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ABSTRACT

Recorded test data are presented for Tests LOC-11B and 11C of the Thermal Fuels
Behavior Program Loss-of-Coolant Accident Test Series. These tests, the first in a series of
LOCA experiments conducted at the Power Burst Facility, investigated the behavior of the
cladding of nuclear fuel rods exposed to temperatures similar to those expected in a
pressurized water reactor during the blowdown and heatup phases of a 200% double-ended
cold leg break. Tests LOC-11B and 11C were conducted at axial peak powers of 46 and
68 kW/m, respectively, which resulted in respective peak cladding temperatures of 880 K
and 1030 K. This report makes available the uninterpreted data for future analysis and test
reporting activities. The data, presented in the form of graphs in engineering units, have
been analyzed only to the extent necessary to ensure they are reasonable and consistent.
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SUMMARY

Tests LOC-11B and 11C were performed as part of the Thermal Fuels Behavior
- Program conducted by EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commission.
» These tests were the first in the Loss-of-Coolant Accident (LOCA) Test Series designed to
provide experimental information on fuel survival characteristics under off-normal or
accident conditions. The test objective specific to LOC-i1B and 11C was one of subjecting
the cladding of four nuclear fuel rods of pressurized water reactor (PWR) design to
temperatures similar to those experienced by the highest powered PWR fuel rod during the
blowdown and heat-up phases of a 200% double-ended cold leg break.

The Power Burst Facility was designed to provide the neutron and coolant
environment required to simulate conditions in a light water reactor during postulated

accident events. The test facility consists primarily of:

(1) A reactor vessel and driver core region to provide the neutron
environment

(2) An in-pilc tube in the center of the driver core for containing the
test rods

(3) A pressurized water flow loop to provide the coolant environ-
ment in the in-pile tube

(4) A blowdown system to simulate a blowdown accident.

The test experiment consisted of four separately shrouded unirradiated PWR-type fuel
rods which were positioned in the in-pile tube at driver core level.

Each test consisted of the following phases:
(i) Heat-up - establishment of initial test coolant conditions

(2) Power calibration — calibration of experiment power with
reactor power

(3) Preconditioning — period which allowed fuel cracking, restruc-
turing, and fuel relocation

Lo (4) Decay heat buildup - achievement of sufficient decay heat
prior to blowdown

(5) Blowdown and quench - sequential shutdown of the reactor,
blowdown of the in-pile tube, and cold water injection



(6) Cooldown - continuous cooling flow maintained to prevent rod
damage from decay heat.

Three separate nuclear blowdown tests were performed oa the same LOC-11 test train
fuel and hardware. The first test, LOC-11A, was not conducted as planned due to spurious
cycling of system valves which resulted in a delay in the onset of critical heat flux and low ‘
peak cladding temperatures. Test LOC-11B was next performed with the system operating
properly but at an axial peak test rod power of almost 46 kW/m which resulted in low peak
cladding temperatures of about 880 K. Although no sigrificant fuel rod degradation
occurred during the first two tests, Test LOC-11B was considered successful and provided
important data. A third test, Test LOC-11C was subsequently performed with the same test
rods but with increased rod powers and a reduction in time from reactor shutdown to
blowdown initiation. Pezk test rod claddiry temperatures of approximately 1030 K resulted
during the blowdown transient and satisfied test objectives.

The PBF-LOCA instrumentation system was designed to measure and record the
important events that occurred prior to and during @ LOCA test. Fach test rod and its
shroud cooling environment was fully instrumented. The blowdown piping variables were
further characterized through use of instrumented spool pieces. The instrumentation on
these spool pieces provided fluid temperature, pressure, velocity, and density information
during the blowdown transient.

The data obtained from these tests have been subjected to a thorough review and
subsequently divided into verified, restrained, trend, or failed data. The time span selected
for the bulk of the data extends from 5s prior to reactor shutdown for blowdown >
initiation, to 30s following shutdown. Additional data plots with other time spans are
included on microfiche attached to the back cover of this report.
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EXPERIMENT DATA REPORT FOR

PBF-LOCA TESTS LOC-11B AND 11C

L. INTRODUCTION

The Thermal Fuels Behavior Program, one of several water reactor research test
programs conducted by EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commission,
produces data which will contribute to an improved understanding of the behavior of
nuclear fuel rods operated under normal, off-normal, and accident conditions. The main
objective of the Thermal Fuels Behavior Program is to develop an integral analytical and
experimental effort which is accomplished by using experimental data to evaluate the
completeness and accuracy of the analytical models.

The Loss-of-Coolant Accident (LOCA) Test Series, conducted as part of this program,
is specifically designed to provide data over the range of conditions that could exist during
the blowdown and heatup phases of a LOCA in a pressurized water reactor (PWR). The
coolant conditions are characterized by a rapid system depressurization and extreme
changes in both mass flow and quality with departure from nucleate boiling occurring
within a few seconds of transient initiation.

The LOCA tests are conducted in the in-pile tube (IPT), the test space located
vertically in the center of the Power Burst Facility (PBF) reactor core. The PBF loop
coolant and blowdown systems allow PWR coolant conditions to be simulated in the IPT
and provide the subsequent blowdown capability. The test train, an experiment support
apparatus, positions the fuel in the core region of the IPT and provides support for the test
instrumentation. The fuel rod dimensional characteristics are typical of those of a PWR
except for the length and plenum volume, which are scaled proportionally to the active fuel
length of a PWR rod. The 0.914-m rods are to be tested in both single and multirod arrays
with temperature, pressure, and deformation measurements specified and used for model
evaluation. Additional dynamic, pretest, and posttest measurements are specified to provide
checks on individual models and to determine boundary conditions.

Test LOC-11, the first test planned in the LOCA test series had the overall objective of
subjecting the cladding of PWR-type nuclear fuel rods to temperatures similar to those
experienced by the highest power PWR fuel rod during the blowdown and heatup phases of
a 200% double-ended cold leg break. A second objective was to compare the thermal
response and cladding deformation of pressurized and unpressurized fuel rods during a
LOCA. In the first LOCA test, Test LOC-11A, spurious cycling of the isolation valves caused
coolant to enter the test train after the blowdown system had been isolated from the loop.
Consequently, critical heat flux was delayed and intended peak cladding temperatures were
not achieved. As a result of low temperatures, the pressurized fuel rods did not experience
cladding ballooning, and cladding collapse did not occur on the unpressurized fuel rods. Test
LOC-11B, the second test, was conducted using the LOC-11A configuration with the






I SYSTEM AND EVENTS FOR TESTS LOC-11B AND LOC-11C

The following system configuration, procedures, and events are specific to Tests
LOC-11B and 11C.

1. SYSTEM CONFIGURATION

The Power Burst Facility consists primanly of an open tank reactor vessel and driver
core region with an active length of 091 m; a flux trap region in the center of the driver
core contains an in-pile tube (IPT) in which the test fuel is located: and a pressurized water
flow loop that permits control of the test fuel rod coolant flow rate, temperature, and
prescure within typical PWR levels. Through the use of high-speed valves, the in-pile tube
portion of the loop can be rapidly depressurized in a manner similar to that which would
occur in a4 PWR during a postulated loss-of-coolant accident. The PBF system major
components are shown in Figure |.

The PBF core is approximately a right-circular annulus 1.3 m in diameter and 091 m
in length, enclosing the centrally located vertical test space which is 0.21 m in diameter. The
PBF core cross section is shown in Figure 2,

Any conceivable failure of the test fuel during a test (such as cladding failure, gross
fuel melting, fuel-coolant interactions, fuel failure propagation, fission product release, or
metal-water reactions) can be safely contained by the PBF in-pile tube without damage to
the driver core.

A schematic of the pressurized water loop and associated blowdown hardware is
shown in Figure 3. The loop pump, heaters and heat exchangers, and pressurizer provide the
desired flow rates, temperatures, and pressures to simulate coolant conditions of a PWR in
the IPT.

Thermal sweil accumulators and acoustic filters are placed at the IPT inlet and outlet
to reduce the magnitude of the pressure surges extending down the loop pipe. The isolation
and bypass valves are actuated immediately prior to blowdown initiation so the loop can
continue to operate at normal conditions through the by pass valve.

The IPT is a thick-walled, Incorel 718, high strength pressure tube designed to contain
the steady-state operating pressure and the pressure surges that may result from test fuel rod
failure. A flow tube with a central section (through the reactor core) of zircaloy-2 is
positioned within the IPT to direct the IPT flow. Flow enters the IPT above the reactor core
and flows down the annulus between the IPT wall and the flow tube. Flow reverses at the
bottom, flows up through the central region of the flow tube, past the test fuel rods and
exits the IPT above the reactor core. A nitrogen gas annulus is provided between the IPT
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TABLE I
NOZZLE LOCATIONS AND DIAMETERS FOR TESTS LOC-11B AND 11C

Nozzle Designation Location Throat Diameter (mm)
FE-11-1-1 Hot leg 13.56
FE-11-1-2 Hot leg 14.22
FE-11-1-3 Cold leg 14,22
FE-11-1-4 Cold leg 13.56

A small warm-up line and valve connect the hot and cold blowdown piping legs and
provide a small flow rate to keep the piping legs at system teinperature prior to blowdown.

The sequencing of the valve operation during blowdown is controlled by a
time-sequential programmer in the PBF programming and monitoring system. Signals for
cladding temperature and elapsed time are aso input into this system and determine the
time of posttest quench cooling initiation.

The test experiment consisted of four separately shrouded unirradiated PWR-type fuel
rods. The fuel rod characteristics are shown in Table Il and the assembly configuration is
shown in Figure 5. The fuel rod dimensional characteristics are typical of PWRs except for
the length and plenum volume. The plenum volume is scaled proportionally to the active
fuel length of a PWR. The helium prepressurization was selected so that two rods are
pressurized to a value for the first LOFT core (0.1 MPa). The higher pressures shown in
Table I for the remaining two rods correspond to cold values typical of the beginning-of-life
and the end-of-life in a PWR. The enrichment is higher than that found in a PWR to obtain
the desired peak linear heat rating in the PBF.

A fluted shroud design was selected for the fuel rod shrouds to minimize the chances
of complete blockage of the flow channel in the event the uniform ballooning occurs as
expected around the fuel rod circumference. The shroud is formed from a nominal 25.4-mm
outside diameter zircaloy-2 tube with a wall thickness of 1.24 mm. The coolant flow area
for each fuel rod contained within its shroud is 225.7 mm=. The orientation of the fuel rods
within the IPT is shown in Figure 6.

The LOC-11 test train is shown in Figure 7. During preblowdown steady-state
conditions, the coolant flow enters the PBF reactor IPT inlet and passes downward outside
the IPT flow tube to the vicinity of the lower particle screen. (The particle screens prevent
fuel particles from being carried out of the IPT through the flow path.)

The coolant flow reverses at the IPT bottom and passes through the lower stainless
steel particle screen and up the center of the IPT flow tube. The flow then enters one of



TABLE 11
NOMINAL FUEL ROD CHARACTERISTICS FOR TESTS LOC-118 AND 11C

Usag enrichment 9.5%

U0, density 10.41 g/cm’
Pellet diameter 9.30 mm
Cladding material zircaloy-4
Cladding outside diameter 10.72 mm
Cladding inside diameter 9.50 mm
Cladding thickness 0.61 mm
Cladding finish Pickled and rinsed
Diametral gap 0.20 mm
Pellet length 15.24 mm
Pellet dishing Depth 0.33 mm

Radius 3.30 mm

Plenum spring Soiled carbon steel, 9.35 mm diameter
Insulating pellet length 15.24 mm

Active fuel stack length 914.4 mm maximum

Cladding overall length 1003.3 mm

Rod overall length 1205 mm

Helium prepressurization - 2 rods at 0.103 MPa (Rods 611-1 and 611-4)
1 rod at 2.41 MPa (Rod 611-3)
1 rod at 4.82 MPa (Rod 611-2)

Plenum volume 3.29 ch




means of turbine flowmeters. The orifice (located at the top and bottom of the fuel rod
flow channel) also minimizes the effect of minor variations in hydraulic resistance on
coolant mass flow rates between the four channels and aids in obtaining coolant flow
stagnation in the fuel assembly during blowdown.

The coolant flow than passes through the annulus between the fluted shroud and the
fuel rod, exits to the common upper plenum region, then passes through the upper particle
screen and out the IPT exit. A filler block is located above the IPT exit to reduce the
coolant volume in the upper plenum.

Table 11 provides a list of hydrualic volumes and flow areas for the PBF-LOCA
system piping.

TABLE 111
PBF-LOCA SYSTEM HYDRAULIC VOLUMES AND FLOW AREAS

Flow Area
Volume 2
Volume Location Description (2) (m®)
Piping from isolation valve (GB-LM-11-6) 1.962 0.002 29
to inlet spool
Inlet spool 2.089 0.003 05
Piping from inlet spool to cold leg 0.901 0.002 29
blowdown piping
Cold leg blowdown piping from IPT to 8.645 0.002 29
blowdown spool
IPT downcomer 19.715 0.005 80
IPT Tower plenum below particle screen 1.787 0.005 85
IPT lower plenum above particle screen 1.727 0.005 49
Lower turbine meter volume 0.428 0.000 81
Test fuel rod shroud volume 0.826 0.000 90
Upper turbine meter volume 0.583 0.000 87
IPT upper plenum below particle screen 12.724 0.009 87
IPT upper plenum above particle screen 5.118 0.016 79
Hot leg blowdown piping from IPT to 8.615 0.002 29

blowdown spool

13



TABLE III (continued)

Vo liine Floszrea
Volume Location Description L) (m%)

Piping from hot leg to isolation valve 6.117 0.002 29
(GB-LM-11-5)
Hot leg spool 2.553 0.003 05
Hot leg blowdown piping to blowdown valves 12.524 0.002 29
Cold leg blowdown piping to blowdown valves 16.156 0.002 29
Cold leg spool 2.553 0.003 05
Test fuel rod shroud bypass volume 17.86 0.008 21
Downcomer to hot leg leakage flow path 0.427 0.000 76
Hot leg blowdown piping from blowdown valve 2.673 0.002 29
to Henry nozzle FE-11-1-1
Hot leg blowdown piping from blowdown valve 2.673 0.002 29
to Henry nozzle FE-11-1-2
Cold leg blowdown piping from blowdown 2.673 0.002 29
valve to Henry nozzle FE-11-1-3
Cold leg blowdown piping from blowdown 2.673 0.002 29
valve to Henry nozzle FE-11-1-4
Quench line piping from GB-LM-11-8 to 9.008 0.002 29

cold leg blowdown piping

2. EXPERIMENT CONDUCT

The LOC-11 experiment test train was installed in the PBF-IPT on
November 11, 1977. Prior to the LOC-11B and 11C tests, several thermal cycles and
blowdowns were performed on the IPT system with the test train installed. A complete
history of all temperature, nuclear, and blowdown cycles experienced by the LOC-11 test
train i1s provided in Appendix A.

Each test consisted of six phases which have been designated:

(1) Heat-up
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(2) Power calibration

(3) Preconditioning

(4) Decay heat buildup
(5) Blowdown and quench
(6) Cooldown.

Nuclear operation began with the power calibration phase and terminated immediately prior
to the blowdown and quench phases. Figures 8 and 9 provide operating sequence plots of
representative system parameters for the duration of nuclear operation of both the
LOC-11B and 11C tests.

2.1  Heat-Up Phase

Prior to nuclear operation, the IPT system coolant conditions were established at
15.2 MPa pressure, 1.01 /s flow rate through each test rod shroud, and an inlet temperature
of between 575 K and 600 K (600 K was desired but not attainable until after the start of
ruclear operation when additional nuclear heat was generated by the test fuel).

Loop coolant chemistry requirements were established during loop heatup and
adjusted within the following limits:

pH range 5.7t010.2
Specific conductivity 1.4 to 48 ps/cm
Dissolved oxygen Less than 0.1 ppm
Chlorides Less than 0.15 ppm
Total suspended solids Less than 1.0 ppm

2.2 Power Calibration

The power calibration provided a means for calibrating the thermal-hydraulically
determined experiment power with reactor power and the self-powered neutron detectors
(SPNDs) mounted on the test train. The power calibrations were performed at the PBF core
power levels ranging from 2.0 to 149 MW for LOC-11B and from 2.0 to 25.1 MW for
LOC-11C.

Rod power was calculated from a thermal balance using measurements of individual
rod flow and coolant temperature rise along with shroud inlet temperature and pressure. To
help verify the calculations that were made, data from the SPNDs, the reactor power
instrumentation, and the centerline thermocouple as a function of rod power were
compared with similar data from previous tests performed in the PBF.
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(2) Power calibration

(3) Preconditioning

(4) Decay heat buildup
(5) Blowdown and quench
(6) Cooldown.

Nuclear operation began with the power calibration phase and terminated immediately prior
to the blowdown and quench phases. Figures 8 and 9 provide operating sequence plots of
representative system parameters for the duration of nuclear operation of both the
LOC-11B and 11C tests.

2.1  Heat-Up Phase

Prior to nuclear operation, the IPT system coolant conditions were established at
15.2 MPa pressure, 1.01 ¢/s flow rate through each test rod shroud, and an inlet temperature
of between 575 K and 600 K (600 K was desir2d but not attainable until after the start of
nuclear operation when additional nuclear heat was generated by the test fuel).

Loop coolant chemistry requirements were established during ioop heatup and
adjusted within the following limits:

pH range 571t010.2
Specific conductivity 1.4 to 48 ps/cm
Dissolved oxygen Less than 0.1 ppm
Chlorides Less than 0.15 ppm
Total suspended solids Less than 1.0 ppm

2.2 Power Calibration

The power calibration provided a means for calibrating the thermal-hydraulically
determined experiment power with reactor power and the self-powered neutron detectors
(SPNDs) mounted on the test train. The power calibrations were performed at the PBF core
power levels ranging from 2.0 to 14.9 MW for LOC-11B and from 2.0 to 25.1 MW for
LOC-11C.

Rod power was calculated from a thermal balance using measurements of individual
rod flow and coolant temperature rise along with shroud inlet temperature and pressure. To
help verify the calculations that were made, data from the SPNDs, the reactor power
instrumentation, and the centerline thermocouple as a function of rod power were
compared with similar data from previous tests periormed in the PBF.
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Data required for the test rod average power are the coolani inlet temperature,
pressure, flow rate, and the coolant temperature increase. Data taken for power calculations
are average values from the most reliable instrumentation. The calculated rod power is most
influenced by variations in the coolant inlet temperatures when the coolant is only a few
degrees subcooled. A 2 o analysis (95% confidence) for these inlet temperatures resulted in a
+ 3 K and *+ 2 K range for LOC-11B and LOC-11C, respectively. On the basis of these
preblowdown temperatures, the minimum and maximum powers were deterni.»2d. Table IV
presents the calculated rod average and peak powers for both tests at blowdc wn initiation.

TABLE IV
TESTS LOC-11B AND 11C ROD POWERS

Inlet Temperature Rod Peak Power Rod Average Power
Test (K) (kW/m) (kW/m)
LOC-11B Minimum 588 45.44 32.46
Average 591 46.20 33.00
Maximum 594 47.16 33.69
LOC-11C Minimum 596 67.10 47.93
Average 598 68.10 48.82
Maxi'+ 600 69.70 49,79

The arial power distribution was determined from the five axially distributed SPNDs
and showed a peak-to-average ratio of 1.403 (2 1%, 95% confidence) at an elevation of
0.413 m (+ 4%) measured from the bottom of the fuel stack.

2.3 Preconditionirg

Preconditioning of the four test rods is accomplished by several cycles of power
changes including the power calibration cycle. The power cycies promote fuel pellet
cracking and restructuring and allow the initiation of pellet-cladding mechanical interaction
to stablize.

Preconditioning cyc'~s were performed in all three nuclear tests (LOC-11A, 11B, and
11C) and exact times and pc vers are tabulated in Appendix A.

24 Decay Heat Buildup

An uninterrupted period of nuclear operation at the approximate desired test rod
power for blowdown was performed up to the time of blowdown initiation of both tests. A
minimum desired time of ten hours at power was achieved for each test. This period was
necessary to build up approximately 85% of the maximum possible decay heat in the rods.
Exact times and powers are tabulated in Appendix A.
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Prior to the blowdown initiation of LOC-11B and 11C, flow of approximately 6.5 Us
had been established through the inlet spool piece. Approximately 1.0 €/s of this value
passed from the cold leg to the hot leg through the warm-up line. Approximately 4 ¢/s passed
through the four test rod shrouds. The piston ring seals at the lower support plate in the test
train were designed to reduce the leakage flow around the lower support plate to
approximately 0.1 ¢/s. These three flow paths account for approximately 5.1 €/s of the
6.5 ¢/s flow measured at the inlet spool, implying that over 1.0 ¢/s was bypassing the fout
test rod shrouds. Table V provides leakage flow data from both tests with no warm-up flow
(GB-LM-11-18 closed).

TABLE V
LEAKAGE FLOW FOR TESTS LOC-118 AND 11C

LOC-118B LOC-11C
Time 01:16 Time 00:09
Transducer 1 February 1978 15 February 1978

FE-2-1 1.02 &/s 1.02 /s

FE-2-2 1.04 /s 1.07 /s

FE-2-3 1.04 /s 1.05 /s

FE-2-4 1.07 ¢/s 1.07 ¢/s

FE-5 5.41 /s 5.69 /s

Leakage 1.24 i/s 1.48 /s
Percent Teakage 30% 35%

Inspection of specified test train tolerances revealed some possibility of additional
leakage paths through the flow tube metal transition locations and through the primary seal
located at the top of the flow tube between the downcomer flow and the hot leg. These paths
would bypass the test rod shroud area.

Since the location of the leakage path could aot be determined with any certainty the
amount of flow passing up through the test train outside the rod shrouds is unknown. It
may be as much as 1.48 /s or as little as 0.1 ¥s. in addition, companson of steady-state
measurements taken from all three tests indicate that the magnitude of the leakage flow
could vary significantly under supposedly similar hvdraulic conditions. Possible explanations
for this observed behavior are that the leakage flow is dependent upon thermal expansion
effects of the IPT and IPT flow tube due to temperature gracdients across the IPT wall and
upon mechanical interaction effects of the cold leg flow with the IPT flow tube. If the
leakage flow rate is dependent upon the effects mentioned above, then the flow resistance
of the leakage flow rate will vary during the transient.
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2.5 Blowdown and Quench

The LOC-11B blowdown sequence was initiated at 01:46:28 on February 1, 1978,
and at 00:24:32 on February 15, 1978 for LOC-11C. The reactor scram occurred 30 s after
blowdown initiation and the blowdown system valving sequenced as shown in Table VL
Shutdown of the reactor, reactor scram, was performed by rapid insertion of the control
rods to their seat, or in core position. The time from scram initiation to rods seated was
approximately 100 ms.

As noted in the valve sequencing table the stagnation time following isolation until
blowdown mitiation was reduced from 0.8 s in LOC-11B to 0.15 s in LOC-11C. This shorter
stagnation period was achieved in conjunction with higher test rod powers to produce higher
peak cladding temperatures during blowdown., The LOC-11B test was performed through
the use of blowdown valves GB-LM-11-1 and -3 with Henry nozzle throat diameters of
13.56 and 14.22 mm, respectively. Test LOC-11C was performed through use of valves
GB-LM-11-2 and -3, both of which were connected to Henry nozzles with a throat diameter
of 14.22 mm.

The blowdown transient of both tests lasted about 30 s and was followed by a 20-s
delay period prior to the guench initiation. Tk~ blowdown tank absolute pressure was
0.12 MPa prior to blowdown and remained essentially at that value throughout the
transient.

Quench mitiation was initiated approximately 50s following reactor scram as
indicated by the opening of the quench valve GB-LM-11-8 and the closing of the cold leg
blowdown and shutofl valves. After injection of the 365 K quench tank water, cooling was
maintained by continued flow from the hot water and storage tanks. The hot water tank
prevents system thermal shock by providing an initial supply of heated water which
gradually decreases to the ambient temperature of the storage tank supply.

2.6 Cooldown

Coolant was pumped from the siorage tank for several hours at a maximum rate of
3.2 ¢s and a mintimum rate of 0.15 /s, This rate was adjusted to ensure the cladding surface
temperatures did not exceed 610 K.

No fuel rod cladding failure or fission product release to the system coolant was
evident during or following any of the nuclear tests. Following Test LOC-11C, the
experiment test train was removed from the PBF IPT for disassembly and inspection in the
hot cell.
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TABLE VI
VALVE SEQUENCING FOR TESTS LOC-11B AND

11C

Test LOC-118 (S)ﬁa]

Reactor Scram 0.1150
Bypass (GB-LM-11-7) 0.1150 begins ‘2 open
0.1619 open
Cold leg isolation (GB-LM-11-6) 0.1314 begins to close
0.1862 closed
Hot leg isolatic. (GB-LM-11-5) 0.1418 begins to close
0.1871 closed
Hot leg blowdown (GB-LM-11-1) 0.9082 be igs to open
b
Hot leg blowdown (GB-LM-11-2) 50.1356 begins to open
50.2249 open
Cold leg blowdown (GB-LM-11-3) 1.0199 begins to open
1.1020 open

50.1804 begins to close
50.3595 closed

Cold leg shutoff (GB-LM-11-8) 50.1626 begins to close
50.2827 closed
Quench (GB-LM-11-8) 50.3865 begins to open

50.4749 open

[a] Seconds following scram initiation.
[b] Opened indication failed (valve opens in = 100 ms).

Test LOC-11C (s)[°]

OO0 OO0 OO0 O

5

o

o0 OO

50.
50.

50.
50.

50.

50

.0943

.0943
. 1405

.1150
.1703

L1213
.1675

.0880

.2624
.3308

.4148
.4916

1570
3290

1370
2573

3860
.4715

begins
open

begins
closed
begins
closed

begins
(b]
begins
open
begins
open
begins
closed

begins
closed

begins
open

to

to

to

to

to

to

to

to

to

open

close

close

open

open

open

close

close

open




1. INSTRUMENTATION AND MEASUREMENTS

The PBF-LOCA instrumentation system was designed to measure and record the
important events that occur prior to and during a LOCA test. The instrumentation required
to satisfactorily describe the test fuel rod behavior during blowdown conditions is of
primary importance. The instrumentation for the LOC-11 tests measures the fuel rod
surface and centerline temperatures, plenum pressure and temperature, axial length change,
and coolant pressure, temperature, density, and flow rate.

A geometric orientation of the four test rods and associated instrumentation is shown
in Figure 10, General thermocouple construction information is supplied in Table VIIL.

The tfollowing instrumentation is used for measuring variables for each of the four fuel
rods. The detector name is given in each case and X denotes the test rod number (1, 2, 3, or
4). Figure 11 graphically displays the relative locations of the fuel rod instrumentation.

(1) One Kaman strain gage pressure transducer, PE-4-X, is fitted
with a slip fitting sleeve to protect the device from thermal
transients and measures the plenum pressure of each fuel rod.
The sleeve consists of a stainless steel annular jacket containing a
silver cylinder pressed on the inner surface and separated from
the outer surface by a helium filled gap.

(2) Four cladding surface thermocouples are laser welded to each
fuel rod at 0.53 m (TE-5-X and TE-10-X) and 0.61 m (TE-8-X
and TE-22-X) above the bottom of the tuel stack.

(3) One tungsten-rthenium  centerline thermocouple (TE-11-X),
located 0.53 m above the bottom of the fuel rod stack in a
1.91-mm hole, measures the fuel temperature of each test rod.

(4) One plenum temperature thermocouple (TE-3-X), unshielded
from thermal radiation, indicates each fuel rod plenum gas
temperature,

(5) One EG&G Idaho, Inc, axial length change transformer
(LVDT-X) is located at the lower end of each rod. The device is
not temperature compensated or thermally shielded, so it detects
rather than quantifies length changes during the transient
blowdown, quench, and cooling phases of the tests.

(6) Five self-powered neutron detectors, SPND-1, 2, 3. 4, and §, are
located at 0.76, 0.61, 0.46, 0.30, and 0.15 m, respectively, above
the bottom of the fuel rod stack. The detectors correlate reactor
power to calibrated fuel rod power and determine the axial
power shape with power level.

rJ
o
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Fig. 10 LOC-11 fuel rod orientation with instrumentation.



TABLE VII
THERMOCOUPLE CONSTRUCTION FOR LOC-11 TESTS

OQutside Wall
Sheath Diameter Thickness
Thermocouple Type Insulation Material {(nm) (mm) Junction Type
Centerline (TE-11) W5Re /W2 6Re Be0 hard fired Ta 1.575 0.254 Grounded
Cladding surface Type K Mg0 Ti 1.17 0.229 Ungrounded,
(TE-5,8,10,22) spade tip
Coolant channel Type K Mg0 SST 1.575 0.254 Ungrounded
differential (AT-1)
Fuel rod plenum Type K Mg0 SST 0.51 [a] Grounded
(TE-3)
Fuel rod coolant inlet Type K Mg0 SST 1.575 0.254 Grounded
and outlet (TE-2,14)
Inside shroud coolant Type K Ma0 SST 1.02 0.203 Grounded
(TE'6s9s13)
Shroud outer surface Type K Mg0 Ti Y. 0.229 Grounded,
(TE-4,7,12) spade tip

[a] Wall is swaged at junction and thickness is not available.




DA

Flow exit =
. TE-11-(1.234)
Fuel rod
peiiets
T TE-5-(1.234)
TE-10-(1.23.4)
! TE-7-(1.2.34)
| TE-9-(1234)-
]
! A
s Fuelrod__ 5’
fiow shroud
TE-13-(1.234)
I —~TE-12:(1234)
|
:
FE-1-(1234)
Top hat flow orhice

-—Fuel stack bottom

( &
7=
=
A
Z=
shroud Z
s
o LVDT extens.on rod
AT1-(1.234) - -
TTYE-2-(0234)
3/
+
0 ] lere20234
v p
- Plenum ‘* )
Transition plece — | pressure tap
~l
g -
TE-3 {1234y
I —=- Fuel rod u
Centering -
screws
TEBS-(1234) «
TE-22-11.234) ~TE-4-(1234)

TE6-(1.23.8) —~
_Flow entrance

v INEL B-9879

Fig 11 LOC 1) fod rod amembly with instrumentation



Instrumentation for measurement of coolant variables in the in-pile tube is shown in

Figure 12 and described as follows:

()

3)

4)

(5)

(6)

(7)

(8)

A full-flow turbine flowmeter (Flow Technology) with graphite
sleeve bearings is located at the top (FE-1-X) and bottom
(FE-2-X) of each fuel rod shroud. Two pickup coils (EG&G
Idaho, Inc.) are a. sociated with each turbine to determine flow
direction.

A pair of differential thermocouples (AT-1-X) measures the
temperature increase across each fuel rod flow channel during
steady-state operation for power calibration purposes. The
junctions are located 0.18 m above the top of the fuel stack and
0.092 below the fuel stack bottom.

A pair of thermocouples for each fuel rod channel measures the
fuel rod flow inlet and outlet temperatures. The inlet junction
(TE-14-X) is located 0.092 m below the bottom of the fuel stack
and the outlet junction is (TE-2-X) 0.18 m above the fuel stack
top.

Three thermocouples, TE-6, 9, and 13-X, are located 0.30, 046,
and 0.61 m above the fuel stack bottom, respectively. These
detectors are positioned inside each flow shroud to measure the
coolant temperature during the transient.

Three thermocouples, TE4, 7, and 12-X, are located 0.30, 0.46,
and 0.61 m above the fuel stack bottom, repectively. These
detectors are positioned on each fuel rod flow shroud to measure
the outside surface temperature.

Three thermocouples, TE-1, 19, and 18, are located in the IPT
upper plenum at 0.38, 0.76, and 1.52 m above the fuel rod flow
shroud outlets, respectively. These measurements aid in deter-
mining temperature gradients in the upper plenum region. The
thermocouples are structurally supported by the hanger rod.

One thermocouple (TE-17), located in the bypass volume at the
midplane of the active fuel length, aids in the determination of
the coolant condition in the bypass region.

Two thermocouples, TE-15 and 16, are located in the lower
plenum 0.025 and 0.22m below the lower support plate,
respectively, to aid in determining the coolant condition in the
lower plenum. The lower thermocouple junction is also below
the pressure transducers located in the lower plenum. A 16-mm
tip is exposed to the coolant.
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(9) One EG&G Idaho, Inc., fast response pressure transducer, PE-3,
measures large IPT overpressure transients. The transducer is
located 0.68 m above the fuel rod shroud tube outlets.

(10) Two EG&G Idaho, Inc., fast response pressure transducers, PE-2
and PE-6, are located 0.41 m above the fuel rod shroud outlets
and 0.19 m beiow the lower support plate, respectively, and
measure the pressure change during the blowdown transient.

(11) Two Kaman strain gage type pressure transducers, PE-1 and
PE-7, are located 0.41 m above the fuel rod shroud outlets and
0.19 m below the lower support plate, vespectively, and measure
the preblowdown and saturated blowdown pressure,

The three measurement spools provide additional initial conditions and blowdown
instrumentation which further characterizes the blowdown coolant variables of pressure,
temperature, velocity, and density in the lines leading to the Henry nozzle break planes.
Schematics of the measurement spools showing associated instrumentation positions are
provided in Figures 13 and 14. Instrumentation for the measurement spools is described as
follows:

(1) Resistance temperature detectors (Rosemount) that measure the
preblowdown temperature of the coolant in each spool are
TE-20, inlet spool; TE-23, cold leg spool; and TE-26, hot leg
spool.

(2)  Exposed ribbon thermocouples, Type K, (Rosemount) that
measure the coolant temperature in each spool during the
transient are TE-21, inlet spool; TE-24, cold leg spool: and
TE-25, hot leg spool.

(3) Flush mounted pressure transducers (Precise Sensors) that
measure the preblowdown and subcooled decompression in each
spool are PE-8, inlet spool; PE-10, cold leg spool; and PE-12, hot
leg spool.

(4) Watercooled stand-off mounted pressure transducers (Precise
Sensors) measuring the preblowdown and saturated decom-
pression in cach spool are PE-9, iniet spool; PE-11, cold leg
spool; and PE-13, hot leg spool.

(5) A full-flow turbine meter with graphite bearings (Flow
Technology) measures preblowdown coolant velocity to the IPT
in the inlet condition spool (FE-5)and blowdown velocities from
the IPT in the hot (FE-9) and cold leg (FE-6) spools.
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Fig. 13 LOC-11 blowdown spool with instrumentation.

FE-7 ’%
FE-8 «
FE-9 \ TE-24 TE-23
FE-6 N\ TE-25. TE-26
Turbine : Lﬁ
—\ flowmeter
> ﬁ Flow screen
Flow direction
. —eR e F —— = ——— e :
¥ I
g |
g ———— N - - - |- bk o -r- O N P D N e - - l
PE-10 | I N
PE-12 : ) DEN-1-U
o--cf DEN-1-C
; ‘.—.r DEN-1-L
PE-5 PE-11 /"~|J_ R DEN-2-U
PE-13 ' N2
£ DEN-2-L
INEL-A-8332



0t

FE-10

TE-20
FE-5 TE-21
Turbine = |
flowmeter
,____,___i,_,‘r*_ —— - —
Z
PE-8

PE-9

Fig. 14 LOC-11 inlet spool with instrumentation.

INEL

le FlOw screen

s Flow direction



I (’(1.\‘

oolant

the hot

preblowdown

-t o-spool




Cesium - 137
source

Blcwdown spool

Collimator

Sodium iodide
detectors

INEL-A-B593
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IV. DATA PRESENTATION

The data from PBF-LOCA Tests LOC-11B and 11C are presented with brief comment.
Prooessing analysis has been performed only to the extent necessary to obtain appropriate
engineering units and to ensure that the data are reasonable and consistent. In all cases, in
converting transducer output to engineering units, a homogeneous fluid was assumed. To
ensure reasonable and consiswent data, all he data in this report were subjected to a
thorough review, Where possible, instrument channel outputs were compared with
corresponding parameter channels, test predictions. calculated quantities, and preblowdown
nimtial conditicns. The results provide the basis for posttest processing and adjustments, and
verification applied to these data. Appendix B describes in detail methods used to determine
the adjustmenis that have beén applied to the presented data and provides the basis for
verifying or dividing the data into four categories:

(1) Verified sngineering units data (Venfied) - have been verified to
represent the variable being measured within specified uncer-
tainty limits.

¢2)  Restrained data - appear reasonable but not within uncertainty
limits, or no data from an independent channel are a sailable for

comparison.

(3) Trend data — are suitable for illustrative purposes but probably
not for numerical analyses.

(4) Failed data — are irretrievable duc to a measurement channel
failure.

Of the 119 measurements used to monitor the system performance for both Tests LOC-11B
and 11C, 105 and 102 measurements, respectively, produced usable data. All detector
analog output was digitized and recorded by the PBF data acquisition and reduction system
(PBF/DARS). The PBF/DARS tape recording system was configured to record at four
different bandwidths:

(1) dctol0Hz

(2) dcto 100 Hz

(3) dcto S kHz

(4) dcto 20 kHz.

Table VIII denotes the bandwidth used for each measurement in the LOC-11 tests. All

blowdown data plots (-5 to 30 5) were recorded at a sample rate of 50 points per second.
Long term data plots (-5 to 120 s) were compressed at a 4 to | ratio, giving an effective rate
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o~y - 14 - 18 ) 16 120 3 Rostrained] ;
WA LOC- 11 Test L0E-11C |
From . 10 to |5 Verttisd ¢
110 10§ es |
10 to 16 5 Fat -
it 8 ey
e 5 fa
%0 t0 120 3 MestrairedtV
< ! to 766 & LY M 100wz 69 L0018 Tast LOC- )18
ks e Al o 173 LOC-31C Frgm - 10 %6 1 5 Verified 3
8 L0610 T te 170 5 Resiravned ¥
14 L0-10¢ Test LOC-11C
From < 10 to 1 & Verified ¥
) oo 104 mcw
10 to 6 5 Fayd ]
HE
o 50 s
50 to 120 & AestrernedlS
ATt 70 L0C-118 Test LOC-118 h
1A LBC-1TC From - 10 t0 1 s veeitied o
X4 LOC-116 1 to 120 5 Restraineat®!
M LOE-11C Test LOC-11C :
From < 19 to 1 s Vertfied (oo
| to ¥ 5 Restratnedld
9 ta 16 s Fatledlh (a)
16 to 120 5 Hestrsinag®
PR 7% A0g<11p Test LOC-118
175 LOC-11C From - 10 to | 5 Veritied .
38 14 (o118 1 to 120 1 Fest: ¢




TABLE VIII (continued)

Froquensy Responye'*)
saral®
[4] Data Acquistition Acquisttion (4]
Petector  __ System Detector _ Syitem  Figere'®! Measurement Compents
ateled 0te WBAY K 289 to 766 X 1.7 e 100 Wz o L0c-1iC Test 10C-11C
{cont inued ¥ <10 to 1 s Verifisg L
163 Iu!ru-r 6wl
to 16 5 Farl
to 53 1+ Restra
to M s lulut:" {91
to 120 3 Westrained'd!

Mo auuremen’ Location and Comments

9]

MATERIAL Chrome | -Alure ! thereocoud les
TENPERATURE

15-4-1 Dutitde shroed serfece themo- Doy 1640 1 %0 9 15N 1w L1198
couples, 0.81 b above fusl Lac-1ic
stack botios -8

LOC-11C Restratnedt<]

LoE-118
LOC-11¢
Loc-118 fe)
LOC-11C Restratned "’

Loc- e

LOC-THC 4
LOC-118 Trend data for mt»ru* .
LOC-11C Bestrafoed for LOC-YiC'"

Loc-1is
10C-11¢ te]
LOC-118  Trend dets for ux'ns‘( 1
10C-11C Rustrained for LOC-11CLC

Jutside shroud serfece thereo WC- 118
couples, 0.46 w shove fuel stack DC-11¢
button Lac-11e {c)
NC Restrained™”
118
15
18 {c]
A0 Restratned !

Resteatnealt]

anstratnedlt)

Outside shroud surface therso- 0 1o 841 X 280 to 1530 & LW
ouple, 0.3 = sbove fuel stach

ot tom 1)
“os trainedt

Restrained!t)
hnrrvmr‘]

lu:u"ulhl

PRESSUML
Fug! Rod

P-4 fue! rod plenus pressere, kasen 0 1o 24 Wa Cte.7Ws 231w
Eddy current tupe

FE-4-2

PE-4-2
PE-44 Chanael fallsd
Test Train

PE wpur free Tleld pressyre trant LC-11
dycer, 0.41 » above top of Tuel LoC-11¢

rod shroud outiet (Ermen] LOC- 1R [1)
LOC-111 Restrained

Upper free figld prevsure trans Channe) faiied

ducer [I6AG 14ahe, (nc.) 0. &1 =
above top of fuei rod shroud
mtlet




TABLE VIII (continued)

Searyreannt

h{
i)
-2

VOLUMETRIC
FLow

Test Train
o141

|
|
i

fFi-1a

Fiel-a

FE-201

B

Beta Acquisition
Detectar  System

Acguisition

Loeation and Coments') System

Overpressure free fleld pressure O to 889 W
transdocer (EGMG dano, Inc )
0.68 w above top of fue) rod

shroud et let,

e 10 Mz
Swm

Lower free Figlg pressure trans- 0t 24 W 0 te 1.2 Wa 3.5 we 100 #z
ducer (EGA6 losho, Inc | @ 19 =

below lower support plate

Lower free fieid pressure trany- 0w .2
ducer (Xamen) ©.19 = pelow lower

support plate

0 to 20.7 s

Prosuure Lr ot tlash d
bonded stratn gauge

Prassere transducer, water-cooied
stang-off, bunded strain gauge.

Pressure transducer, flush
sounted bunded strain gauge.

Pressure transducer, water- 9w N Wy Gt 211wn
cooted stand-off, bonded straim

geuge, cold eg

Pressure transducer, T ush sounted,
bonded strain gauge, Mot leg.

Pressure transducer, flush mounted,
water-gonled stand-off, bonded
stratn gevge, hot leg.

Inter-spogl pressure difterence
transducer,

Wier Tuel rod shroud flow turbine 0.0 to 0.8 28 a5 s 1.7 W 100 w2

(bidsrectional], Red 1, t/a

Upper fuel rod shroud flow turbine
(hidirections) ), Rod 2

Upper fuel rod shroud Tlow turdine
(brotrectionsi), Rod 3

Upper fuei rod shroud flow turbine
ibrdtrpctionall, Rod 3.

Lower fgel rod shroud flow turbine
(bidirections!), Rod 1.

T ——e

Figure™]

85 LOC-118
189 10C-11¢
S LOC-T18
J% Lac-11C

88 L0115
%0 LC g
A5 Lec-ne
kS L0C-11C

BF LOC-i18
191 LOC-11C
ST 2301 |
LS Loc-1ie

88 L0C-118
192 L0C-11¢
N5 LOC-118
L S {4

9 L0C- 118
193 L0C-1ic
0% LOC-118
NS Loc-11c

20 LOC-) 1B
194 LOC-11C
PS LOC-118
08 LOC-11C

LU SRR ]
195 LOC-)1C
B LOC-118
PS LOC-1IC

92 L0C-118
196 LOC-10C
€6 LOC-118
86 LOC-11C

95 (oc-11C
19§ 10C-11C
F6 LOC-118
& -1

6 L0C- 112

97 LOC- 118
201 Loe-11C
M6 L0C-118

Messurement Tomeents

Restratned for LOC-11801]
Veritipd for LOC-11C

From - 10 to 22 strained -
w.-mf;"

22 t0 '20 » Fatled %))

Restrained date for LOC-VIC

Channe) falled

Channe! falled

Veritied

Verified for LOC-1IB
Restrained for LOC-)ICY

For Test LOC-11C an accurate
offset could not be determined
or upplied beceuse of noisy data.

Verified LOC-11B and 1iC
Verified LOC-) (B ang 11C
Verified LOC- 118 and 11C

Mlnim data for LOC-)IE
and 11C

Verified for LOX-118
Test LOC-11C
- 10 to 60 s Verified n)
60 to 96 s Restrained
90 to 120 5 Verified

Ver i fied for LOC-1,0
= 10 to 60 s LOC-1HC )
60 to 85 5 Restrained
B85 10 120 5 Yerified

Verified for LOC-118
Test LOC-11C
< |0 to 68 5 Verified [n)
sy
W 3 yerify
85 to &7 s mu.mw[“]
87 w 120 u Verified

Verified for LOC-118

Test Lz-"( s

10 to s Verifi

68 to 80 » hs!m'm‘"]
80 tc 65 s Verifieo [}
85 to &7 5 Restrained’
87 1w 120 5 Verlified

i

Test LOC- 118

Fros - 10 %0 27 5 Verified
Test 10C-11C

From - 10 16 16 5 Verified

16 to 3% s Inslrﬂm["‘
36 to 120 s Verified
27 te 42 5 Restrsinedi”)
47 to 120 3 Verified

N e e




W ———

111 (=<

T T L ————

tangel*)

asuremest  Locatie and Commnts'*)

ant o

Detector  __ Spvtes

Bats Acquisition

FE-2-2 Lower fue) rod shrous fiow terbine 08095 /s 17.5M
ibidirectional), Mag 2.
fE-2-3 Lower fue) and shroud fioe tartivee 9.6 to 0.8
ibidirectional}, Aed 3 "
FLo24 Lower fuel rod shroud Plow turbine
(bidirectional], Red 4.
rE-s Turbine flowmeter in inlet spoel. 233 o
Fi-6 Turbine fiowmeter In hlowdown Spoo)
cald leg
FE-% Turbine fiowsetec (n biowdown §pool
sot ey,
MOMENTIY
L
LISy Dreg #15¢ in blowdown spoel cold
ieg.
iR Ovag disc in Blmedtwn spoo! kot
leg.
DENSITY
DEN-1-4 Gowma dens ftometer, ubpar beas.
Lotated 'n cold leg biowicwn 1pool
DER- 1K Gasena densitometer, center Leas,
Located in cold leg viowlown wool.
DEN- 144 Gaswa densitometer, lowke beas.
Loceted th cold leg blowdows spoct.
DEN-2-1 Gamea dens)tometer, upper bess.
{otated 16 49t leg blowdows spoct.
DEN-2-C Goswma dens | Tomwter , Center beam,
Located in hat Yag of the blowdows
sposl.
0EN- 20 Ganws dens |tometer . lower beaw.
Located 1n not leg of the blowdows
spool.
DEN-2-AVE  fGasea densitomwter  Averspe of upper,
center and lower beass.

G8RR BERE

=582 Ez8s

sEEE
RRRR®

101 L0C-118
205 LOC-iC
L6 Loc-118
X6 LOC-11E

102 LoC-118
206 L0C-10C
N6 LOC-ViB
(LT Sl

113 W18

106 L0C-18
210 AC- 1)
B7 L1
PE LC-11C

167 LOC- 118
€7 o8

ol LOc-118
2 x-ng
07 LOC-11R
87 W0C-11C

109 LOC-118

7 ee-1ic

1310°L0C- 118
213 -1
FILOC-1iR
07 LOC-11C

117 L0C-118
214 L0C-11C
67 100118
€2 10C-10¢

E

ég_

.
i
-

e
83

i 1
b 1
gRe3R gzvsR
-3%o3
£
1

i
i sasgevmsy wgvsy
§55° 5
:
pit
&
gﬂ

£-34ed

s
i
i

£e8
sere
HEY
i

i
.

Restratoed for (OC-118 and 1ick

Test 10118
From - 10 to 60 5 verify
60 to 120 5 Failedls]
Teis 100 11C
From - 10 1 51 s Yerif
51 to 120 ¢ Fatledin)

Test LOL-118 )
From - 10 to 1 3 Fal s}
1 to 120 3 yerifiedt
fest LOC-11C I
From - 10 ta 0.5 5 Fatled 0}
0.5 to 120 3 Verif

Test LAC<11B
From - 10 to | 5 Fatiedl?!
rl 10 &n‘:‘mmn

est LOC-
Froe - 16 10 0.5 3 Fasieal?]
0.8 to 120 & verified

Test 106119
From - 10 to 1 3 Faiteal®]
1 to 120 & Verifiee
Test L0E-11C
from - 10 10 0.5 & Fatted™
5.5 te 120 5 Verified

verified date for LOC- 118
and 100

Chanoe | fatlet

¥erified for LOC-118
Charne) fatied for LOC-100

Verified

Verified data for LOC-118
o 11C

verified deta for LOC-118
wnd A1

Voritied data for LOC-11E
and 11C




TABLE VIII (continued)

requency .!pm,[-)
_ungel*) - B
— aweald)
s} Data Acqaisition Acqutsition (o]
Heasurement . Aocation and Comments” ° Devector Systes  Detector  System  Figurel .. Measurement Comments
CLADDING
DISPLACENENT
LYOT-§ Fue! rod axta! length chenge trans- 0 ¢ 127 m D+M2. 7w ELI 112 LOC<118  Treng t’ for LOC-1 18
farmer, sounted on rod bottoe, 215 \0C-13C  and 130T
Rod 1. W7 LOC-118
B7AX-TIC
Lver-2 fuel rod aslal length change tramy- 113 LOC-i18 Trend ﬂn’ for 10C-178
forver, mounted on rod bottom, 216 LOC-11C and 10C
fod 2. I7 W0C-118
87 LoC-11ie
Lyt 3 Fuel vod axial length chanye traes- 114 LOC-118  Trend .t;’ far LOC-11B
former, mounted on rod bottom, 217 LK-1C ame 1ICLE
Red 3, J7 LOC-118
Wi LoC-1e
LYDT-4 Fuel rod axtal length change trans- NS g8 Trend l"’ for LC-118
former, sounted on rod bottom, 218 AC-11€  ang 110
Rod 4. K LoC-118
17 Loe-11c
REACTOR
POMER
5.1 Ton chamber located oyutside 116 LOC-118 Vertfied data for LOC-1IB
reaclor core 119 LOC-110 and 1IC
L7 L0E- 118
37 LC-1C
P80
POt ®
5P%D-1 Se|f-powered neutron detector, 1o 10 A 1 ta 10 uA 1.2 W2 100 w2 17 Tread ar“ for LOC-118
976 m above fuei stack bottom. 239 end 100
"
x?
SPND- 2 Se [ f-powered meylron detector, 118 Trend tﬂ’ for LOC-118
0.61 = above fuel stack bottom ‘12; and 110
5
L7
SPND-3 $e1¢-powered neutron detector. 19 Trend data for Loc-118"]
5,46 m above fuel stack bottom. o7 Channe! Failed for LOC-)IC
P804 Seif-powered neytron detector, 120 WE-115 Tread dtl’ for LOC-118
0.30 ® abeve fus) steck bottom. 2 and 130}
7
LU
SPND- < Self-powersd neutron detector, 12 Trend '1 for LOC-11B
0.15 » above fue! stack bottom 23 and 11000
B
N

(8] Statements st the beginning of & weasurement category regerding locatien and comeents, range, and figures apply to all subsequent measyre-

ments within the given catagury unless spocified otherwise.

[8] The rod plenam thermocouples are unshielded ano wil)l prodably ecperience some radiation effects,
fe] 1t 15 expected thet the surface thermocouple will be reading jower than the sctual clsdding or shroud surface tempersture because of

$in conling and mounting effects
[4] An extreme offse! has been applied to produce reasonalle dats.

{e] The thermocouple {or RTD) bas dried out end is readirg o combination of stess tssperature and pipe wail rediation effects
[¥] Quench injection begins at 50 s and the thersccoupie may be reading superheated steam.
{a] T™e upper or lower function of the differential thermocoupie may be resding superhested stess or pipe wall radiation effpcts rather than

fiuid tesperatyre.
fh] A signal conditioming asp!ifier hs: saturated.

(4] "™he temperature semsitivity has 0t Deeh removed from the data.
(8] The data sre extremely noisey.
(1] % independent swasurement 13 avallable for comparison.

(8] The flow showld be zero st this point but the turbine is reading 1.9 i/s.
believed 1o be reading line moise

[a] The turtine appeacs 10 be triggering sn line frequency (see m])
[e] The spike at 0.5 5 fs real dut mey be clinped due to instrument response
[#] The data is drifting during this steady-state Segment.

42

[1] The samen pressure trensducer is subject to severs tenperature tracsient effects 1hat have not been guantified

THis corresponds to & pick-up frequency of S8 W2 so 11 s




of 12.5 points per second. The fast response pressure transducer data plots (-0.1 to 1.0 s and
1.6 5) were recorded at 500 points per second. The parameter scales selected for the graphs
do not reflect the obtainable resolution of the data.

Table VHI hists all measurements included in this data report and groups them
according to measurement type. The table identifies the specific measurement location, lists
the detector range and frequency response, notes the PBF/DARS recording ranges and
bandwidth, provides brief comments reflecting the usability and verification of the data, and
references the measurement and comments to the corresponding figures.

The data graphs are presented according to the following groups:

Description Time Span Figures
LOC-118B blowdown data -5 to 30 s 17-121 Hard copy
LOC-11C blowdown data -5 to 30 s 122-223 Hard copy
LOC-118 blowdown plus -5 to 120 s C1-B8 Microfiche

quench phase data

LOC-11C blowdown plus -5 to 120 s Cl1-N7 Microfiche
quench phase data

LOC-11B fast reponse -0.1 to 1.0 s C8-F8 Microfiche
pressure transducer data

LOC-11C fast response -0.1 to 1.0 s 07-B8 Microfiche
pressure transducer data

Time zero for all data plots is the time of reactor scram initiation (blowdown for each
test was initiated within one second following the reactor shutdown scram). Plots are
presented in both hard copy and microfiche as noted.

Appendix C is an analysis of selected data which provides a guide to an uncertainty
associated with data measurements in the PBF system.
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Plenum temperature (K)

Plenum temperature (K)

00 ITTY
TE-3~-1
800
|
550
500
4350
-5 /] 5 10 15 20 3
Time after scram (s)
Fig. 17 Plenum temperature in fuel Rod 1 (TE-3-1), Test LOC-11B.
60 X J 1 1 1
TE-3-2
a0
0
500
450
-3 4] 5 10 15 20 25

Time after scram (<)

Fig. 18 Plenum temperature in fuel Rod 2 (TE-3.2), Test LOC-11B
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Plenum temperature (K)

ITITTTT]
1] TE-3-3 |
0 ] 10 13 20 25 30

Time after scram (s)

Fig. 19 Plenum tempcrsture in fuel Rod 3 (TE-3-3), Test LOC-11B.
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Fig. 20 Cladding temperature Rod 1, 053 m above bottom of fuel stack (TE-5:1), Test LOC-11B
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Fig. 21 Cladding temperature Rod 2, 0.53 m above bottom of fuel stack (TE-5-2), Test LOC-11B.
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Cladding temperature (K)

Cladding temperature (K)

> [
TE-5-3
8350
-4
800
0
4 + 4 4
700 '
—— 4r {» +4++++1 4
630
- g Jr- + 4+ -r- 4
600
W N A o o = = T
330 e
!
- 4+ ¢+ + ¢+ + 41T+t 3 l - l +
| |
- Ll
-9 0 3 10 13 20 3 0

Time after scram (s)

Fig. 22 Cladding temperature Rod 3, 0.53 m above bottom of fuel stack (TE-5-3), Test LOC-

1000
ll TE-5-4
800
" %
800
= i
600
500
-3 o 5 10 15 20 2

Time after scram (s)

Fig. 23 Cladding temperature Rod 4, 0.53 m above bottom of fuel stack (TE-54), Test LOC-11B
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Cladding temperature (K)

10 15 20
Time after scram (s)

Fig. 24 Cladding temperature Rod 1, 0.61 m above bottom of fuel stack (TE-8-1), Test LOC-11B

Ciadding temperature (K)

400

’ TE-8-2
w,ﬂ# \
JP
-3 5 10 15 20 23

Time after scram ()

Fig. 25 Cladding temperature Rod 2, 0.61 m above bottom of fuel stack (TE-8-2), Test LOC-11B




Cladding temperature (K)

Cladding temperature (K)

' N R
TE-8-3
2
\
-
-9 5 10 15 20 2

Time after scram (s)

Fig. 26 Cladding temperature Rod 3, 0.61 m above bottom of fuel stack (TE-8-3), Test LOC-118B.

S ) D A
TE-8-4 |
IR
1
B
-3 5 10 13 20 23

Time after scram (s)

Fig. 27 Cladding temperature Rod 4, 0.61 m above bottom of fuel stack (TE-84), Test LOC-118B.
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Cladding temperature (K)

Cladding temperature (K)

10w L 1 1 1 1 o
TE-10-1 K
800
1 M—Jlﬁw SREee
800
700
800
500
-8 ] 10 13 2 25 30
Time after scram (s)
Fig. 28 Cladding temperature Rod 1, 0.53 m above bottom of fuel stack (TE-10-1}, Test LOC-11B
1000 y o
TE-10-2 |
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800
'y —~
700
800 4
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-9 ] 10 15 20 23 30

Time after scram (s)

Fig. 29 Cladding temperature Rod 2, 0.53 m above bottom of fuel stack (TE-10-2), Test LOC-11B



Cladding temperature (K)

Cladding temperature (K)

W AT
TE-10-3
= =
-3 ] 10 15 x 23

Time after scram (s)

Fig. 30 Cladding temperature Rod 3, 0.53 m above bottom of fuel stack (TE-10-3), Test LOC-) 1B

) B S - -
TE-10-4
-3 5 10 13 20 25

Time after scram (s)

Fig. 31 Cladding temperature Rod 4, 0.53 m above bottom of fuel stack (TE-104), Test LOC-118
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Cladding temperature (K)

Cladding temperature (K)
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TE-&2-1
r—-4r- g
LR A R
1900
Pty =t
b+ 4+t o+t {» S B i S
4+ + -+ +-4 4
-+ + 1
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I
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Fig. 32 Cladding temperature Rod 1,0.61 m above bottom of fuel stack (TE-22-1), Test LOC-118B
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Fig. 33 Cladding temperature Rod 2, 0.61 m above bottcm of fuel stack (TE-22-2), Test LOC-11B.
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Time after scram (s)

Fig. 34 Qladding temperature Rod 3, 0.61 m above bottom of fuel stack (TE-22-3), Test LOC-11B
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Fig. 35 Cladding temperature Rod 4, 0.61 m above bottom of fuel stack (TE-224), Test LOC-11B.

53



Fuel temperature (K)

Fuel temperature (k)

Time after scram (s)

2000 ) S - -
TE-11-1 H
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1500
1250
1000
0
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Fig. 36 Fuel *emperature Rod 1, 0.53 m above bottom of fuel stack (TE-11-1), Test LOC-11B.
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Fig. 37 Fuel temperature Rod 2, 0.53 m above bottom of fuel stack (TE-11-2), Test LOC-11B
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Time after scram (s)

Fig. 39 Fuel temperature Rod 4, 0.53 m above bottom of fuel stack (TE-114), Test LOC-11B.
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Fig. 43 Fluid temperature of Rod 4 coolant outlet (TE-24), Test LOC-11B
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Fig. 45 Fluid temperature of Rod 3, 0.61 m above bottom of fuel stack (TE-6-3), Test LOC-11B
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Fig. 49 Fluid temperature of Rod 3, 0.46 m above bottom of fuel stack (TE-9-3), Test LOC-11B
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Fig. §1 Fluid temperature of Rod 1, 0.30 m above fuel stack bottom (TE-13-1), Test LOC-11B.
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Fig. $2 Fluid temperature of Rod 2. 0.30 m above fuel stack bottom { TE-13-2) Test LOC-11B
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Fig. 3 Fluid temperature of Rod 4, 0.30 m above fuel stack bottom (TE-134), Test LOC-11B
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Fig. 56 Fluid temperature of Rod 4 inlet coolant (TE-144), Test LOC-11B.
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Fig. 59 Fluid temperature in test train bypass flow (TE-17), Test LOC-11B
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Fig. 60 Fluid temperature in upper plenum exit (TE-18), Test LOC-118B
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Fig. 61 Fluid temperature in upper plenum (TE-19), Test LOC-11B
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Fig. 62 Fluid temperature inlet spool (TE-20), Test LOC-11B.
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Fig. 63 Fluid temperature inlet spool (TE-21), Test LOC-11B.
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Fig. 64 Fluid temperature in cold leg blowdown spool (TE-23), Test LOC-11B
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Fig. 65 Fluid temperature in cold leg blowdown spool (TE-24), Test LOC-11B
0 I l Li Ll
TE-25 ||
800
-+
550
500
4350
-5 0 5 10 13 20 25 30

Time after scram (s)

Fig. 66 Fluid temperature in het leg blowdown spool (TE-25), Test LOC-11B
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Fig. 72 Material temperature Rod 1, 0.61 m above fuel stack bottom (TE4-1), Test LOC-11B.
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Fig. 73 Material temperature Rod 2, 0.61 m above fuel stack bottom (TE4-2), Test LOC-11B




T T T T T
1 ™ 1 4 il +
b4 +
W g
- k 4
-+
+
'U)
L4
-
of
: 7
: [
L7
s
2=
£
m..n
o
o
i |

g 3 i ¢

(M) aameaaduwiay [eriajep

Fig. 74 Material temperature Rod 3, 0.61 m above fuel stack bottom (Ti4-3), Test LOC-118.
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Fig. 75 Material temperature Rod 4, 0.61 m above fuel stack bottom (TE4-4), Test LOC-118
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Fig. 77 Material temperature Rod 2, 0.46 m above fuel stack bottom (TE-7-2), Test LOC-11B
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Fig. 78 Material temperature Rod 3, 0.46 m above fuel stack bottom (TE-7-3), Test LOC-11B.
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Fig. 79 Material temperature Rod 4, 0.46 m above fuel stack bottom (TE-74), Test LOC-11B
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Fig. 80 Material temperature Rod 1, 0.30 m above fuel stack bottom (TE-12-1), Test LOC-11B
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Fig. 81 Material temperacure Rod 2, 0.30 m above fuel stack bottom (TE-12-2), Test LOC-11B




T T I
TE—12—3 L 4
~~ 800
B4
S
J 550
-
E 300
LY
-~
E 4850
.-
LY
o
=
2 w0
30
-3 0 5 10 15 20 2 30
Time after acram (s)
Fig. 82 Material temperature Rod 3, 0.30 m above fuel stack bottom (TE-12-3), Test LOC-11B.
80 rrria
TE-12-4 |
~ 800
=4
S
= 5%
-
E 300
<
-
CT
e
o
-
L3
= w00
0 -
-5 0 5 10 15 2 23 30

Time after scram (s)

Fig. 83 Material temperature Rod 4, 0.30 m above fuel stack bottom ( TE-124), Test LOC-11B




E T LY FERLY ™ d -+ m
TR
q, | M B
MWt
vAPr %A h
pa— - A e
1111111 0
R Ed %
IIJATL 4+
[ 111 1
#&4% ettt
ﬁ+$& Lv}, +
§ 1 T ey 4 1 1 3
RSO 8
11 11 O
% T H S
H 4444 m
. w
8884 B of
#*474 + §
J_Y+H + e
.
b+ + 4y ! b
b+ 44 44 >
e or
1 s
* . Irv
l++.« N
Vf¢47+ + - m
v¢¢4+¢w 1 bat + “
Ll Ll LELRELS]
TI1I1TRTT0TRUTTY ©
¢o‘+¢.f4 + Wﬁ% .
LA R AR A S #t
R R N e +
RRT L Rhids nARRE RERRS B
B P e &
ERIREE g ¢+¢+L.¢¢<¢w
EETEE I vQOQ«oii.f# PEEE BEN
R R AR s B e s R
IR IR 400,0 0‘.04lﬁ0,4P% #,
Faws Ak, »H» 1 1 1 o
& < o e o o n o
€ - - - ~ ~

(edy) 2anssaud anjosqy

Fig. 84 Absolute pressure in upper test train (PE-1), Test LOC-11B.
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Fig. 90 Absolute pressure in hot leg blowdown spool (PE-12), Test LOC-11B.
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Fig. 91 Absolute pressure in hot leg blowdown spool (PE-13), Test LOC-11B
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Fig. 93 Volumetric flow rate in fuel Rod | upper shroud (FE-1-1), Teat LOC-11B.
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Fig. 94 Volumetric flow rate in fuel Rod 2 upper shroud (FE-1-2), Test LOC-11B
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Fig. 95 Volumetric flow rate in fuel Rod 3 upper shroud (FE-| 3). Test LOC-11B.
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Fig. 96 Volumetnc flow rate in fuel Rod 4 upper shroud (FE-14), Test LOC-11B
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Fig. 99 Volumetric flow rate in fuel Rod 3 lower shroud (FE-2-3), Test LOC-11B
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Fig. 100 Volumetric flow rate in fuel Rod 4 lower shroud (FE-24), Test LOC-11B
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Fig. 105 Momentum flux in hot leg blowdown spool (FE-8), Test LOC-11B.
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112 Cladding displacement of Rod | (LVDT-1), Test LOC-11B
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Fig. 113 Cladding displacement of Rod 2 (LVDT-2), Test LOC-1 1B
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Fig. 114 Cladding displacement of Rod 3 (LVDT-3). Test LOC-118B
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Fig. 115 Cladding displacement of Rod 4 (LVDT4), Test LOC-11B
1 1 1L 1

-

PPS-1 :

t b:hﬁ
-8 0 5 10 13 20 23 30

Fig. 1 16 Reactor power from plant protective system (PPS-1), Test LOC-11B

Time after scram (s)

Q¢

)



SPND power trend (V)

SPND power trend (V)

0%

04

03

02

01

0?

oe

03

04

03

02

01

00

LR | 1 11 | ;o N
g 44 ' + + T ‘ r-1 R R 4»—-04}-# SPND‘] L
| - i
4+t ||
T .11
| |
t1 s :
||
ARREER
|
| | |
T + T v +44+4+4+4
|
e e
1
+ 1} 44 -+
{
-
l 4+ 4 <qdy- 4+
| 1
3 0 - 10 135 20 25 30
Time after scram (s)
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Fig. 119 SPND power trend 0.46 m above fuel stack bottom (SPND-3), Test LOC-11B.
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Fig. 120 SPND power trend 0.30 m above fuel stack bottom (SPND-4), Test LOC-11B
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Fig. 121 SPND power trend 0.15 m above fuel stack bottom (SPND-5), Test LOC-11B.
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Fig. 122 Plenum temperature in fuel Rod 1 (TE-3-1), Test LOC-11C
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Fig. 123 Plenum temperature in fuel Rod 2 (TE-3-2), Test LOC-11(
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Fig. 125 Cladding temperature Rod 1,0.53 m above bottom of fuel stack (TE-S5-1), Test LOC-11C.
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Fig. 126 Cladding temperature Rod 2, 0.53 m above bottom of fuel stack ( TE-5-2), Test LOC-11C
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Fig. 128 Cladding temperature Rod 4, 0.53 m above bottom of fuel stack (TE-54), Test LOC-11C
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Fig. 130 Cladding temperature Rod 2.0.61 m above bottom of fuel stack (TE-8-2), Test LOC-11C
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Fig. 131 Cladding temperature Rod 3, 0.61 mabove bottom of fuel stack (TE-8-3), Test LOC-11C
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Fig. 132 Qladding temperature Rod 4, 0.61 m above bottom of fuel stack (TE-84), Test LOC-11(
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Fig. 133 Cladding temperature Rod 1,053 m above bottom of fuel stack (TE-10-1), Test LOC-11C
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Fig. 134 Cladding temperature Rod 2, 0.53 m above bottom of fuel stack (TE-10-2), Test LOC-11C
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Fig. 135 Cladding temperature Rod 3, 0.53 m above bottom of fuel stack (TE-10-3), Test LOC-11C
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Fig. 136 Cladding temperature Rod 4, 0.53 m above bottom of fuel stack (TE-104), Test LOC-11C.
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Fig. 137 Cladding temperature Rod 1, 0.61 m above bottom of fuel stack (TE-22-1), Test LOC-11C
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Fig. 138 Cladding temperature Rod 2, 0.61 m above bottom of fuel stack (TE-22-2), Test LOC-11C
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Fig. 139 Cladding temperature Rod 3, 0.61 m above bottom of fuel stack (TE-22-3), Test LOC-11C.
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Fig. 140 Cladding temperature Rod 4, 0.61 m above bottom of fuel stack (TE-224), Test LOC-11(
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Fig. 141 Fuel temperature Rod 1, 0.53 m above bottom of fuel stack (TE-11-1), Test LOC-11C.
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Fig. 142 Fuel temperature Rod 2, (.53 m above bottom of fuel stack (TE-11-2), Test LOC-1 1(
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Fig. 143 Fuel temperature Rod 3, 0.53 m above bottom of fuel stack (TE-11-3), Test LOC-11C
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Fig. 144 Fuel temperature Rod 4, 0.53 m above bottom of fuel stack (TE-11-4), Test LOC-11C
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Fig. 145 Fluid temperature in lower upper plenum (TE-1), Test LOC-11C
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Fig. 146 Fluid temperature of Rod | coolant outlet (TE-2-1), Test LOC-11C
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Fig. 147 Fluid temperature of Rod 2 coolant outlet (TE-2-2), Test LOC-1 1C
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