NUREG/IA-N3S
STUDSVIK/NP-85/101

International
Agreement Report

Assessment of TRAC-PF1I/MOD/
Against an Inadvertent Feedwater
Line Isolation Transient in the
Ringhals 4 Power Plant

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20855

March 1992

' pare 4 Wl
't ‘

Published by
U.S. Nuclear Regulatory Commissio

1204300090 92¢( !
‘DR NUREG
A-0038 R




NOTICE

This report was prepared under an international cooperative
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 implied, or
assumes any legal liability or responsibility for any third party's
use, of the resuits of such use, of any information, apparatus pro
duct or process disclosed in this report, or represents that its use
by such third party would not infringe privately owned rights

Available from

Saperintendent of Documents
| U.S. Government Printing Office
‘ P.0O. Box 37082

Washington, D.C. 20013-7082
|
l

and

National Technical information Service
Soringfisld, VA 22181



Assessment of TRAC-PF1/MOD]1

NUREG 0038
STUDSVIK/NP-88/101

International
Agreement Report

Against an Inadvertent Feedwater
Line Isolation Transient in the
Ringhals 4 Power Plant

Prepared by
A. Sjoberg

Swedish Nudear Power Inspectorate
S-A1182 Nykoping
Sweden

Office of Nuclkear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20888

March 1992

Published by
U.S. Nuclear Regulatory Commission









ATURSVIK NJICLEAR STUDSVIK ‘NP-88/101
1988-11+10

List of contents

Executive summary

I..¢rcduction

Plant and transient description
Code and mu el description

3 Primary system nodalization

p) Secondary system nodalization
o3 Control system and trip legic
modeling

Stesdy state calculation

e "~ L

Data comparison

Boundary conditions

Results from the simulation
pasecase simulation

Second stage simulations
Code performance

vrus iYL -
~

. s = » 4

(O N SR N
-

Conclusions

o

References

Figures

STURAPP NPS/AH
















| STUDSVIE NUCLEAR STUDSVIK/NP-88/101 5

1988-11-10
‘ Plant end transient description

Ringhals 4 is a J-loop, 2 turbine PWR of Westing-
house~St 41l Laval design. The power is nominally

2 775 MW thermal and 915 MW electrical. It is
equipped with three Westinghouse steam generators
model D3 with a feedwater sreheater sectiun lo-
cated at the cold log side of the U-tube burdle.
The feedwater is divided between the top feed-
water iniet, which enters into the upper part of
ths downcomer, and the preheater section at the
lower end of the riser. Normally only a smaller
part of the total feedwater flow is delivered to
the top inlet and the rest to the preheater,

in the preheater section the flow is apporticned
due to the flow restrictions in support plates
etc. Accurding to specifications at nominal load
and no top feedwater 54.5 % of the flow is fed

to the upper part of the riser (U-tube boiler
section) while the remaining flow is fed downward
and enters the lower end of the riser on the
hotleg side where it mixes with the downcomer
flow. The circulation ratio at this condition is
specified to be 2.43,

Priur to the transient the plant was operating

at full power with about egqually loaded turbines.
Because of malfunction of an electronic logical
circuit a spurious feedwater isolation signal

was created resulting in closure of the feedwater
line isclation valves to all three steam gener-
ators. Thus the feedwater flow ceased but still
the reactor and the turbines were operating at
full load.

As the high and low pressure feedwater preheaters
are in series with the feedwater trains the steam
drainage from the high pressure turbines through
the preheaters decreased when the feedwater flow
ceased, Consequently the steam flow through the
turbines increased as well as the er. Thin

was automatically compensated for by throttling
the turbine valves (the control oil pressure was
decreased). The impulsechamber pressure of the
turbines was then decreased by about 10 per cent.
This was felt by the control logic of the tur-
bines as a corresponding load rejection resvlting
in deblocking of 25 per cent steam dump capacity.

when the feedwater flow ceased the steam gener-
ators were less efficient as heat sinks for the
primary side and as a conseguence the average
temnecature of the primary coolant was increased.

ST!'RAPP NPS/AH









STUDSVIK NUCLEAR

STURAPP NPS/AH

STUDSVIK/NP-88/101 8
1988-11-10

3 Code and model description

The simulation of the transient was made with
version 14.0 of the TRAC-PF1/MOD1 computer code
[Ref 1] with an additional update to provide
proper functioning of the restart capabili* t
the core component. The progra“ vas run on i
Cyber 180-835 computer under the NOS 2.6 Q71 -
ing system with no SCM and LCM partition of . .e
memory. Instead the central processor primary
memory was used together with an extended memory
capability. TRAC was alsc locally modified to
allow writing of signal variables and control
block output on a separate file for later plot~
ting with a separate program. Thus the EXCON and
TRAP auxiliary programs were not used for pro-
ducing the graphics to this simulation.

In the simulation only a single loop representa-
tion was used as shuwn in figure 1. Differenccs
between the three loops were considered to pro-
duce effects of secondary order during the trans-
ient. It should be noted that trip margins are
usually dependent on conditions in individual
loops. For instance, the reactor scram on low
steam generator level was initiated by the con-
dition* in steam generator 2, though closely
follow . by the other two. Alsc the tuibine
driven auxiliary feedwater pump provided about
twice as much flow t¢ steam generator 3 as the
motor driven purps to steam gensrators 1 and 2.
Thus the symmetiy between the loops was not per-
fect and this will have some infliuence on the
comparison between calculated and measured re-
sults.

The basic TRAC-model of Ringhals 4 nuclear steam
supply system for this analysis is depicted in
figures 1 and 2. Only minor modifications have
been introduced compared toc the model used in
the loss of load transient [Ref 3). A new pres-
suri’er model has been impiemented though. The
noda ization comprised 17 components with 81 nodes
on tie primsry side and 20 components with

€3 nodes on the secondary side making a total of
37 components with 144 nodes if the boundary
condition componente are excluded.

5 | Primary system nodalization

The reactor core, denvted by corponent 5, was
divided into seven vertical nodes; five nodes
representing the active core and one unheated
inlet and outlet node respectively. The axial
power distribution was preserved throughout the
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The steam lire was divided into a number of tee-
components and the secondary pressure (steam
line pressure) was measured in the tee-compo-
nent 752, figure 1. Also safety and relief valves
were connected to the steam line. According to
the report of the isolation occurrence none of
these valves were activated during the transient.
however, in the model the activation logic was
modeled. The part of the steam line denoted by
753 was represented by a valve component with
two nodes simulating the main steam isolation
valve.

The steam flow was measured by means of a dif-
ferential pressure between the steam dome pres-
sure tap .nd a tap in the relief valve header.

In order to avoid disturbances from the flow
contraction between the steam dome and steaw

line (junction 750) the noding ia the very f:vst
part of the steam line was made somewhat moxe
dense than elsewhere. This is according to recom=
mendations given in ref 4.

The steam flow was divided into two streams -
one for each turbine - ‘v the steam line header
(754) which was represe’: 1 by three nodes. The
line for each turbine was further split into two
flow paths - one containing the turbine valve
and the other containing the Cump valve.

During the transient there was no stem position
measurement of the dump and turbine valves. Thus
it would have been difficult to accurately evaluate
the involved control logic and operation of these
valves and the corresponding influence on the
flow. For simplicity the actual operation of

these valves was not simulated in the current
analysis. In the analysis the dump valves iemained
fully closed throughout the transient whereas

the turbine valves were fully opened. The flow
response of the actual valve operations was simu-
lated by providing the measured steam flow as
boundary conditions downstream the turbine valves.

3.3 Control system and trip logic modeling

The TRAC control system and trip capability was
used to initiate the transient and to introduce
several actions from auxiliary- and safety
systems. In this way it was possible to make the
calculation dependent on the initial event only,
that is the isolation of the feedwater line.
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Table 3
Results of steady state analysis.
Primary side
Parameter Measured/ Calculated

specified
Core power (Mw) 2 175 2 780
Coolant flow (kg/s) 13 790 13 792
RCP speed (rad/s) - 150.4
T hot leg (K) 594.5 594.6
T ¢old leg (K) 558.6 558.3
Prz pressure (MPa) 15.52 15.54
Prz level (%) 46.5 46.2
Secondary side
Parameter Measured/ Calculated
specified

£G dome pressure (MPa) - 6.22
Steam line pressure
(MPa) 6.19 6.11
SG level (%) 61.9 61.7
CR-ratio (=) - 2.45
Feedwater flow (kg/s) 1 528.9 1 528.9
Feedwater temperature
(K) 495.9 495.9
Steam flow (kg/s) 1 530.0 1 529.90
=3 During the steady state 10 per cent of

the total feedwater flow was supplied
to the top nozzle and the rest to the

bottom nozzle.
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from loop seal by means of FILL-component 71%
(figure 1) and the same flow was entered as spray
flow through FILL-component 500. For simplicity

4 constant spray water temperature was assumed
corresponding to the steady state cold leg tem-
perature. This temperature was only slightly
changed during the transient thus justifying

this assumptiocn,

The feedwater isolation was introduced by a trip
controlled table providing the main feedwater
flow as boundary conditions to top and bottom
inlet nozzles, FILL-components 741 and 744 in
figure 1. A careful review of pertinent timeplots
and signals revealed a feedwater time function
after trip as a4 linear ramp from normal flow to
zerc flow during 2.5 seconds.

The auxiliary feedwater flow was taken form meas-
urements. This flow was measured for each steam
generator and thus the total flow was obtained

by summing the three separate flows. The measured
flow from the turbine driven pump to steam gener-
ator 3 was not correctly recorded as a saturation
was cobtained at 30 kg/s. According to specifica-
tion this pump should deliver 48 kg/s and this
latter flow was used when specifying the auxiliary
feedwater flow boundary condition. The flow was
entered as a trip contreolled table to FILL-compo~
nent 743, figure 1. As the feedwater isolation
occurred in December with fairly cold weather,
and the auxiliary feedwater was taken from an
outdoer located storage tank the temperature of
this water was assumed to be rather low. A reas-
onable temperature according to the SSPB was
about 298 K which was used throughout the simula-
tion. The auxiliary feedwater flow as function

of time after the steam generator low level trip
is shown in figure 5.

The operation of the turbine stop valves and
steam dump valves was not explicitly modeled.
Instead this operation was imposed on the TRAC-
model by applying the measured steam flow as
boundary condition. When doing this it has to be
realized that the steam flow time history must
be separated in two parts; one describing the
flow prior to reactor scram signal that caused
turbine isolation and the other describing the
flow after scram. The measured steam flow from
loop 2 taken as a pressure difference between
steam dome and steam line is shown in figure 6.
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as taken as differential pressure between the
steam generator dome and the steam line revealed

a discrepancy from the direct flow when the flow
was reduced and the pressure increased, figure 10.
The basic reason for this behaviour was the omis-
sion of pressure dependence in the flow algorithm,
Also some minor influences originated from the
nodalization of the very first part of the steam
line and the steam lire pressure drop distribution.
Modifications were introduced for the calculations
in the following stage.

The steam generator narrow range level is shown
in figure 11. A satisfactory agreement between
the calculated level from a differential pressure
and the measured signal was obtained until the
low level trip setpoint (33 %) was reached at
45.9 s. At that time point an oscillation in the
calculated level signal was encountered that had
no correspondence in the collapsed level nor in
the measurements. This is more easily seen in
figure 12 showing the same phenomenon in another
time scale.

No changes in the boundary conditions were encoun-
tered at the time when the oscillation started.
The auxiliary feedwater flow trip was not latched
meaning that when the level signal recovered the
trip condition became false again as shown in
figure 13 and conseguently no flow had time to
be introduced until the trip was true the second
time at about 50 s. The sharp decrease of steam
flow did not occur until the reactor trip was
true. This trip was latched and delayed 2 s from
the time point the low level was obtained. Thus
the reactor power was maintained during the time
for the oscillation. A careful review of the
lower and upper pressure tap pressure behavior,
figure 14 marked area, revealed a high sensitivity
of level signal on small dissimilar variations
in lower and upper tap pressures. Especially the
lower tap pressure was strongly influenced by
the corditions in the downcomer. For instance at
the time for level oscillation a vapor content
of downcomer cell 4 had just become apparent,
the void fraction being rather low though,
figure 15. The void fraction time derivative was
changing somewhat due to variations in vapor
generation, figure 16, which will have some in-
fluence on the cell pressure as the volume of
c2ll 4 was rather small compared to surrounding
cells. A more careful nodalization of the down-
comer would have alleviated the problem and was
introduced for the simulations in the second
stage.
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On the primary side prior to reactov trip the
temperature increased, figure 17, because of the
less efficient heat removal on the secondary

side when the feedwater flow ceased and the
throttling of the turbine valves was activated.
The difference between the measured high average
temperature and the calculated values could stem
from the fact that the measurement represented
the highest value from three loops whereas the
calculated temperature represented average values
from the three loops. However, the pressurizer
level, which could be interpreted as a meaTure

of the average temperature of the primary side,
revealed a somewhat higher measured tempera-ure
than calculated, figure 18. It is also clear

that the calculated core power during this , .t
of the transient before reactor trip was somewhat
lower than the measured power, figure 19, indicat-
ing that the specified moderator temperature
reactivity coefficient in the model was somewhat
too high {(too negative).

Once the low steam generator level signal war
obtained at about 50 s, figure 11, the isclation
of the turbines was initiated and the steam flow
according to figure B8 was imposed as boundary
condition in the model. Also auxiliary feedwater,
figure 5, was fed to the 1op feedwater nozzle
and reactor trip o> curred, figure 19.

The steam flow decrease after trip as represented
by the differential pressure across the steam
generator outlet nozzle, figure 9, revealed an
excellent agreement with the measurement until
the actual steamflow was approaching zero flow.
Although the imposed steamflow apparently was
zero a non-zero value was obtained from the
dp-calculation. This fictitious flow corresponds
to the elevation pressure difference between the
pressure tap locations and was not compensated
for in the model.

The measurement indicated a positive constant
small steamflow prevailing for the rest of the
transient. This was an extrapolated value from
the only available steamflow measurement (steam
line 2). In the operational report of this occur-
rence there was no explanation whether it was a
true flow or a signal error from the measurement
device. In view of the time history plots of
other variables as outline below, it can be
reasonable to assume that a small steamflow
actually was existent during the latter part of
the transient.
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For each new gap conductance two different long
term steam flow values were used: 10 kg/s and

15 kg/s. This steam flow could partly be consid-
ered to pass through the turbine driven auxiliary
feedwater pump. An estimate revealed that the
needed steam flow to provide the specified feed-
water flow under assumption of reasonabl: losses
was comparable or below these values.

Also the moderator temperature reactivity coef-
ficient was decreased (i.e. was made lest nega-
tive) in order to increase the core power during
the very first part of the transient prior to
reactor trip when the orinary coolant temperature
was increasing. A scrutiny of the fuel condicions
at MOL as given in the nuclear design report
revealed that th coefficient could be changed
by about 3 pem.

The results of the new simulations with the above
mentioned modifications are presented in figures 23
through 28 where some important variables are
plotted. From figure 23 and earlier figure 10 it
was clear that the more dense nodalization of

the upstream part of the steam line d4id not have
any significant influence on the pressure drop
across the steam dome outlet. Thus the nodaliza-
tion was conceived to be converged with respact
to dome exit pressure drop calculation and defic-
iencies in steam flow obtained as function of
this pressure drop had to be attributed to the
flow algorithm. This will be discussed later.

The influence from initial store energy in the
fuel and the long term steam flow on the transient
is seen in ifigures 23 through 25. When the fuel
gap conductance was decreased more energy was
initially stored in the fuel. This energy was
transferred toc the primary cnolant during the
transient. Conseguently a higher coolant average
temperature (or pressurizer level) and pressure
were attained when the gap conductance was reduced
as is found in figures 23 and 24. This resulted
also in a higher steam line pressure which is
revealed by figure 25. It was realirzed that for
the used values of gap conductance the lowest
value (5.0 kW/m?K) resulted in the best comparison
with measuremerts.

During che later phase of the transient the steam
flow had an easily perceived influence on the

cooling of the reactor coolant system. This effect
is clearly seen in figures 23 through 25 starting
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5.3 Code performance

In a first attempt the 310 s basecase transient
was executed with no limitation by input of the
timestep. Thus TRAC was allowed to use as big a
timestep as the solution method permitted. In
that calculation the execution was terminated
atter about 160 s transient time because of con-
verging problems in the steam generator downcomer
component. The timestep size at this instance

was about 1.32 s. The very same case was Sub-~
sequently rerun but now with a maximum allowable
timestep size of 0.5 s. The execution was now
successfully completed. Thus it seems that the
timestep size algorithm is not efficient enough
to control the numerical solution to a convergent
state under all conceivable circumstanzes.

The 310 s transient was executed without any

restarts. These 310 s required 1 068 timesteps
and needed 4 784 CPU-s on the CDC Cyber 170-81%

STURAPP NPS/AH
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6 Conclusicns

An assessment of TRAC-PF1/MOD] version 14.0 against
an inadvertent feedwater line isolation in the
Ringhals 4 PWR power plant was conducted. Exten-
sive use of results from Ringhals 4 data aquisi-
tion system was made to derive the initial condi-
tions and also to specify the necessary boundary
conditions.

The results from the TRAC simulation were compared
to measured data. From this comparison it was
clear that the used TRAC-version was capable of
performing a satisfactory simulation.

However, the results also indicated some areas
of model improvements which were investigated in
later calculations, The steam flow taken as
propertional to the sguare root of a pressure
arop revealed for the basecase a discrepancy
when compared to measurement. It was found by a
nodalization analysis that a change to a more
dense nodalization of the upstream part of the
steam line had only a minor influence on the
pressure drop. The basic reason for the discrep-
ancy was found to be the omission of pressure
compensation in the flcw algorithm. When this
compensation was introi ced a favorable compari-
son with measured steam flow was obtained.

During the course of steam generator level
decrease an oscillation was initiated in the
narrow range level signal of the model. The level
signal was expressed as a differential pressure
between specified taps in the downcomer. The
oscillation had no correspondence in the measured
signal nor in the collapsed level calculation of
the model. It seemed that this behavior was caused
by the vapor flow into the downcomer cells in
combination with the condensation of the vapor

in the cells as long as subcooled conditions
prevailed. A denser nodalization especially of
the downcomer upper part helped to alleviate the
prokblem.

1t was also found from the early core power
respunse of the model that the specified moder-
ator temperature coefficient was somewhat too
high. Despite the too low calculated core cooclant
temperature increase the core power decrease was
excessively predicted. A lower (less nejative)
reactivity coefficient would have resulted i a
higher core power that in turn would have raised
the primary temperuture level during this part

STURAPP NPS/AH
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Steam generator nodalization.
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Measured steamflow.
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Steamflow prior to low level signal.
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Steam generator narrow range level, expanded time scale.
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Reactor core power.
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