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Copyright and Disclaimer
Copyright
© 2020 by Hill Eng Solutions, LLC

All rights reserved. No part of this document may be reproduced or 
transmitted in any form or by any means, electronic, mechanical, 
photocopying, recording, or otherwise, without prior written permission 
of Hill Eng Solutions, LLC.

Disclaimer
All statements made by the speaker represent his opinion 
alone, and do not necessarily represent the position of ASME 
or Hill Eng Solutions, LLC nor of the ASME Boiler and Pressure 
Vessel Committee. 2
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Ralph Hill
• Has been actively involved as a contributor and a leader in 

promulgation of ASME nuclear codes and standards for over 40 
years and has been awarded the Bernard F. Langer Nuclear 
Codes and Standards Award, the Codes and Standards 
Distinguished Service Award, and the grade of ASME Fellow.

• ASME

• He is past-Chair of the ASME Board on Nuclear Codes and 
Standards and the Boiler and Pressure Vessel Code, Section III, 
Nuclear Construction Standards Committee.

• Although retired, Ralph continues his volunteer activities in support 
of ASME codes and standards.

• Currently Ralph serves on the ASME Council on Standards and 
Certification, the Board on Nuclear Codes and Standards, and as 
both champion and Chair of the new Standards Committee on 
Plant Systems Design.
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• ANS

• Member of WG on 
ANS 30.1

• Member of WG on 
ANS 30.2 

• Member of RP3C
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Topics

5

• Example of RIPB Life-Cycle Design 
using Monte Carlo Simulation

•Overview and Status of ASME Plant 
Systems Design Standard

•A Concept for RIPB Design and Safety 
Classification
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RIPB L-C Design Example  1 of  8

6

• Very Simple Fluid Injection System

• Model, Assumptions, and Parameters are “out of the 
blue” with no relevance to any actual design 
parameters

• For demonstration of technique only → shows how 
system can be analyzed in a risk-informed approach

• Technique applicable to all types of systems of 
varying level of complexity

• Technique can be applied at multiple levels ranging 
from entire system to a sub-system → to level where 
requirements are defined
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RIPB L-C Design Example  2 of  8

7

Top-Level Requirement: System must be able to inject 200 gallons per 
minute with a mean reliability greater than 95%
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RIPB L-C Design Example  3 of  8

8

• General assumptions:

• Component Failure

• Modeled simplistically Poisson distribution (random) with defined 
failure rate

• Initial failure rate depends on component quality

• Failure rate increases exponentially with time following 
maintenance/repair, doubling time depends on component quality

• Pump Fouling

• Pumps foul at a rate that depends on component quality

• Maintenance / Inspection

• Maintenance occurs at selected interval unless inspection reveals 
that failure rate is above target level

• Inspection occurs at sub-intervals of maintenance interval

• When inspection occurs, there is a probability that it misses fact 
that failure frequency is too high
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RIPB L-C Design Example  4 of 8

9

• Assumptions on injection system:

• Any two injection lines can satisfy requirement

• Injection tanks drain due to demand and are filled from 
charging system

• System is off-line if more than two injection lines are 
unavailable

• Injection line is unavailable if

• either a valve or pump is out of service due to 
maintenance or repair

• a pump is sufficiently fouled (not inspected -
maintenance)

• the volume of an injection tank becomes too low, that 
injection line also becomes unavailable until tank is re-
filled
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RIPB L-C Design Example  5 of 8

10

• Assumptions on charging system:

• If any component in charging system is out-of-service, 
injection tanks cannot be filled

• Components are out of service due to maintenance or 
repair

• Charging pumps are also out of service if sufficiently 
fouled (not inspected - maintenance

Miller, I., Nutt, M., Hill, R., Probabilistic Simulation Applications to Reliability 
Assessments, 11th International Conference on Nuclear Engineering, Tokyo, 
JAPAN, April 20-23, 2003, ICONE11-36597
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RIPB L-C Design Example  6 of 8
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RIPB L-C Design Example  7 of  8

12



©
 2

0
1

4
 b

y 
H

il
l E

n
g 

So
lu

ti
o

n
s,

 L
LC

 .
 A

ll
 R

ig
h

ts
 R

es
er

ve
d

2
0

2
0

RIPB L-C Design Example  8 of  8

13

• What Do The Results Say:

• Excellent components, frequent maintenance and inspection, and 
a large injection tank can meet the goal with ample margin

• System would be over-designed with a significant cost associated

• Several options exist that meet the target goal - other 
factors/requirements need to be considered

• What is the desired level of risk tolerance - how “bad” is 
acceptable

• How do costs play into the decision - larger capital and lower 
O&M or vice-versa

• Decisions made determine which options are advanced to 
next phase

• Sub-system requirements can be defined

• Sub-system models can be further refined and optimized
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Summary
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• Example of RIPB Life-Cycle Design 
using Monte Carlo Simulation

~5 Minutes Q&A
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PSD-1 Standard

15

•Overview and Status of ASME Plant 
Systems Design Standard
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New plants and facilities with potential for 
significant environmental, safety and health 

hazards to the worker and or public …

the Problem

… may not be built in the United States unless 
costs to license, design and construct can be 

significantly reduced, while ensuring safety and 
health of the worker, the public and the 

environment.
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A technology neutral standard that provides a 
framework, including requirements and guidance, for 
design organizations to:
• Conduct plant process hazard analysis in early stages of  

plant design that (a) advance as the design matures and (b) 
provide structure to the initial development of a 
quantitative risk assessment.

• Incorporate systems engineering design processes, 
practices and tools with traditional architect engineering 
design processes, practices and tools.

• Incorporate risk informed probabilistic design 
methodologies with traditional deterministic design 
methods using reliability and availability targets.

... and integrate these into a design organizations 
existing design processes and procedures.

the Solution
Plant Systems Design Standard (PSD-1)
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the Solution, PSD-1
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1. Safer and more efficient system designs and 
design alternatives with quantified safety 
levels

2. More effective requirements management
1. including assumptions, TBDs and TBVs

3. Cover the entire life cycle of a plant (design, 
construction, operation, decontamination and 
decommissioning)

4. Be system based, vs. component based, and 
inclusive of multiple disciplines (mechanical, 
electrical, instrumentation & control, HVAC, etc.)

the Objectives
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PSD-1 Related Initiatives

The following are ongoing and include similar objectives.

• LMP w NEI-18-04 and RG 1.233

• ANS including ANS 30.1 & 30.2

• EPRI Body of Knowledge (BoK)

• BPTCS TG Risk-Based Design

• Section XI, Div. 2, Requirements for Reliability 
and Integrity Management Programs for 
Nuclear Power Plants (RIM)

See next slide for more detail on ANS
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ANS New Reactor RIPB Standards 
Structure

This slide is ~ 18 mos
old and not current
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• Defined activities covered by PSD-1 using roadmaps, 
process flow diagrams, and WBS Data Sheets

• Developed block flow diagrams and N-square diagrams 
to integrate activities within 3 technical areas and to 
integrate the technical areas together.

• Imported this information into Innoslate, a Model-
Based Systems Engineering cloud-based software tool, 
to plan and organize contents of PSD-1.

PSD-1 Progress to date …
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PSD-1 Progress to date …
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In parallel with integration and scheduling activities:

• Drafted Part 1, General Principles, of the standard:

• tailoring use of the standard

• safety goals

• taxonomy and boundaries

• technical baseline descriptions

• Started writing Part 2, Design Development 
Process
• both an initial writing effort and a pilot effort

• results will provide guidance to other working groups

PSD-1 Progress to date …
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PSD Structure & Development

• SE Process Overview

• Taxonomy & Baselines

•Product/Document Hierarchy

•Use of Innoslate

• Example of Part 2 Content

•Part 1 Section on RIPB Design
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Putting it All Together
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Site

Plant

System

Subsystem

Structure

Infrastructure

Bulk Material

Component

Component

Bulk Material

Sub-Component

System

Structure

• Foundation
s

• Concrete 
Walls & 
Floors

• Frames
• Beams
• Columns
• Bracing

• Retaining 
Walls

• Roads

• Slopes

• Storm Water
• Fire Water

• Conveyance
• Utility

• Process System
• Handling
• Utility

Structural Subsystem

Final Site 
Grading

• Well House
• Maintenance 

Facilities

• Office Buildings
• Misc. Buildings

• Stairs
• Platforms
• Minor Supports

• Racks
• Hand rails

Functional Baseline

Al located Baseline

Product Baseline

Legend:
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Table 1-2, Project Design Development Stages vs. Baseline

Technical 
Baseline
Design Stage

Functional Allocated Product

Conceptual Approved Preliminary
Preliminary for 
long lead and 

key components

Preliminary
Updates as 

required
Approved Preliminary

Final
Updates as 

required
Updates as 

required
Approved
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PSD-1 Standard
Development

Glossary

Standard

Project Processes to be Addressed in the Standard
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2-2.2 PRE Functional Baseline Activities (H.3)

30
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1.13 R-I & P-B Design

31
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PSD-1, 1.13 R-I & P-B Design

32
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Summary

33

•Overview and Status of ASME Plant 
Systems Design Standard

~ 5 Minutes Q&A
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34

•A Concept for RIPB Design and Safety 
Classification

See next slide

RIPB Design Concept
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36

RIPB Safety Classification 
Concept
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CATEGORISATION OF SAFETY FUNCTIONS AND

CLASSIFICATION OF STRUCTURES, SYSTEMS AND 
COMPONENTS

• Following 3 slides contain figures and a table extracted from 
the ONR Guide.

• These extracts illustrate that a least one regulator 
understands and recognizes the relationship between RIPB 
principles and how to implement those principles using good 
systems engineering practices.

• We will not discuss these or the ONR Guide in detail during 
today’s presentation.

• ANS 30.2 working group should include the ONR Guide as an 
input to development of the 30.2 standard.

UK ONR Guide NS-TAST-GD-094 –Rev 

2 
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Summary

41

• Example of RIPB Life-Cycle Design 
using Monte Carlo Simulation

•Overview and Status of ASME Plant 
Systems Design Standard

•A Concept for RIPB Design and Safety 
Classification

•UK ONR Guide implements RIPB SE 
approaches and methodologies

DISCUSSION


