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SOT TOM SCOIMCP4T

c~ The main objectives of Task 6C of the Dredged Material Research Program (DMRP) were to develop the capability

W for predicting the tu,~bidity i n h e  vicinity of open-water pipeline disposal operations and to evaluate methods for

~~~ controlling the dispersion of dredged material slurry in the vicinIty of dredging and disposal operations. A submerged
U... diffuser system, illustrated above, was developed by the DM RP. The system including the diffuser and discharge birge

wa~ dcslgned to minimize the generation of turbidity in the water column and to maximize the mounding of the

discharged slurry (the diffuser is raised at intervals as the height of the mound increases). The results and conclusions of

___ ~~~~• - Task 6C are described in the following article.
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~I’AS~~~~: TURIIDI TY PRED ICTION
:~ A$D CONTI~bL fact that leakage or dredged ma*erW front watertight

• buckets Is reduced by approximately 33 percent.

Task ØC ~~nqUctà4~ as part of the Disposal cntt. it..i 1r.dgas
Operations Pr*bI,~1s  been completed and a Elevated levels of suspended material arou nd• summsitzlng document (Synthesis Report) Will be cutt erhead dredges appear to be localized to theavailable in the near futur e. This article outlines the immediate vicinity of the cutter as it swings back andgeneral results and conclusions from ~~~~~ forth across the dredging site. WIthin 3 in of the cutteroOndsscted within the task over the put ftve years. More suspended solids concentr*dons are highly vs~~bk, butdetails and specific information wilt be available tts 

~~ may be as high as a few tens of grams per litr e; theseSynthesis Report. concentrations decresas exponentially with distanceThe nature, degree, and extent of edged ~tCfisl from the cutter to th. water surface. N m-bottomdispersion (turbidity and fluid mud) around s dredging suspended solids concentrations may be slevated toor disposal operation are controlled by many factors. lc~~~ of a few hundred milligrams per litre at distancesTh. relative Importance of the different factors (listed of a few hundred metres from the cutter Turbidity levelsbelow) may “c’ significantly from site to site .
eristics of dredg ed material— generated around the cutler increase exponent ially as

the thickness of the cut , rate of swing, and possibly
~ ~~~~~~~~~~~~~~~~~ solids concentration, 

cutter rotation rate increase. Although suspended solids
e t~~ natü~e. of the dredging or disposal levels around the cutter increase with increasIng rates of

~~~~ 
op er ~~ion d~r~dgp type and size 1 production, it is possible to maximize the production

~ di 1.r~e~ JIter cod$uratlon, discharge r$t~, rate of the dredge without resuspending excessive
scdidic~nceiftTatien of slurry, and operational amounts of bottom sediment.proced~ree bein~ h*lemented

• Th1charaéted *1qi~ of the hydrolog*cjegme In Hopper Dudgsi
the vicinity of the opera tion, including water
composition, temperature , and bydrodynamic Suspended solids levels generated by a hopper

• forces (waves, currents , etc.) cat4lng advection dredge operation are primarily caused by hopper
and turbu lence. overflow in the near-surface water and draghead

resuspension in near-bottom water. Suspended solids
TURRIDITY GENERA TED BY concentrations may be as high as severa l tens of grams
DREDGING OPERA TIONS per litre near the discharge port(s) and as high as a few

_____ 

grams per litre near the draghead(s). Turb idity levels in
Cisasitsi DISdIM flear-surface plumes app ear to decrease exponentially

Depending on the currents, the turbidity plume With increasing distance from the dredge due to settl ing
downstream from a typical clamshell operation will and dispersion, quickly reachi ng concentrations of less
probably extend no more than about 300 m at the than I gft . However , plume concentrations may
surface and 500 m near the bottom. Maximum ezce4i background levels even at distances in excess of
concentrations of suspended solids in the surface plume 1200 us. Turbidity generated by hopper dredges can be
should be less than 500 m$/ t In the immediate vicinity minimized by eliminat ing hopper overflow operations
of the operat ion and will decrease rapidly wilbdlstsnce or using a submerged overflow syat.m.~
from the operation due to sett ling and dilut ion of the
material. Average water-column concentrat ons should AgitatIOn Dlsdgle4
generally be less than 100 mg/ £ . The near-bottom Although agitation dredging can be quite effective
plume will prob*bly have a higher solids concentration and economical, its use should be restricted to those
due to resuspension of the bottom material near the areas where short-term exposure to high levels o f . ’

• clamshell Impact point. 
• 

suspended solids will not be detrimental. L “
~

.A direct comparison of conventionaL ~open) and
UacosvustI~~ l D~i*.g 3~,st .m.iwatert ight clamshell operations indicates that

watertight b~c~. s generate 30 tp 70 percent less Uiiconventionatdrsdgingsystems such as the Mud
tutbidlty In the water column than conventional Cat, Waterless dredge, Delta dredg e, pneumatic
buckets . This reduction Is probab ly due pr imarily to the pumping systems such as thp l’neuma, or the Japenesi
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Clean Up system may provide some advantage over form of a Low gradient fluid mud mound overlying the
convsntlen dredges on certain types of environmenta lly cxlsdng bottom sediment. Initially the fluid mud may
sensitive dredging operations. It must be emphasised flow radially away from the dlschargs point over the
that most of these systems are ~ot Intended for use on bottom or the surface of an existing mound as a
typical large-scale maintenance operations. However, fragm ented sheet of Low d.nsky fluid mud. The slope of
they may provide alternative methods for unusual the bottom probably has the greatest influence on the
dredging projects (e.g.~ chemical “hot spots”) when the flow characteristics of this low-density fl uid mud.
capabilities of a particular system provide some Mudflows propagating uphill decelerat, very rapidly.
advantage over conwntioaal dredging equipment. However, if fine-grained dredged material slurry is

discharged where the bottom slope, arc greater thanDredge Selection ‘ I 1 . 0.75 degrees, the fluid mud material will flow downs$opc
According to a comparIson of conventional atvelocitlesofapproximstelyoLtoO.3m/s.c,sloug as

dredges by Wakeman at aL~ “The cutterhead dredge that slop. Is maintained. The flow char*ct.ristics of low-
seems to have the leaateffect on waterqualityduring thc density fluid mud are not sIgnIficantly affected by low-

• dredging operation. This Is followed by the hopper velocity currents or waves generated by weak to
• dredge without ovemfiow. The clamshell dredge and moderate winds.

hopper dredge dur ing overflow periods both can Except for the surface la3rerof Low-den.&ty(flowing• produce elevated levels of suspended solids in the water or nonflowing) fluid mud, the major ity of the mounded
column. ” Although this may be true under a given set of material is usually high density (nonflowingj fluid mud.
environmental conditions , the variability between Whereas the recently discharged slurry flows away
different sites, mater ial types , and dredge sizes and from the discharge points along the surface of the
capabilities, as well as operator performance and existing mound as a fragmented sheet of low.de~si*y
trainin g, make it difficult to compare different types fluid mud, the high.density fluid mud within themound
of dredges. probably moves away from the discharge point by

SInce each dredging/disposal project is site means of a slowcrcepingpiochslorsuddcnfailure . The
specific,, a dredge that might be ideal in one situation solids concentrations increase very rapidly with depth
may not be suitable for another. It Is also important to from approximate levels of a few hundred milligrams
remember that a sophisticated and expensive dred ging per litre to 200 g/ ~~~. Below the 200 g/t isopleth , the
system will not necessarily eliminate all adverse solids concentr ation with in the fluid mud mound
environmental impacts associated with dredg ing increases at a slower rate with increasing depth;
operations. In addit ion, it Is imperative to concurrently concentrations at the base of the mound may be as high
consider all the components of the dredging operation, as 500 g/ ~~. If the discharged slur ry is widely dispersed ,
including excavation , transporlation, treatment , and mound slopes will probably range from 1:500 to 1:2000.
disposal, nsa tota l integrated system and not as separate With a low degree of dispersion , the fluid mud mound
components. The best dredging system may not be will have slopes ra nging from 1:100 to 1:500. Typical
compatible with the best disposal system. hi add ition, 

• 
mound siopes may average about 1:500. Where current

the relative impact5~ of each component of. thc aystcjn velocities are greater than a few centimetres per second.
must be objectively svaluated relative to the cost and the mound will be skewed in the direct ion of the
overall benefits of the operation. ,, predominant current and the mound slopes on the

downcurr ent side will also be less than those facing the
TURBIDITY A ND FLUID MUD fIINER47*D predom inant current dire ction. Depending on the

BY OPEN-WATER ?IP&JjINE sedImenta tion/consolidation characteristics of the
DISPOSAL OPERA T1ONS dredged sediment, consolidetion of a fluid mud mound

may take fro m one to several years.M
F1UId MIId DII .VUIOiI ~~~~

I • ‘
~ •• •••  

-
~During a typical open-water pipellns, ’dispneal Turbidity Plumes

operation Involving channel maintenance materi aL 95 Less than 5 percent of the materia l discharged
to99 percent of the fine-grained dredged material slurry duri ng open-water pipeline disposal operations Is
descend s rap idly to the bottOm of the disposal area dlspeued in the water column ~sa turb idity plume The
where It accumulates under the discharge jIoint In the ~~ levels of suspended solids la the water column above the

3
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fluid laud lays? guasratly !s~~ Mani few teus~ of increases, the length of tints required. for the plume to
mliipsn* per litre to sfewbundrsd milligrams per *rs dissipat. after the disposal operations has ceased will
‘with coucentra tless rapidly deem.aiag wlth Iacressln* iflemese. In mOrn cases the visible nssrmurfacc plume
distance down~~eem from the discharge point and will disperse within a period of one to two hours,2J

latet$Uy s* y from the plums cailerline due to sett ling however , the subsurf acc pluas may theoretically persist
and lateral dls~fs,slon of the suspended solida (Figure I)~ for a few days. A method for predicting the extent and
1fl adthtlon~ dipending on the configuration of the dutatlon of the plume was developed.
plpilissatthedlschergspoletandthe*ateT dePth Ift thS • .•,

dlspoIsI arEa, thereiso(tun aguasl&tNnd ofiOcrearnfl$ • CONTROL METHODS •~~~• 1:

solids concentrations with Increesiag depth. Undertidal
cofldltions, the plume length wIIkwa* be only slightly Cuttsrbsod Dredges
longer than the maximum distance of one tidal . Turbidity generation around outterbssd dredges
excursion: In rivers the plwneIen$thiscontrolled by the can be minimized by selecting properly deslgnsd cutters,
strength of thS current and the settling properties of the removIng~ the cutter ~lf the bottom sediment flow.
suspended m*terl*l. • • • naturally, using water-jet booster systems or. ladder-

The plume characteristics are controlled mainly by aounted submerged pumps, using a cutter-suction
the discharge rate and characterof thedrsdged material combination, using proper operational t~n~quss~and
slurry, the water depth and bydrodynimic regime, and
the discharge cmiflgurat4On~ As the current velocity /
iacreaaes~, the plume wiU gTow longer. With increa sing ~
depth of water in the disposal area, theaverags level of ~fl /‘/!!.stupes4ed solids concentrations will tend to increa se. In ,

/ 

/
addition, as the diffusion velocity increases for a given 7 /
*u.~~t velocity the plume becomes longer and wider , /
while the solids concentrations in the plume will > 1’
decrease. Finally~ as both the diffusion velocity and / ,‘
particle settling velocity decrease and water depth /7
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• perhaps by installing prod uction meters and other 1977). Silt curtains areno : recommended for operations
• automatic controls, modifying the dredge to include a in the open ocean, in areas frequently exposed to high

spud carnage or Wagger system. winds and large breaking waves, or around hopper
dredges where frequent curt ain movement would be

Pipeline Cosdlgiretlons
The configuration of the pipeline at the discharge Under relatively quiescent current conditions (i.e.,

point appears to be the only parameter that can be 5 cm! sec or less), turbidity levels in the water column
varied to effectively control the characteristics of outside the curtain can be as high as 80 to 90 percent
dredged material dispersion. Pipeline configurations lower than the levels inside or upstream of the curtain.
that minimize water column turbidity tend to produce However , the effectiveness of silt curt ains can be
fluid mud mounds with steep side slopes, maximum significantly reduced in high energy regimes where high
thickness, and minimal areal coverage. Coavcr.ely, currents cause silt curtains to flare ~ A current velocity of
those configurations that generate maximum Ie~iels of appr oximately I knot appears to be a practical limiting
water column turbidi ty usually minimize the mounding condition for silt curtain use. Whereas properly
tendency ofthe fluid mud.Asimpleopen.ended pipeline deployed and maintained silt curtai ns can effectively
discharging slurry parallel to and above the Water control the flow of turbid water , they are not designed to
surface produces a maximum amount of dispersion. contain or control fluid mud.
Dispersion is minimized by discharg ing the material
vertically below the water surface. Diffuser

An alternative to silt curtains is a submerged
Silt Curtains diffuser system (Figure 3) developed by the DM RP. The

One method for physically controlli ng the diffuser minimizes water column turbidit y by radially
dispersion of near-su rface turbid water in the vicinity of dischar ging the slurry parallel to and just above the

• open-water pipeline disposal operations, effluent bottom at a velocity of about 0.5 rn/sec. Although the
discharges from uptaá d containment ar eas, and possibly diffuser has not been field tested . it has excellent
clamshell • dredg ing operations In quiescent potential for minimizing turbidity in the water column
environments involves placing a silt curtain or turbi dity and maximizing the mounding tendency of the
bather either dewncurrent from or around the discharged dredged material . This will minimize the
operation (Fl$ure 2). More Information bn silt curt ains, areal coverage of the fluid z~ud mound , but will not
including specific guidelineá for their selection and use, eliminate the relatively significant impact of the fluid
has been given previously in an earlier bulletin (October mUd on the benthic organisms covered by the mound .
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Figure Z Processes affecting the performance of silt curtains In controiling dledged
- A material dispersion



• ~~~~~~~~~~~ • • . -  - - - \~~~r - —~ - —‘ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ‘~‘~~~~~~~~~

3L.U~~Y PLOW

CONICAL. DIPP U5LR ~
.

$LCTION -

-

~~f~~~~~~~~~~

/ 

• 
MOUN~~N0 PLANG&

• 

. 

• 
GA$ vCNT

fUnNING RADIAL
DIPPUSIR UCTIOH

I ~
• :  I - 

~~—n~~on~ ernur 

• ffT,7T ,w/)
•
~~~~~~~J •

; SOTTQSA 5~DIMtNT

f l gsne3~ Subnso d~ Juasrr

Th. diffuser may also have application within in-water is therefore necessary to evaluate the potential impact of
confuted disposal areas to miiiinuie turbidity in the each proposed operation on a site-specific basiL
water column. Task 6C has, b in  conducted under tIm direction of

Dr. W D .  Barnard, who is also author of the task
A PERSPECTIVE synthesis report. The ?,4en’~g~r of the Disposal

• Operations Project ~is Mr. C. C. Calhoun Jr . ,
~ the amount of turbidity generated by a dredging

I :  or disposal operation is used as a basis for evaluating its
environmental impact , it is essential thai the predicted REFERENCES

• turbidity levels are evaluated relative to both average
ound cond tio nd 1 l e v e l a f  l. Wakemsn, T.H., Sustar, i.F.,and Pickson,W. J.,

turbidity that are often usoctated with naturally D r i~ ,” World~~~d.Ing and Marine
occurring storms, high wave conditions, and/or floods, Casunvcs~ n, Vol ii , No. 3, Feb 75, pp 9-14.
as well as activities of man. Fortunately the iraditio~~l 2. Nichols, M. M., Faas, R. W., and Thompson, 0. S.,
fu rs of water-quality degradation resuking fróns the “A FbId Study of fluid Mud Dredged Material: its
resuspension of dredged material during dredging m d  Pb~~.al Nature and DisPersal,” Techni l Report
disposal operations ate for the tnost ’part unfounded;
there are no well.deflned plumes of dissolved metals or 

~~~~~~ M ad I W “De ~~nutrients at levels significantly greater than background 
•
‘ 

~~ ()~~ M~~~~~~~urmst t  Ares,
concentratIons.’~~ Whereas the impact associated with • .  Potomac River, Virginia,” Technical Report D-77-
watci .column teab~ ity irosmd dredging and dispoál 13, ~~~ 77, IL S. Army Engineer Waterways
operations app~t h I~ to be usigniticus 

. 

, 
EX~~1II$nt StitiGIt, CE, Vlck*w$, Ml5stssippi.

situations, the imPact aisoclated with the dhperwl and 4~ tMa*, L S~ mud Bausch, D. V., 9mpact of Fluid
of fluid mud dred~~ aterial ri to Mud Dredged Matenal on Benthic CommuniUes of

• 

W m 
• 

appea the Tidal James River, Virginia,” Technical Reporthave a relaliv~y goificam short-term impact on the D~.77..4& 1977, V. S. Mmy Eagineer Waterways
benthic organisms within open-water disposal arias. ii • Experiment Station, CE, Vlcksburg. Mississippi.
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- the buk Whinulit slilyis, the lUtrlatc tests,
~*.poci N..)~ Jul 70, Uühersity of Msr)inad, “

~~~
‘ lDtuMttiel wSt~r ~~ al 6Mb1S~ PCB

• Cou p Perk , M s  co~~~~~~~~~sns1ijtes , bed thSb1oa sss~ did

6. ’ S A and • L U “W Quality • not couskis one with anothur to Indicate
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• 
_ _

• 7. R~$UO*, 3. U , “Bva)ØtM Sumøa y of ultim ate test showed that the entire Harbor Is
R~ uheogy C~~~~ for P*b~e Laws 92400 abt92~ classified as polluted, the elutriate being

• Sn” Ter~~ —’ Bipost in pssps*t1os~ U. S. Army greater than 1.5 tImes the overlying flitsrsd
! —  Was.s’wsys lapeelmeit Station, CE water metal concentration. Neither the
V iIsitfl& •~~~~~ ~~~, etutriate test nor lbs Interstitial water metal

6 S~Mbd 3 ft a~~~Casisr H .p, ~~~~~~ concentration analyses lediuted consistent

p.sparatEau1 S Ai~~ ~~~~ u WItJL .1J... • The blota within the Harbor are being
• Experiment Station, C Ii • t1’~~ ~ pl stressed by the In-place pollutants. The

• 

• benthic orgen~~a suffer the greatest amount
of damage, lntessity varylns according to
LocatIon within the highly, moderately, low.

NEW UTERATURE or MIgbt1y toxlczonos.Thepe1agic~pscIssarC
I damaged to a much lesser extent. The cause

• __ - & of damage, whethsr from in-place pollutants
v. S. Environmental W IV~~ CtIUUJ ~~~~~~ “ “'‘ I or from those presently beIng discharged, Is
of the ~ obhes P o s d  ~~ M-M.c. Pollitiaiiis Iii unknown.
~~b*eiov. Harbor med RKOA,.WIIdaIIOIS (If Corre~St%v In.place pollutants are a dIrect result of waste
AcçSon, Repast No~ EPA 440/5 774151, 1977, discharges that are incorporated into the sediments.
Wu, gtim~. a c.~ ~J Although the exact quantities and chemical

compositlon of th e present discharges are not known,
This study~ (I) describes the In-place pollutants NPbES pss*ll at*~odzations indicate that significant

within Baltimore Harbor, (2) analyzes the polluta nts for ousaddiadhen y metals and total suapen led solids are
their effect upon the envIronment. (3) investigates 

- --. ‘1kg added to 11* Harbor each day. The last total
• potential corrective actions for feasibility and cost. (4) • inventory of he. metals and toxic chemicals.

examines the effectiveness and permanence of potential \~ ~ i~ i,n,L,,s a daily Harbor Influx of $6
• corrective actIons, (5) derives conclusions and makes \~ tons. Until the goals of P. L. 92-500 an achieved and

ruvo.m.adatlons, and (6) recommends the course ~f discharge. of toxic materials are greatly reduced or
sills. wklcb Is most realistic given the conditions Of the 

~ elimlnate& any action such as removal of the in-place
Harbor ’s requirements and use. 

~ retate~ \Pe~~*ant5 would result in b1at a temporary solution.
work, ~~~~~reg ?was developed and c~~~d out to ~ 

C , ~~ the potential O~~ SCtIYi aCtiolis. “leaving
confirm and extend the risuki of earlier investigators. \ ‘

~~
‘ the pollutants Is p~~ I recommended as

In the field proaram, core bonny were takes from the pnefer~ i ~at least until the Influx
twenty sites. Eaá core was divkled Into sections to test at pollutant 

• ~ greatly reduced or
the levels of concentrations of selected pollutants to \ eliminated.
depth. of 10 feet below the sedIment/water interface. • Removal .Of lbs In-piece pollutants by
The Individual sample. were analyzed for nine hSSYY ~ 4g 4$ns may be an effective and feasible
metals, total hydrocarbons by hsxaae extract, PCI’S, ~~~~‘ 

- action to be takes In the future, after the
and interstit ial water metals. In addition, elutrlite 1515 dl~~ arge of polluta nts has been eliminated.
were made, and surface sediments from nine Of the Dr-~~~ should be ~~~~~pinted only after
twenty sites were used in a bioassay of two finfisli and aa~~~~~pdate amount of time has passed
oem clam sped... after the elImination of Incoming pollutants

• ~ tura1 recovery to the blota of the Harbor
NOTE: ibsDMEP sm.SsiOtbsidM?it Mto iIlitSttte may be possible and may well take place
-~~ is.. , ii ~~is*iJ) 5. te~fr AU isewe psu*Ud en blanketing Of the In-place poib asts
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