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@ NATIONAL PETROCHEMICAL CO. FLARE STAK
! STANDARDS PAE 3 CE 30
SCOPE
;j .1 This standard covers the requirements for design and
- materials of fusion welded selfsupported/guyved/derrick
%, flare stacks (hereafter called stacks), and is
;g intended to supplenent the applicable codes.
gg 2 This standard does not cover the requirenents for
Sl fabrication inspection and testing of fusion welded
5 stacks:; nevertheless, as far as the fabrication,
o inspection and testing requirenments do pertain to the
o design of stacks, they have been nentioned.
%,
g The conpliance wth this standard does not relieve the
%; designer from his own responsibilities and guarantees
§’§ for the safe nmechanical design of stacks.
g’ﬁ ! This standard when acconpanied by the particular stack
hk' description, stack drawings, typical details and
£y material standard for flare stack, NPCS M5-PV-05,
& o constitute a conplete set of standards outlining
£y acceptable construction of  stack.
1t
[T ad
¥
5
#a
=5 STANDARDS AND (QODES (Latest edition and addenda)
he - ASME Boiler and Pressure
i Vessel Code Sec. VIII,
5o Dv.1 and/or 2 & Sec.1l
@? & Sec.V.
42
ol - BS 4076 Specification for
_jt}.’ Steel  Chi meys.
Ef - Al codes referred to, in the above nentioned codes
_5‘ such as ANSI B16.5, APl 605, etc.
nh - APl 941 Steel for Hydrogen
t:E; Service at Hevated
42 Tenperature and
L Pressure.
% - ANSI A58.1 Standard for Wnd and
:E‘g Seismc Load.
;42 - NPCS-ES- ST-01 Engi neering Standard
0 for Concrete.
:_‘4:
ge - NPCS- ES- ST- 06 Engi neering Standard
ign for Anchor Bolts.
Aan
ni
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} OERVMEW O FLARNG
R TYPES OF FLARES
gi There are basically tw types of flare systens,
e namely, elevated flares and ground flares. _
?g In an elevated flare system conbustion reactions are
0i carried out at the top of a pipe or stack where the
al burner and igniter are located. A ground flare is
A simlarly equipped except that the conbustion takes
i place at or near ground level. Three types of ground
o flares are in general use:
LL
> a) The type that uses a water spray to disperse the
Y conbustion  gases.
ue b} The Venturi type that depends on the Kkinetic
§§ energy available in the waste gases to inspirate
e and mx the proper amount of air wth the gases.
=g
e ¢) Multijet ground flares where the flow of the
hg waste gas is distributed through many snall
g burners.
bi%
3; 1.1.1 The principal conponents in a ground flare system are
#a a knock-out drum multijet burners, a refractory
= lined rectangular flare box 'and a seal drum  The
NE flare flane is returned to the inside of the flare
u3 chamber .
fﬁl—-
Eé% be1.2 In an elevated flare system relieving gases are sent
2 through an elevated stack from a closed collection
52 system and burned off at the top. The flame generated
5 is open in this case.
T >
& . .
EF-T ie1.3 Flares are not intended to operate continuously under
i nor nal process conditions. However, during plant
£E% startups there may be continuous flaring for six or
iy seven consecutive days.
Eg 2 FLARE ~SYSTEM COVPONENTS
Sﬁ 2.1 A typical flare system is conprised of the following
;j conponents:
?‘-_‘:Lé a) Relief, safety, and depressuring valves.
:35 b) Pressure-relieving  header(s) t hat convey
-2 discharges from safety and pressure-control  valves
EE in the process unit to the flare.
ug
g; ¢) Knock-out drum located before the flare stack in
i order to separate any condensate or liquid from
8¢ the relieving vapors (It is hazardous to burn
cég l'iquid droplets). J
| Documents
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NATI ONAL  PETROCHEM CAL OO FLARE STACK
\
d) Flare stack consisting of the riser structure,
o mol ecular seal, and burner tip.
wel3,2.2 A Brief Description of the Major Conponents Follows
=5 Riser structure
A
i%: This normally consists of tw or nmore sections. The
21 flare header enters at the bottom section, which
gy serves as a flare stack knock-out drum where any
e condensate carried over from the knock-out drum is
55 col l ected.
%
« i Mol ecul ar seal
%t
o This is welded to the riser section. It provides a
o7 seal against entrance of air into the flare stack and
2’: mnimzes the possibility of an explosive mxture
Y¥ formng in the flare system Briefly, it resenbles a
fjig bubble cap' and creates a seal by using the buoyancy of
® o the purge gas to create a zone where the pressure 1Is
e greater than atnospheric pressure.
T
.f*;i Flare burner Lip
£
;-’3 The burner tip is a conplete assenbly sealed to the
=8 mol ecular seal outlet. Accessories on the burner tips
F’—gg include about three or four gas pilots, a simlar
gg number of pilot gas/air mxture assenblies, and steam
o i supply nozzles for steam injection.
o8
ﬁg 3.2.3 The relieving gases from safety-relief valves are
& collected in a horizontal or vertical knock-out drum
g through a flare main header. Any condensate carried
:g.}f over along wth the gases is knocked down here. A
oo constant liquid level is maintained in the boot. The
<4 liquid is punped to a slop tank or reused in oil
g recovery  facilities. Steam is wused for winterizing to
ﬁj prevent freezing. The gas from the knock-out drum is
g then sent to an elevated flare stack. A the bottom
i of the stack a liquid seal is mnaintained. Alternately
nt another seal nay be located between the knock-out drum
= and the flare stack. A positive water seal is
:gi maintained by controlling the |evel. It is also
29 provided with steam for winterizing.
5 & The stack is conprised of a riser section, nolecular
g seal, and burner tip. A the top of the burner tip,
i & pilot  burners, which are automatically |lighted from a
;é' renote place through the igniter line, are positioned.
U The steam connection is also provided for snokeless
e flares and a purge gas connection is provided for
g maintaining an air-free system and to prevent
i P flashback by naintaining pressure at the nolecular
it seal higher than atnospheric pressure. This
a5 arrangenent prevents air from reentering the stack
4 from the anbient surroundings, —
- pDocuments
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3 SMOXELESS FLARES

BE

THE PRIOR WRITTEN CONSENT GF NP.C

suppresses the snoke. _
Prevention of smoke in flares is
in three different ways:

a) By the addition of steam

OR ANY PART CF THIS LOCUMENT HAY

efficient conbustion (which is
fired boilers and furnaces).

c) By distribution of the flow of
nunber of snall burners.

HLR THZ WHOLE 1

ZIT

gas is preheated before it enters
of the flane. If the tenperature

CSERVED, TR THZ DWNER N
TRIEVAL SYSTEH LR TRAMSHITTED IN ANY FORM CR ANY HEANS WITHD

RIGHATS

decreased to ensure uniform burning

conpl ete conbusti on.

|4 MULTIJET FLARE

NT IS THE PROPERTY OF NP.LC IT IS CONFIDZNTIAL AND ALL

included.

DISCLOSED TQ ANY THIRD PARTY, REPRODUCED, STORED IN ANT R

THIS BatUm

b) By nmaking a pre-mx of fuel and air
combustion so as to provide sufficient xygen for
always done in

Among these nethods, the addition of
commonly wused to produce a snokel ess
and superior  perfornance. In steam addition, the raw
conbustion zone
hi gh enough,

cracking of the hydrocarbons nmay occur.
free Hydrogen and Carbon. Wen the
hydrocarbons travel to the conbustion
reacts mch faster than Carbon. Unless
particles are burned away, they cool
smoke. Consequently, in order to prevent snoke,
either the Hydrogen atom concentration

There are several theories as to the
snokeless flares wusing steam  (he of
that the steam separates the hydrocarbon nol ecul es,

thereby mnimzing polymerization reactions, and forns
kygen conpounds that burn at a reduced
tenperatures so as to prevent cracking.

A flane is referred to as being Ilumnous when
I ncandescent Carbon particles are present
these particles cool, they form snoke.
observed that snoke formation nainly
rich systens where a |ow Hydrogen-atom

in it. When

It has been
occurs in fuel-

concentration

normal |y acconpl i shed

bef ore

raw gases through a

steam is nost
flare for econony

This  produces

cracked
zone, Hydrogen

the Carbon

down and form

nust  be

both Hydrogen

and Carbon or enough xygen nmust be provided for

chemstry of
them assunes

rate and

The multijet flare developed by Esso Research and
Engineering Conpany burns wth no snoke,
visible flane. It costs about twice as much as a
flare with no steam but half as much as an elevated
flare with steam if off-site steam facilities are

noi se or

Full document details: NPCS ES-PV-04 1993

™ N
DoOCuUIIrretie
Document Sharing Hub



http://www.avadocuments.com/doc/npcs-es-pv-04-1993
http://www.avadocuments.com/doc/npcs-es-pv-04-1993

& NATI ONAL PETROCHEMICAL QO FLARE STAXK

m STANDARDS

NPCS—-ES—PV ~04 | O

l PAGE 7  OF 30

The flare wuses two burners. A snall

burner handl es

2 normal |eakage and small Dblows, while both burners

g operate at higher flaring rates. This staging is

Zy controlled by two water-seal druns set to release at

e 5 different  pressure |evels.

gg A third energency release is provided in the center of

Lz the stack, bypassing the multijet burners. The water

nE seal to this release wll Dblow at flaring rates higher

25 than the design capacity of the flare. Wen the

b & overcapacity seal has been blown, the flare is both

2 lumnous and snmoky. But the unit is wusually sized so

Fy that an overcapacity blow would be a rare occurrence.

>y The overcapacity line my also discharge to an

*f'g elevated flare rather than to the center of the

SE multijet stack.

"o The staging system is balanced by adjusting the

gé hand-controlled butterfly valve leading to the first

e stage drum  After its initial setting, this valve is

Ez locked into position.

L

by

51.:

oz

gé 4 DESSGNNG THE FLARE STAK AND  ACCESSXR ES

2r

izla.t GENERAL

o

g584.1.1 The stack designer shall be responsible for the
accuracy of all mat henatical  nani pul ati ons,
calculations and conputer prograns used for the

of the stack.

t hi ckness acceptabl e.

ENTIAL AND ALL RIGHTS
PRODUCEE, STORED IN ANY RETRIEVAL SYSTEM DR TRANSMIT

stress, deflection, buckling and other

design criteria

4,1,2 The thickness specified shall be regarded as mninum

talld.1.3 Stacks shall be designed taking into account the nost

b severe coincident conditions of design tenperature and

é design  pressure.

é 4.1.4 The design of a flare system first requires a detailed

. analysis of the possible situations that can cause

;j‘«' discharge from pressure-relief valves, thus

% establishing the maximum loading for energency

555 oper ations. The maximum load of a system is conprised

o 9 of the individual loads contributed by the entire

B process. That Is, a conservative design is one that

X assunes all contributors for the process are relieving

;J; simultaneously under any emergency condition.

£2 _
pvocuments
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From a practical standpoint, it 1is preferable that

relieving of overpressures to the flare systens via
the pressure-relief valves should be kept to a
m nimum since after popping, the pressure-relief

valves often do not reseat. This results in |eakage,
and consequently reduces the recovery of valuable
products. For mnor operational upsets, and

especially at startup, where flaring for periods of
time is often necessary, the use of pressure-relief
valves is undesirable. Therefore, overriding
pressure-control valves strategically located on sone
equi pnent are often used in addition to the
pressure-relief valves, Exanples of such |ocations
are the suction sides of conpressors, overhead product
lines of fractionating colums, at the beginning or at
the end of a series of high pressure reactors, etc.

KNOCK-QUT DRUIM  SIZING

The hydrocarbon relief streans are nmainly vapors, but
they may carry some liquids that condense in the
collecting line. Therefore, material entering the
knock-out drum (also called a blowdown drunm) wll be
a mxture of wvapor and liquid. A particle that is
150 mcrons or less can be burned in the flare without
hazard. Larger particles nust be renoved in the
knock- out drum  This liquid is punped out from the
bottom of the knock-out drum either for reuse or for
disposal in a slop tank.

In some process plants, e.g., ethylene plants or coal
gasification plants, hot vapors containing water are
collected in a separate flare header (called a wet
flare header). The |liquid collected 1n the knock-out
drum for the wet flare contains water and liquid

hydr ocar bons. In the sane nanner, cold and dry
hydrocarbon vapors are «collected in a dry flare
header. The hydrocarbon liquid collected in the

knock-out drum of the dry flare is wusually vaporized
bel ow the knock-out drum and sent back to the flare.

Knock-out drums are either horizontal or vertical.
They are also available in a variety of configurations

and arrangenents that include:

a) A horizontal drum wth the vapor entering at one
end of the vessel and exiting at the top of the
opposite end (no internal baffling).

b) A horizontal drum with the vapor entering at each
end on the horizontal axis and a center outlet.

¢) A horizontal drum with the vapor entering in the
center and exiting at the two ends on the
hori zont al axis.
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d) A vertical drum with the vapor entering
on a certain dianeter and provided wt
so the flow is directed dowward. The

nozzle is located at the top of the

e) A vertical drum wth a tangential nozz

Selection of the drum arrangenent depends
econom cs. Wen large liquid volume stor

N ES—PV—04 | 0

P 9 or 30
the top
baffl e
tlet

Vv cal axis.

on

age is

required and the vapor flow is high, normally a

horizontal drum is nmore econom cal.
A split entry or exit reduces the size of

the drum for

large flows. As a rule of thunb, when the drum

diameter exceeds 3.66 m (12 ft), the spli
arrangenent is normally econom cal .

t flow

Knock-out druns are wusually sized by a trial and error
met hod. Liquid particles drop-out when the vapor

velocity traveling through the drum is

sufficiently

| ow. In other words, the drum nust be of sufficient
diameter to effect the desired |iquid-vapor
separation.

Tan gives the following formula for sizing horizontal

drums:
W= 4,98 D?, {{(P. - Pc) MP/T]
Valid for particle size of 400 mcrons.

wher e:

W = kg/s of vapor

Po= liquid density Kg/m

Pe= gas density Kg/md

M= nmol. w. of the vapor
tenperature of the vapor in ‘K
pressure, Kpa

= drum diameter,m

T
P
D

Simlar expressions are available for vertical

knock- out druns. A practical formula for the vapor
velocity is:
v = 0.1219 4[(PL-Pc)/Pec] , m s
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