
Pressure Relief Systems I 

= PRV7s and Process Safety 
PRV's: What and Where 

m Rules arrd Procedures 
a Pressure Defdtions 
N Identifying Overlpressure Cases 
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1m2--2 





Protection Layers 

in Process Unit 

Critical hfam 42 Operator XnServention 

m Essential part of process safety 
8 Governed by mxny codes & s-dards 

Simple operating concept 
m Complex design process 

Pressure Relief Systems 

tm- 





Common Names 

"Safety Valve'' 

"Safety Relief Vdve" 

"'Pressure Relief Vdve" 

"Pressure Safety Vdve" "'Relief Valve7' 



Location of Pressure Relieving Devices 

r Loation h Process : P W  Module 

M Free-draining 
r Close to vessel 
r ''Clemy' location 



Multiple Relief Valves 
Piatforming Unit Separator 

Model ofthe Same 

i-l-14 



UOP BTX Fract-Sulfolane Extraction 

m Red lines are Overhead 
Vapor to air Cooler 

8 Yellow Knes are relief 



Rules and Procedures 



External Codes and Practices 

a ASME Boiler & Pressure Vessef Code 
a APX Recommended Practices & Standards 
r OSHA 1910.1X9 "Process Safety Managementy' 

State Reguhtions 
m National Ere Proteetion Association 

AIChE Design Institate for Emergency Relief Systems 

UOP Design Practice 
From PRY Mappifig 

m Establish 1Desi.g.n Basis 
r Review PFD Modde Layer 
r Genera& Relief Loads 
m Size and Sekt  Rdief Device 
m Update P&ID9s and Equipment Specs 



Pressure DeJinitions 

Operating Pressare Margin 

e Required for vessels 
- Leakage and Redosing 

r Chased by relief device 
r -itude Depends on Type of Relief Device ' 

Refunery Shdards 





Identifying Causes of Overpressure 

Pressure Increases When: 

u Mass and/or energy accumulates in a system 
I. PW's job is to relieve excess and energy 

to prevent accumulation. 
Cowtruct W&WB at relief 

i 

I 



n Need to do thorough job 
8 Check Simifar Designs 

t m Process &sign Manual 

m Keep THFNKLNG! 

Identify Causes of Overpressure 

Im-1-27 

Carcses of Overpressure 

r bkEm: 
- EqSpment failure or maEmction 
- Control failure or md[fnnction 
- Loss of &.ties (electric, steam, air, water) 
- Human error 
- 'External fire 
- &eontrolled reactions 



Process Devktions 

r Construct an envelope around the section of the 
process 

r Notice Changes in: 
- mwixx&out 
- heatin&out 
- stream composition 
- utifigy avdabiIity 

8 Unrelated or isolated 
r Sinrultfuneous or conunon 
= Sequential 

Relationship Between Events 



Unre&ed/.olated Events 

m Philosophy: design for all isolated failures 
m Block valve closed in error 

, d Equipment item fails 
m Many will have the same end result 

Simul$arzeous Events 

a Utility f&ura: 
- Electric power 
- Cooling Water 
- Nitrogen 
- Instrument Air 

m Externat. fire 
r Philosophy: design for fhe foreseeable effects 

of the common 9wt causen event 



Sequential Events 



Examples of Sequential Events 

R Reflux failure causes receiver to ovedili with liquid, flood 
the condenser, and cause total loss of condenser duty 

of the condenser which results in total Ioss of condenser 

I Loss of the liquid level in .the products separator ahws the 
reactor circuit to depressare to the stabilizer c o i m ,  
which results in blae t ing  of the overhead condenser 

lEP Separator 

$- PRC 

1 a2 



lMass In & Out 

i,ic2 i bp" 

mt In & Out 



Composition Changes 

LLCI k-1 b i o v ~ b ~  

ppLZ I P-4 

hl\defib?eS 
.p: I 

Refomate Splilitr Problem 

Whal: equipment is incfuded in the scope sf 
overpressure protection? 

r Nlake a Hst of muses of overpressure for the 
splitter. 
- Refer to API RP 521, Section 3 



Pressure Relief Systems II 

R Heat and Mass B-ces at Relieving Conditions 
Sizilry;: the Pressare Relief Device (PRY) 

i 

3"RV Wet and Outlet Line Design I 



Heat and Mass Balances 
at Relieving Conditions 

Steady Stage Balance: 

In = oat 

Heat and Mass B a h c e s  

Umteaay State Balance: 

Xn + Depletion = Out + Accumulation 



Blocked Outlet Transient 

Feed Surge Drlxm 

Control Valve Fails Open 



Model Development 

m Identie the credible causes for overpressure 

m Consider opesator intervention 

Simplifying Assumptions 

r 1ncrementaU.y increase the relieving rate 

r Have naiinimaf e.mnodc impact 

r Consider the risk associated with making a wrong 
assmption 



lnstrclmentation Response 

API recommends t b a t b z i f o r "  instrumentation 
response should be taken if that r e s p o n s e ~ c d  !he 
relieving req&eaent- 

lnstrzcmentatt'on Resgonse 

API recommends that instmentation should be 
assulaed to respond as designed if that response Pza&e relieving requirement. 

Flow Control 



Operator Response 

UOP Approach: 

u Ahmost never permitted 
I Consider the time it takes to correct the problem 
m 310 not assume the operator wiff respond if the 

emergency affects m a y  process variables 
s h m e o u s i y  f multiple afams) 

r Assess operator effectiveness 
m Consider the risk hinvolved if the opePafor does not 

respond as assumed 

B3D.2MS- Ef-7 -1: 

External Fire 

PRV Calctclutions 



Feed Surge Dmm 

Fire Case Model 

Heat input vaporizes liquid inventory 
Relieving rate equal to vaporization rate 



Heat Input Dtce to External Fire 

Q = 371 40 FA0-82 

Q = heat input due to fire, Kcaflhr 

F = environmental factur [F = x for bare vessel ] 

A = wetied surface area, m2 

Environmental Factor 

i Permits credit for insulation 
r If indation can be dislodged by impact of 

water spray? F = I.@ 
Asnanes General Ref- Conditions: 
- Gromd doped; no sta~lding liquid PIS 
- Adequate fine Gating equipment available 
- Trained personnel 



Wetted Surface Area 

Vapom'zation Rate 

r Mixhum latent h a t  of vaporization is 28 KeafRsg. 
8 Above the critical &emperatwre, the expansion rate 

of the dense ffuid is estimited using t31e vaporization 





Design Considerations 
lfor liquid fill vessels) 

D Size PRV for afl Yapor Bow (total disengagemeniE) 
D Rate PRV sei:ect.ed for d l  Xiquid flow and report liquid 

Determine the total volnme of liquid discharged to relief 
ha ler  and report v01ame for sizing f(CO dmm 
- Vofame in vessel head plus 0.61 an of tangent len*@h 

m Xf auto-cliilling cwxulrs+\;ypon @~t~hiag, report minimum 

Debutanizer 

PRV Calcrclations 



Stcmmary of Relief Scenarios 
for the Debutanizer 

( \or0 G* + \ c Q  
m Electrical power failure lo&- yf-p 

(refinery-wide & partid) 

a Loss of air-cooled condenser duty [ &-.&I 
Refiux faiiwe ' 

8 PRC fails closed 
Product separator LLC fails open 

a E - M  fire 



Total Power Failure Model 

Feed stops or eventually stops 
Refiwx stops 

m NO fractionation oceurs 
a Eleat balance camtruc$ed at 

end of relieving case 

Reboiler circulating pmps on different 
electrical &c&t or on different vojtage system 

a Various pumps may be located in mother 
process unit I 

Pumps driven by a source other than electrical 
power (Stem Tmbhe, Gas Turbine) 

Partial Power Failare 

fP5XXEWfiS.lt.2S 



Debutunizer 
(Power Failure Model) 

I P o . m t ' Z /  
RS 3? SR00.15 

Power Failure HWB I 

mw!3 Heat 

ReboPer h t y  + QW 
vaporized ~nventory - - U:hv  

Depleted Liquid -k wf + yhi 

0 - 0 



Power Failure (working equations) 

= Q, - +v+d- WIh, 

Vaporization rate based on simuEta~ueous solution 
of hesit and m a s  balance 

Power Failure Relieving Rate 

Residual Candenser Credit (natural convecticm): 

Relieving Rate (difference between vaporization 
rate and residwf condensation rate): 





Decision Tree 

frac.Eionat#on con&aes 



, Condenser Failure HWB I 

Net 'bottoms 

Net Overhead Vapor 

Vaporized Inventory 

Dep1eted Liquid hventory 

Tragorized Liquid Inventory 
{working quation) 

= WFhF - wmhNB + QmB - wN&NQ - Fhv + y h  

Inventory rate must have a positive sign for model 
assumption that fractionation continues to be valid 



Reqtcired Calculations 

Determine: 

r Reboaer duty at relief 
r Eeat content of net stream 

Vaporization rate of &quid inventory 
r Overhead condenser credit 

Condenser Failure NWB 11 

Overhead Vapor 

Accunt, Liq. Inventory 



Residual condenser duty (natural convection): 

ReIieving Rate (difference between total vapor 
r&e laving debutanizer anit residual coademation): 

Reality Check 

Always check the ~un8b1ene5s of the calculated 
relieving rates for a& case. 

i Xhtring a refiux failure, loss of condenser duty, or 
PRC failing dosed, the relieving me should be 
similar to the normal gross overhead rate. 

m During a electrical power faifure, the retieving rate 
should be similar to the n o d  reboiler vapor rate. 

ff the rates Mer  significrultxy frm that given above, 
rationalize the difference, ie. dramatic loss of reboiler 
duty dne to low LR/TTD. 



,, I.. 

1) 

Alternate Calculation 
(when model assumptiopt is not Y&) 

n If the "excess'%eat is negative, the assumption &at 
fractionation coni.tinues as n o m d  is not valid. 

A negative value means tELat &ere is not sufficient heat 
to vaporize $he mt. overhead mateeriafa Thus, tfte bubble 
arid dew pin& used to determine the heat balance are 

Althou* some fra&onaGon wi8 occur, the problem is 
brackea by assuming no fractiaa%im occurs, i.e. onfy 
Bashing occum in f he c@lum. 

No Fractiomton Occurs 

1. Assmnt? a bottoms te;mpera&we. 

2, W & t e  reboiler duty uskg 
asmmed temper&ure. 

3. Csdadate f&-bottoms 
exchaagerduty using , 

assumed temperatuie. 

4. Flash f e d  at ~t~rxnai feed 
enthaEpy pIus reWier and 
feed-bottoms exchanger duty. 

5. Compare dc'd temperature 
go assumed tenytera$%we. 

6. Vapor rate feaving wlmns~ 
is vapor rate from the flash, 



t Sizing the 
Pressure Relief Device 

Types of Relief Devices 

Spring loaded pressure relief valve *< klrceJ k t L d s  

r Pilot operated pressure relief valve 
Rnptsre disc 

m Weighted pdet 
m Vent line 



Conventional 
Pressure Relief Valve 

Balanced-Be220 ws 
Pressure Relief V&e 



Spring-Loaded Pressure Relief Valves 

Accamuhted Pressure 

Set Pressure @&gn I>resme) 
M h h u m  Inlet Pressare 

Closing Pressure @bwdowm) 

Sizing for Vapor 
Spring Loaded Relief Valve 

31f 51- capacity ratio is 

R4 =Required art?& cm2 unknown. assume CK = 387 

W = Flow raze, kg& 
C = Coefficient based on C,/C, ratio 

K = Coefficient of discharge f fi: = 0.975 fur typical manufacturer} 

K ,  = Back pressuse con:ec?ion factor 

P,, = Accumulated pressure, kg/cmZ(a) 
T = Temperature OK 
Z = Compressibiiity factor 

MW = Molecular weight, kglkg md 



Sizing for Vapor 
Spring-Loaded Relief Valve 

If hear capacity mio is 
imknown, assum CK = 306 

RA = Required area,in2 
W = Flow rate. Ib / hr 

C = Coefficient based on C, i C, ratio 

K = Coefficient of discharge (K = 0.97 for JOS / JBS series) 
K, = Back pressure correction factor 
P,, = Accmulated pressure, psia 

T = Tempramre. R 
Z = ConapressibiIity facior 

MW = MoXecalar weight, lb I Ib mol 

Siziag fur Nunflashing Liquid 
Pressure Relief Valve with Liquid T .  

RA = Required area, cm 

Q = Row rate, m 3 h  
K = Coefficient of discharge 

SpGr = Specific gravity of Xiquid 

P, = Accmulated pressure, k g / ~ r n ~ ~  i 

P, = Total back pressure, kgcm g 





Sizing for Two-Phase Flow 
Two-phase Inlet on&! 

m CaEcufate choke pressure ratio 

-0.046(h(#))" 0 . ~ ( l n ( # ) ) ~  

w Calculate required oszce area 

K (coo~amt units required) 

PRV Inlet and Outlet 
Line Design I 



Inlet Pressare Loss 

8 Valve will 'behatter" if the inlet pressure loss exceeds the 
blowdown pressure of valve 
Blowdown pressure varies between 5-7% of PRV set 
pressure (depending on valve model) 

r 1ndet pressure loss is limited go 3% of the RRV set pressure 

Minim- Inlet Pressure 

Operating Pressure 

Inlet Line Sizing 
Pressare Drop Caku&ed Ustag Rated Capme of Valve 

Equivalent length includes: 

* Sudden cmtra&on 
Elbows 

* Reducer 
* Lem of piping 



Design Optionsfor 
Meeting 3% h l e t  dP 

r Do not ignore---this is a severe problem 
r Locate PRV nearer to vessel (shorter inIet line) 

Increase diameter of inlet piping 
.r Sdect a pifot operated relief valve with remote 

pressure source 

PRV Oatlet Line Design , , 



Force Balance 
Conventional Pressure Relief Valve 

V 

S@ng Force 

% Bwk Pressure 
tPo.XIOwF1s.lr60 
RS 31.7.ROO.ZS 



Force Balance 
Balalczced Pressure Relief Valve 

Effect of Back Presswe 
Batanced ReEef ,Valve 

% Back Pressure 



Design Options for High Back Pressure 

8 Increase diameter of discharge piping 
Select a balanced bellows or pitot operated relief 
valve which can withstand a higher back pressur;? 

I 
8 ' Offset the back pressure by lowering the spring 

setting of a non-balanced pressure relief valve 
(constant back pressure onEy) 
Lower set pressure of non-balanced pressure 
relief valve below vessel design pressure to offset 
the higher back pr&swe 

Outlet Line Design 

8 Cannot redace d i m e k r  below PRV outlet flange 

u lPRV located at high point: in dosed piping system; 
free-dmidl~g to header 
Choked flow at expansiom must be considered in 
A P  cdldtions 

m Thrust force used to design supports 

- 



Detailed Outlet Design 

i Refieving to a process vessel 
u h p  discharge back to inlet 
H Acid Relief Neutralization 
m Revamp 

Pressure Relief Valves 

m2W4,RS1&6e 

Questions? 



Pressure Relief Systems III 

Session: XI1 Outline 

Refief Deviee CharacterJistics 
m Material Selection 
m Wischarge Location 

Other Design Ilssues 
R Resources 



I 
Pressure Relief Device 

CIzaracteristics 

m Spring loaded pressure relief valve 
r Pilot opemf:d pressure relief valve 
I Rapture disc: 
m Weighted paiBeE 
I Vent line 

Types of Relief Devices 

~~~~~M 



Conventional 
Pressure Relief Valve 

Balaaced-BeUows 
Presswe Relief Vul~e 



Impact on Design 

8 Spread between operating and set pressure 
(preventing leakage through valve) 

r Met pressure loss (avoiding valve ehatteri.~i@ 
m Capacity affwted by back pressure (outlet line 

size, spring setting, vdve Qpe) 
r Rapid opening (free drahhg inlet and outkt 



Force Balance 

Inlet Pressure 



Valve Leakage 

Set pressme of valve is chosen dative to operating 
pressure a ~ d  selected to minimize leakage, e.g. 10 % or 
1-75 ,kS,cm2 whichever 'is greater 

Spread Ibetweexx operating 
pressare and set pressure 

Operating Pressure 

m Provide greater pressure merentid between 
operating md set pressme 

m Lap valve seat surfaces to improve tightness 
s Install elastonreric seats 
m S e h t  a pilot operated refief valve 
m Xnstall spare relief valves to pennit Imahxtenance 

w3uife mit is operating 

Design Options for Leakage 



Pup-Action Pilot- Operated Valve 
(FEowil'tg Type) 

Adjusbnent: Screw 

Optional Pilot Filter 

Pop-Acgun Pilot- Operated Vdve 
('Fluwing T ' e )  



Pop-Action Pilot-Operated Valve 
(FEowirt,o Type) 

Above Set --- 
.P aim 

Flow Characteristic 
Open: and Closing 

P, ~ 5 %  +lo% 

met Pressure 



Force Balance 
Pilot Operated Pressare Relief Valve 

Inlet Presswe 

Exposed area on top of piston 
is s e a m  than the exposed area 
at bonom of piston. 

Sating Force = Pi,,, (Pt,, - AM,) 

Seating Force 
Pilot Operated Pressme Relief Vdve 



Unique ConsiiJ!erati~ns 
Pilot Operated Relief Valves 

r Backflow preventer 
r Remote sense line 

I 
r Material compatibility (elastomeric seats 

and seals, lower metallurgy availability) 
I More restrictive temperature limits 

Backflow Through a PORV 

Low or No 

Backflow of Vapor &om 
Relief Header 



Backflow Preventer 

Back Pressure 

Bighest Pmssure Passes 
hkau* Ba&&~w Ac;vcwkr - 
to K e q  &gain Vdve Closed 

Remote Sensing 
Applying the 3% Pressme Loss Co~s;traiat 

s 3 % rule applies te pressure drop 
from vweI to sense point 

m Sense pint should be on relatively 
low velocity line (~erndulli effect) 

m Capacity of PORV may have 
to be adjusted for high inlet 
pressure losses (&S% PA 



Column Ovhd Piping (to Air Cooler)Mul@le PRV's 

PORVAdvmtages 

S e a t ~ g h s s  
Rembte pressure sensing 

I Less sexxslEtive to back: pressure 
m Field testing of pSot set point 
m Remote depressuring 
m Ability to modulate flow 



PORV Disadvantages 

i DiEi'ic3llt to specify 
m Temperature constraint 
m EIastomeric compatibility 
8 Limited metallurgy selection 
r Unfamiliar technology 

PORV Applications 

High pressure (above 70,0 kg/c&) 
N Low pressure (below 2.4 k&m2) 
I Revamps (operating pressure close to set pressure) 

I 
r Remole sense required for 3% rule 
8 ~ z e v a f v e  Ieakage , 

i Large liquid relief 



PURV Sizing for Vapor 

EPD--t1&27 

PURV Sizing for Liquid 



Rupture Disc AppZie&*ons 

w Protecti~g temprary piping used for inert gas 
regeneration operation 
Installed under a PRV 
- to prevent leakage 
- to protect valve from: comosive environment 

Fast response time required, eg. Tube m p m e  in a high 
pressure exchanger which is fiqkd Bled on LP side 

B Runaway reaction (highly exothermic) where pressure is 
intentionally reduced below n o d  operating to 



r Capacity of PRV derated by 10% 
m Means of isdation for disc replacement 
m Met pipe size may have to be increased 
I Telltale indicator monitoring pressure 

betwhn disc and PRV 

Rapfare Disc Sizing 

Piping System 

Assume Equivalent Length =75 L/T) 

Critical mow Equation 

im-tbm 
US 31 7- 



Material Selection for PRV's 

Spring-Loaded PRY Metallurgy 

r PRV Sizing and Pubiisfier Tool 
- Guidanee in TD-80741 ((r UP (%v&AY~> 

- Choose xneblbgy based on conrosiun and/or , 

tenxpefaaure I 

- Tool does nett check material overrides 
- ConsuIt catagog outside of ranges 

PRV Network Representative 
R PRV Specialist 





Discharge Location 



BTX Fractionation 

Two Hopz'zontal Thermoshipon Reboilers 



r Packinox combined 
feed exchanger is on 

r Tatoray Reactor is on 

u Isomar Separator is 
on the far left 

Xylene Fract and 
Parex overview 

Sieve Chamber a d  
Rotary valve are 
front right 





Atmospheric Discharge 

ToThe Air 
- NOT for HCBN PRV's! 

- Law pressure systems 
- Imwuom 1118kriais 
- To st safe location 
- L ~ ~ - p o i ~ t  drain ~tlqulmd 

r Gx~anddsain 
- Them& Expansion of m $ h g  w a r  
- Xf HCBN, f i ~ d  a home for iL 

Other Design Issues 



Multiple Valves 

Select minimum number of PRVs for a given service 
m Sefect multiples of same size PRV 
m * least one valve must be set at design pressure; 

the other valves a n  be set up to 5% above design 
m Code permits accumniated pressure of 116% j! 

PI.atfomr Separ%~tor 

D d  relief valves wifh 

Mock vdves 



54.8 cm2 180.6 cm' 419.3 cm" 

Xumber of Valves 

71.3cm2 9 0 3 d  14L9cm2 

Qrifice Designation 

A-Sen 

w UOP design p~actice is not to spare PRVs 



Dual RVs on Uvhd line to air cooler 

Isolating Block Valves 
Design Considerations 

I IsolEating bgock vdves and vents pe&% 
maintenance of iedchg valve while operating 

m Inlet h e  size must enrsure no -re than 3% inlet 
pressure loss 

r For multiple valves appXicati011~, installt one spare 
set at design pressure 



Resources - People 

R Refinery Speciafjsts 
m Vendors 

Reso~rces 
Reference Documents 

1 "Process Safety boo.kle%" (lf23J97) 
R Gas Processors SuppEiers Associafjon 

- Engineering Data Book 
API RP 520, RP 523, and Std. 2000 

- up-to-date copies hetd by the PRV 

m AGCO and Crosby Catakqs 
- download (in .pdf format) from 
htt~:flinnnrw.ande~~~aree~~~~d.~~m/d~~ne 
tlrrressprd.asw. 



Presswe Relief Systewls IV 

~ F P 2 W 1 V - I  



Altewtat;ive Method 

where: & is 4H\, at relief temperature T 
/2, is AHy at nomd boi- point temperature 
T, is critical temperature 
T is temperature a$ refief 
TB is normal boiling point 

Vaporization Rate 

rr Mininrurn Iatent k t  of vaporization is 50 3 W b  

6 Above the critical temperature, the expansion rate 
of the dense fluid is estimated: using the vapanization 



Fire Case Relieving Rate 
(by volume balance) 

Note: Xf &e fluid aplproxhes critical conditions, 
the latent Beat of vapofixdgoa appmaches zero and 
the den&@ mtio k a m e s  om. 

At critical ccmditions, VOP assumes a "pseudo" 
latent heat eqaaf to 9 BBtnllib.. 

Fire Case Problem 

r Design Pressare = 50 psig 
r Vessef Tangent lmgtl.k = 15 ft. 

l5 ''. rn MoL vt  af Liqaid is 100 
M Vessel Diameter = 5 ft. 

Liquid Height = 6 ft 
r Vessef Elevation = 18 ft, 







Electrical Power Failure 

R Refinery (Tobl) Power Faifure 

t m Intermediate (Partiaf) Power FaiIure 

Basic Assumptions 

Feed Stops 
R&m Stops 

r No Fsactionatio~ Occurs 
r Heat Balance Colasku&& at End of Relieving Case 

Totd Power Faihre Mbdel 

tPD.2004tRS.IV.$2 



Partial Power Failare 

m Pumps on different efectfical circuit or on 
different voitage swem 

E Various p w p s  may be located in another 

m Pumps driven by a source o&er than electrical 
power (steam Wrbine, gas tsrbine) 

Debutanizeu 
(Power Fuitncre Model) 



Mass Heat 

Reboiler Duty +& 

vapori~ea Inventory - - Thy 
Depleted Liquid +% +W,h, 

Power Failure HWB I 

IPD2004/RS.N-~5 

Power Failtitre 
(working qa&& 

Vaporization rate based on ~tlEtaneous sofution 
af heat and mass b h c e  



Power Failure Relieving Rate 

Residual Condenser Credit (natural convection): 

Relieving Rate (diEerence between vaporization 
rage and residual, condemtim rate): 

w,i=Y-u:Dnd 

Loss of Air-Cooled Condenser Daty 



Loss of Condenser Duty 

PRC opens wide to attempt pressure consol 
D DebzLtanizer pressure increases in spite of 

,controMer action 
r Liquid inventory in overhead receiver decreases 
D LLC on overhead receiver stops refiux by 

mse*ng FRC on reflux 
1 Heavy material xniptes to *op section as Bquid 

conbcting in top section of debutanizer stops 

(loss of condenser du@) 

RS 31 5M10-37 



Decision Tree 

Construct HWB 1 assuming 
fractionation continues 

1 
Test: 

Assume Frac;tionution Continues 

Feed, net overhead, and net bottoms mass rates 
are constant 
Composition of net sWams is unchanged; thus 
dew and bubble points at relief can be determined 

NOTE: If a heat and mass balance determines 
&at fhis assunption is invalid, the calculatioJnal 
mod& for loss of condenser duQ will have to be 





Vaporized Liquid Inventory 
(working equatzi,n) 

0 = w2k - K r B h N B  + - K&vo - YB + Y4 

Knventaxy rate musfhave a positive sign for model 
asamption that frartionatioxl continues to be valid 

Determine: , 

r Reboiler Duty at Relief 
m Heat Content of Net Streans 

Vaporization Rate of Liquid Inventory ' 
r Overhead Co~det'iser Credit 



Reflux vs. Liquid Inventory 

Noma1 Operation 

Total Overhead 

RS 31 6.i(60.1$ 
l P D . G ! r n . I V . n  

Heat Content of Net Bojttoms 
(leaving ithe envelop) 

Before FA3 exchanger Afkr FA3 exchanger 

F B  exchanger 
m& be rabd 
regardfess of 
heat & mass 
envelop 





Condenser FaZture HWB 11 

ConcEerwr Duty 

Accum. Liq. Xnventory 

Overhead Vapor 

Accm. Liq. hventory 



Loss of Condenser Daty 
Relieving Rate 

Residd eondenser duty (natural convection): 

Relievinp; rate (&Berenee 'between total vapor rate 
leavia:: debutaniaes md residual, condensation): 

Reality Check 

r Always che& %e reasonabieness of the calmdated 
relieving rates for each case 
- DurigDb a reflax Wure, kss of condenser &a@, or 

P K  f&@ closed, the relieving rate should be 
similar to the norm1 gross overhead rate 

- &ring an electrkal power failure, the relieving 
' 

rate should be similar to the normal rebailer 

r If the rates differ si@tranay from that given 
above, rationalize the difference, I.&, dramatic 
loss of reboiler duty due to fow LMTD 



Alternate CalcuMon 
, (when model assumptions are not valid) 

If the "excess" heat is negative, the assumption 
that fractionation continues as normal is not valid. 

A negative value means thaE there is not sufficient 
hea$ to vaporize the ~ e t  overhead material. Thus, 
$he bubble and dew points used to determine the 
heat bahce are not %aEid. 

Mthough. sonre fractiona%ion v%l occur, the 
problem is bracketed by assuming no fmctionation 
occurs, i-e, ody dashing seem in the column. 

No FrtcctZo&*on Occurs 

1. Asstme a bottmm temperature- 
2. C d d & e  seboi.ler duty using 

assumed texnpemtnre. 
3. Cdcalate feed-bottom 

exchanger duty using assum& 

4. Flash feed at normal feed 
eathalpy pius reboiler and feed- 
bottoms exchanger daQ. 

5. ComparecaImMed 
temperatam to assumed 
?.emperatme. 

6. Vapor rate lea* cofmnn is 
vapor rate from the Sash, 



Receiver PRC Fails Closed 

R Xet vapor cannot exit overhead system and it 
blankets the overhead condenser 
Lose overhead condenser duty 

r Debutmhr pressure increases 
m LLC on overhead receiver stops reflux by 

n Heavy ntateriaf. migrates to top seetion as Liquid 
conkcting ia top seetion of debutmizer stops 

r Net @overhead liq&d mntinwes ant3 pump foses 
positive sruiction 

I PlWBWbWW-37 

Separator LLC FaiEs Opened 

n hitially, EqEuitI feed rate b W I U ~ I I  doubles . 
and floods t&e bottoms section of debutawr 
Subsequently, reactor vapors mter debu&nizer 
and blanket the overhead condenser 

e Lose overhead condenser duty 
r PRC opens wide to attempt pressure control 



Separator LLC Fails Opened 

Debutanizer pressure increases in spite of 
controller action , 

rn 'LLC on overhead receiver stops reff ux by 

u Heavy material migrates to top section as liquid 
contacting in top section of debutanizer sf:ops 

rn Net overhead &quid con&ues until pump loses 
positive suctiom 

Debutanizer Condenser FaiIzcre 

r Determine A c c u & M  Pressure 

PAcc = Set hssme x Allowable Accumtthtion + 24.7 psi 
300 x 110% I- 14.7 = 344.7 psia 

a Determine Reboiler Duty 

- 10.59 x I @  Btu/k; Qrew = Qm-1- 



Debutanker Condenser Failure 
(coatin ued) 

m Use Cox Chart to get top and bottom 
temperatures at accumulated pressures 

Top Temperature 

Bottom Temperature Normal 

Debutanizer Condenser Failure 
(continzed) 

r 1\Jet 1 B ~ m s  EBthafpy at Relief 

=QN tw13 x c.P ( T X - ~ N I B  

Calculate C, of boaoms from exchanger data 

QR = 10.91 MM +50138(0.65$#350~ - 415027 1 
QR = 10.91 i-0.65 = It56 x Bhc/h 





Debatanizer Condenser Failure 
fmntirzued) 

B Enthaipy of Net Overhead 

Wo = Wv t- WL = 5169 i 17505 = 22674 Ib,ih 

HR =HE +&c=(T~ -TN) 

C p  = dl9 Btu/Ib "F 

For HN use l 80 Bttlllb x Wo 

= 180 x 22675 Zb/h 

= 4.08 x lo6 B&/h 

Bg =4.08 x IO* + 22674 (19x181 -161) 

=4.17 r 10'; B R ; G / ~  

Dehu;taat'z:er Condenser fiilure 
(continzed) 

m C&culate Depktion by Solving Heat Balance 

Net Bottoms 

Gros Overhead Vapor 

Depletion as Vapor 
Depletion as Liquid 



flebutanker Condenser Failare 
(continued) 

H~ (vq)= 184 BfulLb 

~ ~ ( ~ i g ) = 8 3  BWEb 

AHD = 184 -83 = 201 Btu/lb 

WB = 6.42 x 1il6/101 = 63465 lb/h 

WDHB (I&) = 83(63465)= 5.27 rn Batfh 

WDHD pap)= 184(62773)= 11.622 mm Bhc/h 

Debutunizer Condenser Failure 
(cojztinaed) 

CompEete B a b c e  

Mass, 1b.k Heat TO6 Btum 

Gross Overkead Vapor 

Depletion as Liquid 



Wtctanizer Condenser Failtcre 
(continaed) 

rn Consider Second Envelope 
- Overfiead vapor to envelope 

W;, = 22674 -t 63465 = 86/39 I* 

H D  = 4.17 x lo6 + 11.68 x 106 = 15-85 x 106 B* 

- Condenser duty = 20 % of norm1 

QREL = ~.20@.36x .lo6)= 1.87 x lo6 B&& 

flebutanizer Condenser Failure 
(copth-nued) 

m Determine 'Condensation Rate 

HC = (18535)(83)= 1.54 x .lo6 Bfulh 
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INTRODUCICXOS TO PROCESS SAFETY 

Process safety in a modem refinery is the concern of every employee. Managers, process 

engineers, operators, and maintenance personnel should be aware of minimizing the risks 

involved in the operadon of a refinery or petrochemjcaf unit processing combustible materials. 

This section will deaf with process safety, mainly from the viewpoint of the process designer. 

The responsibilities of the process designer are: 

Design the process unit to minimize risk 

* Know the regulations and stmdards for process safety 

* Reco,on'ze causes of overpressure 

* Determine relie~ng rates based upon possible events 

* Design the relieving device and relief system 

The potential hazads in a refinery can be s ~ t e d  simply as explosion, fise, and toxic release. 

These hazards are life-threatening, and the resultant d-ae is expensive to repair. Everyone can 

certainly relate to the tragedies of Bhopd and Chemobyl. Why did these events occur? There is 

usually not one event, but a combination of events leading to these disasters. The likely causes 

faIl into the following classifications: 

* Hurrxanem 

* Equipment failure 

* Loss of utilities 

* Uncontrolled reactions 

External Gre 

1 
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DESIGN AM) PLARWXNG FOR SAFlETY 

For a given well-designed process unit, there are a number of protective layers. Each of these 

layers is designed to minimize risk. 

Process Design 

The inherent safety aspecxs of the process unit start with an accurate representation of the heat, 

mass, and m.01 bdance of 'the unit at normal operation. Additionally, the process configuration of 

equipment aids in minimizing risk. 

Basic Process Controls 

The basic process conaols should be desigkd to maintain the desired safe operating conditions 

and re tm the mit to nomd uperatins conditions after a process upset. 

Alarms and Operator Supervision 

Any deviations from normal conditions, or deviations which could signal unsafe conditions, are 
i\ 

brought to the attention of the operation personnel. 

Shtktsom 

Any deviatims which signal a pogential risk md arc= nor corrected or answered will activate a 

syszm of shatdowns in a fail-safe action. 

Pressure Relief System 

Pressuring relieving devices are designed and installed to vent the sysrem pressure when it 

exceeds the design pressure of equipment by a finite mount. The discharge from the relieving 

devices go to a safe Iocation. 

Emergency Response 
- 

In case an explosion, fire, or toxic release does occur, the refinery must provide contingency 

plans for minimizing risk 10 persome1 and property within the refinery. The cumunity adjacent 

to the refinery must provide equal contingency plans to protect the conmunity. c>.4 
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SAFETY MANAGEMENT 

Process safety management continues after the unit is started up and safefy operating. Engineers 

trained in safety management me required to oversee and manage a p r o m  of safety tsaining, 

oversee the routine inspection of process equipment, determine maintenance requirement of 

equipment, generate the safety procedures for work required, oversee the testing required to 

insure safe work conditions, and inform pemnnel of changes necessary to maintain a risk free 

environment. 

3[n the U.Sv, the following items comprise the publications that define the requirements and 

recommended practices for process safety. 

* O S W  1910.119 

j SAaATitleE 

Clean Air Act 

APX Recornended Practices 

* Local and state codes and regulations 

* AlChE "Center for Process Safetyr' pb1ication 

Xn the oil and gas industry, OSHA regulations dictates the rqrfirernents to insure personnel safety 

and health. 
1 

This replation requires a process hazard analysis, publication of process safety information, 

docmentation of operating procedures, and training of operations personnel. Other provisions 

involve maintenance, planning, and changes. 
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There is a schedule for compliance to the reguiations of OSHA by the owners of the process 

units. In 1993, 100% of: all new plants shall comply and, for existing plants, 100% shalf comply 

by 1997. 

The major provision, wfiich affects the refining industry, is the requirement for conducting and 

documenting a process hazard analysis. There are several methodologies that meet this 

requirement, and the characteristics of each method vary and give somewhat different results. 

f 

ChecMis* Analysis 

This method uses a specific written list of known hazards, design deficiencies and potential 

risks to evaluate materidis, equipment, and proceduxes. This method is most often used in 

industries, which have significant expe~mce. Used in past as pm of the P&ID check. 

"What If" Analysis 

This method uses a ream which has expertise in design, operation, and safety. A leader 

generates a list of "what if' questions and the team identifies potential hazards. potential 

consequences, and recommends sdeguards and solutions. Answers to d l  questions are 

documented* 

* Failure Modes aad Efblects 

fn this method, an andyst Iists &I the failure modes (conceivable malfmctions) for each 

separate piece of equip men^ h fern then evaluates @e ways equipment can fail or 

misoperate. This method is eqtxipment oriented. 

0 REAZOP 

This method divides the process unit into manageable sections or nodes md evaluates the 

si_Nficance of process deviations fsom design intent. A facilitator supplies key guidewords 

and a ferun determines the causes, consequences, safe,wds, and a recommendation for each 

action. A qualitative risk is assigned to each action based upon frequency and consequence 

of the action. The HAZOP study is fast becoming the preferred methodology of the refining 



industry. A comprehensive WAZOP can become very tedious and time consuming. The 

documentation is often as lengthy as the process specifications. 

* Fault Tree Analysis 

This method goes one step further and statistically assigns the quantitative risk for each 

action. The team now becomes involved in determining the probability of many actions 

occuning over some specified time period. These actions could include unrelated events. 

This type of andysis started in the nuclear industry. 

ROLE OF PROCESS DESIGE ENGINEER 

The p c e s s  design engineer is most knowiedgmble in aE major aspects of the design including 

equipment coPmfi,don, heat bafance, reactor kinetics, insmentation, exchanger network 

configwation, relationship to upstream or downstream units, utility system, and appkicable codes 

and standards. With this range of knowledge, the process design engineer is best qualified to 

) 
recognize the causes of overpressure, process deviations, and the relationship between events. It 

is important to consider all these steps when credng a scenario to simulate an oveqxessure 

situation. 

Cause of Ov(erpressure 

The major cases  of overpressure are equipment failure or malfunction, loss of trtilities (power, 

steam, coohg water, instnrment air), hwmr~ erros, external fire, and uncuntrolled reactions. 

Process 3Deviafions 

Process deviations occur when the equipment or unit balance has an mbalbce in mass, heat, or 

mold composition. 

Relationship Between Events 

Isolabd Occurrences 

There is always a remote chance several unrelated events occur which cause a mishap that 

i cannot be predicted with logic. Bhopal is an example. Instead, fault tree analysis is required 
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to determine a drstinct mishap possibility with a small probability of happening. 
i 

Earthquakes, sabotage, or war could be factored into this scenario. 

Simultaneous Events 

One event .could si&ultaneously effect considerable equipment in a process unit. For 

example, a power failure - this could shutdown compressors, pumps, and air cooler fans. 

Each of these secondary events musg be considered for a cause of overpressure. 
I 

* Sequential Events 

Sometimes one event creates a scenario which triggers a domino effect. Fox example, the 

loss of a recycle gas compressor: the quench gas to an exothermic reactor stops, the reactor 

temperature rises, and an uncontrolled*reaction takes piace. The time framework for this 

series of sequential events would have to be calculated based upon multiple asmptions 

involving heat transfer md reactor kinetics. 



HYDROGENATION UNIT FLASH DRbM 

For the flash dfum shown in Fi,oure XV-l, determine the events which wouId cause a change in 

the mass. heat, or mol balance. The flash drum is assumed operating at design conditions in a 

steady state condition. 

Figure XV-1 

Reactor Products 
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DETIEMNATXON OF RELIEVING RATES 

Guidelines 

mere are several excellent sources of help to calculate a relieving rate. The ASME Code Eists 

the equations to be use& for relieving rates, the requirements for use of rupture discs, the 

instrumentaxion required for system intepty, and the requirements for derating a system. There 

are two appIicable sections: Section I (Steam Systems) and Section VLIl (Pressure Vessels). 

There is a non-mandatoiy section concerning items such as maximum pressure loss from a 

relieving device and use of block valves under a relieving device. 

Every engineer required to design a relief valve should have MX Recommended Practice 520, 

521, and 2000 booklets. These cover ,&deli;nes and design practice for pressure relieving 

devices md systems. 

The AZ:CNE Center for Chemical Process Safety has many publications related to $1 aspects of 

process safety management. 
(. 

Efeat and Material Bafanee 

The process specifications which W P  issues for a process unit have the heat and materid 

balance shown at operating conditions at steady state conditions. The in "s&amsW must exactly 

equal the out "streams". For the trmsient conditions required to model a unit for emergency or 

overpressure conditions, some type of nuniericd ia:&ption of variables versus time is required. 

Mathe&caIly, the use of differential equations is necessary for this mdysis. Fortunately, the 

caIculations can be simplified by looking at the model to obtain a snapshot in time. This requires 

only the use of algebra to do an instantaneous balance. The following unsteady state equation at 

a point in time is used: 

Xn -i- Depletion = Out + Accumulation 

Where does one take the snapshot for Fi,wes XV-2, 3, md 4? The selected time for the 

snapshot is essential to determining the maximum rate. 
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Figure XV-2 

Blocked Outlet Transient 

Feed Surge D m  
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Figure XV-4 

Reactor 

Runaway Chemical Reactrctrorz 

Crea~on of a Model 

A rhorough knowledge of the system is necessary as a starring point to create a model. ORe 

needs to question w h t  equipment is invojved within the system. For example, in order to mode1 

a fractionator relief valve, the column, overhead condenser, reboiler, reflux receiver, and pumps 

are all part of the system to be investigated.. For all this equipment and for the insmentation 

involved, the engineer must be knowledgeable to determine the response or performance when 

process variables make a. delta change. if chemicaf reactions are involved, &is knowledge must 

include the kinetics of the reactants and p~oducts of the reaction. 

Once the basis is firmly established, the next step is to develop a scenario of sequential events. 

In this regard, engineering judgment is required, equipment performance for each event 

estimated, and operator intentention at specific periods in the sequence of events anticipated. 

The real world is often complex but, when possible, the engineer uses judgement to make 

assumptions to simplify the system. The guidelines for any simplifying assumptions should: (, 
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_. .. IncrementaIly increase the relieving rate 
L, 

Have minimal economic impact 

Consider the risk involved 

Use available information 

A specific guideline to use for inst.rumentation response is to take no credit for instrumentation 

response if the instrumentation tends to reduce the relieving load. The other side of the coin 

assumes that instrumentation respnds as desimed if the instmentation tends to increase the 

relieving Ioad. These guidelines are the recommended approach of API. 

APT does &low credit in a model scenario for operator response. Again, judgment must be 

factored into the scenmio based upon the insmmenta~on design to make the operator aware of 

events to which he mast react. At &.his point, one must consider if the operam has time to correct 

zhe problem or problems. A power failure could trigger most alarms, but the operator must 

follow a predetermined sequence to minimize risk to the entixe complex. A majority of 

) catastrophic accidents involve human error to some degree. Therefore, in all cases needing 
. ," 

human response, one must consider the possibility of failing to act, taking the wsong co]~~ecsive 

action, or making the wrong diagnosis. 

* Fire Case Problem 

Determine the relieving, load generated during a fire case for a vertical feed surge dram.. The 

foliowing data are given: 

VESSEL DAT-4 1 

design pressure = 200 psig 
diameter = 5 f t D  
rangent len,@ = 15ft 
liquid leveI = 4 f i  
vessel elevation = I S &  
average mol weight = f 00 I bf lb-rnol 

Take no insulation credit. Use @owe D-3 in AH RP-520 to deten@ne the temperature and 
I latent heat at relieving conditions. 
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Debutmizer I 

Determine the relieving load generated during a condenser failure. Use the heat and material 

balance and flow skerch in the handout as a basis. 

DESIGNING THE REtUEF DEVICE 

Type of Refief Device 

There are many types of relief devices. The design principles, construction and maintenance 

needs vary for each type. The three main categories of relieving devices are spring-loaded, pilot- 

operated axld rupture discs. The design expectations for these devices are: 

* Open au~omaticdly and quickly during a rise In system pressure 

CEose with minimum leakage when nonnal pressure is xeached (except for rupture discs) 

* It must be highfy reliable 

Spring-Loaded 

The spring-loaded type is utilized in a refinery for the majority of services. One must be 

aware of two types - the conventional and the bellows-type relief valves. 

B e  conventio~al gas or vapor relief valve has the outlet or discharge pressuse always on the 

downstream, side of the disc sealing the outlet nozzle of the relief valve. Nomafly, the spring 

force is the differential between the set pressure and atmospheric presswe. The set presswe 

will be increased by superimposed back-pressure unless the spring force is agjusred 

accosdingIy. The impact of downstream pressure can, therefore, affect the performance of the 

relief valve. 

The bei2ows-type gas or vapor relief valve has a bellows, which isolates the outfet or 

discharge pressure from the major portions of the disk sealing the outfet nozzle. The spring 

and major portion of the outlet side of the ask are at atmospheric pressure, The resultant 

design does not allow any unbalanced forces on the disc due to downstseam back-pressure 

t, 

IPD/~OO~ UOP Process safety-12 



variations. The baIanced pressure relief valve makes possible higher pressures in the relief 

discharge manifolds. 

The opening characteristics of the spring loaded relief takes place in three distinct steps. 

First, the valve will "simmer" or pass minute quantities of gas that can be heard at about 95% 

of set pressure. Second, with the seating disc off the seat, the increased underside presswe 

causes an unbalanced force on the seating disc, rapidly opening the disc. Third. once the disc 

is up, the reactive forces of discharge vapors upward on the seating disc cause a secondary lift 

to provide maximum discharge area at X05% of lift. When closing, the valve throttles to 

about 50-70% of its capaciry and then closes at 5-796 below its set point. 
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1 Back Pressure Response 

% =  Back Pressure, psig 
Set Pressme t (4veqxessure, psig 
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Figure XV-7 

Balanced-Bellows Saf* Relief Valve 
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Figure XV-8 

1 Back Pressure Response 

%G.ageBdPfessm= Back Pressure, pig OO 
Set Presswe, p i g  

Pilo&Oper;a%ed Relief Valves 

The pilot-operated relief valve has many advantages over the spring-operated relief valve. 
i 

"Fhe pilot-operated relief valve consists of a main searing piston and a smdl extemd pilot. 

The piston is designed to have a larger eEEective area on the top &an on the bottom. The 

system pressure is c o m ~ c * d  to the top side of the piston through the pilot. As the 

system pressure increases, the searing force tends to make the valve tighter. WIren the set 

pressure is realized, the pilot o p s  discharging the gas above the piston asld seals off rhe 

comunjcation post that ties into Efie system presswe. The sealing piston immediately goes 

wide open. Simmering and leakage comon with spring-type refief valves is not the case 

with pilot-operated relief valves. For a typical installation, the pilot-operated relief valve 

dfows operating pressure to be at 95% of set pressure. 

The vent of gas fiom the pilot can go to atmosphere if non-toxic or non-inflammable. Xn 

many cases, there is no good ham for this vent gas, and manufactwen have a design to 

provide a non-f owing pilot when required, 



The pilot valve can be designed to provide a pop-action or a modulating-action pilot. The 

pop-action open completely and the modulating-action pijot opens the main valve only 

enough to satisfy the required refieving capacity. The user should consult the manufacturer to 

determine the characteristics and mechanical construction of these speciaf types. 

Pilot l5diaKsl 

Figure XV-9 

Pup-Adion Pilaf-Operclted Valve (Ffowing Type) 

Set Pressure 
Adjustment Screw 

optional 
Pilot Filter 
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In summary, the advantages and disadvantases of pilot-operated relief valves are following: 
/ 

Seat tightness 

Rernott? pressure sensing 

Less sensitive to back pressure 

Field testing of sex point 

Remote, depressuring 

AbiIity ro modulate flow 

More fI exibfe technology 

More dificult to install 

More delicate 

Lower temperature constraint 

Limited metallurgy selection 

At UOP, a b u t  10% of all relief valves are specified as pilot-operated types. In pm, this is to 

satisfy &e 3% inlet pressure loss constraint of &PI 520, Part Ii. In addition, the remote 

sensing allows &linking of the dynamic performance of the valve (chattering) from the inlet 

pressure loss. 

* Rupture Disc Device 

The rupture disc is a pressure-containing element designed to rupture at a predetermined set 

pressure. Some desicps me domed with the system pressure on the concave side, others are 

designed to open dong psescored lines? md orhers are reverse buckling and, when 

overpmsu~ed on the convex side, the dome is forced into Isiife blades when apen the 

element. The ratio of opemting pressure $0 bunt pressure varies from 80-90%, depending on 

the specific design. 

The big disadvantage to a rupture disc device is that once open or bmt, it will not close or 

reseat as other types of pressure relieving devices. In addition, it is back pressuse sensitive, 

temperamre sensitive, and subject to cornsion. One of the biggest uses today is for 

installation under a pressure relief valve to eliminate leakage or to isolate the pressure relief 

valve from a corrosive environment. Consult A.PI recommended practice and the codes to 

dezemzine the restrictions for this configuration. 
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Figure XV-10 

Rupture Disc 

Pressure 

SIZING EQfiAT10,nTS 

) From first principles, the orifice area required for a relieving device is dependent upon. desired 

capacity, characteristics of the fluid fcompressiMe or nun-compressible) at discharge temperature 

and pressure, pressure differential across the orifice areat and chacameristic of the orifice. All. 

sizing equations consider these elements to determine the required area to satisfy the relieving 

loads. 

For vapor service, the equations Afow the orifice to be sized at the a c c u x ~ u l a ~  pressure, which 

is a percentage of the set pressure. The code stand& for various contingencies follow: 

If the back-pressure caused by the sum of static and frictional p-essure losses exceed the 

aIfowable finit for a given relieving device, a back-pressure correction must be applied ro 

\ 
increase the orifice area. See AP7 or mmafacmer's literature for this correction factor. For 

-. .I liquid service. the equations have terms for both the set pressure and the destination pressure. 
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Vapor Flow Equation 

where: R4 

w 
CK 

~,,,. 
Kb 

T 

z 
MW 

required orifice area, in2 

vapor flow rate, lb/h 

flow boefficient 

accumulated pressure. psia 

back pressure correction factor 

ternperatwe, OR 

compressibility factor 

molect~h weight 

Flow Coe@?cienf 

C 
Specific Heat Ratio - k = -2 

v 
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Liquid Sizing Equations 

where: RA required orifice area, in2 

liquid flow rate, gpm 

coefficient of discharge 

overpressure conection factor 

viscosity correction factor 

specific ugavity 

set psestsure, psig 

back pressme, psig 

accmulated pressure, psig 

Note: Second equation is used when code certification is required. 
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DESIGN CONSIDERATIONS 

There are a number of factors which must be considered in sefectirig the correct relieving device. 

Some of these factors are: 

Liquid or vapor service 

Balanced or nun-balanced 

* Temperature suitabilib 

Metallurgy 

Seat tightness 

Once the orifice size is calculated, the proper combination of valves can be selected to fit the 

requirements. The manufactttrer's catalogs has a series of tables for standard orifice areas and 

options. If multiple valves axe required, skifar size valves should be selected. 

Once the relieving device has been size4 it is the responsibility of the mechanical designex to 

specifyfy, configure, and orienate the piping going into and out of the relieving device. Again, .the 

mechanical constraints and code regulations must be followed. Some of these factors are: 

Met line pressure loss 

Back pressure constraint 

Fkee draining tailpipe 

Reactive forces 

Piping forces from thennaf expansion 

Liquid surge collec&on vessels 

Special handling for corrosive material 

Winterizing 

Staggering set points for multiple valves 
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RELIEF SYSTEM DESIGN 

The selection of a disposal method is subject to many factors that may be specific to a particular 

location or an individual unit. The basic purpose of a relief system design is to safely transport 

the relieving fluids to a location where it can be discharged or recovered. In order to safely 

discharge refinery fluids to a safe location, the engineer must be aware of toxicity, flash point, 

explosive limits, and ignition temperature of the relieving fluids. Other important concerns are 

excessive noise level md air poflution limits. 

Discharge DesGnation 

Atmosphere 

In some situations (nontoxic and nan-flammable streams), pressure relief vapor streams may 

be safely discharged b c t l y  to the atmosphere with reco,ollition of appropriate design 

parameters. Atmospheric discharge reduces the si,&ficanr problems associated with rhe 

analysis of system goads, proper sizing of piping, mechanicd design criteria, and back 

pressure buildup from cXosed sysrems.. If the air quality codes dilow emergency discharge to 

the atmosphere, the remaining poxential hazards can often be overcome. 

EZase or Incinerat~r 

Flares are used in most refineries for disposal of continuous flows of excess gases and surges 

of gases in an. emergency situation. The flare should be designed to prevent liquid discharge, 

operate snnokelessly, without excessive noise, md have a positive ignition system. The flare 

system design, incluchg safe Eocazion and safe height., is covered in API recornmended 

practices. If toxic chemicals require dxsposal, the complete combustion to safe stack products 

in an i~cinerator is a common soXution. 1 

Discharge of material to the same or another process system at lowqr pressure may be a safe 

economical. design alternative (e.g., pump discharge relief valves frequently discharge back to 

the suction of the same pump or expensive sotvents discharge to dtemative fractionators). 

IPD/2W uOp Process Safety-23 



Vent Tank or Quench Tower 
i 

For materials which require isolation from the normal flare system, such as liquids which 

economically justify recovery, conosive or toxic fluid which must be isolated, highly viscous 

fluids which could solidify, or hot fluids which require cooling require special handling. 

Quench drums, net&alization facilities, scrubbers, or separate closed relief header with 

recovery sump are special designs found in a refinery. 

Piping Design t 

Some considerations for piping to and from a refief device are following: 

* Lenshen inXet piping to improve access, remove from extreme hot or cold service, dampen 

presswe fluctuations, locate outside insulirtion 

* Provide free draining to avoid liquid seal 

Size inlet qua3 or greater than psv inlet (ASNfE code requirement} 

lnliet friction drop to be less than 3% of psv set (except for a remote sensing device) 

* Them4 and reactive load at relieving conditions 

The baic  criterion for sizing relief device discharge piping and manifolds is that the back- 

pressure not reduce the capacity of the relieving devices to protect the equipment from 

overpressure.. Back-pressure c m o t  be calcdated until the maximum flow mes are established. 

To this end, beside large individual refief rates, the simdtaxleous relieving rates must be 

determined for power failure, cooling water failure, ins-ent air failure, and fise case. M e n  

the maximum v w r  relieving requirement has been determined and the m i m m  allowable 

header back pressure has'been defined (as determined by rype of valves and code requirements), 

the selection of Iine size is then reduced to a fluid flow calculation. The allocation of pressure 

drop is typically 70% for the main Rare header and 30% for the sub-headers and tailpipe. Typical 

pressure drops are 15 psi for main header, 7 psi for sub-header and tailpipe, and 3 psi for faare 

stack. 

The cost of the flare piping can be substantial and many times there is incentive to utilize 

existing facilities for new services. Therefore, means to reduce the maximum vapor relieving i, 
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- - \% loads are given special attention. UOP reduces the maximum calculated Ioad by 25% to account 
\ 

for the improbability of simultaneous discharge at maximum me, but there is no industry-wide 

standard. In some cases, shutdown devices may be used to reduce flare load. 

Figure XV-13 

Dekta P Calculations 

Other considerations for relief device discharge piping and manifolds are criticdl flow in header 

system, which introduce pressure discontinuities, auto-refrigemtion due to flashing of fluids, 

removal of liquid in knockout drums, and sapid acceleration due to pressure changes in system. 

To minimize reaction force, increased erosion, excessive noise. and pressure drop, the manifold 
1 

fine size can be increased until velocity of relieving fluids are subsonic. 
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