Modeling Background Radiation in our Environment Using Geochemical Data
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Radiation in the Environment

-Is the arrow pointing to an
extension of the radiation
plume or an effect of
geology?

-When it's your home this
distinction becomes
important

-Currently to differentiate
there must be an aerial
gamma ray survey of the
area before the disaster
occurred

Figure 1a: NNSA aerial gamma
ray survey of Fukushima Daiichi®

Figure 1b: Decay chain from unstable
Uranium-238 to stable Lead-206

-Radiation occurs naturally
iIn bedrock and soll

-Gamma rays are released
from the decay of the
radioactive isotopes K,
U, and Th

-Gamma rays observed at
the surface come from
the first 30 cm of rock
and soill

-Energy of gamma rays is
specific to each isotope,
allowing identification

Figure 2: AMS Helicopter with
gamma ray detectors attached

Radiation and Geology

‘ Satellite Image
AMS Aerial Gamma Ray Survey®

-Measures radioactive i1so-

topes in the environment

-Fly areas with 200-400 m

spacing

-Low flying

-Nal Scintillation detectors

-Collect gamma rays from:
-Cosmic sources
-Equipment
-Radionuclides In
atmosphere
-K, U, Th in rock and soil
-Human sources

Figure 3: On the left is an
aerial gamma ray survey
of our modeling area in
north central Arizona near
Cameron, on the right is a
satelite image of the same
area. Much of the field
area is on the Navajo
reservation and has been
historically mined for
uranium. The effect of the
basaltic lava flow on the
background radiation
(yellow arrow) is clearly
visible.
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Figure 4. USGS Geologic
map'’ of the study area. Red
points are uranium mines, blue
points are soil chemistry data
points, and purple points are
bedrock geochemical data

... points collected from national

databases such as the USGS,
IEDA, and GeoROC:; uranium
mining companies such as DIR
Exploration; and scientific
literature.

Rock Unit Geochemistry
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Outliers skew mean,
rock units best
represented by
median values
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Figure 5: Example geochemi-
cal data for Pkh (limestone,
Harrisburg Member, Kaibab
Fm), includes histograms and
statistics of U, K, Th value. For
units with multiple data points
the median value was chosen
to represent the unit.
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Model Creation and Comparision

-Data was collected from national databases, private
companies, scientific literature and field work

-Data points evaluated for self consistency

-A model is created by converting concentrations of U, K,
and Th for each rock and soil unit into a ground exposure
rate using the following equation:
D=1.32 K+ 0.548 U+ 0.272 Th®

-Compare the original aerial gamma ray survey to the model

-Improve the method and learn the constraints

AMS Aerial Gamma Ray Survey® Initial Model from Geochemistry
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Figure 6: Both the survey and the model have a sliding scale
from Dblue, representing low exposure rate, to red,
representing high exposure rate. This is a qualitative
comparison of overall similarities in the NSTec Aerial Gamma
Ray Survey and the initial model from geochemical data

Pink Arrow: Shows an alluvial fan that is cooler than the bed
rock around it in both the model and survey

Black Circle: Displays that in both map and model the west
has overall higher exposure rates than the east

Red Arrow: Shows another set of alluvial fans that are cooler
than the bedrock around them in both the model and map

Purple Arrow: Displays discrepancy between the model and

the map. In the map, the outside of the Black Point basalt

flow is cooler (blue) than the inside (green). In the model

the outside (orange) is hotter than the inside (yellow).
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NURE Survey Data

-In 1975 an aerial gamma ray survey was started of

the US by the Atomic Energy Commission called the
National Uranium Resource Evaluation (NURE)

Survey

-The purpose of this survey was to look for new ura-

nium resources
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Figure 7. This map shows the NURE Survey data
points in and around our modeling area.
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Value of Using Buffers

111°250°W 1112 200°W

Basalt Flow
Exposure Rate

¢ 3.475941 - 4.323702
* 4323703 -4.795210
4.795211 - 5.146365
5.146366 - 5.452876
5.452877 - 5.728270
5.728271 - 5.978275
+ 5978276 -6.216194
¢ 6.216195 - 6.454502 )
* 6.454503 - 6.885218 J i 7 1

Sanecs Fl, DisfkiElabs
16, DE(E) swisslepa, snel

1117250°W

0 035 0.7 1.4

Figure 8: This figure displays the NSTec aerial
gamma ray survey data for Tbpb, a basalt flow.
The red arrows indicate a low exposure rate
halo on the edge of this unit. To attempt to
mitigate this effect a 50 meter buffer of points
was taken from all geologic map boundaries.

Results
: Figure 9a: This graph compares the exposure
AMS vs Geochemical Model rate measured by AMS for each geologic unit
10 .
. to the exposure rate predicted by our
= geochemical model. The shaded yellow area
L 4 . . . .
Z s e ’ is our desired range (*1 microR/hr), which
g o e contains only two data points. The inset map
o 6 . . shows in red the units outside the range and in
x . blue the units inside the range.
2 Figure 9c: This graph compares the exposure
=4 rate measured by AMS for each geologic unit
é’ to the exposure rate predicted by our NURE
b model with a 50 m buffer. All points are within
2’ or just outside the shaded yellow desired
s range. The inset map shows units within the
0 desired range in blue, and units outside of the
0 2 4 6 8 10 12 14 16 . . . -
Predicted Geochemical Model Exposure Rate (microR/hr) desired in red. This is our most successiul
model so far.
Point to Point Comparison: AMS and NURE
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Figure 9b: This graph shows the point to point 8 2
difference in exposure rate of the AMS and =
NURE data. The gaussian distribution is 0
centered on an exposure rate 0.972 microR/hr. 2 3 4 5 6 7 8 9 10
This systematic offset is being adjusted for by Predicted Exposure Rate (microR/hr)

adding 0.972 microR/hr as a constant to NURE

exposure rates.

Future Work & Acknowledgements

Future work will include sample data analysis from our field work with a goal to

Improve the geochemical model.
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