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Basic Level Cause Map - Start with simple Why questions.

More Detailed Cause Map 
Add detail as information becomes available.
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What's the 
Problem?

Why did it 
happen?

What will be 
done?

Cause Mapping is a Root Cause Analysis method that captures 
basic cause-and-effect relationships supported with evidence.
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sub unable to deploy

Problem Solving • Incident Investigation • Root Cause Analysis

More Detailed Cause-and-Effect

The bolt was left behind after a routine, annual inspection.  Because of the great potential for damage 
when foreign objects remain within equipment, detailed procedures are used for these inspections 
and include a log of all equipment brought into the area and a protective tent to keep objects from 
falling in.  Details of what went wrong that resulted in the bolt falling into the main reduction gear were 
not released, but the inspection was reported to have "inadequate prep and oversight" which likely 
contributed to the issue.

After the propulsion shaft was turned back on, noise indicated that there was a problem.  However, 
the shaft was left to operate for two days in a failed attempt at troubleshooting.  It's likely that this 
increased the damage to the main reduction gear.  It is unknown what procedures were - or should 
have been - in place for troubleshooting, but the actions taken as a result of this incident suggest that 
proper procedures were not followed once the damage was suspected.

"This was an avoidable mishap."
- Vice Admiral Richardson
Head of Submarine Forces

A $3 bolt was left in the main reduction gear of the USS Georgia 
after a routine inspection.  The extensive damage caused by the 
bolt resulted in 3 months in the shipyard for the submarine, 
causing it to miss deployment.

Basic Cause-and-Effect
The propulsion shaft was left to operate for 
two days after sounds indicated that there was 
something wrong.  This may have increased 
the damage to the main reduction gear -
damage which cost $2.2 million.

Property Goal
Impact

$3 bolt causes $2.2 million 
damage to US submarine

Effect Cause

Evidence:

Solution:

For a free copy of our Root Cause Analysis Template in 
Microsoft Excel, used to create this page, visit our web site.
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Investigate Problems. Prevent Problems.

In this case, members of the crew who were found to not have performed their job -
possibly by not following proper procedure - were punished in varying ways.  It is 
likely that the investigation went into great detail about whether procedures were 
adequate, what steps were not followed, and why, and the results also used to 
improve procedures for the next inspection.

Customer 
Service Goal 

Impacted

Submarine 
unavailable 

for 
deployment

Property
Goal

Impacted

Damage to 
main 

reduction 
gear3 months in

shipyard

Production 
Goal

Impacted

Labor
Goal

Impacted

Repairs to 
main 

reduction 
gear

Propulsion 
shaft operating 
for 2 days with 

bolt inside

Bolt in main 
reduction 

gear

Propulsion 
shaft 

continued to 
be operated

Attempting 
to figure out 

problem

Bolt left in main 
reduction gear 
after inspection

"Inadequate
prep, 

oversight"

Used during 
annual 
routine 

inspection

Bolt not 
logged?

Bolt fell into 
main 

reduction 
gear

Unaware 
bolt in main
reduction 

gear

Protections did 
not prevent 
item from 
falling in 

?

AND

AND

AND

AND

Troubleshooting
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What Problem(s) Main reduction gear, missed deployment

When Date December 28, 2010
Different, unusual, unique Bolt left in gear housing

Where State, city Kings Bay, Georgia
Facility, site USS Georgia
Task being performed Periodic inspection of main reduction gear 

assembly

Impact to the Goals
Safety ?

Environmental ?

Customer Service Submarine unavailable for deployment

Production-Schedule 3 months in shipyard
Property, Equip, Mtls Damage to main reduction gear
Labor, Time Repairs to main reduction gear

$2.2 million

Frequency Last main reduction gear damage due to 

foreign object in 2008 on USS San Juan


