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

'

| NUREG/lA-0019
i

i rO1 International
! M Agreement Report

'

TRAC-PF1/ MOD 1 Post-Test '

Calculations of the OECD
Loft Experiment LP-SB-2

| Prep? red by
| F. Pelayo

United Kingdom Atomic Energy Authority
,

i Winfrith, Dorchester
i Dorset, England

Olrice of Nucicar Regulatory Research
U.S. Nuclear Regulatory Cornmission
Washington, DC 20555

December 1990

t

Prepared as part of
'ihe Apecment on Research Participation and Technical lixchangei

! under the International'ihermal-llydraulic Code Anessment
and Application Propam (ICAP)

Published by
'

U.S. Nuclear Regulatory Commission

$8A"#284si9 2232

IA-0019 R PDR

.-. .- - - . - . .- - - -, -- -._ ___ __ _ .

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



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

I
J

'
.

I
n

|
)

NOTICE |
,

This report was prepared under an international cooperative
3

agreement for the exchange of technical information.* Neither
the United States Government nor any agency thereof, or any of )'

their employees, makes any warranty, expressed or impiled, or i

assumes any legal liability or responsibility for any third party's
use, or the results of such use, of anyinformation, apparatus pro-
duct or process disclosed in this report, or represents that its use i

by such third party would not infringe privately owned rights,

i

Available from

Superintendent of Documents
U.S Government Printing Office

P.O. Box 37082
Washington, D.C. 20013 7082

and

Natbnal Technical information Servico
Springfield, VA 22161

_ _ _ _ ,. , ,_____.-_ ____._ - . _ . . . _ _ . . _ _ _ . _ - - . .._..._ ._ .- -



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

NURIIG/lA-0019-

a i International
( Agreement Reportr

.
- .-

=*-m.w

| TRAC-PF.1/ MOD' Pos:-Test
i Ca.cu ations of t le OECD

Loft Ex 3eriment LP -SB-2

Prepared by
I'. l'elayo

United Kingdom Atomic l'.nergy Authority
Winfrith, Donhester
Dorset, !!ngla red

Orlice of Nuclear Regulator) Research
U.S. Nuclear Regulatory Cominlulon
Washington, DC 20$$5

Decernher 1990

I
!

||3 Ap [i " i I, ra 'I [I) ' ' "

Published by

U.S. Nuclear Regulatory Commission,

i

|

-
.



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

i

}

j' NOTICE |

)

I

!

|
This report is based on work pert'ormed under the sponsorship of the

' United Kingdom Atomic Energy Authority. The inforaation in this
! report has been provided to the USNRC under the terms of the |
5 International code Assessment and Application program (ICAp)

j between the United States and *.he United Kingdom (Administrative
| Agreement - WH 36047 between the United States Nuclear Regulatory-

|
Commission and the United Kingdom Atomic Energy Authority Relating

' to Collaboration in the Field of Modelling of Loss of Coolant

| Accidents, February 1985) . The United Kingdom has consented to the

| publication of this report as a USNRC document in order to allow
~ the widest possible circulation among the reactor safety community.

Neither the United States Governitant nor the United Kingdom or any
agency thereof, or _any of their employees, makes any warranty,
expressed or implied, or assumes any legal liability of

responsibility for any third party's use, or the results of such
:

use, or any information, apparatus, product or process disclosed
in thit report, or represents that its use by such third-party

I would not infringe privately owned rights.

.

5

f
t

['

:

I
!

.

?

|
;

L

'

-
_



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

ABPTRACT

An analysis of the OECD-LOPT-LP-SB-2 experiment making use of
TRAC-PFl/ mod 1 is described in the report. _

,

LP-SB2 experiment studies the effect of a delayed pump trip
in a small break LOCA scenario with a 3 inches equivalent
diameter break in the hot leg of a commercial PWR operating
at ful.1 power.

The experiment was performed on 14 July 1983 in the LOFT
facility at the Idaho National Engineering Laboratory under
the auspices of the Organisation for Economic Co-operation
and Development (OECD). This analysis presents an evaluation
of the code capability in reproducing the complex phenomena
which determined the LP-SB-2 transient evolution. The
analysis comprises the results obtained from two different
runs. Tne first run is described in detail analysing the
main variables over two time spans: short and longer term.
Several conclusions are drawn and then a second run testing
some of these conclusions is shown.

All of the calculations were performed at the United Kingdom
Atomic Energy Establishment at Winfrith under the auspices of
an agreement between the UKAEA (United Kingdom Atomic Energy
Authority) and the Consejo de seguridad Nuclear Espanol
(CSN).

;
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COMMER0ZAL 8N CONP8DENCE

1 INTRODUCTION

Experiment LP-SB-2 studies the effect of a delayed pumps trip
in a Small Break LOCA scenario with a three inches equivalent
diameter break in the hot leg of k commercial PWR operating
at full power. The experiment was performed on 14 July 1983
in the LOPT facility at the Idaho National Engineering
Laborstory under the auspices of the Organisation for
Economic Co-operation and Development (OECD). The evolution
of the experiment was determined by several features, among
the most important of which were the flow patterns present in

.

the loop, vapour pull-through and liquid entrainment observed
'

in the break line, and pumps behaa.iour.

Early in the transient a density gradient developed in the
vertical section of the hot leg. The break line density was
sensitive to thin gradient; moreover a preferential flow of
rteam was detected as soon as two-phase conditions occurred.
Under stratified conditions and later in the transient, the
break suddenly uncovered increasing the depressurisation
rater from then on some liquid entrainment was observed to
occur.

The pumps behaviour was important in determining the fluid
velocities and density distribution as well as changes in
flow distribution and flow patterns in the loop.

4

Many of the features of TRAC-PF1/ MOD 1 were used during the
analysis of the experiment, le the flow regime dependent
constitutive equation package, choked flow model, pump model
under two-phase conditions, fluid transport and associated
two-phase pressure losses along the whole loop, etc.

The SETS numerics were applied to all the components in the
system as no three-dimensional vessel was used.

All the calculations were performed on a CRAY X-MP computer
and the Code versions used were the Winfrith versions B02A
for RUN A and 802C for RUN B. Both versions contain Los
Alamos updates up to Version 12.7. A description of the -

difference between the Winfrith code version and Version 12.7
is given in Appendix B.

2 LOFT FACILITY

2.1 System Description

The LOFT test facility simulates a four loop PWR 1000 MW
(electric) commercial plant. It has a thermal power of 50 MW
produced by nuclear fission sustained in the reactor core.
The system was designed to simulate the major components and
system responses during LOCAs or operational transient
accidents. The facility components were instrumented to
record the main system variables during the experiments.

AEEW - R 2202 1
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The facility consists of a reactor vessel volumetrically
i scaled to 1/47; an intact loop with an active steam

generator, pressuriser, and two primary coolant pumps
connected in parallels a broken loop connected by
recirculation lines to the intact loop to keep the fluid
temperature at about the core inlet temperature prior to
experiment, a reflood assist bypass valve connecting both
legs of the broken loop as a safety device, and two quick
opening valves (kept closed during SB-2 experiment)
connecting both legs of the broken loop to the utpression

,

tank header. During experiment LP-SB-2 the blowdown valves !

and isolation valves were kept closed as the break was in the |
hot leg of the " intact" loop. The broker loop spool pieces '

with orifices to simulate the steam gen:.ator and pump
hydraulic resistance were not installed for this_ experiment,

'

but were replaced by a straight pip!ng spool piece.
,

,

The LOFT ECCS simulates that of a commercial PWR. It
consists of two accurciTtors, a high pressure injection
system, and a low pressere injection cystem. Each system is
arranged to inject scaled flows of emergency core coolant
directly into the primary coolant system. During
experiments LP-SD-1 and 2 .he accumulators and LPIS were not
used and scaled HPIS flow was directed into the intact cold
leg. Volume scaling of the HPIS flow was based on the
assumption that only one of three charging pumps and one of
three !!PIS pumps in the reference plant were available.

The LOFT steam generator located in the intact loop is a
vertical U-tube design steam generator. The use of auxiliary
feedwater flow to the steam generator during the experiment
reflected the initiation and employment of backup emergency
feedwater in a commercial PWR until the simulated depletion
of feedwater source (about 30 minutes).
In experiments LP-SD-1 and 2 the breakline was connected
between the midplane of the hot leg and the blowdown
suppressien tank.

An axonometric projection of the LOFT system configuration
for experiments LP-SB-1 and LP-SD-2, and a LOFT piping
schematic with instrumentation are shown respectively in

i Figures 1 and 2. More detailed information on the LOFT
system configuration is provided in Reference 1.

3 TRAC PF1/ MOD 1 MODEL OF LOFT FACILITY

Starting from the nodalisation used in the analyses of the
experiments LP-LB-1 and LP-FP-1, an existing Atomic Energyi

; Establishment of Winfrith (AEEW) input deck was adapted to
reproduce the actual configuration of experiments LP-SB-1 and!

L LP-SD-2 (Ref 2) these modifications were:-

Removal of the three-dimensional vessel and
i

implementation of a one-dimensional model.

I
!

;

! AEEW - R 2202 2
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4

Nodalisation of the broken loop.

i Addition of pump injection.

Removal of accumulator and line.

Nodalisation of the hot leg break.

The final noding diagram is shown in Figure 3. The number of
components used to model the facility were 36, with 142 cells
and 42 junctions.

3.1 Reactor Vessel

After the initial consideration that in LP-SB-2 the
transient evolution in the vessel did not show strongly
asymmetrical behaviour it was decided to take advantage of
the multistep numerics of TRAC-PF1/MODl, which are restricted
to one-dimensional components, by changing to a
one-dimensional vessel.

The one-dimensional vessel geometry was developed by
transposing fluid volumes, flow areas and cell lengths from
the three-dimensional vessel cell inesh of the LP-FP-1 deck,
and the results were cross checked with the LOFT reference
documentation,

The nature of the description, to TRAC, of heat structures
(specification of a pipe's internal radius and thickness)
prohibits the exact representation of the surface areas, and
volume and thickness of the vessel metalwork. Any two
parameters may be input precisely and some compromise between
all three may be used. The appresch adopted here was to
concentrate on preserving the overall volumes and surface
areas of the metalwork, No representation of two sided heat
structures is available in the one or three dimensional
vessel, resulting in a further substantial limitation.

On the basis of steady state mode calculations, friction
factors were derived which enable reasonable agreement with
the available pressure drop data to be obtained. Five of six
core bypass paths were modelled (see Figure 4): Dypass Path
1 (lower core support structure bypass), Bypass Path 2 (lower
end box bypass) and Bypass Path 3 (gauge hole bypass) were

! represented by the side arm of a TEE component (Figure 5).
Bypass Path 4 (outlet nozzle gap) was modelled as a PIPE.

| Dypass Path 5 (core barrel alignment key) was represented by
a PIPE component between the two sections of the upper
plenum. It was not possible to model' Bypass Path 6 (core
filler block gap) because the one-dimensional core component
is permitted to have only two junctione. The downcomer
bypass was also modelled.

ACEW - R 2202 3
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| 3.2 Steas Generator and Steam Line

i The steam generator consisted of a boiler, a separator and a ;

i downcomer region. In order to adequately reproduce the
i subcooled region of the boiler, the bottom cell of the boiler
| was halved in length, as well as the corresponding primary

side cells. The steam separator was simply modelled by,
'

imposing perfect separation at its top junction.

The overall heat losses were set to 21.4 Kw as the best fit-4

! to the ava.ilable data (Ref 3).
;-
! Heat structures in the steam generator were better ?

represented than in the vessel due to the capability of the
' steam generator component to cope with two-sided and multiple
heat structures.

The friction loss in the junction between the downcomer and
the boiler was modified to fit the reported recirculation

,

ration 4.8. No steam bypass valve was modelledt its function
was taken over by the main steam control valve. A detailed
description of the modelling can be seen in Figure 6.

j

3.3 Intact and Broken Loogs {

'

The loss of coolant occurred through-a break in the intact
loop hot leg, therefore the hot leg representation in the;

TRAC deck was modified t - accommodate the break.4

'

The ' length of the bgeag line was 5.61 m with flow greg
corresponds to a diameter of 1.27.10"gf 1.2668 10-
section of 6.82 10~ m aid a nozzle m that

m. The length of the
,

cell-connecting tc the nottle was made equal to 0.1 m. The
HPIS discharged into the cold leg at an angle of 90' to the
mainline.

A characteristic of the. LOFT facility is the existence of a
fluid path connection-butween both legs of the broken loop in
order to equalise the pressures between the upper core and
upper downcomer, making it easy to flood the core under
unexpected' conditions.. This bypass was supposed-to be closed
during the experiment but a leakage of about 5.3% of the
circuit flow (480 kg/sec) . passed through the reflood assist
bypass valves (Reference 3). In _the nodalisation the flow
area of this junction was adjusted to obtain a flow rate -in
reasonable agreement with the data.

|-
4 EXPERIMENT LP-SB-2

,
Experiment LP-SB-2 addresses the. analysis of a small break

L loss _of_ coolant accident with the-break at the' midplane of
| the-intact loop hot leg. In contrast with LP-SB-1 the

primary coolant pumps were running for most of the experiment'

until the trip set point on pressure was reached.

AEEW - R 2202 4
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):

: A detailed description of the experiments is found in
Reference 4.

[ 4.1 steady state Calculatione
.

Starting with input conditions well awcy from the operating l

steady state, 500 seconds of steady state calculations were
'.

'

i run to achieve a reasonable degree of convergence.- During
this period the predominant timestep was 1 see and the'

(CPU / Problem) time was 0.36. In order to obtain a final.

i steady state a subsequent run of 70 secs with a maximum
timestep of 0.1 see was performedt the (CPU / Problem) time was
2.0. The total-(CPU / Problem) time ratio was 0.56.'

To establish the required steady state a control system was
implemented acting on the following variables -,

j- Steam generator mass balance

L Downcomer liquid level

Secondary pressurey

| Primary system pump speed

A further description of the control system may be found in
References 5 and 6.-

The model environmental heat losses from the primary side
were 224 Kw and 2' .4 Kw from the steam generator in agreement
with Reference 3.

r The percentage of the loop mass flow (480 Kg/s) diverted
through the different bypasses was the followings-

4

componentj

79 Core Barrel Alignment Key 0.' 04 %

93 Outlet Nozzle.0ap 2.7%'

85 Downcomer Bypass 20%

89 Core Bypass 3.5%,

31 Reflood Assist Bypass Valve 5.3%

The obtained primary side initial mass was 5640 Kg. The
total deviation with the computed inventory for -the LOFT
facility of around + 7.6%. A further_ study on the broken
loop structure _ allowed for a reduction of -thic offset up to a
+3.8%.

The steam generator secondary side water mass inventory
obtained for the steady state was 2089 Kg.

.

The steady state initial conditions obtained are shown in
Table 1.

AEEW - R 2202 5
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4.2 Transient Boundary conditions

As far as possible all variables and parameters external to
the LP-SB-2 calculation were modelled using the actual
experimental data.

Among the most important parameters is the actual size of the
break, 1.27 cm in diameter. The subcooled and two phase
choked flow multipliers were 1.0 in value. The reactor power
decay heat was provided by the best estimate data provided in
Reference 7.

The pumps were kept on spinning at their steady state
velocity, 331.3 rad /sec (~ 316 in experiment), throughout all
the transient until their trip set point was reached. No
heat source from pumps dissipation was provided, which is
thought not to have affected the overall evolution of the
calculation. The pumps injection flow was added immediately
downstream, each pump assuming a constant flow of 0. 0475 1/s

The secondary side steam control valve, as previously
mentioned, assumed the function of the steam by,iss valve.
E .imated pressure setpoints deduced from direct reading of
experimental data on pressure and valve movement governed its
behaviour in the transient. After 80 seconds it was latched
closed to a minimum flow area of 0.35% of its fully opened
value, throughout the transient. This figure, derived from
the L (Ref 8), implies a steam leakage of ~ 0.125
Kg s~{-SB-3 EASRat a secondary pressure of ~ 5. 5 MPa.

The auxiliary feedwater flow was constant and its temperature
209'c.

4.3 Chronology of Events for Experiment LP-SB-2

The experiment started with the opening of the break valve in
the hot leg of the intact loop. After 1.8 secs the pressure
fell below the reactor scram set point value (14. 28 MPa) .
Simultaneously the main feedwater valve started to close and
with a one second delay the main steam control valve began to
close. At 4.3 seconds the main feedwater valve was isolated
and the main steam control valve was fully closed at 14.8
seconds, though a small leakage was assumed. As a
consequence of the subsequent pressure increase, the steam
bypass valve was actuated. Meanwhile at 42.4 seconds the
HPIS was initiated and at 50. 2 seconds the subcooled blowdown
ended. At 63.8 seconds the steam generator auxiliary
feedwater was manually initiated. At 582.2 seconds the pumps
degradation was observed and at around 600 seconds the onset
of partial phase separation in the hot leo was detected. At
around 1200 seconds the break started to uncover so
increasing the depressurisation rate and after 1290 seconds
the secondary pressure exceeded the primary pressure. After
1864 seconds the auxiliary foedwater was shut off and at
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2853 seconds both primary coolant pumps were tripped after~

reaching their pressure set point (3.16 MPa in primary
system).

5 POST TEST CALCULATIONS

The results from two different runs are described in this
Section. The first one, called Run A, was the first attempt
to reproduce the experiment LP-SB-2 and no feature other than
those implemented in the current standard version of the code
(12.7) was used. Important conclusions were derived from
this run. To confirm these results a major modification in
the break line, together with a Winfrith implemented model,
were used to make a second run, called Run Bf at the same
time other minor modifications were added to the input deck.

5.1 Run A

operational set points and chronology of events are shown in
Tables 2 and 3 respectively.

5.1.1 Code Performance

The code speed can be clearly separated in three regions
(Figure 7). The first one comprises from 0.0 to 1000
seconds, the code is mostly using its maximum allowed
time step of 0.5 seconds (Figure 8) and the
(CPU / Problem) time is ~ 0. 4 5. From 1000 seconds to 2650
seconds the code drops its speed and the average time
step is ~ 0.08 seconds. The (CPU / Problem) time is ~
3.1. This change of behaviour is found to be related to
changes in flow directions in the broken loop and in
Pump No 1 (discussud later). From ~ 2650 up to the end
of the calculation the average time step recovers to ~
0.4 and the (CPU / Problem) time is ~ 0.51. This recovery
of speed in the calculation is found after the pumps
trip. At 3000 sees the total number of time steps is ~

25500 and the total (CPU / Problem) time is 1.95.

The SETS numerical method allows for the violation of
the material Courant limit. A Courant value of ~ 12 is
common in the cold leg during the fastest period of the
transient (at = 0.5 sec). A Courant value of 1 would
imply at = 0.04. This capability to violate the Courant
limit allows the detailed modelling of bypass pathways
in the vessel.

5.1.2 Short Time Behaviour (0.0 - 850 sec)

The evolution of the main variables: pressure,
temperature and density is now described, finally the
fluid velocities and transient mass inventory will be
discussed.

AEEW - R 2202 7
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5.1.2,1 pressure Behaviour: Primary Side

Following the opening of the break valve a sudden
decrease of the pressure (Fig 9) is observed. This
period corresponding to the subcooled blowdown, is
adequately predicted by the code, reaching the scram set
point at 2.3 seconds. After ~ 53 seconda the fluid gets
into saturated conditions as voidage develops, the
upper plenum of the vessel becomes vapour bound (Fig
10). The steam generation helps to stabilise the
pressure, which is well reproduced by the code.
Discrepancies in the break flow (Fig 11) may account for
the slight differences obtained between experimental and
calculated primary pressures.

The calculated pressure drop from the bottom of the loop
seal to the pumps inlet was about 75 Kpa at time 0.0
while the experiment indicates ~ 20 Kpa. The reason for
the discrepancy is the big pressure loss predicted by
TRAC at the symmetrically flow dividing tee. As the
overall syctem pressure loss is reasonably well
reproduced, the actual pump pressure increase should
remain unaffected. Having in mind this result the
pressure increase through Pump No 2 is compared with the
reading from PDE-PC-001 (Fig 12). It shows a bigger
sensitivity at low void fractions than the experiment
that is due to the selection of the head multipliers
(Appendix A). The overall result is considered to
reproduce the experimental result adequately. This
indicates that the combination of mass flow, pump speed
(constant), density and void fraction, together with the
pump head degradation multipliers and pump homologous
curves is consistent with the experiment.

5.1.2.2 Pressure Behaviour: Secondary Side

Simultaneously to the reactor scram, the main feedwater
valve starts to close, followed by the closure of the
steam control valve. As a consequence an increase of
the secondary side pressure (Fig 13) is observed. The
rate of pressurisation is overpredicted producing an
early activation of the steam bypass valve. This
overpressurisation was found to be dependent on steady
state initial pressure, mass distribution and timing for
the closure of main feedwater and steam valves. In any
case the pressure rise rate was above the experimental
one. Due to the secondary role played by the steam
generator this problem did not affect the results
seriously.

The energy removal from the steam generator was through
the steam valve leakage (0.125 kg/s at 5. 5 MPa ) and heat
losses through the shell. The combined offects of there
and the introduction of subcooled water via the
auxiliary feedwater dealt with the heat transferred from

AEEW - R 2202 8
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the primary aide and finally determined the secondary
side pressure.

5.1.2.3 Temperatures

As soon a the chain reaction ceases in the core thes

main source of heat during the transient is the core
decay heat. Ow early slow decrease of the hot leg
lie;uid tempo e are during the subcooled blowdown (Fig
'14 % is aseoe ad with the rapid increase of the
pressure in tne steam generator. On reaching saturation
the temperatures follow the same behaviour as the
pressures.

,

The temperature in the cold leg of the intact loop (Fig
20 seconds due to the15) rises during the first ~

decrease of AT through the steam generator. After the
opening of the steam bypass velve and up to its final
closing the temperature decreases as AT increases. In

the experiment this behaviour is not observed. The cold
leg temperaf. ore remains almost constant until the final
closure of the steam bypass valve, at which time it
ri as and finally follows the presure trend.

During all the period studied the steam generator
behaves as a heat sink (Fig 16) due to the existence of
a small positive difference in the presures between
primary and secondary side. Most of the energy however,
is released through the break.

5.1.2.4 Density Distribution

In the experiment LP-SB-2 the distribution of the
densities is strongly affected by the running ptmps. In
Figures 17 and 18 the hot leg and cold leg c' ens; ties are
represented. The experimental measurements Ara related
to the absorption of three beams of gamma ra,. covering
the ;op , middi e and bottom cross cection of the hot and
col / leg specified locations (see Fig 19).

Early in the transient voidage started to develop in the
upper plenum of the vessel (~ 46 sec), in the top of the
steam generator U-tubes and in the loop seal (~ 60 sec),
Figures 10, 20 and 21. This veidage (SG and loop scal)
was strongly influenced by the secon'ary side behaviour
in the first seconds of the transient. As soon as the
heat transfer to the secondary side falls, the cold leg
temperature increases, and as the loop seal is the
minimum pressure location of the loop some voidage
occurs there. After 80 seconds the secondary side steam
bypass valve finally closes, thus increasing the
secondary side pressure and enhancing the voidage
generation. In the experiment this voidage is partially
collapsed in the cold leg, ie the cold leg densit
decreases later than the density in the loop seal. This
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was not observed in the calculation resulting in a lower
density than the experiment for a period of about
200 seconds. -In general, though, the density in the
cold leg is reasonably well reproduced during this
period.

The calculated density in the hot leg initially
increased because the more dense fluid overrode the
incipient voidage being transported from the vessel
during the first 100 seconds; from then on the density
decreased steadily. Early in the experiment (~ 50 secs)
a more or less continuous density gradient develops in
the pipe and at around 600 seconds it turns into a steep
gradient indicating a probable flow transition. This
complicated pattern is not observed in the cold leg as
the mixing f rom the pumps tends to maintain an
homogenous void distribution in the cross section of the
pipe.

As is clear from Figure 22, a systematic overprediction
of the break line density was obtained; the calculated
density practically matches that of the average hot leg
while the experimental is almost that of the top beam in
hot leg. This vapour pull-through phenomenon is not
modelled in the code.

5.1.2.5 Fluid Velocities

LP-SB-2 experiment was characterised by "he long time
both reactor coolant pumps were running. During the
period under study no cessation of loop forced flow
happened, therefore the fluid velocity in the loon was

,

!

closely related to the pumps performance. The i duction
in pump pressure rise implied a reduction in fluid
velocity; this trend was specially well reproduced in
the cold leg (Fig 23). The calculated velocity
reduction in the hot leg was analogous to the one in the
cold leg but it did not fit the experimental trend so
well (Pig 24). The fluid velocity in the downcomer had
an initial value lower than the experimental one, the
flow *irected through the downcomer bypass tsuld-account.

for most of this initial mismatch, Figure 25. The
constant decrease in velocity obsere d in the experiment
is not observed in the calculation. An asymmetrical
flow distribution in the downcemer an..ulus could explain
in-some degree this discrepancy.

The calculated fluid velocities in the core inlet and
outlet were multiplied by 1.3 to account for the
-difference in flow area in the measurements location

L between the experiment and the calculation (Table 4);
| with this correction the results obtained are shown in

Figures 26 and 27 respectively. The .results obtained
before the pumps degraded show a better agreement than
after. The pumps degradhcion was not reproduced with
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the sharpness of the experiment, correspondingly the
velocities did not fall so sharply.

The fluid velocity in the break line (Fig 28) is well
reproduced, with a small underprediction in the
subcooled region.

5.1.2.6 Transient Mass Inventory

To achieve a proper description of the actual mass
inventory detailed calculations of the inlet and outlet
flows are required. The fluid inlet sources to the
primary system were the pumps cooling injection and the
HPIS. During the period under study the mass loss
through the break was much bigger, being well within
LOCA conditions. In Figure 11 the break mass flow rate
i s shown . As soon as the break opened, choked flow
conditions were detected. During the subcooled blowdown
the code subcooled choked flow model was invoked with a
multiplier factor of 1. The results show a slight
underprediction. The code two-phase model was invoked
with a multiplier factor of 1. For the very low quality
region a slight underprediction was observed. From 'v0
seconds on, a permanent overestimation of the break mass
flow rate is obtained. The evolution of tbs calculated
and experimental mass (obtained from the integrated flow
balance) can be seen in Figure 29.

5.1.3 Long Time Behaviour (850 - 3000 Seconda)

5.1.3.1 Pressure Behaviour

The secondarv side pressure decline appears to be
reasonably well reproduced indicating that leakage
through the steam valve is about correct (Fig 30).
After 1307 seconds the primary side pressure fell below
the secondary side. Thus the steam generator no longer
acted as a heat sink (Fig 31). At a 1864 seconds the
auxiliary feedwater to the steam generator was suppresed
and as a consequence the rate of depressurisation slowed
down. Unexpectedly the evporimental trend is the
opposite.

In the primary side (Fig 32) a discrepancy with respect
to the experimental result arises from 800 seconds
onwards, the break uncovery which in the experiment
happened at about 1200 seconds was delayed in the
salculation up to 1900 seconds. The experimental break
uncovery appears to happen when the hot leg collapsed
level reaches the break level (Ref 9) while in the
calculation transition to steam flow corresponds to a
complete depletion of the hot leg. This depletion is
consequence of the loss of sufficient mass inventory
to eventually allow the vessel swell level to fall below
the nozzles at around 1920 secs. The hot leg was
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emptied and consequently only steam was released through
the break with the subsequent increase in depres-
surisation rate. At around 2100 and 2660 seconds the
primary pressure curve shows the existence of two spikes
which correspond to the sudden transport of water to the

- break line after a momentary increase in the swell
level in the core (first spike), and to the water
drained from the inlet plenum of the steam generator
after the pumps trip for the second one.

/ The time at which the pumps were tripped ( 3.16 MPa in
primary side) was ~ 200 seconds before that in the
experiment.

5.1.3.2 Temperatures

In the hot leg the fluid temperatures Figure 33 were at
saturated conditions and therefore followed the trend in
pressures. The situation in the cold leg was strongly
dependent on the distance from the HPIS injection
location. As can be seen in Figure 34 the difference
from saturation temperature 1.52 m before the HPIS
location was almost nil until the pumps were tripped,
after which part of the HPIS subcooled water was flowing
back to the loop seal. In the experiment no sudden
decrease in temperature was observed because after the
pump trip the cold leg was partially flooded with water
coming from the vessel outweighing the cooling from the
HPIS.

The subcooling at the HPIS injection location and at the
cold leg nozzle (~ 1.15 m from HPIS) started to be
noticeable after 1200 seconds, the inlot subcooling

(Tsat- T to the vessel was around 5*C up to ~ 1850
seconds,yge)wMen the cold leg was depleted. At this time
the subcooling temperature in the cell where the HPIS
was discharging jumped to ~ 120'C and the subcooling at
the inlet nozzle of the vessel was around 10 *C. After
the pumps were tripped the non-uniformity was more
pronounced with a subcooling of ~ 170*C at the injection
point and a subcooling ~ 40*C at the inlet of the
vessel..

The fuel cladding temperature merely followed the trend
of the saturation temperature corresponding to the
existing pressure. Af ter the pumps were tripped the
downcomer and core levels equalised and as a result the
top of the core slightly uncovered producing a
negligible excursion in the cladding temperature of
about 10*K (Fig 35) until the growth of the swell level
quenched the rod.

|
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5.1.3.3 Density Distribution

The calculated hot leg density (Fig 36) shows an
evolution in reasonable agreement to the experiment up
to ~ 1500 seconds in which the calculated and
experimental trend noticeably starts to differ. In the
calculation no forced flow cessation is detected and at

1800 seconds the hot leg is completely depleted while~

in the experiment forced flow cessation is observed
which restslts in a fall in the hot leg level but later
the level rises again. The explanation given in
Reference 4 is the following: The level rise is...
"due to a coolant density decrease in the core as a
result of decreased fluid velocity and a liquid level
drop in the downcomer because the pump operation
pressurised the cold leg and upper part of the downcomer
relative to the upper plenum._ The downcomer liquid
level also decreased due to the manometer effect between
the column of liquid in the downcomer and the column of
less dense coolant in the core and upper plenum". After
the pumps weru tripped the consequent increase in the
core void fraction accounts for the observed rising in
level. This late rise in level was not observed in the
calculation due to the small inventory of water
remaining in the system which did not allow the core
swell level to reach the nozzles.

The calculated tendency in the cold leg (Fig 37)- was
quite similar to that of the het leg, reproducing the
phenomena observed in the hot 1. eg . Note, though,
that after the pumps were tripped an increase in-the
cold leg density was observed. This is due to the
growth of the layer'of water coming from the HPIS which
at this time is no longer dragged to the vessel by the
steam previously pumped from the pumps. At the same
time the density in the loop seal increased as the water
was running down to the bottom of the loop seal from the
cold leg. The experimental trend is markedly different
from that of the hot leg. First of all there was no
density-gradient across the pipe until ~ 1200 seconds,
due to the mechanical mixing provided by the pumps. As
soon as the forced flow ceased, around ~ 1500 seconds,
the fluid stratified. It is thought that after ~ 1200
seconds of transient the transport of liquid in the
upside of the U-tubes of the steam generator greatly
worsened due to the low velocity of the steam and to the
onset of clear stratification conditions througout the
hot leg. This_ produced a gradual depletion of the cold
leg with respect to the hot leg, and as a result the
level above tho bottom of the pipe was considerably
lower than that of the-hot 'eg. After the pumps trip a
jump in the cold leg density was observed. This was due
to the level increase in the downcomer that reached the
-cold leg level allowing its flooding. Once the levc?.
was enough to pass over the pumps outlet lip (~ 10 cm
height) part of the liquid ran down to the loop seal.

1
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Irf the nodalisation i used: this ilip ' was not ; modelled,--

therefore the flow to the cold leg was greatly.-

favoured ~.

-The-break; flow density (Fig 38) was systematically
overpredicted until the hot -leg pipe emptied. From.then_
on the density was correctly calculated,

5.1.3.4; -Fluid Velocities .

4

The liquid and vapour velocities in the downcomer-(Fig
39) followed a quite different trend with one another.
To start.with there is an initial slip induced by the-
steam buoyancy. The liquid velocity.shows an increasing ~

;

trend as : the ~ void fraction increases , as.a result of the
liquid flow area reduction. At around-2000 seconds the
' void fraction starts to. decrease, reducing the liq'id
velocity until it stagnates. The steam- follows the
: opposite trend, and after a further decrease in the pump

_

op at ~ 1200 seconds and the depletion of the broken
loop, it changes direction, and instead of flowing
towards the. core through the lower plenum it rises,
goingsto th'e' broken loop cold leg nozzle,.towards the

!

broken loop. hot-leg via-RABV.

:The1 trend observedLin the measurement from the
experiment __is: markedly different. The decrease in
'_ velocity is_ sharper and at.around1600 seconds'the-

valocitytis extremelyLlow. :Meanwhile the . velocity-in
: core: inlet,fFigure 40, does not reproduce.this'--a

<sult, having at that time a high velocity.- This
pointsitoran asymmetrical distribution of the flow in-

.

-the downcomer,- in which most. of the flow is fallingc in a
fairlyinarrow section, centred on the cold leg. nozzle.
This could- be supported by the fact that the measurement s

-location in ~ the downcomer -is situated at_ ~ 160' from the |

cold leginozzle. This-suggests that the.use of a three- !
~

''

dimensional model of the' vessel in a SBLOCA simulation
could;be; beneficial.-

din 1the: calculated core inlet. velocities there is an
initial, slip due to'the positive effect-of the-buoyancy
of'thensteam bubbles. The liquid velocity red'ces.at~a
lower rate-than the experiment although:the pumps Ap
(Fig 41)11s:well1 reproduced: at.~ 1200 seconds the:
-further decrease ini the pumps pressure rise is' followed - ;

-

Iby -a sharp reduction in the liquid: and steam . velocities .
Finally. there is a' . residual liquid flow up to ~ 2000_

secondsswhen thecflow definitely stagnates._

1me velocities =in-the core-outlet (Fig 42) practically
follow the core. inlet velocities. The evolution of the
liquid and steam velocities after the pumps trip re'f1-et
the level drop-in-the core followed by the minor core

i-uncovery.-'

_
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~The hotileg vetocities (Figi43 ) arei following the same |
trend as theLeore-velocities. Just-:after the sharp drop '

in velocities after ~ 1200 seconds the code detects i

stratified-flowLeonditions,Jaccording to the' Taitel- 1

Dukler's criterion built into- the code flow regime map.
From thenLon the . liquid and. steam velocity. are less
strongly coupled and as a result the slip ratio
increases markedly. . No cessation of the liquid flow is
calculated, stabilising at a velocity of around 1 m/s (
when the bottom of-the pipe fluid velocity detector
indicates stagnation. Along the top of the pipe the
steam ,is flowing toward the break and the steam

|
generator.. Once the pumps are tripped a sharp decrease '

in the . velocities is detected and a residual steam flow I
is maintained feeding'the break. The liquid in the
upside of-the steam generator is observed to begin to
drain-towards the-inlet plenum _at around ~ 2000 secs
where it stagnates until the pumps are tripped. Then g
the liquid is drained back to the hot leg. ~

The experimenta1 'and calculated cold leg: velocities,n

are very:similar to those of the hot leg. The code
' detected stratified conditions at about the same time
as in the hot leg independently of the' strong mixing
produced by the pumps.

'

.

An important feature observed in the calculation is the
asymmetrical further pump degradation observed at around
1200 secs. A sudden instability develops in which the
pump number 2 isf delivering all the fluid, while through
pump 1 some fluid is being ~ recirculated. As a result
.the. system velocities drop quite substantially. A
somewhat similar behaviour~1s reported in Reference 4 |
developing at the moment of.the pumps degradation in the 1

experiment-(582 secs).
1 . .

j' The break line velocities-(Fig 45)'are well predicted
L .before~the break uncovers ~ 1200 secs, at that time the

L calculated density in the break line is much bigger than
in the -experiment. At around ~ 2000 secs the codeu

detects 1the break uncovery and-then the velocities are-
again--well predicted.-

As a result of the reasonable representation of the.
. velocities and YvTsities inLthe pipework the hot leg
mass flow rate trig 46).was-in good agreement with the
. experimental results up to ~ 1500-seconds.

5.1.3.5 Transient Mass Inventory .

The permanent overestimation. of the break mass flow rate
(Fig 47) produced a greater mass loss than in the
experiment. At1around ~ 2000 secs the calculated rate
of mass loss equalised the inlet water from HPIS and
pumps cooling injection. In the experiment this time is
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- . |

subject to:a.large uncertainty. A posoible time at-
which the LOCA -was t ef fectively--terminated is ' ~ 2200
secs . - The- minimum - inventory. calculated was about.1100

- K91while in 1the ' experimerit .it was around 1800. Kg (Figure:
48).

5.1.4 conclusions Derived' Prom Run A

a- * TRAC.PF1-MOD 1'(12.7)'provides-a reasonably good -

account of theJevolution of-the SB-2 transient, t

The main discrepancy between the experiment andb. *-
- calculation is the overprediction of mass loss
from the primary system.-

'
c * - - The TRAC built-in flow regime man performs well

-in identifying fully stratified conditions.

:To improve the predictive _ capability of TPAC ford *

transients:where phase | separation upstream of i

the break.affects the break density, requires a 4

.model. relating,qualfty in a branch-to the-
-thermal hydraulic condit on of ' the fluid in the

.
main pipe as well as considering the geometric ,

characteristics of the break line junction to
'"

the main line.

e * LPredj t'on of the correct bessk flow should
*edu remove d's spa 7cies between the

> .al and csiculatedt-exper'

Primary Pressure ;-

r

Hot Leg' Density-

Cold Leg Density-

!Primary Mass-

>

Vessel' Inventory and Subsequent Heat Up }-

The use of a one-dimensional vessel did netf *

. allow reproduction.of an asymmetrical flow
distribution'in the crossJsection of the
downcomer annulus and itsLinfluence in the
transient-flow distribution through the
bypasses, especially the RABV' bypass,

o *; SETS allow timesteps ~ 0.5 seconds to be used
"for large parts of the calculation, and results
in relatively economical computing times.

,

15 . 2 Run B

In order to test the validity of Conclusion e derived 'from

,
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Run A a'second run was made. The main modifications with |
respect to the input deck of Caso A where:- |

Set up, using the TRAC control logic and two-

offtakes, of a system vihich effectively could control
the quality in the break line as a function of the
void fraction in the hot leg.

Modification of pump head multipliers to force a-

sharp degradation at an inlet void fraction of ~ 0.35
and further modification of Pump No 1 head
multipliers in order to try to reproduca the
asymmetrical pump behaviour after degradation.

Addition of a factor /x missing in the determination-

of the critical gas velocity in the stratified model
(agreed from Los Alamos Reference 16) .

The steady state conditions and chronology of events can be
seen in Tables 5 and 6 respectively.

-5.2.1 Results RevJew

The control on the quality in the break line allowed the
reproduction of the experimental density with adequate
accuracy during all the transient (Fig 49). At the
moment at which the pumps were tripped the level in the
hot leg increased, e11'.ving the discharge of a more
dense mixture. This c br.sition was slightly accentuated
in the calculation although the final density at 3000
seca is correct.

The break mass flow rate (Fig 50) shows as_ expected a
much better agreement with the experiment than in Run A.
It is observed that the region -from subcooled blowdown
to very low quality two phase shows a tendoney to
underpredict the mass flow, and-that at higher quantity
there is a tendency to overprediction.

The primary system mass inventory (Fig 51) agrees well
with the experiment, the minimum inventory is reached at
around ~ 1865 secs with a mass of about ~ 2060 Kg. In
the experiment the minimum inventory is reached after ~

| 2200 cecs with a minimum mass of about ~ 1000 Kg that
L agrees well with the calculation [considering the
| initial offset of ~ 250 kg]. The slight underprediction
| of tne ..reak flow in the very high quality region
i x > C 99 implies a faster mass inventory recovery than
| in the experiment. The correct description of the break
'

flow as well as the appropriate heat losses reaults in
an excellent-description of the primary pressure
(Fig 52). The change in the depressurisation rate after
break uncovery is properly calculated. The secondary
side pressure.(Fig 53) has improved as well, although
some discrepancies in the trend of depressurisation

'
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appear after'1200 secs. Corresponding to the good
primary pressure calculated, the-fluid temperatures are
very well reproduced. The liquid hot leg temperature is
shown in Figure.54. .Similarly the cladding temperature,
Figure 55, in the core was correctly calculated; the

-

increase in temperature after the pumps trip was due to
the increase in pressure following the decrease in
volumetric flux through the break after the growth of
the hot leg liquid level.

The smaller amount of mass lost through the break
implied in general a h!.gher density of the fluid-
throughout the transient than Run A. In Figure 56*

the hot leg density is show to value obtained up to
~ 1400 secs is reasonable wt che evolution of the
density after that time, as n; maation of forced flow-

was obtained, differs signific. 'y from that-of the
experiment and a constant value t.c the density,
corresponding to a nonnali.5ed collapsed level above the
bottom of the pipe of ~ 0. 3 was obtained. After the i

pumps-were_ tripped an increase in the hot leg density-
was-obtained due to:the draining of water from the
upside of the steam generator, and the increase in the
swell level of the vessel which overrides the decrease
in the collapsed level in the core.- The computed cold
leg density (Fig 57) shows a similar behaviour to that-
of the hot leg before the pumps degrade. After the
subsequent sharp decrease in velocity.a build up cf
liquid with respect to the hot leg is. calculated. The
failure of the code to predict the end of.the forced ,

flow in. the system prevents the pumps from. emptying the 4

loop seal and cold leg, therefore the density calculated
from ~ 1400 secs on is considerably higher. than that of
the experiment. 'Once the pumps are tripped the fluid.in
the cold leg-drains-partly to.the vessel and partly to
theLloop seal producing a considerable reduction in the
cold leg density.

The transient fluid velocities in the system were
|

-

' significantly affected by-the modifications to the pumps
as well as by-the higher densities calculated in Run B,
compared to Run A- The-downcomer liquid velocity-(Fig,

,

!: 58) is'no longer steadily-increasing as in Run A. At ~
1200 secs the. broken loop empties, establishing a:new

|
L flow distribution in which-the steam content.in the

downcomer rises and is diverted to the upper plenum viai

|- the RABV (vapour velocity negative in Fig 58) while
practically only liquid-is flowing to the core. Enis-
strongly affected the density distribution in the core,
Figure 59, , inducing a voidage decrease 'end a slight drop
in the' swell level. The general trend of the core inlet
-velocities is reasonably reproduced (Fig 60), although
the rate in decrease of-the velocity is always~

underestimated. At around 1300 secs the= liquid and
steam velocities became stable and no cessation of- the

,
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forced loop flow is observed. The fluid velocities
calculated in the hot leg (Fig 61) did not reproduce the
permanent slowing down observed in the experiment. On
the contrary after the pumps degradation an almost
constant velocity is obtained. The reasonable
description of the pumps delta pressure (Fig 62), that
after degradation shows a weak dependency on the voidage
and volumetric flux, seems to eliminate its influence as
a main source of the problem unless the data is
significantly in error. Three factors could play an
important role in the explanation of the discrepancy in
the velocities. First of all there could be an
underprediction of the two-phase prossure losses in the
circuit. Secondly the considerable liquid mass flow
transported from the hot leg, under stratified
conditions, to the steam generator inlet plenum,
overcoming the upside bend section of the hot leg Which
prevents the loop seal from being depeleted. Thirdly,
the phases separate in the downcomer inlet annulus, with
the steam being bypassed through the RABV line. If the
RABV leakage were smaller this would present a greater
resistance to the general loop circulation, in
particular reducing the steam velocity. As a result of
the poor prediction of the velocity the mass flow rate
in the hot leg was not properly reproduced after the
pumps degradation (Fig 63). The prediction for
tratified flow was acceptably performed in the coder at

around 700 secs (at a steam velocity slightly below the
experimental value of 1.5 m/s) transition to stratified
flow begins. -At ~ 1150 secs the code computes pure
stratified flow that is in good agreement with the
expsriment. (See Chapter 6) .

Before the break uncovery the velocities in the brea'-
line (Fig 64) showed a permanent overprediction While
af ter the uncovery, when practically only steam was
flowing, the velocities were underpredicted. As the
density in the break line was correctly .eproduced a
possible explanation would lie-in the velocity predicted
by the choked flow model.

5.2.2 Conclusions Derived from Run B

a The good reproduction of the break line density
notably improves the results fort-

Primary Pressures and Temperatures-

Primary Mass Inventory-
,

1

Vessel Inventory (No Core Heat Up)-

b The removal of a model deficiency in the
description of break flow allows a deeper insight
into the ability of TRAC-PFl/ MOD 1 in reproducing

|

|
|
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phenomena which otherwise would have been masked, |
eg loop flow velocities. ;

c Taitel and Dukler's criterion built into the code-

performs well in determining. fully stratified
conditions. The interpolating criteria used by
-TRAC properly identifies the transition to
. stratified flow, although at a lower steam velocity
than in the experiment.

d The pumps behaviour in LP-SB-2 experiment is
considered to have been only partially reproduced
and considerable-uncertainties remain about the
true pump characteristics for the LOFT
configuration.

e- The loop ' fluid - velocities never dropped to almost
stagnation conditions in contrast to indications
from the experiment. It is possible that a better
prediction of two-phase pressure losses and liquid
transport from horizontal stratified conditions in
the hot leg toward the inlet plenum of the steam
generator, together with an accurate RABV bypass
flow may he1p to remove the discrepancies.

6 SELECTED ITEMd

6A -LP-SB-2 Pumps Modelling

The experiment LP-SB-2 was characterised by the important
role played by the primary coolant pumps. They were a main
factor in explaining many of the features observed in the
experiments density distribution, RABV and-vessel flows, and
flow regimes.

The uncertainty involved in the description of the two-phase
performanco of the pumps has been regarded as a limiting
factor in the capability to reproduce the experiment ( Re f 9 ) .
The intact loop of the- facility contains two similar pumps
working in parallel.- The strong coupling between both pumps
constitutes a potential source of' instability as soon as
asymmetrical perturbations in the flow conditions affect the
pumps inlet..

The assumption of similar behaviour of both pumps could not
be sustained as the actual trend observed.in-the experiment
pointed-to a clearly asymmetrical one (Ref 4). Thus in order
to create au -adaquate set of head multipliers it would have
been desirable to know the individual fluid conditions and
performance for each pumpt unfortunately that was not the
situation and the available data only provides an average
description.

In experiment LP-SB-2 the density measurement in the vertical
section connecting the steam generator with the bottom of the
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loop seal (DE-PC 403B) was questioned in Reference 4 as
unreliable, thus an adjusted density was used to derive the
pump head versus pump void fraction. (Figures Al, A2 and A3
taken f rom Re ference 4 ) . With the adjus tment it was found
that the SB2 pump head closely matched that of L3-6
experiment. Under this assumption a set of two phase head
multipliers was derived from Re ference 11, and they are shown
in Table A1; to be consistent with the procedure to obtain
the head multipliers, the TRAC LOFT pump data for the first
quadrant of the fully degraded characteristic curve was set
equal to zero.

The head versus pump void fraction calculated in Run A for
both pumps is plotted in Figure A4. It is otserved that
although the head multipliers derived from L3-6 have been
used, the results for a void fraction below 0.4, lay between
the unadjusted head for SB-2 and the L3-6 head (Fig A2).
This discrepancy could bu part] y related to the uncertainty
of the data used to derive ti.e head multipliers for low
voidage and possibly to the mass flow dependence of the head
multipliers, which is not included in the TRAC model for the
PUMP component. On the other hand the coincidence, between
the calculated and measured density in the loop seal (Fig A5)
up to 500 seconds points to a questioning of the trend for
the adjusted density at low voidage, which would suggest that
the unadjusted head could be correct at least up to a voidage
of ~ 0.4.

A better description of the degradation could be obtained
with the available data used to derive the general set of
hea' multipliers.

At tie moment of the degradation ~ 580 seca a perturbation
related to the individual behaviour of both pumps was
observed in the calculation (Fig A6); after a few seconds the
behaviour stabilised again until at around 900 seca
(a ~ 0.55) the behaviour of both pumps started to differ and
very quickly the direction of the flow within the pumps loop
was such that all the mixture was pumped by Pump 2, Figure
A7. In Pump 1 the situation was very differer?; the void
fraction at its inlet rose to practically 1 and a flow of
about 5 Kg/r:c was recirculated from Pump 2.

The mechanism driving this behaviour was found to be related
to the slight asymmetry of the pumps layout which implied
that the fluid velocities through both pumps were slightly
different. This in turn implied that the void fraction at
the inlet of both pumps were not the same and as a
consequence the heads through the pumps were not equal. This
mode of degradation was found to be strongly sensitive to
variation Ir. t'ae pumps characteristic curves and multipliers;
by varying them the time of divergence could be drastically
changed, or the behaviour could be completely suppressed.

I
'
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The consequences of this asymmetrical degradation were
important as the fall in the pressure increase provided %
the pumps implied a sudden drop in the loop velocities ( F.
43) and the onset of counter-current flow in the downcomer -

the vessel (Fig 39). A somewhat similar asymmetrical
degradation was reported in Reference 4 to happen in the FD-
experiment at the moment of the pumps two-phase performanet
degradation. In order to try to reproduce this ex per imen tal
trend in RUN B the pump head multipliers wera modified as
shown in Table A2; it is observed that the head multipliers
differ from one pump to the other after degradation, this in
fact constitutes a coarse approximation but allows us to
induce the asymmetrical behaviour to happen at the moment of
the degradation as it actually happened in the experiment.
An indication of the ability to reproduce these results may
be compared in Figures A8 and A9 (no possible quantitative
comparison is available as the motor and pump ef ficiencies
are not known for SB-2). At the moment of the degradation
Pump 2 takes over the delivery of the fluid mixture, thus
increasing the hydraulic torque while through Pump 1 somn
fluid is being recirculated from Pump 2. The mass flow for
each pump are shown in Figure A10, where the sudden reduction
in the loop mass flow is evident; this in fact happens to be
too large at this stage if we compare with the experimental
result, Figure 63, which suggests that the degradation has
not been accurately reproduced and therefore a better set of
head multipliers would be desirable.

6B Break Flow Density in Experiment SB-2

The ability to reproduce the flow through the break line in a
small break LOCA scenario constitutes an important, if not
the main, factor in performing a satisfactory best estimate
calculation.

The problem of predicting the correct break flow can be
divided into two parts, first obtaining the corrrect mixture
density of the fluid convected from the main pipe to the
break line and eccondly predicting the liquid and steam
velocities at tba break normle under choked flow conditions.
This section de 1s with the first of these two elements.
In experiment SB-2 the observed density in the break line
strongly differed from the average of the density in the hot
leg; being biased towards the density at the top of the hot

| 1eg pipe (Fig B1). The pressure drop from the hot leg to the
break line was not large enough to explain the observed1

difference between the average density in the hot leg and the
break line in terms of flashing so it should be related to
the phenomenon of vapour pull-through.

To reproduce this behaviour has been a common problem for
different organisations and codes including TRAC-PF1-MOD 1
(see Pig 38) trying to reproduce the LP-SB-2 experiment, eg

|
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'
Retarences 9, 10,.12, and at the present time it remains as.
an open problem.

No information has been found covering the 'characteristice of
the experiment SB-2, tha' isi liquid and steam velocities in
the main pipe up to 8m/sec and flow conditions from bubbly
with high density gradient in the cross section to stratified-
flow with steam at the top of the pipe- and nonhomogenous-

two-phase- in the bottom- of the pipe. The available
information. covered. purely stratified flow with stagnant oc
very small velocities in the liquid, og References 13 and
14.

From Reference 13 a correlation of the-typen-

[ . h - hr \
XBRANCli = EXP C X h -hg y

h colJspeed liquid height in hot lega

was attempted, where the height for the onset of entrained
fluid hr:is obtained from --

h 1. C kx g g Branch

D 2 D gpg (pf - pg)
and analogously the height for the onset of vapour pull
through h i- '

g

O.2
k}nranch|hg,2 3

1 C-

D u 991 \pg - 99 1

where C , Cg and C were constants to be obtained, h and E .x fare the gas and li,uid maso flux.respectively, D is khe mainq
: pipe diameter. The results obtained were unsatisf actory due

L to the uncertainty.in determining the mentioned constants and
the inability 1to find a single correlation. applicable to all

L the-transient, in particular it was difficult te reproduce
L the transition between the steady drop in density up to 1100
D seconds and' the quite sharp decrease as the break uncovers
(' (1100 -~1300. secs).

An-alternative' approach was. finally adopted and the quality
in the break line was correlated to the void fraction in-the
hot : leg in the form of a . table -of pairs (a, x), see Table B1,
being used in conjunction with the Winf rith of f take model

H ;(Ref 15). This;of course implied that it would be only
applicable 1to-the-SB-2 experiment thus-losing the' generality

~

of a proper correlatior.. The values for the void fraction in
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(

the het leg- wure ' deduced - f tnom- Re f erenco 9, although for
a E d.4'the' correlated quality had-to be slightly re-adjusted.j

L' in 8nfiterativeTfashion to reproduce the experimental timing.
To ' implement this correlation the _ hot _109 -noding was - modified'

as:seen in Fig D2.- /m extra of f take attached to the . hot leg
swas added and invoking a pure r,eparator model would guarantee
a source of.p'ure stean from_the hot leg which would be
- diacharged=to the-braak.line. The flow of steam delivered to
t!ho break . line was controlled by the so called " control-
quality valve". The-scheme of the control logic is provided
tri Figure B 3. At the. same time the original of f take f rom
the hot leg maken use of the Winf rith of f take model for a.

horizontal of f take when the level of the' stratified fluid"

drops below a determined value. This way of implementation
has the, advantage of allowing the testing of different
correlations in a straight forward way,. eliminating the

- problems involved in modifying the cell edge . quality within
r the TRAC-code. ;

The results obtained with this procedure can be seen in
Figure 49.'

3

.

6C Flow Regimes Prediction for LP-8B-2
_

from the po' int of view of the a... lysis . of flow regimes, the
experiment LP-SB-2 constitutes an interesting example .of the
important role the exact nature of the flow can play during'

the evolution of a transient. .In LP-SB-2 the break flow was
'stronglyLootermined by the flow conditions in the hot leg.

,

The existence of density data at different elevations-in the
hot and cold. leg allows us to obtain at least an idea of the
complexity of 'the flow patterns during the transient. As can
be ecen in Figure 56, early in=the transient (~ 200 secs): the
outputs from the gamma densitometers indicate the onset-of a
density gradient across the pipe with trailing bubbles ~in the
upper;section of the pipe. After'the pumps degradation and
up to ~ 1200- secs the- reduction in fluid velocity allows the

'

- steam to concentrate in the upper. half of the pipe and.as e
result.the density gradient noticeably steepened. The-
possibility of L stratification in the sense of pure steam in
'the very top of ' the . pipe could be considered but the. idea of
a well defined level cannot be supported as the density
readingf in the top of the1 pipe indicates the presence of
liquid:while-the other two measurements-indicate the presence
of steam. From 1200-seconds-on, the top beam is indicating
only the-presence of steam; from. Reference 9 and according to

,

_ the trend of the collapsed and swell levels the flow was
stratified.up to:1400 secs, stratified with_ bubbles up-to
2000Leecs:and from then on pure stratified again. In the cold
leg, Figure 57, there is no detachment between'the-
densitometer readings up to 1200 secs -which is due to the
transport of the mixing created by the pumps.- From 1200 secs
up to 1500 seco a density gradient is present in tb? cross
section of the pipe, from 1500 seca up to 2000 seca th.e noisy
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reading _ f rom Lthe densitometers' could indicate the presence of
-erratic-waves probably caused'by-fluctuations.in the flow 1
deliverod' f rom- the -pumps no the loop seal is being depleted.
Despite ? this the flow ~ regime may be considered as stratified

'

throughout:the-' rest-of the transient.-

LThe-recognition.by TRAC of some of tk flow patterns involved
in:the transient is dif ficult especially when they involve
non fully developed regimes, ie partially stratified flow in
which the separation of the liquid and -steam phases is far
from complete. The TRAC flow regime-map'from_ Reference 5 is
shown in Figure C1' plotted as log (FROUDE) vs' vapour void
fraction. Included on the map is the TRAC implementation of
Taitel-Dukler stratified flow criterion and the limit for
interpolation for transitions into stratified flow,

The prediction for Run B can be considered satisfactory as
the code is able to predict the trend of the experiment
fairly well.- Up to ~ S00-secs, see Figure C2, only bubbly
flow'is predicted. From 500 secs up to ~ 700 secs some
weighting with slug is made. At 700 seconds the
interpolating criterion for stratified flow is reached.
Finally at around =1150 secs pure stratified flow is
predicted, this being the flow regime for the rest of-the
transient. Por the cold leg the results obtained indicated -
transition to fully stratified conditions at about the same

; ' t i me a s . tha t in the hot leg, that is ~ 1100 secs; this is not
,

the trend of the experimental measurement which by that time '

indicated the onset- of a vertical- density gradient. This
' discrepancy is mainly' dependent on the high degree of
mechanical mixing in the- fluid induced by the rotating pumps
being transported along the cold 109 This ef fect should be -
-taken into account . as the - flow through a treak in the cold
leg would be dependent on the fluid characteristics in the
main pipe and in particular the void. profile at the break
line of f take .loca tion. It should also be noted that for Run
5"a missing factor./n in the determination of gas critical
velocity in the Taitel Dukler Test was implemented as agreed

1

from'Los Alamos, Reference 16.
|

j. 7 SUMMARY =AND FINAL CONCLUSIONS''
,

* Two calculations of LOFT test LP-SB-2 were carried-
- out :with TRAC' PFl/ MOD 1 (appr ximately Version-12.7).

A one-dimensional _ description of the vessel was*

implemented in-the input: deck.- Due to the relative
importance'of.the different core bypasses, especially-

the RADV, it would be desirable to use a 3-D
representation of the vessel in order to assess the
degree the prediction of the transient evolution is
affected.- -It~would also help to evaluate the
possibility of asymmetrical flow distribution in the
downcomer annulus.
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The representation of the vessel, whether one- or*

three- dimensional, has the limitation of the poor
descri: ; ion for heat structures. No double sided
heat t' -'are is available and thus the radial heat

ull the vessel structures is onlyflux .
-

partis,1y reproduced. At the present time it is an
impo rtant limitation in the TRAC PFl/ MOD 1 modelling
of the vessel and a better description would be ,

'

desirable.

The Codo (CPU / Problem) time for Run A was considered*

good, having a 'value ~ 1. 95. In Run B this ratio
increased to ~ 2.3~ (
The use of large timesteps was found as a possible*
source of running problems as the code sometimes
failed when trying to reduce the timestep from big
timestep values. This meant that the maximum time
step had to be reduced in Run B during parts of the
transient.

* The set of initial conditions obtained for the steady
state in Run A and B were reasonably good. No
special problem was found in obtaining these steady
states.

* The chronology of events for Run A and B matched the
experiment in some degree. Not surprisingly, when
the break flow is well reproduced (Run B) the code
overall reproduces of the experiment results better.

Vapour pull through und liquf d entrainment were*
observed to occur at the offtaxe of the break line.
TRAC PFl/ MOD 1 was unable to recogn19e this phenomenon
as no relevant model is actually implemented relating
quality in a branch to the thermal hydraulic
conditions of the fluid in the main pipe, as well as
considering the geometric characteristics of the
break line junction to the main line.

The TRAC built-in flow regime map performs well in*

identifying fully stratified conditions in the hot
leg. The introductjon of a missing factor /n
(modification agreed by LANL) i. the determination of
the gas critical velocity (performed in Run B) helps
to improve the results and the code is able to
predict the initiation of the transition to
stratified flow at about the correct time, although
the steam velocity et that time is underestimated.

* The calculated flow transitions predicted for the
cold leg closely match in time those of the hot leg.
The experiment shows that the high mixing provoked by
the pumps maintains bubbly conditions for a long
period. This generation of mechanical mixing, its
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transport and then its influence on the-_ flow regime
.

'
. map should be considered: for small breaks located in-
-the: cold leg. The= break flow will still be a
: function of the void profile in the~ cold leg, but -!
.this is _likely to- be quite dif ferent from1that.in a
fully developed-flow.

!
*- Wie' reproduction - of the pumps behaviour in- LP-SB-2

"

constitutes an important problem and no satisfactory
solution has been found yet. The ' pump - model could ;

not _ be appropriately validated as the set of head '

multipliers wasinot completely reliable,'because it
was1 deduced under the' assumptions of ptaps average
behaviour and similitude _to L3-6 ex?vriment. Further
uncertainties were involved in thr. reproduction of
the asymmetrical pumps degradaticq,.ie pumps inlet
-flow condition.

It seems likely that in order to reproduce the I

observed behaviour a priori, more sophisticated 1
models of1 the pumps..themselves, and of the effect of i
the pump inlet branching geomestry on inlet
conditions, would:be needed than TRAC currently
provides. Better. data from the test, however, would
probably allow an improved (a posteriori) fit within ,

the scope of the existing models.
,

_

The velocities predicted by the code after the pumpse'
"

degradation wereinot entirely satisfactory and'the !

steady: fall'in velocity observed-in the experiment i-

~

.

,was notLreproduced. Finally no liquid flow cessation
was calculated. Three possible causes may be i

mentioned:' underprediction of two-phase pressure _
'

losses, Lhandling. of - the liquid convected f rom the hot
leg:towards the steam generator inlet-plenum under
stratified = conditions, and~ influence of theLflow
through the RABV.

.

* 1The choked flow model predicted the: results' with-
reasonable accuracy and the. subcooled and -two-phase-
. multipliers used for all the calculations were.l.0.
Small discrepancies-in the velocities were observed

|: 'whenathe. break line density was correct (RUNB). i

| |I-

E e' The mass loss predicted for Run A was large enough to
provoke a mild.uncovery of-theitop1of.the core after
the pumps trip,_ contrary: to experiment. In Run B
- the break flow was adequately predicted and- the mass
loss' closely matched the experimental result. No

,

_ core uncovery was predicted.

u
s
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TABLE 1

INITIAL CONDITION FOR EXPERIMENT LP-8B-2 - RUN A

Parameter TRAC Plant

Core 6T 19.1 18.6 1 1.7 'K

Hot leg press 15.11 14.95 1 0.11 MPa

Cold leg temp 558.2 557.2 1 1.5 'K

Mass flow rate 480.0 480.0 1 3.2 kg/sec

Power level 49.1 49.1 1 1.2 Mw

Steam Generator Secondary Side

Liquid level 3.13 3.13 1 0.01 m

Pressure 5.60 5.60 1 0.09 MPa

Steam mass flow 25.8 26.7 i O.8 Kg

Pressuriter

3Liquid volume 0.6462 0.6462 1 0.002 m

Water temp 615.3 615.8 i 8.2 'K

Pressure 15.09 15.08 i O.16 MPa

AEEW - R 2302 113 |
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TABLE-2

OPERATION SET-POINTS FOR EXPERIMENT LP-SB-2

-Action Reference Plant TRAC

Small break time 0.0 0.0 secs
valve opened.

Reactor scrammed intact loop hot 14.28 14.28 MPa
leg pressure

Main feed water intact loop hot 14.28 14.28 MPa
shutoff leg pressure

HPIS flow intact loop hot 8.07 8.07 MPa
initiated leg pressure

Auxiliary time after 62.0 62.0 secs
feedwater reactor scram
initiated

Auxiliary time after 1800.2 1800.2 secs
feedwater reactor scram
terminated

. Primary coolant intact loop hot 3.161 3.161 MPa
pump tripped off leg pressure

!

-AEEW - R 2202 114
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TABLE 3

CHRONOLOGY OF-EVENTS FOR EXPERIMENT LP-SB-2 - RUN A

time after initiation (seconds)

EVENT PLANT TRAC

,

Small break valve opened 0.0 0.0
Reactor scrammed 1.8 * 0.05 2.31
Main feedwater shutoff 1.8 2 0.2 2 31'

Main steam control valve 2.8 1 0.2 3.4
started to close
Main feedwater isolated 4.30 2 0.05 4.14
. Main steam control valve 14.8. t 0.2 80. (a)-
fully closed
HPIS initiated 42.4 2 0.2 41.3
Subcooled blowdown ended 50.2 : 1 53.3 (b)
Auxiliary feedwater 63.8 64.3
initiated
Pump two' phase degradation 582,2 2 0.2 590.0 (c)
Indications of stratified flow 600. 1200.0-

in the hot leg.
Collapsed level reaches break 1000. (d) 804.0-

level
Break started to uncover 1192.5 : 2.5 ~ 1920.
Primary-system pressure 1290.0 : 45 1307.
became less than secondary
system pressure-

Auxiliary--feedwater shutoff 1864.0 2 0.2 1864.
Inlet flow exceededloutlet flow 2294.0 : 200. 2059.
Primary coolant pumps tripped 2852.8 2 0.2 -2635.
(3.16 MPa in primary system) y

a) In- the TRAC input deck the main steam control valve assumed the
: function-of the steam bypass control valve. Thus it kept_on
moving up to 80 seconds when it was latched closed,

TSAT ~ =tb) That value is such that 100 0.1=

Tsg7

c) A smooth rather than 'a - sharp degradation was obtained

d) From Reference 9

AEEW - R 2202 115
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TABLE 4

INSTRUMENT LOCATIONS FLOW AREAS

LOFT TRAC
INSTRUMENT Flow Area Flow Area

(M2) (g2)

FE-1ST-1 and -2 0.141 0.142
ME-1ST-1 and -2-

FE-5LP-1 and -2 0.106 0.139
ME-5LP-1 and -2

FE-SUP-1 0.125 0.164
ME-3UP-1 and -5UP-1

FE-PC-S03 0.0007
ME-PC-S03

FE-PC-1A, -1B, and -1C 0.0634 0.0634
ME-PC-1A, alB, and -1C
.FE-PC-2A, -2B, and -2C
ME-PC-2A, -2B, and -2C

1

e

i

AEEW-- R 2202 116.
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TABLE 5

INITTAL CONDITIONS FOR EXPERIMENT LP-SD-2 RUN D

PARAMETER TRAC PLANT

Core 4T 19.1 18.6 1 1.7'K

Hot Leg Pressure 15.11 14.95 ! 0.11 MPa

Cold Leg Temperature 558.1 557.2 i 1.5'K

Mass Flow Rate 480.0 480.0 1 3.2 kg/s

Power Level 49.1 49.1 Mw

Steam Generator Secondary Side

Liquid Level 3.13 3.13 ! 0.01 m

Pressure 5.60 5.60 1 0.05 MPa

Steam Mass Flow 25.8 26.7 2 0.8 kg/s

Pressurizar

Liquid Volume 0.6462 0.6462 1 0.0002 m3

Water Temperature 615.3 615.8 t 8.2*K

Pressure 15.09 15.08 1 0.16 MPa

,

,

AEEW - R 2202 117
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TABLE-6-

CHRONOLOGY 'OF EVENTS FOR EXPERIMENT LP-SB-2 RtM L

EVENT PLANT TRAC

Small Break Valve opened 0.0 0.0
-Reactor scrammed 1.8 1 0.05 1.93
Main-Feedwater shutoff 1.8 1 0.2 1.93
Main Steam control valve 2.8 1 0.2 2.92

started to close
Main feedwater isolated 4.3 1 0.05 3.7
Main steam control valve 14.8 1 0.2 80 (a)

fully closed
HPIS initiated 42.4 1 0.2 54.51
Subcooled blowdown ended 50.2 t 1 70 (b)
Auxiliary;feedwater 63.8 69.3

initiated
Pumps _two-phase 582.2 0.2 522 -- i

degradation-
Indicators of= ~ 600 -~ 700

stratified flow in hot i

leg
Stratified . flow fully ~ 1200 ~ 1150

developed
Break started.to uncover 1192.5 1 2.5 1175 (c) i

Primary. system-pressure 1290.0 1 4.5 1175' 1

became'less~than [
secondary system pressure |

Auxiliary feedwater shutoff 1864.0 0.2 1864
Inlet flow exceeded outlet 2284 1 200 1783

flow-
Primary coolant pumps 2852.8 1 0.2 2706

tripped:- ( 3.16- MPa
in primary system)-

i

|(a) In-the TRAC input deck the main steam _ control valve l
assumed the function of the steam bypass control valve.
ThusL t kept on-moving up to-80 seconds:when it wasi

latched closed.

TSAT - Ty
.- l b). - That value is such that 100 = 0.1

T |SAT
,

(c) Sudden-change in depressurisation rate.

I

u-
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TABLE A.)

i

| PUMP llEAD MULTIPLIERS RUN A |

!

I
a M(a)

0.0 0.0
0.15 0.14
0.2125 0.202-

0.3 0.346 )
. 0.33 0.519 1
i 0.4 0.712

0.5125 0.702
0.5825 0.769
0.712 0.769
0.8125 0.731
0.9125 0.558
0.9625 0.25
1.0 0.0

The characteristic curves were those implemented in TRAC for
LorT with the exception of the first quadrant of the fully
degraded curve that was made equal to zero.

|
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7ABLE A.2

'

PUMP HEAD MULTIPLIERS RUN B

PUMP 1

3 M(a)

0.0 0.0
0.15 0.14
0.2125 0.202
0.3 0.346
0.34 0.519
0.35 0.9
0.5125 0.9

/ 0.5825 0.9
; 0.712 0.9

0.8125 0.9
0.9125 v.558
0.9625 0.25
1.0 0.0

PUMP 2

a M(al

0.0 0.0
0.15 0.14
0.2125 0.202
0.3 0.346
0.34 0.519
0.35 0.712
0.5125 0.739
0.5875 0.769
0.712 0.769
0.8125 0.731
0.9125 0.558
0.9625 0.25
1.0 0.0

The characteristic curves were those implemented in TRAC for
LOFT with the exception of the first quadrant of the fully
degraded curve that was made equal to r.ero.

AEEW - R 2202 120
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TABLB Bel

DESIRED BRANCE QUALITY VS VOID FRACTION
IN THE NOT LEO

A 5

0.0 0.0
0.0115 0.0048
0.0676 0.0113
0.1221 0.0194
0.1943 0.0275
0. 2 (.S4 0.0378
0.2799 0.0508
0.3084 0.0638
0.3524 0.0639
0.4 0.0680 4

0.43 0.0750
0.45 0.08
0.47 0.09
0.48 0.1040
0.666 0.15
0.75 0.9

!
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APPENDIX A

RUN B SNAP 850TS'AT SELECTED' TIMES

<

A set of 26 snapshots describing the evolution of liquid and
steam velocitesi fluid density and stratified flow conditions
'for Run B is shown.

The nodalization can be compared with that used for Run A-

(Fig 3) . In the breakline the quality control valve has been
attached. . Components 79 and 83 (vessel) are not included in
the snapshots f rame.
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APPENDIX ~B

MODIFICATIONS IMPLEMENTED IN TRAC-PF1/ MOD 1 WINFRITH
VERSIONS B02A AND B02C

IDE B001

Identify Version. Change this ident for each change in a
version.

IDE B002

Correct core treatment in vessel.

Insert return in bits suite of subroutines.

IDE B003 B02C only

Reset limit on stratified flow to 30 degrees
(le ARCSIN(0.5))

COM WINF

This com deck contains the new Winfrith na . list variable
triggers

COM WINC

This com deck contains the stratified volume flag and
variables'for the condensation heat transfer mod

IDE WOO 3

Option to bypass interface sharpener routines while-leaving
the fine mesh switched on. See also WOO 7 for changes to
namelist option.

AEEW R 2202 149 ~
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IDE WOO 4

Plug woighting in interphase condensation hsat transfor no
longer-' applied-in stratified flow.

,

IDE WOOS

Allow wall condensation heat transfer-in horizontal-pipes-

IDE WOO 6 ,

Allows negative friction factors.

IDE WOO 7

Namelist extensions for WOO 3 mods and printing .diegnostic
triggers.;

IDE WOO 8

Add stratified flow regime indicators for graphics. Add
simple stratified offtake model option for tee components.*
Add pointers for condensation heat transfer mod (WOO 9).

(Option not selected for calculation A).*

IDE WOO 9

Make liquid velocity 'used in interface' condensation heat
transfer continuous with changing void fraction.
(Option not selected for-these calculations).

IDE WO10

-Alternative form of void fraction for- flow regime selection.
(option not selected for these calculations).

IDE WO11

Mod to cure convergence problems in CHF use of-secant
me thod .

;

i
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ZDE WO12

Correct error'in evaluation of Forslund.and Rohsenow liquid-
,

. heat transfer coefficient.

IDE'WOl3

Correction 'to stratified flow head term.

'IDE WO14.

Correction to upper guess in subroutine CHF.

IDE W0l6

Corrects error for inflow from break when IVDV=0.

IDE-WOl7

Correct unset value of joining cell flag in steam gen comp.

IDE W018

Attempt to make'SS restart with pressurizer more= smooth.

~

IDE WOl9 B02C only

- Insert missing square' root of pi in Taitel-Dukler stratified.
flow: test in subroutine FEMON.
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An analysis of the OECD-LOFT-LP-SB-2 experiment making use of TRAC-PFI/ MODI is
described in the report. LP-SB2 experiment studies the effect of a delayed pump
trip in a small break LOCA' scenario with a 3 inches equivalent diameter break

I in the hot leg of a commercial PWR operating at full power. The experiment
was performed on 14 July 1983 in the LOFT facility at the Idaho National
Engineering Laboratory under the auspices of the Organisation for Economic
Co-operation and Development (0 ECD). This analysis presents an evaluation
of the code capability in reproducing the complex phenomena which determined
the LP-SB-2 transient evolution. The analysis comprises the results obtained
from two different runs. The first run is described in detail analysing the
main variables over two time spans: short and longer term. Several conclusions
are drawn and then a second run testing some of these conclusions is shown.
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