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Chapter

1

Introduction

Who We Are
W
elcome to Digital Solutions Technology, Inc. and its subsidiary Safety Relief Device Documentation Services.  We can be found at www.safetyrelief.com.   We ask that you visit us often to take advantage of the many services and valuable links offered from our web site as well as staying abreast of new products and updates.  

The Reader version of our program, Mach II CDS-Reader, will give potential users an opportunity to explore its powerful calculation engine and give a feel for its capabilities and use prior to purchasing a full site license.  The Reader is absolutely free and gives everyone the ability to read, view, and print .cds files created using the Mach II-CDS application program.
About the Software

This software has been designed based on the requirements as set forth in OSHA 29 CFR 1910.119a, which can be accessed from the company’s web site under "Regulations, Codes and Standards" link http://www.nvo.com/safetyrelief/usefullinks/.   It simply states that relief system design and design-based calculations must be compiled and maintained for all processes involving highly hazardous chemicals.  

A list of those highly hazardous chemicals can also be accessed from within the OSHA link:

http://www.osha-slc.gov/OshStd_toc/OSHA_Std_toc_1910_SUBPART_H.html
However, some companies have mandated in their own standards that all processes will adhere to this regulation by a self appointed deadline.  In their minds, they can realize the prognosis and don't want to wait until OSHA applies this law across the board.  If a vessel has a rupture or explosion it doesn't matter what fluid is inside the vessel, its impact will still cause damage to equipment, piping and possibly to personnel.

Process Safety Management (PSM)

The buzzword in the business is Process Safety Management and the acronym is PSM.  You can read about the scope of PSM from the linked page within OSHA.   In general, it is concerned with effective management of every aspect of the process from personnel, equipment, piping, drawings, procedures, technology, and all associated issues that can affect the safety and integrity of the process.  These regulations are a legal requirement that is mandated by the government to protect the safety of personnel in the work place

Relief Valves

The safety relief device, which includes relief valves, rupture discs, and conservation vents, are the last line of defense in protecting the process equipment, piping, and personnel from possible explosions within the plant site.  Murphy's law dictates that if such an event can happen, it eventually will happen with time being the only criterion.  

This observation also dictates that these facilities must perform Process Hazard Analysis/Reviews (Hazops) to identify potential hazards within each process and to document a course of action to protect against the potential of a catastrophic failure.   The relief devices serve as a final course of action against a catastrophic event.

Program Instructions

Mach II CDS-Reader is a crippled version in that it only reads .cds files created by the full-blown application program.  The full-blown version will handle liquid, gas, vapor, steam and two-phase release scenarios.

The Mach II program will calculate the required capacity of each scenario not already input by the user, and will then calculate the required and standard orifice size and standard relief capacity.  The program will then select the worst-case scenario, largest required orifice, as the basis for the design of the relief system to include the associated piping.  The program also has a built-in piping program where the user can choose the number and type of fitting for both inlet and outlet piping.  Mach II then calculates the piping resistance and pressure drop for this piping arrangement.  Mach II is intuitive to use and the results are produced instantaneously by just clicking on the Production tab after all input data has been entered

The results are given in summary and detail formats. This will enable a user to go directly to the end of the document to examine the bottom-line results in a summary table.

MACH II CDS

Supporting Documents

The Single-Phase User Guide is preceded by the Installation and Common Features User Guide.  It is also accompanied by the Calculation and Formulae Guide which provides engineers with technical formulas, references and mathematical routines that guide the Mach II calculation process.  The Two-Phase User Guide is available for users interested in the two-phase process.  

In addition to the above guides, the Infrastructure Documentation and Technical Installation Guides are available to systems and technical personnel planning for or installing the Mach II CDS system.

Where applicable, references are made to these supporting documents at critical junctions from this manual.

Identification  Section

In this section, the user enters identification data about:

· The company performing calculations 

· Client 

· Calculating Engineer

· Documentation Checker

· Worksheet Information - including phase type(s)

See Figure 4.0 below, for the Identification section.
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Figure 4.0 General Input - Identification Section

The Identification Section contains two important components.  The first is the selection drop-down menu.  Users can toggle between five different selections.  The first four are almost identical - dealing with individual or company-specific addresses such as Client, Calculating Engineer, etc.  The drop down list is displayed in figure 4.1.

[image: image2.png]Company

Client
Calculating Engineer
Checker

| Worksheet





Figure 4.1 Identification Section Dropdown

The fifth option - Worksheet - is of special importance because it defines the scope of the project and allows the engineer to describe the project, it's scope and equipment numbers being evaluated.  Figure 4.2 illustrates the Worksheet screen.
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Figure 4.2 Worksheet

It is important to note here that fields that are marked in yellow are required fields.   That is, they must be filled out or specified in order to ensure that the crucial data is captured for the proper operation of MACH-II and the correct display of reports.  Fields with a white background are optional.
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Figure 4.3 Phase Type Selection Box
Of particular importance is the Phase Type selection box (Figure 4.3).  This section enables the user to specify whether this particular calculation is for Single Phase, Two-Phase or Both.  If the user selects Single-Phase Design, the Two-Phase Design tab in the main menu will be disabled.  Conversely, if the Two-Phase Design option is picked, then the Single-Phase Design will be disabled.  Selecting the third option will allow both Single and Two-Phase functionality to be enabled in the program.

Single-Phase Section

The Single-Phase section of MACH II CDS has eight (8) sub-sections.  They are:

· ASME Code

· System Data

· Operating Data

· Scenario Selection

· Pressure and Piping Drop

· Scenario Basic Data

· Specification and Maintenance

· Report Generator

The sub-sections are shown in the screen below the main tabs.  Detailed descriptions of each sub-section follows:
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Figure 5.1 Single Phase Section
ASME Code Selection
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Figure 5.2 ASME Sections
American Society of Mechanical Engineers (ASME)

ASME stands for the American Society of Mechanical Engineers.  You can link to the ASME web site from the company links page.  The applicable codes under ASME are Section I, which involve boilers and vaporizers, Section IV, which involves hot water heaters, and Section VIII for pressure vessels.  The program was designed to follow these codes, as they were at the time of its design, and will make every effort to update as these codes change. However, Mach II CDS is mainly a number crunchier and organizer.  Allowable over-pressure is only stated for information and is not mandated by the program during calculations.  The user controls the over-pressure considerations as mandated by the ASME code.

ASME Section I & Section IV Valves

The sizing of the relief valves for Section I and Section IV equipment is straightforward.  It is simply based on the heat input or output from the heater or boiler and the amount of vaporization that can be caused by that heat input or output.  For this capacity calculation one need only know the heat input or output in BTU/hr and the heat of vaporization of the fluid at the relieving conditions (Btu/lb.) to determine the worst-case capacity (lb./hr). Detailed descriptions and formulas on ASME Section I and IV valves can be found in the Calculation and Formulae Guide.

ASME Section VIII Valves

For ASME Section VIII valves the task is more complex.  The engineer or designer must look at a whole list of possible over-pressure scenarios and determine which case is the worst-case scenario based on which will require the largest relief orifice.  In most cases fire is the worst-case possible scenario but not always.  Fire can be ruled out, as a scenario, for a lot of different reasons and then the other scenarios will take precedence.  
Typical scenarios may include but not be limited to thermal expansion, tube rupture, valve failure, blocked outlets, runaway reaction, abnormal heat input, entrance of a volatile material, loss of cooling, loss of power, loss of air, and pump dead head.  All this is in addition to the fire case scenario.  Each one of these scenarios may involve different types of releases.   For example, it could be a liquid, gas, vapor, steam, or two-phase release.  The program is designed to handle all of these release types.
Choose the section of ASME code that is relevant to your calculation.  (See Figure 5.3)   In most cases, it will be Section VIII.  Choosing the wrong section will not effect your calculation but will effect the documentation labeling and the perception of the reviewer.
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Figure 5.3 Single Phase Section VII Selection
System Data

When designing a relief device to protect the process equipment within a system you must first find the weak link in the chain of process equipment and piping between two block valves.  The relief valve is then designed to open at a set pressure based on the equipment or piping with the lowest Maximum Allowable Working Pressure (MAWP) or Design Pressure. 

Pressure vessels are designed to handle pressures above the atmospheric pressure and must be ASME code stamped with its MAWP and its design temperature at that pressure.  The relief valve may serve to protect several pressure vessels and piping but will be set to open based on the vessel or piping with the lowest MAWP or design pressure.  OSHA requires facilities to use “good engineering practices” for design and installation of pressure relief devices.  Mach II CDS uses the ASME code as “good engineering practices as well as API 520 and 521 Recommended Practices and DIERS methodology for two-phase design.

Additional system data includes the atmospheric pressure and any super-imposed backpressure, minimum and maximum (Figure 6.0). Also included in the system data is the temperature compensation multiplier used for determining the cold differential test pressure for a relief valve.   If sizing for a rupture disc this variable is unity (1).
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Figure 6.0 Single Phase System Data Section
Operating Data

The operating data is used to look at the operating margin between operating conditions and relieving conditions.  When sizing for rupture disc it is important to know the Manufacturer's recommended operating margin for the rupture disc selected.  If you are operating too close to the bust pressure of the disc the disc can burst prematurely.  Figure 7.0 illustrates the Operating Data section.
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Figure 7.0 Single Phase Operating Data Section
Scenario Selection

In this screen (Figure 3.4), the user can select what relief scenarios s/he would like to analyze by simply clicking on that particular scenario and a check mark will appear.  The program will then automatically give the user the required data fields required to calculate each scenario under the Scenario Basic Data tab which will be discussed below.

In the full-blown version, the user can select as many as 23 different relief scenarios. This gives 24! (6.2 X 1023) unique design documents that can be created.  MACH-II CDS will determine the worst-case scenario for each release type, gas, liquid, vapor, and steam and will convert that capacity to an air, water, or steam equivalent.  This is done so that the user can compare those capacities against vendor certified capacities listed in the vendor capacity tables.  These capacities will be identical when using the correct vendor’s discharge coefficients. 
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Figure 8.0 Single Phase Scenario Section
Piping/Pressure Drop Selection

The ASME code requires the pressure drop in the piping system be limited so that there is not a build-up of pressure in the piping system that would further increase the overpressure in the system or reduce the capacity of the relief device.  Flow resistance in the inlet and outlet piping causes this pressure drop.  The flow resistance is caused by the straight pipe, and the pipe fittings, such as elbows, tees, branches, and also due to elevation differences and velocity changes inside the pipe.  All of this goes to make up the total resistance to flow inside the pipe.  This total resistance can be express in two ways, either as a total equivalent length of straight pipe (L) or as a total resistance co-efficient (K).  The two are related by the equation K=f (L/D), where f is the friction factor in the pipe, L is the equivalent length, and D is the diameter of the pipe in feet.  There are many correlations for determining the friction factor in the pipe and this is the big trick in the calculation.  The program uses the Colebrook & White correlation for determination of the friction factor for liquids and uses the Shapiro relationship for determining the friction factor and pressure drop for vapors and gases.   The Piping/Pressure Drop Selection screen is shown in figure 9.0
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Figure 9.0 Single Phase Piping/Pressure Drop Section
For a vapor and gas releases the program use the Shapiro relationships for calculating the friction factor and the pressure drop.   The Shapiro relationship is the most interesting portion of the single-phase program subroutines and is also used to determine the pressure drop for gases and vapors as well as the capacity required for the tube rupture scenario when vapor or gas is released. 
Shapiro devised a set of formulas for determining the pressure drop/loss in a pipe based on the velocity difference at each end of the pipe relative to the speed of sound.  Shapiro uses Mach numbers to describe the velocity of the fluid at each end of the pipe.  He then uses a set of equations using these Mach numbers to calculate the energy at each end of the pipe.  From there he relates the difference in energy between each end of the pipe to the total piping resistance inside the pipe.  Therefore, by iterating these Mach numbers at each end of the pipe, until the difference in energy at each end of the pipe is equal to the total calculated piping resistance inside the pipe, the pressure drop is determined by convergence.  For the tube rupture scenarios the fluid flow rate is also iterated until the converged pressure drop is equal to the difference between the source pressure of the high-pressure fluid and the relieving pressure of that fluid.  

Detailed descriptions and formulas Shapiro Relationships can be found in the Calculation and Formulae Guide.
Simply choose the target pressure drop as a percent of set pressure, (Pset), the pipe schedule and pressure rating of the inlet flange of the relief device.   For the piping fields choose the pipe length, roughness factor, inlet flange size, pipe size, and finally the number and type of fitting for both the inlet and outlet piping.  Pull-down menus are made available to help choose the exact pipe roughness and size, based on pipe schedule selected (see Figure 9.1 below).
Pipe Sizing Characteristics

MACH II makes every effort to streamline the wide array of pipe size and material selections available to the user.  From the Piping and Pressure Drop screens (Figure 9.0), there are three drop-down screens available to the user to rapidly enter pipe size and material characteristics for both Inlet and Outlet piping configurations. 
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                                                                                              Figure 9.0 Single Phase Piping/Pressure Dropdowns
Pipe Absolute Roughness
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Figure 9.1 Pipe Absolute Roughness
Relief Valve Inlet (& Outlet) Sizing
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Figure 9.2 Relief Valve Size Options
Relief Valve Inlet x Outlet Table
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Figure 9.3 Relief Valve Inlet x Outlet Table
Inlet Flange Size Table
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Figure 9.4 Inlet Flange Size Table
Inlet (& Outlet) Size
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Figure 9.5 Inlet and Outlet Size Options
Angle of Convergence Specification

Angle of Convergence (see Figure 9.2 below). 
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Figure 9.6 Angle of Convergence Specification
Reducer Resistance Options

Reducer Resistance (see Figure 9.3 below). 
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Figure 9.7 Remove Reducer Resistance Option
Scenario Basic Data

Orifice Sizing

Users need to first select one of the three standards: American Society of Mechanical Engineers (ASME), American Petroleum Institute (API) or Disc as shown in Figure 10.0.
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Figure 10.0 ASME, API or Disc Selection
The American Petroleum Institute (API) and the American Society of Mechanical Engineers (ASME) have devised standard equations that are used to size an orifice once the required relieving capacity has been determined.  The program was designed to follow API 520 Recommended Practices for Orifice Sizing.  Every attempt is made to update the program if there are changes that effect the calculations.  You can also link to the API web site www.api.org from the company links page to obtain the latest updates. 

Once the required orifice has been determined then a standard size orifice is selected from a list of standard orifice sizes available from vendors.  Vendors use API and ASME standard orifice sizes.  So the user can pick which standard s/he wishes to use when selecting a standard orifice size.   In addition, the user must pick orifice coefficients used to determine the required orifice size. See figure 10.1 below: 
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Figure 10.1 Single Phase Scenario Basic Data Section

Note:  It is important to understand that that what the user selects in the Scenario Selection tab will correspond to the display of additional property buttons on the lower part of the Scenario Basic Data screen.  For example:
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These orifice coefficients represent deviations from perfect discharge due to friction, viscosity, system backpressure, and multiple relief devices used in combination.  For a perfect discharge, all coefficients would be unity.  However, since we don’t live in a perfect world the user must use vendor tables to determine how friction, viscosity and backpressure affect the discharge from a relief valve.  If these values are not know then the user can use the default values already found in the data fields.


After the required relief capacity has been determined then the applicable equation from API 520 Recommended Practices for orifice sizing is performed.  In the program, the applicable equation is the API orifice sizing equation for vapors, gas, or steam.  That is API 520 Section 4.4 equation 2, 3, or 8.  See the program results for the calculation of the required orifice size. 


Selection of Standard Orifice 
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The selection of the standard orifice is based on API and ASME standard orifice sizes.  A chart shows the API and ASME standard orifice sizes and the inlet and outlet connection sizes for 150, 300, 600, 900, 1500, 2500 lb. flanges built in the program.     

The default Kd for ASME is 90% of the default Kd for API.  The actual ASME orifice size for a selected orifice is actually the same orifice as the API, listed directly across the chart, although they show two different sizes.  ASME gives the actual orifice size where API gives the "effective" orifice size.
For the selection of the Kd the default is .95 for API and 0.855 for ASME.  The difference here is 0.95(.9) = 0.855.  When you look at the table the difference between the ASME and the API is always 0.855.  Example:  For the D orifice, the API size is 0.110 and the ASME size is 0.1279.   This is because 0.1279(.855) = 0.1093 about 0.11 they actually round off the 0.855 to 0.86 then 0.1279(.86)= 0.10999 about 0.110.   For the E orifice 0.2279(.86) = 0.19599 about 0.1960.  You can do this for every orifice size to move form API to ASME except for the T orifice, which is a special case

For liquids, it is not the same thing as for gases and vapors.  However a user still must first select which standard he wants the orifice to be sized for and then chose the correct Kd, which pertains to that standard.
However, in the case of, API and ASME, the user must input the Manufactures Kd, which is different for each valve manufacture.  For one vendor’s valves, the liquid Manufactures Kd is 0.744 for API and then the ASME is 0.669.  As you can see 0.744(.9) = 0.699 not 0.669.  Use caution when selecting the Manufactures Kd.  See the Calculation and Formulae Guide for the actual formulas used in calculating the liquid, gas, vapor and steam orifice equations.

In addition to the physical property and orifice, coefficients the user must input specific data required for each scenario selected.  This basic data is unique to each scenario.

Physical Property Data for Liquid

Input the physical property data at the relieving temperature and pressure based on set pressure plus allowable over-pressure.    List the name of the fluid, the molecular weight, density, viscosity, and relieving temperature and pressure.   The user must perform a bubble-point flash calculation outside the Mach II to obtain his physical property data and relieving temperature.  Digital Solutions can also integrate the physical property database of your choice for an extra change.

Basic Data - Thermal Expansion
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Thermal expansion of liquids occurs when heat it absorbed by the liquid thus causing the liquid to expand.  This is only of concern when the vessel is blocked in liquid full.  If the heat rate is high enough the liquid will not only expand but will begin to vaporize as in the fire case - liquid vaporization scenario. See Digital Solutions Calculation and Formulae Guide for the actual formulas used in calculating the liquid expansion and evaporation equations.
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Figure 10.2 Basic Data Thermal Expansion
Basic Data - Tube Rupture
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The tube rupture scenario considers the case where a tube ruptures or breaks inside a shell-and-tube heat exchanger.  If the maximum allowable working pressure (MAWP) of the shell and the tube are different, then either the shell or the tube must be protected form the operating pressure of the other.  If the tube pressure is higher than the shell, and if the tube breaks, the high-pressure fluid in the tube will exit to the lower pressure shell.  If on the other hand the shell has the higher pressure then the high-pressure fluid in the shell will be driven inside the tubes.  In either case, the shell or the tube must be protected from the higher-pressure fluid. API requires this scenario to be considered only when the high-pressure to low-pressure ratio is greater than 1.5.   However, the program will calculate the capacity regardless of this ratio if the scenario is selected by the user.
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Figure 10.3 Basic Data Tube Rupture
The driving force of the high-pressure fluid is the pressure difference between the source pressure (Po) and the relieving pressure (P2).  The resistances to this driving force are the ruptured tube piping itself and the exit or entrance losses as the fluid enters and exits the tube and tube sheet.

The program allows the user to input the pipe resistances from each end of the tube in terms of tube diameter, absolute roughness, tube length, and resistance (K).   These resistances are used along with the driving force, which is again the pressure drop (P) between the source pressure and the relieving pressure, to find the required relief capacity (W) by an iteration technique.  The program converges once the iterated relief capacity causes a pressure drop equal to the known driving force between the high-pressure source and the relieving pressure.

The program actually calculates the relief capacity for each tube separately based on the difference in pipe resistances for each tube.  The user must input separately each tube length and resistance (K) for each broken tube end.  These two capacities are then added together to determine the total required relieving capacity for the relief device.  For entrance and exit loses the user should input a resistance (K) of 1.5 total, and for the tube length, input zero for one end, and the total length of the tube for the other end.  This normally assumes the worst-case scenario, which would mean that the tube breaks at the tube sheet.  However, the user may experiment with this at his discretion. See Digital Solutions Calculation, and Formulae Guide for the actual formulas used in calculating the tube rupture and release equations.


Note:  For gas, vapor, and steam releases, the program uses the Shapiro relationship for determining the friction factor.  The flow rate is then iterated until the calculated pressure drop is equal to the pressure difference between the high and low-pressure sides of the exchanger.   As with tube rupture and pressure drop equations, a detailed description of the Shapiro relationship can be found in the Calculation, and Formulae Guide.

Basic Data - Valve Failure
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The valve failure scenario is the case whereby a valve fails open and allows a high-pressure fluid into the lower pressure vessel or piping.  The driving forces responsible for this required relief capacity is the pressure drop across the valve.  This pressure drop is the difference between the upstream pressure in front of the valve and the relieving pressure of the fluid.  
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Figure 10.3 Basic Data Valve Failure
Several formulas are used to determine the maximum flow capacity based on the valve’s Cv, the properties of the fluid, and the pressure drop across the valve.  The program uses separate equations for liquids, gases, vapors, and for steam. See Digital Solutions Calculation, and Formulae Guide for the actual formulas.

Basic Data - Pump Dead Head
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For pump dead head the user need only enter the pump dead head capacity for the pump in question.  The program will then calculate the required orifice and compare it to the other required orifice sizes for the other selected scenarios. 
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Figure 10.4 Basic Data Pump Dead Head
Basic Data - Blocked Outlets
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For blocked outlets, the user need only enter the normal flow rate for the process that is restricted by the blocked outlet.   The program will then calculate the required orifice and compare it to the other required orifice sizes for the other selected scenarios. 
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Figure 10.3 Basic Data Valve Failure
Basic Data – Other
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For other scenario, the user can enter the capacity for any scenario not calculated by the program.  The program will then calculate the required orifice and compare it to the other required orifice sizes for the other selected scenarios.  
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Figure 10.4 
The user needs to pay special attention to the "Mode" selected.  The user can select either Rating or Design Mode:
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Figure 10.5
Rating

The user inputs a known relief device orifice size and Mach II will calculate the capacity of that orifice using the proper orifice equations. This capacity is then compared against the other scenarios and the calculation moves on as before.
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Figure 10.3 Basic Data Other
Design

For design mode, the Mach II simply uses the user-input capacity to calculate the required and standard orifice size.
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Figure 10.6 Liquid - Other
Fire Case Scenario

General Information

The fire case scenario is perhaps the most widely used scenario.  This scenario deals with the possibility of a fire that has engulfed the process facility.  For the fire case one only need consider that portion of the vessel that is below 30 feet from grade.  Any portion of the vessel that is above 30 feet (NFPA) OR 25 feet (API) from grade, is not considered to be exposed to fire unless inside of a building.  The contents of the vessel can be a liquid, gas or a combination of both.  During a fire, heat is absorbed through the vessel walls and into the fluid.  

System and Physical Property Data

The fire cases are run as separate programs and are independent of all other scenarios.  The fire cases do not share any of the system data, physical property data, or orifice data with any other scenario.  The fire cases can therefore be run at different relieving conditions then the other release types, gas, liquid, vapor or steam.  The reason for this is that the fire case is allowed under section VIII of the ASME code to be over-pressurized by 21% compared to 6% for section I valves and 10% for section VIII.   The user has the flexibility to run the fire case simultaneously with any other scenarios while using a different set of physical property data based on different relieving conditions.  The user selects the fire case by clicking on the [image: image42.jpg]


 button from Gas, Vapor or Steam scenarios as shown in Figure 11.0. 
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Figure 11.0 Fire Case Selection
Note: As mentioned previously, the Fire Case is run as a separate program using independent input data.  The user should be aware that there are multiple fire case variables found by scrolling down the right scroll bar.  See figures 11.1 & 11.2 below:
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Figure 11.1 Fire Case Variables - Top
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Figure 11.1 Fire Case Variables - Expanded
Surface Area of Vessel


The first factor to consider is the total surface area of the vessel that is exposed to fire.  This surface area is calculated based on the surface area of the vessel heads plus the area of the shell.  The area of the heads depends on the type of heads used and there are formulas to calculate the area for each type.  The area of the shell is based on the tangent-to-tangent (T-T) height of the vessel multiplied by , times the diameter  (Area =  D*h).  So the area of the shell plus the area of the heads is equal to the total area exposed to fire.  However, always remember to not include that portion of the area that is 25 or 30 feet (depends on code NFPA or API) above grade (ground level) unless the vessel is inside a building.  For vertical vessels only include that portion of the vessel wetted by the liquid level.  And for horizontal tanks calculate the total area of the vessel and use the wetted perimeter factor  (Fwp), discussed below, to calculate the wetted perimeter of a horizontal tank.

Environmental Factors


The environmental factors are dependent on the type and amount of fire fighting equipment that is being used in the area where the vessel is located.  Based on the type and amount of fire fighting equipment, such as exterior water spray, the code allows you to use an environmental factor to adjust the amount of heat that could possibly absorb into the vessel. See Table I - Environmental Factors below.  

Environmental factors are also used for tanks having approved insulation that would reduce the maximum amount of heat absorbed. Remember that you cannot take credit for insulation unless it is capable of surviving the fire.  This means that it must be of a high temperature type such as calcium silicate, magnesia, mineral wool or similar high temperature insulation.  Fiberglass or cellular-glass is not suitable for credit as they will melt or break-up during a fire.  

Additionally, the insulation system must be able to take the forces of fire fighting, such as high velocity hose streams.  Un-protected mineral block will wash off.  A mastic-covered canvas or plastic vapor barrier covering will burn away leaving the insulation unprotected.  Aluminum will melt.  Generally only a stainless insulation cover fastened with stainless or other high temperature alloy will allow one to take credit for insulation in figuring the Environmental Factor.
	Environmental Condition Factors

	Environmental Condition
	Kp

	Bare Vessel
	1

	Approved Drainage and fire fighting procedures.  Choose option in program to receive credit.
	

	Approved Insulation
	0.3

	Approved Water Spray and Drainage
	0.3

	Approved Insulation, Water Spray and Drainage
	0.15

	Earth Covered Storage
	0.03

	Underground Storage
	0


Table 1 Environmental Factors Listing
Wetted Perimeter Factors


The wetted perimeter factor (Fwp) has a value of one (1) for vertical tanks and when the vessel contents is a gas.  The wetted perimeter factor is used for liquid filled tanks that are mounted horizontally.  The wetted perimeter factor is used to determine the percent of the total area of the tank that will actually contain the liquid, wetted perimeter, due to it being mounted horizontally.  This is another means of reducing the maximum possible heat absorbed by the vessel hence the fluid for horizontally mounted tanks.  Here, the logic is, if the vessel is 100% full then the liquid will create a wetted perimeter around the total inside surface of the vessel. If on the other hand, the vessel is only 50% full then the liquid will wet only 50% of the total inside surface area of the vessel.  This wetted perimeter factor is based on a formula that calculates the wetted surface area of the tank based on the percent fullness of the vessel.  See Table 2.  For spherically or other type designed tanks the wetted perimeter factor must be calculated differently and by the user.

	Wetted Perimeter Factor (Fwp)

	% Volume
	Fwp

	0
	0

	5
	0.2

	10
	0.25

	20
	0.34

	30
	0.4

	40
	0.45

	50
	0.5

	60
	0.55

	70
	0.6

	80
	0.66

	90
	0.74

	100
	1


Table 2 Wetted Perimeter Factor Listing
Vaporization of Liquid Contents - Vapor and Steam Release Types


If the content is a liquid, the worst-case scenario is for the heat input into the vessel to cause the liquid to vaporize.   The amount of vaporization depends on the how much heat is absorbed by the vessel. The total heat input into the vessel is based on a variety of factors and is the driving force for determining the required relief capacity. 

Heat Input 

The heat input into the vessel is based on one of several equations that are used in the industry. The most widely used is that from API which states that the heat input (Q) BTU/hr = 21,000 times the Exposed Area to the 0.82 power: Q= 21,000Ar^0.82.  This equation is used when there is fire fighting procedures in place.  If there are no fire fighting procedures in place then the equation becomes 34,500Ar^0.82.  


In addition to the heat input from fire there may be heat input from the normal operation of the process, Q (BTU/hr).  The process may or may not include this heat input but it must be included if there is normally heat input from the normal operation of the process. 


Relief Capacity Determination

The relief capacity determination is very simple and is calculated based on the total heat input into the vessel both from fire and from the normal process divided by the heat of vaporization of the liquid at the relieving pressure.  See Digital Solutions Calculation, and Formulae Guide for the actual formulas used in calculating the relief capacity determination.


Fire Gas Case  - Expansion of Gas Contents

If the content is a gas, the worst-case scenario is for the heat input into the vessel to cause the gas to expand thus over-pressurizing the vessel. The amount of expansion depends on the how much heat is absorbed by the vessel.  The total heat input into the vessel is based on a variety of factors and is the driving force for determining the required relief capacity. 
 
Fire Gas Case  - Relief Valve Factor (F)

The relief valve factor is the essential parameter in determining the required orifice needed to prevent over-pressures beyond the maximum allowable under ASME code.  The relief valve factor is calculated based on the wall temperature of the vessel (Tw), the reliving temperature of the fluid (T1),  the gas Constant (C), and the valve manufactures’ coefficient of discharge (Ko).  The minimum value of the relief valve factor is 0.01 but can be calculated accordingly.  See Digital Solutions Calculation, and Formulae Guide for the actual formulas used in calculating the relief valve factor.

Specification and Maintenance Sheets

The program will generate specification and maintenance sheets for relief valve, rupture disc and rupture disc holders.  The program will transfer all the user input process data as well as the program-calculated values into the specification sheets.  The user need only input the manufacture, model number, and materials of construction for the device or devices he specifies.  Selecting the "Specification Sheets" tab will bring up the opening screen in Figure 12.0 below:
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Figure 12.0 Specification and Maintenance Sheets
The program automatically defaults to include all three types of specification sheets encompassing:

1. Spring-loaded Pressure Relief Valve Sheet

2. Rupture Disc Design Sheet

3. Rupture Disc Holder Design Sheet

If the user does not want to automatically include all three types of specification sheets, s/he can de-select the check boxes to the right of the box.  

All three specification sheet inputs have both similar and unique data input fields.  The variations for each of the types are shown in Figures 12.1, 12.2 and 12.3 below:

Spring-loaded Pressure Relief Valve Sheet - Values
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Figure 12.1 Specification and Maintenance Sheets - Pressure Loaded Relief Valve
Rupture Disc Design Sheet
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Figure 12.2 Specification and Maintenance Sheets - Rupture Disc
Rupture Disc Holder Design Sheet
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Figure 12.3 Specification and Maintenance Sheets - Rupture Disc Holder
Report Generation (Production)

With a single click on the Report Generator sub-tab, the calculations are completed and the documentation is automatically created as shown in Figure 13.0.
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Figure 13.0 Report Generator - Production
The documentation is customized based on user selection of scenarios and piping configurations.   The production gives all the system, operating, piping, and physical property data input by the user as well as the detailed calculation results for each scenario, orifice, and inlet/outlet piping and pressure drop calculation.  The end of the report gives a summary of all calculation in an easy to read summary table.

The documentation is displayed in a preview mode, which allows the user to view the completed documentation prior to printing it out.

Users are provided with a document navigation bar on the top:
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Two-Phase Section

The Two-Phase User Guide is available for users interested in the two-phase process.  Please refer to the document to perform two-phase calculations.

Dropdown selection buttons.





Will display the corresponding buttons.








Selecting these checkboxes for Liquid:








Will display the buttons on the bottom of the Scenario Basic Data screen.











Conversely, selecting the following:
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