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Abstract

During a transit from San Francisco Bay to the Port of Los Angeles on February 26,
2004, the M/VMed Taipeiencountered a storm and lost 15 feidpt shipping containers

in the Monterey Bay National Marine Sanctuary (MBNMS), and another nine south of
the Sanctuary. One of these containers was discovered by the Monterey Bay Aquarium
Research Institute (MBARI) on June 9, 2004 on Smooth Ridge at a dep28t

meters, 17.5 nm NW of Point Pinos. This was not an isolated incident. Containerized
maritime trade grew eigHbld from 1985 to 2007, and worldwide there are now
approximately 5 to 6 million containers in transit at any given moment. Thousands of
shipping containers are lost at sea every year, often due to the nexus of rough seas,
inadequate or faulty securing mechanisms, and failure to weigh all containers at the time
of loading. On March-80, 2011we conducted a research expedition to the container on
Smooth RidgaisingMB A R 0 Wedkern ¥lyer.The cruise aimed to assess the
containeroés current condition, describe habi
attention to this deepea phenommn that has been increasing with economic
globalization. Given the potentially severe ecological, economic, and navigational safety
consequences associated with container loss, the issue has led to a range of responses
from industry and the consideratiohadditional preventative measures at the

international level.

Key Words

Containerization, container loss, shipping, ecological impacts;sksepesearch,
Monterey Bay National Marine Sanctuary, MBNM®ntinental shelfmarine debris
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Introduction

On June 9, 2004, researchers at the Monterey Bay Aquarium Research Institute (MBARI)
madea surprising discovery on Smooth Ridge in the depths of Monterey Bay. While
searching for a disabled sediment trapionterey Canyonthey found an intermodal
shipping container resting upside doamthe bottom The Monterey Bay National

Marine Sanctuary (MBNMS) later learned that this container was one of fifteen lost
during a single incident of loss from a contaisleip earlier that year. Seven years later,
as MBNMS and MBARI staff prepared to revisit the sunken container to assess
ecological impactsve became aware of the magnitude of the phenomenon of container
loss at a global scale. The International Mariti@rganization, governments, and marine
insurers have estimated that up to 10,000 shipping containers may fall from cargo ships
annually Podsada 2001; Standley 2003; Hohn 2011; IMO 2004; BBC 2010; ITTS 2011,
Countryman and McDani€l011).

Considered cumulatively, such quantities of cargo loss obviously have substantial

economic consequences for the shipping industry, in addition to presenting navigational
hazards throughout the worl ddéds oceans. But
dunmping have for ecological communities and for the global problem of marine debris?

From a marine debris perspective, 10,000 containers lost overboard annually amounts to
approximately 41,500 tons of littered steel in container weight alAmerage maximm

payl oad weights of 2006 i2%tdnsM0séoimtematidnali ner s r a
2012). The average weight of the contents of the fifteen containers lost in the MBNMS
(Appendix A) was approximately 10 tons. Using this conservative estimate afjaver

container weight, it is conceivable that 100,000 tons of substances in packagéd form

many of which may be harmfilare falling off ships in containers each year. This figure
represents approximately 1.5% of the 6.4 million tons of litter believedter the

wor |l dbés ocel@NER200b)a Arfanggdesiadrto efid, this estimate of loss would

amount to 75 miles of littered containers being added to the seafloor each year. The
accumulation of these slete-decay structures year after year is aseafor concern.

The discovery of the lost shipping container brought to light many questions: Wdoy do
many containers fall off of ships? What becomes of them after they areM&iPsteps
could reducéhese losses and the damage they cause toartabitatsAWe attempt to
address these questions dinst outline the rapid growth of the containership industry
and then explore patterns of vessel traffic along the US West Giastlescribethte
discovery of the container in the deepwater habitdt@MBNMS anddiscuss the
causes of container loss and the trend in recent years toward heightened loss rates.
Because very few containers are ever foaimel March 2011 MBARI/MBNMS research
cruise to the container on Smooth Ridge represents theffodtwee are aware of to
investigate the ecological impacts of a lost container on the seaidmdescribe the
results of this survey armbnclude with an overview of the various preventative measures
that have either already been implemented or aremtly under consideration.



Industry History and Growth

Container shipping is a shipping method that uses large intermodal containesthat
transferred between rail or truck and ship arelnever opened while in transit between
shipper and consige (Levinsor2006). Malcolm McLean, a leader in the American
trucking industry, designed the first standardized container and creatéadr8ka

Shipping in 196 (ISBU 2010). Initial designs called for entire truck trailers to be loaded
onto ships. To s& space and weight, the industry standard quickly evolved to load only
the containers themselves, rather than contaiagached to chassis (Levins2006).

The U.S. container shipping industry began in 1956 when 58 containers were sailed from
Newark toHouston aboard eetrofitted tanker ship (Cudal2006).

Shipping cargo in containers offers several key advantages to the industry. Studies have
shown that at U.S. ports, container cargo can be moved nearly twenty times faster than
break bulk cargo (gats that musbe loaded individually; Herotl998). Gains in

efficiency have greatly reduced costs: loading loose cargo cost $5.86 per ton to load in
1956; when that same cargo was contaieekiit cost $0.16 per ton (ISBRD10).

Containers that remaind&ed also create improved cargo security and reduce cargo
breakage and contamination risk®ecause of these increases in efficienleg,ihdustry

has experienced tremendous growth in recent decades.

Container capacity is often expressed in units of tywéwot equivalent units (TEU).

One TEU of containerized cargo capacity is equal to one standéird 80t container
(World Bank2009)! Container transshipment traffic figures are generally a measure of
container traffic moving from land to sea trpoe modes, and include both international
and coastal journeys. Movement of empty containers is included, and figures are a total
of all countries for which data is available. From 2000 to 2008, port container traffic
worldwide increased dramaticallyofin 214,274,536 TEU to 473,821,055 T@World
Bank2009). Growth in the container sector far surpasses overall growth in maritime
trade: from 1985 to 2007, total maritime trade doubled, while total containerized trade
grew eightfold over the same perio©@ECD 2008). The trend is expected to continue:
Drewry Shipping Consultants forecast a more thasiaddtkrise in container movements
from 2000 to 2020 (OECD 2008¥ontainer volume through the Port of Los Angetes
representative of the steep rise in containey lisken only by the economic crisis of
20082009(Figurel).

!standard container width is 8 ft 7 standard height
five standard container lengths:-8d6.1 m), 40ft (12.2 m), 45ft (13.7 m), 48ft (14.6 m), and 53t (16.2
m).



Port of Los Angeles Container Traffic (TEU)
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Figure 1. Port of Los Angeles container traffic in TEU (twenty-foot equivalent units), 19862010.
Container shipping trends correlate with economic activity and the scale of international trade
relations. Data from The Port of Los Angeles, http://www.portoflosangeles.org/maritime/stats.asp.

Of the 42,917 cargo ships in the world fleet as of 2010, 4,831 wereatkdicontainer
ships Marisec2010). The American Institute of Marine Underwriters (AIMU) estimates
that the fleet has 8.1 million TEU of capacity at any given morfAdiU 2008).

Another estimate is that there are approximately 100 million contaimipsesl each year
(WSC2011).

In 2008 the average worldwide container ship lvad 2,306 TEU (AIMUW2008).
Currently, one of the main size constraints facing container ships is the size of the locks

in the Panama Canal . fiswithirptlee dimdnsions oathee A Pan an
locks and have a capacity to roughly 5,000 TEU (Pay2005). After completion of
expansion expected in 2014, t hePaPaamaanxad Canal

container vessels up to capacities of 12,000 {B&yer2005). Four 398m Maersk
shipswere built in 2013 that eadarry aboutl8,270TEU. Ships with capacity greater
than 10,000 TEU are known as Ultra Large Container ships (ULK3.next size
limitation that will emerge is tied to the depth of the S¢raftMalacca, which link the
Indian and Pacific Oceans and are one of the busiggping lanes in the world.
AMal accamaxo0 wihhdeg70 thix @dennlevingoR0O6). As each
generation of ship becomes larger, the taller the stacks of casthemme. The
physics of taller stacks require new innovations to adequately secure them. While
transport capacity per ship grew from 4,000 to 15,080 over a period of only 15
years, design principles and securing methiedswinedargelyunchangedMARIN
2009).



NOAAOGs West Coast Sanctuaries and t he Cc

US National Marine Sanctuaries are areas of the ocean federally managed for special

protection that can include regulations for ship transit, discharge of material, and

disturbamre of the seafloor, among other regulatioNSOA A6 s West Coast Regi
Sanctuarie$Olympic Coast, Cordell Bank, Gulf of the Farallones, Monterey Bay, and

Channel Islands National Marine Sanctuaraeg) particularly exposed to the

containershipindustty s t he worl dés busiest container t
America and East Asia. Of the thirteen countries that shipped more than 10 million TEU

in 2008, 77.6% of those container equivalents originated in Pacific Rim coufigas(

2; Containeriation InternationaP011).

Container Traffic Shares 2008

& China

& United States
Singapore

# Hong Keng SAR

~ lapan
South Korea

» Malzysia
Germany
Spain

® UAE
Netherlands
Belgium

Italy

Figure 2. Percent of container traffic by volumeof the 13 countries that shipped more than 10
million TEU in 2008 Almost three times as many containers are shipped from China as from the
country with the next-busiest ports (U.S.). Data from Containerisation International. http://www.ci
online.co.uk

iFar East to North Amer Thusest\Wmtsiter sBigpmget 6 i s t h
route by TEU, with 317 container vessels deployed on a typiga{february 1, 2011;

Containerisation International0 1 1 ) . Of the worlddés 20 busi es
located around the Pacific Rim, and two are in California. Three of the four busiest

container ports in the U.S. are in California (Los Angdlesg Beach, and Oakland),

together accounting for 50% of the nation's total contaiaego volume (Port of Oakland

2011). As the #busiest container port in the U.S., the Port of Oakland draws much of

the container ship traffic that passes throughMB&MS.

Recommended tracks for large vessels transiting the MBNMS have been in place for over
ten years. In the late 1990s, the MBNMS Vessel Traffic Workgroup met to work on
development and implementation of strategies to move vessel traffic zones farthe
offshore. The working group recommended altering the Traffic Separation Scheme (TSS)



off of San Francisco to move vessels away from the sensitive San Mateo shoreline.
Container ships, in addition to bulk freighters and vessels carrying hazardousaeaego,
moved about 10 km farther offshore to reduce the risk of groundings. Recommended
shipping tacks were also organized into north/sdaties to reduce the risk of collisions

(Figure3 ) . The working groupos

recommendat

Maritime Organization and have been in effect since December 1, 2000. Vessel traffic
zones are managed by the U.S. Coast Guard (USCG), the U.S. Department of
Transportation, th&).S. Department of Commer¢@8dOAA), the IMO, and the United
Nations(NOAA 2009). Container ships following these recommended tracks will travel
15 nm off Point Sur and 12.7 nm off Pigeon Point when heading north, and 20 nm off

Point Sur and 16 nm off Piga Point when heading south.
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Figure 3. Shipping tracks through the MBNMS recommended by the IMO. Note that only the
colored arrows represent the tracksand there are not defined tracks extendindpeyond these

Source: http://montereybay.noaa.gov/intro/maps/vessel lanesl 1g.ipg
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http://montereybay.noaa.gov/intro/maps/vessel_lanes1_lg.jpg

It is not easy to approximate the number of containerships transiting the MBNMS and
other West Coast Sanctuaries, but some astisthave been made using Vessel Traffic
Service (VTS) Automated Identification System (AIS) ddDesigned to increase the

safety and navigation of vessels at sea, the AIS system automatically broadcasts vessel
identification, call sign, destination, ptien, speed over ground, course over ground,

ship type and dimensions to coastal receivers via Very High Frequency (VHF) radio
waves(Miller 2011). There are up td4,000 coastal transits of the MBNMS each year by
large vessel@NOAA 2009) Crude oil tankers account for 20% of these transits; the
remaining 80% are container shgasd bulk product carriers (NOA2009).

Efforts to plot vessel traffic transiting the California coast allow for a visual

representation of transits through tlaactuary and can show which aréase the
highestvessel traffic. In September 2011, the Naval Postgraduate School (NPS)
Oceanography Department analyzed archived 2010 AIS message data to calculate the
total amount of all shipping traffic through the MBI$ and to create monthly vessel

traffic density plots. Daily position reports of each vessel were interpolated to a 1 square
arcminute resolution, on athinute time scale. Monthly ship densities along the

California coast were then generated based emnatial number of "shiminutes" all

vessels occupied in each 1 squaremamtute of space. The AIS messages were further
categorized by reported ship type, with all cargo class vessels (AlIS message 1ypgs 70
isolated and monthly location totals cakgid(Miller 2011). Cargo class vessels are not
exclusively containerships, but containerized cargo is most common. The results for one
month are shown as an example of ovgratterngFigure 4)

AIS density (

cargo classes) - Oct 2010
38 N o :

o =
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<60 min
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125" W 124°w 123 W 122’ W 121° W 120w 0 min

Figure 4. Automatic Identifi cation System (AlS)cargo vessel density in the MBNMS for October
2010. The color axis represents the total number of minutes vessels spent in one square-@mioute
of area over the course of October 201 Figure from Miller 2011.

2 The color rangefdrigure 4 was truncated at 120 min. to preserve adequate contrast to distinguish the
traffic patterns at sea, rather than having vessels at harbor dwarf the available resolution of the seagoing
traffic (a ship sitting pieside over the course of a montlould total 43,200 minutefer the month).



Within the MBNMS, cargo vessels are generally contained within the prescribed shipping
lanes(Figure3). Traffic appears to primarily be a combination of coastal transits and Far
East trade routes. An additional data product created by NPS was a compéris

monthly cargo class vessel traffic with total vessel traffic. Cargo class vessels comprise
40-50% of all vessel traffic within the MBNMS.

Table 1. 2010 cargo vessel daily totals, grouped monthly, which passed through the Monterey Bay
National Marine Sanctuary (excluding the Davidson Seamount Management Zone). Due to the
variability and gaps in the AIS data coverage, these figures are approximate.

Month # Cargo Class Vessel Total # Vessels % Cargo Vessels

January 178 362 49
February 126 242 52
March 345 737 47
April 366 805 45
May 396 937 42
June 435 1000 44
July 439 1023 43
August 443 943 47
September 394 976 40
October 453 1053 43
November 426 858 50
December 471 877 54

Containers Lost in the MBNMS

In 2004, the M/MMed Taipeioaded its containerized cargo in China (port unknown).

After exchange of containers in the San Francisco Bay Area, the ship was en route to the
Port of Los Angeles on the night BEbruary 25, 2004While transiting the MBNMS,

theMed Taipebeganencainteringseven to ninemeter (23 to 30-foot) westerly swells

and experiencingequent rolls of approximately 25 degrees, with winds at or around 30
knots At 0045 hours on February 26, 2004, 15 standard 40 ft ISO containers fell off the
ship at coordiates 36°38.5'N, 122°28.7'W (70 nm south of the Golden Gate Bridge).
Appendix A lists the contents of these containers. Later that same day, at 0908 hours,
nine more containers fell overboard at 35°06.9'N, 121°54.0'W. By the end of the voyage,
theMed Tapei had lost a total of 24 containers and had an additional 21 containers
collapsed on the deck, according to a written report by the ship's Captain. The MBNMS
was not notified of this incident of container loss.

On June 9, 2004, the Monterey Bay Aquarium Research Institute (MBARI) ROV

Ventana while searching for a disabled sediment trdiscovered an intermodal

container resting on the seafloor at a depth 281 meters on Smooth Ridder.5 nm

NW off PointPims out si de Monterey Bay (coordinates
MBARI collected video and still pictures of the containég(reb).



Figure 5. Location and photo of container TGHU7712262.Map shows the reported position of the
container ship M/V Med Taipeiwhen it lost 15 containers overboard on February 26, 2004 (orange
circle). One of these containers landed on the seafloor, just outside of Monterey Baydenstar).
This container (photos) was discovered by MBARI researchers on June 9, 2004 at a depth ¢281
meters on Smooth Ridge 17.5 nm NW off Point Pinos (photo). Map credit: Chad Kiny)BNMS;;
photo credit: MBARI.

MBNMS regulations prohibifidischarging or depositing from beyotite boundary of

the Sanctuary any material or other matter that subsequently enters the Sanctuary

andinjuriesa Sanctuary resoura qualitydo ( Nat i on al Marine Sanct ual
Regulations 2012)Shipping container loss is therefore considered a discharge that is

subject to federal enforcement of Sanctuary regulatibi3AA enforcement staff used

pictures of the container to track its ID number (TGHU7712262) through U.S. Customs.

U.S. Customs confirmed that the container had been lost in transit from thieléd/'\V

Taipei(now M/V YM Prosperity just over three months prior. The Los Angeles/Long

Beach USCG Marine Safety Office completed an investigation and full report of the

incident, including weather and sea conditions at the time. It is unknown how long this
container may have floated prior to sinking.
contents as a shipment of 1,159 steglted Michelin passenger car tires. Other lost

containers held cyclone fencing and poles, hospital beds, mattress padbpbas,rhair

turbans, cosmetic bags, leather furniture, and waste cardboaras believed thahe

containers were improperly stacked on the vessel, with some of the heaviest containers at

the top of the stack. Additionally, tlevestigationdocumentd D-rings missing from

the deck of the ship and container locking fsiwith faulty welds



http://montereybay.noaa.gov/intro/mp/regs.html#injure
http://montereybay.noaa.gov/intro/mp/regs.html#sanctuaryresource
http://montereybay.noaa.gov/intro/mp/regs.html#sanctuaryquality

A Seattle firm (Fugrplnc.), ran a computer simulation model to estimate likely
deposition areas for the 15 containers discharged in the MBNMS at 0045 hours, given
container buoyancy characteristics and sea conditions recorded at a nearby NOAA data
buoy. The model producedasterly drift patterns with potential deposition throughout a
range of depths betwe@743 and 914 metens the outer Monterey Bay (4naR24nm
offshore). Some of the containers may still be linked together in their original stack
formations. Containers ngdave sunk onto relatively flat areas or onto submarine
canyon slopes. This studpstapproximatey $12,000 (S. Kathey, pers. comm.).
Attempted location and recovery of all 15 containers lost within the MBNMS was
estimated at approximately $25 milliamith a low expected rate of success. There is no
record of a container having ever been successfully recovered from a depth q000er 1
m. Therefore, this was not pursued.

A prolonged legal debate ensued between NOAA and the owners and operaters of th
vessel All Oceans Transportation, Inc., Italia Marritema SpA and Yang Ming Transport
Corporationi asthere wasomeuncertainty regarding the extent of U.S. jurisdiction and
theability to prosecute for damages. On July 26, 2006, a $3.25 nskitlement was
announced for lonterm damage to Sanctuary resources (NORR06). The MBNMS
agreedo use the settlement funds to undertake habitat restoration and characterization
projects and to monitor the losigrm impacts of container TGHU7712262.

Container Loss: A Widespread Phenomenon

Although containers lost overboard are rarely found on the seafloor, the loss from the
Med Taipewas not an isolated incident. The nexus of rough seas, inadequate or faulty
securing mechanisms, and improper commastacking procedures are responsible for
making container loss a walbcumented phenomenon in the shipping industry.

Scope of the Problem

The actual numbers of lost containers are difficult to confirm atichates of the scope

of this occurrence are deé-ranging. Many groups have cited a figure of 10,000

containers fallingrom ships each year (Podsada 2001; Standley 2003; Hohn 2011; IMO
2004; BBC 2010; ITTS 2011; Countryman and McDa8#11). The Chair of the
European Par |l i amen tNatonalGeagraghic News, BBCANBwn,i t t e e
and Friends of the Earth International are among those citing this figure, which would
amount to 83 million pounds (41,500 tons) of littered steel in container weight alone
annually. The Through Transport Club, whinbures 15 of the top 20 container lines for
their | osses, estimates that | osses overboar
yeao ( \20d41). Groups including the AIMU and a joint industry project of the

Maritime Research Institute Netherla®ARIN) have cited less specific numbers that

are nonethiless in the 1000s (Lashing@Sea 2006; AIRDO8). However, the origins of

these estimates are not clear. Another estimate is that lost merchant freight at sea
amounts to 1.3 million tons per yedfaph den Hove and Moreau 2007). This figure

includes bulk goods and brefklk cargo in addition to containers.



No centralized database is maintained with comprehensive container loss statistics.

Damage and loss reports are rarely shared beyond linetoggerinvolved local maritime

authorities and providers of protection and indemnity insurance (P&l clubs). Operators

generally avoid exposing incident details for publicity reasons. Similarly, P&l clubs

investigate loss incidents but do not share figgjrmaking trends ditult to evaluate
(Lashing@Sea 2009; AIM@ 0 0 8 ) . Foll owing the mediads 1in
MBNMS/MBARI lost shipping container cruise, the World Shipping Council (WSC) has

countered these figures with its owhhe WSC surveyeits members, who collectively

account for 90% foglobal containership capacity. Althoutte WSC reports that the

carriers that responded represent over 70% of global container ship capacity (WSC

2011), it is wuncl ear wh @urveytresultsveselextrapelatells r es p o
to all container carriers to yield a much smaller estimate of 350 containers lost at sea each

year, not counting catastrophic events (such as ship groundings). Including catastrophic

losses, the WSC reports that averageual losses increase to approximately 675
containergWSC2011). The most recent highly publicized container loss incident was

the grounding of the M/\Renaoff New Zealand in October 2011. This single event

resulted in the loss of an estimated 26 7tamers overboard prior to salvage operations

(Maritime New Zealand 2012).

Causes

The time demands placed on the shipping industry mean that it can be difficult to balance

safety and efficiency. The nature of the industry has been compared to a quatarfrom

racer Mario Andretti: yfluf aevwergytimigng oios su roadve
2009). Following are some of the common problems that lead to container loss.

Misdeclared container weightdt is believed thashipperssometimesgnore the weight

' imitations of shipping containers. The U. K
(MAIB) investigated the failure of the containersiMi®C Napolin January, 2007

(Figure6) and found that 137 (20%) of the 660 dry containers store@cnhad actual

weights greater than their declared weights. Some containers weremlgry as

much as 20 MT (AIMU2008).

1C



Figure 6. TheMSC Napoli which broke apart in January 2007 in the English Channel. MAIB
investigation determined that 20% of the containers wee overweight. Photo from AIMU 2008.

Containers passing through U.S. and many other ports are only weighed before loading if
they arrive by truck. The declared weights of containers arriving byresgeaerally not
verified (AIMU 2008). The WSC and International Chamber of Shipping (ICS)
acknowledge that misdeclared container weights have contributed to the loss of
containers overboard, as well as to other safety and operational problems, and have
encairaged the IMO to require container weightification in all cases (WS2011).

Faulty connections between container€ontainers in a stack are connected to each

other with the use of bottom twistlocks. These are used in combination with lashing rods
(Figure7). The replacement of semutomatic twistlocks (required for ships calling on

U.S. ports) with fully automatic twistlocks (FAT) in the past decade has been a cause for
concern. FAT require less work by longshoremen on the dock but are smalileeiand
failure has been a common factoiseveral loss incidents (AIMBO008).

11



Figure 7. Lashing rods tightened by turnbuckles are attached by hand by longshoremen to help
secure loads. (This container was damaged by a beslamming wave). Figure from Koning 2009.

Heavier containers placed on top of lighter containeRlacing heavier containers in the
higher tiers places increased forces on the securing gear and all containers underneath.
Vessel planners, who use containeights and port of discharge to determine the

optimal arrangement of containers on a vessel, aim to prevent this. Yet a common trend
is for carriers to accept additional cargo while a ship is already being loaded, rendering
the vessel plobsolate When late arnvigghegyy cantainers end up in
the highest tiers, stability is compromised and excessivedmessures become likely

(AIMU 2008).

Stacking height With each new generation of container ship, the stacking height has

increased. Stacks may now be up to nine containers high below deck and eight tiers high

above deckAIMU 2008). Current vessel designs have up to threaters dtheir
containersondk (VMI2 01 1) . A publication of the Stanct
Register states fiif one containerll in a stack
coll apseodo ( Mu200b)o Cammenly,a laghingzoe averloading problem with

one containestack will lead to interactions with other container stacks and unexpected

high loads in the securing system, rendering it less effe@RIN 2009). Other

problems associated with high deck loadings include reduced ship stability, interference

with visibility from the bridge (which increases the likelihood of collisions), increased

exposure of the cargo to storms and seas, and difficult maneuverability at slow speeds

dueto excessive wind impacts (AIMPO08). These problems are compounded when

contahers are stacked high at the bow and stern of the ship, where accelerations and

forces are at their greatest.

Container contents improperly loade&ince the contents of containers are often loaded

at remote inland locations (especially in emerging nafikesChina), the cargo inside
containers is often haphazardly arranged and inadequately blocked and braced. Poorly
loaded or overloaded containers can cause the contents to damage the container or break
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through its side. Such structural damage, espgeidlen it occurs to a container in the
lower tiers, can lead to dapse of the entire stack (AIMRO08).

Containers in poor conditionDuring periods of high shipping demand, shortages of
containers sometimes result in the use of containers in unstrgfatructural condition.
Container corner posts and structural fittings in a degraded condition or not built to ISO
standards in the first place can jeopardize an entire stack of cont&igene8).

Figure 8. Container corner posts and fittings in unsatisfactory condition. Figuregrom AIMU 2008.

A study by the IMO from 199@002 found that of 19,704 containers inspected, 1,737, or
about 9%, had Container Safety Convention (CSC) platesgactural deficiencies
(AIMU 2008).

Failure to adapt course to weather conditiang/aves can cause ships to roll, sway,
pitch, surge, yaw and heave, subjecting container stacks to strong accelerations and
extreme motions, s as parametric rolling (MARIIQ009). When combined with the
effects of strong winds, these movements can place the containers and securing gear
under high stresg-{gure9a). Bow slamming can also occur when large waves break
overthe bow of the shipHigure9b). A study of container loss in the Bay of Biscay and
its approaches found that of 1,251 containers lost in 158 incidents fror2008283%
were lost between the months of November and February when sea conditions are
roughest (Interreg Il B, undated). Crew failure to take precautionary measures
(changirg course early) can place the ship in a risky situation. Once heading and speed
become difficult to control, heavy rolling is occurring, and green water is on deck, few
alternatives remain and adents are likely (AIMU2008).
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Accelerations

— Twistlocks

(Lashing rods)

Figure 9. Impact of weather on container stacks. A) In rough seas, the effects of waves on a ship can
create accelerations and forces that combine with wind to compromise the stability of container
stacks. B) Wave impacts such as beslamming can cause containers to fall from a containership in

a storm. Figures fromKoning 2009 and VMI 2011.

Ship crew in the bridge unaware of dangerous conditiod®squestionnaire focused on
the causes of cargo loss was distributed to operationaitexpeboard container ships
(MARIN 2009). Crew were asked about the feasibility to determine from the bridge
when loads on securing gear become too Higgue10). Whether or not crew can
detect rough conditions placing undue strain on securing g@amajor factor in
determining whether remedial actions (such as speed and heading adjustments) are

needed.

Figure 10.

Is it possible to get a good impression on the developing loads in the cargo securing’s
from the bridge and react in time? Or can developing high loads go unnoticed?”

Yes

Not possible

Not from bridge
but from deck

Not always

In rough seas, ship crews on the bridge are often not aware of the strains being placed on

container stadks on deck. Figure from MARIN 2009.
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Crew opinions In the crew survey referenced above, 30% of crew respondents had
experienced incidents involving lost or damaged containers. Crew had a variety of
opinions about the causes of these incidents. Thasedul58 responses are shown in

Figure11 (MARIN 2009).

Crew listed causes for cargo loss

% of responses
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Figure 11. Crew listed causes for cargo loss. Factors named in order of frequency included lashing
problems, poor weight distribution during stowage, inaccurate declaredontainer weights, rolling,
extreme weather, conditions leading to high metacentric height (GM), stack dynamics, internal cargo
shifting, bow slamming, vessel speed, vessel routing, other human factors, poor container quality,
hatch motions, and the effect ofhigh winds. Figure from MARIN 2009.

Container Fate After Loss

Following loss incidents, containers rarely sink immediately. Depending on whether they
are full or empty, and on the nature of the cargo inside, containers may float at the
surface for everal days or weeks prior to sinking. Containers are not generally entirely
watertight; while an empty container is likely to sink due to water ingress, a full container
will likely float until air trapped in the cargo has escaped. Using the deadweight

principle that the forces required to sink an object must exceed the volume of water to be

di spl aced, a
have to exceed

New Zeal
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(VMI 2011). Other factors affecting the time it takes for a container to sink include the
condition of the container, damages to the container as it breaks free, the strength of
impact with the ocean and the battering effect of loose cargo upon impacte azktif
waves, which can have a smashing effect.

When floating, most of the container lies below the surface of the water, like an iceberg,
creating a serious navigational hazard for smaller vesg®gticularly to fishing vessels

and small craft, butlso to other containerships and tank®fiigll 2011). One of the
bestdocumentedccidentccurredon January 11, 2000, wheranme investigators

believe the British scallop trawleBpolway Harvesterstruck aully loadedcontainer in

the Irish Sea The trawler sankall seven crewmembevgere killed, andescuersvho

arrived onthe scene founglastic vats filled with mayonnaise floating the surface
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(Geoghegan 2013)A large container ship colliding with a floating container could lead
to the releae of up tanemillion gallons of bunker fuel oil (NOA&009). Floating
containers thus pose a risk to navigation and to Sanctuary resoAttesugh we are not
aware of any statistics or reports on the number of containers that may be floating at a
given time, the phenomenon is believed to be widespread enough to have recently
inspired an invention designed to sink lost containers (Container Sinka 201ete dre
strong incentives for being able to predatnounceand trackhe positionsof lost
containers Calculation of container drift trajectories allows vessels to avoid areas
potentially dangerous to navigation and can aid in any recovery efforts.

Numerical models have been developed to predict container difftbsporating wind
direction,currents and tides, container buoyancy, degree of immersion, and other
hydrodynamic factorsThe GceanSurfaceCURrentSimulator (OSCURS) model for the
North Pacific Ocean and Bering Sea has been used to predict with some accuracy where
lost containers ahtheir contents would travel. The Central and Northern California
Ocean Observing System (CeNCOOS) has an online tool available to the public for
predicting drift. The "Droga-Drifter" Surface Water Trajectories in Central California
website usesthel@e onal Ocean Modeling System ( ROMS)
Propulsion Lal3. This technology allows the prediction of where surface water and
flotsam will travel during the past (since Oct. 4, 2010), presewt future (up to 48 hours
ahead). For thBled Taipeincident in the MBNMS, theneteorological and
ocearmgraphicconsulting firm Fugrplnc. was contracted to run the CASP 2.0 program

to forecast the likely locations of the remaining, undiscovered containers. The results of
this modeling, which createah estimatdased on 5,760 track replications, can be seen in

a probability mapKigure 12).

D r-apr i f t e r Wtp:/iwenbcencaoos.org/sections/products/drop_a_drifter.shtml
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Figure 12. Modeling of likely drift of M/V Med Taipeicontainers after 56 hours. Clue0001 shows
location of the container loss incident Clue0002 shows the location of discovered container
TGHU7712262. Thedarker the shade of purple, the greater the probability of containers being found
within that area. Credit: Fugro Inc.

Containers can then either sink or drift onto shore. In either @@esmtainer may remain

intact or its contents may escape via collisiaitt other cargo, the vessel, rough seas

reefs, or the shoreA damaged container can thus segsea poirssource of marine

debris. Potential impacts to marine natural resources include falling containers crushing
and smothering of benthic organisms, introduction of foreign habitat structure, shifts in
local ecology, an expanding benthic footpowrer time as the containers degrade and
collapse, marine species entrapment and ingestion risks from released container contents,
and the deposition of plastics or otherlmiised products, hazardous or radioactive

materials, and subsequent bioaccumulai@AA 2006). The corrosieresistant

marine coatings used to paint the integimnd exterios of containers are alssoconcern,

as they have traditionally contained toxic substances such gsaxinier Product safety

data sheets for the marine coatspgeferred by container manufacturers provide detailed
information abouthe composition of these paintddrisks of some ingredientare

described with phases suchfagry toxic to aquatic organisms, may cause {t@rg
adverse eficts inthe acatice nvi r onment 0 ( App e20t). 83om®; Hempel
of the leading container manufacturers have recently switchesirtg zinefree,water

based coatings, which may representraprovement (Valspar Corporati@®11).

In thesection MBNMS/ MBARIp pli mggt C®Mit weproedea Cr ui s eo
preliminary description afhe ecological impacts associated with the container found in
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theMonterey Bay National Marine Sanctuarin addition to causing a host pdtential
ecological impacts, container losses repre a tremendous waste of manufacturing

effort, energy, and money. The phenomenon is responsible for capital costs associated
with search, recovery, investigation, and legal actions following container loss, and
causes substantial losses to maritimeresu

Are Losses Becoming More Frequent?

Whether or not container losses are becoming more freguamifficult question to

answer, as the vast majority of | amsses are n
knowo parties: the shipbds owneandthelnsuree oper at
(VMI 2011). The Lashing@Sea government/industvestigation noted that about 50

lost container incidents were reported between the yearsZBBEEMARIN 2009).

Appendi x 2 shows the Al MU6s fAcasualty 1listo
the frequency and severity of reported losseshémgancrease sharply in 1997. While

more than twethirds of the losses reported over they&ar period occurred in the last 5

years, several wetlocumented incidents such as the MBNerbroaccident (1993) are

not included in this list (AIMWR008). Aralysis of container loss incidents in the Bdy

Bi scay by the European Commi ssionds- I nterreg
year trend toward increasing lo$sdqure13); theseregional data can likely be

extrapolated to the global level. We shibabte that these trends could also reflect an

increase in reportingr an increase in the use of shipping containers

Figure 13. Container loss in the Bay of Biscay, 1992008. Thered line illustrates the regional trend
toward increased losses. Figure from Interreg Il B, undated.

The Lashing@Sea Excecutive Summary summarizég8v er past years vario

have come forward from the industry with regards to safety. An increasing number of
incidents in the container siec suggest that risks have increased. The question is raised
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