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Venting Atmospheric and
Low-Pressure Storage Tanks

Nonrefrigerated and Refrigerated

APl STANDARD 2000
FIFTH EDITION, APRIL 1998

i American

! Strategies for Todays II) Petroleum

Environmental Partnership Institute
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4.3.2.3 Out breathing (Pressure Relief) for Liquid with a Flash Point below 100 °F (37.8 °C)

4.3.2.3.1 The requirement for venting capacity for maximum liquid movement into a tank and the
resulting vaporization for liquid with a flash point below 100 °F (37.8 °C) or a normal boiling point
below 300 °F (148.9 °C) should be equivalent to 12 SCFH of air for each 42 US gallon barrel (2.02
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Nm?/h per cubic meter) per hour of maximum filling rate (see Appendix A for the basis of this
requirement).

A tank into which liquid is fed at or near the boiling point as the tank pressure may require an out
breathing capacity that is higher than the capacity indicated above or in Table 1. The values
presented above and in Table 1 are based on vaporization of 0.5 percent of the feed liquid,;
significantly higher vaporization rates can occur if the feed is above the boiling point: For instance,
with hexane, 0.4 percent of the feed can vaporize for every 1°F (0.56 °C) above the boiling point
at tank pressure.

1Coled) dyd Ve (Vb Yl (6l €
V-« YU Flash point L &Yl <l Pumping out breathing .l ! API 2000 5 )lslkwl 4.3.2.2.1 1
il (B3 b 4 Colegy axyd

4.3.2.3 Out breathing (Pressure Relief) for Liquid with a Flash Point Above 100 °F (37.8 °C)

4.3.2.2.1 The requirement for venting capacity for maximum liquid movement into a tank and the
resulting vaporization for liquid with a flash point of 100 °F (37.8 °C) or above or a normal boiling
point below 300 °F (148.9 °C) or above should be equivalent to 6 SCFH of air for each 42 US
gallon barrel (1.01 Nm?®/h per cubic meter) per hour of maximum filling rate (see Appendix A for
the basis of this requirement).
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Thermal (w

.l Thermal out breathing a.slx. out breathing ;5 g4 pl8
D9 o duslee AP1 2000 3,lukiel 4.3.2.3.2 w5l jlsie ol

Ol 55 Jlew flash point 4 aiws &5 cal (gy9p8 4SS opl 4 d> g 4l

ColedyB as ) Ver 5 OVl <l <



);A o1yl :3Gw) OMAY ()AL )y 13 Al awlas
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4.3.2.3 The requirement for venting capacity of thermal out breathing, including thermal
vaporization, for a given tank capacity for liquid with a flash point below 100 °F (37.8 °C) or a
normal boiling point below 300 °F (148.9 °C) should be at least that shown in Column 4 of Table
2.
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VENTING ATMOSPHERIC AND LOW-PRESSURE STORAGE TANKS

Table 2B —Requirements for Thermal Venting Capacity
B. Metric Units

Inbreathing

Tank Capacity (Vacanm) Outbreathing
Column 19 Column 22 Column 3° Column 4¢
Flash Point =z 37.8°C Flash Point < 37.8°C
or Normal Boiling or Normal Boiling
Point = 148.9°C Point < 148.9°C
Cubic Meters Nm3/h Nm?/h Nm¥h
10 1.69 1.01 1.69
20 3.37 2.02 3.37
100 16.9 10.1 16.9
200 33.7 20.2 33.7
300 50.6 303 50.6
500 84.3 50.6 84.3
700 118 70.8 118
1,000 169 101 169
1,500 253 152 253
2,000 337 202 337
3,000 506 303 506
3,180 536 388 536
4,000 647 472 647
5,000 787 537 787
6,000 896 602 896
7.000 1,003 646 1,003
8.000 1,077 682 1,077
9,000 1,136 726 1,136
10,000 1,210 807 1,210
12,000 1,345 888 1,345
14,000 1,480 069 1,480
16,000 1,615 1,047 1.615
18,000 1.745 1,126 1,745
20,000 1,877 1.307 1,877
25,000 2,179 1,378 2,179
30,000 2.495 1,497 2,495
Notes:

2 For tanks with a capacity of 20,000 barrels (3,180 cubic meters) or more, the requirements for the vacuum
condition are very close to the theoretically computed value of 2 SCFH of air per square foot (0.577 Nm3/h per
square meter) of total shell and roof area. For tanks with a capacity of less than 20,000 barrels (3,180 cubic
meters), the requirements for the vacuum condition have been based on 1 SCFH of air for each barrel of tank
capacity (0.169 Nm?h per cubic meter). This is substantially equivalent to a mean rate of temperature change
of 100°F (37.8°C) per hour in the vapor space (see Appendix A). An engineering review should be conducted
for uninsulated tanks where the vapor space temperature is maintained above 120°F (48.9°C) (see 4.2.5.14).

b For stocks with a flash point of 100°F (37.8°C) or above, the outbreathing requirement has been assumed to be
60 percent of the inbreathing requirement. The roof and shell temperatures of a tank cannot rise as rapidly
under any condition as they fall, for example, during a sudden cold rain.

“For stocks with a flash point below 100°F (37.8°C), the outbreathing requirement has been assumed to be
equal to the inbreathing requirement to allow for vaporization at the liquid surface and for the higher specific
gravity of the tank vapors.

d Interpolate for intermediate tank sizes. Tanks with a capacity of more than 180,000 barrels (30,000 cubic
meters) require individual study. Refer to Appendix A for additional information about the basis of this table.
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2 out breathing = Mechanical out breathing + Thermal out breathing
2 out breathing = 539 + 660 = 1199
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4.3.2.1 In breathing (Vacuum Relief)

4.3.2.1.1 The requirement for venting capacity for maximum liquid movement out of a tank should
be equivalent to 5.6 SCFH of air for each 42 US gallon barrel (0.94 Nm3/h of air for each cubic
meter) per hour of maximum emptying rate for liquids of any flash point.

o sl 5L 590 In breathing aie; > AP1 2000 5 )lubiwl 4.3.2.1.1 45 sileyd o ssalice YU > aisS ylon
ol 04 (5 Jlw adss 75 iSlhs el oS o +/AF liae 4 0,080 il ;3 &Yl

;,u&.o o YAA = - /a¥ XYN l.’ Cowl ﬁ‘ﬁ u‘).uo u;l)h.; d)90 u)m dl).’
Lo> el ;1 b 5L 3ys0 I breathing l5.. (<l
L] o Cawdds AP 2000 5,55kl 4.3.2.1.2 0 b 3ollae 2A Jod> pgd g 1 o)ljee 0yl

4.3.2.1.2 The requirement for venting capacity for thermal in breathing for a given tank capacity
for liquids of any flash point should be at least that shown in column 2 Table 2. An engineering
review should be conducted for heated uninsulated tanks where the vapor space temperature is
maintained above 120 °F (48.9 °C) (See Section 4.2.5.14).
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VENTING ATMOSPHERIC AND LOW-PRESSURE STORAGE TANKS

Table 2B —Requirements for Thermal Venting Capacity

B. Metric Units

LT

Tank Capacity (Vacuum) Outbreathing
Column 19 Column 3° Column 4¢
Flash Point =z 37.8°C Flash Point < 37.8°C
or Normal Boiling or Normal Boiling
Point = 148.9°C Point < 148.9°C
Cubic Meters Nm3/h Nm3/h Nm3/h
10 1.69 1.01 1.69
20 3.37 2.02 3.37
100 16.9 10.1 16.9
200 33.7 20.2 33.7
300 50.6 303 50.6
500 84.3 50.6 84.3
700 118 70.8 118
1,000 169 101 169
1,500 253 152 253
2,000 337 202 337
3,000 506 303 506
3,180 536 388 536
4,000 647 472 647
5,000 787 537 787
6,000 896 602 896
7.000 1,003 646 1,003
8.000 1,077 682 1,077
9,000 1,136 726 1,136
10,000 1,210 807 1,210
12,000 1,345 888 1,345
14,000 1,480 069 1,480
16,000 1,615 1,047 1.615
18,000 1.745 1,126 1,745
20,000 1,877 1.307 1,877
25,000 2,179 1,378 2,179
30,000 2.495 1,497 2,495
Notes:

2 For tanks with a capacity of 20,000 barrels (3,180 cubic meters) or more, the requirements for the vacuum
condition are very close to the theoretically computed value of 2 SCFH of air per square foot (0.577 Nm3/h per
square meter) of total shell and roof area. For tanks with a capacity of less than 20,000 barrels (3,180 cubic
meters), the requirements for the vacuum condition have been based on 1 SCFH of air for each barrel of tank
capacity (0.169 Nm?h per cubic meter). This is substantially equivalent to a mean rate of temperature change
of 100°F (37.8°C) per hour in the vapor space (see Appendix A). An engineering review should be conducted
for uninsulated tanks where the vapor space temperature is maintained above 120°F (48.9°C) (see 4.2.5.14).

b For stocks with a flash point of 100°F (37.8°C) or above, the outbreathing requirement has been assumed to be
60 percent of the inbreathing requirement. The roof and shell temperatures of a tank cannot rise as rapidly
under any condition as they fall, for example, during a sudden cold rain.

“For stocks with a flash point below 100°F (37.8°C), the outbreathing requirement has been assumed to be
equal to the inbreathing requirement to allow for vaporization at the liquid surface and for the higher specific
gravity of the tank vapors.

d Interpolate for intermediate tank sizes. Tanks with a capacity of more than 180,000 barrels (30,000 cubic
meters) require individual study. Refer to Appendix A for additional information about the basis of this table.
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Table D-5: Venting capacities for different orifice diameters

Venting Capacity Pressure difference (mbar)
(mhour) 25 | 50 | 75 | 70 | 175 350
Orifice diameter* (mm)
50 42 35 32 32 32 32
100 60 50 45 32 32 32
250 93 78 71 41 32 32
500 132 111 100 57 46 38
750 162 136 123 70 56 47
1000 187 157 142 81 65 54
1250 - 175 158 91 72 61
1500 - 192 174 99 79 66
2000 - - 200 115 91 77
4000 - - - 162 129 108
6000 - - - 200 158 133
8000 - - - 182 153
10000 - - - 200 172
12000 - - - - 188
14000 - - - - 200

*Interpolate diameter for intermediate values of venting capacity and differential pressure.

Example: For a required capacity of 500 m3/hour and a differential pressure of 7.5 mbar, the minimum orifice diameter
is 100 mm.

ool 3 oo VIO b )08 2654 b gyllae et G yjlee b jLid Yoons

Table D-6 Categorisation of fixed roof tanks

Design Pressure

Design Vacuum

(mbar (g)) (mbar(g))
Non-Pressure 7.5 -2.5
Low-Pressure 20 -6.0
High-Pressure 56 -6.0
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(o] Cawddy g (sl S ppluo) il yio Juo



):A o1yl :3Gw) OMAY ()AL )y 13 Al awlas

stz sl g s 3 a5Vl sio oo Yoo J) gyl 810 )51, g 5 iy o sl & (yipn 10ISS

iy (xe3T ggeome 395 o0 OPENING oL g 3905 o3l Cig Wiz Jl g So Sl & Ol o 5

ol 508 gl ¥ 51 (31 4lad 5,135 o NPS4 Mo J3b 31 s ol OPENING Lo oyl Audl dnsly ¢85 youd 5o

. . iy e o e e
for openings of 200mm or smaller. For openings greater than 200mm diameter, use the following
formula. This is summarised in Table D-5 below.

m3
Venting capacity ( m) =001818d2 ,/(ap)

Where:
d = Diameter of orifice (mm)
(dp) = Pressure difference between inside and outside of tank (mbar)

Foggke Yoo 5l 5YLOPENING (gl cig ol dule Jga b
2,135 Flame Arrestor b sl o5 sle 45 0 YA 5l 548 gy (ild )51 aS Canl (6900 &S5 opl 4 do g5

D)8 Blw ax 0 YA 5l 508 Cng Hild b Yl (gl oo 518 ae; ;0 API 2000 »)luliwl 4.4.1.3 1

4.41.3 Open vents with a flame-arresting device may be
used in place of PV valves on tanks in which petroleum or
petroleum products with a flash point below 100°F (37.8°C)
are stored and on tanks containing petroleum and petroleum
products where the fluid storage temperature may exceed the
flash point.

Table D-6 Categorisation of fixed roof tanks

Design Pressure Design Vacuum
(mbar (g)) (mbar(g))
Non-Pressure 7.5 -2.5
Low-Pressure 20 -6.0
High-Pressure 56 -6.0

ol b 5o Jaee glod b (aee )Lid SOl (e 90 e o Sl g jLid pShe (o S 4250
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The calculation is based on the fundamental law of (ideal) gases:

P1Vy PyV>
T T

where:

Py = |Initial pressure in vapour space, mbar

P> = Final pressure in vapour space, mbar

Vi = Initial volume of vapour space, m3

V, = Final volume of vapour space, m3

T; Initial temperature in vapour space, K

T2 = Final temperature in vapour space, K

In this case, the volume of the vapour space remains constant (no pumping in or out), thus:

PP
LR P}
Assume:
T = Average vapour space temperature = 20°C = 293°K
Py = Pressure relief set pressure, mbar (abs)
P2 = Vacuum relief set pressure, mbar (abs)

Atmospheric pressure Pa = 1,013 mbar (abs)

From the data presented in the Table D-7 calculation indicates that a high pressure tank
can accommodate a temperature drop of 13.6°C, whereas the nonpressure tank can only
accommodate a temperature drop of 2.2°C.

Ll ol < slas > l>u;‘ 50 &S cl J]o.}.ﬂ 1:31'1 uylﬁ Slawlbre (sl

45 Cusd PVEZRE _ably el 3 sl Sglito cls 93 55 R sl a5 3555 oo o3liz] PVENREZRE T oyl clls ol

395 g0 03l Z dpenlime (glyy 3 iy s 5l s LAl 45 lajE (o

From the data presented in the Table D-7 calculation indicates that a high pressure tank

can accommodate a temperature drop of 13.6°C, whereas the nonpressure tank can only

accommodate a temperature drop of 2.2°C.

Table D-7 Calculated temperature drops

Non- Low High
Pressure Pressure Pressure

Design pressure (mbar (g)) 7.5 20 56
Design vacuum (mbar (g)) -25 -6.0 -6.0
Pressure relief set pressure P, (mbar (g)) 6.0 15 45
Vacuum relief set pressure P, (mbar (g)) -15 -40 -4.0
Pressure relief set pressure P, mbar (abs) 1019.0 1028.0 1058.0
Vacuum relief set pressure P, mbar (abs) 10115 1009.0 1009.0
Average vapour space temp T, K 293.0 293.0 293.0
Ty =Ty xPy/Py K 290.8 2876 279.4
AT=T,=T, Kor°C 2.2 54 136

Olee Wb 5 i Pv g Pr s ] s 2 a8 03,8 Ol 1y Lod il yl5u0 9 T2 5 T1 a8 uled oo odmliie YU Jodo )
(o) 6)4..:1.:49 ool S8 (098 o dxgin oS Cunl by pl) Ll i o2 Lod il

Relief ol lis=Pr



)15 o1yl :3Gw) OMAY ()AL )y 13 Al awlas

fgsass ”l. .o )L\zé - PV

Dy Jaled dn 3 VIV Lod Gl l5a0 munsls aily Y/Q aio o V/O (ST idoes

Non- Low High
Pressure | Pressure | Pressure

Design pressure (mbar(g))| 75 X %
Design vacuum (mbar (g))| ~ -25 4/ ol
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D.2.4 Ambient temperature drop, sample calculation No. 2

This sample calculation, shown in Table D-8, demonstrates that the APl 2000:1998 required venting
capacity for thermal inbreathing (vacuum relief) may be inadequate for certain unusual climatic
conditions.

API 2000:1998 venting requirements for vacuum relief are based on the inflow of air due to product
movement plus thermal inbreathing. Thermalinbreathing is caused by changes in atmospheric
conditions. API 2000:1998 requirements for thermal inbreathing are based on a mean rate of
change of 100°F (56°C) per hour in the vapour-space temperature. (See Appendix A of AP
2000:1998 for further details).

This sample calculation checks the required vacuum relief capacity of an 80ft. diameterx 30f.
high tank, located in Colombo, Sri Lanka. A temperature record is available for this tank which
indicates a temperature drop of no less than 30°F (from 87°F to 57°F) in 15 minutes. This sharp
temperature drop occurred during a downpour fter a hot and sunny day.

It should be noted that this calculation is not exact. Itis presented to illustrate the effect of a rapid
cool down of the vapour space.
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APPENDIX A—BASIS OF THE NORMAL VENTING FORTABLES 1 AND 2

For liquids with a flash point below 100°F (37.8°C), this
standard recommends a venting capacity of 12 SCFH of air
for each barrel (2.02 Nm3/h per cubic meter) per hour of fill-
ing rate. Of this quantity. one half, or 6 SCFH (1.01 Nm3/h
per cubic meter) of air, represents the vapor displacement
caused by liquid movement. The additional 6 SCFH (1.01
Nm3/h per cubic meter) of air was established on the basis of
an evaporation rate of approximately 0.5 percent and to
account for the conversion of dense vapors being vented to an
air equivalent.

The evaporation rate of approximately 0.5 percent was
selected on the basis of gasoline being pumped into an essen-
tially empty tank. During this period, heat pickup is the great-
est. Also, any vapor flashing as a result of hot line products
(for example, the pipeline being exposed to the sun) is the
most critical at this time, since there is no large heat sink such
as exists in a full tank. In addition, vaporization is increased
since there is essentially no tank pressure to suppress vapor-
ization. For conversion of hydrocarbon vapor to air, a specific
gravity of 1.5, compared with 1 for air, was arbitrarily
selected.

In addition to the venting capacity for product movement
indicated above, a thermal evaporation rate based on tank size

(see Table 2) was established. This is additive to the venting
for liquid movement.

It was established that in the southwestern United States,
tanks could be cooled rapidly, as happens when a sudden
rainstorm occurs on a hot, sunny day. For vacuum conditions,
it was found that roof plates could be cooled as much as 60°F
(33°C) and that shell plates could be cooled about 30°F
(17°C). This can be converted to a heat loss from the tank
vapor space of about 20 BTU per hour per square foot (63
‘Watts per square meter) of shell and roof surface. From this,
vacuum (inbreathing) requirements were set. Since records
were not available on how fast tank vapor spaces can be
heated (outbreathing), a figure of 60 percent of the inbreath-
ing requirements was arbitrarily selected as the basis for ther-
mal outbreathing.

In establishing the basis above, it was recognized that the
requirements for outbreathing are somewhat conservative:
however, some conservatism was believed to be desirable to
take into account both unusual climatic conditions and prod-
ucts that might generate more vapor than gasoline generates.
Also, the cost involved for a larger venting device is very
small, considering the overall cost of a tank. This conserva-
tism also provides some margin of safety should pumping
rates be increased slightly above design rates.

air equivalent.

For liquids with a flash point below 100°F (37.8°C). this
standard recommends a venting capacity of 12 SCFH of air
for each barrel (2.02 Nm>/h per cubic meter) per hour of fill-
ing rate. Of this quantity, one half, or 6 SCFH (1.01 Nm3/h
per cubic meter) of air, represents the vapor displacement
caused by liquid movement. The additional 6 SCFH (1.01
Nm3/h per cubic meter) of air was established on the basis of
an evaporation rate of approximately 0.5 percent and to
account for the conversion of dense vapors being vented to an
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air equavalent.

The evaporation rate of approximately 0.5 percent was
selected on the basis of gasoline being pumped into an essen-
tially empty tank. During this period, heat pickup is the great-
est. Also, any vapor flashing as a result of hot line products
(for example, the pipeline being exposed to the sun) is the
most critical at this time, since there is no large heat sink such
as exists in a full tank. In addition. vaporization is increased
since there is essentially no tank pressure toO SUppress vapor-
ization. For conversion of hydrocarbon vapor to air, a specific
gravity of 1.5, compared with 1 for air. was arbiwuarily
selected

POk o ol > &S Al oo (JB (35 o (i 325 Slee g Lo 0 (e 4, €VADOTALION £ )5 (sl
bl oo ol (slo)S e

Sl eslye 4 g dyo 098 Ao cp St 4 g8 Sl ol 3 aed et el 103 00 o sl (lise L9 a
Alse Pt p e

roke JB e <l opl 3 VaAPOrization yows ¢ 3jle Hlabs |y pses a5 aisb b (6)lid ol oy B,k
ke e

o s o (Bl Sl 03,8 Gl Loy sy IS/ QAT 25 1y S s 50 1y JB (5500 S o8 sl ol gl
by 59y )L Cawr o (JB (g2 9 w2)l> Sl cpl 3 1) p5ed g 08 B o e (e Cens B
D0 Haes a1y s dalgse U Cang

Olise Combioo Jhw oty ogMe .l 0ad dunlio ) 4N/ G i lga 4 (p)Sg)am e (line a5 sy
Cawl Cog y 09Me oS oS 2lyseinl ¥ Jsis I 55 1, €vaporation

uo).‘? u)m &‘Jéja.wda))ax.&w u‘)b)...‘a.’é.»).w u.b.u D yuns ol)o.bdalgg‘),o] G LS‘)’ dw.ubm Lngothermal L;l)J

Gl 00535



).15 o1yl :3Gw) OMAY ()AL )y 13 Al awlas

P WES LGy gl gcelo p ol olo a3 YY 75 U Gl sl 59 45 Cuwl i <ol M3 sloo] clls (4l
20 BTU Joleo &5y g Gl gl 5y B e 4 o)) a5 & ygu0 )3 a8 59 i3 Wlgi oo casls o 31,5 5loo
D oo 48,5 a5,0 VAC in breathing sl (lsisds e o8 il oo

Ol oelpliy wbled Goyiod 3 ()b 4ol 1b 25 £ (i &5 byl I ale)S OUL breathing gl L
Cawl odis 48,5 (a3 Ll S N breathing ss s £+ Jslee OUL breathing

Jloyps bl ciawl Jg ol o a8 )3 (a3 )y )57 dladlee S OUL Dreathing el (sl YU @los 3 4l
325 sl (e 035 plod Cuad )3 ol 3 (ool Bl Sl 55 S5 g sl Bk Sl g c8S i o 5
S (oo 3wl 615k 5 455 £ ln el el 355 ()8 bl (pl (B 5l b e

(g0 A (oSS LS @ bigapo s 031 gresgs YU 45 oS 4 )

e Elpw magp 9>

D.2.4 Ambient temperature drop, sample calculation No. 2

This sample calculation, shown in Table D-8, demonstrates that the APl 2000:1998 required venting
capacity for thermal inbreathing (vacuum relief) may be inadequate for certain unusual climatic
conditions.

API 2000:1998 venting requirements for vacuum relief are based on the inflow of air due to product
movement plus thermal inbreathing. Thermal inbreathing is caused by changes in atmospheric
conditions. /APl 2000:1998 requirements for thermal inbreathing are based on a mean rate of
change of 100°F (56°C) per hour in the vapour-space temperature. (See Appendix A of API
2000:1998 for further details).

This sample calculation checks the required vacuum relief capacity of an 80ft. diameter x 30ft.
high tank, located in Colombo, Sri Lanka. A temperature record is available for this tank which
indicates a temperature drop of no less than 30°F (from 87°F to 57°F) in 15 minutes. This sharp
temperature drop occurred during a downpour after a hot and sunny day.

It should be noted that this calculation is not exact. It is presented to illustrate the effect of a rapid
cool down of the vapour space.
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Table D-8 Sample calculation data
Tank diameter D= 24.38m =80.0 ft
Tank height H= 9.14m =300 ft
Roof tangent (cone roof) tg = 0.20
Tank capacity 26,855 barrels
Tank volume inc. roof space V= 4,650 m3 =164,200 ft3
Assume tank empty:
Volume of vapour space V= 4,650 m3
Molecular weight of gas m= 29
Atmospheric pressure p= 1,013 mbar
Gas-constant R= 0.08478 litre-atm/°C/mole
Normal vapour density Pn= 1.294 kg/m3 (at 0°C)
Vapour temperature Ti= 87°F
Vapour density at T P1= 1.164 kg/ m3
Total mass of vapouratT1 mq = 5412 kg
Vapour temperature Ty = 57°F
Vapour density at T, p2= 1.232 kg/m3
Vapour volune at T, Vo= 4394 m3
Vapour contraction SV= 256 m3/15 min = 1024 m3/hr
= 36,162 ft3/hr
Inbreathing due to temperature drop = 36,162 scfh air
API 2000 inbreathing requirement = 25,484 scfh air
Percentage increase over APl 2000 = 42%
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Assume:

Ty = Average vapour space temperature = 20°C = 293°K
Py = Pressure relief set pressure, mbar (abs)

P, = Vacuum relief set pressure, mbar (abs)

Atmospheric pressure Pa = 1,013 mbar (abs)

sl 03,8 s 4 &S S oo syt 3 w2ise AP1 2000 3 ikl ¢l 4,
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Table 1A—Normal Venting Requirements
(SCFH of Air per Barrel per Hour of Liquid Flow)

A. English Units
Flash Point/Boiling Point® Inbreathing Qutbreathing
Liquid Liquid
Movement Out Thgunel Movement In Therwedl

Flash Point > 100°F 56 See Table 2A 6 See Table 2A
Boiling Point > 300°F 56 St b A
Flash Point < 100°F 56 A 12 i
Boiling Point < 300°F 56 e 12 i

4Data on flash point or boiling point may be used. Where both are available, use flash point
(See Appendix A).
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VENTING ATMOSPHERIC AND LOW-PRESSURE STORAGE TANKS 5

Table 1B—Normal Venting Requirements
(Nm3hr of Air per Cubic Meter per Hour of Liquid Flow)

B. Metric Units
Flash PointBoiling Point* Inbreathing Outbreathing
Liquid Liquid
Movement Out Thermal Mkl Thermal

Flash Point 2 37.8°C (.94 See Table 2B 101 See Table 2B
Boiling Point > 148.9°C 0.94 il 101 iR
Flash Point < 37.8°C 0.94 “r 202 e
Boiling Point < 149°C 0.94 g 202 i
“Data on flash point or boiling point may be used. Where both are available, use flash point

(See Appendix A).
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V=10,603 x 6.29 = 66,693 barrels.

(2 Normal cutbreathing)(pressure relief) requirements:

() Required venting capacityfor normal pressure relef dueto pumpingin (AP1 20001995
4.3.23.1 for products with flash point below 100°F):

required pressure relief capacity = 12 X 3773 = 45,276 scfh (standard cubic feet per
hour) of air;

(b) Required venting capacity for normal pressure relief due fo il OUtbreathing) (AP!
2000:1998,43.2.3.2, Table 2A, column 4 for products with flash point below 100°F), by

interpolation for tank capacity of 66,693 barrels:
required normal pressure relief capacity = 46,677 scth air;

(c) Total required normal pressure relief capacity = (@) + (b) = 91,953 scfh air.
(3) Normalinbreathing (vacuum relef) requirements:
(a) Required venting capacity for normal vacuum relief due {0plifiping GUE (AP}
2000:1998,43.2.1.1for products with any flash point):

required vacuum relief capacity = 5.6 X 1887 = 10,567 scfh air;

(b) Required venting capacity forfiommal Vacuumreliefdueito thermal inbreathing

(AP12000:1998,4.3.2.1.2, Table 2A, column 2 for products with any flash point), by
interpolation for tank capacity of 66,693 barrels:
required normal vacuum relief capacity = 46,677 scfh air;

(c) Total required normal vacuum relief capacity = (a) + (b) = 57,244 scfh air.

Cuwl jlo Flame arrestor sl ol S ol 4,5 YA 55 Flash point &S 50 )0 a5 cul (550 4S5 0pl & a5 g
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(3) Normal inbreathing (vacuum relief) requirements:

(a) Required venting capacity for normal vacuum relief dueito pumping out (AP
2000:1998, 43.2.1.1 for products with any flash point):
required vacuum relief capacity = 5.6 X 1887 = 10,567 scfh air;

(b) Required venting capacity fornormal vacuum relief due to thermal inbreathing
(AP12000:1998, 4.3.2.1.2, Table 2A, column 2 for products with any flash point), by
interpolation for tank capacity of 66,693 barrels:
required normal vacuum relief capacity = 46,677 scfh air;

(c) Total required normal vacuum relief capacity = (a) + (b) = 57,244 scfh air.

> in breathing = 188 + 539 = 727

S oo gl el )L VIO L8 Gl [y VY i pj Jgia b oY 0

Table D-5 Venting capacities for different orifice diameters
X i Pressure difference (mbar)
Ve“(:";%:sf)"ty 25 | 50 | 75 | 70 | 175 | 350
Orifice diameter® (mm
50 42 35 32 32 32 32
100 60 50 45 32 32 32
250 93 78 71 41 32 32
500 132 111 100 57 46 38
750 162 136 123 70 56 47
1000 187 157 142 81 65 54
1250 - 175 158 91 72 61
1500 - 192 174 99 79 66
2000 — - 200 115 91 77
4000 — — — 162 129 108
6000 — — — 200 158 133
8000 - - - 182 153
10000 — — — 200 172
12000 — — - - 188
14000 - - - - 200
*Interpolate diameter for intermediate values of venting capacity and differential pressure.
Example: For a required capacity of 500 m*/hour and a differential pressure of 7.5 mbar, the
minimum orifice diameter is 100mm.
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3.3.2.3.2 Thermal Out-breathing

Calculate the thermal out-breathing (i.e. the maximum thermal flow rate for heating up) Vo1, expressed in Sl
units of normal cubic meters per hour of air, in accordance with Equation (7):

TN =T R @

where
Y s a factor for the latitude (see Table 1);

Vi is the tank volume, expressed in cubic meters;

R; is the reduction factor for insulation {R; =1 if no insulation is used; R, = R

; for partially insulated

inp
tanks [see Equation (12)]; R, = R, for fully insulated tanks [see Equation (11)]}.

Calculate the thermal out-breathing (i.e. the maximum thermal flow rate for heating up) Vo1, expressed in
USC units as standard cubic feet per hour of air, in accordance with Equation (8):

Vor =1.51.Y-VQ° R, (8)

where

oS o sl |y Thermal out breathing el -yl )5 a5 43 1.5 o

The Y-factor for the latitude in Equations (7) and (8) can be taken from Table 1.

Table 1—Y-factor for Various Latitudes

Latitude Y-factor
Ve % Below 42° 0.32
Between 42° and 58° 0.25

Above 58° 0.2
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3.3.23.3 Thermal Inbreathing

Calculate the maximum thermal flow rate during cooling down iy, expressed in SI units of normal cubic
meters per hour of air, in accordance with Equation (9):

/\’ Vi =CF R, ()
where
C s afactor that depends on vapor pressure, average storage temperature and latitude (see Table 2);
Vi s the tank volume, expressed in cubic meters;

R.

. s the same as for Equation (7).

Calculate the maximum thermal flow rate during cooling down ¥y, expressed in USC units of standard cubic
feet per hour of air, in accordance with Equation (10):

Vip =3.08-C-¥g R, (10)
where

C s a factor that depends on vapor pressure, average storage temperature and latitude (see Table 2);

Vy is the tank volume, expressed in cubic feet;

R; is the same as for Equation (8).

The calculated inbreathing assumes ambient air flow through the tank vent. It is typical practice to assume
the ambient air is at normal or standard conditions. If a medium other than air is used for vacuum relief, then
it may be necessary to convert the rate to an air equivalent flow. See D.9.

Uninsulated hot tanks that could be subjected to a rapid temperature drop greater than 40 °C may have
inbreathing rates higher than indicated above. These should be evaluated on a case-by-case basis. See

3.2.5.14.
Table 2—(-factors
Latitude C-factor for various conditions
Vapor pressure similar to Hexane Vapor pressure higher than
hexane, or unknown
Average storage temperature
°C
<25 225 <25 225
/\/—) Below 42° 4 65 6.5 6.5
Between 42° and 58° 3 5 5 5
Above 58° 25 4 4 4
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