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This report was prepared as an account of work sponsored by an agency of the United States 

government. Neither the United States government nor any agency thereof, nor any of their 

employees, nor any of its contractors, subcontractors, nor their employees makes any warranty, 

express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, 

or usefulness of any information, apparatus, product, or process disclosed, or represents that its 

use would not infringe upon privately owned rights. Reference herein to any specific commercial 

product, process, or service by trade name, trademark, manufacturer, or otherwise does not 

necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 

government or any other agency thereof. The views and opinions of authors expressed herein do 

not necessarily state or reflect those of the United States government or any agency thereof. 
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EXECUTIVE SUMMARY  

This research work has been supported by the DOE-FIU Science & Technology Workforce 

Development Initiative, an innovative program developed by the U.S. Department of Energy’s 

Office of Environmental Management (DOE-EM) and Florida International University’s Applied 

Research Center (FIU-ARC). During the summer of 2025, a DOE Fellow intern, Ellie Risher, spent 

10 weeks doing a summer internship at the U.S. Department of Energy’s Carlsbad Field Office in 

Carlsbad, NM, under the supervision and guidance of Dr. Anderson Ward, Compliance 

Certification Manager & Zachary Lepchitz, Site Regulatory Specialist - Hydrologist. The intern’s 

project was initiated on June 2, 2025, and continued through August 8, 2025, with a primary 

objective of determining the clay content of lithofacies at the Waste Isolation Pilot Plant (WIPP) 

through gamma spectrometry. Gamma spectrometry identifies and quantifies potassium-40 (⁴⁰K), 

uranium-238 (238U), and thorium-232 (232Th), which are primordial radionuclides. The relationship 

between these radionuclides and their progeny may reveal the type and amount of clay. Clay 

content has been shown to be highly correlated with hydrologic properties needed to parameterize 

hydrologic models being used to assess the long-term stability of the WIPP site. This study aligns 

with Ellie’s current research as a DOE Fellow, which involves developing a hydrological model 

using the Advanced Terrestrial Simulator (ATS) for a small basin located in the Nash Draw region 

just west of the WIPP site.  
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1. INTRODUCTION  

The WIPP site, located in southeastern New Mexico, is home to a deep geological repository for 

the permanent disposal of defense-related transuranic (TRU) waste (Figure 1). Transuranic waste 

comprises manufactured radioactive materials with atomic numbers greater than 92, generated by 

the research and development of nuclear weapons during the Cold War. The WIPP site plays a 

crucial role in the cleanup of nuclear production sites across the country, as it is the only repository 

of its kind in the nation.  

 

 
Figure 1. Aerial view of WIPP. 

 

The location of the WIPP facility is ideal due to the area’s unique geological properties, as it is 

situated in a 250-million-year-old salt bed at a depth of approximately 2,150 ft. The salt bed was 

chosen primarily because it is geologically stable,  impermeable, easily mined, and naturally seals 

fractures and openings due to its visco-elastic nature. The ability of the salt rock to seal itself is 

crucial, as once the repository is closed, it will encapsulate the waste and protect future generations.  

 

While the salt beds offer numerous benefits, there is a concern about future contamination due to 

water intrusion and dissolution. To address these concerns, the Department of Energy (DOE) is 

developing hydrologic models to determine the long-term stability of the WIPP site. The validity 

of these models depends on the input of hydrogeological parameters, such as bulk density, 

porosity, and permeability. However, these data are somewhat limited and, in some cases, do not 

currently exist for the geological formations of interest (Figure 2).  

 

Therefore, there is a need to obtain these parameters through existing borehole geophysical logs 

and core samples taken in the area. These core samples have the potential for laboratory analysis, 

specifically Gamma Spectrometry Analysis. Detailed characterization is critical, as a relationship 

exists between natural isotopic abundance and clay content, which may provide the necessary 

information to determine hydrological parameters.  
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Figure 2. Basic stratigraphy for the study domain above the WIPP repository, which is located deeper in the 

Salado formation (Goodbar et al., 2020). 

 

Additionally, there is a need to collect data and determine the hydrologic parameters of each 

specific member, as they each possess unique geologic properties. The intern’s role, therefore, was 

to determine the clay content of different lithofacies in the vicinity of the Waste Isolation Pilot 

Plant (WIPP) using gamma spectrometry. For this research, the focus was on the Gatuña and 

Dewey Lake formations. The Gatuña formation is predominantly composed of sandstone, with 

occasional siltstone (Powers et al., 2016). In contrast, the Dewey Lake formation features slight 

cross-bedding, fine-grained siliciclastic beds, and erosional surfaces (Powers et al., 2016). 
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2. RESEARCH DESCRIPTION 

Materials and Methodology  

 

Gamma spectrometry was performed on the core samples collected from the WIPP site in 2016. 

The core samples chosen for analysis were selected from the different occurring lithofacies at the 

site to estimate general hydrological parameters for each formation. Due to time constraints, this 

research focuses on the Gatuña and the Dewey Lake Formations.  

 

The method for preparing core samples (Figure 3) required that the selected samples be cut into a 

cylinder to achieve a uniform geometry for the gamma spectrometry analysis. The core was cut 

using a wet tile saw. Once cut, the samples had to be dried in the oven at approximately 110℃ for 

24 hours. After drying, the samples were then placed in a desiccator to cool for 10 minutes. The 

cooled samples were then placed on a scale to find the mass. With the mass, dimensions, and date 

of collection, the samples were then ready for the gamma spectrometry analysis.  

 

 
Figure 3. Flow chart: Gamma spectrometry methodology. 

Core Cutting 

 

Before the core samples could be cut, they had to be measured out (Figure 4). The desired 

dimensions for the cut sample were 2/10’ in height and 4” in diameter. The core is initially 

collected with a 4” diameter, so only the length had to be adjusted. To measure out the sample, the 

lowest edge of the core was determined and marked off with painter’s tape. The sample must start 

at the lowest edge to ensure a flat surface. From the top edge of the tape, 2/10’ was measured and 

taped off. Once the taped portion marked off 2/10’ in total, the sample was ready for cutting.  

 

 
Figure 4. Flow chart: Measuring core sample. 
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Figure 5. Diamondback 10 Amp, 7in. wet tile saw with sliding table. 

 

The core samples were cut using a Diamondback 10-amp, 7-in. wet tile saw with a sliding table 

(Figure 5). A vice was also fastened to the sliding table to enhance user safety. To use the saw,a 

standard method (Figure 6) was established to ensure uniformity. The sample was first placed in 

the loosened vise and moved next to the blade via the sliding table. Once the sample was in contact 

with the blade, it was aligned with the inner edge of the blade and secured by tightening the vise. 

To ensure the sample was clear of the blade, the sample was retracted via the sliding table. Once 

the sample was out of the blade’s reach, the saw was powered on. After the blade was fully 

lubricated with water, the sample was fed onto the blade until it could no longer advance. Due to 

the size of the blade, the sample could not be fully separated from the top/bottom with a single cut. 

To account for this, a two-pass cutting process was implemented. Following the initial cut, the 

sample was rotated 180° and realigned with the blade's inner edge. The subsequent cut then 

completely separated the targeted section, resulting in a uniform, flat surface. The general 

procedure was repeated for the remaining side of the sample with the addition of the fence. To 

enhance precision beyond tape guidance, the sample wase positioned flush against the fence, which 

was located 2/10’ from the outside of blade. This method consistently yielded a cylindrical flat top 

and bottom surface sample. The final dimensions of the samples were 4” in  diameter and 2/10’ in 

height.  

 

 
Figure 6. Flow chart of the cutting process. 
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Gamma Spectrometry 

 

Gamma Spectrometry can identify and quantify specific gamma-emitting radionuclides. The 

radionuclides of interest to this research included Th232, U238, and K40.  However, Th232 and U238 

are not directly detectable through gamma spectrometry, as they primarily emit alpha particles, 

which are not detectable with gamma spectrometry. However, they can be quantified through 208Tl 

(for 232Th) and 214Bi (for 238U) if secular equilibrium is established in the decay chains, as is the 

case in this research (Vleeschouwer et al., 2017).  

 

Before initiating the analysis, the gamma detectors were calibrated with a known source of 

radiation (Figure 7). The calibration time varied between detectors, 300 seconds for detector one 

and 360 seconds for detector three. After the calibration, the results were checked for flagged 

results. Once the calibration was validated, the detectors were ready for the samples.   

 

For the gamma spectrometry analysis, the core samples were placed in a sealable plastic bag and 

placed directly into the detector after the calibration process. The detectors required an input for 

the mass, geometry, and date of collection. The majority of the samples were collected in 

November and December 2016. Once these values were input into the computer, the detector ran 

for 48 hours before providing results for the different concentrations in Bq/kg.  

 

 
Figure 7. Gamma spectrometry analysis procedure flow chart. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



FIU-ARC-2024-800013920-04C-002         Determining Clay Content through Gamma Spectrometry 

 11  

3. RESULTS AND ANALYSIS 

Gamma spectrometry is widely used in the oil and gas industry to interpret the geological layers 

and stratigraphy. In gamma spectrometry, the ratios of 40K and 232Th to 238U (specifically Th/U 

and K/U) are used to interpret the geochemical and geological history of a sample. The Th/U ratio 

is useful for identifying the reduction-oxidation (redox) conditions during the formation or 

alteration of rocks (Adabanija et al., 2020). The K/U ratio can reveal information about the 

enrichment or depletion of uranium relative to potassium. Low ratios are indicative of uranium 

enrichment, whereas high ratios are indicative of uranium depletion due to leaching, especially 

when combined with a high Th/U ratio. The ratio of 232Th to 40K is used to determine the geological 

composition of a material. It provides insights into the origin and weathering processes of 

environmental samples, such as soil and rocks, and thereby into the composition and amount of 

clay. In this study, the focus is on the 232Th to 40K ratio.  

 

An important step in identifying clay type is to quantify the 232Th, 238U, and 40K and then use these 

values to calculate isotopic ratios. Figure 8 illustrates an example of the desired outcome, where a 

point on the graph represents the type of clay based on the thorium-to-potassium ratio.  

 

 
Figure 8. Thorium and Potassium ratio, as it relates to interpretation of mineral clay content 

(Schlumberger, 1985). 

 

The initial data from the gamma spectrometry analysis revealed values that were outside the 

bounds of the mean global lithogeochemical thorium content (0–25 ppm). However, the 

discrepancy is suspected to be caused by radon gas leaking during storage, i.e., the samples may 
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not have been in secular equilibrium. To account for this, a correction factor was applied to the 

data to get the results seen in Figure 9.  

 

 
Figure 9. Gamma spectrometry analysis results for core samples from C3976(1) and C3976(2). 

 

The boundaries for the clay content were determined by the properties of the local geology at the 

WIPP site. The boundaries were then combined with the gamma spectral analysis results to get the 

results seen in Figure 10. 

 

 
 

Figure 10. Mineral clay content interpretation based on gamma spectrometry analysis results. 

 

The majority of the samples are classified as mixed-layer clays. The Dewey Lake samples are 

classified as mixed-layer clay and illite. The Gatuña samples are classified as mixed-layer clay. 

The Santa Rosa group had insufficient samples to draw a conclusion. However, the sample tested 

is classified as mixed-layer clay. 
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4. CONCLUSION 

The research conducted by the DOE Fellow intern this summer at DOE’s Carlsbad Field Office 

involved determining the clay content of different lithofacies surrounding the WIPP by analyzing 

samples using gamma spectrometry and deriving the Th/K ratio from the results. This study served 

as a proof of concept and aimed to develop best practices for characterizing archived cores in the 

laboratory. However, there is a need to increase the number of samples for formations with data, 

as well as those without data, to reach the end goal of a characterization library that identifies 

lithofacies. With a more comprehensive data set, spatial variations in the gamma-ray log can be 

used to accurately identify lithofacies and their associated geochemical and geological histories, 

as well as to estimate hydrological parameters. These results will improve the efforts to predict the 

long-term stability of the WIPP. This research has the potential for integration with machine 

learning to quickly and efficiently identify the different lithofacies and automatically estimate 

geological properties.   
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