
. _ _ _ _ . _ _ _ _ _ - _ _ _ - _ _
_ _

,

hI

NUREG/CR-382D
SAND 84-1025/2 of 4

*
-n,4

Printed August 1984

.

.

Thermal / Hydraulic Analysis Research Program
Quarterly Report April - June 1984 |

: Volume 2 of 4
i

$

4

S. L. Thompson, Person in Charge
!

;

Prepared by

( Sandia Nabonal Laboratories
Albuquerque. New Mexco 87185 and L rvermore. Cahtornia 94550
for the United States Department of Energy

; under Contract DE-AC04-760P00789

i

:

|

.

, i

I

!

l
'

l
1

8411140102 841031
PDR NUREG PDR
CR-3820 R

Prepared for

U. S. NUCLEAR REGULATORY COMMISSION
se m wsso l

l
. ._ . -. - - ___. - _.-. . . . - _ - . - - . . - - . .- - - .-.-_ - -_- . .-



. _ . , _ - - - .-

a
~--

. - _
,

A,

,

.~ s . ,

' t ::. + 4 3. ..
-

. .

e

NOTICE
This report was prepared as an account of work sponsored by an
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ployees, makes any warranty, expressed or implied, or assumes

- any legal liabihty or responsibility for any third party's use, or the
results of such use, or any information, apparatus product or
process disclosed in this report, or represents that its use by such
third party would not infringe privately owned rights.
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SUMMARY STATUS REPORT

The TRAC-PFl/ MOD 1 independent assessment program at Sandia
National Laboratories (SNLA) is part of a multi-faceted effort
sponsored by the Nuclear Regulatory Commission-(NRC) to determine.

the ability of various systems codes to predict the detailed
thermal / hydraulic response of LWRs during accident and off-normal

,

conditions. This program is a successor to the RELAPS/ MOD 1 inde- ', .

pendent assessment project underway at Sandia for the last two
years.

The TRAC-PFl/ MODI code [1] will be assessed against data from
various integral and separate effects experimental test facili-
ties, and the calculated results will also be compared with
results from our previous RELAP5/ MOD 1 independent assessment
analyses whenever possible.

| The first quarter of FY84 marked the beginning of the
! TRAC-PFl/ MOD 1 independent assessment project at SNLA. The code

was obtained from Los Alamos National Laboratory (LANL) in
| October, and brought up on both our Cyber-76 and-Cray-1S com-

puters. The assessment matrix was formalized, several TRAC
nodalizations for the various facilities required have been
developed, and limited calculations were begun, all described in
the last quarterly [2]. During the next quarter [3), more nodali-
zations were developed and calculations begun, a number of user
guidelines on modelling abrupt area changes and orifices were
established, and the first PFl/ MOD 1 assessment analysis was

. completed [4]. We are continuing nodalization development and
! assessment calculations, and have now developed some guidelines

for correctly using the separator model in TRAC in steady state
calculations.

During this quarter, we completed a sequence of calculations
investigating TRAC's ability to model horizontally stratified,
cocurrent flow, for comparison with experimental data produced at
Northwestern University. We found that TRAC-PF1/ MODI correctly
predicts the qualitative ef f ects of changes in experimental con-
ditions. Our studies also showed that liquid-to-interface heat
transfer is primarily responsible for discrepancies between
experimental and calculated results in the situations we
analyzed. As the relative dominance of that term decreases,
better agreement with measured results is obtained. A very simple
modification to the interface treatment, based on boundary-layer
theory, also improves both quantitative and qualitative compari-
sons with data. A topical report [5] on this portion of the,

assessment project is being prepared.

.
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The results of the completed NEPTUNUS pressurizer component
effects test analyses [6] show that somewhat higher pressures and
fluid temperatures were calculated during insurges with spray
flow than were measured in the test. Contributing factors to the
cc1culation of high pressures and fluid temperatures appear to be -

that the interfacial heat transfer from superheated vapor to sub-
cooled liquid was too. low,'and that condensation of superheated
vapor on the vessel walls during insurges was delayed until the *

. vessel saturation temperature increased above the wall tempera-
ture.

Sensitivity studies were performed on both the time step
used, and the type of components and number of cells used to
model the pressurizer test vessel. When the maximum time step was
not controlled, the calculated liquid temperatures in the volumes
into which the spray was flowing were lower than the initial tem-
perature of the spray, the coldest liquid in the vessel; however,
these unphysically low fluid temperatures in some volumes did not,

affect'the system pressure response or the fluid temperatures
near the vapor-to-liquid interface. Very similar results were
calculated when the test vessel was modelled with a single PRIZER
'(with both 4-and 13 cells), 2 PRIZERs and 1 PIPE, and 3 PIPE
components.
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1.0 INTRODUCTION TO TRAC-PFl/ MOD 1 ASSESSMENT

The TRAC-PF1/ MOD 1 independent assessment program at Sandia
National Laboratories (SNLA) is part of a multi-faceted effort
sponsored by the Nuclear Regulatory Commission (NRC) to determine

*

the ability of various systems codes to predict the detailed
thermal / hydraulic response of LWRs during accident and off-normal
conditions. This program is a successor to the RELAP5/ MOD 1 inde-,

pendent assessment project performed at Sandia during FY82 and
FY83.

The TRAC-PF1/ MODI code [1] will be assessed against data from
various integral and separate effects experimental test facili-
ties. The assessment matrix was formalized during this quarter,
and is shown in Table 1.1. The calculated results will also be
compared with results f rom our previous RELAPS/ MOD 1 indeper. dent
assessment analyses whenever possible. A few of the tests in our
TRAC-PFl/ MOD 1 matrix (i.e., the LOFT L2-5 and LOBI Al-04R large
break tests, the PKL IDI natural circulation test series and the
B&W OTSG separate effects tests) were also in our RELAPS/ MOD 1
assessment matrix, and will allow such cross-comparison.

The first quarter of FY84 marked the beginning of the
TRAC-PF1/ MOD 1 independent assessment project at SNLA. The code
was obtained from Los Alamos National Laboratory in October 1984,
and brought up on both our CDC Cyber-76 and Cray-lS computers;
TRAC nodalizations for the PKL and B&W OTSG facilities were
developed and calculations begun, as described in a previous
quarterly (2]. These tests were chosen as the starting point
because we had reasonably complete facility and test documenta-
tion from our RELAPS assessment project, and we wanted some
PF1/ MOD 1 experience with relatively simpler tests before
beginning full integral system analyses such as for LOPT and
Semiscale.

During the next quarter (3), a number of code problems were
found in the course of the various assessment calculations; the
B&W OTSG analyses were completed (4) and the PKL natural circula-
tion analyses continued; work began on both the new (to code

| assessment) Bankoff/ Northwestern University condensing horizontal
stratified flow and the Delft University of Technology NEPTUNUS
pressurizer separate effects tests; a nodalization and steady
state calculation were completed for LOBI large break test
Al-04R, and a nodalization was developed for Semiscale inter-
mediate break test S-IB-3. User guidelines were developed for
modelling abrupt area changes and orifices, tested for single-
phase flow conditions in our PKL IDI-4 analyses and for two-phase-

,

| flow conditions in our B&W OTSG study.
.
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During this quarter, more code errors were identified and
crrrected, both by Sandia staff and by the code developers at

-LANL, as described in Section 2. Work continued on the PKL
natural circulation tests, summarized in Section 3. Analyses of
the condensing horizontal stratified flow tests and a NEPTUNUS
pressurizer test were completed, with results given briefly in ,

8:ctions 4 and 5, respectively, and in detail in topical reports-
[5,6). The nodalization and steady state calculation for LOBI.

.ictermediate break test B-RlM were completed, and both the A' -04R.

C d B-RlM transients were run until the time accumulator injec-
tien began, qualitatively summarized in Section 6 (with no actual
rOcults shown, because these test data are proprietary). Finally,
S ction 7 gives the status of.the steady state calculations for
SO31 scale test S-IB-3, and the nodalization development and
stcady state calculations for Semiscale feedline break test
S-SF-3: these Semiscale test models were used to develop and test
guidelines for correctly implementing the separator model in TRAC
during steady state calculations.

.
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Table 1.1 TRAC-PFl/ MODI FY84 Assessment Status

Test Completed Underway Not Begun
;. ,

LOFT,,

L2-5 , X
LP-FW-d '- X
LP-SB-1 X.

Semiscale Mod-2A''..

S-IB-3 X
S-SF-3 X.

'

S - Si'- 5 X
y .

Semiscale i:4od-2B
S-PL-3 X
S-SG-? X

PKL
IDI-4 X
IDl-8 to 13- X

',LOBI ;

Al-04R X
B-RlM X

FLECHT SEASET
31504 X-

31701 .X

'B&W OTSG
28 ' X
29 X

FLECHT SEASET
8 X

,

NEPTUNUS'

YO5 X
1

Dartmouth
3-tube CCFL

j X

.Bankoff/ Northwest r n' \

#Condensation 1 '

S '

253 X
*

259 X
,\ 293 X

-479 X,

''

Bankoff/ Northwestern
A CCFL,'e X

.

, -$
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2.0 CODE STATUS

| . Upde.tes.to create TRAC-PFl/ MOD 1 Version 11.6 from Version
j. 11.1 were received from LANL via the user liaison Vax. node this

quarter. Major modelling changes are the addition of preliminary.

; coding for the PLENUM component, which will allow multiple junc-
tions~to be connected to a single cell, and for the new general-
ized heat slabs, which can be.used to model heat' transfer between, . .

'

arbitrary cells in-various components. (We do not plan on using
and assessing these new features'until.LANL considers debugging
and developmental' assessment for them to be complete.) Numerous
minor modelling changes and error corrections to previous coding
were also included in the updates. Because many-of the updates
involved changes to the restart dump file,-the graphics dump file
or to. common block sizes,_the plot-and. EXTRACT utility programs
used at Sandia also required modifications to be consistent with
the output generated by-Version 11.6.

As a first step in implementing the new version of TRAC at
Sandia, the changes which affected neither our plot program nor
EXTRACT were incorporated into our version of 11.1, creating an
interim version. approximating Version 11.4. This version was used
to test various code changes and to isolate er ors.

Implementation of.the full 11.6 update set at Sandia was
complicated by differences in deck order and common block sizes,,

'

necessitated by differences in the overlay loaders at the two
; labs; the inadvisability of correction idents that span more than'

one deck was discussed at a June 10 meeting with the developers.
Final implementation of 11.6 at SNLA also required another group

' of updates, which contained some missing idents being modified by,

the original 11.6 updates and a few additional error corrections
to both previous and new coding. Some of these corrections, which

; were received in late June, were the result of problems identi-
fled and reported by Sandia.,

t New changes to the time step and dump time routines created
some production run problems. Consequently, our version of
TRAC-PF1/ MOD 1 Version 11.6 includes local modifications to forceboth a graphics dump and a restart dump at the end of a time
domain. This version also includes modifications to force a
graphics dump at steady state convergence and adaptations to
SNLA's overlay structure. The SNLA implementation of
TRAC-PFl/MODl-Version 11.6 is now complete and in use.

A set of updates to TRAC-PF1/ MOD 1 Version 11.1 was developed"

early this quarter to implement a current version of the utility,

program EXTRACT, which creates a new input deck from a TRACi

'

restart dump file. We consider this to be a very useful utility,
,

|

:
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program, but it is not currently being supported by the TRAC
dcvelopers. These EXTRACT updates, plus our re-overlaying updates

,for TRAC, were sent.to LANL in early May. By the end of the quar- I

tor.. work was completed on a new. version of EXTRACT, compatible
with Version 11.6; it has also been sent to LANL for distribution- -

to other users.

.
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3.'O~PKLINATURAL CIRCULATION' TESTS-

li The Primarkreislaufe.(PKL)1 test ~ facility.[7], located at'
3 .Erlangen,' West Germany, is a 1/134-scale three-loop model of a

four-loop PWR'. All elevations | correspond toia full-scale system,.-
~

so that gravitational terms are correctly simulated. Core-power-
is-provided by 340 electrically-heated rods. The IDI series ofc
tests :[8] was ' designed _ to study the natural ' circulation modesi-.

; occurring during.small break situations-in which the primary
'

system was-slowly. losing inventory. In a continuous operational
*

mode, data for twelve different inventories was recorded, with
i

the test. notations of-IDl-4 to IDl-15. These data points _ covered; -

the entire range.of potential-system response from subcooled,

natural circulation'to reflux cooling.
,

! 'The TRAC nodalization we developed for the PKL facility was
described in a previous quarterly' report [2], as were some

1 preliminary calculations for the basecase natural circulation
!= test IDl-4 which yielded-single-phase flow rates significantly-
{- higher than indicated by the data. In the last quarterly report.

[3] we described some guidelines we developed _for modelling.,

F abrupt area changes. When these-guidelines were used to modify
1 the TRAC input for test PKL IDl-4, the steady' state single-phase
:. mass flow was predicted to be exactly the same as the measured

value, 4.55 kg/s, with the fluid; temperatures around the. loop i

j only a few degrees higher than measured.

j As also discussed in the last quarterly report [3],' work was
i then initiated on the analysis of tests IDl-8 through IDl-15, the
, two-phase natural circulation test points. The prelimintry TRAC
P calculations for 95% primary inventory reported there were based
4 on a modified IDl-4 input deck, which reflected higher primary
1- and secondary pressures for the two-phase tests than for.the

single-phase test. Those pressure boundary conditions were not
; directly based on the PKL data, but were instead based on our

previous RELAPS/ MOD 1 analysis results for the'95% inventory [9].

! This quarter, work was continued on the TRAC analyses for the
two-phase natural circulation data points.. Note that the calcula-

-

i tions which will be reported herein were performed with a later
i version of TRAC-PFl/MODl, essentially version 11.5, rather than

version 11.1 as used for the IDl-4 analyses. This switch was made
; because several reported ccding errors were fixed in the newer r

j' version. (It is our intent-to perform all the final calculations
'

for.these natural circulation tests with a single, reasonably '

; up-to-date version of the code. Depending on the frequency of,

receival of code updates from Los Alamos and the details of what
those code updates are designed to correct, we will have to rerun-
either case IDl-4 or some larger subset of the calculations.).

,
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C !AfterJfurther analysis of the results from ourz initial TRAC-
scalculation'for the 95%: inventory. case,.we decided that we would
not use the pressure control approach _used in the:RELAPS analyses'.
.tofchange from the single-phase _ test conditions.to the consider-
ably different:two-phasecones.:We thought.it wauld be.better to -

try to more'orEless directly.use the. measured. test pressures,
both' primary'and' secondary, as boundary conditions :and see if a

.t valid:two-phase natural circulation;" steady star.e" could be- -

achieved with TRAC.

'In our1first attemptEto achieve a valid.two-phase steady,

*' ~ .

state from which.to, initiate _further. system draining,_we~tookLthe
quoted primary and secondary pressure values _.(0.300.and 0.288

' MPa,. respectively)-for~the first two-phasex data point (95%
. primary _ system inventory) from theLdata report and applied-them'

as boundary conditions to'the' original ID1-4 model. A constant-
pressure BREAK component was,used to specify_the primary system,

pressure control; the BREAK acted as a pressurizer and allowed4

i flow out of and--into the initially full primary system. In that'
first " steady: state with pressurizer in"; calculation ~, the down-
comer flow went to zero very quickly, indicating that the code
could notLachieve a satisfactory steady state with the boundary

; conditions provided.

Consequently, we_ dropped the applied secondary pressure from
: O'288 to 0.270 MPa and reran-the calculation. The resultslof that
!- s(cond calculation indicated reasonably steady conditi'ons, with-a
j final primary system inventory of 93.7% and a downcomer mass flow
| rate of about 9 kg/s. The flow between the pseudo-pressurizer and-
! Lthe primary. system was essentially zero when the calculation was

terminated. Two-phase conditions existed in the top of the upper
- plenum,'the hot leg and the steam generator inlet; the rest of

the primary contained liquid. Although-the calculated downcomer,

mass flow rate was perhaps a bit higher than the data would.-

I suggest for that inventory, the overall primary system conditions
i were considered to be acceptable as.a starting point for further'

. calculations in which the primary system would be drained to-
lower inventories.

'

i

The BREAK component acting as a pressurizer in the calcula-
tion discussed above was then replaced with a zero-velocity FILL
component.in our TRAC model. This " bottled up" the primary:

] system, making the model more representative _of the way the
; system was configured in the actual test series (i.e. sans '

;

! _ pressurizer). Because the flow to the pseudo-pressurizer was
i_ ossentially zero when we deactivated it, this change had little

.; or no effect-on a restart of the 93.7% inventory calculation.
,

Next, we performed a series of calculations in which a small,

4 .amount of-primary liquid was drained off and the system was
allowed to reestablish steady state conditions. After draining

,
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only a couple of percent of the primary inventory, the downcomer
mass flow rate increased considerably, substantially more thanthe data indicated. Nevertheless, we decided to drain the primary
system to even lower inventories in order to determine the inven-

1

tory at which the flow peaked and the magnitude of the peak flow*

at that inventory.

The inventories for which we now have performed TRAC analyses,

are 93.7%, 93.0%, 92.5%, 92.0%, 91.0%, 90.0%, 87.5% and 85.0%.
The downcomer flow rate was predicted by TRAC to peak for a
primary system inventory of 91.0% at about 13.5 kg/s. Those
results are compared to the data in Figure 3.1, which shows the
downcomer mass flow versus primary system inventory. As also
indicated on that figure, the TRAC results were very similar to
those obtained with RELAPS/ MOD 1 in our earlier assessment project
[9]; RELAPS predicted the flow to peak at about 90% inventory andabout 13 kg/s, whereas the data indicates.the flow peaks at about95% inventory and about 9 kg/s.

Detailed analysis of these latest TRAC results indicates that
the steam generatory secondary behavior in the calculations is
also unlike the data, in that the tubes remained covered in thetests whereas the top of the steam generator tended to void con-
siderably in the TRAC calculations and the secondary inventory
did not remain constant. Therefore, we intend to renodalize the
steam generator secondary and provide appropriate flow control
systems during the next quarter to see if the agreement with datacan be improved, although we are not sure that better secondary
conditions will have a large influence on the primary system flow
behavior. We also will perform calculations for even lower inven-
tories in order to see if TRAC correctly predicts the reflux
phase of natural circulation.

I
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4.0 CONDENSATION SEPARATE: EFFECTS' TESTS.,

i .
DuriNg this. quarter, we completed a sequence of calculations 1

investigating TRAC's ability to model-horizontally stratified.
cocurrent. flow, for, comparison with~ experimental data produced at..

! Northwestern University [10]. The. problem-being addressed is.that
*

of flow (at-roughly atmospheric pressure) in a rectangular-
'

channel about 1.6 m.long, 0.3 m wide,'and 0.06 m:high. Heat-.

transfer at the channel walls is' assumed to be. negligible'. The,

vapor is superheated..and variations'are performed on inlet flow
rates, liquid level, and the amount.of-subcooling of the liquid

}: '(Figure 4.1). The experiments.are very simple,-and calculated
results;should display the effects of mass, momentum, and energy

'

transfer at.the interface, as well.as thoseoof wall' friction.

- In the last quarterly ~ report [2),JWe described the results of
j calculations'at low inlet liquid flows and. low and~high-vapor

.

flows..using both the standard.model and. simple modifications to
.

wall shear and. interfacial heat transfer for horizontally strati-
fled flow. We.have now-completed a similar. set at~1ow vapor flow-::

i and high liquid flow,'and at high vapor flow, low liquid flow,
.

; and high liquid inlet temperature. (These are' experiments 293 and
| 459 in the test matrix.)

}.- As expected. the low vapor flow, high liquid flow case showed
'

even more "over-condensation" and countercurrent flow with the
standard interfacial heat transfer coefficients (Figure 4.2); the
standard liquid-to-interface term is simply proportional to the
liquid velocity,-and is the most dominant for this case. The!

; lower shear coefficients in the modified calculation (Figure 4.3)
result in better agreement with the experimental. pressure pro-

i files, as shown in Figure 4.4.-Conversely, at high vapor flow,
! the liquid-to-interface heat transfer is relatively less influen-
j' tial, and the standard treatment gives better agreement-with the~

j data at elevated inlet liquid temperature, as shown in Figure 4.5.
F

We also investigated further trial modifications to the,

i description of stratified flow, using Taylor series expansions
t for the velocities and taking account of~both the wall and the
l' - interface. Given the ambiguity in comparing the data and calcu-
! lated results (for geometric reasons), we could-find no reason to

expect improved results from other changes to the calculation4 -
'

method, and so discontinued this effort.
,

.It appears that no purpose would be served by analyzing others

- experiments in the horizontal stratified flow test matrix. Our
I results showed that the standard TRAC treatment for this flow

'

i regime overpredicts the condensation rate when liquid-to-interface
| heat transfer is dominant, and that a simple modification can,

improve ~both qualitative and quantitative agreement with measured,

i results. A topical report [5] on this portion of the TRAC assess-
! ment project is now being prepared.
i
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5.0 NEPTUNUS PRESSURIZER TEST

The NEPTUNUS pressurizer test facility, located at Delft
University of Technology in the Netherlands, consists of a pres-
sure vessel with a surge line at the bottom and a spray line at,

che top. The carbon steel test vessel is 2.5 m high and 0.8 m in
diameter. The surge line nozzle diameter is 0.084 m and that of

, the spray nozzle is 0.027 m. Heater elements with a total power
of 17 kW compensate for environmental heat losses. Test YO5 con-
sisted of four successive insurges, combined with spray flow, and
ontsurges. The details of the facility and test YO5 were obtained
from a RELAPS/ MOD 1 calculation performed by H. A. Bloemen [11).

Calculations for test YO5 using TRAC-PF1/ MOD 1 and 13- and
4-cell models for the pressurizer were discussed in the last
quarterly. [2] Subsequent to these initial calculations, we
decided that using a nodalization that included a PIPE component
(so that the energy from the heaters could go directly into the
coolant at the heater elevation) might be a better model. The
calculations were repeated using using two different models for
the test vessel. Figure 5.1 shows the new base model of the
vessel, which consists of 2 PRIZER components and a PIPE compo-
nent. The second model used the same geom.try but with the 2
PRIZER components replaced with PIPE components. The results from
both of the models were nearly identical; therefore, only the
results from the base model will be discussed.

The calculated and measured pressures in the vessel are com-
pared in Figure 5.2. The results show that the calculated pres-
sure increases during insurges and decreases during outsurges
were larger than measured. There was, however, good agreement in
the minimum pressure reached during the outsurges. In the test,
the rate of increase in pressure during insurges decreased quickly
after the initiation of spray flow and the actual increase in
pressure stopped a few seconds later; in the calculation, the
pressure did not appear to stop increasing until there was a
significant decrease in surge line flow.

Calculated and measured fluid and saturation temperatures are
compared in Figure 5.3. Three measurements of the fluid tempera-
ture are shown and indicate some variation in the response. (The
difference in the location of the measurements was not reported.)
In both the test and the calculation, the vapor was superheated
during insurges and saturated during outsurges. Similar to the
results from the pressure comparisons, the calculated fluid
temperatures were higher than measured during insurges. The'

calculated fluid temperature increased at a much more rapid rate
than the measured temperatures, while the calculated saturation
temperature changed at a rate more similar to the measured. The
difference in the calculated and measured peak temperatures

19
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during flow into the pressurizer increased for each insurge. The
reason for the increase in the peak temperature difference
appears to be that the time between'the start of the insurge
until the initiation of the spray flow increased with each of the
insurges. Since the calculated fluid temperature did not. start to
decrease until the initiation of spray flow, there was a longer
' time period for the temperature to increase before it was turned
around by the spray flow, thus resulting in a higher calculated .

temperature.

The calculated interfacial and heat structure heat flow in
cells 9 and 5 of component 12 (the upper PRIZER component) are
shown in Figures 5.4 and 5.5, respectively. Positive values of
the interfacial heat flow indicate the transfer of energy from
the vapor to the liquid and negative values, from the liquid to
the vapor; positive values of the slab heat flow indicate energy
transfer from the fluid to the slab and negative values. from the
slab to the fluid. The interfacial heat flow was mostly positive
during insurges and spray flow and negative during outsurges. The
slab heat flow was negative during spray flow and slightly
positive during outsurges.

For both of the cells shown, the interfacial heat transfer
was.much larger than the heat transfer between the fluid and the
vessel structures during insurges with spray flow, except during
the first insurge. The heat flow at the vessel structure during
insurges, when condensation was occurring on the walls, was very
small (almost zero) and did not contribute significantly to
decreasing the pressure. The heat flow at the slabs was nearly
the same in both cells whereas, except for a brief period at 80 s
in cell 9, the peak interfacial heat transfer increased from cell
9 down toward cell 5, where the highest interfacial heat transfer
in the vessel was calculated.

The calculated vapor, wall and saturation temperatures for
cell 9 of the upper PRIZER are shown in Figure 5.6. The differ-
ence between the vapor and saturation temperatures indicate that
a significant amount of vapor superheat was calculated during the
last three insurges. Examining the wall temperatures shows that,
during the periods when the vapor temperature was superheated and
higher than the wall temperatures and the saturation temperature
was lower than the wall temperatures, the walls continued to cool
down. No condensation of the superheated vapor was occurring
because the system saturation temperature was lower than the wall
temperature. When the system saturation temperature increased
above the wall temperature, condensation occurred and the wall

.

temperatures started to increase. The heat transfer logic in
TRAC-PF1 only uses the condensation heat transfer regime when the
wall temperature is lower than the saturation temperature. The .

20
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initiation of spray flow and the increase of the system satura-
tion temperature to above the wall temperature occurred at the

{ same time; thus the effect of condensation on the system tempera- ,

ture response could not be identified. However, since the rate
was so small it would probably not have a significant effect.

A 13-cell PRIZER model was used in the first calculation
- performed and reported in the last quarterly. The pressures

calculated with that 13-cell PRIZER and the new base model are
compared in Figure 5.7: the measured pressure is also shown for
reference. This comparison shows that there was no significant
difference between the results using the two models. Thus, for
this test it was not important to have the energy from the
heaters deposited directly into the coolant rather than through
the vessel walls.

In summary, preliminary results from the comparison of pres-
sures and fluid temperatures during insurges combined with spray
flow and outsurges from a pressurizer indicate that higher maxi-
mum pressures and temperatures are calculated by TRAC-PFl/ MOD 1
than measured. Possible causes of these results appear to be that
the interfacial heat transfer from superheated vapor to subcooled
liquid was too low and that delay in condensation to the vessel
walls during insurges until the saturation temperature increased
above the wall temperature was too long.
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6.0 LOBI TESTS
,

The' Loop Blowdown Investigations (LOBI) facility is located at
Ispra, Italy, and supported by the EURATOM Joint Research Centre-

[12]. The facility was designed to supply experimental. data on.

simulated LWR primary coolant system response during the initial
.

-high pressure blowdown portion of a LOCA. It is a 1/700-scale
'

model of a four-loop 1300 MWe PWR, consisting of two primary.

coolant loops connected to the electrically heated reactor pres-
sure vessel model, in which 64 rods provide a peak power of 5.3
MW. While both loops contain a fully active circulation. pump and-

steam generator, the intact loop has three times the water volume
and mass flow of the broken loop.

The two LOBI tests in our assessment matrix are Al-04R, a 200%
cold leg break scenario [13,14] previously analyzed as part of our
RELAP5/ MOD 1 assessment program [15], and B-RlM, a 25% cold leg
break [16,17] which is a scaled counterpart to Semiscale inter-
mediate break test S-IB-3 (also in our TRAC-PFl/ MOD 1 assessment
matrix). We chose to begin work on Al-04R first, since much of the

* background work had already been done during our RELAP5 analyses.
The steady state and transient TRAC nodalizations we developed for
the LOBI facility for test Al-04R were described in the last
quarterly report [3], as were the results of our Al-04R steady
state analyses.

6.1 Al-04R Large Break Test

At the start of this quarter, we ran a calculation for large
break test Al-04R for almost 70 seconds of transient (with 10
seconds of steady state preceding for plot purposes), using
version 11.1 of TRAC-PFl/ MOD 1. The calculated pressures and break
flows are in reasonably good agreement with data, using the same
values for the discharge coefficients as in the earlier
RELAPS/ MOD 1 analyses (i.e., 1.0 for subcooled flow and 0.85 for
saturated flow). The calculated peak clad temperature, however,
was significantly higher (~40 K) than the measured value; the
total core rewet at 5-15 seconds was not calculated at all (except
at the very top of the core); and the code results showed no signs
of a quench front moving up the core at late times, although the
data shows the middle core quenching from 25 to 55 seconds.

Studying these results and those of the B-RlM transient calcu-
lations discussed below, we found and corrected a number of input
errors in our LOBI Al-04R and B-RlM decks. The major impact on the
Al-04R large break analysis came from correcting the power shape. ,

input to a power density shape input, which resulted in a calcu-
lated peak clad temperature in excellent agreement with data,
within 1 K of the measured value. With the early-time core,

response thus in much better agreement with data, we then searched
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.for possible causes of not calculating the observed total core
,

rewet at 5-15 seconds; we feel that missing this rewet may be |
largely responsible.for-the lack of a calculated core quench later j
in the transient, since without this rewet the rods in the calcu- i

lation.are significantly hotter late in the transient compared to . |
data.

}
The core rewet occurs in the test because the onset of flash- .

ing in the over-scaled vessel downcomer temporarily reestablishes
positive core f. low and pulls a slug of liquid from the lower
plenum up through the core and out the hot legs. The calculation
showed a liquid slug entering the core, but then dissipating as it
moved up and totally missing in the hot leg density plots; hand
estimates seemed to indicate that this slug should be able to cool
the rods more than it.did in the calculation.

At the time, a possible cause of not calculating the observed i

total core rewet at 5-15 seconds in our Al-04R large break tran-
sient analysis appeared to be the prediction of substantial
(~10 K) liquid superheat in much of this liquid slug during the '

relevant 10 second period. The liquid can retain this unphysical
degree of superheat because the interfacial area term (ALV) for
interphase heat transfer was identically zero. After a number of
discussions with the code developers (in particular, John Mahaffy),
LANL identified a coding error in the 3-D constitutive package;
with this error corrected, no spurious liquid superheat is
calculated.

Because a number of other errors are known and have been
fixed, we reran this Al-04R calculation with version 11.6 late in
June, up to the time accumulator injection begins (which occurred
in the calculation within 2 seconds of the time measured). Despite
the numerous code changes, the overall results were very little
different from those calculated previously with version 11.1. No
core rewet was calculated at 5-15 seconds, and the late-time rod
temperatures were much higher (~150 K) than measured. These
late-time temperatures were found to be very sensitive to the
discharge coefficients used; changing the saturated discharge
coefficient from 0.85 to 1.0 (which gave better agreement on the
time accumulator injection started) increased the late-time rod
temperatures by ~90 K.

6.2 B-R1M Intermediate Break Test

During this quarter, we modified the Al-04R input deck to use
the B-RlM intermediate break test boundary conditions and com- ,

pleted a B-RlM steady state calculation. We then ran the first
part (~50 seconds) of the B-RlM intermediate break transient
with version 11.1. Results from our initial calculations showed

,

the primary system depressurizing much slower than measured.
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Searching for likely causes of this discrepancy, we found several
input errors, notably in the pressurizer volume and surge line
resistance.-Correcting these resulted in better agreement with
data, but the calculated depressurization was still-slow.

'

We included the pump seal leakage in.the model, and recalcu-
lated the secondary side steady states for both steam generators,
since examination showed the steam generators in the first,

analyses running at very low secondary side liquid inventories.
The " corrected" steam generator secondary side steady states had
liquid inventories very similar to those in our earlier RELAPS/ MOD 1
LOBI analyses, since no experimental data on secondary inventories
were given. With these corrections, we reran the first ~50 sec-
onds of the B-RlM intermediate break transient (still with 11.1).The results were similar to those from our earlier runs, with the
primary system depressurizing more slowly than measured. However,
further analysis shows the calculated pressure and core rod tem-
peratures higher than data, but calculated intact and broken loop
hot and cold leg temperatures lower than data, which is contra-4

dictory.

1

Later this quarter, we reran the B-RlM transient with version
11.6, up to the time accumulator injection begins (which is,

calculated to occur within 6 seconds of the observed time, in a
300-second transient). Again, no big differences were seen from
the previous 11.1 results. The calculated primary pressure washigher than measured for about 70 s however, the calculated
pressure then dropped more rapidly than observed, so that the
accumulator setpoint pressure was reached at about the right timo.
There are some differences between calculated results and data
(such as going into reverse heat transfer later in the calculation
and not predicting some partial clearing of the. intact loop pump1 suction before the final complete clearing), but generally the
agreement is very good,

t

6

.
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.7.'O'SEMISCALE TESTS

The Semiscale Mod-2A test facility isLlocateduat the Idaho:
L JNAtional Engineering Laboratory:and supported by the NRC. This *

scaled integral facility is used to investigate the thermal and.

hydraulic phenomena; accompanying variousLhypothesized. loss-of-
coolant accidents and operational' transients in a PWR system. It,

L .is a;2/3411-scale model of a four-loop PWR,. consisting of1two.

| primary coolant loops and external'downcomer connected to an
| electrically-heated reactor' pressure vessel model, in which 25
| rods provide.a peak power of 2.0 MW. While both-loops contain a

fully active circulation pump and-steam generator, the intact
loop has three times the-water volume and mass flow of.-the broken
loop.

I, - Of the three Semiscale Mod-2A tests in our; TRAC-PF1/ MOD 1
assessment. matrix, we chose to start with.the intermediate break

,!
test-S-IB-3 [18,19,20]. This test was designed-to duplicate as
closely.as.possible the LOBI B-RlM test, which is also in our
assessment matrix.'The LOBI B-RlM test was a 25% break in the-

'

LOBI facility which, when area-to-volume. scaled'to.the Semiscale-
facility, resulted in a 21.7% break test in the Semiscale
facility; both tests' simulate cold leg break LOCAs. The deck
developed for S-IB-3 is now being modified for the S-SF-3 main
feedline break transient [21,22,23], the next test we are-
analyzing.

7.1 S-IB-3 Intermediate Break Test

The TRAC-PFl/ MODI nodalization we developed for test S-IB-3
in the Semiscale Mod-2A facility was described in the last
quarterly [3]; this S-IB-3 deck has now been modified to include
the required steady state boundary conditions and pump speed-,

controllers, and steady state analyses were completed this*

quarter.
.

We have done a number of steady state calculations for this,

intermediate break test, with the final results given in Table
7.1.1. The resulting primary side conditions are in reasonably
good agreement with data, except for the broken loop-pump speed
(which was expected), and the intact and broken loop cold leg
temperatures (which are too high for given secondary side condi-
tions even with the minimum tube-to-tube spacing used as the
heated equivalent diameter). Based primarily upon the results of
our LOBI B-RlM analyses, we have taken care to ensure a good,

secondary side steady state before beginning any transient
analyses.

.
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The.first S-IB-3 steady' state results had too much secondary,
~

side liquid. inventory in both steam generators, and the feedwater
flows were much higher than:needed to remove the. core. power (with
most of the feedwater-being entrained and swept out the steam
outlet without participating in.the heat transfer processes). We .

have rerun the steady state with feedwater flow controllers
referencing the secondary side liquid level'(developed for the
S-SF-3 steady. state, as_ discussed below) and with a " separator K" .

to ensure pure steam outflow.

For these. reruns, the steam generators were first run as
-

" stand-alone" problems to test various control. strategies and
.

boundary conditions. In these stand-alone problems, the feedwater
was first reduced and the secondary inventory allowed'to boil off.
until it was substantially below the desired experimental value.
A steam-separator K of 1.OE30 was then'put in at the model junc-
tion corresponding to the actual location of the steam. separator,
and the feedwater was controlled to achieve a specified downcomer
collapsed liquid level without overshooting the desired condi-

_

tions._This technique _was eventually successful for_both steam
generators, but with two problems encountered; one was an input
error we could correct, but the other was a code difficulty we-
could only hope to avoid.

The input error lay in assuming the collapsed. liquid level
control function was a coll-centered variable so that the order-
ing of the component cells to'be included did not matter. In
fact, this variable is referenced to particular cell edges and
the ordering is important (and was originally wrong). With the
wrong. liquid level driving the feedwater controller, a number of
odd results were calculated.

The error in liquid level definition resulted in a signal
variable value lower than the actual liquid level being calcu-
lated. As the feedwater controller then tried to increase this
liquid level, the actual level approached the downconer/ separator
junction and the calculation would often predict rising pressures
until a steam table failure occurred. The perfect separator in
TRAC has difficulty relieving steam generator overpressuriztion
due to excess liquid inventory because it can only pass vapor.

With careful adjustments in the controller constants (based-
on the experience gained in the S-SF-3 steam generator steady-
state calculations described below), the correct secondary side

j: steady state conditions were eventually calculated. The EXTRACT
l utility program was then used to insert-these conditions in the

,

; overall S-IB-3 deck, and the system steady state was then
suc&essfully run. The few modifications required for the S-IB-3 i

i:

: transient, such as modelling the break valve assemblies, the '

.

; steam generator isolation, and the pump and core power ramps,
-will be made next quarter and the transient calculation will be
begun.

34
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4 3 Table:7.1.1.Semiscale S-IB-3'Initia1' Conditions1

}) arameter Data. Calculation-

(Core. Power (MW) _ .

44, System Pressure!(MPa)-_
l.451 1.451,

i IL Cold Leg Temperature.(K).
15.53 15.53
560- -565'

fBL Cold Leg Temperature (K) 566 -571,

. y 36 30.IL AT (K) *

BL AT (K) 31 2 51
4

,;. IL' Cold Leg Flow (kg/s). 6.18 (8.02 1/s) 6'.18.BL" Cold' Leg Flow (kg/s) 2.13-(2.74|1/s) 2.13-IL Pump: Speed (rad /s). 177 178BL ' Pump Speed - (rad /s) '

872 ~1281,

. SG Feedwater Temperature (K)' 494 494
?. IL SG Pressure _.(KPa) y 6.48 16.30

BL SG Pressure (NPa) .)* 7.53 7.40
,

' ILL SG Liquid. Level-(m) J 7.327.
'

BL SG Liquid Level (m). 7.138
'

~7.3*
~7.l*

1

} * Slow oscillations ;of ~0.l' a present in calculation-
} J.

7.2 S-SF-3 Feedline/ Break Test

Work on the TRAC a'asessment calculations for two tests in the2

Semiscale SF series began this quarter. After the available docu-j
mentation'on feedwater line' break test S-SF-3-[21.22.23] wasreviewed, our S-IB-3' input deck was~ modified for the S-SF-3' con-.

ditions; the modifications required are minor, since the S-SF
series was run in t,he,.same Semiscale Mod-2A facility as the: test

!-
I S-IB series. The 3-D VESSEL used for S-IB-3 will later be con- ,

verted to a 1-D CORE model with associated 1-D piping-for the
i rest of the vessel, after a satisfactory steady state has been
} achieved. A component schematic for the Semiscale Mod-2A system'

.during'these S-SF tests is given in Figure 7.2.1.
f (, The necessary input changes included modifications to the

steam generator secondary sides and addition'of control and= tripj logic peculiar'to feedwater line breaks. The major change made toj the' secondary sides'was the addition of a TEE to allow injection;

of feedwater at the bottom of the downcomer, instead of"at thei- top (with the old injection location at the top of the downcomer
still used for aux feed injection).:The piping necessary toi

!

initiate the feedwater line-break and to allow isolation of the|: - secondary sides was also added. The annular flow' friction factor
| option was used in the downcomer and the homogeneous flow fric-
!

, tiog- f actor option was used in the boiler region.

Form loss coefficients (K factors)'were added to model the
effects of-the tube support plates on the secondary , side,'as,.

'y ,

( 75
y
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opposed to.using the automatic form loss calcul'ation provided in
' TRAC.with the reduced vena contracta area input. That abrupt area
change model would have required using two cells per baffle plate
in the boiler region and corresponding doublings in the U-tube
primary cells and in the downcomer region noding, increasing the

,

number of cells in each steam' generator by ~40 and also in-
creasing the number of heat slabs in each generator by ~60,
which we considered unacceptable. This use of K factors and

.

choice of friction factor options was based on our experience
with modelling the B&W once-through steam generator (OTSG) tests
[4] using TRAC-PFl/MODl. ,

Another modification of interest was the addition of a
leakage path from the primary side. This path was modelled using
two TEE components located at the bottom of the intact loop pump
suction. A. BREAK component was attached to the side tube of one
TEE and a FILL component was attached to the other. A K factor
(determined by trial and error) was added to the junction adja-
cent to the BREAK to achieve the reported steady state leakage
rate; the FILL component was used to provide the necessary makeup
flow. During the transient the makeup supply will be terminated,
as was done in the experiment. We felt that this modification
might be important because the leakage rate is of the same order
of magnitude as the HPI flow during the transient.

Control logic was added to adjust the pump speeds to achieve
the reported loop flow rates. Also, a control block to adjust the
feedwater flow to achieve the reported secondary side inventory
was added. The control logic for both the pump speeds and the
feedwater flows is of the form

PNEW = POLD [cR + (1-c)]

where PNEW is the new value of the parameter being adjusted, POLD
the_value of the parameter at the previous time step, c is an
arbitrary constant (0.2 for the pump speed controller and 0.5 for
the feedwater controller), and R is the ratio of the desired-to-
actual control block input (pump speed for pump controller and
steam generator sec'ondary side inventory or water level for the
feedwater controller). The value of c and the control block
minimum and maximum limits are adjusted on a trial and error
basis to prevent over- or under-control, which could lead in turn
to undesired oscillations.

We have encountered considerable difficulties while attempt-
ing to achieve the reported steady state conditions, particularly
on the secondary side. The major difficulties involve the model-

,

ling of the steam separator located in thc' steam dome. (This is a
mechanical separation device that employs swirl vanes to remove

,

liquid drops from the exiting vapor.) We found that, if the
separator is not modelled, the feedwater must be increased by
over a factor of three to compensate for the considerable amount
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of. liquid being entrained by'the exiting vapor in~the calcula-
tion: this.was-done1by the feedwater control block which was-set
.up to' maintain-the reported secondary. side inventory. Although
the feedwater flow is too high. the remaining steady state'condi-~
tions on both the secondary.and primary. sides-are in fairly good.

- . agreement with experimental' data.

' .
.

The~ secondary side exit vapor, liquid and totkl mass flows
for'this case =(no separator model) are shown in Figure-7.2.2.'

About 70% of the intact loop power load is removed by generation~

d' of vapor which exits the-steam done at a-rate-ofLabout-0.7 kg/s.
The remaining 30% of the-power load'is removed by the heating of

~

the liquid to' saturation temperature. However, while a1 steady
state can be achieved if the separator is not modelled,'it;would
be preferable to implicitly model the separator and thereby allow
injection of feedwater at the correct rate.-The; distribution of
the secondary side fluid should also be more representative of

~

the experiment if the separator is modelled.

A separate TRAC input model was-then prepared which contained,
only.the intact loop' steam generator with appropriate boundary
conditions. (This was done to allow easier and quicker investiga-
tion of the steam separators and feedwater flow.) A number of
calculations were then performed using this " stand-alone" steam
generator model.

The method available in TRAC to model the separator involves
the input of a K factor' greater than 1.0E24 at the desired cell
edge. This triggers specific logic in TRAC.that sets the liquid
friction factor equal to the input K factor (essentially infinite
liquid f riction) and also sets the interfacial friction to zero.
Use of this option was not successful at first. The cell-immedi-
ately below the separator filled as the entrained liquid was
separated from the exiting vapor. The exit vapor flow, therefore,
decreased to zero while vapor generation'in the' boiler continued.
As a result, the cell pressure increased to the limit of TRAC's
thermodynamic properties routines, as demonstrated in Figure
7.2.3. To prevent this unwanted pressure increase, the accumu-
lated liquid must be removed from'the cell via the downcomer.
Unf or tuna tely, the liquid would not naturally flow into the
downcomer fast enough.

Several attempts to correct this difficulty were made,
including moving the location of the separator, making the
downcomer connection pipe vertical, and adjusting the initial
conditions and control block parameters in an attempt to " creep

,

up" on the desired conditions. Moving the separator location to
the top of the cell adjacent to the downcomer connection and
making.the downcomer connection pipe vertical improved downcomer.

flow, but were not sufficient to solve the problem. After much
ef fort, ~ the desired steady state conditions on the secondary side

iwere achieved by carefully adjusting the control block parameters
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and initial. conditions. We found that, when using the controller
as described above, it was necessary to set the upper limit for
feedwater flow only slightly higher than the' desired flow to
prevent-overshooting the desired inventory. It was also necessary
to use an initial inventory less than the desired inventory and .

to allow the feedwater controller to increase the feedwater flow.
The response was very sensitive to any changes made by the con-
troller and it took.a great deal of _ trial and error to find the -

appropriate control block parameters and initial conditions.
Perhaps a more sophisticated controller could be developed to
reduce the controller sensitivity, but this will be attempted
only if further problems with the separator are encountered.

The feedwater flow and steamline flow are plotted on Figure
7.2.4 for the " steam generator alone" case using the separator
model. The small fluctuations in feedwater flow are a result of
the controller action to adjust the inventory. The steamline flow
exhibits sharp periodic fluctuations. The use of a separator K
appears to introduce this oscillatory behavior; however, the
average exit flow is correct. The inventory, shown in Figure
7.2.5, slowly converges to the desired value of 114.7 kg. The-
flow into the downcomer is shown in Figure 7.2.6. This quantity
was not measured during the experiment, but represents the amount:

| of liquid separated from the exiting vapor and recirculating
through the steam generator.

; A separate input model for the broken loop steam generator
'

was also constructed, and the above procedure of adjusting the
initial conditions and control block parameters was repeated.t

i Additional difficulties were encountered with the broken loop,
'

using the procedures and controllers that had given the correct
i steady state for the intact loop. Although the desired inventory
| was achieved, the secondary side pressure increased to about 7.0

MPa, instead of the desired 6.46 MPa, as shown in Figure 7.2.7.
! Lowering the desired inventory from 126 kg to 112 kg, in an

effort to get the liquid level farther away from the separator,
did not alleviate the problem. However, moving the separator to
the exit of the steam generator and decreasing the exit pressure
boundary condition to 5.7 MPa resulted in calculation of the

'correct secondary side pressure below the separator. We do not
understand why such a large pressure drop occurs across the
separator for the broken loop steam generator.

U
Unfortunately, when this separate steam generator model das

I included in the full system, it did not behave in the same way
and a steady state could not be achieved. Addition of a con-

.

troller to adjust the exit pressure to achieve the desired steam
dome pressure was also unsuccessful.

.

An alternate method of modelling the separator was then
attempted. This method ~does not use the large separator K but
instead involves the use of a very large flow area at the steam
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dome exit; the large area has the effect of reducing the exit
vapor flow such that the amount of entrained liquid is decreased
to essentially zero. If the area was made too large, difficulties
in the numerics caused the code to fail. If the area was toosmall, insufficient separation occurred. However,* an area 50times larger than the physical area was found to work well. Infact, this separator model worked much more smoothly'than the
separator K model in conjunction with the feedwater controller.*

The independent steam generator model ran about 30% faster when
using the increased area .than when using the separator K.

The full facility steady state calculation was repeated using
this increased flow area separator model on the broken loop and
the separator K model on the intact loop. The reported steady
state conditions for S-SF-3 are given in Table 7.2.1 along with
the calculated results with and without a separator model on the
secondary sides. This table shows that relatively good agreement
with data is being achieved. Multiplying the reported loop mass
flow by the enthalpy difference from cold leg to hot leg at the
reported temperatures yields a power level of about 2.1 MW: this
is inconsistent with the reported power level of 2.0 MW. However,
the uncertainty associated with the temperature readings is 1Kand the uncertainty in the mass flow is approximately 0.4 kg/s.
The flows in the TRAC calculation are being set by a controller
to exactly equal the reported mass flow. Therefore, the uncer-
tainty associated with the flow will be reflected in the loop
ATs. This gives an effective loop AT uncertainty of about 4K
and the calculated ATs are within this range of uncertainty.

Table 7.2.1 Semiscale S-SF-3 Steady State Initial Conditions
Parameter Reported Calculated

No Separator Separator

Core Power (MW) 2.0 2.0 2.0Pressurizer Pressure (MPa) 15.13 15.13 15.13IL Cold Leg Temperature (K) 563.0 569.2 569.6BL Cold Leg Temperature (K) 561.5 565.9 566.6
, IL 6T (K) 35.1 31.3 31.3| BL AT (K) 37.2 33.7 33.6! IL Cold Leg Flow (kg/s) 8.45 8.45 8.45!

BL Cold Leg Flow (kg/s) 2.16 2.16 2.16
| IL Pump Speed (rad /s) 244 244.7 244.7'

BL Pump Speed (rad /s) 1010 1314.0 1316.0; IL Secondary Pressure (MPa) 6.31 6.31 6.31*

BL Secondary Pressure (MPa) 6.46 6.46 6.46IL Secondary Inventory (kg) 114.7 114.6 115.0Y BL Secondary Inventory (kg) 126.4 125.6 126.9!
*

IL Feedwater Flow (kg/s) 1.0 3.9 0.96BL Feedwater Flow (kg/s) 0.25 1.3 0.25
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