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Topics to be Covered
• Safety Analysis Report

– Contents

• Chapter 15 

– Transients and Accidents Analyzed

• Loss of Coolant Accident Example
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The Hazard (some fission-product isotopes)
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CRITICAL SAFETY FUNCTIONS

KEEP FISSION PRODUCTS WITHIN THE FUEL
• Control Reactor Power

Control reactivity additions
Shutdown reliably

• Cool the Reactor and Spent Fuel
Maintain coolant inventory
Maintain coolant flow
Maintain coolant heat sinks

KEEP RADIOACTIVE MATERIAL OUT OF THE BIOSPHERE
• Maintain Containment Integrity

Prevent over-pressurization
Prevent over-heating
Prevent containment bypass

• Capture Material Within Containment
Scrubbing
Deposition
Chemical capture

SHIELD PERSONNEL FROM RADIATION

Source unknown. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


Prof. Andrew C. Kadak, 2008
Page 6

Department of Nuclear Science & Engineering

Emergency Safety Functions

Reactor Safety 

Study, WASH-1400
Figures © Hemisphere. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see http://ocw.mit.edu/fairuse .
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PWR SYSTEMS USED TO PERFORM EMERGENCY FUNCTIONS

Emergency Coolant Injection

Reactor Safety 
Study, WASH-1400
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PWR SYSTEMS USED TO PERFORM EMERGENCY FUNCTIONS

Emergency Coolant Recirculation

Reactor Safety 
Study, WASH-1400
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PWR SYSTEMS USED TO PERFORM EMERGENCY FUNCTIONS

Post Accident Radioactivity Removal

Reactor Safety 
Study, WASH-1400
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PWR SYSTEMS USED TO PERFORM EMERGENCY FUNCTIONS

Post Accident Heat Removal

Reactor Safety 
Study, WASH-1400
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PWR Engineered Safety Systems

Figures © Hemisphere. All rights reserved. This content is excluded from our Creative Commons license. 
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BWR Early Engineered Safety Systems

Figures © Hemisphere. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see http://ocw.mit.edu/fairuse.
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Siting Criteria (10 CFR 100)
• Consideration of:

Characteristics of reactor design

Population characteristics, exclusion area, low population zone, population center 
distance

Assume a bounding fission product release based on a major accident
Define an exclusion area of such size that an individual located at any point on its 
boundary for two hours immediately following the accident would not receive a 
total radiation dose to the whole body in excess of 25 rem (250 mSv) or a total 
radiation dose in excess of 300 rem (3000 mSv) to the thyroid from iodine exposure.
Define a low population zone of such size that an individual located at any point on 
its outer boundary who is exposed to the radioactive cloud during the entire period 
of its passage would not receive a total radiation dose to the whole body in excess of 
25 rem (250 mSv) or a total radiation dose in excess of 300 rem (3000 mSv) to the 
thyroid from iodine exposure.
A population center distance of at least 1.33 times the distance from the reactor to 
the outer boundary of the population center distance

Seismology, meteorology, geology, hydrology.
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General Design Criteria (10 CFR 50 Appendix A)
http://www.nrc.gov/reading-rm/doc-collections/cfr/part050/

• The principal design criteria establish the necessary design, fabrication, construction, 
testing, and performance requirements for structures, systems, and components 
important to safety; that is, structures, systems, and components that provide 
reasonable assurance that the facility can be operated without undue risk to the 
health and safety of the public.

• Six major categories:

Overall requirements
Protection by multiple fission product barriers
Protection and reactivity control systems
Fluid systems
Reactor containment
Fuel and reactivity control
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The Single-Failure Criterion

• “Fluid and electric systems are considered to be designed 
against an assumed single failure if neither (1) a single failure 
of any active component (assuming passive components 
function properly) nor (2) a single failure of a passive 
component (assuming active components function properly), 
results in a loss of the capability of the system to perform its
safety functions.”

• The intent is to achieve high reliability (probability of success) 
without quantifying it.

• Looking for the worst possible single failure leads to better 
system understanding.

Source unknown. All rights reserved. This content is excluded from our Creative Commons license. 
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GDC 10 and 11

• Criterion 10--Reactor design. The reactor core and associated coolant, control, and 
protection systems shall be designed with appropriate margin to assure that specified 
acceptable fuel design limits are not exceeded during any condition of normal 
operation, including the effects of anticipated operational occurrences.

• Criterion 11--Reactor inherent protection. The reactor core and associated coolant 
systems shall be designed so that in the power operating range the net effect of the 
prompt inherent nuclear feedback characteristics tends to compensate for a rapid 
increase in reactivity.

Source unknown. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see http://ocw.mit.edu/fairuse.
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GDC 35

• An ECCS must be designed to withstand the following postulated 
LOCA: a double-ended break of the largest reactor coolant line, 
the concurrent loss of offsite power, and a single failure of an
active ECCS component in the worst possible place.

Source unknown. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see http://ocw.mit.edu/fairuse.
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Defense in Depth

“Defense-in-Depth is an element of the Nuclear Regulatory 
Commission’s safety philosophy that employs successive compensatory 
measures to prevent accidents or mitigate damage if a malfunction, 
accident, or naturally caused event occurs at a nuclear facility.”

[Commission’s White Paper, USNRC, 1999]
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DEFENSE-IN-DEPTH MULTILAYER PROTECTION 

FROM FISSION PRODUCTS

NUREG/CR-6042, 1994.
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DEFENSE-IN-DEPTH, SAFETY STRATEGIES

NUREG/CR-6042, 1994.
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Safety Analysis Report Contents

NUREG/CR-6042, 1994.

Chapter 1 Introduction and General Description of Plant
Chapter 2 Site Characteristics
Chapter 3 Design of Structures, Components, Equipment, and Systems
Chapter 4 Reactor
Chapter 5 Reactor Coolant Systems and Connected Systems
Chapter 6 Engineered Safety Features
Chapter 7 Instrumentation and Controls
Chapter 8 Electric Power
Chapter 9 Auxiliary Systems
Chapter 10 Steam and Power Conversion System
Chapter 11 Radioactive Waste Management
Chapter 12 Radiation Protection
Chapter 13 Conduct of Operations
Chapter 14 Initial Test Program
Chapter 15 Accident Analysis
Chapter 16 Technical Specifications
Chapter 17 Quality Assurance
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Design Basis Accidents

NUREG/CR-6042, USNRC, 1994.

• A DBA is a postulated accident that a facility is designed and built to 
withstand without exceeding the offsite exposure guidelines of the 
NRC’s siting regulation (10 CFR Part 100).

• Each DBA includes at least one significant failure of a component.  In 
general, failures beyond those consistent with the single-failure criterion 
are not required (unlike in PRAs).
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POSTULATED ACCIDENTS AND OCCURRENCES

U.S. Atomic Energy Commission, 1973.
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REPRESENTATIVE INITIATING EVENTS 

TO BE ANALYZED IN SECTION 15.X.X OF THE SAR
1. Increase in Heat Removal by the Secondary System

1.1 Feedwater system malfunctions that results in a decrease in feedwater temperature.
1.2 Feedwater system malfunctions that result in an increase in feedwater flow.
1.3 Steam pressure regulator malfunction or failure that results in increasing steam flow.
1.4 Inadvertent opening of a steam generator relief or safety valve.
1.5 Spectrum of steam system piping failures inside and outside of containment in a PWR.

2. Decrease in Heat Removal by the Secondary System
2.1 Steam pressures regulator malfunction or failure that results in decreasing steam flow.
2.2 Loss of external electric load.
2.3 Turbine trip (stop valve closure).
2.4 Inadvertent closure of main steam isolation valves.
2.5 Loss of condenser vacuum.
2.6 Coincident loss of onsite and ext ernal (offsite) a.c. power to the station.
2.7 Loss of normal feedwater flow.
2.8 Feedwater piping break.

3. Decrease in Reactor Coolant System Flow Rate
3.1 Single and multiple reactor coolant pump t rips.
3.2 BWR recirculation loop cont roller malfunctions that result in decreasing flow rate.
3.3 Reactor coolant pump sh aft seizure.
3.4 Reactor coolant pump shaft break.

NUREG/CR-6042, USNRC, 1994.
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REPRESENTATIVE INITIATING EVENTS 

TO BE ANALYZED IN SECTION 15.X.X OF THE SAR (cont.)
4. Reactivity and Power Distribution Anomalies

4.1 Uncontrolled control rod assembly withdraws from a subcritical or low power startup
condition (assuming the mo st unfavorable reactivity conditions of the core and reactor coolant
system), including control rod or temporary control device removal error during refueling.

4.2 Uncontrolled control rod assembly withdraws at the particular power level (assuming the most
unfavorable reactivity conditions of the core and reactor coolant system) that yields the most
severe results (low power to full power).

4.3 Control rod maloperation (system malfunction or operator error), including maloperation of
part length cont rol rods.

4.4 A malfunction or failure of the flow controller in BWR loop that results in an inco rrect
temperature.

4.5 A malfunction or failure of the flow controller in BWR loop that results in an inc reased
reactor coolant flow rate.

4.6 Chemical and volume control system malfunction that results in a decrease in the boron
concentration in the reactor coolant of a PWR.

4.7 Inadvertent loading and operation of a fuel assembly in an improper position.
4.8 Spectrum of rod ejection accidents in a PWR.
4.9 Spectrum of rod drop accidents in a BWR.

5. Increase in Reactor Coolant Inventory
5.1 Inadvertent operation of ECCS during power operations.
5.2 Chemical and volume control system malfunction (or operator error) that increases reactor

coolant inventory
5.3 A number of BWR transients, including items 2.1 through 2.6 and item 1.2.

NUREG/CR-6042, USNRC, 1994.
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REPRESENTATIVE INITIATING EVENTS 

TO BE ANALYZED IN SECTION 15.X.X OF THE SAR (cont.)
6. Decrease in Reactor Coolant Inventory

6.1 Inadvertent opening of a pressurizer safety or relief valve in a PWR or a safety or relief
valve in a BWR.

6.2 Break in instrument line or other lines from reactor coolant pressure boundary that
penetrate containment.

6.3 Steam generator tube failure.
6.4 Spectrum of BWR steam system piping failures outside of containment.
6.5 Loss-of-coolant accidents resulting from the spectrum of postulated piping breaks within

the reactor coolant pressure boundary, including steam line breaks inside of containment in
a BWR.

6.6 A number of BWR transients, including items 2.7, 2.8, and 1.3.
7. Radioactive Release from a Subsystem or Component

7.1 Radioactive gas waste system leak or failure.
7.2 Radioactive liquid waste system leak or failure.
7.3 Postulated radioactive releases due to liquid tank failures.
7.4 Design basis fuel handling accidents in the containment and spent fuel storage buildings.
7.5 Spent fuel cask drop accidents.

NUREG/CR-6042, USNRC, 1994.
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Emergency Core Cooling System (ECCS)
(January 1974, 10 CFR 50.46)

• Postulate several LOCAs of different sizes and locations to provide assurance that 
the most severe LOCAs are considered.

• Postulate concurrent loss of offsite or onsite power and the most damaging single 
failure of ECCS equipment (GDC 35).

• Acceptance Criteria

Peak cladding temperature cannot exceed 2200 ºF (1204 ºC)
Oxidation cannot exceed 17% of cladding thickness
Hydrogen generation from hot cladding-steam interaction cannot 
exceed 1% of its potential
Core geometry must be coolable
Long-term cooling must be provided

Source unknown. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see http://ocw.mit.edu/fairuse.
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Double Ended Guillotine Break

Source unknown. All rights reserved. This content is excluded from our Creative Commons license. 
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Reading and Homework 
Assignment

1. Read Knief Chapter 14

2. Problems:  14.9, 11, 12, 21, 23
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