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ENVIRONMENTAL EFFECTS OF HYDRAULIC DREDGING Li ESTUARIES 1/

Edwin B. May

Alabama Department of Conservation and Natural Resources
Marine Resources Division
Daupain Island, Alabama 36528

ABSTRACT

Hydraulic channel and shell dredging and open water spoil
disposal have little significant immediate effect on water quality
in Alabama cstuaries. Almost all of the scaiment discharged by
dredges settles very rapidly and is transported by gravity along
the bottom as a separate flocculated density lsyer end potentially
harmful components of the rud are not dissoived into the water.
There is a limited, temporary reducticn in benthiec organisms in
arcas affected by dredging. Spoil piles from channel dredges can
indirectly affect the ecology and uselulness of estuaries by inter-
ferring with water circulation and altering saiinity, The basic
hydrological concepts which determine vhe elffects of dredging should
be applicsble in other arcas. LExtensive rcgulatlicns apparently are
not necessary to probect water quality in open water dredging situ-
ations but spoil disposal practices from channel dredges must be
reconsidered and sppropriate new disposal plane developed.
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INTRODJCTION

.

Hydranlic 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, thcse water
bodies have long been used for navigation and as a site for mineral recovery,
Dredging has been necessary for the developmenﬁ‘of almost all of these activitics
and will be necessary for them to continue. The question has now arisen wnether
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 hammful effects. Multiple water use is indeed one
of the more important envircnmental problems and the effect one activity has on
another has become increasinglj significant. Because of its conspicious character,
the possible harmful effects of Lydraulic dredging on vhe environment has causeq
more public arousal than any other estuarine activity with few possible exceptions.
Sufficient information on the effects of dredging has not becen available to allow
those concerned to evaluate the problem comprehensively. Recent environmental
and waver quality considerations have made 1t apparentv that nore knowledge is
needed by those involved in the practice and its regulation.

The objectives of this study were to determiine the immediate and long lexm
physical, chemical and bilological effects of hydraulic dredginéfand open water
spoil disposal in estuaries with paclicular emphasis on Mobile Day, Alabama.

Lrig was done by field studies ol sediment transport and water guality arouad

active dredpges imcluding shell dredses, a ship chormel maintencuce dredpe and &n

- 3~
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intracoastal waterway maintenance dredge. The impacts ol these operatiocns were
interpreted in relation to how ambient and natural or background conditions were
altered. Existing conditions of water and sediment quality were determined
throughous Alabama estuaries and partially compared to numerous other estuaries
al;ng the Gulf of Mexico. Literature on the effects of dredging and open water
spoll disposal and other germane studies were reviewed. A main cbjective of

this study was to review the gquestion and define important concepts that govern
how dredges m;y affect water quality in order to provide a basis Tfor 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 econory of
all coastal regions in the United States. Water transportation is dcpendent upon
charmel consiruction and maintenance by the U, S. Army Corps of Engineers who
currently dredge approximately-B?B million cublc yards of spoll annually in the
U. S., of which 16l million cubic yards is along the Gulf Coast (Mobile District,
pers. comm.). Large industrial complexes are dependent on dfedging for access to
the sea and intracocastal transport of raw materials and manufhctured products.

Buried shell is one of ths more important natural resources found in estuarics.
Industrial demand for this almost pure source of calcium carbonate is great and
several major industries are dependent upon it. Limestone cannot presently be
substituted economically for shell for industrial uses in coastal areas (Kerr,
1967; Hill and Masch, 1969). Private companies annually dredge about $30 million
worth of unprocessed clam and oyster shells from Gulf Coast estgaries and the
resource makes a substantial contribution to the cconomy of many coastal arcas.

In addivion, royalty from shell Greujing conbtribuies about $3 million cach yesr io
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conservation acfivities in the Gulf States (May, 1971). Shells from this source
are extensively used for culitch on public cysier beds in many states and the
practice has greatly increased oyster production. Effectual menagement of public
aﬂd private oyster reefs is largely dependent on planting dredged shells in
Alabama as well as in other states since no satisfactory substitute is available
in the volumes used.

Hydraulic chammel dredging and shell dredging make use of essentially the
same equipment albthough there are distinctions in operaticns. Channel dredges
construct or maintain navigaticn channels. Maintenance of existing channeis
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. BShell
dredges operate outside of channels in the open estuary on a practically continuous
basis. Dredged material 1s 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 until the past few years. In
most cases the major concern has been whether or not dredging was destiroying oysiers.
Recent federal actions placed considerable nationazl emphasis on the envirommencal
aspects of spolil disposal and other discharges into navigable waters., Althougn
individual states generally adopw and enforce their own water quality standards,
the authority is basically naticnsl since state water quality standards musi comply
with federal guidelines. There is presently a problem of what éperational or
quality svandards should be applied to dredging and spoil dispesal and whethor the

same criteria can be applied nationwide.
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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 agquetic enviromment or man's use of it. In addition to natural mud
cémponents, a large portion of municipal and industrial wastes and other pollutants
discharged into walerways end up in the estuaries. Consequently, a ﬁortion of
these become deposited in the bottom sediment and may become concentrated over &
period of time to levels many times higher than those in the overlying water.
Theoretically, there may be a possibility of secondary pollution bWy resuspension
of these materials. ’

Estuarine sediments are effective traps for many organic and inorganic
materials because of sorpticn &nd ionic processes., Among tnese constituenls
are several which can influence water quality if dissolved into the waler, some
harmful, scme beneficial and some insignificant, Some of these materials have
a potential to degrade water qﬁality and can be dgmaging or toxic to marine lifc,
Some of these chemicals can become highly concentrated by aguatic organisms which
in turn render them unfit for consumption by other animals, including man.

In addition to potential chemical and biological effects, dredging and
open water spoll disposal may nave significant physical effects on estuarine
waters. Deep chamnnels 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 normal water cireulation and mixing. Spoil from
dredges may discolor the water, interfere with primary productivity, rearrangce
bottom sediments and cover benthic orjjanisms. There 1s some cdnecern that modi-
ficabions of estuaries and tho physical presence of an acvive dredpgo may allect

wildiife and aesthetic wvalues,
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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 of the effects of dredging essential. . Tt should
be accepted thalt dredging in some form must be continued and that the most
realistic approach to the problem is to understand the effects of the practice
fully before ering to apply expensive restrictions on the dredging industry
and those dependent upon it. Placing proper emphasis on vhat dredging does and
what it does not de is an important step in insuring that dredging is done
with the least harm and that regulatory policies are realistic from both
envirommental and economic standpeinis.

In dredging studies the physical, chemical and bilological 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 convenienty ﬁo measure precisel& in the field than monitoring
the effects on organisms direcﬁly. The problem of the effects of dredging
should be approached byldetermining, (1) the physical and Cheﬁical character
of the surrounding water and the bottom materials to be dredged, *(2) the
extent to which dredging &nd spoll depesition physically and chemically alter
water quality, and (3) the effecis of dredging practices on aquatic communities.
These objectives should be approsched by debermining the direct or immediate
effects and the indirect or consequential effects. The signifiﬁﬁnce of these
eflccts should be interpreted by comparison with the effects caused by natural
condivions+ The extent and the curation of effects should also be weighed in

perspective to the entire ecosystion. -




Regulation of Dredging

. Chamnnel Dredging

Construction and maintenance of navigation channels has historically been
under the jurisdiction of the U, S. Army Corps of Engineers., Corps of Engineer
permits are rdquired for all private dredging in navigable waters and public
notices are issued on almost all projects. An Envirommental Impact Statement is
required for most Corps projects and some privd%e projects. In reviewing permit
requests the U, S. Environmental Protecticon Agency has jJurisdiction over water
quality and the U, S, Bureau of Sport Fisheries and Wildlife and the National
Marine Fisherles Service consider effects on fish and wildlife. State agencies
comment on these aspects before permits are issued. Responsibilities of various
egencies are basically defined bty Federal law although judicial and executive
rulings sometime influence dredging projects. On occassions, criteria are
established by Federalragencies by the issuance of puidelines. In addition to
federal permits, channel dredging projects reguire a.local sponsor to provide
spoil sites. This is usually done by port authorities, industr%es, or local or
state governments;

Numerous publicaticns are available from the Corps of Engineers which
describe their individual projects or district activities. A nationwide evaluation
of dredging projects is currently underway &t the Corps of Engincers Waterways

Experinent Station in Vicksburg, Mississippi. /




Shell Dredging

The shell dredging indusiry in the Gulf Statves has been reviewed in Texaz
by Kerr (1967) and Hill and Masch (1969)Jin Louisiana by Louisiana Wild Life
and Fisheries Commission {1968), in Mississippl 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. Iach Gull state regulates
dredging through a permit or contract lease system. Leases are either exclusive
or nonexclusive. Alabama, Louisiana and Mississippl operale 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 stales and within states at
different times but all provide for control of dredging operations to insure
that damage is not done to other natural rcsources. Dredging operations are
either limited to & fixed distance from oyster reefs, monitored when in the
proxis’ oels Lo prevent damage, or are not allowed where oysters are
cultivated., Distances from bridges, shoreiines and navigation ?hannels are
frequently stipulated. In addition, the U. S, Arny Corps of Engineers issues
permits for shell dredging after evaluating effecls on navigation, estaetics,
recreation, fish and wildlife ard discharge of efiluents into navigable waterways
which must be in compliance with state and federal water guality standards. State
legislatures sometimes impose restrictions on dredging. In modt shell dredging
operations the repgulatory authority and responsibility is the function of a

statc conservation agency.
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LITERATURE REVIEW

There are several nontechnical references to dredging which are of histerdical
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 envirommental
effects of dredging until the past few years.

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

A
for cultch material.

Imnz {1938; 194L2) investigated dredging of the intracoastal waterway in Scuth
Carolina and in Florida. He determined that oysters were not harmed by high turbidity
or époil from dredging unless they were actually buried and smothered. He founa
that mud in high concentrations was not toxic to oysters and that spawning and spat
gsetting were not affected by the operations.

Wilson {1950) studied the effects of shell dredging in Copanc Bay, Texas. He
found thaﬁ suspended sclids of 33 to 58 g/1 may be found near the discharge of a
suction dredge and that suspended material caused by the dreage dissipated rapidly.
The heavier material such as larger shell fragments and coarser sand was deposited
in the immediate vicinity of the discharge. Turbidity from the dredge which was
_abOVG background 1e§ols extended out to 300 to 900 feet on most occasions. On one
occasion suspended material abov: background levels was found 1,800 feet from the
dredge. He stated that the direstion of movement of suspended material was in the
direction of the current and that the amount which moved away from the dredpe
decreased with distance., Material transported beyond 200 feeB was very sligznt.

In other directions, no suspended material was detected beyond 600 feet from the
dredge. A considerable amoun®t of the material placed in suspension settled idfao
the cut from which it was taken. He subjected oysters in laboratory aguaria to very

hirh concentrations of suspendea 3Lt and stated that 1f such levcis were maintalinedt




in the water for a long peried it would be detrimental to oysters. He found no
correlation between amount of spat seb and distence from the dredge or with amount
ol suspended material in aquaria. He said dredging may be beneficial to oyster
producvion by bullding firm spoil piles which catch spat and produce oysters and
b} digging deeper areas thereby facilitating water circulation in shallow bays.

Ingle (1952) and Ingle, Ceurvels and Leineéker (1955) studied shell dredging
in Movbile Bay, Alabama. In the first paper, damage to fish and motile crustaceans
was not observed even within 75 to 150 feet of an active dredge. Shellfish suspended
from the dredge were unharmed. Silting effects were observed on hottom out to a
distance of 150 to 1,200 feet from the discharéé. He suggested that dredging stirs
up organic detritus which may bz beﬁeficial to shellfish and crustaceans and mentioned
that shrimp vere apparently mors 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 atbempt was made to determine if muds
contained toxic components and if mud in suspension was harmful to fish life. No
toxicity, including hydrogen éulfide, wag Tound but high mud concentrations killed
fish held in tanks by clogging their gills. Fishes were thogght to avoid these high
concentrations and to be unaffected in the open bay. High turbidity created by
dredges was limited tc a2 small area in the vicinity of the discharge.

Hutton et al, (1956) studied Boca Ciega Bay, Florida with specilal reference
Yo dredging and filling., Condivions resulting from dredging and filling were harmful
to most plant and animal life although under certéin conditions there was some evidence
that dredging operations were beneficial to echincderms, ascidians and sponges. Land
fills from dredging were damaging to sport and commercial fishi;g and recreation.

Viosca (1958) felt that Jish and shrimp congregated near dredges in Louisiana
and that aredging was bencficial. He atbtributed this to the dredges stirring up

. NI S
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Breuer (1962) reported that major ecological changes resulted from channel
dredge spoil in South Bay, Texas due to progressive closure ol passes and hinderance
of water circulation by spoil deposition. Because of these changes commercial and
sgort fishing in the bay were reduced to insignificance. However, dredging of an
intracoastal cansl inte the lower Laguna Madre eliminated periocdic fish kills resulting
from hypersalinity.

Engle (1962) wrote a review of shell dredging and discussed the pros and cons
of proposed s%ell dredging in North Carolina, He pointed ocut that monetary and
oyster rchabilitation benefits are accrued from shell dredging and that the gquestion
of exploitation of this valuable buried shell natural resource required a thoughtful
and unemotional approach.

Tellier and Kornicker (1962) did a befors, durlng and after study of sedimenitation
from & nydraunlic channel dredges in Redfiéh Bay, Texas. They did not measure the
dredging directly but attempted to measure silf deposition by placing colored gravel
chips oa bovtom at various distances from the operation. The gravel was put out at
least 9 months before dredging\and core samples ﬁere 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 dfedge bul, effects at greater cistances ﬁere negligible. “hey
felt little sediment sorting occurrced during dredging, *

Mackin {1962) studied cinal dredging in Lowisiana. FKe found that silt was
carvied a meximum of 1,300 fecl 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 spcil was transpoated away from the
immediate vicinity of the discrarge. Fine material was lost in the natural turbidities
at distances over 1,000 feet and had the same effect on ihe enviromment as the materials
put in suspension by natural conditions. Turbidities produced by shrimp trawlers were
not excessive but they were greater than those produced by the dredge at distances of

S

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 cxygen and stated that the factors which contrel
511t deposition had not been prﬁperly considered in previous studies.

' Odum and Wilson (1962) studied dredging of an intracoastal channel near
Redfish Bay, Texas and found thatv respiration exceeded photosynthesis in the dredge
tailings, possibly because of orzanic matter in the dredged sediments. Photosynthesis
~as not diminished much during or after dredging as compared with data from a previous
year and the additional respiration due to extra organic matter did not apparently
interfere with normal producition. They hypotheéized that high production and dence
grass found after dredging may have resulted from release of nutrients.

Odurm (1963) measured chlorophyll A and diurnal oxygen production over grass
beds in Redfish Bsy, Texas befors and after the dredging of an intracoastal canal.
The cause was uncertain but he found productivity tcmporarily decreased and an
imbalance of respiration over photosynthesis which may have been associated witn
dredge silt in the spring. The following ycar 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 Car;ling. They considered
a chlorinity content of 19.5 ppt as full strength sea water and suspended soils
in 0, 5, 10, 15 and 25 percent of this concentration. They used transmitted light
to measure sedimeniation under calm conditions and in a wind tunnel. They found
that the mud settled faster in salt water than in de-ionized water and that a 14
mph wind would keep sediment in a jar suspended. On this basisfthey concluded that
sediments disturbed by a dredglng operation can be expected to settle in salty water
during low or no wind velocity &nd become resuspendsd by winds of approximately 1k
mph or greater, thereby creating an "accurmlatcd turbidity” which could detriuenvaily

affeet an acuabic habitat.
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. White (1966) did lsboratory experiments on the formation and movement of
dredge sediments as density currents in a LO-foot long by 1-foot deep by L-inch
flume. He found that the formation of density layers depended primarily on the
concentration of suspended sediment allowed to build up &t the source, Water
currents tend te prohibit the formation of density flows by turbulen£ mixing and
by sweeping the sediment away before it builds up a sufficient concentration for
layer formatipn. Currents promote movement of density layers only slightly by
interlacial shear. Density layers were observed to flow against the current
and uphill. Gravidy is the primary force whick controls movement of the densivy
layers. Dikes and trenches were used to promote deposition of sediment Ifrom censity
flows in the experiments.
Harfison (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 ¢n the populations of infauna and epifauna.
Resettlement of benthic organisms in both the areaé of dredging and spoiling was
very rapid. Amimal collections taken in the spoll area one month after dredging
showed a marked decrease in numbers of animals and species. Recovery of the
infaunal population waé relatively complete after six months: It was found
important to differentiate betwcen transitory high populations ;f Jjuveniles at
certain seasons and normasl faunel distributional patierns when attempling to
assess the effects of dredging or spoil depositicn on benthic organisms by means
o1 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 dredge spoil.
. Masch end Espey (1967) studied shell dredging in Galveston Bay, Texas

uging &n ongineccring approach. Shual dredges resusponded consiéerable quantilies




of sediment which formed density layers near the bottom. These layers were formed
when dredge wash waters contained high concentrations of fine sediments with more
than 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 flocculate 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

A
of density layers are controlled fe 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 oystver
reef topography may play an important 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 arcas.
0ld dredge cuts and trenches can be used to control and trap dredge sediments moving
as densivy layers. Control of dredging operations cannot be based solely on a
distance 1limit but must, in each individual case, consider type and amount of
overburden sediments, number of dredges to work in the area, and local condilions
off 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 asmage.
Considerable data on dredging operatlons were given.

The U, S. Army Corps of Engineers (1967) conducted a water quality investigabion
during dredging of highly polluted Chickasaw Creek, a tributa:yfof the Mobile River,
Alabama, near its mouth and entrarce into Mobile Bsy. They found dissolved oxygen
was deprcosed in the recently dicared area 100 feet behind the pipeline dredpe when
compared wito an area 100 fecet ancad of lhe dredge due to samples being taken at
ditferont depths and suspension off sladge undergoing anaevobic decomposilion wilch

exerted an oxygen derand ua the woter. They sald thot this was only temporary and

1 T



that water quality after dredging was improved. Dissoived oxygen before dredging
was 0.3 ppm and after dredging was 1.3 ppil. No changes in the other parameters
studied appeared to result from dredging with the exception of an increcase in
sﬁsPended solids.

Geological and bloleogical studies of dredging were dome by the Virginia
Institute of Marine Science (1967} in Chesapeake Bay. Sedimentological data
from bottom cores 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 inc:rease by the following swamer. It was concluded
that spoil deposited in deep estuarine arecas 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 envirommental effects of overboard spoil disposal. He concluded
that overboard spoil disposal increased turbidity over an area of 4 to 5 km?
around the discharge site and spoil material deposited on the bottom covered an
area at least five times that of the defined disposal area. Total phosphorus
and nitrogen were increased 50 to 100 times ambient levels iun the immediate vicinity
of the disposal point.- .

Brown and Clark (1966) observed that dissolved oxygen was lowered by a clam
shell dragline in & polluted tidal waterway between New York and New Jersey.

An interim report from the Cronin et al. (1970) study was alsc published on
the bioclogical effects of spoll disposal in Chesapeake Day Ly Flemer et al., (1908).
Tney collected considerable backjpround data and samples at the’ﬁrodging gite. Yhoy
observed no gross effects from disposal of fine matecrials on microscopic plants
and anim&ls in the water nor on the eggs and larvae of fish, nor on adult fich
held 1lu eages ncar the outfall or caupht near the arca. Scme botbom aninals wurc

smothered over a wide ares and cignifiicant loss occurred, Swmie benihile invertebraves
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. survived deposition and certain species began repopulation scon after deposition.

Taylor and Salcman (1968) described how extensive dredging and filling in
Boca Clega Bay, Florida has degraded water quality and adversely influenced plant
ad animal production. 4 total cf 3,500 acres of estuarine areas worth Si.L
million ammually have been physically eliminated by development of the cecastal area
Tfor residential.use.

The U. S. Army Corps of Engineers (1968) found that hydraulic dredging in
Bon Secour Bay, MAlabama had no effect on nearby oysters. Dy use of silt traps
they determined silt was transported 1,200 feet from the discharge and that the
dredging operation, when compared to weather, was an insignificant contributor to
the overall sediment movement in the bay.

Cunter (196%) 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 antagonism toyards the exploitation of this
valuable resource was not in the vest interests of the stales involved or the
nation., He surmised that shell dredging did little harm and that there is a wvast
lack of understanding about the oseration. He cited numercus instances wiiere the
use of buried shells for cultch has greatly increased oyster production in the Gulfl
States.

Murawski {1969) studied the fitness of holes left by dredges for finficn
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 bo.tom invertebrates. Although ﬁe did not recommena

creating stagmant or semistagnant holes, he sald some wers of benefit because figh
conceniraled in them in the winici because warm water of the fall months was retaincd

. in the depressions.
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Servizi, Gordon and Martens (1969) studied sediments which were o be
dredged from Bellingham Harbor in relation to the salmon fishéry'in Washington.

The sediments consisted of pulp fibers high in volatile solids {27 percent) and
hjﬁrogen sulfide and were devoid of normal benthic marine 1ife. When the sediment
was mixed with water it was lethal to salmon smolts at concentrations above 1
percent from initial hydrogen sulfide levels of 2.3 ppm. Because of toxic nydrogen
sulfide, hightvoxygen demand and because the time 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 werc
concerned about turbidity created by any type of disposal since natural turbidity
there averaged 2.6 ppm and did nct exceed L ppm.

Sherk and Cronin (1970) compiled an annotated bibliograpny on the effects
of suspended and deposited sediments on estuarine organisms which contains mary
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 varicty
in the soft sediments in dredged canals than in the predominantly sand and shell
sediments in undredged éreas. | .

Taylor, Hall and Salomon 11970) studied benthic moliusks and sedinents in
fillsborough Bey, Florida. They stated that dredging and pollution now control tae
ecology of the bay. The diversity and abundance of mollusxs were arfectea by botiom
conditions which were influenced in varying degrees by domestic and industrial
pollubion and dredging. ’

Cronin et al. (1970) studied ihe gross physical and bilological cffects of
overboard spoil disposal in uppor Chosapeaxe Bay. The study projects cénsistcd ol

geology and hydrography, phytovlankion, benthos, zooplanxkton, adult fish and their
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. eggs and larvae. The final report of the study summarizes individual reports in
each discipline. Fine sediments released as a semiliquid by a channel dredge increaseaq
turbidity over an area of 1.5 to 1.9 square miles sround 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 & maximum distance
of about 3.1 Tiles but virtually dissppeared within two hours after pumping ceascd.
Total phosphate and nitrogen were increased in the immediatve 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 oxXygen sag
occurred except near the discharge site. Dissolved oxygen decreased from 10 ppm to
9 ppm within the first 2,000 feew down current of the discharge. At least one foot
of spoil material was deposited on an area five times or more as large as thal of the
defined disposal site. Approximately 12 percent of the deposited sediment disappcared
from the spoil pile within 150 days. No groés offécts of dredging or spoil dispogal
were observed on phytoplankion primary productivity, zooplankton, adult fish or their
egegs and larvae. There was & reduction of about 70 percent in the average number of
benthic individuals per square yard and about &5 percent in the benthic biomass in
the spoil disposal area accompanied by a marked reduction in the number of species
present. After one and onc-half years numerical abundance, biouass 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 fdredging in the channcl,
After one year the chanmel had about the same number of individuals as before aredging
but not as many species were prusent. The sediments were not mown to contain any
. hirhly toxic metals, olls, or ot.uor deleterious materials, It was recommended thatl

quantitative laboratory studies be done on the effects of sedimgnts on importint
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. estuarine species to investigate effects not ascertainable by field methods., It
was further recommended that sites considered for fufure dredging and disposal
should receive individual consideration in relation to ecological impacts, drawing
both upon related research in other areas and from adeguate knowledge of local
conditions.

Briggs énd O'Connor (1971) studied the effects of channel dredging and
filling on fi§h populations in shallow estuarine waters of New York. Seine hauls
were made over naturally vegetated botioms and sand-fiiled bottoms created by the
deposition of spoil from dredges. Of LO fish species recorded, 23 clearly preferred
one bottom type over the other. Most species preferred the naturally vegetated
botvoms,

Coriiss apd Trent (1971) compared phytoplankton production between an undredged
marsh area, a bay area and an adjacent marsh area altered by charmnelization, )
bulkheading and filling. Averags gross carbon production in the altered area
(canals) was 8§ percent higher than in the marsn and L8 percent higher than in tne
bay. Gross and net production were significantly nigheor in the canals and march
than in the bay but differences between the canals and marsh were not sipgnificant,

Godcharles (1971) studied the effects of harvesting live clams with a small
hydraulic dredge on benthic commanities in Florida estusaries. 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. Sone
spots remained soft for over 500 days. After more than a year no recolonization
of sea grasses occurred in any dredged area. No incrcase of clam set was deotected,
No pelagic faunal variations were found between dredged and control plots at any
time after dredging and benthic plug samples revealced no marked faunal diflerences

. cxcepv at one station. He rccommended that dredging for clams be prohibited in
grass areas but that it should bo allowed on other substrates where litile il any

damage occurs.




20
-

O'Neal and Sceva (1971) investigated the effects of dredging on water quality
in Washington. They concluded tnat the disturbance of bottom material by pipeline
and grapple dredging and the discharge of spoil materials can significantly reducc
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 thief visible effect from pipeline dredging was the turbidity plume
created by spoil disposal. They observed the submarine mudflow around an open
water dredge discharge and partially described 1ts properties. Emptying of hopper
dredges created little visible effect on water quality. They discussed retention
of spoil by diking. They observed that the settling rate of sediments is more
rapid in salt water than in fresh water and felv that development of a healthy
benthic community is inhibited when volatile solids content of bottom sediments
was 10 percent or higher. They recommended adoption of guidelines based on sediment
criteria for detemining accep“t,abi]_‘i.ty ot sedjmeﬁts for dredging and recommended
restrictions on where and how dredging and spoil disposal can be done.

The U. 5. Ammy Corps of Irgineers (1971} issued a preliminary report on
dredging studies{EE San Francisce Bay. Dredge material from the main ship channel
. not polluted according to Environmental Protection Agency criteria with the
exception of zinc which exceeded the 50 ppm standard in two of five samples. Water
quality data collected during tne study were insufficient to analyze the impact
or dredging and disposal operaticns but generaliy they indicateg little harm %o

water quality or benthos.

Bardarilk, Alden and Shema (nio date) studied the effects of sand and gravel
dredging on aguatic 1life at three dredging sites on the wupper Allegheny River in
1971, They Tound no erfect on rifile benthos or fiches, “heore was a limited

Increase dn suspended solidn bal vhe pid, &lxkalinity, opocliic conqucianco, blnmian, (el

e
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. oxygen demand, nitrate, ammonia, and dissolved oxygen were unaltered by the
dredging operations,

Gustafson (1972) supplied cata from pilot laboratory studies and discussed
the fallacies connected with turbidity and resuspension of sediments by dredging.
He stated recent regulatory actiors concerning dredging were taken iﬁ ignorance of
the effects of turbidity and in spite of the fact that turbidity created by winds
and tides dwarf those of man's activities. ‘Suspended clays attract bacteria and
remove from the water; oils, pesticides, sewage products (except nmitrates), and
metals. He demonstrated the probability that metals adsorbed to clays are novu
released when clays are resuspended and that organic molecules are not Jiberated
in amountélsufficient 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 teo
adsorption were presented.

Oleszkiewicz and Krenkel (1972) studied the effects of sand and gravel
dredging in the Ohic River, They concluded that the physical, chemical and
bilological characteristics of the river were not altered to a significant depgree
by dredging and that qther environmental effects werce negligible or non-existent,
The only increased water qualiiy ocaremeters were turbidity and suspended solids.

Stickney {1972) studied tha qffects of intracoastal waterway dredging on
ichthyofauna and benthic macroinvertebrates in a Georgia river estuary. No effects
of dredging could be dermonstrated on motile organisms capable of being captured by
obter trawling. The patierns of seasonal occurrence and dominahce of specific
organisms appeared to be consistent regardless of whether or not dredging cccurred
in the area sampled. Contrcl stailons often showed more variability in diversity

. during the period immediately befors, during and after dredging than did the

experinental sitations.
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Windom (1972} evaluated envirommental changes resultiﬁg 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 respcnse to the dredging
and deposition of sediment. ke tentatively‘concluded that in natural and
relatively unpolluted areas dredging has no significant effect on water quality.
Whether dikeq\or undiked confinement techniques are used., Water quality
impaimment caused by dredging activities in polluted areas in mariﬁe environments
does not necessarily bear any simple relation %o the composition of the sediments.
In order to evaluate the possible effects on water quality of dredging in &
particular area specific information must be obteined in that arca. No general
criteria can be set up Tor dredging in marine waters until a significant variety
of dredging situations has been studied in order to have broad experieace in
possible water quality effects due to dredging activities. The time that the
water mixed with the dredged material is allowed_ﬁo stay in an enclosed spoil
area will greatly influence the quality of the effluent from the speil bank,
Dredging of "pollﬁted" sediments does not necessarily impairlwater qQuality in
estuarine environments.

Yeaple, Feick and Horrie {1972) simulated dredging 0perati‘ons by dipping a
tablespoon in small aquaria. They added 100 ppm to 185 ppm mercury as igCl, 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 cspecially as influenccd by the oxidation-
reduction systems and recommendcd that if excessive conceatrations are encountered

the bottom be treabed with binding agents before or after dredging to hold the
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. 'Gun’crer (in press) discﬁssed 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 Irom imnocuous 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 b;ing, for
the general welfare of everyone :involved they should be ignored.

A
PRESENT STATE OF KNOWLEDGE
Some of the previous studles supply impdrtant information about the efiects

of hydraulic dredging and spoil disposal and others do not, Many studies have not
given proper consideration to the vasic principles which influence or determine
the effects of drcdging. The interrelationship between the physical, chemical
and biological considerations has not always been properly emphasized and many
findings are inconsistant. As a consequence, some of these studies are misleading.
The conditions under which Yeaple, Feick and Horme (1972) experimented with mercury
release do not apply fully to most actual open water dredging situations. The
concentrations they used are very much higher than has been found in open estuaries.
However, their discussion on cuemistry is informative and such laboratory experiments
will eventually contribute to knowledge on dredging if all conditlons assoclated
with or produced by dredge discharges are considered. Some such experiments wore
outlined by Custafson (1972). gome studies have drawn conclusions about the effects
of dredging which were not suppcried by their data., For instance, O'Neal and Sceva
(1971) supplied very lititle dates on the effects of dredge discﬁarges in open water
or in dikcd areas but rather saupled around the dredges and in undredged sediments.
They stated there were no significant water gquality problems associatea with

. dredeing alone and that most of the problems arise in the spoil disposal operallon:s.
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However, they made 1itile distinction between the Two and took only one sample
from a diked spoil disposal overflow for limitcd analyses. They took several
samples of sediment for chemical analyses before an open water spoil disposal
project but they ran only turbidity (JTU) and dissolved oxygen in the disposal
site. They collected no data on release of toxic compounds ar destrﬁction of
bottom organisms nor did they I'ind significantly reduced disscolved oxygen values
outside of the mudflow. Their conclusions and recommendations, however, do not
reflect this,.

Several investigations of suspended material from dredges have given little
or no congideration to the imporitant processes of flocculation and density currents.
Consequently, some investigators have mistakenly stressed that current direction
and velocity determines the distance spoll will be carried away from & dredge.

Silt traps and some measure of fturbidity have been used in many studies to measure
conditions which have 1ittle application to ﬁhe overall process of spoll dispersion.
Sometimes only surface water samples were taken iﬁ an erroneous concept that the
visible plume and dilution were representative of the entire sedimentation process.

A major concern about open water dredging and spoil disposal is whether
or not it adversely affects th: hiocta and some studies have been done on the direct
effects on benthic and pelagic plants and animals. It has been\shown that no seriocus
effects occur to nekbonic organisms and that benthic animals soon repopulate dredged
areas. lMoblle Bay and other tuarbid estuaries of the Gull contain few il any
rooted plents in open water so the destruction of grass beds does not usually present
a problcr. Oysters, of coursz, are killed if dredged up or buried. However, the
approach to determining the effect of dredging on aguatic organisms has often been
over simplified, Although there has been a lot of concern expressed, little has
bcen done previcusly to determine whether or not high concentrations of potentially

e
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deleterious chemicals in the mud are actually releasca into the water and made
available for uptake by aqualic organisms. If dredges are 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 Qf dredging on water quality and blota have not always been properly
defined. OSome emphasis has been placed on ﬁhysical alterations 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 histbrical information 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 thereby directly or
indirectly affects aquatic biota, Fortunately, several studies have becn done
which, although they do not pertain directly to dredging, are of considerable use

in evaluating the effects of dredging on the aquatic environment,

»

METHODS

Analytical procedures used were those described by the Environmental Pro-

tection Agency (1971) and Teras (1971). Except for suspended solids and sonme
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of the phosphofus\analyses, most of the laboratory analyses weve done by the
Environmental Protection Agency, Athens, Georgia; the Corps of Ingineers, Nebile,
Alabana and Waterways Experiment Station, Vicksburg, Mississippl; and Gulfl South

Rescarcn Insiitute, New Iberla, Loulsiana. Total phosphorus was detemnined by the
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agcorbic acid method, Dissolved oxygen was measured using a sulfamic acid modi-
fication of the Winkler method (Swingle, 196L) and a YSI Model 5L oxygen meter.
Technical assistance was provided by the Enviremmental Protection Agency in taldng
sadiment 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 Cahditions

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 determined were dissolved oxygen,
salinity, ﬁH, temperature, wind,and sedimentation using funnel silt traps. S5ilt
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 1965. The general procedure was to sample a group
of statiocns for several days in succession. An average of eight samples were
taken a%t each of the 15 stations during July and fugust 1969. Samples were taken
~at 10 stations in the vieinity of the shell dredge for a three—éay 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, temperature, dissolved oxyycu,
turbidity and suspended selids. Extensive dissolved oxygen data were gathercd
throurhout Mobile Bay from June 1971 through Seplember 1971. Botlom cores of
sediments for chemical snalyscs werc teken in October 1971 at 15 locations in
Mobile Bay and water samples were taken at 17 stations (Figure 1). Additional
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Diszolvod Oxyron

The extent of low oxygen caused by tThcce two dredges was similer to e

N

sngll drodge and was lindied to the mud censiity Llow near tollom (Figurcs 25 wud 20).

Thore 1s apparently 1ittle difference in the immediate oxygoen dewand botwecn receniely
deposited and older sediments.

il
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Tne pil was slightly lowered in Vhe discharge of voun aredges and was somcunat

less thon awmbient out o 206 feet from the ship channcl aredge. The maximm redsction
in pH was 1.3 uaits but the average was only about 0.5 which 1s less than i.oriiw.
ureal Flucltuations. This small end Limited change in pii héed no nessarshlo el ec.
on olher water quality puramcters. An incrcase In acldity nuy hove been dur to i
oxldavicn or disassociation of sulphur compounds to Torm 6cids since pfrses in wun

mads could nol escape inte the atmcgphere until discharped froa the end of the pipe.

Total Phooshoros

L

fnalysis Jor phosphorus was done only on the intraccastel dredpe. A siitice

Jine o sunples showed no phosphorus increase in setiled samples (Table 8). “he
posalble reductlion in total procphorus suggested by lincse dava and those in Fipare 19

Je been due to phosphoius being naturaily higher vhere the baek rownd duls
vere collected then it was at the dredge discherge, aliiioug: a reduction in cdlooolved

not do

0.
0

.. - A i - foa e = - o . .
phoanlicras oul urprisin Pitzgerald (1970) found that acrobic wid rrpia.y

TE
L3

rEoved dissolved plicsphorus from wator,

Chiamneldl dredge effiucnt did nol dncrcase the levels of discolved hoavy

metals (Tebles 9 undg 10), Tnese data are coipured Lo addibionsl sruples off shodl
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IIYDROI OGICAL DREDGITNG CORCEPls

Lotuarine Sedimentation

"

Viite {1966) and Masch and Espey (1967) were appurcarly the fivst to appiy
the basic concepts of estuarine sedimenvology Lo dredging stucddies. Tluvilic consluve-
ation Led been given previously to the possiblility ol Tlocculatvion proccsses, nud
flows or density levels resulting from high concentrations of suspended sculnonls.
Since thege factors largely control dredge sediment dispérsion and deposition,
they are fundamental in influcneing chenical exéhanges and subsequont violo, lvol
effects. The above suthors gave en exlensive discussien of eswuaring COoATLEL L
concepts vhich are briclly reviewed here along with cuoner consiaoravions ooty
in undcrstanding the processes of dredge effluent scdimentation and e subscun b
effccts on water qualily.

A large percenlage of estuarine sediment 1s made up of small cioy and ollu
porlicles which may beaave enlirely diffcrenl in suspension than larger parilc.es.
Then sodiment cnters tae upper part of an coluary or is reguspended by waves or
other sctivities, the ccarscr particles scille ouw rapidly in the zbsonce ol &
suspending Joree. The [iner particles remain in suspensicn longer. In 5rLu W
even vith salinity below 1 poi, these fine sedimento flocculate raplialy tnn ool

e

oud. Defore being deposited, however, they somelime Torim a separate aenziiy o.0w

near botbom whicn is fluid and can rewmsin stabtlonary or be moved ebout by woiey

curronhe or other forces. Flocenlabion is an extranely dmportant proccus in v

. s . . . . ot L
ediientation and ic of particulss lmporituce in regard to droc’e ofllurnts. Lyou

)

)

.o B PR . .- - . .
(1909) found that Bon Sccour Bay and the righer salinity srcas of Molilc biny o
siliing more wupidly ihan the upper estuary. This is due in parl to flovealaiio,

off “he watorbomrme clays ncarsr ihc mouth of the cotuary. UHadurally ocuriwing










'1:i.scharge(1 and Lne boblom confiparation. Ifigh pereonlagns cu Tine clays and ciluy
crays rapidly Lorm density layers and move awa)y Jrom dredpes ag densily fiows,
The more of tnis lypc material in tae discharge the greater is she densitvy prossure,
and- thcrelfore the distance 1t travels is greater. fHeavier particles are pilcd
dircclly wnder tne discharge and exicnsive sediment flows do not occu£ 17 the over-
buraen is conposcd mosuly of sand. The shape of the boliom conlribules to
determining poth tae direction and disiance which the spoil moves since gravity fo
the primary vransporting force. The bulx ol shell credge spoil flows back into ile
cul Trom which iv was taken and a lesser amount is transported culside of cuts
along the paths of least resistance. Masch and Zapey (1967) have showm that spoil
dispcrsion could be controlled by the proper usc of submerged dikes and trenches
which are a normal proauct of dredging operatlions.

.- .
satne Wodeas

A different type of dengity layer can also be formmed as a result of wedios

£

ol water with near oceanic salinily being introduced into cstuarics by decp channels

w
ot

or pussos oelng aredged the mouths of bays ana rivers. Iigh salinity intrudes

ihie Mobile River ag far =

L

;30 miles upstream from its mouth due to the chormel 2o,

vie Culf into the river (Robinson, Fowell, and Brown, 1956). The open walors of

-

regt estuarine beys are stratificd ty salinity, the degree depending ou waier

4]

deptiy and the relavive amcunt of mixing of the salt water and fresh wabter cuterdng

o estuary. Salinivy density layers which resist mixing can alter sodimcaviiion

rates cnd water guality and aflect vho distrivution of many npecics of molile ana
oot T e TR e I
SColLl.C OrZanlilms,

Patteris of salinivy and water eirvculation are extrouncly Luportant pacrncic. s
in eslwnring ecology., Yhelr inporiaace i1s nov just directly o Lhe wanslo i Uhe

.o T s T B L. T U § PFRUSE - e [P I R vr e el o iy el
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.for‘ natura’ and men-induced pollutants. 21 is frequently ove Ploomol wifit . il
cconomic use of rany estuarics and their rivers is as & wasier S1ipply &0 CESSPOCLS
for runicipalities and incdustries. If this usc is to continme compatible wWith
olhtr valaable uses, alterations of salinity and circulation patlerns by «rolgin
rast be carelaily considered. Because of such alterations, channe. dfedgln; and
assoctated spoil disposal influence the ecology of nany cstuarics.

Scediment-Watcr, Cuontatlry

Bstuarine mads are complgg in their composition and behavior and lhe nccl-
anisms which determine the effects of dredging bottom matericl and dischorging Zb
overboard ars complicated. The muds are unique asscmblages of matter and tiey
contain sigrificans quentities of mutrients and trace elenents corposen ot Varicus
inorzenic end orgenic substances from natursl &0 MEA-MAGE COULTrS. M056T ol LLti-
chomicnls i the mud are at levess many limes higher than the emcll Goanultiol Do
Cissolved in waber because of the atiracblon of the nmegative surface 0l clay pure
for the cabions of saltwaiter. Among these clemenls and corpounds #19 Jany wilili
are basic Tor 1ife and tholr concentralions regulate the kind ot amount o blono, o _
procesous in waver. Natural muds are not xnown to ve voxie vo aguollc Life whohion
deposiled or suspended, however, some of the materials found in mud may be pabin ul
to cquatic 1life if their dissolved concentrations in the water age oo hifi.

Cormponents of the mud whica arc of speeial importance incluce nydrofen o (b,
pesticides, metals ana phogphorus and nitrogen compounds, Ilydrogen sullide iu
toxie -ra which resulis Trom tuc redaciion of sulfatcs., It is oflen assccizbca
with sulfate-rich aludges from palp mills end ig cowmonly found 4n ANasronic Wil o,

Tn consrast Lo most wud couponents, posticiden arc almost crelneively uon-
moe.  Tou Exncmt and fmporiance of pesticide pollution in estusrics are nob Juliy
. waderotosd {(Sutler, 196%:, b Jdornson, 1960). Buller (in prc:;s)n:yur‘bod thal DI

rooidoos Ln oycters in 15 consslal states, dneludirg Alebing, Weae 005 Obuaved
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. Althoush bacteria are important ir. biological exchanges botvcen mud and water (iiayes
o p = 1=}

and Pnillips, 1958; Burchard, 1971} it is apparently nol of immediate irpor.aénce
to the siiuation of dredging. NMuch work remalns in determining the chordcoal oo -
anisms which regulate the cxchange of these components belween st snd WaTer &iwd
their influcnce on aquatic biota. Little is known of the puysicociemical Toins o
those clemcnts, bheir relative stebilities or their rates of interconversion &iw

b
exchange in waler and sediment (Wolfe and Rice, 1972). However, their proporlies
and behavior are adequately known o exprain wita some degree ol cerlalnty Lie Loci
of wholesale releaso into the water during dredging.

Many of the mosi important reactions beltween mud and water conponents are
oxidailion-roGucilon {redox) reactioas and sgorption-desorptios ionie processes (lozlsow,
19025 Lee, 1970,. A typical vertical profile of a shallow cstuury siicws & colw.t
of oxygonated water over a thin zone of oxidized brownishn to olive groy scuncio
and en underlying plack or medium grey layer of reduced mua. Many metals Loviig
several vaicnce slates and pnosphorus compourkis arc more soludle in tnclyr rodnesd
form end ypenerally precipitate wiien oxidized. DBecause the sedlment suclace 1s
normally cxidiued, i% acts as a barrier to the more soluble reauced chemicals 1n
the decper muds (Windom, 1972). Metals may occur in the mud as metallic sulfidcs
many ol wiaich ave highly insoluble (Lee, 197C). These mecnsniome appiy Lo oot
metals and other mud componenis but there are excepiions wien some fosmg ol cervain
retals such &5 mercury are more soluble in an oxidized stale thsn waen reducea
{Ticm, 1970; Yeaple ¢t &l 1972; D'Tvrl, 1972). However, dissolfod merey” 0
comunnly removed from water throw;n adsorastion oa suspended orgamic and norganic
particclite waller which precipitates (Fleischer, 1970; DiTvrl, 1977),

wWhen G.e oxidized surfoce of e ccedinem®t i adlsturbad Uy dvodring ond the

rodurcd ads are resuspended i bhe wetor 8 hcolculeal a

- Lot - c T e N .
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.1arge smounts of some of the chemicals in the mud could oecorme dissolved into ine
waber. Several investipators have partially explaincd why this does not cccir,
Thers is a large concentration of reduced iron in the sediments {(Vindom, “¥727).
Iréﬁ_comp;isea gbout 5 percent of the sedimenis in Mobile Pay (unpuolisnea,Cull
South Research Institute) which ig similar to other bays (Bipgms, 19067). Visen it 15
dredged and placed inbto suspension it is immediately oxidlzed Jorming Iron nydroxide,
The iron hydroxide then has the capability of scavenging other metals out ol colution
and precipitating them with the iron. In addition, some ol the other metals iy
precipitate as hydroxides (Wilssom, 1971). This process is aided by the organic
matber and the high concentration of clays in dredge elfluenv which are capubic
of adsorping large amounts of metals (Lee, 1970). In addition, it is possislie ii:.
the solublilitvy reiles of many metsllic foxms are too slow to ailow releage vanir 1 -
observed coacitions of rapid settlement in dredge el lucnts.

Sediment acts as an effective buffer on phosphorus and the concentreticn Iz
water remains falrly constant (Pomeroy, Smitih snd Grant, 1965). The reversible
exchonge syslem invelves an lon-exchange process in which cliny, iron and otiesr
metuls arc directly involved (Jitte, 1959). In the presence of oxygen, phoopheras
in the water may combince with iron to form ferric iron-phosphate ¢r more probably
is sorbed on sone complox or hydrous oxide of ferric iron (Lee, 1970) which arc
insoluble and precipitate. The chenical mechanisms of nisrogen exchange are ditlersc:.h
then plionphorus bub are largely dorinated by the rodox sysien (Kecney, 1972). Tiitre, ..
relcase by secinents is favored by oxidizing conditiocas but the rcelease is slihiv
anre Lo Cpuerenuay nol rapld.  Nitrate Lo cilicrenv in that 1t shows ensentially
no sorpoios lowdensics on clay mincrals {Lee, 1970) buil clays rcadily sord oz iie

riveoseeo s conzounds (heercy, 1972).
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. The extent to which spoil disposal would be cxpected to alter dlssolived
concentvrations of these materials 1s largely depcndent on how it affects {Le
condivlens which regulave these exchange processes. The mechanisms are indluenced
by'pH, the presence or abscnce of haydrogen sulfide and dissolved oxygen, and tie
composilion and concentration of suspended sediments. Little change in pH and

no hydrogen sulfide was detected around dredges during this study. The release
ol large guantities of reduccd sediments inito thc water by Greages cruaves a
rapid oxyscn demund which reduces dissolved oxygen to some degrec. liowewver, Ui
solids scitle so rapidly thal the area of low ox&geﬁ is mostly coniinced to o
arcas of extremcly high suspended so0lid conceniralions in the mud Flow, Caroct,
levels ihat may have been low enouph to infliucnce the relosse of chemicals into

v bne waler were not found in tho waver around the dredge diseoarges siudied, Unleso

Lhe oxygen concentration is very near zero ihe redox poleneial remains oxidative
and is 1itile affecved (Foritimer, "971; Kecney, 1972). Reducing conditiens were
nol found in the water around dredges operalins in Mobile Bay. In oxygenaiel
waler, as long as pi and oh (redox potential) wre not gre atly changed, no larc-
scale releasc of nutrients or trace elements would be expectes wo occur ((eriizn,

1971) espccially in the prescnce of high mud concentrations. .

Thus, the lack of total oxygon depletion, rapid sculieient of sollds fra

the formation ol highly concentrated densily layers slvongly 1oflwnee tie Olstr) -

uilon and fate of the nmd components, The high clay concentrations in vhe diar.on e

snd flocculation causc compononis of vhe nud Lo ramain associaled wiin bhc suopnied

4
solids and o gotvle rapidly invo ne wmad flow. Thoy are tre poed there bocuane of

the large adsorption capacity of the sedinents and the oxyponated coundibion of ol

overiyAnT waler,
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®
It was found in Lhis study thabv the concenbration of most materials in the

sedimcnt has 1itile relationship to the effect drodges have on water quality. This
vag been observed in other areas also (Winaom, 1972) and it is spparcntily velia Jer
undisturbed scdiments as well (Lee, 1970). This may nov be true wherd lhe sedinonvs
are very heavily pollubed but in a typical esluary no sinpie relationsnip has boen
observed. Thif is a very important point since 14 nas been ascumed by vhe Fnvirosn-

menwel Probeetion Agency that the guality of sediment devermines the cfzicces that

areage effluents have on water gquelity. Turther attempts 10 regulate dredging
scuivities based on sediment eriteria alone would be a mistake. Until all oi whe

many interrelated facbors which determine how dredge effiuents may or may not
alfect waiter guality are bevler widerstood, arbitrary standards should nov oG
eslablisned. Future research shoald be directed ab a more complelc VROV LE L O
sedimcnit-water chemistry and at determining the actusl olfecs on vieber quailily wio .
dredging sedimenls of various grades.
Terbddie

The most obvious thing a dredge docs is muddy the water. There in.a lov ol
concera aboub turbidity from dredges sillting beaches or {ishing grounds and redincling
the acsihctic guality of water. mhe Envirormernial Provection Agéncy ras supcesuea

shat dredming operations be regalated by turbidity measurcinens anc sbatos nave

1

2doobed turbidity criteria in thelr water quaiiiy silanaarus. Tetuciion in Ligut,

I

@
[a]
0o
o

1tizl for photosynthesis, csn tneoretically decrcasc DTN TY productivity Wl L0
iz the vasis for some professiorsl concern sbhoats tusbidity predaped by dred oo,
Yoo o ley vaew, tusbidily produccd by GroGges 15 he visunl cvidenee upon wilch

prach ol iae opposivion Lonard dreg ing is based. Dredges often Ao SHCTEnGG Lulle a1

. over Lorou Livas 5o e ofToct of this aspect descrTves to oo conmiuered.







-58-

measurciments are of 1litvle use in evaluating elfects of dredging and they cliouldé
not be used Lo regulate the practice since inercases in turbidily are not
quaniitative and have no correlation to the transport of diredge elflucnt.

Toval and Volstile Suspended Solids

In conltrast to turblidity, determination of suspended solids is a guantivalive
meagure ol tne actual amount of material in the water. Neasurcrent of the woi, it
o suspendcd sBlids is the only mesns by whnich the effect of aredging on scuimenteilon
can be meaningfully evaluated. The weight of filterced and dried solics is =1
expression of tae total amount of maverial in suspension. The weight iost wr
igniting the dried solids is an expression of the organic matter and otner volaiile
goilds, This fraction contributes greatly wo the guality ol sedimentc eud iT ihe
amoant io greav enough its decay can degrade overlying wocer, liowever, in opn
witer dredging,oxidation of organic matter found in typical scdiwciuls is too ajowr
anc the solids settle too rapidly o be of any consequcnce compared wiuvlh 1he 11 wow fe
chicemical oxypen demand of reduced inorganic chemicals in the scdimenss.  Yhe dmpe b tcw
of nigh concentravions of volatile solids in sediment to be dredsed is that vhey ey
have already lowered waber quality by cdepleting oxyrpen and producing hydronen ol

Y

In such cases, removal onto Zand of sediment high in organic natier such 27 2
cormmonly found in dindustrial harbors may improve water qualizy aliboagh il PR
of the effiuent may be much lower Lhan when dredging in leos QIR BUULIG LT,

It is Lhe quantity of wvolalile solids that is of imporilsnce ravier Lias

- b

percent. 1T percent volstile solids 1s applied as & quality crilerion to dred-.
/

[

ofTluents, Uho case exists wnere the water being pumped lowers whe qualiily of the
i, Suspunced solids in Mobile Doy waters averaged 29 percent volatl s colids.

Stnplis ol clear water Irom thoe Culf of Mexico ofl' the A'abima congt aversged 33

porcuat. Yne sedineny an the by ranged irom oo ©o 11 porcoent end cvero;ot anont 7
a .
neveeat volatile solids,  Whent mud and weler arc roxeo h{,hyarhuﬁlc a1
) A
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®. ...
effluent\usually have a lower percent volatile solids than the receiving wauvcrs.
i
Although the volatile solids content is important in characlerizing seaincnts 1t
does not appear to be a usable criterion for regulating dredging practicecs in

typical situations.

FrrECTS OF DRIDGING ON ESTUARIES

It has been obgerved that the only important direct eflfect channcel znd sucll
arcdge efrluents have on watler guality in open Alabama escuaries is Lo temporarily
increasc suspendec soilds over a relatively small area. Fost of the sedinici. Cor-
chiarged by dredges very quickly settles to the bottom and forwms a nighly concens-
raled density flow out to a distance of aboui 1,600 feet or less. This floid mui
which is partislly oxygenated displaces the bottom warter and congolidates raplidly
without poventially harmiul components of the mud becoming dissolved into ihe inter-
stivial or overiying water. Dissclved oxygen is livtle alfected except in lhe mni
{low ncar bottom. The mud flow outside of dredge cuts consolidates to foom a Jayer
{rom less than one dinch Lo scveral inches trnick that covers the original bolion
Jocates some benthic organisms such as worms asnd smndl mollusks. Moot
macroscoplc orgénisms in tne material actually dredged are buried and killed.
however, it has been shown théet dredged areas become repopulaled in a fairly sliort
time (Marrison, 1967; Virginia Institute of Marine Sciemce, 1967; Flemer et al.,
1968; Cronin et al, 1970).

E. L. Jones (unpubliched, Uiiversity of Soubth Alubams} did a limited {annd

’
invesvigation around tae shell drenge durdng this study period by cowmparing uncre o

k]

nd dredgea bovtems. He concluded that repopulavion of a dredped arce probauvly
occours within a fwo-month periond ard toat physical charocberistics of dred,ed mad

.mvurbs o vne unarcdged characuer stics in approaimately oix noatns., e Saund 1-od,




.des Lruction of bottom fauna by dredging is minor and transiftory,.
John L. Teylor (unpublished) &lso conducted a reslricted benthic survey

around the shell dredge in Mobile 3ay during the study period by coupiring unared,rd
boltoms with various aged dredge cuts and adjaccnt arcas wivich nhad been aflected by
mud flows (Table 12}. He reported that all bottom dwelling imvertebrates werc
destroyed in a new dredge cub and that 70 percent or morc was destroyed on DOTLLONS
recelving spoil\in comparison with undredged bottoms. He found repopuiallon ol caus
and spoil arcas in Mobile Bay to be reasonably fasi. The muber of invertchbrates
presont alfter & 6-month period or psrhaps less, wére .equasl to or greater than the
number found in some areaz of undisturbed bottom. However, the specics diversivy
and abundance among dtations in undisturbed arcas were nigher than the aredgea areng
in all bub one case. He interprevcd tnls to mean that areas of Moblle Buy inlluciiiec
by drodging do nou generally return to what may be considored a normal condition lor
a2 perlod of at lcasv 2 years following dredging.

Iimited, nonconclusive dava collected cduring the present study au the clatlons
shovn in Iigurc 2 indicate that dredge cuts become fairly well repoprialed alier cvou.
2 yocurs oub thal species composition may not be ag diversified (Vable 13). Nore of
trhe benthde studies in Mobile Bay considered seasonal or areal variations in the
populations, differcnces in bottom type or known verialions in water cualily cuch
&3 solindity and dissolved oxygen, so they are of limived use. Lven so, tne data
are in general agreement with previows studies in other bays that arces affoceted
by arviging do ropopulate with bentlide organisns within a fairly shorl time. Small

/
tomporary reaucticns in benihic organicns roestricted to small aress wre probrbly
oX 1liltle conscquence to the cotuarine ccosystem of Alobana.

r~

Bicteria arce an daportint comginenl of cotuarine mmas and they sre vndoublodly

.“_'cc et Dy odredsings. Thoedr iwporbonce as car ceologicat Taclor is wuch mora Liom

Daing a pooenldnl nealth sanard siunce they play an dwporlanl role 10 dedeeaninine

1
L
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.i‘ungi arc vhought to be lhe most important Iink in the foud chaln of ormdvorous
deilritus conswncrs such as penasid shrimp aﬁd many otlier common cstuarine species
(0dum, 1971). Increases in produclivity wlich have been reported follewing
dredging (Odum and Wilson, 1962; Odum, 19063; Virginia Institutc of Marine Stlicnoc,
1967) end movile animals congregating around dredges (Iniie, 7952; Vibsca, 195G
may in parc be due to increased bacterial aciivity in response to aeralion ol lhe
sediment and ﬁpe freshly exposed organic matler rather then a direct nutricnt
release. Bacteria are known o have an aflinity for sedimenls and particularly
organic matter (Volkmary and Oppenneimer, 1962) .and vacterial levels have becn

observed Lo oe hicher when sediment is stirred intu the water since lcvels adsorpd
P

Lo sedimcenbs are much higher than in overlying waters (Upperhcimer and Jannssch, 164027,

Colitorn ovacteria levels were measured in undredged sediments bubl nobt in the waies
during the present study (Tsble 3). Since volatile solids in drcdge cillients &
Gistridbuced in association with trhe inorganic soiids, boln of wnich seulic quic.iy,

it can be tentabively assumcd that bacteria in tihe mud are redisvribuled buat

remain asvociated with the suspenced solids.,

The holes that are sometimes lofL in the potton of Mobile Bay by sheil cron.
urually £111 in to approximately predredging depths within 1 to 12 monihs (Figure 27).
Consequently, any affoct they may have is only tcmporary. Thero‘is no appreciablo
change in the dry weight density of the bottom {Table 3) and the rodeposiled maverisl
should nol be rorc suscepuvable to resuspension vhan much of lhe original bolloin,

i experienced investigavor is recuirced to debtect old dredge cuts by probling sisce

waber depth ana the botlom consistency is very similar 1o, or more Urequently dooacdend
: Tl

to, surcounting boltoms within a chori tine aiicr drudgjpg. Lo bax\has notl bien

decpuned apprecinbly by resoving oholl beeause ol the mrall area allcelod ard e

. Lirh rate of navaral solinenbovion . Volwnotrically, «n ovoraps of over 5.0 Lo

- - - L Lo e - R BICHC R S P e Fs LAt - . e —_— I, 1
SN0 Sulloulal SLVETD a0 LW Bl FGLr LLoi wal volwne of sholl rontved.
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. Oycler reefu, in almogt all cases, are raised above inhe surrounding totter
and would not be greatly succeptivle Lo coverage by dredme efllucnts if proper
precautions arc followed. Spoil piles left from previcus dredging operations waich
werc less than two feet higher than the bottom had no sils Geposition on them
evernn Within 100 fect from an active shell dredge. Oyaters on ihe spoil bank ol
the Mobile Ship Channel wers not silted when a sholl dredge operated witiin 700
feet from themnor was silt doposited on the spoil bank immediately adjscent to

a drodge cut., Under controlled opecrating conditions with knowledge of bouton
configuravion and continuous sampling of suspended solids, dredging could be Geaw
very near producing oysver reels, shorelines and cxisting navigation channsls
without damage. A firxed distance for dredging neasr such areas would not epply

in all caces and is not recommonded.

Woen a shell dredge begins a new cutb, bhe coarser material may fora spol
piles scversl feet above bottom 1T the dredge is discharging Trom the stern. Thio
is capocially trie when dredsing in sandy botboms, bui usually not on sol't boliow:;.
Alter the dredse proceeds Torward so that its discharpe is over Lhe new cut, ail
of the coarse materisal setiles inve the dredged hole along with moci of tre Tin. v
aateriai. These piles are usually less than 150 feet long and are 105ily croi-d
&ray within a fow months although oystors sometimes become cstablisnsd o4 to.4t. 1w
frirly shallow water those piles nay temporarily interfere with small boat nivi,stic.
and on some occasions in Mobile Bay they have been removed by the shell AT
comgpary with drgglines. Because of their small size and lomporary nature thoy have
LEisle eflect on water clrculation. 4

Shell dredging, as iv is presently practiced, appears io be one of the Loos
noridfel netlions of recovering ana processing & natural mineral resource. It

relefses no deletericus concenvrations of cliemjcals inle Lhe water or atmosphc ro




-t -

dod produces only ndnur and iransiiory piysical and biclogical effecls. Tie entisv
operation goes cn unncticed by ozt people wnd Fes boon conducted for 26 yoars in
Alabana without any discernmible harm. Since no significanl or lasling envirommenial
damage is apparcntly done by shell dredzing in Alabama, the benefits derived from
the praciice should be consgiderad by all Those concerned. The aciual.cficcus of
shell dredging and the adverse sentiment against it are far outweighed by tiec con-
& <]

servation and economic bencfits derived from the wice utilizalion of this rcsource,

. h i . . . . i - . .

“he need for channel drecging is obvious although there are probiems associated
wivh 1t wlleh nust be considered. In contrast to shell dredging, all the malerial
@lsposad of in open watcr by channel drodges is put on top of the original botiom.

FIRE

fhis results in islands or large subnerged piles being formed which may be several
bundred Cect wide and oxtend the endiro longth of an cstuary which greatly restrict
ot trelfic, These spoll areas have been inaiscriminately placed in every majov
taveary In the United States without regard for changes they would cause in water

.

cerculslicn. There wse little concern for whal effect sald water introduction by

tecp chLarninls would have on the ecological balancé of estuaries. MNany of “uc
erlects cre insidious and have bgen poorly aocumented. Most of then may never e
known because so l1ittle historical data are aveilable on salinity, water guality
and aquatic biology. In most places, the effects are sometimes difficuli to separale
fros netural changes over the long period ol time dredging has becn done.

Alvhough 1t moy not be possidle to determaine historical effects of salt

Jator antraston In most bays, the effects of salinivy regimes on zguatic and bentilc

SrELnioas are well recozuized (Gunter, 1961). The relationship 3f salinitvy to wqguatic
feunw deserves to be studied in 211 csiuvaries where charrel dredging has been done

or s antleinsted siuce salinily plays an important role in the ecology of nany
important oryvrnisis, W, AL Swingle and D, G, Bland (unpublished,'ﬁlab&ma Marinc

-7
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. Henonaoees Dovid O} Jutand vhat fishes wero less sbundant nwncrically in the Mobile
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Ship Chanrel than in other areas of lhe bay and thav there were about 1/3 nore species

present in the channel than in adjacent arcas., Nelson found that croavzrs (17~ -:0 7.

wndulatus) leave shellow and nmoderately deep arcas in colder months snd concent omic
In and near the ship channel. 3alinity greatly influences Lhe well being of coysicr
populations since spat set and survivel arc alfected by relavively small saliniiy
gradicnvs (May and Bland, 1970). Major salinity changes, bouh nabural and man mase,
can influence %he survival and distribution of oysters (May, 1971; 1972) and tic
relationsnip of such changes to dredged chaanncls should be investigated,

| Lack ol suffiecienl water circulation in Mobile Bay resulis jr widesnreza
oxygen depletion during the summer. This is caused by salinily stratific:ztion in
sings cresved by snoals in ths lower bay and spoil banks from the siuip channel
(May, in press). During the summer of 1971 dissolvea oxygen of 3.0 ppm or less tas
found in Lk porcent of the bottom waters of Mobile and Bon Secour bays. Approxiie G
56,000 acres were found which had less than 1.0 ppa in the boitom lhrce Teet. Tis
is nignly unusuel since ihe average depth of Mobiie day 1s only 9.7 feeb wnd noot
shallow bays are well mixed, This condition has cxisted for over a century aund nus
caused considerable fishery'losses and affccted the ecology of many specles alllou,
the total effect is not fully knowm. Fubture modifications Lrom chaimel cpoil urec
cxpceted to worsen this coudition and fisheries iosses will coniinue.

Tne importance of adequute circulalion to the assimulation cupacity of
estuaries mast be recognined as Leing of Toremosi concern if coastal Lays arc 1o
continue lo serve yultiple usaze. Spoil placcement Irom channels cen 1o Jon;ter L.

rd
done as iu the past without furcher altering the uselulness &nd vaiuve of mony
cgluaries,  This peint shoula be given full avwention by the Gorps ol hupineea ¢
Quuer responsiole agencies. Long-tewrm plans Lfor wise spoil disposal nagt be peared Gy
Jor ol cocnud]l o ares Lo el e SO0 G4 biat JI ARy ln'f‘()h]_:':11;; MLl AVOLG CIvDhaT,

olhwy nooniul eiiverns.
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CONCLUSICNS

Un the basis of these findings and otier studies, the following conciusions

about dredging and open water spoil disposal can he made.

1. The water and sediment in coastal Alsbama are similar vo many Ether
estuaries and the deverwinations mede in this swudy should be applicabie
in otth aresas since cersain basic nhydrological concepts control dredre
effluent dispersion and subsequent effccts on water cuality,

2. Almost all dredged material disposed of in open water setvlcs vory roanl oy
&nd enters dredge cuts or is transported by gravity along the bottom as
a flocculated density flow separate from the water column. All othor
mezsurable sedimcnt transport does not excecd navural levels caused by
rorird L winds beyond about 600 feet or less from tie discharpe. Suanencie:)
solids are lemporarily increased bto high levels over a limited arca but ihin
causes little deleterious enviromnentzl effcct. There is a limited, toiporary
reduction In nscruscoplic benthic organisme in areas affected oy drcd;in;.

3. The widespread visiblie turbidiuvy sometimes produced oy dredges docs notl
cxceed natural levels caused by Ireshets or normel winds beyond a few rmudred

-

fect from the discharze. The visible plume has litule reiagtionship to ti.c

distribution of dredged sediments and i% docs not measursbly “ncrense sil. ).

e
Turbidity messurements have no woelful appileation Lo drodgsing eitualions

sincc the actual concern 1o with the amount of solids suspended 2n ihe wier.

£

L. The disvance that suspended scdiment from dredeo efilucnté in estuirine
waver will exceed amblont lovels or will cover an arca of Lihc bovuom is

dependent upon the kind and amount ol material bedins ounnod wnd tho boblol,
B 2 SNy

Yo

convituravion. Wwivh this dnforaaiion, the sa’e distance Mvom elivninl gy,

e

shorclines and ovsuver reels what drodocs con Alschoarge ehn Le ooveliyip - o
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monitoring the existing circumstences, Because of variations in conditions,
a fixed distance from such areas is not applicable in all cases.
If it is desirable to confine spoil to a more limited area, discharge pipces
should be directed upward above watcr without any modifications cxcept
devices or methods to decrease the velocity ol the fluid as much as possible
Lo reduce roiling oi the density layer. Discharging on the surface reuicre

b
the velocity of the eflluent on contact witn the water surlface and prom-z:
more rapid settling and ccnsolidation.
The concentration of materials normally found in typical estuscine sedinents
has little relavionship tc¢ the effect on water quality except Jor reduced
elements which create an inmediate oxygen demand which ig mosily limited o
the density {low near botiom. DBecause of rapid settlement, volatlile solius
arc ol little imporiance to dredging situatiorns unless they are higih enou
to have already degraded water qualiity.
Both organic and inorganic constivucnts of efflucnt scdimenis remajn lar:: .y
adsorbed or insoluble under zercbic dredging condilicns in the presence of
high clay concentrations arnd the common ions of brackish water and poienti- 1l
harmiul components ol tre scdiment are not dissolved into ‘the water. Consequinily,
biociogical uptaxe of potentially deleterious components of the nud is not
expected.
Water qualivy can bec arfected indircctly by gross physical modificatlons
as a result of channel dredging aud speil dispogal., This/should be given
close attention in every crcdsing situation to prevent harmful alteretions
of water eireculation, salinidty and obliteration of exdsting waier arcus., Tho
cffect of existing modificctions should be deicrmined and appropriate lon

) L)

o+ . o . - — an - EAES BLE T =, :
vewn opoil plaéns snould Lo developod
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.9. The desirability of establishing limiting criteria on scdiments or woter

to be arcdged is questionable and il appears thal standards arc no? necesscary
to protect water qualily in open estuaries. Present Environmental Protccuicn
Arency guidelines are 1nadoquate and shoald be re-~evaluated. | rfutiure rLaLc o
should be directed at a more complote kxnowledge of ueulmenu—uauer cheﬁ¢uur,

and at detemining the actual eflect on water quality when dredging scaiment

of various grades.
5
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.Figure 3. Tocatlons of three hydrsulic dredges studled in Mobile Bay and son Sacour
Bay.
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Figure 7. lHorizontal distributien et three depths of total guspended golids in mg/1

around the shell dredge Mallard during & 1 to & knot NE- wind on 3¢
3 PLATES Septamber 1971,
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Flgure £. florizontal distribution of total Iuspended solids in mp/7 trounc the
shell drodge Mallard during @ 2/ to 25 knot wind on 3 .ovember 1”7} .
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Tigure 13,

< gsolved oxygen in ppn around the shell dcedige ligllard Jurlng & 1 C.
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™gure k. Disaclved oxygen in opm in the mud fiow & o,
durdng & 2¢° to 25 knot N wind.
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Flgure 15. Vertical distribution of dissclved oxygen down current from the shell

dredge ¥ellard on 21 January 1972,
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Flgure 2C. DMstribution of selected metels in unfiltsred and filtered samples down

current from the shell dredge ellard on 21 January 1572.
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Flgure 21. Horigzontal distribution of total gugpended solids in mg/l1 at three depths
around the discharge of the chammel dredge Orleans. .
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&um 22. Jlrizontal distribution of totel suspended solids in ng/l at throee depths
eround the discher:e of ‘he Intracoastal waterway dredpe !Tkensas.
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Fgure 7l

olatile suspended solida in mg/l at three
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