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Purpose

» The purpose of this presentation is to increase
awareness of the most recent changes to API
standards.

v API 520 Part I, Sizing and Selection of
Pressure-relieving Devices

v Tenth Edition, October 2020

v APl 520 Part Il, Installation of Pressure-relieving

Devices

y Seventh Edition, October 2020

v APl 521, Pressure-relieving and Depressuring

Systems

| 4 Seventh Ed|t|0n, June 2020 Source:: ioMosaic Stock Image
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Purpose

» Do you have updated copies of these

standards?
¥ Do you know what has changed?

¥ How do these changes affect your business?

We will highlight the most significant changes in

each of the standards.

Note: Certain text from the standards has been abridged or altered for the sake of space and clarity.
Please reference the standard for the complete, unabridged, and unaltered original text.

Source:: ioMosaic Stock Image
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020




API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

3.1 Terms & Definitions These new and revised definitions clarify that
Actual, Certified, Effective, and Rated terms rated Capacity may be determined using

3.1.2 actual orifice area

The cross-sectional area (based on the measured diameter) within the pressure-relief elther effeCtlve va riables, or aCtual and

device.

3.1.11 certified capacity CeI’TIfIGd Varlab|eS

The capacity of a pressure-relief device determined using the certification test fluid, at the
certification test overpressure, with the certified discharge coefficient, and actual orifice

area. These changes clearly separate, define, and

3.1.12 certified coefficient of discharge

The published value for the ratio of the measured relieving capacity to the theoretical te” users hOW the terms are used in praCtice_

relieving capacity of an ideal nozzle, multiplied by a capacity derating factor if required by

the code of construction. Previous editions contained muddled terms,
3.1.21 effectiv fficient of disch . . . . .
The vaﬁjeef(c:)r t:ecr(:io gf‘irr:e(;stir::’tezr?e?ieving capacity to the theoretical relieving a”OW|ng fOF mU|t|p|e (m|S)|nterpretat|OnS.

capacity of an ideal nozzle.

3.1.22 effective orifice area
A nominal cross-sectional area within the pressure-relief device flow path that limits the
fluid flow through the pressure-relief device.

3.1.47 rated capacity

The capacity of the pressure-relief device at the certification test overpressure. This
capacity can be determined using the effective coefficient of discharge and effective orifice
area, or the certified coefficient of discharge and actual orifice area.

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

4.2.1.4 Pressure-relief Valve Trim Selection  New section that supplements existing
4.2.1.4.1 PRV trim selection is an important factor when designing relief system SeCtIOHS descnb'ng ﬂu|d behavior in a PRV

installations to minimize the potential for instability.

4.2.1.4.3 It is important that the user understands how different trims perform within the The |temS Of greater intereSt dalre Tab|eS 1 and

range of relief conditions that the PRVs could experience. Particular attention should be
paid to vapor certified valves that have applicable liquid relief scenarios. Tab|eS 2 oo

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

Significance

4.2.1.4 Pressure-relief Valve Trim Selection

Table 1 - Spring-loaded Pressure-relief Valve Performance Characteristics as a

Function of Valve Trim

Table 1 quietly highlights the RAGAGEP gap
for vapor relief on a liquid certified PRV. And,
not so obvious, but implied, is the RAGAGEP
gap for two-phase flow through either trim.

| -

|
Characteristic Vapor Certified PRV Liguid Certified PRV Dual Certified PRV
Capacily is nol certified bul can
be estimated using guidance in ]
Liquid refief 5.9 (may need up 10 25 % Capacity is certified Capacity is certified
overpressune to achieve full IM)
| Capacity is nol certified, and
I ncd addressed herein
Vapor relief Capacity s certified Capacity is certified
See manufaciurer for
eslimated capacty
for
R :l{ll I — - Up to 25 % for vapor Lip to 25 % for vapor
available (see manufaciurer VapOr,
R:rPRV-spe:g:Tgmmm Up 1o 10 % for liquid TW‘?!WNJEEHM W@Wﬂﬂﬁﬂm
values; see liquids; some vendors hquids; some vendors
) offer higher DIoWdoWns offer higher blowdowns
Tendency to chatter in liquid
Servs Increased Neutral Neutral
PRV sel on gas or vapor but PRV set on ligquid but
Effect of medium on the: Minor effect (1.e. within
refieving liquid may open 3 % to | releving vapor may open
P —— 5 % higher 3% to 5 % lower code ticmances)
mgmemsd Any shift up or down in the opening point may resull in a simiar shift in the point at which
| matium full it is achleved

NOTE Thoss are typical values obtained from valve manufacturers. User ks cautioned to fully understand the impact on operations
when biowdown axcesds (he operaling margin.

k& Pressure Relief Valve List B 4 - 0O X

™™ Definea PRV / Working Scenario = DEFAULT B_ . o _:.[:'f::l x *-l_l
= L 3
4| v |/ Specifications * Lift Vs. Overpressure ' Lit Vs. Backpressure % SDOF Parameters % K% —_J = 3 L
A B C

1 |Pressure Relief Valwe Name DEFATLT DEFALLT Lift ve. Backpressure | SDOF Parameters | Data Sheet | Cd Caleulator
2 |Equipment Protected Enter all eguipment protected |1I3 | FRY E.p{:-:"l:.:‘l;u;r.s. Low Bressuns | Lift ws. '::'\,'rrrj'\,-iqun-
3 |General Description 273 e
4 |PRV Numeric ID a << Use 0 for default, assig - =
) [ ——— N Cestified for gas flow ] ASME-SECTION | certifi
6 |Model Number NA N - - - .
7 5erial Number = Certified for liquid flow ] ASME-SECTION IV certi
| sz ImeeE 12 [ Cestified for steam flow [ ASME-SECTRON Vil cer
9 |Material of construction STEEL |STEEL j
10 D Maodulating vakle D Designated as spare
11 |Flow Service Twophase |Twuphase j
12 |Design Type C'cnventicnal |Cunventi0“a| ﬂ Lifting Characteristics
13 |Hozzle Type By Manufacturer !BV Manufacturer -
14 |Trim |B¥ Manufacturer I By Manutacturer - Mimirruien lift 0.0083 ft Maximum lift 0.0333
13 |Seat Iype orher IBy Manufacturer
16 [Bonnet Type Other Liquid D Dewvice has a restricted Lift =
17 ; L
18 [T Device is certified for gas flow Missing LT / Ly
19 [ Device is cerlified for liquid flow Other
20 [T Device is certified for steam flow NA
21 [ Device is ASME-SECTION I certified By Manufacturer
22 [ Device is ASME-SECTION IV certified By Client

23 [ Device is ASME-SECTION Vil certified
24 [~ Device is modulating
Device is designated as spare

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020



API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

4.2.1.4 Pressure-relief Valve Trim Selection  Table 2 is interesting because it makes it

Table 2 - Design Guidance for Pressure-relief Valve Trim Options p|ain that inlet pressure drop should be
T calculated using rated capacity for all cases

i | cmarern | o | and flow types unless a valve exhibits

L — . modulating characteristics. The unspoken

: mum : Z s———, rule in most circles was to always use

Lo vaper NorEs | Nores | casmmiores) required liquid relief through liquid trim with a

e presumption of modulating characteristic.

— gt v o | — Now, the guidance puts more onus on the

e SA——————. user to document the modulating behavior in

T EEERLE T TR AR liquid relief on liquid trim.

mmﬁ:ﬁ;&ﬂ% Eﬁﬁ}ﬂfﬁ!ﬁﬁﬁﬁuﬂmﬂ ey b sed PRV extibAs modIatng benaver,

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

4.2.4 Restricted Lift Pressure-relief Valves New section that highlights an increasingly
4.2.4.1 API 526 Table 1 shows a 21% to 78% increase in effective orifice area from one common approach to restricting rated

lettered orifice to the next lettered orifice. In some applications, the user may desire less

capacity than the next size orifice area would provide. A reduction in the pressure relief ca paC|ty and th us Calcu |ated pressu re d rop_

valve rated capacity can be achieved by restricting the lift. A restricted lift pressure relief
valve has a reduced flow area. resulting in a lower rated capacity for the valve. A lower
rated capacity. based on the reduced Hit, will lower the inlet and outlet piping pressure

losses and reduce the acoustic effects. For as-built installations, the key benefit of
restricted lift is that it can mitigate high
pressure drops and thus costly pipe
modifications.

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices

Tenth Edition, October 2020

Section & Abridged Text

4.3.2.4 Rupture Disk Devices in Series

4.3.2.4.1 Rupture disks may be installed in series using two distinct rupture disk holders
separated by a spool piece. Rupture disks may also be installed in series using a “Double
Disk Assembly.”

4.3.2.4.2 Remember that rupture disks are pressure differential devices and the space
between the two disks shall be monitored or vented to ensure that no pressure elevates
the burst pressure of the upstream disk. The vapor space between the disks shall have a
free vent or suitable telltale indicator for monitoring of pressure.

4.3.2.4.3 The ASME Code allows rupture disks installed in a double disk assembly to be
tested to obtain a single Kr value for the device. If two rupture disk devices in series are
used, each rupture disk Kr value must be considered when sizing the relief system.

4.3.2.4.4 Rupture disks may be installed in series for highly corrosive applications where
any corrosion paths (e.g., pinholes) in the upstream disk will be contained by the
downstream disk preventing any hazardous product releases. If the first disk develops a
leak due to corrosion, the second disk will contain the fluid.

4.3.2.4.5 Rupture disks may be installed in series to prevent any superimposed

backpressure (constant or variable) from elevating the burst pressure of the upstream disk.

The burst pressure of the upstream disk is typically specified at the desired system relief
pressure, whereas the burst pressure of the downstream disk is specified at a lower value
to account for superimposed backpressure. Since some rupture disks designs are better
equipped to withstand backpressure, the rupture disk manufacturer should be consulted to
ensure that the rupture disk device is suitable for the application.

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020

Completely re-written to generalize and
explain multi-disk installations and not imply
a single use case limited to service.
This expanded section provides obligatory
guidance for double-disk assemblies, which
are commonplace.

Double-disks are preferable to single disks
because a nuisance leak in one disk does not
automatically lead to an inadvertent relief
path, loss of product, or contamination.

If you were not aware of double-disks before,
there is no excuse now.

ioMosaic” *



API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

5 2 API| Effective Area and Effective This subsection was re-written for succinctness and

. : agreement with the new or improved definitions of effective,
Coefficient of DISCharge certified, and actual variables. This section also swaps some

5.2.5 The effective orifice area and the effective coefficient of discharge should not be are : - :
used for final PRV selection. The actual orifice area and the certified coefficient of shalls for shoulds and vice versa (emphaSIS added in the

discharge should always be used to verify the rated capacity of the PRV corrected for the text).
actual overpressure. In no case shall an effective orifice area be used with a certified

coefficient of discharge for calculating the capacity of a PRV. Similarly, an actual orifice _ _
area shall not be used in conjunction with an effective coefficient of discharge. The key change is that users are no longer required to use

5.2.6 In summary, the effective orifice size and effective coefficient of discharge specified in the actual area and certified discharge coefficient for final

API standards are assumed values intended for initial selection of a PRV size from - . . .
configurations specified in APl 526, independent of an individual valve manufacturer's SiZing and selection because a shall was replaced with a

design. In most cases, the actual orifice area and the certified coefficient of discharge for should. The user may instead, with appropriate

an API letter orifice valve are designed so that the rated capacity corrected for actual - : . -
overpressure meets or exceeds the rated capacity calculated using the methods presented documentation, Slmply use the pre“mmary siZing afforded by

in API 520 (i.e. using the effective orifice area and effective coefficient of discharge). There the effective area and effective discharge coefficient to

are, however, a number of valve designs where this is not so. When the PRY is selected, . . .
therefore, the actual orifice area and certified coefficient of discharge for that valve should calculate the rated flow. In some CIrCleS’ this practlce was

be used to verify the rated capacity of the selected valve, corrected for the actual already common place because it reduced calculation
overpressure, and to verify that the valve has sufficient capacity to satisfy the application. burden but is now acknowledged in the RAGAGEP

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

5.3.3 Effects of Backpressure on Pressure-  Succinctly rewritten section and new
relief Valve Operation and Flow Capacity supporting section clarifying and exemplifying
5.3.3.1.3 In a conventional PRV application, the allowable built-up backpressure is equal to a”owable backpressures on a Conventiona|

the allowable overpressure. Both of these values are referenced to the PRV's set pressure,
not to its CDTP. See Equation (1). PRV

IDB,AIIowabIe = AOP = MAWP x (1 + %AA) - IDset (1)

Where
*Pg allowable iS the allowable built-up backpressure, psi;
*AOP is the allowable overpressure, psi;
*MAWP is the maximum allowable working pressure, psig;
*%AA is the allowable accumulation(%);
Pt is the PRV set pressure, psig.

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

5.6 Sizing for Gas or Vapor Relief Section expanded to provide greater
2611 Al et background on non-ideal gas behavior and to

The sizing equations for PRDs in vapor or gas service provided in this section assume that

the pressure-specific volume relationship along an isentropic path is well described by the also encou rage users to measure nOnideal |ty
expansion relation: _ . _ _

with reduced variables in lieu of
compressibility factor alone.

Pvk = constant (2)

where
P is the pressure, psia (Pa);
-v is the specific volume at P, ft* /Ib (m®/kg);

-k is the ideal gas specific heat ratio at the relieving temperature (see B.3.2.2). |n Other WordS, |nstead Of Slmply using a Z
For real gas behavior the nonideality of the fluid has been taken into consideration using range Of 08 - 1 _ 1 , the user |S f| rst

the compressibility factor Z and the use of the isentropic expansion exponent n in place of

the ideal gas k (see B.3.1). However, the validity of this assumption may diminish as the encou raged to Check Whether V/ |S <92 O
vapor approaches the thermodynamic critical locus, such as at very high pressures or as R

the fluid exhibits more liquid-like behavior. One indicator of this behavior is when the

reduced volume (vg) of the fluid is less than two (2.0) at the inlet pressure.

Another indicator that the vapor or gas may be in one of these regions is a compressibility
factor, Z, less than approximately 0.8 or greater than approximately 1.1. Replacement of
the ideal gas specific heat ratio, k, with the calculated isentropic expansion coefficient, n, in
the gas sizing equation may not be sufficient to correct for the deviation from ideal gas
behavior the further this deviation progresses.

In such cases, use of the direct integration method is recommended.

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020 io M Vosa i c® 14



API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

5.10 Special Considerations for Non- New section dedicated to cautioning users on
Newtonian Fluids viscosity correction factor for non-Newtonian
The chemical and petroleum industries frequently encounter complex fluids that exhibit ﬂ U |dS

non-Newtonian behavior. This is typically manifest as a shear-thinning viscosity and occurs ) 7

in suspensions of fine solids as well as solutions and melts of high polymers. In laminar Kv = -

flows, the viscosity of these fluids can drop significantly as the shear rate (or shear stress)

increases. In turbulent flow, some very high MW polymer solutions exhibit viscoelastic

properties that can result in drag reduction, which lowers the flow resistance to below that V\ %(/D‘p\ T"f
of the solvent. Thus, the viscosity correction factor, K, derived for Newtonian fluids is not

reliable for non-Newtonian fluids because the viscosity varies with shear rate.

Due to strong velocity gradients in the curtain area between the valve seat and the disk,
high shear rates may exist so that the viscosity of a shear-thinning fluid at that location can
be much less than the viscosity at relieving conditions (i.e., in the vessel or other protected
equipment). The value of the viscosity correction factor might change markedly with the —
rheological model for the shear-thinning medium. The use of the viscosity at relieving

conditions when calculating the viscosity correction factor is likely to result in significantl - :P

oversized PRVs. ° ’ ’ ° ’ |2‘ EL J El" AT H

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

Annexes Annex A & D provide new API spec sheets for

Annex A (informative) Rupture Disk Device Specification Sheet disks and PRVS Annex F provides a

Annex D (informative) Pressure-relief Valve Specification Sheets g .
thorough example for specifying a restricted

Annex F (informative) Valve Selection Example: Restricted Lift

lift PRV.

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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API 520 Part |, Sizing and Selection of Pressure-relieving Devices
Tenth Edition, October 2020

Section & Abridged Text

Annex C (informative) Sizing for Two-phase New subsection that opens the door in API
Liquid/Vapor Relief 520 Part | for non-HEM considerations (e.qg.,
C.1.2.3 In applications where the homogeneous equilibrium assumption is not valid, the S“p ﬂOW or Other non_mecharucal equ”'bnum)

user is encouraged to apply non-equilibrium methods. The Burnell bubble delay factor, if

used, can remove some of the conservatism associated with the homogeneous equilibrium th at use rS may |ea rn mOre abOUt from

assumption.

DIERS.

Source: API Standard — 520 Part |, Sizing and Selection of Pressure-relieving Devices Tenth Edition, October 2020
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Seventh Edition, October 2020




API 520 Part ll, Installation of Pressure-relieving Devices
Seventh Edition, October 2020

Section & Abridged Text

5 2 Inlet Piping Diameter Requirements This section is rewritten specifically to differentiate it as only
applying to the PRD inlet. More important is the less-

nominal size of the pressure-relief valve inlet connection. restrictive guidance for multi-PRYV installations sharing
common piping. Previously, the document stated that the
internal cross-sectional area of this connection shall be sized to avoid restricting flow to the Inlet piping shall have a flow area at least equal to the sum

The nominal size of the inlet piping and fittings shall be the same as or larger than the

When two or more active pressure-relief valves are placed on one connection, the inlet

pressure-rel!ef dev!ces or made at Iegst equal to the comb_ln_ed inlet areas of the in-service of inlet areas of the muItipIe PRVs connected to the same
pressure-relief devices connected to it. The flow characteristics of this upstream system

shall be such that the pressure drop will not reduce the relieving capacity below that plplng Whereas now, the Ianguage allows the user to have

required, or adversely affect the proper operation of the pressure-relief valve. plplng flow less than the combined flow are of active (i.e.,
non-spared) PRVs if the capacity is not diminished. This is
consistent with ASME Section VIl UG-135 (c) and Appendix
M-6 (b).

This updated guidance is an elegant solution to the
quandary often created by users whose LOPA |IPL guidance
requires shoehorning an additional online PRV into an
existing pressure relief system.

Source: API Standard 520 Part Il, Installation of Pressure-relieving Devices Seventh Edition, October 2020
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API 520 Part ll, Installation of Pressure-relieving Devices
Seventh Edition, October 2020

Section & Abridged Text

5.8 Inlet Stresses that Originate from This section was updated with a warning
Discharge Reaction Forces against the ubiquitous 45° chamfer cut made
The user is cautioned that terminating the PRV discharge piping to any angle other than on Vertical d|Scharge Stacks Nobody seems

vertical with a perpendicular cut may increase the system stresses. The designer is

I nsible for analyzing the dischar m in compliance with th de of construction
e ASHE 8573 o catemin 1 s ncesand s assosaes bonang L0 KNOW Wiy these types of cuts ever became
moments will cause excessive stressesgn any of the components in the system. com monp ace, but they are prOblematlc
‘%; 74 because the direction of reaction forces is not
often counteracted by braces or piping
supports.

Additionally, the section now ties calculating
reaction forces with a compliance
requirement for process piping.

Source: API Standard 520 Part Il, Installation of Pressure-relieving Devices Seventh Edition, October 2020
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API 520 Part ll, Installation of Pressure-relieving Devices
Seventh Edition, October 2020

Section & Abridged Text

6.3 Backpressure Limitations and Sizing of At the beginning of the API revision cycle this
Pipe section was intended to be updated with
For pressure drop calculations, when discharging incompressible or subsonic compressible direct, Concise, and praCt|Ca| adV|Ce to users

flow to either a closed reservoir or the atmosphere, the static pressure within the exit of the

pipe is numerically equal to the reservoir or, atmospheric pressure, respectively. When regarding Whether to use a head IOSS K — 1
discharging sonic compressible flow, the pressure within the exit of the pipe is the
calculated choking pressure. Additional information on sizing of discharge piping systems Value for p| p|ng exits to |arge rese rvoirs ||ke
for vapor or gas service is covered in APl 521. _ )
the atmosphere. Instead, committee
disagreement resulted in technically correct,

yet obtuse, guidance.

Source: API Standard 520 Part Il, Installation of Pressure-relieving Devices Seventh Edition, October 2020
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API 520 Part ll, Installation of Pressure-relieving Devices
Seventh Edition, October 2020

Section & Abridged Text

7.3.7 Calculating Non-recoverable PRV Inlet This first additional paragraph clarifies that IPL only
| osses needs to be calculated at the capacity certification

7.3.7.3 Flow Rates for Hydraulic Calculations overpressure. In other WordS, you don't need to
JU— . " . calculate the inlet pressure drop associated with a
n applying the criteria given in 7.3.4, it is not necessary to calculate the inlet pressure drop

for overpressures greater than the capacity certification overpressure. This is independent 21 % Qverpressu re, but On|y at a 1 OOA) ove rpressu re.

of the pressure at which the PRV provides adequate capacity. Where the allowable
overpressure exceeds the capacity certification overpressure, the additional inlet pressure
loss caused by the increased flow capacity due to the increased internal pressure is not

expected o result in PRV instability. The second additional paragraph, related to require

= relief rate for positive displacement pumps, is

For a relief device downstream of a positive displacement pump, the required relief rate . . .

may be used provided the system is liquid full and only the pump flow will be relieved. Stralg htforward at fl rSt 9|anCe, bUt COntradlCtOry tO
the guidance in APl 520 Part | Table 2, which states
that the user should use rated PRV capacity on
liquid trim valves unless the valve has modulating
characteristics.

Source: API Standard 520 Part Il, Installation of Pressure-relieving Devices Seventh Edition, October 2020
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API 520 Part ll, Installation of Pressure-relieving Devices
Seventh Edition, October 2020

Section & Abridged Text

13.9 Heat Tracing and Insulation Section rewritten to emphasize that heat
For materials that are highly viscous, materials that could result in corrosion upon cooling, tracing and insulation ShOUId be provided not

or materials that could potentially solidify in PRDs, adequate heat tracing or insulation

should be provided for the PRDs themselves (including pilots). including both the inlet and JUSt for p|p|ng to and from the PRD but for
outlet piping to PRDs, as well as remote sensing and exhaust lines for pilot-operated )

PRVs. Ensure that any discharge or vent ports are not covered when the valve is insulated. the P RD |tse|f

PRD heat tracing should be appropriate for the materials of construction. service
conditions. and relief device design. The reliability of the tracing system shall be

maintained in order to ensure proper operation of the PRD. Additiona”y, new emphasis IS added on the
appropriate selection of heat tracing for the
service conditions. These edits stem from
lessons learned from a poorly implemented
heat trace installed on a PRD in an extremely
cold climate.

Source: API Standard 520 Part Il, Installation of Pressure-relieving Devices Seventh Edition, October 2020

ioMosaic” =



API 521, Pressure-relieving and Depressuring Systems
Seventh Edition, June 2020




API 521, Pressure-relieving and Depressuring Systems
Seventh Edition, June 2020

Section & Abridged Text

4 Causes of Overpressure and Their New paragraph written in response to a CSB
Relieving Rates recommendation related to the Williams
i ] Olefins Plant Explosion and Fire.

All equipment operations/status should be considered when establishing overpressure

protection for the equipment, including, but not limited to, nonroutine situations such as

start-up, shutdown, maintenance, standby, and out-of-service as defined by the user. Refe rence CSB recommendation 201 3-3-'-
Overpressure protection shall be considered when mass and/or energy exchange is

possible for the equipment being considered. Equipment protection should consider the LA_4 _
isolation practices as defined by the user. The equipment operations/status and protection
methods should be consistent with isolation practice as defined by the user.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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API 521, Pressure-relieving and Depressuring Systems
Seventh Edition, June 2020

Section & Abridged Text

4.2.2 Use of Administrative Controls if Revamped paragraphs for the contentious

Corrected Hydrotest Pressure Not Exceeded subject of administrative controls against
It is the responsibility of the user to determine the overpressure scenarios upon which the ove rp ressures th at do not exceed hyd rotest

pressure relief system is designed, and to determine the method of overpressure

protection used to mitigate each scenario in accordance with the relevant codes. It is the pressure_ The general Sentiment |S th at the

responsibility of the user to determine whether administrative controls are included in the

basis for the pressure relief system design. preVious Ianguage was nOt flrm and that
If administrative controls are used to eliminate an overpressure scenario as a basis for the some users were ove rusing or abUS| ng

pressure relief system design, the user shall evaluate the potential overpressure in the

event the administrative control fails, compare it to the equipment corrected hydrotest ad m | N |Strat|ve Controls tO |g nore

pressure, and consider additional risk reduction if the corrected hydrotest pressure can be

exceeded. overpressure scenarios.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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API 521, Pressure-relieving and Depressuring Systems
Seventh Edition, June 2020

Section & Abridged Text

4.4.6 Entrance of Volatile Material into the This entire section has been completely
System overhauled to provide emphasis and practical
Ll Crazail guidance on identifying superheat limit

Violent explosions have occurred in the refining, petrochemical, LNG, and other industries

due to mixing water or a light hydrocarbon with a significantly hotter fluid or direct contact tem pe ratu re Scenarios _ The previous

of the volatile fluid with a hot surface. These physical explosions are termed "superheat-

limit explosions," "vapor explosions," "steam explosions," or "rapid phase transitions" gu |dance Only prov|ded general |Zed gu |dance

(RPTs). The commonality of these explosions is that cold, volatile liquid is superheated well

above its normal boiling temperature at a given pressure. The consensus of published tO Water in hot O|I and ||g ht hyd roca rbons in
research on this phenomenon is that in order for such explosions to occur, the hot liquid or

surface temperature must exceed the superheat limit temperature (SLT) of the cooler hot O|I )
volatile liquid. At constant pressure, the SLT is defined as the highest temperature below

thermodynamic critical temperature that a liquid can attain without undergoing RPT to

vapor. If the SLT is reached or exceeded, the liquid will flash into vapor, in some cases

within microseconds. This timeframe is analogous to a detonation. Similar to a chemical

detonation, a superheat limit explosion can produce shock waves that generate

significantly more damage than that generated by the volume expansion accompanying the

conventional vaporization of a liquid. Because of the shock wave potential, PRDs do not

provide any mitigation against a superheat limit explosion.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020

ioMosaic” 7



API 521, Pressure-relieving and Depressuring Systems
Seventh Edition, June 2020

Section & Abridged Text

4.4.12 Hydraulic Expansion This section was modified to add emphasis to

4:4:12.1 Causes potential overpressures in offline equipment,
b) A heat exchanger is blocked in on the cold side with flow in the hot side. eSpeC|a”y heat eXChangerS. ertten in

Caution - Block valves have th tential to leak, thereby admitting either cold or hot fluid I

in?o aoheat e?(cz:ha?\geersthgt (ias in?eaod:d ts bg :Igckedei:, rye:ulting ir?aepo(?er?t?al o responS? to a CSB .recommendatlor.] related

OUEPIEEIE to the Williams Olefins Plant Explosion and

Review each installation before deciding that administrative controls can be used to F| re.

eliminate hydraulic expansion. For example, an isolation valve can leak on an isolated heat
exchanger or piping containing cold fluid can be blocked-in by a control or shutdown
system

Caution - If the trapped liquid can be heated above its bubble point temperature at Refe rence CSB recommendatlon 201 3-3-|-

the relief pressure, vaporization can occur when the fluid is still contained causing LA_5
potential loss of containment with possible boiling liquid expanding vapor explosion -
(BLEVE) unless a significantly larger PRD is installed to protect the equipment from
overpressure. See 4.4.13.2.5.3 for guidance.

Caution - In some cases, the contained fluid can be heated above its SLT. In such
cases, experience has shown that equipment failure due to thermal hydraulic
expansion can result in a BLEVE instead of a minor flange release. See 4.4.6 for a
discussion of the SLT.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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4.4.13.3 Confined Pool Fires Yikes! Section partially re-written to make it
very clear that confined fire cases should use
Partial confinement can also result in higher heat fluxes and enhanced exposure of the the h|gh C2 Constant poor f|re'f|ght|ng and

wetted surfaces to the pool fire. An example is where a vessel is partially confined by

adjacent embankments or walls with a height comparable to the vessel's height. Full-scale use an exponent Of 1 O for the Wetted Surface

tests have been performed with this type of configuration. The test data indicate that the

heat input into the vessel was higher than predicted by Equation (8) on the sides of the area Th|S W|” result in SuU bStant|aIIy h|g her

vessel adjacent to the embankment. If a PRD is sized for the fire scenario involving vessels

with this type of configuration, then a conservative approach would be to apply Equation abSO rption than typ|Ca| Calcu |at|ons USing the

(23). This approach is supported by the earlier APl work described in Reference [80] and

more recent fire test data (see C.6.5.1.2 and C.6.5.2). O 82 exponent
Q=C,xFxA,, (8) 5120 1.0
3100 Aws
M
= 80
=
= 60
O
0.82
g 40 ADs3
<
*cqi; 0
T 0 500 1000 1500 2000 2500 3000

Wetted Surface Area, ft2

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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API 521, Pressure-relieving and Depressuring Systems
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Section & Abridged Text

4.4.14.3 Double-pipe Heat Exchangers Additional sentence added that might

encourage users to begin considering
through corrosion or erosion, then internal pipe failure should be considered. Thinning is |eakage Scenarios in doub'e_pipeS, Wh|Ch are

likely to be a localized phenomenon. Where no specific experience is available, one

_method would be to consider a nominal hole size [e.g. 6.4 mm (0.25 in.) in diameter]. Of‘ten |g nored Outng ht

If the fluids or flow are such that the inner pipe wall is susceptible to significant thinning

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

4.4.14 4 Plate-and-frame, Spiral-plate, and Section completely overhauled to include
Welded-block Heat Exchangers additional heat exchanger types and internal
For the purpose of overpressure protection, plate-and-frame, spiral-plate, and welded- failure Scenario app“ca“on Cnter'a

block heat exchangers are similar enough in construction that each features the same type
of leakage failure modes from the high-pressure side to the low-pressure side. The most
common cause for leaking is a hole or crack in a plate.

Vibration damage is not likely. In the case of gasket leaks, plate-and-frame heat
exchangers are more likely to leak at the external gaskets rather than internally between
the high-pressure and low-pressure side. For spiral-plate heat exchangers, a gasket leak
will short circuit the flow bypassing loops in the spiral so would not cause an overpressure.
The welded-block heat exchanger does not have gaskets.

Rupture of an internal plate. Minor leakage can seldom overpressure a heat exchanger
during operation. Loss of containment of the low-pressure side to atmosphere is unlikely to
result from an internal plate rupture where the maximum possible pressure in the low-
pressure side during the failure does not exceed the corrected hydrotest pressure (see
3.1.19 and 4.2.2). Pressure relief for an internal plate rupture is not required where the low-
pressure heat exchanger side (including upstream and downstream systems) does not
exceed this criterion. However, if the high-side maximum operating pressure can exceed
the low-side maximum allowable accumulated pressure per the design code, the heat
exchanger should be evaluated for a small internal leak on a plate.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

4.4.14.5 Sulfur Recovery Unit Thermal Brand new section covering overpressure
Reactor Waste Heat Steam Generators protection of the process (sulfur) side of
1A Came waste heat steam generator in sulfur

A special case of heat transfer equipment failure involves a tube failure in a sulfur recovery

unit (SRU) waste heat steam generator (WHSG). SRU designs convert hydrogen sulfide to Condensing SerV|C€
elemental sulfur operating near ambient pressure and at temperatures up to 1540 °C (2800

°F). The shell side of the WHSG generates steam to cool gases containing elemental

sulfur. WHSG steam-side design pressures range from about 345 - 5170 kPag (50 - 750

psig). The tube side design pressures might range from 105 - 1035 kPag (15 - 150 psig). I I I
Tubes in WHSGs are typically large (e.g. DN50 - DN150, (2 - 6 in. in diameter). The If you Work In a reflnery Wlth SUIfur recovery

process side of SRUs is designed with an open path to the atmosphere that can provide a | || |tS, please ta ke a Closer IOOk at the

relief path but some SRU designs contain switching valves that can block or restrict the

open relief path to atmosphere. complete text of this guidance.

4.4.14.5.2 Relief Protection Evaluation Procedure

PRDs in a process containing elemental sulfur can be unreliable due to solidification of
sulfur, resulting in plugging of the relief path. Atmospheric relief from a sulfur pit vent is a
concern due to molten sulfur, H,S and SO, relief.

Reported WHSG tube failures include full-bore tube ruptures, cracks, tubesheet joint leaks,
and fish-mouth failures. The resultant open area can be conservatively assumed equivalent
to that of a full-bore tube rupture.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

4.4.14.2 Shell-and-tube Heat Exchangers Separate, but similarly-themed sections
?1.4.14.2.4 Influence of Piping and Process Conditions emphaS|Z|ng review Of meChanlcal |Oads for
:I'he effect of bends present in the low-pressure piping should be taken into account in the p|p|ng Systems SUbJeCt to S|ug or h|gh

mechanical design of the system. For example, short radius bends can excessively

increase pipe stresses when the low-pressure side is liquid-full in a tube rupture scenario, V | |t ﬂ W
as the low-pressure piping can be subject to slug flow. See 5.5.11 for further guidance on eloc y OW.
mechanical design considerations for the low-pressure side piping.

4.4.17 Piping Design Considerations There is increased awareness and impetus of
Certain scenarios such as inadvertent valve opening (see 4.4.9.2) and vapor breakthrough documenting meChar“Cal forces on PRS

(see 4.4.8.3 and 4.4.8.7) can result in slug flow and high flow velocities in the piping

between the locations of vapor breakthrough or inadvertent valve opening and the inlet to | in
the PRD. The resultant dynamic (transient) loads on the process and PRD inlet piping p p g "
should be taken into account, including the mechanical design and pipe supports.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020

ioMosaic” =



API 521, Pressure-relieving and Depressuring Systems
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Section & Abridged Text

4.4.15.4.2 Cautions for Double Actuated New section for the not-often considered
Valves scenarios where double-actuated valves do
Double actuated valves use instrument air to drive the valve to its specified failure position. not move to their fa”ure position on |OSS Of

Typical designs have an instrument air pressure reservoir (air bottle) and utilize pilot valves

to re-route the instrument air to drive the valve to its specified failure position. Double air.
actuated valves can be less likely to move to the specified failure position than spring

actuated valves during an instrument air failure (for example, a latent failure of the pilot

valve could cause the double actuated valve to not move on loss of instrument air (see

4.2.4)). Consideration should be given to the effect on flare or vent system for the valve AS a b|t Of praCt|Ca| adV|Ce Consider

moving to a position other than its specified failure position. _ _ )
reviewing only the double-actuated valves
whose incorrect failure position in an
instrument air loss scenario could lead to
substantial flare loading.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

5.7 Disposal to Flare A significant portion of flare-related items
571 General were relocated from API 521 to API 537

Flare design requires both API 537 and API 521. Flare design aspects include, but are not limited to:

a) combustibility of the fluid being flared (see F.1.1); durlng the IaSt reV|S|0n CYCle BOth StandardS
b) thermal rac.j.iation (see 5.7.2 and F.2); ’ ’

o) flame stabilty (see API 537) are required for flare design, but the general
d) flaring thm gases (see 5.7.3); ) . ) ) g .

?) destruction efficiancy (see AP 537 distinction is that API 521 is process design-
) cavtions on ieesing and iong in lares (506 5.7.5): centric and APl 537 is mechanical design-

) fire tip preseure cop (se AP! 537); centric.

K) purging/air ingress/flashback prevention (see APl 537 and 5.7.6);

) ignition system (see API 537);

m) liquid seal drums (see 5.7.7);

n) liquid removal (knockout drums) (see 5.7.8);

0) siting and safe dispersion for loss of flame/safe dispersion of combustion products (see 5.7.9);
p) flare gas recovery systems (see 5.7.10);

g) mechanical design, operation, and maintenance of flare equipment (see API 537).

API 537 also provides datasheets for exchanging both process and mechanical design information. An
example for sizing the flare stack is given in C.2. This example applies the preliminary screening
equations for thermal radiation given in F.2.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

5.7.2.3 Thermal Radiation Calculation Did you know that you can calculate stack

Methods size and flare tip radiation with a simple

e ke oo o o oo b et o demmanaare - spreadsheet? Not many people do, which is

:Ziir;r;iaolnr.adiation levels. C.2 provides a flare stack sizing example using the F.2 method for thermal Why thlS neW SeCtIOn WaS added ThIS SeCtIOn
reminds users that thermal radiation and
stack sizing can be calculated with existing
guidance within the standard. The
approaches may not apply to all situations,
but it's a great reminder for users that

otherwise ignore the back half of APl 521.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

5.7.5 Freezing and Icing in Flare Tips This rewritten section points out the special
5.7.5.1 Steam-assist Flares in Cold Climates hazards presented In COId Cllmates based on

Design and operation of a steam injection system in cold climates where ice formation can occur needs

to be performed with care as steam can condense and freeze within the flare stack. This has been . .
experienced both with injection from an internal center steam nozzle and upper steam ring (see API Iessons Iea rn ed fOI |OW| ng a ﬂare StaCk bel ng
537). In low-temperature conditions. this may result in partial or full blockage of the flare stack or flare

resten blocked in by frozen water dripping from a
Consideration should be given to the following: Steam aSS|St nng MeChar"CaI aSpeCtS moved

a) supplying steam to an internal steam nozzle through a separately controlled steam line so that it can
be turned off in cold conditions;

b) ensuring minimum steam flow and/or superheating are high enough to avoid condensation in the flare tO API 537 .
tip upper steam ring (condensate can eject from the upper steam ring and fall into and freeze inside the
flare stack and/or flare header, creating the risk of a restriction and/or an ice plug in freezing
temperatures

c) ensuring proper layout and insulation of piping and valves (having the pressure let down as close to
the flare stack as possible will reduce heat loss and condensation);

d) establishing inspection/maintenance routines to detect possible leakages in steam riser (as such
leakage will lead to increased risk of condensation in upper steam ring;

e) ensuring adequate condensate removal located near the steam riser.

Improper sequencing of the steam on a multiple steam injection tip/burner can cause burnback in the
flare tip (see API 537).

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

5.7.5.2 Low-pressure Forced-air Flares in This rewritten section points out the special
Cold Process Service hazards presented in humid climates where
The user is cautioned when flaring cryogenic or cold vapors (below 0 °C) that there is potential for humld aSSISt a”- can freeze durlng Contlnuous

condensation and freezing of moisture in the assist air leading to blockage of the flare gas flow paths.

This has been experienced with tankage/loading flares in LNG service during continuous flaring. ﬂarl ng Of CO|d/CryOgen |C Va pOrS MeChan |Ca|
Consideration should be given to the following:

- consulting the flare vendor to ensure the suitability of the design to avoid ice buildup (e.g. to avoid aS peCtS moved to AP I 537 §
designs with narrow flow paths and cold bridges between flare gas and assist air passages);
- ensuring that all credible operating modes and durations are identified to the vendor and fully

documented to specify the worst-case design basis.

Operating company design basis documentation should include clear statements of the intended
operating envelope of the flare system, including flaring scenarios that have been either included or
excluded from the flare's design basis.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

Annex G (informative) Vapor Breakthrough New informative annex with step-by-step
into Liquid-containing Systems guidance on the vapor breakthrough (gas

Failure of high-pressure vessel liquid bottoms level control and/or bypass valves discharging into a low- - ) I
pressure system may result in a significant increase in the low-pressure system liquid level. Depending bIOW by Scena rlo -

on the high-pressure and low-pressure system volumes, Liquid inventories and liquid properties, the low-
pressure downstream system may overfill with liquid.

Of special concern, in certain cases this scenario may be followed by loss of liquid Level in the PreV|OUS|y, the “apprOprlate” apprOaCh to

highpressure system that can result in vapor breakthrough across the level control and/or bypass valves

to the low-pressure systems (the scenario described in 4.4.8.3). As the vapor passes through the level Va po r b rea kth ro u g h a n a IyS | S d e pe n d ed O n

control valve, the vapor will expand and push (displace) the liquid in the downstream system until a relief

path is established. This transient scenario is commonly described as liquid displacement. During the " " "

scenario, the liquid level in the low-pressure vessel can rise creating the potential for liquid or two-phase Who you aSked, bUt th IS Informatlve an nex
relief. This can result in increased low-pressure system relief requirements relative to a vapor

breakthrough with only vapor relief. The consequences of liquid displacement are sensitive to the size of p I'OVI d eS a fl I'm CO nsenS U S .

the low-pressure system and liquid inventories in the high and low-pressure systems prior to the start of
the scenario. Hence, a review should be undertaken to identify the worst-case conditions (e.g. combined
liquid inventories and system pressures) for the liquid displacement assessment considering all
equipment operations/status.

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Section & Abridged Text

Annex H (informative) Flow-induced Vibration

Pressure-relieving systems are usually designed with relatively high fluid velocities. The resultant
turbulence energies increase after tees, reducers, bends, valves, etc. due to vortex formations with
pressure fluctuations. These pressure fluctuations increase with higher fluid velocities, and their
frequency spectra have broadband characteristics with peaks in the lower frequency region. These
pressure fluctuations may induce piping vibrations at relatively low frequencies if the piping system has
insufficient stiffness. This phenomenon is called flow-induced vibration. This vibration may result in
fatigue failure of the piping system. The turbulence energy becomes enlarged particularly just after the
expansion at laterals or reducers (enlargements).

NOTE Piping codes (e.g. ASME B31.3 [18]) require that piping be designed, arranged, and supported to
mitigate the effects of vibration from sources.

A screening method of flow-induced vibration is included in an Energy Institute document. Experimental
studies on flow-induced vibration for tee junctions are available in References [115], [129], and [130].

Common examples of the mitigation options to prevent piping fatigue failure due to flow-induced
vibration include, but are not limited to, the following:

a) reducing the velocity by enlarging the pipe diameter;

b) adding piping supports;

c) increasing wall thickness.

New informative annex that provides
awareness of flow-induced vibration (FIV).
The Energy Institute document Guidelines for
the avoidance of vibration induced fatigue in
process pipework is still the go-to for
additional information and screening.

=)

Source: API Standard 521, Pressure-relieving and Depressuring Systems Seventh Edition, June 2020
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Conclusion

» IoMosaic works at the forefront of the art and science of pressure relieving systems. We
actively participate and contribute to our industrial consensus standards, improving the
practice of RAGAGEP for our customers. Process Safety Office is the tool of choice to
handle the complex phenomena that the consensus standards have only started to shed

light on.

» Itis the author’s opinion that AP| 520 part |l (installation) the greatest opportunities for

revision in the next 5 — 10 years.

r Imagine a world where industry casts away the “3% rule” in favor of a simple stability

analysis.

© ioMosaic Corporation ioM'osaiC(@ 42



About ioMosaic Corporation

Through innovation and dedication to continual improvement, ioMosaic has become a leading
provider of integrated process safety and risk management solutions. ioMosaic has expertise
in a wide variety of areas, including pressure relief systems design, process safety
management, expert litigation support, laboratory services, training, and software
development.

ioMosaic offers integrated process safety and risk management services to help you manage
and reduce episodic risk. Because when safety, efficiency, and compliance are improved, you
can sleep better at night. Our extensive expertise allows us the flexibility, resources, and
capabilities to determine what you need to reduce and manage episodic risk, maintain
compliance, and prevent injuries and catastrophic incidents.

Our mission is to help you protect your people, plant, stakeholder value, and our planet.

For more information on ioMosaic, please visit: www.ioMosaic.com
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