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Summary

The results are based on field and supporting laboratory studies of

the regions of the lake in and near the Duluth—Superior harbor and the

North Entry of the Keweenaw Waterway. The report deals primarily with

the effects of trace metals (primarily mercury and zinc) in dredged

material dumped on or near known benthic communities in these two regions

of the lake . The biological effects of turb idity , arsenic , petroleum

residues and ot~’~r pollutants of Lake Superior harbors have not been
II

assessed , because they were not included in the contracted scope of work .

In carrying out this investi gation , field studies were conducted in

cooperation with the Aquatic Research Group of Michigan Technolo gical Uni-

versity and with Mi chael Sydor of the Universit y of Minnesota—Duluth.

These studies included 1) the description and areal mapping of sediments ,

and their trace element characteristics and the macro -berithic organisms , H

especially Pontoporela affinis , and 2) the description and evaluation of

the dynamic characteristics of the water environment includin g sediment

transport, turbidity , currents and wave effects.

Supporting laboratory studies included 1) the determination of the

responses of Pontoporeia affinis to sublethal concentrations of mercury

and zinc in sediments under controlled conditions , and 2) the development

of a procedure for accurately determining the pollutional status of sedi-

ments in terms of trace elements including heavy metals.

The details of these studies are gi ven in volumes 2-5 of this report.

• A. Results

The resul ts of the entire study, su mmari zed In Volu me 1 , are con-
ven1ently grouped under two questions:

- - ‘ .-
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1 . Are the trace metals present in Duluth-Superior and Keweenaw sediments

a threat to man and the lake ecosystem?

2. What are the possible effects of disposal of dredged material in Lake

Superior compared to the effects of natural sedimentation processes?

Both questions are relevant to other Lake Superior harbors and probably

to other Great Lakes harbors where the same metals and lake organisms are

found. This report contains an assessment of some specific environmental

effects expected from in-lake disposal of dredged material in Lake Superior.

The results of the investigation support the following conclusions:

In response to question 1:

1. Mercury

a. The highest concentrations of rrercury arid other metals are found in

the fine clay-size fraction (less than two micro n particles) of the

harbor sediments and lake sediments . Mercury concentrations of 0.1-

0.4 mg/kg 1 in the clay-size fraction can be considered natural concen-

trations at Duluth—Superior , characteristic of local soils.

b. In controlled laboratory experiments mercury added to sediments in an

available form at concentrations of 2.15-3.35 mg/kg , had an adverse

effect on groups of Pontoporeia affinis ; an important food source for

Lake Superior fish. These animals experienced reduced activity and

their body burden of mercury was multiplied by several orders of mag-

nitude during fi ve days exposure to the sediments . The same tendency

for reduced activity and multiplied body burden of mercury was observed

during controlled tests with two day exposures to 0.65—1.15 mg/kg of

available mercury in the sediments .

c. Disposal in the lake of dredged material , containing concentrations of

mercury at 0.6 mg/kg or higher in the clay—size fraction characteristic

1 Concentrations in sediments and organisms are based on dry weight.
One milligram/kilogram (mg/k~~~ one part per million (ppm).

x 



of benthic community habitats , may have adverse effects on the benthic

animals in the lake similar to the effects observed in the laboratory .

These effects are most likely to occur if the ma terial is dumped in

areas of the lake where it will be available to benthic animals before

dilution by norma l sedimentation or dispersion by wave action and

currents .

• d. The effects of mercury on Pontoporeia activity and body burden may

already be occurring at certain lake locations near Duluth—Superior

where some groups of Pontoporeia and sediment samples have concentratio ns r. -

of mercury up to 2 mg/kg in Pontoporeia and 1.2 to 4.2 mg/kg in the clay

size fraction of the sediments.

e. Pontoporela wi th high concentrat ions of mercury may be a major source

of mercury to fish and to the human consumers of these fish. Analysis

of selected pelagic fish and bottom feeding fish indicates that mercury

is concentrated in hi gher orders of the Lake Superior food chain.

2. Zinc

a. In controlled l aboratory experiments , z i nc , added to sediments in an

available form at concentrations of 58.5—123.5 mg/kg had an adverse

effect on groups of Pontoporeta, l owering their activity and increasing

their body burden during five days exposure to the sediments . The lab-

oratory sediments more readily released zinc in a soluble form than the

harbor and lake sediments that were tested .

b. Harbor and lake sediments at Duluth—Superior have similar tendencies

to release zinc in a soluble form. Dredged material , containing zinc

with availability and concentrations in the fine fractions similar to

natural sediments , will probably add no additional stress to the benthic

communities unless there are synergisms with other pollutants in the

dredged material .
xi
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c. Sediment contain ing 58 mg/kg or mo re of soluble zinc in the clay—size

fraction h ill probabl y h ave an adverse effect on the Lake Superior

benthos in areas where the metal w i l l  be avai lable to the benthic

communities before being diluted by norma l sedi r’-t tat ion or dispersed

by wave action and currents. Sedi ments from the lake and harbor with

hi gher co nce ntr j t~ons of zinc may have zinc in less avai lable , non—

soluble forns as irdicated by our analysis.

d. Zinc co ncentr at~ons of 140-230 mo/kg in the clay-size fraction of sed i—

rents can be considered natural concentrations at Duluth—Superior ,

characteristic of local soi ls.

e. There a~e si gns of zinc p~ l 1u t io n in sediments from the old Superior

dumps ite and nearby areas of the lake at Duluth-Superior , with zinc

concen trations as high as 360 mg/kg in the clay—size fraction.

f. Anal ysis o~ zinc in Pcntoporeia and fish showed no evidence of higher

concen trations in the higher orders of the Lake Superior food chain.

3. Othe r Tra ce Eleme nt s

a. Copper is found at high concentrat i ons in sediments along the north and

west coasts of the Keweenaw Peninsula. The sources of much of this

copper are the stampsand deposits at Freda and Redridge . There is some

evidence , collecte d by Michigan Technological Un i versity scientists ,

which suggests that populations of Pontoporeia in the Keweenaw area are

adversely affected by copper in the sediments .

b. Concentra tions of copper at more than twice the background value , were

detected in sediments from some harbor and nearshore lake sites at

Duluth—Superior , indicating cultural pollution.

c. Copper concentrations of 65-88 mg/ kg in the clay-size fraction of sediments

can be considered natura l concentrations at Duluth-Superior , characteristic

of local so i ls .
xii
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Our study indicates that mercury in sediments Is a potential health

hazard to man in this area because of the ability of aquatic organisms to

take up this metal and concentra te It at successively higher values in

higher orders of the Lake Superior food chain. Mercury and zinc In

sediments are a potential threat to the Lake Superior aquatic environment

because of the demonstra ted effec t of these metals in depressing the

activi ty of Pontoporela affinis , an important part of the Lake Superior

food chain. Copper in sediments at Duluth-Superior and at the Keweenaw

Peninsula may be a threat to the aquatic environment but the specific

effects of this metal on the benth ic organisms In the lake are not known. • -

In response to question 2:

The answer to this question requires comparisons between the effects

of In-lake disposal of dredged material and those of natural processes of

sediment movement and deposition . Both qualitative and quantitative dif-

ferences are considered.

4. Dredged Material Quality

The q u a l i t y  of dredged material from Duluth—Su perior harbor varies con-

siderably from one site to another. Some dredged areas of the harbor have

predominantly medium to coarse sand wi th low concentrations of trace metals

while other areas have sediments w ith very large percentages of silt and

clay and high concentrations of trace metals associated with the fine frac-

tions. If polluted dredged material is dumped in the lake , the effects on

the lake environmen t will be qualitatively different than the effects of

natura l sediment inputs . Even disposal of unpolluted dredged ma terial can

have an adverse effect on the ecosystem if the material is placed directly

on benthic populations.

x l i i



5. Effects on Renthic Comm unities

Disposal of dredged material over densely populated benthic communities

will cause burial and possibly high mortalit y of the organisms within the

area of rapid sett l ing. If the dredged material is primarily coarse to

medium sand , there will be a long-term loss of suitable habitat for Pon-

toporeia affinis which prefers fine sediments. Trace metals or other

pollutants in dredged inate’-Li l dumped on or near benthic c ommunities wi l l

be more directl y avaihib le to these organisms than pollutants in dredged

material dumped nearshore , or pollutants in the sediment load of rivers

which discharge into the lake. The increased availabilit y of some metals

may h ave an ~d~’oi- ~ e t f e ¼  t on the benthic communities as Indicated by our

behaviora l bioass ays .

6. Quantities of Dredged Ma terial

If most drodqed material from Duluth -Superior harbor were placed in the

l a ke,  the quantit ioi~ would he measureable additions to the total sediment-

budget. The 90 .000 cubic yards of ma teri al p lace d near Minnesota and Wis-

consin Poin t s from ma intenanc e d redg ing i n 1975 was 41 percent of the estimated

annual sediment i nput from Douglas Coun ty streams . Lake disposal of new work

dredg ing at 1963 level s would equal 61 percen t of the ave rage annual i nput

from shore l ine ero-.ion between Superior Entry and Bark Point, Wisconsin .

At the Keweenaw Waterway , the 88,450 cubic yards of dredged ma terial

placed in the lake In 1973 was equal to 40 percent of the estimated net

littoral transport for that year.

7. Long Residen~e Time for Flushing Conservative Pollutants

Any in-lake disposal of dredged mate rial is likely to add pollutants t~

Lake Superior. Dissolved , b i olo g icall y inactive pollutants may remain in

x iv

- -4



U

the water column for a long time. Pollutants In pa rticulate form settl e

to the bottom. If these pollutants are not metabolized they may remain

indefinitely. Every effort should be made to reduce the quantities of

pol lutants entering the lake recognizing that although Lake Superior

responds very slowly to conservative pollutants , a long time is required

for these pollutants to be flushed from the lake . If contained , harbor

disposal of all dredged material is not possible , the environmental effects

of In-lake dredged ma terial disposal can be reduced by careful quality
‘I

control and by selection of suitable disposal areas.

B. Recommendations For Reducing Environmental Effects of Dredged Material
Disposal in the Lake

1. Modifications to the Present Criteri a for Evaluating Harbor Sediments

a. Chemi cal analysis of harbor sediment samples should Include the deter—

mination of trace metals in the clay—size fraction of the sediment.

The local background concentration of each metal in the sediment

frac tion should be used as a ‘ no pollution ” value .

b. The following ranges of values should be used as no pollution values

in the clay-size fracti ons of Duluth-Superior harbor sediments :

a. Mercury: 0.1 - 0.4 mg/kg

b. Zinc: 140 - 230 mg/kg

c. Copper : 65 - 88 mg/kg

c. Sediments containing more th;tn the maximum background concentration

shoul d be considered polluted. Background values of trace metals at

other harbors on Lake Superior may be different from those at Duluth-

Superior , and should be considered on an individual harbor basis.

d. There may be considerable variations in the characteristics of sediments

wi thin a single harbor area which is c lassified as non—polluted ,

xv 
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moderately polluted , or heavily polluted . Some sediments may be polluted

or unpolluted silt and clay while other sediments nearby may be primarily

sand. Guidelines used to determine the suitability of harbor sediments

for in— lake disposal should include consideration of variations in the

percentage of fine sediments and variations in sediment pollution within

a classified harbor area.
~~
. Some form of quality control should be developed for use aboard the

dredge to determine whether to use lake or harbor disposal when the

dredge is operatin g wi thin harbor areas approved for in-lake disposal.

This monitoring function ic ossenti al in harbors where sediment quality

is highly var idL ~1e.

2. In-Lake Disposal Sites at Duluth—Superior

The most like ly adverse env ironmental effects of dumping dredged

material In Lake S u;e r io r  w ill occur in disposal areas where there are water

intakes , densely popul ated benthic communities , or fish spawning grounds.

Disposal of dredged ma terial should be restricted to near-shore areas as

far as possible from water intakes and productive benthic areas. Disposal

at these sites , where frequent wave-generated turbidity occurs , would result

in di lution of potent ia l ly harmful pol lutant concentrations by erosion

and sedimentation. However , even with dilution , dredged material with higher

than background values of trace metals will place an additional cultura l load

of the metal on the total lake environment. This is particularly a problem

with mercury because of its demonstrated effects on the benthos and concen-

tratlon by the food chain.

a. In-harbor , or preferably, contained disposal is recommended for all

dredged material , particularly material containing pollutional concen-

tratlons of mercury or other trace metals with a demonstrable effect

xvi
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on aquatic organisms or the potential for long residence time , or

accumulation In the ecosystem.

b. If harbor disposal is not possible for all dredged material because of

adverse environmenta l effects on the harbor , the followi ng sites are

recommended for reducing the likelihood of adverse environmental effects

on the lake from the presence of trace metals:

1) Dredged material which Is primarily coarse to medium sand should

be placed either near the Duluth Entry of Minnesota Point or In

the nearshore lake waters of Wisconsin Point for possible beach

nourishment.

2) The area which Is less likely to be disturbed by deposition of fine

dredged material than other areas considered , is the nearshore region

between and including Areas 7 and 9 (Figure 4) off Dutchman ’s Creek .

This is an area of frequent turbidity and sparse benthic communities ,

far from water Intakes and shipping lanes . Dredged material placed

In this region wil l be resuspended by wave action and transported 
r -

by curre n ts , with the fine materia l being diluted periodi cally by

suspended sediment from coastal erosion and river discharges .

3. In-Lake Di sposal Sites at the Keweenaw_~ erWay , North Entry

a. The main source of pol luti on in this area appears to be the copper-rich

stampsands from the beach deposits at Freda and Redridge , sou thwes t of

the Entry . The environmenta l effects from the In-lake disposal of

d’edged material containing these stampsands can be reduced by (a)

stabiliz ing or removing the stampsand deposits at Freda and Redridge

and (b) nearshore disposal where the stampsands will be likely to

follow historic sediment dispersal patterns.

xvii
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b. Annual nearshore disposal of dredged material from the outer half

mile of the North Entry channel appears to have some influence in

reducing shoreline erosion north of the Entry , at McLain State Park ,

and should be continued.

c. Lake disposal of dredged ma terial from the Lily Pond channel  shou ld

be avoided unless the expected adverse environmental effects of

alternati ve disposal strategies appear greater than the anticipated

effects of in-lake disposal.

4. Restricted Disposal

One possible strategy for in-lake disposal is to cover modera tely pal-

luted ma terial with “clean ” dredged material . This is cal led “restricted

disposal ” by EPA. Restricted disposal of moderatel y polluted spoil appears

to be impractica l at Duluth-Superior because of the long distances (17-25

km) to disposal areas beyond the depths of wave influence. The adverse

environmental effects on the benth ic community could be severe , as these

deep areas have relat ively high population densities . At the Keweenaw

Wa terway sui tably deep disposal sites are located only 6 km from the North

Entry , but the envi ronmenta l effects would be simi lar to those at Duluth—

Superior.

C. Recommendations for Future Research

1. Additional experiments are needed with mercury to determine the extent

of uptake and behavioral changes in Pontoporeia aff inis exposed to low

concentrations (.6—1 mg/kg) of mercury in sediments for periods longer

than five days .

2. BIoassay experiments are needed with other , potentially toxic trace

metals such as lead , copper , ca dm i um , and other poll utants Identified

x v i i i  
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in Grea t La kes harbo rs. Since two L-O mo re pcll ut a nts often exi st in

the same harbor , syner g istic effects neod t~ be e plored.

3. Future studies of sediment qualit y in harbors ot h r i  than Duluth -Super ior

shoul d include a multi- eleme nt anal y sis of the c’~iv -s ize fraction in

local soils and sediment to detet- ino local background concentrations .

4. Harbors should b~ su ’veyed and sed inen t  sd l - p les  anal yzed by appropriate

methods such as a to l c ihsL rp t i ’ r , in crder to p~~ v i de detai led maps of

harbor areas which bear evidence of trace metal p o llution .

5. A quality contro l method flC~ L1S to be developed for on-boa rd monitoring

of dredged material qua l i ty on a scow load ba sis l~ in- lake disposal

is to be used at harbors wi th  larhe variat ions in  ~ediment quality .

l~~

j

~~

x ix
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I

I. Introduction

This report Is an assessment of environmental impacts associated

with In—lake disposal of dredged mater ial in Lake Superior. This assess-

ment was requested by the St. Paul Distr ict , U.S. Army Corps of Engineers .

Authorization for such environmental assessment studies is contained in

the National Environmental Pol i cy Act of 1969 (Public Law 91-190).

Environmental impact Statements (EIS) have been prepared by the

Corps of Engineers for Lake Superior harbors requiring maintenance at a

level which may have a significant effect on the environment. Lake

Superior harbors maintained by the Corps of Eng ineers are ShOWfl~ ifl Figure

I,-- Statements4 for a few of these harbors (Keweenaw Waterway , Grand

Traverse Bay, Big Bay Harbor , Saxon Harbor , Cornucopia and Port Wing)

included some data from l ake sediment samples. But none of the EIS con-

tained enough information to assess the effects of in-lake dredged

material disposal .,jn their assessment of Duluth—Su perior harbor (used

in the EIS), National Biocentrics , Inc. referred to the possibilit y that

toxic concentrations of metals found in the harbor sediments may be made

available to lake organisms through dredging and In-lake disposal of

dredged material (National Biocentrics , 1973).

1Corps of Engineers , 1974, 1975.
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In September of 1973 , our interd isciplin ary team of scient ists at the

University of Wisconsin -Madison heqan work on an environmental assessment

of in-lake dredged material disposal at Duluth-Superior and the northern coast of

the Keweenaw Peninsula near the Keweenaw Waterway. Our purpose was to

gather information about the lake and Waterway environments , to investigate

some possible effects of trace metals on lake organisms and to consider

several alternate methods of in-lake dispos al in order to provide the

Corps of Engineers with an authoritative basis for an environmental impact

statement. Severa l groups of investigators worked to carry out the

purpose of this project. Coastal erosion and sedimentation processes

were i nvesti gated by our qeolo~ists. Their work Included a beach nourish-

ment experiment at the Keweenaw Waterway and a description of sediment

movement in this area based on the distribution of star’psands , a unique

local sediment tracer. Their report , Volume ~~ , contains textura l and

mineralogical descriptions of beach and lake sediments along the

Keweenaw coast and at Duluth -Superior .

The environmental impact of metal availability to organisms has

not been previously studied in the context of Great Lakes dredging and

dumping . Prior dredging -related studies either focused on water quality

effects or were conducted In salt-water estuaries and harbors . An

Important part of our project was designed to obtain some answers to the

following questions:

1 . Are the trace metals present in Duluth-Su perior and Keweenaw

harbor sediments a threat to man and to the lake ecosystem?

2. What is the Corps of Engineers potential contribution , as compared

to contributions by natural processes , in makinq trace metals

available to the lake ecosystem? 

-
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Several groups of investigators worked to obtain answers to these ques-

tions and to assemble information on the biological and trace element

characteristics of the benthic environment.

The biologists designed and ran a set of sublethal experiments to

determine effects of mercury and zinc in sediments on the behavior of

Pontoporeia affinis , an important benthic anima l in the Lake Superior

food chain. They also investigated the effects of these metals on the

susceptibility of Pontoporeia to predation by slimy sculpin (Cottus
cognatus), a common benthic fish in Lake Superior. In order to evaluate . -

harbor conditions and the alternat ives for in-lake disposal , benthic

sampling was done in the harbor and the lake near Duluth—Superior. In

addition , a survey of shorebirds was conducted in both study areas.

The work of the biological group is reported in Volume 3.

Information on the dynamic processes of coastal currents , flow in

the Keweenaw Waterway and wave activity were obtained by our physical

oceanographers . The information on these dynamic physical processes

is included in Volume 4.

Soil scientists did trace element analysis of benthic organisms ,

fish and sediments from the harbor and lake and from laboratory bioassays .

They also developed a method for identifying abnormal concentrations

of trace elements in har bor and lake sedi ments. The ir wor k on the

avai lability of soluble zinc in harbor and lake sediments to water was

used to relate the laboratory experimen ts with zinc-enr iched sediment

to lake conditions. The work of this group is reported in Volume 5.

Our assessment of environment effects of in-lake dredged material dis—

posal in Lake Superior was conducted for the St. Paul District Offi ce of the U.S.

Army Corps of Engi neers under contract number DACW37-74—C—00l3. Related

- - - - ________
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studies were carried out under separate contracts by personnel at the

Michigan Technolog ical University (MTU) in Houghton and the University

of Minnesota at Duluth (UMD ) and are recorded in separate reports (Mlii ,

1975; Sydor , 1974, 1975). Coordination of the contract work at these three

institutions was the responsibil i t y of the Marine Studies Center ,

University of Wisconsin-Madison .

Following their 1973 environmental assessment of ten Michigan

harbors on Lake Superior , the Aquatic Research Group at MTU “

evaluated biological , chemical and geological features of the benthic j
environment in the lake neat- the Keweena~ Waterway North Entry in 1974.

Their samp ling extended some 40 km along the coast and into the

Waterway in an investigation of seasonal and spat ial changes in the

environment. Dr . Michael Sydor at UMD investigated the effects of

water circulation patterns , turbidity , currents and the influence of

wind on these phenomena in the waters off Duluth -Superior. The

reports of these investi gators are referenced throughout the five

volumes of this environmenta l assessment report.

This summary volume draws together evidence gathered by all of

the research groups in order to make a combined assessment of environ-

menta l effects of dredged material disposal in the lake . The alternatives

in section V and their attendant effects are based on the data assembled

in the other four volumes . The reconi-nendations and conclusions stated

here include some which are based on the results of more than one

group~s research , and are , therefore , not found in the other volumes.

LA ___
_* — —.----~~~
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II . Environmenta l Sett ing

A. Geographic Settin g

Because of the unique character of Lake Superior , the environmental

effects of dredging and dredged material disposal must be subject to ri gorous

and critical evaluation . Some features of Lake Superior are given In the

following table:

Table l

Some Physical Characteristics of Lake Superior 
p.

Surface area 82 ,000 km2

Length 565 km

Breadth 258 km

Mean depth 148 m

Maximum depth recorded 406 m

Volume 12 ,200 km3

Length of shoreline (including 4 ,800 km
islands)

Area of drainag e basin 210 ,000 km 2

Annual mean outflow rate 2 ,100 m 3/sec .

Relative to area , Lake Superior is the largest body of fresh water in

the world. It i s an ol i gotrophic lake with exceptiona lly high water
*

quality . Total dissolved solids average less than 60 mg/kg . The con-

centration of suspended solids is less than one mg/kg in mid -lake . Lake

Superior constitutes the headwater of the entire Laurentian Great Lakes .

The relatively small amount of outflow , as compared to the size of the lake ,

**results in a calculated flushing time of about 183 years.

*Data from the Great Lakes Pilot (1974), Corps of Engineers (1969).
**FluShing time Is calculated by dividing the lake volume by the annual

mean flow .

-
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Biological l y, Lake Superior has been characterized as a ‘desert ’

because of the l a k e ’ s low nutrient levels and hence , i t s  low biological pro-

ductivity . The orig inal fauna , typical of a sub-arct ic oligotrophic

lake , have been significantly altered by the invasion from the ocean of

the sea lamprey (Petromyzon marinus) . Further changes have been

consciously brought about by human interventions via the stocking of

various species of trou t and salmon . Changes in the lower trophic levels,

namel y the  algae and ben thic invertebrates may also be occurring due to

man-induced changes in sedimentation patterns and pol lution , However , these

changes are almost certainly l ocal rather than lakewide . Despite alterations

of species composit ion , the overall biological product ivity and standing

crop of both plants and animals has remained and will probably continue

to remain low , as compared to other Great Lakes . Pontoporeia affinis ,

a burrowing crustacean , is one of the most widely distributed and

abundant benthic creatures . Species of ol i gochaetes (sludge worms),

sphaeriids (fingernail clams), chironornids (fly larvae) and nonburrowing

crustacean Mysis relecta are part of the benthic invertebrate community .

The sculpins (family Cottidae) and longnose suckers (Catostomus catostomus)

represent the major bottom-feed i ng fish. Pelagic fish include American

smelt (Osmerus mordax), lake trout (Salvelinus namaycush), burbot (Lota

iota), whitefish (Coregonus clupeaformis), and lake herring (Coregonus

artedli) . Severa l species of fish have been introduced into the lake by

government agencies. These include brown trout (Salmo trutta), rainbow trout

(Salmo gairdnerl) and coho salmon (Oncorhyncus kisutch), chinook salmon

(Oncorhyncus tshawytscha), and pink salmon (Oncorhyncus gorbuscha ).

Lake Superior is sub-arctic In terms of Its temperature character-

istics. It stratifies very late In the heating season (July) and only 

- - - - - -5- - - -
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small amounts of its surface area e~er exceed 15
0C,and then for only a

few months . Althoug h the lake seldom freezes over completely, the bays,

harbors and nearshore areas are ice-cove red from December until as late

as June . Shore ice sometimes has a protective effect, shielding the

beaches from winter storms . At other times , ice in movement along the

coas t i ncreas es eros ion.

Our two study areas, the Keweenaw Peninsula and the Western Basin

near Dulu th-Superior , contrast in several ways . Extending along the

Keweenaw Peninsula , an uplifted highland marks a break in the earth ’ s p.

crust which is called the Keweenaw Fault. Along the northern coast, this

highland rises steeply from the lake floor with lake depths of 240 m

wi thin 3 km of the coast. Adjacent to, and southwest of the Waterway,

the bottom slopes more gradually to depths of 40 m , 6-9 km offshore .

The Keweenaw Peninsula shoreline , in the area of the Waterway , is scenic

with tree-topped cliffs and sand or cobble beaches. Some shoreline

deve~öpment in terms of cottages or resorts exist , and 16 km south of

the Waterway the smokestacks and ruins of the Redridge and Freda stamping

mills remain as signs of past copper mining activity . Stampsand

deposits from these mi l ls -  have high residual metal content and are found

on the beaches and in offshore sedimenI~ along this coa~t. The entire

coastl ine is exposed to the activity of waves and winds moving over

80 to 210 km of open wa ter . In the summer , the Keweenaw current develops ,

flowi ng swiftly northeast along the northern coast of the Peninsula.

The Keweenaw Waterway is a natural waterway except for the last few

kilometers near and including the North Entry . This area was excavated and

completed during the late 1800 ’s. The opening of the Entry affected

- 
-- - -  --
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the adj acent l i t tora l ~on t ’ , p rov i di n~ an p ’S ap e f er ‘.a iid from the

11 t tora I drl ft system . Conip let ion of t he ~a t ( ‘ rwa ’ a I so provided an

avenue Into Lake Superi or for  f i n e - g r a ined , suspended materi al wh ich

was generated in the W a terway drainage area. Thi s action provided

a new source of nutrients and pollutants to  the lake from the flushin g

of the channel caused by the  seiche of the lake .

Duluth — Superior is an active intern ational port at the t ip of the 
S

long western ann of Iake Super ior . The offshore ~-.ater is relatively

shal low , reachin g 40 rn in depth 14 kit east northeast of Duluth -Superior.

Wind —driven current ’~ neat - U ’ u l u t h— Su per io r  eriti into eddies which

occasional ly c i rculate cedim ent-l aden water over a large area offshore .

The Minnesota coastline north of Duluth is characteri:t’d h~ basa l t i c

bedrock and boulders weathered from g lac i a l  t i l l  The southern ,

Wiscons in coast l ine ha’; sa ndy beach es and steep banks ~f red c l a~
Petween these two contr as t  i nq co a st  s , a 1 onq — sand v hat - formed act-o s s

the mouths of the St.  Lcu i s  and Nemadj i Rivers due to w e st wa rd1 movement

of sediment in the south shore l i t to ra l  transport system . Thi s for mat ion .

beg inning when the lake was at a 1 ower leve l rea ted the pt-esen

Superior Pay, Minnesot a and WI scons in Point s

1Westward-movernent toward the west , southwest , northwest.

‘~~
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B. Harbor Setting

1. Duluth-Superior

Duluth—Su perior harbor is the l argest Lake Superior center of

commercial shipping with a total maritime commerce of roughly 36 million

metric tons in 1974 (Seaway Port Authority of Duluth , 1974). These

Twin Ports are a shipping point and trade center for bulk commodities

servi ng an exte nsive area from Canada to the Roc ki es and from Nebras ka

to central Wisconsin. In 1973, there were 2630 arrivals of vessel s with

draf ts  greater t han 12 feet , com ing to p i c k  up or to d i sc harg e cargo

(Corps of Engineers , 1973).

The major por t ion of the cargo moving out of the Twin Ports

consists of i ron ore and grain. In 1974, iron ore and concentrate ship-

ments amounted to 28 million metric tons. Exports of grain in 1974

totaled 3.4 million metric tons , and shipments of grain to other U.S.

Great Lakes ports amounted to roughly one million metric tons.

The economic picture for the Duluth-Superior harbor is one of

significant projected growth. At the present time , port commerce in

total annual tonnage is far below the 70 million metric tons during the

peak days of the high-grade iron ore shipments from the Minnesota i ron

ranges . A major source of outbound cargo (coal) is expected to develop

when the Burlington -Northern coal handling facility is completed .

Shipments are expected to total nine million metric tons per year

initially, with the prospect of eventually reaching 18-24 million metric

tons annual ly (NBI , 1973).

Future growth in i ron ore shipments is also expected , as ev idenced

by the current construction of a taconite shipment facility in Allouez

- -
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Bay . The planned reopening of the Lakehead terminal will Increase the

shipment of petroleum front this port to roughl y one million metric tons

per year. With larger shipments of iron ore , coal , and oil contributing

to the commerce of the harbor , it may be able to once again reach Its

former peak tonnage level and provide some increased employment

opportunities .

The number of harbor-related jobs in Duluth-Superior is estima ted

at 2 ,500-3 ,000 out of a tota l 1970 labor force of 53 ,100 (National

Biocentr ics , 1973). This does not include a substantial number of local

residents who serve as crews on lake vessels. In addition , the largest

employers in Duluth and Superior (the Duluth , Mesabe and Iron Range

Railway and Fraser Shipyards) are directly oependent upon the port

for their viability .

The commercial aspects of the harbor are not its only assets.

The scenic beauty of the lake and harbor and the presence of ocean-

going vessels and lake carriers attract tourists and boaters to the

Twin Ports. The two cities are a major tourist attraction in the Upper

Midwest and have a large percentage of the recreational small boat

traffic in the Lake Superior Basin.

‘— - -  
—
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2. Keweenaw Waterway

The Keweenaw Waterway was purchased by the United States Government

in 1891 and has been maintained as a commercial waterway by the Army

Corps of Engineers ever since . At the presen t time , the Waterway is -

used chiefly by recreational boaters cruising its 32 kilometers of

water bordered by steep, wooded bluffs and low hills. Commercial use

of the Waterway includes occasional transits by the smaller lake
p.

carriers seeking to avoid mid-lake navi qation around the tip of the
PS

peninsula or as a harbor-of-refu ge from storms . The Waterway is also

used by a few commercial fishing boats, survivors of a once numerous

commercial fishing fleet . The National Park Service uses the Waterway

as a base for the “Ranger ” , a vesse l used to transport visi tors to Isle

Royale , 80 km n o r th w e s t  of the peninsula . A total of 668 passages II

under the Houghton- Hancock brid ge were trade for commercial and pleasure

ves sels in 1973 , including 69 c’re boats and tankers passin g through the

Waterway (Wright, 19741.

The Keweenaw Waterway has declined as a port in tonnages of commodities

shipped and received since 1963 (NB!, 1973). Total port tonnage declined

from approxima tely 473,000 metric tons in 1963 to 86,000 metric tons in

1969. Between 1969 and 1974, port traffic fluctuated between 63,000

and 137 ,000 metric tons per year (Corps of Engineers , 1969-1974 ). The

tonnages of cargo on ships passing through the Waterway has ranged between

45,000 and 364,000 metric tons per year during the 24 year period between

1950 and 1974. In the most recent period of 1971-1974 , through traffic

varied from 118,000-228,000 metric tons/year. In terms of total traffic,

the 264,000 metric tons carried in the Waterway in 1974 was less than

half the yearly tonnages in 1961-1964.
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A steady decline in port traffic of coal , coke, and lignite since

1963 combined wit h the depressed economies of the region to cause the

decline In Wate rw ay useage (NBI , 1973). While ships still use the Keweenaw

Waterway , the majori ty of Lake Superior shipping passes by the tip of the

Keweenaw Peninsula enroute to Duluth-Superior or other ports .

~5
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III. Description of Corps Proj ect Activity

A. Duluth -Superior Harbor

The Corps of Engineers has nta intained this harbor since 1872. In i-

tially there were two separate harbors . These were united as a single . -

p.

project in 1896. The channel maintenance and deepening project has
PS

grown greatly since that time . By 1950, channel maintenance dredging

included the Du luth  Harbor Basin , the East Ga te Basin , the Superior

Front Channel , A llouez Bay, Howards Bay , St. Louis Bay and the Minnesota

Channel. A map of the harbor area is shown in Figure 2. —

The stat ist ical  history of this project i n  term s of cubic yards of

dredged material removed is shown in Tables 2 & 3. Through 1967, 75 per-

cent of this material (41 mi l l ion cubic yards ) had been dumped in Lake

Superior (Corps of Enqineer s , 1974). The two niajor offshore dump sites

have been : S

1 . A one mile diameter a rea , located 105 degrees from North , 1-1/2

mi les (2.4 kn) from the Duluth Ship Canal South Pier to the

center of the area.

2. A one mile diameter area , located 10-30 degrees from North ,

2 miles (3.2 km) from the Superior North breakwater to the

center of the area .

—5 
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Table 2

Maintenance Dredging at Duluth-Su perior Harbor

Avera 9e Annual
Year(s) Cubic Yards Removed Removal (Cubic Yards)

1898—1939 3 ,786 ,711 92 ,359

1940-1949 992 ,427 99 ,243

1950-1959 2 ,157 ,455 215 ,745

1960 85 .582

1961 75,820

1962 100 ,055

1963

1964 9 ,400

1965 4,200

1966 20,000

1967 72 ,590

1968 Open—lake disposa l stopped .
Subsequent disposal in the
2 1st Avenue Slip area.

1969 29,100

1970 25 5,430

1971 42,550

1972 73,900

1973 97,100

1974 14 ,000 in-lake disposal

1975 90 ,000 in-lake disposal
1966-1975 680 ,670 68,067
Data Source : U.S. Army Corps of Engineers
Listed yardages are placed yardaqes.
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Table 3

New Work Dredging at Duluth-Superior Harbor

Year(s) Cubic Yards Removed

Thru 1939 41 ,445 ,130

1955 480 ,932

1956 540 ,013

1962 100,000

1963 2 ,545,015

1964 1,847 ,891

1965 471 ,080

Data Source : U.S. Army Corps of Engineers

From 1968 unti l 1974 , dredged material , classified by EPA as polluted,

was dumped in the 21st Avenue Slip. tinconfined dumping in the 21st Avenue

Sl ip area was an interim arrangement , made by the Minnesota Pollution Control

Agency , the U.S. Environmental Protection Agenc y (EPA) and the Corps unt il

a contained disposal facility could be constructed on the site . In 1974,

the 21st Avenue Slip was not available for disposal , and littl e dredging

was done . In November and December a total of 14 ,000 cubic yards of dredged

material was removed from harbor channels and placed in the lake (Whiting ,

1976). In May , 19 75 the harbor was re-sampled by EPA. Subsequently, some

_ _ _  - -5--— - - -
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. 
—areas of the harbor were reclassif ied as unpolluted , and dredge material

from these areas was declared suitable for in-lake disposal. Other areas

were reclassif ied as moderately polluted and dredging from these areas

were suitable for restricted 1 in-lake disposal . Some areas were classified

as heavily polluted and dredged material from these areas had to be con-

fined (EPA , 1975). During the spring and summer of 1975 , the Corps of

Eng ineers used 58,000 cubic yards of dredged materia l for beach nourish-

rnent on the l ake side of Wisconsin Point, and 32,000 cubic yards for —

nourishment of Minnesota Point (Mueller , 1975). —

Maintenance and pe rmi t dredg i n g  i n  the  Duluth -Superior Harbor is

performed by dipper , clamshell and h y d r a u l i c  dredges which load the

dredged material into bottom dump scows . The scows (or barges) are towed

one at a time by a tugboat to the dump site while the dredge fills another

barge . Approximatel y 150 ,000 cuLlic yards of sedi~ ent will be removed annually

in the entire harbor during future maintenance dredg ing (Corps of Engineers ,

1974). Roughly one third of the material is removed by permit dredgers .

Nearly all permi t dredging is associated with maintenance dredging of dock—

side and slip areas and is performed by private contractors for the dock

or s lip owners . Corps of Engineers maintenance dredging in the Duluth—

Superior Harbor is presently performed primar ily by the dipper dredge

GAILLARD and the clamshell dredges COLEMA N and DK-20 in conjunction with

tugs , tenders and bottom dump scows . Maintenance dredging at Duluth-

Superior is done to maintain depths of 32 feet at breakwaters , 28 feet at

pier heads and 27-28 feet in main channels and basins.

1The polluted material w ill be covered with clean dredged material . 

- -  ~ - -—-5-- - - - -—- - - - -- - , - -  ~~~~- - -5- --~~-~~~~~~~~~~~~ -5- ~~-~~~~~— — ~~~~~~~~~~~
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Sediments dredged from the Duluth-Superior Harbor consist of sand ,

silt and clay . It is likely that most of the silt and clay represents

bedload deposition from the St. Louis and Nemadji rivers . The Nemadji

River is known to carry a heavy sediment load during the spring run—off

and during periods of persistent or heavy rainfall .

A total of 54,800,000 cubic yards of material has been dredged by

the Corps since 1896 (Corps of Engineers , 1974). An estimated 85% of

this material was removed as new work while the Corps was participating

in the conversion of the harbor from a small ship canal to a network of

channels totaling 17 miles , extending from Big Bay Island in

the St. Louis River to Allouez Bay at the east end of Superior Bay .

Confined disposal of polluted dredged mat~rial is being planned for this

harbor. A large site at the Erie5 pier l ocation is currently being

studied as a possible location for a disposal facility .

In addition to maintenance dredging activities in the Duluth—Superior

Harbor , the St. Paul District maintains breakwaters and piers at the Duluth Ship

Canal and at the Superior Entry. The Corps of Engineers has established

various permanent facilities in the Duluth—Super ior Harbor. They maintain

their Lake Superior Area Office in Duluth at Canal Park next to the

Duluth Ship Canal. A new visitors center and shipping museum is operated

by the Corps adjacent to their offi ce at Canal Park. The Corps also

operates and maintains a Vessel Yard and repair facility for the various

pieces of dredge and attendant equipment on the harbor side of Minnesota 
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Point south of the Duluth Ship Canal. The Vessel Yard comprises several

repair and maintenance buildings as we ll as a pier and dock where various

types of floating equipment can be tied up.

B. Keweenaw Waterway

The Keweenaw Waterway is located on the Keweenaw Peninsula of northern

Michigan and connects the open waters of Lake Superior with Keweenaw Bay

(F i gure 3 ). The 22 m ile long waterway utilizes a natural river , a natura l

lake and a man-made canal . It was developed as a shorter and safer ship-

ping route between Marquette and Ontonagon , Michigan. The Waterway was

first comp le ted as a commerc i al ven ture in  l~ 73 h~ the Lake Superior and

Portage Ship Canal Company . It was purchased by the United States Govern-

ment in 1891 and has been r~ainta ined by the Army Corps of Engineers since

that time . The following para c~raphs d e s c r i b e  some of the  a reas  maintained

by the Corps:

Upper Project , Upper Entrance

The section identified as the Upper Entrance is also
variously known as the North , West and/or Superior en-
trance. It is totally man -made and extends from the head
of Portage La ke at Boston Creek 3 1/2 miles northward to
the pier -heads of the two breakwaters which protect the
Upper Harbor entrance . Project elements in this area in-
clude two breakwaters and two steel revetments as well as
a maneuvering basin , a moorin g basin (harbor-of-refuqe)
with mooring piers , and channel dredg ing operations.

The north-sou th oriented Upper Entrance section
has two rubble -mound breakwaters which define the eastern
and western Upper Harbor l imi ts .  The breakwaters situated
to the east and west of the harbor are 2,385 and 2,645
feet in length , respectively, with 50-foot diameter pier-
heads. At the shore , the structures are 3 ,700 feet
apart . Offshore they converge and the distance between
them diminishes to form a 500-foot wide entrance between
the pierheads. Other structural facilities in the Upper
Entrance section are steel revetments along both the east

- -5 -  --
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Dredg i ng operations in the Keweenaw Waterway from 1891 through

1973 have removed 20,726,806 cubic yards of sediment (Corps of Engineers ,

August , 1974). This figure is in excess of the totals for all other St.

Paul District Lake Superior ports with the exception of Duluth-Superior.

The majority of the Keweenaw dredging has been associated with new con-

struction projects in the Upper Entrance , Lily Pond/Portage River harbors-

of-refuge and Princess Point cutoff sites. Corps records indicate that

as of fiscal year 1972, maintenance dredging accounted for less than three

million cubic yards of the total material removed from the Waterway.

The amount of annual maintenance dred ging in the Waterway varies

greatly from year to year as Table 4 indicates. In recent years, mos t

of it has been done in the Upper Entry and Lily Pond harbor-of—refuge

areas. Sediments dredged from the Waterway consist mainly of sand , silt ,

clay and stampsand from defunct copper ore process ing operations. These

sediments have been moved and deposited in the channel by littoral drift ,

wave action , waterway flow and propeller wash from passing ships.

Corps of Engineers maintenance dredging in the Keweenaw Waterway

is presently performed by the dipper dredge GAILLARD , in conjunction

with various tugs , tenders and dump scows. Dredged sediments are placed ,

by the dipper dredge into bottom dump scows for removal from the dredge

site to the disposal area . Past practice for disposal of Keweenaw Water-

way spoil has Involved dumping the material into Lake Superior one mile

northwest of the Upper Entry in depths of sixty feet or more.

- - -~~~~~~~~ - - - ~~~--~~~~~~~~~~~~~~~~~ --~~~~--
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Sand dredged from the area between t he Upper Entry breakwaters has

been used for beach nourishment 1 on the McLai n State Park shorel i ne north

of the Upper Entry . For beach nourishment , the scows are towed to a

minimum water depth of twelve feet before the bottom doors are opened .

In 1970, the entire Waterway was classified as polluted by EPA . More

detailed sediment sampl i ng in the northern most 2.5 miles of the Waterway

during 1972 showed that the 1/2 mile of channe l inside the Upper Entry was

unpol l uted (EPA , 1972). As of November 8, 1974, the entire 2.5 mile sec-

tion was reclassified by EPA as unpolluted (Corps of Eng ineers , 1975). ThIs

is the area where all Waterway maintenance dredging is likely to occur

during the next ten years .

1replacement of beach sand removed by littoral drift or storm waves. 

--~~~~~~~~ - --- - - - 5- - ---- -



26

IV. Environmental Effects of Dredged Material Disposal in the Lake

Earlier studies of dredg ing and disposal , primarily in marine

waters , indicate that possible impacts of in-lake disposal are:

1. Increased availability of harbor pollutants to lake water and

to aquatic organisms .

2. Disruption of benthic communities wi th some mortality due to

burial or to the disturbance of sediments .

3. Increased amounts of fine sediment periodically re-suspended

during storms and re-distributed to other areas with resulting

degradation of water quality and possible adverse effects on - -

C 
aquatic organ i sms .

4. Changes in sediment texture and mineralogy on or near the dump

site resulting in a loss of habitat or an improvement of habitat

for benthic communities .

5. Increased oxygen demand .

6. Increased level of organic material.

7. Changes in primary production of plankton .

8. Impairment of larval or egg development due to changes in

substrate and suspended particles in the water.

9. Impairment of feeding, respiratory and excretory activity of

aquati c organ i sms .

The first four possible impacts on this list are considered in the

following pages . The remaining five i tems on the list were not included

in the sco pe of wor k under our contract, and may or may not be effects of

-

- dredged mater ial di sposal in La ke Super ior.

-—-
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Prior sampling of Lake Superior harbors has shown many of trem to

be polluted with mercury and zinc ’! Much of our research focused on the

availabilit y of mercury and zinc to organisms , on the behaviora l

effects of these two metals in laboratory bioassay experiments and on

the presence of metals in a variety of species in the lake ecosystem.

Our mapping of benthi c communities near Duluth-Superior provided

information needed to assess the potential disruption of these com-

munities by in-lake disposal . Michigan Technological Un iversity ’s

Aquati c Research Group provi ded similar information for the Keweenaw

Waterway and Upper Entry area of the lake . Anal ysis of sediments at

both sites provided data needed to assess the potential increase In

f ine  sediments and the possible changes in sediment texture and

mineralogy which could occur on a dump site in the lake . The sedi—

mentation study at the Keweenaw Peninsula also provided information

on sediment transport patterns and beach erosion . Data on currents ,

waves and other physical processes provided some additional information ri

on suspended sediment movement and possible dredged material dispersal.

The following assessment of environmental effects, based on the few

intensive studies mentioned here , adds new Information on how benthic

animals respond to some pollutants and on the aquatic environment in

both study areas.

A. Increased Availabi lity of Harbor Pollutants to Lake Water and

Aquati c Organisms

In 1967 and 1968, the Buffalo District Office , Corps of Engi neers ,
direct ed a study of dr edging and di sposal alternatives at 37 Great Lakes

T See di scuss ion on page 45.
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harbors from Lake Michigan to Lake Erie. During their study they concluded :

it became apparent that the sampling program could not generate
sufficien t data to make a definite determination of the effects
of dredging operations on water quality , particularly at open-
lake disposal areas (Corps of Eng ineers , 1968).

The Board of Consultants assisting in the study decided that:

in-lake disposal of heavily pollute d dredgings must be con-
sidered presumptively undesirable because of its long-term
adverse effects on the ecology of the Great Lakes (Corps of
Engi neers , 1968).

This conclusion was largely based on bioassay experiments at the University

of Wisconsin—M ilwaukee designed to determine toxic effects of the pollutants

in the dredgings on benthic animals in the lake (Gannon and Beeton , 1971).

We have taken a similar approach to our research , focusing primarily on

bioassays and on sediment analysis. Our bioassays were designed to measure

subtle , sublethal effects of metals on behavior of Pontoporeia affinis ,

a benthic crustacean which is an important link in the food chain of the

Lake Superior ecosystem . Sublethal effects , such as behavioral changes ,

are indicative of changes in the health of the organisms . These changes

may affect the viability of the aquatic community .

1. Pathways for Pollutants Entering the Ecosystem

Harbor pollutants are thought to be available to aquatic systems

primarily in soluble form , and secondarily, as solid exchangeable phase

mater ia l  on organic or inorganic particles . Direct chemical analysis of

water samples has largely failed to detect significant , increased avail-

ability of soluble pollutants in open-lake disposal situations , exce pt on

very small time and space scales (Corps of Engineers , 1968). However ,

rapid dilution or burial of the soluble pollutan ts during dumping can

account for failure to observe an effect. Soluble pollutants in the

L . .  ~~ --‘~.——...- ~~. 
~~~~~~~~~~~~~~~~~~~~~~~~~~
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interstitial water between particles may remain available to benthic

animals burrow ing in the sediment or i ngesting the particles . Soluble

pollutants in lake water may also be taken up directly by fish.

Another pathway for pollutants to enter the aquatic ecosystem is

through the ingestion of contaminated organic or inorganic particles by

benthic organisms . Pontoporeia affinis apparently feed on organic matter

and bacteria in the sediments and ingest inorganic particles while feeding .

Pollutants associated with the particulate ma terial enter the Pontoporeia

and can then be transferred to animals higher in the food chain (Volumes

3 and 5).
F’

2. Availability of Mercury

a. Mercury in Harbor Sediments at Duluth-Superior

Sampling of Duluth and Superior Harbor Basins 1 by EPA (1970, 1973),

National Biocentrics , m c .  (1972, 1973) and the University of Wisconsin-

Superior (1973) indicated mercury concentrations in the sediments of 1-5

milligrams of mercury per kilogram (mg/kg)2. In May, 1975 , EPA re-sampled

the Duiuth and Superior Harbor Basins ’ sediments using a combination of

bulk sediment analysis and elutriate tests. (lulk sediments contained less

than 0.1 to 0.2 mg/kg, well below EPA ’s guideline of 1 mg/kg for unpolluted

sediment. In EPA ’s 1975 survey , some parts of the outer harbor had

clean sediments. Sediments from other areas were relativel y

‘FThe results of this sediment sampling are sumarized in EPA , 1975.
2One mg/kg is equivalent to one part per million (ppm), used in Vo l umes
3 and 5. For comparative purposes mg/kg is used consistently in this
section . All listed metal concentration s are based on dry weight.



— -

30

unpolluted , except for the presence of mercury . Certain sections on

the fri nges of the navigation channel were classified as heavily polluted ,

based on the earlier sampling surveys .

Our 1973 harbor samples had total sediment concentrations in

agreement with the 1975 EPA findings (Volume 5, Table 4 p. 17-22).

Five samples of dredged material were collected May 22-29, 1975 from scows

operating with the dredge 0.0. GAILLARD in the Superior Entry area.

These sampl es had mercury concen trations rangi ng from less than

0.01 to 0.06 mg/kg in the total  sediments (Vo lume 5 , Tab le 4 p. 32-35).

All of these sediments are within the current EPA guideline for sediment

unpolluted with mercury . -

b. Concentrations in the Fine Fractions of Sediments

Mercury , like most of the 22 el ements we analyzed , is found at

higher concentrations in the fine fractions of sediments than in the

coarser fractions. The fine se d iments have a greater capacity for trace

element adsorption tha n do the larger particles. For example , sample

S— Ill -i from the harbor had 0.99 mg/kg in the clay-size fraction and

0.14 mg/kg in the total sediment samp le (Volume 5, Table 4). The clay—

size fraction consists of particles less than 2 microns (0.002 mm) in

diameter. These particles are very mobile in the environment. As a

result , concentrations of most trace elements in this fract ion of

sediment samples from an area like Duluth-Superior will be very similar -—

indicating the widespread dispersion of sedim ents from a common source

(or sources ) . Some elements used by man , like mercury , will occasionally

appear at higher than normal concentrations in the clay-size fraction of

a sample. The mercury concentration in the clay-size fraction of sample 

. — - - -~~. - . - . - -~- . ~~~~~~~ . r . C~~~I - 
- . ::~~~ 
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S— Il l - I  was 2 .5—5 times as hiqh as the mercur~ concentrat ion in the

same fraction of local soils-- indicat ing probable p o l l u t i o n  a t  t h i s

site in the harbor .

Other harbor sediments in our 1973 t~amp1i nq had siml ar enrichment

in the fine fraction . In five out of si~ samples , the clay -size fraction

contained 0.27-0.99 mg/kg of mercury , whi le  the total sediment concen-

trations were less than 0.24 mg ’kq . Onl y sample S-I\ had l ower concen-

trations of mercury in the clay-size fraction : 0.074 nq ’kg . The percen-

tage of clay-size material in these samples ranged from 2 .9-24 percent

by weight (Volume 5, p. 55~ . Three of five scow sar ’rples (with 3-7’~

clay-size material ) had concentrations of 0.58~0 9~ mq/Lo mercury in

the clay-size fraction hut had only 0.02-0.06 mq ’k~ mercur y in the total

sediments .

Analysis of the clay—s i :e fraction will provi de a OocI d indication

of cultura l (or man -r~iade) pollution . This riethod is described in Volume

5, Section II. If fine dredged material polluted with mercury Is dumped

in the lake , the mate rial will eventual ly settle out in deep areas populated

by benthic animals. As a consequence , mercury ma~ he av a i lab le  for

uptake by animals such as P n to~pçireia aff in i~~.

c. Mercury Uptake in ronç~~~re i a a~fin is

The literat ure rev i ew in Volume 3 ident ifi es ontoForeia a nis

as an important anima l in the lower orders ~f Great La kes food chains.  C

Pontoporeia demonstrated a remarkable abilit y to take up ‘nercur~ in

laboratory accumulation ex perime nts. (hen l i v i n~ Pontoporeia were placed

on sediment containing hi qh va l ues of mercur y (3.5-4 ~O kq) , t h ~~ increased

their body burden of mercury from 0.1 mg ko to more than 10 mg k9

In one week and to 40 mg/kg in two weeks--a multip liCa ti on ~f 100-400 times

L - -  ~~~~
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original values , assum ing uniform in i t ia l  body burdens in the animals (Vol ume

3, p. 94). SImilar results were observed at lower sediment concentrations in

the behaviora l experiments. Two days ’ exposure to sediments containing 0.65-

1. 15 mg/kg resulted in a 50-100 times increase in body burden from 0.1 mg/kg

at the start to 5-10 mg/kg at the end of the experiment. Five days exposure to

sediments with 2.15-3.35 mg ’kg produced a body burden of up to 100 mg/kg :

a 1000 fold increase (Volume 3, p. S7) .
After each of the laboratory experiments , the Pontoporeia were placed

on c lean sediment for three days to permi t removal of contaminated sedi-

ment from the gut. The body burden of mercury measured was the total mer-

cury on the exoskeleton and in the flesh of the Pontoporeia.

There are di fferences between the experimental situation , the harbor

and the lake which affect interpretation of the uptake study . These

differences are discussed in Volume 3, Section 111 ,0. The form of mercury ,

route of uptake and extent of methylati on in the laboratory experiments

may have been diffe rent than in the lake and harbor . Poss i ble mec han i sms

of mercury uptake include : direct ingestion , bacter ial inta ke , chemica l

leaching in the gut , adsorption to the exoskeleton. The relative amounts

of soluble , insoluble , and exchangeable phase mercury in the l ake sediments

may differ from the primarily soluble mercury used in the laboratory . The

laboratory sediments were was hed Lake Superior sand with a noticeable , but

unmeasured , quantity of fine sediment and detritus rema ining after washing .

The unknow n quantities of organic ri~itter included periphyton which developed

during the e xperiment. The Trout Lake water used in the laboratory had

slightly different chemical characte ristics than did Lake Superior water

(Volume 3, p. 68). The hardness and pH were similar.

We conclude that Pontoporeia can multiply their body burden of mercury

by two or more orders of magnitude on sediments cont~iin 1r g 0.6 mQ ’kg or

more of mercury over a few days time , If the mercury is in an avai lable form.
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d . Effec t of Mercury on Pontoporeia Activity

A change in anima l behavior , caused by an introduced substance

(like mercury), is commonly regarded by biologists as an indication

of a change in the health and potential well -being of the animal.

Mercury was noted to have an effect on Pontoporeia behavior during

two sets of experiments described in Volume 3. In both sets of

experiments , behavior of Pontoporeia on mercury-enriched sediment

was compared to behavior of “control ” Pontoporeia on natura l sediments --
Pa

with other tank condit ions being the same for both. The number of

active animals and their rates of activity were used as indices of

behavior . In one qroup of experiments , Pontoporela had statistically

significant l ower activity rates and lower numbers active than the

controls did during a f ive -day exposure to sediments containin g 2 .15-3.35 C

mg/kg of mercur y .1 Mercur y concen tr a t ions  i n these P ontopore i a i ncreased

from 0.1 to as much as 100 mg/kg at the end of the five days. Another

set of exper ir ’ents showed that Pontoporeia exposed to a l ower con- - 
-

centration cf mercury (0.65-1.15 mg/kg ) for a shorter perit~d (two

ddys) had lower ac t iv i ty  rates than did the control Pontoporeia , but

the differences between exposed and unexposed animals in these experiments

were between the 70 and SO’. c o n f i d e n c e  l e v e l  , and therefore they were not regarded

as statistically si gnificant. Mercury concentrations in these Pontoporeia

had increased from 0.1 to 10 mo/kg (maxirrurC ) h~- the end of the two days .

Interpretation 0f the results of these experiments must take into

account the differences between lake , harbor and laboratory sediments men-

tioned In the description of mercury uptake by Pontoporeia. Mercury can

be even more toxic to an imals when it is rnethylated . The amount of methyl

1 Differences in activity were si gnificant at p = .02, x~ test.

- -

~
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mercury in the laboratory , lake or harbor sedi”~erts was not det ernined .

We conclude that Pontoporeia can experien ce reduced a ct iv ity and take

up large amounts of mercury as a result of short-term ( two - f i ve  day )

exposure to sediments contain ing 0.6 in~/k~ or more of available mercury .

We interpret this as an adverse environmental effect.

During the bioassay , the Pontqpç~eia were subject to predation by

sculpin for 24 hours. In 21 tests , using single scu lp ins , no apparent

effect of mercury on Pontoppreia vul n er ab iui t~ to predation was deter-

mined . The low number of scul pin used and the unknown variabilit y in

their feeding habits li”- it  the significance ~f these predation experiment s . 
-:

The descr ipt ic ’n and results c~f these 1 a~-~i’atorv exper im ents wi th C

Pontoporeia are discussed more thoroughly 1n ~o lume ~ . Section III .
1

e. Mercury in Pontopore ia from the Lake.

Pon topore i a were col lec ted fr~ ’~ ~ S~~ i t i ~~ns i n  t ’~- lake nea r ~uiuth-

Superior . Groups of 10—70 a - - ~ l s  ~er stat~on were ~~~~~~~ f~ r tra ce

metals.  These ~~~~~~~~~ had ~- i del ~ ar ~ 
j n~ cc nce nt  ri~ ~~~ ç ~ f ~~~~

0.0 24—2.0 mq - ’k9 (Vo l i r - - c  5 , p. 115 ).  The j es t  .-e ’-~~-~
.
~ c~ ’’ Le r ~ nIt’ or i S

were found in 40 an im a ls  c~ l lected ~ren’ $t~it ion “ s ” n e ar  t~’~’ seu~ ~ end

M innesota Point. However ,ten i~on c~’ore ia at stat i~~’ - : - , 19 km ~“c” - t h~

harbor had concentrations almo st as hi~ h as stat~en ~~‘ : 1 .’ “~~~ ~~~~

mercury . Pontoporeia in groups of 19-8 5 per st a t io n were col lected from

11 locations near the keweer~m ~aten~-aa . Th~-~e 1~’~i~ ~ h ad 0 .1 4 1  .

mg/kg of mercury . The an imals w i t h  the highest c cc C ~t r a t i o n s  were

collected close to the Upper Ent r’.. The reasons f~ r ~ar ia t ion s in the bo dy

burden of mercury in Pontoporeia w i th in  these tw o areas are unkno wn .

In both the Duluth-Superi or and Keweenaw ~irei’- , tPie re are

—

- ~jf :ffa~~ ,~ C~~ 
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with concentrations of mercury that were considerably above the body

burdens (0.1 mg/kg) of the Pontoporela used as controls in the bioassay ,

but that were less than the 5-10 mg/kg and 12-100 mg/kg final concentrations

in the l aborato ry animals which experienced behavioral changes. In three

of seven lake sampling stations where the Pontoporeia in the lake had high

body burdens of mercury , the sediments also had high concentrations of

mercury . However , at two locations, high mercury sediments contained

Pontoporeia with low mercury concentrations. The uncertainty of any cor-

relation between sediment and Pontoporela mercury concentrations may be

due to differences in metal ava ilability , anima l mobility , or other unknown

factors .

Pontoporeia could be a major source of mercury to fish through the

aquatic food chain in some locations where sediment concentrat ions of

mercury are high.

f. Bioma gnification of Mercury in the Aquatic Food-Chain

Analysis of selected garnefish (whitefish , lake trout and burbot)

and bottom feeding fish (suckers and scu lpin) showed that mercury

concentrates at higher values in higher orders of the Lake Superior

food chain (Volume 5, p. 135). This biomagnif ication is an indication

that po llution of Lake Superior by mercury-bearing sediments may lead

to adverse effects throughout the ecosystem and may make mercury

available to people who consume fish. The samples of flesh from the

wh i tefisn and lake trout had concentrations of mercury (converted to a

wet weight basis), that exceed the 0.5 mg/kg limit set by the Food and

• Drug Administration (Volume 5, p. 104).

~ 
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g. Mercur y in Lake St’diments and Nearby ~o i1’ .

Analysis of lake ~;ed ini ents showed that the ci ay— ’~ i .‘e t r a c t  ion has

variable concentrations of mercury near Duluth- superior. live lake sedi-

ment samples out of 1 d ~auiples had 0.1 7— () .67 mq/ kq , t hree samples had 1 .2 —

2.7 mg/kg and one sampl e (co l lec t ed o f f  Minnes ota Point) had 4.22 mg/kg

(Volume 5 , Table 4 ).

The natura l background level of  nt’rc’n y in the cl , t y — ’; i ; ‘e \ed iment

f r a c t i o n  i n  the Dul ut h— S uperio r area i prohahly 0 .1 — 0.4  inq / kq based 
C
’

on a n a l  ys is of so i 1 sampi e~ from nea rhy hank’; , from the ui n ini uni va 1 ues

found in lake ‘;ed i n ie n t  ‘~ , and f rom lake ‘;ed iment cores . La ke ‘~ed ini ent ~ 
a

in the Duluth—Sup erior area w i th hi qher than h.ic kqround concent  rat i

of mercury in the c1~ v— ’-. i :e t r a c t i o n  i nd i c a t e  lirohahi e c u lt ui’al

(man --made) po1 1 ut ion (Volume 5 , p. /h- f ~~).

Ii. Cone 1 us I otis : En v i ronmen ta 1 1 f feet of Mercury

Short—term ( two — f i v e  day ) exposures of Pon to_pore la to ,ivai 1 able

forms of mercury at concentrati ons of 0.6 mg/kg and higher in sediments

are likely to depress the activity of the anima ls and mul tip ly the i r  body

burden of mercury . Increased amounts of mercury in Pontopore ia probably

multiply up the food chain. Ponto poreie ~ are an i mpor tan t elemen t i n  the

diet of Lake Superior fish. However , part of the uptake in fish may

come from other food organisms and from the water . Mercury uptake by fish

from Pon top,orvia may already be occurring off Duluth-Superior In areas

presently show i ng signs of mercury pollut ion in the sediments , and high

valu es of mercury In some Pontoporela.

Processes of re-suspension and advection cause fine sediment to

settle out I n  deep water whore the sediments art’ ava ilable to burrowing

L 

benthic animals. Mercury values of 0. 1 —0 .4 nn~ kCi in cl a y— s i :e

~
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dredged material can be considered natu ra l concentrations In the Duluth-

Superior area--addin g no abnorma l metal burden to the benthie ‘~vstt’m and

providinq some dilution If it Is dumped in area’-. wi th  higher ex i s t in g

mercury concentrations. Dredged materi al havin g concentrations of mer-

cury 0.6 mg/kg or higher in the clay-sUe fraction ma~ ha ve son~ adverse

effect if It is dumped in areas where the inater l  al be~ omes av a ilable to

ben th Ic ani ma is before dilution by norma l sed I ‘4’i1 tat I on  e~ ur~ . flredqod

material dumped in near—shore high enem y :oncc with ‘.par’.e benth i c popu-

lations will likely he di luted wi th  fine sedi me nts t rot i erosion al and

sedimen tation processt’’~ before harmful concent rat i ens reach the henth I c

communities. However , even with dilution , (tredqed mat e r ia l  ~i th hit iht ’r

than background values of mercury wil l place an additi onal cultura l

load of mercury on the lake environment.

3. Availability of ~‘i nc

a. Zinc in Harbor Sediments at Duluth—Superio r

EPA’ s 1975 analysis of Dul ut h—Super i or sod i went ’. showed a wide ran ie

of zinc concentrations In who le sedim ent sarip 1 es f rom 9— .’ 7h m~i kg in the

Duluth Harbor Liasin and 73- .740 mq ‘kg in the Superior Harbor I~asln .

Earlier samplIng (referenced on page .~Q) produced a sln~i 1 at range of

va lues. [PA uses a range of concentr a t ions for Inc guidel ines . Harbor

sediments w ith less thai 90 mg/kg are cons i demed unpol 1 uted. Concentra-

tions greater than 200 mg/kg indicate heavy po l l ut ion.  Conc e ntra t ions

in between these val lies are consider ed h~ EPA to  he nio~.~era tel~ poll uted

(Robert Bowden , EPA , personal coniiiun icat Ion).  Our harhor samples from

1973 and dredged material sanipl es t ron’ 1 ‘l”h co nta I nod total sediment c o n  -

centratlons of ~lnc within the range of lPAk l°7h sampl es .

- - 
-_ -- -
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b. Concentrations in the Fi ne Fractions of Sediments

Analysis of our harbor samples (S-Ill to S--IX) showed that zinc ,

like mercury, has the highest values in the fine sediments . Total

sediment concentrations of zinc were 36-156 mg/kg but clay-size

concentrations were higher , varying from 166-530 mg/kg (Volume 5,

p. 17-22). The clay-size fraction was 3.6 to 24~ of the tota l sample

weight. Similar tendencies toward higher concentrations of zinc in

the fine sediments can be seen in the three scow samples that had a

measurable clay-size fraction (Table 7, page 62).
‘I

c. Zinc Uptake in Pontoporeia aff inis

In the laboratory , Pontoporeia experienced an increase in their

body burden of zinc when placed on sediments contain ing an initial zinc

concentration of 128 mg/kg. Body burdens 1 increased from 90-100 mg/kg ,

initially, to 185 mg/kg at the end of two weeks (Volume 3, p. 95). Con-

centrations of zinc in the sedi~ ents decreased to 100 mg/kg over this

period. Accumulation of zinc during two-day and five-day behavioral

experiments showed sim ilar increases in body burden (Volume 3, p. 90).

d. Effect of Zinc on Pontopçreia Activity

Zinc had an apparent effect on Pontqporeia activity in one of two

sets of control led behaviora l experiments (Volume 3 , Section III ).

Pontoporeia had a significantly l ower rate of activity , as compared to

control animals , when placed on sediments containing 58.5—123.5 mg/kg of

zinc for five days . The number of active animals was the same in both

control and 7inc-e i;riched tanks. Zinc concentrations in the affected

- 
- animals were 92-146 mg/kg at the end of five days , as compared to concen—

trations of 83-99 mg/kg in control animals. In shorter experiments

1 The initial sample was a composite of 30 (male and female). The
final sample after two weeks was a composite of 20 females .

_
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using sediment concentrations of 68-99.5 mg/kg of zinc and only two days

exposure , there were no signi ficant differences in activity or In numbe r

of active individuals , as compared to controls. Zinc concentrations in

these Pontoporeia after two days were 89-150 mg/kg as compared to 65-79

mg/kg in the control animals (Vol . 3, p. 84). At the end of the two-day

and five—day experiments , a 24 hour exposure to sculp in resulted in greater

consumption of Pontoporeia In tanks with zinc-enriched sediment than In the

control tanks , suggesting Increased predation susceptibility of Pontoporeia

to scul pin. However , the small sample size (15 sculpin) limits the significance

of these results. The short (24 hours) exposure of the sculpin to the Pon-

toporeia and sediments did not yield a detectable change in metal concen-

trations in the sculpin.

e. Zinc in Pontoporeia from the Lake

The same groups of Pontoporeia from the Duluth-Su perior and Keweenaw

areas that were analyzed for mercury were also analyzed for zinc . The

Pontoporeia from Duluth-Superior had fairly uniform body burdens which

were within the zinc concentrations range of 65-99 mg/kg found in

Pontoporela used as laboratory controls during the bioassay . Pontoporeia

from the Keweenaw area had a broader range and slightly higher concen-

trations of zinc: 63-142 mg/kg (Volume 5 , p. 121-123). The animals with

the highest body burden came from K7 , a station 8 km west of the Upper

Entry . A small fraction of the zinc (about lO~-) was associated with

the ingested sediments in the Keweenaw Pontoporeia.

f. Bionagnification of Zinc in the Aquatic Food Chain

Analysis of zinc in fish and Pontoporeia showed no indication of

increased concentrations at higher levels in the Lake Superior food

chain (Volume 5, p. 133).

- — — —_ - - - - - -~~~~- —-- ._ - _- - - - - - - ----- _-.~-- _.___l__ ~~ ._~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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g. A Comparison of !inc A va ilab ih ty in Different Sediments

The results of tests comparing the av ai l ability of zinc in harbor ,

lake and bioassay sediments are desc ribed in V o l u m e  S (p. 94-98).

These results show t hat  al l of the harbor and lake sediments tested

have about the same tendenc y to re lease . inc in a soluble form . The

In-lake disposal of dredged m aterial from these harbor sites will not

significantly change the concentr ation of soluble zinc in the water

column or in the interst iti al water , if placed in the areas from which

our lake sediment samples were collected . Sediments used for the

behav ioral exper iments in the bioassay released soluble zinc at concen-

trations hundred s of t imes iireater than the so luble zinc concentrations

obtained from lake , h a r b o r  and  laborator y con t ro l  sediments. There was

a much smaller increase of z inc in the exchangeable phase of the

behavioral study sod inent~ The inc reas e in Pe n t o~preia ’ s body burden

of zinc durin g these ex periments ‘~a~ have been due to the increase in

soluble zinc .

h . Zinc in Lake Sedime nts an~ Nearb~ So ls

Analysis of the ci .i~ -s i .’e 1ric ti or in so ils fret - Wisconsin red

clay cliffs near ~-~uperi or , lak e sed r t’rt s ,ird a sedim ent core suggests

that a z inc concentr ation 0 c l~ 0 mo /k g is an ap pr ox i m ate  back-

ground value in this s i ze  f ” ac t ien  f or the f lu l t i t h-Supe rio r area. A

minimum value of 140 niq/ku and a wax Iti’u ’ ~ a 1 ut ’ of ~‘30 r n  - ‘ku represent

the range of possible background valu es determined for zinc in the

clay - s i z e  f r a c t i o n  at  Dul Lit h -Su per ior  (V o l  un’e 5, p . 7h-~ 3 ) .  Lake

sediment sampl es from l 3 — ~ 1 km o f t  ~1 i n n e c o t a  Po i n t  showed l i t t l e  or

no indication ~f Inc pol lut ion t o  s o t  on he I ~h) ‘g ko hoc kqreund

va lue (Volume 5 , pant’ 7~ ) . low ev o r  , some s i t e s  1e~~ t h a n 5 km

- -_ .
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from Minnesota Point (including three stations in the old Duluth disposal

area) appear to be polluted with zinc with concentrations as high as 360

mg/kg In the clay-size fraction . A sediment core (S-2) collected 13 km

from Minnesota Point had 201-233 mg/kg of zinc in the clay—s ize fraction

of the top five centimeters and 154-191 mg / kg of zinc at depths of 25— 33

cm (Volume 5 , p. 71-74).

I. Conclusions : Environmental Effects of Zinc

As with mercury , the differences between laboratory conditions and

lake conditions qualify our conclusions. The bioassays demonstrated that

zinc in an available form in sediments can reduce the activity of Pontoporeia

affinis and that they can increase their body burden of ~c during a short

exposure of less than one week. Dredged material containing zinc with

availability and concentrations in the fine fractions similar to natural

sediments will probably add no additional zinc-related stress to the benthic

coninunitles. Dredged material conta ining high values of sol uble zinc would

have an adverse effect on the benthos and add an addit ional cultural load

to an envIronment which shows signs of zinc pollution in some areas near

Duluth-SuperIor.

I
4. Synergisms W i t h  Other Metals

It is possible for metals In combinat ions to have a greater adverse

effect on organisms than the effect of each metal separately. The iltera-

ture review In Section I,C of Volume 3 represents some synergisms which

have been observed In studies of aquatic animals. Synergisms were not

measured in the bioassay , and probably were of little importance In the

experiments . Zinc concentrations in sediments used for  controls  and for mer-

cury experiments were 13-26 mg/kg. Mercury concentrations In sediments used

- -  - - 
~~~~
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for controls and for zinc experiments were .0l- .05 mg/kg. These concentra-

tions are in the lower part of the range of tota l sediment concentrations

found In the lake sediments.

5. Other Trace Elements and Pollutants

One potentially i mportant pollutant that we did not analyze is lead.

This element must be analyzed by atomic absorbtion. Our work focused on

• elements which can be measured by neutron activation techniques. Lead has
I.

been found in Duluth-Superior harbor sediments at total sediment concen-
‘a

t rations ranging from less than 5 to 80 mg/kg (EPA , 1975). The EPA

gui deline concentration is 50 mg/kg .

Copper and arsenic were found at concentrations more than twice back-

ground values in some of the Duluth-Superior harbor and nearshore sediments

(Volume 5 , p. 47 ). These higher concentration are an indication of cultura l

influence . We found no evidence of biom aqnif ication of copper , chromi um ,

arsenic, cobalt or selenium in the food chain. Copper concentrations were

relatively high in Pontoproeia (44-238 mg/kg) but much l ower in the flesh

of fish that were analyzed (Volume 5, p. 134). Varia tions in flesh concen-

trations of copper between sampled fish species was small , with va lues rang ing

from 1.9 to 2.7 mg/kg.

Duluth—Superior harbor has other pollutants w h i c h  may have effects on

the lake ecosystem . Phosphorous , oil-grease , volatile solids , chemical

oxygen demand and nitrogen have been found in harbor sediments at levels

greater than EPA guidelines. These data are summari zed In the 1975 EPA

report on the harbor. An assessment of the effects of these pollutants was

beyond the scope of this contract. Additional research Is needed to deter-

mine what effects these pollutants may have on the lake ecosystem. 

—~~~- - - - - - - 14
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6. Pollutants at the Keweenaw Waterway

The northern 2.5 mIles of the Waterway was sampled by EPA in 1972.

The f irst half mile of the channel  i n s i d e  the Nort h Entry was class ified

as unpollute d. The other section was judged to be polluted with zinc

and tota l Kjeldahl nitrogen (TKN). Copper is the dominant metal in

local sediments, but no guidelines have been set by EPA for this element.

Michigan Technological University ’s (MTU ’s) Aquatic Research Group

sampled sediments in the Waterway and the adjacent coastal waters.

They found total sediment concentrations of copper varying from 9—1310 mg/kg

in the lake with an average of 117 mg/kg . All of t h e i r  ana lyses wer e of

total sediments only. Waterway sediments had a narrower copper range

of 103-866 mg/kg but had a higher average value of 425 mg/kg . Background

values of copper in Lake Superior sediments are about 30 mg/kg in the

total sediment sample (MTU, 1975).

Zinc concentrations in MTU ’s lake sediment samples varied from

4—69 mg/kg with an average of 20 mg/kg . Zinc concentration s in the

Waterway appear to be higher. Samples had 14-116 mg/kg of ‘inc ,

averaging 39 mg/kg . Some of these samples were within the range of

90-200 mg/kg of zinc , regarded by EPA as moderately polluted .

Most of the enriched levels of zinc and copper are attributed

to large lakeside deposits of stampsands (tailings) from copper ore

processing plants at Freda and Redridge , 13-18 km southwest of the

North Entry . At Redridge , approximatel y 15 million metr ic  tons of ore

containing residual copper averaging 2500-3000 mg/kg was dumped in the

lake or on the beach between 1895 and 1922. At nearby Freda , additional

ore was processed and some Redridge stan ipsands re-processed between 1923

and 1968 . Approximately 45 millIon metric tons of ore was processed at 

-~ —- - - — -  —--———‘---•-- - —~~~---- ——--~--— ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- - - --— - -‘~ -~
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Freda and Redridge during the period 1895-1966 and most of this material

was either dumped in the lake or deposited on beaches at these two loca-

t ions (MTU , 1975). The strong influence of these stanipsands on coastal

sedimentation near the Waterway is shown in -~aps of metal concentr ations ,

sediment texture and mineralo gy (Volume 1’; MTU , 1975; Moore , 1975).

Analysis of loca l sedim ents for pollution parameters (other than

metals) indicates that this region is lit tle influenced by presently

active sources of cultural pollution , judgin o by the EPA sediment

guidelines. MTU analyzed lake and Waterway sediments for total volatil e

solids (TVS), chemical oxygen deman d (C0~), total kjelda hl nitrogen

(TKN), and tota l phosphorous (T1’). Values of TVS , COD and TP i n Water-

way sediments were within EPA guidelines . A maxi mum va lue of 1067

mg/kg for TKN in the Waterway sli g htl y exceeded the EPA criteria of

1000 mg/kg (MTU , 1975).

Chem ical analysis of 54 dredged material samples from the outer half

mile of the North Entry channel showed that maximum va lues  o~ TVS , COD , TP ,

and zinc were below the EPA cri teria ( MTU , 19~5). Maximum TKN (1141 mg/kg)

was sli ghtly above the EPA criter ia of 1000 mg/kg. The maximum copper con-

centration of 662 mg/kg was less than the maximum concentrations of copper

in sampled channel and lake sediments. The Lily Pond area had the highest

concentrations of TVS , COD , TKN , and the highest mean copper values compared

to other channe l areas (MTU, 1975). However , the maximum TVS, COD, and TKN

values were all equal or lower than the EPA criteria in this area where fine

sediments settle. There was no analysis of trace elements in the fine

fractions of Waterway or adjacent lake sediments and no comparisons to back-

ground va l ues In local soils to determine polluti onal levels.

- 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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7. Pollutants at Other Lake Superior Harbors

The previous descriptions of pollutants in Keweenaw Waterway and Duluth-

Superior Harbor sediments show that types and concentrations of pollutants

vary from harbor to harbor. Natura l, background values of trace elements

may also vary from harbor to harbor. Aquatic organisms are generally con-

sidered to have adapted to local , natura l conditions. Therefore, any

eval uation of dredged material for potent ial adverse impacts on the eco-
I’

system should consider the ratio of poiluta nt in the material to local ,

background concentrations.

Earlier sampling surveys in Lake Superior harbors indicate zinc is

a pollutant at Presque Isle , Ashlan d and Ontonagon harbors (Corps of

Engineers , 1974). Ontonagon , Big Bay and Cornucopia are harbors with

mercury po llutants in the sediments (Corps cf Engineers , 1974 , 1975).

Our evidence of mercury and zinc -induced effects on the behavior of

Pontoporeia is applicable to these harbor areas , provided the concen-

trations of these metals in harbor or lake sediments exceed background

va l ues. An assessment of the effects of dredged material disposal on

the lake ecosystem at these harbors require s benthic data from nearby

areas of the lake. Earlier sampling of these harbors did not include

enough b e n t h i c  data  to pe rmi t  an i n f o r m e d  assessment of the disruption

of benthic comunities by in-lake disposal at these sites.
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B. Disruptio n of Bent hic Comunities

In-lake disposa l of dredged material can have a disruptive influence

on the relatively immobile benthic cornr’iunit~ . The d isrupt ion may

inc lude:

1 . Tem porar y li m ited d i s r up t i o n  due to a transient cloud of
turbidit y in areas adjacen t to settling mater ial.

2. Temporary or permanent loss of habitat on the dump site
due to textura l cc c he m ical  changes.

3. Curial and m ortalit y of the existing henthi c community on
the dump site and adjacent areas .

E)isruption of bent ~ i c  C¼ - u n i t i e s con he observ ed by sanipi ing the

benthos before and after disposal of material on a controlled site. No

in-lake dunipin q experiments were done at Duluth -Superi or; therefore ,

predictions of bent hic d isrupt ion mu st he inferred fr om information on

the benthic coniiiunity h rietlv describ ed in the fo1lo~\int 1 sect ion.
An in— lake dumpin g experi men t ~.as done ne a r t h~ ~e~ eenow North Entry .

Benth ic Communities Near Pulut 1- — S upe r io r

Densit ies and J~ st r ibut io ns ~f P~ n toro re~ o , ~lino chaetes (aquatic

worms), Chironon iidae (insect larvae ) and S p h a : r i i d a e  ( s m a l l  c l a m s )  at

Duluth — Superior are shown on maps in Volume 3 , Section II . Avera ge

densities of Pontoporeia collected near Duluth-Superi or for all collection

dates (1973-1975) and all stations (~ .5-l4O m depth s t  were 278/ rn2 . Other

studies cited i n Volume 3, Sect i on U s h ow average densities of

Pontopore ia vary from 153/rn’ in eastern Lake Superior to 878/m~ near the

Apostle Islands. Differences in tine of year and station depths may

account for some of the data variation between these three areas.

_ _
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The absence of Pontoporeia at some nearshore stations at Duluth-Superior

in July, 1974 but not in September and October suggests an offshore

migration in midsummer when nearshore waters are warmer. Pontoporeia

were found at two stations in the harbor: stations IV and IX with

dens i t i es  of 19/rn2 and 172/rn2, respectively (Volume 3 , p. 61 ).

Station IV is in the South Channel of St. Louis Bay . Station

IX is located at the entrance of A llouez Bay . These animals are

considered to have a low tolerance for pollution . Their presence in

the harbor may indicate that some areas of the harbor are relatively

unp olluted or that these anima ls drifted into the harbor with the

occasionally strong sh ip canal  cur rents . The l i terature reviewed in

Volume 3 indicates that Pontoporeia prefer fine sediments with detritus.

This may be one reason for the higher populations in deeper areas

offshore as compared to populations i n  shallower nearshore areas. Their

absence in a narrow coasta l stri p, 1 km wide off the points may be due

to a combination of unsuitabl y coarse substrate and high wave energy.

Chironomidae and Oligochaetes were abundant off the Superior Entry

in July, September and October of 1974. The May. 1975 sampling showed

complex distribution patterns with high concentrations off the Duluth

and Superior Entries. Some species may be intolerant to pollution .

Other species of these animals are known to concentrate in areas with

high nutrient discharge. Their high numbers near the Entries indicate

the Influence of harbor-lake water exchange at these points. Very high

concentrations of Oligochaetes are located near the Duluth sewage outfall

in the harbor (Volume 3, p. 61).

-.
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2. Benthic Communities Near the Keweenaw Waterway North Entry

Pontoporeia are slightly more numerous near the Keweenaw Waterway

North Entry , as compared to their numbers in the Duluth -Superior area.

In MTIP s sampling , considering all sample stations and three sampling

periods: early summer , m idsummer , and earl y fall , Pontoppreia averaged

331/rn2 (MTU , 1975). Pontoporeia were the most abundant organism in

MTU ’ s sam ples -- making up 67~ of the to ta l  number of organisms present.

Hi ghest distribution s of Pontoporeia were found in the deep area north

of the North Entry . The hig hest number of Pontoporeia in a single

sample was 270 (5100/rn2). Their abundance generally increases with

distance offshore . Highest densities of Pon~~pore i a were found at depths

of 50-55 m. Densities and percent occurrence were low at depths of 20 m

or less off the North Entry and also off the stampsand deposits at Freda-

Redridge . Statistical analysis indicated that the population of Pontoporeia

is negatively correlated with s&iment color , copper and p o s s i b l y zinc

(MTU , 1975). This animal is generally absent in the Waterway . A new

offshore dump site was sampled before and durin g the period of

dumping . Benthic sample analysis showed a reduct ion in the percent

occurrence of Pontoporeia on this site , which may be attributable to the

dumping (MTtJ , 1975).

Chironomidae are the second most abundant benth ic organism in the

Keweenaw area , constituting about lO~ of the total organisms in MTU ’s

sampling offshore . There is some indication that the organic content of

the sediment controls Chironomidae dist ribution (MTU , 1975). Chironomidae

inc lude a number of species with different habitat preference. MTU ’s

distribution maps show a bimodal distribution with population density peaks

nearshore and peaks offshore in deep water .
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Oligochaet a are also a diverse group of species , making up lO9~

of the total organisms in MTIJ samples. They are not abundant in the

deep area north of the North Entry .

The abundance of Chirono rnidae and Ol i gochaeta did not appear to be

affected by dredged material dumped offshore . However , the differing habitat

preference of some species of these animals may have obscured any changes

that did occur. Both Chironom iclae and Oligochaeta are important members

of the Waterway ’s benthic community; in MTU ’s samp les , they c o n s t i t u t e d

50% and 43% of the total organisms , respectively. A reduced abundance of

Chironomidae in dredged areas appea red to be caused e i ther by physical

removal or by the creation of ~n unfav orable habitat. A bundance i n

adjacent undredged areas remained the same (MTU , 1975).

Mlii analyzed distributions of 15 benthic species from the Keweenaw

area and found small numbers of 19 additional taxa. Analysis of total

organism abundance indicated highest numbers in the deep area north of

the North Entry and in deep water west of Agate Beach (Fic’ure 3).

The maximum abundance of total organisms appeared to he at depths of

38-53 m . A relatively barren area extended from Freda-Redrid ge offshore

and along the coast t-o the east of these stampsand deposits.

3. Conc lus i ons

Dumping of dredged material in areas of the lake which  are densel y

populated by benthic organisms will probably cause high mortality of these

animals within the area of rapid solids settling. If the dredged material is

coarse to med ium sand , there will likely be a permanent loss of suitable

habitat , particularly for Pontopore i a which display a preference for fine
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nearby r ivers or erod ing c o a s t  1 iii ~’s  can e lat pt - amounts ~t sediment to

enter the I aLe laMe h - Ore dped n o t  or ol dumped l i t noarsho re’ w at ers and

the new sod intent s t i-~ t hose - - 01  r~~ e s  ‘ ‘0 ’ . 0 1 ~‘ur  ‘ ‘ ‘ - s to ’  w ‘ e i t ’ t he’ part I cl ~‘s

will set tie out i i  OqU i 1 i t ’ t -  1 un w t h t he  d’. ri o t t c I , ‘ r , o s  ~ f w a t e r  riot ion .

Adverse’ on’. i reni’ien t a I ~ t t  oct s ‘ ‘a ’ .  In ’ ai ;’ - od I’ e ~OO t i~ n ~ f n e w  ‘ut’ s t ra t t ’

sur f a c es  unsul t , i h l o  I 01’ t ’ e ntt h i -. in h’tal ot - ‘ ; ‘awnii ’p I t sh . heitt ’t  ne ial

effects ou)d re su lt  I t o m  the I nt r - o d uc t  1 on o f  a -~; p s t r i t e ’ w i t ’  mo re ’

nutrients a ’ . - i i  l aMe t o the h~nth i  c conl un i I’. . ~ullpi t i p  d ied ood ‘a t e ’ t ’ 1~~l

I n  1o~.- at  I e r rs W h~ i e ’ c’ ’. 1 s t  i np sod 1 m e r t s  and th e na te ’t’I al ho’ . e e’pn 1 ‘ . i l  out

textura l and con pos i t tonal h o t - ac  I t t - I  51 i c ’  I t ’ s u ie ’ . tha t the s ubst r a t e  and

Its depre’t’ of’ not~ r l i t ’ .  won Id t in ’ t O i i i  I ‘ n ‘.01’ ’ ,’ - lii s ‘ ‘ ‘ a t e  l i i  t ip o f  sod I non t s

and dredged i - i t erl al should re’du, t’ some ’ ~ t tho ad ’ . 0 1 s t ’ e f f e c t s . It r i ’ .

a lso el Imi n t  to some’ bo r ic ’ I ci al et f o ~ t o d i spo s a l

I’
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The Aquatic Research Group at MTU stud ied the effects of poorly sorted

dredged nuterial dumped on a new dump site off the Keweenaw Upper Entry in

1974. Analysis of dump site sediments showed evidence that fine sand in

the material spread lakeward after being dumped on the coarser gralned sand
and gravel at the dump site (MTU, 1975). Our divers noticed large ~ounds

of sediment on t h i s  dump s i t e  soon af t e r  the dumping was terminated .

These mounds were also observed on our side scan sonar in September , 1974.

Seven months later , in June , 1975 , we repeated ly towed divers on an

underwater sled over the dump site , but failed to find any trace of

these mounds. Wave action and currents probabl y dispersed the dredged material .

D. Increased Amounts of Fine Sediment in the Lake

Some Duluth-Superior harbor sediments contain large amounts of silt

and clay . Sediments collected by EPA in 1975 h ad 2-44~ silt and clay in

areas classified for unrestricted in-lake disposal. Sediment samples

from areas designated for restricted in-lake disposal had 4O-78~ silt

and clay . Keweenaw spoil was prim arily fine sand with some sil t and clay .

In-lake disposal of fine sediment could extend the size or duration

of turbidity plumes which occasionally occur off Duluth -Superior and the

Keweenaw Waterway due to runoff , coastal erosion and re-suspension of

sediments by wave action . The turbidity cloud associated with a

descending mass of dumped material can be expected to spread rapidly in a

hori zontal direction. The very mobile , clay-size fraction in this ma—

terlal advected by currents could remain suspended for days , increasing the

turbidity level of adjacent waters as It disperses. However , our observations

Indicate visible surface turbidity f rom a sing le  scow dumping lasts up to 

~~~~~——-—-~~~ -•— • - •
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five hours. High turbidity due to natura l turbidity events at Duluth-

Superior returns to normal levels in three to six days (Sydor , 1975).

The effects of turbidity from fine sediments on the ecosystem of Lake

Superior are not known . Studies in marine ecosystems , reference d in

Volume 2, suggest that i tems 5-9 listed at the beginning of this

sec tion IV , are some possible effects. Or . Willia m Swenson , University

of Wisconsin -Superior , is currently studying the effects of turbidity on

nearshore fish populations in Lake Superior near Duluth-Superior .

E. LA Quantitative Comparison of Dredqed Material Disposal and Natural

Sedimentation

The potential magnitude of any environmental effects attributable to

In-lake disposal is determi ned by the q u a n t i t y  as well as the quality of

the material available for in—lake disposal. Both dredg ing and in— lake I -1

disposal activities should be viewed in the context of natural sedimenta—

tion processes . In the following sections , possible dredged material

disposa l In the lake is compared to inputs of sediment from streams ,

coas ta l eros ion, and littora l transport. Comparisons are made in terms

of tonnages , or In the analysis of turbidity : time .

1. Duluth—Superior

The potentia l quantitative contribution of dredged material to local

sedimentation is sign i ficant at Duluth-Superior . Estimates of sedimentation

from various sources are listed in Table S. Annual maintenance dredging ton—

nages are sometimes more than the estimated annual load øf total sedtments

carried by Douglas County streams, includin g the St. Louis and Nemadji
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Rivers which empty into the harbor. The volume of dredging require d by a

major channel deepening project could be on the same order of magn i tude as

annual shorel ine erosion from this region. Th is can be seen by comparing

the large vo l ume of “new work” dredging done by the Corps in 1963 to the

estimated annual shoreline erosion from Superior Entry to Bark Point.

Quantitative comparisons must take into account sediment size and

percentages of the different size fract ions . The fine clay-size fraction

was 0-24’. of the total sample in 17 of our lake and harbor samples with

an average of 7~~ by weight. In 13 samples collected by EPA in 1975 from

areas classified for unrestricted in—lake disi’osal , the s i lt and clay

ranged from 2-44~ of the samples , aver aqinq ~‘O.. Harbor areas classified

for restricted in—lake disposal had 4O-78~. silt and clay In eig ht samples ,

with an average of 6l’~- . These fine materials are very mobile and may

distribute over broad areas offshore .

The quantitative impact of in-lake diSpoS al Ofl loc al turbidity con-

diti ons can be demonstrated by compari ni the duration of lake plume s to

duration of scow plumes. Sydor (1975) estimates an annual occurrence of

three to five large turbi d plumes (each cont aininq 5 x 1O~ metr ic  tons of

fi ne material) due to major storm events and c i x  to ten smaller plumes (each

containing roughly lO~ tons of fine material). Assume that the duration of

strong winds Is 1.5 days during major plume events and 0.5 days during

smaller plume events (See p. 96 in Volume 4). The dispersion of suspended

material following a storm results in turbidity at Duluth-Su perior dropping

to near norma l levels In approximately four days (Sydor. 1975). Based on

these assumptions , the number of days each year when turbidity from lake

plume s I s  higher than norma l may approach ~~~da~ s.

—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -• -~ 
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In 1975, the Corps deposited 58 ,000 cubic yards of dredged material in

the lake , near Wisconsin Point , averagIng 1800 cubic yards per day (3 trips/day

at 600 cubic yards per trip). The disposal activity required roughly 97

barge trips. We have observed surface turbidit y from a single scow dumping

to be visible for up to five hours after dumping. Assume that the turbidity

from a dumping scow decreases in five hours to the same turbidity level that

is reached four days after a storm - induced lake plume develops. The dura—

tion of turbidi ty from in-lake disposal at Wisconsin Point in 1975, base d on

the above assumptions , was 20 days. This is 28” of the estimated duration
1.

of storm—induced turbidity . From a quant itative point of view , it appears

that the disposal of dredged material in the lake will add significantly to

the duration of turbid condi t ions  bi~t ovcr  a r~jch s ailer area than the

turbid lake plumes .

The amount of fine ma terial in the four major and eight smaller pl ume

events described above -is estimated at 280,000 metri c tons. Assume that 20%

of the total dredged material rlaced in the lake at Duluth -Superior in 1975

was fine material similar in texture to the suspended material in the lake

plumes. Also assume tha t  75~- of the material in the lake plumes is new

material introduced by natural coastal processes (Sydor, 1975). The 24,480

metric tons of fine sediment in the dredged material may have been 12”~. of

the new material suspended in lake plumes at Duluth -Superior in 1975. Using

the same assumptions for harbor maintenance dredging at 1970 levels; the

percentage would be 42~, for new work dredoing at 1963 levels; 323°, If all

dredged material were placed in the lake. It seems unlikel y that all dredged

material would In the future be placed in the lake and not all the fines in

dredged material can be expected to go into suspension during disposal.

Nevertheless , fine silt and clay In dredged material can be a significant,

• quantI tati ve addition to the lake if in-lake disposal is adopted as a

strategy for maintenance and new work dredging activity .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2. The Keweenaw Waterwa y

Maintenance dredg ing at the Keweenaw Waterway North Entry is required

almost every year to remove material deposited in the Wa terway by the

littoral transport system. Comparisons between dredging and the littoral

system are shown in Table 6. The amount of sediment moving into the

Waterway is a significant fraction of the material in the littoral trans-

port system. Disposal of this sediment nearshore can be considered a simple

return to the littoral system.
‘8

3. Other Lake Superior Harbors

The average annual quantities of potential dredged material are lower

at the other ports as compared to Duluth-Superior and the Keweenaw Waterway .

Port Wing (32,700 cubic yards) and Ontonagon (140 ,000 cubic yards) are the

only other ports tha t  had more than 10 ,000 cubic yards of harbor sediments

removed between 1971 and 1974 in the St. Paul District (Corps of Engineers , 
, -~~

1974, 1975) .



~ - - - ----~ - -~ - -
~~~~~

- - - 
~~~
-

~~~
—-

~~~~~~~~~~~~

58

Table 6

Comparisons of Sedimentat ion Processes

in Lake Superior Near the Keweenaw

Waterway - North Entry
Suspended or

Annual Rate (cu. yds ./yr.) Source Total Sediment Reference

26,265 Corps of Engineers Total Corps of
Ma intenance Dredging Engineers
in the Waterway (1973)
~average annual rate
from 19 50- 1959)

88,450 1973 Total Corps of
Corps of Engineers Engineers
Maintenance Dredging (1973)
in the Wa terway

226 ,718 gross* Littora l Transport Total Littoral
184,226 net* based on observation Environment

from 5/26/ 72-11/9/72 Observa tion
(167 days) Program

365,000 Net transport extra— (LEO , 1972)
polated to an annual Corps of
rate Engineers

200,759 gross Littora l Transport Total LEO , (1973)
87,670 net based on observation - 

-

from 7/ 12/73- 12/4/73
(145 days)

220,000 Net transport extra-
polated to an annual
rate

*Gross transport is the total amount of sediment moved into and out of the
observed littora l area . The net transport is the difference between the
vol umes of sediment moving up and down the coast. The LEO data gives
a lower limit to the littoral transport since the periods of observation
do not include many per iods of storms , and cover less than half of the
year.

L _ _ _ _ _ _ _
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V. Al ternatives , Modifications and Recommendations

The alternatives for dredged material disposal are :

1. Contained or uncontairied disposal on land.

2. In-lake dumpin i in deep areas beyond the re-distributing

Influence of wave action.

3. In-lake dumpin g in areas where the dredged material is texturally and

chemically compat ible with the sediment.

4. In-lake dumping nearshore for widespread dispersal or

beach nourishment by wave and current action.

5. Dredged material disposal directly on the beach.

The desirability of any one alternati ve depends upon the nature of

the dredged materia l and a combination of factors which must be considered .

These factors are :

1. Proximi ty to water intakes .

2. Distance from the harbor and from shipping lanes .

3. Possibility of re— suspension and transport due to local currents

and wave action.

4. Local turbidity conditions.

5. Env ironmental effects , including disturbance of benthic communities.

6. EconomI c feasibility .

The previous assessment of environmental effects emphasized the need

for careful evaluat ion of disposal alternatives using the best criteria

avaIlable. There are several criteria in the present EPA guidelines

which should be modified.
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A. Modified Criteria for Evaluating Dredged Material

1. Analys is of Fine Sediment

Ana lysis of our sediment samples shows that trace metals have the

highest concentrations in the clay—size fractions of sediments . Other

pollutants may show a similar tendency to concentrate in the finest

fraction of harbor sediments. Chemical anal ysis of these sediments

should include analysis of pollutant concentrations in either the pan—

size or the finer , clay—size fractions.

Analysis of the clay-size fraction will give the best indication

of cultura l influences as compared to natura l background values for each 
- -

element . This reconiiiendation and the justi fication for it are discussed

more completely in Volume 5 , Sections I and II. The c lay-s ize fraction

is also important because of its hi qh nobil i ty and eventual settlement in

deep areas where benthic populations are re lat ively abundant.

2. Recommended Metal Concentration Guidelines for Dredged Material

a. Mercury

At Duluth— Sukerior , 0.2 niq/kq mercur y in the clay-size fraction of

sediments is the approximate background value deterHned from surface

lake sediments , from a sediment core and from nearby coastal soils . Natural

surface enrichment in the sediments and natural variations in local soils

indicate a possible range of 0.1—0.4 m q - ’kq for background concentrations

of mercury in the clay—size fraction . Sediments conta ining these con-

centrations should not be considered polluted with mercury . The evidence

for these values is discussed in Volume 5 (pp. 75-85 ’i . Sediments con-

tam ing more than the maximum back ground concentration of mercury in the

clay-size fraction are probably polluted , an d may cause adverse environme nta l

effects if dumped in the lake .

L 
- - - - J
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A value of 0.6 mg/kg mercury or higher in the clay—size fraction of

dredged material , harbor and lake sediments is a concentration of mercury

sufficient to cause adverse effects in the lake ecosystem if the mercury

is in an available form. The value was selected for three reasons . First ,

this concentration Is 1.5— 6 times the natural back ground value , strongly

Indicative of pollution . Second , a change in Pontoporeia activity was

noted in the laboratory when the animals were exposed to sediments con-

taining 0.6 mg/kg mercury . The behavioral change did not occur in Ponto—

poreia placed in contro l tanks without the mercury . We assume that a con-

centration of mercury at 0.6 mg/kg in the clay-size fractions of fine lake

sediments will also be available to Ppntoporeia in the lake and may produce

similar results . We do not know how ~iuch of the mercury in Duluth—Su perior

harbor sediments is methy lated or in an available form . These factors may

influence the magnitude of behavioral changes or the exposure time required

before adverse effects occur in the ecosystem. Third , the ev id ence of

Pontoporela abili t~ to mu1t~pl y their body burden of mercury in a short

time of two weeks or less , plus the evidence of biomagnificatio n of mercury

up the aquatic food chain suggests that guidelines for mercury should be

held close to background values in order to reduce additions of this metal

to the lake . Gui deline values for sedir~ent mercury ?t uluth-Superi or

should be between 0.4 and 0.6 mgi-kg in the clay-size frac tion .

For other areas of Lake Superior. the above values for mercury are

recommended unless the local background values are hi gher. In such an

event , the background value in the clay-size fraction shot’~d be use d as a

“no-pollution ’ value. Surficial l ake sediments may not give reliable

background levels because they are subject to prev i ous pol lution . Analysis

of selected lake sediments , sediment cores and soils from local coasts and

watersheds should be used to determine background concentrations of metals

in other areas.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -j -- -~~ — ..•_II~~#4~~j
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b. Zinc

At Duluth-Su perior , 180 rn g /kc  zinc in the clay-size fraction of

sediments is the appro\ in’ate background co rce ntrat ion based on analysis

of the same sediments and soils used te determine mercury values . As

with mercury, n a t u r a l  su rfa ce enrichment and natural var iab i l i t y  in

sediment sources ind icate a possible range of 140-230 ¶‘ a kQ for back-

ground concentrations cf zinc in the cia -size fraction ~f sed iments

from this area. Sediments cont ain in g ‘~oro than the r’a~ inum backciround

concen tration of zinc shou ld be considered polluted . Eac kqround values

at other harbor locat ions may be different , ~eoe ndi nq on local soil

conditions.

c. Copper

At Duluth-Superior , a copper concent raUor of 75 -
~i k~ in the clay—

size fraction of sediments is the app ro\ inate background concentrat ion.

The range in background values is pro b abl y 65 - SO r~~ ko - These values

are based on the same samp les that were ana ly zed ~or mercur ~
- and zinc.

Sediments containing more than th e na~ inu” bac kuround value should be

considered polluted. ~ackciround values at other harb ors ‘-av be quite

different from those at fluluth-Super ior.

3. Consideration of Fine Sediment Percentages

The potential for adverse environm ental effects from metals in the

fine sediments depends par t ia l ly  or the amount of this sediment in the

dredged material . Tr ace meta~s have the hi ghes t con cen trat ion s in the fine

sediments . There wil l be more pounds of metals enterina the aquatic system

in sediment with a high percentage of fines than in sediment which is main l)

sand. Nine of 11 sediment sa r~~les we c o l l e c t e d  from flu uth— Sup enio r harbor

conta ined c lay -s i ze  nateria l i-dna i no ~~~~ .~-2- - ~f sar-p ’t’ ~~ o b t s .  A small 

_
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percentage of f ine mercury-bearing sediment dumped in the nearshore shallows can

be expected to disperse with other fine sediments discharged from local

rivers , eroded from the coasts or re-suspended by waves and

currents . The mercury-bearing dredged material will be diluted with

na tu ra l sediments  under these circumstances. Fine sediments dumped in

deep waters may not experience dilution by natural sedimentation for

severa l weeks or months , increasing pollutant availability to the benthos.

EPA ~s 1975 sampling of Duluth-Superior harbor included 21 samples

from areas re-classified for some form of in-lake disposal. The pan

fraction in these samples varied from 2—78 ~ of each sample. The fine

sand varied from 4—6%. Coarse to medium sand ranged from 16-90%.

These wide variation s suggest that within an area classified as polluted

or moderately polluted , there may be some material unsuitable for in—lake

disposal and other material which has beneficial uses , such as coarse

to med i um sand for beach nourishment.

Guidelines used to determine the suitability of dredged ma terial for

jr—lake disposal should include consideration of the percentage of fine

sediments in the harbor sediments being dredged. This may require some

on—board testing of dredged material on a scow load basis during dredging.

B. Suitability of Duluth-Superior Harbor Sediments for In-Lake Disposal

A set of five dredged material samples collected from the Superior Harbor
- - Basin tn May , 1975 demonstrates the previous point that sediment from a

single classified area may have different potentials for adverse and

beneficial environmental effects In the lake. Table 7 shows the textural

characteristics and the concentrations of mercury , zinc and copper in

these sediments.
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Samples F-18-HlO Indicate an area (dredge cuts 0-13) which seems to

be texturally suitable for beach nou rishment since more than 75 of the

ma terial Is compatible with mean q, - a i n-s ize en or near the beach ~it M m -

nesota Point (Volume .
‘
, p. 19). In one ot the-~&’ three samples ~Hl0),

nercury is above background levels In 3-10 .0~- of the sediment. We

assume that most of the mercury is restricted to the pan fraction which

Includes the clay-size fraction. The pan fraction will probably settle

in deeper areas of the lake whether initial di spo ’-.al occ urs near the

beach or i i i  deeper areas of the lake. The small amount of pan fraction

fines ind icates that the reT ati vt’ ad~em -se e f f e c t s  of tu rb id i t y  and metal

avai labi 11 tv froni sediments H8— H1 0 will he 1 ow as cot -pared to samples 116

and H7.

Just 600 feet west of dredge cuts 0-13 , we collected samples H6 and

H7. These sample ’. m d i  cate that loss than .l0~ of t he niu teri al front

dredge cuts ~~~
- was sul table for beach noun shment . Also , there ~as a

relat ivel y hiqh percentaot’ of lin t’ sedim ent 3t~- 4$. 3~ in whi~h pollutants

might be concentra ted. The clav-si:e fraction . wh i~ t’ on i t~-
’
~ of the

total sediment , was hi qh in nercurv con . en t rat ion. lhe’.o two samp les

I ndl cate a hi oher poten t i a l  for ~dve ,-s e e n v i  m-~’u-men ta 1 e t f e c  t s t1u~ to

turbidity arid metal ava i l  abi 1 i ty to henth Ic oroun I c i i ’ .  than do samples

H8-l0.

These scow samples came front five different ~cew - loads on five

4 separate days. This random sampi m o  rt’pu-e sent s n-ore than just the surface

sediments be ing dredged. These samples do not indicate the sediment

variability which exists within a sing le scow load.

H All of these scow samples were ta ken fro m an am-ea recently clas ’-~i—

fled by EPA as moderate ly poi1 uted and c ut ta ble fo r “r~stni c ted” open—
-
~ lake disposal (EPA , 1975” . Under current EPA ~i u i d eliit ~s the following

restrictions app ly to mo der a tel~ pollut ed se dime n t s ;

__ 
‘ - - --~~~~~~~~-~~—
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1. The amount of material dredged be minimized.

2. The m aterial be disposed in as restricted an area as possibl e. -

3. The material is covered with material dredged from an un-

restricted area .

These restrictions indicate to us a necessity for disposal at depths

where re-suspension or bed-load movement of the material is unlikely.

Considering the pollutional classification of this part of the harbor ,

spoi l  from dredge cuts 8-13 would be unavailable for beach nourishmen t. 
-

Disposal of material from dredge Cuts 8-13 in deep water might cause long—
‘ 1

term textural changes. Pa -

EPA ’s classification of harbor sediments does not take into account -

the variations in sediment qualities within a classified area . Some of 
I 

-
-

these differences in sediment characteristics are visible. The scows from

which samples H6 and H7 were taken had very not i ceable water retention

in the hoppers while the scows were being loaded. 1 In contrast , samples

H8-l0 were collected f rom scow s which had material pi les that drained

quickly. It m ay be feasible to develop an on-board test ing procedure -

which evaluates each scow load on the basis of de—wate ring qualities and 
- 

-

sediment texture . A size analysis ~ t dredge spoil samples during loading

of a scow could be helpful in deciding whether or not the mater ial is

suitable for beach nourishment or some other disposal alternative.

The mean grain size of seven other sediment samples collected in

the harbor durin g this study was finer than that on the outer beaches of

Wisconsin and Minnesota Point s (Volume 
~~
, p. l~ , .4 , 32). Dredged material from

these areas appears to be unsuitable for beach nour ishment , because of

its relative fineness. One sample from the Allouez Bay Channel (IX)

was coarser than the beach sediments

1Siniilar water retention has been noted in some scow loads at the
Keweenaw Upper Entry (Photo on p. 3k) . Volume 1 - 4 ;  MTU . 1975).

- - ~~~~~~~~~-
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C. Al ternate Disposal Sites at Duluth-Superior

The alternatives for dredged material disposal have changed In the

past ei ght years. Until 1967, this ma terial was used to create islands

in the harbor , placed onshore , used for beach nourishment on the outer

points or dumped offshore. Between 1968 and 1973 disposal was restricted to

shallow harbor waters In the 21st Avenue Slip area. In 1974 , disposal was

not a l lowed at this location , and the 14,000 cubic yards of dredged material

were dumped in the lake . In 1975, all dredged material was dumped In near-

shore lake waters at the base of Wisconsin Point , or near Mi nneso ta Point .

Resamplingof the harbor by EPA in May , 1975 , led to a re-classification of

some harbor areas, permitting two forms of In-lake disposal : restricted and

unrestricted. Other areas of the harbor remain classified as heavily polluted

with confined disposal recomended. Restricted disposal invo l ves b u r i a l  of

moderately polluted material with unpolluted material (EPA , 1975) . To be

effective, restricted disposal will require sites with low wave and current

energy in order to avoid resuspension and removal of the polluted spoil or

Its protective cover. This requires disposal In deep areas having low

current veloc iti es near the bottom, where the sediments are below the in-

fl uence of surface waves.

1. Offshore Dumping

Dumping of dredged material in deep areas of the lake  w i l l  r esu l t  in

dispersion of an unknown percentage of the fine sand , silt and clay during the

Initial descent and collapse of the material on the lake—floor. The suspended

material will disperse over a wider area under the Influence of water turbu-

lence and currents. Re-suspension of dredged material deposits may occur

if sufficient wave energy exists to move the sediment.
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The main source of wave energy at Duluth-Superior is wind—driven

waves from the east northeast. Figure 32 in Volume 4 shows the approx-

imate depth of wave infl uence varies from roughly 18 meters (for 20

mile per hour winds blowing more than 13 hours) to 60 meters (for 50

mile per hour winds blowing more than f ive hours).

To avoid frequent re-suspension of fine sediments , dump sites deeper

than 18 m are required , since east n o r t h e a s t  winds  occur l O — l 6~ of the

time in Apr il , May , and June. In April and May , east northeast winds

at the Duluth airport have average wind velocities of 18-20 miles per

hour (Volu me 4, Figures 18 and 20). Similar average velocities for east

northeast winds have been recorded f
~~r November , December and February

but the frequency of occurrence is l ower (4-6’-). Lake winds from the

east northeast may have velocities considerably higher than the airport

w inds. Depths of 18 n can be found within 2 km of both Entries. The

old dump sites off the Entries had depths of 18-24 m (Areas 1 and 2 in

Figure 4).  Table 11 in Volume 4 indicates that occasional east northeast

storm s generate storm waves sufficient ly large to cause some water motion

at depths approaching 38 m . In order to reduce the possibil i ty of

fine sediment re—suspension by waves during these occasional storms ,

in-lake disposal will require depths of water greater than 38 m .

a. Areas of 40 m Depth

One of the areas closest to the harbor with depths of 40 m is located

14 km from the Duluth entry (bearing 800 true), about seven km southeast

of the Duluth water intake , and one km from the nearest shippin g lane. This

is Area 3 in Figure 4. The benthic population at this site is unknown . Our

- —. — ----
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closest sampling station (stat ion 51 , October , 1974) roughly 1 km from

the site , had 323 Pontoporeia/ m 2 at 54 ni depth compared to a range of

82—912 Pontoporela/m2 at depths of 44-140 m (Volume 4, Figure 10).

Sediments In these deep areas are probabl y fine sand , silt and clay .

Sample 40 (September , 1974) from a depth of 43 m had a mean grain size

of 0.17 mm (Volume 2, p. 137), typica l of fine sand. There are no

areas with 40 m depth closer to the harbor entries , except in  the

vicinity of the North Shore .

Dredged material disposal on sites of 40 m depth will disrupt the

relatively dense populations of benthic animals frequently occurring in

these areas. The in’rnediate impact wi l l  include burial and turbidity .

Increased metal ava ilability to organisms and a permanent change In - -

sediment compos ition may also occur , depending upon the dredged ma terial

characteristics. Bathymetric changes due to depositlonal mounds at these

depths are likely to remain. They will be disturbed only by occasional

storms or strong bottom currents. High surface turbidity in Area 3

probably is infrequent. Large scale plumes of turbid water occur in the

region off Duluth-Superior about four times per year , generally in the

early spring or late fall , following storms with easterly winds (Sydor,

1975). An average of eight smaller -sca le plume events occur through the

ice-free season each year. Winds from the east and southeast are likely

to carry surface turbidity In Area 3 towards the North Shore and the Duluth

water intake (Volume 4 , FIgure  24). Westerly winds will probably carry

surface turbidity toward the east , away from Duluth-Superior.

—----
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b. Areas of 60 m Depth

Depths of 60 m or more are required for in-lake dredged material

disposal if re-suspension by waves is to be avoided during rare storms

when east northeast wind velocities are 50 mph or greater . The frequency

and duration of 50 mph winds has not been determined . The closest areas

of 60 m depth are a location 1.5 km off the Talmadge River , 17 km from

the Duluth Entry (Area 4) and another area 22 km from the Superior Entry

on a bearing of 55° (true) (Area 5 in Figure 4) .  
‘a -

The environmental effects of dredged material disposal in these areas are

probably similar to the effects of disposal at 40 m depths . The Talmadge 
- 

‘-1

River site is only 4-5 km from the Duluth water intake . Coastal currents

may bring suspended sediment from disposal operations on this site to the

intake. The long distances from the harbor may make these 60 m deep

disposal areas economically impractical. One alternative is to select a

closer site where re-suspension will occur , but where there will be less

disruption to the benthic community . There appear to be two areas which

fit both of these conditions: Areas 6 and 7 in Figure 4.

c. Area 6 - Off Duluth Entry

Area 6, centered 5 km east of the Duluth Entry , in 24-27 m depths has

a low to moderate population of Pontoporeia (100-300/rn2) and Ol igochaetes

(100-300/rn2) and low populations of Chironomidae and Sphaeriidae . Sedi-

ments are muddy sand. Surface current patterns indicate that sometimes

there is in this area a counter-clockwise eddy created by winds from the

east and southeas t (Volum e 4 , Figure 24), which brings turbid water to

• the Cloquet water intake , 4.5 km from Area 6. Turbidity in this area is

highest from late fall to early summer when the lake Is isothermal (Sydor , 

- - -------- ----,--~~~~—-----.——..--—-— -- -- -.—--..—-.~---- — -~~~~~~~~~ ~~~~~ -- -~~~~~~ - — -~~ _ .~~._ _. _ _ _ ~~~~ ~~~~~~~~~~~
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1975). Dumping of fine se~iir~ nt in Area t - ~~~~~~~~~~~~ create initial and

periodic turbid conditions that i i h t  af fect  t~ Cloq uet wate r intake.

If this area was used for disposal , bw’ial of a roderately populated

benthic community would occur with unknc~;n initial mortality . The

extent or rate of repopulation t~l at would oc’ w- is not known. A

high percentage of coarse to mt ’~ i uri sari in th~ dredged material could

permanent ly change the sediment t o ; - t i r ~~, and probabl y reduce repopu lation

of this si te.
I.

d. Area 7 - Off Superior Ent~y

Area 7 (Figure 4) is located 7 km east north cas t c f the Superior

Entry in 15—21 m of water. This area has low populations of Pontoporeia

(0—1 00/rn2), Chironomid ae (50-100/rn 2) an d Sphaer i idae ( less than 10/rn2 ).

Oliaochaetes are found in moderate abundance (100-300/ rn2 ). Sediments In

the area are sand md rock. Surface curr ent pat to rns indicate that fine

dredged material , placed in ‘ t:sperlsion in t h ic area , ~.ould move to wa rd the

east wi th a west  wind. Susponio-J ~~di - te, t. ror 1 d p rota L l y become e n t r a i n e d

in an eddy off Superior nt r- .- r -hI - ’ ‘ast ~ 0 ~~~~~ r o a s t  hinds occur. A

northwest wi nd move s sa~ ~aco -
. a- :r, -

~ 
- I 1 o t  , ~~~~~ ‘+ -‘ c l o ck w ise  eddy to

the north of the are a (V~ l r- -a .i~ r iw- ~~-s .~~~ 
-
~~~ F f~T~ satellite photo s

taken during five high tu ,- a’a ity -~~- r t s shar ~r la t i~~ 1~ low turbi d ity in

Area 7 , as compared to adj ace r t m - eat  hcr - ’-~ ar-~as (SI, &lOr , 1915 ).  If Area 7

were used for disposal , burial of a l t~- - to  ‘ 1 ’  - r a t ~~l prp 4l ated benthi C

community would occur. Tt- e ~ - r ric1 t~ ns t ’ I I h-~ - - o d m i  r’aterial woul d

be resuspen ded by wave ac t i on  Hd C a p - n i  a~- a y  ~n t ho currents . The bottom

sediments in this area are froqt i ent l~- ~-~- Lioat to ~ ~~~~ act ion (Vol ume 4 ,

Sect ion V ,E). 

~~ - 
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2. Beach Nourishment

Possible areas for beach nourishment are shown as Areas 8 and 9 In

Figure 4. The following section describes beach nourishment first as

a process of deposition on the beach and second as deposition near the

beach. The St. Paul District currently uses the latter method .

a. Deposition on Minnesota and Wisconsin Points

Sand deri ved from the Wisconsin south shore is transported by wave

action along the beach and in shallow nearshore water. This longshore

sediment transport is the main source of sediment for the outer beaches

on both points . The Superior Entry breakwaters interrupt this transport,

causing an accreting beach on the Wisconsin side of the breakwater and

accelerated erosion on Minnesota Point.

Area 8 is the beach and adjacent waters of Minnesota Point. The

one kilometer of this beach adjacent and south of the Duluth Ship Canal

has been severely eroded by wave action and blockage of longshore sand

transport by the canal structure . In 1963, the Corps of Engineers dumped

270,000 cubic  yards of dredge material on the beach to restore it. By

1970 the material had eroded away. There is evidence that fine ,

poorly sorted material in the deposit moved southward and out into the lake ,

causing some shoaling . No additional nourishment has been attempted at

this site by placement of the dredged material on the beach. An evaluation

of beach nourishment in this area Is given in Volume 2 (p. 7—14).

Mean grain size on the Minnesota PoInt beach increases from .22 mm

(fi ne sand) at the Ship Canal to .54 mm (medium sand) halfway towards

Superior Entry. Beach material on Wisconsin Point near the Entry is 

- --- -—- -~~ —--- ——‘—.-—~~~~~--. —--- - --- - - — --~~~- -  _____~~,____ ~~_ ‘_—_-—~--—-.-._—--~~~~~~~~~~~ ~~~ - - - - - -~~~~~~ - -—.—- --
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medium sand with a mean grain size of .30-.47 mm . Deposited mater ial contain-

ing sand , silt or clay particles finer than the beach sands could create

a nuisance because of wind—borne transport or would move offshore due to

wave action. Trace metals in the sediments or harbor organisms could

become accessible to shorebirds feeding on the dredged material deposits.

b. Nourishment by Deposition Near Minnesota Point

The current method of nourishment used by the Corps of Engineers at

Duluth—Superior is to move the l oaded scows into shallow water about 4 in

deep and dump the load. This method l argely avoids the problem of wind-

borne fi nes which occurs with placement of material on the beach. In 1975 ,

the Corps dumped 32 ,000 cubic yards of dredged material south of the Duiuth

Ship Canal near Minnesota Point (Mue l ler , 1975). Nearshore sediments

sampled in November , 1972 , were mainly fine sand w i t h  a mean gra in s i ze

of .18- .25 mm out to depths of € IV ,Volurn e p. 19). Coach nourish m en t

of Minnesota Point by nearshore dumping in depths of 0-10 in may be suitable

when dredged material which is texturall y similar to the beach sediments is

used. Finer sand in the dredgings wi l l  move offshore , creating shoal areas

which absdrb some of the wave energy . This reduces the wave effects on

the beach. Populations of benthic animals were very low in this area

during our May , 1975 sampling. Population densities at four stations

within one kilometer of shore were 6-32 Chironomidae /m 2, 6-13 Pontoporeia/m 2

and 19—108 Ol i gochaete/m2 (Volume 3, p. 52-54).

Surface current patterns indicate that with east and southeast winds

a counter clockwise eddy near the Dulut h Ship Canal is present. Some

offshore movement of the water near Minnesota Point is indicated during

periods of west and northwest winds (Volume 4 , Figures ~ and 23). Fine 

-~~--- -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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dredged material in suspension because of clumping or wave action will move

offshore under any of these wind conditions. There is a possibility of sus-

pended sediments from nourishment operations reaching the Cloquet water in-

take , 3 km offshore. Subsurface currents below the thermocline (depths

greater than 9-24 in) move less frequently toward this intake than do the

surface currents . (Sydor , 1975) Extensive , turbid plumes containing re-

suspended sediment and soil eroded from red clay bluffs along the south

shore enter this area during periods of east winds (Sydor, 1975).

c. Nourishment by Deposition Near Wisconsin Point

In 1975, the Corps of Engineers resumed in-lake disposal at

Duluth -Superior with nearshore scow dumping at the base of Wisconsin

Po int. An estimated 58 ,000 cubic yards of material was placed for beach

nourishment (Mueller , 1975).

Nearshore currents in th is area move along the shore towards Superior

Entry with winds from the east and southeast. Eastward fl ow occurs wi th

west and northwest winds. Fine , suspended sediments nearshore may enter

a comp lex , large sca le eddy in deeper waters offshore with winds from the

northwest. With easterly winds , these sediments may move offshore into a

smaller clockwise eddy east of Superior Entry , the finest fractions

becoming part of a large turbidity plume . Nearshore areas from Wiscons in

Point eastward are frequently turbid and have the highest concentrations

of suspended solids. Populations of benthic animals appear to be low in

this area (Area 9), according to samples collected in May , 1975 at three

stations. Within 1 km off shore from Dutchman ’s Creek to Superior Entry ,

benthic population densities were : 0/rn2 for Pontoporeia , 0-13/ rn2 for

_ _ _  _
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Chironomidae and 19-38/rn2 for Oligochaete (Vol ume 3, p. 52—54). Water

depths In  this coastal Strip are less than 10 m.

3. Conclus ions
Tables 8 and 9 contain a comparison of the disposal sites discussed

in the previous section , using a number of qualitative and quantitative

factors.

a. Restricted Disposal

Restricted disposal requires accurate placement of both the polluted

material and the covering l ayers of clean ma terial at depths beyond the

influence of wave act ion.  The closest areas of suitable depth (60m) are

Areas 4 and 5 , 17-25 km from the harbor entrances. Accurate p lacement

of dredged material will require electron ic position measurements or a

buoy array . The long towing distances will increase dredging costs,

compared to nearshore disposal . The immediate and long term impact on

the benthic communities in the disposal area would be significant , since

these areas have relatively high population densities.

b. Beach Nourishment

Beach nourishment in eroding areas of Minnesota and Wisconsin Points

is a potentially beneficial use for dredged material consisting of pre-

domi nantly coarse to medium sand. Nourishment near Minnesota Point may

occasionally create turbid water conditions at the Cloquet water intake

if substantial amounts of fine sediment in the dredged material move 2-4

km offshore under the influence of winds from the northwest to southeast.

Nourishment near Wisconsin Point Is less likely to influence intake water

quality. Both sites are suitable for short—term , high energy dispersion of

small amounts offine—textured sediment. Disposal of predominantly fi ne

- ~~.—~--——~~~ — — —.--.—--
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Tab le 8

Some Features of Alternate Disposal Sites in Lake Superior Near Duluth-Superior

Historic Sites of Nearshore
Dump Intermediate Beach

S ites Deep Disposal Sites - Depth Nourishment
Factors Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 Area 7 Area 8 Area 9

*Distance to 4.7 1.5 7 5 15 4.5 8 2.2-3.8 4.5—7.5
Closest Muni— 

-
cipal/Agency -

Water Intake
( km) 

*Distance from 2.5 -- 14 17 24.8 5 -- .5-9 --
Duluth Entry 

-(km) 
-

*

Di stance from -- 3.3 12.4 -- 22 —- 7 .5— 9 .5—4.5
Superior Entry - 

-

(km) -

Minimum Distance .5 1 1 1 2 .5 1.4 -- --
from Nearest
Shi pping Lanes
(km)

Frequency of frequent occa- occa- - rare rare occa- fre— fre- -fre-
Dredged Material sional sional siona l quent qa~nt quent
Resuspension and - 

-Trans port -

Frequency of Local occa- occa- occa- rare occ~- occa- fre- ~
- occa- fre-

Turbidity Condi— sional sional sional s i o n a l ~ s i o n a i quen t  s iona l quen t
tions - I but

low
level

Probability of low mode— high hi gh - high mode— low to low low
Disturbance to to rate rate mode— I
the Benthic mode- to rate
Community rate high

Anticipated BathyL short- short— 1 long- long- long- short-f short- , brief brief
metri c Changes term term term term term term term -

Anticipated short- short- long— long— long- short- short- brief brief
Changes In term term term term term term term -

Sed iment - 
- 

-

• Texture -

Water Depth (in) 20 25 . 4 0  60 60 25 20 
- I

* Note : Distances are to the center of the 1.8 km diameter areas : 1-6
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Table 9

A Comparison of Several Possibl e
Lake Disposal Sites at Duluth-Superior

Disposal Areas
Qual I tati ye Factor I ]:T TT~ .~i .1.4 ..L :~More Than 5 km From Water In takes 

— _____

Low Probability of Turbid Water Transport •
to In takes 

_______

Within 8 km of Duluth Entry 
— ______ — —

~~~
- — .- --- —

. • a * S
Within 8 km of Superior Entry 

— — ______ 4 — — —

Low Probability of Disturbance to the a • • a

Benthic Comunity 
— — _______ — — —

• .
Beach Nourishment Possib le 

— — ______ — — — — —

— — ~~ 1 — — —  — —
Desi rable Features for Dispersal Strategy:

Frequent, Local Turbidity From Coastal
Processes 

____________

Frequent Sediment Resuspension • . . • .

Desirable Feature for a Containmen t
Strategy:

Low Probabi l i ty of Dredged Material
Resuspension — i. ..... —

- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
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material in these areas will probably cause more turbidity than disposal

at deeper sites as the fine sediment moves towards deeper water.

c. Disposal of Dredged Material Unsuitable for Beach Nourishment

Material which is too fine for beach nourishment and approved for

unrestricted in-lake disposal should be placed either on the old Duluth

dumpsite (Area 1), if the Duluth Entry is used , or Area 7, if the Superior

Entry is used. Both of these areas have low or low-to-moderate benthic

population densities, and are subject to frequent resuspension of bottom

sediments by wave action . Area 7 is preferred because of;its distance

from water In takes, the frequently turbid waters in the area and the

prevailing dri ft of suspended sediments eastward along the coast. The

presence and extent of fish spawning in Area 7 and other offshore areas

Is unknown .

D. Suitability of Keweenaw Waterway Sediments for In—Lake Disposal

In 1974, MTU analyzed 54 samples of dredged material collected from

GAILLARD scows during dredging in the outer half mile of the North Entry.

Values of TVS,COD, total phosphorous and zinc were less than EPA guide-

l i ne va l ues (MTU, 1975). This dredged material was liclean u by EPA criteria.

The mean grain size of the dredged material varied from .0625- .25mm dia—

meter, similar in texture to the nearshore sediments from depths of 1.4—

8 m, northeast of the North Entry breakwater. These nearshore sediments ,

sampled .25 km, .6 km and 1.3 km northeast of the entry In June 1975, had mean

grain sizes of .74- .25 mm diameter. The dredged ma terial from the North

Entry Is also textural ly simil ar to sediments located more than 3 km north

of the entry in depths greater than 27 m. The beach sands north of the

entry are general ly coarser than the dredged m~iteria1 with mean grain

sizes ranging from .25-8.0 mm diameter.

J
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In the Lily Pond harbor of refuge , samp l ed sediments had the highest

values of TVS , COD . TKN , copper , and zinc In the 4.5 km of channel sampled

south of the North Entry ligh t (MTU, 1975). Values of TVS, COD, and zinc

were below the EPA criteria. The maximum value of 1141 mg/kg of TKN sli ghtly

exceeded the EPA value of 1000 mg/kg. The highest total sediment concen-

trations of copper (679-866 mg/kg) were found In the Lily Pond , but less

than the maximum concentrations found in the lake (909-1310 mg/kg) (MTU,

1975). Lily Pond sediments appear to be generally finer than other channel

sediments and finer than nearshore and beach sediments . Mean grain sizes p.

of sediments sampled at mid -channel in the Lily Pond were .038-.097 mm

diameter. Elsewhere in the northern 4.5 km of the Waterway, mid-channel
1 . 1

sediments had mean grain sizes ranging from .~46-.43 mm (MTU, 1975). Lily

Pond sediments are texturally similar to sediments located 4.8 km north

of the entry (Vol ume 2. p. 57).

E. Alternate Disposal Sites Near the Keweenaw Waterway

The Corps of Engineers has used three methods of disposal

at the Keweenaw Waterway North Entry area : offshore disposal , nearshore

dumping for beach nourishment and on-land disposal . Until 1974, all

dredged materia l was dumped In the lake ; in 18 m depths northwest

of the Entry (bearing 315°) or placed In 4 in depths adjacent to McLaIn

State Park for beach nourishment . In 1974, 32,650 cubic yards from the

outer hal f-mile channel was used for beach nourishment . A total of

60,800 cubic yards , from the outer channel and the Lil y Pond , was placed

* 
on a new , experimental offshore dump site . 18 m deep, 1.3 km west northwest

of the Entry . An additional 3,000 cubic yards from the Lily Pond was

dumped on adjacent land (MTU , 1975).
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1. Offshore Dumping

Dredged material can be dumped In shallow areas of the lake where wave

action will re-suspend fine-textured sediments in the dredging~and where

l ocal currents, combined with natural turbulence , will disperse this fine

material . Disposal in deep areas will reduce the extent of dispersal

and the likelihood of re-suspension .

Wave statistics from Eagle Harbor , 48 km northeast of the North

Entry indicate a peak wave length of 113 m occurring one percent of

the time from May to December (Volume 4, p. 51). The depth of wave

influence (half the wave length), is approximately 56 m for this maximum

wave condition . Eagle Harbor ’s exposure to wi nd-driven waves is similar

to the exposure to wind-driven waves at the North Entry ; therefore,

these statistics provide an approximate picture of conditions at the

North Entry . The Eagle Harbor data also indicate that a maximum wave

l ength of 191 m (and 95 m depth of influence) can be expected once a year.

A wave hindcast for the North Entry, based on wind data from the

nearby Portage Coast Guard Station , indicates that wave influence may

have occurred as deep as 40 in1 during some storm events between October ,

1973 and July, 1975 (Volume 4, p. 52).

Comparisons of dredged material grain sizes, calculated wave—induced water

velocities and published studies of sediment movement Indicate that

the wave action from the hlndcast storm events was sufficient to move

• ~This depth of 40 in is less than the depth of 56 m derived from Eagle
Harbor wave data partly because the hindcast data give the average wave
length of the significant waves (the highest 1/3 of the waves present)
not the maximum wave length to be found . 

— ———~~~~~~~~~~* ~~~~ * . -
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unconsolidated portions of dredqed materia l if placed in depths of less

than 24 in (Volume 4, p. 53~. Observ ations of the experimental Keweenaw

dump site by divers soon after the termination of dumping in the fall

and again the followin g sprin g suggest that large piles of dredged

material at l5-18m depth disappeared during the seven month period .

The wave data provide some Information for considerin g in-lake

disposal sites disturbed or undisturbed by wave action . If future

disposal options are to include bur ial of moderately polluted dredged

material with “clear ” material , a disposal site must be selected where

potenti al re-suspension from wave act ion is unlikely. Disposal sites at ~
‘

in depths would l’o free of ~c~ivo ~ictu rbanco . Disposal sites 40-56 in

deep may experience occasional wave influence . If dispersal of dredged

ma terial Is desired , nearshore sites In depths of 24m or less should be used.

a. Deep Areas North of the ~ort~ Entry

The c losest  area to the North [ntr~ , doep enouqh ~95 in) to avoid

wave influence on sediments is located about 6 kr north of the Intry

in silty sand . Severa l miles to the west and east o~ this area , sediments

(including stampsands) move offshore f rom the littora l transport system

(Volume 
~~, 

p. 67). Sediments in this area are finer than sediments in

54 dredge scow samples from the outer section of the North Entry channel

(Volume 2, p. 57, 58, llQ ). The nssi n 1i 1a rit~ in texture could cause a

permanent change in sed i ment cha,’~jcte ristics if disposal occurred

on this site . Fine sediments from the Lil y Pond and other Waterway

sections might have better textural com pati hilit~ . Populations of

Pontoporeia affinis and total henth ic organisms are hi gh in this
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general offshore area as compared to other areas nearer the Waterway

(MTU, 1975). Disposal operations in this area would probably be

immediately disruptive to the benthic community due to burial , turbidity

and changes in substrate . If the dredged material is considerably coarser

than the existing sediments or if the material contains elements which

are toxic to the benthos , the dump site may become a less suitable

habitat for a relatively long time until natural sedimentation processes

restore the area to predumpi nq conditions. Conversel y, organic matter

in fine sediment placed on this site might constitute a favorable influence

resulting in a short-term increased food supply for henthic animals

repopulating the site after deposition has been completed.

Shallower areas of 40 in and 56 ri depth are located about 4.8 and

5.5 km north of the Entry , respectively. Both of to~se areas have fine

sand sediments. The finest fractions in the dredged material would be

susceptible to occasional disturbance by storm wave action if the material

is dumped in these areas. These two areas are texturall y similar to

dredged material from both sides of the North Entry channel (Volume 2, p. 120).

Population densities of Fontoporeia are moderate to high at 40 m and

56 in depths . The highest density of Pontqporeia at depths less than 81 in

was an average of 1170 organisms/m 2 for 15 samp les from 50-55 in depth

(MIll, 1975). Numbers of total organisms!rn~ were also high at these

depths. The maximum abundance of organisms was found at 38-53 in depths

offshore (MIII , 1975). Disposal operations at these two sites woul d

probably be Immediately disruptive to these relatively abundant benthic 
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communities due to burial and turbidity. If the dredged materia l place d

on these sites is generally comparable in quality to the existing sediments ,

the effects of disposal would probably be short-term and repopulation of

the site could be expected after dumping had terminated .

The existing sediments in the three areas described in the preceding

paragraphs show less influence from stampsands 1 than the nearshore

sediments that move into the North Entry (Volume 2, p. 54). Since there is

some evidence tha t the stamp sands have had a negative influence on the

nearshore benthic communities due to high copper levels (MTU, 1975),

the disposal of material contain inglarge percentages of stampsands may have

an adverse effect on the benth ic communities in these three deep areas.

Currents have not been measured in these areas. However , three maps
I I

of surface temperature gradients showing large scale therma l structure

of the Keweenaw Current (Yeske , 1973) ind i cate that water movements in

these three reg i ons i”ay be part of the strong current which develops in the

summer months and sweeps along the west and north coast of the Keweenaw

Peninsula. If this is true , then fine mater ial , suspended during dumping on

these sites would move primarily to the northeast and he widel y distributed

before settling to the bottom .

The three potent ial disposal sites described above are located one

to two kiloreters east of the Houghton to Isle Royale ferry route and

about three to four kilometers from other sh ipp ing lines.

1 i dentified by the basaltic lithic fragments characteristic of the
* stampsands (Volume 2, p. 39, 40).

-
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b. Areas Shallower Than 24 m Depth

Our divers ’ observations and peri odic monitoring of the experi-

mental dump site sediments (MIII, 1975) Indicate that disposal of

dredged material at depths less than 18 in resulted in movement of the

material and fairly rapid dispersal of fine sediments through wave

action and local currents. The sediment dispersal patterns shown in

Volume 2 (p. 65) indicate that sediments at depths of 15 in or less

move in the longshore direction . Dispersal of stampsands from Freda

and Redridge beaches has occurred towards the northeast (and the North

Entry) and toward the southwest. There is some evidence of coarse

sediments moving offshore , southwest and northeast of the Entry and

an offshore movement of fine sediment at the Entry .

Fine sediment in suspension during dumping or sediments re-suspended

by waves will move longshore with the current. Currents on the experi—

mental dump site west of the Entry (Figure 5) moved predominantly towards

the northeast on 43 days out of 60 days in June and July of 1974 (Volume

4, p. 31). A current towards the southwest was predominant eight days

out of a 60 day period. If in-lake disposal occurred during northeasterly

flow , initial advection of suspended material could be as much as 20

km/day (Volume 4, p. 55). Visual observations of dumping operations on

June 3, 1974 suggest that turbidity generated by the dumping process is

of short duration. Fi ve hours after dump ing, the turbid plume from the

dumping was indiscernible (Volume 2, p. 106). Turbidity is common in

nearshore areas after storms and heavy rains.

Areas wi th depths of 24 in are located less than 3 km from the North Entry .

A site with 18 in depths , northwest of the Entry (on or adjacent to the old 

~~~~~~~~~~~~ - - -~ -‘
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dump site) is texturally similar to dredged material from the northeast

si de of the Entry channel (Volume 2, p. l.O~. Two other nears hore areas

within 4 km of the Entry having sediment texture compatib le with the

1974 dredged material samples , are adjacen t to ana east of McLa in State

Park .

Nearshore benthic communities are sparsel y popu lated near the

North En try . The density of PontQporeia averaged 90 individuals/rn 2 at

20—25m depths , 70 indiv i du als, n~ at 15-2Orr depths, and 25/rn2 at lO-l 5m

depths. Shallower waters had 10-19/rn2 (MT U , 1975). Numbers of total

organisms were also low in these areas throughout the sampling period

between June and October l~ 74 .

Disposal of dredged material in these nearshore areas will have an

immedia te disruptive effect on these sparsel y populated communities and

a possible delayed effect on r’ore abunda nt v’o:~ulations offshore as the

finer sediments move out into deeper water. The dredged material from

the outer portion of the Wa terw ay is sir~l l a r in overall textura l and

chemical properties to sediments found in the lake. The environmental

effects of this material on the ecosysten are probabl y similar to the

effects of natura l sedimentation processes when the ma terial is dumped

In the nea”shore areas to disperse. Dredged material containing high

concentrations of copper , zinc , and other possible pollutants in the

fi ne fraction may cause more serious effects if this material dri fts

into benthic communities . There is some evidence to suggest that copper

in stampsands dumped on the beach at Freda-Redr idge has had an adverse

effect on the abundance of benthic organisms , particularly Pontoporela

affinis , in some parts of the Keweenaw Area. A reduction in biomass and

numbers of organisms was noted in areas where seJir~ents had hi gh copper

va lues (MT U, l975’~.



—

~~~~~~~~~~~~

88

2. Beach Nourishment

All of the beaches studied south of the Entry increased In width

from the fall  of 19 73 to Novemb er , 1974 (Volume 2, p. 67-75). North

of the Entry , there was abundant evidence of erosion. An exception

was a beach at McLai n State Park that  accreted throughout the study

period , possibly because of nourishment from dredged naterial dumped

i n nearshore waters as par t of the Cor ps of Engineers beach nourishment

effort . This accretion was in contrast to the severe erosion of another

McLa in State Park beach one kilometer to the n~ rtheast. The different

angles o~ the eroding and accreti nc beaches to the dom inant wave dir—

ections and tho in fl uon ce of rcboro bathv ~etr ic irregularities on

wave refrac tion ~av explain some o~ the differences in erosion on these

two beaches .

Volume 2 (p. 101) , describes a snal l scale beach nourishment

experiment at TMcL ain State Park , adiacen t to the north breakwater of

the North Entry . One cub ic yard of dredge material was placed in the

swash zone of the beach. Beach prc fi~ es a nd ~edinent textural analysis

befo re and after Jur’piro ShO~.OL1 th~t the beac h receive d a consi derable

portion of fin e se di men t fr~n the d~’edoed ~aterial but that texture and

profile returned to pre-nourish~”ent corditions in one day . Th i s ex peri-

ment showed that it is possible to create a sandy beach temporarily on

a gravell y foreshore , but wind and waves soon remove the dredged

material .

Dredged material whic h is finer than the beach sand (during a given

season of the year) is not likely to remain if placed directly on the

beach. Material dredged in Oune of 1974 and placed nearshore for beach

~~~~~~~~~~ ~~~~
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nourishment would most likely have remained nearshore during the summer

months of low wave ac t i v i t y , w i t h  eventual movement of the fi nes t material

into deep water north of the Entry or along the coast as indicated by

Fi gures 38 and 70 in Volume 2 (page 65, 120). The environmen tal effects

of this transport process are probably sImile to those previously

descr ibed for nearshore disposal at depths less than 24 m deep. The

textural si ln ila r ity of the nearsho ro sed ir~ents sampled in June 1975 to

the dredged m ateria l pla ced on this site adjacent to McLai n State Park

in 1974 indicates that muc h of the dredged ~‘atenial remains nearshore .

3. Conclusions

Table 10 contains a comparison of the disposal sites discussed ~n

the previous sections , using a number of qualitative and quantitative

factors .

a. Restr icted Disposa l

Restricted disposal of moderately polluted dredged material in the

lake near the Keweenaw North Entry would require an area with depths

approaching 95 meters . The closest area with this depth is 6 km north

of the Entry . This is about the same distance from the dredg ing site

as the 1975 disposal area near Wisconsin Point was from the dredging

areas in Superior Harbor. The accurate placement of clean material

over polluted ma terial will require a buoy array or electronic position-

ing. The imed iate and long term impact of material dumped on the

densely populated benthic community would probably be substantial.

V This disposal stra tegy seems undesirable , and shoul d be attempted only

if in-harbor dis posal of moderately pol luted material is not possible.

- ~~~- - -- - - -- - - - - - -~~ — --- -~.-“- - - -~—- - - -
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b. Beach Nourishment

Beach nourishment by nearshore disposal at McLain State Park is a

beneficial use of the littoral material which characterizes the outer

half mile of the North Entry channel. Fine sediment will disperse ,

following normal sediment distri bution patterns. It may be feasible

to extend the nourishment area to the erodin g beaches of the park , north-

east of the Entry .

c. Disposal of Dredged Ma terial Unsuitable for Beach Nourishment

Material which is too fine for beach nourishment and which is

approved for unrestricted in-lake disposal should be placed at depths *

less than 24 m deep where benthic populations are low and where dispersal

of fine sedimen ts will follow similar distribution patterns to the

sedimen t in the littoral drift. The area of the old dumps i te is an

obvious choice for continued disposal because of its continuing textural 
V

similarity to dredged material from the outer part of the Entry channel.

In—lake disposal of dredged material which is qualitatively differ-

ent from sediments in the littoral transport system should be avoided If

possible to reduce the Introduction of pollutants to the lake environment .

The sediments from the Lily Pond area appear to be generally finer , with

higher copper concentrations than the sediments deposited in other ,

adjacent areas of the Waterway channel . In-lake disposal of this material

should be avoided unless the adverse environmental effects of alternate

disposal strategies appear to be greater than the anticipated effects of

lake disposal.

- V
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Table 10

A Comparison of Disposal Sites at
the Keweenaw Nortn Entry

Disposal Areas

Nearshore
at

Charac te rist Ics 95 m 40 & 56 ni Historic McLain
Q~pth  ~~~p~~s Durnp Site Park

Within 6 km of the Entry

Within Normal Lit to ral Se di men t
Transport Patterns

Low Probabilit y of Disturbance
to the Benthic C ommunity

Known Beneficial Uses

Sediment Texture  Simi lar to Dredge
Material

Des irable Feature for a D1sper~al
Strategy :

Frequent Sediment Resuspension

Desirable Feature for a Restricted
Disposal Strategy :

Low Probability of Spoil Resuspension • V

~
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VI . Short-term and Lonq-term Effects of Dredged Material Disposal in

Lake Superior

The dredging of harbors and waterways on Lak e  Superior has gone on

for many years and w ill need to be continued as long as significant ship—

V ping Is carried on in that lake , the refo re , the disposal of spoil is a

long- term requirement. The trend in Great Lakes shippi ng Is toward

larger , deeper draft shi ps. This trend suq~iests that dredging activ ity

at major harbors like Duluth-Sup erior will in~reace in the future . The

possibili ty of larger quantities of dredqed mat erial In the future In—

creases the i mportance of economical and env ironmentall y suitable methods 
H

and locations for disposing of this m aterial.

At present , the d isposa l of mat e r ia l  in Lake Superior is governed

by Federa l Water Pollution Con trol Act Amendments of 1’~7~’ (P1 ~ ‘-t’ OO).

The Corps of Eng ineers has authori ty to requl a f t ’ in-i ak& ’ dispo sal in

accordance wi th gui do lines put in to of fec t by the II. S • n ~ i ronr~en t al

Protection Agency ( E PA).  Since dischar ges of drrdqed V
~Ite,.1~11 into

Lake Superior are potentiall y discha rn ’s of po l l u t a n t s , and at Increased

loadings of the 1 ake w i th  na t ur al  ~t’di men t • s t a t e  requl atory agencIes

are also involved because of s t a t e  water qua1 it~ laws ( FW PCA , l97.~) .

The guide lines are used by EPA to cla ss if~ harbor areas as . heav i ly

polluted , niod~r ate ly polluted , or unpolluted , ~k’pendi!a on the  r e s ult s

of sediment analysis and elutr iate tests .  The desi~n’tat ion pol luted Is

V defined in terms of concentrations of specific substances in the sediment ,

che mi ca l cond it i o n s  in the sediment and the potent li l release ~f ‘olu ble

elements to the wate r column . There have been V C O s  few a t t empts  to

~~ 1
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determine if the substances (or elements ) In the sediments w i l l  in fact

have short-term or long-term effects on the Lake Superior ecosystem .

In considering lake disposa l of dredged m ateri al the q u e s t i o n s  of

Irreversible damage to the lake or i ts hiota . ha:ards to human health

due to contamination of either the water or f ish used fo r human food ,

and the creation of ma jor aesthet ic  nuisances nius t be addressed. If

any of these effects Is likely to occur , then the environmental cost

of In— lake disposal is d earl y too high and is unacceptable.

Lesser effects such as t eniporai’v disrupt inn at henthi c organisms In

l imited and local area s , tr~n ’Jtoi~ tuiHdft ~ in aft short’ areas , or m in o r

and local increases in non — tox ic di sso lved substanc es do not tall into

the i rrevers ib le , human health , ~ st~r iOUs nuis ance categories and should

not be considered as contr i hut i nq to the l o n i — t  orni in’pa irment of environ-

mental quality or odu~ t l v i  t~ . Punip in~i of drod~i~d r a t e i l a l  in cr i t i c a l

areas such as f ish spawn i n~i areas or upc urrent from domes t i c  water

supp ly Intakes is clear l y unacc e ptab le , hut these and m l  lar hazards

are easi ly ave I dab le b~ prudent so 1 oct ion of pro — cu ~ od dump si tes .

ass uming that the loc at ions  of water intak es and f i sh  spawnin g grounds

are known .

In-lake disposal of dredged mat erial Is an a t t r ac t i ve  short-term alter-

native because of the low economic costs associate d with th is method and

because some of the mat eri al can he used to tem porar i1~ reduce the erosion

of nearby beaches. In l~~’4 . the C orps of Engineers estima t ed that dredging

wit h in—lake dispo sal cost appr oximatel y $.~.OO per cu b ic yard of material

L _
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and that conta ined on—land disposal could increase the cost to $6 .00-

$10.00 per cubic yard . (Corps of Eng i neers , Ma rc h , 1974). In-lake

dis posal was commonly used until 1968, when sediments in some harbors

including Duluth-Superior were declared polluted by EPA . Subsequent

disposal occurred wi thin this harbor , in an unconfined , shallow water

area.

In—lake dis posal of dredged ma terial at Duluth-Superior may have

contributed to some long range changes in the Lake Superior ecosystem

near Duluth-Superior. Our analyses of lake sediments from the old Duluth

dumpsite and off the south end of Minnesota Point show evidence of probable V

trace metal pollution in these areas of past dredged material disposal.

However , other areas af far as 19 km from the harbor also show si gns of

trace metal pollut ion. It is impossible to i dentify the sources of these

polluted sediments . The evidence indicates only that the presence of

human activity in this area has led to an increase in sediment metal

concentrations above the background va lues found in local soi ls and

sediments .

Some of the Pontoporeia from hici h mercur y-beari ng lake sediments have

high body burdens of mercury (1-2 mg/kq) wh ich are with in the range of V

mercury uptake observed to have an effect on Pontoporeia behav ior in the

la boratory , indicating that mercury already present in lake sediments near

Duluth may be having a long—term adverse effect on the activity and health

of the benthic comunities in this area. The ability of Pontoporela to

multiply their body burden of mercury , and the high levels of mercury

(exceeding FDA levels) in the flesh of game fish which feed on Pontoporeia

when the fish are young , are evidence tha t mercury in sed iments may be

one source of mercury to people who eat these fish. This transfer of 

- ~~~~~ V _ ~V • _V V -- -— V V~~ 
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mercury through the food chain is a long-term effect on a time scale of

years.

Two sites (19 , 21) had high concentrations of mercury In the clay-

size sediments (1.23, 1.37 mg/ kg) and large numbers of ~ontoporeia (684 ,

804/ rn 2 ), but low mercury values in the Pontoporeia (.09, .10 mg/kg).

Station 51 (October 1974) had a slightl y enriched concentration of .6 mg/kg

mercury in the clay-size fraction , a moderate population of 323 Pontoporeia/m 2

and a high concentration of .97 mg /k g mercury in the Pontoporeia. There are

several possible c o n c l u s i o ns that can be drawn from this evidence :

1. Pontoporeia do not avoid sediments containing high mercury concen-

trations.

2. The sediment mercury at stations 19 and 21 was in an unavailable form.

3. The Pontoporeia at stations 19 and 21 recently moved into these sites.

4. Some reduction of Pontoporeia population densities occur where there

is evidence of mercury up take as at station 51.

5. The effects of mercury on Pontopore ia behavior and health are less V

severe in the lake than in the laboratory .

Of these five possibi l i t ies , 1 , 2 , and 4 seem most likely. However , the

number of sites sampled is insufficient to develo p correlations between

mercury concentrations in sediments , mercury concentrations in Pontoporela,

and population densities of th is animal . Undoubtedly other characteristics

of the benthic habitat are also importan t factors.

In spite of heavy sedimentation with red clay of low metal content from

the adjacent Wisconsin shore , surface sediments near Duluth—Su perior remain

hi gh in metal concentrations in some areas. This may indicate that the

transfer of trace metals from the harbor to the lake sediments is contin-

uing without the assistance of in-lake dredged mater ial disposal or that

- ~V_ ~ -- __V~~~V -— ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -~ V_ ~~VVV~~ ~~~~~~~~~~~ V~~~~~~~J 1V V ~~~~~~~~~~~~~~~~~~~~~~~~ V~~~ -
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the dilution of previ ously-deposited spoil with high metal concentrations

by red clay sedimentation is a slow or ineffective process. P o l l u t i o n

from a source outs i de of the har bor is a lso  a ~o ssihlli t v . Unfortunately,

there are no earlier data to ind icate if there has been an improvement in

lake sediment quality since in-lake dis posal was suspended in 1968. In

any case , exist ing hi gh concentratio ns of I t r c u r y  above background values

in some sediments and in some Pontopornia af f i n is  suc igest that polluted

sediments are now and w i l l  continue to be a lam -tor i’  source of mercury

to the local ecos ystem and to :;an in the Cu l a t i-Superior area. We do

not know the areal extent of pniluted se d i i  rV , the pollutional source (s)

or how extens i vely  upta k e h~ Pnntaj  -orn ia 0 ~u

In-lake dispos a l at f ine textured no t ial ~ I th high metal content

should be consi dered an u n* ~i rihl e tdd i  t icn t c  t h e ~~~~~~~~~ There is

some potential for 1 ong-term al rat ion in oI -~~ni c productivity and

heal th of the bonthi c cenmiuni t ins , ~.h 1 ch w i 11 • in turn , affect the fishes 
1

that depend on them fe r f ood , and possi  hlv ~i 11 al f~ ct th e health of humans

• who consume fish.

Some ut the dmedqnd se di in , t ~ i i i  1 :od is aarsa sa~d , w i t h  essenti ally

background levels of met a ls.  ~~ Is t p t  at  at~ rial no~ the pote nt ia l  for

beneficial short—term usage as hOOLh 1 0 , 1 hr~’nt it en i  Ii 1r~ v ery l it t le

possibility of long range ad~ ei’ce n t f c ~ ts .

Some dred a ed ~~~ t rial (fi n~ ~~di mcii t ~ i t ~- i~ ~~ 1 co n te n t ) w i l l  not

fit either of the previous t~ a ca t  rac r  i as .  i pl ac ed in the lake , this

material may cause some s hort- ter m af f ec ts d~ n to tu ,hid~ ty, other po llutants

such as pesticides , PcL3s , petroleum hyd1V aca r t ~ons or temporary disruption of

the benthic communi t~ . The long—term ncrt lunnce s ire not clear l~ ev iden t

hiIii~ ~~~~~~~~~~~~ VVV~• . •  ~~~~~~~~~ ~
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at this time. We did not analyze sediments or organisms for pollutants

other than trace elements .

With careful material anal ysis and selection of disposal alternatives

some types of dredged materia l can be placed in the lake at Duluth-Superior

with a low risk of long-term consequences. Continued in-harbor disposal

(preferably contained disposal) wi l l  be required for fine textured , p ol lu ted

material if the long-term impairment of biolog ical productivity is to be

avoided .

In the Keweenaw Waterway area , deposits of stampsands , refuse from

copper mil ls , are the largest source of trace metals. Some 50 million

tons of stampsands containing hiqh concentrations of copper (2500 mg/kg

or greater) was deposited on the lakeshore at Freda and Redridge , 15 km

— southwest of the North Entry between 1895 arid 1968 (MTU , 1975). Much of

this material has moved into the lake and has been distributed in the

littoral transport system . The large remaining deposits of stampsands

which are spread along 20 km of coast wil l  be a major source of trace

metals in this area for decades and possibly centuries to come .

Sparse populations of benthic organisms in coastal areas near Freda

and Redridge indicate that the high-copper bearing stampsands may be having

an adverse effect on the local ecosystem (MTU, 1975). The known toxicity

of copper in other aquatic systems (Marine Studies Center , 1974 ) is  an

added reason for concern about the effects of stampsands. Prior use of the

lake as a convenient dumping ground for copper tailings was a short-tenit

advantage which is probably having long-term consequences to the lake
V 

ecosystem.

V 
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Up to the present , littoral material which has moved into the North

Entry of the Waterway was dredged and dumped nearshore in depths of

4- 20 rn- - returning the sediment to the l i t toral and nearshore environment.

A halt to this practice wi l l  not enhance the lake environment because the

stampsands at Redridge and Freda continue to move into the l ake and are

distributed In the natural l ittoral transport system. Disposal of dredged

mater ia l  in  deep areas , or in-lake disposal of fine textured , polluted V

sediments from inner portions of the Waterway can be considered as actions

which are not similar to natura l sediment dispersal processes and are

actions with some potential for adverse environmental effects . These effects

include permanent change s in subst rat r ’ by int rc ’- luct lon of coarse , littoral

material unsuitable for habitat , or effects from exposure of the benthos

to polluted sediments . Onshore disposal or nearshore disposal with sub— 
•

sequent littora l dilution would be preferable alternat ives to offshore

disposal in deep areas. Disposal of dredged l ittoral material from the

North Entry containing large amounts of stanipsands in areas beyond the

littoral transport zone rtnild also be detrimental. In these areas , stamp-

sands are present’ y a smd I~er part of the sediments than in the littoral zone.

Determination of what is detrimental requires some knowledge about the

animals in the lake ecosystem. Pollution intolerant organisms like Pontoporeia

• affinis are sensitive to changes in sedimen t (and possibly water) quality .

Changes In the distributions and trace element body burdens of these

organisms can give an early warning of subtl e changes in the lake ecosystem .

Our benthic sampling and subsequent ana lysis provide a modest baseline

for detecting future changes in trace element concent rations in sediments

and Pontoyorela affi nis. Bloassays , such as were performe d in this study ,

V~~ - • V~~~ ’~ ~_____  •
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should be used to interpret the significance of changing lake conditions

and to predict the long-term consequences of actions like dredged material

disposal . Since our bicassays included only the metals mercury and zinc ,

the results are more use ful for predicting effects of dredged ma terial

disposal at Duluth-Super -or than at the Keweenaw Waterwa y , where sediment

copper is dominant. Bio~ssays with sediment coppe r and Pontoporeia having

low body burdens o’ the netal wou ld give information on the rate of accumu-

lation and the behaviora l effects due to copper uptake. This information 
V

could provide some insight into what has occurred in coasta l areas of the

Keweenaw Peninsula where stampsands have been prominent , or what would V

occur if dredged ma terial w ith high copper co ntent  was placed in new

benthic areas where prior exposure to copper was low . Other organisms V

which may prove useful in bioas says are phytop lankton , zooplankton , f i s h

or birds.

It can be argued that the very addition of solid ma terial to Lake V

Superior constitutes an undesirable long-term effect.  However , most of

the material dredged from harbors and wate rways was either derived from

sediment transport in the lake itself or would have ultimately reached

the lake as ri ver-borne sediments if the harbor had never been constructed

In the first place . Based on this line of reasoning . in-lake disposal of V

dredged material is simply the continuation of ex ist ing natural processes

through human act ivi t ies. In short , the Idea that in - lake disposal of

dredged material from existing harbors and wate rways w i ll accelera te the

filling in of Lake Superior is not defensible.

Due to the immense volume of Lake Superior , It has a very large capacity

for diluting and assimilating any ma terial added to it which Is a major

asset to man ’s use of the lake. As the nearly pure headwater of the Great 
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Lakes , Lake Superior also constitutes an important source of diluting

water for the other four more heavily used and pollutant—loaded Gteat

Lakes. However , Lake Superior ’s relatively small watershed combined

with Its role as the headwater for the entire chain of the Laurentian

Great Lakes place special responsibilities on man ’s contemplated uses

of the lake . From the average outflow of the lake and its volume , it

can be calculated that the water is replaced once every 183 years.

But if some conservati ve (i.e. dissolved and biologically inactive)

material is added to the lake and if this substance undergoes complete

mi xing within the lake , then it will require nearly 500 years for 95

percen t of this substance to be removed at the present mean rate of

outfl ow. In terms of our industrial culture ’s time scale , the removal

from Lake Superior of mi xed materia l such as dissolved pollutants is so

slow that additions of pollutants to the lake can be considered an irre-

versib le change.

Conversely, it can be stated that if a small amount of a conservative

substance Is added to Lake Superior each year , the concentration in the

lake will increase very slowly and that it will require 500 years for the

lake to reach 95 percent of its ultimate equilibrium concentration . In

short, Lake Superior responds very slowly to the addition of any conser-

vative pollutant , but once it -Is degraded It will require a very l ong

time to cleanse itself.

These characteristi cs - lon g flushing time and headwater source -

Impose special responsibilities to guard against long-term additions of

foreign substances to Lake Superior and to monitor water quality with

an accuracy and precision barely possible with present day analytical

techniques. Bloassays and water quality analysis are two of a variety

V - V V ~~~ _V ~~~ - ~~~~~ ~~~~~ V V  
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of techni ques and tools which can be used to detect and measure changes

in the inherentl y stable environment of Lake Superior . It is important

to note , however , that the availability of these techni ques means nothing

unless they are used and used systematicall y. It is further worth

noting the elementary and sel 4
~-evident fact that changes cannot be

detected without a baseline from which to start .
It follows from the previous discussion that the niaintenance and

enhancement of long-term environmental quality and productivity of Lake

Superior , however desirable , cannot be ensured by simply setting concen-

tration standards for material being added to the lake . The actual fa te

and effects of the mater ials on the lake itsel f ar - a  ~t biota must be

determined . In addition , the imperfections of these short-term measutements

must be recognized . The lake and its biota must be kept under surveillance

for long-term changes by care fu l and systemat ic monitoring of the lake as

a whole and of particular regions whe re l ocal a~~i ro t  ~ ~~ signal future

larger scale changes .

The relationship between the short-tern’ use of the lake environment 
V

and the maintenance and enhancement of its long-term environment quality and

productivity is complex. In the case of Lake Superior , long-term changes

are difficult to forecast and almost as difficult to detect even after

they have begun. Recognition of this situation points inexorably to the

need for extreme care in investigating potential effects of materials

added to the lake , some of which are addressed in this report and to the

need for on-going monitoring of the lake itself in order to detect

• unforeseen changes. This admonition applies not only to dredged material

but also to the addition of any material to this priceless lake.
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