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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
NUCLEAR POWER PLANTS – INSTRUMENTATION SYSTEMS – 

MEASUREMENTS FOR MONITORING ADEQUATE COOLING WITHIN THE 
CORE OF PRESSURIZED LIGHT WATER REACTORS 

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60911 has been prepared by subcommittee 45A: Reactor 
instrumentation, of IEC technical committee 45: Nuclear instrumentation. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

45A/XX/FDIS 45A/XX/RVD 

 

Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

The National Committees are requested to note that for this document the stability date 
is 2022. 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE 
DELETED AT THE PUBLICATION STAGE. 

 
 

Full document details: 23/30469793 DC

http://www.avadocuments.com/doc/23-30469793-dc
http://www.avadocuments.com/doc/23-30469793-dc


 – 6 – CD1 60911 IEC:2023 

NUCLEAR POWER PLANTS – INSTRUMENTATION SYSTEMS – 1 

MEASUREMENTS FOR MONITORING ADEQUATE COOLING WITHIN THE 2 

CORE OF PRESSURIZED LIGHT WATER REACTORS 3 

 4 

 5 

 6 
0 Introduction 7 

Adequate core cooling can be achieved only by providing sufficient coolant flow to the 8 

core to remove the heat. Under normal power operation, cooling of the core is 9 

adequately monitored by the normal reactor protection measurement. Normally, the 10 

coolant is forced circulation to facilitate the heat transfer. However, during certain 11 

abnormal shutdown conditions, the coolant might circulate naturally or the coolant 12 

might even become stationary. 13 

The coolant can be in one phase or two phases:  14 

a) one phase: either liquid, or steam, or a mixture of steam and gas. 15 

b) two phases: a mixture of liquid and steam/gas. 16 

Sufficient measurements of the coolant inventory shall be provided, of which the level 17 

measurement is a part, to monitor that adequate cooling is being achieved under those 18 

abnormal conditions for which operator action may be needed or for which 19 

confirmation of coolant inventory status is of value. 20 

Measurement of the subcooling and its time history shall also be provided to assist the 21 

operator in avoiding those abnormal conditions. 22 

  23 
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1 Scope and object 24 

This International Standard applies to pressurized water reactors (PWRs) with 25 

configurations similar to those shown in Figure 1 through Figure 7 and presents 26 

requirements for the monitoring of adequate cooling within the core in all operations, 27 

including normal and abnormal operations. Requirements for core cooling monitoring 28 

during conditions beyond a DBA (DEC-A or DEC-B) are also covered in this standard. 29 

The objective of this standard is to define requirements for instrumentation to measure 30 

coolant parameters, which are of interest when abnormal conditions arise with either 31 

one or two phases of coolant or with gas included in the reactor vessel. 32 

PWR users can acquire this instrumentation to present information on coolant 33 

conditions, to assist the operator to decide on actions needed to maintain adequate core 34 

cooling. 35 

Typical applications in operating power plants are also presented. 36 

2 Normative references 37 

The following normative documents contain provisions which, through reference in this text, 38 

constitute provisions of this International Standard. For dated references, subsequent 39 

amendments to, or revisions of, any of these publications do not apply. However, parties to 40 

agreements based on this International Standard are encouraged to investigate the possibility 41 

of applying the most recent editions of the normative documents indicated below. For undated 42 

references, the latest edition of the normative document referred to applies. Members of IEC 43 

and ISO maintain registers of currently valid International Standards.  44 

IEC 60050-395:2014, International Electrotechnical Vocabulary (IEV) – Part 395: Nuclear 45 

instrumentation – Physical phenomena, basic concepts, instruments, systems, equipment and 46 

detectors 47 

IEC 60737:2010, In-core temperature or primary envelope temperature measurements in 48 

nuclear power reactors – Characteristics and test methods 49 

IEC 62828-2:2017, Reference condition and procedures for testing industrial and process 50 

measurement transmitters – Part 2: Specific procedures for pressure transmitters 51 

IEC/IEEE 60780-323:2016, Nuclear facilities – Electrical equipment important to safety – 52 

Qualification 53 

IEC 60880:2006, Nuclear power plants – Instrumentation and control systems important to 54 

safety – Software aspects for computer-based systems performing category A functions. 55 

IEC 60964:2018, Nuclear power plants – Control rooms – Design 56 

IEC/IEEE 60980-344:2020, Nuclear facilities – Electrical equipment important to safety – 57 

Seismic Qualification 58 

IEC 60987:2021, Nuclear power plants – Instrumentation and control important to safety – 59 

Hardware requirements 60 
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IEC 61225:2019, Nuclear power plants – Instrumentation, control and electrical power 61 

systems – Requirements for static uninterruptible DC and AC power supply systems 62 

IEC 61226:2020, Nuclear power plants – Instrumentation, control and electrical power 63 

systems important to safety – Categorization of functions and classifications of systems 64 

IEC 61227:2008, Nuclear power plants – Control rooms – Operator Controls 65 

3 Definitions and abbreviations 66 

For the purposes of this standard, the following definitions and abbreviations apply. 67 

ISO and IEC maintain terminological databases for use in standardization at the 68 

following addresses: 69 

IEC Electropedia: available at http://www.electropedia.org/ISO Online browsing 70 

platform: available at http://www.iso.org/obp 71 

 72 

3.1 73 

ALARA 74 

as low as reasonably achievable 75 

3.2 76 

coolant 77 

water and/or steam for heat removal from the core 78 

3.3 79 

anticipated operational occurrences 80 

expected to occur over the operating lifetime of the plant 81 

3.4 82 

DBA 83 

design basis accident  84 

3.5 85 

DEC-A 86 

design extension condition without significant fuel degradation 87 

3.6 88 

DEC-B 89 

design extension condition with core melting  90 

3.7 91 

diversity 92 

existence of two or more different ways or means of achieving a specified objective. 93 

Diversity is specifically provided as a defence against common cause failure. It may be 94 

achieved by providing systems that are physically different from each other or by 95 

functional diversity, where similar systems achieve the specified objective in different 96 

ways[IEV 395-07-115] 97 

3.8 98 

monitoring 99 
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the continuous determination of the state or condition of a system or subsystem[IEV 100 

395-07-99] 101 

3.9 102 

pressurized water reactor (PWR) 103 

nuclear steam supply system in which the pressurized coolant is heated by the reactor 104 

core, and process steam is generated in the steam generator by heat transfer from the 105 

coolant 106 

3.10 107 

RCS 108 

reactor coolant system 109 

3.11 110 

reactor containment 111 

structure enclosing the reactor coolant system and parts of associated systems, 112 

including pressure containment structures that enclose individual components in some 113 

nuclear power plant designs 114 

3.12 115 

reduced inventory condition 116 

intentional condition that exists during specific maintenance operations whenever 117 

water level in the RPV is lower than the top of the RPV outlet piping nozzle elevation, 118 

plus an allowance for water level measurement uncertainty 119 

3.13 120 

redundancy 121 

provision of alternative (identical or diverse) elements so that anyone can perform the 122 

required function regardless of the state of operation of any other[IEV 395-07-116] 123 

3.14 124 
RHRS: residual heat removal system 125 

auxiliary system in a PWR for removing heat from the reactor core during shutdown 126 

operations 127 

3.15 128 

PRHRS: passive residual heat removal system 129 

passive auxiliary system in a PWR for removing heat from the reactor core during 130 

abnormal operations 131 

 132 

3.16 133 

RSIS: reactor safety injection system 134 

auxiliary system in a PWR for injecting coolant to the reactor core during abnormal 135 

operations 136 

3.17 137 

CIS: cavity injection and cooling System 138 

auxiliary system in a PWR for injecting coolant to the reactor cavity during severe 139 

accident 140 

3.18 141 

RPV 142 

Full document details: 23/30469793 DC

http://www.avadocuments.com/doc/23-30469793-dc
http://www.avadocuments.com/doc/23-30469793-dc


 – 10 – CD1 60911 IEC:2023 

reactor pressure vessel 143 

3.19 144 

single failure criterion 145 

criterion (or requirement) applied to a system such that it must be capable of 146 

performing its task in the presence of any single failure[IEV 395-07-90] 147 

3.20 148 

subcooled water 149 

water at a temperature lower than the saturation temperature corresponding to the 150 

existing pressure 151 

3.21 152 

superheated steam 153 

steam at a temperature higher than the saturation temperature corresponding to the 154 

existing pressure 155 

3.22 156 

subcooling 157 

the difference by which the saturation temperature corresponding to the pressure 158 

existing in the liquid exceeds the liquid temperature at that point 159 

3.23 160 

superheating 161 

the difference by which the saturation temperature corresponding to the pressure 162 

existing in the steam is below the steam temperature at that point 163 

3.24 164 

void 165 

the volume occupied by steam or gas. This definition applies both to bubbles dispersed 166 

within a liquid phase or to large homogeneous volumes 167 

3.25 168 

void fraction  169 

the ratio of void to total volume 170 

3.26 171 

liquid level 172 

the level of the horizontal surface dividing liquid from steam or gas 173 

3.27 174 

equivalent liquid level 175 

the level that would result in the reactor vessel if the steam and water phases of the 176 

coolant were completely separated, and which is also described as the collapsed water 177 

level 178 
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different void distributions may have the same equivalent liquid level as shown in the 179 

following sketches a), b) and c): 180 

 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 

sketch c) illustrates the equivalent level for the same volume of liquid as sketches a) 189 

and b) 190 

4 Operational conditions 191 

4.1 General 192 

This clause should be considered with the safety analysis for the plant in normal and 193 

abnormal conditions. It explains the conditions for which this instrumentation is used 194 

for measurement and display of coolant parameters. The thermodynamics analysis of 195 

coolant refers to Annex A. 196 

Adequate core cooling can be confirmed by a measurement indicating that coolant is 197 

being circulated through the RPV at an appropriate temperature, pressure and flow to 198 

remove heat from the core. The requirement for adequate cooling exists for all 199 

operating modes. Annex B lists plant operating states (POS) as defined for the analysis 200 

performed to evaluate the potential of severe accidents during all operations. The 201 

analysis also includes an estimate of the duration of the plant operation states 202 

examined. Some POSs can last several months. 203 

The status of a typical nuclear power plants can be divided as follows: 204 

Operation States Accident conditions 

Normal 

operation 

Anticipated 

operational 

occurrences 

Design basis 

accident 

Design extension conditions 

Without 

significant fuel 

degradation 

With core 

melting 

Among them, the normal operating conditions of nuclear power plants include power 205 

operation, hot standby, reactor criticality, hot shutdown, biphasic intermediate 206 

shutdown with steam generator operate, biphasic intermediate shutdown with RHRS, 207 

monophasic intermediate shutdown, normal cold shutdown, maintenance cold 208 

shutdown, refuelling cold shutdown, etc.  209 

For core cooling, nuclear power plants can be divided into steam generator cooling and 210 

residual heat removal system cooling states under normal operating conditions. 211 

a） b） c）
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If an anticipated operating event or accident occurs, the cooling state of the reactor 212 

core can be covered by the division of sections 4.2~4.5. 213 

This standard covers instrumentation considerations for monitoring core cooling at 214 

PWRs with configurations similar to those shown in Figure 1 to Figure 7. Although 215 

PWR configurations shown in Figure 1 to Figure 5 use vertical U-tube steam 216 

generators, there is no impact on core cooling monitoring if change them into 217 

superheat steam generators. 218 

4.2 Cooling state with steam generator 219 

When the reactor is in the cooled state of the steam generator, the primary loop is 220 

closed, and the flow of reactor coolant may be forced or natural. Core heat is 221 

transferred to the coolant and exported through the steam generator. 222 

As in Annex A coolant thermodynamic analysis, the reactor coolant may be in three 223 

thermal states, subcooled, saturated and superheated. 224 

The PWR configuration is shown in Figure 1. 225 

4.2.1 Coolant subcooled state 226 

Once the reactor coolant is subcooled, it indicates that the pressure vessel is filled with 227 

water at this time, which can be characterized by measuring the pressurizer level. As a 228 

special case, especially in the event of an accident, where the pressurizer level may be 229 

lost, the water load of the reactor pressure vessel can be directly monitored by 230 

measuring the RPV water level. Adequate core cooling can be confirmed by a 231 

measurement indicating that coolant is being circulated at an appropriate RPV outlet 232 

pipe flow to remove heat from the core. 233 

In addition, adequate core cooling can also be confirmed by monitoring the subcooling 234 

of the coolant. For that the reactor coolant pressure, reactor coolant temperatures(core 235 

exit, RPV outlet pipe, RPV inlet pipe) are required. 236 

4.2.2 Coolant saturated state 237 

Under anticipated operational occurrences and accident conditions, the coolant in the 238 

RPV may be saturated, leaving the coolant in a two-phase state. At this time, the core 239 

exit temperature detector measures the temperature of saturated water or steam, so it 240 

cannot fully represent the cooling degree of the core, nor the trend information, and 241 

needs to rely on other parameters. 242 

When the coolant is in the two-phase condition, it is important to know the equivalent 243 

liquid level or the void fraction. The equivalent liquid level is important because it 244 

indicates the extent to which the core could be uncovered if the phases are completely 245 

separated. Normally, there is a greater cooling capacity than what is indicated by the 246 

equivalent liquid level. 247 

Once a saturated coolant condition exists, voids may form in the coolant system. The 248 

significance of void formation relative to adequate core cooling is dependent on the 249 

two coolant circulation modes as follows: 250 
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In natural circulation or stagnant conditions, void formation will result in the 251 

development of an equivalent liquid level in the reactor vessel. Adequate cooling 252 

under this condition exists if the core remains covered with water. 253 

In forced circulation, reactor coolant pumps will continue to circulate the coolant as a 254 

homogeneous mixture of liquid and steam/gas. Adequate core cooling under this 255 

condition is ensured even with a relatively high void fraction. 256 

Considering the above analysis, the RPV water level, RPV outlet pipe temperature, 257 

RPV inlet pipe temperature, RPV outlet pipe flow and core exit temperature need to be 258 

monitored. 259 

4.2.3 Coolant superheated state 260 

Superheating of the coolant often corresponds to a significant loss of core coolant 261 

charge, a high void fraction or an excessively lower equivalent liquid level than the 262 

top of the core active zone. 263 

To monitor the severity of the superheated condition, instrumentation needs to be 264 

provided to indicate the core exit temperature and the amount of superheat. The reactor 265 

coolant pressure and the core exit temperature are required. The same instrument used 266 

to measure subcooling can be used to measure the amount of superheat. From this 267 

information it is possible to derive the amount of superheat, i.e., the difference 268 

between steam temperature and saturation temperature. 269 

4.3 Cooling state with RHRS 270 

Normally, RHRS is put into operation to remove the core residual heat from biphasic 271 

intermediate shutdown condition to cold shutdown condition. 272 

It is important that plant operators have reliable information to confirm that the 273 

temperature and flow of coolant circulated through the RPV are adequate to remove 274 

heat from the core. Unreliable information can result in an interruption of core cooling, 275 

a condition that has occurred at several PWRs. Annex C, which describes some of 276 

these events, identifies conditions which should be considered in the design of core 277 

cooling monitoring instrumentation. 278 

In general, the RHRS draws water from the hot leg of the main system, cools it by the 279 

heat exchanger, and injects it back into the cold leg of the main system. Therefore, in 280 

addition to the existing coolant-related monitoring parameters (RPV water level and 281 

RPV outlet pipe temperature, etc.), the flow rate and inlet temperature of the RHRS 282 

may also effectively represent the adequate cooling of the core. 283 

In order to maintain the normal operation of the RHRS, the water inventory of hot leg 284 

section must remain submerged to avoid cavitation of the RHRS pump. Therefore, it is 285 

also necessary to monitor the RPV outlet pipe water level. 286 

The PWR configuration is shown in Figure 2, Figure 3, and Figure 4. 287 

4.3.1 General situation under RHRS operation 288 
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