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INTRODUCTION
1 Scope

1.1 These requirements cover steel primary, secondary and diked type atmospheric storage tanks
intended for the storage of noncorrosive, stable flammable and combustible liquids with a specific gravity
(spg) not exceeding 1.0 in aboveground applications, except for tanks storing liquids with a specific gravity
that exceeds 1.0, covered in Section 12.

1.2 Each tank type may be fabricated in a combination of various shapes (cylindrical, rectangular or
obround) and orientations (horizontal, vertical) with or without multiple compartments, as covered in this

Standard.

1.3 These
Combustible
Code for Md

tanks are intended for installation and use in accordance with the “Fl
Liquids Code, NFPA 30; the Standard for Installation of Qil-Burning Equipment
tor Fuel Dispensing Facilities and Repair Garages, NFPA 30A; /the Sta

ammable and
NFPA 31; the
ndard for the

Installation apd Use of Stationary Combustion Engines and Gas Turbines, NFPA 37; the Uniform Fire

Code, NFPA

1.4 The tan

; and the International Fire Code published by the InternationalkCode Council.

ks covered by these requirements are fabricated, inspected and tested for |

shipment fronp the factory as completely assembled vessels.

1.5 These r
Storage of P

bquirements do not apply to tanks covered by the Specification for Field-We
roduction Liquids, APl 12D; and the Specification for Shop-Welded Tanks

Production Liquids, API 12F.

1.6 These
earthquakes,

1.7 These 1
liquids (such
types of prody
2 General

2.1 Units of

2.1.1 Values

floods, or other natural disasters; orresistance to vehicle impact.

equirements do not cover portable tanks intended for transporting flammable
as shipping containers)({ ormobile use applications (such as mounted on a
cts are covered by separate UN, DOT, or equipment product standards.

Measurement

stated without parentheses are the requirement. Values in parentheses are

bakage before

ded Tanks for
for Storage of

requirements do not cover special(@évaluations for resistance to hurricangs, tornadoes,

br combustible
trailer). These

explanatory or

approximate i

hformation.

2.2 Undated References

2.21

be interpreted as referring to the latest edition of that code or standard.

3 Glossary

3.1

For the purpose of this standard the following definitions apply.

Any undated reference to a code or standard appearing in the requirements of this standard shall

3.2 ABOVEGROUND TANK (ABOVEGROUND STORAGE TANK or AST) — A storage tank that is
intended for installation above grade, at grade or below grade without backfill.
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3.3 ATMOSPHERIC TANK — A storage tank that has been designed to operate at pressures from — 0.5
psig to 1.0 psig (- 3.4 kPa to 6.9 kPa) measured at the top of the tank.

3.4 DIKE — A single wall construction forming a bottom and sides with open or closed top intended to
provide secondary containment of aboveground tank(s) but not intended to be pressurized for leak testing.
Dike types include combinations of rectangular or cylindrical shapes or horizontal or vertical orientations.
Open top dike constructions do not have covers to prevent precipitation or debris from entering the dike
area. Closed top dike constructions have covers to resist precipitation or debris from entering the dike
area.

3.5 DIKED TANK — A primary or secondary containment tank within a steel open or closed dike intended
to provide at least 110 percent containment capacity of the primary tank(s) and spill containment.

3.6 EMERGENCY VENT - A storage tank opening or device that automatically reli€yes excessive
internal pressyre due to an external fire exposure or blockage of the normal vent.

3.7 INTERSTITIAL SPACE (ANNULAR SPACE or INTERSTICE) — A space  between the walls of a
multiple wall tank that is capable of communicating fluid from a leak in an adjacent wall to a cpllection point
for monitoring

3.8 NORMAL VENT - A storage tank opening or device that automatically relieves interngl pressure or
vacuum during normal storage (atmospheric pressure equalization) and during normal opgrations (fill or
withdraw). Normal vents are designed so as not to exceed 1.00psig (6.9 kPa) pressure and rhinus 0.5 psig
(minus 3.4 kPa) in the tank.

3.9 PERFORMANCE TESTS — A complete evaluation‘conducted on a limited quantity of fepresentative
tanks. These fests are intended to verify complianee with all applicable performance reqyirements in a
standard.

3.10 PRIMARY CONTAINMENT — The abijlity of a tank design and construction to containfa liquid while
in normal use.

3.1  PRIMARY CONTAINMENT.*TANK — The wall of a tank construction that proyides primary
containment.

3.12 PRODUYCTION TESTS — A limited evaluation conducted on each tank prior to shipping. These tests
are intended t¢ verify compliance with production requirements in a standard, such as leakage.

3.13 SECONDBARY CONTAINMENT — The ability of a tank design or construction to contain a liquid only
in abnormal use(fromprirmary containmment feakage or rupture):

3.14 SECONDARY CONTAINMENT ABOVEGROUND TANK FOR FLAMMABLE LIQUIDS - A primary
containment aboveground tank contained within a steel secondary containment shell forming an interstitial
(annular) space, which is capable of being monitored for leakage into the space from either the interior or
exterior walls. Secondary containment aboveground tank types include: horizontal cylindrical, vertical
cylindrical, and rectangular.

3.15 STORAGE TANK (TANK) — A vessel having a liquid capacity that exceeds 60 gal (230 L), is
intended for stationary installation, and is not used for processing.

3.16 TANK ACCESSORY - Optional devices or components of an aboveground tank intended to provide
a specific function, such as walking or climbing access, load bearing support, spill containment, venting or
heating.
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CONSTRUCTION - ALL TANKS

4 Capacities and Dimensions

4.1
this standard.

Capacities, dimensions, and construction details shall comply with the applicable requirements of

4.2 Capacities per foot of length or height of cylindrical shells are given in Table A1 of Annex A for

convenience

in checking capacities of tanks of various diameters.

4.3 The total (actual) capacity of a tank shall not be:

a) Les

b) Mo

5 Materials

5.1 Atank s
stainless stee

5.2 Carbon

5 than the rated nominal capacity and

e than 105 percent of the rated nominal capacity.

hall be constructed of commercial or structural grade carbon steel per 5.2 or Ty
per 5.3. Only new material shall be used.

steel shall be in accordance with (a), (b), or both:

pe 304 or 316

a) Comply with the Specification for Carbon Structural Steel, ASTM A36M; or Specification for

Steel,
Low-A
Strip,

b) Ha
less a
least ¢

in which:
(C=d
Ni=N

Sheet and Strip, Hot Rolled, Carbon, Structural, High-Strength Low-Alloy and
loy with Improved Formability, ASTM A1811/A1011M; or Specification for Stg
Heavy-Thickness Coils, Carbon, Hot-Relled, ASTM A635/A635M.

e a carbon content of 0.3 percent or less, or a carbon equivalency (CE) of
5 determined by the formula.below, and mechanical strength and welding ch
quivalent to one of the steel§ specified in 5.2(a).

Mn + Si + Mo + [ +
+( n Sz)+(Cr 0 V)+(Nl Cu)

E
¢ 6 5 15

C

arbon,~Mn = Manganese, Si = Silicone, Cr = Chromium, Mo = Molybdenum,
ckel.and Cu = Copper)

High-Strength
bel, Sheet and

.53 percent or
practeristics at

= Vanadium,

5.3 Stainless steel shall comply with the Specification for Stainless and Heat-Resisting Chromium-Nickel
Steel Plate, Sheet, and Strip, ASTM A167; or Specification for Heat-Resisting Chromium and Chromium-

Nickel Stainle

ss Steel Plate, Sheet, and Strip for Pressure Vessels, ASTM A240/A240M.

5.4 The thickness of steel is to be determined by five micrometer readings equally spaced along the
edge of the full piece as rolled. Thickness is to be determined on the plate or sheet not less than 3/8 inch
(9.5 mm) from a cut edge and not less than 3/4 inch (19.1 mm) from a mill edge.

6 Joints

6.1
constructions

referenced in the appropriate Figures.

Joint types for specific tank geometries shall be selected from Table 6.1 and shall comply with the
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Table 6.1
Joint types
Joint types
Shells Heads Bottom Roof Corner
Tank type Figure 6.1 Figure 6.2 Figure 6.3 Figure 6.4 Figure 6.5

Horizontal cylindrical

(primary and secondary) Al All - - -
Vertical cylindrical

(primary and secondary) All# - All All -
Rectangular

(primary and slecondary) All - - - All
Diked

(open and cloged top) All - - — All

@ Shell joint #6 shall not be used on tanks with a diameter greater than 65 inches (1.65 m) unless it is\us€d on the shell of the
secondary contgdinment tank where the secondary containment shell is in direct contact with the primary tank.
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1

Figure 6.1

Shell joints

%

Z)

Z %

NO. 1

Double-welded U, V, bevel, or square groove

butt joint.

7

t

~ 8 b

NO. 4

Groove weld equivalent in thickness to ™t"; full
penetration and complete fusion; mummum

Full penetratig

A

Double-welded
full fillet lap j
intermittent we
on inside; min
(12.7 mm) fo
or less, 3/4 i
48 inches (1.4

S2054C

<

full fillet lap joint, or singlerwelded

mum overlap, "A” — 4/2 inch
tank diameters 48<iches (1.2 m)

m).

bint on outside with 1-inch™(25.4-mm)
Id spaced not over 12 inches (0.3 m)

nch (19.1 mm) for-tank diameters over

overlap, "B" = 1/2 inch (12.7 mm).
’73 C MIN. «‘
Y Y 2
NO- 2 ”
—1/2"|~— MIN.
n and complete fusion. NO. 5
Full fillet weld on outside; "C" is 1/2
(12.7 ra)“minimum duometer lock

not ever*12 inches.
A

SN

“

) inch
veld spaced

NO. 6

Single—welded full fillet lap joint; min
"A" = 1/2 inch (12.7 mm) for tank
mches (1.2 m) or less, 3/4 inch (1
tank diameters over 48 inches (1.2
shall not be used on tanks with a d
than 65 inches (1.65 m) unless it is
shell of the secondary containment t
secondary containment shell is in dir
with the primary tank.

mum overlap,
diameters 48
D.1 mm) for
). This joint
ameter greater
used on the
ink where the
pct contact
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Figure 6.2

Head joints for horizontal cylindrical tanks

Double-welded U, V, bevel or square groove butt joint; full pene-
tration and complete fusion.

Single—welded full fillet lop joint, single—welded full fillet lop joint
on outside with 1-inch (25.4 «hh) intermittent weld spoced not
over 12 inches (0.3 m) on_inside, or double—welded full fillet lap
joint; minimum overlap, "A*™- 1/2 inch (12.7 mm); "F" is five

time)s head thickness or-greater, but not less than 1/2 inch (12.7
mm).

— A

L—r¥ L—r%
NO.7 NO.8

Groove weld equivalent in thickness to that of head or shell; mini-

mum overlop, "A" —= 1/2 inch (12.7 mm); "F" is five times heod
thickness or greater, but not less than 1/2 inch (12.7 mm).

Full fillet weld; "t — not less than thickness of shell; "F" is five

times heod thickness or greater, but not less than 1/2 inch (12.7
mm).

$20558
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Figure 6.3

Bottom joints for vertical cylindrical tanks

TD_tIB TD_tIB

~B~
NO. 1 NO. 2 NO.3
Double-welded full fillet joint; minimum overlap, Double-welded full fillet lap joint; minimum overlap,.
"B"-1/2inch (12.7 mm) or 1-1/2 t, whichever "B" - 1/2 inch (12.7 mm) or 1-1/2t, whichever is
is greater. greater; "D" is 5 t or greater, buf got less than 1
inch (25.4 mm).
c T
T N8
D
t
NO. 4 NO.5
Groove weld at leagt equivalent in thickness to that of thinner member Double-welded U, V, bevel, or sqliare groove butt
joined; minimum overlap, "B" - 1/2 inch (12.7 mm) or 1-1/2 t, whichev- joint; full penetration and complete fusion.
eris greater; depth of offset, "C" - equals T; "D" is 5t or greater,
but not less than 1/R inch (12.7 mm).
SHELL
uTn /@—\7_
1 |
TINA TINA y—
F —[ FANT B
BOTTOM
NO.6 NO.7 NO.8
Single-welded full fflet lap joint;-single-welded full fillet lap joint on outside with 1-inch Welded full fillet joint
(25.4 mm) intermitfent weld ‘'spaced not over 12 inches (0.3 m) on inside; minimum "B"=1/2inch (12.7mm) or 1 /2T,
overlap, "A" - 1/2 inch (12.7 mm); "F" is five times head thickness or greater, whichever is greater.
but not less than 1/p inch’ (12.7 mm).

su0168a

NOTE - Joint No. 8 also permissible for primary tanks up to 24 feet high
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Figure 6.4

Roof joints for vertical cylindrical tanks

—A
-6 B<A L8 < a
7
NO. 1 NO. 2 A .
Neutral oxis Neutral axis
of angle of angle
A= Tack Weld Tock Weld
NO. 3 (Angle Inside) NO. 4 (Angle Outside)
. ._AB_.
B ﬂﬁ %B <A
B < A
o
Angle—to—Shell .
| INeutral osis B Dodble-welded butt  Neutral axis —
of angle joint; complete ot angle G Angle—to1Shell
> penetration Roof<To-Shell Joint Double—welded butt joint;
Roof-To-Shell Jpint

See note a

S2064C

Sée note a

complete

NO. 5 (Angle Inside)

ﬁ Roof-Plate Joint

NO. 6 (Angle QOutside)

Flanged Conical or Dished
Roof-Offset Shell

See note 1 NO. 8
NO. 7
AT T
¢ NI) NN |
NO. 9 NO. 10 NO. 11

Double—welded butt

Single—welded full fillet lap joint;

penetration

joint; complete
penetration

minimum overlap "A"=1/2 inch (12.7 mm);
"F" is five times top thickness or greater, but
not less than 1/2 inch (12.7mm)

NOTE - Unless otherwise indicated, all welds are to be full fillet welds, at least the thickest of the thinnest material.
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Figure 6.5
Corner joints
Ve §—./CF C\
—A I
NO. 1 NO. 2 NO. 3
/(‘
CF C
I ™~ £

L. -

NO. 4 NO. 5 NO. 6

/CF CF

~
C
c/
NO. 7 NO. '8 NO. 9
NO. 10 NO. 1 NO. 12
SMS518A

C — Continuous weld.
CF - Shall be conptinuous full fillet welds.
A — Not less than|1/2.nch.(12.7 mm).



https://ulnorm.com/api/?name=UL 142 2019.pdf

16 UL 142 JANUARY 21, 2021

7 Tank Connections

7.1 Atank connection shall be provided for each opening as illustrated in Figure 7.1 or Figure 7.2 by:

a) Welding a steel pipe coupling, threaded steel flange, or standard pipe nipple to the tank or

b) A steel flange welded to a length of pipe that, in turn, is welded to the tank.

The reinforcing plates illustrated in Figure 7.2 are optional.
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Figure 7.1

Pipe connections

—
— —
— —
Tt e ————= wwwnn)
NO.1 NO.2
) %
nﬁgg{asgggéégfigggmm S ————
iy ]
NO.3 NO.4
ey ——
—\ —
/oo —
I
— NO.6
NO.5
| |
Bl ‘
TN y
—— ‘ ‘
—
‘j — p .
¢ \| [ L \ ]
NO.7 NO8
L 3 Roof Plate
NO.9 Standard-weight
pipe
Pipe Coupling
DR Roof Plate
Dp
NO.11
su0895
No. 1 — Half pipg¢ coupling. No. 7 — Forged steel, without pilot.
No. 2 — Half pipg¢ coupling. No. 8 — Standard pipe nipple and welding flangg.
No. 3 — Pressed steel, hub inside tank only. No. 9 — Standard pipe nipple — may be unthreagled.
No. 4 — Forged steel, hub inside tank. No. 10 — Flanged connection with reinforcing plate.
No. 5 — Full pipe coupling. No. 11 — Threaded connection with reinforcing plate.

No. 6 — Forged steel, with pilot.

NOTES -

1 All welds are to be full fillet welds.

2 Pipe connections Nos. 8, 9, 10, and 11 may be trimmed flush, or installed set-on (as shown in No. 1).

3 Pipe connections Nos. 3, 4, 5, 8, and 9 may be seal welded on the opposite side of the weld shown.

4 When roof nozzle is used for venting purposes, it shall be trimmed flush with reinforcing plate or roof line. Axis of connections is to
be vertical. All welds shall be full fillet welds.

5 If reinforcing plates are used, they shall be of a thickness equal to or greater than the roof or shell thickness, as applicable.

6 For Detail 10 above, refer to Table 7.2

7 For Detail 11 above, refer to Table 7.3
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Figure 7.2

Top or shell connections (See Table 7.1)
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NOTES -
1 All welds are to be full fillet welds.
2 Dp is the outside diameter of the pipe plus 5/8 inch (0.63 mm).

3 For Sl units, 1 inch =25.4 mm.
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Table 7.1
Top or shell connections (See Figure 7.2)
All dimensions in inches
Minimum
thickness of
flanged Diameter of hole Length of side of Width of
Size of Outside diameter | connection, pipe in reinforcing reinforcing plate reinforcing plate
connection of pipe wall® (n) plate (Dg) (L) (W)
24 24 0.375 24-1/2 49-1/2 60
22 22 0.375 22-1/8 45-1/2 55-1/4
20 20 0.375 20-1/8 41-1/2 50-1/2
18 18 0.375 18-1/8 37-1/2 45-3/4
16 16 0.375 16-1/8 33-1/2 40-3/4
14 14 0.375 14-1/8 29-1/2 36
12 12-3/4 0.375 12-7/8 27 33
10 10-3/4 0.365 10-7/8 23 28-1/4
8 8-5/8 0.322 8-3/4 19 23-1/4
6 6-5/8 0.280 6-3/4 15-3/4 19-1/2
4 4-1/2 0.237 4-5/8 12 15-1/4
3 3-1/2 0.216 3-5/8 10-1/2 13-1/2
2 2-3/8 0.154 2-1/2 - -
1-1/2 1.90 0.145 2 - -
NOTE - For Sl pnits, 1 inch = 25.4 mm.
@ Schedule 40 ($tandard) fittings, for sizes up to 12-inch, inclusive; farever 12- to 24-inch, inclusive, refer to the latest edition of
ASTM A53/A53M, A134, A135, or A139. Pipe made from formed plate electrically butt-welded may be substituted|for any of the
above-mentiongd pipe sections.
7.2 Connedgtions in the roof of vertical tanks shall be as illustrated in Figure 7.1, or Figure 7.2.
Connections |n the shell of a vertical tankishall be in accordance with specifications in Fjgure 7.2. The
reinforcing plates illustrated in Figure 7-1\and Figure 7.2 are optional.
7.3 Hub slip-on welding and a-welding-neck flange shall comply with the dimensional and material
requirements[for forged carbon_steel flanges as specified in the Standard for Pipe Flanges and Flanged
Fittings, ASME B16.5.
7.4 If a welding coupling is used, it shall comply with the Standard for Forged Steel Fjttings, Socket
Welding and Threaded, ASME B16.11, or the Standard Specification for Threaded Couplings, Steel, Black
or Zinc-Coated (Galvanized) Welded or Seamless, for Use in Steel Pipe Joints, ASTM A865

7.5 A threaded connection shall provide a minimum length of thread as specified in Table 7.4.

7.6 A pressed-steel-pipe-connecting fitting shall be installed with the hub section on the inside of the tank
as illustrated in Detail 3 of Figure 7.1. The thickness of the flange shall not be less than specified in Table

71.

7.7 All pipe connection openings in a tank shall be protected with wooden or plastic plugs, metal covers,
or their equivalent, to protect threads and exclude foreign matter while in storage or in transit.
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Table 7.2
Flanged roof connections (See Figure 7.1 Detail No. 10)
Maximum diameter of hole in roof Outside diameter of reinforcing plate
Nominal size of nozzle, inches plate or reinforcing plate (Dp), inches (DR), inches
1-1/2 DO? +0.100 5
2 DO +0.125 7
3 DO +0.125 9
4 DO +0.125 11
6 DO +0.125 15
8 DO +0.250 18
10 DQ+ 0250 22
12 DO +0.250 24

NOTE - For Sl ynits, 1 inch = 25.4 mm.
@ DO is the outsifle diameter of the pipe neck in inches.

Table 7.
Threaded roof connectioﬁg (eSegFigure 7.1 Detail'No. 11)
Maximum diameter of hole in roof Outside diameter of reipforcing plate
Nominal size of nozzle, inches plate or reinforcing plate (Dp), inches (DR), inches

3/4 DO? +0.100 4

1 DO +0.100 4-1/2
1-1/2 DO +0.100 5

2 DO +0:125 7

3 DO¥0.125 9

4 DO +0.125 1

6 DO +0.125 15

8 DO +0.250 18

10 DO +0.250 22

12 DO +0.250 24

NOTE — For Sl ynits, 1 inch =25.4 mm,
2 DO is the outsifle diameter of the ceudpling in inches.

Table 7.4
Minimum length of thread for threaded pipe connections

Minimum thickness of flanged section of
Minimum length of thread® pressed-steel fittings
Nominal pipe size,

inches? inches (mm) inches (mm)
1/8 1/4 (6.4)
1/4 3/8 (9.5)
3/8 3/8 (9.5)
1/2 12 (12.7)

3/4 5/8 (15.9) 0.135 (3.4)

1 5/8 (15.9) 0.150 (3.8)

1-1/4 11/16 (17.5) 0.150 (3.8)

Table 7.4 Continued on Next Page
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Table 7.4 Continued

Minimum thickness of flanged section of
Nominal pipe size, Minimum length of thread® pressed-steel fittings
inches?® inches (mm) inches (mm)
1-1/2 3/4 (19.1) 0.150 (3.8)
2 3/4 (19.1) 0.150 (3.8)
2-1/2 1 (25.4) 0.179 (4.6)
3 1 (25.4) 0.179 (4.6)
3-1/2 1 (25.4) 0.179 (4.6)
4 1-1/8 (28.6) 0.179 (4.6)
5 1-3/16 (30.2)
6 1-1/4 (31.7)
8 1-3/8 (34.9)
@ Standard for Welded and Seamless Wrought Steel Pipe, ASME B36.10.
® The threaded fonnection shall comply with the Standard for Pipe Threads, General Purpose'(Inch), ASME B1.2(.1.
8 Venting
8.1 Each tapk shall have normal and emergency openings forventing. These vent openipgs shall be in
addition to thg fill, withdrawal, and liquid level gauge openings;and shall terminate vertically] above the top
of the tank.
8.2 Each pfimary containment tank including each compartment of a compartment tgnk shall have

provisions for|
shall be locat
longitudinal a

8.3 The intg
The tank pen
penetration o

(a) into the inferstitial space. See’Figure 8.1 for one allowable option.

both normal venting and emergency.venting. The tank penetration openings f
bd on the top of the tank. Horizontal cylindrical tanks shall center these vents
is.

rstitial space of a secondary containment tank shall have provisions for emer
btration opening for this vent shall be located on the tank top, or near the to
bening is above theliquid level should the primary tank leak at rated nominal ¢

or these vents
along the top

jency venting.
b provided the
bpacity per 4.3



https://ulnorm.com/api/?name=UL 142 2019.pdf

22

UL 142 JANUARY 21, 2021

Figure 8.1
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8.4 The normal venting shall be sized in accordance with Table 8.2 and shall be at least as large as the
filling or withdrawal connection, whichever is larger, but in no case less than 1-1/4 inch (30 mm) nominal
inside diameter.

8.5 The provision for emergency venting shall be an opening that complies with the requirements in 8.6.

8.6 A vent opening that provides for both emergency and normal venting shall have a capacity not less
than that specified in Table 8.1. A vent opening that provides for both emergency and normal vents shall
also have a total venting capacity not less than specified in Table 8.1, in addition to the requirements of
8.4. Emergency vents are not prohibited from use for normal venting of the primary tanks if the tanks are
marked as specified in 52.1.1(e).

Emergency venting capacity for primary tarTI?gI:n%ﬂnterstitial space of secondary cpntainment
tanks
Wetted sufface, square feet® Venting capacity, cpbic feet per hour Minimum °Pe“::gi1::emi“a| pipe size,

20 21,100 2

30 31,600 2
40 42,100 3

50 52,700 3

60 63,200 3

70 73,700 4

80 84,200 4

90 94,800 4
100 105,000 4
120 126,000 5
140 147,000 5
160 168,000 5
180 190,000 5
200 211,000 6
250 239,000 6
300 265,000 6
350 288,000 8
400 312,000 8
560 354000 8
600 392,000 8
700 428,000 8
800 462,000 8
900 493,000 8
1000 524,000 10
1200 557,000 10
1400 587,000 10
1600 614,000 10
1800 639,000 10
2000 662,000 10

Table 8.1 Continued on Next Page
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Table 8.1 Continued

: : i ¢, | Minimum opening, nominal pipe size,
Wetted surface, square feet™ Venting capacity, cubic feet per hour inches®
2400 704,000 10
2800 742,000 10
3200 776,000 12
3600 and over 806,000 12

NOTE — Emergency venting capacity is based on atmospheric pressure of 14.7 psi and 60°F (101.4 kPa and 16°C
@ Interpolate for intermediate values.
® For Sl units, 1.0 m? = 10.76 ft2.

).

¢ These values tgReN from NFPA 30, See 1.3.
4 For Sl units, 1 n%hr = 35.315 ft¥/hr.

¢ These pipe siz¢s apply only to open vent pipes of the specified diameter not more than 12 inches (0.3 m}Jeng an

opening is to acgjommodate the venting device or flame arrester sized in accordance with Column 2 of this table.

pressure in tankof not more than 2.5 psi (17.1 kPa). If a tank is to be equipped with a venting device or-flamé arres

il a gauge
er, the vent

8.7 The wetfed surface area for horizontal tanks with any head shape shall be 75 perce

external surfape area (shell + heads). A value, to the nearest whole Aumber, for wetted
headed horiz

8.8 The wetled surface area for vertical tanks with any bottom shape shall be the externa
(shell and boftom) up to 30 feet (9.14 m) excluding the top.)Values, to the nearest whol
wetted areas (

8.9 The wetted surface area for rectangular tanks:shall be the total external surface area
top (2H x (L+W) + (L x W)).

8.10 Each tank shall have a vent opening-in the top of the tank for normal venting. The

tal tanks of various diameters and lengths are included-in Table A2 of Annex 4

f vertical tanks of various diameters and heights are included in Table A3 of An

nt of the total
areas of flat-
.

surface area
B number, for
nex A.

excluding the

vent opening
cified in Table

inches®

shall be in addition to the filling and withdrawal openings, and shall not be smaller than spe
8.2.
Table 8.2
Size of opening for normal venting
Gapacity of tank, U.S. gallons? Minimum diameter, nominal pipe size,
Under 2,500 1-1/4
2,500 — 3,000 1-1/2
3,001 - 10,000 2
10,001 — 20,000 2-1/2
20,001 - 35,000 3
35,001 - 50,000 4
50,001 - 75,000 6

@ For Sl units, gallons (U.S. gallons) x 3.8 = L.
b See Standard for Welded and Seamless Wrought Steel Pipe , ASME B36.10.

9 Manholes

9.1 Except as noted in 9.4, a manhole for attachment to the top of a tank shall be as illustr
9.1 or Figure 9.3. A manhole attached to the shell at a location below the top of the tank or to
tank shall comply with Figure 9.2 or Figure 9.4.

ated in Figure
the head of a
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9.2 Each liquid containing compartment within a primary tank which is larger than the following
dimensions shall incorporate a manhole:

a) Horizontal cylindrical tank with a minimum diameter of 76 inches.

b) Vertical cylindrical tank with a minimum height of 76 inches and a minimum diameter of 60
inches.

c) Rectangular tanks with a minimum height of 76 inches and a minimum width of 60 inches.

9.3 Except as noted in Figure 9.3, a manhole for attachment to the roof or top of a vertical cylindrical tank
shall be as illustrated in Figure 9.1, Figure 9.2 or Figure 9.3, and Table 9.1. The reinforcing plate and
handles illustrated in Figure 9.3 are optional. A manhole attached to the shell of a vertical tank or side of a
horizontal tank shall be as shown in Figure 9.2 or Figure 9.4. A manhole of the type illustrated in Figure 9.2
shall comply ith Table 9.3 with regard to the minimum thickness of cover plate and belting| flange, and, if
larger than 24 inches (0.6 mm) in size, shall also comply with Table 9.4 with regard |to diameter of cover
plate and bolt|circle and the size and number of bolts.
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Figure 9.1

Top manholes (See Table 9.1)
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167 inch (4.24 ram)thick.

nch (12.7-mm)bolts in 9/16-inch (14.3-mm) holes. Quantity per Table 9.1.

ull fillet weld:
th (50.8\mm) for tanks larger than 76 inches (1.93 m) diameter.

nch.(12.7 mm) threaded studs spaced per Table 9.1.

p.holes. Two provided. Minimum 1/4 inch (6.4 mm) diameter through hole, adjacent to the tank s

point of the tank.
NOTE — Nos. 4 an

d 5 may be trimmed flush as shown in No. 8.

ell at the highest
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Table 9.1
Top manholes and shell or head manholes (See Figure 9.1 and Figure 9.2)
Nominal diameter of | Nominal diameter of | Nominal diameter of
Size of manhole, neck (ID) or opening cover plate (DC), bolt circle (DB), Minimum number of
inches (DO), inches inches inches bolts

16 16 20-1/2 19 16

18 18 22-1/2 21 18

20 20 24-1/2 23 20

22 22 26-1/2 25 22

24 24 28-1/2 27 24

30 30 35-1/2 33 42

36 36 41-1/2 39 52
Figure 9.2

Shell off head manholes (Horizontal Tanks — See Table 9.1; Vertical Tanks — See Table 9.3)

oL

' oC
Gasket ‘ i_ DB ‘i
t [wmn| on
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/
B
t——| i ID |
NO.1
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EE:%
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m_‘
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_Lt
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$2062C

t — Not less than 0.240 inch (6.1 mm) thick.
B — Minimum 1/2-inch (12.7-mm) bolts in 9/16-inch (14.3-mm) holes.
G — Minimum 2 inches (50.8 mm) for tanks larger than 76 inches (1.93 m) diameter.
NOTE — All welds are to be full fillet welds.
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Table 9.2
Roof manholes for vertical tanks (See Figure 9.3)
Diameter of
hole in roof Outside
) . plate or diameter of
Size of Diameter of Diameter of Diameter of Minimum reinforcing reinforcing
manhole, neck (ID), cover plate bolt circle number of plate (D), plate (Dg),
inches?® inches? (D¢), inches? (Dg), inches? bolts inches® inches?
16 16 20-1/2 19 16 16-5/8 38
18 18 22-1/2 21 18 18-5/8 40
20 20 24-1/2 23 20 20-5/8 42
22 22 26-1/2 25 22 22-5/8 44
24 24 28-1/2 27 24 24-5/8 46
@ For Sl units, 1 ihch =25.4 mm.
Table 9.3
Thicknesgs of shell manhole cover plate and bolting flange (See Figure 9.2 and Figure 9.4)

All dimensions are in inches unless otherwise'stated

Equivalent o ) Minimum thickne_ss. of.bolting flange after
Maximum pressure®, Minimum thickness of cover plate finishing
tank height, pounds per 16-inch 18-inch 20-inch 16-inch 18-inch 20-inch
feet® [square inch® [ manhole® manhole® manhole? manhole® manhole® manhole®
21 9.1 1/4 1/4 516 1/4 1/4 1/4
27 1.7 5/16 5/16 3/8 1/4 1/4 1/4
32 13.9 5/16 5/16 3/8 1/4 1/4 1/4
35 15.2 5/16 3/8 716 1/4 1/4 5/16
24-inch 30sinch 36-inch 24-inch 30-inch 36-inch
manhole ¢ manhole ¢ manhole ¢ manhole ¢ manhole ¢ manhole ¢
21 9.1 3/8 7/16 1/2 1/4 5/16 3/8
27 1.7 7116 1/2 9/16 5/16 3/8 7/16
32 13.9 7116 9/16 5/8 5/16 7116 1/2
35 15.2 1/2 5/8 11/16 3/8 1/2 9/16
50 21.7 5/8 3/4 718 1/2 5/8 3/4

@ For Sl units, 1 foot =0.3 m.

b Equivalent pregsure is based on water loading.
¢ For Sl units, a
4 For Sl units, 1 hch'=25.4 mm.

auge pressure of 1 psi = 6.9 kPa.

9.4 A cover for a manhole in the top of a tank may be of the self-closing type.

9.5 A manhole-cover joint shall be provided with a ring or face gasket of material determined to be
acceptable for use with flammabile liquids and having a thickness of not less than 1/8 inch (3.2 mm).
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Figure 9.3

Roof manholes for vertical tanks (See Table 9.2)
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1 The manhole construction may be trimmed flush.

2 All welds are to be full fillet welds.
3 For Sl units, 1 inch =25.4 mm.
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Figure 9.4

Shell manholes for vertical tanks (See Table 9.3 and Table 9.4)
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Table 9.4
Shell manhole dimensions (See Figure 9.4)

All dimensions are in inches unless otherwise stated

Built-up frame or frame
Thickness Frame using constant- using constant diameter
of shell and Attachment flange diameter ring die plug die
manhole Inside Maximum Inside Maximum
attachment Approxi- diameter of diameter of diameter of diameter of
flange (t) mate radius Length of manhole hole in shell manhole hole in shell
and (T) (R) side (L) Width (W) frame (ID) (Dn) frame (ID) (DR)
16-Inch Shell Manhole
0.167 3/16 38 45-1/2 18-5/8 20-1/4 16 17-3/4
1/4 1/4 38 45-1/2 18-1/2 20-1/2 16 18
Diameter of|bolt circle Dg = 22-1/4 inches, Diameter of cover plate D = 22-3/4 inches 20-3/4 inch diameterbolts in 7/8 inch
diameter holes
18-Inch Shell Manhole
0.167 3/16 42 50-1/2 20-5/8 22-1/4 18 19-3/4
1/4 1/4 42 50-1/2 20-1/2 22-1/2 18 20
Diameter of|bolt circle Dg = 24-1/4 inches, Diameter of cover plate D¢ = 26-3/4 inches’20-3/4 inch diameter bolts in 7/8 inch
diameter holes
20-Inch Shell Manhole
0.167 3/16 46 55 22-5/8 24-1/4 20 21-3/4
1/4 1/4 46 55 22-1/2 24-1/2 20 22
Diameter of|bolt circle Dg = 26-1/4 inches, Diameter of cover plate Dg =28-3/4 inches 28-3/4 inch diameter bolts in 7/8 inch
diameter holes
22-inch Shell Manhole
0.167 3/16 50 60 24-5/8 26-1/4 22 23-3/4
1/4 1/4 50 60 24-1/2 26-1/2 22 24
Diameter of bolt circle Dg = 28-1/4\inches, Diameter of cover plate D¢ = 30-3/4 inches.
28-3/4 inch diameter bolts in 7/8 inch diameter holes
24-Inch Shell Manhole
0.167 3/16 54 65 26-5/8 28-1/4 24 25-3/4
1/4 1/4 54 64-3/4 26-1/2 28-1/2 24 26
Diameter of|bolt circle Dg = 30-1/4' inches, Diameter of cover plate D¢ = 32-3/4 inches 28-3/4 inch diameter bolts in 7/8 inch
diameter holes
30-Inch Shell Manhole
0.167 3/16 66 79-1/4 32-5/8 34-1/4 30 31-3/4
1/4 1/4 66 79-1/4 32-1/2 34-1/2 30 32
Diameter oflhalt-circle Dy = 36-1/4 inches Diameter of cover plate Do = 38-3/4 inches 42-3/4 inch diameter bolts in 7/8 inch
diameter holes
36-Inch Shell Manhole
0.167 3/16 78 93-3/4 38-5/8 40-1/4 36 37-3/4
1/4 1/4 78 93-3/4 38-1/2 40-1/2 36 38

Diameter of bolt circle Dg = 42-1/4 inches, Diameter of cover plate D¢ = 44-3/4 inches 52-3/4 inch diameter bolts in 7/8 inch

diameter holes

NOTE - For Sl units, 1 inch =25.4 mm.

9.6 All shell manways in a vertical secondary containment tank, as well as head or below-liquid-level
manways in a horizontal or rectangular secondary containment tank, may also be secondarily contained
using a larger manway, meeting the dimensional requirements of Table 9.5 and as shown in Figure 9.5.
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Figure 9.5
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Table 9.5
Secondary Containment Manhole Dimensions

(See Figure 9.5)

Maximum Equivalent Minimum thickness of cover plate Minimum thickness of boltinpg flange after
tank height / pressure finishing
d'i:‘eetter g:::r:s‘"'?;: 36-inch 48-inch 54-inch 36-inch 48-inch 54-inch
manhole manhole manhole manhole manhole manhole
<21 9.1 1/2" 5/8" 3/4" 3/8" 1/2" 5/8"
27 1147 9/16" 11/16" 3/8" 7/16" 9/16" 11/16"
32 130 5/8" 3/4" 7/8" 1/2" 5/8" 3/4"
35 15.2 11/16" 7/8" 1" 9/16" 3/4" 7/8"
50 21.7 7/8" 1" 1-1/8" 3/4" 7/8" 1"
Secondary Manway Dimensions
36-inch 48-inch 54-inch
manhole manhole manhole
I.D. 36" 48" 54"
0.D. 44-3/4" 56-3/4" 62-3/4"
B.C. 42-1/4" 54-1/4" 60-1/4"
No. of Bolts 52 66 74
Size of Bolts 3/4"-10 3/4"—10 3/4"-10
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10 Fill, Drai

10.1
provided with
11 Painting

1.1

n, and Gauge Openings

fittings to accommodate filling, inventory control and product withdrawal.

In addition to vent openings each tank and each compartment of a multicompartment tank shall be

Unless made of stainless steel, a tank, after having been tested and found free from leakage, shall

be given at least one coat of paint on exposed surfaces to protect them from atmospheric corrosion during

storage at the
12 Tanks Sf

121 Tanks
following con
the 52.1.1(f)

12.2 The s
determined b

a) Ver
by mu
height
metho
contai

b) Thg
excep
maxini

c) Tan
tools f
be bag

d) Dell

12.3 Integra

test or evaluations shallbe based on two times the weight of a full tank containing the ma

gravity load.

feel thickness of tanks storing liquids with a specific gravity” greater thar

factory premises and in transit to the installation site.

ing Liquid ith S ific Gravity G ter Than 1.0

pptionally covered for storage of liquids with a specific gravity greater than, 1.0
struction and performance requirements based on the maximum specific' grav|
narking.

one of the following methods:

ical tanks with flat bottoms and without supports: Calculate the equivalent hei

shall be used in Table 17.1, footnotes a) and b),\to determine the steel thickng
1 shall be used for determining the secondary tank steel thickness
hment tanks.

tank shall be evaluated per the requirements of Section 43, Hydrostatic
the test pressure shall be two times the calculated tank bottom pressure
um anticipated specific gravity when the tank is filled to the maximum height.

K construction shall be evaluated by a Professional Engineer using calculatiorn]
br approval using the maximum anticipated specific gravity. The calculations o
ed on two times the weight of a full tank containing the maximum specific grav

pted

| supports-forall tanks shall be evaluated per Part IV Tank Supports, except th

shall meet the
ty identified in

1.0 shall be

ght of the tank

Itiplying the desired tank height by the desired spéecific gravity. The resuljng equivalent

bss. The same
or secondary

Strength Test,
based on the

s or analytical
analysis shall
ty liquid.

e support load
imum specific

13 Tanks

13.1

ith Bottoms Other Than Flat

steel at least as thick as the shell, using any of the joints in Section 6.

Tanks with bottoms other than flat, such as a cone, dish or wedge shape, shall be constructed with

13.2 The strength of the assembly of these tanks shall be determined by one of the following methods:

a) Tank design shall be tested to demonstrate the strength of the assembly per the Hydrostatic
Strength Test in Section 43; or

b) Tank construction shall be evaluated by a Professional Engineer using calculations or analytical
tools for approval. The calculations or analysis shall be based on two times the weight of a full tank.

13.3 These tanks shall be provided with integral supports that are evaluated to Part IV Tanks Supports.
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PART | - PRIMARY CONTAINMENT TANKS
HORIZONTAL CYLINDRICAL CONSTRUCTIONS
14 General

14.1 In addition to complying with the applicable requirements in Sections 4 — 11 for all tank

constructions, primary containment horizontal cylindrical tanks shall also comply with the requirements in
Construction, Section 15.

15 Construction

151 Capacilies and dimensions

15.1.1 A hqgrizontal tank shall not exceed either the maximum capacity or,th€ diafeter for the
corresponding thickness of steel specified in Table 15.1.

Table 15.1
Minimum steel thickness — horizontal tanks
Maximum diameter, Minimum steel thickness, inch (mm)
Actual cppacity, U.S. gallons (kL) inches (m) Carbon steel Sta|nless steel
550 or lesh (2.08) 48 (1.22) 0.093 (2.36) 0.p71 (1.80)
551 — 110 (2.14 — 4.16) 64 (1.63) 0.123 (3.12) 0.p86 (2.18)
1101 - 90d0 (4.17 - 34.07) 76 (4193) 0.167 (4.24) 0115 (2.92)
1101 — 35,000 (4.17 — 132.49) 1447(3.66) 0.240 (6.10) 0.158 (4.01)
35,001 — 50,p00 (132.50 — 189.27) 144 (3.66) 0.365 (9.27) 0.p40 (6.10)
50,001 — 75,p00 (189.27 — 283.6) 156 (3.97) 0.365 (9.27) 0.p65 (9.27)

15.1.2 The |overall length of a horizontal tank shall not be greater than six times its djameter. Tank
diameters exdeeding 144 inches\(3.66 meters) shall be further limited to a maximum of 72 feet (21.95
meters) in cylinder length.

15.2 Steel thickness.

15.2.1 A hollizantal tank shall be constructed from steel not thinner than specified in Tahle 15.1 for its
capacity and diameter.

15.3 Heads and head joints

15.3.1 A head of a horizontal tank shall be constructed of not more than three pieces for tank diameters
of 48 to 96 inches (1.2 to 2.4 m); and four pieces for diameters of 97 to 156 inches (2.42 to 3.9 m). When
two or more pieces are used, joints shall be one of the shell joint constructions described in Figure 6.1,
except joint No. 6 shall not be used.

15.3.2 A head of a horizontal tank shall be flat flanged or flanged and dished.

15.3.3 A flanged flat head of a horizontal tank more than 72 inches (1.8 m) in diameter shall be made of
steel not less than 5/16 inch (7.9 mm) thick or it shall be braced in accordance with Figure 15.1.
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Figure 15.1
Bracings for head and bulkheads (See Table 15.2)

I ] [ I
pun
T T| oA
n al m
T Nt
N
L 11 [ 1 L 1 T L
NO— NO—4 NO—6
DOUBLE BULKHEAD WITH DOUBLE BULKHEAD WITH DOUBLE BULKHEAR WITH
SPACE BETWEEN BULKHEADS BULKHEADS IN MONITOR\PIPE
INTIMATE CONTACT BETWEEN BULKHEADS

A
I‘Bj " N
Vo)
—A— .y
l—C _—I f
STRAIGHT FLANGE 6" MAX.
yanul
DO NOT WELD DIREGTLY: K/k

ON KNUCKLE RADIUS M

— TOP FITTING
NO. 2
BRACING FOR SINGLE FLANGED NO. 2 (DETAIL) DETAILQ - Q
FLAT BULKHEAD, FLAT
FLANGHD HEAD, OR FLANGED
Af\D DISHED HEAD

ﬁx (REQUIRED ON
1/4 D TOP AND BOTTOM

I 14D — OF EACH BRACING)
m ——

t ] i —=1 ==X (TYP)

NO.[3 (SIDE VIE®Y NO. 3 (END VIEW)

BRACING FOR SINGLE
LAT BULKHEAD,

S$5623

A —1/2inch (12.7 mm) minimum

B —3/4 inch (19.1 mm) minimum

C —1-1/4 inch (31.8 mm) minimum

T — Tack welds, not over 12 inches (0.3 m) apart
D — Tank diameter

X =4 inches (102 mm) maximum from shell

NOTES -

1 See Table 15.2 for bracing of flanged flat heads and bulkheads (Nos. 1 and 2) and Table 15.4 for bracing of unflanged flat
bulkheads (No. 3).

2 For No. 1, the testing flange may be located on the top of the tank.

3 For No. 1 through No. 4 bracing may be oriented in any direction, but must be placed within 6 inches (0.15 m) of center of head or
bulkhead. Bracing for No. 5 must be vertical.
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Table 15.2
Bracing for flanged flat heads and bulkheads (See Figure 15.1)

Diameter of head, I-beams Channels

inches? Inches® Pounds® Inches? Pounds®
72t0 84 3 57 3 4.1

85 to 96 3 5.7 4 5.4
97 to 108 4 7.7 5 6.7
109 to 120 5 10 5 6.7
121 t0 132 5 10 6 8.2
133 to 144 5 10 6 8.2

@ For Sl units, 1

ch=25 4 mm.

b For Sl units, 1

g =2.2 pounds.

15.3.4 A fla
thickness.

156.3.5 Thed

156.3.6 Theh

epth of dish of a dished head shall not be less than that specified in Table 15.3

nged flat head shall have an inside knuckle radius equal to at least 2.0 times the head

ead of a tank greater than 144 inches (3.66 meters) in~diameter shall be flanggd and dished,

with a dished fadius equal to the tank diameter, and a knuckle radius’of at least 1/10 of the tapk diameter.

Table 15.3
Dished heads — depth of dish

Diameéter Minimum depth Diameter Minimym depth
Inches m Inches mm Inches m Inches mm
Up to 60 (Upto 1.52) 1-1/2 (38) 97 - 108 (2.46-2.74) 4-1/2 (114)
61-72 (1.55-1.83) 2 (51) 109-120 (2.77 -3.05) 5-1/2 (140)
73-84 (1.85-2.13) 2-1/2 (64) 121-132 (3.07-3.35) 7 (178)
85-96 (2.16 —2.44) 3=1/2 (89) 133 -144 (3.38-3.66) 8 (203)
97 -108 (2.46 —2.74) 4-1/2 (114) 144 — 156 (3.58-3.96) 20 (508)

15.4 Compartmenttank construction

15.4.1 A bul

khéad of a compartment tank shall be constructed so that leakage through

any bulkhead

joints will not

constructions. Bulkheads are not allowed in tanks over 144 inches in diameter.

M N el - 4t 41 Q [l 40 4 £ 4
T UuncticU murtr Ure COTTIparuticIn o darfoltict. oCC 'iyurc 1J. 1T 1TUT daULTPL

ble bulkhead

15.4.2 A bulkhead of a single or double bulkhead tank, shall be constructed of one piece for tank
diameters under 72 inches, of not more than two pieces for tank diameters from 72 to 96 inches, and three
pieces for diameters of from 97 to 144 inches (2.42 to 3.6 m). When two or more pieces are used, joints
shall be in accordance with Figure 6.1 Joints No. 1 or No. 2.

15.4.3 The minimum thickness of metal used for a bulkhead shall not be less than 0.167 inch (4.24 mm)
for diameters of 76 inches (1.9 m) or less and 1/4 inch (6.4 mm) for diameters of more than 76 inches.

15.4.4 An unflanged flat bulkhead of a compartment tank shall be braced in accordance with Figure 15.1
and Table 15.4.
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Table 15.4
Bracing for unflanged flat bulkheads (See Figure 15.1)
Diameter Channels
of head,
inches? Inches Pounds® Angles, inches®
Up to 60 3 4.1 2 x 2 x 3/8 or2-1/2 x 2-1/2 x 1/4
61t072 3 4.1 3 x3 x 7/16 or 3-1/2 x 3-1/2 x 5/16
73to 84 4 5.4 3-1/2 x 3-1/2 x1/2 or4 x4 x 3/8
85 to 96 5 6.7 4 x4 x 1/2 orb5 x 3-1/2 x 3/8°
97 to 108 5 6.7 4 x4 x 3/4 or6 x4 x 3/8°
109 to 120 6 8.2 5 x5 x 5/8 or6 x4 x 1/2°
121 t0 132 7 9.8 5 x5 x 3/4 or6 x 4 x 9/16°
133 to 144 7 9.8 5 x5 x 3/4 or6 x4 x 9/16°
@ For Sl units, 1finch = 25.4 mm.

® For Sl units, 1

¢ Short leg of an

kg = 2.2 pounds.
gle welded to head.

meter shall be
th Figure 15.1

1 for all tank
quirements in

ght.

15.4.5 A flapged flat bulkhead of a compartment tank more than 72 inches (1.8 m) in dia
made of not lgss than 5/16 inch (7.9 mm) thick material or it shall be braced in accordance w
and Table 15.p.

VERTICAL CIYLINDRICAL CONSTRUCTIONS

16 General

16.1 In adglition to complying with the applicable requirements in Sections 4 — 1]
constructions| primary containment vertical «¢ylindrical tanks shall also comply with the r¢g
Construction,|Section 17.

17 Construftion

17.1 Capacjties and dimensions

17.1.1 The minimum diameter of a vertical tank shall not be less than one-quarter of its hei
17.1.2 The ghell height of a vertical tank shall not be more than 50 feet (15.24 m).

17.1.3 The capacity of a verticat tank shaft ot exceed 60,000 gattons (227 KL):

17.2 Steel thickness

17.21

A vertical tank shall be constructed from steel not thinner than specified in Table 17.1.
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Table 17.1
Minimum steel thickness — vertical tanks

Actual capacity U.S. Shell thickness, inch Bottom thickness, Top thickness, inch
gallon (kL) (mm) inch (mm) (mm)
Carbon steel sheet 1100 (4.16) or less 0.093 (2.36) 0.093 (2.36) 0.093 (2.36)?
More than 1100 (4.16) 0.167 (4.24)° 0.240 (6.10) 0.123 (3.12)2
Stainless steel sheet 1100 (4.16) or less 0.086 (2.18) 0.086 (2.18) 0.086 (2.18)
More than 1100 (4.16) 0.115 (2.92)° 0.158 (4.01) 0.086 (2.18)

@See 17.3.3.

not be less than 0.240 inch (6.1 mm) thick.

b For a tank more than 25 feet (7.6 m) in height, all parts of the shell located more than 25 feet below the top edge of the shell shall

¢ For a tank mori
not be less than

e than 25 feet (7.6 m) in height, all parts of the shell located more than 25 feet below the top edge\d
D.158 inch (401 mm) thick.

f the shell shall

17.3 Tank tgp (roof)

17.3.1 The't
more pieces a

bp of a vertical cylindrical tank shall be constructed of not moré than four pie

17.3.2 The top of a single wall and outer shell of a secondary containment vertical tank sha
conical.

t top roofs for vertical tanks are acceptableZprovided there is no leakage fol
Test, Section 42, which is conducted aftetr.the Top Load Test, Section 44.

Exception: FI3
Tank Leakage

17.3.3 Theh
made of steel
the tank when
dish not less t

eight of a conical top shall not be less than one-sixth of the radius of the tank w
less than 0.167 inch (4.24 mm) thick and shall not be less than one-twelfth o

an that specified in Table 15.3.

17.4 Tank bottom (floor)

17.4.1 The bottom of a vertical cylindrical tank shall be constructed of not more than four pi
more pieces gre used, joints shall be one of the shell joint constructions described in Figu
that joint No. g shall notke used.

17.4.2 Vertical eylindrical tanks elevated on supports shall meet the requirements of 32.3.

‘e used, joints shall be one of the shell joint constructions described in Figure §.1

ces. If two or
1.

| be dished or

nd during the

hen the top is
f the radius of

the top is made of steel not less’than 0.167 inch thick. A dished head shall have a depth of

eces. If two or
e 6.1, except

RECTANGULAR CONSTRUCTIONS

18 General

18.1

In addition to complying with the applicable requirements in Sections 4 — 14 for all tank

constructions, primary containment rectangular tanks shall also comply with the requirements in

Construction, Section 19, and Performance, Section 20.
19 Construction
19.1

General

19.11
may be placed on the inside or outside of the tank walls.

Stiffening bars may be attached to the tank wall either by intermittent or continuous welding and
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19.1.2 Tie rods may be used inside of the tank.

19.1.3 Baffles shall be intermittently welded or continuously welded on the inside of the tank.

19.2 Steel thickness

19.2.1

carbon steel or 0.071 inch (1.80 mm) if of stainless steel.

20 Performance

20.1

20.1.1 The
are in accordd

20.1.2 Thet

20.2 Top load test

20.2.1 After
Leakage Test

PART Il - SE
ALL SECONI
21

General

21.1  All seq
into the interg

freely within the interstitial spaceo the point of monitoring.

HORIZONTA

22 General

221 In ad

Hydrostatic-strength-tes

$

Tanks of this type shall be constructed from steel not thinner than 0.093 inch (2.36 mm) if of

ank shall be tested to demonstrate that the strength of the assembly and the
nce with these requirements.

ank shall not rupture or leak when subjected to the Hydrostatic Strength Test, §

being subjected to the Top Load Test, Section 44;the tank shall then be su
Section 42, and shall not leak.

CONDARY CONTAINMENT TANKS

DARY CONTAINMENT TANK CONSTRUCTIONS

ondary containment tanks shall be constructed to provide a means for moni
titial (annular) space through either the interior or exterior walls, and so that

. CYLINDRICAL'CONSTRUCTIONS

welded joints

bection 43.

bjected to the

foring leakage
iquid can flow

Jition” to complying with the applicable requirements in Sections 4 — 1

I for all tank

in Construction, Section 23.

23 Construction

23.1

The primary containment tank shell of a secondary containment tank shall be constructed in

accordance with Part | — Primary Containment Tanks, Horizontal Cylindrical Constructions, Sections 14

and 15.

23.2 The outer shell and head of a secondary containment tank shall meet the requirements specified for
Part | — Primary Containment Tanks, Horizontal Cylindrical Constructions, Sections 14 and 15, except that
a direct contact secondary shell and heads may wrap a minimum of 300 degrees or provide a minimum of

95 percent co

ntainment, whichever is greater.
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23.3 A secondary tank shell that is not in direct contact with the primary tank shall have standoffs
positioned as shown in Figure 23.1. This construction is not allowed for tanks over 144 inches in diameter.

Figure 23.1

Secondary containment tank standoff positioning

¢ ,76 INCH (1.93 M) ¢ 96 INCH (2.44 M)
[ / MAX. DIAMETER [/ MAX. DIAMETER

¢ , 120 INCH (3.05 M) ¢ , 144 INCH (3.66 N
MAX. DIAMETER MAX. DIAMETER

~
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23.4 The standoffs with locations shown in Figure 23.1 may be oriented with the web either parallel or
perpendicular to the shell and shall be a minimum of 3 by 1-1/2 inch (76.2 by 38.1 mm) channel [1/4 inch
(6.4 mm) flange by 3/16 inch (4.8 mm) web] weighing 4.1 pounds per foot (6.1 kg per m).

23.5 If the outer shell of the secondary containment tank is in direct contact with the primary containment
tank shell, the secondary containment shell may be constructed of steel with a thickness as specified in
Table 23.1.

Table 23.1
Minimum steel thickness for outer shell of horizontal secondary containment tanks in direct

contact with primary containment tank shell

Capacity Maximum diameter of Minimum metal thickness,.in¢h (mm)
primary tank, inches

U.S. gallons (kL) (m) Carbon steel Stainless steel
550 or less (2.08) 48 (1.22) 0.093 (2.36) 0.071 (1.80)
551-1100 (2.09 - 4.16) 64 (1.63) 0.093 (2.36) 0.071 (1.80)
1101 - 9000 (4.17 - 34.07) 76 (1.93) 0.123 (3:12) 0.086 (2.18)
1101 - 35,000 (4.17 - 132.49) 144 (3.66) 0.167 (4.24) 0.115 (2.92)
35,001 — 50,00p (132.50 - 189.27) 144 (3.66) 0.240 (6.10) 0.158 (4.01)
50,001 — 75,00D (189.28 — 283.91) 156 (3.96) 0.240 (6.10) 0.158 (4.01)

23.6 If the heads of the secondary containment tank @re not in direct contact with thg heads of the
primary tank, the heads of the secondary tank shall have.a minimum thickness as stated in Table 15.1 and
be braced in accordance with Figure 15.1.

23.7 If the efterior steel shell extends more than 12 inches (0.3 m) past the head of the primary tank, the
portion of the{ shell that is not in direct contact with the primary tank shall comply with th¢ material and
construction requirements specified in Censtruction, Section 15.

23.8 The thickness of a secondaty head that is in direct contact with the primary head may|be reduced to
the thickness |specified in Table23.1. Unflanged flatheads shall not be used in this type of construction.

VERTICAL ClYLINDRICAL,CONSTRUCTIONS

24 General

24 1 In additian to (‘nmplying with the applicable requirements in Secfions 4 — 1 for all tank
constructions, secondary containment vertical cylindrical tanks shall also comply with the requirements in
Construction, Section 25.

25 Construction
25.1 General

25.1.1 The primary containment tank shell of a secondary containment tank shall be constructed in
accordance with Part | — Primary Containment Tanks, Vertical Cylindrical Constructions, Sections 16 and
17.

25.1.2 The outer shell of a secondary containment tank shall comply with the requirements specified for
Primary Containment Tanks, Vertical Cylindrical Constructions, Sections 16 and 17.
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25.1.3 A secondary containment tank shell that is not in direct contact with the primary tank shall have a
means to securely position the primary tank within the secondary containment shell.

25.1.4 If the outer shell of the secondary containment tank is in direct contact with the primary
containment tank shell, the secondary containment shell may be constructed of steel with a thickness as
specified in Table 25.1.

Table 25.1
Minimum steel thickness for outer shell of vertical secondary containment tanks in direct contact

with primary containment tank shell

uarbmmmmw

Capacify, U.S. gallons® Shell Bottom
1100 or less 0.093 (2.36) 0/093)(2.34)
Qver 1100 0.123° (3.12) 0:240 (6.1Q)

@ For Sl units, 1

® For a tank mor
to be less than 0

).S. Gallon=3.78 L.

e than 25 feet (7.5 m) high, all parts of the shell located more than 25 feet belowsthe top edge of thq
167 inch (4.24 mm) thick.

b shell are not

25.2 Tank bottom (floor)

25.2.1 The {loor of the secondary containment shall be ¢séparate from and in addition o that of the
primary containment shell.

RECTANGULAR CONSTRUCTIONS

26 General

26.1 In add
constructions,
Construction,

for all tank
luirements in

ition to complying with-\the’ applicable requirements in Sections 4 — 11
secondary containment-fectangular tanks shall also comply with the re
Bection 27, and Perférmance Tests, Section 28.

27 Construgtion

27.1 The pn
accordance w

mary containment tank shell of a secondary containment tank shall be g
th Part\= Primary Containment Tanks, Rectangular Constructions, Sections 1|

onstructed in
8 and 19.

27.2 The ou

er-shell of g Qnr‘nnr‘lnr\/ containment tank shall r‘nmply with the rnquimmnnh

Part | — Primary Containment Tanks, Rectangular Constructions, Sections 18 and 19.

specified for

27.3 The floor of the secondary containment shell shall be separate from and in addition to that of the
primary containment shell.

28 Performance Test

28.1 Hydros

28.1.1
and welded joi

tatic strength test

nts are in accordance with these requirements.

The secondary containment tank shall be tested to demonstrate that the strength of the assembly

28.1.2 Neither the primary or secondary containment tanks shall rupture or leak when subjected to the
Hydrostatic Strength Test, Section 43.
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28.2 Top load test

28.2.1
Leakage Test

After being subjected to the Top Load Test, Section 44, the tank shall then be subjected to the
, Section 42, and shall not leak.

PART IIl - DIKED TANKS

29 General

29.1

29.1.1

2912 1In a
constructions
a diked tank
Tests, Sectio

29.2 Dike cg

29.2.1 The
except the tar

30 Constru
30.1 Alldik

30.1.1 The
carbon steel g

30.1.2 Buttr

30.1.3 Horif
Part of this s
requirements

30.1.4 The
and shall not

The regH

Details

ddition to complying with the applicable requirements in Sections -4\~ 1
and Part | (primary containment tanks) or Il (secondary containment.tanks) of
hall also comply with the requirements in 29.2.1; Construction, Section 30; an
31.

1 for all tank
this standard,
i Performance

pacity

pctual dike capacity less the volume displaced by-the supports or other inte
k shall be at minimum, 110 percent of the actual capacity of the tank.

'nal apparatus

ction
bd tanks

Hike walls and floor shall be constructed of steel not thinner than 0.093 inch
r 0.071 inch (1.80 mm) if of stainless steel.

2.36 mm) if of

bsses used to stiffen the side walls shall be at least the thickness of the side waill.

ontal cylindrical.tanks shall be provided with supports that comply with the rg
fandard. If supports are provided for other tank constructions, they shall cg
of Part IV ofithis standard.

tquirements of
mply with the

supparts shall be constructed so that liquid can flow freely at the lowest level i the dike area
become easily blocked by debris.

30.1.5 The supports, tank, or both shall be mechanically secured to, or integral with, the dike to prevent

rotation and u

plift of the tank.

30.2 Open top dike constructions

30.2.1

Access and egress devices (ladder or stairs) shall be provided for the diked area if the height of

the interior dike wall exceeds 6 feet (1.8 m).

30.3 Closed top dike constructions

30.3.1

Closed top dike tanks shall be provided with steel covers over the dike area to keep precipitation,

debris, or other elements from entering the diked area, while also allowing for inspection.
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30.3.2 The dike shall be designed such that it cannot be pressurized, should fittings be capped.

30.3.3 Closed top dike constructions shall be provided with a means for emergency venting in
accordance with Venting, Section 8.

30.3.4 Closed top dike constructions with covers intended to lift for emergency venting shall not be
provided with a means for securement or provision for locking (if locking interferes with the operation of the
emergency vent) and shall be marked in accordance with 52.4.1. Vent openings shall be constructed to
direct venting upward away from the tank.

30.3.5 Covers shall be constructed so as to reduce the risk of injury to persons during intended use.

31 Performance Tests

31.1 Generdl

31.1.1 Openl|and closed top dike tanks shall be subjected to the following tests.

31.2 Buoyancy test

31.2.1 Whe of structural

damage, and

subjected to the Buoyancy Test, Section 45, there shall be no evidence
he tank shall show no evidence of uplifting from the‘dike floor.

31.3 Hydrostatic load test

31.3.1  Wher
deflection of th
be no leakage

PART IV - TA

subjected to the Hydrostatic Load Test,'Section 46, there shall be no structu
e dike walls exceeding L/250, whereL is the length of the side wall. In additi
as evidenced by visual inspectionyof the dike.

NK SUPPORTS

ral damage or
bn, there shall

32 General

32.1 All conptructions

32.1.1 Thesg requirements cover supports integral to or secured to a tank or dike.

32.1.2 Tanks two times the

weight of the f

oh,'stupports shall be constructed to withstand, at minimum, a static load of

NI ZZP2N PRV 1 SP-RT SN N WNE 202 P-C PN C0-0 TP PN 1 “W-NE 202N PPN SR TV PN~ TSP~V "3 “P-X 1 2§
Gt e v it oot pPerareT it OCToOTT T TatioTrT o tetar T O SUPPUTtST U DotT

32.1.3 Supports provided with thruholes for tiedown shall be slotted or open-ended to allow for thermal
expansion and contraction.

32.2 Horizontal cylindrical tank constructions

32.2.1 Saddles may be constructed as described in Construction, Section 33. Other saddle constructions
or means of support are to be evaluated by conducting structural analysis using calculations?, or tested in
accordance with Performance Tests, Section 34. Other methods of structural analysis calculations, such
as finite element, are not prohibited from being used.

2 L.P. Zick's paper entitled "Stresses in Large Horizontal Pressure Vessels on Two Saddle Supports" and many published sources
based on his paper are useful references for this purpose.
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32.3 Vertical cylindrical tank constructions
32.3.1 \Vertical cylindrical tanks on supports such as skirts or legs are to be evaluated by structural

analysis using calculations® or tested in accordance with Performance Tests, Section 34.

b "The Pressure Vessel Design Handbook" by Henry H. Bednar is a useful reference for this purpose.

32.4 Rectangular tank constructions

32.41 Rectangular tanks on supports are to be evaluated by structural analysis using calculations or
tested in accordance with Performance Tests, Section 34.

33 Construftion
33.1 General
33.1.1 Supdorts shall be constructed of material as described in Materials, Section 5.
33.2 Saddlgs

33.2.1 The minimum material thickness of saddles constructed inyaccordance with Figurg 33.1 shall be
as specified in Table 33.1.

Figure 334

Saddles for horizontal cylindrical tanks

Top flange Wear plate

Stiffener

Base plate

SM5198
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Table 33.1
Minimum material thicknesses for saddle constructions in inches
35,001 - 50,001 -
Part 550 or less 551 -1100 1101 — 9000 1101 - 35,000 50,000 75,000
Maximum Tank 48 64 76 144 144 156
Diameter
Top Flange 0.093 0.123 0.24 0.560 0.60 1.24
Thickness
Wear Plate 0.093 0.123 0.24 0.240 0.365 0.49
Thickness
Saddle Width 45 6.0 6.0 9.0 10 12
Base Plate 0123 0167 050 0758 09 1.24
Thickness
Base Plate 6.5 75 75 10 11 12
Width
Web Thickness 0.093 0.123 0.167 0.240 0'365 0.365
Minimum 3 3 4 6 6 6
Number of
Stiffeners
33.2.2 Maximum height of saddles, when measured from the lowest portion of the tank shgll, shall be 12
inches (305 mm) unless protected by materials having a fire resistance rating of not less than two hours.

33.2.3 Theb)

33.24 The¢d
orless and an

33.25 Thes

ase plate length shall be at least 90 percent of'the tank diameter.

tiffener thickness shall be a minimum of,3/8 inch (9.5 mm) for tank diameters
hinimum of 1/2 inch (12.7 mm) for tank diameters greater than 6 feet.

pddles shall be positioned a distance of D/4 from the end of the primary tank,

diameter of the¢ tank.

33.2.6 Wear
extend a minirn
+ 10t inches, V
of tanks above

34 Performa

341 As an ¢

plates shall be used for tanks with capacities greater than 550 gallons (2.09
num of 0.1 times the-radius, in inches, above the saddle tips and have a minin
Vhere b is the width/of the saddle and t is the thickness of the shell. Wear plat
144 inch (3.66'meter) diameter shall be at least 38 inches (965 mm) wide.

nce Tests

6 feet (1.8 m)

vhere D is the

kL), and shall
um width of b
ps for saddles

ption to structural analysis of the support, the tank may be subjected to the

Tank Support

Load Test, Se

tiom 47T here shattbe o damage toor permament deformatiornrof thetankor

PART V — TANK ACCESSORIES, COMPONENTS, AND SPECIAL CONSTRUCTIONS

35 General

35.1 All types

35.1.1
constructions.

upports.

The requirements in this section cover optional tank accessories, components, and special
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35.2 Materials

35.2.1 All materials used in fabrication of the accessory shall be compatible with the base tank,
flammable and combustible liquid, and the physical and atmospheric conditions where the device may be
used.

35.2.2 Polymerics and elastomers shall be evaluated for compatibility with fluids, surfaces, or
atmospheric conditions with which the part comes in contact. These materials shall comply with the
requirements for Gaskets and Seals, UL 157.

35.2.3 All accessories shall be constructed to minimize the stresses on the base tank.

36 Ladders|

in accordance
ns, Part 1910,

36.1 Exterigr ladders shall comply with the construction and performance requirements
with Occupat|onal Safety and Health Standards, Title 29 of the Code of Federal Regulatio

Subpart D, Sg¢ction 1910.23 Ladders Subsections (b) General Requirements forAll Ladderg
(7), and (d) —|Fixed Ladders items (1), (2), (3), (7), (8), (11) and (13), and_Séction 1910.24
Manway Stepls Subsections (a) and (b).

36.2 Interiof ladders shall comply with the exterior ladder requiréments except that the cl
must be verti¢al and directly in line with the edge of the tank manhole. Manholes shall not b
inches (0.6 m) in diameter. Hatch covers, if used, shall not be of'the self-locking type if they

only from the putside of the tank.

36.3 All ladders shall be tested or calculated to withstand, the minimum static loads a

36.5 applied
or tank.

36.4 Delete

3-1/2 inch wide blocks for 1 min without damage to or permanent deformatio

36.5 Static Load (Ladders) — Ladders with a length of climb of 10 feet (3 m) or less shall

load of 1000
of climb of gre
two rungs spa

ounds (454 kg) applied for 1 minute to the center of the longest rung. Ladder
ater than 10 feet'shall support a static load of 2000 pounds (909 kg) applied t
ced 10 feet apart.

I 37 Stairs and Runways

37.1 Stairs

items (2) and
Step Bolts and

mbing surface
e less than 24
tan be opened

5 described in
n of the ladder

upport a static
5 with a length
p the center of

cordance with

shall’ comply with the construction and performance requirements in ac

Oty anA Liaoll QiAo de Tl OO0 oFf dhan oA Af DoaAara] Doy lad

Occupational

atiad
oarcty artd—rroaita T otanuaras;, Hiuc 20 U 1o COUC—OT T CUtTar meyurator

s, Part 1910,

Subpart D, Section 1910.25 Stairways Subsections (b) General Requirement items (1) to (9) except ship
stair, and (c) Standard Stairs items (1) to (4), or for vertical cylindrical tanks (d) Spiral Stairs items (1) to

(5).

37.2 Runways shall comply with the construction and performance requirements in accordance with
Occupational Safety and Health Standards, Title 29 of the Code of Federal Regulations Part 1910,
Subpart D, Sec 1910.28 Subsections (a) General item (1), (b) Protection from Fall Hazards items (5)
runways and similar walkways (i) & (ii) and (11) stairways items (i) & (ii).

37.3 Guardrails on Stairs and Runways shall be provided for fall protection in accordance with Section
38. Runways used below the top level of the tank are only required to have a guardrail on one side

37.4 All stairs and runways shall withstand the loads described in 37.5 and 37.6, respectively, without
damage to or permanent deformation of the accessory or tank.
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37.5 Stair Static Load — A static load of 5X the rated load or minimum 1000 pounds (454 kg) is to be
evenly distributed over a 1.0 ft x 2.0 ft area on the center of the longest unsupported span of the runway
for a period of one minute.

37.6 Runway Static Load — A static load of the rated load or at least 1000 pounds (454 kg) is to be
evenly distributed over a 1.0 ft x 2.0 ft area on the center of the longest unsupported span of the runway

for a period of one min.
38 Guardrails

38.1 Guardrails shall comply with the construction and performance requirements in accordance with the
Occupational Safety and Health Standards, Title 29 of the Code of Federal Regulations, Part 1910,
Subpart D, Sgction 1910.29 Subsections (a) General Requirements item (1) and (b) Guardrail Systems
items (1) to (14).

38.2 All guardrails shall withstand the loads described in 38.3 and 38.4 applied using a
inch (89 by 89|mm) steel plate, without damage to or permanent deformation ofthé’ guardrail,

8-1/2 by 3-1/2

38.3 Guardrail Static Load — A static load of 200 pounds (91 kg) shall be applied downward and outward

within 2 incheq
at least one n
surface.

38.4 Midrail
midrails, scresq
members loca

39 Heating (

39.1 Aheati
that stored in
tank unless su
the tank abovd
portion of the
the inside and

40 Sumps

40.1 Asump

ted midway between the supports for at least one minute.

(5 cm) of the top edge, at a point on top of the rail located midway between th
inute. The top rail shall aslo not deflect to less than-39 inches (99 cm) abov

Static Load — A static load of 150 pounds (68.3'kg) shall be applied downward
ns, mesh, intermediate vertical members;~sélid panels, and other equivalen

Coils and Hot Wells

ng coil or hot well that is provided as part of a tank assembly and handles a fl

e supports for
e the walking

or outward on
intermediate

Uid other than

he tank, such as steamor*hot water, shall have no joints in that portion locgted within the

ch joints are continuously welded or brazed. The coil or hot well connection
the liquid level, untess made of steel having a wall thickness not less than sp
ank shell through.which the connection exists. A continuous full fillet weld sha
outside of the tank where a connection pierces the tank or a manhole cover.

shall exit from
beified for that
Il be made on

not less than

that'is provided as part of a tank assembly shall be of steel having a thickness

that of the tan
outside, or the

Snell or bottoml. It Shall be attacned 10 the ank using acontinuous fuft fittetw
equivalent.

Id, inside and

40.2 As an option, sumps with a maximum 24 inch (60.96 cm) diameter and maximum 12 inches (30.4
cm) depth shall be permitted in primary and/or secondary tanks along the bottom center line. The
thickness of the sump material shall, at a minimum, be the same thickness of the tank shell or bottom,
depending on the location of the sump and the type/orientation of the tank.

40.3 Allinternal welds are to be full seal welds.

40.4 Sump welds shall be a minimum 6 inches (15.2 cm) from a head or bulkhead weld.
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