Measuring Radioactivity Associated
with Solid and Liquid Waste from
Marcellus Shale
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Unconventional Drilling Rapidly Expanding
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Incorporation of Uranium into Shale Formations
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Parent Decay & Decay Product Ingrowth
Uranium-238 Decay Series Marcellus Shale
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Figure by Andrew Nelson (unpublished)



Chemical & Radiochemical Properties Are Important
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Major Stages of Unconventional Drilling

1.Water  2.Chemical 3.Drilling 4.Injection 5.Flowback 6.Treatment
Acquisition Mixing <« y &Flaring
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Overarching Research Goals
To Develop Tools for Assessing:

1.) What Comes Up?
Activity Levels and Equilibrium Status

2.) Where Does it Go?
Partitioning



What comes up?
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EPA Gross Alpha/Beta Method for Produced Fluids

“ONTAINS NON-HAZARDOUS: | s
PRODUCED WATER

Photos taken by Andrew Nelson



What was the goal of method?

Photos taken by Andrew Nelson

Gas Flow

Concentrate
U, Th, Ra, Pb, Po
>

Volume: 0.1-1 L Liquid
Scintillation
Detection Limit:
alpha ~0.2 Bq/L
beta ~.5Bq/L
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Matrix Complications in the Determination of Ra
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Nelson et al. (2014). Environ. Sci. Technol. Lett. 13




Gross Alpha/Beta Doesn’t Always Work
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Overarching Research Questions:

1.) What Comes Up?
Activity Levels and Equilibrium Status

2.) Where Does it Go?
Partitioning



Partitioning Model

Nelson et al. (2015) ACS Books
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NORM in a Lake Bottom Sediments
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Does drilling pose radiation risks?

1.Water  2.Chemj 3.Drilling @ Injection 5.Flowback 6. Treatment
Acquisition  Mixi

‘ ' Bit Cuttings

Nelson et al. (2015) ACS Books



Overarching Research Questions:

1.) What Comes Up?
Activity Levels and Equilibrium Status

2.) Where Does it Go?
Partitioning



Stage 3: Drilling
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Drill Cutting Study

Bit Cuttings
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Eitrheim et al. Environ. Sci. Technol. Lett. (2016)



Overarching Research Questions:

1.) What Comes Up?
Activity Levels and Equilibrium Status

2.) Where Does it Go?
Partitioning



% Leached

TCLP Leachates
NORM Leached from Bit Cuttings
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Eitrheim et al. Environ. Sci. Technol. Lett. (2016)
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