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ABSTRACT

A steam generator system t r a n s i e n t ana lys i s pack-
age (MIHET), r e c e n t l y incorporated i n t o Che SSC code (a
nuclear power plant systems a n a l y s i s code ) , i s re-
sorted. E s s e n t i a l l y a code within a larger code, MINET
i s so named because i t I s based on a momentum Integral
network method.

Since the SSC code I s being used e x t e n s i v e l y In
the a n a l y s i s of the Clinch River Breeder Reactor Plant
fCRBRP), an a n a l y s i s of the CRBRP steam generator
s y s t e a , using MINET, I s reported. Plant transient data
ire genera l ly unavailable for such advanced power
alancs , t h e r e f o r e , r e s u l t s froa compucer ana lys i s of a
C3ERP s t a t i o n blackout event, us ing the DEMO code, are
shown. Comparable SSC/MINET a n a l y s i s provided s imi lar
r e s u l t s , p a r t i c u l a r l y when two s p e c i f i c DEMO a s -
sumptions were factored into the MINET c a l c u l a t i o n s . A
uore e x t e n s i v e SSC/MINET a n a l y s i s of a CRBRP s t a t i o n
blackout event , with pony motors and aux i l i ary
feedwater pumps unavai lable , i s a l s o reported.

INTRODUCTION

A new 3teao generator system trans ient ana lys i s
packaze ( 1 ) , based on a momentum i n t e g r a l (2 ) network
-iethod, has been Incorporated Into the Super Systems
"ode (SSC)(3 ) , a nuclear power plane systems analys i s
code, the pr inc ipal features of the new SSC steam
generator a n a l y s i s package, named MINET ( 1 ) , w i l l be
described in t h i s paper.

The SSC code was developed by Brookhaven National
Laboratory (BSD for the Nuclear Regulatory Commission
(SRC), p r i n c i p a l l y for the l i c e n s i n g a n a l y s i s of l iquid
-necal East breeder reactor (LMFBR.) o l a n t s . As the
a v a i l a b i l i t y of trans ient data for LMFBR plants i s
au i t e l i m i t e d , SSC code v a l i d a t i o n for steaa generator
systems current ly depends l a r g e l y on comparisons to r e -
s u l t s generated using other computer cades . The "data"
against which SSC/MINET r e s u l t s are compared In th i3
paoer were generated using the 3EM0 code (&), which was
ieve l jped s p e c i f i c a l l y CO represent Che Clinch River
breeder Reactor Plant (CRBRP).

After demonstrating good agreement with DEMO
r e s u l t s for a t rans i en t where the c a p a b i l i t i e s of MINET
had to be r e s t r i c t e d , a t rans i en t v i l l then be analyzed
that more fully exercises its capabilities. This case
is a station blackout transient with pony motors and
auxiliary feedwater unavailable.

MODEL FUNDAMENTALS

The MINET package I n t e r f a c e s with the SSC i n t e r -
mediate loop a t p o i n t s downstream of the IHX and u p -
stream of the pumps, thus i t i n c l u d e s the sodium a i d e
o f the heat exchangers , a s w e l l as some c o n n e c t i n g
p i p i n g ( s e e Figure 1 ) . With few e x c e p t i o n s , t h e MINET
representation i s 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 inac-
cessible to the user.

In MINET, a system i s represented as a network of
accumulators, segments, and boundaries. Accumulators
are used to represent tanks and other voluminous com-
ponents, as well as locations in the systea where s ig -
nificant flow divisions or combinations occur. Segments
are composed of one or aora pipes, pumps, heat exchang-
ers , and valves, each represented by one or more nodes.
Boundaries are siaply points vhere 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 within accumula-
tors. An integral momentum equation i3 used to ca l -
culate the 3«gaent average mass flow rate. In-segment
distributions of mass flow race and enthalpy are
calculated using nodal aass and energy conservation
equations. The segment pressure i s taken to be the
linea average of the pressure at both ends.

In MINET, the basic momentum integral network
method Is supplemented by generic rodeIs of the various
consonant types. In the representation of the i n t r i -
cate relationship between the pump head, the relative

*This work was performed under the auspices
of the U.S. Nuclear Regulatory Commission.
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Figure 1. CRBRP Stean Generator System Used in SSC/KINET Analysis

rjuaD speed, and re la t ive mass flow r a c e , quadratic
c h a r a c t e r i s t i c s are assumed. Valves are represented
using form l o s s e s i f flow 13 unchoked, or by the Henry-
"auske (5) or Moody (6) choke flow models. Heat
exchangers are analyzed using f ixed length nodes and
•roving l e v e l s within the nodes to track the interfaces
between water/steam s ide heat t r a s f e r regimes. Accum-
ulator contents are assumed to be e i t h e r homogeneously
distr ibuted or separated into saturated f lu id and vapor
regions , as indicated through user i n p u t .

STEADY STATE CALCULATIONS

Steady s t a t e ca lculat ions ara perforaed large ly by
two new "network solvers", one for enthalpies and en-
ergy t r a n s f e r , the other for pressures and mass flow
r a t e s . An outer l eve l of i t e r a t i o n i s used to insure
cons is tency between the re su l t s of the two network
•solvers.

In preparation for the enthalpy and energy trans-
fer network solver, the 3ysten i s f i r s t divided into
subsystems, each of trhich oust transfer a given amount
of energy for equilibrium to be maintained at current
-ass flow rates and pressures. This sub-system
analysis, supplemented by che assumption that the total
energy transferred across a heat exchanger i s
prooortional to Che available heat transfer area,
decertifies the amount of energy to be transferred
across each heat exchanger. In the enthalpy and energy
;ransfer network solver, the accumulator enthalpies,
segment inlec a.nd outlet enthalpies, segment energy
transfers, and sub-systsm energy transfers, are solved
5 L-iul taneous l y .

The next 3Cep is to march through the segaents,
evaluating pressure losses . As the elevation heads In
the heat exchangers depend on the enthalpy distribu-
tion, i t i s necessary to i n i t i a l i z e those units at this

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
correction factor. Segment mass flow rate, i n l e t and
outlet pressure, accumulator pressure, flow rate at
outlet boundary modules, and pressure at in le t boundary
modules, are then calculated in the second network
solver.

TRANSIENT ANALYSIS

In MINET, t rans ient analys i s Is performed at two
l e v e l s , the segment l e v e l and the global (accumulator)
l e v e l . First the response of each segment to potent ia l
changes in Che bordering modules i s determined and
stored in the segment response matrices . These
matrices are used in conjunction with the boundary con-
d i t i o n s and current accumulator conditions to
simultaneously advance enthalpies and pressure for a l l
accumulators on one s ide of the network. Segment para-
meters are thea advanced.

The f i r s t step in determining the segment response
matrices i s to march through the flow segment, loading
the segment matrix equat ion. The equations loaded
determine the response of the nodal in ter face
enthalpies and mass flow rates to changes in enthalpy
and pressure in the modules connecting to the inlet"and
out l e t of the segment. Thus, for a segment with N
nodes, and therefore KH nodal in ter faces , a t o t a l of
25+2 equations are needed to constrain the mass flow
rates and enthalp ies . Of the 2S+2 equations loaded, S
nodal mass conservation equations and 1 aomencum Cor
choked flow l imi t ) equation are invariably loaded. The
remaining equations are donor-ce l l differenced nodal
energy equations and segment i n l e t boundary c o n d i t i o n s ,
with the number of each dependent on flow condi t ions in
the segment ( 1 ) . Tha segment aatr ix equation i s then



solved for the segment response matrix, which, when
multiplied by changes in enthalpy and pressure in the
modules bordering the segment, defines the enthalpies
and mass flow rates for a l l nodal interfaces In the seg-
ment. Segment response matrices are determined for a l l
segments on a network side before accumulator pressures
and enthalpies can be determined.

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 u3ed in the loading process to determine
the mass flow rates and enthalpies entering and exiting
the accumulators. The accumulator matrix equation i s
then solved for changes in accumulator enthalpies and
pressures. Changes in pressures and enthalpies in the
accumulator and boundary modules are then used to
nultiDly through the segment response matrices and
advance the nodal Interface enthalpies and mass flow
rates.

COMPARISON WITH DEMO FOR SIMPLE STATION BLACKOUT

The DEJIO analys i s of a CRBRP s t a t i o n blackout
trans ient ha3 been previously performed and reported by
Perkins, e t . a l . ( 7 ) . During the f i r s t second of t h i s
run, the pumps t r i p , the reactor scrams, and the tur-
bine t h r o t t l e valve c l o s e s . The turbine bypass valve
opens at about 4 seconds, and the a u x i l i a r y feedwatar
comes on at about 44 seconds. There are no steam gen-
erator a u x i l i a r y heat removal systems (SGAHRS) vent
v a l v e s . Protected Air Cooled Condensers (PACC), or
superheater outlet isolation valves in thi3 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 aade to natch the DEMO input. Thus, the feedwater
flow rate and temperature, the intermediate pump
inertia, and recirculation pump ramp-down rates were
latched, as were the Init ia l conditions. Since some of
the DEMO models in the turbine and turbine bypass areas
had no equivalent in MINET, the turbine header pressure
frcra the DEMO run was used as an input boundary
condition for MINET.

Vhen SSC/MINET was used to analyze the same trans-
ient, the results resembled those generated by DEMO, as
can be seen in Figures 3a - 3f. The feedwater flow
rate and temperature, the turbine header pressure, and
the intermediate loop flow and superheater inlet tea-
aerature are effectively boundary conditions. Differ-
ences in steam drum pressure and l e v e l , superheater
?lov, and evaporator outlet temperature are due largely
to the compression and thermal expansion in the eva-
porror, accounted for in HINET and neglected in DEMO.
The differences in the water side evaporator inlet
temperature and intermediate side evaporator outlet
temperature result from the DEMO assumption that the
Eeedwacsr mixes in at the evaporacor in le t . The
sources of these differences were verified by running
MINET with incompressible flow in the pipes and heat
exchangers and the feedwater injection at the evapor-
ator i n l e t . Results from this run (3) were very
similar to the DEMO results shown in Figures 2a-2f.

Even thoush true validation of one computer code
using another i s impossible, i t can s t i l l reveal
problems of a s;ross nature, such as coding errors. To
this degree, i t i s clear that the new MINET package i s
unlikely ro contain serious errars, and a reasonable
level of credibi l i ty can be attached to i t s analvsis.

SSC/MINET ANALYSIS OF STATION BLACKOUT WITHOUT AUXILI-
ARY FEEDWATER

There have been s e v e r a l changes in the c o n t r o l
systems for CRBRP s i n c e the re lease of DEMO, r e v i s i o n 4
( 4 ) . Many of these changes were included i n the an-
a l y s i s of the f i r s t e i g h t minutes of a CRBRP s t a t i o n
blackout trans ient with a u x i l i a r y feedwatsr unava i la -
b l e . The representation used in this analysis i s as
shown, in Figure 1 and the results are summarized in
Flguras 4a - 4f.

The transient i n i t i a t e s with a loss of e l ec tr ic
power, tripping the primary, intermediate, recircula-
t ion , and feedwater pumps, and scramming the reactor.
Soon thereafter, the turbine throttle valve c lo se s , the
steam generator auxiliary heat removal system (SGAHRS)
activates the PACC system and SGAHRS vent valves , and
closes the superheater and steam drum drain i so lat ion
valves, and the turbine bypass valve opens. I t i s
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
intermedlte loops are shown (Figure 4a) to be
decreasing exponentially until the pump rotors lock at
one minute. Core outlet temperatures (4b) decrease
i n i t i a l l y , and then increase until the three minute
marie, when the powit decreases to the point where
natural circulation flow becomes sufficient to remove
the heat. However, as can be seen in Figure 4c, due to
transport delays, the superheater inlet temperature is
not affected by the primary loop during the f i r s t eight
minutes of the transient, except by i t s influence on
the intermediate loop mass flow rate.

On the steam generator s ide, the system i s largely
isolated once the superheater outlet isolation valve
d o s e s (5 seconds). From this time on, e s sent ia l ly no
flow i s entering and the only flow exiting i s through
the SGAHRS vent valves. A limited amount of heat i s
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 proportionately higher natural circulation flow on
the water »id«, reaches the steam drum and drops the
pressure, and at eight minutes when the steam drum
water inventory i s exhausted. It i s noted that the
control strategy according to the CRBR project off ice
(9) Is to use only the superheater outlet SGAHRS vent
valve after the i n i t i a l part of the transient. With
respect to the steam drum going dry at S minutes, an
approximate net of 22 metric tons of watesr/steam leaves
the stean generator system during those 8 minutes,
which Is consistent with an in i t ia l inventory of 23
metric tons of liquid In the three steam drums.
Furthermore, there are several s imi lar i t ies , between
the SSC analysis and the DEMO analysis recently
publi&ned (10) for a station blackout transient with
auxiliary feedwater available.

SUMMARY AND CONCLUSIONS

A new steam generator system a n a l y s i s package
c a l l e d MINET, has been incorporated i n t o the SSC code .
The momentum i n t e g r a l network method atoloved i s suf-

t » r e n r L ^ ^ l e " S l l °" t H e u 8 e r t 0 b u i " the svs-tem representation required to adequately aonitor a'
given transient. A simplified station blackout trans-
ient , as analyzed by DEMO, was replicated. It was
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found chat differences in Che results could be traced
co cwo DEMO assumptions of marginal val idi ty under che
conditions sismlaced. These assumptions, namely
incompressible flow in che recirculation loop and
feedwater injection at the evaporator in l e t , are quite
acceptable for near equilibrium conditions, but clearly
in error during active transients when examined in a
short time frame- The S3C/MINET analysis of a related
transient, factoring in current control sytems and
strategies, provide plausible results that tend to
support some of che CRBRP project off ice calculations •

REFERENCES

1. J . G. Guppy, e t . a l . , "Super System Code (SSC-L,
Rev. 2 ) , An Advanced Theroohydraulic Simulation
Code for Trans ients i n LMFBR3", Brookhaven National
Laboratory, ( t o be publ i shed , 1 9 8 2 ) .

2 . J . E. Meyer, "Hydrodynamic Models for the Treatment
of Reactor Thermal Trans ients" , Kucl . S c i . En? . ,
V±, 269 , ( 1 9 6 1 ) .

3 . A. K. Agrawal, e t . a l . , "An Advanced Thermo-
hydraul ic Simulat ion Code for Trans i en t s in
LMFBRs (SSC-L Code)", Brookhaven Nat ional Labora-
t o r y , BNL-NUREG-50773, ( 1 9 7 8 ) .

i . "LMF3R DEMO Plant Simulation Model (DEMO)",
Nescinghouse Advanced Reactor D i v i s i o n , Madison,
Pennsylvania , WAKD-D-0005, Rev. 4 , ( 1 9 7 6 ) .

3. R. E. Henry and H. K. Fauske, "The Two-Phase C r i t i -
c a l Flow of One-Component Mixtures i n Nozz le s , Ori -
f i c e s , and Short Tubes", Trans. A5HE J . Heat Trans-
f e r , 93_, 179 ( 1 9 7 1 ) .

5. F. J . Moody, "Maximum Flow Pace of a S ing le Com-
oonent Two-Phase Mixture", Trans . Amer. Soc. Mech.
Ens;.. Journal of Heat Transfer , 8 7 , 134-142,
( 1 9 6 5 ) .

~ . X. R. P e r k i n s , e t . a l . , "Uncer ta in t i e s in the
Calculated Response of the Cl inch River Breeder Re-
a c t o r During Natural C i r c u l a t i o n Decay Heat Re-
aova l" , 3rookhaven National Laboratory,
3SL-SUREG-2271 5, ( 1 9 7 7 ) .

? . J . G. Guppy, Quarterly Progress Report, (1981) , Oc-
tober 1 -December 3 1 , 1981, ( t o be published
( 1 9 3 2 ) .

?. J . 3.. Longanecker, e c . a l . , " 3 r i e f i n g on CRBRP
Shutdown Heat Removal", Bethesda, Maryland
(November 2 , 1981) .

'.0. « . J . Severson , e t . a l . , "Clinch River Breeder Re-
ac tor P l a n t , Summary Report on che Current As-
sessment of che Macural C i r c u l a t i o n Capabi l i ty with
the Heterogeneous Core", WARD-D-0308, Februarv,
1982.


