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ABSTRACT  

OSU-MASLWR integral test facility, owned and operated at Oregon State University, 
represents a Small Modular Reactor cooled and moderated by light water. The main features 
of the experimental facility are based on the preliminary design of the Multi-Application 
Small Light Water Reactor carried out at Idaho National Labs. This reactor relies on natural 
circulation and on passive and inherently safe engineering safety features. It is featured by a 
helical-coil steam generator. The primary system and the containment is inherently coupled, 
in some anticipated operation occurrences and postulated accident conditions. Reliable 
simulations of such system requires the demonstration that a thermal-hydraulic system code, 
i.e. RELAP5 in this paper, can predict or, at least, bound some phenomena, which are outside 
its standard area of application. Challenging phenomena for the code simulation are: SG heat 
exchange for helical-coil SG and two phase instabilities in parallel tubes; mixing and thermal 
stratification in a pool system; the condensation on the free surface in presence of 
noncodensable gas; chocked flow, the coupling primary system and containment. 

This paper presents the blind calculations by RELAP5 code and the post-test analyses of 
two experiments performed in OSU-MASLWR facility. They are a natural circulation 
experiment aimed at characterizing the system performances at different power levels and a 
total loss of feedwater flow postulated accident. The activity has been performed in the 
framework of an International Collaborative Standard Problem under the auspices of the 
IAEA. 

1 INTRODUCTION 

Nowadays, there is revival of interest in small and simpler NPP designs for electricity, 
water desalinization and heat productions. The interest in small nuclear power reactors is 
driven both by the necessity to reduce capital costs and to provide power for small and 
medium grids through modular approaches. The proposed technologies are very diverse[1]. In 
general, these designs can be categorized as Gen. III+ or Gen. IV. 

The general features of the SMR, which distinguish these designs from current operated 
NPP, would be: greater simplicity of design; enhanced robustness; economy of mass 
production; reduced siting costs; and high level of passive or inherent safety in the event of 
malfunction.  

The MASLWR[2] concept is a small, safe and economic natural circulation pressurized 
light water reactor (i.e. PWR), which has been developed by the INL, Nexant Inc. and the 
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OSU. The reactor concept is based on proven LWR technology, relies on natural circulation 
and is flexible. The power of MASLWR[3] would be 150 MWth. 

The reactor has an integral layout of the primary system. The reactor vessel houses the 
core and support structures, the core barrel, the upper internals, the shielding, the control rod 
guides and the control and safety instrumentation, the SG, the PRZ, and the heaters. This 
layout eliminates separate steam generators and pressurizer, connecting pipes and supports. 
Therefore, some typical PWR postulated accident are not plausible or classified as less severe. 
The elimination of the large LOCAs, since no large primary penetrations of the reactor vessel 
or large loop piping exist, is only the most easily visible of the safety potential characteristics 
of integral reactors. Many others are possible but they must be exploited through an 
appropriate design. 

The primary fluid[3] (Fig. 1) enters in the core from the bottom of the riser and moves 
upwards through a long vertical tube in the center of the RPV. This has the function to 
enhance the driving head of the natural circulation flow. Once the top of the riser is reached 
(below the PRZ plate) the fluids descends through the outer annulus bounded by outer wall of 
the riser and the inner wall of the RPV. The heat furnished by the reactor core is removed 
fluid by means of helical coil tubes SG, wrapped around the riser. The primary fluid cooled 
descends through the outer annulus towards the core inlet again. The primary coolant 
conditions are subcooled in normal steady state operating conditions, whereas the steam 
generated in the secondary side is superheated.  

The OSU-MASLWR ITF, owned and operated at OSU, represents the scaled down 
experimental model of the MASLWR design. Blind calculations by RELAP5 code and the 
post-test analyses of two experiments performed in OSU-MASLWR facility are presented. 
They are a NC experiment aimed at characterizing the system performances at different power 
levels and a total LOFW postulated accident scenario.  

 
Figure 1: MASLWR layout 

2 OSU-MASLWR INTEGRAL TEST FACILITY  

The OSU-MASLWR ITF[4],[5] is designed on the basis of the results of the scaling 
analysis in order to properly model steady state and transient behavior of the prototype 
reactor. It models the MASLWR conceptual design including RPV cavity and containment 
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structure. It is scaled 1:3 in length, 1:254 in volume and 1:1 in time. It is designed for full 
pressure (11.4 MPa) and full temperature (590 K) operation. 

The test facility can be divided into three systems (Fig. 2a)[4]. The first is the primary 
circuit, including the RPV (see Fig. 2b) and its internals (i.e. core, hot leg riser, SG, PRZ) and 
ADS blowdown, vent and sump recirculation lines. Then, the secondary circuit is composed 
by the helical coil SG (placed inside the vessel), the feed water pump, and associated valves. 
The third is containment structure, which includes the high pressure containment as well as 
the cavity (containment pool vessel) where the containment structure is located. 

 

  
(a) Photo of overall facility  (b) Schematization of the RPV 

Figure 2: OSU MASLWR Test Facility 

3 RELAP5 NODALIZATION OF OSU-MASLWR ITF 

The OSU-MASLWR facility is represented by the RELAP5/Mod3.3 code nodalization 
(see the sketch in Fig. 3) according with the description of section 2. Hereafter, the main 
features of the model are briefly outlined[6].  

• The elevations of the different parts of the facility are maintained in the nodalization. 
• The SG secondary side tubes are modeled using the “average” inclination angle of the real 

geometry, thus horizontal flow regime is applied in the equivalent tube. 
• The heat transfer correlation in the SG secondary side has been changed with a fouling 

factor. 
• The node to node ratio is kept uniform with a maximum ratio of 1.2 between adjacent sub-

volumes. 
• A sliced approach is applied at all systems (i.e. primary, secondary, HPC, CPV and 

interfacing systems). 
• The cross connections of the HPC are set-up according with the expected fluid paths in the 

system. 
• The chocked flow is calculated using Henry Fauske model. 
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• The energy loss coefficients in the junctions are evaluated or estimated on the basis of the 
geometry. 

• The roughness is set 5.0E-5m with the exception of the core region and the SG tubes. 
• The material proprieties are taken by the IAEA ICSP documentation (Ref. [7]), when 

available. 
 

 
Figure 3: RELAP5/Mod3.3 nodalization of OSU-MASLWR Test Facility 

4 ASSESSEMENT OF RELAP5 CODE 

4.1 Test SP2: LOFW with ADS operation and long term cooling 

The test SP2 is a LOFW with ADS operation and long term cooling. The simulation is 
blind: only the “selected” initial and boundary conditions were available to perform the code 
calculation. The main steady state results are summarized in Tab. 1. The HPC and CPV are 
initialized with liquid water at 0.101MPa and 25°C. The upper volumes, above the liquid 
level free surface, are initialized with nitrogen. The HPC has a valve on the vessel top, which 
is activated on high pressure signal (>2MPa) in HPC. The CPV system is opened during the 
overall transient. Steady state and initial conditions (Tab. 1) are achieved accordingly with the 
specifications. Few minor deviations are observed with the experimental results. 

The resulting sequence of main events is reported in Tab. 2. Four phases and related 
phenomena are identified in the transient (Tab. 2), as hereafter reported. The timing reported 
in parenthesis are referred to the code results. 

1. Phase 1 – increase of energy in primary system (0-54s): from loss of FW up to the ADS 
vent valve 1 opening; 

MASLWR nodalization - 1D version - Rev. 1
IAEA ICSP NC and LOFW tests -  Dec. 2010

500-32 501-32
500-32 501-32

500-31 501-31

500-31 501-31

440-03 440-03 440-02 500-30 501-30

430-04 440-02 500-30 501-30
430-05 440-01 500-29 501-29
441vlv 440-01 500-29 501-29

442 435 436 500-28 501-28

435 436 500-28 501-28

430-04 431-04 500-27 501-27
430-04 431-04 500-27 501-27
430-03 431-03 500-26 501-26
430-03 431-03 500-26 501-26

430-02 431-02 500-25 501-25

430-02 431-02 500-25 501-25

430-01 431-01 500-24 501-24

130-06 430-01 431-01 500-24 501-24

130-05 310 311-vlv 312-01 312-08 425 426 500-23 501-23
130-04 425 426 500-23 501-23

130-03 420-12 421-12 500-22 501-22
130-02 420-12 421-12 500-22 501-22
130-01 420-11 421-11 500-21 501-21

120 420-11 421-11 500-21 501-21

125-33 125-33 420-10 421-10 500-20 501-20
115-32 125-32 420-10 421-10 500-20 501-20

115-31 125-31 220-34/37 220-38/42 240 241vlv 242 420-09 421-09 500-19 501-19

115-30 125-30 220-30/33 420-09 421-09 500-19 501-19
115-29 125-29 220-26/29 420-08 421-08 500-18 501-18

115-28 125-28 220-221/25 420-08 421-08 500-18 501-18

115-27 125-27 220-18/21 420-07 421-07 500-17 501-17
115-26 125-26 220-14/17 420-07 421-07 500-17 501-17
115-25 125-25 220-10/13 201 420-06 421-06 500-16 501-16

115-24 125-24 220-06/09 220-01/05 204 203vlv 202-01/05 200 420-06 421-06 500-16 501-16

115-23 125-23 420-05 421-05 500-15 501-15
115-22 125-22 420-05 421-05 500-15 501-15
115-21 125-21 420-04 421-04 500-14 501-14
115-20 125-20 420-04 421-04 500-14 501-14
115-19 125-19 420-03 421-03 500-13 501-13
115-18 125-18 420-03 421-03 500-13 501-13
115-17 125-17 420-02 421-02 500-12 501-12
115-16 125-16 420-02 421-02 500-12 501-12
115-15 125-15 420-01 421-01 500-11 501-11

115-14 125-14 420-01 421-01 500-11 501-11

115-13 125-13 415 416 500-10 501-10
115-12 125-12 305 306-vlv 307-01 307-10 307-11 415 416 500-10 501-10

115-11 125-11 307-11 410-02 411-02 500-09 501-09
115-10 125-10 307-11 410-02 411-02 500-09 501-09

115-09 125-09 307-12 410-01 411-01 500-08 501-08

115-08 125-08 307-12 410-01 411-01 500-08 501-08

115-07 125-07 300 301-vlv 302-01 302-02 302-10 302-11 405 406 500-07 501-07

115-06 125-06 302-11 405 406 500-07 501-07

115-05 125-05 302-12 400-04 401-04 500-06 501-06
115-04 125-04 302-12 400-04 401-04 500-06 501-06
115-03 125-03 400-03 401-03 500-05 501-05
115-02 125-02 400-03 401-03 500-05 501-05
115-01 125-01 400-02 401-02 500-04 501-04

110 15-vlv 900 400-02 401-02 500-04 501-04

400-01 401-01 500-03 501-03

500-03 501-03
500-02 501-02
500-02 501-02
500-01 501-01
500-01 501-01

PRZ 

Primary system ADS Vent System (x2) 

Secondary system 

HPC system 
CPV system 

ADS System (x2) 

SUMP System (x2) 

SG helical coils  

SG zone 

connection 

connection 

connection 

Core 

Heat transfer plate 

Riser 

PRZ 
plate 
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2. Phase 2 – primary system depressurization (54-168s): from the ADS vent valve 1 
opening up to the high pressure signal in HPC; 

3. Phase 3 – ADS vent valve 1 cycling (168-3882s): from the first high pressure signal in 
HPC up to the low pressure difference between primary system and HPC; 

4. Phase 4 – long term cooling (3882-21812s): from the low pressure difference between 
primary system and HPC up to the end of transient. 
Sample experimental and calculated parameter trends are reported in Fig. 4. The full set 

of comparisons is available in Refs. [6] and [8]. 
Table 1: OSU-MASLWR Test SP-2: steady-state results 

# Parameter ID Unit Experiment RELAP5 
1 Pressurizer pressure PT-301 MPa(a) 8.619 (gauge) 8.64 (abs) 
2 Pressurizer level LDP-301 m 0.3607 0.33 
3 Power to core heater rods KW-101/102 kW 298 297.3 
4 Feedwater temperature TF-501 ºC 21.4 20 
5 Steam temperature FVM-602-T ºC 205.4 202 
6 Steam pressure FVM-602-P MPa(a) 1.411 1.45 (abs) 
7 HPC water level LDP-801 m 2.820 2.88 
8 Coolant temperature at core inlet TF-121-124 ºC 215.0 210 
9 Coolant temperature at core outlet TF-106 ºC 251.5 250 

 
Table 2: OSU-MASLWR Test SP-2: phenomena identification and resulting sequence of 

main events 
# Ph.W. Phenomena/Processes (1) Event 

Time (s) 
EXP R5 

1.1 

Phase I 
(0-54s) 

Condensation in stratified conditions 
Heat transfer in SG  
Parallel channel instability in SG tubes 

Start of simulation – steady state 
(start of data collection) 0 0 

1.2 Stop MFP 
Close HPC vent valve SV-800 0 0 

1.3 PT-301 (PPRZ) = 9.064 MPa (1300 psig)  
Enter decay power mode 36.2 37.4 

2.4 Phase II 
(54-168s) 

Critical flow in valve (two phase and vapor phase)2Φ 
natural circulation in primary system 
Pool TH in HPC and CPV 
Heat transfer across the HPC-CPV wall 
Thermal mixing and stratification in HPC and CPV 
Condensation in stratified conditions on the HPC wall 
and on the liquid free surface  
Non-condensable effect. 

PT-301 (PPRZ) = 9.409 MPa (1350 psig)  
De-energize PZR heaters 
Open ADS vent valve (PCS-106A) 

51 54 

3.5 

Phase III 
(168-

3882s) 

Critical flow in valve (vapor phase) 
2Φ natural circulation in primary system 
Pool TH in HPC and CPV 
Heat transfer across the HPC-CPV wall 
Thermal mixing and stratification in HPC and CPV 
Condensation in stratified conditions on the HPC wall 
and on the liquid free surface  
Non-condensable effect 

1ST closure of ADS vent valve (PCS-106A) 131 168 

3.6 Record opening and closing times for PCS-
106A Ref. [6] 

3.7 Record opening and closing times for SV-
800 -- 

-- 
(always 
closed) 

4.8 

Phase IV 
(3882-

21812s) 

Flow in valves (ADS and SUMP) 
2Φ natural circulation in primary system 
Boiler condenser mode in primary and HPC systems 
Heat transfer across the HPC-CPV wall 
Thermal mixing and stratification in HPC and CPV 
Condensation in stratified conditions on the HPC wall 
and on the liquid free surface  
Non-condensable effect 

Long-term cooling   
PT-301 (PPRZ) - PT-801 (PHPC) < 0.034 MPa 
(5 psi) 
PCS-106A and  PCS-106B opened 
PCS-108A and PCS-108B opened 

4024 3882 

4.9 

End of test if (or): 
-  PZR pressure ≤ 0.135 MPa (5 psig) 
- Primary coolant temperature (TF-132) ≤ 

35 ºC (95 ºF) 
- 5 hours have elapsed 

15821 
(2) 

15821 
(3) 

(1) The following TH phenomena are common to all phases of the transient: Pressure drop at discontinuities; Wall to 
fluid friction; Heat transfer in covered core; Heat transfer in passive structures and heat losses; Global 
multidimensional coolant temperatures and flow distributions; and 1Φ natural circulation in primary system 

(2) Experimental TH conditions in the primary system @ 15821s: PPRZ=0.51MPa; TPS = 160 °C 
(3) Calculated TH conditions in the primary system @ 15821s: PPRZ=0.33MPa; TPS = 145 °C 
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The test starts (phase 1) with the primary system in single phase natural circulation. The 
mass flow is driven from the balance between driving and resistant forces. Driving forces are 
the result of fluid density differences occurring between ascending (core side, inner zone) and 
descending sides (SG side, annular zone) of the main vessel. Resistant forces are due to 
irreversible friction pressure drops along the entire loop. The correct prediction of this phase 
is mainly connected with the calculation of the pressure drop in the system, thus the set up of 
the energy loss coefficients, and the calculation of the heat exchange across the core and the 
SG. The heat transfer in covered core is correctly calculated by the code. On the contrary, 
model deficiencies (convective heat transfer in the inner SG tubes) and user effect are critical 
issues for the heat transfer across the SG and for the pressure drop evaluations. At time 0s, the 
FW pump is switched off. From this time on, the loss of heat sink causes the unbalance of 
energy in the primary system, and the primary pressure (Fig. 4a) starts to rise. The rate of 
pressure increase is driven by the difference between the core power (plus the heaters) and the 
heat losses, assuming that the total mass inventory is correct (no experimental data is 
available). Once the first high pressure signal is met (Fig. 4a), the electrical power is switched 
to decay heat mode. The coolant temperature difference across the core decreases rapidly 
(Fig. 4c), nevertheless primary pressure continues to increase until the second high pressure 
signal in primary system is achieved. 

 

 
(a) PS (blue) and HPC pressures (red and green) 

 
(b) PS (blue), HPC (red), CPV (black) and PRZ (green) levels 

 
(c) PS coolant T, liq. phase (in order lower plenum, core outlet, SG outlet, riser, riser outlet and PRZ) 

 
 

Water flow through ADS valve 1 – calculated results 

PRZ temperature affected by metallic structure – experimental results 

Cold water from HPC moves to primary system 

II high pressure signal 
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(d) HPC coolant temperatures at different elevation (TF811 lowest and TF861 highest elevations) 

Figure 4: Test SP2, blind calculation vs experimental results 
 

This is the set point of the ADS vent valve 1 opening and of PRZ heaters off (beginning 
of phase 2). The mass flow of steam discharged through the ADS vent valve 1 is calculated 
by the chocked flow model at the valve. The model Henry Fauske is expected to overestimate 
the single steam phase critical flow. The opening of the valve at the top of the PRZ causes a 
large discharge of energy and a small discharge of mass from the primary system to the HPC, 
as demonstrated by the pressures (Fig. 4a) and the levels trends (Fig. 4b). It should be noted 
that during the first discharge the code predicts liquid water transported through the break 
(two phase critical flow). On the contrary, the experimental trend of the level in HPC 
increases smoothly (Fig. 4b). Fig. 4d highlights the coolant temperature stratification in HPC. 
The correct prediction of the coolant thermal mixing and stratification phenomena cannot be 
accurately predicted by RELAP5 code. However, they can be roughly calculated by means of 
fictitious 2D modeling of the tank, based on parallel stacks of pipes. The nodalization (or 
user) effect is crucial. Indeed, depending upon the nodalization scheme the mixing can be 
very limited or largely overestimated.  

Once the high pressure signal in HPC is met (1.82MPa), the ADS vent valve 1 is closed 
(beginning of phase 3) to avoid the over pressurization of the system (Fig. 4a). This implies 
that the primary pressure increases again, whereas the HPC pressure decreases, because the 
heat exchanged through the plate with the CPV (besides the heat losses). When the HPC 
pressure drops below 1.48MPa, the ADS vent valve 1 is opened again. The cycling of the 
valve across the two set points (1.82MPa closure and 1.48MPa opening) lasts until the 
difference between the primary side and the HPC pressures is 0.034MPa. This event is 
calculated after 3882s from the starting of the transient, thus slightly anticipated if compared 
with the experimental results. 

It represents the beginning of phase 4,with the full opening of 2 SUMP and 2 ADS vent 
valves (cooldown procedure). The primary and the HPC systems are connected. The flow 
circulation between the systems is effective to remove the electrical core power through the 
HPC-CPV wall. No CHF conditions are observed during overall transient The experiment is 
stopped at 15821s, with the primary system pressure equal to 0.51 MPa and the coolant 
temperature at core outlet equal to 160°C. The code simulation predicts a primary pressure 
equal to 0.33MPa and a coolant temperature of 135°C after the same span of time.  

4.2 SP-3: Normal Operating Conditions at Different Power Levels 

The experiment is a NC test at different core power levels (from 40kW to 320kW). 
Only the primary and the secondary systems are involved in the analysis. Single phase NC is 
expected in primary system during overall transient. The initial conditions are reported in 
Tab. 3. Initial and steady state conditions are achieved accordingly with the specifications 
(Ref. [7]). Few minor deviations are observed. The coolant temperature at core inlet in the 
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primary system rises with a rate of about 0.004°C/s, which is anyway reasonable considering 
the overall balance of power. The main difference is the temperature of the vapor at SG outlet. 
The calculated temperature is 260°C, which corresponds to the most frequently measured 
temperatures at the outlet of the SG tubes (at the beginning of the transient the temperature 
measure in steam line is affected by the thermal inertia of the cold metallic structure, which 
are not pre-heated[9]). 

The simulation is set up imposing the core power, the FW flow and temperature versus 
time (according with the specifications, Ref. [7]). Sample experimental and calculated 
parameter trends are reported in Fig. 5. The full set of comparisons is in Refs. [6] and [8]. 

The expected phenomena and processes during test are: pressure drop at discontinuities; 
wall to fluid friction; condensation in stratified conditions (in PRZ); global multidimensional 
coolant temperatures and flow distributions; heat transfer in covered core; heat transfer in SG; 
heat transfer in passive structures and heat losses; parallel channel instability in SG tubes; 
single phase natural circulation in primary system. 

The test starts with the system in single phase natural circulation. The mass flow (Fig. 
5c) is driven from the balance between driving and resistant forces (as described in section 4.1 
for the phase 1). The correct prediction of this phase is mainly connected with the calculation 
of the pressure drop in the system (calculated using the same input parameters of test SP2), 
and the calculation of the heat exchange across the core and the SG. No steady state 
conditions are achieved from about 1000s up to about 3000s (power range 120kW - 200kW).  

 
Table 3: OSU-MASLWR Test SP-3: steady-state results 

# Parameter ID Unit Experiment RELAP5 
1 Pressurizer pressure PT-301 MPa(a) 8.618 (gage) 8.70 
2 Pressurizer level LDP-301 m 0.3574 0.347 
3 Power to core heater rods KW-101/102 kW 40 40 
4 Feedwater temperature TF-501 ºC 31.49 31 

5 Steam temperature FVM-602-T ºC 205.44 
(242-260°C in tubes) 262 

6 Steam pressure FVM-602-P MPa(a) 1.446 1.45 
7 Coolant temperature at core inlet TF-121-124 ºC 250 253.0 
8 Coolant temperature at core outlet TF-106 ºC 262.76 264.8 
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(a) steam temperature at SG outlet (calc.) and SG tubes outlet fluid temperatures (exp.) 

 
(b) PS coolant T, liq. phase (in order lower plenum, core outlet, SG outlet, riser, riser outlet and PRZ) 

 
(c) primary system mass flow rate 

Figure 5: Test SP3, blind calculation vs experimental results 
 
The calculated heat exchange highlights that the convective heat transfer inside the SG 

tubes is underpredicted. Pseudo stationary conditions are roughly achieved for the others 
power levels. The duration of each plateau in the experiment would be longer to ensure the 
parameter trends are stabilized, with particular regards to the SG steam temperatures at tubes 
outlet and in the steam line. The experimental FW flow is inconsistent (larger) with the 
overall power to be removed between 2700s and 3700s. As consequences, during this time the 
primary pressure is kept constant by PRZ heaters in the test and in the simulation, Ref. [7]. No 
CHF conditions are met in the blind simulation as well as in the experimental results. 

5 CONCLUSIONS 

OSU-MASLWR integral test facility is the scaled down model the SMR design, 
MASLWR. It relies on natural circulation and on passive safety features. A RELAP5 code 
nodalization of the experimental facility has been set up and applied to simulate two 
experimental tests on the basis of their specifications (blind calculations). They are a natural 
circulation experiment aimed at characterizing the system performances at different power 
levels and a total loss of feedwater flow accident scenario. Once the experiments have been 
executed, the code results have been compared with the experimental parameters trends to 
assess the RELAP5 capabilities in predicting the relevant phenomena and processes.  
The analysis of the results brings to the following conclusions. 



403.10 

• The main phenomena and parameters trends of tests SP-2 and SP3 are predicted by the 
code and consistent with the expectations. 

• The trends of the primary system and HPC pressures are well predicted in test SP2. 
These are influenced by the chocked flow at ADS valve during the first part of the 
transient, by the flows at the ADS and SUMP valves during the long term cooling 
phase, by condensation on the free surface in presence of noncodensable; by mixing 
and thermal stratification in HPC system; the convection and conduction across the 
heat transfer plate connecting the CPV and HPC; and the heat losses. Compensation of 
errors are plausible but not identifiable on the basis of the experimental results. 

• The coupling primary system containment and the presence of noncondensable in the 
HPC is challenging for the code. 

• The mixing and thermal stratification in CPV system is reasonably simulated. 
However, considering the RELAP5 capabilities, only bounding analyses are possible. 

• The limits of RELAP5 heat exchange model in simulating the helical-coil SG are 
detected, in particular in test SP-3. This is mainly connected to the convective heat 
transfer correlation used for the inner side of the tubes (secondary side). The 
correction, set-up modifying the fouling factor, reasonably works at the lower and 
higher powers (i.e. <80kW and 280 – 320kW). Larger errors are detected for the other 
power values. New correlation would be needed to improve the results. 

AKNOWLEDGMENTS 

The Authors would like to acknowledge the IAEA and Mr. J.H. Choi that promoted the 
ICSP on Integral PWR Design Natural Circulation Flow Stability and Thermo-hydraulic 
Coupling of Containment and Primary System during Accidents. 

LIST OF SYMBOLS 

ADS Automatic Depressurization System 
CHF Critical Heat Flux 
CPV Containment Pool Vessel 
ENEA Italian National agency for new 

technologies, Energy and Environment 
FW Feed-Water 
HPC High Pressure Containment  
HTC Heat Transfer Coefficient 
IAEA International Atomic Energy Agency 
ICSP International Collaborative Standard 

Problem 
INL Idaho National Labs 
ITF Integral Test Facility 
LOCA Loss Of Coolant Accident 
LOFW Loss of Feed Water  

LWR Light Water Reactor 
MASLWR Multi-Application Small Light Water 

Reactor 
MFP Main Feedwater Pump 
NC Natural Circulation 
NPP Nuclear Power Plant  
OSU Oregon State University 
PRZ Pressurizer 
PS Primary System  
PWR Pressurized Water Reactor 
RPV Reactor Pressure Vessel 
SMR Small Modular Reactor 
SG Steam Generator 
T Temperature 
TH Thermal-hydraulic 

 

 

  



403.11 

REFERENCES 

[1] American Nuclear Society, Small Nuclear Power Reactors, http://www.world-
nuclear.org/info/inf33.html, updated July 2012. 

[2] S. M. Modro, et al., Generation-IV Multi-Application Small Light Water Reactor (MASLWR), 
Proc. of ICONE 10, April 14-18, 2002 Arlington, Virginia, USA. 

[3] S. M. Modro, et al., Multi-Application Small Light Water Reactor Final Report, INEEL/EXT-04-
01626, Dec. 2003. 

[4] N. T. Demick, et al., OSU MASLWR Test Facility Description Report, OSU-MASLWR-07001 
(Revision NC), August 2, 2007. 

[5] IAEA, Natural circulation in water cooled nuclear power plants, IAEA-TECDOC-1474, 
November 2005.  

[6] A. Del Nevo, IAEA ICSP on Integral PWR Design NC Flow Stability and TH Coupling of 
Containment and PS during Accident, Blind Calculation Results, May 2012. 

[7] B. G. Woods, et al., Problem Specification for the IAEA Int. Collaborative Standard Problem on 
Integral PWR Design NC Flow Stability and TH Coupling of Containment and Primary System 
during Accidents, OSU-MASLWR-10005-R1, August 2011. 

[8] A. Del Nevo, IAEA ICSP on Integral PWR Design Natural Circulation Flow Stability and TH 
Coupling of Containment and Primary System during Accident, Final ICSP results, October 2012 
(to be issued). 

[9] J.H. Choi, Summary of 3rd WS IAEA ICSP on NC during Power Maneuvering and LOFW 
Transient in Integral PWR Design MASLWR, 27-30/03/2012, Daejeon, Rep. of Korea. 


	2 OSU-MASLWR INTEGRAL TEST FACILITY 
	3 RELAP5 NODALIZATION OF OSU-MASLWR ITF
	4 ASSESSEMENT OF RELAP5 CODE

