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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.
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Introduction

This document provides terms and definitions for basic concepts of nuclear energy, nuclear technologies,
and radiological protection. Terminological data are taken from ISO standards developed by ISO/TC 85
sub-committees and other technically validated documents.

In the field of nuclear power, when the equipment or pipeline is to be disassembled or removed to
overhaul, it is often necessary to isolate the equipment or pipeline. Under normal circumstances, the
upstream and downstream of the equipment will be isolated or the internal media will be sprinkled.
Taking into account the safety (some reactor systems like the hot trap needs to be filled at any time and
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techmnology will facilitate the maintenance work.

time, heavy water degradation, etc.) during the maintenance it is necessary that ther
Lion equipment or isolation equipment near the equipment or pipeline.

d on years of practical experience, the development of this document is feagible. At th¢
the relevant literature has been studied and reported on the ice plug isolation techn
] maintenance work, the use of ice plug technology to the pipeline equipment isola

document is designed to provide a standardized procedure-for on-line isolation
ing of the internal medium of the pipeline. This documentyincludes methods for tec
Le equipment without isolation facilities by ice plug te€chnology. Standardized ice pl

sparse for a
e will be no

b theoretical
blogy. In the
tion achieve

results. Based on these theoretical and practical experiences, it is recommended that some
technical indicators in the process of ice plug operation be standardized:

through the
hnologies to
ug isolation
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Ice plug isolation of piping in nuclear power plant

1

Scope

This document specifies requirements for the ice plug technique with liquid nitrogen or dry ice as
refrigerant (cryogenic medium) on metal pipes of nuclear power plants. The freezing liquid can be
water or water mixture (e.g. boric acid mixture).

This| document specifies technical requirements of ice plug generation, formatiomn)ju
remqval, measures before, during and after ice plugging and requirements for personn
destfuctive testing.

The

with|internal coatings. The application for pressure test is not in the scope ofithis documen
qualified separately.

2
The

constitutes requirements of this document. For dated reférences, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO

[SO 9934 (all parts), Non-destructive testing — Mdgnetic particle testing

ISO
ISO

IS0 40769 (all parts), Non-destructive testing — Radiographic inspection of corrosion and dep
by X-land gamma rays

3

For the purposes ofithis document the following apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following ¢

3.1

hpplication of the ice plug isolation technique is principally not allowed 1y cladded pi

Normative references

following documents are referred to in the text in such{a way that some or all of t

3452 (all parts), Non-destructive testing — Penetrant testing

16810, Non-destructive testing — Ultrgsonic testing — General principles

17637, Non-destructive testing of welds — Visual testing of fusion-welded joints

L

[erms and definitions

ISO O1nline browsing platform: available at https://www.iso.org/obp

lgment and
el and non-

pes or pipes
t and will be

heir content
applies. For
hts) applies.

psits in pipes

ddresses:

ECGElectropedia: available at http://www.electropedia.org/

ice plug
solid block of ice in the pipe that can withstand a certain system pressure to isolate the pipeline
temporarily

Note 1 to entry: The ice plug can be used for the convenience of maintaining downstream pipelines, valves and
other equipment.

© IS0 2020 - All rights reserved
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ice plug jacket
set of device wrapped outside the pipe and containing a refrigerant capable of freezing internal medium
of the pipe to form an ice plug (3.1) for a period necessary for the isolation

Note 1 to entry: The length of jacket depends on the diameter of pipe. See Annex A for the length of jacket.

3.3

ice plug area
defined area on the pipe excluding the ice plug affected zone

3.4

refrigerant

cryogenic mledium

medium wh

3.5

freezing m¢
freezing liq
medium ins

3.6
UT
ultrasonic {
non-destrud
nonbonding]

3.7
RT

radiographic testing

non-destrud
wavelength

4 Gener

4.1 Persc

Managers aj
and safety
(e.g. worker

4.2 Equipment

4.2.1 Spec

ch is used to generate an ice plug (3.1) inside of the pipes

pdium
uid
de of pipes and components which have to be frozen

esting
tive testing of solid material using ultrasonic waves, for defects such as cay
and strength variations

tive testing method of inspecting materials for hidden flaws by using the ability of
electromagnetic radiation (high energy-photons) to penetrate various materials

al requirements

jnnel

nd operators engaged-in ice plug isolation construction shall undergo professional tra

5 from specialized companies).

ities,

hort

ning

raining. For thedmplementation, only qualified and trained personnel should be deployed

bints,

ial.ice plug jacket, other equipment (such as liquid nitrogen chamber, hoses, j

avbc—uratackivaraaclkke mratactioa glaccac) o d ol ch ol bha ond Masciparannttaale

antifreeze g

fact: + 3 +
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as thermometers, pressure gauges, oxygen meters, etc.) shall be calibrated and validated.

4.2.2 Anti

-freezing, anti-asphyxia and other related safety protection products shall be provided.

4.3 Preconditions

4.3.1 Pipes shall be filled with any fluids that can be frozen, and free of air.

such

4.3.2 The flow rate of liquid in the pipe should be as low as possible, preferably close to zero. Excessive
flow rate is not conducive to the formation of ice plug.
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4.3.3 When the ambient temperature is lower than 43 °C, the surface temperature of pipe shall be
lower than 50 °C. If the refrigerant is liquid nitrogen and shall be lower than 30 °C if the refrigerant is dry
ice. This is not required if validity is confirmed by mock-up test.

4.3.4 The distance between ice plug and heat source nearby (including welding parts) shall be
determined based on heat input and pipe diameter.

4.3.5 The pipe to be isolated with an ice plug shall not be affected by the vibration and shock during
the operation.

4.3. Ice plug operation 1s prohibited for the pipe sections containing the following defects:
a) (rack affecting the strength;

b) Pitting affecting the strength;

c) Thickness of pipe thinned to an unacceptable level;
d) Breach;

e) OQther conditions that could cause a burst of the pipe.

4.3.7] Ice plug operation is prohibited in the following pipe structures or fittings:
a) Pipe parts, such as plugs, thermocouples;

b) Pipe fittings, such as movable joints.
4.4 | Requirements of process

4.4.1 Material of pipe

The pipe shall be made of metal (carbon steel or stainless steel). Welds are not allowed in the area of
the ife plug (no circumferential.neither longitudinal weld). Unless it can be demonstrated that there
is no| better solution, and that there are no defects in the welds, ice plug operations on welds can be
donel Cast copper pipe, cast'iton pipe, cladded pipe and lining pipe shall not be subject to [ice plugging
isolafion.

Material inspection ¢ebptificate or alternative consideration should be confirmed in order fo avoid low
temperature brittle.fracture, when applying ice plugs on carbon steel piping, which is cponnected to
mosf{ importantigomponents or piping for safety.

Vibration and*external shock like falling parts (e.g. tools) or mechanical stress (e.g. moving of valves,
startfing©fpumps) shall be avoided during ice plug generation. In addition, stainless steel pipe shall be
prot¢cted from contact with halogen-containing medium to prevent stress corrosion.

4.4.2 Freezing medium

The freezing medium shall be selected in accordance with the following principles, depending on pipe
diameter and medium temperature. This is not required if validity is confirmed by mock-up test. It is
also allowed to refer to local regulations if local regulations have higher diameter limit.

Liquid nitrogen: the working temperature of liquid nitrogen is -196 °C, suitable for ferritic pipe equal or
less than DN 400 (16”) or for austenitic steel equal or less than DN 300 (12”).

Dry ice: the working temperature of dry ice is -78 °C, suitable for pipe equal or less than DN 100 (4").

Freon and its substitutes: it is suitable for the ice plug of pipe with outer diameter of less than 60,3 mm.

© IS0 2020 - All rights reserved 3
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4.4.3 Position of ice plug

4.4.3.1 The distance between the ice plug from extensions (valve, pump, flange, movable joint, weld,
tee, elbow, etc.) should be greater than 20 times the outer diameter (>20 x Da) or 600 mm, whichever is
greater, to avoid stress effects caused by temperature gradients. If both extensions are fixed points, one

of them shal

1 be loosened. This is not required if validity is confirmed by mock-up test.

4.4.3.2 A pressure relief device is required between adjacent ice plugs or the ice-plug and a closed
end. If it is not possible, a minimal distance between them should be respected to “absorb” increasing
pressure due to ice plug expansion in order to remain below the design pressure of the pipe.

44.3.3 Ift
closed end 4
up test. For 1

4434 It
downstrean]

4.4.3.5 Im

If the ice plyig isolation is performed in conjunction with weld repair maintenance minimum distg

between we
gradients.

4.4.1 Ice

The jacket {
temperaturg

closed ice plug jacket. See Annex B for a description of a jacket and selection recommendations.

5 Prepa

5.1 WorkK

The workinlg space shall be surveyed before ice plug isolation to ensure sufficient space fo

arrangemer
during the ¢
personnel f7

5.2 Const

The constru
shall includd

he distance between the ice plug from the weld and the pipe fittings or the ice plug)an
re not in accordance with this document, the distance can be used if it is verifiedby a n
he distance, it is important that the needed NDT could be done in proper perférniance.

js advisable to select the straight pipe at upstream of the elbow to prevent the imp4
equipment due to ice plug failure.

pacts of external heat sources shall be taken into account by the selection of the ice plug

|ding zone and ice plug area shall be specified to avoid stréss effects caused by temper

plug jacket

hall be made of stainless steel, aluminum alloy or other proven materials suitable a
. The jackets are generally divided into open’ice plug jacket, semi-open ice plug jacke

ration before operation

ing environment

t and operation of égliipment. The ambient oxygen content shall be monitored continu
peration. Forced-yentilation shall be carried out during the ice plug operation to pr¢
om suffocating if necessary.

ructionplan

ction ‘plan shall be prepared before the ice plug operation. The ice plug construction

d the
nock-

ct to

area.
inces
hture

t low
t and

" the
busly
pvent

plan

fallowing contents:

a)

b)
prevent

c)

d)
refriger

e)

scope of application and pipe isometries;

ive measures (include contingency plans in the event of an ice plug failure);

generation process of ice plug;

ant to support the ice plug);

risk analysis (concerning the influence to health of the employees and to the environment) and

requirements of pre-construction preparation (include the requirement for an adequate supply of

quality assurance measures before ice plug performance (include proper assessment of structural

integrity to prevent the structural damage and of time of the ice plugging duration to minimize
thermal stresses);
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f) ice plug performance and verification as well as quality assurance measures during ice plug
performance;

g) requirements for ice plug removal;

h) quality assurance measures after ice plug performance;

i) requirements of construction removal and recording.

See Annex C for the flow chart.

5.3

The
cond

5.4

Fros
glasg

The 4
Radi

radid

5.5

Befo
pene|
ISO 4
sevel
corr
radid
resp

6 1

6.1

Ensu
frozd

Slow

Tools of construction

special tools of ice plug freezing isolation (jackets, hoses, joints) shall be verified-and
fition.
Protective measures

[bite protective articles shall be provided, such as antifreeze gloves| protective mask
es.

imbient oxygen content shall be monitored continuously during-the operation.

htion protection shall be carried out as required if the iCe'plug construction is carrig
tion control area.

Pipe testing before operation

e the ice plug operation, the pipe sectionsto be frozen shall be subject to visual ¢
trant testing or magnetic particle testingiih accordance with ISO 17637, ISO 3452 (
D934 (all parts) respectively. The surfage of stainless steel pipe shall be free of corr
‘e wall thinning and other relevant:defects. The surface of carbon steel pipe shal
sion pit, cracks, severe wall thinning and other dangerous defects. Ultrasound
graphic testing shall be executéd in accordance with ISO 16810 and ISO 20769
ectively, if necessary.

ce plug construction

Generationcof-ice plug

re the relevart isolating valve is closed in order to minimize the flow rate of the pipe s
n close to.zero.

[y fill the refrigerant into the jacket until it becomes and remains steady.

kept in good

5, protective

d out in the

Xamination,
hll parts) or
bsion, crack,
| be free of
testing and

(all parts)

ection to be

Monitor the temperature and pressure (if any] of ice plug pipe continuously during the operation.

6.2

Judgment of ice plug generation

The method for judging whether the ice plug status meets the isolation requirement is as follows. Any
one of the following can be used alone as a criterion to determine whether an ice plug has formed.

a) Unilateral pressure method: it needs to extend the freezing time after determining the ice plug
generation preliminarily, and exert pressure on the pipe isolated by ice plug. The ice plug is formed
if the pipe can withstand a certain pressure (test pressure shall be higher than the pressure of
other side). This method is suitable for the operation with pressuring conditions.
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b)

d)

Complete hydrophobic method: it needs to extend the freezing time after determining the ice plug
generation preliminarily, and drain away water in the isolated pipe. The ice plug is formed if the
water can be completely drained.

Partial hydrophobic method: it needs to extend the freezing time after determining the ice plug
generation preliminarily, drain away water in the isolated pipe, and measure the liquid level of
isolated pipe. The ice plug is formed if the liquid level does not rise. This method is suitable for the
situation where the pipeline water volume is large and the drainage time is long.

Pipe temperature difference method: it needs to extend the freezing time after determining the ice
plug generatlon prellmlnarlly The ice plug is formed if the temperature of isolated pipe at 1 m away

from th
positior]
situatio

The degree
6.3 Remg
The relevan

plug by roag

1 1 £l i Lalo 1l
- l\,C Plus JGLI\CL lD CIUOUT LU LIIC alllUlCllL LCIII}JCI aLul C, VWIIIIT L1IT LCllllJCl Cll.ul < cu. D_y TITITIC

on the other side is close to the system temperature. This method is suitable \fo
h where the pipe system temperature is higher than the ambient temperature.

bf frost on the pipe cannot be used alone to judge whether the internal ice plug is form

pval of ice plug

ting, electric welding or other external heating methods.

Protective measures shall be taken during the removal of ice plug for vertical pipe and upst

pressurized|

from being dlamaged due to the ice plug as well as for prevention of the system from leakage.

It should be
difference (
system shal
of temperat
similar is py

n both ice plug sides. To eliminate pressuie difference on both sides the empty
| be filled. The unintended removal of ice-plug could be avoided by controlled applic
ure. Hereby a small channel could be«formed with warm air device (usage of burn

pipe, such as downstream water inject, to prevent the:xdownstream equipment and the

ensured during defreezing that an abrupt loosing of the ice plug is avoided due to pre;j

ohibited) at a suitable point. The liguid can flow through this channel and adjust pre;

rical
I the

bd.

t equipment shall be removed after the ice plug is completely“melted in the nafural
environmerft and the temperature of pipe section returns to normal. It is prehibited to remove tH

e ice

feam
pipe

sure
pipe
htion
Er or
sure

compensatipn. On vertical pipe the channel:should formed at the 12 o’clock position. The |non-
destructive testing shall be executed upon cempleting the ice plug operation; the testing methods$ and
requirements are the same as those specified in 5.5.

Applied too]s and additives shall beyTemoved residue-free. The system operation is restored [after
ending plugging (reinstall of looséned subsidies, spring hangers etc.).

7 Quality assurance (QA) on ice plugging

7.1 QA before ice plug performance

The surface| of/pipe section to be frozen should be accessible, cleaned and free of coatings, resiflues,

corrosion (i

hner and outer surface), crack, severe wall thinning and other relevant defects.

Measured ic

e plug area shall be registered on pipe isometry.

Before ice plugging, the pipe section to be frozen (ice plug area and 200 mm on both sides) shall be
subjected to visual examination (VT), penetrant testing (PT) or magnetic testing (MT). The VT shall be
carried out in accordance with ISO 17637. On ferritic pipe MT is preferable. The PT shall be carried out
in accordance with ISO 3542 (all parts) and the MT with ISO 9934 (all parts) respectively.

Any detected unacceptable inhomogeneities (VT, PT or MT) shall be reported. In this case ice plugging

is not permi

tted in this area.

On selected pipe section to be frozen with risk of erosion resp. corrosion an UT or RT wall thickness
examination shall be performed. If any deviations to the expected value is detected the result shall be
considered on risk analysis.
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7.2 QA during ice plug performance

The ice plug generation shall be monitored during the whole ice plug operation. Start time and end
time and any deviations during ice plug measure shall be reported. The end time can be determined
according to 6.2.

7.3 QA after ice plug performance

After removal of ice plug (see 6.3) the surface of pipe section to be frozen (ice plug area and 200 mm
on both sides) should be inspected in the same way as before ice plug performance (see 7.1). The ice
plug don't modify the wall thickness, so it is not necessary to perform the RT or UT after the ice plug
operftion. Record and compare non-destructive testing report before and after ice plug-performance,
unacceptable inhomogeneities shall be reported.

8 Records and reports
Records and reports shall at least include the following contents:

a) ¢over sheet (extract from construction plan with initial informyation to plugged 4ystem (DN,
N, temperature, flow rate, refrigerant etc.) and quality docunients (e.g. isometry, rgsult of risk
nalysis);

b) mon-destructive testing report before ice plug performariee;
c) fecords of temperature and pressure (if any);

d) mon-destructive testing report after ice plug performance;
e) ¢ompletion report and report of protective my€asures.

NOTH Non-destructive testing report refersto the standards in 7.1.

© IS0 2020 - All rights reserved 7
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Reference table of ice plug jacket length

The length of the ice plug jacket shall be selected by reference to Tables A.1 and A.2.

Table A.1 — Liquid nitrogen ice plug jacket
Nominal size Leng.th range Recommendeéd
Outer diameter of jacket length
DN NPS mm (Tin_les of outer N
diameter)
40 1% 48,3 2 to 3 times 125
50 2 60,3 2 to 3 times 150
65 2% 73,0 1,5 to2,5 times 150
80 3 88,9 1.5 to 2,5 tinies 200
90 3% 101,6 1.5 to 2,5 times 200
100 4 114,3 1.5 ta.2,5 times 250
125 5 141,3 1.5%0 2,5 times 300
150 6 168,3 1.5 to 2,5 times 300
P00 8 2191 1.5to 2,5 times 400
50 10 273,0 1.5to 2,5 times 500
300 12 3239 1.5to 2,5 times 600
B50 14 355,6. 1.5 to 2,5 times 700
100 16 406,4 1.5to 2,5 times 800
Table A.2 — Dry ice plug jacket

Dl:I ominal SIZ;PS Outer diameter Le:)l?it:ci‘(lrtlge Recq::lr;fﬁn ded

mm (Tin_les of mm

outer diameter)
15 b7 21,3 5to 7 times 150
20 3% 26,9 5to 7 times 150
25 1 33,7 5to 7 times 200
RY4 174 42,4 4 10 6 Times 200
40 1% 48,3 4 to 6 times 200
50 2 60,3 4 to 6 times 300
65 2% 73,0 3 to 5 times 300
80 3 88,9 3 to 5 times 400
90 3% 101,6 3to 5 times 400
NOTE The limitation of the jacket length is not required if validity is confirmed by mock-up test.

8 © IS0 2020 - All rights reserved
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Ice plug jacket types

Table B.1 is a summary table of ice plug jacket types. The ice plug jacket to be used can be selected
according to the principles of easy maintenance, refrigeration uniformity, refrigeration efficiency,
design difficulty, application rate, and reuse.

© IS0 2020 - All rights reserved 9
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Key

1 pipe
2 ice plugjacket

Figure B.1 — Open ice jam jacket

Key

1 ¢xhatstvent

2 inlet

3  upperjacket

4  lower jacket

5 Dbolted

6 liquid nitrogen chamber

Figure B.2 — Semi-open jacket (single layer)
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