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Page Location Correction (changes in bold) 

1 2nd para., last sent. Preparation of this book by the Center for Chemical Process 
Safety (CCPS) was in response to this need. 

6 2nd para., 1st sent. …variety of pressure relief devices, such as… {omit components} 

7 1st para., 2nd sent. …in general in CCPS (1989c and 1992). {omit and in API Standard 
750} 

13 3rd para., 3rd line …important is proper testing, maintenance, and effective 
management of change. 

15-
129 

Chapter 2 odd numbered 
page headings 

RELIEF DESIGN CRITERIA AND STRATEGY {move and} 

17 Penultimate para. In summary, engineering judgment… 

31 Table 2.3-2, ‘Both fire 
exposure and other 
overpressurization 
scenarios’ row, ‘Staged or 
Additional Devices’ 
column 

105 

32 4th bullet, last line …such as SuperChems™ for DIERS {omit Lite} 

32 2nd para., last line …by documented industrial experience (Fauske, 1984a). 

34 Last para., 1st sent. Compensation for the effect… 

41 §2.4.2.2 2nd para., last 
line 

…increase in the disc contact area. {omit relief area} 

43 2nd sent. Variations in the forces acting on the disc may result in 
oscillations or instability of the disc. There are other factors that 
can contribute to oscillations or instability of the disc, resulting 
from the dynamic response of the damped spring-mass disc 
system. {replace second sentence} 

43 2nd para., 1st sent. Excessive friction losses in the piping from the vessel to the valve 
(inlet loss) may cause chatter. {omit are a} 

49 2nd para., 1st sent. …high set pressures (Van Boskirk, 1982). 

51 Table 2.4-1, 5th column 
heading 

{omit *} 

51 Table 2.4-1, 7th column 
heading 

Consolidated Outlet Area to Nozzle Area Ratio {omit *} 

80 §2.5.3 7th para., 
Penultimate sentence 

…minimal piping, restrictions do apply. 

103 Item 3c Plugging or fouling 

103 Item 3 Blocked or closed outlet(s) 

145 §3.2.3.5, 3rd para. …represents the net volumetric discharge rate through the 
emergency vent,… 

157 §3.2.7.2, 1st para., 5th line Equations (3.2-1) and (3.2-17), the constant volume criteria 
Equation (3.2-23)… 
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166 C0 C0 = Best fit correlating parameter given by 
Churn-Turbulent     Bubbly     Homogeneous 
            1.5                    1.2                    1.01 

168 §3.2.9.4 penultimate 
paragraph 

𝑋 𝐴 𝐺 − 𝑗 𝜌 𝐴  is the weight rate of vapor entering the vent 
due to the net upward flow of aerated liquid which is in addition 
to the vapor flow relative to the liquid necessary to swell the 
liquid to the top of the vessel. 

168 §3.2.9.4 last paragraph 𝐴 𝐺 − 𝑗 𝜌 𝐴  is the weight rate of swelled liquid or aerated, 
two-phase vapor-liquid mixture entering the vent in addition to 
the vapor which must pass up through the liquid to just swell the 
liquid to the top of the vessel. 

269 Last sentence in the 
penultimate para. 

…actual relief system devices, can be found in the literature. 

286 Eqn. 4.2-2 
𝐺𝟎 = 𝜌 −2

𝑑𝑃

𝜌
 

286 2nd para., 4th line …𝑔  (32.17 (lbm ft) / lbf sec²),… 

290 2nd para., 3rd line …set pressure (based on the rated capacity at 3 psi or 10% 
overpressure); commonly called the API 3% Rule. 

292 Eqn. 4.2-17 

𝐺 = 𝑘𝑃 𝜌

𝟏

       {entire equation under radical} 

295 3rd para. Balanced Bellows Valves: {omit Relief valve sizing:} 

298 §4.2.2, 1st para., 2nd line …homogeneous flow, meaning that… 

298 §4.2.2, 2nd para., 6th line …holdup, or mass fraction of liquid, within… 

299 3rd para. (Homogeneous – Non-Equilibrium Model – HNE) {omit Q} 

303 Eqn. 4.2-41 Definitions 𝒗 = stagnation liquid specific volume 

303 Eqn. 4.2-41 Definitions 𝒗 = stagnation specific volume difference =  𝑣 − 𝑣  

309 Below Eqn. 4.2-53 …choked flow gas/vapor mass flux: {omit equation} 

310 §4.2.3 6th line …flow regime, independent of… 

312 Eqn. 4.2-17 

𝐺 = 𝑘𝑃 𝜌

𝟏

       {entire equation under radical} 

312 1st para., last line …friction loss, which is not accounted for in the isentropic model). 

312 §4.2.3.3, 3rd para., 2nd 
sent. 

…values can be as high as 0.975 for a… 

315 2nd para., 3rd sent. …Pe = P*
e > Pb, where Pb is the… 

315 §4.2.4.1, 1st para., 2nd 
sent. 

…discharge pipe to 10 percent of the set pressure (10% Rule)… 

315 §4.2.4.1, 1st para., 3rd 
sent. 

…backpressure of 12-13 percent of the set pressure. 

316 k definition 𝑘 = 𝒊𝒅𝒆𝒂𝒍 𝒈𝒂𝒔 𝐶 /𝐶  𝑟𝑎𝑡𝑖𝑜 
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316 1st para. If (Pe – Patm) > 0.1 Pset… 

319 1st para., 3rd sent. …gas flow (k = 1.4). 

321 1st para., 4th line …in a vessel at stagnation… {omit or vessel} 

321 2nd para., 1st sent. …from a process or storage vessel through the inlet… {omit or 
vessel} 

326 3rd para., 1st sent.  The loss coefficient for a square entrance to a pipe… 

326 5th para., last sent. …as a function of Reynolds numbers… 

327 Table 4.4-2 all N 
subscripts 

 𝑁
𝒍
 

329 Para. Below Eqn. 4.4-12 …pipeline and KE (kinetic energy correction factor) = 1… 

330 Line after Eqn. 4.4-17 …is needed to evaluate 𝜌𝟏 and the average… 

331 3rd para., 1st line The effect of the change in kinetic energy… 

331 4th para. Heading Adiabatic Compressible Choked Flow: {omit Flow} 

332 4th para. Heading Adiabatic Compressible Flow from Container or Vessel Through 
Pipe: 

336 4th para. As well as ∆𝑣, the increase in specific volume… 

339 2nd line after Eqn. 4.4-34 …is calculated using… 

348 §4.4.9, 2nd para. 
𝐻 +

𝒖

2
+ 𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡. 

349 Eqn. 4.4-73 
𝑇 = 𝑇 𝜂 +  

∑ 𝐾

𝑐
𝑢𝑑𝑢 =  𝑇 𝜂 +

𝟏

𝟐

∑ 𝐾 𝐺

𝑐
(𝒗𝒏

𝟐 − 𝒗𝟎
𝟐) 

356 1st para. {omit last sentence} 

369 Table 5.6-1 six instances Best estimate of 𝐾𝑹  

387 1st para.  …class 150 flanges…class 300 flanges… {omit lb} 

453 2nd para., 2nd line …equal to 0.27 ft/s (0.0823 m/s)… {omit a zero following decimal} 

454 Eqn. 7.4.2-2 
𝒖 = 𝐾 𝟑𝟐. 𝟏𝟕𝟒(2.2046𝐸 − 3)𝜎 𝜌 − 𝜌 / 𝜌  

454 Below Eqn. 7.4.2-2 𝒖 = 𝑓𝑡 𝑠𝑒𝑐⁄  

454 2nd line 𝑔 = the acceleration due to gravity; 9.8 m/s² {omit constant} 

454 Dimensionless viscosity 
number equation 

𝑁 =
𝜇

𝜌 𝜎
𝜎

𝑔 𝜌 − 𝜌

𝟏
𝟐
 

556 Table B.3-1 Insert table shown below 

664 Figure D.5.3-1 Reverse direction of Force arrowheads 

666 Figure D.5.3-2 Reverse direction of Force arrowheads 

667 Figure D.5.4-1 Reverse direction of Force arrowheads 

669 Figure D.5.4-3, Row 5, ES 0.0018 (See Figure Below) 

669 Figure D.5.4-4, Row 5, ES 0.0018 (See Figure Below) 
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670 Figure D.5.5-1 Reverse direction of Force arrowheads 

670 3rd para., last line Equation (D.5.3-2) 

671 2nd eqn., below figure 3.4𝟒𝟕

1.3
2(1.3 + 1) = 5.687 

673 Figure D.5.6-1 Reverse direction of Force arrowheads 

675 Figure D.5.7-1 Reverse direction of Force arrowheads 

675 2nd para. The relief piping discharge line friction loss in velocity heads is 
calculated below using the Darcy-Weissbach friction factor of 
0.015. 

678 Figure D.5.8-1 Reverse direction of Force arrowheads 

678 1st para. Insert second 
sentence 

The upstream pressure is 124.7 psia, which exceeds the 
saturation pressure of 109.0 psia, making the stream slightly 
subcooled. 

678 2nd para. The relief piping discharge line friction loss in velocity heads is 
calculated below using the Darcy-Weissbach friction factor of 
0.015. 

743 Index Page numbers revised (See Pages Below) 
 

 

FIGURE D.5.4-3. Transient Force from COMFLOW (Correct ES) 
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FIGURE D.5.4-4. Tension Force from COMFLOW (Correct ES) 
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TABLE B.3-1. Input/Output Variables: Nomenclature and Units 

Input or Output Variables  English-1 English-2 Metric-3 
I AN Nozzle area in² in² mm² 
I CPL Liquid specific heat Btu/lb/°F Btu/lb/°F J/kg/K 
I D Diameter in in mm 
I dH Elevation difference ft ft m 
I ES Sand roughness in in mm 
O G Mass velocity lb/s/ft² lb/hr/in² kg/s/m² 
I HFG Heat of vaporization Btu/lb Btu/lb J/kg 
I K Nozzle flow coefficient - - - 
I L Length of pipe ft ft m 
I MF Laminar loss coefficient - - - 
I KF Fitting and pipe loss coefficient - - - 
I,O N Total loss coefficient - - - 
I,O P Pressure, thrust/area psia psia kPa 
I R Fluid density lb/ft³ lb/ft³ kg/m³ 
I,O T Temperature °F °F °C 
O V Velocity ft/s ft/s m/s 
I,O W Mass flow rate lb/s lb/hr kg/s 
I,O X Weight fraction gas - - - 
I Z Viscosity cp cp Pa∙s 
SUBSCRIPTS      

0 RESERVOIR     
1 ENTRANCE     
2 EXIT PLANE OF PIPE OR NOZZLE    
3 SURROUNDING, I.E., DOWNSTREAM OF PIPE OR NOZZLE   

A-C PROPERTY DATA SET    
G GAS     
L LIQUID     

FILE INPUT SWITCHES (OPTIONS)     
IC PROBLEM TYPE: 1 = FIND FLOW RATE, 2 = FIND BACK PRESSURE, 3 = ADVANCED USER 

IPTS CHOICE OF PROPERTY MODEL    
IU CHOICE OF ABOVE UNITS: 1,2 = ENGLISH, 3=SI    
IV OPTIONS:     

  1 = SIMPLE NON-VISCOUS INPUT    

  2 = NOZZLE INPUT: AREA, FLOW COEFFICIENT, AND VISCOSITIES   

 -2 = SAME AS IV = 2, BUT NO VISCOSITY ENTRY (1)    

  3 = PIPE INPUT: DIAMETER, LENGTH, FITTING LOSSES, AND VISCOSITIES  
 -3 = SAME AS IV = 3, BUT NO VISCOSITY ENTRY (1)    

      
(1) When IV = -2 or -3, no viscosity data are entered. HEM defaults to a value of 1 cP (0.001 Pa∙s) for the liquid and 
0.018 cP (0.000018 Pa∙s) for the gas 
OPTIONS 2 AND 3 AVAILABLE WITH DATA FILE INPUT OPTION (BUT NOT WITH OPTION OF KEYBOARD INPUT DURING PROGRAM EXECUTION) 
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     Types ........................................................... 198 
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Chemical Reactions ................................. 108, 192 

     Kinetics ......................................... 109, 192, 244 

     Reaction Kinetics ......................................... 243 

     Reaction Rates ............................................. 197 

Choked Flow ..................................................... 314 

     Adiabatic Compressible Flow ..................... 331 

     Ideal Gas ...................................................... 315 

     Isothermal Compressible Flow ................... 333 

     Two-Phase Liquid ........................................ 317 

Containment Systems ...................................... 439 

     Design Options ............................................ 441 

     Disposal of Discharged Material ................ 441 

Coupling Equation .................................... 167, 168 

Cyclones ........................................................... 465 

     Alternate Cyclone ........................................ 472 

     Design Procedure ........................................ 469 

     Droplet Removal Efficiency ......................... 467 

     Reaction Force ............................................. 475 

     Separator Sizing Procedure ........................ 470 

Design Flow Rate .............................................. 367 

     Rupture Disks ............................................... 368 

     Safety Relief Valves ..................................... 370 

Differential Scanning Calorimeter ................... 200 

Dimensionless Gas-Phase Velocity Parameter
 ........................................................................... 162 

Discharge Coefficient....................................... 310 

     Choked Flow ................................................ 311 

     Gas Flow ....................................................... 312 

     Liquid Flow ................................................... 313 

     Two-Phase Flow .......................................... 314 

Discharge Piping, and Collection Headers ...... 442 

     Corrosion ...................................................... 443 
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Dynamic Load Factor............... 367, 375, 384, 385 

Emergency Relief Effluent Handling ............... 393 

     Absorbers .................................. See Scrubbers 

     Atmospheric Discharge .............................. 401 

     Capital and Continuing Costs ..................... 411 

     Discharging to a Common Collection System
 .......................................................................... 408 

     Flares ........................................................... 432 

     General Strategy .......................................... 395 

     Passive or Active Systems ......................... 406 

     Physical and Chemical Properties ............. 403 

     Plant Geography .......................................... 409 

     Possible Condensation and Steam-Water 
Hammer ............................................................ 410 

     Quench Tanks ............................................. 423 

     Selection Factors ........................................ 403 

     Space Availability ........................................ 409 

     Time Availability .......................................... 411 

     Two-Phase Flow and Foaming ................... 405 

     Vapor-Liquid Separation ............................. 410 

Excess Inflow ................................................... 187 

Excess Outflow ................................................ 187 

Factors Affecting Opening Pressure ................ 34 

     Constant Superimposed Back Pressure ...... 34 

     Hydrostatic Head .................................... 30, 35 

     Variable Superimposed Back Pressure ....... 35 

Fauske Method ................................................ 309 

     Two-Phase Flow Systems .......................... 298 

Flares ................................................................ 432 

     Elevated Flares ............................................ 433 

     Enclosed Flares ........................................... 435 

     Fired or Endothermic Flares ....................... 436 

     Smoking Flares versus Smokeless Flares . 435 

     Types of Flares ............................................ 433 

Fluid Properties ................................................ 104 

     Data Sources ................................................ 105 

     Mixtures ....................................................... 106 

     Pure-component .......................................... 105 

Friction Loss ..................................................... 323 

     Exit Loss ....................................................... 328 

     Expansions and Contractions ..................... 326 

     Methods ....................................................... 323 

Gravity Separators ............................................ 445 

     Separator Inlet Velocity Considerations ..... 450 

Header Systems ................................................. 88 

Homogeneous Two-Phase Flow ..................... 334 

     Analytical Solution ....................................... 342 

     Solution ................................................ 337, 342 

Horizontal Separators ...................................... 451 

     API Sizing Method ....................................... 459 

Loss of Heating / Cooling ................................ 187 

Low-Pressure Devices - Gas Flow ................... 318 

Mass and Energy Balances.............................. 140 

     Assumptions ................................................ 141 

     Simplifications ............................................. 156 

     Vessel ........................................................... 139 

Maximum Allowable Working Pressure 9, 14, 583 

     Vessels with 15 psig, or Lower, Design 
Pressure .............................................................. 27 

     Vessels with a MAWP over 15 and less than 
3,000.................................................................... 25 

Methods of Effluent Handling ......................... 411 

     Cyclone Separators ..................................... 421 

     Dump Tanks ................................................. 414 

     Gravity Separators ....................................... 418 

     Internal Containment ................................... 412 

     Vane Impingement Entrainment Separators
 ........................................................................... 420 

     Vapor-Liquid Separators ............................. 415 

Miscellaneous Relief System Components ...... 70 
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Mixing Hot Volatile Liquids ............................. 189 

Multi-Component Mixture Equation of State 
Properties ......................................................... 151 

     Pure Component Properties ....................... 148 

Multi-Component Mixture Properties ............. 150 

Multiple Devices in Parallel ............................. 350 

Omega Method ................................................ 303 

     Advantages .................................................. 308 

     Limitations ................................................... 308 

     Subcooled Liquid......................................... 305 

Phase Equilibrium ............................................ 145 

     Dissolved Polymer ...................................... 147 

     General Case ............................................... 145 

Piping ................................................................ 321 

     Adiabatic Compressible Flow..................... 329 

     Friction Factors ........................................... 322 

     Fundamental Equations .............................. 322 

     Homogeneous Two-Phase Flow 334, 337, 342, 
345 

     Incompressible Flow ................................... 328 

     Isothermal Compressible Flow .................. 333 

     Low-Pressure Devices ................................ 317 

     Separated Two-Phase Flow ........................ 346 

     Temperature Effects ................................... 348 

Pressure Relief Devices ..................................... 71 

     Failure Modes .............................................. 122 

     Reliability ..................................................... 122 

Pressure Relief Valves ....................................... 41 

     API 3% Rule .................................................... 43 

     Back Pressure in Discharge Piping .............. 46 

     Characteristics .............................................. 43 

     Conventional PRV ......................................... 41 

     Direct Spring PRV .......................................... 41 

     For Two-Phase Service ................................. 74 

     General Terminology ..................................... 41 

     Inlet Piping Loss ............................................ 43 

     Liquid Relief ................................................... 49 

     Oversizing ...................................................... 49 

     Pilot Operated PRV ........................................ 53 

     Set Pressure Tolerances ............................... 53 

     Specifications ................................................ 50 

          Orifice Parameters .................................... 51 

     Spring Loaded Devices .................................. 65 

Protection by System Design ............................ 36 

     High Integrity Protection Systems (HIPS) .... 39 

Quench Pools ................................................... 476 

     Applications ................................................. 423 

     Design Parameter Interrelations ................. 482 

     Design Procedure Overview ........................ 477 

     Dimensions .................................................. 493 

     Heat Balance ................................................ 485 

     Liquid Selection ........................................... 483 

     Liquid Volume .............................................. 493 

     Minimize Entrainment ................................. 497 

     Operating Pressure ...................................... 484 

     Quiescent Liquid Height .............................. 494 

     Reacting Systems ........................................ 424 

     Selection of Quench Liquid ......................... 426 

     Sparger Design ............................................ 499 

          Calculation of Sparger Hole Area........... 502 

          Dip Tube Spargers .................................. 506 

          General Design Criteria ........................... 504 

          Other Considerations .............................. 507 

          Sparger Design Method .......................... 500 

          Sparger Following a Pressure Relief Valve
 ........................................................................... 501 

          Sparger Following a Rupture Disk .......... 501 

     Technical Issues .......................................... 427 

     Unvented Quench Pools .............................. 498 
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     Vapor Feed Rate .......................................... 497 

     Volume for Gas/Vapor Holdup ................... 494 

Reaction Forces ............................................... 356 

     Anchors........................................................ 390 

     COMFLOW ................................................... 357 

     Design Case ................................................. 363 

     Design Method ............................................ 363 

     Omega Method ............................................ 366 

     Pipe Size ...................................................... 390 

     Quasi-Steady State ...................................... 356 

     Real Gasses ................................................. 390 

     Steady State Exit ......................................... 363 

     Tension ........................................................ 385 

     TPHEM ......................................................... 363 

     Transient Forces ......................... 358, 361, 382 

Reactive Systems .............................................. 31 

     Computer Modeling .................................... 279 

     Design Steps ................................................. 32 

     Fauske Sizing Equations ............................. 275 

     Leung Omega Method ................................ 267 

     References ..................................................... 32 

     Relief Load ................................................... 260 

     Set Pressure ............................................ 33, 36 

Redlich-Kwong Equation of State (RKEOS) ... 148, 
296 

     Mixing Rules ................................................ 151 

Relief Device Types and Operation ................... 40 

     Low Pressure Relief Valves & Vents ............ 64 

     Rupture Disk Downstream of a Pressure 
Relief Valve ......................................................... 64 

     Rupture Disk Types ....................................... 56 

     Rupture Disk Upstream of Pressure Relief 
Valve ................................................................... 84 

     Rupture Disks in Series ................................. 64 

Relief System Design ......................................... 13 

     Approach to Design ....................................... 15 

     Best Estimate Flow Rate ............................... 90 

     Blow Through Scenario ............................... 103 

     Discharge Coefficient .................................... 92 

     Discharge Piping .......................................... 355 

     Experimental Design .................................... 222 

     High Temperature Failure ............................. 27 

     Incompressible Flow ..................................... 95 

     Limitations ..................................................... 14 

     Maximum Allowable Set Pressures .............. 28 

     Minimum Required Relief Capacity .............. 90 

     Occupational Safety and Health 
Administration .................................................... 19 

     Reaction Forces ........................................... 356 

     Relief Valve / Rupture Disk Combination ..... 23 

     Relieving Capacity ......................................... 90 

     Scenario Selection ....................................... 100 

     Two-Phase Flow Calculations....................... 92 

Relief System Layout ......................................... 75 

     Bleed - Telltale ............................................... 85 

     Combination Device ...................................... 84 

     Devices in Series ............................................ 81 

          Code Requirements .................................. 81 

     Drainage and Freeze-up Provisions .............. 89 

     General Code Requirements ......................... 75 

     Installation Practices ..................................... 13 

     Low-Pressure Devices ................................... 80 

     Material Selection .......................................... 88 

     Mechanical Integrity ...................................... 88 

     Parallel Devices ........................................... 350 

     Pressure Relief Valves ................................... 77 

     Rupture Disk Devices ..................................... 80 

Relief Valve Sizing ............................................ 283 

     Adiabtic Flow ............................................... 292 
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     API 3% Rule .......................................... 288, 290 

     Back Pressure Correction ........................... 289 

     Balanced Valves .......................................... 295 

     Choked Flow ................................................ 294 

     Choked Mass Flux ....................................... 294 

     Choking ........................................................ 314 

     Discharge Coefficient ................................. 310 

     Flow Model .................................................. 285 

     Fluid Property Model ................................... 285 

     Ideal Gas/Vapor Flow ................................. 291 

     Incompressible Flow ................................... 287 

     Liquid Trim Correction ................................ 288 

     Non-Choked Flux ......................................... 293 

     Non-Ideal Gas/Vapor Flow ......................... 296 

     Pilot Operated Valves ................................. 295 

     Two-Phase Flow Methods .......................... 298 

     Valve Flow Data ........................................... 287 

     Viscosity Correction .................................... 289 

Runaway Reaction Test ................................... 109 

Runaway Reactions ......................................... 191 

     Onset Temperature ..................................... 242 

Rupture Disk Devices ................................. 54, 349 

     Burst Pressure ............................................... 23 

     Burst Pressure Tolerance ............................. 30 

     Calculation Method ....................................... 95 

     Certified Flow Resistance KR ....................... 63 

     Device Advantages / Disadvantages ........... 71 

     Failure Modes .............................................. 124 

     Forward Acting .............................................. 56 

     Liquid Service ................................................ 80 

     Nozzle Model ............................................... 349 

     Pipe Model ................................................... 349 

     Relieving Capacity ......................................... 95 

     Reverse Acting .............................................. 57 

     Rupture Disk Specifications .......................... 57 

Rupture Disk Downstream of a PRV ................ 351 

Rupture Disk Upstream of PRV ........................ 351 

Scrubbers .......................................................... 429 

     Operating Mode ........................................... 429 

     Reactive Scrubbing ...................................... 430 

     Types of Scrubbers...................................... 431 

Set Pressure ....................................................... 28 

     Compensation Requirements ....................... 34 

     Differential Set Pressure ............................... 35 

     Percent of MAWP .......................................... 31 

     Reactive Systems .......................................... 31 

Slip ............................................................. 298, 347 

Slip Models ....................................................... 348 

Speed of Sound ................................................ 291 

     Ideal Gas/Vapor Flow .................................. 291 

     Two-Phase Flow Systems ........................... 298 

SuperChems™ for DIERS Lite ........................... 283 

System Characterization .................................. 107 

Tension ............................................................. 385 

     Pipe Tension ................................................ 385 

     Rupture Disks ............................................... 387 

     Safety Relief Valves ..................................... 386 

Thermal Runaway ............................................. 191 

Transient Forces .............................................. 372 

     Dynamic Load Factor .................................. 375 

     Gas Relief ..................................................... 376 

     Liquid Relief ................................................. 373 

     Rupture Disk ................................................. 384 

     Rupture Disks ....................................... 374, 379 

     Safety Relief Valve ....................................... 384 

     Safety Relief Valves ............................. 373, 376 

     Two-Phase Flow .......................................... 384 

Two-Phase Flow Systems ................................ 298 
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     Fauske Method ............................................ 309 

     Homogeneous Direct Integration (HDI) 
Method ............................................................. 300 

     Omega Method ............................................ 303 

     Onset ............................................................ 306 

Two-Phase Flow Systems ............................... 298 

Two-Phase Systems ........................................ 107 

     Classification ............................................... 107 

     Conditions ................................................... 107 

     Venting ......................................................... 114 

Vapor Deflagrations ........................................... 14 

Vapor-Liquid Disengagement .......................... 160 

     Coupling Equation ....................................... 167 

     Drift Flux Model ........................................... 161 

     Vessel Hydrodynamic Models .................... 161 

Vent Flow Regime Tests .................................. 219 

Vent Sizing Package ................................ 111, 212 

Venting ............................................................. 158 

     All Liquid ...................................................... 159 

     All Vapor ...................................................... 158 

     Homogeneous ............................................. 159 

Venting Requirements ..................................... 171 

     Boiling Systems ................................... 172, 174 

     Fire Exposure ............................................... 178 

     Hydraulic Expansion ................................... 178 

     Dynamic Simulation .................................... 173 

     Non-Reacting Cases ................................... 171 

     Reactive Cases ............................................ 259 
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Vertical Separators .......................................... 460 

Vessel Energy Addition and Subtraction ........ 153 
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