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ments are not made, because neither contributors nor the
authors or publisher assume liability or respansibility for designs
using information presented herein. The user is responsible for
complying with the various codes, standards and regulations,
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tions which may pertain to the construction and safe operation
of plants, industrial installations, ete., including modifications
10 existing facilities,

Due to economic conditions, demand manufacturing philasophy,
business mergers and acquisitions, the availability of items from
manufacturers may change, and components obtained from
domestic suppliers may not be of domestic origin, Discussion of
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Sections, figures, charts and tables in Part | are referred to
numerically, and are Jocated by the margin index. Charts and
tables in Part It are identified hy latter,

The text refers to standards and codes, using designations such
& ANSI B31.1, ASTM A-63, ISA 85.1, etc. Full titles of these
standards and oodes will be found in tables 7.3 thry 714,

FOR TERMS NOT EXPLAINED IN THE TEXT,
REFER TO THE INDEX,

ABBREVIATIONS ARE GIVEN IN CHAPTER 8
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The PIPING GUIDE c.eeuerees  Discusses in detall the design and drafting of piping systems

s Des-ribes pipe, piping componemts most commonly used,

valves, and equipment

» Presents charts, tables, and examples tor daily reference

« Provides a design reference for companies and consultants

» Supplements existing company standards, information, and

methods

s Serves as an instructional aid
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Techniques of piping design

Assembling of piping from components, and methods
for connecting to eguipment

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

Terms and abbreviations concerned with piping

Frequehtly needed data and information, arranged for
quick reference

Factors for establishing widths‘nf pipeways

Spacing between pipes, with and without fianges, and
for 'jumpovers’ and ‘rununders’

Principal dimensions and weights for pipe fittings,
flanges, valves, structural steel, atc.

Conversion for customary and metric units
Direct-reading metric conversion tables for dimensions

A metric supplement with principal dimensional data
in millimeters
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PIPING:  USes, and Plant Construction

USES OF PIPING 1.1

Piging is used or industrial (process), marine, transportatian, civil énginem-
ing, and Jur ‘commercial’ (pluinbing) purposes.

This book is primarily cancerned with industial piging for processing and
seivice systems, Procass piging is used 10 transpant fuids between storage
tanks and processing units. Service piping 1§ used o corvey sleam, air,
water, elc., lor pracessing. Piping here defined as ‘service’ piping is some-
linws relerred 10 as “utility' piping, but, in the Gwide, the lerm "utility
piping’ is roserved for major lines supplying water, fuel gases, and fuel oil

{that is, tor commaodities wsually purchased fiam wtilities campanies and
tulk suppliers).

Marine piping for ships is often extensiva. Much of it js fabricated from
welded and screwed cacboun-steel piping, using pipe and fittings described in
this hook.

Fransportation piping is normally lerge-diameter piping used to convey
liguids, shuvies and gases, sumetimes over hundreds of miles. Crude oils,
priroleum products, water, and solid materials such as coal {carried by wates)
are transported Whru gipelinas. Different liquids can he transported consecy-
tively w1 ihe same pipeling, and branching arrangements ate used to divert
flows 10 dilferem destinations.

Civil piping is used to disiribute public utilities {water, fuel gses), and to
collect rainwater, sewage, and industrial waste walers. Most giping of this
type is placed underground.

Flumbing (commarciel piping} s piping installed in commercial buildings,
schoots, hospitals, residences, atc., for distribuling water and fuel gases, for
collecting waste water, and for ather purpases.

COMMISSIONING, DESIGNING, 1.2
& BUILDING A PLANT

When a manufacturer decides to build a new plant, ar to expand an existing
one, the manufacturer will either employ an engineering company to undertakg
design and construction, or, if the company's own engineering departmant is
large enaongh, they wilt do the design work, manage the groject. and employ
ane ar mase contractors to da the construction work.,

In sither procadure, the manutacturer supplies information concerning the
purposes of buildings, processes, production rates, design criteris for specific
requirements, details of axisling plant, and site surveys, il any,

Chart 1.1 shows the principsls involved, and the flaw of information and
material .
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The designing and building af an industrial plant is a complex undartaking.
Excapt for the larger indusirial concerns, who may maintsin their own design
staffs, the dasign and construction of plants and related facilities is usually
undgrtaken by specialist companies.

The Guide describes in 4.1 the organization and responsibilities of design
anginesring, with special reference to the duties of individuals engaged in the
development of piging designs far plents,
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PIPE, FITTINGS, FLANGES, REINFORCEMENTS,
In-iine Equipment and Support Equipment

PROCESS PIPE 21
PIPE & TUBE 211

Tubular products are termed ‘tube’ or ‘pipe’. Tube is customarity specified
by its. outside diameter and wa!l (hickness, expressed either in BWG
{Birmingham wire gage} or in thousandths of an inch. Pipe is customarily
ientilied by ‘noming! pipe size’, with wall thickness defined by ‘schedula
number”, 'APL designation’, or ‘weight', as explained in 2.1.3, Non-standard
mipe is specilied by nominal size with wall thickness stated.

The principat wses for 1ube are in heat exchangers, instrument fines, and
small interconnnctions o equipment such as compressors, boilers, and
refrigerataors,

SIZES & LENGTHS COMMONLY USED 212
FOR STEEL PIPE

ANSI standard BI6.10M cstablishes wall thicknesses for pipe ranging from 1/8
te 80 inch nominal diaineter 'nominal pipe size’). Pige sizes normally stocked
inelode 172, 34, 4 1, %, 2, 2%, 3, 3%. 4,5 6, 8,10, 12, 14, 16, 18,
200and 74 Srres VA, 2%, 3%, and 5 inch are seldom used (unususl sizes are
snetimes reguired for connecting to eguipment, but piping is normally
1un i the nexd larger stack size after connection has been made}. 1/8, 1/4,
3/8 and 1/2.inch pipe is usually restocted ta instrument fines or to service
and olher lines which have to mate with equipment. 1/2-inch pipe is
extensively used for steam bracing and for auxifiary piping at pumps, ele.

Steanghit pipe is supplied in ‘randam’ lengths {17 to 2% ft}, and sometimes
“tioubie random’ lenpths (38 10 48 T4}, if prelerred. The ends ol these lengths
are normglly either plain {PE), beveled or welding (BE), or threaded and
supglied with one coupling per length {‘1hreaded and coupled’, or "T&C').
If pipe s ardered "T&C', the rating of 1he coupling is specified —see chart 2.3.
Cihey 1ypes al ends, such as groowed Yor special couplings, can be vbtained
e grder.

DIAMETERS & WALL THICKNESSES OF PIPE 2.1.3

Thar size ol alt pipe is identilind by 1he aominal pipn size, abbrevialed *NPS’,
which s seltdwn equal (0 1he g bore (interoal diaveter) al the pipe—the
dillerence in some instances is large. NPS 14 and Targer pipe has outside
diameter equal ta Ihe norinal pipe size.

Pipe in the various sizes is made in several wall thicknesses lor each size,
which have bean established by three different sources: ~

{1} The American National Standards Institute, thru ‘schedule numbers’

{2} The American Society of Mechanical Engineers end the American
Society tor Testing and Materials, thru the designations "STD' (stand-
ard), “XS' {axtra-strong), end “X XS (double-sxita-sirong), drawn from
dimensions established by manufacturers. /a the Guids, thete desig
nations are termad ‘manufacturers’ weights’

{3)  The Americtan Petroleum Institute, through its standard 5L, for 'Ling
pipe’. Dimensions in this standard have no relerences lor individual
sizes and wak thicknesses

‘Manulacturers’ weights' (second soutce) were intended, as fong ago as 1939,
1o be superseded by schedule mumbers. However, demand for these wall
thicknesses has caused their manutaciure 1o continue. Certain fittings are
available only in manufacturers’ weights,

Pipe dimensions from the second and third sources are incorporated in
American National Standard B36.10M. Tables P-1 list dimensions ot
welded and seamless steel pipe in this stendard, and give derived dala.

IRON PIPE SI1ZES were initially established for wrought-iron pipe, with wall
thicknesses designated by the rms “standard (weight)', ‘extrastiong’, and
‘double-extrastrong’. Befare the schedule number scheme for stael pipe was
first published by the American Standsrds Assotiation in Y935, the iron pipe
sizes ware modilied for steel pipe by slightly dacreasing the wal! thicknesses
(leaving the outside diametars constant} so that the weights per foot Ub/t)
equalled the iron pipe weights,

Wrought-tron pipe (no longer made} has been completely supplanted by stee!
pipe, bul scheduls numbers, intended to supplant iron pipe designations did
not. Users continued to specify pips in iron pipe terms, and as the mills
responged, these terms are included in ANSt standard B36.10M for steel pipe.
Schedule numbers wers introduced to establish pipe well thicknesses by
formula, bt a5 wall thicknesses in common use continued to depart from
those proposed by the scheme, schedule numbers now identify wail thick-
nesses of pipe in the ditferent nominal sizes es ANSI B35.30M states “as a
ctonvenient designation system for use in ordering””.




STAINLESS-STEEL SIZES American Nalwnal Standard B36. 19 eslabl;shed

a range of thin-walled sizes for stainlesssteel pipe, indentified by schedules
B§ and 108,

MATERIALS FOR PIPE 214

. ‘_ B STEEL PIPE Noarmally reters to carben-sieel pipe. Seam-welded steel pipe is
P © - - made fram plate. Seamiess pipe is made vsing dies, Common finishes are
* ‘black” ("ptain’ or ‘mill” finish) and gaivanized.

Currcily selecied steel pipe ollers the strennth und durability tequired lar
the application, and the ductility and machinability required 1a join il and
tarm il into piping {‘spools’ - see 5.2.9). The selected pipe must withstand
the conditions of use, especially pressure, temperature and comasion condi-
tions, These requirements are met hy selecting pipe made (o an appropriate

standard; in almost all instances an ASTM ot API standard (see 2.1.3 and
table 7.5).

The most-used steel pipe for process fines, and for welding, bending, and
.ig made 1o ASTM A-53 or ASTM A-106, principally in wall thigknesses
iy schedules 40, 80, and manutacturers’ weights, STD and XS. Both
‘A-51 and ASTM A-106 pipe is fabricated seamless or seamad, by
resistance welding, in Gradas A and B Grades B have the hnghel

‘The most witdrty stocked pipe is 10 ASTM A-120 which covers welded and
seamless pipe for normal use in steam, water, and gas {including aif) service.
ASTM A-120 is not intended for bending, coiling or high 1emperatura sarvice.
tt is not specitied for hydrocarbon process lines.

In the oil and natural gas industries, steel pipe used to convey oil and gas is
manufactured to the American Petroleum insiitute’s standard AP 5L, which

. applies tighter control of compasition and more testing than ASTM-120.
i Sted! specifications in other countries may cormespond with USA specifi-

cations. Some corresponding eurcpean standards for carbon siesls and
i stainless stegls are listed in table 2.1,

IRON pipe is made rom castiran and ductile-iron. The principal uses are
for weter, gas, and sewage lines.

!
¢ OTHER METALS & ALLOYS Pipe or lube made lrom copper, lead,

nickel, brass, aluminum and various stainless steeis can be seadily cbtained,

These materizls arg relatively expensive and are selected usually either becauss
of their particular carrosion resisiance to the process chemical, their .go0d

heat transter, or for their tensile sirength at high temperatures. Copper and

copper alioys are traditional for instrument lines, food processing, and heat

. transter sguipmant, but stainless swels ae ml:raa;qgly bemg used for these
! purposes. . B .

PLASTICS Fipe made $rom plastics may bé used (0 Convey ailively Curfusive
{luids, and is especially uselul for handling corrosive or hazardous gases and

dilute mineral acids. Plastics ase emplayed in three wavys: as all-plastic pipe,
as “lilled’ plastic materials {glass-fiber-reinforced, carban-filled, ete.) and as
lining er coaling materials. Plastic mpe is made from polypropylene, poly-
ethylene (PE}, polybutylene {PB), pulyvinyl chloride (PVC), acrylonitile
butadigne-styrene (ABS), cellulose acetate-butyrate (CAB), polyplefins, and
polyesiers. fipe made from polyester and epoxy resins is freguently glass-
fiber-reinforced ('FAP') and cammercial products of this type have good
resistance 1n wiat and chemical altack.
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The American National Stsndards Institute has introduced several schedules
far pipe made from varigus plastics. These ANS! standards and others for
plastic pipe are lsled in table 7.5.

GLASS All-ylass piping is used fpr its chemical resistance, cleanliness and
transparency. (lass pipe is not subject to ‘crazing’ often lound in glass-lined
pipe and vessels subject to repsated thermat stresses. Pipe, fittings, and hard-
ware are awailable both for process piping and for drainage. Corning Glass
Works oflers @ Pyrex ‘Conical” system for process tines in 1, 1%, 2, 3, 4
and B-inch sizes (10} with 450 F a5 the maximum operating temperaturg,
and pressure ranyes 0-B5 PSIA (1 in, theu 3 in), 0=5C PSIA {4 in) and
0-35 PSIA {6 in.). Gass cocks, strainers and thesmowells are available. Pipe
fittings and eguigment are joined by ilange assambties which bear on the
thickened conical ends of pipe fengths and fittings. Corning also offess a
Pyrex Acid-Waste Drainling system in 1%, 2, 3, 4 and G-inch sizes (/D) with
beaded ends jvired by Teflon-gasketed nylon compress:on couplings. Both
Corning systems are made from the same borosilicate glass.

LININGS & COATINGS Lining or coating carbon-steel pipe with a material
able to withstand chamical altack permits its use to carry carrasive fluids,
Lengths of lined pipe and fittings are joined by flanges, and elbaws, less, etc.,
are available aiready flanged. Linings (rubber, for exampie) can be applied
afier labricating the piping, but pipe is often pre-lin=d, and manulacluress
give instructions for making joints. Linings of variaus rublers, plastics, metals
and vitteous {glassy) materials are available. Polyvinyl chioride, polypropylens
and copalymers are the most common costing materials, Carbon-stes! pipe
sinc-coated by immersion into molien zinc (hot-dip getvanized) is ysed far
conveying drinking water, instrument air and various ulher f#uids, Rubber
lining is ufien usad to handlr abrasive fuids.

TEMPERATURE & PRESSURE LIMITS 215

Carbon steels fose strangth at high temperatuses. Eleciric-resistance-welded
pipe is not considered satisfactory tor service above 750 F, and furnace-huti-
welded pipe ahove ahowt B30 £. For higher temperatures, pioe made lrom
stainless steels or other alloys should be considered,

Pressure ralings for steel pipe at dilferent temperaiures are calpuiated
according to the ANSI B3) Code lor Pressure Piping (detailes in
table 7.2). ANSI B3t gives stresstemperature vaiues for the various
stegls fram which pipe is {abricated.

METHODS FOR JOINING PIPE ' 22

The joints used for most cothun-sieel and staintpss-steel pipe wse:
BUTYWELDED . . . . . ., . . . . . . . BEE21
SOCKETWELDED . . . . . ., . . ., . . . . EEE24
SCREWED . . . . ., . ., ., . . . . . SEE2S

BOLTED FLANGE . - SEE 13.1, 241 8% 251
HOLTED OUICK COUPLINGS . . . . . | . . _.SEE 2.B.2

WELDED & SCREWED JOINTS .21

Linas NPS 7 and larger are usually butt-weldad, this being the most
economic leakproof way of joining larger-diameter piping. Ususliy such
lings are subcontracted 1o a piping fabricater for prefabricalion in sactions
termed ‘spoals’, then transported to the site. Lines 8PS 1% and smatler
are vsually either screwed or socket-welded, snd are normally field-run by
the piping contractor from deawings. Fiedd-run and shop-fabricated piping
are discussed in 5.2.9.

SOCKETWELDED JOINTS . 222

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

BOLTED-FLANGE JOINTS 223

Flanges are expensive and for the most part ar used to mate with Hanged
vessels, equipment, valves, and for process fines which may 1equire periodic
tleaning.

Flanged joints are made by bosting together two flanges with a gasket between
them 1o provide a seal. Aefer to 2.6 for standard forged-stes) flanges and
gaskets.

FITTINGS 2.2.4

Fittings permit a change in ditection of piping, a change in diameter of pipe,
of a tranch Lo be made from the main wn of pipe, They are formed from
plata cr pipe, machined from forged blanks, cast, or maolded from plastics,

Chart 2.1 shows the ratings of butt-welding fittings used with pipe of various
schedule numbers and menufacturers’ weights, For dimensions of butt
welding fittings and flanges, see tables -1 thru D-6, and tables F-1 thru
F-7. Drafting symbols are given in charts 5.3 thru 5.5,

Threaded fittings have Pressure Class designations of: 2000, 3000 and 6000
Socket-welding fittings have Pressure Ciass designations of: 3000, 6000 and
9000. How thes Pressure Class designations relale to schedule numbers and
manufacturers' weights for pipa is shown in table 2.2.

CORRAELATION OF CLASE OF THREADED TABLE 2.2
B SOCKET-WELDING FITTINGS
WITH SCHEDUL ES/WEIOHTS OF MIPE

PIPE DESIGNATION SCWFR'S
Pracsune Clam 2000 3000 8000 9000
Threadsd fittings BOSXS 160 XXs
Socketed fittings BO/XS 160 XX5

TABLES™
(L1822



Sections 213 thw 224 have shown that thero is a wide variety of
dif ferently-rated pipe, littings and materials fram which to make a choice.
Charts 2.1 thru 2.3 show how various weights of pipe, fittings and valves
can be combinad in a piping System.

COMPONENTS FOR BUTT-WELDED 23
PIPING SYSTEMS
WHERE USED: Far most process, utility end service piping

ADVANTAGE OF JOINT: Most practicable way of joining larger pipes and
filtings which offers reliable, leakproot joints

DISADVANTAGE ]

OF JOINT: Intruding weld metal may affect flow

HOW JOINT 1S MADE: The end of the pipe is beveled as shown in
chart 2.1, Fittings are similarly bevelad by
the manufacturer. The two parts are aligned,

properly gapped, vack welded, and then a cont-
inuous weld is mads 1o comglete 1he joint

Chart 2.1 shows the ratings of pipe, fittings and valyes 1hat are commonly
combingd or may be used togather. It is a guide only, and not a substitute
for a project specificarian,

FITTINGS, BENDS, MITERS & FLANGES 2.3.1
FOR BUTT-WELDED SYSTEMS

Refer to tables D, F and W-1 fas dimensions and weights of fittings and
{langes.
——*._....

ELBOWS or "ELLS” make 90- or 45-degree changes in direction of the run
al pipe. The elbows normally used are “long radius’ (LRA) with centerline
radius of curvature equal to 1% times the nominal pipe size for NPS 3/4 and
lerger sizes. ‘Short radius’ (SR) elbows with centerline radius ol curvatuse
equal to 1he nominal pipe size are also available. B0-degres LA elbows with
a straight extension at one end (tong tangent) are stilt available in STD
weight, il required. :

REDUCING ELBOW makes & 90-degrea chenge in direction with change in
line size, Reducing elbows have canterling radius of curveture 1% times the
nominegl size of the pipe to be atiachad to tha larges snd.

RETURN changes direction of flow thru 38D dogrees, and it used 1o
construct heating coils, vents on tanks, etg,

BENDS are made from straight pipe. Common bending radii are 3 and §
times the pipe size (3R and 5R bends, whara R = nominal pipe siza—
nomingl diamater, et radiusl. 3R bends ere mvsilable from stock. Larger
radius bends can be custam made, prefersbly by hot bending. Only seamless

or SlecTrie VesicTants . weld' PiPe 15 Svithble For bend .

BUTT-WELDED PIPING

CARBON-STEEL PIPE & FORGED-STEEL FITTINGS

GHART 2.1

ENO PREFAAATION OF PIPE, & METHOD OF
JOMING YO BEVEL ENDED PIPE, FITTING.
FLANGE, YALVE, OR EQUWMENT

4

rerssass AN

LAND

B VEL EMDED
ITEM SULH AL

BUTT WELDED

MINIMUM LINE SI2E NORMALLY

NDER STEELS

WEIGHT OF PIPE B FITTINGS NGRMALLY
USED CHOWE OF DTHER MATERIALS OR
HEAVIER WEIGHT FIPE & FITTINGS WiLL
DEPEMO ON PRESSLIAE, TEMPERATURE A/OR
THE CORROSIOMN ALLOWANCE REGUIRED.
NP3 2 AND LARLGEH FIPE 15 USUALLY OR.
DERED TO AETM A S), CGrade B. SEF 2.1 4,

PMPE, VALVE
uil‘l:.uwml.
PiP HEWIL
NP5 2
FOR NPS B
HOMINAL HPs sl harger
FIPE N:‘;E CALLULRTE
Wl THI KLY
SIZE, smoe ot
SCHEDWLE | o o SCi o
NUMBER o
SCH 30
MF NS o e
WE LT S

L

VALYES

FOR KPS 2 AND
LARGER VALVES

160, 300, o), B0 AND MIGHER
ACCORDIMG TO SYSYEM PRESSURE

PRESSURE
RATING
CLASS

FGR NPS 1% AND
SMALLEA VALVES

SEE CHARTS 2.2 AND 2.3

FOR CONTRDL VALVES

USUALLY 300 MINIMUM (SEE 31 10)

“Sew 535 unde ‘Otmansioning spooly’

1A Gacking ring’ —sometimes wrved 3 ‘chill ning’

~/May be ineerted DRtwden My Dutl welding joint

priod 10 walding, Pravesting weld tpattar andl spines (icides't of weld manal from farming imids
thir pipe dueing weiding, the ring also serves v an sligniment aid. Normally ussd 1ar severs Wrvice,
but Buwild be considersd for proces lluids sch as fibrous mspansions, whers wekd cicles could
st in malecisl collecting st josnts and choking lines. See 2.11

BACKING RING

FIGURE 2.1




- - = -

ELBOWS & REIUHNS FIGURE 1.2

0 LONG.AADIUS

ELBGW 0% SHORT-AADIUS
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i__ 1x NPS _J
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ELBOwW
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H
-
=
g
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AEDUCER lor INCREASER) joins a larger pipe to a smaller one. The two
availsble types, concentric and eccentric, are shown. The eccentric reducer
is used when it is necessary to keap either the top or the bottom of the line
fevel—oifset equals % « (farger 1D minus smalles 1D},

REDUCERS FIGURAE 2.3

CONCENTRIC ECCENTRAIC

17l

SWAGE 15 emipiuyed to connect bull-welded piping to smalles screwed of
socket-welded piping. In butt-welded lines, used s an alwinstive to the
reducsr when greater reductions in line size sre reguired, Regular swages
in concentric or eccenitic form give sbrupt chenge of line size, 8 do
reducers. The “wenturi® swage allows smoother Hlow. Refer to tebls 2.3 for
specifying swages for joining to gocket-welding items, and to table 2.4 for
specifying swages Yor joining to screwnd piping. For ofiset, see "fiaducar’.

SWAQES, or SWAGED NIPPLES FIQUAE 2.4

CONCENTRIC

T

-——-—__/_

ECCENTRIC VENTUR] TYPE

— ]

MITERED ELBOWS are fabricated es required from pipa—they are not
littings. The use of miters to moke chenges in direction is prectically
restricted to {ow-pressure lines 10-inch and larger if the pressure diop is
unimporlent; for these uses regular elhows would be costlier. A 2-piece,
S0-degree miter has four to six times the hydraulic resistance of tha corres
ponding regular long-radius albow, and should be used with caution. A Jpiece
90-degree miter has sbout double ths resistanca to How of tha regulsr long
radius elbow-reter to tahta F-10. Constructions for 3-, 4, and 5-piece miters
are shawn in tables M-2.

JPIECE & 2PIECE MITERE FIGURE 28

3PHECE MITER 2PtECE MITER

[ e, e

WRWVLWRAL Y

-~

THE 1-MECE MITER HAS HIGH
FLOW RESISTANCE (Sea TABLE F-10)

'ni 2.4
Ljl3r_

&

]FW
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I e tallowing five Hange types are used for butt-weided ings. | N6 ditterent

flange facings available are discussed in 2.6.

WELDING-NECK FLANGE, REGULAR A& LONG Roguilar welding-neck
Nanges ate used with butt-weiding fittings. Long weldingneck ftanges
em primarily used for vesset and squipment nozzles, rarely for pipe. Suitable
whars gxireme temparature, shear, impact and vibratory strasses spply. Reg-
larity of tha bore is meintained, Refor to tablas F for bore diameters of
these flanges.

WELECHNG-NECK FLANGE FIGURE 2.0

G
f}l‘% M

Z

TAYLOR FORGE A '8

SLIP-ON FLANGE is properly used to ﬂg_gg pipe. Stip-on flanges cen be
usad with long-tangent’ lbaws, reducers, and sweges {not usual practics).
The Intematl weld is slightly more subject to corrasion than the butt wald,
The flange has poor resistance ta shock and vibration. It introduces ircegularity
in the bore. It is cheaper to buy than the weidingnack flange, but is costlier
1o gssemble. It is easier to align than the welding-neck flange. Celculated
strangths undar internal pressure eresbout one third that of the carresponding
welding-nack flangss. The pipe or fitting is set back from tha face of the
flange 8 distanca equal to the well thickness —0" + 1/16",

SLIP-ON FLANGE FAGURE 2.7

g * P
e qﬂ-

- —, AT,
- P Terll 17 )
T -

IR} varos FORGE A

REDUCING FLANGE  DUilabDIe 107 CRSNQIY K SIZE, DUl SHGUIL il LY

used it abrupt transition would create undesirable tusbulence, 83 at pump
connections, Awailabla ta order in welding-neck and eccentric 1ypes, and
usuglly from stock in slip-on type. Specity by nominal pipe sizes, siating
the size of the targer pipe first. Example: a slip-on reducing flanga 10 conngct
@ NPS 4 pipe 10 a Class 150 NPS 6 line-size flange is specified:

RED LG NPS 6 x4 Class 150 50

For a weldingneck reducing flange, cosiect bote is obtained by giving tha
pipe schedule number or manufacturers’ weight of the pips 10 be weided
on.

REDUCING $41P ON FLANGE
FIGURE 1.8

[T o

_;saﬁi HOTavL

EXPANDER FLANGE Application as tor welding-neck tange—see above.
Increases pipe size to first or second larger size. Altarnative 10 using reducer
and welding-neck flange. Usaful for connecting to valves, compressors and
pumps, Pressure ratings and dimensions are in accord with ANSI 816.5.

+ EXPANDER {os INCREASER} FLANGE FIGURE 2.9

o



LAPJOINT, or 'VAN STOME‘, FLANGE Economical if costly pipa such
89 $tainless stwel is used, s the flange con ba of carbon stesl and only tha lap-

 jaint 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 considared. |f hoth stub and
(lange are ol the same meteriaé they will be more expensive than a welding-
neck flange. Useful where alignment ol holt holes is difficult, as with spools
to be sttsched 1o flanged nozzles of vessels,

LAPJOINT FLANGE {with Stub-and) FIGURE 2.10

BUTTWELDING FITTINGS FOR BRANCHING 232
FROM BUTT-WELDED SYSTEMS

STUBN Term for a branch pipe welded directly into the side of the main
pipe run—it is not 2 fitting. This is the commonest and least expensive method
af welding a full-size ar reducing branch 1or pipe Z-inch and targer, A stub-in
can be reinlorced by means set gut in 2,11,

§FTUB-IN FIGURE 2.11

BUTT-WELDING TEES, STRAIGHT or REDUCING, vie smployed to make
90-degree branches from the main run of pipe. Straight tees, with branch
the same size as the run, are readily available. Reducing tess have branch
smaller than the run. Bullhead tees have branch larger than the run, end are
very seldom used but can he made to special order, Nong of these tees
requires reinfarcement. Reduting tees ara ordesed as fallows:—

.“-. =

WECIFYING et or iuﬂ-wll.mm REDUCING TEER 2 31

HOW TO SPECIFY TEES: M mt o wrut BAANCH ExieLk 3.2 ’
| meoucing Su enaNen &" 6" 4" | MEDTEE 8 w2
BUTT-WELDING TEES FIGURE 212

STAAIGHT BUTT-WELDING TEE REDUCING DUTT.WELDING TEE

L
A Wit

-+

The next four branching fittings ara made by Bonney Forge, .
Thase littings offer an alternate means of connecling into the rnam-%'ll :
do not require reinforcemant. They are preshaped to the cunvature __‘Iﬁl |
pipe, :

WELDOLET maket 2 90-degree branch, fullsize o reducing, on streight
pipe. Closer manifolding # possible than with tees. Flal-based weidolets are
availsbla for connecting Lo pipe caps end vassel heads,

WELDOLET FIQUAE 213




BUTT-WELDING ELBOLET makes a reducing tangent brench on long-radius
and short-radius elbows,

ELBOLET BUTTWELDING LATROLETY

RGURE 2.4 FIGURE 218

BUTT-WELDING LATROLEY makes 8 45-degroe reducing branch on straight
pipe. .

SWEEPOLET makes 8 90-degres reducing branch from the main run of pipe.
Primarily developed for high-yield pipa usad in oil and gas transmission lines.
Provides good flow pattern, and optimum stress distribution.

SWEEPOLET FIGURE 2.18

The next three fittings are usually used for special designs:

CROSS, STRAIGHT or REDUCING Straightcrosses are usually stock itams.,
Reducing crosses may nat ba readily avsilable, For economy, eveilability and
1o minimize the number of items in inventory, it is praferred to use tees, eic.,
g not crosses, sncapt where space is restricted, as in maring piping or “re-
vamp’ wixk, Reinforcemant is not needed.

BUTTWELDING CROGS FIGURE 2.17

LATERAL, STRAIGHT or REDUCING, parmits odd-angled entry into the
pipa run where low resistance 1o {low is important, Straight latesals with
branch biore equal to run bora are aveikable in STD end XS weights. Reducing
laterals and lalarals at angles othar thon 45 degrees arg usually availehla only
to special order. Reinforcement is required where it is necessary 10 restore
the strength ol the joint ta the full strength of the pipe. Reducing laterals
are ordered similarty to butt-welding tees, except that tha angle between
beanch and run is elso stated.

LATERAL FIQURE 2.18

el i P T T TEFLTE TS ]

BHAPED NIPPLE Now rarely usad, but can be obtained from siock in 90-
and 45-degree anglas, and in any size and angle, including offset, 1o special
order. The run is field-cut, using the nipple as template, Needs reinfarcement
if it is necessary 1o bring the strength of the joint up to the full strength
of the pipe.

SHAFED NVPPLE FIGURE 2.19




CLOSURES 233
CAP is used 1o sest the end ol pipe. (See figure 2.20(a).)

FLAT CLOSURES Flat plates are normalty cut especially from platestock
by the fabuicalor or erector. {See figure 2.20 (b) and (:})
THREE WELDED CLOSURES FIGURE 2,20

{a)] BUTT.WELDING CAP {b) FLAT CLOSURE {¢) FLAT CLOSURE

DE

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

COMPONENTS FOR SOCKET-WELDED 2.4
PIPING SYSTEMS

WHERE USED: For lines conveying Hammable, {oxic, or
expensive matanal, where no leakage can
be permitted. For steam. 300 to 600 PSI,
ind sometimes 150 PSI steam. For corros-

ive canditions, see Index under ‘Carrosian’

ADVANTAGES OF JOINT: {1} Easier alignment on small lines than
butt welding. Tack welding is un-
necessary

2} No weld metal can enier bore
{3 Joint will not ‘eak, when properly
made

DISADVANTAGES OF JOINT: {})  The 1/1B-inch recess in joint {see
chart 2.2) pockets liquid
(2] Use not genmitied by ANSI B3 1 -
1989 if severn vibration or crevice
carrnsion is anticipated

The end of the pipe is finished flat, as
shown in chart 2.2 1t is tocated in Lha
titting, valve, flange, aic., and a continy-
ous Fllet weld is made around the circum-
ference

HOW JOINT 1S MADE:

SOCKET WELDED PFING CHARY 2.2

Chari 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 o

SOCKET-WELDED FIPING TR CHART 22

CARBON-STEEL PIPE & FORGED-STEEL FITTINGS
T o

WELD—__ GAP &
END PREPARATION OF PIPE, AKD

PLAHEND é 1&0
Ht
METHOD OF JOINING TO FITTING,

FLANMGE, VALVE, OR EQUIFMENT B

rd
-

ZSUEKH-EKIJED ITEN SUCH &S
COUPLING. EQUIPMENT, YALVE, Exr,

MAXIMUM LINE SICE MORMALLY NFS 1%
SOCKET WELDED NS 2 I MARGNE PIPING)

AVAEILABILITY OF FORGED STEEL

SOCKET WELDING FITTINGS NPS 1/B 10 MPS 4
m:é#’t SCH 8D SCH 180 —
=
[ -9
WEIGHTS OF PIPE MFRS'
x5 e xKS
AND PRESSURE WEIGHT
CLASSES OF
FITTINGS WHICH FiTTING
AHE COMPATIBLE § CLASS 3000 000 9000
E EITTING
o BORED SCH a0 5CH 180 T
T0O:

L

MOST COMMON COMBINATION: CHOVCE OF MATERIAL OR
MHEAVIERA-WEIGHT PIFE AND FITTING WILL DEPEND ON
PRESSUAE. TEMPERATURE AND/OR CORRDSION ALLOW-
ANCE REQUIRED. PWE NPS 1% AND SMALLER 5 USUALLY
ORDERED TD ASTM SPECIFICATION A 108 Grade 8, REFER
TO 2.1.4, UNDER 'STEELE

C TALVES

CONTROL VALVES

USUALLY 200 {SEE J.1.1(0

MINIMALIW JUSUALLY FLANGED]

PHESSURE

(RATING)

CLASS VALVES OTHER THAN BOOH ANSIE

BOC AR

111

* ANS) B16.11 racommuends a 17/16Ih-tnch gap to pravent watk from cracking undaer
thiaernil #rass

¥ Sochat-ended (IHIA9S 5re AoW only made kn classes 3000 000 and 2000 [ANSI B16.10}

CONTROL VALVES

[FGURE
l_!_.ﬂ-!.!
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ELBOWS make 9U- or d5-degree changes ol direchion in the run of pipe, SOCKET WELDING TEE FIGURE 2.28 2.. a1

SOCKET-WELDING ELBOWS FIGURE .26 : . l A2
i ““
’ %
— — '— B
- ]
v . - r'liﬁl
SOCKET-WELDING FLANGE Regular typa is avaitable Irom stock. Redue- LATERAL makes full-siza 45-degree branch from the main run of pipe. ,
ing type & available to order, For exampte, a reducing flange to connect i
a NPS 1 pipe to a Class 150 KPS 1% line-size flange is specified: SOCKET-WELDING LATERAL FIOVARE 2.29 '

AED FLG NPS 1% x 1 Class 150 SW
SOCKET-WELDING FLANGE FIOURE 2.27 o

300 |7) e .
20170 | tav om soRii A 18 !

CROSS Romarks for butt-welding cross apply—see 2.3.2. Reducing crosses
are custom-fabricated by baring standard forged blanks.

SOCKET-WELDING CROGE FIGURE 2.30
FITTINGS FOR BRANCHING FROM 242 : J—
SOCKET-WELOED SYSTEMS FGURE
> 2223 |

BRANCH FROM SOCKET-WELDED RUN T i"“
TEE, STRAIGHT or AERUCING, makas 90-degres branch from the main ¥ _E T
run of pipe. Reducing iees are custom-labricated by boring standard forged Sin | o
blanks. H
SPECIFYING SIZE OF BOCKET-WELDING TEES

HOW TO SAECITY TRES AU FHLET R cartLEN HRAMNCH EMAMPLE ’

AEDUCING 0N BRANCH I %" ] ;" ]" RED TEE 1% 14" w .
I . U R S PO ] ' : FABLE

Foccrss srvramimsomr | 13 I 13" | wore warne 23

f13]



FITTINGS FOR SOCKET-WELDED BRANCH 243

FROM VESSEL OR BUTT-WELDED MAIN RUN

HALF-COUPLING  Tha {ull-coupling i not used for branching of for ves-
sal connections, as the half-coupling is the same length and is strongar. The
half-coupling parmits 90-dagroe entry into e Jarger pipe or vessel well. The
sockolet is more precticsble as shaping is necessery with the coupling,

BOCKETWELDING HALF-COUFLING FIGUAE 1.3%

= @

cr

The next four fittings are made by Bonney Forge and offer an alternate methad
ot entering the main pipe run. They have tha edvantege that tha beveled
welding ends are shaped to the cuwvature of the run pipe. Reinforgamant
for the butt-welded piping or vessel it not required.

SOCKOLET makes n B0-dagree brench, full-size or reducing, on strai&n pipe.
Flat-based sockolets are availabls or branch connections on pipe caps and
and vessal haads.

SOCKOLET FIGURE 2.32

1]

e
RO

SOCKEYT-WELDING ELBOLET makes a reducing tengent branch on long-
radius and shart-radius albows.

SOCKET-WELDING ELBOLET FIGURE 233

%‘__‘ T

143

SOCKET-WELDIN3 LATROLET makes a 45-degrea reducing branch on
straight pipe.

SOCKETWELMNG LATROLET FIGUME 2.24

MNIPOLET A variant of the sockolet, having integrel plein nipple. Primsrity
developed for small valved connections—seo figure 6.47.

NIPOLET FIQURE 138

STUB-IN See comments in 2.3.2 . Not preferred for lines undar 2-inch due to
risk of weld matal entering ling and restricting Flow.

CLOEURE 244

SOCKET-WELDING CAP seals plain-ended pipa.

SOCKET WELDING CAP FIGURE 1.0%

-‘_—_] ]



COMPONENTS FOR SCREWED 25
PIPING SYSTEMS

WHERE USED: Far lines conveying services, and for smaller process
piping
ADVANTAGES: (1}  Easily made lram pips snd fittings an site

{2) Minimizes fire hazard when installing piping in
areas where flammable gases or liquids are
present

DISADVANTAGES: (1}* Use not permitied by ANSI 831.1-1989, i
severe erpsian, crevice cerrosion, shock, or
vibralion is aniikipaled, nor at temperatuses
over 925 F. {Ako see footrote table F-81

{2} Passible leakage of joint

{3)* Seal welding may be required—see footnote 10
chart 2.3

{4} Suength of the pipe is reduced, as forming the
screwthread reduces the wall thickness

*Thaw ramarks spely 10O systemi usng forged-staed FElingt.

FITTINGS & FLANGES FOR 251
SCREWED SYSTEMS

Screwed piping is piping assembied 1rom thieadad pipe and fittings.

Thieaded malleable-iron and cast-iron fitlings are ex lensively used for plumb-
g in buildings, In industriat apptications, Class 150 and 300 galvanized
malleable-icon Yinings and similarly rated valves are used for drinking water
and air lings. Disnensions o maltgable-iron litlings are given in table D-11.

in process piping, forged-stee) fittings are prelerred over cast-iron and
malleatle-iron fillings (although their pressure/temparature ratings may be
suitabie), for their greater mechanical strength. To simplify material specilica-
tions, drafting, checking, purchasing and warehousing, the overall economics
are in favor of utilizing as few different types al threaded fittings as possible.
Dimensions of Jorged-steef 1hreaded Fittings are given in table 0.9,

+

FULL-COUPLING (termed ‘COUPLING’} joins pipe or items with threaded
ends.

FULL-COUFLING FIGURE 2.37

{L5]

SCREWED MPING _ CMAAT 2.3

Chart 2.3 shows the ratings of pipe, fittings and valves that sre commanly
combined, or may be used together. The chart is a guide only, and not a

subslitute for 8 project specification.
CHART 2.3

SCREWED PIPING

CARBON-STEEL PIPE & FORGED-STEEL FITTINGS

THAEAD FHGAGEMENT

END PREFAHATION DF PIPE. AND

METHOD DF JOINING TO FITTING, | s
FLAMGE, vALVE DR EOUIPMENT RPN

LULIFMENT
(RN

SEAL WELD «

MAXIAUM LINE S12E NORMALLY

.
THREADED NFS T

AVAILABILITY DF FORGES STEEL

i NPS &
THHEADED FITTINGS NPS V/H v PG

SCHEDULE —
NUMBER SCH a0 Sch Bo
WEIGHTS OF PIPE | W
AND PRESSURE H -
CLASSES OF MERS sIn x5 TS
WEIGHT
FETTINGS WHICH
ARE COMPAT(BLE
FITTING
CLASS 2000 3000 8000

3

MOST COMMON COMBINATION: THE MINIMUM CLASS
FOR FITTINGS PREFERRMED IN MOSY INSTANCES FOR
MECHANICAL STHENGTH IS 3000 CHOICE OF MATERIAL
DR HEAVIERAWEIGHT PIPE & FITTING WilL DEFEND ON
PRESSURE, TEMPEAATURE AND /MR CORROSION
ALLOWANCE RECQUIRED. PHFE NFS Th AND SWMALLER 15
USUALLY OAOERED TO ASTM SPECIFICATION A 1D
Grace 5. REFER TD 2.1 4, UNDER STEELS’

I VALYES

COMNTROL VALVES

£ 3100
MINIM UM (USUALLY FLANGED! USUALLY X0 (56E 3 b
PRESSURE
IRATING)
CLASS VALVES OTHER THAN 600 (AMEY)

CONTROL VALVES B0 (AR

* ANSI BI1.1.0 wates that sl welding shall not be tonsidersd o coniiibute to the srength of the
foint

PEAL WELDHNG AMFLICATIDNS
Onprot: On oM scraveltd conre thany within Battery limins, with the erception of piging caeryitg i o+
othar inert gum. snd water

O plart O serevestd liney Tor hydrocsebon service snd for lines conwerying dangarous, Toic, oo oshe
or yelustie Auids

FIGURE
Lz_fal'_z_'_?



REDUCING COUPLING, or REDUCER, joins threaded pipes of different
sizes. Can ba made in eny reduction by boring and tapping standard forged
tanks.

REDUCING COUPLING FIGURE 2.38

SN

L 3
W o
[ \\\W

NIPPLES join unions, valves, strainers, fittings, etc. Basically a short length
of pipe either fully threated {closa nipple} or threaded both ends (TBE), or
plain one end and thresded one end (POE-TOE). Availabie in various lengihs
-efer 10 teble B-11. Nipples cen be obtained with & Victaulic groove at one
end.

NiPPLES FOR YTHREADED ITEMS ) FIGURE 2.%

{a) CLOSE MIPPLE (b} LONG or SHORT
NIPPLE (THE)

(<] NIFPLE {POE—TOE)

it 2 A2 i
.'\-“!:; _ '_"' [ e

Id)} TANK NIPPLE

Lacknut

Locknut thread (NPSL)
nNeT.

TGS IT T TP

iy

TANK NIPPLE is used lor making g screwed connaction to a NON-PIESSure
vesset of tank in loww-pressure ssrvice. Overatl length is usually 6 inches with

a standard taper pipe thread at esch end. On one end only, the aper pipe
thread runs into & ANSI lock-nut thread,

UNION makes a jaint which permils easy installation, removat or replacement
of lengths of pipe, valves or vessals in scrowad piing systems, £xamples:
to remove a valve it must have 3l least one adjacent unien, and to remove
piping from a vessel with threaded connactions, each putlet from the vessel
should have one union betwesn valve and vesset. Ground-faced jpints are
prefereed, although other facings are aveilable.

THREADED UNION FIGURE 2.40

7

]

NN NN |

%_ ~imed

PAPE-TO-TUBE CONNECTOR For joining threaded pipe o wbe. Figurs 2.41
shows 8 connectar fitied to specially-flared tube. Dther types are avsilable

FPE-TO-TUBE CONNECTOR FIQURE 2.81

ST

LSRNy 5= 2L

- ———— o ——— -

W b 2

IR

A

HEXAGON BUSHING A reducing fitting used lor connecting a smaller pipe
into a larger threaded fitting ar nozzle. Has many spplicatians to ingtrument
connactions. Reducing fittings can be made in any reduction by boring and
1apping standard forged bianks. Normally not used for high-pressure service.

HEXAGON BUSHING FIGURE 242

7

Et
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SWAGED NIPPLE This it a reducing fitting, used for joining larger diameter
to smalier diameter pipe, Alsa refetied to as e 'swage {pronounced ‘swedge’)
and abbrevialed as "SWG' or 'SWG NIPP' on drawings. When otdering a
swage, state the weight designations of {he pipes to be joined: for example,
NPS Z (SCH 4D) x NI'S 9 {SCH 80). A swaye iy be used 1o joining: (1) Screw-
ed piping to screwed piping. {2} Screwed piping to butt-welded piping (3)
Butt-welded piping toa threaded nazzie on eguipment. It is necessary to spacify
on the piping drawing Ihe tesminations required.

SPECIFYING SIZE & END FINISH OF THREADED SWAGES TABLE 2.4

SWAGE FOR JOINING ——

LARGER o SMALLER EXAMPLE NOTE ON DRAWING I

THRD ITEM THRD ITEM
BW ITEM or PIPE THROD ITEM
THRD ITEM® BWITEM®

SWG1% x1 TBE
SWG2 x1 BLE-TSE
SWGJ x2 TLE-BsSE
BW = Butt wetding TLE = Threaded large #nd
THRD = Threaded TOE = Thresded one end

TBE = Threaded both ends BLE = Beveled large end
TSE = Threaded small end 85E = Beveled small end

ABNKE VT NONS:

*A larger theemled item is seldom joined to 3 smaller buttwalding
ttem. However, 1he connection ol a buttwelded line to a threaded
nozzie on a vessel is an example.

SWAGED NIPPLES, TRE end BLE--TSE FIGURE 2.43

ELBOWS make 90- or 45-degree changes in direction of tha run of pips.
Street elbows having a integral nipple at one end {see table D-11), are
available

THREADED £LBOWS, 45 end 90 DEAREE FIGURE 2.44

THREADED FLANGES are used to connact threaded pipe to Hanged items.
Regular and reducing types are available from stock, For example, s reducing
ftange to connect a NPS 1 pipe to & Class 150 NPS 1% linesize flanga is
specilied:

AED FLG NPS 1% x 1 Class 150 THRD

THREADED FLAMNGQE FIGURE 2.45

FITTINGS FOR BRANCHING FROM 25.2
SCREWED SYSTEMS

BRANCH FROM SCREWED MAIN RUN

TEE, STRAIGHT or REDUCING, makes a 90-degree branch feom the run of
pipe. Reducing tess are made by boring and tapping standerd forged bianks.

SPECIFYING SIZE OF THAEADED REDUCING TEEE

MOW TO SPECIFY TEER: MUK INLET | AW QUTLET | BAANCH EXAMPLE

i 1n "
MEDUGING O BRANCH 13 '|i | FEC TEE 1% 2 1% 21
a!l"m‘m mm 'l‘ - ‘I;u‘ - T
(WP 1AL ARPLICATICONS ONL YT ] 7 ] ] 5 WEDTEE 16 21 x1n

THHEADED TEES, STRAIGHT and HEDUCING FIGURE 248

STRAIGHT TEE REDUCING TEE

s ey
Ry

l51‘
5.2
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LATERAL makes full-size 45-degree branch trom the mein run of pipa.

THREADED LATERAL FIGURE 247

CROSS Romearks for butt-welding cross spply — see 2.3.2. Reducing crosses
ers made by baring end tepping standard forged bilenks,

THREADED CROSE FIGURE 2.48

FITTINGS FOR SCREWED BRANCH 262
FROM VESSEL OR BUTT-WELDED MAIN RUN

HALF-COUPLING can ba used to maka 90-degres threrded tonnections to
pipes for instruments, or for vessel nozzles. Welding heat may cause em-
brittlemant of the threads of this short fitting. Requires shaping.

THREADED HALF-COUPLING B FULL COUPLING FIGURE 2.49
LAY, ) VP A I
i I S --'....'.....-_......._._._h_.(_.
Ay .
' -ﬁ oy 1
i L Lot

FULL-COUPLING Superiar o halicoupling. Also requires shaping for con-
necting ta pipe, '

TANK NIFPLE See 2.5.1, Figure 2.39(d).

The next four fittings for branching are made by Bonny Forge. Thass filtings
otler a means of joining screwsd piping to & welded run, snd lor meking
instrument connections. The sdvantages are that the weiding end does not
require reinforcement and thai the ends are shapad 1o the curvature of the
run pipe.

THREDOLET makes a 90-degree branch, full ar reducing, on straight pipe.
Flat-based thredolets are aveilable lor branch connections on pipe caps and
vessel heads,

THREDOLEY FIGURE 2.50

THREADED ELBOLET makes reducing tangent branch on long-radius and
short radius athows.

THREADED ELBOLET FIGURE 2.5

THREADED LATROLET makes a 45-degresseducing branchon astraight pipe.

THREADED LATROLET FIGURE 1.52

18}




THREADED NIPOLET A varianl of the 1hredolel with integrat threaded
nippte. Frimarily developed for small valved connectivns—ses figure 647,

THREADED MIPOLET FIGURE 153

=5

el e~

STUB-IN See commenls in 2.3.2. Nat preferred lor branching irom pipe
smalles than NPS 2 a5 weld metal may resirict flow.

CLOSURES 254

CAP seals the threaded end of pipe.

THREADED CAP FIGURE 2.54

BARSTOCK PLUG sgals the threaded end of & litting. Also termed ‘round-
heag plug’

BARSTOCK PLUG {IN TEE) FIGURE 2.56

PIPE THREADS 258%

Standard ANSIFASME B1.20.1 delines general purpose pipe threads: tapered
and straight threads for pipe (and fittings, e1c.). For the ssme nominal pipe
size, the number of threads per inch is the same far strasght and tapered
threads. Most pipe joints are made using the tapered thread lorm.

Tapered and straight threads will mate. Taper/taper and taper/straight {both '

types) joints are self sealing with 1ha use of pipe dope {1 compound spread
on the threads which lubricates and seals the joint on assembly], or plastic
tape {TeMon). Tapa is wrepped arcund the external thread before the joint is
assambled. A straight/straight screwed jaint requires locknuts and gaskets to
ensure sezling - see lig. 2.39 (d).

Standard ANS1 B81.20.3 defines ‘dryseal’ threads. Dryssal threads seal against
ling pressure without the use of pipe dope or tape. The seal is obtained by
using a modified thread form of sharp crest and fiat root. This causes inter-
ference (metal-to-melal contact) belween the engaged threads, and prevents
leakage through Lhe spiral cavity of maling threads.

Symbols used lor specifying threads:
N = American Mational Standard Thread Form, P = Pipe, T = Taper,
C = Coupling, F = Fuel & Oil, H = Hose coupling, | = Intermediate,
L = Lacknu!, M = Mechancal, R= Railing littings, S = Straight

ANSI B1.20.1: PIPE THREADS, GENERAL PURPOSE

Taper Pipe Thread _ NPT
- Rigid mechanical joint for Railings NPTR
Steaight Pipa Thread:

- Internal, in Pipe Couplings NPSC
- Free-fitting, Mechanical Joints for Fixtures NPSM
- Loosefitting, Mechanical Joints with Locknuts NPSL
- Loose-fitting, Machanical Joints for Hosa Couplings NPSH

ANSIB1.20.3; DRYSEAL PIPE THREADS

Taper Pipe Thread:

- Drysedl Standard NPTF
- Dryseal SAE Short {NPTF 1ype, shortenad by ong thread) PTF-SAE SHORT
Straight Pipe Thraad {internal oniy}:

- Dsyseal, Fuel {for use in salt/ductile materials) NPSF
- Dryseal, Intermediate {lor yse in hard/brittle maierials) NPS!

(NPTF is the only type that ensures sealing against ling pressure. H thers
is no objection 1o its use, pipe dope may ba used with al) thyeads to imprave

sealing, #nd lessen galling of tha threads.)

Specify pipe threads by ; NPS - Threads per inch - Thread typa
Example: J-BNPT

s

FGURES
| 247-2.66
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Many facings for flanges are offered by flange menufacturers, including
vatious ‘tongue and graowe” types which must be used in pairs. However,
only lour types ol fcing are widely used, and these are shown in figure
2.56.

The raised face is used for abaut B0% of sl! fkanges. Tha ringjaint tacing,
empioyed with either an oval-section or octagon-section gasket, is used mainly
in the petrochemical industry.

THE MOST-USED FLANGE FACINGS FIQURE 2.6€¢

RAISED-FACE

FLAY-FACE

LAaP JOINT
AING JOINT

______ atla

The RAISED FACE is 1/16-inch high for Ctesses 150 and 300 flanges, and

1/4-ifich” Kigh ™Yo all other-classey, , Class-250-east-sen-flangeeqpd flanged -

littings also have the 1/16-inch reisad fece.

Suppliars’ catatogs give ‘length thru hub’ dimensions which include the
0.08 inch raised face on flanges in Classes 150 and 300, but axcluds ths
0.25-inch raised lace an flanges in Classes 400 thru 2500. Tables F
include the raised face for ail Viange Classes.

FLAT FACE Most common uses are for meting with non-stesl flanges on
bodies of pumps, stc. and for mating with Class 125 cast-iron valves and fittings,
Flat-faced flanges are used with a gasket whose outer diameter equals that of
tha fiange — this reduces the danger of cracking a cest-iron, bronze or plastic
flange when the asembly is tightenad.

S OIE ThE NAGICIOY 1acing 1 ot prone to dameos in ha
faces in contact with the gaskel are recessed  Use of facings of this type miry
increase as hollow metal Q-rings gain acceptance tor process chemical seats.

LAP-JOINT FLANGE is shapad to accommodate the stub end. The combin-
stion ol tiange and stub end presanis similar geometry to the raised-lace
fiange and can Lo used whore severo hending siressos wilt not occur, Advanl-
ages of this flange are stated in 2.3.1.

el ——

The tarm “finish” refers to the type of surface produced by machining the
flange face which contacts the gaskel. Two principal types of finish are pro-
duced, the ‘serrated’ and ‘smoalh’.

Forged-siest Hanges with raised-face are usually machined 1o give a ‘serrated-
concentric’ grapve, O a "serratexl-spiral’ groove finish to the raised-face of the
flange. The serrated-spiral linish is the mose comman andg may be termed the
"stock’ or 'standard finish’ available lrom suppliers.

The pitch al the groove and the surface finish vary depending on thae size and
class of the 1lange. For 1aisad-face steel llanges, the pitch varies from 24 to 40
per inch, It is made using a cutting Lool having a minimum radius at the tip of
0.06-inch, The maximum roughness of surface finish is 125-500 microinches.

‘Smooth’ finish is usuatly specially-ordered, and is available in 1wo qualilies.
{1} A fine machined finish leaving no definite tool marks. (2} A ‘mirror-Finish’,
primarity intended for use without gaskels.

BOLT HOLES IN FLANGES 26.2

Baolt holes in fianges are equalty spaced. Specifying the number of holes, dia-
metar of the holt cirele and hole size sets the bolting configuration. Number
of bolt holes per flange is given in tables F.

Fianges are positioned so that bolls straddle verticat and horizontal center-

= Iines.,'[his{ﬁf_qp_g_ml position of bolt holes on all flanged items.

(a1

BOLTS FOR FLANGES 283

Two types of bolting are available. the studbolt using fwo nuts, and the
maching bolt using one nul. Both boHings are illustrated in ligure 2.57.
Studboht thread langths and diameters are given in tables F.

Studbolts have largaly dispiaced regutar bolts for bohing flanged piping jaints.
Three advantages of using siudboits sre:

{1} The stu1bolt is more easily removed if corroded

(2) Contusian with othar bolls sl tha site is avoided

{3] Studbols in the less frequently usad sizes and malarials can be readily
made from round stock

ling & the sur-

R




" MACHINE BOLT & NUT, end STUDBOLT & NUTS

el k.

e e

FIGURE 287
SQUARE-HEAD STUDBOLY
MACHINE OLT

HEX NUT HEX NUT HEX NUT

=3 Cummml

UNIFIED INCH SCREW THREADS [UN AND UNR THREAD FORM] UNR
indicates rounded reot contouws, and applies to external threads only. Flat, or
iided ronc is optional with the UN (heead. Thera are four Unified Scraw
Thrgads: Urnlied Coarse {UNC/ UNCR), Unilied Fine {UNF/UNFR}, tUnitied
Eatra fine (UNEFSUNEFRA} and Unified Selected {UNS/UNSRY with three
closses of (0 VA, 200 and 3A Luor axteragl threads, 1H, 28, and 30 lir inlernal
threads. (Class 3 has the teast clearance.) The siandard is ANS) B1.1. which
incorporates a metric transiation,

UNC (Class 2 medsan Tit balt and ot} is used lor holts and studboits in
pipurwg, and specilied in the following order:

Diameter - Thieads per inch - Thread - Class of fit.

Example. BALT: ¥ - 13 UNC 2A
NUT: Y:-13UNC 2B

GASKETS 26.4

Gaskets are used to make a Yheid-resisiant seal between hwo surfaces. The
common gasket pattemns fm pige 1langes are the full-face and ring types, for
st with al- laeed and raised-facre fanges respectiively. Refee o ligre 256,
Widedy s silerals Lo gaskers soe comnptossinl sshiesios (810 mch ihick)
and asbiestos-filled metal {'spiral-wound’, 19.175-ingh thick). The tilled metal
gasket is especiaily useful il mainlenance requires repested uncoupling of
{langes, as the gasker separales claanly and is often reusable,

Chuice ol gaskut is decided by.

(1} Temperature, pressure s corrnsive nalure ol the comyed Buid
(2] Whether maintenance or operation requires repeated ungoupling
{3 Cade/environmenial requirements that may appty

{4} Cost

Garlock Incorporated’s publicabon ‘Enginegred gasketing praducts’ provides
information an the switahility of gaskel materials tor ditferent applications.
Talsles 2.5 yives snme characterishics of gaskets, 10 aid selertinn,

It may be required that adjacent parts of a ling are etectricatly insulaled from
one anoiher, and this may be effecied by inserting a llanged joint fitted
with an insuiating gaskel st hetween the parts. A gasket electrically insu-
lales the thwe faces, and sieevns and washers insulale the bolls From one

L Y O L P e | A P I Tl (T TT T LA ]
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GASKET CHARACTENISTICY TABLE 28
AT MBAY MM T FACTIN | AvAMLASLE
SARKET MATIRIAL EXAMME UM | TEMPERATINE | Tompmsiuer o Prisms e KN
g P} L LEY . ] RACHER
Fnthetic rubbw Water. Ak i 15,000 1132 1!16 3 et
i ;wlm 1l ad 0 40,000 IM un. Im—\l I} ™
m,‘:‘:‘;‘m’i‘ weth Waner, Aie 250 128 000 IR WO Vb
Sehd Tetlon Cherwicaly 500 1o, 00 1R HWIRY3I2 W
Comgaremed ssbeAor Mot 50 50 D00 Lo -ARINE ]
Hugh prirmurs
hon y =0 1,500,000
Farbion tieel Thnch 1 Fos rrng punt
High “I:[‘. e 10
Simnten steel Bor comrosve | (200 3,000,000 pant
Thaich % R — -
Spral wound: Moot uted whichneu
95/ F=llan Theymicaly 500 tor sprical wounad
L5/ Mt on Mon 50 } 260,000+ wikes 3 0115
S5/ At Corresive 1200 ' Altasnalive nade &
SSMmun Hut geort "0 S aneheen 0135
INSULATING GASKET SET FIGURE 2.58
OOUBLE INSULATING SET—] SINGLE INSULATING SET
STEEL WASHER

WNSULATING GASKET
INSULATING SLEEVE

INSULATING WASHER
STEEL WASHER

TEMPORARY CLOSURES FOR LINES 27

IN-LINE CLOSURES 211

A completely leak-proof means of stopping flow in lines is necessary in piping
systems when: {1) A change in process material 1o flow in the jine is to be
made and cross-contamination is to be avoided. (2} Periodic maintenance is
to he carried aut, and a hazard would be presented by flammabie andfor
loxic maierial passing a valve.

The valves described in 3.1 may not affer complete security against leakage,
angd one of the following methods of temporary closure can be. used:  Line-
blind valve, lina blind lincluding special types-for usa with ring-joint flanges),
spectacle plate (so-called from its shape}, ‘double black and bleed’, and blind

{langes replacing a removable spool. The last Lhree closures ase skstraterd in
Houres 2.59 thry 2.61.

e e e oo
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E-SLOCK-AND-SLEED FIGURE 2.80
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LTWNG ONE OF THE BLOCK’
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THAN ENFLDYING A

rr——————
_'LIED COMNECT DN SLEEQ AING

REMOVARLE EFOOL. FIGURE .57
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I » ting is 0 by temporanily closed down with double-block-and-bleed, bath

REMOVALLE SFODL

{1t must be poisible 1o
Moy onl of both of 1he
adjacent Nangm sway
from ihe ipodl 10 stisct

ramoval—inis & specinlly
mportant wiih ringolnt
flanges)

valves are closed, end the fluid tratween drywn pff with the bleed valve. The

bleed vaive Is then left open o show whether:the other valves ere tightly shut.

Figure 2.B0 shows the bleed ring conneeted ta a bleed vaive-see 3.1.11. The
use o a tapped valve rather than g hieed ring should be considered, as i1 is

@ mora ecancmic arrengement, and usually cen be specifisd merely by adding
a suffix to the valve ordering number, .

A line-blind valve is not illustrated es construction varies. This type of
valva incorporates a spectacle plate sandwiched batween two flanges which
may be expanded or tightened {by some easy means), aliowing the speciacle
plate 1w ba raversed. Constont-length line-blind veives are slso aveilabls,
made to ANS! dimensions for run lengih,

Tabla 2.8 compares the agdvantages of the four in-lina temporary closures:

IN-LINE CLOSURES

TABLE 2.8
CLOSURE oous:
LINE BLIND ﬁ:ﬁ:‘%s 'LN:E‘ REMOVANLE
CRITERIDN VALVE LiME OLIND BLEED SPOOL
AELATIVE MEDIUM EXPENSE,
OVERALL LEAST DEPENDING ON FREQUENCY MOST
oSt EXPENSIVE OF CRANGEOVER EXPENSIVE
MANNOURS
FOROOUBLE | MEGLIGIBLE | 1tw3 NEGLIGIBLE | 28
CHANGEOVER
INITIAL FAINLY LDw VERY HIGH
cost HIGH HIGH
e | comeveve COMPLETE BOURTFUL COMPLETE
VISUAL YES, ouT
iNoicaTion? | YES YES SUSPECT YES
WHO PLANT PLANT
OPEMATES: | OPERATOR HPEFITTER | cegraToOR PIPEFITTER
CLOSURES FOR PIPE ENDS & VESSEL OPENINGS 7.2

Temporary bolted closures include bilind flanges using st gaskets or ring
joints, T-bolt closures, welded-on closures with hinged doors — including the
boltiess manhole cover {Pobert Janking, England) and ¢losures primarily in-
tanded for vessals, such as the Lanape range {Bonney Forge) which may alse
be used with pipa of large diameter. The blind Hange is mostly used with a
view 10 future cxpansion of the piping system, or tor cleening, inspaction, etc.
Hinged closures are often installed on vessels; infraquently an pips.

QUICK CONNECTORS & COUPLINGS 2.8
QUICK CONNECTORS 2.8.1
Two forms of connector specifically designed for tempeorary use are;

(1) Lever type with double tever clamping, such as Everlite "Standard’ and
Victaulic *Snap Joint". {2} Screw type with captive nut — ‘hase cannactor’,

Typical use is for cannecting temporarily to tank cars, trucks oF process ves-

© . sels-Inter-trades agreements permit plant operators (o atlech and ungoupla
_ thise boltless conngctors. Cenlain temporary connectors have buill-in valves.

Evertite manufactures a double shut-off connector for liquids, and Schrader

" avalved conpectar For air fines.



BOLTED QUICK-COUPLINGS 282

Connections of 1his type may ba suitable for either permanent or tamporary
use, depending pn the joint and gaskel, and service conditions. Piping can
ba built rapidly with them, and they ara especiaily useful far making repairs
to lines, for constructing shost-run process insteflations such as pilot plants,
and far process modification.

COUPLINGS FOR GROOVED COMPOMNENTS & PIPE
Couplings of this type arg manujactured by the Victauwlic Company of
America for use with steel, castiron, FRP or plastic pipe, sither having

grooved ends, or with Vicleulic collars welded or cemented to the pipe
ents.

Tha following specisl fillings with grooved ends are evaileble: elbow, 1ge
(all types), feteral, cross, reducer, nipple, and cep, Groove-ended valves and
valve adaplors are also available. Advantages: (1) Quick fitting and remaval .

{2) Joint can take up some deflection and expansion. (3} Suitable for many
uses, with correcl gaskets.

The manufacturer siates that the biggest uses are for permanent plant air,
water [drinking, service, pracess, weste) and lubricani lines.

COMPRESSION SLEEVE COUPLINGS are extensivaly used for air, water,
oil and gas. Well-known menufacturers include Victaulic, Oresser and Smith-
Blaie. Advantages: {1} Quick 1itting and removal. {2} Joint may take up some
detlection and expansion. {3) End preparation of pips is not neaded.

VICTAULIC COMFREESION SLEEVE COUPLING FIGURE 2.82

EXPANSION JOINTS & FLEXIBLE PIPING 29

EXFANSION JOINTS 2.9.1

Figures 2.63 thru 2.66 show methods ol accommodating movement in piping
due to temperature changes, if such movemenl cannot be teken up by:

{1) Re-routing or re-spacing the line, {2} Expansion loops—see figure 6.1,
{3) Calculated placement of enchars. {4) Cold springing—sea B. 1. Bellows-type

expansion joints of the type shown in figure 2.63 are also used 1o sbsorb
vibration,

SIMPLE BELLOWS HOURE 183

ARTICULATED BELLOWS FIGUAE 284

O

AHTICULATED TWIN-BELLOWE ASSEMBLY FIGURE 188

) 5 .l7l-1.
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SLIDING-EL EEVE-AND-ANCHOR SUFFORT FIQURE 284

m - -

| SLIOING SLEEVE

FLEXIBLE PIPING 29.2

For filling and emptying raitcars, 1ankers, etc., thru rigid pipe, it is nacessary
to design articulated piping, using “swiveling’ joints, ar “ball* joinis (the latter
is @ ‘univarsal’ joim). Flexible hose has many uses especially where there is
s nead for temporary connections, or where vibration or movement oCcurs.
Chemical-rasistant andfor armored hoses are available in reguler or jecketed
forms [see figure 6.39). ‘

SEPARATORS, STRAINERS, SCREENS & DHIPLEGS 210

COLLECTING UNWANTED MATERIAL FROM YHE FLO* 2101

Devices sre included in process and sarvica lines to separate and coliect un
desirable solid or liquid meteriel. Pipa scele, looss weld metal, unreactad or
decomposad process materisl, precipilates, lubticants, oils, or water may harm
gither equipment or the process.

Common forms ol line-installed separator are illustrated in figures 2.67 and
26B. Dther mare sleborate separstors mentioned in 3.3.3 arg aveilable, bul

thesa fall more into the category of process aquipment, normeally selected by
the process engineer.

Air and some other gases in liquid-bearing lines ara normally self-callecting at

piping high points and at the remote ends of headars, end are vented by dis-
charge valves — ses 3.1.9,

SEPARATORS 2.10.2

These permanent devices are used to coltect droplets from s gasaous stream,
for example, to collect cil droplets from compressed sir, or condensata drop-
lets from wet steem. Figure 2,87 shows a separator in which droplets in the
streem collact in chevronad grooves in the barrier and drain to the small well,
Cotlected liquid is discharged via a trap—ses 3.1.9 and 6,10.7,

STRAINERS 2.10.3

Inserigd in lings immediately upstream of sensitive squipmanl, streinars
tollect solid particles in the epproximate size range 0.02-0.5 inch, which can
be separsted by passing the fluid bearing them thru the strainer’s screen.
Typical locations for strainers are before a control valve, pump, turbine, or
traps on steam systems 20-mash siiainers are used for sieam, water, and hoavy
of madium oils. 4C-mesh is suitable lor steam, air, other gases, and light cils,

The commonast strainer is tha illustraled wye type where the screen is cylin-
ti¢ and retains the particles wathin, This type of steainer is easily dismant-
ied. Soma streiners can be fitted with a valva to facilitate biowing cut collect-
ed material withoul shutting the line down—sce tigure 6.9, lor axample,
Jackeled strainers are available.

SEPARATOR FIQURE 2.97

WET STEAM CRIER STEAM

REMOVED WATER
PIPED TO TRAP

ETAAINER FIQURE 218
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SCHEENS 2.104

Simple temporary streiners magde from perforated sheel metal and/or wire
mesh are used far startup oparalions on the suction side of pumps snd comp-
miessors, especially where Ihere is a loug run af piping before the unit [hat
may contain weld spatler or maierial inadvertently left in the pips. Atler
startup, the screen usually is removed.

It may be necessary to arrange for a small removable spool 10 accommaodate
the screen. [t is impartant that the llpw in suction lines should not be
restricted.  Coneshaped screens are lherefar praferred, with cylindric
types as second chosce. Flat screens are better reserved for low-suction heads

SCAEEN BETWEEN FLANGES FIGURE 2.69

UsuAL DIRECTION
aF FLOW THAW
THE SCREEM

DRIPLEG CONSTRUCTION FGURE 2.70

| v A ERRr Ny v |

L - TRAFP PIPIMNG
S 7 conMEcTION

.~ BLOWDOWN
L CONMNECTION

DRIPLEGS 2105

Oftan made Tram pipe and fittings, 1he dripleg is an inexpensive means ol
collecting condensate. Figure 2.70 shows a dripleg fitted 1o 2 horizontal pips.
Removal of condensate fram steam lines is discussed in 6.10. Recommended
sizes for driplegs are given in 1able 6.10. -

REINFORCEMENTS 21

BRANCH CONNECTIONS

‘Reinforcement’ is the addition of extra metal at & branch connection made

from a gipe or vessel wall. The added melal compensatas for the Structural
weakening due to itha hole.

Stubrins may be reinforced with regular or wrapargund saddles, as shown
in figure 2,71, Rings made from platestack are used to reintorce beanches
made with welded fatersls snd buil-weldad connections to vessels. Smeall

welded connections may ba reinlorced by adding extra weld metal 0 the
joinl.

Reinforcing pieces are usuntly provided with » smetl hele to vent gases
produced by welding; these gases would otherwiso be trapped. A vent hole
also serves to indicate any leakage from the joint,

STRAIGHT PIPE

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

The code applicable to the piping should be consulled for reinforcement
requirements. Backing rings are not considered to be reinforcements—see the
{ootnote to chart 2.1.

REINFORCING SADDLES FIGURE 2.71

(a) REGULAR SAQDLE

VENT HOLE
{In sacdl oniv)

VT TTTTTTSFTTTITTIITIFS

{b) WRAPARQUND SADDLE

VENT HOLES
{in waddte only)
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A
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HARDWARE FOR SUPPORTING PIPING 212

Symbols for drafting various types of support are shown in chart 5.7. For
designing support systems, see 6.2.

PIPE SUPPORTS 2.2

Pipe supports shauld be as simple as conditions allow. Stock items are used
whers practicable, especially for piping held irom sbove. To support piping
from below, supporis are usually made to suit from platestock, pipe, and
pinces ol structural steel.

A selection of availeble hardware tar 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 cancrete. {The term ‘support’ is alsa used in
reference to hangers.} :

HANGER Davice which suspends piping (usually a singie line} from struc-
tural stoed, cancrete nr wood. Hangers are usually adjustable for height.

ANCHOR A rigid support which prevents transmission ol movement (thermal,
vibralory, atc.) along piping. Construction mey be from stesl plate, bracksts,
flanges, rods. etc. Attachment of an anchor &0 pipe should prefesably encircle
the pipe snd be welded all around s this gives s better distribution of stress
in the pipe wall,

TIE An arrangement of one or more rods, bars, atc., to resirain movement
of piping.

DUMMY LEG An extansion piecs (of pipa or rolled steal section) welded

1o an elbow in order 10 support tha line—see ligure 2.72A and table 6.3,

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

GUIDE A mesans of allowing a pipe ta move aiong its length, but nat
sideways.

SHOE A metal piece attached to the undesside of a pipe which rests on sup-
porting steel. Primarily used to reduce weer from sliding for lines subjsct to
mavement. Parmits insulation to be applied 1o pipa.

SADDLE A welded shiachment for pipe requiring insulation, snd subject
10 lorgituding! or rolling mavement (resulting from temperatura changes
other than climatic). Saddles may be used with guides es shown in 6.2.8.

[*1

SLIDE PLATE A slide plote suppon is iliustrated in figure 2.72A, Figure

2.728 shows applications of ‘Ucai* graphite slide plates which sre offared by
Union Carbide Inc. The two plates used in 3 support are made from or
faced with a material of low friction able 1o withstand mechanical stress
and temperature changes. Plates are often mada from graphite blocks. Steel
plates with a tefion facing are available end moey be welded to steel.

Spring hangers or supports sliow variations in the langth of pipa dus to
changes in 1emperature, and are ofien usad for vertical Yines, Refer to 6.2.5
figure 6.16. There are 1wo types of spring hanger or support:

“CONSTANT LOAD' HANGER This device consists af 8 cail spring and
levar machanism in 8 housing. Mavement ol the piping, within limits, will
not change the spring force haiding up the piping; thus, no additional forces
will be introduced ta the piping system,

"VARIABLE SPRING’ HANGER, and SUPPORT These devices consist of a
coil spring in a housing. The weight of the piping resis on the spring ia cam-
pression.  The spring permits a limited amount of thermal mavement, A
variabla spring hanger hotding up a vertical line will reduce i1s lifiing force as
the lina axpands toward it. A variable spring supporl would increase its litl-
ing farce as the line expands toward i1, Bolh place a load on the piping systam.
Where this is undesirable, 8 constant-losd hanger can be used instead.

e

HYDRAULIC DAMPENER, SHOCK, SNUBBER, or SWAY SUPPRESSOR
One and of the unit is attachad 10 piping and the other to struciural seel or
concrete. The unit expands or contracts tc absorb slow movernent of piping,
but is rigid 1o rapid movement,

SWAY BRACE, or SWAY ARRESTOR, is essantially a helical spring in a
housing which s fitted between piping and a rigid structure. its Tunction
is 1o buffer vibration and sway.

WELDING TO PIPE 2123

if tha applicable code parmits, lugs may be welded to pipe. Figure 2.72A
illustzates some common arfangements using welded lugs, rolled steel sections
and pipe, for:—

(1} Fixing hangers to structural steel, etc.
{2) Attaching to pipe
{3} Supporting pipe

Welding supparts 1o prelined pipe will usually spoil 1ha lining, and therefor
lugs. etc., must be welded to pipe and littings belora the lining is appliad.

Welding of supports snd lugs ta pipes and vessels 1a ba atress-relieved should
be done batore heat {reatment.



VALVES, PUMP3, COMPRESSORS,
and Types of Process Equipment

VALVES 3.1

FUNCTIONS OF VALVES 3149

Tabte 3.1 gives a basis lor ¢lassilying vatves according to Tunction:

USES OF VALVES TABLE 1.1

VALVE ACTION ‘ EXPLANATION

SEE SECTION: ‘
STOPPING OR
STARTING FLOW . 314 ad3.18

VARYING THE
RATE OF FLOW 15, 3.1.6 snd 3.1.10

ONFOFF

REGULATING

PERMITTING FLOW
CHECKING IN ONE DIRECTION iz
ONLY

SWITCHING FLOW
SWITCHING ALONG DIFFERENT 318
ROUTES

DISCHARGING FLUID
FROM A SYSTEM

DISCHARGING KRR

Types of valve suilable lor onfolf and requlating funclions are listed in
chart 3.2. The suitability ol a valve Yor a required purposa depends on its
construction, discussed in 3,1.3.

PARTS OF VALVES 112

Valve moanufuciurers’ catalogs oller a semingly cediess variety of coustruc-
tions. Classilication is possible, however, by considering the basic parts that
make up a valve

{1} The 'disc’ and ‘seat’ thal directly affect the flow

{2) The “stem’ thet moves tha disc ~ in some valvas, fluid under pressure
does the wark of a stem

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

(4) The ‘operalor’ that moves the stem (or pressurizes fluid for squeezs
valves, atc.}

Figures 3.1 thru 3.3 show three commaon types ol valve with their parts
labeled.

DISC, SEAT, & PORT

Chart 3.1 illustrates various typses of disc and port ariangements, and mech-
anisms used for stopping or regulating llow. The moving part directty ailect-
ing the flaw is termed the “disc’ regardless of its shape, and the non-maoving
part it bears on is termed the ‘seal’. The "pert’ is the maximum internal apen-
ing far llow {that is, when the valve is fully open}. Discs may be actualed by
the conveyed fluid or be maved hy & stern having 2 linear, ratafy or helical
movement, The slem can be moved manually or be driven hydraulically,
prieumatically or electrically, under remote or auiomatic 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 Lhe
pipe, etc. The port size may be smaller,

STEM

There are two categories of screwed stem:  The rising stem shown in figures
3.1 and 2.2, and the non-rising stem shown in figure 3.3,

Rising stem (gate and globe) valves are made either with “inside screw’ {IS)
or ‘putside screw” [0S}, Tha QS type has a yoke on the bonnet and the
assembly is reterred 1o as ‘vutside screw and yoke', abhirevisted to '0S&Y”.
The handwheel can either rise with the stem, or the stem can rise thru the
. handwheel.

L
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Non-rising stem valves are of the gate type. The handwhest and stem afe in
the sama position whether the velve is open or closed. The screw is inside
the honnet and in contact with the conveyed fluid.

A “llopr stand’ is a stem extension lor use with both types of stem, where it
is necessary to cperale a valve thru a flaor or platiorm. Alternately, rods
fitted with universal joints may be used to bring a vaive handwheet within
an operator’s reach.

Depending on the size of the sequired valve and availabilities, selection of
stem type can be based on:

{1} Whether it is undesirable lor the conveyed fluid to be in contact wilh
the threaded heating suriaces

(2) Whether an sxposed screw is lisbie to-be dafmaged-by abrdsive stmo— -

spheric dust
{3)  Whether it is nacessary 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 8 simple rotary stem. Rotary-ball, plug and butterfly
valves have a rotary stem which is moved by a permanent lever, or toal applied
ta a square boss at the end of the stem.

FGURE 3.1 FIGURE 4.2

GATE VALVE [OS&Y, belwd bonrwt, ring stem}

The *pressure seal’ is a variation of the bolted bonnét used for high-pressure

QLOBE VALYE (O5&Y, boited boonwt, vising stem)

BONNET

Thera are threa basic types of attachment for valve bonnets: scrawed
{including union), bolted, and breechlock.

A screwed bonnet may occasionally stick and turn when a valve is opened.
Aithough sticking is less of a problem with the union type bonnet, valves
with screwad bonnets are best reserved for sarvices presenting no hazaid to
personnel. Union bonnets sre more suitable for small valves requiring fre-
quent dismantiing than the simple screwed type.

The botted bonnet has largaly displaced screwed and union bonnet valves in
hydiocarbon applications. A U-bolt or clamp-lype bunnet is offered on some
small gate valves fo1 moderate pressures, 10 tacilitate frequent cleaning and

valves, usually combined with OS&Y canstruction, |t miakes use of loe pres-
sure Ty tighten and seat an intemal twlal siny oF gasket agaitsst Hue body,

The breechlock is @ heavier infrequently-used and more expensive constiuc:

tian, glso for high-pressuve use, and involves seal-welding af the boanet with
the body.

FIGURE 3.3

GATE VALYVE {IS, bolted bomnst, nen-rising stem)
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A, critical factor for valves used for process chemicals is the lubrication of the
stom. Care has to ba taken in the selection ot packing, gland design, and
choice and application of lubricant. As an option the boanst may include 8
*fantem ring” which serves twd purposes — either ta act s a collection point
to drain off any hazardous seepages, ar as a paint where lubricant can be
injecied.

LANTERN RING

. LANTERN RING

BoDY

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

Valves are connected 10 pipe, fittings or vessels by 1heir body ends, which may
be Jlanged, screwed, butt- ar socket-walding, or finished for hose, Victaulic
coupling, etc. Jacketed valves are also available—ses 6.8.2.

SEAL

in most stem-operated velves, whether the stem has rotary of lingal move-
ment, packing 0! seals are used between stem and bonnet {or body). 1f high
vatuum or corfosive, flammabla or toxic fluid is 1o be hand'ed, the disc or
stem may be sealed by e metal ballows, or by a flexible diaphragm (the taiter
is termed ‘packless’ constiuction). A gesket is used a5 o seal between a bolted
bonnat and vaive body.

RELLOWS-SEAL VALVE

PACKLESS VALVE

1371

Flanged valves use gaskets 10 seal against the line fianges. Butterly valves may

extend tha resilient 581 to also serve as line gaskets, The pressure-seal bannet
joint utilizes the pressure of the conveyed fluids to tighten the seal — see
Pressure seal’ under "Honnet’, this section.

MANUAL OPERATORS

HANDLEVER i$ used t0 actuate the stems of smaif butterily and rotary-ball

valves, and smah cocks. Wrench operation is used for cocks and small plug
valves,

HANDLEVERS ON SMALL VALVES

WRENCH USED
AS OPMERATOR
COLW ON COCK

WREMNCH L
- i‘.,“ .

e 8 ——————

¥

HANDWHEEL is the most common means for roteling the stem on the
majotity of popular smaller valves such as the gate, globe and diaphragm
types. Additional operating torque for gole and glabe vaives is offered by
‘hammerblow’ or ‘impact’ handwheels which may be substituted for agrmal
handwheels if Basier operation is needed but where gearing is Wnnecessary.

HAMMER -BLOW HANOWHEEL

HAMMER ACTION IS PROVIDED
AY TWOD LUGS CAST ON UNDER.
SIOE OF HANDWHE EL WHICH HIT
ANVIL FROJECTING BETWEEN

CHAIN operator is used where a handwheel would ba out of reach. The stem
is fitted with a chainwhesl or wrench (for lover-operated valves) and the loop
af the chain is brought within 3 ft of working tloor level, Universal-type
chainwhaels which attach to the regular handwheel have been blamed for
accidents: in cosrosive atmospheres where an infrequently-aperated valve has
stuck, the attaching holts have been known o fail. This problem does not
arise with the chainwheel that replaces the reguiar valve handwhesl.

GEAR oparator is used ta reducg the operating torque. For manual operation,
consists of @ handwheel-operated geer 1rain actuating the valve stem. As a
guide, gear cparators should be considered for valves of the following sizes
and classes; 125, 150, and 300, 14-inch and ‘arger; 400 and 600, 8-inth and
targer; 900 and 1500, 6-inch and Ierger; 2500, 4-inch and lurger.
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SPUR-GEAR OFERATOR BEVEL-GEAR OPERATOA
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POWERED OPERATORS

Electric, pneumatic or hydsaulic opesation is used:. {1) Where a vabve is
remote fram the main working area. {2) 11 the sequired requency of opera
tion would need unreasonable human effort. {3} 1f rapid opening and/or
closing ol 3 valve is required.

ELECTRIC MOTCR The valve stem s moved by \he electric motar, thru
reducing gears.

SOLENOID may be used with fast-acting check valves, and with on/off valves
in light-duty instrumentation applicalions.

ELECTRIC MOTOR OPERATOR PNEUMATIC OPERATOR

PNEUMATIC & HYDRAULIC OPERATORS may be used where flammable
vapor is fikely to be present. They teke the following forms: {1} Cyfinder
with double-acting piston driven by air, waler, pil, or other liquid which
ususily actuates the stem directly. {2} Air molor which acluales the stem thru

gearing--these - motorug cdrrimonly‘pmun-and-cvlmdnt radinl types. (3} A PYRT S
double-peting varia with lumtud ?uta“v midvement in a sactor casing. actuating '| 3 l[.‘l-a
L i

tha stem directly. {4} Squeeze type {refei ta "Sguesze valva’).

- OUICK-ACTING OPERATORS FOR NON-ROTARY VALVES

[Manuilty-opatitid valves)

Quick-acting cperators are used with gate and globe vales. Two stem
movemen1s are employed; —

{n Rotating stem, ratated by a lever
{2} Sliding stern, in which the stewn is roised and fowsred by lever

OUICK-ACTING LEVERS DN VALVES
(17 Rotating stem on globe valve

{21 SHding tiam on jate vilve

Stearn and air whistles are examples of the use of sliding-stem guick-acling
operatars with globe vaives, :

SELECTING PNIOFF & REGULATING YALVES

The suitebility af a valve for 3 particular service is decided by its matatiglé
construction in relation to the conveyed Huid as well as its mechanice! detigh!
Referring to the descriplions in 3.1.2, the steps in selaction are to choosa:

{1) Materisits} of construction. 12) The disc type. {3} Stem type. (4) Means
of pperating the stem — the ‘operator’. (5) Bonnet typa. (G} Body ends ~
welding, flanged, etc. (7) Delivery time. (B) Price. {9} Warranty of perform-
ance tor severe conditions.

Chast 3.2 is a guide to velve selection, and indicates valves which may be
chosen for a given service. The chart shoutd be read fram left to right. First,
ascertain whether a liquid, gas or powder is to ba handled by the valve, Next,
consider the naluse af the [luid--whether it is foodstulls or drugs to be
handled hygienically, chemicals 1that are corrosive, ar _whethei the fluid is
substantially neutral or non-corrgswve.

Next consider the function of the valve — simple open-ar-closed operation .
{'onfofi’), os regulating for control or for dosing. These lactors decided.the
chart will then indicate types of valves which should perform satisfactority in_
the required service. '

If the publication is available, relerence should also be made ta the Crane
Company's "Choasing the right valve’. .
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KEY TO VALVE SELECTION GUIDE

CHART 3.2

{1) Determine type of conveyed fluid—liquid, oas shurry, OF
powder
12} Datermine nature of fluid.

{3} Deterrpine operation

{4) Look into other factors affecting choice.

Substantiailly neutral—not noticeably acid or alkaline,
such as various oils, drinking water, nitrogen, gas, air eic,
Corrosive—markedty acid, atkaline, or aitherwise chemi-
cally reactive

‘Hygienic'—materials for the food, drug, cosmetc or
other industrics

Slurry -suspension of soful parlicles in a liguid cen have
an abrasive effect on valves, cw. Non-abrasive slurries
such a8 wood-pulp sturries can choke valve mechanisms

‘Onfotf’ —fully open or fully closed
Regulating—including ciose regulation {throttling)

Pressure and temperature of conveyed lluid

Method of operating stem —consider closing time

Cost

Availability

Special installation problemis—such as welding valves into

lines, Welding heat will sometimes distort the body
and affect the sealing of sinall valves
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VALVES MAINLY FOR ON/OFF SERVICE 314

in industrial piping, onfoff control of flow is mast commanty effected with
gate valves. Most types of gete valve ara unsuiteble for regulating: arosion
ol the seat and disc octurs in the throllling position due lo vibratian of the
dis (“chattering”). With some fluids, it may be desirable to use globa valves
for on/olf servite, & Whey offer tighter closure. Hawever, es the principal
function of globe velves is regulation, they are described in 3.1.5.

el N —

SOLID WEDGE GATE VALVE has gither a solid or flaxible wedge disc, In
addition to onfoff service, these valves can be used lor teguiating, wsually
in sizes B-inch and larger, but will chatter unless disc is fully guided through-
aut travel, Suitable for most fluids including steam, water, oil, air and gas.
The 1lexible wedge was developed to overcome sticking on cooling in high-
temperalure service, and to minimiza oparsting torque. The llexible wadge
is nal illustrated—it can be likened to two whesls set on a very short axle.

SOLID WEDGE QATE VALVE

‘m

DOUBLE-DISC PAMALLEL.SEATS GATE VALVE has two parallel discs
which are lorced, on closure, agains! parailel seats by 2 ‘spreader”. Used for
tiguids and gases at normal temperalures, Unsuitahle for regulation. To
prevent jamming, instaliation is usually vertical with handwhee! up.

DOUBLE-DISC{SPLIT-WEDGEIWEDGE GATE VALVE Discs wedge against
inclined seals without use of a spreader. Remarks for double-dise parallel
seals gate vaive apply, but smaller valves are made for steam service. Olten,
constiuction allows the discs to rutate, distributing wear.

SINGLE-DISC SINGLE-SEAT GATE VALVE, or SLIDE VALVE, is used
for handting paper putp slurry and other fibrous suspensions, and lor low-
pressure gases. Wil not funciion properly with infiow on 1he seat side.
Suitatde for regualing llow it tight closure §s not required.

[3)

SINGLE-DISC PARALLEL-SEATS GATE VALVE Unlike the single-seat
slide valve, this vaWe atfords closure with flow in either direction. Stresses
on stam and bonrlet are lower than with wedge-gate valves. Primasily used
for liquid hydrocarbons end gases.

SINGLE.DISC PARALLEL-
BEATE GATE VALVE

FLUG GATE VALVE

PLUG GATE VALVE This valve has a round tapered dise which moves up
and down. Suitable far throttiing and fult-tow use, bul only available in
the smaller sizes.

PLUG VALVE Machanism is shown in chart 3.1, but the disc may be cylind-
ric as well as tapered. Advantages are compactness, and rotary 90-degree stem
movement. The tapered plug tends to jam #nd requires a high operaling
torque: this is overcome to some extent by the usa of a tow-frictian (teflon,
etc.) seat. or by lubirication {with the drewback that the convayed Tluid is
cantaminated). The frictian problem is siso met by mechanisms raising the
disc from the seat before roteting it, of by using the ‘sccentric’ design
{see rotasy-bail valve). Principal uses are for water, ails, slurries, and gases.

LINE-BLIND VALVE This is 8 positive shutaff device which basically consists
of 2 flanged assembly sandwiching & spectecie-plate or blind. This valve is
describad snd compared with other closures in 2.7.1.

VALVES MAINLY FOR REGLILATING SERVICE 115

GLOBE VALVE, STRAIGHT & ANGLE TYPE These are the vaives most
used for regulating. For line sizes avar B-inch, choice of a valve for flow con-
trol tends 1o go to suitsbla gate or butterfly valves. For mare satisfaclory
sarvice, the direction of ltow thru valve recommended by manufactusers is
from stem to seaf, 10 assist closure and to prevent the disc chattering against
the seat in the throtiling position. Flow should be lrom seet to stemside
{1} il there is 3 hazard presented by the disc detaching from the stem thus
¢losing the valve, or {2) if a composition disc is used, as thig direction of fiow
then gives less wear.
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the usa of a 90-degree albow. However, the mglés of piping—are often subject
to higher stresses than stiaight runs, which must be considered with this
type of valve.

GLOBE VALVES

REGULAR-DISC GLOBE VALVE Unsuitable for close regulation as disg
andg seal have narrow {almost line] contact.

PLUG-TYPE DiSC GLOBE VALVE Used for severe regulating service with
gritty liquids, such as hailer feedwatar, and far blow-off service. Less subject
to wear under close regulation than the regulai-seated valve,

WYE-BODY GLOBE VALVE has in-ling ports and stem amerging at about
45 degress; hence the 'Y'. Preferred for erosive fluids due to smoather Tlow
pattern:.

WYE-BODY GLODE YALVE (Incerpenmiing composition disel

Y 4
N

COMPOSITION-DISC GLOBE VALVE Suitable for coarse regulation and
tight shutoff. Replaceabls composition-disc construction is similar ta thet o
a faucet. Grit will imbed in the soft disc preventing seat damage and ensuring
good closure. Close regulating will rapidly demage the seat,

DOUBLE-DISC GLOBE VALVE features two discs besring on separgle seats
spaced apart on a single shaft, which {rees the oparator from stresses set up by
the conveyed luid pressing into the valve. Principle is used on control valves
and pressure rogulators for steam and other geses. Tight shutoff is not
snsured, .

Jiquids and gases. Resistante 10 flow is precisely contiplled by a relatively

large seat area and the adjustment alferded by fine threading of the siem.

NEEDLE VALVE

SOUEEZE VALVE is well-suited ta regulaling the fiow of ditficult liquids,
slurries and powders. Maximum closure §s ahout BO%, which limits the range
of regulation, unless the varialion of this 1ype of valve with a central
core {seat} is used, offering full closure.

PINCH VALVE Alsa suited 1o regulating flow of difficutl liquids, slurries and
powders. Complete closure is possible but tends to rapidly wear the flaxible
tube, unless of special design.

VALVES FOR BOTH REGULATING & ON/OFF SERVICE 316
ROTARY-BALL VALVE Advantages are luw aperating torqus, availability
in large sizes, campactness, rotary 90-degree stem movement, and “in-tine’
replaceability af alt wearing parts in some designs. Possible disadvantages are
that fluid is trapped within the body {and within the disc on closure}, and
that compensatian {or wear is effected only by resilient material behind the
seats: 1he latter problem is avordad in tha single-se31 "accentric’ varsion, which

" hes the ball slightly offset so that it presses into the seat, on clasure.

176

Principal uses ara for water, oils, sturries, gases and vacuum. Valve is available
with a ball having a shaped port for reguiation.
ROTARY-BALL VALVE

Lo b
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BUTTERFLY VALVE offers the advanlages of rotary siem movemenl (90
degrees or less), compaciness, and absence ol pocketing. It is aveilable in
all sizes, and con be produced in chemical-resistant and hygienic torms.
The valves are used for gases, liquids, slurries, pawders and vacuum. The
usual resilient plastic see! has a lemperature limitation, bul tight closure at
high 1emperatures is available with a version having a metal ring seat around
the disc. 1f the valve is Hanged, it may be held batwsen flanges of any type.
Slip-on and screwed {langes do not torm a proper seal with some wafer
torms of the valve, in which the resilient seat is extended 10 serve also 25
line gaskets,

BUTTERFLY VALVE
(Water typel

VALVES FOR CHECKING BACKFLOW 317

Al valves in this categary are designed to permit Flow of liquid or gas in ona
direclion and close if Hlow reverses.

SWING CHECK VALVE The regutar swing check valve is not suitable il there
is frequent flow reversal 3 pounding and wearing of disc occurs. For gritly
liquids a camposition disc is advisable to reduce damage 10 the seat. May be
mounted vertically wilh flow upward, o7 harizontally. Vertically-mounted
valve has 3 tendency to remain open if the stream velocily changes stowly.
An optional fever and outside waight may be offered either 1o assist closing
ar to counlerbatance the disc in patt, and allow apening by low-pressure fluid.

SWING CHECK VALVES Oulside Laver & Walght

tor swing chack valve

Pt a1 sy

TILTING DISC VALVE Suitahle where frequeni flow reversal occurs. Valve
closes rapidly with tetter closurs and less slamming than the swing check
valve, which it somewhat resembles. 1L has highe! pressure drop with lasge

flow velacities and fower-pressura drop with smatl velocities than & compisr-
ghie swingcheck valve. May be installed vartically with flow upward, of
harizontally. Dist movement can be tontrolled by en integral dashpot or
snubber.

LIFT-CHECK VALVE resembles the piston-chack valve. The disc is guided,
but the dashpnt Testure is absent. Spring-loaded types can operate at any
arientation, but unsprung valves have to be arranged so that the disc will
close by gravity. Composition-gisc valves ale availeble for guitty liquids,

PISTON-CHECK VALVE Suitable whers frequent change of direction of
flow occurs as these valves are much less subject 1o pounding with pulsating
{low due to the integral dash-pot. Spring-lpaded types cen operate at any
arientation. Unsprung valves have 10 be orietated for gravity closure. Not
suitable for gritty liquids.

ETOP CHECK VALVE

PISTON-CHECK VALVE

STOP.CHECK VALVE Principal example of use is in steam generation by
muitiple boilers, where a valve is insertad between each boiler and the main
steam header, Basicatly, acheck valve that optionally can be kept closed aulo-
matically of manually.

BALL-CHECK VALVE is suitahie for mosi services. The vaive can handle
gases, vapors and liquids, inciuding Ihose forming gummy deposits. The hatl
sgals by pravily andfor back pressure, and is {tee to rolate, which distributes
wear and aids in keep'ng contacting surfaces clean.

WAFER CHECK VALVE ellecis closure by two semicircular “doors’, both
hinged to a central post in a ring-shaped body which is instalied between
flanges. Frequently used for non-fouling liguids, a5 il is eompact and of
relatively low cost. A single disc type is also available.

£OOT VALVE Typical use is 1o maintain a head of water on the suttion
sige ot a sump pump. The valve is basically a lilt-check valve with a strainer
integrated.

A mah
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VALVES FOR SWITCHING FLOW 338

MULTIPORT VALVE Used largely on hydraulic and pnesmatic cantrol cir-
wits and sometimes used directly in process piping, these valvas have rotary-
ball or plug-type discs with one or more ports arrenged to switch flow.
DIVERTING VALVE Twou types of ‘diverting’ vaive are made, Both switch
flow from a line into one of 1wo outlets, One type is of wys pattern with a
hinged disc at the junction which closes ona of the two outlets, and is used
10 handle powdars and other solids. The secand type handles liquid only, and
has no moving parts—tlaw is switched by iwo pneumatic contral lines. 1t is
available in sizes 10 G-inch.

VALVES FOR DISCHARGING 319

These valves allow removal of fluid from within a piping system either to
atmosphese, to @ drain, or to anather piping system or vessel at a lower
pressure. Operation is often autamatic. Relief and safety veives, steam traps,
and rupture dises are included in this section. Pressure-relieving valves are
wsually spring loadad, as thosa worked by lever and weight can be gasily
rendgred inoperative by personnel. The first three valves are operated by
system prassure, and are usually mounted direcily onto the piping or vessel
to ba protected, in a vertical, upright position. Hefer to the governing code
for the application of these valves, including the need for an external lifting
device thandlevar, etc.), :
el P —

SAFETY VALVE A rapid-opaning {popping ection} full-flow velve for air
sngd oiher gases.

RELIEF VALVE Intended to relieve excess pressure in liguids, in situations
where tull-1low discharge is not required, when raleass of 8 small volume of
liquid would rapidly lower pressure. Mouating is shown in figure 6.4.

SAFEYY VALVE

RELIEF VALVE

SAFETY-RELIEF VALVE BRelieves excess pressure of either gas or liguid
which may suddenty develop s vepar phease due to rapid and uncontrolled
heeting from chemical reactian [n lquid-laden vessels. Refer 1o figure 6.4,

3R

BALL FLOAT VALVE sy dulumolic valvis ire used. (1) AS ol Vips

to remove water from air systems. (2) To remove air from liquid systems
and act as vacuum breakars or breather vaives. {3) To control liquid tevel
in tanks. They are not intended 1o remova condensate.

BALL FLOAT VALVE BLOWOFF VALVE
{For fwst wse sbeve]
FROM DRIPLEG
WATER
RELEASED

BLOWOFF VYALVE A variely of glabe valve conforming with bailer code
requirements and especially designed for boiler blowoff service, Sometimes
suitable also tor blowdown service, Wye patlern and angle types often ysed,
Used 10 remove air and other gases from boilers, etc. Manuaily-operated.

FLUSH-BOTTOM TANK VALVE Usually a globe type, designed to mini-
mize packeting, primarily far conveniently discharging liquid Iram the low
point of a 1ank.

FLUBH-BOTTOM TANK VALVE {QL0OBE TYPE)

SECTIONAL VIEW

RUPTURE DISC A safety device designed to burst al a certain exeess pressure
and rapidiy discharge gas or liquid Irom a system. Usually made in the form
of a meplaceable metal disc held between flanges. Oisc may alsa be of praphite
or, lar fowest bursting prassures, plastic film,

SAMPLING VALVE A valve, usually of needie or globe pattern, placed in a
branch ling for the purpose of drawing off samples of process material thiu
the branch. Sampling from very high pressure lines is best done thru a double
valved collecting vessel. A cooling arrangement may ba needed {or sampling
trom high-remperature lines.




TRAP An aulomatic valve for: {1) Discharging condensate, air and gases
lrom sieam lines without releasing steam. {2) Discharging water from air
lines without releasing air—see 'Ball Hoat vatve’, this sectipn.

INVERTED-BUCKET TRAP

STEAM AND
CONDENSATE

PERIQDIC DISCHARGE
OF CONDENSATE

CONTROL VALVES & PRESSURE REGULATORS 3.1.10
CONTROL VALVES

Control valves automalically reguiate pressure andfar fiow rate, snd are avail-
ahle Tor any pressure. i diflerent plant syslems operate up to, and al pressure/
temperature combinalions that require Class 300 valves, sometimes (where
the design pereaits), @it control valves chosen wilk be Class 300 for inlerchange-
ability, However, il nione ol the systems exceeds the ratings for Class 150
vahes, this is not necessaty. The controd valve is usually chosen to be smalter
than line size 1o avoid throltling and consequent rapid wear of the seat.

Globe-patiern valves are notmally used tor centrol, and their ends ara usvally
llanged *or ease of maintenance. The disc is moved by a hydraulic, pneumatic,
electrical, or mechanical operaior.

Fiqure 3.4 shows schematically how a control valve can be used te control
rate of 1low in a Yine. Flow rate 5 related to the pressere drap across the
"seasing elment” {an anfice plate in this instonce see 6.7.5}). The “controber’
ectives the pressure signals, comparns them with the prossure drop for the
desired How and, if the actual flow is different, adjusts the control vaive to
ircrease of decrease the flow.

Comparable arrangements 1o liguie 34 can be devised to control any
ol numerous process varisbles - Wwmperature, pressure, level and flow rate
are the mast comman controlled variables.

Control valvps may be sclf-operating, and sat require the agdition pf a
controller, sensing element, etc. Pressure regulators are a commaon examgple
of this type of vaive, and chart 3.1 shows the principles of operation of a
piessure requlator.

PRESSURE REGULATOR Control valve ol globe type which adjusis
downstream pressure ol fiquid or gas {including steam or vapors} to & lower
desited value |'set pressura’).

B8ACK-PRESSURE REGULATOR Control valve used 10 maintain upstream
Pressure in a system.

BCHEMATIC FOR A CONTADL VALVE ARRANGEMENT FIGURE 3.4

CONTROL AUTOMATIC

SIGNAL CONTROLLER
| Retar ta : .
charl 5.1) . ) .

N

SIGNAL

RPERATOR
CONTRUOL VALVE SENSING ELEMENMT
{Primary slarmsni)
UNCLASSIFIED VALVES & TERAMS 3008

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

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

BIBB A small valve with turned-down end, like 8 faucet,
BLEED VALVE Small valve provided lor drawing off fluid,

BLOCK VALVE An on/oll valve, nearly always a gate valve, placed in lines at
battery limils. : -

BLOWDOWN VALVE Usually relers to a plugtype disc globe valve used
for removing sludge and sedimentary malter from the bottam of hoiler
drums, vessels, driplegs, Btc.

BREATHER VALVE A special seif-acting vatve instalied on storage tanks,
atc., 10 reigase vepos or gas on slight increase of internal pressure (in the
iegion el ¥ to 3 ountes per square inchj,

BYPASS VALVE Any valve placed in a bypass arranged around another
valve or equipmeni—see 6.1.3 under “If these is mo PAID.." and figures
6.6 thru 6.11.

DIAPHRAGM VALVE Examples of true diaphragm valves, where the dia
phragm closes off the 1low, are shown in chat 3.1. These forms of diaphragm
valve are popular for regulating the flow ol slutries and corrosive fluids and for
vacoum. The 1esm ‘diaphragm valve’ is also applied to valves which have a
diaphrapm seal between stem and body, but these are beltes referted to as
"diaphragm sea o5 ‘packless’ valves—ses 3.1.2, under ‘Seal’,

ORAIN VALVE A valve used for the purpose of draining liquids Irom a line
or vessel. Selection of a drain valva, and the method of attachment, is
inflyenced by the-undesirability af pocketing the material being drained—
this is impartant with slurries and liquids which are subject to: {1} Solidili-
cation on cooling or polymerization. {2} Decompasition,

DRIP VALVE A drain valve fitted 1o the bottom of a dripleg to permit
bipwdown.
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FLAP VALVE A non-elurn valve having a hinged disc or rubber or
feather flap, usad for low-pressure lines.

HEADER VALVE An isolating valve installed in a branch whare it joins
a header, '

HOSE VALVE A gate or giobe valve having one of its ends externaily
threaded 1o one of the hose theesd standards in use in the USA. Thase valves
arg used for vehicular and firewater connections.

ISOLATING VALVE An onfoff valve isolating & piece of equipment os a
process trom piping,

KMIFE-EDGE VALVE A single-disc single-seet gale vaive (slide gate} with
a knite-edged dist.

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

NON-RETURN VALVE Any type of stop-check vabve—see 3.1.7,

PAPER-SYOCK VALVE A single-disc single-seat gate valve {slide gate) wilh

knife-edged or notched disc used 1o regulate flow of paper slurry or othar
fibraus slurmy,

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 lement or instrument
from a line or vessel. {2) A valve placed at the beginning of a branch from
a header.

SAMPLING VALVE Small valve pravided for drawing off fluid. See 3.1.8,

SHUTOFF VALVE An onfoff vaive piaced in lines 10 or from equipment,
for 1he purpose of stopping and starting flow.

SLURAY VALVE A knife-edge valve used to coniral $iow af non-abresive
slurrias,

SPIRAL-SOCK VALVE A valve used to control flaw of powders by means of
2 twistable fabric wbe ar sock.

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

THROTTLING VALVE Any valve usad to closely regulate flow in the
just-open position,

VACUUM BREAKER A special self-acting valve, or any valva suitable {or
vacuum service, operated manualy or autamatically, installed to admit gas
fusually atmaspheric alt) into a vacuum o low-pressure space. Such vaives

arg instalted on high points of piping or vessels to permil draining, and
sometimes to prevent siphoning.

UNLOADING VALVE See 3.2.2, under ‘Unlaading’, and figure 5.23.

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
8 weight which in falling operates the valve. Quick-acting valves ere desirable
in linet conveying flammable Fquids. Unsuitabla for water or for liquid service
in general without a cushioning device {hydraulic accumulstor, “pulsation pat’

or ‘standpipg’} 10 piotect piping from shock. See 3.1.2, under "Quick-acting
operators for non-ratary valves',
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PUMPS & COMPRESSORS 32
PUMFS 3.21
DRIVEAS

Electric motars w2 the most frequenily used drivers. Larger pumps may be
driven by steam-, gas-, or diesel-engings, or by lurbines.

‘HEADS' (PRESSURES) IN FUMP PIPING FIGUAE 1.6
( W o
™ ___/\ "
VESSEL, Etz. SUCTION HEADER, Exc.
| s
2

DRIVER

CENTERLINE OF PUMP

NOTES

The tntal head, &', which must be provided by e pump in the rangement shown, it —
Homhg= A, Hy ¥ Yhyg v byl + R, - F)
Hesds may b wxprmad wither oll in stsokule umis or all in gage units, bul not in miked unis. The
warious haad termy in this equation we, with refersnce 10 the itlutiretion: -
hg = 1M discharge head
&y, = tolsl suction head
Hy = ok head (differamtial] = F- ¥

A1g = Triction head 106 in diChaed Diping. inchuding axit lom [ liquid dischsrgm inta weusal, aic.)
rch OB T ivCraasty SOCMEH M pUmp oulhel®

A = friction head last in suckon piping, including entrmnce lom (s fiquid enten Gne Trom hester,
arc) and 1065 8 reduter locaed ot pump inket”

Py = pramure besd above liguid Wve! in dischrge vesssl o haader
P, = prefsure hewd gbove liquid level in suction hesder or vesel

NET POSITIVE SUCTION HEAD iNPSH)
"NPSH' 13 dufined by: - Sy s A= P whare

Fop = vipor presure ol liquid 51 emperstune ol Liguic ab wetion hesder, #lc. Vapor preshune
ary given in abeoluty unite

“Tabie F-10 ghvt “mirance loms, Axid loss, How resistanca of reducary and g, me.. aapirseed
in squiplern fengths 4 pege
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TYPES OF PUMP

A gump is 8 device lor moving g ltuid frem one place o anuther thiu pipes
or channels. Chatt 3.3, 3 seleclion guide for pumps, puts various typns of
pump used industeially into fwve catagones, based on opeating principle. In
common refetence, the terms cantoiugal, rolay, steew, and teciprocating
are used. Chait 3.3 is not compiehensive  pumps utilizing other principles
ate i use. Abou! nine gut of ten pumps used in industry are of the céntri-
fugal type.

The hitowing nlommtion @& green 1o enable an estioule 1w he made of
cegquiiner] otal head, pomp size, capaoly, and bosepawes fon planmuny
purposes. Uata s the Guider provmil estunating pumip 1egquiements for water
systems.

PUMP ‘TOTAL HEAD'

A gump imparts enaigy to the pumped liquid. This energy is able to 1aise the
liquid 10 & hewght, ur "head'. The “tatal head’ of & pump lin 1) is the enengy
Gn fi-Ib) imparted by the pump to each pound of liquid. In piped systems,
part of the Lotal head 15 used 10 pvsrcong triction in the pipng, which results
in a prassuie diop {or ‘headloss’).

For a centrifugal pump, the same tatal head can be imparied 1o all liquids of
comparable viscosiy, and is independent of the liquid's densily the required
driving power increases with densily. Figure 3.3 relates the total huad provid-
ed by the pump to (he headiosses n the pumped sysiem.

PRESSURE & ‘HEAD’

i US custamary units, pressute (g} in PSE s related to bead () in H.
2 [PSH] = (AMT124) = (S.G HAN{2.31), where o is tiquid density in 1D/
and $.G. is spreide qrvity. Atmasphaene pressue ab sea hvel s egoal 1o
14.7 PSIA, Ihe pressute generated by a 3441 height ol waler,
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VELOCITY HEAD

Usually the Hguid being pumped is stationary belore entering the suction

piping, and some power is absorbed in accelersting it to the suction line .
welocity. This causes a small ‘velocity head’ loss (ususily shout 1 1t} and CHART
may be found from table 3.2, which is applicable 1o liquid of any density, 323

it the velocity head is read as faet of the liquid concarned,

VELOCITY & VELOCITY HEAD TABLE 1.2

vELOEITY (Fume) 1 5 L] ? L] a 10 12 15
VELBCITY NEAD  (FL) 025 03 056 076 099 1.26 156 224 3%

Flow rate, tiquid velocity and cross-sectional area {at right angles to flow)
are related by the lormulas:

S
Flow rate in cubic feet per second = (v)ia)fi144) 38
Flow rate in US gallons par minute = (31169 v 2}
where: v = liquid velocity in feet par second
# = crass-seclional srea in squate inches (1able P-1)
POWER CALCULATIONS
{f §.G. = specitic gravity ol the pumped liquid, & = total head in leet of the
pumped liquid, and @ = pressure drop in PSI, then: '
_ (GPM)(HHS.G.) _ IGPM){p) TABLE
Hydraulic h wer = =
ydraulic horsepa 3960 714 32



The mechanical afficiency, e, of 8 pump is defined as the hydraulic horse
power {power tiansferred ta the pumped liquid) dividad by the brake harse-
power (power aqplisd to the driving shaft of the pump).

1f 1he pump is driven by an electric molos which hes a mechanical effi-
ciency #, the eleclricity demand is:

. (CPMIANSG) (GPMitg)
Kilowatt (KW} = -
Howatt (KW = i ONeley | (2299Mebien)

Dften, estimates of brake horsepower, eleciricity demand, ete., must be made
without proper knowledge of the efficiencies. To obtain estimates, the mech-

anical efficiency of a centrifugal pump may ba assumed to be 60%, and that
of an elactric motor 80%.

COMPRESSORS, BLOWERS & FANS .22

REFENENCES

‘Compressed air and gas data”. Editor Gibbs C.W. {Ingersoll-Rand}
‘Air regeivers’, Section 1910.188 of the Code of Federal Reguiations; CFR
Ocrupalional Safety and Health Administration {QSHA)

el ———

Compressors are used to supply high-pressure air for plant use, 1o pressurize
retrigarant vaposs for cooling systems, to fiquefy gases, etc. They are rated
by their maximum output pressure and the number of cubic feet per minute
of a gas handled at o specilied speed or power, stated at ‘standard conditions’,
60 F and 14.7 PSIA (not 21 compressed valume). 60 F is accepied as standard
temperature by the gas industry,

The term ‘compressor” is usually reserved for machines developing high press-
umes in closed systems, end the terms "blower’ and ‘fan’ for machines working
81 low pressures in gpen-ended Systams.

COMPRESSON PAESSURE RANGES TABLE 2.3
MACHINE DISCHARGE PRESSURE RANGE
COMPRESSOR 15 thru 20,000 PSIG, snd higher
BLOWER 1 thru 16 PSIG
FAN Up to 1 PSIG {shout 30 in. weter]

COMPRESSING IN STAGES

Gases (including air) can be compressed in one or mora nperations fermed
‘stages’. Each stage can handle s practicable incregse in pressure—before
temperature increase due to the compressian necessitates cooling the gas.
Cooling betwean stages is effpctad by passing the gas thru an intercooler,
Staging permits high pressures, end lower discherps tempersiures, with
rodured stresses on the comprassor. '
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TYPES OF COMPRESSOR

RECIPROCATING COMPRESSOR Air or other gas is pressurized in cylinders
by reciprocating pistons. 11 the compresor is lubricated, the outfiow may
be contaminated by oil. 1f sn ail-free outflow is required, the pistons may
be fitled with graphite or tefion pistan fings. Flow is pulsating.

ROTARY SCREW COMPRESSOR Air or other gas enters pockets formed
between mating rotors and a casing wall. The pockets rolate away fram
the inlet, taking the gas 1oward the discharge end. The rotors do not touch
each other or the casing well, Dutflow is uncontaminated in the ‘dry type’
of machine, in which power is applied to both rotors thru external timing
gears. In the ‘wet type’, power is applied to ong roter, and both rotors are
separated by an oil film, which contaminates 1he discharge. Flow is uniform,

ROTARY VANE COMPRESSOR resembles the rotary vana pump shawn in
chart 3.3, Varietion in the volume enclosed by adjecent vanes as they rotele

produces compression. Ampla Jubrication is required, which may introduce
conlaminatian, Flow is unilpim.

ROTARY LOBE COMPRESSOR consists of 1w synchronized lobed rotors
turning within a casing, in the seme way as the pump shown in chart 3.3
{under “spurgeas’ type). The rotors do nat touch each other of the casing,
No lubrication is used within the casing, and the outflow is not contaminated.
Fiow is unifarm. This machine is often seferred 1o as a 'blawer’,

DYNAMIC COMPRESSORS resemble gas turbines acting in reverse. Both
axial-flow machings and centrifugal machines {with radial flow} ere available.
Centrifugal compressars commenly have either one or two stages, Axial

compressors Jave at least two stages, bul seldom more than 16 siages.
Tha outflow is not cantaminated. Flow is uniform.

LIQWD RING COMPRESSOR This type of compressor consists of a single
multi-biaded ra1ar which turns within a casing of approximately eitiptic 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 10
seal. Inlet and outlal pasts tacated in the hub communicate with the pockets
formed between the vanes and the liquid ring. These compressors have spacial
advantages: wet gases and liquid carryover including hydrocarbons which are
troubiesome with other compressors are easily handled. Additional cooling is
seldom required. Condensible vapor can be recavered by using liquid similar
10 that in the ring. Flow is uniform.

EQLIPMENT FOR COMPRESSORS

INTERCOOLER A heat exchanger used far cooling compressed gas belween
stages. Air must not be cooled below the dew point {al the higher pressure)
a maoisture witl interfare with labrication and cause wear in 1the next stage.

AFTERCOOLER A heat exchanger used for cooling gas after compression is

compieted, |f air is being compressed, chilling permits ramoval of much of
the mpisture.

DAMPENER or SNUBBER; VOLUME BOTTLE or SURGE DRUM Recip-
rocating compressors creste pulsations in the air or gas which may cause the




discharge and/or suction piping to resonate and damaga the compressar gr
its velves, A dampener, or snubber, is 8 baffled vessal which smooths pulss-
tions in flow. A valume bottle or surge drum has the seme purpose, but lacks
baflles. These devices are nol normalty part ol the comprassor package, and
arg alten bought separately {with the compressar maker's reeammendations}.
Large campressars may fequile an arrangement of ‘choke tubes’ {restrictions)
and "bottles’ {vessels}, conlorming 1a a theoretical design and focated near the
compressni's outlet, upsiream of the aftercocler.

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

SEPARATOR (normatly wsed only with air compressors) A water separator
s olien provided lallowing the aflereooler, snd, sometimes, also at the intake
lo 8 compressor having a long suction ling, if watar is likely to collect in

the line. Each separator is provided with a drain to allow continuous removal
u! water,

AECEIVER Refer 1o "Discharge {supply} lines’ and ‘Storing compressed air’,
this section,

SILENCER is used to suppress objectionable sound which may radiate fram
an air intake.

FILTER s pravided in the suction ling to an ai compressar to colect
particulate matter,

The foliewing information is given 85 8 guide for enginesting purposes
LINE SIZES FOR AIA SUCTION & DISTRIBUTION

SUCTION LINE Suction lines and manifalds should be laige enough to pre-
wenl excessive noise and starvalion of the air supply. I the first compression
stoge is tecpracating, the sueting ling should allow a 10 tu 23 ftfsec flow:
it 3 single-stage reciprocating compressor is used, the intake flaw should not
be faster lhan 20 fifsec. Oynamic compressars can operale with faster intake
velotities, but 40 tfsec is suggested as a maximum, The inlet reducer for
a dynamic compressor should be glaced close to the iniet nozzle.

DISCHARGE (SUPPLY) LINES are siced for 150 1o 175% ol average flow,
depending an the number uf outiats in use at any time. The pressure loss in
a branch should be limited to 3 PS). The pressure depp in a hose should not
exceed & PS1. The pressure drop in distribution piping, from the compressor
to the most remole part ol the system, shouid not be greater than 5 PS1 (not
including boses),

These suggested pressure drops may be used 1o select line sizes with the aid
af table 3.5. From the sequired SCFM tlow in the ling to be sized, find the
next higher flow in Lhe table. Multiply 1he allowed pressure drag (PS1) in the
line by 100 and divide by the length of the ling in feet to obtain the PS1 drop
per 100 fi—lind the next lower figure to this in the table, and read required
ling size,

Equipment drawing air at a high rate lor a short period is best served by &
receiver close ta the paint of maximum use-lines can then be sized on
average demand. A minimum receiver size of double the SCF used in intermit-
test demand should limin the pressure drop at the end of the period of use 0
about 20% in the worst instances and keep it under 10% in mosl others.

COMPRESIOA CHARACTERISTICE TABLE 3.4 i il 2.1
waxmon oo | omeiew teokibaet nAnst | - @jl 22
WY P
COMPHESSON TYPt | popasiine | INANTIN | {EEMAY Gutlow CFM)
o UTMIT
DAYA FOR 104 PG QUTFLDW
RECIPRAOCATING
Lubicated 35,000 OlIL 4107 10,000
Non-lubricated 700 NONE
[OYNAMIC
Centrifugal 4,000 NONE 4 500 to 110,000
Axial B0 | NONE % 5,000 10 13,000,
ROTARY VANE 125 oIL 4 150 ta 6,000
ROTAAY LOBE 3o NONE 50,000
ROTARY SCREW 125 NONE/ 4 30 1o 150
NON.LUBEQULUSED [+{]
LIQUID RING 75 | waTER 1180 2.2} 20 105,000
or other

*Flgure appliss to a two-stage macnine

FLOW OF COMPRESSED AIR: TABLE 35
PRESSURE DROFS OVER 100 Ft PIPE,

WITH AIR ENTERING AT 100 PEIG*

lAdaptad from data publishd by tngersoll-Rand)

FREE AIR NOMINAL MPE BIZE {INCHES) ~ SCHEDULE S NPt
INFLOW
{SCFM} ] 1 1% l 2 l k4 I 3 l 4 [ 8
a0 1.24 | 0.7 .
70 177 [ 108| 042 Presture drop smaller than
aa 800 | 169 | 019 than 0.} PS5 per 100 1t
1wo  |153)| 200 024
400 ‘ 322 | 3859 [ 098 | 041 | D13
700 1108 | 282]1.19 | 038; D10
200 179 | 478 | 197 | 0.82 | O.18
1,000 20 | 590 2431076 | 0.19
4,000 1149 290 | 035
7,000 B.77 | 1.06
9,000 FPressure drop larger 14.6 1.715
10,000 thin 35 631 ger 100 1t 10 | 213
40,000 138
*Prassurg drop verles | iy a sbsalute p w Ol sntaring alr,
POWER CONSUMPTION

The power consumption of the differenl compressor types is charactesistic.

Table 3.4 gives the horsepower neaded a1 an output pressure of 100 PSIG,

Power consumplion per CFM rises with rising output pressure. Air cooling

adds 3-5% ta power consumption {inctuding fan drive), ‘FAD’ power con-

sumption figures for compressars of ‘sverage’ power consumption are given.

'FAD’ denotes ‘free air delivered cerresponding to standard cubic ft per

minute {SCFM) or liters per minute measured as set out in ASME PTCY, TABLES
BS 1571 or DIN 1945." 43-36



SPECIFIC POWER CONSUMPTION (FAD]

rEIG [ ) 100 s )
2o 100 CPMNFLON | _MMILESTACE :a; TN EEREN
TWOSTAGE 16 18 2)

COOLING-WATER REQUIREMENTS

Cooling-water demand is normally shown on the vendor’s P&ID or dala sheet.
Most af the water demand is for the aftercooler (and intercooler, with a two-
stage compressor}. Jackets and Iuba oil may also require cooling. As a guide,
8 US gallons per hour are needad lor each horsepower supplied to the comp-
sessor. |f the final compression is 100 PSIG, the water demand witl usually
be about 2 LS GPH per each SCFM inflow. These approximate demands
are based on an 40 F tempersture incraase of the caoling water. Demand

far coofing water increases slightly with relative humidity of the incoming
air.

QUANTITIES OF MOISTURE CONDENSED
FROM COMPRESSED AR
Tha following calculation {1eken from the referenced Atlas Copco manual}
is for a two-stage compressol, and is based on moistura content given in the
1able belaw:
DATA: Capacity of the compressor = 2225 SCFM
Temperature of the incoming air = 86 F
Relative humidity of the intoming air = 75%
Qutlet Yemperature = 86 T
Intercooter ) Air pressure = 26,3 PSIG, or AD PSIA
Water separation efficiancy = 80%
Qutlet air temperature = BG F
Aftercanter ) Air pressure = 100 PSIG, or 115 PS1A

Water separation efficiency = 90%
CALCULATIONS:

{1} Fram the table, waight of water vapor in 2225 SCFM air at 86 F and
75% RH = (0.00189)2225}0.75) = 3.15 Ib/min.
{2 Rate of removal of condensed watsr fiom inteecooler, thru trap
= [0.8{3.16 — {0.00189)(2229)(14.7)/(40)] = 1.28 1b/min., or
11.28){60)/(8.33) = 9.2 US GPH
(3) Aate of removal ol condensad water from nftercooler, thru trap
= {0.9)13.15 — 1.28 — (0.00189)(2226){14.71/1115)]} = 1.20 fb/min., os
£1.203(60)/(8.33) =86 US GPH
{4) Total rate at which water is removed fram both coalers
= 972+86 =178 US GPH

MOISTURE CONTENT DF AIR AT 1007% RH

YEMPERATURE '
. o 1432503335104122'

:::!f‘::",' 135 2.02 5.87 100 189 31.6 51.3‘

f44)

UNLOADING {POSITIVE-DISPLACEMENT COMPRESSORS)
‘Unloading’ is the removal of the compression load from the waning com-
pressor. Compressors are unloaded at startup snd for short periods when

demand far gas falls ofl, Damage to the compressor’s drive motor can result
if full compression duties are applied suddenly.

if the vendor uoes not provide means of unloading the compressor, a manual
or autamalic bypass line should be provided between suclion and discharge
{on the compressor’s side of any isolating valves}—sea figure 6.23.

Provision should be made so that the discharge pressure cannat rise abave a
value which woutd damage the compressar or its driver, Automatic unloading
will ensure Lhis, and 1he conirol aclions are listed in table 3.6,

AUTOMATIC UNLOADING

TABLE 1.6
ACTIONS FOR COMPRESSORS
DISCHARGE AUTOMATIC CONTROL
COMPRESSOR | ppessune ACTION
Mot runnl Low--reaches 5 omprssor unioaded,
~a lovwar :t.ildut ﬂtl:.ﬂni::llﬁ [ norr:d spead,
trings on losd
Aunni Hs SpCha Unkoad f
™ Piivar vat vaiue praeet poriod
Low—reache Astogds comprmsar
relned 1]
betors kdting
1t period is over
e Medium—diy Switenas off
peviod amd ore wilcl COMpreswor
relopd presturd
s renched

STORING COMPRESSED AIR

A limited amount of compressed air or other gas ¢£an be stored in recsivers.
QOne or more receivers provided in the compressor's dischasge piping also
serve 10 suppress surges (which can be due to demand, as well as supply)
to assist cooling, and to collect moisture. Receivers storing eir or other gas
are classed as pressurs vessels—refer to 6.5.1.

RECEIWER CONSTRUCTION Usual construction is a fong vertical cylinder
with dished heads, supportad on a pad. Waler will collect in the bess, and
therafor & valved drain must be provided for manual blowdown. Collected
waler may freaze in cold climaies. Feeding the warm air or gas at the hase of
the secaivar may prevent fieezing, hut the inlet must be designed so that it
cannoi he closed by water il it does freuze.

CAPACITY NEEDED A simple rule to decide the total receiver volume is to
divide the compressor rating in SCFM by ten to get the volume in cubit feet
for the raceiver. For example, if the compressor is designed to take 5500
cubic teet per minute, a receiver valuma of ahout 550 cubic feet is adaquate.
This rule is considerad suitable for autfiow pressures up 1o about 125 PSIG
and where the continuously running compressor is unipaded by automatic
valves—se2 'Unioading’ above. An extensive piping System for distribuling
compressad ai° or oiher {as may have e capacity sutficiently large in itself to
S8rve 8s a feceiver,




PROCESS EQUIPMENT 3.3

Process equipment is a term used to cover the many types of equinment used
10 perform ane or more al these basic operations on the pracess materiat:

{1} CHEMICAL REACTION

{21  MIXING

{31 SEFPARATION

14}  CHANGE OF PARTICLE SIZE
{5} HEATY TRANSFER

Equipment manyfacturers give all information necessary iur installalion and
piping.

This sechon is @ yuick reference to the lunction af sume itemns of equipment
used in pracesswork. 1o tabla 3.7, the lunction ol the equipment is expressed
iv terms of the phase (sobid. liguid or gas) of 1he process malerials mixed.
Examples. {1} A blender can mix two powders, and its funciion is tabulated
as "S+S”_ (2} An agitater can be used 1o stir 3 liguid into snather liguid - this
junction is tabulated “L+L™". Another large and varied group of equipment

achivves separations, and 3 similar method of tabulating lupction is used in
table 3.8,

CHEMICAL REACTION 334

Chamicil reactions ae carrind out in a wide vasiety ol specialized equipment,
eriel s tors, aatockves, fosoaces, e, Heactions invobviog lignids, sus
prusions, o semetimes gases, aat olicn performed in 'reaction vessels’, The
vessel and its contents lrequently have o be heated o covled, and piping to &
jacket i internal sysiem of coils has to be arranged. If reaction takes place
undes pressure, the vessel may need 10 comply with the ASME Boiler and
Pressute Vassnl Code. Reler also to 6.5.1, under ‘Pressure vessels’, and o the
stk ads listed o labie 7,10

MIXING 332

A variety ol equipment is made for mixing operations. The principal types
of eguipment are listed in 1able 3.7

MIXING EQUIPMENT TABLE 3.7
ECWHPFMENT PHASES MIXED
AaTAIDIR LI O A
BLENDER (TUMBLEH TYPE) 315,50 L
EDUCTOR L+LL*G GG
MIXER {RIBAOM, SCTROLL,

OR OTHER TYPE) B+585+L
PROPORTIONING FUMP Ll
PRGFORATIDMING VALVE L+L

16 GAS L LuAnly S 50U

(4%1

SEPARATION 333

Equipment for separation is even mora varied. Equipment saparating folids
on the basis of particle tiza or specific gravity alone ste in genersl termed
classiliers. The broader range of separation equipmeni saparates phases (solid,
liguid, gas} and some of the types used ara listed in the table below:

SEPARATION EORHPMENT TABLE 3.6
FRED TAINED TF
EQUIPMENT um‘enm ::unm. :’.\um
CENTRIFUGE S+l s L
CONTINUQUS CENTRIFUGE LI+ L) Nom L, LI, t
CYCLONE $+G Nont G.5t
DEAERATOR L*G L G
DEFOAMER LG L G
CISTILLATION COLUMN LN+ L LI un-
OAYER S+L 5 L
ORY SCAEEN S{1) + 5i2) s S(2)
EVAPORATOR L+S L+S L
Li1) + LI Lo L2
FILTER PRESS S+i 5 L
FLOTATION TANK S+ L [ L
FRACTIONATION COLUMN LI} + LD None Ly, L2,
+ LI+ oete, LI, etc. t
SCRUBBER 5+ G S G
SETTLING TANK 540 5 L
STRIPPEH L1+ LD L L3y
1 Separate flows *Ramoved 55 Y apor
~GAS L= LD ] a {u 1 FaS 41 =DIF} T i DA LI 3. 1]
10 - GAS. L0, 5 = 50L10, Bl 5 .. LA, re = DIFFERENT S0L10% LIGU+DAI H
CHANGE OF PARTICLE SIZE 134

Reduction ol parlicle size is a common gperalion, and can be termed
‘attrition’. Equipment used ingludes crushers, rod-, balt- and hammes-mills,
and-ta achieve the finest reductions—energy mills, which run on campsessed
air.  Emulsions 'cresms’ or ‘milks’), which are liquid-in-liquid dispersions,
are stohilized by homogenizers, typically used on milk 1o reduce the size
of the fal globules and 1hus prevent cresm from separating.

Occasionally, particle or lump size of the praduct is incressed. £ quipment for
agglamerating, pelletizing, etc., is used. Examples. tablets, sugar cubes, pow:
dered beverage and food products.

FROCESS HEAT TRANSFER 335

Agding and remaving heat is 3 significant part of chemical processing.
Heating af cooling ot process material is accomplished wilh heat exchangars,
jecketed vessels, or other heat teanster equipment. The project and piping
graups specify the duty and mechanical errangement, but the detsil design
is pormally left to the manufacturer.

2.2

L EC

TabiEs
15-38
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The term ‘heat exchanger” in chemical processing refers ta an unfired vessel
exchanging heat batween two fluids which are kept separated. The commonest
form of heat exchangar is the ‘shell-and-tube’ exchanger, consisting of a
bundle of tubes held ingide a ‘sheli’ {the vesse! part}. One fluid passes inside
the tubes, the other thru the space batween the 1ubes end shall. Exchanged
heat has to flow thru the tube walls. Refer to 6.8 {"Keeping process material
&1 tha right temperature’) and 10 6.6 for piping shell-end-tuba heat axchangers.

Heat exchange with pracess material can take place in a variety of other
equipment, such as condensars, evaporators, heaters, chillers, etc.

MULTIFUNCTION EQUIMENY 3.3.8

Somatimas, items of equipment are designed to perform mare than one af
the functions listad a1 the beginning of 3.3

Mixing and heating {or cooling) may be simultansously carried out in mixers
having blades provided with internal channals ta carry hot {or cold) fluid.

Separation and attrition may be echieved in a single mill, designed ta cutput
perticies of the required degree of fineness and recycie and regrind particles
which are still too coarse.

rany



4.

DRGANIZATION OF WORK - Job Responsibiitis,
Drawing-Office Equipment and Procedures

THE PIPING GROUP 4.1

Pract design is divided 1nto several areas, each he tesporsibility of 2 “design
group’. Chart A.1a) shuws the main groups of peopie coaperating on the
phint design, and (he types af drawings for which Lhey are responsibte. Other
groups, inwvalved with instromentation, stress analysis, pipesupport, etc., con-
trifwute to the design at appropriate stages.

The: persunnel resgonsible lor the piping design may be part of an engingering
dipar lwen s inechasica! desipn group, of they may funclion as a sepaate
soc bt oc departiment. §or sienpliciy, this design group is reletred 1o os e
‘mping grunp’, and ts wlitionship with the oganization and basic aclivities
are dicated in chart 4 1Ha).

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

RESPONSIBILITIES GF THE PIPING GROUP 411

Thar pipion group produces designs in the Jorm of drawings and model(s),
showing equigiment and piping.

The fullowing are gravided by he piging group as its cantribution to the
plant design:—

1) AN EQUIFMENT ARAANGEMENT DRAWING. USUALLY
TERMED THE 'PLOT PLAN'

{20  PIPING DESIGN (DRAWINGS OR MODEL)
{3} PIPING DETAILE FOR FABRICATION AND CONSTRUCTION

{4} REQUISITIONS FOR PURCHASE OF PIFING MATERIEL

JORB FUNCTIONS 4.1.2

O jainmg # desiyn oflice it i unportant that the new member should know
what Tine of authonity exists. This is especially «npariant when infarmatian
s oeuired amd i1 saves The wieng peaple from being interrupted. Chart 4.2
shnws twan tygaeal fnes of authenty. {Difterent companies witl have different

ol owarre cvired eel P bae 3

JOoB

FUNCTIONS

DESIGN
SUPERVISOR

GROUP LEADER

NOTE: On small .
™y aino sEwama gxn
Supsrvisor's duties

CHECKER

DESIGNER

DAAFTER

it

(3
18]

)]

{2
(3l

(L]

%)
ts)

in

1]

®)

e

{11}

i1t

t2)

m

12}

(k)]

RESFONSISLE FOR ALL PERSONNEL IN GADUFS
INCLUDING HIRING

COQRDINATING WiTH OTHER OGROUPS (AND
THE CLIENT)

OVERALL PLANNING AND SUPERVISING THE
OADUME WORK

LIRISON WITH PROJECT ENGINEER(S)

SUPEAVISING DESIGN & ORAFTING IN AREA{S)
ALLOCATED &Y DESIGH SUPERVISOR

ASSIGHNING WORK TO DESIGMERS L DRAFTE RS

RESPONSIHLE FOR PLOT PLANS, FLANT DE.
SI1GNS & PRESENTATION & COMPLETEMNESS OF
FINISHED DRAWINGS

CODRDINATES MECHANICAL, STRUCTURAL,
ELEC‘FPF;ICAL. AND CIVIL DETAILS # ROM OTHER
GROGL

CHECKING & MARKING VENDORS ORAWINGS

OMTAINING INFORMATION FOR WMEMBERS OF
THE GROVPF

ESTABLISHING THE NUMSER OF DRAWINGS
AEQUIRED FOR EACH JOB IDRAWING CONTROL
OR REGISTENR! -SEE INQEX

ASSIONING TITLES FOR €EACH DRAWING AND
MAINTAINING UP-TO DATE DMAWING CONTROL
OR REGISTEA OF DAAWINGS, CHARTS, GRAPHE,
AND SKETCHES FOR EACH CURRENT PROJECT

ESTANLISHING A DESIGN OMOUP FILING SYS.
LEOM FOR ALL INCOMING & QUTGOING PAPER.
RK

WEEPING A CURAENT SCHEDULE AND AECORD
OF HOURS WORKED :

REQUISITIONING ViA PURCHABING DEPART.
MENT ALL PIFING MATERIALS

CHECKING DESIGNERS' AND DRAFTERS
DESIGNS AND DETAILS FOR DIMENSIONAL
ACCURAGCY AND CONFORMITY WITH SPECIFI-
CATIONS, PRID', VENDORS DRAWINGS, ETC
IF AGAEED WITH THE DESIGNER &/0R GADUPR

LEADERA, MAY MAKE [MPROVEMENTS AND
ALTEAATIONS TO THE DESIGN

PRODUCING STUDIES AND LAYOUTS OF EQUP.
MENT AND PIFING WHICH MUST BE ECONOMILC,
SAFE, OFERABLE AMND EASILY MAINTAINED

MAKING ANY HECESSARY ADDITIONAL CALL.
ULATIONS FQR THE DESIGN

SUPERAVISING DORAFTERS

MINIMUM RESPONSIBILITIES ARE: -

12)
LE1)

FRODUCING DETAILED DRAWINGE FAGM OEF-
SIGNEAS" OR GRAOUF LEADERAS STUOIES OR
SKETCHES

SECONDARY DESIGN WORAK

FAMILIARIZATION WITH THE RECORDS, FILES,
INFORMATION SHEETS AND COMPANY PRAC-
TICES RELATING T THE PROJECT
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DESIGN INFORMATION TO PIPING GROUP 4.2
The ioflowing informatian is required by the piping group.—

) "JOB SCOPE DOCUMENT, WHICH DEFINES
PROCEDURES TO HE USED M PREPARING
DESIGN SKETCHES AND DIAGRAMS

12] PPING & INSTAUMENTATION QIAGRAM
IPRID-SEE 5.2.4}

(k1 LIST OF MAJORA EQUIPMENT {(EGUIFMENT
INDEX), SPECIAL EQUIPMENT ANMD MAT-
ERLALS OF FABRICATION

1LY LINE DESIGNATION SHEETS OR TABLES,
INCLUDING ASSIGNATION OF LINE NUM.
BEAS—SEE 4.2.] AND 5.2.6

15) SPECIFICATIONS FOA MATERIALS USED
IN FIPIMG SYSTEMS-SEE 421

18} SCHEOULE OF COMPLETION DATES (UP.
DATED ON FED-BACK INFORMATION)

n CONTROLS IMETHODS OF WORKING ETC.}
TO BE ADOPTED FOR EXPEDITING THE
Jou

FROM THE
PROJECY GRWW

FROM OTHER QROUPE (8} ODHAWINGS SEE 5.0.7
FROM SUPPLIEAS 191 VENDORS PRINTS-SEE 5.2.1
SPECIFICATIONS 4,2.1

These consist of separale specificotiuns lor plant layoul, piping materials,
supporting, fabrication, insulation, welding, erection, painting and testing.
The piping designer is mostly concerned with plant layout and maleriel
specitications, which detail 1he design requirements and materials for pipe,
flanges, littings, valves, etc.. to be used for the particular project.

The piping materials specification usvally has an index Lo the various services
or processes. The part of the specification dealing with o particular service
con be identifind from the pping deawing lne mamber o PRID line sombe -
see 5.2.4 under *Flow lines”. All piping specifications must be strictly sdhered
to as they are compiled fram information supplied by the project graug.
Although the fittings, etc., described in the Guide are those most lrequently
used, they will-not necessarily be seen in every piping specification.

On some projects {such as ‘revomp’ work) where there is bo specilication,
the dosiyner may be responsibile for selecting materials and hardware, and it is
impartant ta give sulficient infermation 1o specify the hardware inall em_nlial
details. Non-standard items are ofien listed by 1he'item number and/or model

specitication for ordering taken from the catalog ol the particular menufacturer.

LIST OF EQUIPMENT, or EQUIPMENT INDEX 422

This shuws, lor each item al equipment, the eguipnent number, equipment
title, and status—that is whether the ilgm has been opproved, ordered, and
whether cerified vendor's prints lave been received,

LINE DESIGNATION SHEETS, or TABLES 423

These sheels contain tabulated data showing nominal plpa size, melatial
specificatian, design and operating conditions. Ling numbers are assigned in
sequenca of Fiow, and a separate sheet is prepared for each conveyed fluid
—sep 52.5.

DRAWING CONTROL (REGISTER! ' 424

A drawing number relates the drawing to the project, and may be coded
to shaw such information as project {or ‘job’') number, araa of plant, and
originating group {which may be indicated 'M” for mechanical, etc.). Figure
£.15 shows a number identifying part of a piping system.

The drawing control shows ihe drawing number, title, and progress toward
campletion. The status ol revision and issues is shown—see 5.4.3. The drawing
centrol is kept up-to-date by the group isader.

DESIGN GRGUP— TWO TYPICAL LINES OF AUTHORITY CHART 4.2
Exomph 1 Excple 2.
WEAD DF DERIGN, MANADER,
MANAGEN POLIGY & CHIE P ENINEER
- D{RECTION - .
CHILF ENGINEER DEPARTIMANT HEAD
CHIER DLSIGNER FHOCEGURES, PROSECT ENGINEER
- : STARfING, -d
DESIGN SUMERAVIEOR ADMINISTAAT N ARMETANT(S}
SECTION LEAOERLH SECTION LEADURIS
o -
QROuUr L EADERT] MLARMING, AACUP LEADER
S HYEITN,
LW i

COIAUBINAT

LEAD DESIGMER]Y LEAD DESIGNENIT!
- -
ECLItPMEWT | PHPINU
L
SEMION DERGNEN R LAYQUTS & FEMIOR DESIONER
CALCLILATHDNS
FHMOM PRIDS

SENIOR DRAFTERIK

PRGOUCE OETAILED
DESIGNTD
DESIGNERS
INSTRAUCTIONS

ORAAFTERS

———

[P ——



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 sre filed in numerical order under
plant or unit numbes in the drawing affice on a ‘stick file' or in a drawer—
see 4.4.10. Theliling of the Jatter, 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 infarmation connecied with
thet item of equipment in the one file.

A suggested method for tiling 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 carraspondance
between the project and design groups, client, vendors, and field would be
fited under ‘zero’, as shown.

MATERIALS & TOOLS FOR THE DRAFTING RQOM 4.4
PAPER 4.4.1

Veillum paper and mylar film are used for diawings. Drawing sheets must be
transtucent 10 the tight used in copying machines. Mylar with a coated drawing
surface is mare expensive than vellum, but is preferable where durshility and
dimensional stability are important. Sheets can be supptied printed with border
and titta block and with a “fade-out’ ruled grid on the reversa side. ‘fsamatric’
sheets with fade-out 30-degre grid are available for drawing isos.

ANSI14.1 defines the following flat drawing-sheet sizes {in inches): {A) B%x11,
(B} 1117, {C} 17x22, (D)} 22x34, (E) 34x44,

International drawing sheel sizes of approximately 1he same dimensions are
defined {ininches) as: (A4) 8.27x11.69, (A3} 11.59x16.54, (A2) 16.64x23.39,
{A1} 23.39x33.11, {A0) 33.11x46.81.

PAPERS FOR COPYING MACHINES Phatosensitive paper is used for
making prints for checking, issuing and liling purposas. ‘Sepia’ photocopying
paper {Ozalid Company, etc.) gives brown positive prints which may be
amended with pencil or ink, and the ravision 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 photocapies of superior
quality are made on clear plastic {ilm, which may have sither centinupus
emulsion 10 give heavy copies, or screened emulsian to yiald faint background
prints (emulsion should preferably be water-removable).

LEADS & PENCILS 4.4.2

Pencil leads used in the drawing office are svailable in tha foMowing gradas,
beginning with tha softest : B {used for shading), HB {usually used for writing
only), F {usually saftest grade used for drafting), H (grada most often used for
drafting), 2H {used for drawing thinner lings such as dimension lines), 3H and
4H {used for falnt lines tor layout or background), Sotter penciling is prone

gsny

FILING SYSTEM

CHART 4.3

©
1 | comeasssen am
2 | coonNGwAlem T
] FiARESTACK v, Tmem e e -
L 3 Tukl b B
[ | servenss o
s | sTeamsvsiew T i
7 | vewnwawonw —ofeices o
8 | VEWTILALION - PHOCESS AREA
O )
T B
I S B RIS SV AEIRY |

Faporwork clamifisd sosording 10 8 syvtem of this type mey be tacated in s Hling
eabing fitted with Aumrbersd dividers as shown :—

STANDARD DIYIDERE FOR FILYNG CABINET

to smearing on handling, Grades harder than 3H tend 10 cut paper making
lines diffieult to erase. Conventiona! leads are 2 mm in diameter and require
frequent repeinting. 0.5 mm and 0°3 mm leads spead work, as they need no
repointing. Conventional leads are not suitable for use oa plastic films as they
smear and are ditficutt 1o erase. “Film’ leads and pencils are available in the
same sizes as conventional leads, and in different grades ol hardness.

Clutch peacils {lead holders) suitable for use with eilher ype of the smaller
diamater teads hava 3 push-button advance.

SCALES 4.4.3

The architeet’s scale is used lor piping drawings, and it divided into Hactions
of an inch 10 one foot—fos example, 3/8 inch per foat. The engineer’s scale
is used to draw site plans, 81c., and is divided inta one inch par stated number
of faet, such as 1 inch per 30 lest,




ERASERS K ERASING SHIELDS 444

Several lypes ol eraser and erasing methods ate available—use of each is given
in table #.1- Aubber in various hardnesses from pure gum rubher {artgum)
far soft penciliing and cleaning load smears, to hard rubber Jor hard pencelling
and ink; 'plastic’ is cleaner 10 use, as it has less tendency Lo absorh graphile;
*magic rub’ for erasing pencil from plastic films. Most types of eraser are
available for use with electric erasing machines.

An erasing shield is a thin melal ptate with holes of various shapes and sizes so
that parts of the drawing not to be erssed may he arolected.

ERASING GUIDE TABLE 4.1
NEDIM | SOFT HARD IND AN FHOATOQRAPHIC

MATERLAL = PENCIL PENCIL INK BACKGROUND
;::{.:?2, SRE. or HRE_ or IHRE .

LINEN artgurn SHE

SEPIA

10ZALID:, SRE HRE, o Blade, or Biesch *

ot PHOTOCORY " '

PAPER SRAE IHRE

IPHOTOSTAT]

PL ASTIC Wey PE, or Wet PE, Dr

W P e PE, :
FILM el PE Wet PE Alade Bleach®

wEY: E = eraser. SR = soft rubber, HR = hard rubber, § = ink, P = plastic,
" Chemical hieach far removing black phatographic silver deposit

CLEANING POWDER 445

Fine rubber granuies are supplied in 'salt-shaker’ drums, Sprinkied on a
drawing, these granules reduce smearing of pencil lines during working. The
use of cleaning powder is especially helpful when usiag a teesquare. The
powder is brushed off atter use,

LETTERING AIDS 448

Title blocks. notes, and subtitles an deawings or sections should be in capitals.
Cagntals, either upright o stuped, arn pretereed, Pencifled Inttering is nosmally
used. Where ink work is required on drawings for photography, charts, re-
ports, etc., ink stylus pens {Technos, Rapidograph, ete.) are available for
stencil leltering [and lar line drawing in place of ruling pens). The Leroy
syuipment is also used lor inked lettering. Skeleton leltering templates are
used for lettering section keys. The paralle! line spacer is a smatl, inexpensive
waol useful far riing guide lines Yor leltering.

As alternatives 1o hand-inked letigring, machines such as Kroy which print
onlo asdhesive-backed transpaient film which is later positioned on the
drawing. Adhesive or translerable letters and numbers are available in sheets,
and special patterns and panels can be suppliad ta order for litle blocks or
defailing, symbolism, abbreviations, special notes, etc. Printed adhesive tapes

are limited in application, but areuseful for making drawings for phaolograghic
reproduction, such as panel boeeds, charts, and spetial reporis—see 4413,
under 'Photographic fayouts’,

TEMPLATES a4.?

Templates having circular snd rectangular openings are common, {Irthogonal
and isometric drafting lemplates are available for making process piping
drawings and flow diagrams. These piping templates give the outlings tot
ANSI vaives, fianges, Fittings and pipe dismeters 1o 3/B inch per foot, or
1/4-inch per foot.

MACHINES 448

The First two machines are usually used in drawing offices in piace of the
slawer teesquare;

DRAFTING WACHINE allows pareiel movement of a pair of rules set
at right angles. The rules are Sel on a pratractor, and their angle on the
hoard may be altered, The protractar usually hes 15-degree clickstaps am
vernigr scale.

PARALLEL RULE, or SLIDER, permits drawing of Jong harizonlal lines
anly, and is used with a fixed ar adjustable triangle.

PLANIMETER A portable machine for measuring areas. When set Lo the
scale of the drawing, the planimater will measuse areas of any shape.

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

LIGHT BOX 449

A light hox has a translucent glass or plastic working surface fitied under-
neath with electric lights. The drawing to be traced is placed on the ilumina:
ted surfacs,

FILING METHODS 4.4.10

Qriginal drawings are best filed flat in shallow drawers. Prints filed in the
drawing alfice are usualy retained on a ‘stick’, which is a clamp tor halding
saveral sheats. Sticks ere housed in a special rack or cabinet.

Origing! drawings will eventually create a storage problem, es itis inadvisable
1o scrap them. |f these drawings are not sent to an archive, after a period ol
about theee years they are phategraphed to a reduced scale for filing, and only
the fitm is retained. Equipment is available for reading such films, or large
photegraphic prints can be made.

i

CHART
43

TABLE
48
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COPYING PROCESSES 4.4.1

‘Mieza’ or ‘dyeline’ pracesses reproduce to the same scale as the original
drawing as a positive copy of arint.  Bruning and Qzalid machines are often
employed. The drawing that is to be copied must be on tracing paper, linen
or film, and the copy is made on light-sensitive papers or films. The older
reversed-tane "blue-print’ is no longer in use.

SCALED PLANT MODELS 4.4.12

Plant models are often used in designing arge installations involving much
piping. When design ol the plant is compleled, the model is senl to the
site as the basis of construction in the place of orthographic drawings.
Some engineering companies strongly advocale their use, which necessitates
maintaining a modst shop and retaining trained parsonnel. Scaled model
piping components are available in a wide range of sizes. Tha following
calor coding may be used an models,—

PSNG . . . . L . . . . . . YELLDW, RED or HLUE
EQAPMENT . . . . . . . . . . . . . . . OREY
INETAUMENTS . | . ., , , + -+ ORANGE
ELECTRICAL ., . . . . « « + +« + .« . GREEM

ADVANTAGES

s  Availabie routes for piping are easily seen
» Interferences ara easily avoided

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

. The medal can Ye photographed — see 4.4.13.

¢ Provides a superior visual aid for conferences, for construction crews
and for training plant personng!

DISADVANTAGES

(] Duplication of the model is expensive

(] The madel i not easily partable and is liable to damage duting trans-
portation

o Changes are not recardad in Lhe model itseif

PHOTOGRAPHIC AIDS 4.4.13

‘DRAWINGS FROM THE MODEL

The lack of portabitity of a scaled plant model can be partially overcome by
phatographing it. To do this it must be designed sa that il can be taken apart
easily. Photographs ten be made to comespond ciossly to the regular plan,
elevation and isometric projections by photographing the model from 40 It
or more gwey with long focal length lenses—"vanishing points’ {converging
lines) in the picture are effectively eliminated,

52}

The negative is projected through a comact screed and a print made on
‘reproducible” fim. Dimensions, notes, eic., ate added to the reproducible
film which can be prinled by a diazo prucess—see 44,11, These prints are
used as werking drawings, and distributed to those needing information.

REVAMP WORK FOR EXISTING PLANTS

A Polaroid {or videa) camera can be used to supply views of tha plant and

unrecorded changes, Filad drawings of a plant do not always include altera-
tions, or deviation from original dasign.

e ———

Phatographs of sections of a plant can be combined with drawings to facilitale
instaliation of new eguipmenl, or to make further changes 10 the existing
glant. To do this, photographs are taken of the requited views, using 8
camera fitled with a wide-angle lens (1o obtain a wider view).

The negatives oblained ara prinwed uny screened positive films whick are
attached te the back uf aciear plastic drawing sheat. Alterations to the pip-
ing syslem are then drawn on the front {ace of this sheal, linking 1he photo-
graphs as desired. Aeproductions of the compaosile drawing are mada in the
usual way by diazo process,

Alternately, positives may be marked directly for minor changes or instiue-
tions 10 1he field.

PHOTOGRAPHIC LAYOUTS

The follawing techmique produces equipment layout ‘drawings’, and is
especially useful for areas where method study or investigational reports
are required.

First, equipment outlines are produced to stale on photageaphic film, either in
the requiar way of by xarography. Next, a drawing-sized sheet of clear Blm is
laid on a white backing sheet having a correctly-scaled grid marked an it,

The buifding cutline and olher teatures can be put ento the film using the
variety of printed Iransparent tapes and decals available, The pieces of film
with eguipment ovtlings may then be positioned with clear 1age, and any
other parts of the ‘drawing’ completed. Alterations to the layout may be
rapidly made with this 1echaigue, which photographs well for taports, and
allows prints to be made in the usual ways lar marking and comment, The
tiim layout should be cavered with an acetate or other pratective sheet
before insertion in 8 copying machine,

REDUCTION BY PHOTOGRAPHY

1t is fraquent! required to include reproductions of diagrams and drawings
in teports, aic. Fhotographic seduction to less than half-size (an lengths) is

not recom mended hecause normal-sized printing and details may not ba legible.
A grsphic scale should ba ingluded on drawings to be reduced — see tharl 5.8.
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DRAFTING: PROGESS AND PIPING DRAWINGS

Including Brawing Symbols, Showing Dimensions,
Showing Instrumentation, and Bills of Materiel

PIPING SYMBOLS 5.1
SHOWING PIPE & JOINTS 6.1.1

Hand-drawn piping layouts depict pipe by single lines for clarity and economy.
Pipe and Honges are sometimes drawn partially ‘double line’ to display clear-
ances. Computer drawn layouts can show piping in plan, elevalional and iso-
metric views in single fine, or [without additional ellort or expenset in double
hne. Duuble hine representstion is hest reserved for hree-dimensianal views,
such 35 1505,

I there i5 a piping specification, il is nal netessary to indicate welded or
screwed joints, except to remave ambiguities—lor example, 1o diHerentiate
between 2 tea and 8 stub-in. In most cusrent practice, the symbols for screwed
joints and socket welds are normally mmitted, although butt welds are often
shown,

The ways 0! shawing joints set out in the standard ANS1 Y32.2.3 are nol
typical ol current industrial practice. The standerd’s symbol for a butt-weld
as shown in lable 5.1 is commonty usad to indicale a butt-weld to be made 'in
the Field” {tield weld}.

el i — - SHOWING NON.FLANGED JOINTS TABLE B.A
AT ELBOWS ;
In double-tine drawing, valves sk shown by 1he sybols in chart 5.6 {refer
te the panel ‘Drafting valves). Doulleling representation is not used 1or BUTT WELD SOCKEY WELD | SCREWED JOINT
entie piping arrangements, as il is very Hme-consuming, dillicult 1o read,
and not justilied 1echnically,
SIMPLIFIED
O 1IN SIMGE T IF PRALCTICE *
PHESENTATION PHLDLEN ATTUN
—1
. — |
| {
: CONVENTIONAL
l . ‘}'"1“‘{""" 3 - -— : PRACTICE 1 i

in presenting piping “single ¥ne' on piping drawings, only the centetline of -
the pipe is drawn, using 3 solid tine (see chart 5.1), and the line size is ANSI ¥32.2.3
writlen. Flanges are shawn as ihick lines diawn 10 the scaled outside diameter {Not curremt
o1 the flange. Valves are shown by special symbols drawn fo scale, Pumps practics} ,
are shown by drawing the pads an which they rest, and their noszies. figure TABLE
.21 illustrates this ssmplitied preseatatum, Equipment and vassols are shown i et Symbol iy be et ted F e type U gomt 18 detanened Ty & Gpr IR ton. T 5 uktly 51

Juclenipd 1 use the ol saghd symitael (6 mske The Ty o ocpmtrocien vies  lor wnmeply, 16 deiiriguish
Iebaern A e dul p Sl im —_ R

Dy drawing there nozzies, outlings, sk sapporting peeds.
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LINE SYMBOLS WHICH MAY BE USED OB ALL DRAWINGS 512

Chert 5.1 shows commaonly accepted ways of drowing various lines, Many
ather ling symbols have been devised but most of these are not readily recog-
nized, and it is beiter 10 siate in words the function of special lines, partic-
ularty on process How diagrams and P&ID's. The designer ar draftsman
should use his current employer's symbaols,

SYMBOLS FOR LINES CHART 5.1

LIME SYMBOLS WHICH MAY BE (IED O PRIG L FAOCEDS F LOW DIAGRAME b PRING DARWINGS

Ml L e WO A BTN, DRLANMERE

p— B § § N
CUTLNED (F BUIL OGS, Wi T, £ 1T
CENFEML Wl —

SNGLE & eE NG

oG | MO, h w e,
™ALL, ETC L &8 K N ¥
TUTURE PP - — '?_"W“Z_ ——
EATING PG i et N e e -
QurLimEs, LINES, DCUNLE LINE PING
PUTURE EOUIPENT —_— UTURE ——
EKITNG EOUWENT tme—g .

FhHs Ah FROCER] ¢ LOW DRADHN AME

FRIMARY FROCESS, $6 8 IC] O Uiy

FRIMARY PROUESS. M AYICL OR UYL tTY, LMD AGAOUND
SECOORDAAT FROCERE. S RVICT DR UTR Y

HECOMQARY PROCESE MR VICE OM LTH.ATF. LINDERGAGLMWD

ROMAL (HIETRLMENT] LIvER

PHETALMEAT IR JFInE A TIC HOMALY phyk i
HEE TGN LIGUID ST DRALL I SaOMAL | —_—t t =
SLECTRIC —— e . ———
ELECTROMAGMNL TIC' OR BONIE —_——S— TN
PR TRUMENT CAPHLLARY TUBNG e —
» RAGIATION LIGHT, HEAT, BADIO WaYE, ET¢.
VALVE & EQUIPMENT SYMBOLS FOR P&IDYs & 6.1.3

PROCESS FLOW DIAGRAMS

Practice in showing eguipment is not unifarm. Chart 5.2 is based an ANS)
¥32.11, and appiies 1o P&ID’s and process flow diegrams.

REPAESENTING PIPING ON P|PING DRAWINGS 514

Charis 5.3-6 show symbals used in butt-welded, screwed and socket-welded
systoms.  The various aspects of the fitting, valve, etc., are givan. These sym-
bols ese based on conventional practice rathar than the ANSI standard
£32.2.3, titled 'Graphic symbols for pipe fittings, valves ang piping’.

REFRESENTING VALVES ON PIPING DRAWINGS 5.1.5

Chart 5.6 shows ways of denating welves, including stems, handwheels and
ather operatars. The symbols are based on ANSI Z32.2.3, but mare valve
Types are covered and the presentetion is up-datad. Valye handwheels should
10 be drawm to scale with valye stem shawn fully extended,

MISCELLANEQUS SYMBOLS FOR PIPING DRAWINGS 5.1.6

Symbols that are shawn in 3 similas way n all systems are collected in chart
5.7,

GENERAL ENGINEERING SYMBOLS 5.1.7

Chart 5.8 gives some symbals, signs, 21¢., which are used generally and are
tikely to be found or needed on piping drawings.
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| SYMBOLS FOR BUTT-WELDED SYSTEMS CHART 5.3 9

1 N o T E ' IM CHARTS 53 THRU 55 THE SYMBOL 15 SHOWN TH HEAVY LINE LIGHTER
1 / LINES SHOW DONNECTED MPE, AND ARE NOT A PAAT OF THE SYMBOL,

NAME OF ITEM END YVIEW | SIDEVIEW [ ENB VIEW NAME OF ITEM EMD YIEW | SIBEWIEW | END YIEW NAME OF ITEM END YIEW ] SIDEVIEW [ ENB VIEW
N () LAP MHNT FLANGE _ I ” - O
BEND (Stats Rumtrus) (E ' ) L & STUB @ ‘. h @ _— J
(.
BUTT WELD %_.\., é) L%, o
LATERAL "_\ ‘ SOCKOLET SHOW AS ‘WELDOLET' THIS CHART
BLIND FLANGE “— @ C L
SLIP-ON FLANGE —'I‘*
car O G -
LATROLET g , FIELD
COUPLING, - &_ P .—4
FULL or HALF. ¢ d (l) - - STUBIN SHOP (‘)
MITER SEE ENDOF THIS CHART H
CROsS é + é l m;:éeutnlc TOP ViEW ‘b @
. . NIPOLET chmRI;: v -D- @ CHARTS
o 2 g7 ToM IS FAT O 528453
ELBOW, 80°. LR ? *\ 1 hre H O SWEEPOLET 6 d S 6
REDUCER, TOPVIEW _ D ©
ELBOW, BO°, 5N Su(? ;\‘ “(P COMCENTRIC D THREDOLET SHOW AL WILUGLET' THIS CHART
ECCENTRIC ﬂ @
o—_— 9 -~ g it v e ¢
) HLIPELL, HE LG HLL FLL
TOPYIEW RECHUCING FLANGE @ _II—
o Q? ¢/ 5 e 1+ ©
EXPANDER FLANGE @ — 1h — REDUCING ELBOW E? oo, Q WELDOLET é .Jj___ é
:1::4:‘:;?. NG X : 2-MECE WTER mc? N | MO
: SEE COUPLING THIS CHAR REINFORCEMENTS
HALF COUPLING CHaRT SADOLE ) ___] L _ / @
HOSE EAYAYA VS ::;;::oum g Mm;o,.cmgmb I-PIECE MITER M 8 ™ " g
HOBE COUPLING O J_ et b FOR LATERAL ; ]




SYMBOLS FOR
SCREWED SYSTEMS

SHOW FOM BRAHCH CONNECTIDNS ONLY -
‘COUrL

NG N CHART 8.3

SYMBOLS FOR
SOCKET-WELDED SYSTEMS

CHART 5.5

SHOW FOR BAANCH CONNECTIONS CMLY-
SEE 'COAUPLING I CHAAT 5]

e

ELMOLET -CHART 6.3

DRAFTING VALVES

CHART 5.8 GIVES THE BASI SYMBOLS FOR VALVES
THEGE BASIC SYMBOLS ARt USED DA ADAPTED AS
FOLLOWE:

PA1DY

USE THE RELEVANT VALVE SYMBOL TO SHOW THE
TYPE OF VALVE. DRAW MOST SYMBOLS 1/4 in. LONG.
MANUAL DPERAYORE ARE MOT SHOWN.

PMPMNG DRAWINGS
OPERATIA B SHONN IF IMPGRTANT

{7] BCREWED VALVES

USE THE BASIC VALVE SYMBOL, DNAW THE LENGTH
OF THE VALVE TORCALE.

(1) SOCKET-ENDED VALVES

¥ THE PROMCT HAS & FRING BPECIFICATION, USE
YHE BASIC VALVE SYMBOL. IF NOT, SHOW SOCKET
ENOE TO THE VALVES:

. Tasbot sou vl
VALVE WITH: ) Bovkens bk ovde e pa

DAAW THE LENGTH OF THE BASIC VALVE FYMROL
TO SCALE OVER SOCKEN ENDS.
13 FLAMOED VALVES

USE THE BASIC VALVE SYMBDL, WATH OPERATOA,
AND TOW MATING FLANGES AS DETAILED BELOW.

SINGLE-LINE DOUBLE-LINE

@

SHOW BY MOTING "SEAL WELD"

TOPVIEW

y —

THER TOPR
O DOTTOM 1T TLAT

MO SOCKET WELDING FORGED-FTEEL MITTIHG
1§ AYAILABLE. (F A \JGDEGREE RETURN i$
MEQUIRED, T MAY HE MAQE USING A UTT.
WELONG RETURH, Of TW SOCKET- WELDING
ELSOWE WITH MPPLE HETWEEN

BOCKOLET

SHOW AL WELDOLET - CHAAT 5.3

STAANHT o REDUCHI|

2

PWAGE,
CONCENTRIT

"ECCENTRIC
STATE WHETHEN TOW
DA BOTTOM 15 FLAT

Tor ViEW

1

SHOW AS WELDOLEY -CHART 6.3

|-

TEE,
STRAKIHT or REDUC NG

:

A

=13

1. Drawing the symhol

HDIH

1A Show the besic yeive

9t Drww thnge OO 10

K1 Draw thews lengths wcaled ot Mengs fece In-
Nange face w civiber Lo flangs Tace dimermorm ey
the walve.

2. Dimansioning nonstendsrd valves
Mnfer w0 617, wedes THmamianing W vebem”

4 B

T ] !"IEJ

® »

W Draw Whib leth o cabe Coversll engih of velw
withoul mehatd Dul placa wrowhesdy on W
rrwing 01 shown. Thil COMmREnn wsuoes thal-
[t] Tha bine with o madle 10 The covrech langth

o A ——

{1} Tha feluicaor witl ba cemwiced W siow or
ety




SYMBOLS FOR VALVES AND VALVE OPERATORS

TYPEREVALYL

CHART 5.5

T VIEW

WALVE' Srie0L

outr Jeinm Y b 1

7 =X o

, i
. -
L — —_— r—— —— —— ——, — - - ——
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MISCELLANEOUS SYMBOLS FOR PIPING DRAWINGS
NANEOFITEN | SMBOL__ 8 WAMEOFITEW | SrMBoL -

CHART 5.7

(Paresmowd Poasetion) — -1

PIPE SUPPORT SYMBOLS




SYMBOL

DESGRIPTION

SYNBOL

DESGRIPTION

o @

MORTH ARRDWS.
[t] FOR FLANS AND ELEVATHGNS

171 FOR ISOMETAIC DRAWINGS

ADMMCENT TG
WREA DM FADNT

““"‘Tnom

STATE REASON OR ...
FOR WOLD' /"F

AMCIRCLE AREA W
DUESTHON AND THE
"HRL D' MR NG ON
IEAR OF BHEEY

CONSTALCTION HOLD' MARKING. 1# SUF.
FICIENT INFORMATION 1S NOT AvAILARLE
TO FIMALITE PART OF THE DESIGH, THE
THOLD” MARKING 15 USED TO INSTRULT THE
COMTRACFOR TO AWAIT A LATEA REVISION
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SYMBOLS FOR WELDING DETAILS 5.1.8

Standard welding symbols are published by the Americen Welding Society.
These symbols should be used as necessary on details of allachments, vessets,
piping supports, etc. The practice of writing on drawings instructions such
as “F0 A€ WELDED THRDUGHOUT’, of ‘'TO BE COMPLETELY WELDED'
trensters the design respensibility far all attachments and connections from
the designer to the welder, which the Scciety considers to be a dangerous
and uneconamic practice.

The ‘weiding symbol” devised by the American Welding Socigly has eight
alemants. Not oh of these elements are necessarily needed by piping designers.
The asssmbled welding symbol which gives the welder all the necessary in-
struction, and locations nf its elamants, is shown in chart 5.9. The elements
are;

REFERENCE LINE

ARROW

PASIC WELD SYMBOLS

DIMENSIONS & OTHER DATA

SUFPLEMENTARY SYMBOLS

FINISH SYMBOLS

TAIL

SPECIFICATIONS, PROCESE or OTHER REFEFENCE

The following is a quick guide ta the scheme. Full details will be found in
the current revision of 'Standard Welding Symbols’ available from the
Amarican Welding Society.

ASSEMBLING THE WELDMNG SYMBOL

Referance line and afrow: The symbol begins with a reference line and arrow
pointing ta the joint where the wald is to be made. The reference ling has two
‘sides’: ‘other side’ (above the fine} and ‘arrow side’ (below the line)—refer
to 1he following examples and Lo chart 5.9.

BASIC WELDING ARRDW FIGURE 8.1
Oiber thde Olher sids A Dthas yide E Other 1lds
or or o
Arraw 1108 \ Arraw side Arfow 1lde Arraw nly
BASIC WELDVNG BYMBOLS
{s) The wald pymbot
st W [ e wmer ﬁh'\u [P - e
I-“—?
N~ OO0 vt nw
1b] Tha groove symbol
A - [ 1Y b K LAY il ol L
Arnow—z

EXAMPLE USE OF THE FILLET WELD SYMBOL P
i s continuous fillet weld is naeded, lika this: 5 ll' A8

the fillet wald symbol is placed
& on the ‘arrow side’ ol the
reference tine, thus:
If the weld is required on the far side from the arrow, thus:
the weld symbol is shawn on
the ‘other side’ af the refar-
gnce line:
if & continuous fillet weld i¢ needed on bolh sides of (he joint,
the fillet weld symbol is o
&) placed on hoth sides of the . |
reference ling: :

EXAMPLE USE OF THE BEVEL GROOVE SYMBOL
If & beve! groove is required, like this:

The ‘groove’ symbol for a

bevel is shown, with the fillet r
[__&___! weld symbal, and & break is

made in the arrow loward the

member ta be beveled, thus: CHART
Only the bevel and ‘)" groove symbols require a break in the arfow —see %5.!

chart 58.
DIMENSIONING THE WELD CROSS SECTION
Supposa the weld is required 10 be 1/4 inch in size, and the bevel is to be

3/16 inch deep:
x Thaese dimensions are show
fiil 3 to tha lett of tha weld sym- &
1a bot: [
LAl
R
FiSLIRE
Alternatively, the bevel can be expressed in degrees of erc: 5.1

sa’[\
and be indicated thus on the

- symhol: %
i

If 2 raot gap is required, thus:

_i%
f the symbol is:




AL b Rl b T

e e L M

e

DIMENSIONING THE LENGTH OF THE WELD

Going back 10 .tha fillet we!d joint without o bavel, if the wald neads 10
be 1/4-inch in size and B inches long, like this:

the weld symbol
may be drawn:

3
alternately: ;

Il & series of B-inch long welds is required with 6-inch gaps between them
(that is, the piteh af the welds is 12 inches), thus:

the symbol is: L& slternately;

If these welds arelrsquired stapgered on both sides—

SUPPLEMENTARY SYMBOLS

These symbals give instructions far making the weld and define the raquired
caunour:

wib ALl
prvehany A .LFTun

A SIS

like this. @

tRal

Going back to the axample ol a simple fille weld, it the weld is required
all stound a member,

or like this:

7.

it is shown in this way: 7@%

i this same 'ail around’ weld has ta he made in ths field, it is shown thus:

Tha contour of the weld is shown by a contour symbal on tha weld symbaol:

FLUSH CONTOUA CONYEX CONTOUR CONCAVE CONTOUR

like this: 7 M, like this: 17 k'Y or: 7 W,

The method of finishing the weld contour is indicated by adding a tinish
notation latter, thus,

;M\

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

7 WA

FULL WELDING SYMBOL

Oceasianally it is necessary 10 give other instructions in the welding symbol.
The symbo! can be elaborated tor this as shown in ‘L.ocation of elements of a
walding symbal’ in chart 5.9,

Chart 6.9, raproduced by permission of the Amagrican Welding Society,
summarizes and amplifias the axplanations of this saction.




DRAWINGS 5.2

All informatian for comstructing piping systams is containad in drawings,
apart from the specilications, and the possible use of a modet and photo-
graphs.

THE MAIN PURPOSE OF A DRAWING 1S TO COMMUNICATE
INFORMATION IN A SIMPLE AND EXPLICIT WAY,

PROCESS & PIPING DRAWINGS GROW FROM 6.2.1

. THE SCHEMATIC DIAGRAM

To design process piping, three types of drawing are developed i sequence
irom Ihe schematic disgram {or 'schematic’} prepared by the process engineer.

These three types of drawing are, in order of development:—

{11  FLOW DIAGRAM {FROCEES, w RERVICE)
12 PIPING AND INSTAUMENTATION DIAGRAM, or P&ID”

(3} MPMING DRAWING

EXAMPLE DIAGRAMS

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

As far as practicable, the Hlow of materiel{s) should be from left 10 right.
incaming 1fows should be arrowed and described down the Jelt-hand edge
of the drawing, and exitting llaws arrowed and described at the right of
the drawing, without intruding inta the space aver Lhe title biock.

\nformation normally inciuded on the process drawings is detailed in sections
2.2 thru 5.2.4. Flow diagrams and PRID's each have their awn lunctions
and should show only that infarmation relevant 1o their functions, as set
gut in 523 and 5.2.4. Extraneous information such as piping, structural
-and mechanical notes should not be included, uniess essential to the process.

SECURITY

A real or supposed need lor industrial or national security may restrict infor-
mation appeering on drawings. Instead of naming rhemicals, indelerminats
ar traditional tasms such as ‘sweel waler, ‘bring’, 'leach acid’, ‘chemical 8",
may be used. Dataimportant to the reactions such as temperatures, pressures
and fiow rates may be withheld. Sometimes certain key drawings are locked
away when not in use.

[1311]

SCHEMATIC DIAGRAM 5.2.2

Commonly referred to as 8 ‘schematic’, this diagram shows paths of liow by
single lines, end operations or process equipment are fepresented by simple
figures such as rectangles and circles. Notes on the process will often ba
included.

The dingram is not to scale, but relationships batween equipment and piping
with regard to the process are shown. The desired spatial arrangement pf
aquipment and piping may be broadly indicated. Usually, the schematic is
not usad after the initial planning stage, but serves to develop the process flow
disgram which then becomes tha primary reference.

FLOW DIAGRAM - 5.3

This is en unscaled drawing describing the process. 1t is aiso relerred to as
a 'flow sheet”,

It should state the materigls 10 ba convayed by ihe piping. corveyors, etc.,
and specify their rates of flow and other information such as tamperature
and pressure, where of interest. This information may be *flagged’ Lon lines)
within the disgram or be tabutsled on a seperate panel—such 3 pangl is
shown at the bottom left of figure 5.3.

LAYOUT OF THE FLOW DIAGRAM

Whether a llow diagram is to be in eiavalion o plan view should depend
on how the PRIO is to be presented. To easily relate the twn drawings, hath
should be presented in the same view. Elevations are suitable tar simple
sysiems arranged vertically. Instelfations covering large harizonlal aress ara
best shawn in plan view.

Normally, a separate {low disgram is prepared for each plant process. If 8
single sheet would be 100 crowded, two or mare sheets may be used. For
simple processes, more than one may be shown an a sheet. Process lines
should have the sate and direction of flow, and other required data, noted.
Main process flows should preferstily be shown going from ihe left of the
sheet to the right. Lina sizes are normally not shown on a flow diagram.
Critical internel parts of vessels ang other ilems essential t0 the process
should be indicated.

All factors considared, it is advisable to write equipment titles sither nesr the
top or nsar the bortom of the shesl, either directly above or below the
equipment symbol. Somatimes it may be directed that all pumps be drawn at
a commen level near the bottom of the sheet, although this practice may lead
1o a turnplex-looking drawing. Particularly with fiow diagrams, simplicity in
presentation is of prime importance.

A8
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FLOW LINES

Directions of {low within the diagram are shown by solid arrowheads. The
use of errowheads at sl junctions and corners aids the repid reading of the
diagrsm. Tha number of crossings can be minimized by goad srrangament.
Suitahle kine thicknesses are shown at full size in charl 9.1. For photographic
reduction, lines should be spaced not closer than 3/8 inch.

Process and sarvice streams entering or leaving the flow diagram are shown
by large hollow arrowheads, with the conveyed fluid written over and the
continuation sheat aumber within the arrowhead, as in figure 5.3,

ARROWS ON FLOW DIAGRAME

et

SHOWING VALVES ON THE FLOW DIAGRAM

instrument-controlled and manual valves which sre necessary to the process
are shown. The {oflowing valves ate shown if required by 3 governing cade or
requlation, of il they are essential 1o Lhe process: isolating, bypassing, venting,
draining, sempling, and valves used far 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 flama arrestors should not be shown unless of
speciaf importanca to the process.

ESSENTIAL INSTRUMENTATION

Qnly instrementation essentisl to process control shoutd be shawn, Simplitied
representation is suitable. For example, only instiuments such as contrallers
and indicators need be shown: ilem: not essential to the drawing (trans
mitters, for example) may be omitled.

EQUIPMENT DATA

Capacities of equipment should be shown. Equipment s=auld be drawn
schematically, using equipment symbols, and where feasible should be drawn
in proportion to the actual sizes of the items. Eguipment symbols should
neither dominate the drawing, nor be too small for clear undesstanding.

STANDBY & FPARALLELED EQUIPMENT

Stangdby eguipment is not narmelly drawn, I identical units ef equipment
are provided for paralleled operation (that is, all units on stream), anly one
unit need normally be drawn. Paralleled or standby units should be indicated
by nating the squipment pumber and the service function 'STANOBY” or
‘PARALLEL 0P},

it is advisable \o draw equipment thal is operated cyclically. For example,
with Ffilter presses operated in parsliel, ons may be shown on-stream, and
the second press for alternate operation,

PROCESS DATA FOR EQUIPMENT

The basic process information required for designing and operating major
items of equipmant should be shown. This information is best placed immed-
intely below the title of 1he equipment.

IDENTIFYING EQUIPMENT

Differant types of equipment may be referred to hy a classification letter
(or lgttars]). There is no generally accepted coding — each company has it
pwn schame if any standardization is made at all. Equipment classed under a
certain letter is humbared in sequance from ‘1" upward. | & new instellstion
is made in an existing plant, the method of numbering may foliow previous
aractice for tha plant. .

Alsp, 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. Far example, if a heat exchanger is the 53rd
item of equipment listed under the classification letter ‘E’, located in area 1,
{see ‘'Key plan’ in 5.2.7) the exchanger's equipment number ¢an be 1-E-63.

Each item of equipment should baar the same number on all drawings, dis-
grams and listings. Standby or identicel equipment, if in the same service,
may be identified by adding the letters, A, B, T, and 50 on, to the same
equipment identification letter and aumbes. For example, @ heat gxchanger
and its standby may be designated 1-E-53A, and 1-E-53B.

SERVICES ON PROCESS FLOW DIAGRAMS

Systems o7 providing services should not be shown. However, the type of
sarvica, flow rates, tempereiures snd peassures should be noted at consump-
tion rates carresponding to the material balance—usually shown by a ‘flag’
to the finp—see figure 5.3,

DISPOSAL OF WASTES

The routss of disposal for all waste strearns should be indicated. For example,
arrows ar drain symbols may be laballed with destination, such as ‘chemical
sewar’ or ‘drips recovery system”. In some instances the disposal or waste-
treatment sysiem may be detailed on one or more separate sheets. Seeb.13
whera ‘effluent’ is discussed.

MATERIAL BALANCE

The process material balance can be tabulated on separate 8% x 11-inch sheets,
or along the bottom of the process flow diegram,

Sj2s
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PIPING & INSTRUMENTATION DIAGHRAM 5.2.4

This drawing is commonly referred to as the ‘P&ID’. Is object is to indicate
all process end servica lings, instruments and controks, equipment, and data
nacessary for the design proups. The process flow diagram is the ptimary
source of information for developing the PRID. Symbols switable for PRID‘s
are given in charis 5.1 thry 5.7,

The P&ID should define piping, equipment and instrumentation well enough
for cost estimation and for subsequent design, construction, operation and
madification of the process. Materia! balance data, flow rates, tomperatures,
pressures, etc., end piping fitting details are not shown, and purely mechanical
piping details such as elbows, joints and unions are inappropriate to PRID's.

INTERCONNECTING PRID

This drawing shows process ond service lines between buildings and wnits,
atc., snd serves ta link the P&ID's for the individual processes, units of
buildings. Like any P&ID, the drawing is not to scale. |t resemblaes tha layou?
of the si1e plan, which anables line sizes and branching points from headars
10 be esteblished, nd essists in planning pipaways.

PRID LAYOUT

The layout of the P&LD should resemble as fas es practicable that of the
process flow diagram. The process relationship of equipment should carres-
pond exsctly. Often it is useful 1o draw equipment in propartion verti-
colly, but to reduce harizontsl dimensians to seve space snd allow room for
fiow lines between egquipment. Crowding informatien is a common drafting

fault — it is desirable to space gensrously, 85, move often than not, ravisions
add information. On en elevationel PAID, a bese line indicating greda or
Tirst-flaor tavel can be shown, Critical alevations are noted.

For revision purposes, a P&ID is best made on 2 drawing sheet having a grid
system—this is a sheet having lettsrs along ane bordar and numbars along the
adjacent border. Thus, referances such as ‘A6, ‘BS’, etc., can be given to a0
area where 2 changg has besn made. (A grid system is applicable to PAID's
more complicaied than the simple examgle of figure 5.4.)

ORAFTING GUIDELINES FOR P&ID's

o  Suitable lina thicknesses are shown st full size in chart 5.1

®  Crossing lines must not touch—bresk lines gaing in ona direction only.
Break instrumant fines cressing process and service lines
Koep parallel lines at least 3/8 inch apart

¢ Profersbly draw all velves the same size—1/4-inch lang is suitable—as
this retains legibility for photographic raduction, Instrument isalating
valves and drain valves can be drawn smaller, if desired
Draa instrument identification balloons 7/1Gth-inch diameter-see 6.5
Draw trop symbols 3/Bth-inch square

FLOW LINES ON PXID's

All flow lines end interconnections should be shown on P&ID's. Every line
shoutd show dire~tion of flow, and be labeled to show the ares of project,
comveyed fluid, line size, piping material or specification code mumbar

(company code), and number of the fing. This information is shown in the
‘ling number’,

EXAMPLE LINE NUMBER: (74]828[492]23) may danote the 23rd
fine in area 74, a 6-inch pipe to compeny specification 412, *BZ’ identifies
the conveyed fluid.

This type of full designation for a fiow line need not be used, provided
identification is sdequate.

Piping drawings use the line numbering of the P&ID, and the following
points apply 10 piping drewings as well as P&IO's.

s« For a system of lines conveying the same fluid, allocate sequential
numbers 1a lines, beginning with '1° for sach sysrem

&« Faor a continuaus lins, retain the seme number of Jine {such as 23 in
the examgple} as the line goes thru valves, sirainess, smal) filtars, traps,
venturls, orilice flanges and small equipmant generally —unless the line
changes in size

o  Terminate the number of a line at a major itemn of equipment such as a
tank, pressure vessel, mixer, 1 any equipment carrying an individual
equipment number

» Allocate new numbers 1o branches

-—-—#..._._.

As with the process Hlow diagram, directions of How within the drawing are
shown by solid arrows placed at every junction, and all cornars except whers
changes of direction occur closely together. Cornars should be square. The
number of crossings should be kept minimal by good arrangement.

Process and service streams entering or leaving the arocess are nated by holiow
arrows with tha name of the corveyed fiuid written over the arrowheed and
tha continuation sheet number within it. No process flow dats witl normally
be shown on a P&ID.

FLOW LINEE ON P&ID"s

et P,

NOTES FOR LINES

Speciel points Tor design and aperating procadures are noted—such as lines

which need ta be slopsd for gravity flow, lings which need careful cleaning
hefore startup, atc.

R————E



PRID SHOWS ALL EQUIPMENT & SPECIAL 1TEMS

The P&ID should show all major equipment end infarmation that is relevant
to the process, such a¢ Bquipment names, equipment numbaers, the sizes,
ratings, capacitiss, and/or dulties of equipment, and ingtrumentatian,

Standby and paralieled equipment is shown, including all connected lines.
Equipment numbers and service functions [ STANDBY' or ‘PARALLEL OPY)
ate noted.

*Future’ equipment, together with the equipment that will sarvice it, is shown
in broken outline, and labeled. Blind-flange terminstions to accommodate
fstue piping should be indicated on headers and branches. 'Future” sdditions
ate usuatly not snticipated beyond a S-year pesiod.

Pressure ratings for eguipment are noted if tha rating is different from the
piping system. A ‘typical’ note may be used ta describe multiple pieces of
identical equipment in the same service, but alt equipment numbers are
written.

CLOSURES

Temporary closures for process operation or personael protection are shown.

[PIPINE AND INSTRUMENTATION DIAGRAM

THOW JIZE AMD PREMUNE AALTING
OF CONTROL VALVES, AND HIEOF

SHOW INETAUMENT NUMENS
OM ALL WATRUMENTATION

LOLVENT

oY
BERTY WET
N

EYMBDLE [REFER TQ BAD) ) ALL OTHER VALVER TC AEM

SEPARATONS, SCREENS & STRAINERS

Thess items should ba shawn upstream of equipment and processes needing
protection, snd are discussed in 2,10,

STEAM TRAPS ON THE PRID

I the locatians of traps are known they are indiceted. For example, the trap
requirad upstream of a pressure-reducing stetion feeding a steam turbing
should be shown,

Steam lraps on steam piping ara not othanwise indicated, as thase trap posi-
tions ara determined when making the piping drewingt They can be addad
later to the P&ID if desired, alter the piping drawings have been completed.

DRIPLEGS
Driplegs ara not shown.

VENTS & DRAINS

Vents and dreins on high and low points of lines respectively, to be used for
hydrostatic testing, are not shown, as they ar astablished on the piping
arrangement drawings, Process vents and drains are shown,

Tond (MAchAM NGNS THE WANNEN DF PREBENTATION
ANLY-A WORKIRE BAMWES WOULD AT BEVILOMED T
WCLUDE MORE INFIRAATIAN.
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VALVES ON THE P&ID

s Showand tag process and service valves with size and identifying num-
ter if applicable. Give pressura rating if ditferent from line specification

#  Indicata any valves that have to be locked open or {ocked closed
. Indicate powerad opefators

SHOWING INSTRUMENTATION ON THE PRID

Signaldead drafting symbols shown in chart 5.1 may be used, and the
ISA schema for designating instrumentation is described in 6.5. Datails ot
instrument piping snd conduit are usually shown on separste instrument
installation drawings.

s Show all instrumentation on the P&ID, for and including thess items:
elament or sensor, signal lead, orifice flange assembly, transmitter, con-
trolier, vacuum braaker, lama arrestor, level gege, sight glass, flow indice-
101, relied valva, rupture disc, safety valve. Tha fast three itams may be
tagged with set pressurels) also

» Indicate local- or board-mounting of instruments by the symbol—refer
to the labeting schema in 5.5.4 '

INSULATION & TRACING

Insulation on piging and equipment is shown, together with the thickness
required. Tracing requirements ere indicated. Refer ta 6.8

CONTROL STATIONS

Control stations ere discussed in 6.1.4. Conirol valves ere indicated by press-

ure rating, instrument identitying number and size—see figurs 5.15, for ex-
ample,

PEID SHOWS HOW WASTES ARE HANDLED

Drains, funnels, relief valves and other equipment handling westes ara shawn
on the P&ID. If an exiensive system or waste-treatment facility is invelved,

it should be shown on a separate P&ID. Wastes and effluents are discussad
in 6.13.

SERVICE SYETEMS MAY HAVE THEIR OWN F&ID

Process equipment may be provided with verious services, such as steam lar
heating, weter or refrigerant for cooling, ar air for oxidizing. Plant or equip-
mant providing these services is usually described on separaie 'service PRID'S".
A service lina such es & steam line entering 8 process P&ID is given a ‘hollow
arvow’ fine designation teken from tha service P&ID. Returning service fines
gre designated in the same way. Refer to figure 5.4,

UTILITY STATIONS

mom providing steesm, compressed sir, ond water, ara shown. fefer 10

LINE DESIGNATION SHEETS OR TAGLES 6.2.6

Thesa sheets are tabulated lists of lines and information about them. The
numbers of the fines are vsually listed at the right ot the sheet. Other
columns list tine size, materiat of construction (using company s specification
cade, if there is one), conveyed fluid, pressure, temperature, flow rate, test
prassure, insulaiion of jacketing {it required), and connected lines (which
will usugily be branchas).

The sheets are compiled and kept up-to-date by the projec: group, taking all
the information from the P&ID. Copies are supplied to the piping group for
reference.

On smali projects involving anly B few lines line designation sheats may not be

used. 1t is useful to add a note on the P&ID stating the numbers of the last
lina and last valve used.

VIEWS USED FOR PIPING DRAWINGS 6.28

Two typas of view are used:

{1l  ORTHOGRAPHIC — PLANS AND ELEVATIONS
(2 PICTORIAL — SOMETRIC VIEW AND OBLIOUE PRESENTATION

Figure 5.5 showe. how & building would appear in these differenl views.

PRESENTATIONS UEED IN PIPIRG DAAWINGS FIGURE B.§
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PLANS & ELEVATIONS

Plan views a9 more commean 1han elevational views. Piping layoul is developad
in plan view, and elavational views and section details are addad far clerity
whare necessary.

PICTORIAL VIEWS

in complex piping Systems, where orthographic views may not easily illus-
trate the design, pictlosie! presentation cen be used for clarity. In either
mometric or obiiqua presentations, lings not horizontal or vartical on 1he
drawing are usuatly drown at 30 degress to the horizontal,
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Oblique prasaniation has the advaniage that it can be distorted or expanded to
show sress of 2 plant, eic. more clearly than an isomaeteic view. [t is not
commanly used, but can be useh! for disgramatic work.

Figure 5.6 illustrates how circular shapes viewed at different engles are ap-
proximated by meens of a 35-degree ellipse templste. lsomelric templates
for valvas, nic., are available and neat drawings can be rapidly produced with
them. Orthographit and isometric templales can be wsed ta produce an
obligue presantation.

ISOMETRIC FRESENTATION FIGUAE 8.8
OF CIRCULAR SECTIONS {

/" %‘: N
-~ ~

/'/o é‘ DAY ‘\'b
_~"30 607\ /60 30° -~

PMPING ARRANGEMENT IN DIFFERENT FRESENTATIONS

PLAN, ELEVATION, \SOMETRIC & OBLIQUE
PRESENTATIONS OF A PIPING SYSTEM

Figure 5.7 is used to show the presentations used in drafting. Isometric
snd obligue drswings both clestly show the piping arrengement, but the
plan view leils to show tha bypess loop end velve, snd the supplementaty
slevetion is needed.

PIFING DRAWINGS ARE BASED DN OTHER DRAWINGS 5.2.7

The purpose of piping drawings is 10 supply detailed information to ensble
s plant to be built. Prior to making piping drawings, Lhe site plan and
equipmant arrengement drawings are prepared, and from thess two drawings
the plot plan is derived. These three drawings ere used as the basis for
developing the piping drawings.

SBITE PLAN

The piping group produces a ‘site plan” ta a small scale (1inch 10 30 or 10011
for example). It shows the whole site including the boundaries, roads,
railroad spurs, pavement, buildings, process plant areas, large struciures, stor-
age areas, effluant pands, waste disposal, shipping and loading aress. Trug’
{geographic) and ‘assumed’ or ‘plant’ narth are marked and their angular
separation shown—see figura 5.11.

FIQURE 5.7
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KEY PLAN

A ‘key plsn’ is produced by adapting the site plan, dividing the area of the
site inta smaller aress identified by key letters or numbars. A small simplified
inset of the key ptan is sdded to plot plans, and may be added 1o piping and
olher drswings for reference purposes. The subject area of the particular
drawing is hatched or shaded, as shown in figure 5.8.

ODRAWING SHEET SHOWING KEY PLAN &k MATCHLINE FIQURE 58
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EQWPMENT ARRANGEMENT DRAWING

Under project group supervision, the piping group ususlly makes sevargl
viable strangements of equipment, seeking an optimal design that satisfias
process requirements. Often, preliminary piping studies are necessary in order
1o establish equipment coordinates.

A design sid for positianing equipment is 1o cut out scaled outlines of
equipment from stiff paper, which can be maoved about an a plan view of
the ares involved. (Lf multiple units of 1ha same type are to be used, xeroxing
the equipment outlines is faster.} Another method which is useful for areas
whera mathad study or investigationa! reports are needed is described in
4.4.13 under Photographic layouts'.

PLOT PLAN

When the equipment arrangement drewings are approvad, they are developed
into 'plot plans by the addition of dimensions end coordinates to locate
all major items of equipment and structures,

North and sast coordinatas of the extremities of buildings, and centerlines of
steelwork ar ather erchitectural constructions should be shown on the plot
plan, praferably at the west and south ends of the installstion. Both “plant
north’ and trua north shouid be shown—sea figure 6.11.

LY

Equipment caordinates are usually given 10 the centerines. Coordinates tor
pumps are gwen to the centerling of the pump shaft and gither to the face
of the pump foundation. or to the centerling of the discharge post.

Up-dated copies oi the above drawings are sent 1o the civil, structural and
electrical or other groups involved in tha design, o inform them of require-
ments as the design develops.

VESSEL DRAWINGS

When the equipment arrangement has been approved and the piping arrange-
ment determined, small dimensioned drawings af process vessels are made
[on sheets 8% x 11 of 11 x 17 inchas) in order ta fix nozzles and their
orientations, manholes, ladders, ewc. Thesa drawings are then sent to tha
vendor who makes the shop detai) drawings, which are examined by the
project enginser and sent 10 the piping group for checking and spproval,

Vessa! drewings need not be to scale. (Figura 5.4 is an example vessel
drawing.)

DRAWINGS FROM OTHER SOURCES

Piping drawings should be correlated with the following drawings from other
dasign groups and frem vendoss. Paints to be checked are |isted:

Architectursl drawings:

¢ Outlines of walls of sidings, indicating thicknass

o  Flont penatratians for stairways, Lilts, elavatars, ducts, dreins, ete.
¢ Positions of doors and windows

Civil anginesring drawings:

s Foundations, underground piping, drains, Bic.

Structural-stesl drawings:

s  Positions of stesl columns supparting next higher floor level

e  Supponing structures such as overhead cranes, manorails, platforms
nr beams

#  Wall bracing, wherg pipes may be taken ihru wetls

Haating, ventilating & air-conditioning (HVAC) drawings:

s Paths of ducting and rising ducts, lan room, plenums, space hesters, atc.
Elactrical drawings:

s Positions of motos controb centers, swilchgear, junction boxes and
cantrol panels

s Majar conduit or wiring runs (including buried runs)

» Positions of lights

Instrumentation drawings:

[ Instrument panel and console locations

Vendors' drawi.gs:

s  Dimensions of aquipment

e Positians of nozzles, llange type and pressure rating, instruments, eic.
Machanical drawings:

s Positions snd dimensions of mechanical equipmant such as conveyers,
chutes, etc.

s  Piped services neaded for machanicsl equipment.




PIPING DRAWINGS 5.28

Process equipment and piping systems have priority. Drawings listed on the
preceding page must e taviewsd 1or compatibilily with the developing piping
design.

Pertinent background datails {drawn faintly) from these drawings help to
svoid interfesences, Omission of such dotail from the piping drawing often
leads 10 the subsequent discovery thet pipe has been routed thiu @ hrace,
staivway, doorwey, foundation, duct, mechanical equipment, mMQtor control
center, Tirefighting equipment, elc.

Completed piping drawings wilt also show spool numbers, if this part
of the job is not subcontracted — ses 5.2.9. Electrical and instrument
cables gre not shown on giping drawings, but trays 10 hold the cables are
indicated —lor example, sza figure 6.3, point {B).

1t is not shways possible for the piping drawing 10 {ollow exactly 1he logical
arrangement of the P&ID. Sometimes lines must be routed with different
junction sequence, and ling numbers may be changed. Buring the preliminary
piping studies, economiesand practicable imprwememsmwbamund. and the
P&I0 may be modified to take ihese inlo account. However, it is not the
piping designer’s job to seak ways (o change the P&ID.

SCALE
Piping is arianged in plan view, ususlly 1o 3/B in.ftt scale.
ALLOCATING SPACE ON THE SHEET

e  Obtain the drawing number and fifl in the title block at the bottom
right corner of the sheet

ALLOCATING EPACE ON A DRAWING SHEET FIGURE 5.9
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s  On nonstandard sheets, lesve 8 1%- 16 2-inch margin st the left adga of

the sheet, to ailow filing on 8 'stick’. Standard drawing sheeis ususlly
have this mergin

s On diewings showing 2 plen vigw, plece a north arrow 8t the top lefl
cornar of the sheet 1o indicate plant north—see figure 5.1

s Do not draw in the area shave the title block, as this spaca is allocated
10 the bill of materiel, or 10 gonerel notes, brief descriptions of changes,
and the titles snd numbers of relerence drawings

(] if plans and efevations afe small enough to go on the samé sheet, draw
the plan at the upper left sida of the shest and elevations 10 the right
and bottom of i1, 85 shown in tigure 59

BACKGROUND DETAIL

s Show background daiail as discussed in 5.2.8 under ‘Piping drawings’.
It is sometimes comvenigat to draw outlines on the roverse side of tha
drawing sheet

»  After hackground delails heve been determined, it is best to meke 8
print on which nozzles on vessels, pumps, etc., 0 be pipad can be
marked in red pencil. Utility stations can also ba establishad. This will
indicate sreas of major usage snd the mast convenient lacations for the
teaders. Obviously, 8t times there will be a number of alternate routes
oftering camparable advantages

PROCESS & SERVICE LINES ON PIPING DRAWINGS

e Take ling numbers fram the P&tD. Reler to 5.2.4 under Flow lines on
P&y tor infosmation on numbering lines, inciude line numbers on
all views, snd arrowheads showing direction of flow

s Draw all pipa ‘single line’ unless special instructions have been 0iven
for drawing "double line". Chart 5.1 gives ling thicknesses {tull size}

a  Line numbars are shawn ageinst lines, thus:

( unenumeern @
' )

. Take lines continued on another sheet 10 & matchline, and thers code
with line numbers only. Show the continuation sheet numbers on
matchlines—sea tigure 5.8

s Show where changes in line material specification occur. The change is
usually indicated immedistely dawnstream of 8 flange of a valve or
equipment

SPEC oy —ppeten——SPEL 'B”
{ 7 _J) ,

VALVE, #tc. -

e  Shaw a definile bresk in a hine crossing behind another line—see ‘Aolled
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s i pips sleeves are required thru fioors, indicate where they ane neaded
and inform the group leadar for transmitling this information to the
group(s} cancerned

s Indicate insutation, and show whether lines sre electrically or steam
traced—seo chart 5.7

FITTINGS, FLANGES, VALVES & PUMPE ON PIPING DRANINGS

»  The fallowing items showd be labeled in one view anly: tees and ells
rolled at 45 degrees (see exemple, this page), short-radius ell, reducing
all, eccentric reducer and eccentsic swaga (note on pian views whether
‘top fiat’ or ‘bottom flat’), concentric reducer, concentric Swagd,
nonsandard or compenion flangs, reducing tee, special items of
unusual materiel, of pressure rating different from that of the system,
gic. Refer o charts 6.3, 5.4 and 5.5 tor symbol usage

s Draw the outside diamaters of flanges to scale

s Show valve identification number from P&ID

»  tabel control valvas to show: size, pressurs rating, dimension over Jlan-
ges, snd valve instrument numbar, from the P&ID -see figure 5.15
Draw valve handwhaals 1o scale with valve stem fully extendad
If a volve is chein-operated, note distance of chain from operating
fioor, which for safety should be approximately 3ft

s  For pumps, show outline of foundation and nozzles

DRIPLEGS & STEAM TRAPS

Driplegs are indicated on relevant piping drawing plan views. Uniess identical,
a separsta detail is drewn for each dripleg. The trap is indicated on tha drip-
leg piping by @ symbol, and referred to s separete trap detail or data sheat.
The trap detsit drawing should show sl necessary valves, strainers, unians,
ate., required at 1he trap—sse figures B6.43 and 6.44.

The piping shown on the dripleg deteils should indicate whether condensate
is to be taken to 8 hesder far re-use, o run to waste. The design notes in
6.10.5 discuss dripleg details for steam lines in which condensate forms
continuousty. Reler to B.10.9 ako.

INSTRUMENTS & CONNECTIONS ON PIPING DRAWINGS

»  Show location for sach instrument connection with encircled instrument
numbar taken from the P&ID. Aefer 10 5.5.3 and chart 6.2

¢ Show similar isolnting vsive afrangements on instrurnent connections as
“typical” detail, unless covered by standard company datail sheet

VENTS & DRAINS
Refer to 6.11 and ligure 6.47.

PIPE SUPPORTS
Refer ta 6.2.2, and chart 5.7. for symbals.

PLAN VIEW PIPING DRAWINGS

‘ROLLED” ELL

)

ROLL ELL ROLL TEE

Draw plan views for sach floor of the plant. Thess views should show
what the layout will look like between adjecent Hoors, viewed from
above, or at the etevation thiu whith the plan viaw is cut

If the plan view will not [it on one sheet, present it on two Of more
sheats, using matchlines to link tha drawings. Sea figure 5.8

Note the elevation balow which a plan view is shown—tos sxample,
PLAN BELOW ELEVATION 150" °. For clarity, hoth elevations
can be stated: 'PLAN BETWEEN ELEVAYIONS 30'-0” & 16°-0° !

if a 198 or elbow is ‘rolled’ a1 45 degress, note as shown in the view
wherg tha fitting is rolied out of the plana of tha drawing sheat

“ROLLED" TEE

/

AT 459 AT 432

P

Figura 5.10 shows how lines can be broken 10 give sufficient infarmation
without drawing other views

indicate raquired fisld welds

ELEVATIONS {SECTIONS} & DETAILS

Draw elevations and details ta clarify complax piping of piping hidden
in the plan view

0o not draw datail that can be describad by a note

Show anly as many sections s necessary. A section does not have to be
3 complete cross section of the plan

Draw to & large scale any part neading fuller detail. Entarged details
are prefersbly drawn in aveilable spece on elavational drawings, and
should be crass-relerenced by the applicable detail and drawing num-
berls)

Identily sections indicated on plan views by lettars (see chart 5.8) and
details by numbers. Letters ) and O are not used as this can lesd to con-
fusion with numerals. i more than twentyfour sections me nesded
the feiter identification can be broken down thus: A1-A1, A2-A2,
04-04,....... and 50 On

D0 not section plan views lnoking towerd tha bottom of the drawing shest




»  Figure 510 shows how to braak lines ta give sufficient information
whilst avoiding drawing anather view or section

SHOWING "HIDDEN' LINES
ON FIFING DRAWINGS

FIGURE 8.1¢
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PIPFING FABRICATION DRAWINGS-'1SO5’ & 'SPOOLS” 529

"The twu most common methads for groducing piping designs for a plant

are by making cither plan and elevation drawings, or by constructing a scaled
model. For labricating welded piping, plans and elevations are sent direclly
to 4 subceitiactoe, usuotly relderred Lo as o “shop fabiricatoe -if a model is
used, isometric drawings (telerred to as ‘isos’) are senl insiead.

Isometric views are commanly used in prefabricating parts of butt-welded
piping systems. Isos showing the piging to be prefabricated are sent 1o the
shop fabricatar, Figure 5.15 is an example af such an iso.

el

The prefabricated parts of the piping system are termed ‘spoais’, described
under “Spools’, this seclicn. The piping group either produces isos shawing
the required spools, or marks the piping to be spooled on plans and elevatians,
depending on whether or not 3 model is used (as shown in chart 5.10).
From Ihese drawings, the subcontractor makes delait drawings termed
'spooi sheels’. Figure 5.17 is an example spool sheet.

SPOOL FABRICATION CHART 6.10
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ISOMETRIC DRAWINGS, or ‘ISOS’

An 50 usvally shows a camplete ting Irom one piece of equipment to
another—see figure 5.15. It gives all information necessary for febrication and
erection of piping.

Isas are usually drawn freshand, but the various runs of pipe, fittings and
valves should be roughly in proportion for easy understanding. Any one
line {that is, ait the piping with the same line number) should be drawn
on the minimum twmbser of iso sheets. |f continuation sheets are neaded,
hreak the line at natursl breakpoints such as flanges {except oritice flanges),
walds at fittings, or field welds required for installation.

ttems and information 10 be shown on an iso intlude:

. North arrow [plant north)
L) thmensions and angles

] Reference number gl plan diawing trom which iso is made {unless
moda! is used), line number, direction of flow, insulation and tracing

»  Equipment numbers and Togations ol equipment (tty centerlines)

s Identify all ilems by use af an understood symbul, and amplify by
a description, as necessary

[} Give details of any 1langed noszles on equipment 1o which piping has
to be connected, it the flange is different from the specification for
Ihe connected piping

Size and type of every valve
8 Size, pressure rating and instrument number ol contral valves

[ Numbes, jocalion and arientation lor each instiument connaction

™
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Shop and fiald welds. Indicate limits of shop and tield labricaiion
I50 shewt continuation rwmbers

Unions requited for instellation and maintenanca purposes

s  On screwed and sockei-welded assemblies, valve handwheel positions
need not ba shawn

Malerials of construction
. Locations af vents, drains, and teaps

e Locations of supports, identified by pipssupport number
The following information may also ba given:

o  Requirements for strass relieving, seal wetding, pickling, lining, coating,
or other speciel treatment ol the ling

Drawing style 10 be followed is shown in the example iso, figure 515,
which displays some of the above points, end gives Dthers es shaded
notes. An iso may show more than one spoat.

SPDOLS

A spool is an assembly of fittings, flanges and pipe that may be prefabricated.
1t does nnt include bolts, gaskets, valves or instruments. Straight mill-run
langths of pipe over 20 fi ere usually not included in a spoa!, as such lengths
rhay be welded in the system on arection {on the iso, this is indicaied by
nating the length, and stating ‘BY FIELD).

The size of a spool is limited by the fabricator's evailabla means of trans-
portation, snd @ spol is ususlly contsined within a space of dimensions

40 ft x 10 ft x 8 . The maximum permissible dimensions may be obwined
from the fabricator.

FIELD-FABRICATED SPOOLS

Som2 States in the USA have a trades agreement that 2-inch and smaller
carbon-sieel piping must be fabricated at the site. This rule is sometimes
extended to piping larger than 2-inch,

SHOP-FABRICATED SPOOLS

All slioy spagls, and spools with 3 or mare welds mede from 3-inch {occasion-
ally 4-inch) and Isrger 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 weids are usually made in the field.

Lerye-giameter piping, being move difficult ta handle, often necessitates the
use of jigs and templates, and is more economically produced in a workshop.
SPOOL SHEETS

A spool shest is en arthographic drawing of v spool mads by the piping
contractor either from pians and elevstions, or from =n iso—see chart 5.10,

EACh SPOOL SHEET SNOWS Oy UNE LYPE U1 3puul, anu. —
11}  Instructs the wetder for fabricating 1he spool

(2) Lists the cut lengths of pipe, fitlings and llanges, etc. needed to make
the spool

(3} Gives matesials of construction, and any special treatment of the
finishad piping
{4) Indicates how many spools of the same type are required

NUMBERING 1508, SPOOL SHEETS, & SPOOLS

Spool numbers ara allocated by the piping group, and appear on all
piping drawings, Various methods of numbering can be used as long 8s
identification is essily mada. A suggested method follows: -

Iso sheets can be identified by the line number of the section of tine thal is

shown, followed ty a sequentiat number. For exsmple, 1he fourth iso sheet

showing 2 spool to be part of a line numbered 74/B2/6/412/23 could be
identified: 74/B2/6/812{23-4 .

__+——-

Both the spoot and the spool sheet can be identified by number or letter
using the iso sheet number as a prefix, For example, the numbesing of
spool sheets relating to iso sheet 74/BZ/6/412/23-4 could be

74/82/6/412{23-4~1, 14/B2/6/412/23-4-2, ... elC,,
or 74/BZ/6I412/23-4-A, 74/82/6/412{23-4-B, ....... etc.

The full ling number need not be used if a shorter form would suffice lor
identificatian.

Sponl numbers are also referred 10 as 'mark numbers’, They are shown on
isos and on the {oliowing.—
(1} Spool sheets—as the shest number

(2} The fabricated spool—so it can be related 10 drawings of is05
(3} Piping drawings—plans and elevalions

DIMENSIONING : 5.3
DIMENSIONING FROM REFERENCE PQINTS 5.3.1
HORIZONTAL REFERENCE

When a proposed plant sile is surveyed, a geogrephic reference poinl is
utilized from which measurements io boundaries, roads, buildings, 1anks,
Blc., can be made. The geagraphic refarence point chosen is usuzlly an
afficially-established one,

The lines of latitude and longitude which define the geographic reference
point are not used, as & ‘plant north’ (see figure 5.11] is established, parsllel
to structural steshwork. The direction closest to trua nerth is chosen lor
the ‘plant north’.
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The coordinates ol the southwest corner of the plent in figure 5.1, &
refecred to ‘piant north’, are N 110.00 and E 200.00.

Semetimes coordinates such as those above may be written N 1410 and
E 2+400. The first coordinate is read &5 “one hundred plus 10 ft north™ and
the second a8 “Lwo hundred plus zero ft eas1”, This is a system used for
treversa survey, and is mure correctly applied 1o highways, railroads, etc.

Coordinates are used to lpcete 1anks, vessels, major aquipment and structural
steal. In tha apen, thase ilams e located directly with respeci to a gen-
graphic reference poiat, but in buildings and structures, can he dimensioned
lram the building steel.

HORIZONTAL REFERENCE FIQURE 8. 41

Coof dinates ate ususlly
glven o 1he 3.W corner
of plant, aullding and

truetures
- SOUTHWEST COMNEN
wanr  TUE OF PLANT: COORDINATES
woaTH MORTH \ 10 E 200
\ll"t
I
GEOGRAPHIC
REF £ AENCE POINT
IMDNUMENT}

The LS Department of Commerce's Coast and Geodetic Survey has estab-
lished a large number ol references tor latitude and longilude, and for
elevations abave sea level. These are termed ‘geodetic controt stations’.

Contral stations for herizontel relerence (!atitude and longitude) are referred
to s "triangulation stations' or “lraverse stations’, etc. Control stations tor
vertical reference aie refereed 1o as ‘benchmarks’. Latitude and longitude
have nuot been estzblished far all benchmarks.

A geadetic conlrol station is marked with @ metal disc showing identity
and date of establishment. To provide siable locations for the discs, they
ae sel into tops of 'monuments’, mounted in hotes drilled in bedrock or

large firmly-imbedded boulders, or affixed to a solid structure, such as a
huilding, bridge, clc.

The geographic positions of these stations tan be ohtained from the Tirector,
US Cuast and Geodetic Survey, Rockvillo, Maryland 20852

VERTICAL REFERENCE

Bafare any building or erecting begins, the site is leveled {‘graded’) with
earth-moving equipment. The ground is made as flat as practicable, and af ter
leveling is tarmed ‘finished grada’.

The highest greded point is termed the ‘high point of finished grade’,
{HPFG), ang the harizontsi plane passing thru it is made the vertical reference
plane or 'detum’ fram which plant elevatians are given. Figure 512 shows
that this horizontal plene is given a ‘falsa’ or nominal elevation, usuaity 100 ft,
and is not relerred to mean sea level. '

The 10D ft nominal elevation enssres that foundations, basements, buried
pipes and 1anks, etc., will have positive elevations. "Minus’ alevations, which
would be a nyisance, arg thus avoided.

Large plams may have soveral areas, oach having its own high point ot
Finished grade. Nominal grade elevation is mgasured from a benchmark, as
illustrated in figure 5,12,

VERTICAL REFERENCE FIGURE 5.12

ELEVATION OF ECUHPMENT
HIGH POINT OF FINISHED GRADE CEMTEALINE STATED Al
ELEVATION SET AT 1007 NOMINAL 1064, DR 54" ABOVE WPEG
(EQUALE 811~ 7 TAUE DATUM

I it N § == - B

ELEVATION 727 ABOVE SEA LEVEL

|8
§

B
RENCHMARK MONUMENT

DIMENSIONING PIFING DRANINGS . 5.3.2

DRAWING DIMENSlON':i-—& TOLERANCES
MAINTAINED IN ERECTED PIPING

On plot:  Dimensions on piping drawings are narmally maintsined within
the limits 6 plus or minus 1/1Bth inch, How this toierance is met does not
concern the designer, Any necessary alfowances ta ensure that dimensions
are maintained ate made by the fabsicatar and erector (contracior).

Off plet:  Dimensions are maintained as ¢losely as practicable by the ereclor.

WHICH DIMENSIONS SHOULD BE SHOWN?

Sutficien! dimensions should be given 1or positioning equipment, for fabri-
cating spools and for erecting piping. Duplication of dimensions in dilferem
views should be avoided, as this may easily lead 1o error if altesations are
made.
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Basically tha dimensions to show are:

TYPE OF OVMENESION

YERELL
t | REFERENCE LINE® TO CENTERLINE 'm“'n‘m,
LINES
LINES
2 CENTERLINE TQ CENTERLINE STANDARD VALVES
YESSELS
3 CENTERLINE TO FLANGE FACE 1 NQZILES ON HOMPE
EOUWMENT
VALYES
4 FLANGE FACE TO FLANGE FACEY nouﬂmltnt ﬂ';":;""
INSTRUMENTS
» REFERENCE LINE CAN BE EITHER AN DRDINATE {LINE OF LATIYUOE
CON LDNGITUOE] DR A CENTERLINE OF BUILDMNG STEEL
T 1T 15 NECESSARY TOD SHOW THESE DIMEMSIONS FOR JITEMS LACHEING
STANDARD DIMENSIONS (DEFINED BY ANY RECOGNIZED STANDARD)

Figure 5.13 iflusirates the use of these types of dimensions.

PLAN VIEW DIMENSIONS

Plan views convey most of the dimensional infarmation, and may also show
dimensions for elevations in the absence of an elevational visw or section.

EXAMPLE DIMENSIONS FOR PLAN VIEN

FIGURE 5.13
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l REFEREMICE LIME
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2
REFEREMCE LINE
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VERTICAL VIEW ELEVATIONS & DIMENSIONS

On piping drawings, etevations may be given as in table 5.2.

SHOWING ELEVATIONS

PIPE-GENERAL

TABLE 5.2

BURIED PIPE

SINGLE FIPE-
SHOW CENTERLINE ELEVATION

_E.._._.__. _.SQ..EI_

BURIED LINES IN A TRERCH):
SHOw ELEVATION OF BOTTDMS OF FIFES

" _@Q 7908 £1

SINGLE PIPE TO NQIZLE: SHOW
CENTERLIME ELEVATIDN OF
PAE AT NOIZLE

§ EL

FOR MINIMUM COVER, REFER TOP OF
PIPE TO GAADE ELEVATION:

SEVERAL PIPES SHARING A COMMON
SUPFDAT: SHOW ELEVATION GF
BOTTOMS QF PIPES

[}~

DRAINS AND SEWERS;
SHOW INVEAT ELEVATION' HE)

SEVERAAL PIPES ON A PIPERACK:
SHOW "TOP OF SUPPORT' ELEVATION

TOS EL

e

=R AR NAY B RUN LINEE A GAADS SEAMSE D8
1L CHNGE BT M7 URDE R F CunD s FIONE

FONISHED FLOG
SHOW ELEVAYH:IN QOF HIGH POINT
OF FLOOR

FIN FLA EL

MISCELLANEOUS ELEVATIONS

VEATICAL NOZZLE:
SHOW £LEVATION OF FLANGE FACE

FFEL

5

INCLUDING GROUT

TOC EL

FOLINDATHON: SHOW 'TOF OF CONCRETL,

INSTAUMENT POINT: SHOW ELEVATION OF
CONMECTION CENTERLINE, or DI ERSIOM
FRAOM NEAREST RELEVANT ELEVATION

g £L

SHOE DIMENSIDN A% SHCEIUN IM THE

3 [res

MPERALK SKE TCH ABOV
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GUIDELINES FOR DIMENSIONING ALL PIPING DRAWINGS 5.23

&
P+
Y

CHMENSION

Show ail key dimensions, including elevations and coordinates

Show dimansions outside of the drawn view unless unavoidable — do not
clutter the picture

Draw dimension lines unbraken with a fine line, Write tha dimension
just abave a horizontal line. Write the dimension of a vertics! line
sideways, preferably at the left. It is usual to terminate the line with
arrowheads, and thesa are prefarable for isos. Tha oblique dashes shown
are guicker and are suitable for plans and elevations, especially it the
dimensions are crarmpad

. DIMENMON DIMENSION

It a series of dimensions is te be shown, string them Logether as shown
in the sketch. {Da not dimension from a common reference line &5 in
maching drawing.) Show the overall dimension ol the string ol dimen-
sions if 1his dimension will be of repeated interest

DIMENSIONS ON MACHINE DRAWINGS

DM

[ Dl v
L DIM
I

- OIMENSIONS ON PIPIHNG DRAWINGS

L
L

. ~ >
| om o _L__?'_*_*_-__.L_ _t.""__l

Do not omil a significant dimension other than “fitting makeug’, even
though it may be casily calcwlated - see "fifting miakenp’, his section

Most piping under 2-inch is strewed or socketwe!ded and assambled at
the site (tield run). Therefore, give only thosa dimensions necessary Lo
route such piping clear of equipment, other obstructions, and thry
walls, and 10 locate anly those items whose safe pasitioning or access-
ability is important 10 the process

Maost lengtns will be stated to the nearest sixtesnth af an inch, Diman-
sions which cannol ar need not be stated to thig precision sre shown
with 3 plus-or-minus sign:  8'=7"£, 15'-3"%, etc.

Dirnensions undar two feet are usually marked in inches, and those
over 1wo feet in feet and inches, Some companies prefor to mark all
dimensions over one loot in feet and inches

Atiernpt to round off non-critical dimensions to whole feet and inches.
Raserve fractions of inches for dimensions raquiring this precision

PLANS 8 ELEVATIONS—GENERAL DIMENSIONING POINTS

Resarve horizontal dimansions for the plan view

Uaderling all out-of-scale dimensions, or show as in chart 6.8

11 a certain piping arrangament is repeated on the same drawing, it is suf-
ficient to dimension tha piping in one instance and nate tha other
appearances as “TYP' (typicaf}). This situation occurs whera similar
pumps are connected 10 a common header. For another example, see
the pump base in figure 6.17

{Jo nat duplicate dimensions. Do not repeat them in ditferant views

DIMENSIONING TO JOINTS

Do nol terminate dimansions at a weldad or screwed joint

Unless necessary, da not dimension to unions, in-line cauplings of any
other items that are not critical to construction or operation of the
piping

Where flanges mest it is usual to shaw a small gap batween dimensian
lines to indicate Ihe gasket. Gaskets should be covered in the piping
specification, with gasket type and thickness stated. Rafer to the panel
"Drafting valves', preceding chart 5.6,

-

l v " ]

As nearly all Honged joints have gaskols, o tirnre-saving procedure s to
note fianged joints withaut gaskets (for example, see 3.1.8 under
‘Butterfly valve’). The fabricator and erector can be slerted to the
need for gasketselsewhera by a general note on af} piping drawingy:

“GASKETS AS SPECIFICATION EXCEPT AS NOTED”

[32
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FITTING MAKEUP

it a number of items of standard dimensions are grouped together it is un-
necessary to dimension each item, as the Jabricstor knows the sizes of stand-
ar¢ fittings and squipment. |t is necessary, however, to indicate thet the
overatl dimension is ‘fitting makeup’ by the speciel cross symbol, or
prefarably by writing tha overall dimensign. Any non-standard item insested
between standard items should ba dimansioned.

FITTING MAKEUP SYMBOL

e

Ol or nmﬂ o o I

T LiJ n T
DIMENSIONING TQ VALVES

[ L ncate flanged and welding-and valves with ANSI standard dimensions
by dimensioning to their centars. Most gate and glabe valves ars stan:
dard—ses 1able V-1 _

. Dimension nan-standard {lsnged vaives as shown in the panal opposite
chart 5.6. Although a standard exists for control valves, faceto-face
dimensions are usally given, as it is possible to obtain them in non-
standard sizes

»-  Standard Hanged check valves need not be dimensioned, but if location
is important, dimension 1o the iange {ace{s)

s Non-flanged valves are dimensioned 1o their centers ar stams

DIMENSIONING TO NOZZLES ON VESSELS & EQUIFMENT

o In plan view, a nozzfe is dimensioned 1o its face from the centerline al
\ha aquipmant it is gn

» |In elavation, a nozzle’s centerline is either givan its own elevation oi is
dimensioned from another reference. n the absenca of an eievational
view, nozzle elevations can he shawn an the plan view

DIMENSIONING 1508 b6.3.4

in order to clearly show all dimensions, the best espect ol the piping must
be determined. Freedom to extend lines and spread 1he piping wathaut regard
10 scale is a great halp 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 5.15 ilustrates tha main requirements of an isometric drawing, and in-

includes a dimensioned offset. Figura 5.16 shows how ather offsets are dim-
ensioned,

[ ] Dimensicn in the same way as plans and elevations
+  Give sufficient dimensions for the tabricator to maka the spoal drawings
—see figure 5.17

LY

ENAMPLE VESEEL DRAWING SHOWING

FIGURE 6.14
DIMENSIONES REQUIRED BY VENTOR (Hefw 1w 5.2.7}
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PROECT THE FOLLOWING DISTANCES
FAOM WTERARAL SURFACE OF vESSEL.
UMLESS OTHERWISE SPECHFIED: -

NOZZLE $12E- i St &7 Whew 1T 147 & turgur
PROJECTION -~ [ 1w

THA TYPE OF DRAWMG i UBUALLY SLADS
N & WICIAL SIEET WHCH HAS FRINTED
QUEREES TO SE ANBNERED &Y THE DURaRIn
W OROEA TD PROVIDL OTHEN INFOMAATWIM
WEERMARY POR DESN AND FANUCATION

e ——— OF T VEBREL.
[nozZiE LisTmg]
NOZZLE |SIZE |RATING & DESCREPTION
11FIG [ 150 W & FS » - - .
u | FL €1 190 wn oF £ ENGINEERING
& {FLG CL 150 wh A F§ "
b |CAE L D0 THAD F5 COMPANY
0 M ALE QUICK - DPEMLAL TITLE MOCK




-

|

i
el j]
N

EQUIP &I

wESSEL.

Q OF EQUIRMENT

~
Matyazaanal A

B

-
b
k

INSULATION
v, SHOEDETL Mo __

‘\“’,;o*“ T aabEATION
ip - ) CHANGE AT
v L e

S e

m: " iimuf"‘_

THREDOLET WPS 314 -

T Rl

[1.3%1

MMM Hlm_ l'_‘s

TR AT A
B2 B
Tl AMIZII T
MRZAAYNID VD
MAradINE

NOTES

1 ALL GASKETS -~ THICK
LF3] ENSULATHYR - THILK

ng Humber
?4!51!61'41?”3 -1

PLANT/ARER / / \\— 150 HUMRER

fLym - / T NUMBER OF LINE
HOMIMAL PIPE S4FE T MATERIAL SPECIFICATION

5:: a3
3.4

PGURES

5148 5.5




ke T T
L TP

Dl et

=i

HOW TO SHOW OFFSETS DN 150%
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EXAMPLE SPOOL No. 23-1E

FROM FIQURE 616

VERTMGAL OFFSET

WORATOMTAL OF FSET

THIS ISOMETRIC VIEW I§ BHOWN

HEME FOR EXPLANATION ONLY,

AND 1 NOT A PART OF THE
SPAOL DRAWING AT RIGHT

FIGURE 5.7%

oﬂ .

- %l .',
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EXAMPLE BPOOL SHEET

R By Sl n M d h B Bt o e g —

Allowance for weld spacing (root gap) is & shop set-up problem and should
ot be considered in making assembly drawings or detailed skeiches. The
Pipe Fabrication Institute recommends that an avaral) dimension is shown
which is the sum of the nominal dimensions af Ihe companent parts.

A spool sheat deals with only one design of spool, and shows complele
dimensional detail, Vists material {or making tha spool, and specifies how
many spools of that type are required. Figure 5.17 shows how 3 spool from
figure 5.15 would be dimensioned.

—— = MVES END FOR WELDING
¢ = THREACED END

FIGURE 5.7
W= BEND SOLTHOLES TO STRADIALE LIST OF MATERIEL
M= MITEA CEWTERLINE UNLESE NOYED e — —
m:u‘ av 1 OERCRIPTION | SUTEREL
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CHECKING & ISSUING DRAWINGS 5.4

RESPONSIBILITIES e ' 5.4.1

PLID's, pracess flow diagrams and ting designation sheats are checked by
gngineers in the project group.

Excapt far spoo! drawings, all piping drawings are checked by the piping group.

Orthographic spool drawings praduced by the piping fabricalor are not usuaiy
checked by the piping group, except for ‘criticel’ spoals, such s spools tor
overseas shipmant and intricata spools.

Usually an experienced designer within the piping group 1 given the task
of checking. Some companies employ persons specifically as design checkers.

The chacker’s responsibilities are set out in 4.1.2,

CHECKING PIPING DRAWINGS 5.4.2

Prints of drawings are checked and corrected by marking with colared pencils.
Aseas to be corrected on tha drawing are usvally marked in red an the print,
Correct areas and dimensions are usually marked in yeliow.

Checked drawings 1o be changed should tie returned Lo their origicator when-
wver possible, for amendment. A new prind is supplied to the checker with
tha original ‘marked up" print for ‘backchecking'.

ISSUING DRAWINGS 54.3

Aseas of a drawing awaiting further inlormation or decision are ringed clearly
on the reverse side and labeled “HOLD' —refer to charl 5.8. {A black, red, or

veliow china marker is suitable lor tilm with a slick {inish on the reverse
sife.}

Chianges of revisivns are indicated on the fromts ol the sheets by a small
triangle in \he area of the revision. The revision numbetr is marked inside the
wiangle, noted above the title block {or inan allocated panel) with a descrip-
tion of the revision, required initials, and date. The revision number may be
part af the drawing number, or it may follow the drawing number (prelerred
method-see ligure 5.17). The drawing as first issued is numbeted the ‘zeso’
fevision.

A drawing is issued in three stages. The first issue is ‘FDR APPROVAL', by
management or client. The second issue is 'FOR CONSTAUCT!ON BID", when
vendars are invited to hid jor equipment and work contracts. The third
issu is 'FOR CONSTRUCTION' following awarding of alt purchase orders
and contracts. Drawings may be reissued at each stage if significant changes
are made. Minor changes may be made after the third stage (by agreement

on cost and extent of work} tul major changes may involve ali three stages of
issue.

83]

CHECKING PIPING DRAWINGS b.4.3

(PLANS, ELEVATIONS, 81808)

Points ta be checked on all piping drawings include tha fallowing:

e Y 3.4

e

-~

RS T

" Titte of drawing

e Trer——

Numbar of issue, and revision number :
Qrigntation: North areow against plot plan

Inclusion of graphic scate (il drawing is to be photographically reduced)
Equipment sumbers and thair appearance on piping drawings

That correct identification appears on all lines in all views

Lirne material specitication changes

Agreement with spacifications and agreement with ather drawings

That the drawing includes reference number{s) and title{s} to any ather '
relevant drawings !

That all dimansions are cofrect : &

Agreement with certitied vendoys’ drawings for dimensions, nozzle
orientation, manhples and lsdders

Thet face-to-face dimensions and pressure ratings ar@ shown for all
nonstandard flenged items

Lacation end identification of instrument connections

Pravision of line vents, drains, traps, and tracing. Check that vents are
at all high points and drains at all low points ol lines tor hydrostatic
tes1. Driplegs should be indicated and detailed. Traps shoutd be identi-
fied, and piping detailed

The Iollowing itams should be labaled in one view only: tees and il

ralied at 45 degrees (sea exempla in 5.2.8), short-radius ell, reduiingd
all, eccentric reducer and eccentric swage (note on plan views Wikl
“tap fiat’ or ‘bottem flat’), concentric reducer, concentric. LY

non-standard or companion 1lange, reducing tee, special itams 8t
unusual material, of pressure rating different from that of Lhe system,
gtc. Refer 1o charts 5.3, 5.4 and 5.5 for symbol usage

That insulation has been shown as reguired by the P&ID
Pipe support locations with support numbers

That all anchors, dummy legs and welded supports are shown
That the stress group’s raquirements have been met

That all field welds are shown

Correctness of scale

Coordinates of equipment against plot plan

Piping arrangament against PRID requirements

Possible interlerences

Adequacy of clearances of piping from steebvork, dooes, windows and
braces, ductwork, equipment and major electric epparatus, intluding
control cansales, cables from mator control centers {MCC's), and fire-
fighting equipment. Check accessibility for aperation and maintenance
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9 Accessibitity for operation and mainlenance, and that adequate man-
hates, heiches, covers, dropout and handling areas, etc. have been
provided

] Foundation drawings with vendors' equipment requirements

List ol materiel, if any. Listed items should be identified ance, either
on the plan gf \he elevation drawings

That section letlars agree with tha section markings on the plan view
That drawings include necessary matchiing infarmation

Appearance of necessary continuation sheet number (s}

That spool numbgrs appear corractly

Presence of all required signaiures

el P —

This further point should be checked an isos:

®  Agreement with madel

These further points shauld be checked on spoo! sheets :

& That materiel is completely listed and daescribed
®  That the required number ol spauvls ol identical type is nated

INSTRUMENTATION (Az shown on P&ID’s) 6.5

This section briefty describes the purposes of instruments snd expiaing how
instrumentation may be read from P&ID’s. Piping drawings will also show
the cannection {coupling, etc.} to line ar vessel, However, piping drawings
should show only instruments connected 10 {or focated in piping snd vassels,
The only purpose in adding insirumentation ta a piping drawing is 10 identily
ihe connection, orifice plale or eguipment 10 be installed en ar in the piping,
and to correlate the piping diawing 10 the P&ID.

INSTRUMENT FUNCTION ONLY 15 SHOWN 561

Instrumentation is shown on process disgrams and piping drawings by symbols.
The functions of intrumants are shown, not the instruments. Only the pri-
mary confection to a vessel or ling, or devices insiatled in & line {such ag
orifice piates and control valves} are indicated,

There is some uniformity, among the larger companies st laast, in tha way in
which instrumentation is shown. Thera is » willingness 1o adopt the recom-
mendations of the instrument Society of America, but adhersnce is not always
complete. Tha 1SA standard is §5.1, titled ‘Instrumentation symbaols and iden-
tification’.

Complisnce with the ISA scheme is to some extent international. This is bane-
ficial when drawings go from one country 1o another, as thera is then no diffi-
culty in understending the instrumentation.

1sa)

Although instruments are used far mary purposes, their basic lunctiens are
few in numbee:

{1} To sense a 'condilion’ of the process material, most commanly its
pressure, tamperature, {low rate or level. These ‘conditions’ are termed
process variables. The piece of equipment that does the sensing is
termed a “primary elament’, 'sensor”, ar ‘detecior’.

(2) To transmit a measure of the process variable from a primary alement.

{31 7To indicate a messure of a process variable to the plant operator, by
showing the measured value by 8 dial and pointer, pen and paper 10l or
digital display. Another farm of indicetor isan afarm which gives sudible

or visual warning when a process varizble such as temperature approaches
an unsafe or undesired value .

{4) To record tha measure of a process variable. Mosl recarders are
electrically-operatad pen-and-paper-roll types which record either the
instantangous velue of the average over 8 lime period.

{8) To conto! the process varisble. An instrument initiating this funclion
is termed a8 ‘vontrotlar’. A controller sustaing or changes the vaiue of
the process variable by actuating a ‘final conteol element’ (rhis element
is usually a valve, in process piping).

Many instruments combing twa or mare of these five lunctions, and may also
have mechanicai parts integreted — the commonest example of this is the

self-tontaingd control valve {see 3.1.10, under 'Pressure reguiater’, and
chart 3.1).

HOW INSTRUMENTATION IS IDENTIFIED 655.3

The most-used instruments are pressure and temperatiure geges {indicators')
and are shown as in figure 5.18 (a} and (b). An example ‘instrument
identilication number’ {or ‘1eg number’} is shown in figure 5.18 (¢}, The
balloon argund the numbes is usually drawn 7/15-inch dismeter,

INSTRAUMENT IDENTIFICATION NUMBERS FIGURE 5.18
i} ib}
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In figure 5,18, P, ‘T’, snd °F’ denote process variables pressure, temperature,
and flow respectively. 1" and ‘G’ show the type of instrumant; indicator
and gage respectively. Tehle 5.3 gives other letters denoting pracess vatiable,
type of instrument, etc. The number “d°, labeled ‘loop number’, is an exampla
sequential numbar (allocated by an instrumentation engineet).

T,




INSTRUMENT MOUNTING, 554
& MULTIPLE-FUNCTION INSTAUMENTS

A horienntal ine in the 1SA balloon shows that the insliument perlorming
i lunction is 1o be ‘board mounted” in a console, etc. Absence of thisline
shows “tucal mounling’, in or near the piping, vessel, eic.

HOARO MOUNTING LOCAL MOUNTING

TI T
88 88
The 1SA sehiaw shows wistnameat lanctions, Bol insiruments. Homwever, a

sutiple tonchon nstranent can be indicated by drawing the bailoons show-
iy 1he senate functions sa that the circles touch,

Somentups, 2 mulliple lunction instrument will be indicated by a single
balloan symbol, with a function identification, such as ‘'TRC’ for a temp-
ertwe recorder-controller. This practice is not preferred—it is bettes to
draw {in thus example) sepgosate 'TR™ and "TC" balloons, touching.

INTERCONNECTED INSTRUMENTS {'LOOPS’| 555

The ISA siandard uses the 1erm ‘loog’ to describe an interconnected group
al insteoments, which is ot necessarily a closed-loop arrangement: that is,
instnementation used in o leedbock {or {eedforward) arangement.

I sevpral insteuments are wlercunnected, hey may be all allocaied the same
nambne Tor Toop’ identitication, Fwure 5.18 shows a process line served by
ane nroup ot wstruments {foop number 733 1o sense, transmit and indicate
togersntvre, aod 3 second gronp (loap manher 74} 1o sense, Lansmil, o
can, devord wnd contool How rate.

EXAMPLE INSTRUMENT 'LOOPFS" FIGURE 5.18
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Conveying liquld l

SIGNAL LEADS 6.b.e

Elements, iransmitlers, recordars, indicators and coniroliers communicate with
aach other by means of signal leads — which are represenied by lines an the
drawing. The signal can be & vohage, the pressure of 8 fluid, eic.—thesa are 1he
most comman Signals.

Symbols for instrument signal leads are given in chart 5.1,

tNSTHIUMENTATION CODING : 15A CODING TAALE 5.3
F PROCESS VARIABLE ! TYPE OF WSTAUMENT
ANALYSIS . ... . cavernrinnas Al ALARM ... .o A
BURNER (Flame} ............. B USER'SCHOICE . ......... ..... B
COMBUSTIDN . __........conts B | CONTROLLER .. .............. C
USER'SCHOMCE . ........0viss C § CONTROLWVALVE ........... cyY
USERSCHOICE . ....uvovnvvtt D] TRAP....... P cv
VOLTAGE ,....ciinnmvcriers E | SENSOR {Primaty Elament} . ... .. E
FLOWRATE ........... ... F RUPTUREDISC ... . ........-.. 3
USER'SCHOICE ............. G | SIGHY ow GAGE GLASS ......... G
CURRAENT {Elactric) .. .......-. i TELEVISION MOMNITOR ........ G
POWER ...... ..o vsnncnans d INDICATOR ......ccveiainunn |
TIME {Time Control/Clock] ... -. K | CONTRDL STATION ........... K
LEVEL . ... orccviveraunnnnns L | LIGHT {Pilot/Opecation} ......... L
USERSCHOICE .......... ..o M ] USER'SCHOICE .........000000 N
USERSCHOICE ...........0v t | FLOW RESTRICTIOM QRIFICE ... O
USERSCHOICE ...........00- O | TEST PQINT {Sample Point) . ... .. P
PAESSURE/VACUUM . ......... P RECORDER ..............0 000 R
RADIATION . ..... ... vvns BISWITCH ... ianneun 5
SPEED {or Frequency) .. ...... .. ] TRANSMITTER ...t T
TEMPERATURE ............-- T | MULTIFUNCTION ... ....... ... u
MULTIVARIABLE ............ U {1 VALVE/OAMPER .............. v
VIBRATION . ........cvinerns WV IEWELL . ... w
WEIGHT [or Forcel . ... .....oc. w § UNCLASSIFIED . ............ .. X
UNCLASSIFIED .. .....000vus % Y RELAY .. ... . i hi
EVENT (Responee lod ........ .. ¥y | DRIVER ... ... o iovers z
POSITION, DIMENSION ... ... .. 2 | ACTUATOR ... ....... ..cocnen Z

QUALIFYING LETTER AFTER THE ‘PROCESS VARIABLE’ LETTER

THE QUALIFYING LETTER IS USED;~

When the difference betwesn tweo valust of
the process variable is lnvolved

DIFFERENTIAL, . . D

When the process varisble is to ba summed
over # pariod af time. For exampls, llow
rate ca be summed to give lotsl volume

When tha mtio of twa valuel ol the process
varisbie i involved

To denote & itam such ss a rellaf valve of
upurs dise

To denote s hand-oparated or hand-started

{tem

QUALIFYING LETTER AFTER THE ‘TYPE OF INSTRUMERT LETTER

To denote istrument action on “high' set
value of the proces varisble

INTERMEDIATE. ] To denots instrument action on "intermadi-
ste’ set value of the process varisble
Low ... .- L To denots instrument action on ‘low’ set

value of the process variable

e - e e ———— = ¢

FIGLRES -
BA8A6.AS .

TABLE
: 53



?-;LlSTING PIPING MATERIEL ON DRAWINGS 5.6

p "%.rln the engineering construction industry, it is usual for piping components
7+.5 10 e givan a tode number which appears in the piping specificatian. In
- gompanies not primarily angegad in plant canstruction, materiel is frequently
* listed on drawings.

DHFFERENT FORMS OF LIST 5.6.1

This list is ususlly titled “tist of material’, or prefarsbly, Yist ol matoriel’, as
items of hardware ara referred to. ‘Parts list’ and ‘Bill ol malariel’ are allernala
headings.

Either e separate list can be made for materiel on seversl drawings, or sach
drawing sheet can include 8 list for items on the particuler drawing. Lists on
drawings are written in the spece above tha title block. Column hesdings
normally used for the list are:

LISTOF MATERIEL

REMARK, WEQUISITION HUmBER,
QUANTITY | DESCAWTION OR COMPANY CODE

5.6.2

Vassels, pumps, machinery end instruments are normally listed separataty
from giging hardwere. However, [ is not uncammon, on small projects ar
revamp work, to list all material on a drawing,

CLASSIFICATION FOR PIPING COMPONENTS CHART B6.11
o INTENDED OUTY OF HAROWARE
( CLABS | wivw  mESPECT 1O FLUID EXAMPLE HARDWARE

CDONVEYANCE: To prowide Pips, fi
r 1 o o o p a poth -%n fming's.“omm flangey, boit

FLowcoNTROL:  § I Infing valve, orifice plaee, veniuti
l " To prowce a barge Non- powsted

change i flow rae B
or pfﬂ-un' uf Pt ivo!um Pump, sjsctor

m SEPARATION: Ta remove material Stearn 1rap, dlcherge vahw, sty
by mechanica means from the fhoid or raiiet valve, screen, suraiier

HEATING OR COOLING: To )
W change the temperature of the fuid Jachewed pipe, W
e ¥ by adeling o¢ resmoving hrat

uzasun?u'f'u}; “To mm;;o 4 M(UW.WNIH
v wariable af 1 id, such a5 ow typeyl, T

race, leperatnry, pressure, deraity, sensor housing 1y & tharmo
viseasily, mbu:f;d,. yall} and othar specisl llt‘lln’- for

netrments
] F o - | tdetion; reipforpement, Renger,
: Vi WOME:  Ancillgy hordwaré - ppOrt i

Haphazard fisting of items makes referance Yroudlesome. The scheme sug-
gested in chart 5.11 is based on the duty of the hardware and can be exlended

to listing equipment if desired. Items of higher pressure rating and farger size
can be listed first within sach class.

LISTING SPECIFIC ITEMS 56.3

Under the heading DESCRIPTIZN, often on drawings the size of the item is
stated liest, A ypical order is; SIZE (NPS), RATING {class, sghedule number,
atc), NAME {(of item), MATERIAL {ASTM or other material specilication),
and FEATURE [design leaturs}.

Deseriptions are best headed by the NAME ot the item, followed by the SIZE,
RATING, FEATURE(S), and MATERIAL. As material listings are commanly
handled by data-ptocessing equipment, beginning the description of an item
by nsme is of assistence in handling the data. The description Tor 'nipe’ is
detsiled.

EXAMPLE LISTING FOR PIPE
s NAME: State "PIPE’

s SIZE: Specify naminal pipe size. See 2.1.3 and tables P-1

¢ RATING:  Specity wall thickness as either 8 schedule number,
manuiacturers’ weight, etc. See tables P-1. SCH=schedule,
STO= standard, XS= extra-strong, XXS= double-extre-
strong, APi= American Petroleum Institute,

o FEATURE: Specily design featurels) unless covered by a pige
specificalion for lhe projecl.

Pipe is ovaileble seamless or with a welded seam—
examples of designations are: SMLS = seamless, FBW =
turnace-butt-weided, ERW = electric-resistance-welded
GALYV = galvanized. Specify ends: T&C = threaded and
coupled, BE = beveled end, PE = plain end.

(] MATERIAL: Carbon-steel pipe is oflen ordered to ASTM AS3 or
A106, Grade A or B. Other specifications are given in
tables 7.0 and 2.1,

POINTS TO CHECK WHEN MAKING THE LIST 664

e See thetall items in the list have been given a sequential item number

" Label the iterns appearing on the piping drawings with the item number
from the list. Write the item number in a circle with a fine ting or arrow
poining to ihe item on the drawing. Each item in the fist of materiel is

~ indicated in this way onca on the plan or elevalional piping diawings

¢ Verity that ali date on the list agree with:

{1) Requirsmants set aut in piping drawings
(2) Available hardware in tha manufacturers’ catalogs
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DESIGN OF PIPING SYSTEMS -

Including Arranoement, Supporting, insutation,
Healing, Venting and Draining of Piping,

Yessels and Equipment

ARAANGING PIPING 6.1

GLHDELINES & NOTES 6.1.9

Simple arrangements and short lines minimize pressure drops and jower
pumping casis

Designing piping 50 that Lhe arrangement is “tlaxible” 1educes stresses due

W wchansed o themal movensent- i o ligone [i.1 aaen) “Stresses on

s, this sectaon,

Inside buildings, piping is usually arranged paraliel to buikding steslwork to
simplify supporting and improve appearance.

Outside buildings, piping can be arranged: (1) On piperacks. {2) Near grade
an slegpers. () In trenches. (A) Varlically against stectwock ar lage iterns
ol egquipmend,

v

PIPING ARRANGEMENT

. Use standard available items wherever possible
¢ Oo not use miters unless directed 1o to 50

1 Dn not run piping under loundations. (Pipes may be run under grade
heams|

s  Piping may have to ge 1hm conciele Hoors or walls, Eslablish these
puints ol pengtration as tatly as possibie and inlorm e gioup conceen-
pd {architectural of civil) to avoid cutting existing reinforcing pars

] Peeferahly lay piping such as lines 1o nulside storsge, ‘oading and
receiving facifities, at grade un pipe sleepers {see figure 6.3} il there
is no aossibility of fulure roads or site developmenl

iB7}

. Auniclf burying stesm tines that pocket, due Lo the difficulty of collect-
ing condensate. Steam lines may be fun below grade in trenches
provided with covers or {for short runs} in steeves

o Lines that are usually buried include drains and lines bringing in water
or gas. Where long cold winlers freeza the soil, burying lines beltow
the Irost line may avoid the freszing ol water and solutians, £aving
the expense of tracing long horizontal parts of he lines

. Include removable flanged spocls lo aid mainignance, espacially at
pumps, urbines, and utber equipmest that will heve 1o be remaoved
tor overhaul

»  Take gas and vapor branth lines from tops ol headers where it is
necessary to reduce the chance of drawing aff condensate (if present)
o5 sadiment which may damage 1otating equipment

»  Avoid pockeling lines-arrange piping so that lines drain back into
equipment or into lings that cen be drained

e Vent all high points end drain all iow points on lines — see figure B.A7.
Indicate vants and drains using symbals in chart 5.7, Carefully-placed
drsins and valved vents permit lines to be easily drained os purged
during shutdown perinds: this is especially important in freezing climates
and can 1educe wintetizing Costs

ARRANGE FOR SUPPORTING

] Group Tines in pipeways, where praciicable
» Support piping lram overhead, in praference to underneath
] Run piping beneath plaifarms, rather than gver tham

AEMOVING EQUIPMENT & CLEANING LINES '

s  Provide union- and flanged joints as necessary, and in addition use
crasses instead of albows, to parmil removing material thet may solidify

R

g DO

CHART |

(5.1



CLEARANCES & ACCESS

. Route piping to obtain adequate clearance far maintaining and remay-
ing equipment

[ Lacate within reach, or make accessible, all equipment subject to perio-
dic operation or inspection — with special reference 1o check valves,
prassure relief valves, traps, strainers and instruments

[ Take care to not obstruct sccess ways — doorways, escape panels, truck-
ways, walkways, lifting wells, etc.

s  Pasition equipment with adequale clearance for oparation and maint-

enance, Clearances oiten adopted are given in table 6.1, n some
circumstances, 1hese clearances may ba inadequats—far enarmple, with
shetl-and-tube heal exchangers, space must be provided 1o permit

withdrawal ol the tubes irom the shell

CLEARANCES & DIMENSIONS TABLE 6.1
MINIMUM CLEARANCES
NORIZONTAL Opersting space sround squipment t 2h  bm
CLEARANCES: Conteriiow of tailened ta mosrout
sbstrustion: (1) Straight track ht bin
{2] Cunvad ach th e
Menhale te roiting of shewuctisn M Om
VERTICAL Over walkway, platform, of spersting dres H Sin
CLEARANCES: Dwar stelowey ™ O
Dver high print o gloat repdwey:
111 Miner ramdwery 1Mt .
{2} Mgjor rondvery 0 Om.
Dver rallzoad from top of el o b
MINMUS HORIZONTAL DIMENSIONS
With ol yaliway ot Aoar lowl Ik Bn
Width ol slevetnd walltwey of steirmmy it ha
Width of rung of fixed lodder  Sor chart P.2. 18in.
Wit of vy for lorklift truch $t  Oia
VERTICAL DIMENSIONS
failing. Top of fess, plurform, or siair, te: (1) Lower rall 1 s
{2) Dppor reil M dm
+ Sunhioly contarking te flowr i Gim
- Voveg: Soe abie 8.2 and chont P2,
TEquisment sch et g "0 inge wit rquine migitional clearence.
h L wﬂmluwmkmu. Retwe m fgurs £33
and bie 6.5 for mpacing et -dlm

Ensure vary hot tines are not run adjacent ta lines carrying temperature

sensitive ftuids, or elsewhers, whera heat might be undesicable

Establish sulficient headroom for ductwork, essentiel electricel runs,
and a1 least twa elovations for pipe run north—south and east—wast
{based on clearance of largest lines, steelwork, ductwork, stc.—see
tigure 6.49)

Elevations of kngs are usually changed when changing horizomtal

direction whare lines arg grouped together or are in a congested araa,
$0 85 not 10 block spaca where future lines may have to ba routed

(113

Stagger flanges, with 12-inch minimum clearance from sugporting steel

Koep field welds and other joimis at least 3inches from supporting
steel, building siding or other obstruction. Allow room far the joint
10 be made

Allow room lor lgaps end other pipe arangements to cope with expan-
sian by early consutiation with s1aff concerned with pipe stressing.
Notify the structural group of any additional stea! raquired to support
such loops

THERMAL MOVEMENT

Maximum and minimum lengths ol a pipe run witl correspand to the tempera-

lute exiremes to which it is subjected. The amount ol expansion or shrinkage
in steel per degrea change in temperatuse {'coefficiem af expansion’} is ap-
proximataly the same — that is, the expansion from 40F 1o 41F is abaut the
seme Bs iiom 132 F to 133 F, or Irom 179 F to 180 F, stc. Chart 6.1 gives
changes in lino lergth lor changes in temparaluen,

EXFANSION DF CARBON-STEEL MIPE CHART 8.1
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FLEXIBILITY
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STRESSES ON PIPING

THERMAL STRESSES Changes in ternpersture of piping, due sither to
change in temperatura of the gnvironment or of tha conveyed flyid, couse
changes in length of the piping. This expansion or contraction in lurn CoUses
styains in piping, supports and atiached equipmant.

SETTLEMENT STRAINS Foundations of large tanks and heavy equipment
may setile or tilt slightly in the course ot time. Connected piping and BQUIR-
ment not on a common foundatian will be strassed by the displacement unless
the piping is arranged in a configuration flexible enough to pcLommodale
multiple-plane movemant. This probtem should not arise in new construction
but could accur in a modi ication to a plant unil or process.

FLEXIBILITY IN PIPING

To reduce strains in piping caused by substantial thermal movemant, flexible
and expansion joints may he used. However, the use of these joints may be
minimized by arranging piping in aflexible manner, as illustrated in ligure 6.1,
Pipe can flex in 8 direction perpendicular 1o its length: thus, the tonger
an offsel, or the deeper a loop, the smore fiexibility is gained.

COLD SPRING

Cold springing of lines should be avoided if an aiternate method can be used.
A ling may be cold sprung 1o reduce the amplitude ol movement from
thermal exgansion or contraction in order: {a) To reduce stress on connet-
tions. {b) To aveid an interference.

Figuse 6.2 schematically ilusirates the use al cotd springing for bath pur-
posss: Cold springing in gxample {a} consists of making the branch in the
indicated cold position, which divides thermal movement between the cold
and hot posilions. - in examplie {b) the cold spring is mede gqual 0 the

therrmal movement.
COLD SPAINGING FIGURE 8.2

(a} TC REDUCE 57 RESS

HOT romo“—--.*f'i,
/
| I

COLD SPRING

{n) TO AVOID &N INTERFERENLE

T
i
I I
HOT POSlTIC!N 1 COLD POSITION
COLD Tk 1
. J : COLD LINE —
—ENPAMSION HOT LINE
. e —
___-i l“"“_ Anchored snd
COLD SPRING

|83]

CHART
6.1

"TABLE
4.1
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In the following exampte, cold springing is employed selely to reduce a stress:

A long pipe connected by a 90-degree elbow and flange to 3 nozzle may
on heating expand so that it imposes a toad on the nozzie in excess of that
recommended. Assume that piping 10 the nazzlg has bean installed st ambient
temperature, and thal the pipe expands 0.75 inch when hot material flaws
thru it, pulling & lateras (sideways} jfoad of BOD Ib on the nozzle.

i the pipe had 0.375 inch of i1s length removed before coanection, the roam:
temperature lateral load on the nozzie wouid be about 300 1b {instead of zern},
and the hot load would be reduced t about 300 1b,

The fraction of the expansion taken up can be varied. A cold spring ol 50%
of the expansion between tha temperature extremes gives the mast benelil in
reducing siress. Cald springing 15 no1 recormmended if an alternate splution
can be used. Refar 10 the Code for Pressure Piping ANSI B31 and 10 1abla 7.2.

RESISTANCE OF PIPING TO FLOW

Al piping has resistance ta flow. The smaller the flow cross section and
the rnorg abrugt the change in direction of fow, the greater is the
resistance and lass of pressure. For a particular line 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 resislance to flow.
Table F-10 gives such equivalent lengths af pipe for fittings, valves, etc.

Table F-11 gives pressure drops for water flowing thru SCH 40 pipe at
varigus rates. Charts to determine the economic size (NFS) of piping are
given in the Chemical Engineer’s Handbook and other sources,

SLIDERULE FOR FLOW PROBLEMS

Problems ol resistance to flow cen be quickly solved with the aid of the
shde-rule ealculatar obtainable fram Tube Turns Diwision of Chemetron
Corporation, PO Bax 32160, Lauisville, KY 40232,

PIPERACKS 6.1.2

A ‘pipaway’ is the space allocated for routing several paraliel adjacent lines. A
‘piperack’ is a structure in the pipeway for carrying pipes and is usually fabri-
cated from steel, or conerete and steel, consisting of connected I 1-shaped
frames tesmed 'bents” on 10p of which the pipes rest. The vertical members of
the bents are termed ‘stenchions’. Figure 6.3 shows two piperacks using
this form of construction, one of which is ‘double-decked’. Piperacks tor
only twc or \hree pipes are made from 'T'-shaped members, termed
‘tee-head supports’,

Piperacks are expensive, but are necessary for erranging the main process and
servica lines around the plant site. They are made use ot in secondary ways,
principally 1o provide a protected location for ancillary equipment.

Pumps, utility stations, manifoids, fire-fighting and lirst-gid stations Can be
located under the piperack. Lighting and other lixtures can be litted 10 stan-
rhions, Alr-caaoled heat exchangers can be suppirted above 1he piperack.

The smallest size of pipe run on a piperack without additional support 8
usually 2 inch. 1L may be morg econamic 1o chaage proposed smali lings to
2-inch pipe, o¢ to suspend them lrom A-inch or larger lines, instead of
praviding additianal supparnl.

Table S-1 and charts S-2 give stress and support data for spans ef horizontal
pipe.

| KEY FOR FIGURE 6.3 ]

(4 WHEN USING A DOUBLE DECK, IT 15 CONVENTIONAL TO PLACE UTELITY
AND SERVICE PIPING ON THE UFPER LEVEL OF THE PIPERACK

12y OO NOT RUN PIPING OVER STANCHIONS AS THIS WILL PREVENT ADDING
ANOTHER DECK

(3 PLACE LARGE LIQUID FILLED PIPES NEAR STANCHIONS TO REDUCE STRESS
ON HORIZONTAL MEMBERS QOF BENTS, HEAVY LIQUID FILLED PIPES (12 in
AND LARGER] ARE MORE ECONOMICALLY RUN AT GRADE-S5EE NOTE (12)

i) PRQVIDE DISTRIBUTED SPACE FOR FUTURE PIFES-APPROXIMATELY AN
?ADEII-EISCJ:A‘;. 25 PERCENT (THAT IS, 2 PERCENT OF FINAL WiDTH-SEE

155 HOT MPES ARE USUALLY INSULATED ANC MOUNTED ON SHOES

L6} WARM PIPES MAY HAVE INSULATION LOCALLY REMOVED AT SUPFORTS

{7} THE HEIGHT OF A RELIEF_HEADER IS FIXED BY I1TS POINT OF ORIGIN
AND THE SLOPE REQUIRED TO DAAIN THE LINE TO A TANK, Exc,

(8} ELECTRICAL AMD INSTRUMENT TRAYS (FOR CONDUIT AND CABLES) ARE
BEST PLACED ON OUTRIGGERS DA BRACKETS AS SHOWN, TO PRESENT THE
LEAST PROBLEM WITH PIPES LEAVING THE PIPEWAY. ALTERNATELY,
TRAYS MAY BE ATTACHED TGO THE STANCHIONS

199 WHEN CH!NGE N DIRECTION QF A HORIZONTAL LINE 15 MADE, 1T 15 BEST
ALSD TD MAKE A CHANGE OF ELEVATION {EITHEA UP OR DOWNL. THIS
AVOIDS BLOCKING SPACE FOR FUTLIRE LINES, ﬂDEGHEE CHANGES N
IRECTWON OF THE WHOLE PPEWAY ODFFER OPPORTUNITY TG
CHANGE THE ORDER OF LINES. A SiNGLE DECK IS SHOWN AT AN INTER.
MEDIATE ELEVATION

{100 SOMETIMES INTERFACES ARE ESTABLISHED YO DEFINE BREAKPOINTS FDR
CONTAACTED WOAX IWHERE ONE CONTRACTOR'S PIPING HAS TO JOIN
WITH ANOTHERS). AN INTERFACE i5 AN IMAGINARY PLANE WHICH MAY BE
ESTABLISHED FAR ENDUGH FROM A WALL, SIDING, PROCESS UNIT, OR
STORAGE UNIT TQ ENAHLE CONNECTIONS TO 8E MADE

(1t) PIPES SHOULD BE RACKED ON A SiNGLE DECK IF SPACE PE RMITS

1121 PIPING SHOULD BE SUPPORTED ON SLEEPERS AT GRADE (F ROADS. WALK
WAYS, Etc, WILL NOT BE AEQUIRED OVER THE PIPEWAY AT A LATEA DATE.
PIPING "AT GRADE’ SHOULD HE 12 INCHES Off MURE ABOVE GRADE

(V1] CURRENT PRACTICE 15 T0) SPACE BENTS 20-26 FEET APART. THIS SPACING
IS5 A COMPROMISE GETWEEN THE ACCEPTABLE DEFLECTIONS OF THE
SMALI €A PIPES AND THE MOST ECONOMIC BEAM SECTVON DESIRED FOA
THE PIPEAACK. PIPERACKS ARE USUALLY NOT OVER 25 FEET IN WIDTH,
1F MORE HOOH 1S NEEDED, THE PIPERACK |5 DOUBLE- OR TRIPLE DECKED

c
{114) l;INIMI.}M CLEARANCE UNOERNEATH THE PIPERALK |5 DETERMIEEQI_BY

INTERFACES ARE S50M E .
IF THIS SITUATION ARISES, THE PIPIRG GROUP SHOULD ESTABLISH MAX.
IMURL AND MINIMUM ELEVATIONS WHICH THE PIPING SUBCONTRACTODRS
MUST WORK TO-THIS HELPS TO AVOID PROBLEMS AT A LATER DATE.
CHECK THE MINIMUM HEIGHT REQUIREQ FOR ACCESS WHERE THE PIPE-
RALCK AUNS PAST A UNIT OR PLANT ENTRANCE

115} :N'HEN SETTING ELEVATIONS FOR THE PIFEAACK, TRY TD AVOID POCKETS

N THE PIPING. LINES SHOULD BE ABLE TO DRAIN INTO EQUIPMENT DA
LINES THAT CAN BE DAAINED

{18) GROUP HOT LINES AEOUIRING EXPANSION LCIDPS AT ONE SIOE OF THE
PIPERACK FOR EASE Of SUPPORT-SEE FIGURE 6.1

137 LOCATE UTILITY STATIONS, CONTROL (VALYE| STATIONS, AND FIREHOSE
POINTS ADJACENT TO STANCHIONS FOR SUPPDRTING

(R1-7] A R DOWNCOMERS PUMPS, Cic., BETWEEN FIPERACK AND
RBIAEENT BUILDING OR STRUCTURE ¢
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VALVES IN PIPING DESIGN 6.13
Velves are used far these purposes:

{1} Process control during operation
A2) Contfuﬂir;g services and utilities—steam, water, sir, gas end il
{3) Isolating equipment of instruments, for maintenance
{4) Discharging gas, vapor or liquid
(bl Draining piping snd equipment on shutdown
(6} Emergency shutdown in the event af plant mishep or lire

WHICH SIZE VALVE TOUSE ¢

Nearly all valves will be line size — one exception is conirol valves, which are
usually one or twa sizes srnaller than line size; never larger.

At control stations and pumps it has been afmost treditiona! to use line-size
isolsting velves. However, some companies are now using isolating valves at
gontro! stations the sema size as tha control velve, and al pumps are using
‘pump size' isolating valves at suction and discharge, The choics is usually
BN eEONOMIC one made by a project enginear.

Tha sizes of bypass valves for control stalions are givén in 6.1.4, under
‘Controt {valve) stations’.

WHERE TO PLACE VALVES

Ses 6.3.1 for valving pumps, uader ‘Pump emplacement & connections’.

»  Pyaferably, place valves in lines irom headers (am piperacks) in horizan-
tal rather than vertical runs, so thal lines can drain when the valves are
closed. (In cold climates, water held in lines may freeze and rupture the
@iping: such lines shou!d ba traced — see 6.8.2)

s To avoid spooling unnecessary langths ol pips, mauni valves directly
onto flanged equipment, il the flange s correctly pressure-reted. See
6.5.1 under "Nozzle loeding’

s A elief valve that discharges into a headar shauld ba placed higher than
the header in arder to drain inte it

¢  Locate heavy valves near suitable suppont points. Flanges should be
not closer than 12 inches 1o the nearest support, so that installation is
nopt hampered

" For appearance, if precticeble, keep centerlines of valves at the same
height above floor, and in-line on plan view

OPERATING ACCESS TO VALVES

» Consider frequency of operation whan locating manuslly-oparated
valves
o  Locata fraquantly-operated valves sa they are accessible to an operator
from grada or plattorm. Above this height and up to 20 ft, use chain op-
erators of sxtension stiem. Over 20 f1, consider a platform or remote
- operstion : :

fax1

VALVE OPERATING HEIOHTS * TABLE §.2
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MREAS FAY TOMACE VALVEE CLOBE TO WALLS BN LARGE | TEMTE WHICH ARE CLEANL ¥
il

e Infrequenily-used valves can be reached by a ladder—hut consider alter-
natives
. Do not lacate valves on piperacks, unless unavoidable

»  Group valves which would be out ot reach 5o thal all can be operated
by providing a platfarm, it autamatic operators ara Aot used

o | achain is used an 3 horizontally-mounted valve, take the botiom of
the loop towithin 3 £t of floor level for safety, and pravide a hook near-
by to hold the chain out ol the way -see 3.1.2, under 'Chain’

. Do not use chain operators on screwed valves, or on any vaive 1 ¥%-inches
gad smafler

»  With tines handling dangerous materials if is batier to place valves at a
suitably Sow level above grade, floor, platform, ete., so thal the operator
does nat have to reach abave head heighit

ACCESS TO VALVES INHAZARDOUS AREAS

s Locate main isolating valves where they can be reached in an emergenty
such as an outbreak of fice or a plant mishap. Make sure that personnel
wilt be able 10 raach vaives easily by watkway or automabile

] Locate manually-operated valves al the plant perimeter, or autside the
harardous area

¢  Ensure that sutomatic operstors and their control lines will be prot-
ected From tha effects ol fire

¢  Make use of brick or concrels walls as possibla lira shields for valve
stations

(] Inside a plant, place isolating valves in accessible positions to shul
feed lines for equipment and processes heving a fira risk

o Consider the use of autnmatic valves in fire-lighting systems to release
water, foam and other fire-fighting agents, responding 1o heat-fusible
links, smake detectors, g1c., triggerad by fire or Lpdue rise in tamparature
—advice may be obtained From the insurer and tha Jocal fire department




MAKE MAINTENANCE SIMPLE

Pravide access for mobile (ifting equipment to handle hesvy valves

Consider providing lifting davits for heavy valveswifficult to move by
otlwr means, if access is restriciert

It possible, arrange valves so that supports will aot be on removable
spapls:

-
T 0

O,

PRAEFERRED
ARRANGEMENT

Jiet:

A plug vatve requiring lubrication must be easily accessible, even though
it may not be frequently operated

MAXE MAINTENANCE SAFE

Use fine-blind valves, spectacle plales or the ‘double block and bieed’
where positive shutofl is raquired either for mainlenance or process
needs — see 2.7

GRIENTATION OF VALVE STEMS

Do not point valve siems into walkways. truckways, ladder space, etc.

Unless necessary, do nol artange gate and globe valves with their stems
pointing downward (at amy angle below the harizontal), as:~

{1} Sediment may collect in the gland packing and score the stem,
{2) A projecting stem may be s hazaid to personnel.

If an invetted pasilion is necessary, consider employing a dripshield:

ORIPSHIELD

193]

CLOSING DOWN LINES

Consider valve-closing time in shutting down or throitling large lines. Rapid
closure of the valve raquires rapid dissipation of the liguid's kinetic energy,
with a risk of rupturing the ling. Longdistance pipelines presant an axample
of this problem.

A fiquid line fittad with o tast-closing valve should be provided with a stand-
pips upstream 8nd close to the velve 10 absorb the kinetic energy ol the
liquid. A standpipe is & closad vertical branch on 8 ling: air or ather gas is
trapped in this branch to farm a pneurnatic cushion.

tF THERE I5 NOP&ID ...

Provide valves st heeders, pumps, equipment, atc., to ensure that the
system will be pressure-tight For hydrostatic testing, and to allow équip-
ment 1o be removed for maintenance without shutting down the system

Provide isolating valves in all small lines branching from headers—ter
example, see figure 6.12

Provide isolating valves 8t all instrument pressure points for ramoval of
instruments under operating conditions

Pravide valved drains an alt tanks, vessels, etc., and olher equipment
which may contain or collact liquids

Protsct senstlive equipment by using a last-closing check valve to stop
backflow hefore it can gather momentum

Consider butt-welding or ring-joint flanged valves tor lines containisg
hazasdous o1 'searching’ fluids. Hydrogen is especially table to leak

Consider. seal welding screwed valves if used in hydrocarbon sarvice
—sae charl 2.3 linset sketch)

Provide sufficient valves to control llows

Consider providing a concreta pit {usually about 4 ft x 4 ft) lor e
valve which is ta be located below grade

Consider use of temporary closuras for positive shutoff-see 2.7

Provide a bypass if necessary far equipment which may be taken out of
service

Provide a bypess valva around controf Siations if continuous llow is
required. See 6.1.4 and tigure 6.5, The bypass should be at least
large s the tontrol valve, and is usually giobe type, unless B-inch or
larger, when a gate valve is narmaily used (see 3.1.4, under ‘Gate valva'}

Provide an upstream isolating valve with a small valved bypass to equip-
ment which may ba subject to fracture if heat is loo rapidly applied an
opening the isplating valve. Typical usa is in steam systems (0 lessen 1he
risk of fracture of such things as cestings, vilreous-ined vessels, etc.

Consider providing large gete valves with 8 valved bypass to equalize
pressura on either side of the disc 1o reduce effort negded 1o open
the valve

b

TABLE
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PIPING SAFETY & RELIEF VALVES

Refar to 3.1.9 for vaive arientation

Extond safety-velve discharge risers that discharge to atmosphers at
least 10 ft sbove the roof line or pletiorm for safety. Suppon the
vent pipe s0 ag NOt 10 strain tha valve or the piping to the valve,
Pointing the discharge line upwerd {see figure 6.4} imposes less stress
when the vaive discharges than does the horizantal arrangement

The downsiream side of a safety veive should be unobstructed and
involve the minimum of piping. The downstream side of a relisf or
safety-relief valve is piped to a relief header or knockout drum—see
6.11.3, under ‘Venting gases’, and 6.12, under "Relieving pressure—
tiquids'

Pipe exhausting to aimosphaie is cut squara, not at a slant es formerky
done, as no real advantape is gained [or the cost involvad

Normally, do not instel a valve upstresm ol a pressure-relief valve
protecting a vessel or system from excessive pressura. However, il an
isolating valve is used to facilitate maintenance ol a pressure-relief
veive, the isolating valve is ‘locked open’-spmetimes termed ‘cer sesled
open’ {CS0) '

In critical applications, twa pressure-ralief velves provided with isolating

g%{

FROM VESSEL (f ’r

OR SYSTEM

The inswlimion of presssre-retieving devices end
lines %0 snd from such by
ANSI B3 snad the ASME Bolisr and Prassury Vemel Code.

the use of eolating valves in
the Cods for Pressurs Piping,

INSTALLING BUTTERFLY VALVES

Ensura that the disc has room to rotéxe when the valve is instelied,
a3 tha dist enters tha piping in the open position

Place butterlly valves with integrel gaskets hatween welding-neck or
socket-welding flanges—ses 3.1.6, undsr ‘Butterfly valve’. The usual
mathod of welding & slip-on flange {ses figure 2.7} will not giva en
adequate seel, unless tha pipe i finkshed smooth with the face of the
flange '

PRESSURE-RELIEF-VALVE PIMING

FIGUAE 84

|

RELIEF VALVE,
SAFETY VALVE,
or SAFETY-RELIEF

WE\ 1 7%
]

ISOLATING VALVE

10 FT MIN. ABOVE |

VAPOA TO ATMOSPHERE PERSONNEL AREA
OISCHARGE -

FOR SAFETY
VALVE

<

1/4". INCH DRAIN HOLE
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FORBAFETY J

VALVE

?@

OYSCRARGE FOR
RELIEF VALVE DA
SAFETY-RELIEF

! VALVE

VAPOR AND/{OR LIGUID
TO RELIEF LINE

KEY |

REFER TD 6.1.3 UNDER PIPING SAFETY AND RELIEF YALYES' REGARDING USE
OF AN ISDLATING VALVE IN THIS POSITION

iF AN 1SOLATING VALVE |5 PROVIDED, IT IS ALSO NECESSARY TO FROVIDE
A BLEED VALYE TO RELIEVE PAESSURE BETWEEN THE ISOLATING VALVE AND
THE PRESSURE RELIEF VALVE {FOR MAINTENANCE PURPDSES)

1F A SPOOL BETWEEN THE TWO VALVES 15 NOT USED, THE BLEED VALVE MAY
BE PLACED AS SHOWN IF THE VALVE'S BODY CAN BE TAPPED




CONTROL {VALVE) STATIONS L)

A conlrol stelion i¢ an arrangement of piping in which a control velve is
ustd to reduce and ragulste the pressure or rate of llow of steam, gas, of
{iquid.

NS -,

Cantrol slalions should be designed so that the cantol valve can be isolated
and remuoved tor servicing. T facilitate this, tha piping of the stations shouid
be as lexibie a5 circumstances penmit, Figure B.5 shuws ways of permitting
contral valve rempval in welded ar screwed systems. Figure 6.6 shows the
basic arrangement {of control station piping.

The two isolating valves permit servicing of the control valve. The emergency
bypass valve is used lor manual regulation i the contral valve is gut of sction,

The bypass valve is usually a globe valve of the same size ara pressure rating
as the conirol valve, For manual reoulation in lines G-inch and 1aiger, a gate
valve is often [he more economic chaice for the bypass line—refer to 3.1.4,
undder ‘Gate valve',

Figures 5.7 - 11 show other ways of arranging controt stalions-many mare
designs (han these are possible. These illustrations are all schematic and can
be adapted to hoth welded and screwed systems,

DESIGN POINTS

" Far best control, place the cuntrel station close 1o the equipment it
sarves, and facale i a1 grade or operating platferm level

] Provide a pressure-gage  connection duwnstream of the station's valves.
Depending un the ageralion af the plant, this connection may eithes be
fitted with a permanent pressuré indicaling gege, ar be used to attach
a gane temporarily {for chacking purposes)

. Preferably, do not 'sandwich’ valves. Place at least ane of the isolating
valves in avertical ling so that a spool can be taken out atkiwing the con-
uol valve ta be removed

. H the equipmart @nd piping dewnstiream of the station is of lower
pessure (ating than piping upsiieam, it may be necessary to protecl
the downstream systern with 3 pressure-refief valve

¢ Provide a valved drain near to and upstream of the controt valve. To save
space, hedrain is placed on the reducer. The drain valve allows pressuse
Lelween the isolating valvels) and control valve to be released. Cne
drain isused if the control vilve fails upen, and two drains {one each side
ol the control vatve) i the contiol valve Tails elnsed

. Locate stations in rack piping al grade, next 10 a bent or column for
' easy supporiing

DAAFTING THE STATION

In ptan view, instead of drawing the valves, eic., the stelion is shown as 8
rectangle labeled "SEE DETAIL “X” * or ‘OWG “¥"-DETAIL X" ", if
the elevationa! detail appears on another sheel. See chart 5.7.

(L1 ]

UTILITY STATIONS 818

A utifity s1ation ususlly comprises (hipe service lines catfying sleam, com-
prassed sir and walre. The steam lina is normally %-inch minimum, and the
other two services are usunily carried in 1-inch lines. These services are for
clesning local equipment and hosing foars. (Firewater is taken from points
{ed 1rom an independent water supply .)

The steam line is fitted with o globe valve and the air and water fines with gate
valves. All are terminated with hase conneclions sbout 3% ft above floor o
grade. A ulility station should be located at some convenient steel column far
supporting, and all arees it is 1o serve should be reachable with a 50-11 hose.

Most companies have o Standard design for a utility station, Figure 6.12
shows a design for a standard station which can be copied onto one af the
design drawings for reference, or otherwise supplied with the drawings ta tha
erecting contractor who wsuslly runs the necessary lines. A notation used
on plan views 10 wdicsle the station and services required is:

SERVICES:| STEAM, AIR, WATEA | AR, WATER|STEAM WATER | STEAM. AIR

sl S AW |AWIS W IS A

UTILITY STATION FIGURE 8.12

LOCATY Ov Sl 40
Lo vt T A
A e ]

KEY to figure 6.92: ot v HA L
§ m AP AR 1 i

t1) GATE VALVE NFS L
{2} QLOBE VALVE NP5 §
{3} GLOBE VALVE NPS 374
[#) HOSE COUPLING NPS 34
15] HOSE COUPLING MPE L
161 FIPE NP5 1 S5CH 10

{7) PIPE MPS 3/4 5CH 80

{8y TAAP {ontignal)

1E subject to freezing conditions, utility station steam lines are usually trapped
{otherwise, the 1rap can be omitted]. Waler is sometimes run underground in
cald climates using an additional underground cock or plug.vakes with an x-
tendled key lor operating, and a self-draining valve st the base of tha riser.
Another method to prevent freezing, is 10 1un the weler and siesm lines
in a common insulation,
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ARRANGING SUPPORTS FOR PIPING 6.2

Pipe is held either from above by hangers or by supports ol varigus types on
which it rests. Hangers wre also referred to as supports. Reler to 212 for
typicat hardware.

el

In the open, single pipes are usually routed so that they may be supported by
fixtures to buildings or stiuctures. A group of pasallel pipes in Lhe open is
normally supperled on g piperack-see 6.1.2.

Within a building, piping is rauted primarily with regard to its process duty
and secandarily with regard to existing structural steelwork, or to struttusal
steel which may be conveniently added  Separate pipe-holding structures in-
side buildings are rare.

FUNCTIONS OF THE SYSTEM OF SUPPORT .6.2.1
The mechanival requiremnents of the piping suppotl system sre:

{1) Ty casy the weight of the piping filled with water {or other liquid
invalved) and insulation if used, with an ample salew rnargln -usea_
fuctor_af 3 {= ratio of taad just cousing failure of support of hanger
10 actual tnad) or the safety factor specilied for the project. External
ipading tactors 10 be considered are the wind loads, the probabie weight
0! ice buildup in cold clinates, and seismic shock in some areas

{7} To ensure that the material Irom which the pipe is made is not stressed
beyond a safe limil. In continuous runs of pipg, maximum tensile stress
gccurs in the pipa cross seclions at the supports. Table $-1 gives spans tor
watze-filled sterl and aluminum pipe at the respective stress limits 4000
and 2000 psi Charts §-2 give the maximum overhangs if a 3-1 riser is
inchuded in the span. Tha system of supports should minimize the
introduction of twisting forces in the piping due to ofiset loads on
the supparts; the method of cantilevered sections set out in 6.2.4
substantially eliminates torsional Joices

{3} Tu allow lor drsining. Holdup of liquit can ocour due Lo pipes saging
between supports. Complete draining is ensured by making adjacent
supports adequately tilt the pipe—see 6.2.6

(4) To permit thermal expansion and contraction of the piping—see6.1.1,
under ‘Stresses on piping’

{(5) To withstand and dampen vikrationat furces applied 1o the piping by
Cumpressors, pumps, elc,

PIPING SUPPORT GROUP RESPONSIBILITIES 6.2.2

A large company will usually have a specialist piping support group respass-
ible for designing and arranging supports. This group will note all required
supports an the piping drewings (terminal job) and will add drawings of
any special details.

The piping suppert group works in coopetation with 2 steess analysis group—
or the two may be combined as ane group—which investigates arcas of siress
due 10 thermal movement, vibeation, etc., and makes recammendations 10
the pipmg group. The stress group should be supplied with preliminary layous
for this purpose by the piping greup, 35 early as possibile.

Supports for lines smalier than 2-inch and non-critical lines are ofien left to
the *field" to arrangs, by noting "FIELD SUPPORT' on the piping draweings.

LOADS ON SUPPORTS

Rafer to tables P-1, which list the weights per foat of pipe and contained
water {seq 6.11.2). Weights o littings, flanges, valves, bolts and insulation are
given in tabtes W-1, campiled from suppliers’ data.

ARRANGING POINTS OF SUPPORT 8.2.3

Pipe supports should be asrenged bearing in mind ali five paints in 6. 21,
inside buildings, it is usually nacessary to arrange suppans relalive to existing
structural steelwork, and this restricts choice of suppert points,

The method ol support sal out in 6.2.4 is ideal: In practice, some compro-
mize may be nacessery. The use ol dummy legs and Lhe additivn ul pinces af
steuctural steel mey be needed to obiain optimal support arrangements,

CALGULATING PREFERRED POINTS OF SUPPORT 6.24

Ideatly, each point of support would be at the center of gravity al an
associated length of piping. Canrying this scheme thru the enlire piping
system would substantially relieve the system from twisting lorees, and
supparts would be only stressad verticelty. A method of batancing sechons
al pipe at single support points is illustrated for a straight run of pipe in
figure 6.13.

HALANCING SECTIONS OF FIPE FIGURE &.12

LL L AL L LI L LSS AL L

Consider hanges B associeted with a length of pipe b. This length of pipe
is supported by ©, located bt its center of gravity, which is al the midway
point for 3 straight fength of uniform pipe. Hangers A, C, D and E are
likawise placed at the respective centers af gravity of lengths of pipe . c,
d and e. 1f any length of pipe is removed, the balance of the rest of the line
would be unaflected. Each ol the hangers must be designed to adequately
suppart tha load of the sssaciated piping—see 6.2.1, point (1).

The presance of heavy flanges, valves, etc., in the piping will set the cenler
of gravity away from the midpoint of the essociated length. Calculation
o! suppert paints and loadings is mose quickly done using simple algebra
Answers may be found by making trial-and-error calculations, but this 18
much mare 1edious.
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Carract location of piping supports can be detesmined by the use of ‘maments
of force’. Multiplying s force by the distenca of its line of action from a point
gives the ‘moment’ of the force sbout that point. A moment of force cen
be expressed in tb-ft [pounds weight times feet distance). The forces involved
in support celculstions either are the reections at supparts and nozzles, or era
the downward-acting forces dus to the weight of pipe, fittings, vabves, etc.

in figure 6.14{a}, the moment shout the support of the two fianges is
(130 + 201(18} = 800 Ib-it, counter-ciockwita. The moment ol the 100-b
valve about the support iz {100)(B} = 80D Ib-fi, clockwise. As the lengths of
pipe eech tide ol the support eis about the sama, they may be omitled
from the moment equation. The problem is simplified to belancing the valve
and flanges,

UBE OF MOMENTS FIGURE 8.14
w wh " L . ,
omeLing | 20w
FLANGE lnn.:g: {‘]&w B VALVE \
! SUPPORT
%00 it tm Wh
wi 4 xh . qm-xw
waomol e300 ]mu VALVE ’\
FLANOE |FLmGE N’
sUPronT
| 00 bt ' 1unm whn

Suppose it was required to balanca this length of iping with & 120 b velva
on the right—where should tha 120 ib valve be placed?

Referring 1o figure 6.14{b}, if x repressnts the unknown distance of the
120 ib valve from the support, the piping section would be in balance if:

{80)(16) = {120)(x).

That is, it x = {80){16)/(120) = {B00}/(120) = 6 fr &in.
e .
A mora involved axample follows: —

Figura 6.15 shows a length of 4-inch piping held by the hengers F, G,

and W, and support J. The lengths of associeted piping are shown by dashed
separation lines. The weights of pipe and fittings are shawn on the drawing.
The 4-inch pipe i sssumed to weigh 15 b per foot of length, Welded
glbows and 1ees are assumed 1o weigh the same as line pipe.

First consider the sectian essociated with hangar F. The weight of pipe to
thalaftof F is {15)(20 —x) Ib, and a5 its center of gravity is at {20 -x)/(2) ft,
ity moment on tha hanger is (15)(20 — x}2/(2} Ib-ft. The heavy valve and
flanges are assumed to have their mass centar 5 f1 from the end, and their
moment is (x — 5H360) b-ft. Ignoring the pipe ‘repleced” by the vaive,
the weight of pips to the right of F is {16){x) kb and its moment sbout F
is |18Hx1(2}/(2) Ib-Tt. As the associaied length is in balence:

CALCULATING MPE BUPPORTS FIGURE 8.16

M h

s DE NGO TES ENDS OF BALANCED
SECTIQNS OF PIFING
{ASSOCIATED LENGTHSH

(]

{15120 —x)%(2} = {360){x — 6} + (15){x2}/(2)
x = (BOW{11}, or sbout 7 ft 3 in.

The x2 terms tanceled—this must be so, as thare can physically be only one
value for x. The load on hanger F is (20){15) + (360) or 660 ib.

The support J shouid be st the center of the associated length of pipe, a5
already shown in figure 6.15, and the load on the support is {30H16), o
450 1b.

The hanger G is cesily seen to be suitably placed, as there is 5 ft of 4-inch
pipe overhanging sach side. Oniy the load on the hanger need be calculated,
which is {5+ 5+ 24 + 2){15) + (10), or 550 1b.

Tha location of hangar H has ta be found by e calculation like thai fos
hanger F, except that the heavy tarminal flange hes siso to be taken inta
account. The momant squation in th-ft is: '

{300}y — 0.5) + {15}y })/2) = {15110 — y1*HD) + [40K10 — y}
which gives y as nearly 2 f18 in.
The laad an hanger H is sbout (220)+{{20)+{15}(10}, or 490 b,
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—

i ——




A

PROBLEM OF THE END

The supportad length at one snd of o run of piping may be cantileversd in
the same way us tha other langths, and this has tha sdvantege that if the
piping terminetes at a nazzle the loed on the nozzla is minimal. However,
it may be necessary to usa of afrange 8 support at of neer the and of a
piping fun. |f the end of the run is verticel, the end suppart should be
designed to carry the vertical run. The problem is usuaily more complex
when the end of the run is horizontal.

The locations of fittings and support points will usually be already defined,
ond the problem is 1o celculate the reaction on the terminal support
and 1o that the support is designed to withstand the load on it In
calculating the load on the terming! support, it should be made certain that
tha losd 7 downward—with some arrangements, the piping would tend
to raise itself off tha terminal supporl {negative foad) and if this typa of
arrangement is not chenged, the terminal support will have 1o anchor tha
piping. '

Tha skelch shows @ horizontat end arrangement. Taking moments in 1o-ft
sboul tha support A:

N o " __|‘l_ |_! 2 h

‘l 1“ /,w Imﬁ“ltvl\[‘[.
P ”}f
Eanitherared phctzen ¥ = Raction R = Nasctlen

NSHIEHBII0) = (15)(18 + 2)(%:H16 + 2} + (100} (18) — (RK18 + 2)
which gives R = 202% Ib.

The reaction, F, on the support A can be calcutated by taking moments sboul
the tupport B or another axis, ar more simply by equating vartical forces:

£ + 202% = (15}{10+18+2) + 100 = 550, which gives F = 347% b,

PROSLEM OF THE RISER

Supports for lines changing in ditection can be calculated by the cantilever
method. Sketch {a) below shows that the weight of the verticel part of the
piping tan be divided between two cantilevered sections in any propartion
suited to the available supgport points. Sketches (b} and (c} show the vertical
piping associated wholly with the left- or right-hand cantileveied sections.
The piping may be supported by means of a dummy leg, if direct support
is not practicable,

i (L] <]

— DEMDTES ENDS OF
CANTILEVEARED
SECTIONS OF
PIPING. '

{TEXT CONTINUES DVERLEAF)

GRAPHIC METHOD FOR FINDING LOADS ON SUPPORTS

The folkowlng graphicel hod pamity guich ealcubstion of busting loada for “corner” piging
m"“\““-
PROSLEM To Hind the \oad 10 be taien by 1 iupport 10 be placed 81 poin “E* in the piping
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This problem often accurs when running pipes lrom ane piperack ta another,
with a chenga in elevalian, as in 1igure 6.15. Tao much overhang will stress
the material of 1he pipe beyand a safe limit nesr ane of the supparts adjacent
to the bend, and the designer needs 10 know the sllovwabie overhang.

The stresses set up in the material of the pipe se1 practical limits on tha
overhangs allowed at corners. The prablem is like that for spans of straight
pipe allowable between supports. Overhengs permitted by stated limits for
stress are given in charts 5-2.

PIPE SUPPDRATS ALLOWING THERMAL MOVEMENT 6.2.5

Piping subject to large lemperature changes should be routed so as to flex
under the changes in length-see figure B.1. However, hangers and supparts
must permit these chenges in length, Figures 2.72 A & B show a selection
of hangers and supports able to accommadate movement. For single pipes
hung from rod or bar hangers, the hanger should ba sufficiently long to
limit total movement to 10 degrees of arc.

SPRING SUPPORTS

There are twa basic types of spring support: (1) Variable load. {2) Constent
Joad—refer 10 2.12.2. Apart from cost, the choice between the two types
depends on how criticsl the circurnstances are. For axample, if a vertical fine
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—see
figure .16 (a) and {b}.

H a hot line comes down 10 & nazzle connected to & vessel or machine, and
it is necessary to keep the nozzla substamtially free from vertical loading,
a2 constant-oad hanger can be used—see figure 6.16{c}. Cheaper aliernate
methods of supporting the load ere by a cable-held weight working over a
pultey, as illusirated in figure 6.16(d), or by a cantilavered weight,

VARIABLE- & CONSTANT-LOAD HANGERS & SUPPORTS FIGURE B.186
{o) VARIABLE {¢] CONSTANT {d) COUNTER-
SPRING LOAD WEIGHT
HANGER HANGER
{2} VARIAGLE
SPRING
SUPPORT v
. GAHE
CAnFE AL
iR
S| e s g
SLOPED LINES AVOID POCKETING 6.2.6
AND AID DRAINING

As pipe is not completely rigid, segging betwaen points ol support must oceur.
In many instances, sagging is acceplable, but in others it must be restricied.

The nature of the convayed material, the process, and llow requirements
determine how much sagging tan be accepled. Sagging is reduced by bringing
adjacent points of support closer, Pocketing of tiquid due to sagging can be
egliminated by sloping the line su that the difference in height between
adjacent supports is at least equal to wiple Lhe datlection (sag) a1 the mid-
poinl. Lines which require sioping include blowdown headers, pressure-relief
lines, and some process, condensate and air lines. {Air lings are discussed in
6.3.2, and draining of campressad-air lings in 6.11.4.)

Complete draining may be required for lines wsed in batch processing 10
avoid contaminatian, or where @ product held in g ling may degengtate or
polymerize, or where solids may setile and become a problem.

In treezing corditions, lines conveying condensate from traps to drains are
sloped; condensate headers may be sloped {as an alternative ta steam tiacing),
depentfing on the rate of flow.

In the past, steem finas were sloped 1o assist in clearing condensale, but the
impraved draining is now not considered Lo be warth the difficulty and
expense involved.

SLOPED LINES ON PIPEAACKS

Sloped lines can be carried on brackeis atached to the piperack stanchions
{see figure B.3). Ta oblain the required change in eievation at each ben,
the brackels may be attached at the required elevations; aliernately, a series
of brackets can be arranged at the same elevation and the slope oblained

by using shogs of dilterent sizes—this method leads 1o fewer construction
probiems.

Shoes of graded sizes are also the best methad for sloping smalles lines on the
piperack. It is not usual or desirable 10 hang fines (rom the piperack unless
necessary vertical clearances can be maintainad.

SLOPED LINES !N BUILDINGS

Inside a building, bath arge and smait stoped lines can rest en steel brackets,
or be held with hangars, Rods with wrnbuckles are used for hangers on lines
requited to be sloped. Diherwise, drilled {lal bar can be used. {Adjustable
brackets sre gvailable from the Unistrut and Kindoil ranges of support
hardware.}

SUPPORTING PIPE MADE FROM PLASTICS OR GLASS 6.2.7

Pipe made eithar trom llexible or sigid plastics cannot susiain the same span
Inads &s metal pipe, and requires a greater number of support points. One
way of providing support is to lay the pipe upon lengths of sieel channel sec-
tians or half sections af pipe, or by suspanding it lrom other steel 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 lar steel pipe are used, provided that
they hold the pipe wilhout causing Yocal strains and are padded so as not {0
crack the pipe. Rubber and ashestes paddings are suitable, Uninsulated
horizontal lines Trom 1 to 6 inch in size containing gas or liguid of specific

gravity less 1han 1.3 should be supported al 8 to 10 fi intervals. Ceuplings
and fittinys should he aboui 1 1t trom a point al sugpon,
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Terms such 85 'dummy leg’, ‘anchar’, ‘shoe’, etc., used in detailing supporting
hardwara are explained in 2.12.2. Refer to chart 5.7 for symbols.

GENERAL

s  Design hangers for 2¥-inch and larger pipe 10 permit adjustment after
instaliation

. If piping is to be connected to equipment, a valva, eic., or piping
assembly that will require remaval for maintenance, supporl the piping
sa that temporary supports are net needed

[} flase load calculations for variable-spring and constant-load supports
on the operating congitions ol the piping (do not include the waight
o! hydrostatic test fiuid)

. If necessary, suspend piges smaller than 2-inch nominal si-e from 4-inch
and larger pipes
DUMMY LEGS

Teble 6.3 suggests sizes lor dummy legs. The aflowable stress on the wall
ol the elbow ar ling pipe to which the dummy leg is attached sets a maximum
length for the leg. Tha advice of the siress group should ba sought.

APPROXIMATE S1ZE8 FOR DUMMY LEGS TABLE 8.3
NPS of Plping (inches} 2 3 « | s |8 0| 12 { 14
NP5 of Pipe forming Leg lind [ t% | 2 | 3 | 4 | § B 10
Size of W-Fienge lin) 5 | 8 |® 10

ANCHORS

Anchors are required as stated in the lollowing two points. However, advice
from the stress andfoe piping suppnrl groups shautd he obtained:

[] Provide anchars as necessary 1o prevent lhermal or mechanical move-
ment ovesloading nozzles on vessels of machinery, branch conneclions,
cast-iton valves, 2ic.

e  Provige anchoss (o control direction of expansion: for axample, at
battery limits and on piping leaving units, so that movement is not
transmitted 1o piping on a piperack

SHODES, GUIDES, & SADDLES

. Do not use shues on uninsulated pipes, uoless resired lor slopmg
purposes. For reduced lriction where Jines are long and subject to
muvement, slide plales are an alternative—see 212.2.

s  Use of wyelype shoes enables pipes to be placed on the shoe before
welding and makes construction easier — see figure 2.72A

» Welding the pipe directly ta shoes is not always acceptable; for example
with ri:hheriner aipe. Bolied or sirapped shoes arg mofe suitable

mr e e 2R i il i, o e i - 4 M x4

Check the coda pertinent to the project, as it may prohibit “partial®
walds for supparts—that is, welds that do nat encircle the pipa

e Provide sints in shoes 10 accept the sitaps or wires uted to hold

insulation g pipe

¢  Provide guides for long straight pipes subject ta thermal movement,
gither by guiding the shoe or by guiding pipe suppart sacklles attached
ta the pipe, as shown:

e  For better stress distribution in the pipa wall, pipe -support saddies are

usually used an large lines. They can also be used far lines that may
twist over when moving

SUPPORTING VALVES

&  Provide support as close 25 possible 10 hesvy valves, or try to get valves
maved close to a suitable point where support can ba provided

[ Large valves and equipment such as meters located at geade will ususlly
require a concrate fourdation far suppan

WELDING PIPE SUPPORT &

PLATFORM BRACKETS TO VESSELS, Ete.

¢ Instruct the vendor to sdd brackets required on pressure vessels priar
10 stress-relieving and testing—otherwise, retesting and recestilication
may he cbligatory

. I is permissible to specily brackets lv be welded 1o nan-pféssure vossels
provided that the strength of the vessel is not degraded

SUPPORTING PIPE AT NOZZLES

Ensure that nozzles on machinery, compressors, pumps, turbines, eic., are
substantially frea Irom loads transmitied by the piping, which may be due to
the weight of the piping, or to movement in the piping resulting from con-
traction, expansion, twisling, vibration or surging. Equipment suppliers will
sometimes slate maximum loadings permissible al nozzles. Excessive foads
sppiied to nozzies on machinery can force il from slignment and may cais®
damage,

Piping to pumps, turbines, etc., should be supporiad adequately, but should
allow the equipment to be removed. Suppnits for this piping are best
made integral with the concrate toundations, especially if thermal movement
oaccurs and should be on the same level as the base of the equipment, so thet
on heating or coaling, vertical dilferential expansion and contraction hetween
supports and equipment will be minimized.

0 28
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PUMP EMPLACEMENT & CONNECTIONS 8.3.1

TYPICAL PIPING FOR CENTRIFUGAL PUMPS

Most pumps used in industry are of the centrilugal type. Figures B.17 and
6.18 show typical piping end littings required at e centrifugal pump together
with the valves necessary 10 isolate the pump from the system.

The check valve is required 1o pravent possibie flaw reversal in the discharge
line. A permanent in-line stesiner is narmally used for screwed suction piping
and a temporery strainer for butt-welded/flanged piping. The temporary

strsiner is instafled between {langes—see figure 2,69, A spool is usually requi-
red 10 facilitate removal.

Although centrifugal pumps ara provided with suction and discharge ports of
cross-sactional stea large anaugh 10 cope with the full reted capacity of the
pump, it is often necessary with thick fiuids or with long suction lines to use
an inlet pipa of larger size 1hen the inlet port, to avoid cevitation. Cavitation
is the pulling by 1ha pump of vapar spaces in tha pumped liquid, causing
reduction of pumping efficiency, naisy running, snd possible impallor and
bearing demage. Aefer ta 6.1.3, under “Which size valve 10 use?’,

Most pumps heva end suction snd top discharge. Limitations on spece may
requira anothar configuration, such 8s 1op suction with top discharge, side
suction with side discharge, etc. Determination of nozzle origntation takes
place when equipment leyout and piping studies are made.

AUXILIARY, TRIM, or HARNESS PIPING

Pumps, compressors and turbines mey requise water for cooling hearings, for
mechanical sesls, or for guenching vapors to prevent their escaps 1o
gimosphera. Piping for cooling water or seal Huid is usually referred to ss
euxilisry, trim, or hemess piping, snd the raquirement Jor this piping is
normally shown on the P&ID. This piping is usually shown in isometric
view on one of the piping drawings.

In ordar to cool the gland o seal af o centritugel pump and ensure proper
sealing, it is usualiy supplied with liquid from the discharga of the pump,
by a built-in srrangement, or piped from a coanection on the pump’s casing.
The pland may bz provided with & coofing chamber, requiring piped water.
If a pump handles hot or volatile liquid, sesl liquid may be piped from an
extarnal source.

DRAINING

Each pump is ususlly provided with 3 drsin hub 4 to 6 inches in dis-
meter, positioned about 9 incnes in front of tha pump foundetion on the
centerling of the pump. . The dsain hub is piped to the correct sewer of
ptfiuant line—soe 6.13, if two smell pumps heve a cormen foundetion, they
con shara the sama drain hub.

{1n2y

Maost eentrifugal pumps have baseplates that collect Bny leakage from the
pump. The baseplate will heve a threaded connection which is piped to the
drain hub. Waste szal water is also piped to 1he drain hub -ses figure 6.19,

P e ¥

s In outtide instaliations in Ireezing climaies, providé a velved drein trom
tha pump’s casing

e  Provide a short spool for a 3/4-inch drain between the onfoft valve snd
the check valve, to drain the discharge line. |f the velve is large
anaugh, tha drain cen ba mada by diilling and tapping & oss on the
check valve, as shown in figuse 6.17, note (3}, in which instance no
spaal is requited,

INSTALLATION

s Do not route piping over the pump, s this interferes with maintenance.
it is better to bring the piping lerward of the pump es shawn in figure
6.17

e Leave vertical clearance Over pumps to permit removal for servicing
—sufficient headraom must be left for a mohile crane for all but the
smaller pymps, unbess other handling is planned

s« M pumps positioned closs 10 supply tanks are on separale oundations,
avoid rigid piping arrangements, as the tanks will ‘seitle’ in the course
of time

. Locate the pump s closely 8s practicable to the source of liquid 10 be
pumped from storage tenks, sumps, etc., with due cansideration for
flexibility of the piping

» Position valves for ease of aperation placing thern so they are unlikely
10 be damaged by traffic and will not be & hazard 1o personnel—see
tabla 6.2 and chart P-2

s  The loundation mey be of any material that hes rigidity sufficient to
support the pump baseplate and withstand vibration. A concrete foun-
dation built on solid ground o a concreta slab floor is usual. The pump
is positioned, the height fixed (using packing), and the grout is then
poured. Groul thickness is not usually less than one inch—see figure
6.17

e A pit in which & pump is installed should have » drain, or heve a
samg that can be drained or pumped out

s Make the concrete foundation et least as large as the baseplste, and
ansure that concrete extends at least 3 inches from each bolt

VALVES

»  Valvos are ‘line size’ unless shown otherwise on the PAID. See 6.1.3
under “Which size valve to use?’

s Usetilting disc or swing check valves for praference

Do not use globe valves lor isolating pumps. Suction and discharge ling

isolating valves wa usually gate vaives, but may be other valves oflering
Iowy resistance 10 flow -




SUCTION LINE

To svoid cavitation, the pump must be st the correct elevation, related to
the level or hesd of the liquid being pumped. ¥ the location of tha pump
hos not previously been sstablished on an equipment arrangement drawing,
refer to the enginear invoived.

Concentric reducers are used in lines 2-inch and smafler. Eccenlric freducers
are used in lines 2%-inch and larger, and are arranged 10 avoid: {1} Creating
a vapor space. (2} Creating a packet which would need to be drained.
These conditions set the configuration of the reducer-that is, whether it
is 10 be instalted “top U’ ar "botiom Hat”

It 8 centrifugal pump has the suction nozzle at the end (in line with the
drive shaft), an elbow may be connected directly to the nozzle at any
orientation,

11 & pump has the suction nozzie at the side with split flow to the impelior
provide @ straight run of pipe egual to 3 to 5 pipe diemeters af the suction
ling to connect to the narzie. Altamatety, an glbow may be connecied to
the suction nozzle, but it must be arranged in 8 plane at 90 degrees to the
driving shaft, ta promote equal tiaw to bath sides of the impaltar. 1 an
elbow must ba in tha wme plana es the driving shait of the pump, consider
the use of turning {or splitter} vanes 1o induce more even tiow. Uneven flow

causes damaga to the impellor and bearings.

TUANING YANE

r

(] Houte suction lines as directly as possible o at not to s1arve the pump
and incur the risk of cavilation .

s If the pump drews lguid from a sump at a lower elevation, provide a
combined Faot valve and strainar. A centrifugal pump working in this
siluation reguires priming initially-—-pravida for this by » valved branch
near the inlet port, or by olher means

s Provide 8 stisiner in the suction line~ses ligures 6.17 thru 8.21. Do
not place a temporary Startup screen immedistely downstream of a
velve, as debris may back up end preveni the valve from being closed

DISCHARGE LINE

The putfet pipe Tor centrifugal and other non-pasitive displacement pumps is
in most cases chosen to be of 1arger bore than the discharge pori, in order 1o
reduce velocity and consequeml pressure drop in the line. A concentsic
reducer or reducing elbow is usad in the discharge line to increase the dia-
meter. There is no restriction on Lhe placement of elbows in discharge lines
as there is in suction lines.

e  Provida s pressure conneclion in the discharge line, close to tha pump

outlat — see figures 6.17 thru 6.2, 11 may be necessary to provide @
short spool for this purpose if there is no pressure point tapping on the
pump discharge nozzle i '

e  For locations of drain connections in the discherge line, see tigures 6.17

thru B.21

PUMPS WITH SCREWED CONNECTIONS

A pump with sciewed connections requires unions in the suctian snd dis-
charge lines to permit removel of the pump.

PIPING FOR FOSITIVE-IASPLACEMENT PUMPS

Reciprocating and rotary pumps af this type must be protected against aver-
loeding due to restriction in the dischaige line. i a posilive-displacement
pump s not equipped with o relief valve by the manufacturer, provide a
raligl valva between the pump discharga nozzie end the first valve in the
discharge line. The discharge from tha reliet valve is usually connected to
the suction ling between the isolating valve and the pump.

As positive displacement pumping does not greatly change the fiow velocity,
reducars and increpsers are not wauslly required in suction and discherge
lines. See figures 6.20 and B.21. A positive-displacement pump having a
pulsating discharge may set the piping into vibration, and 10 reduce this
an mir chamber (pneumatic reservoir) such as a stendpipe can ba provided
downstream of ths discharge valve.

KEEPING MATERIAL FROM SOLIDIFYING IN THE PUMF

It may be necessary Lo trace a pump (see 5.8.2) in order to keep the conveyed
matarial in a fluid state, especially after shutdown. This problem arises sither
with process material having s high malting paint, or in freezing conditions,
Alternately, jacketed pumps can be employed {such as Fostes jacketed
pumps available fram Parks-Cramer).

FIGURES .17 THAU 6.21 ARE ON
THE FOLLOWING THREE !’AGES. &
THE KEY FOR THESE FIGURES IS
ON THE THIRD OF THESE PAGES
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SGREWED PIPING FIGURE 6.18
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CENTRIFUGAL PUMP PIPING IN ELEVATION

FLANGED BUTT-WELDED PIPING - FHIGURE 6.17
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COMPRESSOR PIFING &.3.2

Refer to 3.2.2 for a description of compressors and associsted aquipment. A
compressor suppliss compressed air or a ges to process o other equipment.
A compressor is ususlly purchased s 8 ‘peckape pnit’, which includes conlers,
and the designer is left with the problem of installing it and piping suxilieries
toit. Thesa various auxitiaries sre shown in ligure 6.23.

Compressors may ba insiatled in the open, or within » planl of separate
compressor housa, An arrangement of comgressor, ancillary equipment end
distribution lings is shown in figure 6.22 (derived from an illustration by
Atlas Capco).

COMPRESSOR HOUSE

s If the comprassor is handling a gas heavier than air, aliminate pits of
tranches in the compressor house to avoid 8 suffocation or explosion
sk

e  Pravide gir entry louvers il a compressos takes ait from within a comp-
ressor housa o other building

s Provide maintenance fecilities, including o (ifting rail or access for
mobite kfting equipment. Allow adeguete floor space for use during
maintenance. Additianal eccess may be required for installation

s  Pravent wransmission of vibration by providing a loundation for the
compressor, separets from the cornprestor-house foundation

s  Consider tha use of noiso-absarbing matoriels and coastruction for a
compressor hausa

Tha vendor's drawings should be examined to determine what auxiliary

piping, valves and equipment covered in the follewing design points are to
ba supptied with the compressor by the vendor:

COMPRESSOR & MPING LAYOUT

» Install the comprassos on 8 concrete pad of elevated structure. Piling
is often & nacessary part of the loundation

» Large reciprocsting compressors are often instatied an an elevated
structure to ailow access to valves and provide space for piping. Provide
a platform for operetion and maintensnce of such an instatiation

a  Keep piping clesr of cylindess of reciprocating compressors and provide
withdrawal space a1 cylindar heeds
\bse Jong-radius elbows or bends, not short-radius elbaws or miters
If the compressor end the pressurized gas are cooled with water, route
cooling water first to the sftercooler, then to the intercaoler {for s
two-stsge meching}, and lestly to the cylinder jackets {or casing jacket,
if present, in othaer types of compressor)

e Arrenge an air compressor, associated equipment and piping $o that

" water is able to drain continuousty fram tha system _

¢ Pipe & saperaté trapped drein for sach prassure stage. Ensure that the
pressura into which sny trap discharges will be lower than that of the
system being drained—less the pressure drop over tha trap and its
associated piping. Do not pipa different pressure siages thru saparate
chack veives 10 8 commaon trep

s If 3 toxic or otherwise hazerdous gas is 10 ba compressed, vent possibie
shatt sesl feakege to the suction ling to avoid 8 dengerous atmosphere
forming around the compressar

s  Da not overlook substentis! space required for lube oil and seal oif
control consoles Tor compressors

o  Discuss piping arrengement with tha stress group

AIR-COMPRAESSOR PIPMNQ FIGURE .22
KEY
1 COMPAENOR
]l  AFTERCCOLEW
(5]  DAMPENER
[ ALCEIVER
- B AL,
—® B irkencomecnon
- B OuTLET VALVE
DISTRIRLITION HEACER
/© (10 WALL VENT
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BCHEMATIC ARRANGEMENTS FIGURE 6.23
OF COMPREGSED-AIR EQUIPMENT

{8} SINGLE-STAGE COMPRESSOR
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{b) TWO-STAGE COMPRESSOR

SUCTION PIPING FOR AIR COMPHESSORS

To reduce damage to & compressor by sbrasion or corresion, the air
supply needs to be frea from solids and water (water in the sir intake
does nat affect eperation of liquid-ring air compressors), Air intakes
are best located where the simosphere is uncantaminated by exhaust
gases, industrial operations, or by iraflic

Far efficiency the air supply should be taken from the coolest source
sucth & the shaded side of a building, keeping to building clearances
shown in figurg 6.24

If the mir supply is from outside the building, locate the suction point
above the roofline, and away fram walls to aveid excessive noise
Keap suction piping es short as possible. If a line is unavoidably long
and condensate likely to form, provide a separatar st the compressor
intake

Pzovide a rain cover and scraen 85 shown in figure 6.24

Small (and sometimes medium-sized) sir compressors usually take air
from inside & building. Large air compressors take air from outside a
compressar house {figure 5.24): this minimizes effects on the building
of pulsations radiated from the air inlat. In bath instances, a filter is
neaded 1o vemove dust, which is alweys present to same axtant

Filters must have cepacity 1o retain large quantities af impurities with
low pressure drop, snd must ba rugged enough 10 withstand pulsations
fram reciprocating compressors

f1am)

¢ Pravide & pressuie gage connection between filier ang compressor to
altow the pressure drop across the filler to be msasured in order ta
check when cleaning or seplacement is needed

[ Lise o temporary screen 21 the compressar infet at stertup—see 2.10.4

. Avoid low points in suction lines whaora moistura and dirt can collect.
If low points cannot be avoidad, provide a ciean-out —see figure 6,24

e If the -uction line is taken from a header, take it from the top of the
header to reduce the chance of drawing off maisture or sediment

(] A line-siza isolating vatve is required .inr the suction line if the suction
line draws fram a heades sharad with other compressors

o Consider pickling or painting the inside ol the suction piping to inhibit
rust formation and lessen the risk ol drawing rust imo the compressar

SUCTION LINES YO FIGURE 6.24
AIR COMPRESSORS

 RAIN COVER
L & SCREEN
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DISCHARGE PIPING {GENERAL)

Discharge piping should be arranged to sllow for thermal movement and
draining. Anchors and braces should be provided to suppress vibration. Tha
outflow from the aftercooler will usually be wet {irom the excass moisturg
in suction airt and this waler must be continually removed.




& Anisplating velve in the discharge line is line-size

. Provide discharge piping with connections for teinperature and peessurn
gages

e Provide an unlosding valve and bypass circuit connected upstreem of
the discharge isolating valve, and downstrasm of the suction isolating
valve, 50 as to ensure circulation 1hru the compressot during unigading,

and 10 permit equalizing pressure in the compressor—see 3.2.2, under
‘Unloading

. Normally locate B receiver clpse to the compressor. {Auriliary recaivers
may be located near points of heavy use.)

e  For draining compressed-air discharge fines, refer In 6.11.4
e -

The use ol dampeners and volume battles in the discharge is discussed in
1.2.2, undes ‘Equipment for compressnrs’,

LOADS &k VIBRATION

The design of supporis for piping lo large cOMPTessors (especially for recip-
rocating machings) requires special knowledge. Usually, collaboration is
necesssry with the piping Support group, the stress group, and the compressor
manufacturer's representative, A major prohlem is that 1he compressor may
be lorced from slignment with (15 driver if the piping and supports are not
properly arranged.

tf 3 diesel ar gasoling engine is used as driver, a Hexible joint on the engine's
exhaust pipe will redure transmission of vibration, and prolect the exhaust
noz2zle. Flexible connections are sometimes needed an discharge and suclion
piping. Pulsation in discharge and—to a lesser extant—suction lines, lends ta
vibrate piping. This etfecl is reduced by using bellows, large bends and
laterals, instead ol elbows and \ees.

INSTRUMENTATION & INSTRUMENT CONNECTIONS

Figure 5.23 shows the more vseful locotons Tor prossuee and Ipmperature
gages, but does aot show instiumentatian far starling, stopping and unluading
the compressors. Simple compressor control arrangements using pressue
switches have long been used, but result in frequent starting and stopping ol
the compressar, causing UNNecessary wear to equipment.

Autematic control using an unloading valve is superior: table 3.6 gives the
working printiples—see 3.2.2, under "Unfoading’. Further informatinn can be
jound in the ‘Compressor instaliation monual’ {Atias-Copeol. Untosding
valves are abliocated instrument numbers,

The ail-pressure signals far untpading. starting, loading and stopping 8 com-
pressor should be liee from pulsations. It is best fo 1ake these signals fram
3 connection on the receiver or a little downstream of it.

Details of construction of mstrument connections are given in 6.7. Instrument
hranches should be braced 10 withstand tiansmission of line vibration.

{1991

1SOLATING VALVES FOR COMPRESSOR

Comgpressars operating in parsliel should be providad with isolating velves
aranged 30 thet sny compressor in the group may be shut down o1 removed.
An isolating valve st the dischatge should be placed downsiieem ol the
pressute-ralief vaive and any bypass valve connection. The isolating valve at
the suction should be upstream of the bypess vatve connectian. lsolating
valves are not required for a single compressor installation.

PRESSURE-RELIEF VALVES

Pressure-ralisf valves should be installed on interstage piping and on a dis-
charge ling fram o compressor to the first downstieam isplating valve, A
pressure-relial valve may be vented 1o the suction line—soa figure 6.23. Each
pressufe-relief valve should be eble to discharge the lull capacity ol the
COMPIessor.

CHECK VALVE

Unless suppliad with (o inlegral with) & compressor, a check valve must be
provided to prevent backflow of stored compressed air or other ges.

DISTRIBUTION OF COMPRESSED AIR

Headers ‘asger than Z-inch are often butt welded. Disiribution lines arg
screwed and usually incorposale malleable-iton fittings, as explained in 2.5.1.
Equipment used in distribution piping is described in 3.2.2.

A more eHicient layout for compressed air fines is the ring main with auxilisry
receivers placed as near as possible to points of hesvy intermittent demand.
The foop provides two-way air flow to any user.

COMPRESSED AIR USAGE

The compressed air provided for use in plants is designated ‘instrument
air’, 'plani sir” of ‘process eir'. insirument air is cleaned and dried compressed
air, used to prevenl corrasion in some instruments. Plant air is comqressed air
but is usually neither cleened nor dried, although most of the maisture and
ail, stc., can be caliected by a separator close to the compressor, gspecially
if adequate caoling can take plate. Plant air is used lor cleaning, power tools,
blowing out vessels, etc: it used tor air-powased tools exclusively, some
suspended 0! is advantagecus for iubricatian, afthough filterflube units are
usually installed in the air jine to the tool.

Process eir is compressed air, cleaned and dried, which may be used i the
arocess stream for oxidizing or agitation. The trend is o supply cleaned and
dried sir for both general pracess and instrument purposes. This avaids run-
ning separate lines for process and instrument air,

Process and instrument air far some applications fequires to have an oil
content less then 10 parts per mitlion. As almost all pily contaminants are
present as extremely small droplets (less than 1 micron in diameter} mech-
anical tiitration may be ineffective; adsorption equipment can efficiently
remaove the oil.
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.. PIPING TO STEAM TURBINES 6.4

‘4 A turbing is a machine for deriving machanical power (rotating shaft) from
the expansion of 8 gas or vapor lusuelly 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 slandby process pumps in critical service in the
ewent of an electrical powar failure, and emergency standby equipment such
as firewater pumps snd electric genarators.

Figure 6.9 shows a schematic arrangement of piging for automatic operation.

There are similarities between stesm-turbing and pumg and compressor

piping. Their common requirements are:—

(1) To limit loads on nozzles from waight of piping or frem thermel
mavement

{2) Ta provide sccess snd averheed clearance

{3) To prevent harmful material trom entering the machine

INLET (STEAM FEED) &4
iz )0, order to guard against demage to a stesm turbine, protective piping
: mngqmems such a5 those mentioned in table 6.4 are needed in the

TABLE 4.4
mm TO TURBINE

DRIPLEG & STRAINER, or
SEPARATOR, IN THE FEED
LINE [See tigure 6.9)

FOREIGN MATTER & WATER
INTHE STEAM FEED

I HAZAHD TO TURBINE ' PROTECTIVE MPING I

EXCESSIVE PRESSURE IN
STEAM FEED CAUSING
. OVER-FASY RUNNING OA
. CASING RUFTURE

PRESSURE RELIEF VALYE
&/OR CONTROL VALVE
IN THE FEED LINE

ORIFICE BYPASS TO

THERMAL SHOCK, DUE TO

FEED SMALL AMOUNT
LD HEATING ON OF STEAM TO TURBINE

: AT ALL TIMES

|

| .

‘ EXHAUST (STEAM DISCHARGE) 6.4.2

Figure 6.25 shows three methads for desting with the turbine's exheust.

| Steam from an intermittently operated turbine may be run to waste and all
that i required is & simple run of pipe 10 the nearest outsidg wall or up thru

- the roof. Exhausts should be well clear of the buiiding and arranged so as not
to b hazardous to personnel. The turbine discharge will include drops of

i water and oil fram the turbine, which sre best coilecied and run to drain,. A

davica suitable for this purposs is 2 Swartwout ‘exhaust haad’ shown in figure .

[ .- 6.26. Altarngtsty, steem dimr@q froma ;qmmuouly unRing 1urbine mw
oo be utilized plsewherg, in o Iw—ﬁm[g YH

[1ny

TURBINE EXHAUST ARRANGEMENTS FIGURE 4.25

KEY:

{1) Exhawit Is alcharged ) Iy to at P Sultabla Tor imaH iurbine n
intarmittent e

(2 th.un in taken to & hwu-prluuu heat Tor uss slsewhners. Suitagde tTor
¥ -Df Ing 1 , ta Mwold witting meam.
{3) 4 h o d Lo ¥ pravsurs drop acroms the turblom

BVYPASS STEAM & OTHER PIPING FOR TURBINES 842

An orifice plate is wsed as a ‘bleed’ bypass to ensute that steam constantly
passes thru the turbine. An arifice plate is used rather than g straigh! pipe, a5
a changeable constriction is needed. Alternately, the small amount of steam
needed to keep the turbine werm can be admitted by a cracked-open valva in
& bypsss—a wasteful and uncenain praclice,

A trap is fitted to the casing of the turbine to remove condensste. Piping
is provided to supply seel liquid to the turbing's beerings—refer 10 6.3.1,
under ‘Auxiliary, trim, or harness piging’,

SWARTWOUT HEAD

[COURTINY CRANE COMPANY |

FAGURE .29

TWAATWOUT
EXHASST HEAD

*Condensste 1ae trom sxmurt hesd 11 piped 1o drain




PIPING TO VESSELS & COLUNNS v.l

[ TIE W} TPARTTEPE UL

b 32

. s  Provide sdditional flexibility in lines to v vessel from pumps and othes
squipment mounted on s teparete foundation (if lisbie to settie} -
! VESSEL CONNECTIONS 8.5.1 _ . ] ]
. s Ba cautious in making rigid straight connections batween nazzies. Such

conneclions may be acteptable if both items of equipment are on the
same foundation, and are not subject to more 1han narmal atmospheric
temparature changes (see figure 6.1) '

Vessal connections are often made with couplings {for smaller lines}, flanged
; or welding nazzles, and pads fitted with studs, designed to mate with flanged
] piping. Nozzle outlels afe alto meda by eatrusion, to give a shape lika
thet of the branch of s welding tee—this gives a gond figw pattern, but is

an expensive method usually reserved for such itarns as manifolds and dished
heads. Weldolets, sockalets and thredolets are suitabie fos vessel connectians
and are available flai-based for dished heads, tanks, and large vessels.

Almost any type of connection may be made to open vossels or vessals
vented to stmosphere, but for pressure vessels, the applicable design code
will dictate requirements for conneclions {and possible reintorcement—see
21,

PRESSURE VESSELS

With exceptions and limitations stated in section B ot the ASME Boiler and
Pressure Vessel Code, vessels subject 10 imternal or extarnal oparating
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 en external

NOZZLE LOADING

¢  Ensure that a nazzie can teka the load imposed on it by conngcted
piping-see 5.2.8, under ‘Supporting pipe el nozzles’. Manufacturers
often can provide nozzle-loading data for their stantdard equipment

s Check all connections to ensure thet stresses due to thermal movement,
and shock pressures ('kicks'}from opening pressure relief valves, ete.,
gre safely handled

FRACTIONATION COLUMN PIPING 6.5.2
(OR TOWER PIPING)

As columns and their essociated equipment take diffarent Jorms, according
to process neads, the following text gives a simplified explanation af colymn
operation, and outlines basic design consideralinni.

r

[ A Rt L

P
P

pressisee greater than 15 PS1 would not require Code certification, THE COLUMN’'S JOB
| A fractionation column is a type of still. A simpie still starts with mixed
VESSEL DRAWING & REQUIRED NO2ZLES liquids, such 8s aicohol end water produced by fecrmenting 3 grain, eic.,
, Preliminaty piping layouts are made to daterming a suitable nozzies srrange- and by boiling produces a distillate in which the concantration of slcohol is
) mant. A skotch of 1he vassel showing all partinent information is snal to 1he many times higher then in the feed. In the petraleum industry in particuler,
: vessel fabricator, who then makes 8 detail drewing. The preliminary studies mixiures not of two but 8 great maiyy components sré dosit with. Cruile ol
for pressura vessel piping fayouts should indicate where pipe supports and is a typical feed for a fractianation column, and from it the column can farm
’ platlarms (i required) are lo be tocated, In the svent that the vassel has lo simultanaously severel distillates such as wax distllate, gas oil, heating oil,
_ be stress-relieved, the fabricator can provide clips of brackets—see 6.2.8, naphtha and fuel gases. These Isactions are termed ‘cuts’.
under “Welding pipe-support and platfarm brackets to vessels, etc.’
1 Figure 5.14 shows the type of drawing or sketch sent to a vessel fabsicator. COLUMN OPERATION
The feed is heated {in 8 “furnace’ of excha 7] before it enters Lthe celuman. : e
, NOZZLES NEEDED ON VESSELS o8 FIGURES

As the feed enters the column, quantities of vapor arg given ofi by ‘flashing’,

5254008
due to the release of pressure an the feed. - -

Nozzles needed an non-pressure vessels include; inlet, outlet, vent lgas
or air), manhole, drain, overllow, agitator, temperature element, level
instrument, and a ‘steamaut’ connection, sometimes arranged tangant-
ially, tor cleaning the vessel

Nozzles needed 0n pressure vessels inciude: inlet, putlet, manhale, drain,
pressure relief, agitator, level gage, pressure gage, temperature element,

As the vapors sise up the column, they come into intimate contacl with
downflowing Viquid—see figure 6.29. During this contact, some of the heavier
companents af the vapor are condensed. and some ol the lighter components
of the downflowing liquid are vaparized. This process is termed "refluxing’.

71 o

! vent, and for ‘stesmgul’, as above If the compasition of the feed remains the same and the column is kept in
!__ . . . sieady operation, a tempersture distribution establishes in the columa. The
’ o Check whether nozzles are vequired far an slectric heater, coils for temperature at any tray is the bailing point of the liquid on the tray. ‘Cuts’
{ ! heating or cooling, oF vessel jacket. A jacket requires 8 dsain and vent are not taken from every tray. The P&ID shows cuts that are ta be mada, i FABE ™
1 [ Check speciat nozzle needs, such as tor llush-bottam tank valves {sea ¢cluding slternstives—nozzles on selacted trays sre pipad, and nozzles far r:"
] l 319 alternata aperation are provided with line blinds or valves. y

171%1
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liquid but allow vapors i pass up thiu them so that vapor and liquid come b 5.2
inte contact. {Refer to figure 6.29, which shows simple bubblecap tays o
—many tray designs are available.) T

FIGURE 8.28

TRAYS & BUBBLECAPS FIGURE L.
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SPACE FOR PIPINGL

TO ADJACENT CONDENSER

To produce Ihe required ‘cuts’, a column opesales under sleady temperature, i
feed, snd product removal conditions, Starting from cotd, products are cal- :
jected alter steady conditions are reached, and the column is then operated ;
continuously, :

|odders)

Al materials enler and leave the column thiu pipes, therefor colutnas are
located close to piperacks. Figures 6.27 and 6.28 show an atrangement.
Progucts from the column are pped to collecting Lanks {termed ‘drums’,
sccumulatass’, etc.) and held for further processing, of storage,

e — ——

SPACE FOR {NSTRUMENTS
(SPACE fOR LADDERS
AND [NSTRUMENTS

{optiomal for

It the vepor irom the top of the column is condensible, it is piped 10 A ?:LB.ZT&I.II gl
condenser 10 form a volatite liguid. The condenser may be mounted at grade, o ““’T‘
or sometimes on the side of the column.

Product trom the top of the colemn may be gaseous at atmospheric pressure
/ atter coaling; it tha praduct liquefies under moderate piessure, it may be
SPACE FOR MANHCLES AND

-

E'NT

stored pressurized in containgrs.

DAVIT MOVEM

'DROPOUT" (troy ond valve In addilion tu the t:'nnde‘nyir for the top pruducl, @ slea!n-healed heal ex-
handling) changer, termed a ‘rebuiler, may be ysad (o heat material drawn fiom a
slected level in 8 column; the heated material is returned ta the column.
Reboilers are required for tall columns, and for tolumng pperated at high
temperatures, which are subject to appreciable loss of heat. Mounting the &
rebailer on the side of the column minimizes piping. i
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Material from the bottom of a column is termed ‘bottoms’, and must be
pumped awey {ses figure 6.27)-this matsrial consists of ‘heaviar” (higher
moleculsr weight} fiquids which sither did not vapori2e, ar had condensed,
plus any highly viscous matecial and solids in 1ha fead.

COLUMN ORIENTATION & REQUIREMENTS

Simultaneously with orientaling nozzles and arranging piping vo the columa,
the piping designer decides the positions ol manhotes, platforms, ladders,
davit, and instruments.

COLUMAN ORIENTATION FYGURE .20

" ——
-— —

L VAROR GUILET
% (TOP OF COLUMN}

NOZZLE AND
MPNG SPACE

PIPERACK— ™

LADDER SPACE

Manholes ara nacessary to allow installetion and removal of tray perts.
Parforms and ladders are reguired for persannel access 10 valves on nozzles,
10 manholaes, and to colbmn instruments.

A davit is needed to raise and lower column paris, and a dropout area has
10 be reservad,

MANHOLES & NOZZLES

For e particular project or column, manholes ere preferably of the same type.
They should ba located away from piping, and within range of the davit.

i required, manholes can be placed off the column centerlines (plan view).

The manholg sarving the sparger unit {tigure 6.31) should permit easy re-
moval of the unit, which may be angled to place the joed conneciion in
8 dasired position.

The portions of the column wall svsilsble for nozzles are determined by

the orientation and type of tray—sea ligure 6.29. Elevetions ol nozzlat e
teken Irom the column data sheet {normally in the form of a vessel deawing).

FIGURE &.3%
DOMPCOME RN AREA

LIQUD FLOW
OVEA TRAY

SPARGEM TO
DISTRISUTE FEED

FEED

if the cuts are 1o be 1aken either from gven-numbered trays, or fram odd-
numbered biays, sl nozzles can be located on one side of the column, facing
the piperack. || cuts are 1o come fram both even- and odd-numberad trays,
it will aimast ceriainly be impossihle ta arrangs all nozzles toward the
piperack. [See ‘Arranging coturmn piping’, this sactian.)

PLATFORMS & LADDERS

Platforms are requirad under manholes, valves al nozzlas, level gages, con-
trollers if any, and pressure relief valves. Columns may be grouped and
sometimes interconnecting platforms betwsea columns are used, individual
pletforms for @ column are usually shaped as circular segments, as shown in
tigure 6.30. A plattorm is raquiiad at 1he top af the column, {or operating
a davit, & veni on shutdown, snd for access to the smfety-relief valve.
This top platferm is often rectengular.
Usua! practice is to provide a separalé ladder to go from grade past \he
\pwest platform. Ladders are arranged so that the opesatar steps sidaways
onto the platfarms. .
Ladder length is usually restricted 10 30 ft between landings. Some States
allow 40 f1 {check Yocal codes). 1t operating platforms are further epart
than the maximum permissible laddar height, & smail intermediate plattorm
is provided.
Laddars and cages shauld conform to the company standard and satisfy the
requirements of the US Department of Labor {0SHA), part 1910 (D).
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Retarring ta figurs 6.30, tha davit should be lacetad et the 1op of the calumn
50 that it can lower end raise trsy parts, piping, valves, etc., batween the plat-
forms and the dropout ares st grade.

ARAANGING COLUMN PIPING

To achieve simplicity and good arrangement, s0Mme trighand-error working
is necessary. Columns Bre Msjor pieces of equipmant, and their piping needs
take precedence over other piping.

el ——

As lines trom nazzles on the column are run down the tength of the column,
it is Ingical 1o start arranging doWNCOMErs fram the top and proceed down
the column. A lower nozzle may need priotity, but usuglly piping can be
arranged more efliciently if the space requirements of piping coming from
above are already estahlished.

Somelimes tray spacing is increased slightly to parmit installatian of man-
holes. 11 may b possible to rotale irays within limils, to gvercome @
difticulty in arranging column piping. Such changes in tray spacing and
arrangement must be sanctianed by the process enginger and vessel designer.

s  Allorate space for vertical lines from lower nozzles, avoiding running
these lines theu platforms if possible

e  Lines fram the tops of columns tend o be larger than athers. Allocete
space for them first, keeping the lings about 12 inches from the plat-
forms and the wall of the column—this makes supporting essier, and
permits access to valves, instruments, 8ic.

e  Allocate space for access {manholes, tadders) ciear of piping—especially
clear of vertical lings

e  Provide & clear space for lgwering equipment from the tap ot a column
{far maintanance, etc.)

s Provide sccess for mobile tifting equipment fa candenser and ceboiler

e  Provide ciearance to grade (approximately Bft} under the suction fing,
from the column to the bottams pump

s Arrange ventis} in the skirt of Lhe column

s Enture that no low point occuts in the ling conveying ‘bottoms’ to

the suclion port of tha bottoms pump, in order to avoid blocking of
this line due to cooling, elc.

INFORMATION NEEDED TO ARRANGE THE COLUMN PIPING

(] Piot plan showing space avaifable for column lotation, and details of
eguipment which is ta connect to the column

» PRID lor mozzie connactions, NPSH of bottoms pump, insliument-

ation, line blinds, reliet veives, elc.

e  Column data sheets and sketch of column showing elevations of nozzles

114

calculating thermal mavernent

e  Details of trays and ather interns! parts ot the column

s festrictions on the heights of laddars
Operational tequiremeants for the plant

., S
BOTTOMS PUMP 8 ELEVATION OF COLUMN

Tha elevation of a column is sat primarily by the NPSH tequired by the
bottoms pump, the sccess required undar the suction lina to the bottoms
pump, and by requirements for a thermosyphan rebailer, if used.

VALVES

Vatves and blinds which serva the tawer should be positianed directly on
nozzies. for economy. It is desirable to arrange other valves so thel lines
are self-draining.

Piatforms should be located to give access 1o large valves. Small valves may
be loceted at the ends of platforms. Control vaives thould be eccessible
from operating platforms or from grade.

The pressure-reliaf velve for the reliel line should be placed at the highest
point in tha line, and should ba accessible from the top platlorm.

Vaives should net be located within the skirt of the calumn,
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 10 isolatad gages can be provided by ledder.

Gages, and gage and level glasses, must be visible when operating valves,
and be accessible for maintenance.

Gages and other instruments should be located clear of manholes and
accessways 1o ladders end platforms. I necessary, temparature Bnd pressurs
gages may be located for reading from ladders. ‘Locating instruments at ane
end of a circular platform may allow 8 narrower platiorm,

THERMAL INSULATION

Thermal insulation of the exterior of 8 column may be tequired in order to
reduce heat loss to the stmesphere. Insulation may ba inadequate to maintain
the required temperature distribution; in thesa circumstances, 8 reboilet is
used. Thermal insulation is discussed in 6.8.1.

FOUNDATION FOR COLUMN

The besa ring of & column’s skirt is attached 1o & reinforced-concrete con-
struction. The tower part of this construction, termed the ‘fnundation’, is
below grade, and is square in plan view: the upper part, lermed the *base’,
1o which the bess ring is attached, is usually actagonal and projects above
grade approximately 6 inches.

FIGURES
830460
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PIPING FOR HEAT EXCHANGERS 6.6
Heat exchangers are discussed in 3.3.5,

OATA NEEDED TO PLAN EXCHANGER PIPING 6.6.1

Preliminary exchanger inlormation should be given early 1o the piping group,
30 that piping studies can ba mads with special referenca 1o arientation of
nozzles. Belore arranging hest-exchanger piping the following infarmation
is needed:

PROCESS FLOW DIAGRAM This will show the fluids that are to be handled
by the exchangers, and will stata their flow rates, temparatures and prassures.

EXCHANGER DATA SHEETS One of these sheets is compiled for each
axchanger design by the project group. Tha piping group pravides nozzie
origntation sketches {(resulting from the piping studies}. The data sheet in-
farms the manulacturer of vendor of the exchanger concerning performance
and code stemp requirsmants, materials, and possible dimansional hmitations.

TEMA CODING FOR EXCHANGER TYPE

The Tubular Exchanpers Manutacturers Association (TEMA) has devised a
method for designating exchanger types, using a letter coding. The exchanger
showm in figure 6.32 would have the basic designation AEW, See chart H-1.

THELL-AND-TUBE HEAT EXCHANGER WiTH REMOVABLE TUBE BUNDLE

DESIGN PDINTERS 66.2
Engirearing Notes:

s Piovide the shell with a pressure-ralieving devica 10 prolect against
excessive shetl-side pressure in Lhe event ol internal failure

o  Pui fouling andfor corrosive fluids inside the Lubes as these are (except
U-type easily cleaned, and cheaper 1o replace than the shetl

syt the hotter lhuid in the Lubes to reduce heat loss to the surroundings

¢  However, if steam is used to heat a fluid in 2n exchenger, passing lhe
steam thru the shell has advantages: for example, condensate is far
easigr 10 handle shetlside. Insulation ol the shell is narmally required

to protect personnel, and to reduce the rates of condensate formation
and heat Yoss

L] Pass refrigerant ar cooting liquid Lhru the tubes, if Ihe exchanger is
not insulated, lor economic operation

s If heat transfer is between twa liquids, 3 countescursent llow panern
will wsually give grealer averall heal transter than a paratieled llow
pattern, other lactors being the same

e Orientate single-tube spiral, helical and U-tubs exchange:s {with steam
fed thru the tubg) to permit auttlow of condensale

FIGURE 632
HEAD
LE
L SATSMY 2 i
CHANNEL ENTERS ENTERS
icoLDY 2nd FLUID RELIEF VALVE (HOT)
L EJ\VES OONNEI'.‘.‘TION 9.‘ E LL
NOZZLE
CHANNEL waRM)  SMELL FLOATING
COVER AEMOVARLE fEAD RING
TUBE BUNGLE
PACKED
FLOATING
VENT. SRS ARVl N b TUBE-SHEET

HEAD

NOZILE SADDLE
1t FLUID
LEAVES
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o  Artsnga nozzies to suit the best piping and plent lsyout. Noziles may
be positioned langentielly or on sibows, es well as on vertical of
harizonta! centarlines las usually offered at lirst by vendars), Although
a tangantisl or elbowed nozzle is more expensive, it May permit econo-
migs in piping mulliple haat exchangers

s  Make condensing vapor the descending stream

s Make vapotizing fluid the ascending stream

Locating Encharngars:

e  Position exchangers so that piping is as direct and simple as passible.
Ta achieve this, consider alternalives, such es reversing flows, arranging
exthangars side-by-side of stacking them, ta minimize piping

o  Elevale an exchanger to allow piping to the exchanger’s nozzles to be
areanged above grade or floor Jevel, unless piping is to be brought up
thru & floor or from a trench

s Exchangers are sometimes of necessity mounted on structures, process
columns and other equipment. Special arrangaments for maintenance
and tube handling will be required

PIPMING TO NOZZLES
OF HEAT EXCHANGERS

. FIGURE 8.3

TO ALLOW LIFTING DF REAR H!ID\

SUFFONTED LINES UMDER AN
EKCHANGEN ARE EDMETIMER
eSUF EaGIEMTLY FLEXIBLE FOR
THE FLANGED 0INT AT THE
HEAD MDZZLE 10 BE PARTED
AFYER PEMDVAL OF BOLTS-
IF THdl 1§ LIKELY, & SHORY
REMDVARLE SFDOL 1O THE
HEAD #NOZZLE SHOULD BE
HOVIDED.

——

FON WAINTENANCE, FIPFE MAY BE OFF.
SET AL SHOWNM, OF A SHORT 300L
CAN BE #ROVIOLD

127 MIN. FOR
WHENCH ACCESS
S b

REMCOVABRLE SFOOL

|
|
]
i
| ALLOW SPALE FOR |
| puLivea TuBES |l
|

|

[

'.

|

—— —

A 1 ISEE TABLE $5)

L __/ B £L B NOSTLE

1
1
1 ORLIGUE OF FSETS W PIPING LIMILAR H

TO THOSE SHOWN ALLDW EKCHAMGERS
TO BE PLACED CLOSER TOOETHEN.

D IRALERT NOZILE TYPES DAIENTA
1 10nS AMG LOCATIONS TO Ol kiN THE

CONSIDER REQUE IV ING FROM VENOOR
BEST PLANT ARRANGUMENT.

FOR MULIIPLE HEAT EXCHANGERS

(sl Exchangers scranged with 2 {16 in. operating apace betwaen piping
Lk RBIL) R

]
s
|

o

7

L
£35

PIPERACK

(b} Exchangers srranged with 2 ft 0 in. meintenance space betwaen paired unity
and 2 ft § in. operating spece between piping

Lt

omiLkh ' o
!

Y

N\ SPACE FOR
>\ PULLING ACCESS

N
N

{1} Show cutlines of sxchwnger mpports o foundations befots srranging Heing

120 Add to clasrsncas shown, thickresss of insiation for exchanger shaihy and

NOTES connectrd piping

(9 Provide addidonsl clearance (a the X' -8 operating ipace if walve handwihasel
s vahet SHEM, 41T, protrude, depending o Biping sTTangemant

1
-
i
1

PIPERALK

Operating snd Melntenancs Rumpulromenia:

Access 1o operating vaives and instruments {an one side only sulfices}

s  Operating space for any davit, monorail or crane, etc., bath for move-
ment and (o set loads down

o  Access to exchanger — space is needed for tube-bundle removal, for
gleaning, and around the exchanger's balted ends {channelcover and
rgar head) and the bolted channel-to-shell closure

s Access for tube bundle removal is often given oo manufacturers’
drawings, and is usually about 1% times the bundle Tength. 15 to 20
it clearance should be allorated from the outet side ol tha last exchang
or in a row for mobils lifting squipment access and tube handiing

1171
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INSTRUMENT CONNECTIONS

TEMPERATURE CONNECTIONS

PRESSURE CONNECTIONS

NOMINAL LINE SIZE

172 3/4 thru 14

INCH SIZES FOR VALVES. FITIINGS & FIPE ARE NOMIMAL AND S0 (M DRMINGS AS
NOWINAL PIFE SITTS. FOR EXAMPLE. FIPC 47 15 SHOWN ON DRANIMGS AS FIFL NPS 4

2 22 3

16 20 thru 40

50 65 a0
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INSTRUMENT CONNECTIONS 6.7

PRIMARY CONNECTIONS TO LINES & summm"r 679

Ceonnections will usually be specifisd by company standards or by the specifi-
cations {or the project. |l na specificalion exists, lull- and hatf-couplings,
swaged nipples, thredolats, nipolets and elbolets, etc., may be used. Chart 6.2
iflustiates instrument connactions used for lines of various sizes. The fittings
shown in chart 6.2 afe describad in chapler 2. Orifice flange connections
are discussed in 6.7.5.

CHOOSING THE CONNECTION 8.7.2

The choice of instrument connactian will depend on the conveyed Huid and
sometimes on the raquired penetratiun of the element into the vesse! or pipe.
{nstrument connections should be dasigned so that servicing or raptacement of
instruments can ba carried out without interrupling the process, Valves are
needed to isolate gages for maintenance during plant pperation and during
hydrostatic testing of the piping systam, Thesa valves sre shown in chart 6.2
and ase referred Lo 25 "rool’ or "primary’ valves.

TEMPERATURE & PRESSURE CONNECTIONS 613

Chart 5.2 ifiustrales various methods for making temperatuse and pressure
connections. At tha bottom of chart 8.2 a method of connecting a diaphragm
flange assembly (diaphragm isolator) is shown. Corrosive, abrasive or viscous
Huid in the process line presses on one side of the fiexible dsaphragm, and the
neutral fluid (glycol, etc.} on the cther side transmits the pressure.

if the conveyed fluid is hazardous ar under high pressure a branch fitted
with & bleed valve is inserted between the gage and its isolating valve, to
relieve pressure andfor dain the liquid befors servicing the gage. The bleed
valve can alsa be used 1o sample, or Tnr adding 2 comparison gage.

. Pasition connections for instruments so that the instruments can be
ssen when operating associated valves, efc.

(] Pressure connections for vessels containing liquids are usually best
located above liquid level

¢ A temperalure-messuring element is inserted into & matal housing
termad a “tharmowell’. Place thermowslls so that they sre in contact

with the fluid—an elbow is a good location, due to the increased
turbulence

THERMOWELL COMSTRUCTION (EXAMPLE)

NPT
ELEMENT, 1/4-inch dismater —e=- -

LEVEL GAGE CONNECTIONS {TYPICALI 674

e Locate « liquid level controller (float typa, for example} .l:ialf. of any

turbulance from nozzles

»  Mora than one level gage, lovel switch, etc, may be required on 8

vessel. considar installing & ‘strongback’ to a horizontsl vessel on
which instrument connections heve to ba made—ser figure 5.34{cl

LEVEL GAGE CONNECTIONS FIGURE 6.34

(o) LEVEL GAGE
ASSEMBLY

{o) CONNECTIONS FOR A GAGE QLASS

e PLUIG (DR VALY EE

X

OO TERY THI WAL FOWLL COmanY|

[ LEVEL GLASS
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MWPPLE or
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| - TEE
—— L w W EWG, TRE
=t 4 VALVE
-— Mg
YALYE :
{(£) CONNECTIONS DN STROMGEACK
Vet PLUHG 3)&in.

VALVE 3/4\n,

Vent
. ELBOLEY
§‘,’__"2_’1'-§'¢" 34ie. M. n Jnln.: $

p—21=2,
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vaive

Connaction for

Pt PrEvSL TS SO0, L
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MEASURING FLOW—ROTAMETERS & ORIFICE PLATES ) 6.7.6

ROTAMETER CONNECTIONS

A rotamater consists of a transparant tube with taperad and cetibrated bore,
ar rangad verticatly, wide Bnd up, supported in e casing or tramework with end
connections.  The instrument should ba connected so that flaw enters at the
lawer end and isaves at the lop. A bail or spinner rides on the rising gas os Ji-
quid inside the tapered tube — the greater the flow rate, the higher the bail ar

spinner Tides. isolaling veives and & bypass should be pravided, as in figure
6.35

ROTAMETER FIGURE $.36
{a) PIPING TO ROTAMETER {6) tNDUSTRIAL ROTAMETER
A e _N_@*

f i » L]

s v

ORIFICE PLATE ASSEMBLY

An "orifice plate’ is a flat disc with e precisely-made hole al its center. 1t
offers a well-defined abstruction to flow when inserted in a line—see figure
6.36. Tha resistance of the orifice sets up a pressure difference in the fluid
githar side of the plate, which can be used to measure the rate of llow.

ORIFICE PLATE ASSEMELY & GAGE (MANOMETENL FIGURE .00

DFP ERENCE Iy
LEMID L EVELE
==~~~y QiwER MESSURE
DIFF ENENCE
ALNCEE ORIFICE,
= — J CALIDRATED AS
FLOW RATE FOR
PARTICULAA
CHIFICE LIEED

LAl s] wenCuny, o
DOTHER LMD~

The orifice plate is held hetween special flanges having “orifice taps’—these
are tspped holes made in the flange rims, to which tubing and 8 pressure

gage can be cennected, us in figure 8.36. A pressure goge may ba termed 8
‘manomater’.

11701

Manometers for use with arifice plate assemblies are calibraled in terms of
ditferential pressura by the manufacturer, The meter run {that is, the piping
in which the arifice plate is to be installed} must correspond with tha piping
used ta calibrate the orifice plate—tha readings will ba in error if there is very
much vafiatian in these two piping arrangemants.

Sametimes the orifice assembly includes adjacent piping, resdy for welding
in place. Othe. wiss, langths ol straight pipe, free lrom welds, branches or
obstruction, should be provided upstream and downstream of the ositice
assembly.

Tabte 6.6 shows lengths of straight pipe required upstresm and downstream
of orifice flanges (for ditferent piping anangements) 1o sufficienily reduce
turhulence in liquids for reliable measurement.

PIPING TO FLANGE TAPS

Figure 6.37 shows a suitable tapping and valving arrangement al orifice
flange taps. In horizontal suns, the taps are located et the tops of the flanges
in gas, steam and vapor lines. An soproxnimaialy horizontal positicn svoids
vapart locks in liquid lines. Taps should not be pointed downward, es sediment
may collect in pipes and tuhes.

CONNE CTIONS TO ORIFICE FLANGES FIGURE 8.37
& INSTRUMENT

KEY:

{1 1inch minimum claarance batwesn
sale or ball valyel. Allarmately, splay
yalvas and MTANDS SiIs-Dy-sich,

{2} Mpe-lo-iube CORDRCOr.

(3} Cplionally, lind My ba Hoped,

() HIGher-pHESUHE CORPRCLIOR.

(3} instr % *h ek

{6} Vent.

TIL

(M) Globe valve h nomaaliy closed. It s
opengd only ToF ‘MO chechking' the
Instrument.

{9 Cap. Removed for ‘rodding out’.
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STRAIGHT PIPE RUN TO THE ORIFICE

The arrangement of orifica plate assemblies should be made in consulation

with the instrument engineor, Usually, it is preferred to locate orifice plaie
assemblies in horizontal lines.

Elow condilions consistent with those used to calibrate the instrument are
antured by providing adequately long streight sections ol pipe upstream and

downstroem of tha orifice. Table 6.6 gives lengths that have bean found
sptisfactory Jor liquids.

ETRAIGHT MPE UPETREAM & DOWNSTREAM
QF ORIFICE ABREMBLY

TABLE &8
[~ 2 AATIO OF INTERNAL DIAMETERS DF DRIFICE PLATE AND MIPE
e 5 2z
E 1] frr]
g EE 1:8 1:a 3.8 | 1:2 | s:8 | 3:a
F 3
‘C
e =.|g MINIMUM RUNS OF STRAIGHT PIPE REQUIAED UPSTREAM
=1 =2 é AND DDWNSTREAM OF ORIFICE, INPIPE DIAMETERS INFS5)
i v & & 8 B% 10 17
% 3 % = 4 a%
2 U 12 12 1 15 20 a1
o 2% 1 VA I% 4 %
u 8 & 6 T% 0% 13%
3 % 3 M % ‘ %
4 U 5 5 5% 6% 8% t
2% 3 % 3% a 4%
5 u 8% "% 1% 25 32 44
D 2% 3 3% 3% 4 Fis
* USE THI5 COLUS FDR FRELIMINARY FLANNINGJ
KEY: PIPING ARRANGEMENTS OR ABOVE RUN LENGT!'S
Y L o] |
1 ENor Tox { [ It |
Li |
900 5 t —
T EN
4 e * n |
L]
_ ) — b= [}-
3 | Tedueer o - v S
| nereaser L
) u o —D—]
Gata V [T
4 ate Vave b—‘D‘:} it
|--—-——U-———#—--1-—D———'1
5 Globs Vaive _"r
1

CLEARANCES

Cisar spuce shauld be lefi around an orifice assembly. Figure 6.3B shows
minimum clearances required for mounting instruments, sesl pots, alc., and

tor meintenance.

CLEARANCES TO DRIFICE ASSEMBLIES FIGUAE &.38
CLEARANCES FOR CLEARANCES FOR
LINES CONVEYING LINES CONVEYING
AIR OR DTHER GAS LHRHOS OR STEAM
o 26 B B 74
A1 =1
| | | \
| | o | .
] J | A
1 % l ‘ ]
| | | l
I A ‘ _ ‘
' |
l \I |
| 3 | |3
| R .
! [
L ______ __|_._k L L J_1
PLANS
— —
3 2
@_N.w— ‘
ELEVATIONS | -6

TABLE
8.8
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KEEPING PROCESS MATERIAL 6.8
AT THE RIGHT TEMPERATURE

To ansure continvity of plant operations it i necessary 10 maintain soma
process, sarvice and utility fines within a desired temperaturs sange in order
to keep materials in a fluid stats, 10 prevent degradation, and to pravent
demage ceused by liquids freezing in cold conditions. Piging ¢an ba kept
warm by insulation, or by applying heat ta the insulated piping-this is
‘jscketing’ or ‘tracing’, es discussed in 6.8.2 and 6.8.3.

THERMAL INSULATION 6.8.1

INSULATION

‘Insulation’ is covering materisl having poor thermal conductivity applied ax-
ternelly to pipa and vessels, and is used: {1} To retain heat in & pips ov vossel
$O 33 10 mainiain Process temperature or pievent freezing. {Z) To minimize
transter of heat from the susroundings into the kine or vessel. (3] To safe-
guard personnel from hot fines. The choice of insulation is normally included
with the piping specification. The method of showing insulation on piping
drawings is included in chart §.7. .

Instslled insulation normally consists of three parts: {1} The thermal insula-
ting material. (2} The protective covaring for it. (3) The metal banding to
fasten the covering. Most insulating materisls are supplied in formed pieces
10 it elbows, etc. Formed coverings ere alse available. Additionally, it is
customary to paint the installed insulstion, and to weatherproof it before
painting, if tar external use.

The principal thermal insulsting matarials and their accepied approximate
maximum line temperstures, whers tempareture cycling {repetitive heating
and cooling pariods) occurs are: asbestos {1200 F}, calcium silicate (1200 F),
celluler giass {foamglasl {80Q F), callutar silica {1600 F), diatomaceous silica
plus asbiestos (1600 F), mineral fiber (250—1200 F, depending on type),

minaral wool {1200 F), magnesia {600 F), and polyurethane foam {250 F).

Ceftain loamad plastics have 8 very low cenductivily, and are suitable for
insutating lines as cold as —400 F. Rock cork [bonded mineral {iber) is
satisfactary down 10 ~250 F, and mineral wool down to ~150 F.

HOW THICK SHOULD INSULATION BE 7

Most insulstion in 8 plant will not exceed 2 inches in thickness. A rough
guide 10 insulation thicknesses al the more common matgrials required on
pipe to B-inch size is:

GUIDE TO INSULATION THICKNESS TABLE 4.7
UBUAL THICKNESS
APPLICATION TYPICAL INIULATING MATERIAL OF WALLATION
ot Lives Ive BOU F} Asbestos, SHicew, Magnesls 1w 7 inches
Cald Ling (e 150 Fi Winerel Wt 1 1 3 inchey
Parsanewt Pratection Adbben, Shiaate, Moot ¥ inch

For parsonnel protection insufation should be pravided up to 2 height of
about 8 1 above operating Hoor leve!. Alternately, wire mesh guards can be
provided. The following more detailed teble gives insulation thickaess for

hest conservation, based on 85% magnesia to 600 F, end calcium silicaie
sbove 600 F.

INSULATION REQUIAED FOR MPE

AT VARIOUS TEMFERATURES TABLE &8
p]mrcig'?'ir_ INCHES THICKMESS OF INSULATION FOR STATED TCMPERATURL RANGE
Temperature Ra in oearees Fanrennett
(i, below 00 400-549 550-649 100-899 900-1049 1050-1206
! 1 ] 1.5 K4 2 5.5
1.5 1 1.% 1.5 I I R
2 3 1.5 1.5 2 1.9 3
3 1 1.% 1.5 1.5 2.5 ]
4 i 1.5 1.5 sz 2.5 i.i
b 1 1.5 1.8 . i 5
[} 1.5 1.5 4 2.5 3 1.5
10 1.% 1,5 2 2.5 1 4
12 1.5 S ] i.5 3 i
14 1.5 F] 2 3 3 4
14 2 2 2 3 1.5 4
18 2 F 2 3 3.5 a
20 2 2 2 g 3.9 4
H 2 2 2 3.% 1
JACKETING & TRACING 6.82

Tha common methods by which temperalures are mainiained, ather than by
simpla insulatinn, are jacketing and tracing (with insulation).

JACKETING

Usually, ‘jacketing’ rafers to double-walled construction of pipe, valves, vessels,
hose, a1c., designed sa that a hot or cold fluid can circulate in the cavity be-
ween the walls. Heating media includd waler, oils, steam, o propristary
high-boiling-point fluids which can Le circulated at law pressure, such as
Dowtherm of Therminol. Coaling media include water, water mixtures and
various alcohols.

Jacketed pipe can be made by the piping fabricator, but an engineerad system
bought from a specialist manufacturer would be & more reliable choice. The
jumpovar lines connecting adjacent jacksts, thru which the heating ar cooling
medium flows are factory-made by the speciafist manufacturer with less joints
than thase made DR-site, where as many as nine screwed joints may be neces-
sary ta make one jumpover. Detaits of the range of fittings, vatves and
equipment available and methods of construction for steel jacketed piping
systams can be found in Parks-Cramer’s and other catalogs.

Another type of jacketing is ‘Platecoil’ {Tranter Manutacturing Ing.) which is
3 name given o heat transfer umits fabricated jram embossed metal sheets,

joined togather to form interna! channaling thra which tha heat ing tor cool-

ing) Tluid is passed. Tha term ‘jacketing’ is also applied to electric heating
pads or mantles which are farmed to fit Bquipmant. i1 aiso sometimes refers
10 the spira winding of siectric tracing and fluid tracing lines wound pipes,
vessals, etc.




JACKETED PIPE & HOSE FIGURE 8.29

) JACKETED PIFING SHOWING JUMPOVERS

(¥] THREE METHODS FOR FOAMING FLANGED ENDS

Standard End Swaged End insact End

{c) COMSTYRUCTIONS FOR JACHRETED HOSE

Tnoet BH10wS

=

TRAACING

External ‘iracing’ consists in running tubing (illed with a hal Huid {usually
steam). of electric heating cables, in comacl with the outes surlace of the
pipe to be kept warm. The tubing or cables may be run parallel ta the pipe

ar wound spitally around it. The pipe and tracer{s) are encased in thermal
insulation.

An aHurnative, now Jid tle user due to sealing and cleaning problems, is intesnal

tracig by means of tubing fitted inside the line to be heated. An internal
tratir o e o guiling’ '

"Unitrace’ {Aluminum Company of Ametica) is an integral product and tracer
gipe extruded in aluminum, which gives axceilent haat transter. The system
uses flanges and jumpaver littings similar 1o those used for jacketed systems
to connect adjacent traced sections of the lines.

Elecric tracing allows close control of temperature, and can provide a wider
ranga of tamperatures than steam hesting,

GETTING HEAT TO THE PROCESS LINE (USING STEAM)

If the process line temparature has to approach that of the aveilable steam,
jacketing gives the best results. Barton and Williams heve stated [4) that the
chesper method of welding steem tracers directly to the process lings has pro-
von adoguale. In this unusual methed, the welding is ‘tack” or continuous
depending on how much heat is required 10 be transterred thru tha weld.

A greater rate of heat transfer may be achieved by using two (saidam more)
parallel tracars. Somalimes 8 single tracer is spirally wound sbout the pipe,

-but spiral winding should be restricied ta vertical lines where condensatg tan

drain by gravity. IF the tampesature of the conveyed fluid has to be closaly
maintained, winding thg tracer i§ too inaccurate—but it is 8 suitable method
Yor getting increased heating in non-critical applications.

To improve hest transfer between the tracer and pipe, they may eithar be
pressed into cantact by bending or wiring them tagether at frequent {3 1o
4 1) intervals, or 8 heat-conducting cetnant such as “Thermon’ can ba applied.
Unless used to anchor the tracer, banding is narmally applied sulficiently
Ioosely 10 parmit the tracer to expand.

Hot spots occur at the bends. 1F this is undesirabie for a product line, a thin
pisce of asbestos may be inserled between Iracer and line.

CHOOSING THE SYSTEM

There a/8 advantages and disadvaniages with the various systems. Piping which
is to be exteinally traced can be planned with littla concera lor the tracing.

Fluid-jscketed systems are flanged, and last-minute changes could result in
delays. Jacketing otfers superiar heat transfer and should be seriously consid-
ered for product lines, especislly for those conweying viscous fiquids and
material which may solidily, whereas service lines usualty just need Lo be kep?
from freazing and tracing is quite adequate lor them. [t process material has

to be kept cold in the line, refrigeranl-iacketed systems are the only prag-
ticable choice.

For process lines, all systems should be evaluated on the criteria ot heat distri-

bulion, initial cost and long-ierm operating and mairtenance costs before 3
decision can he made.

WHERE TRACING & JACKETING ARE SHOWN

Using the symbols given in chart 5.7, tracing is shown on the plan and elevs
tina drawings ol the plant piping and it will similarly be indicated on the
isomairic drawings. 11 will also be indicated on any model used. Tracing is
ane of the last aspects ol plant design, and steam subheaders can either ba
shown difectly on the piping drawings or on sepias or film prints.

TABLES
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STEAM TRACING 6.8.3

This is a widely-used way of keaping lines warm—surplus steam is usually
available for this purpose. Figure B.40 shows typical tracing arrangements.
A steam-tracing System cansists of tracer Vines separately fed from e steam
supply header {or subhesdar], sach wacer 1erminating with a separale 1rap.
Horizental pipes ara commonly traced along tha bottom by a single tracer.
Multiply-traced pipe, with more than two tracers, is unusual.

STEAM PRESSURE FOR TRACING

Steam pressures in the range 10 10 200 PSIG ara used. Sometimes steam will
ba available at & suitable pressure for tha acing system, but if the available
steam & at too high o pressure, it may be reduced by means of a contral
(valve} station—see 6.1.4. Low stesm pressures may be adequate if tracers
ara fitted with treps discharging to atmospheric pressure. 1f a pressurized
condensate system is used, steam at 100 to 125 PSIG is preferred.

SIZING HEADERS

The best way 1o size a steam subheader or condensate header serving severel
tracers is to calculate the total internsl crosy-sectianal area of el the tracers,
and to select the header size offesing about the same flow erea. Table 6.9
allows quick selection il the Wracers are ail of the same size:

NUMBER OF TRACERS PER HEADER

TABLE 4.9

SIZE OF TRACER {IN)
;‘fz‘;?f,; Ve W8 Wz a4 1
NUMBER OF TRACERS
£ Y ] 4 b 4 1
| 18 7 4 F
| 14 ? 4
&4 28 w7

MAXIMUM LENGTHS & RISES

The rate at which condensata forms and fills the line determines the length
of tha tracer in contact with the pipe. Too many variables are involved to
give useful maximum trecer lengths. Most companies have thair own design
figure {or figures based an experience) for this: usually, length ol tracer in
caniact with pipe does not exceed 250 1.

1 PS| steam will lift condensete sbout 2.3 ft, and therefor vartical rises
will presant no problem unless low-pressure steam is baing used. Companies
pretar 10 limit the vertical rise in » tracer at any one place 10 6 ft (for 26-49
PSIG steam) or 10 §1 ({or 50-100 PSIG steam). As a rough guide, the total
height, in feat, of all the rises in one tracer mey be limiled to one quartes of
the initial staam pressure, in PSIG. For exampla, if the initisl steam prassure
is 100 PSIG, the total height of all risers in the tracer should ba limited
to 25 ft. The rise for u sioped tracer i3 the diffarenca in slvations between
the ends of the sloping pert of the tracer,

[RIEET]

EXPANSION OF THE TRACER, & ANCHORING

Expansion can be accommodated by looping the tracer a1 elbows and/or pro-
viding horizontal expansion loops in the tracer. Vertical downward expan-
sion loops obstruct draining and will cause troutla in freezing climates, unfess
the design inctudes a drain a1 the botlom of the loep, or a unian 1D break
the loap. It is necessary to anchor tracers to control the smount of expansion
that cen be 10lerated in any ona direction. Straight tracers 100 ft or longer are
ususlly anchored at their midpoints,

Expansion at elhows must be limited where no lopp is used and excessive
movement of the tracer could lift the insulation. In such cases the tracer is
anchared not more than 10 to 25 ft away from an atbow which limits start-up
expansian 16 1/2 to 3/4 inch in most cases. The distanca of the anchar from
tha elbow 15 best calculated irom the ambient and steam temperatures.

EXAMPLE: System traced with copper tubing: coefficient of linear expan-
sion of copper = 0.000009 per deg F. Steam pressure 10 be used = 50 PsIG
{sguivalent steam lemperature 298F). Lowest ambient temperature = 50F.
if the anchor is located 20 ft from the elbow, the maximum expansiodn in
inchas is (290-50)(0.0000D9}200{ 12} = 0.93 in. This expension will usually
be 1olerable evan for a small ling with the tracer construction lar elbows
shown in figure 6.40,

|~ M i 0 FELG STEAM PRESSUNE
N COPPER TRACE R
J
153 inch EXFANSION

LOWEST AMBIENT TEMPERATUAE = 80 F

PIPE, TUBE & FITTINGS FOR TRACING

SCH 80 carbon stweel pipe, or coppar or siginkess sieel tubing is wsed for
tracers. Sefection is basad on steam pressura and required tracer size. In prac-
tice, tracers are eithey 1/2 or 3/8-inch size, as smalier sizes involve 100 much
pressure drop, and larger material does not band well enough for customary
field installation.

1/2-inch QD copper tube is the most econamic material for tracing straight
piping. 3/8-inch 0D eopper tubing is more useful where small bends are
required around valve bodies, ete. Copper tubing can be used for pressures up
1o 150 PS1G (or 1o 370 F), Tabla T-1 givas data lor copper tube.

Supply lines from the haader are usually sockst welded or screwed and seal:
weldad depending on the pressures involved and 1ha company’s practice, A
pipe-to-tube connector is used to make the connection hetween the steel pipe
ond tracer tube — see figure 2.41,

TRACING VALVES & EQUIPMENT

Different methods are used, Some companies require valves to be wrapped
with tracer tuhing. Others merely sun tha tubing in a vertical loop eiongside
and against the valve body. In either method, room should b left for re-
moving fiange bolts, and unions should be placed in the trecer 30 that the
valve or equipment can be remaved.
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STEAM TRAGING DETAILS
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. Bun tracers parallel to and against the underside of the pipe to be heated
(] tnsure thal the temparsture limil tor process material is not excesded

by the temperatura of the steam supplying the tracer. Hot spats ocour
at bands—see 5.9.2, under 'Getting heat to tha process ling’

» Run a steam subhaader from the mast convenient source il there is na .
sujtable existing steam supply that can be used either directly or by
reducing the pressure of the available steam

u  Take tracer fines separalely from the top of the subheader, and pravide
an isalating valve in the harizantal run -

e  Feed steam first 1o the highest point of the system of lines to be
tracad, so that gravity will asist the fiow of condenssta to trap(s)
and condensate header

e Do not split {branch) a tracer end than rejoin—the shorter limb would .
take most of the steam

»  Praferably, absarb expansion of the tracer at elbows. If loops are used
in the line, arrange them to drein on shutdown

¢  Keep loops around Hanges hosizonts! or overhead, end provide unions
50 that tracers can be disconnected a1 flanpes

¢ | passible, group supply points and traps, lacating traps 8t grade or
platform level

9 Do not place a trap at every low gcint of & tracer {as is the practice
with steam linss) but provide a trap at the end of the tracer

0o not run more than one tracer to a trap

9  Increesed heating may be obteined:
{1} By using more then ane iracer
{2} By winding the tracer in s Spira! around the lina
{3} By applying heat-transfes cemani to tha tracer and line
{4) By welding the tracer to the lina—refer o 6.8.2, under *Getting B
heet to the process ling” :

»  Resarve spiral winding of tracers far vertical lines whare condensate .
can drain by gravity flow :

¢ In freezing conditions, provida dreins at low points—and at other points
where condensata could collegt during shutdown

¢  FProvide slots in insulation to accommodate expansion of the tracer
whers it joiny and leaves the ting to be traced

" ' Indicaie thickness of insulation 10 envelop ling and tracer, and show
whather insuiation is nlso required st flanges

. Indicate limits for insulation for parsonnal protectian—ses 6.8.1, undet
*How thick should insulation he?’, end chan 6.7

¢  Provide crosses instead of elbows and flanged joints at inteevals in
heatad lings conveying materiats which may solidify, 10 permit cleaning
L if the heating fails '

—— = g P




STEAM & LOW-PRESSURE HEATING MEDIA 6.9
EXPLANATIONS OF STEAM TERAMS 691
HOW STEAM 15 FORMED

Steam is a conveniant and pasily handied medium for heating, for driving
machinery, for cleaning, snd for creating vacuum.

After water has reached the boiling point, further addilion of heat wilt conver!
weater into the vapor state: that is, sieam, During boiting there i5 ng turiher
tise in temmpersture of the waler, but the vaparization of the water uses up
heat. This added heal energy, which is not shown by a rise in temperature, is
termed 'latent heal of vaparization’, and varies with pressure,

tn baiting one pound o waters at atmospheric pressure (14.7 PSIA} 970.38TU
is absarbed. If the steam condenses back into water (siill at the boiling
temperatuse and 14.7 PSIA) it will release exactly the amount ol heat it
absorbed on vaparizing.

The term ‘saturated steam’ refers ta both dry steam and wet stéam, described
below. Steam tables give pressure and lemperature data applicable to diy and
10 wet steam, Small amounts ol air, carbon dioxide, efc., are present in
steam liom industrial boilers.

STEAM/WATER/NCE DIAGRAM CHART 8.3
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CHAMNGE OF STATE
DRY STEAM

Dry steam is a gas, consisting ol water vapor only. Placed in contact with
water at the same temperature, dry steam will not condense, nor witl more
stearn form-Viguid and vaper are in equiiibrium,

WET STEAM

Wet steam consists ol waler vapor and suspended water particles at the same
temperaturg as 1he vapor. Heating ability {'quality’} varies with the percentage
of div slesm in the mixture (the water particles comain no latent heat of
vaparization). Like dry steam, wet steam is in equilibrium with water at the
same temperature.

11278

SUPERAHEATED STEAM

If heat is added 10 a quantity of dry steam, the twmperatura of the steam will
risa, and the number of degrees rise in lemperatuss is the ‘degreet of super-
heal’. Thus, superheat is ‘sensibla’ heat — thal is, it can be measured by 8
thermopmater.

EFFECT OF PRESSURE CHANGE

Under narmal atmospheric pressure {14.7 PSIA) pure water hoits at 212 F,
Reduction of the pressure over the watar will Jower the boiling point. 1ncrease
in pressure raises the boiling paint. Stesm tahles give boiling pOints corres
panding 10 particutar pressuses.

FLASH STEAM

Suppose B quantity of water is being boiled at 300 PSIA (corresponding to
417 F). 1 the scurce of heat is removed, boiling ceases. 1T the pressure over
the water i then reduced, say from 300 to 250 PSIA, the water staris beiling
on its own, without any outside hest applied, until the temperature drops to
401 F {this temperature correspands 1o 250 PSIA}. Such spontaneous hoiling
due to reduction in pressure is lermed ‘lashing’, and Ihe steam praduced,
*flash sleam’.

The data provided in steam tables enebl calculation of tha quantily and
temperature of steam produced in '{lashing’.

CONOENSATE -~ WHAT IT 15 & HOW 1Y FORMS

Steam in a line will give up hest 10 the piping and surroundings, and will
graduelly become ‘wettar’, its temperature remaining the same. The change of
state of part of the vapor to liquid gives haat 10 the piping without towering
the temperature in the line. The water that lorms is termed ‘condensate’. I}
the tine initially contains superheated steam, heat lost ta the piping and
surroundings will first cause the steam to lose sensible heat untii the steam
temperature diops ta that of dry steam at the Jina pressure.

AIR IN STEAM

With both dry and wat steam, a certain pressure will correspond 1o a tertain
temperature. Tha temperalure of the steam al varinus prrssures can be tourd
in stgam tables. 11 git is mixed with steam, this relationship between pressure
and lemperature no langer holds. The more ais thal is admixed, the more
the temperature is reduced below that of steam al the same pressure. There
is no practicable way 1o separate pir lrom steam lwithout condensation) once
it is mixed.

LOW-PRESSURE HEATING MEDIA 6.9.2

Special liguid media such as Dowtherms {Daw Chamical Co.) and Therminols
{Monsanto Co.} can be hoiled like water, but the same vapor temperatures as
steamn are obtainad at lower pressures. Heating sysiems using these liguids
are mare complicated than sieam systems, and experience with them is neces-
sary in order to design an ellicient installation. Hawever, the basic principles
of steam-heating systems apply.

6 23
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STEAM PIPING 6.10

REMOVING AIR FROM STEAM LINES €.10.%

Air in steam lines lowers the temperature for a given pressure, and calculsted
rates of heating may not be met. See 6.9.1 under "Air in steam’.

The most acenomic means for removing air from steam lines is automatically
thfu temperaiure-sensitive traps or traps fitted with temperature-sansitive air-
venting devices placed at points remote from the steam supply. Whan full
ling temperature is sttsined the vent valves will close completely. See 6.10.7
under ‘Temperatune-sensitive {or tharmosiatic) traps’.

WHY PLACE VENTS AT REMOTE POINTS ?

(n start-up, cold lines will be filled with air. Stesm issuing from the source
will mix with some of this air, but will also act as 6 piston pushing air to the
remotn end of esch ling.

WHY REMOVE CONDENSATE ? 6.10.2

fn heating systems using stesm wilh little or na superheat, steam condenses
1o form water, termed "condensate’, which is essentially distilied water. Too
valuabie 1o wasie, condensate is returned for use as boiler feedwater unless il
is contaminated with il (usually from a steam engin@) or unless it i
uneconomic to do so, when it can either be used locally as a source of hot
waler, or run to a drain. |f condensate is not resnoved: —

»  Steam with entrained water droptais witl farm a demse water film on
heat transfer surfaces and interfera with heating

s Condensste cen be swept along by tha rapidly-moving steam (at
120 fy/sec or more) and the high-velocity impact of slugs of water
with fittings, etc. (waterhammer) may ceuss erosion or demage

UTILVZING CONDENEATE FIGURE 8.41
Low-pressurd Flagh Steemn
Conderasts from Tiaps »
FLASH
TANK Atmoupheric Vi
Low-temparatuns Concanute

AECEIVER

Doiiar towd Sysmm

&

Corsdervmte Purnp
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In early steam systems, thera was considerable waste of steam and condensate
after passing thru heating coils, etc., as steam was merely vented to the open
air. Later, the wasteluiness of this resvlted in closed steam lines rom which
only the condensed steam was removed and then re-fed to the boiler. The re-
moval of condesate to etmospheric pressure was effacied with traps—special
eutamelic discharge valves—see 6.10.7.

This was a much move efficient system, but it stili wested flash stearn. On
passing thru the traps, the depressutized condensale boited, generating lower-
pressure staam. In modem systerms, this flash stsam is used and the residus!
condensale raturned to the boiler.

STEAM SEPARATOR OR DRYER 8.103

This is an in-line device which provides better drying ol steam being immed-
iately fod to equipment. A saparator is shown in lfigere 2,67, 11 separates
draplets entrained in the steam which hava been picked up fram condensate
in tha pipe and trom the pipa walls, by means of one or mare batfles {which
causa a Isrge pressure drap). The collected liguid is piped 1o a trap.

SLOPING & DRAINING STEAM & CONDENSATE LINES 8104

Sloping of steam and condensate lines is discussed in 6.2.6, under "Sloped
lings avoid pocketing and aid draining’,

Condansale is collected fram a steam line either by a steam separator (some-
times termed & ‘dryer’}—see 6.10.3 above-—ae more cheaply by a dripieg
{drip pocket or welt — sea below) Irom whera it passes to a tap lor periodic
discharge 10 @ condansale return ling or header which will be at a fower pres-
sura than the stesm line. The header is eilher taken to & boiler leedwater
tank feeding make-up water to 1he boiler or to & hatweil for pymping to 1he
boiler feedwater tank.

DRIPLEGS COLLECT CONDENSATE 6.10.6

It is futile to provide a smebl dripleg 0 drain pocket on large linas, as the
condensate will not be colleciad efficiantly.

Driplegs are mada from pipe and fittings. Figure 6.42 shows three me1hods ol
canstruction, and table 6.10 supgests dripleg sad valve sizes.

DRIPLEG CONSTRUCTIONS FIGURE 5.42
SCREWED OR BUTT-WELDED PIPING — - ~—-——
SOCKET-WELOED PIFING / /
(S — / 2 { ]
' )

Figurs §. 44 shows
(temys covered by
the trag by mbol
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DRIPLEG & VALVE SITES TABLE 9.10

DWIERSIONS & TIZES (NOMHNALL W INCHES

LYNE SIZE * ] L} ] 8 10 12 14 % W W M

DINENSION ‘N’ 3 4 & & B B W 12 12 12 12
DIMENSION ‘X 17 12 14 14 16 16 W@ 0 2 12 M
SIZE OF V, X X X % % % 1 Tt 1 1
BIZE OF ¥, % % % %X % | 1 1 1 1 t

1o
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STEAM LINE PRESSURE FORCES CONDENSATE 8.10.6
INTO RECOVERY SYSTEM

in almost every steam-heating sysiem where condensate is recovered the trap-
ped condansate has g be lifted to a condensate header and run to a boiler
leedwater tank, gither directly or via a receiver.  Each PSI of steam pressure
behind a \rap can Kt the condensale about two feet vertically. The pressure
available for liflting the condensate is the pressure difference between the
sleam and condensale lines iess any pressuse drop over pipe, valves, fittings,
1r8q, elc.

STEAM TRAPS 5.10.7

Tha purpose o fitting traps to steam lines is to obtain last heating of systems
and equipment by fresing the steam lines of condenssle and air. A steam
trap is a valve device able to discharge condensate from a steam line without
also discharging steam. A secondary duly is to dischasge air—al start-u, lines
are tull ot air which has ta be fushed put by the steam, and in conlinuous
operaticn a smalt amount of air and non-cendensible gases introduced in the
boiler teedwater have also 10 be vented.

Some traps have built-in strainers o give protection from dirt and scale which
may cause the trap 10 jam in an open position. Traps are als. available with
checking features lo safeguard against backflow of condensate. Refer to the
mansutacturers’ catalogs los details.

Chaesing a trap lrom the many designs should be based on Lhe trap’s ability
lo operate with minimal maintenance, and on its cosl. To reduce inventory
and aid maintenance, the minimum number of types of trap should be used

in a plant. The assistance of manufociurers’ representatives should be sought
hofare Fran rvnes 2o <irpg are saloe bt

Steam traps are designed to resct to chenges in temperalure, pressurg or
density:

TEMPERATURE-SENSITIVE (or 'THERMOSTATIC') TRAPS ame af two
types: The first type operates by the movement ol e liquid-filled bellows,
and the second uses a bimetal elemant. Balh lypes are open when told and
readily discharge air and condensate at start-up. Steam is in direct contacl
with the tlosing valve and thera is a time delay with both types in operating,
A large dripleg allowing time for condensate to cool improves operation.
As these traps are actusted by temperature differential, they ara aconomic
at steam pressures grester than & PS1G. The temparature rating of the bellows

and the possibility of demage by waterhammer should be considered ~refer
10 6.10.8. :

IMPLULSE TRAPS are aiso referred to as ‘thermadymamic’ and "tontrotled.
disc'. These traps are most suited to applicativns where the pressute down-.
stream of the trap is less than about balf the upstream pressure. Waterharnrner
does not affect operation. They are suttable for steam pressures over B PSIG.

DENSITY SENSITIVE TRAPS are made in ‘fioat’ and ‘bucket” designs. The
fipar trap is able to discharge condensate continuausly, but this trap will not
discharge air unless fitted with 8 temperature-sensitive vent (iha temperature
limitation of the vent should be checked). Float traps sometimes may fail
from severe waterhammer. The inverted bucke! trap (see 1,1.9) is probably
the most-used type. The trap is open when cold, but will nat discharge
large quantitie$ of air a1 startup unfess the bucket is fitted with a temperature-
sensitive venl. The action in discharging condensate is rapid. Steam will be
discharged it the trap 1oses its priming waler due 1o an upstream valve being
opened; rafer la note {3) in the key ta figure 6.43. Inverted bucket traps
will operate at pressures down Lo 1/4 PSIG.

FLASHING 8.10.B

Refer 1o 69.1. When hot tondensate under prossure is released to a lower
pressura return line, the condensate immediately boils. This is raferred to as
*flashing’ and the stearn produced as "flash steam’,

The hotter Ihe steam line and the colder the condensate discharge line, the
mate flashing will taka 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 quantily of flash steam
produced and backpressure buitds up, waterhammaer can resull.

Dften, where a trap is run to a drain, & lot of steam seams to be passing thru
the trap, but this is usually only from condansate flashing.

DRAINING SUPERHEATED STEAM LINES £6.10.9

Steam lines with mare than a few degrees of suparheat will nol usually farm
condensate in operation. Ouring the warming-up period after starting a cold
tircuit, the large bulk of metal in the piping wili nearly always use up the
dearees of superheat to produce 2 guantity of condensate.
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FIGURES & 43 & 540 SHUW RQUIPMES | WEECH CAM BE ULED IN TRAF MIMML
ARLRANLEMENTE. DMLY TTEMS OF FQHTIMENT NOLEEARY FOM BRSNS
& RAFF DESIGN RLED BE LSER T HOLLOWING PO Wi A0 SELECTHIN

i BMPLEG PROM TTEAM WEADER, OR LWNE TD EQUMMAENT. DR LME FROM STEAM FID
EOUNPIEN |

I OMIPLIC VALVE FOR PERIODHCALLY SLOWING DOWM FECMSENT. FOR BAFETY, VALYl
SHOULD I FIFED 14 & DAAIN DR TO ORADE

LU WOLATING YALYEL TO B LOCATED CLOSE TO DIWPLEG

Wi " ULATION. N A COLD IF THERK (8 A AR OF FOMDEMEATE
EREETING AF A RERIT OF SHUTDOWN OR WTERMITTENT DPERATION. by EXTREME
COLD, TRACHNR] MAY ALED 1 MEOUMED-IF STEAM K MOT COMITANTLY AVAILAK
FOR THIS FUNORE, ELECTAM: TRACING WOULD BE NECEIEARY

WY ROLATING VALVE. MEGUSRED ONLY HF VALVES [ AND V71 ARE OUT OF REALN. OR
W A BYPAME B USED. BEE NOTL (11

- ETARIER, MORMALLY FITTED W LER TO TRAPL OF LESE THAN 2 iCH RIZE &
ETRAINES MAY BE AN INTCORAL PEATURE OF THE TAAP

% WauvE FON DLOWNG ETHADSER SEDIMENT TO ATMONHERE PLUG FON BAFLTY

I} N MANUALLY IPENATED ORAMY VALVE FOR UBE W FREEING COMDMTIONS WHEN THE
TRAF 1 FORITIONID HOMIONTALLY — SEL MOTE {00

N CHEDR VALVE. FRIBARILY MEARED W LINEE UG UCKET TRAAFE TO FREVENT
LOBS OF SEAL WATEN 17 DIFFENENTIAL FREMLRE ACKOME TRAP REVEREES DUE TO
RLOWING DOWN THE LinE DR STRAINEN UPSTREAM OF THIL TRAY

(M URHOME FON REMDVING TRAP, TG

UY  SRAGER FOR ADSFTHHE TAAF TO BZE OF LIt

Y PLOWOOWS YALYVE FON A THAF SATH A SUILTN STRAER (ALTIAMATIVE TO tHI

BB ™ TECT VALYE BHOWE 1F A FAULTY TAAP 5 PARIT IFTLAM. SOMITIMLY, BOOY OF TALF
Hal & TAPPED PORT FON FiTTING TS VALVE

QaN CrECK vALYE PREVENTS BACKFLOW THRY TRAP IF TE 1 E NG AE
TO A HEADER $Rh0N MORE THAN DRE TRAE. [H THE LDWER FOMTION, YHE VALVE HAS
THE AEMETANCE 0F A COLURN OF WATEA TO HELF IY CLOM AND TOO.YVE IT & WATER
SEAL. MEQUINED IF SEVERAL TRAFE (MCHARGE IMTD & SWVOLE HEADER WHICH 1%
O MAY B LNDER PRESSURE

I TGHT QUAS ALLOWS VIRUAL CHECK THAT TRAP 15 DHICHARGING COARECTLY NTD
PREBSLNIZIED COMNOTAEATE METUAN LIS BUT I BELDON USED BECAURE THE 0L AlS
AT ERGOE, FEMNT NG A M4 OF RAFLOSON
(N TESPERATURE SEMAITIVE IWTAMATICH DAAM ALLOWE LIME TO EMFTY, FRIVENTING
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Start-ups are iniraquent and with more then 8 few degrees ol superhadl il 15
unnecistary 1o trap @ System which is continuously operaied. Thess supet-
heated stesm fines can operste with driplegs only, end are usually finted
wilh a biowdown line having two valves so that congensale can be manually
releasad from the dripleg after startup.

A superheated stesm supply to en intermittently operated piece of equip-
ment will requira trapping directly belore the contioliing valve lor the squip-
ment, as the temperature will drop Bt times allowing condensate to form.

PREVENT TRAPS FROM FREEZING e.10.10

tnsulation and steam or electric tracing of the trap and its piping may aiso
ba raguired in freezing environments. Temporatuse-sansitive and impuise taps
ara nal subject to treazing trouble i mounted correctly, so that the Wep
can drain. Bucket traps are always mounted with the bucket vertical and @
type with top inlet and bottom outlet should be thosen, unless the trap cen
ba drained by litting an automatic drain.

GUIDELINES TO STEAM TRAP PIPING $.10.11

s Figures 5.43 thru 6.45 are a guide to piping traps from driplags, lines,
vessals, etc,

¢  Try to group traps to echieve an orderly arigngement

o  Unless instructed atherwise, pipe, valves and fittings will be the same
size as the trap connections, but not smafler than 3 in,

o  Traps are normaliy fitted at a level lower than the equipment ar dripleg
that they serve

s Trap each item of sguinment using steam separately, even il the sleam
pressurd is comman

»  Provide driplegs (end traps on atl steam fines with little o no suparheat)
at low points hefora or at the bottom af risers, al pockets and other
places where condansate collects on starting up a cold system, Table
6.10 gives dripleg sizes

s Locate driplegs a1 the midpoints of exchanger shells, shori headers, eic.
Il dual driplegs are provided it is better 10 locate them near each end

¢ For installations in treezing conditions, where coadensate is wasted,
preferably choose traps that wilk not pocket water and which can be
installad verlically, o atlow draining by gravity. Otherwise, select 3
trap that can be fitted with an au {pmatic draining device by the manu-
{aciurer

s Avaid long horizontal discharge fines in reezing conditions, as ice can
form in the line from the trap. Xeap discharge lines thort and pitch
ther downward, unless they are returning condensate to 8 header

»  Fur efficient operation of eguipment such 85 heat exchangers using
large amounts of steam, consider installing a separator in the steam feed

TRAPPING ARRANGEMENT FOR ROTATING DRUM

(1311

CONDENSATE VENT STACK

“SypROn (@muvel 0F Cundensale. 10 Letian et tis s 0L Puesrstu
to provide 8 ravity drsin peth — for example, where condensate is
formed inside & rotating drum. The pressure of the stesm i used to
force {‘syphon’} the condensate up 4 tube end into a trap. Figure 6.45
chows such an arangemeant

FigunE &.48

SN

il condensata is continupusly discharging to an open drain in an n-
sida installation @ personnel hazard or abjectionsble atmasphere may
be created. To correct this, discharge piping can be connected to an
exhaust stack venting 10 simosphere and a connection o tha main
drain provided, 88 in ligure 5.46

FIQUNE 648
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.. VENTS & DRAINS ON LINES & VESSELS 61 -

%
WHY VENTS ARE NEEDED 8.11.1

““Vants are needed to let gas (ususlly aiz) in and cut of systems. When a line or
- vasse! cools, the pretsure drops and creates a partial vacuum which can causa
" syphoning or prevent draining. When pressurs rises in storage tanks due to an
increase in termperature, it is nacessary 1o release excess pressure, Air musi
aiso be released from tenks to allow fitling, and admitted to permit draining or
pumping out liquids.

Unless air is removed fram fuel fines to burners, flame fading can result. In
steam lines, air reduces heating eificiency.

VENTS AND DRAINS

HYDROETATIC VERT WOMTIVE SRUTOFF USER FOR:

W THE VENY OR ORAIN 13 FOR ANOTHEN FURFGEE, IT EDETANLED OM THE PRFING ORANING, OR THE DESIGH

Y - SI H VENTE AND ORAWE FOR HYOGROSTATIC TEST AME INDICATIO ON PIHIG DRAWKL BY Trif tvispoLs ¥
} ) B[ ’ B MAY B4 COVENED NY & COMPANY WVANDARD DN FPING SMECIFIGATION.

HYDROSTATIC TESTING 6.11.2

Altar piping has been srected. it is often necessary to subject the syslem 10 a
hydrostatic test to see it there is any leskage. In compliance with the
epplicable code, this consists of filling the lines with water or other liquid,
closing tha line, applying test pressure, and observing how well pressure is
maintainad 107 a specified time, while searching for lesks,

As the test pressure is greater than the pperating pressure of tha system, it is
necessary t0 protect equipment and instruments by closing all relevant valves.
Vessels and equipment ususlly are supplied with a certificate ol code compli-
ance, After testing, the valved drains are apened and the vent plugs lemporar-
ity removed 10 allow air into the piping for camglete draining.

HGURE 64]
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Positions of the required vent and drain points are esteblished on the piping
drawings. (P&ID's will thow only process vents, such a8 vacuum braakers,
and piocess drains) Refer 1o figure 6.47 for construction detsils.

VENTING GASES 6.113

Quick-opening vents of ample size are needed for gases. Safety snd safety-
ralief valves are the usual venting mesns. See 3.1.9 for pressureelieving
devices, and 6.1.3, under ‘Piping salaty and refief valves'.

Gases which offer no serious hazard alter some dilution with air may be
vented 1o atmosphere hy maans ensuring thet no direct inhalation can oceur.
H a {combustible) gas is toxic ar has a bad odor, it may be piped to an
incinerator or flarestack, and destroyed by buring

DRAINING COMPRESSED-AIR LINES 6.11.4

Air has a moisture content which is partially carried thrs the compressing
and cooling stages. It is this moisture that lends 10 ssparste, 1ogether with
any oil, which may have been picked up by the air in passing thru the
COMpressor,

11 air for distribution has not been dried, distribution lines should be sloped
toward points of use and drains: lines careying dried air need not be sioped.
Sloping is discussed in B.2.6.

el i —

It the compressed-pir supply is not diigd, provide.—

{1 Traps et all drsins from sguipment ferming or collecting liquid—such as
intercocler, attercaoler, sepaiatos, receiver,

{2) Driplegs with traps on distribution headers {(at low points belore rises)
and traps or manual drains at the ends of distribution headers.

LIGUID REMOVAL FROM AR LINES

7

FIGURE 6.48
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RELIEVING PRESSURE-LIQUIDS 6.12

The buildup of pressure in s liquid is halted by discharging 8 small amount of
liquig. Relieving devices having large parts are nol required. Ralief vaives—
ses 3.1.9—are used, and need to be piped 81 the discharge side, but the piping
should be kapt short. Seg 6.1.3 under ‘Piping sofaty & relief valves'.

Rarely will the rslieved liguid be sufficiently non-hazardous to he piped
directly to 8 sewer. Often the liguid is smply 1o be roclaimed.  Relieved
liquid i frequently piped to a ‘knockout drum’, of to a sump or other
receiver for recovery. The PAID should shaw what is 10 be done with the
relieved Yiguid.

RELIEF HEADERS 6121

Headers shouid be sized 10 handle adequately the large amounts of vapor and
liguid that may be discharged during major mishap. Pelief headers 1aken
1o knockout drums, receivers o1 incinerators, are normally slopad, Reler to
6.2.6 and figure 5.3, showing tha preferred location of a relif header an &
piperack. .

WASTES & EFFLUENTS v 6.13

Manufacturing processes may generate maierials that cannot be recycled,
and for which there is no commercial use, These materials arg termed ‘waste
products’, or 'wasles’. An ‘effiuent’ is sny material flowing from & plant
site to \he environment. Effluents need not be pofluting: for example,
properly-irested waste water may be dischargad without harming the envi-
ronment of sewege-trestment plants.

Restrictions an the quantities sng nature of effluents discharged into rivers,
sewers of the stmosphere, necessitate treatment of wastes prior to discharge,
Waste treatment is increesingly 8 faclor in piant design, whelher wasles are
processed at the plant, or are transported for treatment elsewhere, For in-
plant treatinent, waste-treatment {acilities are described on sepasate P&ADY's
{see 5.2.4) and shouid be designed in consultation with the responsible focal
authorily.

Liquid wastes have to be callected within a plant, usually by a specisl
draingge system, Carrasive and hazardous properties ol liquid wastes wil
affect the chaice and design of pipe, fittings, open channels, sumps, holding
tanks, settling tanks, etc. Bacausa many walery wastes are acidic and corro-
sive 10 carbon steel, collection and drainage piping is often lined or made
of alioy of piastic. Sulfates frequently appear in wastes, and special concretes

may be necessary for sewers, channels, sumps, elc., because sulfates daterio-

rale regular concrates.

Flammable wastes may be recovered and/or burned in smokeless incinerators
or liarestacks. Vapors from flammable liguids present serious explosion

hazards in collectian and drainage systems, especially il the liquid is insalubte
and fipats.

Wastes may be held permanently at the manulacturing site. Sotid wastes
may be pited in dumps, or buried. Watery wastes containing solids may he
pumped into artiticial 'ponds’ or ‘fagoons’, where the solids settle.

B R E
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SAFETY GUIDELINES FOR FLAMMABLE LIQUiDS 6.14
REFERENCES

‘Fire hazard prnpettiles of flammable liquids, gases, volatile sofids’. 1984
NFPA 325M

‘Flammphle and combustible liguid cade’. 1987. NFPA 30

‘Flammable and combustible liquid codes handbook’. Third edivion. 1987.
NFPA

'Fire protection in refineries’. Sixth edition, 1984 American Petroleum
Institute. APl RP 2001

"Protection ageinst ignitions arising oul of s1atic, lightning and stray currents’,
Fourth edition. 1982, AP1 RP 2003

“Inspection for lire protection’. First edition. 1984, APt AP 2004

“Welding or hot-tapping on egquipmenl containing flammables. 19B5.
AP RP 2201

*Guida for fighting fire in and around petrolsue storage tanks”, 1980
AP publicetion 2021

NFPA pddress; Batterymarch Park, Quincy MA 02269

TANK SPACINGS (NFPA}

TABLE §.11

MK INTER-TANK CLEARANCE

FLAMMABLE or ' Whichevar it grester:—
COMBUSTIBLE LIQUID 3t

STORAGE TANKS {Sum of diamaters of adjecent tanks)/6
{Not excesding 160 f1. dia}

CRUDE PETROLEUM
126,000 gal max tank size aft
Non-congested locals

UNSTABLE FLAMMABLE and
UNSTABLE COMBUSTIBLE {Sum of dismaters of adiscent tanke}/2
LIOWD STORAGE TANKS

LIQUEFIED PETROLEUM GAS

CONTAINER from Flammabis or 206
Combustible Liguid Storpge Tenk
LIQUEFIED PETROLEUM GAS 10 ft from centerline of dike wall

CONTAINER putside diked sraa

. - NOTE: If LPG e Her than
conuaining Flamemable or Combut-| 128 st (US) uu“-:'m Howid veorsge tank
Tible Liquid Storage Tenk(s)

S60 ga), smernption applie
YANI'?:‘" :‘u‘r'rwrdod by Authority Limit

For minimem ciopeacey (roms property kines, public weys sed buildings,
conwslt thy Natienul Firs Code Vol T, NFPA 30 1987. Chap. 2

LPG tankss Tithe 29 of thy Cooe of Fedeval Ragpuistions. 1989, Chapter XVil, mrt vl
110, the US Ossartmant of Labor™s ‘Occupstions) Sataty ane Heallh Amvinbitration"s'

labiay H-23. 133, gives cipbrancen. Port L915-111 uvises wn e Forsye and handling of
anhydrou .MM

"f" .. . . o7

SOME GUIDELINES

s  Apply the recommendations relating to the project of the NFPA, APt
or other advisory body

(] Check insurer's requirements

» Isolate flammable liquid Pacilities 50 that they do nat endanger impor-
tant buildings pr equipment. In main buitdings, isolate from other
areas by firewalls or fire-resistive partitions, with fire doors or openings
and with means af drainage

s Confine flammable fiquid in closed containers, equipment, and piping

systems, Safe design ol these shouid have Wwes primary objectives:
(1) To prevent uncontiofied escape of vapor lrom the liquid. (2) Te
provide rapid shut-off if liquid accidentally escapes. (3) To conline
tha spread of escaping liquid 1o the smallest practicable area

s 1] tanks containing flammabie material are sited in the apen, it is good

practice to space them according 10 the minimum sepatalions set out in
the NFPA Cade {No. 395. "Farm storage of Tlammable liquids') and to
provide dikes (liguid-retaining walls) around groups of tanks. Additional
mathods lor dealing with tenk lires are: (1) To iransfer the tank’s
contents to another tank. {2) To stir the conents to prevent 3 layer
of heated luel forming

» Locate valves far emergency use in plant mishap or Gire—see 6.5.3

s  Valves for amergency use should be of fast-acting type

. Pravide pressure-refiel valves 1o tanks containing flammable liquid (or

liguefied gas) if exposed to sirong sunlight and/or high ambient temper-
ature, 50 1hat vapar under pressure can escape

a  Consider praviding water sprays for cooling tanks containing tammable

liguid which ara @xposed to sunlight

o  Provide ample ventilation in buildings for all processing operations so

that vapor concentration is always below the lower flammatility limit,
Process ventilation should be interlocked 50 that the process caenol
operate without it

] Install explosion panals in buildings to relisve explosion prassure and

reduce structural damage

. Install crash panels for parsonnal in hazardous areas

Ensure that the basic protection, autematic sprinklers, is 1o be installed

s Somsa herards require spacial fixed extinguishing systems—foam, carbon
gioxide, dry chemica) or wales spray—in addition 10 sprinklers, Seek

advice Trom the tire department responsibie for the area, and lrom 1he
insurers

[ T




& EEYEREETMNIRIE A L Mk

BUILDINGS IN RELATION TO PIPING 6.1

SPACE BETWEEN FLOORS 8183

To svoid interterences and to simplify design, adequata height is necessary

hetweoen floors in buitdings and plenis for piping, electrical trays, and air
ducts if required, Figure 65.49 suggests vertical spacings:

VERATICAL SPACING FIGURE .49
BETWEEN FLOOR & CEILING

- - T il ER RS oL R RO S A IR
- N I R R R L T AP LI E L L --.i
A o, g et AT AL L T RN

SPACE FOR STRUCTURAL STEEL - 1t

s $PACE FOR DUCTING -an
. N o

SEEZte | SPACE FOR ELECTRIC CONDUNT, s § 1 h

——i
o®e __

SPACE FOR PWPES 340N

SPACE FOR EOUIPMENT,
ACCESS & PERSONNEL 12

INSTALLATION DF LARGE SPOOLS & EDUIPMENT 8.16.2

Largs opanings in walls, Hoors of the rool of a building may be neaded for
installing equipment, Wall and ool openings are covered when nal in use,
but sometimes llaar uponings are parmanent and guarded with railings, sic.

BUILDING LAYOUT 4.16.3

RELATION TO PROCESS

Different processes require ditferent types of buildings. Some processes are
best housed in single-story buildings with the protess beginning at one end
and Finishing at the other end. Other processes are betler asvisted by gravity,
starting at 1he top of a building or structure and finishing at or near grade.

BUILDING SHAFTS FOR SERVICES

Provision of & Setvices shsft or ‘chese’ in muiti-storied bulidings greatly
simplities srrangement of vesticat piping, ducting sihd elactric cables commu-
nicaling betwean floors. Conceptual arrangements of services and slevator
shafts, with lan room lor sir-conditioning and/or process needs, are shown
in liqure 6.50. Services shafts can be located in eny position suitebla 10 the
process, and need not extend the whole height uf the building.

SUGGESTED BLHLDING LAYOUTS FIGURE §.50

[~ AN WOOM

e SEAVICES SHAFT FOR
MPE, CABLES & DUCTING

e ELEVATOR SHAFT

FLEVATOR SHAFT -
FAN R0OM

SEAVICEI SMAFT

ELEVATOR SHAFT

ELECTNIC CABLE SHAFT

e SERVICES SHAFT
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FROM SERVICES SHAFT
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STANDARDS AND GODES

for Piping Systems, Pine, Pipe Supports, FHanges,
fiaskets, Fittings, Vaives, Traps, Pumps, Vessels,

Heat Exchangers, Symbols and Screwthreads

WHAT ARE STANDARDS & CQDES ? B X

Sizndards are documents which establish methods for manufacturing and
testing. Codes are documents which esteblish gaod design practices,
including the facters of safety end efliciency. The documents ara prepared
and periodicalty updated by committess whose members may include
reptesentatives from  industry, government, universities, institutes,
professional societies, trade associations, and fabor unions,

Proven enginearing practices form the basis of standards and cades, so that
they embody minimum reguirements for setection of material, dimensions,
design, evection, testing, and inspection, to ensure the safety of piping
systems, Periodic revisions ara made to reflect develapments in the induslry.

The terms ‘standard’ and ‘code’ have become almost interchangeable, but
documents are termed codes when they cover o broad area, have gavern-
mental acceptance, and tan lorm @ hasis for legsl obligations, “Recommen-
dations’ document advisable prectice. "Shall’ in the wording of standards
and codes denotes @ requirement or obligation, and “shauld’ implies recom-
mendation.

FOUR REASONS FOR THEIR USE 7.2

{1 Mams af hardware made according to a stendard are interchangaable
and of known dimensions ang characteristics

{2} Compliance with a relevent code or standard guarantees performance,
reliability, quality, end provides 8 hasis for contrect negotiations, for
ohtaining insurance, ate.

113R)

(3 A lawsuit which may follaw a plant mishap, posibly due to lailure of
same part of a system, is less likely to lead t0 3 punitive judgment
it the system hes been engineered and built to @ code or standard

{4) Codes olten supply the substance for Faderal, State, and Municipal
setety reguiations. Howewver, the US Fadoral Governmenl may, 25
neaded, devise its own cegulations, which are sometimes in the form
of a code.

WHO ISSUES STANDARDS ? 73

The Amarican Standacds Assoeistion was founded in 1918 to authorize nal-
ional standards originating from five major enginesfing societies. Previously
a chaalic situation had arisen as many societies and trade associalions had
been issuing individual standards which sometimes overlapped. In 1967, 1he
name af the ASA was changed to the USA Standards Institute, snd in 1969
a second change wag made, lo American National Standards Inslitute.
Standards previously issued under the prelixes 'ASA’ and ‘USASI" are now
prelixed "ANSI',

Not ell USA standerds and codes are issued directly by the Instilute. The
American Society of Mechanical Engineers, the Instrument Society ol Amer-
ica, and several other grganizations issug standards end codes that apply
to piping. Table 7.1 lists the principal sources.

ANS! makes avtilable many such standards from other standards-issuing
organizations {“sponsors”). Each of these standards is identified by
the sponsoi’s Omsignation (where one exists) paceded by ANSI's and the
spansor’s acronym ——— for axample, the ASME Code for chemicat plant and




refinsry piping is designated ANSIJASME 831.3. 1 the sponsor does not
provide a designation, ANS! assigns one. an American Standards commities
developed the standard, the committee designation is used.

The ANSI catalog is available from 1ha American National Standards Institute,
1430 Broadway, New York, NY 10018

Other countries also isue standards. The British Standards Institution (8S1)
in the UX, the Deutscher Normenausschuss {OiN) in Germany, and the
Swedish nationsl organization (SIS) issue many stendards. Copies of foreign
standards con be cbiained directly, of fram the Amarican National Standards
Institute.

IBENTIFYING THE SOURCES OF STANDARDS 7.4

The tabies in 7.5.6 give the initial letters of the standasds-issuing organizations
preceeding the number of the standard, thus; "ASTM N28’. Table 7.1 includas
ihe imtials used in tables 7.3 thru 7.14, and gives the full hitles of the organ-
izations. (Table 7.1 is not a comprehensive listing.)

FRINCIPAL QRCANIZATIONS

TABLE 7.%
I5SUING STANDARDS
INITIALS FULL TITLE OF ORGANIZATION
AlA Amarican Insurance Associstion *
ANSI American National Standards Institute t
API American Petrateum Institute
ASME American Socialy of Mechanical Engineers
ASTM American Society for Testing and Materials
AWS American Welding Society
AWWA American Waterworks Association
FCI Fluid Controls inslitute
GSA General Service Administration
ISA Instrument Society of America
MSS Manufaciurers’ Standardization Society of the
Valve and Fittings Industry
NFPA National Fire Protection Association
PFI Pipe Fabrication Institute
usoc United States Department of Commerce
“Srandmds formatly lasued by Undarwriters’ Leborstoriee Inc,
IF grmerty, United Stetes of Ametics Sranderth innitute, and
Americe Standerds Amociation.

PRINCIPAL DESIGN-ORIENTATED CODES 7.5

ANSI CODE B31 2.5.1

The most important code for tand-besed pressure-piping systems is ANSI B31.
Parts ol this code which apply 1o various Types of glant piping are listed
in tahle 7.2,

ANSI CODE 831 FON PRESSURE FIPING TABLE 1.2

TITLE SECTION MPPLICATION

Corrpsipn fontrol n:‘i;.imu Guidelines for protecting B3\ piping

systems from corrosion

Powar Ptping #31.1-3989 [Fiping for industrial piants and maring

appllcations

Chemical Plant ang | 831.3-1987 ([Design ?f chemical and petrochemical plants
Petroleum Refinery and refineries procesting chemicals énd

Piping hydrocarbons, water 4ng Steam

|'i||u1d Petraleum 831.0-1589  JLiquio gmsurunw systems for Rydrocar-
ransportation bons, LPG, anhydrous ammonia and alzohols

Refrigeratian B31.5-1987 [Principally describes the piping of
piping gackaged L1ty

Gas franmission
ang 01stribuk 100

B B-190Y I'r}llliﬂlé'l'lj" gescribes gverland Cofveyance
' o
Piping Systiems

uel ghses and Teedstock 9ases

Butiding Services
foge

A31.9-1988 [High-pressure commercial/sanitary piping
Foing

Slyrry transport-

B31,11-1986 [Oesign, construction. inspection, security
ation Piping

requirements of slurry alping systems

AMERICAN PETROLEUM INSTITUTE'S STANDARD 2510 1.5.2

This Standard covers design and construction of liqusfied patroleum 8¢
installations a1 mating And pigeline tarminals, naturad gas processing plents,
refineries, petreleur plants and tank larms

__#——

The two fallowing codes are nat directly related to piping, but frequently
are involved in the piping designer’s work.

AP1 510, PRESSURE VESSEL INSPECTION CODE 7563

This code apglies to repairs end alterations made 10 vessals in petro-chemical
service construcied to the former API-ASME Code for Unfired Prassure
Vessals for Petroleum Liquids and Gases, Section 8 of the ASME Boilarand
Pressure Vessel Code, and to other vessels.

ASME BOILER & PRESSUAE VESSEL CODE. 7.5.4

The ASME Boiler and Pressure Vessel Code is mandatory in many states with
regard to design, material specification, fabrication, arection, and testing
procedures. Complisnce is requited in the USA and Canada to gualify for
insurance. The Code consists of the fallowing eleven sattions:

ASME BOILER & PRESSURE VESHEL CODE

section
Powerbollers . . .« - o« - s s = w e . . ' A |
Mpteriol spacHicatior . . . . . . o« - o= . . f .2
Nuciesr poveer plant Components . . . . - . ' . 3
HestingDollars . . . -« « o« - s ot omoeorom e . .4
Nondastroctive sxaminstlan . - . . o = s 4 = 4t . B
Ascommended rules for cara and opafation of hesting bollers. . . .8
Recommendsd rules for cers of power bollers . e e s . .7
Fromurevemals . . - 1 o« o= x4 s o omoworoe . B
Walding quelifications . . . . - . . . e eooror0 0 .9
Fibergists-reinforced plastic prewurm vesssls . . . . - - e 0t 10
Autse for inasrvice Inspection of AUCKr reactor ¢ gnt Hysem . . "

ITAERES
718712




CODES FOR MARINE PIPING 185 PRINCIPAL STANDARDS FOR MPE TABLE 75
Reguirements for merchant and naval vessals are contained in the following
i ) Steel aor Iron gﬁlncaum for welged and seamiess steel pipe ASTH AS3
standards. ) m'ﬂl%ﬂ‘l?ﬂol?'l“i'l'“ ::rm-“"l ploe ASTR AYD6
- ' e . . - SLUTE SEryiLC
(11 Amarican Burssu of Shipping: 'Rules for buiing and classing vessels Sngg?ca;;nn..r‘gr‘:\etmtinc-fuslonlar:I-nelued ASTH 4134
. . 5 pipe, and over M
(2) Lioyds' Register of Shipping: 'Rutes specfication for elechy IC-res stance-ve ded U
. 4 ; 3 i i i 3 pipe Ll 5
{3 I.!S Cout Guard: 'Marine engineering regulations and material speci SURE] B Tar eamless 30 welded austenttic
fications su:ﬂesslsteﬁl pIDR ASIN D17
{47 US Navy, Burssu of Ships: “General specilications for building navat e ,g:‘,,‘{g,,_fgg‘:{ﬁ:g e slloy-steed | o a3
vessels’ . *General machinery specifications’ SpecificaLion Tor seamiess carpon-siesl pipe for
Rttt A H R R ity
o 1ine plpe amd S L r
SELECTED STANDARDS 7.5.6
: F— : walaed ani seamless wrought-slegl pioe ASME BIL . 10m
The foilowing tables ate not comprehensive: a salection has been made from et teeT tipe A B
standards relating ta piping design and technology. Sources of these standards Ductite tron pige. centrirugatly cast, 1a metal
may be found from table 7.1. Addresses of the issuing organizations may be iy send- 1 tied molos Tor water and other ANS! 7 iASE
HT 4 1 tat - CLL1/A21.51
tound from the current edition of Em:ycllapodla of assotiations: Vol 1, Buctle tron oige. centeifugally cast, 10 meto)
National grganizations of the United States” (Gale Ressarch Company). noids of sand-lined molds Tor 32 MNSL M. 52
Hon fer rous Specificetion for alminum any alusinue-ailar
Alloy seamiess plpe ana BALruoed sesmless fube ASEH Br41
Spacificatlon for seamiess couper alpe,
stanaard 5t2es ASTH BA2
specitication Tor seamtess red brass plpe,
sLangara sires ASTM Bad
STANDARDS FOR SYMBOLS AND DRAFTING TABLE 7.3 Sm‘uggt*m for seamless cooper alloy ploe JS—
specification for seamiess mickel pipe and tube ASTH BY61
Pipt lgraphic symbels for pipe T1LLIDgS, NS/ Plastics Specificalion for cellulpse acetale Dutyrate
" wklvEs vl DIPing ASNE uz.z.s‘ m‘; plastic pipe, 5CH A0 FAA L RIRTH
g:npmc cyapols Tor olusbing flulyres AMS1 ¥32.4 specification for acrylonilrile-outadigne-
Fohic Symbols far flutd power diagrams ANSL ¥12.10 styrene (ABS) plasiic pipe, 5CH 40 and 80 ASTmM B1521
Fluld power dlagraed MG 14T spaci¥lcation for polyvinyl chioride [PVC}
plastic pipe, SCH 40, and 120 ASTH D17RS
Process graphic tysbals for or?cess fiow diagraas in smlhg&lon tor palyethylene {FE] plaslic
Enginesring petroleim ang chemical Industries AMS| Y32 plpe ASTM 02104
specification for acrylonite)le-buladiens-
Letter sympals for chemical englneering | ¥10,32 SuyrEne (ABS) glaslic pipe (SDR-PR ASTM D2282
LetLer symbols for hydraudics i ¥10.2 specification for polyvinyl chloride (PYL)
plastic pipe (SOR serifes] AT D241
Instrumentat (on] instrumentat ton sywbols aad soentif1Cation 154 55.1 speciticalion for polrethylene LPE} plaslic cloe
{SIDR-PR) Dased on conlrdbleg tnside OlamerLer A5TM 02234
weliding Syspols for welding amg pondestructive Lesting ANS AZ.4-79 I‘anvln!l chtoride (PVCY pressure pipe for waler
4 thry Pl’i[ Ak 900
mnn? and Graghic wyebols for heating, ventilating and Polyethylene LPL) pressure pipe, tubing ang
Ventilating alr conditioning ~ MGl Y3224 filtings for waler WPS 1/2 thwu WFS 3 AWA C903
Po‘l.[butylene 1PB) pressure pipe, tyding and
Electrical Electrical and electronicy dlagrams ANSH ¥14,15 f1 I.'In?s for water NPS 12 thru WPS 3 Ah C902
Graphic symbols for electirical ulrm%"anu Tayout Glass fiper reinforced pipe Anwa 950
clagrams uted for architecture and Dutlding
construction MSE 1329
Orafting Draving sheet size and format ANSL ¥14.1
Line conventions, SECLiDAlAg and lettersng ANS! Y14.2 '
gulil ?ma Eect}onl‘)al view driwings m% n:i '
whar el draw . SUPPO !
B e ana tolerancing for engineering STANDARDS FOR HANGERS AND RYS TAQLE 7.6
Or awings ANS1 ¥id.5
Screw thread representation ANS! Y146
Mplicalion Pipe hangers and Sudborts - selection ang
Safety lswmbols for fire flghting operat igns WP 170 appiication W55 SP-bY
proguction Pipe hangevs and supports - materials, design
and sapufacture M55 SP-33
STANOARDS FOR FIFING (DESIGN AND FABRICATION) TABLETA
|0cs19n Power pipihg coge (refer ta Teble 1.2) ASHE 931
STANDARDS FOR GASKETS TABLE 7.7
Dratiing Nethog for dimensioning pipimg lsTulJ‘I §es PPl E5-2
Minimum length and 40aC1ng for welded nozles PF1 E£5-7
Metallic Ring-joint gaskets and grooves for steel plipe -
Fabrication Bultweiding ends for pibe, valves, Flanges rumies ASME 616,10
i TiLLINgS ASHE B16.25 Wetailic gaskets for raiseo-face pipe Flanges and
Internal machining and solig machined Dacking f1anged Connecttons idouble- Jacket corrugated
rings for ¢ircusferentis] back-welds PF] £5-1 and Spiral-wound] M1 601
FabriCat¥ng LoTerances PFY £5-3
tallic Nonmetallic flat paskets for pipe Tlanges ASHE 216,21
Tastim Hyorostatic testing of fabricited plping PFl ES-4 Rubter gasket Joints for quctile-iron and gray-
1ron pressyre pipe and TiLtings Awhik C111
Clndving Cleaning of fabricaied piping PF1 £5-5 casketed Joints Tor guctile ivroh and and gray
iron pressure pipe and T1ttings tor fire
tor Goding reme for the {dentifichtign of piping sysless W5[ A130 protection service UL 194
: practice for cotor coding of piping SLangard specification Iwngtnse elasLomer
matartals PFl £5-22 gilicone rubber gaskety 4nd accessories ALTH CHYVE




ABBREVIATION

MEANING AREA OF IBE
[
FA Furfuryl slcohol General
FGAMN Ammanium nitrete Agriculture
FPA Fluoraphosphoric acid
FREON Ona of a lerge nuimber of chlgrg- or Retrigeration,
tluara- substituted hydrocarbons Geaneral
H
HCN Hydrocyanic acid, hydrogen cyanide Plating
HET Hexa-ethy| tetraphosphate Agriculwre
HMDT Hexamethylene triperoxida
HMT Haxamethylene tetramine
HNM Mannitol hexanitraie Explosives
HTP 100% hydrogen peroxide Aocketry,
{"high 1est peroxide’| , General
Branched aliphatic alcohols of high b.pt.
H20 Water
!
IMS Commercial ethyl alcohot (Brit.} Ganeral
iPA 1sophthalic acid
IPC Isopropy| n-phenyt carbonate
IPS Isopropy) alcohal (Shell Gil Co.) General
L
LOX Liquid oxygen Rocketry
PC Lauryl pyridinium chioride Sagpa
LPFG Liquefied petroleum gases, mainky Fue!
butiane and propane
M
MBMC Manatertiary butyl-methyl-cresol Genaral
MEK Mathyl-ethyl-ketone Paint,
General
MEP 2-methyl, S-ethyl pyridine
MIBC Mathyl iscbutyl carbinol
MIBK Methy|-isobutyl-ketone
MNA Methyl-nonyl acetaldehyde
MNPT m-nitro p-toluidine
MNT Mononitro toluena Explosives
MSG Monoesodium ghutamate Food
N
NBA n-bromacetamide
NBS n-bromosuccinamide
NCA n-chlorscetamide
NCS r-chlorosuccinamide
NH powder Explosive powder
N2 Nitrogen

AT K11

OMPA,
OnB
OPE
o2
03

p

PAS

PB

PENA

PDR

PE

PETN

PTFE

PVA or PVAL

TCE
TCP

TEG
TEL

TEP

TFA
TNA
TNG
TNG
TNM
TNT
TNX
TOF
TPG
TSP

VA

ZMA

Octamethyl pvrophoﬁhaunlde
o-nitrobiphanyl
Octylphenox yethanol

Czone

p-aminosslicylic acid
Polybutene

Phanyl heta-naphthylamine
p-dichlorobenzene
Panta-erythritol
Penta-erythrital tetranitrate
Polytetrafluorethy kene
Polyvinyt alcobiol

Polyvinyl acetate

Polyviny! butyrol

Polyviny! chloride
Palyvinyl mathyl-ethar

Sulfurke acid (‘refined oi! of vitreol')

Sulfur

Sodium acld pyrophosphate
Spacislly denatured alcohol
Sulfur dioxide

Sadium tetrachioracetats
1,1 V-trichlorethane
Tricresy! phosphais

Triethylene glycol
Tetraathy| lead
Tetraethyl pyrophosphate
Tetrahydrofurlury! alcaohod
Trinitroanitine
Trinitrobenzene
Trinitroglycerine
Trinltromelhane
Trinitrotoluene
TrinHroxylens

Trioctyl phozphate
Tripheny! guanidine
Trisadium o-phosphate
Tetrasodium phosphate

Vinyl acetate

Zinc methylamensate

Apricutture
Plastics
Refining
Geners!

Crug
Plastics
Rubber
Agriculiure

Enplosives
Plastics

Genergl

General
General

Agriculture
Dry cleaning
Fuel,
Plastics
Rafining
Fuel
Agriculure

Explosives
Explosivas
Explosives

Explosives
Explosives
Plastics
Rubber -

Timber

A _::‘_12

; :

i



- INDER GLUSSARY

A

ADBREVIATIONS. @

ABSOLUTE TUPPERATUHE . Ay sbsolute zeto bew-
peratuce all movement of matler ceases. This
Leeperalure s thearetically wallainstle.
Mrsolute zeror Celsive stale...... -273.150

Fanrerhelt scale.,. -#58.657F

ACCESS 10 vmw(. £.1.3

AFVERCODLER, 3,2.2

AGLTRIOR, table 3.7

AIR 1N STEMA. 6.9.3, §.10.1

ATR LIWE, Liguid Temoval 6.1%.4
MLOYS. For pipe. 2.%.8

MALENT. Partabning to the surroundings.
Ususlly refers to temperature
MERICAN STANDRRDS ASSDCIATION. 7.3

AEHOE. 2.52.2, 6.2.B. A pipe fixturs ussd to
hailed pipirmg 11gidly &b & vhosen yobnt.
Posltion whate piping is Testrained i
Lermed it *anchor poinl’

ANGLE VALML, 3.1.%

ANsl. 7.3

NCHIVE, Place where drawings, specifica-
fions oto, . say be permanently stored

ASk, T.3

AITRLVION, Ser "Change of Particle Size',

3. 3.a

RUTOCLAVE ., Vessel in which material ot react-
ants are held unger controlled condlilons
{Lime, temperaluze, pTEssUlE, et )

ALK [y TARY AIPING, B.3.1

BACK WELD. In piping, a continuoin weld mace
al ihm bech pf 8 Dutt-weic. Possible only
if there Ls secess o bhe interlor

BACKCHECK. 5.4.2

BACKING RING = fhill timg. chart 2.1.
flgure 2.1

RAL FLIAT YW, 3.1.8

BALL WALWE . Glmech walwe. 3.1.7

BMLL MMLVE. Potary. 3.1.6

aaH. Tracitioral metric unil of pressure
spprokimately mqual to 1 simosphere. Sam
‘mEIATC" - introduction, Psrt 51, table R-T

BARIFMETRIC 1€G, 17 °» process wnich Lakes
place teioe atmospheric prassurd requites
water or other liguid %o be contiruously
dImined From 1t, this may be schleved Oy
corecting the draln to a vertlcal pipe
tezmed & 'marometric leg', Uw lower end of
whlich i Inserted in a saal pot, When the
leg arwt ssal are ptised with 1iquid,
oraining from 3 low-prEssure process can
ocrur contingously, 1f the pressure of the
process mproaches zero {sbsalute), the leg
wust b 3t teast M ft in might '

BARSTOCK PLLG. 2.5.4. Flgure 3.55

e .

BARSTOCK WALYE. 1.1.11, Vilve machined (rom
salid mulal

BATTERY LIMIT. Arbitrary 1ine shown on draw-
ings to deflew an-plot and off -plot areas.
Also used to define limils of contractual
1esponaibility within an on-plol area

BENCHRARK. 5.3.1. figurm 5.12

BEMDS, BUTT-MELDING. 2.3.1

GENL. 8,02

GEYEL. The ends af plpe and Dutt-welding
rittings sre bevelsc (ame charl 2.1) to wsid
waklng walded Jolnts

alge. 3.%.1

gLl OF MATERIAL. 4.8

REED AING, 2.7.1. figure 2,60, chart 5.7

BLEED VALVE. 3.1.11. Fiqure 2.6

GLEMDER. ).3.2, kaola 3.7

BUING FLMMCE. 2.7.1, 2.7.2. Tigure 2.61.
Flange wilhout ceniral opening, usad far
cloware of Flanged ierminationa. Rated
similatly ta other types of flangeu - see
'Flange Data', Part LI

BLOCK VALVE, 3.1.11

BLOWCOWN YNLNE. 130110,

BLOWDOWN SYSTEM. h (discherga) pipimg
arrangerant for resowing makerial from a
process, vessel, boller, etc.

BLOMER, 3.2.7
BLONOFF SYSTEM. Piping hookup umec far
blowing acaln snd forelgn matter from Lanks,
bollers, stic.

BLOWOFF WALVE. 3.1.9
BOILERA FEEDMATER, 6.10.2
BOMNET. 3.1.2
BOTIOMG, Ses *Colum Dperation', 6.5.2
BREECHLOCK, Sea 'Boorwt', 3.1.7
PREAKING LIMES. Flgure 5.0
BREATHER VALVE. 3.1.11
BAITISH STANDARDS INSTITUIION. 7.3
BRUNTNG B.4.11
QUILDING LAYDUT, 6.15.3
BUTLGTINGS. In relslion Lo plping. 6.15.
rigures B.4% L 6,30
BLLLACAD TEE, 2.3.7
N0, Sem ‘DIKE
BURIED PIPE. Dlsemaloning. tsble 5.2
BUASTING DISC = Rupture dlsc. 3.9.9
BUSHING, HEAACON. Threaoed. 2.5.1.
flgure 2.42
BUTT-WELDED PIPE JOINIS. 2.3
BUTTERFLY VMLVE, 3.1.6
BYPASS. ¥alved length of alping rrat 3llows
full ot partial Flow, srranged around a
valva, valve ansamply, Egulpment, et Sew
figures 6.6 thru 6.11 for Baamplies
BYPASS VALME. 3.1.11

o

Butt-welsing. 2.3.3. Figue 2.20
Threaded, 2.5.4. [igure 2,5
Sockel-welding. 2.4.%. flgure 2.36

CARBON S1EELS ate iron-based slloys having
progetties chielly delerained by their
carbon cooient

CAICHBASIN, Recwplacie ey igned to sepatate
satter from a waste kirsam

CATCHRENT . Resatvoitr or basin

CATHODSC PROIELTION, Burimd plpe can be
pratecled from corrusion by wlring but ied
sacrlficial anudes (usoslly cyljnders of
zinc) tu the pipe. Gelwanic corrusion tham
tends to otcur in the zinc Instsad af the
stasl. Protection may also be provided by
means of slectzic voltages and ground
CUFFENtS

CAMITATIDN. 6.3.%

CELSTUS » Centigrade. AL almosphetli pressuld
{al sea level}, on trm [elsius wale, 10
is Lhe lewmperatute al which lce forms; waler
hoils aL 00. Labie A-E. table -7

CENFAIFUGE . 3,33, tmble 3.8

LERTIF 1ED ORAWING/PRINT, Final wendag "2 print
ol equipmant showing dimeralons which will
e maintalned durbog saoafactuse

CHATTERING. 3.1.4

[HECK YNLVE. 3.1.7

LHECHER. 4.1.2: S.8.1

CHITF DRAFTSAAN. L.1.2

CHILL AING = flacking ring. chart 2.V. fig 2.}

CIVIL PIPIMG. 1.1

CLERNDUT . Rrrarsgement For cleanimg oot s tiowr
ot wessdl

CLEARANCE . B.1.1. Lable .1, chart ¥-2

CLOSIMG DOWM LIMES. 6.1.3

CLOSWAES. Prrmanent, Figurs 2.20
Bult-waiding, 2.3.3
Threaded. 2.5.4
Socket -weloing. 2.4.4

CLOSURES, Temporary. 2.7, table 7.E

CEOAST & GEODETIL SUIVEY, 5.3

LAY LGS, 1Ll Pl 2104

COCK. Simple plisg valwe kn tha el Litl uiZen

LODES. 7.5.

MG 831, Cooe far pressure pipleg. 7.5.1
ASPE Boiler ard prassue vessel code. 7.5.8

COLD SPRING. 6.1.1. figuee 6.2
COLGA CODING
Mocel. b.4.12
Plging. ANSL M4
COLUMN, FractionationfOiatillablon. E.5.2.
table 3.6
COLUMN FIPING. 6.5.2
COMMERCTIAL PIPING. 1.1
COMPRNION FLANGE, & flange, or & flanging
asrangmeent, custam-febricated Lo mate wilh
» non-standatd flange on & ilem of equipment
COMPOSITI0N DISC. 3.1.5. Non-mwtallic disc
CONTAIWMENT. See DIKE

- .

G ity St o Rt T S T TS

IR (IR O

uted in somy glube valves
COPPRESSOR, 3.2.7
Piping. 6.3.2
COMPRESSEO N1A 4, THES. Oralning of . 6.11.8
COMDENGARE. 6.9.1, 6.10.2
COMECTOR
Pipe-to-tubw, 1.5.1. Figute 2.4
Qulch connector. 2.8.1
COMSOLE. An aitangesent of Qages a0 controls
mourand in 3 oesk or cabinel, Jrom winch 3
pracess may be monliored ad contrel s
CONSTANE LOAD HANCEH. 2.17.2
CONTINGATION SHECT. See "Process & Swrwicw
Lines on Plping Drawings', 5.2.8. Any sleet
o0 which Lnformatlon ip continued
CONTROL STA1SOM. 6.1.3, flgures 6.6 theu §.11
Symbol . chark 5.7
CONEROL yavL. 3.1.)0. figure J.&

CONVEYCD FLULll. This ters is wwed in the
Gulou for liguid or fas cardied by plpiny
LOULEH, fical sachanger used ko coal plocest

Tluid
COOLING WATEA, Waler used to cool process
fluld or wquipment
COUHDINAIE ., 5.3.1
coPY ING PROCESSES. &,.4.10
CORAGS1ON. Conweyed Fluic may silack mater-
lals from which pipe and FLLLings J1@ maoe,
Tne degreee of corrosion will depent on Lhe
plpe materiad, the conweyed fluid, its
Lwmperdlury ang concentration, time of
anpasule, possible pressrce of water oF 3il.
ard whirthar galwankc aclion s also provaut
LIHADSION ALLUWANCE . Aodillonal thicknnss of
motal in gscess af that calculated for

strength
COuPL TG
threaded, FikL-. 2.5.1, 2.5.3.

figures 2,37, 2.49
Threaved. WALF -, 2.5.3, Figure 2.48
Thrsaded. FEDWER-. 2.5.%. figure 2.38

Sockab-welding. Fial-. 2.8.1. flgua 2.2
rowel-weldioeg. HRT ., 2.8.3. Flgure 2.4
Sockpt-wolding. RLDWENH. Z.8.%. flpae §.22
CRASH PAMEL ., Breskable panel thru which pets
el may pscape from a hagard in a building
CROSS

Butt-welding, 2.1.2. flgure IRk

Ihtonded. 2.5.2. figute 2.4B
Socket-waldging. 2.4.%. figure 2,30
CRYOGENIC. Refars tu vary low tesperaluces
and egulpnent used at lhese Lempatatures.,
Torm usual by applies to -200F anc coluer
CYCLOME. 3.3.3. table 3.8

D

DAMPENEA,
For compressor. 3.2.2
Hydtaulilc, 2.92.2

e —————

-



pnar L bl Ly devienr used T, sdutaling
machanical movement

DATUM. Sem "Vertical Reference’, 5.3.1
DAVEY, B.5.2, figure 8.27

I} P T Sy

DOWNCOMER. A Lire which corweys Fluld down-
ward

DOWTHERM, 3.9.2. 3ee 'Jacketimg', 6.8.2

DAY In, Torm used Tor storage tenk, holding DRAFTING

Llimited supply of fusl, sic.
DEAD WEIGHTING. Marthixd of smasuring pressure

Control ststiomw. 8.%.4. chart 5.7
Materials. 4.4

at Fluld in » llre. Device taving a platform Piplng 5.2.8

on which wmlghty cen be placed, tesporarily
Fltted to vertlcal velved branchi walghls
balarce Jire preysure. Used For calibrastion
DEADPMMN . Archat parmanently sel Lnto ground

fer armctlon purposas, Used for sscyrling
cabrles

DEMCRATOR. 3.3.3, table 1.8
CEFLECTION OF PIPE, B.2.8. Sem 'SPAMA. For
Pipes®, Part 11
DEFOMER, 3.5.1. teble 3.8
CEMTHEAR. IZED WATER. Weter with all Forms of
hardress (diszolved minerala) removed
OESLICANY. A diying ageni, such ez concen-
trated aylfuric acld or sllice ge)
DESICCATOR. Equipment for remowing weter or
other liguld from s process materinl by
applying vacuum, heat, ar by chemical meany
DESUPERHERTCR, Device for reduclmg superheat
in steam, usually by soding water to the
stepm
DETATL. See 'Elevations {Sections) 4
Detakls’, 5.2.8
QEWPOINT. Temperature at which = vepor Forms
1iquid ("dew') on cooling
OIAPHRAGR VALVE, 3.1.10
TIAZO, 6.4
1%F, Shaped wall or ewbockownl sutroundlog
ow O moTe stutsge Larks Lu form e baslin
able to hold the conterts aof tarkis), in the
eyert of rupture. In the 1S, ysually '00E of
the largesl tark or 0% of the total, which-
ever s greater
DIMENSTOMING. 5.3, flgure 5.13. tshle 5.2
Buried plpa. teble 5.2
Elevatlions. See 'Plan View Plplng Draswlngs',
S.2,8, S5.3.% Pigurs 5.17. tsble 5.2
Filithng mekeup. 5.3.3
Casket. See "Dimenaioning to Joints', S.3.3
Iso, S.%.4. flgure 5.15
Dffseta For lap. Tigure 5.6
Flping drewlng. 5.3.2
Raference line. figure 5.11
Spool, 5.3.5. flgure 5.17
Ta joint. 5.3.3
To nozele, 5.1.3, teble 5.2
fo puno, See 'Flot plan', 5.2.7. figure 6.17
Ta valwe. 5.3.3
Vassal. flours 5.014
DIRECTION OF FLOW LTHE. See 'Flow Llnes’,
S.8.3
QISCHARGE WALVES. 1.1.89
OISHED HEAD. 2.D.).
Volume, chart T-2
DISTILLATION COLLMN. 3.3.3. teble 3.8
Piptng. B.5.2
CIVEATING VALVE. 3.1.9
DPOUALE -BLOCK -AND-BLEED, 2.7.%, Tigure 2.80,
Sem "Make Matntenance Sefe', 8.1.3
DOUBLE EXTRA STRONG, 2.1.3. Msnufecturers®
welght oesignation for well thickress of

Symbols. 5.1

ORAF TIMG MACHENES. 4.4.8

DAN TSMAN, &.1.2

DRATH

Locallion, B.1,.1. tloure #.47

On PAID. 5.2.4

On pump. B.1.0

Symonrl. chart 5.7. charkt 5.0

DAAIN HUB. Funrel fltted in floo snd con-
rected to s draln line

DAATN WALVE, 3.1.%1

DRAINAGE. (1) System of drains, {2] Ret or
process of dralning

DRA [INING

Air 1irm, 6.7%.4

Stesm Yirow. 6.V0.0, 6009

DARMING NUMBER, 4,2,

DRAWING PAPER. 4.4.1

Sizes. See 'Papar', d.b.1. chart S-BM

ORNWIMG REGISTER. See 'Drawing Control®,
4.2.4

DRAING SHEETS

Sizen. See "Paper', 4.i,t. chart 5-8M

DAMIINGS

Hyeghing lines to show 'hidden piping' on
drawings, flgure 5.10

Clevation. 5.2.8, 5.2.5. flgures 5.5 & 5.7
Flow 1loes on flow disgrem. 5.2.3

Flow lines on PAID. 5.2.4

Grid system. Ses "PRID Loyout', 5.2.4
Trstrument corrections on plping drawings.
5.2.B

Isa, 5.2.6. Tigures 5.6, 5.7 & S.15
Isauing. 5.4.3

Key plan, 5.2.7. flgure 5.8

Mellogue. 5.2.6. figura 5.7

Drthographic. %.2.8

Pictorial. 5.2.6

Fiping snd Inatrumentation disgrem. 5.2.4
Pian. 5.2.6, 5.2.0

Plat plan. 5.2.7

Process flow disgram. 5.2.3

Matchline. See 'Process & Service Llres on
Plping Orawings', 5.2.08. Figure 5.8
Numbering, #.2.4, 5.2.9

Schemetlic diagram. %.2.2

Site plan. 5.2.7

Symbols. 5.1

Vessel. 5.2,7, Figue 5.14

DFCSSER COUALUINC. 2.8.2

DRIP YAMVE, 3.1.110. A draln value veed on
driplega

S5izes on driplegs. table 6.10

DRIPLEG. 2.10.5. figure 2,70

On PAID. 5.2.4

On piping drameimga. 5.2.8

Slzes, teble 6.10

DRIPSHIILD. 6.1.3

rAY SYEAM. 6.0.1. chert 6.3

ORYER. 1.1}, 6.10.2. table 3.8

LD L M

UMY LLG, 2.12.2. figure 2.72A. tecle 8.3
DYELINE. &.4.%1

EDUCTOR. 3.3.2. teble 3.7

EFFLUENT, B.13

ELBLET

Butt-wmlging. 2.1.2. figute 2.14

Theesded, 2.5.3. figue 2.51

Socket -walding. 2.0.3. flgurs 3.33

e = £11

Butt-welding, 2.3.1. flgure 2.2

Mitered, 2.3.1. Flgurs 2.5. table B-2
Threaded, 2.5.1. Flgure 2.84
Socket-welding, 2.4.1. Tlgure 2.28

ELEVATIONS

Olmeraions. 5.3.2. tehle 5.2

Views, 5.2.8. See 'Elsvetions {(Sections) &
Detaila’, 5.2.4

ELL. Ses CLBW

EJICIDR, A type of puwp Ln which a partisl
vacuum 13 crested by passhrg stess ar dther
fluld under pressurw thru & neck of ventur)
with & branch sl the nerrowest part. Suc-
thon is creatad in the branch

EDUIPMENT

Identifying on flow disgrem. 5.2.3
Identifying on PEID. 5.2.4

List, 4.2.2

EQUIPMENT RARANGEMENT DRAWING. 5.%2.7

EQUIPMENT THDEN. 4.2.2

ERASING. &.4.4

EVAPTRATOR, 3.3.3, tabla 3.0

EXFANDER FLANGE. 2.3.1. flgure 2.8

EXPANSION. Thermal movement, 8.1.3

OF steel. chert 5.1

Loop. flgure 6.1

EXPANSION JOINT. 2.B.1. figures 2.63 thru
2.58

EXTRA HEAWY. Traditlona)l term used for Clasy
250 cast-Lron Tiltings

EXTRA STRING . Manufsctutara’ designetlon for
wall thickness of plos end Fittings. 2.1.3

EXTAUDED NOIILE, Hot-formed outlet seda In
flpe or veasal by pulling sheped dlss thiu
a hold mede in the waell

F

FAN. table 3.3

FAHRENE 1T, Scale of temperature forsarly
usad In the Engllsh-ppeaking countries, now
widely rapleced by the interrwtional Calslua
{or Centigradm) scsle. At atecspheric prese-
ure {st sas level}, on the Fehrerhelt scale,
127 is the temparaturs at which ice formes
water bolls ut 212. tabls M-4, tsble A-7
FIELD. (1) Construction site {'jo» slte’)
wture pipleg Ly srectad. {2} Field englrmer-
ing office

FIELD WELD. Weld mece st the tlee of ersction
of piping st the alte

Symbol for. chart 5.3. flgure 5.5

FILING DRAMTNGS, 4.3, 4,4.10

FOLET WELD,. chatt 5.9

FINISHED GRADE. 5.3.1

LT P LT
Station. B.1.2

FINEWATER, Incepencdent supply of water for
tireflghilng

FINSY-AID STATION, Lecatlon. 6.1.2

FITTING MAKELS, §.3.3
Ulmsraioning for. 5.3.5

FITTINGS. 2.2.4 :

Butt-welding. 2.3. chart 2.1
Drouring, %.8.3

Thrssded, 2.5, chert 2.3
Socket-welolng, 2.4. chart 2.2

FLAG, 1o identify, ot to Srew stisntion Lo,
an iLew on a drawing by means of & spsbol,
nots, pantl of other matk

FLAME ARRESTOR. A device Lo peevert s llare
front from wowing upstrese in ¢ lire or
vessal. For small Lires, wey consist of #
wire screen. For larget lines, srrangewents
of sulliple persllel plates or tubes ate
used, Arinclpally used on vent Lines from
tenks, Symbol. chatt $.7

FLAMMABLE LIDUID. Safety guidelirws. B.1h

FLAME ., 2.2.0, 2.3.%. flguares 2.8 thru 2.10.
falt snd studbelt for. 2.8.3. figure 2.57.

tables F
Bualt hale. 2.8.2. twbles F
Expandar. 2.3:.1. flgure 2.9

Facing, 2.6.%. Tigute 2.55
Gosket. 2.8.4, Figure 2.56. Leble 2.5
Lap jaint. 2.3.1. flgure 2,10. tables F
Prassure/Towpetsture retings. btebias F-3
Reucing. 2.3.1. figure 2.8

Irhcended, 2.5.1. Figute 2.45. tebles ¥
Slip-on. 2.3.1. figure 2.7. tebles F
Socket-welding. 2.4.1. Figure 2.27. Lables F
Welding-reck. 2,3.1. Flgurm 2.6. tebles f

FLAP WALVE. 3.1.1%

FLARESTACK, A stack located swmy from ihe
procassing srws, to which relief hesters wmay
te tun for burning waste hydrocarboms or
other flsseshle vapors. 8.11.3

FLASH JTENR, B.D.1

FLASHING
Stesn. 5.10.0
Bulldirg comtructlon. A pisce of mital or
other matarlal used Lo cover or protect
carteln Juints From bthe westhar, such sa
whare » chisrey jolne s roof
FLASHPOINT of flasssble liguid. Tesmraturs
st which tha smount of vapor glven of f Is
syfficlent to form en ignilsble miture with
sir. Highly Mlewsble ligulds heve low
Flawhgnints
FLAT FACE, Flangs. 2.8,1
FLEKIBILITY, #iqure 8.1
FLEXIBLE PIPING. 7.9.2
Coparalon Jolnt. 2.9.1%

FLOTATION TANK. Lable 1.8
FLODR STAND. Ses 'Stem', 3.1.2
FLIM OIMGRAM, 5.2.3
Fulw LTNE
On Flow disgrem. 5.2.3
On PAID. 5.2.4
FLULD, Any waterisl cepable of Floding. In
the Culde, ters La used te densie sithet &
liguid or a gan, Powdars sey also be
coraldered fluids




FLUSH-BOTTOM TAME WALWE, 3.1.9

FOOT VALME. 3.1.7

FOREIGH MATTEA, Any uranted matarisl Lhat
entern B systow Trom outslhe

FORCICH PRINT, Print of s drswing originating
in aothel Qioup, deparimenl ol CoMpany

FORC TEN STANDAADS. T.3

FRACT IONATION COLUMN. 3,3.2. table 5.8
Piping. £.5.2

FROST LING, The lowesl depth In the Qrownd
which ghjlls ta 32F [OC)

FuLL -COUA THG. See COUPLING

G

GMGE. A oevice for seasuring or reqistering
level, pressufe, lempeiasturs, etc.

CAGE GAASS. Glsss used to show kiquid level,
usyally in the Totm of » yvertical glass tube
with endd conrwctiona

CALVANEZING. The coating of metal with 2inc
oy eleciroplating or ot -dipping

GASXET. 2.6.4. tacle 2.5 :
Cimersioning, Se "Diswmsloning to lolnts',

5.%.3

GATE WALV, 3.4

GIRI. A horlrontal mesbar of m bullding Lo
which the parels foraing the eioes of Lre
bulbdlng wre fltled

CLAND,. & sleswe withln a skufflng bon fliled
ower @ shaft or valve stem and L]lghlered
against cospressitie packing 30 as Lo
provent leskage whils allowing the shaft or
alewm (O move
CLASS PIPE, 2.1.4
SuppotLling. €.2.7
GLUBE WMLVE. 3.1.5
CRADL, Sew 'Nertical Aaferenca’, 5.3.3
GRAJE BLAM. Béas which la used tu sueport »
floor ak grou level
CROUMD TOINT, Floe Finish on two estsl sur-
faces forming Tace-to-face lesk-Light joint

CROUP LEADER. 8.1.2

GAOUT. N thin layer of concrete poursd oh &
set cancrete foundslion, betwsan Lhe Found-
atlon and the taseplate of the sguipmenl
which will rest on it. Tra baawplale is
firmly bolted down cn ihe lewml surface of
the grout sfter it has hardered

GUICE. 2,12.2, B.2.B. figure 2.728

SUILINE, Sew 'Vracing', 6.8.2

H

HALF -{OUPL 1N

Theeaded. 2.5.3, flgute 2,43
Sacket-weioing, 2.%,1, figure 2.3
HANDRATL, Sea RAILIHG
HANGER, 2.13.1

Constant-1oad hangat. 2.12.2

toring herger. 2.12.2

HARNLSS PIPING. B.3.1
HEAD. Pressuce. N.7.1

HEADER. B pipe serving as » principal sugmply
or retutn ilne .

HEMGER WALVE. 3.%.0

MEAT EXCHANGER, 3.5.5. figurs B.32. chatl H-1
Data shawt, B.8.1

Piplng to. 6.6

HEXAGON DUSHING. 2.5.1. Figure 2.42

HIGH POINT FINISHEQ GRADE. See 'vartical Ref-
arerca’, 5300

WOLDING TAMK, Taok bn which ligsio {(or gan)
ia rald peaging furlher procawslng ar Lrmak-
ik

HOMOGENIIER, 3.3.4

w0SE COMMECTOR, 2.0.1

HOSE VALVE, 3.1

HOT 1AP. A technloos for branching intc s
1irm under gressurs withoul having to close
the line dusn

HOTWELL. & mugw1, bark, oT other receptacla
for holding discharges of tat liquids.
f.30.4

HYDRAULTC ACULMLATOR. Storss liguid unde:
pressure. Typically » oevlce consisting of »
cylindar and piston which is actumted by &
weight, spring, or comprmasid Qes. On tha
oposlte side of the piston, the driven
Fluld, wach as watar ot oil, la stored
WYDRMALIC OAPPENER. 2.12.2

Symbal. chart 5.29

HYDRAMA IC RESISTMICE of pipe and Fittings.
6.7.%. tauls F-10

HYDROSTATIC TESTIMG. 6.11.2

HYCEEMIC CONSTRUCTION. #ipe, velves, pumps
and other squipeent uaed to handle oo~
stuffe o druge should be hyglenically
constructed; which maans that all surfaces
contactlng the material mat Da saonth,
nor-taxie snd corrosion proof. Pleatics and
rubbers should not incorporats {es f11lers)
suDstances thak may contaminate. PMaterlals

frmm Frim ach conlaminants way be raferced .

Lo as 'white' rubbar, elc.

INCOMEL. A high-nickel alloy contalning chio-
aiwe and bron. Resistant to owldation and
Car 1osion

INCREASER = Swepe or Teducer

INSTRUPENT AIR, See 'Compressad hir Usage',
B.3.2

INSTRUPENT CONNECTION. 6.7. chart 6.2
INSTRUMENT LOOP, 5.5.3

INSTRUMENT SOCIETY OF AMERICA. 5.5.1.
able 1.3

INSTRUPENTATION, 5.5

Coding., tsble 5.3

Functlon, 5.5.2

Mounting, 5.5.4

Dn [line disgram. 5.2.3

On PAID. S.2.4

Slgrwl lmad, 5.5.6. chart 5.1

INSULATION, Thersal

On P10 5.2.4

Parsonrel protaction. 8,81

thickness, 6.8.1. tatiles 5.7 & &.8
INTERCODLER ., 3.2.2

INTERCOMHECTING PRED. 5.2.4

INTERFACE . Bourdary common to two System.
Sea Figure 6.3 pointa {10) & {18)

INVERT ELEVATION (*IE') is thw slwvation of
the bottom of the intemal ncface of &
buried plpe, taule 8.2

INVENFORY, & lisllng of pipe snd other Ltess
of nardvars salntalned in stock

IRON PIPE, 2.V.4

IRON P1PE SLIE, 2.1.3.

150. International Standards Droanlistion.
Sew 'MEIRIC' - kntrodetion, Rart [1

150 = Lsowwtric, S.2.8, 5.2.% figures 5.15 &
S 18

Cracicing. G4

thoering. 5.2.9

TSOLATING WALVE, 3.1.31

ISSUING ORAWINGS., 5.4.3

J

TACE SCREW. Scram provided in orifice flanges
and somatises Tlanges (or lire blinds fat
the purpose of temporacily halding flanges
apatt in order to kesarl/rencwe or if ice
plate or lire blind. Two scrmws are pra-
wided {ona per flange] placed 18K degrees
spart. flgure 2.5

JARETING, 6.B.2

108 FUNCTIONS. &.1.2

J0B NUMBCR. Company sccount rwaber to which
wotk it chacged. Appesr: on all paperwork
for s project

JOULE. The wotk domw when Lhe poinl of sppli-
cation of & forca of 1 mewton §s displaced
theough a aistance of 1 meler Llp the dhrect-
ion of the force

JUPPNER, table A-2

K

wolvin. 51 wt uf Leoperaturs. Dafined a.
Hine Fraction 5, c73.76 of Liw Lnermudyiamis
temperature af the triphe paint of water.”
(tra triple point of wster ls tha solid,
liquld, wapor phase, a5 icw beglns Lo Form
un cooling.) Zeco on the thezmodynsnic scale
is #73.15 kslvina below ierc on ine Celsiu
scale. A kelvin {s & tesperaturs 'intervall,
ar olfference. Welvin im not espressed in
degiwes. One kelyln 15 squal Lo ore 'degren'
Celsius. Thus twenty degrees on the Celslul
scale iy 283150, tebla -7

KWIFE-EOCE YALVE. 1.1.11

KNOCK-DUl DRURJPOT, A strase of gas contain-
ing drops af llguld is passes thru e knock-
out drum Ln order to slow cown the Flow and
allos thw liguid to sspatals and cullect

L

LAMD on Dewelsd end, chart 2.1
LMITERN R1MG, See ‘Borwt’, 3.1.2
LAP-JOINT FLAGE, 2.3.), figure 2.0
LATERAL

Butt-weldlng, 2.3.2. flguee 2,08
Thresded 2.5.2, Tigurn 2.47
Sockat-walding. 2.4.2. (iqure 2.8
LATROLET

Butt-welding, 2.3.2. flguie 2.5
Threaged 2.5.3, Tlgure 2.52
Sockat-welding, 2.4.3. Flguee 2.5
LCROY. &.4.8

LETTERING, &.4.6

LEVIL GAGE. E.7.4
LINE BLIND. 2.7.% Flgure 2.59
Sympuk, chart 5.6
LIN BLIND WALVE, 2,77, J.1.b
CENE DESIGMATION SHEET. 8.2.3, 5.2.5
LINE NUPBER
PAIO, S.2.4
Piping drawings. See ‘Proceas & Setvice
Lines on PLping Orawings', 5.2.8
Isa. 5.2.9
Spoal. 5.2.9
LININGS for pipe. 2.1.4
U151 OF CRUIPMENT. 4.2.7
1LIST IF MRIEALLL . 5.6.1
LOMD CELL. welghing mechanism fnslalled in
the supports of Lanks, etc,
LOw-PRESSUPL HCATTHG PEDLA. 6.9.2
WG, Projecting plece on s wassel, fraae,
etc,, by which it may e held or 1ifted of
uset Tor an atiachent

MAIN. A principsl section of plpe supplying
service of process fluid. In & RING MAIN the
Fluid is contirgously cloculatec aroued &
clased loop of plpbng and may be drawn af f
st any pajnt., Useful for hot/eola lines, or
for slutrhes and other fluids with suspendec
sollds thet may sapacets

MAKEUP WATER. Wabter is losk in many processes
and operatlons, Water Lnumntory is testared
by adding makmu waisr

WAL EABLE -IRON. B cucthle cast lron produced
by controlled anrwallng af white caat 1ron

PAMHOLE. Lable B.1
In ralum. 6.5.2

MANIFOLD, A champer o plpe (heager] having
aveIn] branche:

MANDMETER, Sws 'Drifice Plate Assesbly',
B6.7.5

PANUFACTLRERS' WEICHT, 2.1.3

MATCHLINE . See *Procesa b Serwice Lines on
Piplng Drawings’, 5.2.0. flgure 5.8

MATERTAL BALANCE. A Oetailec tabulation of
process materkil flowing lnto, thiu and pul
of the process, showing Une ol -ty ibution of
alk significant comporents, L luding
fopur it bes
MATERTAL. TAKEDFF. Estimated quantitles for
malerlals, Laken from goawknga
mILL, Symbol chart 5.2
MITCA. 2,31, Figuem 2.5
MIZER. 3.1.2, \adle 3.7
MIXING, 1.3.2
WIKING YALVE. 3.0.01
MIDEL of plank, &.4.32
MOMEL. Allays consisilng salnly of nichel and
copper, which have good reashalance Lo cotro-
slon, sbtesion and heat
MRAMENT, 5.3.1. Tigurs 5.12
MALTIPORT vLvE. 3.1.8
MILAR FILM, &.4.1

REEOLE waLVE. 3,1.5
WEWION. Matric unit, Tre force Lo sccalsrate




amassaf 4

. ———

al thedleof {mmler

per wecors), Der Secord. 51 wnll Loerived).
NIPOLET, Integrsl nipple/wsldolet
Plsin, 2.4.3. flgure 2.35
threwded, 2.5.3. figure 2.53

NIPALE
Thresded 2.5.%. figure 2. 09

Shaped. 2.3.2. Tigure 2.49

WON-RETOAN WAV . 38,7, 3
OISR, ST S “Slem’, 300,20 Py of
valve stem which tolates but does nol Thae
wen valye 15 ooersted

NORTH. 'Plant napth' & "true north’. Ses
'Hopizontal Meferenca’, 5.3.1 ard
*Allocating Space on bhe Sheat’, 9.2.08.
flaare 5.1

WAL, A protoeing porl ol a weasel, Lmnk,
(rmp, etc. Lo whirh piping s comnected.
Lolumi. 6.5.2
Heat extharner. 6.6.2

. Pumps Se= “Typloal Piping for Centelfugsl * ¥
Punps', 6.3.0
Supporting pipe at. 6.2.8
vessel. Bb.5.1

wB. Spacer (protrusion) on s backing ring ar
insert.

MUMEER OF LINE, See 'Flow Lines on PaIn's",
5.2.8

cim IS OUAWING, 5.2.6

NF 1400, Heters Ly 1o ewalnickr Lhar o plub
atea, ot lo ares vbebeeen w-plot atess. See
RATIEHY LIMIT

.01 . Aefers to Lhe ated of & patticular
plant wnil or comples. [here Can e mote
than e mr-plot atea in the same
masmat gt tin ing wite, See At HAY L IMLY
DH-SEEL - Erv Rt Vield Ope slivns cat1ied
out at Lhe coreilruction uite are tetmed
n-sile opelations

OOt IeATOR Top walve. 1.1.7

L AT THE HE JGHTS FOR ypLYES, 6.1 3.
table 6.2. chart P-2

ORIFICE PLATE ASSEMRLY. 6.7.5. tigure B.36
Llrarance atound. figure 6.38

ATFICE PIPE RUN. table 6.6

MRIFILE TAR, See 'Plphig Lo Flange taps',
6.1.5

DRHOGARPHIT DRMAING, 5.2.6

ANSI0E SCRCN. See 'Stem’, §.1.2

_L‘ul'ill'! orrdw & YOKE [D58Y]. fee 'Stem',
1.2

P

PRI = Plping amd instpumentatlon disgram.
5.2.8

PACHING. Compressible walerlal teld in the
Ltul fine bon of a seal

CRCKLE S5 UALVE, See 'Seals'. 3.0.2
PRNTOCHADH, 4,68

DRDCIE, Weard [ rirafilre a.4.1, tharl 5-07
PADEH STOUK VALWL. 5.1.1%

PARTS LEST. 5.6,

oASCAL . Metric {51) -nit of pressure, The
pascal ix the gressuTe protuced by & force

Of' § Mo OVeranaro o § 4 m?
PLNCIL. for dalting, bad.d
PENSTOCK. & channel Irsding water to & tur-
bire or vaterwheel
pH. A measuce of the acid or slkaline
sttanglh af somous solutions. Newtral
aolulions have a pH of T, hclds have a o
below 7. Rikalirefcaustic 1loulds have 2 pH
sbove 7.
PHOTTGHMITT AT .Y
AILIHLAL vILWE, 5.2.F
PLECEMARK = mark number. See 'Wuombering 1sos,
Spool Steets, 1 Spools’, 5.2.9
PINCK UNVE, 3.1.5
pIeL
Arean. tables P-3
Rurst ey prossutas. Lebies P-1
Daly. tsbles P-1
Definmitlon. 2.1.1
Defleclion. Latles P-1

~ piametets. 2.1.1. Lablgk B-1 = ~

Fittings. 2.2.4. tables 1}

Hanger. 2.12

How tu specify. 5.6.3

Jolnts. 2.2

Lengths. 2.1.2.

Linlngs. 2.1.2

Lugs welded onta. 2-12.3

Materials, 2.1.8. Sleels: table 2.9
Maximom setvice pressure. Lables p-1
pemenl of irmrbia, bables P-1

Brter g b3

rietack. Bol, 2. flgure 6.4
Presuure limits. 2.9.5. lables P-1
fedius of gyralion. tables #-1

53q. tables #-1

Schedule mumber. 2.1.3

Seciion mugulus. tables P-1

nlive, 2.1.2, Lables P-1

lerwe. 9-7.8

Gpacir. tables R

Spans. Lables P-1. lable §-1, charla 5-2
Stepls. table 2.1

Stock lengtha, 2.1.2

Support. 2.12, 6.2

Temperature limits. 2.1.5

Trreads. 2.9.3

Wall thickness, 2.1.3. tebles P-1
veights. tables P-1

wUeldipg to, 2.12.3
PIPE OOPE . Sealing compound used for making
screwed coniecbions, Teflon-Lased compounds
atm row usually specifisd unlpss Leflon Lape
i% used on bhe threads

pLIT ANAR¥T, 2,12, 6.7

Calevlarhons, bod.b

Desinn Funclions, B.Z.1

Expansion. G.2.5

Lrading, 6.2.2

Sor ing harger and support, 5.2.9
BIOL-TO-TURC CONMECTOR. figure 2.4%
PIMCRMK, B.1.2. Flgure 6.3

PIDEWY, §.1.2. Lables A-1

PIPING

Butt welied. 2.3 charl 2.4

Sermwed, 2.9, tharl 2.3

Sockel -welded. 2.8, chatt 2.2

PINING & LNGTRUPENTATION DIRCRAR. 5.2.4

Prping Drawmgs 529,54 3

Vgt S.dy

Centerlire,. 5.3.2. chart 5.1

Checking. 5.4.2

Dimensioning. 5.3

Toelifying sections, Swe '£lavetions
(Sections) & Cetalls', 9.2.B. chatt 5.0
Iratrusent connections, 5.2.0. chatt 6.2
Tasuing. 53.8.3

Lim- ey, Soe 'Flow Lines on palc',
S.2.h, 528

Points to check, S.8.4

Presentation. figure 5.5

Title block. 5.2.B. figure 5.9

PIPING FABRICATION ORMJING. 5.2.9

PIAING GROUP. &.1

PIFING LAV . Deslgn notes. B.1

PIPING SPECIFICAVION, #.2.1

PIPING USES. 1.1

PLM. View for drmedmg. 5.3.8, 5.2.8

Trokealilme, BeundacyoPThe. sile
PROPORTIONING YALVE. 3.3.2. tsble 3.7
e, 324
Piping 8.3.1
Salection. chatt %4
oUE PIPING. 8.3
PURGING, The flushing cut of unwanted anler-
{al trom » syates, Exesplmi flooding pipirg
with nitingen Lo TaSOue sbicapheriE Ouyoem
puLIN, & lorgl budinal sesber flued antarnsl -
Iy Lo Lhe roof frame of & bulldlng ta which
thm rooflng panels ate fitted
IH_'MTI'_R. A device used for measuting highet
tmmper stures

Q

QUICK-ACTING OPERATDRS. For valves. 3.1.2

. b "

DUANT. Bulldirg of . 1.2. chart 1.1

PLANT AIR. See 'Compressed Air lsage', 6.3.2

PLANT CONSTRUCTLON. chart 1.1

PLANE MORTH. See "Morizontsl Reference',

5.3.1. figure S5.11

PLASTIC PIPE. 2.1.4
Supporting. 6.2.7

PEMM. Distributlon comorent of a4 mechanic -
al system of ventilation. Fresh slr ks forc-
o Lnto & bow of chasber {'plerwm') For
distrinion in a bullding

MOl AN, 5.2.7

M UG, Rarstock. flgure 2.55

PLUG GATE YALVE. J.1.4

PLUG YALNE. 3.1.8

PLUMBING. 1.1

POCRETING In iines. 6.2.6

POLYPERIZATION. Generally, chemical renction
in wikch molecules combine to {om lukyet
molecules. Term aostly spplied to resctions
furming piamt chain-1ike wolecules, a3 in
the productlon of plastics

*popt SAFETY VAMLVE. 149

pOTROLE WATCH = Drinking weber

PORT of valve. Refers to the seat aperture of
2 value, but sometines to the valve's ends

PRESSURE , ABSOLUTE and GACE. fressurs
expressed relative to sbsplute vecum: pourd
per squate Inch absolute, phbroviated PSIA
or paik, iz the unil narmally used in the
USA. Pressure abowe atmospheric is termed
gage pressule, usually sxpressed as P510 or
prig. Mormal atmospheric pressure i3 18.7
puTA. Ading 4.7 to the gage pressure glives
Lhe abLulute prassule

PRESSUAE. REGULATOR. 1.1.10

PRESELAE SEM.. Valye. See 'Bonrat', 3.1.2

PRESSURE VESSEL. 6.5.1

PRIMARY YALVE. 3.1.11

PRIME = Priming water, etc.

POCESS EQUIPPENT . Louipment by which {or in
which) la effected & ptyslcal or chemlcal
change in process material, 3.3

PROCESS PIAING, 1.1

PROCESS WATER. water that ls adied to tre
process shresm .

PANJECT CROWP. chaert 4.1

UICK l:m 2.8
== QU1CK G - Zaln2.

-

RAILING .
Oimeraloning. table B.1. chart P-

Symbol. chart S.49

ARISID FACE (of flamme). 2.6.1

ARNDCM LEMGIH {of plpe). 2.1.2

RMEINE, The Rarklre scole measutes Lepera-
ture From wbsolute zero. (rw degree Rark Lre

{A) = e degree Fahrerhelt. tavle n-7
RAPIDUGRAPH, Pen. b.é.6

RATINGS OF FITIINGS. Lable 2.2
REACTIDN VESSEL. 3.3.1
AEACTOR, Unlt in which & controlied chewmicel
repction or process ocoutd
REBOILER. See 'Column Ehxuthr\'. B.5.2
RLCEIVER, 35.2.2
ALK
Bull-welding. Z.3.1. Figure 2.3
Iheeaded, 2.5.1. Flgure 2.38
Soeket-welding. 2.4.1. figure 2.22
REDUCER INSERT. 2.4.1. Figure 2.23
REDUCING ELBDW. 2,3.%. fhoure 2.2
REDUCING FLANGE, 2.1.1. Floure 2.8
PEDUCING TEE. How to ordec, 2.3.2. tyhie -6
REGULATING VALVE. 3.1.11
REFERENCE DRMMING, Any drawing mece by the
gesign groups to which refersncd iy sace.
Tha complete 1ist of reference drawing
rumbers la beat written on the main
srrangement drawing ’
REFERENCE POINT, 5.3.1. flgure 5.1%
FEFLUMING. See 'Column Operation’, B.5.2
RCINFOACEPENRT. 2,11
Symbals. chart 5.3
FEINFIRLING RING. Sheped setal ring fot rein-
forcing stub-lne, vesssl rmztlea, atc. Rdded
metul compensales fot watsl renoved Froe
pipe ot wessel wall
RELIEF MEADER, B.12.1. Figure 6.3 paink (T)
RELTEF VALVE, 3.1.9, 6.1.3
RELIEVIMG PRESIURE. Of liguiga. B.12
REMNASRE SPOO0L. 2.7.1. Flgure 2.681
peSISTANCE T0 FLOM, In piping. 6.1.%
PETLRM, 2.3.%. Figuis 2.2
FEVARP. To re-work or madify an existing

T T



FLUSH-BOTTOM TANK VLWL, 3.1.9

FOOT WALVE. 3.1.7

FOREIGH MATTER, Aoy urnsanted metezisl thel
anters @ system fros outslde

FOREICH PRINT, Print of & drawing nrighnating
in enolher group, OdepArLeent Or COmpany

FORETON STANDMDS, T.3

FRACT [ONATION COLUMN, 3.3.5. tsule 3.8
Piping, 6.5.2

FROST LING. Tne lowest depth b the grousd
which chills to 3% (0C)

FuLy -COUPLIMG, See COURLING

G

MG, A geyice for memsuring of regiskering
lewml, pressufe, tmmperaturs, Etc.

GAGE GLASS5. Giass used to show liguid level,
ususily in the form of 8 vetthcal glass tubm
with end commections

GALVANIZING. The coeting of metal with 2lnc
by slectroplating or fat-dipping

GASMET, Z.6.4. table 2.5 -
Olmenshoning., See 'Dimermioning to Jolnts',

5.1.3

GATE WALVE. 3.1.4

CIAT. A horizontal ewwoer of & building to
which the perain forming tha siows of the
oullding sre flitted

CLAND. N slesye within a stufflng Yox fitied
over a sheft or valve sism and tightwed
agalnal cospressitle packing 3a as to
prevert leakage wnile sllowing the shaft or
stam Lo wave

CLASS PIPE. 2.1.4
Supporiing, 6.2.7
CLUBE VALVE. 3.1.5
CRAGL . See 'Varticsl Aaferexe', 5.3

CRADE BLAM. Béam which is used Lo support &
Floor at grouno level

GROUND 10IM1, Firme finish on lw mtal sur-
faces faming Face-to-face jesk-Light Joint

GROUP LEADER. &.1.2

GROUT. & thin layer of concrete poured on a
sat concrete foundalion. bitwewn the faund-
stion and the baseplate of the wpuipmant
which wiil rest on it. e baseplain in
firmly bolted down on the lewal surlace of
the grout afler it has harcensed

GUIDE. 2,12.2, 6.2.8. Tigure 2.724

CUTLINE, Sew ‘Tracing’, 6.8.2

H

HALF -COUPL TNG

Thrwaced. 2.5.3. figure 2.43
Socket-welding, 2.4.3. Tlguta .7
HANORATL , See AATLING

NAMCLR, 2.92.2

Constant-loea hanger, 2.12.2

spring hanger. 2.12,2

HARNE S5 PI1PTNG. B.3.1

HEAD, Pepssure. 3.2.1

HEADER, A plpe serving ms 3 prircipsl supply
or Telurn lire .

HEMDER YALVE, Y111

HEAT EFCHANGEN. 3.3,5. figse 6.3 chart H-1
Dets shaei. B.BJY

Aiplng to. 6.6

WE AAGDN EUSHIMG, 2.5.1, flgure 2.42

HICH POINT FIMISHED GRAOE. Sew Tyertical Ref-
srarce’, 5,33

HOLDING TAME, Tack in which Liguid {ar o)
ia hald pendlng further pt ocesslng or iresi-

-t

HIMOGERIZER. 1.3.4

HOSE COWMNECTOR. 2.8.%

WISE WMLVE, 3.3

WOT TAP. A tachnique lor brmxching into s
Ilnw under pressurs without havlng to close
tha Llro down

HOTWELL. A sump, Lenk, or olhar receplac in
for holding discharges of not liguids.
6.10.4

HRORALLIC ACCUMAATOR. Stores 1houid undet
pressurs. Typically & duuice corghsting of »
cylinder and piston which Ia sctusied Dy 2
weight, spring, ot compressad gas. 0o Lhe
copasite side of thw pliston, the Jriven
fluid, such #s wakbsr or ail, ks atored
HYDAML IC DAMPEMER, 2.12.7

Symbol. chart 5.28

HYDRMILIL RESESTAMCE of pipe and Fittings.
£.1.1. table F-10

HYDAOSTATIC TESTING. B.11.2

HYGLENIC CONSTRLCTION. Plpe, valven, pumps
and other sgulpeeni used to nandis food-
stuffs sng drugs should be hyglenicelly
comstructed; which means Lhat all surfaces
coMtacting the materlal must be smookth,
ron-toxic and corfosion proof. Plastics anc
niobers should rob incorporate (s FLilers}
wubstances that say contaminate. Peterials
feem From such contaminants may bn 1aferied
to a3z 'while' pabber, eic,

INCOWEL. A hdgh-nickel alloy containing chro-
wion and bron, Resistani to oxigation and
corrosion

IMCREAZER = Sumge or Tedcer

[NSTRUFERT AlR, See 'Comprossed Air Usnge',
6.3.2
INSTRUMENT COMMECTION. B.7. chart 6.2
INSTRUMENT LODP, 5.%5.3

INSIRUMENT SICIETY OF AMERICA, 5.5.1.
tatle 7.1

INGTAURENTATION. 5.5

Coding, twkle 6.3

Funcilion. 5.9.2

Mounting. 5.5.4

on flow clagram. 5.2.1

Gn PLID, 5.2.4

Sigral Isad. 5.5.5, cract 5.3

INSULATSON. Thegmal

Dn P10, 5.2.4

Parsorwl protectisn. 6i.8.%

Thickress, §.8.1. tables 6.7 % E.B
INTERCODLER, 3.2.2

INTERCOMECTING PRI, 5.2.4

INtERFACE. Boundery common A0 Lwn systoms,
Sew figure 6.3 paints {10) & {14)

IWERT ELEVATION {'1€7) a tha elevetion of
trw boltos of the interral surfece of &
ourled plow. tsble S.2

INVENTORY, A Listing of pipe and other iLewe
of hatcwara saintained in stock

1RON PIPE. 2.1.%

JAON PLRE SIIE. 2.1.3.

I50. Intarralional Stancards Organd zal ion.
tee 'METRIC' - introduciion, Part il

150 = lsometzhc. 5.2.8, 5.2.9. figures S.15 &
5.16.

Checking. S.4.4

Nmbering, 5.2.9

TSOLAT G WALWE, 2.1.11

155010G ORAWINGS. 5.4.3

J

IACK SCREW. Scrww proviced in arifice t Langes
ard sometimas flanges for Line biinds fot
the purposs of teeporatily holding Tlanges
apart in order Lo Insattfremove oriflce
plate o1 lire blind. Two SCrEwS: T4 pLo-
vided {one per flsnge} placed 180 degrees
apart. Ilguis 2,59

JACKEVING. 6.8.2

J06 FUNCTIONS. &.1.2

108 WUMBCR. Compeny account fusher ta which
work is charged. Appears on 2ll paperwork
for = project

HALE. Trw work done whef Lhe point of appli-
cation of & Force of 1 rewton is displaced
thiough w dlstance of 1 meler in the olreci-
ion of the locce

JUPOVER. Lable R-2

K

kelvin. 51 un. b of tewpersture. Dafined 2o
"ere (raction iy eTh06 of Lhe L mshynomie
tempacature of tte tiiple paint of wyter
{1 trigle point of water is Lhe solld,
Llguld, vapor phata; 38 lcw begime to forw
on cooling.] laro on tha thermodyraalc scule
tw 273,15 keluins balow 18F0 O0 the Calsius
scala. b kelwin 1s a tesperators "incerval®,
or vifference. kwlwin la not exprassed in
pegiers, One keluin 15 equal to ooe 'degres’
Cembslus, Thus tweniy ougiees on the Calsius
scale §5 293.154. tsble A-7

MWIFE-EDGE VALVE. 3.1.1

KNOCK-OUT DRUM/POT, A stream of ges contain-
ing drops of liguld is passad thru a knock-
out drum in order to slow down ihe flou and
allow the liquld to meparste sna collect

L |

LAND on bevelsd end, charl 2,
LANTERN RING, See '"Bonret', 3.1.2
LAR-JOINT FLMMGE, Z2.3.1. figure 2.10
LATERAL
BuLL-weloing, 2.3.2. flguce 2.18
Threadad 2.5.2. thgure 2.47
Socket-welding, 2.4.2. Tigure 2.28
LATROLET
Butt-walolng. 2.3.2, flgure 2.1%
Thyeades 2.5.3, Tigure 2.52
Spchet-welding, 2.4-3. Tigure 2.4
LERDY, 446
LETTERING. 4.4.6

LEVTL GADE ., B.7.4
LI BLIND. 2.7.1 Flgurs 2.58

Symbol. chert 5.6
LING BLIND WALVE, 2.7.%, 3.1.4
LINL OESICMATION SMEER, #.2.3. 5.2.%

LENE WJMBER

PaID. 5.2.4

Bloing drawings. Ses ‘Process L Servica
Lirnes an Piping Ormelngs’, 5.2.B

Iso. 5.2.9

Spool. 5.2.85

LININGS for phpe. 2.1.4
LI5T OF [UWIPMENT. &.3.2

1151 OF MATLALEL. 5.B.1

LOAD CLLL. Welghing mechanise installed in
the supporls of Larks, elc.

LU-PRESSUFE. HEATING MLDTA, §.9.2

L, Projecting pieca on s wasswl, Frame.
pte.. by which it may Oe held of 1ifLed of
used for an atlachment

K. N principsl sectlon of plpe upplying
service or process (luid. Ina ALKC MAIN the
Flubd is continuoaly circulated around
cloams lgop of piphng and may e drawn aff
at any polnt, uUsaful for hotfeold linos, ot
for slutcles end other flulds with suspended
sollds Lnat may »8pEraie

RAEL® WATER, Watar bs loat [n many processes
-ard operations. Waler Inventory ia pestored
oy aoding maheup watet

MALLEABLE -TRON. A duclile cast iron produced
by contralled aonealing of white casi lroa
MANHDLE . table 6.7
In roluen. B.5.7
MANIFOLD. R thamber or pipe [heacer ) having
seumral brarcihes
PANOPLTER. Swe "Orklice Plale Aspamily',
6.1.%

MANF ACTURERS' WETCHY, 2.1.3
MATCHUINE . See 'Proceas b Service Lines en
Piping Drswings', 5.2.8. flguse 5.8
PATEATAL BALANCE . A Oetelled tabulation of
process maierial flowing into, thiu e out
of Lhe process, showing Lhe gl -1ribelion of
311 signilicent components, trcluding
impuritles
MATERIAL TAMEDFF ., Estimsten guantitles for
matwclala, taken from drawlngs
M. Symbol chart 5.2A
MITEA, 2,39, Hgure 2.5
MIAER. 3.3.2. table 3.7
snING. 3.3.2
RIKING VALVE. 3.1.10
MODEL af alent. .4.12
MOMCL ., Alloys conalsiing mainly of nhcugl and
copper, which have good ferisiance Lo COFTO-
sion, abrsslon snd hest
MOWLPENT. 5.3.1. figure 5.3
M TIPORT WALWE. 3.1.8
MYLAR FILM, &.&.1

MEEDLE VMLVE. 3.1.§
MEWION, Matric unit. The forca to sccalersts




amassofl 1K a-—qr.%e%op {rvder
pet second, Dae secorel. 51 onll [decived).

NIPOLE [, Integeal nippie/weloolel
Plain. 2.4.3 Howe 2.35
Threasded. 2.5.3. Migure 2.51

N1PRLE
Ihreaded 2,51, figure 2, %9
Shaped. 2.3.2. figure 2.19

NOH-RETURN WALWE . 3.1.7, 5.0.1%

WY TN, ST ML e TR, 1.2, Tpom of
valve atew which folates bul does ol Tlse
vhen valve in operated

NORTH, "Piant notth’ & 'true narth’. Sze
voriroents) Asference’, 5.3.% and
‘dllocatlng Spsce on Lhe Sheet®, S.2.8.

firpre 5,31

MZILL. A protroolmg porl of a vesse!, twnk,
pump, etc. ta Which plolng is corrected.
Lolemwie B-5.7
Heat ancharmet, 5.6.2

- st - Punpy Sem "lypical Piping for Centrifugel - %7

Bongs®, B3

Supputt ing pipe at. B.2.8

vennel . 6.5.1
MB. Spacer {protrusion} on a backing tirg or
Insert.
MMBER OF LINE. See *Flow Linex on PEID's',
5.2.%

T IAE OaARiML, 5.2.6

$F LN, Hoters Lo siea oulaide the one-pluot
area, af 1o arcs belween on-plob areas. See
DATTERY LEMIT

AN TLOT, Hefers to the atea of a partleular
plant uvil or tomplen. fiwre car be more
than e on-plat area in the same
mowlautut lon ohle. Seo BRVIERY LIMIT
IN-SEIE - In ther §leld. Uperstions cannled
put at Lhe costruciion ~ite are Lerned
prn-site opetations

DALEATOR Tor wvalve. 3.1.7

ODERRETHG HETEHTS FOR VALUES. 6.1.3.
taple 6.27. chart P-2

ORIFICE PLATEC ASSEMALY. 6.7.5. Jigure 6.36
Clearance afvund. Figure 6.38

PDRIFICE OIPE AUN, table 6.E

QRIFICE TAR, See 'Piplng to Flange Tapa',
6.7.5

R IHICRAHED DRATNG. 5.2.6B

misIoE SLREY. Sce 'Stem', 3.1.2

_DUTS(OE SCHEW & YOKE (95ar}. Gee "Stem',
3.2

P

PAID - Piping and Lnstrumentatlon diagram.
5.2.4

PACKING. Trompressible material held in e
iuf it box of a <eal

PACKLFSS URLUL . See ‘Seaks’, J.0.2
PARIOGRARH, 4.6.6

WAPEFE, thand 1 drafting. 4.4.1.
PROER STIXX WALW. . 3N
PAHTS L15T. 5.6

ppseaL. Metrkc [51) onit of pressure. The
pascal is the pressury produered by o force

chattl 5-6M

U’ § Nesion OVer-an arem o £ {m?

PENLIL. lur otaluing, &.8.2

PENSIOCK, A charmel lesding water to s tur-
bine or waterwheel

pHM, A mrasure of the scld or slkealire
strength of squems solutions. Newiral
solutlons have a i of 7, Aclds have a pht
below 7. Alkalinefcacstic Llguids teve a pH
sbowve 7.

PHATENAPITE ALY, 4,613

PILIOHLIAL viLWS. 5.2.6

PIECEMA = wmrhk rwsber. See "Wuwbering Tsos,
Spool Steets, 4 Spools', 5.2.9

£IMCH WALVE. 3.1.%

PIRE

Areas. tables P-1

Nt sk i1y prosoaat iea. bables P-3

Datu. tables P-1

OefInitlon. 2.1,

Deflaction. Latles P-1

Olamelers, 2.1.3. tanle p-1 "—""".\ ™
Fittirms. 2.2.4. tables D

Hanger. 2.2

How bu specily. 5.6.3

laints. 2.2

Lengths, 2.1.2.

Limings. 2.1.4

Lugs welded onto. 2.12.1

Matetrfals, Z.1.4. Steels: table 2.%
Maxjmom service pressure. Lsbles P-3
Momenl of inerlia. tables £-1

enket iy, 9.6, %

wipesack. B.1.2, figure 6.3

Pressure Limbts. 2.1.5. tables P-1
Radius of gyratlon, tables P-1

5a9. tables P-1

Scnedule rumbes. 2.1.3

Section modulus, tables P-1

G, #.1.2.0 Lables P

Sleeve. B.2.B

Spacirg. bables R

Spats. Lables B-1. teble 5-1. chatls 5.2
Steels. Lable 2.1

Stork lemgtts, 2.1.2

Supporl. 2.12, B.2

Tempeecature Limits. 2.1.5

threads. 2.5.5

wall Lhickress, 2.1.3, tables P-1
Weights. tables P-1

Welding to, 2.12.3

PIRE ONOPE. Sealing compound used Far making
screwet coreertlons, Tef lon-based compounds
ate row ususlly specified unless teflon tupe
in uasl on Lhe threads
rI UAMIRT, 2,12, 6.2

Caleulablons. S.d.4

Desipn Tuctions., 6.2.1

fapansion. 6.2.5

toadieg. 6.2.2

Spring hanger and support, 5.2.5
PIPL-TR-1UC COMNECIOR. Figure 2.01
PIPLRMK. B.1.2. Pigure 6.3

PUEWY, £.1.7. Lables K-1

PIPING

Bul ¢t -welded, 2.4, chert 241

Sotewet. 2.%. chart 2.3

Sochet -welted, 2.4. chart 2.2

PIPTHG A INGIAMENTATION DEAGRAM. 5.2.8

.

Ppina Trans
ua..}:;;‘.?u. 2. "3 523,503
Centerlins, 5.3.2, chart 5.7
Checking. S.4.2
Oimensloning. 5.3
IdentLiying sections, 5ee 'Elsvalions
{Sectioms) & petails’, 5.2.8. chark 5.8
Insttuwent connectlons. $.2.8. chart 6.2
Tasuing. 5.4.1
Lhew rombeg, Sou *Flow Lines on PAIOY,
5.2.4, %.2.8
Pointe to chech. 5.8.4
Fresentation. figure 5.5
fitle block. 5,2.8. flgure 5.9
PIRING FRORICATION DRAWING. 5.2.9
PIPING GROUP. 4.1
PIPING LAYOU) . Design notes. 6.1
PIPING SPECIFICATIDN. 4.2.1
PIPING £S5, 1.1

fm&rﬂﬁ.[me, ﬁ?unda&‘jﬂprﬂc sle

PRDPOATTONING VALVE. 3.3.2, tebls 3.7

. 5.2.1

Piping B.3.1

Salectfon. chart 3.3

PP F1RING. 6.3.1

PRGING. Tha Flushing out of uresnted seter-
12l from & systes. Evample: Plomding piping
with nitengen bo remowa ateospharic onygen
PUALIN, A Jossgitodinal mesber Flaed extarnal-
iy Lo Lhe toof freme of & bulldlng Lo which
the toofing panels are Fitted

PYROMETER. A device used for messurlng highet
tempersiures

Q

QUICK-ACTING OPERRIORS, For valvey. 1.1.2

PLAN. View for di . 5.2.8, 5.2.8 LK CT0R, 2.8.1
PORRTETER. o 45 " e QULEK- 5 . v R .
PLANT, Byllding uf. 1.2, chart 1.9 ' A
PLANT AIA. See 'Compressed Air Usage', 6.3.2 R
PLANT CONSTAUCTION. chart 1.9
PLANT MRIH, See "Horizontal Aeference', AALLING .
5.3.1. Figure 5.0 Dimnaioning. Lsble 5.3, chart P-2
PLASTIC PIAE, Z.1.4 Symbal. chart 5.9

Supporting. 6.2.7

GLENM. Distributlon component of & mechanic-
al system of ventilation. Fresh sir is fore-
ed into a box or chanber {'plerum'} for
distribotion in a building

MM AN, 5.2.7

PLUG, Barstock. Tigure 2.55

PLUG GAIE YALWE . J.1.4

PLUG VALVE. 1.%1.a

PLUMBING. 1.1

POCXETING Tn lires. 8.2.6

POLYMEALZAY IUN, Gerecally, chemical reasction
in whilch solevules combine to foem laryet
molecules. Term moslly sppiied to resctions
forming yiant chain-1lke molecules, = in
the procuction of plastics

‘PO’ SAFETY WALUE. 3.1.9

POTAPLE WATER = Ot inklng water

g1 of value, Aefers to the seat specture af
a usive, byt sowtimes to the valve's snds

PRESSURE, ABSOLLTE and GAGE. Pressure
expressed Telative to ahsolute wacum: v
per square knch absclute, abbreviated PSIA
or psif, is the unit nocmally used in the
USA. Pressure sbove atmosgharic is termed
gage pressuie, wsually expreased as PSIG or
pslg. Normal eteospheric pressure i= 14.7
PyTA. Adding 14.7 Lo Lhe gage pressuts glves
the aboolube pressuce

PRESSUPE REGULATOR. 3.1.10

PRESSURE SEAL. Valve, See 'Bonnet’, 3.1.2

PHESSIRE VESSEL. 6.5.%

PRIMAAY VALVE. 3.1.71

PRIVE = Priming water, etc.

PHOCESS EDUTPRENT . Ecuipmenl by which (ot in
which] io eflected a physical ot chemlcat
chiange In process material. 3.

PROCESS PIPING, 1.}

PAOCESS WATER. Matsr that ks sdded Lo the
process stresn
PRAOJECT GROUP, charh 4.1

RAISED FACE {(of flangm). 2.8.1

RANDOM LEMGTH {of plpe}. 2.1.2

RAMCING. The Harkirne scale measutes bewmpera-
turs from absolute zero, One deqres Rankine
[R) : ot degres Fahrerheit. tsble M-7

AAPIOOCANT, Pen. &.4.6

Rt INGS OF FITTINGS, Lsble 2.2

REACT IOW VESSEL. J.3.1

REACTON, Unlt in which & controiled chemlcal
teaction or pracess aCLura

REACILER. Swe 'Column Operatlon’, 6.5.2
RELEIVER. 3.2.2

REDUCEH

Hult-weiding. 2.3.0. Flgure 2.3

Theeaded. 2.5.1. flgure 2.38
Socket-webding. 2.4.V. flqure 2.22

REDUCER INSERT, 2.%.1. Floure 2.23

REDUCING ELBOW. 2.3.1. Figure 2.2

REDUCING FLANGE . 2.3.%, flgure 2.B

REDUCING TEE. Mow ton order. 2.3.2. teble 0-6
REGULATING MALVE. 3.1.11

REFCAENCE DRMIING . Any drawing made Dy the
deslgn groups to which refarence is sade.
The comglete List of refersnce drawing
rowbers La best oriiien on the main
arrangement drawing ’
REFERENCE POINT. S.).1. figure 5.31
FEFLUCING. Sma 'Colun Opetation’, 6.5.2
REINFORCEMENT,. 2.11

Symbols. charl 5.3

RELNFORCING RING. Shaped metal ring for tein-
farclng stub-ira, wessal nozzles, eic. Adcterd
setal conpersatas foi metal vesoved from
pipe or vesssl wall

RELIESF HEMDER, 8.12.1. Flgure 6.3 point (1)
RELICE WALVE, 1.1.9, 6.1.3

RELIEVING PRESSURE. Of liquids. 6.12
REMOAMBLE SP00L, 2.7.}. Tiguem 2.8
RESTSTANCE TD FLOM. In piping, B.1.1
nTUW, 2,31, Flgure 1.2

REVAMD. To re-wotk or modify an existing

R e
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istallation. &.4.13
REVISION, Of orawings. See 'lssuing
Drawings', 5.4.3
RING-JOINT, 2.6,%. figure 2,58
Flange ) gaskel dats, taole M-T
RING MAIN. Figure &.2F & 6.50. Sea MIN
RISEA. A lire which conveys fluld upward
AOLLED ELL/MOLLED TEE, Sew "Plan View Piping
Orewingn', 5.2.8
AOOT BAP. 5.3.5. chart 2.1
ROOYV PENETRATION, Depith to which a groows
{butt) waid sutmds inta Lhe "goak jolax!
{ulther sioe of coot gap)
AQOT waLME. 3.t.11
RATAETER, 6.7.5. ligute 6.55
RUTARY BML YALME. 3.1.6
FOUNDHEAD PLUG, Flgues 2.55
RUNUMLER . tabln A-3
MPTURE DIS. 3.1.9

S

SADOLE . {1} Shaped setlal pisce uaed foc
rainforcemmnt, 2.%%, figure 2.71. charl §.3.
{2} Sraped mmtal plece sttachad to insulated
plps am & Duwrlog surfece for supparting.
2.12.2, 6.2,B, Tigures 2.72A &4 2,728

SHFETY
Cuidelires for Tlassable 1iguids. B.14
Yalve placessnt. 6.7.3. Lable 5.2. chart BP-2

SAFETY-RELIEF WAEWE. 3.1.8, 6.1.3

SWFETY YALVE. 3.1.9, 6.1.3

SACGING OF PIPE, 6.2,6. tables P-1

SARPLL FPDINT. It is often neceasaty to Lake
a swple of saterial from a procscl llre.
Usually # small branch line wilh ssmpling
wvaluw §5 w1l that is tequired. Howaver, Lf &
nhgh-ptessuta Line fas to be sampled it 19
best to run the ssepla llne ta 2 small
vesse! (sew SAMPLE POV)

SAMALE POT, Tu =ample a high-pressure line,
{t ix recassary W0 provide s sasple pot {a
wll grum or yvessel) with » valwed or un-
walwed vent o atmosphera. IF 8 hot lire La
balng nampled, It may be pecessary to
provioe Lhe pot with & water-coolsd coll

SAPPL IS YAavE, 1.1.8, X411

SANTTARY CONSTRUCTION. Sew HYCIENIC CONSIRUC-
1108

SATURATED STEAM, 6.9.1

SCHEDWAE MUPBER. 2.1.3

SCHEMATIC DIAGRAM. 5.2.2

SCALEN. 2.10.4

SCREVED PIPING. Dewcribes an asssmbly of
threaded cawporwnts and plpe. 2.5

SCFUBBEA. J.3.3. tsole 1.8

SEA. WATER. Maker used for pressurizlng
senls of & pump of otrer rotating equipment

SEN, WELD. Term ysed For circumfecential
fillat welid. chart 2.3

SEMMESS, Pipe formed by rolling snd plarcing
a w0lld billet is tarmed "sescless’. Des-
ctiben plpe pr Tigting sade without lang-
itudlnal weld

SENRCHING. Tare ussslly refers to penetrating
ability of s "thin' |low viscoslty} iguld

SECTION, Ses "Elevetions (Sectiom) B
Dekalle', 5.2.8. chart 5.8

SECTION LEADER. chark 4.2
SECURITY, S.2.1
HPLA, &, 4.0
SEPARNTOR. 2.10.2, 6.10.1
SEPAMRNTION, 3.3.]
SERVICE PIPING. 1.1
On PeID. 5.2.4
SE1 PRESSURE . Presmae st which & pressure
contraller Or welue is set to operate
SETTLEMENT STANIM. 6.1.1. fligure 6.1
SETTLIMG TRM. Tank in which process stream
or effLyent can be held to sllow sclids to
separate. 3.3.3. tsble 3.8
SEWACE, Maslas From plant pparstions, buila-
ings, stc. Somatises includes ground or
surface water
SEWERAGE . The collectlon andfar disposal of
S
SHOE, For pipe. 2.32.2, 6.2.8. figure 2.72A
SHUMFF vALVE. 3.1.11
51, See "METAIC'- Introcxction, Part II
SICHT GLASS. Window in a lirm DT vessel
S1TE. Arss OF plant comstruction
SIIE A aw, 5.2.7
SHELP, Metal In strlp Ffors that Is fed lotc
tolls to fors plpe
5. IP-ON FLANGE . 2.3.%. Flgure 2.7
S EEVE, For pipm. Short length of plpe, or
propr fetary fitting installed In wall ar
floar penetration thiu which plping is run
SLOPING LINES. 6.2.8, 6.10.4
SLURAY WALVE. 3.1.11
SMEBER., 7.12.2
SICKET-WELDED PIPTNG, 2.4
SOCKET-EL OIMG FLANGE ., Z.4.7. Figure 2.27
SCKAET, 2.4.3, Figute 2.32
SOUA WATER. Water that hes an acid content.
Turm may refar to an scidic «ffluent
SOARCEN. A stesm plpa with holes in it to
disperss stase in water, flgues 6.45
SPATIER. The matal particles thrown off dur-
ing src or gas walding
SPECTF ICATION.
Changm of . See *Frocess 4 Service Lires on
Piplng Drawings', 5.2.8. flgurs 5.1%
Piping. %.2.1
SPECTACLE PLATE, 2.T7.1. flgure 2.%8.
chert 5.8
SPTARAL SDCK WALME. 3.7.11
SP0a
Clmensloning. 5.3.5
Drawing. 3.2.9. figure 5.17
Maber. 5.2.9
Shipping size. 5.2.8
Spoal sheet. Tlgure 5.17
SPRING WANGER, 2.12.2. flgurss 2.77B & 8.38
SPRING SUPPORT. 2.12.2, figures 2.7 1 6.16
SMEEZE YMVE. 3.1.5
STAINESS STEEL. 2.1.3. Cosparable Evropean
stesls. table 2.1. Stainless ntesls are
iron-based alloys incorporsting 11.5 to 2ed
chromlum, § to 155 nickel, up to 0.73
carbon, and mmall seounta (in cerleln
alloys) of other wlesents
STALAWAY, charts 5-31 & P-2
STARCHION, 6.1.3
STANDMRDS, 7
Fabriceted plping, table 7.4

fittings. table 7.8
Flarges. table 7.11
Geakets. table 7.7
Hangers and supparts, tstble 7.6
feal sxchangers. taule 7.13
Irstrmentalion. table 7.1
Pipe prooxction and testing, tacla 7.5
Pumping machiliery. table 7.14
Scremthresds, table 7.12
Symtals and drafling, table 7.3
Unfired vassels and tarks, Lsble 7.10
¥alves. table 7.9

STANCAY EQUTPMENT. On flow diagram, 5.2.3

STANDPTPE, Sem 'Clusing Down Lines', 6.1.3

STEMM. 6.9, chatl 6.3
Afr ko stess, 6.9.1, 5.100
Oewinirey 4 trapping 1lres. B.10
Ory. 6.9.1
How foreed. 6.4.%

f lash. 6.9.1
Satureted. 6.9.%

Swparator, G.30.3. Figure 2.E7
Superheated. 6.8.1

Trap. 3.1.9, 6.90.7. flguurms B.43 & B.44
Trwp o PRHL. 5.2.4

Trap on plping drawing. 5.2.8

Umtlng alr From staom lines, 6.30.0

wet. 6.9.7

SIEM PIRIMG, G.30

STEAM TRACIMG. 6.8.3. figure 6.40. chart S.7

STCAM THAR PIPING, Tigures BE.4) & 6.48

STEEL EQUIVALEWTS. tabla 2.%

STEELS FOR PIFL, 2.1.4

STICK FILE. 4.3, &,4.10

STOP VALVE. 3.1.11

STOP-CHECK UM VE. 1.7

STARIN, Renctlon, such »s elongstion of
comptession, to striess. Ses SFRESS

STRATMER. 2.10.). figure 2.58

STREET [il. tatle D-11

STRESS. Force spplied ta meterial. Common
stressas on pips st cuw bo prassure of
cantalned Mluld, and loading (smlf m
spplleg] causing berding of pipe

STRESS AELIEVE. Rmwowal of Entwrval strain
L matsl iiems by fealing snd conbicllod
coaling .

STRESSES O PIPING. &.1.1

STRIPPER. 3.3.3. isble 5.8

STRONGEALK, Plps spool connected sxlamnslly
ta wassel, on which lnsbruments ace mounted.
Tigurs 6.J(c)

STRUT, Ay of various strucburel-siee] mewt—
ars (=uch ss ussd 1n trusses]), primsriby
interced to cesist longibdlne) compression

STUB. SroTi length of pipe sometlmes with
shaped snd
STUR-IN. 2.3.2. figure 2.1%. chart 5.3

STYDBOLY. 2.6.3. tables F
STUFFING BOX. Aecess Ln body or casing of &
valve, puwp, expangion jaint, elc. contain-
ing packing saterial under pressurs %0 M 10
farm & ses} sbout & allding or rolating part
SUBMEACLA, A hasder which Ls & brench Trom a
larger hasder
SUPPORTING PIPING. 6.2, Spring suppait.
22,2, tigures 2.728 4 8.16
RPEMERTED STEML. B.9.1, chert 6.3

SWME = bwaged oipple
SUALED WIPPLE

Butt-welding. 2.3.7. flgure 2.4
Thirsaded. 2.5.7. Figure 2,43, tebls 3.4
Sochet-walding, 2.4,1, figure 2.25.

Lable 2.3
SWAY BAMCE. 2.12.9

SWEEPLET 2.3%.2. Flgute 2.76
SYREOL . 5.0

Butt-waloed pipirg. chart 5.3
Control station. chatt 5.7
Cewtal, Tor drawlrmgs. charl 5.8
Jolnts for gipm. 5.1.%

Lire, chart 5.1

Miscellnrmous. chert 5.7

PLID charts. S.l, 5.2 8 5.7
Pips suppori. cherl 5.7

Procesa. chatt 5.2

Thieadeo piping. charl 5.%
Sackel-weloed piaing, chert 5.5
Utility statlon, 6.1.5

Valwe. chast 5.6

Valve oparator. cract 5.6
welding S.1.8. chart 5.4

T

TALK WILD, Seall, separated welda ssox to
positjon parts before welding fully

TAG. An ldenlifying mambat or code spplied to
an ltem

TANK WIPAE. 2.5.1. figues 2.3(d)

TAMK CAR, Rsilroad car for transpartlng
liquids or gases

[AMKER. Romd wehicle for teansporting limubds
oT Gases

TELHNGS PEN, #.4.6

TEE

Butt-weldirg. 2.3.2. Figure 2.12
Oimansions. tagles D

Redhcing. tapls O-6

Thresoed. 2.5.1. figure 2,86
Sochat-wlding. 2.8.2. figuwse 2.28

TEMPLATES FOR DANTING. 4.4.7

TEMPORARY STRAINCR. Ses ‘Scresn’, 2.10.4

THEAMAL FOVERENT . Changes In length (eapens-
lon or conkractlon) occurbng In piping with
varlstion of btewperaturs

THERMAL STRESS. 6.1.1

HERMTNOL ., 6.9.2. Ses "leckating’, B.8.2

THERPGH. Ses 'Cettlng Hesl to the Process
Line', B.8.2

THEAMDEELL . A pocket, ellhet scrmesd into @
lire Fitking {mxh as & coupllng or thrad-
olat) or welded irdo » plpe, te sccommocate
& tharmocoupls of thermomater bult. 6.9.)
THREMD, For pleom and Tittimgs. 2.5.5
THREDOLET. 2.5.3, figurw 2.50

THROAT TAR, A Capped pressure conmection sede
In Lha neck of 8 welding-reck flangs as sn
aitarmative to using sn oriflce Tlerge
THAOTTLING. Eloaa reguistlon of Flow thru s
valye in the Just-open paaition

THADTTLING WALVE, 3.1.11

TIE. 2.12.2

TILTING-OISE YALVE, 3.1.7

FINLE BLOCK. 4.4.5, Sea "Allocating Spece on
e Shaat', 5.2.0
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Toleranees on PiPm Liwumg o, Pals 3,12

1% PIPING. B.5.2

TRACTMG {Lhermal). 6.8.2. Tigure 6.80.
chart 5.7

On PRID. 5.2.0

1AANSHRIAITON PIPING. .1

", 1.1.49, 6.10.7

On PAIU, 5.2.4

Plpirg to. €.400.10. Houres 6,45 4 6.4
IRAPPENG SICAM LINES. 6.10.11

IR, Critical Lnternal surfaces of a walwe
body sf e sometimes made of wpecinl myterial
wrh 83 staintess steel. These pacts wmay
include e disc arg seak, stem, nt other
inteatnal surfacus

[HLm PIPING. B. 3.1

TRUSS. SLructutel frwme based o Lhe geomet-
1ic elgldily of Uw ittiangle, composed of
compression oy Lenslon mombet s Lermed
struts ad Llen

TUBE., 2.1.0

HMBIME PIDING. 6.4

1AMEY PLANT. A plant conatructed and made
ready for client's immedlate opetallon

U

UNIF IEU SOREN IVPEAD, 2.6.3%
INLTINALE . e TRinclog’, BUBLZ
LT
threaded, 2.%.1, llgute 2.40
Sockel-welding. 2.4.1. FMigure 2.24
UNIDN BOMMET. Yaluva consliuction allowlng
quitk coupllng and uncoupling of valve body
and bonret
UHTON 1 {T0IMG. B Fitllng with a union st one
0r mprE s
DRL{MUING, 3.2.2

1S DEPARTPENT 1% LIFRCE . Cuast and Ceodet ic

Survey. 5.3.1

usAsy, 7.3

UIILLiY PIRING. 1.1

OOLLTEY STATION, 6,1.5. 1igute 5.12
Symbol. B.1.5

v

YACUL, The deqree of wacuim can be quoted in

pslf, bot more often either Lhe pressute ar
ttwa removed pressure is quated as o ‘heao',
petally the teight of a roluw of merculy
(M) imomdllimelore of meTony [mm M.
Bormal atmospwerbc pressuta Lo L0 mm Hy
UACIADS BIREAKER, 1.1.13
VALVE. 3.0

arramging. 6.7.3, B.1.4

Becpws. B.1.3

Below qrade, See 'If Where s no PRI,

£.1.2

Aody. 3.1.2

Yonnet . 3.1.2

Chain pperator. X¥.1.2. charts 5.8 4 p-2
Bisc. J.1.2, chart 1.}

Geat . 3.1.2

Harnowhwel. 3.1.2

On flow disgram, 5.2.3

On PRIC, 5.2.8

Gpetalms. 3.3.2

#lacoment. 6.1.3

Port. 3.}.2

Saal, 3.1.2

Sest. 3.1.2

Selection. 3.1.3. chart 3.2
Gite, B8

WALVE 51EM. 3.1.2

Arranging. See 'Orlentalion of Value Skema',
6.1.3
Nan-tislng. 3,9.2. floure 3.3
Operating height. 6.%.3. table 6.2,
chart P2
Blptng salety b iebief walwes. B.1.]
filalng, Outvide screw b yoke. floure 34
and flgure 3.2

VAN SIONE FLANGE. 2.3.1. (igute 2,10
URHIAGLE SPRING HAMLEH or SUPORT. 2.12.7.

figuies 2.728 & 6.16

VENT

Location. See 'Riping Arrargement', B.Y.1.
figuee 6.a7

O lines and vessels. 6.11

On phping. 6.1, flogure 6,47

On PEID, 5.2.4

On tark. Symbol. chart 9.7

WESSEL COMMECTION. E.5.1

VESSEL DRAMING. 5.2.7. flgure 5.14

WESEL PIHIMG. 6.5.10

VILTAULTL CIRnIM. A "ok i L7 metlond
ot juinlrg pipe, Mittligs, walves, and
pguipmenL} marufaclured by the Yictaulic
Compury of Pmerica. 2.0.2. fligure 2.62

W

WATIISAMMEH, N cuncussion dolr tol

(1] Pressae waves travellng in plping and
reeting with obstructions. B va,ee closing
too Tapidly will create a pressure wave

(¥) Compensate hut led against obsliuckiona
by high-welociby abeam. See 5.13.2, 3.10.8

WELD GAP, 5.3.5 charts 2.1 & 3.2

WELDING-MECK FLAMGE . See Wiganges®, 2.3.1.
tigure 2.6. tshles F

WELDING SYMBOL. 5.1.H. chart 5.9

WLDING Yo plpe. 2.12.3

MELDOLEL. 2.5.2. figure 2.13

WET 5TLAM. B.9,1. chart B.3

WINTERIZING. 'he provision of inaulskion,
tiatlmy, jacketing, or olher means Lo
plvwent Toeez bog of sodpment and prwness o
e oo erpasbd 10 low Leanpe abutel.
Livaglation, 5.8.1. Lables 6.7 & 5.8
JeckeLing. €.8.2. lgure 6.0, chart 9.7
yacing. B.8.2. figute B.40, chart 5.7

Wi DHAWING. [erm describing the eroslon of
valve weals, ususlly due to the cutting
aclion of forelgn pariicles in wigh-veloclty
Tuids rrating uhen Flow i thotiled

WK PDIKT, An atbitrary reference from which
divensions are taken

Y

TAAD PIPING. ®iping wilhin the site and gx-
terrel Lo twildings
ML, See 'Stem’, 3.1.2
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—  ACKNOWLEDGMEN

Pratogragha and Illustratinns reproduaced
couxiesy of the fallowing companies.
{Page rumbers sre bracketad]:

[6) BACKING RING - Tube Turrs {Div of
Chamtron Inc)

[7] EvBOWS § RETURNS - Taylor Forge Inc
FEDULERS - Tuba Turre (Olv of Chewtron
Inc)

{B] FLAMGES: MELOING MECK, S.19-ON,
REDUCTING SLIP-OM - Taylar Fosge Inc
EXPMDER FLAMGE - Tube Turne [Civ of
Cheatron Trcl

[8] LAP-JOINT FLAME - Ladish Compeny
1EES - Tubw Turne (Glv of Cremtion 1nc)
WELDRET - Bonrmy Forge

[10] SHEEPLET - Bunney Forge
GUTT-WELDING CROSS, LATEAAL, NIPPMLE -
Tube Tuprs (Blw of Cheslzon loc)

[11} BUIT-RELDING CNR - Crane Company

(2] FULL-COUPLING, REDUCEA - Crace [owparny
SOCKE1-WELLING REDUCER INSERTS - Ladlsh

Campany
[13] SOCMET-WELDING FLANGE - Taylor Forge
Inc

SOCKEY WELOIMG: €L80wS, TEE, LATERAL
and [ROSS - Crarm Company

[34] SOCKET-WELDING HALF -COUPLTNG - Crane ™
Company
SOCKOLET - Bexwwry Feorge
SOCKET-AELDING CAR ~ Henty Yogt Machine
Co

{18) FULL-COUPLIMG ~ Crane Company

18] FEOUCING COUM ING - Cownm Company
UNION -~ Stanley G, Flagg & Co Inc
HEMAGON BUSHING - Crane Company

{¥7] THREADED ELENMS, 4S5 and 90 OECREE -
Crarar Company
THREADED FLAMLE - Yaylor Forge Inc

(18] THREADED LATERAL, THREADED CRCSS -

~ . _Erang_Gompeny e
- THAEDDLET, THAEAGED-ELBOLES, THAEADED {83] " oAs

LATROLET - Bonray Forge

{¥8] YHREADED CAP - Hernxy Voot Pachire Ca
THAEADED BARSTOCK PLUG - Ladish Company

[#1] MACHIME BOLT & MUT, wat SFLOBOLY & WUTS
- Crsw Company

[73] VICTAMAIC COMPRESSION SLEEVE COUPLING -
Victsulic Comparry

[#5] MEINFORCING SAXAES - Crena Company

(3] GAIE UALWE {DSLY, baltsd bornet, rising

%]

(=l

tn)

[xs)

3]

(7]

13]

stea), GLOEE YALVE {DSAY, baltsd
bonoat, Tising stem), GATE WALVE (IS,
bolted bonwt, mon-rislng stee) -
Jerking Brow, Valvx Aerufactuters
LAMTERN AING - bw. Powall Co
PACMLESS YALVE - Cranw (o
BELLOWMS-SEML VALVE - Hanry Vogt
Machine Co
COEKS - wm. Poumll Co
HAFRER-BL0W HANDWHEEL - Wwm. Powwll Ca
SPR-LEAA OPEARIOR and BEVEL -CEAR
(FERATOA - Crarm Company
ELECTRIC MDTOR GPERATOR, PHMEUMATIC
GPERATOR - Wm, Powmll Co
QUICK -ACTTNG WML YVES:
AOTATING STEM O GLOBE WALVE - Jerkins
Bros. ¥alve Menufactuters
SLIDING SPEM DW CATE YALWE - Lunken-
raeimer Compary
SOUID WEDCE CALE YALVE - wm. Powell Co
SINGLE -D)SC PNRALLEL-SEATS GATE YNLWE -
Henry Voot Pechine (o
PLUG GATE WALWE - Crene Compary
GLOBE WALVEY - Heray Vogt ®achire Co,
WE-BODY LLOBE wALVE {Incorporsting
compoalition oisc) - Jenkins Bros. Valve
Marilact, rers
MEEOLE VAL, ROTARY-BALL WALVES -
Lurkariwimer Campany
BUTTERFLY WALWVE [WAFER TYL) -
Lunier ralnar Cospany
SWIMG CHECK YALVES - Janklina Hros.
Vnlus Marwufacturers, Selworth Co,
PLSTON-CHLCK YALVE & 3T0P CHECK wALYE -
RAnckwall Mg Co
SAWFETY VMLVE, RELTEF WALVE, BALL FLOAT
VALVE, BLOWOFF YM.YE - Coerw Co
FLUSH-BOTTOM TAMK VALVE (CLIKE TYPE) -
Wn. fowall Co
IMVERTED-BUEKET TAM® Arsatrong Machine
by [ -
ELE - Wm, Pouell o

[110) SeaATMOUT HEAD - Crane Co
[+16] SHELL-ASD-TUBE HEAT EXCHAMGER WITH

REMVAMRE TUBE SKMME - Hell & Goasat
and Callfarnia MWycronice Corpacations

{190} LEVEL CAGE ASSEMELY - wm. Fowsll Lo
[120] ACTAMETER - Trwtruments Division of

Schutte & Koerting Company

[123) IACKETEG PIPE B HOSE - Paskea-Crmmer

Company




