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SUMMARY


Marine Safety Office (MSO) Charleston is concerned about the risk associated with operating high-capacity passenger vessels (gaming vessels) out of Myrtle Beach to points three miles offshore. Two gaming vessels currently operate out of Myrtle Beach.  Each can carry 600 people on board; however, an average of 250 is more common.  The risk-based decision being addressed is “Should the Coast Guard require additional safeguards to help prevent deaths from hypothermia if people have to abandon ship?”  To address this decision, MSO Charleston wants to identify alternative rescue strategies and analyze the effects of these strategies given that a gaming vessel experiences a catastrophic event requiring the passengers and crew to abandon ship into the water.  The probability of a catastrophic event actually occurring is beyond the scope of this study.


To provide the needed information, the team defined the following risk-based questions:

· Are the existing Coast Guard resources and other safeguards adequate?

· What is the benefit of requiring inflatable buoyancy apparatuses (IBAs) on the gaming vessels?

· What is the benefit of requiring the gaming vessels to be within 20 minutes of each other?


This report documents the use of the event tree analysis tool for determining the likelihood that certain rescue and safeguard strategies will result in a successful rescue.  Representatives from the Coast Guard’s MSO Charleston and Research and Development Center (R&DC), as well as those from EQE International, Inc., teamed to perform this analysis. This event tree analysis was conducted based on the following assumptions:

· All passengers and crew will don a properly used personal flotation device prior to abandoning ship

· Death is caused from hypothermia
· The crew of both gaming vessels is properly trained to pull people out of the water


Table S.1 presents the risk-based information generated to answer each of the three risk-based questions specified above.  The information focuses on the likelihood of rescue given a catastrophic event has caused all on board to enter the water. This table is the primary work product from this analysis.

Table S.1  Risk-based Information Addressing Each Question

Question
Risk-based Information


Likelihood that all on board are rescued

(no hypothermia deaths)
Likelihood that 93% of all on board are rescued

(not more than 7% hypothermia deaths)


CASE I

600

on board
CASE II

250

on board
CASE III

600

on board
CASE IV

250

on board

1.  Are the existing Coast Guard resources and other safeguards adequate?
10%
23%
*
26%

2.  What is the benefit of requiring IBAs on the gaming vessels?
73%
*
*
*

3.  What is the benefit of requiring the gaming vessels to be within 20 minutes of each other?
17%
*
*
*

*Case was not analyzed


The following paragraphs provide observations on the results for each question.

· Question 1:  Are the existing Coast Guard resources and other safeguards adequate? The result for Case I indicates that there is only about a 10% chance of “all rescued” with 600 on board.  Also, the result for Case II indicates that the likelihood of “all rescued” increases to only about 23% with 250 on board.  Finally, reducing the requirement in Case II from “all rescued” to “93% rescued” in Case IV only increases the likelihood of success by 3 percentage points to 26% with 250 on board. Therefore, requiring rescue of only “93%” instead of “all on board” has little impact on the results.  While Case III was not analyzed, the analysis team expects that the difference between the cases with 600 on board would be similar to the difference between the cases with 250 on board. Because more people would have to be rescued within the same time period, the increase for Case III will be even less than the 3-percentage-point increase for Case IV.

· Question 2: What is the benefit of requiring IBAs on the gaming vessels? Case I, which requires IBAs on the vessels, increases the likelihood of “all rescued” from 10% to 73%. The factor of 7 difference in the results for Question 1 and Question 2 indicates a clear benefit to having the IBAs.  The IBAs essentially provide the equivalent of immediate onsite rescue vessels, allowing people in the water to rapidly get out of the water and avoid much of the danger from hypothermia. While not analyzed, the team expects that the other three cases would have even higher success probabilities.  Also, the cases involving only 250 on board are expected to have higher success probabilities than the cases involving 600 on board. 

· Question 3: What is the benefit of requiring the gaming vessels to be within 20 minutes of each other?  Case I, which requires that the gaming vessels be within 20 minutes of each other, increases the likelihood of “all rescued” from 10% to 17%.  The 7 percentage point increase in the likelihood of successful rescue from Question 1 to Question 3 indicates only a marginal benefit to requiring the gaming vessels to always be within 20 minutes of each other.  An important factor limiting this benefit is the fraction of time that the vessels are operating in cold water and at night.  The analysis team expects that this difference would be similar for the case with 250 on board.  Also, based on the previous observation, the analysis team does not believe that lowering the goal to 93% rescued will significantly affect the rescue success rate if the gaming vessels are stationed within 20 minutes of each other.


Requiring IBAs has the greatest effect on the likelihood of rescue given that a catastrophic event occurred on a gaming vessel.  The IBAs make a significant difference by providing a means for getting people out of the water immediately.  Performing a more detailed study could improve the confidence in the individual case results; however, the analysis team believes that the relative results (e.g., the factor of 7 improvement from requiring IBAs on board) from this study would not change significantly. 


Methods for retrieving people from the water when gaming vessels do not have IBAs require substantially more time.  This additional time significantly increases the chance of death from hypothermia and results in a relatively low likelihood of successfully rescuing either all or the majority of the people in the water.


The event tree analysis tool employed for this project worked well in assessing alternative rescue strategies and in identifying the probable outcomes. This tool appears to be well suited for providing risk information for addressing event-oriented mishaps of interest.
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1.  INTRODUCTION


Marine Safety Office (MSO) Charleston is responsible for port operations in Myrtle Beach. Currently, two high-capacity passenger vessels (used for offshore gaming) operate out of Myrtle Beach to points at least three miles from shore.  These vessels are individually rated for 600 people, operate year-round during the day and at night, and have limited onboard rescue equipment beyond personal flotation devices.  The vessel crew is trained to retrieve people from the water. The vessels are regularly inspected by MSO personnel; however, the Coast Guard is concerned about the risk to passengers and crew if everyone must abandon ship while at least three miles from shore.


The nearest floating Coast Guard assets are in Elizabeth City and Charleston.  In perfect weather conditions during the day, the nearest floating asset requires 45 to 60 minutes to respond to the likely location of a distressed gaming vessel.  The nearest air assets are in Elizabeth City and Savannah, and these require 45 minutes to respond, weather permitting.  The Coast Guard is concerned that its current response capabilities might be inadequate given a catastrophic event in this location.  Therefore, the Coast Guard is interested in exploring the following:

· Other types of response strategies to a catastrophic gaming vessel event

· Outcomes of these alternative response strategies and the level of loss associated with each alternative strategy


This report documents the use of the event tree logic modeling tool for understanding the risk associated with operating high-capacity passenger vessels out of Myrtle Beach.   Representatives from the Coast Guard’s MSO Charleston and Research and Development Center (R&DC), as well as those from EQE International, Inc. (EQE), teamed to perform this analysis.

2.  OBJECTIVES

The objectives for this analysis included the following:

· Using a logic modeling tool (event tree analysis) to help Coast Guard personnel qualitatively and quantitatively understand the risk to people on high-capacity passenger vessels operating from Myrtle Beach

· Considering alternative response strategies and the effect these alternatives have on risk

· Helping MSO Charleston personnel become more familiar and more comfortable with risk analysis as a valuable addition to decision-making processes

3.  APPROACH

For this analysis, the Coast Guard’s primary objective was to identify alternative response strategies and the different outcomes associated with each alternative given that a catastrophic event occurs to one of the gaming vessels while it is three miles offshore.  This includes assessing the effects of multiple safeguards for each scenario.  According to the Risk-based Decision-making Guidelines, an event tree analysis approach is appropriate to address these possible outcomes while considering the effects of the various safeguards (lines of assurance).


An event tree analysis is built on the following seven steps:

Step 1 – Define the activity of interest

Step 2 – Identify the initiating event of interest

Step 3 – Identify lines of assurance and physical phenomena

Step 4 – Define mishap scenarios

Step 5 – Analyze mishap sequence outcomes

Step 6 – Summarize results

Step 7 – Use the results in decision making


These steps are consistent with the steps outlined for an event tree analysis in the Risk-based Decision-making Guidelines. 

Table 3.1 lists the members of the analysis team.


The remainder of this section describes, in more detail, the stakeholders’ approach for implementing each of the seven steps of the event tree analysis tool.

Table 3.1  Members of the Analysis Team

Team Member
Organization

Brian Dolph
Coast Guard R&DC

Dave Jersey
Group Charleston

Roger Smith
MSO Charleston

Mike Spence
MSO Charleston

Vernon Guthrie1
EQE 

1Team leader

STEP 1 – DEFINE THE ACTIVITY OF INTEREST


Defining the activity of interest requires:

· Understanding the risk-based decision(s) being made

· Determining the questions that the risk analysis needs to answer to influence the decision(s)

· Defining the risk-based information (i.e., information type, precision, certainty, and development cost) that will answer the questions


The Decision.  The risk-based decision facing the Coast Guard for a gaming vessel operating three miles offshore of Myrtle Beach is “Should the Coast Guard require additional safeguards to help prevent deaths from hypothermia if people have to abandon ship?”


The Questions.  After defining the decision, the analysis team generated the following risk-based questions:

· Are the existing Coast Guard resources and other safeguards adequate?

· What is the benefit of requiring inflatable buoyancy apparatuses (IBAs) on the gaming vessels?

· What is the benefit of requiring the gaming vessels to be within 20 minutes of each other?


These questions are designed so that their answers will provide the risk-based information judged by the analysis team to be most needed for decision making.  In addressing these questions, the analysis team considered the potential influence of air support, fishing vessels, and recreational boaters.


The analysis team identified several other questions designed to obtain useful risk-based information; however, the 3½ days allotted to conduct this analysis were insufficient to explore the other questions. If necessary, this analysis could be augmented by exploring the other questions identified by this analysis team:  

· What is the benefit of providing additional Coast Guard capabilities and assets at various locations?

· What is the benefit of requiring the gaming vessels to permanently moor in Myrtle Beach?

· What is the benefit of requiring life boats on the gaming vessels?

· What is the benefit of prepositioning IBAs with Coast Guard air assets for air drops, when needed?

· What is the benefit of requiring embarkation nets on the gaming vessels?

· What is the benefit of requiring space blankets with IBAs?

· What is the benefit of requiring the gaming vessels to communicate with the Coast Guard every 30 minutes or whenever a problem occurs so that Coast Guard assets can be enroute quickly?

· What is the benefit of formalizing mutual aid agreements with fishing vessels and recreational boaters?


The Information.  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 each question is “the likelihood of successful rescue given a catastrophic event has caused all on board to enter the water.”  The analysis team believed the likelihood of successful rescue would vary depending upon (1) whether all those on board or 93% of those on board must be rescued to consider the rescue operation a success and 
(2) whether the gaming vessel has 600 people (maximum capacity) or 250 people (average complement) on board. Table 3.2 presents the information the analysis team identified as potentially useful in addressing each question and designates the information selected for analysis with an S.  

Table 3.2  Selected Risk-based Information for Addressing Each Question

Question
Risk-based Information


Likelihood that all on board are rescued

(no hypothermia deaths)
Likelihood that 93% of all on board are rescued

(not more than 7% hypothermia deaths)


CASE I

600

on board
CASE II

250

on board
CASE III

600

on board
CASE IV

250

on board

Are the existing Coast Guard resources and other safeguards adequate?
S
S
*
S

What is the benefit of requiring IBAs on the gaming vessels?
S
*
*
*

What is the benefit of requiring the gaming vessels to be within 20 minutes of each other?
S
*
*
*

S:  Selected

*Case was not selected


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.  Because of the cursory nature of this study, the team would expect significant uncertainty in the results.  For example, a likelihood estimated at 20% might have an actual value of 30% or 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 2 – IDENTIFY THE INITIATING EVENT OF INTEREST


The initiating event of interest could be any type of catastrophic event – from a vessel fire to a collision – resulting in all people on board the vessel abandoning ship into the water.  The frequency of the catastrophic event actually occurring was beyond the scope of the event tree analysis.  A separate event tree analysis was conducted for each selected case shown in Table 3.2.  Annex A presents the five actual event trees developed during this analysis.

STEP 3 – IDENTIFY LINES OF ASSURANCE AND PHYSICAL PHENOMENA


This is the step in which the subject matter experts identify the operational safeguards, as well as the specific physical phenomena (weather conditions, time of day, water temperature, etc.) affecting this scenario.  An understanding of the chronology of safeguard use and when the physical phenomena are important in the loss sequence is essential.


In this analysis, subject matter experts suggested several lines of assurance and physical phenomena. An event tree begins with the initiating event and branches at each line of assurance or physical phenomena. The upward branch reflects the success of the line of assurance or the existence of the specified physical phenomena.  For example, one of the first relevant physical phenomenon identified was the water temperature ( 60 (F.  The upward branch for this physical phenomenon indicates that the water temperature is greater than 60 (F, and higher water temperatures ultimately reduce the risk of hypothermia. The lines of assurance and physical phenomena considered in the event tree analysis included the following:

· Warm water

· Daytime

· Second gaming vessel on site within 20 minutes

· Other vessels on site within 20 minutes

· Other (including Coast Guard) vessels on site within 60 minutes

· People successfully into IBAs

· Successful rescue prior to hypothermia


If IBAs are not available, the response time needed for rescuers to arrive at the scene of the event, find all of the drifting victims, and pull the victims into the rescue craft would be the largest factor in determining whether the rescue would be successful.  The rescue craft could be the other gaming vessel, vessels of opportunity in the area, and Coast Guard assets in the area or responding from the nearest stations.  Because few other vessels operate in this area, the analysis team expected the best chance for rescue to come from the other gaming vessel operating nearby.  If the other gaming vessel was not nearby, then the next best chance of rescue is from a Coast Guard floating asset stationed at either Charleston or Elizabeth City.  
STEP 4 – DEFINE MISHAP SCENARIOS


In this step, the analysis team determines the mishap progression through the lines of assurance and physical phenomena.  As each line of assurance or physical phenomenon is approached, the analysis team determines the subsequent path based on the success/failure of the previous lines of assurance or the existence/absence of other physical phenomena.  Each path ends with either successful or unsuccessful rescue of the people.


Part of this step involves assigning probabilities of success for each of the lines of assurance and physical phenomena.  For example, the water temperature three miles offshore is expected to be greater than 60 (F (success) about 40% of the time while the gaming vessels are operating. Therefore, the mishap progression through this physical phenomenon involves a probability of success of 0.40.  Sometimes, the probability of success through a line of assurance is 0.  In these cases, the line of assurance, as defined, will never succeed.  When the probability of success is 0, a straight line will usually be drawn, rather than a branch with an upward path showing 0 and the downward path showing 1.0.

STEP 5 – ANALYZE MISHAP SEQUENCE OUTCOMES


The event tree analysis identifies several dozen loss sequences based on the mishap progression through each line of assurance and physical phenomenon.  The probability of occurrence of each loss sequence is based on the product of all of the preceding probabilities experienced by the particular mishap progression through each line of assurance and physical phenomenon.


Once all of the outcomes for a given case are explored, the probabilities of all of the “successful” outcomes are summed, and the probabilities of all of the “failure” outcomes are summed.  This yields the aggregate “success” and “failure” probabilities for the case.

STEP 6 – SUMMARIZE RESULTS


See Table 4.1 for the probability of success for each of the selected cases.

STEP 7 – USE THE RESULTS IN DECISION MAKING


The event tree analysis identified several lines of assurance that significantly impact the probability of a successful outcome given a catastrophic event aboard a high-capacity passenger vessel three miles offshore of Myrtle Beach.  The Coast Guard can use these results to determine whether the risk is acceptable to the Coast Guard.

4.  RESULTS


Table 4.1 presents the risk-based information generated to answer each of the three risk-based questions specified in Step 1 of Section 3.  The information focuses on the likelihood of rescue given a catastrophic event has caused all on board to enter the water.  This table is the primary work product from this analysis.

Table 4.1  Risk-based Information Addressing Each Question

Question
Risk-based Information


Likelihood that all on board are rescued

(no hypothermia deaths)
Likelihood that 93% of all on board are rescued

(not more than 7% hypothermia deaths)


CASE I

600

on board
CASE II

250

on board
CASE III

600

on board
CASE IV

250

on board

1.  Are the existing Coast Guard resources and other safeguards adequate?
10%
23%
*
26%

2.  What is the benefit of requiring IBAs on the gaming vessels?
73%
*
*
*

3.  What is the benefit of requiring the gaming vessels to be within 20 minutes of each other?
17%
*
*
*

*Case was not analyzed

5.  OBSERVATIONS


The following paragraphs provide observations about what results were provided, the precision of the results, and the confidence in the results.  In addition, observations are made about the results for each of the three questions addressed by the study.

· Completeness of the results: As shown in Table 4.1, each question could provide up to four results to aid in answering the question. Because of analysis time constraints, several cases in Table 4.1 were not directly analyzed.  For the first question, the team generated results for three of the four cases.  However, for the second and third questions, the only results the team generated were for the case  “all 600 people rescued.”  Another way of looking at the results is that the team generated results for four of the six cases involving the rescue of all who were on board, and only one of the six cases involving the rescue of 93% of all who were on board. 

· Precision of the results: These results are based on the experience of the subject matter experts and available data (hypothermia tables, known water temperature trends, etc.). The results are presented to two figures; however, the data support no more than one significant figure.  

· Confidence in the results: The team did not explicitly identify the confidence needed in each likelihood.  Because of the cursory nature of this study, there is significant uncertainty in the results.  For example, a likelihood estimated at 20% might have an actual value between 30% or 10%.  The large uncertainties in the results reduce the value of the absolute numbers for decision making.  However, the large relative differences between some of the results makes a relative comparison of the results valuable in decision making. For example, there is about a factor of 7 difference in the results for Case 1.I and Case 2.I. This  indicates a clear benefit to having the IBAs on board.

· Question 1:  Are the existing Coast Guard resources and other safeguards adequate? The result for Case I indicates that there is only about a 10% chance of “all rescued” with 600 on board.  Also, the result for Case II indicates that the likelihood of “all rescued” increases to only about 23% with 250 on board.  Finally, reducing the requirement in Case II from “all rescued” to “93% rescued” in Case IV only increases the likelihood of success by 3 percentage points to 26% with 250 on board. Therefore, requiring rescue of only “93%” instead of “all on board” has little impact on the results.  While Case III was not analyzed, the analysis team expects that the difference between the cases with 600 on board would be similar to the difference between the cases with 250 on board. Because more people would have to be rescued within the same time period, the increase for Case III will be even less than the 3-percentage-point increase for Case IV.

· Question 2: What is the benefit of requiring IBAs on the gaming vessels? Case I, which requires IBAs on the vessels, increases the likelihood of “all rescued” from 10% to 73%. The factor of 7 difference in the results for Question 1 and Question 2 indicates a clear benefit to having the IBAs.  The IBAs essentially provide the equivalent of immediate onsite rescue vessels, allowing people in the water to rapidly get out of the water and avoid much of the danger from hypothermia. While not analyzed, the team expects that the other three cases would have even higher success probabilities.  Also, the cases involving only 250 on board are expected to have higher success probabilities than the cases involving 600 on board. 

· Question 3: What is the benefit of requiring the gaming vessels to be within 20 minutes of each other?  Case I, which requires that the gaming vessels be within 20 minutes of each other, increases the likelihood of “all rescued” from 10% to 17%.  The 7 percentage point increase in the likelihood of successful rescue from Question 1 to Question 3 indicates only a marginal benefit to requiring the gaming vessels to always be within 20 minutes of each other.  An important factor limiting this benefit is the fraction of time that the vessels are operating in cold water and at night.  The analysis team expects that this difference would be similar for the case with 250 on board.  Also, based on the previous observation, the analysis team does not believe that lowering the goal to 93% rescued will significantly affect the rescue success rate if the gaming vessels are stationed within 20 minutes of each other.

6.  CONCLUSION


Requiring IBAs has the greatest effect on the likelihood of rescue given that a catastrophic event occurred on a gaming vessel.  The IBAs make a significant difference by providing a means for getting people out of the water immediately.  Performing a more detailed study could improve the confidence in the individual case results; however, the analysis team believes that the relative results (e.g., the factor of 7 improvement from requiring IBAs on board) from this study would not change significantly. 


Methods for retrieving people from the water when gaming vessels do not have IBAs require substantially more time.  This additional time significantly increases the chance of death from hypothermia and results in a relatively low likelihood of successfully rescuing either all or the majority of the people in the water.


The event tree analysis tool employed for this project worked well in assessing alternative rescue strategies and in identifying the probable outcomes. This tool appears to be well suited for providing risk information for addressing event-oriented mishaps of interest.

ANNEX


Figures A.1 through A.5 present event tree data for the five cases analyzed by the team. Descriptions of the annotations contained within the event trees are included.
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Question 1 – Case I


Figure A.1
Event Tree for Question 1 – Case I

Notes for Question 1 – Case I:
600 on board, second gaming vessel not required, no IBAs, and must rescue all

A.1
Warm Water: Have warm water 40% of the time (i.e.,  60 (F or higher) based on local SAR team experience.

B.1
Daytime:  One of the vessels does not go out on Monday, Wednesday, and Friday during the daytime. Also, there is a possibility of cancellation due to low customer demand, which mostly occurs during the day.

C.1
Second Gaming Vessel on Site Within 20 Minutes: Variation in vessel schedules and the possibility of cancellation are higher during the day.  Therefore, the team chose a probability of 0.5 for a second gaming vessel being on site during the day and a probability of 0.75 for a second gaming vessel being on site during  the night.

D.1
Other Vessels on Site Within 20 Minutes: Expectation that other vessels (certificated passenger vessels, commercial fishing vessels, and recreational craft) will be coming and going from the port of Little River with seasonal variations.

Notes for Question 1 – Case I:
600 on board, second gaming vessel not required, no IBAs, and must rescue all (cont’d)

D.2
Other Vessels on Site Within 20 Minutes: During the night and during seasonal cold weather, other vessels in sufficient numbers are not expected to be on site within 20 minutes.

E.1
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  Not expected because vessels at their ports would require travel times > 60 minutes.

F.1
People successfully into IBAs: None available.

G.1
Successful Rescue Prior to Hypothermia:  Would recover all people in the water 90% of the time because sufficient vessels are immediately available; however, 10% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.2
Successful Rescue Prior to Hypothermia:  Sufficient assets will not be on the scene within 1 hour; therefore, some people will be in the water for 3 to 4 hours.  While this event occurs in warm water during daylight, it is very unlikely that all 600 people would be rescued before having a hypothermia death.  All people in the water would be recovered only 2% of the time.

G.3
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and the water is warm, recovery of all people in the water would occur only 20% of the time.  Operations would be at night, making it difficult to locate all of the people in time. 

G.4
Successful Rescue Prior to Hypothermia:  Even though the water is warm, sufficient assets will not be on the scene within 2 hours.  Therefore, some people will be in the water for 3 to 4 hours, and at least 1 hypothermia death among 600 people is expected in this situation.

G.5
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site during daylight, recovery of all people in the water would occur only 1% of the time.  Operations would be in cold water, which would severely limit the time to successfully rescue the people.

G.6
Successful Rescue Prior to Hypothermia:  Even though the event occurs during daylight, sufficient assets will not be on the scene within 2 hours.  Therefore, some people will be in the cold water for 3 to 4 hours, and at least 1 hypothermia death among 600 people is expected.

G.7
Successful Rescue Prior to Hypothermia:  Because of dispersion at night and cold water, the analysis team does not expect to find everyone in time.
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Figure A.2
Event Tree for Question 1 – Case II

Notes for Question 1 – Case II:
250 on board, second gaming vessel not required, no IBAs, and must rescue all

A.1
Warm Water: Have warm water 40% of the time (i.e., 60 (F or higher) based on local SAR team experience.

B.1
Daytime:  One of the vessels does not go out on Monday, Wednesday, and Friday during the daytime. Also, there is a possibility of cancellation due to low customer demand, which mostly occurs during the day.

C.1
Second Gaming Vessel on Site Within 20 Minutes: Variation in vessel schedules and the possibility of cancellation are higher during the day.  Therefore, the team chose a probability of 0.5 for a second gaming vessel being on site during the day and a probability of 0.75 for a second gaming vessel being on site during  the night.

D.1
Other Vessels on Site Within 20 Minutes:  Expectation that other vessels (certificated passenger vessels, commercial fishing vessels, and recreational craft) will be coming and going from the port of Little River with seasonal variations.

D.2
Other Vessels on Site Within 20 Minutes:  During the night and during seasonal cold weather, other vessels in sufficient numbers are not expected to be on site within 20 minutes.

E.1
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during daytime operations in warm water.

E.2
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, about 80% of the time a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during the nighttime in warm water.

E.3
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, about 60% of the time a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during daytime operations in cold water.

E.4
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, about 40% of the time a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during nighttime operations in cold water.

F.1
People Successfully into IBAs: None available. 

Notes for Question 1 – Case II:
250 on board, second gaming vessel not required, no IBAs, and must rescue all (cont’d)

G.1
Successful Rescue Prior to Hypothermia:  Would recover all people in the water 97% of the time because sufficient vessels are immediately available; however, 3% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.2
Successful Rescue Prior to Hypothermia:  Would recover all people in the water 96% of the time because sufficient vessels are available within 20 minutes; however, 4% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.3
Successful Rescue Prior to Hypothermia:  Would recover all people in the water 90% of the time because sufficient vessels are available within 1 hour; however, 10% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.4
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and the water is warm, recovery of all people in the water would occur only 20% of the time.  Operations would be at night, making it difficult to locate all of the people in time. 

G.5
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and the water is warm, recovery of all people in the water would occur only 10% of the time.  Additional vessels would not be on the scene within 1 hour, and operations would be at night, making it difficult to locate all of the people in time. 

G.6
Successful Rescue Prior to Hypothermia:  Even though sufficient assets would be on the scene within 1 hour, some people would be in the water for 2 to 4 hours.  While this event occurs in warm water during daylight, it is very unlikely that all 250 people would be rescued before having a hypothermia death.  All people in the water would be recovered only 5% of the time.

G.7
Successful Rescue Prior to Hypothermia:  Even though the water is warm, sufficient assets would not be on the scene within 1 hour.  Therefore, some people would be in the water for 3 to 4 hours, and at least 1 hypothermia death among 250 people is expected in this situation.

G.8
Successful Rescue Prior to Hypothermia:  Because the other gaming vessel is on site during daylight and additional resources are available within 1 hour, recovery of all people in the water is expected to occur 90% of the time.  While operations would be in cold water, severely limiting the time to successfully rescue the people, the rescue of 250 people seems feasible.

G.9
Successful Rescue Prior to Hypothermia:  Because the other gaming vessel is on site during daylight, recovery of all people in the water is expected to occur 85% of the time.  While operations would be in cold water, severely limiting the time to successfully rescue the people, the rescue of 250 people seems feasible.

Notes for Question 1 – Case II:
250 on board, second gaming vessel not required, no IBAs, and must rescue all (cont’d)

G.10
Successful Rescue Prior to Hypothermia:  Because of cold water and additional resources requiring an hour or more to arrive, the analysis team does not expect to find everyone in time.

G.11
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site, the analysis team expects success only 1% of the time because of dispersion at night and cold water.

G.12
Successful Rescue Prior to Hypothermia:  Because of dispersion at night and cold water, the analysis team does not expect to find everyone in time.
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Figure A.3
Event Tree for Question 1 – Case IV

Notes for Question 1 – Case IV:
250 on board, second gaming vessel not required, no IBAs, and must rescue 93%
A.1
Warm Water: Have warm water 40% of the time (i.e.,  60 (F or higher) based on local SAR team experience.

B.1
Daytime:  One of the vessels does not go out on Monday, Wednesday, and Friday.  Also, there is a possibility of cancellation due to low customer demand, which mostly occurs during the day.

C.1
Second Gaming Vessel on Site Within 20 Minutes: Variation in vessel schedules and the possibility of cancellation are higher during the day.  Therefore, the team chose a probability of 0.5 for a second gaming vessel being on site during the day and a probability of 0.75 for a second gaming vessel being on site during  the night.

D.1
Other Vessels on Site Within 20 Minutes:  Expectation that other vessels (certificated passenger vessels, commercial fishing vessels, and recreational craft) would be coming and going from the port of Little River with seasonal variations.

D.2
Other Vessels on Site Within 20 Minutes:  During the night and during seasonal cold weather, other vessels in sufficient numbers are not expected to be on site within 20 minutes.

E.1
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during daytime operations in warm water.

E.2
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, about 80% of the time a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during the nighttime in warm water.

E.3
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, about 60% of the time a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during daytime operations in cold water.

E.4
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  While vessels at their ports would require travel times > 60 minutes, about 40% of the time a sufficient number of other commercial and recreational vessels are expected to be within 60 minutes of the distressed gaming vessel to rescue 250 people in the water during nighttime operations in cold water.

F.1
People Successfully into IBAs: None available. 

Notes for Question 1 – Case IV:
250 on board, second gaming vessel not required, no IBAs, and must rescue 93% (cont’d)
G.1
Successful Rescue Prior to Hypothermia:  Would recover 93% of the people in the water 99% of the time because sufficient vessels are immediately available; however, 1% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.2
Successful Rescue Prior to Hypothermia:  Would recover 93% of the people in the water 97% of the time because sufficient vessels are available within 20 minutes; however, 3% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.3
Successful Rescue Prior to Hypothermia:  Would recover 93% of the people in the water because sufficient vessels are available within 1 hour; however, 7% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.4
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and the water is warm, recovery of 93% of the people in the water would occur only 25% of the time.  Operations would be at night, making it difficult to locate all of the people in time. 

G.5
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and the water is warm, recovery of 93% of the people in the water would occur only 15% of the time.  Additional vessels would not be on the scene within 1 hour, and operations would be at night, making it difficult to locate all of the people in time. 

G.6
Successful Rescue Prior to Hypothermia:  Even though sufficient assets will be on the scene within 1 hour, some people will be in the water for 2 to 4 hours.  While this event occurs in warm water during daylight, it is very unlikely that 93% of the people in the water would be rescued before having a hypothermia death.  All people in the water would be recovered only 10% of the time.

G.7
Successful Rescue Prior to Hypothermia:  Even though the water is warm, sufficient assets will not be on the scene within 1 hour.  Therefore, some people will be in the water for 3 to 4 hours, and at least 7% of the people will die from hypothermia.

G.8
Successful Rescue Prior to Hypothermia:  Since the other gaming vessel is on site during daylight and additional resources are available within 1 hour, recovery of all people in the water is expected to occur 95% of the time.  While operations would be in cold water severely limiting the time to successfully rescue the people, the rescue seems feasible.

G.9
Successful Rescue Prior to Hypothermia:  Because the other gaming vessel is on site during daylight, recovery of 93% of the people in the water is expected to occur 95% of the time.  While operations would be in cold water, severely limiting the time to successfully rescue the people, the rescue seems feasible.

Notes for Question 1 – Case IV:
250 on board, second gaming vessel not required, no IBAs, and must rescue 93% (cont’d)
G.10
Successful Rescue Prior to Hypothermia:  Because of cold water and additional resources requiring more than an hour to arrive, the analysis team expects to rescue 93% of the people only 5% of the time.

G.11
Successful Rescue Prior to Hypothermia:  Because of cold water and additional resources requiring more than an hour to arrive, the analysis team does not expect to rescue 93% of the people in time.

G.12
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and additional resources are available within 1 hour, the analysis team expects success only 3% of the time because of dispersion at night and cold water.

G.13
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site, the analysis team expects success only 1% of the time because of dispersion at night and cold water.
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Figure A.4
Event Tree for Question 2 – Case I

Notes for Question 2 – Case I:
600 on board, second gaming vessel not required, IBAs required, and must rescue all

A.1
Warm Water: Have warm water 40% of the time (i.e.,  60 (F or higher) based on local SAR team experience.

B.1
Daytime:  One of the vessels does not go out on Monday, Wednesday, and Friday.  Also, there is a possibility of cancellation due to low customer demand, which mostly occurs during the day.

C.1
Second Gaming Vessel on Site Within 20 Minutes: Variation in vessel schedules and the possibility of cancellation are higher during the day.  Therefore, the team chose a probability of 0.5 for a second gaming vessel being on site during the day and a probability of 0.75 for a second gaming vessel being on site during  the night.

D.1
Other (Including Coast Guard) Vessel on Site Within 20 Minutes: Expectation that other vessels (certificated passenger vessels, commercial fishing vessels, and recreational craft) would be coming and going from the port of Little River with seasonal variations.

D.2
Other Vessels on Site Within 20 Minutes: During the night and during seasonal cold weather, other vessels in sufficient numbers are not expected to be on site within 20 minutes.

E.1
Other (Including Coast Guard) Vessels on Site Within 60 Minutes:  Not expected because vessels at their ports would require travel times > 60 minutes.

F.1
People Successfully into IBAs:  Expect the people in the water to successfully get into the IBAs 95% of the time because the event occurs during the daytime in warm water.   

F.2
People Successfully into IBAs:  Expect the people in the water to successfully get into the IBAs 90% of the time because the event occurs during the nighttime in warm water.   

F.3
People Successfully into IBAs:  Expect the people in the water to successfully get into the IBAs 70% of the time because the event occurs during the daytime in cold water.   

F.4
People Successfully into IBAs:  Expect the people in the water to successfully get into the IBAs 65% of the time because the event occurs during the nighttime in cold water.   

G.1
Successful Rescue Prior to Hypothermia:  Expect to successfully recover everyone because all people were successfully into the IBAs during the daytime in warm water. 

Notes for Question 2 – Case I:
600 on board, second gaming vessel not required, IBAs required, and must rescue all (cont’d)

G.2
Successful Rescue Prior to Hypothermia:  Would recover all people in the water 90% of the time because sufficient vessels are immediately available; however, 10% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.3
Successful Rescue Prior to Hypothermia:  Sufficient assets will not be on the scene within 1 hour; therefore, some people will be in the water for 3 to 4 hours.  While this event occurs in warm water during daylight, it is very unlikely that all 600 people would be rescued before having a hypothermia death.  All people in the water would be recovered only 5% of the time.

G.4
Successful Rescue Prior to Hypothermia:  Even though the event occurs during the nighttime in warm water, everyone should be successfully rescued because all people were successfully into the IBAs and the second gaming vessel was on site within 20 minutes. 

G.5
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and the water is warm, recovery of all people in the water would occur only 20% of the time.  Operations would be at night, making it difficult to locate all of the people in time. 

G.6
Successful Rescue Prior to Hypothermia:  Because the event occurs during the nighttime in warm water, 95% of the people should be successfully rescued because all people were successfully into the IBAs. 

G.7
Successful Rescue Prior to Hypothermia:  Even though the water is warm, sufficient assets will not be on the scene within 2 hours.  Therefore, some people will be in the water for 3 to 4 hours, and at least 1 hypothermia death among 600 people is expected in this situation.

G.8
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site during daylight, recovery of all people in the water would occur only 1% of the time. Operations would be in cold water, which would severely limit the time to successfully rescue the people.

G.9
Successful Rescue Prior to Hypothermia:  Even though the event occurs during daylight, sufficient assets will not be on the scene within 2 hours.  Therefore, some people will be in the cold water for 3 to 4 hours, and at least 1 hypothermia death among 600 people is expected.

G.10
Successful Rescue Prior to Hypothermia:  Because of dispersion at night and cold water, the analysis team does not expect to rescue everyone in time.
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Figure A.5
Event Tree for Question 3 – Case I

Notes for Question 3 – Case I:
600 on board, second gaming vessel required, no IBAs, and must rescue all
A.1
Warm Water: Have warm water 40% of the time (i.e.,  60 (F or higher) based on local SAR team experience.

B.1
Daytime:  One of the vessels does not go out on Monday, Wednesday, and Friday.  Also, there is a possibility of cancellation due to low customer demand, which mostly occurs during the day.

C.1
Second Gaming Vessel on Site Within 20 Minutes: Required.

D.1
Other Vessels on Site Within 20 Minutes: No additional credit is given for having additional vessels. 

E.1
Other (Including Coast Guard) Vessels on Site Within 60 Minutes: No additional credit is given for having additional vessels. 

Notes for Question 3 – Case I:
600 on board, second gaming vessel required, no IBAs, and must rescue all (cont’d)

F.1
People Successfully into IBAs: None available. 

G.1
Successful Rescue Prior to Hypothermia:  Would recover all people in the water 90% of the time because sufficient vessels are immediately available; however, 10% of the time someone would die from hypothermia due to not being retrieved from the water in under 2 hours.

G.2
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site and the water is warm, recovery of all people in the water would occur only 20% of the time.  Operations would be at night, making it difficult to locate all of the people in time. 

G.3
Successful Rescue Prior to Hypothermia:  Even though the other gaming vessel is on site during daylight, recovery of all people in the water would occur only 1% of the time.  Operations would be in cold water, which would severely limit the time to successfully rescue the people.

G.4
Successful Rescue Prior to Hypothermia:  Because of dispersion at night and cold water, the analysis team does not expect to find everyone in time.
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