JAERI-M
85-138

COMPARISONS OF ROSA-IIl AND FIST
BWR LOSS OF COOLANT ACCIDENT
SIMULATION TESTS

October 1985

Kanji TASAKA, Mitsuhiro SUZUKI, Yasuo KOIZUMI
Yoshinari ANODA, Hiroshige KUMAMARU

Hideo NAKAMURA, Taisuke YONOMOTO, J.A. FINDLAY?
W.A. SUTHERLAND* W. S. HWANG' S. A.del BANCO*
and 1..S. LEE®

H & B ¥ Hh @& % A
Japan Atomic Energy Research Institute



JAERL-M L F— big, HAN, ARER AAE R O] L Cu A FRR T & T
AT O 2, LR DEFERTET IS BRI RERER (T318 11 i ELER I AT AT )
BT, HEBLIL P fa, TOOEH MR AT UGS AR L v — (F318-11 R

SRS AT T AR THI I & A i & B 2 % 5 TR0 2,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division, Department

of Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun,

{baraki-ken 319-11, Japan.

£y Japan Atomic Energy [lesearch Institute, 1985

MBI H oA ) R ORY
Efl Hill DT I ]



JAERT-M 85-158
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A common understanding and interpretation of BWR system response
and the controlling phenomena in LOCA transients has been achieved
through the evaluation and comparison of counterpart tests performed in
the ROSA-ITI and FIST test facilities. These facilities, which are
designed to simulate the thermal-hydraulic respomse of BWR systems, are
operated respectively by the Japan Atomic Energy Regearch Institute
(JAERT) and the General Electric Company. Compariscn is made between
three types of counterpart tests, each performed under similar tests
conditions 1n the two facilities. They are large break, small break,
and steamline break LOCA's. The system responses to these tests in each
facility are quite similar. The sequence of events are similar, and the
timing of these events are similar. Differences that do cccur are due
to minor differences in modeling objectives, facility scaling, and test
conditions. Parallel channel flow interactions effects in the ROSA-ITI
four channel (half length) core, although noticeable in the large break
test, do not result in major differences with the single channel
response in FIST. In the small break tests the timing of events 1is
offset by the earlier ADS actuation in FIST. The steamline test
responses are similar except there is no heatup in FIST, resulting from
a different ECCS trip modeling. Overall comparisons between ROSA-TIIL
and FIST system responses in LOCA tests is very good.

Keywords: BWR, LOCA, Counterpart Test, ROSA-1II, FIST, Thermal-hydraulic
Response, Large Break, Small Break, Steam Line Break,

Similarity, Scaling, Comparative Evaluations
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1. INTRODUCTION

1.1 BACKGROUND

Experimental programs, using test facilities designed to simulate BWR
systems, have evaluated and gquantified contrelling phenomena in loss—-of~coolant
accident situations. Namely, the water level response and ADS actuation time
affect significantly the core cooling conditions in a small break LOCA. On the
other hand, the CCFL at the core inlet region affects the core cooling conditions
in a large recirculation loop break LOCA. The evaluation of applicability of the
experiment results to BWR LOCA's is-the current interest of the programs.

The Japan Atomic Energy Research Institute {JAERI) performed a wide variety of
experiments in the Rig of Safety Assessment-ILI (ROSA-III) facility<l) shown in
Figure 1-1. Scaled to a 848 bundle BWR/6-251, ROSA-III has four half length
electrically heated bundles to study multi-channel effects on the core cooling
phenomena. The General Electric Company also performed various safetly related
transient experiments in the Full Integral Simulation Test (FIST) facility® shown
in Figure 1—2(2). As full height simulation scaled to a 624 bundle BWR/6-218,
FIST has one full length electrically heated bundle. The objective of this study
is to develop a common understanding and interpretation of the controlling
phenomena observed in loss-of-coolant accident (LOCA} experiments performed in these
two test facilities. Further study to generalize the experimental results is on

a way in each program using a computer code.
1.2 TESTS

Three types of. tests performed in the ROSA-III and FIST facilities are chosen
for comparison. Each test type was performed under similar test conditions.
The three test types are: 1) a large break in a recirculation pump suction line
with HPGS, LPCS, and one LPCI, ROSA Test 983(3) and FIST Test 60BA1E(Y), 2) a small
break in a recirculation pump suction line with LPCS and three LPCIL, ROSA Test
084(5) | and FIST Test 6sB2cC4), and 3) a break in a steamline, ROSA Test 952 °7,
and FIST Test 6MSB1(4). FIST simulated availability of HPCS, LPCS and one LPCI
in the steamline break test, whereas availability of all ECC System was sinulated in

ROSA-III. However, only the HPCS system was activated in the ROSA-II1 test.

% This program is jointly sponsored by the U.S5. Nuclear Regulatory Commission,

the Electric Power Research Institute, and the General Electric Company.
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The three ROSA-ITI tests were performed after the three FIST tests.
The ROSA Tests 983 and 984 were performed as counterpart tests of FIST
Tests 6DBAIBR and 6SB2C respectively. To achieve this, the standard
ROSA-IIT test conditions were modified to match the FIST initial”
‘conditions and boundary conditions. ROSA Test 952 was not performed as
a counterpart test, but most of the important test conditions were

similar to those of FIST Test 6MSBI.
1.3 APPROACH

Evaluation of the ROSA-III and FIST system respconse comparisons
consists of three parts. First is the similarity of the test condi-~
tions, i.e., the initial conditions and boundary conditions, such as
the power, ECCS pump capacity, and break area. Second is the simi-
larity of each system response to the test conditions, such as timing
of key events, depressurization rate, reglonal mass and level tran-
sients, bundle hydraulic performance and cooling mechanism, and cladding
temperatures., Third is the effect of facility differences and different

scaling compromises in each facility.
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2, TEST FACTLITIES

The objective for both ROSA-III and FIST is for the scaled test
apparatus to simulate, on a real time basis, BWR system thermal-
hydraulic response following a postulated LOCA. Both facilities have
the capability to establish initial thermal-hydraulic conditions typical
of a BWR, as well as the important BWR system features that govern the
mass and energy transfer rates. These system features include power,
vessel internals, channeled bundles, internal flows, recirculation pump
loops, feedwater supply, steam system pressure control and automatic
depressurization system (ADS), and emergency core cooling systems
(ECCS). The vessel regions, shown in Figure 2-1, simulate the lower
plenum, guide tubes, bundles and bypass, upper plenum, steam separator,
downcomer, and steam dome. The simulated break, size and location,

gives the correct break flow rate and flow quality.

The ROSA-TII facility is volumetrically scaled (1/424) to a
BWR/6-251 with 848 fuel bundles. The four half length bundle concept
was adopted to study thermal-hydraulic interaction among the bundles.
The FIST facility(7) is volumetrically scaled (1/624) te a BWR/6-218
with 624 fuel bundles. The full height vessel and single electrically
heated bundle provide full scale values for fluld conditionms, velo-

cities, and static heads.

An overall comparison of the ROSA-IIT and FIST facilities is given
in Table 2-1. This table summarizes the pertinent information cn the
bundles, regicn volumes and heights, and the break areas. Each of these
is discussed in more detail in the following paragraphs. The overall
comparison is quite good, particularly the volumetric scaling. The

notable difference is the height scaling.

The bundles in each facility consists of 62 heated rods and two
water rods in an 8Sx8 square array. The rod diameter and spacing are
the same. The rods are electrically heated with a chopped cosine axial
power distribution and an axial peaking factor of 1.4, as shown in

Figures 2-2A, B and C. The 1.88 m {6.17 ft.) ROSA-III bundles and the
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FIST 3.81 m (12.5 ft.) bundle have equivalent axlal power shapes when
compared on a normalized length basis as seen in Filgure 2-2A. Also
shown in this figure are the relative locations of the rod thermocouples
in each bundle. Figure 2-2B shows the actual rod TC elevations in FIST,
and Figure 2-2C shows ROSA-IIT. The ROSA-III bundles have a local peak-
ing factor of 1.1 and FIST 1.042, but this difference has a negligible
effect. ROSA-III simulation of two full size bundles with four haif
length bundles doubles the core flow area. The flow areas of the four
inlet orifices and upper tieplates are reduced to preserve the core
region CCFL performance characteristics, as seen in Table 2-1. The

relative heights and elevations of the bundles are shown in Figure 2-3.

The voluqe of each test vessel region 1s scaled to the correspond-
ing volume in the reference BWR*. This approach preserves the relative
water and steam mass distribution within the wvessel, which directly
affects system depressurization, internal flows, and core cooling. The
regional volumes are compared in Table 2-1 on a per~full-size~bundle
basis, since ROSA-III has four half length bundles and FIST is scaled to
one. The scaled system volumes are within six percent. The ROSA-III
upper plenum and recirculation loop regions are larger than FIST, and

the other regions are correspondingly smaller.

The total water volumes, however, which are given in Table 2-2,
compare within ten percent. The combined separator, upper plenum,
bundles, and bypass saturated fluid volumes compare closely between the
two facilities. The larger ROSA-III subcooled fluid volume in the
downcomer, jet pumps, and recirculation lecop region is almost balance by
the larger lower-plenum-plus-guide~tube subcooled fluid volume in FIST.
The distribution of the downcomer fluid volumes with respect to the
Level 1 and Level 2 trip elevations is important because ECCS flow, MSIV
closure, and ADS activation are initiated by these settings. These
elevations and volumes are shown in Table 2-3 and Figure 2-4, The level
instruments are alsc shown. The impact of this scaling will be covered

in the discussion of each test.

* The scaling basis and comparisons to the reference systems are
discussed further in Appendices 4.l and A.Z.
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Height scaling is also compared in Table 2~1 and Figure 2-3. The
FIST facility, with full scale elevations, preserves region cross-
sectionzl areas, region void fractions, and elevation heads. The
shorter scaling in ROSA IIT does not have a large effect om overall
system response. Ihe half length bundles are balanced with short jet
pumps to simulate static head effects. The top of the jet pumps is at
the 66% core elevation in ROSA-~ITI and, FIST, as well as in the BWR. The
ROSA-IIT vessel and interval regions are shorter than FIST. The shorter
vessel regions lead to less level swell during flashing. The height
scaling has a small effect on the test response. The simulated breaks
are placed in the same relative locations so that the mass and energy
fluxes are simulated, and are sized to give mass and energy flow rates
in proportion to the volume scaling. The large break areas are only six
percent different between the two facilities. Because they have
different reference systems, the FIST recirculation suction line large
break area is 4% larger than ROSA-III, and the drive line breaﬁ is 22%
larger. The small break areas are within 2%. The FIST steamline break
area is 25% larger than ROSA-IIT for the first 5.5 seconds of the
transient, and equal thereafter. The steamline brezk tests were mcdeled

differently.

The FIST ADS area is 6% larger than the corresponding ROSA-III ADS
area. The effect of this difference is a slightly higher ADS flow rate
in FIST. Since heat stored in the metal structure, when released te the
water, will slow the depressurization rate, ADS area in FIST was
increased to compensate for this effect. Table 2-4 shows the regional
metal volumes and surface areas for the two facilities. The stored heat
in the regions containing water has the greatest impact on the depres-
surization rate.- In these regibns, which include the lower plenum,
guide tube, bypass, bundles, and upper plenum, ROSA-III has 36% more
metal per full size bundle than FIST. Localized stored heat effects
are also significant. For example, in FIST the large bypass metal mass
caused refilling oscillations for some tests. The large lower plenum

metal mass in ROSA-III increases the flashing in this region.
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Overall the match between ROSA-III and FIST is quite good. The
major differences are the number of core flow paths (parzllel channel
flow) and the region heights. The effect of these differences is

evaluasted in discussion of the test comparisons in Section 4.
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Table 2-1
COMPARISON OF ROSA-IIT AND FIST FACILITIES
ROSA-ITI FIST RCSA-III/FIST
Per Full Per Full
Size Size
Ttem Total Bundle Total Bundle
Bundles
Array Bx8 - 8x8 -
No. of Bundles 4(1) - 1 -
Heated Length (m) 1.88 - 3.81 0.5
Local Peaking Factor 1.10 - 1.04 -
Axial Peaking Factor 1.40 - 1.40 -
No. of Heated Rods/Bundle 62 - 62 -
No. of Water Reds/Bundle 2 - 2 -
0.D. of Heated Rods (mm) 12.27 ~ (D) 12.27 -
Flow Area (cm”) 9 387.1 96.8(1) 96.8 1.00
UTP Flow Area (cmz) 119.1 59.5(1) 79.1 0.75
SED Flow Area (cm™ ) 60.8 (2) 30.4 29.9 1.02
Maximum gower (MW} 4,46 Z.23 7.00 -
Volumes {(m™)
Total System 1.418(5) 0.709 06.712 1.00
Steam Dome 0.371(5) 0.186 ©0.218 0.85
Downcomer 0.340 0.170 0.170(3) 1.00
Jet Pumps; Recirc. Loops 0.172 0.086 0.024 3.58
Steam Separator 0.031 0.016 0.047 0.34
Upper FPlenum 0.124 0.062 0. 044 1.41
Bundles 0.0%6 0.048 0.043 1.12
Bypass 0.060 0.030 0.037 0.81
Lower Plenum 0.167 0.083 0.088 0.94
Guide Tubes G.057 0.028 G.042 0.67
Heights (m)
Total Vessel 6.00(5) - 19,42 0.31
Steam Dome 1.00 - 6.09 0.16
Downcomer 4.51 10.80 0.42
Jet Pumps 2.41 - 4.50 0.54
Steam Separator 1.12 - 2.10 0.53
Upper Plenum 0.69 - 1.83 0. 38
Bypass 2.21 - 4.39 .50
Lower Plenum 2 1.28 - 4.11 0.31
Break Flow Areas (mm”™) (6)
ADS 349.6 174.8 186.7 0.94
Large Recirc. Break £19.2 309.6 331.4 0.94
Recirc. Suction 536.1 269.5 279.6 0.96
Drive LiIne 80.1 40,0 51.8 0.78
Small Recirc. Breazk 14.52 7.26 (43.44 0.98
Steamline Break 754, 8 377.4 501/377 0,75/1.00

(1) TFour, half-length bundles were used in ROSA-ITII.

(2) Power decay delayed § seconds to compensate for low initial power.

{3) After loop isclation, 5

(4) TFIST steamline break area changes from 501 to 377mm” at 5.5 seconds.
(5) Based on a water level of 5.0m which is used %n normal ROSA-TIT tests.
"(6) Normal ADS area for ROSA-III tests is 188. 6um" .
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Table 2-2

SCALING OF FLUID VOLUMES

3 x ROSA-III (m3) FIST (m3) s ROSA-TII/FIST
Volumes Free Vol. Water Vol, Free Vol. Water Vol. Free Vol. Water Vol.

Total Vessel 0.709 0.438 0.712 0.396 1.00 1.11
Steam Dome 0.186(6) 0. (6) 0.218 0. 0.85 -
Downcomer 0.170 ¢.170 0.170(1) 1.70 (1) 1.00 1.00
Jet Pumps/ 0.086 0.086 0.024 0.024 3.58 3.58
Loops
Steam 0.016 0.004?  0.047 0.010¥ 0.3 0.40
Separators (2) ' (3)
Upper Plenum 0.062 0.017(4) 0.044 0.010(5) 1.41 1.70
Bundles 0.048 0.020 0.043 0.015 1.12 1.33
Bypass .030 0.030 0.037 0.037 .81 0.81
Lower Plenum 0.083 0.083 0.088 0.088 0.94 0.94
Guide Tubes 0.028 0.028 0.042 0.042 0.67 0.67

(1) After loops isolated.
(2) « = 0.73, x = 0.125, homogeneous equilibrium, Run 952 initial Conditicns.

{(3) a=0.78, x = 0.16, homogeneous equilibrium, Run 952 initial Conditions.
(4) o= 0.59, % 0.07, homogeneous equilibrium, Run 952 initial Conditions.
(5) o = 0.65, x 0.09, homogeneous equilibrium, Run 952 initial Conditions.

(6) Based on water level of 5.0m,

SUMMARY OF WATER VOLUMES

Volumes s ROSA-ITI (m3) FIST (m3) Difference (m3)
Downcomer + Jet 0.256 0.194 0.062
Punp/Loops
Separator + Upper Plenum 0.071 0.072 -0.001
+ Bundles + Bypass
Lower Plenum + Guide 0.111 0.130 -0.019
Tubes

Total 0.438 0.396 0.042

J— lU._.
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Table 2-3

DOWNCOMER REGION

A. Elevations (m)

(1) BWR elevations.

(2) Includes volume between the separator cams and inner pipe.

See Figure 2-4.

Large Break Small Break Steamline (1)
ROSA 983 ROSA 984 ROSA 952 FIST
5.06 5.21 5.14 14.15
4.77 4.96 5.00 13,48
4.60 4.46 4.76 12.19
3.62 4.00 4.25 9.55
0.49 0.49 0.49 3.35

3, (2)

B. Volumes from Downcomer Bottom (m™)

Large Break Small Break Steamline

L ROSA 983 L ROSA 984 i ROSA 952 FIST

0.3556 0.3556 C.3556 0.3925
0.3556 0,3556 D.3556 .2358
0.3556 0.3556 0.3556 0.1911
0.1802 0.2064 0.1938 0.1698
0.1154 0.0973 0.1348 0.1072
0.046C 0.0612 0.0712 0.0551
0.0572 0.0572 0.0572 0.0504
¢.0293 0.0293 0.0293 0.0369
0.0050 0.0050 C.0050 0.0073
0.0000 0.0000 0.000C0 0.0000

Bottom of facility is 0.74 m BWR elevatiom.

mll,,,
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Table 2-4

METAL HEAT SOURCES IN EACH VESSEL REGION

Metal Volume (m3) Surface Area (mz)
Region L ROSA FIST L ROSA/FIST . ROSA FIST s ROSA/FIST
Steam Dome 0.140 0.091 1.5 2.9 5.1 0.6
Dowvncomer 0.240 0.129 1.9 5.5 8.8 0.6
Jet Pump;Loops 0.095 0.002(2)' 48, 5.6 1.2 4.7
Separator 0.002 0.003 0.7 1.0 2.4 0.4
Upper Plenum 0.005 0.019 0.3 0.7 1.0 0.7
Bundles 0.043 0.031 1.4 15.0 12.6 1.2
Bypass 0.015 C.069 0.2 5.2 5.1 1.0
Lower Plenum 0.195Y 6.076 2.6 6.9 5.7 1.2
Gulde Tubes 0.010 0.002 5.0 1.6 1.5 1.1
Total 0.750 C.422 1.78 44,5 43.4 1.03
Average Thickness 156.9%mm 9., 7mm 1.74
(1) Heater connectors included
(2) Jet pumps only
Metal Volume (m>)
Water Regicns L ROSA FIST L ROSA/FIST
Upper Plenum 0.005 0.019 0.26
Bundles 0.043 0.031 1.39
Bypass 0.015 0.069 0.22
Lower Plenum 0.195 0.076 2.57
Guide Tubes 0.010 0.002 5.00
Total C.268 0.197 1.36
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3., TEST CONDITIONS

3.1 LARGE BREAK

Comparison of initial conditions and boundary conditions are made in
Table 3.1-1 for large break tests ROSA 983 and FIST 6DBAIB. The initial
system pressures are the same., On a per full size bundle basis, the
initial powers and flows should be equal. However, because of power
supply limitations, the ROSA-TII initial power per full size bundle is
36% of the initial power in FIST. Steamline flow and feedwater flow in
ROSA~TIIT are zlso reduced due te the lower initial core power, The
lower initial power and larger total core flow area tend to reduce the
bundle void fraction and increase the initial mass in this region.*
Although core flow is adjusted to give the specified inlet subcooling,
it is very close to the core flow in FIST. The water levels are set
with the objective of achieving the same scaled water volume in the
dowvncomer. However, the water level for this test is slightly

different, 0.1802m>® in ROSA-III compared with 0.1698m® in FIST.

The transient power curves for the two facilities are compared in
Figures 3.1-1A,B, and C. The ROSA-IIT initial bundle power is held
constant until the per bundle power is equal to the decrezasing bundle
power in FIST (about eight seconds after break initiation) after which
the power in ROSA-III is alsc decayed. As shown in Figure 3.1-1A, this
limitation does not appreciably affect the integrated power input to the
system as the area under the two curves are not significantly different.
ROSA-IIT power is slightly higher than FIST from % seconds until 27
seconds, as shown with an expanded time scale in Figure 3.1-1B, and
thereafter the powers are equal. The comparison over the entire test
range is plotted with an expanded power scale in Figure 3.1-1C. The
test boundary conditicons are also compared in Table 3.1-1. In both
facilities break initiation is defined as the test start. The combined

recirculation line break area in FIST is six percent larger than in

* The core inlet flow rate in this counterpart test is twice that
normally used in ROSA-IIT tests. Thus, in most ROSA-III tests the
quality and void fracticn in the core are close to BWR values.
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ROSA-III. The ROSA-III recirculation suction nozzle area, which deter-
mines the dominant break flow in this test, is only four percent smaller.
In FIST the drive line break area was scaled to the reference BWR jet
pump drive nozzles. In ROSA-TII the objective was to adjust this area
to match the FIST drive line break. Miscommunication resulted in 227%
smaller area in ROSA-III. This drive line break area was 28% smaller
than the total flow area of the jet pump drive nozzles in ROSA-III. The
FISTS ADS is activated 105 seconds after the Level 1 trips signal (110
seconds after test start), and the ROSA-III ADS 1s activated 115 seconds
after test start by a timer, Thié difference does not have a signifi-
cant effect because system pressure is very low by this time., The
recirculation pumps are tripped off at time zero in both tests. The
FIST recirculation loops are isolated, the broken loop at time zerc and
the intact loop at 13 seconds, to prevent flashing irn these overscaled
volumes affecting system response. The loop isolation timing is chosen
to minimize flashing without compromising the pump coastdown simulation.
it is not necessary to isolate the ROSA-IIT recirculation loops since
these volumes are included in the volume scaling. The feedwater valve
is closed at time zero in FIST and at 2 to 4 seconds in ROSA-III. In
FIST, the pressure control system simulates the BWR system which keeps
the turbine inlet pressure at 6.7 MPa by regulating the turbine valve.
In ROSA-III, the pressure control system maintains the vessel pressure
at 6.7 MPa. TROSA-TIII MSIV is closed at 13 seconds, whereas MSIV closure
is activated by the Level 1 trip im FIST, The ECC Systems are activated
by a timed trip, the HPCS at 27 seconds in borh tests and the LPCS and
one LPCI at 50 seconds and 35 seconds in ROSA-III and FIST respectivelv.
Injection of LPCS and LPCI are further specified to be activated at
system pressures below 1.77 MPa and 1.47 MFa, respectively, in RCSA-IIT.
These pressures in FIST are 1.97 MPez and 1.68 MPa. This simulates the
pump shut-off head of a reference BWR. The ECCS pump characteristics,
shown as flow as a function of system pressure, are compared in Figure
3.1-2A, 2B, and 2C, The maximum HPCS pressure, Figure 3.1-24, is
determined by the time at which this system is tripped om, since HPCS
can deliver flow up to initial system pressure. The ECC Systems in each
facility are designed to simulate those in a BWR. This simulaticn is

degcribed further in Appendix A.1 and A.Z.
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Table 3.1-1

LARGE BREAR COUNTERPART TESTS
INITIAL CONDITIONS ANWND BOUNDARY CONDITIORGS

ROSA 9B3 ROSA/FIST

Per Full Per Full

Size FIST Size
Tnitial Conditions Total Bundle 6DBALB Bundle
Pressure (MPa) 7.19 - 7.19 -
Power (MW) 3.62 1.81 5.05 0.36
Core Inlet Subcooling (X) 11.6 - 5.85 -
Core Inlet Flow (kg/s) 35.90 17.95 18.55 0.97
Feedwater Flow (kg/s) 1.26 0.63 2.45  0.26
Feedwater Temperature (K) 296 - 486 -
Steam Flow (kg/s) 1.30(1) 0.65 2.63 0.25
Water level (m) 5.06 - 14.15 -
Total Liquid Mass (kg) 706(2) 353 277(3) 1.27
Boundary Conditions
Power Trip (Fig. 3.1-1) (s) 9 - 0 -
Break Initiation (8) (s)2 0 - 0 -
Recirc. Line Break (mmz) £19,2 309.6 331.4 0.94
Steamline Break (mmz) - - - -
ADS Flow Area (mm ) 349.6 174.8 186.7 0.94
ADS Trip (s) 115 - L1+105 -
Pump Trip (s) 0 - 0 -
Feedwater Line Trip (s) 2-4 - G -
MSIV Trip (s) 13 - 11 -
HPCS Trip (s) 27 27 -
LPCS Trip (s) 50%2; - 35%?% -
LPCI Trip (s) 50 - 35 -
HPCS Temperature {K) 322 - 322 -
LPCS Temperature (K} 322 - 322 -
LPCI Temperature (¥ 322 - 322 -
HPCS Flow (Fig. 3.2-14) (kg/s) 0.80 0.40 0.59 0.68
LPCS Filow (Fig. 3.2-1E) {(kg/s) 1,38 0.69 0.72 0.95
LPCI Flow (Fig. 3.2-1C) (kg/s) 1.38 0.69 0.52 1.32
Total ECCS Flow (kg/s) 3.54 1.77 1.83 0.97
Broken Loop Isclation (s) N/A - 0 -
Intact Loop Isolation (s) N/A - 13 -

(1) Some uncertainty due to flow effects on the downcomer differential pressure
measurement.

(2) The slip ratio was 1.0. The loop mass is included, the feedwater line is not
included.

{3) Estimated mass

(4) Shutoff pressure is 1.77 MPa.

(5) Shutoff pressure is 1.47 MPa.

{6) Shutoff pressure is 1.87 MPa.

(7) Shutoff pressure is 1.68 MPa.

(8) See Table 2-1 for suction and drive break areas.
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3.2 GEMALL BREAK

The initial conditions and beoundary conditions for small brezk tests
ROSA 984 and FIST 6SB2C are compared in Table 3.2-1. These conditiecns
are essentially the same as for large break tests, and the Section 3.1

discussion also applies here.

The power curves are compared in Figure 3.2-1A, B, and C. Figure
3,2-1A shows the good overall agreement between the two facilities.
Again the ROSA~TII core power is held constant until it is equal to the
decay power curve. The ROSA-III power per one full size bundle is
slightly higher than FIST power until about 25 seconds, as seen in
Figure 3.2-1B, and slightly lower thereafter, as seen in Figure 3.2-1C,.
The power is the same te each of the four ROSA-IIT half length bundles.
The small break test boundary conditions are also compared in Table
3.2-1. The break areas are opened at time zero in both tests. The
ROSA-III break size(@) is 7.26um® per full size bundle. The break was
simulated by one of two break simulation devices. The FIST break arealP)
is slightly larger, at 7.44mm?, and is simulated by a2 single orifice in
the recirculation suction line (Figure 1-2). The pumps are tripped off
at test start in both tests. To prevent flashing from these volumes and
draining of loop water into the downcomer the FIST broken loop is iso-
lated at the start of the test and the intact loop at 20 seconds. The
loops do not need to be isolated in R0CSA-III. The feedwater valve is
closed at 2 to 4 seconds in ROSA-III and at the start of the test in
FIST, This difference has little effect on the responses. The MS3IV's
are tripped to close by the Level 1 indication in both tests, with a
three second delay in ROSA-III and no delay in FIST. The FIST ADS flow
area, which 1is made oversize to partially compensate for the facility
excess stored heat, is 6% larger than the ROSA-III ADS area. In both
tests, the ADS is tripped by the Level 1 signal and is activated after a
120 second time delay., This is an important trip in the small break
tests because it establishes how leong the system depressurization, and

corresponding low pressure ECCS injection, is delayed. The downcomer

{(a) split break
{(b) single—ended break



JAERI-M B5-158

liquid-level instruments that initiate the trip are shown in Figure 2-3,
This figure shows the elevations of the level instrument pressure taps,
water level, and level trips. Figure 2-4 and Table 2-3 give the down-
comer liquid volumes at these elevations., It can be seen that the
liquid volume lost from the downcomer before the Level 1 trip 1s
similar, 0.1452m° in ROSA-ITI and 0.1147m® (0.1698-0.0551) for FIST. 1In
both tests, the ECCS make-up is provided by one LPCS and three LPCI's.
In FIST, these systems are tripped by a simulated high containment
pressure, which occurs at test start, with a 35-second delay. In
ROSA-ITII, the systems are tripped by Level 1 with a 40-second delay.

The difference in the trip signals has little effect on the system
responses sinée the low pressure systems do not inject coolant until the
system pressure drops below 2.0 MFa following ADS. This is shown by the
ECCS flow versus pressure curves, Figure 3.2-2A and B. The LPCS and
LPCI pressure versus flow curves are similar to those in the large-break
tests. ROSA-III has & 30% higher maximum ECCS flow rate than FIST
(Table 3.2-1), primarily due to the contribution from the three LPCI's
which have a combined maximum flow rate 45 percent greater. The LFPCS
flows are very nearly the same in both tests. In FIST the broken loop
is isolated at test start and the intact loop at 20 seconds to minimize
the effects of flashing from these oversize volumes. The loops are not

isolated in ROSA-TIII,
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Table 3.2-1

SMALL BREAK COUNTERPART TESTS
INITIAL CONDITIONS AND BOUNDARY CONDITIONS

ROSA 984 ROSA/FIST
Per Full Per Full
Size FIST Size
Initial Conditions Total Bundle 65B2C Bundle
Pressure {(MPa) 7.22 - 7.23 -
Power (MW) 3.62 1.81 5.05 0.36
Core Inlet Subcocling {(K) . 12.9 - 16.0 -
Core Inlet Flow (kg/s) 30.2 15,1 19.1 0.7¢
Feedwater Flow (kg/s) 1.1 0.55 2.3 0.2¢
Feedwater Temperature (X) 296 - 478 -
Steam Flow (kg/s) 1.3 (5) 0.65 2.6 0,25
Water Level (m) 5(3} - 14.0 -
Total Liguid Mass (kg) 710 355 277 1.28
Boundary Conditions
Power Trip (Fig. 3.2-1) (s) 7 - ¢ -
Break Initiation (5)2 0 - 0 -
Recirc., Line Break (mm., ) 14.52 7.26 744 (.98
, 2
Stezmline Break (mmz) - - - -
ADS Flow Area (mm™) 349.6 174.8 186.7 0.94
ADS Trip {s) Li1+120 - L1+120 1.00
Pump Trip {s) 0 - 0 1.00
Feedwater Lime Trip (s) 2~4 - 0 1.00
MSIV Trip (s) L1+3 - L1 1.00
HPCS Trip (s) - - ~ -
LPCS Trip (s) L1+4OE§§ - 35%2; -
LPCI Trip (s} Li+40 - 35 -
HPCS Temperature (X) - - - -
LPCS Temperature (XD 305 - 305 -
1LPCI Temperature (K) 305 - 305 -
BPCS Flow (kg/s) 0 0 0 -
1LPCS Flow (Fig. 3.2-2A) (kg/s) 1.40 ¢.70 0.68 1.03
LPCI Flow (Fig. 3.2-2B) - (kg/s) 3.48 1.74 1.20 1.45
Total ECCS Flow (kg/s) 4.88 2.44 1.88 1.30
Eroken Loop Isolation (s) N/A - 0 -
Intact Loop Isolation (s) N/A - 20 -

(1) Shutoff pressure is 1.86 MPa.

(2) Shutoff pressure is 1.57 MPa.

(3) Shutoff pressure is 1.97 MPa.

(4) Shutoff pressure is 1.68 MPa.

(5} Some uncertainty due to flow effects on the downcomer differential pressure.

(6) A slip ratio of one 1s assumed. The loop mass is included. The feedwater line
is not included.



JAERI-M 85-158

10 300°S

HaMBd 91-2°€ '314
(5] JWIL

10 300z 1030071

JZ8sg LSI4 ——
hBE HSUH —

_ \

370ONNg 37215 N4 H3d ¥3MGd
5207 ¥H3HE TIEHS

00 30077

08 30072

00 300°h

0D 30075

HIMDd

(MW)

c0 300°8

(63 JWIL

£d 30079 <0 30G'h

H43MOs D1-2°E "DI4

12859 1514

Il
I
1

Z0 3Ance

86 BsSty —

i L _ ] _ H
370NNg 3216 1704 d3d H3IMBd
HI0T YH34E TIHKWS
4aMod Hi-¢'E JI4

(S IWIL
0 30079 Z0 300°h Z0 30072

| !
B J2d59 IS1d ——- 7
i hBE Yooy — i
— —y
1 _ L ﬁ I “ | L
370NN 3715 1Nd H3d €3MOd

HJGT MH3HE TTdWS

10-300°

10-300°

10-300"

10-3040"

0o 300°

oo 200°

00 306°

0C 300°

Z

h

9

1

!

€

HaMidd

(MH)

HIMOd

(M)

— 2 5 —



JAERI-M B5-158

JYNS534d "SA MO

74 1047 de-¢E Al

[HBdW) FHNSGIHd WILSAS

a0 30078 00 300°9 00 300°h 00 300°2
e S e T
- 2853 1514 --- .
L nes ¥soW — _
| m i “ 1 _ b

JTANRE 3215 TIN4 434 MDA

4207 Mg3HE TIUWS

38N5S3Hd "GA MUT4 S347 Wg-¢TE ald
(HdW} FHNSS3Hd WALSAS

00 300°8 0C 300°% 00 300°h 00 300°Z
T SEOFEEFERY e A NI T
r 22858 LSid —- -
B RE6 HSOH — |
1 7 1 _ L
370NNE 3Z16 17N4 Y3d MO

W0 WH3HE TIERS

10-300°5

G0 360° 1

00 30571

00 30072

10-300°2

10-300"%

10-300°9

10-300°2

MOT4 13dT

(S/0M1

MBT4 S3d1

{S/9M)



JAERI-M 85-158

3.3 STEAMLINE BREAK

The initial conditions and boundary conditions are summarized in
Table 3.3~1 for ROSA 652 and FIST 6MSBl. The system pressure, core
inlet temperature, and core outlet quality compare very closely between the
two tests., The comparison of the power curves in Figure 3.3-1A shows
the initial ROSA-III power held constant for the first eight secoends
before it is decayed. After six seconds, the ROSA-III power is higher
than YIST. TFor the first 50 seconds this difference is shown in Figure
3.3-1B. The longer term difference is shown in Figure 3.3-1C. ROSA-III
Tests 983 and 984 were performed as counterpart tests of FIST Tests
6DBA1B and 6SB2C respectively. The power curves for these tests compare
closely between the two facilities. ROSA Test 952 was not performed as
a counterpart test of FIST Test 6MSBl, so no effort was made to precisely
match the two power curves. This difference in the power curves reflects
the different heater designs and approaches used in each facility to
take rod stored heat into account in simulating the bundle heat trans-
fer. The relatively higher power for the ROSA-ITI steamline break test

was determined analytically to give comservative fuel rod responses.

From zero to 5.5 seconds the relative FIST break area 1s larger
ehan ROSA-ITI. FIST simulates flow through one broken main steamline
plus flow back through the three intact main steamlines before MSIV
closure. A 31.0mm orifice is used to simulate the one broken steamline
after 5.5 seconds when the MSIV's are closed. The 31.0wm orifice used
throughout in ROSA-TIT corfesponds to 100% of one steamline. There is
no ADS activation in either test. The recirculation pumps are tripped
at test start, 1In FIST, both recirculation loops are isolated at 7
seconds to minimize the effects of loop flashing, while still allowing
the pump coastdown. The FIST feedwater valve is closed at test start
and the ROSA-ITI valve at 1.2 seconds. Steamline break system depressuri-
zation is much more rapid in the early blowdown phase than in either the

large recirculation line brezk or the small recirculation line break.
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The ROSA-III HPCS is tripped at Level 2, with a 27-second delay
assuming failure of high containment pressure signal, whereas FIST HPCS
is tripped on a simulated high containment pressure that occurs as
soon as the break is initiated, plus & 27 second delay. 1In ROSA-IIIL,
the LPCS and LPCI trip settings are Level 1 with a 40-second delay,
and in FIST the trips are high containment pressure (test start), with a
35-second delay. However, since the LPCS and LPCI systems in ROSA-TIT
did not tripped on, only the HPCS flow characteristics are compared,
Figure 3.3-2., The curves reflect the pressure at which the systems are
activated, whereas they are capabie of injecting coolant up to the

injitial system pressure.



INTITIAL CONDITIONS AND BOUNDARY CONDITIONS

Initial Ceonditions

Pressure

Powver

Core Inlet Subcooling
Core Inlet Flow
Feedwater Flow
Feedwater Temperature
Steam Flow

Water Level

Total Liquid Mass

Boundary Conditions

Power Trip (Fig. 3.3-1)
Break Initiation
Recire. Line Break
Steamline Break

ADS Flow Area

ADS Trip

Pump Trip

Feedwater Line Trip
MSIV Trip

HPCS Trip

LPCS Trip

LPCI Trip

HPCS Temperature

LPCS Temperature

LPCI Temperature

HPCS Flow (Fig. 3.3-2)
LPCS Flow

LPCI Flow

Total ECCS Flow
Proken Loop Isclation
Intact Locop Isolation

(1) Total liquid mass of the ROSA-III includes mass

recirculation loops. The feedwater line is not included

(2) The FIST steamline break area is changed from 501 mm2

5.5 seconds.
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Table 3.3-1

STEAMLINE BREAK COUNTERPART TESTS

(MPa)
(M)
(R)

{(kg/s)-

(kg/s)
(X)
(kg/s)
(m)

(kg)

5
s)
(mmz)

(mmz)

(mmz)
(s)
(s)
(s)
(s)
(s)

(s)

(s)
(K)
(K)
{X)
(kg/s)
(kg/s)
(kg/s)
(kg/s)
(s)
(s)

{3) Shutcff pressure is 1,97 MPa.
t4) Shutoff pressure is 1.68 MPa.

(5) Some uncertainty due to flow

ROSA 952 ROSA/FIST

Per Full Per Full
: Size FIST Size

Total Bundle 6MSB1 Bundle

7.35 - 7.17 -
3.96 1.98 4.62  0.43
10.7 - 9.0 -
16.6 8.3 17.0 0.49
2.04 1.02 2.34  0.44
491 - 489 -
2,06 1.03 2.49  0.41
51400 14.0 -
661(1) 331(1) 277 1.19
g - 0 -
0 - 0 -

756.8 377.4 50173772 0.75/1.00

0 - 0 -

1.3 - 0 -

0 - 5.5 -
L2+27 - 27 -
L1+40 - 35(3) -
L1+40 - 35(¢) -

313 - 324 -
313 - 319 -
313 - 319 -

0.84 0.42 0.57 0.73

0 0 0.68 -

0 0 0.51 -

0.84 0.42 1,76 0.24

N/A - 7 -
N/A - 7 -

to 377 mm2

in jet pumps and

at

effect on the downcomer differential pressure.
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4, TEST RESULTS

4.1 TLARGE BREAK

The large break LOCA transient tests begin with the opening of the
break valves. At the same time the recirculation pumps are tripped off,
the feedwater valves start closing, and the bundle power starts decaying
(as discussed in Section 3, the power decay is delayed by 8§ seconds in
ROSA-TII). The timing of these and other key events that follow are
compared in Table 4.1-1. .

Following break initiation, there is an inter-relationship of the
short term system responses. The initial break flow rate, shown in two
time frames in Figure 4.1-1A and B, is influenced by the subcocliing at
the break, Figure 4.1-2. This subcooling is a functicm of the down-
comer temperature, which is lower in FIST, and the system pressure,
Figure 4.1-3A. The pressure at the beginning of the transient is fixed
by the pressure controller, which regulates the steam flow, shown in
Figures 4.1-4A and B. Initially, FIST is controlled at a slightly
higher pressure than ROSA-III, as seen in Figure 4.1-34. The result
is greater subcooling upstream of the FIST break, and therefore a
higher flow rate during the subcooled phase of the break as seen in
Figure 4.1-1A. Also there is some friction loss between the downcomer
and the break location in ROSA-III. [In ROSA-III the break flow is
measured by drag disks and gamma densitometers. In FIST, drag disks and

turbine meters are used.]

The sudden break initiation reverses the drive lime flow in the
broken loop. This rapidly reduces the core flow, as seen in Figure 4.1-5.
The FIST core flow decreases from 18.55 kg/sec to 6 kg/sec in about one
second. As the recirculation pump in the intact loop coasts down the

core flow continues to decrease gradually. The ROSA-III core flow
experiences a similar initial decrease from 18 kg/sec to & kg/sec and z

subsequent gradual decay.
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The downcomer water is lost out of the break very rapidly. Makeup
from the feedwater line is quickly shut off, as seen in Figure 4.1-6,

and has no significant contribution to the downcomer level transient.

The downcomer liquid volume is shown in Figure 4.1-7 as a function of
time. FIST, having a greater subcooled break flow and recirculation
flow, and smaller initial downcomer mass, depletes downcomer water more
repidly than ROSA-III., The FIST Level 1 MSIV trip is reached at 4.5
seconds. The MSIV starts closing and is almost completely closed at 7
seconds, as shown by the steam flow in Figure 4,1-4A, The ROSA-III MSIV
closure, which is timed, occurs at 13 seconds. This causes FIST pres-
sure, Figure 4.1-3A, to rise slightly faster than ROSA-IIT during this
period. At 5 seconds in FIST and 12 seconds in ROSA-ITI, the teop eof the
jet pumps are uncovered, Figure 4.1-7, reducing the core flow te almest
zero, Figure 4.1-5. Finally, the downcomer level reaches the recircula-
tion line suction nozzle level, at 8 seconds in FIST and 17 seconds in
ROSA-III. When the suction line is uncovered the break flow is no
longer subcooled liguid but saturated steam. Figures 4.1-1A and B show
the break mass flow suddenly drop at uncovery, and Figure 4.1-2 shows
that the temperature becomes saturated. Venting of steam out of the
break causes the system pressure to decrease rapidly, Figures 4.1-3A and
B, which is also reflected in the saturation temperature, Figure 4.1-2.
The downcomer level transient response during the early phase of the
LOCA is shown in Figure 4.1-8. The normalized water levels are
compared, where 100% is the initial water level and 0% is the level of

the recirculation line suction nozzle,

The different recirculation line break uncovery timing causes an
earlier system depressurization in FIST. As a comsequence, the FIST
system pressure, Figure 4.1-3B, remains slightly lower than ROSA-III
throughout the remainder of the transient. The small steam flow when
the ADS is activated, Figure 4.1-4B, does not have a significant effect
on the system pressure. The FIST ADS flow is lower than ROSA-III

because the system pressure is lower.

—32—-
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The earlier break uncovery and depressurization in FIST also leads
to earlier lower plenum flashing and associated level swell (11.5
seconds versus 18 seconds). Following lower plenum flashing, a two-
phase level forms in the lower plenum, at 18 seconds in FIST and at 27
seconds in ROSA-III, as seen in Figure 4,1-9. While there is a level
in the lower plenum the liquid draining from the bundles 1s controlled
by CCFL at the inlet orifices. The lower plenum level in FIST reaches
the bottom of the jet pumps at 39 seconds and some lower plenum steam
vents out the jet pumps. This leads to increased bundle drainage and
level drop, and causes rod heat up in FIST. Parallel channel flow
(cf. Reference 8) in ROSA-III redistributes lower plenum steam ameng the
bundles when the lower plenum level forms. This is indicated by the
bundle inlet flow rates in Figure 4.1-10. Bundle A shows upflow while
bundles B and D are in countercurrent flow. Bundle C shows some counter
current flow, then upflow. This parallel channel flow effect on

temperatures in the different bundles is discussed below.

Core uncovery and heatup beings at very nearly the same time in both
facilities, 39 seconds in ROSA-TIT and 41 seconds in FIST. 1In FIST,
Figure &4.1-11, the EPCS and LPCS liquid supplied to the upper plenum
flows down through the upper tieplates and starts quenching the bundle
from the top. This, together with the contribution from the LPCI, start
bundle reflood at 100 seconds, and limits the PCT to 656K (721°F) at
location 4 (core midplane). ROSA-ITI bundle D, which shows countercurrent
flow at the inlet crifice, heats up at the very top due to core uncovery
and with only the HPCS, less liquid downflow through the upper tieplate.
Bundie B, which zlso shows countercurrent flow at the inlet crifice, has
slightly lower temperatures (Figure 4.,1~12). The activation of the LPCS
and LPCI quench the rods and reflood the bundles. Upflow into bundles A

and €, keeps them full of a two-phase mixture and well cocoled.
FEven though the bundles, as well as the complete systems, are of

different lengths, the thermal-hydraulic response is consistent between

the two facilities. The hot bundles are in counter-current flow. The
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PCT is slightly higher in FIST, mainly because the absence of parallel
channel flow effects causes the jet pumps to vent some lower plenum

steam which drains liquid from the bundle.

The FIST ECC Systems come on at 27, 64, and 75 seconds, as shown in
Figures 4.1-13A, B, and C. These curves are consistent with the flow
vs, pressure curves, Figures 3.1-2A, B, and C, and the system pressure,
Figure 4.1-3B. The core spray injection into the upper plenum provides
liquid for downflow through the upper tieplate, and leads to a CCFL
breakdown at 125 seconds. In ROSA-III, the HPCS also comes on at 27
seconds, and the LPCS and LPCI at 85 and 95 seconds respectively. The
HPCS flow is less and the LPCI greater than in FIST. The total ECCS

injection is the same in both tests, as shown in Figure 4.1-13D.

The total vessel liguid mass in each facility, Figure 4.1-14,
compare very closely. This demonstrates that the net boundary flows are
equal. These flows are the break flow, steamline flow, feedwater flow,

and ECCS flows.

Summary

Overall, the ROSA-III and FIST system responses for the large break
tests compare very well. In particular the system pressure Tesponses
and the system masses compare very well between the two tests. This
demonstrates that the mass flow and energy flew rates are very similar.
The ROSA~III hot bundle hydraulic response during heatup and rewet is
similar to that of the FIST bundle. The inlet fiow to the het bundle is
counter current, controlled by CCFL at the inlet orifice. And finally,
the height scaling in ROSA-II1 does not have & significent effect on the

svstem response.

Differences in responses attributed to facility differences are the
slightly delayed system depressurization in ROSA-TII caused by the later
recirculation break uncovering. This is due to large initial downcomer
liguid mass and lower subcooled break flow in ROSA-ITI. The delayed
system depressurization in ROSA-III also delays the LPCS and LPCI
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injection about twenty seconds. The FIST bundle has more bundle un-
covery than ROSA-III because it does not have parallel channels. Lower

plenum steam flows out the FIST jet pumps when they uncover allowing

more liquid to drain from the bundle.
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Table 4.1-1

LARGE BREAK COUNTERPART TESTS
TIMING OF KEY EVENTS

Key Events Time (sec.)
ROSA 983 FIST 6DBAIR
Break Valves QOpen 0.0 0.0
Pump Coast-Down Begins 0.0 0.0
Feedwater Line Closes 2.0-4.0 1.0
Power Decay Initiated 8.0 0.1
Level 1 Trip NA 4.5
Jet Pump Suction Uncovers : 12.0 5.0
MSIV Closes 13.0~15.0 7.0
Recirc. Suction Break Uncovers 17.0 8.0
Lower Plenum Flashing Begins 18.0 11.5
Guide Tube Flashing Begins 20.0 12.0
Lower Plenum Level Forms 27.1 18.0
Jet Pump Exit Uncovers - 39.0
Jet Pump Loop Isolated (Intact) 0 13.0
HPCS Flow Begins 27.0 27.0
Bundle Heat-Up Begins 39.6 41.0
PCT Occurs 81.2 110.0
PCT Temperature 575K (1) 656K
PCT Location Position 2 Position 4
LPCS Flow Begins 85.0 54.0
LPCI Flow Begins 6s.0 75.0
ADS Actuation 115.0 110.0
Bypass/GT Refill Begins - 115.0
Bypass CCFL Breakdown - 115.0
Bypass Refilled - 125.0
Bundle Reflooding Begins §2.3 125.0
Bundle Reflcoded 114.6 125.0
UTP CCFL Breakdown - 125.0
Bundle Quenched 120.8 125.0
Jet Pump Exit Recovers - 145.0
End eof test 45C.0 315.0

(1) Bundle D.
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4,2 SMALL BREAK

The timing of the key test response events are compared in Table
4.9-1 for the small break tests. This table shows the sequence of
events, and gives an overview picture of the two tests. It also
focuses on key events and controlling phenomena. Comparing the tweo
tests shows the sequence of events is similar but the timings are
somewhat different. The system responses of the two small break tests
show that the sequence of events is characterized by three phases.
During the first phase the steamline flow is regulated to keep the
system pressure constant. The downcomer water level reaches Level 1,
activating thé trips for MSIV closure, ADS, and ECCS. The MSIV closure
causes the pressure to rise. After a specified time delay, activation
of the ADS starts the second phase with rapid system depressurizatiomn
and increased rate of coolant loss. Core uncovery and rod heatup occur
during this phase. Phase three begins with ECCS injection which

refloods the core.

The break flow shown in Figure 4.2-1 is measured by the low range
drag disk in ROSA-III and the blowdown tank level rise in FIST. The
FIST flow measurement has a time lag due to the length of piping to the
tank. It does not give instantaneous flow rates. The mass flow rates
before ADS are influenced by the subcooling at the break. The sub-
cooling is the difference between saturation temperature and the fluid
temperature at the break. Figure 4.2-2 shows the break subcooling for
FIST and the subcooling at the pressure vessel side of the break in
ROSA-III. After flashing occurs in the downcomer, the break flows
become two-phase mixtures of steam and water, and the uncertainty in the

break flow measurement, is higher.

The system pressures, Figures 4.2-3A and B, show the short term and
long term system response. Before MSIV closure, the pressure control
systems regulate the steam flows, Figures 4,2-4A and B, to maintain
system pressure. In ROSA-III, the system pressure set point is 6.7 MPa

(970 psia). 1In FIST the pressure control system is set slightly higher.
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The recirculation pumps are tripped off at the test start, and as
the pumps coast down the core flows decrease, as shown in Figure 4.2-5.
Also, near the beginning of each test the feedwater valves are closed,

Figure 4.2-6.

Level 1 is reached at 75 seconds in FIST (Figure 4.2-7), 53 seconds
earlier than in ROSA-III. 1In both facilities the downcomer level is
sensed by the wide range instruments showm in Figure 2-3. These
measurements are shown in Figures 4.2-8A and B for ROSA-III and FIST
respectively. The normalized downcomer liquid level in both tests are
shown in Figure 4.2-9. The figure shows the downcomer liquid level in
FIST decreasing faster than in ROSA-II1. The downcomer liquid volumes
are compared in Table 2-3 and Figure 2-4. Per full size bundle, the
1iquid volume in the ROSA-III downcomer 1s 0.1&52m3 between the normal
water level at 5.21m and L1 at 4.0m. Thus the time torreach Level 1 is

shorter in FIST,

The MSIVs were tripped closed by the downcomer liquid level signal
(L1) in both tests. The valves close at 77 seconds in FIST and at 131
seconds in ROSA-III, consistent with the difference in their Level 1
trips. After the main steam isolation valves (MSIV) close, the system

pressures begin to increase gradually in both tests as seen in Figure

4,.2-34,

ADS, actuated by the downcomer L1 level signals in both tests,
started at 195 seconds in FIST and 249 seconds in ROSA-III. The
depressurization rate after ADS is greater in FIST, as shown in Figure
4.2-3B. FIST depressurizes slightly faster because of the 6% larger
ADS orifice, used in FIST to compensate for excess stored energy, and
a slightly higher ROSA-III ADS flow resistance piping due to a pipe
diameter of 25mm, an orifice diameter of 21.lmm, and a control valve
upstream of the orifice. The resulting difference in the integrated ADS
flow, i.e. area under the respective curves in Figure 4.2-4B, is small,

with a corresponding small effect on system inventory.
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The ADS depressurization leads to flashing in the downcomer, lower
plenum, guide tubes, and bypass,and swelling of the downcomer and upper
plenum levels. The level swell 1s greater in FIST than in ROSA-ITI
because flashing in a tall, narrow volume produces more swell than in a
shorter, wider volume. On a normalized basis, the downcomer mixture
level transients are similar in both tests, even if the time to reach
Level 1 is 53 seconds later in ROSA-III due to the larger initial

downcomer mass (Figure 4.2-3).

Once the level swell transient has subsided, the downcomer, upper
plenum and lower plenum levels fall. CCFL at the FIST side entry ori-
fice (SEO) limits the downflow of liquid from the bundle to the lower
plenum, and a mixture level forms in the lower plenum. Although conduc-
tivity elements in ROSA-III do not indicate a level formation in the
lower plenum after flashing, Figure 4.2~11 shows that the orifice flow
reverses in Bundles B, C, and D while it remains in the upwaré direction
in Bundle A for about 40 seconds. This indication of parallel channel
flow (cf. Reference 8) shows that a small level has formed near the
orifices. However, this brief period of parallel channel flow has

little effect on the core unconverged heatup.

The mixture level in the FIST lower plenum (Figure 4.2-10), drops
to the bottom of the jet pumps, which allows some steam to vent out the
jet pumps. The mixture level in the FIST upper plenum drops to the top
of the core and then into the bundle, as seen in Figure 4,2-10. In
ROSA-IIT the mixture level also drops into those bundles which are in
eountercurrent flow at the inlet orifice, Figure 4.2-11. Bundle 4,
remains full as long as it is in upflow at the side entry orifice (about
330 seconds), but its level drops quickly to that of the other bundles,
Figure 4.2-10.

As the mixture level drops in the bundles, the rods begin to heat
up, as seen in Figure 4.2-12A. FIST heat up occurs earlier, censistent
with the difference in ADS. timing, level swell timing, and mixture level
drop timing in the bundle., The heat up duration is also about the same,
which results in the ROSA-III bundles having approximately the same PCT
as in the FIST bundle. The PCT's are 710K and 769K respectively

—44 -
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(Table 4.2-1), both occurring at the same relative position (i.e., #4).
Figure 4,2-9 and 4.2-10 show the system refill and bundle reflood
shortly after the LPCS and LPCI systems begin injecting coolant. The
1LPCS initiates FIST bundle coeling from the top, Figure 4.2-12A; while
reflooding gquenches the rods from the bottom in both facilities.

The earlier system depressurization (i.e., ADS) in FIST also leads
to earlier injection of LPCS and LPCI water. The LPCS and LPCI trips
themselves, Table 3.2-1, are not important as they occur before the
gystem pressures reach the shutoff head of these low pressure pumps.
The LPCS and LPCI injection begins at 310 and 335 seconds in FIST, and
at 469 and 502 seconds in ROSA-III, as seen in Table 4,.2-1 and Figure
4.2-13A. The ECCS flow responses for the two facilities, shown in.
Figures 4.2-13A and B, are similar but with the same offset in time due

to the difference in ADS timing.

Figure &4.2-14 shows the total vessel liquid mass inventory tran-
sient for the two facilities. Shortly after ECCS injection begins, the
liquid inventories start to recover. Except for this offset in time,
again due to ADS timing differences, the mass response is similar in
both facilities. The comparison 1s very good, and demonstrates a good

simulation of BWR mass and energy rates in both facilities.

Summary

The basic sequence of events and the system responses in the twe
small break tests are very similar. The timing of downcomer water level
reaching Level 1, initiating the MSIV clesure and ADS actuation, has a
noticeable effect on the timing of flashing, level response, bundle heat
up, and PCT. However, this timing difference does not have a signifi;
cant effect on overall system responses, and the depressurization and
liquid mass histories are quite similar. The bundle heatup and quench-
ing is very similar, with the Peak Clad Temperature (PCT)} occurring near

the same location and having very nearly the same value.



JAERI-M 85-158

Table 4.2-1
SMALL BREAK COUNRTERPART TESTS
TIMING OF KEY EVENTS
Key Events Time (sec.)
ROSA 984 FIST 6SB2C

Break Valves Open 0.0 0.0
Pump Coast-Down Begins 0.0 0.0
Feedwater Line Closes 2-4 0.0
Power Decay Initiated ‘ 9 0.0
Pressure Control System Activated 16 0.0
Intact Jet Pump Loop Isolated NA 20
Level 1 Trip 128 75
MSIV Closes 131 77
Jet Pump Suction Uncovers NA 165
ADS Actuation 249 185
Lower Plenum Flashing 255 195
Jet Pump Suction Recovers NA 200
Lower Plenum Level Forms NA 200
Top of Bundles Uncover 329 237
Bundle Heat-Up Begins 330 250
Jet Pump Exit Uncovers NA 290
LPCS Flow Begins 469 310
Bottom of Core Uncovers 458 325
LPCI Flow Begins 502 335
Bundle Reflood Begins 490 370
PCT Occurs 504 400
PCT Temperature 710K 769K
PCT Location Position 4(1) Position 4
Bundle Reflood Completed 528 420
Bundle Quenched 527 420
Jet Pump Exit Recovered NA 420
Lower Plenum Refilled NA 465
End of Test 788 508

(1) Bundle A.
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4.3 MAIN STEAMLINE BREAK

The steamline break tests, although having similar initial and
boundary conditions, were not performed to be counterpart tests in which
the test specifications are exactly the same. For example, the FIST
ECCS trips are activated by a timer, whereas the ROSA-ITII trips are
actived by Level 1 and Level 2 signals, plus a specified time delay,
(cf. Table 3.3-1). As a result, the number of ECC Systems activated,
and the timing of their injections, is not the same in the two tests,
However, these tests are sufficieﬂtly similar to make it worthwhile

including them in this evaluation.

The timing of key events in the system responses are compared in
Table 4.3-1. TFor the steamline break tests, these events fall into four
major groups which describe these transients. TFirst, are events asso-
ciated with the test initiation, i.e., the break flow begins, the recir-
culation pumps start coastdown, the feedwater valve cleses, and the
power decay is initiated. The rapid system depressurization rate, that
is characteristic of a large steamline break, leads quickly to the
second group of events, which include dowvncomer flashing, level swell
and, in ROSA-III, the Level 2 trip. Initiation of ECCS injection begins
the third major group of events. The system refilling and, in ROSA-III,
bundle reflood, begins the fourth. The following paragraphs discuss

these events and responses.

The steamline break flow rates for the first 25 seconds are shown
in Figure 4.3-1A. TFIST, with a 25% larger break area, has a larger
break flow for the first 5.5 seconds. At FiST MSTIV closure, the FIST
and ROSA-ITI breaks become the same for the remazinder of the test. At
six seconds, the FIST downcomer two-phase mixture level swells to cover
the steamline, which explains why the FIST break flow initially remains
slightly greater than ROSA-III. Figure 4.3-1B shows that over the long
term the break flows become equal, and then FIST falls lower due to

lower system pressure.
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The system pressure responses are compared in Figure 4.3-2A for the
first 25 seconds, and in Figure 4.3-2B for the entire test duratiom.
FIST, with the initially larger break area, depressurizes more rapidly
than ROSA-III for the first five seconds. At five seconds (6 MPaj, the
water in the FIST Lower plenum, downcemer, guide tubes, and bypass
reaches its saturation temperature and steam generated by flashing
reduces the depressurizatlon rate. The initial water temperature is
higher in ROSA-III than FIST, and flashing begins at 4.2 seconds (6.7
MPa). After five seconds, the pressure curves (Figure 4,3-2B) have the

same slopes.

In spite of some differences in the test conditions (Table 3.3-1),
the system pressures agree very well. This good agreement of the
pressure response is attributed to the same volumetric scaling of the
fluid mass in each region, equal break areas, and the same initial
enthalpy distribution. The comparison of initial fluid volume and break
area, per one full-size bundle, between ROSA~III and FIST, Table 3.3-1,
shows good agreement. The small difference betweer the pfessure
responses is due to the larger steam flow rate during the first 5.5

seconds in FIST,

The core flows are compared in Figure 4.3-3. The measurements of
core flow are reasonable accurate up to the time of lower plenum
flashing because the fluid is a single phase liquid. After lower plenum
flashing, the fluid is a two-phase steam—waﬁer mixture and, with a
greater uncertainty in fluid density, the measurements of core flow are
approximate. This comparison shows the ROSA~III core flow coasting down
more rapidly than FIST, as was the case in the large and small break
LOCA tests previously discussed. Because flashing and the subsequent
level swell occur early in these tests, the core flow transients have a

minor impact on the system responses.

The feedwater flow, Figure 4.3-4, is the last boundary condition to
be considered. The feedwater valves close very near the beginning of

the tests, so these flows have little effect on the test results.
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As noted above, the water in the ROSA-TIT lower plenum, downcomer,
guide tube, and bypass starts to flash at 4.2 seconds. The resulting
expansion of the two-phase fluid mixture forces steam and water from the
lower plenum into the downcomer, as well as into the bundles. This
added mass, and the expansion of the downcomer fluid, causes a rapid
swelling of the downcomer-mixture level. The location of the two aif-
ferential pressure measurements in the ROSA~III downcomer are shown in
Figure 2-3. These measurements for the steamline break (RUN 952) are
shown in Figure 4.3-5A. The upper measurement (WL 4} represents the BWR
wide range level instrument, and level trip signals are taken from this
instrument in ROSA-TII. This measurement includes the effects of fric-
tion due to fiow in the downcomer. After flashing begins, this measure-
ment is no longer the "true" mixture level, but is the "collapsed"
level, or static head between the pressure taps. These taps are at
elevation 3.90m and the top of the vessel, 6.04m. This spans Level 1 at
4.25m and Level 2 at 4.76m. Figure 4.3-5A shows the ROSA-IIT "collapsed”
upper downcomer level (wide range instrument) initially rising as
flashing swells fluid mixture into this region from below the pressure
tap at 3.9m. After the initial level swell, as steam breaks through,
the level falls back. The Level 2 indication, which trips the HPCS, is
reached at 71 seconds and, with the specified time delay, injection
begins at 94 seconds. Level 1, which trips the LPCS and LPCI is not
reached due to level swell during blowdown and mass recovery during
reflood. The differential pressure measurement from the lower downcomer
instrument (D4) shows a rapid decrease in the first 22 seconds as steam
voids are formed. That swells the fluid mixture into the region above
3.9m. However, no mixture level or steam pocket was observed by the
conductivity probes in the lower downcomer of ROSA-III. HPCS injection
adds additional liquid, which contributes to the prevention of the Level

1 trip.
Figure 4.3-5B shows that the FIST downcomer ''collapsed” level

response is very similar to ROSA-TII for the first 150 geconds.

This measurement is from the wide range level instrument, shown in
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Figure 2-3. Level 2 is reached in 22 seconds, 49 seconds earlier than
in ROSA-III. This is gimilar to the small break case in which the
greater recirculation flow during the coastdown transient transfers more
mass from the downcomer into the in-shroud region. As in ROSA-III,
Level 1 is not reached, also due to CCFL holdup of liquid in the upper
regions., Liquid is held above the FIST jet pumps, downcomer bend, and
dryer bottom, which forms steam pockets, Figure 4.3-6, Therefore, if
the LPCS and LPCI systems had been initiated on level trip, as in
ROSA-III, they toc would not have been activated*. In FIST, however,
the ECCS is activated by a simﬁlated containment over pressure trip.
HPCS starts injecting after a 27-second delay, and the low pressure
systems start injecting when system pressure is below the injection
pumps shut off head. This is 88 seconds for the LPCS and 95 seconds for

the LPCI, and leads to refill of the system,

The estimated downcomer two-phase mixture levels are compared in
Figure 4.3-6. The levels are normalized with the recirculation line
suction as 0% and Level 3 as 100%. The steamline at the top of the
ROSA-IIT vessel is covered by the two-phase mixture from 15 seconds to
3] seconds, and gradually decreases thereafter. In FIST, the
downcomer-mixture level swells above the top pressure tap (14.88m) of
the wide-range level instrument, and covers the steamline (16.15m) from
6 seconds to 80 seconds, but does not swell to the top of the vessel.
In both tests liquid is swept out of the break when the steamline is
covered. Conductivity probes and differential pressure measurements in
FIST led to the identification of the "steam pockets" shown, but it was

not observed in ROSA-ITI.

Figure 4.3-7 compares the two-phase mixture levels inside the core
shroud for both tests. As is the case for the downcomer region, the

lower plenum, core, and upper-plenum regions are normalized for the

* The BWR downcomer does not have a flow geometry that would lead to
CCFL affecting level trips. The downcomer is annular in shape,

allowing a redistribution of upflowing steam.
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comparison. The HPCS, LPCS, and LPCI performances are evaluated by
comparing the mixture levels inside the core shroud and the heater rod
surface temperatures of the two tests. As in the small break case, a
two-phase mixture level is formed in the FIST lower plenum but not in
ROSA—III. This is attributed to a smaller flow resistance through the
jet pumps in FIST compared with ROSA-III. The smaller flow resistance
results in relatively lower two phase flow in the core and larger fall
back from the upper plenum. The down flow from the FIST bundle is
limited by the SEO CCFL to form a level in the lower plenum and to keep
the bundle full and refilling the'system combined with the effect of the

early actuation of HPCS.

Since the FIST bundle does not uncover, the rod temperatures remain
close to saturation throughout. The level forming in the four ROSA-III
bundles causes heatup (Figure 4.3-8B), and a PCT of 752K is reasched at
108 seconds at position 4. The HPCS then refloods the core, guenching

all rods by 221 seconds.

The HPCS flows, Figure 4.3-94, reflects the earlier actuation ﬁime
in FIST. Figure 4.3-9B shows the LPCS and LPCI flows, and the total
ECCS injection flow is shown in Figure 4,3-9C. The total syétem mass,
Figure 4.3-1C, is the same for the two tests for the first 100 seconds.
The HPCS maintains the syséem inventory thereaffer, as seen in ROSA~III,

and the addition of LPCS and LPCI refills the system, as seen in FIST.

A local tedryout of fuel rods was observed in the ROSA-ITI
steamline break test at the midplane of the peripheral highest power
rods. Relatively higher heat flux and smaller HPCS injection flow
resulted in the redryout, which was gquenched completely by the manual

actuation of LPCI at the end of the test.



JAERI-M 85-158

Summary

The basic sequence of events and the system response in the two
steamline break tests are very similar. After the initial 5.5 seconds,
the FIST break is reduced to be the same as in ROSA-IIT and the system
pressure responses, as well as the ‘streamline break flows, are very
similar. The liquid holdup in the FIST bundle by SEO CCFL, augmented by
ECCS activation, keeps the bundle covered and there is no heat up. The

delayed HPCS actuation in ROSA-III resulted in bundle heat up.

As this was not a counterpart test, there were significant differ-
ences in the ECCS trip settings. The ROSA-III ECC Systems trip on down-
comer level, whereas FIST systems trip on simulated high containment
pressure. By comparing the effects of each ECCS in ROSA-III wich that
in FIST, it is found that the early actuation of HPCS contributes to

prevent core uncovery and actuation of LPCS and LPCI contribute to com-

~plete core cooling.
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Table 4.3-1

STEAMLINE BREAK COUNTERPART TESTS
TIMING OF KEY EVENTS

Key Events Time (sec.)
ROSA 952 FIST 6MSE1

Break Valve Opens 0 0
Pump Coast-Down Begins 0 0
Feedwater Line Closes 1.3-3.2 0
Power Decay Initilated 3.0 0
Lower Plenum Flashing 4.2 5
MSIV Closed (1) : NA 5.5
Break Size Changed NA 5.5
Level Covers Steamline 15 6
Recirc. Loops Isolated KA (2) 7
Level 2 Trip 71.0 22
Level 1 Trip _ No No
Lower Plenum Level Forms - 31
Jet Pump Exit Uncovered NA 65
Level Uncovers Steamline 31 80
HPCS Flow Begins 94 27
LPCS Flow Begins NA g8
LPCI Flow Begins NA 85
Feedwater Flashing 95 NA
Jet Pump Exit Recovered NA 120
Bundle Heat~Up Begins 27 None
PCT Occurs 108 None
PCT Temperature 752K (3) NA
PCT Location Position 4 NA
Bundle Quenched 221 N4
End of Test 450 335

(1) Irn FIST, the steamline break is changed from 501 mm? to 377 mm? at

5.5 seconds.

(2) Level 2 in ROSA-III Run 952 was detected by the upper downcomer
level instrument (EL. 3.90-6.04 m), which corresponds to the wide
range level instrument in the reference BWR.

{(3) Bundle A
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5. SUMMARY

A common understanding and interpretation is developed of the
controlling phenomena observed in loss-of-coolant accident (LOCA)
experiments performed in the ROSA-IIT and FIST BWR simulator facilities.
Counterpart tests were performed in each facility to provide a common
basis for this evaluation. The three sets of tests are large break,
with HPCS, LPCS, and LPCI, small break, with LPCS and three LPCI's, and
steamline break with HPCS, LPCS, and LPCI. Both facilities are scaled
to simulate, in real time, BWR system responses to LOCA transients. In
addition, ROSA-III has four half-length bundles in order to simulate
parallel channel flow effects, and FIST has full height scaling to

preserve static head effects.

Although scaled to different size BWR systems, and employing
different solutions in the test facility design, the two facilities
compare very well. The initial conditions and the system boundary
conditions also compare very well. The transient response of these two
systems to each of the three types of LOCA tests is found to be quite
similar (i.e., pressure, system mass, etc.). The sequence of key events
for each set of tests, and the controlling phenomena, are the same in
both facilities. Some difference in timing of events is due to small

differences in facility scaling compromises and/or tests conditiomns.

Parallel channel flow interaction is significant only in the large
break test. FIST lower plenum steam vents through the jet pumps whereas
ROSA-III redistributes steam such that more steam flows up ome of its

four bundles. The bundle heatup response and PCT's are similar.

The downcomer level response, and subsequent level trip timing, is
different in the two small break tests. This is due to faster downcomer
depletion by the recirculation flow in FIST during the flow coastdown
period. The system responses, bundle ccoling, and PCT's are essentially

the same, offset by this timing difference.
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The steamline break system responses are also very similar.
However, due to different flow resistance through the jet pumps there is
a difference in the mass distribution between regions in the system that
leads to CCFL holdup of liquid in the FIST bundle and not in ROSA-III.
Also ECCS timing is different because of trip modeling. As a result,
the mixture level falls into the ROSA-III bundles, allowing some heatup,
whereas the FIST bundle remains full of two-phase mixture and well

cooled.,

The overall comparison betweén ROSA-III and FIST system response in
LOCA tests is very good. Small response differences are due to
different scaling compromises in the facility design and/or in the

specific test conditioms.

6. CONCLUSIONS

A common understanding and interpretation of BWR system response
and the controlling phenomena in LOCA transients has been achieved
through the evaluation and comparison of these tests. The system
responses in each facility to counterpart test conditions are gquite
similar. Differences that do occur are due to minor differences in
modeling objectives, facility scaling, and test conditions. The
sequence of events are the same in each facility, and the timing of
these events are similar. Parallel channel flow interaction effects in
ROSA-III, although noticeable in the large break tests, do not cause
major differences. The same events occur in both smali break tests,
offset in time by the later ADS actuation in ROSA-III. The system
responses of the two steamline tests are also similar, except for the

ROSA-IIT bundle heatup that results from a different ECCS trip modeling.
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The steamline break system responses are also very similar.
However, due to different flow resistance through the jet pumps there is
a difference in the mass distribution between regions in the system that
leads to CCFL holdup of liquid in the FIST bundle and not in ROSA-TIT,
Also ECCS timing is different because of trip modeling. As a result,
the mixture level falls into the ROSA-III bundles, allowing some heatup,
whereas the FIST bundle remains full of two-phase mixture and well

cooled.

The overall comparison between ROSA-ITI and FIST system response in
LOCA tests is very good. Small response differences are due to
different scaling compromises in the facility design and/or in the

specific test conditioms.

6. CONCLUSIONS

A common understanding and interpretation of BWR system respemse
and the controlling phenomena in LOCA transients has been achieved
through the evaluation and comparison of these tests. The system.
responses in each facility to counterpart test conditions are quite
similar. Differences that do occur are due to minoT differences in
modeling objectives, facility scaling, and test conditions. The
sequence of events are the same in each facility, and the timing of
these events are similar. Parallel channel flow interaction effects in
ROSA-III, although noticeable in the large break tests, do not cause
major differences. The same events occur in both small break tests,
offset in time by the later ADS actuation in ROSA-III. The system
responses of the two steamline tests are also similar, except for the

ROSA-III bundle heatup that results from a different ECCS trip modeling.
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APPENDIX 4.1

ROSA~TII Test Facility and Test Procedure

Test Facility

The ROSA-III test facility is designed to simulate the major
components the responses of the 3800 MW (thermal) BWR/6 251-848 system
during a postulated loss-of-coolant accident (LOCA). The schematic
diagram of the facility is shown in Figure 1-1. The maximum operating
pressure and the fluid temperature cover the BWR fluid conditions both
in steady state and in the transient, i.e., 9.0 MPa and 576°K. The
basic scaling and design objectives are to provide a test apparatus for
investigating, on a real-time basis, the expected thermal-hydraulic

response of the BWR/6 core foliowing a postulated LOCA.

The facility is a volumetrically scaled system of the BWR/6 with
the scaling ratio of 1/424. The relative elevation of each compoment is
reasonably simulated. Primary characteristics of the ROSA-ITI test
facility are listed in Table A.l-1 in comparison with the corresponding

values of a BWR/6-251.

~ The core region consists of four half-length bundles, Each bundle
contains 62 heated rods and two unheated water rods arranged in an 8x8
square array with a 16.16 mm pitch, as shown in Figure A.1-1, The
heated length of the core is 1.88 m and the outside diameter of the rods
is 12.27 mm. Each rod is an indirect electrical heater with a nicrome
heater element and an Incomnel 600 sheath., Boron nitride (BN) is used
as the insulater. The details of the heater rod are shown in Figure
A.1-2. The rods have a chopped cosine axial power distribution and an
axial peaking factor of 1.4 (Figure 2-2C). The power to the peak
power bundle (Bundle A) can be up to 1.4 times greater than the power to
the average power bundles (Bundles B, C, and D). The radial power
distribution within a bundle has local pezking factors of 1.1, 1.0, and

0.875 (Figure A.1-1).
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The ROSA-III test facility has two recirculation loops. One
simulates the broken loop and the other the intact loop. Each loop is
furnished with one recirculation pump and two jet pumps. Jet pumps are
installed outside the main vessel to achieve satisfactory simulation of

the recirculation system volume.

The facility has three different types of ECC Systems. They are
the high pressure core spray (HPCS), the low pressure core spray (LPCS),
and the low pressure coolant injection (LPCI) systems. The flow rate of

each system is scaled to 1/424 of the BWR/6 system flows.
The break device, Figure 1-1, consists of two blowdown values, one
quick shutoff valve and two break nozzles or orifices. The break area

can be varied by changing the size of the nozzle or corifice.

Test Procedure

After the initial fluid conditions are established, the blowdownm
valves are opened and the core power is reduced in accordance with a
predetermined curve. The core power before the initiation of the break
should be 9 MW to produce the same transient expected in the BWR/6
system. Since the available core power is 4.4 MW, the power is main-
tained constant nine seconds after the break, and then reduced,

simulating the heat transfer rate to the coolant in a BWR.

The ECCS is actuated automatically and injects water into the
pressure vessel as soon as the actuation conditions, such as the low
level in the downcomer and low system pressure, are reached. About 700
experimental data channels are recorded by a digital recording system
with the sampling rate up to 30 Hz/channel. Measurements are made on
the system pressure, the fluid temperature, the fuel rod surface

temperature, the two-phase mixture level and other parameters.,
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Table A.1-1

Primary Characteristics of ROSA-III and BWR/6-251

BWR/6-251 ROSA-TIT BWR/ROSA-TII
Number of recirc. loops 2 2 1
Number of jet pumkps _ 24 4 6
Number of separators 251 1 251
Number of fuel assemblies 848 4 212
Active fuel length (m) 3.76 "1.88 2
Total volume (m?) 621 1.42 437
Power (MW) 3,800 4.40 864
Pressure (MPa) 7.23 7.23 1
Core flow (kg/s) 1.54x104 36.4 424
Recirculation flow (1/s) 2,970 7.01 424
Feedwater flow (kg/s) 2,060 4,86 424
Feedwater temperature (K} 489 489 1
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NO PARTS | MATERIAL
1 SHEATH INCONEL 600
2 REATER NICHROME
3 INSULATOR BN
4 INSULATOR BN
5 THERMOCOUPLE CA/INC 600

FIGURE A.1-2 DETAILS OF SIMULATED FUEL ROD
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APPENDIX A.2

FIST Test Facility

The FIST facility is scaled from the BWR/6-218 standard plant. The
facility is designed to model the thermal-hydraulic response frem the
initiation through the entire transient. The facility simulates these
key features: full height, proportional regional volume distribution,
full-size electrically heated bundle, functional bydraulic components,
heated feedwater system which enables the facility te achieve
steady-state operation, prototype level instrumentation, ECC Systems,
and safety relief systems including ADS. A schematic of the FIST
facility is shown in Figure 1-2.

A scaling criterion of 1/624 is used in determining the regional
-volumes, mass, energy, and flow rates for the system, as well as in the
geometrical scaling of the regions and components. The initial
steady-state thermodynamic conditions in the test apparatus match those
of the reference BWR during normal operation. This allows the real-time
response to be characterized. Table A.2Z-1 summarizes the primary

characteristics of the facility.

The FIST heater tods are of the direct (skin-heater) type, 1.e.,
the heating element is the outer wall of the rod. The axial heat
generation rate of the conducting tube is dependent on the local wall
thickness. By varying wall thickness along the length, the axial power
shape in Figure 2-2B is obtained. The same axial profile, but at a
different total power in a rod is obtained by adding a constant amount
to the wall thickness.along the entire length. The rods, shown in Table
A.2-2, generate total powers which are in the ratio of 1.04, 1.01, and
0.97 to the average rod power. There are & rods with a local peaking of
1.04, 30 rods with 1,01, 24 rods with 0.97, and two simulated water rods
that are unheated, The FIST heater rods are 4.135m (162.8 in.) long,
have a heated length of 3.8lm (i50 in.), and an outside diameter of
12.27mm (0.483 in.). The heated length is made of Incomnel-600 tubing.
The interior of the heated length portion of the heater rods is filled
with a ceramic cement in which are embedded up to six Inconnel-sheathed,

chromel-zlumel thermocouples.
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The two recirculation loops are shown in Figure 1-2. Each loop
independently provides the drive flow for its jet pump. Each loop
consists of a standard, fixed-speed centrifugal pump with a flywheel to
provide rotating inertia simulation, remotely controlled loop isolation
and flow control valves, suction and drive line piping, a flow-metering
orifice, and other instrumentation. The LOCA recirculation breaks are
simulated in Loop No. 2. Blowdown piping, break orifices or nozzle, and
quick-closing valves are connected to this loop. The jet pumps are full
height, provide full scaled core flow, and simulate the reverse fiow

loss characteristics.

The emergency core cooling system {ECCS), as shown in Figure 1-2,
consists of the high pressure core spray (HPCS), the low pressure core
spray (LPCS), and the low pressure coolant injection {1LPCI). Each of
the three systems consists of a pump, piping containing remotely
operable valves, and instrumentation to monitor and control the flow of
the emergency ccolant from a common heated supply tank to the test

vessel,

The instrumentation system consists of the 426 experimental
measurements: 8 pressure, 126 differential pressure, 45 conductivity
probes, 21 material temperature, 82 fluid temperature, 112 heater rod
temperature, and 32 miscellaneous. This system measures the bundle
temperature, the global pressure response, the mass distribution, the
local fluid conditions including the mixture levels, local conditions at
particular components such as the upper tieplate, the primary flow rates
crossing the system boundaries, the flow rates within the system

internals, and the heat losses,
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Table A.2-1

Primary Characteristics of FIST and BWR/6-218

BWR/6~218 FIST BWR/FIST
Number of recirc. loops 2 2 1
Number of jet pumps 24 2 12
Number of separators 251 1 251
Number of fuel assemblies 624 1 624
Active fuel length (m) 3.81 3.81 1
Total volume (u®) 424,25 0.684 620.
Power (MW) 2895 4.64 624
Pressure (MFa) 7.17 7.17 1
Bundle flow (kg/s) 9586.9 15.36 624
Bypass flow (kg/s) 1077.8 1.73 624
Feedwater flow (kg/s) 283.6 0.455 624
Feedwater temperature (K) 489 489 1
Table A,2-2

FIST Heater Pattern

1.01 1.01 1.01 0.97 0.97 1.01 1.01 1.01
1.01 0.97 1,04 1.0l 1.01 1.04 0.97 1.01
1.01 1.04 0.97 0.97 0.97 0.97 1.04 1.01
0.97 1.01 0,97 water 1.01 0.97 1.01 0.97
rod
0.97 1.01 0.97 1.01 water 0.97 1.01 0.97
rod
1.01 1.04 0.97 0.97 0,97 0.97 1.04 1.01
1.01 0.97 1.04 1.01 1.01 1.04 0.97 1.0t
1.01 1.01 1.01 0.97 0.97 1.01 1.01 1.01




