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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The test is intended to be, as far as practicable, representative of a potential accidental pressurised
release of cryogenic LNG material manufactured in industrial plants. The test includes

a) release from of cryogenic liquid under pressure, and

b) scenarios where the conditions in the jet characterized predominantly by gaseous exposure.
Liquid jet release may be formed upon release of Liquified Natural Gas (LNG) from process equipment
opefating-atpre e-e-g-someHetefactionprocessesttiise 40—60-baroperatingpre . However,

at gpecific distances from the release point, it is expected that the liquid fraction will-dinjinish such
that there is practically no effect from liquid cooling in the stream.

Thif test is designed to give an indication of how cryogenic spill protection materials'will pgrform in a
sudden exposure to cryogenic jet where it is expected that little or no liquid fraction is presgnt.

Thg dimensions of the test specimen might be smaller than typical items-of’structure and| plant. The
liquid cryogenic jet mass flow rates can be substantially less than that which might occur in a credible
evenht. However, individual thermal loads imparted to the cryogenicispill protection matdrials, from
the|cryogenic release defined in the procedure described in this document, have been shown to
be representative of areas exposed to a cryogenic LNG accidental-release where little or o liquid is
prefent.

© IS0 2020 - All rights reserved v
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Determination of the resistance to cryogenic spill of
insulation materials —

Part 2:
Vapour exposure

CAUTION — The attention of all persons concerned with managing and carryingout
spill testing is drawn to the fact that liquid nitrogen testing can be hazardous and tha
danger of oxygen condensation (risk of explosion), receiving a 'cold burn’ and,/or’'the

thaf harmful gases (risk of anoxia) can be evolved during the test. Mechanical and o
hazards can also arise during the construction of the test elements or structures, th
and disposal of test residues.

An pssessment of all potential hazards and risks to health shall be inade, and safety p1
shalll be identified and provided. Appropriate training and Personal Protection Equipn
shalll be given to relevant personnel.

The test laboratory is responsible for conducting an appropriate risk assessment i

cryogenic
[ there is a
bossibility
berational
bir testing

fecautions
hent (PPE)

h order to

consider the impact of liquid and gaseous nitrogen expdsure to equipment, personnel and the

enyironment.

1 [Scope

Thif document describes a method for determining the resistance of Cryogenic Spill Prote
systems to vapour generated from a cryggenic liquid release where the liquid content is
zerg. It is applicable where CSP systems-dare installed on carbon steel.

The test provided in this documentfisnot applicable to high pressure cryogenic liquid releas
be found in refrigeration circuits.and in LNG streams immediately post-liquefaction.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of th
conptitutes requirements of this document. For dated references, only the edition cited 3
undated references; the latest edition of the referenced document (including any amendmen

[S0|22899-1; Determination of the resistance to jet fires of passive fire protection materials
Gengral requirements

Ction (CSP)
practically

es that can

Pir content
pplies. For
[s) applies.

— Part 1:

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved
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31
cryogenic
CSP

spill protection

coating or cladding arrangement, or free-standing system which, in the event of a cryogenic jet release,
provides insulation to restrict the heat transfer rate from the substrate

3.2

limiting temperature
minimum temperature that the equipment, assembly or structure that is protected can reach

3.3

nozzle
assembly f]

3.4
sponsor
person or (

3.5
specimen
person or (

3.6
cooling pa
amount of

rfom which the cryogenic liquid is released as a jet

rganization who/which requests a test

owner
ompany that holds or produces a material to test

wer
heat transferred per unit area per unit time from a surface (W/m?)

4 Test ¢onfigurations

The test is
to a liquid
exposure).
safeguards

5 Const

5.1 App
The key ite

5.1.1 No
can be meg

5.1.2 En

conducted with the plate specimen placedyertically. The material to be tested is expd
nitrogen release under pressure where the liquid fraction is practically zero (i.e. gase
Due to safety concerns, the test shouldénly be performed outside unless there are suffic
implemented to mitigate the confined-space and LN, (liquid nitrogen) safety risks.

ruction of the test apparatus and substrates

aratus

ms required for theest are the following.

zzle and cryogénic liquid feed assembly, where the temperature and pressure of the lic
sured at the'point the liquid enters the nozzle.

yironmental chamber, (3-sided plastic tunnel) up to a length of 6 m.

sed
ous
jent

(uid

5.1.3 Liquid nitrogen, of sufficient volume for the test duration supplied from a tanker capable of

offload via

a pump to generate the required stable pressure at the nozzle.

5.1.4 Carbon steel specimen, protected with CSP.

5.1.5 Thermocouples, to determine the temperature as a function of time in the steel specimen and
the atmosphere immediately in front of the test specimen.
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5.2 Materials and tolerances

The steel grade used for the test shall be recorded. Where welded, construction shall be representative
or the as-built structure. All dimensions are in millimetres and, unless otherwise stated, the following
tolerances shall be used.

— whole number +1,0 mm;
— decimal to point,0 +0,4 mm;
— decimal to point .00 0,2 mm:
— |angles +0’ 30%;

— |radius +0,4 mm.

Test specimen shall be a structural steelwork test specimen as described in 1SQ22899-1.
5.3| Release nozzle

5.3/1 Nozzle construction

Ligyid nitrogen is released towards the specimen from a nozzle. An example of a suitable[nozzle has
the[following characteristics. The nozzle of length 150 mmj«<onstructed from a stainless-steel pipe of
noninal diameter 10 mm * 0,5 mm and of outside diameter 20 mm to 30 mm, giving a walll thickness
betiveen 5 mm and 10 mm. The nozzle shall not be tapered and the end shall be clean cut, with no
chamfering of pipe walls. The nozzle is fed with liguid nitrogen from a DN50 diameter schedule 40S
stainless steel pipe, with a machined section reducing in internal diameter to 10 mm overja 250 mm
length as shown in Figure 1.

Dimensions in millimetres

¥o2s
(=) Ln"
2 . col T
oNM o
u.@% L 5 =
~ L |
(¥a)
——r‘T’W
1
=
250 150
Key]
1 [|welds
2 Lslip-on flange
3  reducing section
4  butt weld
5  straight-sided nozzle

Figure 1 — Feed pipe and nozzle construction

© IS0 2020 - All rights reserved 3
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5.3.2 Nozzle position

The nozzle shall be positioned horizontally in front of the test specimen, aligned with the centre point
such that the cryogenic release impacts normal to the plate specimen as shown in Figure 2. The tip of
the nozzle shall be located to give the required cooling power described in Clause 8.

EXAMPLE

5.4 Test

5000 mm * 10 mm from the protected surface of the test specimen when the average outlet
pressure is 8 barg (0,8 MPa) [standard deviation of 0,8 barg (0,08 MPa)] and liquid temperature lower than
-170 °C (An example of specimen support and side view configuration is shown in Figure 2).

assembly supports

The test assembly shall be supported using material resistant to cryogenic temperatures.

Key

release
recircu
protect
envirorn

Ul s W N =

recircu

5.5 Test

Itshall be t
shall be as
shall be at
Value maxi

Dimensions n millimdtres

3 000 3 000
1 3
L 2
1 5 000 o
e e I R 3
S Ibv o
o Tl 3
(=]
5| g5

nozzle (piping omitted for clarity

ation chamber (insulated on back surface)

ve chamber

mental chamber

ation chamber and protective €hamber supports

Figure 2 — Example of vapour test (side view)

specimen and recirculation chamber

he primafy test piece to which the CSP is applied to the internal surface of the box. Dimengion
described in ISO 22899-1. To provide extra support and stability, the protective chanjber
fached to the rear of the recirculation chamber as shown in Figure 3. Insulation board (U

mwm 1,25 W/m2.K) shall be affixed to the rear of the recirculation chamber.

© IS0 2020 - All rights reserved
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Dimensions in millimetres

6

6.1

CSP
Pre

Sys
maft

The

1620 250,250
400 , 385 , 385 , 400 10
& 25
A,|
—_ AY {4\' * X
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(=]
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- o Y el -
oo
m
(=]
= |
| A|
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a
1520 ALK
R25
®22
S
N
150 o
\n]
X
Thirteen holes drilled.

Figure 3 — Recirculation chamber and test sample

Cryogenic spill protéction materials

General

systems generally come in two forms; wet applied materials/coatings and preforme
formed systems$ include boards, tiles, blankets, sandwich panels, etc. and are charag
ems that-dnclude joints and fixings. Preformed systems can be used in conjunction with ¥
erials.

application/installation methodology, including any necessary surface preparation, rein

thid

d systems.
terized by
vet applied

forcement,

kness, top-coats field joints, etc. shall be determined hy the sponsor and/or specimen

owner and

details provided for inclusion within the test report.

The thickness shall be measured at the positions specified in Figure 4 for sprayed applied systems. The
measurement positions indicated shall be regarded as approximate. For preformed systems, thickness
shall be measured for the protective layer at locations proximal to those presented in Figure 4. If there
are clear signs of thinning or thickening at positions away from those indicated for measurement,

add

itional measurements should be taken.
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6.2 Wet

For CSP sy
applied in 1

6.3 Pre

| | | |
| | | |
1 6] ! ! 2] 26|
2| 1] Y 22| 21|
31 gl Y 231 28!
-2 tal o2
"N~
Ll gl | | 2,1 291
e = =
5 i 10 i A 25 i 30 i
| |
- —— X% —— X ———45 | 200 14— - —
O N o
| | | | | |
| | | | | |

Figure 4 — Thickness measurement points for test speecimen

applied coating systems

'stems/materials that are wet applied as coatings;:the CSP systems/materials should
he same manner as will be used in service.

rmed system testing

For prefor:Eed systems, the system shall also be installed in the same manner as will be used in serv

The metho

d of installing the system shall include representative joints, fixings and wet applied matg

interface details; a minimum of two joints sheuld be included as follows.

a) One hg
b) Oneve

Joints shoy
specimen ¢

7 Instri

7.1 Gen

rizontal joint located over thermocouples: 3, 14 and 4 in Figure 5.
rtical joint located overithermocouples 4, 7, 10 as shown in Figure 5.

1d be tested, eithefin a single test or separate tests, as determined by the sponsor ang
whner, ensuring the'details are representative in accordance with Clause 10.

hmentation for test specimens

bral

be

ice.

rial

| /or

Thermocouples shall be fastened to all test specimens. The type and fixing shall be in accordance with
one of the methods described in Annex A.

Readings shall be recorded at intervals of not more than 1 second.

7.2 Thermocouple location

Thermocouples are positioned as shown in Figure 5. For thermocouple locations shown in red, these
shall be positioned ata distance of 10 mm + 2 mm away from the test samples (i.e. in the testatmosphere).
Thermocouples shown in black shall be within the steel substrate, as described in Annex A.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=16515561d6af6070edf5d19e8bc2774b

IS0 20088-2:2020(E)

Dimension in millimetres

1500 ; 10 ;
i ]
T T T T ‘ ‘
2 o | L |
N 13
s . S L k——k
o | 0] 29 |12 |
Q [ [P P
i s e ot
g e 1o e s | g -
(=4
4B 4TS e s | B o
A @ B N - I
R L e fe s |
2 __IE;LJ__EZEZ_J_ 83 1___ __
o~ l12 18 | 11 (A N
N A L e — — -
= | | | | |
& | | | | l
[
250 | 250 [ 250 | 250 | 250 | 250

Key)

1 [thermocouples 13 to 18

2 |thermocouples 1to 12

NOTE Thermocouple locations for specimen. Red thermoc@uples are in front of the box whereps the black

marks are in relation to thermocouples in the steel.

Figure 5 — Vapour test thermecouple configuration (front view)

8 |Test environment

The test shall be preferably operated obutdoors. If curing and conditioning is conducted undé¢r different

confditions, it shall be clearly stated-in the test report.

The test shall be carried out in/an environment in which the effects of the weather do not significantly

affect the test and the following conditions shall apply.

— |The distance of-the’nozzle from the test specimen and the pressure measured at the|exit of the
schedule 40 feed-pipe prior to entry to the nozzle should be such that the thermocouple§ in front of
an unprotected bare steel back face of the sample reads in the range —50 to =70 °C, generdting a steel
temperature between -40 to -60 °C after 15 minutes release. The test should only be [performed
usingavalidated test configuration.

— | Theaverage steel temperature of the steel that will be protected by the CSP material priolr to testing
shall be 23 + 3 °C at the heginning of the test

— Anenvironmental chamber (3-sided plastic tunnel) up to alength of 6 m, attached to the recirculation
box, see Annex B.

— No direct sunlight exposure.

9 Test procedure

The test laboratory should ensure test parameters are maintained throughout the duration of the test.

© IS0 2020 - All rights reserved
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The test procedure shall include the following.

a) Pressure and temperature readings at the nozzle taken throughout the test. The temperature of
the protected steel substrate shall be monitored throughout the test, taking note of the locations of
any sudden drop in temperature. The measurements shall be taken at every 1-second interval.

b) The specimen owner shall provide the specimen for the test in a condition representative of its
practical application. Specifically, the test should feature the proposed joint geometry for preformed
systems as described in 6.3.

c) Photographs of the test specimen shall be taken before the test.

d) The thickness of the CSP as well as the outer dimensions of the CSP system/assembly shal| be
verified prior to commencement of the test.

e) Obseryations shall be recorded of significant details of the behaviour of the test specimen during
the teqt and after the cryogenic liquid release impingement ceases. Information on-déformatioh or
partial removal of the surface or cracking shall be noted.

f) Photographs of the test specimen shall be taken as soon as is practicable after the end of the tegt to
reflectithe observations made in €). These pictures shall be included in tHe-test report.

The test prjocedure should include the following.

— The tept set-up should ensure that the intended vapour from the'eryogenic liquid release impirnges
the stdel specimen, protected with CSP, from the start of the\test (e.g. provide a deflector platg or
nozzlefuntil the cryogenic liquid release stabilises with theirequired test parameters).

— Provisjon should be made that a sample can be inspectéd'within 5 minutes after termination offthe
test. Sample access time should be recorded.

10 Repeatability and reproducibility

The test nmlethod described in this documentys expected to be repeatable and reproducible between

test laborafories. It is the responsibility of the specimen owner to demonstrate that the test resulys of

the samplg(s) are representative of their.CSP system, including any joints and fixing details, as well as
the applicapility to the specific structures to be protected.

11 Uncertainty of measurement

The overal| uncertainty-0f the measurements shall be within the limits listed below. This shall include

the uncertpinty of theuneasuring sensors and logging system. Calibration testing shall show a lev¢l of

confidenceof at lea§t 95 % with respect to known reference points.

Temperature x5°C or +2 %, whichever is greater.

Pressure :L,—l—ba&g-QI—EZ Yor-whicheverisgreater

12 Test report

The test report shall include the following information.

a) thename of the testinglaboratory, the date of the test, a unique test reference, a reportidentification
and a reference to this document, i.e. ISO 20088-2:2020;

b) the name(s) of the sponsor, the manufacturer and the product;

c) documentation on how and when the test specimen was prepared, details of the application of the
CSP material (e.g. environmental temperature and humidity during application), the name of the
applying/installing company, if appropriate;

8 © IS0 2020 - All rights reserved
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d)

f)

g)

h)

j)

k)
D)

13

13.
Thd
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a complete description of the test specimen, including measurements of the thickness of cryogenic
spill protection material and the hardness, if measured; the mean, standard deviation and range of
measurements of thickness shall be given as well as details of any joint (if applicable) e.g., position,

type, size of overlap and method of fixing;

construction drawings of the CSP system, wherever possible;

when appropriate, details of any deviations from the normal test configurations and the reasons

for them;

arecord of test details and post cryogenic exposure characterization including

1) ambient conditions (for example - air temperature, relative humidity, wind
direction),

2) temperature and pressure at nozzle,
3) temperature of sample, and

4) for assemblies, a full inspection following the test to validate censtruction details
CSP performance (the assembly should be dismantled so thatall~components of the
be checked for cryogenic penetration, integrity and general condition and a visual req

5) the testresult, shall be given in the format;

the appearance of the test specimen before and after the‘test and photographs;
the behaviour of the test specimen in case of cracking and/or unusual sound;
loss of CSP thickness;

surface cracks;

temperature/time graphs and spreadsheets of temperatures at no less than 30 second i
each thermocouple;

temperature and pressure graphs at nozzle;
temperature/time for eachjindividual thermocouples;

an optional classifigation in terms of the type of specimen tested, critical temperatur
period of resistantesee Annex B.

Practical applications of test results

1 General

speed and

and assess
Eystem can
ord made),

tervals for

b drop and

main purpose of the test is to determine the temperature drop in the steel substrate wl

hen subject

to a pressurized cryogenic jet where there is practically no liquid content present. The test is also
determined to be suitably conservative when considering vapour release from a pool of cryogenic liquid.

Although the procedure has been designed to simulate some of the conditions that occur in an
actual cryogenic liquid release, it cannot produce all conditions exactly. The results of this test do
not guarantee structural stability but can be used as an element of a cryogenic risk assessment for
structures. Supplementary testing may also take into account other factors that are pertinent to an
assessment of the cryogenic hazard for a particular end use such as chemical resistance towards LNG,
weathering, ageing, torsional flexing, loading, impact or explosion resistance or smoke production, to
name a few.

The relevance of the test set up and results with regards to

cryogenic liquid release scenario, and

© IS0 2020 - All rights reserved
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location of the CSP on structures

shall be the responsibility of the end user. The acceptability of the test, in relation to the end use, can
be subject to an independent verification authority [such as a class society (if part of their scope)] or
remain at the discretion of the owner (or through delegation to the responsible design engineering

company or consortium).

13.2 Performance criteria

13.2.1 General

The purpo
provide g
panels, or

A typical
does not f.
exposure t

Another ci
the limitin

13.2.2 Co

The tempe
temperatu
in the rate
of the cryd
temperatu
measurem

13.2.3 Sy

13.2.3.1 §

The tempe
at each po
position an
is indicativ

13.2.3.2 1

Ke of this test method is described in the scope. It is not the purpose of this test metho
idance on the acceptability of a particular thickness of CSP for items such as free‘stanc
n the coating or method of assembly to be used.

1l below a defined critical value (low temperature limit) within a specified cryogenig
me as specified by the sponsor.

iterion of performance provided by the test could be the minimum time required to re
b temperature as specified by the sponsor.

atings and spray-applied materials — Substrate temperature

e at each position reached during the test. The position and time of a sudden incre
of temperature drop, if any, should be recordedas it can be indicative of possible fai
genic spill protection coating at that point. Eor the same reasons, the localized mini

e shall be reported in conjunction with.the nearest cryogenic spill material thick
ent.

stems and assemblies

ubstrate temperature

ature time profiles at eachhmeasurement position shall be used to determine the temperat

ition reached duringthe test. The minimum substrate temperature shall be reported.
d time of any suddémjincrease in the rate of temperature drop, if any, should be recorded
e of possible fajlure of the system/assembly at that point.

mpairment-of protection integrity

d to
ling

erformance criterion for CSP is that the temperature of the protected stfuctural elenjent

jet

ach

rature time profiles at each measurement position shall'be used to determine the mininpjum

ase
ure
um
€ss

ure
The
S it

The penetration. of liquid through any cracks, holes or breaches in joints shall be considered when

assessing the integrity of a system. The amount of penetration and condition of the method of fixing|can

be evaluat¢din the following terms.

a) Evidence of passage of liquid through the system with the fixing system ineffective reflected by a
localized fast drop in temperature.

b) Evidence of passage of cold vapour through the system with the fixing system effective.

c) No passage of vapour through the system and with the fixing system effective.

d) Evidence of material de-bonding

If the temperature criterion is met, then a specimen meeting criterion c) clearly provides a wider safety
margin than a specimen meeting criterion a). A statement of the criterion that is most appropriate

should be i

10

ncluded in the report.
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13.3 Factors affecting the validity of the test

13.3.1 General

During some tests there can be, for example, a failure of control, instrumentation or of a seal. These
are failures of the test procedure and do not indicate a failure of the test specimen. The most common

failures are considered in 13.3.2 and 13.3.3.

13.3.2 Failure at nozzle

"-’.'l" [1d [1€ [YOgCI JuUId Ireiedse doce [10L O UI' ITOIT (1€ dI'l O (1€ LC
deflector arrangements). If visual confirmation of liquid release can be made from the\te
megasurement as stated in Clause 9, including the time at which the liquid was present;.the t
conpidered valid.

13.8.3 Failure of thermocouples

Up [to three thermocouples can fail (e.g. can be shown not to be measuring temperatur
reqpired accuracy) during a test and the test still be considered valid-previded that the the
posjtion(s) do not correspond to the area of greatest damage.

Failure of thermocouples directly underneath a joint as described in 6.3 will terminate the
largest temperature drop is shown along the line of the joint

. failure of

mperature
est may be

e with the
rmocouple

test if the
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