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What’s Up With the 526 Valves?

e The API Standard 526 lists standard
characteristics for relief devices for a
given orifice size:

* |nlet/ Outlet Diameters

* Flange Ratings

e Temperature / Pressure Limits
e Backpressure Limits

* Dimensions

* Relief Device Installation
Requirements dictate:
* Inlet pressure loss requirements

e Qutlet pressure loss
requirements

Table 4—Spring-loaded Pressure-relief Valves “E" Orifice (Effective Orifice Area = 0.196 in.2)

ASME
Materiais® | YA Flange Maximum Inlot Flange {Set) Pressure Limit Outlet Pressure | Conter 4o-Face
Stz Class {p=ig) Limit * Dimensions
(peag) ()
Conventional and Balanced Bellows Valves
. o
Inlet by u o
Body/ Orifice : T | amF | 18 | 20 e | e :‘ e
Bonnet by L to o e a50° a o | Rating | Rating T
E s & . Fo 800°F | 1000°F| iiea | ims | L
Chutlet T $ -T8F | =21°F | 100°F E IE
T T
100 °F | 100°F
Tanperatrs Range Incusive -20°F & 800°F
Cartan Steal 1E2 150 | 150 285 185 a0 285 20 4% | 4%
1E20 | W0 | 150 (285) @as) | @ss) 285 20 | 4% | 4
12 00 | 150 740 815 410 285 20 | 4% | 4
1E2 800 | 150 1480 1235 835 285 20 4% | 4
preEz | W00 | %00 2920 1845 175 {800} 500 | 4% | 5
1eE2 | 1500 [ 200 Er 3080 2060 {600} 500 |4% | 5%
t1eEs | 2500 | 300 8000 8000 3430 740 500 St 7
Torngardiurs Fangs Indussa 801 °F 121000
Chrame B2 00 | 150 510 215 285 EECE
Maybdenum 1E2 &0 | 150 1045 430 285 20 | 4% | 4%
Snml 1€z | 900 | 300 1525 650 (800 s00 | 4w | 52
1'%E2 | 1500 | 300 2540 1080 | (600} 500 | 4% | 52
1'6E3 | 2500 | 300 4230 1800 740 500 58 7
Tanperatrs Range Indusive 450 °F fo 1000°F
Pustarise 1E2 150 | 150 | 278 275 275 180 a0 E 275 290 | 4% | 402
Stairiass E2 | W0 | 150 | @) ers | @m | @ 275 275 75 20 | 4% | 4Y:2
Snml B2 W0 | 150 | 7= 720 720 235 420 350 75 290 |4 | 42
1E2 00 | 150 | 1440 1440 1440 75 845 700 75 20 | 4% | 4%
1ieE2 | 900 | 300 | 2160 2180 2160 1485 1265 1060 | (600) s00 | 4w | 52
1ipEz | 1500 | 300 | 3m00 3600 00 2480 2110 1750 | (600} 500 | 4% | 52
1 | 2500 | 300 | @ooq) | so00 6000 4130 3520 2915 720 500 58 7
Tempersturs Rangs Indusive —20 °F to 900°F 9
Noka/Copper | 1E2 150 | 150 230 75 a0 = 230 20 | 4% | 49z
Ay jE2° | W | 150 230y | (=m (20 230 290 20 | 4% | 4u
12 00 | 150 800 475 450 275 230 mo | 4% | 42
iE2 a0 | 150 1200 5 15 550 230 290 | 4% | 4u:
1pE2 | 900 | a0 1800 1420 1375 825 800 so0 | 4% | 52
T ro Rangs Indusive -20 °F o 300°F 2
Nigy 209 1E2 150 | 150 230 180 290 20 | 4% | 402
jE2e | 00 | 150 a0} | (8o 230 20 | 4% | 442
iE2 00 | 150 800 85 230 290 | 4% | 4u2
1E2 800 | 150 1200 330 230 230 | 4% | 4v:2
treE2 | 00 | 300 1800 1395 800 00 | & | sve
11eE2 | 1500 | 300 000 2330 800 500 | 4% | 52
1wE3 | 2500 | 300 5000 3830 800 500 518 7
3 it and cuSet Bange pressue imits corespand & Sie vaiues in ASME B16.34 uriess endosad in mmntheses. A valie S & shown in parenthases is
Jass han that provided in ASME B16.34. The oufet fange values &t 100 °F shovears the limits for Sis standard. ket and outet fange pressure values
atater may arly ba interpolated using graphs Fam Ammax Bar Fom lables in ASME B16.34, if iase values da nat excead S values
in parenfhesas or e aulst fange values ot 100 °F above. Prassune changes wihin the lamgemium ranges abeve may not be near. Ballvws cufat
pressum limits am the design pessum of the ballows ai S oulel temperaiure of 100 °F, and pressum valves atofher lemperatures may be delssminad
fromAmex C. User is cauoned to myiew e outis! tempenatre for possitie oryogenic agpicasons and seiect fe approgrise materiss.
B Materiais given ane misisnum mouiraments far Sia pressure and lemperatire ratings. Ofer suitabie materisis may be used, a5 required fr S Senvios
nveivad.
2 Sel pressure limited fr low-press e sppissions whare a dass 300 ilet Sangs is praferred over a dass 150 fanga.
9 Materiais imied o 300°F. Prssum ratings indicated inthe 1000°F columa are limited & 900°F.
2 Materiais imitsd o 300°F. Prssum ralings indicated in e 450°F cdurm am limitsd & 300°F.
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What’s Up With the 526 Valves?

* For many orifice sizes, there are multiple sizes depending on the required
set pressure.

2x3
3x4
3x6
4x6
6x8
6x10
8x10

* Inlet Pipe Area / Orifice Area less than ~ 3 tend to have difficulty meeting
the 3% rule.

e Qutlet Pipe Area / Orifice Area less than ~ 5.5 tend to have difficulty
meeting the backpressure requirements (Hisao lzuchi, APl Conference
Meetings)
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What’s Up With the 526 Valves?

e For many orifice sizes, there are multiple valve configurations depending on
the required set pressure.

2x3
3x4
3x6
4x6
6x8
6x10
8x10

Orifice Area
f <3

Inlet Pipe Area tend to have difficulty meeting the 3% rule.

Orifice Area

outiet Ppe area > tend to have difficulty meeting the backpressure
requirements (Hisao Izuchi, APl Conference Meetings)
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What’s Up With the 526 Valves?

Orifice Area Size M-IFR OFR_[CSP, .| IPSch [ OPSch [C-P,...|B-Po...|IPA/OA [OPA/OA
D 0.11 1x2 600 150 1,480 160 STD 285 230 4.7 30.5
0.11 1%x2 1,500 300 3,705 XXS STD 600 500 8.6 30.5
0.11 1%:x3 2,500 300 6,000 XXS STD 740 500 8.6 67.2
E 0.196 1x2 600 150 1,480 160 STD 285 230 2.7 17.1
0.196 1%x2 1,500 300 3,705 XXS STD 600 500 4.8 17.1
0.196 1%x3 2,500 300 6,000 XXS STD 740 500 4.8 37.7
F 0.307 1%x2 600 150 1,480 160 STD 285 230 4.6 10.9
0.307 1%x3 2,500 300 5,000 XXS STD 740 500 3.1 24.1
G 0.503 1%x3 900 300 2,220 160 STD 740 470 2.8 14.7
0.503 2x3 2,500 300 3,705 XXS STD 740 470 3.5 14.7
H 0.785 1%x3 300 150 285 160 STD 285 230 1.8 9.4
0.785 2x3 1,500 300 2,750 160 STD 740 415 2.8 9.4
J 1.287 2x3 300 150 285 STD STD 285 230 2.6 5.7
1.287 3x4 1,500 300 2,700 160 STD 600 230 4.2 9.9
K 1.838 3x4 600 150 1,480 XS STD 285 200 3.6 6.9
1.838 3x6 1,500 300 2,220 160 STD 600 200 2.9 15.7
L 2.853 3x4 300 150 285 STD STD 285 100 2.6 4.5
2.853 4x6 1,500 150 1,500 160 STD 285 170 3.3 10.1
M 3.6 4x6 900 150 1,100 XS STD 285 160 3.2 8.0
N 4.34 4x6 900 150 1,000 XS STD 285 160 2.6 6.7
P 6.38 4x6 900 150 1,000 XS STD 285 150 1.8 4.5
Q 11.05 6x8 600 150 600 XS STD 115 115 2.4 4.5
R 16 6x8 300 150 100 STD STD 60 60 1.8 3.1
16 6x10 600 150 300 XS STD 100 100 1.6 4.9
T 26 8x10 300 150 300 STD STD 100 100 1.9 3.0

Set Pressure Limit (CS P,y is for Carbon Steel @ 100 °F; M-IFR = Maximum Inlet Flange Rating, OFR = Outlet Flange Rating, IP Sch = Inlet Pipe Schedule, OP Sch = Outlet Pipe Schedule,
C - Pouiet = Conventional Outlet Pressure limit, B - Py, . = Bellows Outlet, IPA / OA = Inlet Pipe Area / Orifice Area, OPA / OA = Outlet Pipe Area / Orifice Area.
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What’s Up With the 526 Valves?

o : ‘ : Inlet Piping
Methodology to identify valves with Segment A-B
inlet installation problems: 36" Rounded entrance 4P6
00" 36" Pi

e Standard Common New ,135" g0° |I_F§E|bgw5 0
Installation used' (see figure) | Szgﬁgc:t - SO

e Set Pressure varied from 15 psig 60' 8" Pipe C
to 5,000 psig (or the STD 526 48790 LR Elbows o
'O ! P18 {0 € 4x8 ANSI| Reducer Reducer
limits) Segment C-D

* Piping schedule varied to meet e ale g
Bechtel Pipe Spec’s based on
the pressure limits @ 200°F Fiping Schedule per Bechtel

‘ - - ' Fiping Specifications B

* Relief device body sized varied 36 Process Lne &
to meet API STD 526 pressure A
limits @ 200°F

e Other Valve Sizes Protected
e A-—B, always 36” pipe Equmen’[
e B—C, 2x PSV Inlet Diameter
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What’s Up With the 526 Valves?

Breakdown of % of Inlet Losses vs. Set Pressure - D Orifice
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What’s Up With the 526 Valves?

% Inlet Losses
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What’s Up With the 526 Valves?

e The APl Standard 526 Sizes that are difficult to install (over all set pressure
ranges)

* Purple Boxes are valves that have inlet installations concerns
* Red Boxes are valves that have inlet and outlet installations concerns

2x3
3x4
3x6
4x6
6x8
6x10
8x10

e (Qutlet Pipe Area / Orifice Areas less than ~ 5.5 tend to have difficulty

meeting the backpressure requirements (Hisao lzuchi, APl Conference
Meetings)
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a | Process Safety Consulting




What’s Up With the 526 Valves?

 What does this mean in the real world? Is it a problem?
e Foralarge chemical plant in the USA:

e 90 unique 4P6 relief devices

e Set Pressure varied from 10 psig to 1,230 psig

* Inlet piping equivalent feet varied from 4 ft to 116 ft
* Inlet AP varied from 1.2% to 19.5%

e Results

* Inlet AP was less than 3% for 54% of the 4P6 relief devices (48/90)
* Inlet AP was greater than 3% for 46% of the 4P6 relief devices (42/90)

e Previous standard common installation equivalent feet ~11

. Smith & Burgess
. _ Process Safety Consulting



What’s Up With the 526 Valves?

Inlet Losses and Piping, 4P6, 90 Installations
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What’s Up With the 526 Valves?

Q: How do we fix this real world
problem?

A: Form a committee of course

. Smith & Burgess
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What’s Up With the 526 Valves?

e S0 API 526 formed a Task Force to investigate how:

* To modify the relief device standard to ease meeting inlet piping
installations requirements (e.g the APl 3% rule)

* To modify the relief device standard to ease meeting the outlet piping
installation requirements

* This information has come out of the AP/ STD 526 Task Force and is being
shared for comment

* Alot of work has been done to-date, a very brief summary of working
solutions proposed are:
e Option 1 - Increase the body size for existing orifice sizes (e.g. a 6P8)

e Option 2 - Add an optimized size for each inlet valve diameter (e.g. 6Q’8,
where Q" is ~¥8.82 in%, OA/IPA=3.0 & OA /OPA =5.7)

e Option 3 - Allow an option for manufacturers to provide valves of a
customizable area (e.g. adjustable lift)

e Option 4 — Do nothing

Smith & Burgess
a | Process Safety Consulting




What’s Up With the 526 Valves?

Option 1 - Increase the body size for existing orifice sizes (e.g. a 6P8)

Pros:

e Easy for industry to understand the change; does not introduce any new
concepts

* Increased flexibility for new installations

Cons
* Does little to help mitigate the existing installation problems
* New options will drive up manufacturers’ costs (and new relief device
prices)
e |f the standard eliminates or reduces the ability to use problem valves, will
tend to drive up total installed costs for new installations

 Maintenance costs may increase due to the additional valve types to be
stored, repaired, and spared

Smith & Burgess
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What’s Up With the 526 Valves?

e Option 2 - Add an optimized size for each inlet valve diameter (e.g. 6Q’S,
where Q" is ~8.82in%; OA/IPA=3.0& OA/OPA=5.7)

e Pros:

* Will allow the resolution of some inlet piping installation concerns (e.g.
Inlet AP > 3%) to be resolved with piping changes

* Increased flexibility for new installations

* Introduces a new series of orifice letters and may cause confusion (as there
are currently no letters between P and Q for the new Q)

 New options will drive up manufacturers’ costs (and new relief device
prices), but conceivably less than Option 1

e |f the standard eliminates or reduces the ability to use problem valves, will
tend to drive up total installed costs for new installations

 Maintenance costs may increase due to the additional valve types to be
stored, repaired, and spared

Smith & Burgess
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What’s Up With the 526 Valves?

e Option 3 - Allow an option for manufacturers to provide valves of a
customizable area (e.g. adjustable lift).

e Pros:

Will allow the most resolution of inlet piping installation concerns (e.g. Inlet
AP > 3%) to be resolved without piping changes (of the 4 options)

Increased flexibility for new installations
Concept is already in use and has been accepted by the NB for UV stamping

May reduce sparing and maintenance cost due to a consolidation of relief
devices and internal parts

e Cons

* Confusion, as this is a paradigm shift in the way that relief devices are
designed and specified

 New options will drive up manufacturers’ costs (and new relief device
prices), but conceivably less than Option 1

* Whole new set of requirements will need to be codified and/or
RAGAGEP’ed to deal with variable orifice areas in standard valve sizes

Smith & Burgess
. - Process Safety Consulting




What’s Up With the 526 Valves?

e Option 4 — Do Nothing

* Pros:
e Easiest to implement
e No change-related PSV costs

* Few options other than piping modifications for retrofitting valves that do
not meet installation requirements

* Not actually a real solution

Smith & Burgess
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Comments?

Smith & Burgess
- — Process Safety Consulting




What’s Up With the 526 Valves?

e Back to our real world problem?

e Options 4/1 do not solve any of these problems without piping
modifications; arguably Option 1 will assist in the mitigation process

e Options 2/3 will reduce the number of installations that require piping
modifications; let’s look at the numbers:

e 48 4P6 PSVs with Inlet losses less than 3%
e 15 were undersized so will require additional mitigation
33 were acceptable

e 42 4P6 PSVs with Inlet losses greater than 3%
e 12 were undersized so will require additional mitigation
e 30 were adequately sized, but improperly installed

* 90 4P6 PSVs
e 27 were undersized so will require additional mitigation
e 63 can potentially be mitigated with PSV only changes

Smith & Burgess
: _ Process Safety Consulting




What’s Up With the 526 Valves?

Inlet Losses and Piping, 4P6, 90 Installations
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What’s Up With the 526 Valves?

e Some assumptions made
© APoCAVZotAw? o (ARequired / AOrifice)z

° EStImatEd APRequired = APCapacity X (ARequired / Aoriﬂce)z

63 4P6 PSVs were adequately sized
e 33 were adequately sized and Inlet A P less than 3%

e 30 were adequately sized, but Inlet A P is greater than 3%
e 22 havelnlet AP lessthan 3% @ the required flow rate
* 8 haveInlet A P is greater than 3% @ the required flow rate

e Option 3 resolves 22 inlet A P cases without piping modifications

e Option 2 would resolved somewhat less than 22 cases depending on the
optimized orifice size

Smith & Burgess
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What’s Up With the 526 Valves?

Inlet Losses @ Required, 63* Installations
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QUESTIONS?
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