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ABSTRACT

transducers (LLTs) installed in the Loss-of

ein. The LLT is a conductivity

presence or absence of hquid. Four types of LLTs are installed at

downcomer, I« r plenum, and upper plenum to provide informa
luning LOFT transient experiments. This analysis determined that the

downcomer, low num, and upper plenum LLTs have 2 o uncertzinties of 2.78. 4.5, 8.33, and

range, respectively

FIN No. A6043—LOFT Experimental Instrumentation




SUMMARY

Fest (L' OFT) reactor system is equipped with conductivity-sensitive liquid level
) to indicate the presence or absence of liquid. The LLTs are used to establish the liquid
system under transient conditions

) the reactor core, downcomei, and the upper and lower plenums. A typical LLT
conductivity-sensitive electrodes equally spaced over the expected water
LLT, however, depends on its specific location. The output of the LLT is a

not covered,”’ thus few factors contribute to the uncertainty

for the LLT measurements it is important to consider the temperature of
of the ceramic seal of the electrodes, and the response time of the LLT

s are small, but should be considered. The mounting tolerances of the

[ are also small contributors to the uncertainty. The largest contributor to the
spacing of the electrodes on the LLT

uncertainties for the various LLTs are

-

Uncertainty

o

(percent of range)

Downcomer

Lower plenum

Upper plenum




FOREWORD

his document (NUREG/CR-0169, EGG-203 Volume 1V4 results of an uncertainty analys

r the liquid level transducer measurements in the Loss-of-Fluid T LOFT) system, and it supersedes

LOFT Technical Report (LTR) 141-39, Supplement 3. Measurements uncertainty analyses are pertormed

to evaluate the anticipated performance uncertainty fcr each experiment measurement in the LOFT

system. Results of these analyses are reported in a series of volumes designated NUREG/CR-0169,
EGG-2037. Volume 1 of this series wili describe the LOFT experimental measurement systems and the
technique used for calculating the uncertainties. The remaining volumes in the series will present detailed
results from the uncertainty analysis perfiormed {or each experimental measurement system
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LOFT EXPERIMENTAL MEASUREMENTS
UNCERTAINTY ANALYSES
VOLUME IV
LIQUID LEVEL TRANSDUCERS

1. INTRODUCTION

Liquid level conduc’ivity measurements are located in the reactor core, the downcomer, and the upper
and lower plenums of the Loss-of-Fluid Test (LOFT) reactor system. The measurements are designed to
indicate the presence or absence of liquid and are used to establish the liquid level in the LOFT system
under transient conditions

The LOFT system! includes a small-scale [SO MW(t)] nuclear pressurized water reactor (PWR) and
support systems, designed to simulate commercial PWR systems during hypothetical accident conditions.
The LOFT system is located at the Idaho National Engineering Laboratory (INEL). The LOFT
Experimental Program is conducted by EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commission
and is administered by the U.S. Department of Energy. The experiment measurements installed in the

LOFT system provide data for evaluating the response of a PWR system during the hypothetical accident
conditions

T'his report presents the estimated uncertainties for the LLT measurements. Section 2 describes the
LLTs. The factors that cause the uncertainties and the estimated uncertainty values are presented in
Section 3. Section 4 states the conclusions from this uncertainty analysis




2. TRANSDUCER DESCRIPTION
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Figure 2 Typical LLT

Table 1. Comparison of different types of LLTs




Table 2. LLT identifiers and locations

Assembl
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Table 3. Design requirements and specifications for the LLTs




3. UNCERTAINTY ESTIMATION

aging | em he 3 ¢ d adation of the ceramic seal which can atfect

electrode as shown that the vered'’ resistance can register as low

degradation of the als. However, : ong as the difference between the overed

|

| kilohm and l

the degraded ‘‘uncovered’’ sistance can be distinquished, the LLT will

designed

3.3 Rasponse Time Limitations

l'ests have indicated a response time for the LLT of <330.4 ms, with 95% confidence limits. Because of
a multiplexing rate of 200 Hz, a given electrode impedance can only be reviewed every 5 ms per electrode
T'he worst case response time would cause an additional 100-ms (5 ms for each of 20 electrodes) delay in
overall response ume

3.4 Mounting Errors

I'he major contribution to the uncertainty of the LLT measurements is due to the finite spacing of the
electrodes. The spatial error limits for each of the different types of I LTs are

+0.049 m (1.93 in.)
Downcomer £0.152 m (6.0 in.)
Lower plenum +0.051 m (2.0 in.)
| pper plenum +0.102 m (4.0 in.)

nting tolerances associated with the installation of the transducers should be considered. In

e tolerances for the lower plenum LLT, the bottom of the vessel should be used as the

» in-core and downcomer I's, the bottom of fuel should be used as the reference

I', the top of the fuel should be used as the reference. The mounting relationships
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4. CONCLUSIONS
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