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MONITORING OF THE AIRPORT CALIBRATION PADS AT
WALKER FIELD, GRAND JUNCTION, COLORADO
FOR LONG-TERM RADIATION VARIATIONS

SUMMARY

Monitoring of radiation from the U.S. Department of Energy Calibration Pads located at Walker Field Air-
port, Grand Junction, Colorado has been initiated to detect possible long-term variations in the radioac-
tive character of the pads. A Nal detector is being used to collect spectral data over the energy range
0.5 MeV to 3 MeV. For the first 7 months of the monitoring, the period covered by this report, an
increase of approximately 10 percent in the apparent uranium concentration of the pads was detected
during the winter of 1978. This increase is attributed to radon buildup in the pads due to meteorological
effects. Information is also presented on the physical description of the pads, their radiometric concentra-

tions and uniformity, and the effects of rainwater on observed radiation.



lNTRODUCTlON

The radiation from the pads was monitored to detect possible long-term changes in the radioactive

€ pads. Some of the cayses that might lead to these changes are radon variations in the
pads due to Mmeteorological effects, Mmoisture differences due to wet and dry periods, and chemicai
changes within the pads. Such variations in the radiation have in fact been reported for pads located in
Denmark ( Lévborg et al, 1978). The réport was based on total-count gamma-ray Mmeasurementg taken on
the pads at Risg; variations were Seen only on the pad with high uranium Content (198 pPpm eU).

DESCRIPTION OF AIRPORT PADS

Physical

Centrations, The physical layout of the pads js shown in Figure 1. Construction details for the pads are
described in another report (Ward, 1978).

Concentrations

Samples of the pad Mmaterial werg collected during construction. Seventy
selected locations jn each pad. The radiometric energy spectra of these sa
Nal Spectrometer ang Compared to those of known-concentration samples from the New Brunswick
Laboratory, u.s. Department of Energy. Concentrations of Potassium, uranium, ang thorium in the 70

Ssamples were obtained from
mples were Measured using a
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Nal detector to determine the uniformity in the potassium, uranium, and thorium data. Measurements
were made at 5 foot (1.62 meter) intervals along a rectangular grid. The data obtained from these
measurements show some minor variations in the radiation over the surface, but there are no significant
differences. An example of the uniformity data is shown in Figure 2, where uranium counts on Pad 4 are
plotted. At the edges of the pad, the detector is sensitive to radiation from both the pad and the adjoin-
ing ground, and the decrease in counts recorded at the edges is due to the lower natural radioactivity of
the ground.

Effects of Standing Water

The pads are not covered, and rainwater can collect on them. The effects of water standing on the pads
have been determined by comparing data taken before and after rain. These data are shown in Table 2.
The observed decrease in potassium and thorium counts for the wet pads closely approximates the
amount of gamma-ray attenuation predictable from the 3/16 inch (0.5 cm) of water standing on the pads.
It thus appears that the effect of moisture soaking into the pads is minimal and that removal of standing
- water would return the counts to normal. The rise in uranium counts for the wet pads is attributed to
radon-gas entrapment below the water, which, in this case, had been standing on the pads for approx-
imately 20 hours. Radon is a decay product of uranium in the chain that leads to 24gj whose 1.76 MeV
gamma ray is used to indicate the presence of uranium. 2Bi can also build up at ground level from the
decay of #*Pb which has been swept out of the atmosphere by the rain. 2**Pb decays with a half-life of
27 minutes into #*Bi; thus, the 2'*Pb is reduced to negligible levels within 2.5 hours (five half-lives) after a
rain. Because the data for the wet pads were collected several hours after the rain stopped, and the half-
life of 2'*Bi is only 20 minutes, removal of '*Pb from the atmosphere by rain is probably not the origin of
the enhanced uranium counts.

MONITORING
Data Collection

During the first few months of monitoring, measurements were taken twice per month. The frequency of
measurement was subsequently reduced because it was observed that monthly measurements were ade-
quate for detecting radiation variations caused by seasonal climate changes and aging of the pads.

The detector used for the monitoring is a Nal crystal, 11.5 inches {29.2 cm} in diameter and 4 inches
(10.2 cm) thick, coupled to seven photomultiplier tubes. It is mounted in a well-insulated container to
reduce the possibility of rapid temperatureé changes damaging the detector or causing equipment in-
stabilities. Tests of the system’s insulation have shown that the rate of temperature change inside the
container is only 2°C per hour for a temperature difference of 20°C between the container's exterior and
interior. {The crystal manufacturer specifies 10°C per hour as the maximum rate of temperature change to
which the detector can be subjected without damage.) The location of the detector within the insulating
container places it approximately 7 inches (18 cm) above the ground surface.

During data collection, the detector is placed at the center of the pads and all other equipment is located
in a support truck parked off the pads to minimize disturbances to the measurements. Coaxial cable is
used to transmit the gamma-ray pulses from the preamplifier on the detector to the truck for signal pro-
cessing. A block diagram of the electronic system is shown in Figure 3, and a picture of the monitoring
system in operation is shown in Figure 4.

A muiltichannel analyzer (MCA) is used to record the spectral data in 1024 channels; the energy region
investigated is approximately 500 keV to 3000 keV. The 1461 keV peak from s0K (potassium peak), the
1764 keV peak from nagj (“uranium’’ peak), and the 2614 keV peak from 206T| (“thorium’’ peak) appear
distinctly in the spectra of all pads. A typical segment of a spectrum which includes these peaks is shown
in Figure 5.
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The length of data collection is 1000 seconds for pads 2, 3, 4, and 5, but for pad 1 (the background pad)
it is 1600 seconds. This longer collection time compensates for the lower count rate from pad 1 and gives
approximately the same statistical precision in the data from all pads. During analysis, the different coun-
ting times are removed by dividing by time to get counts per second.

The spectra are transferred to magnetic tape in the truck using a Texas Instruments ASR-733 cassette
recording system. Header information, including pad number, counting time, and date, is added to the
tape using the keyboard of the ASR-733.

Results

The tapes recorded at the airport are transcribed to magnetic cartridges on a Tektronics 4051 graphics
computer, and these cartridges are then used to enter the data into the computer for analysis. Several
programs have been written to assist in this analysis. One progrm provides an energy calibration that con-
verts channel number to energy using a linear least-squares fit:

E = a + bx,

where
E = energy (keV)
X = channel number
a and b = fitting constants.

Values of the fitting constants are determined using the potassium, uranium, and thorium peaks in the
spectrum.

Plots of the spectra over various energy ranges are available from the computer program, and examples
of these plots are given in Figures 6 through 10 for the five pads. The different concentrations of
potassium, uranium, and thorium in the individual pads are clearly reflected in the different peak heights
in the figures.

A second program sums the counts in the peaks to give integrated K, U, Th, and total counts (T.C.).
This summing is carried out over fixed energy ranges rather than over channels in order to remove long-
term drifts in the electronic equipment. The energy ranges for the summations are:
K = 1300 keV to 1640 keV
U 1640 keV to 2000 keV'
Th = 2425 keV to 2850 keV
T.C. = 1300 keV to 2850 keV.

The summed data for the various collection dates have been divided by time to obtain count rates; these
count rates are given in Table 3. The statistical uncertainties shown in the table are two standard devia-
tions (95 percent confidence intervals) from the radiation counting. In some cases the fluctuations in the
count rates exceed the statistical limits but do not appear to follow a trend. These fluctuations are due,
at least in part, to the difficulty of obtaining good energy calibration from the broad peaks produced by
the Nal detector. A trend is evident on pad 4 for the count rate in the uranium peak: count rates are
elevated during the months of December through March. In particular, the count rate rises from
219.60 counts/second in October 1977 to 240.38 counts/second in January 1978, and then it decreases
to 213.11 counts/second in April 1978. Similar variations in the uranium peak can be seen for pads 2, 3,
and 5, although they are less pronounced for these pads, which contain lower concentrations of uranium.

Discussion

The data in Table 3 are not stripped; that is, the counts in each peak include the full-energy gamma ray
from the main source of interest plus Compton-scattered gamma rays from other sources. For this
reason, it is difficult to attribute observed changes in the count rates to changes in individual, elemental
concentrations. However, it is possible to calculate stripping factors and sensitivities for a detector’s
response to potassium, uranium, and thorium using data recorded from sources of known concentra-
tions. These response characteristics were calculated (Stromswold and Kosanke, 1978) using the data in

10
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TABLE 3.
COUNT RATES OBTAINED o THE PADS

{counts/ seconds)

Date

01/25/78

NOTE: Statistical uncertainties

quoted are the g5%
* Data unavailable dye to

confidence intervatls,
magnetic tape error
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Table 3 to determine an average response for the monitoring period. Based on this detector response, the
count-rate data for the individual dates were used to calculate the concentrations of potassium, uranium,
and thorium shown in Table 4. The statistical uncertainties given in Table 4 are those related to the
original counting data; uncertainties in the detector’s response function are not included because they are
constant for all the dates and tend to obscure the actual variations. (The concentrations in Table 4 are
slightly higher than those given in Table 1 because background counts have not been removed.) The data
in Table 4 are plotted in Figures 11 through 15 for the five pads. For potassium and thorium there is little
or no trend in the concentrations for the monitoring period. However, on pads 4 and 5 there is a signifi-
cant increase in apparent uranium concentration for the winter months, the highest values being obtained
in January. The variations are well above the statistical uncertainties, and they represent approximately 10
percent changes in the apparent uranium concentration.

These changes are attributed to variation of the radon (Rn) concentrations within the pads. The inert gas
22Rn is a decay product of 222U and is free to migrate from the site of decay during its 3.8 day half-life.
The radon which escapes from the pads decreases the apparent uranium concentration of the pads
because the 1.76 MeV gamma ray used as a measure of uranium actually comes from 214Bj, a decay pro-
duct of radon. The data in Table 4 suggest that the radon in the pads was not constant; rather, it in-
creased during the winter months to produce the enhanced apparent uranium concentration.

The possibility exists that the enhanced uranium readings were due to background changes not directly
related to the pads. However, by subtracting background count rates, the influences external to the pads
and detector system can be removed. The results of such a subtraction, using the data taken on pad 1 as
background, are given in Table 5. The increase in apparent uranium concentration is still evident even
though the statistical uncertainties have increased as a result of the subtraction. The apparent uranium
concentrations of pad 4 after background subtraction are plotted in Figure 16. The amount of the change
is still seen to be approximately 10 percent; thus, background variations did not artificially produce the
enhanced count rates.

Finally, the possibility of time-dependent changes in the gamma-ray detection system must be con-
sidered. Such changes, for whatever reason they might occur, can produce artificial variations in the
calculated concentrations of the pads. These changes would affect all three concentrations {potassium,
uranium, and thorium) and not just the uranium concentration. The fact that systematic variations were
seen only for uranium suggests that the detection system is not the origin of these variations. The
thorium concentrations provide a means for assuring the detector’s stability because there is no reason
the thorium concentration should change in time. (The only gas in the decay chain of thorium is ?°Rn,
and its short half-life of 56 seconds effectively precludes diffusion of the gas away from the site of
radioactive decay.) Potassium concentration should not change either, but the “potassium’’ count rates
are strongly affected by Compton scattering of uranium gamma rays. After stripping to remove these
gamma rays, the potassium concentrations inevitably have large uncertainties. Stripping of uranium from
thorium is minimal; hence, the calculated thorium concentrations should be effectively constant. By
mathematically adjusting the calculated thorium concentrations to a constant value, the variations in
detector efficiency can be removed almost entirely. This was done for pad 4; the thorium concentrations
in Table 4 were normalized to their average value, and the normalization factors were used to adjust the
uranium concentrations. The results are shown in Figure 17, where the uranium concentrations given are
those obtained after normalization to constant values of thorium concentration. The apparent uranium
concentrations still show a significant increase during the winter months. (The low point for 11/18/77 in
Figure 17 is directly due to the high thorium determined for that date; clearly, the high thorium value is
erroneous. The high uranium concentration calculated for 1/25/78 probably is related to the snow cover
on the ground adjoining the pads, which was unique to that date.) The continued existence of the
uranium increase after normalization to constant thorium makes it highly improbable that the detection
system is the origin of these changes. It thus appears that radon variations are the only explanation for
the changes in apparent uranium concentrations of the pads.

17
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METEOROLOGICAL EFFECTS

The variation in apparent uranium concentration is most certainly due to radon concentration changes
within the pads. Because the changes appear to be seasonal, it is reasonable to investigate
meteorological effects on the radon in the pads. The location of the pads at the Grand Junction airport,
where a weather service office of the National Oceanic and Atmospheric Administration (NOAA) is pre-
sent, provides access to weather data. NOAA meteorological data for the radiation monitoring period
have been obtained in an attempt to find a correlation between the weather and the radon variations. The
following variables have been investigated: temperature, barometric pressure, precipitation, and relative
humidity.

Temperature

The temperatures during the radiation monitoring are shown in Figure 18. Comparison of these
temperatures with the apparent uranium concentrations in Figure 17 shows a trend to lower temperatures
in the winter when the uranium concentrations are enhanced, but there is no point-by-point correlation
evident between temperature and uranium concentration. For example, the uranium data for the dates
10/17/77 and 10/31/77 are almost the same, but the temperatures are much different. Air temperature
alone does not appear to be able to account for the daily radon variations. However, it is well known that
increased concentrations of airborne radon can accumulate near the earth’s surface during temperature
inversions (Evans, 1959).

Barometric Pressure

Barometric pressure can be expected to affect the radon in the pads by pumping the radon out when the
barometric pressure decreases. Studies have been performed on barometric pumping of radon thrcugh
soil from an underlying orebody (Jeter et al, 1977; Clements and Wilkening, 1974; Tanner, 1978), but the
applicabmty of these results to the concrete airport pads is not readily evident. Figure 19 shows the
barometric pressure at the time of the radiation monitoring, and Figure 20 gives the change in barometric
pressure for the 24 hours preceeding the radiation monitoring. No clear correlation with the apparent
uranium concentration is evident for either the pressure at the time of monitoring or for the change in
barometric pressure during the preceeding 24 hours. As an example, the apparent uranium concentrations
are almost the same on 10/17/77 and 4/7/78, but the barometric pressures are quite different for these
dates. In addition, the barometric pressure changes for November 1977 through March 1978 generally
have the wrong sign to support a model of barometric pumping of radon; their negative signs suggest
removal of radon from the pads and a decrease in apparent uranium concentration rather than the
observed increase in apparent uranium concentration for those months.

Precipitation

Precipitation at the pads prior to monitoring could influence the escape of radon from the pads by
creating a moisture barrier. The amount of precipitation during the 4 days prior to the monitorings is plot-
ted in Figure 21. Again there appears to be no strong correlation with the radiometric data. For example,
the large amount of rain received before the monitoring on 4/12/78 did not increase the apparent
uranium reading as would have been expected. Apparently the rain during the days preceeding monitor-
ing did not have any direct influence on the radon emanation from the pads. The precipitation shown in
Figure 21 occurred two or three days prior to the monitoring because the days selected for monitoring
were those on which the pads were dry, and no significant precipitation had occurred for at least a day
preceeding the monitoring. Possibly, precipitation closer to the actual monitoring time would affect the
radon emanation. The extreme case of having water standing on the pads was discussed earlier; in that
case, the standing water apparently trapped the radon below its surface.



TEMPERATURE (°F)

i 1 i 1 1 i I
8o |
(0] 0]
0]
60 |-
0]
©
©
30 | 0 o
10 0]
0]
20 |
1 | | 1 1 |
ocT NOV DEC JAN FEB MAR APR
1977 1978
FIGURE 18.

TEMPERATURES FOR RADIATION MONITORING DATES
(Readings taken at 1400 hours)

28




BAROMETRIC PRESSURE (INCHES OF Hg)

25.5

25.2

24.9

0)
o
© 0]
- [0)
© [0)
[0}
[0)
o 0)
1 i | | 1 ] 1
OCT NOV DEC JAN FEB MAR APR
1977 1978
FIGURE 19.

BAROMETRIC PRESSURE DURING RADIATION MONITORING




BAROMETRIC PRESSURE CHANGE (inches in Hg)

0.2

ol

00

-0l

-0.2

I T I T I T T
— (Slﬁ
i 00
O]
o
- 0]
0]
O]
0]
}—
| | | | I 1 1
OCT NOV DEC JAN FEB MAR APR
1977 1978
FIGURE 20.

CHANGE IN BAROMETRIC PRESSURE FOR THE 24 HOURS
PRECEEDING RADIATION MONITORING




PRECIPITATION (INCHES)

I T T 1 T T T
A
0.6 -
A
0.3}
A
A A
A A A
00} A A A
1 1 | 1 1 | I
ocT NOV DEC JAN FEB MAR APR
1977 1978
FIGURE 21.

PRECIPITATION PRIOR TO RADIATION MONITORING

3




Relative Humidity

Relative humidity is the percent of water vapor in the air relative to the amount of water vapor that the
air can hold at a given temperature. The relative humidity at the time of the pad monitorings is given in
Figure 22. (The high relative humidity on 10/31/77 was a jump in humidity due to a slight trace of rain
during the monitoring.) The relative humidity on the monitoring days follows the same trend as does the
uranium radiation shown in Figures 16 and 17. On days when the relative humidity is high, the calculated
apparent uranium concentration also is generally high. The relative humidity prior to the monitoring time
might be expected to be related to the radon emanation also. Figure 23 shows the humidity early in the
mornings on the monitoring days as well as on the previous day. These humidities show the same trend
as does the uranium radiation. In general the data show that the humidity does not change rapidly and
that there appears to be a relationship between relative humidity and the apparent uranium concentration
of the pads.

The relative humidity of the air above the pads seems to affect the radon migration from the pads.
Perhaps the pore spaces in the concrete at the surface of the pads contain air which tends to reach an
equilibrium in humidity with that of the adjoining atmosphere. The addition of moisture to these pore
spaces can act as a barrier to radon migration from the pads. Rain should produce the same effect of in-
creasing the moisture in the upper pore spaces of the pads. The time delay between precipitation and
radiation measurements, however, apparently was sufficient to destroy this correlation. The lack of cor-
relation with precipitation also suggests little soaking of the rain deep into the pads. It seems clear that
the changing moisture in the surface of the concrete does affect the radon escape from the pads;
however, the means by which the moisture is transferred in and out of the pads is not well known. The
relative humidity of the surrounding air seems to be related to this transfer more strongly than does ac-
tual precipitation, at least when the pads are measured with a dry surface.

More work is required on relating meteorological variables to radon emanation. The data collected at the
airport pads are not adequate for this detailed meteorological investigation because there is no control
over the meteorological variables. Laboratory experiments with concrete pad samples in environmental
control chambers provide a means for independently adjusting the variables and observing the results.
From these experiments it may be possible to determine a functional relationship between changes in
radon emanation from the pads and the meteorological variables.

CONCLUSIONS

A program of periodic monitoring of the Walker Field airport pads has been established to determine their
radiometric stability. For this purpose, a Nal detector and multichannel analyzer are used to obtain spec-
tral data from the pads. The apparent uranium concentrations of the pads were found to increase by ap-
proximately 10 percent during the winter of 1978. These changes have been attributed to radon buildup in
the pads. Meteorological causes for the radon variations were considered, and the relative humidity was
found to provide a close correlation with the change in apparent uranium concentration.

At the present time, the radioelement concentrations assigned to the airport pads have fixed values, and
they do not reflect the seasonal variations in the radon emanated from the pads. Eventually, it may be
desirable to adjust the uranium concentrations to account for the observed variations in apparent uranium
counts. However, more data should first be collected to quantify the changes and verify their consisten-
cy. Monitoring data for at least 18 months will be required for this purpose.
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