Project Number: 47-CXP-0806

Passenger Vessel Weight Measurement

An Interactive Qualifying Project Report
submitted to the Faculty of
WORCESTER POLYTECHNIC INSTITUTE
in partial fulfillment of the requirements for the
Degree of Bachelor of Science
by

Molli Malcolmson
Daniel Sacco
Thomas Whiting

Date: December 19, 2008

Approved:
Professor R. Creighton Peet, Major Advisor
Professor Kaveh Pahlavan, Co-Advisor



Abstract

The U.S. Coast Guard identified the problem of passenger vessels becoming overloaded
due to increased passenger weight. Our project goal was to recommend an effective method
that would allow vessel masters to know if their vessel has exceeded its maximum allowable
weight. Through background research and interviews with people in the industry, we
established twelve possible solutions to the problem. We recommended four solutions to help

avoid passenger vessel overloading.
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Executive Summary

Factors contributing to the recent capsizing of passenger vessels in the United States
have been associated with overloading. All passenger vessels in the United States have different
weight limitations that are determined by the vessel type and size. When these limitations are
exceeded, the vessel might become unstable, and the risk of capsizing increases. There have
been two recent instances in the United States where passenger vessel overloading has been
associated to vessel capsizing resulting in fatalities. In Baltimore Harbor, five passengers died
when the passenger pontoon vessel Lady D capsized as a result of overloading, weather, and
other factors (National Transportation Safety Board, 2004). In Lake George, New York, the
passenger vessel Ethan Allen capsized, and twenty passengers died as a result of overloading
and other factors (National Transportation Safety Board, 2006). Despite vessel loading
restrictions, there is evidence that passenger vessels are becoming overloaded.

Passenger vessel masters have relied on the U.S. Coast Guard’s weight regulations as a
tool for determining whether their vessel is overloaded. The current regulations use an average
passenger weight to determine the maximum number of passengers that should be allowed on
a vessel (U.S. Coast Guard, 2008). The problem with this method is that the average weight of
an American frequently changes (Centers For Disease Control, 2004). In the cases of the Lady D
and Ethan Allen, the vessel master thought that he was carrying less weight than was actually
on the vessel. This indicated that the current regulations should be changed and more effective

methods for determining if a vessel is overloaded should be implemented.
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The goal of our project was to recommend an effective system that would allow
passenger vessel masters to determine if their vessel is overloaded before they depart on a
voyage. To obtain this goal, we analyzed the Lady D and Ethan Allen case studies of passenger
vessel overloading. We also identified methods used for determining the stability of passenger
vessels. In order to amass various possible solutions, we identified methods used by the Federal
Aviation Administration for determining weight onboard aircraft as well as other methods for
measuring weight and researched factors that affect vessel overloading. We also identified legal
and privacy issues that might be associated with our possible solutions. To accomplish these
objectives, we performed research and obtained expert opinions from naval architects and
marine engineers from the U.S. Coast Guard. We also interviewed passenger vessel masters and
company managers over the phone or at their facilities.

Based on information we gained from research and speaking with naval architects and
engineers at the USCG, we formulated twelve different possible solutions to help avoid
passenger vessels from becoming overloaded. These possible solutions were divided into three
categories: weight estimation methods, average weight methods, and physical methods. The
weight estimation methods we researched included asking passengers how much they weigh,
using a number approximation method, estimating passengers’ weight by size, and using load
marks. The average weight methods we looked at were using an average weight of 185 pounds
for all passengers, using average weights based on data from the National Health Statistics
Report, using the standard average weights as the Federal Aviation Administration, and using

segmented average weights from the Federal Aviation Administration. The physical methods
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we investigated included using calibrated scales, using a floating barge, relating a passengers’
height with an average weight, and using a fulcrum that is a simplified weighing method.

We analyzed our twelve possible solutions based on efficiency, ease of implementation,
enforceability, and accuracy. Efficiency, ease of implementation, and enforceability were
analyzed qualitatively, while accuracy was analyzed quantitatively using loading simulations.
Since the effectiveness of different possible solutions is dependent upon the size of the vessels,
we analyzed accuracy for vessels carrying twenty-five, forty-nine, and 149 passengers.

We found the solution that is most efficient is the USCG Proposed Weight method since
it does not require a lot of time to determine if the vessel is overloaded. Our solution that is
easiest to implement is Asking Passengers their Weight since it can be implemented quickly and
easily with little or no required cost. The solutions that we found to be most enforceable are
CDC Weights, FAA Segmented Weights, and USCG Proposed Weight since they do not involve
having to account for children. Using loading simulations, we determined that our most
accurate solution for twenty-five and forty-nine passengers was using the Number
Approximation. For 149 passengers, the most accurate solution was CDC Weights. These were
the most accurate because each performed the best for the thirty simulations associated with
each number of passengers.

After analyzing our results, we determined the most practical methods for allowing
vessel masters to know if their vessel has surpassed its maximum allowable weight before it
leaves on a voyage. Since passenger vessel companies and vessel’s size vary, we have devised
recommendations for vessels that carry twenty-five, forty-nine, and 149 passengers. For

passenger vessels that carry twenty-five passengers, we recommend that the FAA Standard
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Weights method is the best method. For vessels that carry forty-nine passengers, we
recommend using the Number Approximations method. For larger vessels that can carry 149
passengers, we recommend that the best weight monitoring method that we analyzed was the
proposed U.S. Coast Guard system that utilizes an average weight of 185 pounds per passenger.
As a result of our analysis, we also found that estimating weight based on a passenger’s
height was very effective. This method calculates the total passenger weight near the actual
passenger weight, but underestimated too often to be practical. We recommend that further
research is done and an implementation method is devised so that this method can become a

feasible solution.



1.0 Introduction

Businesses across the United States use passenger vessels for tours, fishing, diving
excursions, dinner cruises, ferrying passengers from one location to another, and other
activities. These vessels have weight limits associated with them that are determined by the
vessel’s type and size. When these weight limits are exceeded, the stability of that vessel may
not be satisfactory. Without satisfactory stability, a passenger vessel is more prone to
accidents.

Despite regulations put in place by the United States Coast Guard (USCG), there are still
passenger vessels that have capsized. The factors that have contributed to these boat accidents
are mainly captain’s discretion, weather conditions, and overloading. The capsizing of the Lady
D in Baltimore Harbor showed that overloading can be a factor in passenger vessel accidents. In
this incident, the vessel had recently passed a safety inspection and was in compliance with all
small passenger vessel regulations (Dresser, 2006). This event showed that despite vessel
loading restrictions, there is evidence that passenger vessels are still becoming overloaded. To
decrease the risk of accidents, the Coast Guard plans to improve loading standards on
passenger vessels. To do this they want to implement an improved method that vessel masters
could use to determine whether their boat is overloaded before they depart on a voyage.

Passenger vessel masters have relied on the U.S. Coast Guard’s weight regulations as a
tool for determining whether if their vessel is overloaded. The current regulations use an
average passenger weight to determine the maximum number of passengers that should be

allowed on a vessel (U.S. Coast Guard, 2008). The problem with this method is that the average



weight of an American frequently changes (Centers For Disease Control, 2004). Passengers are
also carrying different amounts of luggage. This additional weight is not accounted for when
calculating how much weight is being loaded onto a vessel. As a result, there is a chance that a
situation will occur when all or most of the passengers onboard the vessel weigh more than the
average weight used in Coast Guard regulations resulting in an undesirable loading condition.

The United States Coast Guard and the Society of Naval Architects and Marine Engineers
(SNAME) have studied passenger vessel overloading in the United States. They have analyzed
different instances of vessel overloading and have made proposals to adjust the current U.S.
Coast Guard regulations to make passenger vessels safer. They have determined that there may
be improved methods for determining weight on passenger vessels. However, there has not
been any research done to determine what methods are practical. The U.S. Coast Guard is
interested in finding other methods that could be implemented to ensure that passenger vessel
overloading will not become a problem in the future.

Our project’s goal was to recommend an effective system that would allow passenger
vessel masters to determine if their vessel is overloaded before they depart on a voyage. To
obtain this goal, we identified and analyzed recent case studies of passenger vessel
overloading. We also identified methods used for determining the stability of passenger
vessels. In order to amass various possible solutions, we identified methods used by the Federal
Aviation Administration for determining weight onboard aircraft as well as other methods for
measuring weight and researched factors that affect vessel overloading. We also identified
some legal or privacy issues that might be associated with our possible solutions. To accomplish

these objectives, we performed research and obtained expert opinions from naval architects



and marine engineers from the U.S. Coast Guard. We also interviewed passenger vessel masters
and company managers over the phone and by visiting their facilities. We then used the criteria
of efficiency, ease of implementation, enforceability, and accuracy to analyze several possible
solutions to select our proposed solution. As a result of our work, we recommended solutions
to prevent passenger vessels in the United States from becoming overloaded by providing
vessel masters with a method for verifying that their vessel is not overloaded before they
depart on a voyage. We expect that the implementation of our recommendations will result in

fewer vessel accidents and thus fewer passenger casualties.



2.0 Background

Standards and regulations regarding passenger vessel capacities have not been updated
since the 1960’s and have contributed to the capsizing of vessels and deaths of passengers. This
has caused the United States Coast Guard to re-evaluate their standards and regulations for
calculating passenger weight. In this chapter we provide descriptions of the vessels we are
addressing and of the Lady D and Ethan Allen incidents that resulted in passenger fatalities. A
summary of current Coast Guard regulations and a description of the Coast Guard’s Proposed
Rule are also provided. In order to show how drastically the average weight of an American has
changed, demographic information from the Centers for Disease Control and Prevention are
presented. We also provide information regarding how legal and privacy issues pertain to our
project. In the last section of this chapter, research regarding possible solutions to our problem

is also presented.

2.1 Background on Passenger Vessels

The passenger vessels that this report focused on were small passenger vessels that
were classified by the Code of Federal Regulations as vessels of subchapter T (see Appendix C to
understand the classification process). More specifically, the report focused on amphibious
vessels, chartered fishing vessels, cruise vessels, diving vessels, excursion vessels, ferries, and
water taxis. These vessels can be found all over the United States in lakes, bays, and oceans.
They form a large part of American transportation and recreation.

Amphibious vehicles were first developed in the 1940’s during World War Il by both Axis

and Allied forces. Their primary purpose was to transport supplies and equipment from supply



ships offshore to fighting units onshore. Because the U.S. built so many (approximately 20,000),
after the war many were retired (DUKW, 2008). Then in the late 1970’s these amphibious
vehicles found a new use as amphibious tour vessels (Ride the Duck, 2006). Commonly known
today as “Duck Tours,” these vessels can be seen across the United States giving city tours on
land to excited guests and plunging into a nearby body of water as part of the tour. Amphibious
vehicles have also recently become useful to the National Guard in rescue missions during
devastating storms across the country (Encyclopedia Britannia, 2008).

When addressing fishing vessels, it is important to distinguish between commercial
fishing vessels and chartered fishing vessels. A commercial fishing vessel can deal with both the
catching and processing of fish. Chartered fishing vessels deal only with the catching of fish
(Fishing Vessel, 2008). They range in size and capacity; however, in our research we have
focused on chartered fishing vessels that carry between six and 150 passengers. Every year
thousands of people use chartered fishing vessels as a means of recreation.

The term cruise ship or cruise vessel generally makes people think of large ocean liners
that take a few thousand guests on a luxurious vacation. In this report, however, we focus on
cruise vessels that carry up to 149 passengers. When looking at cruise vessels our investigation
focused on river and harbor cruises, along with lunch and dinner cruises (Cruise Ship, 2008).
Depending upon their purpose these vessels can vary in size. Also, depending upon their size
and purpose, the weight of the passengers on some of these vessels may be negligible when
compared to the total vessel weight. Good examples of this are dinner cruises. With so much
other necessary equipment such as tables, chairs, galley equipment, etc, the added weight of

the passengers may not be significant when compared to the added weight of this equipment.



Diving vessels are a bit different from most vessels seen on the water. This is because
they require special equipment that the passengers need for diving. Usually diving vessels have
a diving platform and multiple entrances onto the vessel to make diving easier, although this is
not necessary or true for all diving vessels. These vessels carry diving equipment and have
special storage for all of this equipment. They also have emergency equipment in case
something goes wrong during a dive. These vessels vary in size and can have cabins if dive trips
are intended to be overnight (Dive Vessel Profiles, 2008).

Although they can be easily confused with cruise vessels, excursion vessels are different.
Cruise vessels generally take passengers on a longer voyage, whereas most excursion vessels
tend to make shorter trips (generally about one to one and half hours) (Excursion, 2008). The
main purpose of an excursion vessel is for tour, but they are also used for whale or dolphin
watches. Excursion and amphibious vessels are very similar in purpose, but their main
difference lies in the fact that excursion vessels operate only in the water. Because of their
range of purposes, there are many in the United States.

Another type of passenger vessel that we researched was ferries. Ferries are a very
common means of public transportation. Generally, ferries carry passengers, but some carry
vehicles as well (Office of Federal Register National Archives and Records Administration, 2004).
Ferries vary in size and therefore vary in stability. For larger ferries that carry vehicles,
passenger weight is usually negligible in comparison to the weight of the vehicles. Therefore,
passenger weight may not need to be considered when determining the stability of the vessel.

Smaller ferries are more susceptible to overloading.



Water taxis are basically ferries with the main difference being that water taxis only
carry passengers on short harbor or river routes (Water Taxi, 2008). They are generally smaller
than ferries and are usually (but not always) pontoon boats. They can vary in size depending
upon location and frequency of use. Water taxis are becoming a more popular form of public
transportation across America.

There are many different types of passenger vessels used across the United States. Our
research focused on seven different types of passenger vessels that are regulate under
Subchapter T of Coast Guard regulations: amphibious vehicles, chartered fishing vessels, cruise
vessels, diving vessels, excursion vessels, ferries, and water taxis. These vessels make up a wide
variety of the purposes for which passenger vessels are used, and helped us look at different

situations when a possible solution to weight overloading on vessels could be needed.

2.2 Case Studies

Recently in the United States overloading has been identifying as a contributing factor in
the capsizing of two ferries: Lady D and Ethan Allen. The Lady D was under U.S. Coast Guard
regulations and the Ethan Allen was under New York State regulations, but both were loaded
above their maximum allowable weight. The details of each of these accidents are presented in

the following sections.

2.2.1 Lady D
On March 6, 2004, the passenger vessel Lady D, pictured in Figure 2.1, left Fort
McHenry, Maryland, with twenty-three passengers and two crew members onboard; however,

before reaching its destination in Fells Point, Maryland, it ran into severe weather and capsized



(National Transportation Safety Board, 2006b). According to the NTSB’s report on the Lady D
accident, the probable cause of the accident was that the vessel’s lack of intact stability, which
was caused by an excessive number of people and an outdated average passenger weight, was
unable to withstand the strong winds and waves. In a response to the NTSB’s report, Rear
Admiral Brian Salerno of the U.S. Coast Guard wrote a letter to Chairman Mark Rosenker of the
NTSB. This letter stated that the probable cause of the accident was that “the operator
disregarded the obvious indications of impending unreasonable conditions, namely severe
weather, including thunder, lightening, approaching storm clouds, rain, wind and waves, while
departing from the dock”. These reports were similar when describing the major cause of the

accident but drastically different when assigning blame for the accident.

Figure 2.1: Picture of the Lady D (National Transportation Safety Board, 2006b, p.3)

Of the twenty-three passengers aboard, there were three children under ten years old

and twenty adults between the ages of twenty-three and sixty (National Transportation Safety



Board, 2006b). The ferry was carrying ten child-size and twenty-five adult-size lifejackets as was
required by the Lady D’s Certificate of Inspection (COIl). The master of the ferry was radioed by
the senior captain shortly after it left Fort McHenry to wait until the storm had blown through
to begin the trip. However, once the senior captain was informed that the ferry had already

departed, he advised the master to go to the Baltimore Marine Center or Henderson’s Wharf.

The master tried to steer the ferry into Henderson’s Wharf, but the wind quickly
increased, so the master was unable to maneuver into the wharf (National Transportation
Safety Board, 2006b). Within seconds of the wind and waves increasing in intensity, the ferry
became very difficult to control and thus capsized. Figure 2.2 is a photograph of the Lady D the
day after the accident without its deckhouse, which was damaged due to the harsh weather
conditions. Some survivors told the NTSB that they were unable to open one of the two doors,
while other survivors said that they were unable to open the closed windows. They resorted to

escaping through the nearest already opened window.
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Figure 2.2: Lady D without Its Deckhouse (National Transportation Safety Board, 2006b, p.17)

Rescue teams were at the scene of the accident within ten minutes to help people out
of the cold water, and the rescue boat was also able to lift the Lady D partway out of the water
so that two adults and a young girl were able to escape the ferry. Table 2.1 describes the
injuries induced by the capsizing. The causes of death were all drowning complicated by

hypothermia; the water temperature was 44 degrees Fahrenheit.

Table 2.1: Injuries Caused by the Capsizing of the Lady D (National Transportation Safety Board, 2006b, p.7)

Injury Type Crew Passengers Total
Fatal 0 5 5
Serious 0 4 4
Minor 2 10 12
None 0 4 4
Total 2 23 25
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Before any passenger vessel is allowed to transport people, the U.S. Coast Guard must
determine how many crew members are required to be on each trip. They take into account
many different aspects of the passenger vessel such as “the size of the vessel, its route, the
type and horsepower of the vessel’s propulsion machinery, the number of passengers the
vessel may carry, the type and location of lifesaving equipment installed on the vessel, and the
hazards specific to the route and service” (National Transportation Safety Board, 2006b, p.8).
The Lady D was required to have one crew member but the Lady D normally had two crew
members: a licensed master and an unlicensed mate.

The Lady D was certificated on March 18, 1996, for the Baltimore Harbor Shuttle, LLC.
(National Transportation Safety Board, 2006b). It was permitted to be sistered to a previous
ferry; the Lady D was thirty-six feet long and eight feet wide. The first two ferries were built
with open sides in the deckhouse and had no windows, while the last two were built with glass
windows.

In 1992, the first of the four ferries, Fells Point Princess, passed its SST that included
elements from both the SST regulations and the U.S. Coast Guard Marine Safety Manual (MSM)
pontoon vessel guidance (National Transportation Safety Board, 2006b). The inspector made a
mistake when he did not move the weights to the extreme outboard and then take the
measurements. The NTSB report stated that the Lady D’s passenger capacity was based on the
safety test that the Fells Point Princess underwent, which was inappropriate for that vessel. In
Rear Admiral Salerno’s letter to the NTSB, the U.S. Coast Guard said that the Lady D was not
inaccurately certificated because it complied with all intact stability regulations in 46 CFR

Subchapter S.
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Before the accident, when underway, the criteria that required masters to bring their
ferries into a port are as the company’s fleet director said, “when visibility was ‘dramatically
reduced’, when lightning was in the immediate area, or when the wind was over thirty to thirty-
five knots, depending on the operating route” (National Transportation Safety Board, 2006b,
p.23). Following the accident, each ferry in Baltimore Harbor was given specific standards for
deciding when it was safe to embark on a trip. Table 2.2 shows the new standards for specific

ferries.

Table 2.2: New Standards Set for Specific Ferries in Baltimore Harbor (National Transportation Safety Board, 2006b, p.24)

Boat Sustained Winds Wind Gusts (mph)* Sea State (feet)
(mph)
Raven* 30 35 2
Phoenix 30 35 2
Migeni 30 35 2
Patrick Duffy 25 30 2
Eagle 25 30 2
*Wind gusts lasting 15 seconds or longer

After the accident was reviewed, the NTSB said that the Lady D should have only been
allowed to carry fourteen passengers at the standard average weight of 140 pounds (National
Transportation Safety Board, 2006b, p55). Interviewing passengers and examining the medical
records revealed to the NTSB that the average passenger weight on the Lady D was 168
pounds. The ferry was allowed to carry up to 1,960 pounds, but it was actually carrying 4,200

pounds, which is 2,240 pounds more than regulated.

In Rear Admiral Salerno’s response letter to the NTSB, the U.S. Coast Guard stated that

the Lady D was permitted to carry twenty-five passengers at 140 pounds. As was acknowledged
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before, the Lady D was in compliance with all applicable intact stability requirements. Thus, the

Lady D was certificated to carry 3,500 pounds, but the ferry was still overloaded by 700 pounds.

Figure 2.3 explains that the Lady D’s maximum heeling moment would have been thirty-
three degrees under normal weather conditions before it would have been unable to recover
and thus capsize. On the day of the accident, due to the poor weather conditions, the ferry’s

maximum heeling moment was only twenty-two degrees.
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Figure 2.3: Lady D’s Maximum Heeling Moment under Good Weather Conditions (National Transportation Safety Board,
2006b, p.56)

The NTSB was able to draw many conclusions about the accident, one of which was,
“The Lady D capsized as a result of the combined effects of the excessive load it carried and the
wind and wave conditions experienced at the time of the accident” (National Transportation
Safety Board, 2006b, p.72). The U.S. Coast Guard’s position was made clear in Rear Admiral

Salerno’s letter that the “Lady D’s susceptibility to capsizing on the day of the incident was
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unacceptably high because the master operated the vessel in unreasonable conditions”. The
U.S. Coast Guard also said that the additional passenger weight diminished the likelihood of the

ferry to capsize in the high winds and waves.

2.2.2 Ethan Allen

In Lake George Village, New York, another accident resulting in a passenger vessel
capsizing and then sinking occurred in the early afternoon on October 2, 2005 (National
Transportation Safety Board, 2006a). The excursion vessel Ethan Allen and its sister vessel de
Champlain were booked by an elderly group from southwestern Michigan. The vessel had
forty-eight people onboard: forty-seven passengers and the vessel master. The main cause of
the accident was that the vessel was unable to sustain stability after it encountered a large
wake created by another larger vessel. Other additional causes will be discussed later on in this
chapter.

The group planned the round-trip tour of the southern portion of Lake George in order
to see some historical sites like Fort William Henry and the Adirondack Mountains (National
Transportation Safety Board, 2006a). The first sign of trouble arose when the group began to
board the vessel. In Figure 2.4, the seating design on the Ethan Allen can be seen. Another
photograph taken from the front of the vessel is shown in Figure 2.5. As these figures show, the
left side of the vessel would clearly have more passengers than the right side thus the vessel

would have a disproportional weight distribution.



Operator’s station

Figure 2.4: Design of the Ethan Allen (National Transportation Safety Board, 2006a, p.3)
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Figure 2.5: Photograph taken from the Front of the Ethan Allen (National Transportation Safety Board, 20064, p.3)

After about ten passengers had boarded and sat on the left side, passengers told the
NTSB that they noticed the vessel began to list to the left side (National Transportation Safety
Board, 2006a). One passenger commented to the rest of the group that people had to sit on the
other side of the vessel as well, and the vessel master echoed this to the group. When asked
about the Ethan Allen’s weight distribution, another passenger told the NTSB that “we had
some large people in our group ... didn’t seem to be balanced” (National Transportation Safety
Board, 20064, p.3). After the NTSB conducted interviews with the surviving passengers and
looked at the medical records, they estimated that the left side of the vessel had 5,088 |bs and
the right side had 3,434 Ibs.

Before the vessel began the trip, the captain offered seats to two more members of the
group. They declined saying that they would rather go shopping instead. After the accident,

these two women told the NTSB that the Ethan Allen looked “crowded” (National



Transportation Safety Board, 2006a). Another member of the group that did not board the
vessel said, “I decided it wasn’t safe to be on, so | didn’t get on. | told the others that | wasn’t
going” (National Transportation Safety Board, 20064, p.3).

The weather conditions on the lake were described by passengers as “beautiful” and
“perfect”, and the waters were calm (National Transportation Safety Board, 2006a). Some of
the passengers that had a background in boating said that the vessel master was in control of
the Ethan Allen at all times and followed the safety procedures. The accident came as a result
of a larger vessel creating a wake that the vessel master did not notice until too late. In Figure
2.6, it can be seen that the accident occurred near Cramer Point about halfway through the

trip.

17
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Figure 2.6: Map of Southern Part of Lake George with the Dotted Line indicating the Projected Route of the Ethan Allen
(National Transportation Safety Board, 2006a, p.4)
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There is a variety of opinions about how large the wake was that eventually caused the

Ethan Allen to capsize and sink. Another boater on the lake at the time of the accident

described the wake to be several inches high, but the vessel master recollected the wake as

being 2 % to 3 feet high, which is much larger than several inches (National Transportation

Safety Board, 2006a). The wake lifted the back right side of the vessel, and with the weight

distribution as it was, the vessel continued to tip towards the left. Survivors recalled that
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passengers on the right side of the boat began to slide out of their seats towards the left side.

The vessel capsized seconds after the wake struck the right side.

The Ethan Allen capsized so quickly that passengers were unable to put on lifejackets.

This would seem to cause more injuries, but instead it allowed passengers to maneuver out of

the overturned vessel without having to swim down into the water “against” the lifejacket

(National Transportation Safety Board, 2006a). When reviewing the accident, it was determined

that the vessel was equipped with fifty adult lifejackets and five child lifejackets. There were

many other boaters on the lake at the time of the accident, so they were able to rescue the

passengers who escaped the vessel. In Table 2.3, the distribution of the injuries incurred by

people on the Ethan Allen is presented.

Table 2.3: Injuries Caused by the Capsizing of the Ethan Allen (National Transportation Safety Board, 20064, p.6)

Type of Injury Crew Passengers Total
Fatal 0 20 20
Serious 0 3 3
Minar 0 ] ]
Mone 1 18 19
Total 1 47 43

The Ethan Allen was built in 1964 by Anchorage Shipyard for Whaling City Dredge &

Dock Corporation, so it had to conform to the U.S. Coast Guard regulations stated in 46 CFR

Subchapter T, “Small Passenger Vessels (Under 100 Gross Tons)” (National Transportation

Safety Board, 2006a). This regulation stated that small passenger vessels must follow specific

rules set forth. In 1979, Shoreline Cruises purchased the vessel and intended for it to be used

only on New York State waters, which meant that the Ethan Allen now had to conform to the
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regulations of Chapter 37, “Navigation Law,” New York State Consolidated Laws. The last issued
Certificate of Inspection from New York Sate was given in April 2005, six months before the
accident occurred.

When the NTSB reviewed the inspections done on the vessel, they were told by the U.S.
Coast Guard and Whaling City Dredge & Dock Corporation that they did not have records of a
stability assessment (National Transportation Safety Board, 2006a). Shoreline Cruises did have a
COl for the Ethan Allen dated May 28, 1976, that references a stability test from May 28, 1966.
Because of these documents, the New York state officials did not feel that it was necessary for
the Ethan Allen to undergo another stability test. A New York State regulation that was not
followed was that for any vessel carrying more than twenty passengers, there must be two
crew members.

Since the waters were calm, visibility was good, and temperature was 71 degrees, the
NTSB concluded that the weather was not a cause of the accident (National Transportation
Safety Board, 2006a). Overloading due to out-of-date passenger weight criterion and the
influence of vessel motions on stability were cited by the NTSB as causes of the accident.

The Ethan Allen should have only been able to carry fourteen passengers at an average
weight of 140 lbs (National Transportation Safety Board, 2006a). After conducting interviews
and examining medical records, it was determined that the average passenger weight on the
vessel was 178 lbs (see Appendix E for individual passenger information). This means that the
Ethan Allen was carrying more than 8,500 |bs, which meant it was about 6,500 Ibs overweight.

The weight transfer due to passengers sliding out of their seats caused the Ethan Allen to
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suddenly capsize. After the accident, New York State proposed that a line be drawn on the side
of each passenger vessel in order to visually see if a vessel was overweight.
The NTSB made many conclusions about the Ethan Allen accident. Two of these

conclusions follow:

1. The combination of too many passengers, as permitted by the Ethan Allen’s
inappropriate certificate of inspection, and the use of an out-of-date average weight
standard for passengers on public vessels resulted in the Ethan Allen carrying a load
that significantly reduced its stability, which made it more susceptible to capsizing
on the day of the accident.

2. The Ethan Allen capsized as a result of insufficient stability, which made it unable
to right itself from the combined forces of a passing wave or waves, a sharp turn,
and the resulting involuntary shift of passengers to the port side of the vessel
(National Transportation Safety Board, 2006a, pp.48-49).

After reviewing both of these cases, we came to the conclusion that while overloading
may not have been the major cause in the accidents, it was a contributing factor in the
capsizings. In the case of the Ethan Allen, the vessel was carrying more than four times the
weight it was capable of carrying, which is unacceptable. These accidents have highlighted the

need to devise a better method to avoid overloading on passenger vessels.

2.3 Current Regulations
The United States Coast Guard currently has regulations in place designed to prevent

passenger vessels from becoming overloaded. These regulations are outlined in Title 46,
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Subchapter S and T of the United States Code of Federal Regulations (U.S. Coast Guard, 2004).
These regulations are based on the calculated stability standards for each vessel. The Coast
Guard has also proposed a regulation change as a result of an increase in average passenger

weight.

2.3.1 Stability Factors

Damage stability relates to the stability of a vessel while it is being flooded and under
worst case loading conditions (U.S. Coast Guard, 2008 August 20). To create passenger limits,
the maximum amount of weight that a vessel can hold is calculated from stability information
based on the boat’s type, length, height, center of gravity, and weight. From this maximum
weight, the maximum amount of allowed passenger weight according to damage stability is

calculated.

Intact stability relates to the stability of a vessel while it is operating under normal
conditions (U.S. Coast Guard, 2008 August 20). This type of stability also accounts for non-
uniform weight distribution of passengers onboard. The method for calculating the maximum
number of passengers allowed on a vessel according to intact stability requirements is similar to
the calculating method for damage stability requirements. A set of intact stability equations are
used to evaluate the stability performance of a vessel based on the boat’s type, length, height,
center of gravity, and weight. From this weight, the estimated weight of the baggage, captain,
and crew is subtracted. To determine the maximum number of passengers allowed onboard the
vessel according to intact stability criteria, the calculated weight is then divided by an assumed

weight per person of 160 pounds or 140 pounds if a mix of men, women, and children are
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carried on protected waters. The smaller number of passengers calculated from the damage
stability requirement and the intact stability requirement is determined to be the maximum
number of passengers allowed for stability requirements. However, the maximum number of

passengers allowed on the vessel may still be smaller due to other safety factors.

2.3.2 Simplified Stability Test (SST)

The United States Coast Guard uses two different stability tests to determine the
maximum allowable weight on each specific passenger vessel. When a vessel is built, an
inclining stability test is usually done for larger vessels to accurately determine light weight and
center of gravity, from which detailed loading calculations are performed. This test takes into
account the damage and intact stability requirements of the vessel. When a vessel is
significantly modified, its stability needs to be re-calculated. Since doing an inclining stability
test is usually very expensive, the simplified stability test (SST) can be used as a substitute for

smaller vessels.

Performing a SST is easier and cheaper than an inclining stability test because it can be
performed at any location that allows the vessel to float in calm water. When performing the
SST, a representative from the Coast Guard must be present to witness the test. The person
performing the test starts by measuring and recording the dimensions of the vessel (U.S. Coast
Guard, 2004 September 28). Then the total amount of test weight is loaded onto the vessel.
The test weight is determined by multiplying the maximum number of people expected to be
on the vessel at one time by the assumed average weight per person. The test weight is loaded

so that the vessel does not heel to either side.
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In the next step, the area of the side profile of the vessel is determined and multiplied
by a worst case scenario wind pressure to determine the required heeling moment due to wind
based on the area of vessel operation (U.S. Coast Guard, 2004 September 28). The required
heeling moment due to weight is also calculated using the total test weight and the maximum
beam length open to passengers. The larger of these two required heeling moments is then

used as the target heeling moment for weight movement.

In the third step of the SST, an immersion mark is placed on the side of the vessel (U.S.
Coast Guard, 2004 September 28). The height of this mark is determined by the distance
between the waterline and the deck of the vessel under a fully loaded condition. The test
weight is then moved toward the rail of the vessel while the immersion mark is monitored. If
the immersion mark drops below the waterline before the target heeling moment is reached
due to the position of the test weight, then the vessel fails the stability test for that number of
passengers. This result means that stability test needs to be repeated with a reduced total

weight.

2.3.3 Effectiveness of Current Regulations

Events in the United States show that the current regulations being used to determine
the amount of weight onboard passenger vessels are not accurate. The calculations used to
determine the maximum number of passengers allowed onboard a vessel uses an outdated
average passenger weight. In the Lady D passenger pontoon accident, the vessel was carrying a
total amount of weight about 700 pounds greater than what it should have been (National

Transportation Safety Board, 2006b). The boat was able to carry 3500 pounds. of passenger
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weight, but the average weight per person on the vessel was 168 pounds. This meant that the
boat should have only been carrying twenty passengers, or 3360 pounds. This shows that the
current weight regulations do not provide the vessel master with adequate information

regarding the amount of weight on the boat.

2.3.4 United States Coast Guard Proposed Rule Change

In order to combat the problem of passenger vessel overloading, the U.S. Coast Guard is
proposing a rule change to their current regulations regarding loading on passenger vessels.
When calculating the number of passengers that are allowed to travel on a vessel, one factor
that the U.S. Coast Guard takes into account is the average weight of a passenger (U.S. Coast
Guard, 2008 August 20). For vessels that operate in strictly protected waters and carry men,
women, and children, the assumed passenger weight used is 140 pounds. For all other vessels,
the assumed passenger weight used is 160 pounds. The proposed regulation change states that
for all instances of weight calculations an average weight of 185 pounds. should be used to
more accurately reflect the weight of the average American. Even though this proposed rule is
not yet in effect, the Coast Guard is recommending that all passenger vessels use the new

assumed weight per passenger of 185 pounds.

The Coast Guard’s proposed rule also states that every ten years passenger vessels
would be required to verify their stability (U.S. Coast Guard, 2008 August 20). This would need
to be done by means of a SST. This reoccurring stability testing will ensure that vessel stability
letters stay up-to-date, and the weight of any added load and small modifications on the vessel

are taken into account with the vessel’s stability.
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2.4 U.S. Demographic Changes

Over time, countries have seen many demographic and biophysical changes in their
citizens. These changes have been seen on a national level, but centralized in different regions
of a country. One noticeable change that has occurred is the increase in average weight of a
person. In 2002, the average weight for an American citizen had increased by approximately
24.4 pounds since 1960. Studies conducted by the Centers for Disease Control and Prevention,
National Center for Health Statistics (Ogden, 2004) had shown that the average weight of the
average American man and woman had increased by about eight pounds per decade since
1960. In 2006, the average weight had increased by approximately 26.5 pounds since 1960,
conveying the message that not only are Americans gaining weight, but that they are gaining
weight quickly (McDowell, 2008). Table 2.4 shows the average weights of American males and
females in regard to a specific four-year time period. We were able to conclude that the
increase in weight can lead to an increase in risk for passenger vessels if the correct average

weight is not used.

Table 2.4: U.S. Average Weights (Center for Disease Control, 2004, p.8; Center for Disease Control, 2008, pp.7-10)

Gender and Age Weight 1960-1962 Weight 1999-2002 Weight 2003-2006
Males ages 20-74 166.3 191.0 194.7
Females ages 20-74 140.2 164.3 164.7

2.5 Legal Issues
When interacting with society, it is always necessary to keep in mind people’s civil

rights. For our project, it is necessary to consider a person’s right to privacy versus the



27

government’s necessity to promote public safety. Two federal statutes were found that
discussed a person’s right to privacy, The Privacy Act of 1974 and The Freedom of Information
Act.

Dr. Kent Rissmiller, an associate professor at WPI, offered to help assist us in better
understanding this topic. Dr. Rissmiller explained the government’s position on the issue of
privacy versus public safety. He explained what the government categorized as private (bank
account numbers, social security numbers) and what is categorized as personal (anything that
has the potential to be public knowledge, but is not willingly released to the public). In his
opinion, the process of weight measurement deals with gaining personal information rather
than private information. Dr. Rissmiller continued to explain that in reality there are no laws
that protect the personal information of U.S. citizens. He explained that using certain methods
to try to retrieve personal information would not be illegal, but it might not be accepted by the
public and could therefore stall the implementation of such a method (example: weighing
people on scale, one at a time before boarding a vessel). Dr. Rissmiller clarified that the

government has established that anything in a public space is considered public information.

2.6 Research into Possible Solutions

To determine possible solutions for preventing vessels from becoming overloaded, we
researched different methods of measuring, monitoring, and estimating weight. The Federal
Aviation Administration has two methods for monitoring the weight onboard airplanes. There

are also various scientific methods for determining the weight of an object or objects. In
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addition to these methods, we looked at the possibility of using load marks, a method currently

used for monitoring the weight on large vessels.

2.6.1 FAA Weight Regulations for Airplanes

The Federal Aviation Administration (FAA) has weight regulations in place that the
airline industry must adhere to prior to departure. The regulations are specifically devised for
the three different aircraft cabin sizes: large, medium, and small. The large cabin aircrafts,
which carry more than seventy passengers, use the standard average weight method (Federal
Aviation Administration, 2005, p.17). This method denotes a summer weight with no carry-on
for men, women, and children between the ages of two and thirteen years old that is 194 Ibs.,

173 Ibs., and 76 Ibs. respectively (p.20).

The small cabin aircrafts, which carry between five and twenty-nine passengers, use a
different method with segmented weights for adult passengers (Federal Aviation
Administration, 2005, p.28). This method accounts for the ratio of males to females. The
medium cabin aircrafts, which carry between thirty and seventy passengers, are designated as
either being closer to a large cabin aircraft and would use the standard average weight method

or closer to a small cabin aircraft and would use the segmented average weight method.

The FAA also has stipulations that must be followed depending on the type of airplane
flight. These stipulations account for the time of year and for a passenger that has carry-on
luggage (Federal Aviation Administration, 2005, p.17). The FAA split the year into two parts:
summer (May 1% — October 31%") and winter (November 1% — April 30™") months. The time of

year is important because a passenger has more clothing in winter months than in summer
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months. Both of the methods described above are based on the summer months and to
account for the extra clothing during winter months, the FAA encourages adding five pounds to

the weight of each passenger.

The other stipulation regarding carry-on luggage needs to be accounted for by the
airplane before it departs because it can have a large effect on the amount of weight being
carried. The FAA has determined that the average passenger has about sixteen pounds of
personal items and carry-on luggage (Federal Aviation Administration, 2005, p.17). If an
airplane allows carry-on luggage, the airplane should then add six pounds to the average

passenger’s weight (p.20).

2.6.2 Methods for Measuring Weight

There are three primary methods used in commercially available scales for measuring
the weight of an object. These methods are weight comparison, springs, and strain gauges.
Scales utilizing one of these different methods can be used for measuring the weight of

passengers boarding a passenger vessel.

Scales that use a weight comparison are used to accurately measure the mass of an
object. These scales are commonly called balances and they compare the mass of a known
guantity to that of an unknown quantity to determine the mass of the unknown quantity. These
balances usually use a lever system to compare the two masses. Since balances operate
independent of the value of the gravitational force, they can accurately determine the mass of
an object unlike other scales that are dependent on the value of the gravitational force. If a

balance is used to measure the mass of passengers, then the passengers’ weight can be
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calculated by taking into account the value of acceleration due to gravity at the location where

the passengers are being measured.

Spring scales are another method that can be used to accurately determine the weight
of passengers boarding a passenger vessel. A spring scale has a platform that is oriented
perpendicular to the force of gravity. The spring is located perpendicular to the platform (Brain,
2008). The side of the spring not supporting the platform needs to be attached to an
immovable surface. When an object is placed on the platform, the spring will stretch or
compress from the weight of the object and when the spring displacement is measured, the

weight of the object can be determined.

Scales utilizing strain gauges are also common among commercially available scales.
Strain gauges are usually found within a load cell (Choosing Load Cells for Industrial Weighing,
2008). A scale can have one or several load cells below the main platform. The platform of the
scale is oriented perpendicular to the force of gravity and the load cell is between the
gravitational source and the load cells are oriented parallel to the force of gravity. Load cells
typically contain a piece of metal that bends or becomes deformed when a force is applied to it.
Strain gauges are attached to this piece of metal and the strain gauges can measure the amount
of deflection or deformation caused in the piece of metal. This in turn is used to calculate the

weight of the object on the platform of the scale.

2.6.3 Load Lines
One method that the U.S. Coast Guard uses to prevent overloading on larger vessels

(>65 feet in length) is by having load lines on the sides of the vessels that meet certain
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requirements. Vessels that operate on the Great Lakes or on the high seas are required to have
load lines if they meet either of these two requirements: 1) all vessels of seventy-nine feet or
over in length, or 2) all vessels of 150 gross tons or over (Office of Federal Register National
Archives and Records Administration, 2004, p.14). When determining where the load lines

should be placed, both structural efficiency and satisfactory stability are taken into account.

The load line is placed at the amidships on both sides of the vessel. It is painted in either
white or black depending on the color of the vessel’s hull (Office of Federal Register National
Archives and Records Administration, 2004, p.31). There are several different load lines that
refer to the type of water and the season that the vessel is traveling in. A photograph of load

lines can be found in Appendix J.

Each vessel is required to have a load line certificate which is valid for five years (Office
of Federal Register National Archives and Records Administration, 2004, p.17). There are four
types of certificates issued: International, Special Service, Domestic Service and Great Lakes.
The U.S. Coast Guard has the authority to penalize vessels for violating any of the rules set forth
in 46 Subchapter E- Load Lines. These penalties include, but are not limited to, the following:
detain the vessel if deemed overloaded, assess and collect applicable monetary penalties,
initiate a criminal prosecution, or suspend the master and/or owner from operating (Office of

Federal Register National Archives and Records Administration, 2004, p.18).



There are many factors that affect the way standards and regulations are established.
Things such as previous case studies, demographical changes, and legal issues all affect these
guidelines. As previous case studies have shown, it is necessary to constantly evaluate
standards and regulations for passenger vessels in order to keep people safe. To monitor the
weight onboard passenger vessels, it may be necessary to develop a new method besides
counting passengers. FAA methods, weight measuring methods, and load lines are methods

that could be applied to vessel loading in order to monitor it more closely.

32
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3.0 Methodology

In order to understand and determine possible solutions for the problem of passenger
vessel overloading, we used several different research methods. We also determined the
factors when overloading is most likely to occur. Our methods and the criteria for determining

the best solution are explained in this chapter.

3.1 Factors of Vessel Overloading

There are many different types of passenger vessels and different situations where
overloading is most likely to occur. Because of this, we determined what these situations were
and designed our proposed solutions to be most effective in these situations. To obtain this
objective, we took into account the hours of the week in which vessel companies are operating
with a high volume of passengers, the amount of profit made by the vessel company for each

passenger, and the stability of the vessel.

3.1.1 Peak Hours

In order to determine specific situations where more accurate calculations are required,
we needed to determine which hours of the day are peak hours for different passenger vessel
companies. We met with U.S. Coast Guard economist Mr. Reed Garfield and defined peak hours
as the hours when the passenger vessels are making trips at ninety percent capacity or greater
(October 30, 2008). We determined these hours because if a vessel is traveling with less than

ninety percent capacity, then we believe that the vessel will not be overweight.
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Based on the advice of Mr. Garfield, we asked vessel masters and managers a variety of
guestions regarding the passenger vessel industry (October 30, 2008). Interviews with these
masters and managers can be found in Appendix G. Each manager told us if and how they
recorded the number of passengers on their vessels before leaving port at all times. If a
manager did not keep records, we asked how often and during which hours their passenger
vessels are at about ninety percent capacity or greater. Knowing a passenger vessel’s peak

hours would alert the master when stricter solutions would need to be used.

3.1.2 Profit per Voyage

Identifying the amount of money that each passenger spends per voyage provides a
passenger vessel company with information that would help them choose one of our proposed
solutions. We were advised by Mr. Garfield that we should notify vessel companies to record all
types of revenue generated while on a voyage (October 30, 2008). This revenue includes any

concessions, souvenirs, etc., sold while the passenger vessel is en route.

This could affect a vessel company’s decision in different ways. A passenger vessel that
generates most of its profit from ticket sales may prefer a very precise solution even if was
expensive. A vessel would incur the price to implement a solution so that the vessel could
maintain a high passenger count. On the other hand, a vessel company that generates most of
its profit from concessions, souvenirs, etc. would prefer an accurate solution that was
inexpensive. A vessel would favor an inexpensive solution because the amount of tickets sold is

not the majority of the revenue.
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3.1.3 Stability Problems

In order to determine when our solution should be applied or to which vessels it needs
to be applied, we looked at the stability of different vessels, how this stability is calculated, and
how the number of passengers and their weight affect the vessel’s stability. Mr. William Peters,
a United States Coast Guard Naval Architect informed us that the Code of Federal Regulations
would provide us with a better understanding of how vessel stability is regulated for different

types and the different types of stability tests that are used to check vessel stability.

3.2 Determining Possible Solutions

In order to arrive at our proposed solutions, we analyzed several possible solutions.
These possible solutions were determined by looking at information from the National Center
for Health Statistics and the Federal Aviation Administration, talking to U.S. Coast Guard
experts, and formulating our own ideas. How we determined our possible solutions is explained

in this section.

As mentioned in Chapter 2, the Simplified Stability Test (SST) is one type of the stability
tests used by the Coast Guard. We researched the SST to gain a better understanding of what
the test entails. We then continued our research by looking at completed SST forms to directly
see how the stability of different vessels was influenced by the number of people onboard. This
information was then analyzed to give us an idea of when our solution could encounter

overloading and to which vessels they should apply.
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3.2.1 National Center for Health Statistics

The Coast Guard has been using an outdated passenger weight for the average
American adult. This outdated passenger weight is the root cause of passenger vessel
overloading. To fix this problem, we needed to establish the correct current weight for the
average American adult. We did this by looking at studies published by the Centers for Disease

Control (CDC).

When we first started this process, we found a report on Body Mass Index published by
the National Center for Health Statistics, a division of the CDC (2004). The report contained a
study on how the average weight of Americans had increased from 1960 to 2002. Although this
information was very enlightening, we thought that it was necessary to find information that

was more up to date.

Further research lead us to find a second report published by the National Center for
Health Statistics (2008) on anthropometric measurements for children and adults in the United
States from 2003 to 2006. This was the most recently published and updated information that
we analyzed in order to determine the average weight to use in our recommendation. The data

we used from this report can be seen in Appendix F.

3.2.2 Determining Weight on Airplanes

Another approach that we used to find more solutions to combat the problem of
overloaded passenger vessels was to examine the methods used by airlines to ensure their
planes are not overweight before takeoff. The system that airlines use is relevant because it has

to be very accurate and reliable. Crashes, which would cause serious injuries to passengers and
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people on the ground, could occur when an airplane is unable to operate correctly because it is

carrying more weight than allowed.

We specifically chose the airplane industry because they have to take into account the
passenger’s carry-on luggage and traveling season. Traveling by plane during summer versus
winter months entails having to compensate for additional weight caused by passengers
wearing winter clothing. The airline’s method relates to water-based passenger vessels because
people use them as a means of transportation and for recreational activities throughout the
year. Some of the vessels considered in our study also allow passengers to bring suitcases and
other carry-on luggage onboard. The additional weight plays an important role in determining

whether a passenger vessel is overweight.

3.2.3 Passenger Vessel Experts

To accomplish our goal of being able to assure vessel masters that they have not
surpassed their maximum allowable weight, it is necessary that we recommend effective
techniques that would achieve this goal. To find possible solutions, we also spoke with different
experts in the passenger vessels industry to see if their experience and insight could offer any
possible solutions and also give us their opinions on the solutions that we had already

established.

We spoke with Mr. Peters, who is very knowledgeable on the subject of passenger
vessel overloading. He presented new ideas that we had not thought of before. We also asked
him about the feasibility of other potential solutions. We took Mr. Peters’ advice into account

when analyzing our solutions and making our final recommendation.
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We also spoke with Mr. Marc Cruder, a traveling marine inspector for the United States
Coast Guard, and Mr. Peter Lauridsen, the regulatory affairs consultant for the Passenger Vessel
Association. The purpose of our meeting with them was to discuss the solutions we were
analyzing and get their viewpoint on how applicable the solutions would be to the passenger
vessel industry. Our discussion was extremely helpful, but reinforced the need to potentially

have different solutions for different types of vessels or for vessels with different purposes.

3.3 Criteria for Determining the Best Recommendation

By completing our research, we were able to develop possible solutions to solve the
problem of passenger vessel overloading. As we identified possible solutions, we evaluated
them to determine which one was the best solution. We decided that the criteria important for
evaluating each possible solution were efficiency, ease of implementation, enforceability, and

accuracy.

3.3.1 Efficiency

We evaluated each possible solution to determine how efficient it was. We defined
efficiency by the amount of time that it would take to determine if the passenger vessel is
overloaded. We also spoke with passenger vessel companies to determine the arrival and
departure times and the amount of time for weight calculations available before a passenger
vessel leaves port. This was to ensure that our possible solution would not alter the day-to-day
procedures of the passenger vessel company in a way that would cause the business to lose

money. From talking with vessel companies we also determined the different methods that
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they use for distributing tickets. We then evaluated each possible solution and determined if

the amount of time it required was acceptable.

3.3.2 Ease of Implementation

Implementing some of our proposed solutions may take time and money on the part of
the U.S. Coast Guard and the individual passenger vessel companies. We used semi-structured
interviews with U.S. Coast Guard Marine Architects and Engineers to determine what the
acceptable time and cost for implementation is for different types of vessel companies. We also
recognized that some possible solutions may be too difficult to implement because the
resources necessary are not easily available. Using this information we evaluated each possible
solution and determined what factors were involved with implementing each solution and if

these factors were acceptable.

3.3.3 Enforceability

Our proposed solution needed to be easily enforceable by the vessel companies who
might be utilizing them. Therefore, we evaluated each of our possible solutions to determine
how easily each would be to enforce. We defined enforceability as the ability of a vessel
company to prevent overloading during its ticket selling process. This criterion was made to
evaluate the human factor involved in possibly needing to ask passenger to exit a vessel when it
is overweight. If a solution determines the amount of weight for a specific voyage at the time
when tickets are sold then it is easier to enforce because loading can be controlled by stopping

the sale of tickets. If it is determined at the time of boarding then it is a solution that is more
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difficult to enforce. If a possible solution was not easy to enforce it was not discarded since we

believe it still may be a practical solution.

3.3.4 Accuracy

In order for our solution to be worth implementing it needed to be accurate. The main
problem with the current method for determining the weight being loaded onto a passenger
vessel is that it is not always accurate. Our proposed solutions did not need to be exact, but
they needed to be able to accurately determine whether or not a passenger vessel is
overloaded. To evaluate our possible solutions for accuracy, we created a computer program
that would simulate different loading scenarios. The program utilizes the database of the
Centers for Disease Control’s raw biometric data on American citizens to randomly select a
passenger sample based on the parameters that are set before the simulation is run. A diagram

of the software program we created can be seen in Appendix L.

Using this program, we were able to see how often each possible solution
conservatively estimated the actual total weight on a vessel. We were also able to determine
each solution’s total difference and standard deviation. We defined total difference as the
difference for specific loading scenarios between the average total weight that a solution
calculated and the actual average total weight. We were also able to look at which solutions

worked best in extreme loading scenarios from using our simulations.
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In order to determine the best solution to the problem of passenger vessel overloading,
we determined the situations where overloading is most likely to occur and we looked at how
passenger vessel stability is calculated. In order to get ideas for possible solutions, we looked at
how the FAA does weight calculations for airplanes in the United States and we talked with U.S.
Coast Guard experts and asked for their ideas on possible solutions. The following chapter
provides the results we obtained when we evaluated the possible solutions based on the
criteria of efficiency, ease of implementation, enforceability, and accuracy. The solution that

best met these criteria then became our proposed solution.
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4.0 Results and Analysis

In this chapter we will present twelve possible solutions that the U.S. Coast Guard could
adopt as regulations to help passenger vessels avoid overloading. These solutions include
weight estimation methods, average weight methods, and using physical methods to determine
the total amount of weight on a vessel. The solutions were analyzed based on the following
criteria: efficiency, ease of implementation, enforceability, and accuracy. Our analysis of these

options allowed us to make a well-informed recommendation to the Coast Guard.

4.1 Possible Solutions

The possible solutions that we identified would allow vessel masters to determine if
their vessel is overweight. They are divided into three categories: weight estimation methods,
average weight methods, and physical methods. All of our possible solutions are described in

this section.

4.1.1 Weight Estimation Methods
This section contains descriptions of solutions that primarily deal with weight estimation
methods. The four solutions include Asking Passengers their Weight, Number Approximations,

Estimations by Size, and Load Marks.

Asking Passengers Their Weight
One of our first responses to the problem of passenger weight overloading was the
thought of simply asking passengers their weight. We established that this could be applied

when passengers were buying tickets online or at the ticket booth. When applied to online
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ticket buying, the computer program used to sell tickets could be adjusted to calculate the total
passenger weight. When applied at a ticket booth, the ticket seller would ask each passenger
his or her weight and continually add the weight with a calculator. Implementing this method
would require one or two people at a ticket booth and no additional staff if the information was
submitted online. At a ticket booth, if more than one sales person were selling tickets for the
same vessel, it would be necessary to have the sellers asking each passenger his or her weight,

and a third person calculating the total weight using the following equation:

(P;+Py+P;+Py+ ...+ P +P)<M

Where:

P= Passenger’s Weight

n= Total Number of Passengers

M= Maximum Allowable Weight on the Vessel

By asking all of the passengers boarding a vessel how much they weigh, a passenger
vessel company could determine how much passenger weight is on the vessel. One potential
problem with this solution is that passengers may not want to tell employees of a vessel
company how much they weigh. To avoid embarrassment, some passengers may also lie about

their weight.

Number Approximations
Another solution that could be used to prevent passenger vessels from becoming
overloaded is by using number approximations. Table 4.1 describes the specific number that

would be assigned to men, women, children and large luggage. The idea behind this solution is
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that the average weights of men, women, and children as defined by the Centers for Disease
Control, are very close to multiples of 33.3 pounds. By rounding to the nearest multiple, the
multiples of 33.3 pounds can then be reduced to a much more manageable number for doing

arithmetic.

Table 4.1: Number Approximations for Average Weights (Center for Disease Control, 2008, pp.7-10)

Avg. Weight (Ibs.) | Rounded (lbs.) | Approximation
Number
Men 194.7 200 6
Women 164.7 167 5
Children 93.8 100 3
Large 33.3 33 1
Luggage

The average weights presented in Table 4.1 are based on data released by the Centers
for Disease Control in 2008. These weights were determined by considering a child to be
between the ages of one and seventeen years old and an adult to be older than seventeen
years old. An approximation number of one corresponds to a weight of 33.3 pounds so each
approximation number is determined by the following equation:

NApprox #= WAverage/ 33.3

Where:
Npprox # = Approximation Number
W sverage = Average Weight Rounded
To use this solution, one employee would be required to record the appropriate
approximation number for each passenger. As passengers purchase tickets or board the vessel,

the employee would add up the approximation numbers and compare the sum to the
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maximum number that is allowed on the vessel. An approximation number of one can also be
added to the total if the passenger is carrying a large piece of luggage that might weigh close to
33.3 pounds. In order to determine the maximum approximation number for the vessel, the

following equation can be used:
Myumber = M /33.3
Where:
Myumper = Maximum Approximation Number
M = Maximum Allowable Weight on the Vessel

When the running sum is equal to the maximum number allowed on the vessel, no more

passengers would be allowed on the vessel.

Estimations by Size

An approximate weight for each passenger can be estimated based on a person’s height
and waist size. These weights are outlined in Table 4.2. The average weight values in the table
are determined from the data released by the CDC on average body weights, heights, and waist
sizes in the United States. The table is based on the assumption that a short person with a small
waist weighs less than a tall person with a large waist. For this solution to work, an employee

must be trained to accurately judge each passenger that boards the vessel.

Table 4.2 Estimations by Size (Center for Disease Control, 2008, pp.7-10)

Height
Short Middle | Tall
Waist | Small 157 168 180
Average 168 180 194
Large 180 194 209




In Tables 4.3 and 4.4, the actual heights and waist sizes that should be used are
outlined. These height and waist values are based on the CDC’s data using the 25" 50" and
75t percentile for average values. These percentiles make up the small, medium, and large

values, respectively. Using these values, the average weights of adults in the United States in
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the 25", 50" and 75" percentile were matched to the nine categories. Using this solution, the

25t percentile weight is equal to a small and short person, the 50" percentile weight is equal to

an average and middle person, and the 75" percentile weight is equal to a large and tall person.

From those values, the average weights for other six categories are filled in.

Table 4.3: Average Heights based on CDC Data (Center for Disease Control, 2008, pp.11-16)

Height (in.)
Short 64.5
Average | 66.6
Tall 68.9

Table 4.4: Average Waist Sizes based on CDC Data (Center for Disease Control, 2008, pp.21-23)

Waist (in.)
Small 33.9
Average | 37.7
Large 42.1

Table 4.2 would be held by an employee who monitors passengers boarding a vessel.
The employee would then have to judge each passenger to determine which category they

would fall into. While passengers are boarding, the employee would need to keep a running

sum of the weight on the vessel and prevent people from boarding once the vessel has reached

its maximum allowable weight. Performing this solution would require the employee to use a

calculator to keep track of the total amount of weight on the vessel. One potential problem
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that could arise from this situation is human error. If the employee doing the judging is not

good at determining which category each passenger fits into then this solution will not work.

Load Marks

A possible solution that we investigated was the use of load marks on all passenger
vessels. Load marks were considered because they would not involve subjecting passengers to
any weighing estimates or techniques. The Coast Guard currently uses load lines on vessels that
meet a certain criteria (See Section 2.6.3). They have also established criteria for how these
load lines are applied to the vessels and how they are read (See Appendix J). A load mark differs
from load lines because a load mark would mean only one mark on the vessel, whereas load
lines refer to multiple marks on the vessel.

The concept behind using load marks is simple. A load mark of a certain dimension
would be painted on the hull of the vessel, a certain distance from the top of the deck. An
employee would monitor the position of the load mark in relation to the water level. As
passengers or cargos are loaded onto the vessel, the vessel will sit lower in the water, and the
load mark will start to submerge. The crew can continue to load the vessel until the top of the
load mark is at the water line. If the top of the load mark is completely submerged under water

then the vessel is overloaded and some weight must be removed from the vessel.

4.1.2 Average Weight Methods
The descriptions in this section are of solutions that use average weight data collected
from different government agencies. The solutions include USCG Proposed Weight, Centers for

Disease Control (CDC) Weights, FAA Standard Weights, and FAA Segmented Weights.
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USCG Proposed Weight

We reviewed the U.S. Coast Guard’s Proposed Rule Change and decided that this would
be evaluated under the same criteria as each of our other possible solutions. The new average
weight that the U.S. Coast Guard wants to establish is 185 pounds (U.S. Coast Guard, 2008
August 20, p.49246). The stability tests would have to be adjusted to incorporate the higher
average weight. The new equation that would result from this weight adjustment is:

M/ 185 Ibs = Nytaximum
Where:
Nutaximum = Maximum Number of Passengers Allowed

M =Maximum Allowable Weight on the Vessel.

Centers for Disease Control (CDC) Weights

Another simple solution that we identified to estimate weight is using the most recent
National Health Statistics Report to determine the average weights of American adult males
and females. These weights are 195 pounds and 165 pounds for adult males and females,
respectively (McDowell, 2008, pp.8-10). We did not include people under the age of twenty
years old in this average weight because of the disparity of sample sizes between the age
groups. Our solution requires an employee to count the number of males and females as they

board the vessel. The equation that vessel companies would have to adhere to is as follows:



Where:

Nutates = Total Number of Males

Nremates = Total Number of Females
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(Nitates X1951b5) + (Nremates % 1651bs) <M

M = Maximum Allowable Weight on the Vessel

Table 4.5 contains a table that has the computed weight for the varying number of males and

females.
CDC
Weights 0
0
Number 1
Of 2
Males 3
4
Average 5
Weight 6 1170
195lbs 7 1365
8 1560
9 1755
10 1950
11 2145
12 2340

Table 4.5: CDC Weights Table

Number of Females Average Weight = 165Ibs

1335
1530
1725
1920
2115
2310
2505

2

1500
1695
1890
2085
2280
2475
2670

3

1665
1860
2055
2250
2445
2640
2835

4 5 6 7 8 9 10 11 12

1155 1320 1485 1650 1815 1980
1350 1515 1680 1845 2010 2175
1545 1710 1875 2040 2205 2370
1740 1905 2070 2235 2400 2565
1935 2100 2265 2430 2595 2760
2130 2295 2460
1830 1995 2160 2325 2490
2025 2190 2355 2520 2685
2220 2385 2550 2715 2880
2415 2910
2610
2805
3000

A change of background color represents a change of 1,000 pounds. Table 4.6 is an

application of how the CDC Weights Table would be used for a vessel in summer months with a

no carry-on luggage policy. Table 4.6 corresponds to a vessel that can carry a maximum weight

of 2,000 pounds. If the number of male and female passengers is in the gray area, the vessel is

considered to be carrying less than 2,000 pounds. On the contrary, if the number of male and
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female passengers is in the black area, the vessel is considered to be carrying more than 2,000
pounds.

In Table 4.6, the white text refers to the maximum number of males allowed given the
number of females in the corresponding column. For example, if seven females board this

vessel, four males would be the maximum that could accompany them.

Table 4.6: Application of the CDC Weights Table

CDC Number of Females
Weights 0 1 2 3 4 5 6 7 8 9 10 11 12
0
Number 1
Of 2
Males 3
4
5
6
7
8
9
10
11
12
FAA Standard Weights

One of the solutions that the Flight Aviation Administration (FAA) currently uses involves
assigning an average weight of 194 pounds, 173 pounds, and 76 pounds to men, women, and
children, respectively (Federal Aviation Administration, 2005, p.20). If the vessel is operating
during winter months, November 1* — April 30", five pounds would be added to the previously
mentioned weights to account for the additional clothing. Thus the equation for this solution is

as follows:
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(Nuyen * [1941bs (+51bs in winter months)])
+ (Nwomen % [1731bs (+51bs in winter months)])
+ (Nchitaren * [761bs (+51bs in winter months)])

<M

Where:

Nyten = Number of Men (14 yrs old +)

Nwomen = Number of Women (14 yrs old +)
Ncnitaren = Number of Children (2-13 yrs old)

M = Maximum Allowable Weight on the Vessel.

FAA Segmented Weights

The other solution that the FAA uses is a segmented average passenger weight. This
solution adjusts the average weight of a passenger depending on the number of passengers and
the ratio of males to females (Federal Aviation Administration, 2005, p17). The FAA determined
that an average male weighs approximately twenty pounds more than an average female.
Appendix K contains two tables. The first table distinguishes the average weights that are
associated with a specific number of passengers and a certain ratio of males to females. The
second table computes the weight based on the average weight found in the first table.

Table 4.7 is the FAA Segmented Weights Table. A change of background color now
corresponds to a change in the class of total passengers being used. The bold lines represent
the change of 1,000 pounds. In order to compare this solution with the CDC Weights solution,

Table 4.8 is an application of how the FAA Segmented Weights Table would be used in summer
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months with a no carry-on luggage policy. Table 4.8 corresponds to a vessel with a maximum
weight of 2,000 pounds. Again, the gray area is considered to be less than 2,000 pounds, while

the black area is considered to be more than 2,000 pounds.

Table 4.7: FAA Segmented Weights Table

FAA Number of Females
Segmented
Weights 0 1 2 3 4 5 6 7 8 9 10 11 12
0
Number 1 Doesn't apply, too small.
of 2
Males 3
f—
5 1380
6 1398 1610
7 1631 1848 3600 3781
8 1864 1989
9 2007 2210
10 2230 2431
11 2453

In Table 4.8, the white text in the table refers to the maximum number of males allowed
given the number of females in the corresponding column. For example, if seven females board
this vessel, two males would be the maximum that could accompany them. In comparison with

the CDC Weights, this solution allows fewer passengers.
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Table 4.8: Application of FAA Segmented Weights Table

FAA Number of Females

Segmented
Weights 0 1 2 3 4 5 6 7 8 9 10 11 12

Number
of

Males

OVERWEIGHT

0
1
2
3
4
5
6
7
8
9

10

11
12

4.1.3 Physical Methods

This section includes the descriptions of our solutions that involve a physical device that
would be used to determine the weight of passengers boarding the vessel. These solutions

include Scales, Fulcrum, Floating Barge, and Five Gates.

Scales

Another possible solution for determining whether a passenger vessel is overloaded is
weighing the passengers that are boarding the vessel on a scale. This can be done by weighing
people individually or in a group as they board a vessel. Appendix | outlines examples of scales

that could possibly be used.
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If this solution were to be used, there would need to be at least one employee available.
This employee would be required to instruct the passengers to step onto and off of the scale as
well as keep track of the weight of the passengers getting onto the vessel. When the weight of
the passengers boarding the vessel is equal to the maximum allowable weight on the vessel,

the employee will stop allowing passengers to board the vessel.

Fulcrum

When looking into methods to solve the problem of weight overloading on passenger
vessels, we came up with many solutions, but we also were given a few suggestions. One
suggestion given to us by Mr. Peters was to use a fulcrum to measure the weight of people
boarding a vessel. It would be built so that there would be a lever with a platform on one side
and a specific amount of weight on the other side. Below the passenger platform there would
be a momentary push switch, connected to a buzzer or light. Figure 4.1 is an illustration of this

device.

Figure 4.1: Fulcrum
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Passengers would step onto the platform, and it would begin to lower. When there was
more passenger weight on the platform, it would lower and push the switch, which would
sound the buzzer or turn on the light to signal that a certain amount of weight was on the
platform and about to board the vessel. This method would require that an employee listen for
the buzzer or monitor the light and subsequently count the number of times the switch has
been activated. The employee would then use the following equation to calculate the total

weight on the vessel:

NBuzzer x W S M

Where:

Npyzzer= Number of Times the Buzzer Sounds

W = Weight Associated With Platform

M= Maximum Allowable Weight on the Vessel

Floating Barge

Another possible solution suggested to us by Mr. Peters was the use of a floating barge
to measure the weight of passengers. The floating barge would work similar to a scale. Figure
4.2 illustrates a floating barge that passengers would walk onto when boarding the vessel. The
barge would have a hole in the middle with a cylinder attached. A rod would be positioned
through this cylinder in the water and would be supported by its own buoyancy force. The
cylinder would have multiple lines marked on it, which would represent different,

predetermined weights. As people stepped onto the barge it would sink lower in the water and
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the rod would move up the cylinder. This system would give the vessel master a rough estimate

of how much weight he or she was bringing onto the vessel.

Figure 4.2: Floating Barge

It would take one employee to perform this method. The employee would count the
number of passengers as they are loaded onto the barge, and then see which line the rod is
closest to and record the weight associated with that line. The employee would then total the

weights that he or she had collected using the following equation:



(N1 x W) + (N2« W2) + (N3 X W3) + o e+ (N, X

Where:

N;= Number of Times the Rod reaches Line 1
N>= Number of Times the Rod reaches Line 2
N3;= Number of Times the Rod reaches Line 3

N,= Number of Times the Rod reaches Line n

W= Weight associated with Line 1
W,= Weight associated with Line 2
Ws= Weight associated with Line 3

W,= Weight associated with Line n

M = Maximum Allowable Weight on the Vessel

Five Gates

The Five Gates solution was another potential solution suggested to us by Mr. Peters.
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There would be five different gates and one extra passage. Table 4.9 defines the heights of each

gate.

Table 4.9: Gate Heights based on CDC Data

Gate No. Height (inches)
1 60
2 63
3 65
4 68
5 71

Passage
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Table 4.10 associates a specific weight with each gate. These weights were established using
data from the Centers of Disease Control. The data were sorted from shortest to tallest heights.
The weights were then formulated by averaging the different ranges based on the following

endpoints: 10th, 25, 50", 75", 90th, and 100" percentile.

Table 4.10: Weights Associated with Each Gate

Gate No. Weight (pounds)
1 138
2 152
3 164
4 177
5 192
Passage 211

Passengers would be asked to walk through the gate through which they most easily fit.
There would be an employee stationed at each gate with one stationed at the final passage.
Each employee would count the number of passengers that passed through the gate. There
would then be an employee who would be responsible for taking the numbers obtained from
the employees at each gate, and calculating the total weight about to board the vessel using

the following equation:
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(N; x 1381bs) + (N, x 152lbs) + (N3 x 164lbs) + (N4 x 177lbs) + (N5 x 192lbs) +
(Npassage < 2111bs) <M

Where:

N; = Number of passengers that pass through Gate 1

N> = Number of passengers that pass through Gate 2

N3 = Number of passengers that pass through Gate 3

N, = Number of passengers that pass through Gate 4

Ns = Number of passengers that pass through Gate 5

Npussage = Number of passengers that passed through the extra passage

M = Maximum Allowable Weight of the Vessel.

4.2 Analysis of Possible Solutions

In order to determine which solutions were most practical, we analyzed each of them
for efficiency, ease of implementation, enforceability, and accuracy. The first three criteria were
assessed by comparing qualitative data. We quantitatively analyzed the accuracy of non-

physical solutions by simulating loading conditions on passenger vessels.

4.2.1 Efficiency

In order to determine the impact that a possible solution might have on a vessel
company’s operation, we qualitatively analyzed each for efficiency. We defined efficiency as the
amount of time it takes for the vessel company to determine if their vessel is overloaded. If the
solution takes a significant amount of time then it is considered inefficient since it might delay
the vessel’s departure time and negatively affect the rest of the company’s operation. Table

4.11 lists each of our possible solutions and the factors that affect their efficiency.
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Table 4.11: Efficiency Factors

Solution count Inquire Calculations Judge Referto Monitor Loading
Passengers Passengers Passengers Table
Asking
Passenger X X X
Weight
Number X X X
Approx.
Estlma.tlons by X X X X
Size
Load Marks X X
CDC Weights X X
USCG
Proposed X
Weight
FAA Standard
Weights X X
FAA
Segmented X X
Weights
Scales X X X
Fulcrum X X X
Floating Barge X X X
Five Gates X X X

In each of our possible solutions, counting passengers is required. This is because the
number of passengers on a vessel always needs to be known to ensure that the vessel has
enough available lifesaving equipment and that the vessel does not exceed the maximum
number of passengers permitted by their Certificate of Inspection. The number of passengers
allowed on a vessel by the certificate of inspection is determined by lifesaving, security, and
other general safety factors. Counting passengers is required under the current Coast Guard
regulations and should have a minimal effect on a passenger vessel company’s operation in

regards to time.
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When determining whether a vessel is overloaded by asking passengers their weight,
there is time required to speak with each passenger and then record the weight they provide.
When determining the total passenger weight of a vessel with more than twenty-five
passengers, this may become very time consuming and hurt the efficiency of the vessel
company’s operation. Problems can also arise when passengers boarding vessels do not speak
English or do not speak English well. This could take more time so there needs to be an
assumed average weight to use instead.

In eight of our possible solutions calculations are required to determine the amount of
passenger weight getting onto a vessel. In these cases, calculations must be performed as each
passenger or group of passengers get onto the vessel. In the case of the Number Approximation
solution, this can be done by hand. In all other cases a calculator or a computer program needs
to be used to perform calculations. If these solutions were installed into a computer ticketing
program then this time cost would be minimal. Otherwise the time cost is only practical for
applications when there are twenty-five passengers or less.

For the Number Approximation and Estimations by Size solutions, an employee at the
passenger vessel company would be required to judge each passenger that will be boarding a
vessel. For the Number Approximation solution, this is quicker and should only take a few
seconds to determine whether a passenger is a man, woman, or child, and if their luggage is
worth weight consideration. The Estimations by Size solution might take a few more seconds to
judge since the employee needs to fit each passenger into one of nine different categories. The

Number Approximation solution can be easily integrated into a computer ticketing system but
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the Estimations by Size solution cannot. This makes the Estimations by Size solution impractical
for vessels carrying more than twenty five passengers.

Two of our possible solutions include time where an employee needs to refer to a table.
For each passenger this should only take a few seconds but needs to be accounted for. The
tables used in the CDC Weights and FAA Segmented Weights solutions can be implemented into
a computer ticketing program making the solutions more efficient. Despite a small time
requirement when done by an employee, these two methods could be used for vessels carrying
149 people.

The Load Marks and Five Gates solutions need an employee to monitor their
proficiency. Load marks need to be watched so that they do not drop below the surface of the
water. In the Five Gates solution, monitoring is more complicated since employees need to
make sure that passengers are using the system properly, and they also need to count the
number of people that walk through each gate. The Five Gates solution is difficult to monitor
but it can be used for any size vessel as can Load Marks.

The Fulcrum, Scale, and Floating Barge solutions all have to take into account the time
required to load and unload passengers. Company employees will have to direct passengers
onto and off of different platforms for each one of these solutions. This process will take time
and might cause these solutions to be very inefficient when needing to direct a large number of
people.

Overall, the USCG Proposed Weight solution is most efficient because the time required
to determining whether the vessel is overweight is negligible. Load Marks are also very efficient

since they only require counting passengers and monitoring the load mark. Using the CDC
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Weights and FAA Segmented Weights solutions are also very efficient and require minimal
time. These two solutions, along with the Number Approximations and Asking Passengers their
Weight, can be extremely efficient and practical for all size vessels if they are implemented

using a computer system.

4.2.2 Ease of Implementation

Another criterion in our analysis was the ease in which each solution could be
implemented by different vessel companies. We defined the ease of implementation as the
amount of time and resources needed to install each solution. Some solutions involved the
design of a mechanical/electrical system, while others involved the training of personnel and
buying of inexpensive supplies. Table 4.12 lists each solution and its respective implementation

factors.
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Table 4.12: Ease of Implementation Factors

Extra Cost to Cost Current
. Need USCG Dock/ ) ) Employee
Solution Build/Buy Minor or New o
Approval Water . . Training
Device Supplies SST
Space
Asking
Passenger X X X
Weight
Number X X X X
Approx.
Estlma.tlons by X X X X
Size
Load Marks X X X
CDC Weights X X
USCG
Proposed X X X
Weight
FAA Standard
Weights X X X
FAA
Segmented X X
Weights
Scales X X X X X
Fulcrum X X X X X
Floating Barge X X X X X
Five Gates X X X X X

For all of these solutions to be implemented, the maximum allowable weight on a
passenger vessel needs to be known. We have concluded that two processes can be used to
determine this weight. The first process is a result of the U.S. Coast Guard’s Proposed Rule
Change, which is to increase the average passenger weight used in calculations and stability
tests to 185 pounds. According to this proposed rule, each passenger vessel must undergo a
new Simplified Stability Test (SST) to determine the maximum allowable weight for that vessel.
The problem with this process is that it would take a few years to re-test every vessel and will

thus delay the implementation of a new method to determine when a vessel is overloaded.
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The second process that we developed is to calculate the maximum allowable weight on
a vessel based on its current SST. The equation would be as follows:
Nssr x AVG =M
Where:
Nssr = Number of Passengers Allowed on the vessel’s current SST

AVG = Average Weight associated with the Vessel (Normally 1601bs)
M = Maximum Allowable Weight on the Vessel

This process was developed for the vessel companies that might not be able to afford a new SST
and for vessels that operate with a maximum passenger number that is lower on their
Certificate of Inspection (COI) than on their current stability letter.

Depending on which process an owner prefers to evaluate a vessel, the ease of
implementation will vary. If an owner prefers a vessel undergo a new SST, the Coast Guard will
need to specify a date when all new SSTs need to be completed. On the other hand, if an owner
prefers a vessel to base its maximum weight off of its current stability letter, a solution could be
implemented immediately.

With the option of so many solutions and wide variety of types of vessels, passenger
vessel companies would need to inform the Coast Guard of which solution is being used. The
Coast Guard would then approve the solution based on whether it is acceptable for the given
vessel and its service. To do this it should be mandated that the Coast Guard approve the
solution being used to monitor or manage passenger weight after a system has been installed,
but before it is initially used. Though this will increase the time it takes to implement the

solution, it will help assure passenger safety.
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An underlying problem with implementing some of our solutions is the requirement of
dock space. For many vessel companies, dock space is very limited and sometimes shared. This
lack of dock space could make it difficult, if not impossible, to implement some of our possible
solutions. Another problem concerning dock space is that some companies rent the space
where their vessel is docked. They therefore may not have the right to place any type of
measuring device on the dock, again making it impossible to implement some of our solutions.
See Appendix M for some examples of dock space we have seen.

When analyzing our solutions, we established that implementing almost all of the
possible solutions required some type of expense. The degree of expense depended on the
solution itself. For solutions such as the Fulcrum, Scales, Floating Barge, and Five Gates, the
expense could be quite high. All of those solutions except the Scales involve design,
construction and supply costs. (The scales involve the cost of the scales and having them
calibrated every month.) In the case of the Load Marks, the only expense would be buying the
paint and paint brushes. For the rest of the solutions, the expense would include buying
pens/pencils, paper, or a calculator, which would be minimal. If a company wanted to use a
computer program, a slightly greater expense would be incurred. The three possible solutions
that would not involve any added cost would be to use the CDC Weight, the FAA Segmented
Weight, or the USCG Proposed Weight.

A minor requirement that may delay the implementation of a few possible solutions is
the time needed to train employees. Employee training is only necessary for the Number
Approximation and Estimates by Size solutions. In these situations, employees are being trained

to observe people and learn how to best estimate which category each passenger would be
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classified. This could be time consuming and could cost the employer money depending on
whether he or she pays the employees for the time they spend being trained.

The ease of implementation of each solution depends upon the complexity of each
solution. Through our analysis we found that the Asking Passengers their Weight solution would
be the easiest to implement. This is because it can be easily and cheaply applied. If tickets are
bought online the computer program used to manage the sale of tickets could be adjusted to
have the program calculate the total weight. If tickets are sold at a ticket booth, the employee
can ask passengers their weight and keep a running total as tickets are sold. This requires the

least amount of installation time or money, and therefore is easiest to implement.

4.2.3 Enforceability

When performing our analysis we also compared each solution based on its
enforceability. We defined enforceability as the ability of a vessel company to prevent
overloading during its ticket selling process. This criterion was made to evaluate the human

factor involved in possibly asking a passenger(s) to exit a vessel when it is overweight.

These situations could arise when the total passenger weight is calculated after a
passenger has purchased a ticket. We decided that this was an important aspect to assess
because it would not be beneficial for vessel companies to ask passengers to exit a vessel and
then refund the money. This problem could cause further controversy if the tickets were not
numbered because the vessel company would not know which passenger(s) was the last to
purchase a ticket. This would force an employee to choose a passenger that would have to

leave the vessel without a specific reason.
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Solutions that were easy to enforce avoided these situations. They did this by calculating
the total passenger weight during the ticket selling process. By determining the weight this
way, no employee would be forced into the undesirable task of asking a passenger to exit the
vessel and then refunding his/her money. Table 4.13 compares the solutions based on

enforceability factors.

Table 4.13: Enforceability Factors

. Weight Known As
Solutions Ticfets Are Sold Keep Records
Asking Passengers X X
Their Weight
Nun.1ber. X X
Approximation
Estimations by Size X
Load Marks X
CDC Weights X X
USCG Proposed Weight X X
FAA Standard Weights X X
FAA Segmented
- X X
Weights
Scales X
Fulcrum X
Floating Barge X
Five Gates X

Most passenger vessels would be affected by these situations if they used a solution
that calculated the total passenger weight as passengers boarded. The passenger vessels that
would not be affected are ferries and water taxis. They operate continuously, and passengers

could use their tickets to board the next ferry or water taxi if the weight limit was met.

We also decided that it would be reasonable to have vessel companies keep records of

the number of passengers and the total calculated passenger weight. Keeping this information
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would hold vessel masters accountable for their decisions regarding passenger weight. Also, in
the case of an accident, officials could refer to these records in order to possibly dismiss

passenger overloading as a contributing factor.

The easiest solutions to enforce would be the CDC Weights, USCG Proposed Weight, and
the FAA Segmented Weights. These are better than the other solutions because employees
would have a table that allows them to easily assess potential passengers as either a male or

female and would not need to worry about the number of children.

The solutions that would not be easy to enforce involve selling tickets to passengers
without being able to keep track of the passenger weight. These solutions included Estimations
by Size, Load Marks, and all of the Physical Solutions. Thus, for vessels carrying a maximum
number of passengers, there is a chance that the passenger limit may be exceeded before all
passengers have boarded, resulting in an employee needing to inform a passenger that he/she

cannot get on the vessel because the vessel is at its maximum allowable weight.

4.2.4 Accuracy

For evaluating accuracy, we created a computer program that would select a random
sample of the biometrics for a specified number of passengers. We utilized the biometric data
that was used to produce the National Health Statistics Report to create a database that could
be accessed by our computer program. We were then able to simulate eighteen different
loading scenarios based on the following factors: number of passengers, age range, and gender

ratio. A diagram of this software can be seen in Appendix L.
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We conducted thirty simulations for twenty-five, forty-nine, and 149 passengers to
accumulate ninety simulations. We chose these passenger numbers because twenty-five
passengers is a small Subchapter T passenger vessel, forty-nine passengers is an average-sized
Subchapter T passenger vessel, and 149 passengers is the maximum number of passengers
allowed on a Subchapter T passenger vessel. We also learned from Coast Guard officials that
there are a lot of vessels that are certificated to carry 49 and 149 passengers because they want

to avoid additional regulations that apply when they carry more.

For each number of passengers, we conducted fifteen simulations for two different age
ranges: older than two years and older than twenty-one years. We chose these ages because
passengers older than two years represent the entire population on vessels such as ferries or
water taxis. Passengers older than twenty-one years represent the population on gambling

vessels.

The age ranges were then broken down into three groups of five simulations: all male,
all female, and mixed. We were able to evaluate the extreme situations that could occur on

some vessels. Appendix N contains the results of our simulations.

Tables 4.14 through Table 4.25 were produced once all simulations were completed.
These tables provide average total passenger weights that were calculated using our
simulations. Each solution’s total weight is related to weights of passengers without clothing
because this is how the National Health Statistics Report determines a person’s weight.
Simulations were averaged based on the parameters described in the table’s title. Each table

evaluated the average total passenger weight for every applicable solution.
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The Scales, Fulcrum, Asking Passengers their Weight, and Load Marks solutions are not
included in our simulations because they cannot be easily modeled by our simulator so we
analyzed them qualitatively. For the purposes of our study we assumed that scales would be
the most accurate solution since they would be able to estimate the average total weight
within a few pounds of the actual total weight. Inaccuracies in scales can be found if they are

not calibrated properly.

In the Fulcrum solution, the accuracy will vary depending on the amount of weight on
the opposite side of the fulcrum. The larger the counter-weight, the more accurate the solution
will be. The inaccuracies of this solution come when a person steps on the fulcrum and pushes
it past the tipping point. In this situation the actual amount of weight that person is

contributing is unknown.

The inaccuracies from Asking Passengers their Weight are found in the error between
the weight a passenger gives and what their actual weight is. The accuracy of Load Marks is
dependant upon the size of the vessel and the weather conditions. If the weather conditions
are poor then the load mark is difficult to read and less accurate. The Load Marks solution also
has poor accuracy because a change in passenger weight usually results in an insignificant

change in position.

For the Floating Barge solution, the level of accuracy will be dependent upon the
dimensions of the barge. To determine how accurate the Floating Barge solution is, we
calculated the weight change that would be associated with a certain amount of displacement

for two barges with different dimensions. We assumed that an employee at the vessel company
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would be able to accurately read the pole in the center to % inch of accuracy. For a barge with
dimensions ten feet by fifteen feet, every % inch of immersion is equal to 200 pounds. For a
barge with dimensions fifteen feet by twenty five feet, % inch of immersion is equal to 490
pounds. These values were found by using the area of the barge and the volume of water
displaced when a test weight is applied to the barge to calculate the vertical displacement of

the barge. The larger the area of the barge is, then the less accurate it will be.

We evaluated each solution based on its total difference, standard deviation, and
success rate. Total difference is defined as the difference for specific loading scenarios between
the average total weight that a solution calculated and the actual average total weight.
Standard deviation is a mathematical value that is used to determine how close to the average
total weight most of the calculated weights are. A small standard deviation means that the
calculated weights are relatively close to the average total weight; however, a large standard

deviation means that the calculated weights are not close to the average total weight.

Success rate was determined by the percentage of conservative calculations.
Conservative is defined as the event when a solution calculates a total weight that is larger than
the actual total weight. We counted the number of times this happened for each solution and
loading scenario. We have highlighted the cells with the lowest total difference and the highest
success rate in light blue. The cells with the second lowest total difference and the second

highest success rate are highlighted in light gray.

Table 4.14 examines all simulations of passengers regardless of a passenger’s age or

gender. This table does not contain the average of the ninety simulations or the standard
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deviation because different sizes of vessels are included and these values would not be valid

factors to analyze. From this table, we are able to establish a benchmark of 73% for success rate

because this is the value that corresponds to the U.S. Coast Guard Proposed Weight. Therefore,

if a solution’s success rate is relatively close to 73% it is very comparable and then the number

of passengers becomes a major factor in deciding which solution is better.

Table 4.14: Accuracy of All Vessels

old USCG
90 USCG | Proposed CDC StaFrﬁjA;lr d | se I?r?glte d Number | Estimates Five
Simulations | Weight Weight | Weights Weiahts V\ElJei hts Approx. | By Size Gates
(160lbs.) | (178Ibs) 9 g
ggfgess 51% 73% 76% 59% 97% 73% 66% 31%

Table 4.15 examines each solution based on a vessel carrying twenty-five passengers.

Thirty simulations met this criterion, and it can be seen that the FAA Segmented Weights

solution was the most successful and the Old USCG Weight solution had the lowest total

difference.
Table 4.15: Vessels Carrying 25 Passengers
Old USCG
30 Actual USCG | Proposed CDC Str:l:nAdgr d |l se I?nAeAnte d Number | Estimates Five
Simulations | Weight | Weight Weight | Weights Weiahts V\gllei hts Approx. | By Size Gates
(160lbs.) | (178lbs) 9 9
Average 3,938 3,950 4,450 4,500 3,994 4,926 4,089 4,304 3,874
Total
Difference 12 512 562 56 988 151 366 -64
(Ibs.)
Standard
Deviation 0 0 312 538 208 592 177 611
(Ibs.)
g:fgess 50% 73% 70% 60% 100% 70% 60% 40%
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Table 4.16 and Table 4.17 concentrate on the age ranges for vessels carrying twenty-five
passengers. For vessels carrying passengers older than two years old, most of the solutions are
100% successful, but the total differences are high. For example, the U.S. Coast Guard’s
Proposed Weight solution provided nearly an extra forty-five pounds per passenger, which is
extremely high. On the other hand, for vessels carrying passengers older than twenty-one years

old, more than half of the solutions are less than 50% successful, but the total differences are

low.
Table 4.16: Vessels Carrying 25 Passengers, Ages 2 and Older
ol USCG

15 Actual USCG | Proposed CcDC Stgrﬁj':r d | se I?nAeAr\ne d Number | Estimates Five

Simulations | Weight | Weight Weight | Weights Weights V\gllei hts Approx. | By Size Gates
(160lbs.) | (178lbs) 9 9

Average 3,336 3,950 4,450 4,501 3,526 4,927 3,591 4,192 3,364
Total
Difference 614 1,114 1,165 190 1,591 255 857 29
(Ibs.)
Standard
Deviation 0 0 318 284 212 271 105 341
(Ibs.)
g‘;fgess 100% 100% | 100% 80% 100% 87% 100% 67%

Table 4.17: Vessels Carrying 25 Passengers, Ages 21 and Older

Old USCG

15 Actual USCG | Proposed CDC
Simulations | Weight | Weight Weight | Weights
(160Ibs.) | (178lbs)

FAA FAA
Standard | Segmented
Weights Weights

Number | Estimates Five
Approx. | By Size Gates

Average 4,540 3,950 4,450 4,499 4,462 4,925 4,586 4,416 4,384

Total
Difference -590 -90 -41 -78 385 46 -124 -156
(Ibs.)

Standard
Deviation 0 0 317 222 211 349 165 314
(Ibs.)

Success

Rate 0% 47% 40% 40% 100% 53% 20% 13%
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Table 4.18 examines vessels carrying forty-nine passengers. Since most of the total
differences (100-200 Ibs., 600-1,000lbs.) and success rates (70% - 77%) are close to each other,
it is difficult to decide which is the most accurate. We decided that in order to determine the
most accurate solution, one should view the success rate first, and then make sure that the
total difference is acceptable. Therefore, for vessels carrying forty-nine passengers, Number
Approximations is the best solution to use because it is 70% successful and provides on average

an extra four pounds per passenger.

Table 4.18: Vessels Carrying 49 Passengers

old USCG
30 Actual USCG | Proposed CcDC Stgrﬁj':r d SeglinAeAr\ne d Number | Estimates Five
Simulations | Weight | Weight Weight | Weights Weights Weights Approx. | By Size Gates
(160Ibs.) | (178lbs)
Average 7,869 7,742 8,722 8,824 7,895 9,312 8,062 8,479 7,730
Total
Difference -127 853 955 26 1,442 193 610 -140
(Ibs.)
Standard
Deviation 0 0 615 963 410 1,107 336 1,019
(Ibs.)
g‘;fgess 53% 73% 77% 60% 93% 70% 70% 40%

Table 4.19 and Table 4.20 examine vessels carrying forty-nine passengers in more-
depth. We start to see a trend that for vessels that include all ages; the success rate is 100% for
most of the solutions but the total difference is also high. We also see a trend for vessels that
include only passengers older than twenty-one; the success rate is low, and the total difference

is negative for half of the solutions, which is not a good thing.
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Table 4.19: Vessels Carrying 49 Passengers, Ages 2 and Older

Old USCG

15 Actual USCG | Proposed CDC Stzli:npzjér d Segiiﬁ\]te d Number | Estimates Five

Simulations | Weight | Weight Weight | Weights Weiahts Weiahts Approx. | By Size Gates
(160lbs.) | (178lbs) 9 9

Average 6,949 7,742 8,722 8,817 7,036 9,310 7,120 8,302 6,854
Total
Difference 793 1,773 1,868 87 2,361 171 1,353 -95
(Ibs.)
Standard
Deviation 0 0 625 385 417 401 222 456
(Ibs.)
g;?gess 100% | 100% | 100% | 67% 100% 67% 100% 40%

Table 4.20: Vessels Carrying 49 Passengers, Ages 21 and Older

ol USCG
15 Actual USCG | Proposed CDC Str:l:nAdgr d SegI?nAeAnte d Number | Estimates Five
Simulations | Weight | Weight Weight | Weights Weights Weights Approx. | By Size Gates
(160Ibs.) | (178lbs)
Average 8,789 7,742 8,722 8,831 8,754 9,313 9,004 8,656 8,605
Total
Difference -1,047 -67 42 -35 524 214 -133 -185
(Ibs.)
Standard
Deviation 0 0 627 439 418 690 343 548
(Ibs.)
g:fgess 7% 47% 53% 53% 87% 73% 40% 40%

The next three tables deal with vessels carrying 149 passengers. In Table 4.21, the two
solutions that have the lowest total difference also have the lowest success rates. The CDC
Weights solution was determined to be the most accurate because it had the second highest
success rate and it also provided an extra eighteen pounds per person, which we felt was an

acceptable number given the large number of passengers.
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Table 4.21: Vessels Carrying 149 Passengers

old USCG

30 Actual USCG | Proposed CDC Stzli:r?déird Se I?nAeAr\ned Number | Estimates Five
Simulations | Weight | Weight Weight | Weights Weiahts Vsei hts Approx. | By Size Gates
(160lbs.) | (178lbs) 9 9

Average 24,072 | 23,542 26,522 26,776 24,216 28,065 24,679 25,743 23,680

Total
Difference -530 2,450 2,704 144 3,992 607 1,671 -392
(Ibs.)

Standard
Deviation 0 0 1,858 2,631 1,330 3,118 965 2,927
(Ibs.)

Success

Rate 50% 73% 80% 57% 97% 80% 67% 13%

Table 4.22 and Table 4.23 examine the age ranges for vessels carrying 149 passengers.
The trend continued with these vessels as well. The Old U.S. Coast Guard Weight is the most
accurate for all ages because it was 100% successful and the total difference was acceptable.
The most accurate for passengers older than twenty-one years old was the FAA Segmented

Weights solution because it was 93% successful and provided about nine extra pounds per

passenger.
Table 4.22: Vessels Carrying 149 Passengers, Ages 2 and Older
Old USCG
15 Actual USCG | Proposed CDC FAA FAA Number | Estimates Five

Standard | Segmented

Simulations | Weight | Weight Weight | Weights Weights Weights

(160lbs.) | (178lbs)

Approx. | By Size Gates

Average 21,399 | 23,542 26,522 26,765 21,859 28,121 22,053 25,238 21,180

Total

Difference 2,143 5,123 5,366 460 6,722 654 3,839 -219
(Ibs.)

Standard

Deviation 0 0 1,891 823 1,290 1,015 647 1,168
(Ibs.)

Success 100% 100% 100% 87% 100% 93% 100% 20%

Rate




Table 4.23: Vessels Carrying 149 Passengers, Ages 21 and Older
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Old USCG

15 Actual USCG | Proposed CDC Stzli:npzjér d |l se I?nAeAr\ne d Number | Estimates Five

Simulations | Weight | Weight Weight | Weights Weiahts Vsei hts Approx. | By Size Gates
(160lbs.) | (178lbs) 9 9
Average 26,745 23,542 26,522 26,787 26,573 28,008 27,305 26,248 26,181
Total
Difference -3,203 -223 42 -172 1,262 560 -497 -564
(Ibs.)
Standard
Deviation 0 0 1,891 1,323 1,412 2,080 982 1,727
(Ibs.)
g:fgess 0% 47% 60% 27% 93% 67% 33% 7%
The last two tables split the simulations into the two age ranges. From Table 4.24, it is

difficult to determine which solution is the best for vessels carrying passengers older than two

years. From Table 4.25, we were able to easily determine that the FAA Segmented Weights

solutions significantly outperformed all of the other solutions listed in the table.

Table 4.24: Vessels Carrying Passengers Ages 2 and Older
Old USCG
45 USCG | Proposed CDC FAA FAA Number | Estimates Five
. . ) ) : Standard | Segmented .
Simulations | Weight Weight | Weights Weiahts Weiahts Approx. By Size Gates
(160lbs.) | (178lbs) 9 9
ggfgess 100% 100% | 100% 78% 100% 82% 100% 42%
Table 4.25: Vessels Carrying Passengers Ages 21 and Older
Old USCG
45 USCG | Proposed CDC FAA FAA Number | Estimates Five
. : ; . : Standard | Segmented :
Simulations | Weight Weight | Weights Weiahts Weiahts Approx. By Size Gates
(160lbs.) | (178lbs) 9 9
g:mt:gess 2% 47% 51% 40% 93% 64% 31% 20%
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From researching weight monitoring methods from the FAA, talking with experts from
the U.S. Coast Guard, and interviewing representatives from passenger vessel companies, we
were able to establish twelve possible solutions. These solutions were divided into three
categories: Weight Estimation Methods, Average Weight Methods, and Physical Methods. As a
result of our analysis, we determined which solutions were most efficient, enforceable, easy to
implement, and accurate. In our next chapter these results are summarized and our

recommendations based off of these results are presented.
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5.0 Conclusions and Recommendation

The goal of our project was to recommend an effective solution that would allow vessel
masters to know if their vessels have surpassed their maximum allowable weight. Efficiency,
ease of implementation, enforceability, and accuracy were used to analyze our twelve possible
solutions. Each solution had both positive and negative aspects based on these criteria. Our
recommendations were determined by different situations that we decided would occur most
frequently. We also provide recommendations for further research that we believe may lead to

more accurate and more feasible solutions than the ones we recommend.

5.1 Conclusions

In this section we provide a summary of the results we obtained from analyzing our
twelve possible solutions using our four analysis criteria. The solutions that best fit each
criterion are outlined as well as the solutions that scored very high in each area. It was from

these results that our final recommendations were chosen.

5.1.1 Efficiency

We defined efficiency as the amount of time it takes for the vessel company to
determine if their vessel is overloaded. A solution is inefficient if it takes too much time to use,
delays the departure and arrival time of the vessel, or affects the basic operation of the
business.

Our analysis showed that the USCG Proposed Weight solution is the most efficient. This

is because it only involves counting the number of passengers that are boarding a vessel,
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making the amount of time required for this solution negligible. Load Marks are also very
efficient since they only require counting passengers and monitoring a load mark on the side of
the vessel. The CDC Weights and FAA Segmented Weights solutions are very efficient as well
because they require minimal time. These solutions, along with the Number Approximations
and Asking Passengers their Weight, can be extremely efficient and practical for all size vessels

if they are incorporated into a computer system.

5.1.2 Ease of Implementation

We defined ease of implementation as the amount of time and resources needed to
install a solution. A solution that would involve a mechanical or electrical device would not be
easy to implement because it would require both time and money to design and construct. On
the contrary, a solution that requires an employee counting passengers would be easy to
implement.

We established that Asking Passengers their Weight would be the easiest solution to
implement. With this solution, the passenger vessel company would sum the weights of each
passenger. This calculation could be done with a calculator or by a computer program. This was
the easiest solution to implement because it requires the least amount of time, money, and
resources to implement. We also found that the CDC Weights and FAA Segmented Weights
solutions are very easy to implement since they require very little time, money, and resources.
These two solutions require an employee to refer to a table in order to determine if the vessel

is overweight, using the number of men and women that are boarding the vessel.
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5.1.3 Enforceability
We defined enforceability as the ability of a vessel company to prevent overloading
during its ticket selling process. A solution was easy to enforce if it decreased the chance of a

company overbooking and possibly needing to ask passengers to exit the vessel.

Our analysis showed that CDC Weights, USCG Proposed Weight, and FAA Segmented
Weights solution were the easiest to enforce. They were the easiest to enforce because the
most extensive requirement for determining passenger weight was counting males and
females. This means that the maximum various ratios of males and females would be known
before tickets are sold. Thus, the vessel company could stop selling tickets when these

passenger counts are reached.

5.1.4 Accuracy

Accuracy was one of the main components of our project. Each solution was assessed
based on three accuracy factors: total difference, standard deviation, and success rate. Total
difference and success rate were analyzed first, and when multiple solutions were similar in

these categories, we then referred to the standard deviation to make our final decision.

The USCG Proposed Weight, 73% success rate over all simulations, did not evaluate as
well as would be expected; however, there is a reason. We created eighteen different loading
scenarios, and twelve of the loading scenarios were extreme situations. This meant that of our
ninety simulations: all males (extreme) accounted for thirty simulations (33.3%), all females
(extreme) accounted for thirty simulations (33.3%), and a mix of males and females accounted

for thirty simulations (33.3%). For vessels carrying passengers’ ages two years and older, we
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saw that this solution had a 100% success rate. For vessels carrying passengers’ ages twenty-
one years and older, we saw that the solution was never successful for all males, 100%

successful for all females, and 40% successful for a mix of males and females.

The most accurate solution for vessels carrying twenty-five passengers was Number
Approximations. This was most accurate because for both age ranges it had low total
differences (255 Ibs. and 46 Ibs.) and the second highest success rates (87% and 53%). The
standard deviations were low, which meant that this solution was not calculating a wide-range

of weights.

We determined that the Number Approximations solution was also the most accurate
for vessels carrying forty-nine passengers. It was the most accurate because when carrying
passengers’ ages two years and older the other solutions were providing too much safety
margin, whereas this solution was providing on average eight pounds per passenger. Its success

rate was consistent, and its standard deviation was acceptable.

For vessels carrying 149 passengers, we concluded that the CDC Weights solution was
the most accurate. It provided enough safety margins for vessels carrying passengers’ ages two
years and older, which would be needed when carrying 149 passengers. The success rate for
vessels carrying passengers’ ages twenty-one years and older was acceptable because the

number of these voyages are limited.
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5.2 Recommendations

As a result of our analysis, we determined effective solutions that allow vessel masters
to know whether their vessel has surpassed its maximum allowable weight before departing on
a voyage. We also discovered areas of our research that could be expanded upon and possibly
lead to better solutions for determining the total passenger weight that boards a passenger

vessel.

5.2.1 Best Solutions to Prevent Overloading

Since passenger vessel companies operate their business in various ways depending on
the vessel’s size and type, we have devised recommendations for vessels that carry up to
twenty-five, forty-nine, and 149 passengers. We chose these passenger counts because twenty-
five passengers is a small passenger vessel in Subchapter T, forty-nine passengers is an average
passenger vessel in Subchapter T, and 149 passengers is the maximum number of passengers
allowed in Subchapter T. There are also a lot of boats that are certificated at a maximum of
forty-nine passengers and 149 passengers since they will be subject to extra regulations if they
exceed those limits.

For vessels that carry passengers older than twenty-one years old, we recommend the
FAA Segmented Weights solution. This solution involves referring to a table that associates a
weight that corresponds to the number of men and women on the vessel (See Section 4.1.2 for
a more in-depth description.) This solution ranked very high in all of our criteria. Since a
passenger count is the only requirement, switching from the current method to this solution

will not affect the efficiency, implementation, or enforceability. Based on the information from
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the different loading scenarios, it can be seen that the FAA Segmented Weights outperforms
the current method in both total difference and success rate. The FAA Segmented Weights
solution is successful on 93%(42/45) of the simulations that contain passengers older than
twenty-one years old, while the current method is only successful on 2% (1/45) of the
simulations. Total difference was also significantly better because the FAA Segmented Weights
solution overestimated while the current method underestimated.

For passenger vessels carrying up to twenty-five passengers, we recommend that the
FAA Standard Weights solution is the best. This solution is not very efficient for large passenger
counts, but it is still acceptable for twenty-five passengers due to its simplicity. This solution’s
accurate was acceptable with a total difference of 56 pounds and success rate of 60%. There
was a significant increase in accurate when a safety margin of five pounds per passenger was
added: total difference of 181 pounds and a success rate of 87%.

For vessels carrying up to forty-nine passengers, we recommend using the Number
Approximation solution. This solution requires simple calculations that can be done by hand or
by a computer ticketing system. It is easy to enforce and implement since no physical devices
are necessary. It produced very consistent total differences and success rates when
determining its accuracy.

For vessels carrying up 149 passengers, we recommend that the best solution was the
U.S. Coast Guard’s Proposed Weight of 185 pounds. We decided that this was the best solution
because there was no change in efficiency, implementation, or enforceability. The remaining
factor of accuracy had a precision of 2,450 pounds (sixteen pounds per passenger) and success

rate of 73%, which were deemed to be acceptable values.
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5.2.2 Further Research

When analyzing our possible solutions for accuracy, we discovered that the Five Gates
solution for assessing passenger weight came very close to estimating the actual passenger
weight during most of our simulations. This solution, which estimates each passenger’s weight
based on his/her height, was determined to conservatively estimate the amount of weight on a
vessel only 31% of the time. Despite this low success rate, we noticed that it had the lowest
total difference in four of the nine different loading situations and in the other five situations
was also relatively low. We believe that if a safety margin of a few pounds were added to each
of the average weights used for the five different height ranges, the success rate of this solution
will drastically increase.

Besides the poor success rate, the Five Gates solution did not become a recommended
solution because it was not easy to implement. Although we have determined that the method
of associating average weights with height ranges can be a very accurate way to estimate
passenger weight, the physical solutions that we suggested are not very practical. With further
research, it may be possible for the Coast Guard to develop a solution that is more accurate
than our current recommendations using the relationship between height and weight. We
recommend that the Coast Guard investigate practical methods for applying the relationship
between height and weight so that a better solution may be created to prevent passenger

vessels from becoming overloaded.
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Appendix A: Mission of Agency

The United States Coast Guard is one of the five branches of the United States Military
and is therefore a government run organization. Its main objectives “are to protect the public,
the environment, and U.S. economic and security interests in any maritime region in which
those interests may be at risk, including international waters and America's coasts, ports, and
inland waterways”(United States Coast Guard, 2007, “Missions”). The Coast Guard is broken
down into five divisions of operations: Maritime Safety, Maritime Security, Maritime Mobility,
National Defense, and Protection of Natural Resources. The Coast Guard's motto is Semper
Paratus—(Always Ready), and the service is always ready to respond to calls for help at sea

(United States Coast Guard, 2007, “About Us”).

The Coast Guard has three branches: The Chief of Staff, Atlantic Area Commander, and
Pacific Area Commander (United States Coast Guard, 2007, “Organization”). All three branches
report directly to the Commandant and Vice Commandant (Figure A.1). In total, the Coast

Guard has approximately 40,150 members on active duty.



91

U.S. COAST GUARD
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Command Command
I I I
Misslon Executlon Mission Support Isslon Execution| Misslon Suppart
Units Units Units Unlts

Figure A.1: U.S. Coast Guard Division of Labor Organization Chart (United States Coast Guard, 2007, “Organization”)

The mission of the Maritime Safety Division is to “Eliminate deaths, injuries, and
property damage associated with maritime transportation, fishing, and recreational boating”
(United States Coast Guard, 2007, “Missions”). Fifty percent of the members of the Marine
Safety Division are civilians while the other fifty percent are military. Our project of Passenger
Vessel Weight Overloading was based in the Maritime Safety Division, but more specifically in

the Office of Design and Engineering Standards under the Director of Commercial Regulations

and Standards. At the Coast Guard Headquarters, the Commercial Regulations and Standards is
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responsible for making and updating the regulations that all water vessels must meet and
comply with (M. Byrd, 2008). More specifically, the Office of Design and Engineering Standards
publishes regulations on how ships are built and the requirements they must meet in order to

sail. Our group mainly worked with people in the Naval Architecture and Systems Engineering

Department.

ASSISTANT COMMANDANT FOR MARINE
SAFETY, SECURITY AND STEWARDSHIP (CG-5)

w

DIRECTOR OF COMMERCIAL
A REGULATIONS AND STANDARDS
(CG-52)
Human Element and |_
Ship Design Division
(CG-5211) Standards
Evaluation and
Analysis Division
Naval Architecture | | %';FS'?GENDI OFFICE OF STD {CG-5231)
Division (CG-5212) EVALUATION &
— ENGINEERING
DEVELOPMENT
STANDARDS

Sylstems Engmeermg {':-G-521 ) (CG-SES} PI'DJEGI [}euelf}pl'nenl
Division (CG-5213) [ | Divislon (CG-5232)
Life Saving and Fire
Safety Division (CG- N OFFICE OF
5214) OPERATING &

ENVIRONMENTAL Deep Water Port

STANDARDS Standards Division
{CG-522) (CG-5225)

Marine Personnel
Qualifications

Vessels and Facilities
Operating Standards

Hazardous Matenals
Standards Division

Ernvironmental
Standards Division
(CG-5224)

Division (CG-5221) | | Division (CG-5222) (CG-5223)

Figure A.2: Organization Chart of Commercial Regulations and Standards Division (United States Coast Guard, 2008, “Director
of Commercial Regulations and Standards”)

The capsizing and sinking of passenger vessels due to inaccurate weight calculations is

an important issue that the Coast Guard should try to solve. This is such a significant issue
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because the capsizing and sinking of these vessels has not only led to their loss, but to
passenger casualties as well. As stated in their mission, it is the duty of the Coast Guard to
reduce the controllable causes of deaths, injuries, and property damage related to maritime

transportation. Therefore, it is imperative that this issue be resolved.



94

Appendix B: Definitions

Amphibious Vessel- also known as a DUKW, is a 2.5-ton, six-wheel amphibious truck used in

World War Il by the U.S. Army and Marine Corps. Today, many of these WWII vessels are used
as tour vessels that drive passengers through cities and towns along with giving water tours as
well (DUKW, 2008).

Charter Fishing Vessels- any vessel, boat, ship, or other craft that is equipped and used for
fishing or in support of such activity. A Charter Fishing Vessel is a privately owned vessel, which
has a main purpose of providing private fishing excursions, and is not used for commercial
fishing (Fishing Vessel, 2008).

Commandant: the Commandant, U.S. Coast Guard, Washington, DC 20593-0001 (Office of
Federal Register National Archives and Records Administration, 2004).

Cruise Vessel: a passenger ship built or used for pleasure cruises, usually taking passengers on
an extended cruise (Cruise Ship, 2008).

Diving Vessel: a vessel whose sole use is to provide transportation for diving trips. This can be
any type of vessel that contains not only diving equipment to be used during the diving
excursion, but also equipment that can be used in emergencies that are diving related (Dive
Vessel Profiles, 2008).

Excursion Vessel: any vessel whose purpose is to make a short trip, usually for a special purpose

and with the intention of a prompt return (Excursion, 2008).

Exposed Waters: are waters that are more than 20 nautical miles from a harbor of safe refuge
(Office of Federal Register National Archives and Records Administration, 2004).

Ferry: is a vessel that:

1. operates in other than ocean or coastwise service;

2. has provisions only for deck passengers or vehicles or both;

3. operates on a short run on a frequent schedule between two points over the most
direct water route; and

4. offers a public service of a type normally attributed to a bridge or tunnel (Office of
Federal Register National Archives and Records Administration, 2004).



Master: a person holding a valid license that authorizes that person to serve as a master of a
passenger vessel (Office of Federal Register National Archives and Records Administration,
2008).

Operator: the person or entity who provides operational instructions to and receives reports
from the master of the vessel and is responsible for the vessel’s maintenance and repair,
schedule of operations, crewing, etc (Office of Federal Register National Archives and Records
Administration, 2008).

Owner: the person or entity holding title to the vessel (Office of Federal Register National
Archives and Records Administration, 2008).

Partially Protected Waters: waters that are not more than 20 nautical miles from a harbor of

safe refuge (Office of Federal Register National Archives and Records Administration, 2004).

Protected Waters: are sheltered waters that present no special hazards (Office of Federal

Register National Archives and Records Administration, 2004).

Vessel Stability: refers to the tendency of a ship to remain upright or return to upright when

inclined by forces that are caused by the action of waves, wind, passenger movement, etc
(Office of Federal Register National Archives and Records Administration, 2004).

Water Taxi: is a motorboat that transports passengers for a fare (Water Taxi, 2008).

95
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Appendix C: Classification of Passenger Vessels

Gross Tonnage

Carries > 150
passengers or
>49
passengers on Greater than 100 Subchapter H
overnight
voyages

NO YES

A A
Subchapter T Subchapter K

Figure C.1: Passenger Vessel Classification Flow Chart

The Classification of passenger vessels begins with the gross tonnage of the vessel. Once
this gross tonnage is established, the number of passengers that the vessel carries is
considered. This breakdown will help categorize vessels into subchapters which contain all of
the regulations that the vessels must meet (Office of Federal Register National Archives and

Records Administration. 2004, Parts 70 to 89, pp. 7-12) .
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Appendix D: Proposed Rule Change by the U.S. Coast Guard (excerpt)

49244 Federal Register / Vol.
73, No. 162/

Wednesday, August 20, 2008 /
Proposed Rules

DEPARTMENT OF HOMELAND
SECURITY

Coast Guard

46 CFR Parts 71, 114, 115, 122,
170,

171,172,174, 175, 176, 178,
179, and

185

[Docket No. USCG-2007-0030]
RIN 1625-AB20

Passenger Weight and
Inspected

Vessel Stability Requirements
AGENCY: Coast Guard, DHS.
ACTION: Notice of proposed
rulemaking.

SUMMARY: The Coast Guard
proposes to amend its regulations
governing the stability of passenger
vessels and the maximum number
of passengers that may safely be
permitted on board a vessel. The
average American weighs
significantly more than the assumed
average weight per person utilized
in current regulations, and the
maximum number of persons
permitted on a vessel is determined
by several factors, including an
assumed average weight

for each passenger. Updating
regulations to more accurately
reflect today’s average weight per
person will maintain intended safety
levels by taking this weight increase
into account. The Coast Guard is
also taking this opportunity to
clarify and update intact stability
and subdivision and damage
stability regulations.

DATES: Comments and related
material must reach the Docket
Management Facility on or before
November 18, 2008. Comments sent
to the Office of Management and
Budget (OMB) on collection of
information must reach OMB before
November 18, 2008.

ADDRESSES: You may submit
comments identified by Coast
Guard docket number USCG-2007—
0030 to the Docket Management

Facility at the U.S. Department of
Transportation. To avoid
duplication, please use only one of
the following methods:

(1) Online: http://
www.regulations.gov.

(2) Mail: Docket Management
Facility

(M-30), U.S. Department of
Transportation, West Building
Ground Floor, Room W12-140,
1200 New Jersey Avenue, SE.,
Washington, DC 20590-0001.

(3) Hand delivery: Room W12-140
on the Ground Floor of the West
Building, 1200 New Jersey Avenue,
SE., Washington, DC 20590,
between 9 a.m. and 5 p.m., Monday
through Friday, except Federal
holidays. The telephone number is
202-366-9329.

(4) Fax: 202-493-2251.

You must also send comments on
collection of information to the
Office of Information and
Regulatory Affairs, Office of
Management and Budget. To
ensure that the comments are
received on time, the preferred
method is by email at
oira_submission@omb.eop.gov

or fax at 202-395-6566. The
subject line should include the
docket number (USCG-2007-0030)
and say ATTN:

Desk Officer, U.S. Coast Guard,
DHS. An alternate, though slower,
method is by U.S. mail to the Office
of Information and Regulatory
Affairs, Office of Management and
Budget, 725 17" Street, NW.,
Washington, DC 20503,

Atn: Desk Officer, U.S. Coast
Guard.

You may inspect the material
proposed for incorporation by
reference at room 1308, U.S. Coast
Guard Headquarters, 2100 Second
Street, SW., Washington, DC
20593-0001 between 9 a.m. and 4
p.m., Monday through Friday,
except Federal holidays. The
telephone number is 202-372-1372.
Copies of the material are available
as indicated in the ““Incorporation

by Reference’’ section of this
preamble.

FOR FURTHER INFORMATION
CONTACT: If

you have questions on this proposed
rule, call Mr. William Peters, U.S.
Coast Guard, Office of Design
Engineering Standards, Naval
Architecture Division (CG-5212),
telephone 202-372-1371. If you
have questions on viewing or
submitting material to the docket,
call Ms. Renee V. Wright, Program
Manager, Docket Operations,
telephone 202-366-9826.
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I. Public Participation and
Request for

Comments

We encourage you to participate in
this rulemaking by submitting
comments and related materials. All
comments received will be posted,
without change, to http.//
www.regulations.gov and will
include any personal information
you have provided. We have an
agreement with the Department of
Transportation (DOT) to use the
Docket Management Facility.
Please see DOT’s “‘Privacy Act”’
paragraph below.

A. Submitting Comments

If you submit a comment, please
include the docket number for this
rulemaking (USCG-2007-0030),
indicate the specific section of this
document to which each comment
applies, and give the reason for each
comment. We recommend that you
include your name and a mailing
address, an e-mail address, or a
phone number in the body of your
document so that we can contact
you if we have questions regarding
your submission.

You may submit your comments
and material by electronic means,
mail, fax, or delivery to the Docket
Management Facility at the address
under ADDRESSES; but please
submit your comments and material
by only one means. If you submit
them by mail or delivery, submit
them in an unbound format, no
larger than 8v2by 11 inches, suitable
for copying and electronic filing. If
you submit them by mail and would
like to know that they reached the
Facility, please enclose a stamped,
self-addressed postcard or envelope.
We will consider all comments and
material received during the
comment period. We may change
this proposed rule in view of them.
B. Viewing Comments and
Documents

To view comments, as well as
documents mentioned in this
preamble as being available in the
docket, go to
http://www.regulations.gov at any
time. Enter the docket number for
this rulemaking (USCG-2007—
0030) in the Search box and click
““Go >>.”” You may also visit the
Docket Management

Facility in Room W12-140 on the
ground floor of the DOT West
Building, 1200 New Jersey Avenue,
SE., Washington, DC 20590,
between 9 a.m. and 5 p.m., Monday
through Friday except Federal
holidays.

C. Privacy Act

Anyone can search the electronic
form of all comments received into
any of our dockets by the name of
the individual submitting the
comment (or signing the comment,
if submitted on behalf of an
association, business, labor

union, etc.). You may review the
Department of Transportation’s
Privacy Act Statement in the
Federal Register

published on April 11, 2000 (65 FR
19477), or you may Visit http.//
DocketsInfo.dot.gov.

D. Public Meeting

We do not now plan to hold a public
meeting. But you may submit a
request for one to the Docket
Management Facility at the address
under ADDRESSES explaining why
one would be beneficial. If we
determine that one would aid this
rulemaking, we will hold one at a
time and place announced by

a later notice in the Federal
Register.

E. Technical Review by Society of
Naval

Architects and Marine Engineers
An ad hoc panel of the Society of
Naval Architects and Marine
Engineers

(SNAME) has reviewed reports
delivered to the Coast Guard by
BMT

Designers and Planners and CSC
Advanced Marine Center and
provided technical advice
concerning vessel stability and
increased passenger weight.
SNAME is a nonprofit,
professional society, and the panel’s
28 experienced naval architects are
able to provide technical peer
review from a broad cross-section
of the designers, builders and
operators of passenger vessels. The
Charter for Ad Hoc Panel 15 on
Loading Criteria for People Aboard
Passenger Vessels and a
memorandum from the panel’s
chairman to the Coast Guard
concerning the Phase 1 Impact
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Analysis Report from BMT
Designers and Planners are
available in the docket at http.//
www.regulations.gov. A list of the
panel’s members and information
about their meetings is available at
http://
www.sname.org/committees/tech_op
s/

O44/passenger/activity-15.html.
The Coast Guard will make any
additional reports from the ad hoc
panel available to the public by
posting them to the docket.

1. List of Acronyms

2008 IS Code International Code on
Intact

Stability, 2008

ABS American Bureau of Shipping
CDC Centers for Disease Control and
Prevention

CFR Code of Federal Regulations

COl Certificate of Inspection

DHS Department of Homeland Security
DOT Department of Transportation
FAA Federal Aviation Administration
EO Executive Order

FR Federal Register

GM Metacentric height

LBP Length Between Perpendiculars
LCG Longitudinal Center of Gravity
MARPOL International Convention for
the Prevention of Pollution from Ships
MSC Marine Safety Center

NHANES National Health and Nutrition
Examination Survey

MISLE Marine Information for Safety
and Law Enforcement

NAICS North American Industry
Classification System

NEPA National Environmental Policy
Act of 1969 NPRM Notice of Proposed
Rulemaking NTSB National
Transportation Safety Board

OCMI Officer in Charge, Marine
Inspection OMB Office of Management
and Budget PSSC Passenger Ship Safety
Certificate PSST Pontoon Simplified
Stability Proof Test SBA United States
Small Business Administration
SNAME Society of Naval Architects
and Marine Engineers

SOLAS International Convention for the
Safety of Life at Sea

SST Simplified Stability Proof Test
U.S.C. United States Code

VCG Vertical Center of Gravity

I, List of Terms

Angle of heel means the angle of the
vessel’s centerline to the upright
when the vessel is inclined.
Deadweight survey: See lightweight
survey.

Draft means the vertical distance
from the bottom of the hull (i.e., the



keel) or another point that protrudes
below the hull to the waterline.
Exposed waters generally means
more than 20 nautical miles from a
harbor of safe refuge.

Flush deck means any continuous,
unbroken deck from stem to stern.
Freeboard means the vertical
distance from the deck edge to the
waterline. A decrease in freeboard
(i.e. reduced freeboard) corresponds
to an increase in draft.

Heel is the degree to which a ship
leans transversely as a result of
variable and dynamic external
forces.

Heeling moment is generally a force
acting through a distance that causes
a vessel to roll or heel to one side. A
heeling moment that is larger than
the vessel’s righting ability can
cause the vessel to overturn or
capsize. Coast Guard requirements
limit the amount of heel a vessel can
have when wind or passenger
movement causes the heeling
moment. Inclining or stability test is
a methodical process that involves
moving a series of known weights
on a vessel and measuring the
resulting change in the equilibrium
heel angle to determine the vessel’s
stability characteristics.

Intact stability generally means the
stability properties of a vessel
without any damage to its watertight
buoyancy volume.

Length between perpendiculars
(LBP) means the length of the
summer load waterline from the
vessel’s stern post to the point
where it crosses the vessel’s

stem.

Lightship displacement or
lightweight means the weight of a
vessel that is complete in all
respects, but without consumables,
stores, cargo, passengers, crew, and
their effects, and without any liquids
on board except fixed ballast and
machinery and piping fluids, such
as lubricants and hydraulics, which
are at operating levels.

Lightweight survey is a part of the
stability test that determines any
changes in lightship displacement
and longitudinal center of gravity
(LCQG). It involves taking an audit
of all items that should be added,
deducted, or relocated on a vessel so
that the observed condition of the

vessel can be adjusted to the
lightship condition. Often referred
to as a deadweight survey.
Longitudinal center of gravity
(LCG)means the location along the
vessel’s length at which the total
weight of the vessel may be
assumed to act. Master means a
person holding a valid license that
authorizes that person to serve as a
master of a passenger vessel.

Open boat means a vessel not
protected from entry of water by
means of a complete weathertight
deck.

Operator means the person or entity
who provides operational
instructions to and receives reports
from the master of the vessel and is
responsible for the vessel’s
maintenance and repair, schedule of
operations, crewing, etc.

Owner means the person or entity
holding title to the vessel.

Partially protected waters generally
means not more than 20 nautical
miles from a harbor of safe refuge.
Passenger heel refers to the heeling
moment that occurs when
passengers move to one side of the
vessel’s centerline, causing the
vessel to roll, or heel.

Pontoon vessel generally means any
vessel having two or more sealed
hulls, which are structurally
independent and detachable from
the vessel’s deck or cross structure.
Protected waters generally means
sheltered waters that present no
special hazards.

Sailing vessel means a vessel that is
propelled by wind, using sails.
Subdivision and damage stability
refers to the stability characteristics
of a vessel when damaged,
generally focusing on flooding of
watertight compartments.

Vertical center of gravity (VCG)
means the height above the keel at
which the total weight of the vessel
may be assumed to act.

Vessel stability refers to the
tendency of a ship to remain upright
or return to upright when inclined
by forces that are caused by the
action of waves, wind, passenger
movement, etc.

Waterplane means the horizontal
area obtained from the intersection
of the ship’s hull with the water’s
surface at a particular draft. The
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waterplane area is used to calculate
how much immersion will be
caused by additional weight.

Wind heel refers to the heeling
moment caused when the wind acts
on the lateral area of the vessel
above the waterline and causes the
vessel to roll, or heel.

1. Background and Purpose
The total number of persons
permitted on a passenger vessel,
inspected and certificated under 46
CFR Subchapters H, K or T, is
limited by a number of different
design factors, one of which is
stability. Stability requirements
include intact stability for almost all
vessels, as well as subdivision and
damage stability generally for any
vessel carrying more than 49
passengers and all vessels over 65
feet in length. This NPRM is
intended to clarify and update both
intact stability and subdivision and
damage stability regulations,
primarily related to the carriage of
passengers for hire, and to update
the weight per person used for

all vessels. The intent of this
rulemaking is to ensure that each
vessel operates without being
overloaded. The overall good safety
record of the passenger vessel
industry reflects safety factors
inherent in the stability
requirements applied to passenger
vessels. Increasing the passenger
weight to reflect current data will
help ensure that the safety margins
included in our regulations remain
valid.

These safety margins operate in two
ways. The first is through intact
stability, which generally relates to
the stability of a vessel in normal
operation.

The second is through subdivision
and damage stability, which
generally relates to the stability of a
vessel in an emergency involving a
flooded condition.

A vessel’s stability information,
including any restrictions on route
and the number of passengers
permitted, is provided to the vessel
operator most often in the form of a
stability letter issued by the Coast
Guard’s Marine Safety Center
(MSC), and/or a Coast Guard
Certificate of Inspection (COI)



issued by the Officer in Charge,
Marine Inspection (OCMI). When
both are provided, restrictions on
the COI govern. The COl is issued
after the vessel’s stability has been
evaluated in one of two ways:

For vessels greater than 65 feet in
length, stability is evaluated through
detailed design calculations—
submitted to the MSC—that
produce the vessel’s stability
requirements. This process, which
takes into account the assumed total
weight of persons on board, is
described in 46 CFR, subchapter S,
parts 170 and 171.

Vessels not greater than 65 feet in
length normally undergo a
performance test conducted in the
presence of the OCMI, instead of
submitting design stability
calculations to the MSC (46

CFR part 178). This performance
test, which also takes into account
the assumed total weight of persons
on board, is either a simplified
stability proof test (SST) or, if the
vessel is a pontoon vessel, a
pontoon simplified stability proof
test (PSST). The SST is intended to
evaluate monohull vessels, and the
PSST is intended to evaluate
pontoon vessels operating on
protected waters. For ease of
discussion, we will use the term
SST in this preamble to describe
any simplified stability proof

test.

Vessels to which these tests do not
apply may need to be evaluated
through design calculations to show
that they meet intact stability
requirements.

Alternately, a vessel might satisfy
stability requirements by complying
with a standard acceptable to the
Commanding Officer, Marine
Safety Center. Finally, simplified
subdivision calculations may be
necessary for some vessels not
greater than 65 feet in length.

To arrive at a total assumed weight
of persons on board for calculating
stability, an assumed average eight
per person is used. Section 178.330
of Title 46 of the CFR specifies that
the assumed average weight per
person is 160 pounds, except that
vessels operating exclusively on
protected waters and carrying a mix
of men, women, and children may

use an average weight of 140
pounds per person. These weights
were established in the 1960s.

In a report issued in October 2004,
the Centers for Disease Control and
Prevention (CDC) concluded that
the average weight of an individual
in the United States has increased
dramatically in the last 40 years,
with the greatest increase seen in
adults. (The report, Advance Data
From Vital Health Statistics Mean
Body Weight, Height,and Body
Mass Index, United States
1960-2002, No. 347, October 27,
2004, is available in the docket.)
This increase in passenger and crew
weight can have an adverse effect
on the stability of passenger vessels
due to several factors, including
increased vertical center of

gravity, reduced freeboard, and
increased passenger heeling
moment.

On December 20, 2004, the
National Transportation Safety
Board (NTSB) issued Safety
Recommendation M—04-04
(available in the docket), which
included findings that the current
140 pound per person weight
allowance for operations on
protected waters does not reflect
actual loading conditions. The
NTSB recommended that the Coast
Guard revise its guidance to OCMIs
for determining the maximum
passenger capacity of small
passenger pontoon vessels either by:
(1) Dividing the vessel’s SST
weight by 174 pounds per person; or
(2) restricting the actual cumulative
weight of passengers and crew to
the vessel’s SST weight. In
correspondence to the NTSB dated
April 7, 2005 (available in the
docket), the Coast Guard concurred
that the average weight per person
used in SSTs needed to be updated,
and noted that an internal Coast
Guard study identified the same
issue. That study, which is entitled
Study of Effects on Commercial
Passenger Vessels Due to Weight
Standards, is available in the
docket. This notice of proposed
rulemaking (NPRM) follows notices
to the public, published in the
Federal Register on

April 26, 2006 (71 FR 24732) and
November 2, 2006 (71 FR 64546),
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recommending voluntary interim
measures for passenger vessels to
follow while the Coast Guard
studied the issue of increased
passenger weight. In summary,
those voluntary measures advised
pontoon vessels and other small
passenger vessels to (1) more
stringently monitor wind and wave
conditions prior to departure and (2)
begin using 185 pounds as the new
assumed average weight per person
when calculating passenger
capacity. A discussion of how 185
pounds was chosen is contained in
the April 26, 2006 notice and in the
discussion of § 170.090 in this
preamble. At last count, the Docket
Management Facility received 108
comments from the public in
response to those notices. They are
posted for public view at
http://'www.regulations.gov under
docket number USCG-2007-0030,
and can be viewed by following the
directions in the ‘‘Viewing
comments and documents’’ section
of this preamble. We will respond to
those comments, together with
comments received in response to
this NPRM, when we publish an
effective rule. Finally, this proposed
rule is an opportunity to identify
where corrections, clarifications,
and updates need to be made to
existing regulations. These proposed
changes, which would include
changes in international
requirements, will be discussed in
greater detail later in this preamble,
under “‘Corrections, Clarifications,
and Updates.”’

V. Discussion of Proposed Rule
For easier reference, we have
divided this discussion into the
following topics: A. Vessel
stability; B. Weight of Passengers
and Crew; C. Notes on Pontoon
Vessels; D. SOLAS and Resolution
A.265; E. Corrections,
Clarifications, and Updates; F.
American Bureau of Shipping; and
G. Discussion of Proposed
Amendments by Section.

A. Vessel Stability

An increase in passenger and crew
weight will typically have an
adverse effect on vessel stability.
Whether or not such additional
weight would result in non-
compliance of a vessel with



applicable stability criteria depends
upon the amount and location of the
additional weight, the degree by
which the vessel demonstrated
compliance with the stability criteria
previously, and which of the criteria
was limiting, if any. Historically, a
margin of safety has been built into
the requirements for both intact
stability and subdivision and
damage stability. The standards for
intact stability criteria are generally
designed to provide vessels with
adequate ability to resist overturning
heeling moments, such as those
caused by wind or passenger weight
shifting to one side. Standards for
subdivision and damage stability are
designed to address the worst case
loading conditions and certain
flooding scenarios that could

occur as a result of accidental
damage.

Although intact stability and
subdivision and damage stability
standards address different stability
risks, we believe that these two
stability standards together are
responsible in part for the good
safety record of the passenger vessel
industry. Therefore, we are
proposing that intact stability and
subdivision and damage stability
requirements utilize an updated
assumed average weight per person.
We also propose adding more
specific requirements for a vessel
owner or operator to show that the
vessel meets intact stability and
subdivision and damage stability
standards, including provisions
accounting for possible changes in
vessel and weight per person. These
requirements will improve a
master’s ability to meet stability
criteria for the intended service

and also avoid overloading the
vessel.

Additionally, to help ensure that
vessels maintain the intended safety
levels after initial certification, we
would clarify the requirement that
stability information be checked at
each annual inspection or COI
renewal to confirm that it is still
valid for the loading and service
intended.

Finally, we propose requiring
stability verification—including
calculations—at least every ten
years.

We propose detailing these
requirements in new sections that
would be added to each of the three
subchapters that address the
inspection of passenger vessels. The
new sections, entitled “‘Stability
Verification,”” would be added at §
71.25-50 in subchapter H,

§ 115.505 in subchapter K, and

§ 176.505 in subchapter T (all of
which are contained in chapter I,
Title 46 of the CFR). Each new
section would be comprised of
paragraphs (a), (b), (c) and (d).

So that owners, operators, and
OCMIs may clearly understand
these requirements, how we intend
to implement them, and the analyses
upon which they are based, a
discussion in three parts is given
below:

“‘Part One—Explanation’” describes
the purpose and intent behind each
of the paragraphs—(a), (b), (c), and
(d)—in the proposed new “‘Stability
Verification’” sections. *‘Part
Two—Analysis’’ describes the
process whereby the Coast Guard
developed an assessment
methodology for prioritizing the
vessels that would require stability
verification.

“‘Part Three—Assessment
Methodology’” describes the
methodology to be used by owners,
operators, and OCMIs to, first,
determine whether a change in the
permitted number or distribution of
passengers might be necessary and,
second, to assess whether a vessel
would be likely to require new
stability testing or evaluation.

Part One—Explanation

Paragraph (a) of 8§ 71.25-50,
115.505,

and 176.505 Paragraph (a) would
add, as the owner or operator’s
responsibility, two checks regarding
the vessel’s stability information.
First, at each annual inspection and
Certificate of Inspection (COIl)
renewal, the owner or operator
would demonstrate that the stability
information is still appropriate for
the vessel’s intended loading and
service.

This requirement would augment
the confirmation by a Coast Guard
marine inspector that a valid
stability letter is properly posted
aboard a vessel.
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Second, the owner or operator
would need to confirm that the total
weight of gear and variable loads is
still valid for the intended service.
(The total weight of gear and
variable loads, including the

total weight of persons carried, is
the basis for the stability letter
and/or the COl.) The owner or
operator would need to ensure that
the master knows both the
maximum total weight of persons
and the average weight per person
on which the total weight is based.
Currently, all passenger vessels are
required to comply with a section in
the ““Operations’” part of each
inspection subchapter (8§ 78.17-22,
122.315, and 185.315 of this title)
that requires a master to verify,
prior to departure on every voyage,
that the loaded vessel complies with
all stability information, and that the
stability information is being used
properly to ensure that the vessel is
not overloaded. Paragraph (a) would
add a requirement that the owner or
operator demonstrate the methods
the master uses to do this. Such
methods could include the
competent reading of loading or
draft marks, and must include the
proper use of that information for
complying with the draft and/or
freeboard restrictions normally
contained in the stability letters for
these types of vessels. If the
stability information is no longer
valid, a new stability letter would
be needed. The new stability letter
would contain revised operating
restrictions that the master should
follow to avoid overloading the
vessel and to maintain compliance
with stability requirements. The
following flowchart illustrates the
stability confirmation process
discussed above:

Paragraph (b) of §§ 71.25-50,
115.505, and 176.505. This
paragraph would require a

vessel’s stability to be verified at 10
year intervals or when modifications
are made to the vessel that could
affect the vessel’s ability to meet
stability requirements. The 10 year
*““clock’” would start whenever the
last stability verification was
conducted or stability letter was
issued, or when a determination of
sister vessel status was made (as



permitted in part 170 of Subchapter
S). The ““clock’” would be reset
after each stability verification. For
a vessel that would be issued a
SOLAS Passenger Ship Safety
Certificate (PSSC), the SOLAS
requirement for a lightweight survey
to be conducted at least once every
5 years would constitute a
verification of the vessel’s

stability for the purposes of this
paragraph. In other words,
paragraph (a) requires the owner or
operator to make sure that the vessel
master knows what the vessels’
stability limits are, based on the
most recent stability calculations.
Paragraph (b) requires new
calculations of the per-person
weight, and then requires the use of
that weight to verify—usually with
calculations—that the vessel still
meets applicable stability
requirements.

Paragraph (c) of 88§ 71.25-50,
115.505, and 176.505.

This paragraph would provide the
minimum requirements for what the
stability verification required by
paragraph (b) would include. The
requirements would vary depending
on whether the vessel’s stability
compliance was governed by
subchapter S or subchapter T of title
46 CFR.

Subchapter S requires that detailed
design calculations be submitted to
the Marine Safety Center (MSC), as
described in parts 170 and 171. This
requirement also applies to all
subchapter H and K vessels and
some subchapter T vessels.
However, a simplified test, either an
SST or PSST, is performed for most
subchapter T vessels, as described
in part 178. In cases where a
simplified test is neither feasible nor
appropriate, a stability standard
would be determined by the MSC.
Unless the OCMI permits the use of
another value, the assumed average
weight per person would be
determined according to proposed
paragraph 170.090(d) or
178.330(a)(4)(ii), whichever is
applicable. The OCMI may permit
another value when the owner or
operator can show that another
value more accurately represents the
average weight of persons carried in

service; for example when the
vessel carries primarily children.
Using a total weight of persons
based on this latest average weight
per person (i.e., the new total test
weight), the owner or operator
would need to verify that the vessel
meets applicable stability criteria.
For subchapter S compliance,

this would mean that calculations
would need to be performed if the
total weight of persons carried is
greater than the total weight used in
the previous stability verification.
For vessels undergoing a simplified
proof test, the owner or operator
would need to either perform a new
test using the new total test weight,
or prove that the vessel could meet
current applicable requirements
using data from the most recently
performed simplified test, if those
data are valid.

For vessels meeting subchapter S
requirements, the verification would
also include conducting a
deadweight survey to verify that the
vessel’s stability characteristics
have not changed significantly, and
that it remains in compliance with
applicable stability criteria. (Coast
Guard policy for what constitutes a
significant change is contained in
Marine Safety Center Technical
Note (MTN) 04-95, Lightship
Change Determination; Weight-
Moment Calculation vs.
Deadweight Survey vs. Full
Stability Test, available in the
docket.) If sufficient accuracy can
be obtained for the stability
verification prior to the deadweight
survey, some relaxation in the
deadweight survey requirements
could be accepted by the MSC. For
example, a greater number of tanks
containing operating liquids could
be kept at normal levels. If the
lightship characteristics have
changed so that stability compliance
is not assured under the existing
stability information, a new stability
analysis— together with associated
loading calculations—would be
needed, and a new stability letter
would be issued.

When the passenger capacity of a
vessel is limited by subdivision
and/or damage stability
considerations, the proposed
increase in assumed average
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passenger weight may require a
corresponding reduction in
passenger capacity. For example, in
a passenger vessel to which 46 CFR
179.220 is applicable, an increase in
the assumed average weight per
person could cause either a change
in freeboard, resulting in a reduction
in the permissible distance between
watertight bulkheads (see 46 CFR
179.220(a)(2)), or a reduction in the
permitted number of passengers in
order to remain in compliance with
existing subdivision and damage
stability requirements. In a vessel to
which subchapter S subdivision and
damage stability requirements are
applicable, increased passenger
weight could cause the margin line
to become submerged in the flooded
condition, which regulations
prohibit. Owners of such vessels as
those discussed above may seek to
modify their vessels to maintain
their current passenger count. When
significant, such modifications may
be determined by the Coast Guard
to be ““major conversions.”’

When a modification constitutes a
major conversion, it is appropriate
to bring the vessel into compliance
with the latest safety standards
where it is both reasonable and
practicable to do so. The cognizant
OCMI makes a determination on
which areas of a vessel undergoing
major conversion must be brought
into compliance.

In all cases, for a passenger vessel
that undergoes a major conversion
or incurs changes that affect its
stability, the required verification of
both intact stability and subdivision
and damage stability compliance
would use the latest assumed
average weight per person.
Paragraph (d) of §§ 71.25-50,
115.505, and 176.505.

This paragraph would permit the
Coast Guard authority responsible
for issuing the stability information
to defer or dispense with stability
verification based on the vessel’s
characteristics or the degree to
which the vessel could be

affected by increased weight per
person or vessel weight. For vessels
that are subject to subchapter S
requirements, this authority is
normally the Commanding Officer,
Marine Safety Center; for vessels



whose stability is based on a
simplified stability test, this
authority is normally the OCMI.
Analyses described under the
ensuing ‘“‘Part Two—\Verification
Process’” of this preamble showed
that some vessel types experience a
negligible effect from increased
passenger weight. These vessel
types include sailing vessels,
vessels that carry substantial cargo
amounts compared to the passenger
weight, vessels that have an
established process to avoid
overloading, and/or vessels that
follow the voluntary measures for
prudent operation contained in the
Federal Register notice published
on April 26, 2006 (71 FR 24732). A
more detailed description of those
vessels relatively unaffected by an
increase in weight per person can be
found in “*Part Three—Assessment
Methodology.”

Part Two—Analysis

The Coast Guard sponsored an
analysis of the impact of increased
weight per person on the U.S.
inspected passenger vessel fleet.
From the Marine Information for
Safety and Law Enforcement
(MISLE) database, we found that
nearly 75 percent of the inspected
U.S. flag passenger vessels are 65
feet in length or less. The stability
of most of these vessels was based
on the performance of a simplified
stability test (SST), either for a
monohull or a pontoon passenger
vessel.

The analysis showed that the effect
of increased passenger weight on
vessels depended on factors not
included in the MISLE database,
such as the amount of freeboard and
draft and whether the vessel is a
flush deck or open boat type.

To supplement that study, additional
stability analyses were performed
on a number of monohull vessels
that had undergone SSTs. By
analyzing the SST results,
conservative estimates of key
parameters—such as the moment to
heel 1 degree—can be made, that, in
turn, can be used in an assessment
methodology for intact stability
verification.

These analyses were peer-reviewed
by the Society of Naval Architects
and Marine Engineers (SNAME) 4d

Hoc Panel No. 15, which provided
both a technical appraisal of the
analyses and recommendations on
how they could be used. Two of the
panel’s recommendations are
associated with the proposed
prioritizing process: (1) The panel
recommended the Coast Guard
adopt a risk-based process that
looks at relative changes to a
vessel’s stability characteristics and
compares these relative changes to
acceptable limits determined by the
Coast Guard; and (2) The panel
recommended the Coast Guard
adopt a technical process in
reviewing stability. That process
would use the stability requirements
the vessel is designed to meet to
determine if the vessel has been
adversely affected by an increase in
passenger weight such that a new
stability evaluation should be
performed. We agree with these
recommendations. In addition,
based on the analyses of the impact
of increased passenger weight on
the passenger vessel fleet, we
developed an assessment
methodology, detailed in “*Part
Three—Assessment Methodology™’
below, that reflects these
recommendations.

As stated above, this proposed rule
would require that a stability
verification be performed within ten
years of the date the last stability
letter was issued or a previous
stability verification was performed.
Regardless of when the stability
information was issued, however,
all vessels must meet stability
requirements using the latest
assumed average weight per person
immediately upon the effective date
of this rule. Additionally, in all
cases, when a vessel or its loading is
modified in any way that alters its
stability, a stability verification is
required as soon as is practicable,
using the latest assumed average
weight per person.

Since a very large portion of
inspected passenger vessels
currently have stability letters that
are more than 10 years old, we
developed a process that allows
owners, operators, and OCMIs to
determine whether the stability
verification should be conducted as
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soon as is practicable, deferred to a
later date—most likely the next
regular inspection—or perhaps
dispensed with.

This process would more evenly
distribute demand for the Coast
Guard resources that will be
necessary to guide implementation
of this proposed rule.

The following flowchart illustrates
the prioritizing process, discussed in
detail below.

Three—Assessment Methodology
The process by which an owner,
operator, or OCMI would determine
whether a vessel would need to
reduce or redistribute passengers
and whether it would need a new
stability verification—and how
soon—is laid out in detail below:
First for vessels subject to the
requirements of subchapter S, and
second for vessels that undergo a
simplified proof test.

However, there are several vessel
categories for which no further
assessment of passenger weight
needs to be considered, with the
exception that a new stability letter
might be required. No immediate
stability verification or change to
passenger capacity is necessary if
the vessel:

1. Is a sailing vessel;

2. Has a Certificate of Inspection
(cor

that permits 86 percent
(approximately equal to 160 pounds
divided by 185 pounds) or fewer of
the passengers permitted by the
stability letter, and the assumed
weight per person was 160 or 165
pounds;

3. Has a COl that permits 75 percent
(approximately equal to 140 pounds
divided by 185 pounds) or fewer of
the passengers permitted by the
stability letter, if operating on
protected waters with a mix of men,
women, and children, and the
assumed weight per person was 140
pounds;

4. 1s permitted to carry an amount of
cargo, not including passengers, that
exceeds the total weight of
passengers carried; or

5. Ensures that the total weight of
persons aboard the vessel does not
exceed the assumed total weight of
persons used to develop the stability



information, which is equal to the
total test weight.

Assessment of vessels subject to the
requirements of subchapter S.

The SNAME A4d Hoc panel also
proposed, and the Coast Guard, in
turn, proposes a process for
evaluating stability change in these
vessels using the latest assumed
average weight per person. By
following the process below, the
owner, operator, or OCMI could
determine the urgency of each
vessel’s need for a re-evaluation of
intact stability and prioritize the
vessel accordingly. The data
necessary for making the percent
change and detailed loading
calculations described below
should be readily available, as §
78.17- 22(b) requires that vessel
masters have the capability to
determine the vessel’s draft, trim,
and stability as necessary.
Evaluation process for a vessel
subject to the requirements of
subchapter S.

The following three assumptions
were applied:

1. Wind heel requirements are more
severe than passenger heel, and this
doesn’t change with an increase in
weight per person. Experience has
shown that passenger heel
requirements in subchapter S rarely
exceed wind heel requirements.

2. Each vessel meets stability
requirements in its current
condition, prior to assessing the
effect of a perperson weight
increase. Our assessment cannot
take into account unauthorized
changes to the vessel or its service.
3. A small amount of increase in
weight or vertical center of gravity
(VCG) will not adversely affect the
stability of the vessel significantly.
This approach is taken from MTN
4- 95 (available in the docket),
which uses weight-moment
calculations to assess the absolute
and relative changes in
displacement and centers of gravity
(LCG and VCG). Those changes, in
turn, can be compared to previously
determined limits to evaluate the
relative risk of adverse changes to
the vessel’s stability. To do this, a
calculation is needed that relates the
change in vertical weight moment

(U.S. Coast Guard, 2008)

caused by an increase in assumed
weight per person (VMOMchng) to
the lightship vertical weight
moment (VMOMiightship):

Percent Change = VMOMchng/
VMO Miiightship - 100

Where:

VMOMchng = (Wpaxnew¥ Wpaxold)

- (VCGpax)

VMOMiighiship = lightship weight

- lightship

VCG

VCG = vertical center of gravity above
baseline

Woaxnew = the number of passengers
multiplied by the latest assumed average
weight per person

Whaxold = the number of passengers
multiplied by the old assumed average
weight per person (generally, either 160
or 165 pounds)

VCGypax = the overall VCG of the
passengers

carried above the baseline

In making the calculations,
consistent units must be used. In
other words, if the lightship weight
is given in long tons, Wpaxnew and
Whaxold must be computed in long
tons; if the lightship VCG is in feet,
VCGpax must be in feet; if in meters,
use meters. MTN 4-95 allows up to
a 2 percent change in lightship
weight without verifying weight-
moment calculations.

Additionally, an OCMI may
consider the difference in VCG of
the vessel and the passengers. It
should be noted that a percent
change of the vertical moment

of less than 3 provides a value of
safety corresponding to the 2 ercent
displacement allowed in MTN 4-
95. For these reasons, if the percent
change in vertical moment
computed by the methodology given
above is less than 3, an OCMI could
defer the stability verification to a
later date, most likely the next
regularly scheduled inspection.

If the percent change is 3 or greater,
and the vessel’s most recent
stability letter is more than 10 years
old, detailed stability calculations
should be performed to determine
the degree to which, if any, an
increase in total assumed passenger
weight would affect the vessel’s
compliance with the applicable
stability criteria.

Evaluation process for a vessel
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undergoing a monohull simplified
stability proof test.

This process uses data obtained
from the SST data form and the
standards given in 46 CFR 178.330.
If the data for the SST is not
available, vessel measurements will
be necessary to obtain the SST data
or the moment to heel 1 degree
(MH1sst) must be estimated as
described in the steps below:

1. Using the following equation,
calculate the additional sinkage in
inches (centimeters) due to the
increased passenger weight:
Sinkage = (Wpaxnew¥
Wpaxold)/Wimmersion

Where:

Wimmersion = (Waterplane Area - Water
Density/K) in pounds per inch
(kilograms per centimeter) (this is the
weight per unit immersion); K = 12
inches per foot (100 centimeters per
meter)

Woaxnew = the number of passengers
multiplied by the latest assumed average
weight per person in pounds (kilograms)
Whaxold = the number of passengers
multiplied by the old assumed average
weight per person used in the SST
(generally, either 140 or 160 pounds) in
pounds (kilograms)

Waterplane Area = Length - Beam -
Waterplane Coefficient in square feet
(square meters)

Waterplane Coefficient = 0.7 for
monohulls or 0.4 for multihulls, unless a
more accurate value is known

Water Density = 64 pounds per cubic
foot (1,025 kilograms per cubic meter)
for salt water; 62.4 pounds per cubic foot
(1,000 kilograms per cubic meter) for
fresh water

2. Calculate the location of the new
maximum allowable immersion
mark

(iupright-new) above the upright load
waterline by subtracting the sinkage
calculated in step 1 above from the
SST measured freeboard and
applying the appropriate formula
from 46 CFR 178.330(d). If the data
for an SST is not available, the
freeboard should be measured with
the vessel in the condition specified
in 46 CFR 178.330(a). (In summary,
this is with the vessel complete in
all respects, in a fully loaded
condition, and with all

anticipated loads properly
distributed.)



Appendix E: Ethan Allen Individual Passenger Information

Table E.1: Ethan Allen Individual Passenger Information (National Transportation Safety Board, 2006a, p.62)
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Seat Weight Seat Weight
No. Sex Age [{pounds)| Fatal No. Sex Age [{pounds)| Fatal
1 F 75 189 No 26 F 74 140 Mo
2 F 58 110 No 27 F 76 129 No
3 F 67 144 No 28 M &1 146 No
4 F 77 141 No 29 F 78 135 No
] F 76 185 No 30 F a2 176 Yes
i M a7 104 Yes 31 F a9 204 Yes
7 F 75 180 Yes 32 M 79 170 No
8 M a2 21 Yes 33 F 77 142 No
g F 76 128 Yes 34 F 78 210 Yes
10 F 75 135 No 35 F 74 180 No
11 F 79 141 No 36 F 67 155 Mo
12 M 69 205 No 37 F 68 217 Yes
13 M 79 200 No 38 F 67 198 Yes
14 F 77 164 Yes 39 F 74 126 Yes
15 F 76 150 No 40 F 64 247 Yes
16 M 77 170 No 41 M 80 173 Yes
17 F 73 194 Yes 42 F 80 155 Yes
18 M 67 260 No 43 F 73 165 No
19 F 62 165 Mo 44 M 77 175 No
20 F &7 137 No 45 M 76 235 Yes
21 F 74 198 Yes 465 F 74 230 No
22 F 54 195 No 47 F f5 268 No
23 M a3 158 Yes 48 M 74 170 No
24 F 78 204 Yes W
25 F 78 170 Yas I Average 1775




Appendix F: National Health Statistics Report Data Tables
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Table F.1a: Weight in pounds for Children and Adolescents from birth through 19 years of age by sex and age, by mean, standard error of the mean, and selected percentiles:

United States 2003-2006

Percertile
Mumber Standard
Sex and age' examined Mean error Sth 10th 15th 25th 50th Tath 85th 30th 95th
Male Pounds

Birthto 2 months .. ... ..... ... 10 s 0.27 * * 9.2 10.1 s 12.9 13.8 * *
IEmonths. ..o 139 16.0 0.8 * 13.6 141 14.7 159 171 1.3 181 *
f—Bmonths .. ... ... 130 18.6 0.30 * 15.0 15.9 16.7 185 20.0 20.9 218 *
S-Mmonths .. .............. 124 215 0.3z * * 189 19.7 21.4 23.0 234 * *
Twear . ... ... 360 25.5 0.28 19.6 20.3 215 231 25.3 213 29.3 30.5 316
2WeArs ... 292 A 0.3 24.8 26.5 27.2 28.2 30.7 332 Ha 36.1 37z
= 210 34.8 0.35 * 29.5 30.1 iz 338 YR 399 41.2 *
dyears ... 208 40.9 0.68 * 334 342 358 39.8 44.0 46.9 50.1 *
= 202 487 1.07 * 84 40.0 "7 46.3 5.7 55.5 59.3 *
Byears .. ... ... ... . L 176 533 0.7z * 430 441 46.1 52.2 57.8 0.8 65.1 *
Tyears ... 181 58.7 1.28 * 433 46.3 49.3 56.4 (5.2 71.3 746 *
= 151 69.3 1.9 * 51.7 53.4 55.7 64.0 T5.6 84.5 92.3 *
= 176 76.3 1.57 * 56.9 58.7 62.2 M.z 86.9 9317 97.2 *
Myears .o 172 88.3 1.88 N 62.6 G5.4 T0.0 822 9.5 118.2 125.3 *
Myears ... 00 158 103.2 358 * 73.2 75.2 8.2 97.4 118.0 1396 147.8 *
L= 275 1120 2n 70.5 79.2 816 a7.0 1033 126.3 143.6 160.5 182.7
Tiyears .. ................ 284 1274 3.03 79.1 86.9 92.4 96.8 1225 142.0 162.0 1786 200.5
Tyears ..o oo 260 1391 am 936 96.9 104.2 1134 131.8 1559 168.6 185.8 2184
Tawyears ... ... .. 270 154.9 2,94 106.9 5.4 1212 1283 146.1 169.4 186.8 1981 2213
Toyears ... oo 0e 167.7 an 7.8 121.8 1278 135.7 1558 1951 212.3 2247 256.0
Tiyears ... ... .. L 279 1654 2.86 9.2 125.0 129.2 134.2 1556 1857 202.8 2234 2447
MByears .. ... o 283 1702 3.68 118.5 126.2 1308 1411 160.3 1846 215.5 233.2 2433
MWyears ... .00 0 21 1768 354 a7 1281 1348 1425 1687 204.8 219.7 236.5 258.6
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Table F.1b: Weight in pounds for Children and Adolescents from birth through 19 years of age by sex and age, by mean, standard error of the mean, and selected percentiles:

Female

Birth to 2 months .. .. ... ... .. .

3-5 months
6-8 months

-NMmonths .. ... ... ...
T0years .. ... o000

11 years

T2years .. ... 0
Tdyears .. ...
Tdyears .. ...
Tawears .. ... oo
Toyears .. ...
TTyears .. ... o
T8years . ... ... 00
T9years .. .. .o

a1

94
122
126
38
335
191
226
1499
193
157
184
185
189
175
2449
292
269
248
253
252
272
239

1049
14.9
17.9
20.2
241
29.5
4.8
394
45.3
51.5
G60.2
67.7
21.0
93.5
108.4
16.7
126.4
129.6
1342
1356
145.6
1449.0
1486

United States 2003-2006

n.22
0.23
0.30
0.25
0.24
0.29
0.45
0.46
082
1.08
1.37
2.07
2.1a
2.35
2.88
2.8
215
.85
1.67
2.10
365
4.75
395

971
102.4
1042
108.1
105.3
naz

157
17.5
20.0
246
29.5
335
7.z
421
474
518
61.3
G7.7
76.7
89.0
94.7
101.1
104.9
1091
3.3
109.6
116.4

9.7
13.7
16.1
12.1
21.7
26.6
.z
35.4
38.7
438
52.7
551
65.3
716
837
96.0

103.9
106.2
.7
7.3
119.4
120.3
121.9

10.8
14.5
177
19.9
24.1
28.0
4.2
386
43.3
428
56.6
62.1
75.0
89.2
104.3
108.1
1189
120.0
126.9
128.7
133.6
1388
138.9

11.8
16.2
19.4
22.1
26.3
il
3.0
427
487
55.8
65.5
74.8
92.7
1081
1251
131.7
1382
142.9
148.0
147.7
158.5
1681
162.2

20.2
22.7
27.5
.0
39.3
446
53.8
G0.4
74.1
86.3
102.8
122.4
137.6
148.5
160.0
167.2
168.0
157.7
175.6
190.0
185.8
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Table F.2: Weight in pounds for females 20 years of age and older by race and ethnicity and age, by mean, and standard error of the mean, and selected percentiles: United
States, 2003-2006

Percantile
Mumber Standard
Race and ethnicity and age examinad Wean amor 5th 10th 15th 25th 50th 75th 85th 0th 95th
All race and ethnicity groups’ Pounds
20 years and over . ... 4,330 164.7 117 maz 1a.n 1238 132.8 155.8 1859 207.5 2243 250.4
20-29years ... ... ... 706 155.9 227 105.8 1131 170 1241 144.0 1737 195.5 2174 2442
30-39years ... ... ... BE3 164.7 2,34 2.8 1193 1245 131.9 154.8 184.3 208.0 2243 2518
40-49years ..o 779 171.3 2.27 5.3 1218 1282 138.4 160.8 196.6 2209 2350 2577
S0-59years . .. ... ... B2 1721 2,53 1141 12007 126.7 138.7 1625 194.2 2191 234.3 2597
G0-69 years . .. ... ... G54 170.5 2,02 114.3 1251 1306 1411 1631 191.6 212.6 2249 2488
TO-T9years . ............. 468 155.6 2.35 1098.0 7.3 1214 132.2 150.6 174.0 185.3 201.0 218.0
B0 yearsandover ... ... . ... . 418 1422 1.53 1.7 109.9 115.3 121.8 1406 158.5 169.0 1m.T 190.5
Mon-His panic white
20 years and over . ... L 2233 163.7 1.26 121 1es 124.3 133.0 1545 1839 204.2 2219 246.0
20-39years ... 615 158.9 217 m.z 1161 1204 1281 142.0 1779 198.8 2171 2440
40-5%9years . ... 674 171.0 2 5.2 1221 1275 138.5 160.7 194.6 215.3 2338 2570
G0yearsandover ... ... .. ... 944 158.8 1.32 108.3 a0 1229 133.6 154.2 178.0 191.8 205.2 2251
Mon-Hispanic black
20 years and over . ... L 259 1848 1.56 116.9 1276 135.3 151.2 176.8 2096 233.3 2522 2759
20-39years . ... 329 1816 2,94 5.8 1243 1317 146.8 1.0 207.9 229.2 2496 274.0
40-59years . ... L 355 1901 1.61 120.2 1334 1465 159.2 1809 2142 238.4 259.7 2787
G0 yearsandover ... ... ... 275 180.8 2,94 116.3 1237 1311 1457 174.2 207.0 224.4 2389 2618
Mexican American
2 yearsand over . ... 817 162.2 207 114 1186 1241 133.7 156.0 1831 200.2 2136 2281
20-39years . ... 300 160.5 273 109.8 6.9 1206 131.4 155.2 1827 198.4 2108 2292
40-59years . ..o 234 168.4 2.68 1184 124.6 130.2 139.9 161.9 188.4 207.3 219.7 2357

60 years and over .. . ... ... 283 153.0 2.22 109.8 156 1216 129.9 148.6 171.7 185.3 196.2 2168
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Table F.3: Weight in pounds for males 20 years of age and older by race and ethnicity and age, by mean, standard error of the mean, and selected percentiles: United States

2003-2006
Percentile
Mumber Standard
Face and ethnicity and age examined Mean error th 10th 15th 25th S0th T5th a5th 20th 95th
All race and ethnicity groups’ Pounds

20 years and over . ... ... 4,489 194.7 1.02 137.1 147.0 1546 T165.7 1888 2168 2345 2458 270.3
20-29 wears ... ... an 188.3 233 132.0 139.7 146.5 157.3 1787 2079 2305 245.8 270.3
A0-FDwears ... T4 1941 1.77 137.9 142.0 154.2 163.8 1893 2163 2300 2416 266.4
40-49 years ... ... TES 202.3 1.83 145.4 156.7 163.3 1748 196.1 2231 242.0 251.2 2750
S0-59 wears ... ... ... 581 192.8 210 1422 152.2 159.9 169.8 1955 2216 2380 2494 2743
BO-69 wears ... ... ... GES 198.3 216 140.7 151.1 158.7 1m.z 1941 22008 2380 242.9 267.4
TO-T9wears ... ........... 555 1874 203 135.4 144.2 150.7 161.8 1847 20882 2180 2304 2574
B0yearsand over .. ... ... ... 353 1681 1.36 1221 131.5 139.8 1476 166.5 186.7  197.0 2049 2199

Mon-Hispanic white
20years and over . ... 2,339 197.4 1.05 141.6 151.3 158.0 169.2 1925 2186 2360 246.7 270.5
20-39 years ... ... GG 1935 1.88 1381 146.6 1541 164.5 1857 2137 2302 2420 269.4
40-59 wears ... ... 09 203.8 1.88 147.5 158.9 165.5 176.0 1996 2262 2430 252.7 2735
60 years and over .. ... ... ... 264 192.3 1.27 137.5 147.1 154.0 166.4 1883 2125 2290 2421 261.6

Mon-Hispanic black
20 years and over . ... ... 241 1998 218 137.3 146.8 154.7 165.3 190.1 2215 27T 258.6 nz.s
20-38wears ... .. 361 2024 33 136.8 146.8 155.2 164.0 1900 2264 2472 269.6 3as
40-58wears ... e 2010 256 1397 150.3 155.3 167.4 1911 2217 2313 261.3 3z
G0 yearsand over .. ... ... ... 264 185.0 2,86 131.3 141.1 1404 159.3 186.1 2137 23148 240.9 257.2

Mexican American
20 years and over . ... ... 203 180.5 1.88 1323 138.2 1455 1555 175.5 198.3 2154 2251 248.8
20-39wears ... ... 375 1211 288 131.9 136.0 1428 1527 174.1 2009 2195 2275 2519
40-58 wears ... ... 247 180.7 203 134.9 144.5 151.0 1596 177.7 196.3 2062 2149 2409

G0 years and over .. ... ... ... 281 17549 2.55 1226 134.8 143.2 151.3 173.2 196.7 202.8 2181 236.2
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Table F.4: Height in inches for children and adolescents aged 2-19 years by sex and age, by mean, standard error of the mean, and selected percentiles: United States, 2003-

2006
Percantile
Number Standard
Sex and age! exxamined Mean =l Sth 1th 15th 25th Sith T5th 85th @th 95th
Male Inches
2HWEAMS L .o 258 3e.2 0.09 ! 34.2 3.7 351 36.2 itz 3749 8.1 *
JYEAMS . oo 209 age.s o7 ! 36.5 6.7 374 8.7 40.2 409 41.4 *
dyears ... 208 42.2 017 * 39.3 40.1 41.1 42.1 436 44.0 44.8 *
ByEars ... 202 45.0 0.20 ! 42.1 427 439 45.1 46,4 47.1 47.6 *
ByEars ..o i 176 47.5 0149 ! 44.9 45.5 48,3 47.6 48.8 49.4 &0.0 *
TYears . ..o 181 49,1 0.29 ! 447 45,5 47.3 49.3 50.9 51.8 52.4 '
Byears . ... ... .. ... 152 51.6 027 ! 48.7 49.0 50.0 51.3 53.0 54.3 54.8 *
Dyears . ... 176 53.49 019 : 50.9 51.3 52.3 54.0 55,7 56.4 56.6 *
Tyears . ... ... .. 171 56.0 0.30 ! 52.4 52.9 539 557 579 8.8 50.6 *
Myears .. ... ... ... ... ... 158 54,1 046 ! 55.4 55.7 568 8.8 614 62.9 B34 *
T2years . ... ... ... ... 275 609 0.21 * 57.2 57.7 5849 &0.6 B3.1 64.0 &4.9 *
T3years . ... ... . 284 B3.7 0.34 ! 58.9 5.7 B0.7 3.9 EE.3 E7.4 BH.3 *
Tdyears ... 260 GE.4 0.28 ! 62.3 B3.0 64.2 GE.5 E8.8 69.9 70.5 *
TSyears .. ... 270 BE.3 0.24 ! 64.4 B5.1 BB 8.8 70.1 70.9 71.7 '
TEyears . ... ... ... ... ... 308 62.2 0.26 G4.6 65.7 BE.1 67.1 69.3 71.0 T72.4 T3.6 74.3
TTyears .. ... ..o 278 B2.5 o149 : 65.9 BE.4 67.4 G59.6 715 72.2 72.9 *
T8years . ... ... 284 BE.E 0.21 ! 65.8 BE6.T 7.9 504 714 72.2 73.3 *
Tyears . ... ... .. 271 B2.E 036 ! 65.1 BE.1 E7.3 69.8 718 730 73.5 *
Female

2YEAMS . L. 285 355 015 ! 33 334 343 355 = 37.2 EY R *
IYEAMS . .o 187 8.7 0.14 ! 36.2 36.9 i7s 38.6 40.0 40.5 41.0 *
dyears ... 225 41.4 016 * 39.1 306 40,1 414 425 435 44.1 *
ByEars ... 199 4.2 0.21 ! 41.4 416 42.3 4.0 459 46 .8 47.1 *
ByEars ..o i 193 46,9 0.21 ! 44.4 4.6 45.2 46.6 48.4 49.5 &0.2 *
THAMS . o oo 157 49.5 0,30 ! 46.5 47.0 47.8 449.5 50.9 51.8 52.4 '
By=ars . ... .. ... 184 51.7 0.21 ! 48.5 48.9 42.9 514 53.2 54.3 54.6 *
Qyears . ... 185 54.5 0.28 : 51.2 51.7 525 54.5 56.6 57.5 57.9 *
Tyears . ... ... ... 189 56.8 0.29 ! 53.2 53.9 546 SE.B 585 506 B0.1 *
Myears . ... ... .. ... 174 506 027 ! 55.6 56.6 576 50.6 618 63.0 B3.5 *
T2years . ... .. ... ... ... 249 61.7 0.22 * 58.4 58.8 9.8 &61.7 B3.3 646 B5.6 *
T3years . ... ... . 202 2.4 0.24 5749 59.1 50.5 BO.5 62.1 Bd4.2 E5.6 BE.1 E7.1
Tdyears ... 270 63.2 0.23 ! 50.3 B0.0 61.3 634 B5.0 B5.9 BE.7 *
TSyears .. ... oo 254 B3.8 024 ! B0.7 &61.4 2.4 53.8 B5.3 BE.3 B7.0 '
TEwears . ... ... ... ... 261 64.1 0.23 ! G0 B0.9 61.8 64.1 BE.4 E7.5 B7.9 *
TTWEAMS oo 275 63.9 016 ! 61.3 &1.8 B2.4 53.8 65.4 BE.1 BE.6 *
T8Byears . ... ... . 304 64.2 0149 50.8 B0.9 B1.5 2.3 4.1 EE.O EE.8 B7.3 E8.2
TAyears . ... ... .. 267 64.2 0.23 ! 603 B1.2 (2.2 64.3 BE.1 67.0 B7.9 *
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Table F.5: Height in inches for females 20 years of age and older by race and ethnicity and age, by mean, standard error of the mean, and selected percentiles: United States,

2003-2006
Percentila
Mumibser Standard
Race and ethnicity and age examinad Mean arrcr Sth 10th 15th 25th S0th 75t 25th 90th 95th
All race and ethnicity groups’ Inches

20 years and ower ... ... 4.857 G3.8 0.06 59.3 60.3 61.0 62.1 638 65.6 G, 6 67.2 G3.2
20-28years ... ... 1.061 4.3 01z 59.9 60.9 G1.6 62.5 64.2 6.1 G5 67.5 6.0
0-FWyears .00 842 4.3 013 G0.0 6028 61.5 62.5 64.2 G6.0 67.1 67.7 G8.6
40-49 years ... .. Ta4 4.2 012 59.5 60,6 61.4 62.4 64.2 G6.0 (1] 67.7 68.5
S0-589wears ... ... ... G604 63.9 013 59.3 60.4 61.2 62.2 63.8 65.7 6.4 67.1 67.9
BO-G9 years ... ... ... 691 63.7 013 59.8 60.5 61.1 62.1 63.7 65.3 6.1 66.9 7.5
TO-T9years .. ............ 463 62.7 013 38.6 59.4 60,1 61.0 G2.6 4.4 65.2 659 66,7
80 years and over .. ... 42 61.4 0.15 37.5 58.3 ag.a 58.7 61.3 G2.9 639 64.7 65.4

Mon-Hispanic white
20 years and owver ... 2477 G4.2 0.06 59.9 60.2 G1.5 62.5 64.2 G6.0 668 67.5 GE.4
20-39years .. ... ... 866 64.9 0.08 60.59 61.9 62.4 63.3 G648 66.5 67.4 67.9 6a8.7
40-59 wears ... ... 677 644 0 &0.1 61.2 62.0 62.8 643 66.0 66.9 676 68.5
60 years and over .. ... ... 934 631 0 58.8 59.8 0.5 61.4 G629 4.8 65.6 G6.4 67.1

Maon-Hispanic black
20 years and ower . ... ... 1,035 64.1 0.10 59.7 60.6 61.2 62.3 G64.0 5.8 668 67.3 634
20-38years . ... 407 64.3 017 58.7 605 61.5 62.4 64.2 65.9 G67.0 G676 68.7
40-58years ... 355 64,3 0.6 9.9 60.7 61.4 625 G64.4 65.9 668 67.4 GE.4
G0 years and over .. ... ... 273 63.2 012 521 60.1 60,5 61.5 632 650 65.7 66.5 67.1

Mexican American
20 years and owver . ... ... 975 62.1 0.10 58.0 59.0 59.5 60.5 62.1 63.7 64.7 65.4 B6.2
20-39wyears ... ... 455 2.5 013 58.3 59.3 0.1 60.9 626 4.0 64.9 656 Bi6.5
40-58 years ... ... 238 62.1 019 * 59.0 39.5 G604 G2.0 63.7 G4.6 65.3 *

G0 years and over .. . ... .. 282 G0.6 0,12 371 574 38.0 381 G0.6 G2.2 G2.9 G3.6 4.7
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Table F.6: Height in inches for males 20 years of age and older by race and ethnicity and age, by mean, standard error of the mean, and selected percentiles: United States,

2003-2006
Percentile
Mumber Standard
Race and ethnicity and age examined Mean arrar ath 10th 15th 25th 50th T5th 25th 20th 95th
All race and ethnicity groups’ Inches

20 years and over . ... ... 4,432 694 0.07 G4.4 65.6 66.3 G7.4 59.4 75 T2.6 T3.2 743
20-29years ... ... 203 69.9 013 64.7 65.8 G6.6 67.8 0.0 720 730 T35 748
30-39wears ... ... T42 G9.4 013 G4.1 G5.3 66,1 G7.5 G3.5 75 2.7 T34 T4.7
40-48 years ... 764 69,7 o 5.2 6.2 G6.8 G7.9 G2.7 76 2.7 733 4.0
S0-59wyears ... ... ... 591 G9.5 015 G5.0 65.8 66.5 67.5 69.5 715 2.7 T34 T4.4
G0-EB9 wears ... ... ... G632 69.0 oM 4.2 65.4 66.1 67.1 69.0 71 7.8 T72.7 737
TO-T9wears ... ........... 555 634 016 63.8 646 65.5 G6.4 63.5 703 o 72.0 731
B0 years and over .. . ... ... .. 349 G7.2 014 G2.7 G3.6 64.3 G5.5 67.2 G639 70,0 70.5 7.3

Maon-Hispanic white
20 years and over . ... ... 2,331 G9.9 0.08 G5.4 6.3 67.0 G8.0 G9.8 e 728 734 4.5
20-39wears ... 664 70.4 00 G5.9 G67.0 67.7 G8.6 0.4 722 731 738 748
40-59years ... ... 710 70.1 014 G5.9 66,6 67.3 63,2 T0.0 720 72.8 T35 T4.3
60 years and over .. ... ... 957 6.3 0.08 64.0 65.0 65.8 6.8 63.8 0.7 mn.a T72.3 T34

Mon-Hispanic black
20 years and over . ... ... 943 69.3 0.08 65.1 66.1 66.9 G7.8 69.7 76 2.7 734 746
20-38years ... ... 361 701 014 G5.5 6.1 67.0 G3.1 0.0 720 72.8 737 751
40-58years ... ... 316 G9.3 013 G5.4 G6.4 67.0 6.0 G9.8 715 2.7 735 T4.4
G0 years and over .. . ... 266 6.6 0,20 4.2 G4.9 65.7 G6.7 625 705 716 T2.2 731

Mexican American
20 years and over . ... ... a0z 67.0 013 G2.5 63.4 64,2 G5.0 67.1 63.8 69.7 T0.5 716
20-39wears ... ... 375 67.2 018 62.3 63.5 64.3 65.1 67.1 69.0 69.9 7.1 72.3
40-59 years ... ... 246 67.0 016 G2.8 63.6 64.3 5.2 67.2 63.9 694 701 708

G0 years and over .. . .. ... ... 281 G6.1 017 G2.1 G2.7 633 G4.3 G6.1 G679 G8.4 G8.9 G9.6



Appendix G: Interview List and Questions

Interview List:
e Ethical and Legal Issues:

o

Kent Rissmiller , PhD

e Passenger Vessel Companies:

0 The Potomac Belle — George Stevens

O The Potomac Riverboat Co.

(0]

(0]

= Capt. John Lake
— Operator
= Ms. Charlotte Hall
— VP Business
Entertainment Cruises
= (Capt. Mike Brook
— Operator
= Ms. Linda Circo
— Director of Sales
Watermark — Ms. Debbie Gosselin

Interview Questions:
*Note that these were used as a guideline; not all questions were asked if they did not apply to

the company’s vessels or business

e QOperations Manager Questions:

(0]

O O0OO0OO0OO0OO0OO0OO0Oo

O OO

Explanation of project

What is your operating season?

What types of boats do you have? What is the purpose of your boat(s)?
What is the length and hull type of your boat(s)?

When during your season are you busiest (time of season, time of day)?
How many voyages per day do you make?

How often is your boat(s) at 90% capacity or higher?

What is the maximum # of people your vessel can carry?

What effects do you see on your boat when it is at full load v. not full?
Do you use any other method of monitoring your vessel’s weight other than
counting passengers?

Is your vessel weight-limited or limited by surface area?

Do you sell concessions onboard your vessel?

Can you estimate the total weight of the concessions you carry?

113
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e Business Manager Questions:

(0]

o
(0}
o

@]

Explanation of project

Can you give us a brief overview of the business?

What is the cost of each ticket?

How much money would you estimate that each passenger spends on a single
voyage?

How do think the increase in average passenger weight would affect your
business/company?

In your opinion, would it be more of a financial burden to have your vessel re-
certificated with the new Coast Guard average passenger weight or implement a
solution that would inform the captain if the vessel is overweight?

In what price range would your company be willing to spend to implement a
solution that would inform the captain if the vessel is over weight?
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Appendix H: Interview Results

Interview with Professor Rissmiller (Legal Specialist)
Date: October 3, 2008

Location: Worcester Polytechnic institute AK124

Attendees: Molli Malcolmson, Daniel Sacco, Professor Rissmiller
Secretary: Daniel Sacco

Start Time: 2:05PM End Time: 2:40PM

e To begin the interview we described our ferry boat overloading project to Professor
Rissmiller. We had a set of questions we wanted to ask him regarding legal privacy
issues that are involved with our project. However, once we finished describing our
project, Professor Rissmiller began talking about how he sees our situation and
effectively answered all of our questions before we were able to ask them.

e Professor Rissmiller said that privacy is related to needs. To a person, privacy is defined
differently depending on the situation.

e Professor Rissmiller also said that from a legal stand point we don’t have very much to
worry about as far as privacy issues. Legally, things that are defined as private are social
security numbers, bank information, etc. What we are dealing with is more a “personal”
issue than a “privacy” issue. People might believe that their weight is a private thing but
it is really only personal and therefore does not technically fall any legal laws.

e The government has determined that anything in a public place is public information.
This means that video recording and taking pictures in public places are allowed even
though some people might not like it. Theoretically, a person’s weight could be very
easily estimated if a picture of someone was taken and their body dimensions were
measured.

e Professor Rissmiller suggested that methods for estimating the body weight of people
boarding ferries may be a good solution. It can be fast, fairly accurate, and people won’t
feel like their privacy is being invaded as much as if their weight were being directly
measured. This could probably be done very effectively with a screening device. People
can be classified into categories depending on height, gender, body shape, and whether
they are a child or an adult. Then these categories can have average weights associated
with them. Experiments and studies can be done to determine what average weights
are appropriate for each category.

e People will probably be okay with their weight being estimated if they know that the
only reason for it is safety. They will also expect that their weight will not be associated
with their names and no one else will be notified of the information.

e Animportant point that we need to watch out for in our project is discrimination. We
need to make sure that we treat everyone equally, and as Professor Rissmiller said, that
we “Don’t reach farther than we need to.”
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e Professor Rissmiller also suggested looking into how airlines determine their weight
since this might provide useful information into how we can solve our problem.

e Molli asked Professor Rissmiller how state laws might affect our project. Professor
Rissmiller said that state laws deal mostly with criminal situations and should have no
effect on our project.

e Professor Rissmiller restated that what we are dealing with is a “personal” issue and not a
“private” one. What we need to watch out for is making sure no one gets discriminated against
and making sure we provide people with a reasonable level of “personal” privacy. Of course this
reasonable level is always changing and evolving.

Interview with Mr. George Stevens of the Potomac Belle
Date: November 7, 2008

Location: Alexandria, VA
Attendees: Molli Malcolmson, Daniel Sacco, Thomas Whiting, Mr. George Stevens

e Purpose of Vessel: Private Charters

e Boat info: shallow draft hull (about 23”) — exceptionally wide — 59’ long

e Coast Guard rated for 49 people — only take 35 at most per voyage

e Season: 1" weekend in April to mid November

e Busiest: Mid May through September

e Usually make 1 voyage per day — sometimes (but rarely) 2 voyages per day

e Base/hourly rate — $1650 for 3 hours (Mon-Thurs); $1875 for 3 hours (Fri-Sun)

e No Concessions — Bring your own/ hire a caterer (about 95% bring own food and don’t
use a caterer)

e Gave us a brochure

e His boat is probably unaffected by the change in average weight

e Since 9-11 the Coast Guard constantly patrols the river and harbors

Interview with Captain John Lake of The Potomac Riverboat Company
Date: November 7, 2008

Location: Alexandria, VA
Attendees: Molli Malcolmson, Daniel Sacco, Thomas Whiting, Capt. John Lake

e 7 vessels — of the seven the two water taxis are sister ships

e Cherry Blossom — technically open year round; really no business during Jan & Feb,
charter/reservation only

e Rest of vessels are tour boats and water taxis sometimes used for private charter (2
water taxis, 4 tour boats); season: April-Oct — 7 days a week from memorial day to labor
day
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Run Mt. Vernon trip once a day
Tours run from 11am-12pm give or take an hour
Georgetown trip takes 1 % hrs. including docking and boarding
Usually a 7-10 minute wait for water taxis
Amount of people on vessels is weather dependant
0 Slower on weekdays — usually 20-30 people
0 Busy on weekends — pushing 149 people (runs 3-7pm on Sat)
= Cherry Blossom capacity is 400 people
= Thisis info relates to three larger tour boats (COI capacity of 149 people)
=  Smaller tour boat (36’) COI capacity is 80 people, stability is 92
=  Water Taxis COIl capacity is 99 people — usually run with no more than 92
— stability allows 153 passengers, choose to hold at 149 because of
regulations
Boats with 99 passengers need to have 1 deck hand
Boats that carry less than or equal to 149 passengers fall into subchapter T
Boats that carry more than 149 passengers fall into subchapter K
Sometimes it’s cheaper to take out 2 taxis instead of 1
Peak taxi hours are 3pm to 7pm on week days
Inclined v. Simple Stability tests
0 Inclined usually done when ship is first constructed
= Cost usually $10-12 thousand depending upon ship class (T or K)
0 SST usually done when ship has been modified or if owner wants to increase # of
passengers allowed on the ship
= Cost usually a couple grand
Concessions- only water on taxis — yes everywhere else — soda, beer, water, and
popcorn
Depending upon the boat- you may see a difference in where the smaller boats sit in
the water but not in the larger boats; for all the boats you can feel a difference
They count passengers through a ticketing system- used to not oversell voyages
0 Only sell 140 tickets
= Leaves a cushion especially for small children
0 Can buy tickets at booth on dock or ahead of time online
Sometimes see luggage on water taxis but not on other vessels
Extra compartment weight is not accounted for in original SST
They are looking into doing an airport shuttle boat in the future
Water taxis are usually at the dock for about 7-10 minutes
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e Sometimes people run up last minute to get on
e Ticket booth has 3 windows
e Taxis get a lot of impulse buys

Interview with Ms. Charlotte Hall of The Potomac Riverboat Company
Date: November 7, 2008

Location: Alexandria, VA
Attendees: Molli Malcolmson, Daniel Sacco, Thomas Whiting, Ms. Charlotte Hall

e Financial Effects would depend upon pricing — two stops — hotel and harbor wanted
their own taxis
e Highest volume of people at Gaylord, paperwork is in to increase capacity
e Admiral Tilp certified for 80 people usually 50 people for parties
e Timmy Redmon — operations manager of Spirit Cruises (202) 439-2270
e Bill Ross- (202) 369-7077; bought small pontoon boat operates out of Georgetown
e Debbie Gauzlen — Annapolis — Watermark: (301) 261- 2719 x 103
0 Working with PAV to try out new security system
e (Contact:
0 Pintail Yachts
0 Black-eyed Susan
e Depending upon who owns dock they may or may not charge you to dock there;
definitely an insurance fee though
0 Potomac Riverboat Company not charged in Georgetown
0 Alexandria/National Harbor: lease from city (10 year lease from Alexandria)
0 Mt. Vernon- charged S1 per passenger — after hours they pay a docking fee and
an afterhours fee
e Water taxiv. ferry:
0 Ferry carries cars — water taxi does not
e Old Town Trolley company owns DC Ducks
0 Frank Fraker
e Caterers have to have two types of insurance
e Passenger Vessel Association is in Alexandria
e QOccasionally customers take 95 people on one of the boats when the limit is 99

e Sometimes canine cruises/pirate cruises

Interview with Captain Mike Brook of Entertainment Cruises
Date: November 7, 2008

Location: Washington, D.C.
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Attendees: Molli Malcolmson, Daniel Sacco, Thomas Whiting, Capt. Mike Brook, Ms. Linda Circo

e Open year round
0 about 90,000 passengers a year
0 Peak Season: March-July due to traveling and influx of students
= 2 cruises/boat/day
= Dinner/lunch cruises
=  Tours cruises to Mt. Vernon
0 Non-peak season: 2-3 Cruises per week
=  Tour cruises to Mt. Vernon
e Cruises can be public or chartered
e Odyssey/Spirit can hold up to 600 (574) according to COI; Capital Elite can hold up to
110
e Capital Elite lost 40 passengers off their limit recently due to recertification
e River is considered protected waters
e Not at 100% capacity very often — 5-6 time/year
0 Cruise seats 425 passengers comfortably
O Avg. 300-400 passengers
e Use ticket counting (program mentioned above) to count how many passengers are
onboard (no other method for determining load is used)
0 Also use draft marks on the sides of the larger ships (effective for larger ships)
on ship 600 passengers = 1’ of displacement near draft mark
e Light ship- day to day necessities that are taken into account in stability tests
0 Fuel
0 Water
O Sewage
0 Food, liquor
0 Tables
e In doing calculations worst case scenario is used (fire in the basement etc.)
e Opinion: New Passenger weight is a good thing — most boats won’t be effected

Interview with Ms. Linda Circo of Entertainment Cruises

Date: November 7, 2008

Location: Washington, D.C.

Attendees: Molli Malcolmson, Daniel Sacco, Thomas Whiting, Ms. Linda Circo

e Entertainment Cruises have ships in 7 different Cities:

0 Philly, Baltimore, DC, Chicago, Boston, New York City, Norfolk
e Spirit Cruises in Baltimore — Chip is the operations manager there
e Capital Elite is one of the ships in DC

0 between 91’ in length 2 decks

0 holds an average of 48-50 guests
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O carried more people, but now has to carry less
= underwent another stability test after Ethan Allen
e Inclusive Package —food, entertainment — bar is usually an add on
e Business breakdown:
0 75% of business is group business = 20+ guests
0 25% of business is small parties
e Most food and liquor is not stored on the boat
e Spirit and Odyssey are loaded for individual voyages
e EBMS- their program that is used to help prevent overselling tickets
e Almost all tickets are pre-sold with the exception of the Spirit of Mt. Vernon
0 25%is walk up business
0 Navy-Pier gets more walk up business because more people are walking around
there
e Prices range from $15 dollars on the seadog to $125 dollars on the Odyssey
e Boats are licensed for 600 guests but usually don’t carry more than 400
e There s a child rate and an adult rate
e They do allow wheelchairs — usually have to decrease the number of people they allow
to sit a table because of the size of the wheelchairs

Interview with Ms. Debbie Gosselin of Watermark

Date: November 7, 2008

Location: Washington, D.C.

Attendees: Molli Malcolmson, Ms. Debbie Gosselin (phone interview)

e Runs 11 tour, charter, water taxi vessels total
e No pontoon boats
e Operating season March thru December
e Busiest season Memorial — Labor Day
e Voyages per day vary- 75 for water taxis on a busy weekend — scheduled tours
e 2 Kvessels, 9 Tvessels; 80% of the time they are filled to 90% capacity- most money when they
are filled
e Opinion of change in CG Regulations:
0 Understands the need for increase in average passenger weight- way cg wants vessels to
defend their stability all the time is unreasonable- why is it necessary when some
companies have been running for years without problems, and there has yet to be a
case of an accident where overloading was to blame
e Otherinfo:
0 They are looking at $50,000 in stability testing fees; fee money that they will have to pay
for due to the increase in how often they will have to renew their certification.
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Examples of scales we found that can be used for measuring either individual people or

groups of people:

Legal-for-Trade Digital Floor Scales

The generous platform surface on these scales can
handle large loads and pallets. They're legal-for-trade
for use wherever products are sold by weight. Scales
have keys for tare (zeros out the weight of the container

and weighs only the contents), zero-reset, unit selec- Adjustable Height Low Incline
tion, and print. The 9-pin RS-232 serial port lets you up- with Optional P with
load data to your PC (cable not included; see pages 38" High Column Optional Ramp

1810-1811). The LED display has %e¢" high characters,
a 62" Ht.x 10" Wd.x4" Dp. Type 304 stainless steel
washdown housing, and a 20-ft. cord for remote read-
ings. Mount the display using the included 101"
Lg. = 32" Wd. wall bracket with four 92" dia. keyhole
slots or the optional 38" high column, which floor mounts
using the four 3" dia. holes (fasteners not included).
Scales operate on 120 VAC, 50/60 Hz (0.25 amp draw)
and have a 6-ft. power cord with three-prong plug. Temp.
range is 14° to 104° F. Accuracy is +1 graduation.

Optional ramps make it easier to roll loads on and off the platform and have a diamond-tread surface. Steel ramps have a black powder-coated finish.

Adjustable Height Scales—Platforms have adjustable feet to increase the height to 314", Stee/ platform has a diamond-tread surface and black powder-
coated finish. Type 304 stainless steel platform has a textured surface. Optional ramps are 36" Lg.x 48" Wd.

Low Incline Scales—Platforms are smooth and have 312" Ht.x 3" Wd. side rails to keep loads from rolling off. Stee/ platform has a black
powder-coated finish. Optional ramps are 16" long and the same width as the corresponding platform.

I STEEL 1 —— TYPE 304 STAINLESS STEEL —
—English, Ibs. -| —Metric, kg — Overall Size, Scales Optional Ramps Scales Optional Ramps
Cap. Grads. Cap. Grads. Ht.xWd.xDp. Each Each Each Each

Adjustable Height
2 .

.0 0.1. x48"x 48"..19005T31..$1457.46 19005744 .$335.00 " »
.05 0.2. x48"x 48"..19005T32.. 1457.46 19005T44.. 335.00 . ..
1.0 . ....0.5. x48"x 48"..19005T33.. 1457.46 19005T44. 335.00 19005T64.$3734.33 19005T75..$1502.31
2.0 4535...1.0..... x48"x 48", 19005T35.. 1457.46 19005T44.. 335.00 " .
Low Incline
1,000.....0.2.......... 453...0.1.......1%"x 36"« 30"..1892T11 ... 1587.31 1892T25... 280.33 1892T13x. 2620.90 1892T27... 467.21
2,500.....0.5.........1,133....0.2 11" 42"x 30"..1892T12 .. 1781.34 1892T26 ... 289.47 1892T14*. 3308.96 1892T28... 475.00

Optional 38" High Column for Display
* Overall width is 48".

..19005T46.. 258.82 19005T77.. 292.54

Figure 1.1: Floor Scales (McMaster-Carr, 2008)

Build-Your-Own Floor Scales

Designed to accept any size platform, these floor scales can be customized to meet your needs.
They include four 2" dia. load cells with load-centering leveling feet and an LED display. Simply
bolt the load cells to a load-bearing surface, attach the cables, and you have a complete scale.

Load cells are nickel-plated steel and include mounting hardware. Display includes an adjust-
able tilt stand. It has keys for tare (zeros out the weight of the platform and container and weighs
only the contents), unit selection, and print. Housing is 7" Ht.x 8" Wd. x 412" Dp. and made of
black powder-coated steel. LED characters are 0.56" high. Operates on 120 VAC, 50/60 Hz (0.5
Load Cell amp draw) and has a 6-ft. power cord with three-prong plug. Temperature range is 32° to 104° F.

—English, Ibs. —— [ Metric, kg — — English, Ibs. —— — Metric, kg —
Cap. Grads. Accuracy Cap. Grads. Accuracy Each Cap. Grads. Accuracy Cap. Grads. Accuracy Each

2,000..0.2......£0.2......... 907..0.1.....£0.1.....1912T84..$1362.63 10,000..1.0........ +1.0........4,5635...0.5.......+0.5........1912T86..$1362.63
4,000..05....204........1814..02.....£02.....1912T85... 1362.63 20,000.20........ £2.0......9071..1.0.....£1.0.....1912T87... 136263

1544 McMASTER-CARR

Figure 1.2: Build-Your-Own Floor Scale (McMaster-Carr, 2008)



Listing of: Best Buys - DC-44-5K Scale

$599.00 | Addtocart |

DC-44-5K Scale
Non-Mtep floor scale with HL-2083 Dolphin indicator included. 4'x4".
5,000k capacity.

& RUGGED - Durable platform design withstands heavy industrial
uze. 200% overload capacity, 100% end-load capacity. Sum
capacity of load cells iz twice scale capacity. 100% mig welded
Structural-Steel construction

® AlL PURPQOSE - Easy fo install. Levels with lugs (no
shimming). Easy to relocated. Full line of accessories available.

® HIGHEST QUALITY - Uses shear beam load cells. All structural
bracing is structural stegl channel iron.

Figure 1.3: Dolphin Floor Scale (Best Buy Scale, 2008)

LifeSource UC-321 Precision Personal

Health Scale
Other products by LifeSource
b w g gk (15 customer reviews)

List Price: S448-06
price: $97.00
You Save: $52.95 (35%)

In Stock.
Ships from and scld by Healthcheck Systems Inc.

Ordering for Christmas? Based on the shipping schedule of
Healthcheck Systems Inc, choose Standard Shipping at

checkout for delivery by December 24, See Healthcheck Systems

Inc shipping details.

4 used & new available from $97.00

Figure 1.4: Personal Scale (Amazon, 2008)
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This is the type of drawing that would be seen on the side of a vessel. It is located amidships on

the vessel. A vertical line is painted 21” forward of the center of the ring (Office of Federal

Register National Archives and Records Administration, 2004).

A

/

Deck
Line

«— 12

— 18

1”

—»

—»

Figure J.1: Load Lines

WNA

S = Summer load mark, upper edge of the line passes through the center of the ring

W = Winter load mark

WNA = Winter North Atlantic load mark

T = Tropical load mark

F = Fresh water load mark

TF = Tropical fresh water load mark

*Each of these marks is 9” by 1”, and cannot be fully submerged when determining if vessel is

overweight.
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Appendix K: FAA Segmented Weight Tables

(See Section 4.1.2 Average Weight Methods for more details.)
Table K.1: Ratio of Males to Females with Corresponding Average Passenger Weight

0/100  5/95 10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55 50/50 55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10  95/5 100/0

Table K.2: Segmented Weights for up to Ten Males and Ten Females

Number of Females

0 1 2 3 4 5 6 7 8 9 10

Doesn't apply, too small.

Number of Males

O 0O N O UL A WN L O

=
o
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Appendix L: Vessel Loading Simulator

To analyze several of our possible solutions for accuracy we simulated different vessel
loading simulations using real biometric data of actual people in the United States. To generate
these simulations we wrote a program using the Microsoft Visual Basic programming language.
The user interface for this software is shown below. Refer to section 3.3.4 for more
information.

! Vessel Loading Simulator E]@

SetVoyage Parameters

Number of Passengers and Crew: Genders to Include: Ages to Include:
) Men Minimum: |2
[ Create Excel Shest ‘wiomen Mamimum: | 150
Simulate M
Applies ta al Methods Results
Total Weight [bs. ) 1} ActualWeight: 0
| Passenger| SEON Gender | Age Height fin] | ‘waist fin.] “weight [Ibs.]i l Average Weight (Ibs.) 0 USCE (185 bs)} |0
| Murmber Male: i) COC Weight 0
Humber Female: 0 T q
Rl Fah Segmented: 0
Adult Males: o et B
Adult Females: ERimaion ]
Children (2-13) 0 i 0
Mumber Approzimations
Adult Males: v
Adult Females: 8
Childien (217 |0
‘Weight Apprax. 0
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Figure L.1: Vessel Loading Simulator
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Appendix M: Dock Space

The following figures provide examples of docks that passenger vessel companies use. We found
that most of the companies we visited did not have a lot of dock space available to implement possible

solutions.

11/24/2008

Figure M.1: Dock Space Shared by Four Charter Fishing Vessels
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11/24/2008

Figure M.2: Dock Space used by a Passenger Vessel

Figure M.3: Dock Space used by a Charter Fishing Vessel



Appendix N: Simulation Data

Table N.1: Simulation Results
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Sample Total Age Gender Total Total Children Children Average Actual
# People Groups Ratio Males Females (2-13) (2-17)  Weight Weight
1 25 2+ All Male 25 0 11 13 119 2,779
2 25 2+ All Male 25 0 7 11 150 3,746
3 25 2+ All Male 25 0 12 14 127 3,184
4 25 2+ All Male 25 0 12 15 121 3,029
5 25 2+ All Male 25 0 8 10 150 3,746
6 25 2+ All Female 0 25 11 14 115 2,875
7 25 2+ All Female 0 25 8 13 128 3,212
8 25 2+ All Female 0 25 10 11 119 2,981
9 25 2+ All Female 0 25 5 8 152 3,806
10 25 2+ All Female 0 25 10 13 121 3,020
11 25 2+ Mixed 14 11 7 10 143 3,586
12 25 2+ Mixed 12 13 11 16 133 3,321
13 25 2+ Mixed 12 13 6 9 156 3,888
14 25 2+ Mixed 11 14 4 8 155 3,864
15 25 2+ Mixed 14 11 8 13 120 2,998
16 25 21+ All Male 25 0 0 0 200 5,002
17 25 21+ All Male 25 0 0 0 184 4,590
18 25 21+ All Male 25 0 0 0 202 5,044
19 25 21+ All Male 25 0 0 0 189 4,725
20 25 21+ All Male 25 0 0 0 203 5,073
21 25 21+ All Female 0 25 0 0 166 4,146
22 25 21+ All Female 0 25 0 0 169 4,220
23 25 21+ All Female 0 25 0 0 172 4,295
24 25 21+ All Female 0 25 0 0 173 4,317
25 25 21+ All Female 0 25 0 0 165 4,131
26 25 21+ Mixed 11 14 0 0 190 4,752
27 25 21+ Mixed 14 11 0 0 181 4,525
28 25 21+ Mixed 13 12 0 0 180 4,498
29 25 21+ Mixed 12 13 0 0 174 4,354
30 25 21+ Mixed 12 13 0 0 177 4,431
31 49 2+ All Male 49 0 16 24 144 7,050
32 49 2+ All Male 49 0 15 26 144 7,034
33 49 2+ All Male 49 0 22 23 145 7,084
34 49 2+ All Male 49 0 16 20 144 7,079
35 49 2+ All Male 49 0 14 24 153 7,490
36 49 2+ All Female 0 49 15 27 135 6,621
37 49 2+ All Female 0 49 18 21 141 6,887
38 49 2+ All Female 0 49 11 20 131 6,414
39 49 2+ All Female 0 49 14 19 135 6,592
40 49 2+ All Female 0 49 20 27 124 6,097
41 49 2+ Mixed 21 28 14 19 150 7,374
42 49 2+ Mixed 23 26 13 19 148 7,238
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Sample Total Age Gender Total Total Children Children Average Actual
# People Groups Ratio Males Females (2-13) (2-17)  Weight Weight
43 49 2+ Mixed 31 18 19 23 145 7,082
44 49 2+ Mixed 21 28 14 19 153 7,522
45 49 2+ Mixed 25 24 17 22 136 6,675
46 49 21+ All Male 49 0 0 0 198 9,711
47 49 21+ All Male 49 0 0 0 196 9,622
48 49 21+ All Male 49 0 0 0 201 9,840
49 49 21+ All Male 49 0 0 0 182 8,932
50 49 21+ All Male 49 0 0 0 193 9,445
51 49 21+  All Female 0 49 0 0 166 8,147
52 49 21+  All Female 0 49 0 0 164 8,025
53 49 21+  All Female 0 49 0 0 162 7,959
54 49 21+  All Female 0 49 0 0 149 7,324
55 49 21+  All Female 0 49 0 0 164 8,045
56 49 21+ Mixed 22 27 0 0 172 8,451
57 49 21+ Mixed 28 21 0 0 178 8,710
58 49 21+ Mixed 30 19 0 0 192 9,417
59 49 21+ Mixed 18 31 0 0 181 8,856
60 49 21+ Mixed 30 19 0 0 191 9,357
61 149 2+ All Male 149 0 39 59 157 23,384
62 149 2+ All Male 149 0 45 66 153 22,811
63 149 2+ All Male 149 0 51 73 144 21,435
64 149 2+ All Male 149 0 51 73 146 21,830
65 149 2+ All Male 149 0 47 60 154 22,932
66 149 2+ All Female 0 149 42 58 141 20,979
67 149 2+ All Female 0 149 42 61 137 20,472
68 149 2+ All Female 0 149 38 58 137 20,455
69 149 2+ All Female 0 149 44 52 138 20,598
70 149 2+ All Female 0 149 43 61 133 19,790
71 149 2+ Mixed 70 79 49 65 140 20,865
72 149 2+ Mixed 68 81 42 61 144 21,490
73 149 2+ Mixed 67 82 37 67 149 22,227
74 149 2+ Mixed 66 83 42 58 138 20,545
75 149 2+ Mixed 74 75 43 66 142 21,176
76 149 21+ All Male 149 0 0 0 190 28,263
77 149 21+ All Male 149 0 0 0 196 29,142
78 149 21+ All Male 149 0 0 0 193 28,693
79 149 21+ All Male 149 0 0 0 190 28,260
80 149 21+ All Male 149 0 0 0 193 28,782
81 149 21+  All Female 0 149 0 0 168 25,103
82 149 21+  All Female 0 149 0 0 168 24,975
83 149 21+  All Female 0 149 0 0 170 25,353
84 149 21+  All Female 0 149 0 0 169 25,128
85 149 21+  All Female 0 149 0 0 164 24,501
86 149 21+ Mixed 71 78 0 0 177 26,298
87 149 21+ Mixed 73 76 0 0 179 26,677
88 149 21+ Mixed 69 80 0 0 183 27,261
89 149 21+ Mixed 66 83 0 0 181 26,016
90 149 21+ Mixed 77 72 0 0 179 26,729



