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

The TRAC-PF1/ 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
computers. The assessment matrix was formalized, several TRAC
nodalizations for the various facilities required were developed,
and limited calculations were begun, all described in the last
quarterly. [2] During this quarter, more nodalizations were
developed and calculations begun, and the first PFl/ MOD 1
assessment analysis was completed.

4

The results for the B&W once-through steam generator tests 28
and 29 [3] indicate that TRAC can accurately calculate the major
global parameters measured during the steady state test such as
primary side AT, secondary side exit temperature, secondary
side inventory, and boiler Ap; the dryout elevation,'however,
was underpredicted. (This was also a problem observed during our
the RELAPS assessment of the same tests.) The LOFW transient
response could be accurately calculated by TRAC (or RELAPS)4

provided the correct steady state conditions were achieved.

Two methods of modelling the pressure losses associated with
abrupt area changes in the form of orifices were tested: the
auto'matic form loss option and the use of user-input K factors.,

Both methods were found to work satisfactorily; however, it was
'

necessary to input a vena contracta area instead of the actual
flow area when using the automatic form loss option. A noding,

' study indicated that good agreement with experimental data could
be achieved using 51 mesh cells (compared to 85 for the base, or

|
detailed model) but that using 33 mesh cells produced less satis-

|
.

factory results.
;

|

1

; 1/2 1

1
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l.0 INTRODUCTION
.

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

(NRC) to determine the ability of various systems codes to pre-
dict the detailed thermal / hydraulic response of LWRs during
accident and off-normal conditions. This program is a successor
-to the RELAPS/ MOD 1 independent assessment project performed at
Sandia during FY82 and FY83.

The TRAC-PFl/ MODI code [1] will be assessed against data from
various integral and separate effects experimental test facili-
ties. The assessment matrix was formalized during the last
quarter, and is shown in Table 1.1. The calculated results will
also be compared with results from our previous RELAPS/ MOD 1
independent assessment analyses whenever possible. A few of the
tests in our TRAC-PF1/ MOD 1 matrix (i.e., the LOFT L2-5 and LOBI
Al-04R large break tests, the PKL ID1 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-PFl/ MOD 1 independent 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 nodali-
zations for the PKL and B&W OTSG facilities were developed and
calculations begun, as described in the last quarterly [2]. These
tests were chosen as the starting point because we had reasonably
complete facility and test documentation from our RELAP5 assess-

,

ment' project, and we wanted some PFl/ MOD 1 experience with rela-
tively simpler tests before beginning full integral system
analyses such as for LOFT and Semiscale.

During this quarter, a number of code problems were found in
the course of the var $-us assessment calculations, summarized in

i Section 2.1. Of the calculations begun last quarter, the B&W OTSG
analyses have been completed and the PKL natural circulation
analyses are continuing, as described in Sections 2.2 and 2.3,
respectively. 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, with results given respectively in-

Sections 2.4 and 2.5. A nodalization and stehdy state calculation
were completed for LOBI large break test Al-04R. presented in
Section 2.6, and a nodalization was developed for Semiscale

*

intermediate break test S-IB-3, as shown in Section 2.7.

3
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Table 1.1 TRAC-PFl/ MOD 1 FY84 Assessment Matrix
,

Test Scenario

LOFT LP-FW-1 Loss-of-Feedwater
LOFT LP-SB-1 Small Break
LOFT L2-5 Large Break

Semiscale S-IB-3 Intermediate Break (21.7%)
Semiscale S-SF-3,5 1 Steam Line, 1 Feed Line Break
Semiscale S-SG-? 2 Steam' Generator Tube Ruptures
Semiscale S-PL-3 Loss-of-Power

PKL ID1 Series Natural Circulation

LOBI Al-04R Large Break
LOBI B-RlM Intermediate Break (25%)
Flecht Seaset 31504 Reflood
Flecht Seaset 31701 Reflood

B&W OTSG 28/29 Loss-of-Feedwater

Flecht Seaset 8 Natural Circulation

Neptunus YOS Pressurizer Behavior

Dartmouth 3-Tube CCFL

Bankoff Condensation
Bankoff Multi-Tube CCFL

.

e

i

4
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2.0 TRAC-PFl/ MOD 1 ASSESSMENT

2.1 Code Status.

Three sets of. updates to TRAC-PFl/MODl, containing the coding
to allow many additional signal and control block variables, were-

, '

received from LANL during the quarter. Because these updates were-

not yet available on LANL's " user liaison" VAX node, they were
; taken from Bob Steinke's personal file area on LANL's main com-

puter system. (We pursued use of these new, unreleased code
J updates primarily because of our analyses of the Northwestern

University separate effects tests which were initiated this
; quarter. Interpretation of those particular analyses involved'

detailed study of a large number of calculated parameters not
normally available as TRAC output quantities.)

,

These signal and control variable updates from LANL, plus a
i local modification to allow plotting of the new variables with

Sandia's plot program, were incorporated into Version 11.1 of
i TRAC to create a new production version of TRAC at Sandia.

Several problems were encountered when first trying to use the
new signal variables, but we resolved those problems after
several telephone discussions with Steinke which resulted in
additional updates.

3

j .Other modifications to Sandia's implementation of
i TRAC-PFl/MODl, Version 11.1, were also made during the quarter.
j Some of the updates were those informally obtained from Frank
i Addesio during the 12/7/83 TRAC workshop; they allow both sides'

of a heat slab in the steam generator to " talk" to the same
hydro-dynamic cell. Other updates developed by Sandia were made:
to force a graphics dump at the time of the final restart dump,
to write the times of the graphic dumps to TAPE 59, and to correct

i several printout errors present during the initial edit after
restarting a calculation.;

1

I Additional work was also done this quarter on our version of
! the TRAC overlay structure to allow restarting of calculations.

Our original modifications to the code's overlay structure pre-
J vented this because of a failure to include some of the code's
! common blocks in the appropriate subroutines when the new struc-
} ture was generated. These changes had no effect on analyses

previously performed since none of them involved restarts.

{ A version of the EXTRACT utility program, which creates a
; completely new input deck, or portions thereof, from a restart'

file, was developed for TRAC-PFl/ MODI at Sandia during the latter'

part of the quarter. Debugging of that program should be completed*

i in April, and it will then be provided to the TRAC developers for
further distribution. The utility was developed in the form of a

|
i

| set of updates to the TRAC source file to help alleviate any con-
version problems to other machines. Although the updates produce a

,

5,
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stand-alone utility program, which is executed independently of
TRAC itself, a few actual TRAC updates were also developed to
write the user-entered component ID to.the TRAC dump file for use .

p by_the EXTRACT _ utility.
.

[ The Sandia-developed' TRAC pl t program was modified this -

quarter so that it_is no longer necessary to enter component and
cell numbers for type OL(system) or type 9 (control block and.

! signal variables) edit quantities. The-positioning of symbols on
. plots was also changed to preventioverlapping of the symbols.
I

!

2.2 B&W'OTSG'LOFW Tests
!

Steady state test 28 and its associated loss-of-feedwater
,

~(LOFW) transient test 29 in the Babcock & Wilcox (B&W) 19-tube
once-through steam generator (OTSG)-test facility'[4] has beent

| analyzed as part of the TRAC-PF1/ MOD 1 independent assessment
program at Sandia National Laboratories. This test was also-'

analyzed as part of our RELAP5/ MOD 1 independent assessment pro-
ject. [5] The primary objectives of the B&W steam generator tests

|- were to determine steady state' operating conditions such as mass
j inventory, temperatures, and pressure drops, and to determine the
! secondary steam flow during a LOFW~ transient. The TRAC model we

developed for the OTSG was described in the last quarterly [2], as
| were preliminary steady state results for test 28. Steady state
'

and transient calculations were both completed this quarter.
Because of the proprietary nature of the B&W test data [4], only a-

! brief qualitative description.of the TRAC calculations will be
! presented. A topical report describing the details of the facility
| and the TRAC calculations is in progress. [3]
i

A major interest in this assessment was the calculation of the
two-phase pressure losses associated with turbulent effects at the
tube support plates on the secondary side. We have been attempting
to develop guidelines on how to correctly model the associated
wall friction and form losses, possibly through adjustment of'the
hydraulic diameter and flow areas,.and through addition'of user-
input form loss coefficients at these cell edges. In our first
calculations [2], the hydraulic diameter at the tube support
plates.was simply set equal to the secondary side tube bundle

, hydraulic diameter and no additional form losses were included. We
f .also input the minimum tube-to-tube spacing for the heated equiva-

lent diameter used for heat transfer on the outside tube surface,
| as.was done'in the RELAPS_model; previous experience with both
l' RELAPS and TRAC have indicated that this is a more representative

value for flow through a bank of tubes than using'the hydraulic
diameter of the adjacent cell. *

6
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Two methods of modelling the support plates (orifices) are
available in TRAC. The first method is the automatic form loss
option; the second method involves the use of user-input form loss,

coefficients (K factors). The TRAC input model for the calcula-
tions this quarter was changed from that reported in the previous
quarterly; in order to use the automatic form loss option in TRAC,.

we found that two mesh cells per tube support plate were required
on the secondary side. Therefore, the TRAC input model now con-
sists of 85 mesh cells (with 35 on the primary side and 50 on the
secondary side). The new TRAC noding diagram is shown in Figure
2.2.1.

Using the automatic form loss option in TRAC, as described in
the TRAC reference manual, resulted in 40% underprediction of the
boiler differential pressure. However, if the flow area of the
vena contracta (instead of the actual area of the tube support
plates) was used, the predicted boiler op agreed extremely well
with experimental data. The rea:on for this is that the pressure
loss associated with flow through an orifice is a result of the
fluid expansion from the vena contracta to the downstream area and
not from the orifice itself. TRAC neglects this effect. An empiri-
cal correlation (taken from the RELAPS/ MOD 1 code), based on the
orifice geometry, was used to calculate the vena contract area. We
also modified the hydraulic diameter used for wall friction calcu-
lations at the support plates. Both of these modelling changes
were based on guidelines developed during our PKL assessment
analyses, as discussed in the next section.

The second method of modelling the tube support plates, user-
input K factors, also resulted in very good agreement with experi-
mental data. The K factors were determined using the Crane hand-
book [6], based on the geometry of the support plates. The other
global parameters measured during the experiment (primary side
AT, secondary side exit temperature and secondary side inventory)
were calculated well by TRAC with both support plate models.
However, the elevation at which dryout (end of nucleate boiling)
occurs in the boiler predicted by TRAC was approximately 30% too
low. This did not significantly influence the total primary-to-
secondary heat transfer rate, but indicates that TRAC's dryout
criterion is inadequate for this experiment.

Our previous assessment calculations with RELAPS/ MOD 1 [5] for
the same tests indicated that RELAPS also underpredicted the
dryout elevation. In addition, RELAPS also greatly underpredicted
the critical heat flux (CHF). We found that a much better predic-
tion of CHF could be achieved with RELAPS by changing the CHF
correlation from a modified Zuber to a combined modified Zuber/
Biasi correlation. Modified Zuber was used for mass fluxes less
than 100 kg/m**2-s, Biasi was used for mass fluxes greater than
300 kg/m**2-s and linear interpolation was used in between. (The

7
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1

mass flux was approximately 200 kg/m**2-s for these tests.) TRAC
currently uses the Biasi CHF correlation only. Also, the dryout
criteria in RELAPS was changed to force dryout at a quality equal

~to the upper limit of the experimentally determined range. This
modified version of RELAP5/ MOD 1 accurately predicted the elevation
of dryout as measured in the experiment. Later calculations with
RELAPS/MODl.5 showed that code predicts the experimental behavior ,

correctly without any modifications.

The LOFW transient calculation demonstrated that excellent
agreement with experimental data could be achieved using both
methods of modelling the tube support plates. We found that, as
long as the correct steady state conditions were achieved, there
was no problem with predicting the transient response. This was
true for both TRAC and RELAPS.

To supplement the straightforward assessment of TRAC against
data, we also performed a noding study, because most plant
analyses would not be able to use a similar fine nodalization due
to computer cost and space considerations. This study indicated
that good agreement with experimental data could be achieved using
51 mesh cells, but that using 33 mesh cell produced visibly less
satisfactory results. The total primary-to-secondary heat transfer
rate prediction was good using all three models; however, for
plant transient simulations in which the secondary side response
is of major interest, a coarse node model may not be adequate. The
coarse node calculation did run approximately two times faster
(both steady state and transient) than the base, or detailed,
model calculation, which contained 2.6 times as many cells.

2.3 PKL Natural Circulation Tests

The Primarkreislaufe (PKL) test facility [7), located at.

Erlangen, West Germany, is a 1/134-scale three-loop model of a
four-loop PWR. All elevations correspond to a full-scale system,
so that gravitational terms are correctly simulated. Core power is
provided by 340 electrically-heated rods. The IDI series of tests
[8] was designed to study the natural circulation modes 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 the test nota-
tions of IDl-4 to IDl-15. These data points covered the entire
range of potential system response from subcooled natural circula-
tion to reflux cooling.

,

The TRAC nodalization we developed for the PKL facility was
described in the last quarterly [2], as were preliminary results

.

for the basecase single-phase natural circulation test IDI-4. In

8
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that preliminary calculation, we found that the single-phase
natural circulation rate predicted (5.35 kg/s) was substantially
higher than measured (4.55 kg/s); increasing the code hardwired*

wall roughness by a factor of eight to a value more representative
of that published by PKL only reduced the TRAC predicted flow rate
to 5.22-kg/s. These results suggested that we needed to develop a,

much better understanding of how to geometrically model a facility
with respect to piping area changes and wall friction losses with
the TRAC code.

This test series had been previously analyzed during our
RELAPS/ MOD 1 independent assessment project. [9] The results showed
that RELAPS did exceptionally well in the prediction of single-
phase natural circulation rates for these same PKL tests, as well
as for the Semiscale NC series of tests [10], using simple geomet-
ric modelling techniques. Therefore, we decided to study the'

detailed models for area changes uced by each of the two codes and
try to come up with a set of consistent modelling guidelines to be
used for our TRAC analyses.

,

On the surface, at least, there are substantial differences
i between RELAP5 and TRAC in their respective treatments of piping

area changes and frictional losses. Further, there ar's no user
guidelines for TRAC in this area except a caution in the code
documentation about using the automatic form loss calculation
option. However, the results of our study of the detailed models
indicates that, in most cases, the modelling guidelines we
developed and used in our RELAP5 assessment analyses could be
converted for use in our TRAC analyses, using the automatic form
loss models already present in TRAC. In some cases, exact agree-
ment with RELAPS formulations could not be obtained, but the
differences were small. There are still some questions regarding
the use of the automatic form loss option at two consecutive
junctions which we have not been able to fully resolve: we
currently recommend that the user avoid such use.

We have investigated three basic cases of piping area
changes: (a) an abrupt expansion, (b) an abrupt contraction, and
(c) an orifice. Schematic pictures of typical TRAC nodings for
each of these cases are given in Figure 2.3.1. Single-phase flow
in the pipe is assumed to be from the cells on the left to the
cells on the right of the figure in all the following discussion,
but the code will properly handle flow in the other direction
without modification.

.

The case of a simple expansion Will be discussed first. For
this case, the TRAC code description correctly states that the
numerics used in the code will yield the appropriate pressure drop
without benefit of further form losses, either code-calculated
when using the negative NFF option, or user-input. However, the

9
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user should be aware that all of the pressure drop will not be
taken at the junction where the expansion is physically repre-,

sented in the nodalization. Instead, the pressure loss at thati
.

junction (J in Figure 2.3.la) will be larger than expected and the
pressure loss at one junction downstream in the flow path (D in
Figure 2.3.la) will be less than expected. -

4

This effect is illustrated in Figure 2.3.2, which shows the
*

'

form loss coefficients used by both TRAC and RELAPS for such an
expansion. These form losses can be related to a pressure differ-

i ence, frequently referred to as a dynamic head loss, in standard
Bernoulli equation format [6] by the equation

H,= 1/2 K, p*v *vy (2.3.1)y

(As indicated, the analyst should always use the velocity at
. junction J to determine the pressure change associated with any

; . of the K components given in the figure, even for the " NUMERIC-D"
; curve, since all other effects of the area change have already

been taken into account when deriving these curves.)
i

; several curves of form loss coefficients versus piping area
ratio -- the ratio of areas before and after the expansion -- arei

i given in Figure 2.3.2. The TRAC-related curves have the following
meanings. " NUMERIC-J" identifies the effective K at junction J
resulting solely from the TRAC numerical solution scheme;
" NUMERIC-D" identifies the effective K at junction D resulting

| from the TRAC numerical scheme: " NUMERIC-TOTAL" then identifies
! the sum of those two numerically-based Ks, even though they are

effective at different junctions. The analyst has no direct
control over these numerically-based Ks; they are totally deter-
mined by the geometric input description.

The " ABRUPT AREA" curve represents the form loss coefficient:

f applied at junction J which is calculated in subroutine FWALL
when the negative NFF option is used. If positive NFFs are input,

,

no such additional term is calculated. " TRAC TOTAL" represents
! the sum of all the above terms.

| A curve identified as "RELAPS TOTAL" is also shown in Figure
'

2.3.2. It represents the total effective form loss coefficient
i which would be calculated by RELAPS for that area change. In
'

RELAPS, all the pressure change would occur at junction J and it
is all the result of using the abrupt area change model, since

,

the RELAPS numerics do not naturally produce dynamic head losses>
-

due to area changes, as the TRAC ones do.

1

A cursory investigation of the curves for the total effective |
*

Ks for abrupt expansions in RELAPS and TRAC indicates that they '

are always the same when both codes are flagged to use their

!
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respective abrupt area change models, but the-curves are, in
fact, slightly different for area ratios between 0.9,and 1.0,

because the TRAC abrupt area model produces a slightly negative K
in'that range. Since the TRAC abrupt area change model provides a'

. . zero or negligible contribution for this particular case, the
analyst may be tempted to use the positive NFP option for an
expansion. However, this will create difficulties during flow,

reversals when the same area change becomes a contraction, as'

will be discussed next.
I

For an abrupt contraction, shown schematically in Figure
1 2.3.lb, the TRAC numerics do not automatically produce'the
i correct form loss. That fact is illustrated in Figure 2.3.3,.

which shows that all the TRAC numeric form loss for a contraction
is actually taken at junction J and is considerably higher than
that which would be predicted by RELAPS for area ratios less than,

0.5. If the negative NFF option is used in TRAC, a negative'

component is calculated by the abrupt area change model in FWALL
which makes the total TRAC and RELAPS curves much more similar
over the entire range of area ratios, although not identical. As
mentioned above, we therefore recommend that the negative NFF
option be used for such contractions / expansions.

For a simple orifice (such as shown in Figure 2.3.lc), the
;6 various K components are shown in Figure 2.3.4. In this case, it

would seem that there is no simple modelling guideline for TRAC
which would yield pressure drop characteristics even remotely,

similar to those obtained with the RELAPS area change model.,

However, closer inspection reveals the fact that TRAC and RELAPS
can be made to yield identical form loss coefficients for an
orifice if the TRAC negative NFF option is used and the vena

4 contracta area for the orifice is input to TRAC as the junction J
area, instead of the physical orifice area. The vena contracta
area is calculated in subroutine HLOSS of RELAPS via the simple,

i- empirical formula

2

A AT [0.62 + 0.38 (A AP)**33C" T
| where AC is the vena contracta area, AT is the physical or
; " throat" area of the orifice, and Ap is the open area of the
; pipe containing the orifice. We recommend that this' formula be
; used to determine the flow area to be input to TRAC at junction J

in Figure 3.2.lc.

{ Another important factor in determining the single-phase
'

! natural circulation flow rate is the frictional wall resistance* of the piping. In the TRAC code, the frictional pressure loss is,

; based on hydraulic diameters input for the junctions between the
; , fluid cells, since the velocities are calculated by the code at
! that point. In essence, the hydraulic diameter input at a given

i
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junction'is used to calculate the wall friction corresponding to
half'of the cell upstream of the junction and half of the cell
downstream of tha junction. In straight piping, that formulation

,

presents no problem because the average fluid velocity over the
length of the cell actually'containing the piping walls is
basically constant. When an abrupt area change is encountered,

.

however, the hydraulic diameter input must represent the walls
for two different-sized pipes for an expansion / contraction and
also must reflect the fact that the fluid velocity at the
junction may be larger than that seen by the piping ~ walls,
particularly at an abrupt orifice.

To more properly' reflect the frictional loss corresponding to
piping walls near abrupt area changes, we recommend using the
following formula to determine the hydraulic diameter input to
TRAC at area changes such as those shown in Figure 2.3.1:

50 i+0 i+i)HD (2.3.2)=y

A \ 0 !A \ 0J i+ J i+1

/ HD) A) yj HD)+y
. .

In this formula, 6X represents a cell length, A is either a
cellHor a junction flow area, and HD is a hydraulic diameter. The
quantities with lower case subscripte j and j+1 represent
" volume-centered" or " cell-centered" quantities, whereas those
with the capital subscript J are for the junction between cells j
and j+1. The cell-centered areas and hydraulic diameters used by
the analyst to calculate HDJ should take into account any
effect of alumping" of flow paths, such as combining multiple
intact loops into one or combining all the steam generator tubes
into one flow path. Equation 2.3.2 is applicable for all three
area change cases depicted in Fig. 2.3.1.

After the above-described modelling guidelines were used to
modify the TRAC input description 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. The fluid temperatures around
the loop were all a few degrees higher than measured, as shown'in
Figure 2.3.5, but generally within the experimental uncertainty
of i 3 K. (RELAPS also predicted loop temperatures a few degrees
higher than the data.)

.

| Our TRAC IDl-4 calculation was run for 5000 s of problem time
| to ensure _ stable conditions. The achievement of steady' state con-

ditions is illustrated in Figure 2.3.6, which'gives calculated' *

hot leg liquid temperatures at several points along the hot leg,
and Figure 2.3.7, which shows the mass flow at several points in
the primary system, as a function of time,into the calculation.

12
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Some jitter is seen in both the mass flows and the fluid tempera-
tures, but the system is calculated to be reasonably stable after
about 2500 s. The calculation was also restarted at 5000 s with,

the maximum allowed time step reduced by a factor of 4 (from 1 s
to 250 ms) and run for another 800 s. The smaller time step
helped smooth the results, but did not eliminate the jitter.

entirely.

After satisfactory agreement was obtained for test IDI-4 and
we were convinced that our basic TRAC geometric model for PKL was
satisfactory, work was initiated on the analysis of tests IDl-8
through IDl-15, the two-phase natural circulation tests. The
initial conditions were modified from the IDl-4 input deck to
reflect the lower primary and secondary pressures for those
two-phase tests. A huge number of signal variables and control
blocks were also added to the input deck so that we could monitor
the system inventory.

Attempts were first made to drain the system to the 95%
inventory using the new PID controller in TRAC, but the results
were not satisfactory because we could not easily determine an
appropriate set of time constants to be used. We then decided to
control the drain valve with a more straightforward controller
which adjusted the valve area linearly, depending on the differ-
ence between the current inventory and the desired inventory.
That approach was successful in achieving the correct inventory

: over a reasonable period of time in the calculation, but the mass
flow and system pressure and temperature results were consider-
ably different than measured.

Based on a restart printout, we initially suspected that the
calculated results for this first run of IDl-8 might be in error
because the heat slab temperatures in the model were not stabi-
lized at the right value. We then discovered that, in fact, the
printout was wrong because of TRAC coding errors and we corrected
the coding. We have not yet determined the actual reason for the
initial poor disagreement for test ID1-8. It might be because of
incorrect conditions used for our " steady state" before we
started draining the inventory to the 95% level. That will be
studied next quarter.

2.4 Condensation Separate Effects Tests

During the quarter, we began a sequence of calculations.

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

Northwestern University. [11] The problem being addressed is that-

of flow (at roughly atmospheric pressure) in a rectangular
.

channel approximately 1.6 m long, 0.3 m wide, and 0.06 m high, as '

,
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i

shown in the upper portion of Figure 2.4.1. Heat transfer at the
channel walls is assumed to be negligible. The vapor is super-
heated, and variations are performed on inlet flow rates, liquid
level, and the amount of subcooling of the liquid (as shown in: *

the test. matrix given in~the lower portion of Figure 2.4.1). The
experiments are very simple, and calculated results should dis-
play the effects of mass, momentum, and energy transfer-at the *

interface, as well as those of wall friction.i
'

.

;

The TRAC nodalization for these calculations consists of a
i source for vapor and' liquid at the-inlet, a 50-cell, 1.25 m flow

channel, and an outlet boundary condition. (The maximum flow
distance for most experimental data of interest is ~ 1.23 m.)

! The boundary conditions are constant'in time..and TRAC's steady
i state option was used. In hopes of accelerating'the convergence'

! process, linear interpolation was used for those initial condi-
] tions which varied significantly along the-flow path. The first
|- calculations we tried were for the conditions of test 253. >

; In our initial calculations, TRAC was allowed to choose a
*

time step as large as 1 s, and those preliminary results suggest
that the time step selection algorithm is' inadequate for ini-
tialization in situations with two-phase flow dominating. This,

j was evidenced by repeated sequences in which the time step grew
! at the maximum rate, and was then sharply reduced; the results
i showed no prospect of reaching a steady state, at leastEin a
! reasonable amount of computer ~ time. Figure 2.4.2 presents typical
j histories for the time step and the liquid velocity halfway down.
; the flow channel.
I

! Successive factor-of-two reductions in the maximum allowed
. time. step showed that the steady state convergence' convergence

l criteria would'be met in ~ 60 s of problem time, at a maximum
i time step of 0.25 s. A further time step. reduction resulted in

convergence in 35 to 40 s of computed time; however, the state at
convergence was not the same as that attained with the larger
time step (Figure 2.4.3). Calculations with maximum time steps ofs

0.125 s and 0.0625 s did yield virtually identical results, so
; the larger of these two time steps was chosen for our later

" base-case" analyses. As a part of this study, the steady statei ~

convergence criteria were modified so that the quantities checked
are normalized rates-of-change of the fluxes'of mass, momentum,,

i and total' energy for each phase. This alteration had only a small
~

effect on the course of the calculations; predictably, conver-
j gence to a steady state required slightly more computer time.

,

t

,

*

i
!
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The data presented for the experiments consist mainly of
lig:id film thicknesses, vapor mass flows, and pressure increases
at 5 stations along the flow path. It therefore seemed that the
TRAC model should be able to use either a pressure (" BREAK") or

-

velocity (" FILL") boundary condition for the outlet. Figure 2.4.4
compares experimental and calculated pressure difference profiles

'

using both velocity and pressure boundary conditions at the'

outlet. The calculated result with the pressure boundary condi-
tion is only numerically wrong, but the velocity boundary
condition yields a qualitatively incorrect pressure profile. In
the case of the vapor mass flux, a similar situation exists, with
the roles of the calculated results reversed; as shown in Figure
2.4.5, the pressure boundary condition causes negative calculated
flow in the downstream one-quarter of the channel. Both the
pressure and the mass flow comparisons are consistent with the
hypothesis that TRAC overpredicts the amount of condensation, and
suggest that the phase-change model should be examined.

TRAC computes the phase-change rate by equating the energy
transferred from each phase to the interface with the enthalpy
jump required for the phase change. Thus, the interfacial heat
transfer coefficients and the effective areas control the
process. For the interface-to-liquid contribution, the term of
interest is proportional to the product of liquid velocity,
density, specific heat, and the interface area (i.e., the liquid
Stanton number is constant). The vapor-to-interface contribution
is more complicated; however the area term used does not appear
to depend on the stratified interface area.

We are testing a very simple alteration in the model for
interfacial heat transfer in completely stratified flow. As
viewed from either phase, the interface is considered to be a
flat plate; analysis for a boundary layer replaces that for flow
in a pipe, and prescribes the Stanton number to be proportional
to a product of powers of the Reynolds and Prandtl numbers. (See,
for example, Reference 12.) For the liquid term, the effect is

! one of multiplying the " standard" heat transfer coefficient by a
constant, a power of the Prandtl number, and a power of the'

Reynolds number. The vapor-to-interface and liquid-to-interface
terms are identical in form, differing only in the quantities
used to evaluate them. The area of the stratified interface thus
affects energy transfer for both phases. Because of the boundary
layer approach, the characteristic length in the Reynolds number
is distance from the inlet, and the mean relative velocity is
used. The multiplicative constant and the exponent on the

*

Reynolds number depend on whether the flow is laminar or turbu-
lent, and transition between those regimes is accomplished by a
cubic in the velocity. Figure 2.4.6 compares the standard and
modified interfacial heat transfer coefficients for conditions
typical of these analyses. Although we expect frictional effects

15
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to be much less important in these calculations, we have included
a similar treatment based on Reynolds' analogy for wall friction,
for the sake of consistency. In this case, of course, the mean
velocity of each phase is used. No alterations to the interfacial ,

friction description were made.

We performed calculations using both standard and modified .

models, for two sets of inlet conditions -- Tests 253 and 259 in
Figure 2.4.1. The major difference in the conditions is that one
set has an inlet vapor mass flux about 2.5 times that in the
other. Direct comparison with the data is somewhat ambiguous,
because of the differences between the rectangular test channel
and TRAC's circular pipe geometry. However, on the basis of
pressure differences and mass flows (given in Figures 2.4.7 and
2.4.8), the results using the modified code are closer to the
data than those obtained with the standard models for the lower
flow case. Countercurrent flow does not occur using the modifi-
cation, and the two outlet boundary conditions give more similar
results. With the higher flow, neither method is clearly
superior; however, TRAC obviously gives (with or without modifi-
cation) a correct qualitative prediction of the effect of
increasing the inlet vapor flow. As expected, the modified
version of the code yielded lower interfacial heat transfer and
phase change rates than those given by the standard model, as
shown in Figures 2.4.9 and 2.4.10.

The approximations to the stratified flow field we used to
develop the modified treatment are very crude, and can probably
be refined quite easily to include an analysis of the boundary
layer at the interface. We will investigate this question in the
near future. We will also consider test points with other inlet
conditions, to assure that TRAC correctly predicts the effecta of
varying those conditions.

The reader should be aware that a large part of this separate
effects assessment analysis so far has been devoted to providing
" signal variable" definitions for analyzing the output, and pro-
cessing the graphics file content so that convenient comparisons
can be made with experimental data. This work also exposed some
relatively minor code and documentation errors, which have been
discussed with the code developers.

2.5 NEPTUNUS Pressurizer Test
.

The NEPTUNUS pressurizer test facility, located at Delft
University of Technology, consists of a 2.5 m high by 0.8 m
diameter test vessel with a 0.084 m diameter surge line and a

.

0.027 m diameter spray line. Heater elements with a total power
of 17 kW were installed in the facility to offset environmental
heat losses.

16
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*
Test YOS from the NEPTUNUS facility is-being analyzed using

TRAC-PFl/MODl. The input for this model was taken from a paper by.
*

H..A. Bloemen in which an analysis of this test using RELAP5/ MOD 1
was discussed (13]. Test YO5 consisted of four insurges and
outsurges combined with four cycles of spray. The measured surge*

'line and spray flows are shown in Figure 2.5.1 and illustrate
~

that the test was initiated from an.insurge followed shortly by
the initiation of spray flow. The temperature of the surge line
flow was constant at 548 K and the spray temperature varied from
594 K to 500 K. .In addition to the flows.and temperatures in the-
surge and spray lines, the pressure and three fluid temperatures

' at one-elevation in the test vessel were measured.-This test'was
analyzed with TRAC-PF1 because the capability of computer codes
used in safety analyses to calculate correct pressurizer response'

j is an important concern of the'NRC.
.

| The test facility is a relatively simple system and the nod-
ing diagram illustrating the TRAC-PF1 model used for the analysis

; is shown in Figure 2.5.2. The model has three components, a
i pressurizer and two fills. One of the fills simulates the surge
| line and the other the spray line. Two nodings were used for the
j pressurizer: 13 cells and four cells.

I The calculated (13-cell model) and measured pressures at the
elevation corresponding to cell 9 of the 13-cell model are com-

! pared in Figure 2.5.3. The pressures initially increase because'

of the flow in from the surge line. The pressures decrease as a
result of the subcooled spray flow and an outsurge from the pres-3-

i surizer. The four cyclos in the pressures are a result of the
four insurges and outsurges. The calculated changes in pressure

j during both insurges and outsurges are higher than the measured
| change; however, relatively good agreement in the minimum

pressure occur. The calculation of a higher pressure duringa

insurges with spray flow may indicate that the interfacial heat
transfer for'subcooled water is too low.

3

! Calculated and measured fluid temperatures are compared in
Figure 2.5.4. Three measurements of the fluid temperature are,

! shown. Similar to the results from the comparison of the pres-
; sures, the temperatures increase during insurges and decrease
' during spray' flow and outsurges. During the'insurges the calcu-
j- lated and measured fluid temperatures indicated the vapor was
j superheated, with the calculated-fluid temperature being higher

than measured.,

I To determine the effect of a coarser noding of the pres-
surizeroon the calculated results, the calculation was repeated.

with a 4-cell pressurizer. The pressures from the 4-cell and 13-i

|~ cell models and the measured pressure are' compared in Figure
2.5.5. There are some small differences in the maximum pressures

,
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during the insurges. The minimum pressure from the 4-cell model
was slightly lower than the 13-cell model. This difference
appears to be caused by the fluid temperature being lower wi*h

,

the 4-cell model,'as shown in Figure 2.5.6. The generally lower
temperatures with the 4-cell model are a result of the void
fraction being' higher at the measurement elevation with the

,

coarser noding.

The calculated liquid temperature in the cell the subcooled
spray was injected into, the top cell in the model, could be
unphysically low if the time step was not controlled. The
calculated liquid, spray, and saturation temperatures are shown
in Figure 2.5.7. This calculation was run with a maximum time
step of 0.25 s and, after the first few seconds, the code
selected the maximum time step for the remainder of the calcula-
tion. A comparison of the spray and liquid temperatures shows
that a lower liquid temperature was calculated than the source
spray during some periods of spray flow. The spray should be the
coldest liquid in the system. Reducing the maximum time step to
0.05 s eliminated the low liquid temperatures in the top cell.
The calculation of low liquid temperatures in the top of the
pressurizer did not affect the calculated pressure, which was
nearly identical with both maximum time steps.

In summary, preliminary results from the comparison of pres-
sures and fluid temperatures during insurges and outsurges from a
pressurizer, with spray flow, indicate that higher maximum pres-
sures and fluid temperatures are calculated by TRAC-PF1/ MOD 1 than
measured. These results may indicate that the interfacial heat
transfer to the liquid during condensation is too low. Additional
analysis of these results will be performed next quarter.

2.6 LOBI Large and Intermediate Break Tests

The Loop Blowdown Investigations (LOBI) facility, shown in
Figure 2.6.1, is located at Ispra, Italy, and supported by the
EURATOM Joint Research Centre. [14] 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 an
electrically-heated reactor pressure 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. -

|
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:

> The two LOBI tests in our assessment matrix are Al-04R,L a
'200% cold-leg break scenario previously analyzed as part of our-

RELAPS/ MODI assessment program (15], and B-R1M, a 25% cold leg
break which is a scaled counterpart to Semiscale intermediate;

break test S-IB-3 (also in our TRAC-PFl/ MOD 1 assessment matrix).
-

L We chose to analyze Al-04R first, since much of the background
work'had already been done during our RELAPS analyses. 7

:
.

j' The steady state and transient TRAC-PFl/ MOD 1 nodalizations we
have developed for the LOBI facility are shown in Figures 2.6.2

; and 2.6.3, respectively. Both loops are modelled, with the
| triple-capacity intact loop shown on the left, the single broken

loop on the right and the vessel in the middle. The steady state
' model contains_37 components, with a total of 167 1-D cells and

78 cells in the 3-D vessel; the transient model contains 40
h components with a total-of 173 1-D cells. A 3-D VESSEL is used
i rather than a 1-D CORE component because of the significant core

rod heat in the upper plenum; this could not be modelled
i. explicitly in the TEE component that would needed to hook the hot
i legs to the vessel. Most of the 1-D cells (43 each) are in the

|atypical LOBI steam generators, which have separate downcomer and
boiler regions for the hot and cold leg sides. The transient

q nodalization is almost identical to the steady state nodaliza-
tion, except for a few modifications required for the transient.'

i such as.modelling the break valve assemblies, the steam generator
[ isolation, and the pump and core power ramps,
i

During this quarter, the steady state initialization for test;

j Al-04R was completed. Good agreement between measured (16] and
1 calculated initial conditions was eventually achieved for all
| major parameters. The TRAC steady state calculation was begun by
,' inputting the RELAPS initial values, rather than from the usual

cold no-flow conditions, saving significant computer time. As in
our earlier RELAPS calculations, we found that using the minimum
tube-to-tube spacing as the heated equivalent diameter on the

i outside of the U-tubes (rather than the usual hydraulic diameter)
was required to allow simultaneous matching of the primary side,

cold leg temperature and the secondary side pressure.:

i

} The major problem encountered during the steady state
1 initialization was matching the individual loop flows and pump
i speeds simultaneously, an indication of how well local pressure
; drops are modelled. Two main changes were required. Loss co-

efficients associated with tees that were user-input in our' -

RELAPS model were removed in the TRAC model on the assumption
that the TEE component in TRAC would correctly account for the

' relevant pressure drops. Also, the hydraulic diameters used in<

{ calculating the wall friction (which are cell-edge quantities in
.
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I

TRAC rather than cell-center variables as in RELAP) were adjusted,
based on the guidelines developed during our PKL analyses, at
junctions between two different-area cells. This adjustment was ,

particularly important for the junctions connecting the steam
generator plena to the loop piping and to the U-tubes.

,

Transient calculations for Al-04R will begin next quarter, as
well as work on the intermediate break test B-R1M.

I

2.7 Semiscale Tests

The Semiscale Mod-2A test facility, shown in Figure 2.7.1,
is located at the Idaho National Engineering Laboratory and sup-
ported by the NRC. This scaled integral facility is used to
investigate the thermal and hydraulic phenomena accompanying
various hypothesized loss-of-coolant accidents and. operational
transients in a PWR system. It is a 2/3411-scale model of a
four-loop PWR, consisting of two primary coolant loops and an
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.

;

Of the three Semiscale Mod-2A tests in our TRAC-PFl/ MOD 1
assessment matrix, we chose to start with the intermediate break
test S-IB-3. 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 TRAC-PF1/ MOD 1 nodalization we have developed for the
Semiscale Mod-2A facility is shown in Figure 2.7.2. Both loops
are modelled, with the intact loop shown on the left, the broken
loop on the right and the vessel in the middle. The steady state
model contains 28 components, with a total of 180 1-D cells and
48 cells lie the 3-D vessel. A 3-D VESSEL is used rather than a
1-D CORE component to allow easier and more accurate modelling of
the vessel connections and geometry than could be achieved using
numerous TEE components. Many of the 1-D cells (45 and 42 for the
intact and broken loops, respectively) are in the steam

.

. generators.
!

The few modifications required for the S-IB-3 transient, such
.

as modelling the break valve assemblies, the steam generator
isolation, and the pump and core power ramps, will be made next

|
|

|
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.

quarter, after the steady state calculation is completed. The
deck,will also then be modified by replacing the 3-D VESSEL with

'

a 1-D CORE and.a number of TEES before beginning the scheduled
S-SF-3 and S-SF-5 analyses. Those long-duration secondary side
break transients will require fast-running' decks more than,

detailed vessel geometry.
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