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This Part of BS 7777 has been prepared under the direction of the Pressure
Vessels Standards Policy Committee.

Flat-bottomed, vert.i.;a.‘-i cylindrical storage tanks for liquid oxygen, liquid

i on have traditionally been of the double wall, single
containment type Wh ere the hquld is contained in an inner tank, and an outer
container serves mainiy to contain the insulation

These tanks were built in accordance with the following British Standard:

oo ity
It is still the pracuce to store HQHIG oxygen, HG‘J}G nltrogen or HG‘CJG argon in

single containment tanks. This is due to the combination of stored fluid
properties, tank size and properties of the materials of construction. It has been
decided to revise BS 5387 and rationalize it within BS 7777. This Part of

BS 7777, together with BS 7777 : Parts 1 to 3, supersedes BS 5387 : 1976 which
is withdrawn.

This Part covers only single containment, flat-bottomed, cylindrical, stand-alone
storage tanks, but is not intended to exclude the use of other storage concepts
and designs which have been proven in service.

This British Standard comprises four Parts:

R 11 11| 1 11 1 1 1
2 2
2
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Part 1 Guide to the general provisions applying for design, construction,
installation and operation

Part 2 Specification for the design and construction of single, double and full
containment metal tanks for the storage of liquefied gas at
temperatures down to —165 °C

Part 3 Recommendations for the design and construction of prestressed and
reinforced concrete tanks and tank foundations, and for the design
and installation of tank insulation, tank liners and tank coatings

Part 4 Specification for the design and construction of single containment
tanks for the storage of liquid oxygen, liquid nitrogen or liguid argon

NOTE. This standard has been writted in the form of a practice specification (see clause 6 of
PD 6501 : Part 1 : 1982).

To comply with this specification, the user has to comply with all of its
requirements. The user may responsibly depart from the recommendations, but
would be expected to have good reasons for doing so.

Compliance with a British Standard does not of itself confer immunity from
legal obligations.

Copyright by the British Standards Institution
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1 Scope
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metallic single containment cryogemc tanks for the
storage of liquid oxygen, liquid nitrogen or liquid
argon, all with an inner tank design temperature of

TQE O A o o
— 190 ~wv alid, G'ﬁexabﬂ"lg in the range — igd °Cto

—196 °C.
In addition to the definitive requirements, this
Qlﬁi‘ii‘}ﬁ__i‘u :uﬁ"l i’?ﬁii'li"t"g the items detailed in clause §

to be documenied. For compliance with this
standard, both the definitive requirements and the
documented items have to be satisified.

NI JI'K wnarp it is 'I'IﬂT T\(\RQ'I"IP io QI’\PI"‘IIV I'PﬂlI"'(-‘lTI(-‘rIT\ Wnl( ll

can be verified, but it is cons1dered that the mformatlon
available requires consideration, commentary and
recommendations are added to the text.

2 References

2.1 Normative references

This Part of BS 7777 incorporates, by reference,
provisions from specific editions of other
publications. These normative references are cited

at the annronriate noints in the text and the

Qv Ll QPR UPIIGUT pPUOLIILS 111 VAT VUAL QAR S,

publications are listed on page 12. Subsequent
amendments to, or revisions of, any of these
publications apply to this Part of BS 7777 only
when incorporated in it by amendment or revision.

2.2 Informative references

This Part of BS 7777 refers to publications that
provide information or guidance. The editions of
these publications current at the time of issue of
this standard are listed on the inside back cover,
but reference should be made to the latest
editions.

3 Definitions

For the purposes of this Part of BS 7777, the
definitions give in clause 3 of BS 7777 : Part 1 :
1993 apply.

4 Design conditions

Unless otherwise specified in this Part of BS 7777,
the tanks shall be designed, fabricated, erected,
inspected and tested in accordance with the
referenced sections of BS 7777 : Parts 1, 2 and 3.
All tanks shall be of the double wall single
containment type (see figures 1c and 1d of

BS 7777 : Part 1 : 1993). The outer container shall
not be required to hold any liquid resulting from
spillage from the inner tank or pipework.

In the case of fixed roof inner tanks, the outer
container shall retain the insulation and the purge
gas.

1)1 mbar = 10 bar = 100 N/m? = 100 Pa.

In the case of tanks with suspended deck inner
roofs, the outer container shall retain the

duct vanour
roquct vapour

ank shall n ot be used for the

lne“lnflnn ann 'rnn n
ALUSUAGUAVIL Quiia wd M

A suspended deck t
storage of oxygen.

n . 3 s
Submer s sed pumps shali not be used in oxygen

storage tanks.
’Panks shall be des1gned to suit the pressure

ni
req uired in service. Tanks without any size

restriction shall be designed for internal positive
pressures not exceeding 140 mbar!) (gauge) and

internal negative pressure not exceeding 6 mbar
{gauge).

For internal pressures between 140 mbar (gauge)
and 345 mbar (gauge) the maximum inner tank

inmaiar chall ha 90 m
diameter shall be 20 m.

COMMENTARY AND RECOMMENDATIONS ON CLAUSE 4. Due
to the product purity requirements, inner tanks
should generally be of the fixed roof type. In
exceptional circumstances and with the purchaser’s
prior agreement a suspended deck inner roof may
be considered for the storage of argon or nitrogen.
The outer container should be designed for ambient
temperature conditions as an envelope to retain the
insulation and an inert purge gas, or in the case
of a suspended deck inner roof for nitrogen or
argon storage, product vapour, and to prevent at
all times the ingress of airborne moisture.

The single containment tank may be surrounded
by a low bund wall. The requirement for a bund
wall should be determined by local conditions and
plant layout.

The overall storage installation should be in
accordance with industrial practice (see British
Compressed Gases Association CP 20 [1] and

CP 22 [2)).

For inner tanks with diameters less than 20 m,
tnternal pressures up to 500 mbar may be used
subject to agreement between the purchaser and the
contractor.

5 Information to be exchanged between
the purchaser and the contractor

5.1 Information to be supplied by the purchaser

The following information to be supplied by the
purchaser shall be fully documented. Both the
definitive requirements specified throughout the
standard and the following documented items shall
be satisfied before a claim of compliance with the
standard can be made and verified:

a) the geographical location of the tank;

b) the diameter and height, or the usable
capacity, of the inner tank, including ullage in
cold conditions;

Copyright by the British Standards Institution
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c) all relevant properties of the contained fluid,
including the specific gravity and permissible

d) the design internal positive pressure and

internal negative pressure conditions for both the

inner tank and outer container;

'I'I’\Dml‘)l rucioc and thoir
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evaluation of insulation
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magnitude for
compactlon,

Y\ the m nd avimum dagion
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temperatures for the outer container er and the
maximum design temperature for the inner tank

o tha gien 1mihan fFrrea an A Tnan 3
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mountmgs requu‘ed (see note);
h) details of flanges for connectin

Andail ~F f e

u aetaliis o1 ‘l")“jlulnu and surt:

g pework

k) the quality of water to be used for the
hydrostatic test;

1) other specifications to be read in conjunction
with this standard;

m) the number of pressure cycles and their
magnitudes;

n) the wind design condition if more onerous
than that specified in 7.2.3;

0) seismic loads;

p) cleanliness requirements for all liquids (see
clause 12);

q) additional safety requirements when extra
thick plate is required (see 6.3).
NOTE. Attention is drawn to the desirability of minimizing the

number of connections required into the bottom courses of the
inner tank shell and the inner tank floor.

5.2 Information and requirements to be agreed
and to be documented

The following items to be agreed between the
contracting parties, which are specified in the
clauses referred to, shall be fully documented.
Both the definitive requirements specified
throughout the standard and the following
documented items shall be satisifed before a claim
of compliance with the standard can be made and
verified:

a) the nature and magnitude of significant loads

or moments applied to the tank shell or roof

from piping, valves, or other aspects including

tank and pipe support settlement (see 7.2.3

and 7.2.4);

b) the roof slope for a conical roof or the radius

of curvature for a dome roof (see notes 1 and 2;

see also 6.8.3 and 7.3.3);

¢) the purlin spacing (see 7.1.5.3 of BS 7777 :
Part 2 : 1993);

d) the materials to be used in the manufacture of
the inner tank (see 6.3);

e) the requirements for stop valves at the inlet of

the relief valves (see 8.2 of BS 7777 : Part 1 :

1009%.
1930 )]

f) the requirements for flange design, if different

from those specified in BS 1560 : Section 3.1 :
1989 (see 6.9.6);

~ 77

g) the relief system design and relieving capacity
(see clause 15),

hell
...................... the shell

h) the mpfhnd for the protection of the

adn during
aEa;I‘wu wind ucuua5e u.'b‘uu.l.s erecu

clause 9);

i) the welding processes to be used (see clauses 8

anAd QY.
aiiu ai,

Jj) additional welding tests required (see 11.11.1
of BS 7777 : Part 2: 1993)

welded (see 11.11.2 of BS TTTT : Part 2 993);

1) the type of inner tank roof to be used
(see 6.8.3);

m) whether production weld test plates are
required (see clause 9);

n) when flexible loops in the interconnecting

iranrarly awa At vass (ann £

PIPEWOIK are nouv u:quucu \S€C . }.A},
0) the test procedure (see 11.4);
p) the positioning of flange joints in the annular
space (see 6.12);
q) the loads imposed on the outer container for
pipes and valves (see 7.2.3).

NOTE 1. The roof slope for a conical roof is normally 1 in 5.

NOTE 2. The radius of curvature for a domed roof is normally
0.8 to 1.5 times the diameter of the tank.

IS
s}

I
N’

6 Inner tank

6.1 Materials
Type V or type VI steel in accordance with 6.1 of

BS 7777 : Part 2 : 1993 or aluminium in accordance

with annex C of BS 7777 : Part 2 : 1993 shall be
used.
Impact test requirements for a 9 % nickel steel

shall be as given in table 3 of BS 7777 : Part 2 :
1993.

6.2 Plate and fittings
All plate shall conform to 6.1 and to the test
requirements of BS EN 10028-1 : 1993, BS 1501 :
Part 2 : 1988 or BS 1501 : Part 3 : 1990.
Other product forms shall conform to this Part of
BS 7777 and to the general and testing
requirements of the following standards:

a) for forgings, BS 1503 : 1989;

b) for piping, BS 3603 : 1991, BS 3605 : Part 1 :
1991 and BS 3605 : Part 2 : 1992.

Copyright by the British Standards Institution
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6.3 Shell plate thickness

Table 1. Maximum shell plate thickness
mm

Austenitic stainless steel 15

Aluminium magnesium alloy 30

When material thicknesses are required in excess of
those values specified in table 1, additional

tvingant (hawm
req uirements such as more st 1ﬂ5€nu vnarpy

V-notch test requirements and chemical analysis
constraints to maintain the same level of safety,
shall be agreed between purchaser and contractor

(see 5.2).

For 9 % nickel steel tanks, the measured thickness
at any point 15 mm from the edge of any steel
shell bottom roof or annular plate sha.ll be not less

PRSPy PN [P P R N Ty

U.ld.Ll LIIC bpcuucu thickness less uau UL the total

tolerance given in table 4 of BS 4360 : 1990.

COMMENTARY AND RECOMMENDATIONS ON 6.3. Local
thinning due to rolled-in scattered scale remote
Sfrom the plate edge on the surface of 9 % nickel steel
should not be regarded as deleterious provided that
the measured thickness is not less than
approximately 90 % of the calculated thickness of
the plate. This is permissible only when design
thicknesses are based on weld metal strengths, and
not on the plate material strength, which is
normally greater.

6.4 Weld metal

High nickel austenitic weld metal for 9 % nickel
steel components shall be subject to Charpy
V-notch testing in accordance with

BS EN 10045-1 : 1990 in weld procedure tests.

For the weld procedure test on the weld metal, the
average energy value for three specimens shall be
not less than 35 J, and no single value shall be less
than 75 % of the specified value, at a test
temperature of —196 °C.

Austenitic stainless steel and aluminium shall not
be subject to impact tests.

COMMENTARY AND RECOMMENDATIONS ON 6.4. For weld
metal composition which is the same as 9 % nickel
plate, additional specialist advice should be
obtained.

If production weld test plates are specified by the
purchaser the average energy value for three
specimens should be not less than 27 J, and no
single value should be less than 20 J, at a test
temperature of —196 °C.

6.5 Bolting materials
Bolting exposed to atmospheric conditions shall he

vE AU 11
mann'rnr‘rnrnn rrnm 911Q'I'ﬁn'l'l'lf' rni'n'

1 11
ARLIUIAUTURITU 11U RS UT I uIL Sudiiig SU i 1.

accordance with BS 1506 : 1990.

outer container shall be manufactured fr

austenitic stainless steel in accordance

BS 1506 : 1990, or alumi mum alloy in acc
with table C.1 of BS 7777 : Part 2 : 1993.

o3 an ha
NOTE. Both stainless steel bolts and aluminium bolts can be

used to join stainless steel to aluminium or aluminium to
aluminium.

COMMENTARY AND RECOMMENDATIONS ON 6.5. Reference
i~ B A B/ £ oG (I e 19 709D

shoula be made to 6.1.4of BS 7777 . Part & : 1593

6.6 Mountings

Perman “t attachm “t:s lnse"t pl"tes nozzle
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For 9 % mckel steel nozzles, the dlstance between
the shell or reinforcing pad and any other
austenitic stainless steel butt welded pipe or flange
shall be

d = V(rt)

where

d is the distance between the shell or
reinforcing pad and the pipe or flange;

r is the radius of the nozzle;
t is the thickness of the nozzle.

COMMENTARY AND RECOMMENDATION ON 6.6. Stmilar
alloys of different strengths can be welded together,
provided that allowance is made in the design.

6.7 Loadings

6.7.1 General

The inner tank shall be des1gned to contain the
product at a design temperature of — 196 °C.
The tank shall be designed for the most severe
combination of the loads specified in 6.7.2

to 6.7.5.

6.7.2 Bottom loads

The tank bottom shall be designed to withstand the
total superimposed loads due to the product, the
inner tank shell weight and the inner tank roof and
its insulation weight, as applicable.

6.7.3 Shell loads
The shell shall be designed to withstand the
following loads:
a) the weight of the product;
b) the internal vapour pressure, unless the
pressure between inner and outer tanks is
equalized (e.g. when suspended roof designs are
used);
c) the external purge gas pressure, when
applicable;
d) the design internal negative pressure, except
as provided for in item b);

Copyright by the British Standards Institution
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e) the insulation weight;
f) the insulation pressure (where applicable);

"' loads from the I'OOI,

h) loads imposed by the interconnecting piping
between the inner tank and outer container

chalia:
SNCUS;

i) thermal loading;
J) loadmgs during the hydrostatic test.

!‘
h
§
&
o
)
1]
2,
n

The roof shall be designed to withstand the most
severe combination of the following loads:

a) the weight of the roof and supporting
structure;

b) the loads from equipment, connections, etc.;
¢) the insulation weight'

d) the internal gas

suspended roofs);
e) the design internal negative pressure (not

applicable to suspended roofs);

f) the loads imposed during construction and
maintenance.

NOTE. Loads imposed during construction and maintenance
need not be taken in combination with item d) or item e).

pressure (not applicable to

6.7.5 Seismic loads

Seismic loads shall be considered using the analysis
method in accordance with the annex B of
BS 7777 : Part 1 : 1993.

6.8 Tank design

6.8.1 Bottom design

The bottom design shall be in accordance

with 7.2.3 of BS 7777 : Part 2 : 1993, except that
the minimum thickness of bottom plates shall

be 5 mm.

6.8.2 Shell design

The shell design shall be in accordance with 7.2.4
of BS 7777 : Part 2 : 1993, with the following
exceptions.

a) The nominal thickness of shell plates shall be
not less than that specified in table 2, and the
maximum material thickness shall be in
accordance with 6.3.

b) All vertical and horizontal seams shall have
butt joints with full penetration welds.

Table 2. Nominal shell thickness
Tank diameter Nominal shell thickness
d t
m mm
d <15 t=5
15 <d=<30 t=26

6.8.3 Roof design

""" . Davt 7 - 0 2]
of BS 7777 : Part 2 : 1993 wi

exceptions.

arrza 110+ nantaond

lal;cuu uuc vu Ll)llbd.\ L
between oxygen and lncompatlble contaminents.
NOTE. Specml attention should be paid to backmg bars, plate

[ P R R VI
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]
Conneclions.

c) The design shall preclude submergence of
sealed spaces by cryogenic liquid.

n o m

6.9 Nozzie and access opening design

6.9.1 Shell openings

Connections to the inner shell shall be kept to a
minimum but, where used, connections of 50 mm
diameter and above shall be provided with internal
shut-off valves.

Shell manholes and shell nozzles shall be in
accordance with 7.2.7.2 of BS 7777 : Part 2 : 1993

6.9.2 Roof openings

Roof openings shall be in accordance with 7.2.7.3
of BS 7777 : Part 2 : 1993.

6.9.3 Bottom openings

Connections to the inner tank bottom shall be kept
to a minimum but, where used, connections of

50 mm diameter and above shall be provided with
internal shut-off valves.

COMMENTARY AND RECOMMENDATIONS ON 6.9.3. The
design of bottom openings should take the following
nto account.

a) The enlry into the tank should be as close to
the shell as possible, but not within the annular
plate.

b) The nozzle opening should be reinforced on a
replacement of area basis by a double plate or
thickened sketch plate.

¢) The design should impose negligible bending
moment on the inner tank bottom under all
conditions of operation, with particular
reference to the differential contraction of the
inmer tank relative to the outer container.

d) In service, the pipe should always be full of
product.

e) The assembly should be designed to be
prefabricated into the plate and subject to final
inspection and testing prior to laying on the
base insulation.

Copyright by the British Standards Institution
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) The unsuppmted area under the nozzle should
be kept to a minimum and the suwcmndwg
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on it, and should also be capabte of withstanding
any tenderwy to damage at the edges of the hole.
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requirements of this standard, suc
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meial temperaiure and local heat insulaiion

characteristics, to be met.
h) The nozzle pipe should turn from the vertical

to the horizontal within the base insulation and
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conlainer.

) Consideration should be given to anti-vortex

VYY) TDI'T’I n'n

VA S A

J) Where the inner tank has a fixed roof, the
outlets should be designed such that under
normal operating conditions suffictent liquid
remains in the tank to provide pressure on the
bottom plates to balance the interspace purge

pressure.

6.9.4 Nozzle welding details

Weld details for nozzles shall be in accordance

with 7.1.6.6 of BS 7777 : Part 2 : 1993, except that
welds attaching the nozzles to the tank shell,
bottom or roof shall be full penetration welds.
Set-on nozzles shall not be used for nozzle to shell
or nozzle to bottom connections.

6.9.5 Inspection of mountings

Mountings shall be inspected in accordance
with 7.2.7.6 of BS 7777 : Part 2 : 1993.

6.9.6 Flanges

All flanges on nozzles or manholes shall be made
and drilled in accordance with class 150 of
BS 1560 : Section 3.1 : 1989.

COMMENTARY AND RECOMMENDATIONS ON 6.9.6. The
design of the bolting system should take into
account the low temperature conditions.
Consideration should be given to differential
contraction between bolts and flange, transient
operating conditions and electrolytic corrosion
(see 6.5).

Alternative flange destgns may be used subject to
agreement between purchaser and contractor
(see 5.2).

6.10 Permanent attachments other than
manholes and nozzles

Permanent attachments other than manholes and
nozzles shall be in accordance with 7.2.7.8 of
BS 7777 : Part 2 : 1993.

6.11 Temporary attachments

Temporary attachments shall be in accordance
with 7.2.7.9 of BS 7777 : Part 2 : 1993.

6.12 Interconnecting mountings (pipework)
Interconnecting mountings shall be in accordance

<xrid ~Ff DQ 7777 . Dy . I e
with 7.2.8 of BS 7777 : Part 2 : 1993 with th

following exceptions.
a) Unless otherw1
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flexi Iocps hail be used { 5.2

b) Flanges shall not be located in the annular

space below the liquid level

NOTE. ﬂangel_i_ﬁts may be situated above the lia ulu level

such as in the pressure relief valve lines, with prior approval

by the purchaser (see 5.2).

¢) Piping of 200 mm nominal diameter or smaller

Lt L. ,_.L-_.... S PO AR I U LL- ) FPNPRLOE B R s pee | |
IICII SNLEeLS e LK DEl LI Lyjuld 1evel dlial

be manufactured from seamless pipe.

d) The atenal for mterconnectl g pipework

6.13 Tank anchorage

Tank anchorage shall be in accordance with 7.2.9
of BS 7777 : Part 2 : 1993.

7 Outer container

7.1 Materials

Materials for the outer container shall be selected
in accordance with 6.2.2 of BS 7777 : Part 2 :
1993.

7.2 Loadings

7.2.1 General

The outer container shall be designed to contain
the insulation surrounding the inner tank and
either the inert purge gas or, in the case of
suspended roof designs, vaporized product.

The outer container shall not contain liquid.

The outer container shall be designed for the most
severe possible combination of the loads specified
in 7.2.2 to 7.2.5.

COMMENTARY AND RECOMMENDATIONS ON 7.2.1. For the
outer container it is important to constder all
possible loads at the design stage, in view of the fact
that the shell thickness may be less than that
required for a similar tank designed to contain a
liquid.

7.2.2 Bottom loads

The outer container bottom shall be designed to
withstand the total superimposed loads due to the
product, the inner tank weight, the outer tank
weight and the insulation weight that are
transferred directly to the foundations where the
bottom is acting as a fully supported membrane.

7.2.3 Shell loads
The shell shall be designed to withstand the
following loads:

a) wind loads: the wind speed used in the
calculations shall be the maximum gust estimated
to be exceeded on the average only once in
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50 years; in the United Kingdom this value shall
be taken as design wind speed as defined in

5. 10m
CP 3 : Chapter V : Part 2 : 197
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b) the design pressure;
c) the design internal negative pressure;
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i) external impact loads (if applicable).
COMMENTARY AND RECOMMENDATIONS ON 7.2.3. With
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ngdom should be obtained from the appropriate
local authority.

Where loads from pipes and valves on the outer
container shell are unavoidable, the purchaser
should advise the manufacturer of their nature
and magnitude. The design should therefore be a
matter for agreement between the purchaser and
manyfacturer. Settlement of the foundations should
also be taken into consideration.

7.2.4 Roof loads

The design of the outer container roof shall take
into account the worst possible combination of the
following loads:
a) the weight of the roof and supporting
structure;
b) the weight of accessories, e.g. pipes, valves,
platforms, walkways and hand-rails;
¢) the suspended deck weight (where applicable)
including the weight of insulation and support
structure;
d) the uniformly distributed load of 1.2 kN/m2
over the projected fixed roof area; this includes
snow load and internal negative pressure;
e) A concentrated load of 5 kN over a square
area of 300 mm x 300 mm placed at any
location; this shall not be combined with load d).
f) a uniformly distributed load of 2.4 kN/m2
acting on the roof platforms and access ways;
g) a uniformly distributed load of 1 kN/m?2 on the
suspended deck during erection and
maintenance;
h) the design pressure;
i) the wind loads (see 7.2.3);
J) the load imposed by external or internal
connections.
COMMENTARY AND RECOMMENDATIONS ON 7.2.4. It
should be noted that heavy asymmetric roof loads
may have an influence on the choice of roof design.
They should therefore be identified at an early

stage.

7.2.5 Seismic loads
Seismic loads shall be considered using the analysis
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shall be in accordance with 7.1.4.
Part 2 : 1993.

The outer container shell plate arrangement shall
be in accordance with 7.1.4.4 of BS 7777 : Part 2 :
1993.

The other container shell joints shall be in
accordance with 7.1.4.5of BS 7777 : Part 2 : 1
7.3.3 Roof design

The roof design shall be in accordance with 7.1.5
of BS 7777 : Part 2 : 1993, using the loadings
specified in 7.2.4.
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7.4 Mountings

Mountings shall be in accordance with 7.1.6 of
BS 7777 : Part 2 : 1993 with the following
exceptions.

a) The radiography and crack detection
requirements of 7.1.6.7 of BS 7777 : Part 2 :
1993 are not required provided that a visual
inspection shall be undertaken and all joints are
leak tested by the vacuum box method or soap
solution during the pressure test,.

b) In 7.1.6.2 of BS 7777 : Part 2 : 1993, ¢ shall
be taken as the calculated plate thickness.

¢) When the inner tank has a fixed roof and the
outer container is only subject to the purge gas
pressure, radiography or crack detection is not
required.

7.5 Stairways, gangways, platforms and ladders

Stairways, gangways, platforms and ladders shall be
in accordance with 7.1.6.9 to 7.1.6.12 of BS 7777 :
Part 2 : 1993.

NOTE. Caged ladders are permitted for roof access.

Platforms shall be provided to all appliances above
ground level to give access for operation and
maintenance.

Ladders rising 2.5 m or more from the ground, and
all other ladders in elevated positions, shall be
provided with self-closing safety gates.
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7.6 Anchorage

all be in accordance with clause 11
of BS 7777 : Part 2 : 1993,

10 Non-destructive testing

1IN 1 Do Ao tecankhe
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Radiography shall be in accordance with 11.13.1 of
BS 7777 : Part 2 : 1993, except as follows.

a) When the plate thickness does not exceed the
nominal values given in table 2, radiography of
the horizontal seams of liquid nitrogen or liquid
argon tanks shall be carried out on not less than
the following:
100 % of all tee joints with the film hoizontal,
plus 2 % of the remainder of the horizontal
seam.

These radiographs shall be taken and sentenced
before welding the next horizontal seam.

b) All butt welds in piping below the liquid level

shall be 100 % dlographed 30 % of butt welds
Smm o mviead -«n ﬁ]nn T 1NN 07
lll llll" l("llld.llllll‘% jlr!r'll 5 SiAall e 1uy
ramograpneu
c) When the inner tank has a fixed roof and the
uter container is subiect to purge gas pnressure

A A . ‘.J . r O-‘ o l"
there shall be no radiography on the outer
container.

10.2 Crack detection

Crack detection shall be in accordance

with 11. 13.2 of BS 7777 : Part 2 : 1993.
ner tank has a fixed roof and the outer
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shall be n crack detectlon on the outer contamer
10.3 Leak testing
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BS 7777 : Part 2 : 1993.

For oxygen tanks with a lap welded inner roof, the
inside fillet weld for any joint shall have a 100 %
vacuum box examination or 100 % dye penetrant
crack detection before the outside fillet weld of the
same joint is completed, to ensure that no product

anta +hn $+mnrminad cnnnn fann Figesra

enters tne trappea space (see figure 1)
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Qutside
fillet weld

Figure 1. Detail of lap welded inner roof

Inside
fillet weld

Trapped space

10

Copyright by the British Standards Institution
Sun Dec 09 19:04:32 2007




BSI BS*?777: PARTx4 93 HR 1lb24bb9 0358783 925 IR

The hydrostatic and pneumatic testing of the inner

tank an the pneumatic testing of the outer
all b completed before installation of

11.2 Hydrostatic testing

The inner tank shall be tested in accordance

with 12.1.1 of BS 7777 : Part 2 : 1993.

11.3 P eumatic testing

11.3.1 Testing of inner tanks with integral roofs
Inner tanks with integral roofs shall be tested in
accordance with 12.2.1 of BS 7777 : Part 2 : 1993

11.3.2 ’lnf’ﬁ'l,zu_l‘; 7]

Outer containers shall
with 12.2.2 of BS 777
11.4 Test procedures

The test procedures shall be agreed between the
purchaser and the contractor (see 5.2).
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12 Cleaniiness

Equipment surfaces that come into contact with an
oxygen enriched environment shall be dry and free
from materials that are incompatible with oxygen,
such as the following:

a) loose foreign matter such as slag, adhered
slag, weld splatter, blasting material or fibrous
material;

b) flux residues from brazing, welding or
soldering;

¢) cleaning agents;
d) organic material such as oil, grease, paint,
etc.;

e) adhesives or sealants not compatible with or
not approved for oxygen service.

Equipment for nitrogen or argon service shall
conform to the requirements for cleanliness as
specified by the purchaser (see 5.1).

13 Insulation

Insulation shall be in accordance with 6.6,
clause 10 and clause 14 of BS 7777 : Part 3 : 1993.

Materials used for the insulation system of oxygen
storage tanks shall be free of organic material.

NOTE 1. Corrosion protection is not required on the inside of
outer containers.

NOTE 2. The allowable compressive stress in cellular glass base
insulation at the design condition should be 0.33 times the
guaranteed average compressive strength of the material
COMMENTARY AND RECOMMENDATIONS ON CLAUSE 13.
The allowable loads on cellular glass base
tnsulation systems should take into account the
effect of the material used between the layers of
cellular glass on the strength of the system.

14 Foundation

Foundations shall be in accordance with clause 7 of

e Thawd O . 1NNHD
BS 7777 : Part 3 : 1993.

NOTE 1. Permanent instrumentation to monitor tank settlement
is not required.

COMMENTARY AND RECOMMENDATIONS ON CLAUSE 14.
Tanks for liquid nitrogen, liquid oxygen or liquid

NY CoOVINI DN oV IT nnnviond olsasrtond
argon service are generaily supporied on elevated

slab foundations. This eliminates the need for
Joundation heating and operating controls.

15 Internal positive and internal
negative pressure relief

T 1 e P N .
internal positive and mnternal negative pressure

relief shall be in accordance with clause 8 of
BS 7777 : Part 1 : 1993.

NOTE. Consideration of conditions 8.5.1c and 8.5.1d of

BS 7777 : Part 1 : 1993 is not required.

When additional relief capacity is fitted to the
inner tank, the additional devices shall, under
normal operating conditions, be available for
operation.

COMMENTARY AND RECOMMENDATIONS ON CLAUSE 15.
Duplicate values are not required on the outer
container when the inner tank has a fixed roof and
the outer container is intended for insulation
purposes only.

16 Commissioning and decommissioning

Commissioning and decommissioning shall be in
accordance with clause 9 of BS 7777 : Part 1 :
1993.

COMMENTARY AND RECOMMENDATIONS ON CLAUSE 16.
Decommiissioning procedures need not be supplied
by the tank contractor to the purchaser/operator.

17 Name plate

A name plate shall be permanently attached to the
outer tank giving the following information:

a) the name of the contractor;
b) the stored liquid;
c) the tank capacity;

d) the inner tank design pressure, positive and
negative;

e) the inner tank design temperature, maximum
and minimum;

f) the outer container design pressure, positive
and negative;

g) the outer container design temperature,
maximum and minimum;

h) the year of construction;

i) the number and date of this British Standard,
i.e. BS 7777 : Part 4 : 1993.
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BS 1501 : Steels fo'r pressure pumoses
BS 1501 : Part 3 : 1990 ovrros'io"% and heat-resisting steels: plates, sheel and
strip
BS 1503 : 1989 Speczfz‘cation fo'r steel fo'rgings for press'ure pumoses
fo'r bolt'mg matema,l to be used in pres.s'ure retazmng applwatwns
BS 1560 : Circular ﬂanges for pipes val'ves and fzttwgs (Class designated)
BS 1560 : Sectlon 3.1:1989 Speczfzcatzon fo'r steel ﬂanges
BS 3603 : 1991 Specification for carbon and alloy steel pipes and tubes with specified
low temperature properties for pressure purposes
BS 3605 : Austenitic stainless steel pipes and tubes for pressure purposes
BS 3605 : Part 1 : 1991 Specification for seamless tubes
BS 3605 : Part 2 : 1992 Specification for longitudinally welded tubes
BS 4360 : 1990 Specification for weldable structural sieels
BS 7777 : Flat-bottomed, vertical, cylindrical storage tanks for low temperature
service
BS 7777 : Part 1 : 1993 Guide to the general provisions applying for design, construction,
installation and operation
BS 7777 : Part 2 : 1993 Specification for the design and construction of single, double and full

containment metal tanks for the storage of liquefied gas at
temperatures down to —165 °C

BS 7777 : Part 3 : 1993 Recomumendations for the design and construction of prestressed and
reinforced concrete tanks and tank foundations, and the design and
installation of tank tnsulation, tank liners and tank coatings

CP3 : Code of basic data for the design of buldings
CP 3 : Chapter V : Loading
CP 3 : Chapter V : Part 2 : 1972 Wind loads
BS EN 10028 : Specification for flat products made of steels for pressure purposes
BS EN 10028-1 : 1993 General requirements
BS EN 10045 : Charpy impact test on metallic materials
BS EN 10045-1 : 1990 Test method (V- and U- notches)
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2) Referred to in the foreword only.
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BSI offers members an individual updating service called PLUS which ensures
that subscribers automatically receive the latest editions of standards.

Buying British Standards

Orders for all British Standard publications should be addressed to the Sales
Department at Milton Keynes.
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