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SUMMARY

Many ferries operate in the San Francisco Bay area, and projections seem to indicate that a significant increase in ferry traffic is likely.  The safety of ferry operations is a high-priority issue for the U.S. Coast Guard (Coast Guard), the Port Authority, the ferry companies, mariners responsible for ferry operations, and the public.

Currently, ferries operating in the San Francisco Bay area are only required to have one licensed master on the bridge (with assistance from senior deckhands available as needed).  Recently, other areas of operations (e.g., Boston and Seattle) have begun using two licensed masters on the bridges of ferries. Subsequently, the association of masters in the San Francisco Bay area has requested that ferry companies in this area have two licensed masters on the bridges of their ferries.  The masters seem to be concerned about fatigue and workload in adverse weather/sea/traffic conditions when only one master is on the bridge. The masters do not seem to believe that senior deckhands assisting the master on the bridge can provide the necessary level of support and skill.  Presently, there are no written policies for training senior deckhands to assist masters on bridges.

The ferry companies do not support a policy of having two licensed masters on the bridges of ferries. They seem to believe that the current strategy (with one licensed master and deckhand support) is appropriate and no changes are necessary.

The Coast Guard must mediate this difference of opinion and facilitate resolution through the most appropriate and technically defensible solution.  One relatively recent incident involving a collision could be a case where an additional master on the bridge might have made a difference. Ultimately, the Coast Guard must decide “should a high-speed ferry be required to have two licensed operators.”

To resolve this issue, the Coast Guard needs to understand the impact that an additional master on the bridge would have on future local ferry incident rates (accounting for projected increases in ferry traffic). The Coast Guard will need to develop the following:

· An understanding of what potential mishap scenarios might be significantly affected by an additional master on bridges of ferries

· The magnitude of risk reduction that having an additional master on bridges might afford (through workload sharing, additional monitoring, redundant capability, independent recovery actions, etc.) 

· Any adverse risk impacts of having an additional master on bridges of ferries

Based on the objectives outlined above, EQE International, Inc. (EQE), an ABS Group Company, recommended that the team use a high-level fault tree analysis to identify and prioritize the potential bridge staff mistakes contributing most to the risk of marine casualties. To complement the high-level fault tree analysis, EQE recommended that the team use an error-likely situation checklist to help discover (1) the underlying human factors issues leading to high-risk mistake potentials and (2) how an additional master might affect the error-likely situations.  As a follow-on to the high-level fault tree analysis, EQE recommended that the team develop a human reliability event tree illustrating how each of the two bridge staffing strategies affects the likelihood of adverse consequences.

The project team performed the following six steps to demonstrate the use of fault tree analysis, error-likely situation checklist analysis, and human reliability event tree analysis for providing the risk-based information needed to decide “should a high-speed ferry be required to have two licensed operators.”

1. Verify the decision being addressed

2. Identify the relevant risk-based questions 

3. Describe the risk-based information needed 

4. Perform a fault tree analysis 

5. Perform an error-likely situation checklist analysis 

6. Perform a human reliability event tree analysis
The team identified the following five risk-based questions for addressing the decision discussed above:

1. Overall, is current bridge staffing adequate?

2. Is current bridge staffing adequate during standard operating conditions?

3. Is current bridge staffing adequate during adverse weather?

4. Is current bridge staffing adequate during high-traffic density?

5. What level of risk reduction occurs if another licensed operator is added to the bridge team?


The number and nature of risk-based questions formulated depend entirely on the decision maker or the set of stakeholders involved in the decision.  Question 1 addresses whether the current annual expected number of collisions or cumulative risk is too high.  Specifically, if the cumulative risk is acceptable with the current staffing, then there is no need to impose actions to reduce this risk.


Questions 2 through 4 address whether the instantaneous risk associated with specific situations (i.e., standard operating conditions, adverse weather, high-traffic density) is too high.  Instantaneous risk is the rate of collisions at a particular point in time.  While the cumulative risk (i.e., the instantaneous risk integrated over the time period of interest) over a year might be acceptable, the instantaneous risk for certain situations could be above acceptable limits.  Thus, specific controls might be warranted for these situations.


Question 5 addresses the potential reduction in risk if an additional licensed operator is added to the bridge team.  The cumulative risk obtained in answering Question 1 could be too high.  This would imply the need for some action.  The basic decision being addressed in this study is whether adding a second licensed operator would be sufficient action.

The qualitative results from the fault tree analysis and the error likely checklist analysis were used to develop four human reliability event trees showing the progression of events that can result in a collision, the conditional probabilities for each event, and the expected frequency of collisions during a 1-year period.  The cumulative results from the four human reliability event trees provided in Annex C are summarized in Table S.1. These results provide the basis for generating the needed risk-based information to address the five questions listed above. 

Table S.1  Annual Expected Number of Collisions Involving High-speed Ferries

Type of Vessel Encountered
Annual Expected Number of Collisions


One Licensed Operator
Two Licensed Operators

Uninspected vessels
0.4/yr (see Event Tree 1)
0.2/yr (see Event Tree 3)

Inspected vessels
0.0004/yr (see Event Tree 2)
0.0004/yr (see Event Tree 4)

Total
~0.4/yr
~0.2/yr

The results show that requiring a second licensed operator provides minimal risk reduction (i.e., 0.4 collisions/yr to 0.2 collisions/yr) under the current operating conditions.  In addition, the study shows that the results with one licensed operator are sensitive to increases in the amount of time high-speed ferries are operated under adverse conditions (e.g., adverse weather, high-traffic density) without the licensed operator on the bridge.  

Based on the results, the team established the following suggestions:

· Consider action other than an additional licensed operator to reduce the frequency of collisions. Under the current operating conditions, the frequency of collisions between high-speed ferries and uninspected vessels is expected to be about 0.4/yr or about 10 collisions in 25 years.  The Coast Guard should consider whether this rate needs to be significantly reduced.  Requiring a second licensed operator reduces this risk only slightly.  Therefore, if significant reduction is needed, other actions for reducing the frequency should be considered.

· Consider obtaining a better understanding of the fraction of time that a high-speed ferry will operate under adverse conditions (e.g., adverse weather, high-traffic density) without the licensed operator on the bridge.  This study assumed that the licensed operator will only rarely be off the bridge during adverse conditions.  However, the study also shows that the risk is sensitive to the licensed operator not being on the bridge during adverse conditions. Verifying this assumption will help ensure that a second licensed operator is not needed.
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1.  INTRODUCTION

Many ferries operate in the San Francisco Bay area, and projections seem to indicate that a significant increase in ferry traffic is likely.  The safety of ferry operations is a high-priority issue for the U.S. Coast Guard (Coast Guard), the Port Authority, the ferry companies, mariners responsible for ferry operations, and the public.

Currently, ferries operating in the San Francisco Bay area are only required to have one licensed master on the bridge (with assistance from senior deckhands available as needed).  Recently, other areas of operations (e.g., Boston and Seattle) have begun using two licensed masters on the bridges of ferries. Subsequently, the association of masters in the San Francisco Bay area has requested that ferry companies in this area have two licensed masters on the bridges of their ferries.  The masters seem to be concerned about fatigue and workload in adverse weather/sea/traffic conditions when only one master is on the bridge. The masters do not seem to believe that senior deckhands assisting the master on the bridge can provide the necessary level of support and skill.  Presently, there are no written policies for training senior deckhands to assist masters on bridges.

The ferry companies do not support a policy of having two licensed masters on the bridges of ferries. They seem to believe that the current strategy (with one licensed master and deckhand support) is appropriate and no changes are necessary.  

This report documents the use of human reliability event tree analysis, fault tree analysis, and error-likely situation checklist analysis for understanding (1) the risk of collisions associated with operating high-speed ferries in the San Francisco Bay area and (2) the change in risk if a second licensed operator is required.  Representatives from the Coast Guard’s MSO San Francisco Research and Development Center (R&DC), as well as those from EQE International, Inc. (EQE), teamed to perform this analysis.

2.  OBJECTIVES


The Coast Guard must mediate the difference of opinion between the ferry masters and the ferry companies and facilitate resolution through the most appropriate and technically defensible solution. One relatively recent incident involving a collision could be a case where an additional master on the bridge might have made a difference. Ultimately, the Coast Guard must decide “should a high-speed ferry be required to have two licensed operators.”


To resolve this issue, the Coast Guard needs to understand the impact that an additional master on the bridge would have on future local ferry incident rates (accounting for projected increases in ferry traffic). The Coast Guard will need to develop the following:

· An understanding of what potential mishap scenarios might be significantly affected by an additional master on bridges of ferries

· The magnitude of risk reduction that having an additional master on bridges might afford (through workload sharing, additional monitoring, redundant capability, independent recovery actions, etc.) 

· Any adverse risk impacts of having an additional master on bridges of ferries

3.  APPROACH
Based on the objectives outlined in Section 2, EQE recommended that the team use a high-level fault tree analysis to identify and prioritize the potential bridge staff mistakes contributing most to the risk of marine casualties.  EQE recommended fault tree analysis because of the following characteristics:

· Provides a systematic, highly structured deductive assessment of the loss of concern that can generate a comprehensive review (within the defined scope of the analysis)

· Provides the capability to deal with complex scenario modeling issues 

· Accounts for both equipment failures and human mistakes that lead to consequences of interest 

· Generates qualitative descriptions of potential problems as well as quantitative estimates of relative importances of various contributing events (this analysis will focus on the TOP branches of the tree)

· Graphically portrays the risk information in an effective manner

To complement the high-level fault tree analysis, EQE recommended that the team use an error-likely situation checklist to help discover (1) the underlying human factors issues most significantly affecting the high-risk mistake potentials and (2) how an additional master might affect the error-likely situations.

As a follow-on to the high-level fault tree analysis, EQE recommended that the team develop a human reliability event tree illustrating how each of the two bridge staffing strategies affects the likelihood of adverse consequences.  EQE recommended human reliability analysis because of the following characteristics:

· Provides a systematic, highly structured inductive assessment that begins with an initiating event (i.e., an event, which if unmitigated, will result in one or more losses of concern) and questions what safeguards (human actions and safety equipment) are in place or what phenomenological events might occur that could influence the occurrence of potential losses of concern 

· Primarily performed by an expert analyst working with system experts through interviews and field inspections

· Generates:

1. Qualitative descriptions of sequences of events leading to potential losses

2. Quantitative estimates of failure frequencies and relative importances of various loss sequences

3. Lists of recommendations for reducing risks

4. Quantitative evaluations of recommendation effectiveness

The project team performed the following six steps to demonstrate the use of fault tree analysis, error-likely situation checklist analysis, and human reliability event tree analysis for providing the risk-based information needed to decide “should a high-speed ferry be required to have two licensed operators.”

1. Verify the decision being addressed

2. Identify the relevant risk-based questions 

3. Describe the risk-based information needed 

4. Perform a fault tree analysis 

5. Perform an error-likely situation checklist analysis 

6. Perform a human reliability event tree analysis
The fault tree, error-likely situation checklist, and human reliability event tree analysis techniques work together to provide the needed risk-based information by:

· Fault tree analysis providing a good understanding of how losses involving human actions might occur and some quantitative insights for the TOP branches of the tree

· Error-likely situation checklist analysis providing a review of the events considered in the fault tree analysis to help ensure completeness of the model

· Human reliability event tree analysis providing (1) a concise picture of the progression of a loss sequence involving human actions and (2) the set of prior events that must be considered when quantifying each branch

· Adjusting the depth of implementation of these tools according to the experience of the subject matter experts, extent of available failure data, and time for analysis


Table 3.1 lists the members of the analysis team.


The remainder of this section describes, in more detail, the approach for implementing each of the six steps outlined above.

Table 3.1  Members of the Analysis Team

Team Member
Organization

LCDR Oscar Stallings
MSO San Francisco

LCDR Scott Kuhaneck
Coast Guard R&DC

Vernon Guthrie1
EQE

1Team leader

STEP 1 – VERIFY THE DECISION BEING ADDRESSED  

The analysis team agreed that ultimately the Coast Guard must decide “should a high-speed ferry be required to have two licensed operators.”  The outcome of this decision will affect any requirements, guidance, or mediation the Coast Guard provides to representatives of the high-speed ferry owners and the licensed operators.
STEP 2 – IDENTIFY THE RELEVANT RISK-BASED QUESTIONS 

The team identified the following five risk-based questions for addressing the decision outlined in Step 1.

1. Is current bridge staffing adequate?

2. Is current bridge staffing adequate during standard operating conditions?

3. Is current bridge staffing adequate during adverse weather?

4. Is current bridge staffing adequate during high-traffic density?

5. What level of risk reduction occurs if another licensed operator is added to the bridge team?


The number and nature of risk-based questions formulated depend entirely on the decision maker or the set of stakeholders involved in the decision.  Question 1 addresses whether the current annual expected number of collisions or cumulative risk for all operations associated with the current staffing is too high.  Specifically, if the cumulative risk is acceptable with the current staffing, then there is no need to impose actions to reduce this risk.


Questions 2 through 4 address whether the instantaneous risk associated with specific situations (i.e., standard operating conditions, adverse weather, high-traffic density) is too high.  Instantaneous risk is the risk “exposure or rate” at a point in time.  While the cumulative risk (i.e., the instantaneous risk integrated over the time period of interest) over a year might be acceptable, the instantaneous risk for certain situations could be above acceptable limits.  Thus, specific controls might be warranted for these situations.


Question 5 addresses the potential reduction in risk if an additional licensed operator is added to the bridge team.  The cumulative risk obtained in answering Question 1 could be too high.  This would imply the need for some action.  The basic decision being addressed in this study is whether adding a second licensed operator would be sufficient action.

STEP 3 – DESCRIBE THE RISK-BASED INFORMATION NEEDED

Table 3.2 presents the risk-based information needed to address the questions defined in Step 2. When defining the information needed for decision making, the analysis team had to consider the type of information and its precision, certainty, and development cost. The analysis team agreed that the type of information needed for the base case is “the frequency of high-speed ferry collisions resulting in an equivalent loss of $10,000 or more.”  

Table 3.2
Risk-based Information Needed for the Decision “Should a High-speed Ferry Be Required to Have Two Licensed Operators”

Risk-based Question
Risk-based Information Needed1
Comments2

1. Is current bridge staffing adequate?


1. Base case annual expected number of collisions representing all operating conditions based on current staffing (cumulative, absolute)
This information can be (1) compared to an established risk acceptance criterion for the operation of high-speed ferries or (2) used as a base line for judging the impact of changes to the current approach. 


2. Percent of annual expected number of collisions with inspected vessels (cumulative, relative)
One of the primary benefits of having a licensed operator instead of a senior deckhand is that the licensed operator is trained to use the radar.  However, many uninspected vessels are not detected by radar.  This information will indicate whether the senior deckhands are capable of influencing the majority of the base case result. 

2. Is current bridge staffing adequate during standard operating conditions?


1. Percent of annual expected number of collisions occurring during standard operating conditions (cumulative, relative)
The licensed operator is assumed to be needed most during off-normal conditions.  If most of the annual expected number of collisions are from standard operating conditions, then the implication would be that a licensed operator may not be necessary.  


2. Percent increase in risk when the licensed operator or senior deckhand is unavailable during standard operating conditions (instantaneous, relative)
A large percent increase would indicate that the risk of collisions is sensitive to one of the deck crew leaving the deck.  The issue would then become whether a member of the deck crew leaves the deck often and for how long.



3. Is current bridge staffing adequate during adverse weather?


1. Percent increase in risk during adverse weather (instantaneous, relative)


A large percent increase would indicate that the risk of a collision is sensitive to adverse weather.  The issue would then become the frequency and duration of adverse weather conditions.



Table 3.2
Risk-based Information Needed for the Decision “Should a High-speed Ferry Be Required to Have Two Licensed Operators” (cont’d)

Risk-based Question
Risk-based Information Needed1
Comments2

4. Is current bridge staffing adequate during high-traffic density?

 
1. Percent increase in risk during high-traffic density if high-speed ferries reduce speed  (instantaneous, relative)
A large percent increase would indicate that the risk of a collision is sensitive to high-density traffic at reduced speeds.  The issue would then become the frequency and duration of high-density conditions.



5. 
2. Percent increase in risk during high-traffic density if speed is maintained and both the licensed operator and the senior deckhand are on the bridge (instantaneous, relative)
A large percent increase would indicate that the risk of a collision is sensitive to high-density traffic if speed is maintained.  The issue would then become the frequency and duration of high-density conditions with both the licensed operator and senior deckhand on the bridge.



6. 
3. Percent increase in risk during high-traffic density if speed is maintained and either the licensed operator and the senior deckhand is not on the bridge (instantaneous, relative)
A large percent increase would indicate that the risk of a collision is sensitive to high-density traffic if speed is maintained and either the licensed operator or the senior deckhand is not on the bridge.  The issue would then become the frequency and duration of high-density conditions with either the licensed operator or the senior deckhand not on the bridge.



Table 3.2
Risk-based Information Needed for the Decision “Should a High-speed Ferry Be Required to Have Two Licensed Operators” (cont’d)

Risk-based Question
Risk-based Information Needed1
Comments2

7. What level of risk reduction occurs if another licensed operator is added to the bridge team?

 
1. Percent decrease in risk if another licensed operator is added to bridge team (cumulative, relative)
A large percent decrease would indicate that the risk of a collision is sensitive to having another licensed operator.




2. Percent decrease in risk if the speed is not reduced in situations requiring the licensed operator to leave the bridge  (instantaneous, relative)
A large percent decrease would indicate that the risk of a collision is sensitive to having another licensed operator in situations requiring a licensed operator to leave the bridge and the speed is not reduced.  The issue would then become the frequency and duration of these situations.



1 –
The information presented in parentheses addresses whether the risk-based information described is (1) instantaneous or cumulative and (2) absolute or relative.  A result is cumulative if it represents the likelihood or number of events that occur over a period of time.  A result is instantaneous if it represents the rate of events occurring at a specific time.  A result is absolute if it represents the expected likelihood or expected number of occurrences for an event.  A result is relative if it is presented as a comparison to another event.

2 –
The comments column makes reference to the concept of a “large percent increase.”  Because of the cursory nature of this study the team accepted order-of-magnitude estimates.  To “see” a change in an input value might require a change of a factor of 5 to 10.  Thus, a large percent increase might have to be 500%, 1,000%, or more to be a meaningful change.


The team identified the precision needed for each likelihood as one significant figure.  This is driven by the cursory nature of this study and the expectation that decisions will be made on whether the percentage differences in the results are large or small.


The team did not explicitly identify the confidence needed in each likelihood, basically accepting the confidence that can be provided within the scope of the study.  Because of the cursory nature of this study, the team expected significant uncertainty in the results.  For example, a likelihood estimated at 0.20 might have an actual value of 0.30 or 0.10.  When large uncertainties are expected in the results, it is often the relative and not the absolute results that are of value in decision making.


The team limited the development cost of the study to the 3½ days of team meetings, plus documentation time.  As in any study, the precision and certainty decisions discussed above were significantly influenced by this development cost.

STEP 4 – PERFORM A FAULT TREE ANALYSIS


The analysis team developed a fault tree to qualitatively understand how undesired events could occur for the current situation with one licensed operator. Annex A presents this fault tree with the TOP event “A Collision or Allision Occurs Involving a High-speed Ferry.”  

STEP 5 – PERFORM AN ERROR-LIKELY SITUATION CHECKLIST ANALYSIS


The analysis team performed an error-likely situation checklist analysis to help ensure a thorough consideration of potential human errors during the fault tree development.  Annex B presents the types of error-likely situations most likely to influence how undesired events can occur involving the bridge staff.

STEP 6 – PERFORM A HUMAN RELIABILITY EVENT TREE ANALYSIS


The analysis team performed a human reliability event tree analysis to (1) qualitatively describe how collisions could occur and  (2) quantitatively assess the frequency of collisions involving high-speed ferries.  This analysis involved the development of four human reliability event trees that show the progression of events that can result in a collision, the conditional probabilities for each event, and the expected frequency of collision.  These event trees are presented in Annex C and include:  

Addressing One Licensed Operator

· Event Tree 1: High-speed Ferry on Collision Course with Uninspected Vessel

· Event Tree 2: High-speed Ferry on Collision Course with Inspected Vessel

Addressing Two Licensed Operators

· Event Tree 3: High-speed Ferry on Collision Course with Uninspected Vessel

· Event Tree 4: High-speed Ferry on Collision Course with Inspected Vessel

4.  RESULTS


Table 4.1 presents the annual expected number of collisions involving high-speed ferries based on the results from the four human reliability event trees developed in Annex C.  These cumulative risk results provide the basis for generating the needed risk-based information described in Table 3.2.  The event trees in Annex C show the progression of events that can result in a collision, the conditional probabilities for each event, and the expected frequency of a collision.

Table 4.1  Annual Expected Number of Collisions Involving High-speed Ferries

Type of Vessel Encountered
Annual Expected Number of Collisions


One Licensed Operator
Two Licensed Operators

Uninspected vessels
0.4/yr (see Event Tree 1)
0.2/yr (see Event Tree 3)

Inspected vessels
0.0004/yr (see Event Tree 2)
0.0004/yr (see Event Tree 4)

Total
~0.4/yr
~0.2/yr


Table 4.2 uses the results presented in Table 4.1 and Annex C to provide a result addressing each of the entries in the risk-based information needed column.  In addition, comments are provided to describe the basis for each result.  

Table 4.2
Results and Comments Addressing Each Risk-based Information Need

Risk-based Question
Risk-based Information Needed
Results
Comments

1. Is current bridge staffing adequate?


1. Base case annual expected number of collisions representing all operating conditions based on current staffing (cumulative, absolute)
0.4/yr
This result is the sum of the annual expected number of collision results for the two event trees involving one licensed operator (i.e., 0.4/yr + 0.0004/yr = 0.4/yr).  These event trees are presented in Annex C.


2. Percent of annual expected number of collisions involving collisions with inspected vessels (cumulative, relative)
0.1%
This result is obtained by dividing the annual expected number of collisions with inspected vessels by the base case result presented above (i.e., [{0.0004/yr}/{0.4/yr}] × 100 = 0.1%).

Table 4.2
Results and Comments Addressing Each Risk-based Information Need (cont’d)

Risk-based Question
Risk-based Information Needed
Results
Comments

2. Is current bridge staffing adequate during standard operating conditions?


1. Percent of annual expected number of collisions occurring during standard operating conditions (cumulative, relative)


~100%
The majority of the annual expected number of collisions for the base case is from events occurring during standard operating conditions involving high speeds during standard weather and traffic density.  Specific considerations include:

· Branch point probabilities are dominated by standard conditions

· Crew is more focused during nonstandard conditions


2. Percent increase in risk when the licensed operator or senior deckhand is unavailable during standard operating conditions (instantaneous, relative)
1,000%
This result is obtained by dividing the rate of collisions without the licensed operator (or senior deckhand) by the base case rate of collisions (i.e., [4/yr]/[0.4/yr] × 100 = 1,000%).  The rate without the licensed operator (or senior deckhand) is obtained by removing the second person from the deck. Event C of Event Tree 1 in Annex C indicates that the senior deckhand reduces the likelihood of a collision by about a factor of 10 beyond the impact of the licensed operator.  Thus, with this person gone the instantaneous risk would increase from 0.4/yr to 4/yr.  This approach assumes that the senior deckhand is as effective as the licensed operator in observing uninspected vessels. 

Table 4.2
Results and Comments Addressing Each Risk-based Information Need (cont’d)

Risk-based Question
Risk-based Information Needed
Results
Comments

3. Is current bridge staffing adequate during adverse weather?


1. Percent increase in risk during adverse weather (instantaneous, relative)


~0%
Do not expect to see a measurable increase in the rate of collisions during adverse weather because uninspected vessels are expected to avoid adverse weather, and only a small portion of the base case frequency is from collisions with inspected vessels.   This result assumes that both the licensed operator and the senior deckhand remain on the bridge during adverse weather. 

If either the licensed operator or senior deckhand is not on the bridge during high-speed/adverse weather operations, the rate increases by at least an order of magnitude.  (Note: Operator fails to observe inspected vessel on radar = 0.001, operator fails to see or hear inspected vessel given failure to observe on radar = 0.01, and deckhand fails given operator fails = 0.1.)

Table 4.2
Results and Comments Addressing Each Risk-based Information Need (cont’d)

Risk-based Question
Risk-based Information Needed
Results
Comments

4. Is current bridge staffing adequate during high-traffic density?

 
1. Percent increase in risk during high traffic density if high-speed ferries reduce speed (instantaneous, relative)


~0%
Do not expect to see a measurable increase in the base case rate of collisions during high-density traffic because most of the base case rate of collisions comes from potential collisions with uninspected vessels at high speeds.

5. 
2. Percent increase in risk during high traffic density if speed is maintained and both the licensed operator and the senior deckhand are on the bridge (instantaneous, relative)
1,000%
Because of decreased capability of (1) the licensed operator, (2) the senior deckhand, and/or (3) communication from other vessels during high-traffic density, the base case rate of collisions is expected to increase by an order of magnitude.

6. 
3. Percent increase in risk during high traffic density if speed is maintained and either the licensed operator and the senior deckhand is not on the bridge (instantaneous, relative)
10,000%
Because of decreased capability to observe an increased number of uninspected vessels, the base case rate of collisions is expected to increase by two (or more) orders of magnitude.

5.
What level of risk reduction occurs if another licensed operator is added to the bridge team?

 
1. Percent decrease in risk if another licensed operator is added to bridge team (cumulative, relative)
-50%
This result is obtained by subtracting the base case annual expected number of collisions from the annual expected number of collisions with two licensed operators and then dividing by the base case frequency (i.e., [0.2/yr] – [0.4/yr]/[0.4/yr] × 100 = -50%).


2. Percent decrease in risk if the speed is not reduced in situations requiring the licensed operator to leave the bridge  (instantaneous, relative)
-90%
When the licensed operator leaves the bridge in the base case, there is an order-of-magnitude increase in the rate of collisions (see 2.2 above).  With a second licensed operator this increase would not be seen.  Thus, there is an order-of-magnitude difference in the rate for these situations (i.e., [{0.4/yr-4/yr}/{4/yr}] × 100 = -90%).

5.  OBSERVATIONS


Table 5.1 presents some observations on the results provided in Section 4.  Information from Table 4.2 is included here for convenience. 

Table 5.1  Observations on the Results 

Risk-based Question
Risk-based Information Needed
Results
Observations

1. Is current bridge staffing adequate?


1. Base case annual expected number of collisions representing all operating conditions based on current staffing (cumulative, absolute)
0.4/yr
This annual expected number of collisions seems high enough to cause concern.  The question then becomes, would a second licensed operator significantly decrease this frequency?




2. Percent of annual expected number of collisions with inspected vessels (cumulative, relative)
0.1%
Because most of the base case annual expected number of collisions are not influenced by the more advanced skills (e.g., reading radar), this result indicates that the senior deckhands are capable of influencing the majority of the base case frequency.

2. Is current bridge staffing adequate during standard operating conditions?


1. Percent of annual expected number of collisions occurring during standard operating conditions (cumulative, relative)


~100%
The licensed operator is assumed to be most needed during off-normal conditions. Because most of the base case annual expected number of collisions are from standard operating conditions, the implication is that a licensed operator may not be necessary.


2. Percent increase in risk when the licensed operator or senior deckhand is unavailable during standard operating conditions (instantaneous, relative)
1,000%
This large percent increase indicates that the risk of collisions is sensitive to one of the deck crew leaving the deck.  The issue now becomes whether a member of the deck crew leaves the deck often and if so, for how long.

Table 5.1  Observations on the Results (cont’d)

Risk-based Question
Risk-based Information Needed
Results
Observations

3. Is current bridge staffing adequate during adverse weather?


1. Percent increase in risk during adverse weather (instantaneous, relative)


~0%
This small increase indicates that the risk of a collision is not sensitive to adverse weather because the uninspected vessels are expected to avoid the adverse weather.



4. Is current bridge staffing adequate during high-traffic density?

 
1. Percent increase in risk during high traffic density if high-speed ferries reduce speed (instantaneous, relative)
~0%
This small increase indicates that the risk of collision is not sensitive to high-density traffic if high-speed ferries reduce speed. 



2. 
2.
Percent increase in risk during high traffic density if speed is maintained and both the licensed operator and the senior deckhand are on the bridge (instantaneous, relative)
1,000%
This large percent increase indicates that the risk of a collision is sensitive to high-density traffic if speed is maintained.  The issue now becomes the frequency and duration of high-density conditions with both the licensed operator and the senior deckhand on the bridge.



3. 
3.
Percent increase in risk during high traffic density if speed is maintained and either the licensed operator and the senior deckhand is not on the bridge (instantaneous, relative)
10,000%
This large percent increase indicates that the risk of a collision is sensitive to high-density traffic if speed is maintained and either the licensed operator or the senior deckhand is not on the bridge.  The issue now becomes the frequency and duration of high-density conditions with either the licensed operator or the senior deckhand not on the bridge.



Table 5.1  Observations on the Results (cont’d)

Risk-based Question
Risk-based Information Needed
Results
Observations

5. What level of risk reduction occurs if another licensed operator is added to the bridge team?

 
1. Percent decrease in risk if another licensed operator is added to bridge team (cumulative, relative)
-50%
Because of the order-of-magnitude estimates made in this study, a 50% decrease is a relatively small decrease. This small percent decrease indicates that the risk of a collision is not sensitive to having another licensed operator.




2. Percent decrease in risk if the speed is not reduced in situations requiring the licensed operator to leave the bridge  (instantaneous, relative)
-90%
This large percent decrease indicates that the risk of a collision is sensitive to having another licensed operator in situations where a licensed operator leaves the bridge and the speed is not reduced.  The issue now becomes the frequency and duration of these situations.



In general, adding a second licensed operator results in only a small decrease in the risk of collision unless the licensed operator leaves the bridge during adverse operating conditions (e.g., adverse weather, high-traffic density) and the ferry continues high-speed operations.   

6.  CONCLUSION

Requiring a second licensed operator provides minimal risk reduction under the current operating conditions.  In addition, the study shows that the result with one licensed operator is sensitive to increases in the amount of time high-speed ferries are operated under adverse conditions (e.g., adverse weather, high traffic density) without the licensed operator or the bridge.

Based on the results, the team established the following suggestions:

· Consider action other than an additional licensed operator to reduce the frequency of collisions. Under the current operating conditions, the frequency of collisions between high-speed ferries and uninspected vessels is expected to be about 0.4/yr or about 10 collisions in 25 years.  The Coast Guard should consider whether this rate needs to be significantly reduced.  Requiring a second licensed operator reduces this risk only slightly.  Therefore, if significant reduction is needed, other actions for reducing the frequency should be considered.

.

· Consider obtaining a better understanding of the fraction of time that a high-speed ferry will operate under adverse conditions (e.g., adverse weather, high-traffic density) without the licensed operator on the bridge.  This study assumed that the licensed operator will only rarely be off the bridge during adverse conditions.  However, the study also shows that the risk is sensitive to the licensed operator not being on the bridge during adverse conditions. Verifying this assumption will help ensure that a second licensed operator is not needed.


This analysis demonstrated the process of defining the risk-based decision being made and identifying the risk-based questions that needed to be addressed to make the decision.  In addition, the analysis identified the information needed to address each question and provided this information using human reliability event tree analysis, fault tree analysis, and error-likely situation checklist analysis.


The human reliability event tree analysis tool was an excellent means to (1) graphically document the progression of events leading to a possible collision, (2) quantify these conditional events, and (3) provide the information needed to address a wide variety of risk-based questions.  In addition, the error-likely situation checklist analysis and the fault tree analysis tools allowed the analysis team to identify the types of human errors most relevant to this study and to graphically depict how a collision could occur. 


The risk-based decisions facing the Coast Guard vary significantly.  Providing the information needed with adequate certainty and precision, while controlling development costs at the same time, requires a wide variety of analysis tools.  This analysis demonstrated that each of the three analysis tools is valuable in providing the information needed for decision making.

ANNEX A

Fault Tree for High-speed Ferry Collisions (One Licensed Operator)

The team developed this fault tree as an aid in understanding how collisions can occur.  In addition, the team began quantifying the fault tree.  This effort was stopped when it became obvious that the basic events in the fault tree could not be treated as independent events.  Because events trees are designed to handle conditional events, the team’s quantification efforts focused on the event trees provided in Annex C.

Ten of the branches of the fault tree end with a transfer event (i.e., T1 through T10).  These transfers are developed in OR logic lists attached to the fault tree.

Note:  Output for hard copy of fault trees was printed from SAPHIRE™.  Electronic copy of fault trees is in Microsoft® Word.
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Fault Tree for High-speed Ferry Collisions (One Licensed Operator)

(Contd.)

Transfer Gates from page A-4*

T1: High-speed Ferry Fails to Observe Uninspected Vessel on Radar

· Not visible on radar

· Radar not available (only valid operations daytime/good weather)

· Operator fails to look at radar

· Operator misreads radar

T2: High-speed Ferry Fails to Observe (See or Hear) Uninspected Vessel

· Not identifiable

· Blind spots

· Island

· Other vessel

· Blends with environment 

· Not lighted

· No horns sounding

· Identifiable but not observed

· Sited but not distinguished

· Inadequate training

· Not sited 

· Inadequate lookout

· Operator preoccupied

· Deckhand not available

· Incompetent lookout

· Inadequate training

· Inadequate vision

· Inadequate hearing

T3: No Communication to High-speed Ferry from Other Vessels

· No other vessels present

· Other vessels present but do not communicate

T4: No Communication to High-speed Ferry from the Uninspected Vessel in Its Path

· No capability to communicate

· Failure to observe high-speed ferry

· Failure to adequately communicate

· Panic

Fault Tree for High-speed Ferry Collisions (One Licensed Operator)

(Contd.)

T5: No Execution by High-speed Ferry to Maneuver

· Decision to not maneuver

· Misperception of threat

· Insufficient information

· Deckhand following orders to maintain course and speed

· Failure to execute decision to maneuver

· Panic by operator

T6: Inappropriate Execution by High-speed Ferry to Maneuver

· Inadequate equipment response (not developed further because it is not the focus of this analysis)

· Inadequate operator response

· Insufficient response (response is consistent with maneuvering decision but it is insufficient)

· Inappropriate response (response is inconsistent with maneuvering decision)

Transfer Gates from page A-5*

T7: Uninspected Vessel Fails to Observe (See or Hear) High-speed Ferry

· Not identifiable (cannot see or hear high-speed ferry)

· Identifiable but not observed

T8: Uninspected Vessel Receives No Communication from High-speed Ferry

· No communication from high-speed ferry

· No response to communication from high-speed ferry

· No response to horn

· No response to radio 

· No response to loud hailer

T9: No Execution by Uninspected Vessel to Maneuver

· Decision to not maneuver

· Failure to execute decision to maneuver

T10: Inappropriate Execution by Uninspected Vessel to Maneuver

· Inadequate equipment response

· Inadequate operator response

* All entries listed under each transfer gate are in OR logic.  Therefore, each listed entry can cause the associated transfer gate to occur.

ANNEX B

Error-likely Situation Checklist Analysis

The analysis team performed an error-likely situation checklist analysis to help ensure a thorough consideration of potential human errors during the fault tree development.  The following list presents the types of error-likely situations most likely to influence how undesired events can occur involving the bridge staff.

· Deficient procedures

· Insufficient knowledge

· Conflicting priorities

· Policy/practice discrepancies

· Training

· Authority to shut down

· Poor communication

· Excessive mental tasks

· Opportunities for error

· Inadequate tools

· Inadequate physical restrictions

· Color blind

· Hearing impaired

ANNEX C

Human Reliability Event Trees for High-speed Ferry Collisions
This analysis involved the development of four human reliability event trees that show the progression of events that can result in a collision, the conditional probabilities for each event, and the expected frequency of collision.  These event trees include:  

Addressing One Licensed Operator

· Event Tree 1: High-speed Ferry on Collision Course with Uninspected Vessel

· Event Tree 2: High-speed Ferry on Collision Course with Inspected Vessel

Addressing Two Licensed Operators

· Event Tree 3: High-speed Ferry on Collision Course with Uninspected Vessel

· Event Tree 4: High-speed Ferry on Collision Course with Inspected Vessel
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