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a b s t r a c t

An experiment was performed for the OECD/NEA ROSA-2 Project with the large-scale test facility (LSTF),
which simulated a steam generator tube rupture (SGTR) accident due to a double-ended guillotine break
of one of steam generator (SG) U-tubes with operator recovery actions in a pressurized water reactor. The
relief valve of broken SG opened three times after the start of intact SG secondary-side depressurization
as the recovery action. Multi-dimensional phenomena specific to the SGTR accident appeared such as
significant thermal stratification in a cold leg in broken loop especially during the operation of high-
pressure injection (HPI) system. The RELAP5/MOD3.3 code overpredicted the broken SG secondary-
side pressure after the start of the intact SG secondary-side depressurization, and failed to calculate
the cold leg fluid temperature in broken loop. The combination of the number of the ruptured SG tubes
and the HPI system operation difference was found to significantly affect the primary and SG secondary-
side pressures through sensitivity analyses with the RELAP5 code.
© 2018 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

When a steam generator tube rupture (SGTR) accident happens
in a pressurized water reactor (PWR), operators need to take proper
actions to terminate primary coolant discharge to steam generator
(SG) secondary-side and to suppress the amount of radionuclide
release to environment as low as possible. The radionuclide release
to atmosphere during SGTR accident takes place primarily through
cycle opening of relief valve of broken SG. Typical operator recovery
actions include intact SG secondary-side depressurization to assure
the heat sink for the primary system through natural circulation,
and auxiliary spray in a pressurizer (PZR) to equalize primary and
broken SG secondary-side pressures and to recover the PZR liquid
level. Meanwhile, the primary pressure is kept higher than the SG
secondary-side pressure when high-pressure injection (HPI) sys-
tem of emergency core cooling system is under operation. Several
analytical studies have been done for recovery actions from SGTR
accidents of PWRs to mitigate their consequences by using best-
estimate computer codes [1e4].

A SGTR accident occurred at the Mihama Unit-2 of the Kansai
Electric Power Co., Ltd. in 1991, as one of worldwide SGTR incidents

[5]. An experiment denoted as SB-SG-06 was conducted on the
Mihama Unit-2 SGTR incident [6] with the large-scale test facility
(LSTF) [7] under full-pressure conditions in the rig of safety
assessment (ROSA) program at Japan Atomic Energy Agency in
1991. The LSTF simulates aWestinghouse-type four-loop 3,423MW
(thermal) PWR by a full-height and 1/48 volumetrically-scaled
two-loop system, and is 1/21 scale as compared to the two-loop
Mihama Unit-2. The SGTR size was equivalent to a double-ended
guillotine break of one of the SG U-tubes in the two-loop Mihama
Unit-2. The SB-SG-06 test results have reproduced the event tran-
sition and the pressure behavior in the Mihama Unit-2 SGTR acci-
dent well. Although the frequency of rupture of several SG U-tubes
is quite low, some researchers [8,9] have evaluated the effective-
ness of recovery actions from multiple SGTR events through the
LSTF simulation tests and the RELAP5 code analyses. Many of da-
tabases relevant to PWR SGTR accidents with recovery actions have
been obtained by using such integral test facilities as Semiscale
[10], LOFT [11], LOBI [12], BETHSY [13], IIST [14], and ATLAS [15]. The
experimental data, however, would be inadequate to clarify specific
thermal-hydraulic phenomena and the recovery actions effective-
ness due to such atypical features as small volume and low height.

An LSTF experiment denoted as SB-SG-15 was carried out for the
OECD/NEA ROSA-2 Project [16], simulating a PWR SGTR accident
with recovery actions in 2010. A long nozzle used to simulate the
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SGTR was the same as that in the SB-SG-06 test mentioned earlier.
The recovery actions were defined, referring to the SB-SG-06 test
conditions. As for the main test difference the HPI coolant was
injected into the cold legs in both loops for the SB-SG-15 test,
whereas it was injected into not only both the cold legs but the
vessel upper plenum for the SB-SG-06 test. In this study, the author
performed post-test analysis for the SB-SG-15 test by using
RELAP5/MOD3.3 code [17] to assess the code predictive capability.
Moreover, the author conducted sensitivity analyses based on the
post-test analysis with the RELAP5 code to investigate the in-
fluences of the number of the ruptured SG tubes, the HPI system
operation difference, and the onset timing of the intact SG
secondary-side depressurization on major thermal-hydraulic re-
sponses. This paper is concerned with major results from the LSTF
test and the RELAP5 code analyses.

2. ROSA/LSTF

The LSTF simulates a Westinghouse-type four-loop 3,423 MW
(thermal) PWR by a two-loop systemmodel with full-height and 1/
48 in volume. The reference PWR is Tsuruga Unit-2 of Japan Atomic
Power Company. Fig. 1 shows the schematic view of the LSTF that is
composed of a pressure vessel, PZR, and primary loops. Each loop
includes an active SG, primary coolant pump, and hot and cold legs.
Loops with and without PZR are designated as intact loop and
broken loop, respectively. Each SG is furnished with 141 full-size U-
tubes, inlet and outlet plena, boiler section, steam separator, steam
dome, steam dryer, main steam line, four downcomer pipes, and
other internals. The tube inner-diameter of 19.6 mm is the same as
that in the reference PWR. To better simulate the flow regime
transitions in the primary loops, the hot and cold legs (inner-
diameter of 207 mm each) are sized to conserve the volumetric
scale (2/48) and the ratio of the length to the square root of pipe
diameter (Froude number basis) [18]. The time scale of simulated
thermal-hydraulic phenomena is one to one to that in the reference
PWR. To simulate the fuel rod assembly in the reference PWR, the
LSTF core (active height of 3.66 m) consists of 1,008 electrically
heated rods in 24 rod bundles. Axial core power profile is a nine-
step chopped cosine with a peaking factor of 1.495. The LSTF
maximum core power of 10 MW corresponds to 14% of the volu-
metrically scaled PWR nominal core power.

3. LSTF test and RELAP5 code analysis conditions

3.1. LSTF test conditions

The SGTR was simulated by using a 1.8 m-long nozzle with
inner-diameter of 6.2 mm in the break unit in a piping connected
between nozzles at inlet plenum and at secondary boiler section
bottom of SG in broken loop without PZR, as shown in Fig. 2. The
nozzle size corresponds to a double-ended guillotine break of the 1/
21 volumetrically-scaled cross-sectional area of one of SG U-tubes
in the Mihama Unit-2. The nozzle length simulates pressure drop of
fluid in the broken SG U-tube of the Mihama Unit-2.

Table 1 shows the major test conditions. The experiment was
initiated by opening a break valve installed in the break unit (Fig. 2)
at time zero. Initial steady-state conditions such as PZR pressure
and fluid temperatures in the hot and cold legs were 15.5 MPa,
598 K, and 562 K, respectively, according to the reference PWR
conditions. A scram signal was generated when the PZR pressure
decreased to 12.97 MPa. Loss of off-site power was assumed to
occur concurrently with the scram signal, causing the closure of a
SG main steam stop valve and the coastdown of primary coolant
pumps. Main feedwater was terminated in both SGs 31 s after the
scram signal. The LSTF core power decay curve after the scram
signal was pre-determined on the basis of some calculations with
the RELAP5 code considering delayed neutron fission power and
stored heat in PWR fuel rod [19]. Initial SG secondary-side pressure
was raised to 7.3 MPa to limit the primary-to-secondary heat
transfer rate to 10 MW, while 6.1 MPa is nominal value in the
reference PWR. Initial SG secondary-side collapsed liquid level was
set to 10.3 mwhich corresponds to the SG medium tube height. Set
point pressures for opening and closure of SG relief valves are 8.03
and 7.82 MPa, respectively, referring to the corresponding values in
the reference PWR.

As a recovery action, the intact SG secondary-side depressur-
izationwas initiated by fully opening the relief valve 720 s after the
scram signal. Auxiliary feedwater was injected into the secondary-
side of both SGs 70 s after a safety injection signal when the PZR
pressure decreased to 12.27 MPa. The auxiliary feedwater was
terminated in broken loop when the broken SG secondary-side
collapsed liquid level reached 12.85 m, while it continued till the
test end in intact loop. The HPI system was initiated coolant
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Fig. 1. Schematic view of ROSA/LSTF.
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Fig. 2. Schematic view of LSTF break unit. SG, steam generator.
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injection into the cold legs in both loops 10 s after the safety in-
jection signal, and was terminated when the PZR liquid level
reached 1 m. As another recovery action, the PZR auxiliary spray
was carried out employing a charging pump of the HPI system to
enhance the primary depressurization and to recover the PZR liquid
level. When the primary pressure was below 10.34 MPa (according
to the service condition of the HPI system pump) and the hot leg
fluid temperature decreased to 547 K in intact loop, the PZR
auxiliary spray was initiated. The charging pump was then
switched over to a high-pressure injection pump to continuously
inject coolant into the cold legs in both loops. When the pressure
equalization was achieved between the primary and broken SG
secondary sides, the PZR auxiliary spray was terminated. The
temperature of the auxiliary feedwater, the HPI coolant, and the
PZR auxiliary spray was 310 K, which is the same as that in the
reference PWR. The flow rates of the auxiliary feedwater in each SG
and the PZR auxiliary spray were at constant values of 0.6 kg/s and
0.19 kg/s, respectively; these values were defined based on the
volumetric-scaled rates of the reference PWR.

3.2. RELAP5 calculation conditions

As can be seen in Fig. 3A, the LSTF system was modeled in one-
dimensional manner including a pressure vessel, primary loops,
PZR, SGs, and SG secondary-side system. As shown in Fig. 3B, the
break unit in the piping connected between the inlet plenum and
secondary-side system of SG in broken loop (Fig. 2) wasmodeled by
vertical and horizontal pipes to simulate the corresponding facility
configuration. A long nozzle for the break was represented by six
equal-volume nodes. The analysis employed critical flow model by
Ransom and Trapp [20], which is developed for the simulation of a
critical flow through a converging-diverging nozzle. However, this
critical flow model with a discharge coefficient of 1.0 may have
uncertainty for the prediction of the discharge rate through the
nozzle [21]. The core was represented by nine equal-height vol-
umes that are vertically stacked according to nine-step chopped
cosine power profile along the length of the core. The U-tubes in
each SG were modeled by single flow channel with nine nodes for
the SG medium tube because the SG U-tubes were full of liquid
through the experiment. The HPI coolant injection was stopped for
a short period by switching over to the high-pressure injection
pump in the LSTF test, whereas no assumptionwas made to shortly
stop the HPI coolant injection in the calculation. Other initial and
boundary conditions were determined according to the LSTF test
data.

4. LSTF test and RELAP5 code analysis results

4.1. Major phenomena observed in the experiment

The break flow rate is measured by a venturi flow meter

installed in the break unit (Fig. 2). Break flowwas mostly subcooled
liquid through the experiment. The break flow rate changed in
response to the pressure difference between the primary and
broken SG secondary sides (Figs. 4 and 5). The break flow rate thus
became almost zero after the primary pressure became equal to the
broken SG secondary-side pressure. The core was filled with sub-
cooled liquid through the experiment, and thus the recovery ac-
tions were confirmed to be effective for the core cooling.

The primary pressure started to drop after the break, but was
maintained at rather high value after about 600 s because of

Table 1
Major conditions of LSTF test.

Item Condition

Break valve open Time zero
Generation of scram signal Pressurizer pressure ¼ 12.97 MPa
Generation of safety injection signal Pressurizer pressure ¼ 12.27 MPa
SG relief valve open/closure SG secondary-side pressure ¼ 8.03/7.82 MPa
Initiation of HPI coolant injection into cold legs in both loops 10 s after safety injection signal
Initiation of intact SG secondary-side depressurization 720 s after scram signal
Initiation of pressurizer auxiliary spray Primary pressure < 10.34 MPa and hot leg fluid temperature in intact loop ¼ 547 K
Termination of HPI coolant injection into cold legs in both loops Pressurizer liquid level ¼ 1 m
Termination of pressurizer auxiliary spray Primary pressure ¼ broken SG secondary-side pressure

HPI, high-pressure injection; SG, steam generator.

Pressurizer

Upper
plenum

SGSG

HPI HPI

Pressure vessel

Broken loop

Core

Intact loop

Down-
comer

SG inlet 
plenum

SG
secondary-
side 
system

Break unit

Break 
nozzle

SG
secondary-
side 
system

SG 
inlet 
plenum

(A)

(B)

Fig. 3. (A) Overall schematic of large-scale test facility (LSTF) system and (B) details of
LSTF break unit as noding schematic for RELAP5 analysis. HPI, high-pressure injection;
SG, steam generator.
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coolant injection from the HPI system into the cold legs in both
loops (Fig. 5). By contrast, the SG secondary-side pressure increased
up to 8 MPa after the closure of the SG main steam stop valve
following the scram signal (Fig. 5). The SG secondary-side pressure
fluctuated between 8.03 and 7.82 MPa by cycle opening of the SG
relief valve. The PZR liquid level began to monotonically decrease

after the break (Fig. 6). A little after the PZR became empty of liquid,
the steam ingress into the hot leg in intact loop occurred from the
PZR (Fig. 7). High frequency but small oscillation appeared in the
hot leg liquid level in intact loop, which evaluated from the
measured fluid densities by using a three-beam gamma-ray
densitometer, because the hot leg was mostly filled with liquid
(Fig. 7). When the coastdown of the primary coolant pumps
completed, single-phase liquid natural circulation started at about
600 s (Fig. 8). After the start of the intact SG secondary-side
depressurization, significant natural circulation prevailed in intact
loop (Fig. 8). The primary depressurization through the intact SG
secondary-side depressurization was significantly limited (Fig. 5)
because major steam condensation on the cooled primary coolant
was not enhanced due to significant thermal stratification in the
cold leg in broken loop especially during the HPI coolant injection
period (to be shown in Fig. 10). After the PZR liquid level reached
1 m following the start of the PZR auxiliary spray, the primary
pressure was lowered to the broken SG secondary-side pressure
due to the termination of the HPI coolant injection. The relief valve
of the broken SG opened three times after the start of the intact SG
secondary-side depressurization.

The fluid temperatures at the top, center, and bottom of the cold
legs in intact loop and broken loop respectively are indicated in
Figs. 9 and 10. The cold legs in both loops were filled with sub-
cooled liquid through the experiment. After the start of the intact
SG secondary-side depressurization, maximum difference between
fluid temperatures at the top and bottom of the cold leg in intact
loop decreased to be less than 20 K because of adequate coolant
mixing due to significant natural circulation (Fig. 9). The vertical
temperature gradient was rather monotonic. Multi-dimensional
phenomena peculiar to the SGTR accident included significant
thermal stratification in the cold leg in broken loop because of
insufficient coolant mixing due to low circulation flow rate espe-
cially until the termination of the HPI coolant injection (Fig. 10).
Cold water was then highly stagnated at the cold leg bottom in
broken loop. The difference increased between the fluid tempera-
tures at the top and bottom of the cold leg in broken loop due to a
decrease in the primary mass flow rate, except for a short period of
switching over from the charging pump to the high-pressure in-
jection pump of the HPI system. When the cold shutdown condi-
tion was confirmed by the restart of a primary coolant pump in
intact loop after the termination of the PZR auxiliary spray, the
experiment was terminated.

Fig. 4. LSTF test and RELAP5 results for break flow rate.

Fig. 5. LSTF test and RELAP5 results for primary and steam generator (SG) secondary-
side pressures.

Fig. 6. LSTF test and RELAP5 results for pressurizer liquid level. Fig. 7. LSTF and RELAP5 results for hot leg liquid level in intact loop.
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4.2. Comparison of calculated results with test data

Table 2 summarizes the chronology of major events in the LSTF
test and the post-test analysis with the RELAP5 code. Table 3
summarizes the uncertainty of the LSTF test result for each of
major parameters shown in Figs. 4e10, which estimated based on
the instrument accuracy [7]. The RELAP5 code predicted the overall
trends of the major thermal-hydraulic responses observed in the
LSTF test well, as compared in Figs. 4e10. However, until about
500 s the break flow rate was underpredicted probably because of
influences of cold water remained in the break unit prior to the
break in the LSTF test only as well as the uncertainty of the critical
flowmodel with the discharge coefficient (Fig. 4), which resulted in
the underprediction of the primary pressure (Fig. 5). After the start
of the intact SG secondary-side depressurization, the relief valve of
the broken SG opened six times in the calculation whereas it
opened three times in the LSTF test (Fig. 5). This was due to the
overprediction of the broken SG secondary-side pressure probably
because of influences of RELAP5 model on steam condensation of
the SG steam dome wall [22]. The intact SG secondary-side
depressurization and the PZR auxiliary spray started earlier in the
calculation compared to the LSTF test because of earlier scram
signal due to the underprediction of the primary pressure (Fig. 5),
which resulted in the underprediction of the break flow rate during
the time period of around 1,000e2,500 s (Fig. 4). After the start of
the PZR auxiliary spray, the PZR liquid level was overpredicted due
to the overestimation of the steam condensation in the PZR (Fig. 6).
The code reproduced the experimental observations that stratified
flow formed at the hot leg in intact loop after the PZR became
voided (Fig. 7) and natural circulation was asymmetrical between
two loops (Fig. 8). In the calculation, a little level drop occurred in
the hot leg in intact loop with the primary pressure decrease at
around 1,000 s when the intact SG secondary-side depressurization
was initiated (Fig. 7). The calculated cross-sectional average fluid
temperature in the cold leg in intact loop agreedwith themeasured
fluid temperature at the cold leg center (Fig. 9). The code indicated
a difficulty in the prediction of significant thermal stratification in
the cold leg in broken loop (Fig. 10). A little before the termination
of the HPI coolant injection, the calculated cross-sectional average
fluid temperature in the cold leg in broken loop became close to the
measured fluid temperature at the cold leg bottom (Fig. 10).

5. Sensitivity analyses by RELAP5 code

5.1. Sensitivity analysis conditions

Sensitivity analyses were performed based on the post-test
analysis with the RELAP5 code to study the influences of the
number of the ruptured SG tubes, the HPI system operation dif-
ference, and the onset timing of the intact SG secondary-side
depressurization on the major thermal-hydraulic responses. The
conditions for the auxiliary feedwater injection and the PZR
auxiliary spray were the same as those in the post-test analysis. The
SGTR size was assumed to be equivalent to a double-ended guil-
lotine break of one, three, six, and nine of the SG U-tubes in the
two-loop Mihama Unit-2, considering the previous related studies
on the multiple SGTR events [8,9] and the occurrence probability.
The analysis assumptionwas made either the HPI system operation
or not. In the case of the HPI system operation, the conditions for
the HPI coolant injection were the same as those in the post-test
analysis. The intact SG secondary-side depressurization was
assumed to start 720 s, 1,440 s, and 2,160 s after the scram signal,
considering the delay of the operator's recovery action.

Fig. 8. LSTF and RELAP5 results for primary mass flow rate in each loop.

Fig. 9. LSTF and RELAP5 results for cold leg fluid temperature in intact loop.

Fig. 10. LSTF and RELAP5 results for cold leg fluid temperature in broken loop.
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5.2. Sensitivity analysis results

Figs. 11 and 12 show the primary and SG secondary-side pres-
sures in terms of the ruptured SG tubes with and without the HPI
system operation, respectively, under an assumption that the intact
SG secondary-side depressurization was initiated 720 s after the
scram signal. Under the HPI system operation, the primary pressure
became equal to the broken SG secondary-side pressure earlier in
the case of three ruptured tubes than in the case of one ruptured
tube. Under the same number of the ruptured SG tubes, the pres-
sure equalizationwas attained between the primary and broken SG
secondary sides earlier in the case of no HPI system operation than
in the case of HPI system operation. Under the same number of the
ruptured SG tubes, the number of the broken SG relief valve
opening after the start of the intact SG secondary-side depressur-
izationwas fewer in the case of no HPI system operation than in the

case of HPI system operation, concerning the radionuclide release
to the atmosphere. Fig. 13 shows the core collapsed liquid level in
terms of the number of the ruptured SG tubes and the onset timing
of the intact SG secondary-side depressurization, under no HPI
system operation adverse to the core cooling. The core collapsed
liquid level decreased following depletion of the primary coolant
inventory through the break. The core collapsed liquid level began

Table 2
Chronology of major events in LSTF test and post-test analysis with RELAP5 code.

Event Test (s) Cal. (s)

Break valve open 0 0
Generation of scram signal 350 290
Generation of safety injection signal 486 425
Initiation of HPI coolant injection into cold legs in both loops 497 435
Primary coolant pumps stop 602 545
Initiation of intact SG secondary-side depressurization 1,076 1,010
Initiation of pressurizer auxiliary spray 2,110 2,020
Termination of HPI coolant injection into cold legs in both loops 2,283 2,200
Termination of pressurizer auxiliary spray 2,560 2,560

HPI, high-pressure injection; SG, steam generator.

Table 3
Uncertainty of LSTF test result for each of major parameters.

Parameter Uncertainty

Break flow rate ±0.14 kg/s
Primary pressure ±0.108 MPa
SG secondary-side pressure ±0.054 MPa
Pressurizer liquid level ±0.25 m
Hot leg liquid level ±0.012 m
Primary mass flow rate ±1.25 kg/s
Cold leg fluid temperature ±2.75 K

SG, steam generator.

Primary 　(1 tube)

Primary 　(3 tubes)

Fig. 11. The number of ruptured steam generator (SG) tubes versus primary and SG
secondary-side pressures under high-pressure injection system operation.

Fig. 12. The number of ruptured steam generator (SG) tubes versus primary and SG
secondary-side pressures under no high-pressure injection system operation.

Fig. 13. The number of ruptured steam generator (SG) tubes and onset timing of intact
SG secondary-side depressurization versus core collapsed liquid level under no high-
pressure injection system operation.
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to increase immediately after the start of the intact SG secondary-
side depressurization. When the intact SG secondary-side depres-
surization was initiated 720 s after the scram signal, the minimum
core collapsed liquid level in the case of nine ruptured tubes was
relatively lower than that in the case of three ruptured tubes, but
was somewhat lower than that in the case of six ruptured tubes. No
core heatup took place because the minimum core collapsed liquid
level corresponded to around 2/3 of the active core length within
the defined calculation conditions for the number of the ruptured
SG tubes and the onset timing of the intact SG secondary-side
depressurization.

6. Conclusions

An LSTF experiment was conducted for the OECD/NEA ROSA-2
Project, simulating a PWR SGTR accident with operator recovery
actions under an assumption of a double-ended guillotine break of
one of SG U-tubes. The recovery actions included the intact SG
secondary-side depressurization and the PZR auxiliary spray. The
results of the LSTF test were compared with the post-test analysis
results by the RELAP5/MOD3.3 code to assess the code predictive
capability. Sensitivity analyses were carried out further with the
RELAP5 code to investigate the influences of the number of the
ruptured SG tubes, the HPI system operation difference, and the
onset timing of the intact SG secondary-side depressurization on
the major thermal-hydraulic responses. Major results are summa-
rized as follows:

1. In the LSTF test, break flowwasmostly subcooled liquid. Coolant
in the core was mostly kept subcooled through the experiment,
whereas steam ingress into the hot leg in intact loop occurred
from the PZR. The primary pressure was held higher than the
broken SG secondary-side pressure because of coolant injection
by the HPI system. The relief valve of the broken SG opened
three times after the start of the intact SG secondary-side
depressurization. Significant natural circulation lowered the
degree of the thermal stratification in the cold leg in intact loop
after the start of the intact SG secondary-side depressurization.
Significant thermal stratification appeared in the cold leg in
broken loop due to low circulation flow rate especially until the
termination of the HPI coolant injection.

2. The RELAP5 code predicted the overall trends of the major
thermal-hydraulic responses observed in the LSTF test well.
However, the code underpredicted the break flow rate until
about 500 s and during the time period of around
1,000e2,500 s. The code overpredicted the broken SG
secondary-side pressure after the start of the intact SG
secondary-side depressurization. The code indicated a difficulty
in the prediction of such multi-dimensional phenomena as
significant thermal stratification in the cold leg in broken loop.

3. The RELAP5 sensitivity analysis results showed that the primary
and SG secondary-side pressures were largely dependent on the
combination of the number of the ruptured SG tubes and the HPI
system operation difference. The core collapsed liquid level was
influenced by the combination of the number of the ruptured SG
tubes and the onset timing of the intact SG secondary-side
depressurization under no HPI system operation. No core
heatup occurred because the minimum core collapsed liquid
level was equivalent to around 2/3 of the active core length
within the defined calculation conditions.
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Nomenclature

ATLAS advanced thermal-hydraulic test loop for accident
simulation

BETHSY boucle d'etudes thermohydraulique systeme
HPI high-pressure injection
IIST institute of nuclear energy research integral system test
LOBI loop off-normal behavior investigations
LOFT loss of fluid test
LSTF large-scale test facility
PWR pressurized water reactor
PZR pressurizer
ROSA rig of safety assessment
SG steam generator
SGTR steam generator tube rupture
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