} on

DIAPHRAGM VALVE. 2.0.1%

DIAZO. 4.4.1)

DIKE. Shapsd wall or embankment surrounding
one or more storage tanks to form a basin able
o hold entire contents of tank{s) in evant ol
leakage or rupture

DIMENSIONING. 5.3. figwe 6.13. table 5.2
Buried pipe, wble 6.2
Elevations, See Plan view piping drawingy' 6.2.8,

6.3.3, figure 6.12, 1able 5.2
Filling makeup, 6.3.3
Gaske. See ‘Dimensioning to joints’ 5,3.3
150, 5,34, figure 6,15
Offsets fov iso, figure 5.16
- Piging drawing. 5 3.2
Reference line, ligure 5,13
Spool. 5,36, figure 6,17
Tojoint, 623
To nozzie. 5.3.3, table 5.2
To pump. See ‘Piot ptan’ 6.2.7, ligure 6.17
Tovalve, 533
Vessed, higure 5,14

oms%nou OF FLUW LINE. Ses ‘Fluw ey’
5.2

DISCHARGE VALVES. 119

DISHED HEAD. 233

Volume, chart T-2

DISTILLATION COLUMN. 3.3.2. tabte 3.8
Piping. 65.2

DIVERTING VALVE. 218

DOUBLE BLOCK-AND-BLEED, 2.2.1, figure 2,60,
Ses ‘Make maintsnance safe’ 6.1.3




DOUBLE EXTAA STAONG. 2.1.3.Manufacturers’
standard for wall thickness of pipe and fittings
DOWNCOMER, A line which conveys fluid down-
ward
DOWTHERM. 6.9.2. See 'Jacketing’ 6.8.2
ORAF TING
Controf stations. 6.1.4. chart 5.7
Materlals. 4.4
Piping. 5.2.8
Symbols. 5.1
ORAFTING MACHINES. 448
ORAT TSMAN, 4.1.2
DRAIN
Loration. 6.1.1, figure 6,47
On P&ID. 524
On pump, 6.3.1
Symbol. chart 5.7, chart 5.28
ORAIN HUB, Funne! fitted In floor snd connected
to s drain tine
DRAIN VALVE. 3.1, 11
DRAINAGE. (1) System of drains, (2} Act or
orocess of draining
DRAINING
Air line. 6.11.4
Steam line. 6.10.4. 6.109
DRAWING NUMBER. 4.2 4
DNAWING PAFER. 440

Sires, 84,0
nnr.wm(; REGISTER. See ‘Diawing controf’

DI'IAWINGS
Braaking lines to show ‘hidden plplng on draw-
ine. ligme 5.10
Elevation, 5.26. 5.2.8. figures 55 & 5.7
Fleow lines on NMow diagram, 5 2.3
Flow lines on PAID, 6.2.4
Grid system, See ‘P&ID layout’ 5.2.4

Instrument on piping drawings
628

150 6.2.6. ligwes 515,62 & 6.6

tcuing. 54,3

Key plan. 5.2.7. figire 5.8
Oblini:e. 5.2.8, tigure 5.7
O thnqraphic, 5.2.6
Tuterind, 5.2.0
Fiping and imstrymentation diagrsm, 6.2.4
Ptan,52.6. 528
Plot plan, 5.2.7
Pros on Hrwe disgram. 8.2.3
Matehlite, See "Frowess b srtvice lines on piping
diawings’ 6.2.8, figire 5.8
Numbering. 424,529
Site plan. 5.2.7
Sehematic dla;um 5.2.2
Symboly §
Vessal, 5.2, 7 figure 5.14
DRESSER COUPLING. 2.8.2
on'w VALVE. 31.41. A drain valve used on drip-

gy

Sizes an driplegs. table 6.10
OAIPLEG. 2.105. tigure 2.70

On P&ID. 5.24

On piping drewings. 5.2.8

Slzes, tshie 6.10
ORIPSHIELD. 6.1.3
DRY STEAM. 69,1, chart 6.3
DRYER, 3.3.3, 6.10.3. table 3.8
DRYSEAL,. 2556
DUMMY LEG, 2,12.2, ligure 2,72A, tsble 6.3
OYELINE. 4.4.10

E

EDUCTOR. 3.3.2. tehle 3.7

EFFLUENT.6.13

ELBOLET
Aurt weiding 2.3.2. figure 2,14
Serewed, 253, tipne 250
Sorket welding. 2.4.3. figure 2,33

ELBOW-EN
Ruttwekding. 2,9.1. figure 2.2
Mitered, 2,3, figure 2.5 (nb!e M2

gﬁamﬂ 751, ﬁthug
st wikdlrng. 2.4 figes 9,28

ELEVATIONS
Dimensions. 5.3.2. table 5.2
Views. 5.2.6. See ‘Elevations {sections) & details’

ELL. See ELBOW

EJECTOR, A type of pump in which 8 partial
vacuum Is created by passing steam or other
fluid under pressure thru a neck or venturi
with a branch al the narrowest part. A suction
is created in the branch

EQUIPMENT
tdentifying on flow diagram. 5.2.3
tdentifying on P&ID. 5.2.4
List, 4.2.2

. EQUIPMENT ARRANGEMENT DRAWING. 5.2.7

EQUIPMENT INDEX. 4.2.2

ERASING. 4.4.4

EVAPORATOR. 3.3.3. table 3.8

EXPANDER FLANGE. 2.3.1. figure 2.9

EXPANSION. Thermal movement. 6.1.1
Of steel, chart 6.1
Loop. figure 6.1

EXPANSION JOINT. 2.9.1. figures 2.63 thru 2.66

'EXTRA HEAVY”, Traditiona) term used for 250
PS# cast-iron fittings and 300 PSI malleable-iron
fittings. These pressure ratings are for ‘working
steam pressure’ (WSP)

EXTRA-STRONG. Manufacturers’ standard for
wall thickness of pipe and fittings. 2.1.3

EXTRUDED NOZZLE. Hot-formed outlet made
in pipe or vessel by pulling shaped dies thru
@ hole made in the wall

F

FAN. table 3.3

FIELD, (1} Construction site {‘job site’), where
piping is erected. (2) Field engineering office

FIELD WELD. Weld made st the time of erection
of piping at the site
Symbol for. chart 5.3, figure 5.16

FILING DRAWINGS. 4.3, 4.4.10

FILLET WELD. chart 5.9

FINISHED GRADE. 5.3.1

FIREFIGHTING.
Station, 6.1.2

FIREWATER. Independent supply of water for
firefighting

FIRST-AID STATION. Location, 6.1.2

FITTING MAKEUP
Dimensloning tor, 5.3.5
Fitting makeup. 5.3.3

FITTINGS, 2.2.4
Butt-welding. 2.3. chart 2.1 0
Ordering. 5.6.3
Sctewed. 2.5. chart 2.3
Socket-welding. 2.4, chart 2.2

FLAG. To identify an Item on 8 drawing by means
of 8 flag, panel or other mark

FLAME ARRESTOR. A device to prevent a flame-

front from moving upstream in a line or vessel,
For small tines, may consist of & wire screen.
For larger fines, arrangements of multiple paral-
fel plates or tubes are used. Principally used on
vent lines to tanks. Symbol. chart 5.7
FLAMMABLE LIQUID. Safety guidelines, 6.14
FLANGE. 2.2.3. 2.3.1. figures 2.6 thru 2,10
Bolt and studbolt for. 2.6.3. figure 2.67.tables F
Bolt hole. 2.6.2, tables F
. Expander. 2.3.1. figure 20
Facing. 2.6.1. tigure 2.56
Gasket. 2.6.4. figure 2.56. table 2.5
Lap joint. 2.3.1. figure 2,10
Reducing. 2.3.1, figure 2.8 .
Screwed. 2.5.1. figure 2,45 :
Slip-on. 2.3.1. figure 2.7
Socket-welding. 2.4.1. figure 2,27
Welding-neck, 2.3.1. figure 2.6
FLAP VALVE, 3.1.11
FLARESTACK. A stack located sway from the
processing area, to which relief headers may be
tuni for burning waste hydroca:bons or other
flammable vapors. 6.11.3
FLASH STEAM. 6.9.1

FLASHING
Steam, 6.10.8
Building construction, A plece of metal or other
materlal used to cover or protect certain joints,
such as where a chimney joins a roof

FLASHPOINT, Of fi ble liquid, Temp
at which the amount of vapor given off is
sufficient to form a flammable mixture with
air over the surface, so that 8 momentary flash
will accur when a source of ignition is applied.
Hazardous liquids have fow {lashpoints

FLAT FACE. Flange. 2.6.1

FLEXIBILITY. figure 6.1

FLEXIBLE PIPING. 29.2
Expansion joim, 2.9,1

FLOTATION TANK. table 3.8

FLOOR STAND. See "Stem’ 3.1.2

FLOW DIAGRAM, 5.2.3

FLOW LINE
On flow diagram. 5.2.3
On P&ID.5.2.4

FLUID. Any material capable of flowing. In the
Guide, term is used to denote either g liquid or
a gas. Powders may also be considered fluids

FLUSH-BOTTOM TANK VALVE. 3.1.9

FOOT VALVE. 3.1.7

FGREIGN MATTER. Any unwanted material that
enters a system from outside

FOREIGN PRINT, Print of a drawing originating
in another group, department or company

FRACTIONATION COLUMN, 3.3.3. table 3.8
Piping. 65.2

FROST LINE, The lowest depth in the ground
which chills to 32 F {0 C)

FULL-COUPLING. See COUPLING

G

GAGE. A device for measuring or registering level,
pressure, lemperature, etc. .

GAGE GLASS. Glass used to show liquid level,
usually in the form of a vertical glass tube with
end connections

GALVANIZING. The coating of metal with zinc
by electroplating or hot-dipping

GASKET. 2.6.4, table 2.5
Dimensioning, See Dimensioning to joints'5.3.3

GATE VALVE. 3.14

GIRT. A of a building to which
the panels forming the sides of the building
are fitted,

GLAND. A sleeve within a stuffing box fitted over
8 shaft or valve stem and tightened against
compressible packing so as to prevent leakage
while allowing the shaft or stem to move

GLASS PIPE. 2.1.4
Supporting. 6.2.7

GLOBE VALVE, J.15

GRADE. See 'Vertical reference’ 5.3.1

GRADE BEAM, .Beam which is used to support
a floor at ground tevel

GROUND JOINT, A connection in which two
machined metallic surfaces are jointed face-to-
face

GROUP LEADER, 4.1.2

GROUT A thin concrete pouved on a sel concrete

b dation and the
baseplale of the equipment which will rest on
it. The baseplate is firmly bolted down on the
lavel surface of the grout after it has hardened

GUIDE, 2.12.2. 6.2.8, tigure 2.72A

GUTLINE. See ‘Tracing’ 6.8.2

H

HALF-COUPLING
Screwed. 2.5.3. figure 2.49
Socket-welding. 2.4.3. figure 2.31
HANDRAIL. See RAILING
HANGER. 2,12.2
Constant-load hanger. 2.12.2
Spring hanger. 2.12,2
HARNESS PIPING. 6.3.1
HEAD. Pressure. 3.2.1
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HEADER. A pipe serving as a principal supply or
return ling

HEADER VALVE, 3.4.11

HEAT EXCHANGER., 3.3.5. ligure 6.32. chart H-1
Data sheet. 6.6.1
Piping 10. 6.6

HEXAGON BUSHING. 2.5.1. ligure 2.42

HIGH POINT FINISHED GRADE, See ‘Vertical
reference’ 5.3.1

HOLDING TANK. Tank In which liquid (or gas)
is held pending further processing or treatment

HOMOGENIZER, 3.34

HOSE CONNECTOR, 2.8.1

HOSE VALVE. 3.1.11

HOT TAP, This is a technique for branching into
a line under pressure without having to close
the line down

HOTWELL. A sump, tank, or other vecemacle for
holding discharges of hot liquids. 6,10.4

HYDRAULIC ACCUMULATOR. Siores liquid
under pressure. Typically a device consisting of
@ cylinder and piston which is actuated by a
weight, spring, or compressed gas. On the op-
posite side of the piston, the driven fluid, such
as water or oil, is stored

HYDRAULIC DAMPENER. 2.12.2
Symbol. chart 5.28

HYDRAULIC RESISTANCE of pipe and fittings.

6.1.1. table F-10

HYDROSTATIC TESTING, 6.11.2

HYGIENIC CONSTRUCTION, Pipe, valves, pumps
and other equipment used to handle foodstulfs
and drugs should be hygienically constructed
which means that all surfaces contacting the
material must be corrosion-proof, smooth, and
non-toxic. Plastics and rubbers should not in-
corporate (as fillers) substances that may conta-
minate. Materials free from such contaminants
may be referred to as ‘white’ rubber, etc.

INCONEL. A high-nicke! alloy containing chrom-
lum and iron. Resistant to oxidation and cor-
rosion .

INCREASER=Swage or reducer

INSTRUMENT AR, See ‘Compressed-air usage’
6.3.2

INSTRUMENT CONNECTION. 6.7. chart 6.2

INSTRUMENT LOOP, 5.5.3

INSTRUMENT SOCIETY OF AMERICA, 5§5.1.
table 7.3

INSTRUMENTATION, 65
Coding. table 5.3
Function. 5.5.2
Mounting. 5.5.4
On flow diagram. 5.2.3
On P&ID. 5.2.4
Signal lead. 5.5.6. chart 6.1

INSULATION. Thermal
On P&{iD.5.2.4
Personnel protection. 6.8.1
Thickness. 6.8.1. tables 6.7 & 6.8

INTERCOOLER, 3.2.2

INTEHCONNECT!NG P&1D.5.2.4

INTERFACE. 8 to two sy
figure 6.3 points (IO) &(14)

INVERT ELEVATION ('IE'} iy the elevation of
the bottom of the internal surface of & buried
pipe. table 5.2

INVENTORY. A listing of pipe and other items
of hardware maintained in stock

IRON PIPE. 2.1.4

IRON PIPE SIZE. 2,1.3, table P-1

1SO=Isometric. 5.2.6. 5.2.9. figures 5 1585.16
Checking. 5.4.4
Numbering. 5.2.9

ISOLATING VALVE, 31,11

ISSUING DRAWINGS. 54.3

J

JACK SCREW. Screw provided in orifice flanges
and sometimes flanges for line blinds. Two
screws are provided (one per flangel placed
180 degrees aport. figure 259

INDEX



JACKETING. 6.8.2

JOB FUNCTIONS. 4.1.2

JOB NUMBER. Company account number to
which work i3 charged. Appears on all paper-
work for the project

JUMPOVER. table A-2. 68.2

K

KEY PLAN.5.2.7

KNIFE-EDGE VALVE, 3.1.11

KNOCK-OUT DAUM or POT. A stream of gas
containing drops of liquld is passed thru a
knock-out dium in order to slow down the
flow and allow the tiquid to separate and

catlect
KINETIC ENERGY. Energy pertalning to the
velocity of material

L

LADDER. chart P-2
LAND on beveted end. chart 2.1
LANTERN RING. See ‘Bonnet’ 3.1.2
LAP-JOINT FLANGE. 2.3.1. figure 2.10
LATERAL
Butt-welding. 2.3.2. figure 2.18
Screwed. 2.6.2. figure 247
Socket-welding. 2.4.2, figure 2.29
LATROLET
Butt-welding. 2.3.2. figure 2.16
Screwed. 2.6.3. figure 2.62
Socket-welding. 2.4.3. figure 2,34
- LEROY. 446
LETTERING. 4.4.6
LEVEL GAGE. 6.7.4
LINE BLIND. 2.7.1, ligure 2.59
Symbol, chart 5.6
LINE BLIND VALVE.2.7.1.3.1.4
LINE DESIGNATION SHEET. 4.2.3. 6.2.6
LINE NUMBER
P&1D.5.2.4
Plping drawing. See ‘Process & service lines on
piping drawings® 6.2.8
1s0. 6.2.!
Spool, 5,.2.9
LINEN. Drafting sheet. 4.4.1
LININGS for pipe. 2.1.4
LIST OF EQUIPMENT, 4.2.2
LIST OF MATERIEL. 5.6.1
LOAD CELL. Weighing mechanism i
the supports of tanlu etc.,
LOW-PRESSURE HEATING MEDIA. 69.2
LUG. Projecting piece on s vessel, frame, stc.,
by which it may be held or lifted

lled in

M

MAIN, A principat secticn of plpe supplying
service of process fluld
Ring main. The fluid Is continuously circulated
around a closed loop of piping and may be
drawn off at any point. Useful for slurries
and other fluids that may settle or separste

MAKEUP WATER. Water is lost in many processes
and operations. Water inventory is restored by
adding makeup water,

MALLEABLE IRON. A ductile cast lron produced
by controlled annealing of white cast iron.

MANHOLE. table 6.1
Ia cotumn, 6.6.2

MANIFOLD. A chamber or pipe (header) having
several branches

MANOMETER. See “Orifics plate assembly’ 6.7.56

MANUFACTURERS® WEIGHT. 2.1.3.

MATCHLINE, Sec ‘Process & service lines on
pliping drawings’ 5.2.8. figure 5.8

MATERIAL BALANCE. A detailed tsbutation of

process matenai flowlng Into, thru and out of

the g the distributlon of all

Inctuding i

IS
o P

MATERIAL TAKEOFF. Estimated quantities for
materials, taken from drawings

MILL. Symbal, chart 65.2A

MITER. 2.3.1, figure 2.6

MIXER. 3.3.2, table 3.7

MIXING. 3.3.2 -

MIXING VALVE. 3.1.11

MODEL of plant. 4.4,12

MONEL. Allo&eonslsllno mainly of nickel snd

have good resistance to corfo-
sion, wuslon and heat
MONUMENT. 6.3.1. figure 5.12
MULTIPORT VALVE.3.1.8
MYLAR FiLM, 4.4.1

N

NEEDLE VALVE.31.6

NIPOLET. Integral nippte/weldolet
Plaln, 2.4.3. figure 2.35

. Screwed. 2.6.3. figure 2.63

NIPPLE
Screwed. 2.5.1. figure 2.39
Shaped. 2.3.2. figure 2.19

NON-RETURN VALVE, 3.1.7. 3.1.11

NON-RISING STEM. See 'Stem’ 3.1.2. Type of
valve stem which rotates but does not rw
when valve Is operated

NORTH, Plant & true. Ses "Horizontal reference’
5.3.1 & ‘Allocating space on the shest’ 6.2.8.
figure 5.11

NOZZLE. A protruding port of a vessal, tank,
pump, etc., to which piping is connected
Column, 6.6.2
Heat exchanger. 6
Pump, Ses 'Tvpiml plplng for centrifugal

pumps’ 6.3.1

Supoonlm plpo at. 828
Vessel, 6.

NUIB Spam (wotnnlon) on a backing ring or

nsert
NUMBER OF LINE. Seo ‘Flow lines on P&ID's’
5.24 .

o

OBLIQUE DRAWING. 6.2.6

ON-PLOT. Refers to the area of & particular
plant unit, or complex. There can be more
than one on-plot area in the same manufactur-
ing site. See BATTERY LIMIT

QFF-PLOT. Refers to area outsida the an-plot
area, or to area between on-plot areas. See
BATTERY LIMIT

ON-SITE=In the field. Operations carried oul at
the construction site are termed on-site oper-
ations

OPERATOR tor valve. 3.1.2

OPERATING HEIGHTS FOR VALVES. 8 13
table 6.2, table P-2

ORIFICE PLATE ASSEMBLY.6.7.5. ﬂqur- 6.38
Clearencs arcund. figure 6.38

ORIFICE PIPE RUN. table 6.6

ORIFICE TAP. See Piping to flange taps’ 6.7.6

ORTHOGRAPHIC DRAWING. 6.2.6

QUTSIDE SCREW. See ‘Stem’ 3.1.2

OUTSIDE SCREW & YOKE=OS8Y. See ‘Stem
312

P

P&ID=Piping and instrumentation diagram. 5.2.4

PACKING. Compressible materiat held in the stuf-
fing box of a seal

PACKLESS VALVE. See ‘Seals’ 3.1.2

PANTOGRAPH. 4.48

PAPER. 44.1
Copying papers. 4.4.1

PAPER STOCK VALVE. 3.1.11

PARTS LIST. 6.6.1

PENCIL, For drafting. 4.4.2

PENSTOCK. A channet teading water to 8 turbine
or waterwheel

pH. A measure of the acid or alkatine strength
of solutions. Neutral solutions have a pH of 2.
The pH falls below ? with increasing acidity,
und rises above 7 with lnaeaslng alkalinity

PHOTOGRAPHIC AIDS. 4.4,13

PICTORIAL VIEWS, 6.2.8

PIECEMARK=mark number. Ses ‘Numbering lsos.
spool sheots, & spools’ 6.2.9

PINCH VALVE. 3.1.6

PIPE
Dats. table P-)
Delinition, 2.1.1
Diameters of. 2.1.3. tabts P-1
Fittings. 2.2.4. tables O

Hanger, 2,12 .
How to specify. 6.6.3
Jaints for. 2.2
Lengths of, 2.4.2
Linings. 2.1.4
Lugs weided onto. 2.12.3
Materials. 2.1.4
Steals. table 2.4
Ordering. 6.6.3
Piperack, 6.1.2. figurs 8.3
Pressure limits. 2.1.6
Schedule number, 2.1.3
Sizes. 2.1.2. tabls P-1
Slesve. 5.2.8
. Spacing. table A-1
Spans. table S-1, charts §-2
Swport. 6.2. 2.12
Temperature limits. 2.1.6
Threads. 2.5.6
Wall thickness. 2.4.3
Welding to. 2.12.3
PIPE DOPE Seallno compound used for making
po connection
PIPE SUPPORT 6.2. 2.92
Calculations. 6.2.4
Design functions. 6.2.1
Expansion, 6.2.6
Loading. 6.2.2. table S-1, charts S-2

Spring hanger and support, 6.2.6
PIPE-T(}TUBE CONNECTOR. figure 2.41
PIPERACK. 6.1.2, figure 6.3
PIPEWAY. 6.1.2
PIPING

Butt-welded. 2.3. chart 2.1

Screwed 2.6. chart 2.3

Socketwelded. 2.4. chart 22
PIPING & INSTRUMENTAYION DIAGRAM,

5.2.4
PIPING DRAWINGS. 5.2.7,.6.2.8
Background. 5.2.8
Centerline. 6.3.2. chart 6.1
Checking. 5.4.2
Dimensioning. 5.3
Identifying sections. See ‘Elevations (sections)
& details’ 6.2.8. chart 568
Instrument connections, chart 6.2, 5.2.8
Issuing. 5.4.3
Line mémbev See ‘Flow lines on P&ID’ 5.2.4.
5.2.
Paints to check. 5.4.4
Presentation, figure 6.6
Titls block. 5.2.8. figure 6.9
PIPING FABRICATION DRAWING. 6.2.9
PIPING GROUP. 4.1
PIPING LAYOUT. Design notes. 5.1
PIPING SPECIFICATION. 4.2.1
PIPING USES. 1.1
PLAN, View for drawing. 5.2.6.5.2.8
PLANIMETER. 4.48
PLANT. Building of. 1.2. chart 1.4
PLANT AIR. See Compressed-air usage’ 6.3.2
PLANT CONSTRUCTION. chart 1.1
PLANT NORTH. Ses ‘Horizontal refum 6.2,
gure 6.11
PLASTIC PIPE. 214
Supporting. 6.2.7
PLENUM. Distributi of » mech
ical system of ventilation, Fresh air is forced
into & box or chamber {'plenum’) for disiribu-
ticn in 2 buitding
PLOT PLAN.52.7
PLUG. Barstock. figure 2.66

[146)

PLUG GATE VALVE. 3.14
PLUG VALVE. 3.1.4
PLUMBING. V.4
POCKETING. In lines. 8.9.6
POLYMERIZATION. Gerwrally, chemical ceaction
in which molecules combine to give Lauger
molecules. Term mostly wlnﬂ 10 reactions
« giving giant malecules (rom smatl molecules, s
the production of plastics,
‘POP’ SAFETY VALVE. 319
POTABLE WATER=Drinking water
PORT of vaive. Refors ta the seat apertue of
a valve, but sometimes (o the valve's ends
PRESSURE, ABSOLUTE. Presaure expressed rule-
tive to sbsolu vacwuin. Brliish uilt. pound
P square inch absolute, sbbweviatad PSIA,
Ps ] herk : is takon 83 14.7
A

PRESSURE, GAGE. Guge provare 13 exprettrd as
pressure in escpes of nuNnG BUNLYdeIiL prus-
sure. British unil, pound per square inh gege,
abbreviatéd PSIG, normually unn 8 14.7 PSI

PRESSURE REGULATOR. 3.1.1

PRESSURE SEAL, Vatve, Scv'’ Dmml a2

PRESSURE VESSEL,, 6.8.1

PRIMARY VALVE. 3.1

PRIME =Prisuling watwe, stc,

PROCESS EQUIPMENT, Equiptiasit Ly which
(o1 In which] is eflected o physical ur chemeal

n process aaterlal, 3.

. change
PROCESS PIPING, 1.1

PROCESS WATER. Watwr that 3 added (o the
process streamn

"ROJECT GROUP. chary 4.1
PROPERTY LINE. Boundary of du: sie
PROPORTIONING PUMP 3.32 wide 4
PHOPORTIONING VAL VE. 3.3.2 1anle 4.7
PUMP. 3.2.1

Piping. 6.3.1 !

Setection. char1 3.3
PUMP PIPING. 6.3.0

PURGING. The flushing owt of d ial
'mm a mwm Example. ﬂouhun piping with
K Oaygen

PUALIN. A Wtudiml member lired externally
10 the roaf frame of a buildisg to which the
roofing panets are fittad

PYROMETER. A device wied for measwring high- -
o temperatures

Q
QUICK-ACTING OPERATQRS. For vaves 3.1.2

QUICK CONNECTOR. 2.8.1
QUICK COUPLING. 28.2

RAILING
Dimensioning. table 6.1, chart P-2
Symbol. chart 5.8
RAISED FACE (of flange). 2.6.0
RANDOM LENGTH OF PIPE. 202
RAPIDOGRAPH, Pen, 4.4.6
RATINGS OF FITTINGS. tatie 2.2
REACTION VESSEL. 3.3.1
REACTOR. Apparstus in which reaction of process
chemicals Is carried out
REBOILER. Ses ‘Cotumn operation’ 6.6.2
RECEIVER. 32.2
REDUCER
Butt-welding. 2.3.1. figure 2.3
Sarewed. 2.6.1. tigure 2.38
Socket ing. 2.4.1. tiguie 2,22
REDUCING ELBOW. 2.3.1. tgure 2.2
REDUCER INSERT. 2.4.1. figure 2.7
REDUCING FLANGE 231 figute 28
REDUCING TEE. How 10 order, 2.3.2. tatie O 8
REGULATING VALVE. 3111
REFERENCE DRAWING. Any drawing made by
the design grougs (o ¢ compuny ‘Rawdad
drawing) tu which retesence Is nwe. 1w wan
plete list of reference drawing nunidus i best
written on the main srrangement drawing



REFERENCE POINT. 5.3.1. ligure 5,11

REF LUXING, See ‘Column operation® 65,2

REINFORCEMENT. 2.11
Symbols. chart 5.3

REINFORCING RING. Shaped metal ring for
strengihening s1ub-iny, vessal nozzles, etc,

RELIEF HEADER, 6,12.1. figure 6.3 point {7)

RELIEF VALVE. 1,19.6.1.3

RELIEVING PRESSURE. Of liquids. 6.12

REMOVABLE SPOOL, 2.7.1. figure 2,61

RESISTANCE TO FLOW. Of piping. 6.1.1

RETURN. 2.3.1, figure 2.2

REVAMP, Re-working or modilying an existing
installation, 4,413

REVISION. Of drawings. See ‘issuing drawings'
5.4.3

AING JOINT, 2.6.1. figure 256
Spacing & Numbers, table R-1

RING MAIN, figures 6,22 & 6.50, Ses MAIN

RISEA. A line which corveys fluid upward

ROLLED ELL/ROLLED TEE. See 'Plan view
plping drawings’ 5.2.8

ROOT GAP. 5.3.5, chart 2.1

ROOT PENETRATION. Depth to which a groove
(butt) weld extends into the ‘root joint’ {either
side of root gap)

ROOT VALVE. 2.1 11,

ROTAMETER, 6.7.5. figure 6.35

ROTARY BALL VALVE. 3.16

ROUNDHEAD PLUG. figure 2,55

RUNUNDER, 1sble A.3

RAUPTURE DISC, 3.19

S

SADDLE. {1) Shaped metal plece used for rein-
forcement. 2.1, figure 2.71, chart 5,3
(2) Shapei etal piers attached to Insulsted
pipy as 3 Learing surface for supporting. 2,12.2
6.29. figme 2.12A 4R

SAFETY
Guidrlines for flammabie liquids. 6,14
Valve plaremant £.1.7, table 6.2, chart P.2

SAFETY-RELIEF VALVE, 319. 6.13

SATETY VALVE. 2.39. 613

SALIING OF PIPE. 826

SAMPLE POINT, 1t is uften necessary to take @
sanipte of materis! hom 8 product line, Usuatly
s smail twanch ling with sampling vatvelnall that
b raquired. However, If @ high pressurs line has

to ba sunpled it is best to run the sewple

line to 8 small druin v vesest which has e vent
to atmosrhere. To sample 8 high-pressure, high-
toinperaturs fine, it is necessery to provide »
suitahle cooler, usuatly s vessel with cold water
citrvlating s pund 3 cnil whith iy tn be connect.
e tn the sample pump
SAMPEING VALVE. 3.19. 3.0.1¢
* SANITARY CONSTRUCTION. See HYGIENIC
CONSTRUCTION
SATURATED STEAM. 69.1.
SCHEDULE NUMBER. 2.1.3
SCHEMATIC DIAGRAM. 5.2.2
SCREEN. 2.10.4
SCREWED PIPING. 2.5. Most-used term for
of and pipe,
threaded ends for ottachment
SCRUBRAER. 3.3.. tabie 3.8
SEAL WELD. Term used for circumfarentiat fillet
weld. chart 2.3
SEALING WATER, Water used for sealing
SEAMLESS. Pips formed by rolling and plercing
# sofid billat is termed “seamless’
SEARCHING. Term usually refers to penetrating
sbility of 8 thin liquid
SECTION, See ‘Efevations {sections) & datails’
6.2.8. chart 58
SECTlON LEADEH chart 4.2
SECURITY. 5.2
SFPIA 440
SEPARATOR. 2.10.2. 6,103
SEPARATION, 3.3.3
SEAVICE PIPING; 1.0
i PAID; 8.2.4

ploying

SET PRESSURE. Pressure ot which a pressure
controiter or vatve Is set to operate

SETTLEMENT STRAIN. 6.1.1. figure 6.1

SETTLING TANK. Tank In which process stream
or efftuent can be held to allow solids to
separate. 3.3.3. table 3.8

SEWAGE. Wastes from plam operallons commer-
¢lat buildings, etc., g ground
or surface water

SEWERAGE. The collection snd/or disposal of

sewage

SHOE. UOevice welded to or clamped to a pipe
;’;lgl provides a bearing for support. 2.12.2.

SHUTOFF VALVE, 3.1.11

SIGHT GLASS. Window In a line or vesse!

SITE. Area of plant construction

SITE PLAN, 527

SKELP. Meta! in strip form that is fed into rolls
to form pipe

SLIP-ON FLANGE. 2.3.1, figure 2.7

SLEEVE ({for pipe). Usuatly a large-diameter pipe
around which concrete Is poured, Reinforces
such openings as those in walls, floors, etc.

SLOPING LINES. 6.2.6. 6.10.4

SLURRY VALVE. 3.1.11

SNUBBER. 2.12.2

SOCKET-WELDED PIPING. 2.4

SOCKET-WELDING FLANGE. 2.4.1. figure 2.27

SOCKOLET. 2.4.3. figure 2.32

SOUR WATER. Water that has an acid content.
Term may refer to an acidic efflyent

SPARGER. A steam pipe with holes In it to disperse
steam Into water, etc. figure 6.45

SPATTER, The metal particles thrown off during
arc or gas weldi

SPECIFICATION
Chanpe of. See "Process & service lines on piping

drawings', 5.2.8. figure 5.15

Piping. 4.2.1

SPECTACLE PLATE. 2.7.1. figure 2.59. chart 5.6

SPIRAL SOCK VALVE. 3.1.11

SPOOL

Dimensioning. 5.3.5

Drawing. 529 figure 5.17

Number, 6.2 °

Shipping size, 5 29

Spool sheet. figure 5.17
SPRING HANGER. 2.12.2, figures 2,728 & 6.16
SPRING SUPPORT. 2.12.2. figures 2.728 & 6.16
SQUEEZE VALVE.3.15
STAINLESS STEEL. 2.1.3

Comparable europesn steels, table 2.1
STAINLESS STEELS asre iron-based slloys in-

corporsting 11,5 to 24% chromium, 6 to 15%

nickel, up to 0.2% carbon, end small amounts

{in certain elioys) of other slements
STAIRWAY, charts S-3 & P-2
STANCHION. 6.1.2
STANDARDS. 7 g

Fabricated piping. tabls 7.6

Fittings. table 7.9

Flanges. table 7.7

Gakets, table 7.8

Hangers snd supports. table 7.5

Heat exchangers. table 7.14

Instrumentation, ’

ISA §5.1 for instrumentation, table 5.3

Pipe production and testing. table 7.4

Pumping machinery. table 7.10

Screw threads. table 7.15

Symbols and drafting. table 7.3

Unfired vessels and tanks, table 7.13

Valves. table 7.11
STANDBY EQUIPMENT on flow diagram. 5.2.3
STANDPIPE. See ‘Closing down lines’ 6,1.3
STEAM. 6.9. chart 6.3

Air in stesm. 6.9.1. 6.10.1

Draining & trapping lines. 6.10

Dry. 69.1

How formed. 6.9.1

Flash. 6.9.1

Saturated. 6.9.1

Separator. 6,10.3. figure 2,67

Superheated. 6.9.1

Trap. 6.10.7. 3.1.9. tigures 8.43 & 6.44

Teap on PAID, 5.2.4
Tiap on piping drawing. 5.2.8
Venting air (rom stearmn lines. 6,10.1
Wet. 6.9.1
STEAM PIPING. 6.10 .
STEAM TRACING. 6.8.3. ligure 6.40, chart 5.7
STEAM TRAP PIPING, figures 6.43 & 6.44
STEEL EQUIVALENTS, table 2.1
STEELS FOR PIPE, 2.1.4
STICK FILE. 4.3. 4.4.10
STOP VALVE. 3.1.11
STOP-CHECK VALVE. 3.1.7
STRAIN, Reaction, such as elongation or comp-
ression, to stress. See STRESS
STRAINER. 2.10.3. figure 2.68
STREET ELL. table DO
STRESS. Force applied to material. Common

TEE
Butt-welding. 2.3.2, figure 2,12
Dimensions, tables D
Screwed. 2,5.2. figure 2.46
Socket-welding. 2.4.2. figure 2.28
TEMPLATES FOR DRAFTING. 4.4.7
TEMPORARY STRAINER, Ses ‘Screen’' 2.10.4
THERMAL MOVEMENT, Changes in length {exp-
ansion or contraction) occuring in piping with
variation of temperature
THERMAL STRESS. 6.1.1
THERMINOL. 6.9.2. See ‘Jacketing’ 6.8.2

THERMON. See ‘Getting heat to the process ling’

6.8.2 .
THERMOWELL. A pocket, either screwed into
a line fitting (such as a coupling or thredolet)
or welded into a plpe. to accommodate a
ther ple or ther bulb. 6.7.3

stresses on pipe arcdue to pressure of
fluid, and loading (self- or applied) causing
bending of pipe. Ratio of stress/strain is termed
the ‘modulus’

STRESS RELIEVE. Removal of internal strains
in a metal part by heating and controlled
cooling

STRESSES ON PIPING. 6.1.1

STRIPPER. 3.3.3. table 3.8

STRONGBACK. Pipe spool connected externally
to vessel, on which instruments are mounted.’
figure 6.34{(c)

STARUT. Any of various structural-steel members
{such as make up trusses) primarily intended
to resist fongitudinal compression

STUB, Short length of pipe sometimes with shaped
end

STUB-IN. 2.3.2. figure 2.11
STUDBOLT. 2.6.3. tables F
STUFFING 80OX. Recess in body or casing of 8
valve, pump, expansion joint, ete., containing
packing material under pressure so as to form
a seal about 3 stiding or rotating part
SUBHEADER. A header which is a branch from
3 larger header
SUPPORTING PIPING. 6.2
Spring support, 2.12.2. ligures 2,728 & 6.16
SUPERHEATED STEAM. 6.9.1. chart 6.3
SWAGE =Swaged nipple
SWAGED NIPPLE
Butt-welding. 2.3.1. figure 2.4
Scrowed. 2.5.1. figure 2.43. table 2.4
Socket-welding. 2.4.1. figure 2.25. table 2.3
SWAY BRACE. 2,12.1
SWEEPOLET. 2.3.2. figure 2.16
SYMBOL. 5.1
Butt-welded plping. chart 5.3
Control station. chart 5.7
General, tor drawings. chart 5.8
Joints for plpe. 6.1.1
Line. chart 5.1
Miscellaneous. chart 5.7
P&ID. charts 5.1, 52 & 5.7
Pipe support. chart 5.7
Process, chart 5.2
Screwed plping. chart 5.4
Socket-welded piping. chart 5.5
Utility station. 6.15
Valve. chart 5.6
Valve operstor. chart 5.6
Welding. 5.1.8.chart59

T

TACK WELD. Initial small separate weld made -

to position parts before welding fully
TAG An identifying number or code applied to

tem
TANK NIPPLE. 2.5.1. figure 2.39(d)
TANK CAR. Reltroad car for transporting liquids
or gases
TANKER. Rood vehicle for transporting liquids

Of gates
TECHNOS PEN. 446
1az)

THREAD. For pipe and fitlings. 2.5.5

THREDOLET. 2.5,3, figure 2.50

THROAT TAP. A tapped pressure connection
made in the neck of a welding-neck flange
as an alternative to using an orifice flange

THROTTLING. Close regulation of flow thru e
valve in the just-open position

;::_:ROTTLING VALVE. 3.1 °

TILTING-DISC VALVE. 3.1.7

TITLE BLOCK. 4.4.6. See 'Allocating space on
the sheet’ 5.2.8

TOLERANCES ON PIPING DRAWINGS. 53 2

TOWER PIPING, 6,5.2

TRACING (Thermal). 6.8.2, figure 6.40. chart 5.7
On P&ID. 5,24

TRANSPORTATION PIPING. 1.9

TRAP. 3.19. 6.10.7
On P&ID. 5.2.4
Piping to. 6.10.11. figures 6.43 & 6.44

TRAPPING STEAM LINES, 6,10.11

TRIM. Critical internal surfaces of a valve body
are sometimes made of special material such
as stainless steel. These parts may include the
disc and seat, slem. or other internal surfaces

TARIM PIPING. 6.3

TRUSS. Structural hame based on the geometric
rigidity of the triangle, composed of compres-
sion and tension members termed struts and
ties

TUBE. 2.1.)

TURBINE .PIPING. 6.4

TURNKEY PLANT, A plant oonslructed and
made ready for client's immediate operation

U .
UNIFIED SCREW THREAD. 263
UNITRACE, See 'Tracing’ 6.8.2
UNION
Screwed. 2.5.1. tigure 2.40
Socket-welding. 2.4.1. figure 2.24
UNION BONNET. Valve construction ailowing
quick couplmg and uncoupling of valve body

and bonne

UNION FITTING A fitting with a union at one
or more ends

UNLOADING. 32.2 ¢

USASI. 7.

US DEPARTMENT OF COMMERCE. Coast and
Geodetic Survey. 5.3.1

UTILITY PIPING. 1.1

UTILITY STATION. 6.1.5. ligure 6.12
Symbol. 6.1.5

v

VACUUM. in processing, only partial vacuums
are met with, The degree of vacuum con be
quoted in PSIA, but more often either the
pressure or the rermoved pressure i quoted
as 8 ‘head’ ity mercury siormal
atinospheric pressure = 29.9 inchs, or 760 mm
mercury [symbol for mercury is ‘Hg'] )

INDEX



VACUUM BREAKER. 1.1.11
VALVE. 3.1
Arranging. 6.1.3, 6.1.4
Access. 6.
Below gv:de See ‘i meu Is no P&ID’ 6.1.2
2

Bonnet. 3.1.2
Chain operator. 3.l.2. charts 6.6 & P-2
Disc. 3.1.2. chart J,

On flow diajram 623
On P&ID. 5.2.4
Operators. 3.1.2

Parts. 3.1.2

Seat, 3.1.2
Selection. 3.1.3, chart 3.2
Siie. 6.1.3
VALVE STEM. 3.1.2
Arranging. Ses ‘Ovientation of vaive stems’ 6.1.3
Non-lsing. 3.1.2. figure 3.3
Operating height. 6.1.3. table 6.2. chart P-2
Piping safety & relief valves. 6.1.3
Rising, with outside screw & yoka. figure 3.1
Rising with outside scrow. figure 3.2
VAN STONE FLANGE. 2.3.1. figure 2.10
VARIABLE SPRING HANGER OR SUPPORT.
2.12.2, figures 2.728 & 6.16
VENT
Loc:ldl;m See ‘Piping arrangement’ 8.1.1, figure
On lines and vessels. 6.11
On piping. 8.11. figure 6.47
On P&ID.5.24
On tank. Symbol, chart 6.7
Symbol. chart 6.7
VESSEL. CONNECTION. 6.5.1
VESSEL DRAWING. 6.2.7. figure 5.14
VESSEL PIPING. 6561
VICTAULIC COUPLING. A ‘quick connect’ meth-
of lolnlng plpe. 'mlngs valves, and equip-
d by the Victaulic C
of Amevlco 2.8.2. figure 2.62

w — S

WATERHAMMER. A concusslon due to: (V) Pres-

sure waves traveling in piping and meeting with
obstructions. A valve closing tog rapidly will

create 8 pressure wave. {2) Condensate hurled
against obstructions by high-vetocity steam. See
6.10.2. 6.108

WELD GAP. 5.3.5.charts 2.1 & 2.2

WELDING NECK FLANGE. See ‘Flanges’ 2.3.1.

igure 2.6

WE LDING SYMBOL.5.1.8. chart 6.9

WELDING 1o pipe. 2.12.3

WELDOLET. 2.3.2. figure 2.13

WET STEAM. 69.1. char1 63

WINTERIZING. The provision of insulation, trac-
ing, jacketing or other means to prevent fresz-
ing of equipment and process or other fluids

d to low temp

Insulatlon 6.8.1. tables 6.7 & 68
Jacketing. 6.8.2. figure 6.39. chart 6.7
Tracing. 6.8.2. figure 6.40. chart 5.7

WIRE DRAWING. Term describing the erosion
of valve seats, usually due to the cutting sction
of lomm particles in high-velocity fluids oc-
curring when flow is throtiled

WORK POINT. An arbitary reference from which
dimensions are taken

Y

YARD PIPING, Piping within the site and external
to buitdings.
YOKE. See Stem’ 3.1.2
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