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ABSTRACT

A summary of Transient Reactor Analysis Code Version PD2 (TRAC-PD2) calcu-
lations performed at the Idaho National Engineering Laboratory (INEL) is presented
in this report as part of the U.S, Nuclear Regulatory Commission’s {NRCs) overall
assessment program of TRAC-PD2. The calculated and measured parameters sum-
marized in this report are break mass flow rate, primary coolant system pressure,
reactor core flow rates, and fuel rod cladding temperatures. The data were obtained
from seven tests that were performed at two test facilities. The tests were conducted tc
study the various aspects of cold leg break transients, including the effects of large
and small breaks, and core reflood phenomena. User experience gained from the
various calculations is also summarized.

FIN A6047—Code Assessment and Applications (Transients).



SUMMARY

This report summarizes seven TRAC-PD2 calcu-
lations that were performed at the Idaho National
Engineering Laboratory (INEL) and reported
between November and December of 1981. An
overview of selected results is provided herein as a
referenceable document of that work.

The criteria used to assess the calculational capa-
bilities of TRAC-PD2 were based on accurately sim-
ulating break flow rate response, primary system
pressure response, core flow response, and cladding
temperature response. Large- and small-break loss-
of-coolant accidents (LOC /s) were considered.

The seven calculations were of three large-break
Inss-of-coolant-accident (LBLOCA) tests per-
formed in the Semiscale Mod-1 facility (located at
the INEL), two small-break loss-of-coolant-
accident (SBLOCA) tests performed in the Semis-
cale Mod-3 facility, and two reflood tests
performed in the Kraftwerk Union primary coolant
loop (PKL) test facility in Erlangen, West Ger-
many, and the Semiscale Mod-3 facility. An eighth
test (LOC-11C) was conducted in the Power Burst
Facility at the INEL, but the data from this
LBLOCA test were not comprehensive enough to
allow adequate modeling of the break downstream
conditions. Consequently, an accurate assessment
of the LOC-11C break flow response was not possi-
ble, which is important in the calculation of other
system parameters. Therefore, the results of the
TRAC-PD2 assessment of Test LOC-11C will not
be included in this report.

Conclusions regarding the TRAC-PD2 analyses
are:

1. TRAC-PD2 calculated the LBLOCA pri-
mary system responses reasonably well
based upon the criteria used in this report.
It is therefore considered adequate for
LBLOCA calculations. However, primary
system mass distribution was not ade-
quately ca'culated in the small-break calcu-
lations, which had an adverse effect on
other important parameters. Consequently,
use of TRAC-PD2 for SBLOCA calcula-
tions is not recommended.

2. In general, differences between calculated
and measured break flow rates caused dif-
ferences between the TRAC-PD2 results

&

and the measured data. Calculated break
flow rates that were higher than measured
break flows resulted in higher rates of
depressurization. This, in turn, led to early
emergency core coolant (ECC) injection
and, subsequently, earlier times of clad-
ding quench.

The TRAC-PD2 newsletter suggested that
the break nozzle be nodalized with
17 cells. This recommendation was not
followed in at least four of the seven calcu-
lations. It is recommended that users of
TRAC-PD2 perform some sensitivity
analyses of break flow nodalization prior
to committing substantial resources to the
calculation.

When the calculated break flow was the
same as the measured flow rate, the pri-
mary system pressure response was in rea-
sonable agreement with ths measured
data. This incicated that the primary sys-
tem pressure response would have been
representative of the measured response.

Calculated pressur-~ response trer.ds were
generally adequa  given the inaccuracy
of calculated break flow rate responses.
The primary coolant system pressure
responses were calculated reasonably well
in the single-phase portions of the blow-
downs (subcooled and saturated steam
with throat void fractions near 100%).
Pressures during the two-phase depressuri-
zation period were generally poorly calcu-
lated, due to problems in modeling the
correct break plane geometry. The calcu-
lated system pressures were ~.55% higher
than the measured pressures during the
two-phase blowdown period.

Core flow calculations were generally ade-
quate, although there were some inaccura-
cies in the time of lower plenum refill and
core reflood. These inaccuracies were
caused by inaccurate break flow responses.
Better modeling of the break nozzle should
result in improved calculated system
responses.



The mean calculated peak cladding tem-
perature deviation from measured data
was -19.8 K + 23.8 K. There was reason-
able agreement of time of reflood and
quench, and the presence or absence of
critical heat flux (CHF) was generally well
calculated, as were both top-down and
bottom-up quenches. The material proper-
ties used for the electrically heated Semi-
scale fuel rods were not available in the
TRAC-PD2 material properties package.
This problem caused some discrepancies in
the fuel rod temperature responses. Addi-
tionally, calculated three-dimensional
effects in the core were not verified by the
test data. Sensitivity calculations should
b2 performed when initializing the core
model to insure reasonable predictions of
core flow response.

Limited computer run time statisiics were
available for four of the seven calculations
(refer to Section 4). The ratio of CPU time
to transient time varied from 13:1
to 295:1, depending on the complexity of
the model and the transient type. The high
ratios occurred during the reflood portion
of the calculations.

Improvements that are needed include:

TRAC-PD2 calculations of condensation
evenis are generally inaccurate and over-
emphasized. Further work on this model
would result in better calculations of core
flow response and cladding temperature
response.

iv

Recommendations regarding the use of TRAC-
PD2 are:

1. The user should perform sensitivity calcula-
tions to determine the best nodalization for
a break nozzle. The TRAC-PD2 newsletter
suggests |7 nodes as an optimal value. The
break nozzle should be able to reasonably
calculate single-phase flow response. Two-
phase break flow data are generally difficult
to accurately measure: consequently, these
data should not be used o define the break
nozzle nodalization.

(V]

TRAC-PD2 can explicitly or semi-explic-
itly calculate conditions in the vessel. The
user should use the semi-implicit method
instead of performing a direct inversion
solution of the vessel matrix. The calcu-
lated results will be the same, and the run
time will be less.

3. The lloeje correlation for the departure
from nucleate boiling (DNB) temperature
should be used during the refill portion of
the transient when the core is completely
voidged. The cladding surface temperatures
are not significantly affected by this corre-
lation during this phase, and the cost of
the calculation can be reduced by approxi-
mately 50% during this phase. The homo-
geneous nucleation minimum temperature
should be used during the core reflood
phase.

A summary of the user experience gained from
the various calculations (refer to Section §) pro-
vides methods for performing a calculation with
more efficiency than would otherwise occur by
strictly using the TRAC-PD2 input manual.
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OVERVIEW OF TRAC-PD2 ASSESSMENT
CALCULATIONS

1. INTRODUCTION

The purpose of this report is to provide an over-
view of the results of seven TRAC-PD2 calcula-
tions that were performed at the INEL and
reported between November and December of
1981, and to provide a single referenceable docu-
ment of that work. The summarized reports are
included as appendices to this report

Certain criteria have been selected to determine
the TRAC-PD2 capabilities in calculating loss-of-
coolant accidents (LOCAs). The criteria selected
for this assessment report are:;

1. Break flow rate response. Accurate calcu-
lation of break flow rate response is impor-
tant, because the primary coolant system
pressure s a function of the amount of
mass in the system. If the calculated break
flow rate is higher than the measured break
flow rate, the calculated primary system
pressure will be lower than the measured
pressure, which will in turn influence the
viming ¢f important system events, such as
emergency core coolant (ECC) injection
and time of cladding quench.

2. Primary system pressure response. The
primary system pressure response must be
accurately calculated, or those system
events related to pressure will not be ade-
quately addressed in the calculation.

3. Core flow rate response. An accurate cal-
culation of core flow rate response is nec-
essary in  determining what the
temperature response will be in the core,
because core temperature is dependent on
the core liquid mass distribution.

4. Cladding temperature response. The pur-
pose of calculating LOCAs is to determine
analytically the probability of core fuel
damage caused by excessive cladding tem-
peratures. The calculation of the correct
cladding temperatures is essentially the
bottom line for any code designed to calcu-

late a LOCA. If the peak cladding temper-
atures cannot be accurately calculated, the
code cannot be judged adequate.

The seven calculations were of three large-break
loss-of-coolant-accident (LBLOCA) tests per-
formed in the Semiscale Mod-1 facility (located at
the INEL), two small-break loss-of-coolant-
accident (SBLOCA) tests performed in the
Semiscale Mod-3 facility, and two reflood tests per-
formed in the Kraftwerk Union primary coolant
loop (PKL) test facility in Erlangen, West
Germany, and the Semiscale Mod-3 facility. An
eighth test, Power Burst Facility Test LOC-11C,
was evaluated, but the initial cond:tions were not
accurately modeled; consequently, the results of
the LOC-11C calculation could not be used for
TRAC-PD?2 assessment.

Test KSA was a reflood test performed in the
KWU PKL test facility. The main objective of the
test was to study the refill and reflood response of
the electrically heated core. The TRAC-PD2 calcu-
lation covered the first 300 s of the test.

Test S-04-5 was a LBLOCA test performed in the
Semiscale Mod-1 test facility. The main objective
of the test was to study the integral blowdown-
reflood response of the Semiscale Mod-1 system.
The TRAC-PD2 calculation covered the first 167 s
of the test.

Semiscale Mod-1 Tests S-28-1 and S-28-10 were
LBLOCA tests with steam generator tube rupture
occurring 40 s and 60 s after the break, respec-
tively. The difference between the tests was in the
timing of the simulated tube ruptures and in the
numher of tube ruptures. Test S-28-1 represented a
rupture of 60 tubes initiated 40 s after the LOCA,
while Test S-28-10 represented a smaller rupture of
12 tub.s initiated 60 s after the rupture. The main
objective of this test series was to determine the
range of steam generator tube ruptures over which
high peak cladding temperatures could be expected
to occur. The TRAC-PD2 calculations simulated
the first 60 s for Test S-28-1 and the first 120 s of
Test S-28-10.



Tes' S-07-4 was a reflood test performed in the
Sem’scale Mod-3 test facility, The main objective
of te test was to study reflood phenomena in the
cor:. The TRAC-PD2 calculation simulated the
firs 100 s of the test.

Siomiscale Mod-3 Tests S-SB-2A and S-SB-4 were
SBLOCA tests. The tests simulated 2.5% cold leg
breaks in a pressurized water reactor (PWR) and in
the Loss of Fluid Test (LOFT) facility, respectively.
Additionally, the break was not isolated from the
steam generator in Test S-SB-2A, as it was in
S-SB-4. The TRAC-PD2 calculations simulated the
first 1500 s in Test S-SB-2A, and the first 1260 s in
Test S-SB-4.

Table 1. Test description summary

A summary of the test identifications, facilities,
and test objectives is provided in Table 1.

A brief description of the test facilities that were
modeled for the various calculations is presented in
Section 2. TRAC-PD2 calculated data and test
data regarding break flow response, primary sys-
tem coolant pressure resporse, core flow response,
and cladding temperature response are compared in
Section 3. A brief table of computer run time sta-
tistics is in Section 4. Conclusions regarding the
prediction of selected responses are presented in
Section 5. User experiences regarding the use of
TRAC-PD2 are summarized in Section 6. The
summarized reports are provided in Appendixes A
through E.

_ Test ID Facility Type of Test

KSA KWU PKL Refill and reflood phase of LBLOCA

S-04-5 Semiscale Mod-1 Integral blowdown-reflood of Semiscale Mod-1 system
S-28-1 Semiscale Mod-1 Large-break LOCA with 60 ruptured stecam generator tubes
S-25-10 Semiscale Mod-1 Large-break LOCA with 12 ruptured steam generator tubes
S-07-4 Semiscale Mod-3 Reflood phase of LBLOCA

S-SB-2A Semiscale Mod-3 SBLOCA simulation of a PWK

S-SB-4 Semiscale Mod-3 SBLOCA simulation of LOFT Test L3-1

LOC-11C Power . -st LBLOCA

Facility




2. TEST FACILITIES, MODELS, AND TEST DESCRIPTIONS

A brief description of the test facilities that were
modeled for the calculations is provided in this sec-
tion. The facilities that were modeled are the Semi-
scale Facility, located at the INEL, and the Primary
Coolant Loop test facility (PKL) located in West
Germany. More detailed information regarding
these facilities may be obtained from the various
appendixes. Brief descriptions of the TRAC-PD2
models and a summary of the various tests are also
included in this section.

2.1 Description of the PKL Test
Facility and TRAC-PD2 Model

The PKL facility was designed to represent a
four-loop West German 1300-MW BIBLIS-B
PWR. The prototype volume-to-power ratio was
maintained in the 340-rod experimental design.
Consequently, the nominal scaling factor of 1:134
was the ratio of the number of rods in the experi-
mental core to the corresponding prototype. The
rods were electrically heated.

The four primary coolant loops of the prototype
were simulated in the experiment using three loops:
two intact loops and one loop containing a break
simulation. One of the intact loops was representa-
tive of two of the prototype loops. The loop
arrangement is shown in Figure 1. Each of the
loops contained an operating steam generator and
a simulated pump volume with a variable resist-
ance. The core contained 340 electrically heated
rods with a total available power of 1.45 MW,

The PKL facility was modeled with 26 compo-
nents and 28 junctions. Included in the model were
the pressure vessel, the three loops and steam gener -
ators, the simulated pumps, tiie ECC injectior
ports, the downcomer pipe, and the bypass steam
line. Nodalizations oi the TRAC-PD2 model are
shown in Figures 2 and 3.

More detailed information is prc ded in
Appendix A.

2.2 Description of the Semiscale
Mod-1 Test Facility and
TRAC-PD2 Model

The Semiscale Mod-1 system and instrumenta-
tion for the cold leg break configuration are shown

in Figure 4. This system was a 1:170S scale model
of a iypical four-loop Westinghouse PWR. It con-
sisted of a pressure vessel with simulated reactor
internals (downcomer, lower plenura, core, and
upper plenum); an intact loop with a pressurizer,
steam generator, active pump, and associated pip-
ing; a broken loop with a simulated steam genera-
tor, simulated pump, associated piping, and break
assemblies; a pressure suppression system with a
header and suppression tank; and a coolant injec-
tion system with high- and low-pressure injection
pumps and an accumulator. The core region con-
tained 40 1.68-m electrically heated rods that were
0.01!" m in diameter.

Nodalization diagrams of the Semiscale Mod-1 sys-
tem and vessel for the S-4-5 test and S-28-) and
S-28-10 tests are shown in Figures 5 and 6 and
Figures 7 and 8, respectively. The major differences in
the two TRAC-PD2 models of the Semiscale Mod-1
system were the addition of the junction in th  ntact
loop to simulate steam generator tube rupture mass
contributions in the S-28 tests, and changes in the cir-
cumferential nodalization of the vessel components.

Further details regarding the Semiscale Mod-1
facility and the TRAC-PD2 models are available in
Appendixes B and C.

2.3 Description of the Sen:';cale
Mod-3 Test Facility and
TRAC-PD2 Model

The Semiscale Mod-3 test facility was a modifi-
cation of the Mod- 1 facility described in the pre-
vious section. An isometric drawing of the facility
is shown in Figure 9. The Mod-3 system consisted
of a vessel with its associated internal components,
an external downcomer, and a.:'ve intact 2nd bro-
ken loops with their assoo .. ", | components.

The intact loop contained an active steam gener-
ator and pump an associated piping. The pressur-
izer was connected to this loop during reflood
experiments. The Uroken loop contained an active
steam generator, an active pump, and a break
simulator.

The Mod-3 vessel consisted of an upper head,
upper plenum with simulated internal components,
electrically heated core region, lower plenum, and
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1 Pressure vessel
2 Test bundle
3 Steam generator

4 Downcomer nozzle
region

5 Downcomer

6 Pump resistance
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2.4.3 Semiscale Mod-1 Test S-281
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2. SUMMARY OF CALCULATED RESULTS

3.1 Assessment of Break Flow
Rate Response
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Figure 12.  Calculated and measured cold leg break flow response for PKL Test KSA
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Figure 13. Calculated and measured cold leg break flow response for Semiscale Mod-1 Test 5-04-5
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upstream geometry appear to be the most
significant factors in accurately calculating
the break flow response. A spectrum of
break flow calculations can result in the cor-
rect break flow response; but the probability
for the break may be different. For example,
if the calculated break flow for a 3-in. break
is the same as the measured flow for a 2-in.
break, the probability of failing a 3-in. line
versus a 2-in. line must be considered when
determining the risk to the public.

3.2 Assessment of Primary
System Pressure Response

The measurd and calculated primary system
pressure responses are discussed in this section. The
press:  responses for six of the tests were availa-
ble. (Semiscale Mod-3 Test S-07-4 pressure data
were not presented in Apy endix D.)

The primary system pressure response in the
PKL Test K5A is shown in Figure 16. The calcu-
lated primary s, stem pressure in the vessel upper
plenum was greater than the measured pressure
during the firs* 50 s of the test, then less than mea-
sured for the remainder of the calculation. The iri-
tial difference between the calculated and measured
pressures appeared to be caused by excessive vapor
generation in the core, while the subsequent pres-
sure calculation error was caused by condensation
depressurization effects initiated by the injection of
subcooled accumulator fluid.

The primary system pressure response of Semi-
scale Mod-1 Test S-04-5 is shown in Figure 17. The
subcooled depressurization pliase was accurately
calculated; however, the subsequent calculated rate
of depressurization was greater than that measurcd
from 3 to 16 s, because the calculated hot leg volu-
metric discharge flow rate was less then measured.
After 30 s, the ~easured and calculated pressure
responses were 1. good agreement.

The primary system pressure response data for
Semiscale Mod-1 Test S-28-1 are shown in
Figure 18. The depressurization rate was affected
by the break flow rate response. The calculated rate
of depressurization was less than that measured
during the first 2 s of the test. Between 2 and 35 s,
the calculated break flow rate was too high, thereby
resulting in a too high rate of system depressuriza-
tion. After 35 s, the calculated and measured pres-
sures were in reasonablc agreement.

21

The primary system pressure response data for
Semiscale Mod-1 Test S-28-10 are shown in
Figure 19. The calculated pressure was too high
from about 2 to 10 s, caused by the initial 2 s of
calculated break flow rate. The calculated break
flow rate from 2 to 14 s resulted in a too high rate of
primary system depressurization; consequently, the
primary system pressure was too low until 40 s.
After 40 s, the calculated pressure response was the
same as the measured response. The trends of the
measured and calculated pressure data are in good
agreement throughout the period of the calcula-
tion.

The primary system pressure response data for
Semiscale Mod-3 Test S-SB-2A are shown in
Figure 20. The subcooled depressurization rate was
adequately calculated by TRAC-PD2; however, the
calculated break flow rate was too low during the
period of break flow transition, i.e., the period
when break quality is between 2% and 100%. Con-
sequently, the rate of primary system depressuriza-
tion was too high between 50 and 200 s.
TRAC-PD2 calculated that the broken loop pump
seal would clear at 300 s and the core would start to
uncover at 310 s. The combined effect of these two
events was a calculated rate of depressurization that
was too high, culminating in a calculated time of
accumulator injection initiation that was too early.
The injection of the accumulator fluid at 600 s ulti-
mately resulted in a repressurization of the primary
system caused by increased vapor generation in the
core as the vessel refilled. The calculated rate of
primary system depressurization after 600 s was
higher than measured because of the condensation
depressurization effects that were calculated by
TRAC-PD2.

The primary system pressure response data for
Semiscale Mod-3 Test S-SB-4 are shown in Figure 21.
The subcooled depressurization rate was adequately
calculated; however, as in the S-SB-2A calculetion,
the subsequent pressure response was not s well rep-
resented. The browen loop pumy. seal was calculated
to clear at 200 s, which resulted in a predicted calcu-
lated response similar to that of S-SB-2A.

A summary of the calculated and measured
times of accumulator injection is presented in
Table 2.

The conclusions regarding primary system pres-
sure response are:



WY 1531 TNd 10) asuodsar anssaid wnuayd saddn painseaw pue paenaje) "9 andig

00%

002

ool o

T

o

viva

-

1

1

00008Z

00000¢%

oocass

8
3
<
(0d) eunsse.d

:

000005



§°P0-S 15AL [-POW 21eds1wag 10j asuodsar anssaid wnuapd saddn pasnseaw pue paenoe)

(s) swi)

0S| ori

vivQ ——

NOILLVINDAYD - - =

"

LI aundy

8
@

00007

(od»®) einsseay



-

"1-87-S 1S3 [-POW 2BISIUIS 10§ dsu0dsal 2nssaid WasAs painsedw pue paenoe) g andiyg

(s) ®anidna JeyiD Wi

0s oy o oz o 0
YT IV Ty J= e T T ! u 0
0005
0000}
- 00081
vivo |
NOILYINDIVD - - -
—— _ - . L 00002

(ody) einsse iy

24



ozl

O1-8T-S 1531 [-PON eSS 10] 25u0dsas 2unssaid walsAs paunseaw pue pajenae)

(s) eJunydna JeyiD euwily

00i 0B 08

or

1 T S

-

- '--‘.

6! andiy

:

0000!

000%!

00002

(pdH) einsse.y

25



VI-IS-S 1531 £-PON deasnuag 10j asuodsas anssard wnudjd 1addn painseaw pue pagnae) 07 andig

(s) owi]
o0s e

A

(ndy) einssely



P-HS-S 1S3 £-POWN 2(edstuag 10§ asuodsar amssad wnuapd saddn pamseaw pue paenope)

ﬁnv S

! vivg ---
NOILVINDTIYY ——

- 1

12 aundry

(od)) ®inssel



Table 2. Calculated and measured times of accumulator injection

Calculated
Test (s)

S-04-5

Broken 3

Intact 16
S-28-1

Broken 3

Intact 13
S-28-10

Broken |

Intact 13
S-SB-2A

broken 600

Intact 595
S-SB-4

Broken 480

Intact 480

Measured Difference
() (L) -
3.5 -0.5
16.5 0.5
1 2
17 -4
2 I
16 3
790 =9
740 -145
550 =70
550 =70

1. Inaccurate modeling of the break geome-
try (incorrect friction factors, inadequate
nodalization, and failure to specify a rea-
sonable set of discharge coefficients)
caused inaccuracies in the calculation of
break flow rate and, 