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POSTTEST ANALYSIS OF MIST TEST 3109AA USING
TRAC-PF1/MODid

by
L

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

ABSTRACT

We have completed a posttest calculction and analysis of Multi-
loop Integral System Test (MIST) 3109AA 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-cm2 break in the B1 cold leg. The test
exhibited the major post SBLOCA phenomena, as expected, includ-
ing depressurization to saturation, intermittent and interrupted loop
flow, boiler-condenser mode cooling. refill, and postrefill sooldown. Full
high-pressure injection and auxiliary feedwater were available, reactor
coolant pumps were not availabic, and reactor-vessel vent valves and
guard heaters were automatically controlled. Constant level control in
the steam-generator secondaries v. . used after steam-generator sec-

ondary refill and symmetric steart -generator pressure control was used.
We performed the calculation using TRAC-PF1/ MODI. 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 1RAC-PF1/ MOD 1 posttest calculation and data comparison has been completed for

e Multi-loop Integral System Test (MIST) _ nominal test. Test 3109AA. Th:s was the nominal
,

'

test for the MIST program. It is a test of a small-break loss-of-coolant accident (SBLOC A)
with a scaled 10-cm break in the B1 cold leg. During (Se early test program, several variations2

|

j of the specified nominal test were run. The test selected for the nominal. Test 3109AA.
differs from the pretest specification for Test 310000, the prescribed nominal. A higher initial
pressurizer liquid level was used and efforts were made to warm the surge line and maintainl

|
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 difliculties 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 wcri as funded by the US Nuclear Regulatory Commission (NRC). Office of Nuclear

Regulatory hoearch. Division of Reactor and Plant Systems.
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initial system pressure and ternperatures. Model and code modifications were necessary to
achieve this. These are expected to be applicable 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 occur at too low an elevation.' and this caused loop flows to
be underpredicted at steady st te. fr.put model modifications and code modifications wereu

used to empirically set the auiliary 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 that 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
resulting 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:
1. leak actuation.
2. depressurization to saturation.

3. interruption of Loop A (intact loop. includes the pressuriier).
4. intermittent Loe;> B (broken-loop) flow.
5. condensation of core-generated vapor passing through reactor-vessel vent valves

(RVVVs) by high-pressure injection (HPI).
6. boiler-condenser mode (BCM) heat transfer in SGs.
7. quasi-equilibrium established between leak flow and HPl flow.
8. intermittent spillovers of hot-:eg liquid through the U-bend into the SGs during refill.

and

9. cooldown to test termination with one loop active.

Cepressurization of the primary before the loop flows ceased occurred mainly because
of primary-to secondary heat transfer in the SGs. After the cessation of loop flow, depres-
surization was the result of condensation by HPl fluid of core-generated steam that passed
through the RVVVs into the downcomer and by leak-HPl feed-and-bleed cooling. BCM heat

,

transfer contributed to the primary depressurization after controlled depressurization of the SG
secondaries was begun. During refill, 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 estab!ishment of quasi.equihbrium between leak and HPl flow, were predicted.
The calculation 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

2

.
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(1) knowledge of facility configuration and operation. (2) the facility inp'ut model used with
TRAC, and (3) code models and correlations: we have also considered scaling ar'd regulatory
implications.

Knowledge of Facility Configuration and Operation
SG energy losses, whether heat losses er 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 included in the calculation such that tt:mperatures 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 apparently 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 woulJ 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 C constitutive models and correlations.

First. the critical flow model during liquid flow shows a sensitivity to subcooling 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 deprcssurization 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/ MOD 1 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/ MOD 1 for prediction oflarge-break loss-of-coolant accidents. Los Alamos
supports addressing the scaling question through application of Code Scaling. Applicability,
and Uncertainty or similar methodology.

There is or,e other activity within the MIST Phase-IV test program that will prove helpful
in addressing scaling. A counterpart test to the Crystal River event will be conducted . Within'

the limitations of the MIST test facility, every effort wi:1 be made to simulate key events and

3
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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
full-size plant and the MIST facility with its scale factor of 1/817 for volume and power.

RLgulatory 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 results 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 tia
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 (B&W) 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 fallinto 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 calculatien and test within this framework, and in the case of code deficiencies. to
identify the particular code model or correlation causing the difference.

The objective of this report is to document assessment studies performed using TRAC-
PF1/ MOD 1 (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

4
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310000, the prescribed nominal. was completed and reported in Ref. 4. Differences between
the as-run nominal, iest 3109AA and the prescribed nominal, ss well as an inadequate steady
state caused by steam-generator (SG) modelinadequacias, were sufficient to warrant running
a posttest calculation for Test 3109AA as well as the pretest calculation for Test 310000,

11. 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 iriterrupted
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 pump2 2

discharge. Hign-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 automatically 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 11.99 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 aad 6.998 MPa (1014 and 1015
psia) und 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 conditior.s are
summarized in Table 1.

2The initiating event in Test 3109AA was a scaled 10-cm2 (0.01076-fc ) leak in the c.old-
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 HPl 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 11

The SG-secondary pressure was automatically controlled during the test with 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
pressurer. Depending on these three temperatures, the ATOG-based set-point pressure could
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 55.56 K/h (100 F/h). The logic for

5
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selecting which of these three pressure-control modes is to be used is explained in detail
in Ref. 5. The ATOG-based set-point pressure was determined automatically during Test
3109AA and applied to both SGs.

Manual-control actions for Test 3109AA were also specified. These would have been
necessary during the transient depending on system conditions. Actions and their criteria for
initistion are discussed in detail in Ref. 5. The manual-control actions included (1) manually
opening the power-operated relief valve (PORV)if the system pressure reached 16.2 MPa (2350
psia). (2) isolating the core flood tank (CFT). depending on core-exit subcooling. (3) opening
the high-point vents (HPVs), depending on system conditions or time, and (4) throttling the
HPI flow according to pressurizer level and core-exit subcooling if the PORV was closed. None
of these conditions were met during the part of the transient that was calculated with TRAC.

B. Test Phenomena Overview
Test 3109AA. the as-run nominal for the MIST program, was initiated at time zero from <

2 2the steady state reported in Table I by initiating the scaled 10-cm (0.0104-ft ) break in
the B1 cold leg. At time zero the pr: mary was liquid full and coolant was being driven by
natural circulation. As the pressurizer level fell below 0.305 m (1 ft) at 150 s. several actions
we a taken. The core-power decay was started. HPI begun, and RVVV automatic control >

was initiated, allowing the RVVVs to open. Refill of the SG secondaries was also started as .

the level set point was changed fron.1.52 m (5 ft) to 9.63 m (31.6 ft). An overview of the
resultant test transient is shown in Fig.1. Only test data are preser.ted in Fig.1.

Figure 1.a gives the primary and secondary pressure traces from the test data. Saturation
first occurred in the intact-loop hot leg at 185 s. Liquid from the pressurizer warmed the liquid
in the intact-loop hot leg so that flashing first occurred in the intact-taop U-bend. A vapor
bubble grew rapidly as primary inventory decreased as the hot-leg liquid level dropped away
from the intact-loop U-bend (Fig.1.b). Natural-circulation flow in the intact loop (Fig.1.c)
ended at 240 s as the liquid level in the hot leg dropped too low for spillovers to occur. This
effectively decoupled the intact-loop SG as a heat sink. Broken-loop flows, shown by Fig.1.d.
continued. ~

As the SG secondaries (levels given by Figs. i.e and 1.f) were refilled by AFW (flow rates
given by Figs.1.g and 1.h). the liquid level in the intact-loop SG primary dropped so that
condensing surface was exposed in tubes cooled by the AFW. This resulted in intermittent
GCM heat transfer from about 565 to 1000 s as the intact-loop SG-secondary liquid level
reached the high set point, and some AFW was required as the liquid level settled in on the
set point. This was a threshold event that had an impact or .se early course of the transient
(it did not occur in a repeat of the as-run nominal test).

The condensation in the intact-loop SG reduced the pressure in the intact-loop U-bend,
raising the liquid level in that SG. This shifting of prirnary inventory contributed to voiding
in the broken-loop U-bend. Starting at about 900 s. broken-loop flow (Fig.1.d) decreased
rapidly. At about 1000 s the broken-loop flow reached a minimum.

With the decrease in broken-loop flow, primary-to-secondarj heat transfer was reduced.
This caused the primary to begin to repressurize at about 1000 s (Fig.1.a). Voiding in the
upper head of the reactor vessel began to push more liquid into the hot legs. causing 'he
broken-loop flow to increase. At 1150 s, the RVVVs closed (Fig.1.i) as different draining
rates in vessel and downcomer exposed the downcomer side of the RVVVs to liquid and the
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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 157S s. the RVVVs reopened . s draining of the vessel and downcomer exposed the

,

| RVVV nozzles. Reopen ng the RVVVt Wowed 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 entere/ relatively inactive period.
The system was slow!y cooling and depressurizing because the e.. halpy of the HPl was less
than the enthalpy of the !ck 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.e) was well below the AFW nozzle elevation so that a large surface area
was availab.e for condensation when AFW was restarted. This BCM heat transfer caused a
significant increase in the depressurization rate. Primary pressure was reduced sufficiently for
HPl flow (Fig.1.j) to exceed leak flow marking the beginning of refill. The liquid level in the
reactor 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 that the level
rose in the intact-loop SG and bot 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-;oop 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 |eak flow rate increased to near the HPl flow rate,
resulting in a near-equilibrium condition that lasted for 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 tol

the U-bend. Each of these caused core subcooling and a consequent thattling of HPl. which
reduced the hot-leg level below the U-bends. At about 25000 s (~7 h). 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.

Ill. TRAC MODEL OF MIST FACILITY
The TRAC-PF1/ MOD 1 input model of the MIST facility is constructed entirely of one-

dimensional components. The model consists of 77 components that hwe been st.bdivided
into 276 fluid cells. A detailed description of the input model is provided in Appendix A.
Archival information related 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.

7
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IV. CODE DESCRIPTION
The calculations reported herein were oerformed with TRAC-PF1/ MOD 1. version 12.7.

with a MIST-specific update. TRAC-Pit MOD 1 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 l

a noncondensa''e gas field: flow-regime-dependent constitutive equation treatment; either j
one- or three-dimensional treatment of the reactor vessel; complete control-systems modeling 1

capability; a turbine component model: and a generalized SG component model. j

Code modifications were necessary for this application. We made changes in the TRAC-
PF1/ MODI code to improve the calculation of falling-film heat transfer on the secondary
side of the SG tubes when 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 multiplier was applied
to the when correlation heat-transfer coefficient for the wetted-channel heat slabs. These
ccde changes resulted in a more accurate calculation 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/ MODI version used for d... study is presented
in Appendix B. A draft document describing the TRAC-PF1/ MOD 1 version 14.3 models and

,

correlations has been prepared.8 In addition a TRAC-PF1/ MOD 1 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 phenornena occurring in nature (test facility or full-size plant). In this report we have
attempted to characterin 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
%dication 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-15 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 anj performance failures encountered during the calcula-
tion. No such failures occurred during the calculation of MIST Test 3109AA.

8
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VI. COMPARISON OF TEST AND CALCULATED RESULTS
The TRAC-PFi/ MOD 1 posttest calculation for Test 3109AA was performed for the first

-7000 s of the experiment. During this time, all of the major phenomena took place and the
automatic safety systems and emergency operating procedures were activated. At the end of
the 7000-s calculational period, the HPI flow exceeded the leak flow and refilling of the primary
system was well under way. The assessment descriptors appearing in Appendix C are used
to characterize the degree of agreement between measured and calculated results.

A. Steady State
The TRAC-PF1/ MOD 1 steady-state calculation for Test 3109AA was performed for

2000 s. corresponding to approximately five loop transits. At the end of the steady-state
calculation, the primary- and secondary-system fluid conditions had stabilized within the un-
certainties of the measured values. The measured and calculated steady-state conditions are

'

summarized in Table 1. The calculated steady state provides the initial conditions for the
transient calculation. Our posttest assessment studies conducted to date for the MIST fa-
cility have shown that accurate calculation of MIST transient performance requires that the
calculated steady state be in reasonable-tcrexcellent agreement with the test data. Simi-
lar sensitivities to small differences in the facility " initial conditions and boundary system
controls" have been observed and reported.3

B. Transient
We describe the measured and calculated transient results in two ways. We first provide

an overview discussion, which will focus on the major phenomena occurring in the test, both
measured and calculated. This discussion (1) identifies major phases that occurred during the
test. (2) prcvides an overview of measured and calculated phenomena occurring in the test.
and (3) identifies major areas of agreement and disagreement between the measured and
calculated results. We next provide a detailed discussion of the transient results, with a more
extensive examination of the calculated phenomena that diverge from the phenomena observed
and measured in the test. Additional studies needed to clarify the reasons for the divergence-

are identified. and the results of these studies are sur .rized. The detailed discussions of
the additional studies are presented in Section VI.C.

1 Code c.xperiment Comparison Overview. MIST Test 3109AA. the as-run nominal
for the MIST program was initiated at time zero from the steady state reported in Table I by
initiating the scaled 10-cm2 break in the B1 cold leg. An overview of the resultant test and
calculated transients are shown in Fig. 2. At time zero, the primary was liquid full and coolant
was being driven by natural circulation. The transient calculation was started at time zero by
the initiation of a scaled 10-cm (0.01076-ft ) break just downstream of the HPl nozzle in the2 2

B1 cold leg. As the pressurizer level fell below 0.305 m (1 ft) at 150 s in the test and 160 s
in the calculation, several actions were taken. The core-power decay was rtarted. HPI begun,
and RVVV automatic control was initiated. allowing the RVVVs to open.

Figure 2.a gives the primary and secondary pressures for the test and calculation. Satura-
tion first occurred in the intact-loop hot leg at 185 s in both calculation and test. Liquid from
the pressurizer warmed the liquid in the intact-loop hot leg so that flashing first occurred in the
intact-loop U-bend (Fig. 2.b). A vapor bubble grew rapidly as primary inventory decreased,
causing the hot-leg liquid level to drop away from the intact-loop U-bend. Natural-circulation

9
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flow in the intact loop (Fig.1.c) ended at 240 s in the test and 310 s in the calculation as the
liquid level in the hot leg dropped too Icw for spillovers to occur. This effectively det.oupled
the intact-loop SG as a heat sink. Figures 2.c and 2.d show the intact-loop and broken-loop
flows respectively.

As the SG secondaries (levels given by Figs. 2.e and 2.f) were refilled by AFW (flow
rates given by Figs. 2.g and 2.h). the liquid level in the intact-loop SG primary dropped so
that the condensing surface was exposed in tubes cooled by the AFW. This resulted in a BCM
heat-transfer event as the intact-loop SG-secondary liquid level reached the high set point and
some AFW was required as the liquid level settled in on the set point. This was a threshold
event that had an impact on the early course of the transient (it did not occur in a repeat of the
as-run nominal test). To capture th s event in the calculation, the actual SG-secondary-level
data were used as the set point for the controller in the TRAC model. This occurred from
565 to 1000 s.

The condensation in the intact-loop SG reduced the pressure in the intact-loop U-bend.
raising the liquia level in that SG. This shifting of primary inventory contributed to voiding
in the broken-loop U-bend. Starting at about 900 s. broken-loop flow (Fig. 2 d) decreased
rapidly in the test. The calculation predicted this occurring at about 940 s. At m.ut 1000 s ,

in the test and 1040 s in the calculation, the broken-loop flow reached a minimum.
With tSe decrease in broken-loop flow, primary-to-secondary heat transfer was reduced.

This caused the primary to begin to repressurize (Fig. 2.a) at about 1000 s in both test and
calculation. Voiding in the upper head of the reactor vessel began to push more liquid into
the hot legs causing broken-loop flow to increase. At 1150 s in the test and 1480 s in the
calculation. the RVVVs closed (Fig. 2.i) in response to draining in vessel and downcomer. This
occurred when uneven draining rates apparently exposed the downcomer and reactor vessel
ends of the RVVV lines to different phases. With the RVVVs closed, steam production in the
reactor vessel forced more liquid up the broken-loop hot leg and over the U-bend (Fig. 2.d).
This flow occurred in surges, which were more pronounced in the test than in the calculation.
At 1575 s in the test and 1840 s in the calculation, the RVVVs reopened as. draining of the
vessel and downcomer exposed the RVVV nozzles. Reopening the RVVVs allowed 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 passingthrough
the RVVVs. the repressurization (Fig. 2.a) ended as cold HPI liquid condensed some of this
core-generated steam in the downcomer.

After the cessation of broken-loop flow, the system entered a relatively inactive period.
The system was slowly cooling and depressurizing because the enthalpy of the HPI was less
than the enthalpy of the leak flow and the core power was decreasing along the decay curve.
AFW was off in both SGs as the ATOG-based secondary pres:;ure sr.t point was above the
SG-secondary pressures. In the test, the SG-secondary pressures remained nearly constant
until the set point decreased to the actual pressures. In the calculation, inadequate losses
from the SG secondaries allowed the secondary fluid to be heated by stored energy from the
metal mass and thus increase in pressure. Also, calculated leak flow (Fig 2.j) was less than
the leak flow in the test. Thus. the denressurization rate in the calculation was less than in
the test.
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The increase in pressure in the intact-loop SG secondary caused the ATOG-based set
l

point to be reached at 3400 s in the ca:culation (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)
AFW 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 HPl!

i flow to exceed leak flow (Fig. 2.j). marking the beginning of refill. The liquid level b the
'

reactor vessel stayed near the elevation of the hoi legs (Fig. 2.k) and did not approach the
top of the core during the transient.

In both test and calculation. the condensation in the intact-loop SG reduced the pressure
in the U-bend so that the level rose in the intact-loop SG and hot leg. This caused the level in
the broken-loop SG 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
priinary-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 refill
was more gradual and HPI flow did not exceed leak flow by the margin seen in the test. By
the end of the calculat:on 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. rehil. 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
L Table 111.

Phase 1-Subcooled Decompression. Phase 1 is the first part of the transient from leak
t

initiation until 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 fbw. 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 cm2 leak in the B1 -
cold leg just downstream of the_ HPI injection port. This caused 'an immediate reduction in -
the calculated primary-system pressure (Fig. 3) and pressurizer level because of the flow of - I

liquid through the leak. The liquid initially in the pressurizer was near saturation temperature.-
and as this liquid was ciischarged into the intact-loop hot leg. 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 increased 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 1

were taken: core-power decay (Fig. 7) was started. HPl flow was started, the RVVVs were
transferred to automatic control. the AFW Ievel control set point was changed from 1.52 m

|(5 ft) to 9.63 m (31.6 ft), and the ATOG-based pressure control logic was initiated for the
_ I

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 depressurization 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 vessel side of the vent valves. The reduction in the loop flows was
then followed by a recovery in both loops 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 ther' mal 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

:
L 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 i resulted primarily -
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.

g
I
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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-loop 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
i 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 calculation. 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 naturaLcirculation 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.&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

i 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

i

13,
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1000 s in both the test and the calculation when the intact-loop SG-primary level (Fig.17) I

increased to the AFW elevation and condensation in the primary was terminated.
Without steam flow. AFW flow was not required to maintain the levelin the intact-loop

'

SG after the 9.63-m (31.6-ft) set point was achieved, and Fig.13 shows that the AFW flow
i

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 pressure was below the j
ATOG-based set point.

|
The system interactions in the broken loop 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 was cooler than tl.e fluid in the intact-loop hot leg at
the beginning 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 receded because of local flashing. Beginning
at approximately 850 s. however, the intact loop level fell at a slower rate as it approached
tne 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 decrerse, leading to an
increase in the primary-system pressure and corresponding decrease in broken-loop secondary
pressure beginning at 1000 s (Fig. 3) Second, the core outlet flow was diverted into the
upper head and through the RVVVs. as shown in Fig.11. The rer.>wurization of the primary
system retarded the flashing in both the intact and broken 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 to increase at 1000 s while the

.

vessel level decreased more rapidly, as shown in Figs.16 and 21.
The final requence of events in Phase 2 started at 1000 s with the intact-loop hot-leg

leWs increasi:; and the vessel levels decreasing 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. 5), which then began to increase.
As flashing continued in the upper head, the vessel level receded. as shown in Fig. 21. and

' .

at 1250 s in the test fi'R5 s in the calculation), the RVVV nozzles were uncovered. As a
result, the RVVV flow :. ,,an to decrease rapidly at this time and was completely terrninated
at 1150 s in the test and at 1480 s in the calculation. as shown in Figs.10 and 11. The
broken-loop spillover flows (Fig. 5) were sharply increased by the RVVV closures at these
times in both 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-loo;,
natural-circulation flow then continued decrease and was completch interrupted at 1575 s
in the test and at 1870 s in the calcula'.icn. During Ris final decrease in broken-loop natur-l.
circulation flow. Figs.10 and 11 show that the RVVVs 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 therer
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l During the period 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 HPl fluid with hotter fluid in the primary system. As a result,
the primary-system represcurization, which began at 1000 s was terminated at 1575 s in the

I test ed 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 c sulation marks the end of Phase 2. Major events during Phase 2 occurred slightly
l 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 te..t and the calculation, the primary
syste n was depressurizing, the broken-loop SG secondary pressure was being controiled to
the decreasing 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 perivd of st3gnated nrtural circulation flow
in the loops after the final spillover in the broken loop. During Phase 3. the primary system
was cooled by the HPI-leak feed and bleed and by AFW in the broken-loop SG. The primary-
system pressure decreased during Phase 3 because of core-powcr decay and the HPlleak
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. 8 shows that in the test, the HPl flow was approximately 0.074 kg/s
(0.1628 lb/s), and the leak upstream temperature (Fig. 9) was 524,9 K (485.2*F). The energy
required to heat this HPl flow to the temperature at the leaksite. 72 kW was greater than
the 59 kW core pewer at this twne. 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. (he HPI-leak cooling.

Figures 23-26 show the cold-leg flows for the individual cold legs. At the beginning of
Phase 3. a circulation flow developed in the broken-loop cold legs (Figs. 25 and 26) in both the

i

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. Tbw through the B2 cold leg
l continued after flow ceased in the hot leg with a reverse flow ttarting in the B1 cold leg. At

this time, fluid from the downcomer was drawn toward the leak site and the flow in the B1
i cold leg reversed. The cold-leg circulation flow was then maintained by the density difference

between the B1 and 82 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 flow 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 s, which
is about 400 s later.
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Figure 9 shows that the broken-loop cold leg circulation flow caused e reduction of ap-
proximately 30 K (54*F) in the fluid subcooling upstream of the leak in the test as well as
in the calculation. The ccrrespcnding reduction in the leak flow (Fig. 8) at 1930 s in the
calculation. however, was larger than the reduction observed in the test at 1660 s. After the
initial decrtase in leak flow at the beginning of Phase 3. Figs. 3 and 9 show that the calculated
leak flow gradually recc,vered toward the measured value as the subcooling inc eased in the
calculation.

The lower calculated le;:k flow during Phase 3 resulted in a lower depressurization rate
in the calcul: tion (Fig. 3) and slower loop draining (Fic.16). Figure 16 shows that after the
broken loop interrupted in the test. the broken-Ic op hot-leg level remained above the intact
loop level, and both loops drained at approx:mately the same rate. The difference in hot leg
!evels resulted from a temperature difference between the intact and broken loop in the hot-leg
piping. After the flow in each U-bend voided and the loop flow interrupted, th' " bend piping
temperature was maintained by the guard heaters at approximately the satura. m emper:,ture
at the time of the interruption. Since the intact loop interrupted earlier wht c: situration
temperature was higher. the intact-loop U bend piping temperature stayed hig5ei after both
loops had interrupted. The higher piping temperature created a higher vapor pressu,c in the
intact-loop U bend relative to the broken-loop U-bend; and because of this pressure difference,
the intact-loop hot leg level remained below the broken loop hot-leg level during Phase 3.

The came draining behavior, with the higher level in the broken-loop hot leg occurred
in the calculation during Phase 3. liowever, after 2600 s in the calculation. the draining in
the broken loop was halttd and t e leak was then fed by accelerated draining of the intact
loop (Fig.16). This transition at 2600 s in the calculation is currently under funher study:
it appears that a change occurred in the calculation at this time, which affected the heat
transfer from the piping to the vapor in one of the U-bends. The difference in the observed
and calculated hot-leg draining rates after 2600 s however. did not cause other calculated
parameters to diverge from the measured values. Figures 9. 8. and 3 show no change in the
calculated leak upstream temperature leak flow, or primary-system pressure at 2600 s.

During Phase 3. the primary and secondary conditions were such that the ATOG-based
set point pressure was approximately equal to the saturation pressure corresponding to a
temperature 27.78 K (50*) below the core exit temperature. This is evidenced in Fig. 3.
which shows that during Phase 3. the calculated ATOG-based set point pressure decreased
at the ,ame rate as the primary pressure. The difTerence in the corresponding saturation
temperatures during this decrease was approximately 27.78 K (50*F); Fig. 3 shows that the
diflerence between the primary and ATOG-based pressures was nearly constant daring Phase
3 in the test and in the calculation.

The SG-secondary pressure control is important because it affects the AFW flow in each
SG. The AFW flow depends on the pressure control because AFW is used to control the
secondary levels: if the secondary pressure is being reduced, then AFW will be required to
maintain the secondary level. During Phase 3. the broken-loop AFW was on (Fig.14) in both
the test and the calcuiation because the broken-loop SG-secondary pressare was controlled
to the decreasing ATOG-based set point (Fig. 3). The intact-loop AFW was off (Fig.13).
howevu. since the intact-loop 3G secondary pressure was below the ATOG-based set point
(Fig. 3), and therefore the intact-loop steam flow was coc. rolled to zero (Fig.19).
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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 Pht 3 because 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 i

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 covars the period from the beginning of the BCM in the intact
| loop until the end of the calcuhtion at 7000 s. During Phase 4 the primary-system pressure

,

was reduced by AFW BCM hr.at transfer in the intact-loop SG, causing the HPI flow to exceed
the leak flow. The calculatbn 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
SG secondary pressure (Fig. 3), caus!ng the steam and AEW flows to be restarted in the
intact loop at 3900 s in the test and at 3400 s in the caiculation. This caused extensive
condensation heat transfer in the primary side of the intact-loop SG tubes b f 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 reduccd 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) felli

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 HPl flow above the leak flow, as shown in Fig. 8. This event
I marks the beginning of the refill period. After 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 HPl
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 levelincreases after refill began in the test, as r wn in Figs 8 and 16. The
primary system continued to 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 mvdelin TRAF 'pparently did not pro'perly account
,

for the changes in the leak upstreans temperature. Consequently, the calculated leak flow and
4

~ '*

primary depressurization rates were too low during Phase 3. Second, t 3 TRAC input model

,
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I did not include enough heat losses for the steam lines. This allowed the intact loop SG to

pressurize slightly during Phase 3 in the calculation and thereby reach the ATOG-based set
point too soon. Phase 3 was, therefore, terminated 600 s early in the calculation. Third. the'

magnitude of the BCM heat transfer was apparently too low at the beginning of Phase 4 in the
calculation. Even though the condensation surface area and AFW flow during this BCM in the
calculation matched the data, the primary-system depressurization during the BCM was too
low in the calculation. This then caused a lower refill rate during Phase 4 in the calculation.

The overall comparison of the TRAC-PF1/ MODI calculation for Test 3019AA with mea-
sured data from the test was reasonable; this means that the major trends were predicted
correctiy in the calculation, although TRAC values were frequently outside the range of data
uncertainty because of minor code /model deficiencies. With reasonable agreement, correct
conclusions will still be reached when the code is used in similar applications.

C. Additional Studies
Daring the courre of our analysis of MIST Test 3109AA. we either identified or performed

additional studies with the objective of resolving issues and answering questions. We havt
co'lected and grouped the resultant information in three categories, in some instances, ad-
ditional studies cover two or even three of the categories. For instance. the work discus ed
below on SG heat transfer involves all three categories. The facility data are not sufficient to
resolve the liquid and SG distribution in the SG. This complicates efforts to develop an input 4

model and to 6etermine the adequacy of code models and correlations for SG-secondary hest
transfer.

The first category provides information about our understanding of facility configuration
and operation. Ideally the analyst would have a perfect knowledge of facility configuration
and operation. However, it has been our experience that problems often occur in this area for
tests performed in integral systems. We document our efforts for MIST Test 3109AA in the
hope ' hat this information will assist other analysts of MIST Tests and other TRAC users.
The second category provides information developed regarding the adequacy of the TRAC
input model of the MIST facility. We believe that the results of our studies in this area will
assist other TRAC users. The third category provided in ormation regarding the adequacy off

the closure models and correlations in the TRAC code. We hope that this information will
assist those involved in the development and improvement of TRAC.

1. Studies Related to Knowledge of the Facility. During the process of reviewing tne
results from the calculation of MIST Test 3109AA several deficiencies in our knowledge of
the facility were identified. These include inadequate knowledge of two-phase-flow multipliers
for the leak orifice, the liquid and vapor distribution in the SG secondaries, and the energy
losses and gains for the SG secondaries.

Several runs were necessary to determine the twcrphase-flow multipliers that best
matched the data for flow out the leak orifice. Since these multipliers are not known apiori,
and the course of the calculated transient is sensitive to system inventory. it was necessary
to determine what values gave the best comparisons. This was done by a trial and repeat
approach.

As stated above. the lack of knowledge about the distribution of flows and heat transfer
in the SG secondaries made determining the adequacy of the input model and code models
and correlations difficult. This problem is inevitable for an integral facility where the capability
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to determine fine detailin flows and heat transfer cannot be practically achieved. The studies >

that provide some insight into this are discussed below since they more directly relate to the
input model.

During the period of inactivity in the intact loop SG from about 1300 s to about 3100 s.
the secondary pressure stayed constant in the test, but rose in the calculation when the
fluid mass in the secondary warmed in coming to equilibrium with the SG metal mass. A
possible caplanation for this result is that the secondary-side heat losses were greater than
determined by B&W so that pressure did not rise as the metal mass came to equilibrium with
the secondary-side fluid, and the guard heater operation was sufficient to prevent a decrease in
the pressure. No studies have been performed in an attempt to more thoroughly understand
this phenomenon. Since this phenomenon occurred in other tests as well, it muld seem,
desirable to understand why it happened, however.

2. Studies Related to the input Model. Most of the model development work per-
formed in this study is reported in this section although it relates to an inadequate knowledge
of the multidimensional flows in the SGs and to possible inadequacies in the code models and
correlations as well. The pretest calculation for steady state conditions showed loop flows of
about 0.32 kg/s per loop. The test data gave values of about 0.42 kg/s. The low values for
loop flows for the pretest steady-state calcu!ation gave primary-system pressures and tem-
peratures that were too high. This in turn caused the path of the calculated transient to be
different than the as-run nominal. When coupled with changes in initial conditions between
pretest specifications and the as-run nominal, the as-run nominal test was sufficiently different
from the pretest calculation that it was deemed necessary to run the transient calculation with
the new initial conditions and a correct steady state.

The prediction of lower. loop flows than actually occurred was an indicatica that the
predicted heat-transfer distribution in the SGs did not provide sufficient heat transfer at high
elevations af the SG. i.e., that the predicted thermal center was too low. The model used for
the pretest calculation had two channels for the secondary, one to represent the portion that
is nominally wet and one for the portion that is nominally dry. Two PIPE C.mponents on
the primary side were used to represent the tubes tl:at are nominally wet and those that are
nominally dry. The first attempts to raise the thermal center of the SG involved increasing
the heat transfer in the wetted channel by applying a multiplier to the Chen correlation for
the upper cells. Whco that approach failed to work, the multiplier was applied to the final
heat-transf r coefficients for liquid and vapor (h and he). A total of nine runs, including somei
needed to resolve numerical difficulties, made it possible to investigate the increase in natural
circulation that can be obtained by increasing the heat transfer in the secondary side. The
flow increases obtained were much less than desired.

Two runs were then made to compare the predicted primary-system flow losses for the
TRAC model to the losses from Test 000D0, a pumped isothermal test performed to determine
irrecoverable pressure drops in the facility. These runs did not indicate any abnormallosses in
the TRAC model. The results of the calculations with increased secondary-side heat transfer
in the wetted channel and the irrecoverable pressure loss tests led to the conclusica that there
was insufficient mass flow and heat transfer in the dry channel of the SG secondaries.

As a consequence, we decided to renode the SG secondary to a single channel with a code
update to apply the AFW heat transfer to the three wetted tubes only. This allowed more
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steam flow to reach the dry tubes. Four runs were made in the process of debugging these
changes. Four more runs were then made with varying parameters for the wetted portion. Even
with the increased steam flow in the dry portion of the SG secondary. the naturahcirculation
flow did not increase to the data value. The conclusion from these runs was that some liquid
needed to be introduced to the nominally dry portion of the SG secondary to increase the heat
transfer so that the natural-circulation fiows of the data could be achieved.

Eight more rt.ns were made with small amounts of liquid introduced to the nominally
dry portion of the SG secondary and multipliers applied to the wetted side heat-transfer
coefficients. The steady state that was used to start the transient calculation used a void
fraction of 0.9965 to calculate heat-transfer coefficients for the upper cells on the nominally
dry side. and a subsequent multiplier for he of 1.8. Several transient runs were then required
to get all of the controls working properly before the final full run was made.

3. Studies Related to Code Models and Correlationo. There are two areas where
additional studies would be desirable if sufficient experimental data can be found. The critical
flow model used in TRAC did not show the subcooling dependence seen in the leak-flow
data. It would be desirable to understand this because inaccuracies in predicting leak flow
and, hence, system inventory in an integral facility such as MIST can change the course of
a calculated transient to an extent suffitient to mask problems with input models or code
models and correlations.

AFW BCM was underpredicted at times when the exposed tube stea was about the
,

same and the AFW flow was higher than the steady 4 tate value in the facility. This may
indicate a problem with the apportioning of liquid through the SG. It might however. indicate
a fundamental problem with the correlations used for heat transfer for the regimes occurring
in the SG. >

Vll. LESSONS LEARNED AND CONCLUSIONS
The comparison of measured and calculated parameters for MIST Test 3109AA has

shown that the phys: cal phenomena that governed the courte of these transients were also
predicted in the calculation. The overall agreemeat between the tests and the calculation was
reasonable: the major trends of the data were predicted correctly although TRAC values were
frequently outside the range of data uncertainty because of minor code /model deficiencies.
With reasonable agreement, valid conclusions should still be reached if the code were used in
similar applications. Our lessons learned and key conclusions are further subdivided into the
areas of (1) adequacy of facility knowledge. (2) adequacy of f acility input model. (3) odequacy
of code models and correlations. (4) scaling considerations, and (5) regulatory implications.

Specific differences between measured and calculated parameters can be attributed to
7

one of three categories of factors that can affect the calculated results. First, uncertainty in
'

the data necessary tr fully describe the facility and test operation can lead to uncertainty in
the calculated results. Second, approximations in the code input model such as the resolution
of the nodalintion, time-step size, or the selection of a one-dimensional component versus
a three-dironsional component can affect calculated parameters. Third, the validity of the
cors oons and models in the code may affect the code ctkulations. Before conclusions
can be drawn from code-data comparisons about the third category, code correlations and
models, factors in the first two categories must be ruled out as possibly causing the differences
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l between measured and calculated parameters. Differences between MIST Test 3109AA data
and calculation were caused by factors from each category.

A. Knowledge of the Facility
We identified one area where our knowledge of MIST facility operation was deficient. Un-

certainty in the energy balance on the secondary side led to increases in calculated secondary
pressure during the phase of the transient when the SGs were inactive (no loop flows and no
AFW). The actual secondary pressure stayed constant during this period. In the calculation.
the rise in secondary pressure during the inactive period caused set points to be reached early,
which in turn caused the controlled SG secondary depressurization to begin early. Conse-
quently, the beginning of refill was calculated too early. In the calculation. fluid temperature
in the SG secondary increased as the fluid came to thermal equilibrium with the SG metal

_

mass. A B&W-suggested value of 1.5 kW of heat loss was imposed on each steam line for
the calculation. This was not sufficient to offset the tiuid-temptrature gain. In the test. the
SG-secondary fluid temperature, and hence pressure, was remarkably stable during the period
with inactive SG. Apparently, energy losses either heat losses and/or steam losses tiirough
the steam valve, were sufficient to prevent the SG-secondary temperatures and pressures from
rising. These losses were apparently balanced such that the temperature and pressure di.:
not decrease either. We believe that the guard heaters supplied sufficient energy to just offset
the losses that would otherwise have caused the SG-secondary pressures and temperatures
to diop.

This uncertainty in our knowledge of the facility did not cause large differences between
test and calculation. It caused the timing of some calculated events to be shifted forward. This
same phenomena occurred in othet tasts, so a definitive explanation of it would be desirable.

B. Input Mode:
We found the input model to ue adequate for the nominal SBLOCA in the MIST facil-

ity. No differences betwe%i test data and calculation were foand, suggesting that the input
model was not an adequate representation of the facility. No noding study was conducted to
determine the sensitivity of the calculation to noding.

C. Code Models and Correlations
Correlations and models in the code that cause differences between the test and calcu-

lation are often difficult to identify amorm the many factors that can affect the calculated
parameters. The results of the Test 3109aA. however, indicated that the TRAC-PF1/ MODI
critical flow model may not p operly account for changes in upstream subcooling. Also, the
predicted BCM heat transfer was too low during the SG refill when AFW rates and exposed

- primary-side tube area were the same. This could be caused by a heat-transfer correlation
error. SG nodalization that was too coarse, or by an incorrectly determined flow regime during
the calculation.

l
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D. Scaling implications
The issue of scaling is one of the most difficult with which to deal. At the level of

TRAC models and correlations, some effort has been made to deal with scaling in the TRAC-
PF1/ MOD 1 models and correlations document.8 However, it is difficult to revie.v individual
constitutive models and correlations and build a definitive statement about scalability for pre-
diction of transients in a full-size plant. There is a large effort currently in progress to quantify
the unce tainty of using TRAC-PF1/ MOD 1 fo. prediction of large-break loss-of-coolant acci-
dents (LBLOCAs).30 It is possible that a similar effort will follow to quantify the uncertWoty
of applying TRAC for predicting SBLOCA phenomena in full-size plants. The elements of
the Code Scaling Applicability and Uncertainty (CSAU) method described in Ref.11 include
(1) availability of a full set of code-specific documentation. (2) a ranking of key components,
processes and phenomena. (3) review and use of separate-effects test data to determine uncer-
tainty ranges on key parameters identified during the ranking process. (4) use of irtegral-effects
test data directly where results can be considered to be scale independent, and (5) a com-
bination of uncertainty contributions. Los Alamos supports addressing the scaling question
through application of the CSAU or similar methodology.

There is one other activity within the MIST Phase-IV test program that will prove helpful
in addressing scaling. A coun;erpart test to the Crystal River event of June 16.1981, will
be conducted.12 Within the limitations of the MIST Test facility cvery effort will be made to
simulate the key events and phenemena in the transient at the Crystal River plant. TRAC
calculations are planned for the MIST Crystal River scaling transient and for the. full-size
ph.nt c;cnt. This activity should provide direct information about code scalability as the key
transient phenomena are calculated in a model of both the full-size plant and the MIST facility
with its scale factor of 1/817 for volume and power.

E. Regulatory implications
The objective of this section is to sumr.iarize rur understanding of issues results and

conclusions that may be used in supprt of the regulatory process for B&W plants.
1. Background. Before 1979. most reactor safety research focused on LBLOCAs.

LBLOCAs were recognized as limiting. worst-case accident scenarios. Understanding and
predicting plant response to LBLOCAs was the object of the majority of the research planned
and performed in the period 1973 to 1979." In 1979. the TMI-2 accident, characterized as
a SBLOCA that occurred when the PORV stuck open changed perceptions about loss-of-
coolant accidents. Much of the research emphasis shifted to the more proba.ble SBLOCAs.

Because of their unique geometry and performance in possible SBLOCAs. B&W plants
have been the object of much of the atte.. tion. The once-through SG (OTSG) has a much j
smaller inventory of secondary-side liquid than the inverted U-tube SGs in plants of Combus-
tion Engineering and Westinghouse design. Thus in loss-of-feedwater transients, the heat
sink available in B&W designed plants is smaller. This can reduce the time available to take 4

action. Reductions in primary inventory in B&W plants cause natural circulation to c.ase
relatively early in a SBLOCA. Loss of natural circulation decouples the SGs as heat sinks and
can lecd to repressurization. BCM heat transfer is then important to re-establish the SGs as
a heat sink when primary inventory further decreases. B&W plants also contain vent valves.
unique to B&W designed plants, connecting the upper plenum and downcomer. These flapper
valves allow flow from the upper plenum into the downcomer to promote reflood in LBLOCAs.
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The effect of the RVVVs on plant thermal-hydraulic behavior was uncertain. There were other
areas of concern as well. Reference 7 states (Appendix A.1. page I.A-1) "Due to the unique
configuration of the B&W NSS, previous large integral test facilities did not model the unique
B&W hot leg configuration or the OTSG and, as a result, did not simulate the appropriate nat-

. ural circulation conditions. In particular, there was uncertair'ty about the effects of two. phase'
flow, non-condensable gases. and the validity of the boiler-condenser mode of heat removal.
In addition. the hydraulic stability, effects of high point vents, and internal runctor vessel vent
valves . . . were items of interest.",

As a result of there and other issues, a Test Advisory Group (TAG) consisting of rep-
resentatives from the Nuclear Regulatory Commission. B&W owners. B&W, and the Electric
Power Research Institute was forrned in September 1982 to"

1. identify experimental data needs related to B&tN designed plants.

2. identify operating plant and experimental oata available now or in the near kture.

3. evaluate how well the data address the identified data needs, and

4 provide recommendations for future programs.
The TAG was, by their definition, successful in accomplishing these tasks. They produced a
prioritized list of issues (repiaduced as Table IV), and agreed on the design features and test
matrix for the MIST facility. Table IV was produced after an extensive review. It consists of a
list of 17 technical issues identified by the TAG as those that should be addressed through an
integral systems test facility. Overall, the evaluation used ratings from A to D to represent a

, measure of the priority. An "A" rating was d; fined as top priority. A "D" rating was used to
indicate a lower priority. although issues rated as "D" were still cansidered to be of sufficient
importance to warrant investigation. The NRC representative to the TAG noted, for example,
that the TAG issues list (Table IV) represerited a culling from a more extensive list of potential
issues All issues remaining on the TAG list are thought to be important. A compromise on
the priority was reached on all issues except the understanding of the HPVs as they affect
natural circulation. The B&W owners rated this issue of "D" priority but the NRC rated this

-

issue as "A" priority. '

This section on regulatory implications attempts to evaluate the success of the tests in
the MIST program in providing data on the TAG issues. Also. some closely related B&W
plant calculations will be discussed to show the extent to which they also show the phenomena
identified as TAC issues. A key element in discussing regulatory implications is to understand
the relationship of the phenomena in the tests to the phenomena in full-scale plants. A step in
achieving this is to understand differences between code calculations for scaled facilities, such
as MIST. and full-scale plants. As noted in Ref. 6. the facility and tests were recommended
by the TAG " ..to provide a sufficient data base for use in computer code assessment. The
assessed computer code is the link between the test data and the operating plant. Test
facility results cannot be extrapolated to predict plant performance." More direct linkages
of phenoniena in tests and plants are desirable and, wherever possible, should be identified.
Because of the lack of plant data, only three cases where codes have been tested against
actual plant transients are identified here.

2. MIST SBLOCA Tests. Key SBLOCA events were also identified. A group of B&W
personnel with extensive plant and thermal-hydraulic experience then reviewed the phenomena
and ranked them by their relevance to the TAG issues. This B&W-produced priority ranking

;
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of SBLOCA events by their relevance to the TAG issues is reproduc*d from Ref. 7 (Table 2.3.
page 1.2-10) es Teble V.

Alarge number of MIST Tests were SBLOCAs including test groups 31. 22,35 and rome
tests in group 36. Test group 31 consisted of 12 (including repeats) tests where boundary
conditions were variod. "The boundary system tests examined the adequacy and impact of
the major boundary system simulations of MIST: namely, the RVVVs. guard heating. level
controls of the SGs. and AFW wetting.'5 Group 32 testi, varied leak and HPl conditions.
Group 35 examined noncondensable gas 2nd vent effects. Reactor coolant pump operations
were the focus of group 36 tests. Test groups 33 and 34 examined feed-and bleed cooling and
SG tube ruptures, respectively.

The MIST nominal test (3109AA) exhibited over 60% of the phenomena listed in Table
V including the top-10 ranked items. It is particularly important in that it is the test to which
parametric variations were to be compared.

3. Conclusions. It is possible to draw important conclusions regarding the regulatory
implications of MIST Test 3109AA. Based on our analysis in Section VI.B of this repert,
we conclude that the phenomena of interest occurred and that the data were of high quality.
The thermal hydraulic phenomena were consistent: the cause and effect relationships were
identified for what we believe are all of the major phenomena that occurred in the test (for the
time period of the calculation). Therefore, the test data satisfy the objectives of this test as
they relate to the TAG issues. As stated by the TAG and repeated here l'or further emphasis,
the test results cannot be extrapolated to full-size B&W plants. The extension to full-size
plants must be made through the use of assessed computer codes.

TRAC predicted the phenomena seen in the test with reasonable agreement. Since TRAC
has also shown reasonable agreement with data from a number of other SBLOCA tests in a
variety of other test faciliues we believe that correct conclusions about trends and phenomern
would be drawn if the code were used in similar applications.

A plant-counterpart calculation was made with TRAC for the MIST nominal SBLOCA
in a fWl-scale 177-fuel assembly. lowered-loop B&W plant." The phenomena seen in this
calculation were very similar to those of the MIST nominal test. The author also ~tates that
"the transient behavior was similar to other TRAC-calculated B&W SBLOCAs." A detailed
examination of the MIST Test J109AA test data and calculation and the plant-counteipart
calculation showed differmces in timing and in RVVV flow behavior. Although the events
seen in the plant-counterpart calculation wert. Similar, they were shifted forward in time. This
comes, at least i.; part, from differences between mied flow rates. At 2000 s, the integrated
leak flow for the MIST Test 3109AA calculation times the scale factor (817) was about 63%
of the integrated leak flow for the plant counterpart calculation. Calculations using the TRAC
model of the MIST facility have shown that using too high a leak flow will shift phenomena
forward in time in a similar way. The TRAC calculation for MIST Test 3109AA used two- ,

phase-flow multipliers of 0.86 and a geometrically correct input model of the piping upstream
of the leak orifice to accurately model leak flow. The plant counterpart calculation used a

pipe break following guidelines given in the TRAC User's Manual.model for a 10-cm2
The RVVV flow in the plant-counterpart calculation shows a more oscillatory nature than

seen in the MIST calculation. This should be expected since the degree of opening the plant
valves is a ftnct:on of the differential pressure across them.1he actual plant RVVVs (which
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are flapper valves) would be expected to flap open than close as the differential pressure
across them built up was relieved, and then built up again. The RVVVs in the MIST facility,
on the other hand, are either fully open or fully closed depending upon differcntial pressure
and are not prototypicalin this respect. This difference in behavior did not seem to affect the
transient.

There is a paucity of data on full scale plant transients that can be used to validate
computer codes at full-scale operation. Calculations have been made for the 1979 Thr e Mile
Island Unit 2 (TMI 2) transient that resulted in partial melting of the core, the Crystal River
transierit of February 26,1980. and of the Davis-Besse event of June 9,1985.

The accident at TMI-2 on March 28.1979. was analyzed with an early version of TRAC
(TRAC-P1 A)in the earliest use of a thermal-hydraulics code for analysis of an actual event."
TMI-2 was a co.nplet event: boundary flow values and timing were uncertain. The TRAC
version under development at that time lacked many of the featur rs of newer codes. It
was much slower, as were the computers it was run on. The model was coarsely noded'

f es necessitated by the slow r running code and computers. With the assumptions used.
the agreement was generally reasonable. The primary-system pressure and minimum core
liquid coverage were in reasonable agreement. At the minimurr water level, only about the '

bottom 25% of the length of the rods were immersed. This was predicted by TRAC and by a
later analysis of radiation measurements and recently verified by the examination of the core
remains. With difTerences between the early version of the TRAC code and the current version
(TRAC-PF1/ MOD 1). and the simplified model used. it is difficult to draw general conclusions
about the ability of TRAC to predict the phenomena that occurred in the TMI-2 accident.

This accident is being enalyzed again as part of a test problem for TRAC-MELPROG.
- a severe core damage code integrated with TRAC. A developmental code version. TRAC-

Pf1/ MOD 2 is being used for the thermal-hydraulic version. When the results of this become
available more definitive conclusions can be drawn about what phenomena were predicted by
the code, and if the overall results are consistent with the plant data.

Another plant transient that was similar in its early stages and that has been analyzed
with later code versions and more detailed models is the Crystal River-3 event of February
26,1980. It was analyzed using two versions of the code. TRAC-PD2 and TRAC-PF1/ MOD 0
(Ref.17). The event occurred when a power supply problem caused non-nuclear instrumen-
tation to malfunction This gave erroneous information to a centrol system. which reduced
the feedwater flow, increased the reactor power, and opened the PORV. The reduced feed-
water caused the pressure to rise. which caused the reactor and turbine to trip. The PORV
stayed open. Pressure decreased. HPl was initiated, and the reactor coolant pumps tripped.
Feedwater was re-established to the B loop and the PORV block valve was closed at an esti-
mated 450 s. The primary repressurized such that safety relief valves relieved pressure spilling
contaminated liquid into the cnnuinment. Unlike TMI-2, the HPIs kept the system inventory
nearly full so that the core was never in danger.

Although thcre were instrumentation problems and boundary condition uncertainties. the
Crystal River-3 transient gives a better test of phenomena than TMI-2. Phenomena included,

voiding in the A loop hot leg with natural circulation stalling. Natural circulation continued
in the B loop es feedwater was available to cool that SG. A switch from main to auxiliary
feedwater was made, with the AFW coming in at a much higher elevation than the main
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feedwater. This increased 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 event and some parametric variations of i' :n a " rapid response" effort. |
At the time, there was significant uncertainty regarding key boundary conditions. A subsequent !

independent study of the Davis-Besse transient was conducted at the INEL." It was concluded
that a calculation of the Davis-Besse loss-of-feedwater transient was in good qualitative and

;

quantitative agreement with the measured data. This agreement was atta;ned for a calcula- 1

tion of the transient using RELAP5/ MOD 2. 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/ MODI calculation reported in Rei.17, and the RELAPS/ MOD 2 (Ref.19)
calculation "were primarily because of the assumption of different coie powers, feedwater flows,
and pressurizer spray flows." The first RELAPS calculation and the "' -tculation were'

performed shortly after the Davis-Besse event; at this time there was s _ . ant uncertainty
regarding key boundary conditions. The subsequent RELAP5 calculation used more accurate
representatiors of these key boundary conditions resulting from additional study of the plant
transient. We conclude that a TRAC-PF1/ MODI calculation using the improved boundary
conditions specification would have produced si.nilar results.

The iriformation from these calculations strengthens our confidence that the major trends
a.o be expected during a transient in a full-sin B&W plant, such as a SBLOCA would be

,

calculated using TRAC-PF1/ MOD 1.
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TABLEI

STEADY-STATE CONDITIONS FOR TEST 3109AA

Par ' meter Unit Test TRAC

Core power kW 128.6 126.6* 6

Pressurizer pressure MPa 11.99 12.01

psia 1739. 1742.

Hot-leg subcooling K 13.3 13.8

(*F) 23.9 24.8

Hot-leg temperatures K 584.4 584.1

(*F) S92.3 591.7

Cold-leg A1 pump suction temperature K 561.5 560.3

(*F) 551.0 548.9

Downcomes flow kg/s 0.859 0.878

(Ibrn/s) 1.894 1.936

Pressurizer water level m 1.58 1.636

(ft) 5.17 5.35
Steam-generator A secondary level m 1.42 1.49'

(ft) 4.65 4.89
Steam-generator B secondary level ra 1.44 1.52'

(ft) 4.74 4.99
Steam-generator A pressure MPa 6.988 6.978

(psia) 1014. 1012.
Steam-generator B pressure MPa 6.997 6.978

(psia) 101E. 1012.

* TRAC core power reduced to account for outside of core energy losses in facility.
6 Specified in TP AC input.

Control system controls to specified value.'

;
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TABLE ||

TFST 3109AA TRANSIENT CONTROLS

Parameter Control

PORV Open when primary pressure = 16.2 MPa
(2350 psia): remain open until primary
pressure is within 0.69 MPa (100 p:i)
c,f secondary pressure.

Core power SCRAM when pressurizer level = 0.?05 m (1 ft)

RVVV Before pressurized level = 0.305 m (1 ft)
'

Closed

After pressurizer level = 0.305 m (i ft)
Open when RVVV differential
pressure > 861.8 Pa (0.125 psi)
Close when RVVV differential

'

pressure < 276 Pa (0.04 psi)

HPI Scaled head-flow after
pres;surizer level = 0.305 m (1 ft)

CFT Actuate at 4.14 MPa (600 psia)
Manual isolation when:

PORV open and HPI actuated
and

core exit > 27.8 K (50*F) for 30 min
subcooling

,

and
primary prest.ure < 4.93 MPa (715 psia)

and
primary pressure not increasing

Automatic isolation on low level

Primary pumps Locked rotors '

SG-secondary pressure Initially controlled at 6.96 MPa (1010 psia), c

ATOG pressure control (Ref, 4) after
pressurizer level = 0.305 m (1 ft)

AFW Used to control SG-secondary level: set point =
1.524 m (5 ft) initially, set point = 9.631 m
(316 6.) after pressurizer level = 0.305 m (1 ft)

.

29

, _ . . . . . - . - . ..
.

.



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

.

TADLE 111

EVENT TABLE FOR TEST 3109AA

Time (s) Time (s) Event Description
Test Calculation

0.0 0.0 Start transient break initiation.

150. 100. Pressurizer level drops to 1.0 ft, core-power ramp HPl RVVV automatic H

control init:ated, RVVV first opens. SG-secondary level reset. |

185. 185. Intact-loop hot leg saturates.

240. 310. intact loop flow ends.

565. 565. BCM 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. 1480. 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 HPl water in downcomer and condenses. Intermittent
broken-loop flow ends as steam no longer pushes liquid over hot-leg
U-bend.

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

7000. Calculation terminated.

?
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TABLE IV

TAG EVALUATION OF ISSUES

Natural Circulation

Single-phase natural circulation D
Tw> phase natural circulat .i C
Boiler-condenser natural circulation A
Steam generator-driven instabilities B
Cold-leg oscillations B
Interruption /re-establishment B
High point vents A/D
Noncondensable gases B
Reactor vessel vent valves C

Small Break Loss of Coolant Accident

Bieak size C
Emergency core cooling system operation C,

Reactor-coolant pump operation B
Location of break D
Break isolation B
Reactor vessel vent valves B

Feed and Bleed D
'

Eteam Generator Tube Rupture B

$
,

___

a
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TABLE V

PRIORITY OF SOLOCA EVENTS

Rank Rating SBLOCA Event

i 8 Hot-leg U-bend saturation and voiding
2 8 RVVV activation
3 8 Leak-HPl cooling

4 7 Reinitiation oi natural circulation
5 7 SG condensation of primary steam
6 7 Downcomer and cold-leg voiding and condensation
7 7 Leak flow
8 7 Reactor-vessel upper-head voiding
9 7 Decoupling of SG

10 6 Spillover circulation (hnt-leg U-bend refilled)
11 6 Primary repressurization
12 6 Venting of primary fluid

13 5 FeeAand-bleed primary cooldown
14 5 Controlled SG depressurization and primary cooldown
15 5 Compression of prirnary fluid
16 5 Asymmetric conditions among cold legs

17 4 Single-phase natural circulation
18 4 " Pump bump"
19 4 Cooling of idle loop
20 4 Primary depressurization
21 4 Power and flow transient: reactor and coolant pump trip, feed transfer

22 3 Primary depressurization tc core-flood tank / low-pressure injection
pressures

23 3 Subcooling of primary compor -nts
24 3 SG repressuriza. tion
25 3 Pressurizer draining

i
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APPENDIX A
TRAC MODEL OF MIST FACILITY

The MIST facility, shown in Fig. A-1. is a scale model of a B&W nu. Nar power plant.
The facility is designed to investigate the effectiveness of plant automatic safety systems and
operational procedures during postulated small-break and operational transients. The fa ;ility
is primarily intended to investigate events occurring after reactor trip and reactor coolant-
pump coast down. The Mist facility is suted to a 2 x 4 lowered-loop prototype plant with
177 fuel assemblies. The scale factor is 1/817 for volume and power: component elevctions
are scaled one-to-one.

The TRAC model of the MIST facility has evolved over a period of time. The model was
initial!y based on preliminary information provided in the MIST facility specificatioim (Ref. 5).

"

it has progressed to its present form as available, as-built facility information was received
from BiW. The final model compares very closely to the B&W REDBL5 model described in

3 the MIST design verification report (Ref. 6). f.rchival information about the TRAC model
used in this study is presented in Appendix A. A component schematic of the MIST modelis
shown in Fig. A-2. The model consists of 77 components that have been subdivided into 251
fluid ce!!s. TFis model is considered to be finely noded and should be capable of providing
reasonable results as shown in previous Once-Through integral System (OTIS) calculations.
Table A-l lists the components used for the MIST model and the number of fluid cells in
each component. The outer walls of the vessel and loop-piping components are generally
modeled as adiabatic boundaries since the MIST facility is guard heated to eliminate external
heat losses. Localized uncompensated heat losses caused by cooled instrumer.ts are modeled
using a constant heat-transfer ccefficient at the component outer wall. The local heat-transfer
coefficients were determined from heat-loss data provided by B&W. The following sections
describe the modeling philosophy and actual modelirg details of the various MIST facility
components.

A. Reactor Vessel
_

A series of PIPE. TEE. PLENUM, and VALVE components has bean connected to a 1-D
CORE component to physicat y model the entire MIST reactor vessel (Fig. A-3). TFe 1-D
CORE component (Component 3) is used to smulate the heated core region and a portion of
the upp-r-plenum region from the core exit to an elevation slightly below the hot-leg nozzles.
The hea;ed core consists of a 7 x 7-rod array 3f which 45 rods are elecirical heater rods and
4 rods simulate guide tubes. The axial power shape for the simulated rod is a chopped cosine
profile and the radial power profile is flat. The hydraulic resistance from the rod-bundle grid
spacers (k = 0.57) has been incorporated in the model. The core-power decay history is
modeled using a trip-controlled table.

The upper-plenum and upper-head regions are modeled with Components 401-412. as
shown in Fig. A-3. These one-dimensional components represent the geometry of the upper-
vessel region as follows: Components 401,402, and 403 model the region inside the plenum
cylinder: the annular region between the plenum cylinder and the vessel is modeled with
Components 408-412: and the upper-head region above the plenum cylinder is represented
by Components 404 and 405. RVVVs .nd vent-valve nozhs are modeled with a VALVE
component (Component 7) that is connected to PLENUM Co nponent 411.
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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 cs 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

3the uncompensated localized heat loss of the valves of 1480 W (5.05 x 10 Btu /h).
.

The primary tube of TEE Component 2 represents the lower-plenum region. whereas the
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 80 piping and the lower
portion of the downcomer annulus region slightly below the cold-leg noz2les. Component 103
represents the piping that contains the cooled thermocouple (TC) and includes an out<, heat-
loss coefficient to model the TC 's uncompensated heat loss of 1100 W (3.855 x 103 Btu /h).
Component 8 is a PLENUM component used to enodel the connections of the cold-leg nozzles
to the downcomer a:,ulus. The upper portion of the downcomer annulus RVVV nozzle, and
CFT nozzle are sim ' with TEE Component 9.

The fluid in the dc. ner annulus region was initially assumtd to follow one-dimensional
behavior, and this was % verified in a censitivity 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 n the down:omer annulus, they did not affect vessel and'

loop behavior as compared to results obtained with the one-dimensional downcomer model.i

An ACCUM cnd a VALVE component were used to model the CFT system (Components
10and11). The CFT is initially 75% full of 316.5 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:Is the CFT isolation valve.
which is dependent on calculated system conditions.

B. Intact Loop
in the Ml"T facility, the W.act loop was designated as the loop containing the pressurizer.

All components of the mtact low m 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 the primary tube
3

; of Component 21. Also, an outer heat loss of 640 W (2.18 x 10 Btu /h) was modeled to - *

i simulate the heat loss of the viewports and densitometer located near the hot-leg nozzle

f 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 heat-transfer coeffie.ient io model an uncompensated heat loss of 170 W (0.58'x 103

,

! 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 model during the OTIS posttest calculations and in preliminary

|- MIST posttest calculations. The STGEN Component 29 includes two parallel fluid channels
to represent the primary side of the intact-loop MIST SG. The first channel represents the'

| 16 tubes not wetted 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 seco,dary 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 liquid 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 correlation
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 and 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. No special code models have been
used to vary the tube wetted areas or the heat-transfer coefficients based on AFW f!ow.

The split cold legs frorn 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 HPI por , are modeled by these components. Each pump suction and discharge line is
construced 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 modeled
with PUMP Components 35 and 39. Each of the identical PUMP components represents a
fluid vnlume of 0.007334 m (0.26 ft ) and a flow length of 1.608 m (5.28 ft) and models3 3

the locked-rotor sesistance of the MIST pumps. Uncompensated local heat losses of 1350 W
(4.61 x 103 Btu /h) per pump are modeled by outer heat-transfer coefficients in the PUMP
components.

C. Broken Loop
The broken-locp piping and SG components 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 component < . 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
menner as the intact-loop SG with STGEN Component 54 and PLENUM Components 53 and
55.,

D. HPl System
The HPl system is modVed with Components 41. 59, and 37. FILL Component 41 is

used to model the HPI fluid conditions and flow rate. The HPl 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 parrneters, the control blocks model '

the head-flow characteristics of the HPI pump and the logic for the HPI actuation and throttling
of the HPI flow. The H?l flow rate determined in the control blocks is then used in FILL

,

Component 41. The HPl 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. SG 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 controllogic is modeled using control blocks: the control j
parameters are evaluated once each time step.
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TABLE A-1

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 j

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

404 Upper head, lower section 1

405 Upper 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, middle section 1

411 Upper-plenum cylinder, vent valve connections 1

412 Upper-plenum cylinder upper section 1

7 Reactor vessel vent valve 4

8 Downcomer (cold-leg nozzle connections) 1

9 Upper downcomer 5

103 Lower downcomer 1

104 Lower downcomer 4

10 Core flood tank valve 2-

31 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) ?

2C Loop A high-point vent valve 1 |

27 Loop A high-point vent atmospheric boundary '1

109 Loop A hot leg 3

28 Loop A STGEN inlet plenum 1

29 Loop A STGEN 42

1 30 Loop A STGEN exit plenum 1

31 Loop A STGEN high AFW fill 1

i
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TABLE A 1 (cont.)
COMPONENT DESCRIPTION OF MIST MODEL

Component Number
Numbers - Component Dest gtion of Cells

91 Steam Line 2-

32 Loop A STGEN secondary atm. beundary 1

34 Cold-leg Al pump suction 2

:117 Cold-leg pump suction 1

118 Cold-leg pump suction 3

35 Cold leg Al pump 2

36 Cold-leg Al pump discharge 5

38 r >ld-leg A2 pump suction 2

115 Cold-leg pump suction 1

116 Cold-leg pump suction 3

39 Cold 4eg A2 pump 2

40 Cold-leg A2 pump discharge 5
,

105 Loop 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 intet plenum 1

54 Loop B STGEN 42

95 Steam line 2

69 Loop B STGEN secondary atmospheric boundary 'l i

68 Loop B STGEN upper auxiliary feed 1

55 Loop B STGEN exit plenum 1

56 Cold-leg B2 pump suction 2
,

119 Cold-leg 82 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 Cold-leg B1 pump suction 1
~

63 Cold-leg B1 pump 2

122 Cold-leg' B1 pump suction 3

,
-

Cold-leg B1 pump discharge (upper) 464
66 Cold-leg B1 pump discharge (lower) 2
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TABLE A l (cont.)- 1

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 H Pl manifold 1

41 HPI fill 1

59 Connection between HPl fill and manifold 1

Components 77

Fluid cells 276

,

I
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APPENDIX 0
ARCHIVAL INFORMATION

'

1. CODE IDENTIFICATION AND STORAGE
TRAC-PF1/ MOD 1 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:

/Q9 TRAC / ARCHIVES /12.7

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

II. INPUT DECK STORAGE
The TRAC input deck. which contains the model of the MIST facility. is permanently,

,

stored in the TRAC Input Deck Archive (TIDA) on the Los Alamos CFS and may be accessed
through the following path:

/TIDA/ EXPERIMENT / MIST / number of this report, e.g., L A-C P-XX-
XXXX '

':
lit. CALCULATION FILE. STORAGE !

The output (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/3109AA

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-clevation 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/ MOD 1.
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. e.g. . L A-C P-XX-
XXXX
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+

*1d 'mls'tcu '
*i stgnix.15 stgnix ..

-c
-c . Illgw is flag to detect steam generator tube heat -
-c- . structure which is. wetted by the afw

c
c . illgwc is flag to detect a wette4 Ittam generator tube heat
c. structure to which the then m'uitiplier is applied
c

.c iflgd is flag to detect steam generator tube hest
c structure which is not wetted by the afw

.C
c - hic 1 and hic 0 are the multiplier and additive constant for -
c the liquid heat transfer coef'' dent
c
c hvci and hvc0 are the multiplier and additive constant for
c the vapor heat transfer coefficient
c
c alphamw is the maximum void fraction used to determine*

c the heat transfer coefficients for the wetted
L- c steam generator tubes above the pool

C

c - alphad is the void fraction used to determine the heat
-

. c transfer coefficients for the unwetted steam
c generator tubes above the pool

e alpha 0 is the minimum void fraction for identifying steam -,

c generator secondary cells which are above the liquid pool
C

L- c alphal ls the minimum void fraction for reducing the void ~
c fraction used to determine the heat transfer coefficients
c- for the wetted steam generate- tubes above the pool
C

alpha 2 is the maximum void fraction for reducing the voidc
c fraction used to determine the heat transfu coefficients

.c- for the wetted steam generator tubes above the pool4

C

data iflgw - iflgwe iflgd / 0.0 .0.0 0.u /, , .
,

data alpha 0 alpha! . alpha? / 0.9 '. 0.95 0.9999 /, .

- data alphamw alphad / 1.0 ,0.9965 /,

data hic 0 hlc1 /0.0 .1.8 /-,

data hvc0 hvc1 / 0.01.0 /.

C -

|. *i uphram.144
i .C

c check for slab which is wetted by the afw.

C

[ if(i .ge. (ncelil + 1) .and. i Je. (2+ncelli-1)) I!!gw = 1
t C

c: check wetted slab to determine whether to apply chen multiplier
C-

; if(iflgw _eq 1.and, a(lalp+1o) .ge, alpha 0
c+ .and. a(lalp+io) .it. alpha 2) iflgwe = 1'

C

n c check for slab which is not wetted by the afw
.c

if(i .ge.1.and. i .le. (ncelli-1)) iffgd = 1 -
C'j.

;' c

i; alpha = a(lah+io) .
t .- ~c
i C

1 c. reset alpha for dry slabs above pool
i c
i
h, -
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ingd ,eq,1.and, a(lalp+1o)ha = alphad.ge. alpha 0) then -- if(if
a |lalp+1o) gtlalp+io) .le, alpha 2)) alp, alpha 2 alpha = amax1(a(lalp+1o) alphol)ifLa .

endif
,

_

C-
C

c reset alpha for wetted slabs above pool:
c

if(iflgw .eq.1.and, a(le!p+io) hamw = 1..pc. alpha 0) thenifi;a(lalp+io? .gt, 6;pha2 alp
If, a(talp+1o; .le. alpha 2 alphamw = elphal
alpha = amin 1(a(lalp+1 ),alpharnw)

endif
C

c
*d stgnix.8G ';

- + alpha.a(Isig+io).gryg.viz,viz,zero.vyr.rero.zero,
*1 uphgam.146
C

c apply chen multiplier for slab with iflgwc = 1
e and heat transfer mode = 7
c

if (iflgwc eq.1.and. a(lidgho+imi) hici + hic 0.eq. 2.) then;;

ajiholgn+tml))= a(lholgn+imi))+'hovgn+im1 = a(thovgn+iml + hvci + hvc0'

g. t

c
iflgw = 0
iflgwc = 0
illgd = 0

C
.

-

,

,
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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 behavior. Major and minor phenomena and trends are correctly predicted.

e

The calculated results are judud 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 rnay be used with confidence in s?milar applications. Neither code models nor

: the f acility 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 am greater than those deemed necessary for excellent agreement. If uicertainty
'

data are availab'e the calculation will frequently lie outside the uncertainty band. However,
the analyst believes that the disc ~nancies are not sufficiently large to require a warning to
potential users of the code in simila 1pplications. The assessment analyst believes that the

,

correct conclusions about trends and pianomena 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. j

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 the test that is only conditionally acceptable. Some major trends or phenomena
are not predicted correctly while others are predicted correctly. Some TRAC calculated values
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" r 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 cod 2 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 better.
Insufficient agreement is an appropriate descriptor when the code exhibits major defi-

ciencies: that is, the deficiencies are such that the code provides's prediction of the test that
is unacceptable. Major trends are not predicted correctly. Most TfsAC calculated values lie far

i

63

i

.

--. -, - ..,-,,y a,- a ,,. ---m... . - , , . - - <- n.-- a a- , ---- - . . , ,-.,..-w, - , - . , -,- m,



- _ _ _ _ _ _ _ _ _ - _ _ _

l outside the uncertainty band of the data with which a comparison is being made. The assess-
ment analyst believes that incorrect conclusions about trends and phenomena are probable if
the code is used in similar 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 code or facility noding model made before the code can be used with confidence
for similar applications. A warning should be issued to the TRAC user community that the
code must not be used for similar applications until the identified review. modification, and
limited assessment activities are completed and the resultant characterization descriptor is
" reasonable" or better.

,

-
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APPENDIX D

PERFORMANCE INDICATORS

A comparison of CPU time versus transient time for the calculation of MIST Test 3109AA
on a CRnY-15 computer at Los Alamos National Laboratory is presented in Fig. D-1. Plots
of time-step size versus real time and number of time steps versus real time are presented
in Figs. D 2 and D-3. respectively. The time-step data presented in Fig. D-2 illus' rate that
larger time steps up to the input limit of 0.15 s were possible when the primary system was in
single-phase natural circulation. After the liquid level decreased to about the RVVV elevation, f
the code selected reduced time-step sites because of changing void fractions in the small cells

'

used for the plenum cylinder at the vent valve elevation. The tirne step after this occurred at
about 2000 s was ir, the range of about 0.03 to 0.04. -

The " grind" ome for this calculation is calculated from the equation:

Time = (CPU X 103) / (C X DT) .

whcie CPU = total execution time ir monds.
C = total number of ' mes .a the model and
DT = total number of time steps,

q

The resultant time is expressed in milliseconds per computational volume per time step.
For the MIST Test 3109AA. tne CPU time was 75 000 s. the total number of volumes in

the MIST facility model was 251, and the total nurnber of time steps was 165 000. Thus.

Time = (7.5X 104 X 102) / (251 X 1.65 X 104)

Time = 18.1 milliseconds per volume per time step.

6b
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