
Executive Summary
Utilities that utilize carbon-free nuclear energy as part of their energy portfolio are tasked daily with maintaining safe operation 
whether the plant is generating power or is in a shutdown mode for a planned maintenance outage. Tight schedules, strict 
federal regulatory requirements and employee safety awareness create a much more strenuous plan to complete tasks as 
needed. 

Included in safe operation training programs at U.S. nuclear power facilities is ALARA, an acronym for “As Low As 
Reasonably Achievable.” ALARA means making every effort to maintain exposures to radiation as far below the dose limits 
as practical, ensuring an enhanced safety factor already considered to be safe annual doses for workers. Many factors are 
taken into account by the U.S. Nuclear Regulatory Commission, the federal nuclear regulator, when analyzing the radiation 
safety principle, such as state of technology and public health and safety. 

To help ALARA training, maintenance and planning, utilities today have access to state-of-the-art technology to support 
ALARA human work planning. Siemens and Microsoft, building on underlying dose rate calculations from the Electric Power 
Research Institute (EPRI), are working together to help utilities transition to this next generation technology to ensure that the 
health and safety needs of radiation workers are met. 

Armed with software from Siemens PLM Software and Microsoft, utility management can make sound decisions based on 
accurate information while supporting Employee Health and Safety compliance initiatives, such as ALARA, with innovative, 
simulated 3D environments that are perfect for immersive decision-making.

ALARA PLANNING: SIEMENS PLM SOFTWARE 
AND MICROSOFT ENGINEER A PARTNERSHIP 
TO ENSURE EMPLOYEE HEALTH AND SAFETY



Introduction 
As the disaster at the Fukushima Daiichi nuclear power plant in Japan unfolded in March 2011, safety of nuclear power 
generation was once again at the forefront of people’s minds throughout the world. The global nuclear industry immediately 
began trying to understand the reason for the accident, while also implementing lessons learned at nuclear energy facilities 
to ensure the continued safe use of nuclear power generation. 

Utility workers at nuclear facilities are exposed to radiation that must be kept below certain levels to comply with regulatory 
standards. The U.S. Nuclear Regulatory Commission (NRC) endorses ALARA principles to ensure that licensees evaluate 
and optimize the exposure, to the extent practical, so that doses are kept as low as is reasonably achievable. Factors that 
NRC evaluates with respect to ALARA include the current state of technology; economics of improvements in relation to the 
state of technology; economics of improvements in relation to benefits to the public health and safety, and other societal and 
socioeconomic considerations; and relation to utilization of nuclear energy and licensed materials. The U.S. Environmental 
Protection Agency and the U.S. Departments of Energy and Transportation all assisted in the establishment of radiation 
protection regulations based on scientific studies at U.S. plants, according the Nuclear Energy Institute (NEI) in Washington 
D.C. As discussed, the NRC sets limits in the amount of radiation that workers can be exposed to, but operators can set their 
worker dose limits even lower than established federal regulations.

When planning maintenance outages, utilities have to take into account tight schedules, strict regulatory requirements and 
employee safety awareness. Today, utility planners and maintenance personnel plan their outages using sophisticated 
software tools, although dose estimates for various jobs are often done using simple spreadsheets or paper and pencil. 
Siemens and Microsoft have developed state-of-the-art technology to support ALARA human work planning and are 
working together to help utilities transition to next generation technology for dosage planning. 

In this whitepaper, Siemens and Microsoft examine the unique challenges utilities face when training for and planning ALARA 
human work processes. Siemens and Microsoft will discuss the technology available today to help utilities improve employee 
health and safety programs by utilizing advanced tools for ALARA planning, while also improving work efficiency in the plant.



Principles of Radiation Protection
Workers at nuclear power plants may be exposed to radiation in certain areas 
of the facility. In most countries, a national regulatory authority, such as the 
U.S. NRC, works towards ensuring a secure radiation environment in society by 
setting requirements that are also based on the international recommendations 
for ionizing radiation (ICRP - International Commission on Radiological 
Protection). The types of exposure, as well as government regulations and legal 
exposure limits, might be different for each country. 

In the U.S., the dose limits for radiation workers at nuclear facilities are defined 
according to Title 10, Part 20 of the Code of Federal Regulations “Standard for 
Protection Against Radiation.” The NRC’s annual dose limits for occupational 
workers is 5 rem, or 5,000 mrem. Commercial nuclear plants in the U.S. 
are required to provide the NRC an annual report of their workers’ radiation 
exposures. 

There are three factors that control the amount, or dose, of radiation received 
from a source. Radiation exposure can be managed by a combination of these 
factors:
 
1.  Time: Reducing the time of exposure reduces the effective dose 

proportionally. An example of reducing radiation doses by reducing the time 
of exposures might be improving operator training to reduce the time they 
take to carry out a work activity that is in a radiological field.

 
2.  Distance: Increasing distance reduces dose due to the inverse square law 

(i.e. the dose rate decreases by a factor of the square of the distance). 
Distance can be as simple as using remote handling tools such as handling a 
source with forceps rather than fingers.

3.  Shielding: Shielding refers to a mass of absorbing material that can be 
placed between the worker and the source of radiation to reduce the 
radiation field that the worker is exposed to. Many materials can act as a 
shield from gamma or x-rays if used in sufficient amounts.

The challenge to all radiation protection programs is in finding the most optimal 
and cost effective solution to minimize worker radiation exposure using the 
methods outlined above.

CAPABILITIES

Incorporating the EPRI 
algorithm produces the 
following capabilities:

•  Calculation of Dose Rate 
and Total Dose at the 
project, task and individual 
level

•  Visual indication of Dose 
Rate distribution (2D and 
3D color map)

•  Interactive visual indication 
of Dose Rate at dosimeter 
as it moves around

•  Interactive ALARA reports 
can be custom-built 
on request to meet site 
requirements

The tool is available with 
3D ALARA Planning 
Management configuration 
(Siemens Teamcenter® 
Software):

•  Management of ALARA 
Plans, associated 
information and reports

•  Access to Managed 
ALARA related catalogs 
and libraries (scaffolds, 
tools, shields)

•  Access to historical 
ALARA Plans, associated 
information and reports

•  Reuse of historical Plans 
and radiology data as a 
starting point for new Plans



Understanding the Issue: EPRI’s Algorithm
In 2010, EPRI initiated a project to develop a dose rate estimation algorithm 
that could be integrated into 3D software models. The algorithm would 
enhance understanding of worker dose based on worker location, duration in 
the area, source term location and isotopes of concern, radiation fields, and 
shielding in the area. 

As part of their radiation protection requirements, nuclear power plants 
routinely survey the environment to identify sources of radiation and to 
determine where to position shielding to protect workers. Technicians may 
take additional measurements based on their knowledge of radiological 
hazards in specific areas that have potential for worker exposure. Recognizing 
that many nuclear plants were employing 3D laser scanning technologies 
for visualizing and planning plant modifications, EPRI saw an opportunity to 
use this 3D information in radiation protection planning. By combining 3D 
visualization software technologies with advanced algorithms, new tools could 
be developed that create virtual work environments and simulate expected 
radiation exposure for specific locations throughout the plant. 

The plan for the algorithm was to be able to estimate dose rates for workers 
during every step of the work activity. EPRI did not want to overcomplicate the 
input requirements, so it constrained the inputs to information that would be 
typically known or easily accessible. The more information an organization has 
available, the better their calculations will be, but an overload of information 
can become almost a deterrent for use on a daily basis. 

Based on this project, EPRI also found that the nuclear industry relies heavily 
on historical knowledge and input from experienced ALARA planners in 
making dose estimates. While this approach has been successful, modern 
technology can provide a more rigorous methodology for making dose 

BENEFITS

Improve employee health 
and safety programs

Improve work efficiency, 
allowing more planning with 
the same resources

Tighter compliance by 
narrowing the gap between 
plan and execution

Engineering knowledge 
capture to rapidly ramp up 
new planners and workers

More effective use of 
radiation surveys by 
integrating data with a laser 
scan or 3D representation 
of the facility

projections. By integrating the survey readings, shielding information, and source energy profiles, the algorithm provides 
accurate dose estimates prior to workers entering radioactive environments for planned maintenance activities.

In 2011, EPRI validated the algorithm during a pilot-scale demonstration using data from a U.S. nuclear power plant. The 
commercial software providers also validated the integration of their products with EPRI’s algorithm. Just one year later, EPRI 
completed a full-scale demonstration of the combined algorithm and software products at the same nuclear facility. 
To encourage widespread use, EPRI decided to make the algorithm available to any company interested in incorporating it 
into tools supporting radiation management and planning.



Siemens and Microsoft: An Innovative Industry Collaboration
Since 1994, Siemens and Microsoft have served as partners in order to enable organizations to make smarter decisions, 
leading to better projects. While EPRI took a unique approach to the algorithm, Siemens and Microsoft delivered their 
innovation by leveraging commercial off- the-shelf software to assist with the ALARA planning process. 

Innovation in planning was a top focus of the solution. To plan properly for the task or outage, ALARA work planners must 
know the number of radiation workers who may be exposed when performing maintenance projects. Using the Tecnomatix 
Process Simulate application from Siemens, work tasks are broken down into the activities that need to be completed 
during the outage based on observations of how people do things during the actual task. Tecnomatix Process Simulate 
can help to optimize the work planning and radiation exposure planning into one environment.  The application provides for 
rapid decision making using visualization and what-if scenarios. By leveraging the EPRI algorithm, the Tecnomatix ALARA 
application can estimate the dose rate and total dose rate at the project or task and individual level for a maintenance activity. 
2D and 3D color maps provide multi-dimensional viewing of the hazard zone. 

The Siemens PLM Software development team then integrated the human simulation application “Jack and Jill” which 
can simulate employee health and safety and ergonomics while performing tasks. The 3D mannequins are based on 3D 
technology and virtual environments, they help planners map out complex maintenance activities on the computer and 
optimize the work activity. During research, cartography was also introduced into the Siemens PLM Software ALARA 
application giving users the ability to see radiation in different areas of the plant, complete with a 2D or 3D color-coded heat 
map based on the amount of radiation in that zone.

The Siemens PLM software solution for ALARA helps organizations to better plan projects that involve radiation exposure by 
integrating the teams around visual and graphical information.

Understanding the Solution:  
Collaborative Planning with Health and Safety in Mind
Integrating Microsoft Kinect for Windows technology, known for its use with the Xbox 360 gaming system, users have the 
ability to change how workers interact with computers by making it possible for computers to work for radiation planners, 
not the other way around. This technology integrates the mechanics of video gaming into the software to improve user 
engagement. The Kinect for Windows system is a natural way to be able to define the maintenance task sequence for the 
worker while having the ability to explore what-if scenarios. Combining the environment with Kinect for Windows gives 
technicians the ability to show the radiation protection technicians as well as the plant’s ALARA planner how the work is 
done, where the worker should be located within the area as well as how high dose rates will be in those areas. These new 
industrial gaming applications are delivering a new level of collaboration in industry.



From Paper to PLM – Creating a more efficient, digital environment to 
support ALARA planning
Combining these technologies, algorithms and years of experience, 
Siemens and Microsoft are helping to enable the electric utility industry 
to move to an integrated digital environment to support radiation worker 
planning and record keeping. ALARA planners now have the ability to do 
multiple what-if analysis to determine the optimal configuration of their 
work process, crew size, craft, material equipment, staging resources 
and service allocations. Product Lifecycle Management (PLM) delivers 
the power to move from paper to an integrated information management 
environment. Having a lifecycle of 30 and more years, the Teamcenter 
platform allows the plant to streamline the data and information from 
other sources, such as Document Management applications, Radiation 
Measurement sources, etc. The time saved can be used to develop 
plans for areas not previously covered, and to create better plans. This 
also supports collaboration and communication between the many 
parties involved in plant projects, ensuring each understands how to best perform their task to lower their actual exposure to 
a minimum. Teamcenter delivers the following ALARA capabilities:

 • Management of ALARA Plans, associated information and reports

 • Access to Managed ALARA related catalogs and libraries (scaffolds, tools, shields)

 • Access to historical ALARA Plans, associated information and reports

 • Reuse of historical Plans and radiology data as a starting point for new Plans

This new visual interactive environment is mobile thanks to 
Microsoft mobility solutions giving planners and radiation 
protection technicians the ability to view the planner’s entire 
plan or historical information in Teamcenter on a Windows tablet 
while in the field before making entrance to the plant in order to 
get the lowest exposure possible. 

As discussed, these technologies have been created, validated 
and combined in order to improve health and safety of the 
worker while reducing the amount of radiation they are exposed 
to. Product Lifecycle Management software from Siemens is 
providing the backbone for integration of the EPRI algorithm, the 
Microsoft Kinect for Windows features and the Tecnomatix 3D humans enabling this next generation offering.



Conclusion
Ensuring the protection of workers in nuclear facilities will continue to be the #1 focus for utility providers. The industry 
participants of ALARA work planners, regulators and utility executives must continue to search for new solutions to reduce 
worker exposure to radiation. Siemens and Microsoft are committed to continuing to research and develop processes to 
help workers receive the absolute lowest amount of radiation exposure. 

With enhanced communication and industry collaboration, expertise and innovation will help engineer new ideas to reduce 
dose even more. This technology has generated substantial interest in the nuclear industry; applications may be extended to 
different areas and could improve the management and execution of plant operation, maintenance and project-based tasks. 
This technology could one day even be used for emergency accident response situations to understand and better manage 
the dose impacts to emergency workers if they must enter areas with elevated dose rates. 

For now, this solution gives nuclear power plant employees the tools to keep themselves safe by improving their own 
decision-making processes to reduce radiological dose.

Not only will this information help workers today, this data will be available and useful to help train new radiation protection 
technicians and ALARA work planners of the future regardless of their experience in the nuclear power field. All nuclear 
plants have detailed, formal training plans and these tools and technologies could one day be part of these plans to keep 
workers safer, longer.



About Siemens PLM Software
Siemens PLM Software, a business unit of the Siemens Industry Automation Division, is a leading global provider of product 
lifecycle management (PLM) software and services with seven million licensed seats and more than 71,000 customers 
worldwide. Headquartered in Plano, Texas, Siemens PLM Software works collaboratively with companies to deliver open 
solutions to help them make smarter decisions that result in better products. For more information on Siemens PLM 
Software products and services, visit www.siemens.com/plm. For more information on the ALARA Planning solution visit 
www.siemens.com/plm/alara

Siemens and the Siemens logo are registered trademarks of Siemens AG. Teamcenter and Tecnomatix are registered 
trademarks of Siemens Product Lifecycle Management Software Inc. or its subsidiaries in the United States and in other 
countries.

About Microsoft Power & Utilities Group 

Microsoft- Microsoft (Nasdaq “MSFT”) is the worldwide leader in software, services and solutions that help people and 
businesses realize their full potential. Microsoft offers worldwide power and utilities platform and partner solutions to thrive in 
today’s dynamic marketplace.

The Microsoft Worldwide Power and Utilities Group offers platform and partner solutions that empower utilities to thrive in 
today’s market-driven environment by optimizing their business operations in customer care, generation, trading and risk 
management, transmission and distribution, regulatory compliance and enterprise services. For more information, contact 
your local Microsoft sales representative or visit www.microsoft.com/utilities.

About PennEnergy    

PennEnergy serves global energy professionals with the broadest, most complete coverage of industry-related information, 
with resources to help effectively perform critical job functions. Including content from all PennWell Petroleum brands and 
other industry sources, PennEnergy.com delivers original industry news, financial market data, in-depth research, maps, 
surveys, statistical data, and equipment/service information. We have also invested in Google search technology to make it 
easy for customers to search and find needed data.


