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FOREWORD

studies at Oak Ridge National Laboratory (ORNL) are
Division of Reactor Safety Research, which is part

Nuclear Regulatory Research of the Nuclear Regulatory

covers work performed from October 1 to December 31, 1977.

Previous quarterly reports are listed on p. v, along with the topical

reports published to date. Copies of the reports are available from the

Technical Information Center, U.S. Department of Energy, Oak Ridge,

Tenn. 37830.
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ABSTRACT

Work continued on developing and refining the ORTAP-FSV
code, a simulator of the dynamic behavior of the Fort St. Vrain
reactor nuclear steam supply system.

Preliminary comparisons were made of data obtained from

a Fort St. Vrain reactor scram and predictions using the ORECA
code, and the agreement was good.

1. HTGR SYSTEMS AND SAFETY ANALYSIS

S. J. Ball

Work for the Division of Reactor Safety Research (RSR) under the HTGR
Systems and Safety Analysis Program began in July 1974, and progress 1is
reported quarterly. Work during this quarter consisted of further
development of the ORTAP-FSV code, and calculations of a scram of the
Fort St. Vrain (FSV) reactor from 28% power for comparison with test data.

1.1 Development of the FSV Nuclear Steam Supply
System Simulation Code (ORTAP-FSV)

M. Hatta J. C. Conklin S. J. Ball
J. C. Cleveland R. M. Wright

Work on the FSV simulator code, ORTAP-FSV,! was continued. Updated

versions of all the Fortran routines were collated and put on disk files

for more ready access. Work on further documentation and annotation



of the listings and sample transients is continuing. The purpose of this
work is to make the code more readily exportable.
1.2 Development of the ORECA Code for Core Simulations
of Emergency Cooling Transients

S. J. Ball

The ORECA codel was adapted for use on the ORNL PDP-10 time share
computer. In addition to improving access and turnaround time, this feature
will also allow use of ORECA at the FSV plant for on-site data analysis
and experiment planning. An alternate feature was added to ORECA which
allows for adjusting initial refueling region flows such that specified
initial region outlet temperatures are attained (e.g., to match plant
data).

In response to suggestions made by the NRC Division of Project
Management, preliminary work was done on a plan to use FSV data to provide
partial verification of the ORTAP and ORECA codes, at least for certain
types of transients and limited ranges of plant operation. The ORECA
code was used for preliminary scoping and sensitivity calculations to
determine what types of test data could be used for code verification.

1.3 Preliminary Comparisons of ORECA Predictions with FSV
Data from a 28% Power Scram Test

S. J. Ball

Preliminary calculations using the ORECA code were in generally good
agreement with data supplied to us by General Atomic (GA) for the Aug. 6,
1977, FSV scram test from 28% power. Plant data supplied by GA included

core power, inlet temperature, flow, and measured outlet temperatures



from the 37 refueling regions, all as functions of time after the scram.
GA also supplied estimates of initial region peaking factors and an
equation for the region outlet thermocouple response time as a function

of flow. The equation, which was derived from a model intended for use

in the normal operating range, predicts a time constant of 1.9 min at full
flow.

A particularly interesting feature of the test was that there were
two 2-min periods of no flow (at 10 and 14 min after the scram). These
caused significant delays in the cooldown transients.

Figure 1 shows that the ORECA prediction for the measured outlet
temperature of refueling region No. 1 (the center region), which had a
calculated peaking factor (P.F.) of 1.335, 1is in excellent agreement
for the first 30 min and low thereafter. The response is slower and the
overall agreement better for a lower P.F./flow region in the second ring
(region No. 15, P.F. = 0.788), shown in Fig. 2.

A detailed study of the comparisons is under way, along with
calculations of the sensitivity of the predicted responses to various
parameter and model assumptions.

1.4 A Simplified Steam Property Routine for Use
in the ORTAP-FSV Code

M. Hatta

A draft report on the SIMplifled tabulation of steam PROperties (SIMPRO)
was completed. SIMPRO 1is a routine developed at IHI (Japan) for use in
their HTGR PLANt DYnamics (PLANDY) NSSS code. SIMPRO uses the JSME steam
tables (1968) as a basis for a linear interpolation table lookup routine.

The tabulation also contains heat transfer coefficients and pressure drop
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Fig. 1. FSV scram test of August 6, 1977 — comparison of reference
case ORECA code predictions of measured gas outlet temperature from
region 1 vs plant data.
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coefficients. Heat transfer and pressure drop coefficients are broken up
into three factors: a geometry factor, a flow factor, and a steam/water
properties factor. Thermodynamic properties and state variables are

determined by specifying any two state variables: pressure, enthalpy,
entropy, temperature, and specific volume. The table also includes saturated
steam and water and the two-phase range, so quality and two-phase flow and
heat transfer coefficients can be determined. Thermodynamic properties
included are viscosity, conductivity, and specific heat.

Plans are to try out SIMPRO in ORTAP to determine the effect on run

time efficiency and accuracy.

1.5 Time Mesh Survey for the BLAST Code

M. Hatta

In order to improve the run time efficiency of ORTAP, a study was
made to determine the limiting factors for increasing the time mesh (or
computation interval). It was assumed that the BLAST codel (steam-
generator and reheater subroutine) required the shortest time mesh and that
the time step At had to be chosen to be less than the transport time of
the fluid through a node. The conclusions of the study indicated that
the BLAST time mesh could be increased from 0.1 sec (typical ORTAP At)
to 0.4 sec with no serious degradation of stability or accuracy.

Presently the heat transfer and pressure drop coefficients for each
water node are computed on the basis of the flow regime as determined by
average nodal properties. For a large node, however, a substantial
length of it may be in a flow regime other than that determined for that

node, and oscillations can occur between regimes for successive time steps.



To prevent this, it 1is recommended that a weighted averaging scheme be
used to determine coefficients that account for the fraction of the node
that is in each regime.

It was also concluded that the limiting factor for stability was the

steam holdup volume calculations.

1.6 A Simplified Steam Turbine Plant Model

M. Hatta

A draft report was written describing the IHI PLANDY code model of
a simplified steam turbine plant. The components described are the high-,
intermediate-, and low-pressure turbines, and the turbine-drive
feedwater pump. This routine is to be used as an alternative for the
detailed turbine-generator plant model now in ORTAP, at least for some

types of transients that do not require such detail.

1.7 University of Tennessee Subcontract

T. W. Kerlin

The subcontract with the University of Tennessee for conducting
research on gas-cooled reactor modeling and model evaluation expired
in August 1977. Three Ph.D. theses will result from the subcontract and
will be published shortly. These are I. Anastasiou, "A Comparative
Study of 3 Once-Through Steam Generator Models for the FSV HTGR Plant,"”
M. H. Lee, "A Detailed Nonlinear Dynamic Model of a Once-Through Steam
Generator," and J. G. Thakkar, "Development of Identification Techniques

and Nonlinear Dynamic Models for HTGR Plant Components."



2. COMPUTER CODE EVALUATIONS

S. J. Ball J. C. Cleveland J. P. Sanders

The draft of the report entitled Evaluation of the General Atomic
Codes TAP and RECA for HTGR Accident Analyses, ORNL/NUREG/TM-178, was

reviewed and revised for publication.4-6
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