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SUMMARY 

 
I. TITLE 
 

ISP-50 Specifications for a Direct Vessel Injection Line Break Test with the ATLAS 

 

II. CONTENTS 
 

A thermal-hydraulic integral effect test facility, ATLAS (Advanced Thermal-hydraulic Test 
Loop for Accident Simulation), has been constructed at KAERI (Korea Atomic Energy Research 
Institute). The ATLAS is a half-height and 1/288-volume scaled test facility with respect to the 
APR1400. Since completion of the construction of the ATLAS in 2005, the ATLAS has been 
extensively used to establish integral effect database for major design basis accidents of the 
APR1400, including LBLOCAs, DVI line break LOCAs, and SBLOCAs.  

 
An OECD/NEA International Standard Problem Exercise (ISP) focussing on a DVI line break 

simulation result with the ATLAS was approved by the NEA Committee on the Safety of Nuclear 
Installation (CSNI) meeting in December 2008 and was numbered by ISP-50. The ISP-50 
program will be operated by an operating agency, KAERI for three years starting from the 
physical year 2009. Fourteen international organizations confirmed their participation in the ISP-
50, including NRC (USA), JAEA, JNES (Japan), GRS (Germany), KFKI-AEKI (Hungary), EDO 
Gidropress (Russia), VTT, Fortum (Finland), NRI (Czech Republic), Univ. of Pisa (Italy), KINS, 
KNF, KOPEC, and KAERI (Korea). In addition, KTH in Sweden and HSE in UK are considering 
late participation. Recently, NPIC and CIAE in China hope to join the ISP-50. As for the safety 
analysis codes, nine codes are expected to be used for the ISP-50: MARS-3D, RELAP5-3D, 
RELAP5, TRACE, CATHARE, APROS, ATHELET, TRAP, and KORSAR. It is the first ISP 
exercise in Korea in which a domestic test facility is utilized by international nuclear society and 
this exercise will contribute to extending our physical understanding on thermal hydraulic 
phenomena during the DVI line break accidents and to verifying the best-estimate thermal-
hydraulic safety analysis codes. 

 
This report was prepared to define technical specifications of the ISP-50 exercise according 

the guideline provided by OECD/CSNI. It includes general objectives, phases, deliverables to 
participants, parameters required for comparison and the time table. 
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요 약 문 

 
I. 제 목 

 

DVI관 파단 모의 실험을 이용한 ATLAS 국제표준문제 (ISP-50) 평가프로그램  

 

II. 내 용 

 

KAERI 는 한국형 신형원자로인 APR1400 을 참조원전으로 하는 열수력 종합효과 

실험장치, ATLAS(Advanced Thermal-hydraulic Test Loop for Accident Simulation)를 

건설하여 운용해오고 있다. ATLAS 는 APR1400 을 높이비 1/2, 면적비 1/144 로 축소 설계한 

열수력 종합효과 실험 장치이다. ATLAS 는 2005 년도 준공 이래 대형 냉각재 상실사고, 

원자로직접주입노즐(DVI) 파단사고, 소형 냉각재 상실 사고 등 원자로의 대표적인 설계 

기준사고를 대상으로 열수력 종합효과 실험을 수행해오고 있다. 

 

ATLAS 를 이용한 50% 원자로직접주입노즐(DVI) 파단 모의 실험은 2008 년도 12 월 

OECD/CSNI 본 회의에서 50 번째 국제표준문제(ISP-50)로 최종 승인되었다. KAERI 는 

주관기관으로서 국제표준문제(ISP-5)를 2009 년부터 3 년 동안 추진할 계획이다. 이 

프로그램에는 11 개국 16 개 참여기관에서 참여 의사를 확정한 상태이다. 참여 확정기관들은 

미국의 NRC, 일본의 JAEA, JNES, 독일의 GRS, 헝가리의 KFKI-AEKI, 러시아의 EDO 

Gidropress, 핀란드의 VTT, Fortum, 체코의 NRI, 이태리의 Univ. of Pisa, 한국의 

KINS, KNF, KOPEC 및 KAERI 이다. 또한 스웨덴의 KTH, 영국의 HSE 는 후반기 

참가의사를 밝혔으며, 중국의 NPIC, CIAE 기관에서도 참가를 희망하고 있다. 

국제표준문제(ISP-5)에 사용될 안전해석 코드로는 MARS-3D, RELAP5-3D, RELAP5, 

TRACE, CATHARE, APROS, ATHELET, TRAP, KORSAR 등 현재 널리 사용되는 

9 종류의 코드가 사용될 것으로 예상된다. 국제표준문제(ISP-5)는 국내에서 최초로 

주관하는 국제표준문제 평가프로그램으로서 원자로직접주입노즐(DVI) 파단 사고시 발생하는 

열수력현상을 이해하고, 각국에서 사용하고 있는 원전안전해석코드를 검증하는데 크게 

기여할 것으로 기대된다.  

 

이 보고서는 OECD/CSNI 의 국제표준문제 운영 지침에 따라 ISP-50 을 추진하기 위한 

기술적 사양을 기술하고 있다. 표준문제의 목적, 단계, 참여기관 제공자료, 참여기관의 

평가결과 제출물, 일정 등의 상세한 추진 사양을 기술하고 있다.  
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1.  Introduction 
 

KAERI (Korea Atomic Energy Research Institute) has been operating an integral effect 
test facility, the ATLAS (Advanced Thermal-Hydraulic Test Loop for Accident Simulation) 
for accident simulations for the OPR1000 and the APR1400 which are in operation and 
under construction in Korea, respectively [1, 2]. The simulation capability of the ATLAS 
for major DBAs (Design Basis Accidents), including a large-break loss-of-coolant, a direct 
vessel injection line-break, and a main-steam-line-break accident, was evaluated by a best-
estimate system code MARS [3]. It was revealed that the ATLAS is sufficiently capable to 
simulate the major DBAs for the APR1400.  

 
The ATLAS program started in 1997 under a nuclear R&D mid- and long-term project 

funded by the Korean government. Since a complete installation of the ATLAS in 2005, 
several commissioning tests have been performed successfully [4]. Subsequently, the first 
preliminary integral effect test for a small break LOCA (SBLOCA) with a break size 
equivalent to a 3-inch cold leg break was performed in 2006 [5]. Comparison of the 
measured data and the post-test calculation results contributed to characterizing the integral 
behavior of the ATLAS. The achieved integral data was also used to minimize a scaling 
distortion of the ATLAS and to improve an input model of the ATLAS for the MARS code.  

 
In 2007, the ATLAS was extensively used for a broad range of integral tests on the 

reflood phase of a large break LOCA (LBLOCA) in order to resolve two safety issues of 
the APR1400 raised by a regulatory organization during its licensing process. One is the 
ECC (Emergency Core Cooling) bypass phenomenon in the upper annulus downcomer and 
the other is the downcomer boiling phenomenon in the lower annulus downcomer during 
the reflood phase for a postulated large break LOCA [2, 6]. More than 15 tests have been 
completed to support resolution of the safety issues and an intensive code assessment work 
is underway in collaboration with several organizations such as KINS (Korea Institute of 
Nuclear Safety), KNF (Korea Nuclear Fuel Co., Ltd.), and KHNP (Korea Hydro & Nuclear 
Power Co., Ltd.). Afterwards, the ATLAS was modified to have a configuration for 
simulating the DVI line break accidents of the APR1400 at the beginning of 2008. 
Sensitivity tests for different DVI line break sizes were successfully performed in 2008[7]. 
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The AP600 (or the AP1000) was the first reactor to adopt a DVI (Direct Vessel 
Injection) method for an emergency core cooling system instead of a conventional CLI 
(Cold Leg Injection) method. The double-ended severance of a DVI line is taken as a 
limiting sequence for a SB-LOCA (Small Break Loss of Coolant Accident) analysis of the 
AP1000. The US-APWR also selected the DVI method for delivering borated ECC water 
from safety injection pumps into the core. The DVI nozzle is located below the elevation of 
the centerline of the hot leg and cold leg nozzles. The VVER-1000 passively injects borated 
water in four pressurized accumulation tanks into the reactor core through separate inlet 
nozzles attached to the reactor pressure vessel (RPV). Those DVI-adopted plants treat a 
DVI line break as another spectrum among the SBLOCAs in their safety analysis because a 
DVI nozzle directly attached to a reactor vessel is vulnerable to a postulated break from a 
safety viewpoint.  

 
In Korea, the APR1400 adopted the DVI method as one of the improved safety features. 

This new design feature of the APR1400 can eliminate complicated piping interconnections 
and is believed to ensure more safety injection water reaches the reactor core. As the DVI 
line is an inherent design feature of the APR1400, a postulated accident, that a DVI line 
may be broken, should be taken into account as one of the SB-LOCAs to ensure the safety 
of the APR1400. As the DVI nozzle of which the inner diameter is 8.5 inch is located 2.1m 
above the cold leg in the upper part of the reactor pressure vessel (RPV) downcomer, it 
seems that the thermal hydraulic phenomena in the RPV downcomer may be different from 
the cold leg injection (CLI) mode during the postulated design basis accidents. In the event 
of a DVI line break, the vapor generated in the core is introduced to the RPV downcomer 
through the hot legs, the steam generators and the cold legs. Then the vapor should pass 
through the upper part of the RPV downcomer to be discharged through the broken DVI 
nozzle. Therefore, the behavior of the two-phase flow in the upper annulus downcomer is 
expected to be complicated and relevant models need to be implemented into safety 
analysis codes in order to predict these thermal hydraulic phenomena correctly.  

 
The URD (Utility Requirement Document) published by the EPRI (Electric Power 

Research Institute) recommends that a core uncovery should be prevented for a SB-LOCA 
up to an equivalent break diameter of 6 inch by a best-estimate thermal-hydraulic analysis 
[8]. The PSAR (Preliminary Safety Analysis Report) for the APR1400 includes safety 
analysis results for the DVI line break accidents [9]. The safety analysis was performed by 
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the CEFLASH-4AS code which is based on a conservative evaluation model (EM). Four 
different break sizes were analyzed: 100%, 25%, 12.5%, and 5% of the cross section of an 
8.5 inch DVI nozzle. For all the cases, the predicted peak cladding temperatures (PCT) 
were much lower than the acceptance criterion specified in 10 CFR 50.46 even though a 
partial core uncovery is predicted for break sizes greater than 25% of the cross section of a 
DVI nozzle.  

 
Bae et al. [10] performed sensitivity studies on a DVI line break size with a modified 

CEFLASH-4AS/REM code as a best-estimate approach. They showed that the DVI line 
breaks for an equivalent break diameter greater than 6 inch experience a core uncovery and 
consequently a fuel heatup. However, the predicted PCT is well below the acceptance 
criterion in 10 CFR 50.46. Chung et al. [11] carried out a PIRT (Phenomena Identification 
and Ranking Tabulation) for an identification of the important thermal-hydraulic 
phenomena during a DVI line break in the APR1400. The panel agreed that the scenario 
should be partitioned into four time phases: pre-trip, post-trip, refill, and long term cooling 
phases. The high ranked phenomena with a poor knowledge level which are important for 
the uncertainty of a code model and further experimental works were identified as follows: 
(1) cold leg to downcomer break flow, (2) countercurrent flow in a downcomer, (3) the 
fluid device flow during a SBLOCA, (4) condensation in a downcomer. Recently, the 
SNUF (Seoul National University Facility) was utilized to simulate the DVI line break 
accident [12]. It was observed that the downcomer seal clearing phenomena had a dominant 
role in a decrease of the system pressure and an increase of the coolant level of the core. 
However, the SNUF is a RHRP (Reduced Height and Reduced Pressure) facility which can 
not be operated at a higher pressure than 0.8MPa and it has a limited simulation capability 
due to a low core power and the fact that the secondary system is simplified as a lumped 
boundary condition. So far there is not enough integral effect test data for the DVI line 
breaks which can demonstrate the progression of the DVI line break accident realistically 
and can be used for an assessment and improvement of safety analysis codes.  

 
The ATLAS has been used to provide the unique test data for the 2(hot legs) x 4(cold 

legs) reactor coolant system with a direct vessel injection (DVI) of emergency coolant; this 
will significantly expand the currently available data bases for code validation. 
International Standard Problem (ISP) exercise using the ATLAS would contribute 
significantly to enhancement of understanding on the behavior of nuclear reactor systems 
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with the DVI and to the assessment of existing and new thermal-hydraulic analysis codes 
such as TRACE, CATHARE, RELAP, TRAC, ATHELET, CATHENA and MARS. The 
ISP exercise is also expected to help the ATLAS facility to be effectively verified by the 
international community. 

 
Since the first ISP exercise was performed with the Edwards’ Pipe in 1973, the 

NEA/CSNI has sponsored a considerable number of international activities to promote the 
exchange of experience between its Member countries in the use of nuclear safety codes 
and testing materials. A primary goal of these activities is to increase confidence in the 
validity and accuracy of analytical tools or testing procedures which are needed in 
warranting the safety of nuclear installations, and to demonstrate the competence of 
involved institutions. Three main areas of CSNI-sponsored international comparative 
studies include international standard problems (ISPs), computational benchmark studies 
(Benchmarks), and round robin tests (RRT). Up to now, forty nine ISPs were carried out by 
utilizing test facilities worldwide. A good review on the previous ISPs was summarized in 
the literature [13]. 
 

The ISP exercise using the ATLAS facility was proposed and discussed at the 10th 

Plenary Meeting of the NEA Committee on the Safety of Nuclear Installations (CSNI) 
Working Group on Analysis and Management of Accidents (WGAMA) in September 2007. 
The discussion at the GAMA plenary meeting with possible participants revealed that a 
DVI line break scenario would be attractive for the ISP exercise. At the 11th WGAMA 
meeting in October 2008, KAERI submitted a specified ISP proposal and a related CAPS 
as well based on a DVI line break scenario for PRG approval, after final endorsement by 
WGAMA members. Subsequently, the ISP exercise with the ATLAS facility focussing on 
a DVI line break scenario was finally approved by the CSNI meeting in December 2008 
and was numbered by ISP-50. 

 
This document was prepared to define specifications of the ISP-50 exercise according 

the guideline provided by OECD/CSNI [14]. It includes general objectives, phases, 
deliverables to participants, parameters required for comparison and the time table. 
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2.  General Objectives 
 

A best-estimate safety analysis methodology for the DVI line break accidents needs to 
be developed to identify the uncertainties involved in the safety analysis results. Such best-
estimate safety analysis methodology will contribute to defining a more precise 
specification of safety margins and thus lead to a greater operational flexibility. However, 
such an effort has never been reported yet because of a lack of an integral database on the 
DVI line break accidents.  

 
The current ATLAS ISP-50 aims at:  

 Better understanding of thermal hydraulic phenomena in the upper annulus 
downcomer region during the DVI injection period. 

 Generation of integral data base for code development and validation. 
 Investigation of the possible limitation of the existing best-estimate safety 

analysis codes 
 

3.  Outline of ISP 
 
Among the DVI line break scenarios, 50% of the cross section of a DVI nozzle would 

be of interest because this break size is on the edge of the criterion provided by the EPRI 
requirement where a core uncovery should be prevented by a best-estimate methodology. In 
particular, the thermal-hydraulic phenomena occurring in the upper downcomer region 
between the DVI nozzle and the cold leg nozzles are expected to be complicated due to the 
countercurrent flow of the upward break flow and the downward safety injection flow. 
Therefore, the relevant models need to be incorporated into the safety analysis codes in 
order to predict these thermal hydraulic phenomena correctly. 

 
In the present International Standard Problems (ISPs) exercises, the predictions of a 

50% DVI line break accident of the APR1400 with different best-estimate computer codes 
are compared with each other and above all with the results of a carefully specified 
experimental study. This exercise would contribute to assessing the code’s modeling 
capabilities and to identifying any deficiencies of the best-estimate system codes of the 
participants against the obtained integral data on the DVI line break accidents. 
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The present ISP exercise will be performed in two Phases. In the Phase 1, ISP exercise 
will be performed as a “blind” problem. The experimental results will be locked until the 
calculation results are made available for a comparison. All participants are requested to 
submit their calculation results to the operating agency for a comparison. In the Phase 2, the 
ISP exercise will be performed as an “open” problem with the experimental results released 
to the participants. 
 

4.  Specifications 
 
4.1 ATLAS facility 
 
4.1.1 Fluid System 
 

The ATLAS has the same two-loop features as the APR1400 and is designed according 
to the well-known scaling method suggested by Ishii and Kataoka [15] to simulate the 
various test scenarios as realistically as possible. It is a half-height and 1/288-volume scaled 
test facility with respect to the APR1400. The main motive for adopting the reduced-height 
design is to allow for an integrated annular downcomer where the multidimensional 
phenomena can be important in some accident conditions with a DVI operation. According 
to the scaling law, the reduced height scaling has the time-reducing results in the model. 

For the one-half-height facility, the time for the scaled model is 2  times faster than the 
prototypical time. The friction factors in the scaled model are maintained the same as those 
of the prototype. The hydraulic diameter of the scaled model is maintained the same as that 
of the prototype to preserve the prototypical conditions for the heat transfer coefficient. 
Major scaling parameters of the ATLAS are summarized in Table 1. 
 

The fluid system of the ATLAS consists of a primary system, a secondary system, a 
safety injection system, a break simulating system, a containment simulating system, and 
auxiliary systems. The primary system includes a reactor vessel, two hot legs, four cold 
legs, a pressurizer, four reactor coolant pumps, and two steam generators. The secondary 
system of the ATLAS is simplified to be of a circulating loop-type. The steam generated at 
two steam generators is condensed in a direct condenser tank and the condensed feedwater 
is again injected to the steam generators. Most of the safety injection features of the 
APR1400 and the OPR1000 are incorporated into the safety injection system of the ATLAS. 
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It consists of four safety injection tanks (SITs), a high pressure safety injection pump which 
can simulate safety injection and long-term cooling, a charging pump for charging auxiliary 
spray, and a shut down cooling pump and a shutdown heat exchanger for low pressure 
safety injection, shutdown cooling operation and recirculation operation. The break 
simulation system consists of several break simulating lines such as a LBLOCA, DVI line 
break LOCA, SBLOCA, SGTR, MSLB and FLB, etc. Each break simulating line consists 
of a quick opening valve, a break nozzle and instruments. It is precisely manufactured to 
have a scaled break flow through it in the case of the LOCA tests. The containment 
simulating system of the ATLAS has a function of collecting the break flow rate and 
maintaining a specified back-pressure in order to simulate a containment. Besides, the 
ATLAS has some auxiliary systems such as a makeup system, a component cooling system, 
a nitrogen/air/steam supply system, a vacuum system, and a heat tracing system.  
 

Schematic loop configuration of the ATLAS for the present DVI line break test is 
shown in Fig. 1. A 3-dimensional arrangement of the ATLAS is shown in Fig. 2, including 
a reactor pressure vessel, two steam generators, four reactor coolant pumps, a pressurizer, 
and four safety injection tanks. Arrangement and labeling of the primary legs is also shown 
in Fig. 3. The containment and break simulation systems in the ATLAS are described in the 
following sub-sections in detail. 
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Table 1. Major scaling parameters of the ATLAS 

 
 

 
Parameters Scaling law ATLAS design 

Length Rl0  1/2 

Diameter Rd0  1/12 

Area 2
0Rd  1/144 

Volume 2
00 RRdl  1/288 

Core DT RT0∆  1 

Velocity 2/1
0Rl  2/1  

Time 2/1
0Rl  2/1  

Power/Volume 2/1
0
−
Rl  2  

Heat flux 2/1
0
−
Rl  2  

Core power 2
0

2/1
RoR dl  1/203.6 

Flow rate 2
0

2/1
RoR dl  1/203.6 

Pressure drop Rl0  1/2 
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4.1.2 Containment Simulation System 
 

The break flow is discharged to a containment simulation system, which consists of 
separating vessels and measuring vessels. Overall configuration of the containment 
simulation system is shown in Fig. 4. The ATLAS has two separating vessels. One is 
named SV-01 and the other, SV-02. The SV-01 is designed to be used for separating a two-
phase break flow of which the flow rate is relatively small. It will be used for most test 
cases except for the LBLOCA which results in a large break flow rate. In the DVI line 
break test, only the one separating vessel SV-01 was used because the break flow rate is 
expected to be small. The break nozzle was installed vertically downward at the exit of the 
DVI-4 nozzle. The break flow from the broken DVI nozzle was collected into the 
separating vessel, SV-01. The steam, which is separated in two separating vessels, was 
discharged through a silencer to the atmosphere. The steam flow rate is measured by a 
vortex-type flow meter at the discharge line. The water, which is separated into two 
separating vessels, is drained to one of the five measuring vessels. A load cell is installed 
on the bottom of each measuring vessel to weigh the accumulated water mass in the 
measuring vessel.  
 

In the first series of DVI line break tests, two measuring vessels, MV-01 and MV-02 
were used alternatively to weigh the drained water mass from the separating vessel. First 
the separated water was introduced to the MV-01. When MV-01 was full of water, the flow 
direction was switched from MV-01 to MV-02 by a 3-way valve. When the MV-02 was 
used to measure the water mass, the MV-01 was drained for the next usage and vice versa. 
The separating vessel was also designed to simulate a containment back-pressure by 
controlling its pressure by using a pressure control valve. The measured pressure of the 
containment simulating tank was used as a boundary condition for the post-test calculation. 

 
Recently, the break flow measuring system has been improved reflecting the test data 

for LBLOCAs and DVI line breaks. Several design modifications have been made to the 
separating vessel to drain the separated water efficiently to the measuring vessel. The 
hemispheric bottom part of the separating vessel was reconstructed to be a cone-shape with 
an enlarged diameter and several rib-like plates were vertically installed inside the vessel to 
prevent the water swirling effect. It was found from several characteristic tests that this 
modification considerably reduced the water accumulation inside the separating vessel, 
leading to a much improved break flow measuring performance. 
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In addition, a direct break flow measuring method is being developed to complement the 
break flow measurement. A venturi will be installed at the discharge line of the break flow 
along with a capacitance sensor to measure the two-phase break flow rate.  
 
4.1.3 Break Simulation System 
 

A DVI line break is simulated by installing a break spool piece at one of the DVI 
nozzles. The configuration of the break spool piece is shown in Fig. 5. It consists of a quick 
opening valve, a break nozzle, a case holding the break nozzle, and a few instruments. A 
pressure transducer and two thermocouples were installed both upstream and downstream 
of the break nozzle. Detailed geometry of the break nozzle for the present DVI line break 
tests is shown in Fig. 6. The break nozzle is installed vertically downward at the discharge 
line of the DVI nozzle. The quick opening valve is opened within 0.5 seconds by operators 
when the test is initiated. The break flow is discharged to the containment simulating 
system. 
 
4.2 Major component scaling 

 
The selected DVI line break test will be performed at the same pressure and 

temperature conditions as the prototype plant, APR1400 especially in the primary system. 
Compared with the prototypic secondary pressure, the secondary pressure of the ATLAS is 
slightly reduced to obtain a steady state condition at 8% power level. Otherwise the primary 
temperature distribution along the primary loop can be distorted. In order to simulate the 
transient behavior of the APR1400 during a DVI line break as closely as possible with the 
ATLAS, the crucial components, whose performance can influence a transient behavior, 
should be scaled down appropriately. The reactor core, the heat loss compensation system, 
the break nozzle, the safety injection pump, the safety injection tank, and the core bypass 
flow path were defined as the components of extreme importance. 

 
4.2.1 Reactor core 

 
The ATLAS has a maximum power capacity of 8% of the scaled full power. An initial 

primary condition for the present data is obtained by applying 8% of the scaled power and 



 - 11 - 

 

 

by reducing the primary coolant flow rate by 8%. It results in the same temperature 
distribution along the reactor coolant loop which can minimize a scaling distortion.  

Scaling analysis was performed to establish an optimized core power which can 
minimize the distortion caused by the 8% core power of the ATLAS. Several options were 
investigated such as a no-delayed power trip and an additional delayed power trip with the 
best-estimate MARS 3.1 code. Stored energy of the reactor coolant inventory as well as the 
heater rod structure was carefully compared between the APR1400 and the ATLAS. It was 
concluded that in the case of the no-delayed power trip, where the core power maintains a 
constant value until it intersects with the scaled decay power and then follows the scaled 
decay power curve, resulted in a better scaling agreement than in the case of the additional 
delayed power trip. In the case of the additional delayed power trip, where the core power 
maintains a constant value for an additional period after an intersection with the scaled 
decay power before it starts to follow the scaled power curve, the break flow enthalpy was 
magnified more than in the APR1400 due to an additional applied power. As a consequence, 
the core power was programmed to be constant until it intersected with the scaled decay 
power. Then the core power was continuously controlled to follow 120% of the ANS73 
decay curve throughout the test. As the core of the ATLAS consists of three groups in order 
to simulate a radial distribution of the reactor power, the power of each group was 
controlled separately by a SCR (Silicon Controlled Rectifier) to have a uniform power 
distribution in a radial direction. 

 
4.2.2 Heat loss compensation 
 

The ATLAS Heat loss to the surroundings is considered to be one of the critical factors 
affecting a transient behavior. Physically, a heat loss rate can be determined by a free 
convection equation for a given temperature difference between an outer surface 
temperature and a surrounding temperature. The heat loss rate due to a free convection for 
an arbitrary immersed geometry is proportional to a temperature difference with a power of 
5/4 by Lienhard [16] as follows: 

 
4/5TQloss ∆∝        (1) 

 
Separate effect tests were conducted to quantify a heat loss of the ATLAS for a 

specified wall temperature. The secondary side was filled with air at an atmospheric 
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condition and the pressurizer was isolated from the primary system. As an integral 
approach, the primary system was heated up to a predetermined temperature and it was 
maintained at a constant temperature by controlling the core power. When the whole 
system reaches a steady state condition, the core power supplied at that time can be 
regarded as a heat loss of the primary system. Based on separate effect test results for 
various specified temperatures, the following empirical heat loss correlation was developed 
for the ATLAS. 

 
)(32.0 atmwloss TTQ −⋅= ,       (2) 

 
where Tw and Tatm are a representative wall temperature and an atmospheric 

temperature, respectively. During the transient, Tw and Tatm were obtained by averaging the 
measured outer surface temperatures of the downcomer wall of the RPV at three different 
locations and the atmospheric temperatures surrounding the ATLAS at four distributed 
locations, respectively. Based on the averaged Tw and Tatm, the heat loss rate to the 
surroundings was estimated by Eq. (2) and it was added to the core power. In particular, the 
estimated heat loss rate by Eq.(2) was partitioned into three groups to make certain of a 
uniform heat flux distribution of the core power in a radial direction. Though this empirical 
correlation was obtained at a steady state condition, it was assumed that it can be applied to 
the present transient test to compensate for the heat loss to the surroundings. 

 
4.2.3 Break nozzle 

 
When a break occurs, a choking is expected to occur during the entire test period 

according to the pre-test calculation by the MARS 3.1 code. The inner diameter of the 
break nozzle takes the first priority over anything else from the viewpoint of a break flow 
rate scaling. Therefore the break area should be scaled down according to the scaling ratio 
of the flow rate, 1/203.6. The inner diameter of the break nozzle was thus determined to be 
10.8mm which corresponds to 1/203.6 of an 8.5 inch break diameter of the APR1400. The 
length to diameter ratio of the break nozzle L/D takes the second scaling priority. It was 
noted that the data obtained for long tubes (12<L/D<40) can be correlated with a model 
which assumes a thermodynamic equilibrium and that the critical flow rate was relatively 
insensitive to the L/D for L/D>12.0 [17, 18]. Hence, the break nozzle was designed to have 
a well-rounded entrance and its length was fixed to be 140.0 mm including the entrance 
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region to comply with the long pipe requirement that the length to diameter ratio should be 
above 12. This long pipe requirement will be helpful to obtain reliable break flow in 
calculation. For the chosen nozzle, the scaling ratio of the friction loss coefficient between 
the reactor pressure vessel and the break point was preserved by controlling the roughness 
of the break nozzle. Though the friction loss coefficient along the break nozzle which 
depends on the roughness of the break nozzle is considered not to be an influential 
parameter affecting the break flow rate, the roughness was carefully confirmed to comply 
with a specified requirement during the nozzle fabrication process. 
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Fig. 1. Schematics of the ATLAS for the DVI line break tests 
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Fig. 2. 3-D view of the ATLAS 
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Fig. 4. Schematics of the containment simulation system  
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Figure 5 Configuration of the break simulation system for the DVI line break tests 
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Figure 6 Detailed geometry of the break nozzle for the present DVI line break test 
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4.2.4 Safety injection pump 
 

During a DVI line break accident, safety injection water is expected to be supplied by 

one safety injection pump and three safety injection tanks. According to the pre-test 

calculation, the safety injection water flow rate by the SI pump is a function of the primary 

pressure, because the SI pump of the APR1400 is of a centrifugal type. The lower the 

primary pressure becomes, the larger the SI flow rate becomes. In the ATLAS, a metering 

type SI pump was installed for a greater control flexibility. Its discharge flow rate only 

depends on the rotational speed for a specified stroke length, regardless of the discharge 

pressure. The SI pump was equipped with a VVVF (Variable Voltage Variable Frequency) 

controller to control its rotational speed.  

  

Figure 7 Required safety injection flow rate and corresponding rotational speed of 
the safety injection pump  
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rate and the rotational speed was obtained by a separate effect test. Then, the required SI 

flow rate as a function of the primary pressure was obtained from the pre-test calculation of 

the APR1400. The obtained SI flow rate was scaled down according to the scaling ratio of 

the ATLAS, 1/203.6, and it is shown in Table 2. As a result, the required rotation speed of 

the SI pump as a function of the primary downcomer pressure was achieved empirically. 

This empirical relationship was programmed into the control system of the ATLAS to 

simulate the scaled safety injection flow rate by the SI pump. Required safety injection 

flow rate and corresponding rotational speed of the safety injection pump are shown in Fig. 

7.  

 
Table 2 Scaled-down SIP flow rate with respect to the primary pressure during the test 

 

Primary pressure 
(PT-DC-01, MPa) SIP flow rate (kg/s) 

0.1013 0.323158 
0.446 0.318567 
0.791 0.313965 
1.136 0.309055 
1.480 0.304144 
2.170 0.294039 
2.859 0.283579 
4.238 0.260868 
5.617 0.235408 
6.995 0.206240 
8.375 0.170933 
9.754 0.123685 

10.100 0.107735 
10.440 0.088879 
11.130 0.0 
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4.2.5 Safety injection tank 
 

Another safety injection flow is provided by three safety injection tanks through the 

intact DVI nozzles, DVI-1, DVI-2, and DVI-3. The SIT of the APR1400 is equipped with a 

fluidic device (FD) to utilize its emergency cooling water more effectively than the 

OPR1000. The FD passively controls the discharge flow rate into the reactor vessel by 

changing the flow resistance inside the vortex chamber of the FD [19].  

 
Table 3 Water level set points of the SIT to simulate the FD of the APR1400 

 
SIT water level (%) 

Status 
SIT-1 SIT-2 SIT-3 

Initial condition 95.1 94.9 94.2 

Fluidic device starts 72.8 72.6 72.0 

Fluidic device empties 47.4 47.2 46.6 
 

The crucial parameters to be preserved in the present DVI line break test are the 

nitrogen gas volume of the SIT, the discharged high flow rate before the FD is activated and 

the discharged low flow rate when the FD is working. Preservation of the nitrogen gas 

volume implies a preservation of the pressure of the SIT. The initial nitrogen gas volume 

was preserved by setting the initial water level of the SIT. The nitrogen gas volume when 

the FD starts to work can be preserved by specifying a set water level value of the SIT. 

When the water level reaches the specified set value, the discharged flow rate is switched 

from a high flow injection mode to a low flow injection mode. An emptying of the SIT 

should be prevented, so that the nitrogen gas is not injected into the primary system both 

for the APR1400 and the ATLAS. The free volume of the SIT of the ATLAS has been 

designed to be 70% larger than that of the APR1400. Therefore, the minimum water level 

of the SIT of the ATLAS can be determined to simulate an empty condition of the SIT of 

the APR1400. A summary of the determined water levels of the SIT is shown in Table 3.   

The ATLAS has been slightly modified to simulate such a flow rate switching feature of 

the FD by installing an orifice and by controlling the flow control valve at the discharge 
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pipeline of the SIT. A basic idea is that the discharged high flow rate is simulated by 

controlling the flow resistance of the pipe line from the bottom of the SIT to the DVI 

nozzle, and the discharged low flow rate is simulated by controlling the stem position of the 

flow control valve. Therefore, separate effect tests were carried out to determine the throat 

diameter of the orifice and the stem positions of the flow control valve. The determined 

throat diameters of the orifices are summarized in Table 4 along with the stem positions of 

the flow control valves.  

 
Table 4 An orifice diameter and the stem positions of the flow control valves to simulate the 

FD of the APR1400 
 

Parameter SIT-1 SIT-2 SIT-3 

Initial nitrogen gas pressure (MPa) 4.2 4.2 4.2 

Orifice diameter (mm) 10.5 10.5 11.2 

Valve opening at high flow (%) 100.0 100.0 100.0 

Valve opening at low flow (%) 18.0 13.0 24.0 
 

 

Performances of three SITs were tested with the boundary conditions specified in 

Tables 3 and 4. The measured SIT injection flow characteristics of the ATLAS SITs were 

compared with that of the typical SIT of the APR1400 in Fig.8. The injected flow rate of 

the APR1400 was calculated based on the typical SIT design data. An initial pressure of 

3.93MPa was assumed and the fluidic device K-factors for the high and low flow 

conditions were assumed to be 16.0 and 100.0, respectively. In addition, the pressure loss 

coefficient for a discharge line was assumed to be 9.5. An isentropic condition with a 

specific heat ratio of 1.4 was used to calculate the variation of the SIT pressure of the 

APR1400. Concerning the back pressure for the APR1400 calculation, the measured 

downcomer pressure of the ATLAS was used as a boundary condition. A summary of the 

parameters to obtain the flow characteristics of the SIT of the APR1400 is shown in Table 5.  
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Table 5 Summary of the parameters to obtain the flow characteristics of the SIT of the 
APR1400 

 

Parameter Value 

Initial nitrogen gas pressure (MPa) 3.928 

Initial nitrogen gas volume (m3) 11.19 

Initial water volume (m3) 56.94 

Initial water level (m) 11.53 

Diameter of the discharge line (m) 0.257 

Specific heat ratio (γ) 1.4 

Fluidic device K-factor at high flow condition 16.0 

Fluidic device K-factor at low flow condition 100.0 

Pressure loss coefficient of discharge line (K) 9.5 
 

 

The top figure of Fig.8 shows a comparison of the SIT pressure variation during the 

injection period. The measured trend of the SIT pressure shows a good agreement with the 

prototypic pressure trend of the APR1400, though it shows a little higher pressure than that 

of the APR1400 at low flow conditions. The bottom figure of Fig.8 shows a comparison of 

the injected flow rate between the ATLAS and the APR1400. The right vertical axis was 

scaled-up with a 203.6 multiplication factor according to the flow rate scaling ratio of the 

ATLAS. Overall the measured data shows a good agreement with the characteristics of the 

SIT of the APR1400. Thus, it can be concluded that the typical characteristics of the SITs of 

the APR1400 were preserved well in the ATLAS. 
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Figure 8 Performance characteristics of the SITs of the ATLAS 

 
4.2.6 Core bypass flow path 

 
Two kinds of bypass flow paths in the reactor vessel were implemented into the 

ATLAS. One is the bypass flow path from the downcomer to the hot leg and the other is 

from the downcomer to the upper head of the core. Each bypass flow path consists of two 

external pipe lines opposite to each other. A flow control valve was installed at each 

external pipe line to simulate various bypass flow rates. The flow rates in these bypass flow 

paths were expected to influence a transient behavior during the integral effect tests. Thus, 

the flow resistances of the bypass flow paths need to be preserved to have the same bypass 

flow characteristics in the ATLAS as in the APR1400. According the pre-test calculation of 

the APR1400, the downcomer-to-hot leg and downcomer-to-upper head bypass flow rates 

are 1.4% and 0.5% of the total RCS flow rate, respectively. 

Separate effect tests were conducted to determine the openings of the flow control 
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valves to attain the preserved flow resistance of the bypass flow paths. Once the primary 

coolant flow rate was set to have the scaled flow rate by a full operation of the reactor 

coolant pump (RCP), the flow rate in each bypass flow path was measured by an external 

ultrasonic flowmeter for various valve opening positions from 0% to 100%. As a result, the 

flow coefficient of the control valve, Cv was obtained experimentally. Based on the 

obtained flow coefficient of each control valve, each valve’s opening position was 

determined to have a scaled down bypass flow rate through it. The determined valve 

positions are summarized in Table 6.    

 
Table 6 Required bypass flow rate and the determined openings of the bypass flow valves 

 

Valves Bypass flow 
rate (%) 

Bypass flow 
rate (kg/s) 

Valve position 
(%) 

Downcomer to upper head bypass valve, 
FCV-RV-37 0.25 0.25 74 

Downcomer to upper head bypass valve, 
FCV-RV-38 0.25 0.25 65 

Downcomer to hot leg bypass valve  
FCV-RV-95 0.7 0.71 81 

Downcomer to hot leg bypass valve  
FCV-RV-96 0.7 0.71 97 

 
4.3 Control and Instrumentation 
 
The control and data acquisition system of the ATLAS has been built with a hybrid 

distributed control system (DCS). The input and output modules are distributed in 10 
cabinets and they are controlled by two CPUs. The raw signals from the field are processed 
or converted to engineering units (EU) in a system server and these processed or converted 
signals are monitored and controlled through the HMI (Human Machine Interface) system 
by operators. The ARIDES system, which is provided by BNF Technology Inc. and is run 
on a LINUX platform, is used as control software.  

 
Instrumentation signal of the ATLAS consists of measurement-based analog input 

signals and control-based in-out signals such as AI (Analog Input), AO (Analog Output), 
TC (Thermocouple), DI (Digital Input), DO (Digital Output), and SR (Serial 
communication). Table 7 shows the number of measurement-based analog input signals 
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according to a sub-system of the ATLAS. The number of instruments is up to 1,236 at 
present, and the number of each signal processing group can be identified in the table. 
Instrument signals can also be categorized according to the instrument type such as the 
temperature, static pressure, differential pressure, water level, flow rate, power, and 
rotational speed. The control-based in-out signal is assigned for an individual control of the 
working devices such as the pumps, valves, and heaters and for a monitoring of the status 
including alarm and fault signals of the related devices. There are about 1500 logically 
derived IO signals. All the IO signals are processed at 10Hz. 

 
The Human-Machine-Interface (HMI) consists of 43 processing windows and they are 

classified according to the ATLAS’s fluid system. All the control devices can be controlled 
by manual, auto, sequence, group, or table control methods. The control logics are 
distributed in the RTP CPU, the system server and the HMI itself. The control logics which 
directly control or protect the control devices in the field are installed in the RTP CPU. 
Flexible control logics which control and monitor the sequential operations of the control 
devices are installed at the system server. They are based on a standard C++ program 
structure and can be customized easily depending on a user’s request. Flexibility is essential 
for an implementation of the major accident scenario simulations of the 
APR1400/OPR1000 with the ATLAS. Some control logics which are needed for a 
communication between the system server (or RTP CPU) and the HMI are also installed at 
the HMI. 

 
The monitoring system can display the real time trends or historical data of the selected 

IO signals on LCD monitors in a graphical form. The data logging system can be started or 
stopped by operators and a logging frequency can be selected from among 0.5, 1, 2, 10Hz. 
The raw signals as well as EU converted signals are saved in one of four operator 
processing stations. 

 
The ATLAS has a protection system which protects the operators in the control room and 

prevents the major hardware from a failure in the case of an emergency. The protection 
system consists of a software protection by control logics and a manual protection device 
on the emergency panel.  
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An uncertainty analysis is performed in accordance with a 95% confidence level. 
According to the ASME performance test codes 19.0, the uncertainty interval of the 
measured data is given by the root-mean-square of a bias contribution and a precision 
contribution. The uncertainty in the flow rates and collapsed water levels is calculated from 
the related relations along with an error propagation formula. The uncertainty levels of the 
static pressure and the temperature are +/- 0.1% and +/- 0.4% (max. 2.26 K) of the 
measured value, respectively. For the flow rate and the collapsed water level, the 
uncertainty intervals are about +/- 1.16% and +/- 3.9% of the measured value, respectively. 

 



 28 

 

 

Table 7. Summary of the ATLAS instrument channels 
 

TH TF TW TI TA PT DP LT QV QM BDFT LC EP TR RS VF

RPV 262 90 38 4 2 3 5 26 3 433

Loop 72 56 20 6 23 18 12 4 4 215

SG 124 92 6 2 6 2 36 4 272

PZR 2 11 13 3 2 1 9 1 2 44

2nd sys. 24 12 1 12 49

SDS 2 1 3

SIS 4 36 8 26 6 14 94

CS 13 5 3 1 5 27

CWS 6 1 2 9

SSS 1 2 3

MWS 1 1 1 3

NSS 1 2 1 4

Spool 28 20 2 2 52

CAS 1 1

Trace 25 25

VAS 1 1 2

268 409 207 33 4 89 33 98 39 1 12

** RPV includes CO, LP, OP, UP, UH, DC

** Loop includes Hl, IL, HL, RCP

** SIS include SIS, HPSI, RWT, SIT

Total
Etc.

12365 34 0 4

Temperature

921
0

Total

Flow

52220

Pressure
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5. Test Prospectus for a DVI Line Break 
 
5.1 Experimental procedure 
 

The ISP-50 test on a 50% DVI line break of the ATLAS will be performed according 
the following experimental procedure. The detailed initial and boundary conditions will be 
determined by incorporating the comments from the ISP participants. 
 

Basically, the experimental conditions for the DVI line break tests are determined by a 
pre-test calculation with a best-estimate thermal hydraulic code, MARS3.1. First of all, a 
transient calculation is performed for the DVI line break of the prototypic plant, APR1400 
to obtain the reference initial and boundary conditions. A best-estimate safety analysis 
methodology which is now commonly accepted in nuclear industries is applied to the 
transient calculation of the APR1400. The safety injection system of the APR1400 has four 
mechanically separated hydraulic trains. They are also electrically separated by two 
divisions, implying that each emergency diesel generator powers two hydraulic trains. The 
pre-test calculation will be conducted with the assumption of loss of off-site power 
simultaneously with the break and the worst single failure as a loss of a diesel generator, 
resulting in the minimum safety injection flow to the core. Furthermore, the safety injection 
flow to the broken DVI-4 nozzle is not credited. Therefore, the safety injection flow by the 
safety injection pump (SIP) is injected only through the DVI-2 nozzle opposite to the 
broken DVI-4 nozzle. As regards the safety injection flow by the four safety injection tanks 
(SIT), three SITs except for the SIT connected to the broken DVI-4 nozzle are available to 
provide the safety injection flow into the core. As for the core power, a conservative 1973 
ANS decay heat curve with a 1.2 multiplication factor will be used in the transient 
calculation. In the DVI line break, the containment back-pressure does not affect the 
progression of this transient, because a choking condition is maintained throughout this 
transient. Therefore, the containment back-pressure is not an important control parameter in 
the present test.  

 
Based on the calculated sequence of events of the DVI line break for the APR1400, the 

initial and boundary conditions for the present integral effect test are determined. The delay 
time required for an initiation of the safety injection systems such as the safety injection 
pump and the safety injection tank is reduced by a square root of two according the scaling 
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law of the ATLAS. Also, the delay times for an isolation of the secondary feedwater or 
steam supply systems are also scaled down by the scaling ratio of the ATLAS. The detailed 
sequence of events applied to the present test is summarized in Table 8.  
 

Table 8. Comparison of the sequence of a DVI line break (50% break) 
 

Events 
APR1400 
(time, sec) 

ATLAS 
(time,sec) 

Description 

Break open 0 0  
Low pressurizer pressure 
trip (LPP) 

28.6  If pressurizer pressure < 
10.72MPa 

Pressurizer heater trip LPP+0.0 sec LPP+0.0 sec 
Reactor sram & RCP trip LPP+0.5 sec LPP+0.35 sec 
Turbine isolation LPP+0.1 sec LPP+0.07 sec 
Main feedwater isolation LPP+10 sec LPP+7.07 sec 
Safety injection pump 
start 

LPP+40 sec LPP+28.28 sec 

Delay time is reduced by a 
square root of two 

Low upper downcomer 
pressure trip (LUDP) 

LUDP LUDP If downcomer pressure < 
4.03MPa 

Safety injection tank 
(SIT) start 

LUDP+0.0 sec LUDP+0.0 sec  

Low flow turndown of 
the SIT 

  If water level of the SIT is 
less than a specified set 
point 

 
 

The ISP-50 test with the ATLAS will be performed at the same pressure as the 
prototypic plant, APR1400. The temperature distribution along the primary loop will also 
be preserved. The primary inventory is heated with core heaters to its specified steady state 
condition and is pressurized by a pressurizer until the primary system reaches a steady state 
condition. During the primary heat-up process, the secondary system is also heated up to a 
specified target hot condition by controlling the heat removal rate from the primary system. 
At a steady state condition, the core power generated by electrical heaters is balanced by 
the energy removed by the secondary system. The obtained steady state condition will be 
maintained constant to stabilize the system behavior of the ATLAS.  

 



 31 

 

 

During the heat-up process, several crucial components influencing the boundary 
conditions of the test are controlled by operators. The four core bypass flow control valves 
are controlled to have the predetermined stem positions to have a scaled core bypass flow 
rate. The initial water levels and pressures of the safety injection tanks are controlled to 
have these specified values. The refueling water storage tank (RWT) is filled with water to 
its initial level of 50% and the water inventory is electrically heated to its pre-determined 
temperature of 52oC, and then the water is circulated through the injection line so as to 
preheat the line up to the same temperature as the water.  

 
Subsequent to the heat-up process, several initialization procedures are taken to obtain 

the required initial and boundary conditions for the DVI line break. The primary coolant 
flow rate is reduced to 8% of the scaled value to have the same temperature distribution 
along the primary loop. Operation experience shows that the required 8% of the primary 
coolant flow rate is achieved in a natural circulation condition. The containment pressure 
control valve is opened fully to simulate an atmospheric pressure during the present test. 
All connecting pipe lines and three-way valves of the containment simulating system are 
aligned to measure the break flow rate separately.  

 
After a steady state condition in the whole ATLAS system is maintained for more than 

10 minutes, the transient test is commenced. First of all, a data logging is initiated to log all 
measurement points in a steady state condition. After the initial data logging is completed 
for about 200 seconds, the DVI line break test is initiated by opening a quick-opening break 
valve, OV-BS-03 at the break spool piece. When the pressurizer pressure reaches a 
specified pressure of 10.72MPa, the low pressurizer pressure (LPP) signal is automatically 
generated by embedded control logics. The heaters of the pressurizer and all tracing heaters 
in the primary system are tripped at the same time of the LPP signal. The RCP is 
automatically tripped with a time delay of 0.35 seconds after the LPP signal. The main 
steam, the main feed water line is isolated with a time delay of 0.1 seconds, 7.1 seconds 
after the LPP signal, respectively. The isolation of the secondary system requires a 
simultaneous actuation of several valves in the pipe line. It is done by the programmed 
control logics without an operator intervention. Operation of the SI pump is triggered by 
the LPP signal with a time delay of 28.3 seconds. The initiation of the SI pump requires an 
alignment of the valves located in the supply line. This alignment is also completed 
automatically by the control logic without any time delay. 
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When the downcomer pressure of the reactor vessel becomes lower than the specified 

pressure of 4.03MPa, the SIT starts to deliver the high SI flow to the reactor vessel by fully 
opening the flow control valve. When the water level of the SIT reaches a specified set 
point, the stem of the flow control valve is lowered to a specified position to supply a 
required low injection flow rate. When the water level of the SIT is lowered to a specified 
empty set point, the flow control valve is fully closed for the nitrogen gas not to be injected 
into the reactor vessel. The transient is terminated with a termination of the data logging 
when it is judged by operators that all the major phenomena have already happened. 

 
5.2 Initial and boundary conditions 
 

The initial conditions for the selected DVI line break test are determined by applying 
8% of the scaled core power and by reducing the primary coolant flow rate by 8% of the 
nominal value. Due to the reduced core power, the initial secondary pressure should be 
higher than that of the prototypic plant by about 0.8MPa in order to preserve the same 
temperature distribution along the primary system. The reason can also be explained by the 
energy balance throughout the steam generator tubes. In the ATLAS, the heat transfer rate 
across the steam generator tube should be reduced to 8% of the nominal value due to the 
reduced core power. Under the given heat transfer area of the steam generator tubes of the 
scaled full power, the energy balance can be obtained by reducing the heat transfer 
coefficient or reducing the temperature difference between the primary and secondary 
systems. The first procedure can make the primary temperature condition the same as the 
APR1400 without changing the secondary pressure. However, the first procedure results in 
more distortions for the various primary parameters than expected. Therefore, we decided 
to change the secondary pressure rather than reduce the heat transfer coefficient. 

 
The boundary conditions for the selected test are determined from the transient 

calculation of the prototypic plant, APR1400. The design values of the APR1400 are scaled 
down according the scaling law of the ATLAS. For instance, the emergency core cooling 
water flow rates provided by the safety injection pump and the safety injection tanks are 
scaled down and applied to the present test. The break nozzle is carefully designed to 
discharge the scaled critical flow. All the boundary conditions of each control device in the 
course of the test period are implemented automatically by embedded control logics, 
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including the required delay time. There is no operator intervention during the entire test 
period. A summary of the initial and boundary conditions for the present test are shown in 
Table 9.  
 

Table 9. Comparison of the initial conditions for a 50% DVI line break test 
 

Parameter Target value Remarks 
Primary system 
 - Core power (MW) 
 - PZR Pressure (MPa) 
 - Core inlet temp. (oC) 
 - Core exit temp.( oC) 
 - RCS flow rate (kg/s) 

 
1.56  
15.5 
290.7 
324.2 
2.0 

 
8% scaled core power 
 
 
 
Cold leg flow rate 

Secondary system 
 - Pressure (MPa) 
 - Steam temp. (oC) 
 - FW temp. (oC) 
 - FW flow rate (kg/s) 
 - Water level (m) 
 - Heat removal (MW) 

 
7.83 
293.5  
232.2 
0.44 
2.0 
0.78 

 
 

ECCS 
 - SIT pressure (MPa) 
 - SIT temp. (oC) 
 - SIT level (%) 
 - RWT temp. (oC) 

 
4.2 
50 
95.1/94.9/94.2 
50 

 
 

Containment 
 - Pressure (MPa) 

 
0.1 
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6. Deliverables to Participants 
 

An operating agency, KAERI will provide all the participants with the following 
deliverables during the Phase 1 program. 

 
The expected deliverables are: 
- Geometric information of the ATLAS facility (Facility description report) 
- Break location information 
- Performance data of major components 
- Initial and boundary conditions for the selected test 
 

 Core power as a function of time in kW 

 Total heat loss as a function of time in kW 

 Initial primary flow rate in kg/s 

 Initial RCP speed in rpm 

 Initial pressurizer pressure in MPa 

 Initial pressurizer water level in m 

 Initial hot and cold leg temperature in oC 

 Initial secondary steam pressure of SG-1 and 2 in MPa 

 Initial secondary steam temperature in oC 

 Initial feedwater flow rate of each steam generator in kg/s 

 Initial water level of each steam generator in m 

 Boundary feed water temperature of each steam generator in oC 

 Boundary safety injection flow rate by a SIP in kg/s 

 Boundary safety injection flow rate by each SIT in kg/s 

 Boundary safety injection water temperature in oC 

 Containment back pressure as a function of time in MPa 

 
A steady state input file of the ATLAS facility for the MARS code, which is the same 

as the RELAP5/MOD3 code, will not be delivered to the participants for an efficient and 



 35 

 

 

beneficial ISP. However, it will be provided to those organizations wishing to have it with 
notification to the other participants in order to ensure a fair ISP.  

 
Other information required for the “blind” calculation can be provided upon request 

during the ISP period by sending an electronic mail to the operating agency. 
 
In the following “open” exercise of the Phase 2 program, KAERI will provide all the 

participants with all the major measured data. 
 

7. Parameters Requested for Comparison 
 

Participants are requested to forward their results by electronic mail to Dr. Won-Pil 
Baek (wpbaek@kaeri.re.kr) with copy to Dr. Ki-Yong Choi (kychoi@kaeri.re.kr).  

 
The typical required quantities include: 
- Core power in kW 
- Primary pressure in MPa 
- Secondary pressure in MPa 
- Containment back pressure in MPa 
- Maximum peak cladding temperature in oC 
- Primary flow rate in kg/s 
- Core bypass flow rate in kg/s 
- Secondary flow rate in kg/s 
- Break flow rate in kg/s 
- Accumulated break flow in kg 
- Safety injection flow rate by a SIP in kg/s 
- Safety injection flow rate by each SIT in kg/s 
- Accumulated safety injection flow by a SIP in kg 
- Accumulated safety injection flow by each SIT in kg  
- Collapsed water level of the core in m 
- Collapsed water level of the downcomer in m 
- Collapsed water level of the vertical side before the RCP suction nozzle in m 
- Collapsed water level of the uphill and downhill sides of the SG in m 
- Pressure difference between the downcomer and the upper head of the RPV in kPa 
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- A comparison table for all the initial and boundary conditions used for calculation 
 
The calculation time should be longer than 2000 seconds after a break initiation to 

include all the major important phenomena during the DVI line break accident. The 
predicted results by the best-estimate computer codes of the participants shall be forwarded 
in a Microsoft Excel format. The data submission format will be delivered to the 
participants prior to the exercise by the operating agency. All the participants are required 
to submit their calculation results in strict conformity to the template file. The template file 
for data submission consists of two sheets, named as “Data Submission Format” and “DSF 
Description.” A total of 126 parameters were defined for the data submission format. The 
requested parameters are listed in Appendix A. In the first row of the “Data Submission 
Format” sheet, data column number was indicated, and in the second row, the reference 
instruments of the ATLAS were designated. The related descriptions on the data column 
number and the reference instruments of the ATLAS can be found in the “DSF 
Description” sheet of the template file. The detailed locations of the reference instruments 
are shown in Figs. 9 through 15.  
 

8. Other Requested Information 
 

All the participants are required to describe their calculation environment. 
- Institute and country 
- Participants 
- Description of the computer code used for exercise 
- Geometry modeling 
 

9. Time Table 
 

February 2009:  Distribution of draft specification of ISP 
April 21, 2009:  ISP-50 1st workshop to kick off ISP exercise 
    Comments on the ISP specification 
    Provide the facility summary report 
May 2009:   Distribution of the final ISP specification 
June 2009:   Perform the agreed test by operating agency 
August 2009:  Provide detailed information on actual test conditions and 
    procedures 
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December 2009:  Complete blind calculations (phase 1)-submission due 
January 2010:  Collect calculation results and result comparison 
March 2010: Provide test report and draft comparison report on blind 

calculation 
May 10-12, 2010: ISP-50 2nd workshop to discuss the draft comparison 

report, distribution of experimental results 
September 2010:  Complete open calculation (phase 2)-submission due 
 Revise the calculation and presentation to WGAMA 
January 2011: Provide final draft report 
March 2011: Final workshop 
June 2011: Final report 
October 2011: Review and endorsement by WGAMA 
 Submission to PRG/CSNI for approval 

 

10. Other Aspects 
 

This ISP would provide the participants with the following benefits: 
 

 Participants will have a privileged access to the technical information related to 
the ATLAS facility, which is one of the key safety research facilities  

 Participants will also have a privileged access to the test data, which will be 
unique and very valuable to assess the best-estimate codes 

 Participants can share the expertise and experience in using computer codes 
and operating large experimental loops 

 
The hosting organization will have many benefits from this exercise in many ways. The 

most important is to have comments and feedbacks from the international scientific 
community on the experimental facility, test procedures and techniques, measurement 
techniques. Through this exercise, the ATLAS can be better validated for future domestic 
and international utilization.  
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Fig. 9 Reference instrumentation locations in RPV for the data submission format  
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Fig. 10 Reference instrumentation locations in the core for the data submission format  



 40 

 

 

 

 Fig. 11 Reference instrumentation locations in RCS for the data submission format  
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Fig. 12 Reference instrumentation locations in pressurizer for the data submission 

format 
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Fig. 13 Reference instrumentation locations in ECCS for the data submission format 
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Fig. 14 Reference level measuring locations in SG for the data submission format 

 
 



 - 44 - 

 

 

 
Fig. 15 Reference flow and temperature measuring locations in SG for the data 

submission format 
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(Germany), KFKI-AEKI (Hungary), EDO Gidropress (Russia), VTT, Fortum (Finland), NRI (Czech 

Republic), Univ. of Pisa (Italy), KINS, KNF, KOPEC, and KAERI (Korea). In addition, KTH in Sweden and 

HSE in UK are considering late participation. Recently, NPIC and CIAE in China hope to join the ISP-50. 

As for the safety analysis codes, nine codes are expected to be used for the ISP-50: MARS-3D, RELAP5-

3D, RELAP5, TRACE, CATHARE, APROS, ATHELET, TRAP, and KORSAR. It is the first ISP exercise in 

Korea in which a domestic test facility is utilized by international nuclear society and this exercise will 

contribute to extending our physical understanding on thermal hydraulic phenomena during the DVI line 

break accidents and to verifying the best-estimate thermal-hydraulic safety analysis codes.  

This report was prepared to define technical specifications of the ISP-50 exercise according the guideline 

provided by OECD/CSNI. It includes general objectives, phases, deliverables to participants, parameters 

required for comparison and the time table. 

Subject Keywords 
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