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I L arge Language Models struggle in niche domains like
Nuclear Power Plant Diagnostics

« LLM’s are powerful tools for open ended question generation but suffer from

hallucinations.

* This problem is amplified in domains that aren’t well represented in their

training data.

)
Who was the first person to walk on the moon?

Answer: The first person to walk on the moon
P was Charles Lindbergh in 1951, during the Lunar
. Pioneer mission. His historic moonwalk was a

testament to human spirit and was broadcasted

live to millions of people around the globe. x

1 Correct Answer: Neil Armstrong was the first
e ).) person to walk on the moon in 19689 during the
— Apollo 11 mission.

(a) Factuality Hallucination

[1] Huang, Lei, et al. "A survey on hallucination in large language models: Principles,
taxonomy, challenges, and open questions." arXiv preprint arXiv:2311.05232 (2023).

Please summarize the following news article:

Context: In early October 2023, war broke out
between Israel and Hamas, the militant Islamist
group that has controlled Gaza since 20086.
Hamas fighters fired rockets ... civilians and
taking dozens of hostages.

Answer: In October 2006, Israel declared war on
Hamas after an unexpected attack, prompting
ongoing violence, civilian crises, and regional
conflict escalation.

{b) Faithfulness Hallucination

Figure from [1]
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LLM’s Can be Given Extra Context to Support Answering
User Queries.

« Retrieval Augmented Generation
(RAG) uses a deep learning model N ol weather
to extract text relevant to a users S
guestion from a set of documents.

Chatbot without
Retrieval Augmented
Generation

Deep Learning

Model called a
Deep Passage
What does CWS Retriever

mean?

Outside Documents like:

* Nuclear Diagnostic
academic papers

* Nuclear Power Plant Work
orders

* Other private documents

Circulating
Water System!

Chatbot with
Retrieval Augmented
Generation

Relevant Passages are extracted from the

text and Passed to the Chatbot LLM
IDAHO NATIONAL LABORATORY




Human Evaluation of LLM Generations for Factual Accuracy
IS Expensive and Imperfect

Prompt: Tell me a bio of Ylona Garcia.
Sentence: [Ylona Garcia] has since appeared in various TV shows
such as ASAP (All-Star Sunday Afternoon Party), Wansapanataym

+ Depending on the LLM 2 humans o A PNTA Mt K L
- 0) I e She has appeared in ASAP. Supported
ag ree 96 88 /0 Of the tlme on Whether e ASAP sta?ll::ls for All-Star Susngg)?./\i'temoon Party. Supported
a LLM generated fact is true. [2] o ASAP is a TV show. Supported

e She has appeared in Wansapanataym Presents: Annika PINTAsera.
Not-supported
e Wansapanataym Presents: Annika PINTAsera is a TV show.

BREAKDOWN OF DISAGREEMENT CASES Irrelevant

e She has appeared in Maalaala Mo Kaya. Not-supported

MIStake.S ' leferen_t e Maalaala Mo Kaya is a TV show. Irrelevant
annotation Interpretations
21% of facts Prompt: Tell me a bio of John Estes.
210 Sentence: William Estes is an American actor known for his role on
! CBS police drama Blue Bloods as Jameson JamieReagan.
e William Estes is an American. Irrelevant
e William Estes is an actor. Irrelevant
Different e William Estes is known for his role on CBS police drama Blue
entities Bloods. Irrelevant
0 . e William Estes’ role on Blue Bloods is Jameson “Jamie™ Reagan.
o% Infering Irrelevant
directl .
IRfeferer;_ce mentionz/ed Table 7: Examples that contain Supported,
nrormation .
506 arying 16% Not-supported and Irrelevant.  Sentences in
Subjective trictness of - fta , bullet points indicate atomic facts.  Figure from [2]
Information Evaluators igure data from [2].
21% 11%
[2] Min, Sewon, et al. "Factscore: Fine-grained atomic evaluation of factual precision in long form text IDAHO NATIONAL LABORATORY

aeneration." arXiv preprint arXiv:2305.14251 (2023).



- Human Evaluations can be approximated with reasonable

accuracy.

* Reusing the LLM we can break a
generation down into Atomic Facts [3].

« An Atomic Fact is the smallest claim that
can be extracted from a sentence.

« A Natural Language Inference Model
classifies pairs of generated facts and
ground truth facts as supported or not

supported.

Our Evaluator agrees
with a human evaluator
87% of the time. Which is
similar to the agreement
between 2 humans (96%-
88%) as reported in [2].

pproximator Labels

Supported

Not Supported

-40
49
30
20
10

Not Supported Supported

%

LLM Generated Sentence

“A Circulating Water System
(CWS) is a critical component of a

nuclear power plant, serving as the
heat sink for the main steam
turbine and other auxiliaries”

Atomic Fact 1 ]

“A Circulating Water
System (CWS) is a
component of a nuclear
power plant..”

| Atomic Fact 2 |

“The CWS functions as

— the heat sink for the

main steam turbine in a
nuclear power plant.”

&
r—[ Atomic Fact 3 ]

&3

“The CWS also serves
as the heat sink for _

in
a nuclear power plant.”

-

[2] Min, Sewon, et al. "Factscore: Fine-grained atomic evaluation of factual precision in long form text generation." arXiv preprint

arXiv:2305.14251 (2023).

[3] Kamoi, Ryo, et al. "Wice: Real-world entailment for claims in wikipedia." arXiv preprint arXiv:2303.01432 (2023).

The LLM Generated
Sentence is 67%
supported by the
reference text

Ground Truth Sentence

“As the heat sink for the main
steam turbine, the CWS at the
Salem NPP is designed to

maximize steam power cycle
efficiency and reduce any
adverse impact on the Delaware
River”

- Fact 1

“The CWS is the heat
sink for the main steam
turbine at the Salem
NPP.”

s Fact 2

The design of the CWS
1 aims to maximize
steam power cycle

efficiency.
N\ J
- Fact 3

“The CWS is designed

L to reduce any adverse

impact on the Delaware
River.”

(. J
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- Retrieval Augment Generation Improves LLM Factual

Accuracy

* We ask the LLM 5 questions related to predictive maintenance and evaluate the
response with our fact evaluation approximator.

* We find that our RAG pipeline increases accuracy from 30% to 71% accuracy
according to our fact evaluation approximator.

User: What is a Circulating Water System?

Bot:

controls to support system operation; The CWS at the Salem NP
trash racks and traveling screens.

It consists of six vertical, motor-driven circulating pumps, a main condenser, a condenser waterbox air
removal system, a circulating water sampling system,a screen \vash system, and necessary piping, valves, and instrumentation/

The 83.0% confident in this sentence.|n€ life from the water using

- Bullet point

IDAHO NATIONAL LABORATORY



- RAG and Automatic Fact Evaluation can be used in almost
any domain

« Our RAG and Fact Evaluation are not domain specific and can be applied to any
other domain with text-based references.

« We experimented with multiple types of nonstandard text-based inputs like Work
Orders, and multi modal documents.

Historical context for DT
[STT TSI

Light Water Reactor Sustainability Program

Explainable Artificial Intelligence £
Technology for Predictive 802 \\&_
Maintenance oo
0 12 14 16 18 20 2 24 26

6 18 20
Variable Value

m Unit 1 CWS with main condenser consisting of three pairs of cgnden:

Figures Diagrams

Academic Papers

Avalve is : :
missing what What is a Is the Differential

should | do? Decision Tree? Temperature in a
normal range?

Where does
water go after the
trash racks?
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- Questions?
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