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EXECUTIVE SUMMARY

Tourism undoubtedly plays an important role in Bermuda s economy. However, the strong
demand experienced in the idand from cruise ship operators to increase vidts, and
accommodate larger ships, pose serious questions on the benefit of the cruise ship industry to
Bermuda s economy, and the long term impacts of thisindustry on Bermuda' s ddlicate
infragtructure and land-based tourism.

This report has attempted to gather facts on the present management and controls concerning
cruise ship activities. More specificaly, the focus was put on certain issues listed by the Marine
Environmental Committee and the Environmenta Committee of the Bermuda Nationd Trugt,
concerning the cruise ship industry in Bermuda. The present document has attempted to present
an overdl view of these concerns, however, it istruly a stepping-stone for further investigation in
specific areas.

The pool of data acquired in this report has pointed to the laws and regulations which are used
or could be used for control of some cruise ship activities; it aso reflects the lack of regulations,
enforcement, or scientific knowledge available for some issues which may be of potentia
concern. On the other hand, this report aso identifies some of the changes which are to be put
into effect as aresult of the pressure of agrowing cruise ship industry. Some of these changes
are improvements, such as the new proposed sewage treatment plant for the Corporation of S.
George's, adirect reaction to the increased use of this plant, namely by cruise ships.

The current Stuation in Bermudais one regulated by the present cruise ship policy, restricting
the number of passengers to 6,000/day; athough the redlity is closer to 8,000 passengers/day.
With the worldwide movement of the cruise ship industry towards larger ships, and the
expiration of the Bermuda policy in the year 2000, the government of Bermuda has been
prompted to investigate the accommodation of larger ships. There are a present 5 cruise ship
berthsin Bermuda, 2 in &. George' s Harbour, 2 in Hamilton Harbour, and 1 at Dockyard. The
latter berth at Dockyard is at present physicaly capable of accommodating the new super cruise
ships. However, both St. George' s and Hamilton Harbour require modifications to the existing
berths; these modifications are a present under active consideration by the Bermuda
Government, with the assstance of a Consultant Planning & Enginneering Firm, based in

Miami, Horida (Bermello-Ajamil & Partnersinc.)

A lig of the main points brought forth in this report is given on page 43. However, in brief, it
appears that issues raised pertaining to the advent of larger cruise ships relate in mgjor part to
Bermuda s smd| surface area, and to the logidtics involved in life on an idand,; the location of
residentia homes and other buildings less than 200 yards from cruise ship berths, the
management of waste digposd, the compounded effect of land-based tourism and cruise ship
tourism, the accommodation of land-based facilities for both visitors and a high resdent
population, and lagily the multi-use of the marine environment as an aesthetic, touristic and
€conomic asset raise questions on the preservation of the qudity of life for both resdents and
vigtors. Thisultimately relies on the carrying capacity of Bermudaitsdf, one of the most
important parameters in considering increased tourism, and one which appearsto be an
unknown for thisidand.

Much of Bermuda s infrastructure, in terms of waste disposd, transportation, and land-based
fadilities, is a present heavily impacted by the cruise ship industry. And athough, various
governmenta groups or individuds are avare of the exigting limitations of the system, the further
impact impaosed by larger ships seemsto be uncertain in many aress of potential concern. There



isalack of sound scientific data for many issues concerning long term impact on Bermuda's
environment. Scientific research has been sporadic, often in response to complaints with a
delayed timeinterva, and generadly of short experimentd periods. This alows for some idea of
short term impacts, but leaves very little room for prediction of long term impacts. This points to
the requirement of multi-disciplinary studies to assess long term impact of such issues as waste
disposd, leaching of contaminants, and the effect of sedimentation on cord reefs, issues which
are concerned with the preservation of Bermuda s fragile ecosystem.

The Bermudian marine environment gppears to receive little protection by satute. The available
legidation is adequate for some issues, namely the Oil Spill Act and the Clean Air Act.
However, it gppears to be lacking or inadequate for al other issues concerning the input of
contaminants into the inshore waters, whether they originate from waste disposa, boat ceaning,
leaching from antifouling paints, among others. Enforcement gppears to be lacking in many
aress, and when performed only occursin Port. Although, newly built cruise ships are designed
to be more environmentdly friendly in terms of the type of fuel used, waste management, etc.,
Bermuda must have the regulations to control these activities, and the ability to enforce them.

The modifications required to accommodate super cruise ships may have some benefit to
Bermuda, as for example the dteration of Front Street, Hamilton to a plan increasing its value as
awaerfront area. Others, such as the proposed plan for St. George' s need to be carefully
consdered to assess the long term benefits brought to the town itself, as aresidentid town and
as atourig destination. This leads to the ultimate congderation of the contribution of the cruise
ship industry to Bermuda srevenue. The overdl contribution is sgnificantly less than that
recaived from land-based tourism, in terms of both passenger expenditure and socid
contributions. The long term impact of the cruise ship industry on Bermuda s infrastructure and
environment- in brief, on Bermuda' s carrying capacity- needs to be therefore carefully balanced
againg the economic benefits thisindustry will bring to Bermuda s economy. Idedly, Bermuda s
land and marine environment needs to be attributed a value which may be incorporated in the
development of a Tourism plan for the idand.

With Bermuda receiving 2% of the cruise ship market worldwide, and a cruise industry making
alesser contribution to the idand' s economy than the land-based tourism, is the cruise ship
industry beneficid to Bermuda, in terms of economy, in terms of qudity of life, in terms of long
term effects on other forms of tourism? These are questions which need to be addressed in the
very near future to assess the direction to be taken by the Ministry of Tourism. The balance
between preserving the qudity of life in Bermuda for residents and land-based tourists, and
improving the idand’ s economy viaagrowing cruise ship industry is not an easy task, yet it is
one which should be strived for in the 21% century.



I. INTRODUCTION

Bermuda' s naturd beauty, coupled with its cleanliness, luxurious commodities and friendly
people, rendersit one of the mogt attractive vacation destination in this part of the world.
Tourism hence plays an undoubtedly important role in theidand’s economy.  Although there is
agrength of demand in the cruise ship industry of the idand' s tourism, it has been
acknowledged by severd groups of people, namely the Department of Tourism and the
Bermuda Nationd Trugt, that with asmall surface area of 21 square miles, aresident population
of 60,000 and ayearly influx of tourists, Bermuda s ddlicate infrastructure may well be impacted
in both the short and long term. In arecent presentation, the Department of Tourism
acknowledged that “ Bermuda has limited resources to adequately handle large groups of
vigtors who arrive at the same place, a the sametime.” Although the main concern of the
Department liesin imposing strain on areas of trangportation, sightseeing and hospitaity

sarvices, and mogtly in ensuring satisfaction in the vacation experience of our visitors,
environmentd issues need aso be consdered. At present, the policy has been to limit the tota
number of cruise ship vigitorsto 6,000 per day. However, with new ships under construction
being over 800 feet in length and carrying 2000 passengers each, the industry is moving towards
larger vessdls, and the Department of tourism may take the decision of moving with the industry.
This potentid increase in the number of cruise ships, frequency of cruise ship holidays, and/or
larger cruise ships coming to Bermuda, raises concern on the carrying capacity of the Bermuda
idands In order to meet the demands of the future, awell thought out management procedure is
necessary. A comprehensive document on the potential impacts of cruise ships may well prove
to be an aid to the Department of Tourism’s potentid future gods, and towards sustainable
economic developmen.

1.1 Current Situation:

Sources:. Tourismreport, Bermello-Ajamil & Partners Inc., Department of Marine &
Ports

A tota of 7.1 million people travel by cruise ships worldwide. Bermuda holds 2% of this entire
market. Thelargest market is the Caribbean (48%) followed by the Mediterranean, and
Alaska. However, Bermudais percelved as being unique, and one of the most profitable routes
from the East Coadt of the States, as the closest destination servicing the North East Coast.
The present cruise ship policy in Bermuda restricts the number of cruise ship passengersto
6,000 passengers/day; the redlity is closer to 8,000/day. The present policy isdueto expirein
the year 2,000, and little is known on the content of the upcoming policy, especidly in terms of
number of passengers. It is however, afact that dl cruise lines are now building bigger ships,
with atotd additiona 30 ships being built over the next 2-3 years. While cruise lines seam
ahead, unloading more and more passengers off bigger and more luxurious ships on to the
docksides, fundamenta questions must be asked about the benefits of the cruise ship industry to
Bermuda and its people, and the long term effects on the land-based tourism. The Caribbean is
much asking itsdlf the same questions, and envies Bermuda's control up to date on the cruise
ship industry. However, Bermuda is experiencing strong demand from cruise ship operatorsto
increase vidtsto theidand. The government of Bermudais so aware of

the changes that the cruise ship indudtry is experiencing & the present time. In light of these
changes, the government of Bermuda has hired consultant services to advise on the
development of cruise ship fadilitieson the idand.



1.2 Present Cruise Ship Facilities:

Bermuda currently has cruise ship berthing facilities a three locations on the idand: Hamilton, S
George'sand Dockyard. Five cruise ships serve Bermudaon aregular bass during the cruise
ship season, extending from April until November.  Approximately 4 other cruise shipsvist the
idand on an occasona basis. Thetotal number of passengers brought to the idand by cruise
shipsis gpproximately 180,000, for atota of 36 trips. The shipsthat vidt regularly are
generaly around 600- 700 feet in length and carry 1000- 1600 passengers. Hamilton and S.
George' s each have two berths that accommodate ships of thissize. Occasondly, athird ship
can be accommodated in Hamilton adongside the existing container dock. Dockyard has a
single cruise ship berth, dthough this is a deep-water facility and can accommodate larger ships.

The objectives of the government are:1) To ensure that sound and secure berthing facilities are
capable of accommodating two cruise ships up to 900 feet in length are provided in both
Hamilton and St. George's. 2) To consider options for cruise ship berthing facilities and other
associated development in Hamilton should the existing container port be rel ocated.

1.3 Required Consultant Services from a Specialised Firm:

The increasein Sze of ship in terms of berthing does not present a problem at dockyard; this
berthing Ste was not origindly congdered in the consultant’ sfirm report, however, it has a
present become incorporated in the said study.

Hamilton: The configuration of the exigting dock, as well as the limited manoeuvring space in the
harbor present difficulties in accommodating larger ships. The approach channd to the harbour
may need dredging. Matters are further complicated by the operations of theidand' s only
container port on the Hamilton waterfront. On-shore facilities for cruise ship visitors are in need
of complete review.

. George's. The berths are unlikely to be able to accommodate larger ships. The existing
berths are, in any case, being severely undermined by the thrusters of vessdls currently visiting
the town. Accessto St. George's harbour for the cruise shipsislimited to Town Cut; this will
be needed to be widened for larger ships. A study has aready been undertaken on the
expangon of Town Cut, and is available from Works & Engineering.

1.4 Specifications of new super cruise ships:
Sources. Bermello-Ajamil & Partnersinc., TGG Magazine (No. 2330, Sept 16 1998).

Bermudais at present recelving many of the older ships. The new shipsto be expected in
Bermuda are not the biggest onesin the line (100,000-ton vessdls), but are considerably larger
than the ones presently visting. The average Sizes of the new supercruise ships are asfollows:

Length ranging from 810 to 918, with the maximum lengths found in the Roya Caribbean
Line, as compared to present ships of 600-700 feet. Tonnage equates approx. 70,000 to
85,000 tons for future ships (current vessels gpproximate 45,000 tons). The number of berths
isreferred to as the number of lower berths; these are the stable berths in a cabin, but do not
include the fold up berths that are present in the cabin. Hence the lower berths capacity of
these supercruise shipsisin the range of 1,590 to 2,040; which actudly yields a maximum
capacity of 1,950 to 2,600 per ship (Current: 1,200-1,500 passengers/ship). This excludesthe
number of crew, which may be estimated to be 1/3 of the total number of passengers, yidding
an additional 800 individuas per ship (Current: 600 crew). Although the beam is expanded in



these supercruise shipsto gpprox. 106, the draft changes little and is in the order of 25
(Current beam 90-105')". The new ships however, are designed to be more manoeuverable,
due to an improved propulsion system; however, the type of propeller used in new super cruise
ships, may not be necessarily larger, but is known to cause a greater impact on the docks. This
implies a greater impact on turbulence, and on the marine environment. However, the new ships
built are designed to be more environmentaly friendly, and have to comply to internationa
regulations, for example, these ships are designed to have a better wastewater system,

improved engine design- i.e. burning less NOx gases- alower sulfur content fud, thus reducing
SOx emissions, etc.

Bemdlo-Ajamil & Partnersinc. hired by government to design new berth facilities in Hamilton
and St. George' sbase dl their calculations on a specific Design VesH:

Beam 106’, 850 crew, 900-950' length, 28" draft and 2,000-2,500 passengers.
15 Latest Update on Proposed Berthing Facilities:

The latest update was presented March 4, 1999 by Bermello-Ajamil & Partnersinc.
conaultants, and included the following:

Cruise lines coming to Bermuda.in the future: Roya Caribbean Line, Princess, Carnival
Celebrity and Norwegian Cruise Lines.

In order to accommaodate these supercruise ships in terms of berths, the following options have
been presented by the Consultant firm. The proposed plans for Hamilton consider anew pier,
including 2.5 to 5.5 acres of landfill for on-shore facilities and adequate berths. Dredging of the
Harbour isrequired to dlow the continued use of the container dock, as well as dredging of the
gpproach channd. The amount of landfill required is substantia and dredging materid from
Hamilton Harbour itsdlf, will most probably not be sufficient.

Asfor St. George's, a plan to expand town cut is in the hands of Works & Engineering.
Requirements are for expansion of Town Cut by 15m, encroaching on Higg's Idand. Dredging
of the Town Cut to degpen the chamnd from 29’ to 30.5' is proposed.

The present docks need to be rebuilt, but include minima landfill a Ordnance Idand. Itis
proposed that dredging materia from St. George' swill be utilised for the Hamilton landfill
requirements.

Waterfront infrastructure is included in the Consultant firm’s report for both sites, attempting to
creete an efficient and agreeable waterfront. Thisincludes the relocation of bus termindsin both
gtes, and the linkage of ferry and bus sysemsin Hamilton. but does not include the carrying
capacity of ether areas. A first cost estimate was given for Hamilton's revamping, averaging
9.9 to 15.2 million; this however, is a standard cost, and not taking into account Bermuda's
prices. There are no cost estimates available for St. George' s at thistime.

Thisfirm isto be studying the infrastructure required for accommodating the increased flow of
passengers at any one time from the cruise ship to various trangportation modes, such as buses,
taxis and ferries. However, the study does not consider the increased number of people on the
whole idand, and the issues pertaining to thisincrease in dengity; in brief, little consderation is
taken on the overdl carrying capacity of Hamilton, St. George' s and dockyard specificaly, and
of Bermudain generd.
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Il. OJECTIVES OF THE PRESENT REPORT:

Thereisat present alack of current complete and thorough documentation integrating existing
scientific data, current management, and overal impact assessment concerning cruise ship
activitiesin Bermuda. It is therefore proposed that proper documentation be compiled by the
Nationd Trugt to:

a) integrate the scientific data available reaing to cruise ship impact on the marine environment
b) compile the current Stuation in terms of cruise ship waste management while in port

c) outlinethe laws and regulaionsin Bermuda enabling the management of cruise ship activities
d) outlinetheissues where datais lacking in terms of regulations, scientific knowledge, etc.

In brief, it is attempted to provide as many facts as possible on the current Stuation relating to
cruise ship activitiesin Bermuda Thisis performed by integrating information from severd locdl
governmentd, private and scientific sources. Unless otherwise noted, most of the information
has been gathered through conversations and interviews with managers, officids and individuads
well versed in specific issues, as documentation was not available for many of the questions
posed; scientific data has been obtained through publications and referred as such.  Although
this document may not be able to address al issues pertaining to the potentia impact of cruise
ships, it ishoped that it will yield a clearer understanding of the areas which need to be
addressed in order to preserve Bermuda s beauty, charm and qudlity of life.
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lIl. SOLID AND LIQUID WASTE DISPOSAL: Sewage, recyclable, non-
recyclable.

Four different types of wastes generated by cruise ships are consdered in this report:

a) Wet Wastes- kitchen wastes
b) Recycladle

C) sawage

d) dry goods & papers

.1 SEWAGE

According to the Public Hedth Act, it isthe Minister of Hedlth who hasthe find say on dl issues
related to sewage.

The following outlines the existing sewage treatment facilities in dockyard, Hamilton and St.
George' s, as well asthe future improvements to each plant, when gpplicable, and the results of
environmental assessment when gpplicable.

l1l.1.a Dockyard- WEDCO Plant
Sources: WEDCO Engineer; Government Hydrogeol ogist

There are three principal sources utilisng the WEDCO sewage trestment plant:

1) Dockyard- exduding the Maritime Museum
2) West Gate Prison
3) Cruise ship (9)- not dl cruise ships berthed at Dockyard tie into the sewage plant.

The plant is managed by an American Firm (DAWS, Hollywood, Florida). This company aso
manages the Southampton Princess Hotdl Plant.

It isasecondary trestment plant. To a certain extent, this plant provides primary and secondary
treatment. Primary treatment normaly entails filtration; whereas the WEDCO plant grinds solids
rather than filters. Wastes are then transferred to secondary aeration tanks, where aerobic
digestion takes place. This attempts to separate grease from other wastes.  There are two
aeration tanks, each with a capacity of approx. 80,000 U.S. galons/day. Following this
process, the wastes are divided into two parts: 1) Liquid and 2) Sludge.

The liquid part of the effluent goes down 2 boreholes, located in Sdly Port, on the NW side of
dockyard. Each boreholeis6” in diameter and 60 below seawater level. Thereare no
freshwater lensesin the vicinity which may be potentidly contaminated. The closest lensisthe
Somerset lens.

The dudgeis physcdly removed and transported to Tynes Bay septage tank. Thisdudgeis
placed in settlement tanks where it is dewatered. The resulting liquid part goes into the sewer
and is digposed of viathe corporation of Hamilton Sewage Plant to Hungry Bay. The remainder
istrangferred to a drying pit, where following 3-6 months of drying, it is taken to the Pembroke
landfill; at thistime it is mixed with vegetation and made into compost.

The WEDCO trestment plant is relatively efficient with respect to waste trestment, according to
government hydrogeologist; dthough there have been problems in the past in the operation of
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the plant. Levelsof COD (chemica oxygen demand ), BOD (biologica oxygen demand) and
TSS (totd suspended solids) are monitored by the plant engineer. These anadysesindicate a
marked decrease in all three parameters before and after the primary and secondary treatments,
reflecting the efficiency of the plant when operating adequately; results of these anayses further
indicate thet effluent of the WEDCO plant meets environmenta criteria set by the Environmenta
Authority as explained in section 111.1.d below. The volume of sewage treated a the WEDCO
plant varies seasondly, and the maxima flow ranges from 160,000-200,000 U.S. gallong/day.
Table 1 outlines the average flow of sewage originating from each of the three main sourceson a
dally basis. It isnoted that cruise ships currently account for approximately 55% of the total
sewage treated during the cruise ship season.

Table 1. Volume of sewage (U.S. gallons of sewage/day)
disposed of into the WEDCO treatment plant.
(WEDCO Engineer, pers.comm.)

Source U.S. gallons of sewage/day
Dockyard 40,000

West Gate 40,000

Cruise ships(in season)  100,000-110,000

Deep-sealed borehole:

Asitsnameindicates, it isahole drilled into the bedrock. A casing is made around the hole,
usudly congsting of plastic or stedl. The casing is sealed with cement or another type of grout;
this prevents leaching throughout the length of the borehole. The holeis drilled to & least 40
below sealevel and up to 150 below sealeved. The effluent directed to the borehole comes
out below the seawater level and below any potentid freshwater lens. Its main purposeisto
increase the length of path to the sea, thus decreasing the chances of direct contamination to the
lens. It furthermore, dlowsfor dilution and dispersal. Although a deep-sea boreholeis not a
treatment per say, it performs an adequate function in terms of dilution and dispersd. At
Dockyard, the effluent tends to flow to the northwest according to current patterns
(Government hydrogeologist, pers. comm.).

The closest freshwater lens to the Dockyard deep-sedled boreholes at WEDCO isthe

Somerset lens. Thislensislocated on the main idand, and is not affected by dockyard.
However, it liesa alow leve, with little distance between the lens and the bottom of the
surrounding cesspits. Any contamination to this lensiis therefore due to this proximity, and low-
lying character, rather than to any other source. Thelens may be treated or abandoned in the
very near future.

Fees for sewage disposal:

Fees for sewage disposa by cruise ship equate gpproximately $2.00/registered berth/day. This
feeisminimal, and does not cover the cost for sawage treatment (WEDCO Enginesr,
pers.comm.).
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Current Issues involving cruise ship sewage disposal at WEDCO:
Sources: WEDCO Engineer, Ministry of Environment

The type of sewage entering the plant is crucid to the operation of the plant, according to
WEDCO Engineer. BOD (Biologica Oxygen Demand) and COD (Chemica Oxygen
Demand) may be analysed to determine the sewage type. In order to maintain the adequate
operation of the trestment facilities, there is an agreement between the WEDCO sewage
facilities and the cruise ships utilisng the plant concerning the type of sewage discharged into the
plant. Problems have gpparently arisen during the 1998 season, where cruise ship sawage
exceeding concentrations acceptable by the WEDCO Engineer (in terms of BOD and COD)
was disposed of at the plant. Investigations followed to indicate that the source of this sewage
were kitchen wastes from the 5 existing gdleys of the said cruise ship. Action was taken to
oblige the cruise ship to hold its sewage while berthed a Dockyard. As cruise ships may not
hold sawage for alonger period than approximately 4 days, it is probable that this sewage was
disposed of somewhere else.

At present, the WEDCO plant is adequate in terms of tregting the current volume of sewage
(including that of cruise ships during the summer months). However, the problem liesin the type
of effluent digposed of to the plant. According to Ministry of Environment officids, agreements
between plant engineers and cruise ships relating to sewage digposa are independently drawn
for each sewage trestment facilities (Dockyard, Hamilton and St. George's); and, abreach in
this agreement entitles plant engineersto put redtrictions on cruise ships for the disposa of
sewage through their plant. However, there seemsto be little support from present regulations
dlowing for conviction of offenses (WEDCO Engineer, pers.comm.).

Future Plans:

Improvements to the sewage treatment plant at WEDCO have recently been made. These
alow for the trestment of alarger volume of sawage, and of holding alarger concentration of
sawage. These modifications could possibly increase the capacity of the plant.

The need for afurther expanson of the plant is uncertain due to the lack of information on the
future requirements imposed by super cruise ships. Volume of sewage and type of sewage
discharged from new cruise ships are unknown, and are two important factorsin the future plans
of the WEDCO sewage treatment plant. There is some concern by the WEDCO Engineer asto
the sawage management procedure for potentia super cruise ships. The present WEDCO
engineer intends to prepare a document on the WEDCO sewage treatment facilities, which isto
be distributed to various concerned bodies.

l11.1.b Hamilton Corporation Sewage Plant:

Sources: City Engineers (Hamilton Corporation), Bermuda Water Consultants, Dr. R.
Smith (BBSR).

The Hamilton corporation sewage treatment plant is by far the largest one on theidand, in terms
of sawage volume on adaly bass. The plant incorporates effluent from the Corporation of
Hamilton, Prospect area, Tynes Bay, new projects as for example the National Stadium and
Cedarbridge, and King Edward Hospital. The latter has its own pumping station, and ties up to
the corporation sewage line a Berry Hill Road, for disposa to Hungry Bay. Although this
junction isthe respongbility of Works & Engineering, practicaly, it is mantained by the
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Corporation of Hamilton (City Engineers, pers.comm.). Approximately 60% of the totd
sewage comes from outside of the boundaries of Hamilton corporation.

The Hamilton Plant is termed a communition sewage plant. All effluent, asde from King Edward
Hospitd, flows by gravity to the Court Street holding tank; it is thereafter pumped via the
pumping station, located at the junction of Court street and Front street. Pumping rate depends
on the flow of wastewater into the holding tank, such thet a periods of low flow rate (for
example a night time), sewage is pumped for 10 minutes every 40-50 minutes, whereas during
times of higher flow rate, sewage is pumped for a period of 10 minutes every 20 minutes. At
the pumping station, sewage is passed through macerating pumps, where blades chop dl
sewage to gpprox. ¥4’. Following maceration, the resulting sewage is pumped out to Hungry
Bay, South shore; a Berry Hill Road, wastewater from the King Edward Hospital merges with
the main sawage line from the pumping gation. Themain pipeis 18’ in diameter, extending
700m from the shore in Hungry Bay; thelast 75 m of this pipe condsts of 5-7 riser jets,
approx. 3-4” in diameter, connected at aright angle to the main pipe. Theseriser jets force the
effluent to flow upwards, thus dlowing the dispersd of the effluent as smdl plumes 1- 1 1/2m
above the sea bottom. The maximum depth of the water column is approx. 30'. Once sewage
isflushed, agrey odorous pollutant is noticegble at times, however, dispersd israpid. The
sawage is flushed with sdltwater.

There are saverd limitations to the exiting sysem. The pumping Sation itself isvery old, built
circa 1910; such that the structure isin bad condition. The pumps themselves are due for
renewa. The blades required for grinding need congtant adjusting, without which, solids are
improperly macerated, and large articles such as plastics end up at the other end of the plant, in
Hungry Bay. Furthermore, thereliesan exigting problem in the build up of oil and greesein the
pumping gation itsdf, and in the digposd lines. The current solution isto physicaly remove this
build-up from the pumping sation itsdf every 6-8 weeks. BWC (Bermuda Water Consultants)
was hired to perform a pilot sudy on the effect of the introduction of grease-eating microbes,
these microbes liquefy and digest the grease. Thismethod proved successful in terms of grease
build up control. It is however, not applied at present, and physical removal of the grease a the
pumping stetion remains the exigting solution.

Utilisation of Plant by Cruise Ships:

The cruise ships berthing a Hamilton tie into the Corporation of Hamilton Sewage Treatment
plant. Sewage from the cruise shipsis flushed with freshwater, and transported aong Front
Street to the holding tank on Court Street. It is thereafter disposed of viathe trestment plant to
Hungry Bay with the rest of the Hamilton Sewage. Cruise ships are charged $190-$200 per
day for utilisng the facilities of the Sewage trestment plant; this cost dmost covers the expenses
incurred for pumping cruise ship wastewater (City Engineers, pers.comm.).

Details on the contribution of individual sources (n/day and gallons/day) is given in Table 2
below.

Table 2. The wastewater sour ces utilising the sewage treatment plant of Hamilton
Corporation (taken from Associated Engineering Report # 952w O5\REPORT0996.1\TEXT;
Corporation Engineer, pers.comm.).

Source Average Annual Av. Annual Percentage of total
flow (m*/day) flow (%)
gallons/day
Residential within 290 63,510 14.4
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corporation

Cruise ships 280 61,320 14.0
Government

Development

- Tynes Bay Septage 85 18,615 4.3
facility

- Residential/Institutional 145 31,755 7.3
Commercial

- Within Corporation 650 142.350 32.5
- Outside Cor poration 550 120,450 27.5
Total 2,000 438,000 100

The maximum total volume of sawage pumped on adaily basis by the corporation of Hamilton
isin the order of 1 million imperia galons/day (City Enginears, pers.comm.); the mean valueis,
however, closer to 500,000 imperial gdlonsg/day, as seenin Table 2. The maxima flow rate
noted has only been recorded once in the past 8 years. 35% comes from commercid,
indtitutiond, resdentia development outside of the Corporation boundaries. On an annud
bas's, the cruise ships account for 14% of the total wastewater flow. In 1994, there were 21
cruise ship days contributing on average 461 n* (101,000 imperia gallons) per cruise ship day.

On afind note, according to one engineer a the Hamilton Corporation, the actua volume of
wastewater from cruise ship has dropped dramatically in the past 15 years; asthe trestments
used on board the ship are more efficient a the present time. This statement however is not
based on any facts, as the flow rate from cruise shipsis not metered, and is not planned to bein
the future. 1t may furthermore reflect a decline in the number of cruise ships berthing in Hamilton
during thistime.

The potentid increase in wastewater production from larger cruise ship has been included in the
total estimated increase in sewage for the next 50 years for the Hamilton Corporation Treatment
Pant; dthough incorporation of cruise ship wastewater in the future estimation istricky,
according to one of the engineers at the Hamilton Corporation, as there is no knowledge of
wastewater production for supercruise ships, or any information on the type of trestment to be
utilised in the new boats. Furthermore, engineers are uncertain as to the future of cruise ship
tripsin Bermuda. Future estimates are based on the maxima vaue of 1 million imperid
gdlons/day.

Future Plans:

All in all, congdering the estimated increased flow over the next 50 years, and the unacceptable
technology of the present system, with respect to that utilised in other developed countries, the
corporation of Hamilton engaged Associated Engineering Internationa Ltd. to carry out a
feashility study to develop a concept for upgrading the Front Street pumping station. A key
factor in the future management of wastewater is the location of the trestment plant. With the
current level of trestment, it has been possible to locate the works within the densaly developed
urban area of the Corporation. With increasing levels of treatment, the area of land required
would increase dramatically bringing into question the practicdity of continuing to provide
trestment within the Corporation boundaries given the competing land uses. The intent of this
study isto address this issue and determine the feasibility of long term wastewater treatment
within the Corporation boundaries. The study thus does not consider or investigate specific
Stes outside of the Corporation.
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The future plans of the existing sewage treatment plant consder the upgrading of the plant to a
preliminary trestment, rather than the current communition trestment. A priminary trestment
includes the introduction of filtration by afine screening sysem. Thiswill alow for thefiltration
of sewage coming into the pumping station, thus removing solids. Thisfine screening system will
assig in controlling the grease problem at the pumping station. Bigger pumps, aswell asa
different systlem of pumping will be put in effect; where thiswill dlow for the dimination of
retention time in the holding tank. The liquid part of the resulting effluent will be disposed of a
seain Hungry Bay. There is achance of increasing the diameter of themain pipe. The
possibility of extending the main pipe beyond the outer reefs, and disposing of sawage isbeing
consdered; the decisive factors are the result of scientific studies assessing the impact on
adjacent reefs and benthic communities, and the cost of this extension. It is, furthermore,
proposed that the solid part of the effluent will be burned using the Tynes Bay incinerator. The
latter has not been accepted yet.

Scientific Report:

The Corporation of Hamilton is awaiting the results of scientific studies conducted to assessthe
potentia impact of sewage disposal in the areas adjacent to the outfal. This study was
performed by Dr. R. Smith, at the Bermuda Biological Station for Research Inc. (BBSR), and
was commenced in 1996, 4 years after the ingdlation of the Hungry Bay outfdl asit currently
exigs. This 2-year sudy included the following:

1) The andyses of trace metdsin the sediments adjacent to the outfal
2) The assessment of benthic communities in the area adjacent to the outfall

3) The assessment of cord reef “ hedth” in terms of species number, diversty and growth rate
on the reefs adjacent to the outfall.

The fina report isin the making at present (Feb 99), and isto be submitted to Associated
Enginears Internationa Ltd. upon completion. However, upon discusson with Dr. Smith, it
appears that the limitations of this Sudy are severd:

- Thetime span of the experimenta period is short; effectively thereis only one year of data
obtained for assessing the impact of the sewage disposd, if any.

- There has been no work on microbia communities in sediments surrounding the outfal.
Thisis one of the mgor impacts of accumulated dudge around sawage outfals. These
microbial communities congst of various organisms, among which are enteric amoebas, a
threet to human hedth.

- Theassessment of cord reef “ hedth” in terms of numbers and diversity may not prove to be
aaufficiently sengtive indicator of such animpact. Cords are dow growing animas, and
severd years of alow level impact may be required before recording achange. Dr. Smith
will recommend the continuation of studies considering more sendtive stress indicators, such
as physologicad measurements of surrounding marine fauna (for example, fish), alowing for
the assessment of low level stressors.

BBSR study:

The Bermuda Biologica Station for Research has analysed sediment samples during practica
courses offered ( Hazardous Assessment of Marine Contaminants course, 1996). The following
trace metals, Manganese (Mn), Lead (Pb), Nickel (Ni), Copper (Cu), and Vanadium (V) were
determined in the sediments surrounding the Corporation of Hamilton Sewage Outfal. Results
are given below.
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Table 3. Concentrationsof dissolved (diss) trace metals (nmol.I™*) and of sediment
associated (sed.) trace metals(microgram.g?) in Hungry Bay; where, HB1 is closest to
outfall, and HB3 furthest (taken from HAMC cour se, BBSR, 1996).

Site  Mn Mn Pb Pb Ni Ni Cu Cu V V sed.
diss. | sed diss. @ sec diss. sed diss. sed diss.

HB1 705 128 093 501 587 227 125 351 059 550
HB2 884 113 100 462 622 219 125 314 185 466
HB3 356 133 127 308 130 211 164 282 247 036

Thefollowing is an excerpt of the discussion following these results:

Hungry Bay sewage outfal demongtrated no trends in trace metal's data and typicd levels found
do not suggest significant anthropogenic contamination in either the dissolved or particulate
phase. However, it isimportant to bear in mind that the sewage pipe does not constantly
discharge waste. It isnot known whether any material was actudly being expdlled during
sampling, and hence caution advised when interpreting the dissolved concentrations in particular,
as any sediment loading are likely to be rdatively static and not subject to dilution. Itis
therefore noted that these results may not be typica of dissolved concentrations present during
sewage discharge and hence levels analysed may just be afunction of pipe emisson events. Itis
very difficult based on ambient concentrations doneto infer or predict whether the observed
digributions are exhibiting any effect on marine biota and hence the trophic network of
interactions. S0, to answer questions like: Are the levels of trace metals found in Bermuda' s
Inshore waters hazardous to marine life, or Isthere any evidence of toxicity? Requires not only
the knowledge of concentration gradients, time dependence and hydrographic regimesin the
areaunder congderation, but vigorous ecotoxicologicd studies, and hence the need for a
multidisciplinary gpproach to marine environmental concerns.

Dr. Smith's data on other Sites adjacent to the Hungry Bay sewage outfal determining the
concentrations of sediment associated trace metdsis not avalable at this point in time.

In summary, scientific work has been sporadic, and over short experimenta periods, not
providing a complete account of long term impacts resulting from sewage disposd.

lll.1.b. St. George’s Corporation Sewage Plant:

Sources: Foreman at S. George's Corporation, Chairman of Sewage Committee for S.
George's Corporation, Government hydrogeol ogist, Department of Health.

Sewage Treatment plant in St. George' s incorporates sewage from within the town of St.
George s boundaries. The sewage plant in St. George' sis dso referred to as a communition
plant, smilarly to that of the Hamilton Corporation. Sewage is collected in a holding tank near
Ordnance idand on the waterfront. There are two pumping stations, one in the Market Wharf
Area, and the other at Penno’s wharf for the collection of sewage from the cruise ship docked
a that Site. New pumps are on order at present to replace the existing ones. Sewage passes
through a grinding stage (blades), and is thereafter pumped over the hill to Tobacco Bay. The
pipe extends 1122 ft from Tobacco Bay at a depth of approx. 25'. There are severd patch
reefsin the vicinity of the outfall. There are a present frequent problems of overflow into S.
George' s Harbour, and the Public Health Department issued a no bathing sign in the area
behind the Vistor' s bureau in St. George's .

The totd volume of sewage pumped is in the range of 50,000 to 120,000 imperia galons/day ,
as determined by the government hydrogeologist (pers.comm.). Estimates show alarge
variation, however, maxima vaues are recorded during the cruise ship season, thus estimating a
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total of 70,000 imperia gallons of wastewater/day from the cruise ship. This equates 58.3% of
the total flow of sawage through the Corporation of St. George' s sewage trestment plant.

Future Plans:

The possible advent of the supercruise ships has provided a boost to the Corporation of St.
George' s Sewage Committee. There exists future plans of establishing atertiary sawage
trestment plant, such that resulting water could be utilised for irrigation or toilet flushing. In the
near future, however, (1999/2000), the first phase of ingaling asmdl experimenta plantisin
progress according the chairman of the Sewage Committee in &t. George’'s. Should this prove
adequate, afull tertiary trestment plant will beingaled. This plant will be large enough to
incorporate the sewage from the limits of the town, the hotel on the hill, and the new supercruise

ships.
l1l.1.d Environmental Criteria
Source: Government hydrogeol ogi st

Environmentd criteria are set by the Water Authority, now the Environmental Authority. These
criteriaare st on acase by casebass. Thisisdueto the smal sze of the Bermudaidands, and
to the differencesin location of the concerned treatment plants; for example, some hotels are
located on the shore of semi-enclosed bodies of water, whereas others are located on the open
shores of the ocean. Criteria are therefore different among these.

The maximum standard is currently set for the Marriott Hotel and Southside (see Table 4). Both
of these have atertiary trestment. This treatment allows for water to be recycled and
subsequently utilised for tailet flushing. The Marriott hotel was asked in the future to measure
nitrates and chlorine residuds. The minimum standard is set for the WEDCO treatment plant.
There are no criteria set for either Hamilton or S. George's, a this point in time.

Table4. Criteriafor sewage treatment plant, set by Water Authority, for BOD (mg.l™)
and TSS(mg.I™"). (Government Hydrogeologist, pers.comm.)

Site BOD TSS
Marriott/Southside 10 10
WEDCO 25 35
Hamilton/St. George€s none  none

Although, there has been alot of studies on engineering for ingtalation of secondary treatment
for Hamilton and St. George's, there is no current deadline to implement these according to the
government hydrogeologist. Furthermore, the establishment of secondary trestment doneis
arguable, asthistype of processing does not remove nutrients;, hence balancing the cost of
edtablishing a secondary trestment plant, with the fact of not diminating the nutrient load issue, is
adecison to be made by the Hamilton Corporetion in the future.

There has been concern as to the potentia increase in nutrients at dockyard, however, no funds
have been made available to pursue thisissue.

Regulatory Measures Currently Taken: Source:
Department of Health, scientific literature
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At present, there exists awater sampling monitoring program to assess the safety of bathing
waters. Samples are taken weekly from the surface water during the summer months. Although
the main god isto assess safety bathing on the beaches, some Sites are analysed following
complaints; asfor example, the Penno’swharf sitein St. George's. The overflow of the St.
George' s sawage line is located behind the Visitor's Bureau in & George's, flowing into the
harbour waters. A bad smell emanates from the water when this occurs. Public Hedlth officids
have placed aggn, indicating no swvimming in this area. Targeted Sites are the following:

A. East End: Market Wharf, Tobacco Bay, Penno’s Wharf (Zenith), Godet and
Y oung Dock

B. Centra ; #1 Dock, #6 Dock, Ferry Terminal, Flag pole, Red Hole, Crow
Lane, Norwegian Cruise Line, Zenith (City).

C. West End: Sonesta Beach (Front Bay), Sinky Bay, Cross Bay, Waterlot Inn,
Horizon, King's Poing, Riddles Bay, Southampton princess.

The number of samplestaken at each Ste ranged from 1 to 5. Results taken in proximity of
cruise ships were based on 1 and 2 samplesin 1997. Bacteriologica standards for coastal and
bathing waters are as follows:

Faecd coliforms < 100 per 100 ml sample
Faecal streptococci <35 per 100ml sample

Of the 74 samples taken, 29.7% failed one or both of the criteria. These were in proximity of
Market Wharf, Penno’s Wharf, Godet & Y oung Dock, #1 Dock, #6 Dock, Flag Pole, Crow
lane, Sonesta Beach, Sinky Bay, and Waterlot Inn. According to the report by Public Health
officids, cruise ships dl had acceptable samples except for the Zenith when berthed in Penno’s
whart, St. George's.

According to the bacteriologica monitoring conducted by Public Hedlth Department , there did
not seem to be any evidence of contamination of surface waters and to inshore beachesasa
result of sewage outfdls, until recently. Thisis the only type of monitoring program at present
conducted in Bermuda, which isrelated to potentia contamination of surface waters by sawage
disposal. Theuseof Escheria cali (E. coli) levelsin the water column as a classfication for
suitable recreation (or fishing) watersis common practice; this measure for water qudity criteria
rests upon the assumption that feca coliforms closdy mimic the behaviour of sewage derived
pathogenic bacteria and viruses in the marine environment. Unfortunately, this assumption is not
awaystrue. There are other more accurate indicators of fecal pollution, such as chemica
indicators. A short sudent study performed at BBSR in 1993 andysed fecd sterol
(coprogtanal) levels in sediments off Hungry Bay outfal, anong other Stes. This study indicated
that levels of coprostanal were sgnificantly higher a the Hungry Bay outfal than at other dtes
(North Rock, Harrington Sound, Hamilton and St. George' s Harbours). Thisindicated the
need to pursue investigations in order to assess the long term impact of sewage disposdl in
Bermuda waters ( Mumford, 1993).
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lll.1.e.Potential impacts of long-term sewage disposal:

There have been no scientific studies conducted to assess the potentia impact of the S
Georges' corporation sewage outfdl in Tobacco Bay; nor have there been any complete studies
performed to assess the potentia impact of the WEDCO sewage release from boreholes. The
limitations of the work performed for the Corporation of Hamilton has aready been discussed in
section I11.1.b.

There are severd factorsto congder in ng the potential impact of sewage:

1. Theaccumulation of dudge in areas adjacent to the outfdl. At present, dudge resulting
from the WEDCO trestment plant is transported to Tynes Bay septage tank and disposed
of as compost and viathe Corporation of Hamilton Sewage plant. The presence/absence of
dudge in areas surrounding both the Hungry Bay outfall, and the Tobacco Bay outfdl has
not been assessed. There exigts a present conflicting observations among SCUBA divers
who have been in the vicinity of the outfall. The potentia long term accumulation of dudge
in certain areas has been shown in other areas around the world to potentialy lead to:

A. The introduction of microbid pathogens into marine ecosystems. These
microbia pathogens include pathogenic protozoans and human enteroviruses, in addition
to well-known fecal bacteria. The presence of cyst-forming amoebas has been found to
be associated with sewage effluents dong the Atlantic and Pacific Coasts of the U.S. as
well as at waste digposa Stesin the open ocean. A study has been performed by
Munson in Bermudain 1995, in view of assessing potential sewage contamination and
nutrient enrichment of inshore waters, by determining the presence of these cyst-forming
amoebas (genus. Acanthamoeba) in sediments of inshore waters. Findings indicate the
presence of potentialy pathogenic species of Acanthamoeba at 10 of the 15 Sites
sampled; among these Sites are Tobacco Bay and Hungry Bay, Sites of sewage disposa
(Munson, 1997) . Unfortunately, there was no sampling performed at dockyard. It
was concluded that the study supports the concept that certain cyst-forming species of
Acanthamoeba may be useful indicator organisms of sewage and other nutrient impacts
in agquatic ecosystems. Additiondly, these organisms may prove useful indicators of
habitat recovery as better management practices are developed for the disposal of
sewage wastes.

It is furthermore worth noting that the current weekly monitoring by the Public Hedlth
Department does not include sediments; hence the levels of fecd bacteriain sedimentsis
not known.

B. The accumulation of heavy metasin sewage disposa areas has been recorded
for Stes used for aperiod of <8 years (Sawyer, 1987). The studies performed in
Bermuda have been conducted on the Hungry Bay outfal only, excluding that of
Tobacco Bay. Moreover, studies conducted have been of a short experimenta period
- one year of data accumulation-(Smith et a., 1999), or afixed time sample (HAMC,
1996). None of the studies performed could potentidly assess the long term effect of
sewage disposd at the same site, whether a Hungry Bay, or Tobacco Bay, with
respect to heavy meta accumulation in the surrounding sediments.

C. The accumulation of organic pollutants. Highly contaminated sediments have
been shown to be the principa cause of relaively high and persistent concentrations of
polychlorinated biphenyls (PCB) residues in tissues of seafood fishes and invertebrates,
5-7 years after a dominant wastewater input (Young et a., 1988). PCB concentrations
infish exceeded in this case the FDA action guideline for PCB. There has been no
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determination of organicsin the sediments surrounding the Bermuda sewage outfals.

D. Another consequence of heavy sewage digoosd is the input of nutrientsinto the
marine system. Communition, preiminary, primary and secondary trestments do not
reduce the nutrient load in the disposed sewage. There has been some interest
expressed by certain goverment officiads in assessng the nutrient input from the
WEDCO site. There has been no studies rdating to thisissue. Once again, the Hungry
Bay outfdl benefits from a high dilution rates; it is probable that nutrient change or
enrichment may not be of concern a thisste. However, sitesfor WEDCO and
Corporation of &, George'smay be worth considering. Increased nutrient loads may
result in dterationsin the biologica system of the water column; namely, in the changes
of compaosition of phytoplankton species and in the amount of primary production.
Bermuda s inshore waters have rdatively low productivity compared to coastal waters
of the U.S, attaining maximal vaues of 2 micrograms Chlorophyll al in some of the
most enclosed bodies of water (Harrington Sound and Hamilton Harbour). Low
nutrient levels are the direct cause of thislow productivity. It is probably for this reason
that Bermuda has not been subject to many harmful dga blooms, causng an effect on
fish and shellfish gpecies,and ultimately on the consumer. There has been however, a
monitoring program performed over the past two years by BBSR scientist S. Sarkis,
consdering the changes in phytoplankton composition on amonthly basis. This
program put into light the existence of severa species of potentialy harmful dgaein
Bermuda swaters. Furthermore, abloom of a potentialy toxic dgae was identified in
September 1997, coinciding with afirst record of a mass mortdity of fish in Harrington
Sound. Since 1996, there have been 2 incidences of abloom of potentialy harmful
agee in some of Bermuda sinshore waters. The dynamics of bloom formation are not
well known, and the processes underlying toxin production by these dgae are dso not
wdl understood. However, it does appear that increased nutrients, and increased
particulate organic matter play arole in the proliferation of potentidly harmful agae, and
in the simulation of toxin production by these dgae.

The above four potentia issuesin thelong term disposd of sawage/dudge in the same
gte are important issues to human hedth. There are, however, afew pointsto keep in
mind for Bermudaitsdf:

The volume of sewage disposed of in Bermudalis congderably less than sites where severd
of these studies have been performed (1million galons/day for Hungry Bay, as compared to
360 million gdllons/day for LA County Sanitation Didricts).

The digtribution, fate and effects of wastes in the ocean are governed by the physicd,
chemica and biological processes of a specific body of water. The Hungry Bay outfdl is
located in ahighly dynamic environment, which will inevitably be of pogtive benefit to the
fate of disposed sewage in thisarea. The dilution factor at this particular Steis extremdy
high (1000:1). Tobacco Bay has not been very well studied, and is not as much of ahigh
energy environment as the Hungry Bay site. Nutrient enrichment at dockyard has been
voiced as a concern; however, the disposal of dudge does not occur at this Ste, and should
beaminima issue & thistime.

In the long term, contaminants of biological concern, such as trace metds, organic pollutants
will increase the potentid for dterations of benthic populations through organic enrichment
and toxicant impacts. The potentid of harmful agd proliferation and its consequences on
human hedlth is present in Bermuda weaters. The cause of most concern in Bermudais the
lack of control on fish quality for fish taken from loca weters sold to the consumer from the
local waters.
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V. NON-RECYCLABLE, RECYCLABLE AND COMPOST.

Sources: Ministry of Works & Engineering, Private contractors: Hunt’s Sanitation and,
David Atcheson

When in port, ships unload their wastes into containers specificaly provided for this use.
Zenith and Horizon have 3 containers:

1. Green for the collection of dry goods and paper- to be burnt at Tynes Bay Incinerator
Plant

2. Yédlow - for the collection of wet wastes, such as kitchen wastes. According to the
Shipping Agent, cruise ships are provided with biodegradable bags by Works &
Engineering for the wet wastes. These wastes are transported to Marsh Folly.

3. Blue- for the collection of recyclable materid. These are transported to the recycling
plant. Recyclable materias of cruise ships consst of compacted glass and compacted
auminum and ged.

The type of trash collected from private contractorsis as follows. Food waste and compost,
recyclable materia, and dry wastes. Two private contractors service cruise shipsin Bermuda:
Hunt' s sanitation, and David Atcheson.

Hunts Sanitation services Song of America and Norwegian Crown. Collections occur in
Hamilton for both cruise ships, and additiondly from St. George' s for Song of America. A
collection occurs every two weeks for recyclables, where the blue container is emptied into an
intermediate truck. The compacted glassis taken to Marsh Folly, and the compacted tin is
taken to the recycling plant. It is difficult to assess the specific volume of recyclable materia
collected, as these trucks do not pass over aweight table prior to unloading at Marsh Folly and
the Recycling Plant. The only indication may be obtained by the capacity of the intermediate
truck itsdf.

Asfor dry wastes, gpproximately 3 %2 - 4 tons of wastes/ship is transported to Tynes Bay
Incinerator Plant on aweekly basis. This amounts to gpproximately 200 tons of dry wastes
trangported by Hunt’ s Sanitation on a seasonal basis for the two ship mentioned above (Song of
Americaand Norwegian Crown).

David Atcheson Waste services Celebrity cruises ( Horizon /Zenith).  The wet wastes are
composted and sent to Marsh Fally; the recyclables are sent to the recycling plart; and the dry
wadtes are sent to Tynes Bay. Once again, only estimated volume may be caculated for the dry
wadtes sent to Tynes Bay in terms of no. of bing/ship.

For the Zenith, David Atcheson Waste made 184 collections for 26 cruise ship voyages.
For the Horizon, 304 collections were made for 27 cruise ship voyages.

Congdering that each bin weighs approximately 1.5 tons, atotal of 732 tons of dry waste were
brought over to Tynes Bay for incineration in one season.

Every ship differsin the amount of dry wastes produced, as some have their own incineration
plants on board, and burn wastes while a sea. Norwegian Mgjesty for example does not
unload any wastes in Bermuda, but in Boston.

Totad amount of dry wastes brought to Tynes Bay Incinerator plant from the cruise shipson a
seasona bass amounts to gpproximately 932 tons. Thisisardatively smdl percentage of the
total amount of wastes burnt a Tynes Bay on ayearly bagis, that is 65,000 metric tons. (Tynes
Bay Plant manager, pers.comm.)

23



Recyding was apparently encouraged by Works & Engineering, as cruise ships do not have the
capacity to hold recyclables for along period of time- or for the length of the voyage. In order
to avoid disposd a sea, W & E fadilitated the unloading of recyclables in Bermuda.
Theoreticaly, the recyclables collected in Bermuda should be the result of the East Coadt-
Bermuda section of the voyage. When in port, these recylables are collected by private
contractors. Cruise ships are charged by private contractors for transport of wastes and
recyclables, however, there is no additional charge in order to cover the cost of recycling or any
other waste management. Documentation of the tota volume of recyclable collected in Bermuda
is given below as the number of trucks or containers collected on aweekly basis by the private
contractors. Note: It isdifficult to assess the exact volume of Bermuda domestic collection, as
the trucks utilised for collection, are able to dmost double their capacity of collection. Thereis
furthermore no weighing table a the Recycling Plant or a Marsh Folly.

Table5. Coallection of recyclablesin Bermuda, detailed as no. of trucks/week or no. of
container sweek from domestic sour ces and cruise ships. (W& E officials, pers.comm.)

Volume/week Total recyclables
Bermuda Domestic Collection 10 trucks week 520 trucks
(4.5ton truck)
Cruise ship Collection 2 containers/week/ship 288 containers/season
(18 cubic yard containers)

The only other estimates potentialy available are the number of bails shipped out on amonthly
bass. Upon receipt of recyclables, the recycling plant puts recyclables in bails, and ships these
balls to the United States. These recyclable conssts of compacted dumninum and stedl. These
are compacted and placed in a1 ¥ n® bail; there are approximately 17 bails/container. On the
average two containers amonth are shipped to the United States- i.e. atotd of 34 bails,
amounting to avolume of 612 it /year (W& E officid, pers.comm.). According to the plant
manager at Tynes Bay, atota of 10,000 metric tons of recyclable are sent off per year from
Bermuda. W&E officidsfed that the percentage of recyclable from cruise shipsis high and has
alarge impact on the recycling plant of Bermuda Thereis present concernto minimise this
impact in the future years.

V. CORAL REEF SEDIMENTATION
Sources: Dr. R. Smith (BBSR), scientific literature

Sedimentation from dredging and run-off congtitutes one of the biggest potential sources of reef
degradation from human activities in the Caribbean and in the Pecific (Rogers, 1990). Dredging
near cord reefs and accelerated runoff of eroded soils increases turbidity, thereby cutting down
light available for photosynthesis, aswell as increasing sediment load on cords. Sediments
ettling on cord colonies or causing high turbidity while suspended in the water column have
ub-lethd and lethd effects. Sediments are less likely to cause a problem when strong currents
are present. Decline of tropica fisheries, evident for the Caribbean (Rogers, 1985), is partidly
aresult of degradation of cord reefs, seagrass beds, and mangroves from sedimentation.
Increases in sedimentation rates can aso ater the interactions between organisms and their
habitats. Juveniles of many fish gpecies and other organisms depend on mangroves and
seegrass beds for food and shelter, moving to deeper waters and offshore reefs as they mature.

Deterioration of any of these ecosystemns can lead to a decline in fish populations. For
example, cutting of mangrove trees which normaly entrgp sediments can result in excessive
gsltation for nearby seagrass beds and reefs from runoff after heavy rains. Excessve
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sedimentation can affect the complex food web on the reef by killing not only cords, but dso
gponges or other organisms which serve as food for commercidly important fish and shdllfish.

A study has been compiled by Watham (1997), consdering the effects of shipping traffic on
adjacent cord reefs dong the North Shore of Bermuda. While many studies have been
undertaken to look at the effects of sedimentation near reefs influenced by dredging operations,
or by terrestria runoff, none have focused on ships as a potentid source of sediment loading on
cord reefs. Cruise ships passing through the shallow south channd in Bermuda create plumes
of suspended material which may settle on the adjacent reefs, or increase turbidity in water
column. Inthelast decade, these ships have become large in size, and more frequent in vigts.
About 4-5 ships pass through the channd per week; this compared to about 1-2 ships per
week in the 1950 and 1960. Large ships have a greater propwash which in turn increeses the
amount of sediment being resuspended from the seafloor.  The investigation was to measure
sediment deposition rates and water column turbidity a each of the four study reefs dong the
North Shore and determine if cord coverage for both the control and impact reefs had changed
sgnificantly from 1993-1997.

Sediment deposition rates were monitored on four reef sites dong the North Shore, from
September 1996 to August 1997. The two control sites were located <100m off North shore,
approx. 500m east and west of Tynes Bay. The two impact Sites were about one kilometre
offshore from Tynes Bay, adjacent to the south shipping channel. Sediment deposition rates
were sgnificantly higher at the impact reefs during the summer months than the control reefs.
This increase was attributed to ship activity causing resuspension. However, fal and winter
storms appeared to have a grester effect on sediment flux rates than ship activity. Turbidity was
recorded on and off the study reefs and additionaly in the channd and at the reefs, before and
after the passage of aship. A sgnificant increase in turbidity was recorded in the channd after
the passage of a ship. The conclusion of the study was that whilgt ship activity in the south
channel may be devating sediment deposition rates during the summer months, the adjacent
coral reefs do not appear to be negatively impacted.

Upon discussion with Dr. Smith, Watham’s supervisor, some limitations to the sudy were
outlined, suggesting the need for further research. Although winter sorms may cause e evated
levels of sedimentation, it is difficult to differentiate whether devated cruise ship sedimentation
provides additiona siress during the summer months, when temperature are highest.
Furthermore, the distance of travel by a plume formed following the passage of a ship has not
been assessed; it is therefore difficult to ascertain whether these plumes reach adjacent cora

reef patches or not. High levels of short pulse sedimentation during periods of high temperature,
may have a different effect on cord reefs than longer pulses of alesser level during periods of
colder temperatures- as for winter storms.

It is dso worth noting that cora coverage may not be the most sensitive method for assessing
the hedlth of the cord. The growth of a cord skeleton isdow, and is the end result of severa
physiologica processes which can be atered by environmenta conditions. Cora growth does
not appear to be asmple indicator of excessve sedimentation, as outlined by others (Rogers,
1988). Growth can vary greatly between colonies of the same species under Smilar
environmenta conditions and even within asingle colony. This variability makes interpretation
of results difficult.

Thereis one further point and that is the contribution of patch reefsin the North Lagoon to the
overdl recruitment for Bermuda s outer regfsis not known. Thisimplies that the hedth of the
patch reefs may prove vitd to Bermuda sreefsin generd.

The issue of cord sedimentation may aso be of concern during the potentia widening of the
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shipping channds to accommodate future super cruise ships. Little information has been made
avallable to date on the requirements for widening channels by the Consultant Planning &
Engineering firm hired by government; it is neverthel ess a question which should be addressed in
order to assess any potential impact to adjacent cora reefs.

Field and laboratory scientific studies provide one of the best tools for ng such an impact
as described above. According to the scientific literature, further research is needed on the
threshold levelsfor individud reef species- i.e. levels above which sedimentation has lethd
effects for particular species and above which normd functioning of the reef ceases. What
turbidity level will result in a given percent decrease in the amount of living cora cover? What
sedimentation levels cause deeth of cord peciesin the fiddld? Norma sedimentation rates for
coral reefs appear to be on the order of 10mg/cm2/day or less, and typica suspended solids
concentration are less than 10mg/l. In Bermuda, maximum sedimentation rates were ca culated
to be in the order of 5.65 mg/cm2/day (Watham, 1997). But how high can these
concentrations and rates go before reefs and reef organisms are adversely affected. Bermuda's
environment is known to be one where tropica species, including cords, are living a the limit of
their tolerance range. Isincreased sedimentation causing an additiond stress factor, which may
in turn lead to along term impact on the cora reefs? Are short-term acute pulses of sediments
into the reef environment, as potentialy occurs following the passage of aship, less detrimenta
than chronic sedimentation &t lower levels? Or vice versa, are short-term acute pul ses of
sediments combined with high summer temperatures, more detrimental than sedimentation at
lower levels during minima winter temperatures? Idedlly, research should be designed to
provide abasis for predicting the response of coral ecosystems to known inputs of sediments
into reef waters from coastdl devel opment.

Inlight of the above questions raised, it follows that turbidity measurements in the water column
performed during and post aship’s passage may prove useful in the assessment of suspended
sediment transport, and consequently on the potential impact to adjacent coral reefs.
Furthermore, amode predicting the effect of new propellersfor super cruise ships (section 1.4)
on the resuspension of sediment- in terms of distance plume traveled, and time period in
suspension may give further ingght into the potentia impacts on surrounding ecosystemsin
future years. Monitoring of the reefs, adjacent to the shipping channelsin terms of coverage,
will be continued by BBSR.

VI.  THEPOTENTIAL IMPACTS OF DREDGING

Sources. Dr. D. Connelly (BBSR), Research Technician F. McCarthy (BBSR), scientific
literature

Generdly, impacts of dredging may be dassfied as

A. Physical Impact- where thereis physical destruction of the environment, as well as
sedimentation and Sltation causing the blocking of light in the water column. The extent to which
both sedimentation and siltation occur depends greetly on the fraction of St present in the
dredged sediment, as well as on the currents in the water column and at the surface of the
sediment bed. Thisin turn affects the distance of plume trangport, created by dredging, as well
as the time taken for settlement of the plume (or suspended sediments). It is explained in further
detall below:

A higher fraction of st will carry the plume alonger distance than a coarser sediment, and will
take a greater time period to settle. The movement of dredged sediment may be reduced by the
use of curtains, the extent to which it is reduced is once again dependent on the fraction of silt.
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Sand grain analyses have been performed for Hamilton and St. George' s Harbour, determining
the fraction of fine St in those sediments. Results showed thet there is a very high portion of St
in Hamilton Harbour, unlike St. George' s (Conndlly, 1998). Within Hamilton Harbour, the areas
with highest proportion of the smaller sediment fraction (<63 microns) in Hamilton, were either
close to the shipping channels, in the deeper areas of the Great Sound Basin, or in the inner
harbour area. Thisreflected the effect of shipping on the sediment character. Ship activity
tends to resuspend the sedimentsin the area. Gravitationa forces cause the heavier particlesto
settlefirgt, and the lighter, smdler particles make up amgority of the surface sediments.

From thiswork, it may be expected that the plume of trangport following dredging, will be larger
in Hamilton Harbour than in St. George' s Harbour.  Although the marine fauna and flora of inner
Hamilton Harbour is scarce, and there is apparent little cause for concern in this harbour,
uncertainties on the distance of plume transport render the assessment of potential impact on
surrounding ecosystems difficult. Although, tidal flushing both in Hamilton Harbour and S.
George' s Harbour may be of benefit to the dispersal of resuspended sediments, the lack of data
on currents in the water column and off the sediment bed in these inshore watersis an important
unknown which should truly be ascertained prior to dredging.

The concern therefore lies not only on the impact potentially created on the portion of marine
ecosystem which is actualy removed, but more so on downstream areas where currents carry
increased concentrations of fine suspended particles. 1t has been found that continua
resuspension and transport of dredged sediments can cause reef degradation years after
dredging ceases (Rogers, 1988). It is not only reefs, but the whole ecosystem which may be
impacted; for example, sudies on the effect of Sltation on spiny lobster recruitment in the
Florida Keys, have concluded that the relaive lack of juvenile lobstersin heavily slted areas
was aresult of both lower post larva settlement and actua avoidance of dgd habitats with high
sltloads. (Herrnkind et al., 1988).

B.Chemicd Impact- where chemicd reactions normaly occurring in the sediments are dtered
following dredging, thus dlowing for the rease of certain compounds into the water column,

which may in turn affect the surrounding ecosystem. These processes are explained in grester
detail in the following paragraph:

Under norma circumstances, reducing conditions exist in the sediment. During dredging,
reduced pore waters are released in the water column. In thisway, some metals become
available, especidly those associated with carbon; this occurs following the carbon dissolution in
the water column, thus freeing the associated metals. These metds include copper (Cu), and
manganese (Mn). It isargued asto whether lead (Po) isrdeased in thisway. Itiswell known
thet high levels of copper in the water column may be toxic to marine organisms at various
gages of their life cycle, inhibiting, growth and reproduction. There is furthermore, indications
that manganese has a negative effect on fish, reported in scientific studies esewhere (Simkiss,
1996). Studies have aso been conducted on the role of mangroves in heavy metds cycling;
these may dther act aslong-term snksfor metals by immobilizing them in sediments,
consequently decreasing environmentd risks, or b) deposited metals may be remobilized
through plant uptake and eventually exported with plant detritus, increasing the possibility of
metals entering coastal food chains. Dominance of one process over the other seemsto be
dependent upon local environmenta characteristics and metal species (Lacerda et ., 1985).

The concerns outlined abovein A. and B. not only relate to the dredging of Harbours for
upgrading of berthing facilities, but aso to the associated requirements for widening of the
shipping channels, as well as to the routine movements of ships from one port to the next
causing continuous resuspension of sediments.
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C. Disposa of Dredged Materid- where a site needs to be selected for the disposal of a
ubgtantid amount of materid obtained from dredging. This materid may be used for landfill if
need be, or isdisposed of in the marine environment in a chosen site. Some problems may arise
from the later, explained in the following:

Depending on the composition of the sediments- i.e. on the concentrations of trace metals and
organic pollutants found in the dredged sediments-, the Site of disposal becomes a crucid issue.
For example, if the Ste chosen is found to be high in sediment associated trace metals and
organics, there isa potentia for a compounded effect of pollutants from the dredged materia
and from the digoosdl site, yidding high vaues of contaminants in the resulting sedimerntt.
Higtoricdly, there have been two stesfor disposa of dredge materid in Bermuda: Granaway
Deep, and the Great Sound. Although as outlined below, there has been extensive work on
trace meta analysis of sedimentsin Hamilton and St. George' s Harbour, There is no data for
trace metd levelsin Granaway Deep sediments. The addition of dredged materid from
Hamilton Harbour to this Ste may compound the levels of trace metdsin Granaway Deep
sediments. Furthermore, there exists no data on the concentration of organic compoundsin the
sediments of the inshore waters mentioned above.

Scientific Work:

Trace metd levels have been determined for the sediments of Hamilton Harbour and S.
George' s (Dr. D. Connelly, BBSR). Concentrations of |ead, copper, cadmium, nickel and
manganese were determined in 32 separate locations in the Great Sound/Hamilton Harbour
basin, in 1997/1998. For dl of the metds, the trend seen was an increase in meta concentration
towards the inner Hamilton Harbour area. These are rdatively high compared to other
sedimentsin Bermuda. There are a present no criteriain Bermuda for trace meta
concentrations in marine sediments. These are however being developed at present. Canadaiis
one of the few countries with these types of guiddlines. They are defined as followed:

1) assessment level- defines the concentration of trace metal where caution is advised.
2) remediation leve- defines the concentration of trace metal where action must be taken
to avoid further toxicity.

Future Work:

The Minigry of the Environment has commissoned BBSR (Dr. A. H. Knap) to develop
guiddines for minimising the potentia impact from dredging activities planned for Hamilton and
S. George' sharbours. Thiswill dso incdude sampling guiddines and apolicy on disposd of
dredge spoils. These guiddines will closaly follow those outlined in the London Dumping
Convention (1975) to which Britain is Sgnatory.

In brief, The London Dumping Convention (LDC) Satesthat:

Evauation of the physicd characterigtics of sediments for digposd is necessary to determine
potentia environmenta impact and the need for chemicad and/or biological testing. The basic
physical characteristics required are the amount of materid, particle Size digtribution and specific
gravity of solids. In Bermuda, both the physica and chemica characterizations of the dredged
materia can be acquired for the most part from existing reports at BBSR, except for organic
content as mentioned previoudy. The LDC datesthat biological testing need only be
conducted should the potentia impacts of the dredged materia to be dumped cannot be
assessed on the basis of the chemica and physical characterization and available biological
information. It isimportant to ascertain whether an adequate scientific basis exists on the
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characteristics and composition of the materid to be dumped and on the potentia impacts on
marine life and human hedth. In this context, it isimportant to consder information about
gpecies known to occur in the area of the disposal site and the effects of the materid to be
dumped and of its congtituents on organisms.

It appears that considering the updated plans presented by the Consultant firm on March 4,
1999, dumping of dredged materia may not be anissue. Asoutlinedin section |.5, it was
suggested that the dredged materid be utilised as landfill, namely for Hamilton. However, this
has not been ascertained.

It does appear that there isalack of available data alowing an evaluation of the distance and
time period of plume transport following dredging &t either Ste. The planned activity of dredging
in addition to potentid increased sedimentation from cruise ship movements may require amore
rigorous comprehensive research to quantify the response of individua reef organisms and the
reef system as awhole to sedimentation. Multidisciplinary studies may be the best tool for
understanding the effect of increased sedimentation on the structure and function of cord reefs
and associated marine ecosystems. Long term data sets are a necessity for these complex
ecosystems. The interactions and linkages among mangroves, seegrass beds, and cora reefs
require further study. Lagtly, the sheer destruction of the physical environment, as resulting from
the planned expanson of Town Cut warrants a thorough assessment of the vaue of the berthing
of cruise shipsin St. George' sitsdf.

VII.  ANTIFOULING AND LEACHING OF CONTAMINANTS
Sources. Dr. D. Connelly (BBSR), The Motor Ship Magazine (January 1999)

Following the lead of the United Kingdom, Bermuda introduced legidation in 1989 aiming at
controlling the use of TBT based anti-fouling paints. This legidative measure effectively banned
the use of TBT based anti-fouling paint on al vessdsless than 25m in length, with the exception
of duminum hulled craft. Container ships and cruise shipswhich vigt theidand Hill use,
however, TBT antifouling paint. The reason for thisbeing that TBT is one of the most effective
organotin compounds used in antifouling paint. These paints are effective up to 5-7 years,
compared to the 3-4 year period for copper based paints.

In-depth studies have been conducted at BBSR anaysing concentrations of TBT in the coastal
waters of Bermuda. Theissue with TBT isthat it leaches out of the paint dowly, accumulatesin
the sediment, in turn re-entering the water column and ecosystem vialeaching of the sediments.
TBT datawasfirst reported in 1990 in Hamilton Harbour. Concentrations of TBT were found
to be as high as 100ng/l in the water column and 237 ng/l in the surface micro-layer. Andyssof
fauna compodtion in Hamilton Harbour taken at the same time as this work implied that the
community structure in the harbour was adversdy impacted by the high TBT concentrations.
Changesin TBT concentrations were reported following the 1989 ban in the Bermuda Coastal
zone over aperiod of 7 years. (Conndly et a, unpublished). These dataindicated areduction
of TBT in the water column in Hamilton Harbour since 1988, thus reflecting the ban on the use
of organotin based anti-fouling paints, and its effectiveness. The inner harbour area with an
initid high concentration of TBT in the water column underwent the most drameatic reduction.

However, the concentrations of TBT in Hamilton Harbour are till above the EQS concentration
selected by the U.K. (2 ng/l). Since the calculated half-life of TBT in the water column has
been determined to be in the range of 7-15 days, there must currently be sources of TBT to
Bermudawaters, to judtify the levels andysed. The continued presence of TBT in the water
column can be explained by ether:
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1) Continued “ illegd” use of TBT based paints- Illega use of TBT based paint would be
reflected in higher concentrations of TBT in the inner Hamilton harbour area than in the other
more open aress, asthisis not the case, theillega use of TBT by smaler vessdsin Bermudais
ruled out.

2) High concentrations of TBT leaching from permitted vessels (cruise ships and container
vessals)- The high concentrations of TBT at the other Sations in on close to shipping lanes used
by cruise ships and container vessdls, indicated that these vessals, exempt from the legidation,
are apotentia source of TBT to the Bermuda Coastal area. This was epecidly true for the
Hamilton area. However, low concentrations of TBT were andysed in the water column in St
George s Harbour. This Harbour has large vessd traffic only during the summer period, and the
low concentrations of TBT in the water column in this areawere explained by the flushing of this
areawith offshore unpolluted waters.

3) Sedimentary inputs-  Sediments have been cited in other reports as being asource of TBT
to the overlying water column. TBT can enter the water column via desorption following
sediment re-sugpension events. Estimates for the breskdown of TBT in sediments range from
monthsto years. The very high concentration of TBT found close to the boatyard probably
represent historic inputs of TBT, either due to desorptive processes fom the sediments or run-
off from the boatyard. Boatyard activities would have been responsible for a build up of TBT in
thisarea. The sedimentsin this area contained visible paint chips and scrapings. At the present
time the importance of the sediments as a source of TBT to the overlying water columnin
Bermudais unresolved.

Manufacturers are investigating other options than the use of TBT. In order to increase the
efficiency of copper based anti-fouling, manufacturers have started adding herbicides to the
paint formulation. One such additive is the triazine herbicide 2- methylio-4-ter- butylamino-6-
cycopropylamine-s-triazine (Irgarol 1051). Thereis growing scientific concern that there may
be deleterious environmentd effects associated with the introduction of this novel compound
into the environment. Concentrations of Irgarol 1051 measured in Hamilton Harbour by BBSR
were in the range of 23.4 to 56 ng/l. The presence of high concentrations of Irgarol 1051 and
low concentrations of TBT in the Harbour indicate that smaller vessels are now using copper
based paints with Irgarol 1051. The high concentration of Irgarol 1051 in the vicinity of the
boatyard (592.2 ng/l) is further evidence for the wide spread use of anti-fouling paintswith
herbicides. The potentid toxic effects of Irgarol in marine environment’'s has not been studied in
any detail; however, concentrations of Irgarol measured near the boatyard in Hamilton are a
cause for concern.
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Future Objectives:

The IMO has approved a draft Assembly resolution including a deaedline of 2008 for the
complete prohibition of organotins acting as biocides in antifouling. These plans are worrying
owners organisations, such asthe International Chamber of Shipping, because they believe that
there has been insufficient research carried out into the effects on the environments of the
copper-based replacement paints. Copper-based replacements are not as effective as TBT.
Most vessals have a dry-docking interva of five years, and dthough interim surveys are
required every two-three years, these can be carried out in-water. If the maximum overcoating
intervals quoted for the replacement paints are three years, this means ships need to be dry-
docked more often, involving extracosts. The ICS and other organisations are urging
governments to conduct research into the aternatives, and have these finding on the table before
conddering the adoption of an instrument of prohibition. Manufacturers charge twice as much
for tin-free paint asfor TBT. Thereisworldwide concern on the potentia toxic effects of

Irgarol in marine environments. The potentia banning of TBT in the yearsto come render thisa
dying issue; however, sudies are required for the long term impact assessment of Irgarol 1051
in Bermuda s marine environmen.

VIIl. DOCKSIDE CLEANING

Sources: Registry of Shipping Officials, Ministry of Environment Officials, Dr. D.
Conndly (BBR)

Thereisa present no legidation regarding the dockside cleaning of shipsin Bermuda. During
this process, there exists arelease of detergents and cleaning agents from the ships, furthermore,
the scrubbing of ships releases copper and TBT into the water column. As documented in a
BBSR study cited in the previous section, paint chips were found in abundance in the harbour
sediments. The only legidation pertaining to this issue in Bermuda is the Water Resources Act;
which may be summarised as*“ Thou shdl not pollute the inshore waters’. It isan Act which
provides few specifications, and which has only recently included small vessdls, but excludes
ships. The Department of Marine & Ports does not have any regulations concerning dockside
cleaning of cruise ships. Truly, the issue of putting contaminantsinto the water column through
dockside cleaning or other processesis not one solely concerning cruise ships, but aso one
concerning smdl boats, boatyards and marinas. In the U.S. guiddines are set by the EPA and
used as preventive measures to minimise impacts resulting from dockside cleaning.

An example of guiddines set by the EPA, namey for marinas, are given below.

a. Wash the boat hull above the waterline by hand. Where feasible, remove the boat from
the water and perform cleaning where debris can be captured and properly disposed of.

b. Detergents and cleaning compounds used for washing boats should be phosphate-free
and biodegradable, and amounts used should be kept to a minimum.

c. Discourage the use of detergents containing ammonia, sodium hypochlorite, chlorinated
solvents, petroleum didtillates, or lye.

d. Do not dlow in-the-water hull scraping or any process that occurs underwater to
remove paint from the boat hull.

The above guiddines are set by the EPA, but are controlled through the Clean Water Act
(CWA) part of which amsto diminate the discharge of pollutants into navigable waters. The
extent to which dockside cleaning of cruise ships occurs in Bermuda is not certain, nor isthe
impact on the surrounding ecosystem evaluated. However, there gppears to be little action
taken on the prevention of pollutant discharge in the inshore waters (except for that concerning

31



oil spills) of Bermuda. It therefore seems that in order to protect the chemica, physicd and
biologica nature of Bermuda s marine environment, investigations into the benefits of more
adequate legidation may prove ussful.

IX.  DISPOSAL OF OIL-CONTAMINATED BILGE WATER.

Sources. Marine Palice, Dr. D. Connelly (BBSR), Department of Marine & Ports,
Ministry of Environment.

Bilge water isamixture of oil and fresh and/or seawater. It may aso contain cleaning agents
and other additives used during norma ship operations.

According to Marine Police, the number of incidents reported as oil spill average once aweek.
9% of these incidents are aresult of heavy rain, affecting pumps on smell boats, and dlowing
leskage of fud. Usudly, thisresults in a gasoline sheen on the surface of the water. These
incidents are accidentd, and more of a nuisance than an environmentd problem.

Asfor cruise ships, Marine Police clam to have a good rapport with the boats, and usualy meet
with the Agents and the skippers a the beginning of the season to notify them of Bermuda laws
in terms of bilge water dumping, oil dumping and generd pollution of the marine environment.
Marine Police relaes that cruise ships skippers are usudly very aware of the environment and of
the potentia impacts caused by such activities. Ships have their own policy for the management
of ship-generated waste, as well astheir own spill contingency plans with onboard boomsin
case of an accident. A copy of the Roya Caribbean Cruises Ltd. plan takes into account the
respongbilities of each officid in the ship, practices dlowed a sea, and those dlowed in port,
and lists the categories of ship generated wastes, as well as the procedures followed for each
(see Appendix Section). Below isthe procedure outline by RCL for disposal of bilge water:

“Bilge water isto be collected and stored only in the designated tanks. No other tanks are to
be used for this purpose.

Port Condition: All bilge water shall be kept on board or pumped to an adequate reception
fadlity.

Sea Condition: Bilge water which has been processed through the bilge water separator and
does not exceed 15ppm of oil as measured by the monitor in the system may be discharged
overboard. If the monitor isinoperative, no processed bilge water may be discharged
overboard. The skin vave for the bilge water separator discharge shall be kept locked except
when pumping is authorized by this policy. The Engineering Officer of the Watch shdl maintain
control of the key. The time and ship’s position of each starting and stopping of discharge and
the quantity discharged from the bilge water separator shal be recorded in the Oil Record
Book. The bilge water separator monitor shall have a continuous recorder and shdl darm in the
engine control room if ameasurement in excess of 15ppm isrecorded. The darm shdl bevisud
and audible”

Should there be an accidental oil spill, boats are asked to notify the Marine Police immediately.
Marine Police dates that most ships ask their agent to notify the authorities as soon asa spill is
observed. Failure to notify the authorities can lead to prosecution; it isthe Agent which is
prosecuted and not the Master. The pendties usudly conss of afine, and the boat is charged
with the clean up of the ail sill. Boats may be detained in Bermuda, until there has been
clearance of the agent’ sinsurance to be responsible for the clean up. Thereistherefore along
legd road to follow should there be an oil spill. The Marine Police is very aware of the
mangrove communities in Hamilton Harbour near the shipping lanes, and rictly gpplies the
exiging grict regulations and rules. These rules and regulations follow those outlined by
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MARPOL. By law, officids are dlowed to board and ingpect the ship any time, under the Qil
Pollution Act. According to Marine & Ports, gpproximately 15% of the visiting cruise shipsare
inspected.

There have been spillsin the past, and currently (Feb 99) two boats are being taken to court
fallowing ail fingerprinting by BBSR scientists. One of the two shipsisa cruise ship, the Royd
Viking Sun. Spills reported in Bermuda up to date, while ships are in port, have been of
accidental nature. These accidents have always been well managed by Bermuda, Snce a
Pollution Prevention Plan, including an ail spill contingency plan exigts. Thishas proved to bea
very adequate according to al involved.

The above reated strict measures apply to shipsin port. There has been however serious
incidents concerning contaminated bilge water dumping in the ocean by the same cruise linein
other parts of the world. According to Marine Police however, the law in Bermuda does
provide the tools for controlling and regulating these actsin Bermuda waters. It is uncertain asto
the enforcement of these regulations when ships are out of port but till in Bermuda sterritorid
waters.

X. EMISSIONS FROM CRUISE SHIPS
Source: Dr. K. Smmons (BBSR), Ministry of Environment, Bermuda Water Consultants

For any ship coming into Bermuda, the Minigtry of the Environment requires an emission permit;
such that al ships have to put in an gpplication for alicense to operate a controlled plant whilst
in port. Inthe application, the type of plant, genera purpose, size and capacity, type of raw
materias and fud used, and the type and amount of chemicas or processing materids used is
described. A description of the effluent stream, including manner and method of effluent
discharge from the plant, stack height, rate of release, and temperature are outlined.. Findly the
type of ar pollution control deviceis shown, and a contingency plan available for pollution
control in the event of mechanica failure. The annud license fee is currently $52.00 per plant.
Quedtions relating to the concentration of air contaminant and monitoring of ar quaity are
posed. Shipswith incinerator plants, desiring to burn papers, plastics and dewatered food waste
in port need apply; aswell asfor the running of boilers, enginesfor their generators, according
to the Clean Air Act. The number of hours the plant will be running in port is dso given. Hours
of operation vary from 340h/week (Norwegian Mgesty) to 79 hiweek (Zenith).

Soot emissions occur in port when ships are arting engines for running of generators. When
the soot is very densg, it reflects an inefficiency of operation. Emissons consst of suspended
particulate matter, and of noxious gases, such as nitric oxide, sulfur dioxide and nitrogen
dioxide, aswell as organic contaminants. Table 5 gives an example of the type of emissons put
out by shipsin generd. It isthe Department of Marine & Ports which have environmenta
regulations for the control of emissonsin port, in Bermuda

Table5. Typical emissonsfrom a modern two-stroke engine, taken from “The M otor
Ship”, January 1999. These specificsare from the Wartsila NSD.

Pollutant Mass (g/kwWh)
Nitrogen 6,200
Oxygen 1,100

Co2 500

Water 200

NOx 17
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SOx 13.6
Particulates 0.6
HC (soot) 04
CcO 0.4

Following complaints by Dockyard Marina Members on the amount of “ soot” covering the
boats, ambient air quaity measurements were made in dockyard in 1996; this work was
performed by BBSR in regponse to an enquiry by the Ministry of Environment. Unfortunately,
the timing of events was such that soot emissons were finished by time of sampling.
Furthermore the winds were not blowing in the direction of the marina on the sampling days and
there was no problem at thetime. Usudly, samples collected are analysed for total suspended
particulates, and for sulfur dioxide concentrations. Concentrations at time of sampling averaged
to be lessthan 5 ppb of sulfur dioxide; much lower than the Bermuda Air Qudity Standard of
170 ppb. It isto be noted that the amount of soot required to dirty a boat, is much lower than
the air quaity standard of Bermuda. The Clean Air Act identifies the standards; these are much
gricter than those followed in the U.S. according to Dr. K. Simmons, for certain parameters.

Ambient Air Quality Measurements have aso been taken at Harbour Radio station, Fort
George Hill, in St. George's, in 1995. Once again, these were conducted following complaints
from resdentsin thearea. Cruise ships berthing a St. George's on aweekly basis during the
summer have on a number of occasions produced smoke stack emissions which impact the
local areawith black soot and noxious gases, in particular the houses on the Fort George Hill.
The Ministry has responded by conducting air qudity testing at the Harbour Radio Station on
Fort George Hill in order to assess the extent of the problem. Measurements were made to
determine sulfur dioxide levels. Results indicated that the highest 1 minute averages ranged
between 9ppb and 38ppb, occurring with easterly winds. Loca Bermudaair quaity standards
dictate that mean SO, levels not exceed 172ppb in any 1 hr period, 57 ppb in any 24h period
and 11 ppb over the course of one year.

The long term effect of soot accumulation on the roofs of residentia houses, and subsequent
accumulation in domestic water tanksis not known. There is no data on the percentage of soot
accumulating on roof tops, namely in St. George's as surrounding area of Hamilton consst
mainly of businesses. It may be appropriate to firgt assess the amount of soot deposition on
roofs. The sources of deposition in Hamilton are;

1) Bdco, 2) Vehicle emisson and, 3) Cruise ship

. George' s and Dockyard have fewer cars, and cruise ships remain potentiadly the main
source of soot on residentid roofs. Dr. Simmons noted that the prevailing winds during the
summer months gppear to blow any emissions from cruise ships berthed in dockyard, towards
the North Lagoon, bypassing many of the roofs. Although there exists ingpections by Public
Hedth Officids on the qudity of drinking water for commercid establishments, such as Hotels,
water deders, etc., thereislittle available for the protection of human health drinking water for
the domestic sector. Guidelines do exist in Bermuda for drinking water parameters,
recommending, for example, that water tanks be cleaned every 3-4 years, however, it is not
adwaysthe case. Inatank left in such a state, sediments become the main source of organics
and trace metals, as these accumulate over time. Some water testing in residentia water tanksis
performed on demand by BWC. The testsinclude andyses of Pb, Cd and Ni sampled from the
water itsdf in thetanks. In generd, the trend is towards low levels of metdsin the water
samples, namely due to the high pH of water itself. High levels of these metals are however
found in the sediments of tanks. Asfossl fud burning does contain organic pollutants, these
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organics are found in sediments of water tanks; organic pollutants are not water soluble. These
organics and trace metals may be released from the sediments into the water column, following
dirring of the sediment, as occurs when water is transferred from atruck into atank. The EPA
(Environmenta Protection Agency) has limits for both organics and trace metasin drinking
water inthe U.S.

At presert, there isan Air qudity programme which has been conducted by Dr. K. Smmons at
BBSR for the past 5 years?. Analyses yield a database on the air composition collected at
severd dtesin Bermuda; unfortunately, as this study was not designed to consider impacts of
cruise shipsin particular, none of the current sites reflect potentia cruise ship emissions. It may
be of use to incorporate one more ste into this sudy, providing some indication of smokestack
emission by cruise ships, hence evaduating whether or not thereis a potentia problem relating to
thisissue.

Future work:

The Minigtry of the Environment has commissoned Dr. K. Simmons from BBSR to perform a
computer smulation that models smokestack emissions of the cruise ships that vist theidand.
This study is performed mainly for Hamilton Harbour & the present time; it is however expected
to encompass Dockyard and St. George' s, aswell as providing amodel for the emisson
produced by new super cruise ships.

There has been no congtant monitoring of soot emissions and their fal outsin Dockyard,
Hamilton or . George's. All andyses were performed following complaints from resdents,
the time delay involved in the response did not alow for adequate measurements of the soot
emissions observed by complainants in most cases. Furthermore, as seen in the cases outlined
above, ar qudity studies performed by BBSR have andysed for sulfur dioxide in emissions
only, such that the concentrations of other contaminants: namely organic compounds- has not
been determined. On the other hand, it must be noted that there is a movement in the cruise
industry for the use of lower sulfur fud in cruise ships, such that during fud burning in port, a
lower emisson of sulfur dioxide would result, a positive move towards good air quality.

Although the generd trend in the design of new ships is amore environmentally friendly one,
uncertainties are dill present on the long term impact of soot emissions, if any. However, the
proximity of residentia homes to cruise ships warrants a closer ook at soot accumulation on the
roofs, and subsequent potentia accumulation in the water tanks of both heavy metds and
organic pollutants. The lack of regulations on drinking water quality renders this type of work
more vital to human hedth. There ssemsto be furthermore, alack of awareness by the generd
public on the importance of tank cleanliness, athough guiddines are present as outlined earlier in
this section.

XIl. NOISE POLLUTION

Sources: Scientific literature, Department of Tourism officials, Chairman of the S.
George’ s Activities Committee

Noise Pollution is a concern which emerged in recent years as an ever present but often
underestimated pollutant in our lives. Traffic noise has been identified as one of the largest
sources of noise pollutionin Europe. Environmenta noise has been shown to affect hedth and
well -being physcdly, mentdly and socidly. There is ample evidence showing that high noise
levelsinterfere with speech and communication, cause deep disturbance, increase stress-related
hormones, and blood pressure changes. The two mgor sources of noise pollution in Bermuda
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are undoubtedly traffic and cruise ship entertainment on deck. The latter has been amgjor
source of complaint by St. George' s resdents.

The issue of entertainment aboard cruise ships while in port appears to be acomplex one. The
Cruise ship permit in Bermuda prohibits entertainment while in port, in terms of shows,
spectacles, etc. Thiswas drictly adhered to until 5 years ago; however, complaints by the
cruise ship indusiry on the lack of night time entertainment provided on theidand (namdy in S.
George' s) made way to the provison of music for dancing on board. Department of Tourism
officids damsthat every year, thereis an attempt to redtrict the hours and the loudness on deck
at the beginning of the season; however, as the season goes on, restrictions appear to dide, to
the point of being neglected, such that nightly entertainment on-deck while in Port becomes

“acceptable’.

The former Minister of Tourism tried to set up a commission with loca musicians and
entertainers to provide nightly entertainment. 1t was a difficult task according to Tourism
officids; locd musicians were said to be difficult to ded with, and offering inadequate
entertainment for cruise ship passengers. Tourism officias voiced the need for communitiesto
make an effort towards providing services to cruise ships, in terms of shows, spectacles etc. It
may seem therefore that the cruise ship permit may be forbidding the wrong type of shows; in
that, it may be hard for Bermudarto initiate and offer large spectacles catered towards cruise
ship passenger's, it may, however, be more easily manageable by loca bars and clubsto provide
music and dancing.

Regardless of the complex issue of entertainment for cruise ship passengers, atempting to
satidfy their vacation experience, while maintaining aqudity of life for resdents, thereisalaw
pertaining to noise pollution in Bermuda which is not adhered to by cruise ships. It islaw that
any noise made during 12am to 6am, which is more than 100 from the source, and annoys
more than 2 people is an offense, written in the Summary Offenses Act under Public Hedlth Act
(see Appendix section).

The only precedence in taking action against noise pollution by cruise ships occurred in an
earlier case; where complaints were made by residents of St. George' s on the noise originating
from the generator of cruise ships. These complaints were considered serioudy by the Ministry
of Environment, Tourism and the Department of Marine & Ports. The noise frequency was
measured, the problem pinpointed and resolved, resulting in the changing of generators by cruise

ships.

Future plans:

The Nationd Transportation Authority is congdering noise pollution from vehidesin the
development of its Nationd Trangportation Plan. There gppearsto be little consderation for the
noise pollution originating from cruise ships. In order to maintain aquality of life for resdentsin
proximity to cruise ships, thisissue gppears to be one of importance, and in need of being taken
serioudy into account. Most complaints concerning noise pollution by cruise ships originate from
. George's, reflecting the residentia aspect of this Port.

With regards to the Ministry of Tourism’s expresson on the involvement of communities for the
provison of servicesto visitors on the idand, and more specificaly to cruise ship passengers, it
isknown that the St. George's activities committee has been meeting with the Chamber of
Commerce to establish a schedule of events for the summer months,

Whether or not these efforts will be gppreciated by the cruise ship industry are uncertain, and
whether or not these efforts will dter the entertainment philosophy of the cruise ships is doubtful.
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The success of a movement towards adequate local entertainment, encouraging cruise ship
passengers to attend land- based events and attracting other visitors and locals, does not seem
probable without the joint work and support of both Port communities and the Tourism
department. Thisis an issue which should truly be incorporated in the broader concept of along
term tourism plan.

The smdlness of Bermuda renders the issue of noise pollution crucid, and should be serioudy
consdered by the Ministry of Public Hedth under the Public Hedlth Act.

XIl.  INFRASTRUCTURE/TRANSPORTATION
Sources: Transportation 2000 Report, Bermello-Ajamil & Partnersinc.

At present, thereis a 3-year palicy for cruise ships, expiring in the year 2000. This policy
includes a passenger limit of 6,000 passengers/day. The Transportation 2000 report (1997)
summarises the issues relaing to transport and infrastructure available for the accommodation of
tourists and localsin Bermuda at present. The present document was not to focus grestly on
infrastructure, as the Planning & Engineering Consultant firm hired by government wasto
consder it in detail. Nevertheless, some of the mgor points were taken from the Transportation
2000 to put the cruise ship issue in pergpective.

At the present, Tuesday, Wednesday and Thursdays are peak days for cruise ship vistors. The

number of cruise ship passengersin Bermuda on Tuesday, Wednesday and Thursday
frequently exceeds 6,200. The ships usudly arive early in the morning on Monday and
Tuesday and depart early in the afternoon on Thursday and Friday. Theimpact of such ahigh
number of cruise vistors arriving on the idand a gpproximately the same time has a significant
effect on the Idand’ s trangportation service.

An andysis of cruise ship visitor'stravel pattern was made by the same report.

In May 1997, approximately 22% of cruise visitors went on tours on Tues., Wed. and Thurs.
These tours are marketed and booked on the ships on their day at sea en route to Bermuda.

. George' s was the most popular port for shore excursions, capturing 51.7% of the total
shore excursions for al cruise ships. Hamilton captured 39% with dockyard attracting 9.3% of
the excursons. All shore excursions are handled by agents. Over 60% of shore excursons
were water sport related, with 21% being bus tours, and 15% being taxi tours. The water sport
providers estimate that 65% -70% of their weekly customers come from cruise ships.

According to industry sources, approx. 10%-15% of cruise vistorsrent livery cycles, whichis
subgtantialy lower than the 30%-40% of hotel vigtors that are estimated to rent cycles. The
cruise lines discourage their visitors from renting cycles, citing safety and liability issues, and
prefer their visitors to take organised bus, taxi or water sport tours, or to use public transport.
The transportation passes, introduced in 1992, now account for over 50% of the revenue for
the bus and ferry systems.  On atypica Tuesday, long queues occur outside of the S.
George's, Dockyard and Hamilton Visitor service bureaus for purchase of passes.

While on land, cruise ship vistorstend to travel at the same time of the day. With over 6,0000
cruise vigtors on the idand on Tuesdays, Wednesdays and Thursdays, the public transport
system experiences serious overl oads during those times, causing negative perceptions from the
vigitors, both cruise ship and air tourists.  The Public Transportation Board must supplement
regular service during those times with additiona buses, while certain ferry trips also experience
overloads. “ We cannot meet the demand on certain days of the week” as the Director of
Public Transportation Board was quoted.
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The issues on trangportation concern liesin part in the fact that “No single group is responsible
for transportation decisons in Bermuda’ (the Minigter of Transport, Transportation 2000
report). Because of this, no attempt has been made to provide a comprehensive and integrated
transportation system, with most decisions on policy made independent of the impact on the
other trangportation providers. Furthermore, protectionism of certain transportation providers
has resulted in restricting the options available to the customers,

The Motor Car Act 1951 served the idand effectively for many years, and resulted in avoiding
or delaying traffic congestion experienced elsawhere. According to the Transportation 2000
Report, however forward thinking the Act was, it is no longer sufficient asthe only tool for
controlling the increase, and the influence of the motor car.

Sections 1-8 of this report indicated some of the transportation related issues that exist in
Bermudatoday. Unless action istaken to seek a change in direction, the Idand faces the same
traffic related issues that have been experienced in mgor metropolitan areas throughout the
world. Unlike many of those areas, Bermuda has no place to expand. Indeed, the qudity of life
that makes Bermuda uniqueis at jeopardy unless action is taken to improve the transportation
infrastructure.

Future Actions:

Bermuda has a high dendity population (one of the highest in the world), sharing asmdl land
mass. Quite smply, Bermuda does not have space, and the little there is needs to be efficiently
utilised. The architects of the Motor Car Act in 1951, stated that the purpose of the Act was
to preserve as far as possble the amenities of Bermuda'. That statement is even more true
today.

Bemdlo- Ajamil & Partners Inc. hired by government to consider new berthing facilities for
Hamilton and St. George' s clams to integrate the needs of both sitesin terms of bus systems,
ferry sysemsetc. The main concern of the Consultant Firm relating to thisissueis optimising
passenger flow from cruise ships to buses/ferriestaxis terminds; further issues raised by
increased number of vehicles on the road, and congestion in shore destinations upon arriva of
taxis, ferries, etc., isnot condgdered by thisfirm. It is not certain that thisis congdered by any
group at thistime. Concern from the St. George' s corporation on the handling of volume of
people raises issues on location of bus terminal, location of sdalling bus passes, sanitary aress,
and improved ferry systems. It has been suggested that water taxis link Penno’swharf and
Ordnance Idand, and that the bus termina be located towards Penno’ s wharf. According to the
chairman of the Sanitary committee for St. George's, plans are on the table for such
infrastructure improvements, as well as for increased number of public restrooms, etc. It must
be noted that a preferred shore excursion as . George' s needs to consider not only the
number of passengers from the cruise ships berthed in St. George's, but also those arriving as a
result of shore excursons. Furthermore, the resdentia aspect of St. George' s raises different
guestions as to those raised for example by the use of Dockyard or Hamilton as a cruise ship
port. Such that it gppears of importance to take into account the individua characters of each
port town, and in the same token, the extent of linkage between the individua corporation’s
plans for their boundaries and the plan to be designed by the hired Planning & Engineering firm
isuncertain.

It was not originally planned to incorporate Dockyard in the upgrading of new supercruise ship
facilities report to government. However, during the preparation of this document, changes
have been made and Dockyard is now taken into account in the study of Bermello-Ajamil &
Partners Inc.
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The Trangportation 2000 Report submitted in 1997 to government recommended an integration
approach to transportation planning, where a national transportation plan should be devel oped.
This plan is now being considered, attempting to develop and regulate an integrated, on-idand
transportation system for vistors and residents.

In conclusion, the increased number of cruise ship passengers a any onetime, the limit of
number of passengers/day, the flow of passengers from cruise ship to transport mode, the
congestion on the roads and at preferred touristic destinations, the available facilitiesinduding
sanitary, trangportation, and finaly the historical preservation of some of the Port destinations
are dl issuesin need of being evauated in order to maintain Bermuda s amenities.

XI1. REVENUE FROM THE CRUISE SHIP INDUSTRY IN BERMUDA
Sources. Department of Tourism, TGG Magazine, Cruise Ship Agent, Tourism literature

Caribbean nations are sarting to question the benefits from the cruise ship industry, and the
long-term impacts on the region’s own land-based tourism. Following arow, in 1993 over
heed tax, the Caribbean countries redlised the inability of the region to take a unified stand, as
well as how powerful the cruise industry’sgripwas.  The cruise ship lobby is very strong,
governments need to be strong to keep control over this growing industry. Asthe Presdent of
the Barbados Hotdl Industry said: The Caribbean will not redlize the cruise busnessisa
disservice until it's nearly too late. The cruise ships are usng our most precious asset- the sea,
and not making any sgnificant contribution to our economy.

In Bermuda, as in the Caribbean, compared to the hotel industry and their guests, the cruise line
industry hires no loca employees and therefore pays no payroll tax. The cruise line industry
pays no duty on supplies, nor do they purchase any energy. The cruise lines pay no occupancy
tax, no company fees, and make no socid insurance contributions. A Review Committee was
St up to seek away to have the cruise industry make a more meaningful contribution to our
tourism indudtry’ s economy.  Thisresulted in the ingtalment of an annud Permit Fee. The
permit Feeis of $4 per berth, per night in port, in season, and $2.00 per berth, per night in port
off season. The fee will increase each year thereafter by $1 per berth.

Revenue from cruise ships is obtained from:

1) Passenger expenditure

2) Servicesfeesto Marine & Ports
3) Dock feesto Corporations

4) Passenger tax

Although cruise ships pay feesfor utilisng sewage facilities, these are not included as they bardy
cover the cost involved in processing as outlined in section [11.1, and could not be truly qudified
as revenue.

1) Passenger Expenditure-
Although, it iswritten in the Bermuda cruise ship contract that promotions will be made on
board the vessdl during each of the said cruises for the shopping and recreationa opportunities,
cruise ship passengers do not gppear to spend as much money on restaurants, and shopping
than air passengers. Surveys have been performed by the Minigtry of Tourism by giving a
guestionnaire to departing vigitors, both at the air termina and for cruse ship passengers. These
urveys atempt to assess the vacation experience of the tourists, and the expenditure during
their say. Results of these surveys are given in the following two reports:

1) Archer Report
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2)

Cruise ship Expenditure Report.

It was concluded that in generd, air passengers tend to outspend cruise ship passengers
on aratio of 10:1. More specificaly, in 1997, the totdl cruise ship passenger
expenditure was of $40.8million. Cruise ship passengers spend approximately
$245/person, during their stay, including shopping/transportation/ and restaurants. On
the other hand, in the same year, air visitor expenditure was of $447.5million. Table 6
provides the breakdown of these expenditures. It must be noted that accommodation is
alarge portion of the tota sum (65%), which should be excluded from comparisons
with revenues brought forth from cruise ship passengers.

Table 6. Air passenger expenditurein Bermudain 1997. (taken from the
Archer Report).

Type of Expenditure = Amount spent in dollars = Percentage of total expenditures
Accommodation 290.88 million 65%
Food/Restaur ants 52.36 million 11.7%
Shopping 40.28 million 9%
Transportation 24.61 million 5.5%
Entertainment 13.43 million 3%
Sporting Events 11.19 million 2.5%
2) Service Feesto Marine & Ports.

3)

1

Cruise shipspay aservice feeto Marine & Ports, for such services asthat provided by
the pilots for example; the totd fees paid amount to approximately, $8,000 -
$10,000/ship/week. With atota of 36 cruise ship trips coming into Bermuda during the
season, the totdl feesto Marine & Ports are in the range of $288,000 to $360,000 per
Season.

& 4) Dock fees and passenger tax.

According to the Meyer Shipping Agent, Captain John Moore, ships pay in the order of
$150,000/ship/trip for various charges. These include docking fees and passenger tax.
Docking charges are based on the length of the ship; such that the charge equalsthe
length of ship (meters) x $6.50 x no.of days. An approximate total can once again be
cdculated on the basis of 36 cruise ship trips a season, yielding $5,400,000 for the
Season, paid in part to the individua corporations.

The above sections attempt to provide an idea of the revenue brought forth by the
cruise ships. It may not be complete, but does give an indication on the comparable
revenues brought forth from air vistors and cruise ship passengers. Passenger
expenditure for cruise ship vistorsis gpproximately 26% that spent by air vistors
(excluding accommodation). The fees charged for docking and passenger tax appear to
be of subgtantia vaue to the individua ports/corporations, on the other hand, the
caculated totd for these fees equates approximately 1.8% of the amount spent by air
passengers on accommodation. Once again, these figures are estimates and should be
regarded as guiddines rather than true values.

According to Department of Tourism Officids, the strongest lobbies for the advent of
supercruise shipsin Bermuda are;

Retail sector- The retail sector claims to make more money off cruise ships passengers,
this, however, is not reflected in Tourism report. It must be noted that air passengers
have on average alonger stay in Bermuda, hence making interpretation of the
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expenditure report tricky.
2) Site seeing operators-
3) CydeRentas- Thisis not reflected in the Transportation 2000 report .

There may be strong lobbies for the push towards supercruise shipsin Bermuda, however, the
ultimate decison on the sze of the ship is the respongbility of the Department of Tourism. This
same department is pushing towards week-end cruises in dockyard for this year; the cruise line
involved in thisis Carniva cruises, with the lowest end of range of cruise shipsin terms of
quality to be sent to Bermuda. Simultaneoudy, the Ministry of Tourism is pushing towards eco-
tourism and Bermuda as a SCUBA diving destination. It is questionable whether dl types of
tourism may co-exis on asmdl idand like Bermuda. With the expiration of the present cruise
ship policy, adecisonmust be taken on the direction to be taken by the Ministry of Tourism.
Saying no to supercruise ships, is perceived as saying no to the cruise ship industry by certain
government officids. It must be noted again, that Bermuda only receives 2% of the worldwide
cruise industry; yet this 2% is perceived as being one of the most highly profitable routes for the
cruise ship industry; hence, the strong demand for the accommodation of bigger ships.
However, will thisindustry last in Bermuda, or will supercruise ships move towards areas where
private idands may be purchased for the ultimate tropical paradise experience? Thisisa
movement occurring more and more in the cruise ship industry. Will the supercruise ship
industry destroy the land- base high qudity tourism that Bermudais attempting to market?
These questions need to be carefully scrutinized in the very near future.

It is suggested that a complete budget be drawn for athorough evauation of the revenues
brought to Bermuda s economy from both the cruise ship industry and the land-based tourism,
in order to accurately assess the benefits of each. Furthermore, it appears necessary to consider
the expenses paid by the idand to upgrade facilities for new cruise ships and to cdculate the
operationd costs of these facilities; these expenses need to be incorporated in the overdl
revenue budget for the evaluation of the super cruise ship indudiry.

XIV. CONCLUSION

On afind note, it is certain that the cruise ship industry is moving towards larger ships, dthough
it is expected that the ones coming into Bermuda are not the biggest of the lines, they are
consderably larger than those presently coming in. Severd dedtinations, and namely those of
the Caribbean, are accommodating these new supercruise ships often to the detriment of their
marine environment, and to their land-based tourism. Thisis not done however without
disputes, amore recent one ending in the acceptance of cruise operators to demands by
Caribbean idands to pay a $1.50 per head “environment levy” on passengers to Grenada, S.
Lucia S. Vincent, Dominica, Antigua and S. KittsNevis (TGG magazine, Sept 1998). This
leads to the question of attributing a value to the marine and terrestrid environment of our
Idand. Asseen in the present document, certain compensations are given by cruise shipsto
Bermuda, asin the event of an ail spill for example; however, in many ingances thereislittle
protection of Bermuda s environment. For this reason, adequate laws and regulations are key
factors in the control of ship activities, including container ships, cruise ships, and even marinas
and boatyards. Enforcement of these laws becomes essentid to the preservation of Bermuda' s
environment. Thewe | publicised case againg the Royd Caribbean Cruisesindicted with
charges of making fase statements to the Coast Guard about oily waste dischargein 1994, isa
good example of the need to enforce regulaions. The greater the number of ship activities, the
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greater the potentia impact on various aspects of the environment, and the more crucid the
development and enforcement of environmenta laws become. The juncture at which Bermuda
findsitsdlf at present may provide an excelent opportunity to review the overall protection of
Bermuda s environment. For, as al groups recognize, tourism can only be enhanced through
protection of environmental, ecologica and historica resources. By minimizing impacts on the
environment, one only ensures the durability of irreplaceable assets which isthe very reason for
tourism in Bermuda
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LIST OF MAIN POINTS

* The Cruise ship indugtry is moving towards larger ships, reflected in more than 50 new cruise
ships on order for delivery by 2003.

* The present 3-year policy concerning cruise shipsin Bermuda expires in 2000.

* The present berth facilitiesin St. George' s and Hamilton Harbour cannot accommodate the
new super cruise ships.

* The exigting berth at dockyard is physicaly capable of accommodating alarger ship.
* Thereisagovernment proposa to modify the exigting berths a St. George' s and Hamilton.

* The exiding tota number of berths available for cruise shipsin Bermudais 5; there is no
suggestion to increase the number of berths.

* The present limit placed by the Department of Tourism of 6000 passenger/day was not
based on any sound estimate of carrying capacity.

* |tisnot known whether this limit will be dtered with the drawing up of anew palicy.

* At present, the WEDCO sewage treatment plant and St. George' s sewage treatment plant
are heavily impacted by cruise ships; these contribute approximately 50% to the total daily flow
of sawage a these plants during the cruise ship season. Hamilton sewage treatment plant isless
impacted, as cruise ships contribute gpproximately 14% of the total flow.

* Dockyard has a secondary treatment plant, with no plans of further expansion. . George's
and Hamilton have a communition plant, where the only treetment is the grinding of solids.
There are plans of upgrading for St. George' sto atertiary sewage trestment plant, and for
Hamilton to a preliminary trestment plant, and possibly to a secondary trestment plant,
depending on results of scientific studies and cost estimates.

* The only existing scientific data conducted with respect to sewage has been performed for
the Corporation of Hamilton Sewage trestment plant. Conclusions of the report were based on
a 1-year accumulation of data, most probably insufficient to assess along term impact.

* Environmentad criteria, set by the Environmental Authority, are set on acase by case sudy
for sawage plants around Bermuda. Dockyard is the only sawage treatment plant of the three
corporations which must meet environmenta criteria; there are no criteriafor St. George' s and
Hamilton.

*All information relating to the flow of sewage from cruise shipsinto the plantsis an estimate.
There are a present no control or regulations concerning the type of sewage disposed of into
the plants, nor the amount.

* Recycdables are collected from some of the cruise ships vidting the idand, the total volume of
which isthought to be large enough to impact heavily on the recycling plant in Bermuda. There
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is no charge to the cruise ships for the processing of recyclable materias.

* Thereis no accurate data on the total volume of recyclable materids collected from the cruise
ships at present.

* Thereis some scientific data available on the potentid impact of sedimentation caused by
cruise ship movements on adjacent cora reefs. Thisissue requires more complex studies than
those performed in order to assess the long term impact, especialy as new super cruise ships
are due to have propellers alowing greater maneuverability and hence create more turbulence,
and sediment resuspension.

* Dredging is necessary for the modification of berthsin St. George's and Hamilton. Dredging
will aso be performed during the proposed expansion of Town Cut. Town Cut isto be
expanded by 15m on the South side.

* A study is conducted at present to assess the optima means for disposal of dredge spoils by
BBSR,; this study is based on the outlines described in the London Dumping Convention
document, to which Britain is Sgnatory.

* |t has been suggested that dredge spoils be utilised for the required landfill, namely in
Hamilton where present plans require 2.5-5.5 acres of landfill.

* Effects of dredging in Hamilton may be grester than those expected in St. George's, asthere
isahigher portion of st in Hamilton harbour sediments than in those of St. George's.

* Themain concernin &t. George' sisthe physcad destruction of Higg's Idand for the
expangon of Town Cut.

* Tributyl tin (TBT) is presently used as antifouling paint on boats larger than 25m, such as
cruise ships. There is aworldwide movement to ban TBT.

* Detaled scientific dataexists on TBT levelsin Bermuda s inshore waters and indicate that
large ships (both container ships and cruise ships) are a potentia source of TBT to Bermuda' s
coastal waters.

* Little is known on the long term impact of the proposed compounds to be utilised as an
dternativeto TBT. Thisissue aso concerns leaching from small boats, boatyards, marinas.

* Thereis no legidation regarding docksde cleaning of shipsin Bermuda, nor any adequate
regulations regarding the input of any contaminants into Bermuda waters. The only available act
isthe Water Resources Act, which does not provide any specific limits on contaminants entering
the water column.

* The Department of Marine & Ports has the right to inspect ships to assess their compliance
to internationd environmenta laws. Approximately 15% of the ships coming into port are

inspected.

* Thereisgood exiging legidation concerning oil spillsin the inshore waters, as outlined in the
Oil Spill Act. There dso exigts acontingency plan in Bermuda to prevent damage to the marine
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and land environment following an ail spill; cruise ships dso have their own contingency plans.
There does not seem to be any control of oil spills occurring outside of Port in territorial weters.

* Permits are required for the operation of any plant aboard ships visting the idand.

* The Clean Air Act provides good standards in Bermuda; however, andyss of emissons has
been performed on a sporadic basis, following complaints by residents and boat owners. Sulfur
dioxide was the only noxious gas measured, and organic pollutants were not determined.

* The percentage of soot accumulation generated by cruise ships on residentia roofs has not
been assessed. The long term impact of accumulation in domestic water tanks is not known.

* There are a present guiddines but no regulations for drinking water quaity in Bermuda, set
by the Public Department of Hedth.

* Thereisastudy conducted at present modeling the emission movements from cruise shipsin
al three ports, by scientistsat BBSR. Present cruise ship specifications are utilised for the
modd.

* There are laws regarding noise pollution in the Summary of Offences Act; these are not
enforced with respect to outside entertainment on cruise ships, under the pretense of lack of
night activities and shows for cruise ship passengers, in port towns.

* A detailed document outlining the present issues relating to trangport and infrastructure in
Bermudais avallable.

* Both the Department of Tourism and Transport admit that with the present day limit of 6000
passengers/day, there are periods where the public transport system experiences serious
overloads, causing negative perceptions from both cruise ship vistors and land-based tourists.
Cruise ships passengers tend to traved at the same time, creating sudden bursts of flow on the
idand.

* Present infrastructure, in terms of numbers of restroom, bus terminds, ferry services, etc. is
not adequate for the accommodation of present limit of cruise ship passengers, namely in
Hamilton and St. George's.

* The Consultant Firm hired by government to modify the existing cruise ship berths consgders
the flow of passengers from cruise ship to busferry/taxi only.

* Detaled improvementsof exiging infrastructure are taken into condderation by the
Consultant firm for Front Street, Hamilton.

* Little has been presented by the Consultant Firm at the present date regarding infrastructure
improvementsto St. George’'s. St. George' s Corporation is attempting to move towards better
facilities, but plans appear vague.

* St George' sisthe most popular port for shore excursions booked on the ships on their day
at seaen route to Bermuda. Dockyard isthe least popular for shore excursons.



* Asno single group is responsible for trangportation decisions in Bermuda, it was advised to
government that a Transportation Authority be established to develop and regulate an integrated
on-idand trangportation system for vigitors and residents.

* The cruise ship industry contributes to Bermuda' s revenue by passenger expenditure when on
land, service feesto Marine & Ports, docking fees to the Corporations, and passenger tax.

* Cruise ship passenger expenditure equates gpproximately ¥4 of air passenger expenditure
(excluding accommodation expenses for the latter).

* The cruise line industry pays no payrall tax, no duty on supplies, nor do they purchase any
energy; the cruise lines make no socia contributionsto the idand. To counteract this, a Permit
Fee was created by a Review Committee.

* The Department of Tourism is a present consdering various waysto increase tourism in
Bermuda: super cruise ships, eco-tourism, up market land-based tourism and SCUBA
degtination. It is questionable as to whether al these forms of tourism are possbleon a 21
sguare mileidand. There gppears to be no long term direction for tourism in Bermuda.

* Bermuda receives 2% of the worldwide cruise industry; yet Bermudais perceived to be one
of the mogt highly profitable routes for the cruise ship industry.

* Thelong term impact of the cruise ship industry on land- based tourism is questioned in many
of the Caribbean idands, and a matter of concern in Bermuda. An environmenta levy has been
imposed by some of the Caribbean idands on the cruise ship industry.

* Thereis no existing knowledge of the carrying capacity of Bermuda as awhole, nor any

gpparent intent to obtain thisinformation. Unlike other areas, Bermuda does not have the place
to expand.
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