FACULTAD DE INGENIERIA UNAM
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto del Jefe de la Division
de Educacion Continua, otorgan una constancia de asistencia a quienes cumplan
con los requisitos establecidos para cada curso. '

El control de asistencia se llevard a-cabo a través de la persona que le entregé el
material dxdactlco y sera registrada por las autoridades de la D1v131on conel fin
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Con el objeto de mejorar los servicios que la Divisién de Educacion Continua
ofrece, al final del curso deberan requisitar y entregar la evaluacion a través de un
cuestionario disefiado para emitir juicios anénimos.

Se recomienda llenar dicha evaluacion conforme los profesores impartan sus
clases, a efecto de llenar en la Giltima sesion las evaluaciones y con esto sean mas
fehacientes sus apreciaciones.

Atentamente
Division de Educacion Continua

Palacio de Mineria, Calle de Tacuba No. 5, Primer piso, Delegacién Cuauhtdmoc, CP 06000, Centro Histdrico, México DF.,

APDO Postal M-2285 @ Tels: 5521.4021 ol 24, 5623.2910 y 5623.2971 @ Fax: 5510.0573
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(¢) the Manufacturer's ten Quality Control
System includes procedures & control the development,
distribution, and retentiop-of the Partial Data Reports.

s,

see Appendix W
i -2, UF-1,
UF-32(b -56. UHA-51,
UCL-27, and UHT-6, establisheg4pecial requirements to

graphs, such as UW-2,

tion or materials in

peratures (for exam -
-51, and UHT-6);
boiler [for example,

When a vpdsel is intended for such s
special sefvice and the paragraphs of spécial requirements
c ted with shall be ndicated @ff the Data Reports.

(e} For sample forms
tion, see Appendix W,

idance in ther prepara-

PRESSURE REL IEF DEVICES

UG-125 GENERAL

(a) All pressure vessels within the Scope of this Divi-
sion, imespective of size or pressure, shall be provided
with pressure relief devices in accordance with the
requirements of UG-125 through UG-137. It is the
responsibility of the user to ensure that the required pres-
sure relief devices are properiy installed prior to mitial
operation. These pressure relief devices need not be sup-
plied by the vessel Manufacturer. Unless otherwise
defined in this Division, the definitions relating to pres-
sure relief devices m Section 2 of ASME PTC 25 shall
apply.

(b) Anunfired steam boiler, as defined in U-1(g), shall
be equipped with pressure relief devices required by Sec-
tion I insofar as they are applicable to the service of the
particnlar installation.

(¢} All pressure vessels other than unfired steam boil-
ers shall be protected by a pressure reli=f device that shall
prevent the pressure from rising more than 10% or 3
psi (20 kPa), whichever is greater. abovs the meximum
allowzble working pressure excent as permitted m (1)
and (2) below. {See UG-134 ior pressure settings.)

(1) When muitiple pressure relief devices are pro-
vided and set in accordanc: with UG-134(a), they shall
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prevent the pressure from rismg more than 16% or 4
psi (30 kPa), whichever 15 greater, above the maximum
allowable working pressure.

(2) Where an additional hazard can be created by
exposure of a pressure vessel to fire of other unexpected
sources of external heat, supplemental pressure rehief
devices shall be installed to protect against excessive
pressure. Such supplemental pressure relief devices shall
be capable of preventing the pressure from rising more
than 21% above the maxonum allowable working pres-
sure. [For additional information, see Appendix M. M-
14{a)]. The same pressure rehef devices may be used to
satisfy the capacity requwements of (c) or (c¥1) above
and this paragraph provided the pressure sefting require-
ments of UG-134(a) are met.

(3) Pressure relief devices, intended primarily for
protection against exposure of a pressure vessel to fire
or other unexpected sources of external heat installed on
vessels having no permanent supply connection and used
for storage at ambient temperatures of nonrefrigerated
lique fied compressed gases.*' are excluded from the
requirements of (cX1) and (¢)(Z) above, provided:

{a) the pressure rehief devices are capable of pre-
venting the pressure from rising more than 20% above
the maximmum allowable working pressure of the vessels;

{b) the set pressure marked on these devices shall
not exceed the maximum aliowable working pressure of
the vessels;

{c} the vessels have sufficient ullage io avoid a
liquid ful! condition;

(d) the maxmum allowable working pressure of
the vessels on which these pressure relief devices are
mstalled is greater than the vapor pressure of the stored
liguefied compressed gas at the maximum anticipated
tempe.eratl.lre“2 that the gas will reach under atmospheric
conditions; and

(e) pressure relief valves used to satisfy these
provisions also comply with the requirements of
UG-12%a)(5), UG-131(c¥2), and UG-134{d)X2).

(d} Pressure relief devices shall be constructed,
located, and inistalled so that they are readily accessible
for inspection, replacement, and repair and so that they
canmot be readily rendered inoperative (see Appendix M),
and should be selected on the basis of their intended
servioe.

# For the purpose of these tules, gases are consigered Lo be substanses
having a vapor pressure greater than 40 psia (200 kPa absolute) a
100°F (40°C)

“* Normally this wmperature should not be less than 115°F (45°C),



UG-125

(¢) Pressure relief valves or nonreclosing pressure
relief devices™ may be nsed to protect against overpres-
sure. Nowreclosing pressure relief devices may be used
either alone or, if applicable, in cotnbination with pressure
relief valves on vessels.

NOTE Use of nonreclosmg pressure relief devices of some types may
be advisable on vessals containing substances that may render a pressure
relief valve moperative, whers a loss of valuable material by leakage
should be avorded, or where contamination of the atmosphere by leak age
of noxious fluids must be avoided The use of rupture disk dewices
may also be advisabls when very rapid rales of pressure rise may be
encountzred

{(f) Vessels that are to operate completely filled with
fiquid shali be equipped with pressure relief devices
designed for liquid service, unlkss otherwise protected
against overpressure.

{£) The pressure relief devices required in (a) above
need not be installed directly on a pressure vessel when
either of the following conditions apply:

(1) the source of pressure is external to the vessel
and is under such positive control that the pressure in the
vessel cannot exceed the maximum allowable working
pressure at the operating temperature except as permitted
m (c) above (see UG-98), or under the conditions set
forth in Appendix M.

(2) there are no intervening stop valves between the-

vessel and the pressure relief device or devices except
as permitted under UG-135(d).

NOTE FPressure reducing valves and smilar mechanical or e lectrical
control mstruments. except for pilol operaed pressure rehef valves as
permitied in UG-126(k). ae not considered as sufficiently posttive 1n
action 10 prevenl excess pressures from bemg developed

(h) Pressure relief valves for steam service shall meet
the requirements of UG-131(b).

UG-126 PRESSURE RELIEF VALVES"

(a) Safety, safety relief, and relief valves shall be of
the direct spring loaded type.

nApresme relzef valve 15 apressure relief device which i designed
to reciose and prevent the further flow of fluid afler normal condstions
have been restored. A nonreclosing pressure relief device s a pressure
relief device designed to remam open afier operation.

M A safery vakve 15 a pressure rehef valve actuated by mlet statc
pressure and characterized by rapid opeming or pop action. A relref
valve 15 a pressurs rehef valve actuated by mlet staie preasurs which
opens In proportion tothe merease in pressure over the openmg pressure.
A safely reitef valve s a pressure reief valve characterreed Ly rapid
opening of pup acllon, W by vpentig m Proportion lo th noreese m
pressure over the openmg presswe, dependmy on apphcation, A piet
operated pressure rebef valve is a pressure rehief valve in which the
major relieving davice 15 combmed with and i controlled by a self-
acuaed amillary pressure relwef valve
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(b) Pilot operated pressure relief valves may be used,
provided that the pilot is self-actuated and the main valve
will open automatically at not over the set pressure and
will discharge its full rated capacity if some essential pant
of the pilot should fail.

(¢) The spring in a pressure relief valve shall not be
set for any pressure more than 5% above or below that
for which the vaive is marked, unless the setting 15 within
the spring design range established by the valve Manufac-
turer or is determined to be acceptable to the Manufac-
turer. The mitial adjustment shall be performed by the
Manu facturer, his aythorized representative, or an Assem-
bler, and a valve data tag shall be provided that identifies
the set pressure capacity and date. The valve shall be
scaled with a seal identifying the Manufacturer, his
authorized representative, or the Assembler performing
the adjustment.

(d) The set pressure tolerances, phis or minus. of pres-
sure relief valves shall not exceed 2 psi (15 kPa) for
pressures up to and inchuding 70 psi (500 kPa) and 3%
for pressures above 70 psi (500 kPa).

NONRECLOSING PRESSURE
RELIEF DEVICES
5

UG-127

(a) Rupture Disk Devices®
(1) General Every rupture disk shall have a marked
burst pressure established by rules of UG-137(d)(3)
within a manufacturing design range*® at a specified disk
temperature*’ and shall be marked with a lot*® number.
The burst pressure tolerance at the specified disk tempera-
ture shall not exceed +2 psi (£15 kPa) for marked burst
pressure up to and inchuding 40 psi (300 kPa) and +5%
for marked burst pressure above 40 psi (300 kPa).

S a nigture disk device s a nonreclosing pressure relef device
actuaed by inlet staty pressure and designed to function by the burstmg
of a presure containing disk A rupture disk is the pressure contammg
and pressure senstive element of a rupture disk device Rupture disks
may be designed tn several configurations, such as plain flat, prebuigad,
orreverse bucklmg, A ngpture disk helder sthe struciure whichencloses
and clanps the npture disk in position

% The mavugastuning design range 1s arange of pressure withm which
the marked burst pressure must fall to be acceptable for a particular
requirement as agreed upon between the rupture disk Manufacturer and
the user or his agent. The manufacturmg design range must be evahliated
meonuction with Lhe specifie d burst pressure \o ensure that the marked
burst pressure of the rupture disk will always be within applicable lmas
of UG-134, Users are cautioned that certam types of rupwre disks have
manufacturing ranges tha can resub m a marked burst pressure greater
than the specified burst pressure

" The specified disk temperature supplied to the rupture disz Manu fac-
wrer shall be the temperaure of the disk when the disk 5 axpected
to burst

4 A lot of nupture disks 15 those disks manufactured of a material at
the same time, of the same sze, thickness, type, heat, and manufacturmg
process includmg beat treatment,
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(2) Relieving Capacty The rated flow capacity of
a pressure relief systern which uses a rupture disk device
as the sole relief device shall be determined by a value
calculated under the requirements of (a) using a coeffi-
cient of discharge or (b) using flow resistances below.

{a) When the rupture disk device discharges
dwectly to atmosphere and

(1) 1s installed within eight pipe diameters
from the vessel nozzle entry; and

(2} with a length of discharge pipe not greater
than five pipe diameters from the rupture disk device; and

(3) the nominal diameters of the mlet and dis-
charge piping are equal to or greater than the stamped
NPS designator of the device, the calculated relieving
capacity of a pressure relief system shall not exceed 2
value based on the applicable theoretical flow equation
[see UG-131(e)(2) and Appendix 11] for the various
media multiplied by a coefficient of discharge X equal
to 0.62. The area A in the theoretical fiow equation shall
be the minimum net flow area*” s specified by the rupture
disk device Manufacturer.

(&) The calculated capacity of any pressure relief
system may be determined by analyzing the total system
resistance to flow. This analysis shall take into consider-
ation the flow resistance of the rupture disk device, piping
and piping components including the exit nozzke on the
vessels, elbows, tees, reducers, and valves. The cakule-
tion shal) be made using accepted engineering practices
for determining fluid fiow through piping systems. This
calculated relieving capacity shall be multiplied by a
factor of 0.90 or less to allow for uncertamties inherent
with this method. The certified flow resistance™ Ky for
the rupture disk device. expressed as the velocity head
loss, shall be determined in accordance with UG-131(k)
through ().

(3) Application of Rupture Disks

{a} A rupture disk device may be used as the soke

pressure relieving device on a vessel,

NOTE When upture disk devices are used, 1 s recommended tha
the design pressure of the vessel be sufficiently above the imended
operalmg pressure Lo provide sufficient margm between operating pres-
sure and rupture disk bursting pressure to prevent premaure failure of
the rupture dusk due to falgue or creep

Applicaion of rupture disk devices to liqud service should be care-
fuily evaluated to assure tha the desygn of the rupture disk device and

*®The minonum netflow area s the calculaed net areaafier acomplete
burst of the disk with appeopriate allowance for any structural members
which may reduse the net flow area through the ruplure Jsk device
The net fiow avea for szing purposes shall not exceed the nommat ppe
sze area of the Tupture disk device

D The cernfied flow resustance Kp 1s a dmmensionless factor used to
cakulate the velocity head loss that results from the presence of a
rupture disk device 1n a pressure relief system
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the dynamx energy of the system on which t is mstalled wli resuh
m sufficient opening of the rupture disk

{b) A rupture disk device may be installed

between a pressure relief valve®! and the vessel provided:

(1} thecombination of the pressure relief valve

and the rupture disk device is ample in capacily to meet
the requirements of UG-133(a) and (b);

(2) the marked capacity of a pressure relief
valve (nozzle type) when installed with a mupture disk
device between the inlet of the valve and the vessel shall
be multiphed by a factor of 0.90 of the rated reheving
capacity of the valve alone. or altemnatively. the capacity
of such a combination shall be established in accordance
with (3) below;

(3) the capacity of the combination of the rup-
ture disk device and the pressure relief valve may be
established m accordance with the appropriate paragraphs
of UG-132;

(4) the space between a ruptwre disk device
and a pressure relief valve shall be provided with a pres-
sure gage, a try cock, free vent. or suitable tellrale indica-
tor. This arangement perms detection of disk rupture
or leakage.s2

(5) the opening*’provided through the rupture
disk, after burst, is sufficient to permit a flow equal to
the capacity of the valve [(2) and (3) above], and there
is no chance of interference with proper functioning of
the valve; but in no case shall this ares be less than the
area of the inlet of the valve unless the capacity and
functioning of the specific combination of rupture disk
device and pressure relief valve have been established
by test in accordance with UG-132

(¢} A rupture disk device may be installed on the
outlet side> of a2 pressure relief valve which is opened
by direct action of the pressure in the vessel provided:

(1) the pressure relief valve will not fail to
open 2t its proper pressure seftmg regardless of any back
pressure that can accumulate between the pressure relief
valve disk and the rupture disk. The space between the
pressure relief vaive disk and the rupture disk shall be

3 Use of a rupture disk device in combination with 3 pressure relief
valve shall be carefully evaluated te ensure that the mediabemng handled
and the valve operational characteristics will result 1n opening of the
valve comncident with the burstmg of the rupture disk

52 Users are wamed that a rupture disk will not burst & its design
pressure if back pressure builds up in the space between the disk and
the presswre relief valve which will ecour should keakage develop in
the rupture disk due to corresion or other cause

5 This use of a ruptare dusk device m series with the pressure relief
valve 15 poimniiied o nummne the lows by leaiege tirough the valve
of valable or of nexious or otherwise hazardous makenals, and whae
a rupture disk alone or disk located on the inlet s1de of the valve is
mpracticable, or to prevent comesive gases from a common discharge
line from reaching the valve internals,
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vented or drained to prevent accwmulation of pressure,
or suitable means shall be provided to ensure that an
accumulation of pressure does not affect the proper opera-
tion of the pressure relief valve

(2) the pressure relief valve is ample in capac-
ity to meet the requirements of UG-125(c);

{3) the marked burst pressure of the rupture
disk at the specified disk temperature plus any pressure
in the outiet piping shall not exceed the design pressure
of the outlet portion of the pressure relief valve and any
pipe or fittmg between the valve and the rupture disk
device. However, in no case shall the marked busst pres-
sure of the rupture disk at the specified disk temperature
plus anmy pressure in the outiet pipmg exceed the maxi-
mum allowable working pressure of the vessel or the set
pressure of the pressure rehef valve.

{4) the opening provided through the rupture
disk device after breakage is sufficient to permit a flow
equal to the rated capacity of the attached pressure relief
valve without exceeding the allowable overpressure;

(5) any pipmg beyond the mipture disk cannot
be obstructed by the rupture disk or fragment;

{&6) the system is designed to consider the
adverse effects of any leakage through the pressure relief
valve or through the outlet side rupture disk device, to
ensure system performance and reliabil':ty.js

(7) the bonnet of a balancmg bellows or dia-
phragin type pressure rehef valve shall be vented to pre-
vent accumulation of pressure 1n the bonnet.

(b) Breaking Pin Device™

(1) Breaking pin devices shall not be used 3s single
devices but only in combmation betwesn the pressure
relief valve and the vessel.

(2) The space between a breaking pm device and a
pressure relief vaive shall be provided with a pressure
gage, @ try oock, a free vent, or suitable telltale mdicator.
This arrangement permits detection of breaking pin
device operation or leakage.

#* Users are warned that many types of pressure relef valves will
nol open at the se1 pressure if pressure builds up in the space between
the pressure relief valve disk and the rupture disk device. A specially
designed pressure relief valve such as a diaphragm valve, pitot operated
valve, or a valve equipped with a balancing beliows above the disk
may be requmred

% Some adverse effects resultmg from kakage may mclude obstruct-
ing the flow path, corrosion of pressure relef valve components, and
undesirabk bursts of the outlet s1de rupture dusk.

% A breaking pwn device 15 a nonreclosing pressure relief device
acieaed by inlet stavic pressure and designed to function by the breakage
of a load-caiying section of a pin which supperts a pressure contamimng
member A breaking pin s the load-camymg element of a breaking pin
device A breaking pm housing 15 the structure which encloses the
breaking pin mechanism. The material of the housing shall be lsted
m Section [1 and be permited for use m this Division

2004 SECTION VII — DIVISION 1
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(3) Eachbreakimg pin device shall have a rated pres-
sure and temperature at which the pin will break. The
breakmg pin shall be identified to a lot number and shali
be guaranteed by the Manufacturer to break when the
rated pressure, within the following tolerances, 1s applied
to the device:

Rated Pressure, psi (kPa) Tolkrance, Phus o1 Minus.

Min M pst (kba)
30 (200) 150 (1 000 50(3%
150 (1 000) 275 (1 900) 10 (1
275 (1 900} 375 (2 600) 151100}

{4) The rated pressure of the breaking pin plus the
tolerance m psi shall not exceed 105% of the maximum
allowable working pressure of the vessel to which it 1
apphied,

(5) The rated pressure at the specified temperature®’
shall be verified by breaking two or more sample breakmng
pins from each lot of the same material and the same
size as those to be used. The lot size shall not exceed
25. The test shall be made in a device of the same form
and pressure dimensions as that in which the breaking
pin is to be used.

{¢) Spring Loaded Nonreclosing Pressure Religf
Device

(1) A spring loaded nonreclosing pressure relief
device, pressure actuated by means which permit the
spring loaded portion of the device to open at the specified
set pressure and remain open until manually reset, may
be used provided the design of the spring loaded nomnre-
closing device is such that if the aciating means fail,
the device will achieve full opening at or below its set
pressure. Such a device may not be used in combination
with any other pressure relief device, The tolerance on
openintg point shall not exceed +5%.

(2) The cakulated capacity ratme of a spring loaded

. nonreclosing pressure relief device shall not exceed a

90

value based on the applicable theoretical formula (see
UG-131) for the various media, multiplied by: X = coef-
ficient = 0.62.

The area A (square inches) in the theoretical formula
shall be the flow area through the minimum opening of
the spring loaded nonreclosmg pressure relief device.

(3) In Yieu of the method of capacity rating in (2)
above, a Manufacturer may have the capacity of a spring
loaded nonreclosing pressure refief device design certified
in general accordance with the procedures of UG-131,
as applicsbie.

5T'The specified temperature supplied to the breakmg pin manufactuter
shalt be the \emperature of the breakmg pin when an emergency condi-
tion exisws and the pm is expecied to break
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UG-128 LIQUID PRESSURE RELIEF
VALVES

Any liquid pressure relief valve used shall be at least
NPS 14 (DN 15).

UG-129 MARKING

{a) Safety, Safety Relief. Relief, Liquid Pressure Religf,
and Fiio: Operated Pressure Relief Vaives Each safety.
safety relef, relief, liquid pressure relief, and pilot opes-
ated pressure relief valve NPS ‘4 (DN 15) and larger
shall be plainly marked by the Manufacturer or Assembler
with the required data in such a way that the marking
will not be obliterated 1n service. The marking may be
placed on the valve or on a plate or plates that satisfy
the requirements of UG-119;

{1} the name, or an acceptable abbreviation, of the
Manufacturer and the Assembler;

(2} Manufacturer's design or type number;

{3) NPSsize _____ (the nominal pipe size of the
valve injet);

(4) setpressure _______ psi (kPa), and, if applica-
ble per UG-136(d)}4), cold differential test pres-
sure ___ psi (kPa);

(5) certified capacity (as applicabk):

(a) Ib/hr of samrated steam at an overpressure
of 10% or 3 psi (20 kPa), whichever is greater for valves
certified on steam complying with UG-131(b); or

(b} gal/min of water at 70°F (20°C) at an over-
pressure of 10% or 3 psi (20 kPa), whichever 15 greater
for valves certified on water; or

(c) SCFM [standard cubic feet per minute at 60°F
and 14.7 psia (20°C and 101 kPa)], or Ib/min, of atr at
an overpressure of 10% or 3 psi (20 kPa), whichever is
greater. Valves that are capacity certified in accordance
with UG-131{c}(2) shall be marked “at 20% over-
pressure,”

(d) In addition to one of the fAuids specified

above, the Manufacturer may indicate the capacity in”

other fluids (see Appendix 11),

(6) vear built, or altematively, a coding may be
marked on the valve such that the valve Manufacturer or
Assembler ¢an identify the year the valve was assembled
or tested,;

{7) ASME Symbol as shown in Fig. UG-129.1. The
pilot of a pilot operated pressure relief valve shall be
P2ty marked by the Manufacturer or Assembler show-
ing the name cf the Maoufacturer, the Manufactwer’s
design or type number, the set pressure in pounds per
square inch, and the year built, or alternatively, a coding
that the Manufacturer can use to identify the year built.

PART UG — GENERAL REQUIREMENTS
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FiG. UG-129.1 OFFICIAL SYMBOL FOR STAMP TQ
DENOTE THE AMERICAN SOCIETY OF MECHANICAL
ENGINEERS’ STANDARD FOR PRESSURE RELIEF
VALVES

On valves smaller than NPS '% (DN 15}, the markings
may be made on a metal tag attached by wue or adhesive
meeting the requrements of UG-119 or other means suit-
able for the service conditions.

{b) Safety and safety rehef valves certified for a steam
discharging capacity under the provisions of Section ]
and bearing the official Code Symbol Stamp of Section
I for safety valves may be used on pressure vessels. The
rated capacity m terms of other fluids shall be determined
by the method of conversion given in Appendix 11. [See
UG-131¢h).}

(c) Pressure Relief Valves tn Combinanion With Rup-
mre Disk Devices Pressure relief valves in combination
with rupture disk devices shall be marked with the capac-
ity as established in accordance with UG-127(a)}3)(bX2)
{using 0.90 factor) or the combumnation capacity factor
established by test in accordance with UG-132(a) or (b),
in addition to the marking of UG-12%a) and i{) below.
The marking may be placed on the pressure relief valve
or rupture disk device or on a plate o plates that satisfy
the requirements of UG-119. The marking shall include
the following:

{1) name of Manufacturer of valve;

(2) design or type number of valve;

(3) name of Manufacturer of rupture disk device;

(4) design or type number of rupture disk device;

{5) capacity or combmation capacity factor;

(6} name of organization responsible for this mark-
ing. This shall be either the vessel user, vessel Manufac-
turer, upture disk Manufacturer, or pressure relief valve
Manufacturer.

{d) Pressure Relief Valves tn Combination With
Breaking Pin Devices Pressure relief valves in combina-
tion with breaking pin devices shall be marked in accor-
dance with (a) above. In addition. the rated pressure shall
be marked on the breaking pin and the breaking pin
housmg.

(e} Ruprure Dish Devices. Bvery suptuis disk shall be
plainly marked by the Manufacturer m such a way that
the marking will not be obliterated m service. The rupture
disk marking may be placed on the flange of the disk or



FIG. UG-129.2 OFFICIAL SYMBOL FOR STAMP T0
DENOTE THE AMERICAN SOCIETY OF MECHANICAL
ENGINEERS’ STANDARD FOR RUPTURE DISK
DEVICES

on a metal tab that satisfies the requirements of UG-119.
The marking shall include the following:

(1) the name or identifying trademark of the Manu-
facturer;

{2) Manufacturer’s design or type number;

{3) lot number;

(4) disk material;

(5) size [NPS (DN) of rupture disk
holder];

(6) marked burst pressure psi (kPa);

(7) specified disk temperature °F
°C¥x

{8) minimum net flow area sq . (sq
nm),

{%) certified flow resistance (as applicable):

{a) Kgo for rupture disk certified on
air or gases; of

(&) Krp for rupture disk certified on
liquid; or

(¢) Krow for rupture disk certified

on air or gases, and liquid;
{10) ASME symbol as shown in Fig. UG-129.2;
(11) year built, or altematively, a coding may be
marked on the nipture disk such that the rupture disk
device Manufacturer can identify the year the rupture
disk device was assembled and tested.

Items (1), (2), and {5) above and flow direction shall
also be marked on the rupture disk holder.

(f) Spring Loaded Nonreclosing Pressure Reltef
Devices Spring loaded nonreclosing pressure relief
devices shall be marked in accordance with (a) above
except that the Code Symbol Stamp is to be applied only
when the capacity has been established and certified in
accordance wiin UG-127(cX3) and all other requirements
of UUG-130 have been met.

UG-13) COPE SYMBOL STAMP
Eack: pressive r2hiel device™ to which the Code Cymbol
(see Figs. UG-129.1 znd UG-129.2) will be applied shall

% Vacium relief devices e net coversd by Code Symbol Stamp
requirements
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haveé been fabricated or assembled by a Manufacturer or
Assembler holding a valid Certificate of Authorization
{UG-117) and capacity certified in accordance with the
requirements of this Division. A Certified Individual (C7)
shall provide ovessight as required by UG-117a). Each
use of the Code Symbol shall also be documented on
a Certificate of Conformance Form UV-1 or UD-1. as

_ appropriate.

CERTIFICATION OF CAPACITY OF
PRESSURE RELIEF DEVICES

{a) Before the Code Symbol is applied to any pressure
relief device, the device Manufacturers shall have the
capacity of their devices certified in accordance with the
provisions of these paragraphs. For pressure rehef valves.
{b) through (j) below apply and for rupture disk devices.
(k) through (r) below apply except where noted

{b)(1) Capacity certification tests for pressure relief
valves for compressible fluids shall be conducted on dry
saturated steam, or air, or gas. When dry saturated steam
is used, the limits for test purposes shall be 98% minimum
quality and 20°F (10°C) maximum superheat. Correction
from within these limits may be made to the dry saturated
condition. Pressure relief valves for steam service may
be rated as above, but at least one valve of each series
shall be tested on steam to demonstrate the steam capacity
and performance.

(2) Capacity certification tests for pressure relief
valves for mcompressible fluids shall be conducted on
water 3t a temperature between 40°F (5°C) and 125°F
{4°C and 50°C).

(¢){1) Capacity certification tests shall be conducted
at a pressure which does not exceed the pressure for
which the pressure relief valve is set to operate by more
than 10% or 3 psi (20 kPa), whichever is greater, exceptas
provided in (¢ X2) below. Minimum pressure for capacity
certification tests shall be at least 3 psi (20 kPa) above
set pressure. The reseating pressure shall be noted and
recorded.

{2) Capacity certification tests of pressure relief
valves for use in accordance with UG-125(c)(3) may be
conductad at a pressure not to exceed 120% of the
stamped set pressure of the valve.

(3){a) Pressure rebef valves for compressible fluids
baving an adjustable blowdown construction shall be
adjusted prior to testing so that the blowdown does not
exceed 5% of the set pressure or 3 psi (20 kPa), whichever
is greater,

{b)- The blowdown of pressuce relief valves for
incompressible fluids and pressure relief valves for com-
pressible fluids having nonadjustable blowdown shall be
noted arnd recorded.

UG-131
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{4) Capacity certification of pilot operated pressure
relief valves may be based on tests without the pilot
valves instalied, provided prior to capacity tests it has
been demonstrated by test to the satisfaction of the
Authorized Observer that the pilot valve will cause the
mam valve to open fully at a pressure which does not
exceed the set pressure by more than 10% or 3 psi
{20 kPa), whichever is greater, and that the pilot valve
in combination with the main valve will meet all the
requirements of this Division.

(d)(1) A capacity certification test is required on a set
of three valves for each combination of size, design, and
pressure setting. The stamped capacity rating for each
combmation of design, size, and test pressure shall not
exceed 90% of the average capacity of the three valves
tested. The capacity for each set of three valves shall fall
within a range of +5% of the average capacity. Failure
to meet this requrement shali be cause to refuse certifica-
tion of that particular pressure relief vatve design
+  (2) If aManufacturer wishes to apply the Code Sym-
bol to a design of pressure relief valves, four valves of
each combination of pipe size and orifice size shall be
tested. These four valves shail be set at pressures which
cover the approximate range of pressures for which the
valve will be used or covering the range available at the
certified test facility that shall conduct the tests. The
capacities based on these four tests shall be as follows.

(a) For compressible fiuids, the slope W/F of the
actual measured capacity versus the flow nressure for
each test point shall be cakculated and averaged:

v _ measured capaciy
P 7 absolute flow pressure, psia

slope =

All values derived from the testing must fall within
+5% of the average value:

mimmur siope = 095 X average slope

maxioum slope = 1.05 X average slope

If the values derived from the testing do ot fall
between the minimum and maxmmum slope values, the
Authorized Observer shall require that additional valves
be tested at the rate of two for each valve beyond the
maximurn and minimum vahlies with a limit of four addi-
tional valves.

The rellsvipg capaciy to be stamned orithe valve shall
not exceed 39% of tie svcrage slope toreé the absniute
s3ccumulation pressure:

reted slope = 0.90 x avemge slope
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(U S Customary Units]
starnped capacity £ reted slope {1 10 X sat pressure
+ 14 7} or (s¢t pressure + 3 pst

+ 147, whichever s greater

(ST Unuts)
stamped capacity < rated slope (1 10 x set pressure
+ 100 kP2) or (set pressure + 20 kFa
+ 101 kFa), whichever s greater

For valves certified in accordance with (¢ %24 above

(U5 Customary Unus)
starnped capacity € rted slops (1.20 % so pressure
+ 14.7 or (set pressure + 2 pai

+ 14 7). whichever 1s greater

(ST Unuts)
stamped capacity < rated slope (1.20 X sct pressure
+ 100 kPa) or (set pressure + 20 kPa
+ 101 kPa). whichever is greater

(k) For incompressible fluids. the capacities shall
be plotted on log-log paper against the differential (nlet
minus discharge pressure) test pressure and a straight line
drawn through these four points. If the four points do not
establish a straight line, two additional valves shall be
tested for each unsatisfactory point. with a limit of two
unsatisfactory points. Any point that depans ffom the
straight lime by more than 5% should be considered an
unsatisfactory point. The relieving capacity shall be deter-
mined from this lme. The certified capacity shall not
exceed 90% of the capacity taken trom the line.

(e) Instead of mdividual capacity certification as pro-
vided in (d) above, a coefficient of discharge X may be
established for a specific pressure relef valve design
according to the following procedure.

(1) For each design. the pressure relief valve Manu-
facturer shall submit for test at least three valves for each
of three different sizes (a total of nme valves) together
with detailed drawings showmg the valve construction.
Each valve of a given size shall be set at a different
pressure.

(2) Tests shall be made on each pressure relief valve
io cetermiine us capacity-lift, popping znd blow-down
pressures, and actual capacity i tenns of the fluid used
in ihe test. A coefficient X, shall be established for each
test run as follows:
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actual flow

I\‘D = m = coefficient of dlschargc
where actual flow is determined quantitatively by test, and
theoretical flow is calculated by the appropriate formula

which follows:

For tests with dry saturated steam,
¥r = 515AF

NOTE: For dry saturated steam pressures over 1500 psig (109 MPa
gage} and up to 3200 psig (22.1 MPa gage), the value of Wy, cakulated
by the above equaion, shall be comected by being mulipled by the
followng factors, which shali be used only 1f it is 1 0 or greater

(US Customary Units)
(o 19062 - 1000)

0.2292F - 1061
(5T Units)

276P - 1000

332P - 1001

For tests with afr,

m
Wy = ki
r = 356AP [ =

For tests with natural gas,

{ M
Wr = CAP | —
T 7T

For tests with water,

¥r = 2407;4,,} (P - Pow

Wr = theoretical flow

A = actual discharge area through the valve at devel-
oped lift, sq in.

P = (set pressure X 1.10) plus atmospheric pressure,
psia, or set pressure plus 3 psi (20 kPa) pius
atmospheric pressure. whichever is greater

F4 = pressure at discharge from valve

M = molecular weight

T = absolute temp=rature at inlet, °F + 460°F
(273°C)

C = constaat for gas or vapor based on the ratio of
specific heats
k = ¢ /c, (see Fig. 11-1)

Z = compressibility factor corresponding to P and T

W = specific waight of wiler 2l valve inlst nonditicas

The average of the coefficients X, of the ni;ic tests
requited shzll be multinlied by 0.90, and this product

shall be taken as the cocfficient X of that design. The -
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coefficient of the design shall not be greater than 0.878
(the product of 0.9 x 0.975).

NOTE: Allexpermentally determined coefficients L, shali fall within
arange of = 5% of the average Kp found Failuretomest this reguirement
shall be cause 1o refuse certification of that particular valve design

To convert Ib/hr of water to gal/min of water, muluply
the capacity in Ib/hr by 1/500.

(3} The official relieving capacity of all sizes and
pressures of a given design, for which & has been estab-
lished under the provisions of (e X2) above. that are manu-
factured subsequently shall not exceed the value
cakulated by the appropriate formula in {e){Z) above
multiplied by the coefficient X (see Appendix 11).

(4) The coefficient shall not be applied to valves
whose beta ratio (ratio of valve throat to inlet diameter)
lies outside the range of 0.15 to 0.75. unless tests have
demonstrated that the individual coefficient of discharge
Kp for valves at the extreme ends of a larger range 1s
within +5% of the average coefficient A For designs
where the lift is used to determine the flow area, all valves
shall have the same nominal lift-to-seat diameter ratio
(LID).

(7 Tests shall be conducted at a place where the testing
facilities, methods, procedures, and person supervising
the tests (Authorized Observer) meet the applicable
requirements of ASME PTC 25. The tests shall be made
under the supervision of and certified by an Authorized
Observer. The testing facilities, methods, procedures, and
quaalfcations of the Authorized Observer shall be subject
to the acceptance of the ASME on recommendation of a
representative from an ASME designated organization.
Acceptance of the testing facility 15 subject to review
within each 5 year period.

(g) Capacity test data reports for each valve model,
type, and size, signed by the Manufacturer and the
Authorized Observer witnessing the tests shall be submit-
ted to the ASME designated orgsnization for review and
acceptance.” Where changes are made in the design,
capacity certification tests shall be repeated.

{h) For absolute pressures up to 1500 psia (10 MPa
absolite), it is permissible to rate safety valves under
PG-69.1.2 of Section ! with capacity ratings at a flow
pressure of 103% of the set pressure, for use on pressure
vessels, without further test. In such instances, the capac-
ity rating of the valve may be increased o zllow for the
flow pressure permiited in (c)(1) and (c)(3) above,
nzmely, 110% of tae st pressure, by the multiplier,

® Valve capaciies and rupture disk device flow resistances are pub-
lished m “Pressure Rehef Device Certificaions " This publication may
be obtamed from the National Board of Boiler and Pressure Vessel
Inspectars, 1055 Crupper Avenue, Columbus, Ohio 43229,



UG-131

(U3 Customary Unuts)

110p + 147

1.03p + 147
ST Uniis)

1 10p + 100

103p + 100
where

7 = set pressure, psig (kPa gage)

Such valves shall be marked m accordance with UG-129.
This multiplier shall not be used as a divisor to transform
test ratings from a higher to a jower flow.

For steam pressures above 1500 psig (10.3 MPa gage),
the above multipler is not applicable. For pressure relief
valves with relieving pressures between 1500 psig (10.9
MPa gage) and 3200 psig (22.1 MPa gage), the capacity
shall be determined by using the equation for steam and
the correction factor for high pressure steam 1n (e}2)
above with the permitted absolute relieving pressure (for
Customary units, 1.10p + 14.7; for SI units, 1.10p + 101)
and the coefficient X for that valve design.

(1} Rating of nozzk type pressure relief valves, i.c.,
coefficient K. greater than 0.90 and nozzle construction,
for samrated water shall be according to 11-2.

{;) When changes are made in the design of a pressure
relief valve in such a manner as to affect the flow path,
lift, or performance characteristics of the valve, new tests
in accordance with this Division shall be performed.

(k) The certified flow resistance Ky of the rupture disk
device used in UG-127(a)2) shall be either Kp = 2.4,
or as determined in accordance with (1) through (r) below.

(I) Flow resistance certification tests for rupture disk
for air or gas service Kps shall be burst and flow tested
with air or gas. Flow resistance certification tests for
hquid service Kg; shall be burst tested with water and
flow tested with air or gas. Rupture disk for air or gas
and liquid service Krer may be certified with air or gas
as above, but at least one mupture disk of the number
required under (o) below for each size of each series shall
be burst tested with water and flow tested with ar or gas
to demonstrate the liquid service flow resistance,

{m) Flow resistance ceriification tests shall be con-
ducted at 2 rupture disk device inlet pressure which does
not exceed 110% of the device set pressure.

(n)(1) The flow resistance for rupiwre disk devices
tested with nonpressure containing disk items, such as
sezls, support rings, and vacunm supports, is applicable
for the same rupivre device design Without seals, support
rnngs, or vacuum supports.

(2) A change in mztenial for rupture disks and their
nonpressure containing disk items, such as seals, support
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rings, and vacuum supports. is not considered a design
change and does not require retesting.

(3} Additional linings, coatings. or platings may be
used for the same design of rupture disk devices provided:

{a) the certificate holder has performed.a verifi-
¢ation burst test of rupture disks with the addihonal hn-
mgs, coatings, or platmgs and has documented that the
addition of these matenials does not affect the mpture
disk opening configuration; and

(b) such verification tests shall be conducted with
rupture disks of the smallest size and minimum burst
pressure for which the certified flow resistance with addi-
tional matenials is to be used.

(c) Flow resistance certification of rupture disk
devices shall be determined by one of the following
methods.

{1) One Stze Method

{(a) For each rupture disk device design. three
rupture disks from the same lot shall be individually burst
and flow tested in accordance with (p) below. The burst
pressure shall be the mimimum of the rupture disk device
design of the size tested.

(b) The certified flow resistance Ay determined
i (p) below shall apply only to the rupture disk design
of the size tested.

{c) When additional rupture disks of the same
design are constructed at a later date. the test results on
the original rupture disks may be included as applicable
m the three size method described n (0)(2) below.

{2) Three Size Method

(a) This method of flow resistance certification
may be used for a rupture disk device design of three or
more sizes. The burst pressure shall be.the minimwn of
the rupture disk device design foreach of the sizes submit-
ted for test.

(b) For each rupture disk device design, three
rupture disks from the same lot shall be burst and flow
tested m accordance with (p) below for each of three
different sizes of the same design.

(¢) The certified flow resistance Ky shall apply
to all sizes and pressures of the design of the rupture disk
device tested.

(p} A certified flow resistance Xz may be established
for a specific napture disk device design according to the
following procedure.

{1) For each design, the npture disk Manufacturer
shall submit for test the required rupture disk devices
accordance with (0) above together with the cross section
drawizs showhg ibe riptme disk device desiga

{2) Tests shall be made on each rupture disk device
to deterinine its burst pressure and flow resistance at a
facility which meets the requirements of (f) above.
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(3) Calculate an average flow resistance using the
individual flow resistances determined in (pX2) above.
All individual flow resistances shall fall within the aver-
age flow resistance by an acoeptance band of plus or
minus three times the average of the absolute values of
the deviations of the individual flow resistances from the
average flow resistance. Any individual flow resistance
that falls outside of this band shall be replaced on a two
for one basis. A new average flow resistance shall be
computed and the individual flow resistances evaluated
as stated above.

(4) The certified flow resistance Ky for a rupture
disk design shall not be less than zero and shall not be
less than the sum of the average flow resistance plus three
times the average of the absolute values of the deviations
of individual flow resistances from the average fiow
resistance.

{g) Flow resistance test data reports for each rupture
disk device design, signed by the Manufacturer and the
Authorized Observer witnessing thetests, shall be submit-
ted to the ASME designated organization for review md
acceptance.59

{r) When changes are made in the design of a rupture
disk device which affect the flow path or burst perform-
ance characteristics of the device, new tests in accordance
with this Division shall be performed.

UG-132 CERTIFICATION OF CAPACITY OF
PRESSURE RELIEF VALVES IN
COMBINATION WITH
NONRECLOSING PRESSURE

RELIEF DEVICES

(a) Capacity of Pressure Relief Valves tn Combmation
With a Rupture Disk Device at the Inlet

(1) For each combinstion of pressure relief valve
design and rupture disk device design, the pressure relief
valve Manufacturer or the rupture disk device Manufac-
turer may have the capacity of the combination certified
as prescribed in (3) and (4) below.

{2) Capacity certification tests shall be conducted
on saturated steam, air, or natural gas. When saturated
steam is used, corrections for moisture content of the
steamn shall be made.

{3) The pressure relief valve Manufacturer or the
rupture disk device Manufacturer may submit for tests
the smallest nupture disk device size with the equivalent
size of pressure rehef vaive that is intended to be used
25 2 comabinatiza device, The presstre relief valve to be

tesied shail have tie largest orifice used in the particular f

inlet size.
(4) Tests may be performed m accordance with the
following subparagraphs. The rupture disk device and
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pressure relief valve combination to be tested shall be
arranged to duplicate the combination assembly design

(a) The test shall embody the mimmum burst
pressure of the rupture disk device design which 15 to be
used in combination with the pressure relief valve design.
The marked burst pressure shall be between 0% and
100% of the marked set pressure of the valve,

(b) The test procedure to be used shall be as
foltows.

The pressure relief valve (one valvei shall be tested
for capacity as an individual valve, without the rupture
disk device at 3 pressure 10% or 3 psi (20 kPa}. whichever
is greater, above the valve set pressure.

The rupture disk device shall then be installed at the
inlet of the pressure relief valve and the disk burst to
operate the valve The capacity test shall be performed
on the combination at 10% or 3 psi (20 kPa). whichever
is greater, above the valve set pressure duplicating the
individual pressutre relief valve capacity test

(¢) Tests shall be repeated with two additional
rupture disks of the same nominal rating for a total of
three rupture disks to be tested with the smgle pressure
valve, The results of the test capacity shall fati within a
range of 10% of the average capacity of the three tests.
Failure to meet this requirement shall be cause to require
retest for determination of cause of the discrepancies.

(d) From the results of the tests, a Combination
Capacity Factor shall be determmed. The Combination
Capacity Factor is the ratio of the average capacity deter-
mined by the combination tests to the capacity determined
on the individual valve.

The Combmation Capacity Factor shall be used as a
multiplier to make appropriate changes in the ASME
rated relieving capacity of the pressure relief valve in all
sizes of the design. The value of the Combination Capac-
ity Factor shali not be greater than one. The Combination
Capacity Factor shall apply only to combinations of the
same design of pressure relief valve and the same design
of rupture disk device as those tested.

(e} The test laboratory shall submit the test results
to the ASME designated organization for acceptance of
the Combination Capacity Factor.®

(b} Optional Testing of Rupture Disk Devices and
Pressure Relief Valves

(1) If desred, a valve Manufacturer or 3 rupture
disk Manufacturer may conduct tests m the same manner
as outlined iIn (a)(4 Wc) and (a)X 4)(d) above usmg the next

D The set pressure is the velue of increasmg mlet static pressure at
which a pressure rebief gevice displays one of the operaional chaaier-
1stics as defmed by openmg pressure, popping pressurs, start-Ao-icak
pressurs, burst pressure, or breaking pressure. (The applcable operaimg
characteristc for a specific device design 15 specified by the device
Manufaciurer.)
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two larger sizes of the design of rupture disk device and
pressure refief valve to determine a Combmation Capacity
Factor applicable to larger sizes. 1f a greater Combination
Capacity Factor is established and can be certified, it may
be used for all larger sizes of the combmation, but shall
not be greater than one.

(2} If deswed. additional tests may be conducted at
higher pressures m accordance with (a)(4 <) and (a)(4Xd}
above to establish a maximum Combination Capacity
Factor to be used at all pressures higher than the highest
tested. but shall not be greater than ome.

{c} Capacuy of Breakmg Pin Devices tn Combmanon
With Pressure Relief Valves

{I) Breaking pin devices in combination with pres-
sure relief valves shall be capacity tested in compliance
with UG-131(d) or UG-131{e) as a combimnation.

(2) Capacity certification and Code Symbol stamp-
ing shall be based on the capacity established in accor-
dance with these paragraphs.

UG-133 DETERMINATION OF PRESSURE

RELIEVING REQUIREMENTS

{a} Except as permitted in (b} below, the aggregate
capacity of the pressure relief devices connected to any
vessel or system of vessels for the release of a liquid,
air. steam. or other vapor shall be sufficient to carry off
the maxmmum quantity that can be generated or supplied
to the attached equipment without permitting a rise in
pressure within the vessel of more than 16% above the
maximum allowable working pressure when the pressure
relief devices are blowing,.

{&) Pressure rehief devices 2s permitted in
UG-125(c)2). as protection against excessive pressire
caused by exposure to fire or other sources of external
heat, shall have a relieving capacity sufficient to prevent
the pressure from nising more than 21% above the maxi-
mum allowable working pressure of the vessel when all
pressure relief devices are blowing.

{c) Vessels connectad togethes by a system of adequate
piping not containing vzives which can isolate any vessel
may be conswdered as one unit in figuring the required
relieving czpacity of pressure relief devices to be fur-
nished.

{d) Heat exchangers and similar vessels shall be pro-
tected with: 2 pressure relief device of sufficient capacity
to avoid overpressure mn case of an internal failure.

(e) The official rated capacity, or the certified flow
recistance and mirimuem net low area, of a pressure rehef

device shall b that which 1s stamped on the device and |

guaranteed by the Manufactures.
{f) The rated pressure relieving capacity of a pressure
relief valve for other than steam or air shall be determined

97

PART UG — GENERAL REQUIREMENTS

:

UG-134

by the method of conversion given in Appendwx 11.

(g) To prorate the relieving capacity at any relieving
pressure greater than 1.10p. as permitted under UG-125.
4 multiplier may be applied to the official relieving capac-
ity of a pressure relief device as follows:

{U.S. Customary Unus)

P4+ 147
1.10p + 147
{SI Unus)
P +101
1107 + 101
where
P = relieving pressure, psig (kPa gage)

P = set pressure, psig (kPa gage)

For steam pressures above 1.500 psig (10.3 MPa gage),
the above multiplier is not applicable. Tor steam valves
with relieving pressures greater than 1,500 psig (10 MPa
gage) and less than or equal to 3,200 psig (22.1 MPa
gage), the capacity at relieving pressures greater than
1.10p shall be determined using the equation for steam
and the correction factor for high pressure steam in
UG-131{e)(2) with the permitted absohute relieving pres-
sure and the coefficient A for that valve design.

UG-1:4 PRESSURE SETTING OF PRESSURE

RELIEF DEVICES

{a) When a single pressure reliet device is used. the
set pressure® marked on the device shall not exceed
the maximum allowable working piessure of the vessel.
When the requited capacity is provided im more than one
pressure relief device. only one pressure relief device
need be set at or below the maximum allowable working
pressure, and the additional pressure relief devices may
be set to open at higher pressures but in no case at a
pressure higher than 105% of the maximum allowable
working pressure, except as provided in (b) below.

(b) For pressure rtelief devices permitted in
UG-125(c)(2) as protection agamst excessive pressure
caused by exposure to fire or other sources of extemal
heat, the device marked sei pressure shall not exceed
110% of the maximum allowable working pressure of
the vessel. If such 3 pressurs robief dovice is used to mest
the reguirements of ooth UG-125(c) and UG-125(c){2),
the device marked sei pressure shall not be over the
maximum zllowable working pressure.
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{c) The pressure relief device set pressure shall include
the effects of static head and constant back pressure.

(d)(7) The set pressure tolerance for pressure relief
valves shall not exceed +2 psi (15 kPa) for pressures up
to and including 70 psi (500 kPa) and +3% for pressures
abave 70 psi {500 kPa), except as covered i (d)2)below.

{2) The set pressure tolerance of pressure relief
valves which comply with UG-125(c)(3) shall be within
0%, +10%.

(e} The burst pressure tolerance for rupture disk
devices at the specified disk temperature shall not exceed
+2 ps1 (15 kPa) of marked burst pressure up to 40 psi
(300 kPa) and +5% of marked burst pressure 40 psi
(300 kPa) and over.

UG-135 INSTALLATION

(a) Pressure relief devices intended for use m com-
pressible fluid service shail be connected to the vessel in
the vapor space above any contained liquid or to piping
connected 1o the vapor space in the vessel which s to
be protected. Pressure relief devices intended for use
in liquid service shall be connected below the normal
liquid level.

{B)(1) The opening through all pipe, fittings, and non-
reclosmg pressure relief devices (if installed) between a
pressure vessel and its pressure relief vaive shall have
at least the area of the pressure relief valve inlet. The
characteristics of this upstream system shali be such that
the pressure drop will not reduce the relieving capacity
below that required or adversely affect the proper opera-
tion of the pressure relief valve.

{2) The opening m the vessel wall shall be designed
to provide unobstructed flow between the vessel and its
pressure relief device (see Appendix M).¢!

(¢) When two or more required pressure relief devices
are placed on one connection, the inlet mternal cross-
sectional area of this connection shall be either sized to
avoid restricting flow to the pressure relief devices or
made at least equal to the combmed mlet areas of the
safety devices connected to it The flow characteristics
of the upstream system chall satisfy the requirements of
(b) above. (See Appendix M.) ‘

{d) There shall be no mtervening stop vatves between
the vessel and its pressure relief device or devices, or
between the pressure relief device or devices and the
point of discharge, except:

& Users are warned that the proper operation of variows rupuura
did. deviees depends vpon followmy the Menufacirer's mstalizwon
instructions ¢losely with regard to the flow direction marked on the
device Some device designs will burst at pressures much greater than
ther marked burst pressure when installed with the process pressure
on the vent side of the device.

2004 SECTION VII — DIVISION |

98

UG-136

(1) when these stop valves are so constructed or
positively controlled that the closing of the maximum
number of block valves possible at one time will not
reduce the pressure relieving capacity provided by the
unaffected pressure relief devices below the required
relieving capacity, or

(Z) under conditions set forth in Appendix M.

(e) The pressure relief devices on all vessels shall
be 50 installed that their proper functioning will not he
hindered by the nature of the vessel's contents.

(/) Discharge lines from pressure relief devices shall
be designed to facilitate drainage or shall be fitted with
dramns to prevent hquid from lodging in the discharge
side of the pressure relief device, and such lines shall
lead 10 a safe place of discharge. The size of the discharge
lines shall be such that any pressure that may exist or
develop will pot reduce the relieving capacity of the
pressure relief devices below that required to properly
protect the vessel, or adversely affect the proper operation
of the pressure relief devices. [Sece UG-136(a)8) and
Appendix M.]

UG-136 MINIM UM REQUIREMENTS FOR

PRESSURE RELIEF VALVES

UG-136{a) Mechanical Requirements

UG-136(a)(1) The design shall incorporate guiding
arrangements necessary to ensure consistent operation
and tightness.

UG-136{a)(2} The spring shall be designed so that
the full ifi sprng compression shall be no greater than
80% of the nominal solid deflection. The permanent set
of the spring (defined as the difference between the free
height and height measured 10 min after the spring has
been compressed solid three additional times after pre-
setting at room temperature) shall not exceed 0.5% of
the free height.

UG-136(a)(3) Each pressure relief valve on air,
water over 140°F (60°C), or steam service shall have a
substantial lifting device which when activated will
release the seating force on the disk when the pressure
relief vaive is subjected to a pressure of at least 75% of
the set pressure of the valve. Pilot operated pressure relief
valves used on these services shall be provided with
either a lifting device as described above or means for
oonnecﬁng.and applying pressure to the pilot adequate
to verify that the moving parts critical to proper operation
are fiee 10 move. . .

UG-136{a){4) The seat of a pressure relief vaive
shali be fostened to the body of the pressure relief valve
in such a way that there is no possibility of the seat lifting.
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UG-136(a)(5) In the design of the body of the pres-
sure relief valve, consideration shall be given to mmnimiz-
g the effects of deposits.

UG-136{a){6) Pressure relief valves having
screwed inlet or outlet conpections shall be provided
with wrenching surfaces to allow for normal mstallation
without damaging operating parts. ’

UG-136{a){7) Means shall be provided in the design
of all pressure relief valves for use under this Division
for sealing all initial adjustments which can be made
without disassembly of the valve. Seals shall be installed
by the Manufacturer or Assembler at the time of mitial
adjustment. Seals shall be installed in 2 mamner to prevent
changing the adjustment without breaking the seal. For
pressure telief valves larger than NPS ' (DN 15), the
seal shall serve as ameans of ientifying the Manufacturer
or Assembler making the mitial adjustment

UG-136(a)(8) If the design of a pressure relief valve
is such that lwquid can collect on the discharge side of
the disk. except as permitted in (a)(9) below, the valve
shall be equipped with a drain at the lowest point where
liguid can collect (for installation, see UG-135).

UG-136{a}{9) Pressure relief valves that cannot be
equipped with a drain as required m (2 X8) above because
of design or application may be used provided:

{a) the pressure relief valves are used only on
gas service where there is neither liquid discharged from
the valve nor fiquid formed by condensation on the dis-
charge side of the valve; and !

(b) the pressure relief valves are provided with a
cover or discharge piping per UG-135(f) to prevent liquid
or other contaminant from entering the discharge side of
the valve; and

(c) the pressure relief valve is marked FOR GAS
SERVICE ONLY in addition to the requirements of
UG-129.

UG-136(a)(]10) Forpressurerelief valves of the dia-
phrzgm type, the space above the diaphragm shall be
vented to prevent a buildup of pressure above the dia-
phragm. Pressure relef valves of the diagphrzgm type
shall be designed so that fzilire or detenioration of the
diaphragm matetial will not impair the ability of the valve
to relieve at the rated capacity.

UG-136(b) Matenal Selections

UG-136(b)(1) Cast ron seats and disks are not per-
mitted.

UG-136(b}{2) Adjacent sliding surfaces such as
guides and disks or disk holders shall both be f corrosion
resistant mat=rial. Sprices of corrosion resisiant material

—or having a comosion resistant coating are required. The

seats and disks of pressure relief valves shallbe of suitable
material to resist corrosion by the flui to be contamed.
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NOTE The degree of corrosion resistancs, appropriate 1o the miended
service, shall be a mater of agreement between the manufacturer and
the purchasar

UG-136(b)(3) Materials used in bodies and bonnets
or yokes shall be jisted in Section I and this Division.
Carbon and low alloy steel bodies. bonnets, vokes and
bolting (UG-20) subject to in-service lemperatures colder
than —20°F (-30°C) shall meet the requirements of
UCS-66. unless exempted by the following.

{a) The coincident ratio defined in Fig. UCS-6b.1
is 0.35 or less.

{b) The material(s) is exempted from unpact test-
mg per Fig. UCS-66.

UG-136(b){4) Materials used in nozzles. disks. and
other parts contained within the external structure of the
pressure relief valves shall be one of the following cate-
gories:

(a) listed i Section II;

(b) listed m ASTM specifications;

{c) controlled by the Manufacturer of the pressure
relief valve by a specification ensuring control of chemi-
cal and physical properties and quality at least equivalent
to ASTM standards.

UG-136(c) Inspection of Manufaciuring and/or
Assembly of Pressure Relief Valves

UG-136(c}(I) A Manufacturer or Assembler shall
demonstrate to the satisfaction of a representative from
an ASME designated organization that his manufacturing,
production, and testing facilities and quality control pro-
cedures will insure close agreement between the perform-
ance of random production samples and the performance
of those valves submitted for Capacity Certification.

UG-136(c)(2} Manufacturing. assembly, inspec-
tion, and test operations including capacity are subject
to inspections at any tmme by 3 representative from an
ASME designated organization

UG-136(c)(3) A Manufacturer or Assembler may
be granted permission to apply the UV Code Symbol
to production pressure relief valves capacity certified in
accordance with UG-131 provided the following tests are
successfully completed. This permission shall expire on
the fifth anniversary of the date it is inittally granted. The
permission may be extended for 5 year periods if the
following tests are successfully repeated within the &
month period before expiration.

{a) Two sample production pressure relief valves
of a size ad capacity within the capability of an ASME
accepted laboratory shall be selected by a representative
fom za ASME dectgnuted orginization,

(») Operational and capacity tests shail be con-
ducted in the presence of a representative from an ASME
designated organization at an ASME accepted laboratory.
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The pressure relief valve Manufacturer or Assembler shall
be notified of the time of the test gnd may have representa-
tives present to witness the test. Pressure relief valves
having an adjustable blowdown construction shall be
adjusted by the Manufactrer or Assembler following
successful testing for operation but prior to flow testmg
so that the blowdown does not exceed 7% of the set
pressure or 3 psi (20 kP3), whichever 15 greater. This
adjustment may be made on the flow test facility.

(¢) Should any pressure relief valve fail to relieve
at or above its certified capacity or should it fil to meet
performance requirements of this Division, the test shall
be repeated at the rate of two replacement pressure relief
valves. selected in accordance with (c)X3)(2) above, for
each pressure relief valve that failed.

(d) Failure of any of the replacement pressure
relief valves to meet the capacity or the performance
requirements of this Division shall be cause for revocation
within 60 days of the authorization to use the Code Sym-
bol on that particular type of pressure relief valve. Durmg
this period, the Manufacturer or Assembler shall demon-
strate the cause of such deficiency and the action taken
to guard against future occurrence, and the requirements
of (c)(3) above shall apply.

UG-136{c)(4) Use of the Code Symbol Stamp by
an Assembler indicates the use of original, unmodified
parts m strict accordance with the mstnictions of the
Manufacturer of the pressure relief valve.

(a) An assembler may transfer original and
unmodified pressure relief parts produced by the Manu-
facturer to other Assemblers provided the followmg con-
ditions are met:

{1) both Assemblers have been granted permis-
sion to apply the V or UV Code Symbol to the specific
valve type in which the parts are to be used;

{2) the Quality Control System of the Assem-
bler receiving the pressure relief valve pans shalj define
the controls for the procurement and acceptance of those
parts; and

{3) the pressure relief valve parts are appropri-
ately packaged, marked, or sealed by the Manufacturer
to ensure that the parts are:

{a) produced by the Manufacturer; ad
(b) the parts are onginal and unmodifi=d.

{¥) However, an Assembler may convert original
finished paris by machming to another finished part for
a specific zpplication under the following conditions:

(1) Conversions shall be specified by the Man-
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{2) The Assembler’s quality control system. as
accepted by a representative from an ASME designated
organization, must describe in detail the conversion of
original parts, provisions for inspection and acceptance.
personnel training. and coatrol of current Manufacturer's
drawings and/or written mstructions.

(3} The Assembler must document each use of
a converted part and that the part was used in strict
accordance with the mstructions of the Manufacturer. .

(4) The Assembler must demonstrate to the
Manufacturer the ability to perform each type of conver-
sion. The Manufacturer shali document all authorizations
granted to perform part conversions. The Manufacturer
and Assembler shall mamtam 3 file of such authorizations.

{5) At least ammually a review shall be per-
formed by the Manufacturer of an Assemblker s system
and machining capabilities. The Manufacturer shall docu-
ment the results of these reviews. A copy of this documen-
tation shall be kept on file by the Assembler. The review
results shall be made available to a representative from
an ASME designated organization,

UG-136(c)(5} In addition to the requirements of
UG-129, the marking shall mclude the name of the Manu-
facturer and the final Assembler. The Code SymbolStamp
shall be that of the final Assembler.

NOTE Whhir the requirements of UG-136(c) and (d) A Manyfar-
turer1s defined as a person o crgamizaion who 1s complstely responsi-
bk for desgn, material selection, capacty certification, manufacture
of all component parts, asembly, \esing, seaiing, and shipping of
pressure rehief valves centified under this Division An Assembler i
defined as a person or organrzation who purchases or receives from a
Manufacturer or another Assembler the necessary component parts of
presswe relief vaives and assembles, adjusts, fests, seals, and shipe
pressire relief valves certified under this Dvision, @ a geographical
location other than and using factlities other than those uged by the
Manufacturer. An Assembler may be organzationally mdependent of
a Manufaciurer or may be wholly or partly owned by a Manufacturer.

UG-136(d) Production Testing by Manufacturers and

Assemblers

UG-136(d)(1) Each pressure relief valve to which
the Code Symbol Stamp s to be applied shall be subjected
to the following tests by the Manufacturer or Assembler.
A Manufacturer or Assembler shall have 3 documented
program for the application, calibration, and maintenance
of gages and instruments used during these tests.

UG-136(d)(2) The primary pressure paris of each
pressure relief valve exceeding NPS 1 (DN 25) inlet size
or 300 psi (2100 MPa) set pressure where the materials
used are eithter cast or welded shall be tested at a pressure
of &t leasi 1.5 timas Y12 Cesign pressuze of the parts. These
tests shall be conducted after all machining operations on
the parts have been completed. There shzll be no visibke
sign of leakage.



UG-136

UG-136(d){3) The secondary pressure zone of each
closed bonnet pressure relief vaive exceeding NPS 1
(DN 25) inlet size when such pressure relief valves are
designed for discharge to a closed system shall be tested
with air or other gas at a2 pressure of at least 30 psi
(200 kPa). There shall be no visible sign of leakage.

UG-136{d)(4) Each pressure relief valve shall be
tested to demonstraie its poppmg or set pressure. Pressure
relief valves marked for steam service or having special
internal parts for steam service shall be tested with steam,
except that pressure relief valves beyond the capability
of the production steam test facility either because of size
or set pressure may be tested on awr. Necessary corrections
for differentials in popping pressure between steam and
air shall be established by the Manufacturer and applied
to the popping point on air. Pressure relief valves marked
for gas or vapor may be tested with air. Pressure relief
valves marked for liquid service shall be tested with water
or other suitable liquid. When a valve is adjusted to
correct for service conditions of superimposed back pres-
sure, temperature, or the differential in popping pressure
between steam and air, the actual test pressure (cold dif-
ferential test pressure) shall be marked on the valve per
UG-129. Test fixtures and test drums where applicable
shall be of adequate size and capacity to ensure that
pressure relief valve action is consistent with the stamped
set pressure within the tolerances required by UG-134(d).

UG-136(d)(5) After completion of the tests required
by (d)(4) above, a seat tightmess test shall be conducted.
Unless otherwise designated by a Manufacturer’s pub-
lished pressure relief valve specification or another speci-
fication agreed to by the user, the seat tightness test and
acceptance criteria shall be in accordance with API 527.

UG-136{d)(6) Testing time on steam pressure re lief
valves shall be sufficient, depending on size and design.
to insure that test results are repeatable and representative
of field performance,

UG-136(e) Design Requirements At the time of the
submission of pressure relief valves for capacity certifi-
cation, or testing in accordance with (c)3) sbove, the
ASME designated organizaticn has the authority to
review the design for conformity with the requirements
of UG-133(a) and UG-136(b) and to reject Or require
modification of designs which do not conform, prior to
capacity testing,

UG-136(f) Welding and Other Requiremeris All
welding, brazing, bert treatment, and nondestructive
examination used in the construction of bedies, bonnets,
and yokes shall be performed in accordance with the
apphcable requirements of this Division.
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UG-137 MINIMUM REQUIREMENTS FOR
RUPTURE DISK DEVICES

UG-137(a) Mecharnical Requirements

UG-137(a){1}) The design shall incorporate arrange-
ments necessary to ensure consistent operation and
tightness.

UG-137{a){2) Rupture disk devices having
threaded inlet or outlet connections shall be designed
to allow for normal installation without damagmg the
rupture disk.

UG-137(b) Material Selectnions

UG-137(b)({1} The rupture disk material is nat
required to conform to a matenal specificaiion listed in
ASME Section II. The rupture disk material shall te
confrolled by the Manufacturer of the rupture disk device
by a specification ensuring the control of matenal prop-
erties,

UG-137(b)(2) Materials used in rupture disk hokd-
ers shall be listed in Section I1 and this Division. Carbon
and low alloy steel holders and bolting (UG-20) subject
to  in-service temperatures colder  than
—20°F (-30°C) shall meet the requirements of UCS-66,
untess exempted by the following.

{a} Thecoincident ratic defined in Fig. UCS-66.1
is 0.40 or less.

(b) The materialis) is exempted from impact test-
ing per Fig. UCS-66.

UG-137(b)(3) Materials used in other parts con-
tained within the external structure of the rupture disk
holder shall be one of the following categories:

{a) listed in Section II; or

(b) listed in ASTM specitications; or

(¢} controlled by the Manufacturer of the rupture
disk device by a specification insurmg control of chemical
and physical properties and quality at least equivalent to
ASTM standards.

UG-137(c} Inspection gf Manmfactmuring of Rupture

Disk Devices

UG-137(c)(1) A Manufacturer shall demonstrate to
the satisfaction of a representative of an ASME desig-
nated organization that its manufacturing, production, and
testmg facilities and quality control procedures will insure
close agreement between the performance of random pro-
duction samples and the performance of those devices
submitted for Certification.

UG-137{c)(2) Manufacturing, assembly, inspec-
tion, and test operations are subject to inspections at any
time by an ASME designee.

UG-137(¢j(3} A Manulacterer nizy be gruited per-
mission t0 apply the UD Code Symbol to production
rupture disk devices certified in accordance with UG-131
provided the followig tests are successfully completed.
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This permission shall expire on the fifih anniversary of
the date it is initially granted The permission may be
extended for five year pericds if the following tests are
successfully repeated within the 6 month period before
expiration.

{a) Two production sample rupture disk devices
of a size and capacity within the capability of an ASME
accepted laboratory shall be selected by a representative
of an ASME designated organization.

{(b) Burst and flow testing shall be conducted in
the presence of a representative of an ASME designated
organization at a place which meets the requirements of
UG-131(f). The device Manufacturer shall be notified of
the time of the test and may have representatives present
to witness the test.

(c) Should any device fail to meet or exceed the
performance requirements (burst pressure, mmimum net
flow area, and flow resistance) of UG-127, the test shall
be repeated at the rate of two replacement devices,
selected and tested in accordance with (¢)(3){a) and
(¢ X3)(b) above for each device that failed.

(d} Failure of any of the replacement devices to
mect the performance requirements of this Division shall
be cause for revocation within 60 days of the
authorization to use the Code Symbol on that particular
type of rupture disk device design. Durmng this period,
the Manufacturer shall demonstrate the cause of such
defictency and the action taken to guard agamst future
accurrence, and the requirements of (cX3) above shall
apply.

UG-137(d) Production Tesnng by Manufacturers *

UG-137(d){1) Each rupture disk device to which
the Code Symbol Stamp is to be applied shall be subjected
to the following tests by the Manufacturer. The Manufac-
turer shall have a documented program for the applica-
tion, calibration, and maintenance of gages and
instruments vsed during these tests.

UG-137(d)(2) The pressure parts of each mipture
disk holder exceeding NPS 1 (DN 25) inlet size or 300
psi (2 100 kPa) design pressure where the materials used
are either cast or welded shall be tested at a pressure of
at least 1.5 times the design pressure of the parts. These
tesis shall be conducted after all machining operations
on the parts have been completed but prior to nstallation
of the rupture disk. There shall be no visible sign of
leakage.

UG-137(4)(3) Each lot of rupture disks shall be
tested in accordance with one of the following methods,

&l tests of disks for ¢ given lot shali be made n 2 holder,

" of the same form and pressure area dimensions as that
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being used in service. Sample rupture disks. selected from
each lot of rupture disks, shall be made from the same
material and of the same sizz as those to be used
service. Test results shall be applicable only to mipmure
disks used_m disk holders supphed by the rupture disk
Manufacturer,

{a) At least two sample rupture disks from each
lot of rupture disks shall be burst at the specified disk
temperature. The marked burst pressure shall be deter-
mined so that the sample nupture disk burst pressures are
within the burst pressure tolerance specified by
UG-127(a)(1).

(b) At least four sample rupture disks, but not
less than 5% from each lot of rupture disks, shall be
burst at four different temperatures distributed over the
applicable temperature range for which the disks will be
used. This data shall be used to establish a smooth curve
of burst pressure versus temperature for the lot of disks.
The burst pressure for each data pomt shzll not deviate
from the curve more than the burst pressure tolerance
specified m UG-127(a)(1).

The vatue for the marked burst pressure shall be derived
from the curve for a specified temperature.

{c¢) For prebulged solid metal disks or graphite
disks only, at least four sample rupture disks using one
size of disk from each lot of material shall be burst at
four different temperatures. distributed over the applica-
ble temperature range for which this material wiH be
used. These data shall be used to establish a smooth curve
of percent change of burst pressure versus temperature
for the iot of material The acceptance criter1a of smooth
curve shall be as in (d¥3)(b) above.

At least two disks from each iot of disks, made from
this lot of material and of the same size as those to be
used, shall be burst at the ambient temperature to establish
the room temperature rating of the lot of disks. The per-
cent change shall be used to establish the marked burst
pressure at the specified disk temperature for the lot of
disks

UG-137(e) Design Requtremenis At the time of the
nspection in accordance with (c)(3) above, a representa-
tive from an ASME designated organization has the
authority to review the design for conformity with the
requirements of UG-137(a) and UG-137(b) and to reject
or require modification of designs which to not conform,
prior to capacity testmg.

UG-137(f) Welding and Other Reguirements All
welding, brazing, heat treatment. and nondestructive
examination used i the construction of rupture disk hold-
ois and pressue parts shall be performed n accordapce
with the applicable requirements of this Division.
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MANDATORY APPENDIX 11
CAPACITY CONVERSIONS FOR SAFETY VALVES

1i-1

The capacity of a safety or relief valve in terms of a
gas or vapor other than the medium for which the valve
was officially rated shall be determined by application
of the follbwmg formulas:'

For steam,
W, = CuKAP
where:
Cp = 35L.5 for U.S. Customary cakulations
Cyp = 5.25 for Sl caiculations
For air,
M
¥, = CRAP ‘[;
{US Customary Units}
C = 356
M = 2897 mol. wt
T = 320 when W, is the rated capacity
(ST Unzts)
C = 12703
M = 28.97 mol. wt.
T = 293 when W, is the rated capacity

For any gas or vapor,
M
W= =
CKAP \/;
where

W, = rated capacity, Ib/br (kg/m) of steam

! Knowng the offeial raung capaaty of a safety valve which s
stamped on the valve, It 1s possibke to determme the overall value of
KA n etther of the following formulas m cases where the valus of
these mdividual terms is not known:

Official Rating m Sweam

W,

5P

Official Rating m Arx
KA = W,

LA
STPY M

This vajue for KA is then substituted m the above formulas to determme
the capxcity of the safety valve m werms of the new gas o vapor

KA

399

W, = rated capacity. converted to W /hr (kg/nh ot ar
at 60°F {20°C). inlet temperatwre '
W = flow of any gas or vapor, Ib/hr
¢ = constant for gas or vapor which 15 function of
the ratio of specific heats, & = o, 7, (e Fig,
11-1})
K = coefficient of discharge [see UG-1311d) and (e)]
A = actual discharge area of the safety valve, sq .
(sq mm)
P = (set pressure X 1.10) plus atmospheric pressure.
psia (MPag,;)
M = molecular weight
T = absolute temperature at inlet [(°F + 460} (K)]

These formulas may also be used when the required flow
of any gas or vapor is known and it is necessary to
compute the rated capacity of steam or awr.

Molecular weights of some of the common gases and
vapors are given in Table 11-1.

For hydrocarbon vapors, where the actual vaive of ¥
is not known, the conservative value. ¥ = 1.001 has been
commonty used and the formuia becomes

"

W = CKAP x/—f,
where
C = 315, for U.S. Customary Calcuiations
C = 23.95, for SI Calculations

When desired, as in the case of light hydrocarbons.
the compressibility factor Zmay be inchuded o ihe formu-
las for gases and vapors as follows:

/M
W = CKAP =

Grven: A safsty valve beess a cettified capacity rating of
3020 Ib /br of steam {or 3 presswe setting of 200 psi.

Exawpiz 1

PropLer: What is the relieving capacity of that valve in
terms of air at 1G0°F for the same pressure setting?
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Constant Constant Constant
f c k C k C
100 318 1.26 342 152 366
1.02 318 1.28 345 154 368
104 I 1.30 347 156 368
106 322 1.32 349 158 amn
1.08 324 1.34 35 1.60 arz
110 327 136 as2 162 374
1.12 329 1.38 354 164 376
114 N 1.40 356 1.66 KY)
1.16 333 142 358 168 e
1.18 335 144 359 1.70 380
120 a37 146 s 2.00 400
1.22 339 1.48 363 220 a12
1.24 n 1.50 364 e

FIG. 11-1 CONSTANT £ FOR GAS OR VAPOR RELATED TO RATIO OF SPECIFIC HEATS (k = ¢/¢,)

32
. | /)
30 )
e
29 / A
28
1’4
27
26 y, Flow Formula Calculations N
/ W= K{CAP~IMIT )

25 / k+ 1 -
/ C=3948 k(}—f_—1)k‘1
24 1 1 L 3 i s TR
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k

Constant Constant Constant

-4 c k c [ 4 Cc
1.001 23.95 1.26 2605 152 27.80
107 24 12 1.28 26.20 154 2793
104 24.30 130 26 34 156 285
1.06 24.47 1.32 26 49 148 2817
108 2464 134 26,63 1 B0 28.29
110 24.81 1.36 2676 162 28.40
1,12 24,57 138 26.80 164 28,52
114 25.13 140 2703 160 28.62
116 25.2¢ 7.42 27 17 163 28,74
118 25.45 1.44 2730 170 28,86
120 2560 146 27.43 200 20.39
1.22 2576 148 27.55 220 3129
124 2591 150 27 68 . ..

FiG. 11-1M CONSTAMT CFOR GAS OR VAPOR RELATED TO RATID OF SPECIFIC HEATS (k = ¢/5)
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11-1
TABLE 11-1
MOLECULAR WEIGHTS OF GASES AND VAPORS
Ay 28.97 Freon 22 86.48
Acetylene 26.04 Freon i14 170.90
ammonia 17.03 Hydrogen 2.02
Butane 58.12 Hydrogen Sulfde 34,08
Carbon Dioxide 44,01 Methane 16.04
Chlorine 70.91 Methyl Chieride 50.48
Ethzne 20.07 Nitrogen 28.02
Ethylene 28.05 0Oxygen 32.00
Freon 11 137.371 Propane 44.09
Freon 12 120.9 Sulfur Droxide 64,06
SoLUTION:
For steam
W, = 515KAP
3020 = 515KAP
. _ 302 _
KAP = s T 585
For air
M
W, = CK —
R INL
/ 2897
= 356 KAP 501100
}289’7
= (356) {58.5) 60
= 4750 Ib/hr
Exaripie 2

Given: 1t is required to relieve 5000 Ib/hr of propane
from a pressure vessel through a safety valve setto relieve
at a pressure of ‘F;, psi, and with an inlet temperature at
125°F.

Proaiem: What total capacity in pounds of steam per
hour m safety valves must be furnished?

/M
W = CKAFP —
T

The value of C is not definitely imown. Use the conserva-
tive vale, C = 315,

SoLunon:
For propane,

3000

1

w
—
[

RKAP =

MANDATORY APPENDIX 11

For steam,
By = S15 KAP = (515457 Th

= 2970 b/ hr sa to reheve at Fy, pst

Example 3

Grven: It is required to relieve 1000 Ib/ht of ammoniz
from a pressure vessel at 150°F.

ProBLEM: What is the required total capacity in pounds
of steam per hour at the same pressure seftng”

SoLuToN:
For ammonia,

far
W= ckar | %

VT
Manufacturer and user agree to use & = 1.33; from Fig.
11-1, C = 350.

[ 1703
1000 = 350 KAF \,’ T ISO
EAP = 17.10
For steam,
W, = 515 KAP = 51.5 x 1710

= 830 B /hr

Exsmpgle 4

Grven: A safety valve bearing a centified rating of 10.000
cu fi/min of air at 60°F and 14 7 psia (atmospheric
pressure).

ProsLEM: What is the flow capacity of this safety valve m
pounds of saturated steam per hour for the same pressure
sefting?

SorLumon:
For ab: Weight of dry air at 60°F and 14 7 psia is
0.0766 b/cu fi.

We = 10,000 x 0.0766 x 60 = 45950 Ib/hr

45,960 = 356 KAP 4‘62’683—7@
KAP = 546
For steam,
W, = 515 KAP = (515)(546)
= 28200 1b/hr

NOTE. Before converting the capacity of a safety valve from any gas
to sicam, the requrements of UG-131(b) must be met
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(@) Since it is realized that the saturated water capacity
is configuration sensitive, the following applies only to
those safety valves that have 2 nozzle type construction
{throat to inlet diameter ratio of 025 to 0.80 with a
continuously contoured change and have exhibited a coef-
fictent Xp in excess of 0.90). No saturated water rating
shall apply to other types of construction.

NOTE The manufacturer, user, and Inspector are all cauticned that for
the followmg ranng 1o apply. Lhe valve shall be comtmuously subjected to
saturated water. If. afier imitial rehef the flow media changes to qualty
steam, the valve shall be rawed as per dry saturaled sieam Valves
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mstalled on vessels or lmes contamng steam—waer mixtwrs shall be
rated on dry satuwraed steam, :

{(b) To determme the saturated water capacily of a
valve currently rated under UG-131 and meeting the
requirements of (a) above. refer to Fig. 11-2. Enter the
graph at the set pressure of the valve, move vertically
upward 10 the saturated water line and read horizontatly
the relieving capacity. This capacity is the theoretical,
sentropic value arrived at by assuming equilibrium flow
and calculated values for the critical pressure ratio.
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-~ DETERMINATION OF CERTIFIED RELIEVING CAPACITIES

1.0

2.0

GENERAL

To determine the relieving capacity which should appear on a valve set between the maximum and minimum
listed set pressures:

11 For the coefficient method - use the formula as applicable for the Code section ang the coefficient and
area given for the particular design of valve.

1.2 For the slope method - calcutate using the slope given

Listed below are the equations used to calculate pressure relief valve capacities that were certified by the
coeffictent or slope methods.

SAFETY VALVES FOR POWER BOILERS {Section 1):
21 Coefficient Method Formula.

for nozzle.......... ceerrees W = (51.5 APK)
for flat seat..............., W = (51.57 DLPK)
ford5° seat. ............. W = (51.5n DLPK) {.707)

For steam at pressures over 1500 psi and up to 3200 psi the value W of the certified relieving capacity
shall be muluplied by:

0.1906P - 1000
0.2292P - 1061

Where W = rated capacity, pounds dry saturated steam per hour
A = actual discharge area through the valve at developed lift, square inches
D = seat diameter, inches
K = certified coefficient
L = lift, inches

P = (stamped set pressure + 2 psi or 3%, whichever 1s greater} + 14 7, psia

2.2 Slope Method Formula:
The values of slope given have units Ibs per hour per psia.

W = slupe x (stamped set pressure + 2 psi or 3%, whichever 1s greater + 14.7, psia)
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3.0 SAFETY VALVES FOR NUCLEAR VESSELS (Section Hll):

31

3.2

Coefficient Method Formula:

Steam:

for nozzie................... W = (51.5 APK)

for flat seat................ W = (51.5x DLPK)

for 45° seat.......... ...W=(51.5r DLPK} {.707)

For steam at pressures over 1500 psi and up to 3200 psi the value W of the certified relieving capacity
shall be multiplied by

0 1906P - 1000
0.2292P - 1061

Where W = rated capacity, pounds dry saturated steam per hour
For Air. ....... e W = 18.331APK @ 60°F and 14.7, psia

For Gas................. W = CAPK YM/T

For hiquid (water) .\W = 4 814AK Yw(P-P,)

Where W = rated capacity. Ibs/hr {dry saturated steam), SCFM (arr). Ibs/hr (gas or vapor), GPM (water)
A = actual discharge area through the valve at developed lift, square inches
C = constant for gas or vapor based on the ratio of specific heats C,/C,
D = seat diameter, inches
K = certified coefficient
L = lift, inches
M = molecuiar weight
P = (starnped set pressure + 3%) + 14.7, psia (for Class 1, 2 and 3 main
-OR-

P = {stamped sei pressure + 2 5 psi or 10%, whichever is greater) + 14.7, psta (For air,
gas, or steam valves other than main steam)

P, = pressure at discharge from valve, psia
T = absolute iemperature at inlet, °R (degrees Fahrenheit + 450)
w = 62.3058 Ibs/it*, specific wesght of water @ 70°F

Slope Method Formula:

The values of slope given have the uniis SCFM or |bs. per hour per psia.
W =slope x (set prussure + 3% + 14.7, psiz), (for Class 1, 2 and 3 main stream valves)
W = slope x [[sat pressure - 2.5 psi or 10%, whnchovonis grostor) + 14.7, paiz], (For air,

gas, or steam other than main steam)

For Liquid {(waier).
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W =F ¥ (P - Py)where F = flow factor

The flow factor 1s a rating number for liquid service determined by a test. It is equal to the capacity in
gallons per minute divided by the square root of the differential flowing pressure. It is equivalent to the
“siope” for an air or steam valve.

4.0 SAFETY AND SAFETY RELIEF VALYVES FOR HEATING BOILERS {Section V).
41 Coefficient Method Formula.

fornozzie ................. W = (51.5APK)
for flat seat.................. W = (51.51DLPK)
for45° seat................ W = (51.5rDLPK) {.707)

Where W = rated capacity, pounds dry saturated steam per hour
A = actual discharge area through the valve at developed lift. square inches
D = seat diameter, inches
K = certified coefficient

L = lift, mches
P ={15+ 33.3%) + 14.7, psia = 34.7, psia for 15 psi steam safety valves
-OR-
: =l (stamped set pressure + 10%) + 14.7, psia for safety relief valves for hot water
oilers

42 Slope Method Formula:
The values of slope given have the units of BTUs per hour per psia or lbs per hour per psia

W = slope (set pressure + 10% + 14.7, psia)
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5.0 SAFETY VALVES FOR PRESSURE VESSELS (Section VIil, Divisions 1 & 2)
51 Coefficient Method Formula:

For Steam-

for nozzle............... ... W = (51.5 APK)

for flat seat............... W = (51.57DLPK)
for45°seat............... W = (51.52DLPK) (.707)

For steam at pressures over 1500 psi and up to 3000 psithe value W of the certified relieving capacity
shall be multiplied by.

0.1906P - 1000
0.2292P - 1061

For Air: W =18.331APK @ 60°F and 14.7, psia
For Gas or Vapor: W = CKAP YM/T
For Liquid (water): W = 4 B14AK Yw(P - P)

Where W = rated capacity, Ibs/hr (dry saturated steam), SCFM (air). Ibs/hr (gas or vapor), GPM (water)

A = nozzle throat area, square inches '

C = constant for gas or vapor based on ratio of specific heats C_/C,

D = seat diameter, inches

K = certified coefficient

L = lit, inches

M = muiscular weight

P = (stamped set pressure + 3 psi ar 10%, whichever is greater) + 14.7, psia
-OR-

P = {stamped set pressure + 20%) + 14.7, psia for test per UG - 131(c)(2)

P4 = pressure at discharge irom valve, psia

T = absolute temperature at inlet, °R (degrees Fahrenheit + 460}

w = 62.3058 Ibs#t’, specific weight @ 70°F

52 Slope Method Formula:

The values of slope given have the units SCFM or lbs. per hour per psia.

W = slope x [(set pressure + 10%) + 14.7, psia

] -OR-

W = slope x {(stampzd set pressure + 20%) + 14.7, psia for tast per
UG-131{c}2}

For Liguid (water) W=F x (P-Pd)



a5 -

53

INDEX

Where F = flow factor

The flow factor is a rating number for liquid service determined by a test It is equal to the capacity n
gallons per minute divided by the square root of the differential flowing pressure 1t1s equivalent to the
"slope” for an air or steam valve. .

Flow Resistance (Non-reclosing devices)

Device designs certified by the Flow Resistant method are not marked with a relieving capacity value
The certified flow resistance appears on the nameplate and is to be used when determining total flow
resistance of the pressure relief system and the flowing capacity it will relieve through the use of accepted
engineenng practices. Unless otherwise noted, the pressure drop across a certified non-reclosing device
shall be calculated using dimensions for standard pipe (STD).

For pressure relief systems discharging directly to atmosphere which includes a non-reclosing device
instalied within 8 pipe diameters of the vessel nozzle and having a discharge pipe no longer than 5 pipe
diameters, system capacity is determined from the equations found in 5.1 above using the miimum net
fiow area marked on the nameplate and an assumed coefficient of discharge equal to 0.62.
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