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ADDITIONAL CAPABILITIES AND BENCHMARKING WITH
THE SPERT TRANSIENTS FOR HEAVY WATER

APPLICATIONS OF THE PARET CODE

W. L. Woodruff

Argonne National Laboratory

ABSTRACT

The capabilities of the PARET code have been expanded
to include the ability to compute steady-state and
transient results for heavy water reactors. A
comparison is provided between PARET and the SPERT II
series of transients. Another significant improvement
in the code is the addition of a restart capability.
The current capabilities of the code are summarized.

INTRODUCTION

The PARET code with a light water properties library has been
favorably compared with the SPERT I series of transients. /I/ With the
addition of a heavy water properties library, PARET is now capable of
providing steady-state and transient analyses for heavy water systems. The
SPERT II series of transients with heavy water provide a comparison with
experimental data.

Although several changes have been made in the PARET code and
informally described to users since the last report, only some of the
changes have been formally documented. 121 The current version of the code
now contains a restart capability which should make running the code easier
and less expensive. This version of the code has not been distributed to
any outside users at present.

The current status of the PARET code and a summary of the current
capabilities of the code are included in this report.

PARET FOR HEAVY WATER REACTORS

A heavy water properties library for the PARET code may now be
generated by an adaptation of the properties code for light water. The
properties code uses subroutines graciously provided by the staff at
KFA-Jiilich. /3/ The range of pressures in the current library covers from
atmospheric to 345kPa (50 psia), buc other limits can be set.

The SPERT II experimental data for the BD-22/24 core provide a ranqe
of transients for comparison. This core is similar in pitch and loading to
the research reactor HIFAR /4/ and the IAEA benchmark core /5/ for heavy
water. The SPERT II facility is shown in Fig. 1. A map of the BD-22/24
core is shown in Fig. 2. The core consists of 24 MTR type fuel elements



with 22 plates/elements. The kinetic parameters for this core were taken
as identical to the Australian values (/4/ and /II) . Reference /4/ also
provides a very favorable comparison between results from the ZAPP code and
the BD-22/24 data.

Table I. Comparison of Heavy and Light Water

SPERT II
BD-22/24

Plates/elements

Elements

Fuel Thickness, cm

Clad Thickness, cm

Channel Thickness, cm
235U/element, g

Temp. Coefficient, $/°C

Void Coefficient, $/% Void

Neutron Generation Time, |ls

Peff
Peak/Ave. Power

SPERT I
B-24/32

24

32

0.051

0.051

0.165

168.0

-2.528E-02

-0.3571

50.0

0.0070

2.5

22

24

0.051

0.051

0.185

154.0

-0.867E-02

-0.0729

660.0

0.0075

1.5

Table I shows the BD-22/24 heavy water core parameters and provides a
comparison with the B-24/32 core in the SPERT I light water series. The B-
24/32 core is very typical of most MTR type research reactors and was a
candidate in the PARET comparisons for light water reactors (see /I/). The
number of elements in the heavy water core is lower, and the pitch is
larger by about a factor of two. Ths big differences appear in the
kinetics parameters. The largest difference is in the prompt neutron
generation time. The void coefficient in the coolant for the heavy water
core is only about one-fifth (1/5) of that of the light water core, and the
temperature coefficient for the coolant in the heavy water case is about
one-third (1/3) of that for the light water case. The power peaking in the
heavy water core is also lower. All of these differences are a reflection
of the large slowing down length in heavy water. Since most of the slowing
down takes place in the surrounding moderator, the heavy water coolant
within the elements contributes less to the feedback. The temperature
feedback coefficient for tha coolant is -0.0087 $/°C, while the value for
the whole core is -0.0320 $/°C.

While the SPERT II facility has the capability for pressurized
operation at higher temperatures with force flow either upward or downward
through the core, the data for this comparison are for no-forced coolant
flow, ambient temperature, and a pressure corresponding to a water head of
about 1.9 m above the core. The experimental results for the BD-22/24 core



with reactivity insertions in the range of about $0.30 to $3.00 are shown
on Fig. 3 as pointwise data. The corresponding computed data from the
PARET code are shown as lines on the same figure.

The comparison shows the peak power, the energy released to the time
of peak power, and the peak clad temperature at peak power all as a
function of the inverse initial period. The agreement is generally quite
good and particularly good for the peak clad temperature. The peak power
is slightly under estimated by PARET for both the slower transients and the
more severe cases. The largest reactivity insertion with PARET was $2.50.
This transient with the void generation model parameters suggested for
light water /I/ failed to turn over. For this case the transition boiling
parameter for the fraction of the surface heat flux producing voids was
increased from 0.050 to 0.080.

The voiding feedback becomes increasingly more important for the more
severe transients as shown in Table II. In the $2.50 transient the
feedback component for voiding is almost five times the contribution from
the coolant temperature feedback, while for the $2.00 transient the voiding
feedback is about two times that from the coolant temperature rise. The
peak coolant temperature and the feedback contribution is lower for the
$2.50 case as there is less time for the transfer of energy to the coolant.

Table II. Feedback Comparison

Reactivity, $
Step Reactivity Insertion
$2.00 $2.50

Clad Expansion

Coolant Expansion and Voids

Coolant Temperature Rise

Net

0

0

0

.018

.705

.305

0

1

0

.019

.259

.263

0.972 0.958

Peak Coolant Temperature, °C 78.8 68.5

The experimental data at an insertion of almost $3.00 gives a peak
clad temperature of only about 340°C. This is well below any clad damage
or meltir.g (~582°C) temperatures for the 6061 alloy. No destructive tests
were done in the SPERT II system, and no attempts were made to estimate the
insertion for clad melting in PARET.



A RESTART CAPABILITY IN PARET

A capability has now been implemented in PARET which will allow a
problem that has failed to complete in the time allotted or stopped due to
an error condition to be restarted from a restart file. This capability
should save both time and money for the users.

With earlier versions of the code, a user would often find that a
problem would not run to completion on the first try either due to the poor
choice of time step selection or transient time. In either case the user
was forced to resubmit the problem with the changes starting from the
beginning. This can be costly as well as time consuming particularly on
slower computers. This type of difficulty is largely eliminated by the new
restart capability.

The current restart capability writes a restart file on alternate
unit files (units 12 and 14) at predetermined intervals over the course of
the problem. The user at restart can choose the last version of either of
the two files as the restart point. The frequency at which the restart
files are written can be set by the user at initiation of the problem and
changed at restart of the problem. At restart the user may also change the
time limit for the transient, the time step size selection, and the edit
times and frequency. No other changes in the initial input data are
allowed.

This version of the code requires one additional input card:

First input card (preceding the "* title" card)

IRSTRT, IFREQ, ICHNG, NFILE, TTIME FORMAT (416,E12.4)

IRSTRT 0 Initial problem (default)
1 Restart problem

IFREQ 0 or blank (default, write file every 1000 steps
n Write restart file every n steps

ICHNG 0 No table changes (default)
1 Time step data revised (Table 14 follows)
2 Time step and edits data revised (Table 14 and

Table 16 input follows)

NFILE blank (default with IRSTRT=0)
12 or 14 Desired restart file number (IRSTRT=1).

Restart data is alternately written to
file units 12 and 14 (default 12).

TTIME New time limit for transient (optional)

For the initial problem only a blank card is required if the default
frequency for writing a restart file every 1000 steps is desired.

For a restart problem, only IRSTRT=1 must be set. Restart data will
be taken from unit 12 with no changes imposed and no other input is
requi red.



If TTIME is non-zero, the transient time is reset to this value at
restart. IFREQ may also be changed at restart.

If ICHNG=0, no further input data is required.

If ICHNG is non-zero, Table 14 data must be provided (even if no
change is made in the time step data), and Table 16 data must be provided
with ICHNG=2. The format for these tables is identical to the original
14000 and 16000 series PARET input data.

At this time no other input data may be changed at restart.

Some sample printed output is provided as Fig. 4 which shows a
partial listing of the initial input data (TRANSIENT TIME = 0.40) for table
#14 and #16. The restart files in this example are written every 100 time
steps. The listing shows the restart message printed at step number 500,
and also shows that a reduction in the time step size may be desirable as
indicated by the "KINETICS ONLY" substep edits. The transient time limit
was exceeded, and the desire is to restart from unit 14 at step 500. The
last section of the listing shows an example where the transient time has
been extended to 0.42 seconds, and both the time step selection and print
edits are refined to give a smaller time step size and more detail edits.

Some users can no doubt think of some interesting applications not
covered here. One option that comes to mind is the use of duplicate copies
of a restart file to allow multiple restarts from the same time with
different options. Others may also think of some useful input data that
could also be changed at restart but is not now included.

SUMMARY OF CURRENT PARET CAPABILITIES

In addition to the heavy water and restart capabilities and the loss
of flow capability with flow reversal /2/ described, other revisions and
improvements are also included. Many of these changes are reflected in the
input listing of Fig. 4.

• Flow may now be downward (negative values in Table #10, see
Fig. 4) or upward, and the sense of inlet and outlet is
preserved. The inlet temperature may be input in place of the
enthalpy.

• Control rod insertion (or withdrawal) may now be better
described with worth vs. position (see Table #18 in Fig. 4)
where data are available. These data together with the drive
Or scram rate provide the reactivity change with rod motion.

The frequency and timing of major and intermediate edits may
now be controlled (see Table #16 in Fig. 4) . Detail edits may
be limited to tne range (s) of interest with reductions in the
volume of output.

With loss of flow, pump coastdown data may be provided (see
Table #17 in Fig. 4) . A new heat transfer coefficient option



for laminar flow and the transition from turbulent to laminar
flow has been included. The user may now input a Nusselt
number for laminar flow typical of the plate or pin geometry,
and on option include thermal and flow entrance effects.

These revisions and improvements should increase the usefulness of
this code. A complete revised input description for the PARET code is
available.
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Figure 1. SPERT II Reactor Vessel Assembly (see /6/)
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Figure 2. Core Loading Configuration of the
ED-22/24 Expanded D20 Core.
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FIGURE 3. PARET Results and the SPERT II BD-22/24 Data

103

1O2

E?
c

ut-.

10
.-1

10
. - i

l t f

Power PARET
o Power Data

E - PARET
+ E — Data

T - PARET
T - Data

Peak Clad
Temperature
at Peak
Power

Energy Release
to Time of
Peak Power

Peak Power

- l C f

u

2
£

•i-i

•a
I-H

o

• ' • ' I

10° itf
Inverse Period , l/s

lCf
•id



Figure 4. Partial Output Listings From PARET Code
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Comparison Between the PARET Code and the SPERT II
BD-22/24 Heavy Water Cooled and Moderated Core.

A Restart Capability for the PARET Code.

Summary of Revisions and Improvements in PARET.



Feedback and Temperature Comparison

Step Reactivity Insertion
Reactivity, $ $2.00 $2.50

Clad Expansion 0.018 0.019

Coolant Expansion and Voids 0.705 1.259

Coolant Temperature Rise 0.305 0.263

Net 0.972 0.958

Peak Temperature. C

Coolant 78.8 68.5

Clad 184.0 213.8



Summary of Current PARET Capabilities

• Transient Analysis for Both Light and Heavy Water
Research Reactors

• Restart Capability for Failed Cases

#> LOF Transients Which May Include Flow Reversal

• Flow May Now Be Downward (negative MFR) or
Upward, and the Inlet Temperature May Be
Input in Place of the Enthalpy

The Worth of Control Rods by Position Can
Now Be Included

Frequency and Timing of Major and Intermediate
Edits May Be Set

I



With LOF Transients:

> A) Pump Coastdown Data May Be Specified

> B) A New Heat Transfer Coefficient for
Laminar Flow and Transition from Turbulet
to Laminar Flow is Available

> C) Nusselt Number for Laminar Flow May Be Input

> D) On Option Thermal and Flow Entrance Effects
May Be Included


