LS o slof 1
03 il 48 5304 30 Rl &

P99 9 Jg! and>

> ! il ko SBT Wl 2ab g3 yo Sl

w320 Slap 3l (ol 5 0 5 20
A SETHY / olo g0 1



ué/d'i(‘}



SIS )b )
W olo 0 V) Jolawds |

W olo LT VY pedduds | Y

P > | ¥

Pl awl> | ¥

P Al |0




> iigo BT bt B3 bt & (5 308 po QBT b HLid Cand 3ol

Jol ad>

2 i o g St g 3o Gl o 1 dine ) 9 wilicio (00 yIrilins! Sl

API1510 35558 5, o

API572 5)l6ksl 9.7 0y @

Y+ d iulus API570 155.8 1, @

Y\F il API570 55511 5y @

API 574 5,15kl 11.2 JI11 o @

API 577 56kl 9.11 5, @

ASME B3L.3 5kl 345 1,

ASME SEC VIII DIV 12017 sUG99 s, e

502 (392 dnlgs nts sbcus glyl g Slogs 5 Sliwlgyin Lid s Sllll diej 53) 501 JSs)1 @

VA Gl 5o JS6)T 0n) 503 5 (a0 4l Jlid cus (sl 4 NDT (30l (slagisg, ) @
ASME PCC2 5 sl (cuwl oass adls]

EEMUA 168 » skl @

IPS-C-P1-350 5 skl @

APl 1110 »,lubsl @

PFI ES-4 5 skl ®

1320 sy ol AP 653 55l VY Lo @

API 650 5,5kl 7.3.7 v @

API1 620 »,lskuol 7.18 1 @

API 625 5,l5kl 10.3 1y @



> iigo BT bt B3 bt & (5 308 po QBT b HLid Cand 3ol

St 3L 9590 (w33 52 3 oy Lid Cund LT

D ©ope (359) Cogods Jaeme (S )il )3 HUid Cund s (6) sueT plxil I g (Sl sladiee 3 oS
$lid s bl o

Alteration ,a ;I sx

Major <l yuess jl A

Rerate ;| s

Uil A b s jLid cus plodl MAJOr jue &l uass 350 0

ASME PCC2 — Article 5.1

sl HUiS Cud @ JW oy 4>

APL 1S 5.8 15 15 45 Cads 5 Lt G 4y o der 4 ] ) 398 oo plol &5 e API 570 4 API 510
U)9o.o~'-b L: 9 6‘0)9.) u)}«od) ’Yw )Lm.‘? Cand 1S Gl oJ«o] Q)yo U"l LY )L.MS cwws API 570 J5511J.u 3510

s 5L Part of routine inspection

Major oS cuwl 3L (5o 43 Hlid Cond g mul 4Ll 45 s 5L5 (8109 O yguods Hlid s &S Cenl opl Jol a5

ol ausly Alterate o Repair

Ol pass g Olypond Eou dlo )0 &S i uad ;0 atdl dg Al ol3ll Lis s Alterate , Major Repair ;| s
aS 29 (pl 4y e (REFALE) (cu] 3 il s 5145 00,8 (S5 55 (silyd Wl yuss) RErate aiej 40 8.2 u > ol
Cans oS Canl 3l 1S oolitl | o dudlssey oS ol 5l LB WS gy T8l Led MAWP & Cons 3y MAWP

S Olus |y ol (0,851 b ams el )Lss

RJ\RY



> iigo BT bt B3 bt & (5 308 po QBT b HLid Cand 3ol

5.8 Pressure Testing

5.8.1 General

Refer to Article 5.1 in ASME PCC-2 for more information on pressure testing.
5.8.2 When to Perform a Pressure Test

5.8.2.1 Pressure tests are not normally conducted as part of routine inspection. A pressure test is normally required
after an alteration or major repair. After repairs (other than major repairs) are completed, a pressure test shall be
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5.8 Pressure Testing

5.8.1 General

Refer to Article 5.1 in ASME PCC-2 for more information on pressure testing.

5.8.2 When to Perform a Pressure Test

5.8.2.1 Pressure tests are not normally conducted as part of routine inspection. A pressure test is normally required

after an alteration or major repair. After repairs (other than major repairs) are completed, a pressure test shall be

applied if the inspector believes that one is necessary and specifies it in the repair plan. Potential alternatives
pressure tests are outlined in 5.8.8.

5.8.2.2 Pressure tests are typically performed on an entire vessel. However, where practical, pressure tests
vessel components/sections can be performed in lieu of entire vessels (e.g. a new nozzle). An engineer should t
consulted when a pressure test of vessel component/sections is to be performed to ensure it is suitable for tt
intended purpose.
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ASME PCC-2-2018

Article 502
Nondestructive Examination in Lieu of Pressure Testing for
Repairs and Alterations

502-1 DESCRIPTION
502-1.1 Background

This Article provides alternatives to pressure testing
after repairs or alterations. A pressure test in itself is a
useful tool with respect to newly constructed equipment.
Application of a pressure test, to equipment that has been
in service for some time, is a matter that requires careful
consideration of a variety of factors involved. There are
instances where the application of a pressure test is not
desirable, such as, the application of a pressure test may
create damage.

502-1.2 Application

This Article applies to equipment for which

(a) NDE providesbetter assurance of integrity in future
operation for elevated temperature or cyclic operation
where crack initiation and propagation is a concern.
Large flaws may not result in failure during a pressure
test but may propagate in cyclic or creep service.

(b) a pressure test is not practical and NDE can be
shown to provide appropriate integrity assurance. A pres-
sure test of equipment that has been repaired is primarily
a leak test, or, in some cases, a test for gross fabrication
flaws that could compromise structural integrity.
Structural integrity of the design is usually not an
issue for repairs. Even for most alterations, the integrity
of the design can be verified by engineering analysis.

(c) apressure testispractical, but NDE can be shown to
provide equivalent integrity assurance. In this case,
overall cost may be a major consideration. It is essential
that the appropriate NDE be performed based on the
damage mechanisms anticipated during repairs or
alterations.

502-1.3 Pressure Testing

Pressure testing consists of three primary methods.

(a) Hydrostatic Test. The fluid used is typically water;
however, another suitable liquid can be substituted if
there is a risk of damage due from any adverse effects
of having water in the system.

(b) Pneumatic Test. This is performed in some situa-
tions where the presence of any water or weight of the
water in the system is an issue. The pneumatic test is
potentially hazardous due from the stored energy of
the compressed gas.

(c) Hydro-Pneumatic Test. This is a combination of the
two other test methods. Article 501 should be referred for
pressure testing issues and precautions.

502-1.4 Nondestructive Examination (NDE)

NDE has been defined as comprising those examination
methods (see Mandatory Appendix 502-1) used to
examine an object, material, or system without impairing
future usefulness. Itisused to investigate the material and
component integrity.

Determining the structural integrity of a pressure-
retaining device or component can be accomplished by
a process involving a quantitative engineering evaluation
coupled with NDE to obtain current wall thicknesses and
provide detection and sizing of any in-service flaws or
cracks (National Board Bulletin, Volume 61).

502-1.5 Pressure Test

502-1.5.1 Reasons for Pressure Testing in New
Construction

(a) Checks for leakage of mechanical and welded joints

(b} May avoid an in-service failure and associated
safety issues

(c) Screens out gross design, material, fabrication
deficiencies

(d) Reduces the stress-multiplying capability of sharp
notches, metallurgical defects, discontinuities (flaw tip
blunting)

(e) Provides mechanical stress relief

Also refer to 501-3.2.

502-1.6 NDE Methods

The following is a limited list of the more common alter-
native NDE methods. Mandatory Appendix 502-1, Table
502-1-1 compares NDE methods, properties sensed or
measured, typical discontinuities detected, representative
applications, advantages, and limitations. Refer to section
502-5 for examination requirements.

(18)

(18)
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502.2.4 Repairs and Alterations for which Pressure Testing is noy Normally Required
(ANSI/NB-23)

2S¢ aalgss lJinormally «jgw 4 o)l 9y p Hlid cuns &8 Slacl s g Ol yuess

502-2.4 Repairs and Alterations for Which
Pressure Testing Is Not Normally
Required
(ANSI/NB-23)

The following types of repairs and/or alterations may
be exempt from pressure testing or where pressure tests
may be optional depending upon the needs of the owner-
user:

(a) weldingorbrazingthatdoesnotpenetrate the pres-
sure boundary at any point

(b) seal welds

(c) cladding application/repairs

(d) hard surfacing

(e) welding to flange seating surfaces, when less than
50% of the axial thickness is replaced by welding

(f) tube-to-tubesheet welds, provided less than 10% of
the total number of tubes are replaced at any time after a
full operational cycle

(g) tube plugging or sleeving of heat exchangers, steam
generators, or boiler tubes

(h) hot tap fittings
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43.

TESTING METHODS

All testing methods should be performed by experienced personnel using written procedures acceptable to

Inspector.
1 PRESSURE TESTING

During an inspection, there may be certain instances where inservice conditions have adversely
affected the leak tightness or the inspection discloses unusual, hard to evaluate forms of deteriora-
tion that may affect the pressure-retaining capability of the pressure retaining item. In these specific
instances, a pressure test using an incompressible liquid, water, or other suitable test medium may be
required at the discretion of the Inspector to assess pressure boundary integrity of the pressure-retain-
ing item.

The Inspector is cautioned that a pressure test will not provide any indication of amount of remaining
service life or the future reliability of a pressure-retaining item. The pressure test only serves to deter-
mine if the item contains defects that will not allow the item to retain pressure. In certain instances,
pressure tests of inservice items may reduce remaining service life due to causing permanent
deformation.

Use of pressure test methods written or otherwise, shall be in agreement between the owner or user
and Inspector.

All instrumentation, including pressure and temperature gages, used to monitor a test shall be properly
calibrated.

When contamination of vessel contents by water is prohibited or when a liquid pressure test is not prac-
tical due to weight or other considerations, alternate test media may be used provided precautionary
requirements of the applicable section of the original construction code or other standards are followed.
In such cases, there shall be agreement as to the testing procedure between the owner or user and the
Inspector.
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502-1 DESCRIPTION
502-1.1 Background

This Article provides alternatives to pressure testing
after repairs or alterations. A pressure test in itself is a
useful tool with respect to newly constructed equipment.
Application of a pressure test, to equipment that has been
in service for some time, is a matter that requires careful
consideration of a variety of factors involved. There are
instances where the application of a pressure test is not
desirable, such as, the application of a pressure test may
create damage.

502-1.2 Application

This Article applies to equipment for which

(a) NDE provides better assurance ofintegrity in future
operation for elevated temperature or cyclic operation
where crack initiation and propagation is a concern.
Large flaws may not result in failure during a pressure
test but may propagate in cyclic or creep service.
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ASME PCC-2-2018

PART 5
EXAMINATION AND TESTING

Article 501
Pressure and Tightness Testing of Piping and Equipment

501-1 DESCRIPTION

(a) This Article provides general good practice for
determining the type of test, the test pressure, and the
procedure for pressure and tightness testing of pressure
equipment, including tubular heat exchangers, pressure
vessels, and piping systems. This Article is intended for
use when

(1) a complete vessel or system is to be pressure
tested

(2) a pressure vessel or system is isolated such that
pressure testing is completed on a portion of the pressure
vessel or system. For selection of test devices for localized
pressure testing of welded repairs of piping systems, see
Article 503.

(b) General information regarding the various types of
tests to choose from is provided, including application,
benefits, and limitations.

(c) Refer to individual repair articles of this Standard
for any pressure or leak testing requirements or recom-
mendations that should be followed.

501-2 LIMITATIONS

(a) Part 1 of this Standard contains additional require-
ments and limitations. This Article shall be used in
conjunction with Part 1.

(b) This Article shall be limited to use for field pressure
or tightness testing of existing equipment and piping using
either of the two fluid mediums, liquid or gas.

(c) This Article shall not be used for vacuum testing of
equipment or piping.

(d) This Article addresses pneumatic testing.
Pneumatic testing is potentially much more hazardous
than hydrostatic testing due to the higher levels of poten-
tial energy in the pressurized system; therefore, all
reasonable alternatives shall be considered before this
option is selected.

501-3 DESIGN

501-3.1 Definitions

closure weld: the final weld connecting piping systems or
components that have been successfully pressure tested
in accordance with the applicable construction code.

hydrostatic test: a pressure or tightness test where liquid,
typically water, is the test medium.

in-service leak test: a test using the process medium of the
pressure equipment performed at start-up of the
equipment.

pneumatic test: a pressure or tightness test where a gas,
generally nitrogen or air, is the test medium.

pressuretest: atest performed to ensure the gross integrity
of the pressure component on new pressure equipment, or
on previously manufactured pressure and piping equip-
ment that has been or is in service and has undergone an
alteration or repair to its pressure boundary(ies) to
ensure the gross integrity of the pressure component
to the original construction code. A pressure test may
be performed with liquid (hydrostatic test), gas (pneu-
matic test), or a combination of both (hydropneumatic
test).

tightness test: a test that is performed to ensure overall
leak tightness of the system or its connections before the
process medium is introduced.

501-3.2 Reasons for Pressure and Tightness
Testing

(a) The primary purpose of performing a pressure test
is to verify the integrity of a pressure system. This is espe-
cially true when welded repairs or alterations have been
performed on the pressure boundary. Pressure and tight-
ness testing are not substitutes for proof testing a design.

(b) Pressure or tightness tests can be used to check for
pressure system leakage, especially in flanged joints.
Tightness tests may be performed in conjunction with
the pressure test.

(18)
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(c) Hydrostatic pressure testing can provide some
mechanical stress relieving. This is accomplished when
local regions of high stress, such as at stress concentra-
tions and crack-like imperfections, undergo local yielding
during the pressure test. Release of pressure then
produces compressive residual stress in these regions,
such that when pressure is reapplied, the operating
stress is less than would have occurred otherwise. This
can help mitigate the risk of brittle fracture when it is
a consideration. Subsequent operation, especially at
elevated temperatures, can reduce or eliminate any
stress-relief benefit or brittle fracture control.
Hydrostatic pressure testing does not eliminate the
need for postweld heat treatment, whether required by
the applicable construction code or by the user’s require-

ments. See also para. 502-1.7.
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Mandatory Appendix 501-I11

Stored Energy Calculations for Pneumatic Pressure Test

501-1I-1 GENERAL

The stored energy of the equipment or piping system
should be calculated and converted to equivalent kilo-
grams (pounds) of TNT (Trinitrotoluene) using the
following equations:

E=[1/(k— 1)] X By X V|1 — (BRI D/K| a1

— where
K= Cp/CV E stored energy, J (ft-1b)
k ratio of specific heat for the test fluid

wnn

P, absolute atmospheric pressure, 101 kPa (14.7
psia)
P,. = absolute test pressure, Pa (psia)

V = total volume under test pressure, m°> (ft>)

When using air or nitrogen as the test medium (k =
1.4), this equation becomes

E=25x Py x V|1 — (B/P,)028¢ 1-2)

|

and
ai-3)

where

E = stored energy, |

P, = absolute atmospheric pressure, 101 000 Pa
P, = absolute test pressure, Pa

V = total volume under test pressure, m>

For U.S. Customary units using air or nitrogen as the test
medium (k = 1.4), this equation becomes

E = 360 % By x V|1 — (B,/B,)0286 (11-4)
and
E
TNT = ———(Ib) (11-5)
1,488,617
where
E = stored energy, ft-lb
P, = absolute atmospheric pressure, 14.7 psia
P,. = absolute test pressure, psia
V = total volume under test pressure, ft>

When calculating the stored energy for avessel, the total
volume shall be considered. When calculating the stored
energy of a piping system, a maximum volume based on a
length of of 8 pipe diameters may be considered for any
single failure analyzed.

See also paras. 501- b? and 501-6.2(f). @

Imﬁ(x.wj_n;)k s s Slaslaa 3 Jw aaa 1 age 433

ASME PCC2 2018 skl 1 81 JS5)]

ol dosais bl Slogs Cond 53 0 0533 (65 5) dwlro

D5 8,5 a5 3V 935 g Ie sl K o ps -
25 4,8 a5 55 o DA Jolso 5 g ot (sl 5 IS o2, o5 Byl gl -

O 9 3, Cusges 15 plas (gl 313 D939 5 Jgeyd o &S LSS

K g ol KLU 01;4519 Ls‘x Swelndge i con S &S cunn ratio of specific heat for the test fluid 51

..)9: ..\.Qv‘9> l) )g‘)g

E=[1/(k= 1)] X Py X 1—(1)/))“'-‘)/"1] (1)

30



> iigo BT bt B3 bt & (5 308 po QBT b HLid Cand 3ol

w2 deolome Jgo 8 ol 05 g > Casl ME L ply 059555 5 lop b el gl copd (oS ol 51 L

sl 03)5° S5 (555 g Iom sl |y Jolao 04 0,85 (45,

E=25x%P, x V|1 — (/0236 (11-2)
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) When calculating the stored energy for avessel, the total
volume shall be considered. When calculating the stored
energy of a piping system, a maximum volume based on a
- length of of 8 pipe diameters may be considered for any

single failure analyzed.
See also paras. 501-6.2(¢) and 501-6.2(f).
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INTERNATIONAL ISO
STANDARD 8573-1

Third edition
2010-04-15

Compressed air —
Part 1:
Contaminants and purity classes

Air comprimé —

Partie 1: Polivants et classes de pureté

s sl ASME PCC2 55kl 501 5] 5 o )Ll — 03,8 glgn ol 1SO 8573-1 3 kel
Siloss

Table 1 — Compressed air purity classes for particles
Maximum number of particles per cubic metre
Class? as a function of particle size, 40
0.1 pm<d < 0,5 pm 0.5um<d=1,0pum 1.0um=d =50 pm
0 As specified by the equipment user or supplier and more sfringent than class 1
1 = 20000 = 400 =10
2 < 400 000 < 6000 <100
3 Not specified < 90 000 < 1000
4 Not specified Mot specified = 10 000
3 Not specified Mot specified = 100 000
Mass concentration®
Class G
mg/m?
6 D<Cp=35
7 5<Cp=10
X Cp> 10
@ To qualify for a class designation, each size range and particle number within a class shall be met.
B At reference conditions; see Clause 4
©  SeeA322

oy o3l 390 (cloa 3 kil Gollae — 63058 (clon (can WS asej 3 1ISO 8573-1 5)lkewl V Jgas
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Table 2 — Compressed air purity classes for humidity and liquid water
Class Pressure dewpoint
°C
0 As specified by the equipment user or supplier
and more stringent than class 1
1 < -70
2 =40
3 = -20
4 = +3
4] = +7
6 = +10
Class Concentration of liquid water®
Cw
g/m3
7 Cy=05
8 09<Cy=5
9 S5<Cy=10
X Cy =10
a At reference conditions; see Clause 4.

Cond > o3l 390 (cloa 3 llinl Gillao — 03,58 (clon (can WS asej > 1ISO 8573-1 5,lukewl ¥ Jgas

Table 3 — Compressed air purity classes for total oil

Class Concentration of total oil2
(liquid, aerosol and vapour)
mg/m3
0 As specified by the equipment user or supplier

and more stringent than class 1

1 = 0,01
2 = 0,1
3 =1
4 =9
X =0

8 At reference conditions; see Clause 4.

oy o3l 390 (cloa 3 kil Gollae — 03058 (clon (can WS aisej 3 1ISO 8573-1 5kl ¥ Jgas
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= (MEREAESHY) Appendix 501-111

Safe Distance Calculations for Pneumatic Pressure Test

501-111-1 BLAST WAVE DISTANCE For example, to prevent lung damage, the distance a
o = person is from the equipment should result in an
The minimum distance between all personnel and the Ricatea value of more than 6 m/kgx/a as R/lb”g)A Note

equipment being' tested shall be the greater of the structural damage that can occur, which shall be
(a) the following: considared:
(1) R=30 m for E < 135 500 000 ]

2, 0 m for 135 500 000 ] < E < 271 000 000

() 8- oh i lis2 22 '] s01-1ll-2 FRAGMENT THROW DISTANCE

(4) R=200 ftfor 100,000,000 < E < 200,000,000 ft-Ib (a) When fragments of vessel or piping are at risk of [Next
(b) the following equation: being created and impacting personnel, the minimum Page

i= il /3 (-1) distance between all persons and the equipment being
Hilz 2?1 Miol R = Recaed(2TNT) tested shall be as shown in Table 501-II-2-1.

Hiere () If the distances in Table 501-I1I-2-1 are not achiev-
‘Y E = stored energy as calculated by Mandatory able, the distance may be evaluated using methods avail-

Appendix 501-11, eq. (II-1) or eq. (1I-2) able in the public do; —
Ri:=sactual distance from equipmeint Tabte 501-11l-1-1 Alternative Values for Rscaea
R.caea = scaled consequence factor; value for eq. (III- - -
1) shall be 20 m/kg*/® (50 ft/1b*/*) or greater R==}:leg:3 :’E‘ﬁ; B';os:tﬂ' S';'“:wral
TNT = energy measured in TNT, kg (Ib), determined m/kg / 5 allure
from Mandatory Appendix 501-11, eq. (1I-3) or 20 S0
12 30 Eardrum Concrete block

Glass windows

\‘/ eq. (II-5) rupture panels
For systems where £ > 271 000 000 ] (200,000,000 ft- s 1 s el
.

1b), the required distance shall be calculated by eq. (I1I-1). <
If the minimum calculated distance cannot be obtained,

an alternative value for R, ;.4 may be chosen based on

Table 501-111-1-1 for use in eq. (III-1). See also para.

501-6.2(g).

ASME PCC2 3,5kl 8+) JSi )T ¥ o )lass soll] doarss ollae Silogss s oo )3 yon] alols dpusle

|y Slogs cond Jome b il yis poul alold a5 cowl (o lxiil gleis b Blast Wave Distance 3,4l cossas gl poé

..,\..")5"—‘-;0 Cuwdy

gl S8l 300 TNT p,SlS V5 Jolas 45 g3 K0 YO 5| 508 0 0,55 (5,0l 3o ,31 035 oo S5 5l
2y yo 5o plad il ool TNT 5,56lS $Y.0 Jsleo 45 Jo3 5o YV B VYD s 00 083 (g5l 51 g o T

22,85 oMol b 25 Jgey8 il e Jos Koo YN 5l 5VL (55l Jlado (sl g sl 4y s
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R=Ryg2NT) ()

Ll didl> g Rescaled

plol Siilogss s Cod s &S Jowe) Slogss s Joro jl dn o S 39 0 by pl Jaed cpl 4 dngi b
e 55 05 Jgix ) e B 4wy dales VL ey o conl pl a8l e oS (BT 0Bl SS005 (3550

.))‘9 |) dle _\)L’ Jab L)"‘ ‘5,».]0 L ["")b‘i’ ‘) Rscaled )‘J.O.o J\JL’ u.lb‘.) L)""?B o> l.: aS sl 030> .)‘..Q(w.u.’ Rscaled

MIII-I-I Alternative Values for Rycyeg

R:caledf R:caleq' BiOIOgiCAI Structural

m/kg'/? ft/Ib*? Effect Failure
20 50 Glass windows '
12 30 Eardrum Concrete block

rupture panels
6 15 Lung damage Brick walls
Fatal

2\5— B —_-‘/

Sl Gl 9V (555 03y (S)b ln & a4y 4 sl F 1) S pie qans y ds o b Spe Jro olabls gl
DS o )ly8 e Ve Cu b o)y 5 ) SS9 Glass Window e ole sl

55 IS Ol el gy 5,500 Byb Sy 3l g 00 Sy (595 sl il zge 355 4 34 G K 1y
TNT 5,56k + sl &8 08 )5l SOL-11-2-1 Jgior o | oolio b 1,38 evaluation wb obogs b & wa,ls

aials 5,3 oy3l oo ool o 48 392 s el 1 58 wolie 515 sl it s o] (el |, TNT 53+
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ASME PCC-2-2018 6

Table 501-11l-2-1 Minimum Distances for Fragment Throw Considerations

TNT Equivalent (kg) ini Distance (m) TNT Equivalent (Ib) ini Distance (ft)
Oto3 50 0to 5 140
3to s 60 5to 10 180
5to 10 70 10 to 20 220
10 to 15 80 20 to 30 250
15 to 20 S0 30 to 40 280
20 to 25 95 40 to 50 300
25to 35 105 50to 75 340
35 to 50 120 75 to 100 380
50 to 65 130 100 to 125 400
65 to 80 140 125 to 150 430
80 to 100 150 150 to 200 470
100 to 120 160 200 to 250 510
120 to 150 170 250 to 300 540
150 to 200 150 300 to 400 590
200 to 250 205 400 to 500 640
250 to 300 215 500 to 600 680
300 to 350 225 600 to 700 710
350 to 400 240 700 to 800 750
400 to 450 245 800 to 900 780
450 to 500 255 900 to 1,000 800
500 to 600 270 1,000 to 1,200 850
600 to 700 285 1,200 to 1,400 940
700 to 800 300 1,400 to 1,800 980
800 to 500 310 1,800 to 2,000 1,010
900 to 1 100 330 2,000 to 2,500 1,090
1100 to 1 300 350 2,500 to 3.000 1160
1300 to 1 500 365 3,000 to 4,000 1270
1500 to 1 900 395 4,000 to 5.000 1370
1900 to 2 300 420 5,000 to 6000 L1460
2 300 to 2 800 450 6,000 to 7.000 1,540
2 800 to 3 300 475 7,000 to 8.000 1600
3 300 to 3 800 500 8,000 to 9.000 1670
3 800 to 4 400 525 9,000 to 10,000 1730
4 400 to 5 000 530 10,000 to 12,000 1750
5 000 to 5 500 535 12,000 to 14,000 L770
5 500 to 6 500 545 14,000 to 16,000 1800
6 500 to 7 500 570 16,000 to 18,000 1,880
7 500 to 8 500 590 18,000 to 20,000 1,850
8 500 to 10 000 605 20,000 to 25,000 2,000

GENERAL NOTE: Based on American Table of Distances published by the Institute of Makers of Explosives. Lengths are for inhabited buildings,

unbarricaded.
-t -

255

Prowided by IHS Markit under icense wilh ASME

Slogs Cand ;> (iS5 Ol glads aie; 3 ASME PCC2 5)luskiwl 501 JSK5)1 Y aowens 51V Jgis
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API Plant Inspection By: Ebrahim Khayer
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Pressure Testing- H:

API Plant Inspection By: Ebrahim Khayer
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| 4
Pressure Testing- Hazgrds

API Plant Inspection By: Ebrahim Khayer

The stored energy of the equipment or piping system % 3l ot
should be calculated and converted to equivalent kilo- SHy ! u'?’:‘
grams (pounds) of TNT (Trinitrotoluene) using the fol- olw O )?é
lowing equations: IS . S

E= [1/« - 1)] x P x v[l - (P./P.f"-'“'] (1-1) Suilo gad
Whe; red J (ft-Ib) a'}s‘ :
= sto energy, =
k = ratio of specific heat for the test fluid Jél“TNT
P, = absolute atmospheric pressure, 101 kPa
(14.7 psia)
P,; = absolute test pressure, Pa (psia)
V = total volume under test pressure, m (i)

When using air or nitrogen as the test medium
(k = 1.4), this equation becomes

E=25xP,axV [1 - (P./P.)u"] (11-2)
and
- E (kg) 4
INT = 33556950 5

API Plant Inspection By: Ebrahim Khayer
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Swilogs Cund 40 jlro 3y SOl

The minimum distance between all personnel and the
equipment being tested shall be the greater of
(a) the following:
(1) R = 30 m for E < 135500 000 ]

(2) R = 60 m for 135500000 J < E < 271 000 000 J
(3) R = 100 ft for E < 100,000,000 ft-Ib
(4) R = 200 ft for 100,000,000 < E < 200,000,000 ft-1b
(b) the following equation:
R = Ryquaa (TNT)'? (II-1)
where
E = stored energy as calculated by eq. (II-1) or
(11-2)
R = actual distance from equipment
R.qied = scaled consequence factor; value for
eq. (I1I-1) shall be 20 m/kg!/? (50 ft/1b"?)
or greater
TNT = energy measured in TNT, kg (Ib), deter-

mined from eq. (II-3) or (II-5)

API Plant Inspection By: Ebrahim Khayer

Siloge Cud y0 lxo 3 s> SO0

Table IlI-1  Alternative Values for R. jied

Rucaod, Rocaod.
m kg ? ft/b* " Biological Effect Structural Failure
20 50 i Glass windows
12 30 Eardrum rupture Concrete block panels
6 15 Lung damage Brick walls
2 5 Fatal SR

For systems where E > 271 000 000 J (200,000,000 ft-Ib),
the required distance shall be calculated by eq. (I1I-1).

If the minimum calculated distance cannot be
obtained, an alternative value for R, 4 may be chosen
based on Table III-1 for use in eq. (III-1). See also
para. 6.2(g) of this Article.

For example, to prevent lung damage, the distance a
person is from the equipment should result in an R,a
value of more than 6 m/kg'”? (15 ft/Ib'"?). Note the

structural damage that can occur, which shall be

considered. API Plant Inspection By: Ebrahim Khayer
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API Plant Inspection By: Ebrahim Khayer
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4 dad o i, Alterate ploal L major repair sbol ulas cleds b, INtEQrity wyyp & 5l a5 sk odds e
cusl oai )l 45 Code Case 2278 , Code Case2290 pixwe 9 UG99 u ASME SEC VIII-Div. 1 5,lskl
3200 oS o 55 5 2315 51,3 as 3y90 1y > Jse L PrESSUFE Vessel S, g asin ()l 000 oo (39
D¢ o Olws ASME SEC VIH-DIiV. 1 Jgo,8 5l jlid qoumd 1,8 Jlié cons cos

25 medled (wyp 1) Jgo )8 95 cnl glds a5 03,8 195 J9e )3 b 9

o )L\«é 4@&&0

Test Pressurein psi (MPa)

= 1.3 MAWP X (Stest temp /Sdesign temp), 1999

addendum and later
Test Pressure in psi (MPa)

= 1.5 MAWP X (Stest temp /Sdesign temp), prior to

1999 addendum.

ASME Sec VIII ;1UG-99 . g API 510 &5 51 04 s sollas Jlid coss g )b (6l Sliwlgylun cans jlis JBlas
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5.8.3 Test Pressure Determination

5.8.3.1 When a code hydrostatic pressure test is required, the minimum test pressure should be in accordance with :
the rules of the applicable code (construction code used to determine the MAWP). For this purpose, the minimum test -
ressure for vessels that have been rerated using the design allowable

for temperature. The minimum test pressure for vessels rerated using the design allowable stress of ASME Code, -
Section VIII, Division |, published prior to the 1999 addendum, is 150 % of MAWP and corrected for temperature. The -
minimum test pressure for vessels designed using ASME Code, Section VIII, Division | is as follows:

Test Pressure in psig (MPa) = 1.5 MAWP * (Stest temp/Seesign temp). prior to 1999 addendum
Test Pressure in psig (MPa) = 1.3 MAWP  (Seqr temp/Sgesign temp). 1999 addendum and later
where

Stest tempis the allowable stress at test temperature in ksi (MPa);

Sdesign tempis the allowable stress at design temperature in ksi (MPa).

5.8.3.2 When a noncode related pressure test (leak/tightness test) is performed after repairs, the test pressure may
be conducted at pressures determined by the owner/user. Tightness test pressures are determined by the owner/user
but are generally not for the purpose of proving strength of repairs

ASME Sec VI DivL ool & Sty yban Cons (lis J5las aiaj 5 APl 510 5,5k 5.8.3

b b Al gl Hlid s JBls wisb o 5l s gaddendum 1999 L.l , Pressure Vessel b i 31

Test Pressure = 1.3 MAWP x (S test temp /S design temp)
>l ASME SEC VIII-Div. 1 3, addendum 1999 5 15 csla Justil ol » 45 lpeoss ol 5

L dg .-\.Q‘? ﬁl).g )LwS Cowd Jé‘b W W

Test Pressure = 1.5 MAWP X (S test temp / S design temp)

505 o0 b gl s Jgoyb 9 ol 4l cl il o 2929 Ll 47 gl Jlgws

el & (55l 505 sl Name Plate (¢l)ls Pressure Vessel (3148 cul opl 598 S5 s pl 3 b &S Jgl (55
ad S a5 > cud (glp Ll o anse Name plate (gq, 45 4 )] y» g 29 snlyss Pressure Test ¢y awolxe
D 50

15 SIYL a5 4ol b sllae s plosl 1) Sluslxe walgso ¢ AsLs Name Plate (¢l,ls Pressure Vessel )3
Ay pldl 1y cluolee sl

45



> iigo BT bt B3 bt & (5 308 po QBT b HLid Cand 3ol

Aabled dae S abd pbl 1) Gluolwe o5 &S 8y Jas )0 by padled Ja0y8 50 pl Cgldl w4 dold] jo
9 Cusl Axy 4 g addendum 1999 oIy 05,8 S5 1.3 (Test Factor ly o5 Jao,d oS Cunl (pl oo cle g Sy

Design Factor Div. 1 ,>addendum 1999 ;| .c..laddendum 1999 | L3 ¢l 03,5 S31.5 gl aS Jge)d

IS G 38l (il dmy 5)8 Iy ol Y0 e 4 ¥ ko jl o e |y el il ()b 5B L

2l )3 a3 pen bl 4 0e YO slb eS8 addendum 1999 5l 454 ¥ o)L 5518 addendum 1999
bl coanl 1.5 o] 1 g ol 1.3 1g8 b cns jLid o500 s 40 g addendum 1999 I a5 S’ o sanlise anib
oolatwl x4 g addendum 1999 ;| &5 callowable stress P =% L col ply 739» oolw b3 4 MAWP
Cuwl 0395 ¥ (design factor ;e 034 (55wl allowable stress addendum 1999 ;| s § caol sYL 54 o

e Logr awles ply asS” Clus |y allowable stress walgso (51 s

‘ Design Factor - -

allowable  jx 8 o liy ialS' Design Factor o8 cuwl (pl widl o aS™ 3Ll Lo 5950 a4 lad)lbisl g LasS™ ay
SAAVANCE i ls vb 5 Mg5 sl gy oo &S Canl (pl o iile oS 0 S35 Yield Stress cuow 4 1) stress
O da 91289 51 3 45 Cead e JbB 4 ey Cal 0k el )8 oa NDT 5 il (sl be, 45l ob 5 05
A Lo 8 35S ) ¥ ol T o 92 0l Ly Jgo 8 U 93 onss lwbono ) ey Lol 03,5 (6 s
S35 45 395 oo 3 il & 5 alidl cuslyyy e LIS a8 13l lewlss b bis b 0.0 g VY G L
By Lol ¢ i g5 )0 50 MAWP iy 05 9 SO s jlid lous as L addendum 1999 5l L3 yolwl oS
a8 05y9l oo Cawdas |y 51V 5l sy i 3kl e ol g el 4S8 Glus 1y allowable stress walgs
ol 9 MAWP auilxo (gly (sl oS odlazwl 1.5 MAWP X (S testtemp / S design temp) Jgo 3 5 cul 5,5 )3
ol ool p &S Jlo plea il g 3l ASME Sec 11-Part D-Table 1A ;| cul jLs 45 allowable stress ;..

JRCRE (IS NEPRE G/ PECRO IR K PN HRGOM N Y PP RPICNER JE ORI AL
35 ol olsicee 95l ool (b5 & el (e S (oo il g L5 y5Slas by MAWP 5 ol (il
g Sl floj s HLid byl 5L Integrity o s> 5L Pressure Test 8y (sl p0 0 oloj Cows jlLid oS
Name 51 Jls .ol ox3,5 S5 Manufacture Date Sheet 1 g Name Plate > a5 coul ojlas a3 2 o)l85 ol

2l wled plool |y Glwle 5 sla Jge,8 bl il |y Manufacture Date Sheet 4 Plate
Test Pressure = 1.3 MAWP x (S test temp /S design temp) 'UT )‘ REY) 9 addendum 1999 U»L.ul »
Test Pressure = 1.5 MAWP X (S testtemp / S design temp) :addendum 1999 ;! L3

46



> iigo BT bt B3 bt & (5 308 po QBT b HLid Cand 3ol

Oliwe dyluliwl b yiolys wlel g ST il adh dag a5 pl @ dwle slp dbre pKa > ladd
a3 Lo VA 51 LS 500 ol oS o welgi oed )13 VY L | Test Factor .35 . |y allowable stress

I, allowable stress b 1S o Glus 45 MAWP Ll ol OK bl b o0y l350 1) 1.0 HLid sl g oas

sl Caody (B Gl elely

a3 lw VA L8 5050 &S ol Buo S0 )10 b (islig 511 S ob g0 nK V.0 1) Cond jgiS1 pid Dgas 05 (S
-*.*.)9] Cundy Jlo ploa Giulpg 5l e 1) S & cunn 55 )18 0 V.0 |y Cund Jgo )8 951 ous

Cod o s Sl LT a8l byl a5 b 03y sy Soliwlgye Hlid cud JBls olise YU
A Algd 031> musel gadge (] ASME Sec H-Part D Jle S b cianl / dl S )b Soliwlgyiun

Fobl diz ol Byls (51 SleMbl g Lol mud plonl 1) s dunlons mulss o 4 mojlo o0 ioue 4 (1958
Al Joaore Ailgs oo

3l plbl lgise S dix el oyl 3 a5 Caod MAWP 13l Jsaoeo Slgi o o5 gl 2ol

Sl 5 535555 S g 2 22005 o oo 128 51 Sl g ety b b L plle o5 ) g
o o L3 3,190 38T 3) aums )5 laine MAWP lgicas |y ol conl 5ss o ¢y, 5 Safety Valve jLis
o o MAWP 5l 5YU (oS &S Canns o 0B slacdls gy & adl 0ob )18 MAWP sl 1) lueb!
(ol L8 byl (b Lad a5 9 0 Joo (b LS L Billas o Cunl (ol Sl pa8 e (55

S BUCU P

SN gn 5 S exlinul |y o alys asly 315 sales 5 canl b, L3l s 45 0sL, Pressure Vessel < 51 b
33 plosl i Canlies 1 plonil |y ool] Sl s K5 g o by ol )L Mol b g s
PS5 5 438 Gl |y oS 10 MAWP 5 ol sy 1) (36 o 9 5 po (SIS jo imy 2 p Calbies (50

50225 e MAWP 5445 0 0 5868
& AP1510 05 7.7 s b ol i Minimal Document clls > ¢ 4" Clus |y MAWP walgs o 84 Lol

535 Sl gy Sy byl & atled aslyo ASME SEC VI 3kl UG-10 (C) 45 a5 158 o ol Jloyie

{2550 205 250k =) 25 A283-Grade C 55 illas |y o] 0 ST om

47



> iigo BT bt B3 bt & (5 308 po QBT b HLid Cand 3ol

b Jsb oo b L o2 Joint Efficiency sly a5 54 salss 4355 an o Joint Efficiency sy job yod
UW12 oylgd 5 s TYP bl 2 e o sl el o (SIS Slslono 1 o8 (SIS 4 s Jlasl glo g s
Shaise (6,3YL Joint Efficiency oG oS sl plsl o] (el |y e g (31,5 900)y Sldas b a8 ol b 25,5 oo ylas 4o

Al ansly

7.7 Evaluation of Existing Equipment with Minimal Documentation

For pressure vessels that have no nameplate and minimal or no design and construction documentation, the
following steps may be used to verify operating integrity.

1) Perform inspection to determine condition of the vessel including a complete dimensional checking of all
components necessary to determine the minimum required thickness and adequacy of the design of the vessel
[i.e. heads, shell(s), transitions, openings, reinforcement pads, saddle supports, etc.].

2) Define design parameters and prepare drawings.

3) Perform design calculations based on applicable codes and standards. Do not use allowable stress values of
the current ASME Code (based on design factor of 3.5) for vessels designed to an edition or addendum of the
ASME Code earlier than the 1999 addendum and was not designed to ASME Code Case 2290 or ASME Code
Case 2278. For vessels designed to an edition or addendum of the ASME Code earlier than the 1999
addendum and were not designed to ASME Code Case 2290 or ASME Code Case 2278, use allowable stress
values of the pre-1999 ASME Code (based on design factor of 4.0 or 5.0). See ASME Code, Section VIII,
Division 1, Paragraph UG-10(c) for guidance on evaluation of unidentified materials. If UG-10(c) is not followed,
then for carbon steels, use allowable stresses for SA-283 Grade C and for alloy and nonferrous materials, use
X-ray fluorescence analysis to determine material type on which to base allowable stress values. When the
extent of radiography originally performed is not known, use joint efficiency of 0.7 for Type No. (1) and 0.65 for
Type No. (2) butt welds and 0.85 for seamless shells, heads, and nozzles or consider performing radiography if
a higher joint efficiency is needed. (Recognize that performing radiography on welds in a vessel with minimal or
no design and construction documentation may result in the need for a FFS evaluation and significant repairs.)

4) Attach a nameplate or stamping showing the MAWP and temperature, MAT, and date.

: Minimal Document sl o (wyiwd ;3 B,k 5l SleMbl as™ Sloj MAWP alxe (glys b yial )l 18,5 jlai )
API1510 a5 51 vy u illas

2E 50 ooh sl SIS L51)3’)'1;10‘:;)5)55Ja.‘a’.éAPI510 A )0 &S Hlid cod gyl 13 0.8 ponae &S pl (gl Ll v
ASME Sec 5 lsluol I UW-12d a5 4 05155 < AD 56 b 56 (gl b 3 S+ Ad s 5 )3 (> (65,5 ou
48l Lo (155 4 3l S L 5 0lagil sae s MAWP Slusloxo sy 3o 00 o3l S &8 33,5 ot VI

sl gy ooy ooyil sl pp b U I UW-12d s,
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(n) When the requirements of the original construction
code are not available, the test pressure for a hydrostatic
pressure test for pressure vessels or heat exchangers shall
be the lesser of (1) or (2) below.

(1) Equation (1)

B=13XxPx Sat (1)
Sat
where
1.3 = test factor

P = maximum allowable working pressure from
the Manufacturer’s Data Report, or the value

to which the vessel is being rerated
P, = test pressure to be used, measured at the top

of the vessel in its normal operating position

Sa: = allowable stress at test temperature from the
applicable construction code for the material
of which the component under consideration
is constructed

S4: = allowable stress at design temperature from
the applicable construction code for the
material of which the component under
consideration is constructed

sla e g lis cov Cig b ol Sliwlgyin cud Hlis Slulxe die; ;> ASME PCC2 3)lsikul 8+) JS5,1 6.10 s bl
Sl 1SMYS Jsleo g 5UWT 1S 5 (0)S slaoVes (615 0.9 SYMS sleo oii5 4 yoxie a5 (g5l b Jgopb S jladel )l
29 (il 3 S5 slasVsh

Sat/Sq: = ratio of allowable stresses; the lowest value
shall be used in eq. (1) for all materials
considered

(2) A pressure equal to that which results in an
applied general primary membrane tensile stress equal
to 90% the specified minimum yield stress at test
temperature of carbon steel material, or 100% of auste-
nitic steel material. Values for yield strengths for some
materials are provided in ASME BPVC, Section II, Part D.
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P, =13 x P x (6]

n

where

maximum allowable working pressure
from the Manufacturer’s Data Report, or
the value to which the vessel is being
rerated

test pressure to be used, measured at the
top of the vessel in its normal operating
position

allowable stress at test temperature from
the applicable code of construction for the
material of which the component under
consideration is constructed

allowable stress at design temperature
from the applicable code of construction
for the material of which the component
under consideration is constructed

Su/Ss = the ratio of allowable stresses; the lowest
value shall be used in eq. (1) for all materi-
als considered 1.3 is the test factor

(2) A pressure equal to that which results in an
applied general primary membrane tensile stress equal
to 90% the specified minimum yield stress at test temper-
ature of carbon steel material, or 100% of austenitic steel
material. Values for yield strengths for some materials
are provided in ASME BPVC Section TI, Part D.

(0) The test pressure for a hydrostatic pressure test
for piping systems should be specified by the owner and
should be according to the original code of construction.

(p) When the requirements of the original code of
construction are not available, the test pressure for a
hydrostatic pressure test for piping systems should be
specified by the owner and should be at least

P =15 x P x @2

where

internal design pressure of the piping
system

test pressure to be used, measured at the
highest point of the piping system in its
normal operating position

allowable stress at test temperature from
the applicable code of construction for the
material of which the component under
consideration is constructed

allowable stress at design temperature
from the applicable code of construction
for the material of which the component
under consideration is constructed

ratio of allowable stresses; the lowest value
shall be used in eq. (2) for all materials
considered 1.5 is the t or.

w

Su/Sa =

DY+ 38 515,11 &y ylai APIPLANT clasis ined 5 PCC2 5jlutial 0+) S5 ilas
S5 5 )5 55 5Ys sl 1 SYMS §CS (60,9 SYMS sleo 5 5l &8 (5)Lid o JLib ST
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({7 Venls shall be provided at the high puoints of the
vessel and /or piping svstem to purge air from the tested
component while it is being filled

18) The vessel or piping system shall be evaluated fur
components that will not withstand the test pressure,
or will ntherwise interfere with a pressure test. Examples
of these components include orifice plates, fow nozeles,
control valves, expansion joints, etc.

1) An evaluation for the need of overpressure relicf
devices shall be performed. The set pressure of a pres-
sure relief device should be no more than the lesser of:

(1} the Lest pressune plus 345 kPa (50 psi), or
(2} 130% of the Lest pressune

{i} Consideration shall be given to proper disposal of
the test water as it may contain residual traces of the
syslem conlents.

{i) Pressure testing should be completed prior to insu
lating. Welds or other joints that have previously been
pressure tested can be insulated or otherwise covered
when agreed to by the owneruser.

(k) Pressure lesting should be completed prior to
painting weld joints, unless the weld joints were pre-
viously tested. Documented test results indicate various
types of paint will retain pressure during a pressune test
when covering a through-wall “pinhole.” When consid-
cring whether or not welds may be painted prior to
pressure testing, Lhe following shuuld be given
consideration:

(1} the paint systemis) being used and their ability
1o mask a polential leak

{2} the probability that the process fluid{s) will acl
as a solvent on the paint system if a pinhole is present,
thus increasing the potential for a leak to occur

(3} the effect on nearby equipment or personnel if
a leak ocours

(4} the cost of performing repairs in the field if such
a failune necurs

i) It is not required for the inspector approving the
hydrostatic pressure test to be cortified per SNT-TC-1A
for Leak lesting or Visual Examination; however, the
inspector should have the authority to stop a pressure
test when deemed necessary to do so, Dedicated lines of
communication should be in place belween the inspector
having oversight authority and all other personnel per-
forming the pressure test,

fm} The test pressure of a hydrostatic pressure test of
pressure vessels or heat exchangers should be according
to the original code of construction, considering also any
subscquent engineering analysis as deemed necessary,

() When the requirements of the original code of
construction are not available, the test pressure for a
hydrostatic pressure test for pressurne vessels or heat
exchangers shall be the lesser of para. 6.1(n}(1) or
6.1(n)(2) below.

(1; Equation (1)

Part § — Article 5.1

S
P=13x1"x 5a 1)

where

? = maximum allowable working pressure
from the Manufacturer’s Data Report, or
the value to which the vessel is being
rerated
test pressure to be used, measured at the
top of the vessel in ils nurmal operaling
position
allowable stress at test temperature from
the applicable cude of cunstruction fur the
material of which the component under
consideration is constructed
Ss = alluwable stress al design temperalure
from the applicable code of construction
for the material of which the component
under consideration is constructed
the ratio of allowable stresses; the lowest
value shall be used in eq. (1) for all materi-
als considered 1.3 is the test factor

P =

2} A prossure equal to that which results in an
applied general primary membrane Lensile stress equal
Lo WS the specified minimum vield stress at test temper-
ature of carbon steel material, or 100% of austenitic steel
material. Values for yield strengths for some materials
are provided in ASME BPVC Section 1, Part 1)

o) The test pressure for a hydrostatic proessure fest
for piping systems should be specified by the owner and
should be according to the original code of construction.

() When the requirements of the original code of
construction are nol available, the lest pressure for a
hydrostatic pressure test for piping systems should be
specified by the vwner and should be al least

P; 15%Px "
Sa

where

internal design pressure of the piping
system

test pressure to be used, measured at the
highest point of the piping system in ils
normal operating position

allowable stress at test temperature from
the spplicable code uf construction for the
material of which the component under
consideration is constructed

Su = allowable stress al design temperaturne
from the applicable code of construction
for the material of which the component
under consideration is constructed

ratio of allowable stresses; the lowest value
shall be used in ¢q. (2} for all materials
considered L5 is the test factor.

B8 =

PCC2 3,5l 501 JSs,1 51 5.1 s
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ASME BPVC.ILD.C-2019
Table 1A (Cont'd)
Section I; Section Ill, Classes 2 and 3;* Section VIII, Division 1; and Section XII
Maximum Allowable Stress Values, S, for Ferrous Materials
(*See Maximum Temperature Limits for Restrictions on Class)
Alloy
Desig./ (lass/

Line UNS Condition/ Size /Thickness, Group
No. Nominal ComEsldon Product Fon;: §Eec. No. Type/Grade No. TemEr I_n P-No. No.
1 | Carbon steel WId. pipe SA-134 A283C K02401 .. 1 1
2 Carbon steel Blate SA-283 C K02401 1 1

I 3 Carbon steel Plate SA-285 C K02801 ... 1 1 ]
4 | Carbon steel Smis. & wld. pipe  SA-333 1 K03008 ... 1 1
5 |Carbon steel Smis. & wid. tube  SA-334 1 K03008 ... 1 1
6 |Carbon steel Wid. tube SA-334 1 K03008 ... 1 1
7 | Carbon steel Plate SA-516 55 K01800 ... 1 1
8 |Carbon steel Smls. pipe SA-524 I K02104 .. 1 1
9 |Carbon steel Wid. pipe SA-671 CASS K02801 ... 1 1
10 |Carbon steel WIid. pipe SA-671 CES5 K02202 .. 1 1
11 | Carbon steel WIld. pipe SA-672 AS55 K02801 .. 1 1
12 | Carbon steel WIid. pipe SA-672 B55 K02001 .. 1 1
13 | Carbon steel WIld. pipe SA-672 CSs K01800 ... 1 1
14 |Carbon steel WId. pipe SA-672 ES5 K02202 .. 1 1
15 |Carbon steel Sheet SA-414 C K02503 ... 1 1
16 |Carbon steel Plate SA/EN 10028-3 P275NH <2Y, 1 1
17 |Carbon steel Bar SA-36 K02600 ... 1 1
18 |Carbon steel Plate, sheet SA-36 K02600 ... 1 1
19 |Carbon steel Plate, sheet SA-662 A K01701 .. 1 1
20 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250A (355 & 2 1
21 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250B t>1Y% 1 1
22 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250C t>1% 1 1
23 | Carbon steel Plate, bar, shapes  SA/IS 2062 E250A hets1p 1 1
24 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250B Yo<t=1y 1 1
25 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250C het=1 1 1
26 |carbon steel Plate SA/EN 10028-2 P265GH =2, 1 1
27 |Carbon steel Smils. tube SA/EN 10216-2 P265GH 1%<ts2 1 1
28 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250A L 1 1
29 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250B 1 1
30 |Carbon steel Plate, bar, shapes  SA/IS 2062 E250C 1 1
31 |Carbon steel Smis. tube SA/EN 10216-2 P265GH Sh<t=1% 1 1
32 |carbon steel Smils. tube SA/EN 10216-2 P265GH ts% 1 1
33 |Carbon steel Forgings SA-181 K03502 60 1 1
34 |Carbon steel Castings SA-216 wca j02502 .. 1 1
35 |Carbon steel Forgings SA-266 1 K03506 ... 1 1
36 |Carbon steel Forgings SA-350 LF1 K03009 1 1 1
37 |Carbon steel Castings SA-352 LCA j02504 1 1
38 |Carbon steel Cast pipe SA-660 wcecA j02504 1 1
39 | Carbon steel Bar SA-675 60 1 1
40 |Carbon steel Bar SA-675 60 1 1
41 |Carbon steel Forgings SA-765 I K03046 ... ¢ 1
42 | Carbon steel Plate SA-515 60 K02401 .. 1 1
43 |Carbon steel Plate SA-516 60 K02100 ... 1 1
44 |Carbon steel Wid. pipe SA-671 CB60 K02401 ... 1 1
45 | Carbon steel Wid. pipe SA-671 CCe0 K02100 ... 1 1
46 | Carbon steel WIid. pipe SA-671 CE60 K02402 .. 1 1

A285GIB Ly <l ASME Sec Il part D 5L 5,50 cleMb
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ASME BPVCILD.C-2019
Table 1A (Cont'd)
Section |; Section Ill, Classes 2 and 3;* Section VIII, Division 1; and Section XI!
Maximum Allowable Stress Values, S, for Ferrous Materials
(*See Maximum Temperature Limits for Restrictions on Class)
Min. Min. Applicability and Max. Temperature Limits
Tensile Yield (NP = Not Permitted) External
Line Strength,  Strength, (SPT = Supports Only) Pressure
No. ksi ksi 1 111 VIII-1 X1l Chart No. Notes
1 55 30 NP 300 (CL 3 only) NP NP (S-2 w12
2 55 30 NP 300 (CL 3 only) 650 650  (S-2
[3 3 30 500 700 500 650 CS-2 Ci0, o1, 12 |
4 55 30 NP 700 650 650  (S-2 wi2, Wis
5 55 30 NP 700 650 650  CS-2 w12, Wi¢
6 55 30 NP NP 650 650  CS-2 G24, W6
7 55 30 850 700 1000 650  CS-2 G10, S1, T2
8 55 30 NP NP 1000 650  CS-2 610, T2
9 55 30 NP 700 NP NP (S-2 $6, W10, W12
10 55 30 NP 700 NP NP CS-2 S6, W10, W12
1 55 30 NP 700 NP NP (S-2 $6, W10, W12
12 55 30 NP 700 NP NP (S-2 $6, W10, W12
13 55 30 NP 700 NP NP (S-2 $6, W10, W12
14| 55 30 NP 700 NP NP CS-2 $6, W10, W12
5] 55 3 NP 700 900 650  CS-2 G610, T1
16 | 565 NP NP 400 400  CS-2 G10, G18
17 58 36 650 650 (SPT) 900 650 CS-2 G10, G15, T1
18] 58 36 NP 700 650 650  (S-2 69, G10, T1
19| s8 40 NP NP 700 650  CS-2 T
20| 595 334 NP NP 650 650  (S-2
2 59.5 334 NP NP 650 650  (S-2
2 59.5 33.4 NP NP 650 NP (S-2
3 59.5 348 NP NP 650 650  (S-2
24 59.5 348 NP NP 650 650  (S-2
25 | 595 348 NP NP 650 650  CS-2
26 | 595 35.5 NP NP 700 NP CS-2 Tl
27| ses 355 1000 NP 1000 NP CS-2 G10, §1, T2
28| 595 363 NP NP 650 650  (S-2
29| 595 36.3 NP NP 650 650  (S-2
30| 595 36.3 NP NP 650 650  (S-2
31 59.5 37 1000 NP 1000 NP CS-2 610, S1, T2
32 59.5 385 1000 NP 1000 NP CS-2 G10, §1, T2
33 60 30 1000 700 1000 650 CS-2 G10, S1, T2
34| 60 30 1000 700 1000 650  CS-2 G1, G10, G17, S1, T2
35| 60 30 1000 700 1000 650  CS-2 G10, S1, T2
36 | 60 30 NP 700 1000 650  CS-2 G10, T2
37| 60 30 NP 700 NP NP (S-2 617
8| 60 30 1000 700 NP NP (S-2 Gi, G10, G17, S1, T2
39| o0 30 850 700 (SPT) NP NP (S-2 G10, G15, S1, T2
| 60 30 NP 650 (CL 3 only) 900 650  (S-2 G610, G22, T2
4 60 30 NP NP 1000 650  CS-2 G10, T2
42 60 32 1000 700 1000 650  (S-2 G10, 1, T2
43 60 32 850 700 1000 650  CS-2 G10, S1, T2
44 60 2 NP 700 NP NP (S-2 $6, W10, W12
as | 60 32 NP 700 NP NP (S-2 $6, W10, W12
T 32 NP 700 NP NP (S-2 $6, W10, W12
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ASME BPVC.ILD.C-2019
Table 1A (Cont'd)
Section |; Section Ill, Classes 2 and 3;* Section VIII, Division 1; and Section XII
Maximum Allowable Stress Values, S, for Ferrous Materials
(*See Maximum Temperature Limits for Restrictions on Class)

Line Maximum Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not Exceeding

No. 100 150 200 2_50 300 400 500 600 650 700 750 800 850 900
1 |15.7 15.7 15.7
2 1157 157 157 157 157 157 153 148

I 3 157 15.7 15.7 15.7 15.7 15.7 15.3 148 143 13.0 10.8 8.7 5.9 I
4 |15.7 15.7 15.7 15.7 15.7 15.3 148 143
5 157 157 15.7 15.7 15.7 15.3 148 143
6 134 13.4 134 134 13.4 134 13.0 126
7 |15.7 15.7 157 15.7 15.7 15.7 15.3 148 143 13.0 10.8 87 59
8 157 15.7 157 15.7 15.7 15.7 15.3 148 143 13.0 10.8 8.7 59
9 |15.7 157 15.7 15.7 15.7 15.3 148 143

10 |15.7 15.7 15.7 15.7 15.7 15.3 148 143

11 |15.7 157 15.7 15.7 15.7 15.3 148 143

12 |15.7 157 15.7 15.7 15.7 15.3 148 143

13 |15.7 157 15.7 15.7 15.7 15.3 148 143

14 |15.7 157 15.7 15.7 15.7 15.3 148 143
15 |15.7 15.7 157 15.7 15.7 15.7 15.7 157 156 13.0 10.8 8.7 5.9
16 |16.2 16.2 162 16.2 16.2
17 |16.6 16.6 166 16.6 16.6 16.6 16.6 166 156 13.0 10.8 8.7 59
18 |16.6 166 16.6 16.6 16.6 16.6 166 156

19 |16.6 16.6 166 16.6 16.6 16.6 16.6 166 156

20 |17.0 170 17.0 17.0 17.0 17.0 165

21 |17.0 170 17.0 17.0 17.0 17.0 165

22 |17.0 170 17.0 17.0 17.0 17.0 165

23 |17.0 170 17.0 17.0 17.0 17.0 170

24 |17.0 170 17.0 17.0 17.0 17.0 170

25 |17.0 170 17.0 17.0 17.0 17.0 170

26 |17.0 17.0 170 17.0 17.0 17.0 17.0 17.0 170 156
27 |17.0 170 17.0 17.0 17.0 17.0 170 17.0 13.0 10.8 8.7 59
28 |17.0 170 17.0 17.0 17.0 17.0 170

29 |17.0 170 17.0 17.0 17.0 17.0 170

30 |17.0 170 17.0 17.0 17.0 17.0 170
31 |17.0 170 17.0 17.0 17.0 17.0 170 17.0 13.0 10.8 8.7 59
32 |17.0 170 17.0 17.0 17.0 17.0 170 17.0 13.0 10.8 8.7 59
33 |171 171 171 171 17.1 16.3 15.3 148 143 13.0 10.8 8.7 59
34 |171 171 171 17.1 16.3 15.3 148 143 13.0 10.8 87 59
35 |17.1 171 171 171 17.1 16.3 15.3 148 143 13.0 10.8 8.7 59
36 |171 171 171 171 171 16.3 15.3 148 143 13.0 10.8 8.7 59
37 |171 171 171 171 16.3 15.3 148 143

38 |171 171 171 17.1 16.3 15.3 148 143 13.0 10.8 8.7 59
39 |171 171 171 17.1 16.3 15.3 148 143 13.0 10.8 8.7
40 |171 171 171 171 17.1 16.3 15.3 148 143 13.0 10.8 8.7 59
41 |171 17.1 171 171 11 16.3 15.3 148 143 13.0 10.8 8.7 59
42 |17.1 171 171 171 171 171 16.4 158 15.3 13.0 10.8 8.7 59
43 171 171 171 171 17.1 17.1 16.4 158 15.3 13.0 10.8 87 5.9
44 |171 171 171 171 171 16.4 158 15.3

45 171 171 17.1 17.1 171 16.4 158 153

46 1171 171 171 171 171 16.4 158 15.3
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Hydrostatic
Pt = 1.5 Pd X (Slcst temp /Sdcsign lcmp)
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ASME B31.3 .))l.bl.u.n‘ Al Js» u»L.u‘ » 1) S design temp 9 S test temp u‘).uo as w‘ U”‘ .))‘.) .)9>9 l>u.$| &S u.:‘d.«.i)
(oS 05 odlazwl ASME SEC 11-Part D »)lslbes! 1) .M)siun Cawdo

ol WS 0l 0315 s gl Juato o Cund Hlid S las (gl do > Ver g do 0 Ar audd Sled o byl

Cas Hlis S las oS 03,5 D g 5 S 50 o oyie 395 «al 03l i3, 45 API 510 Vs, API 570 8
5 Carbon Steel ¢l 0.9 SYMS ol i 4 jorie oS Canl (g)lid S Wy i glp Soliwlgyiun
D9l il S5 saYed ¢l ISYMS 4 Low Steel
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Hydrostatic
Pt = 1.5 Pd X (Stest temp /Sdesign temp)
Pneumatic

Pt=1.1 Pd x (Stest temp /Sdesign temp)
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PIPING INSPECTION CODE: IN-SERVICE INSPECTION, RATING, REPAIR, AND ALTERATION OF PIPING SYSTEMS 39

engineer should be consulted when a pressure test of piping components/sections is to be performed (including use
of isolation devices) to ensure it is suitable for the intended purpose.

When a pressure test is required, it shall be conducted after any heat treatment.

Before applying a hydrostatic test, the supporting structures and foundation design should be reviewed by an
engineer to ensure that they are suitable for the hydrostatic load.

NOTE The owner/user is cautioned to avoid exceeding 90 % of the specified minimum yield strength (SMYS) for the material at
test temperature and especially for equipment used in elevated temperature service.

O Aoy el 5 ke T 4 gy oS (glid I wuls APEST70 o)liliwl 1AM sllas cud Hlid STas
lod 59l 295 00 Jb yie wals
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A guide to the pressure testing
of in-service pressurised equipment

PUBLICATION 168

Edition 2
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5.1 Standard Pressure Test

Strength testing is carried out by the application of pressure to induce a stress
level greater than that experienced in service, but less than that which would
cause damage. The test pressure would be typically between 1.25 and 1.5 times
the design pressure depending on whether the test was based on HSE G4 or older
ASME vessels using 1.5. The newer ASME vessels would use a factor of 1.3. This
is to demonstrate that the equipment can safely withstand the maximum service
pressure at the maximum operating temperature.

The test pressure is decided by the Design or Inspection Authority and should
take account of, and if necessary compensate for, the design temperature of the
equipment. It may be at the same level as the original test pressure on the new
equipment, but often it is slightly less to allow for loss in thickness by corrosion.
The maximum membrane stress of any component during test should not exceed
90% of the material minimum specified yield strength at the test temperature.

The test pressure should be maintained for not less than 30 minutes. During the
test the vessel should exhibit no sign of general plasticity (see Section 7.1)

5.2 Leak Testing

Leak testing is carried out where the objective is not to test the strength of the
equipment, but by the application of a pressure differential to detect leakage and
sometimes leakage rates. The pressure applied whether liquid or gaseous is
normally less than the design pressure. For equipment that has not been
subjected to a standard pressure test the pressure should not be more than 10%
of the design pressure.

For equipment that has passed a standard pressure test the pressure should not
exceed 110% of the design pressure. Criteria for leak testing methods are given
in the European standard EN 1779: 1999""), The bubble test is specified in

EN 1593: 1993“®, helium testing in BS-EN 13185: 2001“”) and the pressure
change test in EN 13184: 2001®), Any low pressure leak test should be carried
out before a hydrostatic pressure test.

leak test ;lyicds >hb b yly 1) cdidib 5 cos leak @loljl digej ;> EEMUA 168 3 skl 0.
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of microbes, it should be disinfected.

(7) Test water used for austenitic steel vessels or
piping systems, or for components clad or overlaid
with austenitic stainless steel, should be condensate,
demineralized, or of potable quality, with a verified
chloride content of less than 50 ppm.

(8) Following a hold-time of a minimum of 10 min,
the pressure should be reduced by 30%, or to the internal
design pressure, whichever is lower, and a visual exam-
ination for evidence of leaks at locations such as flanges,
weld joints, threaded connections, and any repaired loca-
tions should be conducted.

(9) Test liquid should be drained immediately after
completion of the hydrostatic test. Care should be exer-
cised to provide proper venting to prevent the creation of
internal negative pressure (vacuum) during draining.

(-a) Pressure vessels and/or piping systems that
will hold the test water for more than 10 days, whether or
not the test liquid is pressurized, should be treated with a
corrosion inhibitor and biocide. A corrosion engineer
should be consulted.

247
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Close visual examination is done after
reducing the pressure to test
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API Plant Inspection By: Ebrahim Khayer
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884 Pressure Test Preparation

6841 Before applying a pressure test, appropriate precautions and procedures should be taken to assure the
safety of personnel involved with the pressure test A close visual inspection of pressure vessel components should
not be perfomed untl the vessel pressure is ator below the MAVWP. This review s especially important for n-service
DIESSUrE VesSels
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345.2.2 Other Test

Requirements

(a) Examination for Leaks. The leak test pressure shall be maintained for at least 10 min
and then all joints and connections shall be examined for leaks. The test pressure may be
reduced to not less than the design pressure while performing this examination.
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