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Appendix I

SCOPING SERIES RESULTS
(L. S. Lee)

I-1. SUMMARY OF THE SCOPING SERIES-

I-1.1 Introduction

The BD/ECC-1A phase of the Blowdown / Emergency Core Cooling (BD/ECC) Program was,

| intended to obtain information on the effect of ECC injection on boiling water
reactor (BWR) system responses. The original test plan (I-1,) identified a matrix
of 20 tests. Six of these tests were selected (I-2) by the Program Management
Group (PMG) to scope the outcome of the test series. The scoping series is com-
prised of five of the six tests.

Four matrix tests plus a repeat of the reference test without ECC injection were
completed by September 1978. The bundle power, ECC pump rated flow conditions, and
the temperature of the ECC water were parameters in these tests. Table I-l shows
the variation of the parameters throughout the matrix tests.

To summarize the scoping series results, a scenario of the reference test (6406/
Run 1) is presented, and the differences between tests with and without ECC injection
are described. Highlights of other tests in the scoping series are also briefly
summarized. This series of tests was conducted in TLTA-5, which had a nonrepre-

i sentative simulation of the core leakage flow path. This flow path was improved in
TLTA-5A.

<

I-1.2 Scenario of the Reference Test

I-1.2.1 Controlled Parameters. Controlled parameters refer to those quantities
whose transient responses are designed and controlled to be similar to those pre-
dicted for a reactor counterpart. Included and shown in Figure I-l are bundle
power, steamline flow, ECC injection flow characteristics, and drive pump coastdown.

1-1
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Thesteamlineflow(FigureI-la)wascontrolledduringthetestbythepressure
control valve, which opened and closed in response to the vessel pressure. The
setpoint for the valve was 1050 psia. The valve closed completely at s12 sec for
the reference test.

The ECC injections are shown in Figure I-lb. The high pressure core spray (HPCS)
was activated at 27* sec, and injection began immediately. The low pressure core
spray (LPCS)andlowpressurecoolantinjection(LPCI)wereactivatedat37*sec,
but actual flow began at 78 sec for LPCS and 86 sec for LPCI. Both the timings
and the ECCS pump operating characteristics were designed (I-3) to simulate the
characteristics of the BWR ECCS.

The bundle power transient is shown in Figure I-1c. The power supplied to the
bundle was programmed to simulate the stored heat and fission decay heat [ based on
American Nuclear Society Standard (ANS) + 20%] of a BWR bundle. However, the capa-
bility of the mechanical controller provided accurate simulation for only the first
50 sec. Beyond that time the power supplied to the bundle was held constant. The
actual bundle power became proportionally higher with time than the fission decay
heat calculated from ANS + 20 percent, reaching sl.8 times that value at the end of
the test (s300 sec). A detailed discussion of the bundle power supply is included
in Subsection I-2.

Coastdown of the intact loop drive pump began immediately in response to the loss of
power (Figure I-1d). The response of pump coastdown is governed by the inertia of
the rotating components. The inertia of the test pump has been designed to
simulate that of the BWR counterpart.

I-1.2.2 Early Responses. The responses from BD/ECC-1A tests, before HPCS injection
at 27 sec, are similar to those of the previous 8x8 blowdown heat transfer (BDHT)
tests (withnoECC). The early responses are governed by the liquid level in the
downcomer region (Figure 1-2a). This level reaches the jet pump suction plane at
7.6 sec and the recirculation line suction inlet at about 10.5 sec.

! The initial drop in the bundle inlet flow (Figure I-2b) is due to the loss of jet
pump flow in the broken loop. The inlet flow then decreases following the coast-
down of the intact loop drive pump (Figure I-ld). The flow reaches a near zero

|

|

| * NOTE: The time delays of 27 sec for HPCS and 37 see for LPCS and LPCI are designed
to simulate the startup of the diesel generator and the opening of valves in the
BWR.i

!
i I-2
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value when the jet pump suction is uncovered at 7.6 sec. The flow surge associated
with lower plenum flashing occurs at 11.8 sec, shortly after recirculation line
suction uncovery.

|
'

' The early pressure and temperature responses are shown in Figures I-2c and I-2d,
respectively. The peak power plane temperature steadily decreases until after HPCS
is initiated. The system depressurization rate increases after the recirculation
line suction uncovery because of an increased volumetric discharge which accompanies
the transition from predominantly liquid to vapor blowdown. The system depressuriza-
tion rate decreases after lower plenum flashing.

.

I-1.2.3 " Snapshots" Presentation. A series of " snapshots," pictorial depictions of
the system at selected instants of the transient, is presented in Figure I-3. These

" snapshots" convey a sequential qualitative overview of the thermal-hydraulic re-
sponses of the two-loop test apparatus (TLTA). The details of the responses shown
in Figures I-4 to I-7 were the bases from which the scenario for the reference test
was constructed.

Thefirst" snapshot"(FigureI-3a)depictsthesystemconditionsattheonsetof
HPCS injection, which occurs at s27 sec, shortly after lower plenum flashing (LPF).
Substantial mass inventory is seen in the u]per plenum, as shown by the high two-
phase level in Figure I-4a. This inventory was transferred there as a result of
LPF which redistributed fluid from the lower plenum to the core and upper plenum.
An apparent continuum of liquid (o* two-pha e mixture) keeps the bundle in nucleate

| boiling, as is evident from Figure I-5 which pv esents the thermal responses
! throughout the bundle.

; As the blowdown proceeds and mass inventory in the lower plenum continues to de-
I crease, the receding two-phase level reaches the jet pump exit plane at s34 sec, as

! shown in Figure I-4a. The lower plenum mixture level remains at the jet pump exit
plane until the lower plenum begins to refill later in the transient.

The flashing lower plenum fluid discharges with increasing vapor fraction through
the jet pumps. The void fraction in the jet pump increases, reducing the hydro-
static head, which in turn reduces the pressure difference across the jet pump.
Accordingly, the pressure drop across the bundle p'ath, which is in parallel with
the jet pump path, also decreases. The diversion of vapor out the jet pump path
reduces the holdup of liquid caused by counter-current flow limiting (CCFL) within
the bundle. The liquid continuum within the bundle then drops below the bottom of

I-3
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heated length (BHL) at $40 sec, as shown-in Figure I-4a.

|
At 40 sec (Figure I-3b), the bundle is filled with a vapor continuum with dispersed l

liquid. Heater rods begin to dry out, and bulk heatup occurs, as shown by the in-
creasing' temperatures in Figure I-5. In contrast, the upper plenum inventory re-
mains essentially unchanged during this period. HPCS flow replenishes the loss of
fluid from the upper pler.um, while CCFL at the upper tieplate prevents complete ,

draining into the bundle or bypass. |

The CCFL conditions at the upper tieplate shift in response to a reduced vapor flow
from the bundle. This reduction is (de to a decrease in vapor flow from the lower
plenum after ths uncovery of the jet pump exit plane and the reduction in heat
transfer that accompanies the loss of the liquid continuum in the bundle. With the
reduction of vapor flow at the upper tieplate, an increased amount of liquid drains
into the bundle (Figure I-3c), and a few of the previously dried-out rods are seen
torewet(FigureI-5b). During this period (s64 sec), rewetting is limited to the
upper bundle.

LPCS injection begins at $76 sec. The injection rate increases toward the rated
flow as the system pressure decreases. The upper plenum inventory is maintained by
this LPCS mass influx in conjunction with that of HPCS. The vapor upflow from the
lower plenum, in the meantime, diminishes as" the rate of system depressurization
decreases. The liquid downflow at the upper tieplate increases as the CCFL condi-
tions shift at s90 sec (Figure I-3d). Rewetting of previously dried-out thermo-
couple locations is seen at the bottom as well as at the upper part of the bundle;

(FigureI-5).

Also at s90 sec, LPCI begins to flow into the bypass region in increasing amounts
(until rated flow has been reached). The net vapor outflow from this region de-

! creases as the influx of subcooled ECC water condenses some of the steam. At $105
sec, the CCFL conditions at the bypass outlet shift to allow the liquid in the up-
per plenum to drain more rapidly into the bypass region (Figure I-3e). More fluid
is now in the bypass region and less in the upper plenum, as shown by the two-phase
levels in Figure I-4b. The hydrostatic head in the upper plenum is then decreased,
which allows for a higher pressure drop in the core to balance the imposed head of
the jet pump. The resultant increased vapor upflow contributes to an increase in

| bundle heat transfer, which results in a decrease in the bulk heatup rate at $105
sec (Figures I-Sa and I-5b).

1

i

!

I-4
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This phase of the refilling process is somewhat different from that in TLTA-5A
because of the addition of the leakage path between the bypass and bundle in
TLTA-5A,

As the bypass region is being filled, some liquid drains into the guide tubes and,
consequently, into the lower plenua. The mixture level in the lower plenum rises
(Figure I-4a). This level rises steadily and at a faster rate after the guide tube
is completely full. The jet pump exit becomes sealed by the rising mixture level
at %150 sec (Figure I-3f). As the mixture fills the jet pumps, the hydrostatic head
and-hence the pressure drop across the jet pumps increase. The pressure drop across
the bundle increases correspondingly with increased vapor flow from the lower
plenum. The increased vapor flow contributes to a further increase in bulk heat
transfer that results in the further decrease in bundle heat-up rate noted in Fig-
ures I-Sa and I-5b at 150 sec.

The bundle begins to reflood as the lower plenum level continues to rise at a more
rapid pace after the bypass region has become full (Figure I-39). The reflooding of
the bundle results in rapid quenching below the mixture level as shown in
Figures I-Sa and I-Sb. The extent of the bundle reflood is limited by the static
head correspondi g to the jet pump suction plane, as illustrated in Figure I-6.
The bundle mixture level reaches its height limit at s250 sec. The system is main-
tained at quasi-steady state for the balance of the test, which ends at s300 sec
(Figure I-3h).

1-1.3 Comparison of Tests with and without ECC Injection

Comparisons of data from average-power tests with and without ECC are made in this
section. Data from Test 6406/R1 (average power, average ECC) are compared with
those from Test 6406/R3 and/or Test 6007/R26 (average power, no ECC).

Figure I-7 shows that the system depressurization rate for the test with ECC is
lower after %65 sec. The flow emanating from the lower plenum for the test with ECC
has a higher moisture content as well as a higher discharge rate through the jet
pumps. The combined effect is a sequential reduction of volumetric flow through,
first, the drive / blowdown line, and then the suction / blowdown line. Slower depres-
surization results from these lower volumetric flows through the breaks.

The system mass inventory is higher, as expected, for the test with ECC. In the
upper plenum (Figure I-8a), the fluid is prevented from completely draining because
of CCFL at the upper tieplate. In the test without ECC, the inventory there
depletes steadily as it continues to flash throughout the transient. In the test

I-5
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with ECC, the core spray maintains the inventory until 4100 sec. At that time, the
LPCI has taken effect in the bypass region to reduce the vapor up-flow, allowing the
upper plenum fluid to drain into the region. The ECC injection rate is given in
Figure I-8d.

The bundle mass inventories for the two tests are virtually the same (Figure I-8b).
In both tests, the bundle is filled with a vapor contiriuum after 440 sec. The mass
inventory is derived from the tundle pressure drop measurements which show nearly
identical responses for the. tests with and without ECC (Figure I-9). The transition
from liquid to vapor continuum is shown to occur between 34 to 40 sec. In the test
with ECC, reflooding causes liquid accumulation in the lower part of the bundle later

in the transient (s200 sec).

The lower plenum mass for the test with ECC is maintained rather constant from 35 to
120 sec (Figure I-8c). The fluid discharged through the jet pump is balanced by the
ECC fluid draining from the upper plenum. For the test without ECC, in contrast,
the mass inventory in the lower plenum depletes continuously as the fluid flashes
off throughout the transient.

The bypass region mass inventories for the two tests are similar prior to LPCI
injection (Figure I-8e). Following the LPCI injection (s90 sec), the bypass region
refills only for the test with ECC. The guide tube mass inventories (Figure I-8f)
also show a similar early response. A discernible difference between the responses
occurs when ECC fluid in the upper plenum begins (s75 sec) to drain into and accumu-

late in the guide tube for the test with ECC.

The two-phase levels at different regions in TLTA are shown in Figure I-10. The

upper plenum two-phase levels reflect the mass inventories shown in Figure I-8a.
In the case with ECC, the mixture level holds up longer because of the core spray
fluid. The mixture level in the bundle drops to the bottom of the heated length
at 440 sec for both tests. The mixture level for the test without ECC remains above
the level for the test with ECC until bundle reflood occurs for the test with ECC.

The lower plenum mixture level for both tests falls rather rapidly after lower
plenum flashing, reaching the jet pump exit plane at 434 sec. The level in the test
with ECC lingers at this elevation until it rises later in the transient (s120 sec).
In. contrast, the level for the test without ECC falls and holds momentarily at the
exit plane before falling below the jet pump exit at 465 sec.

1-6
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In the bypass region, the le sels for the two tests are initially similar. For the
test with ECC, the level rises later in the transient (%98 sec) as the ECC fluid
drains into the region. Similarly, the level in the guide tube rises later in the
transient for the case with ECC.

As a consequence of the differences in hydraulic responses for the two tests, the
thermal responses are also different. In the test without ECC, bundle rewetting and
heat-up rate reduction are not observed.

The thermal responses for the two tests are compared in Figure I-il. The lower part
of the bundle is cooler in the test without ECC for the first %100 sec. This is
consistent with the observation (Figure I-loa) that, with less static head in the

i upper plenum, the mixture level in the core is higher for the test without ECC dur-
_ing this period.

Responses from the upper part of the bundle (Figure I-llb) provide evidence of
improved heat transfer with ECC. At 4150 sec, a temperature difference of 375*F is
seen between the tests at the location of the peak cladding temperature (90 in,
elevation).

I-1.4 Highlights of Significant Differences of Other Tests with ECC Injection

I-1.4.1 Average Power, low ECC Test (6405/Run 3). Responses from this test are,
in general, similar to those from the reference test, as can be seen from'

Figure I-12. The system pressure of the two tests with ECC starts deviating from
that of the test without ECC at 165 sec because of the difference in volumetric
break flows. The difference at 4100 see between the two tests with ECC is due to
the same effect (i.e., the difference in liquid content in the break flow). The
lower ECC flow results in a lower liquid fraction in the downcomer region and a
higher volumetric break flow.

The lower ECC injection also causes a slower system refill as expected. Neverthe-
less, the responses and phenomena observed are similar. The overall thermal

response of the bundle shows that less ECC fluid results in higher cladding tempera-
ture at the peak power plane (Figure I-13).

1-1.4.2 peak Power, Low Flow, and High Temperature ECC Test (6414/Run 3). The

parameters for this test were intentionally chosen to provide an upper bound bundle
; heat-up response. The ECC systems were degraded to have low flows and high tem-

peratures, and the test was conducted with a peak bundle power of 6.49 MW.

I-7
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Nevertheless, the system response from this test is comparable with that from the
average power (5.05 MW), avarage FCC tes't. The hydraulic response of the bundle

for the peak power test is similar to that of the average power test, as shown by
the comparison of pressure drop across the bundle (Figure I-14). Because of the
higher bundle power, the temperature response of the rods is different, as can be
seen from Figure I-13. The peak power bundle has a higher temperature as expected.2

A temperature difference of s450 F is observed at N170 sec when the peak power test
was terminated.

I-1.4.3 Low Power, High ECC Test (6401/Run 4). The goal of this low-power
(1.62 MW), high-spray flow test was to obtain a data base of system response for a
periphersl-power bundle. Significant differences of hydraulic responses are seen
in this test as compared with the reference test. The differences are:

(a) more liquid drains into the bundle caused by the combined effect of
higher spray flow and lower bundle power,

(b) CCFL at side entry orifice holds up liquid in the bundle throughout
the test,

,

(c) the bundle is kept well cooled (below 600*F) throughout the transient
(Figure I-13) because of the liquid holdup, and

(d) subcooling of upper plenum fluid leads to a significant increase of
liquid downflow into the bundle.

,

I-2. BUNDLE POWER DECAY TRANSIENT FOR THE BD/ECC 1A TESTS

The power decay transients that were programmed for BD/ECC 1A tests are shown in
Figure I-15. (I-3) In the first 50 seconds, the power supplied to the test bundles
was based on values calculated from stored heat and ANS + 20 percent for decay heat.

The objectives of the BD/ECC 1A tests are to evaluate the early interaction of the
subcooled ECC injection during the blowdown (30-100 sec) and to provide baseline
data for comparison of BDHT tests conducted without ECC injection. As such, the
power transient used in the BDHT tests was utilized for the early BD/ECC 1A tests.
The mechanical power controller was programmed to provide accurate simulation during
the blowdown phase (0-50 sec). After 50 sec the power controller held the applied
power to the bundle constant (at the 50-sec value). As a result, the test bundle
received significantly more power than it would have if the power controller had
been allowed to follow the ANS + 20% decay rate throughout the transient.

!

I-8
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The difference between the actual bundle power in the, tests and the power based on
stored heat plus ANS + 20% for fission heat is shown in Figure I-16. For.the
average power bundle, the power measured beyond 140 sec exceeded the calculated

power for the peak power bundle. The significance of this is:t-

(a) For the average power test, the power applied to the bundle during
the post dryout period (period of sustained dryout and heatup)
actually exceeded that calculated for a peak power bundle assuming
ANS + 20% fission heat and stored heat. Thus, this test was more
typical of 4 peak power test.

(b) For the peak power bundle, the power applied during the sustained
dryout period exceeded that calculated from assuming ANS + 20 per-
cent and stored heat by over 16 percent. This test, therefore,
represents an overpower bundle.

A new power controller was installed for the tests conducted in TLTA-5A. As was
mentioned in Subsection 2.2.4 the new controller was capable of controlling the
bundle power over the entire test transient. The power decay transient was based
on stored heat plus ANS + 5 percent for fission heat.

I-3. SUMMARY AND DATA REPORT

Initial conditions for the reference test are shown in Table I-2. The bundle power

decay and system pressure response are shown in Figures I-17 and I-18,
respectively. The ECC systems were activated at nominal times: HPCS at 27 sec,
LPCS and LPCI at 37 sec. HPCS begins imediately after activation at 27 sec
(Figure I-19); LPCS comences at about 78 sec (Figure I-20) and LPCI begins at
about 86 sec (Figure I-21).

The ECC flows lead to accumulation of fluid mass in the system. This mass accumu-

lation is exemplified by the fluid density increase in the lower plenum (Fig-

ure I-22). It should be noted that because the refill /reflood phase of the LOCA
transient is beyond the scope of Phase 1A, the test apparatus has not been designed
to produce representative data during this phase (from about 150 sec on). In
particular, the short jet pump in TLTA prevents complete refilling of the lower
plenum and bundle (_I-4).

1

The effects of ECC flows on the bundle thermal response are characterized by rewet

of dried-out rods and mitigation of heat-up rate. The cladc'ing temperature measure-
ments at different elevations of the bundle are shown in Figures I-23 through I-36.

The peak cladding temperature, shown in Figure I-37, stays below 1300*F for the
length of this test (power tripped at 296 sec).

I-9
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The benefit of the ECC flows has been evaluated by comparing results from the two

reference tests: Test 6406 Run 1 with ECC and Test 5007 Run 26 without ECC. Com--

parison of cladding temperatures at and above the peak power location (Figures I-38
and I-39) shows that ECC injection delays the time of sustained heatup that follows
dryout. This delaying action is more clearly illustrated in Figure I-40 which shows
the approximate dryout front (which closely follows the mixture level) throughout
the bundle. Additionally, the decrease of heating rate, also shown in Figures I-38
and I-39, is indicative of enhanced cooling of the bundle. The overall bundle
temperature is reduced because of the ECC flows, as can be seen from the lower
percentage of themocouples reaching 1000*F in Figure I-41. The net effect of ECC
injection is, therefore, a reduction in peak cladding temperature as a result of
improved heat transfer throughout the system.
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Table I-1

TEST PARAMETERS FOR BD/ECC 1A SCOPING TEST SERIES

e ECC Flow Variation Tests

Test No. Power ECCS Flow ECC Temperature

8
6007/26 5.05 MW No -

6405/3 5.05 MW Low N120*F

b
6406/l 5.05 MW Ave. N120*F

a Repeated as 6406/3
bReference Test

i

e Power Variation Tests

Test No. Power ECCS Flow 'ECC Temperature

6401/4 1.62 MW High %120*F

6414/3 6.49 MW Low %200*F

I-11
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Table I-2

BD/ECC-1A REFERENCE TEST 6406, RUN 1

Initial Conditions

Bundle Power 5. 04 1 0.15* MW

Steam Dome Pressure 1056 i 4 psia

Lower Plenum Pressure 1076 1 4 psia

Lower Plenum Enthalpy 539 i 5 Btu /lbm

Initial Water Level 126 i 6 in, elevation or
5016 in, above JP suction

Feedwater Enthalpy 45 1 2 Btu /lbm

B'undle inict to Outlet AP 15 1 2 psi

Steam Flow 6.310.6 lbm/sec

Feedwater Flow 0.35 0.05 lbm/sec

Drive Pump 1 Flow 8.810.8 lbm/sec
I Drive Pump 2 Flow 9.610.9 lbm/sec

| Jet Pump 1 Flow 18.4 1 2 lbm/sec
I

Jet Pump 2 Flow 20 i 2 lbm/sec

Bundle Inlet Flow 35.5 i 3.5 lbm/sec

* NOTE: All uncertainty bands are judged from the maximum of data fluctua-
tion or the maximum absolute uncertainties of the measurement.

,
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Appendix J

DATA REPORT FOR TEST 6425/RUN 2 (REFERENCE TEST)

Test 6425/2 was an average power, average ECC flow, nominal ECC temperature test
conducted in the TLTA SA facility. A diagram of the system instrumentation showing
measurement nodes is given in Figure J-1. Figure J-2 shows a schematic of the-
bundle and locations of the pressure transducer taps and thermocouples. The core
lattice arrangement and the local peaking factor distribution are shown in Figure J-3.

Tables J-1 and J-2 summarize the initial conditions and sequence of events for Test
6425/2. Primary measurements throughout the transient are given in Figures J-4 to

J-38. Quantities such as nodal density, mass, and flow that are derived from the
primary measurements are shown in Figures J-39 through J-76. A guide for inter-
preting bundle temperature plots is shown in Figure J-77, and the bundle tempera-
ture measurements are given in Figures J-78 to J-97. Figure J-98 gives the peak
cladding temperature.

J-l

I



. . . .

T

Table J-1
,

INITIAL CONDITIONS OF THE BD/ECC 1A REFERENCE TEST (6425 RUN 2)
4

Initial Conditions TLTA

Bundle power 5.05a 0.03 MN

Steam dome pressure 1044 5 psia (7198 Pa)
Lower plenum pressure 1071 5 psia (7384 Pa)
Lower plenum enthalpy 528 5 Btu /lbm (1228 kJ/kg)

bInitial water level 73 6 in. (1.85m)

Feedwater enthalpy -41 2 Btu /lbm (95kJ/kg)
Bundle inlet to outlet DP 17 2 psi (117 Pa)
Steam flow 6 1 lbm/sec (2.7 kg/s)
Feedwater flow 1.4 0.3 lbm/sec (0.5 kg/s)4

Drive Pump 1 flow 9.1 1 lbm/sec (4.1 kg/s ) .

j Drive Pump ? flow 8.4 1 lbm/sec: (3.8 kg/s)

| Jet Pump 1 flow 22 2 lbm/sec (10 kg/s)
| Jet Pump 2 flow 2012 lbm/sec (9 kg/s)

Bundle inlet flow 39 5 lbm/sec (18 kg/s)

All uncertainty bands are judged from the maximum of data fluctuation
and/or absolute uncertainties of the measurements.

a NOTE: 5.05 mW is central average bundle power; core average power
is 4.60 mW for the reference BWR/6.

bNOTE: Relative to jet pump support plate.

:

!

J-2

- - - - .. _ -- -
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Table J-2

SEQUENCE OF EVENTS FOR 6425 RUN 2 (AVG. POWER, AVG. ECC)

Events Time (sec)

Blowdown valves open 0.0
Bundle power decay initiated 0.5
Blowdown loop jet pump flow reverses 0.5
Feedwater flow stops 0.5
Bypass flow reverses 1.7
Jet pump suction uncovers 6.7
Steamline valve completely closed 9.0
Recirc. suction line begins to uncover 9.4
Lower plenum bulk flashing 11

Guide tube flashing 11.2

Core inlet uncovers (SE0 center line) 20 '

Loop 1 isolated 20

HPCS injection begins 27

Lower plenum mixture level reaches jet pump exit plane 35

LPCS, LPCI activated 37

LPCS flow begins 64

LPCI flow begins 75

Bypass / guide tube region begins to refill 85

CCFL breaks down at bypass outlet 95

Bundle begins to refill 114

Bypass region refilled 125

Bundle reflood with two-phase mixture 130

CCFL breaks down at upper tieplate 125

Bundle quenched 150

End of test 400

J-3/J-4
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J

N

1 2 3 4 5 6 7 8
1.017 1.017 1.004 0.962 0.961 1.018 1.01 2 1.019

,

t

9 to 11 12 13 14 15 16

1.020 0.966 1.039 1.018 1.006 1.006 0.966 1.016,

i 17 10 19 20 21 22 23 24
I 1.018 1.026 0.944 0.961 0.962 0.946 1.068 1.016

i

4

25 26 27 28 29 30 31 32
0.951 1.006 0.962 0.0 1.019 0.959 1.023 0.963

w E

33 34 35 36 37 38 39 40
0.963 1.022 0.952 1.022 0.0 0.967 1.013 0.951

41 42 43 44 45 46 47 48

1.018 1.056 0.966 0.966 0.961 0.966 1.040 1.022

49 50 61 52 53 54 56 56
,

1.023 0.962 1.055 1.016 1.006 1056 0.967 1.025

57 58 59 60 61 62 63 64

1.024 1.024 1.024 0.965 0.965 1.024 1.025 1.023
,

4

I

s

1 8UNDLE POSITION
1.017 LOCAL PEAKING F ACTOR.

I

!

,

Figure J-3. Local Peaking Factor Distribution
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Figure J-7. Lower Plenum Differential Pressures
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Figure J-14. Upper Bundle Differential Pressures
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Figure J-17. Upper Plenum Differential Pressures
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Figure J-20. Broken Loop Jet Pump Differential Pressures
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Figure J-28. Intact Loop and Broken Loop Jet Pump Diffuser to Throat Differential Pressures
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. Appendix K

DATA REPORT FOR TEST 6424/RUN 1

l Test 6424/1 was a peak power, average ECC flow, nominal ECC temperature test
conducted in the TLTA SA facil'ity. A diagram of the system instrumentation showing

| measurement nodes is given in Figure K-1. Figure K-2 shows a schematic of the

f bundle and locations of the pressure trensducer taps and thennocouples. The core
I lattice arrangement and the local peaking factor distribution is shown in Figure K-3.

Tables K-1 and K-2 sununarize the initial conditions and sequence of events for Test
6424/1. Primary measurements throughout the transient are given in Figures K-4 to

| K-38, derived quantities in Figures K-39 to K-66. A guide for interpreting bundle
temperature plots is shown in Figure K-67, and the bundle temperature measurements
are given in Figures K-68 to K-87. Figure K-88 gives the peak cladding temperature.

i
I

K-1



__ _ _ - _ _ _ _ _ - _ _ . _ _ _

Table K-1

PEAK POWER, AVERAGE ECC (6424 RUN 1) INITIAL CONDITIONS

Initial Conditions

Bundle power 6.49 i 0.03 MW

Steam dome pressure 1056 5 psia

Lower plenum pressure 1081 1 5 psia

lower plenum enthalpy 554 5 Btu /lbm

Initial water level 124 i 6 in.El
Feedwater enthalpy 45 1 2 Btu /lbm

Bundle inlet to outlet DP 20 2 psi

Steam flow 8 1 1 lbm/sec
Feedwater flow 1.1 0.3 lbm/sec
Drive Pump 1 flow 7 1 1 lbm/sec
Drive Pump 2 flow 8 1 lbm/sec
Jet Pump 1 flow 14 2 lbm/sec
Jet Pump 2 flow 18 2 lbm/sec

Bundle inlet flow 29 i 5 lbm/sec l

ECC fluid temperature 120 15'F

All uncertainty bands are judged from the maximum of data
fluctuation and/or absolute uncertainties of the
measurements.

1
|

!

!
;

.

K-2
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Table K-2
"

SEQUENCE OF EVENTS FOR 6424 RUN 1
i (PEAK POWER, AVG. ECC)

!

Events Time (sec)

Blowdown valves open 0.0

Bundle power decay initiated 0.5
Feedwater flow stops 0.5
Bypass flow reverses 1.2

Steamline valve completely closed 8.0,

Lower plenum bulk flashing 14

Loop 1 isolated 20

HPCS injection begins 27

Lower plenum mixture level reaches jet pump exit plane 34

LPCS, LPCI activated 37

LPCS flow begins 63

LPCI flow begins 71

Bundle quenched 150
-

End of test. 400
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Figure K-9. ' Upper Annulus Differential Pressure
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Figure K-12. Lower Bundle Differential Pressures
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Figure K-14. Upper Bundle Differential Pressures
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Figure K-19. Intact Loop Jet Pump Differential Pressures
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Figure K-21. Lower Plenum to Upper Plenum Differential Pressures for Annulus, Bundle, and Bypass
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Appendix L

DATA REPORT FOR TEST 6426/RUN 1 AND TEST 6421/RUN 2

Tests 6426/1 and 6421/2 were average power, no ECC injection tests conducted in the
TLTA SA facility. A diagram of the system instrumentation showing measurement
nodes is given in Figure L-1. Figure L-2 shows a schematic of the bundle and loca-

tions of the pressure transducer taps and thennocouples. The core lattice arrange-
ment and the local peaking factor distribution are shown in Figure L-3.

'

L-1. MEASUREMENTS FOR TEST 6426/1

g Tables L-1 and L-2 summarize the initial conditions and sequence of events for
Test 6426/1. Primary measurements throughout the transient are given in Figures L-4
to L-37, derived quantities in Figures L-38 through L-61. A guide for interpreting
bundle temperature plots is shown in Figure L-62, and the bundle temperature meas-
urements are given in Figures L-63 to L-77. Figure L-78 gives the peak cladding
temperature.

L-2. MEASUREMENTS FOR TEST 6421/2

Primary measurements throughout Test 6421/2 are given in Figures L-79 to L-109, de-
rived quantities in Figures L-110 through L-121. A guide for interpreting bundle
temperature plots is shown in Figure L-122, and the bundle temperature measurements

are given in Figures L-123 to L-142. Figure L-143 gives the peak cladding tempera-
ture.

L-3. DIFFERENCES IN BUNDLE POWER HISTORIES

As discussed in Subsection 3.2.2.2 of the main text, the thermocouple heat-up rate
of Test 6426/1 is higher than that of Test 6421/2, even though the two tests are
comparabl e. The heat-up rate difference is attributable to the difference in the

bundle power histories. Figure L-144 shows that the bundle power in Test 6421/2
, as lower than the power in Test 6426/1. For direct power comparison among all thew

TLTA SA tests, Table L-3 is available and gives the digitized power measurements
at various times throughout the tests.

L-1

- _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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Table L-1

BD/ECC 1A TEST 6426 RUN 1 INITIAL CONDITIONS

Initial Conditions

Bundle power 5.05 0.03 mi

Steam dome pressure 1044 5 psia

Lower plenum pressure 1068 z 5 psia

Lower plenum enthalpy 526 t 5 Btu /lbm |

Initial water level 123 6 in. El

Feedwater enthalpy 66 1 2 Btu /lbm

Bundle inlet to outlet DP 15 2 2 psi

Steam flow 6 1 lbm/sec

Feedwater flow 1.3 0.3 lbm/sec

Drive Pump 1 flow 8.2 1.0 lbm/sec

Drive Pump 2 flow 8.4 i 1.0 lbm/sec

Jet Pump 1 flow 16 1 2 lbm/sec

Jet Pump 2 flow 20 2 lbm/sec

Bundle inlet flow 33 5 lbm/sec

All uncertainty bands are judged from the maximum of data fluctuation
and/or absolute uncertainties of the measurements. i

|
!

|

l

L-2

.. . . .. .
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Table L-2

SEQUENCE OF EVENTS FOR 6426 RUN 1 (AVG. POWER, NO ECC)

Event Time (sec)

( Blowdown valves open 0.0

Bundle power decay initiated 0.5
t

Blowdown loop jet pump flow reverses 0.1

Feedwater flow stops 0.5
l

Bypass flow reverses 1.5

Jet pump suction uncovers 6.5

Steamline valve completely closed 7.9

Recirc. suction line begins to uncover 9.2

Lower plenum bulk flashing 13.3

Guide tube flashing 13.8

Core inlet uncovers (SE0 center line) 20

Lower plenum mixture level reaches jet
pump exit plane 33

End of test 294

L-3

.
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Table L-3

POWER MEASUREMENTS FOR ALL TLTA SA TESTS

Power (kW)

Time Test Test Test Test Test Test
(Sec) 6421/2 6426/1 6425/2 6424/1 6423/3 6422/3

1 3861.0 5023.0 4988.0 6357.0 6235.0 4785.0

5 2170.0 3008.0 2874.0 3637.0 3413.0 2630.0

10 1072.0 1616.0 1532.0 1922.0 1800.0 1392.0

15 594.1 876.5 847.4 1063.0 1045.0 812.5

20 425.2 591.2 582.4 745.5 681.4 538.7

30 279.6 361.1 364.0 448.5 416.4 332.0

40 209.7 265.0 262.1 329.1 302.9 241.7

50 168.9 209.7 212.6 265.0 238.8 192.2

60 145.6 177.6 177.6 221.3 203.8 163.1

70 136.9 166.0 168.9 209.7 198.0 157.3

80 134.0 163.1 166.0 203.8 186.4 1 51.4

90 131.0 160.2 157.3 198.0 183.5 154.3

100 131.0 154.3 154.3 192.2 180.6 154.3

120 131.0 154.3 154.3 192.2 180.6 154.3

140 128.1 154.3 154.3 189.3 186.4 154.3

160 1 31.0 154.3 151.4 186.4 183.5 145.6

L-4
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N

1 2 3 4 5 6 7 8
1.017 1.017 1.004 0.962 0.961 1.018 1.01 2 1.019

(

9 10 11 12 13 14 16 16
1.020 0.966 1.039 1.018 1.006 1.086 0.966 1.016

17 18 19 20 21 22 23 24
1.018 1.026 0.944 0.961 0.962 0.946 1.056 1.016

26 26 17 28 29 30 31 32
0.961 1.006 0.962 0.0 1.019 0.900 1.023 0.963

w e

33 34 36 36 37 38 39 40
0.983 1.022 0.962 1.022 0.0 0.967 1.013 0.951

41 42 43 44 46 46 47 48
1.018 1.056 0.986 0.966 0.961 0.966 1.040 1.022

49 50 61 52 63 64 56 8 56
1.023 0.962 1.066 1.016 1.006 1.066 0.967 1.026

57 58 59 60 61 62 63 64
1.024 1.024 1.024 0.966 0.965 1.024 1.026 1.023

S

1 SUNDLE POstTION
1.017 LOCAL PEAKING FACTOR

Figure L-3. Local Peaking Factor Distribution
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Figure L-139. Inside Clad Temperature - Elevation 50 in.
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Appendix M

DATA REPORT FOR TEST 6422/RUN 3

Test 6422/3 was an average power, average ECC flow, nominal ECC temperature test

conducted in the TLTA 5A facility. This test was initially intended to be the
reference test. However, owing to improved break flow instrumentation and the
addition of a more representative pressure controller to simulate the early system
pressure response, Test 6425/2 was chosen as the reference test. Data from

Test 6422/3, along with a discussion of the results, are included in this appendix.

A diagram of the system instrumentation showing measurement nodes is given in
Figure M-1. Figure M-2 shows a schematic of the bundle and locations of the

pressure transducer taps and thermocouples. The core lattice arrangement and the
local peaking factor distribution are shown in Figure M-3.

M-1. RESULTS

M-1.1 System Thermal-Hydraulic Response

The test conditions for Test 6422/3 are summarized in Table M-1. The bundle power

d: cay for the test (Figure M-4) was based on ANS-5 for a central-average BWR/6
bundle and included the effect of decay heat and stored heat.

The system pressure response as measured at three locations is presented in Fig-
ure M-5. The pressure differences between plena are initially due to the flow ano
hydrostatic head differences in the system. After the recirculation pumps are
tripped and blowdown begins, these pressure differences become small, and the three

pressures are seen to be nearly identical. Later in the transient as the system
refills, the hydrostatic head difference becomes discernible (Figure M-5).

The ECC injection rates (Figures M-6 through M-9) are governed by the system

pressure as the pump characteristics were designed to simulate those of a BWR.
Injection commences at 27 sec for HPCS (Figure M-6), 63 sec for LPCS (Figure M-7),
and 71 sec for LPCI (Figure M-8). The total amount of ECC injected at any time is
included in Figure M-9.

M-1
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An overview of the system response is presented in Figures M-10 and M-11. The

initial system response is similar to the previous scoping test series (Appendix I).
Following the onset of lower plenum flashing, the steam generation in the lower
plenum holds up inventory in the bundle because of counter current flow limiting
(CCFL) at the side entry orifice (SE0) below the bundle. Similarly, CCFL at the
upper tieplate and the bypass outlet holds up inventory in the upper plenum. As
the blowdown continues, the mixture level in the lower plenum recedes, reaching the
jet pump exit plane at 434 sec. An alternative path becomes available for the
lower plenum vapor to escape, and therefore less vapor vents through the SE0 to
the bundle. The liquid continuum previously maintained in the bundle by the vapor
updraft is now lost, and bulk heat-up within the bundle begins. During this
period, the inventory in the upper plenum remains fairly constant (Figures M-10 and
M-11), with drainage into the bundle being replenished by continued core spray.

The guide tube / bypass region begins to refill (Figure M-11) shortly after the onset
of LPCI injection (s90 sec). The subcooled LPCI fluid condenses steam in the
bypass region and eliminates CCFL at the top of the bypass. The upper plenum is thus
partially drained as the bypass is refilled (Figure M-11).

The bundle refloods concomitantly with bypass refill for these reasons:
(1) increased hydrostatic head in the bypass region produces increased leakage flow
into the bundle, and (2) continuing CCFL at the SE0 prevents complete drainage
of the bundle inventory into the lower plenum. As the bundle refloods, its hydro-
static head increases, and the leakage flow from the bypass diminishes. The sub-
cooled LPCI fluid that was flowing downward through the bypass region is then
forced to flow upward into the upper plenum. This LPCI fluid combines with other
subcooled liquid being sprayed into the upper plenum which leads to CCFL breakdown
at the top of the bundle. As a result, the bundle reflood is accelerated, and the
upper plenum inventory completely drains. The upper plenum remains drained for the
balance of the test (Figure M-10).

The filling of the bundle produces a hydrostatic head on the lower plenum fluid
and increases the pressure drop across the jet pumps. The pressure drop is
sufficient to carry the ECC fluid, which is now draining through the bypass
and bundle, out of the lower plenum and into the downcomer region (Figure M-12).

The hydrostatic head of the bundle, therefore, prevents the lower plenum from com-
pletely refilling. The system achieves pseudo-steady-state for the remainder of
the transient except, as discussed below, for two short periods of vapor venting
through the bypass region.

M-2
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Plots of regional mass are included (Figures M-13 through M-19). From these
plots the timing and extent of mass transfer from one region to another can be
determined. Nodal differential pressures along the bundle are shown in Figures M-20
through M-23. Bundle reflood from the bottom and final reflooding from the top can
be observed from these measurements. Nodal differential pressure along the guide
tube and bypass are shown in Figures M-24 and M-25.

!

M-1.2 Bundle Heat-Up Response

The thennal response of the bundle is marked by: (1) low peak cladding temperatures
b: low 700'F,(2) awell cooled bundle '(NTsat) after 150 sec, and (3) eventual sub-
cooling of the bundle (below Tsat). A guide for interpreting bundle temperature
plots is shown in Figure M-26. Peak cladding temperature is presented in Figure M-27,
while temperature measurements at different locations are included in Figures M-28
through M-49.

Some dryouts at %20 sec are seen at certain locations (Figures M-34, M-36, M-37,
M-39, M-40, and M-42) as lower plenum flashing subsides. However, these dryouts
are all rewetted at approximately the time of HPCS flow inception. As the elapsed
times between the HPCS inception and rod rewetting are rather short, rewet of the
dryout rods is attributed to fallback cooling from the inventory in the upper
plenum.

Bulk dryout of the bundle occurs at approximately 34 sec when the liquid continuum
in the bundle is lost follcwing jet pump exit uncovery in the lower plenum.
The bundle heatup is, nevertheless, limited to %700*F because of the effectiveness
of the HPCS fluid which penetrates the upper region of the bundle and rewets many of
the rods. The maximum cladding temperature reaches the peak value before LPCS
injection begins (Figure M-27).

The upper half of the bundle becomes further cooled (Figures M-37 through M-49)
following LPCS injection, which begins at 63 sec. The remaining dried-out rods
in the upper bundle are rewetted, and the upper rod thermocouple measurements indi-
cate saturation temperature.

The lower half of the bundle, by contrast, continues to show local dryout even after
the heat-up rate and cladding temperatures have peaked. The region becomes well
cooled when the bundle refloods between 110 and 140 sec (Figures M-11 and M-27
throughM-36).

M-3
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With the bundle completely reflooded and with the continuous injection of subcooled
ECC, the fluid inventory within the bundle becomes subcooled. This is evident in
Figures M-28 to M-49, where it is seen that after about ISO sec the cladding
temperatures in the bundle show values below the saturation temperature for the
system pressure.

M-1.3 Vapor Venting in Guide Tube / Bypass Region

Vapor venting in the guide tube / bypass region is primarily due to the rapid filling
of the bypass region with a two-phase mixture coupled with the inequality of fluid
density in the two parallel columns (bundle and bypass).

The guide tube / bypass region refills in 30 sec (fras100 to430 sec as shown in Fig-
ureM-ll). The mass of the guide tube increases from 60 to 90 pounds, the bypass
froms 0 tos 65 pounds (Figures M-17 and M-18). Of this increase ofs95 pound mass,
the one LPCI system accounts for s25 pounds; the balance comes from the two-phase

fluid in the upper plenum.

When the bypass refills at %100 sec, the bundle begins to reflood slowly. The
hydrostatic head across the bypass is seen in Figure M-50 to be higher than that
across the bundle. The difference in hydrostatic heads, shown in Figure M-51,
causes the bypass fluid to flow into the bundle and the guide tube fluid into the
lower plenum. The leakage flow from the bypass to the bundle contributes to
bundle reflood; that from the guide tube contributes additional vapor to the lower
plenum. The combined effects of, flashing in the lower plenum and the added vapor
flow from the guide tube creates a counter current flow condition at the SE0
which prevents liquid drainage from the bundle (Figure M-52a).

The reversed leakage flow from the bypass is accompanied by LPCI downflow. The sub-
cooled LPCI fluid condenses vapor generated in the bypass and the guide tube. The
reversed leakage flow as well as the downward LPCI flow diminishes as the bundle
refloods and the hydrostatic head difference decreased. On the other hand, the
vapor updraft from the guide tube into the bypass increases as the leakage flow into
the lower plenum decreases. Because of the decreased, subcooled LPCI downflow and
increased guide tube vapor upflow, the vapor must travel higher into the bypass
before mixing with the subcooled LPCI fluid. This decreases the bypass fluid
density, hence the hydrostatic head, which further reduces the hydrostatic head
difference.

M-4
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Tha hydrostatic head difference is also diminished by an increase in the bundle fluid
d:nsity. This comes about when the bundle begins reflooding. As the lower bundle
becomes well cooled, less vapor is generated, and, hence, more liquid drains into
th2 bundle from the upper plenum. Finally, as the bypass flow decreases, more sub-
cooled ECC fluid becomes available to flow into the bundle (Figure M-52b).

The hydrostatic heads become equal to s200 sec, and the bypass flow becomes zero
(Figure M-51). The LPCI fluid can no longer flow downward and is forced into the
upper plenum where it combines with the subcooled sprays and flows into the bundle.

This renders the bundle hydrostatic head higher relative to the bypass, and the
leakage flow reverts to the forward direction (i.e., fluid flows from bundle to
bypass and from lower plenum to guide tube).

Th2 forward leakage flow makes it possible for the vapor to escape from the bypass
r:gion. As both the liquid and the vapor flow upward through the bypass, the liquid
centinuum in the bypass is pushed into the upper plenum (Figure M-25, s210 sec),
leaving the upper part of the bypass filled with a vapor continuum (Figure M-52c).
The vapor continuum is then condensed as it comes into direct contact with either the
subcooled LPCI at the top of the bypass or the subcooled spray in the upper plenum.
Following this, the vapor flow diminishes, and the LPCI fluid flows downward again
to fill the bypass. At the same time, more bundle fluid is allowed to drain into
and refill the bypass because the hydrostatic head of the bypass region has been
r:duced. As the bypass refills, the hydrostatic head difference decreases and with
it the forward leakage flow.

The forward leakage flow from the lower plenum to the guide tube allows the lower
plenum vapor to escape through the guide tube / bypass region. Consequently, the
vapor upflow at the SE0 decreases, which allows more liquid downflow from the bundle
to the lower plenum. As the bundle drains partially and the hydrostatic head
d: creases, the jet pump path pressure drop correspondingly decreases. This results

in a simultaneous increase of mass influx to and decrease of mass outflux from the
lower plenum. Therefore mass inventory in the lower plenum increases (Figure M-53).

Th2 forward leakage flow to the bypass reverses later (Figure M-51) when the partial
loss of inventory in the bundle coupled with the refilling of the bypass leads to a
reversal of the hydrostatic head difference (Figure M-52d). This allows the resto-

1

ration of the pseudo-steady-state conditions that precede the vapor venting from
tha guide tube; for, as the guide tube leakage flow is reversed into the lower

M-5
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plenum, the combined vapor flow from the guide tube and lower plenum is forced
through the SEO. The increase in the vapor flow causes CCFL at the SE0 which
reduces the liquid drain from the bundle, allowing the bundle to accumulate inven-
tory once again. At the same time, as the hydrostatic head of the bundle increases,
the pressure drop across the jet pumps increases correspondingly (Figure M-50). This

results in a simultaneous decrease of mass influx to and an increase of mass out-
flux from the lower plenum. Therefore, mass in the lower plenum decreases until the
mixture level returns to that of the jet pump exit plane, and a pseudo-steady-state
is momentarily restored (Figures M-10 and M-52d).

The vapor venting process repeats itself later in the transient. However, after
this second cycle, a large amount of subcooled liquid enters the guide tube and

bypass regions. This, in conjunction with decreased flashing caused by the decreased
depressurization rate, diminishes the vapor upflow, and further vapor venting

subsides.

|

This venting process in the bypass region of TLTA is believed to be influenced by
|

the one-dimensional configuration of the TLTA geometry and may not be representative'

of a BWR. In TLTA, the bypass regional volume is mocked-up by four parallel tubes
which. communicate from the guide tube to the upper plenum. .LPCI fluid is injected
equally into each tube. In the BWR, the bypass is a more open, three-dimensional
region with LPCI injection at the core shroud wall. Communication between the
bypass and guide tube and the bypass and bundle is less influential during the
reflood period, as the bypass region has a large plenum effect. Therefore, the
venting process observed in TLTA is not expected in a BWR.

.

1

)
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Table M-1

TEST CONDITIONS FOR TEST 6422, RUN 3

Initial Conditions

Bundl e Powe r . . . . . . . . . . . . . . . . . . . . 5. 05 0.03 MW

Steam Dome Pressure. . . . . . . . . . . . . . . . . . 1035 5 psia
Lower alenum Pressure. . . . . . . . . . . . . . . . . 1062 5 psia
Lower Plenum Enthal py. . . . . . . . . . . . . . . . 524 5 Btu /lbm
Initial Water Level . . . . . . . . . . . . . . 124 6 in. Elevation,

Feedwater Enthal py . . . . . . . . . . . . . . . . . 41 2 Btu /lbm

Bundle Inlet to Outlet Pressure Drop . . . . . . . . . . . 17 jpsi
Steam Fl ow . . . . . . . . . . . . . . . . . . . . . . 6 + 1 l bm/sec
Feedwa te r Fl ow . . . . . . . . . . . . . . . . . . 1. 6 0.3 lbm/sec
Drive Pump 1 Flow. . . . . . . . . . . . . . . . 8.7 1.0 lbm/sec
Dri ve Pump 2 Fl ow. . . . . . . . . . . . . . . . . 8. 5 1.0 lbm/sec
Jet Pump 1 Flow. . . . . . . . . . . . . . . . . . . 20 2 lbm/sec
Jet Pump 2 Fl ow. . . . . . . . . . . . . . . . . . . 21 2 lbm/sec
Bundl e Inl et Fl ow. . . . . . . . . . . . . . . . . . 35 5 lbm/sec

Timings

Blowdown Valves Opened . . . . . . . . . . . . . . . 0.00 0.02 sec
4

Power Decay Initiated. . . . . . . . . . . . . . . . 0.40 0.05 sec
HPCS Activated . . . . . . . . . . . . . . . . . . . . . . . 27 sec
HPCS Flow Begins . . . . . . . . . . . . . . . . . . . 27 1 see
LPCS Activated . . . . . . . . . . . . . . . . . . . . . . . 37 sec
LPCS Flow Begi ns . . . . . . . . . . . . . . . . . . . . 63 2 sec
LPCI Activated . . . . . . . . . . . . . . . . . . . . . . . 37 sec
LPCI Flow Begi ns . . . . . . . . . . . . . . . . . . . . 71 2 sec
Bundle Power Tripped . . . . . . . . . . . . . . . . . . . . 399 see
Blowdown Valves Closed . . . . . . . . . . . . . . . . . . . 429 sec

!
ECCS Tempera tu re . . . . . . . . . . . . . . . . . . . . . . . 120 15'F

All uncertainty bands are judged from the maximum of data fluctuation and/
or absolute uncertainties of the measurements.

M-7/M-8
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Appendix N

DATA REPORT FOR TEST 6423/RUN 3

Test 6423/3 was a peak power, low ECC flow, high ECC temperature test conducted in
the TLTA SA facility. A diagram of the system instrumentation showing measurement
nodis is given in Figure N-1. Figure N-2 shows a schematic of the bundle and
locations of the pressure transducer taps and thermocouples. The core lattice
arrangement and the local peaking factor distribution is shown in Figure N-3.

Tables N-1 and N-2 sunmarize the initial conditions and sequence of events for Test
6423/3. Primary measurements throughout the transient are given in Figures N-4 to
N-37, derived quantities in Figures N-38 to N-57. A guide for interpreting bundle
temperature plots is shown in Figure N-58, and the bundle temperature measurements
are given in Figures N-59 to N-78. Figure N-79 gives the peak cladding temperature.

.

N-1
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Table N-1

TEST 6423 RUN 3 INITIAL CONDITIONS

Initial Conditions

Bundle power 6.46 1 0.03MW
Steam dome pressure 1037 * 5 psia
Lower plenum pressure 1065 i 5 psia
Lower plenum enthalpy 518 1 5 Btu /lbm
Initial water level 123 i 6 in. El
Feedwater enthalpy 41 1 2 Btu /lbm
Bundle inlet to outlet DP 16 2 psi
Steam flow 7 1 lbm/sec
Feed water flow 1.0 0.3 lbm/sec
Drive Pump 1 flow 8.1 1.0 lbm/sec
Drive Pump 2 flow 8.3 i 1.0 lbm/sec
Jet Pump 1 flow 17 2 lbm/sec
Jet Pump 2 flow 1912 lbm/sec
Bundle inlet flow 33 5 lbm/sec
ECC fluid temperature 200 i 15'F |

All uncertainty bands are judged from the maximum of data fluctuation
and/or absolute uncertainties of the measurements.

N-2
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Table N-2

SEQUENCE OF EVENTS FOR 6423 RUN 3
(PEAKPOWER,LOWECC)

Event Time (sec)

Blowdown valves open 0.0
Bundle power decay initiated 0.5
Feedwater flow stops 0.5
Bypass flow reverses 1.5
Steamline valve completely closed 11.5
Lower plenum bulk flashing 15

| Loop 1 isolated 20

HPCS injection begins 27

Lower plenum mixture level reaches jet pump exit plane 39

LPCS,.LPCI activated 37

LPCS flow begins 65

LPCI flow begins 72
| End of test 400

i

N-3/M-4
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Figure N-62. Inside Clad Temperature - Elevation 130 in.
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Figure N-63. Inside Clad Temperature - Elevation 123 in.
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'*i TEST 6423 RUN 3

1 POS07 EL1 07 SW PF1.012
2 POS12 EL1 07 SE PF1.018
3 POS18 EL1 07 SE PF1.026
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Figure N-66. Inside Clad Temperature - Elevation 107 in.
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. Figure N-67. Inside Clad Temperature - Elevation 103 in.
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TEST 6423 RUN 3

1 POS10 EL 90 SE PF0.965
2 POS29 EL 90 SW PF1.019
3 POS33 EL 90 NE PFO.963'

4 POS40 EL 90 NW -PF0.951
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Figure N-69. -Inside Clad Temperature - Elevation 90 in.
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TEST 6423 RUN 3

i POS13 EL 79 SW PF1.006
2 POS17 EL 79 SE PF1.018
3 POS33 EL 79 NE PFO.963
4 POS47 EL 79 NW PF1~.040
5 POS62 EL 79 NW PF 1.024 - soo
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Figure N-71. Inside Clad Temperature - Elevation 79 in.
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