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AI and LLM
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U.S. Department of Education, Office of Educational Technology, Artificial Intelligence and Future of Teaching and Learning: Insights and 

Recommendations, Washington, DC, 2023.

Perspective: Human-Like Reasoning

“The theory and development of computer systems able 

to perform tasks normally requiring human intelligence 

such as, visual perception, speech recognition, learning, 

decision-making, and natural language processing.”

Perspective: An Algorithm that Pursues a Goal

“Any computational method that is made to act 

independently towards a goal based on inferences from 

theory or patterns in data.”

Perspective: Intelligence Augmentation

“Augmented intelligence is a design pattern for a human-

centered partnership model of people and artificial 

intelligence (AI) working together to enhance cognitive 
performance, including learning, decision making, and 

new experiences.”
Large Language Models (LLMs) are trained on massive amounts of 

data in order to understand and respond to natural language 

instructions called prompts.

https://www.ed.gov/sites/ed/files/documents/ai-report/ai-report.pdf
https://www.ed.gov/sites/ed/files/documents/ai-report/ai-report.pdf


Clean Energy Future

4

What Are Interconnection Queues?

Grid operators require projects seeking to connect to the grid to undergo a series 
of impact studies, to insure the grid will remain safe, stable, and reliable when new 
generators plug in. This process establishes what new transmission upgrades are 

needed before a project can connect to the system, and then estimates and 
assigns the costs of those upgrades to the project and/or transmission owner. 

Projects in this process are known to be in the interconnection queue.

Source https://emp.lbl.gov/news/grid-connection-backlog-grows-30-2023-dominated-requests-solar-wind-and-energy-storage
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Queued Up… 
But in Need 
of Transmission 
Unleashing the 

Benefit

s

 o f Clean 

Power with Grid 

Infrastructure 

T e nation needs transmission 

infrastructure to unlock the enormous 

benef ts and opportunities that the clean 

energy transition presents from spurring 

economic growth, to revitalizing domestic

manufacturing, to creating millions 

of good jobs for American workers. 

Moreover, studies of en f nd that the 

benef ts of transmission exceed the costs, 

by enabling access to low-cost generation, 

helping to maintain reliability and avoid 

power outages, and supporting clean 

energy supply. 

Yet, a large amount of potential clean 

power capacity is struggling with the 

wait times and costs of connecting to the 

transmission grid, and the construction of

new high-voltage transmission lines has 

declined over the last decade. To alleviate 

 

 

the growing gridlock, transmission 

planning and interconnection processes 

need reform. Permitting and allocating 

costs for transmission also pose barriers, 

both for generator interconnection 

and regional and inter-regional grid 

infrastructure. 

T e Bipartisan Infrastructure Law contain

important economic programs and 

authorities to help kick-start transmission 

investments. T e proposed climate 

and clean energy incentives package 

in Congress would go much further 

in supporting large-scale transmission 

investment, including through a 30% 

investment tax credit. 

Beyond these two Acts—one a law 

and one a proposed law—the U.S. 

Department of Energy is working to 

support transmission investment through 

the ‘Building a Better Grid’ Initiative. 

Actions by the Federal Energy Regulatory 

Commission (FERC), regional planning 

organizations, grid operators, states, 

utilities, and others will also play critical 

roles in facilitating and maximizing the 

s 

benef ts of new transmission. An all-of-

government and all-of-society approach 

is crucial to fully realize the benef ts of a 

modernized grid and move the nation 

forward to a more secure and equitable 

clean energy future for all Americans. 

Queued-Up 
T e total amount of new electric 

generation capacity needed to meet 

ambitious 2030 clean energy goals is 

already in the early development pipeline. 

More than 930 gigawatts (GW) of 

solar, wind, hydropower, geothermal, 

and nuclear capacity are currently 

sitting in interconnection queues 

seeking transmission access, along 

with over 420 GW of energy storage 

(Figure 1).1  T is is roughly the same 

amount of clean capacity needed to 

hit an 80% clean electricity share in 

2030. It is also a large step towards the 

capacity needed to reach 100% clean 

electricity in 2035 under accelerated 

electrif cation, consistent with the 

nation’s decarbonization commitments.2 

1 Rand et al. 2022. “Queued Up: Characteristics of Power Plants Seeking Transmission Interconnection As of the End of 2021.” Berkeley Lab. 
2 An 80% clean electricity scenario for 2030 estimates the need for ~950 GW of new clean power capacity and ~225 GW of storage (Abhyankar et al. 2021. “2030 
Report: Powering America’s Clean Economy.” UC Berkeley, Goldman School of Public Policy.). A separate study from the U.S. Department of Energy assesses a scenario 
that reaches ~70% clean by 2030, envisioning ~510 GW of additional clean power capacity and 60 GW of storage by 2030 (DOE. 2021 . “Solar Futures Study.” U.S. 
Department of Energy.). Finally, the Long-Term Strategy of the United States establishes a pathway to net-zero greenhouse gas emissions by 2050, inclusive of a 100% 
clean electricity share by 2035; it requires 1,680-1,800 GW of new clean power capacity by 2035 as well as 130-150 GW of batter y storage (United States Executive 
Office of the President. 2021. “The Long-Term Strategy of the United States: Pathways to Net-Zero Greenhouse Gas Emissions by 2050.” Washington, D.C.). 

https://emp.lbl.gov/news/grid-connection-backlog-grows-30-2023-dominated-requests-solar-wind-and-energy-storage


Challenges in Interconnection Queues
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https://blog.advancedenergyunited.org/interconnection_explainer


Environmental Reviews

• The National Environmental Policy Act (NEPA) requires 
agencies to examine and disclose the potential significant 
environmental impacts of major actions

• NEPA does not require a substantive result, it only requires 
that agencies take a "hard look" at the impacts of their actions

• Three main levels of environmental reviews:

▪ Environmental Impact Statement – for actions likely to 
have a significant impact

▪ Environmental Assessment – for actions that may have a 
significant impact (EA results in either a Finding of No 
Significant Impact or a decision to prepare an EIS)

▪ Categorical Exclusion – for actions that normally do not 
have a significant impact 

• Typical NEPA timelines for site-specific renewable energy 
projects:

▪ Environmental Impact Statement: 2.5 - 4 years

▪ Environmental Assessment: 6-18 months

▪ Categorical Exclusions: a few weeks to 6 months.

6

Source: Council on Environmental Quality

Simple Overview of NEPA Process

Slides Attribution to Keith Benes, DOE

https://ceq.doe.gov/docs/nepa-practice/CEQ_EIS_Timeline_Report_2020-6-12.pdf


Recent Environmental Reviews
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SunZia Southwest Transmission, a 550 mile transmission line project 

transporting renewable energy to residents in the southwest. The project will 
support modernizing renewable energy infrastructure, potentially lowering 

energy costs for consumers in AZ, NM, & CA. 

Coastal Virginia Offshore Wind farm is the largest offshore wind project in 

U.S. history, expected to create 900 direct and indirect jobs and power up 
to 660,000 homes with renewable energy. 



Origins and Initial Steps
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The U.S. Department of Energy (DOE) has 
announced many actions to assess opportunities 
and challenges of AI for purposes of accelerating 
deployment of clean energy and managing growing 
energy demand.

These actions include coordination with regulators, 
researchers, utilities, clean energy developers, data 
center owners and operators, and other interested 
parties.

DOE 2024

PolicyAI

DOE 2024
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https://www.whitehouse.gov/wp-content/uploads/2024/03/M-24-10-Advancing-Governance-Innovation-and-Risk-Management-for-Agency-Use-of-Artificial-Intelligence.pdf
https://www.whitehouse.gov/ceq/news-updates/2023/10/27/readout-of-the-environmental-permitting-technology-and-data-summit/
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/
https://www.energy.gov/articles/doe-announces-new-actions-enhance-americas-global-leadership-artificial-intelligence
https://www.energy.gov/articles/doe-announces-new-actions-enhance-americas-global-leadership-artificial-intelligence
https://www.energy.gov/sites/default/files/2024-04/AI%20EO%20Report%20Section%205.2g%28i%29_043024.pdf
https://www.anl.gov/ai/reference/ai-for-energy-report-2024
https://www.energy.gov/cet/doe-advancing-ai-innovation-ecosystem
https://www.pnnl.gov/projects/policyai
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/
https://www.whitehouse.gov/ceq/news-updates/2023/10/27/readout-of-the-environmental-permitting-technology-and-data-summit/
https://www.whitehouse.gov/wp-content/uploads/2024/03/M-24-10-Advancing-Governance-Innovation-and-Risk-Management-for-Agency-Use-of-Artificial-Intelligence.pdf


PolicyAI Overview

• PolicyAI is the anchor project in DOE’s 
$20 million VoltAIc Initiative that 
includes support from the Permitting 
Council

• DOE partnered with the Pacific 
Northwest National Laboratory (PNNL) 
to develop PolicyAI 

• Includes coordination with the Council 
on Environmental Quality (CEQ), 
various federal agencies, and industry

• PolicyAI tools are intended to be 
adaptable for use by multiple federal 
agencies

Timeline

1–2 years

5 years

AI-enabled pilots improving 

permitting workflows

Operationalized AI models 

streamlining permitting

Current status: Research and development, 

pilot and v1 applications, interagency agreements and feedback
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https://www.pnnl.gov/projects/policyai


AI-Driven Environmental Review and Permitting
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Critical Opportunity

Environment and permitting process is tedious, expensive and time taking. AI driven tools will assist in 
improving and streamlining the review process.

AI

PolicyAI project is developing AI 

tools to inform future environmental 
reviews by synthesizing information 

from thousands of existing 
environmental review documents for 

the purpose of efficiency gains, 
identification of otherwise unseen 

trends, and the creation of a 

comprehensive map and catalog of 

all National Environmental Policy 

Act (NEPA) efforts.

National Environmental Policy Act 

(NEPA) experts work to ensure 
compliance with environmental 

laws and regulations. NEPA 
experts interpret laws; understand 

and respond to public, private, 
governmental, and tribal input; and 

work with applicants to properly 

analyze and mitigate 

environmental impacts of federal 

actions. 

Visit PolicyAI website to learn more.

https://www.pnnl.gov/projects/policyai
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Risk Based AI Integration to NEPA Workflow

Slides Attribution to Keith Benes, DOE



PolicyAI Service Oriented Architecture
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Rich Multimodal PDFs
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2 DESCRIPTION AND COMPARISON OF ALTERNATIVES

DOE has prepared this DU Oxide SEIS to evaluate alternatives for transportation and disposal of 

DU oxide
6
 from Paducah and Portsmouth in Paducah, Kentucky, and Piketon, Ohio, respectively.  

The locations of Paducah and Portsmouth are shown in Figure 2-1 and Figure 2-2, respectively.   

Figure 2-1 Location of the Paducah Site (Source: Modified from PPPO 2018) 

2.1 DESCRIPTION OF RELATED ACTIVITIES AT PADUCAH AND 
PORTSMOUTH 

Facilities for the conversion of depleted uranium hexafluoride (DUF6) to DU oxide at Paducah and 

Portsmouth became fully operational in 2011.  The DU oxide produced is a powder mixture of DU 

oxides, primarily triuranium octaoxide (U3O8).  The U3O8 form is the most stable form, which is 

also the form most commonly found in nature.  Uranium oxide has low solubility in water, has an 

average density of approximately 2.7 grams per cubic centimeter, and is relatively stable over a 

wide range of environmental conditions (PPPO 2018).   

DU is defined as being less than 0.707 weight-percent uranium-235.  Most of DOE’s DU inventory 

contains from 0.2 to 0.4 weight-percent uranium-235 (ANL 2016a).  The DU oxide at Paducah 

and Portsmouth is approximately 99.7 percent uranium-238, 0.25 percent uranium-235, and 0.001 

6 This DU Oxide SEIS also evaluates the environmental impacts of transportation and disposal of related waste 

streams including empty and heel cylinders, CaF2, and ancillary LLW and MLLW. 
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There are also 205, 55-gallon (208-liter) steel drums of DU oxide stored at Portsmouth 

(PPPO 2018).  These drums were generated during the first five years of conversion facility start-

up operations and outages.  As many as five drums could be generated at each conversion facility 

annually during recovery from future off-normal events (PPPO 2018).  Therefore, a total of 220 

and 365 drums of DU oxide could be generated at Paducah and Portsmouth, respectively.9   

2.1.3 Container Storage 

Cylinders are typically stacked two high in cylinder storage yards such as the one shown in Figure 

2-5.  The storage yards are large outdoor areas that typically have a gravel or concrete base.  DU 

oxide cylinders are stored on concrete pads; only empty and heel cylinders are stored on gravel 

storage areas.  The bottom cylinders are placed on concrete saddles to keep them off the ground 

(ANL 2016b).   

Figure 2-5 DUF6 Cylinder Storage Yard (Source:  BWXT 2016b) 

DU oxide stored in 55-gallon (208-liter) drums is protected from the elements by storing the drums 

in intermodal containers (BWXT 2016b).  Typical intermodal containers would be 20, 30, and 40 

feet (6, 9, and 12 meters) long.  Portsmouth is currently using 20-foot containers, storing up to 32 

drums per container.  This configuration allows access for routine inspections and retrieval as 

needed.  Therefore, approximately 7, 20-foot storage containers would be needed at Paducah and 

12 at Portsmouth for the estimated drum inventory to be generated at each site.  The drum storage 

containers are located in the cylinder storage yards (PPPO 2019). 

Figure 2-6 shows the location of the storage yards at Paducah.  There are multiple storage yards 

at Paducah, for a total of approximately 3.6 million square feet (334,451 square meters), or 83 

acres (34 hectares), of storage space.  This is enough space to store nearly 77,000 cylinders.  These 

yards vary in size from 17,000 to 470,400 square feet (1,579 to 43,702 square meters).  Seven of 

the yards are composed of compacted dense-grade aggregate, two are partially dense-grade 

aggregate and partially concrete, and ten are concrete.  All the cylinder storage yards are located 

inside security fences.  As shown in Figure 2-5, two of the cylinder storage yards are located in 

9 In order to be conservative, the total DU oxide quantity analyzed in this DU Oxide SEIS for disposal in cylinders 

or bulk bags includes the quantities that may be generated and disposed of in the 55-gallon steel drums. 

Maps
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at Paducah and 23 at Portsmouth (16 breaches in the Portsmouth cylinders and 7 in the ETTP 

cylinders).  In the second case, “uncontrolled corrosion,” it was assumed that external corrosion 

would not be halted by the improved cylinder maintenance program.  In that case, the number of 

future breaches estimated through 2039 was 444 for cylinders stored at Paducah and 287 for 

cylinders stored at Portsmouth (74 breaches in the Portsmouth cylinders and 213 in the ETTP 

cylinders).  These breach estimates were determined based on historical corrosion rates when 

cylinders were stored under poor conditions (i.e., cylinders were stacked too close together, were 

stacked on wooden chocks, or came into contact with the ground).  Because storage conditions 

have improved dramatically as a result of cylinder yard upgrades and the improved cylinder 

maintenance program, it is expected that the breach estimates based on historical corrosion rates 

provide a worst case for estimating the potential impacts from continued cylinder storage (DOE 

2004a, 2004b).  No new cylinder breaches have occurred at Paducah and Portsmouth since 

improved storage conditions have been implemented (PPPO 2018). 

Table 2-1 summarizes information on cylinder breach scenarios from the 2004 EISs (DOE 2004a, 

2004b) and provides the estimated breach rates derived from this data for cylinders from Paducah, 

Portsmouth, and ETTP. 

Table 2-1 Estimate of Potential Cylinder Breach Rates 

Site 

Number 

of 

Cylinders 

Storage 

Period 

(Years) 

Number of Breaches 

Breach Rate 

(per cylinder per year) 

Controlled 

Corrosion 

Uncontrolled 

Corrosion 

Controlled 

Corrosion 

Uncontrolled 

Corrosion 

Paducah 36,191 40 36 444 2.49×10-5 3.07×10-4 

Portsmouth 16,109 40 16 74 2.48×10-5 1.15×10-4 

ETTP 4,822 40 7 213 3.63×10-5 1.10×10-3 

Portsmouth and 

ETTP 
20,931 NA- 23 287 NA NA 

ETTP = East Tennessee Technology Park; NA = not applicable. 

Sources:  DOE 2004a, 2004b 

Impacts on human health and safety, surface water, groundwater, soil, air quality, and ecology 

from uranium releases from breached cylinders were assessed in the 2004 EISs (DOE 2004a, 

2004b).  For all hypothetical cylinder breaches, it was assumed that the breach would be undetected 

for four years, which is the period between planned inspections for most of the cylinders.  In 

practice, cylinders that show evidence of damage or heavy external corrosion are inspected 

annually, so it is very unlikely that a breach would be undetected for a 4-year period (DOE 2004a, 

2004b). 

The estimated cylinder breach rates shown in Table 2-1 were used to calculate the number of 

cylinders that could be breached under the various corrosion scenarios and storage periods for the 

alternatives analyzed in this DU Oxide SEIS.  The results of these estimates are presented in Table 

2-2 and are used in the impact analyses presented in Chapter 4 of this DU Oxide SEIS. 

Final Supplemental Environmental Impact Statement – Depleted Uranium Oxide 
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Table 2-3 Attributes of the Activities Analyzed under this DU Oxide SEIS Alternatives 

Activity 

Paducah Portsmouth 

No Action 

Alternative 

Disposal 

Alternatives 

No Action 

Alternative 

Disposal 

Alternatives 

Evaluated in the 2004 EISs (DOE 2004a, 2004b) but not in this DU Oxide SEISa 

Conversion of DUF6 to DU Oxide 

Start of Conversion Operations 2011 2011 

Duration of Conversion Operations 34 to 44 yearsb 22 to 32 yearsb 

Evaluated in this DU Oxide SEIS 

Amount of DU Oxide 446,515 MT 199,337 MT 

DU Oxide in Cylindersc 46,150 cylinders 22,850 cylinders 

DU Oxide in Drums 220 drums 365 drums 

Disposal of CaF2
d 379,000 MT 159,000 MT 

Disposal of Empty and Heel Cylinders 8,483 cylinders 5,517 cylinders 

Start of DU Oxide Storage 2011 2011 

Storage of DU Oxide Containers 100 yearse 76 yearsf 100 yearse 47 yearsf 

Employment Associated with DU Oxide 

Container Storage 
16 FTEs 12 FTEs 

Transport of DU Oxide Containers to 

Off-site Disposal Facilities 
NA 32 yearsg NA 15 yearsg 

Disposal of DU Oxide at ES, NNSS, or 

WCSh 
NA 

258,000 cubic 

yards 
NA 

128,000 cubic 

yards 
Key:  DU = depleted uranium; ES = EnergySolutions; FTE = full-time equivalent; HF = hydrogen fluoride; LLW = low-level 

radioactive waste; MT = metric tons; NA = not applicable; NE = not evaluated in this DU Oxide SEIS; NNSS = Nevada 

National Security Site; SEIS = supplemental environmental impact statement; WCS = Waste Control Specialists LLC. 
a  Storage of DUF6 cylinders, conversion of DUF6 to DU oxide, management of hydrogen fluoride, and size reduction of empty 

and heel cylinders were analyzed in the 2004 EISs (DOE 2004a, 2004b) and are not part of the Proposed Action evaluated in 

this DU Oxide SEIS, but were considered as part of cumulative impacts.   
b  As described in Section 2.2.1, based on the rate of conversion of DUF6 to DU oxide, DOE now believes conversion activities 

would occur over a 34- to 44-year period at Paducah and a 22- to 32-year period at Portsmouth.   
c  As an option, DU oxide could be disposed of in bulk bags.  At Paducah 41,016 bulk bags would be needed, while at 

Portsmouth 18,142 bulk bags would be needed.  Under the disposal in bulk bags option, an additional 69,000 empty and heel 

cylinders would be volume-reduced and disposed of as LLW. 
d   Under the scenario where HF cannot be sold and is instead converted to CaF2 and disposed of as LLW.  Information is derived 

from the 2004 EISs (DOE 2004a, 2004b). 
e  For purposes of analysis in this DU Oxide SEIS, under the No Action Alternative, storage of DU Oxide containers was 

evaluated for 100 years.  The impacts of storage beyond 100 years are also discussed.   
f  Based on the DUF6 to DU oxide conversion rates, DU oxide containers would be stored at Paducah for at least 34 to 44 years, 

and at Portsmouth for at least 22 to 32 years.  Based on the schedule for shipping DU oxide to the disposal sites, DU oxide 

containers could be shipped from Paducah over a period of 32 years and from Portsmouth over a period of 15 years.   

Therefore, this DU Oxide SEIS analyzes storage of DU oxide containers for 76 (44 + 32) years at Paducah and 47 (32 + 15) 

years at Portsmouth.  The impact analysis uses the maximum duration and assumes that all DU oxide containers would be 

stored for this entire period in order to maximize the potential impacts (i.e., be the most conservative).   
g  As described in Section 2.2.2.1, based on the schedule for shipping DU oxide to the disposal sites, DU oxide containers could 

be shipped from Paducah over a period of 32 years and from Portsmouth over a period of 15 years.  This is unlikely because 

the DU oxide would be generated at Paducah over a period of 34 to 44 years, and at Portsmouth over a period of 22 to 32 

years, and much of the DU oxide would likely be shipped as it is generated.  Nonetheless, the transportation impacts analysis 

uses the shipping durations (32 years at Paducah and 15 years at Portsmouth) in order to maximize annual transportation 

impacts (i.e., be the most conservative).   
h  Information is from Chapter 4, Section 4.2.3. 

Source:  Information is based on PPPO 2018 except where noted. 

Disposal of Waste at EnergySolutions 

Disposal at EnergySolutions near Clive, Utah, was evaluated in the 2004 EISs.  At that time, the 

name of the site was Envirocare of Utah, Inc. This site is 5 miles (8 kilometers) south of the Clive 

Short Form 
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Figure 2-4 Anticipated Activities at the Paducah and Portsmouth Sites Analyzed in this 

DU Oxide SEIS8 

2.1.2 Quantities of Depleted Uranium Oxide to be Managed 

Prior to the start of conversion operations, there were approximately 560,000 metric tons 

(617,288 tons) of DUF6 stored in 46,000 cylinders at Paducah and approximately 250,000 metric 

tons (275,575 tons) of DUF6 stored in 21,000 cylinders at Portsmouth (approximately 4,800 of 

these cylinders were transferred from ETTP).  By February 2018, the inventory had been reduced 

to approximately 523,524 metric tons (577,086 tons) of DUF6 in 42,961 cylinders at Paducah and 

approximately 227,439 metric tons (250,709 tons) of DUF6 in 19,009 cylinders at Portsmouth as 

the DUF6 was converted to DU oxide.  As the DUF6 inventory is reduced, the DU oxide inventory 

at each site will increase.  As of February 2018, there were approximately 30,145 metric tons 

(33,229 tons) of DU oxide stored in 2,908 cylinders at Paducah and approximately 18,570 metric 

tons (20,469 tons) of DU oxide stored in 1,898 cylinders at Portsmouth (PPPO 2018).  By the end 

of the project, conversion of the entire DUF6 inventory could result in the generation of a total of 

approximately 46,150 cylinders (446,515 metric tons [492,193 tons]) of DU oxide at Paducah and 

approximately 22,850 cylinders (199,337 metric tons [219,729 tons]) of DU oxide at Portsmouth 

(PPPO 2018). 

8 The 2004 EISs analyzed disposal of DU oxide, empty and heel cylinders, CaF2, and ancillary LLW and MLLW at 

NNSS and EnergySolutions.  This DU Oxide SEIS analyzes revised quantities of these materials for disposal and 

includes disposal at an additional facility (i.e., WCS). 

Figures/Plots
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Table 4-34 Criteria Pollutant Emissions from Transportation via Train to Barstow, 

California, and Truck to NNSSa 

Material 

Mode of 

Transport Site 

Criteria Pollutant Emissions (tons/year) 

CO NOx PM10 PM2.5 SOx VOC 

Ancillary LLW 

and MLLW 

Truck 

Paducah 0.02 0.05 0.00 0.00 0.00 0.00 

Portsmouth 0.01 0.03 0.00 0.00 0.00 0.00 

Total emissions 0.03 0.08 0.00 0.00 0.00 0.01 

Train 

Paducah 0.09 0.34 0.01 0.01 0.01 0.02 

Portsmouth 0.11 0.41 0.01 0.01 0.01 0.02 

Total emissions 0.19 0.75 0.03 0.03 0.01 0.04 

DU oxide in 

cylinders 

Truck 

Paducah 0.69 1.96 0.07 0.07 0.00 0.20 

Portsmouth 0.69 1.96 0.07 0.07 0.00 0.20 

Total emissions 1.37 3.92 0.14 0.13 0.01 0.41 

Train 

Paducah 2.11 8.17 0.30 0.29 0.15 0.45 

Portsmouth 2.54 9.81 0.36 0.35 0.18 0.54 

Total emissions 4.65 17.98 0.65 0.63 0.33 0.99 

14,000 empty 

and heel 

cylinders 

Truck 

Paducah 0.06 0.17 0.01 0.01 0.00 0.02 

Portsmouth 0.06 0.17 0.01 0.01 0.00 0.02 

Total emissions 0.12 0.34 0.01 0.01 0.00 0.04 

Train 

Paducah 0.35 1.36 0.05 0.05 0.02 0.08 

Portsmouth 0.42 1.63 0.06 0.06 0.03 0.09 

Total emissions 0.77 3.00 0.11 0.11 0.05 0.17 

DU oxide in 

bulk bags 

Truck 

Paducah 0.29 0.82 0.03 0.03 0.00 0.09 

Portsmouth 0.20 0.56 0.02 0.02 0.00 0.06 

Total emissions 0.48 1.38 0.05 0.05 0.00 0.14 

Train 

Paducah 1.32 5.11 0.19 0.18 0.09 0.28 

Portsmouth 1.06 4.09 0.15 0.14 0.07 0.23 

Total emissions 2.38 9.19 0.33 0.32 0.17 0.51 

69,000 empty 

and heel 

cylinders 

Truck 

Paducah 0.32 0.92 0.03 0.03 0.00 0.10 

Portsmouth 0.25 0.71 0.03 0.02 0.00 0.07 

Total emissions 0.57 1.63 0.06 0.05 0.00 0.17 

Train 

Paducah 2.02 7.83 0.28 0.28 0.14 0.43 

Portsmouth 1.80 6.95 0.25 0.24 0.13 0.38 

Total emissions 3.82 14.78 0.54 0.52 0.27 0.82 

CaF2 

Truck 

Paducah 0.45 1.30 0.05 0.04 0.00 0.14 

Portsmouth 0.29 0.84 0.03 0.03 0.00 0.09 

Total emissions 0.75 2.13 0.08 0.07 0.00 0.22 

Train 

Paducah 2.11 8.17 0.30 0.29 0.15 0.45 

Portsmouth 1.58 6.13 0.22 0.22 0.11 0.34 

Total emissions 3.70 14.30 0.52 0.50 0.26 0.79 

Grand Total (DU Oxide in Cylinders) 7.45 28.82 1.05 1.02 0.53 1.59 

Grand Total (DU Oxide in Bulk Bags) 8.69 33.61 1.22 1.19 0.61 1.86 
Key:  CaF2 = calcium fluoride; CO = carbon monoxide; NO2 = nitrogen dioxide; PM10 and PM2.5 = particulate matter with a 

diameter of less than or equal to 10 microns and 2.5 microns, respectively; SO2 = sulfur dioxide; VOC = volatile organic 

compounds. 
a Because there is no direct rail access to NNSS, shipments via train would travel to Barstow, California, where they would be 

transported approximately 200 miles (330 kilometers) from Barstow to the NNSS facility.  The “Grand Total” emissions are 

the sum of truck and train transport emission. 

Truck Option 

Annual criteria pollutant emissions were calculated based on estimated shipments from each 

facility to NNSS (see Table 4-35).  Analysis estimated approximately 2,000 miles (3,300 
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1 INTRODUCTION AND PURPOSE AND NEED FOR AGENCY
ACTION

1.1 BACKGROUND INFORMATION 

The use of uranium as fuel for nuclear reactors or for military applications requires uranium 

enrichment; that is, increasing the proportion of the fissile uranium-235 isotope found in natural 

uranium.  Industrial uranium enrichment in the United States began as part of atomic bomb 

development during World War II.  Uranium enrichment for both civilian and military uses was 

continued by the U.S. Atomic Energy Commission and its successor agencies, including the U.S. 

Department of Energy (DOE).  Uranium enrichment by gaseous diffusion was carried out at three 

locations now known as the Paducah Site (Paducah) in Kentucky, the Portsmouth Site 

(Portsmouth) in Ohio, and the East Tennessee Technology Park (ETTP) in Oak Ridge, Tennessee.  

The United States Enrichment Corporation (USEC) conducted enrichment operations at two of 

these sites:  Paducah and Portsmouth.  USEC began as a government agency, was later privatized, 

and is now Centrus Energy Corporation.   

Depleted uranium hexafluoride (DUF6)
1 results from the uranium enrichment process.  The DUF6 

that remains after enrichment is stored in large steel cylinders that each contain approximately 9 

to 12 metric tons (10 to 13 tons) of material.  Figure 1-1 shows a typical DUF6 storage cylinder.  

The DUF6 storage cylinders were initially stored at Paducah, Portsmouth, and ETTP where they 

were generated.  However, all DUF6 cylinders that were stored at ETTP were transported to 

Portsmouth.  At its peak, Paducah stored approximately 46,000 DUF6 cylinders (560,000 metric 

tons [617,000 tons]), and Portsmouth approximately 21,000 DUF6 cylinders (250,000 metric tons 

[276,000 tons]), for a total of about 67,000 cylinders (810,000 metric tons [893,000 tons]) (PPPO 

2018).  The cylinders are stored two layers high on outdoor gravel or concrete storage areas known 

as “yards.”   

In addition to the DUF6 cylinders, there are cylinders that contain enriched UF6 or normal UF6 or 

are empty or mostly empty (collectively called “non-DUF6” cylinders).  The Final Environmental 

Impact Statement for Construction and Operation of Depleted Uranium Hexafluoride Conversion 

Facility at the Paducah, Kentucky, Site (DOE/EIS-0359) (Paducah EIS), and Final Environmental 

Impact Statement for Construction and Operation of Depleted Uranium Hexafluoride Conversion 

Facility at the Portsmouth, Ohio, Site (DOE/EIS-0360) (Portsmouth EIS) (DOE 2004a, 2004b) 

(collectively, the “2004 EISs”) assumed that the normal UF6 and enriched UF6 cylinders from both 

Paducah and Portsmouth would be put to beneficial uses; therefore, conversion of the contents of 

the non-DUF6 cylinders was not considered at that time and are not considered in this Final 

Supplemental Environmental Impact Statement for Disposition of Depleted Uranium Oxide 

Conversion Product Generated from DOE’s Inventory of Depleted Uranium Hexafluoride (DU 

Oxide SEIS).  The empty and heel (mostly empty) cylinders2 (8,483 at Paducah and 5,517 at 

1 Depleted uranium is uranium that, through the enrichment process, has been stripped of a portion of the uranium-

235 that it once contained so that its proportion is lower than the 0.707 weight-percent found in nature.  The uranium 

in most of DOE’s DUF6 has between 0.2 and 0.4 weight-percent uranium-235.  DUF6 is considered a source 

material, not a waste. 
2 Empty cylinders have had the DUF6 and heel material removed and contain limited residual material.  Heel 

cylinders contain approximately 50 lb (23 kg) of residual nonvolatile material left after the DUF6 has been removed.  
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Home Version 1.0

Features
• Search Bar with 

• Keyword/Concept/Phrase search

• Compound search

• Prompt GenAI search 

• GenAI ON/OFF Toggle

• Suggested Search Terms

• Document map 

https://policyai.pnnl.gov/searchnepa/

https://policyai.pnnl.gov/searchnepa/


SearchNEPA
Standard Document Full Text Search

19

Keyword Search Version 1.0

Features
• Document Results with clickable 

metadata for
• Quick post-search filtering to drill down 

into specific set(s) of agencies or states
• Map zoom in

• Link to document viewer
• Link to project viewer

https://policyai.pnnl.gov/searchnepa/

https://policyai.pnnl.gov/searchnepa/
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GenAI Search Version 1.0

Features
• Prompt GenAI Search with respective 

Document Results

https://policyai.pnnl.gov/searchnepa/

https://policyai.pnnl.gov/searchnepa/
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Document Viewer Version 1.0

Features
• Displays document and its 

associated metadata

• Link to project viewer

https://policyai.pnnl.gov/searchnepa/

https://policyai.pnnl.gov/searchnepa/
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Project Viewer Version 1.0

Features
• Displays project and its 

associated documents and 

metadata

• Links to documents

https://policyai.pnnl.gov/searchnepa/

https://policyai.pnnl.gov/searchnepa/
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Features:

- Chat with NEPA 
Documents

- 100+ Agency wide NEPA 
documents

- Trustworthy Model 

Predictions
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ChatNEPA: NEPA Fact Finding Copilot
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Other Chatbot Solutions
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NEPAQuAD Benchmark

https://arxiv.org/pdf/2407.07321v2
https://www.kaggle.com/competitions/llm-for-environmental-review/leaderboard
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AI-Assisted Workflow for Public Comment Review

31

Testing Artificial Intelligence Tools to Streamline the Public Comment-Review Process for NEPA

Environmental Reviews

https://www.pnnl.gov/sites/default/files/media/file/PolicyAI%20Comment%20Processing%20White%20Paper%20V1.pdf
https://www.pnnl.gov/sites/default/files/media/file/PolicyAI%20Comment%20Processing%20White%20Paper%20V1.pdf


NEPA Public Comment Analysis

Prompt

Result

• Experimentation with 
copilot applications to 
bracket, categorize, and 
summarize comments by 
subject matter

• Developing experimental 
design to test AI 
performance through 
retrospective comparison 
to human-prepared 
comment analyses

• Risk-informed human 
decision making, validation 
of results, information 
security, and transparency 
remain paramount

September 17, 2024 32
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Prompting Techniques

You can achieve a lot with simple prompts, but the quality of results depends on 
how much information you provide it and how well-crafted the prompt is.

A prompt can contain information like the instruction or question you are 
passing to the model and include other details such as context, inputs, 
or examples. 

A prompt contains any of the following elements:

▪ Instruction - a specific task or instruction you want the model to perform

▪ Context - external information or additional context that can steer the model to better 
responses

▪ Input Data - the input or question that we are interested to find a response for

▪ Output Indicator - the type or format of the output

OpenAI propsed six strategies for getting better results

Prompt Engineering Guide
35

https://www.promptingguide.ai/introduction


Known Limitations

• Not extracting the most relevant document for the user query

▪ “’I’ve tried to query comments from specific authors and it hasn't once pulled up the right 
letter.” – Mike Parker, PNNL (NEPA Expert)

• Generating misleading answers more confidently

▪ “Answers frequently appear to be excellent and are only revealed to be misleading or 
unsubstantiated through careful investigation” – Anna Mahowald, DOE

• Generating answers not supported by the extracted evidence
▪ “In response to a query about the impact of geologic conditions on the consideration of 

whether to build transmission lines underground, … supported with a document never 
addressed transmission undergrounding. ” – Anna Mahowald, DOE

• Not relying on the NEPA documents, but relying on model’s internal knowledge 
learnt from the training data

▪ “When asked for a definition of Connected Actions under NEPA, it provided a perfect 
answer which appeared not to be drawn from the evidence it had cited.” ” – Anna 
Mahowald, DOE 36



PolicyAI Risk Management Strategies

• Transparency: Ensuring the types of information (e.g., public domain, 
unclassified, not sensitive) fed into the AI systems are always known

• Trustworthiness and Interpretability: Ensuring the model outputs are 
accompanied with evidence and citations to relevant documents

• Rigorously Evaluate AI model, technologies, and services

▪ Benchmark Creation: NLP NEPA Benchmark – NEPAQuAD

▪ Expert Testing: Feedback Survey

▪ Scenario Focused Human-centered Evaluation: Testing AI Tools to Streamline the 
Public Comment-Review Process for NEPA Environmental Reviews

• User Onboarding Meetings and Training Materials
▪ System Access with OneID Authentication 

▪ Share Expected Functionalities and Known Limitations

▪ Share Best Practices (e.g., Prompting Techniques)

37

https://www.kaggle.com/competitions/llm-for-environmental-review
https://forms.office.com/g/nbYE5ELSNt
https://www.pnnl.gov/sites/default/files/media/file/PolicyAI%20Comment%20Processing%20White%20Paper%20V1.pdf
https://www.pnnl.gov/sites/default/files/media/file/PolicyAI%20Comment%20Processing%20White%20Paper%20V1.pdf


Discussion



The Role of AI/LLM in Interconnection Reforms

• Updating grid-modeling software, including greater automation of 
interconnection studies, and interconnection application processing, has 
been identified as a priority area for improving interconnection times

• Interconnection Application Preprocessing: Automatically screening and 
validating unstructured data in applications (e.g. documents pertaining to land 
ownership) substantially reducing the time it takes for the dozens of applicants 
in a given study to perfect their applications.

▪ Document Analysis and Summarization: LLMs can quickly analyze large volumes of 
land control documents, legal texts, and regulations:

▪ Legal Compliance Checking: LLMs can assist in ensuring compliance with relevant 
laws and regulations:

39

Section 2.1.4 Interconnection Issues and Power System Models, Opportunities for a Modern Grid 

and Clean Energy Economy

https://www.energy.gov/sites/default/files/2024-04/AI%20EO%20Report%20Section%205.2g%28i%29_043024.pdf
https://www.energy.gov/sites/default/files/2024-04/AI%20EO%20Report%20Section%205.2g%28i%29_043024.pdf


What We Should Use AI for?

40

Kapoor, Sayash, Peter Henderson, and Arvind Narayanan. "Promises and pitfalls of artificial intelligence for legal applications."arXiv preprint arXiv:2402.01656 (2024).
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