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요 약 문

새 연구로는 열출력 20 ㎿의 개방 수조형이다. 이를 개발하기 해 년도에는 

노심 냉각 계통의 개념 설계를 하 다. 이 연구로의 열출력은 노심에서의 핵분열 

발열량, 임시 장 핵연료의 발열량, 순환 펌 의 발열량  반사체 발열량이 포함

된다. 이 열량을 제거하기 해 노심 냉각 계통은 1차 냉각 계통, 1차 냉각수 정화

계통  반사체 냉각 계통으로 구성하 다. 

1차 냉각 계통은 핵분열 발열량, 임시 장 핵연료의 발열량  순환 펌  발열

량을 냉각하여야 한다. 1차 냉각수 정화 계통은 1차 냉각수의 수질을 유지하여야 

한다. 그리고 반사체 냉각 계통은 반사체의 발열량을 냉각하고 반사체의 수질을 유

지하여야 한다.

본 연구에서는 안 성이 제된 허용 범  내에서 하나로의 설계 방법을 이용하

여 각 계통이 기능을 유지하도록 설계 요건을 작성하 다. 그리고 이 요건은 연구

로 수출을 해 문으로 작성하여 설계 자료로 활용할 수 있도록 하 다.
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ABSTRACT

An advanced HANARO Reactor (AHR) is an open-tank-type and generates 

thermal power of 20 MW and is under conceptual design phase for developing 

it. The thermal power is including a core fission heat, a temporary stored 

fuel heat in the pool, a pump heat and a neutron reflecting heat in the 

reflector vessel of the reactor. 

In order to remove the heat load, the reactor core cooling system is 

composed of a primary cooling system, a primary cooling water purification 

system and a reflector cooling system. The primary cooling system must remove 

the heat load including the core fission heat, the temporary stored fuel heat 

in the pool and the pump heat. The purification system must maintain the 

quality of the primary cooling water. And the reflector cooling system must 

remove the neutron reflecting heat in the reflector vessel of the reactor and 

maintain the quality of the reflector.

In this study, the design requirement of each system has been carried out 

using a design methodology of the HANARO within a permissible range of 

safety. And those requirements are written by english intend to use design 

data for exporting the research reactor. 
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제 1 장  개 요

새 연구로는 열출력 20 ㎿의 개방 수조형이다. 이를 개발하기 해 년도에는 

노심 냉각 계통의 설계 개념 설계를 하 다. 이 연구로의 열출력은 노심에서의 핵

분열 발열량, 임시 장 핵연료의 발열량, 순환 펌 의 발열량  반사체 발열량이 

포함된다. 이 열량을 제거하기 해 노심 냉각 계통은 1차 냉각 계통, 1차 냉각수 

정화계통  반사체 냉각 계통으로 구성하 다. 

1차 냉각 계통은 핵분열 발열량, 임시 장 핵연료의 발열량  순환 펌  발열

량을 냉각하여야 한다. 1차 냉각수 정화 계통은 1차 냉각수의 수질을 유지하여야 

한다. 그리고 반사체 냉각 계통은 반사체의 발열량을 냉각하고 반사체의 수질을 유

지하여야 한다.

본 연구에서는 안 성이 제된 허용 범  내에서 하나로
(1)
의 설계 방법

(2),(3),(4)

을 이용하여 새 연구로의 노심 냉각 계통의 기능을 유지하도록 개념 연구를 수행하

다. 얻은 결론은 각 계통이 기능을 유지하도록 설계 요건을 작성하 다. 이 요건

서에는  계통 기능, 성능, 계통의 연계 계, 설계 범   강도, 내진 설계 요건, 

설계 제한 조건, 환경 요건, 신뢰 요건, 보수 요건, 가동  검사 요건, 안  요

건, 설계 규격, 품질 보증 계획, 기타 요건 등을 기술하 다. 그리고 이 요건은 연

구로 수출을 해 문으로 작성하여 설계 자료로 활용할 수 있다.
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제 2 장 설계 요건
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Chapter I  Design requirements of primary cooling 

system

1.0 INTRODUCTION AND SCOPE

This document gives the design requirements for Primary Cooling System (Main Cooing 

Circuit) from the chimney nozzles to the inlet plenum nozzle. The reactor consists of an 

open-tank-type reactor assembly within a light water pool. The reactor assembly consists of an 

inlet plenum, a grid plate structure, the calandria assembly, and the chimney. The inlet plenum 

and grid plate structure act as an inlet header for the primary cooling system. The calandria is a 

multicompartment vessel containing D2O, fuel assemblies, reactivity control units, and 

experimental facilities. The chimney acts as the outlet header to collect primary coolant exiting 

the core. It also collects water from the pool and returns the combined flow to the Primary 

Cooling System. 

As shown in Figure 1, primary cooling water from the reactor core and pool water are drawn 

from the outlet chimney through two nozzles to the primary cooling pumps (2 in parallel). Each 

pump discharges the cooling water to a heat exchanger where the heat produced by fission in 

the fuel is transferred to secondary cooling water. After passing through the heat exchangers 

most of the primary cooling water is directed to the inlet plenum by one pipe. About 10 percent 

of the flow is returned to the bottom of the reactor pool. It provides cooling of the bottom of the 

reactor pool as it rises to the top of the chimney and returns to the primary cooling system by 

flowing down the chimney.

Before being returned to the bottom of the pool a part of the core bypass flow is passed 

through filters and ion exchange columns and then rejoins the core bypass pipe. Control of the 

pool water inventory is achieved by measuring the pool water level and activating the 

demineralized water makeup valve. Standpipes prevent over filling the pool. Abnormal levels 

are detected and alarmed.

Appropriate instrumentation is provided for the proper functioning of all equipment and 

subsystems, In addition Primary Cooling System parameters are measured for use by the 

Reactor Regulating System (later) and the Reactor Protection System (later). 
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2.0 FUNCTIONAL REQUIREMENTS

The Primary Cooling System is required to fulfill the following functions:

a) Maintain the reactor core and the reactor pool water temperature within specified operating 

conditions.

b) Provide for natural convection cooling to remove the core decay heat during reactor 

shutdown and in case of a low of pumping capacity. Natural convection cooling shall use the 

primary cooling heat exchanger(s) as the heat sink and in case these heat exchanger(s) cannot 

act as a heat sink natural convection cooling shall be possible using the mass of water in the 

pool as a heat sink.

c) In the event of a pump or a heat exchanger failure, enough heat must be removed from the 

core to permit the reactor to operate up to fifty percent 50% of full power. 

d) Maintain its integrity to ensure that the core stays covered with water during and after all 

postulated initiating events.

e) Be so arranged that the core stays covered with water during and after all postulated 

initiating events resulting in abnormal leakage from the system outside the core.

f) Ensure that nitrogen 16 and other activation products are circulated through the main 

cooling circuit and will not be present in sufficient concentration near the reactor pool surface to 

create a radiation hazard.

g) Breakable and remarkable connections shall be provided on the primary cooling piping 

inside the reactor pool to permit removal of any of the chimney, the calandria, and the grid 

plate.

h) Provide a path for emergency water supply to the core 
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3.0 PERFORMANCE REQUIREMENTS

a) Remove 17.8 MWth of heat from the reactor core with a single-phase forced-convection 

flow.

b) The reactor shall be capable of sustained operation at any thermal power level between 0 

and 100 percent of full power.

c) The mass flow rate of the primary cooling water through the core and the heat exchangers 

will not vary with the core loading pattern, power, and inlet temperature.

d) The primary cooling temperatures will vary with the reactor power level to achieve the 

required heat transfer.

e) The expected maximum operating temperature of the primary cooling water is 45℃at the 

core outlet based on the secondary cooling water constraints given in section 4.5.

f) The pool water temperature will be maintained at 50℃ maximum. The pool water 

temperature should be maintained as low as reasonably achievable to limit the evaporation as a 

source of humidity in the reactor ball.

g) The core outlet pressure is set at 98.0 kPa(g) or 10.1 or water at the chimney calandria 

interface.

h) To minimize leakage and hence the potential spread of contamination, all anticipated 

leakage shall be collected.

i) Measurement error of temperature and flow to be less than 2%

j) Temperature measurement range to be 0℃ to 120℃.

k) Flow measurement range to the pool to be 0 to 1000 kg/s

m) Provide a cooling water flow to cool the spent fuel stored in the service pool via the 

Primary Cooling Purification System.
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4.0 INTERFACING SYSTEMS

The system process design covers the design and sizing of requirement, fittings, pipes and 

pipe supports required for the system from the upper chimney nozzles to the inlet plenum 

nozzle. The equipment layout shall take into consideration the need to provide shielding around 

the primary cooling system piping and equipment. The following are the basic requirements 

imposed by this system on other systems.

4.1 BASIC REQUIREMENTS IMPOSED ON THE REACTOR POOL LINER 

AND REACTOR STRUCTURE

The penetrations through the reactor pool liner and concrete structure shall be provided by 

civil engineering. These penetrations shall be as far below the normal pool water level as 

feasible to provide shielding but should be above the cutouts of the chimney. A removable gate 

will be provide in the transfer canal to separate the reactor pool water from the transfer 

canal/service pool water, when required, a normally installed removable water from the fuel 

storage pool water from the fuel storage pool water.

The two chimney nozzles shall have terminations compatible to NPS (nominal pipe size) 12 

raised face flanges, dimensions per ANSI B16.5. The inlet plenum nozzle shall have a 

termination compatible to butt welding to NPS 14 pipe, weld preparation per ANSI B16.25.

4.2 BASIC REQUIREMENTS IMPOSED ON ELECTRICAL POWER 

SUPPLY

Normal (Class Ⅳ) power supply shall be provided for the main cooling circuit pumps. The 

pump power is fed from 6600V. The instrumentation and control system shall be fed from 

uninterruptible DC power, ClassⅠ. Adequate lighting shall be provided in the equipment 

rooms.

4.3 BASIC REQUIREMENTS IMPOSED ON INSTRUMENTATION AND 

CONTROL 
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a) Provide control circuits for primary cooling pumps, Alarm excessive pump seal leakage 

and pump motor alarm parameters (as recommended by the pump-motor manufacturer) in the 

control room. Provide a discrepancy indication of pump-motor state versus hand switch state, 

Trip the primary cooling pumps on low-low pool level combined with low flow or high flow to 

the inlet plenum to prevent pumping the pool water out of a pipe break outside the pool.

b) Provide the following pool level measurements and level controls:

i. Alarm in the control room on high-high or low-low pool levels.

ⅱ. Maintain the pool level between high and low levels by means of controlling the 

demineralized water supply.

iii. Shut-off the core by-pass valve on low-low pool level. This is done to prevent the 

draining of the system through a liner break.

c) Measure the heat exchanger inlet temperature of the primary cooling water and indicate it 

in the control room.

d) Measure the temperature of primary cooling water at the heat exchanger outlet and 

indicate it in the control room, Provide a control room alarm when this temperature falls to 7℃ 

or less.

e) Provide a measurement and control room indication of the flow of primary cooling water 

to the inlet plenum. This flow measurement will also by used to trip the primary cooling pumps 

combined with the low-low pool level (see item a)), and will also be used for reactor power set 

back. (See item i))

f) Provide a measurement with control room indication of the core by-pass flow.

g) Provide instrumentation for leakage detection under the primary cooling heat exchangers 

and alarm any leakage in the control room.

h) Provide the following measurements for Reactor Protection System (RPS). 

i. A triplicated temperature measurement of primary cooling water at the Reactor outlet 

lines,

ii. Triplicated measurement of the pressure to the inlet plenum.

iii. Triplicated measurement of the flow to the inlet plenum.

ⅳ. Triplicated measurement of the radioactivities of pool water.

v. Triplicated measurement of the radioactivity of primary cooling water to measure the 

fuel damage due to a fuel channel blockage (See. 4.8)

i) Provide the following measurements for Reactor Regulating System (RRS).
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i. The temperature measurement of the reactor inlet line.

ii. The flow measurement, described in Section h), is also used for RRS.

iii. A measurement of water temperature at the chimney.

ⅳ. The flow measurement, described in Section e), is also used for reactor power set back 

con loss of one of the primary cooling pumps.

j) Provide a valve position indicator on the core bypass line pneumatic valve and provide for 

control of the valve position from the control room. The close signal, generated from low-low 

pool level (see item b) sub-item ⅲ)) shall override the position control and close the valve.

4.4 CONSTRAINTS IMPOSED ON INSTRUMENT AIR SYSTEM

Instrument air shall be provided to one pneumatically operated valve in the core bypass line.

4.5 CONSTRAINTS IMPOSED ON SECONDARY COOLING SYSTEM

a) The secondary cooling water flow rate to the primary heat exchangers shall be calculated 

to remove a maximum of 19 MWth a maximum differential temperature of 8℃. This consists of 

17.8 MWth fission heat (from 3a)) plus 0.5 MW pump heat and 0.1 MW fuel stored in the pools 

(from 3n)) and others.

b) The maximum secondary cooling water temperature at the inlet of the primary cooling 

heat exchanger shall not exceed 32℃.

Secondary cooling water temperature may slightly exceed 32℃ for a short period each year. 

c) In case of simultaneous loss of primary cooling and secondary cooling pumps due to 

electrical power failure, secondary cooling water could continue to be supplied at reduced flow 

through the heat exchanger secondary cooling side by gravity fed flow from cooling tower to 

remove the decay heat by thermo siphoning of the primary cooling system.

d) When one loop is disabled, the secondary cooling side flow rate of the disabled heat 

exchanger should be stopped to increase the flow rate to the functioning heat exchanger to 

permit reactor operation at fifty percent (50%) of full power.

e) The secondary cooling water temperature at the primary cooling heat exchanger inlet 

should not be less than 7℃ when supplied by the pumps (from the cooling tower) and/or from 

the cooling tower basin. If the water temperature cannot be maintained above 7℃at all times, it 

should be possible to manually reduce the flow to maintain the primary cooling core inlet 

temperature above 7℃to prevent possible freezing of the reflector system.
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4.6 CONSTRAINTS IMPOSED ON VENTILATION SYSTEM

a) In case of fuel failure, facilities should be provided to detect the fission product gases 

released from the reactor pool to the air.

b) Adequate ventilation shall be provided to the primary cooling equipment rooms to permit 

air cooling of the primary cooling pump motors, Heat removal requirements set at 44 kW 

(tentative) for each pump motor.

c) If possible, the air pressure in the primary cooling equipment rooms should be higher than 

in the moderator equipment rooms so that leakage will be to the reflector equipment room. 

Otherwise the two rooms shall be atmospherically separated.

4.7 CONSTRAINTS IMPOSED ON THE PRIMARY PURIFICATION 

SYSTEM AND DEMI-WATER SUPPLY SYSTEM

a) Provide on an intermittent basis, demineralized water for pool makeup to compensate for 

normal operating losses, in response to reactor pool level measurement.

b) Provide the initial pool fill of approximately 260,000kg (tentative)of demineralized water 

within a reasonable time.

c) Provide refill demineralized water to equipment and piping drained for maintenance.

d) Maintain water quality and clarity.

4.8 CONSTRAINTS IMPOSED ON THE RADIATION MONITORING 

SYSTEM

The radiation monitoring system should measure the activity in the primary coolant pipe to 

detect fuel failures. 

4.9 CONSTRAINTS IMPOSED ON ACTIVE DRAINS

Sufficient floor and equipment drains shall be provided. Number and location will depend on 

the detailed primary cooling system layout.
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5.0 DESIGN LIMITS AND STRENGTH REQUIREMENTS

a) The distance between pipe penetrations of the liner plate shall be designed taking into 

consideration the applicable strength requirements of the liner.

b) The primary cooling water velocity shall not induce unacceptable level of vibration in the 

piping and equipment.

c) The piping supports shall be designed such that the seismic loads of seismically qualified 

piping shall be safely transferred from the piping to the building structure.

d) The dead load and thermal load of piping connected in the Reactor pool imposed on the 

Reactor Structure in normal condition shall be minimized.

e) The material of construction of the main cooling circuit shall be stainless steel.

f) Maximum system design temperature is 93℃ outside the pool, and 120℃ inside the pool 

(saturation temperature under 10.4m of water).

g) Maximum system pressure will be calculated during detail design phase. This pressure is 

dependent upon the pump pressure required to overcome the system resistance, Maximum 

design pressure is 1.0 MPag.
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6.0 SEISMIC REQUIREMENTS

Primary cooling system is classified as seismic category Ⅰ

All equipments and piping shall be designed to maintain the integrity during and following 

the DBE (or SSE).

The flapper valves, 331-V003 and V004, mounted on the piping to the inlet plenum, shall be 

designed to remain functional during and following the DBE.



- 12 -

7.0 DESIGN CONSTRAINTS

a) The pumps, heat exchangers and piping should be housed in shielded rooms with a 

shielding barrier between the two rooms to permit access to one room while the equipment in 

the operating with the reactor at reduced power.

b) Local indicators and valves shall be located in accessible areas,

Local flow indicators shall be located as close as possible to their root valves.
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8.0 ENVIRONMENTAL REQUIREMENTS

The system is required to function under the following ambient conditions.

Temperature: up to 50℃

Humidity: up to 95% relative humidity non-condensing

Pressure: Atmospheric (A slight negative pressure may exist due to ventilation system)

Radiation field: Up to 100 R/h
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9.0 RELIABILITY REQUIREMENTS

The system shall be designed, constructed and tested to quality standards and engineering 

practices commensurate to its importance to safety, so as to minimize the risk to the public from 

a failure of the system. In particular, the expected failure frequency of the system components 

shall be compatible with a limit of one event per three years for the total of all serious process 

failures which may occur in the plant. To achieve this overall reliability target, the following 

criteria shall be met in the design of the system.

i) Failures which are expected to occur frequently during the facility lifetime (anticipated 

operational occurrences) shall minimal consequences to the public.

ⅱ) Failures which have the potential for the highest consequences to the public (accidents) 

shall have a low expected frequency of occurrence.
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10.0 MAINTAINABILITY REQUIREMENTS

a) Quantitative maintainability requirement such as frequencies of servicing, overhaul, etc 

will be according to the equipment manufacturer’s recommendations.

b) One set of pump and heat exchanger should be accessible while the reactor is at OPOH 

operation. (see also Section 7 item a)).

c) The primary cooling system (main cooling circuit) should be designed to permit initial 

hydrostatic test.

d) C&I instruments shall be off the shell components from established companies with world 

wide distribution to the extent feasible. 

e) To the extent feasible, grayloc couplings shall be used for horizontal pipe connections 

within the pool, flange joints may be used for vertical pipe connections.

f) Adequate spacing shall be provided around equipment for inspection and maintenance.

g) Primary cooling pump seals require maintenance at regular intervals. The entire seal 

package shall be replaced when required. It should not be necessary to remove the pump motor 

in order to change the seal.

h) Instruments requiring regular servicing or calibration shall be located in accessible areas to 

the extent possible to permit maintenance with the plant operating.
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11.0 IN-SERVICE INSPECTION

An in-service inspection program, if required, shall be established to meet the requirements 

of standard ASME.
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12.0 SAFETY REQUIREMENTS

The primary cooling system should provide adequate cooling and a barrier against the release 

of primary coolant and radioactivity to the environment for the conditions including normal 

operating condition and anticipated upset and accident condition.
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13.0 STANDARDS AND CODES

The primary cooling system is classified as safety class 3. The design and construction of the 

system and its individual component shall be governed by the following standards: 

- ASME Section Ⅲ, Subsection ND Pumps, valves, piping and heat exchangers.
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14.0 QUALITY ASSURANCE PROGRAMS

The design, procurement and construction activities will be governed by Q. A. program. The 

Q. A. level will be determined in accordance with Client’s classification procedure.
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15.0 OTHER REQUIREMENTS

The concrete floors and walls (to a suitable height) of the rooms enclosing the Primary 

Cooling System equipment and piping shall have a suitable surface finish to facilitate 

decontamination.
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Figure 1 Primary cooling system
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Chapter II DESIGN REQUIREMENTS of PRIMARY 

COOLING PURIFICATION SYSTEM

1.0 INTRODUCTION AND SCOPE

This document gives the Design Requirement for Primary Cooling Purification System. As 

shown in Figure 2, this system controls the quality of the Primary Cooling System, Reactor Pool 

and Service Pool water by passing it through filters and ion exchange columns. If the 

purification flow to the bottom of the service pool is not available to cool the pool, the cooling 

flow is provided by opening a valve in a bypassing the filters and ion exchange columns.
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2.0 FUNCTIONAL REQUIREMENTS

1) Control the quality of the Primary Cooling System and pool water to minimize the 

accumulation and deposition of corrosion product on the process equipment and to control the 

growth of slime and formation of algae during all the normal plant service conditions.

2) Maintain good water clarity to facilitate visually assisted operations performed in the 

pools.

3) Be so arranged that the reactor core and stored fuel in the reactor pool stay  covered with 

water for all postulated initiating events resulting in abnormal leakage from the system.

4) Remove a maximum of 25 kW of heat from the irradiated fuel and targets temporarily 

stored in the service pool while maintaining an operating temperature within the pool not 

exceeding 50℃.

5) Ensure that during process outage conditions, the service pool water does not exceed 65℃

6) Provide for purification of both reactor and service pools when the two pools are 

physically separated by gate in the transfer canal.
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3.0 PERFORMANCE REQUIREMENTS

1) The quality of the Primary Cooling System and pool water must be controlled to the 

following specifications:

- Ph: 5.5 to 6.5

- Conductivity: less than 0.5m S/m (5 micro Mho/cm)

- Turbidity: less than 1 NTU

- Iron: less than 0.5 ppm

- Cu: less than 0.1ppm

- Cl + F: less than 0.2ppm

- SO4: less than 0.2 ppm

2) Provide facilities to take bulk samples to check the water chemistry and the purification 

equipment performance.

3) To minimize leakage and hence the potential spread of contamination, all anticipated 

leakage shall be collected.

4) Flow measurement range for purification to be 0 to 15 kg/s.

5) Purify the water enclosed in the reactor pool and Primary Cooling System with a clean-up 

hall-life of 6 hours.

6) Purify the water enclosed in the service pool with a clean-up half-life of 20 hours.
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4.0 INTERFACING SYSTEMS

The system process design covers the design and sizing of equipment, fittings, pipes, and 

pipe supports required for the system including filters, and ion exchangers. The equipment 

layout shall take into consideration the need to provide shielding around the purification circuit 

piping and equipment and the need to remove used filter and ion exchange cartridges in a 

shielded flask. The following are the basic requirements imposed by this system on other 

systems.

4.1 BASIC REQUIREMENTS IMPOSED ON ELECTRICAL POWER 

SUPPLY

Normal (Class Ⅳ) power supply shall be provided for the purification pump. The 

instrumentation and control system shall be fed from uninterruptible DC power, Class Ⅰ.

4.2 BASIC REQUIREMENTS IMPOSED ON INSTRUMENTATION 

AND CONTROL

1) Measurement and local indication of the differential pressure across the filters and ion 

exchange columns.

2) Measurement and local indication of differential pressure across strainers.

3) Continuous measurement and focal indication of conductivity at the inlet and outlet of the 

ion exchange columns.

4) Control circuits for the purification pump including remote ON/OFF. The purification 

pump should be tripped on low-low level of the pool.

5) A measurement and control room indication of water flow to the reactor pool after 

purification.

6) A measurement and control room indication of total flow to the service pool.

7) Provide a valve position indicator on the pneumatic valve in the return line to the reactor 
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pool based and provide for control of the valve position from the control room.

8) Provide a valve position indicator on the pneumatic valve in the return line to the service 

pool based and provide for control of the valve position from the control room.

9) Alarm in the control room on pool overflow.

10) Automatic closure of the valve on the reactor pool return line in case of low-low pool 

level to prevent draining the Primary Cooling System through a liner failure.

4.3 CONSTRAINS IMPOSED ON PRIMARY COOLING SYSTEM

Provide sufficient cooling water flow to remove the decay heat from the irradiated fuel in the 

service pool as required in Section 2.0-4).

4.4 CONSTRAINTS IMPOSED ON FUEL HANDLING

The requirement of section 2 item 4) limits the amount of irradiated fuel that can normally be 

temporarily stored in the service pool.

4.5 CONSTRAINTS IMPOSED ON RCI VENTILATION SYSTEM

Adequate ventilation shall be provided to the primary purification equipment room to permit 

air cooling of the purification pump motor.

4.6 CONSTRAINTS IMPOSED ON SOLID RAD-WASTE 

MANAGEMENT

Provide a suitable shielded flask to transport spent filter and ion exchange cartridges from the 

purification equipment to the rad-waste disposal area. The flask should have a removable 

bottom and be able to pull the cartridges complete with shielding plates up into the body of the 

flask.

4.7 CONSTRAINTS IMPOSED ON ACTIVE DRAINS

Sufficient floor and equipment drains shall be provided. Number and location will depend on 

the detailed primary purification equipment layout.
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4.8 CONSTRAINTS IMPOSED ON INSTRUMENT AIR SYSTEM

Instrument air shall be provided to two pneumatically operated valves in the reactor pool and 

service pool purification return lines.
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5.0 DESIGN LIMITS AND STRENGTH REQUIREMENTS

1) The material of construction of the purification circuit shall be stainless steel.

2) Maximum design temperature =93℃.

3) Maximum system pressure will be calculated during the detail design phase.
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6.0 SEISMIC REQUIREMENTS

The system is not required to be seismically qualified except for the interfacing portions with 

cooling system which shall be designed to maintain their integrity during and following the 

DBE (or SSE). 
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7.0 DESIGN CONSTRAINTS

1) The system equipment shall be located in shielded rooms.

2) Local indicators shall be located in accessible areas.
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8.0 ENVIRONMENTAL REQUIREMENTS

The system is required to function under the following ambient conditions.

- Temperature: up to 50℃

- Humidity: up to 95% R. H. non-condensing

- Pressure: atmospheric

- Radiation fields: up to 100 R/h
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9.0 RELIABILITY REQUIREMENTS

The system shall be designed, constructed and tested to quality standards and engineering 

practices commensurate to its importance to safety, so as to minimize the risk to the public from 

a failure of the system. In particular, the expected failure frequency of the system components 

shall be compatible with a limit of one event per three years for the total of all serious process 

failures which may occur in the plant. To achieve this overall reliability target, the following 

criteria shall be met in the design of the system:

1) Failures which are expected to occur frequently during the facility lifetime (anticipated 

operational occurrences) shall cause minimal consequences to the public, and

2) Failures which have the potential for the highest consequences to the public (accidents) 

shall have a low expected frequency of occurrence.
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10.0 MAINTAINABILITY REQUIREMENTS

1) Quantitative maintainability requirement such as frequencies of servicing, overhaul, etc, 

will be according to the equipment manufacturer’s recommendations.

2) The purification equipment should be accessible while the reactor is at power.

3) The primary purification system should be designed to permit initial hydrostatic test.

4) C & I instruments shall be off the shelf components from established companies with 

world wide distribution to the extent feasible.

5) Instruments requiring regular servicing or calibration shall be located in accessible areas to 

the extent possible to permit maintenance with the plant operating.

6) Adequate spacing shall be provided around equipment for inspection and maintenance.
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11.0 IN-SERVICE INSPECTION

Not applicable.
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12.0 SAFETY REQUIREMENTS

 

The primary purification system should provide a barrier against the release of primary 

coolant and radioactivity to the environment for the conditions including normal operating 

condition and anticipated upset and accident condition.
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13.0 STANDARDS AND CODES

The Primary Purification System is classified as Non-Safety class. The design and 

construction of the system and its individual components shall be governed by the following 

standards. 

- ASME. Section Ⅷ, Boiler and Pressure Vessel Code, and ANSI/ASME B31.1 1986, Power 

Piping Code.
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14.0 QUALITY ASSURANCE PROGRAM

The design, procurement and construction activities will be governed by QA Program. The 

QA level will be determined in accordance with Client’s classification procedure.
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15.0 OTHER REQUIREMENTS

Not applicable.
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Figure 2 Primary cooling purification system
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Chapter III. DESIGN REQUIREMENTS OF 

REFLECTOR COOLING SYSTEM

1.0 INTRODUCTION AND SCOPE

This document gives the design requirements for the Reflector Cooling System. The 

Reflector Cooling System, as shown in Figure 3, consists of two 100% circulating pumps, one 

heat exchanger, two ion exchange columns and all necessary interconnecting piping, valves, 

sampling connections and instrumentation. The system is designed to remove the heat generated 

in the reflector region of the calandria, and to control and adjust the heavy water chemistry. 

The heat removal is achieved by continuously circulating the D2O through the system heat 

exchanger. The heat removal is achieved by continuously circulating the D2O through the 

system heat exchanger. The outlet temperature from the heat exchanger is monitored and 

controlled. 

The heavy water chemistry is adjusted by having a small by-pass flow circulate through one 

of the two ion exchange columns in the purification circuit for removal of ionic impurities and 

solubilities radioactive material, and for controlling the pH of D2O, Samples of heavy water are 

taken periodically and analyzed in the laboratory to monitor the D2O chemistry and the 

performance of the ion exchange resins. Conductivity of heavy water is also monitored at the 

inlet and outlet of the ion exchange columns in order to evaluate the performance of the resins.
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2.0 FUNCTIONAL REQUIREMENTS

The reflector system is required to fulfill the following functions:

1) Dissipate the heat generated in the heavy water in the reflector region of the 

calandria.

2) Circulate heavy water for purification to maintain the D2O quality.

3) Provide bulk sampling for heavy water to evaluate performance of purification 

system and to control the heavy water qualify (i. e. pH, conductivity, purity)

4) Allow for draining and refilling of the calandria to permit batch D2O upgrading 

and tritium removal as required.

5) Provide means for draining the D2O from the system components for 

maintenance.

6) Provide means for isolating the system components for maintenance (i. e. 

isolation valves)

7) Provide means for venting the system during the initial filling.

8) The system shall be leak tight to minimize leakage and loss of D2O.
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3.0 PERFORMANCE REQUIREMENTS

1) The system is required to remove 1.7 MW of heat generated in the reflector 

region at full power, 1.5 MW is estimated to be generated in the heavy water, and 0.2 

MW is estimated to be generated in the structure.

2) At full power the reflector operating temperatures shall be as follows:

- Calandria inlet = 35℃

- Calandria outlet = 47.5℃

3) The temperature at the HX outlet shall be monitored and alarms shall be 

provide at 7℃ and 50℃ to alert the operator of abnormal situations (i. e. loss of 

cooling or loss of process water regulation). The temperature shall not exceed 50℃ to 

prevent damaging the ion exchange resins (allowable resin temp = 60℃). Also the 

temperature shall not be permitted to drop below 7 ℃ to avoid D2O freezing in the 

system (D2O freezes at 3.82℃).

4) If temperature of the system reaches 75℃, the reactor shall be shutdown 

automatically, In case of loss of cooling of the heavy water while the reactor is at full 

power the D2O temperature will reach 75℃ within 10 minutes. At this stage the reactor 

would be required to be shutdown before the D2O reaches its boiling temperature. The 

increase in temperature from 75℃ to 100℃ will be reached in about 5 minutes, 

therefore an automatic shutdown is required. The temperature measuring point is heat 

exchanger inlet.

5) For the design of the exchanger, the following process cooling water temperatures 

shall be considered.

- Inlet = max.32℃

- Outlet = max. 40℃

6) The purification system half-life shall be maximum 8 hours. (The purification 

half life means the period of time that is required to reduce the system impurities by 

half the amount present at the beginning of that period.

7) Conductivity of heavy water shall be less than 0.5 mS/m, in order to reduce the 
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production of D2 due to the Radiolysis effect in the core region.

8) The pH of heavy water shall be kept between 6 and 7 to avoid corrosion and to 

reduce the D2O conductivity.

9) The D2O isotopic purity shall not be less than 99.85 Wt%
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4.0 INTERFACING SYSTEM

The system process design covers the design and sizing of all equipment, piping, 

fittings and the pipe supports required for the system, up to the calandria vessel 

nozzles, the D2O expansion tank and the D2O leakage collection lines, Interfacing 

systems and the requirements imposed on them by the reflector system are described in 

the following sections.

4.1 BASIC REQUIREMENTS IMPOSED ON ELECTRICAL POWER 

SUPPLY

1) Normal electrical power supply shall be provided for the reflector circulation 

pumps (one pump is operating and the second pump is on standby)

2) Instrumentation will require 24 VDC power supply, The failure of 24 VDC 

power supply should be alarmed on the cathode ray tube (CRT) in the control room.

4.2 BASIC REQUIREMENTS IMPOSED ON INSTRUMENTATION 

AND CONTROL

All local indicators shall be grouped on a panel in an accessible area.

4.2.1 Main Reflector Circuit

1) Two reflector pumps (one is on standby) shall be controlled from the control 

room by 3-position hand switches (on/off/standby). Both the pumps are interlocked so 

that the standby pump could start automatically on loss of the operating pump.

2) Provide an alarm on the CRT when either pump fails.

3) Provide temperature measurements on each side of HX. These will be displayed 

on the CRT.

4) Provide flow measurement with a local and control room (CRT) read out in the 

reflector circuit.

5) Provide an alarm on the CRT and an RRS shutdown based on low flow in the 

system

6) Provide a control room alarm when D2O temperature at the outlet of the HX 
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reaches 50 ℃ or 7 ℃ (see para. 3.0-3)).

7) When D2O temperature at the outlet of the HX reaches 10℃, the on-off control 

valve in secondary cooling circuit shall be closed automatically and reopened at 15℃.

8) Provide a reactor shutdown when D2O temperature reaches 75℃(see 3.0-4)).

9) Provide a local D2O pressure measurement downstream of each reflector pump

10) Provide means to detect the radiation field in the equipment room for access.

4.2.2 Purification Circuit

1) Provide a local differential pressure indication across the ion exchange columns.

2) Provide flow measurement for the purification system with a local and control 

room. (CRT) read out.

3) Provide in-line conductivity measurement of D2O conductivity upstream and 

downstream the ion exchange columns. The measurement should be less than 0.5 mS/m.

4) Provide sampling taps on both sides of ion exchange columns for pH analysis.

4.3 CONSTRAINTS IMPOSED ON INSTRUMENT AND SERVICE 

AIR SYSTEM

Instrument air is required for emptying the calandria by blowing out the D2O. The air is 

supplied through the cover gas system (see para. 4.9.3).

4.4 CONSTRAINTS IMPOSED ON SECONDARY COOLING WATER 

SYSTEM

The secondary cooling water supply to the main circuit heat exchanger shall be 

calculated on the basis of removal of 1.7 MW of heat and an inlet and outlet 

temperatures of 32℃ and 40℃ respectively. An on-off control valve shall be installed at 

inlet line of heat exchanger, to prevent the freezing of the heavy water. Provide means 

to find the HX plate break. The pressure of secondary side of heat exchanger shall be 

lower than the pressure on the reflector side.

4.5 CONSTRAINTS IMPOSED ON VENTILATION SYSTEM

1) The ventilation system is required to maintain the tritium concentration in the 
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equipment room resulting from heavy water leakage, to acceptable levels.

2) The ventilation system is required to remove the heat generated by the pump 

motors and the system heat losses in the equipment room.

3) The ventilation system shall create a slightly negative pressure in the equipment 

room with respect to the reactor hall in order to contain any tritium in the equipment 

room and the active ventilation system.

4.6 CONSTRAINTS IMPOSED ON THE CALANDRIA

1) No air gap shall be allowed to form on the top of the calandria, the location of 

the top nozzle shall allow for proper venting, or a proper venting method shall be 

provided.

2) The inlet nozzle shall be located at the bottom of the calandria and shall be 4" 

SCH 40 pipe provided with a 150# raised face flange. This will be connected to a 4" 

pipe.

3) The outlet nozzle shall be located at the top of the calandria and shall be 

4"SCH 40 pipe provided with a 150# raised face flange. This will be connected to a 6" 

pipe using a 4 x 6" reducer.

4) The calandria shall be designed so that stresses remain acceptable if it is drained 

of D2O with the pool full of water.

4.7 CONSTRAINTS IMPOSED ON BUILDING SERVICES

1) The reflector equipment room shall be painted with an appropriate paint in order 

to prevent seepage through the concrete and to facilitate collection of any D2O.

2) Provide adequate slope on the equipment room floor and a floor active drain 

with a valve to drain spilled D2O.

3) Provide the required penetrations for the piping through the equipment room 

walls, floor and pool liner as applicable.

4) Provide adequate shielding against O-19 and N-16 present in the system 

components during the reactor operation. (The ion exchange columns will have their 

own shielding.) The fields outside the equipment room shall be less than 0.25 mRem/h.

5) The building overhead crane is required for handling of heavy equipment (i, e, 
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pumps, heat exchanger, IX columns).

6) The top shielding slabs of the reflector equipment room shall be removable in 

order to transport the equipment for installation, maintenance and change of resin. And 

the clearance shall be as small as possible to minimize the air leakage through it.

4.8 CONSTRAINTS IMPOSED ON THE REACTOR REGULATION 

SYSTEM

Provide a reactor shutdown when the D2O temperature at the calandria outlet 

reaches 75℃, to avoid heavy water boiling.

4.9 CONSTRAINTS IMPOSED ON THE REFLECTOR COVER GAR 

SYSTEM

1) The cover gas system shall allow for the expansion of the heavy water, in the 

reflector system components and in the calandria, from the cold filling temperature to 

the design temperature.

2) The cover gas system shall provide overpressure protection for the reflector 

system during operation.

3) The cover gas stem shall provide air under pressure to blow D2O out of the 

calandria. 

4.10 CONSTRAINTS IMPOSED ON THE D2O LEAKAGE 

MOTORING AND COLLECTION SYSTEM

1) Provide leakage detection on the floor of the reflector equipment room.

2) Provide leakage collection lines from the pumps gland seals, and provide means 

to detect the source of leakage.

3) Provide a collection line from the heat exchanger relief valve discharge.

4) Provide means for detection leaks of heavy water from the heat exchanger plates 

or from the calandria and piping inside the pool.
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5.0 DESIGN LIMITS AND STRENGTH REQUIREMENTS

1) All system piping and components shall be built of authentic stainless steel to 

prevent corrosion and to minimize active corrosion production inventory on the system.

2) System design temperature = 120℃.

   120℃ is the saturation temperature of water at the middle of the core under a 

head of 9.5m of water. This is the maximum temperature that the system could be 

subjected to.

3) Maximum system design pressure = 900 kPag (130 psig)

   It is estimated that the pressure at the pump outlet would be 700 to 830 kPag 

(100 to 120 psig). Therefore the system design pressure is selected to be 900 kPag 

(130 psig).
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6.0 SEISMIC REQUIREMENTS

This system shall be designed to maintain its integrity under a DBE of 0.2g 

horizontal ground acceleration for economic reasons only small pipes or tubes that 

would not result in major D2O leakage, and instrumentation do not require seismic 

qualification.
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7.0 DESIGN CONSTRAINTS

1) The system shall be designed for allowable high flow velocities in order to 

reduce piping size and heavy water inventory.

2) The system shall be designed as compact as possible and at close proximity of 

the calandria vessel to limit the D2O inventory.

3) A plate type heat exchanger shall be considered for use.

4) The system shall be designed not to be over-pressurized in the calandria vessel.

5) The system components shall be designed or selected with considerations given to 

minimize leakage.

6) The system equipment room shall be accessible from the top with the overhead 

crane to enable moving heavy equipment for installation, maintenance and change of 

resins.
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8.0 ENVIRONMENTAL REQUIREMENTS

The system is required to function under the following ambient conditions.

- Temperature: up to 45 ℃

- Humidity: up to 95% RH

- Pressure: atmospheric pressure (slightly negative pressure) may exist due to 

ventilation system

- Radiation fields: 100 R/h (1 Sv/h) (due to the short half-life isotopes 0-19 and 

N-16 present in the system)
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9.0 RELIABILITY REQUIREMENTS

The system shall be designed, constructed and tested to quality standards and 

engineering practices commensurate to its importance to safety, so as to minimize the 

risk to the public from a failure of the system. In particular, the expected failure 

frequency of the system components shall be compatible with a limit of one event per 

three years for the total of all serious process failures which may occur in the plant. To 

achieve this overall reliability target, the following criteria shall be met in the design of 

system:

- failures which are expected to occur frequently during the facility lifetime 

(anticipated operational occurrences) shall cause minimal consequences to the 

public, and

- failures which have the potential for the highest consequences to the public 

(accidents) shall have a low expected frequency of occurrence.
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10.0 MAINTAINABILITY REQUIREMENTS

1) Quantitative maintainability requirements such as frequencies of servicing and 

overhaul, etc, will be according to the equipment manufacturer’s recommendations.

2) Qualitative requirements: provision for maintenance while the system is on 

power is not required. Proper shielding shall be designed and provided for the system, 

during shutdown, to acceptable levels in order to carry out any required inspections or 

maintenance.

3) Off-the-shelf components from established companies shall be used all 

components shall be easily replaceable.

4) Considerations shall be given in the design of the layout to provide adequate 

floor area for the maintenance of equipment for example floor area around the 

equipment to enable the inspection of the pumps, heat exchanger, valves, etc floor area 

in side of the heat exchanger to enable the maintenance stall to clean the HX floor 

area around the ion exchange columns for maneuvering the shielding flask required for 

changing the spent resin cartridges.

5) Isolation valves shall be provided for isolating the major pieces of equipment 

for maintenance.

6) Draining and venting valves shall be provided to enable removing heavy water 

from the system for maintenance.

7) A relief valve shall be provided for the heat exchanger to protect it against 

overpressure when it is isolated for maintenance.
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11.0 IN-SERVICE INSPECTION

According to para. 3.3.1 of N285.4 "Periodic Inspection of CANDU Nuclear Power 

Plant Components", periodic inspection is not required for the reflector system because:

1) The system neither contains fluid that directly transports heat from unclear fuel. 

nor does its failure result in a significant release of radioactive substance.

2) The system is not essential for the safe shutdown of the reactor or the safe 

cooling of the nuclear fuel
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12.0 SAFETY REQUIREMENTS

There is no safety requirements imposed on the system. The failure of the system 

does not have any safety implications because of the following reasons:

1) The reflector system’s main function is to moderate and reflect the neutrons 

back to the core, in order to maintain the chain reaction. The system does not have 

any role in shutting down the reactor and keeping it in a safe shutdown condition. On 

the contrary, if the heavy water is lost, due to a major leak in the system, the 

reactivity will decrease and a shutdown reactor will be maintained in a sager condition.

2) The system does not remove any heat generated in the reactor core. It only 

removes the heat generated in the heavy water due to neutron absorption.

3) The failure of the system does not prevent a safe shutdown as discussed in 

point 1 above, therefore the system failure will not be responsible for any release of 

radioactivity from the core.

4) If the system’s pipes or components break, heavy water with potential tritium in 

it will be released, but within the shielded and closed equipment room which is vented 

through the controlled active ventilation system. The spilled D2O will be contained in 

the shielded room and can be collected.
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13.0 STANDARDS AND CODES

The reflector system is classified as non-nuclear safety class. The design and 

construction of the system and its individual components shall be governed by the 

following standards: 

- ASME Sec. Ⅷ Div.1. Boiler and Pressure Vessels Code ASME B31.1 Power 

Piping.
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14.0 QUALITY ASSURANCE PROGRAM

1) The design, procurement and construction will be governed by the associated 

contractor’s QA program.

2) The Quality Assurance level for the manufacturer of each component will be 

determined later in accordance with clients classification procedure.
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15.0 OTHER REQUIREMENTS

Not applicable.
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Figure 3 Reflector cooling system
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제 3 장  결 론

본 연구에서는 안 성이 제된 허용 범  내에서 하나로의 설계 방법을 이용하

여 각 계통이 기능을 유지하도록 설계 요건을 작성하 다. 그리고 이 요건은 연구

로 수출을 해 문으로 작성하여 설계 자료로 활용할 수 있도록 하 다.
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