A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



aon¥ - 8510D1-- 4
LA-UR —85-945

" W-7408- .
Los Alamos Nauonal Laboratory 18 opersied Dy iha Unwersity of Califorma for the Urined Swea Department of Energy under contrac 03-ENG-28

tmeie A TRAC-PF1/MOD-1 ANALYSIS OF LOSS-OF-FLOW TEST L9-4

LA-UR--85-945

TIB8S 010106
AUTHOR(S) John Meier

SUBMITTED TO  The Third International Topical Meeting on Reactor
Thermal Hydraulics
Newport, RI
October 15-18, 1985

DISCLAIMER

Thhnporlvmpuplnllummnldwwimnmdbyunwo“humudsum
Gorsrnmeat. Noither the United States Government nor any 1geacy thereof, nor any of their
employses, makes sy warrasty, sapress ot implied, or sssumes any legal liability or responri-
bility for e accuracy, completeness, or usefulness of any information, spparatus, product, or
process dis:losed, or represeats that ita use would not Infrinps privately owned rights. Refer-
ence herein to any specific commercial product, procsss, or service by trade name, trademark,
manufacturer, or otherwise doss not necsesarily constitute or imply its endorssment, recom-
mendation, or favoring by the !inited States Government or any agency thersol. The views
and opinions of authors expressed hersin do not necessarily etate or reflect those of the
United Stutes Government or any agency thereof.

By accapiance of ihis article the publisher recogrizes 1hat the U S Governmaeni retaing 8 nonexciusive. royaily-free license 10 publish or reproduce
the published ‘orm of Ihe ccninbutior or (0 allow others 1o do so. for US QGovernment purposes

The | oa Alamos Nauonal ' aburatory requesis that 1he pubhsher :denily this arlicle as work performed under the suspices of the U 8 NRC

M ’ "~ f DISTRIBUTION O THIS DOGUMIHY 1S ummmnrm
[I @ Los Alamos National Laboratory
@S @m Los Alamos,New Mexico 87545

FORM NO 238 R4


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


A TRAC-PF1/MOD-1 ANALYSIS OF LOSS-OF-FLOW TEST L9-4

by

Juhr. Meier
Safety Code Developmert -
Energy Division
Los Alamos National Laboratory
Los Alamos. NM 87545

ABSTRACT

Los Alamos National Laboratory is developing the
Transient Reactor Analysis Code (TRAC) to provide advanced
best-estimate predictions of postulated accidents in
pressurized water reactors (PWRs ) and for many
thermal-hvdraulic experimental facilities.

As part of our independent assessment of code version
TRAC-PF1/MOD1, we analyzed Loss-of-Fluid Test (LOFT) L9-4 and
compared the test data to the calculated results. This was
an anticipated-transient-without-scram test in which the
pump. were tripped, the steam generator main feedwater
discontinued, and the mair steam-outlet valve closed. This
data comparison is the first extensive test of TRAC's
reactor-kinetics models. The comparisons show that TRAC can
calculate the power generation within a nuclear reactor if
the program is supplied with adequate reactor-kinetics input
specifications, The data comparisons also indicate that TRAC
calculated the thermal-hvdraulic parameters within LOFT well
with only minor discrepancies.

A number of models within TRAC-PF1/MOD1 were verified
for the first time. They include the reactor-kinetics
models, the trip-activated time-step controls., und the LOFT
pump-coastdown calculations.

In general, the final input descriptior is adequate to
analyze the experiment. The «culculations indicate the
importance and difficulty of obtaining accurate and
applicable reactor-kinetics input datu. They also indicate
the need to include the effects of xenon-poisoning buildup in
the analysis.

“This work wns funded by the US Nuclear Regulatory Commission, Office of Nuclear
Regulatorv Research. Division of Accident Evaluation.



1. INTRODUCTIOP!

Los Alumos National Laboratory is developing the Transient Reactor
Analysis Code (TRAC)[1] to provide advanced best-estimate predictions of
postulated accidents in pressurized water reactors (PWRs) and for many
thermal-hydraulic experiment:]l facilities.

As part of cur independent assessment of code version TRAC-PF1/MOD1, we
analyzed Loss-of-Fluid Test (LOFT) L19-4 and compared the t:st data to the
calculated results. This was an anticipated-transient-without-scram (ATWS) test
in which the pumps were tripped, the steam-generator main feedwater
discontinued. and the main steam-outlet valve closed. This data comparison is
the first extensive test of TRAC's reactor-kinetics models. The comparisons
show that TRAC car calculate the power generation within a2 nuclear reactor if
the program is supplied with adequate reactor-kinetics input specifications.
The data comparisons also indicate that TRAC calculated the thermal-hydraulic
parameters within LOFT well with two minor exceptions: the velocitv ir the
intact loop was consistentiv preater in the TRAC calculation although it
general'y fell within the datu uncertairty: and because of the leakuge behavior
of the reflood-assist bypass valves (RABVs), the temperatures and flows ir the
broken loop were not calculated well.

A number of models within TRAC-PFi/MOD1 were verified for the first time.
They include the reusctor-kinetics models, the trip-activated time-step controls,
and the LOFT pump-coustdown calculations.

In pgenerul. the final input description is adequate to analyze the
experiment. The calculutions indicate tne importunce and difliculty of
obtaining accurste and applicable reactor-kiretics input data. Thev also
indicate the need to include the effects of xenon-poixoning buildup in the

analysis.
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The details of the test. analysis. and data comparisons are presented in
the following secti~ns. There we:

® describe the test apparatus, -

® describe the experiments and explain the experimental phenomena,

® describe the TRAC input, and

® present and discuss the data comparison.

2. FACILITY DESCRIPTION

The LOFT facility (shown in Fig. 1) is a 50 MW(t) PWR, detailed
descriptions of which may be found in Refs. 2, 3, and 4. The description
presentzd here will be limited to the purticular configuration of the facility
used for Test L9-4 and to specific details of the facility particularly
important to this experiment.

The characteristics of the LOFT nuclear core were important in this test
b2cause one of the primary purposes of these data comparisons was to check the
reactor-kinetics models 1n TRAC. The core consists of an array of 1300 1.67-m
fuel pins: the «c¢ore has a equivalent diameter of (.61 m. From &
reactor-kinetics standpoint. the LOFT core is not typical, in that it has a much
higher radial-peuking factor than a normal PWR. The nonuniformity of {luxes
complicated our obtaining applicable input specilications for TRAC's kinetics
models and makes the resulvs less accurate than might be obtained in o tvpical
PWR analysis.

The ground rules for this test as detailed in the experims:ntal operating
prucedures[S] were that th: power-operated reliel valve (PORV) was assumed to be
inoperotive, with excess primary-system pressure rtelieved through the
pressurizer hv a safety relief valve (SRV). The SRV was scaled to represent

three Zion SRVs. The pressurizer spray alseo wus inoperative. Most of the
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troker-loop hot leg was removed, and both the broken-loop hot and cold legs
terminated at blind flanges. Water and steam could leave the primary system
only through the SRV, -

The RARVs are located between the broken-loop cold and hot legs. These
valves are made to seal when there is a significant pressure difference across
their seats. When the pressure difference is low or when the direction of the
pressure difference changes, they leak in an unpredictable manner. This leakage
made accurate calculation of their performance impossible within the context of
TRAC.

No emergency core-cooling sy§tem {ECCS) water was added during this
transient. A limited amount of wate; was added to the steam-generator secondary
(SGS) from the auxiliary feedwater system. Steam was released from the SGS by
the muin-bypass wvazlve, which was operator controlled to maintain the SGS
pressure between 6.29 and 6.63 MPa per the experimental operating

specification,[3)

3. TEST DESCRIPTION

The importart events and phenomena during this test are listed in Table 1
and described below.

Before the transient began, the reactor was run for =50 h. Therefore,
near-equilibrium values of decay heat and xenon buildups could be expected.

The test began when the coolant pumps tripped, the main SGS feedwater
terminated and the main SGS outlet valve began closing. At 10 s, an auxjliary
5GS feedwater flow of 0.05 4£/s bepan, and the main steam-bypass valve was used

to cortrol the SGS pressure between 6.29 and 6.63 MPa.
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During the early part of the transient, several events occurred more or
less simultaneously. As the coolant pups coasted dowr. the mass flow in the
primary loop dropped. This decreased flow caused the temperature difference
across the core and the average core-liquid temperature to increase. This
increased average temperature caused the overall reactor multiplication
constant k to fall below 1.0, which resulted in a declire in core power. The
average core-liquid temperature continued to rise steeply until natural
circulation stabilized the intact-loop flow. Stabilized flow and the falling
power caused the average core-iiquid temperature to decrease. A change in the
slope of the core power also occurred at this time, even though the overall
reactor multiplication constant k remained below 1.0.

Along wiih the decrease in reactor power came 2 decrease in the average
temperaturc of the reactor fuel and a «corresponding increase in the
fuel-temperature reactivity. These trends cortinued until =~250 s into the
transient when, because of the rise in the reactivities associated with fuel
temperature and coolunt temperature, the value of k increased to close to 1.0.

Other phenomena occurring during the first 250 s included an expansion of
the fluid ir the primary system resulting from the increase in temperature of
the fluid in the core and hot leg. Water was forced into the pressurizer, and
the system pressure increased until i1clieved by the SRV. When the cors power
dropped, u slow buildup of negative reactivity began, caused by the buildup of
xenon within the fuel rods. At 37 s into the transient, the speed of the second
pump fell to the point at whirh friction caused 1ts rotor to stop.

At the beginning of the transient. the rate of water {low into the SGS was
insufficiert 1o make up for the steam vented. and the level of liquid in the $GS

steudily decreased. Betwzen 250 to 500 s, this decrease degraded heat transfer



-6-
within the secondary to the point that the steam-pencrator-outlet temperature on
the primary side began to increase.

The low flow rate during natural circulation resulted in a _.delay before
the hotter water reached the core. Mixing with fluid in the lower plenum and
also heat transfer to the vesse] walls increased the delay and prevented a sharp
increase in the core-fluid temperature. Eventually, the average temperature in
the core rose as a resulJt of dryout in the SGS, and the k again decreased,
causing the power to decrease., As described before. a compensating effect
occurred hecause of a decrease in both the fue] temperature and the temperature
diffcrence across the core, and a new core-power equilibrium was reached at
about 1050 s,

The {ramework of this equilibrium is interesting ir that the power
generation in the reactor is just equal to the power removed in the rest of the
system. Any difference between the two results in a change in average
core-liquid temperature, and a new equilibrium is reached guickly. Also note
that the negative reactivity introduced as a result of xenon buildup caused a
compensating decrease irn the average core-liquid temperature.

Finally, the decrease in npatural-circulation driving potential that

occurred when the SGS dried out resulted in stopping of the first pump at 732 s.

4. TRAC INPUT DESCRIPTION

A component diagram of the input description is presented in Figs. 2
and 3.  The input used u total of 39 components consisting of 161 volumes. In
general, four nodes were used to model heat transfer in the walls, except in the
vessel. where 10 nodes were uscd. The modeling appears to provide sufficient
detail. with the possible exception ot the $GS. where more detailed modeling

woald result in a smociher change 1n heat transfer during the dryout.
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The aralysis was conducted using TRAC-PF1/MOD1, Version 11.6, with updates
JMFX1 and JMFXY included and update FXSBCOOL remcved.

The irput description was based or that for LOFT test L6-1 (Ref. 5).
Changes included:

® modification of the TEE modelirg ir the vessel to give better

steady-state pressure drops;

© changes to the trips and control blocks, reflecting differences in the

initial conditions and test procedures:

® modified pump input to reflect the decoupling of the motor generator

during pump coastdown (the option to do this was included in one of the
updates added in this version of TRAC):

® boundary and initial conditions to reflect Test L9-4;

® the removal of a smal! ECCS flow, which was included in the L6-1 input

to represent water i1njected through the pump bearings: and

® extensive changes in the reactor-kinetics input. which are discussed

be jow.

That the power profiles irn LOI'T are more peaked than in a normal PWR makes
it importart that the reactor-kinetics input. and particular:yv the input
quantity POWEXP, is correct. The parameter POWEXP is the exponent to which the
cell values of the normalized power distribution are raised in calculating the
average reactivity-feedbuck parameters. The correct exponent is dependent on
the procedure used to obtain the values of the fuel-temperature reactivity
coefficients (RCTF) and coolant-temperature reactivity coefficients (KCTC) input
into TRAC.

If these coefficients were obtained from a source such as LEOPARD

(Ref. 6). where the spatial flux distribution in the core was not included. the
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correct value for POWEXP would be approximately 2.0. This was true of the data
used for the L9-4 analysis.

Ever using a POWEXP of 2.0, there were two other inaccuracies in the L9-4
reactor-kinetics input. The effects of radial flux peaking were not included
because of the use nf a one-dimensional core. The effects of the 1/T dependency
of reactivity on fuel temperatures also were not included in the averaging
scheme used by TRAC.

The values used for RCTF in the L6-1 analysis were obtained from Ref. 7.
They reflected a correction that accounted for the use of a POWEXP of 0.0.
Because we used a POWCXP of 2.0, it was necessary to input the original
calculated values given in Ref. 8.

The values of RCTC used in the L6-1 input were multiplied by a factor of
0.84 to reflect the recommendations given in Ref. 7.

The effects of xenon-poisoning buildup were included by wusing the
programmed-reactivity optior in TRAC. Input values obtained from INEL were
confirmed using the the LEOPARD code with an input reflecting power-squared

averaging of the thermal flux.

5. PRESENTATION AND DISCUSSION OF DATA COMPAR]SONS

Figures 4 through 14 present the calculated results with comparisons f{rom
the experiment. The designation in the box at the right'of the curves indicates
the LOFT transducer designation--for example, RE-T-77-2A2. The TRAC component
type and number are Jlisted at the bottom of the box--for example, CORE ID=37.
The cell or cell boundary is given at the top of the box. In general, TRAC
results are presented as a solid line, whereas experiment results are presented
as a dashed Jline. In some figures, the ordinate axis is scaled to show more

detail in the repion of interest at the expense of initial conditions.
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Most of the calculated results are within the error bounds of the test
data, and the size of the error bounds exhibited bv much of the data would scem
to limit the significance of differences between the calculated results and the
data. There is a consistency, however, between the different transducers that
raises the significance of the differences in the comparisons. For example, the
mass flow in the intact loop and the temperature difference across the core are
consistent with the core power.

Figure 4 presents a romparison of calculated and measured reactor power.
In general, the comparison between the two is good. The most significant
difference is slightly lower calculated power between 40 and 600 s. Although
the calculation is well! within the error limits, the difference also could be
caused by the lack of radial flux-peaking effects in the TRAC aralysis.

Figures 5 through 7 present the calculated coolant-temperature reactivity,
fuel-temperature reactivity. and the reacior multiplication constant k. If we
examine Fig. 5. we can see the effects of the average coolant temperature on the
reactor kinetics. Each phase in this figure may be linked to a change in the
coolant temperature.

1. First, a rapid heating occurs as a result of the coastdown of the

pumps.

2. Next, a cooldown occurs as a result of stabhilization of intact-loop

flow rates and a decreasec in core power,

3. Another heating occurs as a result cof the steam-generator dryout.

4. Finally, a gradual cooldown occurs as a result of the xenon-poisoning

buildup.
The effect of core average coolant temperature throughout the tramsient is to

decrease the total reactivity.
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In Fig. 6, we see the effects of fuel temperature on reactivity. The
efect of the core average fus] temperature is tc increase the total reactivity
throughout the transient. In Fig. 7. the calculated reactor multiplication
constant k is shown. The reactor multiplication constant k has a v;]ue near 1.0
for only Urief periods of time after the beginning of the transient and aever
reaches the high!y negative values associated with a scram (the effect of the
scram at 1507 s was not included in the programmed-reactivity table).

Figure 8 presents the intact-loop hot-leg liquid temperature. The TRAC
caiculations and the test data agree reasonably well. The fact that the TRAC
results are generally lower than the test data indicates that the calculated
mass flow in the intact loop is too high.

Figures 9 and 10 present liquid temperatures for the steam-generator
outlet plenum and vessel lower plenum. For the first 200 s, the coastdown of
the pumps has little effect on the steam-generator outlet temperature. Ther.
the dryout of the SGS causes the outlet temperature to increase sharply.
Although this increase is comparatively smooth in the test data, i1t occurs in
steps in the calculations because of the limited number of volumes used in the
TRAC irput to represent the SGS above the tube sheet. When we compare the
steam-generator outlet plenum temperature to that ir the vessel Jlower plenum
(Fig. 10), we see that mixing in the Jower plenum and heat transfer to the
vessel walls has a significant moderating effect on the change in the
temperature ol the water entering the core. Af 'r 600 s, there is a consistent.
smal]l overprediction of these temperatures by TRAC. We attribute this to the
ove;predicted intact-loop mass flow. which results in an underprediction ir the

temperature difference across the core.
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In Fig. 9, the decline in steam-generator outlet-plenum 1:quid
temperature, which occurs in both the test data and the calculated results aftcr
650 s, is caused by the xenon-poisoning buildup in the reactor. In an alternate
analysis in which xenor poisoning was not incivded, this temperature remained
high and relatively constant, <carsing incorrect ~calculations of the
primary-system pressure.

In Fig. 11, he calculated and measured intact-loop hot-leg liquid
velocitics are compared. TRAC appears to overpredict this wvelocity
consistently. This overprediction agrees with the comparison made of the
temperatures across the core. Although the calculated intact-loop hot-leg flow
also was high in Test L6-7 (Ref. 9), the inverse temperature profile in the
downcomer seer in LOFT L6-7 is not present in Test L9-4 because Test L6-7 cooled
the primary whereas this test heated the primary.

The broken: loop hot-leg temperature comparison is presented in Fig. 12.
The test data undergo a very steep rise just after the start of the transient.
We believe this measured temperature rise was caused by a large temporary
leakage through the RABV wher the direct.on of flow within it reversed. The
TRAC input did not include provisions for !lL-. leakape and consequently the
calculated result did not match the test result. . broken-loop cold-lep
temperatures snowed larpe differences that we belicve also mav be partially a
result of the temporary leakage in the RABV. The location of the broken-loop
hot- and cold-leg liquid temperature measurements in the LUFT system also
uffects these data comparisons. These measurements are located at the top of
pipes terminated with blind flanges that are bzvond the point where the RADV
connects the hot and cold broken loopr (sec Fig. 1, measurement stations BL-1
and BL-2). Therefore. they are in regions of <tagnant liquid and mav be

affected by therma, stratification of this liquid
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Figure 13 compares the calculated and measured primary-system pressures.
On the whole, TRAC results compare reasonably well to the measured data. The
differences cvident after 850 s may be a result of differences in the heating
and cooling of fluid in the broken loop.

Figure 14 presents the CPU time as a function of problem time. As a
whole, TRAC runs the analysis at better than real time. The majority of the CPU
time is used to match the rapid fluctuations that occur during SRV cycling. The
calculation was run on a Cray-1 computer.

During the course of the analysis, many alternate input descriptions were
used. The signilicant results of the alternate analyses were

® uncertainties in the values of RCTC and RCTF can lead to significant

differences in the results, and

® the inclusion of xenon-poisoning buildup is necessary, especially for

the calculation oi primary-system pressure.

5. CONCLUSTONS

Analysis of the predicted results of LOFT L9-4 showed trat TRAC-PF1/MOD1
can simulate adequately most of the phenomena associated with this ATWS
experiment. Models within TRAC that were extensively verified for the [irst
time included the reactor-kinetics models, the trip-activated time-step
controls, and the LOFT pump-coastdown calculations.

In pgeneral, the final input description was adequate to analyze this
experiment. The calculotions indicated the importance and difficulty in
obtaining adequate reactor-kinetics input data. Thev also indicated the need to

include the effects of xenon poisoning in the unalysis
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Finally, TRAC did an adequate job of handling the reactor kinetics during

o ATWS experiment in the LOFT systems. Because of the flatter flux profiles. we

would expect TRAC to do an even better job of handling the reactor kinetics in a

typical reactor.
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TABLE 1

SEQUENCE OF EVENTS FOR EXPERIMENT L9-4

Event Measured (s) “Calculated (s)
Primary-coolant pumps tripped 0.0 0.0
Main-feedwater pump tripped 0.15 *+ 0.0S 0.0
Auxiliary-feedwater flow initiated 10.8 + 0.2 10.0
SRV started to open, cycling 18.5 = 0.1 22.1
initiated
Primary-coolunt pump 2 37.0 2 1,0 30.0
impeller stopped
SRV cycling ended 128.0 ¢ 0.3 50
SRV cycling reinitiated 328.0 ¢ 0.5 397
“GS liquid level reached 458.0 = 2.0 450

bottom of indicated range
(0.25 m above tube she.t)

SRV cycling ended 580+ 0.5 663
Primary-coolant pump 1 impeller 732.0 & 1,0 §95.0
stopped

Reactor scrammed (experiment 1507.0 ¢ 0.8 1500. 8

terminated)
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