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4. Method for Determining Reactivity-Time
Function of Safety Rods, Sava Milovanovic,
Milan Peiic (Inst Nucl Sci-Yugoslavia Serbia)

INTRODUCTION

For accidental analysis of HERBE fast thermal core,1 an
accurate reactivity-time function p(t) for reactor safety rods
is necessary. The HERBE core was designed with four safety

rods: two of them (SR-1 and SR-2) are the actual safety rods,
and the other two (SR-3 and WLM) are additional safety rods
that include holds during motion. The p(t) is determined in
two steps: safety rod reactivity-position function p(z) is mea-
sured using the inverse method'; rod drop position-time func-
tion z(t) is measured using a new method. In a previously
proposed method,2 z(t) was determined by measurement of
rod drop times and by assuming constant acceleration during
any particular interval of a rod motion.
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Fig. 1. Evaluated data for the measured position of WLM and SR-3 rods.
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Fig. 2. HERBE safety rod reactivity —time function.
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MEASUREMENT AND DATA EVALUATION

The z(t) for safety rods is measured using a digital dis-
placement transducer and digital optical incremental encoder
(DOIE) connected to a serial communication port of a per-
sonal computer (PC). Safety rod displacement, transferred to
a shift rotation of the DOIE, is converted to light pulses using
an interface wheel with cutouts and recorded by a photodetec-
tor. The latter generates voltage pulses, which are, after ampli-
fication and shaping, counted in the DOIE counter. The
counter increments are transferred to the PC registers (AX to
DX) using the DOS interrupt 33H function3 and, together
with the current status of the PC internal clock, are recorded
in a file. The PC clock status is automatically incremented 18
times in 1 s. It is assumed that data recorded from the DOIE,
in the time interval between two PC clock increments, are equi-
distant, and a linear interpolation is used to tabulate measured
data every 5 ms. A computer code for pulse acquisition and
data processing, written in QBX 7.1 language,4 has been
developed in the Nuclear Engineering Laboratory.

A series of 27 independent measurements for WLM and
thirty independent measurements for SR-3 are complete. The
previous data2 for safety rods without holds during motion
(SR-I and SR-2) are applied. The student's / distribution is
used for the statistical evaluation of measured data, and a sta-
tistical error (uncertainty) for a confidence level of 95% prob-
ability is applied to average values shown in Fig. 1. Possible
systematic errors are not shown. The time points when the
WLM and SR-3 change their motion (Fig. 1) are 483.7 ±
8.7 ms, 1311.1 ± 14.1 ms, 2135.4 ± 20.3 ms, 3329.1 ± 25.6 ms,
and 4535.6 + 53.1 ms (for WLM), and 1262.7 ± 28.7 ms,
2931.2 ± 23.6 ms and 3950.5 ± 75.7 ms (for SR-3).

CONCLUSION

The complex dependence of the reactivity-time function
p(t) for the HERBE safety rods during reactor shutdown is
determined by combining both previously obtained reactivity
worth data p(z) and measurements of safety rod trajectory
zU)- The integral reactivity-time function of the safety rods
p(T), including the rods interference reactivity effects, is
shown in Fig. 2. In this new method, an improvement for
accurate safety rod position measurement, compared to the
previously proposed method,2 is obtained. At the same time,
the assumption of the constant acceleration of the safety rods
in the motion intervals is validated.
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5. Monte Carlo Evaluation of ATRC Gamma
Heating Measurements, S. S. Kim (INEL, EG&G
Idaho)

The gamma heating measurements in the Advanced Test
Reactor (ATR), particularly in the in-pile tubes of the nine
experimental loops, provide valuable data in determining
operating limit conditions and in-pile tube service lifetime. A
full-core Monte Carlo neutron and photon transport MCNP
model' has been developed2 for the ATR to use in evaluating

such heating and reaction rates of various target regions of
the core. This full-core model is a complete three-dimensional
model that represents fuel elements, core structures, and target
regions in great detail. The power distribution and eigenvalue
of the full-core model have been successfully benchmarked2 to
a typical critical core condition. Because the cost of using this
full-core model in routine heating calculations is prohibitive,
it is necessary to develop a simpler core model. This paper
describes validation work of the partial-core model, using the
ATRC gamma heating measurement data.

The ATRC is a full-scale nuclear mock-up of the ATR built
to provide experimental data and/or to confirm analytical
methods used in ATR physics analysis. The gamma heating
measurements were made using thermoluminescent calcium-
fluoride phosphor dosimeters (TLDs) doped with manganese.
The TLDs were placed close to the axial midplane of the exper-
iment flow tubes, except for the northeast flux trap where the
TLDs were placed on the experiment shroud. The gamma
doses received by the TLDs were converted into gamma heat-
ing rates in aluminum material through an appropriate conver-
sion procedure.

The partial-core pie-wedge-shaped MCNP model in Fig. 1
is derived from the full-core model and represents a southeast

Fig. 1. A plan view of the ATRC MCNP partial-core model at
the core midplane.

TABLE I
Gamma Heating Rate Comparison

Azimuthal
Location

SE

SW

NW

NE

MCNP

Prompt Y

14.6*0.6

15.1 ±0.6

15.1 ±0.6

14.2 ±0.5

Fission
Product Y

1.9 ±0.04

1.9 ±0.04

2.0 ± 0.04

2.0 * 0.05

Total

16.5*0.8

17.0 ±0.8

17.0 ±0.7

16.2 ±0.7

Measurement
(nW/g)

14.9 ±0.7

16.8*0.8

15.6 ±0.8

15.0 ±0.8


