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• Determinism—The preferred approach to 
safety.
– Probabilism sought since early 1950s.

• Fault-tree methodology borrowed from 
aerospace.
– Much work done in nuclear field.

• WASH-1400 started at request of Congress
– AEC had already initiated study on its own for 

political and technical reasons.



Hanford Reactors
Safety through 

isolation
Reactor Safeguard 

Committee (ACRS)
 Little inherent safety
Defense-in-Depth 

(1948)

Hanford B Reactor





WASH-3: The First Safety 
Standard

D=0.01√P







• Failure to develop “top event” leads to 
focus on component and system reliability 
instead.

• Hanford’s experience unique.   Risk 
quantification not pursued at Savannah 
River—more inherent safety.



Seeing the Forest with Trees

Decision and Fault Trees in the 
1960s







Bell Labs Fault Tree for a Hot Water Heater (1962)

















John Garrick







Steve Hanauer





• WASH-740 Update (1965)
– Congressional Request
– Larger consequences than original study
– Probability calculations fail
– AEC refuses to publish

• Continues funding reliability and risk studies 
through Holmes and Narver and at Idaho lab.

– Regulatory skepticism



Under Siege in the 
1970s

• Antinuclear 
Movement
– Local Opposition
– Low-level 

emissions 
controversy

– ECCS
• NEPA—Class 9 

accidents.
• ATWS

Henry Kendall, Union of Concerned Scientists



Sen. Mike Gravel



Saul Levine



Norm Rasmussen



• WASH-1400

– Launched in March 1972.
• Has political goals (Executive Summary) and 

technical/regulatory.

– Significant advances in methodology by early 
1973. AEC wants PRA analysis group.

– Early results reported in January 1974 by 
Dixie Lee Ray. A big hit but trouble ahead.



Ghillie and Jacques (poodle)
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9 November 2015

NRC Seminar on 
“WASH-1400 and the Origins of PRA 

in the Nuclear Industry”

Robert J. Budnitz 

Energy Geosciences Division
Lawrence Berkeley National Laboratory

University of California
Berkeley CA 94720 USA
<RJBudnitz @ LBL.gov>

WASH-1400: THE FIRST 15 YEARS OF PRA AFTER 
ITS PUBLICATION (REACTION, PROGRESS, 

IMPEDIMENTS, AND WHY)
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Chronology
1972 - 73 Early objections (before the RSS was launched)
1975        Publication of WASH-1400 (RSS) – initial reactions
1975 - 77 Turmoil  -- what do the RSS results mean?
1977 - 78 NRC “Lewis Committee”, RARG (“everybody” testified)
Sept. 1978 RARG report --- endorsed PRA, criticized aspects of RSS
Jan. 1979           NRC Commission “bailed out”–staff and industry reaction
March 1979 Three Mile Island !!
1979 - 80 Reactions to PRA after TMI (positive, negative, ambivalent)
1979 - 83 First industry PRAs, seismic PRA, fire PRA, PRA Procedures

Guide, severe-accident research, AEOD, ASEP, 
PRA and life extension

1986     NRC Safety Goal Policy Statement
1988 - 91 IPE, IPEEE
1990 NUREG-1150
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