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Ballast Water and Marine Invasions

>40,000 ships operating

worldwide

>Ballast pumping rates of

5000 to 15,000 m?/hr

> Tank volumes up to 25,000

3
m Ballast

Tanker Cross Section with NOBOB
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Internal structure of 1000 foot Laker
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Globaljcargoershipmetwork
Kaluzaetal: 2040; Tihe complex network of glebal cargo ship
MOVEMENtS; J: RESOC. Interface
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Soeurce Regions for Marine
INVASIGNS

Central Indo-Pacific North West Atlantic = South East Pacific Tropical East Pacific
Lusitanian North West Pacific South West Atlantic = Tropical West Atlantic
Mediterranean Sea Norhern Europ. Seas Temperate Australasia ® Western Indo-Pacific
North East Pacific South East Atlantic Tropical East Atlantic
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Ballast Water Discharge Ballast Water Sources - MapruUs Pons |
Mean annual metric tons Mean annual metric tons Major Canadian Ports |

for 2004 to 2010 for 2004 to 2010 o itia et

o 1-1000000 ® 1-1,000000
© 1,000,000 - 5,000,000 @ 1,000,900 - 5,000,000

5,000,000 - 10,000,000 @ 5000000 - 10,000,000

‘ > 10,000,000

Indiana Pennsylvana
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American Steamship Cempany.
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Ballast Responder — Mobile Treatment
DEVELORPMENT TRIALS (LABORATORY: AND MVINDIANA HARBOR

Field Trials on Great Lakes Bulker
April 2009 and May 2010

Vessel Name: M/V Indiana Harbor

Owner: American Steamship Company

Built: Bay Shipbuilding, 1979
I Particulars: Great Lakes Bulk Carrier, U.S. Flag
: Iron ore pellets and western coal transport
. 1,000'-0" length overall

' 105'-0" beam, 56'-0" depth, 34'-3/4" midsummer draft
80,900 gross tons deadweight capacity at MS draft
10,000 tons/hour cargo unloading capacity
14,000 shaft horsepower, twin screw

Ballast System:  Four (4) main pumps at 13,000 gpm each
30" header and 14" branch lines
Two (2) stripping pumps at 4,000 gpm each
10" header and branch lines
Ballast Tanks: Fourteen (14) deep ballast tanks typical capacity
of 1,259,000 gallons (4,808 long tons) each
Two (2) double bottom, one (1) forepeak, (1) aftpeak

TENa
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Eind the nght researGhers

DRAFT 4/6/2010

Figure 2: Volume fraction of incoming salt water contours in specified planes in full-scale
ballast tank (red = pure resident fresh water, blue = incoming salt water).
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1/10% Scale
Ballast Tank



Ballast Responder — Mobile Treatment
%E’?@ME&TTRIALS (LABORATORY. AND MV INDIANA HARBOR







Ballast Responder — Mobile Treatment
DEVELORPMENT TRIALS (LABORATORY: AND MVINDIANA HARBOR

Field Trials on Great Lakes Bulker — Dye Concentration Measurements

9:36 14:24 19:12 24:00 28:48 33:36 38:24 43:12

Dye Concentration vs. Time (Example Method)

24 Tihe Glosten Associates



Ballast:Responder. — Mobile Treatment
EMERGENCY:RESPONSE GUIDE

Emergency Response Guide

Emergency Response Guidance for Handling Ballast

for Handlin g Ballast Water’ Water to Control Aquatic Invasive Species
i Royale Nationsl Park
. Houghton, Michigan
Initial Release January 2010 o

Rev. B

Updated January 2012

SIGNED ORIGINAL
ON FILE

Kevin J. Reynolds, PE
Preject Manager

CHECKED:

Jon K. Markestad, PE
Genior Marine Engreer

David W. Larsen, PE
Prncpal-in-Charge
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Ballast Responder — Mobile Treatment
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Ranger:llitResults

Live 1 ive .
Organisms Greater than 50 micron DrgI;nisms 10 to 50 micron

per m3 per mL

Uptake Control  Discharge Uptake Control Discharge
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Golden Bear Results

Greater than 50 Micron 10 to 50 Micron

Size Class Size Class

Live Organisms Live Organisms
perm? permL
117,272.7
120,000 120

106.9 103.5

100,000 100
80,000 80
60,000 47.353.0 60
40,000
20,000

Results from intank treatment testing of Ballast Responder at Golden Bear Faciity. Live organism concentrations
are shown for Uplake (where ballast waler enters tank), Control (lank withow! treatment), and Tank 1 and Tank 2
(treated tanks). Concentrations in Tank 1 and Tank 2 discharge concentrations ndicate comphance with the
IMOUSCG/EPA standards of Jegs than 10 orgamsms per e for the larger than 50 micron size class, and 10
orgamsms per mulliiter for the 10 to 50 micron size class.
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‘ THE GLOSTEN ASSOCIATES
Cousulting Engineers Serving the Marine Community
a USGS

science for a changing world

National Park Service 1
U.S. Department of the Interior £,

- Presented by: Kevin J. Reynolds, PE, The Glosten Associates
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Igloo Moon Biscayne National Park
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IMO Global Industry Alliance (GIA)
2" EXPERT WORKSHOP ON PORT-BASED BWM CONTINGENCY MEASURES
Thursday 24 October 2013
BEXCO Centre, Busan, Republic of Korea
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iests onrtRanger: il

InAuUgust 2014, D DavidWrhight o Envirenmental
RESEANCHh SERNVICES and IS team conducied shipheard
statusttialstefithe pProcess Usingklieachrasithe
PIGCIGE.

Rangerlili'stank-mixing systemiwasiusediduertortne
smallisize efithe ballast tanks;
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Golden Bear 2014

Verification testing Was conducted fiemi3iters
[Decemer 2014:

Golden Bear Faclity (GBE)cenducied arSENES 6f
BENCH-SCale deSe responsetestsioliewed Py twelve
[tlli=scale development anadVenficalien iesisienitne
UnitedrStatestliraining: Ship(USHIS)Eelden Bear
Using the Ballast-Responder(BaR):

Benchi-scale tials o develeprdeseand timetangers
Wereperonmeadiy D NickWWelschmeyern s hielegical
eceanoegraphy grotpfromiviessitancaing ivianne
Faberatery (M IEEVILE). BiolegiCalfeificacy teStingWas
perfermed by the GBE Wit the VLM IS sciencetean.
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PDoeckside Ballast intake Results Fall
20)10.5

Li . Live H
Organiems Greater than 50 micron|  organisms 10 to 50 micron

per m3 per mL

80

Uptake Control Discharge Uptake Control Discharge
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Miontreal terSarnia Shipboard
rialS 2046

>10-50pm

Live Organisms per mL
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Uptake Control InResponse Uptake Control Discharge InResponse
Discharge Discharge Discharge
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Results: % reduction

Golden ATB Dock ATB Ship
Size Class BWE Ranger lll Bear 2015 Trial 2016

>50um /0 to 98 99.99 100 100 99.91

>10-50 um "0 A 904
above

<10 um
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ATBIiesting Platferm

Funded by NPS; St Leuis: County (MN)Izaaki\Walten
Ceaguerand the VINFDNR.

IS bulk carier|s ar6,91.6 gressien tankivargethal
ypically-movesrasphalt-andfieavy/olis; Gperating en
the Canadianreasternn seabeandandinitheGreat

IFakes St Lawrence Seaway s System.

e Vessellcaies up te 4600 cubicimeters eiflallast
Waterranad canradischargerata rate ei680 cubIc meLers
BErNGUL SUveydindings ane sumimanizedoelow, With
IMages providedratthe end eithiSimemenanaim:
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Milestones

2008 MIWROand NOAA supportier technical feasibility study.
plan

200910 Amercan SteamshiprCempany ECOMES a
Partner,

2008 Clorox-eECOMES a partnericrRangerliiranad
exXPands suppein 2010

2009 Great Itakes Ballast Watercollaneratveionmed:
2008/91GreattakesHisnenesitiustarant

200°0uplished therEmergency treatmentguiderasiaiwen
PASEESOUICES o SpIllanc grelnding rESPENEETS:

20101 CCNVIR grant
2010 Do stupportwWith EIERACOmpliance
201 MARAD and G S| SUppoit= emerdency preielype
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NEXt STEPS- Emergency, lireatment

JWe West coast states and twe Midwest states have
Implemented emergency treatment language: i thelr
401 certifications 1o the \V/essellGenerall Permit:

Need terdo live hieeide testingierieshiwaterana
saltwateriortheremergency treatments FuRedingrand
arshiprtestplatienm are bariers:

VIERC ana GSldiverted emengency ireatment-204:2
[esting I erdertermeet demancior peEmmanent
treatment Neeatewerkwithithemrand GeldentBear,
1@ COVET range el testing and PoNEEES!

Need toreptimize cluentapplicalioNsS e eCUCE
freatment mixing times andexpand tankiceverage:
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“VINATIONAL

National'Park Service
U.S. Department of the Interior L sERvice
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-

Emergency Response Guide for Handling Ballast Water
to Control Non-Indigenous Species

Prepared for

National Park Service
Isle Royale National Park
Houghton, Michigan

File No. 09019.01
16 September 2009

DRAFTP1
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Factors Near 0.70

icion

Cond
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Predictions: Killer Shrimp

Native to Ponto-Caspian
Invasive in Europe

Parameters

— Introduction site: Duluth, Toledo, Ogdensburg,
Green Bay, Goderich, and Detroit

— Spread distance: 0-km

— Probability of infestation: 0.75

Photo Credit: Simon Devin,
Université de Metz, France




Breeding Birds
Approximately 60 species of breeding birds are identified at Isle Royale each year. The inland lakes and Lake
Superior waters of the park include 108 nesting territories for loons. The archipelago’s smaller islands host

colonies of nesting herons, gulls, and cormorants.
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ISle Reyale National Park
Hougnten, Vi

National ParksSENIce
UISE Departmentoifthel ntenor

EONEE R EIN ICHES A0 USRS SAIVIIEIR I FC A



G0dl 1) RreventtAlSitransiersitorandiromilsie
ROYaleNationalfPark

S0 2)RrEVENTTNEWSATS aifiVal SHTO MSal WAl Ery
VESSEIS

“EEMErgENCYAGICONTING ENCYACIAIEPICESHONSE)

treatments=thessubject ofitoday:SrdiSCUSSIon

S0l ES)RIEVERANTEr=PaSINMTENSTENSIOIFAISNI NN E
[FESHWaLEli EEt:
G0 M)IDEVEID PP At RO UGN ENEYUI Lo
Naze

EXRE RATEINICIES YAO U IR SATVIIEIR I FCAS



Results: % reduction

Golden ATB Dock ATB Ship
Size Class BWE Ranger lll Bear 2015 Trial 2016

>50um /0 to 98 99.99 100 100 99.91

>10-50 um "0 A 904
above

<10 um
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Ereshwater: Chlorne Corrosion
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FIGURE 2
Corrosion Behavior of Various Alloys in Raw and Chlorine-Treated Fresh Water.
The four 0 ppm to 2 ppm residual chlorine tests were made at Rochester, New York, but the chlorine content
was not reported in the original work. The plant is reporting 23 ppm chlorides currently. The fifth test was
made at a Midwest treatment plant at which site the original data included 790 ppm chlorides.

Arthur H. Tuthill, R.A. Avery, S. Lamb and G Kobrin, “Effect of Chlorine on
Common Materials in Fresh Water”, Materials Performance, November 1998,
NACE, Houston, TX.




NUmerous: avenues to clean bhallast
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.r-,Chlo__rlne EStimated Chlerne

,..-

ONSUMPLonN

ConsumptionintheSector(tens/yn Gl Watersned(tens/yn)

Waterntakerand\Wastewater-freatment 409,000 54,4007
Prinking\WWater-Ireatment: 1467000 197400

HOUSENOIUTBIEaCRING/SWIMMIAG POGIFUSER2907/000) 58,600

letaliConsumption (allfuses) 1.5;/664,000 15620;000

EStimatediPotentialiUsetior Ballast — &4
reatment

INotes;

ISAmountsishiown are'expressed asitons/year ofichlorne(Cs),

2. UiS.chilenneconsumptionistvased on 1997 data provided by tneichiorne Cnemical Council
SrGreatiiiakesconsumplionustextrapolated fromiie Uiss r*umurn,;tiun, USINg the1 0991 rationiofiotal Uisy
dndiCanadapepulationin the Greatdiakes\Watersneatototal il iISEpepulation(ratc =018

42 Ballastwatertreatmentusage estimate istbasedionasimg/icnlonnedosage ratesanuiassumesiiatiall;
pallastwaterenteringitne Greatiiakes isireated fAncludmgsaliiwatersballastiand Watersremaininginine:
[anks . OiiNOBOBWVESSEIS.

sAtileast 500 tons/year-efichiorinelsitsed fofizenraimussel IControl atwaterintakes:
SourcesBlllIVMcCraken; MichiganiDepatmentioffEnvirennmentali@uality S Viay 2000k
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