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ABSTRACT

The SASSYS-1 liquid metal reactor systems analysis computer code is

currently being used as the principal tool for analysis of reactor plant

transients in LMR development projects. These include the IFR and EBR-II

Projects at Argonne National Laboratory, the FFTF project at Westinghouse-

Hanford the PRISM project at General Electric, the SAFR project at Rockwell

International, and the LSPB project at EPRI. The SASSYS-1 code features a

multiple-channel thermal-hydraulics core representation coupled with a point

kinetics neutronics model with reactivity feedback, all combined with detailed

one-dimensional thermal-hydraulic models of the primary and intermediate heat

transport systems, including pipes, pumps, plena, valves, heat exchangers and

steam generators. In addition, SASSYS-1 contains detailed models for active

and passive shutdown and emergency heat rejection systems and a generalized

plant control system model. With these models, SASSYS-1 Provides the

capability to analyze a wide range of transients, including normal operational

transients, shutdown heat removal transients, and anticipated transients

without scram events.

INTRODUCTION

The SASSYS-1 Liquid Metal Reactor (LMR) systems analysis code1 was

originally developed for analyzing shut-down heat removal systems and the

ability of such systems to function adequately in the face of failure of some

components. This original role for SASSYS-1 required extensive analysis

capabilities and flexibility, and it required numerical methods and coding

that were efficient enough to run long transients in a reasonable amount of

computer time. The result was a code that is capable of handling a wide range
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of transients, from minor operational transients through hypothetical core

disruptive accidents. Currently shut-down heat removal analysis is only one

of the many uses of SASSYS-1.

The SASSYS-1 code was developed to analyze any LMR design, loop or

pool. Also, the control system model in SASSYS-1 is flexible enough to handle

any control system. Thus, not only can any new LMR design be analyzed; but

experimental results from older, existing reactors can be used to validate the

SASSYS-1 models that are then used to analyze new designs.

SASSYS-1 was written to be portable. It is written in standard

FORTRAN. The code has been run on a wide range of computers, including the

CRAY-XMP, the IBM 3033, the VAX 11-780, and the Sun Workstation. Much of the

coding vectorizes on the CRAY-XMP. The code runs fast enough to do extended

transients of one day or more. On most of these computers the code can run

considerably faster than real time.

SASSYS-1 CODE CAPABILITIES

SASSYS-1 contains the models and features required to evaluate

anticipated transients without scram (ATWS), operational transients, and shut-

down heat removal. These features include a multi-channel thermal hydraulic

and neutronic core treatment, a generalized thermal hydraulic treatment for

the primary and intermediate heat transport system, models for shut-down heat

removal systems, a steam generator treatment, a modular control system, and

coupling with SAS4A modules for severe accident analysis.

Core Treatment

The SASSYS-1 core treatment is taken from the SAS4A LMR accident analysis

code. This core treatment is a multi-channel treatment in which each channel



-3-

contains a fuel pin, its associated coolant, and a structure. The structure

represents wrapper wires and/or a representative fraction of the subassembly

duct wall. Usually an average pin within a subassembly is modeled, but it is

possible to represent a hot pin instead. A channel represents a subassembly

or a group of similar subassemblies. Typically between 3 and 30 channels are

used to represent a reactor, depending on the amount of detail desired.

Figure 1 shows the radial and axial mesh used for temperature

calculations in a channel. The whole length of the subassembly, from coolant

inlet to coolant outlet, is usually represented by a channel. The coolant and

structure nodes run the whole length of the channel. More radial nodes are

used in the core and blanket regions than in the rest of the channel. For

each axial node in the core or blankets, between four and eleven radial nodes

are used in the fuel, three are used in the cladding, one in the coolant, and

two in the structure. In the gas plenum region a single temperature is

calculated for the gas; and at each axial node there is one cladding node, one

coolant node, and two structure nodes. In the reflector regions above and

below the fuel pin there are two reflector nodes, one coolant node, and two

structure nodes for each axial node. The coolant nodes are staggered with

respect to the fuel, cladding, structure, and reflector nodes. The gas plenum

can be either above or below the core.

The coolant flow in a channel is driven by inlet and outlet plenum

pressures. All channels use the same inlet and outlet plenum pressures; so as

the flow rates change, flow redistribution between channels is automatically

accounted for. Reverse flow in any or all channels can be handled. Either

turbulent or laminar friction factors are used for a channel, depending on the

Reynolds number. SASSYS-1 also contains a multiple-bubble slug ejection

sodium boiling model.
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In SASSYS-1 one can optionally use either the DEFORM-H module^ or the

DEFORM-5 module to calculate the time and location of pin failure. DEFORM-4

Is used for oxide fuel, and DEFORM-5 is used for metal fuel.

For its neutronics calculations SASSYS-1 uses a point kinetics treatment

with detailed reactivity feedback from each channel. Reactivity changes are

calculated for control rod scram, the Doppler effect in the fuel, sodium

voiding or density changes, fuel thermal expansion, core radial expansion,

subassembly bowing, thermal expansion of control rod drives, and vessel wall

thermal expansion. SASSYS-1 uses a decay heat treatment similar to that

normally used for delayed neutron precursors. Up to six decay heat precursor

groups are used, each with its own yield and decay constant.

Primary and Intermediate Heat Transport System

For the primary and intermediate heat transport system thermal hydraulics

calculations, SASSYS-1 uses a generalized geometry as indicated in Figure 2.

A number of compressible volumes are connected by liquid or gas segments, and

each liquid segment can contain one or more elements. Liquid segments are

characterized by incompressible flow. Compressible volumes are characterize

by pressures which drive the flow through the liquid and gas segments. If a

compressible volume does not contain a cover gas, then the liquid is treated

as compressible. Liquid elements represent components such as pipes, pumps,

valves, IHXs, and the sodium side of a steam generator. Compressible volumes

represent the inlet and outlet plenums, pumps bowls, pools, and expansion

tanks. Compressible volumes and segments can be connected in an arbitrary

manner, allowing SASSYS-1 to represent an arbitrary arrangement of components.
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Shut-down Heat Removal Systems

The decay heat removal systems that can be modeled include a Reactor

Vessel Auxiliary Cooling System^ (RVACS) or Reactor Air Cooling System"

(RACS), as well as a Direct Reactor Auxiliary Cooling System^ (DRACS).

Reference 7 describes the RVACS/RACS model in SASSYS-1, and Reference 1

describes the DRACS model.

Steam Generator

SASSYS-1 contains two steam generator options. One is a very simple

option in which the user specifies the sodium-side temperature drop or outlet

temperature as a function of time. The other option is a moderately detailed

model.

The moderately detailed model for an evaporator or once-through steam
o

generator was developed by R. May and B. Singer, using an approach similar to

that of Bein and Yahalom.^ This model uses up to four nodes with moving nodal

boundaries. Each axial node represents a well defined physical region with

smooth, slowly varying water properties within the region. The regions are

the subcooled region, the nucleate boiling (pre-DNB) region, the post-DNB film

boiling region, and the superheated region.

For each of these four regions in the evaporator, an energy equation and

a continuity equation is written for the water. These equations include terms

for the moving boundaries. For each region, an average heat transfer

coefficient is evaluated in order to obtain the heat flux to the water. On

the sodium side, single phase inconpressible flow is assumed, and only an

energy equation is used for each region. In addition, an overall loop

momentum equation is used for the sodium in the evaporator plus any pipes

attached to it.
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A separate model is used for the superheater. This model is simpler and

faster running, since it does not use moving boundaries or deal with phase

changes. A quasi-static approximation used for the steam side energy equation

provides a very stable solution algorithm.

Control System

The SASSYS/control system model was developed for the design and analysis

of control systems in LMR plants. The model is very flexible, allowing the

user to select any number of plant variables for input to the control system

as measured quantities. These signals can then be processed by a user defined

network of mathematical blocks that implement the control equations. The

output from these blocks can then be used to directly control plant variables

in SASSYS. The quantities that can be controlled currently are pump motor

torque, control rod reactivity, valve orifice coefficient, steam generator

feedwater flow rate, and feedwater enthalpy.

The control system model has a steady-state solution finder that can be

used to determine initial values for demand signals and state variables that

place the control system in a steady state that is consistent with the plant

steady state as calculated by SASSYS. The control system model can also be

used to calculate auxiliary variables and print their values.

Severe Accidents

For the analysis of severe accidents SASSYS-1 can couple directly with

SAS4A modules. The code can treat boiling of the sodium, in-pin fuel motion

before pin failure, and the motion of molten cladding and fuel after pin

failure.
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EXPERIMENTAL VALIDATION

EBR-II shut-down heat removal tests,10'11'12 EBR-II inherent shutdown

tests, ° FFTF natural circulation tests, and FFTF reactivity feedback tests

are being used for SASSYS-1 validation.1^ Thus, the SASSYS-1 thermal

hydraulics models are validated for both pool plants and loop plants. Also,

data from a large scale RVACS/RACS simulation experiment'"i'5 performed at

Argonne National Laboratory has been used to validate the RVACS/RACS model in

SASSYS-1.

COMPARISON WITH OTHER CODES

SASSYS has advantages over most other systems codes used in the United

States in five main areas. First, SASSYS-1 can be applied to any LMR design,

whereas most systems codes are written for only a single design or a single

reactor type. Second, SASSYS-1 has a more detailed core treatment than most

systems codes. Third, the SASSYS-1 code alone can carry out tasks that often

require a sequence of two or three other codes. Fourth, SASSYS-1 can analyze

severe accidents involving sodium boiling, pin failure, and the motion of

molten cladding and fuel. Fifth, SASSYS-1 is considerably faster than multi-

dimensional systems codes, such as COMMIX-1A16 or TEMPEST.17

Since SASSYS-1 can be applied to any LMR design, it can be validated with

experiments performed in EBR-II and FFTF and then it can be applied to new

reactor designs. In contrast, many system codes are only applicable to a

1ft
single design or a single type of reactor. The IANUS code ° is used for FFTF,

the NAT-DEMO code19 for EBR-II, the DEMO-IV code20 for CRBR, and the SSC-L

code for loop-type systems.

SASSYS-1 uses a detailed multi-channel core treatment. In contrast, many

system codes, such as IANUS, NAT-DEMO, and DEMO-IV, use a single average
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channel for the driver assemblies. As a result, for CRBR analysis

Westinghouse utilized a sequence of three codes to do the analysis that could

be done by SASSYS-1 alone. Westinghouse used DEMO for transient plant-wide

analysis, COBRA-WC for detailed whole core analysis, and the F0RE-2M code"

for detailed pin and subchannel temperature calculations, as well as the hot

channel pin analysis.

THE ROLE OF SASSYS-1

SASSYS-1 is the main LMR systems analysis code currently in use in the

United States. It is being used in all of the current LMR projects. SASSYS-1

is the main tool used for passive safety analysis in the IFR,2J*'25 PRISM,5'2^

and SAFR reactors. It is also being used for analyzing operational

transients for these reactors. SASSYS-1 is being used for safety analysis for

the metal core re-load for FFTF, and it is being used for shut-down heat

removal analysis for LSPB. As mentioned above, validation studies for SASSYS-

1 involve EBR-II shut-down heat removal tests, EBR-II Inherent safety tests,

FFTF natural circulation tests, and FFTF reactivity feed-back tests.

Analyzing passive safety response in advanced designs involves evaluation

of the consequences of failures of components or systems, such as the scram

system or the pump power supply, and determination of the plant response and

safety margins in such cases. The main cases that are considered are the

unprotected LOF (Loss-of-Flow), the unprotected LOHS (Loss of Heat Sink), and

the unprotected TOP (Transient Over Power). The LOF involves loss of power to

the sodium pumps. Loss of feedwater to the steam generators is often assumed

also for the LOF. The LOHS involves loss of feedwater to the steam

generators. The TOP involves insertion of reactivity from an event such as

withdrawal of a control rod. For all of the unprotected events, evaluation of
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reactivity feedback is a major consideration. Also, if feedwater to the steam

generators is lost, then assessment of alternate heat removal systems is

important.

APPLICATION

Currently, there is an ongoing effort to draw from the experiences of the

nuclear industry for the past 20 years to develop innovative reactor concepts

which would answer the concerns that have been brought up in the operating,

licensing, and construction environment of the recent past. As part of this

development effort ANL has proposed the IFR (Integral Fast Reactor) concept,

key features of which are metal fuel, a pool-type reactor design, and integral

reprocessing. The IFR concept is currently being applied to small reactors

which would be built in multiple power packs together with an integrated fuel

cycle facility. The IFR concept provides enhanced safety margins and

proliferation resistance. The safety advantages of the IFR innovative reactor

concept are derived from the use of sodium cooling, metal fuel, and a pool

configuration. These features lead to improved heat transfer characteristics,

improved reactivity feedback response, and improved passive safety capabil-

ity. A possible reactor vessel configuration for a modular sized reactor

based on the IFR concept is one where the reactor core, the primary coolant

pumps and the IHXs are immersed in a large volume of sodium in the primary

pool. The reactor vessel contains basically the entire inventory of the

primary sodium coolant and containment is its only function. A vertical redan

or wall would divide the primary pool into hot outlet pool and cold inlet

pool. Cold sodium from the cold pool is pumped by the centrifugal or electro-

magnetic primary pumps into the inlet plenum and thence through the core and

into the hot outlet pool. Elevation differences feed the hot sodium into the
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inlet of the IHXs, past the tube bundle and into the cold pool. The only

primary piping used is from the discharge side of the inlet pump to the core

inlet plenum. The Intermediate Heat Transport System (IHTS) is a conventional

pipe system transporting sodium between the IHXs and the steam generators.

There are centrifugal IHTS pumps, surge tanks and steam generators associated

with the IHTS loops. The steam generator could be a once through steam

generator or a recirculation steam generator with or without superheaters

depending on whether a saturated steam cycle or a superheated steam cycle is

chosen.

Considerable effort in the recent past has been focussed on the evalua-

tion of the performance of various modular sized designs utilizing the IFR

concept with different event initiators through the usage of the SASSYS system

code. The spectrum of transients examined encompassed both duty cycle/normal

operational transients and anticipated transients without scrams (ATWS). The

advantages of the IFR innovative reactor concept has been amply demonstrated

for these designs and transients. Two of these transients have been selected

for presentation here as examples to illustrate the comprehensiveness and

flexibility of the SASSYS plant system code in analyzing the spectrum of

initiators. The first transient which will be discussed is one from the ATWS

class while the latter one is from the class of anticipated operational

events.

Unprotected Loss of Heat Sink

The first transient is an unprotected loss of heat sink (LOHS) in a

modular sized reactor. This particular reactor (PRISM) has a RVACS. At time

zero feedwater was lost to the steam generators, and the steam generator heat

removal started to decline. At twenty seconds into the transient the steam
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generators dried out, and there was no further heat removal by the steam

generators. After this time, the only heat removal was by the RVACS system.

No plant protection system action was taken during this transient; the pumps

continued to run, and the power level was determined by inherent reactivity

feedback.

One feature of this design is a liner between the hot pool and the vessel

wall, as shown in Figure 3. During normal operation, the sodium in the

annular region between the liner and the vessel wall is stagnant. When the

sodium heats up it expands and spills from the hot pool, over the top of the

liner, down the vessel wall, and into the cold pool, bypassing the IHX. This

direct contact of hot pool sodium on the vessel wall increases the RVACS heat

removal rate.

Figure 4 shows the coolant flow rates in the core, the IHXs, and the

RVACS annulus along the vessel wall. Initially, the IHX flow rate is higher

than the core flow rate due to bypass flow around the core through radial

blankets and shield assemblies. At about 90 seconds the sodium has expanded

enough to spill over the top of the liner and flow through the annulus. Then

the flow through the annulus exceeds the IHX flow.

Figure 5 shows the reactivity feedback, and figure 6 shows the resulting

power level. Radial expansion is the dominant feedback effect that shuts the

power down to decay heat levels after 1500 seconds. After 120,000 seconds the

decay heat power level drops below the RVACS heat removal rate and the system

starts to cool off.

Figure 7 shows the subassembly outlet temperatures, the hot pool

temperature, and the cold pool temperature. After 1000 seconds, when the

power drops to decay heat levels, the temperature differences collapse. At

120,000 seconds the temperatures peak at 906 K.
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Figure 8 shows the RVACS temperatures at an elevation near the top of the

hot pool. Figure 9 shows the air flow rate through the RVACS. Heat is

transferred from the sodium in the annulus to the reactor vessel (RV) wall.

Heat is then transferred by radiation and convection through the fill gas to

the guard vessel (GV) wall. The guard vessel wall is cooled by air flowing

between the guard vessel and a shell. The shell is heated by radiation from

the guard vessel. The rise in sodium temperature and reactor vessel wall

temperature after the overflow of the liner shows in Figure 8. Because of

heat capacity effects, the guard vessel and shell temperatures lag behind the

reactor vessel wall temperature.

For this case a time step size of .5 seconds was used for the initial

part of the transient. For most of the transient, a time step size of four

seconds was used for the primary and intermediate loop hydraulics; ana a time

step size of 16 seconds was used for the neutronics and fuel pin temperature

calculations. On an IBM 3033 computer, this case took 5666 seconds (<MJ

minutes) of computer time to run out to 1^5667 seconds of the transient, so on

the average it ran 26 times as fast as real time.

Anticipated Transient

The development of the IFR concept has proceeded to the point where

system transient analyses have been performed to determine the adequacy of the

response of the plant control system (PCS) and the plant protection system

(PPS), the performance of certain inherent safety features and the margin to

plant damage limits. One of the transients which is being considered in the

duty cycle analyses of anticipated LMR (Liquid Metal Reactor) transients is

the load reduction transient. This event is classified as a service condition

A event. Load reduction involves several actions by the supervisory control
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system (SCS). To reduce turbine power the reactor power has to be reduced,

the primary flow adjusted and the feedwater flow reduced. The loop dynamic

response has to meet certain constraints. The SASSYS code is capable of

comprehensively analyzing such a plant response. In essence the SCS scheme is

to control primary and intermediate flows through the corresponding pump

motors, the reactor power through the control rods and the temperature of the

steam generator exit steam through the feedwater valves. With the exception

of two controllers, all the individual process controllers in the SASSYS plant

model are simulated in their entirety as being typically proportional integral

(PI) or proportional differential (PD) controllers. The two remaining

controllers are simulated by forcing functions with built-in lag time

constants. The flexibility of the SASSYS control system module allows the

simulation of both classes of controllers entirely through input

modifications.

Figure 10 shows the nodalization used for the one loop SASSYS model of a

small modular plant based on the IFR concept. This plant operates on the

superheated steam cycle and utilizes a once through steam generator. The core

model consists of a number of SASSYS core channels and bypass channels, LS1-

LS4. Concentrating on the SASSYS nodalization model, it can be seen that the

hot pool is represented by volumes CV2 and CV3. Liquid elements LE13 and LE24

represent the tube bundle region of the IHX. Volume CV5 is the pump while

volume CV1 is the inlet plenum. The cold pool is represented by volume CVt.

Proceeding around the intermediate loop, liquid element LE24 is the shell side

of the IHX tube bundle region. The steam generator active region is modeled

by LE26. The expansion tank is simulated by CV6 and the surge line by LE28.

The intermediate pump is modeled by LE20 providing the driving head and volume

CV7 representing the impeller region volume. At the steam generator water
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side inlet and outlet the effects of the balance of plant are simulated by

models implemented through the generalized SASSYS control system module which

determine the flow and enthalpy of the feedwater into the steam generator and

the average steam generator pressure.

Figures 11 through 16 show in detail how the plant responds to the

turbine load reduction from 100JI power to 90% power at a rampdown rate of

3%/min. A 15 second null transient is first run. Figure 11 shows the

rampdown of the primary pump and the intermediate pump flow. The pump flows

follow the pump controller setpoint rampdowns closely to the 90? load values

which, according to the partial load balances, are a few percent below 90%

normal flow. The intermediate flow controller is simultaneously trimmed with

the steam generator steam exit temperature error signal. The intermediate

flow is adjusted on the rampdown to keep the exit steam temperature constant

in this load range. Figure 12 displays the decline of reactor power as the

PCS inserts reactivity to reduce the power to 90? of its original value.

There is some undershoot as the PCS drops the power to reduce the driver

outlet temperature to meet the schedule of the partial load balance. With the

long pool time constants (~100-200 seconds) due to the large pool thermal

inertia it would require another 100-200 seconds for the power to settle as

the system temperatures stabilize. The overall reactor core coolant inlet and

outlet temperatures are shown in Fig. 13. The core outlet temperature, as

mentioned previously, is being adjusted by the rod controller and as the PHTS

pump controller schedule keeps the core temperature drop approximately

constant the core inlet temperature also drops proportionately. The

difference between the two outlet temperatures in the figure is due to the

plenum thermal inertia and to the contribution of the bypass channels to the

outlet plenum temperature.
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The behavior of the steam generators during the transient is presented in

Figs. 11 through 16. The PCS keeps the pressure constant in the generators

and continuously adjusts the feedwater flow so as to match the prescribed flow

and temperature setpoints. The feedwater valve ramps the feedwater flow down

to closely match the flow setpoint to the 90> load value. The error signal

from the steam generator exit temperature controller trims the feedwater flow

concurrently. It can be seen that for this mild rampdown transient steam flow

follows feedwater flow closely. This behavior is shown in Fig. 14. The

effect of this flow behavior and the matching IHTS loop sodium flow on the

steam generator sodium and water temperatures is presented in Figs. 15 and

16. The sodium temperature histories at points along the steam generators are

displayed in Fig. 15. The inlet and outlet temperatures are plotted. As

would be expected, the sodium inlet temperatures to the generators follow the

IHX outlet temperatures with a time delay. The inlet temperatures rise due to

a transient mismatch between the PHTS and the IHTS loop through the IHX. The

temperatures do begin to decrease towards the 90% load values and would

require another 100-200 seconds to reach equilibrium as the pool thermal

inertia is large. The steam generator sodium outlet temperatures do decrease

towards the 90J load value monotonically. Finally, the waterside temperatures

at the steam generator inlet and outlet are shown in Fig. 16. The inlet

feedwater temperature is set by a stand-alone model implemented through the

usage of the SASSYS control system module. The model correlates the feedwater

temperature with the steam flow thereby prescribing it as a function of

load. Figure 16 shows the decrease of the feedwater inlet temperature to the

prescribed 90/1 load value. In spite of these temperature variations and the

large time constant of the steam line thermocouple it can be seen that the PCS

keeps the steam generator steam exit temperature fairly constant at its
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setpoint value by adjusting the IHTS and feedwater flows. The SASSYS system

code provides the capability to comprehensively analyze the operational class

of reactor plant transients.

SUMMARY

In summary, the SASSYS-1 code is used extensively for the analysis of

unprotected accidents, operational transients, and shut-down heat removal

systems in all current U.S. LMR designs. The code contains the models and

features required for these uses, and it runs fast enough to analyze long

transients. Results are presented to illustrate typical applications in the

analysis of inherent safety and the analysis of operational transients.



REFERENCES

1. F. E. Dunn, F. G. Prohammer, D. P. Weber, and R. B. Vilim, "The SASSYS-1
LMFBR Systems Analysis Code," Proc. Intl. Topical Meeting on Fast Reactor
Safety. CONF-850410, Knoxville, TN, pp. 999-1006, April 1985.

2. A. M. Tentner, et al., "The SAS4A LMFBR Whole Core Accident Analysis
Code," Proc. Topical Meeting on Fast Reactor Safety. CONF-850410,
Knoxville, TN, pp. 989-997, April 1985.

3. Kenneth J. Miles, Jr. and Kalimullah, "The Inherent Safety Phenomena of
Fission-Gas Induced Axial Extrusion in Oxide and Metal Fueled LMFBRs,"
Proc. Intl. Topical Meeting on Fast Reactor Safety. CONF-850410,
Knoxville, TN, pp. 103-1io7 April 1985.

4. Kenneth J. Miles, Jr., "Metal-Fuel Modeling for Inherently Safe Reactor
Designs," Trans. Am. Nucl. Soc. 55, 417 (1987).

5. E. L. Gluekler et al., "Safety Characteristics of a Small Modular Reac-
tor," Proc. Intl. Topical Meeting on Fast Reactor Safety. CONF-850410,
Knoxville, TN, pp. 69-73, April, 1985.

6. R. T. Lancet and J. F. Marchaterre, "Inherent Safety of the SAFR Plant",
Proc. Intl. Topical Meeting on Fast Reactor Safety. CONF-850410,
Knoxville, TN, pp. 43-49, April 1985.

7. F. E. Dunn, "SASSYS-1 Modeling of RVACS/RACS Heat Removal in an LMR,"
Trans. Am. Nucl. Soc. 55, 724 (1987).

8. R. D. May, and B. S. Singer, personal communication, July 6, 1981.

9. M. Bein, and R. Yahalom, "Dynamic Simulation of an LMFBR Steam
Generator," Proc. of the Second Power Plant Dynamics, Control, and
Testing Symposium, Knoxville, TN, Sept. 1975.

10. H. P. Planchon, R. M. Singer, D. Mohr, E. E. Feldman, L. K. Chang, and
P. R. Betten, "The Experimental Breeder Reactor II Inherent Shutdown and
Heat Removal Tests - Results and Analysis," Proc. Intl. Topical Meeting
on Fast Reactor Safety. CONF-850410, Knoxville, TN, pp. 281-292 (April
T955T

11. D. K. Warinner and F. E. Dunn, "SASSYS-1 Computer Code Verification with
EBR-II Test Data," Proc. Intl. Topical Meeting on Fast Reactor Safety.
CONF-850410, Knoxville, TN, pp. 1007-1016 (April 1985).

12. D. J. Hill, "SASSYS Analysis of EBR-II SHRT Experiments," Trans. Am.
Nucl. Soc. 55. 421 (1987).

13. D. J. Hill, "SASSYS Validation Studies," International Topical Meeting on
Safety of Next Generation Power Reactors. Seattle (May 1988).

14. J. B. Heineman, personal communication (1987).



15. F. E. Dunn, "Validation of the RVACS/RACS Model in SASSYS-1," Trans. Am.
Wucl. Soc. 55, 723 (1987).

16. H. M. Domanus, R. E. Schmitt, W. T. Sha, and V. L. Shah, "COMMIX-1A: A
Three-Dimensional Transient Single-Phase Computer Program for Thermal
Hydraulic Analysis of Single and Multi-component Systems" NUREG/CR-2896,
1983.

17. L. L. Eyler and D. S. Trent, "Pressurized Thermal Shock: TEMPEST
Computer Code Simulation of Thermal Mixing in the Cold Leg and Downcomer
of a Pressurized Water Reactor, Pacific Northwest Laboratory, PNL-4909 or
NUREG/CR-3564, April 1981.

18. S. L. Additon, et al., "Simulation of the Overall FFTF Plant
Performance," HEDL-TC-556, 1976.

19. D. Mohr and E. E. Feldman, "A Dynamic Simulation of the EBR-II Plant with
the NATDEMO Code," Decay Heat Removal and Natural Circulation in Fast
Breeder Reactors, eds. A. Agrawal and J. Guppy, Hemisphere Publishing
Co., Washington, D.C., pp. 207-224, 1981.

20. LMFBR Demonstration Plant Simulation Model "DEMO", Westinghouse Advanced
Reactor Division Report WARD-D-0005, Revision 5, 1977.

21. A. K. Agrawal, "An Advanced Thermohydraulic Simulation Code for
Transients in LMFBRs (SSC-L Code),11 BNL-NUREG-30773, February 1978.

22. T. L. George, R. E. Masterson, and K. L. Basehore, "A Modified Version of
COBRA for Whole-Core LMFBR Transient Analysis," Transactions of the
American Nuclear Society, 3.2, pp. 531, (1979).

23. J. N. Fox, B. E. Lawler, and H. R. Butz, "FORE-II, A Computational
Program for the Analysis of Steady State and Transient Reactor
Performance," GEAP-5273, September 1966.

24. J. E. Cahalan, R. H. Sevy, and S. F. Su, "Accommodation of Unprotected
Accidents by Inherent Safety Design Features in Metallic and Oxide-Fueled
LMFBRs," Proceedings of the International Topical Meeting on Fast Reactor
Safety, Knoxville, TN, CONF-850410, pp. 29-33, April 1985.

25. Y. I. Chang, J. F. Marchaterre, and R. H. Sevy, "The Integral Fast
Reactor Concept," Trans. Am. Mucl. Soc. 47, 293 (1984).

26. E. E. Morriss S. K. Rhow, and D. M. Switick "Scoping Systems Analysis of
a 350 MWt Modular Liquid Metal Cooled Reactor," Proc. Intl. Topical
Meeting on Fast Reactor Safety. CONF-850410, Knoxville, TN, pp. 75-81,
April 1985.



Rafltctor

Plenum

Cladding-

Blanktt

o •
3 .

o
. 2 .

////. Cora /////////////////////.
1 • • •

. • • •

1 • • • 1

•tankat
i • • • <

• •

• •

i * <

> • <

i • •

» • i

RafJactor

• •

r' Cere NoSe $**>oc+t,re



N)

ELEMENT
c
o
to

S

o o

CO
CO

CD

GAS
SEGMENT

ELEMENT

m
i-m
z
rnz—i

no
i

o
O1

0
3C
m
z



v>

oo
Q.

o
IHX||

liner

o

O

onnulus
Vessel Wall



1.0

8

6

.4

i r
: i
| i

!
; i

j i
: <
• i

1 1

Core

1 RVACS...J

j IHX

innul.ua

100 10
1 ? ^

1OZ 10°
Time (sec)

LOHS Coolant Flow Rates

10' 10



o
CO

.8

.6

.4

.2

-.0

- .2

- . 4

- . 6

- . 8

-1 .0

• • • • ^ • • • • • t a i i i i i l i l , , n j

* •

f '

/ '.

/ '

/ :

* \

\

Y

\

SontpGl-R-̂

Coolant !

Fuel.. E:

L_Radia!_E

T)O ;

<pansion

^>Jopp[^

Ixpansion

i \ .
100 10X 10"- 10" 10

Time (sec)
LOHS Reactivity Components

4 10'



100

CD

I 1 0 1

(D
N

15

bio z

10-3

3

3

3

Total Pc

Decay P

RVACS H

>wer~~-\n

ower

eat Remc

\

\

• y

• /
; /
; x
. *

s
• (
• J€

• ^

val

^

100
10

1 2 310
Time (sec)

LOHS Power Levels

104 105



1000.

900.

800.

ctf

700.
E
CD

600.

500.

Hot S.A
Avg. S.
Hot Poo

Inlet

• Outlet'
A. Outlet
1

... _^««

100 10 1 .310'
Time (sec)

LOHS System TemDeratures

104 10'



1000.

900.

800.

700.

CL

600.

500.

400.

300.

Sodium

RV Waff
PV W P 11
K7V VVari

Shell

Air

^ -^
m m

s /

1——- I

\ "P^

'. _.. - -

*

100 10 9
10z 10

Time (sec)
104 10'

/-'Y,- LOHS RVACS/RACS Temperatures



to O

LO

o

o
CO

2 CD
CO

i
CN

O

CO

GO

oo
o
o



NORMALIZED MASS FLOW RATE
0.875 0.900 0.925 0.950 0.975 1.000 1.025



TEMPERATURE,
600.0 700.0 800.0

•w

0.0

900.0 IOOO.O

588.705 644.261 699.816 755.372

TEMPERATURE, K

H
M

W

to
o
o

NORMALIZED POWER
0.2 0.4 0.6 0.8 1.0 1.2

810.927

T3
O t*
wo



©

o

TEMPERATURE, F
600.0 700.0 800.0 900 0

I ••. I 1

o

+4

A

wn

o
o
•
o

NORMALIZED MASS FLOW RATE
0.90 0.92 0.94 0.96 0.98 1.00 1.02

s
n

1000.0

1 i i
o 588.705 644.261 699.816 755.372

TEMPERATURE, K
B10.927



s-
r-

I
w

§-

•o

0 . 0 50.0

LEGEND
o INLET
o OUTLET

100.0

TIME,
150.0

SEC.
200.0

p -

00
n
o

S ixu
s

o rvj
2 H

If)
o

250.0


