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ABSTRACT

This report summarizes off-site testing performed at the Tennessee Valley Authority Kingston Fossil
Plant. This location was selected as a valid off-site test facility because the environment is very similar to
the expected industrial nuclear power plant environment. This report will discuss the electromagnetic
interference discovered in the environment, the removal technique validity, and the results from the
measurements.

1. KINGSTON FOSSIL PLANT ENVIRONMENT

The Tennessee Valley Authority Kingston Fossil Plant (KFP) is located on Watts Bar Reservoir on the
Tennessee River near Kingston, Tennessee. KFP is a coal-burning power plant. Its nine units boast a
summer net capacity of 1,390 MW and can generate about 10 billion kW-Hr a year [1]. This facility
houses boilers, pumps, scrubbers, and many other pieces of equipment that produce mechanical vibrations
and electromagnetic interference (EMI). Two locations were selected as valid locations for Johnson noise
thermometry (JNT) measurement. The first location was at the feed pump discharge of a boiler. The
second location was at the boiler’s feed pump suction (Figure 1). The feed pump discharge is a warm
location averaging around 425 K, and the feed pump suction averages around 410 K.

Discharge Suction

1 3

Figure 1. Boiler feed pump diagram.

Measurements at each of these locations indicated a variety of EMI in the surrounding environment. The
results from these measurements are discussed later in this document.

2. SOURCES OF ELECTROMAGNETIC INTERFERENCE AND ITS IMPACT

As discussed in previous reports [2]-[6], EMI has a great impact on JNT measurements. Various sources,
such as power lines, lights, computer power supplies, cathode-ray tubes, cell phones, motors and pumps,
and data lines (e.g., the Ethernet), emit EMI [2], which can prevent accurate temperature measurement.
The sources of EMI studied for this project were categorized as either transient or periodic. Transient
EMI is a signal that begins, persists for some time, and then stops. Periodic EMI is a signal that is always
present and repeats a pattern indefinitely. Transient EMI is a substantial deviation in the acquired signal
from the expected noise voltage of the sensor. Because the sensor noise voltage has a Gaussian
distribution within a known limit and a mean value equal to zero, any variations twice the standard
deviation of the mean value are the result of transient EMI. The two methods used to detect transient EMI



in this study, the rejection method and the subtraction method, use a windowing technique to detect the
transient EMI. The sensor noise acquired is in blocks of data that make up 16 subblocks of data. Each
subblock of data is evaluated with the windowing process, and if transient EMI is present, the subblock is
replaced with the mean value.

Removing periodic EMI requires a different technique from that for transient EMI. In the rejection
method, a “despiking” algorithm detects and rejects periodic EMI spikes. This algorithm is nonlinear and
time-dependent. It also can have leakage problems [3]. For these reasons, a second method, the
subtraction method, was developed. The subtraction method acquires a frequency response of the EMI
environment through an antenna signal. This becomes evident in the discussion of the measurement
results (Sect. 4).

3. ELECTROMAGNETIC INTERFERENCE ENVIRONMENT AT
KINGSTON FOSSIL PLANT

Laboratory testing of EMI removal techniques has been discussed in previous reports [2]-[6]. Laboratory
testing is a good proof of concept, but such environments are relatively clean of EMI. To further test the
abilities of the EMI removal techniques developed as part of this project, testing was moved to two off-
site locations. The first of these test locations was Sandia National Laboratories in Albuquerque, New
Mexico (Sandia). Sandia’s Brayton cycle was selected because it is a relatively similar EMI environment
to that of a nuclear power plant. Several resistance temperature detectors (RTDs) were strategically
placed at different locations on a Brayton cycle at Sandia. Brayton cycle technology is a highly efficient
thermal-to-electrical power conversion system [6]. The second location was KFP. At the plant, two
locations were selected for this experiment. At the first location, shown in Figure 2, the RTD was
installed in the feed pump discharge of a boiler.

The instrumentation was installed very close to the RTDs to minimize cabling running through the plant.
A 10 m yellow cable, visible in Figure 3, was used in all INT measurements. The front end electronics
and laptop were left on carts due to water on the floor of the facility. The JNT instrument system was in
the vicinity of high voltages, light ballasts, two boilers, several pumps, air conditioning units, chillers, etc.
The results from this measurement are discussed in Sect. 4.
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Figure 3. System installation at Kingston Fossil Plant.



For the second test position at KFP, an RTD was installed at the feed pump suction of a boiler (Figure 4).
The EMI noise sources at this position, high voltages, light ballasts, two boilers, several pumps, air
conditioning units, chillers, etc., are very similar to those at test position 1 (Figure 2). Because testing at
test position 2 was cut short due to unscheduled maintenance to the boiler, a third measurement was taken
at another boiler’s feed pump discharge (test position 3). The results for these two test locations are
discussed in Sect. 4.

Figure 4. Photograph of test position 2 (boiler feed pump suction).

4. ELECTROMAGNETIC INTERFERENCE SPECTRAL RESULTS

The EMI spectral results are a summary of the testing at KFP. The first measurement at the boiler’s pump
discharge indicated large amounts of EMI noise across a broad band of frequencies (Figure 5).The EMI
noise sources at 47 kHz and 63 kHz were expected as they were present in previous measurements. The
additional EMI at 37 kHz, 18 kHz, 20 Hz—8 kHz, and 10 kHz were due to EMI noise sources inside the
facility. While conclusions about the sources of EMI cannot be made, based on the experimental results it
can be concluded that the system is capable of surviving large amounts of EMI. The desired resistor
power spectral density (RPSD) waveform is flat at an offset equal to the RPSD. Both the subtraction and
rejection methods, discussed in previous reports [2]-[6], report a flat RPSD equal to 1.8E-18 VV¥/Hz. The
temperature computation depends heavily on an accurate measurement of the cross power spectral density
between channel 1 and channel 2 [Gy,(f)], the cross frequency response between channel 1 and channel 2
[H12(f)], and the resistor power spectral density [Ggs(f)] [7] [refer to Eq. (1)]. If EMI is not properly
removed, this computation will be incorrect.
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Resistor PSD using Subtraction Method Resistor PSD using Rejection Method

422.526608 RTD Temperature (K) NPTBlks 8762 PTBlks 8766 m—.

PSD of Channel 1 (RED), PSD of Channel 2(GREEN), and CPSD between Channels 1 & 2 (BLUE)

Figure 5. Software display of power spectral density (PSD) and cross power spectral density
(CPSD) at test position 1.

The JNT temperatures (green and red) were plotted along with the real-time dc temperature (white)

(Figure 6). The JNT temperatures not only have a very low error (less than 0.5%), they also track as the
temperature is changing. This is a very reassuring result.

INT and Sensor Temps (K) INT Temps and RTD Temp (K)

Temperature Output using Subtraction Method Temperature Output using Rejection Method

Figure 6. Software display of temperature measurements at test position 1.

The second measurement at the boiler’s feed pump suction ran for less than half the time of the first
measurement. Recall from previous reports [2]-[6] that this measurement takes a little time to settle, so

the longer the measurement runs, the better the results from the calculations. The results from these
measurements are shown in Figure 7.
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Figure 7. Software display of power spectral density (PSD) and cross power spectral density
(CPSD) at test position 2.

Note the large amount of low frequency EMI noise from 20 Hz-18 kHz, the additional EMI at 27 kHz,
and that channel 1 is picking up broad noise centered around 50 kHz. Even with the added EMI and the
short runtime, the system was able to survive the measurement environment with only a small error in
temperature computation.

After the boiler at test position 2 was shut down for maintenance, the RTD was relocated to a different
boiler feed pump discharge (test position 3). The results from these measurements show an increase in
EMI in the environment (Figure 8). This might be due to the maintenance performed in the same area.



Resistor PSD using Subtraction Method Resistor PSD using Rejection Method
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Figure 8. Software display of power spectral density (PSD) and cross power spectral density
(CPSD) at test position 3.

Note the continued large amount of low frequency EMI noise in the 20 Hz to 18 kHz range, the additional
EMI at 24 kHz, and that channel 1 is picking up broad noise centered around 50 kHz. The NPIJNT (non-
pilot-tone JNT [2]-[7]) temperature computed using the subtraction method has a very low error rate
(0.5%) (Figure 9). However, the rejection method is unable to compute JNT temperatures equivalent to
the real-time dc temperature. The white waveform is the real-time temperature measurement (Ts), the red
waveform is the pilot-tone JNT (PTJNT), and the green waveform is the non-pilot tone JNT (NPTJINT).

NT and Sensor Temps (K) INT Temps and RTD Temp (K)

Temperature Output using Subtraction Method Temperature Output using Rejection Method

Figure 9. Software display of temperature measurements at test position 3 where white = Ts, red = PTJINT,
and green = NPTJINT.



Measurements at all three locations were taken over a single day. Ideally, the system will run for several
days, months, or even years, allowing for a short calibration period and then the measurement period.
Since the system survived in this industrial environment, it will also survive in a nuclear power plant
environment.

5. CONCLUSION

In most environments the subtraction and rejection methods operate as expected. However, in extreme
EMI environments, the subtraction method outperforms the rejection method. The software operates both
methods simultaneously, so discrepancies in temperature computation are not an issue. Based on testing
the system in two industrial facilities, first Sandia [6] and then KFP, it can be concluded that the system
will survive in harsh environments such as nuclear power plants. When EMI is properly removed, the
temperature computations deliver an accurate and repeatable temperature output.
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