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Meet the Presenter
Prof. Nawal Prinja has 40 years of academic and industrial experience in the 
nuclear sector.  He is the Technology Director of Jacobs (Clean Energy) and 
holds a position of Honorary Professor at four British universities. Currently he is 
chair of WNA/CORDEL working on harmonisation of Nuclear Codes. 
He has been on IAEA missions to China, South Africa, UAE, Spain and Poland. 
He was appointed as an advisor to the UK Government to help formulate their 
long-term R&D strategy for nuclear industry and continues to advise as a 
member of the Fusion Advisory Board of UKRI and chairs Artificial Intelligence 
Technology Focus Group for Nuclear Propulsion for Ministry of Defence. 
He participates in a number of international committees notably the ASME code 
committee for developing new Plant Systems Design code and represents the 
UK at the Senior Industry Advisory Panel of the Generation IV International 
Forum.

Email: nawal.prinja@jacobs.com / nawal.prinja@hotmail.com
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• Need for AI in nuclear energy sector
• Introducing AI, ML and DL
• Practical experience in using AI in Engineering
• Current Developments/ Examples
• Way Forward
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My Introduction
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• Technology Director, Jacobs
• Honorary Professor in the School of Engineering at Aberdeen University.
• Honorary Professor in the College of Engineering, Brunel University London.
• Honorary Professor, School of Engineering, Bolton University.
• Honorary Professor, School of Computer Science and Electronic Engineering, the International Centre of Nuclear 

Engineering, Bangor University.

Current Position

• 40 years of engineering and technology experience in aerospace, automotive, oil & gas and nuclear power.
• Over 50 Technical publications including  3 books.Experience

• Advisor to the Ministry of Defence (MOD) on the Nuclear Propulsion Research & Technology programme for the 
nuclear submarines and chair of AI Technology Focus Group for nuclear propulsion.

• Member of the Nuclear R&D Advisory Board to the UK Government.
• Chairman of CORDEL at WNA.
• Technical Expert invited by the IAEA (United Nations) to chair expert meetings on safety classification and 

Technology Readiness Levels and to  participate in Nuclear Knowledge Management and Seismic expert missions 
to UAE, S Africa, China, Spain and Poland.

• Independent assessor appointed by the Innovate UK of UKRI.
• Member of the EC funded FENET and EASIT2 projects aimed at developing computer based simulation 

competencies.
• Member of the Board of Directors for the Professional Simulation Engineer (PSE) certification scheme.
• Chair of Industry Advisory Committee for the National Structural Integrity Research Centre at Cambridge.
• Ex-Member of Technical Assessment Panel of Fusion for Energy (F4E)
• Member of the Fusion Advisory Board, EPSRC of UKRI.
• UK representative and Vice Chair of the Senior Industry Advisory Panel of Gen IV International Forum (GIF)
• Member of Plant Systems Design code committee of ASME.

Appointments
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Need to Transform How We Use data
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85 percent of respondents say AI will significantly change the way they do business in the next 
five years. 

Source: PwC CEO Survey 2019

Only 57% of projects finish within their initial budgets.
Probability of delivering a major project on time, cost and benefits is only 0.5%  !!

Source: PMI Pulse of Profession 2019

95% of project data is not used (used once then never used again)
Source: RICS report

AI could deliver a 10% increase in UK GDP in 2030. 
AI Roadmap, AI Council January 2021
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AI and the 4th Industrial Revolution (I4.0)
AI is playing a role in an Industry 4.0 system that meet many of manufacturer’s needs:
• Historical data collection
• Live data capturing via sensors
• Data aggregation
• Connectivity via communication protocols, routing and gateway devices
• Integration with PLCs
• Dashboards for monitoring and analysis
• Machine learning and other techniques

6

I4.0 is not just for 
automation of 
factories, it can help 
nuclear energy 
sector.
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CHALLENGE: NEED TO INCREASE SAFETY AND DECREASE COST

Generation I
Generation II

Generation III
Near-Term 
Deployment

Generation IV

Early 
Prototype 
Reactors

Commercial 
Power Advanced LWR’s

Evolutionary
Improved safety
Better economics

 Highly Economical
 Enhanced Safety
 Minimal Waste
 Proliferation Resistant

Gen I Gen II Gen III Gen III+ Gen-IV

 Shipping port
 Dresden, Fermi I
 Magnox

 LWR-PWR, BWR
 CANDU
 WER/RBMK
 AGR

 ABWR / EPR
 System 80+
 AP600/ AP1000

1950 1960 1970 1980 1990 2000 2010 2020 2030

UK Nuclear Sector Deal calls for 
30% reduction in the cost of new 
build projects by 2030

Extreme events beyond design 
basis have to be considered 
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New Technology : Expectation vs Time
Is Nuclear Sector Lagging Behind Others?
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UK’s AI Journey
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3rd Wave of AI
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Predicted AI Growth
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By next year 1 
million devices 
augmented by 
AI will be selling 
every hour !!!

Source: UKRI KTN webinar “Exploring AI at the Edge” 9 Oct 2020 in partnership with EPoSS. 
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Evolving Categories of AI Methods
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• Initial AI methods were primarily rules-based and knowledge-driven.
• AI computational approaches continue to evolve in industry and academia. 
• Categorisation by the purpose of the AI system proposed in ISO/IEC TR 24372:2021 are:

Search Logic Planning 
Knowledge Uncertainties Learning Inference Dimensionality 

Reduction Communication
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What is AI ?

Brief Introduction
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Artificial Intelligence - Subsets
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Data Science
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Machine Learning

17



GEN IV International Forum

Deep Learning : Artificial Neural Network
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Phases of Machine Learning
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Machine Learning

1. Supervised learning: An algorithm learns 
to map input variables to output variables

2. Unsupervised 
learning is training of 
a model using 
information that is 
neither classified nor 
labelled. Model can 
learn to cluster input 
data in classes.

3. Reinforced 
learning is by 
interacting with space 
or an environment. 
Actions selected on 
past exploitation or 
new exploration. The 
RL agent learns from 
the consequences 
through reward or 
penalty.
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How to select an algorithm ?
1. Training data – quantity with no bias
2. Level of accuracy
3. Complexity – Tuning of parameters
4. Nonlinearity
5. Number of features
6. Sacalability

ML Algorithms
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Supervised Learning Algorithms
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Text Mining and NLP
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Need for text mining and information 
extraction:
• Most of the information data is in 

unstructured textual format.
• Need to extract useful information from 

large amount of textual data.

• Tokenisation (break into small structures)
• Bigrams, Trigrams and Ngrams (consecutive words)
• Stemming (base/root form) – fish, fishing
• Lemmatization (inflected forms of words)-give, gave, giving
• Stopword Removal (a, and, is, the)
• Parts of Speech tagging (grammatical type)
• Named Entity Recognition
• Syntax Trees
• Chunking and Chinking
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ML Example: House price prediction (Boston Dataset)
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Correlation Matrix
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House Price Prediction
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My Experience/Examples of Using AI
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• Completed Projects
1. Rock / Mine Classification for Submarines using Sonar Data 
2. Predicting non-conformance of electron beam welds
3. Accelerating ultrasonic testing of welds
4. Predicting environmental impact on fatigue/fracture behaviour of steel
5. Material properties predictor for power plant steels  (M4Ps)
6. Using Natural Language Processing (NLP) for quick translation of 

documents
7. NLP for cognitive search and relevant information retrieval from large 

repositories of documents (using Goldfire supplied by IHS )
8. Root cause of failures in TIG welding

Future Projects

1. Recognition of human actions
2. Probabilistic AI for Prediction 

of Material Properties 
(PROMAP)
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Example 1 : Rock / Mine Classification for Submarines using Sonar 
Data
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Data with 208 observations on 61 variables. The first 60 represent the energy within a particular frequency 
band, integrated over a certain period of time. The last column contains the class labels : ‘R’ for rock and ‘M’ 
for mine.



Input: EB welding 
parameters.

Output: Probability of non-conformance

EB Parameters EB Conditions

Length Sector/ Segment

Current Orientation

Welding Velocity Supplier

Focussing 
System Current

Type of weld

Position

Example 2:  AI model to accelerate construction of  Vacuum Vessel for Fusion

Based on input of parameters of planned welding it can use previous experience to predict the outcome and help with 
decision to proceed or not leading to better planning, de-risking and accelerating the programme.

Machine Learning from previous weld data

Result Conformance
NC_EBW_R

Not conform - Defect related to EB 
Process - Weld to be repaired

NC_OTH_R
Not conform - Defect not related to 
EB Process - Weld to be repaired

NC_OTH_NR
Not conform - Defect not related to 
EB Process - No repairing need

NC_DOC_NR
NC related to documentation - No 
repairing need

C Compliant- Weld accepted

AI Model

Trained AI using 1802 welds data. Predicted outcome of the 
70 new welds to do.

There are 9 sectors. 
Each sector requires 
over 10000 different 
types of welds with 
full 100% inspection.

Prediction Actual
One weld with 90% chance of failure Failed

16 others with 56% to 60% chance of 
failure. 

7 out of 16 failed

PROF. NAWAL K PRINJA
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Quality Control vs Quality Assurance
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Overall QA is very good.
Processes and responsibilities are well defined.

Analysis and evaluation of test results, Learning from 
Experience and implementing a plan to reduce risk can 
be improved. 

AI can de-risk and accelerate projects
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Example 2: 
Applying AI to Accelerate UT Inspection of welds
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Typical UT Acquisitions
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S-Scan
SectorA-Scan

Beam indicating 
presence of defect 

through sound echo

B-Scan
Side

Start and end point 
given in the file name

Built from number of 
beams (29 or greater) 
swept across the sector

AI models will use A and S Scans 
which are selected by moving 
along the B-scan and recorded 
every 1mm interval along the 
length of the weld.

Recently, for a particular weld form, AI model identified 
defects with accuracy of 98%
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CNN for Image Analysis
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A Convolutional Neural Network (CNN) is a Deep Learning algorithm which can take in an input image, 
assign importance (learnable weights and biases) to various aspects/objects in the image and be able to 
differentiate one from the other. 
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• Instead of having a single neural network layer, there are 
four layers (0 to 3) that interact in a very special way.

• 0 Forget Layer with Forget Valve
• 1 Input gate Layer to Update
• 2 New Values and New memory Valve
• 3 Output Valve
• There is a memory unit and three information gates or 

valves.
• The gates are different neural networks that decide which 

information is allowed in the cell state. The gates can 
learn what information is relevant to keep or forget during 
training.

• The key to LSTMs is the cell state, the horizontal line 
running through the top of the diagram. It is a kind of 
conveyor belt running straight down the entire chain, with 
only some minor linear interactions (x or +).

LSTM for Time Series (Wave) Analysis

33

You can train LSTM to predict share values in stock market but do it at your own risk.
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¡ 246 tests conducted to establish environmental impact on 
number of cycles it took for a specimen to reach failure.

¡ 135 input features were being monitored. Data analysis was 
done to perform correlation, principal component analysis 
and feature importance to reduce the number of features to 
9.

¡ A sequential Artificial Neural Network (ANN) model with 10 
dense layers of neurons was developed.

¡ The data was split 80%-20% to train and test the model.

¡ 95.4% accuracy was achieved by the ANN model• Results of 38 tests were predicted with 95.4% 
accuracy from previous data.

• At £15000/test, over half a million pounds 
could have been saved.

The INCEFA PLUS data was generated under the  INcreasing safety in 
NPPs by Covering gaps in Environmental Fatigue Assessment (INCEFA) 
project funded by H2020 which is the EU funding programme for research 
and innovation. Data courtesy of Alec McLennan

Example 4:  Environmental Impact on Fatigue/Fracture Behavior of 
Steel
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Example 5:  Material Properties Predictor for Power Plant Steels  
(M4Ps)
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Example 6 : NLP for Translation

• Translation of technical documents including figures and tables into English
• Translation of old research papers into English 
• Charity work for NHS to help translate Covid vaccination guides from English to a number of

foreign languages (Bengali, Urdu, Gujarati, Tamil, Kurdish etc)

36
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Artificial 
Intelligence

Information 
Retrieval

Document 
Understanding

Natural 
Language 
Processing

Applications

Ta
sk

s a
nd

 M
et

ho
ds

Self-driving 
cars

Pneumonia detection 
with sound analysis

Robots that work 
in open space

Intelligent 
smartphone 

assistant

Automatic 
stock trading

Computer 
Vision

Text to Speech

Speech to text

Time series 
analysis

Dynamic robot 
control

Anomaly 
detection

Cognitive 
Search

Example 7 : AI Tool for Horizon Scanning
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Horizon Scanning using Goldfire
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What can Goldfire tell us about Primary Water Stress Corrosion 
Cracking (PWSCC)?
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Primary Water Stress Corrosion Cracking (PWSCC) Reported in HMS 
Tireless
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What information can Goldfire Lead Us to Regarding this Incident?
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Goldfire AI helps to provide possible answers to questions
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Goldfire AI Summaries Help to Provide Quick Insights 
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The Way We Do Engineering is Changing
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Current project : Probabilistic AI for Prediction of Material Properties 
(PROMAP)
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A feasibility study sponsored by Advanced Nuclear Skills Innovation Campus (ANSIC).

AIM: To combine AI models with probabilistic methods to help predict the properties of materials used in the nuclear 
industry

THE PROBLEM: The existing AI are trained with deterministic data and models require a large number of physical 
tests to cover the natural variability in the material properties. An extra challenge for the nuclear industry is that 
there is not sufficient material test data available for such a data centric AI approach.

THE SOLUTION: Combine ANN with Bayesian statistics and Interval Predictor Models to enhance the robustness of 
the response. This allows for the uncertainties from the sparse data and material variability to be accounted for and it 
allows to provide the necessary confidence associated with the prediction.

University of Strathclyde is leading the project with help from the Risk Institute at Liverpool University and the author.
If you have nuclear material database that needs to be enhanced, please contact the author.
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8 Steps to Deploy AI technology
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Summary :  AI in Nuclear energy sector
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i. Accident identification
Probabilistic Graphical Models (PGM) is a technique in Machine Learning in which probability 
distribution over different variables are used to predict behaviour. Example: Hidden Markov Models 
for accident identification in nuclear power plants.
ii. System Performance
Reinforcement learning can be applied to a dynamic system where learning data provides 
feedback to achieve a defined goal. Example: Reinforced Learning for plasma control in fusion 
reactors.
iii. Information retrieval
There are a number of NLP tools available. Example: A pilot project is being run to extract useful 
safety information and ‘lessons learnt’ from the previous event reports. 
iv. Structural Integrity
Example: ANN was applied to predict Environmental Impact on Fatigue/Fracture Behavior of Steel.
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Summary :  AI in Nuclear Energy Sector
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v. Material Properties
Example: Material Properties Predictor for Power Plant Steels (M4PS) and Probabilistic AI for 
Prediction of Material Properties (PROMAP).
vi. Predictive maintenance
AI can identify anomalous behaviour. Example: the High Intensity Proton Accelerator at the Paul 
Scherrer Institute where the particle accelerator instrumentation has very tight operational 
constraints
vii. Weld Inspection 
Example: AI applied to accelerate PAUT inspection of welds.
ix. QA vs QC
AI used to extract lessons learnt from previous data to improve processes. Example: Root cause 
failure analysis of TIG welds.
x. Robotics in construction and decommissioning
Robotics and AI are two distinct domains. Robots have been in use in industry for quite some time 
but empowered by AI, they are turning into ‘smart robots’.
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Conclusion : AI is Powering the Future 

• AI is playing a crucial role in the 4th industrial revolution (I4.0).
• Data science and machine learning is being used to stay ahead and remain competitive. 
• Innovative solutions with AI technology are being developed which previously were thought 

to be science fiction.
• Every problem is different. Talk to experts to understand which aspect of AI/ML to use.
• AI is powering the future. Nuclear is powering the future. ‘AI’ and ‘Nuclear Energy’ are 

contemporaneous in meeting our future energy needs.

49
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Upcoming Webinars

Date Title Presenter
23 March 2022 Scale Effects and Thermal-Hydraulics:

Application to French SFR
Mr. Benjamin Jourdy, CEA,
France

19 April 2022 GIF/IAEA Joint Webinar: Role of
Nuclear Energy in Reducing CO2
Emissions

Dr. Shannon Bragg-Sitton, INL 
Mr. Wei Huang, IAEA
Ms. Diane Cameron, NEA

11 May 2022 Development of Nanosized Carbide 
Dispersed Advanced Radiation 
Resistant Austenitic Stainless Steel 
(ARES) for Generation IV Systems

Mr. Jiho Shin, KAIST, Republic 
of Korea
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