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§ Describe two reports

§ NUREG-0612 “Control of Heavy Loads at Nuclear Power Plants” 
(July 1980)

§ NUREG-1174 “A survey of Crane Operating Experience at US 
Nuclear Power Plants” from 1968 through 2002 (June 2003)

Crane safety studies 
at nuclear power plants
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§ The first Part of the presentation deals with the use of fault tree 
analysis to describe Load drop scenarios of heavy loads at 
Nuclear power Plants

§ NUREG-0612 addresses controls for safe movement of heavy 
loads
1. Safe load paths
2. Procedures
3. Crane operator training
4. Special lifting devices
5. Special lifting devices not specially designed
6. Crane inspection and Maintenance

NUREG 0612
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• Damage irradiated uranium fuel

• Cause critically accidents

• Damage safe shutdown equipment

Accidental Drops of Heavy Loads
Consequences 
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§ Above the hook/below the hook

§ Basic Events

§ Human Error Events (e.g., Crane Operator 
Failure, Erroneous Test and Maintenance 
Actions)

§ Equipment Failure (e.g., Structural Failure, 
Control System Failures Leading To Over speed)

TECHNICAL APPROACH 
– FAULT TREE ANALYSIS
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• Events identification and fault tree construction - -
determination of all the ways the polar crane (bridge) system 
could fail:

1. Structural failure while subjected to normal load conditions
2. Structural failure due to excessive load

i) Two-blocking event
ii) Load hang-up event

3. Over speed event - - loss of hoisting of lowering capability              
coupled with loss of brakes

Two blocking event refers to continue to hoist past the limit switch 
position resulting stretching and breaking the wire rope resulting in 
a load drop

STEPS IN STUDY (CONTINUED)
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• Qualitative analysis 
• Find minimal cut sets and establish all single failure events 

leading to system failure

• Probabilistic analysis
1. Find sources of data and determine applicability to nuclear power 

plants

2. Compute probability of the Top Event (Load Drop)

3. Probabilistically rank basic events and min cut sets (i.e., conduct 
a sensitivity analysis)

• Conclusions, recommendations and results.

Steps continued
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LOAD PATH FOR REACTOR HEAD 
AND UPPER INTERNALS REMOVAL

PLAN VIEW
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LOAD PATH FOR REACTOR HEAD 
AND UPPER INTERNALS REMOVAL 

ELEVATION VIEW
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Polar Crane
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Fault Tree Top Event – Sheet 1
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Fault Tree Top Event – Sheet  2
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Qualitative Evaluation
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• Assigning probabilistic data to the basic events

• Computing the probability of the top event (i.e., Probability of 
reactor head/upper internals  drop during refueling)

• Determining the most important basic events and min cuts sets 
that contribute to the load drop event (i.e., conduct an 
importance analysis).

PROBABILISTIC ANALYSIS
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§ After initial lift, it was assumed that as many 10 structural 
elements are in series

§ It was assumed that each element is stressed to the maximum 
allowable stress limit

§ Mean probabilities are given below:
—During lifting of the head (after initial lift), no binding           

3.0 E-7/lift
—Same as above with binding 1.0E-4/lift
—During lifting the upper internals (after initial lift) 

insignificant

Structural Reliability
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§ Human error
§ Equipment failure
§ Structural failures

— Structural failure of the polar crane system
— Structural failure of the reactor head lifting device
— Structural failure of the link assembly on the reactor vessel
— Crane failure        
— Rigging    

PROBABILISTIC DATA FOR BASIC EVENTS
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Causes of Crane Accidents 
United States Department of Navy
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Human Error Probabilities



www.ftaassociates.com 19

Equipment Failure Probabilities
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Reactor Head Probability drop 
per lift
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Basic event importances
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Mean Probabilities of Various Load 
Drop Scenarios per Lift (Best 

Estimate Case) 
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Ranking of Most Important Min 
Cut Sets
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Recommendations
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§ “A survey of Crane Operating Experience at US Nuclear Power 
Plants” from 1968 through 2002 (June 2003)

§ response to a candidate generic issue 186, "Potential Risk and 
Consequences of Heavy Load Drops in Nuclear Power Plants,"

§ Finding of phase 2 NUREG 0612 report 
— Installation of a single failure proof crane not cost effective
— Further action was not required to reduce the risk associated with heavy 

load drops

§ Determine the likelihood and significance of heavy load drops

§ Trend analysis

NUREG-1174
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Single Failure Proof Crane

26
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Reported Crane issues at US 
Nuclear Power Plants
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Trend in crane issues due to 
poor performance
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Crane issue distribution by 
crane type
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Crane types involved in load drops, load 
slips and crane component drops
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Crane events due to hardware 
deficiencies
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Principal reasons for crane 
events
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Safety Effect of crane events
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Load Slip distribution

12 Load slips ---
causes
1. Below the hook
2. Control 

systems
3. Operations and 

engineering

Six load slips 
involved a polar 
crane
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Load Drop Distribution
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Load Drop Incidence Rate
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Basis of Probability Assignment 
for load drop event tree
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Load Drop Event Tree

/YR

PER LIFT

1.5E-3 TO 3.0E-3

5.0E-2 TO 0.1

1.0E-2 TO 5.0E-2

2.0E-2 TO 0.10

0.20 TO 0.50

0.2 TO 0.5

0.2 TO 0.5

0.2 TO 0.5

2.0 E-2 TO 0.10

2.0 E-2 TO 0.10

2.0 E-2 TO 0.10
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Potential Consequences of very 
heavy load drops
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§ Study concluded that BWRs are more susceptible to load drops 
than PWRs because most operations for BWR occur in the 
reactor building – loads are above safety equipment

§ NUREG-1174 was an important reference document for the 
Yucca Mountain project

§ Another reference document 
— Joseph Martore and H. E. Lambert, Heavy Loads Probabilistic Safety 

Assessment, TENERA LP and FTA Associates, Submitted to the National 
Science Foundation, August 1988.

Comments


