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ÎHow do assess the risks of contaminated sediments?
ÍShould focus on what is or may be available to organisms- not 

bulk sediment concentration
ÍOur efforts ɀunderstand sediment-water exchange processes 

and evaluate interstitial water concentration of contaminants 
as indicator of availability

ÎHow do we manage those risks?
ÍOur efforts focus on in-place remedies- sediment capping



Î 3ÅÄÉÍÅÎÔÓ ÁÒÅ ÔÈÅ ÕÌÔÉÍÁÔÅ ȰÓÉÎËȱ ÆÏÒ ÍÁÎÙ ÃÏÎÔÁÍÉÎÁÎÔÓ
ÍPolynucleararomatic hydrocarbons (e.g. naphthalene, benzo[a]pyrene)

Í0ÏÌÙÃÈÌÏÒÉÎÁÔÅÄ ÂÉÐÈÅÎÙÌÓ ɉ0#"Óȟ ÂÁÎÎÅÄ ÉÎ ΧίέΦȭÓ ÂÕÔ ÐÅÒÓÉÓÔÅÎÔɊ

ÍDioxin ɀsimilar to the PCBs

ÍMetals (Cadmium, zinc, copper, lead, nickel and mercury)

ÍRefractory, sorbing contaminants

Î Historical sources largely controlled
ÍDirect discharges to surface waters significantly reduced

ÍLegacy of contaminated sediments an important source

ÍContinuing sources, however, limit potential cleanup

ÍDifficult to control point sources

Í#3/ȭÓ ɀCombined sewer overflows

ÍRunoff from contaminated sites



Duwamish Waterway 
Seattle WA



Courtesy AnchorQEA/Alcoa Inc



Î Lack of disposal options is a major impediment to harbor 
development
Í95% of shipping trade passes through dredged ports

ÍDredging leads to resuspension, release of contaminants

ÍNIMBY limits disposal of dredged sediment

Î Significant impediment to unrestricted usage of waterways
ÍFish advisories throughout great lakes and other areas

Î Widespread problem
ÍOf 21,000 national sediment sampling stations (1996 survey)

Í26% exhibit potential of adverse effects

ÍAdditional 49% exhibiting intermediate probability of adverse effects

ÍAbout 30% of superfund sites involve contaminated sediments



Î Sources often difficult to identify and control
Î Sediments often reside in highly variable, dynamic systems
ÍTides, wave action, high flow events, propwashall contribute to uncertainty 

Î Large volume of sediment
ÍOften greater than 1,000,000 m3

ÍAverage Superfund site ex situ treatment - <30,000 m3

Î Large amounts of water
ÍDredged solids content often in range of 1-10%

Î Often marginal contamination with incomplete exposure 
pathways and uncertain risks

Î Mercury
ÍWidely distributed
ÍCannot be degraded (although can be present in bioavailable forms)
ÍComplex biogeochemical  processes



Background Mercury Contamination

US EPA-Mercury Fact Sheet, 823-F-07-003, July 2007 

State by State Fish 
Consumption 
Advisories



Mercury Ҧ aŜǘƘȅƭ aŜǊŎǳǊȅ Ҧ .ŜƴǘƘƛŎ hǊƎΦ Ҧ CƛǎƘ Ҧ IǳƳŀƴǎ
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Chemist/Engineerôs View of a Food Web

Mercury Ҧ aŜǘƘȅƭ aŜǊŎǳǊȅ Ҧ .ŜƴǘƘƛŎ hǊƎΦ Ҧ CƛǎƘ Ҧ IǳƳŀƴǎ



Alpers, C.N. et al., USGS, 2005-3014

Background Mercury in Fish
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ɆTo reduce Hg in food
Ɇcontrol aqueous speciation ɀreduce bioavailability
Ɇsorbingamendments-reduce available Hg
Ɇisolate from biologically active zone- capping
ɆRemove Hg from environment- dredging??

Conceptual model ɀAmendments (Task3) 

Bioaccumulation in Food Web



Î Monitored Natural Recovery
ÍPart of all remedies
ÍMay be an integral part of active 

remediation

Î Dredging
ÍNeed to recognize impacts and 

limitations
ÍTriggers a variety of onshore activities

Î Capping
ÍClean sediment/sand layer over 

contaminated sediment
ÍCan be rapidly implemented with 

minimal impact
ÍNeed to assess long-term protectiveness



Response to Remedial Approaches

Time/yrs
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NRC, 2007

Dredging conducted early 2005 near outfall 001
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ÎReduce risk by:
ÍStabilizing sediments

ÍPhysically isolating sediment 
contaminants from benthos

ÍReducing contaminant flux to 
benthos and water column

Î Sand surprisingly effective for 
strongly solid associated 
contaminants

ÎȰ!ÍÅÎÄÅÄ ÃÁÐÓȱ ÆÏÒ ÏÔÈÅÒ 
situations 



Objective of Capping: Physical Containment
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Î U-864 
ÍCommander: Korvkpt. Ralf-ReimarWolfram
ÍCommissioned 9 Dec 1943
ÍUsed for training throughout most of 1944

Î Assigned to Operation Caesar late fall 1944
ÍTransferring military technology and supplies 

to Japan 
ÍCargo of U-864
Í65 tons of elemental mercury
ÍJet engine components from Me-262
ÍV-2 missile guidance systems
ÍGerman and Japanese scientists and engineers

Î Plans intercepted by code breakers at Bletchley Park
Î HMS Venturersent to intercept

Source:en.wikipedia.org



Source: www. Uboat.net



Î Venturer
ÍRoyal Navy V Class
Í545 tons, 206 ft in length
ÍΩȱ ÇÕÎȟ ή ÔÏÒÐÅÄÏÅÓ ɉΪ ÂÏ× ÔÕÂÅÓɊ
Í13 knots (surface) 9 knots (submerged)
ÍCrew of 37

ÎU-864
ÍGerman IXD class
Í1616 tons, 287 ft in length
ÍΧΦΫ ÍÍ ɉͻΪȱɊȾΪΫ ÍÍ ɉͻΨȱɊȟ ΨΪ ÔÏÒÐÅÄÏÅÓ ɉΪ ÂÏ×ȟ Ψ ÓÔÅÒÎɊ
Í19.2 knots (surface) , 6.9 knots (submerged)
ÍCrew of 73 (including scientists for transport to Japan)

Source:militaryhistory.about.com



Î U-864 runs aground January 1945  and routed to Bergen 
for repairs

Î Delayed by RAF bombing on 12 January
Î Cleared area by 6 February but had to turn back with 

engine problems
Î Escort arranged for 10 February but periscope seen by 

Ventureron 9 February
Î Venturerfollows to sink upon surfacing  but ultimately fires 

4 torpedoes in 3-D firing solution to avoid U-864 escape
Î 4th torpedo strikes U-864 more than 3 minutes after firing
Î Only instance of submarine sinking another submarine 

while both submerged

Source: www.ww2incolor.com



Î,ÁÔÅ ΧίίΦȭÓ- amateur historians and 
declassification of war documents leads to a 
renewed search for U-864

ÎDiscovered by Norwegian Vessel Tyr in Spring 
2003 in 150 m (~500 ft) of water after a nearly 5 
year search

Source: www.history.navy.mil











One intact but initial 5 mm 
wall reduced to 1mmOne Empty

Two Located
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Background

II

Moderately 

polluted

III

Significantly 

polluted 

IV

Severely 

polluted

V

Extremely 

polluted

<0.15 mg/kg 0.15-0.6 mg/kg 0.6-3 mg/kg 3-5 mg/kg >5 mg/kg Old guidelines (which 

the Figure is based on)

<0.15 mg/kg 0.15-0.63 mg/kg 0.63-0.86 mg/kg 0.86-1.6 mg/kg >1.6 mg/kg New guidelines (valid 

from February 2008)
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Mercury in the Environment
Alpers, C.N. et al., USGS, 2005-3014

65 tons of mercury 
Equivalent to enough 
Mercury to contaminate
.ÏÒ×ÁÙȭÓ ÔÏÔÁÌ ÆÉÓÈ ÃÁÔÃÈ
for 30 years



ÎObservations only account for 3-15 tons of 60 
tons believed to be in the submarine

ÎWhere is the remainder?

ÍDispersed at time of sinking?

ÍDispersed subsequent to sinking?

ÍRetained within keel of submarine?

ÎRemote vehicles to confirm but withdrawn when 
sediment showed instability



Î Salvage submarine?
ÍCan submarine be raised intact 

without loss of mercury?
Í60 + years of corrosion- ability 

to support its own weight?

Î Entomb submarine?
ÍMaterial selection?
ÍAbility to  place  and retain 

with confidence?
ÍLong term effectiveness?
ÍPotential for encouraging 

mercury methylation?
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Effects of Capping
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Conceptual Model
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Will capping increase methylation?

ÅObserved a ~50% increase in MeHg in test sediments 

(Lavaca Bay), but what about North Sea sediments?

ÅSimilar sulfur/sulfide concentrations but less organic 

matter which drives microbial activity causing sulfate 

reduction

ÅCan mercury and methyl mercury retention be guaranteed 

in perpetuity?

ÅPerpetuity difficult to predict but increased        

methylation modest and expected to remain  buried 

below cap

ÅMercury mobility low and can be further reduced 

through amendments

ÅCapping/Entombment Feasible!



ÎTeams of experts evaluated all approaches/factors

ÍEntombment/capping

ÍSalvage

ÍSubmarine corrosion

ÍGeotechnical considerations on sea bottom

ÎRecommendation for burial/capping in place to 
Norwegian Coastal Authority ɀFall 2008

ÎSpring 2009 ɀExploration of removal


