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Operational and safety transients (ant ic ipated, un l ike ly , or extremely

unl ike ly) that may or ig inate anywhere in a l iquid-metal fast breeder reactor

(LMFBR) system must be adequately simulated to assist in safety evaluation and

plant design e f fo r t s . The purpose of th i s paper i s (1) to describe an advanced

thermohydraulic transient code, the Super System Code (SSC), that may be used

for confirmatory safety evaluations of plant-wide events, such as assurance of

adequate decay heat removal capabi l i ty under natural c i rcu la t ion conditions and

(2) to present representative results obtained wi th SSC i l l u s t r a t i n g the degree

of modeling detai l present in the code as well as the computing e f f ic iency.

A version of the SSC code, SSC-L, applicable to any loop-type LMFBR de-
sign, has been developed at Brookhaven. The scope of SSC-L i s to enable the

i

simulation of al l plant-wide transients covered by Plant Protection System

(PPS) action, including sodium pipe rupture and coastdown to natural circula-

tion conditions. The computations are stopped when loss of core integrity

( i . e . , clad melting temperature exceeded) is indicated.

*This work was performed under the auspices of the U.S. Nuclear Regulatory
Commission.



ANALYTICAL MODELS

Dynamic simulation of the whole plant is needed to predict system response

due to disturbances from safety or operational related initiators. ' The

whole plant simulation involves adequate representation of (1) flow and power

dynamics in the reactor core, (2).fluid flow and heat transfer in pipings, (3)

heat transfer through heat exchangers (Intermediate Heat Exchanger and Steam

Generator), (4) pumps, and (5) turbine-condenser loop. Depending upon the na-

ture of transient under investigation, these components and their associated

processes may be modeled with a varying degree of sophistication. For example,

for safety-related transients (such as natural circulation as a mode of decay

heat removal or pipe rupture in the sodium loop) the heat generating portions

of the reactor core should be modeled, at least, by a number of equivalent

channels each one of which may represent one or more than one fuel, blanket or

control assemblies. The balance-of-plant need not be represented in great

details. On the other hand, for operational transients such as turbine trip,

the reactor core could very well be represented by a single, average channel,

or, even a non-dimensional point core. More sophistication in modeling of the

balance-of-plant, however, may be required.

The approach taken in the SSC-L code is to provide for flexibility so that

the degree of modeling sophistication may be controlled from the input data

cards rather than major remodeling. The reactor core, which consists of fuel,

blanket, control and shielding assemblies, is modeled as a number of parallel

equivalent channels. A channel represents a minimum of one assembly. For the

sake of computing efficiency, these channels are taken to be one-dimensional in

space. These channels are coupled hydraulically via common pressure points in

lower and upper plena, and these are also coupled neutronically through

reactivity.
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Time-dependent heat generation i s computed using one energy-group, space-

time pa r t i t i oned equation. Thus, power in channel K i s given by

= P n(t) + (1 - gic) d(t, t)
o >

where Po i s the steady-state reactor power, ffc and g^, respectively, are

the fraction of total power and fraction of power due to fission and gamma

heating in K-th channel, n(t) is the normalized time-dependent function for

fission and gamma heating, and d(t,f) is the normalized decay heat due to irr-

adiation for T seconds. In solving for n(t), the total reactivity is computed

as the sum of applied reactivity and all feedback contributions, which in-

cludes; (1) Doppler effect, (2) sodium density effect, and (3) fuel axial ex-

pansion effect.

The fluid hydraulics conservation equations for mass, energy, and momentum

are solved in one-spatial dimension. Liquid sodium throughout the primary and

intermediate heat transport systems is treated as incompressible fluid, except

for the sodium boiling calculations. In the latter case, a single bubble model

of Cronenberg1 ' is used. This model is similar to the one used in the SAS

code for core disruptive accidents.

During transients, coolant flow through an assembly is dependent upon the

total impedance for the remaining assemblies. This variation is a consequence

of flow-dependence of the friction and loss factors and the relative buoyancy

forces among the various channels. An explicit treatment^) of transient

flow redistribution is done by ignoring radial pressure variation in both the

lower and upper plena (common pressure points).

The steam generator is modeled by a few-pressure model.' ' In tr.is

method, the entire steam generator is divided into flow-path and plenum cells.
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Flow-path cells are connected together to form flow paths that begin and end at

plenum cells. A momentum-integral flow model, in which f lu id compressibility

effects are included, is applied to each flow path. Conservation of mass and-

energy is applied to each cell in the flow path, while conservation of momentum

is applied to the flow path as a whole. Within a flow path, a constant refer-

ence pressure is used for evaluation of the pressure-dependent f lu id proper-

t ies. The reference pressure can, however, be different in different flow

paths. This few-pressure model is more accurate than a single-pressure momen-

tum-integral model since the effect of relatively large variation in pressure

is included.

Important computing features of the SSC-L code include (1) a se l f - i n i t i a l -

ization package to provide a unique and numerically stable preaccident condi-

t i o n , ' 6 ' and (2) a multi-step scheme (MSS) for the system numerical time

integration, whereby different processes and/or system components are advanced

at different timesteps.

The computing efficiency afforded by the SSC-L code is significantly im-

proved using the MSS integration method instead of a single-step scheme (SSS).

The SSS method must advance al l parts of the system at a common timestep as
t

dictated by the smallest allowed step size in the system. Depending on system

detai l , an advantage factor ( i . e . , ratio of SSS computing time to MSS computing

time) of as much as five has been realized.

In a companion program, also being conducted at Brookhaven National Labor-

atory, the validity of the models and assumptions used within SSC are being

tested. The key emphasis of this effort is to make fu l l use of the preaccep-

tance testing program being conducted by the Hanford Engineering Development
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Laboratory in the Fast Flux Test Facility. The end goal is to qualify SSC as a

benchmark analytical tool to be used in the licensing of LMFBRs.

CODE DESCRIPTION

In the design of SSC, emphasis has been placed on flexibility and adapta-

bility so as to make its capabilities applicable to any loop-type LMFBR and a

wide class of transients. With this in mind, SSC was developed as a deliber-

ately structured ensemble of modules each of which performs a well-defined

set of tasks. Each module is broken down into submodules such that each

submodule performs a single task. Submodules are designed so that they may be

easily replaced or exported from the code.

A variable dimensioning (dynamic allocation) scheme is used throughout the

program. Thus, any number of channels, loops or degree of nodalization can be

simulated simply by changing input data. The only limitation is the size of

computer memory available. Data transfer of dimensional arrays is accomplished

by passing a large container array via labeled common. This particular scheme

of variable dimensioning was selected because of its data transfer efficiency

and minimization of in-core storage.

A symbolic naming scheme was adopted for SSC and used throughout. This

was done to avoid the problems caused by naming ambiguities and degeneracies

prevalent in other large codes. The naming convention also permits a data pro-

cessing algorithm, to be applied to the code itself which produces a glossary

(dictionary) of all global variables. Information obtained from this algorithm

include the subroutine names where any particular variable is defined or refer-

enced.
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The system-wide scope of SSC necessitates considerable interaction between

the user and the code, especially during the initialization of the calculation.

With this in mind, the SSC input modules have been constructed to make the

user-code interaction as intelligent and straightforward as possible. Free-

format input is allowed. Data once read, is checked by the verification sub-

module for consistency within the data set and against physical criteria wher-

ever possible. An inconsistency at this point sets an error flag and causes

the program to terminate at the end of this process.

Flexibility is built into the data input specifications. Thus, (1) any

type of core (i.e., homogeneous or heterogeneous) may be simulated, (2) the

arrangement of plant components is user specified (e.g., pumps in hot or cold

leg, check valve present or not), and (3) any forced recirculation or once-

through .steam generator design can be simulated.

The volume of output generated by SSC is determined by user option. The

printing of intermediate results is controlled on a component-by-component

basis. The system of units used in this advanced code is Systeme International

d'Unite's (S.I. Units).

RESULTS

To demonstrate some of the features provided within SSC, the results for

one specific system geometry and one particular transient are analyzed. The

system geometry is a four channel, one loop simulation of the Clinch River

Breeder Reactor Plant (CRBRP). The reactor core is modeled by four channels.

The first channel models the peak core assembly explicitly. It has all of the

physical characteristics of the second channel with the exception of power gen-

eration. The second channel models the remaining 197 core assemblies. The

third channel models all (150) of the radial blanket assemblies which surround
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the core. The fourth channel models all of the primary and secondary control

systems assemblies. As SSC-L specifically takes into account a bypass channel,

all unassigned flow and/or power is assigned to this channel. The radial

shield assemblies are lumped with the bypass channel in this sample problem.

Alternately, the radial shield assemblies can also be represented by another

channel.

Though the fuel assemblies are served by five orifice zones an "equiva-

lent" nozzle zone was defined. Similarly, the radial blanket assemblies, which

are served by four orifice zones, received the same treatment. However, the

orificing pattern for the first channel v/as explicitly included.

The three heat transport systems in CRBRP are represented by one loop.

The primary loop consists of the piping from the vessel outlet to pump, pump to

intermediate heat exchanger, intermediate heat exchanger to check valve, and

finally piping from the check valve to vessel inlet. All core parameters used

are for the end of equilibrium cycle. These are taken to be the nominal design

values as given in the CRBRP PSAR.

The transient investigated is a coastdown from full power and full flow

conditions to natural circulation. Here» all pumping power (including pony mo-

tor pov/er) is assumed lost at time t=0. The plant is scrammed at time t=0.75 s.

The results from two cases will be presented. In the first case, the peak

core assembly (Channel 1) is taken to represent the average pin in the peak as-

sembly, while in the second case, it represents the hot pin in the peak assem-

bly. This means, that in addition to the explicit treatment of the orificing

zone, other deterministic uncertainties are applied to this particular channel

to make it represent either the average pin or the hot pin. Also, the compar-

ison of results between using and not using the in-vessel interassembly flow

redistribution model is shown.
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In Figure 1, the traces of normalized power and flow rate in Channel 1 are

shown for the hot pin case with and without the flow redistribution option

being calculated. While, as expected, the power is identical, the flow rates.

are different. Due to the relative differences between frictional losses and

buoyancy forces among the various channels, the hotter channels draw more flow

relative to the cooler channels when flow redistribution is explicitly calcu-

lated.

The effect of this flow redistribution on the maximum coolant temperature

is shown in Figures 2 and 3. In Figure 2, the curves illustrate the maximum

coolant temperature response in Channel 1 (hot channel) with and without flow

redistribution, while Figure 3 shows results for the average pin in peak assem-

bly with and without flow redistribution. Figures 2 and 3 illustrate

graphically the large differences (and reduced safety margins) obtained

depending on how the channel power and flow rate are assigned. It also shows

the importance of accounting for the effects of flow redistributions.

These cases were run on a CDC 7600 computer. For this degree of system

detail, (i.e., 4 channels and one loop) total machine time for 360 seconds of

transient simulation was approximately 330 seconds, depending on the case.

SUMMARY1

In summary, an important analytical tool for the simulation of all plant-

wide transients in any loop-type LMFBR system design has been developed. The

effect of interassembly flow redistribution is shown to result in temperatures

less than those obtained without flow redistribution. For the results pre-

sented here, a decrease in hot channel sodium temperature of 110 K (200°F) is

caused by interassembly transient flow redistribution.
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The in-vessel detail provided, coupled with that for the rest of the sys-

tem, improves the simulation accuracy of the overall plant response. While

SSC-L can be useful for design related investigations, i t is being used to con-

duct confirmatory safety evaluations for the U.S. Nuclear Regulatory

Commission.
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