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Preface
Marc Hellemans


The expert is not the genius who knows everything, but the one who knows where to find expertise.


The process industry represents a huge part of many gross national products in the world. It includes the oil and gas, petrochemical, power, pulp and paper, pharmaceuticals, food and many other industries that produce goods which enhance the quality of life.
The primary purpose of a safety relief valve (SRV) is the last protection of life, environment and property in this process industry by safely venting process fluid from an overpressurized vessel. It is not the purpose of a safety valve to control or regulate the pressure in the vessel or system that the valve protects, and it does not take the place of a control or regulating valve.
SRVs are used in a wide variety of process conditions, ranging from clean service to heavily corrosive and toxic process fluids, from very cold to very hot temperatures. This results in a correspondingly large number of damage mechanisms that can prevent them from working if they are not selected, inspected, maintained and tested correctly. This book will guide one to correctly select the equipment for the correct application by understanding the fundamentals of the SRV taking into account the corresponding codes that apply worldwide. Risk-based inspection procedures are introduced in this book as a method of minimizing the chances of failure, and therefore maintaining the highest levels of safety.
SRVs should be taken very seriously. Manufactured from castings, they may not look very sophisticated, but in their design, accuracy and function, they resemble a delicate instrument whilst performing an essential role. Self-contained and self-operating devices, they must always accurately respond to system conditions and prevent catastrophic failure when other instruments and control systems fail to adequately control process limits.
Although it would be ideal that SRVs would never have to work, practice proves, however, that operational or other process-related accidents do occur in our current competitive process industries and that SRVs work more than we think and actually act as the silent sentinels of our processes and avoid many major accidents.
Unfortunately, because of the lack of knowledge, industry’s competitiveness and disappearing expertise worldwide, the quality of selection and utilization of SRVs is often insufficient. This possibly jeopardizes the safety of each of us living or working in the neighbourhood of a process plant (Figure P.1).
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	Figure P.1 Accident caused by a failing SRV




More than 25+ years of experience in advising designers, end-users and maintenance people in the selection, handling and maintenance of safe safety relief systems, together with independent studies, described in detail in Chapter 12, have shown that more than half of the pressure-containing equipment installed in the process industry has a small to serious pressure relief system deficiency as compared to widely accepted engineering practices and even legal codes. The types of deficiencies are roughly split between absent and/or undersized pressure relief devices, wrongly selected valves and improperly installed SRVs.
Correct SRV sizing, selection, manufacture, assembly, testing, installation and maintenance as described in this book are all critical for the optimal protection of the pressure vessel, system, property and life. This book explains the fundamental terminology, design and codes to allow most engineers to make the correct decisions in applying SRVs in the process industry and to improve the safety to higher levels. 
The challenge for today’s process, design or maintenance engineer is to gain knowledge and expertise on a wide array of components in the process industry of which the SRV is the last component that is not always considered as one contributing much to the process in itself and therefore many times is forgotten in literature about instrumentation, process control or valves and actuators.
In addition, the range of information covered makes the book especially well suited for use by technical high schools, colleges, universities and post-scholar education. The book is also intended to be a valuable reference tool for the professional working with SRVs, be it as process designer, end-user, inspector or for all those in a consultancy or sales role.
The information contained in this book is offered as a guide and not as ultimate solution to any problem. The actual selection of valves and valve products is dependent on numerous factors and should be made only after consultation with qualified personnel of the user who is the only one knowing his detailed process conditions and also with the manufacturer who is the holder of the design of the device that is going to protect the system.
This SRV handbook contains vital technical information relating to specifically spring- and pilot-operated SRVs used in the process industry for positive pressure applications above 0.5Barg and as such for devices subject to both ASME VIII and PED, hence which are subject to law. Most publications currently available are exclusively based on US norms and codes. This book also addresses in detail the European requirements.
I hope that the knowledge gained from this book will enable readers to perform their jobs more effectively, to understand the manufacturers’ literature better and understand their jargon, to become more aware of the potential benefits and pitfalls of the currently available technology and to make more informed and creative decisions in the selection and use of SRVs and their applications.
Note: The information in this book is not to be used for ASME Section III nuclear applications, as some of the requirements are somewhat unique and complex. Nor will this book handle the applications for tank venting under 0.5Barg, otherwise also known as breather valves or conservation vents as they are not subject to any law worldwide and follow mainly the API 2000 guidelines.
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Chapter 1. History
It is believed that the French scientist Denis Papin was the inventor of the Safety Valve, which he first applied to his newly developed steam digester at the end of the seventeenth century. Safety Valves were indeed designed and used for many years mainly for steam applications or distillation installations throughout Europe (Figure 1.1).
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	Figure 1.1 Denis Papin




The Safety Valve was kept closed by means of a lever and a movable weight; sliding the weight along the lever enabled Papin to keep the valve in place and regulate the steam pressure.
The device worked satisfactorily for many years and was even commercialised until the beginning of the twentieth century (Figure 1.2).
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	Figure 1.2 Early 20th century-type weight-loaded Safety Relief Valve




Some believe, however, that Papin was only the inventor of some improvements and that Safety Valves were already being used some 50 years earlier on a steam digester designed by Rudolf Glauber, a German-Dutch alchemist. In his Practice on Philosophical Furnaces, translated into English in 1651, Glauber describes the modes by which he prevents retorts and stills from bursting from an excessive pressure. A sort of conical valve was fitted, being ground airtight to its seat, and loaded with a ‘cap of lead’, so that when the vapour became too ‘high’, it slightly raised the valve and a portion escaped; the valve then closed again on itself, ‘being pressed down by the loaded cap’.
The idea was followed by others, and we find in The Art Of Distillation, by John French, published in London; the following concerning the action of Safety Valves:
Upon the top of a stubble (valve) there may be fastened some lead, that if the spirit pressure be too strong, it will only heave up the stubble and let it fall down.


It should be realized that the word steam, for which application safety valves were later further developed, was still unknown at the time, being of later coinage.
Around 1830 Timothy Hackworth developed an open-ended Safety Valve for the steam trains and boilers that were first being built around that time, which was the start of the Safety Valve design as we know it today. However, the steam installations didn’t really become much safer with the safety devices then in use (Figure 1.3).
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	Figure 1.3 First open-ended spring-operated Safety Relief Valve




Because of the number of boiler explosions and related fatalities in Europe, a select committee of the British House of Commons, looking into the explosions on steam ships reported in June 1817:
Boilers – should have two safety valves, they shall be inspected and penalties be inflicted on unauthorised persons interfering with the Safety Valves.


Many explosions were caused by inadequate boiler design or by people rendering the Safety Valves inoperative in order to increase the boiler pressure. Due to further explosions, 1882 saw the passing of the Boiler Explosion Act, in which a boiler was defined as
Any closed vessel used for generating steam or for heating water, or for heating other liquids or into which steam is admitted for heating, steaming, boiling or other similar purposes.


In Great Britain, voluntary bodies such as the Steam Users Association supplied reports to the government beginning in 1854. In the period from 1881 to 1907, there were still a total of 1871 boiler explosions investigated by the Board of Trade. These explosions accounted for 732 fatalities and 1563 non-fatal injuries.
In the United States, the safety records were just as bad. In the period from 1906 to 1911, there were 1700 boiler explosions in the New England area alone, accounting for 1300 fatalities.
In 1901 Parliament passed the Factories and Workshop Act further regulating steam boilers. Among the improvements were
A steam gauge and water gauge are to be fitted to the boiler and the boiler and associate safety devices are to be inspected every 14 months.


The American Society of Mechanical Engineers (ASME), was asked by the government to formulate a design code, and developed the famous Boiler and Pressure Vessel Code between 1911 and 1914 as a set of safety rules to address the serious problem of boiler explosions in the United States. Average steam pressure in those days had reached only about 300PSI (20bar). Europe and other parts of the world used the code as a basis for their own safety rules. 
The ASME Boiler and Pressure Vessel Code, Section I, became a mandatory requirement in all states that ‘recognized the need for legislation’.
This code included rules for the overpressure protection of boilers, based on the best industry practice of the time. The principles of today’s code rules for overpressure protection is little changed from the first code.
With the expansion of the process industries, the need for a code that would be applicable to ‘unfired’ vessels (roughly, every pressure-containing vessel that is not a boiler) was identified, which gave rise to the Section VIII of the ASME code. Today, the ASME Boiler and Pressure Vessel Code is composed of 12 sections:
 Section I = Power Boilers

 Section II = Materials

 Section III = Rules for the Construction of Nuclear Power Plant Components

 Section IV = Heating Boilers

 Section V = Nondestructive Examination

 Section VI = Recommended Rules for the Care and Operations of Heating Boilers

 Section VII = Recommended Guidelines for the Care of Power Boilers

 Section VIII = Pressure Vessels – Division I

 Section IX = Welding and Brazing Qualifications

 Section X = Fiber-Reinforced Plastic Pressure Vessels

 Section XI = Rules for Inservice Inspection of Nuclear Power Plant Components

 Section XII = Rules for the Construction & Continued Service of Transport Tanks



With the growth of the petroleum and petrochemical industries, the American Petroleum Institute (API) sought uniformity of the dimensional and physical characteristics of pressure-relieving devices. To date, the API has published the following internationally acknowledged documents:
 RP* 520 = Sizing, Selection and Installation of Pressure-Relieving Devices in Refineries (Part 1: Sizing and Selection; Part 2: Installation)
*RP means recommended practices

 RP* 521 = Guide for Pressure-Relieving and Depressurising Systems

 Std 526 = Flanged Steel Pressure Relief Valves

 Std 527 = Seat Tightness of Pressure-Relief Valves

 RP* 576 = Inspection of Pressure-Relieving Devices

 Std 200 = Venting Low-Pressure Storage Tanks



While the ASME code was the law, the API practices became the internationally recognized recommendations still used today.
Today the ASME codes are still mandatory in the United States and Canada. Both ASME and API are applied worldwide. Many European countries also developed their own national rules for the protection against overpressure of process equipment and these remained in force well into the twentieth century. Most were based on the ASME code, but they were sometimes also developed to protect national trade (see also Appendix M).
To allow free circulation of goods in the European Community, EU member states were prohibited from making new technical rules and from updating the existing ones. Instead, they agreed to a new overall directive, the Pressure Equipment Directive (PED), which was published in 1997. The PED has become compulsory for equipment ‘put in the market’ after 29 May 2002 (refer to Article 20, paragraph 3 of the PED).
Today in Europe, the term safety valve is used to describe Safety Valves, Safety/Relief-Valves and Relief Valves. This term is now used in European Norms (EN) and ISO 4126 descriptions. Safety Valves are included as ‘Safety Accessories’ in the PED (Article 1, paragraph 2.1.3) and are classified in risk category IV (the highest). As with ASME, the legislation texts are complex and possibly open to interpretation. In this book, we have distilled all parts directly related to Safety (Relief) Valves and tried to make them comprehensive and practically usable.
In order for a manufacturer to mark their product Conformité Européene (CE), each product group and type must undergo a conformity assessment comprising the EC type or design examination and the assurance of the production quality system.
The procedures to certify conformity to the PED are audited by a notified body of the Member States of the European Community. With the completion of the above, the manufacturer may stamp the CE mark on their product. The users, by law, must install devices that carry the CE mark for all equipment put into the market since 29 May 2002 (Figure 1.4).
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	Figure 1.4 Official CE marking




However, because these directives have a very large scope, they cannot be very specific as to the details of the goods they address. To set guidelines on how to address the requirements of the directives, the European Committee for Standardisation (CEN) was empowered by the European Council to draw European Standards. After almost 20 years of efforts on the part of end users and manufacturers who were part of the committee, CEN released in 2004 a set of standards particularly for Safety Valves, EN 4126 Parts 1 through 7, ‘Safety Devices for Protection Against Excessive Pressure’ (similar to API):
 EN 4126 Part 1 = Safety Valves (spring loaded)

 EN 4126 Part 2 = Bursting Discs Safety Devices

 EN 4126 Part 3 = Safety Valves and Bursting Discs in Combination

 EN 4126 Part 4 = Pilot-Operated Safety Valves

 EN 4126 Part 5 = Controlled Safety Pressure Relief Systems (CSPRS)

 EN 4126 Part 6 = Application, Installation of Bursting Discs

 EN 4126 Part 7 = Common Data (steam tables, etc.)



This standard now replaces any equivalent standard that existed before in each country of the European Union. In the EU, as in the United States, the CE mark is law and the EN 4126 is a standard (recommended) practice.
Since the economy has become global, most major manufacturers must comply with both the U.S. and European codes, but it is important to know that ASME and CE are both mandated by law, whereas API and EN(ISO) are recommendations. We will expand on both in Chapter 5. Some nations outside the United States and Europe still have their own national codes (GOST – Russia, JIS – Japan, SQL – China, UDT – Poland, etc.), but most basic practices are rather similar.
1.1. Acronyms, Abbreviations

 API = American Petroleum Institute

 API RP = API Recommended Practice

 API Std = API Standard

 ASME = American Society of Mechanical Engineers

 BS = British Standards

 CEN = Commité Européen de Normalisation (European Committee for Standardisation)

 EN = European Normalisation (European Standard)

 ISO = International Standard Organisation

 NB = National Board of Pressure Vessel Inspectors







Chapter 2. Overpressure Protection
In this chapter, we will define what is considered a potential overpressure scenario in process systems and where the safety relief valves (SRVs) are needed.
2.1. General Definition of an SRV
First, we need to define generally what we are talking about: A pressure relief device is any device that can purge a system from an overpressure condition. More particularly, an SRV is a pressure relief device that is self-actuated, and whose primary purpose is the protection of life and equipment. Through a controlled discharge of a required (rated) amount of fluid at a predetermined pressure, an SRV must prevent overpressure in pressurized vessels and systems, and it operates within limits which are determined by international codes. An SRV is often the final control device in the prevention of accidents or explosions caused by overpressure.
The SRV must close at a predetermined pressure when the system pressure has returned to a safe level at values determined by the codes.
SRVs must be designed with materials compatible with many process fluids, from simple air and water to the most corrosive and toxic media. They must also be designed to operate in a consistently smooth manner on a variety of fluids and fluid phases. These design parameters lead to a wide array of SRV products available in the market today, with the one constant being that they all must comply with the internationally recognized codes.

2.2. Where Do SRVs Fit in the Process?
Every industrial process system is designed to work against a certain maximum pressure and temperature called its rating or design pressure. It is in the economic interest of the users to work as close as possible towards the maximum limits of this design pressure in order to optimize the process output, hence increase the profitability of the system.
Nowadays, pressures and flow in the process industry are controlled by electronic process systems and highly sophisticated instrumentation devices. Almost all control systems are powered by an outside power source (electric, pneumatic, hydraulic). The law requires that when everything fails regardless of the built-in redundancies, there is still an independent working device powered only by the medium it protects. This is the function of the SRV, which, when everything else works correctly in the system, should never have to work. However, practice proves the contrary, and there are a variety of incidents which will allow the system pressure to exceed the design pressure.
Although many pressure relief devices are called SRVs, not every SRV has the same characteristics or operational precision. Only the choice of the correct pressure safety device for the right application will assure the safety of the system and allow the user to maximize process output and minimize downtime for maintenance purposes. Making the correct choice also means avoiding interference between the process instrumentation set points in the control loop and the pressure relief device limits selected. These SRV operational limits can vary greatly even when all are complying with the codes.

2.3. Where Do SRVs Act Within the Process?
Let’s consider a typical basic process control loop (Figure 2.1). A pressure-indicating transmitter (PIT) sends the pressure signal to a proportional integral derivative controller (PID), which sends a signal to the control valve to regulate the flow or pressure in the system. This PID can trip the system on at least Hi-Lo alarms. A pressure sensor/switch is usually built in as a redundancy to switch off the pump in case of excessive pressure, for instance. The SRV is installed in case all these powered devices fail or, for instance, when a downstream valve is shut off in an uncontrolled manner.
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	Figure 2.1 Traditional control loop




Each instrument in this control loop has its tolerances, for instance +/ − 5%. To ensure smooth operation, tolerances should never interfere with each other. Also, the SRV should be selected so that it does not start to open under the highest pressure switch setting plus its tolerance. Therefore, it is important to know the tolerance of the pressure relief device, or in this case the SRV, and the same applies for the SRV closure. In short, tolerances should never interfere.
■ Example

Pressure switch is set at 10barg with an accuracy of 5%. Therefore, the switch could trip at 10.5barg. In this case, an SRV should be selected that does not start leaking under this pressure at the minimum.
Let’s assume that a user has made an investment of an installation with a design pressure of 110barg; a typical traditional ASME VIII–API 520-type spring-loaded SRV is used and the instruments in the control loop have 5% accuracy.
SRV set pressure needs to be 100barg (as it will need 10% overpressure to flow its nominal flow – see details later). It is allowed by law to leak at 90% of set pressure = 90barg.
PS is set at minimum 5% before SRV first leak point = 85.5barg
PS low point is 5% under its set point = 81.22barg
PIT control point and hence the process pressure is minimum 5% under the PS low point. Therefore, maximum recommended process pressure and hence maximum output is at 77.16barg. However, the user is paying for a design pressure investment of 110barg. Therefore, the user is paying 30% for safety settings and tolerances which will not bring any output and is giving no economic advantage.
A choice of higher accuracy instrumentation and higher accuracy SRVs will allow the user to obtain higher output levels, as will be demonstrated later. ■





2.4. Causes of Overpressure
2.4.1. Blocked discharge
The full system input flow continues to feed the vessel while the outlet is partially or totally blocked due to personnel error, valve failure, actuator failure, lack of power to operate the valve or an operational upset in the control loops (Figure 2.2).
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	Figure 2.2 Blocked discharge




The worst case is obviously for the outlet valve to be fully closed. A less severe case could be for the outlet valve not to be fully open, with the system input being greater than the flow through the outlet valve, ultimately causing a system overpressure.
In any case, if we can see in a P+ID (piping and instrumentation diagram) the possibility of a blocked discharge, the rated capacity of the SRV protecting the system should be based on fully closed valve(s) and take into consideration the maximum flow capacity of the device(s) (pumps, compressors, ventilators, etc.) feeding the system.

2.4.2. Fire case
This case covers the event that the pressure vessel is exposed to external fire, which would cause the system to heat up quickly. Vapours would expand; hence there would be a faster increase in pressure above the system design pressure (Figure 2.3).
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	Figure 2.3 Fire case




In case of liquid storage, the liquid would flash into vapour, causing a significant pressure increase. 
Together with the blocked outlet case, external fire cases are probably one of the most common cases where SRVs are required within the modern process industry.
The procedure used for fire sizing depends sometimes on the codes and engineering practices applied in each installation and determined by the end users. The following sizing procedure, according to API RP 520 Part 1 (see codes in Chapter 4), is the most commonly used.
We will here detail the calculations according to the code and will later also give the (conservative) simplified empiric method used by some professionals.
2.4.2.1. Sizing for vaporizing liquids (wetted vessels)
Formulas are according to API and therefore in English units.
The following multi-step method may be used for calculating the required orifice area for SRVs on vessels containing liquids that are potentially exposed to fire. (Reference: API Recommended Practice 521, Fourth Edition.)
Step 1: Determine the total wetted surface area.
The type of tanks taken into account in the formulas is represented in these schematics (Figure 2.4).
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	Figure 2.4 Tank selection diagram




The following formulas are used to determine the wetted surface area of a vessel (potential surface in contact with the stored liquid). They use the logic as stated in API RP 521, Fourth Edition, table 4: ‘Effects of Fire on the Wetted Surfaces of a Vessel’.
Wetted surface area Awet in ft2.
Sphere:
[image: B9781856177122000020/si1.gif is missing]



Horizontal cylinder with flat ends:
[image: B9781856177122000020/si2.gif is missing]



Horizontal cylinder with spherical ends:
[image: B9781856177122000020/si3.gif is missing]



Vertical cylinder with flat ends:
If E < L, then: [image: B9781856177122000020/si4.gif is missing]
If E = L, then: [image: B9781856177122000020/si5.gif is missing]
Vertical cylinder with spherical ends:
[image: B9781856177122000020/si6.gif is missing]



where
Awet = Wetted area (ft2)
E= Effective liquid level in feet, up to 25ft from the flame source (usually ground level); reference logic diagram effective liquid level (Figure 2.5)
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	Figure 2.5 Logic diagram: Effective liquid level




Es = Effective spherical liquid level in feet, up to a maximum horizontal diameter or up to a height of 25ft, whichever is greater; reference logic diagram effective liquid level (Figure 2.5)
D = Vessel diameter in feet (see Figure 2.4)
B = Effective liquid level, angle degrees = [image: B9781856177122000020/si7.gif is missing]
L = Vessel end-to-end length in feet (see Figure 2.4)
where in Figure 2.5
K = Effective total height of liquid surface (ft)
K1 = Total height of liquid surface (ft)
H = Vessel elevation (ft) 
F = Liquid depth in vessel (ft)
E = Effective liquid level (ft)
E1 = Initial liquid level (ft)
Es = Effective spherical liquid level (ft)

Step 2: Determine the total heat absorption.
A determination is made depending on the firefighting accommodations on the site.
When prompt firefighting efforts and adequate drainage exist,
[image: B9781856177122000020/si8.gif is missing]



When prompt firefighting efforts and adequate drainage do not exist,
[image: B9781856177122000020/si9.gif is missing]



where
Q = Total heat absorption to the wetted surface in BTU/h
F = Environmental factor (see Figure 2.6)
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	Figure 2.6 Table with environmental factors




Awet = Total wetted surface area in square feet (see calculations in Step 1)

Step 3: Determine the rate of vapour or gas vaporized from the liquid.

[image: B9781856177122000020/si10.gif is missing]



where
W = Mass flow in lbs/h
Q = Total heat absorption of the wetted surface in BTU/h
Hvap = Latent heat of vaporization in BTU/lb

Step 4: Calculate the minimum required relieving area.
If the valve is used as a supplemental device for vessels which may be exposed to fire, an overpressure factor of 21% may be used. However, allowable overpressure may vary according to local regulations. Specific application requirements should be referenced for the allowable overpressure.
The minimum required relieving area (in2) can now be calculated using the following equation for gas and vapour relief valve sizing (lbs/h):
[image: B9781856177122000020/si11.gif is missing]



where
A = Minimum required effective discharge area (in2).
C = Coefficient determined from an expression of the ratio of specific heats of the gas or vapour at standard conditions (see Appendix D). Use C = 315 if value is unknown.
K = Effective coefficient of discharge of the used SRV, typical K = 0.975 for gas (depending on the manufacturer’s approval – check with manufacturer).
Kb = Capacity correction factor due to backpressure. For standard valves with superimposed (constant) backpressure exceeding critical see Appendix B. For bellows valves with superimposed or variable backpressure see Appendix B. For pilot-operated valves see note below.
M = Molecular weight of the gas or vapour obtained from standard tables or tables in Appendix N.
P1 = Relieving pressure in psia. This is the set pressure (psig) + overpressure (psi) + atmospheric pressure (psia).
T = Absolute temperature of the fluid at the valve inlet, degrees Rankine (°F + 460).
W = Required relieving capacity (lbs/h).
Z = Compressibility factor (see Appendix C). Use Z = 1 if value is unknown.
Note:
Pilot-operated valves: Snap-acting
Backpressure has no effect on the set pressure or flow capacity of pilot-operated pressure relief valves except when the flow is subcritical (ratio of absolute backpressure to absolute relieving pressure exceeds 55%). In this case, the flow correction factor Kb (see Appendix B) must be applied. If the ratio of absolute backpressure to absolute relieving pressure is less than 55%, no correction factor is required, Kb = 1.
Pilot-operated valves: Modulating
The pilot exhaust is normally vented to the main valve outlet. Set pressure and operability are unaffected by backpressure up to 70% of set pressure, provided that a backflow preventer is used whenever backpressure is expected to exceed inlet pressure during operation (consult the manufacturer for backpressures greater than 70% of set pressure). The capacity is affected, however, when flow is subcritical (ratio of absolute backpressure to absolute relieving pressure exceeds 55%). In this case, the flow correction factor Kb (see Appendix B) must be applied. If the ratio of absolute backpressure to absolute relieving pressure is less than 55%, no correction factor is required, Kb = 1.
While the above is the current official method, various manufacturers and end users use simplified methods which are considered rather conservative and safe. They reference the old version API RP520, Part 1, D.5.
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where
W = Required valve capacity in lbs/h
V = Latent heat of evaporization in BTU/lb
Some examples
	Ammonia	589
	Benzene	169
	Butane	166
	CO2	150
	Ethane	210
	Ethylene	208
	Methane	219
	Propane	183
	Water	970


Q = Total heat input to wetted surface of vessel.
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where
A = Total vessel wetted surface in ft2 (up to 25ft maximum above ground level or in the case of a sphere to the elevation of the largest diameter, whichever is greatest) (Figure 2.7).
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	Figure 2.7 Heights of wetted surfaces




F = 1 if assumed that there is no vessel insulation.


2.4.2.2. Sizing for vessels containing gases and vapours only (unwetted vessels)
Calculations are in English units and based on API recommendations.
The following method may be used for calculating the required orifice area for SRVs on vessels containing gases that are exposed to fire. Reference API Recommended Practice 521, Fourth Edition.
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where
A = Minimum required effective discharge area (in2).
A′ = Exposed surface area of the vessel (ft2).
P1 = Relieving pressure, psi, absolute (set pressure [psig] + overpressure [psi] + atmospheric pressure [psia]). 
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The recommended minimum value of F′ is 0.01.
When the minimum value is unknown, F′ = 0.045 should be used.
where
Tw = Vessel wall temperature, degrees Rankine. The API recommended maximum wall temperature of 1100°F for carbon steel vessels.
T1 = Gas temperature at the upstream pressure, degrees Rankine, as determined by the following relationship:
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Tn = Normal operating gas temperature, degrees Rankine.
Pn = Normal operating gas pressure, pounds per square inch , absolute (normal operating gas pressure [psig] + atmospheric pressure [psia]).
C = Coefficient from Appendix D.
K = Effective coefficient of discharge.
While the above is the current official method, various manufacturers and end users use simplified methods, which are considered rather conservative and safe and reference the old API RP520, Part 1, D.5 (Figure 2.8).
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	Figure 2.8 Operating factor F′ in function of gas temperature
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where
A = Calculated safety relief valve (SRV) orifice area (in2)
As = Total exposed surface area of vessel(ft2)
P1 = Set pressure – inlet pressure loss + allowable overpressure (21%) + 14.7psia
F′ = 0.042 is a conservative number which relates to bare vessel metal temperature at relief


2.4.3. Thermal expansion
When a pipe or vessel is totally filled with a liquid which can be blocked in, for instance, by closing two isolation valves, the liquid in the pipe or pressure vessel can expand very slowly due to heat gain by the sun or an uncontrolled heating system. This will result in tremendous internal hydraulic forces inside the pipe or pressure vessel, as the liquid is non-compressible and needs to be evacuated. This section of pipe then needs thermal relief (Figure 2.9).
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	Figure 2.9 Thermal expansion




The flows required for thermal relief are very small, and there are special thermal relief valves on the market that accommodate this specific application. Oversizing a thermal relief valve is never a good idea, and orifice sizes preferably below API orifice D are recommended.
Per API 521, Section 3.14 the following formula can be used:
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where
Q = Flow rate (gpm – gallons per minute)
B = Cubicle expansion coefficient per °F
H = Total heat transfer rate (BTU/h)
Heat transfer rate (BTU flow formula can be used and can be found in standard tables)
G = Specific gravity
C = Specific heat (BTU/lbs/°F)

2.4.4. Runaway reaction
If the possibility exists of runaway chemical reactions, SRVs should be provided and it is up to the chemical engineers to determine the different scenarios and provide models that take into account the amount of vapour that can be produced by the chemical runaway reaction.

2.4.5. Tube rupture in heat exchangers
If a tube ruptures in a heat exchanger, it creates a massive overpressure because, under pressure, the fluids will evaporate rapidly when exposed to atmosphere. Conservatively, the capacity of the heat exchanger can be taken as the required flow for the SRV. In that respect, ASME and API are not very specific in their recommendations and state the following:
ASME VIII Division 13, Paragraph UG-133 (d):
Heat exchangers and similar vessels shall be protected with a relieving device of sufficient capacity to avoid overpressure in the case of an internal failure.


API RP 521 Section 3.18 states:
Complete tube rupture, in which a large quantity of high pressure fluid will flow to the lower pressure exchanger side, is a remote but possible contingency.


API has, however, long used the ‘two-thirds rule’ to identify tube rupture scenarios. This rule states that tube rupture protection is not required when the ratio of the low pressure to high pressure side design pressure is greater than two-thirds.
Basically, it remains up to the design engineer and/or end user to determine whether and which type of SRV is to be used when doing a hazard and operability analysis (HAZOP). 


2.5. Determine Overpressure Protection Requirements
Despite all safety precautions, equipment failure, human error and other external events can sometimes lead to increased pressures beyond the safe levels, resulting in a relief event. These possible events are described above, but what are the potential lines of defence and why use relief systems which go beyond the simple use of an SRV? The SRV is in fact only a part of the relief system and definitely the most important one.
The different lines of defence against overpressure are as follows:
■ Use an inherently safe design: This basically means to use a low-pressure design where overpressure accidents would be minimal, but this still cannot eliminate every possible pressure hazard. Even low pressure accidents can cause serious damage, as can be seen here following a pneumatic pressure test on a low-pressure storage tank (Figure 2.10).
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	Figure 2.10 Accident during pneumatic test of storage tanks





■ Passive control: One can overdesign the process equipment, but this can become exceedingly expensive. In this case, one would select a piping or pressure vessel rating which is far beyond the normal process pressures. Cases are known where this initially happened, but later, for economical reasons during revamps process, pressures were increased to reach the rating limits, which eliminates the initial intention.

■ Active control: This involves selecting correct relief systems for the process by analysing different possible overpressure scenarios. Ultimately, relief systems are the safest and most economic method, and by law they are designed to work correctly if the proper devices are selected and codes respected.



A relief system is a combination of a pressure relief device and the associated lines and process equipment that are used to safely handle the fluid.
The relief design methodology needs to be considered in the correct order, as follows:
1. Locate potential relief points.
a. On all pressure containing vessels (liquid or gas)

b. Blocked in sections of cool liquid lines that could be exposed to heat in any shape or form.

c. Discharge sides of positive displacement pumps, compressors, turbines, etc.

d. Vessel steam jackets

e. Chemical reactors

f. Heat exchangers




2. Choose the general type of the relief device.
a. Rupture discs

b. Spring-operated SRVs

c. Pilot-operated SRVs

d. A combination of the above






Depending on the specific application, it will be determined later which specific configuration of the above general types we should use in order to get optimal efficiency.
3. Develop the different possible overpressure scenarios for a specific pressure-containing vessel.
a. Description of one specific relief event

b. Usually each possible relief has more than one relief event and multiple scenarios. For example:
i. Overfilling

ii. Fire

iii. Runaway reaction

iv. Blocked lines with subsequent expansion




c. Developed through a PHA (process hazard analysis)






It is our experience that this should be done in concert with both the design engineers and the end users, and eventually the process engineers. In many instances still today, each works separately, resulting in oversights of some possible relief events. 
Overpressure Scenario

1. Control valve (A) on the nitric acid feed line can be stuck open while the manual outlet valve (D) at the bottom is closed, and the vessel can overfill (Figure 2.11).
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	Figure 2.11 A reactor with organic substrate catalyst nitric acid





2. The steam regulator (C) to the steam jacket can fail and cause overpressure in the vessel.

3. Coolant system could fail, which can cause a runaway reaction as a result.



Then we can start sizing the system for the necessary relief (B)
d. Determining the necessary relief rates (see Chapter 2)

e. Determining the relief vent area (see Chapter 7)



In any case, always use the worst case as the necessary relief flow scenario.
4. Design the complete relief system. A relief system entails more than just installing an SRV or a rupture disc on a pressure vessel; it also includes the following:
a. Look for the necessity of a back-up relief device(s) – evaluate the necessity for eventual redundancy (possibly for maintenance reasons). This can be two SRVs, two rupture discs or a rupture disc in parallel with an SRV. It is recommended to stagger the settings slightly, having the SRV open first.

b. Design the correct piping leading to the relief device(s) – avoid excessive inlet pressure drops (see Chapter 6).

c. The environmental conditioning of the relief devices – can they discharge to atmosphere or not?

d. Design the discharge piping/headers – avoid the unnecessary creation of backpressure on the safety valve, or determine the correct backpressure so it can be taken into account when sizing and selecting the relief device (see Chapter 6).

e. Design a blowdown drum.

f. Design the condensers, flare stacks or scrubbers (if any).










2.6. Overpressure Relief Devices
In our current process industry, we use different types of relief devices as primary protection, which can be divided as per attached schematic (Figure 2.12). 
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	Figure 2.12 The market of pressure relief devices




The industry basically uses the following main groups of pressure relief devices to ensure overpressure protection:
■ Reclosing devices

■ Non-reclosing devices

■ Combinations of reclosing and non-reclosing devices



The choice for the best solution is driven by a number of individual parameters, both technical and economical.
Generally spoken, the use of non-reclosing pressure relief devices will offer, in most cases, the lower cost solution but requires that the process is shut down or redirected through alternative safety systems to allow for replacement of the burst device. Subsequently non-reclosing pressure relief devices will only be selected as primary relief solutions in cases where loss of process media or shutdown for repair is tolerated or possible (see Section 5.4). 
The selection of non-reclosing devices as a secondary or backup system is, however, a more widely accepted solution.
Reclosing devices allow for continued operation of the process, even when spurious overpressures occur. Consequently, reclosing devices will be preferred for primary relief applications where long-term opening of the process equipment can not be tolerated. The potential for leakage, fouling, plugging or icing can, however, render these critical devices sometimes inefficient, and great care is needed in making the correct selection of the device, taking into account both the application and the local codes. This also accounts for the wide variety of valves available on the market; they are all there for a reason.
Reclosing relief devices are mainly safety valves, relief valves or SRVs (either weight, spring or pilot operated), whereas the non-reclosing relief devices are bursting disc or buckling pin devices.
Combinations of SRVs and bursting discs are also relatively popular as they offer the best of both individual solutions (Figure 2.13).
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	Figure 2.13 Rupture disc and SRV combination




The most commonly used combination will be a design where the bursting disc device is installed upstream of the safety valve. In such a configuration, the bursting disc device will provide a pressure and chemical seal between the process and the downstream valve, resulting in a better safety factor and reduced operational and maintenance cost (leakage, repair, corrosion, etc.) on the SRV in case of dirty, corrosive or polymerizing fluids.
The use of bursting disc devices on the downstream side of safety valves may be considered in cases where corrosion or fouling of the valve trim may be a concern (a common problem in systems using common headers to evacuate process media).
In all cases where combinations of bursting disc devices with SRVs are used, measures must be taken to ensure that the space between the valve seat and the bursting disc is kept at atmospheric pressure. Any increase of pressure in this cavity due to, for example, temperature changes, minute pressure leaks, and so forth, will result in a dramatic and uncontrolled change in opening pressure of the safety system. Also, with this combination the SRV must be 10% oversized to accommodate the eventual pressure drop over the bursting disc. 
Alternatively, in cases where pressure relief cannot be applied due to environmental or process issues, the use of controlled safety pressure relief systems (CSPRS) or safety-related measurement, control and regulating (SRMCR) devices may be evaluated. They are used primarily on steam systems. Such systems will generally be developed to interact with the process to avoid the occurrence of situations possibly leading to unsafe conditions. Such systems have to be carefully selected, taking into account guidance regarding safety redundancy specified in design documents such as IEC 61508 ‘Functional safety of electrical/electronic/ programmable electronic safety-related systems’, IEC 61511 and ANSI/ISA S84.01.

2.7. Risk Assessment and Reduction
One of the most critical steps in establishing the appropriate role and settings of the individual safety systems will be the risk assessment analysis, the process in which engineers consider and analyse all possible conditions in order to select the most appropriate safety concept, which ensures safe operation under all possible circumstances and scenarios (see Section 13.4).
Identifying the potential hazards (PHA, process hazard analysis, or HAZOP, hazard and operability analysis) during operation must be done from a wide-angle approach; dangerous situations can occur due to many root-cause situations other than those specified by, for instance, ASME or PED. Based on the results of the risk assessment, the pressure equipment can be correctly designed and the most effective safety system selected.
Basically, the process equipment shall be designed to:
■ Eliminate or reduce the potential hazards as defined.

■ Provide adequate protection measures if the hazards can not be eliminated.

■ Inform the system user of the existence of eventual residual hazards.

■ Indicate the appropriate protection measures used and prevent misuse of safety systems as applied.



Under all circumstances, preference will be given to inherently safe design solutions. Safety systems should be designed to operate independent of any other functions and should operate reliably under all conditions determined by the risk analysis (including start-up, shutdown and maintenance and repair situations). 
The most commonly used pressure relief devices in the industry are:
1. Rupture discs (non-reclosing devices)
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2. SRVs
a. For low pressure, the conservation vent, or breather valve (not a subject for this book as other codes and recommendations apply for pressures under 0.5barg)
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b. For pressures above 0.5barg – spring-operated SRVs
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c. Pilot-operated SRVs
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In this book, we will only elaborate on pressure relief devices used above 0.5barg and therefore subject to local legislations.




Chapter 3. Terminology
The terminology in pressure relief devices is very specific and therefore the terms used in this field are explained in order for the reader to better understand the literature on the subject. Some definitions are as they are given in the API.
Pressure relief device is the general term for a device designed to prevent pressure or vacuum from exceeding a predetermined value in a pressure vessel by the transfer of a fluid during emergency or abnormal pressure conditions. There are, however, different definitions for specific devices, their testing and their operating characteristics.
3.1. Testing
Bench or test stand testing: Testing of a pressure relief device on a test stand using an external pressure source with or without an auxiliary lift device, to determine some or all of its operating characteristics, without necessarily flowing the rated capacity. This is required on a regular basis when the valve is taken into the maintenance cycle (see Chapter 10) at least to see that there is no shift on the set pressure and that the valve would open correctly during a pressure upset.
Flow capacity testing: The usually special testing of a pressure relief device to determine its operating characteristics, including measured relieving capacity. This tests whether the valve flows the capacity as stated in the literature or as per given flow coefficients, or to simply determine the flow coefficient of the valve as such. This is done on a spot-check basis by independent notified bodies in limited locations worldwide especially approved for that purpose.
Hydrostatic testing: Before assembly, each valve body is hydrostatically tested at the manufacturer at standard 1.5 times its maximum rating, typically during a period of 1–3 minutes. This is also called the shell test and reveals eventual deficiencies in the castings. Several manufacturers have different procedures, which can usually be obtained for review.
In-place testing: Testing of a pressure relief device installed on but not protecting a system, using an external pressure source, with or without an auxiliary lift device to determine or check some or all of its operating characteristics; mainly opening. Also, set pressure can sometimes be obtained by calculation.
In-service testing: Testing of a pressure relief device installed on and protecting a system using system pressure or an external pressure source, with or without an auxiliary lift device to determine or check some or all of its operating characteristics; mainly opening and set pressure. Usually this requires about 75% of set pressure present under the valve while testing (also known under commercial denominations such as Trevitest, Sesitest, etc.).
Leak test pressure: The specified inlet static pressure at which a quantitative seat leakage test is performed in accordance with a standard procedure (e.g. API 527, see Section 4.2).
Pre-start up testing: It is highly recommended that all valves be visually inspected before installation for dirt and particles, and the same goes for the system the valve will be installed upon. Especially new installations are prone to contain welding beads, pipe scale and other foreign objects, which are inadvertently trapped during construction. These foreign materials are devastating for the valve, and it is recommended that the system be purged carefully before installing the safety relief valves (SRVs) as these are very destructive when the valve opens. Also, caution should be taken that all protective materials, such as flange protectors, are removed before installing the valve.
It is also recommended that the valve be isolated or gagged during pressure testing of the system, but make sure the gag is removed after testing.
Some companies or local customs require the valves to be tested just before start-up, but normally the valves have already been set and sealed correctly at the manufacturer. This is not a recommended practice, but if needed on spring-operated valves, crack pressure can be checked by applying a suitable pressure source at the inlet of the valve. However, in the usual case on site, the volumetric capacity upstream is insufficient, and therefore a false reseat pressure (usually lower than actual) will be obtained.
On non-flowing-type pilot valves with a field test connection, the set pressure can be easily checked. It is recommended that the manufacturer’s instructions, which should accompany the valve, be carefully followed.
Shell test: See hydrostatic testing. 

3.2. Type of Devices
3.2.1. Reclosing pressure-relieving devices
Reclosing pressure relief devices have a variety of names, although there used to be a clear definition based on the US market and API. However, when the Pressure Equipment Directive (PED) came into effect in 1997, this somewhat added to the confusion, as PED uses the overall term safety valve for every pressure-relieving device subject to the PED code. Originally the following were the definitions for the different terms per API and are still in use today.
Relief valve (RV): Spring- or weight-loaded pressure relief valve (PRV) actuated by the static pressure of the fluid. An RV opens normally in proportion to the pressure increase and is used primarily on incompressible fluids (liquids) (per PED it is called a safety valve).
Safety valve (SV): Spring-loaded PRV actuated by the static pressure of the fluid and characterized by rapid opening or pop action. Normally used with compressible fluids (gas, vapours and steam), the SV is also the general denomination in PED.
Safety relief valve (SRV): Spring-loaded PRV that may be used as either a safety or a relief valve, depending on the application. The SRV works within well-determined operational limits (per PED it is called safety valve).
Pressure relief valve (PRV): A more general term for a device that is designed to be actuated by the medium it protects, based on the inlet static pressure, and to reclose after normal and safe conditions have been restored within certain predetermined limits. It may be one of the following types and have one or more of the following design features. Since PRV is the general term, we have a large number of valve-type denominations that can be called a PRV.
■ Low-lift PRV: A PRV in which the actual discharge area is the curtain area. It will not necessarily lift open fully to its capacity and acts more or less proportionally to the pressure increase but is usually relatively unstable during its relief cycle.

■ Full-lift PRV: A PRV in which the actual discharge area is the bore area.

■ Reduced bore PRV: A PRV in which the flow path area below the seat is smaller than the flow area at the inlet to the valve, creating a venturi effect.

■ Full bore PRV: A PRV in which the bore area is equal to the flow area at the inlet to the valve, and there are no protrusions in the bore area between the inlet and flow area.

■ Pilot-operated PRV: A PRV in which the disc or piston is held closed by system pressure, and the holding pressure of that piston is controlled by a separate pilot valve actuated by system pressure (see Section 5.3). 

■ Conventional direct spring-loaded PRV: A direct spring-loaded PRV which is held closed by a spring force which can be adjusted within a certain range and whose operational characteristics are directly affected by changes in the backpressure which is exercised at the outlet of the valve (see Section 5.2).

■ Balanced direct spring-loaded PRV: The same as a conventional direct spring-loaded PRV, but which incorporates the means (typically a bellow) of minimizing the effect of backpressure on the operational characteristics (opening pressure, closing pressure and relieving capacity) (see Section 5.2).

■ Power-actuated PRV: A PRV which can act independently using the force exercised by a spring, and which is additionally actuated by an externally powered control device (see Section 5.2.6.8).




3.2.2. Non-reclosing pressure relief device
This pressure relief device is designed to actuate by means of the process fluid and remains open after operation. A manual resetting or replacement will need to be provided after a pressure upset. The different design types include:
■ Rupture disc device: A device that contains a disc which ruptures when the static differential pressure between the upstream and downstream side of the disc reaches a predetermined value. A rupture disc device includes a rupture disc and may include a rupture disc holder with eventual accessories (e.g. pressure gauge) (Figure 3.1). 
	[image: B9781856177122000032/gr1.jpg is missing]

	Figure 3.1 Bursting disc or rupture disc in disc holder





■ Buckling or rupture pin device: A device actuated by static differential or static inlet pressure and designed to function by the breakage of a load-carrying section of a pin or to function by the buckling of an axially loaded compressive pin that supports a pressure-containing member (Figure 3.2).
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	Figure 3.2 Buckling pin valve





■ Fusible plug device: A device designed to function by the yielding or melting of a plug, at a predetermined temperature, which supports a pressure-containing member or contains pressure by itself. This device does not act on pressure but on temperature and can operate to both open or shut a valve. Usually used on lower pressure systems only. Fusible plugs are used regularly to protect internally fired steam boilers. If overheating occurs due to low water conditions, the plugs are designed to allow pressure to reduce, thereby preventing collapse of the boiler. They are also used to protect compressed air systems from the risk of an explosion occurring due to ignition of oil vapour, or they are used to protect air receivers from the risk of an explosion occurring due to external fire. They also usually provide an audible signal when opening (Figure 3.3).
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	Figure 3.3 Fusible plug device









3.3. Dimensional Terms
Actual discharge area: The lesser of the curtain and effective discharge or flow areas. The measured minimum net discharge area determines the flow through a valve (Figure 3.4).
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	Figure 3.4 Different sections which determine the flow of the valve




Curtain area: Effectively the area of the cylindrical or conical discharge opening between the seating surfaces created by the lift of the disc above the seat. The diameter of the curtain area is represented by dimension d1 in Figure 3.4.
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Effective discharge or flow area: The minimum cross-sectional area between the inlet and the seat, at its narrowest point. The diameter of the flow area is represented by dimension d in Figure 3.4. It is a nominal or computed area of flow through an SRV, differing from the actual discharge area, and is used in recognized flow formulas to determine the capacity of an SRV. So, in short, it is the computed area based on flow formulas.
API 520 Definition: A nominal or computed area used with an effective discharge coefficient to calculate the minimum required relieving capacity for a pressure relief valve per the preliminary sizing equations contained in API Standard 526. API Standard 526 provides effective discharge area for a range of sizes in terms of letter designations D through T.
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Inlet size: The nominal pipe size of the inlet of an SRV, unless otherwise designated.
Outlet size: The nominal pipe size of the outlet of an SRV, unless otherwise designated.
Lift: The actual travel of the disc of the SRV from its nozzle away from the closed position when a valve is relieving. 
Nozzle or bore diameter: The minimum diameter of a nozzle.
Orifice area: See effective discharge area (Figure 3.5). API has determined standard orifice areas from D to T, each with a corresponding orifice size (in2 or cm2) (See Section 4.2.3).
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	Figure 3.5 Determination of the orifice area




Seat diameter: The smallest diameter of contact between the fixed (nozzle) and moving portions of the pressure-containing elements of an SRV.

3.4. Operational Terms
Accumulation: The pressure increase over and above the MAWP (maximum allowable working pressure) during the discharge of the pressure relief device. Expressed in pressure units or as a percentage of set pressure. Maximum allowable accumulation is established by applicable codes for operating and fire contingencies (see Section 3.6).
Backpressure: The static pressure which exists at the outlet of an SRV due to existing pressure in the discharge system. It is the sum of superimposed and built-up backpressure, and potentially influences the set pressure and certainly the operation of the valve (Figure 3.6).
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	Figure 3.6 Backpressure




Based on backpressure existing at the outlet of a spring-operated SRV, we use the conventional SRV for backpressures typically under 10% of set pressure. We must use a balanced bellows SRV or a pilot-operated SRV for instable backpressures or backpressures over 10% (Figure 3.7).
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	Figure 3.7 Conventional balanced bellows and pilot operated safety relief valves




We must differentiate two types of pressures existing at the SRV outlet prior to opening:
■ Built-up backpressure (variable)

■ Superimposed back pressure
a. Constant

b. Variable






Built-up backpressure: Occurs when the safety valve is open and flowing due to:
■ The rate of flow through the PRV

■ The size and/or configuration of the discharge piping

■ Other sources of pressure into the discharge header



Built-up backpressure is always variable and usually occurs due to friction (vortices/turbulences) and pressure drops through the discharge piping. It is allowed to be up to 10% (of set pressure) on conventional design SRVs but will cause reduced capacity and unstable operation if the pressure gets over 10%. Therefore, if the built-up backpressure is greater than 10%, we will need to use a balanced bellows – or pilot-operated design SRV.
Superimposed backpressure: Superimposed backpressures acting on the outlet of an SRV can be either constant or variable. Superimposed backpressure occurs when the valve is closed and pressure already exists at the outlet of the valve. This is due to existing constant and/or variable pressures which exist in the discharge system.
Constant superimposed backpressure: Usually backpressures that occur when a safety valve outlet is connected to a static pressure source and doesn’t change appreciably under any conditions of operation. In this case, conventional valves may be used if the valve spring setting is reduced by the amount of the constant backpressure (Figure 3.8). 
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	Figure 3.8 Constant superimposed backpressure




In case of constant backpressure: Actual set pressure = bench set + backpressure
Example:
 Required set pressure: 10bars

 constant backpressure: 2bars

 Bench set pressure: 10 − 2 = 8bars



Variable superimposed backpressure: Usually the result of one or more SRVs discharging into a common header. The backpressures may be different at each moment and at each relief cycle. Bellows or pilot design is always required since no predetermined set pressure is possible when the outlet pressure is acting on the trim of the valve, therefore directly influencing the set pressure, and the set point will vary with backpressure (Figure 3.9).
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	Figure 3.9 Variable superimposed backpressure




The typical effects of backpressure are:
■ Increase of the set pressure in unbalanced valves

■ Reduced flow capacity

■ Instability of the valve resulting in chatter

■ Corrosive attack to the spring chamber components



As we indicated, we can compensate for the effects of backpressure by selecting the correct valves such as balanced bellows – or pilot-operated valves but the backpressure also has an effect on the rated capacity of the valve and therefore larger valves could be required if backpressure exists (Figure 3.10).
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	Figure 3.10 Effects of backpressure on flows




This illustrates why a conventional SRV is best suited for simple discharge via a tail pipe into atmosphere. Its ability to tolerate built-up backpressure is very limited.
The loss of lift and resultant capacity at higher levels of backpressure is caused by the backpressure acting on the external surfaces of the bellows, attempting to lengthen it, which produces an increased spring rate of the bellows. To maintain the bellows' structural integrity and resist instability, they are normally limited to 50% of backpressure (as a percentage of set pressure) or less. Above that value of backpressure, pilot valves should be considered.
Balanced bellows design: Design used for SRVs subject to backpressures over and above 10%. The effective area of the bellows must be the same as the nozzle seat area (AB = AN), this way the bellow prevents backpressure from acting on the top area of the disc and cancels the effects of backpressure on the disc which results in a stable set pressure (Figure 3.11).
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	Figure 3.11 Balanced bellow designs




Blowdown: The difference between the actual set pressure of an SRV and the actual reseating pressure, expressed as a percentage of set pressure or in pressure units.
Chatter, simmer or flutter: Abnormal, rapid reciprocating motion of the movable parts of a PRV in which the disc makes rapid contacts with the seat. This results in audible and/or visible escape of compressible fluid between the seat and the disc at an inlet static pressure around the set pressure and at no measurable capacity, damaging the valve rapidly.
Closing pressure: The value of decreasing inlet static pressure at which the valve disc re-establishes contact with the seat or at which the disc lift becomes zero.
Coefficient of discharge: Also called the ‘K’ factor, the ratio of the measured relieving capacity to the theoretical relieving capacity. It determines the flow capacity of the SRV and can be slightly different from type of valve or from manufacturer to manufacturer. It is, however, not at all a rating for the valve quality. Not necessarily all valves with a high ‘K’ factor are high-quality valves (see Section 7.1).
Cold differential set pressure: The inlet static pressure at which an SRV is adjusted to open on the test stand. This test pressure includes corrections for service conditions of superimposed backpressure and/or low or high temperature.
Conventional SRVs: Spring-operated SRVs which can be used up to backpressures of 10%.
Crack(ing) pressure: See opening pressure.
Design (gauge) pressure, rating: Most severe condition of a temperature and pressure combination expected during operation. May also be used instead of the MAWP (in all cases where the MAWP has not been established). Design pressure is equal to or less than the MAWP.
Dome pressure: The pressure at the dome connection of a pilot-operated valve, which is usually the same as the inlet pressure. It is the pressure that is exercised on top of the unbalanced piston in the main valve and which, in normal operating conditions, is the force that keeps the valve closed.
Huddling chamber: An annular pressure/boosting chamber in an SRV located above the seat area for the purpose of generating a rapid opening (Figure 3.12).
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	Figure 3.12 Huddling chamber




Leak pressure: The value of increasing inlet static pressure at which the first bubble occurs when an SRV is tested by means of air under the valve disc and a specified water seal on the outlet.
Maximum allowable working pressure (MAWP): The maximum permissible gauge pressure of a vessel in its operating position at a designated temperature. The pressure is based on calculations for each element in a vessel, using nominal thickness exclusive of additional metal thickness allowed for corrosion. The MAWP is the basis for the upper limit of pressure setting of the safety relief devices that protect the vessel (see Section 3.6).
Maximum operating pressure (MOP): Maximum pressure expected during normal system operation.
Modulating action: A gradual opening and closing characteristic of some SRVs, particularly some pilot-operated types, in which the main valve opens in proportion to the relief demand at that time. This proportionality is not necessarily linear. 
Opening pressure: The value of increasing static pressure of an SRV at which there is a measurable lift and the disc is fully loose from the nozzle, or at which the discharge becomes continuous as determined by seeing, feeling or hearing.
Overpressure: The pressure increase over the set pressure of an SRV at which the valve will flow nominal or rated flow, usually expressed as a percentage of the set pressure. (= Accumulation when the relieving device is set at the MAWP and no inlet pipe losses exist to the relieving device.)
Pop action: An opening and closing characteristic of an SRV in which the valve immediately snaps open into high lift and closes with equal abruptness.
Popping pressure: The inlet static pressure at which the disc starts moving in the opening direction.
Primary pressure: The pressure at the inlet of an SRV.
Rated relieving capacity: The measured relieving capacity approved by the applicable code or regulation, to be used as a basis for the application of an SRV on a system which requires compliance with the code.
Rated coefficient of discharge (API): The coefficient of discharge determined in accordance with the applicable code or regulation which is used together with the actual discharge area to calculate the rated flow capacity of an SRV (see Section 7.1).
Relieving conditions: The inlet pressure and temperature on an SRV that occur during an overpressure condition. The relieving pressure is equal to the valve set pressure or the rupture disc burst pressure plus the allowed overpressure for that application. The temperature of the flowing fluid at relieving conditions may be and usually is higher or lower than the operating temperature, depending on the fluid.
Relieving pressure: Set pressure plus overpressure.
Resealing pressure: The value of decreasing inlet static pressure at which no further leakage is detected after closing. The method of detection may be a specified water seal on the outlet (API 527) or other means appropriate for this application (see Section 4.2.3).
Reseating pressure: See ‘resealing pressure’.
Set pressure: The value of increasing inlet static pressure at which an SRV displays one of the operational characteristics as defined under opening pressure, popping pressure, start-to-leak pressure. (The applicable operating characteristic for a specific design is specified by the manufacturer.)
Superimposed backpressure: The static pressure existing at the outlet of a pressure relief device at the time the device is required to operate. It is the result of pressure in the discharge system from other sources and may be constant or variable. Also see backpressure.
Test pressure: See relieving pressure.
Theoretical relieving capacity: The computed capacity expressed in gravimetric or volumetric units of a theoretically perfect nozzle having a minimum cross-sectional flow area equal to the actual discharge area of an SRV or the net flow area of a non-reclosing pressure relief device.
Variable backpressure: A superimposed backpressure that will vary with time. Also see Backpressure.

3.5. Component Terms
Adjusting ring/blowdown ring/control ring/nozzle ring: A ring assembled to the nozzle or guide (or a ring for each) of a direct spring-operated SRV, used to control the opening characteristics and/or the reseat pressure (blowdown).
The adjusting/blowdown or control ring or rings (in case of ASME I valves) are the nozzle and guide rings through which controllable spring valve actions (accurate opening, full-lift and proper blowdown) are obtained in meeting varying conditions. Correct valve operation will depend upon correct control ring settings.
Most manufacturers have recommendations on how to set the nozzle ring(s) in order to obtain a correct opening and closing characteristic of their SRV design. Incorrect ring adjustment may cause valves to:
■ Have too long or too short a blowdown: If the nozzle ring is set higher than the recommended setting, the valve may fail to reseat correctly while the system is operating. The blowdown can be too long and the valve might have problems closing correctly causing excessive damage to the seat and nozzle area.

■ Have too long a simmer: Dual ring control, valves (ASME I) may fail to achieve full-lift at allowable overpressure limit if the nozzle ring is set lower than that recommended, a situation which could lead to a catastrophic event as it could take too long for the valve to react on the overpressure condition.



To ensure correct control ring settings, each reputable manufacturer issues nozzle ring and guide ring settings for its specific range of SRVs. These settings are taken from datum points. Generally, this datum is the face which the nozzle ring touches when it is in its highest position.
Body: A pressure-retaining or -containing member of an SRV that supports the parts of the valve assembly and has provision(s) for connecting to the primary and/or secondary pressure source. 
Bonnet: A component of a direct spring-operated SRV or of a pilot on a pilot-operated SRV that supports and houses the spring. It may or may not be pressure containing, depending on the design and/or application.
Cap: A component on top of the bonnet used to restrict access and/or protect the set pressure adjustment screw. It may or may not be a pressure-containing part. In operation it should always be sealed with a leaded wire.
Disc/seat: The pressure-containing, movable element of an SRV which effects closure.
Flowing pilot: A pilot design that continuously discharges the fluid through the pilot throughout the relieving cycle of the pilot-operated safety relief valve (POSRV).
Lifting device/lift lever: A device for manually opening an SRV by the application of an external force to lessen the spring loading which holds the SRV closed. This allows the SRV to open manually below set pressure.
Non-flowing pilot: A pilot in which the fluid flows only just enough to enable a change in the position of the piston in the main valve it controls. During the relief cycle, there is no fluid going through the pilot.
Nozzle: A pressure-containing inlet flow passage that includes the fixed portion of the disc/seat closure combination responsible for the tightness of the valve. The capacity of a full-lift SRV is determined by the precision diameter of the nozzle bore. Generally there are two types of nozzle design. In most ANSI designs, the full-nozzle design is used, while most DIN designs are semi-nozzle (Figure 3.13).
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	Figure 3.13 Semi- and full-nozzle designs




Pilot: An auxiliary valve assembly utilized on pilot-operated SRVs to determine the opening pressure, the closing pressure and the opening and closing characteristics of the main valve.
Pilot-operated safety relief valve (POSRV): A self-actuated SRV comprising a main valve and a pilot. The operations of the main valve are controlled by the pilot, which responds to the pressure of the fluid. The main valve assures the quantity (capacity) of the valve, while the pilot assures the quality (accuracy) of the operation(Figure 3.14).
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	Figure 3.14 Pilot-operated SRV




Piston: Utilized in the main valve assembly of most POSRVs, its movement and position control the main valve opening, flow and valve closure.
Power actuated/assisted safety valves (CSPRS – controlled safety pressure relief system): A spring-operated safety valve actuated or assisted by an externally powered control device which can be hydraulic, pneumatic or electric (Figure 3.15). 
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	Figure 3.15 Possible CSPRS system set-up




Seat: The pressure-containing contact between the fixed and moving portions of the pressure-containing elements of a valve. It may be made of metallic, plastic or elastomere material.
Spindle/stem: A part whose axial orientation is parallel to the travel of the disc/seat. It may be used in one or more of the following functions:
■ Assist in alignment

■ Guide disc/seat travel

■ Transfer of internal or external forces to the discs/seats



Spring washer: A load-transferring component in an SRV that supports the spring.
Spring: The element in a direct spring SRV or pilot that provides the force to keep the disc/seat on the nozzle and determines the valve’s set pressure.

3.6. Clarification of the Terms: Set Pressure, Overpressure, Accumulation, MAWP and Design Pressure
While we will cover some of the subjects above in further detail, it has to be noted that in some instances many users and even manufacturers get confused by the terminology of pressure relief devices, in particular, the important terms overpressure, accumulation, MAWP and design pressure (see also Appendix H for a visualization).
Even today, an important point of discussion among end users, inspectors and manufacturers is the exact definition of set pressure.
A lot of users state that if you want to reduce the size of a relief device for cost savings, then you have to design it at a higher set pressure, while not ignoring the weakest link – the MAWP.
Others, amongst whom are many manufacturers, state that this is not true and that for a certain MAWP, the capacity of the relief device is not a function of its set point, but of MAWP alone.
For example, for an MAWP of 100barg, the relief valve capacity will be the same whether it is set at 80barg or 100barg. In both cases, the maximum relieving pressure for the ASME non-fire case (or, for instance, the BS 5500 fire case – British standard) is 124.7barg, and the discharge capacity will remain identical. The only difference is that if the set point is 80barg, the allowable overpressure will be 37.5%, while, at the same for a set point of 100barg, it will be only 10%. For the ASME fire case, the values will be 51.25% and 21% respectively. These values are defined very clearly in API 520, tables 2–6. 
So among specialists there are apparently different interpretations or understandings on what API 520 and the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, are really saying, while it is these organizations which are setting the codes that determine how pressure vessels are to be designed and protected. Remember that these codes are law and must be followed.
Most SRVs especially installed in the oil, gas and petrochemical industry both in the United States and in Europe have been designed around this ASME code and the API recommendations. Of course most also comply with the European PED, which is also not specific on this particular subject.
Although the code was established in the early 1900s, today the question of what exactly is set pressure remains a point of discussion among different parties.
I’m sure many people dealing with SRVs have had this discussion at least once in their lives.
It starts when it comes to setting the SRV, where ASME simply refers to set pressure as the ‘first audible leak’. Others refer to the set pressure as being when there is the first lift of the disc from the nozzle without any touching or simmer. This is what most manufacturers always applied as the rule, but it is actually difficult to physically measure.
The second big confusion exists around MAWP and design pressure. In paragraph 1.2.3.2 (b), API 520 defines MAWP as
… the maximum gauge pressure permissible at the top of a completed vessel in its normal operating position at the designated coincident temperature specified for that pressure.


Probably the operative word here is ‘completed’. The vessel is completed when a fabricator, according to the code laid down by ASME, has designed it.
It is the vessel fabricator and not the process engineer who determines MAWP. Some may try to stretch the definition of ‘completed’ to mean that the vessel is also erected in place. Not quite, because the certified vessel drawings, which are delivered long before the vessel is erected, already must contain this information.
In the same paragraph, API 520 says that the MAWP is normally higher than design pressure. The process engineer usually sets the design pressure as the value obtained after adding a margin to the most severe pressure expected during normal operation at a coincident temperature.
Depending upon the company, this margin is typically a maximum of 25psig or 10%, whichever is greatest. The vessel specification sheet contains the design pressure, along with the design temperature, size, normal operating conditions and material of construction among others. It is this document that will eventually end up in a fabricator’s lap and from which the mechanical design is made.
Unfortunately, project schedules may require that SRV sizing be carried out long before the fabricator has finished the mechanical design and certified the MAWP of his vessel. The process engineer must then use some pressure on which to base the relieving rate calculations. Paragraph 1.2.3.2 (c), API 520 states that the design pressure may be used in place of the MAWP in all cases where the MAWP has not been established.
Guess what pressure the process engineer usually would set the SRVs at? He will, of course, use his familiar design pressure. There are even times when the relief valve is set lower than the design pressure. For example, a high design pressure may be desirable for mechanical integrity, but an SRV set pressure at the design pressure could end up with a coincidental temperature that would require the use of exotic construction materials or one that promotes decomposition and/or runaway reactions.
So, why the confusion?
The confusion is due to a number of reasons. First is the way ASME does not relate the maximum allowable pressure (MAP) limits to SRV capacity. Throughout the entire document, ASME, Section VIII, Division 1, refers to MAWP when talking about SRV set pressure and allowable overpressure.
We could interpret what is stated (in part) in paragraph UG-125 of ASME Section VIII, Division 1:
….All pressure vessels other than unfired steam boilers shall be protected by a pressure relief device that shall prevent the pressure from rising more than 10% or 3psi, whichever is greater, above the maximum allowable working pressure except as permitted in (1) and (2) below…


Sub-paragraphs (1) and (2) mention cases where the pressure rise may be higher.
However, when ASME talks about certifying the capacity of a relief device, MAWP is never mentioned. ASME Section VIII, Division 1, clearly states in paragraph UG-131 (c)(1) that:
…..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 3psi, whichever is greater, except as provided in (c)(2)…


Sub-paragraph (c) (2) covers a fire case. Again, capacity certification is based only on the set pressure of the SRV and is unrelated to MAWP, unless of course the set pressure is MAWP.
Another area of confusion might involve the definition of capacity and how the term is used in ASME and API. Relieving rates are determined from ‘what can go wrong’ scenarios and, if allowed to go unchecked, would overpressure the vessel.
Once the process engineer determines the controlling relieving rate from all the scenarios, the required SRV orifice size is determined usually by the manufacturer using the appropriate equation given in API or one of our manufacturer’s sizing programs, which usually use API or EN formulas. Once the required SRV orifice size is calculated, an actual orifice size equal to or greater than the calculated orifice size is chosen from a particular manufacturer’s available selection. The maximum flow through this actual valve will be the valve’s capacity.
The problem and solution can be summarized as follows:
Misinterpretation of code:
Capacity based on MAWP + Allowable Overpressure
Code as written:
Capacity based on Set Pressure + Allowable Overpressure
So, basically it is important to note that design pressure is not the same as MAWP and that the timing on which each is determined is important in determining the set pressure of the SRV.
In any case, the code clearly requires that the SRV’s capacity be based solely on set pressure and not on the vessel’s MAWP.
Indeed, as shown above, if the SRV’s capacity were based on MAWP, then code might even force the process engineer into an unsafe design.
A good analogy is highway speed limits. In some European countries, many highway speed limits are set for 120km/h. This does not mean a driver cannot travel more slowly and, under certain conditions for safety, it is almost a necessity that one does.
If it is safe to do so and the protected vessel can be allowed to pressurize to a greater extent, the SRV set pressure can be increased, thereby reducing the SRV’s size and cost. Remember also that there is piping and possibly downstream equipment to ‘catch’ and process the relieving fluid associated with the SRV, which may also benefit by this reduction.
One way of accomplishing a reduction in the SRV size is by increasing the vessel’s design pressure. 
There is an economic trade-off here as the vessel’s cost can increase above what you may save by reducing the size of the valve.
Another frequently used approach is to consider increasing the SRV’s set pressure right up to MAWP after receiving the certified vessel drawings. However, depending on project schedule, the cost savings may be offset by the high costs associated with late design changes.
Presented here is a schematics (Figure 3.16) determining the code requirements for an SRV where:
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	Figure 3.16 Pressure table




■ MAWP is typically set pressure and is determined by the pressure vessel supplier, approved by a notified body.

■ The tolerance on set pressure per ASME is +/−3%.

■ Design pressure can be under or (usually) above MAWP.

■ SRV must flow nominal flow (maximum capacity) at 10% overpressure above its set pressure.

■ SRV must be bubble tight up to 90% of set pressure.

■ The valve must be adjustable to reclose between 7% and 10% under set pressure (blowdown).



3.6.1. PED versus ASME
Here we will explain the terms accumulation and overpressure relative to the European Pressure Equipment Directive PED 97/23/EC versus as used by ASME. 
3.6.1.1. Overpressure versus accumulation
Every pressure vessel installed in the European Union, and the SRV(s) protecting it, must comply with the PED. In fact, in Europe they must comply with any and all European Directives that may apply, for example, the ATEX Directive, which we will discuss in more detail in Chapter 4 on the ‘codes’.
Like other pressure vessel codes, the PED recognizes that most SRVs need some increase in pressure above their set pressure to be fully opened and relieve their full rated capacity. This is what we call overpressure.
The PED, as does the ASME VIII, accepts that the SRV is set at the MAP or PS that is the exact equivalent to MAWP in the ASME code. Also in PED, MAP or PS are the design pressure of the weakest component of the equipment used in a pressure vessel, which needs protecting from potential overpressures. This pressure vessel may be an assembly of different components – pipes, flanges, nozzles, shells, and so on – and each may have a different design pressure. It establishes the limit of the pressure vessel for very short and exceptional increases of pressure above MAP, specifically to enable the SRV to operate properly and reach its rated capacity. This exceptional increase is called accumulation. So accumulation is specific to the individual pressure vessel and does not relate to the SRV. The pressure increase of the SRV to nominal flow is called overpressure.

3.6.1.2. ASME VIII on accumulation
Some codes have established different levels of accumulations, depending on the situation of the equipment. For example, the ASME Section VIII imposes the following accumulations on pressure vessels:
ASME Section VIII Case Accumulation
	ASME Section VIII	Case	Accumulation
	Protection with ONE safety relief valve	Fire case	21% of MAWP
	Other cases		10% of MAWP
	Protection with MULTIPLE safety relief valves	Fire case	21% of MAWP
	Other cases		16% of MAWP
	Note: To emphasize the difference between overpressure (safety relief valve characteristic) and accumulation (code limitation on the pressure vessel), safety relief valves installed for fire cases will have an overpressure of 10% like most safety relief valves, even if the allowed accumulation on the pressure vessel is 21% in the case of ASME VIII.



3.6.1.3. Multiple valves
In the case of multiple valves protecting the equipment, at least one valve must always be set at no more than the MAWP. Of course, it is always allowed to set the safety valve at a set pressure lower than MAWP. 
Many codes allow that the other valves be set higher than the MAWP, typically up to 5% above the MAWP, this is to allow the ‘staggering’ of the set pressures to avoid interaction between the valves.
Staggering the valves means that the settings of the valves are not all set at the same set point so that not all valves open at the same moment but in a sequence.
Practical example following the directions of ASME VIII – UG125 for multiple SRVs installation:
Multiple valves are used for a wide variety of reasons but most common are:
■ The total required capacity is too high for even the largest API lettered valve.

■ Multiple smaller valves are preferred because they are easier to handle for later maintenance or the weight of the valves needs to be divided over a larger surface because of support reasons.

■ The reaction force of one valve would become too high and would require too much support structure.

■ And others such as isometry, place, insulation, etc.



One SRV set at or below MAWP. Balance may be staggered, set with the highest being no more than 105% of MAWP.
 Vessel MAWP 200barg

 Normal operating pressure 175barg

 Quantity of valves 4



 1 set at 195barg (i.e. 10% operating/set)

 1 set at 200barg (MAWP)

 1 set at 205barg (2.5% above MAWP)

 1 set at 210barg (maximum 5% above MAWP)




3.6.1.4. PED on accumulation
According to the PED, the allowed accumulation for pressure equipment is 10% in all cases but fire.
	PED 97/23/EC	Case	Setting of SRV	Accumulation
	Protection with ONE SRV	Fire case	Below or at MAP	10% above MAP or higher if proved safe by the vessel designer
		All other cases		10% above MAP
	Protection with MULTIPLE SRVs	Fire case	One valve below or at MAP and other valves up to MAP + 5%	10% above MAP or higher if proved safe by the vessel designer
		All other cases		10% above MAP


The PED annexes below give the references to support this table. 

3.6.1.5. All cases except fire
The maximum accumulation on the equipment must be no higher than 10% above MAP, even in the case of multiple safety valves.
See PED Annex I, clause 7.3.
Pressure limiting devices, particularly for pressure vessels: The momentary pressure surge referred to in 2.11.2 must be kept to 10% of the maximum allowable pressure.


In the case of multiple valves, only one valve needs to be set at no more than MAP. The others can be set up to MAP +5% (inclusive). In any case, the required capacity must always be relieved at no more than MAP +10%. As taken from the harmonized standard EN 764-7 paragraphs:
To support the PED, many European (EN) standards are now ‘harmonised’ with the PED. The PED has been introduced as the pressure vessel code in each and every country of the European Union. Likewise, the new EN standards have been introduced and they replace all the local standards. For example, the standard for safety valves, EN 4126, is now the German standard DIN EN 4126, or the French standard NF EN 4126, etc… This harmonised standard has an annex (called ‘Annex ZA’) that lists the paragraphs which address the requirements of the PED. By following these harmonised standards, one is sure therefore to comply with the PED clauses supported by the paragraphs listed in the Annex ZA. (However, we may need to follow several harmonised standards to cover all the possibilities!)
This Annex ZA is reviewed and approved by the PED experts of the European Commission, and so can be considered as an official interpretation about how to comply with some of the PED requirements.
It is always important to remember that these harmonised standards remain ‘standards’: they are not compulsory. Only because they support the PED, they give useful guidelines to comply with the PED.
Other of such standards which are useful are the EN 764-7 and EN 12952-10: Water-tube boilers and auxiliary installations – Requirements for safeguards against excessive pressure. Although its Annex ZA shows that it supports the PED clauses 2.11 and 7.3, this standard does not give any indication on the set pressure and the overpressure of the Safety Relief Valves, in which case one can refer back to the above.


According to PED, Pressure Equipment, Part 7 – Safety systems for unfired pressure equipment, its Annex ZA lists the paragraphs which address some of the PED Annex I clauses. 
PED Annex I clauses 2.11.2 & 7.3:
Supporting EN 764-7, paragraphs:
6.1.4 Pressure limit: Pressure limiting devices shall be effective at a pressure such that the pressure in the equipment is prevented from exceeding 1.1 times the maximum allowable pressure PS with the exception of external fire (see 7.2).

6.2.2.1 Safety valves shall have a set pressure not exceeding the maximum allowable pressure PS of the equipment, except as permitted in 6.2.2.2 or 6.2.2.3.

6.2.2.2 If the required discharge capacity is provided by more than one safety valve, only one of the valves needs to be set as specified in 6.2.2.1. The additional valve or valves may be set at a pressure not more than 5% in excess of the maximum allowable pressure PS providing the requirements of 6.1.4 are met.

6.2.2.3 Alternatively the safety valve set pressure may be above the maximum allowable pressure PS providing that:
– the valve(s) can attain the certified capacity at 5% overpressure or less; and

– the requirements of 6.1.4 are met; and

– an additional pressure limiter is fitted to ensure that the permitted maximum allowable pressure PS is not exceeded (including peak values) during continuous operation.






PED Annex I clause 2.12:
Supporting EN 764-7 paragraph:
7.2 External fire: Where there is a potential risk for external hazards, such as fire or impact, the pressure equipment shall be protected against them in order to keep the equipment within safe limits.

Note: Protection against over-pressurization during external fire should be based on a detailed thermal response evaluation similar to the risk evaluation. Pressures higher than 1.1 PS can be permitted depending on the damage limitation requirement. Following fire attack the equipment should not be returned to service without a thorough review of its fitness for service.



Exception to the above: It is permitted to have a single valve or all safety valves set higher than MAP (but still not more than MAP +5%) if all valves are certified with a maximum overpressure of 5% or less and that the sizing is done at MAP +10% and there is an additional pressure limiter (can be a control valve, etc., but only installed for this unique purpose) that ensure MAP is never exceeded (from standard EN 764-7 harmonized paragraphs). 

3.6.1.6. Fire case only
The unique safety valve or at least one of multiple safety valves protecting the equipment must be set at a pressure not higher than MAP of the equipment (PED Annex I, clause 2.11.2).
The 10% maximum accumulation can be exceeded, as long as this is safe. This means that the equipment designer must be able to prove to the authorities that an accumulation above 10% will not create additional risks or hazards (PED Annex I clause 2.12 and official guideline 5/2 June 2000).

3.6.1.7. Fired vessels, boilers
While the ASME has two different sections, Section I for fired vessels and Section VIII for unfired vessels, the PED encompass all these conventional vessels (excluding nuclear applications). Therefore, according to PED, unlike with ASME, these above considerations on accumulation and multiple valves installation also apply to boilers and other fired vessels as well as for unfired vessels as long as the pressures are higher than 0.5barg.

3.6.1.8. Practical applications
Note that in the multiple valves case, where one valve is set at PS and the others set staggered above but not more than 5% above PS, it is not said that the valves must be certified at 5% or less overpressure. It is only said that one needs to be sure that the increase pressure will not exceed 10%.
But how can we be sure if the valves are certified for such low overpressure? So far, most of the pressure vessel codes, particularly the ASME Section VIII, certified Safety Valves with 10% overpressure, no less.
However, some select manufacturers can supply safety valves with capacities certified for overpressures lower than 10%.
With these valves, the set pressures of multiple valves can be staggered up to 5% accumulation and still can respect the 10% maximum accumulation for full capacity.
This is a rather new issue, and it is always wise to contact the manufacturer to ask for their certification, but in any case each application will need to be reviewed first. Furthermore, the flow coefficient to use for the sizing of the valve may be different than the usual ones (established at 10% overpressure).

3.6.1.9. Conclusion
For single safety valve applications on cases other than fire: no change.
For fire case, basically the PED does not dictate any particular accumulation, and this must be reviewed by the designer of the pressure equipment and this engages his/her responsibility. This should not exclusively be decided by the safety valve characteristics, manufacturer or the user. 
For multiple valves cases, in principle, each application would need to be reviewed prior to any commitment. It is important to note here that the flow coefficient to be used may be different than the usual ones published in manufacturers’ catalogues.
This is a very recent issue since 2006, and many users are still not aware of this and also very few manufacturers promote this issue.
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