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POSTTEST ANALYSIS OF MIST TEST 3100AA USING
TRAC-PF1/MOD1*

by
Donald A. Siebe, James L. Steiner. and Brent E. Boyack

ABSTRACT

We have compleied a posttest calculction and analysis of Multi-
loop Integral System Test (MIST) 31094A as the nominal test for the
MIST program. It is a test of a small-break loss-of-coolant accident
(SBLOCA) with a scaled 10-cm® break in the B1 cold leg. The test
exhibited the major post-SBLOCA phenomena. as expected. includ-
ing depressurization to sawuration, intermittent and interrupted loop
flow. boiler-condenser mode cooling. refill, and postrefill Looldown. Full
high-pressure injection and auxiliary feedwater were available, reactor
coolant purnps were not availabie, and reactor-vessel vent valves and
guard heaters were aucomatically controlled. Constant level control in
the steam-generator secondaries v. . used after steam-generator sec-
ondary refill and symmetric stearm generator pressure control was used.
We performed the calculation using TRAC-PF1/MOD1. We found that
agreement between test data and the calculation was generally reason-
able. All major trends and phenomena were correctly predicted. We
believe that the correct conclusions about trends and phenomena will
be reached if the code is used in similar applications.

EXECUTIVE SUMMARY
A TRAC-PF1/MOD1 posttest calculation and data comparison has been completed for
« Multi-loop Integral System Test (MIST) nominal test, Test 3109AA. This was the nominal
test for the MIST program. It is a test of a small-break loss-of-coolant accident (SBLOCA)
with a scaled 10-cm? break in the B cold leg. During t"e early test program. several variations
of the specified rominal test were run. The test selected for the nominal, Test 3109AA,
differs from the pretest specification foi Test 310000, the prescribed nominal. A higher initial
pressurizer liquid level was used and efforts were made to warm the surge line and maintain
the pressurizer liquid at saturation until test initiation. These changes were necessary to
compensate for rurge-line heat losses that were not prevented by the guard heaters because
of too few control zones.
Initiation of the MIST facility in natural circulation rather than pumped flow caused
modeling difiiculties unique to this facility. An accurate prediction of steam-generator (SG)
heat-transfer distribution is necessary to correctly predict steady-state loop flows and, hence.

* This wer! . 3s funded by the US Nuclear Regulatory Commission (NRC). Office of Nuclear
Regulatory k. search, Division of Reactor and Plant Systems.



initial system pressure and temperatures. Model and code modifications were necessary to
achieve this. These are expected to be applicabie only to the MIST facility and are used only
with the model for it.

The phenomena in the SG secondaries are three dimensional and attempts to model
them with one-dimensional components did not yield an adequate steady state. The SG
heat transfer was predicted to orcur at too low an elevation, and this caused loop flows to
be underpredicted st steady stute. Input model modifications and code modifications were
used to empirically set the auxiliary feedwater (AFW) and heat-transfer distribution so that
correct steady-state loop flows and. hence, correct pressures and temperatures were obtained.
The transient obtained starting from this steady state gave results thai were sufficient for
assessing the input model, code models, and correlations used in this application.

Impact on plant calculations for Babcock & Wilcox (B&W) plants should be minimal
since these would be initialized in steady state with the reactor coolant pumps controlling
loop flows and, hence. system pressure and temperatures. A reduction in the driving potential
for natural circulation, caused by predicting the average SG heat transfer at too low an elevation
in the SG. would impact the transient calculation by causing loop flow rates to be low and
to end early. Thus. primary-to-secondary heat transfer would be underpredicted early in the
transient. It would not cause the transient to start from an incorrect steady state. The
cesulting calculation would be conservative in predicting system depressurization rates during
the first few minutes after primary coolant pump coast down since primary-system cooling
would be underpredicted.

B&W identified the following major interact.ons that occurred in Test 3109AA:

. leak actuation,

2. depressurization to saturation,

3. interruption of Loop A (intact loop. includes the pressurizar),

4. intermittent Loc; B (broken-loop) flow.

5. condensation of core-generated vapor passing through reactor-vessel vent valves
(RVVVs) by Ligh-pressure injection (HPI),

6. boiler-condenser mode (BCM) heat transfer in SGs,

7. quasi-equilibrium established between leak flow and HP! flow.

8. intermittent spillovers of hot-leg liquid through the U-bend into the SGs during refill,
and
8. cooldown to test termination with one loop active.

Cepressurization of the primary before the loop flows ceased oc.urred mainly because
of primary-to-secondary heat transfer in the SGs. After the ressation of loop flow, depres-
surization was the result of condensation by HPI fluid of core-generated steam that passed
through the RVVVs into the downcomer and by leak-HPI feed-and-bleed cooling. BCM heat
transfer contributed to the primary depressurization after controlled depressurization of the SG
secondaries was begun. During refiil, primary-to-secondary heat transfer during the spillovers
contributed to depressurization.

The TRAC calculation is in reasonable agreement with the test. The phenomena listed,
through the establishment of quasi-equilibrium between leak and HP! flow. were predicted.
The calcuiation was terminated before the system refilled sufficiently for the other phenomena
to occur. Our lessons learned and key conclusions have been subdivided into areas related to



(1) knowledge of facility configuration and operation. (2) the facility input model used with
TRAC. and (3) code models and correlations; we have also considered scaling ard regulatory
implications.

Knowledge of Facility Configuration and Operation

SG energy losses, whether heat losses or secondary-side steam losses, and possible heat
addition to the SG secondaries by the guard heaters were not adequately understood. In the
test, the secondary pressures were very stable during a period with no loop flows and no
AFW flows. In the calculation, the secondary pressures drifted up as the secondary fluid came
to thermal equilibrium with SG metal mass. We believe that the facility had greater energy
losses than those i’ cluded in the calculation such that temperatures and pressures did not
rise in response to heat transfer from metal mass. SG-secondary pressures did not decline
because of the greater losses since these losses were apparen'ly offset by the guard heaters.
A stable pressure response resulted. Our knowledge of the facility and its operation from
specifications and from test data has been inadequate to resolve the precise nature of the SG
energy balances,

Since this unexpected stability in SG-secondary pressures during periods of no SG activity
occurred in other tests, as well as in the nominal test, it would be desirable to understand this
phenomenon more fully. The result of this inadequate knowledge of the SG energy balance on
the TRAC calculation was that the timing to reach set points was not accurately predicted.
This problem is not deemed significant enough to warrant rerunning the calculation.

Input Model

We found the input model to be adequate for the nominal test, a LuLOCA, in the MIST
facility. No areas were found that suggested a need to review the input model. including
noding.

Code Models and Correlations

We found two areas of concern regarding TF .~ constitutive models and correlations.
First, the critical flow mode! during liquid flow shows a sensitivily to subcooiing not observed
in the data for Test 3109AA. Second. we found that TRAC underpredicted the BCM heat
transfer near the start of SG refill. Even though the condensation surface area and AFW flow
matched the data, the primary-system depressurization during this event was too small.

Scaling Implications

The issue of scaling is one of the most difficult with which te deal. At the level of TRAC
models and correlations, some effort has been made to deal with scaling as part of the TRAC-
PF1/MOD1 documentation effort. However, it is difficult to review individual constitutive
models and correlations and build a definitive statement about scalability for prediction of
transients in a full-size plant. A large effort is currently in progress to quantify the uncertainty
of using TRAC-PF1/MOD1 for prediction of la;ge-4-eak loss-of-coolant accidents. Los Alamos
supports addressing the scaling question through application of Code Scaling. Applicability.
and Uncertainty or similar methodology.

There is ore other activity within the MIST Phase-1V test program that wil! prove helpful
in addressing scaiing. A counterpart test to the Crystal River event will be zonducted . Within
the limitations of the MIST test facility, every effort will be made to simulate key 2vents a.id



phenomena in the transient. TRAC calculations are planned for the MIST plant counterpart
transient and for the full-size plant event. These activities should provide direct information
about code scalability as the key transient phenomena are calculated in a model of both the
fuil-size plant and the MIST facility with its scale factor of 1/817 for volume and power.

R_gulatory Implications

We have concluded that the TRAC-calculated results are in reasonable .verall agreement
with the data for Test 3109AA. All major trends and phenomena were correctly predicted.
The observed differences between the measured and calculated re ults have been traced and
related, in part, to deficiencies in our knowledge of the facility configuration and operation,
We have identified two models for which additional review is appropriate. However, in general,
the TRAC closure models and correlations appear to be adequate for the prediction of t: :
phenomena expected to occur during SBLOCA in the MIST facility. We believe that the
correct conclusions about trends and phenomena will be reached if the code is used in similar
applications

I. INTRODUCTION

The Multi-loop Integral System Test (MIST) facility is a scale model of a Babcock &
Wilcox (BLW) nuclear power plant. The facility is located in Alliance, Ohio. and is designed
to experimentally investigate transients occurring after reactor trip and primary-pump coast
down. Data from the MIST facility are used to help resolve current plant licensing issues and
also to assess and refine computer codes used to analyze plant thermal-hydraulic behavior.

A primary goal of our code assessment is to evaluate the adequacy of the correlations
and models in the Transient Reactor Analysis Code (TRAC). A related goal is to assist in
developing an understanding of the phenomena occurring during the experiment. A secondary
goal is to evaluate input modeling practices and develop user guidelines. In order to achieve
these goals. it is necessary to understand the reasons for differences between test data and
calculated values. These fall into three categories. First. a difference may be the result of an
incomplete or inaccurate knowledge of the facility or its operation, including the instrumenta-
tion and the resulting data. Although this might seem to be a minor problem, it has not been
for many facilities. Differences of this type may be difficult to isolate and can mask problems
with the input model or the - >de. Documentation of the MIST facility. its operation, and
data qualification are excellent, although there have been occasional problems as can occur in
any complex facility or test sequence. Second. the input model may be inadequate because of
modeling compromises, noding, use of one-dimensional instead of three-dimensional models.
etc. Third, inadequacies in the code closure models and correlations can cause differences.
A major task of an analyst in code assessment calculations is to understand the differences
between calculaticn and test within this framework, and in the case of code deficiencies, to
identify the particular code model or correlation causing the difference.

The objertive of this report is to document assessment studies performed using TRAC-
PF1/MOD1 (Ref. 1) by comparing code-calculated valves to the experimental data for MIST
Test 3109AA (Refs. 2-3). MIST Test 3109AA was selected for posttest analysis because of
its potential to challenge the predictive capability of TRAC It exhibited most of the small-break
loss-of-coolant accident (SBLOCA) phenomena expected. and as the nominal, forms the basis
for comparison for the remainder of the MIST experiments. A pretest analysis of MIST Test
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2,0000. the prescrit #d nominal, was completed and reported in Ref. 4. Differences between
the as-run nominal, 1est 3109AA and the prescribed nominal, as well as an inadequate steady
state caused by steam-generator (SG) model inadequacizs. were sufficient to warrant running
a posttest calculation for Test 3109AA as well as the pretest calculation for Test 310000.

il. TEST DESCRIPTION

Test 3109AA is the as-run nominal test for the MIST program. It represents a SBLOCA
and exhibited the major post-SBLOCA phenomena. It is the reference transient for the MIST
program. The phenomena include depressurization to saturation, intermittent and interrupted
loop flow. boiler-condenser mode (BCM) cooling. refill, and postrefill cooldown.

The break modeled was a scaled 10-cm? (0.01076-ft”) break in the B1 cold-leg pump
discharge. High-pressure injection (HPI) and auxiliary feedwater (AFW) flow were available.
Reactor coolant pumps were not available. The reactor-vessel vent valves (RVVVs) were au-
tomatically controlled on differential pressure throughout the transient. Guard heaters and
SG-secondary liquid levels were autematically controlled, with the SG-secondary levels main-
tained at a constant level after refill.

A. Test Conduct

The primary system was initialized in single-phase natural circulation in Test 3109AA.
The transient was initiated from this natural-circulation steady state with hot- and cold-leg
average thermocouple readings of 584.4 K (592.3°F) and 561.4 K (550.9°F). respectively.
Primary pressure was at 1199 MPa, yielding 13.3 K (23.9°F) subcooling in the hot legs.
These values were within specification. During the steady state, the guard heaters were in
automatic operation, the RVVVs were manually closed. and the core power was 3.9% of scaled
full power. The pressurizer level was 1.57 m (5.2 ft) above the bottom of the pressurizer, and
the A and B SG-secondary pressures and levels were 6.991 and 6.998 MPa (1014 and 1015
psia) end 1.42 and 1.44 m (4.65 and 4.74 ft), respectively, during steady-state initialization
of Test 3109AA. Again, these were within specification. Steady-state test conditions are
summarized in Table |

The initiating event in Test 3109AA was a scaled 10-cm? (0.01076-1¢?) leak in the cold-
leg pump discharge piping. this event defined the beginning of the transient part of the test.
The steady-state control functions were preserved into the transient until the pressurizer level
decreased to 0.305 m (1 ft). At that time. the following five control actions were taken: (1)
change the SG-secondary level control set point to 9.63 m (31.6 ft). (2) activate full HPI flow,
(3) start corr power decay. (4) transfer RVVV control from closed to automatic/independent
operation with open/close set points of 862 Pa (0.125 psi) and 276 Pa (0.04 psi). and (5) begin
abnormal transient operator guidelines (ATOG)-based SG-secondary pressure control (Ref. 5).
These are the major transient-control actions specified for Test 3109AA that are listed in
Table 1l

The SG-secondary pressure was automatically controlled during the test witih a control
scheme based on the ATOG The ATOG-based set-point pressure was determined from the
core-exit temperature and the two saturation temperatures corresponding to the SG-secondary
pressures. Depending on these three temperatures, the ATOG-based set-point pressure could
be (1) lield constant, (2) reduced by 0.345 MPa/min (50 psi/min), or (3) reduced such that
the corresponding saturation temperature is reduced by 55.56 K/h (100°F/h). The logic for
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upper-plenum side to vapor. With the RVVVs closed. steam production in the reactor vessel
forced more liquid up the broken-loop hot leg and over the U-bend. This flow occurred in
surges. At 1575 s, the RVVVs reopene” ~s draining of the vessel and downcomer exposed the
RVVV nozzles. Reope: ng the RVVV. ““owed steam to flow from vessel to downcomer. Flow
over the broken-loop U-bend ended because core generated steam was no longer forcing liquid
up the hot legs. With this steam passing through the RVVVs. the repressurization ended as
cold HPI liquid condensed some of this core-generated steam in the downcomer.

After the cessation of broken-loop flow. the system enteres - relatively inactive period.
The system was slow!y cooling and depressurizing because the e..chalpy of the HPI was less
than the enthalpy of the .~k flow. and the core power was decreasing along the decay curve.
AFW was off in both SGs as the ATOG-based secondary-pressure set point was above the
SG secondary pressures. SG-secondary pressuies remained nearly constant until the set point
decreased to the actual pressures.

The ATOG-based set point was reached at 3600 s. The level in the intact-loop SG
primary (Fig. 1.¢) was well below the AFW nozzle elevation so that a large surface area
was availab.e for condensation when AFW was restarted. This ECM heat transfer caused a
significant increase in the depressurization rate. Primary pressure was reduced sufficiently for
HPI flow (Fig. 1) to exceed leak flow. marking the beginning of refill. The liquid level in the
reacior vessel stayed near the elevation of the hot legs (Fig. 1.k) and did not approach the
top of the core during the transient.

Condensation in the intact-loop SG reduced the pressure in the U-bend so tha. the level
rose in the intact-loop SG and hot leg. This caused the level in the broken-loop SG to drop. In
the test. the level dropped below the 15.48-m (50.8-ft) AFW nozzle elevation. and BCM heat
transfer then occurred in the broken-ioop SG as the level changed. These BCMs produced a
large depressurization rate, which increased the refill rate. A primary repressurization started
at about 5500 s because the primary-system inventory (Fig. 1.1) had increased so that SG
levels were sufficiently high to preclude BCM heat transfer. The repressurization ended at
about 9000 s. During this period, the leak flow rate increased to near the HPI flow rate,
resulting in a near-equilibrium condition that lasted tor about 3 h. A series of five spillover
events started at about 17000 s as the refill raised the liquid level in one of the hot legs to
the U-bend. Each of these caused core subcooling and a consequent th. -ttling of HPI, which
reduced the hot-leg level below the U-bends. At about 25000 s (~7 hj. refill was sufficient
to restart natural circulation on a continuous basis in the B loop. The primary pressure then
stabilized around 1.4 Mpa. The test was terminated after 12 h on the maximum time criteria.

i1, TRAC MODEL OF MIST FACILITY

The TRAC-PF{/MOD1 input model of the MIST facility is constructed entirely of one-
dimensional components. The model consists of 77 componerts that have been subdivided
into 276 fluid cells. A detailed description of the input model is provided in Appendix A
Archival information reletzd to the input mode used in the calculation of MIST Test 3109AA
is found in Appendix B. Model development was based on information found in Refs. o-7.



IV. CODE DESCRIPTION

The calculations reported herein were verformed with TRAC-PF1/MOD1. version 12.7,
with a MIST-sp- cific update. TRAC-Py1;MOD1 code (Ref. 1) was developed at Los Alamos
National Laboratory to provide best-estimate predictions of postulated accidents in light-water
reactors. The code features a two-phase, two-fluid nonequilibrium hydrodynamics model with
a noncondensa 'e gas field: flow-regime-dependent constitutive equation treatment: either
one- or three-dimensional treatment of the reactor vessel: complete control-systems modeling
capability; a turbine component model: and a generalized SG component model.

Code modifications were necessary for this application. We made changes in the TRAC-
PF1/MOD1 code to improve the calculation of falling-film heat transfer on the secondary
side of the SG tubes vhen the AFW is active. The falling-film heat transfer from the AFW
was calculated in the updated code version by redistributing the liquid in the single-channel
secondary to the heat slabs connected to the three-tube primary channel (see Appendix A for a
description of the SG model). In addition to the liquid redistribution. a multipiier was applied
to the \hen correlation heat-transfer coefficient for the wetted-channel heat slabs. These
ccde changes resulted in a more accurate caiculation of the heat-transfer distribution and the
thermal-center elevation in the SG. We note that the code update produced (see Appendix B)
is specific to the MIST facility and not for general application.

Archival information about the TRAC-PF1/MOD1 version used for *!..s study is presented
in Appendix B. A draft document describing the TRAC-PF1/MOD1, version 14.3 models and
correlations has been prepared.® In addition, a TRAC-PF1/MOD1 user’s manual” is available.

V. CODE PERFORMANCE

There are several measures of code performance that are of interest to the user of a
particular code. These measures are used to assign value to the code-calculated result. As
used here, value is a combination of the quality of the technical result produced and the cost
required to produce that result. First, the user is interested in the degree to which the code
predicts phenomena occurring in nature (test facility or full-size plant). In this report we have
attempted to characterize the degree to which the TRAC-calculated results agree with the test
results. To better communicate this information, we use the standard set of code assessment
descriptor definitions found in Appendix C. The defined assessment descriptors are “excellent,”
“reasonable.” “minimal.” and “insufficient” agreement. The reader’'s understanding of the
analyst’'s judgments will be enhanced if the definitions in Appendix C are reviewed before
proceeding further.

Second. the user is interested in performance parameters or run statistics that provide an
‘ndication of how much it costs to produce the result. Several parameters are generally used
to convey this information. These include the central processing unit (CPU) time versus real
time. the number of calculational steps required versus real time, the time-step size versus real
time, and a single-value “grind” parameter indicative of the entire calculation. Identification of
the machine used to perform the calculation is also required. For the calculation of MIST Test
3109AA a CRAY-1S computer was used. The reader is referred to Appendix D for information
about the performance parameters specific to the calculation of MIST Test 3109AA.

Third, the user is interested in an per‘ormance failures encountered during the calcula-
tion. No such failures occurred during the calculation of MIST Test 3109AA.
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The increase in pressure in the intact-loop 3G secondary caused the ATOG-based set
point to be reached at 3400 s in the calculation (Fig. 2.a). while in the test it was reached at
3600 s. in both, the level in the intact-loop SG primary was well below the 15.48 m (50.8 ft)
AF'W nozzle elevation so that a large su-face area was available for condensation when AFW
was restarted. This BCM heat transfer caused a significant increase in the depressurization
rate in both test and calculation. In both, primary pressure was reduced sufficiently for HP|
flow to exceed leak flow (Fig. 2j). marking the beginning of refill. The liquid level i~ the
reactor vessel stayed near the elevation of the hou legs (Fig. 2.k) and did not approach the
top of the cors during the transient.

In both test and calculation, the condensation in the intact-loop SG reduced the pressure
in the U-bend so *hat the level rose in the intact-loop SG and hot leg. This caused the level in
the broken-loop 5G to drop (Figs. 2.e and 2.f). In the test, the level dropped below the AFW
nozzle elevation; in the calculation it did not. In the test, BCM heat transfer then occurred
in the broken-loop SG as the level changed. These BCMs produced a larger depressurization
in the test and a corraspondingly larger increase in refill rate than seen in the calculation.
In the test, a primary repressurization started at about 5500 s. This occurred because the
prinary-system inventory (Fig. 2.1) had increased so that SG levels were high enough that
BCM heat transfer no longer occurred. In the calculation, the depressurization during refili
was more gradual and HPI flow did not exceed leak flow by the margin seen in the test. By
the end of the calculation at 7000 s. the system had not refilled sufficiently to end BCM heat
transfer in the calculation. The rate of repressurization in the test declined such that most of
the pressure increase occurred before 7000 s. even though the repressurization continued to
about 9000 s. The primary continued to refill throughout this period and it became apparent
that the point of minimum primary inventory had indeed been reached earlier.

2. Detailed Discussion of Transient Results. The observed and calculated thermal
hydraulic phenomena and system interactions are discussed in detail in this section. The
discussion is divided into four transient phases: these phases are defined with reference to
Fig. 3. the primary- and secondary-pressure response. Phase 1, subcooled decompression,
covers the period from the start of the transient to 185 when the intact-loop hot leg saturates
and the depressurization rate is reduced. Phase 2 intermittent circulation, covers the period of
continued depressurization. repressurization, and termination of repressurization from 185 s
to 1870 s when natural circulation is terminated in the loops. Phase 3, loop stagnation, covers
the period of gradual depressurization from 1875 s to approximately 3900 s when primary-
system refill begins. Phase 4, refill, extends from the beginning of refill at 3900 s to the end
of the calculation at 7000 s. A summary of the major events for Test 3109AA is presented in
Tabie Il

Phase 1—Subcooled Decompression. Phase 1 is the first part of the transient from leak
initiation urtil the saturation pressure was reached in the hot legs at 185 s. During Phase
1. the fluid in the primary system was subcooled liquid, and the primary-system pressure
decreased rapidly as the liquid expanded because of the leak flow. At the end of Phase 1. the
primary-system depressurization rate was reduced by the flashing of liquid in the hot legs.

At the beginning of the transient. the primary system was in steady-state single-phase
natural circulation. The driving force for natural circulation was the density difference between
the hot liquid in the hot legs and vessel. and colder liquid in the SG tubes, cold legs. and
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downcomer. The test was initiated at time zero by opening a scaled 10-cm? leak in the B1
cold leg just downstream of the HP! injection port. This caused an immediate reduction in
the calculated primary-system pressure (Fig. 3) and pressurizer level because of the flow of
liquid through the leak. The liquid initially in the pressuiizer was near saturation temperature,
and as this liquid was discharged into the intact-loop hot lez. it mixed with the hot-leg fluid
resulting in a higher fluid temperature in the intact-loop hot leg relative to the broken-loop
hot leg. Since the density of the liquid in the intact-loop hot leg was thereby reduced. the
intact-loop natural-circulation flow incieased at the beginning of the transient, as shown in
Fig. 4. Broken-loop flows are shown by Fig. 5

The level in the pressurizer (Fig. 6) drained down to the 0.305-m (1-ft) level at 150 s
in the test and at 160 s in the calculation. At these times the following control actions
were taken: core-power decay (Fig. 7) was started. HP! flow was started. the RVVVs were
transferred to automatic control, the AFW level control set point was changed from 152 m
(5 ft) to 9.63 m (31.6 ft). and the ATOG-based pressure control logic was initiated for the
SG secondaries. The pressurizer low-level trip was reached 10 s earlier in the test because of
the higher measured leak flow at the beginning of the transient (Fig. 8). Figure 9 gives the
fluid temperatures just upstream of the leak site.

The effect of the core-power decay after the pressurizer low-level trip was to increase the
measuied and calculated primary depressu-ization rates, as shown in Fig. 3. The depres-
surization rate was high at this time because all of the primary fluid was still subcooled and
expanding because of the leak flow. Also, at the time of the low-level trip. the RVVVs were
switched from manually closed to automatic control based on differential pressure. Figures
10 and 11 show that the vent valves opened immediately, causing a brief reduction in both
loop flows at 150 s in the calculation and 160 s in the test. Figure 12 gives the calculated
void fraction on the reactor vesse! side of the vent valves. The reduction in the loop flows was
then followed by a recovery in both foops with the sharpest recovery in the intact loop. This
increase in the loop flows was a result of the increased AFW flow (Figs. 4. 5. 13 and 14) in
response to the AFW set point change at 150 s in the calculation and 160 s in the test. The
loop flows were increased by the AFW flow because the AFW raised the thermal center in the
SGs: the intact-loop flow was increased more since the pressurizer was still discharging hot
fluid into the intact loop at this time,

Figure 4 shows that the increase in the intact-loop flow was abruptly terminated at
approximately 185 s in both the calculation and in the experiment. At this time. the primary-
system pressure (Fig. 3) had decreased to the saturation pressure of the intact-loop hot-leg
fluid (Fig. 15). Flashing of the hot-leg fluid then created a vapor bubble in the intact-loop
hot-leg U-bend (Fig. 16) and the natural-circulation flow in the intact loop was interrupted. as
shown in Fig. 4. The intact-loop saturation marked the end of Phase 1 at 185 s. Subsequent
depressurization of the primary system was then inhibited by flashing of the fluid in the intact-
loop hot leg. as shown in Fig. 3. which indicates a reduction in the measured and calculated
primary-system depressurization rates at 185 s.

Differences between the calculation and the experiment during Phase 1 resulted primarnily
from the higher measured leak flow (Fig. 8). This caused a slightly higher depressurization
rate (Fig. 3) and an earlier occurrence of the pressurizer low-level trip in the test.

12



Phace 2—Intermittent Circulation. Phase 2 covers the period of intermittent circulation
in the loops after the first saturation of loop fluid occurred in the intact-ioop hot leg. During
Phase 2. the natural-circulation flow in each loop was governed by the liquid level in the hot
leg of that loop. As the hot-leg liquid level receded, the U-bend was uncovered and the loop
flow quickly terminated. Also during Phase 2, the ..G AFW and steam flows responded to the
control procedures started during Phase 1 when the pressurizer level decreased to 0.305 m
(1 ft). At the beginning of Phase 2, the AFW was on in both SGs as the levels were being
raised to the 9.63-m (31.6-ft) set point: throughout Phase 2, the secondary pressures were
controlled to a variable set point based on ATOG. The ATOG-based set point is determined
from the core-exit temperature and the saturation temperatures corresponding to the SG-
secondary pressures as described in Ref. 5 Depending on these three temperatures, the
set-point pressure may be (1) held constant. (2) reduced by 0.345 MPa/min (50 psi/min),
or (3) reduced such that the corresponding saturation temperature is reduced by 55.6 K/hr
(100°F /hr). The logic for determ - ag which of these pressure-control modes is to be used
is explained in detail in Ref. 5. Phase two extends to 1575 s in the test and 1870 s in
the caiculation. when the flow in the broken loop was terminated by the uncovery of the
broken-loop hot-leg U-bend.

After the saturation of the intact-loop hot-leg fluid at the end of Phase 1. the liquid level
in the intact-loop hot leg decreased rapidly (Fig. 16) because of continued flashing. Figure
4 shows that as a result, the intact-loop natural-circulation flow was terminated by 240 s
in the test and 310 s in the calculation and was not re-established. Heat transfer in the
intact-loop SG then ceased because of the loss of natural circulation in the intact loop. In the
absence of heat transfer from the primary, the intact-loop SG-secondary pressure decreased
from the ATOG-based set point in both the test (at 240 s) and in the calculation (at 310 s).
as shown in Fig. 3. This decrease, caused by the AFW flow into the intact-loop SG (Fig. 13).
continued until the level (Fig. 17) reached the 9.63-m (31.6-ft) set point at 565 s in both the
test and the calculation. and the AFW flow decreased (Fig. 13). With continuing natural-
circulation flow through the broken loop, AFW in the broken-loop SG (Fig. 14) caused a more
gradual secondary depressurization (Fig. 3) as the broken-loop SG filled (Fig. 18). After the
intact-loop SG-secondary pressure fell below the ATOG-based set point, the steam flow in the
intact-loop secor.dary was terminated (Fig. 19) by the pressure controller. Steam flow in the
broken-loop secondary (Fig. 20) was also terminated by the pressure controller during refill.
Unlike in the intact-loop SG. steam flow was restarted shortly after refill in the broken-loop
SG.

When the intact-loop SG secondary was refilled to the 9.63-m (31.6-ft) level in the experi-
ment. the AFW controller was switched into a constant-level control mode, and a proportional-
integral controller was used to maintain the SG level at the 9.63-m (31.6-ft) set point. This
control mode change affected the AFW flow after the intact-loop SG was refilled at 565 s.
Figure 13 shows that after 565 s. the AFW flow was briefly terminated and then restarted
from 800 to 1500 s while the SG level settled in on the 9.63-m (31.6-ft) set point. When
the AFW was restarted in the intact-loop SG. vapor was present in the primary side of the
tubes at the 15.48-m (50.8-ft) AFW elevation (Fig. 17), and condensation heat transfer began
immediately This BCM heat transfer began in both the test and the calculation at 565 s.
resulting in a more rapid primary depressurization (Fig. 3). The BCM was terminated at
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1000 s in both the test and the calculation when the intact-loop SG-primary level (Fig. 17)
increased to the AFW elevation and condensation in the primary was terminated.

Without steam flow, AFW flow was not required to maintain the level in the intact-loop
SG after the 9.63-m (31.6-ft) set point was achieved, and Fig. 13 shows that the AFW flow
was completely terminated in the intact loop after 1500 s in both the test and the calculation.
The intact-loop SG, therefore, remained inactive after 1500 s while its pressur» was below the
ATOG-based set point.

The system interactions in the broken loup during Phase 2 were similar to the intact-
loop behavior just described. However. the timing of events in the broken loop was delayed
because the broken-loop hot-leg fluid vas cooler than the fluid in the intact-loop hot leg at
the beginring of Phase 2. Figure 16 shows that the broken-loop hot leg was maintained liquid
full until 1000 s as the intact-loop hot-leg level recedeu because of local flashing. Beginning
at approximately 850 s, however, the intact-loop level fell at a slower rate as it approached
the liquid level in the primary side of the intact-loop SG (Fig. 16). With the slower draining
in the intact-loop hot leg. the broken-loop hot-leg level eventually began to recede at 1000 s,
as indicated in Fig. 16. The natural-circulation flow in the broken loop (Fig. 5) then began
to decrease rapidly at approximately 1000 s. in both the test and the calculation. in response
to the decrease in the broken-loop hot-leg level. This reduction of flow in the broken loop had
two effects. First, the heat transfer in the broken-loop SGs started to decre~se, leading to an
increase in the primary-system pressure and corresponding decrease in broken-loop secondary
pressure beginning at 1000 s (Fig. J). Second, the core outlet flow was diverted into the
upper head and through the RVVVs, as shown in Fig. 11. The ;e - «szurization of the primary
system retarded the flashing in both the intact and Liuken loups. At the same time, flashing
increased in the upper head because of the diverted core outlet flow. As a consequence, both
the measured and calculated intact-loop hot-leg levels started 1o increase at 1000 s while the
vessel level decreased more rapicly. as shown in Figs. 16 and 21,

The final sequence of events in Phase 2 started at 1000 s with the intact-lcop hot-leg
lev.'s increasi- ; and the vessel levels decveasing as described above. The increased rate of
upper-head voiding in both the test and the calculation at 1000 s was sufficient to terminate the
reduction in the broken-loop natural-circulation flow (Fig. §). which then began to increase.
As flashing continued in the upper head, the vesse! level receded, as shown in Fig. 21, and
at 1250 s in the test /% 85 g in the calculation), the RVVV nozzles were uncovered. As a
result, the RVVV flow . _an to decrease rapidly at this time and was complotely terminated
at 1150 s in the test and at 1480 s in the ca'culation, as shown in Figs. 10 and 11. The
vroken-loop spillover flows (Fig. 5) were sharply increased by the RVVV closures at these
times in Loth the test and the calculation, Shortly afterward, however, the broken-loop U-
bend uncovered (Fig. 16) as the primary system continued to drain and the natural-circulation
flow in the broken loop started to decrease rapidly. as shown in Fig. 5. The broken-looy
natural-circulation flow then continuew .. decrezse and was completely interrupted at 1575 s
in the test and at 1870 s in the calculaticn, During <t is final decrease in broken-loop natur-l-
circulation flow, Figs. 10 and 11 show thzt the RVV Vs reopened at 1575 s in the test and at
1840 s in the calculation when the downcomer drained to the RVVV elevation (Fig. 22) and
remained open theres
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During the pericd when the RVVVs were closed. Fig. 5 shows a strong natural-circulation
flow in the broken loop. The effect of this flow was to increase the heat transfer in the broken-
loop SG and also to mix cold HPI fluid with hotter fluid in the primary system. As a result,
the primary-system represcurization. which began at 1000 s was terminsted at 1575 s in the
test »~d 1875 s in the calculation.

The termination of spillover circulation in the broken loop at 1575 s in the test and 1870 s
in the co . ulation marks the end of Phase 2. Major events during Phase 2 occurred slightly
earlier in the test than in the calculation because of the higher leak flow in the test from test
initiation to 1080 s. At the end of Phase 2, in both the test and the calculation, the primary
systen was depressurizing. the broken-loop SG-secondary pressure was being controiied to
the Jecreasing ATOG-based set point, and AFW was controlling the SG ‘evel in the broken
loop. The intact-loop SG was inactive at the end of Phase 2 since its pressure was below the
ATOG-based set point.

Phase 3—Loop Stagnation. Phase 3 is the periud of stagnated nrtural-circuiation flow
in the loops after the final spillover in the broken loop. During Phase 3. the primary system
was cooled by the HPl-leak feed and bleed and by AFW in the brokeri-loop SG. The primary-
system pressure decreased during Phase 3 because of core-pow<t decay and the HPl-leak
cooling. Phase 3 ended at 3900 s in the test and 3400 s in the calculation when AFW was
restarted in the intact loop and the primary-system depressurization rate was increased.

During most of Phase 3, the primary was cooled by the HPI-leak feed and bleed and by
AFW in the broken loop (Fig. 14). Most of the cooling was done by the feed and bleed: at
3000 s. for example, Fig. B shows that in the test, the HPI flow was approximately 0.074 kg/s
(01628 Ib/s). and the leak upstream temperature (Fig. 9) was 524 9 K (485.2°F). The energy
required to heat this HPI flow to the temperature at the leaksite, 72 kW, was greater than
the 59-kW core prwer at this (2ne. In the calculation at 3000 s, the HPI flow was slightly
lower (0.0716 kg/s). 71 kW was needed to heat this flow to the leak upstream temperature in
the calculation, and the core power was also 59 kW at 3000 s. The primary-system pressure
decreased during Phase 3 as a result of the decreasing core power and excess energy removal
o ihe HPl-leak cooling.

Figures 23-26 show the cold-leg flows for the individua! cold legs. At the beginning of
Phase 3, a circulation flow developed in the hroken-loop cold legs (Figs. 25 and 26) it both the
test and the calculation. The cold-leg circulation flow began immediately after the broken-loop
U-bend spillover flow was terminated at the end of Phase 2. Fisw through the B2 cold leg
continued after flow ceased in the hot leg with a reverse flow starting in the B1 cold leg. At
this time. fluid from the downcomer was drawn ioward the leak site and the flow in the Bl
cold leg reversed. The cold-leg circulation flow was then maintained by the density difference
between the B1 and B2 cold legs resulting froni the flow of warmer fluid from the downcomer
into the B1 cold leg. The circulation flow war important because it affected the leak upstream
temperature (Fig. 9) in both the test and the calculation. A similar flow also occurred in the
A cold legs with positive flow in the Al cold leg and reverse tlow in the A2 cold leg. The
calculation had this natural circulation flow beginning at about the same time the flow began
in the B cold legs (Figs. 23 and 24). The data show this flow starting at about 2300 5. which
is about 400 s later.
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Figure 3 shows that in the test the intact-loop SG pressure remained constant during
Phase 3 when the AFW and steam flows were off. The calculated intact-loop SG pressure,
however. increased slightly during Pha. 2 3 bacause the steam line heat losses modeled (1.5 kW
per steam line) were too low. The increase in the intact-loop SG pressure during Phase 3
caused the decreasing ATOG set-point pressure to be reached at 3400 s in the calculation
(3900 s in the test), as shown in Fig. 3. At these respective times, AFW was restarted in
the intact loop leading to BCM, which marked the end of Phase 3 in both the test and the
calculation

Phase 4—Refill, Phase 4 covers the period from the beginning of the BCM in the intact
loop until the end of the calculstion at 7000 s. During Phase 4 the primary-system pressure
was reduced by AFW BCM heat transfer in the intact-loop SG. causing the HPI flow to exceed
the leak flow. The calculation was terminated at 7000 s, since at this time it was evident that
the point of minimum primary-system inventory had been reached.

At the end of Phase 3, the ATOG-based set-point pressure decreased to the intact-loop
5G-secondary pressure (Fig. 3). causing the steam and AFW flows to be restarted in the
intact loop at 3900 s in the test and at 3400 s in the caculation. This caused extensive
condensation heat transfer in the primary side of the intact-loop SG tubes £ ‘ause the level
in the tubes was well below the 15.48-m (50.8-ft) AFW injection elevation (Fig. 17) at this
time. As a result, the primary-to-secondary heat transfer in the intact-loop SG was increased
at these times and the primary system began to depressurize rapidly in the test and the
calculation (Fig. 3).

When the AFW was restarted in the intact loop, the pressure nf the vapor inside the SG
tubes was reduced by condensation. The liquid level in the intact-loop SG and hot leg then
rose rapidly while the levels in the broken loop fell. This occurred in both the test and in
the calculation, as shown in Fig. 16 However, the level in the broken-loop SG (Fig. 18) fell
below "~ . 15.48-m (50.8-ft) AFW elevation in the test but not in the calculation. Therefore,
the intact-loop BCM in the test was immediately followed by a BCM in the broken loop, and
the overall reduction in the primary pressure (Fig. 3) was greater in the test than in the
calculation.

The effect of the primary-system depressurization at 3900 s in the test and 3400 s in the
calculation was to increase the HPI flow above the leak flow, as shown in Fig. 8. This event
marks the beginning of the refill period. Afier the start of refill, the levels in the intact and
broken loops started to increase. as shown in Figs. 17 and 18. The refill rate (excess of HP!
flow over leak flow) was higher in the test because of the larger BCM depressurization in the
test (Fig. 3). The higher refill rate (Fig. 27) in the test resulted in correspondingly higher
primary-system level increases after refill began in the test, as ¢ wn in Figs. 8 and 16. The
primary system continued tc depressurize rapidly in the test (Fig. 3) until the SG primaries
were filled above the upper tube sheets (Figs. 17 and 18) and the condensation heat transfer
was terminated at approximately 5200 s. This event still had not been reached by the end of
the calculation at 7000 s because of the lower refill rate in the calculation.

The differences between the test and the calculation discussed above involved three sep-
arate phenomena. First, the critical flow model in TRA” apparently did not properly account
for the changes in the leak upstrean: temperature. Consequently, the calculated leak flow and
primary depressurization rates were too low during Phase 3. Second. ¢ * TRAC input model
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feedwater. This incieased the natural-circulation flow Both versions of TRAC predicted the
phenomena consistent with the data

The early part of the Crystal River-3 transient was a SBLOCA caused by the stuck open
PORV. Despite the uncertainty of the data and boundary conditions, it appears that TRAC was
able to predict the phenomena, thus providing some evidence for the code's ability to predict
SBLOCA phenomena in full-scale B&W plants.

Following the Davis-Besse event of June 9, 1985, TRAC (Ref. 18) and RELAP calculations
were performed for the svent and some parametric variations of it 'n a “rapid response” effort.
At the time, there was significant uncertainty regarding key boundary conditions. A subsequent
independent study of the Davis-Besse trunsient was conducted at the INEL.'® It was concluded
that a calculation of the Davis-Besse loss-of feedwater *ransient was in good qualitative and
quantitative agreement with the measured data. This agreement was attamned for a calcula-
tion of the transient using RELAPS/MOD2. The maximam deviation between calculated and
measured reactor-coolant-system pressure was about 0.3 MPa (50 psi). The deviations be-
tween calculated and measured reactor-coolant-system temperatures were generally less than
3 K (6°F). It was noted that the differences between an earlier RELAPS/MOD?2 calculation,
the TRAC-PF1/MOD1 calculation reported in Ret. 17, and the RELAPS/MOD?2 (Ref. 19)
calculation “were primarily because of the assumption of different core powers, feedwater flows,
and pressurizer spray flows” The first RELAPS calculation and the ™" “leulation were
performed shortly after the Davis-Besse event: at this time there was » ~ .ant uncertainty
regarding key boundary conditions. The subsequent RELAPS calculation used more accurate
representatiors of these key boundary conditions resulting from additional study of the plant
transient. We conclude that a TRAC-PF1/MOD1 calculation using. tne improved boundary
conditions specification would have produced sinilar results.

The information from these calculations strengthens our confidence that the major trends
‘o be expected during a transient in a full-size B&W plant, such as a SBLOCA. would be
calculated using TRAC-PF1/MOD1
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TABLE 1l
EVENT TABLE FOR TEST 3100AA

Event Description

Test Calculation
00 0.0  Start transient-break initiation.

150. 1C€0. Pressurizer level drops to 1.0 ft, core-power ramp, HPI, RVVV automatic
control init.ated, RVVYV first opens, SG-secondary level reset

185 185. Intact-loop hot leg saturates.

240 310, intact-loop flow ends.

56, 565. BZM begins in intact-loop SG as SG-secondary level settles in
on set point.

1000. 1000. BCM ends in intact-loop. broken-loop hot-leg leve' begins to decrease,
broken-loop flow reaches minimum and then increases as voiding
in upper head forces liquid into hot legs. Primary begins to repressurize.

1150. <480 RVVVs close in response to draining in vessel and downcomer.

1575, 1840, RVVVs open, allowing core-generated steam to pass from vessel to
downcomer, repressurization ends as steam passing through RVVVs
contacts cold HPI water in downcomer and condenses. Intermittent
broken-loop flow ends as steam no longer pushes liquid over hot-ieg
U-bend.

4000. 3400 SG-secondary pressure set puint decreases to intact-loop SG-secondary
pressure. Steaming of SG-seconcary begins. AFW comes on to
maintain level, BCM heat-transfer event results. Primary depressurization
rate increases. HPI flow exceeds leak flow for remainder of transient.
Refi!l hegins.

7000 Calculation terminated.
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APPENDIX A
)DEL OF MIST FACILIT
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The MIST RVVV system consists of four vent valves and connecting lines from the upper
plenum to the upper downcomer. The actual system has been modeled .5 a single valve and
associated piping. The valve-stroke time of 2.0 s and hydraulic-loss coefficient of 95.0 have
been modeled. A trip-control system controls the opening and closing of the valve based on
opening the valve when the pressure drop across the valve is 861.8 Pa (0.125 psi) and closing
at 275.8 Pa (0.040 psi). An outer heat-transfer coefficient was applied to the valve to model
the uncompensated localized heat loss of the valves of 1480 V (5.05 x 10° Btu/h).

The primary tube of TEE Component 2 represunts the lower-plenun: yegion. whereas ths
secondary tube models all the piping configuration connecting the lower plenum and the vertical
downcomer. Components 103 and 104 model the 0.076-m (3-in.) sch B0 piping and the lower
portion of the downcomer annulus region slightly below the cold-leg nozzles. Component 103
represents the piping that contains the cooled thermocouple (TC) and includes an out  heat-
loss coefficient to model the T('s uncompensated heat loss of 1100 W (3.855 x 10* Btu/h).
Component 8 is a PLENUM component used to *nodel the connections of the cold-leg nozzles
to the downcomer a: ~ulus. The upper portion of the downcomer annulus. RVVV nozzie. and
CFT nozzle are sim with TEE Component 9.

The fluid in the d.. ner annulus region was initially assumeud to follow one-dimensional
behavior, and this was '~ - verified in a censilivity study that incorporated a three-dimensional
model of the downcomer annuius «egica. The results of this study showed that, although small
multidimensional effects were present in the downzomer annulus, they did not affect vessel and
loop behavior as compared to results obtained with the one-dimensional downcomer model.

An ACCUM 2nd a VALVE component were used to model the CFT system (Components
1C and 11). The CFT is initially 75% full of 3165 K (110.3° ) water at a pressure of
4.137 MPa (600 psi). The surge line and valve are connected to the upper-downcomer region
at the 7.087-m (23.25-ft) elevation. The VALVE component mod:ls the CFT isolation valve,
which 1s dependent on calculated system conditions.

B. Intact Loop

In the MI~ T facility. the i *act loop was designated as the loop containing the pressurizer.
All components of the intact le<py 2. shown in Fig. A-4 and described in Table A-1. The
hot-leg nozzle and piping to the pressurizer surge line are simulated by tie primary tube
of Component 21. Also, an outer heat loss of 640 W (2.18 x 10° Btu/h) was modeled to
simulate the heat loss of the viewports and densitometer located near the hot-leg nozzle
region. The secondary tube represents the pressurizer surge line. Components 22 and 23
model the pressurizer and PORV, respectively. The balance of the hot leg is represented by
Components 108, 25, and 109. Component 25 included a connection to the HPV valve and
an outer heai-transfer coefficient 1o model an uncompensated heai loss of 170 W (0.58 x 10°
Btu/h) through a viewport in the U-bend.

The MIST intact-loop SG was modeled with an STGEN component (Component 29)
and two PLENUM components {Components 28 and 30) as shown in Fig. A-5. Considerable
effort was expended on the SG mode! during the OTIS posttest calculations and in preliminary
MIST posttest calculations. The STGEN Component 29 includes two parallel fluid channeis
to represent the primary side of the intact-loop MIST SG. The first channel represents the
16 tubes not we'ted on the outside by the AFW. and the second channel represents the 3
tubes adjacent to the AFW injection nozzle on the secondary. Both of the primary channels
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are divided into 12 axial cells. The secondary side of the MIST intact loop SG was modeled
with a single fluid channel. also consisting of 12 axial cells. Three TEEs and a PIPE were
used for the secondary side . Two TEE side legs were used for the SG downcomer. The
falling-film heat transfer from the AFW is calculated using a code update that redistributes
the fiquid in each of the secondary cells to the heat slabs connected to the three-tube primary
channel, In addition to the liquid redistribution, a multiplier is applied to the Chen <orrelation
heat-transfer coefficient for the wetted channel heat slabs. The head-versus-flow curve for the
SG AFW is modeled with FILL Component 31,

Components 28 wnd 30 model the inlet and exit plena respectively, and provide the
connection between the loop piping and SG-primary tubes. The lower tube sheet and outer
shell wall have been included in the heat-transfer data. flo special code models have been
used to vary the tube wetted areas or the heat-transfer coefficients based on AFW flow.

The split co'd legs from the SG exit plenum to the downcomer consist of Components
34. 117. 118, 36, 38, 115, 116. and 40. The pump-suction piping. pump-discharge piping,
and HP! por  are modeled by these components. Each pump suction and discharge line is
constructed of 0.051-m (2-in.) sch 80 piping. 10.82 m (35.5 ft) and 1.75 m (5.74 ft) in length.
respectively. The two primary-coolant pumps located in the intact-loop cold legs are modeied
with PUMP Components 35 and 39. Each of the identical PUMP components represents a
fluid volume of 0.007334 m" (0.26 ft*) and a flow length of 1.608 m (5.28 ft) and models
the locked-rotor resistance of the MIST pumps. Uncompensated local heat losses of 1350 W
(4.61 x 10° Btu/h) per pump are modeled by outei heat-transfer coefficients in the PUMP
components.

C. Broken Loop

The broken-locp piping and SG compcnents are shown in Figs. A-6 and A-7. These
components are described in Table A-1. and they are identical to the corresponding intact-
loop components, except that there is no pressurizer connection to the broken loop. Thus,
PIPE Component 105 in the broken-loop hot leg is identical to the primary side of TEE
Component 21 in the intact-loop hot leg. The broken-loop SG is modeied in exactly the same
manner as the intact-loop SG with STGEN Component 54 and PLENUM Components 53 and
55.

D. HPI System

The HPI system is mod-'ed with Components 41, 59, and 37. FILL Component 41 is
used to model the HPI fluid ~~aditions and flow rate. The HPI flow rate used in Component
41 is determined in a series of control blocks, which monitor the calculated cold-leg pressure,
pressurizer level, and core-exit subcooling. Using these par. neters, the control blocks model
the head-flow characteristics of the HPI pump and the logic for the HP! actuation and throttling
of the API flow. The H>I flow rate determined in the control blocks is then used in FILL
Component 41. The HPI! piping and manifold are modeled with PIPE Component 59 and
PLENUM Component 37, the latter of which is connected to cach cold-leg pump discharge.

E. Controls
The steady-state and transient-control functions are modeled using signal variables, con-

trol blocks, and trips. These control parameters are used to control the core power, Si3 AFW
and discharge flows, HPI flow, RVVVs, the PORV, and the CFT isolation valve. The transient
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control logic is implementea in the input for the steady-state calculation, thus simplifying the
transient restart input. Most of the control logic is modeled using control blocks: the control
parameters are evaluated once each time step.
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TABLE A-l
COMPONENT DESCRIPTION OF MIST MODEL
Component Number
Numbers Component Desciiption of Cells

1 Bottom of reactor vessel 1

2 Lower plenum and lower downcomer 3

3 Core and upper plenum 7
401 Upper plenum, hot-leg elevation 3
402 Upper plenum. middle section 2
403 Upper plenum, upper section 2
ang Upper head, lower section 1
405 Upoer head. upper section 1
406 Top of reactor vessel 1
407 Upper-plenum cylinder. bottom cap 1
408 Upper-plenum cylinder, lower section 1
409 Upper-plenum cylinder, hot leg connections 1
410 Upper-plenum cylinder, middie section 1
411 Upper-plenum cylinder, vent valve connections 1
412 Upper-plenum cylinder, upper section 1

7 Reactor vessel vent valve -

8 Downcomer (cold-leg nozzle connections) 1

9 Uppei downcomer 5
103 Lower dewncormer 1
104 Lower downcomes 4
10 Core flood tank valve 2
i1 Core flood tank 3
21 Loop A hot leg (lower section) 8
22 Pressurizer 4
23 PORV 2
24 Pressurizer atmospheric boundary 1
108 Loop A hot leg 4
25 Loop A hot leg (upper section) 2
20 Loop A high-point vent valve P
27 Loop A high-point vent atmospheric boundary 1
109 Loop A hot leg 3
28 Loop A STGEN inlet plenum 1
29 Loor A STGEN 42
30 Loop A STGEN exit plenum 1
3 Loop A STGEN lugh AFW fill i
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TABLE A (cont.)

COMPONENT DESCRIPTION OF MIST MODEL

Componant Number
Numbers Component Desc ation of Cells
o1 Steam Line 2
32 Loop A STGEN secondary atm. beundacy 1
34 Coid-leg Al pump suctio: 2
117 Cold-leg pumy suction |
118 Cold-leg pump sucticn 3
35 Cold-leg &1 pump 2
36 Cold-leg A1 pump discharge 5
38 € Lld-leg A2 pump suction 2
115 Cold-leg pump suction 1
116 Cold-leg pump suction 3
39 Cold-lag A2 pump 2
40 Cold-leg A2 pump discharge 5
105 Loup B hot leg (lower section) 4
106 Loop B hot leg (upper section) 4
50 Loop B hot leg 2
51 Loop B high-point vent valve 2
52 Loop B high-point vent atmospheric boundary 1
107 Loop B hot leg 3
53 Loop B STGEN inlet plenum 1
54 Loop B STGEN 42
9% Steam line 2
69 Loop B STGEN szcondary atmaspheric boundary |
68 Loop B STGEN upper auxiliary feed i
55 Loop B STGEN exit plenum 1
56 Cold-leg B2 pump suction 2
119 Cold-leg B2 pump suction 1
120 Cold-leg B2 pump suction 3
57 Cold-leg B2 pump 2
58 Cold-leg B2 pump discharge 5
60 Cold-leg B1 pump suction 3
61 Cold-leg B1 pump-suction leak valve 2
62 Leak atmospheric boundary 1
121 Coid-leg B1 pump suction 1
6. Cold-leg B1 pump 2
122 Cold-leg B1 pump suction 3
64 Cold-leg B1 pump discharge (upper) )
66 Cold-leg B1 pump discharge (lower) 2
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TABLE A-l (cont.)
COMPONENT DESCRIPTION OF MIST MODEL

Component Number
Numbers Component Description of Cells
67 Cold-leg B1 pump-discharge leak valve 2
80 Leak atmospheric boundary 1
37 HPI manifold 1
41 HPI fill i
59 Connection between HPI fill and manifold 1
Components 77
Fluid cells 276
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APPENDIX B
ARCHIVAL INFORMATION

{. CODE IDENTIFICATION AND STORAGE

TRAC-PF1/MOD1 with error correction sets through 12.7 was used for the posttest
calculation of MIST Test 3109AA. The program library and updates required to recreate this
code are stored on the Los Alamos Central File System (CFS) and may be accessed through
the following path:

/QITRAC/ARCHIVES/12.7

In addition, a MIST-specific code update named STGN1X was used. Initializat on of the MIST
facility in natural circulation rather than pumped flow caused modeling diffic.lties unigue to
this facility An accurate prediction of SG heat-transfer distribution is necessary to correctly
predict steady-state icop flows and hence initial system pressure and temperatures. Code
muodifications were required to achieve this. A list of this update is provided at the end of this
appendix.

1. INPUT DECK STORAGE

The TRAC input deck, which contains the model of the MIST facility, is permanently
stered in the TRAC Input Deck Archive (TIDA) on the Los Alamos CFS and may be accessed
through the following path:

/TIDAJEXPERIMENT /MIST /number of this report, eg. LA-CP-XX-
AXXX

Hi. CALCULATION FILE STORAGE

The outpur (TRCMSG, TRCOUT, TRCGRF., TRCDMP) files generated by TRAC during
the calculation of MIST Test 330302 are stored on the Los Alamos CFS and may be accessed
through the following path:

/ISTP/MIST/POSTTEST/3109A4

These files will be maintained for a minimum of one year from the publication date of this
report.

IV. UPDATE STGN1X LISTING

This update is a hardwired change to the code logic for distributing high-elevation AFW
between wetted and unwetted tube regions on the SG secondary. This update is specific to
the MIST facility and will not be incorporated into a released version of TRAC-PF1/MOD1.
This update is permanently stored in the TIDA on the Los Alamos CFS and may be accessed
through the following path:

/TIDA/EXPERIMENT /MIST /number of this report, eg. LA-CP-XX-
XXXX
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*id mistcu

*i stgnix .15 stgnix
13
¢ iflgw is flag to detect steam generator tube heat
3 structurs which is wetted by the afw
= c
¢ ifigwe is flag to detect a wettew steam generator tube heat
| ¢ structure to which the chen muitiplier is applied
¢
l ¢ ifigd is flag to detect steam generator tube heat
¢ structure which is not wetted by the afw
¢
¢ hicl and hlcO are the multiplier and additive constant for
¢ the liquid heat transfer coef”~'ant
<
¢ hvcl and hveD are the multiplier and additive constant for
c the vapor heat transfer coefficient
-
¢ alphamw is the maximum void fraction used to determine
< the heat transfer coefficients for the wetted i
1 ¢ steam generator tubes above the pool !
c q
{ ¢ alphad is the void fraction used to determine the heat :
, ¢ trensfer coefficients for the unwetted steam 1
*E € geaerator tubes sbove the pool .
‘ 1
‘P ¢ alphal is the minimum void fraction for identifying steam :
: c generator secondary cells which are above the liquid pool ﬁ
- ¢
! ¢ alphal is the minimum void fraction for reducing the void i
| 3 fraction uscd to determine the heat transfer coefficients :
< for the wetted steam generatc tubes above the pool
3 .
C alpha? is the maximum vold fruction for reducing the void f
¢ fraction used to determine the heat transfur coefficients :
¢ for the watted steam generator tubes above the pooi T
c }
! data ifigw Jifigwe  .ifigd /0.0 00 B XV | :
data alpha0 alphal . elpha2 /09 G695 | 09999 / h
data aiphamw | alphad /10 ,0.9%65 / ’
data hicD . hlet Joo .18 ?
data hycO chved /00 .10 / 1
¢ :
- % uphpam.144 §
¢
% ¢ check for slab which is wetted by the afw ‘
: _
if{i ge. {ncelit + 1) .and. i Je. (25ncelll— 1)) igw = 1 f
¢ ;
¢ check wetted slab to determine whether to apply chen multiplier ]
¢ L
if(iﬂgw q. 1 and, aflalp+io) ge. alphal |
F and. a(lalp+io) 1. alpha?) ifigwe = 1 |
(1
¢ check for slab which is not wetted by the afw 3
¢ ‘
if{i ge 1 and.§ de (ncelll—1])) ifigd =1 ._
€
p r
alpha = allal; +iv0)
¢ I
: '.
¢ reset alpha for dry slabs above puol
¢ A
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ifla{lalp+io) le. alphal) alpha = alph
I; 'a lalp+io] .gt. alpha?) alphs = smaxt{a(laip+ic).alphad)
"

T -

n(il{d eq. 1 .and. a(lalp+io) .ge. alphaQj then

¢
%
¢ |
¢ reset alpha for wetted slabs above pool :
if(ifigw ¢q. 1 and. aflc'p+io) pe. alphal) then r
if{a(lalp+io) gt siphal) alplamw = 1. :
HL lalp+ia’ le, alpha2) aiphamw = aiphal r
alpha = amini{a(lalp+io).aiphamw) :
: endif
\I ‘
‘I ¢
| +d stgelx 86 )
F . alpho.a}lsigﬁo),grvg.vlz.vlz.uro.wz'uro.zero. ;
" #l uphgam 146 i

¢
¢ apply chen multiplier for slab with ifigwe = 1
¢ and heat transfer mode = ?

3
if {iflgwe eq. 1 .and. aliidgho+iml] eq, 2.) then *
a‘lholgnﬂml} = a(lholgn+im1} * hicl + hicO
‘hovgn+iml) = a{thovgnsiml) + hvel + hve0
¢
iflgw = 0 3
iflgwe = 0
iflgd = 0
‘ ¢
;
4
)
|
|
i
1
i
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APPENDIX C
' CODE ASSESSMENT DESCRIPTOR DEFINITIONS

The code assessment descriptors are used to provide an overall characterization of how
TRAC predicted the thermal-hydraulic behavior in the MIST facility Four descriptors are
used to characterize the degree of agreement and the application consequences of either the
agreement or lack of agreement. The four descriptors are excellent agreement, reasonable
agreement, minimal agreement, and insufficient agreement. Each of these descriptions
is defined below along with the consequences for future application of the code in the given
area being characterized and the perceived need for additional code development.

Excellent agreement is an appropriate descriptor when the code exhibits no deficiencies
, in modeling a given behavier. Major and minor phenomena and trends are correctly predicted.
* The calculated results are judy.d by the analyst to be close to the data with which a com-
parison is being made. If the uncertainty of the data has been identified and made available
to the analyst, the ca'culation will, with few exceptions, lie within the uncertainty band of the
data. The code may be used with confidence in s:milar applications. Neither code models nor
the facility noding model require examination or change.

Reasonable agreement is an appropriate descriptor when the code exhibits deficiencies,
but the deficiencies are minor: that is, the deficiencies are acceptable because the code provides
an acceptable prediction of the test. All major trends and phenomena are correctly predicted.
Differences between the test and calculated traces of parameters identified as important by
the analyst ai e greater than those deemed necessary for excellent agreement. If Lucertainty
data are availab'e, the calculation will frequently lie outside the uncertainty band. However,
the analyst believes that the discr~nancies are not sufficiently large to require a warning to
potential users of the code in similar ipplications. The assessment analyst believes that the
correct conclusions about trends and pr.>nomena would be reached if the code were used in
; similar applications. The code models and/or facility noding model should be reviewed to see
| if improvements can be made.

Minimal agreement is an appropriate descriptor when the code exhibits deficiencies and
the deficiencies are significant; that is, the deficiencies are such that the code provides a
prediction of tne test that is only conditionally acceptable. Some major trends or phenomena
, are not predicted correctly while others are predicted correctly. Some TRAC calculated values
i lie far outside the uncertainty band of the data with which a comparison is being made. The
assessment analyst believes that incorrect conclusions about trends and phenomena may be
reached if the code were used in sim™ - applications. The analyst believes that certain code
| models and/or the facility noding model must be reviewed. corrections made, and a limited
| assessment of the revised codz or input models made before the code can be used with
confidence for similar applications. A warning should be issued to the TRAC user community
that the user applying the code in similar applications risks drawing incorrect conclusions. This
warning should stay in force until the identified review. modification, and limited assessment
activities are completed and the resultant characterization descriptor is “reasonable” or batter.

insufficient agreement is an appropriate descriptor when the code exhibits major defi-
ciencies: that is, the deficiencies are such that the code provides 2 prediction of the test that
' is unacceptable. Major trends are not predicted correctly. Most THAC calculated values lie far
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