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The objective will be to provide a review of the problems encountered
by companies in the [ield of on;;ineering, construction and maintenance

of petroleur, petroclemica. and chermical plants in developing countries

on the general subject of piping.

Under the specific headings, indicated below, the following items

will be covered:

1 Quality

11 Jafety

111 Reliability

IV Safe Operating Conditions

v Fersonnal Qualificutions
1) Design and Lnginearing 8) Quality contrel .
2) 3pecificationc and Jtandards 9) Construction |
3) Personnel 10) COperation
4) lanufucturers 11) Maintenance

5) Codes and jovernment requirements l 2) OSpureparts
6) Equipuent 13) Insurance y
7) Inspection and Desting 14) TIraining |
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PIPING SYSTCMS

1

QUALITY

Piping systems in chemical plants have to Le oparated
under the mo:zt diversified conditions and therefore the
type ¢f nipiag most suitable for each condition should

ip
be carefully sclected.

Ve Cesipn ard Lnp.uecering

In the desi.n and engineerinz of a chemical plant, the
normal and extreme operatiuy conditions lLave to be con-

sidered in selecting the proner piping.

(¢1ile of {rocess flow and P 3% 1)

conditicrs are

[

A list iz made of el! pipes aud for each the operatine
iy A
£1

riieated such ag

R

oW rate; flow
eonditicens - lijuid/varor; tenpurature, precsure;
specifications of the fluia: dennity, viscosity,

corrosivity.
(S.:ilc of line schedule)

This infermation iz uscd to d¢etermine the size, the
wall thickness required, the gpiping wmaterial,

After 5 first Cetrnrrination of the line size in relation

to the flow velocity, a more Jdutailed rressure drop

calculaticn car hi mase. Fer tils z2a2lculation, a

preliminary pe Study wiil he needed in ordoer to

ey
X

deternine t'v- cyaivalent leugth of the pajpe line.
1 o

This equivalent _en,t» 18 tte rur of the total length

of pipe iuciuvs.ve an

.

adeiironal lanioth for all other

pping compoerrnts such wi eclbows, tees, reducers,




QUALITY (cont'd)

Y. Design and Lngineering (cont'd)

valves, etc. The other leacing factors in these
calcuiation, are the velocity, the viscosity, the
rouganess of the invide of thre nipe wall and the
spceific gravity of tne flul . These [ressure drop
calculations. in sombinctier with the required statie
head and <ne raguired available pressuare drop for
reguiation or cther inatruments zind the cperating
pressurc conditicns, form a part oi the pipe and pump

ecalculations.,

Equivalent calculations are made for the suction lines
to the pump in order tov pet the available NPSH (net
positive suction head), which data then shoull be

state¢ on the pumpinyg data sheets.

Special attertisn shall e paid to the twe phase flow
lines. These iines require a4 special study as tne two
phase tlow, s wixture of vapor and iigquid, can ocecur

in different patteres.

After the line cizin, and the finalizsing of the plot
plan of o process unit, an estimate can be made for
bulk orderin, of the expected requirec gquamtities of
pipiung materials. Thi is 2 matter of experiencs or
basec¢ on :star.istics and has %o be chacked during the
projaress of cnizinearing inp ovder to prevent a delay

in constrvcticn due ty shortage of piping maturials.

Neverthelou=, the uwnpineering of & piping layout can

be <one by taking iate account a certain amount of basic
rules. A mijor portion of experience, know-how and
cooperation w.'l maintcrznee, instrument and other
tochnological experts form the key to a safe and goocd
operatlonal ;lant layout.




I QUALITY (cont'd)

V. Design and Eagineering (cont'd)

Some basic rules for piuving i1ayout and design are:
Piping s5hould ~oc¢ for+w ary =e~trictions for
accessibilit Tor malnluvnance 2julipmend such as cranes,
trucks or ‘ork lift (ru~ks.

Sufficient clearancs: should be mainteined under pipe
bridges, cspecially under road crossingsz.

Piping shrll have suificient (rains in low points and
vents in high points to prevent liquid or vapor
obstructions in flow.

The location of instruments should be such that accurate
readings can be expected,

Valves and iusiruments uhould be accessible for easy
operation, raintenance and inspeation.

Provisions shall be valm (o avoid condenzate from

entering steam turbires whicu could result in severe

damage of these turbin ;.

Conde-sate entaring colurmus with stripping steam could
result in dumage ot the strijpping trays.

Pump- and compresscr-niping nhoﬁli be laid out so that

no excessive vibra.lon acours.

Piring layout shouid o/ .er be symretrizal so that equal
flow can be rra ize. . paraliel exchengers, parallel

lines in hraster:s eto.

Special c¢tte. tion .hosl e Luaid to conmpoeusorc, pumps
and turbines [ ip.vpg layour with -—etard to the thermal
expansion and the tctal weight of the piping system, in
order to minimize forces ana moments on the equipment
nozzles, and in any case to keep these values within

the allowable range, as stated by the manufacturer, to

safeguard a troublefree operation.




QUALITY (cont'd)

1. Desizm and Enginoering (cont'd)

Ralief valves installcld in piping systems to safeguard
equipr2nt ~r puping choll be so located that no un-
expected L.zl pra.suce can occur. The relief header
shall slopt tuoicis 2 noc«-out drum. A suitable and

s8fe drainuge syz:-e: shall ou present.

Heating of pipe linu» =tali be corsidered to prevent
eongealing at ambicrt :mp2ratures of highly viscous
liquids . to prevent freezing of a product in particular
for those lines with 1o or intermittent flow in areas
where frost may occur, and to prevent hydrate formation.
Heating of pipe lines can be done by steam, hot water,

hot oil or by el:ctrical heating.

It will b~ clear tbat eungineering inclusive drafting of
piping lavouts and pipiug details for shop fabrication
is8 2 compliceted and time consuming joh. 1n order to
minimize the nuaber of pi,.ing drawings, showing views
and sections, anud (¢ pev the benefit of a quick check

of the pipe runc, a piping model is used frequently.
(Slide of pi,ing model and blick model)

Reinfcoced plactic wire o: full scale plaitic tubing is
used for showing &ll ripe lines. Tor rupresenting the
equipment and s irn pdridien wood, plastic or brass is
used. The piping in shown in different colors for a
Quick and easy di.tinciion of the destination of the
lines, e.y. ;r=2en for process lines, red for steam
lines, blue for water lines, yellow for fuel gas lines,
black for relief lines, etc.




1 QUALITY (cont'd)
1. Design and bogineering (cont'd)

All valves, control valve s, temperature and pressure

points, flow measurements, drains, etc. are shown.
Insulated lines can re indicited by a specific color

and where necesuaéry alse by snaj -op pieceas to show the
thicknes.. All line: ure Carrying an aArrow tay fnaicatiang
the flow diresticrn an! the line number. A jabei

indicatinry the tag nucnkar s provided to all insiruments.

During the 1ssue o€ tha detailed piping drawings
(isomctrics) the Piping model 21n bLe coanulted. The
model will aisc be & too! for determining support
locatiaons. Most Lijang nodels zre made to a scalae of

Y to 33 1/3 and watch the =ca:e ot tlLe jiping drawings.
In genersl, pipins models ure sent to the ercction site

for conayitinyg by the erectiorn taegr.

This paper stuwe. 70U a hrief cummiry of some piping
design ang enyineering irems, however, it does not have
the intcntion t¢ be representative for all piping
problerms. I: should be vecop vzed that o4 piping problen
€an ex*eal to the field i “itferent spec lalists, and
durin; tye fesiyr and enp neering stayge 't will never
be a one narn oL, bur the >ast reegits will always be

obtaine Y a ,col ‘earn work vt all ajtected experts.

Stress coleulations, "4y te required due to the thermal
8rpansaion of the line. For ascre cerplex systems this
is normally done by cusputer. For these lines, input
sheets are [irepared and the computer makes provision
for a detailed accurate review of stresscs, moments and
forces orn pipe and anchor points. A check has to be

done on sagging of the line in relation with the span

of supports and due to the weight of Lipe inclusive the
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QUALITY (cont'd)

t.

Design and Engineering (cont'd)

fluid, valves or any other thrust. Reactions om
connected equipment due t> thermal expansion must de
carefully checke. and sometimes reviewed with

manufacturers.

Spscificationas and Standards

Piping is the collective word for the following
components:

pipelines, fittings, flanges
valves, gaskets, bolting
supports and hangers, insulation and

special items such as expansion joints,

starting up strainers, swivel joints, etc.

Pipe lines are standardized in sizes as expressed in
inches in diameter. 0d¢ sizes of five inches and up-
wards are out of standard. For seamless pipe, standards
are available for sizes up tc and inclusive 24 inches.
For welded pipe, standards are available up to and

inclusive 36 incher.

Fittings is the collective word for elbows, tees,
reducers, caps, specials tor hranch connections and

reinfarcings,

Flanges are available in different types such as welding
neck and s.iip-on; for the smaller sizes, up to 2 inches
socket welcd c¢r screwed-on flanges may be used. Instead
of caps, blind flanges can be applied at the end of the
pipe lines. Tor safety reasons or to avoid contamination
of the products, spectacle blind flanges or spade type
flanges can be inserted.




1 QUALITY (cont'd)

2. Specificationz and Standards (cont'd)

Valves are the most important items of the piping.

Some essent iul functions .pe:

1.

To start and Stop the flow. A low flow restrictian
and pressure loss in case the valve is open and a
tight shur-off ir case the valve is closed should
be aimed at, Gate, plug and ball valves are

normally used for shut-off service.

Regulation or throttling of the flow. Throttling
causes a resistance to the tlow, resulting in a
Pressure drop. Globe or needle valves are generally
used for throttling. 1In cage Accurate reyulation
will be required, a control valve wiill he specified

by the instrumentation engineer,

Prevention of back flow. Check valves are installed
to prevent a reversal of flow caused by a puamp or
compressor failure or brocess mis-operation. In case
4 back flow 0ccurs, the check valve will open and

flow is again in the correct direction. Swing, piston

or feather types are the most common.

Relieviupg pressyre. To safeguard equipment and
Piping, safety relief valves are installed. The
8et pressure of t.e usually spring loaded relief
valve is related to the maximum allowable working
pressure of the equipment or piping, which it
protects.

Valves are available with f.anged or butt weld ends.

For the cmaller sizes up to 2 inch socket weld or

screwed ends may be used as well.
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QUALITY (cont'd)

. Specifications and Standards (cont'd)

Some special valves are: butterfly valves, diaphragm
valves, lice blind valve.. Selection of a specific
type of valve wepends on the particulur service; the
pressure, the temperature, the fluid, the shut-off or
regulation requirements, the frequency of operation.
Will it be hand or motor operated? Will it be remote
operated? liow often will it need servicing? These are
some aspects which should be considered. A great

number of valve manufacturers make these special valves.

Gaskets.

The gasket materials can be divided in two main groups:
non-metallic and metallic. Non-metallic gaskets are:
compressed asbestos fibre, rubber sheets with or without
cloth ingsertion, PTFL, viton and neoprene sheets. Some
metallic gaskets are: solid metals, e.g. soft aluminum,
soft copper, soft steel; corrugated metals, or special
wound metal, asbestos filled; corrugated metal jacket,
asbestos filled; flat metal jacket, asbestos filled.

Bolting.
Bolting sizes and material are set by flange geometry

and process conditions, i.e. stream chemistry, pressures,
temperatures, etc.

Supporting.

Pipes should be adequately supported to prevent
excessive sagging, vibration and strain on connected
equipment. A pipe bridge structure forms a main part of
a plant layout. Pipes are supported directly on the
structure basc or provided with shoes in order to keep
space for the required insulation. The location of

the support and the type of support should always be

determined in relation with the total weight of pipe




I  QUALITY (cont’d)

2. Specifications and Standards (cont'd)

line, valves and fluid, and the movement of the line

due to the thermal expan. ion. Instead of shoes, pipes
can be supported by means of hangers, consisting of
clamps, hanger rods or bars and U bolts. Spring hangers
Or spring supports are used in case the movement of the
pipe due to tihe thermal expansion makes it necessary.
Spring supports will permit the line to move up or down
without unduly disturbing the distribution of load.
Where the amount of vertical movement to be absorbed iz
large, constant load spring support insulation should be
applied. These supports containing springs mounted in a
toggle action enable to give an approach of constant

Support over 4 considerable range of travel.

Insulation.

Insulation will be applied to hot and cold lines. The
Purpose of applying a proper hot insulation is conserving
heat and for personnel protection. For cold insulation
it can be said: keep heat away and prevent surface
condensation. Another reason for insulation is personnel
protection. Some insulation materials normally used are:
mineral wool, slag wool, glass wool, aslestos, 85 percent
magnesia. For cold insulation, foam pglass or polyurethane
foam can be used. Preformed sections are fabricated

for straight run: of pipe and sheets or blankets are
applied for non-standard configurations. The insulation
material can be provided with a weather protection shield
of tar paper, flintkote and a steel jacket cover. Cold

insulation is usually provided with a jacket for weather

protection and as a vapor barrier.
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QUALITY (cont'd)

2. Specifications and standards (cont'd)

The application of special items of piping components
depends on the typical requirements to solve a certain
piping problem. Corrugated expansion joints of the
bellows type can be applied for solving a thermal
expansion prollem. In those cases where a pipe loop
can't be realized due to lack of space, or in case non-
acceptable forces and moments occur on the anchor points,
e.g. tquipment nozzles, or in cases where the pipe stress
remains too high, bellows may be the answer. The
application of bellows requires a special attention for
guidance and anchoring of the line. Besides that,

the bellow has to withstand the maximum line pressure.
for each application, a careful study will be required

to decide which type of bellow or combination of bellows

will be recommended.

More can be said about cother items such as strainers,
special valves, e.g. flush botiom valves, parallel slide
valves, impulse traps and receivinp traps for transport
pipe lines, special branch reinforcing pieces, etc., but
the application of these specialties will depend on the

particular requirements f.r a specific problem.

Some most commonly used piping materials are: carbon
steeis, in peneral used up to 425 ©c, the ferritic alloy
steels such as chrome-molybdenum steels, where required
due to thc expected corrosion rate and where higher
temperatures are involved, normally used up to about

625 ©C, the austenitic steels asuch as chrome-nickel
steels, also where required as a corrosion resistant
steel and where hijher temperatures are involved up to

about 600 ©°C. This material is also applied in low

temperature scrvice.
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QUALITY (cont'd)

2. Specifications and Standards (cont'd)

Certain special corrosion problems require piping
materials such as copper ond aluminum alloys. Aluminum
brass may be used for sea water. Aluminum may be used
in cases where ammonia attack requires a special
¢orrosion resistance. Aluminum pipe, used also in
cases wherc 1 high corrosion resistancr is required and

temperatures are ambient, e.g. fatty acid.

A special corrosion resistant pipe is the clad lined

pipe.

The basic outside pipe material is normally carbon
steel and the inszide material, which is in contact with
the abrasive fluid, can be a stainless steel, e.g.
chrome-nickel cr a 13% chrore depernding on the chemical

propertics of the ftluid.

The plastic pipe also has o wide field of application.
Some varietics are polyethylene, polypropylene and poly-
vinylchloricte, kaown as PVC. The last one is mostly
used for criuking water or for trte trans,ort of chemical
products such as aci.s or albalies. A dicadvantage of

these pipes is the ftemper ture limitation.

Special attention of the Jesiner should be paid to the
supporting c¢f plastic pipe liines, as distance between
supports muct be ¢ nsiderably less than for steel pipe
of similar ratin,.

To simplify the description of the different types of
piping, they are divided in piping classes.

(Slide aof pipe class)

A piping class e¢nnloses a detailed specification of all

applicable piping components and the required material

descriptions.,
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1 QUALITY (cont'd)

2. Specifications and Standards (cont'd)

The material descriptions refer to standard codes

such as:

ANS American National Standard

ASME American Society of Mechanical Engineers
ASTM American Society for Testing Materials
APl American Petroleum Institute

BS British Standards

DIN Deutsche Industrie Normalen

Or other applicable codes depending on local rules
or requirements.

In cooperation with manufacturers and these standard
organizations, the dimensions of a range of pipes and

piping components ave standardized.

Before desiyn and engineering will be started, th;
required applicable codes fer the area should be

Stated. When the required piping material has been
identified, the wall thickness of the pipe can be
calculated on the basis of the allowable stress as
Stated in the code, taking intn account a manufacturer's
tolerance of the wall chickness and a corrosion
allowance based on the expected corrosion rate.

Additional calculations may be required for braach

connections in relation with the weakening of the
header pipe.
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SAFETY

Provided the piping systems are well engineered and a
proper selection is made, the systems should be safe
for normal operating conditions. It is, however, always

possible that emerpencies occur such as:

1. Power failure
2. Water foilure

3. Pump or compressor failure.

To protect the piping and equipment for these emergencies,
safcty valves are installed at all critical locations, so
that excess pressureswill automatically be released.
Proper sizing and locat.ng the safety valves form a part

of the engineering.

Unavoidable pressure/temperature transients must also be

considered when establishing design conditions.

As a further check on the safety of piping systems, they
are pressure tested at 150% of the operating pressure

before they are put in operation.

During the scheduled shutdowns of the units, all piping
should be spot checked to determine whether they still

have the proper wall thickness.

Experience wiil inuicacte which systems suffer more from
corrosion and should therefore receive more careful
attention.
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ALLIABILITY

Piping systems are normally not designed for the same
service life as larre sruipment, and less corrosion
allowance is a0iwe Ly auoed to tThe wall thickness.
Piping is easicr to inspect and replace and therefore it

£8 not cconorica! to inerease the initial investment.

Piping which s subjected to severe cperating conditions
should he carefully sclected and the proper standards and
codae. should he anplied.

For process plping, ceamless rlpe is cenerally used.
Welded pipe is ustally cheaper and can be used with
adequate quality controls. We should keep in mind,
however, that outside conditions such as fires, sagging
of the scil, earthguakes, road crossings, e¥c. might put

extra strain on piping otherwise in mild service.

SAFC OPLRATING CONUITIONS

A plant is desipred for a certain service and all piping
is enginecrad any selected to be safe under the

inherent operat:ng conuiticns. It often cecurs that the
service of a wp.r iy chanped. It could be that the
service is tompletely ciangecd, but also that with minor
changes the capacity has been increased. In such cases,
the piping anc especially the safety valves have to be

checked if they are still ddequate for the new conditions.

PERSONNEL QUALIFICATIONS

Although a maximum of safety iz built into the modern
Plants, experienced operating personnel is still required.
Mal-operation might lead to damage or even loss of

equipment. Especially in case of emergency, it is

essential to have experienced operators who can take
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(conc 'd)

the proper Lcticus, if hecessary tuke the unites down

in an oraerly ranaer.

Turing nerral operzticn, they
have to check the unit for pruper Fuictioning,
‘oo Systens Lave to Le croghe for lcaking
% of the safety valves.
¢f nrell leak; are

virect repairs

rarct of jace bmus;kec;ing and prevaent
dasket blow-osuts ang reduee ut

i';it}' and product losses,
vhen o now unit has tec hLe starte.d,

cipuricnced eoperators
should he assinoesn

to the key pocitisns. IF act
lvailablc, the future Crerators ohneuld reccive previsus
training. This can Boe dune by olgey treiiing, followed
DY traiir: on the unat during th. lagt phases ¢f cen-
atruction., T orerarcrs shouil not wuly bnow the
oreratin: srhano the ererating corncitisns and t
contrnal poiute, hut alao tro Complets pisiag livout, the

Cafcty syntes, the toration 5 al

LR

—

inyortant volves.
“hey sicul’ have been traine) i start-up und  tut-down
Procedures, tie litter alno in ere

ety conditicns,
If pusoinge, trainiv, should o

be iver on similar units,

which 1. ofren doue on

vIher rlants.,
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