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Abstract 
The HANARO cold neutron source project was initially established in 1997 and a 

pre-conceptual design and fundamental study in cooperation with foreign experts or 
institutes has been carried out for 2 years. In March 1999, unfortunately the project was 
delayed under unavoidable national circumstances. Thanks to national research demands 
on cold neutron beam application as well as the positive result from the feasibility study 
on user communities, the HANARO cold neutron source project has been officially re-
initiated in July 2003. The new project, titled “Development of Cold Neutron Research 
Facility and Utilization Technology” is divided into three sub-projects as below : 

 
- Development of Systems for Cold Neutron Source 
- Cold Neutron Moderator Cell Development and Safety Analysis 
- Development of Neutron Guide and Cold Neutron Spectrometers 
 

This report is mainly concentrated on the conceptual system design performed during 
the first project year. It includes the key safety design requirements in the beginning, 
followed by the description of the preliminary system design. At the rear part, building 
layout and equipment arrangement are briefly introduced for easy understanding of the 
whole pictures. The design status for the In-Pool Assembly including safety analysis and 
neutron guide and instruments will be discussed in another report. 

 
The systems and facilities for the HANARO cold neutron source consist of hydrogen 

handling system, vacuum system, gas blanket system, helium refrigeration system and 
electrical and instrumentation & control system. The overriding safety goal in the system 
design is to prevent the escape of hydrogen from the system boundary or the ingress of 
air. Of primary concern is the release of hydrogen (or intrusion of oxygen) into an area 
where any subsequent reaction could possibly result in damage to the reactor building or 
safety systems or components, as well as jeopardize personnel safety. It has been an 
general rule that all aspects of the system design were based on the demonstrated 
technology of long standing world-wide. In some cases, other options are also suggested 
for the flexibility of independent review process. This report hopefully serves as basis for 
the coming detail design and engineering. 
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1. Introduction 
 
1.1  Project Goal 

The primary purpose of the system design for the cold neutron source is to ensure that 
the reactor safety systems and the overall safety level of the reactor are not adversely 
affected by the cold neutron source or any of its systems. The secondary purpose is to 
ensure that on-site personnel and equipment also are not adversely impacted by the cold 
neutron source or any of its systems. The ultimate safety goal for effects on the reactor is to 
have a sufficiently low probability that fuel will be damaged or a nuclear safety function 
lost because of the cold neutron source or any of its equipment.  
 
1.2  Design Principles 

The safety of the cold neutron source facility is being guaranteed by multiple 
approaches. Adequate conservatism is being given to the design of the liquid hydrogen 
boundaries to ensure a high integrity boundary. Major safety considerations are 
concentrated on hydrogen safety and radiation safety. A quality assurance program is in 
place to control design, analysis, procurement, fabrication, installation, commissioning and 
operation of the facility. A step-wised development testing is being carried out as a part of 
the design. 
 
   The design of the cold neutron source should be guided as much by safety aspects as by 
the needs of user’s group. The design objective is an efficient system, which can be 
operated safely with regard to the reactor and personnel. The needs of the users’ group will 
be: (a) maximum gain in cold neutron flux, (b) good operational reliability. The governing 
safety aspects will be: (a) reactor safety, (b) personnel safety, (c) facility protection against 
damage. 
 

The safety design philosophy for the cold neutron source is a defense-in-depth 
approach that provides several means to avoid any accidental contact between hydrogen 
and air and also provides the means to mitigate a hydrogen release, given that an accidental 
release is assumed to occur. The principles of conservatism, simplicity, redundancy, fail-
safe design, and passive safety features are included in the design as much as possible. 

 

This report marks the summary of the conceptual design for systems and facilities and 
establishes the baseline reference for the next design stage. Although validation will 
continue, this report provides the basis by which the detail design of the HANARO cold 
neutron source will proceed. 
 
1.3  Project Schedule 
  The project for the CNS system development has been divided into four phases: (a) 
conceptual design, (b) basic and detail design, (c) procurement and installation, (d) 
commissioning. Although there is some time overlap between phases, in general, they are 
sequential. The first project year defined as conceptual design phase of base, being basis of 
this report, will be completed in June 2004. The 5-year project milestone is shown on the 
figure 1-1. 
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Figure 1-1  Project Milestone 
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2. Safety Design Requirements 
2.1   User Requirements 

1. The purpose of the cold neutron source is to increase the available neutron flux 
delivered to instruments in the cold neutron range practically from 4 to 12 Å. 
Optimization is to be based on the neutron brightness (/s/㎠/steradian/Å). The gain 
factor on brightness for these wavelengths should be comparable to existing cold 
sources of similar geometry (∼10 to 20 at 7Å). 

 
2. The cold source shall be optimized to maximize the yield of neutrons with energy 

less than 5 meV, in the direction of cold neutron beam port. 
 
3.  There should be no significant degradation of the thermal spectrum at near 

experimental holes as measured after the cold source installation. 
 
4. Installation and testing of the cold neutron source shall be scheduled so as to cause 

minimum disruption to the existing reactor utilization programs. 
 
 

2.2   Safety Requirements 

1. The change in reactivity due to the introduction or removal of liquid hydrogen in or 
from the moderator cell shall be within the allowable limit specified in the safety 
analysis report for HANARO. 

 
2. Special measures shall be taken to ensure that any pressure shock or vibration due to 

abnormal behavior inside the vacuum chamber shall not adversely affect the 
integrity of the reflector vessel or the reactor structure. 

 
3. Provision shall be prepared to protect the moderator cell from overheating in the 

event of the cryogenic system failure or loss of moderator circulation. The vacuum 
chamber shall be automatically filled with He gas to enhance the heat transfer from 
the moderator cell to the outside through the wall of vacuum chamber. The He gas 
for the emergency flooding shall be maintained properly pressurized for timely 
injection into the vacuum chamber. 

 
4. The radiation level in the reactor pool top area shall not exceed the reactor trip 

setpoint, 2.5mR/hr during the normal operation of cold neutron facility. 
 
5. Expected maximum releases of radioactivity from the cold neutron facilities when 

added to routine HANARO gaseous releases shall not exceed the requirements of 
the HANARO Safety Analysis Report. In addition, radiation protection issues will 
be evaluated according to the as low as reasonably achievable (ALARA) principle.  

 
6. The HANARO Safety Analysis Report shall be revised to reflect the inclusion of the 

cold neutron research facilities in the chapter 11. The licensing will be proceeded as 
an amendment to the existing HANARO Safety Analysis Report. 
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7. The leak rate of the reactor building shall be less than the existing allowable limit, 

570 m3/hr, even after the completion of the CNS installation. 
 

2.3  In-Pool Assembly Requirements 
 
1. The hydrogen shall be contained by a combination of barriers so that no single 

failure would result in the infiltration of air or water contacting the hydrogen. This 
shall be accomplished by a combination of a high-integrity hydrogen boundary 
surrounded by a vacuum and a vacuum chamber. Under abnormal operating 
conditions (including conditions of degraded hydrogen system cooling, loss of 
vacuum barrier, loss of inert gas barrier, loss of off-site power, or hydrogen leakage), 
at least one containment barrier shall exist. 

 
2. Materials selected for use in the hydrogen system shall be compatible with the 

extremely low temperature environment and be resistant to hydrogen embrittlement 
during the expected service life. 

 
3. Vacuum chamber that comprises the primary hydrogen barrier shall be designed and 

fabricated using the guidance of the ASME Section III, Boiler and Pressure Vessel 
Code. Piping that comprises the primary hydrogen barrier shall be designed and 
fabricated following the guidance of ASME B31.1, Power Piping. 

 
4.  The vacuum chamber shall be designed to withstand the external pressure produced 

by any break on the wall of reflector vessel. The vacuum chamber shall be designed 
to withstand a hydrogen-oxygen reaction that could occur in the event air was 
introduced into the vacuum chamber concurrent with a release of hydrogen. 

 
5. A comprehensive overpressure protection scheme must be incorporated in the design 

to cope with any explosion or accidents leading to overpressure in the hydrogen 
loop. 

 
6. The in-pool assembly including its support structures shall be seismically qualified 

by testing or analysis for the design basis earthquake (DBE). 
 
7. The in-pool assembly shall be located in the reactor pool to minimize interferences 

with the existing structures or in-pool work like fuel handling. A proper penetration 
scheme shall be provided both to minimize the interferences and to assure the best 
performance of cold neutron source. 

 

 

2.4  Hydrogen System Requirements 
 
1. The vent system shall be designed to prevent the formation of an explosive cloud or 

the back-flow of air into the vent system. In the event of an ignition of the hydrogen 
in the vent system, no reactor safety system will be affected to the extent that its 
safety function is not performed. A vent from the He-refrigeration system shall be 
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independent of the main vent from the liquid hydrogen loop or be shown by analysis 
to be no threat to successful hydrogen venting in all cases. 

 
2. Components belonging to any of the multiple hydrogen boundaries inside the 

reactor building shall be seismically qualified or shall be shown by analysis to 
maintain hydrogen containment integrity following a design basis earthquake (DBE). 

 
3. The hydrogen vent system (duct, dampers and stack etc.) handling hydrogen leaks 

from equipment inside the reactor building shall be designed to withstand seismic 
and wind/typhoon events 

 
4. Hydrogen buffer tank shall be located to minimize the possibility of H2-O2 reaction 

and the buffer tank and connecting pipe to the IPA shall be seismically qualified. 
 
5. Very high purity hydrogen gas shall be used in the cold neutron source to preclude 

oxygen contamination of the primary hydrogen system. 
 

2.5  Process System Requirements 
 
1. The vacuum for cryogenic insulation shall be at least lower than 10-5 torr during the 

CNS normal operation. 
 
2. All of the hydrogen boundaries shall be enclosed by an inert gas blanket to avoid the 

accidental H2-O2 reaction. An appropriate monitoring method shall be provided to 
check any leakage through inside or outside the hydrogen boundaries. 

 
3. The cold neutron facility shall be equipped with an appropriate sub-cooling system 

for protection of the moderator vessel to allow reactor operation at full power in the 
event of a cold neutron system failure that cannot be rectified within a reasonable 
period of time. The sub-cooling mode is to maintain the moderator cell temperature 
below the allowable limit during full power reactor operation with the He 
refrigeration system off. 

 
4. Very high purity inert gas shall be used the gas blanket system. The gases shall be 

rigorously tested prior to be used in the facility. Administrative controls shall be in 
place during gas transfers to preclude oxygen intrusion and 
unmonitored/uncontrolled heating of cryogenic fluids. 

 
5. The vacuum tube helium flooding system (isolation valve, connecting pipe and 

storage etc.) shall be seismically qualified. 
 

2.6  He Refrigerator Requirements 
 
1. The refrigerator shall be capable of removing all heat from the cold neutron source 

including moderator vessel and associated components for reactor full power 
operation and have a safety margin demonstrated to be acceptable. Uncertainties in 
calculation, measurement, possible reactor power transients shall be considered in 
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deciding the capacity of the refrigerator. 
 
2. The system design shall facilitate maintenance and replacement of all components 
 
3. The system shall be designed to ensure safe operation at all times. Postulated 

failures of the refrigerator shall not affect reactor safety. 
 
4. It is required that the helium refrigerator system pressures are set higher than the 

hydrogen system pressure. If not, adequate means for detecting hydrogen in the heat 
exchanger exhaust stream shall be provided, in the event of a heat exchanger leak. In 
addition, adequate pressure relief scheme shall be provided on the helium side to 
deal with the higher pressure source from the hydrogen side, in the event of a heat 
exchanger tube break. 

 
5. Measures shall be taken to ensure that vibration and noise from the refrigerator 

compressor are not transmitted to the adjacent components or structures. The 
compressor shall be located on isolated foundations as a possible way of vibration 
isolation. 

 
6. The helium refrigeration system shall not be required to function during and 

following a DBE and thus does not require seismic qualification. 
 
7. The He refrigerator shall adopt an independent computer control system and it shall 

give proper indications of malfunctions and, in extreme cases, reactor trip signal. 
 

2.7  Electrical and Instrumentation & Control Requirements 
 
1. All cold neutron source instrumentation and operation controllers shall be designed 

to "fail safe." The hydrogen warm-up and transfer into the buffer tank shall occur 
automatically upon the loss of control function (including failure due to a DBE).  

 
2. Any instrumentation interfacing with the HANARO reactor safety system shall be 

designed to fail (seismically or non-seismically) in a manner such that the resulting 
signal ensures reactor shutdown. 

 
3. The safety instrumentation system shall be designed to ensure that any single failure 

should not lead to the loss of the reactor shutdown capability and the damage to the 
reactor safety. The single failure criterion shall be implemented by the concept of 
redundancy and independence. 

 
4. The cold neutron systems and facilities shall be designed to minimize their 

unavailability due to the electrical failures. 
 
5. The performance of the existing electrical system for HANARO shall not be 

degraded due to the inclusion of the new electrical systems for the cold neutron 
source. 

 
6. The major component or devices important to safety shall be equipped with an 
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uninterruptible power supply and/or diesel generator. 
 
7. Any electrical failure shall not cause an uncontrolled hydrogen or radiation release 

to atmosphere. 
 
8. Active components for the cold neutron source shall be designed to act into the safe 

condition in case of electrical failure. 
 

2.8   Operational and Maintenance Requirements 

1.  Operational interfaces between the cold neutron source and the reactor system 
should be minimized. Both the cold neutron source and the reactor shall be capable 
of operation when the other is in shutdown or non-operable condition. 

 
2. The cold neutron source should be able to be controlled at the reactor control room, 

located on the third floor of the reactor building in either one of the two modes of 
operation: (1) Manual and (2) Automatic. The manual mode means that any related 
systems and/or components are controlled remotely from the main control room 
through the computer keyboard or switches. 

 
3. The operating modes of the cold neutron source shall be : (1) Shutdown, (2) Stand-

by, (3) Start-up and (4) Operation. The reactor operation shall not be adversely 
affected by any of the operation modes of the cold neutron source. 

 
4. Most common problems including faulty components or abnormal conditions shall 

be able to be corrected without having to shutdown the reactor. 
 
5. Instrumentation and controls, valves, and switches shall be located for easy access 

by operators on routine shift checks.  
 
6. The operating parameters, which need to be checked at least 3 times a day shall be 

displayed on the local control panels as well as in the reactor control room. 
 
8. Measures shall be taken to continuously monitor the hydrogen concentration in the 

reactor hall. 
 
9. Instrumentation shall be designed so that abnormal operating procedures and 

emergency operating procedures associated with the protection of the cold neutron 
source that requires immediate actions can be performed from (1) the cold neutron 
source control room or (2) the reactor control room. 

 
10. The Equipment layout for cold neutron source shall be approved by reactor 

operation manager, to ensure that the access to the existing equipment required for 
reactor operation is not blocked or impeded. 

 
11. Special equipments or tools required for periodic test or maintenance shall be 

prepared at the design stage. 
 
12. The cold neutron source shall be operated by the HANARO reactor operation 
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group. 
 
13. The equipments or devices important to safety shall be physically separated from 

an easily accessible area for public. 
 
14. All of the components or systems shall be designed to incorporate the ease of 

replacement and maintenance. 
 
15. A set of parameters relative to the status of the cold neutron source as well as 

reactor should be displayed in the cold neutron laboratory. 
 
16. All cold neutron source operators shall be trained on the operations of the cold 

source prior to its initial operation. 
 
17. The operators and craftsmen involved in the installation of the cold neutron source 

shall be trained on the installation procedures prior to the installation. 
 
18. Removal procedures for the in-pool assembly shall be developed, approved, and 

issued prior to the initial operation of the cold source equipment. 
 
19. Radiological conditions in the reactor hall should be maintained at current levels 

or improved. 
 
20. Breakdown maintenance procedures shall be developed, approved, and issued 

prior to initial reactor operation with the cold source installed. 
 
21. An appropriate spare parts inventory (part, maximum stock, reorder point, and 

storage requirements) of the cold neutron source should be developed and stocked 
to ensure timely maintenance action in the event of equipment failure. 
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3.  System Classification 
3.1   Introduction of System Classification 
 

The CNRF construction project consists of a lot of items and services to provide 
safe, reliable, and powerful cold neutron source. Protective function will be used for 
mitigating accidents or off-normal initiating events that may occur during cold neutron 
source operation. The safety related systems and components should be designed, 
fabricated, installed, and operated in accordance with the specific codes and standards to 
assure that the facility can be operated without undue risk to the health and the safety of 
the public. These systems and components interact with non-safety-related systems and 
may fail when they are called upon or be in a failed state for other reason. So the 
classification is needed to identify such systems and components that are related to 
safety. The guidelines for safety classification are given first. Also the criteria for 
determining the seismic category and quality class are provided. 
 
 
3.2  Classification of Structures, Systems, and Components 
 

3.2.1  Safety Class 

The safety classification of CNRF project is based on the MOST Rule 2002-21, 
“Safety Class and the Applicable Standards to Nuclear Reactor Facilities” that is a 
Korean version of ANSI N51.1-1983(R1988), “Nuclear safety criteria for the design of 
stationary pressurized water reactor plants.” Three safety classes (SC-1, SC-2, SC-3) are 
established and are relied upon to accomplish nuclear safety functions. A fourth safety 
class, non-nuclear safety (NNS), is defined for the equipment, not included in the SC-1, 
SC-2 or SC-3 that is not required to accomplish nuclear safety functions. The nuclear 
safety function means any function that is necessary to ensure:  

 
a. The integrity of the reactor coolant pressure boundary 
 
b. The capability to shut down the reactor and maintain it in a safe shutdown 

condition 
 
c. The capability to prevent or mitigate the consequences of plant conditions that 

could result in potential offsite exposures that are comparable to the guideline in 
the MOST technical standard for location, structure, and facilities of nuclear 
reactor plants. 

 
Because the CNRF uses H2 as a working fluid, the danger of H2-air reactions 

should be a dominant factor in considering reactor and personnel safety. Provision for 
this particular accident shall be considered in the classification process. The 
classification provides a rational basis for determining relative stringency of design 
requirements applicable to equipment. The safety class definitions specified in the 
MOST Rule 2002-21 served as the basis for the safety classification of HANARO 
CNRF. 
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3.2.1.1  Safety Class 1 (SC-1) 

SC-1 shall apply to pressure-retaining portions and supports of mechanical 
equipment that form part of the reactor coolant pressure boundary (RCPB) whose 
failure could cause a loss of reactor coolant in excess of the reactor coolant normal 
makeup capability and whose requirements are within the scope of the ASME Boiler 
and Pressure Vessel Code, Section III. 
 
3.2.1.2  Safety Class 2 (SC-2) 

SC-2 shall apply to pressure-retaining portions and supports of primary 
containment and other mechanical equipment, requirements for which are within the 
scope of the ASME Boiler and Pressure Vessel Code, Section III, which is not included 
in SC-1 and is designed and relied upon to accomplish the following nuclear safety 
functions. 
 

a. Provide fission product barrier or primary containment radioactive material 
holdup or isolation. 

 
b. Provide emergency heat removal for the primary containment atmosphere to 

an intermediate heat sink, or emergency removal of radioactive material 
form the primary containment atmosphere (e.g., containment spray).  

 
c. Introduce emergency negative reactivity to make the reactor sub-critical 

(e.g., boron injection system) or restrict the addition of positive reactivity 
via pressure boundary equipment. 

 
d. Ensure emergency core cooling where the equipment provides coolant 

directly to the core (e.g., residual heat removal and emergency core cooling).  
 
e. Provide or maintain sufficient reactor coolant inventory for emergency core 

cooling (e.g., refueling water storage tank). 
 
3.2.1.3  Safety Class 3 (SC-3) 

SC-3 shall apply to equipment, not included in SC-1 or -2 that is designed and 
relied upon to accomplish the following nuclear safety functions:  
 

a. Provide for functions defined in SC-2 where equipment, or portions thereof, is 
not within the scope of the ASME Boiler and Pressure Vessel Code, Section III.  

 
b. Provide secondary containment radioactive material holdup, isolation, or heat 

removal.  
 

c. Except for primary containment boundary extension function, ensure hydrogen 
concentration control of the primary containment atmosphere to acceptable 
limits.  
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d. Remove radioactive material from the atmosphere of confined spaces outside 
primary containment  (e.g., control room or fuel building) containing SC-1,-
2,or-3 equipment.  

 
e. Introduce negative reactivity to achieve or maintain sub-critical reactor 

conditions.  
 

f. Provide or maintain sufficient reactor coolant inventory for core cooling.  
 

g. Maintain geometry within the reactor to ensure core reactivity control or core 
cooling capability (e.g., core support structures).  

 
h. Structurally load-bear or protect SC-1,-2,or-3 equipment.  

 
i. Provide radiation shielding for the control room or off-site personnel.  

 
j. Ensure required cooling for liquid-cooled stored fuel (e.g., spent fuel storage 

pool and cooling system).  
 

k. Ensure nuclear safety functions provided by SC-1,-2,or-3 equipment (e.g., 
provide heat removal for SC-1,-2,or-3 heat exchangers, provide lubrication of 
SC-2 or -3 pumps, provide fuel oil to the emergency diesel engine).  

 
l. Provide actuation or motive power for SC-1,-2,or-3 equipment.  

 
m. Provide information or controls to ensure capability for manual or automatic 

actuation of nuclear safety functions required ofSC-1,-2,or-3 equipment.  
 

n. Supply or process signals or supply power required for SC-1,-2,or-3 equipment 
to perform their required nuclear safety functions.  

 
o. Provide a manual or automatic interlock function to ensure or maintain proper 

performance of nuclear safety function required of SC-1,-2,or-3 equipment.  
 

p. Provide an acceptable environment for SC-1,-2,or-3 equipment and operating 
personnel.  

 
3.2.1.4  Non-Nuclear Safety (NNS) 

NNS shall apply to equipment that is not included in SC-1,-2, or –3. This equipment 
is not relied upon to perform a nuclear safety function. 

 
 

3.2.2  Seismic Category 

Structures, components and systems, which are essential to the reactor safety shall 
be designed and properly qualified to maintain dedicated safety functions and/or 
structural integrity. Three (3) seismic categories – Seismic Category I, Seismic 
Category II, and Non-seismic are adopted based on the function of safety. 
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3.2.2.1  Seismic Category  Ⅰ  

The structures, components and systems classified to seismic category I shall 
maintain its safety function as well as the structural integrity during and after SSE or 
DBE. Also they shall be well-kept within the elastic stress limits under the effect of the 
OBE or SDE. The components of SC-1, 2, 3 shall be categorized to the seismic category 
I. The Seismic Category I structures, components and systems are defined at those 
necessary to ensure the followings.  

 
a. The integrity of the reactor pressure boundary 
b. Capability to shutdown the reactor and maintain it in a safety shutdown 

condition. 
c. Capability to withstand the SSE/DBE, OBE/SDE and other applicable loads 

without loss of function. 
 

The procurement specification for Seismic category  structures, components and Ⅰ
systems shall describe that OBE is 1/2 of SSE. And the suppliers of those Seismic 
category Ⅰitems shall be designed, fabricated, installed, and tested according to the 
specification requirements. The Seismic category  structures, components and Ⅰ
systems shall be sufficiently isolated or protected from other structures to ensure that 
their integrity is maintained at all times.  

 
3.2.2.2  Seismic Category II  

    The seismic category II structures, components, and systems are defined to those 
that are not seismic category I structures, components, and systems, and which are not 
safety related, but whose failure and physical proximity to safety related structures, 
components, and systems could prevent the safety related structures, components, and 
systems from performing their intended safety functions. The seismic category II 
structures, components, and systems shall be designed to maintain their structural 
integrity under loads induced by the SSE. 
 
3.2.2.3  Non-seismic category (commercial)  

   Non-seismic category structures, components, and systems not classified to seismic 
category I and II shall be designed with no seismic requirements.  

 
 

3.2.3  Quality Class 

Quality class is designated to design, fabricate, install, and test the safety related 
structures, components, and systems in accordance with the standards that are 
appropriate for their intended safety function. Quality classification is generally 
consistent with safety classification. 

 
3.2.3.1  Quality Class Q  

Quality class Q shall apply to structures, components, and systems that are classified 
as safety class 1, 2 or 3.  
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a. Quality class Q shall apply to structures, components, and systems which refer 
10 CFR 50 Appendix B, ASME/ANSI NQA-1 or other equivalent one as an 
applicable codes and standards.  

 
b. For quality class Q structures, components, and systems, quality assurance 

program requirement in 10 CFR 50 Appendix B, CSA Z299.1 or other 
equivalent one shall be applied. 

 
3.2.3.2  Quality Class T 

Quality class T shall apply to structures, components, and systems that,  
 

- whose failure could reduce the functioning of any safety feature ( Q class) to 
an unacceptable safety level, or  

- are essential to the reliability of reactor operation, or  
- contain radioactive material. 
 

For quality class T structures, components, and systems, selected QA program 
requirement of quality class Q or QA program requirement of applicable codes and 
standards shall be applied. 
 
3.2.3.3  Quality Class S 

Quality class S shall apply to all structures, components, and systems that are not 
classified as quality class Q or T. There is no specific QA program requirement for 
quality class S structures, components, and systems but the manufacturer will confirm to 
well accepted industrial standards or manufacturer’s QA requirements. 

 
 

3.2.4  Electrical Classification 

For the clearance of application, the safety class of electrical equipment is 
classified as either Class 1E or non-Class 1E. Safety Class 3 electric equipment is Class 
1E in electrical classification. And Safety Class 3 electrical equipment shall meet the 
requirement of Class 1E of industry codes and standards listed in the Rule 2002-21 of 
MOST or ANSI/ANS-51.1-1983(R1988). 

 
3.2.4.1  Class 1E 

The safety classification of the electric equipment and systems that are essential to 
emergency reactor shutdown, containment isolation, reactor core cooling, and 
containment and reactor heat removal or that are otherwise essential in preventing 
significant release of radioactive material to the environment. The design of Class 1E 
electrical equipment conforms to 10 CFR 50, Appendix A, and follows the guidelines of 
applicable Regulatory guides and IEEE standards.  

 
3.2.4.2 Non-Class 1E 

 All electrical equipment that is not designated Class 1E is non-Class 1E. The 
guidelines of applicable Regulatory Guides and IEEE standards with regard to isolation 
and separation are followed to ensure that failures in non-Class 1E electrical system do 
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not impair the safety function of Class 1E electrical systems. 
 
 

3.2.5  Relationship Between Safety Class and Code Class 

All pressure containing components in Safety Class 1, 2, and 3 are designed, 
manufactured, and tested in accordance with the Korea Electric Power Industry Codes 
and Standards (KEPIC) or of the ASME Boiler and pressure vessel Code, Section III. 
Components in the NNS class are designed and constructed with appropriate 
consideration of the intended service using applicable industry codes and standards. The 
relationship between safety class and code class is shown in the Table 3-1. 
  
Table 3-1. Relationship between safety class and code class 
 

Safety Class Code Class 
(Korean Std.) 

Code Class 
(Int’l Std.) 

Code Class 
(Others) 

SC-1,-2,-3 
Mechanical  MN ASME Section III   

SC-2,-3 
Structure MN,SN ASME Section III ACI 349 , 

ANSI/AISC N-690  

SC-3 
Electrical EN IEEE 279,308,603   

NNS - - Industry standards 

  
MN : Nuclear Mechanical 
SN : Nuclear Structural 
EN : Nuclear Electrical 

 
 

3.3  HANARO CNS Classifications and Its Bases 

 

3.3.1  HANARO CNS Classification 

The CNS equipment has been classified according to the guidelines provided in 
previous chapters as three areas, safety, quality, and resistance to seismic events. The 
major components for HANARO CNS are listed in the table 3-2.  
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Table 3-2. HANARO CNS Classification 

Structures, Systems and Components 
Safety 
class 

Quality 
class 

Seismic 
class 

Remarks 

In-Pool Assembly (IPA)    Sec. 3.3.2.1 

- Moderator cell NNS T II  

- H2 transfer tube and couplings NNS T II  

- Condenser NNS T II  

- Vacuum chamber SC-3 Q I  

- Support structures NNS T II  

- Measuring sensors NNS T Non  

Hydrogen Moderator System    Sec. 3.3.2.2 

- H2 buffer tank NNS T II  

- H2 transfer line to IPA NNS T II  

- Control valves NNS T II  

- Measuring sensors NNS T Non  

- Metal hydride storage support NNS T II  

- H2 vacuum pump & valves NNS S Non  

- Field indicators NNS S Non  

Vacuum System    Sec. 3.3.2.3 

- Primary pump & valves (for start-up) NNS S Non  

- High vacuum pump & valves 
(for normal op.) NNS T II  

- Rupture disc (or Relief valves) NNS T Non  

- Control valves & gauges NNS T Non  

- Measuring sensors NNS T Non  

- Connecting pipes and block valve NNS T II  

- H2 gas analyzer NNS S Non  

- Cooling He supply lines and valves NNS T Non  

Gas Blanket System    Sec. 3.3.2.4 

- Gas supply line & valves NNS T Non  

- Measuring sensors NNS T Non  

- Rupture disc (or Relief valves) NNS T Non  

- H2 gas analyzer NNS S Non  
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Table 3-2. HANARO CNS Classification (continued) 

Structures, Systems and Components 
Safety 
class 

Quality 
class 

Seismic 
class 

Remarks 

Cryogenic Refrigerator System    Sec. 3.3.2.5 

- Cold box NNS S Non  

- Compressor NNS S Non  

- Oil removal system NNS S Non  

- He buffer tank NNS S Non  

- Connecting pipe & valves NNS S Non  

- Measuring sensors NNS S Non  

- Control computer & panels NNS S Non  
- Secondary cooling facilities NNS S Non  

- Gas analyzer NNS S Non  

Ventilation System    Sec. 3.3.2.7 

- H2 release stack NNS T II  

- H2 exhaust duct, fans, dampers NNS T II  

- Inert gas control devices NNS S Non  

- N2 storage tank NNS S Non  

- Gas analyzer NNS S Non  

Standby Cooling System    Sec. 4.5 

- Pumps, valves, heat exchanger & pipes NNS S Non  

- He gas control devices NNS S Non  

- sensors NNS S Non  

Emergency He Supply System    Sec.4.6 

- He reservoir & connecting pipes NNS T II  

- Valves & exhausting pipes NNS T II  

     

Instrumentation & Control System    Sec. 3.3.2.6 

- CNS protective instrumentation NNS T Non  

- CNS main control computer & panels NNS T Non  

- Radiation monitoring system NNS S Non  

- General instrument/control devices NNS S Non  
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Table 3-2. HANARO CNS Classification (continued) 

Structures, Systems and Components Safety 
class 

Quality 
class 

Seismic 
class Remarks 

Electrical Power Supply System    Sec.3.3.2.8 

 - CNS Protective instruments & controls NNS Q Non  

 - General instruments and control devices NNS S Non  

 - Control computer systems NNS T Non  

 - He compressor & cold box NNS T Non  

 - Vacuum system NNS T Non  

 - He blanket system NNS T Non  

 - Radiation monitoring system NNS S Non  

Neutron Guide System    Sec. 3.3.2.9 

- Shutter mechanism NNS S II  

- Shielding assembly NNS S II  

- In-pile guide/plug NNS T I  

- Out-of-pile guide NNS S II  

- Guide vacuum system NNS S Non  

Civil Structures    Sec. 3.3.2.10 

- CNS equipment island NNS Q I  

- Reactor building penetration NNS Q I  

 
 

3.3.2  Classification Bases 

3.3.2.1  In-pool assembly 

The entire design philosophy of the CNS is to prevent the possibility of oxygen 
entering the hydrogen system. Although all hydrogen systems are surrounded by 
helium blankets introduction of air into the insulating vacuum space shall be 
analyzed. This scenario, which goes well beyond the maximum credible accident 
serves as the design basis accident for the HANARO hydrogen source. The vacuum 
chamber of the in-pool assembly is regarded as an ultimate pressure boundary. The 
vacuum chamber must be shown to be able to withstand the maximum pressure 
generated if the hydrogen combined with the oxygen from the air in-leakage. Based 
on this safety philosophy, the in-pool assembly shall be classified to the highest 
level of safety and quality, which is the SC-3 and quality Q respectively. The 
structures and components to be installed in the reactor pool must be seismically 
qualified to maintain their integrity and function during and after SSE. 
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3.3.2.2  Hydrogen Moderator System 

 
The hydrogen system consists of 2 parts – in-pool assembly and out of pool 

components. As mentioned previously, the in-pool assembly classified to the 
highest level of safety and quality. But the out of pool components, which are 
hydrogen buffer tank and connecting pipes do not have to be a safety class. They 
just need to maintain the structural integrity at all times including earthquake to 
avoid any release of hydrogen to outside or infiltration of air into the hydrogen 
boundary. The hydrogen buffer tank and its connecting pipes to the in-pool 
assembly should be classified to seismic category I. The hydrogen storage facility 
like metal hydride or gas storage unit should be installed with and supported by a 
seismic-qualified steel structure, which means seismic category II, to prevent any 
physical damage. The rupture disc acting as a pressure relief device in case of 
pressure build-up accident should be the best quality class to assure its intended 
function at right manner and right time. 
 

3.3.2.3  Vacuum System 
 

The vacuum system serves to obtain vacuum in the vacuum chamber for thermal 
insulation of cryogenic components. The system consists of pumping station, 
valves and gauges, connecting pipes etc. It should be noted that the vacuum 
chamber was already discussed at the previous section then not included here. The 
loss of vacuum accident does not require an immediate count-measure if the 
hydrogen loop and others are kept intact. The whole vacuum systems are classified 
to non-nuclear safety. The He flooding system will be incorporated to deal with the 
overheating of the moderator cell resulted from cryogenic system failure or loss of 
moderator circulation. This system will be required to protect the damage of the 
moderator cell material by providing emergency He gas to the vacuum space so 
that the moderator cell will remain coolable due to conduction and radiation heat 
transfer from the moderator cell through the helium to the wall of vacuum chamber. 
Judging from this safety-related feature, the pipes and valves relative to the He 
flooding system must remain fully functional after SSE to assure cooling capability. 
 

3.3.2.4  Gas Blanket System 
 

All hydrogen-containing components are completely surrounded by helium 
blankets to prevent hydrogen-air contact. The blanketing itself is not directly 
connected to the safety function but acts as an important protective barrier. Its 
major pipes and components should be seismically qualified to maintain their 
integrity i.e., classified to the seismic category II.  
 

3.3.2.5  Cryogenic Refrigeration System 
 

The entire refrigeration system is classified as non-nuclear safety-related and 
non-seismic category. This is because failure of the refrigeration system has no 
impact on nuclear safety status of the reactor. The reactor will automatically and 
safely shutdown on loss of moderator cooling due to the failure of the refrigeration 
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system. In addition, the provision of a depressurization capability of the hydrogen 
system in the event of the total loss of forced-flow cooling of the moderator cell 
will ensure reactor safety as well as the integrity of the vacuum chamber. The 
whole system will be designed, fabricated and installed in accordance with the 
manufacturer or industrial standards. 
  

3.3.2.6  Instrumentation & Control System 
 

All cold source instrumentation shall be designed to fail-safe i.e., 
depressurization and hydrogen inventory expulsion into the buffer tank should 
result automatically upon any instrumentation or controller failure. In addition, any 
instrumentation and control equipment interfacing with the HANARO reactor 
protection system shall be designed to fail in a manner that the resulting signal 
ensures reactor shutdown. As already specified previously, the vacuum chamber 
shall be designed to absorb the maximum pressure shock resulting from the worst 
case of the design basis accident. Although the CNS protective instrumentation 
have failed to trip the reactor on the time of request, the result of the accident shall 
be entirely contained within the vacuum chamber, and do not adversely affect the 
reactor or any reactor safety system function. It should be noted that reactor 
shutdown by the CNS protective instrumentation is to protect the CNS facilities not 
the reactor. Based on the fail-safe feature and safety philosophy mentioned above, 
the CNS instrumentation and controls do not have to be classified to safety class or 
seismic class 
 

However, the CNS protective instrumentation serves the function of reactor 
shutdown then the necessary equipment should be the best quality level in order to 
enhance reliability and to reduce the potential for spurious shutdown. Also, safety 
design requirements like redundancy, independence, diversity and fail-safe etc., 
shall be applied to the design of the CNS protective instrument and control. 

 
3.3.2.7  Ventilation System 

 
Its purpose is to maintain the isolation of hydrogen from the reactor hall 

atmosphere and to control the hydrogen leaks from cold neutron source by dilution 
with inert gas and guided-venting through a qualified exhaust stack. The function 
served by this equipment is not directly related to the reactor safety and the 
ventilation system need not be a safety class. But the portions associated with 
venting the hydrogen leaks through the stack and provision of the inert dilution gas 
must survive the SSE to ensure continued isolation of the cold source hydrogen 
from the reactor hall atmosphere. The rest of the system is to be NNS and non-
seismic class. 
 

3.3.2.8  Electrical System 

The electric power supply to the equipment and instrumentation serves no 
nuclear safety function as they are required to fail in such a way as to promote 
reactor shutdown automatically i.e., fail-safe design feature. The electrical systems 
are to be NNS and non-seismic. The justification for this classification is the same 
as that discussed in section 2.2.6.2-f. The quality level for the electrical system to 
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the CNS protective instrumentation shall be the highest level to enhance reliability 
and performance. 

 
3.3.2.9  Neutron Guide 
  

As applied to the other existing beam facilities around the reactor, the neutron 
guide and necessary mechanical parts have no direct connection with the reactor 
safety. However, the neutron guide transports radiation through it and the radiation 
must be properly shielded to avoid any uncontrolled exposure. The neutron guide 
and its support structures shall be seismically qualified as the seismic category I.  

 
3.3.2.10  Civil Structures 
 

There are two civil structures, which are the CNS Equipment Island and the 
reactor building penetration. These civil structures are not related to the reactor 
safety. Judging that the CNS Equipment Island accommodates a lot of equipment, 
which should keep its integrity and function during and after SSE, it must be 
seismic class I and the best quality class. The reactor building penetration is very 
important in the confinement concept of the reactor building and leak through the 
penetration is not allowed. The part of the penetration should be also classified to 
the seismic class I.  

 
3.4  Applicable Codes and Standards 
 

Industry codes and standards shall be utilized in the design, fabrication, and 
installation of structures, components, and systems where such codes and standards are 
available and applicable. For equipment and design conditions that are not covered by 
the applicable codes, appropriate criteria for stress, deformation, fatigue and other limits 
shall be established and utilized by the designer for each event, if needed. In order to 
meet the nuclear safety criteria, the normally operating systems and mitigating systems 
for various events shall be designed to appropriately conservative limits. Safety classes 
are established for components of these systems based on their importance in meeting 
the nuclear safety criteria for the spectrum of events. ASME Boiler and Pressure Vessel 
Codes, Sec. III, Division 1 for pressure retaining components provide different quality 
levels of construction. Different allowable stress levels (different service limits) for 
pressure retaining components provide different margins to failure and hence different 
reliability levels for the pressure retaining function. 

 
The following general criteria shall be used by the designer; 
 

a. Correlation of safety class with ASME Sec. III classes; 

- ASME III class 1 design rules shall apply to safety class 1. 
- ASME III class 2 design rules shall apply to safety class 2. 
- ASME III class 3 design rules shall apply to safety class 3. 

b.  Design Loadings 

Design loadings shall be established in the design specification. The design 
limits of the appropriate subsection of ASME III shall not be exceeded for the 
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design loadings specified. 
 
c. Operating Basis Earthquake (OBE) or Site Design Earthquake (DBE) 

The magnitude of the OBE shall be determined based on the considerations in 
10 CFR 100, Appendix A. The OBE is that earthquake which, considering the 
regional and local geology and seismology, and specific characteristics of local 
subsurface material, could reasonably be expected to affect the plant site during 
the operating life for the plant. It is the earthquake, which produces the vibratory 
ground motion for which those features of the nuclear power plant necessary for 
continued operation without undue risk to the health and safety of the public are 
designed to remain functional. 
 

d. Safe Shutdown Earthquake (SSE) or Design Basis Earthquake (DBE) 
The magnitude of the SSE shall be determined based on the considerations in 10 
CFR 100, Appendix A. The SSE is that earthquake, which is based upon an 
evaluation of the maximum earthquake potential considering the regional and 
local geology and seismology and specific characteristics of local subsurface 
material. It is that earthquake which produces the maximum vibratory ground 
motion for which the nuclear safety-related structures, systems, and components 
are designed remain functional. 
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4.  Preliminary System Design 
 
4.1  Hydrogen Moderator System 

4.1.1  Design Features 

    The hydrogen moderator system (HMS) consists of an In-Pool Assembly (IPA) 
connected to the hydrogen buffer tank through adequate piping and valve manifold. The 
IPA includes a moderator cell and condenser with a transfer tube. The moderator cell 
contains the liquid hydrogen to be used to moderate the thermal neutrons to a lower 
effective temperature and longer wavelength, which is called a cold neutron. The heat 
generated by neutrons and gamma rays in the liquid hydrogen and its aluminum 
container is removed by boiling of the liquid. The hydrogen vapor generated in the 
moderator cell goes up to the condenser through the transfer tube, where it is re-
liquefied and returned to the moderator cell by gravity force due to thermo-siphon. The 
condenser is cooled by cold helium from the cryogenic refrigeration system (Refer to 
the chapter 4.4). A hydrogen buffer tank, maintained at room temperature, has sufficient 
volume to accommodate the entire gaseous hydrogen inventory with the refrigerator 
stopped and with the system at 300K at a system pressure of less than 350 kPa(a) – To 
Be Determined Later.  
 
The whole hydrogen boundary, once leak-tight and charged with hydrogen, is entirely 
closed. The IPA components such as moderator cell, transfer tube and condenser - are 
encased within heavy steel structure, called a vacuum chamber, which shall be designed 
as per the ASME pressure vessel code in order to withstand a hydrogen-oxygen reaction. 
The hydrogen buffer tank and its connecting pipe and valves are completely surrounded 
by a blanket of inert gas like helium or nitrogen. All these design features clearly 
guarantee that no air infiltrates into the hydrogen boundary thus no oxygen is available 
to combine chemically with the hydrogen. The HMS is a complete closed loop, namely 
there is no provision for direct venting of the hydrogen gas to outside. Any possible 
pressure transient can be safely absorbed by the capacity of the hydrogen buffer tank. 
The volume of the hydrogen buffer tank can be determined based on the system 
operating pressure and the inventory of the liquid hydrogen in the moderator cell. 
 
The HMS is designed to be passively safe, simple to operate, and require little 
maintenance, minimizing gas handling. There is no credible scenario in which the 
reactor or the reactor building can be damaged by an accidental release of hydrogen. 
 
4.1.2  Operation Modes 

There are four(4) operation modes : (1) Shutdown, (2) Start-up, (3) Normal 
Operation and, (4) Standby Operation. Each operation mode can be summarized as 
below. 

4.1.2.1  Shutdown Mode (SD mode) 

The SD mode is compatible with the reactor shutdown. The cryogenic refrigeration 
system is also stopped and all of the hydrogen is remained in the hydrogen buffer tank 
at ambient temperature. But the gas blanket system should be available even during the 
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SD mode to avoid any possible in-leakage of air into the hydrogen boundary. The 
process condition would be as follows: 

- system pressure : 350 kPa(a) – T.B.D 
- gaseous hydrogen temperature : about 300 K (room temperature) 
- cryogenic refrigeration system : stopped 
- reactor : shutdown 
 

4.1.2.2  Start-up Mode (SU mode) 

The cryogenic refrigeration system must be working at its full capacity. It should be 
noted that prior to the reactor start-up, most of the hydrogen gas in the buffer tank must 
move into the thermo-siphon loop. As the cryogenic refrigeration system is operating at 
nominal condition, all of the hydrogen gas is gradually changed into the liquid state then 
stayed in the moderator cell. The process condition would be as follows: 

- initial system pressure : 350 kPa(a) – T.B.D 
- final system pressure : 150 kPa(a) - T.B.D 
- cryogenic refrigeration system : operating at full capacity 
- reactor : shutdown 

 
4.1.2.3  Normal Operation Mode (NO Mode) 

   The moderator cell is already filled with sub-cooled liquid hydrogen during the 
SU mode. As the nuclear heat generation proceeds with the reactor power increasing the 
two-phase thermo-siphon occurs. The reactor may be operating in any power condition 
during the NO mode. As the thermo-siphon loop works in steady-state and stable 
condition, the cold neutrons are now available at the end of the scattering instruments in 
the guide hall. The process condition would be as follows: 

- system pressure : 150 kPa(a) – T.B.D 
- cryogenic refrigeration system : operating at full capacity 
- reactor : operating at a certain power 

 
4.1.2.4  Standby Operation Mode (SO Mode) 

Considering the HANARO is a multi-purpose research reactor, it is required that the 
reactor should continue its operation without respect to the condition of the cold neutron 
source. The SO mode is an alternative mode to allow normal reactor operation of full 
power in the event of unavailability or failure in any cold neutron related facilities or 
systems. In SO mode, a standby cooling system should be available (refer to section 
4.5). The standby cooling system supplies helium of room temperature into the vacuum 
chamber to remove the heat from the moderator cell during reactor operation. It is 
possible to restart from SO mode to NO mode from any reactor operating condition. 
The process condition would be as follows : 

- system pressure : 350 kPa(a) – T.B.D 
- cryogenic refrigeration system : stopped 
- standby cooling system : operating 
- reactor : operating at full power 
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4.1.3  System Description 

The flow sheet diagram for the hydrogen moderator system is shown in figure 4-1. 
The hydrogen moderator system consists of the following components: 

 
- Vacuum chamber containing moderator cell, transfer tube and condenser 
- Valve manifold 
- Hydrogen buffer tank 
- Connecting pipe lines 
- Metal hydride storage unit 
- Loading/unloading equipment 

 
The CNS thermo-siphon loop is connected to the hydrogen buffer vessel through the 
valve manifold. In accordance with the passive safety concept, the connecting pipelines 
between the thermo-siphon loop and the hydrogen buffer tank must be opened all the 
time to guarantee the unrestricted movement of the hydrogen gas. Nothing, except the 
manual valve V1 is installed through the connecting pipelines.  
 
The valve manifold contains the fittings and valves that connect the hydrogen buffer 
tank to the thermo-siphon loop, as well as loading/unloading equipment. Moreover, the 
valve manifold contains instrumentation for control and protection. The valve manifold 
is placed inside the blanketing box, which is filled with helium blanketing gas of the gas 
blanket system. All pipelines, fittings, primary instruments and equipment in contact 
with warm hydrogen are surrounded with helium blanketing. No parts of the HMS are 
in contact with atmospheric air. 
 
The hydrogen buffer tank will be built in stainless steel, with double wall construction 
to implement the gas blanket surrounding the entire hydrogen volume. The helium 
blanketing gas fills the annular space. The volume of the buffer tank will be decided 
based on the system working pressure and the volume of the entire hydrogen inventory.  
 
The line, which connects to the external equipment has a valve V2 followed by a tee 
running to valves V3 and V4. As indicated in the figure 1, all of these valves are located 
in the helium blanket. In normal operation, V2, V3 and V4 are all closed with the 
connecting lines filled with helium to avoid any possibility of hydrogen-air mixture. 
The metal hydride storage unit would be connected to V4 and the pipeline between V4 
and the hydride system valves is filled with helium. 
 
The loading/unloading operations are performed through the line with the valve V3 and 
the special removable manifold. The special removable manifold is a set of vacuum 
pump, helium supply line, gas analyzer, hydrogen supply line and pressure indicator. 
Each line has a manual block valve. The removable manifold is connected to the 
blanketing box through a quick connector, which is very air-tight fitting of high quality. 
When disconnected, the both ends are capped to prevent further contamination. 
 
The instrumentation is mainly related to pressure measurements. There are also valve 
position indications. The triplicate pressure transmitters are used for CNS protection. 
Two out of three voting logic give rise to reactor shutdown in the abnormal pressure 
transient.
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Figure 4-1  Flow Sheet for Hydrogen Moderator System



 

26 26

The valves in the blanketing box must be electro-pneumatic type with fail-safe position. 
All pneumatic actuators are operated with nitrogen instead of air to prevent the entry of 
air to the blanketing box. Solenoid valves of the electro-pneumatic type are placed 
outside blanketing box to minimize potential fire sources and allow proper pneumatic 
actuator venting. 
 
4.1.4  System Specification 

4.1.4.1  System Classification 

1) Safety Classification : Safety Class-3  
2) Seismic Classification : Seismic category I 
3) Quality Classification : Q 
  
The classification details are summarized in the section 3.3 

4.1.4.2  Design Features 

1) System design life : 40 years 
2) Reactor operation with cold neutron source stopped 
3) Operating modes : Shutdown / Start-up / Normal Operation / Standby Operation 
4) Hydrogen release and air in-leakage avoidable by helium gas blanketing 
5) Valve actuation by means of pressurized nitrogen gas 
6) Physical protection of the entire hydrogen components to avoid any external 

accidental damage 
 

4.1.4.3  Process Parameters 

1) Hydrogen warm pressure : 350 kPa(a) – T.B.D 
2) Hydrogen cold pressure : 150 kPa(a) – T.B.D 
3) Hydrogen average warm temperature : 300K – T.B.D 
4) Hydrogen average cold temperature : 21K – T.B.D 
5) Total hydrogen inventory : T.B.D 

 
4.1.4.4  Mechanical Design Conditions 

1) Vacuum Chamber design pressure : T.B.D 
2) Hydrogen buffer tank design pressure : T.B.D 
3) Valve blanketing box design pressure : T.B.D 

 
4.1.4.5  Equipment Location 

1) The hydrogen buffer tank and valve manifold blanketing box are located within 
the CNS equipment island in the reactor building. 

2) The in-pool assembly containing the moderator cell, transfer tube and condenser 
is installed in the reactor pool. 
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4.2  Vacuum System 

4.2.1  Design Features 

The vacuum system acts as thermal insulation for the cold part of the in-pool 
assembly. The thermal insulation is a prerequisite to the performance of the cryogenic 
thermo-siphon cooling. The pumping system of the vacuum chamber surrounding the 
hydrogen cold components consists of primary pump, turbo-molecular pump and ion 
pump. The primary pump and the molecular pump serve to pump down the vacuum 
space up to 10-3 torr (To Be Determined) before the start of the cool-down operation. 
Thereafter, the dual ion pumps (one on hot standby) maintain the vacuum level well 
below 10-3 torr. The ion pump shall be properly sized to manage the out gases from the 
inner wall surface of the vacuum chamber. The pumping set is completed with a set of 
valves, fittings and pipelines known as vacuum manifold. The vacuum pump discharges 
to the stack.  

The vacuum system is surrounded with a gas blanket. The main vacuum pipeline, 
block valve V01 and ion pumps are placed in the blanket box, Z001 filled with helium 
while the other pumps and valves are located in the another blanket box, Z002 filled 
with nitrogen. All these boxes belong to the Gas Blanket System. Once the desired 
vacuum is obtained, the main vacuum pipeline and the blanket box for valve, V01 and 
ion pumps are filled with helium at a pressure slightly above that of the blanketing 
nitrogen to prevent any possibility of nitrogen appearance in the vacuum chamber. 

Although the vacuum chamber shall be designed to maintain its integrity against the 
design basis accident, a provision may have to be required to release the pressure build 
up by H2-O2 reaction as well as the hydrogen gas outside the vacuum chamber. As a 
possible option, an emergency He supply system will be suggested. The details are 
described in section 4.6. 

As shown in the figure 4-2, there is another He supply line directly connected to the 
main vacuum pipeline through the valve, V08. This cooling He gas is introduced into 
the vacuum chamber to cool down the moderator cell when the refrigerator suddenly 
stops during normal operation. The cooling He is supplied from a pressurized reservoir 
tank. 

4.2.2  Design Constraints 

The vacuum at early stage can be established by a pump station having fore vacuum 
pump and turbo molecular pump. It seems that this pump station works as expected but 
not easy to maintain the required vacuum with the concept of the ion pumps previously 
mentioned. The main vacuum pipeline connecting the in-pool assembly to the vacuum 
pump station located in the CNS equipment island will be about 30~40 meters long. It is 
easily expected that the suggested ion pump can not take care of the whole outgases but 
can only handle it from the part of connecting pipeline. There are a few options to solve 
this constraint. First, the connecting pipeline must be routed as short as possible in order 
to incorporate the concept of the ion pump with proper sizing. Second, a kind of cryo-
pump can be installed in the in-pool assembly instead of using the ion pumps. The 
second option may lead to an additional complexity in fabrication of the vacuum 
chamber. A comprehensive calculation and sizing is required in the beginning of the 
design stage. 
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Figure 4-2  Flow Sheet for Vacuum System 
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4.2.3  System Description 

The flow sheet diagram for the vacuum system is shown in figure 4-2. The vacuum 
system consists of a vacuum pump station and its associated valves. All of the pumping 
sets are duplicated for operational flexibility. One of the two ion pumps is running while 
the other is on hot standby. But the hot standby concept will not be necessarily applied 
to the case of the fore pumps and the turbo molecular pumps. Once the required 
preliminary vacuum is achieved then the V01 is blocked and the valve V02 is opened 
with the start of one of the ion pumps.  

As soon as the turbo molecular pump stops, the discharge pipeline is filled with 
helium blanket gas through 3-way valve, V09 to isolate the vacuum system from the air. 
There are two vacuum blanket boxes – Z001 and Z002 as shown in the figure 4-2. The 
box, Z001 is filled with helium gas, while the box, Z002 is filled with nitrogen gas. 
Helium gas is apparently preferable in blanketing performance but in case that ambient 
air cooling is required like the box, Z002 containing the heat sources, nitrogen could be 
better. All the valves are actuated with pressurized nitrogen to prevent the possibility of 
air-hydrogen mixture. The valves, V01 and V02 are installed in the blanket box, Z001 
that is filled with helium. It is hopefully required that the valve pneumatic actuators are 
installed outside the box, Z001 to avoid any nitrogen leakage from these valves into the 
helium blanketing area, which may leak into the vacuum chamber. 

The cooling He supply line for cooling of the moderator cell, when the refrigerator 
stops during reactor operation, is incorporated in the vacuum system. Automatic filling 
of the vacuum chamber with helium is to promote the heat transfer to outside. The 
cooling helium should be always ready to be poured into the vacuum chamber upon 
request. As soon as the valve, V08 is opened, the helium gas with a 300 kPa(a) – To Be 
Determined is intruded into the vacuum chamber.  

Gas sampling of the vacuum space will be done only at warm-up condition prior to 
getting into the normal operation. The gas sampling operation is performed through the 
branch line having the block valve, V07 and a special removable manifold. If any 
symptom of leakage from inside (H2) or from outside (air) is detected, the cold neutron 
source operation will not be allowed until the problem detected will be resolved. Once 
no leakage has been detected, another sampling may not be necessary during normal 
operation. As the ion pump does not produce an exhaust gas, on-line sampling is not 
needed, once the normal operating condition has been established.  

Instrumentation is mainly related to pressure measurements as well as valve position 
indication. When the main vacuum line pressure is higher than 10-3 torr (To Be 
Determined), the protection logic triggers reactor shutdown signal, indicating that there 
is a severe vacuum leak that the pumping set can not control. 

In addition to the cooling He supply system and the emergency He supply system, 
there is another cooling system, which is called standby cooling system. The standby 
cooling system is also to cool down the moderator cell below an allowable temperature 
limit, on condition that the reactor needs to be operating with the refrigerator off for 
long time. When the refrigerator stops, the moderator cell does not have refrigerant any 
more, so it will be heated up easily. The details are described in section 4.5. 
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4.2.4  System Specification 

4.2.4.1  System Classification 

1) Safety Classification : Non-Nuclear Safety(NNS) 
2) Seismic Classification : Seismic category II 
3) Quality Classification : T 
 
The classification details are summarized in the section 3.3 

4.2.4.2  Design Features 

1) System design life : 40 years 
2) vacuum pumps and valves to be placed within the blanket box with helium or 

nitrogen. 
3) Fore pump and turbo molecular pump for early stage vacuum, then ion pump for 

normal operation vacuum. 
4) A cooling He supply for cooling of moderator cell on refrigerator stop. 
5) Valve actuation by means of pressurized nitrogen gas. 
6) Triplicate vacuum pressure signals to shut the reactor down. 

4.2.4.3  Process Parameters 

   1) Vacuum level for normal operation : below 10-4 torr (T.B D) 

4.2.4.4 Mechanical Design Condition 

   1) Blanket box design pressure : T.B.D 
   2) Design code : ASME B31.1 

4.2.4.5  Equipment Layout 

1) The ion pumps are located in the CNS equipment island. As previously 
mentioned in the design constraints, the ion pumps should be located as close to 
the vacuum chamber as possible to establish the required vacuum. 

2) The other pumps and valves are also located in the equipment island. 
 
4.3  Gas Blanket System 

4.3.1  Design Features 

The major function of the Gas Blanket System (GBS) is to separate the hydrogen 
from eventual contact with air or water. The GBS is a static system, i.e. there is no gas 
circulating during normal operation. For blanketing purposes, either helium or nitrogen 
gas fills the different volume of blanket. 

Since all the related components are highly water-tight, no frequent pressure 
variation is expected. The pressure surveillance will be an effective monitoring way of a 
certain leakage. As already described in the section 4.1, the hydrogen pressure should be 
always higher than the atmospheric pressure to avoid in-leakage of air into the hydrogen 
boundary. To realize the effective leakage monitoring, the normal operating pressure of 
the blanket gas should be higher than the atmospheric pressure but lower than the 
hydrogen pressure. The pressure of the blanket gas will be 130 kPa(a) - To Be 
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Determined. It is easily expected that the change of the blanket pressure indicate an 
outbreak of leakage. The pressure increasing means a leakage from the inside, i.e., 
hydrogen release to the blanket area, while the pressure decreasing means a leakage 
from the outside, i.e., air infiltration into the blanket area. 

There are two blanket gases used in the system, namely nitrogen and helium. The 
helium is the best option for the blanketing purpose, because the helium is the only gas 
that does not freeze at very low temperature. Every blanketing volume will be filled 
with helium except the vacuum blanket box containing the vacuum pumps and valves. 
As well known, the nitrogen gas is used where temperature is expected to be near room 
temperature during operation. The selection of nitrogen gas allows the use of standard 
air-cooled equipment due to similarity in heat transfer of both environments (air and 
nitrogen).  

Nitrogen is used as pressurized gas for actuating the control valves placed in the 
hydrogen environment to prevent the possibility of air contamination. The similarity 
with air as to leak behavior allows the use of standard equipment. 
 
4.3.2  Design Constraints 

   The protection against hydrogen leakage thanks to the gas blanket system is based 
on the monitoring of pressure differential between atmosphere (1 bar), gas blanket (1.3 
bar), and hydrogen (1.5 bar) – To Be Determined. This concept should be studied 
accurately taking into account every operating condition and transients to make sure that 
the small pressure differential will remain in the good way. The accuracy of the pressure 
instruments must be guaranteed so that the nominal fluctuation of the pressure signal 
may not give a spurious alarm or confusion to the system operation. 
 
4.3.3  System Description 

The gas blanketing area is divided into a few separate compartments as shown in 
figure 4-3 with an independent gas supply line to avoid common-cause failure.  

- Hydrogen main pipe between the IPA and the hydrogen box : Helium 
- Hydrogen box : Helium 
- Hydrogen buffer tank and connecting pipe : Helium 
- Vacuum main pipe between the IPA and the vacuum box, Z001 : Helium 
- Vacuum box, Z001 and connecting pipe to the vacuum box Z002 : Helium 
- Vacuum box, Z002 : Nitrogen 
- Filling with helium of the vacuum pumping sets’ downstream pipes through 

the valve, V09 when the pumps are stopped to isolate the vacuum system 
from the atmosphere. 

- Filling with helium of the entire vacuum chamber for cooling of the 
moderator cell on refrigerator failure during normal operation. (Cooling He 
Supply) 

 
Nitrogen and helium have different pressure levels in accordance with their function 

and location. It is required that the blanket pressure should be lower than that of 
hydrogen but higher than the atmospheric pressure. In addition, the nitrogen blanket 
pressure should be lower than the helium blanket pressure to prevent the nitrogen from 
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streaming into the vacuum chamber, where it would be frozen by very low temperature. 
Based on the these requirements the pressure settings are as follows : 

   
- Helium blanket areas : 130 kPa(a) – To Be Determined 
- Nitrogen blanket area : 120 kPa(a) – To Be Determined 
- Helium in the pipes for isolation : 130 kPa(a) – To Be Determined 
- Cooling helium : 300 kPa(a) – To Be Determined 

 
The blanket jacket is the last barrier to isolate the hydrogen from outside. By on-line 

sampling of the blanket gas and analysis, it is clearly confirmed that no hydrogen gas is 
leaking. During normal operation, the hydrogen box in the figure 4-1 and the vacuum 
blanket box, Z001 in the figure 4-2 are the most probable candidates of the hydrogen 
leakage. Gases from both the blanketing boxes are pumped alternatively by a small 
pump through the detector. Should there be a symptom of hydrogen leakage during 
normal operation, the cold neutron source operation should be stopped and a proper 
measure including investigation of the leakage should be taken in a timely manner.  

 
Each feed pipeline has a block valve and a pressure measuring device are installed 

on the feed pipelines downstream the block valve. A discharging branch with valve is 
used for venting the blanket area. The down-stream of the valve is connected to the 
ventilation duct. A sampling branch with valve from the each feed pipeline will be 
provided for sampling and analysis upon request. The sampling branch will be 
connected to the feed pipe downstream the block valve. The helium or nitrogen supply 
line has a self pressure-regulating valve to obtain the required pressure and a safety 
relief valve that discharges over-pressurized gas into the ventilation duct.  

 
Nitrogen for valve actuation is supplied from the nitrogen tank in the figure 4-3. The 

volume of the nitrogen tank should be decided so that it should supply the nitrogen gas 
during a certain amount of period in the event of a loss of nitrogen supply. The pressure 
of the nitrogen for valve actuation is 600 kPa(a) – To Be Determined. 

 
The direction of the pressure transient implies the direction of the leakage. When the 

blanket pressure is increasing it means leakage from inside. On the other hand, when the 
pressure is decreasing it means leakage from outside. The transients in most cases are 
expected to be smooth and proceeded slowly. The operator can take a corrective action 
to resume the pressure level in the blanketing zone. But a high pressure in either 
blanketing boxes indicates a possibility of hydrogen leak. If a hydrogen is really leaking 
into the blanket zone, the hydrogen system pressure will drop below its nominal 
pressure (150 kPa for cold operation or 350 kPa for warm operation) as well as the 
blanket pressure goes higher than the nominal pressure, 130 kPa(a). Whenever both of 
the pressure transients are established at the same time the reactor should be 
automatically shutdown. 
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Figure 4-3  Flow Sheet for Gas Blanket System
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4.3.5  System Specification 

4.3.5.1  System Classification 

1) Safety Classification : Non-Nuclear Safety(NNS) 
2) Seismic Classification : Non-Seismic category 
3) Quality Classification : T 
 
The classification details are summarized in the section 3.3 

4.3.5.2  Design Features 

1) System design life : 40 years 
2) Either helium or nitrogen will be used as a blanketing gas 
3) Monitoring of the Pressure differential is a way of checking the blanket integrity. 
4) Nitrogen is used as pressurized gas for actuating the control. 
5) On-line gas monitoring and analysis will be provided. 

4.3.5.3  Process Parameters 

   1) Helium blanketing gas pressure : 130 kPa(a) – To Be Determined. 
2) Nitrogen blanketing gas pressure : 120 Pa(a) – To Be Determined 
3) Cooling helium pressure : 300 kPa(a) – To Be Determined 
4) Valve actuating nitrogen pressure : 600 kPa(a) – To Be Determined 

4.3.5.4   Mechanical Design Condition 

   1) Blanketing box design pressure : 350 kPa(a) – To Be Determined 
   2) Design temperature : 60°C – To Be Determined 

4.3.5.5  Equipment Layout 

1) The blanketing valve manifold is located in the CNS equipment island. 
2) The helium and nitrogen supply tank are placed outside the reactor building 
3) The nitrogen accumulator tank for valve actuation is installed in the CNS 

equipment island. 

    
4.4  Cryogenic Refrigeration System 

4.4.1  Design Features 

The Cryogenic Refrigeration System (CRS) will be controlled through its own 
digital control system in full automation. The order to start or stop the CRS will be 
given by a keyboard of the digital control system or a hard-wired hand switch. The 
possibility to start and stop the CRS at any time and under any condition should be 
guaranteed without special precautions. Remote monitoring and control of the CRS will 
be established from the reactor control room as well as the CNS instrumentation room 
in the equipment island. The digital control system for the CRS is networked with the 
main CNS control computer for remote communication. 

The operating parameters for the CRS depend on the operating modes of the cold 
neutron source specified in the section 4.1.2. The CRS can operate only in two 
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operating condition, namely normal (cold) operating condition and stop condition. In 
normal operating condition, the CRS can extract 2000 watts (To Be Determined) from 
the cold neutron source IPA. 

The CRS will be designed to properly respond against the heat load variation. As a 
possible option, an electric heater is introduced to adjust the CRS power and control the 
heat balance. With the control loop looking at the inlet temperature of the IPA, if the 
heat load decreases, the heater power increases and vice versa. 
 
4.4.2  Design Constraints 
 
   The screw compressor type is well known as having a high reliability. Unlike the old 
cold neutron source facilities in the Orphee, it is a raising tendency to have a single 
compressor for the helium refrigerator. Considering the importance of the helium 
compressor for the availability of the cold neutron source, it may need to have the 
helium compressor redundant in order to get an operational flexibility. On the other 
hand, it is necessary to think about the procurement cost as well as the operating cost. 
 
4.4.3  System Description 
 

The flow diagram for the CRS is shown in figure 4.4-1. The CRS mainly consists of 
the following components: 

 
- Refrigerator compressor system 
- Gas management system 
- Oil removal system 
- Cold box and heat exchanger module 

 
The oil lubricated screw compressor system compress the helium gas returning from 

the cold box at 1.1 bar(a) to 10 bar(a). On the discharge side of compressor, the helium 
and oil mixture undergoes a first separation in the bulk oil separator. This bulk separator 
is also used as an oil sump for the compressor. At the outlet of compressor, the helium 
and oil mixture is cold down to 300 K in a water-cooled heat exchanger. The helium 
stream then flows through to the final oil removal system where the small quantity of 
remaining oil is removed. Oil coming from the separator is first cooled in a water-
cooled heat exchanger and then re-injected by oil pumps into the compressor. 

 
Helium inventory in the refrigeration system is automatically adjusted as the 

refrigeration load changes by the gas management system. The gas management system 
consists of two control valves, one which automatically sends excess helium inventory 
to the buffer tank during periods of reduced load (reduced cycle pressures) operation, 
and one which adds helium inventory to the system from the buffer tank when load 
(cycle pressures) increases. These two valves work in concert with the compressor 
recycle valve, which automatically recycles excess flow from compressor discharge to 
suction. 

 
High pressure helium from the compression system enters the cold box at conditions 

of about 10 bar abs, 300 K and a flow rate of about 90 g/s. The HP helium flow is 
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cooled against the low pressure returning stream. The flow is fed to exchanger HX-1 
and exits the exchanger at a temperature of about 25 K. It is purified by a “20 K 
adsorber” and is sent to the inlet of the turbine. It is expanded to 1.5 bar abs and its 
temperature decreases 15 K. The helium is delivered to the condenser of the HMS in the 
same conditions. It exits at a temperature of 20 K. The cold gas is sent back on low 
pressure side to HX-1 where it is warmed up to 300K. It enables the pre-cooling of the 
HP gas. It ultimately exits the cold boxes at 1.2 bar abs and about 298K and then returns 
to the compressor suction. 

 
Radiant heat leak from the warm surface of the cold box shell, warm internal piping 

and internal supports of the cold box is shielded from cold internal surfaces which 
include heat exchangers, vessel, valve bodies and cold piping with the application of 
multi-layer super-insulation. Varying numbers of layers (i.e. blanket thickness) of 
super-insulation are applied based on operating temperatures of the equipment to be 
insulated. 

 
Cold box external piping is a combination of stainless steel and carbon steel 

construction, depending on service and operating temperature. Stainless piping and 
fittings are 304L stainless steel construction. Use of mechanical joint is minimized to 
ensure a leak tight system. All tubing is securely supported and anchored to the cold 
box surfaces using tubing support racks and clamps. 

 
4.4.4  System Specification 
 
4.4.4.1  System Classification 
 

1) Safety classification: Non Nuclear Safety 
2) Seismic Classification: None 
3) Quality classification: S 

 

The classification details are summarized in the section 2.2.6 
 
4.4.4.2  Process Parameter 
 

1) Total cycle helium flow rate: 87.1 g/s 
2) Cooling capacity @ 20 K : 2 kW 
3) Supply helium pressure: 1.5 bar abs 
4) Supply helium flow temperature: 15 K 
5) Return helium flow temperature: 20 K  

 

4.4.4.3  Equipment Layout 
 

1) The refrigerate compressor system, gas management system and oil removal 
system are located in the auxiliary building. 

2) The cold box and heat exchanger module is the CNS equipment island. 
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4.4.5  System Interface 
 
4.4.5.1  Electric Power 
 

1) The estimated electric utility requirements for 1 cycle compressor are as 
followings.  
 

- Compressor shaft power: 256 kW 
- Compressor electric consumption: 270 kW 
- Motor capacity: 280 kw 

 
2) The only continuous electric loads associated with the refrigerator cold box are 

those associated with the vacuum pump system. Electric heater power and warm-
up requirements are intermittent.  

 
4.4.5.2  Cooling Water 
 

1)  The estimated cooling water requirements for 1 cycle compressor are as follows. 
 

- Cooling water supply temperature: 300 K 
- Cooling water return temperature: 310 K 
- Cooling water flow rate: 28 kg/s 

 
2)  The only cooling water requirements for the cold box are for turbine brake water 

cooled heat exchanger and are as follows. 
 
-  Cooling water supply temperature: 300 K 
-  Cooling water return temperature: 310 K 
-  Cooling water flow rate: min 0.3 kg/s 
 

4.4.5.3  Instrument Air  
 

The instrument air is oil free, with a -40oC dew point at 790 kPa. The supply pressure 
will be between 5 bar(g) and 7 bar(g). 
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Figure  4-4  Flow diagram for Cryogenic Refrigerator System 
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4.5  Standby Cooling System 

4.5.1 Design Features 

A lot of experimental facilities other than the cold neutron sources are equipped 
around the HANARO reactor. It is essential to continue reactor operation even when the 
cold neutron source is not operable due to refrigerator failure or any other causes 
originated by the cold neutron source itself. In other words, the reactor should be 
operating even though the moderator is not present in the thermo-siphon loop in 
liquefied form. This is called “Standby Operation (SO)” mode. The limitation is the 
heating of the aluminum moderator cell that would result in mechanical damage by 
excessive temperature during 30MW full power operation. To avoid an undesirable 
constraint on the operational service to users of the experimental facilities, a provision 
should be needed to cool down the empty moderator cell while the reactor is at full 
power.  

A proposed solution is to fill the vacuum chamber where the moderator cell is 
placed with pressurized helium, which promotes the heat emission to outside. But it is 
not sure if the filling without circulating is enough to remove the expected heat load at 
30MW condition. A calculation will be required under the HANARO circumstances. If 
the calculation indicates that helium circulating is required, an independent helium 
cooling system with a heat exchanger should be considered. The standby operation is 
decided in the beginning of reactor operation based on the plant situation, which means 
that it will be established by manual control.  

The standby cooling system is different from the cooling helium supply described in 
the section 4.2.3. The cooling helium supply is to cool down the moderator cell when 
the refrigerator is suddenly stopped during reactor operation. The feed pipeline in 
connected to the main vacuum system pipeline. And it will be automatically supplied 
into the vacuum chamber from the helium reservoir tank with a certain pressure. On the 
contrary, the standby cooling system is a independent system consisting of a circulating 
pump, valves, connecting pipes and a heat exchanger. The necessity of the standby 
cooling system will be decided by the heat load calculation.  
 
4.5.2 Design Constraints 

   As previously mentioned, the most important issue is the heat load calculation. If the 
calculation result indicates that the filling of vacuum chamber with helium is enough for 
the cooling of the moderator cell, the standby cooling system is not necessary. The 
cooling helium supply through the vacuum pipeline will be used for “Standby Operation 
(SO)” mode. This is the best option. Unfortunately, if the filling of helium is not enough 
for the cooling so the forced circulating is required, then the independent standby 
cooling system should be prepared. 

 
4.5.3 System Description 

When the cooling helium supply incorporated in the vacuum system is used for the 
SO mode, the system is very simple and passive. As shown in the figure 4-2, the 
connecting pipe, a set of valves, the pressurized helium tank and pressure indicator are 
the all we need for the purpose of the standby cooling. 
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Differently, if the forced circulating system is required, a complexity in system 
design is expected. First, it should be a major concern how to circulating the cooling 
helium uniformly through the bottom part of the vacuum chamber, where the moderator 
cell is located. As the vacuum chamber is at least a few meters in its length, the helium 
transfer tube should be inserted up to the moderator cell as shown in figure 4-5 

 

Figure 4-5  Simplified Schematic Diagram for Standby Cooling System 
 

Once it’s been decided to implement the independent standby cooling system, the 
following requirements should be calculated for the start of the system engineering. 

 
- Helium flow rate 
- Helium inlet/outlet temperature 
- Size of the transfer tube 

 
4.6 Emergency He Supply System 

4.6.1 Design Features 

The primary safety philosophy in the cold neutron source design is to prevent 
oxygen from interaction with the stoichiometric hydrogen. It is required that any 
provision should be prepared to mitigate the design basis accident, which is the H2-O2 
reaction in the vacuum chamber. As already explained, the vacuum chamber will be 
designed to maintain its structural integrity in the design basis accident. To release the 
high pressure built up by the accidental H2-O2 reaction as well as to avoid the secondary 
reaction in the reactor hall, the emergency He supply system is then considered. 
Considering that the emergency He supply system is only activated in case of high 
pressure accident in the vacuum chamber, it differs from the cooling helium supply in 
the section of 4.2.3 or standby cooling system in the section of 4.5. 
 
4.6.2 Design Constraints 

 A rupture disc is required for release of the high pressure to outside. The sizing of the 
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rupture disc depends on the volume of tank, the build-up pressure, and the connecting 
pipe length etc. As the HANARO vacuum chamber is installed in the reactor pool, it 
should be carefully considered whether the rupture disc is located, in the pool with just 
attached to the vacuum chamber or outside the pool with a long-length of the 
connecting pipe. It is clear that a short length is the best option for performance. On the 
other hand, a water-proof design and mechanical arrangement in the congested reactor 
pool should be considered. 

   Another constraint is the bursting setpoint. The setpoint should be sufficiently apart 
from the variation of the normal operating pressure. It should be determined based on 
the H2-O2 reaction pressure and mechanical strength of the vacuum chamber and design 
pressure of the hydrogen buffer tank etc. 
 
4.6.3 System Description 

The simplified schematic diagram is shown in figure 4-6. When the rupture disc 
bursts by an excessive pressure in the vacuum chamber, the pressurized hydrogen gas 
will rush out through the rupture disc. As soon as the rupture disc bursts, the automatic 
on/off valve on the pipe connecting to the pressurized He gas reservoir is opened. To 
avoid the secondary reaction, the hydrogen gas erupted from the vacuum chamber will 
be mixed and diluted with the helium gas and then released through the stack. If the 
pressure in the vacuum chamber drops below the pressure of the helium then the helium 
gas turns its way into the vacuum chamber for cooling the moderator cell. During the 
emergency cooling operation, it is important that the exhaust pipeline to the stack 
should be filled with the helium gas to remove any possibility of hydrogen cloud in the 
pipeline. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-6  Simplified Schematic Diagram for Emergency He Supply System 
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4.7  Ventilation System 

4.7.1  Design Features 

The ventilation system is required to transport gas safely from the hydrogen-related 
compartments, vacuum pumps and rupture disc or pressure relief valves of any system, 
to an enough height for release to the atmosphere. It may have to also transport air from 
the CNS equipment island located in the reactor hall at a reasonable rate of air change. 
Considering difficulties in construction work as well as a potential risk in case of 
connecting the hydrogen gas pipe to normal air ventilation duct, it is recommended that 
the CNS ventilation system be separated from the existing reactor ventilation system. 
The independent stack for CNS ventilation is also required. The stack should stand at 
least 5 meters away from the reactor building and at least 10 meters higher than the top 
of the near building. 

Rupture discs to protect the vacuum system and the gas blanket system are all 
connected into the main ventilation pipe that is extended to the dedicated stack. All 
vacuum and purge pumps vent into the stack. The nitrogen gas as a dilution media will 
be ready when a high alarm in hydrogen concentration is triggered. 
 
4.7.2  Design Constraints 

No ventilation pipeline is needed for the hydrogen system during normal operation 
mode. As described in the section 4.6, the emergency exhaust pipeline should be 
separately routed to the stack. The exhaust pipe size shall be carefully decided 
considering the pressure-relieving time and the helium pressure to be injected from the 
reservoir tank.  

All vents will be connected to a common vent line that will exit the building at a 
carefully chosen position and height. All ventilation pipelines between rupture discs and 
the stack closure non-return valve are filled with an inert gas. The exit stack will consist 
of a dedicated line that is capped off with a non-return valve (check valve) designed to 
lift at a minimum practical pressure. The specification of this valve should be carefully 
determined. 

The ventilation system for cold neutron source shall not adversely affect the 
negative pressure control as well as the leak rate limitation for the reactor building.  
 
4.8  Instrumentation and Control System 
 
4.8.1  Design Features 

The instrumentation and control system for the cold neutron source consists of a 
protection system and a control and monitoring system. In addition, the I&C system 
uses a PLC-based computer system, which monitors all field signals from the various 
systems like the cryogenic refrigeration system (CRS), the hydrogen moderator system 
(HMS), the vacuum system (VS), the gas blanket system (GBS), the exhaust ventilation 
system (EVS), etc. All components must meet safety, seismic, and quality requirements 
as defined in the section 3. The I&C system is designed to achieve the following 
objectives; 
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- Protection of the reactor and the cold neutron source facilities. 
- Accomplishment of safe and accurate control functions in the moderator 

thermo-siphon and process behavior 
- Provision of sufficient and various monitoring and alarming functions. 
- Comprehensive support for start-up, operation, maintenance and shutdown of 

the facilities. 
- Monitoring of the environment including radiation and explosive gases. 
- Interface with the HANARO reactor systems.  
 

Selection of the hardware architecture for the instrumentation and control system 
should be based on the following design criteria and the overall system block diagram is 
shown in figure 4-7. 

 
- Simplicity 
- Reliability 
- Performance 
- Availability 
- Maintenance 
- Expandability 
- Standardization 
- Modularity  
- Flexibility 
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Figure 4-7  Overall I&C System Block Diagram 
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4.8.2  Operating Modes 
 

There are four operation modes for the cold neutron source: (1) Shutdown, (2) 
Start-up, (3) Normal Operation and, (4) Standby Operation. Each operation mode is 
defined in the paragraph 4.1.2. 

 
The instrumentation and control system has two system control modes:  (1) 

Manual and (2) Auto. And there will be two permission modes: (1) Local and (2) 
Remote modes. The digital control system can be designed to support all the operating 
modes by either of the control modes. Usually the shutdown and start-up operation are 
done at the CNS instrumentation room in the reactor hall via Manual-mode while the 
normal operation is done at the control room via Auto-mode.  
 
4.8.3 System Description 
 
4.8.3.1  Protection System 

The CNS protection system is not classified to a safety related system but it should 
have high reliability, considering the importance of dedicated function, which is to shut 
down the reactor in case of some abnormal conditions in order to protect components or 
systems of CNS facility. Main purpose of the reactor trip is not to protect reactor but to 
protect CNS facilities. It is the basic assumption that any dangerous condition to the 
reactor will not occurred due to any events in the CNS facility including hydrogen 
explosion in the vacuum chamber. The vacuum chamber will be designed to keep the 
physical integrity for all the design base events including explosion, heating, and static 
pressure of water in the reactor pool. The protection system is also to protect the CNS 
facilities by shutdown the CNS system itself. The logic implementation should be 
designed by a fail-safe concept. The parameters to shutdown the CNS facility will be 
selected through the analysis of operating condition and design limits of components. 
 
The reactor trip parameters caused by the cold neutron source are as follows. 
 

- High pressure of hydrogen system 
- Low pressure of hydrogen system 
- High vacuum pressure 
- Low flow of standby cooling helium during reactor operation 
- High gas blanket pressure and low hydrogen system pressure at the 

same time 

The protection system are composed by 2 out-of 3 coincidence logic to improve the 
reliability of the protective function. The reactor trip signal caused by CNS facility is 
connected to the dropping of the control absorber rod belonged to the HANARO RRS 
(Reactor Regulating System), which is classified the non-safety system. Figure 4-8 
shows a logic diagram of the protection system of cold neutron source. 
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4-8  Protective Logic Diagram of Cold Neutron Source 
 
 

4.8.3.2  Control and Monitoring System 
 

The Control and monitoring system is designed to monitor and to control the facilities 
automatically as possible. Most of the control functions are accomplished by the PLC-
based controller by an automatic control mode. Manual mode is also provided for 
operational flexibility. The controller shall be a digitalized computer and have a 
powerful network function with other controllers. An independent digital control system 
shall be provided for the control and monitoring of the cryogenic refrigeration system 
by a system supplier. All the controllers and the HMIs are connected together by a 
redundant network system to constitute an integrated system.  

 
To support monitoring and data acquisition, data sever system is connected to the 

control network. Data sever system collects and saves the data and offers the retrieving 
function for trending and for servicing the internet application. Any computers can 
monitor the process and use saved data by the person who have permission to access.  

 
4.8.3.3  HMI System 
 

HMI system is a PC-based operator workstation using general operating software. 
Operation is performed in three locations, HANARO control room, CNS 
Instrumentation Room and CNS auxiliary building (compressor room) to support 
flexible operation policies. Start-up and shutdown operation of the cold neutron source 
facilities will be done by a CNS system engineering group from the CNS 
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instrumentation room in the reactor hall. But the normal operation is performed by the 
reactor operating group from the reactor control room. To support maintenance 
activities, another operator station is installed in the CNS auxiliary building. Most 
functions are controlled with automatic algorithm in the controller except start-up and 
shut-down. The HMI system cooperated with the control and monitoring system has 
following general functions. 

 
- Alarm Handling 
- Report Generation 
- Event Recording 
- Facility Control 
- Supervision Interface 
- Data Communication 
- Status and Self-Diagnosis 

 
4.8.3.4  Radiation Monitoring System 
 

The CNS RMS (Radiation Monitoring System) measures and monitors the radiation 
of the area, where the CNS equipments are located in. It is composed of complete 
digital system including detector, RMS scan server PC, and digital display unit such as 
RMT (Remote Monitoring Terminal). The CNS RMS is the nuclear non-safety system 
and does not effect to the reactor safety in case of system failure. However, the RMS 
scan server shall be duplicated for improving the operation reliability. While one RMS 
scan server is operating, the other one shall be on the hot standby mode. When a failure 
is detected in the operating server, all functions are transferred to the hot standby server. 
Fig. 2 shows the overall configuration of the CNS RMS system. The RMS scan server is 
installed in the health physics room located in the cold neutron lab building. The CNS 
RMS system is interconnected to the existing HANARO RMS system such as RX 
(Reactor), RI (Radio Isotope) and IMEF (Irradiation Material Examination Facility) 
RMS system using LAN. The CNS RMS signals can be monitored in the HANARO 
control room as well as CNS control room by the RMT. And the RX RMS signals can 
be also monitored in the CNS health physics room. 
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Figure 4-9  Overall configuration of the CNS Radiation Monitoring System 
 

4.9 Electrical System 
 

As same with the HANARO, the electrical power system is divided into four classes 
based on the reliability of power sources as follows.  
 

- Class 4 : Commercial AC electrical power supplied from utility grid.  
- Class 3 : Emergency AC electrical power backed up by standby power 

supply (e.g. Diesel generator)  
- Class 2 : UPS AC electrical power backed up by batteries  
- Class 1 : DC electrical power backed up by batteries 

 
Most components are supplied by the class 4 power system if they are not safety 

related. The electric power for instruments and controls related with reactor trip or CNS 
protection shall be supplied by Class 1 and Class II power supply systems to prepare for 
loss of commercial electric power. The CNS operation and reactor trip system are not 
interrupted by instant loss of commercial electric power less than about 50 msec. The 
class 1 and class 2 power systems have one hour back-up capability using the battery. 
Class 3 power supplies the essential loads that are needed to protect personnel during 
the Class 4 power failure. Supplying voltages are dependent on the capacity of the 
equipments. Large capacity equipments use high voltage to economize cabling cost and 
to reduce physical size of the equipment itself.   
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5.  Buildings and Equipment Layout 
 

5.1  In-pool Arrangement 
 
   A vertical hole for cold neutron source has been already provided in the reflector 
tank. Its diameter intended to be 160 mm. Unfortunately, it was found during the reactor 
commissioning that the shape of the vertical hole was distorted due to the thermal stress 
by welding. Although the distorted wall face was machined out but still not enough. The 
in-pool assembly, specially the vacuum chamber to be inserted into the vertical hole 
must be carefully designed to fit with. Figure 5-1 shows the core configuration 
including the vertical hole for the cold neutron source. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-1  HANARO Core Configuration 
 
 
   The vacuum chamber will be a pressure boundary of the in-pool assembly. The 
lower part will be securely attached by the flange joint on the reflect tank while the 
upper part should be supported to the surface of the pool liner. The transfer tube 
connecting the upper part to the lower part will be properly routed to avoid any 
interference with the existing reactor components or in-pool activities like fuel handling 
or maintenance work. The preliminary analysis indicates that the condenser and the 
transfer tube are located in the north-west side of the reactor pool. There is also a 
available pipe penetration on the top area of the north-west side. Figure 5-2 depicts the 
location of the in-pool assembly. 
 
 
 

CNS Vertical Hole 
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Figure 5-2  Equipment Arrangement of the In-Pool Assembly 

 
 

5.2  CNS Equipment Island 
 
   The systems and components for cold neutron source are located in the 3 different 
places based on the dedicated functions. As discussed in the previous chapter, The in-
pool assembly containing the moderator cell, transfer tube and the condenser is located 
in the reactor pool. The helium compressor should be placed in the auxiliary building 
outside the reactor building, considering that it produces vibration and big noise during 
operation. The remaining parts are installed in the CNS equipment island in the reactor 
building. Most critical components like the hydrogen buffer tank, vacuum pumps and 
valves, and instrumentation and control systems etc., are accommodated in this CNS 
equipment island. As shown in figure 5-3, the CNS equipment island will be located in 
the west side of the reactor building.  
 
   The neutron guide goes to the guide hall to be located in the direction of the north-
west side of the reactor building. It penetrates through the reactor wall of the west side 

Condenser 

Transfer Tube  

Vacuum Chamber
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so interfaces with the CNS equipment island at the bottom floor. There should be an 
enough space for the shielding as well as maintenance of the neutron guide facilities at 
the bottom floor. For this reason, the first floor of the CNS equipment building will be 
reserved for the neutron guide. 
   

 
Figure 5-3  Location of the CNS equipment island 

 
 

   The CNS equipment island will be a 3-story steel structure, which should be 
seismically qualified. A structural and seismic analysis will be performed at the detain 
design stage based on the every load cases.  
 
   A few pipelines from the in-pool assembly will be routed into the CNS equipment 
island and connected to the pumps, tanks or valves installed there. As shown in the 
previous pictures, the CNS equipment island is apart from the reactor pool side. It is 
required that the vacuum pump should be as close to the in-pool assembly as possible to 
assure its performance. In addition, the pipeline between the in-pool assembly and the 
hydrogen buffer tank should be routed as short as possible to lower the possibility of the 
hydrogen leakage. Based on this requirement, a connecting bridge is being considered 
as shown in figure 5-4.  

CNS 

Equipment 

Island 
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Figure 5-4  3-dimensional View of the CNS Equipment Island 
 
 

Bridge 
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5.3  CNL Buildings 
 
5.3.1  Building Layout 
 
   Cold neutron related buildings are located near the HANARO reactor building as 
shown in the figure 6-1 and 6-2. 
    

 
Figure 5-5  Cold Neutron Building Layout 

 
The CNS guide hall is located at the west side of the reactor building. The 

dimension of the guide hall is 56 m wide x 65 m long including 9 meter x 65 meter for 
experimental rooms in southern part of the building. Considering seismic interference, 
the guide hall is physically separated from the reactor building. The distance of the 
separation is 6 meters. Even though the guide hall itself is categorized into non-nuclear 
class, it should be seismically qualified, as Seismic Class II, to prevent any possible 
damage to the reactor building. Figure 5-6 shows the neutron guides and instruments in 
the guide hall 

 
There is a 3-story auxiliary building at the northern direction of the rector building. 

The dimension of the auxiliary building is 20 meter x 16 meter. The first floor 
accommodates helium compressor and related equipment for cryogenic refrigeration 
system and process utility systems. The second floor is reserved for electrical system 
components and the third floor is allocated for the heating, ventilating and air 
conditioning components. The auxiliary building is also classified into non-safety and 
non-seismic class. 
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   An office building is built at the western area of the guide hall. The office building 
is a 3-story building and sized by 40 meter x 35 meter.  
 
 

 
 
 

Figure 5-6  Neutron Guide and Instruments in the Guide Hall 
 
 
5.3.2  Licensing for CNL Buildings 

Since the CNL building meaning the guide hall and the auxiliary building does not 
contain any radiation source inside, it has been clear, like most cases in foreign 
countries that the CNL building may not to be classified to the nuclear safety class. It 
does not have any special licensing requirements connected to the nuclear safety except 
the structural integrity of the building. The reactor building must maintain its safety 
function as well as the structural integrity during and after seismic event. If the CNL 
building to be located close to the reactor building may adversely affect the integrity of 
the reactor building due to the seismic event, it shall be designed with the seismic rules. 
Considering that it is required to avoid any structural damage or interference, the CNL 
building just maintain its integrity, which means Seismic Category II specified in the 
section 3.2.2. The guide hall is connected to the reactor building through the neutron 
guides. When the reactor is in operation and the neutron guides are open, there is a 
possibility of radiation risk in the guide hall. For this reason, the guide hall shall be 
classified into a radiation zone.  

 
The licensing will be established based on the radiation protection and building 

integrity point of view, not the nuclear safety. The licensing of the CNL building will be 
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proceeded as a kind of amendment to the site and building, which is documented in the 
existing HANARO safety analysis report. 

 
5.4  Cable Routing 
 

CNS system is distributed in and out of the reactor building. Electrical equipment 
and C&I components are connected by cables to supply power and to control the CNS 
facility. The cables should be routed in short length as possible and protected from 
physical damages and electro-magnetic interference. Raceways for cable routing are 
categorized as high voltage power, low voltage power, control, and instrumentation. 
Cables will be installed in the dedicated raceways according to the type of cables. 
Raceways should be enclosed or sealed if possible to minimize noise like EMI and have 
sufficient spare space for future use. Cables in the radiation area and under water such 
as inside of reactor pool should be qualified for the environments subjected.  

 
Distributed operator workstations and controllers are connected with the redundant 

high-speed communication links.  
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6.  Conclusions 
 

A conceptual design activity has been completed to establish the system design 
philosophy that will be carried forward into a basic design phase. The concepts 
proposed might be sometimes not usual and therefore would require more detailed 
investigation and review process during the forthcoming basic/detail design stage. 

 
The safety philosophy shall ensure that there is no credible scenario in which the 

reactor structure or the reactor building can be damaged by an accidental release of 
hydrogen, and with careful adherence to operating procedures, there will be no undue 
risk to personnel. Conclusively, it must be designed to be passively safe, simple to 
operate, and to require little maintenance, minimizing gas handling. 
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