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Figure 5 . Dredged material islands are intensely utilized by colonial nesting sea birds such as this 

mixed colony of Sandwich and Royal terns. Photo courtesy of Waterways Experiment 

Station. 
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conducted 

by 

the 

DMRP has resulted 

in 

guidelines 

for the 

development 

and 

man-

agement 

of 

avian 

habitat 

(Soots 

and 

Landin 

1978). 

Most of 

the 

following


discussion 

is 

taken from 

the latter 

report 

and the reader 

should consult 

it


for 

further 

information, 

A 

bibliography 

is also 

available 

(Landin 

197Sb).


There 

are 

over 

2,0C0 

dredged 

material islands 

throughout 

the United


States 

navigational 

waterways. 

An estimated 

2 

million colonial 

nesting 

birds,


out 

of a total 

contiguous 

United 

States 

population 

of 

5 

million, 

nest on


dredged 

material islands 

(Soots 

and 

Landin 

1978). 

For discussions 

of 

specific


parts 

of 

the 

country 

see 

Buckley 

and 

McCaffrey 

(1978), Chaney 

et al. 

(1978),


Lewis 

and Lewis 

(1978), 

Parnell 

et al. 

(1978), 

Peters 

et 

al. 

(1978), 

Scharf


(1978), 

Schreiber 

and 

Schreiber 

(1978), 

and 

Thompson 

and Landin 

(1978).


Man-made islands 

vary 

in their value 

to colonial 

nesting


birds
 from


crit-

ical, 

e.g., 

in 

North 

Carolina, 

to 

relatively unimportant, 

e.g., 

along 

the


upper 

Mississippi 

River 

(Soots 

and 

Landin 

1978). 

Because of 

widespread 

de-

struction 

or 

premption 

of 

natural 

habitat 

along 

the 

Atlantic 

and Gulf 

coasts,


dredged 

material 

islands 

are used 

more 

extensively 

than natural sites.


Among


the 

species 

using 

them, 

these 

islands 

are most 

important 

to


gull-billed


( 

Geolqchelidon 

nilotica 

), 

common 

(Sterna 

hirundo

),


least


(S.


a


lbifrons


),


sand-

wich 

( 

Thalasseus sandvicensis

), 

and 

royal 

terns 

(T. 

maximus


).


In 

many 

areas, 

traditional 

nesting grounds 

have been 

destroyed 

by 

man or


else 

they 

are 

readily 

accessible 

to 

ground 

predators. 

Dredged 

material 

islands


offer 

relatively good 

protection 

from 

ground 

predators 

and 

disturbances 

by


man. 

In addition "to use 

as 

nesting 

sites, 

dredged 

material islands 

furnish


areas 

for 

loafing, 

feeding, 

and 

roosting. 

Habitat 

requirements 

of 

many species


of colonial 

nesting 

waterbirds 

are 

quite 

specific 

and 

certain 

dredged 

material


islands often 

meet the 

requirements 

of 

a 

particular 

species. 

For 

example, 

a


newly 

formed, 

bare 

ground, 

dredged 

material 

island 

was 

used 

by 

terns 

in 

pre-

ference to 

barrier islands 

and 

beaches 

where 

predators 

and 

human 

dis^.urbances


were 

more 

likely 

to occur 

(Soots 

and 

Landin 

1978).


Factors
 that
 determine


nesting


waterbird 

use


of


dredged


material


islands


include: 

(a) 

the 

extent of 

isolation 

of the 

island 

from 

ground 

predators 

and


human 

disturbance; 

(b) 

the 

habitat 

diversity 

found 

on the 

island; 

(c) 

the 

sta-

bility 

of the 

potential 

nesting 

substrate; 

(d) 

behavioral 

characteristics 

of


nesting 

species 

including 

social 

facilitation; 

and 

(e) 

the 

feeding 

and 

forag-

ing


habitats


of the


nesting


species


(availability


of


nearby


feeding


areas).


Soots 

and Landin 

(1978) 

found 

little 

difference 

between 

the 

use 

of a


dredged 

material 

island and 

a natural 

site. 

The critical 

factor 

is 

the 

avail-

ability 

of suitable 

habitat. 

The habitat 

may 

take 

years 

to 

develop through


natural 

plant 

succession 

on 

a 

dredged 

material 

island 

after 

its formation 

or


other 

additional 

deposition. 

An 

island 

that 

is isolated 

from 

ground 

predators


will 

probably 

be used 

for 

nesting 

when 

it 

reaches 

a successional 

stage 

attrac-

tive 

to the 

species. 

Soots 

and 

Parnell 

(1975) 

also 

showed 

that 

avifaunal


succession 

on 

dredged 

material 

islands 

in North 

Carolina 

was 

directly 

related


to the 

type 

of 

vegetation 

found 

on 

the 

islands.


Soots 

and Landin 

(1978) 

noted 

that 

structure 

and 

density 

of 

vegetation


determined 

which 

species 

of 

birds 

would 

use 

an 

island, 

and rates 

and 

patterns


of 

plant 

succession 

determined 

how 

long 

an island 

would 

be of use to 

certain
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conducted by the DNRP has resulted in guidelines for the development and man­
agement of avian habitat (Soots and Landin 1978). Most of the followin g 
discussion is taken from the latter report and the reader should consult it 
for further information. A biblio graphy is also availa ble (Landin 1978b). 

There are over 2,0C0 dred ged material islands throu ghout the United 
States navigational waterways. An estimated 2 million coloni al nesting birds, 
out of a total contiguous United States population of 5 million, nest on 
dredged material islands (Soots and Landin 1978). For discussions of speci fic 
parts of the country see Buckley and McCaffrey (1978) , Chaney et al. (1978), 
Lewis and Lewis (1978), Parnell et al. (1978), Peters et al. (1S78), Scharf 
(1978), Schreiber and Schreiber (1978), and Thompson and Landin (1978). 

Man-made islands vary in th eir value to colonial nesting birds from crit­
ical, e.g., in North Carolina, to relatively unimportant, e.g., along the 
upper Mississippi River (Soots and Landin 1978). Because of wides pread de­
struction or premption of natural habitat along the Atlantic and Gulf coasts, 
dredged material islands are used rrore extens ively than natural site s . Among 
the species using the m, these islands are most important to gull-billed 
(Geolochelidon nilotica) , common (St e rna hirund o), least (~. albifrons), sand­
wich (Thalasseus sandvicensis), and royal terns (l, maxirrus). 

In many areas, traditional nesting grounds have been destroyed by man or 
else they are readily accessible to ground predat or s . Dredged material islands 
offer relatively good protection fro m ground pred at ors and disturbances by 
man. In addition to use as nestin g sites, dredged material islands furnish 
areas for loafing, feeding, and roosting. Habitat require ments of many species 
of colonial nesting waterbirds are quite specific and certain dredged material 
islands often meet the require ments of a particular s pecies. For example, a 
newly formed, bare ground, dredged -material island was used by terns in pre­
ference to barrier islands and beaches where predators and human dis~urbances 
were more likely to occur (Soots and Landin 1978). 

Factors that deter mine nestin g waterbird use of dredged IY'aterial islands 
include: (a) t he extent of isolation of the island from ground predators and 
human disturbance; (b) the habitat diversity found on the island; (c) the sta­
bility of the potential nestin g substrate; (d) behavioral characteristics of 
nesting species including social facilitation; and (e) the feeding and forag­
ing habitats of the nestin g species (availab ility of nearby feeding areas). 

Soots and Landin (1978 ) found little difference between the use of a 
dredged material island and a natura l site. The critical factor is the avail­
ability of suitable habitat. The habitat may take years to develop through 
natural plant successio n on a dredged mat erial island after its formation or 
other additional deposition. An island that is isolated from ground predators 
will probably be used for nest ing when it reaches a successional stage attrac­
tive to the species. Soots and Parnell (1975) also shm·1ed that avifauna l 
succession on dredced mate rial islands in North Carolina was directly relate d 
to the type of vegetation found on the islands. 

Soots and Landin (1978) noted that structure and density of vegetation 
deter mined which species of birds would use an island, and rates and patterns 
of plant succession deterrnined how long an island would be of use to certain 
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bird 

species 

before 

becorring 

available 

to others. Bare 

ground 

nesters 

only


use 

an island 

for 

1 to 

3 

yr 

before 

growth 

of 

vegetation 

causes 

them to abandon


the 

site. 

Ground 

nesting species 

that 

prefer grass 

and herbaceous 

cover will


use 

islands 

2 

yr 

of 

age 

or older 

depending 

on 

plant 

colonization 

and 

succes-

sion. 

Arboreal 

nesting species 

generally 

do not use a 

dredged 

material 

island


until 

shrubs or 

trees 

develop. 

Sometimes succession of 

vegetation 

is 

arrested


indefinitely by 

certain 

edaphic 

or climatic 

factors 

and, 

thus, 

may 

have 

long-

term use 

by 

a 

particular 

species. 

The above factors should 

be considered 

when


contemplating 

initial island construction 

or 

deposition 

on an 

existing 

island.


Dredged 

material 

may 

be used 

to establish 

new islands 

when there is a


shortage 

of 

nesting 

habitat 

or to 

modify existing 

islands. 

Periodic 

disposal


can 

be used 

to set 

vegetation 

back to an earlier succession 

stage 

(to 

benefit


ground 

nesters). 

The 

configuration, 

size, 

and elevation can 

also 

be altered


through 

disposal. 

Further 

disposal 

should be 

prevented 

on islands 

where arbo-

real 

species 

are 

being encouraged. 

Soots 

and 

Landin 

(1978) 

encouraged 

the


management 

of 

existing dredged 

material 

islands, 

because 

potential 

adverse 

en-

vironmental 

impacts 

of 

disposing 

on an 

existing 

site 

are less than 

those 

of


developing 

new islands.


Any 

management plan 

should include 

interagency 

cooperation 

to determine


habitat 

needs of the 

area 

(which 

birds 

do we want 

to 

encourage 

or 

discourage


and 

what 

type 

of habitat 

do 

they 

need?). 

There are 

several 

important 

consider-

ations 

for new 

island 

development 

(Soots 

and Landin 

1978).


(a) 

Site location 

- 

Isolation 

from 

man and 

predators 

is 

an 

important


consideration. 

However, 

with 

protection, 

colonial 

waterbirds 

can 

live 

in 

har-

mony 

with 

man.


(b) 

Timing 

of 

development 

-

Fall or 

winter construction 

will 

permit 

use


of 

the island for 

nesting 

the 

following nesting 

season 

by bare-ground 

nesters.


(c) 

Size 

-

Two 

to 

20 

ha 

(5 

to 

50 

acres) 

are 

suggested 

as a suitable 

size


for islands. 

However, 

least terns 

do well on islands 

smaller 

than 

2 

ha.


(d) 

Substrate 

-

R..-,. 

i rements 

may 

vary 

with 

species. 

Generally 

coarser


material 

makes better 

nesting 

substrate 

than fine material. 

A 

mixture 

contain-

ing 

shell is 

good 

for bare 

ground 

nesters.


(e) 

Slope 

- 

Flat 

to 

gentle slopes 

are 

preferred.


(f) 

Elevation 

- 

Should be sufficient 

to 

prevent 

flooding, 

but 

high


elevations of 

fine-grained 

material should 

be avoided 

because of 

wind and ero-

sion.


(g) 

Vegetation 

-

Requirements vary 

with 

species. 

Plants can 

be estab-

lished 

artificially 

or the 

developer 

can 

depend 

on natural 

colonization. Soots


and 

Landin 

(1978) 

provided 

a 

comprehensive 

discussion 

of 

plant 

propagation 

and


management. 

For 

additional related 

information 

see 

the 

previous 

section about


terrestrial 

habitat 

development.


Wetland 

development

. 

Techniques 

of 

brackish-water 

marsh 

development 

uti-

lizing dredged 

material 

are 

fairly 

well 

developed 

(Carbisch 

1977). 

Mangrove


and freshwater 

swamps 

and 

freshwater marshes 

could 

probably 

be 

developed 

from
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bird species before becorring avai l able to others. Bare ground nest ers only 
use an island for 1 to 3 yr before growth of vegetation causes the m to abandon 
the site. Ground nestin g specie s that prefer grass and herbaceous cover wil l 
use islan ds 2 yr of age or older depending on plant coloni zati on and succes­
sion. Arboreal nesting species generally do not use a dred ged materia l island 
until shrubs or trees develop. Sorretimes succession of vegeta tion is arrested 
indef initely by certain edaphic or climatic factors and, thus, may have long­
te rm use by a particular species. The above factors should be considered when 
conte~plating initial island construct ion or deposition on an exi st ing island. 

Dredged material may be used to establish new islan ds when there is a 
shortage of nestinQ habitat or to rrodify existing islands. Periodic disr osal 
can be used to set vegetation back to an earlier succession sta ge (to benef it 
ground nesters). The configuration, size, and elevation can al so be altered 
through disposal. Further disposal should be prevented on isla nds where ar bo­
real species are being encouraged. Soots and Landin (1978) encouraged the 
rranagerrent of existing dredged material islands, because potenti al adverse en­
vironmental impacts of disposing on an existing site are less than those of 
developing new islands. 

Any rr.anagement pl an should include i nteragency cooperation to deter mine 
habitat needs of the area (which birds do we want to encoura ge or discourage 
and what type of habitat do they need?). There are severa l i mportant consider­
ations for new island develop~ent (Soots and Landin 1978). 

(a) Site location - Isolation frorr: man and predators is an irrportant 
consideration. However, with protection, colonial waterbirds can live in har­
lT!ony with rr.an. 

(b) Tirr.ing of development - Fall or winter construc tion will permit use 
of the island for nestin g the following nesting season by bare-9round nesters. 

(c) Size - Two to 20 ha (5 to 50 acres) are suggested as a suitable size 
for islands. However, l east terns do well on islands smaller than 2 ha. 

(d) Substrate - R_,1 ... ,rerr.ents rr-ay vary with species. Generally coarser 
mater ial wakes better nesting substrate thari fine material. A mixture contain­
ing shell is good for bare ground nest ers. 

(e) Slope - Flat to gentle slopes are preferred. 

(f) Elevation - Should be sufficient to prevent floodin g, tut hi r h 
ele vation s of fine-grained rraterial shoLJld be avoided because of wind and era ­
sio n. 

(g) Vesetation - Pequire rrents vary with species. Plant s can be estar­
lished artificial ly or the developer can depend on natural coloni zation. Soot s 
and Landin (1978) provided a comprehensive discussion of plant propagation and 
~anagernent. For addit ional related inforrration see the previous section about 
terrestr i al habitat deve loprrent. 

~et land development. Techniques of brackish-water ~arsh developrrent uti ­
li zing dredred mat er ial are fairly well develored (Carris ch 1977) . f'an~rove 
and freshwat er swarrps and fresh~ at er ~arshes could probably be develo ped fro m 

42 



dredged 

material but to date there 

has 

been 

little 

interest 

in 

developing


them. 

Wetlands 

can be 

established under a 

wide 

range 

of conditions and 

often


satisfy 

technical, economic, 

and 

social 

constraints. The 

value of a new 

wet-

land 

must 

always 

be 

weighed against 

the value 

of 

habitat 

replaced. 

Therefore,


the 

desirability 

of wetland 

establishment 

is 

quite 

site 

specific 

and must be


evaluated on a case 

by 

case 

basis. Some coastal 

areas have an 

abundance of


marshes whereas other 

areas, 

e.g., 

southern 

California, 

have few 

marshes. The


creation 

of 

a new marsh in 

certain areas 

may 

be a 

valuable 

method of 

dredged


material 

disposal.


According 

to Smith 

(1578), 

consideration 

of 

habitat 

development 

involves


a 

preliminary 

assessment of 

potential 

followed 

by 

a 

detailed 

evaluation of


feasiblity. 

Factors 

to 

consider 

include characterization 

of the 

dredged


material, 

site 

selection, 

engineering, 

cost of 

alternatives, 

sociopolitical


implications, 

and 

environmental 

impact.


The 

following 

discussion of 

advantages 

of marsh 

creation are 

adapted 

from


Smith 

(1978) 

but also includes 

additional comments of our own or from 

other


references.


(a) 

Marsh 

development 

has 

considerable 

public appeal 

— 

other 

disposal


options, 

such 

as 

open 

water or confined 

disposal, 

are 

meeting 

with 

increased


public 

resistance 

and are 

often 

unacceptable;


(b) 

Desirable 

biological 

communities can be created 

-- 

early 

indications


are 

that 

artificially 

created marshes function similar 

to, 

and are as 

produc-

tive 

as, 

naturally 

created marshes. 

Fine-grained dredged 

material 

is 

very


productive 

because of its 

relatively high organic 

and nutrient content 

(Barko


et al. 

1977). 

In 

many 

areas, 

marshes have 

been 

destroyed by 

man and artifi-

cially 

created marshes can be 

used to 

replace 

a 

portion 

of those lost 

(Palermo


and 

Zeigler 

1976).


(c) 

Marsh 

creation can be used to minimize adverse 

impacts 

— 

marshes


and other habitat lost to 

dredging projects 

can often 

be 

replaced 

with 

artifi-

cially 

created marshes.


(d) 

Marsh creation 

is 

frequently 

a 

low cost 

option 

--

if the marsh is


created in a 

shallow-water, 

low-energy 

area, 

costs will be 

only slightly 

above


that of 

open-water disposal. 

Costs could 

be 

considerably 

less than 

those asso-

ciated with confined 

disposal.


(e) 

Marshes can also 

be created 

by 

reclaiming 

or 

developing 

an 

existing


disposal 

area 

--

dredged 

material 

may 

be used 

to restore 

a miarsh that 

is 

erod-

ing 

(Environmental 

Laboratory 

1978).


The 

following 

discussion of 

problems


of 

marsh 

creation 

are 

adapted 

from


Smith 

(1978) 

but also includes 

cur 

thoughts.


(a) 

Availability 

of 

appropriate 

sites 

is 

limited 

--

optimum 

sites 

are in


shallow 

water, 

have 

low 

energy, 

and 

are located 

near the 

dredging 

site. 

If


long 

distance 

transport 

or 

protective 

dikes 

are 

required, 

costs 

will 

greatly


increase.
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dredged material but to date there has been little interest in developin g 
them. Wetlands can be established under a wide range of conditions and often 
satisfy technical, econoll'ic, and social constraints. The value of a new wet­
land must always be weighed against the value of habitat replaced. Therefore , 
the desirability of wetland establishment is quite site specific and rrust be 
evaluated on a case by case basis. Some coastal areas have an abundance of 
rrarshes whereas other areas, e.g., southern California, have few marshes. The 
creation of a new marsh in certain areas rray be a valuable method of dredged 
material disposal. 

According to Smith (1978), consideration of habitat development involves 
a rreliminary assessment of potential followed by a detailed evaluation of 
feasiblity. Factors to consider include characterization of the dredged 
material, site selection, engineering, cost of alternatives, sociopolitical 
implications, and environmental impact. 

The following discussion of advantages of marsh creation are adapted fro m 
Smith (1978) but also includes additional comments of our own or from other 
references. 

(a) Marsh development has considerable public appeal -- other disposal 
options, such as open water or confined disposal, are rreeting with increased 
public resistance and are often unacceptable; 

(b) Desirable biological communities can be created -- early indications 
are that artificially created marshes function similar to, and are as produc­
tive as, naturally created marshes. Fine-grained dredged rr.aterial is very 
productive because of its relatively high organic and nutrient content (Barko 
et al. 1977). In many areas, marshes have teen destroyed by rran and artifi­
cially created w.arshes can be used to replace a portion of those lost (Paler ~o 
and Zeigler 1976). 

(c) r-:arsh creation can l:>e used to mrn1rn1ze adverse irrpacts -- marshes 
and other habitat lost to dredging projects can often be replaced with artifi­
cially created ~arshes. 

(d) ~~arsh creation is frequently a lovJ cost option -- if the r.:arsh is 
created in a shallow-water, low-energy area, costs will be only slightly above 
that of open-water disposal. Costs could be considerably less than those asso ­
ciated with confined disposal. 

(e) ~~arshes can also l::e created by reclaiIT1ing or developin g an existin g 
disposal area -- dredged material may be used to restore a marsh that is erod­
inr (Environ mental Laboratory 1978). 

The followin g discussion of proble ms of marsh creation are adapted fro ~ 
Smith (1978) but also includ es our thou ghts. 

(a) Availability of appro priat e sites is limited -- opti mu~ site s are in 
shallow water, have low ener gy, and are located near the dred gin g site . If 
long distance transport or r rotective dikes are required, costs will gr eatly 
increase. 
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(b) 

Karsh 

developtrent 

v/ill 

replace 

other 

habitats 

--

habitat 

of value to


wildlife 

will 

be 

replaced 

with 

a 

different 

habitat 

also of 

value to wildlife.


Reliable 

techniques 

for 

corrparing 

the various losses and 

gains 

associated with


conversion 

of 

one 

habitat 

type 

to another 

are 

in 

the 

developr^ental 

stage.


Often, 

it is 

difficult 

for local authorities 

to reach a consensus on 

relative


habitat 

values.


(c) 

Release 

of contarpinants fron 

the 

dredged 

rraterial 

to the biota is 

a


concern 

— 

the 

potential 

that 

plants 

or anin:als 

rray 

take 

up 

and 

release con-

taninants 

to 

higher 

trophic 

levels 

will be 

discussed 

in 

greater 

detail 

in the


section 

about contaminant 

uptake.


(d) 

Subsequent deposition 

of 

dredged 

material on 

artificially 

created


marshes 

is limited 

— 

development 

of 

a 

marsh 

will 

usually preclude 

the subse-

quent 

use of 

that area as a 

disposal 

site. 

Often, 

State 

and Federal 

regula-

tions 

and 

public opinion 

will 

prevent 

further 

disposal 

in wetlands. 

In 

con-

trast, 

many open 

water 

and confined 

disposal 

sites can 

be reused. 

Exceptions


may 

occur 

in 

areas 

of continued erosion 

or where the initial 

disposal 

created


a 

low 

marsh and 

subsequent disposal 

would create 

a 

higher 

marsh.


A 

marsh can be 

developed 

in 

stages,

thus 

increasing 

the number 

of 

dredging


cycles 

it can accommodate. 

By 

diking 

an area and 

utilizing 

cross 

dikes, 

one


compartment 

at a time can 

be filled over 

a 

period 

of 

years.


Ecological 

considerations: 

In 

considering 

the addition 

of 

a marsh to 

a


local 

ecosystem, planners 

should consider 

the 

impact 

of 

the 

marsh on the total


ecosystem. 

For 

a 

discussion of 

ecological 

consequences 

of habitat 

development,


the reader is referred to Lunz 

et al. 

(1978).


Site 

selection: 

Several factors 

should 

be 

considered 

in site selection.


The value of the 

aquatic 

habitat 

at the 

disposal 

site is 

a 

strong 

considera-

tion. 

Certainly, 

one should avoid 

seagrass 

beds, 

oyster 

beds, 

and 

other simi-

lar 

habitats.


Low wave 

energy 

area"^ 

are best suited for marsh 

development. 

High 

energy


areas 

may 

require 

expens,.^ protective 

devices. 

Vincent 

(1£7£) 

described a


poorly 

chosen site located 

in a 

high 

energy 

situation, 

which also 

had 

poor


foundation conditions for construction 

of 

a 

protective 

dike.


The distance that 

disposal 

material must 

be 

transported 

is of 

great 

im-

portance 

in 

site selection. 

In 

general, 

the 

greater 

the 

distance 

the 

greater


the 

cost. 

Equipment availability 

for 

long 

distance 

transport 

is 

also 

a factor.


For a 

thorough 

discussion of 

criteria for site 

selection 

see 

Environmental


Laboratory (r978) 

and Coastal Zone Resource 

Corporation 

(1976).


Engineering 

considerations: 

Dredged 

material 

for 

marsh 

development 

can


either be 

confined 

or unconfined 

depending primarily 

on 

wave 

energy 

at the


site 

and 

the 

grain 

size of the 

dredged 

material. 

The 

higher 

the 

energy 

and


the smaller the 

grain 

size, 

the 

greater 

the 

need 

for 

protection. 

Hydraulically


placed clays 

and 

silts from maintenance 

dreding operations 

will 

usually 

re-

quire 

containment, 

regardless 

of 

wave or 

current 

conditions. 

Sand can 

tolerate


up 

to 

moderate wave 

energies 

without confinement 

(Smith 

1978). 

Clay 

from 

"new


work" 

dredging 

often 

will 

not 

require 

containment 

because 

it will 

"ball" 

and


be 

resistent 

to 

erosion 

(conversation 

with 

R. T. 

Saucier, 

December 

1979, WES,


Vicksburg, 

Mississippi.)
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(b) rarsh developn-ent will replace other hatitats -- habitat of value to 
wildlife will be replaced with a different habitat also of value to wildlife. 
Reliable techniques for comparing the various losses and sains associated with 
conversion of one habitat type to another are in the developlT'ental sta~e. 
Often, it is difficult for local authorities to reach a consensus on relative 
habitat values. 

(c) Release of contaminants from the dredged waterial to the biota is a 
concern -- the potential that plants or anin-als rr•ay take up and release con­
ta r:iinants to higher trophic levels will be discussed in greater detail in the 
section about contaminant uptake. 

(d) Subsequent deposition of dred~ed r:,aterial on artificially created 
marshes is limited -- development of a marsh will usually preclud e the subse­
quent use of that area as a disposal site. Often, State and Federal regula­
tions and putlic or:inion \'Jill prevent further disposal in \'✓etlar.ds. In con­
trast, many open water and confined disposal sites can be reused. Exceptions 
may occur in areas of continued erosion or where the initial disposal created 
a low marsh and subsequent disposal would create a higher marsh. 

A marsh can be developed in stages,thus increasing the nuwber of dredging 
cycles it can acccr.,modate. By diking an area and utilizing cross dikes, one 
co~partment at a time can be filled over a period of years. 

Ecological considerations: In considering the addition of a marsh to a 
local ecosystem, planners should consider the impact of the marsh on the total 
ecosystef.7. For a discussion of ecological consequences of habitat develop ment, 
the reader is referred to Lunz et al. (1978). 

Site selection: Several factors should be considered in site selection. 
The value of the aquatic habitat at the disposal site is a strong considera­
ti on. Certainly, one should avoid seagrass beds, oyster beds, and other si mi­
lar habitats. 

Low wave energy area c are best suited for r:arsh development. High energy 
ar eas way reauire expens , •'-' protective devices. Vincent (1978) described a 
poor ly chosen site located in a high energy situation, which also had poor 
foundation conditions for construction of a protective dike. 

The distance that disposal material must be transported is of great im­
por t ance in site selection. In general, the greater the distance the greater 
the cost . Equipment availability for long distance transport is also a factor. 
For a thor ouqh discussion of criteria for site selection see Environ mental 
Labor ato ry (1978) and Coastal Zone Resource Corporation (1976). 

Engineer i ng consi derations: Dredged 111aterial for n-arsh developrent can 
either be conf i ned or unconfined depending pri111ari ly on wave energy at the 
s i te and t he grain s i ze of the dredged material. The higher the energy and 
t he smal le r the gra i n s i ze , the greater the need for protection. Hydraulically 
pla ced clay s and s il ts fr or.: f.laintenanc e dreding operations will usually re­
qui r e contain r.ent , r eqa rd l ess of wave or current conditions. Sand can tolerate 
up t o moder ate wave ener gi es without confine ment (S[Tlith 1978). Clay fro rr: "ne\·1 
\'1or k" dre dgin g of te n will not require containment because it will "ball" and 
be r es i s t ent t o e ro sion (co nversation with R. T. Saucier, December 1979, WES, 
Vicksb ur g, ~i ss i ssi ppi .) 
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Determination 

of final 

site elevation 

in 

terms 

of tidal 

range 

is critical


and should be based on 

precise knowledge 

of elevational 

requirements 

of 

the


plant 

communities. Final 

elevation of 

the marsh substrate is 

largely 

influ-

enced 

by 

settlement and 

consolidation 

of sediments. For a number 

of 

other


engineering 

and 

practical 

considerations see 

Coastal Zone 

Resources 

Corpora-

tion 

(1976) 

and 

Environmental 

Laboratory 

(1978),


Plant 

propagation: 

Karsh 

developers may 

choose between natural 

invasion


and 

artificial 

propagation 

of 

plants. 

Natural 

invasion 

may 

be slow if 

there


is not 

an 

abundant 

nearby 

source of 

propagules. 

Sprigging 

increases costs but


can 

provide 

a 

quick 

cover and 

more 

rapid 

stabilization. 

Seeding 

is slower 

and


not as 

dependable 

as 

sprigging 

but is 

less 

costly. 

In an 

area like 

much of


California where natural 

colonization is 

\jery 

slow, 

sprigging 

or 

seeding may


be 

preferred 

over natural 

colonization. 

Natural 

invasion 

occurs 

much^'more


rapidly 

in 

freshwater 

situations than in 

saltwater 

systems. 

An 

artificial


marsh 

developed 

in the 

James 

River, 

Virginia, 

became 

densely 

vegetated 

without


artificial 

propagation 

within months 

following 

construction 

(Lunz 

1977). 

A


detailed 

discussion of 

plant 

propagation 

considerations 

and 

techniques 

is 

pro-

vided 

in 

Environmental 

Laboratory 

(1978). 

Other 

useful 

information 

can 

be


found 

in 

Woodhouse et al. 

(1972), 

Kadlec and 

Wentz 

(1974), 

Wentz et 

al.(1974),


and 

Garbisch et al. 

(1975).


Contaminant 

uptake

: 

Heavy 

metal 

uptake by 

marsh 

plants 

and 

animals does


occur. 

Uptake 

of other contaminants 

has 

only rarely 

been 

reported 

for 

plants,


but has often been 

reported 

for 

animals. The most 

commonly 

reported heavy


metal 

uptake 

and 

biomagnification 

involves 

mercury. 

Windom et 

al.(1976)


studied a 

marsh contaminated with 

mercury 

and 

found 

uptake 

in 

the 

primary


consumers, 

Littorina i 

rrorata 

and 

Uca 

sp. 

, 

as well as in the 

secondary 

consum-

ers 

-- 

birds and 

mammals. Dunstan and 

Windom 

(1975) 

noted the 

tendency 

of


Spartina 

alterniflora to 

take 

up 

and 

concentrate 

mercury. 

Rhan 

(1973) 

noted


that 

S_^ 

a lterniflora 

took 

up mercury 

from 

sediments 

and released 

it 

to the


surrounding 

water 

through plant 

leaves.


Trollope 

and 

Evans 

(1976) 

reported 

concentrations of five 

heavy 

metals


(copper, 

iron, 

lead, nickel, 

and 

zinc) 

in 

freshwater 

algae 

and 

Triniger (1977)


found 

high 

concentrations of cadmium in 

both 

aquatic plants 

and 

algae. 

Banus


et al. 

(1975) 

reported 

lead 

was taken 

up by 

S. 

alterniflora 

in 

concentrations


that 

ranged 

from 5.4 to 23.2 

mg/1 

, Lee et al.~ 

(1976) 

found that the several


marsh 

plant species, 

in 

which 

uptake 

was 

studied, 

concentrated 

most 

heavy 

me-

tals in 

below-ground 

portions. 

Lunz 

(1978) 

studied one 

artificial marsh and


two natural 

marshes 

and 

found 

concentrations 

of 

several 

hydrocarbons 

and 

heavy


metals in the 

soils. 

However, 

only 

nickel 

in 

the artifical marsh 

exhibited


significant 

uptake 

into tissues of marsh 

plants. 

Lee et 

al. 

(1978) 

found 

that


marsh 

plants 

growing 

on a 

wide 

range 

of 

dredged 

material 

disposal 

sites had


heavy 

metal 

levels similar to 

values 

reported 

for 

natural marshes. 

Dunstan and


Windom 

(1975) 

found 

lower concentrations 

of 

heavy 

metals 

in 

plants growing 

on


dredged 

material 

sites than 

in 

plants 

in natural marshes. 

They 

also 

found


lower 

concentrations of 

heavy 

metals 

(with 

the 

exception 

of 

mercury) 

in 

tis-

sues of 

S_^ 

alterniflora than 

in the sediments 

supporting 

the 

plants' 

growth.


Boyce (1976] 

states tFat it is not 

clear whether marsh 

plants 

vrHl take 

up


significant 

amounts 

of 

heavy 

metals 

from contaminated 

dredged 

material sub-

strates, 

or for that matter 

what constitutes 

significant uptake. 

Apparently


more work needs to be done 

to define the amount and 

significance 

of 

heavy
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Deter~ination of final s i te el evation in terms of tida l range is critica l 
and should be based on precise knowledge of elevational require ments of t he 
plant communities. Final elevation of the marsh substrate is largely influ­
enced by settlement and cons olidation of sedi rr:ents. For a number of other 
engineering and practic a l considerations see Coastal Zone Resources Corpora­
tion (1976) and Environ mental Laboratory (1978). 

Plant propagation : ~~arsh developers may choose between natural invasion 
and artificial pr opagation of plants. Natural invasion may be slow if ther e 
is not an abundant nearby source of propagules. Sprigging increases costs but 
can provide a quick cover and more rapid stabilization. Seeding is s l ower and 
not as dependable as sprigging but is less costly. In an area l i ke much of 
California ~,here natural colonization is very slow, sprigging or seedin g may 
be preferred over natural colonization. Natural invasion occurs much mor e 
rapidly in freshwater situations than in saltwater systems. An artificial 
marsh developed in the James River, Virginia, became densely vegetated without 
artificial propagation within months following construction (Lunz 1977). A 
detailed discussion of plant propagation considerations and techniques is pro­
vided in Environmental Laboratory (1978). Other useful informati on can be 
found in Woodhouse et al. (1972), Kadlec and Wentz (1~74), Wentz et al. (1974) , 
and Ga rbi sch et al. (1975). 

Contaminant uptake: Heavy metal uptake by marsh plants and ani mals does 
occur. Uptake of other contaminants has only rarely been reported fo r plan t s, 
but has often been reported for animals. The most commonly reported heavy 
metal uptake and biomagnification involves mercury. \Jindom et al . (1976) 
studied a marsh contaminated with mercury and found uptake in the pri mary 
consumers, Littorina irrorata and Uca sp., as well as in the secondary consu m­
ers -- birds and ma~mals. Dunstan- and \.Jindom (1975) noted the tendency of 
Spartina alterniflora to take up an.d concentrate mercury. Rhan (1973) noted 
that S. alterniflora took up mercury from sediments and released it to the 
surrounding water through plant leaves. 

Trollope and Evans (1976) reported concentrations of fi ve heavy metals 
(copper, iron, lead, nickel, and zinc) in freshwater algae and Trinige r (1977) 
found high concentrations of cadmium in both aquatic plants and al gae . Banus 
et al. (1975} reported lead was taken up by S. alterniflora in concentrations 
that ranged from 5.4 to 23.2 mg/1. Lee et af. (1976) found that the several 
marsh plant species, in which uptake was studied, concentrated most heavy me­
tals in below-ground portions. Lunz (1978) studied one artific i al marsh and 
two natural marshes and found concentrations of several hydrocarbons and heavy 
metals in the soils. However, only nickel in the artifical marsh exhibit ed 
significant uptake into tissues of marsh plants. lee et al. (1978) found that 
marsh plants growing on a wide range of dredged mater i al dis posal s it es had 
heavy metal levels similar to values reported fo r na tura l marsh es . Dunstan and 
Windom (1975) found lower concentrations of heavy metal s in pl ants growin g on 
dredged material sites than in plants in natural marshes. They al so found 
lower concentrations of heavy metals (with the exception of mer cury ) in t is­
sues of S. alterniflora than in the sediments supportin g the pl ants ' gr owth. 
Boyce (1976) states that it is not clear whether marsh plan ts ~/ill take up 
significant amounts of heavy metals from contaminated dred ged mat er ia l sub­
strates, or for that matter what constitutes significant uptake . Apparently 
more work needs to be done to define the amount and significance of heavy 
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metal 

uptake 

by 

plants 

and animals 

colonizing 

dredged 

material. 

Emphasis


should 

probably 

be 

placed 

on the 

"toxic metals" 

i.e., 

lead, 

mercury, 

cadmium,


and arsenic 

which are not needed 

by 

organisms, 

even 

in 

small 

amounts. 

Plants


and 

animals lack homeostatic 

defenses 

against 

these metals. 

See Gambrell 

et


al. 

(1978) 

for a discussion of the 

risks associated with 

various 

disposal


methods 

for contaminated 

dredged 

material.


Laboratory 

and field tests were 

developed 

by 

the 

DMRP for 

predicting 

the


potential 

uptake 

of 

heavy 

metals and 

other contaminants 

(Lee 

et al. 

1978, 

Wolf


et 

al. 

1978). 

The 

laboratory 

test is not 

universally 

effective 

but will 

be


useful 

in 

many 

situations. The field test is 

very practical 

and 

inexpensive.


Aquatic 

development

. The 

development 

of 

aquatic 

habitat 

utilizing dredged


material offers much 

potential, 

but has not been 

studied 

and 

developed 

(Smith


1978). 

Possible habitats that could be 

developed 

include tidal 

flats, 

seagrass


beds, 

oyster 

beds, 

clam 

flats, 

and 

fish 

spawning 

areas. Wilson 

(1950) 

noted


that 

disposal 

of 

dredged 

material into shallow water could 

develop 

firm bottom


shoals 

that would 

permit 

setting 

of 

oysters 

or 

other 

mollusks.


An 

example 

of 

a 

valuable 

aquatic 

habitat 

developed inadvertently 

is the


historic Eatons 

Neck 

Disposal 

Site 

in 

Long 

Island Sound. 

Dredged 

material 

and


building 

rubble are 

furnishing 

habitat for a valuable 

fishery 

for lobsters and


demersal 

fish 

(Valenti 

and Peters 

1977).


Many potential 

habitats could 

be 

developed by raising 

the elevation 

of


the bottom. 

However, 

sediment 

type 

is 

vitally important, 

because each the


shellfish or demersal fish 

species requires 

certain characteristics 

in the


substrate.


Smith 

(1978) 

listed 

the 

following advantages 

to 

aquatic 

habitat 

develop-

ment:


(a) 

High 

production 

--

e.g., 

an 

oyster 

reef constructed 

to a 

depth 

of 1


m 

(3 ft) 

in 

water that 

formerly 

was 

2 

m 

(6 ft) 

deep 

will 

be more 

productive


than the 

original 

bottom.


(b) 

Potential for 

wide 

application 

--

many 

potential 

situations can 

be


envisioned in 

which 

aquatic 

habitat could be 

developed 

to 

replace 

communities


lost to 

dredging 

activities. 

Aquatic 

habitat 

can also 

be 

developed 

in 

combina-

tion with 

marsh habitat.


(c) 

Complements 

other habitats 

-- 

a 

variety 

of habitats is 

preferred by


most 

ecologists, 

i.e., 

open 

water, 

flats 

reefs, 

and marshes.


Lunz 

et al. 

(1978) 

discussed 

a number 

of uses 

of 

dredged 

material 

for


aquatic 

habitat 

development. 

These uses include 

chancing 

sediment 

type 

and


covering 

contaminated 

bottom sediments 

with 

a cleaner material.


Smith 

(1978) 

stated that there is 

an 

inadequate understanding 

of 

tech-

niques 

for 

achieving aquatic 

habitat 

development. 

He believes 

this can 

be


overcome 

by 

careful 

site 

by 

site evaluation 

by 

local 

biologists 

and 

engineers.


Another 

major 

problem 

is that of 

potential 

harmful 

effects from 

contami-

nants. Gambrell 

et al. 

(1S78) 

discussed limitations 

of 

aquatic disposal 

of
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metal uptake by plants and animals colonizing dredged material. Emphasis 
should probably be placed on the "toxic metals" i.e., lead, mercury, cadmium, 
and arsen ic which are not needed by organisms, even in small amounts. Plants 
and animals l ack homeostatic defenses against these metals. See Gambrell et 
al. (1978 ) for a discussion of the risks associated with various disposal 
methods for contaminated dredged material. 

Laboratory and field tests were developed by the DMRP for predicting the 
potent i al uptake of heavy metals and other contaminants (Lee et al. 1978, Wolf 
et al. 1978 ). The laboratory test is not universally effective but will be 
usefu l in many situations. The field test is very practical and inexpensive. 

Aquatic development. The development of aquatic habitat utilizing dredged 
materia l offers much potential, but has not been studied and developed (Smith 
1978). Possible habitats that could be developed include tidal flats, seagrass 
beds, oyst er beds, clam flats, and fish spawning areas. Wilson (1950) noted 
that disposal of dredged material into shallow water could develop fir~ bottom 
shoals that would permit setting of oysters or other mollusks. 

An example of a valuable aquatic habitat developed inadvertently is the 
historic Eatons Neck Disposal Site in Long Island Sound. Dredged material and 
building rubble are furnishing habitat for a valuable fishery for lobsters and 
demersal fish (Valenti and Peters 1977). 

Many rotential habitats could be developed by ra1s1ng the elevation of 
the bottom. However, sediment type is vitally important, because each the 
shellfish or demersal fish species requires certain characteristics in the 
substrate . 

Smith (1978) 1 is te d the foll owing advantages to aqua tic habitat deve 1 op­
ment: 

(a) High production -- e.g., an oyster reef constructed to a depth of 1 
m (3 ft) in water that for merly was 2 m (6 ft) deep ~Jill be more productive 
than the original bottom. 

(b) Potential for wide application -- rr:any potential situations can be 
envisioned in which aquatic hatitat could be developed to replace communities 
lost to dredging activities. Aquatic habitat can also be developed in combina­
t ion with marsh habitat. 

(c) Complements other habit ats - - a variety of habitats is preferred by 
most ecolo gists, i.e., open water, flat s reefs, and marshes. 

Lunz et al. (1978) discuss ed a number of uses of dredged material for 
aquatic habi ta t develor ment. These uses include changing sediment type and 
cover in g conta minated bottom sediments with a cleaner material. 

Smith (1 978) stat ed that th ere is an inadequate understandin g of tech­
niques for achie ving aquatic habitat develop rrent. He believes this can be 
over come by caref ul s it e by site evaluation by local biologists and engineers . 

Another maj or problem is that of potential harmful effects fro m contami­
nants. Gambrell E.'t a l . (1 S78) discussed limitations of aquatic disposal of 
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dredged 

material; 

the 

greatest 

probability 

for 

release


of contaminants 

from 

a


disposal 

area 

will 

occur 

under 

high 

energy 

conditions 

(currents, 

waves, tides,


and 

storms).
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dredged material; the grea t est probability for release of contaminants from a 
disposal area will occur under high energy conditions (currents, waves, tides, 
and storms). 
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PART IV


RIVERS


Compared 

to coastal 

dredging, 

little research has been conducted 

on im-

pacts 

of 

river 

dredging. 

There 

are 

many 

data 

gaps 

in 

ecological impacts 

of


river 

dredging. 

Most 

research 

was conducted 

in 

the 

upper Mississippi 

River


and 

may 

only 

be 

partially applicable 

to other river 

systems.


ASSESSMENT 

OF 

IMPACTS 

AT THE 

DREDGING 

SITE


Water 

Column 

Impacts


Impacts 

to 

the 

water column of both 

"new
 work" and
 maintenance


dredging


are 

generally 

slight. 

Most severe 

dredging impacts 

are to 

the river bottom


substrate. 

Turbidity 

from both "new 

work" and maintenance 

dredging 

is tem-

porary 

and is 

usually 

less than 

turbidity 

associated 

with natural 

flooding.


Most rivers 

that are used 

for 

navigation 

are 

naturally 

turbid 

and 

usually


turbidity 

from dredcina 

exeeds 

background 

levels 

for 

only 

a short distance


downstream. 

Both 

Claflin 

(1973) 

and 

Held 

(1978) 

noted 

that runoff 

from the


deposition 

area created more 

disturbance than 

was created 

by 

the cutter 

head.


Turbidity impacts 

Clearwater 

streams, 

particularly 

those 

used 

by 

sal-

monids. 

There are 

numerous references 

on the adverse 

impacts 

of 

suspended


particles 

(Stern 

and Stickle 

1978). 

Impacts 

include 

interference 

with 

respira-

tion, 

abrasion 

to the 

gills, 

pathological 

changes 

to the 

gill 

structures,


changes 

in 

blood 

chemistry, 

and 

disruption 

of 

migration. 

However, 

there is


little evidence that 

the excavation 

phase 

of 

dredging operations 

actually


causes 

any 

of 

the 

problems 

listed. 

Fortunately, navigational 

dredging 

is


rarely 

conducted 

in Clearwater 

streams.


A minor concern is 

the 

entrainment of slow 

moving 

nekton. 

Dutta 

(1976)


reported 

entrainment 

of as 

many 

as 

26,GCC 

salmon 

fry per 

day by 

a 

hydraulic


dredge. 

It 

should 

be noted 

that this loss 

occurred 

when 

up 

to 

20 

million 

or


more 

fry per 

day 

v/ere 

passing 

through 

the area. 

Conducting dredging 

operations


at slack 

periods 

of fish 

migration


can


minimize


losses of


juveniles 

and
 dis-

ruption 

of adult 

movement.


Bottom 

Impacts


Routine 

maintenance 

dredging 

causes some short-term 

disruption 

of bottom


faunas, 

but there is 

little evidence 

that the 

disruption 

is 

long-term. 

How-

ever, 

the alteration of 

rivers 

through 

new channel 

construction 

or 

deepening


projects 

has severe direct 

and indirect 

impacts 

on the 

entire 

river 

and flood-

plain 

ecosystem. 

Short-term 

impacts 

include 

direct 

destruction 

of 

organisms


such as 

mussels, 

changes 

in 

bottom 

substrate, 

and 

downstream 

sedimentation.


The literature indicates 

that 

dredging 

removes 

75-100% of 

the 

benthic


organisms 

from the 

dredge 

cut 

(U.S. Army 

Corps 

of 

Engineers, 

San Francisco


District 

1975). 

With 

"new work" 

dredging, 

the 

replacement 

fauna 

may 

take 

2 

yr


or 

more to recover 

and will be 

different 

from 

the 

original. 

The transitional


fauna will consist of 

an abundance 

of 

opportunistic 

species; 

however, 

species


diversity 

will 

be 

limited.
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PJl.RT IV 

RIVERS 

Compared to coastal dredging, little research has been conducted on im­
pacts of river dredging. There are many data gaps in ecological impacts of 
river dredging. Most research was conducted in the upper Mississippi River 
and may only be partially applicable to other river systems. 

ASSESSMENT OF IMPACTS AT THE DREDGING SITE 

Water Column Impacts 

Impacts to the water column of both 11new work" and maintenance dredging 
are generally slight. Most severe dredging impacts are to the river bottom 
substrate. Turbidity from both "new work11 and maintenance dredging is tem­
porary and is usually less than turbidity associated with natural flooding. 
Most rivers that are used for navigation are naturally turbid and usually 
turbidity from dredging exeeds background levels for only a short distance 
downstream. Both Claflin (1973) and Held (1978) noted that runoff from the 
deposition area created more disturbance than was created by the cutter head. 

Turbidity impacts clearwater streams, particularly those used by sal­
monids. There are numerous references on the adverse impacts of suspended 
particles (Stern and Stickle 1978). Impacts include interference with respira­
tion, abrasion to the gills, pathological changes to the gill structures, 
changes in blood chemistry, and disruption of rrigration. However, there is 
little evidence that the excavation phase of dredging operations actually 
causes any of the problems listed. Fortunately, navigational dredging is 
rarely conducted in clearwater streams. 

A minor concern is the entrainment of slow rr-oving nekton. Dutta (1976) 
reported entrainment of as many as 26,0CC salmon fry per cay by a hydraulic 
dredge. It should be noted that this loss occurred when up to 20 million or 
more fry per day \'1ere passing through the area. Conducting dredging operations 
at slack periods of fish migration can minimize losses of juveniles and dis­
ruption of adult movement. 

Bottom Impacts 

Routine ~aintenance dredging causes some short-term disruption of botto m 
faunas, but there is little evidence that the disruption is long-term. How­
ever, the alteration of rivers through new channel construction or deepening 
projects has severe direct and indirect impacts on the entire river and flood­
plain ecosystem. Short-term impacts include direct destruction of organis ms 
such as mussels, changes in hottor.i substrate, and downstream sedi mentation. 

The literature indicates that dredging rerroves 75-100% of the benthic 
organisr.is from the dredge cut (U.S. Army Corps of Engineers, San Francisco 
District 1975). 1-:ith 11ne\v \o'tork" dredging, the replacement fauna may take 2 yr 
or more to recover and will be different from the original. The transitional 
fauna will consist of an abundance of opportunistic species; however, species 
diversity \'Jill be limited. 
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Long-term 

impacts 

are more subtle 

but 

potentially 

much more severe. These


include 

changes 

in 

hydrology 

and stream 

gradient 

that 

impact 

the 

river,


swamps, 

backwaters, 

and 

the 

entire 

floodplain 

(Simons 

et 

al. 

1975).


The 

literature 

about 

ecological 

impacts 

of channelization of 

large


streams is limited. Numerous 

references to 

channelization 

of smaller 

streams


for flood 

control document 

many 

detrimental 

impacts 

to fish and other 

aquatic


and terrestrial 

wildlife. 

Generally, 

channelization 

eliminates wetlands 

and


backv/aters, 

destroys 

fish 

cover, 

causes the water 

temperature 

to 

rise, 

in-

creases 

sediment 

load, 

increases 

turbidity, 

and makes other 

physical-chemical


changes 

to the stream and its 

floodplain. 

Darnell 

et 

al. 

(1976) provided 

a


thorough 

discussion 

of 

channelization 

impacts. 

These 

changes 

are 

gene-ally


detrimental to 

game 

and 

forage 

fish and wildlife 

populations 

but increase


rough (nongame) 

fish 

populations. 

In the absence of 

definitive research 

on


the 

impacts 

of channelization 

on 

larger 

streams, 

we 

can assume 

that similar


adverse 

impacts 

will 

occur. 

New channel construction 

may 

also 

be 

expected 

to


result 

in 

accelerated industrial 

development 

which decreases 

aquatic 

habitat


(U.S. Army 

Corps 

of 

Engineers, 

Office of the 

Chief of 

Engineers 

1972).


ASSESSMENT 

OF IMPACTS 

OF 

DISPOSAL ALTERNATIVES


Riparian Disposal


Dredged 

material is often 

hydraulically 

placed 

above 

the 

normal 

water


level 

in bottomland 

forests, 

old 

fields, 

or other 

floodplain 

areas 

near the


dredging 

site. 

Impacts 

can 

range 

from 

slight 

to 

severe, 

depending 

on 

many 

fac-

tors. 

Trees 

vary 

in their resistance 

to siltation 

(Teskey 

and 

Hinckley 

1977).


Depending 

on the 

depth 

of fill and 

characteristics 

of the 

fill 

material, 

the


plant 

community may 

be 

slightly 

to 

drastically 

affected. 

Siltation increases


dieback 

and 

reduces stem 

height 

and diam.eter 

growth. 

Thick 

deposits 

of 

dredged


material 

may 

result 

in the eventual 

death 

of 

most 

species 

of 

trees 

(Larson


1974). 

Willows 

( 

Salix 

spp.) 

are well 

adapted 

to survive 

covering 

by 

sand. 

They


quickly 

develop 

adventitious 

roots. Cottonwood 

( 

Popul 

us 

deltcides 

) 

and 

river


birch 

(Betula nigra ) 

also survive 

fairly 

well 

(Larson 

T^JTy. 

Willow 

and 

Cot-

tonwood are 

early 

colonizers 

of the 

wetter 

portions 

of 

the 

new 

fill material.


In 

general, 

the 

new 

con: .ities are less 

diverse, 

less 

productive, 

and less


valuable 

to wildlife than 

the 

original 

community 

(KcMahon 

and 

Eckblad 

1975,


Vanderford 

1979). 

The soil is 

porous, 

subject 

to 

large 

fluctuations 

in 

temper-

ature, 

and 

nutrient 

poor. 

Colonization 

by plants 

is slow. 

Ziegler 

and Sohmer


(1977) 

reported 

that 

early 

colonizers 

of 

Mississippi 

River 

dredged 

material


islands consisted 

of 

only 

two 

grasses, 

a 

sedge, 

and tumbleweed 

(

Amaranthus


sp,).


Later 

a few 

vines 

and shrubs such 

as 

poison 

ivy 

(Rhus 

sp.), 

riverbank

grape 

(Vitia riparia 

), 

and black 

raspberry 

(Rubus 

occidental 

is 

) 

encroached


from 

the 

fringes 

of 

surrounding 

forests. 

High exposed 

areas 

in Pool 

9 of the


Mississippi 

River were found to 

be 

virtually 

unvegetated 

after 

35 

yr 

(McMahon


and 

Eckblad 

1975). 

However, 

along 

the shore 

where 

moisture 

is 

available, 

dense


stands 

of 

willows occur 

and 

provide 

shade 

for 

a 

variety 

of smaller 

plants


(Larson 

1974).


In 

most 

river 

floodplains, 

the 

long-term 

succession 

pattern proceeds 

from


willow-cottonwood 

to 

mixed 

hardwoods, 

i.e., 

silver 

maple 

( 

Acer s accharinum

),


pin 

oak 

( 

Quercus 

palustris ). 

and hickories 

( Carya 

spp.) 

(Klein 

et al. 

1975).


Similar 

succession 

will 

occur on 

dredged 

material 

deposits 

unless 

the 

eleva-

tion is 

high, 

in 

which 

instance succession 

will 

be retarded 

due 

to 

xeric


conditions.
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Long-tem irr.pacts are more subtlr but potent i ally much more severe. These 
include changes in hydrology and strear. gradient that impact the river, 
swa~ps, backwaters, and the entire floodplain (Simons et al. 1975). 

The literature about ecological impacts of channelization of large 
strearr:s is limited. Numerous references to channelization of smaller streams 
for flood control document many detrimental impacts to fish and other aquatic 
and terrestrial \'Jildlife. Generally, channelization eliminates wetlands and 
backwaters, destroys fish cover, causes the water temperature to rise, in­
creases sedirnent load, increases turbidity, and makes other physical-che mical 
changes to the strea m and its floodplain. Darnell et al. (1~76) provi ded a 
thorough discussion of channelization impacts. These changes a re gene'.·a l ly 
detri mental to game and forage fish and wildlife populations but i ncrease 
rough (nongame) fish populations. In the absence of definitive re!:;earch on 
the irr.pacts of channelization on larger streams, we can assu ~e that similar 
adverse impacts will occur. New channel construction may also be expected to 
result in accelerated industrial developrr!ent which decreases aquatic habitat 
(U.S. Army Corps of Engineers, Office of the Chief of Engineers 1972). 

ASSESSMENT OF IMPACTS OF DISPOSAL ALTERNATIVES 

Riparian Disposal 

Dredged material is often hydraulically placed above the norrral water 
level in bottomland forests, old fields, or other floodplain areas near the 
dredging site. Impacts can range from slight to severe, depending on many fac­
tors. Trees vary in their resistance to siltation (Teskey and Hinckley 1S77). 
Depending on the depth of fill and characteristics of the fill material, t he 
plant corrmunity may be slightly to drastically affected. Siltation increases 
di eback and reduces stem height and diameter growth. Thick deposits of dredged 
material may result in the eventual death cf most species of trees (Larson 
1974). ~!illows (Salix spp.) are well adapted to survive coverin9 by sand. They 
quickly develop adventitious roots. Cottonwood (Populus deltoides) and river 
birch (Betula nigra) also survive fairly well (Larson T974). Willow and cot­
t onwood are early colonizPrs of the wetter portions of the new fill material. 
In general, the new con . . ,ities are less diverse, less productive, and less 
valuatle to \'!ildlife than the original comrrunity (Md~ahon and Eckblad 1975, 
Va,1derford 1979). The soil is porous, subject to large fluctuations in temper­
ature, and nutrient poor. Colonization by plants is slow. Ziegler and Sohmer 
(1977) reported that early colonizers of Mississippi River dredged material 
islands consisted of only two grasses, a sedge, and tu mbleweed (Amaranthus 
sp . ). Later a few vines and shrubs such as poison ivy (Rhus sp.), riverbank 
grap e (Vitia riparia), and black raspberry (Rubus occideritalis) encroached 
frori the fringes of surrounding forests. High exposed areas in Pool 9 of the 
Miss iss i ppi River were found to be virtually unvegetated after 35 yr (Mc~ahon 
and Eckblad 1975). However, along the shore where moisture is available, dense 
sta nds of v:illows occur and provide shade for a variety of sr11aller plants 
(Larson 1~74) . 

In most river floodplains, the long-ter m succession pattern proceeds from 
willow-cotton wood to mi xed hardvwods, i.e., silver maple (Acer saccharinu rn), 
pin oak (Querc us palust ris), and hic kories (Carya spp.) (Klein et al. 1975). 
Simila r success i on will occur on dredged material deposits unless the eleva­
ti on i s high, in which instance succession will be retarded due to xeric 
condit i ans . 
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In 

the 

Pacific 

northwest, 

the 

pattern 

of succession is 

reported

to


consist 

first of 

grasses, 

then 

willows, 

elderberry 

(Sarrbucjus 

sp.)» 

and 

black-

berries 

(Rubus 

sp.). 

Later, 

larger 

trees 

such 

as red 

alder 

( 

Alnus 

rubra

),


green 

ash 

( 

Fraxinus subi nteoerrima 

), 

and 

hemlock 

( 

Tsuga 

sp.) may 

appear 

(U.S.


Army 

Corps 

of 

Engineers, 

Portland District 

1975).


Brady 

(1976) 

concluded that it 

was better 

to 

dispose 

of 

dredged 

material


onto 

early 

successional 

stages, 

such as 

v/eedy 

herbaceous 

plants 

or 

willow-cot-

tonwood stands 

rather 

than into 

mature 

forests of 

later 

serai 

stages. 

The for-

mer 

will 

revegetate 

more 

quickly.


Stream 

Margin 

and 

Wetland 

Disposal


Frequently, 

dredged 

material is 

placed 

in 

shallow 

waters or 

wetlands


where it forms 

islands or extends 

land 

masses 

(Figures 

6 

and 

7) 

or it 

may 

be


placed 

on 

existing 

islands or 

land 

masses but 

spills 

over into the 

backwaters.


Productive shallow 

water habitat is 

changed 

to 

sandy, 

initially 

barren 

areas.


The 

dredged 

material 

also 

may 

block 

running sloughs 

or 

feeder 

channels that


feed fresh 

water 

through 

backv/ater 

areas, 

or the outwash 

may 

fill in 

backwater


sloughs 

and 

lakes. 

In 

either 

instance, 

the 

productivity 

and 

useful life 

of


backwaters is lessened 

(U.S. 

Army Corps 

of 

Engineers, 

St. 

Paul District 

1974).


The 

findings 

of Colbert 

et 

al. 

(1975), 

Simons et al. 

(1975), 

and 

Grunwald


(1976) 

indicate that on 

the 

Upper 

Mississippi 

River the 

long-term impacts 

of


dredged 

m.aterial 

placement 

are often not 

immediately recognizable 

and 

are 

po-

tentially 

more severe than the direct 

short-term 

impacts. 

Dredged 

material


placed along 

the shoreline is 

subject 

to erosion and reintroduction to the


stream 

course. The material 

is often carried into side channels 

where, 

when


the current 

diminishes, 

it is 

deposited, 

blocking 

water flow to backwater


areas or is carried 

into backwaters where 

it blankets 

biologically productive


habitat. 

Fremling 

et al. 

(1979) 

noted several 

instances 

in 

which 

dredged


material that had 

been 

transported 

considerable distances from 

the 

original


deposit 

areas 

had 

blocked 

side channels or moved into backwaters. 

Ragland


(1974), 

Schramm and 

Lewis 

(1974), 

and 

Terpening 

et al. 

(1975) 

demonstrated 

the


high 

value of 

backwaters to fish and 

wildlife.


Strategically placed 

dredged 

material 

can be used to 

develop 

favorable


habitat 

by 

creating lagoons 

or other 

quiet-water 

areas 

behind 

newly 

created


islands 

(U.S. 

Army Corps 

of 

Engineers, 

Portland District 

1975).


Coastal Zone 

Resources 

Corporation 

(1977) 

studied 

a historic 

disposal


area 

along 

the 

Whiskey Bay 

Pilot 

Channel, 

an artificial 

channel 

of the Atcha-

falaya 

River in 

southern 

Louisiana. 

Dredged 

material 

was 

disposed parallel 

to


the 

channel 

during 

construction 

in 1935 

to 

1936 and 

again 

in 1961 to 1962.


The 

disposal 

area 

was 

originally swamp 

and 

bottomland 

forest 

with several


small 

streams. 

Following disposal, 

the elevation 

increased 

and the area 

became


nonwetland 

habitat.


An 

analysis 

of 

vegetational 

changes 

at 

the site 

and in 

other 

disposal


areas 

in 

the 

Atchafalaya 

Basin indicated 

the 

following 

possible 

sere 

on 

dis-

posal 

sites: 

(a) 

unvegetated dredged 

material; 

(b) 

ragweed 

(and 

other 

forbs);


(c) 

willow-cottonwood or 

willow-sycamore-mixed 

forest; 

(d) 

sycamore-mixed


forest; 

(e) 

red 

maple-sweetgum-sugarberry; 

and 

(f) 

sweetgum-sugarberry-oak.
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In the Pacific northwest, the pattern of succes sion is repor t ed to 
consist first of gras ses , th en will ows, elderberry (Samb~cus sp. ), and black ­
berries (Rubus sp.). Later , lar ger t r ees such as red alder (Aln us rubra), 
green ash (Fraxinus _ ~bi ~e rr i ma), and hemlock (Tsuga sp.) may appea r (U.S. 
Army Corps of Engineer s , Portland District 1975). 

Brady (1976) conclude d that it was better to dispose of dredged material 
onto early succession al stages, such as weedy herbaceous plants or willow-cot­
tonwood stands rather than into mature forests of later seral sta aes. The for-
mer will reveget ate more quickly. ~ 

Strea m Marqin and Wetland Disposal 

Frequently, dredged material is placed in shallm ·, waters or wet l ands 
~,here it forms is 1 ands or extends land masses (Figures 6 and 7) or it may be 
placed on existing islands or land masses but spills over into the backwaters. 
Productive shallow water habitat is changed to sandy, initially barren area s . 
The dredged material also may block running sloughs or feeder channels that 
feed fresh water through backwater areas, or the outwash may fi ll in backwater 
sloughs and lakes. In either instance, the productivity and useful l ife of 
backwaters is lessened (U.S. Army Corps of Engineers, St. Paul District 1974). 

The findings of Colbert et al. (1975), Si mons et al. (1975), and Grunwald 
(1976) indicate that on the Upper Mississippi River the long-ter m impacts of 
dredged material placement are often not immediately recognizable and are po­
tentially rr.ore severe than the direct short-tem i mpacts. Dredged material 
placed along the shoreline is subject to erosion and reintroduction to the 
stream course. The material is often carried into side channels where, when 
the current diminishes, it is deposited, blocking water flow to backwat er 
areas or is carried into backwaters .where it blankets bio log ically productive 
habitat. Frerr:ling et al. (1979) noted several instances in which dredged 
material that had been transported conside r able distances fro m the original 
deposit areas had blocked side channels or moved in to backwaters. Ragland 
(1974), Schramm and Lewis (1974), and Terpening et al. (1975) demonstrated t he 
high value of backwaters to fish and wildlife. 

Strategically placed dredged material can be used to develop favor abl e 
habitat by creating lagoons or other qui et-water areas behind newly created 
islands (U.S. Army Corps of Engineers, Portland District 1975). 

Coastal Zone Resources Corporation (1977) studi ed a historic disposa l 
area along the Whiskey Bay Pilot Channel, an ar tifi ci al channe l of th e Atcha­
falaya River in southern Louisiana. Dredged materia l w2s disposed par al lel to 
the channel during construction in 1935 to E'36 and u ga in in 1961 to 1962. 
The disposal area was originally swamp and bottoml and forest with sever a l 
small streams. Following disposal, the elevat i on increased and the are a became 
nonwetland habitat. 

An analysis of vegetational changes at the site and in oth Pr dispo sal 
areas in the Atchafalaya Basin indicat ed the following poss ible se re on dis ­
posal sites: (a) unvegetated dredged material ; (b) ragweed (and ot her forbs); 
(c) willow-cottonwood or willow-sycamore- mixed forest; (d) sycamore- mixed 
forest; (e) red maple-sweetgum-sugarberry; and (f) sweetgum-s ugarb er ry-oak. 
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Figure 

6. 

Pipeline dredge 

discharging 

along 

the 

edge 

of a river. 

Photo 

courtesy 

of Williams


McWilliams, 

Inc.
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Figure 6. Pipelin e dredg e dischargi ng alo ng the edge of a nver. Ph oto courtesy of Williams McWilliams, Inc . 
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Figure 

7. 

Dredged 

material 

discharged 

from a 

pipeline dredge. 

Photo 

courtesy 

of 

FWS, 

Ecological


Services, 

Lafayette, 

Louisiana.
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Figure 7. Dredged material discharged from a pipeline dredge. Photo courtesy of FWS, Ecological 
Services, Lafayette, Louisiana. 
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Due 

to the 

influences 

of the 

two 

disposal 

periods 

and other 

factors, 

a

mixture 

of successional 

types 

was 

present 

at the 

site.

Birds, 

small 

mammals,


and 

deer 

were abundant. 

The elevated area 

probably 

helped 

certain 

species 

of

mammals, 

such as 

rabbits, 

survive 

the 

periodic flooding 

of the area.

On the 

negative 

side, 

the 

changed 

elevation and 

vegetation probably 

ad-

versely impacted 

fish, 

aquatic 

mammals, 

and waterfowl 

(conclusions 

are 

partial-

ly 

our 

own 

subjectively 

derived 

from data 

presented).

Out-of-Channel 

Disposal

Dredged 

material 

from 

channel maintenance 

operations 

is often 

placed 

in

areas 

adjacent 

to 

the 

navigation 

channel 

in 

medium 

to shallow 

depths 

within

the 

river. Potential 

adverse 

impacts 

include 

turbidity, 

sedimentation, 

burial

of 

organisms, 

changes 

in 

substrate 

composition 

and 

bottom 

topography, 

blockage

or 

filling 

of side 

channels, 

and 

releases 

of noxious 

materials 

and nutrients.

Turbidity 

from 

disposal 

operations 

temporarily 

reduces 

light penetration

(which 

impacts primary 

productivity) 

and flocculates 

plankton. 

Generally,

these 

impacts appear 

to cause 

little 

impact. 

Increased 

stream 

turbidity 

is

usually 

of short 

duration 

and confined 

to a 

small 

area 

(Great 

River 

Environ-

mental Action 

Team 

I, 

Water 

Quality 

Work 

Group 

1978). 

In 

clearwater 

streams,

turbidity 

may 

act as 

a barrier to 

migrating 

salmon 

(Darnell 

et al. 

1976) 

but

dredging 

can be timed to 

avoid 

periods 

of 

migrations.

Other water 

column 

impacts 

include increased 

biological 

oxygen 

demand 

and

release 

of noxious 

materials, 

such as 

sulfides, 

methane, 

ammonia, 

and 

heavy

metals. 

Impacts 

should be 

minimal unless 

the 

disposal 

is 

in an area 

where 

dil-

ution is 

poor. 

For 

reviews of 

turbidity impacts 

see 

Darnell 

et al. 

(1976) 

and

Stern 

and Stickle 

(1978).

Great River Environmental 

Action 

Team 

I, 

Water 

Quality 

Work 

Group 

(1978)

conducted 

a water 

quality 

study 

of downstream 

impacts 

of 

dredging 

and 

disposal

at 

Mississippi 

River mile 

827, 

immediately 

downstream 

from 

Minneapolis-St.Paul 

.

They 

found that 

physical 

and 

bacteriological 

parameters 

returned 

to 

background

concentrations 

within 1.3 

km 

(0.8 

mi) 

downstream 

of 

the 

disposal 

discharges.

Chemical 

parameters 

returned 

to 

background 

within 

a much shorter 

distance.

Impacts 

were 

generally 

localized due to 

dilution 

and the 

sorptive capacity 

of

rapidly 

settling 

resuspended 

particles.

In 

our 

opinion, 

sedimentation 

is a 

much more serious 

concern than 

turbid-

ity, 

but sedimentation 

impacts 

can be 

minimized 

through 

careful 

disposal. 

Sed-

imentation 

dramatically 

decreases 

hatch^bility 

and 

survival 

of fish 

eggs 

and

fry 

(Hassler 1970); 

organic 

sediments 

reduce the 

oyxgen 

level 

(Phelps 

1944);

the 

abundance 

and 

diversity 

of benthic 

organisms 

are 

reduced, 

particularly

mussels 

(Ellis 1936); 

and 

aquatic plants 

are 

adversely impacted 

(Langloise

1941).

Apparently, 

severe 

sedimentation 

impacts 

are rare 

from the 

disposal 

of

dredged 

material 

into the 

river channel. 

Dredged 

rr.aterial 

from 

navigational

projects appears 

to 

pose 

the 

greatest 

sedimentation 

threat when it is 

placed

in, 

or 

adjacent 

to, 

backwaters 

(Great 

River 

Environmental 

Action Team 

I 

1979).
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Due to the influences of the two disposal periods and other factors, a 
mi xtur e of successional types was present at the site. Birds, small mammals, 
and deer were abundant. The elevated area probably helped certain species of 
mammal s, such as rabbits, survive the periodic flooding of the area. 

On the negative side, the changed elevation and vegetation probably ad­
verse ly impacted fish, aquatic mammals, and waterfowl(conclusions are partial­
ly our own subjectively derived from data presented). 

Out-of-Channel Disposal 

Dredged material from channel maintenance operations is often placed in 
areas adjacent to the navigation channel in medium to shallow depths within 
the river. Potential adverse impacts include turbidity, sedi mentation, burial 
of organisms, changes in substrate composition and bottom topography, blockage 
or filling of side channels, and releases of noxious materials and nutrients. 

Turbidity from disposal operations temporarily reduces light penetration 
(which impacts primary productivity) and flocculates plankton. Generally, 
these impacts appear to cause 1 ittle i mpact. Increased stream turbidity is 
usually of short duration and confined to a small area (Great River Environ­
mental Action Team I, ~later Quality ~lork Group 1978). In clearwater strea ms, 
turbidity may act as a barrier to migrating salmon (Darnell et al. 1976) but 
dredging can be ti med to avoid periods of migrations. 

Other water column impacts include increased biological oxygen demand and 
release of noxious materials, such as sulfides, methane, amrronia, and heavy 
metals. Impacts should be minimal unless the disposal is in an area where dil­
ution is poor. For reviews of turbidity impacts see Darnell et al. (1976) and 
Stern and Stickle (1978). 

Great Rive r Envi ronmental Action Team I, Water Quality Work Group (1978) 
conducted a water qual ity study of downstream iwpacts of dredging and disposal 
at nississippi Rive r mile 827,immediately downstream fror.i Minneapolis-St.Paul. 
They found that physi cal and bacteriological parameters returned to background 
concentrations within 1. 3 km (0 . 8 mi) downstream of the disposal discharges. 
Cherr.ical para meters returned to background within a much shorter distance. 
Impacts were generally localized due to dilution and the sorptive capacity of 
rapidly settling resuspended parti cles. 

In our opinion, sedir.ientation is a much more serious concern than turbid­
ity, but sedi mentation i mpacts can be minimized through careful disposal. Sed­
i mentation dramatically decreases hatc h~bility and survival of fish eggs and 
fry (Hassler 1970); organic sediments red uce the oyxgen level (Phelps 1944); 
the abundance and diversity of benthic organis ms are reduced, particularly 
muss els (Ellis 1936); and aquatic plan t s are adversely i~pacted (Langloise 
1941). 

Apparently, severe sedi mentation i mpacts are rare fro m the disposal of 
dredged materia l into the river channel. Dredged rr,aterial from navigational 
projects appears to pose the greatest sedi mentation threat when it is placed 
in, or adjacent to, backwaters (Great River Environmental Action Team I 1979). 
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Due to 

the 

dynamic 

nature 

of 

rivers, 

chances in bottotr 

topography 

are


characteristic 

and 

frequent 

(Sir^ons 

et al. 

197^, 

1975) 

and rriost 

organisms


quickly 

adjust 

to 

perturbations 

(Johnson 

1P76). 

However, 

dredged 

material,


placed 

in certain slackwater 

areas, 

such 

as near or on 

wing 

and 

closing 

dams,


can 

change 

an 

irregular 

bottom 

to a 

sandy, 

smooth, 

and 

shallow 

bottom. The


latter habitat 

is less 

productive 

of benthic 

organisms 

and 

offers much 

poorer


habitat 

for fish than a 

deeper, 

rouoher 

bottom 

(U.S. 

Army Corps 

of 

Engineers,


St. Paul 

District 

1974, 

Grunwald 

1976).


Information is 

lacking 

about 

the burial of 

organisms by 

river 

dredging.


Kussels 

are of 

primary 

concern 

in 

freshwater. The 

Corps 

of 

Engineers, 

St. 

Paul


District 

(1974) 

reported 

that 10 

yr may 

be 

required 

for 

recolonization 

by


mussels. 

Rogers 

(1976) 

reported 

a low survival rate of 

clams 

( 

Sphacrium 

trans-

versum 

and 

S_^


s 

triatinum

) 

buried with sand. Survival was 

somewhat better with


the addition cf silt or silt-sand mixture. Adult clam 

survival was 

inversely


related 

to both 

particle 

size and 

depth 

of added substrate. 

Juvenile clams


had 

higher 

survival 

rates than 

adults.


Marking 

and 

Bills 

(in 

press) 

studied 

the 

ability 

of three mussels 

--

pig-toe 

( 

Fusconaia 

flava), 

fat mucket 

( 

Lampsili 

s radiata luteola 

), 

and 

pocket-

book 

(L_^ 

ventricosal 

~- 

to

emerge 

from 

5 

to 

25 

cm 

(2~to 

10 

in) 

coverage 

of


sand 

and 

silt. The mussels 

emerged 

within a few hours or 

did 

not 

emerge 

at


all. Those that did not 

emerge 

eventually 

died. 

The 

studies 

showed that the


type 

of soil 

overlay 

made little 

difference in the 

emergence 

of fat mucket and


pocketbook 

mussels but 

did 

affect 

the 

emergence 

of 

the smaller 

pig-toes. 

The


emergence 

of the latter two 

species 

was 

prevented 

by 

18 

cm 

(7 in) 

or more 

of


sand or silt but 

only 

10 

cm 

(4 in) 

of silt 

was sufficient 

to kill 

the 

pig-toe.


The 

authors concluded 

that the 

ability 

of 

mussels to 

emerge 

from soil 

cover 

is


related to 

species 

and size. 

Changes 

in 

substrate 

composition 

and bottom 

topo-

graphy 

can alter the benthic 

fauna 

and affect fish 

use and 

concentrations.


In 

the Columbia 

River, 

Washington 

and 

Oregon, 

a decline 

in fish 

catch 

and


species 

variety 

was noted 

at both 

dredging 

and 

disposal 

areas 

40 

days 

after


dredging. 

However, 

at sites 

that were 

only slightly 

disturbed 

by dredging,


there was 

an increase 

in 

catch 

(U.S. 

Army 

Corps 

of 

Engineers, 

Portland Dis-

trict 

1975).


Dispersion 

and 

release 

of noxious 

material is 

a concern 

whenever 

a con-

taminated 

channel is 

dredged, 

but 

little is 

known of 

the actual 

impacts. 

The


general 

contaminant 

level is 

probably 

less 

in rivers 

than 

in estuaries 

where


harbors 

may 

be 

highly 

polluted. 

However, 

because 

the 

buffering 

capacity 

of


salts 

is less 

in 

fresh 

water, 

there is 

a 

great 

potential 

in rivers 

for 

detri-

mental 

impacts 

from some contaminants 

such 

as 

heavy 

metals.


Dredged 

material from rivers 

may 

contain 

the 

following potential 

contam-

inants and biostimulants: 

hydrogen 

sulfide, 

methane, 

organic 

acids, 

orthophos-

phates, 

nitroaen 

in 

several 

forms includinq 

ammonia, 

oils 

and 

greases, 

pesti-

cides, PCBs, 

"and 

heavy 

metals. 

High 

levels 

of 

PCEs, 

oils, 

DDT, 

and dieldrin


were found 

in 

harbor sediments 

of the 

Mississippi 

River 

at 

Mem-phis 

(Fulk 

et


al. 

1975). 

Settling 

tests 

indicated 

that 

these 

materials 

became 

suspended 

in


the water column 

during 

agitation 

but under 

quiescent 

conditions 

concentra-

tions 

returned to near 

background 

water 

column 

levels 

within 

14 hr. 

Our


conclusion 

from the 

study, 

wh'ich 

also 

included 

other 

freshwater 

sites is 

that


river currents 

will 

carry suspended 

toxic 

materials 

for some 

distance before


they 

settle out 

in 

quiet 

waters.
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Due to the dynamic nature of rivers, chanQes in bottorr topo graphy are 
characteristic and frequent (Si rrons et al . 1~74, 1975) and most organisms 
quickly adjust to perturbatioris (Johnson 1976). However, dredged material, 
placed in certain slackwater areas, such as near or on wing and closing dai;;s, 
can change an irregular bottom to a sandy, smooth, and shallow botto111. The 
latter habitat is less productive of benthic organis ms and offers much poorer 
habitat for fish than a deeper, rougher botto m (U.S. ArJPy Corps of Engineers, 
St. Paul District 1974, Grunwald 1976). 

Information is lacking about the burial of or ganisrrs by river dredging. 
t-'.ussels are of priwary concern in freshwater. The Corps of Engineers, St. Paul 
District (1~74) reported that 10 yr may be required for recolonization by 
~ussels. Rogers (1976) reported a low survival rate of cla ms (Sphaerium trans­
versu m and S. striatinum) buried with sand. Survival was somewhat better with 
the addition cf silt or silt-sand mixture. Adult clam survival was inversely 
related to both particle size and depth of added substrate. Juvenile clams 
had higher survival rates than adults. 

~~arking and Bills (in press) studied the ability of three rrussels -­
pig-toe (Fusconaia flava), fat rrucket (Lar.psilis radiata luteola), and pocket­
book(!:..!. ventricosa) -- to emerge from 5 to 25 cm (2 to 10 in) coverage of 
sand and silt. The rrussels emeroed within a few hours or cid not eweroe at 
all. Those that did not emerge eventually died. The studies showed that the 
type of soil overlay rrade little difference in the emergence of fat mucket and 
pocketbook mussels but did affect the emergence of the smaller pig-toes. The 
emergence of the 1 atter b 10 species \\!as prevented by 1£ cm ( 7 in) or more of 
sand or silt but only 10 cm (4 in) of silt was sufficient to kill the pig-toe. 
The authors concluded that the ability of wussels to emerge from soil cover is 
related to species and size. Changes in substrate composition and botto m topo­
graphy can alter the benthic fauna. and affect fish use and concentrations. 

In the Columbia River, ~ashington and Oregon, a decline in fish catch and 
species variety was noted at both dredging and disposal areas 40 days after 
dredging. However, at sites that were only slightly disturb ed by dredging, 
there was an increase in catch (U.S. Army Ccrps of Engineers, Portland Dis­
trict 1975). 

Dispersion and release of noxious IY!aterial is a concern whenever a con­
taminated channel is dred ged, but little is known of the actual i mpacts . The 
general contaminant l evel is probably less in rivers than in estuaries where 
harbors may be hi ghly polluted. However, because the buffe r ing capacity of 
salts is less in fresh water, there is a great potential in rivers for detri­
mental impacts from some conta w.inants such as heavy metals . 

Dredged rraterial froIT' rivers may contain the following potential contam­
inants and biostimulants: hydrogen sulfide, methane , or ganic acids , orthophos­
phates , nitrogen in several forms including ammonia, oils and greases, pesti­
cides, PCBs, and heavy rretals. High levels of PCBs, oils, DDT, and dieldrin 
were found in harbor sedi ments of the ~h ssissippi River at Memphis (Fulk et 
al. 1975). Sett.line tests indicated that these rraterials became suspended in 
the water column durino aoitation but under quiescent conditions concentra­
tions return ed to nea ( backoround water co 1 urrn levels within 14 hr. Our 
conclusion from the study , wh-ich also included other freshwater sites is that 
river currents will carry suspended toxic materials for sorre distance before 
they settle out in quiet waters. 
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In the absence of 

specific 

information on releases and 

impacts 

of con-

taminated 

material 

in 

freshwater, 

the reader 

is referred to the 

discussion 

on

contaminants 

in Part 

III 

- 

aquatic 

disposal 

in 

estuaries.

Remember, 

however,


the 

influence of 

salinity. 

Generally, toxicity 

increases 

as 

water 

becomes


softer. 

Sodium, 

potassium, 

calcium, 

and 

magnesium 

have 

all been found 

in 

cer-

tain instances to be 

capable 

of 

antagonizing 

the 

ions of several 

heavy 

metals

thereby reducing 

their 

toxicity 

(Tarzwell 

1957). 

For 

additional 

discussions

(of 

a 

general 

nature 

and 

not 

specific 

to 

rivers) 

see the section on 

"biocon-

centration"

in 

Morton 

(1977).

The 

reader 

may 

also wish to consult 

the 

Appen-

dix of this review.

Thalweg Disposal

Environmentally 

acceptable disposal 

areas are limited. The current com-

mon 

practice 

of 

shoreline 

disposal 

creates 

many 

environmental 

problems 

as

discussed 

in 

previous 

sections. LaGasse et al . 

(1976) 

suggest 

that 

disposal

in 

the 

thalweg 

or main river channel 

may 

be an 

environmentally 

acceptable

alternative. Miller 

(1973) 

further notes that the 

thalweg 

is 

generally 

rela-

tively 

barren of 

invertebrates 

and 

the U.S. 

Army 

Corps 

of 

Engineers, 

Portland

District


(1973)


notes


reduced


turbidity


and


suspended


sediment 

problems 

with

thalweg disposal. 

However, 

caution is 

urged 

as Hawkinson 

and Grunwald 

(1979)

have shown that catfish overwinter in 

deep 

water of the 

main 

Mississippi 

River

channel.

Commercial fishermen have also

reported 

that 

the 

main channel 

is a

valuable 

wintering 

area for fish 

(letter 

of 

17 

January 

1980 

from 

John 

P.

Wolfin,


U.S.
 Fish
 and
 Wildlife


Service, 

St.


Paul,


Minn.).

Thalweg disposal 

consists of 

dredging 

a shoal
 area
 and


depositing


the

material 

in 

the 

adjacent 

pool 

downstream or 

scraping 

a 

shoal 

(agitation 

dredg-

ing) 

and 

letting 

the 

current take the 

sediments downstream to the next 

pool.

LaGasse et al 

. 

(1976) 

indicates this 

technique 

could be 

employed 

at 

certain

sites 

during 

maintenance 

dredging 

and 

might 

have wide 

application 

for emer-

gency dredging.


A 

discussion of the 

practicality 

of this

technique 

from the

geomorphic standpoint 

is 

beyond 

the 

scope


of


this


review.
 For
 detailed
 dis-

cussions the 

reader is referred 

to LaGasse 

(1975), 

Simons 

et al
 .


(1975),


and

LaGasse et al . 

(1976).

Habitat 

Development

Terrestrial 

development

.

Dredged 

material 

is 

often 

deposited 

into 

the

river 

margins 

or other shallow waters so that 

the 

disposal 

area 

becomes ter-

restrial.

This 

destroys 

an 

existing 

habitat and the 

newly 

created 

habitat is

often of 

marginal 

value to wildlife

(McMahon 

and Eckblad 

1975, 

Vanderford

1979). However, 

valuable wildlife habitat can 

be 

developed through 

the 

appli-

cation 

of 

well-established

agricultural 

and wildlife 

management 

techniques

(Larson 1974, 

River Studies 

Center 

1975, 

Smith 

1978). 

Terrestrial

habitat

development 

can 

be 

used

as an enhancement 

or 

mitigative 

measure at 

new 

or

existing disposal 

sites. Smith 

(1978) 

further stated 

that 

regardless 

of the

condition or 

location of a 

disposal

area, 

considerable 

potential 

exists to

convert it into 

productive 

habitat. Small 

sites 

in 

densely 

populated 

areas

may 

be 

managed 

for small animals 

adapted 

to 

urban 

life. 

Larger 

tracts 

may 

be

managed 

for a 

variety

of wildlife

including 

waterfowl, 

game, 

or 

endangered

species.
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In the absence of specific infonnation on releases and impacts of con­
taminated material in freshwater, the reader is referred to the discussion on 
contaminants in Part III - aquatic disposal in estuaries. Remember, however, 
the influence of salinity. Generally, toxicity increases as water becomes 
softer. Sodium, potassium, calcium, and magnesium have all been found in cer­
tain instances to be capable of antagonizing the ions of several heavy metals 
thereby reducing their toxicity (Tarzwell 1957). For additional discussions 
(of a general nature and not specific to rivers) see the section on "biocon­
centration" in Morton (1977). The reader may also wish to consult the Appen­
dix of this review. 

Thalweg Disposal 

Environmentally acceptable disposal areas are limited. The current com­
mon practice of shoreline disposal creates many environmental problems as 
discussed in previous sections. LaGasse et al. (1976) suggest that disposal 
in the thalweg or main river channel may be an environmentally acceptable 
alternative. Miller (1973) further notes that the thalweg is generally rela­
tively barren of invertebrates and the U.S. Army Corps of Engineers, Portland 
District (1973) notes reduced turbidity and suspended sediment problems with 
thalweg disposal. However, caution is urged as Hawkinson and Grunwald (1979) 
have shown that catfish overwinter in deep water of the main Mississippi River 
channel. Commercial fishermen have al so reported that the main channel is a 
valuable wintering area for fish (letter of 17 January 1980 from John P. 
Wolfin, U.S. Fish and Wildlife Service, St. Paul, Minn.). 

Thalweg disposal consists of dredging a shoal area and depositing the 
material in the adjacent pool downstream or scraping a shoal (agitation dredg­
ing) and letting the current take the sediments downstream to the next pool. 
LaGasse et al. (1976) indicates this technique could be employed at certain 
sites during maintenance dredging and might have wide application for emer­
gency dredging. A discussion of the practicality of this technique from the 
geomorphic standpoint is beyond the scope of this review. For detailed dis­
cussions the reader is referred to LaGasse (1975), Simons et al. (1975), and 
LaGasse et al. (1976). 

Habitat Development 

Terrestrial development. Dredged material is often deposited into the 
river margins or other shallow waters so that the disposal area becomes ter­
restrial. This destroys an existing habitat and the newly created habitat is 
often of marginal value to wildlife (McMahon and Eckblad 1975, Vanderford 
1979). However, valuable wildlife habitat can be developed through the appli­
cation of well -established agricul tu ra l and wi 1 dl ife management techniques 
(Larson 1974, River Studies Center 1975, Smith 1978). Terrestrial habitat 
development can be used as an enhancement or mitigative measure at new or 
existing disposal sites. Smith (1978) further stated that regardless of the 
condition or location of a disposal area, considerable potential exists to 
convert it into productive habitat. Small sites in densely populated areas 
may be managed for small animals adapted to urban life. Larger tracts may be 
managed for a variety of wildlife including waterfowl, game, or endangered 
species. 
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Terrestrial 

habitat 

development may 

include 

such 

low cost 

procedures 

as


liming, 

fertilizing, 

and 

seeding. 

It 

is 

generally 

compatible 

with 

subsequent


disposal operations. 

In most 

situations, 

a desirable 

vegetative 

cover can 

be


produced 

in 

one 

growing 

season 

(Smith 1978). 

Terrestrial habitat 

development


often 

requires 

continual 

management. 

Lack of 

public ownership 

of the 

disposal


area 

can cause 

management 

problems.


Smith 

(1978) 

provided 

general 

guidelines 

for 

terrestrial habitat 

develop-

ment. 

Lunz et 

al. 

(1978) 

discussed considerations 

to 

help 

determine the need


for 

habitat 

development 

and Hunt 

et al. 

(1978) 

provided 

detailed 

guidelines


for terrestrial 

habitat 

development. 

Coastal Zone 

Resources 

Corporation 

(1977)


also 

provided 

background 

information.


One should 

also consider 

possible 

contaminant 

uptake 

or runoff into near-

by 

streams. 

The conditions 

for 

availability 

of 

heavy 

metals are 

maximized


under the acid 

oxidizing 

conditions 

that are often 

present 

when 

formerly 

an-

oxic sediments 

are 

placed 

on 

dry 

land 

(Gambrell 

et al. 

1977, 

Gambrell 

et al.


1978). 

Certain 

beneficial uses 

of 

dredged 

material, 

such as 

strip 

mine recla-

mation, 

filling 

barrow 

pits 

and 

quarries, 

and 

agricultural 

land enhancement


(Spaine 

et 

al. 

1978), 

will 

impact 

existing 

habitats 

and 

produce 

new habitats.


In most 

circumstances, 

these 

types 

of 

projects 

will 

improve 

or have 

no effect


on 

fish and 

wildlife habitats.


Island 

development 

. Reclamation of 

sandy dredged 

material 

islands 

and


land extensions 

has been studied 

in 

the 

upper ^^ississippi 

River. 

The River


Studies Center 

(1975) 

of the 

University 

of 

Wisconsin at 

La Crosse 

states that


the 

establishment 

of 

vegetation 

on barren 

disposal 

areas 

is feasible 

but 

may


be 

expensive. 

The most 

promising 

plant 

tested 

was the 

American 

beachgrass


( Ammophilia 

brevigulata ) 

which 

can be 

easily 

established 

by planting 

clones 

or


plugs. 

Also 

recommended 

at lower elevations 

was the 

planting 

of willow 

cut-

tings 

to establish 

windbreaks 

parallel 

to 

the shorelines. 

Ziegler 

and 

Sohmer


(1977) 

listed 

several 

species 

that 

have 

naturally 

colonized 

disposal 

sites 

in


Pool 

8 and some 

of 

these 

species 

may 

have a 

potential 

for 

artificial estab-

lishment. 

Larson 

(1974) 

recommended 

five 

measures 

which make 

dredged 

disposal


piles 

more 

productive: 

(a) 

planting, 

(b) 

fertilizing, 

(c) 

mulching, 

(d) 

cap-

ping 

with mud 

(fine-grained 

dredged 

material), 

and 

(e) v/atering. 

The methods


were 

only 

effective 

when 

three, or more 

of the 

measures were 

used. 

KcMahon 

and


Eckblad 

(1975) 

found 

that 

whey 

placed 

over the sand 

caused 

the 

formation 

of 

a


moisture 

holding 

crust that 

permitted 

seed 

germination 

and 

plant 

establish-

ment.


Recent 

DMRP 

studies 

(Soots 

and Landin 

1978) 

have 

indicated 

intensive 

use


of 

dredged 

material 

islands 

by 

coastal 

birds. 

However, 

a 

survey 

of the 

Upper


Mississippi


River


(Thompson 

and
 Landin 

1978) 

indicated 

no 

dependence 

on 

dredg-

ed 

material islands 

by 

waterbirds. 

It was 

noted, 

though, 

that 

if human 

distur-

bance was 

limited, 

and bare sand 

nesting 

areas 

were 

provided 

(by 

discouraging


vegetation 

establishment), 

dredged 

material 

islands 

could 

be 

used 

by 

least


tern 

( 

Sterna 

albifrons 

). 

Robinson 

(1970) 

noted 

that 

dredged 

islands 

could 

be


placed 

in the lower 

(wide) 

end of 

navigational 

pools 

to 

lessen 

the 

wind fetch


and


create
 habitat for


wildlife.


A 

by-product 

of the 

dairy 

industry.
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Terrestrial habitat develop ment may include such low cost procedures as 
liming, fertilizing, and seeding . It is generally compatible with subsequent 
disposal operations. In most situations, a desirable vegetative cover can be 
produced in one growing season (Smith 1978). Terrestrial habitat development 
often requires continual management. Lack of public ownership of the disposal 
area can cause management problems. 

Smith (1978) provided general guidelines for terrestrial habitat develop­
ment. Lunz et al. (1978) discussed considerations to help deter mine the need 
for habitat development and Hunt et al. (1978) provided detailed gui delines 
for terrestrial habitat development. Coastal Zone Resources Corporation (1977) 
also provided background information. 

One should also consider possible contaminant uptake or runoff into near­
by streams. The conditions for availability of heavy metals are maxi mized 
under the acid oxidizing conditions that are often present when fo rr.ierly an­
oxic sediments are placed on dry land (Ga1J1brell et al. 1977, Gambrell et al. 
1978). Certain beneficial uses of dredged material, such as strip mine recla­
r.iation, filling barrow pits and quarries, and agricultural land enhance ment 
(Spaine et al. 1978), will impact existing habitats and produce new habitats. 
In most circumstances, these types of projects will improve or have no effect 
on fish and wildlife habitats. 

Island development . Reclarration of sandy dredged rrater i al islands and 
land extensions has been studied in the upper Mississippi River. The River 
Studies Center (1975) of the University of Wisconsin at La Crosse states that 
the establishment of vegetation on barren disposal areas is feasible but may 
be expensive. The most promising plant tested was the American beachgrass 
(Ammophilia brevioulata) which can be easily established by plantin g clones or 
plugs. Also recommended at lower elevations was the plant i ng of willow cut­
tings to establish windbreaks parallel to the shorelines. Ziegler and Sohmer 
(1977) listed several species that have naturally colonized disposal sites in 
Pool 8 and some of these species may have a potential for artificial estab­
lishment . Larson (1974) reco mmended five measures which make dredged disposal 
piles more productive: (a) planting, (b) ferti l izing, (c) mul chin g, (d ) cap­
ping with mud (fine-grained dredged material), and (e) watering. The met hods 
were only effective when three 1or more of the measures were used . McMahon and 
Eckblad (1975) found that whey placed over the sand caused the formation of a 
moisture holding crust that permitted seed germi nation and plant establish­
ment . 

Recent DMRP studies (Soots and Landin 1978) have indicated intensive use 
of dredged material islands by coastal birds . However, a survey of the Upper 
Mississippi River (Thompson and Landin 1978) indicated no depende nce on dred g­
ed material islands by waterbirds. It was noted, thou gh, that if human distur­
bance was limited, and bare sand nesting areas were prov i ded (by discoura gi ng 
vegetation establish rrent), dredged material islands could be used by least 
tern (Sterna albifrons). Robinson (1970) noted that dredged islands could be 
placed in the lower (wide) end of navigational pools to lessen the wind fetch 
and create habitat for wildlife. 

1A by-product of the dairy industry. 
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Wetland 

development

. 

To 

date, 

most wetland 

development 

from 

dredged

ma-

terial 

has consisted 

of salt 

marsh establishment. 

However, 

freshwater 

wetland


development 

or 

enhancement offers 

considerable 

potential. 

In 

fact, 

freshwater


marsh 

vegetation 

will 

quickly 

establish itself 

under favorable 

conditions;


whereas 

salt 

marsh 

plants 

often 

have to 

be 

seeded or 

sprigged. 

In 

a 

greenhouse


study, 

Barko 

et 

al. 

(1977) 

obtained 

good growth 

of freshwater 

marsh 

plants 

on


fine-grained 

material 

and 

considerably 

slower 

growth 

on 

sandy 

material. 

In 

the


James River 

(Virginia), 

at a freshwater tidal 

location, 

dense freshwater 

marsh


vegetation 

quickly 

invaded a 

disposal 

area 

consisting 

of 

fine-grained 

material


retained 

by 

a dike of 

sandy 

material 

(Lunz 1977).


Some 

general 

considerations 

for freshwater 

marsh 

development 

are: 

(a)


type 

of 

dredged 

material 

including grain 

size 

and contaminants 

present; 

(b)


site characteristics 

including 

elevation 

and 

hydrologic regim.e; 

(c)value 

of


the habitat to be 

replaced 

or altered 

at the 

disposal 

site; 

(d) 

energy 

level


at the 

disposal 

site 

-- 

can the site 

be 

protected?; 

and 

(e) 

is the 

proposed


site 

within 

dredged 

material 

transport 

distance?. 

Size, 

shape, 

and orientation


are 

important 

considerations 

and 

relate to the 

in 

situ 

volume and location 

of


the 

material to 

be 

dredged.


In 

the absence 

of 

specific 

guidelines 

for freshwater 

marsh 

development,


the 

reader is referred 

to the section 

on coastal 

wetlands 

habitat 

development


and to Lunz 

et al. 

(1978), 

Smith 

(1978), 

and Environmental 

Laboratory 

(1978).


For 

a discussion on 

potential 

contaminant 

uptake, 

see "contaminant 

uptake" 

in


"wetland 

development" 

(Part III), remembering possible 

differences 

in 

uptake


between freshwater 

and saltwater 

sites 

due to 

physical-chemical 

differences


(Gambrell 

et 

al. 

1977).


Studies of 

uptake 

of the contaminants 

in fresh 

waters 

are 

generally 

lack-

ing. 

In an artificial marsh 

in the James 

River, 

Virginia, 

nickel, 

of several


available 

metals, 

and chlorinated 

hydrocarbons, 

were 

taken 

up 

by 

marsh 

plants


(Lunz 1978).


Fremling 

et 

al. 

(1976) 

and Nielsen 

et al. 

(1978) 

noted 

that 

the con-

struction of 

a 

navigational 

pool 

at Weaver 

Bottoms, 

Wisconsin, 

in the 

Upper


Mississippi 

River 

resulted 

in an 

elevated 

water 

level. 

The 

water 

overtopped


the natural 

levees, 

converting 

natural 

marsh to 

wind-swept 

open 

water. 

They


also noted 

possible 

ways 

dredged 

material could 

be used to 

aid rehabilitation


of the marsh. 

Modifications to 

dredging 

operations 

could increase 

water


clarity 

and 

decrease 

wind fetch 

which would make 

the area 

more condusive 

to


aquatic plant growth. 

The Fish and 

Wildlife Work 

Group 

of 

GREAT 

I 

(Vanderford


1979) 

discussed the 

concept 

of rehabilitation 

of backwater 

areas 

of the 

Upper


Mississippi 

River.


Aquatic 

development

. At this 

time 

aquatic 

habitat 

development 

does not


appear 

to 

have wide 

application 

in 

riverine 

systems. 

However, 

in the 

Upper


Mississippi 

River, 

the 

opening 

or 

closing 

of cuts 

to side 

channels 

and back-

waters to 

direct or obstruct 

water flows 

appears 

to offer 

considerable 

poten-

tial 

(Fremling 

et al. 

1979). 

The modifications 

are 

designed 

to 

permit 

suffi-

cient 

movement 

of freshwater 

through 

backwaters to 

prevent stagnation 

and 

win-

ter-kills, 

yet 

prevent 

the 

movement of 

sediments 

into 

the backwaters.
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Wetland development. To date, most wetland develop ment fr om dred ged ma­
terial has consisted of salt marsh establishment. However, freshwater wetland 
development or enhancement offers considerable potential. In fact, freshwater 
marsh vegetation will quickly establish itself under favorable condi tions; 
whereas salt marsh plants often have to be seeded or sprigged. In a greenhouse 
study, Barko et al. (1977) obtained good growth of freshwater marsh plants on 
fine-grained material and considerably slower growth on sandy material. In the 
James River (Virginia), at a freshwater tidal location, dense freshwater marsh 
vegetation quickly invaded a disposal area consisting of fine-grained material 
retained by a dike of sandy material (Lunz 1977). 

Some general considerations for freshwater marsh develop ment are: (a) 
type of dredged material including grain size and contaminants present; (b) 
site characteristics including elevation and hydrologic regi me; (c)value of 
the habitat to be replaced or altered at the disposal site; (d) ener gy level 
at the disposal site -- can the site be protected?; and (e) is the proposed 
site within dredged material transport distance?. Size, shape, and orientation 
are important considerations and relate to the in situ volume and location of 
the material to be dredged. 

In the absence of specific guidelines f or freshwater marsh develop ment , 
the reader is referred to the section on coasta l wetl ands habi tat develop ment 
and to Lunz et al. (1978), Smith (1978), and Environmental Laboratory (1978 ) . 
For a discussion on potenti a 1 contaminant upta ke, see 11conta mi nant uptake 11 i n 
11wetland development 11 (Part III), remembering possible dif ferences in uptake 
between freshwater and saltwater sites due to phys i ca 1-chemi cal differences 
(Gambrel 1 et al. 1977). 

Studies of uptake of the contaminants in fresh waters are generally lack­
ing. In an artificial marsh in the James River , Virginia, nickel, of several 
available metals, and chlorinated hydrocarbons, were taken up by marsh plants 
(Lunz 1978). 

Fremling et al. (1976) and Nielsen et al. · (1978) noted that the con­
struction of a navigational pool at Weaver Bottoms, Wisconsi n, in the Upper 
Mississippi River resulted in an elevated water level. The water overtopped 
the natural levees, converting natural marsh to wind-swept open water. They 
also noted possible ways dredged material could be used to aid rehabilitation 
of the marsh. Modifications to dredging operations could increase water 
clarity and decrease wind fetch which would make the area more condusive to 
aquatic plant growth. The Fish and Wildlife Work Group of GREAT I (Vanderford 
1979) discussed the concept of rehabilitation of backwater areas of t he Upper 
Mississippi River . 

Aquatic development. At this time aquatic habitat development does not 
appear to have wide application in riverine systems. However, in the Upper 
Mississippi River, the opening or closing of cuts to side channels and back­
waters to direct or obstruct water flows appears to offer considerable poten­
tial (Fremling et al. 1979) . The modifications are designed to permit suffi­
cient movement of freshwater through backwaters to prevent stagnation and win­
ter-kills, yet prevent the movement of sediments into the backwaters. 

68 



LITERATURE 

CITED


Barko, 

J.W., 

R.M. 

Smart, 

C.R. 

Lee, 

and 

M.C. 

Landin. 1977. 

Establishment and


growth 

of selected freshwater and 

coastal 

marsh 

plants 

in 

relation 

to


characteristics of 

dredged 

sediments. U.S. 

Army Eng. 

Waterways 

Exp, 

Stn.,


Vicksburg, 

Mississippi. 

Tech. 

Rep. 

D-77-2.


Brady, 

J.T. 1976. Environmental 

implications 

of 

dredged 

material 

disposal 

on


the 

upper Mississippi 

River. 

Pages 

321-336 

jn 

Dredging 

Environmental 

Ef-

fects and 

Technology. Proceedings 

of 

WODCON VII 

(World 

Dredging 

Confer-

ence), 

10-12 

July 

1976, 

San 

Francisco, 

California. 

WODCON 

Assoc, 

San


Pedro, 

California


Claflin, 

T.O. 

1973. Environmental 

assessment-navigation 

pool 

8. 

River 

Stud-

ies 

Center, 

Univ. Wisconsin-LaCrosse. Performed 

for 

U.S. 

Army Corps 

of


Engineers, 

St. 

Paul, 

Minnesota.


Coastal Zone Resources 

Corporation. 

1977. 

A 

comprehensive study 

of 

succes-

sional 

patterns 

of 

plants 

and animals at 

upland disposal 

areas. 

Coastal


Zone Resources 

Corp., Wilmington, 

North Carolina. 

Published 

by 

U.S. 

Army


Eng. 

Waterways Exp. 

Stn., 

Vicksburg, Mississippi. 

Contract 

Rep. 

D-77-2.


Colbert, O.K., 

J.E. 

Scott, 

J.H. 

Johnson, 

and 

R.C. 

Solomon. 

1975. Environ-

mental 

inventory 

and assessment of 

navigation pools 

24, 25, 

and 

26, 

upper


Mississippi 

and Lower Illinois 

rivers: an 

aquatic analysis. 

U.S. 

Army


Corps 

of 

Eng. 

Waterways 

Exp. 

Stn., 

Vicksburg, Mississippi. 

Tech. 

Rep.


Y-75-2.


Darnell, R.M., 

W.E. 

Pequegnat, 

B.M. 

James, 

and 

B.J. 

Benson et al. 1976.


Impacts 

of construction activities in 

wetlands of the United States.


Environmental Protection 

Agency, Washington, 

D.C. 

EPA-600/3-76-045.


Dutta, 

L.K. 

1976. 

A 

review of suction 

dredge 

monitoring 

in 

the Lower 

Fraiser


River, 

1971-1975. 

Pages 

301-319 

jn 

Proceedings 

of 

WODCON 

VII 

(World


Dredging 

Conference) 

10-12 

July 

1976, 

San 

Francisco, 

California. WODCON


Assoc, 

San 

Pedro, 

California.


Ellis, 

M.M. 

1936. Erosion silt as 

a 

factor 

in 

aquatic 

environments. 

Ecology


17:29-42.


Environmental 

Laboratory. 

1978. Wetland habitat 

development 

with 

dredged


material: 

engineering 

and 

plant propagation. 

U.S. 

Army Eng. Waterways


Exp. 

Stn., 

Vicksburg, Mississippi. 

Tech. 

Rep. 

DS-78-16.


Fremling, 

C.R., 

D.N. 

Nielsen, 

D.R, 

McConville, 

and 

R.N. 

Vose. 

1976.


The

Weaver Bottoms: a field model 

for the 

rehabilitation of 

backwater areas


of the 

upper Mississippi 

river 

by 

modification of standard 

channel 

main-

tenance 

practices. 

Winona State Univ. 

and St. 

Mary's College, 

Winona,


Minnesota.


Fremling, 

C.R., 

D.N. 

Nielson, 

D.R. 

McConville, 

R.N. 

Vose, 

et al. 1979. The


feasibility 

and environmental 

effects of 

opening 

side 

channels 

in 

five


areas of the 

Mississippi 

River 

(West 

Newton 

Chute, 

Fountain 

City Bay, 

Sam


Gordy's 

Slough, 

Kruger Slough, 

and Island 

42). 

Winona 

State 

Univ. 

and


St. 

Mary's College, 

Winona, 

Minnesota. 

Performed 

for 

U.S. 

Fish and Wild-

life 

Service, 

Twin 

Cities, 

Minnesota.


69


LITERATURE CITED 

Barko, J.W., R. M. Smart, C.R. Lee, and M.C. Landin . 1977. Establishment and 
growth of selected freshwater and coastal marsh plants in relation to 
characteristics of dredged sediments. U.S. Army Eng. Waterways Exp. Stn., 
Vicksburg, Mississippi. Tech. Rep. D-77-2. 

Brady, J.T. 1976. Environmental implications of dredged material disposal on 
the upper Mississippi River. Pages 321-336 in Dredging Environmental Ef­
fects and Technology. Proceedings of WODC0N VII (World Dredging Confer­
ence), 10-12 July 1976, San Francisco, California. ~/0DC0N Assoc., San 
Pedro, California 

Claflin, T.O. 1973. Environmental assessment-navigation pool 8. River Stud-
ies Center, Univ. Wisconsin-Lacrosse. Performed for U.S. Army Corps of 
Engineers, St . Paul, Minnesota. 

Coastal Zone Resources Corporation. 1977. A corr.prehensive study of succes-
sional patterns of plants and animals at upland disposal areas. Coastal 
Zone Resources Corp., Wilmington, North Carolina. Published by U.S. Ar~~ 
Eng. Waterways Exp. Stn., Vicksburg, Mississippi. Contract Rep. D-77-2. 

Colbert, B.K., J.E. Scott, J.H. Johnson, and R.C. Solomon. 1975. Environ-
mental inventory and assessment of navigation pools 24, 25, and 26, upper 
Mississippi and Lower Illinois rivers: an aquatic analysis. U.S. Army 
Corps of Eng. Waterways Exp. Stn., Vicksburg, Mississippi. Tech. Rep. 
Y-75-2. 

Darnell, R.M., W.E. Pequegnat, B.M. James, and B.J. Benson et al. 1976. 
Impacts of construction activities in wetlands of the United States. 
Environmental Protection Agency, ~/ashington, D.C. EPA-600/3-76-045. 

Dutta, L. K. 1976. A review of suction dredge monitoring in the Lower Fraiser 
River, 1971-1975. Pages 301-319 in Proceedings of W0DC0N VII (~Jorld 
Dredging Conference) 10-12 July 1976, San Francisco, California. W0DC0N 
Assoc., San Pedro, California. 

Ellis, M.M. 1936. Erosion silt as a factor in aquatic environments. Ecology 
17:29-42. 

Environmental Laboratory . 1978. ~/etland habitat development with dredged 
material: engineering and plant propagation . U.S. Army Eng. Waterways 
Exp. Stn . , Vicksburg, Mississippi . Tech . Rep. DS-78-16. 

Fremling, C.R. , D. N. Nielsen, D.R. Mcconville, and R.N. Vose. 1~76. The 
Weaver Bottoms: a field model for the rehabilitation of backwater areas 
of the upper ~!ississippi river by modification of standard channel main­
tenance practices. Winona State Univ. and St. r:ary's College, Winona, 
Minnesota . 

Fre mling, C.R., D. N. Nielson , D.R. Mcconville, R. N. Vose, et al. 1979. The 
feasibility and environ mental effects of opening side channels in five 
areas of the Mississippi River (West Newton Chute, Fountain City Bay, Sam 
Gordy's Slough, Kruger Slough, and Island 42). Winona State Univ. and 
St. Mary's College, Winona, Minnesota. Performed for U. S. Fish and Wild­
life Service, Twin Cities, Minnesota. 

69 



Fulk, 

R., 

D. 

Gruber, 

and R. Wul 

Ischleiger. 

1975. 

Laboratory study 

of 

the re-

lease 

of 

pesticide 

and 

PCB 

materials to the water 

column 

during 

dredging


and 

disposal operations. 

Envirex, Inc., 

Milwaukee, 

Wisconsin. 

Published


by 

U.S. 

Army Corps 

of 

Eng. Waterways 

Exp. 

Stn. 

, 

Vicksburg, 

Mississippi.


Contract 

Rep. 

D-75-6.


Gambrell, 

R.P., 

V.R. 

Collard, 

C.E. 

Reddy, 

and W.H. 

Patrick, 

Jr. 

1977. 

Trace


and toxic metal 

uptake 

by 

marsh 

plants 

as 

affected 

by 

Eh, 

pH 

and 

salin-

ity. 

Louisiana State 

University, 

Center 

for Wetland 

Resources, 

Baton


Rouge. 

Published 

by 

U.S. 

Army 

Eng. Waterways Exp. 

Stn., 

Vicksburg, 

Mis-

sissippi. 

Tech. 

Rep. 

D-77-4C.


Gambrell, R.P., 

R.A. 

Khalid, 

and W.H. 

Patrick. 1978. 

Disposal 

alternatives


for contaminated 

dredged 

material as a 

management 

tool to 

minimze 

adverse


environmental effects. 

Louisiana State 

Univ., 

Baton 

Rouge. 

Published 

by


U.S. 

Army Corps 

Ena. 

Waterways Exp. 

Stn., 

Vicksburg, Mississippi. 

Tech,


Rep. 

DS-78-8.


Great River Environmental Action Team 

I, 

Water 

Quality 

Work 

Group. 

1978. 

A


pilot study 

on 

effects 

of 

hydraulic dredging 

and 

disposal 

on 

water 

qua-

lity 

of the 

upper Mississippi 

River. 

July 

1976. 

GREAT 

I, 

St. 

Paul, 

Min-

nesota.


Great River 

Environmental Action Team 

I. 

1979. 

Draft 

channel maintenance


appendix. 

GREAT 

I, 

St. 

Paul, 

Minnesota.


Grunwald, 

G. 

1976. 

Mississippi 

River 

survey. 

Winter's 

Landing 

-

river 

mile


708.5, 

pool 

7, 

Winona 

County, 

Minnesota. 

Unpublished 

administrative re-

port by 

the Minnesota 

Department 

Resources, 

Lake 

City, 

Minnesota.


Hassler, 

T.J. 

1970. Environmental 

influence on 

early development 

and 

year


class 

strength 

of 

northern 

pike 

in 

lakes Oahe and 

Sharpe, 

South Dakota.


Trans. Am. Fish. Soc. 

59(2):369-375.


Hawkinson, B., 

and G. 

Grunwald. 1979. 

Observations 

of a 

wintertime concen-

tration of catfish 

in 

the 

Mississippi 

River, 

1979. Minnesota 

Department


of 

Natural 

Resources, 

St. Paul. 

Investigational Rep. 

369.


Held, 

J.W. 

1978. 

The 

environmental 

impact 

of 

upland 

disposal 

of 

dredged 

mate-

rial 

at 

Island 

117, 

Crosby Slough pool 

8, 

Upper 

Mississippi 

River. 

Univ.


Wisconsin-LaCrosse. Performed for 

U.S. 

Army 

Eng. 

Waterways Exp. 

Stn.,


Vicksburg, Mississippi (unpublished).


Hunt, L.J., 

M.C. 

Landin, 

A.W. 

Ford, 

and 

B.R. 

Wells. 1978. 

Upland 

habitat


development 

with 

dredged 

material: 

engineering 

and 

plant propagation.


U.S. 

Arny 

Eng. 

Waterways 

Exp. 

Stn., Vicksburg, 

Mississippi. 

Tech. 

Rep.


DS-78-17.


Johnson, 

J.H. 

1976. 

Feasibility 

of 

using 

historic 

disposal 

areas. 

Upper


Mississippi 

River, 

to evaluate 

effects of 

dredged 

material 

disposal 

on


community 

structure of benthic 

organisms. 

U.S. 

Army Corps Eng. 

Waterways


Exp. 

Stn., 

Vicksburg, Mississippi. 

Misc. 

Pap. 

Y-76-3.


70


Fulk, R., D. Gruber, and R. Wul lschleiger. 1975. Laboratory study of the re-
lease of pesticide and PCB materials to the water column during dredging 
and disposal operations. Envirex, Inc., Milwaukee, v/isconsin. Published 
by U.S. Army Corps of Eng. Waterways Exp. Stn., Vicksburg, Mississippi. 
Contract Rep. D-75-6. 

Gambrell, R.P., V.R. Collard, C.E. Reddy, and W.H. Patrick, Jr. 1977. Trace 
and toxic metal uptake by marsh plants as affected by Eh, pH and salin-
ity. Louisiana State University, Center for Wetland Resources, Baton 
Rouge. Published by U.S. Army Eng. Waterways Exp. Stn., Vicksburg, Mis-
sissippi. Tech. Rep. D-77-40. 

Gambrell, R.P., R.A. Khalid, and v/.H. Patrick. 1978. Disposal alternatives 
for contaminated dredged material as a management tool to minimze adverse 
environmental effects. Louisiana State Univ., Baton Rouge. Published by 
U.S. Arn:y Corps Eng. Waterways Exp. Stn., Vicksburg, Mississippi. Tech. 
Rep. DS-78-8. 

Great River Environmental Action Team I, 
pilot study on effects of hydraulic 
l ity of the upper Mississippi River. 
nesota. 

v.'ater Quality ~ork Group. 1978. A 
dredging and disposal on water qua­
July 1976. GREAT I, St. Paul, Min-

Great River Environmental Action Team I. 1979. Draft channel maintenance 
appendix. GREAT I, St. Paul, Minnesota. 

Grunwald, G. 1976. Mississippi River survey, vJinter's Landing - river mile 
708.5, pool 7, Winona County, ~~innesota. Unpublished administrative re­
port by the ~innesota Department Resources, Lake City, ~innesota. 

Hassler, T.J. 1970. Environmental influence on early develop r.1ent and year 
class strength of northern rike in lakes Oahe and Sharpe, South Dakota. 
Trans. Am. Fish. Soc. 99(2):369-375. 

Hawkinson, 8., and G. Grunv,ald. 1979. Observations of a wintertime concen-
tration of catfish in the Mississippi River, 1979. rinnesota Departr '!:ent 
of Natural Resources, St . Paul. Investigational Rep. 369. 

Held, J.W. 1978. The environmental impact of upland disposal of dredged 111ate­
Uni v. 
Stn. , 

rial at Island 117, Crosby Slough pool 8, Upper t1ississippi River. 
vii scans i n-LaCrosse . Performed for U. S. Army Eng. ~fa terways Exp. 
Vicksburg, Mississippi (unpublished). 

Hunt, L.J., ~L C. Landin, A.W. Ford, and 
development with dredged n'aterial: 
U.S. Arn:y Eng. vlaterways Exp. Stn . , 
DS-78-17. 

B . R . vl e 11 s . 19 7 8 . Up l a n d h a b i ta t 
engin eer in g and plant propagation. 
Vicksburg, ~iississippi. Tech. Rep. 

Johnson, J.H. 1976 . Feasibility of usin g histo r ic disposal areas, Upper 
Mississippi River, to evaluate effec t s of dr edged r::at e rial disposal on 
community structure of benthic organisms. U.S. Army Corps Eng. Waterv,ays 
Exp. Stn., Vicksburg, Mississippi. Misc . Pap. Y-76- 3. 

70 



Klein, 

W.f^. 

, 

R.H. 

Daley, 

and J. 

Wedum. 

1975.


Environmental 

inventory 

and


assessment 

of 

navigational pools 

24, 

25, 

and 

26, 

Upper Mississippi 

and


Lower 

Illinois 

rivers, 

a 

vegetational 

study. 

U.S. 

Army 

Corps 

Eng. 

Water-

ways 

Exp. 

Stn. 

, 

Vicksburg, 

Mississippi. 

Contract 

Rep. 

Y-75-1.


LaGasse, 

P.P. 

1975. 

Interaction of 

river 

hydraulics 

and 

morphology 

with river-

ine 

dredging 

operations. 

Ph.D. Diss. 

Colorado State 

Univ., 

Fort 

Collins.


, 

D.B. 

Simons, 

and Y.H. Chen. 1976. 

Thalweg disposal 

of 

riverine


dredged 

material. In 

P. 

A. 

Krenkel et 

al., eds., 

Dredging 

and 

its 

envi-

ronmental effects. 

American 

Society 

Civil 

Engineers, 

New 

York, 

New York.


Langloise, 

T.H. 

1941. Two 

processes operating 

for the reduction 

in 

abundance


or elimination 

of 

species 

from 

certain 

types 

of water areas. Trans. Am.


Wildl. Conf. 

6:189-2C1.


Larson, 

D.L.


1974.


Vegetation


of


dredge
 spoil


in 

the Lost 

Island area of 

pool


5. Winona State 

College, 

Winona, 

Minnesota.


Performed
 for 

U.S.


Army


Corps Engineers, 

St. 

Paul, 

Minnesota.


Lunz, 

J.D. 

1977. Field 

investigations: 

Windmill Point marsh 

development


site. 

James 

River, 

Virginia; 

summary 

report. 

U.S. 

Army Eng. 

Waterways


Exp. 

Stn., 

Vicksburg, 

Mississippi. 

Tech. 

Rep. 

D-77-23.


. 1978. Habitat 

development 

field 

investigations: 

Windmill Point


marsh 

development 

site, 

James 

Piver, 

Virginia. 

Appendix 

E: 

environmental


impacts 

of marsh 

development 

with 

dredged 

material: 

metals 

and chlori-

nated 

hydrocarbon compounds 

in marsh soils 

and vascular 

plant 

tissues.


U.S. 

Army 

Eng. 

Waterways Exp. 

Stn., 

Vicksburg, 

Mississippi. 

Tech. 

Rep.


D-77-23.


, 

R.J.


Diaz,


and


R.A
 Cole.
 1978.


Upland 

end wetland 

habitat 

develop-

ment
 with


dredged


miaterial:


ecological 

considerations. 

U.S. 

Army Eng.


Waterways
 Exp.


Stn.,


Vicksburg,


Mississippi. 

Tech.


Rep.


DS-78-18.


Marking, 

L.L., 

and 

T.D. 

Bills. 

In


press.


Acute


effects 

of silt 

and sand sed-

imentation 

on 

freshwater mussels. 

Proceedings 

of 

Symposium 

on 

Upper


Mississippi 

River Bivalve 

Mollusks, 

3 

and 

4 

May 

1979. 

Performed 

for 

U.S.


Army Engineer 

District,


St.


Paul,


Minnesota.


McMahon, G., 

and 

J.W. 

Eckblad.


1975.


The


impact


of 

dredge 

spoil 

placement


on

the 

Upper 

Mississippi 

River. 

Conducted 

under 

a National 

Science 

Founda-

tion 

grant by 

Luther 

College, 

Decorah, 

Iowa. 

Performed 

for 

the 

Fish and


Wildlife Work 

Group, 

Great River 

Environmental 

Action 

Team 

(GREAT 

I), 

St.


Paul, 

Minnesota.


Miller, 

E.F. 

1973. 

Environmental 

impact 

assessment 

study, 

pool 

3 

of 

the


northern section of 

the 

Upper 

Mississippi 

River. 

North 

Star Research


Institute, 

Minneaplis, 

Minnesota. 

Performed 

for 

U.S. 

Army 

Corps 

of 

Engi-

neers, 

St. 

Paul, 

Minnesota.


Morton, 

J.W. 

1977. 

Ecological 

effects 

of 

dredging 

and 

dredge 

spoil 

disposal:


a literature review.' 

U.S. Fish 

and 

Wildlife 

Service, 

Washington, 

D.C.


Tech. 

Pap. 

94.


71


Klein, W.M., R.H. Daley, and J. ~'edum. 1975. Environmental inventory and 
assessment of navigational pools 24 , 25, and 26, Upper Mississippi and 
Lower Illinois rivers, a vegetational study. U.S. Army Corps Eng. Water­
ways Exp. Stn., Vicksburg, ~ississippi. Contract Rep. Y-75-1. 

LaGasse, P.F. 1975. Interaction of river hydraulics and morphology with river­
ine dredging operations. Ph.D. Diss. Colorado State Univ., Fort Collins. 

, D.B. Simons, 
----a"redged material. 

ronmental effects. 

and Y.H. Chen. 1976. Thalweg disposal of riverine 
.!.Il P.A. Krenkel et al., eds., Dredg,ing and its envi­
American Society Civil Engineers, New York, New York. 

Langloise, T.H. 1941. Two processes operating for the reduction in abundance 
or elimination of species from certain types of water areas. Trans. Am. 
Wi l dl. Conf. 6: 189-2Cl. 

Larson, D.L. 1974. Vegetation of dredge spoil in the Lost Island area of pool 
5. Hinona State College, Winona, Minnesota. Performed for U.S. Army 
Corps Engineers, St. Paul, Minnesota. 

Lunz, J.D. 1977. Field investi~ations: ~Jindmill Point rr-arsr develop ment 
site. Jarres River, Virginia; summary report. U.S. P..rrr.y Eng. ~!aterways 
Exp. Stn., Vicksburg, Mississippi. Tech. Rep. D-77-23. 

1978. Habitat development field investigations: \-!indmill Point 
marsh developw.ent site, James River, Virginia. Appendix E: environ mental 
impacts of marsh development with dredged material: rretals and chlori­
nated hydrocarbon compounds in rnarsh soils and vascular plant tissues. 
U.S. Jl.rrry Eng. ~1aterways Exp. Stn., Vicksburg, ~1ississippi. Tech. Rep. 
D-77-23. 

--- , R.J. Diaz, and R.A Cole. 1S78. Upland and wetland habitat develop-
111ent \'Jith dredced material: ecological considerations. U.S. Arrr:y Eng. 
\•!aten-,ays Exp. Stn., Vicksburg, ~1ississippi. Tech. Rep. CS-78-12. 

~;arkin g, L.L., ar.d T.D. Bills. In press. ft.cute effects of silt and sand sed-
i fTlentation on fresh\';ater mussels. Proceedings of Syrrposium on Upper 
Vississippi River Bivalve ~ollusks, 3 and 4 May 1S7~. Performed for U.S. 
Army Engineer District, St. Paul, t•1innesota. 

r--icr,'.ahon, G., and J.v/. Eckblad. 1S'75. The impact of dredg e spoi l place ment on 
the Upper ~' ississippi River. Conducted under a National Science Founda­
tion grant by Luther College, Decorah, Io\<ia. Perfor med for the Fish and 
Wildlife Work Group, Great River Environmental Action Team (GREAT I), St. 
Paul, r:innesota. 

Miller, E.F. 1973. Environrrental irrpact assessment study, pool 3 of t he 
northern section of the Upper t1 ississipri River. North Star Research 
Institute, r-~inneaplis, ~' innesota. Performed for U.S. Ar my Cor ps of Engi­
neers, St. Paul, Minnesota. 

rorton, J.W. 1S77. Ecological effects of dred ging and dred ge spoil disposal: 
a literature revie\'1. U.S. Fish and ~!ildlif e Servic e , v1ashin gton, r.c. 
Tech. Pap. ~4. 

71 



Nielsen, 

D.N. R.V. 

Vose, 

C.R. 

Fremling, 

and 

D.P. 

McConville. 1978. Phase 1,


Study 

of 

the Weaver-Belvidere 

area 

-- 

Upper 

Mississippi 

River. 

Winona


State 

Univ. and St. 

Kary's 

College, 

Winona, 

Minnesota. Submitted to:


Side Channel Work 

Group, 

Great River Environmental 

Action Team 

I, 

St.


Paul, 

Minnesota.


Phelps, 

E.B. 

1944. Stream Sanitation

. 

John 

Wiley 

and 

Son, 

New 

York, 

New 

York.


Ragland, 

D.V. 

1974. Evaluation of three side channels 

and 

the 

main 

channel


border at 

the Middle 

Mississippi 

River 

as fish habitat. Missouri 

Depart-

ment of 

Conservation, 

Jefferson 

City. 

Published 

by 

U.S. 

Army Corps Eng.


Waterways 

Exp. 

Stn., 

Vicksburg, Mississippi. 

Contract 

Rep. 

X-74-1.


River Studies Center. 1975. 

Revegetation 

study. 

Island 

117, 

navigation 

pool


8, 

Upper Mississippi 

River. Univ. Wisconsin 

LaCrosse. Contrib. 

8. Per-

formed for 

U.S. 

Army Engineer 

District, 

St. 

Paul, 

Minnesota.


Robinson, 

J.W. 

1970. The 

upper Mississippi 

dredge spoil 

survey 

(1969) 

from


Hastings, 

Minnesota 

to 

Cairo, 

Illinois. 

Upper Mississippi 

River Conserva-

tion 

Committee, 

Fish 

Technical 

Section, 

Rock 

Island, 

Illinois.


Rogers, 

G.E. 

1976. Vertical 

burrowing 

and survival of 

sphaeriid 

clams 

under


added 

substrates 

in 

pool 

19, 

Mississippi 

River. 

Iowa State 

J. Res. 

51(1):


1-12.


Schramm, H.L., 

Jr., 

and 

W.M. Lewis. 1974. 

Study 

of 

importance 

of backwater


chutes 

to a riverine 

fisheries. 

Southern 

Illinois 

Univ., 

Carbondale.


Performed for 

U.S. 

Army Engineer 

District, 

St. 

Louis, 

Missouri. 

Contract


Rep. 

X-74-4.


Simons, 

D.B., 

S.A. 

Schumn, 

and 

M.A. Stevens. 

1974. 

Geomorphology 

of 

the 

mid-

dle 

Mississippi 

River, 

Colorado 

State 

Univ., 

Fort Collins. 

Performed for


U.S. 

Army Engineer 

District, 

St. 

Louis, 

Missouri. 

Contract 

Rep. 

Y-74-2.


Simons, 

D.B., 

P.F. 

LaGasse, 

Y.H. 

Chen, 

and 

S.A. Schumn. 

1975. 

The river 

envi-

ronment, 

a 

reference 

document. 

Colorado 

State 

Univ., 

Fort Collins.


Smith, 

H.K. 1978. An introduction 

to 

habitat 

development 

on 

dredged 

material.


U.S. 

Army 

Eng. 

Waterways Exp. 

Stn., 

Vicksburg, 

Mississippi. 

Tech. 

Rep.


DS-78-19.


Soots, R.F., Jr., 

and 

M.C. 

Landin. 1978. 

Development 

and 

management 

of aviar


habitat on 

dredged 

material 

islands. 

U.S. 

Army Corps Eng. 

Waterways Exp.


Stn., 

Vicksburg, Mississippi. 

Tech. 

Rep. 

DS-78-18.


Spaine, 

P. 

A., 

J.L. 

Llopis, 

and 

E.R. 

ment 

using 

dredged 

material,


burg, 

Mississippi. 

Tech. 

Rep.


Stern, E.M., 

and W.B. 

Stickle. 

1978. Effects 

of 

turbidity 

and 

suspended 

mate-

rial in 

aquatic 

environments: 

literature 

review. 

U.S. 

Army Corps Eng.


Waterways 

Exp. 

Stn., 

Vicksburg, 

Mississippi. 

Tech. 

Rep. 

D-78-21.


Perrier. 

1978.


Nielsen, D.N. R. V. Vose, C.R. Fre mlin g, and D.R. r1cConvi lle . E'78. Phase 1. 
Study of the ~leaver- Belvidere area -- Upper ~~ississi ppi River. ~-' ino na 
State Univ. and St. r'.ary's College , }.!inona, ~~innesota. Sul:mit ted to: 
Side Channel Work Group, Great River Environrrental Action Team I, St. 
Paul, rinnesota. 

Phelps, E.B. 1944. Strea m Sanitation. John Wiley and Son, New York, New York. 

Ragland, D.V. 1974. Evaluation of three side channels and the main channel 
border at the Middle ~ississippi River as fish habitat. Missouri Depart­
ment of Conservation, Jefferson City. Published by U.S. ArwJ Corps Eng. 
~laten ,ays Exp. Stn., Vicksburg, ~'ississippi. Contract Rep. X-74-1. 

River Studies Center. 1S75. Revegetation study, Island 117, navigation pool 
8, Upper Mississippi River. Univ. ~!isconsin Lacrosse. Contrib. 8. Per­
formed for U.S. Arrry Enrineer District, St. Paul, Minnesota. 

Robinson, J .W. 1970. The upper Mississippi dredge spoil survey (196~) from 
Hastings, Minnesota to Cairo, Illinois. Upper ~ississippi River Conserva­
tion Committee, Fish Technical Section, Rock Island, Illinois. 

Rogers, C.E. 1976. Vertical burrowing and survival of sphaeriid cla 111s under 
added substrates in pool 19, ~iississippi River. Iowa Sta te J. Res. 51(1): 
1-12. 

Schrarrm, H.L., Jr., and W.~•. Lewis. 1974. Study of importance of backwater 
chutes to a riverine fisheries. Southern Illinois Univ., Carbondale. 
Performed for U.S. Arrr.y Engineer District, St. Louis, ~~issouri. Contract 
Rep. X-74-4. 

Si mons, D.B., S.A. Schumn, and ~.A. Stevens. 1974. Geomorphology of t he mid­
dle Mississippi River, Colorado State Univ., Fort Collins. Performe d for 
U.S. Army Engineer Cistrict, St. Louis, ~1issouri. Contract Rep. Y-74-2. 

Si mons , D.B. , P. F. LaGasse, Y.H. Chen, and S.A. Schumn. 1975. The river envi -
ronment, a reference document. Colorado State Univ., Fort Collins. 

Smith, H.K. 1978. An introduction to hal:itat development on dredged material. 
U.S. Jl.r rny Eng. ~!ater1,1,ays Exp. Stn. , Vicks bur g, ~lississippi. Tech. Rep. 
DS-78-19. 

Soots, R.F ., Jr., and M.C. Landin . 1978 . Develop rrent and management of av i ar 
habitat on dred~ed material i slands . U.S. Army Corps Eng. ~!ate rways Exp. 
Stn., Vicksburg , Mississippi . Tech. Rep. DS-78-1 8. 

Spaine, P.A., J.L . Llopis, and E.R. Perrier. 1978. Guidance for land i mprove-
ment using dred re d material. U.S. Army Eng. l~aterways Exp. Stn., Vicks-
burg, ~•ississippi. Tech. Rep. DS-78- 21. 

St e rn, E.M., and W.B. Stickle. 1978. Effects of turbidity and suspended mate-
rial in aquat ic environwents: lit er ature review. U.S. Ar111y Corps Eng. 
Waterways Exp. Stn., Vicks burg, Mississip pi. Tech. Rep. 0-7 8- 21. 

72 



Tarzwell, 

CM. 

1957. 

Water criteria for 

aquatic 

life. 

j_n 

CM. 

Tarzwell, 

ed.


Biological 

problems 

in 

water 

pollution. 

U.S. 

Public 

Health 

Service, 

R.A.


Taft 

Sanit. 

Eng. 

Cent., Cincinnati, 

Ohio.


Terpening, 

V.A., 

J.R. 

Nawrot, 

M.J. 

Sweer, 

and 

D.L. 

Damrau. 1575. Environ-

mental 

inventory 

and assessment 

of 

navigational pools 

24, 25, 

and 

26,


Upper 

Mississippi 

and Lower 

Illinois rivers: 

Floodplain 

animals and 

their


habitats. 

Southern 

Illinois 

Univ. 

Performed for 

U.S. 

Army 

Engineer 

Dis-

trict, 

St. 

Louis, 

Missouri. 

Rep. 

Y-75-2.


Teskey, 

R.O., 

and 

T.M. 

Hinckley. 

1977. 

Impact


of 

water level 

changes 

on 

woody


riparian 

and wetland 

communities. 

Vol 

I:


Plant and soil 

responses 

to


flooding. 

Office 

of 

Biological 

Services,


U.S. 

Fish 

and 

Wildlife 

Service,


Washington, 

D.C 

FWS/OBS-77/58.


Thompson, 

D.H., 

and 

M.C Landin. 1978. An aerial 

survey 

of waterbird colonies


along 

the 

upper 

Mississippi 

River and their 

relationships 

to 

dredged


material 

deposits. 

U.S. 

Army Corps Eng. 

Waterways Exp. 

Stn., 

Vicksburg,


Mississippi. 

Tech. 

Rep. 

D-78-13.


U.S. 

Army Corps 

of 

Engineers, 

Office of the Chief of 

Engineers. 

1972. 

Naviga-

tion 

of the Kansas 

River, 

Lawrence 

to the 

mouth, 

Kansas. 

Draft environ-

mental


impact 

statement.


Washington, 

D.C.


(unpublished).


U.S. 

Army Corps 

of 

Engineers, 

Portland 

District. 

1973. 

Study 

of


hopper dredg-

ing 

coastal 

harbor entrance 

and Columbia River 

estuary 

bars. 

States of


Oregon


and


Washington.


. 

1975.


Columbia 

and lower
Williamette 

River
 environmental


statement.


U.S. 

Army Corps 

of 

Engineers, 

St. Paul District. 

1974. 

Final environmental


impact 

statement--operation 

and 

maintenance, 

9-foot 

channel. 

Upper 

Mis-

sissippi 

River, 

head of 

navigation 

to 

Guttenburg, 

Iowa, 

(unpublished).


U.S. 

Army Corps 

of 

Engineers, 

San Francisco District. 

1975. 

Maintenance


dredging, 

existing 

navigation projects, 

San Francisco 

Bay region, 

Cali-

fornia. 

Vol. 

1.


Vanderford, 

M.J., 

ed. 1979. 

Fish and 

wildlife work 

group. 

Final 

report 

to


the Great 

River Environmental 

Action Team 

(GREAT 

I). 

GREAT 

I, 

St. 

Paul,


Minnesota.


Ziegler, 

S.R., 

and S.H. Sohmer. 

1977. The flora 

of 

dredged 

material 

sites 

in


navigation pool 

8 

of 

the 

Upper 

Mississippi 

River. 

Univ. 

Wisconsin-La


Crosse. 

Published 

by 

U.S. 

Army 

Eng. 

Waterways 

Exp. 

Stn., 

Vicksburg,


Mississippi. 

Tech. 

Rep. 

D-77-31.


73


Tarz~1ell, C.M. 1957. \•!a ter criteria for aquatic life . In C.M. Tarzwell, ed. 
Biological proble ms in wate r poll uti on. U.S. Public Heal th Service, R.A. 
Taft Sanit. Eng. Cent., Cinc in nat i , Ohio. 

Terpening, V.A., J.R. Nawrot, M.J. Sweer , and D.L. Damrau. 1S75. Envi ron -
mental inventory and assess rr;ent of naviga tio nal pools 24, 25, and 26, 
Upper Mississippi and Lower Illin ois rivers : Fl oodplain animals and their 
habitats. Southern Illinois Univ. Perf omed for U.S. Army Engineer Dis­
trict, St. Louis, ~issouri . Rep. Y-75-2 . 

Teskey, R.O., and T.~:. Hinckley. 1977. Irr.pact of water l evel changes on woody 
riparian and wetland communit i es . Vol I: Pl ant and soil responses to 
flooding. Office of Biological Services, U.S. Fish and Wildlife Service, 
Washinoton, D.C. FWS/OBS-77/58. 

Thompson, D.H., and M.C. Landin. 1978. An aerial sur vey of waterbird colon i es 
along the upper Mississippi River and their relationshi ps to dred ged 
material deposits. U.S. Army Corps Eng. Water ways Exp. Stn ., Vic ksbur g, 
Mississippi . Tech. Rep. 0-78-1 3. 

U. S. Army Corps of Engineers, Offic e of the Chi ef of Engi neer s. 1972. Naviga­
tion of the Kansas River , Lawrence to the mout h, Kansas . Draft environ-
mental impact statement. Washington, D.C. (unpubli she d) . 

U. S. Army Corps of Engineers , Por tland Dist r ict. 1973. Stu dy of hopper dredg-
ing coastal harbor entrance and Columbia Ri ver es t ua ry ba r s , States of 
Oregon and Washington . 

. 1975. Columbia and lower Wil l ia mett e Rive r envi ronment al st atement. 

U.S. Army Corps of Engineers , St .· Paul Dis tri ct. 1S'74. Fi nal envirl)n mental 
impact state ment--ope ration and mai nt enan ce, 9-foot channel, Upper ~'iis­
sissippi River, head of navi gat ion to Gutt enburg, ro~,a. (unpubl i shed). 

U.S. Army Corps of Engineers, San Fr ancisc o Dist r ic t. 1S'75. Maintenance 
dredging, existing navi gation pro j ec ts , San Francisco Bay region, Cali­
fornia. Vol. 1. 

Vanderford, M.J., ed. 1979. Fish and \-Jil dl if e work group. Final report to 
the Great River Envir onmental Action Team (GP.EAT I). GREAT I, St. Paul , 
Minnesota. 

Ziegler, S. R., and S.H. Sohmer. 1977 . The flora of dredged material si tes in 
navi gation pool 8 of the Upper Miss is s ippi River. Univ. ~/isconsin-la 
Crosse. Published by U.S. Army Eng. vlaterways Exp. Stn. , Vicksburg, 
Mississippi. Tech. Rep . D-7 7- 31. 

73 





APPENDIX


GREAT 

LAKES^


ASSESSMENT 

OF 

IMPACTS 

AT THE 

DREDGING 

SITE


Water Column 

Impacts


Sly 

(1977) 

summarized 

dredging 

studies on 

the 

Great Lakes


(with


emphasis


on 

Canadian 

waters) 

in which 

significant 

but short-lived 

increases 

in 

phospho-

rous, 

other 

nutrients, 

and 

metals were observed
 at


dredged


material


removal

sites.


In 

Cleveland 

Harbor 

(Lake Erie) 

only 

short-term 

adverse effects on 

water


quality 

were noted 

(U.S. Army Corps 

of 

Engineers, 

Buffalo 

District 

1969c).


Dissolved 

oxygen 

levels 

in the 

vicinity 

of 

hopper dredging 

were lowered 

as


much 

as 25%. 

However, 

in the 

Rouge 

River at 

Detroit, 

the 

dredging 

of 

grossly


polluted 

sediments 

resulted 

in 

significant 

increases 

in the immediate 

area


of the 

dredge 

of 

suspended 

solids, 

volatile 

suspended 

solids, 

chemical 

and


biochemical 

oxygen 

demand, 

total 

phosphorous, 

and iron 

(U.S. 

Army Corps 

of


Engineers


Buffalo


District


1969d).


Overflow


from the


hopper


bins caused 

the


most 

severe 

pollution. 

In 

a test 

by 

the 

Corps 

of 

Engineers


at 

a 

site 

which


contained 

very 

fine-grained 

material 

in 

Saginaw 

Bay 

(Lake 

Michigan),


it was


found
 that


half of


the 

dredged


solids
 washed


overboard


(International Working


Group 

1975).


Impacts 

to the 

water column 

(International Working Group 

1975) 

are: 

(a)


creation 

of 

turbidity 

and reduction of 

light penetration; 

(b) 

resuspension 

of


contaminated 

materials 

in the water 

column; 

(c) 

dissolved 

oxygen 

depletion;


(d) 

release 

of nutrients 

and other materials 

entrapped 

in 

the 

sediments; 

and


(e) 

creation 

of 

floating 

scum 

and debris.


Chamberlain 

(1976) 

noted that 

dredging 

for dock 

construction 

at Nanti-

coke, Ontario, 

(Lake 

Erie) 

increased 

turbidity 

which 

adversely impacted 

fishes


and 

probably 

restricted 

seasonal 

navigation 

patterns.


Botto

m 

Impacts


New 

work 

dredging 

has 

a 

greater potential 

for 

damage 

to the 

benthos 

than


maintenance 

dredging 

(International Working 

Croup 

1975). 

The 

change 

in sub-

strate 

usually permanently 

alters 

the 

benthic 

community. 

Additionally, pools


of 

stagnant 

water 

may 

be created 

due to 

"trenching" 

or 

overdredging.


A 

follow-up 

study 

of channel 

modifications 

of 

interconnecting 

waterways


of the 

Great 

Lakes 

revealed 

that 

dredged 

navigational 

channels 

v/ere 

nearly


devoid of benthic invertebrates. 

Prop 

wash, 

maintenance 

dredging, 

and 

strong


Due to 

a lack 

of 

available research 

specific 

to 

the 

Great 

Lakes 

and an incom-

plete 

survey 

of 

reference 

libraries, 

information 

contained 

in this 

Appendix


should 

be 

considered 

as 

incomplete 

and 

preliminary. 

Parts 

III 

and 

IV, 

Coastal


Waters 

and 

Rivers, 

should be 

consulted 

for 

additional 

information 

that 

may 

be


applicable 

to 

the 

Great 

Lakes.
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APPENDIX 

GREAT LAKES1 

ASSESSMENT OF I~PACTS AT THE DREDGING SITE 

Water Column Impacts 

Sly (1977) summarized dredging studies on t he Gr ea t Lakes (wit h emphas i s 
on Canadian waters) in which significant but short-lived i ncreas es in phospho­
rous, other nutrients, and metals were observed at dredged material re moval 
sites. 

In Cleveland Harbor (Lake Erie) only short-ter m adverse eff ects on water 
quality were noted (U.S. Army Corps of Engineers, Buffalo Distri ct 1969c ) . 
Dissolved oxygen levels in the vicinity of hopper dredging were lowered as 
much as 25%. However, in the Rouge River at Detroit, the dred ging of grossly 
polluted sedi ments resulted in significant increases in the i(Tlmediat e area 
of the dredge of suspended solids, volatile suspended solids, chemi cal and 
biochemical oxygen demand, total phosphorous, and iron (U.S. Army Corps of 
Engineers Buffalo District I96S'd). Overflo\-1 from the hopper !)ins caused t he 
most severe pollution. In a test by the Corps of Engineers at a site \-1hich 
contained very fine-grained material in Saginaw Bay (Lake Michi gan) , it was 
found that half of the dredged solids washed overboard (Inte rnational Wor king 
Group 1975). 

Impacts to the v1ater column (International Working Group 1S'75) are: (a ) 
creation of turbidity and reduction of light penetration; (b) resuspension of 
conta minated rraterials in the water colu mn ; (c) dissolved oxygen deple tio n; 
(d) release of nutrients and other materials entrapped in the sediment s; and 
(e) creation of floating scum and debris . 

Cllamberlain (1976) noted that dred gin g for dock construction at Nanti ­
coke, Ontario, (Lake Erie) increased turbidi ty which adversel y impacte d fishes 
and probably restricted seasonal navi gation patt e rns. 

Botto m Impacts 

New work dred ging has a greater potential for damage to t he bent hos than 
maintenance dredging (International ~:orkin g Group 1~75). The chan ge i n sub­
strate usually per manently alters the benthic corrmunity . Additionally , pool s 
of stagnant \-later 111ay be created due to 11trenchin g11 or overdred gin g. 

A fol low-up st udy of channel (TlOdifications of inte r connectin g ~,aten ,ays 
of the Great Lakes r eveal ed that dr edced navio ati onal channels were nea r ly 
devoid of benthic inver t ebrates. Prop ~wash, (Tlai ntenance dr edgi ng, and s t rong 

1Due to a lack of available research specif i c t o the Great Lakes and an in com­
plete survey of reference libra r ies, information contai ned in thi s Appendi x 
should be considered as inco ~plete and preli minary . Par t s II I and IV, Coasta l 
~Jaters and Rivers, should be consulted for additional infor mat ion that may be 
applicable to the Great Lakes . 

75 



currents 

apparently 

kept 

the 

inner 

portions 

of the channels scoured 

free of


invertebrates 

(U.S. 

Fish 

and 

Wildlife Service 

1?77).


Maintenance 

dredging 

will 

of course reipove or 

disrupt 

benthic 

organisms


and 

prevent 

establishrrent 

of 

mature communities 

(U.S. 

Army Corps 

of 

Engineers,


Buffalo District 

1976). 

However, 

removal 

of 

polluted 

material 

and increased


water 

circulation 

as 

a result of maintenance 

dredging 

can sometimes 

improve


benthic 

communities 

(International 

Working Group 

1975).


ASSESSMENT 

OF IMPACTS OF DISPOSAL ALTERNATIVES


Te rrestrial 

Disposal


Terrestrial 

disposal 

of 

either confined 

or unconfined 

dredged 

material


must be 

accomplished 

with attention 

to the 

relationships 

between sediment


characteristics 

and 

subsequent 

land use 

(International 

Working Group 

1975).


Sites must be 

carefully 

planned 

to 

control 

drainage 

and 

seepage, 

possible


groundwater 

contamination, 

effluent 

quality, 

and contaminant 

transfer to 

the


external environment 

by 

wildlife vectors. 

Unconfined 

disposal 

of 

grossly 

pol-

luted sediments is 

usually 

not 

considered 

acceptable 

(International Working


Group 

1975).


The literature 

concerning 

diked 

disposal 

areas 

in 

the 

Great Lakes 

indi-

cates 

that the effluent 

quality 

varies 

greatly 

(Sly 

1977). 

The 

Chicago 

Dis-

trict of the 

Corps 

of 

Engineers 

has stated 

that 

large 

amounts 

of 

highly pol-

luted material are confined 

in 

disposal 

areas in the 

district 

but 

the 

sites


border 

water bodies that also are 

highly polluted 

(Harrison 

and Chisholm


1974). 

In at 

least 

one instance 

in 

Lake 

Erie, 

seepage 

through 

the 

dike did


not 

significantly 

affect 

water 

quality 

(U.S. Army Corps 

of 

Engineers, 

Buffalo


District 

1969e).


The 

length 

of detention 

time 

determines, 

to 

a 

great 

extent, 

the 

quality


of 

the effluent from 

diked 

disposal 

areas. 

These 

disposal 

areas have 

often


been 

ineffective 

in 

preventino 

the 

entry 

of contaminants 

into 

adjacent 

waters


(U.S. 

Army 

Corps 

of 

Engine^-s," 

Buffalo 

District 

1969a, 1969b, 

1976). 

Engineer-

ing 

Science, 

Inc. 

(1977) 

, 

^und 

that 

only 

0.4 

mg/1 

of oils 

returned 

over the


weir to the 

Cuyahoga 

River at Cleveland 

from material 

that was 

grossly 

contam-

inated with oil 

and 

greases 

(allowable 

discharge 

level was 

10 

mg/1). 

This


finding 

substantiates other 

studies 

which indicate 

that, 

given 

sufficient


retention 

time, 

oils 

and 

greases 

are 

not 

released 

from 

disposal 

areas 

in 

sig-

nificant 

quantities. 

A 

d'isposal 

site at 

Grand 

Haven, 

Michigan, 

had 

a short


retention time 

(less 

than 

12 

hr), 

the 

influent 

contained 

39.5 

mg/1 

of 

oils 

and


creases and the effluent contained 

11.5 

mc/1, 

indicating 

inefficient removal


(Hoeppel 

et al. 

1978, 

Table 

8).


High


levels
 of
 PCEs


were
 also


being


discharged,


after


a
 short
 detention


timic, 

from the Grand Haven 

site. The 

influent 

contained 

an 

average 

of 

10.67


mg/1 

and 

the 

effluent contained 

2.55 

mg/1. 

Based 

on 

a 

composite 

of evidence


from 

Grand 

Haven 

and 

six 

other nationwide 

land 

disposal 

sites, 

RGBs 

are 

appar-

ently 

associated 

with 

suspended 

solids 

and 

are 

efficiently 

removed 

from the


effluent 

when 

thorough 

settling 

occurs. 

At 

the 

Grand 

Haven site 

settling 

was


not 

complete 

and PCE 

removal, 

therefore, 

was 

incomplete. 

In 

contrast, 

some 

of


the
 other
 sites
 had


good


solids


retention


and 

consequently 

\jery 

efficient 

RGB


removal.


An


additional


study


in
 Seattle


(Hoeppel 

et
 al.


1978)


showed


that
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currents appar ently kept t he i nner portions of the channels scoured free of 
invert eb rates (U.S. Fish and Wildlife Service 1977). 

Maintenance dredging will of course rerrove or disrupt benthic organisms 
and prevent establishment of mature communities (U.S. Army Corps of Engineers, 
Buffalo District 1976). However, removal of polluted niaterial and increased 
water circulation as a result of niaintenance dredring can sometimes ir.iprove 
benthic communities (International Workin g Group 1975). 

ASSESSrENT OF IMPACTS OF DISPOSAL ALTERNATIVES 

J~rrestrial Disposal 

Terres tri a 1 di sposa 1 of either confined or unconfined dredged rMte ri al 
must be accorr,plished with attention to the relationships between sedinient 
characteristics and subsequent land use (International Working Group 1975). 
Sites r1ust be carefully planned to control drainage and seerage, possible 
groundvtater contarr ination, effluent quality, and contarrinant transfer to the 
external environrrent by wildlife vectors. Unconfined disposal of grossly pol­
luted sedirrents is usually not considered acceptarle (International ~larking 
Group 1~75). 

The literature concernin g diked disposal areas in the Great Lakes indi­
cates that the effluent quality varies greatly (Sly 1977). The Chicago Dis­
tric t of the Corrs of Engineers has stated that large amounts of highly pol­
luted 111aterial are confined in disposal areas in the district but the sites 
border water bodies that also are highly polluted (Harrison and Chisholrr 
1~74). In at least one instance in La~e Erie, seE:page throu gh the dike did 
not sisnificantly affect water quality (U. S. Army Corps of Engineers, Buffalo 
C'i strict E'6Se ). 

The len gt h of detention tin ~e deterrr.ines, to a gr eat extent, the quality 
of the effluent from dikcc disposal areas. These disposal areas have often 
bee n inrffective in rreventing the entry of conta111inants into adjacent waters 
(U.S. Army Corps of Engine0 "'c:;, Buffa .lo District 1969a, 196Sb, 1976). Engineer­
in g Sci encE, Inc. (1~77) , . .,J nd that only 0.4 1119/l of oils returned over the 
wE:ir to th e Cuyaho~a River at Cleveland fro m material that was grossly contam­
inated with oil and ~reas es (allav Jable discharge level v1as 10 mg/1 ). This 
find in g substantiates other studies v1hich indicate that, s•iv en sufficient 
rete ntion ti me, oils and greases are not released frorr disposal areas in sig­
nifican t quartitirs. A disposal sit£ · at Grand Haven, ricrigan, had a short 
r etent ion t ir.;e (less than 12 hr), the influent contained 39.5 mg/1 of oil s and 
r rrases ancf the f'ffluent containf'd 11.5 rr,~/1, indicat i ng in eff ic ie nt re moval 
(~:oeppel et al . 1<;78, Table 8 ). 

Hioh l eve ls cf PCEs were als o be ino discharaed, after a short detent i on 
~ - ~ 

tir.r, fro1;, tr e Cran d Haven site. The influent contained an avera ~e of 10.67 
P.'g/1 and th£ effl uent contained 2.55 rrg/1. Based on a cowposite of evidence 
frorr Grand ~aven and s i x other nationwide land disposal sites, PCBs are appar­
ently associat ed v1i th susr:;ended solids and are efficientl y re ~oved fro111 the 
eff lu ent when tborcuch sr ttlinr occurs . At the Grand Haven site settlin o was 
not cor-plete and PCE -rer-ova l, t-herefore , \'1as inco mplete. In contrast, so;e of 
th e othe r sit £s r·ad rooc sol i ds r etentio n and conse quently very eff icient PCB 
ren:oval . f n additiona l stu dy in Sea ttl e (Hoeppel e t al. 197e) shov,ed that 
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better 

than 

99.8% 

of 

PCBs 

can be removed after 

only 

a short retention time 

by


the 

use 

of flocculants.


Other 

potential 

pollutants 

that were not 

efficiently 

removed 

at the Grand


Haven site 

included 

DDE 

and several forms of 

nitrogen 

and 

phosphate. 

Pollu-

tants 

that were 

efficiently 

removed included 

DDD, 

DDT, 

manganese, 

zinc, 

cad-

mium, 

copper, 

nickel, lead, 

chromium, vanadium, 

and 

arsenic. 

Mercury 

was 

not


monitored. 

Apparently, 

DDE 

is associated with 

fine 

clay 

particles 

while DDD


and DDT are associated 

with 

larger particles 

and thus are 

more 

readily 

removed


by settling (Hoeppel 

et al . 

1978). 

Studies in Lake Erie and Lake 

St. Clair


have 

shown 

mercury 

to 

be associated with fine 

particles 

(Mudrock 1979). 

Plants


in Lake St. Clair showed 

limited 

uptake 

of 

mercury. 

Highest 

concentrations


were found 

in the roots.


Evidence from 

Grand Haven and other sites 

(Hoeppel 

et 

al . 

1978) 

indicates


that contaminants 

in freshwater areas behave like contaminants in saline 

wa-

ters. 

However, 

settlement 

may 

be 

quicker 

in salt water 

due to 

the floccula-

tion 

inducement 

by 

the 

salt; 

also 

the 

buffering 

capacity 

of salts 

may 

render


certain contaminants 

less 

potent.


Island, 

Fastland, 

or Beach 

Disposal


Dredged 

material in the 

Great Lakes is often used to create 

islands or


fasti 

ands that become 

a 

part 

of 

the land 

mass, 

and for beach 

nourishment.


General 

principles 

discussed 

in Part III 

-

Coastal 

Waters 

should 

generally


hold 

true for the Great 

Lakes and the reader is referred 

to that section.


Wetland 

Disposal


References on 

impacts 

of 

disposal 

on wetlands 

in the Great 

Lakes were 

not


found. It is assumed 

that wetland 

disposal 

is 

rare in the Great 

Lakes 

area.


Nearshore 

Disposal


The 

greatest 

concern with 

disposal 

of 

dredged 

material in the 

Great 

Lakes


has been the 

question 

of 

impact 

of 

aquatic 

disposal. 

Both short- 

and 

long-term


impacts 

have been areas of 

concern.


Sly 

(1977) 

noted that 

disposal 

in 

shallow 

waters, 

which 

are 

strongly


influenced 

by 

winds 

and 

waves, 

causes 

more 

resuspension


of 

particles 

than dis-

posal 

in 

deep 

water. 

Resuspension 

of 

particles 

will 

often 

lead to 

increased


levels 

of nutrients 

and 

potential 

contaminants 

in the water 

column. 

Also, 

the


shallow nearshore 

zone is 

usually 

more 

productive 

and of 

greater 

importance


for 

spawning 

and 

nursery 

purposes 

than the 

deepwater 

portions 

of the Great


Lakes.


In a 

disposal 

area outside the breakwater 

of Cleveland 

Harbor, 

the 

post-

dump 

bottom sediments of 

the 

disposal 

area were characterized 

by 

increases 

in


the same chemical constituents that were 

found 

in the 

harbor 

(U.S. Army Corps


of 

Engineers, 

Buffalo District 

1969c). 

Background 

levels 

in areas 

surrounding


the 

disposal 

area were 

also 

relatively 

high. 

Disposal 

areas 

in 

the 

St. 

Marys


River were 

characterized 

by 

unstable 

and 

constantly 

shifting 

sediments. 

Macro-

invertebrate numbers were 

greatly depressed 

(U.S. 

Fish 

and 

Wildlife 

Service


1977).
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better than 99.8% of PCBs can be re moved after only a short re t entio n time by 
the use of flocculants . 

Other potential pollutants that were not ef f iciently removed at the Grand 
Haven site incl udcd DOE and several forms of nitrogen and phosphate. Po 11 u­
tants that were effi ci entl y removed included ODD, DDT, manganese, zinc, cad­
mium, copper, nickel , lea d, chromium, vanadium, and arsenic . r~ercury was not 
monitored. Apparently , ODE is associated with fine clay particles while DOD 
and DDT are associ at ed with larger particles and thus are more readil y removed 
by settling (Hoeppel et al. 1978). Studies in Lake Erie and Lake St. Cla ir 
have shown mercury to be associated with fine particles (Mudrock 1979). Pl ants 
in Lake St. Cl air showed limited uptake of mercury. Highes t concentrations 
were found in the roots. 

Evidence from Grand Haven and other sites (Hoeppel et al . 1978) i ndicate s 
that contaminants in freshwater areas behave like contaminants in saline wa­
ters. However, settlement may be quicker in salt water due to th e floccula­
tion inducement by the salt; also the buffering capacity of salts may render 
certain contaminants less potent . 

Island, Fastland, or Beach Disposal 

Dredged material in the Great Lakes is often used to create islands or 
fastlands that become a part of the land mass, and for beach nourishment. 
General principles discussed in Part III - Coastal ~Jaters should generally 
hold true for the Great Lakes and the reader is referred to that section. 

Wetland Disposal 

References on impacts of disposal on wetlands in the Great Lakes were not 
found. It is assumed that wetland disposal is rare i n the Great Lakes area. 

Nearshore Disposal 

The greatest concern with disposal of dredged material in the Great Lakes 
has been the question of impact of aquatic disposal . Both short- and lon g-term 
impacts have been areas of concern. 

Sly (1977) noted that disposal in shallow waters, which are strongly 
influenced by winds and waves, causes more resuspension of particles than dis­
posal in deep water. Resuspension of particles will often lead to in creased 
levels of nutrients and potential contaminants in the water colu mn. Also, t he 
shallow nearshore zone is usually more productive and of greate r importa nce 
for spawning and nursery purposes than the deepwate r por ti ans of the Great 
Lakes. 

In a disposal area outside the breah,at er of Cleveland Harbor, che pe,st ­
durnp bottom sediments of the disposal area were charact erized by i ncr eis es i n 
the same chemical constituents that were found in the harbo r (U. S. i;rmy Corps 
of Engineers, Buffalo District 1969c). Background levels in areas surrou nding 
the disposal area were also relatively high. Disposal areas i n the St . Marys 
River were characterized by unstable and constantly shifting sediment s. Macro­
invertebrate numbers were greatly depressed (U.S. Fish and Wildlif e Service 
1977). 
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Deepwater Disposal


Traditionally, deepwater 

disposal 

of 

dredged 

rraterial 

has 

been 

the 

most


frequent disposal 

method. 

This 

was 

usually 

economically advantageous 

over 

con-

fined or unconfined land 

disposal 

or 

confined 

shallow-water 

disposal. 

However,


increasing 

concern 

about 

impacts 

to the water column and 

bottom 

sediments from


contaminants has 

resulted 

in 

prohibition 

of the 

dumping 

of 

"polluted" 

mate-

rials into 

open 

waters. The 

definition 

of 

what constitutes 

polluted 

materials


is difficult and 

controversial. 

A 

prime 

problem 

is the 

lack 

of information


about the mere 

presence 

versus the actual 

impact 

of 

contaminants 

on 

aquatic


organisms.


Several Great Lakes 

studies 

indicate 

that 

open-water 

disposal 

influences


the water column 

for 

only 

a few hours because 

of 

rapid particle 

settling 

and


dilution 

(Fulk 

et 

al. 

1975, 

Sly 

1977, 

Sweeney 

1978a, 

K'yeth 

and 

Sweeney 

1978).


With the 

exception 

of 

ammonia, 

manganese, 

and 

zinc, 

there does 

not 

appear 

to


be a 

significant 

release of 

contaminants to the 

water column 

during 

the 

de-

scent of 

the 

dredged 

material to the 

bottom. 

Other 

studies have 

indicated 

that


dredged 

material 

deposited 

in 

deepwater 

may 

continue to influence 

overlying


waters 

for as 

long 

as 

5 

yr, apparently 

through resuspension 

(Sweeney 

et 

al.


1975, 

Sly 

1977).


Overall, 

Sly 

(1977) 

noted 

that 

although dredging 

and 

ship 

turbulence


caused local turbidities the 

impacts 

were small in 

comparison 

to 

those 

result-

ing 

from wind and 

wave action. Both 

Langlois 

(1941) 

and Chandler and Weeks


(1945) 

found that 

turbidity 

in Lake Erie rose 

from 

an 

average 

of 

40 

mg/1 

to


over 

200 

mg/1 following 

disturbance 

of 

the 

bottom 

by 

64 

km/hr 

winds.


Field studies have indicated that 

impacts 

of 

dredged 

material 

disposal 

to


phytoplankton 

and 

zooplankton 

are 

insignificant 

(International 

Working Group


1975, 

Sly 

1977). 

However, 

stimulation of 

algal growth 

has been 

demonstrated


In 

the 

laboratory. 

Large 

releases of 

phosphorous 

and 

nitrogen 

have 

occurred,


at 

least for a few 

hours, 

following 

disposal 

(International 

Working 

Group


1975).


Disposal 

of 

dredged 

m^aterial affects the 

distribution of fish. Fish 

may


either be 

attracted to the area of 

disposal 

or 

repelled 

(International 

Working


Group 

1975). 

Sweeney 

(1978b) 

noted a 

2- 

to 30-min 

absence of fish 

following


disposal. 

The 

time of absence varied with 

species. Turbidity, 

chemicals 

of


various 

kinds, 

chances in 

substrate, 

and 

changes 

in 

fish-food 

orqanisms--al 

1


affected 

by disposal--influence 

fish distribution. 

Sweeney 

(1978b) 

noted 100%


mortality 

of fish 

eggs 

within 

250 

m 

(270 

yd) 

of a 

disposal 

site at 

Ashtabula


in 

Lake Erie.


Dredged 

material has 

changed 

the 

composition 

of the benthic communities


for short 

periods 

but 

long-term, 

subtle 

impacts 

are unknown. Beneficial im-

pacts 

can 

include 

improvement 

of 

fishery 

habitat, 

e.g., 

disposal 

mounds 

may 

be


used for 

spawning 

areas and 

polluted 

bottom sediments 

may 

be covered with


cleaner materials 

(International 

Working 

Group 

1975). 

In 

most 

instances, 

the


dredged 

sediments will 

not be of a suitable 

grain 

size or free 

enough 

of 

con-

taminants for 

the 

above benefits. Most 

adverse 

impacts appear 

to be due to


smothering 

and 

change 

in 

substrate. 

The extent 

and duration of 

impacts depend-

ed 

upon species composition, 

quantity 

and 

type 

of materials 

deposited, 

and the


duration of 

disposal 

activity 

(International Working Group 

1975). 

Recovery
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Ceepwater Disposal 

Traditionally, deepwater disposal of dred ged rraterial has been the most 
freq uent disposal method. This was usually econo~ically advantag eous over con­
fined or unconfined land disposal or confined shallow-water disposal. However, 
increasing concern about impacts to the water colu~n and botto m sediments fro m 
contar.-,inants has resulted in prohibition of the dumping of "polluted" r.iate­
rials into open waters. The definition of what constitutes polluted fTlaterials 
is dif f icult and controversial. A prir.;e problem is th e lack of information 
about the fTlere presence versus the actual impact of contafTlinants on aquatic 
organi srrs. 

Several Great Lakes studies indicate that open-water disposal influences 
the water cclu rrn for only a few hours because of rapid particle settling and 
dilution (Fulk et al. 1975, Sly 1S'77, Sweeney 1978a, l·!yeth and Sweeney 1978). 
~!ith the exception of amr11onia, manganese, and zinc, there does not appear to 
be a si gnificant release of contaminants to the water column durina the de­
scent of the dredged rT1aterial tc the bottom. Other studies have indicated that 
dredged rr.aterial deposited in deepwater rray continue to influence overlying 
waters for as long as 5 yr, apparently through resuspension (~1t,eeney et al. 
1975, Sly E' 77). 

Overall, Sly (1977) noted that although dred ging and ship turbulence 
caused local turbidities the irrpacts were s~all in co~parison to those result­
; no fro rr wind and wave action. Both Lancloi s (1S41) and Chandler and vJeeks 
(1945) found that turbidity in Lake Erie -rose from an average of 40 filg/1 to 
over 200 mg/1 following disturbance of the bottom by 64 km/hr winds. 

Field studies have indicat ed that irT1pacts of dredged material disposal to 
phytoplankton and zoopla nkto n are insignificant (International ~forking Group 
1975, Sly 1977). hov1ever, stirr.ulation of algal growth r.as been derronstrated 
in the laboratory . Large releases of phosphorous and nitrog en have occurred, 
at least for a few hours, followin g disposal (International Working Group 
1975). 

Disposal of dredged mat erial affects the distribution of fish. Fish may 
either he attracted to the area of disposal or repelled (International Working 
Group 1975). Sweeney (1978b) not ed a 2- to 30-min absence of fish following 
di sposal. The tilTe of abs ence var ied with species. Turbidity, chemicals of 
various kinds, changes in substrate , and changes in fish-food or9anisms--all 
affected by disposal--influence fish distribution. Sweeney (1978b) noted 100% 
mortality of fish eggs within 250 rr: (270 yd) of a disposal site at Ashtabula 
in Lake Erie. 

Dredged mat e rial has changed the cor;,pos ition of the benthic communities 
for short per iods but lonsi-ter m, subtle i mpacts ar e unkno\'m. Beneficial irr:­
pacts can include in-provement of fishery habitat , e.g., disposa l mounds may be 
used for spawning areas and pol luted bot t om sediments may be covered with 
clean er materials (International ~!orkin g Group 1975). In most instances, the 
dredged sedi ments \<.'i 11 not be of a suitable grain size or free enough of con­
taminants for the above benefits. Most advers e impacts appear to be due to 
smotherin g and change in substrate . The extent and duration of irT1pacts depend­
ed upon speci es corT1position, quantity and type of rT1aterials deposited, and the 
duration of dispos al activity (International Workin g Group 1975). Recovery 
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generally required 

a few 

months 

but 

was 

much 

longer 

for 

gastropods. 

Sweeney


(1978b) 

noted near 

recovery 

in i 

yr, 

but 

the 

community 

structure 

was 

altered.


There was an increase in 

oligochaete 

abundance 

along 

with 

decreases in 

many


other common 

groups (e.g., 

nematodes, 

chironomids, 

and 

isopods). 

Several 

pol-

lution 

tolerant 

species 

became 

abundant 

within and 

near 

the 

disposal 

areas.


The 

ultimate 

impect 

of 

contaminants 

associated with 

dredged 

material 

dis-

posed 

in 

deepwater ecosystems 

is 

still 

unresolved. 

Tainting 

of 

certain 

ben-

thic 

organisms by 

oils, 

greases, 

and 

phenols 

is 

known 

to 

occur 

(Sly 1977).


Disposal 

of 

dredged 

material in 

the 

deep 

waters of 

the 

Great 

Lakes 

does 

not


appear 

to influence 

water circulation 

as much as 

disposal 

in 

constricted ma-

rine estuaries. 

Danek et al. 

(1S77) 

noted 

buildups 

of 

deposited 

material in


mounds of 

up 

to 

45 

cm 

(18 

in) 

high 

but 

a severe 

storm 

later 

eroded 

much 

of the


new 

sediments.


Habitat


Development


Compared 

to
 marine


environments,


little


work has


been
 done 

with


habitat


development 

in 

the 

Great 

Lakes, 

consequently 

much of the 

discussion in 

this


section
 is
 untried


ideas or
 random


observations
 rather


than


documented


stud-

ies.


Terrestrial 

development

. 

The reader 

is 

referred to Part III 

- 

Coastal


Waters.


Island 

development 

. 

Colonial 

nesting 

sea and 

wading 

birds 

have made 

good


use 

of 

dredged 

material 

islands 

in 

the 

Great 

Lakes 

(Sharf 

1978). 

Natural 

nest-

ing 

sites were in 

short 

supply.


Another 

apparent 

beneficial 

use for 

dredged 

material 

islands 

in 

the 

Great


Lakes is for 

protecting nearby 

shore 

areas from wave action. 

Islands will 

pro-

tect shallow-water 

areas 

and 

allow the 

development 

of 

marshes or 

protected


fish 

spawning 

and 

nursery 

areas 

(personal 

communication, 

4 

December 

1975,


Richard 

Hoppe, 

FWS, 

Green 

Bay, Wisconsin).


Wetland 

development

. The 

reader is 

referred 

to 

Parts 

III 

and 

IV 

- 

Coastal


Waters and 

Rivers for 

discussions that 

may 

be 

adapted 

to 

the 

Great Lakes.


Aquatic development

. 

Dredged 

material has sometimes 

provided 

mounds or


irregular 

substrates around which 

fish 

concentrate and are utilized for 

spawn-

ing 

in the 

Great 

Lakes 

(personal 

communication, 

1 

December 

1975, 

Thomas 

Yokum,


FWS, 

Ann 

Arbor, 

Michigan). 

Large 

portions 

of the Great 

Lakes have smooth


unvarying 

bottoms with fine 

sediments. 

These 

areas neither attract 

and 

con-

centrate 

fish, 

nor 

provide 

spawning 

areas. The 

construction 

of 

artificial


spawning 

reefs for 

species 

such as lake 

trout 

and 

walleye appears 

to 

be a 

pos-

sible use of 

dredged 

material. 

However, 

since 

most 

dredged 

sediments 

are fine


grained, topdressing 

with some 

type 

of 

coarse 

material 

would 

likely 

be 

neces-

sary. 

Also, 

the 

toxicity 

of 

dredged 

material is a 

major 

consideratlor. 

Rela-

tively 

clean 

materials would have 

to be used.
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generally required a few mont hs but was much longer for gastropods. Sweeney 
(1978b) noted near recovery i n 1 yr , but the community structure was altered. 
There was an increase in oligochaete abundance along ~,ith decreases in many 
other common groups (e.g., nematodes, chironomids, and isopods). Several pol­
lution tolerant spec i es became abundant within and near the disposal areas. 

The ultimate i mpact of contaminants associated with dredged material dis­
posed in deepwater ecusystems is still unresolved. Tainting of certain ben­
thic organis ms by oi l s, greases, and phenols is known to occur (Sly 1977). 
Disposal of dre dged material in the deep waters of the Great Lakes does not 
appear to in fl uence water circulation as rruch as disposal in constric t ed ma­
rine estuaries. Danek et al. (1977) noted buildups of deposited mater i al in 
mounds of up to 45 cm (18 in) high but a severe storm later eroded much of t he 
new sediments. 

Habitat Development 

Compared to· rrarine environments, little work has been done with habitat 
development in the Great Lakes, consequently much of the discussion in t hi s 
section is untried ideas or random observations rather than documented stud­
; es. 

Terrestrial development. The reader is referred to Part III - Coasta l 
Waters. 

Island development. Colonial nesting sea and wading birds have made good 
use of dredged material islands in the Great Lakes (Sharf 1~78). Natural nest­
ing sites were in short supply. 

Another apparent beneficial use for dredged material islands in the Great 
Lakes is for protecting nearby shore areas from wave action. Islands wil l pro­
tect shallow-water areas and allow the development of rrarshes or pr otected 
fish spawning and nursery areas (personal communication, 4 Decer.;ber 1975, 
Richard Hoppe, FWS, Green Bay, Wisconsin). 

Wetland development. The reader is referred to Parts III and IV - Coast al 
Waters and Rivers for discussions that mcy be adapted to the Creat Lakes. 

Aquatic development . Dredged material has sometimes provided mounds or 
irregular substrates around which fish concentrate and are utilized for spawn­
ing in the Great Lakes (personal communication, 1 December 1975, Thomas Yokum, 
FWS, Ann Arbor, Michigan). Large portions of the Great Lakes have smooth 
unvarying bottoms with fine sediments. These areas neit her attract and con­
centrate fish, nor provide spavrning areas. The cons tr uctio n of arti fici r1l 
spawning reefs for species such as lake trout and wal l eye appears to be a pas • 
sible use of dredged material. However, since most dredged sed i ments are f i ne 
grained, topdressing with soJPe type of coarse material 1-JOuld li l e ly he r,::ces­
sary. Also, the toxicity of dredged material is a majo r consi der at '.c~. Rel a­
tively clean materials would have to be used. 
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