Predictive Modeling of Terrestrial Radiation Exposure from Geologic Materials

Daniel Haber*', Pamela C. Burnley', Kara Marsac’, Russell Malchow'?, Elisabeth Hausrath’,
and Christopher Adcock’

1-University of Nevada Las Vegas, Las Vegas, NV, USA ntlonal Security Technologlestis
2-National Security Technologies, LLC, Las Vegas, NV, USA VinSare” urarshd ettt

*haberd@unlv.nevada.edu DOE/NV/25946--2303

UNIVERSITY OF NEVADA LAS VEGAS

14°52'0"W 114°50'0"W

Introduction Models 3 “ Wm Erer Results

Absolute Difference From AMS Mean (uR/h)

 Aerial gamma ray surveys are important for those working in nuclear security and industry for determining locations
NURE Prediction vs AMS Mean

of both anthropogenic radiological sources and natural occurrences of radionuclides. . GovernmentWash | ¢ Lake Mohave
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 Currently, if a gamma ray survey is being flown in an area, the only way to correct for geologic sources of gamma _ : | B 050417 - 5 21715 B NURE Grasty
rays is to have flown the area previously (Dickson and Scott 1997). This is prohibitively expensive and would require Tmed N . | D A MCNP Geochem
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» During an aerial gamma ray survey, a low flying aircraft, such as a helicopter, flies in a linear pattern across the
survey area while measuring the gamma emissions with a sodium iodide (Nal) detector.
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- This project’s goal is to model the geologic contribution to radiological backgrounds using: Figure 5A Y < ¢
-Published geochemical data This model, of our field area Government Wash, uses the Yo ' it —

-Geologic data geologic map published by the Nevada Bureau of Mines and S Soudest DaralGione Ge“‘”"‘c“"e”s;'i : Qa Qoa Tmcu Tmcg Tmcl Qay Qayl Qay2 Qail Qai3 Qfa Qai
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-GIS software Geology to define geospatial areas. NURE data is assigned i : %m“”'w
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to each unit based on location and an exposure rate is Figure 6: Absolute difference from NSTec mean using various modeling methods. Geologic

-Remote sensing calculated using the Grasty Equation. The plot above shows units are from both Government Wash (Qa-Tmcl) and Lake Mohave (Qay-Qai).
the relationship between our prediction and the aerial survey.

* K, U and Th are the three major gamma emitters in geologic material. U and Th are assumed to be in secular oo oo

equilibrium with their daughter isotopes. . :; { W ’b}?ﬂo(‘é ASTER s Gaocy
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* If K, U, and Th abundance values are known for a given geologic unit the expected gamma ray exposure rate can NURE Prediction vs AMS Mean L _ _
be calculated using the Grasty equation (equation 1) or by modeling software. ~ Unit Qa Broken Up by ASTER Data (7D) e ' $ *\We will create generic MCNP models for endmember rocks

Expostr Rate (R that will be applipicable to all rocks of that type.
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Figure 5B: o o Gamma spectrometry on soil samples
This model of Government Wash uses the same geolgic map L TR o S, HPGe data
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wul

Gridcode 1

B
1

w
1

AMS Mean uR/h
N

=
1

o
o -

T

ferric iron and break up the alluvial fan (Qa). NURE data is e 2:‘{%5‘% 5322'%'%NGE‘iji{ngﬁﬁfSS'f. ) Aerial survey
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assigned to each unit based on location and an exposure rate Pressurized lon Chamber measurements
is calculated using the Grasty Equation. The plot above shows

o . . | *We will also be performing ICP-MS on the soil samples
the relationship between our prediction and the aerial survey in _ _ _ _
the broken up alluvial fan. *Using these data we intend to find a factor to reconsile

Figure 1: Figure 2: | the differences in the two datasets so they are equally
National Security Technologies, LLC. (NSTec) helicopter with sodium iodide NSTec helicopter over NSTec/UNLYV field team usable

(Nal) detector flying over the Lake Mohave field area
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Methods Monte Carlo N-Particle Transport

Sources of Data

Monte Carlo N-Particle Transport software (MCNP),

developed by Los Alamos National Laboratory, is

modeling software designed to simulate particles and Energy deposition detectors
their interactions with matter. Using this software, models
have been created that represent various lithologies.
These simulations randomly generate gamma ray
photons at energy levels expected from natural radiologic

 January 2014 there was a combined field survey including individuals from UNLV, NSTec and the Geologic Survey of Canada : SOUrees. Simulated Geologic Media_’

(GSC), at both Lake Mohave and Government Wash. Soil samples were taken in every geologic unit while CGS and NSTec
conducted ground and aerial surveys using sodium iodide (Nal) and high purity germanium (HPGe) detectors respectively.

* Preexisting geochemical data has been collected for the two study areas, Government Wash and Lake Mohave, from the
following national databases: National Uranium Resource Evaluation (NURE), Geochemistry of Rocks of the Oceans and
Continents (GeoRoc) and Integrated Earth Data Applications (IEDA).

 NURE low resolution aerial gamma ray survey with national coverage of the distribution of uranium, thorium and potassium from
spectra.

Simulated Atmosphere

The photons take a random path through the simulated

gical Survey Digital Data Series DDS-, 1993 geo|ogic media and deposit their energy at the end of Figurg 7:An x/z Cross SeCtiO_n of 9“"_ )
. _ : . generic model. 97 is our defined “unit
Figure 3: their track. A series of nested spheres have been created based on chemistry input. 98 is simply

Defining Geospatial Areas i i ion in soi . L
g P National map showing 1J concentration in soil and and filled with simulated atmosphere to record energy atmosphere above the geology. The series

rock derived from NURE survey data o _ _ _ _ . :
deposition. Energies deposited are binned in the same of nested spheres are filled with

*Geologic maps organize geospatial areas into geologic units, typically based on rock type, but may not capture the natural . . atmosphere and count energy deposition
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* Instruments such as the Advanced Space-borne Thermal Emission and Reflection Radiometer (ASTER) is an orbital instrument o o en e e | e ST o G
which is capable of collecting data across bands of the electromagnetic spectrum. Different mineral suites are detectable using e NI T S N T ores
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* The primary modeling technique is to assign geochemical and NURE survey data to the unit it occurs in, and through statistical St i, S o
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 Using the Grasty equation (equation 1), an exposure rate can be calculated based on the geochemical or NURE survey data m;ﬁ:’f“’w P o Acknowledgements References

oon PA0gn WQEH GTaTaE w2 oma e aa Legend Dickson, B. L. (1995). U-series disequilibrium in Australian soils and its effect on aerial gamma-ray surveys. Journal of Geochemical Exploration, 54(3), 177-186.

Grasty et al., 1984 P a o | . . . . !
( raS y e a .y ) yior iV XognBy1, ThoCayi ooyt T2 He,, i ® HNURE_Data Dickson, B. L., & Scott, K. M. (1997). Interpretation of aerial gamma-ray surveys-adding the geochemical factors. AGSO Journal of Australian Geology and

Eﬁ“ ai'fra Tn?ﬂn?ﬁnﬁx ;1 o - as LR s 2oaiz Qi | would like to thank NSTec for providing funding for this project; Dr. Ralf Sudowe for his insight into Geophysics, 17, 187-200.

Tpdl = oo e 075 15 3Kkm terrestial radiation and Dr. James Faulds for providing GIS data in the Lake Mohave area. Duval, J.S., Carson, J.M., Holman, P.B., and Darnley, A.G., 2005, Terrestrial radioactivity and gamma-ray exposure in the United States and Canada: U.S.

] iy Tayz Ghnmﬁ‘l‘anf- k== I TR W TR I N B | ; ; ; ;
xnwmw::‘; il m:z“’* sy ™ aTa OTacTa ai umu,,%_" F Gal Gaigay Geological Survey Open-File Report 2005-1413. Available online only.

E t 1 . _ UNLV HiPSEC: Grasty, R. L., Carson, J. M., Charbonneau, B. W., and Holman, P. B., 1984, Natural background radiation in Canada: Geological Survey of Canada Bulletin 360,
q uaton 1. Flgure 4: This research was sponsored (or sponsored in part) by the National Nuclear Security Administration 39 p.

. . nder the Stewardshio Science Academic Alliances proagram throuah DOE Cooperative Agreement Minty, B. R. S. (1997). Fundamentals of airborne gamma-ray spectrometry. AGSO Journal of Australian Geology and Geophysics, 17, 39-50.
E=1.32"K+ 0.548*ec¢U + 0.272*eTh NURE data point density at Lake Mohave ;DE-NA0001;\/82. b= oA prog "9 perative Ag Ulbrich, H. H. G. J., Ulbrich, M. N. C., Ferreira, F. J. F., Alves, L. S., Guimaraes, G. B., & Fruchting, A. (2009). Levantamentos gamaespectrométricos em grani-

overlain onto the geologic map tos iferenciados. |: revisdo da metodologia e do comportamento geoquimico dos elementos K, Th e U. Geologia USP. Série Cientifica, 9(1), 33-53.

EXperi mental Iy derived eq uation th at ta keS kn own COncentratiOn Of pOtaSS| um (K), uran | um (e U ), This work was done by National Security Technologies, LLC, under Contract No. DE-AC52- X\ggg’Ji'ulr:{n'éIB;?X\S:tr;éIli:;']:jéjoll\géc'ag:jagéémigégpfyéa)ﬁ%f;ig?ome gamma-ray spectrometry in soilregolith mapping and applied geomorphology.
and thorium (eTh) and returns an exposure rate in uR/h (Grasty et al., 1984) Dvolomont. Progam,. | Coarment ofEneray and supported by fhe Sile-birected Research and




