BIL=-IIUREG--311140

DEE2

013864

ANALYSIS OF CRBR® STATION BLACKOUT USING SSC/MINET ®

Gregory J. Van Tuyle
Brookhaven National Laboratory
Departument of Nucice? Energy

Upton, New York

ABSTRACT

A steam generator system transient analysis pack-
age (MINET), recently incorporaced imzto the SSC code (a
auclear power plant systems analysis code), is re-
sorted. Essentially a code within a larger code, MINET
i3 so named because it is based on a momentum integral
network method.

Since the SSC code is being used extensively in
the analysis of the Clinch River Breeder Reactor Plant
(CRBRP), an analysis of the CRBRP steam generator
system, using MINET, is reported. Plant transient data
are gensrally unavailable for such advanced power
nlancs, therefore, regults from computer analysis of a
CRRRP station blackout event, using the DEMO code, are
shown, Comparable SSC/MINET analvsis provided similarv
cesults, particularly when two specific DEMO as-
sumptions were factored into the MINET calculations. A
tore extensive SSC/MINET analysis of a CRBRP station
hlackout event, with pony motors and auxiliary
feedwater pumps unavailable, 13 also reported.

INTRODUCTION

A new 3iream generator system transient analysis
sackage (1), based on a mamencum intesral (2) network
=ethod, has heen fncorporated iato the Super Systems
Cade (SSC)(3), a nuclear power planc systems analysis
code. The principal features of the new SSC steam
zenerator analvsis package, named MIMET (1), will be
descrived in this paper.

The S$SC code was develoned by Brookhaven Natiomal
taboratory (BNL) for the Nuclear Regulatory Commission
{YRC), principally for the licansing analysis of liquid
natal Fast hreeder veaczor (LMEFBR) olants. As the
availability of transient data for LMFBR plants 1is
quite limitad, SSC code validation for sceam generator
svstems currently depends largely oa comparisons to e~
sults generated using other computer cades. The “data”
against which SSC/MINET results are compared in this
paver were generated using the DEMO code (4), which was
davaliped specifically to represent the Clinch River
3reeder Reaccor ?lant (CRERP).
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DISCLAIMER

After demonstrating good agreement with DEMO
results for a transient where the capabilities of MINET
had to be restricted, a transient will then be analyzed
that more fully exarciges its capabilities. Thils case
is a station blackout transient with pony motors and
auxiliary feedwater unavailable.

MODEL FUNDAMENTALS

The MINET package interfaces with the SS5C inter-~
nediate loop at points downstream of the INX and up-
stream of the pumps, thus 1t includes the sodium side
of the heat exchangers, as well as some connecting
piplag (see Figure 1). With few exceptions, the MINET
representation is a closed system, accessed through the
boundary modules. The exceptions are control systea re-
lated components, e.g., pumps and valves. Boundary
modules on the intermediate loop side interface only
with the intermediate loop parameters and are iaac-
cessible to the user.

In MINET, a system is represented as a network of
accunulators, segments, and boundaries. Accumulators
are used to represent taunks and other voluminous com-
ponents, as weil as locations in the system where sig-
nificant flow divisions or combinations occur. Segments
are composed of one or moras pipes, pumps, heat exchang=
ers, and valves, each represented by one or more nodes.
Boundaries are simply polnts where the network

interfaces with the user or another part of the SSC
code.

Equations conserving mass and energy are used to
calculate the pressure and enthalpy withinr accumula-
tors. An integrsl comentum equation is used to cal-
culate the segment average mass flow rate. In-segment
distributions of mass flow rate and eathalpy are
calculated using nodal aass and energy conservation
2quations. The segment pressure i{s takea to be the
linea: aversge of the pressure at both ands.

In MINET, the basic momeatum {ntegral network
method 13 supolementad by gencric models of the various
component tvpes. 1In the repragsentation of the ilatri-
cate relationship becwaen che pump Yead, the zelative
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surmtp sSpeed, and relative mass flow rate, quadratic
characteristics are assumed. Valves are represented
using form losses if flow is unchoked, or by the Henry=-
Tayske (5) or Moody (6) choke flow models. Heat
axchangers are analyzed using fixed length nodes and
noving levels within the nodes to track the interfaces
bYetween water/steam side heat trasfer rezimes. Accum-~
ulator contents are assumed to be eicher nomogeneously
4isctribuced or separated into saturated fluid and vapor
ragions, as indicated through user input.

STEADY STATE CALCULATIONS

Steady state calculations ara performed largely by
two new "network solvers”, one for enthalpies and en~
argy transfer, the other for pressures and mass flow
rates. An outer leval of irerarion is used to insure
consistency between tha results of the two network
solvers.

In preparation for the enthalpy and energy trans=-
far network solver, the system is firse divided into
subsystems, each of which must trangfer a gilven amount
of energy for equilibrium to be maintained at curzent
-ass flow rates and pressures. This subesystem
analysis, supplemented by che assumption that the total
anergy transferred across a heat exchanger is
proporzional to the available heat rransfer area,
decernines the amount of energy to be transferred
across each heat exchanger. In the eanthalpy and anergy
cransfer network solver, the accumulator eanthalpies,
segmenc inlec and ocutlat enthalpies, gegment energy
-rangfars, and sub-svstem enecrgy transfers, are solved
simultaneously.

The next step is to march through the gegments,
avaluating pressure losges. As the elevarion heads in
che heat exchangers depend on the enchalpy discribu~
rion, it is necessary to inicialize rhose unics ac chis
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time. Discrepancies between the total energy transfer
as indicated by heat transfer correlations, and that
indicated by the enthalpy and energy transfer network
solver, are resolved using a heat transfer area
correccion factor. Segmant mass flow rate, irlet and
ourlet pressure, accumulator pressure, flow rata at
outlet boundary modules, and pressure at inlet boundary

modules, are then calculated i{n the second network
solver.

TRANSIENT ANALYSIS

In MINET, rransient analysis is performed ar mwo
levels, the segment level and the global (accumulator)
level. First the response of each segment to potential
changes in the bordering modules i{s determined and
stored in the segment response matrices. These
matrices are used in conjunction with the boundary con-~
ditions and current accumulator conditions ro
3imultaneously advance enthalpies and prasgure for all
accumulators on one side of the network. Segment para=-
meters are then advanced.

The first step in deternining the segment response
matrices is to march through the flow segment, loading
the segment matrix equation. The equations loaded
determine the response of the nodal interface
enthalpies and mass Slow rates ro changes iun enthalpy
and pressure in the modyles connecting to the inlet and
outlet of the segment. Thus, for a segment with ¥
nodes, and therafore N+l nodal interfaces, a tocral of
1¥+2 equations are needed to constrain the mass flow
rates and enthalpies. Of che 21+2 equations loaded, ¥
a0dal mass conservarion equations and 1 momencum (or
choked flow limit) equation are iavariably loaded. The
reaaining equations are donore-cell diffarenced nodal
energy equations and segmant inlet boundary conditions,
with the aumber of each dependent on flow conditions in
the segment (1). Tha Segment matrix aquation is then



solved for the segment response matrix, which, when
aultiplied by changes in enthalpy and pressure in the
modules bordering the segment, defines the enthalpies
and mags flow rates for all nodal interfaces in the seg-
nent. Segment response matrices are detemmined for all
segments on a network side before accumulator pressures
and enthalples can be detemmined.

Conservation equations for mass and energy in each
of the accumulators on one side of the network are
coupled in a matrix equation. The segment response
matrices are used in the loading process to determine
the mass flow rates and enthalples entering and exiting
the accumulators. The accumulator matrix equation is
then solved for charges in accumulator enthalpies and
prezsures. Changes in pressures and enthalpies in the
accumulator and boundary modules are then used to
multiply through the segment response matrices and
advance the nodal interface enthalpies and mass flow
rates.

COMPARISON WLITH DEMO FOR SIMPLE STATION BLACKOUT

The DEMO analysis of a CRBRP station blackout
rransient has been previously performed and reported by
Perkins, et. al.(7). During the first second of this
run, the pumps trip, the reactor scrams, and the tur-
bine throttle valve closes. The turbine bypass valve
opens at about 4 seconds, and the auxiliary feedwatar
comes on at about 44 seconds. There are no steam gen-
erator auxiliary heat removal systems (SGAHRS) vent
valves, Protected Alr Cooled Condensers (PACC), or
superheater outlet isolation valves in this analysis.
Results from this run are summarized in Figures 2a =2f.

As the principal goal in the SSC/MINET analysis of
this transient was an inter-code comparison, efforts
were nade to match the DEMO input. Thus, the feedwater
flow rate and temperature, the {ntermediate pump
inertia, and recirculation pump ramp~down rates were
matched, as were the initial conditions. Since some of
the DEMO models in the turbine and turbine bypass areas
had no equivalent in MINET, the turbine header pressure
frem the DEMO run was used as an inmput houndary
condizion for MINET.

“then SSC/MINET was used to analyze the same trans=-
ient, the results resemblad those generated by DEMO, as
zan be seen in Figures 3a ~ 3f. The feedwater flow
rate and tamperature, the turbine header pressure, and
the intermediate loop flow and superhearer inlet team-
serature are effectively boundary conditions. Differ-
ances in steam drum pressure and level, superheater
flow, and evaporator ocutlet temperature are due largely
to the compression and thermal expansion in the eva-
porzor, accounted for ia MINET and neglected in DEMO.
The differences in the water side evaporator inlet
remperature and intermediate side evaporator outlet
temperature result from the DEMO assumption that the
feadwatar nixes in at the avaporator inlec. The
sources of these diiferences were verified by running
MINET with incompressible flew in the pipes and heat
erchangers and the feedwater injection at the evapor-
ator inlet. Results from this run (8) were very
similar to the DEMD results shown in Figures 2a=-2f.

Even though true validation of one computer code
using another {s Impossible, it can still reaveal
sroblems of a gross nature, such as coding errors. To
this degree, it is clear that the aew MIMET package is
unlikely ro contain serfous errsrs, and a reasonable
lavel of cradibility can be 2ctached to its analvsis.

SSC/MINET ANALYSIS OF STATION BLACKOUT WITHOUT AUXILI~
ARY FEEDWATER .

There have been several changes in the contral
gystems for CRBRP since the release of DEMO, revision 4
(4). Many of these changes were included in the an-
alysis of the first eight minutes of a CRBRP station
blackout transient with auxiliary feedwatar umavaila-
ble. The representation used {n this analysis is as
shown in Figure 1 and the resclts are summarized in
Figuras 4a =~ Af.

The transient initiates with a loss of electric
power, tripping the primary, intermediate, recircula-
tion, and feedwater pumps, and scramming the reactor.
Soon thereafter, the turbine throttle valve closes, the
steam generator auxiliary heat removal system (SGAHRS)
activates the PACC system and SGAHRS vent valves, and
closes the superheater and steam drum drain isolation
valves, and the turbine bypass valve opens. It is
assumed that pony motor driven pumps in the primary and
intermediate loops, as well as the auxiliary feedwater
pumps, are unavailable.

Mass flow rates (per loop) for the primary and
intermedite loops are shown (Figure 4a) to be
decreasing exponentially until the pump rotors lock at
one minute. Core outlet temperatures (4b) decrease
initially, and then increase until the three minmute
mark, when the pow:r decreases to the point where
natural circularion flow becomes sufficient to remove
the heat. However, as can be seen in Figure 4c, due to
trangport delays, the superheater inlet temperature is
not affected by the primary loop during the first eight
minutes of the transient, except by its influence on
the intermediate loop mass flow rate.

On the steam generator side, the system is largely
is0lated once the superheater outlet isolation valve
closes (5 seconds). From this time onm, essentially no
flow i3 entering and the only flow exiting 1is through
the SGAHRS vent valves. A limited smount of heat is
also removed through the PACC, as simulated by a heat
sink term in the steam drum. Notable periods in the
transient occur at 30 seconds when the SGAHRS vent on
the steam drum closes (Figure 4d), at two minutes when
the reduced quality evaporator outlet flow, resulting
from propertionately higher natural circulation flow on
the water o¢ids, reaches the steam drum and drops the
pressure, and at eight minutes when the staam drum
water inventory is exhausted. It is noted that the
control strategy according to the CRBR project office
(9) 1is to use only the superheater cutlet SGAHRS vent
valve after the initial part of the transient. With
respect to the steam drum going dry at 8 minutes, an
approximate net of 22 metric tons of watev/steam leaves
the steam generator syscem during those 8 minutes,
which i3 consistent with an initial inventory of 23
aetric tons of liquid im the three steam drums.
Furthermore, there are several sinilaricies, betwean
the SSC analygis and the DEMO analysis recently
publisned (10) for a station blackout transient with
auxfliacy feedwater available.

SUMMARY AND CONCLUSINNS

A new steam generator syster analvsis packa
v : ¥ T ge,
;:J.led YINET, has been incorporated into the SSC code.
€ momentum integral network method emploved ¢ -
£iciently flaxible to allow the user to build t:l:es::s-
tem representation raquired to adequately zonitor a
given transienz. A simplified station Slackout trans-

ient, as analyzed by DEMO, was replicated. It was
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found that differances in the results could be traced
to two DEMO assumptions of marginal validity under the
condicions simulated. Thege assumptions, namely
incompressible flow in the recirculation loop and
faedwater injection at the evapovacor inlet, are quite
aczeptable for near equilibrium conditions, but clearly
in error during active tramsients when examined in a
shors time frame. The SSC/MINET analysis of a related
cransient, factoring in current control sytems and
strategies, provide plausible results that teand to
support some of the CRBRP project office calculacions.
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