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Abstract  

This research project represents a cooperative effort between the C-10 Research and 
Education Foundation, and Plymouth State Universityõs Judd Gregg Meteorology Institute.  
The purpose of the project was to subject the meteorological and radiological data 
recorded by C-10õs Citizens Radiological Monitoring Network to rigorous scientific 
analysis, identify significant trends  in the radiological data, quantify the effect of the 
tides on near-shore radiological measurements, identify radiological òhot spotsó, and 
make recommendations for better positioning of available sensor equipment.   After 
considerable quality control efforts, and careful data reduction from 1 -min to 1-hr 
temporal resolution, several standard statistical tests were applied to the dataset.  Two 
spectral peaks were found in the radiological time series:  One near 12 hrs and one near 
one year.  A relati vely high degree of correlation  was found between radiological levels 
and the tide at one station in the estuary at the base of the Merrimack River, which may 
be attributable to the flocculation of natural radionuclides orig inating further up the 
river.  Principle component analysis was applied to the radiological  field, and it was 
found that seven PCõs were required to explain 90 percent of the variation.  The top four 
explained approximately 73 percent of the variation.  Th e fourth principle component 
(~9.5 percent of variation) resembles a òhot spotó created by a Gaussian plume under 
typical summer conditions and east-southeasterly low-level winds.  Analysis of the 
radiological and wind time series  recorded at a station near this hot spot seems to 
support this hypothesis.  Some attempt, with limited success, was made to reproduce 
PC4 using a Gaussian plume dispersion model. 
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1.  Background. 

The C-10 Research and Education Foundation (C-10) has operated a òCitizens Radiological 

Monitoring Networkó (CRMN) since the early 1990õs.  The focus of C-10õs network (C-10/ RMN ) is the 

civil nuclear reactor in Seabrook, New Hampshire, which was originally built by Public Service of New 

Hampshire (PSNH), and is currently ow ned and operated by FPL Energy.  The C-10/ RMN  consists of 

approximately 22  fully -automated ground -level monitoring stations  (Fig. 1), each recording wind and 

radiological data at a time interval of 1 minute.  The average horizontal spacing between these stations is 

consistent with a small meso-g (2 ð 20 km) or large microscale (<2 km) network (Fujita, 1986).  This unique 

and valuable dataset ð created by a nearly all volunteer effort with input and assistance from professional 

scientists and engineers ð has been steadily growing over the last decade and a half.  A scientifically 

rigorous analysis of this dataset could reveal interesting insights into  variations in ground -level ionizing 

radiation in an environment of multiple low -level sources and complex wind fields.  

 

 

Fig. 1:  The C-10/RMN. 

10-Mile (16-km) Emergency Planning Radius shown (circle). 
Star symbol indicates location of Seabrook Nuclear Power Station. 
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2.  Data and methods 

The C-10 Research and Education Foundation provided Plymouth State Universityõs Judd Gregg 

Meteorological Institute (JGMI) with a n 11-year dataset from its radiological monitoring network .  These 

data were in the form  of tens of thousands of one-day datafiles, each containing 1440 sequential lines of 

data, with columns representing different data  types and a time stamp.  Each line represented one 

minute .  The raw files containing the 1-min data arrived at JGMI organized into  a directory  tree by year, 

month, and day.  A great deal of processing and error-checking was required to allow scientific analysis. 

Each (comma-delineated) file contained a time reference (number of minutes since midnight local 

time), one or two radiological channels, and up to three meteorological channels.  The first radiological 

channel represented data recorded by a V-1600 wi de-spectrum radiological probe, manufactured by 

Internati onal Medcom, of Sebastopol , California.   The V-1600 probes report radiological data in counts 

per minute (CPM).  The second radiological probe is a V-240 gamma photon counter, also manufactured 

by International Medcom, which reports  values in millirems per hour (mR hr -1), a unit of dose rate.  The 

three meteorological channels were wind direction  (degrees true), wind speed (miles per hour) , and 

ambient air temperature  (degrees Fahrenheit).  Wind data were produced primarily by R .M. Young 

Marine model wind birds, although some older observing locations were equipped by a variety of 

consumer-grade weather stations.  Temperature data were recorded at sites equipped with the latter type 

of weather station.  All statio ns were equipped with V -1600 radiological probes, and almost all were 

equipped with wind sensors.  Some stations were also equipped with V -240 probes and/or temperature 

sensors. 

The original  dataset approached 2.5 gigabytes in size.  The programming langua ge òPerló was 

used for the initial data reduction steps . Our first step was to create single, continuous archives for each 

station, reducing the total number of files from almost 90,000 to 22.  The average unified 1 -min file for a 

given C-10 station contained 3.15 million lines of data, separated into six individual columns.   Time 

references in these files were converted from minutes since midnight to local (EST or DST, as appropriate) 

date and time. 

The first quality control filter  was applied to the 1-min  data in an effort to remove corrupted data.  

Radiological data were òdespikedó (non-physical data were removed) using a point -to-point slope filter.  

From examination of the data, we determined that a minute -to-minute variation of 30 CPM in the V -1600 

channel would clearly be excessive, so a filter was designed that removed points exceeding this change.  

Bad data were replaced with the flag  -999.  Any òzeroó radiation value was also replaced with the bad-

data flag.  Fig. 2 illustrates this filter.  
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Fig. 2:  De-spiking non-physical data. 

Curving line represents 1-min interval time series of V-1600 data.  Normal variation is generally less than 30 CPM 
from one point to the next.  The despiking filter flagged data exceeding the acceptable point-to-point slope. 

 

 

Additional  tasks in data processing followed the removal of non -physical data.  Time references 

were converted from local date and time to UTC.  Wind data were converted from direction (degrees 

true) and speed (mph) to u and v components (ms-1).  Next, all 1-min radiological and wind data were 

reduced to hourly intervals  to facilitate the analysis.  (Most of the temperature data were judged 

unreliable, and no further processing was applied to  this channel.)  This was particularly important for 

the radiological data:  We were interested in examining statistically meaningful variations driven by 

environmental factors (such as wind), not the high -frequency (minute -to-minute) stochastic variation 

characteristic of all radiological data.  This conversion was performed by devising a triangular weighting 

filter that gave the greatest weight to values closest to the top of the hour , but used all 1-min data  one 

hour into the past and future.  The triangular filter was used, rather than a simple òboxcaró averaging 

filter, to avoid introducing a non -physical high -frequency variation in the 1 -hr data.  Hourly data filtered 

with a triangular window can be correctly analyzed for power spectra.  

The weight at the top of the hour was set equal to one, and the weights one hour into  the past 

and one hour into the  future were set to zero.  If an observed 1-min value in this window was flagged as 

bad data (-999; from the first filter ), or missing (known from the time -stamp in column 1) , its weight was 

set to zero.  Otherwise, the weights applied increased (past to hour of observation) or decreased (hour of 

observation to future) linearly.   If no ògoodó data were available in the two-hour triangular window, the 

hourly value was set to the flag value of -999.  Fig. 3 illustrates the temporal filter.  
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Fig. 3:  Weights of the triangular temporal filter. 

This filter was used to reduce data from 1-min to 1-hr intervals. 

 

 

After filtering  to hourly values, the files for each station became much more manageable, 

facilitating plotting, s pectral analysis and other statistical tests.  Hourly  V-1600 radiological data resulting 

from all of the above are shown in Fig. 4.  (Station 91, a òcontrol locationó outside the monitoring area, 

was also processed but is not shown.) 

 

 

  

Fig. 4:  Hourly V-1600 data. 

Plot shows time series of varying length for 22 of the C-10 CRMN stations. 
Station 19 is no longer in service and is not shown in Fig. 1.  Station 91 was processed but is not shown here. 
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 From Fig. 4, it is possible to divide the V-1600 time series produced by the 22 C-10/RMN stations 

into th ree rough categories: 

(a) Stations producing t ime series of long-duration, requiring only minor additional processing 

before applications of statistical analysis:  1, 8, 10, 12, 14. 15, 16, 17, 22, 27 and 28. 

(b) Stations producing time series requiring selective use of short sections in statistical analysis:  

3, 4, 5, 6, 7, 9, 11, 13, 24 and 25. 

(c) Stations experiencing major technical problems for extended periods, producing data that 

cannot be used for statistical analysis purposes:  19. 

 

3.  Analysis.  

 Statistical analyses were performed on the filtered 1-hr V-1600 radiological data and 1-hr wind 

components.  For a variety of reasons involving data availability and reliability, we decided not to apply 

any addition al analysis to the V-240 channel.  Three types of statistical analyses were performed:  1) 

power spectra; 2) correlation (with in situ wind, and with observed tides) ; and 3) principle component  

analysis (EOF).  All analyses on the 1-hr time series were performed  using the AirSea Matlab suite.  

Matlab is a professional science and engineering programming and visualization language (Mathworks, 

2002).  AirSea is a suite of hundreds of interlocking programs written in Matlab script language that 

facilitates analysis of time series.  All AirSea components that perform specified scientific tasks (such as 

the calculation of correlation coefficients) are based on peer-reviewed papers, published texts on the 

applicable subject, or input from highly -qualified experts in their fields .  Work has been published in 

peer-reviewed journals using AirSea -generated results (e.g. Miller and Keim, 2003). 

 

3.1.  Power spectra.  We performed a spectral analysis on the 1-hr filtered V-1600 radiological 

channel at all stations to identify important temporal peaks in its variation.  Before performing the 

analysis, it was necessary patch gaps in the time series via linear interpolation.  (There were some hours, 

as noted above, when there were no reliable 1-min data available  to create the 1-hr values.)  Additional 

quality control was also applied, such as the removal of a few outliers not identified in the original data 

processing.  Fig. 5 shows an example of an hourly time series before and after patching.  
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Fig. 5:  Example of removal of missing data from 1-hr time series by applying linear interpolation. 

Unfiltered hourly data are in the upper panel (note several -999 flags).  Linearly patched hourly data are shown in the 
lower panel. 

 

Once completed, the spectral analyses indicated  significant peaks (near or exceeding 95 percent 

confidence) near one year (~ 8760 hrs,) and another peak near 11-12 hours.  All monitoring network 

stations showed one or both of these peaks.  Fig. 6 shows samples of these results. 

 

 

Fig. 6:  Example of spectral analysis for short period (11-12 hr) and yearly cycles. 

95 percent confidence is indicated by dashed line. 


