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Nuclear permitting is an expensive, complex, and technologically reactive process.
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Streamline and harmonize decision-making on environmental 
impact assessments to chart significant impacts when building or 
decommissioning a reactor in critical areas of radioactive waste 
management, site characterization and restoration, and more.

Screening of pre-application reviews and fast scoping of safety 
guidance to resolve potential issues early in the licensing 
process.

AI-enhanced search, chat, and analytics to more efficiently retrieve 
insights from existing permitting documents and inform development 
of future documents. Potentially adaptable to other collections of 
large, technical, and unstructured data (e.g., ADAMS or PHOENIX).

Greater efficiency and consistency processing and summarizing 
public comments using AI-powered comment processing applications 
that leverage historical comment summary and response data.

Improve, centralize, and select reactor designs that produce shorter 
decommissioning timelines.Australia: 

Environment

Protection Act



AI and Digital Tools for Streamlined U.S. NEPA 
Permitting Reviews

NATIONAL ENVIRONMENTAL POLICY ACT OF 1969
[Public Law 91–190]

[As Amended Through P.L. 118–5, Enacted June 3, 2023]

“… a unified permitting portal that would—

(1) allow applicants to—

(A) submit required documents or materials for their project in one unified 

portal;

(B) upload and collaborate with the applicable agencies to edit documents 

in real-time, as required;

(C) upload and display visual features such as video, animation, geographic 

information system displays, and three-dimensional renderings; and

(D) track the progress of individual applications;

(2) include a cloud based, digital tool for more complex reviews that would enhance 

interagency coordination in consultation by—

(A) centralizing, across all necessary agencies, the data, visuals, and 

documents, including but not limited to geographic information system 

displays, other visual renderings, and completed reports and analyses 

necessary for reviews;

(B) streamlining communications between all necessary agencies and the 

applicant;

(C) allowing for comments and responses by and to all necessary agencies 

in one unified portal;

(D) generating analytical reports to aid in organizing and cataloguing public 

comments; and

(E) be accessible on mobile devices;

(3) boost transparency in agency processes and present information suitable for 

a lay audience, including but not limited to—

(A) scientific data and analysis; and

(B) anticipated agency process and timeline; and

…”
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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

https://www.energy.gov... https://www.pnnl.gov...

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


PolicyAI: AI for Streamlining, Centralizing, and 
Augmenting Permitting Reviews
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Safety

Safety Analysis Report (SAR): Analysis 

of facility safety, such as potential hazards, 

accident scenarios, and safety measures.

Decommissioning Plan (DP): Methods 

for decommissioning, including safety 

protocols and waste management 

strategies.

Radiological Assessment Reports: 

Documents assessments of radiation 

levels, potential exposures, and strategies 

for minimizing risk during decommissioning

…

Safety Review

Environmental Protection

Environmental Review

Public Involvement

Public hearings or comment periods are 

often carried out, so communities have 

opportunities to provide input.

PolicyAI is a 

policy-specific multimodal large 

language model (LLM) 

test bed seeking to… 

Judiciously apply artificial intelligence 

(AI) to improve permitting outcomes 

and efficiencies, particularly for 

National Environmental Policy Act 

(NEPA) and related reviews

Introduce AI features that improve 

accessibility and transparency of 

permitting processes and 

information to the public

$20 million 
VoltAIc Initiative

 

Environmental Assessment (EA): Used to 

assess if an EIS is needed.

Categorical Exclusion (CE): No anticipated 

significant impact.

Environmental Impact Statement (EIS): For 

significant impacts—detailed analysis and 

public involvement required.

• New reactor, significant modifications to 

facilities, or decommissioning activities. 

This includes analyzing waste 

management, site characterization & 

restoration, and radiation safety
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Environmental Assessment (EA): Used to 

assess if an EIS is needed.
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Environmental Impact Statement (EIS): For 

significant impacts—detailed analysis and 

public involvement required.

• New reactor, significant modifications to 

facilities, or decommissioning activities. 

This includes analyzing waste 

management, site characterization & 

restoration, and radiation safety

What disposal challenges were 
introduced that could persist if a 
new reactor is built in 
Washington State?

How does building a new 
reactor impact community 
economies and energy demand 
in the Pacific Northwest?

What are major topic areas 
described by public comments 
submitted to the latest 
decommissioning project?

What site characteristics would 
influence reactor design if 
building a reactor in California 
State?



PolicyAI Thrust Areas

AI Model 

Prototyping and 
Benchmark 

Development

Data Collection, 

Standardization, 
Management, and 

Governance 

User Discovery and 

Rapid Application 
Development

Document Search 
(SearchNEPA)

Comment Analysis

Drafting Assistant

and more to come

Optimize processing 

and storage of 
permitting 

documents in an AI-

compatible format 

(i.e., NEPATEC 
dataset)

Fine-tune LLMs 
with NEPA 

knowledge and 
evaluate (e.g., 
NEPAQuAD

benchmark)
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Data Collection, 

Standardization, 
Management, and 

Governance 

Optimize processing 

and storage of 
permitting 

documents in an AI-

compatible format 

(i.e., NEPATEC 
dataset)

56,048Documents

Pages

3,839,837,482

MAX: 14,455/document

MAX: 33,220,133/document

*and growing

Tokens

5,220,940
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Environmental Impact Statement (EIS): 

For significant impacts—detailed analysis 

and public involvement required

Environmental Assessment 

(EA): Used to assess if an EIS 

is needed.

Categorical Exclusion 

(CE): No anticipated 

significant impact.

NEPA Documents: Rich Data Modalities 
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ABSTRACT: 

On June 18, 2004, the U.S. Department of Energy (DOE) issued environmental impact statements 

for the construction and operation of facilities to convert depleted uranium hexafluoride (DUF6) 

to depleted uranium (DU) oxide at DOE’s Paducah Site (Paducah) in Kentucky and Portsmouth 

Site (Portsmouth) in Ohio (69 FR 34161).  Both the Final Environmental Impact Statement for 

Construction and Operation of a Depleted Uranium Hexafluoride Conversion Facility at the 
Paducah, Kentucky Site (DOE/EIS-0359) and the Final Environmental Impact Statement for 

Construction and Operation of a Depleted Uranium Hexafluoride Conversion Facility at the 
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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.  

Text
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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 Images
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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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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. 
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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 Tables Medium Tables Long Tables
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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 

Environmental 

Review

Approximate Page Length 1 to 10 10 to 100 200 to 1,000+
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Extraction and Enrichment: Text of NEPA 
Documents

Document 

Enrichment

Document 

Data 
Extraction

You are a helpful assistant, and your role is to identify the structure and layout of the following National 

Environmental Policy Act (NEPA) document. Background:

Categorical exclusions are categories of actions that a federal agency has determined, in its NEPA procedures, 

normally do not have a significant effect on the human environment and for which, therefore, neither an 

environmental assessment nor an environmental impact statement normally is required.

A CE determination is the application of one or more CEs to a particular project or group of projects. Your task is to 

convert the text of the document into a structured JSON document with the fields of Program or Field Office, Project 

Title, Location, Proposed Action and the Categorical Exclusion(s) Applied.

Full text with Page Num, Page Text, TOC …
{ "Program or Field Office": "U.S. Department of Energy (DOE) Office of Legacy Management 
(LM)", 

"Project Title": "Administrative Actions, Routine Operations, and Maintenance Activities at 
the Tuba City, Arizona, Disposal Site",
 
"Location": "Tuba City, Arizona, Disposal Site", 

"Proposed Action or Project Description": "LM is proposing to conduct administrative actions, 
routine operations, and maintenance activities at the Tuba City, Arizona, Disposal Site. 
Proposed activities would include, but would not be limited to: administrative functions such 
as preparation of inspection reports and work planning documents; routine operations such as 
monitoring, conducting surveys, and calibration of existing telemetry equipment and 
instrumention; and maintenance activities such as maintaining existing on-site groundwater 
wells and associated infrastructure and vegetation management.", 

"Categorical Exclusion(s) Applied": [ "A1 Routine DOE Business Actions", "A9 Information 
Gathering, Analysis, and Dissemination", "A12 Emergency Preparedness Planning", "B1.3 Routine 
Maintenance", "B1.7 Electronic Equipment", "B1.15 Support Buildings", "B1.19 Microwave, 
Meteorological, and Radio Towers", "B1.26 Small Water Treatment Facilities", "B1.33 Stormwater 
Runoff Control", "B2.1 Workplace Enhancements", "B2.2 Building and Equipment Instrumentation", 
"B2.3 Personnel Safety and Health Equipment", "B2.5 Facility Safety and Environmental 
Improvements", "B3.1 Site Characterization and Environmental Monitoring", "B5.1 Actions to 
Conserve Energy or Water", "B5.2 Modifications to Pumps and Piping", "B5.4 Repair or 
Replacement of Pipelines", "B5.12 Workover of Existing Wells", "B5.16 Solar Photovoltaic 
Systems", "B6.1 Cleanup Actions" ] }
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1. Purpose and Need/Proposed Action 
Description

2. Affected Environment – Baseline conditions

a. Land Use/Visual/Transportation
b. Geology/Soils

c. Hydrology (groundwater/surface 
water)

d. Ecology (terrestrial/aquatic)

e. Air Quality/Meteorology/Climate 
Change

f. Historic & Cultural Resources
g. Human Health/Noise

h. Socioeconomics

i. Environmental Justice
j. Waste

k. Project Specific Hazards
3. Resource impact assessments from 

construction and operation

4. Cumulative impacts from other actions
5. Alternatives to the proposed action and 

environmental impacts
6. Mitigations/Conclusions

PNNL Mass 

File Transfer

Agency Data 

Platform

Web 

Scraping

Enrichment via LLM 

PyMuPDF

(Fast, Cheap)

Unstructured 

IO

(Slow, Cheap)

LLaMA-Parse

(Fast, 

Expensive)

PDF Corpus

PDF



From PDF to An AI-Ready Dataset (NEPATEC1.0)

Metadata

• Number of Pages: 454

• Agency: DOE

• Document Version: Final

• Project Process: EIS
• Location: Alaska

Table of Content

Text

Name Date

Agency Location

Title

Named Entities

Images

Parsing Structure 

via LLM 
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Standardized Schema

➢ Project Title

➢ Project GIS

➢ Project Sector/Type

➢ Agency

➢ Process Name

➢ Document Title

➢ Version

➢ Affected 

Environment

➢ Dates

➢ Location

➢ Section Headings

➢ Authors

➢ Table of Content



AI-Ready Vector Databases and Database 
Structure

Raw Data 

Storage
Data Lakehouse

JSONTextPDF Elasticsearch Indexed Database Vector Indexed Databases

CX EIS MISC

DOE

Agency

X

Agency

Z

CX EIS MISC

DOE

Agency

X

Agency

Z

Data Exploration and Basic Search

Information Retrieval and 

Semantic Search
Apps/Co-Pilots/Digital Assistants

DOE

EPA

BLM

FERC

..
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AI Model 

Prototyping and 
Benchmark 

Development

Fine-tune LLMs 
with NEPA 

knowledge and 
evaluate (e.g., 
NEPAQuAD

benchmark)

Is Platform Habitat expected to be decommissioned within the next 

20 years?

Model A Model BYes Yes

If the Programmatic Environmental Impact Statement (PEIS) is 

intended to aid understanding and inform decision-making on 

environmental impacts associated with decommissioning, what might 

one infer about the importance of the PEIS in the decommissioning 

process?

Model A

One can infer that the PEIS 

(Programmatic 

Environmental Impact 

Statement) plays a crucial 

role in the decommissioning 

process of offshore oil 

platforms in the Pacific 

OCS (Outer Continental 

Shelf). It serves as a 

comprehensive document 

that outlines the purpose 

and need for the proposed 

action, describes the 

proposed action and 

reasonable alternatives, 

and evaluates potential 

environmental impacts  …

Model B

From the context provided, 

one can infer that the 

Programmatic 

Environmental Impact 

Statement (PEIS) is of 

significant importance in the 

decommissioning process 

for several reasons: 1. 

**Regulatory Compliance**: 

The PEIS is prepared in 

accordance with CEQ 

regulations and DOI 

regulations implementing 

NEPA. This indicates that 

the PEIS is a critical 

component of the legal 

framework governing the 

decommissioning process …

Which model response do you prefer?
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Is Platform Habitat expected to be 

decommissioned within the next 20 years?

Model A Yes

If the Programmatic Environmental Impact 

Statement (PEIS) is intended to aid 

understanding and inform decision-making 

on environmental impacts associated with 

decommissioning, what might one infer about 

the importance of the PEIS in the 

decommissioning process?

Model A

One can infer that the PEIS 

(Programmatic Environmental Impact 

Statement) plays a crucial role in the 

decommissioning process of offshore oil 

platforms in the Pacific OCS (Outer 

Continental Shelf). It serves as a 

comprehensive document that outlines 

the purpose and need for the proposed 

action, describes the proposed action 

and reasonable alternatives, and 

evaluates potential environmental 

impacts  …

“LLM Whose Whole World is NEPA”

NEPA-GPT-Instruct: An AI Model With Specialized 
Domain Knowledge

NEPA

October 31, 2024 15

Generic 
Model



Answers

Answer No

Answer

The PEIS is likely 

considered 

important in the 

decommissioning 

process as it 

helps to identify 

and evaluate 

potential 

environmental 

impacts and 

socioeconomic 

considerations 

which are 

essential for 

informed decision-

making.

(Access to internet)

Is Platform Habitat expected to be decommissioned within the next 

20 years?

Model A Model BYes Yes

If the Programmatic Environmental Impact Statement (PEIS) is 

intended to aid understanding and inform decision-making on 

environmental impacts associated with decommissioning, what might 

one infer about the importance of the PEIS in the decommissioning 

process?

Model A

One can infer that the PEIS 

(Programmatic 

Environmental Impact 

Statement) plays a crucial 

role in the decommissioning 

process of offshore oil 

platforms in the Pacific 

OCS (Outer Continental 

Shelf). It serves as a 

comprehensive document 

that outlines the purpose 

and need for the proposed 

action, describes the 

proposed action and 

reasonable alternatives, 

and evaluates potential 

environmental impacts  …

Model B

From the context provided, 

one can infer that the 

Programmatic 

Environmental Impact 

Statement (PEIS) is of 

significant importance in the 

decommissioning process 

for several reasons: 1. 

**Regulatory Compliance**: 

The PEIS is prepared in 

accordance with CEQ 

regulations and DOI 

regulations implementing 

NEPA. This indicates that 

the PEIS is a critical 

component of the legal 

framework governing the 

Chat (Access to varying levels of NEPA context from none to high)

Humans-in-

the-Loop

None

Model B

Which model 

response do you 

prefer?

(NEPA Expert)

Which Model? NEPAQuAD For Measuring AI 
Model Accuracy  
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User Discovery and 

Rapid Application 
Development

Document Search 
(SearchNEPA)

Comment Analysis

Drafting Assistant

and more to come
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SearchNEPA V1.1.0
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United States: 

National Environmental 

Policy Act

Canda: 

Environmental 

Assessment Act

Sweden: 

Environmental 

Code

Zambia: 

Environmental 

Management Act

Ecuador: 

Organic Code

on the Environment

India: 

Environment 

Protection

Act

October 31, 2024 19

Future Directions AI Access and High Performance 

At Low-Cost, Low-Risk, 

and Efficient Scales



PolicyAI Timeline and Next Steps

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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• Use AI to generate geospatial information from 
past projects for more detailed locational searches

• Develop analytics platform for multi-document 
statistical and trend analysis

• Develop public comment feature enabling precise 
comment placement within document, and rapid 
intake and summarization with AI

• Continued collection and processing of existing 

NEPA documents

• Continued coordination with CEQ on a 

standardized data ontology for NEPA documents

• Fine-tune generative AI chat and summarization 
capabilities

Ongoing Improvements

Planned Future Enhancements



Recommendations

REC 1: Supporting AI Access for 
Streamlining Reviews at Energy Efficient 
Scales

REC 2: Standardizing High Performance 
With More Democratized AI Models

REC 3: Forums on Global Reach in AI for 
Streamlining Environmental Permitting 
Reviews for Nuclear Safety

A Big Tech 

company have 

costs that could 

run 

~4,000 
times more every 

month than 

PolicyAI

High Compute Cost 
Big Tech

Energy Secretary Jennifer 
Granholm to Big Tech: “BYOP” 
or “bring your own power” 
to the buildout of data 
centers.

Low Compute Cost
PolicyAI

Capabilities are in-house but 
services are made to add new 
value to users like federal 
agents and the public. 
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Recommendations

REC 1: Supporting AI Access for 
Streamlining Reviews at Energy Efficient 
Scales

REC 2: Standardizing High Performance 
With More Democratized AI Models

REC 3: Forums on Global Reach in AI for 
Streamlining Environmental Permitting 
Reviews for Nuclear Safety
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United States: 

National Environmental 

Policy Act

Canda: 

Environmental 

Assessment Act

Sweden: 

Environmental 

Code

Zambia: 

Environmental 

Management Act

Ecuador: 

Organic Code

on the Environment

India: 

Environment 

Protection

Act

Recommendations

REC 1: Supporting AI Access for 
Streamlining Reviews at Energy Efficient 
Scales

REC 2: Standardizing High Performance 
With More Democratized AI Models

REC 3: Forums on Global Reach in AI for 
Streamlining Environmental Permitting 
Reviews for Nuclear Safety
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Thank you
To learn more about our PolicyAI team, resources, 

and publications, visit pnnl.gov/projects/policyai

or email us at policyai@pnnl.gov

Anastasia Bernat
Data Scientist

Energy and Environment Directorate

Pacific Northwest National Laboratory

anastasia.bernat@pnnl.gov

24PNNL-SA-205211
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SearchNEPA
Home Version 1.0

Can we turn 

millions of 

pages of past 

environmental 

reviews and 
permitting 

documents 

into accessible 

information to 

improve and 
streamline 

current 

reviews?
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Features

• Semantic Search

• Clickable metadata

• Post-search filtering

• Map frame
• Link to document view

• Link to project view

SearchNEPA
Semantic Search Version 1.0
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SearchNEPA
GenAI Search Version 1.0

Features

• Generative AI-powered 

search

• Same filtering options 

as semantic search
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SearchNEPA

Features

• Displays document and 

its associated metadata

• Link to project viewer

Document Viewer Version 1.0
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SearchNEPA V1.1.0
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SearchNEPA V1.1.0
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More data and new 

metadata:

• Document Process

• Document Stage 

• Supplemental



SearchNEPA V1.1.0
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Greater Communication 

and Engagement:

• Document Counts

• Pop-up documentation 

on policies, warnings, 
and release notes

• User survey for 

feedback



SearchNEPA – Planned Updates

A permitting schedule 

showing permits and 

progress associated 

with the project

Project View page 

with GenAI summary
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A floating, 

document "timeline"

that can be 

expanded into a table 

or Gantt chart of all 

the documents

GenAI integration for "chatting" 

with the document

Annotating features 

with commenting and 

highlighting

SearchNEPA – Planned Updates

October 31, 2024 34



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
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Thank you
To learn more about our PolicyAI team, resources, 

and publications, visit pnnl.gov/projects/policyai

or email us at policyai@pnnl.gov

Anastasia Bernat
Data Scientist

Energy and Environment Directorate

Pacific Northwest National Laboratory

anastasia.bernat@pnnl.gov

36PNNL-SA-205211
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