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ENVIRONMENTAL EFFECTS OF HYDRAULIC IREDGING :rn ESTUARIES .l/ 

Edwin B. May 

Alabama Department of Conservation and Natural Resources 
Marine Resources Division 

Daup~in Island, Alabama 36528 

ABSTRACT 

Hydraulic channel and shell dredging and open water spoil 
disposal have little significant immediate effect on water quality 
in Alabama estuaries . .AJ.Jnost all of the sediment discharged by 
dredges settles very rapidly and is transported by gravity along 
the bottom as a separate flocculated density layer and potentially 
hannful components of the mud are not dissolved into the water . 
There is a limited, temporary reduction in benthic organisms in 
areas affected by dredging . Spoil piles from channel dredges can 
indirectly affec~ the ecology and usefulness of estuaries by inter
ferring with water circulation and altering s~linity . The basic 
hydrological concepts which determine the effects of dredging should 
be applicable in other areas . Extensive regulations apparently are 
not necessary to protect water quality in open w~ter dredging situ
ations but spoil disposal practices from charu~el dredges must be 
reconsi dered and appropriate new disposal pl&ns developed. 

I 

This study was dol'}.O in coop0;.'a t,ion with tbc U. S. Departi11ent of Com;,,erl.:1·, Ha.-r,·i t1i ., 

Ifarine Fisheries Serv.:.ce u:..aor P. L. 83-30? (Project No.' 2-11+9-~~)_; R:-,dcJ_~;L· 
JC·:o.tcr:~o.ls, Inc., :·:oh::.:i.e, A:.ol)ama; U. S. Env..:..rom.1cn\,nl :e ... 'ot.cction Agency, f1thcn 1 
icorg.i.<.J.; Jn.l the U . .S . iii.ow Corf>:::> of FnGinccrs, Mobj:'3, A.1..:.i.bruna. 
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INTRODUCTION 

Hydraulic dredging is one of the most noticeable, controversial and 

significant activities of man in estuaries. Among the many uses of estuaries 

including fishing, industrial sites, recreation and waste disposal, these water 

bodies have long been used for navigation and as a site for mineral recovery. 

Dredging has been necessary for the development of almost all of these activities 

and will be necessary for them to continue. The question has now arisen whether 

dredging and open water spoil disposal as it .has been done in the past is com-

patible with some of the other water uses because of possible physical alterations, 

secondary pollution or other ham.ful effects. Kultiple water use is indeed one 

of the more important environmental problems and the effect one activity has on 
' 

another has become increasingly significant. Because of its conspicious character, 

the possible harmful effects of hydraulic dredging on the environment has caused 

more public arousal than any other estuarine activity w:i.th few possible exceptions. 

Sufficient information on the effects of dredging has not been ~vailable to allow 

those concerned to evaluate the problem comprehensively. Recent environmental 

and water quality considerations have made it apparent that mo~e lmowledge is 

needed by those involved in the practice and its regulation. 

The objectives of this st~dy were to determine the immediate and long term 
I 

physical, chemical and biological effects of hydraulic dredging and open water 

spoil disposal in eGtuaries with particular emphasis on Mobile Bay, Alabama . 

.... ''.1is uas done by field studies of sediment transport and water quality around 

~c ti VQ dredc;es including shell dredges, n ship channel ma:i.n t'9r.::.nce d.red~e and an 

.... ~-
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intracoastal waterway maintenance dredge. The impacts of these operations l'iere 

e interpreted in relation to how a.-ubient and natural or background conditions were 

altered. Eristing conditions of water and sediment quality were determined 

throughout Alabama estuaries and partially compared to numerous other estuaries 

along the Gu.lf of Mexico . Literature on the effects of dredging and .open water 

spoil disposal and other germane studies were reviewed. A main objective of 

this study was to review the question and define important concepts that govern 

how dredges m~y affect water quality :in order to provide a basis for :interpreting 

study results and to supply a framework for further :investigation. 

Definition of the Problem 

Hydraulic dredging is of major importance to the commerce and economy of 

all coastal regions :in the Unitei States. Water transportation is dependent upon 

channel construction and maintenance by the U. S. Anny Corps of Engineers who 

currently dredge approximately 373 million cubic yards of spoil annually :in the 

U. S., of which 164 million cubic yards is along the Gulf Coast (Mobile Dist,rict, 
' 

pers . comm.). Large industrial complexes are dependent on dredging for access to 

the sea and intracoastal transport of raw materials and manufactured products. ·. .. 
Buried shell is one of the more important natural resources found in estuaries. 

Industrial demand for this almost pure source of calcium carbonate is great and 

several major :industries are dependent upon it. Limestone cannot present:cy- be 

substituted economically for shell for industrial uses in coastal areas (Kerr, 

1967; Hill and Masch, 1969). Private companies annually dredge about $30 million 

uorth of unprocessed clam and oyster shells from Gulf Coast est~aries and the 

resource makes a substantial con~ribution to tho economy of many coastal areas. 

In addition, royalty from shell dradging contributes about $3 million each year uO 

' ·-
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e conservation activities in the Gulf States (May, 1971). Shells from this source 

are extensively used for cul tch on public oyster beds in many states and the 

practice has greatly increased oyster production. Effectual management of public 

and private oyster reefs is largely dependent on planting dredged sh~lls in 

Alabruna as well as in other states since no satisfactory substitute is available 

in the volumes used. 

Hydrau~ic channel dredging and shell.dredging make use of essentially the 

same equipment although there are distinctions in operati.ons. Channel dredges 
. 

construct or maintain navigation channels. Maintenance of existing channels 

contracted to private firms presently makes up most of their activity. In this 

operation, recent alluvium and water are pumped from the bottom of the channel 

and the spoil is discharged by pipeline some distance away from the channel. Shell 

dradges operate outside of channels in the open estuary on a practically continuous 

basis. Dredged material is screened and washed to remove the shell. The discharge.• 

' composed mostly of original bottom material, is returned overboard in the immediate 

vicinity of the dredge and usually over the hole from which it was taken. 

Concern about dredging has been mainly local untiJ. the past few years. In 

most cases the major concern has been whether or not dredging wap destroying oysters. 

Recent federal actions placed considerable national emphasis on the environmental 

aspects of spoil disposal and other Pischarges into navigable 11C1.ters . Although 

individual states generally adopt and enforce their own water quality standards, 

the authority is basically national since state water quality standards mus-c comply 
I 

with federal guidelL"'les. There is presently a problem of w-ha t opera tiona.l or 

quality standards should be applied to dredging and spoil disposal and whether tho 

same criteria can be applied na"t:..onwide. 
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The major problem related to dredging is whether changes in circulation 

and water depth and the discharge of mud and water back overboard detrimentally 

affect the aquatic environment or man's use of it. In addition to natural muci 
. 

components, a large portion of municipal and industrial wastes and other pollutants 

discharged into waterways end up in the estuaries. Consequently, a portion of 

these become deposited in the bottom sediment and may become concentrated over a 

period of time to levels many times higher than those in the overlying water. 

Theoretically, there may be a possibility of secondary pollution by resuspension 

of these materials. 

Estuarine sediments are effective traps for many organic and inorganic 

materials because of sorption &nd ionic processes. Among these constituents 

are several which can influence water quality if dissolved into the water, some 

harmful, some beneficial and some insignificant. Some of these materials have 

a potential to degrade water quality and CaJ?.. be damaging or toxic to marine life. 

Some of these chemicals can become highly concentrated by aquatic organisms which 

in turn render them unfit for consumption by other animals, including man. 

In addition to potential chem:!..cal and biological effects, dredging and 

open water spoil disposal may have significant physical effects on estuarine 

waters. Deep chw."1Ilels alter previously existing salinty regimes by allowing 

sea water to penetrate further into estuaries. Spoil piles in open water interfere 

with small boat navigation and nonnal water circulation and mixing. Spoil from 

dredges may discolor the water, interfere with primary productivity, rearrange 

bottom sediments and cover benthic or6anisms. Thero is some co'ncern that modi-

fication::: of cstuarico and tho phy::iical presence of an active dredge may affect 

Wildlife and aesthetic values. 
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From the positive position, many benefits occur from dredging. The 

concern for environmental degradation and the vital economic nature of this . 
activity make an understanding o~ the effects of dredging essential •. It should 

be accepted that dredging in some fonn must be continued and that the most 

realistic approach to the proble11 is to understand the effects of the practice 
\ 

fully before trying to apply expensive restrictions on the dredging industry 

and those dependent upon it. Placing proper emphasis on what dredging does and 

what it does not do is an important step in insuring that dredging is done 

with the least harm and that regulatory policies are realistic from both 

environmental and economic standpoints . 

In dredging studies the physical, chemical and biological aspects 

should be clearly defined. It should be recognized that changes in the 

physical or chemical properties of water which may affect aquatic organisms 

are generally more convenient to measure precisely in the field than monitoring 

the effects on organisms directly. The problem of the effecUil of dredging 

should be approached by determining, (1) the physical and chemical character 

of the surrounding water and the bottom materials to be dredged, ·(2) the 

extent to which dredging and spoil deposition physically and chemically alter 

water quality, and (3) the effects of dredging practices on aquatic communities. 

These objectives should be approa.ched by determining the direct or inunediate 

effects and the indirect or consequential effects. T'ne significance of these 
I 

effects should be interpreted by comparison with the effects caused by natural 

conditions.- The extent and the C.uration of effec·~s should also be weiehed in 

per~pectivo to the entire ecosystem. 

• 
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Regulation of Dredging 

Channel Dredging 

fl _,_ 

Construction and maintenance of navigation channels has historically been 

under the jurisdiction of the U. S. Anny Corps of Engineers. Corps of Engineer 

pennits are required for all private dredging in navigable waters and public 

notices are issued on almost all projects. An Environmental Impact Statement is 

required for most Corps projects and some p~vate projects. In reviewing permit 

requests the U. S, Environmental Protection Agency has jurisdiction over water 

quality and the U, S. Bureau of Sport Fisheries and Wildlife and the National 

Marine Fisheries Service consider effects on fish and wildlife. State agencies 

comment on these aspects before permits are issued. Responsibilities of various 

agencies are basically defined by Federal law al~ough judicial and executive 

rulings sometime influence dredging projects. On occassions, criteria are 

established by Federal agencies by the issuance of guidelines. In addition to 
·' 

federal pennits, channel dredging projects require a local sponsor to provide 

spoil sites. This is usually done by port authorities, indust~es, or local or 

state governments. 

Numerous publications are available from the Corps of Engineers which 

describe their individual projects or district activities. A nationwide evaluation 

of dredeing projects is currently underway at the Corps of Engineers Waterways 

Experiment Station in Vicksburg, Mississippi • I 

.... 
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Shell Dredging 

i 
-J-

The shell dredging industry in the Gulf States has been reviewed in Texas 

by Kerr (1967) and Hill and Masch (1969)) in Louisiana by Louisiana Wild Life 

and Fisheries Commission ( 1968), in Mississippi by Gunter ( 1969) and in Alabama 

by May (1971 )\ A resume of the entire Gulf Coast industry is being prepared 

by Robert H. Arndt of the U. S. Bureau of Mines. Each Gulf state regulates 

dredging through a permit or contract lease system. Leases are either exclusive 

or nonexclusive . Alabama, Louisiana and Mississippi operate under an exclusive 

lease system and regulation is by contractural agreement. Texas has a nonexclusive 

lease program while Florida has both exclusive and nonexclusive leasing. 

Rules and regulatory procedures vary between states and within states at 

different times but all provide for control 9f drE7dging operations to insure 

that damage is not done to other natural resources. Dredging operations are 

either limited to a fixed distance from oyster reefs, monitored when in the 

proxj;:, · •· , .• --.-·0fs to prevent damage, or are not allowed where oysters are 

cultivated. Distances .from bridges, shorelines and navigation channels are 

frequently stipulated. In addition, the U. S. Army Corps of Engineers issues 

permits for shell dredging after evaluating effects on navigation, esthetics, 

recreation, fish and wildlife ar..d discharge of effluents into navigable waterways 

which must be in compliance with state and federal water quality standards. State 

legislatures sometimes impose restrictions on dredging. In mo§t shell dredging 

operations the regulatory authority and responsibility is the function of a 

state conservation agency. 
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LITERATURE REVIEW 

There are several nontechnical references to dredging which are of historical 

interest, some as early as the nineteenth century. Although dredging has had a long 

history there have been relatively few studies carried out on the environmental 

effects of dredging until the past few years . 

Gunter (1938) was the first to cite the benefits of using dredged oyster shell 
\ 

for cultch material. 

Lunz (1938; 1942) investigated dredging _of the intracoastal waterway in South 

Carolina and in Florida. He determined that oysters were not harmed by high turbidity 

or spoil .from dredging unless they were actually buried and smothered . He found 

that mud in high concentrations was not toxic to oysters and that spawning and spat 

setting were not affected by the operations . 

Wilson (19.50) studied the effects of shell dredging in Copano Bay, Texas . Ho 

found that suspended solids o~ 33 to .58 g/l may be found near the discharge of a 

suction dredge and that suspended material caused by the dredge dissipated rapidly. 

The heavier material such as larger shell fragments and coarser sand was deposited 

in the immediate vicinity of the discharge . Turbidity f.i~m the dredge which was 

above background leveis extended out to 300 to 900 feet on most·occasions . On ono 

occasion suspended material above background levels was found 1, 800 feet from the 

dredge . He stated that the dire~tion of movement of suspended 1naterial was in the 

direction of the current and that the amount which moved away from the dredee 

decreased with distance. Material transported beyond 900 feet was very slight . 
I 

In other directions, no suspended material was detected beyond 600 feet from the 

dredge . A considerable amount of the material placed in suspension settled 
,., 

in to 
'-' 

the cut froJ!l which it was taken. He subjected oysters in laboratory aquaria t.o verJ 

high concentrations of suspended silt and stated that if such levels ·were maintained 

... 
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in the water for a long period it would be detrimental to oysters . He found no 

correlation between amount of spat set and distance from the dredge or with amount 

of suspended material in aquaria . He said dredging may be beneficial to oyster 

production by building finn spoil piles which catch spat and produce oysters and 

by digging deeper areas thereby facilitating water circulation in sh~llow bays . 

Ingle (1952) and Ingle, Ceurvels and Leinecker (1955) studied shell dredging 

in Mobile Bay, Alabama . In the first paper, damage to fish and motile crustaceans 

was not obsert-ed even within 75 to 150 feet of an active dredge. Shellfish suspended 

from the dredge were unharmed. Silting effects were observed on ~m out to a 
. 

distance of 150 to 1,200 feet from the discharge. He suggested that dredging stirs 

up orgar..:ic detritus which may be beneficial to shellfish and crustaceans and mentioned 

that shrimp uere apparently more abundant in waters muddied by dredging . In the second 

paper the authors were concerned with inorganic and organic nutrients , carbohydrates, . 

fats and proteins contained in the muds. An attempt was made to determine if muds 

contained toxic components and if mud in suspension was hann.ful to fish life. No 
' 

toxicity, including hydrogen sulfide , was found but high mud concentrations killed 

fish held in tanks by clogging their gills. Fishes were thought to avoid these high 
~ 

concentrations and to be unaffected in the open bay. High turbidity created by 

dredges was lilTlited to a small area in the vicinity of the disch.arge . 

Hutton et al. (1956) studied Boca Ciega Bay, Florida with special reference 

to dredging and filling. Condi-:.ions resulting from dredging and filling were hannful 

to most plant and animal life although under certain conditions there was some evidence 

that dredging operations were beneficial to echinoderms , ascidians and sponges . Land 
I 

fills from dredging were damaging to sport and commercial fishing and recreation . 

Viesca (1958) felt that ~ish and shrimp congregated near dredges in Louisiana 

and that dredging was beneficial. He attributed this to the dredg&s stirring up 

foou <;.n<l natrients. 

-
~· 
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Breuer (1962) reported that major ecological changes resulted from channel . . 
dredge spoil in South Bay, Texas due to progressive closure of passes and hinderance 

of water circulation by spoil deposition. Because of these changes connnercial and 

sport fishing in the bay were reduced to insignificance . However, dredging of an 

intracoastal canal into the lower Laguna M&dre eliminated periodic fish kills resulting 

from hypersalinity. 

Engle (1962) wrote a review of shell dredging and discussed the pros and cons 
\ 

of proposed shell dredging in North Carolina. He pointed ou.t that monetary and 

oyster rehabilitation benefits are accrued from shell dredging and that the question 
, 

of exploitation of this valuable buried shell natural resource required a thoughtful 

and unemotional approach. 

!Tellier and Kornicker (1962) did a befor e, during and after study of sedimentati on 

from a hydraulic channel dredge in Redfish Bay, Texas. They did not measure the 

dredging directly but attempted to measure silt deposition by placing colored gravel 

chips on bottom at various d.is:.ances from the operation. The gravel was put out at 

least 9 months before dredging and core samples were taken before dredging, 1 week 

and 18 months after dredging. They reported 22 to 27 cm of sediment deposition within 

one-half mile on the dredge but effects at greater distances were negligible . They 

felt little sediment sorting occurred during dredging. 

Mackin (1962) studied canal dredging in Louisiana. He found that silt was 

carried a maximum of 1,300 feet and that at distances greater than a few hundred feet, 

turbidities did not exceed those attained at times under natural conditions . He 

calculated that only about one percent of the spoil was transported away from the 
I 

immediate vicinity of the discharge . Fine material was lost in the natural turbidities 

at distances over 1, 000 feet and had the same effect on the environment as the materials 

put in suspension by natural conditions . Turbidities produced by shrimp trawlerG were 

not excessiva but they were greater than those produced by the dredge at distances of -
300 feet from the spoil discharge . Turbidity levels outside the influence of direct 
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spoil deposit did not harm oysters. He considered it unlikely that dredge spoil 

would significantly reduce dissolved oxygen and stated that the factors which control 

silt deposition had not been properly considered in pre~r.i..ous studies . 

Odum and Wilson (1962) studied dredging of an intracoastal channel near 

Red.fish Bay, Tex.as and found that respiration exceeded photosynthesis in the dredge 

tailings, possibly because of organic matter in the dredged sediments. Photosynthesis 

vias not diminished much during or after dreq.ging as compared with data from a previous 

year and the additional respiration due to extra organic matter did not apparently 

interfere with nonnal production. They hypothe'sized that high production and dense 

grass found after dredging may have resulted from release of nutrients. 

Od~ ( 1963) measured chlorophyll A an~ diurnal oxygen production over grass 

beds in Red.fish Bay, Tex.as befora and after the dredging of an intracoastal canal. 

The cause was uncertain but he found productivity temporarily decreased and an 

imbalance of respiration over photosynthesis which may have been associated with 

dredge silt in the spring. The following year he found growth to be exceptional ana 

suggested that nutrients released by dredging may have been the cause. 

McCoy and Johnston (no date) studied sedimentation of soils collected from 

proposed shell dredging sites in Albermarle Sound, North Carolin:i. They con.niciercci 

a chlorinity content of 19.5 :ppt as full strength sea water and suspended soils 

in O, 5, 10, 15 and 25 percent of th}s concentration. They used transmitted light 

to measure sedimentation under callTl conditions and in a wind tunnel. They found 

that the mud settled faster in salt water than in de-ionized water and that a 1}.i 

mph wind would keep sediment in a jar suspended. On this basil they concluded that 

sediments disturbed by a dredging operation can be expected to 3ettle in salty water 

during low or no ·wind velocity and become resuspended by winds of approximately 14 

mph or creator, thereby creating an "accumulated turbidit .. Y11 which could detriment ally 

affoct an aquatic hnbitat. 
' . 
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White (1966) did laboratory experiments on the formation and movement of 

dredge sediments as density currents in a 40-foot long by 1-foot deep by 4-inch 

flume. He found that the formation of density layers depended primarily on the 

concentration of suspended sediment allowed to build up at the source. Water 

currents tend to prohibit the fonnation of density flows by turbulent mixing and 

by sweeping the sediment away before it builds up a suffic:i.ent concentration for 

layer formati(>n. Currents promote movement of density layers only slightly by 

inter.!.'acial shear. Density layers were observed to flow against the current 

and uphill. Gravity is the primary force whic!r controls movement of the dcnsitiy 

layers. Dikes and trenches were used to promote deposition of sediment from density 

flows in the experiments. 

Harrison (1967) reviewed the effects of dredging and associated spoil 

disposal in lower Chesapeake Bay. Spoil dumped from a hopper dredge appeared 

to have only a transitory effect on the populations of infauna and epifauna. 

Resettlement of benthic organisms in both the areas of dredging and spoiling was 

very rapid. Animal collections taken in the spoil area one month after dredging 

showed a mar~ed decrease in numbers of animals and species • Recovery of the 

infaunal population was relatively complete after six months. It was found 

important to differentiate between transitory high populations of juveniles at 

certain seasons and nor.n.al faunal distributional patterns when attempting to 

assess the effects of dredging or spoil deposition on benthic organisms by means 

of before and after faunal surveys. He also monitored deposition of sediment on 

oyster grounds 0.8 to 2.0 miles from a dredging site before and/after dredging. 

The changes in bottom level he observed were due to natural sedimentation rather 

than drGdeo spoil. 

~ Masch ~nd Espey (1967) studied shell dredging in Galveston Bay, Texas 

using an eneinccring approach. Sholl dredges resuspended consiaerable quantities 
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of sediment which formed density layers near the bottom. Thc.se layers were formed 

when dredge wash waters contained high concentrations of fine sediments with more 

thQ.n about 80 percent by weight of particles in the silt and clay size range of 

which 50 percent were of the clay size. These sediments tended to flucculate into 

density layers when the concentration was greater than about 10 g/l. Dredges 

operating in sands were not expected to produce such density flows. The movement 
\ 

of density layers are controlled to a large extent by gravity and the layers are 

capable of moving in directions other than that.indicated by either bottom or 

surface currents. Movement by gravity and tidal action is possible until the 

layers are consolidated to concentrations of about 175 g/l. They stated that oyster 

reef topography may play an illlportant role in the movement and settlement of these 

layers. Reefs protruding above the bay bottom tend to deflect or resuspend density 

currents and are not as susceptable to sediment deposition as surrounding areas. 

Old dredge cuts and trenches c~ be used to control and trap dredge sediments moving 

as density layers. Control of dredging operations cannot be based solely on a 

distance limit but must, in each individual case, consider type and amount of 

overburden sediments, number of dredges to work in the area, and local conditions 

of reef topography and bottom currents. If dredging is controlled in a prescribed 

manner it can be done very near live oyster reefs and exposed shell with no damage. 

Considerable data on dredging operations were given. 

The U. S. Army Corps of Engineers (1967) conducted a water quality investigation 

during dredging of highly polluted Chickasaw Creek, a tributary 
1
of the Mobile River, 

Alaba.."!la, near its mouth and entrance into Mobile Bay. They found dissolved oxyeen 

was depressed in the recently dredged area 100 feet behind the pipeline dredge when 

e CO::i!_.)arecl with an area 100 feet ahead of the dredge due to sample~ being taken at 

different depthc and suspension of sludge undergoing anaerob:ic decomposition w:1icli 
• 

exerted an oxyeen demand on the w.:. ter. 'l.'hey said tho. t this was only temporary und 
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that water quality after dredging was improved. Disso"ivud oxygen before dredging 

was 0.3 ppm and after dredgL."'lg was 1 .) ppm. No changes in the other parameters 

studied appeared to result from dredging with the exception of an increase in 

suspended solids • 

Geological and biological studies of dredging were done by the Virginia 

Institute of Marine Science (1967) in Chesapeake Bay. Sedimantological data 

from bottom oores were given as they may apply to disposal of spoil. Studies of 

benthic fauna before and after dredging showed a population reduction of aerobic 

fauna followed by a dramatic increase by the following sUlnmer. It was concluded 

that spoil deposited in deep estuarine areas has an :immediate but not a lasting 

effect on benthic fauna. 

Biggs (1968) published an interim report from Cronin et al. (1970) Chesapeake 

Bay studies of the environmental effects of overboard spoil disposal. He concluded 

that overboard. spoil disposal increased turbidity over an area of 4 to 5 km2 

around the discharge site and 'spoil material deposited on the. bottom covered an 

area at least five t:L~es that of the defined disposal area. Total phosphorus 

and nitrogen were increased 50 to 100 times ambient levels in the immediate vicinity 

of the disposal point. 

Brown and Clark (1968) observed that dissolved oxygen was lowered by a clam 

shell dragline in a polluted tidal w.aterway between New York and New Jersey. 

An interim report from the Cronin et al. ( 1970) study was also published on 

the biological effects of spoil disposal in Chesapeake Bay by Flemer et al. (1968). 
I They collected considerable background data and samples at the dredging site. They 

observed no gross effects from disposal of fine materials on microscopic plants 

and animals in the water nor on the eggs and larvae of fish, nor on adult fi$h 

heJ.ci :in cages near the outfall or caught near the <Arca. Semo ·bottom animals were: 

smothered over a wide area and significant loss occurred. Some benthic invertebraros 
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~ survived deposition and certain species began repopulation soon after deposition. 

Taylor and Saloman (1968) described how extensive dredging and fillinG in 

Boca Ciega Bay, Florida has degraded water quality and adversely influenced plant 

and animal production. A total of 3,500 acres of estuarine areas worth $1.4 

million annually have been physically eliminated by development of the coastal area 

for residential use. 

The U •\ S. Army Corps of Engineers (1968) found that hydraulic dredging in 

Bon Secour Bay, Alabama had no effect on nearby oysters. By use of silt traps 

they determined silt was transported 1,200 feet fro.11 the discharge and that the 

dredging operation, when compared to weather, was an insignificant contributor to 

the overall sediment novement in the bay. 

Gunter (1969) reviewed shell dredging in Gulf estuaries from a geological, 

biological and historical standpoint. He discussed the effects of dead shell dredging 

and stated he was convinced that the antago~sm to~ards the exploitation of this 

valuable resource was not in the best interests of the states involved or the 

nation. He surmised that shell dredging did little harm and that there is a vast 

lack of understanding about the operation. He cited numerous instances where the 

use of buried shells for cultch has greatly increased oyster pro9uction in the Gulf 

States. 

Murawski (1969) studied th13 fitness of holes left by 9-redges for finfish 

habitat . About 55 percent of the holes had dissolved oxygen or hydrogen sulfide 

conditions in their bottom waters that could not sustain healthy fish life. About 

60 percent of the holes lacked bottom invertebrates. 
I 

Although he did not recommend 

creating stagnant or semi.stagnant holes, he said some were of benefit because fish 

concent,rated in them in the winter because warm water of the fall months was rotnincd 

e in the depressions. 

... 
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Servizi, Gordon and Martens (1969) studied sediments which were to be 

dredged from Bellingham Harbor in relation to the salmon fishery in Washington. 

The sediments consisted of pulp fibers high in volatile solids (27 percent) and 
. 

hydrogen sulfide and were devoid of nonnal benthic marine life. Wnen the sediment 

was mixed with water it was lethal to salmon smelts at concentrations above 1 

percent from initial hydrogen sulfide levels of 2.3 ppm. Because of toxic hydrogen 

sulfide, high,oxygen demand and because the t:ime of air exposure during transport 

to the disposal site on barges was not thought to be adequate to eliminate hydrogen 

sulfide, they recommended that the spoil be disposed of ·on land. The authors were 

concernod about turbidity created by any type of disposal since natural turbidity 

there aver~ged 2.6 ppm and did not exceed 4 ppm. 

Sherk and Cronin (1970) compiled an annotated bibliography on the effects 

of suspended and deposited sediments on estuarine organisms which contains many 

useful references. 

Sykes and Hall (1970) surveyed the benthic mollusks in dredged and undredged 

portions of Boca Ciega Bay, Florida. Species were fewer in number and variety 

in the soft sediments in dredged canals than in the predominantly sand and shell 

sediments in undredged areas. 

Taylor, Hall and Salomon (1970) studied benthic mollusks and sediments in 

Hillsborough Bay, Florida. They stated that dredging and pollution now control the 

ecology of the bay. ~he diversity and abundance of mollusks were affected by bottom 

conditions which were influenced in varying degrees by domestic and industrial 

pollution and dredg:L~g. 
I 

Cronin et al. (1970) studied the gross physical and biological effects of 
/ 

overboard spoil disposal in upper Chesapeake Bay. The study projects consisted of 

geoloeY and hydrography, phytoplankton, benthos, zooplankton, adult fish and their 

• 
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e eggs and larvae . The final report of the study summarizes individual reports in 

each discipline . Fine sediments released as a semi.liquid by a channel dredge increased 

turbidity over an area of 1.5 to 1 .9 square miles around the disposal site. Over 

most of the area the suspended sediment load was within the range of natural variation 

observed, but at a different season from observed natural maxima . Suspended sediments 

in the top 10 feet of water were carried in a tide-related plume to a maximum distance 

of about 3 .1 miles but virtually disappeared within two hours after pumping ceased. 
\ . 

Total phosphate and nitrogen were increased in the immediate vicinity of the discharge 

50 to 1,000 times ambient levels, but limited field experiments did not. show any 

detectable effects on photosynthesis by phytoplankton. Little or no oxygen sag 

occurred except near the discharge site . Dissolved oxygen decreased from 10 ppm to 

9 ppm within the first 2,000 feet down current of the discharge. At least one foot 

of spoil material was deposited on an area five times or more as large as that of the 

defined disposal site. Approximately 12 percent of the deposited sediment disappeared 

from the spoil pile within 150. days . No gross effects of d:z:edging or spoil disposal 

were observed on phytoplankton primary productivity, zooplankton, adult fish or their 

eggs and larvae . There was a reduction of about 70 percent in the average number of 

benthic individuals per square yard and about 65 percent in the benthic biomasa in 

' 
the spoil disposal area accompanied by a marked reduction in the number of species 

present. After one and one-half years numerical abundance, biomass and species 

diversity had recovered to approximately the levels before dredging. Individual 

species varied greatly in susceptibility to damage and in recovery patterns . An 

erratic series of species fluctuations occurred at the site of jlredging in the channel. 

After one year the channel had about the same number of individuals as before clredgL"1g 

but not a::. many speciea wore present . The sediments were not known to contain any 

~ hiehly toxic metals, oils, or other deleterious materials. It was recommended that 

quantitative laboratory studies be don0 on the effects of sedi.~~nts on important 

... 
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~ estuarine species to investigate effects not ascertainable by field methods. It 

was further recommended that sites considered for future dredging and disposal 

should receive individual consideration in relation to ecological impacts, drawing 

both upon related research in o'tJ.~er areas and from adequate knowledge of local 

conditions . 

Briggs and O'Connor (1971) studied the effects of channel dredging and 

filling on fish populations in shallow estuarine waters of New York. Seine hauls 
\ 

were made over naturally vegetated bottoms and sand-filled bottoms created by the 

deposition of spoil from dredges. Of 40 fish species recorded, 23 clearly preferred 

one bottom type over the other. Most species preferred the naturally vegetated 

bottoms. 

Corliss and Trent (1971) compared phytoplankton production between an undredged 

marsh area, a bay area and an adjacent marsh area altered by channelization, 

bulkheading and filling. Average gross carbon production in the altered area 

(canals) was 8 percent higher ,than in the marsh and 48 percent higher than in the 

bay. Gross and net production were significantly higher in the canals and marsh 

than in the bay but differences between the canals and marsh were not significant. 

Godcharles (1971) studied the effects of harvesting live clams with a small 

' hydraulic dredge on benthic communities in Florida estuaries. The dredge cut an 

18-inch deep by three feet wide trench to recover the clams. The dredge uprooted 

all vegetation and the dredge tracts remained visible from one to 86 days. Some 

spots rema:ined soft for over 500 days . After more than a year no recolonization 

of sea grasses occurred :in any dredged area. No increase of cJ;un set was detected. 

No pelaeic faunal variations were found between dredged and control plots at any 

time after dredging and benthic plug samples revealed no marked faunal differences 

~ except at one station. He recommended that dredeine for clams be prohibited in 

grass areas but that it should be allowed on other substrates w.~re little ii any 

damage occurs. 
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O'Neal and Sceva (1971) investigated the effects of dredging on water quality 

in Washington. They concluded that the disturbance of bottom material by pipeline 

and grapple dredging and the discharge of spoil materials can significantly reduce . 
dissolved oxygen levels, cover or smother bottom organisms, and release toxic 

compounds in localized areas. Open water disposal from a pipeline dredge produced 

little or no change in surface water quality. Oxygen was zero in the mudflow near 
\ 

bottom. The chief visible effect from pipeline dredging was the turbidity plume 

created by spoil disposal . They observed the submar:ine mudflow around an open . 
water dredge discharge and partially described its properties. Emptying of hopper 

dredges created little visible effect on water qual:ity. They discussed retention 

of spoil by diking. They observed that the settling rate of SP-diments is more 

rapid in salt water than in fresh water and felt that development of a healthy 

benthic community is inhibited when volatile solids content of bottom sediments 

was 10 percent or higher. They r ecommended adoption of guidelines based on sediment 

criteria for detennining acceptability of sediments for dredging and recommended 

restrictions on where and how dredging and spoil disposal can be done . 

The U. S. Anrty Corps of Engineers (1971) issued a preliminary report on 
\ 

'" dredging studies o.: San Francisco Bay. Dredge material from the' main ship channel 
I \ 

· ... not polluted according to Environmental Protection Agency criteria with the 

exception of zinc which exceeded the 50 ppn standard in two of five samples. Water 

quality data collected during the study were insufficient to analyze the impact 

of dredging and disposal operations but generally they indicate~ little harm to 

water quality or benthos. 

Bardarik, Alden and Shema (no date) studied the effects of sand and eravcl 

~ dredging on aquatic life at t.~ree dredging sites on the upper Allegheny River in 

1971 . They found no effect on riffl e benthos or fishes . There was a limited 
• 

inc rcas e in suspended solids but the pH, alkalinity, specific condu.c ta.nee, hiochc . ·.en::. 
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e oxygen demand, nitrate, ammonia, and dissolved oxygen were unaltered by the 

dredging operations. 

Gustafson (1972) supplied C.ata from pilot laboratory studies and discussed 
. 

the fallacies connected with turbidity and resuspension of sediments by dredging. 

He stated recent regulatory actions concerning dredging were taken in ignorance of 

the effects of turbidity and in spite of the fact that turbidity created by winds 

and tides dwa~f those of man's activities. Suspended clays attract bacteria and 

remove from the water; oils, pesticides, sewage products (except nitrates), and 

metals. He demonstrated the probability that metals adsorbed to clays are not 

released when clays are resuspended and that organic molecules are not liberated 
I 

in amounts sufficient to cause ecological concern. Pilot experiments to determine 

whether metals could be digested off the clay by clams were inconclusive but he 

felt they were not. Several beneficial effects of turbidity in addition to 

adsorption were presented. 

Oleszkiew.i.cz and Krenkel (1972) studied the effects of sand and gravel 

dredging in the Ohio River. They concluded that the physical, chemical and 

biological characteristics of the river were not altered to a significant degree 

by dredging and that other environmental effects were negligible or non-existent. 

The only increased water quality parameters were turbidity and suspended solids. 

Stickney (1972) studied the ~ffects of intracoastal waterway dredging on 

ichthyofauna and benthic macroinvertebrates in a Georgia river estuary. No effects 

of dredging could be demonstrated on motile organisms capable of being captured by 

otter trawling. The patterns of seasonal occurrence and dominahce of specific 

organisms appeared to be consistent regardless of whether or not dredging occurred 

in the area sampled. Control stat.ions often showed more variability in diversity 

durine the period immediately before, during and after dredging than did the 

experimental stations. 
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Windom (1972) evaluated environmental changes resulting from dredging 

activities :in a salt marsh estuarine environment of the southeastern Atlantic 

Coast. He investigated the chemical response of salt marsh sediments to the 

deposition of dredged materials and the water quality response to the dredging 

and deposition of sediment. He tentatively concluded that in naturai and 

relatively unpolluted areas dredging has no significant effect on water quality . 

whether diked or undiked confinement techniques are used. Water quality 
\ 

impairment caused by dredging activities in polluted areas in marine environments 

does not necessarily bear arry simple relation to the composition of the sediments. 

In order to evaluate the possible effects on water quality of dredging in a 

particular area specific information must be obtained in that area. No general 

criteria can be set up for dredging in marine waters until a significant variety 

of dredging situations has been studied in order to have broad experience in 

possible water quality effects due to dredging activities. The time that the 

water mixed with the dredged material is allowed.to stay in an enclosed spoil 

area will greatly influence the quality of the effluent from the spoil bank. 

Dredging of "polluted11 sediments does not necessarily impair water quality in 

estuarine environments. 

Yeaple, Feick and Horne (1972) simulated dredging operations by dipping a 

tablespoon in small aquaria. They added 1 00 ppm to 1 85 ppm mercury as HgC12 to 

the sediments and found that mercury increased in the water after stirring. They 

stated that some mercury will undoubtedly be released during a dredging operation. 

They discussed the chemistry of mercury especially as influence~ by the oxidation-

reduction systems and recommended that if excessive concentrations are encountered 

the bottom be treated with binding agents before or after dredging to hold the 

e mercury in the sediment. 

... 
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Gunter (in press) discussed the use of dead reef shell and its relation 

to estuarine conservation. He refuted public objections to shell dredging and 

stated that the operations vary .:'rom innocuous to highly beneficial. After pointing 

out the invalidity of objections, he said people opposed to dredging on those 

grounds should be taught carefully and patiently and, for the time being, for 

the general welfare of everyone involved they should be ignored. 

\ 

PRESENT STATE OF KNOWLEDGE 

Some of the previous studies supply important information about the effects 

of hydraulic dredging and spoil disposal and others do not. Many studies have not 

given proper consideration to the basic principles which influence or detennine 

the effects of dredging. The interrelationship between the physical, chemical 

and biological considerations has not always been properly emphasized and rr.any 

findings are inconsistant. As a consequence, some of these studies are misleading. 

The conditions under which Yea:ple, Feick and Home (1972) experimented with mercurJ 

release do not apply fully to most actual open water dredging situations. The 

concentrations they used are very nmch higher than has been found in open estuaries. 

However, their discussion on chemistry is informative and such laboratory experiments 
' 

will eventually contribute to lalowledge on dredging if all conditions associated 

with or produced by dredge discharges are considered. Some such experiments were 

outlined by Gustafson (1972). Some studies have drawn conclusions about the effects 

of dredging which were not suppcrted by their data. For instance, O'Neal and Sceva 

(1971) supplied very little data on the effects of dredge disc/{'arges in open water 

or in diked areas but rather sa....-npled around the dredges and in undredged sediments. 

They stated there were no significant water quality problems associated with 

dredging alonG and that most of the problems arisG in the spoil disposal operations • 

• 
.... 
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However, they made little distinction between the °b-To and took only one sample 

from a diked spoil disposal overflow for limited analyses. They took several 

samples of sediment for chemical analyses before an open water spoil disposal 

project but they ran only turb:..dity (JTU) and dissolved oxygen in the disposal 

site. They collected no data on release of toxic compounds or destruction of 

bottom organisms nor did they find significantly reduced dissolved oxygen values 

outside of tl\e mud.flow. Their conclusions and reconunendations, however, do not 

reflect this. 

Several investigations of suspended material from dredges have given little 

or no consideration to the important processes of flocculation and density currents. 

Consequently, some investigators have mistakenly stressed that current direction 

and velocity detennines the distance spoil will be carried away from a dredge. 

Silt traps and some measure of turbidity have ·been used in many studies to measure 

conditions which have little application to the overall process of spoil dispersion. 

Sometimes only surface water samples were taken in an· erroneous concept that the 

visible plu.~e and dilution were representative of the entire sedimentation process. 

A major concern about open water dredg:ing and spoil disposal is whether 

or not it adversely affects the biota and some studies have been done on the direct 

effects on benthic and pelagic plants and animals. It has been shown that no serious 

effects occur to nektonic orga."lisms and that benthic arrilnals soon repopulate dredged 

areas. Mobile Bay and other t-.irbid estuaries of the Gulf contain few ii' any 

rooted plants in open water so the destruction of grass beds does not usually present 

a problem. Oysters, of course, are killed if dredged up or biried. However, the 

appr~~ch to detennining the effect of dredgine on aquatic organisms has often been 

over simplified. Although there has been a lot of concern expressed, little has 

been done previously to determine whether or not high concentrations of potentially 

-,. 
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deleterious chemicals in the mud are actually released into the water and made 

available for uptake by aquatic organisms. If dredges ore to cause other than 

physical effects on aquatic organisms it will be done by altering the quality of 

the water either immediately or with time. 

Consideration of processes which regulate the exchange of chemicals between 

mud and water has frequently been neglected in dredging studies. Because of this, 

the effects ~f dredging on water quality and biota have not always been properly 

defined. Some emphasis has been placed on physical alte~ations but even so, there 

are few data on the long-term physical effects.of spoil piles on water circulation 

and other ecological parameters. Changes in salinity and water circulation by 

channel dredging and spoil disposal have been generally overlooked because of 

difficulty of measurement and a lack of historical infonnation for comparison. 

It is of basic importance to the understanding of open water spoil disposal 

that the movement and fate of sediment suspended by dredges be considered in terms 

of how it chemically and physically alters water quality and there.by directly or 

indirectly affects aquatic biota. Fortunately, several studies have been done 

which, although they do not pertain directly to dredging, are of considerable use 
" 

in evaluating the effects of dredging on the aquatic er.v1~on.~ent. 

METHODS 

Analytical procedures used were those described by the Environmental Pro-

tection Agency (1971) and Taras (1971). Except for suspended solid.3 and some 
I 

... . \ ' ' . . ' . ' ' 
of the phosphorus analyses, most of the laboratory analyses weye done by the 

.\ 

Environmental Protection Agency, Athens, Georgia; the Corps of Engineers, Mobile, 

Alabama and Waterways Experiment Station, Vicksburg, Mississippi; and Gulf South 

Research Institute, New Iberia, Louisia...!a. Total phosphorus was detenn.incd by the 
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ascorbic acid method. Dissolved oxyg0.n was measured using a sulfamic acid modi-

fication of the Winkler method (Swingle, 1964) and a YSI Model 54 oxygen meter. 

Technical assistance was provided by the Environmental Protection Agency in taking 

~ediment cores and dredge samples. The study period was from June 1969 through 

January 1973. The field work was divided into two broad categories; (1) background 

water and sediment samples, and (2) water and sediment samples around active dredges. 

\ 
Background Conditions 

From June 1969 through November 1969, natural background levels of water 

quality were established in Mobile Bay, Mississippi Sound and Bon Secour Bay 

with special emphasis being given turbidity. Also detennined were dissolved oxygen, 

salinity, pH, temperature, wind>and sedimentation using funnel silt traps. Silt 

traps were found to be unsatisfactory for determining suspended solids or sediment-

ation rates for the same reasons stated by Masch and Espey (1967). Fifteen 

fixed stations throughout the estuary were randomly sampled at least once a month 

from June through September 1969. The general procedure was to sample a group 

of stations for several days in succession. An average of eight samples were 

taken at each of the 1.5' stations during July and August 1969. Samples were taken 

at 10 stations in the vicinity of the shell dredge for a three-day and an eight

day period in July 1969, and one day in August and November 1969. 

During the second phase of the study 14 stations in Mobile Bay were sampled 

weekly from March 1971 through July 1971 for salinity, te.ilperature, dissolved oxygen, 

turbidity and suspended solids. Extensive dissolved oxygen datlcl were gathered 

t.hronehou t Mobile Bay from June 1971 throuGh September 1 971 . Bottom cores of 

sediments for chemical analyses were taken in October 1971 at 1,5' locations in 

Mobile Bay and water samples were taken at 17 stations (Figure 1). Additional 



suri.'ace mud sar.1ples and bottom cores 1;ere taken in Ha.v 197=' for biolo~ical, 

physical a~1d chemical analyses (Figure 2) . Three water samples for hea.vy 1 etal 

analyses uere collected in November 1972. 

The bulk of the earlier data and station locationr, are unpublished (Alabamc.. 

Mar.lne Resources Division). The pu:r.pose of collect:i.J1g considerable· bac~q;:rounci. 

data was mo.inly to determine r anges and averages of natutal para11.cters uncier various 

condi 'Lions in\ order to make a comparison ·with conditions 1·csult:Lng from d.rcclgine 

and presentation is limited to such. 

Drod?,c Sc.imlcs 

Throe hydraulic dredging cperations in Eobilo Bay uore sampled intermittently 

fro::n September 1971 until October 1972 . 'l'he operations sampled represent the 

predo::Jina.tc types of dredging activities uilich are responsible fo;.· most open water 

spoil d.isposal in est.uarics . These included an intracoastal watenmy r.1"1intcnance 

drodge, a ship chan."1el maintenance dredge and a ::>hell clrcclr;e (Fit;ure 3). Su.rn.1,:Jlc .. 

of .:-... 'Tibicmt condi tiom; uerc taken at locations outside tl10 influence of tho clrcacc 

at the so.me time tho drndgos were sampled . A single camp]<:: of the effluent of <• 

shell dredge operating in San Jin:~onio Bay, Texas was tn.ker~ in Febru~ry 1972 . 

':'no dradging operations in Alab<®a \1ere usually sampled using a prncict..c ri. · 

rad:ial grid pattern (Figure 4). A tronsct was used to orlent the grid L~ rel·i ,.._..,,; 

to rr.~enetic north and to establish 22 . 5- degrco radii nrounci. tltc dicc!.ttrt;e . 'J c 1..: 

t!'avcr.ses uere established with the discharge stationary and uore useci c;.s s, )1" 

lines . 'l'hc distance of each sample station from the discharee' was oGtermine l 
ffi'I 

with tho dredge in operation hy usiJlC a Tri spender:.- 202/1. c..utomatic dis cane.• r 

e sy:.tcm . 1:lo.tor samples \:ere tr..kcn < • .:i; the desired dcpt.h uith a Vru1 Don1 wat.c:c 

:.: plc1· o.t·L:icl.cJ to a c::tnc polo . s~m1;-ilc0 wuro co~IJc:c.tc<l frorn a 52-.L'oot_, ,,('1L·-



from the discharge, number of traverses and the depth at which sa.rr.ples were taken 

varied depending on wate:r;- depth, the kind of clredgine operation ana the 1.ype of 

c..r.alysis to be performed or. the s&.mples. 

Water samples were taken out to a distance wh~ch uas obv-lously beyond "10 

inf lucnc(l o.r the dredge . The grid pattern was extended in a clircc tion du;·.n cur-.. :cn" 

from "Lhe drodgo in some cases for distances up to several milea . This uas :::;or,1e;,ir1.c..:..> 
\ 

done by obscrv-lnb the visible surface plume from an aircraft and cstablishin0 

stations by radio command to a sm~ll surface vessel . 

Analyses conducted on the boat during ~ampling included salin:i.'L.y, t.cmpcrat.1 .... \., 

pH, Eh, dissolved oxygen, turbidity, a."1.d occasionally carbon dioxide and hydroeen 

sulfide . Direction and velocity cf water current and Wind were also recorded. 

Luborator.r analy.;es of water samples included turbidity, total suspended solids, 

volatile solids, particle size, he&V'.f r.iotals, total phosphorus a."1.d total Kj...,ld.:-.hl 

n:it.roeon. Jrnalyscs of botto~n cores included volatile solids, cher:iicn.l o:-:-yi;cn 

dcmo.ncl, biochemical oxycen de;aand, total Kjeldahl nitroccn, o:x:idizablc nit_~or;cn, 

org<:lnic C~.irbon, oil and t;rease, heavy metals , pesticide::;, colifonn bactcr-lc., 

benthic ncrobcs and in-place density of mud. When appropriate, mud <ind water c.· ..• 
1

) 

for chc!'U.cnl analyses uere i'rozcn in the field (Taras, 1971 ) . 

In nddi tion to ~amplos from Ala.bmnes., bottom rm1c'ls were analyzed .for ncr.vy 

1 .• ctals from Florida in '.i'@n_pa Bay, Choct,awachue Bay, J.po.luchicola Day, .i::;c~ .. . ~: ~· ::.. y. 

:Cast D.-y Pen~;mcola, Ucst Ba~r Pensacola; from Hississippi jn Missim;jppj Sou i; 

from Louisiana in Lake Pontchartrain <.nd Atchufalaya Bay; from Tox.-.s in G[ lvc::. uo 
I 

Bay ar,d San Jmto;Uo Bay; and from neo.::- Co stn Blanca, Cc.."llpache, Mc.:r.ico. 'l'lw:w 

::; •• 1 plea •:~re coJlectcd :in Janu::-.ry and :i'ebrl1ary, 1972. 

sampled on 2L September 1971. 

,, 
,. 
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contract uith the Corps of ~n8i..~cers . Maintenance dredging ar:iounvinc ~o 

5 million cubic yards was being done in the Louer Reach o~ the Hobile Sh.;.p Channel 

ncc.r beacon 111411 about18 miles south of the mouth of the Mobile Hivcr . '.. .. c :- ·e 

was r0::noving ;,,uo feet of sil·~ frora tho bottom of the l.O- i'oot channel. ~nci C:.:.:::;.,,,: __ _ 

spoil about 2,000 feet west of the channel. The droclgu has a p\;mpinc c.:92.c~_ty o.: 

ov~r 311,000 g;:.:n. 
\ 

Tho cho.nnel dredge Arkansas was sampled on 1 7 FehrtlUry 19?2. The drod[:o 

ho.s a capacity of over 20, 000 gp::n und is oimcd by W:Llliams-:McWillia1nc, Now OrJnrnr:, 

Louisiana . This project consisted of maintenance dr~duing of approxi.~ately 738,0' J 

cubic yards from the Gulf Intracoastal Water,·my to a project depth of 12 feet. 'J.'ho 

drcdGC uas operating under contract rd.th the Corps of Engineers in Bon Sccou.r i3~i.y 

near bc<...con 11 202 11 and was discha:-ging south of tho channel. 

Tile shell dredec Mallard was sampled on 30 Septa. 1ber 1971 , 3 t:o·:c:-.bcr ~,. ·n , 
21 January 1972, 29 :.~arch 1972, ·,1 August 19?2, 20 Aprll ·1972 , 13 Octooc::..~ 1972 L.d 

5 Ja.:.:.uary 1973. The dr8dge is mmed by Radclif ..... · !fa tcrj als, Inc., Eobilc, ;'8_[.J.:'· 1 

and operate.:; under contract vrlth the Alabama Department of C9nsc:r1a1..ion and };at.t,-. .J.. 

Hcsourccs . All but the 1973 drcd.Ge sronples were taken vJh:Llc tho clrecJ.ec wa:, opornt.i11,, 

on thu \~c~;t side of the sl.ip channel south of the liollingcrs fo) and Bart;e Ch;;;,,nol 

in 1.<p;>er Xo~)ile Bay. The dredge had operated jn i.hc same general area s:i.11cc 

::o 11.;;rr,ber 1970 and mov.;d east of ·.:.he sh:i.p channel in Nov"',1ihcr 19'/2 . '.Che ~:all· re: 

has a total pumpj :ng capacity o.: h 1 , 000 gf.h'7l with a. produ ~j on capaci t.y o:i ovE r 

800 cuh· c yards of shell per hour (304 cubic yard c...vcrage) and is one of foe ]· J'i 
I 

sLcll dredGos in the •mrld. 
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An understanding of how dredging alters natural condition{; must be ?l'eccded 

by a consideration of uhat the natural conditions are and ho\1 nat,urr.l processes 

af~ect existing uater quality fu~d sediment characteristics. 

The general sedir.lentology of Mob:i..le Ray was s vuaied by Ryan ( ~ 969) <>.Jld o 1.1: .• ~ 

po.per:-.; contc.ining hyclrographic data on Alabama wc.ters wcr1.: c:i.tco by l'~y (197'1 ) . 

\ 
The gcolor,y of the Alabama coastal plain was reviewed. by Carlston (I ~50) ai.J Copc:.:ir.o. 

( 19613) . '!'he major source of sedinent entering :Mobilo Bay is the Nobile-'l'en~JO.iT 

River System which drains approxinat;cly 44,000 square milec. In addition, :::horo 

erosion and biological processes contr.l.bute considerable &.mount:;, o: sedir,.cr1t . ~':1e 

bulk of bay sedi.r.lent is clc..ys and silty cl&.ys except near shore \:here it is mo::;t:._r 

sand . ?he general pattern of stratigraphy a.~d sediment cl:i.stribution coni'orr:is to 

thct of other G011.f bc.ys (Ryan, 1969) . Tbe bottom composition is var=:_ablc ujt,h 

depth ~lhicn reflcc·t,s several thousand years of sedimen~tion processes . 

'.i'nc character of sediment influences tho distribution of r.ri.ncrc;.ls, ort_,a11 · c 

rnatto.c r..nd biota . The chemical properties of sediments nre lo.reoly cleter .. cincd ~1y 

the kind uncl si7.e of particles because of the &fJ~inity of clays for mo.ny mater:Lc. 1:-. • 

For instance, tho cation exchange capabilit,y of vom:i cuU.tc is about 100 t.:i..r.1c::: 

gr0ater than quartz (Nelson, 1962) . Conscqucnt~7, the bch<i.vior of difi'cnmt ccrh ". 

in dr0dgc effluents is different . 11.lthough the ln:ineraloey of secliment is oZ a.,, r 11 r. 

in ter.:ist, the most important po:L1 cs in rel.a ting sedilllent types to dr.;d~~ing i.:; 'v ie 

pc:.rccntaee of clay <14"'ld silt to s~nd, and the chem:ical quality of the sociiJ,1ent t.o be:: 
I 

dri;;ugcd. 

'.J.'nc .sediment overb·1rdcn in are.:.s whcr0 shell dr1..:dglni.; :in done in )!obi lo .1.V y 

v:-r.:.0s fro:n predomin~ntJy s.:md to fine cl:1y and :>iJ.t. Nearer r;hqre, cancl prcCo .. i. · 

... 
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wh·i.le clay a."'ld silt fract,ions make up j •• ost of 

the six-foo., contour. Within limits, the composition of the ovcrourcien is o.l :or"'-

most :i.Jnportance in deten'llining tne dispersion and deposition of dredGc ef~lucnL . 

1·1hen overburden materlal is composed mostly of larger particles , they arc dci)osi tccl 

in the immediate vicinity oi' the discharge . Bits of shell which may make up a 

large percentacc of the discharge and sand larger than 125 rnicrons settle rapidly. 

Particlca loss than about 62 microns may be transported in the mud flow but :.;cttlc1,cn .... 
\ 

of tho larger particles nearer the discharge is apparent as data from a single 1i.i1c 

o; srun.9J.os indicate (Table 1). 

A.."'l&lyscs ol Background Bottom Cores 

Sediment cores ·.-mre taken at stations shmm in Ficuros 1 and 2 arid ar.alyfJP.s 

are ahoi;m in Tables 2 and 3 respectively. It was not a rr.ain intent to uno those 

date. to sho~·r the degree of pollutj on of the sediments or a lack of it., but rather 

to provide a framework for interpret:.;.~ing the re:h.tlts of dredge effluent sample:-.. . 

Howovnr, none of the sediment components wore s:Lenii'icrntJy di.2.fnrcnt tlwn tho~;o 

ruportcd from other bays : volatile solids (lfack:i.n, 19G2; Wh::..tc, 1966; Gunter, 1~6?; 

Eugg0tt, Bendc:i.· and Slone, 1971) ; C.O.D. and orennic co.rbon (Volkriann anci. Op;)cni' •1,. r, 

1962; Bi~gs, I 967; Virginia Ins ti tutc of Harlnc Science , 1967; 0 1 i.co.l D.nd 3cc· ... , 

1971); pesticides (Bu.tlcr, Child:..~cso, and Wilson, 1970); h0avy ~Gt,al0 ('::::.:,,i ., ·er, ' 

Heavy i.ctals i:cro little d:iffercnv t.han single sodimenc :"i.'.Jl'iip];rn froJ. ot.:.01• Cut.. r .. ~· 

alo. g l.he Gulf of Mexico 1rlth the possible cxcoption of z:i.J1c (Fi~UL'1,; 5). Tiles(~ 

data are intcrootin~ but their use i'or co.:nparioon is l:iJ d tcd since they are b· .;cu 
I 

0,1 si! • ...,le sur.race sanplcs . Zinc, for ~ns"W.ncc, ranged f;com 10 to 18L ppm in JJ<-

bru:ia en·~ .arinc sed:ilr.onts so it is apparent that. additional sa;,1ples u.ro oc~Li r,,Ll • 

fro, l o7:1"'r areas. There was no consis·~.:i.nt rc1Htio~1ship betirn0 .. n 1i..:. ~3ll:i c concr11 · r t~ .. 
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e decroased slightly 1-r.i.th depth. Mercury showed a slieiu. :increase 1·rith ciept11 . 

cides Here either not detected in Alabama or were found c:.. t very lou levels . lu-r.ong 
c ',,. 

all detected pesticides, low levels of DDI' or its metabolites (less than 0.02 avcrug..:) 
i\ 

were most :frequently found in the sediments. 

Jmu.lysc::i of Ba.cl:r;round Hn.ter S31:i.ples 

Hesults_ of analyses of water samples collected on 22 October 1971 c..t. 0~10 

stations shown in Figure 1 are presented in Table 4. Wind varied from 2 to 1 0 

lmot.s during smnpling . Total suspended solids av0ragcd 39 . 6 mg/l and volatile 

solids were 9 .6 mg/l or 24 .2 percent. Addi t:i.onal samples 1vere collected for 

cletenr.ina·i,ion of ambient levels of water quality when dredg:Lne ope:cc..tions uore 

investigated . Ambient levels are dif'ficult to detennine because of the spatial 

var-.i.u. tion in parrunete:::-s. If samples are taken too far c..way from the dredge, 

ch'1.rcictcrist.i.cs such as water depth, salinity, discolvcd oxygen, etc . may be 

di:i.'leron'v ·i..hnn those which would normally be found at the drode:i.ng site . 

(a) Bc~vy Nct~ls 

Tne data indicate an increase :i.n mercuriJ ancl po:Jsibly chromium 

in the lower part of the estuary (Tables 4 and )) . This trend 

was also observed for r:ietals in the scd:i.Jncnts (Table 2) but 'vho 

cause is uncertain in both cases. Dr Itr:i. ( 1972) reported na ti.11.·nJ. 

concentrations o.f mercury in seawater us r<mf,ing fro111 0 .03 to ).0 

ue/kg i:-rlth a nor::ial mean v.s.lue near 0 . 03 ue/Jq~. He also stated V1~ ., 

the anionic co11:plex iojJ.S o.f racr0ury found in sem·rat.er do not uppear 

·t,o a<lso1·b to p:irticul::...l";e m~.tter as ror.clily ll:> tho C<d·.ionic for.nc o-.~ 

morca:cy found in f'realioGA.tcr. Usin~ lovvl[> Ju\~ch h:i !_'r ier thc.n -::.ha i.~ 
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orders of magnitude . The effect increa::;ed as the mercury b-..m:icn 

on the sediment was increased . Huggett , Bonder and Slor.e ( 1971 ) 

sugges tecl tha. t cs tuari~<c sccli:. en ts arc more closely rcla tcd to 

oceanic than fr~shwator sediments with respect to mercury·con-

ccntrations . Wolfe and Rice (19?2) suegested th;it since scm1<...ter 

contains less of most mot;allic elements than estuarine Hutcrs, 
\ 

net loss from the es t uary probably results but ; :if on the otho:c 

h<md, the coastal or estuarine waterp contained an excess of un-

complexed organic material, seawater r.tleht rop:cescnt an input o.~ 

ionic metallic elements which could accumulate :i.n t,he estuary 

through scci:L'T.en·~c...tion or other processes . 'i'his may be the case 

in Mobile Bay or it may just be a reflection of a highc~ rate 

of sedimentation of clay and organic matter in the lower estuary 

and a hieher solubility in more saline water. 

(b) Su1pc;1dcd Sol·ids 

1rfoekly s~~11plos at 14 s v vlons in Hob:i..lc Bay from Dece;1,ber 1970 

through July 1971 showed that total suapcndod solids varied from 

2 mg/l to 133 me/l arid averaeed 27 mE/l on top and 33' 1u~/l on 

bottom. Those values fluctuate widely with ff.ind velocity u!iich 

causes bo ttor;i scd~.r,:ents to be rcsuspcmdcd by iiavcn . Volatile 

solids, wnicn c...re a:n index of the oreanic matter in the 1:atcr, 

ranr;"'d fro::n 1 to 36 :ne/l e:o.nd averaeed 9 r.ig/1. Volr...tjle soJ ids 

composed 29 percent o~ the total su~p'3ndcd soJids . 

(c) 

s~ ipJ c.; 1:cr0 ·l.·tkcn -~~1dor va:r:i.ous ccmd:i t. · o. :> or u.L'1c~ an<i i'.i.VL'i.' .l'] r .. 

• .. 'I • °'•I 
l II t' 1.U.1 ( I vJ 
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ranged from 1 to 90 .F'U with mi average of 23. 'l'urbidity cou.ld. 110t b' 

accurately correlated ui th Hind velocity or river flow. In a scpa_·n te 

study Bault ( 1972) reported U1at Mobile Bay c..veragcd 22 .3· JTU in 1968 

and 1969 with a range of 4 to 250 JTU. 

( d) Nu tricn ts 
\ 

The concentration of selected nut:cien-i,s in Nobile J3ay waters was 

determined from month1y samples froln Aprj 1 1968 through M:arch 1969 

(Bault, 1972). Nitrate- nitrogen ranged from zero to 232 u~/l and 

averascd 67 .3 ug/1. 'i'otal phosphorus ranged from about 8 ug/l to 

287 ug/l and averaged 77.5 ug/l. Total phosphorus in the bottom 

· .. raters averaged 91 .4 ·ig/l. 

(e) Dis~olved O)\'fP.en 

Dissolved oxygen was taken throughout the estuar.:r at least once a 

week from December 1970 throueh September 1971. Concentrations 

ranged fro::n zero to 12 me/l. Samples were taken almost daily in 

July and Aur;u.st 19 71 over all of Kobile Day . To'i.,nJ. oxn;rm cicp:.c v.i.or1 

in bottom water was found over larc0 ~rcas in the upper bay fro,, ~ui.G 

through Sept.ember (:i"{ay, in press) . Tho only deep arc~ in ·~he 1::\DCJ.' 

tuo-thi.rds of the bay where tot.al oxyt;cn dcplct.ion was not. found uas 

in a f'our square :r...ile area around t.he shell drudge . 'i'hj s w.:i.s lil.1..:ly 

due to mi."::ine of tl'le ~:ate:..~ by the drcd._,e and tender poa ·~ • 

(f) p!f 

· ;}J.r.i.ng the same pcr.:..od, pH from the ucek1y sampJ cs ranecn fro.,1 6.1 

to 3.) U.."'1.d · vera(v~d 7 .3. B<-:nJ.t (1972) rcpor~ed a1 averi:l.[;e pi~ of 

'{. O in 1968 .md 1969 . 

.. 
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Pc!'ltic:i.dcs 

Chlorinated pesticicle:3 were either not detected. o:r· were found at. 

very- low levels in all }fobile Bay water and bottom sedir.mr.it::> in 

1965 and 1966 (Casper et al. , 1969) . Total DDT was detec"ted most 

frequently w'ith a medi'1.Tl of less than 0 .001 ppm in the uatcr. 

Other pesticides were either not detected or w~re found \r:i.th a 
\ 

median concentration of loss than 0 .001 ppm. All oy.:;ter cru,1ploo 

collected in 1968 and 1969 (May, 19~1) contained detectaolc rcs~u~r-~ 

of DDr. However, the maximum level o.:L DDT uas lower tne:.n e:_~nt o.Z 

the 14 other coastal states monitored (Butler, in pre ...... ). 

OBSEP..VATIOi\S OF SHE'LL DREDCD.G 

Jcr.1h:i cnt Cond:l tj on~• 

On 30 Septe..'1iber 1971 measured winds v.cre from NE to E at 1 to 8 knots . " . .. l,;. 

durine; ~.,he sm:iplc period was falling and the current increasca from 0.2 :Ir.not at 

10 degrees to 0.5 lmot . Salini:0y was approxirnatcly 7 . 0 ppt at the sur~lce rod? . ~ 

ppt on bottom . 1-:ater tem!)eraturc avcrltgcd 28 . 0 C at tho :mrf<tce r..nrl 27 . i3 C C1" 

i..hc bo'Lto;;i . Dissolved OJ...-ygen was 7.5 ppm at the surface a .. '1d '( . 0.:pJ.;". en ,;-r ·:? 

p I 'tjas .:.bout 8.2 at all depths. Ambient levels o:i: toto.1 su::;pended coJici.s t· ::r 

right angles to the current direction 1, 2 and 3 m .. i.lcc from the clrec:r,c ~re~· l i. 

variable bu·(, ~.vcraged about 7 mg/l on the Buri'ace <mci 12 me/l near botto. i ,.:.·cl. \ ., 

nbou\, thr0c times loucr vhan the ar .. nual av1.i1·ci.Gc . Vo1at.~ le r.o]..i els \Jere 36 and 2? 
I 

pcrccm, on to
1
') and bottom, rec pee tivcly. W;,t.cr depth H:J.S nliou·t; 10 l'oct al.. l11t'• n Jr>. 

W<.l tc1· ~u~cl the [;ectimcnt. overburden o ,'..,r the nliclls r< need froin 6 to 9 f 0et. 

• .. • •• ' ' ut. J. • 

On 3 l.ovember 1971 mcasur0d ldnd., ucro N 20 t.o 25 k ots ui th gus G s 
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.i;i cxccoo or 30 knots blou shells off the convey-or belt oC the drcd~c ""'' ci·,-a\c 

co •• di"viom: hazardous to operations. The tide uns falline durinc U1e srni.plc p<?r.:0d 

fro.n 10 degrees at 0 .3 }mot and 0 .2 knot at the surface and bottom, rl'.!spec 1.1iVL ... ;.·. 

So.l'.i.r.i ty was highly variable at all depths duo to ~r.i.nd :mixine . Dot to:-l sal:.;:i ·,,y 

ranged from 5 ppt to 25 ppt '.·;it'h a meciian of 17 ppt . Water temperatu1:..e <.tveracca 

21~ .5 C at all depths . Bottom dissolved oxygen was abou'1.1 $ .8 ppm. 'l'urbicli-vy 1.as 

50 JTU and pH \-lD.s 7. 8 at all depths . Background levels of cucponded solids \:cro 

unu.::;uo.lJ y hich even for a wind.y day. Samples one mile north of the drcd[.;e \·JC.!:.r:'v 

156 lrlg/l on tho surface and 196 me/l on the bottom whi.ch wac about si.X times 

hit;her than ·i;ho annual average . Samples near bottom over 2 , 000 feet west of 'l-:.e 

dreu"e avcra0~ed about 250 Thg/l . Volatile solids were 17 percent · · ~ I.I ~ • (: I ~ .. 
On 21 Jarn1ary 1972 winds were calm and there \1as a neaptide . Current \·:as 

1\ 

northerly at. 0 . 1 to 0 .2 lmot. Sa:inity was 2 .3 ppt on the surface and 3 .9 p:y·c. 

on bottom. Temperature was near '1 C at all depths . Disoolvcci. oxygL:n i:.:.s 9 . 0 

at the sur.L'aco and uas 8 .9 on bot·com and. pH avera.e1..d 7 .7 <1t all depths . ~ollal 

suspc:nd.:)d solid::; wero var-1.-.ble and r anged from 37 to 81 in~/l at all c1o:;:)ths . Tl.le .,1... 

fairly hich :::n.i.spendod solid levels 1·.rere due to a roccnt frcshe·~ . 

Pcrt.incn t baclq;round inf om,at i on f'or the ot.her snmple periods is reporkcl 

Hi th the dat,c... 

'l'urbidity 

Surf ace a."lci Jr.id- dept:1 turbidity measured on a very \rinciy do.y (3 Nove::nbcr 'i 9'/1 ) 

d.i.d not. exceed the a·11bien'1.1 of 50 J'.W b0yond about LOO .f ect from the o.·· :::cnaree :in nn 

dir~ c'vion or beyond 200 feet in most dir.::ctions. I 

'furbl0.ity nca::mred on c.. Cc.lr:i ci.CJ.y (11 August 1972) at the surface clid 11ot 

c:v::c:c.L:d 1? .TTU at .. distances bGyo:-,a 400 .L'ec'v from the di~; charge . Sc>Jnplc ..... u.t. iii o-

... 
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400 foot . 

Turbi dity was measured down currcn t and dommi nd on 13 0 ctober 1972 ui th 

w:indc ID.!-w at 7 knots at 8 : 00 A.M . which increased to 13 knots by 2:3Q P .}!., the 

end of the sampling pcr..:.od. Samples were taken at approx:ilnately mid-depth (5 feet) . 

The) t,idc ho.d been failing 9r. hour:;; befo::-e sU.":lpling and reached predicted lou 

opproxi.l11ately ~2 hour after samplir:.g ended. Ambient turbidity was about 6 to 12 

JTLJ durinJ the first hal.C of the sample period and increased to about 14 to 20 

JTU during the latter half . Samples were taken out to 5,000 feet fro;-:i t:1e a..:.~-

charge bat on this particular day the plume was visible for about 5,000 ;cct 

beyond this distance. The bay was unu:mally clear on this d3Y and the plunc ~::i.: 

exceptionally pronounced visually. Natural levels ( 90 J'I'U) uerc exceeded out. ·c.o 

800 feet from tho dischar5c and axr..bic:nt and the annual average (23 J'l1U) were 

sJie;ht}y exceeded beyond 5,000 feet (Figur~ 6) . Three adjoining st,ations had hich 

lcv~ls at a distance of 1,500 feet but thiG was possibly due to disturbance by a 

p.:iss.inJ boat . 

Under norr:ial conditions, Hater affected by the dredge cwmot move a dict·rcc 

g.re<:r~cr than the tidal movement in a 12-hour period since 't-he water rr.ass :rcvc..r ..... 

dir ... ct.:i.on c..t the end of a tidal cycle . Based on a tidal velocity of 0 .3 ;mot t' 

diskricc ~rould be 3.6 nautical miles. Ho; ever, ~1inds and floods "4l'O knm.n vO Ji, 

an influo11ca on m1ter movc.-r.cnts <.:.nd this distance is occ;~:,ionalJy greater or le.; ... 

Sur:T) "1dctl Eio:ias --'-·------ -
I 

'i'l10 horizontal dict,ribution of to'\:.nl sus:p:::ndod solids w~v; clet01•1fdn.cd 011 ~t 

l\.;)<i.tivo~y calm day (30September1971) and on a very11:indy clay (3 No·.'L.mbcr 19'(1). 

On the calla day total su.,pencled solids at the surface i ore lc:::;s t · n 1 GO 

I, ""'c ""o~ 'h 0 ,.H~,..,..~ ... ...,.e (i;-1· ,...,u~· ... 7) •,.-v ..... u v ..a.. v .Lt;; \.~ .............. -- u ... u • - • 

... 

I 
/. 
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e eXCCCdCcl tnroughout the bay on w·.i.r1dy days and dur....ne fre'"'HOt.S. Amb. C"'lt J eve} R l11? 'tJ 

exceeded un t.n ::> .AOO feet from the dredge but at distances greater than 1,200 feet, 

the level.... ~ss thun the 27 mg/l average for Mobile Day. The sur...:ace roaciinl.>.., 

l·:'hich woro above a:nbient were v-d.ttin the visible plume uhich mis no-.:-iccably a~;cc vt:ci 

by curre::1"C. and w·ind direction. 

Total m.icpcnded solids at mid-depth were hic;her and :ir.o:r.e wiclcJy o:int:..°':llJ ,. 

th.m at tho sm:faco (Figure 7). Values over 100 m6/l extondcd up to 800 feet f1'0.: 

tho c:lischarr,o. Ambient conccn-0ra t.ion.s wc:c0 e.xcocded out to 2, 000 feet in sornc 

dirnc·iJions. Those data show that most of the drnclge effluent settled vcr<J rapilll:r 

from the upper part of tho water column. The combined avo:raee of all top and 

middle s@Tiplos between 200 and 800 feet from the discharc;e was 60 mg/l which uas 

only 0 .1 percent of the average concentration on the botto1n samples at tne same 

dist<lnces. Within 100 feet from the discharge tho concentration the surf ace 

i~as rvduccd 98 .5 percent c..nd by 91 .0 perecnt at nd.d-depth. Over 90 percent.. of 

t! o ::;oJ.i.._.::; fall to near the botto!n immediately undor the discharge and about 96 

percent irl'vhin 200 feet. Thus, dilution docs not, sienii'icn.ntly convribuLo to a 

decrc.:.::;e in the conccntro.'..,ion of suspended soliclo ::;ince ::mfficiont:, vmtor i:; not 

o.vailabJ.o '-rl'Cllin tho receiving area to allow mixinG. J~ack of dD,ution forcc"s tlw 

flolid.s in the of.fluent to fall quickly to the bottom uh•..:re the i'luJ cl niuct <:D si1l<:H.:o:-: 

th\3 bot.\.o.n part of the water column . Tnis affords little tirn~ or opportum:i..y i'o:r 

~nyth:i.nc to become dissolved. 

1.llnost all of the r .• ud ciisc:1arecd by '.,he drodge uas transported near the 
(1 I I \ ., ) I 

botl;o .. an c. fluid mud flou i.'1 a distinct den:-ity layer. Conc1.:.1tratlons at fir..,t 
ti 

\/Cl'1.! ]Odl J.' _t.iHlt the diccharcc . 11.t 100 Jvo 200 feet. tho l1ud :Clo.T bec.: .. -nc s.i.t;iiilc: 

.. 
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e .for the greatest concentrations b~ing found on the pcr:il!lctcr of the mud flow . 'l'h0 

majo:r.i ty of the mud was unaff ccted by w<.1. tor curren vs and W<l.G moved. by eravl ty ns 

a density flow . There was no evidence that the mud flow wa3 moved back c.ind i'ort:1 by 

the tide . The layer of high density fluid 1-n. th co.1ccntra tior.s above 1., 000 mg/l 

extended a ma.xiJnum of 1,000 feet from the discharze . The mud flow abruptly en<lect 

at its outer edge. Water currents scalp the surface of tbc mud flow and aJ luvi~ ~ Jy 
\ 

d.ispcr::;o solids at relatively low concentrations in a predominantly d01·m curronv 

direc Lion i..."1 a pattern similar to tho shape of the mud flow. Background levels 

and the bottom annual average of 33 mg/l were exceeded out to a maxjmum diGtanco of 

2,800 feet. Concentrations above 50 mg/l were limited to uithin a maxiJmmt dist.aiicc 

of 1,600 feet . Values over 100 mg/l were lir:ri. tod to a ma.xiJmun of 1, 200 feet . 

Concentrations in the density layer were greater auay from the dredge as uas the 

expanse of the rrmd flow. Little significant silt dispersion was observed ou'tsidc 

the density flow except for slight arr.ounts dovm current from the ::;outhor.o edceo 

On the rl'i.ncly day, s&.":lples ·N"ere collected 0.5 and 2 feet above bot.torn (F.i.t c v) 

to obso:rvc the effec·L. of w-lnd mixing on the density flo;.·1 . rtigh concentration::; o.,.· 

total suspended solids in the upper s@:llples extended out t.o 1 ,600 feet from U1c 

dredge . Values over 1,000 mg/l i-mre foillld out to 2, 000 feet. Concentrat~_on:; jn 

the density J ayer were graei.ter a1.-1ay f1·om tho dredge c:ts was the oxpnnr;e o:2 t.he i.1'-A.cl 

flm;r . J,it .. tle significant silt d.i.:::persion was observea ouvsido tho dc>m;i't..y .fln-.• 

except do~m current from the sout1ern cde;c. 

Near bottom, rnost of the '~Dtal suspended solids were tr .. n::;port.cd as a r d 
I 

flou in concentrations us high as 22, 000 mg/l a ... far as 1,600 feet froiil tr.e dr "" c . 

·,~Le h.i...;h <len::;ity area 1 ~200 feet south of the drcdce \1ith concentratioris over 1,000 

;, /l 1.~s over 2,l.oo feet uide . Tnese concentrat .. ions cxtcmdc<l ou:t to ?.,ooo fccv 
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- an east to west line 1,200 feet south of the dredge as along a north to south line 

from the discharge out to 1,600 feet . 

Backeround levels were not greatly exceeded beyond 2, 000 feet f ro.ri the drudt>e 

under what was near extreme conditions of wind und tidal transport ciurin;; uhic:. 

dr0ciees cun operate in this area. Wind mixing was appar.:mt from salin.i..'uy fu.d ... e .• ' ·-~-

a t·L<rc .Lluc tua'.:,ions and inversions. This had two off ects on the muci t::'.'t-JJi:::>por t,. ..~.c. 
\ 

energy caused tho solids to remain in suspension lonGcr Dncl the1·0by extenc:cci -..,[ ... .: 

diat~nco traveled bc:i.'ore settling. This caused ,highe:r concon-\,rntio11:; oi' Gvl:i..ci.: jiL 

the raud flow further from the dredGe. Wind roilin::; cm.wed bottom conccntrm:.jons 

beyond the rr.ud ~10~1 to be higher than backg.round levels for a erca'Wr distance. 

A flocculated der.sity lay.;r with concentrations of 1,000 to h,000 mg/l was ma:int<incd 

over a larger area than uncier less windy conditions. This is a reflection of the 

hiehcr concentrations :in the bou..~daries of the mud flow and a higher encr~y for 

suspens.ion. 

'.I'he vertical distributions of suspended solids taken on a calm day under lo .. 

salinity cond.i tions at various distances from the dredge clisch:-.rGc arc [;ho1·:r. 

in Figures 9 and 10 . In Figure 9 the origino.l bottom i::; c...bout 12 feet clcop. ·~·r.c.. 

mud :Clow in tho dmm current direc'0ion is ob::>ervod to be mostly confined to Vic 

cut t. .. l-io <.irod8C :Ls opcrn.,ing on c:.nd an older cut. from a few clay.;> earl_i er. F:Lc_-,n·c' ~ ~ 

is o.t o. rieht anclo to the current and it can be seen tho.I- the character o.L , . . vno j mll 

i'lo~1 is identical to that shm-m in Figure 9. It is int.erost:ine to note '111-:.c con-

ccn ... rations at 1,200 feet in Fig-..:'.!'e 1 O i.:hcn the mud flou mu.: acc:i.dently dioturb c.. 
I 

by prop m1sh fror.i t."1e sample boc..t. 

Volatile solids rc:nainod assoc:"ta tcd ld. th the clay m:i.ncrals mlcl welY~ tran '· ·· 
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e 11cro :in the aroa of hiehc:;t vo)at.jle solid concentration::; it is thoui;1t to be 

inconsequential due to the more r~pid chemical O)..-ygen der..and of redilceC:. ::...-.o~.\;~ ~,ic 

materlal in the mud flow. 

Dissolved oxygen was not significantly altered by the dredge except in tl10 

mud flow (Figures 13, 14, 15, and 16). Sufficient oxygen was p.ccccnt at tLe intor~: cc 

of the mild flow and the overlying water to prevent reducing conditions. Dissolvccl 

oxygen :i.r,1Jilediately at the effluent ranged from 1 .2 to 8 .3 ppm . Outside of drcdr:;e 
, 

cuts the density flow is usually less than 2 feet thick. w·nen it is allo~:ed to 

settle for several minutes it condenses to a few inches or lens . It rr..ay be posn.;.:.,2.e 

for motile aerobic be:.1thic organisms, including mollusks, to migrate t.o the su:::-.:' -:;. 

before OX'Jgcn concentrat~ons become fatal . This possibility should be con3idcrea 

in futarc studies since it has been shown that some species survive deposi~ion by 

dr~dge effluents (Flemer et al ., 1968) . 

'l'ho dr0d3e effluent hacl no measurable effect on pH cvon in the disch.::::.rt;o. 

There wus a slit;ht indication tna·t; pH was ro.ised less than 0 . 1 unit vrl thin 200 .i:r;l v 

of tl~c drcdc;o . Production of acids by the oxidation or cliG<tssoc:i.at.ion of sulpl11u• 

co:~ • .i:1ounds is of mi.nor concern since most gases apparently cp,cape into tr.c &.c;11ospl 

or ~ny acids which are for.ned are buf.Lered by calciu111 carbonate :i.11 the sto1J. uash.;1 

process . Thero is so:met:i.rr.es a slight, nondescr-lpt odor near the dredge 11hich is 

probably a mb:ture of eases (methane, sulfur gases , etc . ) . 
/ 

To -1 Pho~nho .. · 1s and Total Kjcldahl Nitro"7~ 

Dr..:cJ~c cf fJuon't hatl n li.Jr.i. tc;d cf fee;, on nntricnt conccntrationo. I did l > v 

fincl -l.;, to be of the ru<.ir;ni. tude reported by Jnclc o·l; al. ( 195!;) or Cronin ct al. ( · ~, ' 
I J) • 

.. 
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e rai.,cd ui.t.M.n 1,000 feet or lr.:ca . .'rom t .. lio d1·0cl0c (Figu1·0:: 1'/ :nu 10) . 1-.uL'il \.lw 

phosphorus levels uere higher, the drcdGe apparently had little ef /cct U·~i[;lJrL~ 19) . 

There uas no great increase in phosphorus and my data support the finding of 

laooratory researchers (Rochford, 195~ ; Pomeroy ct al . , 1965) that the process is 

appar..;ntly concentration dependent and that dissolved phosphorus is at equilibri~ .. 

w-lt.h oxidized Gedimen~s at approx:..mo..tely 95 ug/l . 

Ki troeo.n in samples collected at stations sho1m in ligure 19 showed no 

incr.:-ase above ronbi0nt except f or a possible very small increase in the d:Lscharec . 

I'~os" of the samples were lower than background. ' 

Shell dredge effluent did not dissolve heavy metals into the water and 

ambient levels were possibly decreased (Figure 20; Table 6) . In Table 6 nor.ice 

the lack of correl&tion between percent volatile solids and chenrLcal conceatrat.j ons 

and that filtcr8d samples and samples with lou suspended solids are equal to back0 ro.i .c . 

Pest.icidcs 

Docau:::;e of the fairly recent introduction of pcst:i.cides into estuarine far..,a..;, 

they r:mst. necessarily be confined to the upper few f ect of u.nclis+,urbcd sedi.mcr.t in 

tho zone 1rhoro they arc deposi ted or transported by buri·c·.ring bcnthic or~c ... ri..is. - • 

Hence, the nixing of surface sedinents with larec voltuucs of uncont~~.Ur,<: tee! c:." ·• 

scdi.r.Jents would be e>-.-pected to lom~r the relative concc11tration of po[: ·i,.:.c..:.<:es :.. • 

the rndcposi ted ::;ediment. It was observed th~t secl.irnl.!nt, :.:.n <lr odr,c cut;. less l...i.. .•• 

t"'.10 y""ars old had a.verar;e total D;Y,l residues h to 5 times 101-.cr than older cut., or 

llildr~dgcd areas and that these dredGc cuts possibly accumuJatcdtinorc Dm' lr.i..th a c 

('i'a.blc 3) . 

Limited analyses for to v.:'.l DDT a1'ound the shell drcdeo on 5 Jlliiuary 1973 

e r;houcd that lcvol::; ~.n the l11Ud UC1'.'.l £,beat 20 to 30 ti:r.le~ hi[f1('r vil<.tJl. in foo H:.'\..oT 
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e or drcdee: discharge (Table 7) . No reliable difference waa detected betv;een .L_i_ll·tffL'U 

and unfiltered effluent samples . Samples taken at the aarne depth neo.r bottom 

clurlng dradcing were little or no different than background before t:ne d.reci.:;e startcci 

pumping . Surface and mid- depth samples were somewhat higher but no background 

samples were taken at those depths for comparison . Variations w::.th ciupth r-:-i::;y {,:J.:\,.. 

been duo to a freshet ·which was occurring during sampltng . All water sr.11ples 1·:trc. 

\ 
below t.he lower range of total DDT r epor ted from throughout the bay by Casper ct, (-il. 

( 1969) • Little difference in DDT concentration was found between lli'1dist.urbed hot torn 

one-half mile uest of the dredge and the sediment de:pos:L ted by the dredge on t.op 

of the or-.L.ginal bottom. DDT in the bottom of a new dxcdge cut was higher but uas 

well beloi-r the average for undistur·oed sediments or olcler cuts in lfobilc :aay. ill 

sediment concentrations were below the median DDT concentrations in sediments 

reported uy Casper et al . (1969) . 

OBSERVATION'S OF CH.Al'lN~L DRErorna 

Ambient Conditions 

Wncn the ship channel dredge Orleans was sampled, rncasured wjnds were E 

at 10 knots shif't:i.ng to SE. Tide was falling from 20 clegrc~s at -0 . 1 lmot and 

had been ebbing for 12 hours previous to sampline . Sci]j.ni ty wt s 1 0 .5 ppt 

[;(; tho surface c.nd 12.0 ppt ne<>.r bot'bom. Water tcropcrdurc w::i.s 28.2 C at t.he 

surface and 28 .0 near bottom. Dissolved oxygen was 7 .6 and 6 .6 ppm a·~ surface 

and bottom, respective]-'/· pH was o.bout 8 . .3 at all depths. Suspended sol:LcJG , .. c:.re 
I 

a_:Jprox:i.uatcly 20 me/l at the sur.l:::.ce 8nd 50 n,Jl nea:c bottom a'.:. rigi1t angles to t.:1c 

current, dir...,ction over one mile from t.he dr0d3c. Volo.tile solid::> rant;eci fro;n 20 ·t,o 

l;O pcrcl)nt. J'l'iJ uerc 15 at the surface and :mi<l-dopt~h <tnd Go near hotto;n . 
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'.i.'he intracoas L<il clr0clge Arkv.n::;as wns [.;<.1.11p) ed when wincb ueru f1·0.n the wl .~ l· 

<.i.t 0 to 5 7.not .... Tne curront WG.3 from 28) de._~rces n .. 0 . 1 knot on t~0 Sln·:acc rn115 

0.3 to 0 .9 knot from 200 to 255 degrees m1 bott.ora. Salinity ':as 8 .0 p;it, 0.1 ·i.. .. t: 

su"rface and 8 .2 on bottom . Water temperature was 14 . 0 C on the sur:o.cc c;.nC: I.) . 1.1 

on bottom . Dissolved oxygen was 11 . 0 ppm on the surface and 10 . 4 pp .. on bot,..,0 .. 1. 

pH mts 8 .2 . Suspended solids were 90 mg/l at surface ancl mid- deptn ru!d 72 n.g/l 

on bottom. VQlatile solids were 30 percent on the surface and 20 percent at mid

dcpth and bottom . Water depth was 8 f eet . 

Turl:>i.dity 

Turbidity on the surface around the discharge of the Orlcc;ns cl..:.~d not exceccl 

100 JTU beyond 200 feet nor 50 JTU beyond LOO feet . A."llbient turbidity ("i 5 JT\J) 

was slightly exceeded out to a distance of 1 ,200 feet in the down current, llirec"V~"·· . 

At mid-depth, values over 100 JTU \·;ere limited to a distance of LOO feet, cJlci vc..~uc..., 

over 50 JTU extended to a maximum distance of 1,200 feet in one direction bu'u 

we1·e othcrw-.i.se confined to within 600 feet. 

Suso i.ckd Sol:i dr: 

Samples around the ship channel dr.:idgo were taken at surface , mid- clepU1 

and near bott .. om (Fisure 21) . Total suspended solids at the surface slightly oxcc.ccloJ. 

a11bien·i.. lcv.::ls out to 1 , 000 feet from the discharge . Values in excess of -, 00 

m.;/l uer..; limited to within 400 feet . The concentration was reduced 92 percent 

within 100 f cot and 98 percent within 200 feet which sho~red rapid settling . 

AL mid-depth, concentrat:::.ons over 100 mg/l extended out to 400 feet and V.:l.lues o.L 

50 l z/l ext<;)Hded to a maximum of 1 ,200 feet from the discharge . I /irnb:;.cnt level~ 

v.cro sliGhtly exceeded out to '1 ,hOO i'cc'v in some directiom: . 

'l'hc ma~ority of the sedimc:r;.t which uas not. deposited iimr,ccliat,oly unde:r "Ll!I') 

.. 



• -Li5-

e 10,000 me/l \rcre founlr w-ltl1in too .fee~ of tllo tli.;cltarr,e. Conct:.mtr.:tt.lo"lw O\er i ,ouo 

me/l extended out to at least 1 ,800 f.::ot from the dischnrec. Ambient levels 1:ere 

exceeded at all bottom stations sHrnpled which ~rorc extended out; to only 1 ,800 .L'eet. 

Sc:ur.pling l<as being done on concentric circles by proceeding from one transect to 

another and m1s terrn.:illatcd when tte dredge quit pmnpin6. Mud transport occu:cred. 

at concentrations of 100 to 500 mg/l beyond the m<dn density flow and may have 
\ 

extended slightly farther. The recent alluvium being purr.pcd from the bottom o.f 

·;,ne channel w<>.s composed of a higher percent3.ge of smaller p~trticles the:.n t:r;:iicr,:_ 

bot·0om material. Having been previously sorted by i'locculc...tion and 0.i::;ti;:·t~n.::e 

from ships the particles apparently remain suspended J.onger . This may have rcsu"' , ... 

in the density flow having a lower viscosity than if original bottom w&s be>.ing ;ic? .t o. 

The smaller ru:iount of material being pumped (compared to the shell dredbc) l:as 

reflected in comparat.ively lower concentrations at all distances froi.i. the disci1al\ ... 

especially on the perimeter of the dens:i.ty flow . lmothcl' important point ic that 

spoil from the channel d:red~;e was r1ot being dopos::.. tcd into a dredge cut und the 

fluid r1.nd had no place to go other than to be sprc:1.d u1one the bottom . 

'.Che effluent from the intracoastal dredge did. not exceed a.rnb:i.ent coneentr : c...r.~ 

a·~ ~urfc.ce or mid- depth beyond 400 feet or on the bottom beyond 600 fc,c.t U'icL.:t ;~?). 

This 1:<-ls appnr.::mtly due to coarse material being pmnpccl and t .. he l;r.1aller cij s1..·C.a. ... 

not made . 

Vol: .. -..ilo solids in the e.ff1ucnt o,~ both dr11clges settled very quj.ckJy C:'i• t 

I 

~10re transported jn the 1rrJ.d flou })ropo:rt.;..o.1al to the distribut.ion of .;.norg<m_;_c 

su~pcnaccl [>Olide (Fieurc.::; 23 an~ 24) . 7hc conccnt:cat-1.onr.: around the r.h.~p ch: 1ul 

.. 
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~Dissolved Oxyr.cn 

The extent of low oxygen caused by these two dredges was i::imilar w t.he 
-
~ shell dredge and was limited to the mt:.d density flow near bottom (Figures 25 n .. ci 26). 

There is apparently little cl.if f erence in the :U'11media te oxygen demand be t1·;een rec en uly 

deposited and older sediments. 

\ 

The pH was slight1y lowered in the discharge of both dredges and was someul.w. t 

less thu.n ambient out to 200 feet from the ship ,channel dredge . Tho mo.:x:iinum retli;ction 

in pH was I .3 U."'lits but the average was only about 0.5 which is less than rlon'ld.: 

diurnal i'luctuat_;_ons . Tc.is small and limited change in p}i had no measure.ale e:i.:cc"' 

on other imter quality parameters . An increase in acidity i..ay have been d~e w tr.13 

oxidation or disassociation of sulphur compounds to form acids since gases iu "he 

muds coulci not escape into the atmosphere until discharged fro.i1 the end of t.he p.,;.pe . 

Tott-tl Phosnhorus 

/1.naJysis .i:or phosphorus was done only on the intracoastal drcdee . A sin,;1e 

lir.c of SLl':'lples showed no phosphorus increase in settled sai1.:µles (Table 8). The 

possihle rcductjon in total phosphorus suggested by these data and those in Figure 19 

10 been due to phosphor-us being naturally higher uhorc the backcround d.a t.a 

\;"':re collected than it was at the dredge discharge, although a reduction in dissohc .. i 

phosphor.is >iOuld not oc surpris:i.ng. :"itzgerald (19'/0) found that aerobic mud rap.l.dly 

removed dis sol vcd phosphorus from 1-;a ter. 
I 

i·.ct J 

Channel clrcdco effluent did ~ot increase the lcvcln of disnolved heavy 

1.1et..1ls ( T~bJ.cG 9 and 10) . ?nese data are corr.pared to a.dc1itionul s~unpl0s of sl1C:l..l 

• r\'c'l , ~ o-C'J', ·t.in 1 :i.n 11 flhar.<1 .-nd 'I'r;;.;ar. :in ';'f:l.hJ.e 11 • ... ,, '-' 

... 
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HYDROLOGICAL DREDGTim CONCEPTS 

Estuarine Sedimentation 

1·:hite (1966) and Masch and Espey (1967) were apparently the first to app~y 

the basic concepts of estuarine sedimentology to drcdeing studies . I..i"Gtle consider-

a ti on had been gi vcn previously to the possibility of flocculation processes, i:iucl 

flows or densi'~y levels resulting from high concentrations of suspended scdimcnm . 

Since these factors largely control dredge sediment dispersion and depositio~, 

they aro fundamental in influencing chemical exchanges ancl sub:-.;equcn.t bioloGic.:•l 

effects . The above r..uthors gave an extensive discussion of estuar-~-,.e :::;eci:iJ .ont.~ ..,.:_r :. 

concepts uhicil are briefly reviewed here along with othc1· consicicra vior.s inpor 0r." 

in u,.~derstanding the processes of dredge effluent sedimentation and the subsequent 

effects on water quality. 

A large percentage of estuarine sediment is made up of small clay and s:l~ 

particles which may behr...ve entirely different in suspension than larc;er partic.ies. 

Wncn so<l:i..ment enters the upper part of an estuary or is recuspendcd by waves or 

other activities , the coarser particles settle out rapic-lly in thu absence o.f.' a 

suspending force . 'l'he finer particles remain in :mspcns~.L.on longer. In sr,l '\, 1:a ,,e,. .. :, 

even uit:1 salinity below 1 ppt, these fine scd:i.Jnento flocculate :rapicil;:r ~~.a. se~-... :.. 

out. Before being deposited, howevei:, they sometime form a separate donsi',y l<:i:;c 

near bot.tom which is fluid and can remain stationr.ry or be moved about by miter 

currents or other fore cs. Flocculation is an extremely important proc0::;s :i..n c."' h Qr ..i.. 

sedir..C>nta ti on and i3 of particular impor~nce :i.n reg~rd to drcd~c off luC'nts . Ry. n 

(1969) f01.md tho.t Bon Sccour Bay and the h:i.gher salinity areas of hobilc Bay a1\, 

sil ld ne mori3 rapidJy tha."l the upper estuary. This is due in part to floccula tio l 

e of the waterborne CJ ays nearer the :rr,outh of tho estuary. Ne.tur~lly OCCl'1Ting 
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e layers of flocculated silt have been oosen•cd in Mississippi Sound and southnestem 

Mobile Bay, Alabama follotr'.i.ng flood periods and have been knmm to smot.her oysters 

(May, 1971). Soupy silt has frequently been observed on bottom at other t.L~os in 

many areas of the estuary. 

Flocculation, as it applies to sedi.."nentation, is nn e:i..ectrochcraical proce::;..; 

associated witn clay particles in water containing dissolved salts. Flocculat~on 

results in clay particles grouping together and thereby settling faster t,::-.c:;n tric~r 

would in the absi;;nce of this force . The rate of flocculation is deter.11incci by -::,:1e 

type, size and concentration of particles and tne kind and concentration of elccl_,r'-'-

lytcs. Mobile Bay sediments flocculate and settle at any sali.ni ty in just a. f:c·.1 

r.rinutes ~1hen left undisturbed . As flocculation proceeds, the clay floes foni, 

agGlo~erates that become large enough to overcome suspending forces and settle 

to.·rard tl.e bottom . As the concen:.ration become greater due to r:i.pic.i Dettling, 

the settling floes tend to interfere with one another and there is a decreetse :in 

the sottlinG velocity of particles. This hindered settlin1; apparently occurs at 

concantr<it::.ons of about 10 g/l and a layer of fluid mud results . Those lrycr::; of 

flocculated sediment have sufficient strength to resist the shear and friction 

forces of the water current and can flow as density currents or mud. flows indCfJ~n.1 r..., 

of current direction . This is usually accomplished by eravity act:ing on t}1c flujf', 

A concGntrat.ion of approximately 175 g/l is apparently the limiting concent.ra ,io. 

of the hinder,.d settline phase u.'1.dor 1.illdisturbed conditions. Above this concenl..' 

the mud layer has consolidaved to the point that it is more reoistant. to movement, 

(1.:asch and Espey, 196 7) • I 

'.l'he i'Jocculat:i.on process is rr,pid in dischareed dredge c•fflucnt due to t 

hi[;i1 concentra·~ion of po.r vicles ;.nd. :ack of significunt cUlut~on. Beem .... '-' of t,} 0 , 
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pressure fror:i the head built up by the continuous discharge of high mud concentrat:i.ons 

becomes an important factor in the movement of dredged sediments . 7his force causes 

the mud to be pushed out away from the dredge and can result in the rr.ud :1o;:L10 

uphill or opposi to to current forces. The entire process can be like:ped to ?Ouri1. 

syru.p on a platter. Thus, the predominant factors of dr.;dgc spoil dispers::.on in 

estur.ries aro those which contribute to or influence the format.ion and movc1r.cnt. o.:: 
\ 

flocculated density layers and mud flows. 

Nor.-:tal wind and tidal forces do not have a great influence on density lay~rs 

but contribute to the dispersion of very fine collodial-like clays and or~anic maH"r 

which sometime}increase turbidi ty. Such fine particles contribute very little to 

silting and do not measurably exceed levels created by normal winds exce?t ~:i .... ·n 

a few hundred feet of the discharge . Tidal direction may slightly alt.er ~ne pa't. :n 

of m11d dispers.:.on and cause density flows to extend further in the direction o-~ t .e 

current . Mixing by strong wind tends to keep particles in suspension 1011ger t.:.ert. by 

sli~htly increasing the extent and distance of spo:il dispersion . Roilin~ of the 

mud flow by the water discharge increases turbidity nco.r the dredge , pro.mote:: 

pa1·ticlG sorting and extends the dispersion of suspended solids . Water movc,11cJ'l'(.c 

arc not sufficient in Gulf estuaries to allow d:i.lu ti on to be a very irnport.c..n t .f.nc tor 

around a large drndge. On the other ha:ad, the lack of significant dilution promotor: 

rap.:.d for;r1ation of highly concen:rated density laye:rr;. Hieher sal~n:°f.t,y in the 

ciischargc or near the bottom prorr.otes flocculation and more rapici settlement but. 

1 c.y incra~.se t.i.c alluvial spoil dispersion near bottom beyond the mud flow because 
I 

it provides more buoyancy for 'Che sed:ir:.cnt . Te.11pcraturc stratificat:i.on :in most 

Guli c~tua:i;ic:> is slieht and ·wou.ld hai.:e lit.tlc buoyancy effect .. 

0 "her i.m:?ortant f..:i.ctors 1;:1ich determine spoil disper.c:ion { re the size ancl 
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r schareed and tile bottom confir;urntion . High pcrccnt&.ccs 0.1 . .' fine clny:s and silty 

clays rapidly form density layers and move away .i.'rom circdcc[, as clcnsi t.y flows. 

The more of this type material in the discharge the greater is the density pressure, 

an<l·thorefore the distance it travels is greater . Heavier particles are piled 

directly under the discharge and extensive sediment flows do not occur if the over-

burden is co~poscd mostly of sand. The shape of the bottom contributes to 

determining bo~h the direction and distance which the spoil moves since gravity is 

the primary transporting force . The bulk of shell dredge spoil flows back into the 

cut from uhich it was taken and a lesser &.mount is transported outside of cuts 

along the p~ths of least resistance. Masch and Espey (1967) have shoim that spoil 

dispersion could be controlled by the proper use of submerged dikes and trenches 

which arc a normal product of dredging operations . 

Saline WerlC'l'es 

A different type of density layer can also be fonned as a result of wedecs 

of water with near oceanic salinity being introduced into estuaries by deep chonncl:] 

or passes being dr~dged at the mouths of bays and rivers . High salinity intrudes 

the Mobile River as far as 30 miles upstream from its n.ou th due to the char:nel fro.1 

the Gulf into the r-lvGr (Robinson, Powell, and Brovm, 1956). The open waters ol: 

most estuarine bays are stratifieci. cy salinity, the degree depenciing on uater 

depth and the rcJ.ativc amount of mixing of the salt water and fresh water enter:i.n:; 

th.e estuary. Salinity density layers which resist mixing can alter sediJnenLation 

rates and \l'ate:r quality and affect the distribution of many species of motile ano 

scss:i..lc organisms . I 

Patter:1s of salir.i ty and water circulation are extremely important parrunctcrs 

in csl,t,nrinc ecology. '1'heir import< .. nco is not just directly to the nn:in101:-. :l.n the 

.. 



~for natural and man- induced poll utants . It is froquent~y ov~rloo~cd ...... ,... -
u.-.!Cl \.I ::.e 

econo:nic use of r.iany estuaries and their rivers :i.s as a '\18 er suppl:.- E..l.0. cessp0ols 

for r.unicipa.lities and industries . If this use is to continue compat:;.ble ;;.:.th 

other valuable uses , alterations of salinity and circulation patterns oy drecig~ng 

r.r~st be car~fully considered . Because of such alterations, channel drcd0in6 and 

associated spoil disposal infl uence the ecology of many estuaries . 

Scdimcnt.-Wat.or) Chemistry 

Estuarine muds arc comoleS in t heir compooition and behavior and the mcch-
• I\ 

anisms which determine the effects of dredging bottom material and clischargin~ ~ i.. 

overboard arc complicat.ed . The m"t:..ds are unique assemblages of matter and they 

contain sigP..i.ficant quantities of nutrients and trace elements composed of va:r.:.ous 

inor6anic and organic substances from natural and man-made sources . ~:ost. of t.!'1es~ 

chcmri.cv.ls i>'l the ;:iud are ~t levels :nany times higher r.han the sr.;v.11 c;ll&~1.t.:. ~:.cs :o 

dissolved in water because of the attraction of the negative surface o.: c:c.y par,: c 

for the cation~ of saltwater . Among these clements and compounds are many ... :1~ch 

arc ba:-;ic for life and their concentrations regulate the kind anci omount of bio:.oL·.: _ 

procescc..:s in water . Natural muds are not lmown to bo toxic to aquatic life v.iwt:E~r 

deposited or ouspcndcd, however, some of the materials found in mud may be }'arml'ul 

to <.qua tic life if their dissolved. concentrations i..'1 the water a1~e too hir;h . 

Components o:L the mud. which are of special ~mportancc include hydrocen ouJi.'~ c1 , 

pcsticiO.es, metals and phosphor.is and nitrogen compounds . Hydrogen sulfide is a 

toxic r:~s uhich rasults from the reduction of sulfates. It is often associated 

with sulfate-rich sludges from pulp mills and is corxnonly found <in anaerooj c u~ tr c. 

In contrast to most rr.ud components , pcs tic ides are almost cxcJJ.<si vely man-

mode . Tne extent and importc..nce of pesticide pollution in estuaries aro not fnlJ y 

e i..mclcr..;t.ood (Butler, '1966a, b ; Jol:nson, 1968). Bu'l·lcr (in pr1..n1s)roportccl t:-,at n:Gr 

rcs:i c:Llo::; in oyster.:> in 15 coastal st.ates, :i.nclucJ-i ne Alr...b<.1ma, \J('rl! 11oi; 01>.;t!l'vr:d , > 

... 
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e be of such magnitude to cause damage to mollusks or const.it.ute a htunan healt;h 

problc."11 (Butler, 19'(1 ) • However, residues in oy3 tcr tissues ucrc enoug:1 to 

pose a threat to other oreanisr::s through recycling and maeni.ficatior~. !J"J.~:cr, 

Childress and Wilson ( 1970) felt t:iat suspended DD':' in estuarine wat,ers 1-;us 

probably sorbed on silt. They hypothesized that there was a partitioning bet1·iet::n 

DDT levels in the sediment and water which is reelllated by thE:: solubility ~nd 

concentr.:1tion tilf DDT in water and that resuspension of sediment by storms may 

ir.crcnsc the amount of DDT available for biological uptake . 

Metals and other t.race elements enter the aquatic ecosystem .from natural 

weatherlng processes of rocks and soils and by anthropogenic pollution on land 

and into air and water. Little information on metals in cstuarjes is available 

and natural levels in most wo.ter bodies or their significance are not l:ell !·::no::n 

(Jennings: 1972) . Some rr.etals may be noxious if dissolved into the 1-;atcr at even 

their natural levels in some mud. Zinc, a common ~rod component, is rui alr.lost 

univor::;al const.i tuent of living matter (Rice, 1961) but is highly "toxic 1.iwn 

Ji~r.;olvcd concentrations arc too high. Increases in phospho:nrn and nit>ro[;cn 

compounds and ir.any metals may be harmless, beneficial, o:r det1·imontal clepcnclin~ 

on concentration . Photosynthesis in some estuaries has bnen shown to be lim:i..tod 

hy avaj.labil.~ty of nitrogen and phosphoru.s but not iron, t~o.co metals, silicate, 

sulfate or vitrunins (Parker, 1962; ThQyer and Williams, 1970) . Four.:1ier (1966), 

ro~:aver, found in the York River, Vireinia that all or some of the trace Ilietals are 

cone rally limi tine to phytoplankton production throur;hou t the year in addi 1,,ion to 
I 

phosp"rntc und nitrate. Pomeroy et al. (1?72) :::tated phosphorus docs not seem to 

be a li1 d. ting nu tr lent in any except some of the clcarc~n .. , sccliJ.1ont-freo c:.t1 .. \irj 

Since ma torials in mud &re e.xpo::;cd to the water ci..i:cl ne ovc:rho.:•rcl d.L:-ipo::;~ l <> ~ 
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e Although bacteria are important ir. biological exchanges between mud and water (Hayes 

and Phillips, 'i958; Bllrchard, 1971) it is apparently not of immediate i.'11pO!."vance 

to the situation of dredging . }foch work remains in detcnnining the ci:en:c<:.: r-.ec .. :.. 

anisms which regulate the exchange of these components between mud &.nc{ uatcr c.nd 

their influence on aquatic biota . Little is known of the physicocher.tical lo.Lins of 

these clements, their relative stabili t:i.es or their rates of interconversion ur~d 
\ 

exchange in water and sedi.~ent (Wolf e and Rico , 1972). However, their properties 

and behavio:c u.re adequately known to explain with some degree of certainty t:1c lack 

of wholesale rolea~io into the water during dredging. 

Y.any of the most important reactions between mud and water components are 

oxidation- reduction ( redox) reactions and sorption- desorption ionic processes (i:o:so.1, 

i962 ; Lee, 1970) . A typical vertical profile of a shallow estuary sho;;s a co:::..ur.:-. 

of oxygcna tcd water over a thin zone of oxidized brownish to olive grey sccii.Rcn" 

and an underlying black or medium grey l.:..yer of reduced mud . }1any metals h<.i.vi!i~ 

several valence states and phosphorus cor:ipounds are more solubl0 in their rcciuceci 

i'onn and generally precipitate when oxidized . Because the sodilr.ent surface is 

normally oxidized, it acts as a bar rier to the more soluble recluced chemicals in 

the deeper mud::; (Windom, 1972). ~:etals may occur in the mud as nrotallic suli'icics 

many of ~rhich are highly insoluble (Lee, 1970) . These mechan:i.sms apply to r.1os t 

raetals and other mud components but there are exceptions when ::;omc for;ns of certain 

~etals such as mercury are more soluble in an oxidized sta t.c than uhen reduced 

(Hem, 1970; Yeaple ct al . , 1972; D1Itri, 1972) . Hov:evcr, dissolved mercury is 
I 

cormnonly removed from water throu.)1 acisorption on suspended orc;am c and inorz<>.nic 

particu]· to matter which precipitates (Fleischer, 1970; D1Itrl, 19'(?.) . 

·dhen the oxidized surface o.:' .,he sedir.1ont :i.s diGturbecl b;r dr<..!<l[;lnC <tnd tl11_~ 
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9 1nrge a."11ounts of some of the chc::nicals in the mud could become dissolved ::..::t.o \/he 

wc.ter . Several investieators hc.ve partially explained why this does not. occ;ir. 

T'nere is a large concentration of red.uced iron in the sedilnents ('1indo.:r., -, 972) . 

Iron .comprises about 5 percent of the sediments in Mobile Bay (unpubl~sned,Guli' 

South Research Institute) which is similar to other bays (Biggs , 1967) . Wnen it is 

drcdt;Gd and placed into suspension it is immediately oxidized fanning iron hydroxide. 

The iron hydroxide then has the capability of scavenging other metals out of solution 

and precipitating them with the i r on. In addition, some of the other metals may 

precipitate as hydroxides (Nilsson, 1971). This process is aided by the organic 

matter and the high concentration of clays in dred3e effluent which are capable 

of adsorping large am01mts of metals (Lee, 1970). In addit.ion, it is possi'ole t: ··u 

the solubility rates of many metallic forins are too slow to allo~v release \;I1cie:- t-. . ~ 

observed conditions of rapid settlement in dredge effluents . 

Sediment acts as an effective buffer on phosphorus and the concentration in 

water remains fairly constant (Pomeroy, Smith and Grant, 1965) . The reversible 

ex.chunge syotcm involves an ion-exchange process in which clny, iron and other 

metals arc directly involved (Jitts , 1959) . In tho presence of oxyecn, phosphorus 

in the w<>.ter may combine with iron to form ferric iron-phosphate ~r more probab1y 

is :::;or'0cd on some complex or hydrous oxide of ferric iron (Lee, 1970) which are 

insol·..iblc and precipitate . The chemical mechanisms of nitrogen exchance are differcr1t 

than pho::;phon1s but are largely dominated by the rcdox system (Keeney, 1972) . .NitroL;c11 

release by sediments is favored by oxidizing conditions but the release is slicht 
I 

ana is app-ron~ly not rapid. Nitrate is different in that it shows essen~ially 

no corpt io \ tcn<lcncie:::; on clay minerals (I,cc, 19'/0) but clays readily sorb orl;:-J1ic 

ni ~'v(;l.!,.O\ ~; co ... ~ou ... 1d:::; ( Xecncy, 1972) . 



-55-
• 

e The C?Xtent to whicn spoil disposal would be expected to alter a.:;.ssolveci. 

concentrations of these materials is largely dependent on how it affects tne 

conditions which regulate these exchange processes. The mechanisms are influenced 

by pH, the presence or absence of hydrogen sulfide and dissolved oxyg~n, and ;:.ne 

composition and concentration of suspended sediments. Little change in pH and 

no hydrogen sulfide was detected around dredges during this study. The release 

of large quantities of reduced se~iments into the water by dredges creates a 

rapid oxygen demand which reduces dissolved oxygen to some degree . However, ;:.r1c 

solids settle so rapidly that the area of low oxygen is rr.ostly confincci. to t~G 

areas of extremely high suspended solid conccnt:cations in the nrud flow. OX'Jt;cn 

levels that may have been low enough to influence the release of chemicals into 

the water were not found in the wat.er around the dredge discharges studied . Unless 

the oxy5en concentration is very near zero the redox potential remains oxidative 

and is little affected (l-r.ortimer, '971 ; Keeney, 1972). Reducing cond.i tions ..:ere 

not found in the water around dredges operating jn Ifobile Bay. In oxye;enated 

water, ns long as pH and eh (redox potential) arc not greatly changed, no l&rGe-

scale release of nutrients or trace elements would be expe.Gted ·w occur C·~o:ct.i.r'.s:~, 

1971) especially in the presence of high mud concentrations. 

Thus, tho lack of total oxygen deplo bion, rapid sct.tlement of soli<.is 2nci 

the fonnation of highl.,y concentrated density layers stroneJy inf~u1•nce the ciistl'.iii-

ution and fate of the nud components . The high clay concentrations in the ciischn:r ;o 

and flocculation cause compor.onw of the mud to remain associn ted ':i th the sur.pcndcci 
I 

solids and to settle rapici.ly i;-it.o tne mud flo~r . They are trapped there because of 

the lar~c ad::iorption capacity of the sedi.."r.ents ond the oxygenated condition of tJ,c 

overly-Ing uatcr. 
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It was found in this study that the concentr:ttion of most materials in the 

sediment has little relationship to the effect dredges have on water quality. Ti,ts 

ha& been observed in other areas also (Windom, 1972) and it is apparcn tly valid ~·or 

undisturbed sediments as well (Lee, 1970) . This r:iay not. be true , .. here t.he seciir.;ents 

are very heavily polluted but in a typical estuary no simple relationship has been 

observed . This is a very important point since it has been nsrnuncd by the Environ. 
' mental Protection Agency that the quality of sediment determines the effects that 

dredge effluents have on water quulity. Furthe~ attempts to regulate dredgine 

activities based on sediment criteria alone would be a mistake. Until all of the 

many interrelated factors whicn determine how dredge effluents may or may not 

affect water quality ara better understood, arbitrary standards should not be 

cst,ablisned . Future research should be directed at a more complete kno
1
..:lccigc of 

sed.i..'1'.ent-water cnemistr.r and at de11ermining the actual effect on water c;uali ty ·,:: 1.,n 

dr~dging sed.i.~ents of various grades . 

Turbid.i. ty 

The most obvious thing a dredge does is muddy the water. There is.a lot of 

concern about turbidity from dredges silting beaches or fishing grounds aJ1cl rcdncinG . 
the aesthetic quality of water. The Environmental Protection Agency has sugecs~eu 

that dr.;:dging operations be regulated by turbidity rr,easuromcnts and states have 

adopted turbidity criteria in theiruator quality standards. Reduction in light, 

essential for photosynthesis , can theoretically decrease pr.Lmury productivity which 

is the oasis for some profe:ssional concern about turbidity produped by drocl0cs . 

Fro .. a lc.y v..i.c':1, turbicl.i.ty p:coduccd by drodcos is tlic visual c.. vi<lcncc upon Hhich 

l uch o.: t:'1e · op.t)osi tion touard dredging is based . Dredge::: often do :inc re< Lle '11ur1J · ol ty 

e OVC:!.' l~.r._;c £il'v<lS SO the effect of this 3S::?rl~t deserves to bo con::;··· <lored. 
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e Turbidity is a measurement of the mnount of lir;ht thut \Ti:l p:lS:3 tbrouch a 

liquid . It describes the degree of opaqueness produced by particulate mat.ter 

suspended in water . The major components of turbidity in estuaries are sil~, 

clay and organic matter. Turbidity measurement is usually expressed as Jackson 

Turbidity Units (JTU). These measurements cannot be meaningfully correlated with 

the amount of suspended matter in the water in a practical sense because of the 

varying optical properties of turbidity producing substances and dissolved nater~als 

(Taras, 1971). Turbidimeters have been shown to be unreliable when analyzing ;:,J-,c 

same sample . Turbidity is a questionable measurement of suspended solids i1, ',ic..1,t::!' 

even at relatively low concentrations (Duchrow and Everhart, 1971) Ctnd at higher 

concentrations the accuracy of determinations are reported within the nearest 50 

to 100 units . 

Turbidity produced in the :i.Jranedia te vicinity of an ac ti vo drcd.;e discha1\;C' 

may exceed the capabilities of this method to measure it accurately. On rclativcJy 

calm dayr; the visible plume from an active dredec may be detectable from Dn aircraft 

for ovor a mile down current . On windy days the levels nre usually lost both 

visual1y and quantitatively in background levels beyond a few hundred feet i'rolil 

the dredge . Although ambient surface turbidity levels may ·oe exceedcci. o·:cr &. 

large area of a particular day, natural levels produced by i'resnets and ;-.c~·e::..·<.tc 

winds are not exceeded beyond a few hundred. feet from the discharge. 

cat!sed by a dredge plume would ha-.re the same effect on photosynthesis as ;naterials 

put in nusponsion by natural causes but over a smaller area. 

The extended turbidity is ~aused by very fine col]oidal-like particles 

Which are maintained in suspension by water c.;urrents. 'l'he3e add color to the uatm.• 

but, tmder most circurr.stances, the visible I Ju.-ne beyond c.i. few hundred feet from the 

dredge has little relationship tc the dis tr: rntion of dredged secb11cnts . Turh:i.oi 1 y 

/ 
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effluent usually have a lower percent volatile solids than the receiving waters . 
I\ 

Although the volatile solids content is important in characterizing sediments i~ 

do~s not appear to be a usable criterion for regulating dredging practices in 

typical situations . 

EFFECTS OF DREDGING ON ESTUARIES 

It has been observed that the only irr..portant direct effect channel and shell 

dredge effluents have on water quality in open Alabama estuaries is to tempordrily 

increase suspended solids over a relatively small area . ~ost of the seciimenv d:s-

charged by dred€;eS very quickly settles to the bottom and forms a highly concent.-

rated density flo;·r out, to a distance of about 1 ;600 feet or less. Th:i.s fluid mud 

which is partially oxygenated displaces the bottom water and consolidates rnpldly 

uithout potentially harmful components of the mud becoming dissolved into the in-cer-

sti tial or overlying water . Dissolved oxygen is little affected except in the mud 

flow near bottom. T'nc mud flow outside of dredge cuts consolidates to form a lnyor 

from less thD.n one inch to several inches thick that covers the original bottom 

and suffocates some benthic organisms such as worms and small ;nolluoks . Most 

macroscopic organisms in the material actually dredc;cd ar3 buried.and killed . 

Houevcr, it has been shmm that dredged areas become repopulated in a fairly short 

time (Harrison, 1967; Virginia Ins ti tu.te of Marine Science, 1967; Flerner et al., 

1968; Cronin ct al, 1970). 

E. E. Jones (unpublished, Un:i.versity of South Alabarna) did a l:Lm:i.i..cd f<Aunal 
I 

investigation around the shell dredge during this study pcric;d by comparing undrccl.,L·u 

and dredi:;oci bottoms . He concluded that ropopulation of a drodc;cd area probably 

occurs within a two-month period and that physical characteristicG of dredtJed mud 

9 r0vl,,).1.'ts to th.e undrodged charactcri.sttcs in approximately six r>Gi1t.hs. He .found 1.ha1. 



-60-

- destruction of bottom fauna by dredging is mi..1or and tra.nsitor,v. 

John L. Taylor (unpublished) also conducted a l'estricteci. bent.hie sun·o:,-

around the shell dredge in Mobile :Bay during the study period by comparing undredr,ed 

bottoms with various aged dredge cuts and adjacent areas which had been affected by 

mud flows (?able 12). He reported that all bottom dwelling invertebrates were 

destroyed in a new dredge cut and that 70 percent or rr.oro was destroyed on bot-ton::> 

receiving spoil in comparison with undredged bottoms. He found repopulation of cut,s 
\ 

and spoil areas i.'1 Kobile Bay to be reasonably fast . The number of invertebrates 

prasent after a 6-month period or perhaps less, were I equal to or greater than the 

number found in some areas of undisturbed bottom . However, the species diversity 

and aburn;lance among stations in undisturbed areas were higher than t-ne dredgeo arec.s 

in all but one case. He interpreted this to mean that areas of Mobile Bay ini'luencec 

by dredging do nat generally return to what- may be considered a normal condition foJ.· 

a period of at leas~ 2 years following dredgi."lg. 

Limited, nonconclusive data collected during the present study at. tho stationn 

::;hmm in Figure 2 indicate that dredge cuts become fairly well repopulated after obout 

2 years but that species composition may not be as diversified. (Table 13) . None of 

the bcnthic studies in Mobile Bay considered seasonal or areal vari~tions in \jhe 

populations, differences in bottom type or known variations in water quality such 

~s s~linity and dissolved oxygen, so they are of limited use . Even so, the data 

ara in general agreement with previous studies in other bays that areas affected 

by dredging do rupopulate with benthic organisms within a fairly short time . Small 

I 
\,01npo~·ary reductions in 'benthic organisms restricted to small area.., a~e probnbJy 

o.L little consequence to the est.m1rine ccosy::;tem of Alabruna. 

Bo.c't-e:da arc an important co:np:mcnt of estuarine muds and they ure uncl.oubtolll y 

• .'cc vcd by dr0d,_.j_ng . 7.no.ir irnport-01.cc a8 m~ ccoloi;ical factor is much more th:.m 

being ~ potent:i.a] health .oazard since they pJay an irnportant role in(ic.:'Lcratinjnt; 

s0dimcnt quality and nu~rien'L E.>Xchanec (Zobell and Felt:iam, 1942) . Bacteria and 



- 61 -

e fungi are thought to be the most important link in the food chain of omnivorous 

detritus consu..'Tlers such as penaeid shrimp and many other coITu-r.on estua:dne species 

(Odum, 1971). increases in productivity which have been reported fo::..lm:.:.nb 

dredging (Odum and Wilson, 1962; Odum, 1963; Virginia Ins ti tu te of i\'laririe Sciencc..:, 

1967) and motile anL-r.als congregating around dredges (Ingle, 1952; Viosca, 1958) 

may in part be due to increased bacterial activity in response to aeration of the 

sediment and the freshly exposed organic matter rather than a direct nutrient 
\ 

release . Bacteria are known to have an affinity for sediments and particularl~/ 

organic matter (Volkmann and Oppenneimor, 1962) .and bacterial levels have been 

observed to be higher when sedime~t is stirred into tho water since levels adsorpcd 

to sediments are much higher than in overlying waters (Oppenheimer and Jannasch, 1962). 

Coliform bacteria levels were measured in undredged seci:iments 'uut not in the water 

during the present study (7able 3). Since volatile solids in dredge ef:luen~s are 

distributed in association with tl:e inorganic solids, both of uhich settle quic:c:;.y, 

it can be tentatively assumed that bacteria in the mud arc redisLributed but 

remain ar;r;ocia ted with the suspended solids. 

The holes that are sometimes left in the bottom of Mobile Bay by shell drodt:'" 

usually fill in to approximately pre dredging depths within 1 to 12 months ( Firrure 2 '() . 

Consequently, any affect they may have is only temporary. There is no appreciable 

change in the dry weight density of the bottom (Table 3) and the redeposited matcri<l 

should not be more susceptable to resuspension than much of the original bottom. 

lm. experienced investieator is required to detect old dredge cuts by probing sit.cc 

water depth and the bottom consistancy is very similar to, or more frequently iur n',:i c.;ul 

to, surroundinc bottoms within a c-hort time aft.er drcdeint: . 
\11-'c,\10 . .'.,\,: 

The bay has not bocn 
';\ 

duepcmcc.l upprcc:i.nb1y hy ix'movin~ ::.hell becau::;c 01· l.hc t.mnlJ nrca afl'cci.cti ard tilll 

e l1it:h :ceitu of nat;c.ral .. Lcli.1.10::-1'vation. Volmr,otrically, <:.n o.vorD.GC of over 5.li tiuc:-; 

rriore seW.:i...itC:C1 ·~ 1.,;1!'(,e :c:... 1·:01,::..10 l)ay ec:,ch year tho.n the vol'Ur.i.c of choll rclliov....,d • 

.. 
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Oyster roof::;, in <i.lmost all cases, are raised above tho surrolmdin.; bot tor: 

and would not be greatly susceptible to coverage by dredge effluents if proper 

precautions arc followed. Spoil piles left from previous dredging operations uhich 

were less than two feet higher thilll the bottom had no silt deposition on them 

even within 100 feet from an active shell dredge. Oysters on the spoil bank of 

the Mobile Ship Channel were not silted when a shell dredge operated witl1i.n 700 

feet from theffi\nor was silt deposited on the spoil bank irnm.ediately adjacent to 

a dredge cut . Under controlled operating conditions with knowledge of bottom 

configuration and continuous sampling of suspended solids, dredging could be done 

very near producing oyster ree~s, shorelines and existing navigation channc:s 

without damage. A fixed distance for dredging near such areas would not app::i..y 

in all cases and is not recommended. 

Wnen a shell dredge begins a new cut, the coarser material may for.n spoil 

piles several feet above bottom if the dredge is discharging from the stern . This 

is cr.peciully true when dredging in sandy botto~s, but usually not on soft bottoms. 

After tho drodee proceeds forward so that its discharge is over the new cut, all 

oi the coarae material settles into the dredged hole along with most of the fin0r 

rr.aterial. These piles are usually less than 150 feet lone and are mostly eroci.c:ci 

away within a few months although oysters somet:L-nes become eatablisheci on then. :n 

fairly shallow water these piles nay temporarily interfere with small boat, navigat.ion 

and on some occasions in Mobile Bay ~~ey have been removed by the shell drcdgjng 

company with draglines. Because of their small size and temporary nature they have 

little effect on water circulation . I 

Shell dredeing, as it is presently practiced, appears to be one of the le~st 

har.-;:iul r-.ethod::; of recover .... '1g and processing a natural mineral resource . It 

re.Jc;ises no deleterious concentrations of chemicals into tho water or atmosphere 
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and pro clue es only minu.c and transitory physical and biological effects . The entire 

e operation goes on unnoticed by most people and has been conducted for 26 years in 

Alabama u·.i. thout any discernible hann. Since no significant or lasting environmental 

damage is apparently done by shell dredging in Alabama, the benefits derived from 

the practice should be considered by all those concerned. The actual-effects of 

shell dredging and the adverse sentiment against it are far outweighed by the con-

servation and economic benefits derived from the wise utilization of this resource. 
\ 

'I'hc need for channel dredging is obvious although there are problems associated 

Hi th it wh:i..ch rr.ust be considereC. . In contrast to shell dredging, all the material 

disposed. of in open water by channel dredges is put on top of the original bottom . 

This results in islands or large submerged piles being fonned which may be several 

hundred feet wide and extend the entire length of an estuary which greatly restrict 

boat traffic. These spoil areas have been indiscriminately placed in every major 

cs..,uarJ in the United States without regard for changes they would cause in water 

c~rculation. There ~·:as little concern for what effect salt water introduction by 

deep chu.r ... "lels would have on the ecological balance of estuaries . Many of the 

effects arc insidious and have been poorly documented . Most of them may never be 

known because so little historical data are available on salinity, water quality 

and aquatic biology. In most places , the effects are sometimes difficult to separate 

from naturc:..l changes over the long period of time dredging has been done . 

li.lthoueh it m&y not be poss:;_ble to detennine historical effects of salt 

~ra~er ~nt~~sion in most bays, the effects of salinity regimes on aquatic and benthic 

orgc.:r.:.s:"'ls are 1-:e:l recognized (Gunter, 1961) . The relationship ~f salinity to aquatic 

fauna deserves to be studied in all estuaries where channel dredging has been done 

or is antic~patcd since salinity plays an important role in the ecology of many 

important orc~nisms . H. A. Sw~gle and D. G. Bland ( unpubl.i.Ghcd , . Alabama Marine 

e Rl~SOlll't;('h :n.;.v.i :,;ion) .ZolUJCi. i.nat f_i.:-;}ws Wt:!'\3 les:-; ubunclant i1UJ11C:l'ically in the Mobile 
• 
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Ship Channel than in other areas of the bay and that therd lTere about l/J more species 

present in the channel than in adjacent areas. Nelson found tha~ croa~e~s (~--~-:~~-"""~ 

undulatus) leave shallow and moderately deep areas in colder mor.ths u.r.ci co::cei:t.~ate 

in and near the ship channel. Salinity greatly influences the wel~ being of oyster 

populations since spat set and su~"'Vival are affected by relatively small salinity 

gradients (May and Bland, 1970) . Major salinity changes, both natural and man made, 
\ 

can influence the survival and distribution of oysters (Ifoy, 1971; 1972) and the 

relatior.ship of such changes to dredged channels should be investigated . 

Lack of sufficient water circulation in Kobile Bay result.s in •ridespreaci. 

oxygen depletion during the summer. This is caused by salinity stratification in 

sillies creat-ed by shoals in the lower bay and spoil banks from the ship ct:annel 

(May, in press) • During the summer of 197'i dissolved oxygen of 3 . 0 ppm or lcs s m1s 

found in 44 percent of the bottom waters of Mobile and Bon Secour bays. Approx:i 1ato~y 

56 ,000 acrca were found which had less than 1 .O ppm in the bottom t:1rcc feet . 7his 

is hiehly unusual since the average depth of Mobile Bay is only 9.7 feet and most 

shallow bays are well mixed. This condition has existed for over a century and ins 

caused considerable fishery losses and affected the ecolugy of many species although 

tho total effect is not fully known . Future modifications from channel spoil are 

expected to worsen this condition and fisheries losses will continue . 

The importance of a~cquate circulation to the assimulatio<l capacity of 

estuaries r:rust be recognizea as being of foremost concern if coastal bays are to 

continue to serve multiple usage. Spoil placement from channels can no Jonp,er bo 
I 

done as in tho past without furUJ.or altering the usefulness and value of many 

cs tuar.i.cs. This point should be civen full atten't,ion by the Corps o.L Encinecrc; encl 

other responsible acrcncies. Long-term plans for wise spoj 1 disposal r1U1Jt be dcvoJ op o 

ot.lier harniful ei'fucts. 
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CONCLUSIONS 

On the basis of these findings and other studies, the following conclusions 

about dredging and open water spoil disposal can be made. 

1 • The water and sediment in coastal Alabama are similar to many other 

estuaries and the determinations made in this study should be applicable 

in other areas since certain basic hydrological concepts control dredge 
\ 

effluent dispersion and subsequent effects on water quality. 

2. Almost all dredged material disposed of in open water settles verJ rap::..o~-

and enters dredge cuts or is transported by gravity alonG the botto~ us 

a flocculated density flow separate from the water column. All o"Lher 

measurable sediment transport does not exceed natural levels caused by 

normal winds beyond about 1600 feet or less from the discharge. Suspended 

solids are temporarily L.~creased to high levels over a limited area but this 

causes little deleterious environmental effect. 'l.'here is a limited, tempo:i:·ar.r 

reduction in macroscopic benthic orgcinisms in areas affected by dredging. 

3. The w-ldespread visible turbidity sometjmes produced by dredges does not 

exceed n'a tural levels caused by freshets or no.rmal winds beyond a f cw hunc~)'Cd 

feet from the discharge. The visible plume has little re1ationship to the 

distribution of dredged seciimcnts and i.t does not measurably increase sildn;;. 

Turbidity me&sure~ents have no useful application to dredging situations 

since the actual concern is with the runount of solids suspended in the \·mier. 

G· The distance that suspended sediment from dredge efflucnt8 in estuarine 

1:ater uill exceed ambient levels or will cover an area of the bottom is 

dependent upon the kind and amount of mr..terial being pumped and the bottoin 

con f':i.t,'11ra tion. 'Wi ~n 'uhis j.nf ori1:a ti on, th.;i ca i.c cl'i r. tnnce .L'rom chrirnwls, 

r;ho:rolinc,; c:;ncl oyster reef:-- that drodgcs cnn disc..:l'1<:1r~c can be oc "erm.inn{1 ,: y 
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monitoring the existing circumstonces. Because of variations in conditions, 

a fixed .distance from such areus is not applicabj.e in all cases. 

5. If it is desirable to confine spoil to a more limited area, discharge pipes 
. 

should be directed upward above water without any modificar,ions except 

devices or methods to decrease the velocity of the fluid as much as possible 

to reduce roiling of the density layer. Discharging on the surface reciuces 
\ 

the velocity of the effluent on contact with the water surface and pro;r.o~es 

more rapid settling and consolidation. 

6. The concentration of materials normally found in typical estuarine seciimcnts 

has little relationship to the effect on water quality except for reduced 

elements which crea-ce an immediate oxygen demand which is mostly limited r,o 

the density flow near bottom. Because of rapid settlement, volatile solids 

are of little importance to dredging situations unless they are high enough 

to have already degraded water quality. 

7. Both organic and inorganic constituents of effluent sediments remain larcely 

adsorbed or insoluble under aerobic dredging conditions in the presence of 

high clay concentrations and the comm.on ions of brackfoh water and potentially 

hannful components of the sediment are not dissolved into 'the water . Consequcn i.ly, 

biological uptake of potentially deleterious components of the mud is not 

expected. 

8. Water quality can be affected indirectly by gross physical modifications 

as a result of channel dredging and spoil disposal. '.f"nis should be given 
I 

close attention in every dredging situation to prevent hannful alterations 

of water circulation, salinity and obliteration of existing water ar..')as . The 

effect of existing modificG.tions should be detennined ruid appropriate long 

tcr,-n spo:U. plan::; :::;hould bG dGvol0pod for ever.1 c:::;tU<J.r;')". 
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The desirability of establishing limiting criteriD. on sediments or water 

to be dredged is questionable and it appears that standards are not, necessary 

to protect water quality in open estuaries. Present Environmental Protect-ion 

Agency gllidelines are inadequate and should be rc-evaluat~d. , Futurti rcse~.~·ct: 

~>Wt_ ~l'{, ~~~~ '> ~o-fl.~ 
should be directed at~a more complete lcrlowledge of sediment-water chemist.ry 

and at determining the actual effect on water quality when dredging sediment 

of variou~ grades . 
\ 
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'1°1a'm'a• 2. Station locations o! surface mud samples and bottom cores for biological, 
physical and chemical enRlyses co' lected in May 1 '}72 . 
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Locations of three hydraulic dredges studied in Mobile Bay and Jon ~ecour 
Bay. 
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Figure ·7. Horieontal diatribution at three dept.he of total suspended aoli<ls in mt!ll 
around the shell dredge l'J.& llard during a 1 to 8 lmot NE-E wind on J C 
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Pigure ~. Horizontal distribution of total 1uspended eolids in rng/l nr<Junt1 tho 
shell dntdge Mallard during • 2 , to 25 lcnot wind on 3 ovcmber 1 ( 71 . 
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Figure 13. Dissolved oxygen in pprr1 around the shell d.i."edt:,-e !fallard durlnc a 1 t o 

8 knot N'E-E wind. Bott<r.t D. O. wit hin SOC feet is in the hig.'ll.y cou-
cen tra ted 1•rud flow. 
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Figure 2C . Distribution o£ selected netala in un.tiltered and filtered samples down 

S ~ current from the shell dredge Hallard on 21 January 1972 . 
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Figure 21 . e Horizontal distribution of total suspended solids in lll&ll at three dept.ha 
aroWld the discharge ot the chann..l dredg& Orleans. 
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. re 22. Jforlzontal distribution of total fPlspended solids in z:ig/l at three depths 
around the discharge of the 1ntr£;.coast&l waterway dredge /rkansas . 

3 1(L ~ "U;:-; 

• s 

100 
9t Z4 

1, 

I I 

'' /7-- DISCHARGE 

77 
90 " IOZ 100 10 

.. 6S •z 96 

'l 

Z I 
1 7 

77 

4' 

96 

e 
SURFACE 

0 lOO 4 00 600 
f f f T 

'. 



g 
• 

:I: 
f-
a.. 0 

0 
w 
0 

... 
... 

0 0 ... 
0 

~ 

0 

L 

"' "' 

. 
• ... .. 

w 
<.!) 
a: 
< 
J: 
(.) 
VJ 

0 

... 

... ... 

... 

"' ... 

... .., 

... ... 

"' ... 

... .. 

0 .. 

. .. 

... . 

• 

.. 
"' 

"' 

.., ... 

l 

_I 



r 

::ii 
0 
I-
I-
0 
CD 

L 

0 
0 .. 
0 
0 . 

... 
0 
0 

0 

... 

. .. 

... ... 

. .. 

w 
<.!> 
a: 
< 
:i: 
(.) 
V) 

0 

"' ... 

.. 
"' 

.. .. 

3 >-
I- 0 __, 
(/) u. 
z 
w 
0 .. 

"' 

.. 



Fie3 23. 

3 ?LI\\ ~cs 

Horizontal distribution of volatile mlspended solids in IlltYl at 
depths around the disc.haree of the ship ..;ha.nnel di-edge Orlee.ns. 
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e 7~· PLA ll~ s 
Figure 21'. Horizontal distribution of •rolatile suspended eolld.8 in mg/l at three 

depths 6 l"Ound the discharge of the intracoastal waterway dredge .Arkansas. 
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Figure 25. 
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. gure 26 . DissolYed oxygen in ppm around the discharge of the intr.a.coastal water
way dredge .Arkaneas during zero to 5 knot ~i Wind. Bottom D. 0. is in 
the density now.-
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• Figure 27. 

12 MONTH OLD CUT 

Phyuical and electronic prafilee or three razldClll.7 selected shell dredge 
cuts in Mobile Bay which were 1, 6 and 12 raontha old showing bottom 
cond.1 tions be!' ore and after dredging. 
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