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SUMMARY

In response to concern over the potential impact of dredged mate-

rial that may be suspended and dispersed during dredging and disposal

operations and the aesthetically displeasing appearance of near—surface

turbidity p lumes, one task within the Dredged Material Research Program

was established to develop the capability for predicting the nature ,

degree , and extent of suspended dredged material in the vicinity of

dredging and open—water pipeline disposal operations. Furthermore , the

program set out to evaluate methods for controlling the dispersion of

dredged material when necessary . This report synthesizes the laboratory

and field results of eight separate , but related , contract research

studies performed within this task and summarizes the available litera-

ture concerned with turbidity generation by different types of dredging

operations.

Water—column turbidity generated by dredging operations involving

fine—grained material is usually restricted to the vicinity of the

operation and decreases rapidly with increasing distance from the

operation . Maximum concentrations of suspended solids within 500 m of a

clamshell operation will probably be less than 500 mg/i, with average

concentrations of approximately 100 mg/i. Elevated levels of suspended

solids around cutterhead dredges are restricted to the immediate vicin-

ity of the cutter , where concentrations may be as high as a few tens of

grams per litre within 3 m of the cutter. Near—bottom levels of a few

hundred milligrams per litre may be found within a few hundred metres of

the cutter . Hopper dredges without overflow may generate near—bottom

suspended solids concentrations of a few grams per litre near the drag—

head(s). During overflow operations, turbidity plumes with average

concentrations of several hundred milligrams per litre may extend behind

the dredge for distances up to 1200 m. Turbidity levels around dredging

operations can be reduced when necessary, but not without appreciable

cost, by improving existing cutterhead dredging equipment rational

techniques, using watertight buckets and eliminating hopper dredge

overflow, or using a submerged overflow system. Unconventional dredging
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systems such as the Mud Cat , Waterless dredge , Pelta dredge , pneumatic

pumping systems , or the Clean Up system may provide some advantage on

certain types of environmentally secisi t ly e  dredg ing operations.

l)uring open—water disposal of fine -gratned dredged material slurry

generated by p ipeline dredge operations , an estimated 97 to  99 percent

of  the slurry descends rapidly to  the bottom of t he  disposal  area .

Where bottom slopes are greater than 0.75 deg (1:76), the resulting

fluid mud will in most cases flow downslope as long as that slope is

maintained . On nonsloptng bottoms , the fluid mud will accumulate in the

form of a fluid mud mound with average slopes of 1:500. Suspended

solids cont’entratlons within the fluid mud layer increase with d e p t h

from 10 g/’~ at the water column/fluid mud i n te r l a c e  to levels of 300 to

500 g/~ at the bottom of the layer. One to three percent of the dis-
charged slurry will not descend rapidly to the bottom , but will remain

suspended in the’ water column in the form 01 a turbidity plume . Average

p lume concen t r a t ions  of several  hundred  m i l l i grams per l i t r e  dec rease

- I rap id ly  w i t h  d ist ance  downstr eam f rom the d ischarge  po in t  and l a t e r a l  lv

away f rom the  plume cen te r  l ine  due to s e tt l i n g  and h o r i z o n t a l  disper-

sion .

ilit ’ dispersion of dred ged m a ter i a l  at  ope n—w ater  p i p e l in e  disposal

operations can be controlled best by using different discharge con—

igurat ions. The simple open—ended pipeline , discharging above and
parallel to the water surface , will maximize the dispersion of the

slurry throughout the water column and produce a relatively thin , but

widespread , fluid mud layer. In water depths in excess of 2 m , the

dispersion of the material in the water column can he decreased by

vertically discharging the slurry through a 90—deg elbow at a depth of

0.5 to 1 m below the water surface. Most water—column turbidit y can be

eliminated by using a submerged diffuser system at the end of the

p ipeline. This latter discharge configuration also maximizes the mound—

Ing tendency of the fluid mud dredged material , thereby minimizing its} areal coverage over the disposal area.

The dispersion of near—surface turbidity can he controlled , to a

certain extent , by placing a silt curtain downstream or ar ound cer ta in  

— - - ______
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types of dredging/disposal operations. Under quiescent current con-

ditions (less than 5 cm/sec) turbidity levels in the water column

outside the curtain may be reduced by as much as 80 to 90 percent;

however , the effectiveness of silt curtains decreases with increasing

current velocity. Silt curtains are not recommended where currents

exceed 50 cm/sec (1 knot).

Since dredging/disposal projects should be evaluated on a case—ly—

case basis, it is imperative to concurrently consider all components of

the operation , including excavation , transportation , and disposal of the

material as a total integrated system. The best dredging system may not

be compatible with the best disposal system. In addition , the impact of

each component of the system must be objectively evaluated with respect

to the cost and overall benefits of the operation .
a
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PREFACE

This report synthesizes the r e su l t s  oI e ight  research s t u d i e s

within Task tcC , entitled “Turbidity Prediction and Con t r ol , ” of the

I)isposal Operations Project (1)1W) , I)redged M a t e r i a l  Research Program

(DMRP) . Planning and management of Task 6C as wel l  .cs the preparation

of this report were performed by Dr. William U. Barnard under the

general supervision of Mr. Cha r tes C. Ca lhoun , J r .  , manager of the  ~ ,)P

Dr . Roger 1. SaucIer , spec i d  As s i s t an t  f o r  l)redged M a t e r i a l  Research;

.tnd I)r .  .1 ohn Ha rr  I son , Chie f  , Environmental Labora tory  . l’he bask 6C

research synthes ized  in t h i s  repor t  was pe r f ormed  by pr ivate ’  eng ineer ing

i rms and u n i v e r s i t ie s  under cont rac t  to the U. S. Army Engineer Water—

~avs Experiment Station (WES) , Vicksburg, Mississippi.

Co~~~ander and i) irec tor  of WES dur ing the preparation of this report

was COt , John L. Cannon , Cl~ . Technical Di rec to r  was Mr. F. R.  Brown .
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CONVERSION FACTORS , METRIC (SI) TO U. S. CUSTOMARY
UNITS OF MEASUREMENT

Metric (SI) units of measurement used in this report can be converted to
U. S. customary units as follows:

Multiply By To Obtain

centimetres 0.3937 inches

centimetres per second 0.3937 inches per second

cubic centimetres 0.610 cubic inches

-j cubic metres 1.308 cubic yards

cubic metres 35.31 cubic feet

cubic metres per hour 1.308 cubic yards per hour

grams 0.03527 ounces

grams per cubic centimetre 0.03613 pounds per cubic inch

grams per litre 3.61273 pounds per cubic inch

grams per second 2.205 x pounds per second

grams per square metre 0.02949 ounces per square yard

kilograms 2.2046 pounds

kilograms per metre 0.6720 pounds per foot

kilometres 3281.0 feet

litres 0.2642 gallons

metres 3.2808 feet

metres per second 3.2808 feet per second

milligrams per cubic 0.03613 x l0~~~ pounds per cubic Inch
centimetre

milligrams per litre 0.00361273 pounds per cubic inch

milligrams per second 0.03527 x 10~~ ounces per second

millimetres 0.03937 inches

newtons 0.2248089 pounds (force)

newtons per metre 0.0057101 pounds (force) per inch

square centimetres 0.1550 square inches

square metres 1.196 square yards
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PART 1: I NTRODUCTION

Background

1. One of the major concerns about dredging and open—water disposal

operations involves the possible environmental impact associated with

the resuspension and subsequent dispersion of fine—grained dredged

material. This concern is p a r t i c u l a r ly significant considering the fact

that the vast majority of the potentially toxic chemical contaminants

present in bottom sediments is associated with the fine—grained fraction

that is most susceptible to dispersion .
1 

Ho~ever , evaluating the fate

of resuspended dredged material is not a simple task , especially when

dealing with fine—grained (s-lit and clay) slurries generated by mainte-

nance dredging operations . In addition , regardless of the degree of

dredged material dispersion , under certain environmentally and/or

aesthetically sensitive circumstances , control of this dispersion may

be advisable.

Task 6C Research

2. Task 6C of the DMRP, entitled “Turbidity Prediction and

Control ,” was established to develop the capability for  p r e d i c t i n g  the

nature , degree , and ex tent  of suspended dredged material in the

v i c i n i t y  of open—water  p ipeline disposal operations . In add i t i on ,

several studies evaluated physical and chemical methods for controlling

the dispersion of dredged material slurry in the vicinity of bo th

dredging and disposal operations. The biological and chemical Impacts

were evaluated under related DMRP Tasks 1A (Aquatic Disposa l Field

Investigations),3 IC (Effects of Dredging and Disposal on Water Qualltv I ,
4

1D (Effects of Dredging and Disposal on Aquatic Organisms ),
5 
and IE

(Pollution Status of Dredged Material).
6 

Hopper dredge and barge dis-

posal of dredged material were evaluated under Task 111 (Movements of

Dredged Material)

Ii
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3. The eight studies comprising Task 6C are listed in Table 1. In

addition to synthesizing the results of these research e f f o r t s , t h i s

report also summarizes the available literature related to turbidit y

generation by different types of dredging operations and describes some

of the dredging equipment that has been developed to minimize the

dispersion of dredged sediment . The nonavailability of much of this

specialized equipment in the United States and the scope of this project

did not permit testing or comparison of the capabilities or turbidity

reduction potential of any of this equi pmen t.

4. This study addressed the major problems associated with dredged

material dispersion . Because of the high degree of variability asso—

ciated with different environmental and opera t ional parame ter s, many

phenomena associated with dredged material dispersion can only be des—

cribed qualitatively at this time , based on an in tegra t ion and interpre-

ta t ion of both laboratory and f i e ld  observations. Quantitative , em—

mp irical predict ions are given whenever possible based on “worst ” case

situations ; however , these estimates may he revised in the f u t u r e  as

more data are collected and unders tanding  of the  con t ro l l i ng  processes

increases.

Types of Dred ged Mate r i a l  Suspensions

5. Field and laboratory s tudies concerned w i t h  the dispers ion of

dredged material indicate that  sediment resuspended du r ing  dredging or

open—water disposal either remains suspended in the upper water column

at relatively low concentrations or forms high concentration suspensions

that cover the bottom . The material suspended in the water column is

often referred to as turbidity; the dense near—bottom suspensions arc’

comonly called fluid mud or fluff. Because these terms are often

misused and confusing , they will be defined and discussed in greater

detail in the following paragraphs.

6. Dredged material suspensions are quantitativel y classified

and/or described by their concentration of suspended solids expressed in

milligrams or grams per litre (mgR or g/
~
), percent solids (by weight),

14
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Table I

Task 6c Research Studies

~esear ~-h Studl’ Contractor  Objec t ive

Pred ic t ion  of Dredged Material  Dispers ion

u-I I :i ty  F ’esearch

:,a t, - r s t ry it - 2dy Related t~~ Walden Research Divis ion To determine the amount of turb id i ty  that
j  Pred ic t ing  the Tu rb id i ty— of ABCOR , mc. a given sediment is l ikely to produce

;e er a t i~~r~ Po ten t ia l  of Wilmington , Maa.s. when subjected to a dredging operation
.;e - i i m ~’n t s  to be Dredged (Mr . Barry A. Wech sler by evaluating those sedimentary/hydro—

and Dr. David H .  Cogley ) logic factors causing and/or con t ro l l ing
tu rb id i ty .

4 F i e l d  Inves t iga t ion  of the Na— State Univers i ty  of N.  Y .  To investigate the nat ure , degree , and
t~~rc , :egree , and Extent of at Stony Brook three—dimensional extent of plumes of

~~
r b j  lily Geoerated by Open— Stony Brook . N.  Y . suspended solids and associated dissolvec

Water Pipeline Disposal (Drs. J. N . Schubel and chemical constituents generated by open—$ Uporat Los H. H. Carter) water pipeline disposal operations.

Fluid Mud Research

Fje~~l Study of Fluid Mud Virginia Institute of To determine the significance of fluid mud
Dredged Material: Its Marine Science in the dispersal of dredged material and
Physical Nature and Gloucester Pt., Va. in generating turbidity at dredging and
tsop ersi-~n (Drs. Maynard M. Nichols disposal operations by measuring the na—

and Richard W. Faas) tur e , extent , and thickness of fluid mud
layers with respect to their source,
hydrologic parameters, and behavior as a
function of time.

tsb -r at ry Investigation ,f JBF Scientific Corp . To improve the basic understanding of the
oe j yr am i~’s -.f  Mulf iows Wilmington , Mass, dynamics of f lu id  mud dispersion by

Generated by Open—Water (Mr. George Henry ) evaluating possible controlling factors
Pipeline Disposal such as sediment composition , bottom
Operations slope and roughness , discharge velocity,

salinity , and currents and waves.

Control of Dredged Mater ia l  Dispersion

in vestigation of Techniques John Huston , Inc . To evaluate new and existing operational
for Reducing Turbidity Corpus Christi , Tex. techniques with respect to their turbid—
Associated with Present (Mr . John Huston) ity’reduction potentia’. cost , effect
Dredging Procedures and on production, and ease of implements—
Operations tion.

Analysis of the Functional JBF Scientific To inventory silt curtain specifications ,
Capabil ities and Perfor— Corporation evaluate deployment methods and systems,
mance f ilt Curtains Wilmington , Mass, and determine silt curtain effectiveness

(Mi’. Edward E. Johanson) as it relates to factors such as size,
shape, and design of the enclo8ed area;
the curtain material used; the sediment
being dredged; and limiting environmen-
tal conditions.

Evaiuati.n of the Submerged JBF Scientific Corpora— To evaluate the technical, operational, and
lscharge of Dredged tion economic feasibility of using submerged

Material Slurry During Wilmington, Mass, pipeline discharge of dredged material
Pipeline Dredge Operations (Mr. Robert W. Neal slurry as one disposal alternative within

and Mr. George Henry ) a designated open—water disposal area to
minimize the dispersion of the dredged
material slurry into the water column.

A~ s.~osoent of Chemical Missiaaippi State To perform a state—of—the—art review and

~~cuu.nts and Friction— University assessment of the potential utilization
P~~Iucir ~ Agents for P~ppli— Starkyille , Misi, of flocculants for turbidity control In

~ati~ n in Dredging and (Dr. Donald 0. Hill) dredging and disposal operations and
Dre-iged Material Disposal friction—reducing (wetting ) agents for

increasing the efficiency of the pipeline
transport of dredged material slurry.
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or bu lk  density. Relative ly low levels of suspended solids charllctc ’r iF —

tie of turbidity plumes .Ire expressed in milligrams per litre or grains

per l i t r e  m d  t ea t  in g  the  wei ght of d~y solids in a litre volume of

sample . intermediate levels ot suspended s o l i d s  c h a r a c t e r i s t i c  of

dred ged materi al slurry and fluid muds are usually g iven in grams per

l i t re  or percen t  sol ids  by w e i g h t . Percent  sol ids  by weight  is calcu-

la ted  by d i v i d i n g  the d~y weig ht  of sol ids  in a samp le by the  t o t  a t

wei ght of the  samp le ( i n c l u d i n g  both  the solids plus w a t e r )  and con—

ver t in g  the fraction to  Ii p er c e n t  age .  Bot tom sediments w i t h  r e l a t i v e ly

high solids content  art ’ u sua l l~ descr ibed  in terms of b u l k  d e n s i t y  or

t he  wet wei ght  of a volume of sed imen t .  Un i t s  of bu lk  d e n s i t y  ar t ’ In

grams per cubic c e n t i m e t r e .  Appendix  A shows the  r e la t ionsh i p between

the th ree  methods of express ing  sol ids  content .

7.  In cont rast  to the above sy s t em , dredgers  u s u a l ly  d e s c r i b e  a

s l u r r y  in terms of percent solids by volume where the volume ~~ in s i t u

sed iment ( i n c l u d i n g  both  the sol ids  plus w a t e r )  excavated d u r i n g  an

operat ion is div ided  by the volume of s l u r r y  pumped ; t hi s  f r a c t i o n  is

t hen converted to a p ercentage . in some instances , p ercent  solids is

- 
- based on apparent  volume where the  volume of se t t l ed  solids in a con—

- 
j tam er is d iv ided  by the t o t a l  volume of the se t t l ed  solids plus the

water in the con ta ine r ,  in most cast’s t h i s  l a t t e r  percentage provides

an erroneous i n d i c a t i o n  of the solids con ten t , as described by dredgers ,

since the bulk  densi ty of the s e t t l e d  sedimen t w i l l  no rmal ly  he less

than i ts  in s i tu  bulk  densi ty before dredging.

Water—column turbidity

8. Turbidity is commonly used to  describe the cloudy or muddy

appearance of wa te r . In the strictest sense , turbidity describes an

optical property of a particu lar liquid medium , in this case water , that

cause ’s l i gh t  to  be s c a t t e r e d  and absorbed r a t h e r  than transmi tt ed
through the w a t e r .  Sc a t t e r i n g  and absorption are caused by the din—

solved and suspended organic  and inorganic  subs tan ces In the water. The

amount of s c a t t e r i n g  anti  abso rp t ion  is control led by the  concen t rat ion

ot suspended part I c ics as we! I as t he’ I r shap e , si i~~t’ d i s t r ib u t i o n , r e—

t ract  Ly e Index , color , and absorp t ion spec t ra  .~~~

16

-~~~~~~~‘o —- - - -~~~~~~~ - -~~~~~~~~--- - .~~~~~.



-- ~~~‘ ~~~~~~ ‘“~~~~~ ~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ °‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

9. in  addition to the varied definitIons of turbidity, there are

also many techniq ues and i n s t r u m e n t s  ( t u r b i d i m e t e r s )  tha t  have been

and are used to e va l u a t e  or “q u a n t i f y ” t u r b I d i t y  .~~~ Turbid ity measure-

ments  w e r e  o r i g i n a l l y  made in the  ea r ly  1900’ s w i t h  the  Jackson candle

tu r h i d i met e r , ca l i b r a t e d  in Jackson Turbidity Units (J TU ‘s~ or Jackson

Candle U n i t s  (JCU ’s) ,  to  approx imate  the  c o n cen t r a t i o n  of suspended
solids in terms of p a r t s  per m i l l i o n  lppm )  of a suspension of Fu l l e r ’s

or diatomaceous earth. Turbidimeters were’ later calibrated with

Forinazin , a solution of hydrazine sulfate and hexamethylenetetramine ,

in terms of Formazin Turbidity Units (FTU ’s) . The Jackson candle meter

has been replaced by a my r i a d  of  t u r b i d i m e t t ’rs that usually measure

t u r b i d i ty  in terms of l i ght t rans mi ssion (t r ansmisson ;e t e r s)  or s c a t t e r —

ing (nephelometer s)  where th c  amoun t of li ght tha t is t ransmitted

th roug h or s cat t e r e d  b y a p a r t i c u l a r  samp le is measured r e l a t i v e  to the

i n i t i a l  i nt en si  tv  of  Ii l i gh t  beam. Nephel ome t ‘rs ar e  ~ t ten c a l i b r a t e d

using a scale  ot  Nt ’p h e l o m et r i c  Turbidit y (nits INn ’s). Untortunatel~’,

suspensions o f  d i t  f e r en t  types  of m a t e r i a l  w i t h  the  same t u r b i d i ty

reading  ( In  FTU ‘5, N i t ’s , or JTU ‘ s) may have s im i  la r  opt i ca l  proper t  ~~t’5 ,

-‘ but do not n e c e s s a r i l y  c o n t a i n  the  same conce ’nt r at  Ion ot  suspended

sol ids .  F u r t h e r m o r e , d i f f e r e n t types  of t u r b i d I m e ’te’rs , al though cal i -

bra ted w i t h  the same standard suspension , may indicate d i f f e r e n t  tur-

b i d i t y  levels f o r  the same sample)0

10. The turb id i ty levels of water samp les col l ect e d  around dredg-

ing and disposal operations for all of the 6C research studies were

q u a n t i t a t i v e  Iv evaluated w i t h  turbid imeters  or by me a s u r i n g  the conce’n—

t r a t i o n  of suspended material in wa te r  samp les. By simultaneously

measuring both the turb idity and c on c en t r a t i o n  ot t ot a l  suspended sol ids

over a rang e ot  value’s, a c o r r e l a t ion  c u r ve  was developed showing the

relationship (which may not necessarily he linear) between turbidit y

(expressed In NTU ’s, FTP ’s, ,JTU ’s, or percen t  t ransmiss ion)  and to ta l

suspended solids. U s i n g  an empiric al correlation curve for each field

si te , all  the t u r b i d i t y  readings  were converted to levels of t o t a l  sus-

pended solids.  These levels were then used to compare suspended sol ids

concentra t ions  at d i f f e r e n t  loca t ions . A l l  t u r b i d i ty  levels In t h i s

17

- V

~~~~~~~~~~~

- -~~~~~~~~~~~~~~~~~~~~ -



- —-- 
- ‘~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ____________________

report are’ therefore e’xpresse’d in  t e rms  of m i l l  [ g rams  or grams per lit Fe

ii. The turbidit y p lumes generated by dredg ing and disposal opera—

t Ion s a Fe’ us cia l i v  caused by low concen t rat ions of silt anti c lay — s i z e

particl es (with diameters of l t’ss than 0,03 tum)* or small flocs (I.e.,

masses o i agglomerated part Ic 1 ~~5) tha t s et t l e  independen t lv at ~~~ r v 5 low

rate’s through the’ wat e’r column , A l  though so i l  tin t’oncent r at  Ions  in  the

upper  water column in the’ v i c i n i ty  ot dredging and disposal operations

usua l lv  do not e’xt’t’ed sc’vc’ra 1 hundred  in I l l  I grams per litr e , the’

p ar t  i i ’ I t ’s / 1 I ~‘cs c onE !  nut’ to settle’ I nde’pendt ’n t lv tint II the so l i d s  con—

ce’ntrat ion n’.ir the’ bet t ern  ‘xcet’d s approximate’ lv 10 .g/ )1~ 1.. 
l’he’ret ore ,

in this ci t~ c ass ton , I he t e’rm turb le t  i t  V w i l l  he used to describe’ suspen-

sions in the  water column where’ the solids coflc’eflt rat ton ranges  t ron 0

to it) g ’~ (Tabl e .~) . F a ct or s  control ling the se t t l i n g  r a t e ’s of th~~st ’
1 - )
IC

DREDGED N *TER ML WIPE NS) 014$

QUALITATIV E SOLIDS auth
DESCRIPTOR PROCESSES CONCENTRAT ION S 1 DENSITY f( cc)~

AVERAGE (RANG E) AVERA G E RANGE)
CENTER

1.000
TURW IDITY SED~ t NTATION INDEPENDENT

SETTLING
— —— 101’ fWO) l oOt (1.00J’l.~~Z)

LOW HINDERED OR
DENSITY ZONE SETTLING

FLUID NUD ZOO ~ 
(I1S’flS) 1.125 )1.IOS-1,140)

HIGH f
DENSITY

‘TYPICAL’ BOTTON SELF’ WEIGHT 000 ~~v (~ 0’S00) 1.245 U.117—i311)
SED*(NT CONSOLIDATION

• ASSUNE SOICS • 245 ~ ccANO lATER ’ l,~~,cc

* For conv ent ene’e , f a c t o r s  for  converting the metr1~’ 151) t o  1’ . 5.
customary u n i t s  of measurement are g iven on page I .~.

18
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particles , which in turn directly affect the characteristics of tur-

bidity plumes , are discussed In Part III.

Fluid mud dredged material

12. Naturally occuring I ine—grained sediment that accumulates in

rivers , estuaries , and dredged channels as well as dredge—induced near—

bottom suspensions of dredged material slurry often form layers of f l u i d

mud overly ing more dense bottom sediment)3 Since there is no univer—

sally accepted d e f i n i t i o n  of f lu i d  mud , in th i s  repor t  f l u i d  mud has

been c l a s s i f i e d  as low — or h ig h—dens i ty  f l u id  mud , based on i t s  solIds

concen t ra t ion . The solids concentration marking the  t r a n s i t i o n  zones

between t u r b i d  wate r , low— and hi g h — d e n s i t y  f l u i d  mud , and “ typ ical ”

bottom sediment varies depending on the texture and composi t ion  of the

dredged material suspension. Table 2 gives typical average values and
ranges associated with each t r ans i t i on  zone .

13. Low—density fluid mud. The concentration of suspended solids

in a turbidity plume generally Increases exponentially with depth. At

the  r e l a t i ve ly  w e l l — d e f i n e d  i n t e r f a c e  between tu rb id  wate r  and the

surface of the f lu id  mud l ay e r , the sol ids  concent ra t ion  in. reases very

rapidly to levels of several tens of grams per l i t r e . This turbId
water/fluid mud interface is approximated by a concentration of 10 g/t ,

although the exact concentration may vary  f r o m  5 to 20 gR .  Low—

dens i ty  f l u i d  mud is cha racte r i zed  by randomly or iented  p a r t i c l e s  or

floes that set t le  at “hindered” rates; t he  f l u i d  mud layer se t t les  as a

mass as the interstitIal water (between the par t i cles)  migra tes upwards
toward the surface of the mud layer. This sed imen ta t ion pro cess is

called “hindered” or “zone ” s e t t l i n g.’1 Low—densi ty f l u i d  mud may he

s t a t i o n a r y  or may f r ee ly  f low outward , away f rom the discharge P oint  of

an open—water p ipel ine disposal operat ion , l ike syrup poured on a

p l a t t e r , or downslope as a mud f low . At solids concentrations of 175 to

225 g/ t  the hindered s e t t l i n g  process a p p a r e n tly  ends and s e l f — w e i g h t

consolidation beg ins .  i i  ~ 12 , 14 T her e t o r e , an approx imate sol tds  ~‘o n c e n—

tr a t lo n  of 200 g i f  generally indicates  the t r a n s i t i o n  zone between l ow—

and hi gh—density f l u i d  mud .

10 
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Ilt~~~—&lt~p st ty 1 l~~t~i_ mud . When t h e  so lids c’once’nt r a t  ion w i t  t~ in

the’ I I u Id mud l . i  ~~~ i t’ ~~-~‘‘d  2 ~ g / , t he’ .~t’g re’e oi part Ic le cent lact

tticte ’.tst’s . bt’c,iuse’ of the h icjt solids ~~~ R e’ntr~~ t Ion and this hi gh

deg re’e 01 par E t c it ’ t n t  e r a t ’ t a oat , ii I gh ~ 1e’ns i t  v a lea I d mud i’°~ Sc’S Sc ’?’ a

c e r t a i n  degree’ of t igtd i t  v and w i l l  not norma l lv t low I reels’ .as l o w—

dens i t  v t L u Id mud naav . Pu ring Eli is prc’e’e’ss, the’ inter st i t  1,1 1 w at t ’ a

is squt ’e:e’d out unde’r the we’ i ght  of t he over  lv  in g m a t e r i a l  , t h e ’ b u l k

dens i t  v of the ’ m a t e r i a l  In c  t 0. t S t ’s , and the’ r an d o m l y  or i CUE ed p a t  t Ic It ’

St ru e t u r e’ and or 1 1 oc s pr o b ab  iv  beg in to hi oak ~own , Al tli~’ugii thin

hi gh— dens i t  v I I a let mud doe’s not t low I ret’ 1 v , i t  may he’ stab  e’e t to

sudden t a t  l u r e’ or c r e ’e’ping .

l’. a c t o t s  &‘o n t r o i h t i~~ l” red~ ed M .tterj l pis1”ers teat

I” . The’ n a t u r e’, degree’, and ex t en t of d re’dge’d r n a t e’r I a  1 di ~;p e t s  ion

aroun d .a d r ed g i n g  or  d i  sp ona I opela t ion at c c’ont tel led by m.uiv I .act or~ ,

i n c l u d i n g :  the c’ha Fact e tint ic’S 01 t hc’ dred ged mat et’ ta 1 , such as i t s

s i ,~e d i s t r i b u t ion , nol  ids eone’e’n t a a t  ion , and composition ; the ’ n .at cite ’ of

the’ dred g ing or disposal opt’tat ton , such as dre’dge type and si :c’

d i s c h . a r g e . e ’ct t t e ’r cen t i g u r a t  ion , di scharge  r at e , sol ids conce’nt t at ion ~ I

the slur rv • and the  opt’ r a t  i ona 1 p r oc  e’du re n he i t ig cased ; and the  c-ha r ae—

terist ics of t h e  h y d r o l o g i c  r e g i m e ’ in the VIt ’ i n i t v  01 the’ o per at i o n ,

inc I ud ing na liii it v , l I i e i  hydrodvnanai e’ I or ee’s ~ 
I . e • , waves, e’uI’ ren ts , et c’ . ‘

~ . 
—

l’h e rel8t [Vt ’ impertanc’e’ of t h e ’ cl i  I t  er ent  t t h ’ tor s  rna\ ’ vary signi  I leant lv

ron site to $ I te . flie’~ e’ I .ic ’ torn are d is~’unned in mor e ~iet  a l l i n sub-

sequen t chap ter s  o f  t h i s  r epor t  d e a l i n g  with t he ’ dispersion of clre’clge’ci

m at e’ n i  at d red g i n g  and open—w a te’r p i pe’ l i n ’  d i sposa l  op era t i  ens In

that order)
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PART i i :  PREI) l& ’T I ON ~\Si) c O N  I ROl OF’ TURB1I)i TI : DRE1X 1 N ’~ OPERA T i O N S

lb  . Unde~ r a g I yen Se’ t o f  cmv i ronmen t a I c one! i t  i ens • d i t I e  Fe ’ti t t v pt’s

o f  d re dge’s w i l l  gene’ a- _ a te  cliff e’re ’nt love ’ is  o t t u rb  Id! v . Wh ile the’

dredging equipment cc’ rta in! v has a l.a rg e’ t’f I c.’ t on the lamocan t .aud c on —

ce nt r a t  ion ot sediment that is  i t -suspended , the  techn iques for operat tug

t h i s  equipment are also important . Al though operator training .atitt

per formance  may be one of the  most Im p o r t a nt  t a c t  o r s  c o n t r o l l i n g  t ea r—

h i d i  tv  g e n e r a t i o n , i t  is ot ten di ft i.-ul t to evaluate’ the var ious par anae’te’r s

.‘t a dre’dge’ ‘ s opera t ion t h a t  ref lect  t 1t~ skills of the’ eperat or. int er—

t u nat e lv  , in most of t h ’  l i t e r a t u r e  c i t e d  in t h i s  c h a p t e r , t u r b i d !  tv

levels  were measured with little regard to the operat ion of the dredge’s

or t h e i r  ra tes  01  produc t ion (1 . c’ • , cub i.’ met res of material dredged per

h o u r ) .

17 . W i t h  t h i n  in mind , the  t ol lowing d i scuss ion  examines the

lt ’vc i s  of  t u r b i d i ty  genera ted  h~ d i f f e r e n t  types  of convent i o nal dred ges

as we l l  as p o s s i b l e  method s  f o r  m i n l m l ~~ing the ’ gene’r l t  ion of t u r b i d i ty

by modi t v ing t’xi St t f l 5 e’qu ipme’nt and opera t tona l procedures. This

discuss ion  a iso inc luctes a h r  j e t  de n c r  i p t  ion of an improved OVe’ r I  low

svs t em for hopper dredg~’s , wa t t ’ r t i g h t  c lan-ashe i i  bucke t s , and se~’era I

uncenvent i ona i dredge ’s t hat , l te ’ not w i d e’ lv cased in the l i i i  tee ! St t t  c’S

bu t  appear to have’ sc’me potent [al for min1mt.~ ing turbidit y ge’nt ’r a t  Ion .

~ rah /~ ucket/C1anishell Drec1~ es

18, The g rab , bucket , or c l a m s h e l l  clr e’d ge’ cons ist s  ot a bct cke’t 01’

clamshel l  o per a t e d  f r o m  a cran e’ or d e r r i c k  mounted on a barge’. 1 t i s

used extensively  t o n  removing re ’lat t v t ’lv  s m a l l  volumes  of m at e r  i.a l

I i  . e’ • , a few tens or hundreds  o t thousands o t cubic  me’t r e st  rat  t I cal at 1 v

around docks and p i e r s  or w i t h in  o t h e r  r e s t r i c t e d  ar e as .  The sediment

is removed at  nea r ly  I t s  in s i t  a d e n s i ty  ; howeve’ r , prod uc t I on r a t  c’s

( r e la t i v e  to .a cut  t erhead dredge) are low , especial lv in consolidated

m a t e r i a l .  The m a t e r i a l  in  usual ly  placed in har ge’s or scows f o r

t r anspo r t a t i on  to the d i sp o sa l  area . A l t h o u g h  the’ dred g ing depth is

21 
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practically unlimited , the deeper the depth the lower the production

rate. In addition , the clamshell  dredg e usu al ly  leaves an I r r egu l a r ,
cratered bottom .

Sources of turbidity

19. The turbidity generated by a typ ical clamshell operation can

be traced to four major sources . Most of th is turbidi ty is the resul t

of sediment resuspension occurring when the bucke t impacts on and is

j  pulled o f f  the bot tom . Also , because most buckets are not covered , the

“sur face ” material in the bucket and the  m a t e r i a l  adher ing to the out-

side of the bucke t are exposed to the water column as the bucke t is

pulled up through the water column . When the bucket breaks the water

surface , t u r b i d  water  may s p i l l  out of the bucket or may leak through

openings between the jaws. In addition to inadvertent sp illage of
ma terial dur ing the barge load ing opera tion , tu rbid wa ter in the barges

-
‘ 

is o f t e n  in t en t iona l ly  over f lowed ( i . e . ,  d isp laced by higher  dens it y

ma terial)  to increase the barge ’s effective load .

Field measuremen ts

20. There is a great deal of v a r i a b i l it y  in the  amount of m a t e r i a l

resuspended by clamshell dredges due to variations in bucket  s izes ,

opera t ing condi t ions , sedimen t types , and hydrodynamic conditions at the
dredging site.

a. Dur ing a channel deepening prolect using a lti.5—cu m
bucket in San Francisco Bay , Calif orni a, turb id ity levels
in the water  column 50 m downstream f rom the operat ion
were generally less than 200 rng/~ and averaged 30 to 90
mg/ .i relative to background levels outside the plume of
approximately 40 mg/ ~~. Suspended solid level s de creased
wi th increasing d istance f r om the dred ging operation due
to dilution and settling of the suspended material. The
visible plume was about 300 m long at the surface and
approximately 450 m long at a bottom depth of 10 rn)’6

b. During a “new work” channel deepening opera t ion on the
lower Thames River , Connecticut , maximum suspended
solids concen tra tions o f 68 , 110 , and 168 mg/~ at the
surface , tniddep th (3 m), and near bottom (10 m), respec-
t ive ly , were noted wi th in  100 m downstream of a 12 .8— cu m
clamshell dredging and barge loading operation . These
maximum concentrations decreased very rapidly to back ground
levels of 5 mg/ .i within 300 m at the surface and 500 m
near the bottom .17

-, - -a
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c. Suspended solids levels 22 m downstream f rom a 16 .5—cu  m
clamshell  opera t ion  per forming  maintenance work in the

H Brewerton Cut—Off Angle , Patapsco River , Mary land , wer e
H about 30 mg/i a t  n e a r — b o t t o m  depths  of 10 m relative to

background wa ter col umn suspended solids conc en tra tions of
approximate ly 10 mg/ f  or less. These higher  nea r—bot tom
concen t ra t ions  pers i s ted  fo r  about 90 m d ownstream front  the
dred ge , whereas visua l surface traces usually persisted
fo r  less than 460 rn)-8

d. According to Japanese measurements made in the vicinity o
a 1—cu m clamshell opera t ion  dred g ing f in e — g r a i n ed  mater i -
al from a d e p t h  of 3 .5  m , maximum suspended solids conc en—
t r a t i o n s  in the wate r  column 7 m downstream from the
dred g ing operat ion  ranged f rom 150 to 300 mg/ i  r e l a t i v e  to
background levels of less than  30 m g / Q . * These levels
decreased b y about 50 percent  at a d i s tance  of 23 m .
General ly speaking , the t u r b i d i t y  levels in the upper

- 
a water  column were usua l ly  somewhat less than those levels

H at middepth  or near the bo t tom. ’9

21. Based on these l imited measurements , it appears tha t , de— :1
pending on curren t velocities , the t u r b i d i t y  plume downstream of a

typ ica l  clamshell operat ion may extend approximately 300 m at the sur—

face  and 500 m near the bot to m . Maximum concen tra tions of suspended

solids in the sur face  plume shoe~ld be less than 500 mg/ i  in the imnae—

dia te vicinity of the opera t ion and decr ease rap idly with dis tance f r om

the operation due to settling and dilution of the material. Average

water—column concentrations should general ly be less than 100 mg/ f .

The near—bottom plume will probably have a hi gher solids concent ra t ion ,

indicating that resuspension of bot tom mater ia l  near the clamshell

impact point is probably the primary source of turbidity in the lower

water  column . The visible near—surface  plume w i l l  probably d iss ipate

rapidly  wi th in  an hour or two a f t e r  the operation ceases.

* These suspended solids concent ra t ions  are u n v e r i f i e d  est imates based
on a conversion of t u r b i d i t y  to m il l i grams per l i t r e  (Fi gure 3.14 ,
Yag i et al . ’9) from a d i f f e r e n t  test site in Japan .

23
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L~~!~ity control using watertight buckets
2 2 .  To min imize  the t u r b i d i ty  generated by a t yp ica l  c lamshe l l

opera t ion , the Por t  and Harbor Research I n s t i t u t e, Japan , developed a

w a t e r t i g h t  bucket  w i t h  edges tha t  seal when the bucket is closed

(Fi gure 1) .  in add i t ion , the  top of the w a t e r t i g h t  bucket Is covered so

€~- ,,// ‘

~~~~~
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L~~ COVER

II \\ ® covtR
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Figure  1. Open and closed pos i t ions  of the w a t e r t i ght bucket

tha t  the dredged ma te r i a l  is t o t a l l y  enclosed w i t h i n  the  bucke t .  Avail-

able sizes range f rom 2 to 20 cu m.  Accord ing  to the m a n u f a c t u r e r ,

Mi t sub i sh i  Seiko Company , Ltd . (Box 48 , Ni ppon Bui ld ing , 2 — 6 — 2  Otemach i ,

Chi yoda—ku , Tokyo , Japan) , these b u c k e t s  ar. ’ best a dap t e d  for dred ging

f ine—grained , so f t  mud .

23. A d i rect  comparison of 1—cu an t y p i c a l  and w a t e r t i g h t clam-

shell operat ions indicates  t h a t  w a t e r t i g ht  buckets  genera te  30 to 70

percent less t u r b i d i t y  in the water  column than the  t y p i ca l  bucke t s .

This reduct ion is probably due p r i m a r i l y  to the  f a c t  tha t  leakage of’

dredged mater ia l  f rom w a t e r t i g h t  bucke ts  is reduced by approx ima te ly

35 percent .19 Othe r measurements  made a p p r o xIm a t e l y  10 an downstream

from a 4—cu m w a t e r t i ght  c lamshel l  dredge excavat ing f in e — g r a i n e d  mate-

r ia l  f rom a depth of 8 m ind ica ted  t ha t  maximum suspended solids

24
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concentrations were approximately 500 mg/i or less throughout the water

column relative to background levels of 50 mg/i or less. Turbidity

levels decreased very rapidly with Increasing distance from the opera-

tion and approached background levels several tens of metres downstream

from the dredge.2° Near—bottom and midwater column suspended solids

levels were greater than surface levels,1’9’20 indicating that resuspen-

sion of bottom material near the clamshell impact point is probably

responsible for most of the material suspended in the lower portion of

the water column.

Cut terhead Dredges

24. The cutterhead dredge (Figure 2) is the most commonly used

dredge in the United States. With this type of dredge a rotating

Spud well - 
Sucton - Sh~ t t

Spud ladd er 
_____________

_________ 
Oretged botto m - -

~~ 
- ‘ ‘~~~~~~~

‘ “
~~~

‘

7~~~’7~~ \ \W ’ ’O’~ ~~~‘~,‘~S\ ~‘OV~~ V ~~ •‘ ~~~ T~ ’~~~ OW ~~~~~~~~~~ 
Cutter 

- 

-

Figure 2. Typical cutterhead dredge (Reprinted by
permission from Hydraulic Dredging, by
J. W. Huston, 1970. Cornell Maritime
Press , Inc.)

cutter at the end of a ladder excavates the bottom sediment and guides

it into the suction . The excavated material Is picked up and pumped by

a centrifuga l pump to a designated disposal area through a 15 cm (6 in.)

to 112 cm (44 in.)* pipeline as a slurry with a typical solids content

of 10 to 20 percent by weight. The nominal size of the dredge is usually

defined by the diameter of its discharge pipeline . For conventional

* Pipeline sizes are given In terms of centimetres and inches for the
convenience of the reader.
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cutterhead dredges the diameter of the cutter is approximately three

to four times the diameter of the suction pipe. The typical cutterhead

dredge is swung in an arc from side to side by alternately pulling

on port and starboard swing wires connected to anchors through pulleys

mounted on the ladder just behind the cutter. Pivoting on one of two

spuds at the stern, the dredge “steps” or “sets” forward (Figure 3).

Although the cost of mobilizing a cutterhead dredge is relatively high,

its operation is nearly continuous and production rates (i.e., cubic
15 ,21metres of material  dredged per hour)  are generally high .

FRONT

HAULIN G
GEAR

GRE DDE

(,)o

c~) -r-- I ADVANCE

(UP) Ø~ ,~Q (DOWN)
A

Figure 3. Typical (stabbing) method for operating a cutterhead dredge
(Adapted from Reference 27. Used courtesy of Symcon Marine
Corp. and WODCON Assn. )

26
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Sources of t u r b i d i t y

25. Most of the turb id i ty  generated by a cutterhead dredging
ope ration (exclusive of disposal) is usually foun d in the vicinity of
the cu t t e r . 22 The levels of tu rb id i ty  are direct ly related to the

type and quant i ty  of material  cut , but  not picked up by the suction. The
amount of material  supplied to the suction is con trolled primarily by
the rate of cut ter ro ta t ion , the ver t ical thickness of the dred ge cu t ,
and the swing rate of the dredge ( i . e . ,  th e horizontal velocity of the

cu t te r  moving across the c u t) .  The abi l i ty  of the dredge ’s suct ion to

pick up this bot tom mate rial determines the amoun t of cut material
that remains on the bot tom or suspended in the water column. In addi-

t ion to the dred ging equipment used and i ts mode of operation , tu rb id i ty

may also be caused by sloughing o f material from the sides of vertical

cuts , i n e f f i c i e n t  operational techniques , and the prop wash from the
tenders ( tugboats)  used to move pipeline , anchors , e tc . ,  in the shallow

wate r areas outside the channel. These factors  will be discussed in

more detai l  in the following paragraphs.

Field measurements

26. Although a p roperly designed cut ter  will e f f ic ient ly  cut and

guide the bottom material  toward the suction , the cu tting ac tion and

tu rbulence associated with  the rotation of the cut ter  will resuspend a

po rtion of the bottom material  being dredged. Excessive cutter rotation

ra tes tend to p ropel the excavated mate r ial away f rom the suction p ipe

inlet .
a. Turbidi ty  levels around a 61—cm (2 4—in . )  cutterhead dredge

excava t i ng f ine—g rained maintenance material  from Mobile
Bay ship channel were elevated above background levels of
25 to 30 mg/i only within 1.5 m of the bottom , Near—
bottom levels of up to 125 mg/ i  occurred approximately
300 m in fron t of the cutterhead ; a ~alue of 336 mg/i
was recorded 30 m behind the cu t t e r .

* Personal Communication, 7 Octobe r 1977 , Maynard M. Nichols , Associate
Professor , Virginia Institute of Marine Science, Gloucester Point , Va.

27
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b. Nea r—bot tom suspended sol ids  levels w i th in  2 an of the
cutter of  .t 69—cm ( 2 7 - i n . )  cu t t e rhead  dredge widening a
portion of the Corpus Christi ship channel (i.e., new
work) ranged from background concentrations to 580 mg/f
relative to “background ” levels of 39 to 209 mg/f
measured 73 m to t ’,e side of the dredge .22

• c. Levels of suspended s o l i d s  under  low cu r r en t  cond i t i ons
( i . e . ,  less than S cm/s ec)  near the cu t t e r  of a 61—cm
( 2 4 — i n . )  cu t te rhead  dredge excavat ing f i ne—grained (new
work) ma te r i a l  f rom depths  of 6 to 12 m in Yokkaichi
Ha rbor ranged from 2 m g / i  to 31 g/ f , 1 mg/ c  to 16 g/ f ,
and 1 mg I .  to 4 g / t  at  d is ta nces of 1 , 2 , and 3 an above

-
~ the c u t t e r , r e spec t i ve ly ,  r e l a t i v e  to backg round levels of

1 to 18 mg/ f . Average t u r b i d i t y  levels appeared to de-
c rease exponential l y f rom the cu t t e r  to the water  su r face .
In add i t ion , 60 an in f ron t  of the cu t t e r  t u r b i d i t y  levels
in the n e a r — s u r f a c e  water ranged from 1 to 17 mg / f , 23whe reas near—bot tom levels ranged from 5 to 205 m g / f .

27~ Based on these l imited f i e ld  data collected under low current
cond i t i on s , elevated levels of suspended mater ia l  appear to be localized
to the Immediate  v i c in i ty  of the cu t t e r  as the dredge swings back and
fo r th across the dredging site.  Wi th in  3 an of the cu t te r  suspended

solids concen t r a t ions a re highl y v ar iable , but may be as high as a few

tens of g rams per l i t re ;  these concentrations decrease exponent ia l ly

from the cu t te r  to the water sur face .  Near—bottom suspended solids

concentrations may be elevated to levels of a few hundred milli grams per

litre at distances of a few hundred metres from the cutter. This led

Yag i et al. 23 to conc lude that  “i n the case of steady dredg ing of a thin
sedimented mud layer , the e f f e c t  of d redg ing on tu rb i d i t y  was found to

be almost imperceptib le at locations several tens of metres d is tance

from the cutter .”
Turbidity generation vs. operational conditions

28. As previously indicated , the levels of turbidity found near
the cutter depend primarily on the type and amount of m a t e r i a l  tha t  is

excavated , but not drawn into the dredge ’s suction . This “re sidual ”

material may remain in suspension or may settle into the existing cut

where it again becomes susceptible to resuspension by ambient currents

and turbulence generated during subsequent cuts. Analysis of the data

collected in Yokkaichi Harbor indicates that as the amount of this

28

IL.. 
~~~~rm~ - - - ‘~~~~

•-
~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -—--



• -.‘ ~~~~~ 
- — -  ~-— —  •

• residual mater ial increases , the turbidi ty  levels around the cutter

appa rently increase exponentially .23 Acco rding to calculations made by

Yagi et al . , 23 the amoun t of residual mate r ia l increases as t he swing

rate increases. Further examination of these data (by this author) also

indicates that in most cases the amount of residual material generally

increases as the thickness of the cut increases. Consequently , as the
thickness of the cut and swing rate increases , the tu rbidity levels

generated by the operation increase exponentially . There is also a
similar relationship between turbidity generation and the rate of cut te r
rotat ion .22

29. The levels of turbidity in the vicinity of the cutter are

appa rently not only dependent on the operation of the dredge during a
particular cut , but are also related to the amount of material remaining

in suspension from the previous cut(s). In fact , during the f i r s t  four

swings of the d redging ope rat ion mon i tored by Yag i et al ., 23 the levels
of tu rbidity around the cutter increased with each successive cut . This

t rend of increasing levels of suspended solids around the cutter  pro-

bably con tinues until a quasi—steady state condition is reached when the

amount of material resuspended by the cutter is equal to the amount of
mat er ial that set t les to the bottom .

30. Because the production rate of a dredge is so closely linked
with its operation ( i .e . ,  thickness of the cut , swing rate , cutte r rota-
tion rate , et c . ) ,  the levels of turbidity around the cutter  may be

directly related to the dredge ’s production rate.  This relationship is

suppor ted by data (f r om Yag i et al. 23 ) p lotted for  fine—grain ed material
in Figure 4 showing the levels of suspended solids 1 an from the cut ter  of
a 61—cm (24—in.)  cutterhead dredge vs. the production of the dredge
(relative to its apparent maximum production rate) during the four th  cut
on 26 test runs. Although the scatter in the data is great , t here is a

general trend showing increasing turbidi ty  levels 1 an from the cutter

with increasing rates of relative production . However , there is
apparently no well—defined upper limit to the amount of tu rb id i ty

that the cutter can generate. Yet , the data wi th in the shaded r egion

29 
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I.Fi gur e 4) i n d i c a t e  t h a t  i t  is possible  to Inc rease the ra te  of a
dred ge ’s production up to its maximum rate (dotted line , Figure 4)

without generating e x c e s s i v e  levels of t u r b i d i t y .  Using hi gh sw ing
rates , large  c u t s , or h igh  cutter r o t a t i o n  ra tes  not only resuspends
large amounts ot dred ged m a t e r i a l , h u t  also may lead to hi gh levels of

sol i ds  I n the s l u r ry , wit ich m ay p l u g  the p i p e l i n e .

31. To summarize , the t u r b i d i t y  generated around the  c u t t e r  of a

cutterhead dredge apparent lv Increases exponentially as the thickness of

the cut  • rate o t swing,  and cu t  t or rot at ion r a te  I ncr  ease. A l t  Itough

suspended so lids levels a round tiit’ cut t or also Inc t ease w i t h

increas ing ra tes of production , it Is possible to maximize the produc—

tion rate of the dred ge w i t h o u t  resuspending excess lye amounts of

b o t t o m  sediment . These gen e r a l  r e l a t  i onshi ps shou l d  he chara ct er ist ic

of all cut terhead dredging op e r . tt  ions;  however , the levels  of turbidit y

gene ra ted  w i l l , of course , depend on t h e  s i ze  and characteristics of

the dredge , the  sediment  typ e , and the environmental and operational

cond i t i ons .

Tu r b i d i t y  con t r o l

32 . C u t t e r __de~~~ ti . The des ign o f a c u t t e r  depends p r i m a r i ly  on

the clia rae to r 1st l os  o f  the dredge on wit ich it is used , the e t I ec t I ye

dredg ing depth , and the type of  m a t e r  ij l  b e i n g  excavated. Among the

va r ious f a c t o r s  t h a t  must  he considered when select ing  a c u t t e r  are the

nu mber of cu t t e r  b lad e s , the tw i s t  or cu r l  of the bladt.’s , and the shape

of the c u t t e r  relative to the length of the ladder and the depth of the

p r o j e ct .  For examp le , a c u t t e r designed to di g at  10 m w i l l  not he as 
-•

et t ect  ive at 20 an , i f  used on the  same ladder .  U s i n g  an imp rope r l~
designed cu t te r  often requires  t h i c ker  cu t s  to provide the s uct i o n  w i t h

an adequate s ap lv of material , thereby gene’rat ing exces s ive  lov e  is of

tu rb id i ty . There fore , the c u t t e r  should he so looted  based on the r e—

qu i re ments  of a p a r t i c u l a r  pr o  l e e t . ”

In an e f f o r t  to maximiz e the efficiency of the cutter , several

Un i  ted S t  .tt es and foreign  dredge m an u f a c t u r e r s  are  .lev e lop ing and r e f i n i n g

new c u t t e r  designs.  Ln p a r t i c u l a r , the Canadian Governmen t has tie—

veloped a con I c i i  c u t t e r , w h i ch  apparent  iv  has a l ower rim speed ~~ 1 at lye

II
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to the typ ical basket cutter and may reduce the levels of cutter  gene-

rated tu rb id i ty .  Additional analyses of turbidi ty  generation as a func—

tion of d redge production are now being performed .*
34. Cutter removal. In some cases where the material will flow

naturally ( i .e . ,  noncohesive materials) ,  the ef f iciency of the dr edging

operation can be increased by removing the cutter altogether. Since the

suction can then be placed closer to the loose material, the suction ’s

p ickup capabil i ty  increases and the d redge ’s produ ction r at e should

improve; the amount of turbidity generated would also be reduced because

there is no rotating cutter .22

35. Suction. The dredge ’s suction (Figure 2 ) ,  which picks up the

material that has been cut , can be par tially responsible fo r turbidity
generation around the cutter if the energy ( i . e . ,  head) provided to the
suction by the dredge pump is not great enough to pick up all of the

material disturbed by the cutter . In this situation , water—jet booster
systems or ladder—mounted submerged pumps can be installed on cutterhead
(or hopper) dredges at a considerable cos t to increase the energy

available fo r carrying the material and maintaining an adequate slurry
velocity in the suction . This will enhance the dredge ’s pickup capa-
bi lity, increase the slurry density and potential production rate , and

23 ,24should decrease the generation of turbidity .

36. Cutter—suction combination. On a typ ical cutterhead dredge ,
the cutter is turned by the cut ter  shaf t ;  the suction pipe is mounted

below the shaft .  With this arrangement , the cu t ter must have a diamete r
that is app roximately three to four times the diameter of the suction
pipe . However , a new dredge may be designed so th a t tha  cu t t er is

attached di rect ly to the suction pipe and turned by the rotation of the

suction pipe instead of the cutter shaft .  According to Huston and
Huston ,22 this system has several advantages. The size of the cut ter

can be reduced to about twice the diameter of the suction . This not

only will increase the amount of force on the cutter blades without any

*personal Communication, 18 May 1978 , C. G. Benckhuysen , Ch ief , Marine
Equipment , Marine Directorate , Public Works , Canada , Ottawa , Ontario ,
Canada.
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inc re.tso in the horsepower of the cutter not or , but a iso w i II t edue o the

distance between t lie suet ion inout Ii and the mat o i l .i i be i itg dredged . in —

add i t  ion , t lie shape of the  suet ion w i l l  m ore close I ~ app  rex im .m t o  t lie

ideal bell—shaped mout it • t hereby reducing t lie amount of Oflt ’ I  gV  I o~. t as

the mater i~ m i  e n ter s  the suet ion men t it . Fina l ly , t he cut • i  w i 11 not o

e t feet i ye Iv I cod m at er  i .t 1 i n t o  the  suet  i on from t ho t op • si t i t  s and

bo t t om rat her t han lu s t  t roan t Ii’’ hot torn . -\ I though a I I  of t b es t - I •h • t 0

tend to  enhance the  pickup of f i o i enc v of t Ito dredge and t he t t ! ’ V  I t ~~~i t I

the amount of m a t e r i a l  sub ~ t to r os t I s l ’ cns  ion dur I mig an ~‘ri
-m .mt ion , t I t t ’

cutter—suet ion comhinat ton i s  t . t m ’l~ inoct - po r it od h i t  o new d i  • -~i~~ - , I o - . i t~iis .

37.  Dre~l~’t~11odnet ion t t t o  c t i  i ..- u o v  . I h ~- i i t  o!’ li t  v of  a

dredg ing o p e rat i on  depends i t t  to iv on t lit ’ pto~I uct i~~~’ i t  r . m t  o f  t ii di  . J g-

i t s e l f ;  h igh  p r oduc t  ion r at e s  mt- at ii ghet p t o t  i ~. . llowt ’vi ’ r • wh o t o  t i i i  -

h i d i ty  gener .it  ion ma he a pot t ’l t t  i t i  prob len , those opo t a t  i on.t 1 pat

ete r s ( e . g .  , c u t t e r  r o t a t  iou t ate • sw lug rate • and t h i c k n e s s  of  cu t

a f f e c t  ing the  gene rat ion ot t tmrhi d i t  v mu st  be control led uO I at iv - t o the

dred ge ’ s p r o d u c t i o n . 1.nf o r t u n t t e l v  • i t  i s  tItf I i c t m l f  t O  ilis t .itttaitt oio’ 1\

-~ measure a dredge ’ s r a t e  of p i~~’~~~~~t ion . Norma l lv , Lhe dredge -rat ‘i ot

-• leverntan c.in get some hid i eat  I o t t  of  ~‘roduct ion rate I ron t u e ditdgt - ‘s

vacuum and pressure 5.1115(’S . But t host ’ r e i d ings  do i~ o t  i nd 1 i i  s I - i v

dens i ty  or vol oc i t  v , hot B of wit t oh -~ i o not -del t o Jo ’ - t o  I i i i  I I t o  i- t i  ‘.

r a t e  of the  dred ge . By i its t a l I t  ug a product i o t t  uc t i i  i tig sv of i’m.

produc t  ion rate can he close lv mon it ot td i t ’ l .tt t vi t o  t h e  di ed gi - ‘ s t ’j’t t  .1 -

t ion . in add i t  ion , the m.tnut act u ret - s c I.t in t h a t  t hose  met ci  t u g  ov ot  ems

can improve product  ion rates by tO o ~i)  p e r  o~ - t i t  ~h-pt - ttJ lug - t i  t i  -d~ i i  I

and exper ience  of the lev otitt in .

38 • The method of sw i n g i  t ig  t i. d i .  .- i t - • t I c o t  ii d r o d g . ’ ‘ S

product  ion ra te  . Using a s imp it ’ • t ~.l ’ - 
- -a- t tod F t gui I • t t

dredge swings to  the r [gu t w i t  ii t h -  t arhot-ad spud down amid t he p~’~
spud r.a i sod of f the hot torn . At t tie end of t h~- u t  • t ic j’ ’ i t  Spi t~i S

lowered , the st arborad spud r . i sed , and t lie dredge sw i t t g o  t t l i t ’ l~ ’ t t  .

In t h i s  manner the dredge sw i n g s  f torn s ide t~’ s I di - and . i . iv  anc i -s down t h i ’

channel  c u t t i n g  a z i g z a g  pat t er n  ot a rcs 1 o w  lug some a r t - ,t s  mmd t t ’dgt - .l

( I . e. • windrows , Fi gure l h  , and covering othe r areas t w i c e  i t  t l i t  end el

I _ I
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the swing . This method of adva ncing the dredge can be modified and the

production rate increased substant ial ly by using a spud carriage system

(Figu re 5 ) 27 or Wagge r system (Fi gu re 6) , 28 which allow the dred ge to

adv ance to the end of each cut , the reby sweep ing the cutter  in a pat tern

of concentr ic  arcs over the dredging site.  With the spud carriage
¶ system the working spud is not permanentl y f ixed to t he dredge , but  is

mou n ted on a hydraulically powered carriage that moves along a slot at

the stern of the dredge . The dredge advances as the working spud moves
f r om position A to D (Fi gu re 5); the walking spud at the stern is then
dropped and the working spud is raised and reposi tioned at A. The

Wag ger system (Figure 6) ,  developed by Daleeter Corporation , Lansing,
Mic h . , * consists of two pontoons linked by a steel truss and anchored by

• three spuds . A second truss that is connected to the stern of the

d redge slides back and for th on top of the truss/pontoon section . By

expanding and contracting the Wagger with hy dr aulic rams , t he dredge
ad vances over the dredging area. The point of connection between the

uppe r truss and the dred ge acts as a pivot point around which the dredge

swings. The Wagger also eliminates the need for  swing wires.

39. The eff ic iency of an operation can also a f fec t  its prof i t a—

bi lity . An inefficient  operation can result in lower production rates ,
longer dredging operations , as well as excessive levels of tu rb id i ty .

In addition to a well—designed dredging system , the eff iciency of an

ope ra tion can be improved by using othe r accessory equipmen t that has

been developed over the last several years. Among these is the Hofer

system that  maintains the slurry velocity in the suction when the
solids content becomes excessive . This prevents plugg ing of the pipe—

22line and the costly delay s that of ten result . The eff iciency and

pr oduction of a dredge can also be enhanced by insta lling a gas removal

system on the suction to remove any naturally generated gas from the
dredged material slurry before it reaches the main pump . ’5 Swell

compensators and articulated ladders are also available for  maintaining

* For more information contact Mr. Lee Smith , Lee Power Equipment , Inc . ,
Remus , M ich. ,  49340 , 517—561—2270
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Figure 5. Cutterhead dredge with a spud carriage system
(Adapted from Reference 27. Used courtesy of
Sytucon Marine Corp. and WODCON Assn .)

- 

. - 

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

Figure 6. Wagger system. (Patent rights owned by Lee Power
Equipment , Inc. Figure used through courtesy of
Mr. Leward N. Smith.)
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cutter contact with the bottom sediment in rough water. Electronic

systems art also  a v a ila b l e  f o r  c o n t r o l l i n g  the  dredge ’s swing , c u t t e r

speed , etc., as w e l l  as i n d i c a t in g  swing force , cutt er force , ladder
ang le , swing  angle , and d redg ing dep t h .  ‘~~~ Automatic microwave or

laser p o s i t i o n i n g  systems 31 and gy r o  compasses can also prov ide  assis-

t ance  in m a i n t a i n i n g  accu ra t e  p o s i t i o n i ng  of the dredge . Al though  th i s

equipment can i n c rea s e  the overall efficiency of the dred ging operation

and a id  in reduc ing  the  amount of t u r b i d i t y  genera ted , it does not

e l i m i n a t e  the  need f o r  a q u a l i f i e d  leverman to control the overall

dredg ing opera t ion . U n f o r t u n a t e l y ,  at this t ime there is no formal

course of instruction for training dredge personnel in the practical

-
~~ aspects of dredg ing.

-~tO. Opera t ional procedures. ” Even when the most advanced dred g—

H ing equi pmenL is used , if it is not used effectivel y ,  its potential for

increasing production and minimizing turbidity generation is greatly

reduced . T h e r e f o r e , the leverman ’ s techniques  f o r  o p e r a t i ng  a dred ge

are  of u tmost  impor tance :

a . Large sets and very thick cuts should be avoided , since
they  tend to bury  the c u t t e r  and may cause h igh levels of
turbidity if the suction cannot pick up all of the dis-
lod ged ma te r i a l .

b. The leverman should swing the dredge so that the cutter
will cover as much of the bottom as possible . This mini—
mizes the fo rmat ion  of windrows or r id ges of pa r t i a l ly
d i s tu rbed  mater ia l  between the cuts (Fi gure 3) ;  these
windrows w i l l  tend to slough into  the cuts and may be
susceptible to resuspension by ambient currents  and tur—

- bulence caused by the cutter. Windrow formation can be
eliminated by swinging the dredge in close , concentr ic
arcs over the dredging area. This may involve either
modif y ing the basic stepping methods used to advance the
dredge or using a Wagger or spud carriage system.

c. Side slopes of channels are usually dred ged by making a
ver t i ca l  “box cut”; the material on the upper half of the
cut then sloughs to the specified slope . The specified
slope should be cut by making a series of smaller boxes .
This me thod , called “stepping ” the slope , wi l l  not
eliminate all  sloughing, but  w i l l  hel p to reduce i t .

d. On some dred ging projects it may b~- more economical to
roughly cut and remove most of the material , leaving a
relat ively thin  layer for  f i n a l  cleanup a f t e r  the project

0 36
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has been roughed out. 
- 

This  r ema in ing  m a t e r i a l  may he
subjec t to resuspension by ambien t cur r,en t s  or prop wa sh
from passing ship traf I Ic.

e. When “ l ay er  c u t t i ng ” is used , the  dredge w i l l  remove a
single layer  of m a t e r i a l  over a large por t ion  of the
channe l ;  t h e  dred ge is  then set hack to dredge another
layer. This continues down to the required depth of the
p r o j e c t .  Since lut is t ’  m a t e r i a l  is o f t e n  l e f t  on the bo t tom
a f t e r  each layer is dred ged , t h i s  techni que should only be
used where resuspension of the r ema in ing  ma ter ia l  w i ll not
create serious prob lems.

f. The prop—wash from the tenders (i.e., tugboats) used to
move anchors , sections of p ipel ine , barge s , and the dredge
i tself  can resuspend a grea t  deal of bo t tom m a t e r i a l ,

- especially in shallow w at e r  ad j acen t  to the channel.
Although prop—wash cannot l)e e l im ina t ed , overs ized  t enders

I i  should not be used in sha l low w a t e r  areas .

£~ 
in addition to prop—wash , s i g n i f i c a n t  resuspension of
bo t tom ma te r i a l  o f t e n  occurs when the anchors used in
supp or t of the opera t Ion are dragged along the  b ot tom when

he dredge is moved to a new l oca t ion . Anchor dragg ing
shou ld be avoided .

h .  During the course of a typ ica l  opera t ion , the leng th  of
the p ipeline may have to he adjusted by adding or removing
sect ions. Before the p ipeline i s  broken i t  should be
flushed thoroug hl y w i t h  wa te r , not only t o  prevent  c logging
of the  pi pel m e  when pump ing is resumed , but also to
mainta in  low tu rb id  i t y  levels  around the p ipe l ine . Oh—
vious leaks from poorly sealed I,all j o i n t s  between p ipe-
l ine sections should also be repaired .

hl~~ j~~~~ l)r ’d c s

41. In those areas c h a r a c t e r i z e d  by heavy ship t r a f f i c  or rough

wate r , a se lf—propel led hopper dred ge will probab l y be used . l)uring a

hoppe r dred ge operation , as the dredge moves fo rward , the  bo t tom sedi-

ment is h yd r au l i c a l l y  l i f t e d  f r o m  the channel bo t tom t h r o u g h a dr aghead ,

up the dragarm (i.e., tr a i l ing  suct ion pi pe), and temporarily stored In

hopper bins in the ship ’s html  1,. Most modern hopp er dr edges hav e one or
two dragarms mounted on the side of the dred ge and have storage capac I—

tics ranging from several hundred t o  over 9000 on m.  l’hie h oppers ar e

e i the r  empt ied  by dump ing the dred ged m a t e r i a l  through doors in the

bot tom of the ship ’s hu l l  or b y d I r e c t  pump out t h rough  a pip e I inc. 
l5,.
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S o t i m o e s  ot t t i r b i d i t y

- t 2 .  Resu spens  I oil o1 f Ine—gi a I nod m.t tnt tfl~ t t t i c ill tI~ t’d mat o i l a I diii i ug

hoppi. r d me d gc opera t Ion s  is  c :itii-it ’d h iy t hi- ii .t)~I1t -aLls as (itt -v am o jqm I lcd

t h r o u g h  t h e  seth I mt -nt , turbulen ce generated hv t hi- vessi- I am I d I I  1 i i ’p w~m s i i

over  I I ow 01 t tmrb Id Wate F during hopper I I l i i  h g  opt - m a t  I oils • mitt di spc I a I on

of dr edged ma t t ’r h a l  du t~i ng open—vat ci di stiosa I . Tb is  1 a I t  c i

01 t t i  iii Id it v is ti is cussed Iii great deC - t  I i  I n  t i m e  ITh I RI’  rejiom e m i t  i t  led

‘‘F’ it ’ Id St udv o t t he  Met -h an  i c o I t h e  P h  at-emont ot i h m e d g c d  N . j  t em i a 1 at

Open—Water D i s p o s a l  S i t e s . ” ’ Only Cite t t m i b i d i  I v  geiit r:mted d tm m iiig I lit ’

dredg ing  opt - i-a t  ion will be di sc ussed he it- .

•~ 3 . The mo st  o b v i ou s  s t i ( i r ct ’ o t m t & . t i — s t i ~~f ace I nih Id  I v a I It , - ovo m —

I low w a t e r .  D u r i n g  t h i t ’  t i l l  lug oper:it ion dredged mat ci Ia I a l u r r ~-

- I is ol ten ptmniped Into the  hoppers  at I ci  I hc~- have  been I I I let1 in oidcr

to maximize the ami~oun C 01 h i g h ie r  i i  i ’tlS i t  v mat er Ia 1 i i i  t in ’  h o p p e r .  T h e

l ower dons itv , t u r b i d  water at the s t i r l  Icc t ’I t l i t ’  I l i l t _ t i h opp er s  c- c t —

I lows and is tmsua I Iv di st’ha rged t h i m - oug ii p o r t s  I oca I i’d ne ar  I Ito vat or  —

line o 1 the dred ge. 1) 1st  r i but i oils i i i  suspended  s t ’l l  ds in those ()~~4

1 tow p1 times a m c  p m  Inta m- I Iv dependent i’ll t h e  mm (t i m ot t i i t ’ St ’el I titeii C

• be ing ti red gt’d ; C in- design and opt’ rat ion ‘‘I t lie ‘I r ed gi’ (s uch i s  I ~‘rwa i d

speed and pump tug rate) ; the nat uie , con cont  i t t  i o n , and vol tinie ot 0vt~ m

I loved m a t e r i a l  ; the 1 oca t i ons o I t lie OV t’ r t  I ow ports ; and t h e  i iv d i i i log i t ’

cii ;mr ;mc t o t ’ 1 s t  I i -s ot C he dr - e d g I n g  i-i l t o  ( su c h  . t a  vat  ~~ th’i)t i i .  sal  i i i  i t  v , ~ii~~I

cur  rt’nt di rec t i on  and ye 1 ot ’ i t  v ‘I . A I t  h i t i l i g hi t hi - m i ’ miia v lie iii ’ i lie r ’aSt’ 111 t lit ’

htippt’m- lo a th  aci i  loved liv cont I ntmt ’d pump i ng o I I I i1k - — g i a  I nod ;ctI  tmt ’ilt l i ’t  0

• f i l l  t’d hoppers , L. 1 over  I l o w i n g  i s  a comiiioii j ’ i~tc I I ci- .

F i t ’ Id mt ’asu r ome -m it  s

44 . Measut - t ’mn em i t s ot  su~ p emitlt ’d s - I  I ds i onc cut  r at  I Of iS  I f i  ( l i t ’  vi ci m i —

i t  v oh tin ’ hoppt’m- di’edgt’ hh h - ~STl-~R IIAR1 ) I N( d t m r  I t ig a m a t  nt  enant ’L’ opt ’ ra t  I omi

in Sami F ranc  I st ’o Bay I lId I ca t  i’d t h a t  a i l ea  m — t i o t  C t im t u ii i itI I t  \ p 3  u nto oh

suspended dredged mater t a t  ext  ended imp to 100 mit down cur i t’ll C I ront t he

dredge. 1 ~ in t h i t ’ ininn’d tat e V1t ~til i t  v ~ I ( l it ’  dredge -t w e ’ l l  — t i e t  I nod ,

upper  p lumi ’ was gent-rated by t hi t ’  o v er t  low process and t ne~t r — h i o t  t On)

p 1 ume b~ d rag hoad rt ’s m s hit ’n s ton ; 300 ( t t  .
~ tIl l In b eii I m i t t  I lie ci mo dgo the ’ I

p 1 nines nit’ t ged I n t O  .1 s I ng he p 1 unic ( F t  gu m  I~ . As (lit’ d i a I nit - i - I m oitt ( l i t ’

18
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Fi gu re 7. }lvpotht’ C le ’ai suspended s t i l l  ds p 1 t ime tlowns C i t - a n t  o I a hopper
dredge  opt’ rat ion with Live i I  1 ow in San Franc i 50 ii Bay . A l l
di  sC an t - i’s In muet Ft ’s

dredge t n t ’ reased , (lit’ suspended  so l id s  t’ti nt -eli ( m a t  i t ills in Cit e  1i 1 time

general  l~ dec reased and the p I unit’ ht ’camu e l i l t ’ reas I ug ly  l i n t  i t  oil 10

the near—hot toni Wa tel-s . a I t  h otmg h s time sut- I ace ills i-c I O I a  t I on was O t t  en

i-v ident  a long t i i t’ cut Ire length ut the p 1 unte . St isp i ’ndetl so i i  its ~otn -e n —

C r a t  tons in t i i t ’  t m p p o r  .iutl i u ldwate i -  cc it m in u r a r e  I v  e x i i ’e d e t t  S e V e l a  I

hiund red mu l i i i  grams pi’ t l i t  rt’ ( re Lit lv i’ to bzit’kgrotmnd t’oncenl t at  I t ills 01

31 to 35 ingf ~ ) t-xe-ept d i  re t - I  lv ad l ae’t’n t to ( i i i ’ hopper d i t ’dgt ’ o v e r t  low

~~~ t s where c oncen C r at  I otis vi’ rt’ as Ii I gh a s- s i ’ V era I gra ins  pe ’ r l i t  m e .

Nca r—bo torn p 1 umni’ C oncefl t  rat ions WCt ’ i’ usna I lv  loss C h ia m i  t I ow g r ,m u l s

per lit re’ re la t Eve to ba ck gi - ou mit h Cofli’ out  t a l l  t ills o t  18 to I .‘ I nig /
45.  N&’ar—s ut’  f a c e  suspt’ndt’d sti l l  u s  t~ one - e m i t  r a t  b u s  we i c  a iso ute a—

stmrt ’ d in tin’ over I low p 1 tmm iies genera  tt ’d thu rIng ma InC enance ope l at I oiis liv

the MARK HAM in Sag imi aw Ba~- ship  c h a n ne l , l ake l h m r o n , a i d  t h e  t :Oi UiI• \ i s
in the  Th Inib it ’ Shoa l Channe l , Chi t ’sap e akt - htav . ‘Fl iest ’ p limit’ m e t a l i m i --

men Cs a m e  suninar i zt’d In F’ I gtmro 8. 1 mi add ( C i  on Ci i Chi t ’  d i v  I Otis  t ’xpi ’nt ’ii—

t a l l  v de cr e a s in g  [i’ve Is o h  suspended s ti l l  its w I  ti i I t i c  r e a m s  tu g  d i  a t  . t m i t - e’

f rom the  d rt’dgc , ( l i t ’  W It1 tl i Of  C he mit- a r— sum r t  ace’ p 1 nine holi I n t l  I be’ t -t ~ i tHAI S
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Inc u-eased wit ii L i lt ’ roas l u g  i l l s  t a u t - i ’ I rein the tlrt-dge . l i i  I s  stir I ~t t ’t’ pa U

l- estm It ed I rout [at i’i- al ills 1it ’ i-s ion of Clii ’ ii ri’tlged ut a [or  I - I and a I t a I flt ’tl a

ha i t  —w t u t u  of approximate Iv’ ~~ in ~m a ii t s tau t ’e ot  900 in bob hid tinS i lrt ’dgt’

4b . I’iit’St’ dat  a b u t t  t i - a l t ’ t h a t  Clii’ suspendt’ti so I ida I eve Is gt’ut’ m a t oil

by a hopper  drt ’tigt’ opera U on a ri’ p r i mar liv t’;tti st’ii l i v  hoppe i ov t’ u t  I ow

in Clii’ nea t’ — s u r f  act’ w at t ’ t- and d i-aghead rt ’suspt ’ns I on in n e a r — h o t  tout

w a t e r .  Stispendt’d so! bit s t’ont’entrat ions may be as Ii I ghi as st ’v’e m a  1 t t’ns

ot grants pet- l i t r e  ne a m -  the  d i s t -harg i ’ port anti as hi gh as a I ow g r ams

pet ’ 11 Crc near Clii’ ii raght ’ad . Tn u -bIdEt v levels In  t he n e a r — s u m  I at’ e p h ti me’

app& ’ar to decrease t’xpoflent t a l l  v wi Ci t I ut- rt’as ing di  s tau e - t’ I Font t lit ’

du-edge due to so C t I lug amd dispers i on , quick lv ri ’acli I ug conem ’n I r a t  Ions

less than 1 g/ . However , p 1 unit- i’ oncont u - a t  t tiul s IIIaV t ’xt ’eed hackg  r oum id

leve is even at ill s t ances  in  excess  of 1 2( 1(1 m i t.

-‘e 1 . ~~~~~~~ ona I 2rocedurea . l-~xam I nat  I tilt 01 Ft sure S stmggt ’st  s ha I

the levi ’ is L i I sum spen dt ’t t  st i l t  ds In a p1 unit’ genera C ett liv t v p t  c a l  hoppe i-

dredge overt low i’an be i teor t - aset i  liv i~eulut’tng Cite  sol h i s  ~oni ’i’ut i t t  iou ol

the over I loved mat erial . Tb Is  can be at’eornp l I sheih liv redn i ’ i ng t l i t ’ I I ow

rate 01 t ile ’ s l u r ry  iit - imig  pumped I n t o  tli&’ h oppers d u r i n g  Clii’ Lit  t t ’l ’ phast ’s

of  the  h o p p e r  I f i l i n g  oh~e’i~ i l ion . By us lug Cit Is C Ct’iili I que • Cli i’ so 11 itS

C i in t c f l t  tiC the overt low can hi’ tici’ reasi’d subs tan ( - 1 . 11 1  V (e.g. , I u~eimii 200

to 100 g/~ ot less liv we i ght  ~) whi t Ic C h i t ’ I t i a d i u g  et  f it ’it’ncv oh tin’

dredge Is shunt t ant’oums lv i no ri,’ast’iI

48 . F1oc~~~~ in~~j t i t’ct . t tin . The rt ’ have bt ’en several at tempts math’

to I no roast’ the r a C e  a t  wh ich  d rethgi’d rnatei’l a 1 st’t ( I  t’5 in the htippt’i’s

anti s imul t aneous  iv  dci ’ reast ’ C hi’ so l i d s  t o U t  e’mi C u t  Clii ’ ov e r t  .1 ow by b il l t’t’ t t u g

1 loct’t m lant  5 t n C o  t he  s l n m -r v  p t - b r t o  ii t s t ’h iar gc I nt o  t h e  liiippci’s oi

sprayin g t Iot’cul ants  l t i to  the C I l l  ing lioppei’s. 
‘~~ 17 Wht-ri ’as t best ’

t e ch n i q ues  arc i n e f t i ’t’t lv e  thmt ’ pt’Imat’t lv Co t i i i’ high sol ItI S c o n t e n t  oI

the  sl urrv , the set t II ug rati’ ot  t in’ s tu sp e i i t l e t l  mat ‘i I a I In t lit ’ over I low

wat t’r may bt’ tin’ reast’d SolileWlia C by Lu]  t’i’ t tu g  1i i i I ye h-ct ru 1 vt i’s (I I oc&’tr—

hints) i n t o  the oven low watt’m- before IC is ttlst ’hai’g etl ovi ’rboa m - d .

Dimr Ing t ’sC s in Sag inaw Ba~’ ship chanmii’ I , l a k e hlu i ’ tin , po I vol et’t n i lv Los

were imsed to C rca C t i l t ’ over I low I roni (lit ’ iioppi ’ r d m c t l g e ’ MARKHAM t h a t  had
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a typ ical solids content  of 100 g/~ or less. Average near—surface

suspended solids concentrations in the plume at a distance of 1350 in

from the dredge ’s overflow ports averaged 58 mg/f (relative to average

back ground concentrations of 24 mg/C) and 36 mg/i (relative to back-

ground values of 29 mg/f) for untreated and treated conditions ,

respec tively . Based on these data , treatment of the overflow may

provide a marginal increase in the settling rate of the solids sus—

pended in the ove r f l ow plume , thus reducing the levels of near—surface
turbidity during hopper dred ge overflow. For the dredging opera tion

described above , the cost of flocculant addition per 10 cu m of over—

flow was approximately

Submerg ed overf low sys tem

49. To minimize the dispersion of the discharged overflow the

Ish ikawajima—Harima Heavy Indus t r ies  Company , Ltd., Japan , in coopera-

tion with Tokushu—Shunsetsu Company , Ltd., Japan , has developed a

rela t ively simple submerged discharge system for hopper dredge over—
38flow . The overflow collection system in the dredge was streamlined

to minimize the incorporation of air bubbles and the overflow discharge

ports were moved from the sides to the bottom of the dredge ’s h ull.

With this arrangement , the slur ry  descends rapidly to the bottom with

a minimum amount of dispersion within the water column.

SO. This modified overflow system has been successfully used on

three Japanese trailing hopper dredges with capacities ranging from 2000

to 4000 cu m without generating any significan t near—surface turbidity

in the vicini ty of the dred ge. Suspended solids concentrations around a

2000 cu m hopper dredge with a conventional overflow system ranged

from 10 to 1990 mg/f above average ambient concentrations of 8 mg/i ,

whereas with the submerged system solids concentrations were at most

only S mg/f above ambient levels of 7 mg/i. The system can be incor-

porated into existing hopper dredges, hopper barges , and scows through

simple modification of existing overflow systems. Symcon Marine Corpo-

ration (P.O. Box 1800, San Pedro , Calif. 90733) currently has the market—

ing franchise for this antiturhidity system In the United States.
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~ 51. Agitation dredging is of ten used in some p a r t s  of the  c o u n t r y

to deepen shallow channels or clean out low—density material from sli ps

in harbor areas .39 When this “d red ging” tech n ique is used , the b ot t o m

mater ia l  is in ten tionally resuspended by prop wash ,4° dragg ing  the
41 . . 42

bottom , continuous hopper dredge overflow , or sidecasting. The

material is then transported downstream with the river current or out—

going t idal  f low . Although this  type of operation can be quite effec-

tive and economical , its use should be restricted to those areas where

shor t—term exposure to hi gh levels of suspended solids wi l l  not be

detrimental.

Unconven tional Dredg ing Sys tems

52. Over the last few years several unconventional dredging svs—

tems have been developed in the United States and overseas to pump

dred ged material slurry with a high solids content and/or to minimize

the generation of turbidity. Although an evaluation of their potential

for  reducing the generation of turbidi ty was beyond the scope of this

stud y ,  seven unconventional systems are briefly described . Most of

these systems are not intended for use on typical maintenance operations;

however , they may provide alternative methods for unusual dredging

projects (e.g., chemical “ho t spots”) when the capabilities of a par-

ticular system provide some advantage over conventional dredg ing

equipment.

Mud Cat

53. The Mud Cat (Mud Cat Division , National Car Rental System , inc .,

P. 0. Box 16247, St. Louis Park , Minn . 55416) is a relatively small ,

portable hydraulic dredge designed for projects where a 38— to 92—cu rn/hr

discharge rate is sufficient. Instead of the conventional cutter the

Mud Cat has a horizontal cutterhead equipped with cutter knives and

a spiral auger that cuts the material and moves it laterall y toward the

center of the auger where It is picked up by the suction (Figure 9).
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Fi gu re 9. Horizontal cutterhead of the Mud Cat dredge showing cut ter
knives and spiral auger (Courtesy of MUDCAT Division

- ;  National Car Rental Systems , Inc.)

This cutter can remove a layer of material  2 .4  m wide and 0.4 m thick

f rom water depths of 0.6 to 4.5 m leaving the dredged bottom f la t  and

f r ee  of the windrows that  are character is t ic  of the typical cutterhead

d redging operation .

- - 
54. By covering the cut te r /auger  combination with a retractable

mud shield the amoun t of turbidity generated by the Mud Cat ’s opera tion

can be minimized . During one operation near—bottom suspended solids

concentrations 1.5 m from the auger were usually slight ly greater than

1 g /f , relative to near—bot tom background concentrat ions of 500 mgR .

Surface and middepth concentrations measured 1.5 to 3.0 m In f ront  of

the auger were typ ically less than 200 mg/ f  ab ove background values of

40 to 65 tng/~~. In general, the turbidity plume was con f i ned to wi th in
43

6 m of the dredge .

Waterless dredge

55. Waterless Dredging Company (124 North 15th Street , Mattoon, Il l .

61938) has recently developed a dredging system where the cutter and a

submerged cen t r i fuga l  pump are enclosed within a ha l f—cy l ind r i ca l  shroud .

By forcing the cutterhead into the material , the cutting blades remove

44
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the material near the front of the cutterhead with little entrainment ot

car r ie r  wa te r .  According to the manufacturer , this system apparently

is capable of pumping slurry with a solids content of 30 to 50 percent

by weigh t with little generation of turbidity. Dredge (pipeline) sizes
*range from 15 to 30 cm.

Del ta  dre4ge

56. Delta Dredge and Pump C o r p o r a tI o n  ( 1 17 4 3  L ack land  Road , S t .

Louis , ~to. 63 141) has a iso developed a small por table dred ge that ap-

parently removes mate r ia l  at a h i gh so l ids  concen t r a t i o n  u s ing  a sub—

merged 30—cm (12—in.) pump coupled w i t h  two c o u n ter  r o t a t i n g , low speed ,

reversible cutters (Figure 10) . According to the manufacturer , th is

equipment is capable of staking a relatively shallow 2.3—rn—wide cut

w i t h o u t  d i s t urb ing  the surrounding material. For Chis reason ,

turbidity levels in the vicinity of  the cuttenhead art’ apparentl y
44low.

~ 
SIDE ViEW

Figure 10. Delta dredge (Taken from Reference 44.
Used courtesy of Symeti n Marine  Corp .
and WODCON Assn.)

* Personal Communication , 17 Oi’tober 1977 , Don Sear les , W a t e r  i t ’~~s
Dredging Company , Matt oo n , I l l .
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bu whec1~~~~~~~ t’
- . El Ii cot  t Mach t ue  7o rpor a U on ( B a l t i m o r e , ~td . ‘I b m ~is recei m I y

dt -v t ’iopt’d a unique huekt’t whet-i excavator (F’i gui- t- 11) as .m means ol

Liv i Ii~ t i t t ’ t’ I I i  c it ’ilO V 01 t 110 cut t I ng Lipo rat t on . Because C lit’ cut t I ng

1 o rcu ’ I oonc ent  r a t  cut on a much shui U Ce r cu t  t tug edge , t hi’ bucket whet’ I

has thu’ cap.mli j i l t  v ot t i  f t c  len t lv  d i gg ing  h i g h ly  coiiso l id a te d  n t at i ’r ia I.

in add i t ion , t lie mat or i a 1 i s I oret’ I ed to the s u c t i o n  as t lie wheel

t u r n s , mak1u ~ I t  p o s s ib l e  to  con t r o l  t h e  stillds conten t ot t he  d redged

Illat  t-r ial s lurrv by \‘.mrv ing the rotation speed ot t l t t ’ wheel. Titeoret i—

a l i v  , tli i s hucku’ t whi’e 1 not onl v ac cura t e l  v ul i gs t o  a presc r ibeul level

bum t a ist i max itti l .~~t’S the  p ic k u p  o t  t lie exca\’at t’d mat or Ia I .~~~

l’ nt ’tmia t t c  pumpj v~~t e ms
-~~ 4(i :4 7

‘S. Pneuma . ih e  I’neuma svs t ems , ‘ ‘ deve loped  by S IR S 1

t. i t  all an ~or l i o r , i  t ion f o r  tue Research o I i~a Cu’ r l’Su ’ , F l o ren c e , I t a l y

wis tht’ t l ist dredging system to use compressed . ii  r ins t cad o t  c en t r i  I —

u~ a I mo t I tin t ii pump s lum i-rv throug h a p 1 peii f l u’. :\ 1 thu iu g li i t  has been

used e x t en s i ve  Cv u European and .1 I~’an, ’se tir eu l g ing  p r oj e c t s , Ciii’ I’neum a
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F t  guru’ 11. Bucke C whtoe I dred ge (Taken f rom Ret  u’r cnt - u- 2 -
I --ed ootmr t esy 01 Svmeon Mar Inc t~orp . and
WODCON Assu. )

svs C u -rn t t . t s  omi lv been aviii lab 1~’ in the Un i t ed  S ta tes  s i nce 197 i (throug h

I’m’ieum.i Ntirth Amer t e a , Inc . , 523 Commerce Dr I vt’ • S u i t e  130 , Oak Br ook , I i i
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60521). According to the literature published by the manufacturer , this

system can pump a slurry with a relatively high solids content with

little generation of turbidity.

59. The Pneuma system consists of a pump body (composed of three

cyli nders) ,  com p ressor , shovel , and a distributor system that auto—
matica lly controls  the supply of compressed air to the cylinders.

When the pump is submerged , sedimen t and wat er are fo r ced in to one of the

empty cyl inders  through an inlet valve (Figure 12 ) .  A f t e r  the cy linder

is f i lled , comp ressed a i r  is f o r ced into the cy linder closing the inlet

valve and simultaneously forcing the material out of an ol4tlet valve and

into the discharge line. When the cy linder is empty,  the ai r pressure is

reduced to atmospheric pressure, the outlet valve closes, and the inlet

valve opens. The two stroke cycle is then repeated. The distributor

system controls the cycling phases of all three cylinders so there is

always one cy linder operating in the discharge mode,

FILLING PHASE DISCHARGE PHASE

t COMPA(SSED
WA - - 

~~cCH4RG(
~~~~~~~~~~~~~ 

-

BOTTOM SEDIMEN T -

Figure 12. Operating principle of the pneumat ic  pump
(Courtesy of Pneuma North America, Inc.)

60. Depending on the material being dredged and the mode of opera-

tion , the three cy linders of the Pneuma system can be arranged in vari-

ous ways with d i f f e r e n t  shovel a ttachments .  The f ron ta l  shovels are

47 
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n-~rmal ly  equi pped w i t h  c u t t i n g  g r i l l s  t ha t  f a c i l i t a t e  p e net r at i t in  i n to

compact bottom sediment. The sy s t e m  has been used in w a t e r  u iu ’pt ht s of 50

is; however , 100— to 200—in dep ths  are t h e o ret i c a l l y poss ib le .  I)epending

on the size of the particular Pucuma pump used , production rates can

range f rom 40 to 2000 Cu in/hr . The pump can be deployed f r o m  a land—

based or floating crane , pulled through the sediment in a t r a i l i n g

position , or attached to a dredg ing ladd er .

61. According to unpubl ished data , the  amount  of resuspension

gen era ted by the Pneuma system is also apparently minimal.

a. Dur ing one maintenance dredging opera t ion  at  t I m e  Por t  of
Cho fu , Sh imonosek i , Japan , suspended solids levels of
4, 10 , 26 , and 48 mgR were measured at depths  of 7, 4, 2,
and i is above the bottom , respec ti ve 1~’ , approximately 5 m
in f r o n t  of a 300/60 Pneuma pump mounted on a l adde r .
Turbidi ty levels 30 m front the system appeared to remain
within the general background range of 1 to 3 mgR .

b . During a second m a i n t e n a n c e  o p e rat ion  at Rita Kvushu Cit y ,
Kokura , Japan , average turbidity levels measured 5 ut from
the ladder—mounted Pneuma pump were approximately the same
as background values measured 50 to 100 is away . Onl y one
turbidi ty measuremen t taken 1 is above the bo ttom , 5 m from
the system , indicated an elevated value of approximate1~-
13 mg/~ relative to background concen trations of 6 mg/c.

62. Oozer. The Oozer pump ,
48 

developed by l ov o  Con s t r u c t i o n

Company , L t d .  ( 3 — 7 — 1  Kanda Nish ik icho , Chivoda—ku , Tokyo , Japan , and

marketed In the United States by TJK , Inc., 7407 Fulton Avenue , N.

Hol lywood , Cal if.), operates in a manner similar to that of the Pneutna

system; however , there are two cylinders (instead of three) and a vacuum

is applied during the cylinder—filling stage when the hydrostatic pres-

sure is no t suf f i c i e n t to rap idly fill the cy linders. The pump ~~

usually mounted at the end of a ladder and equipped with s p e c i a l  suu’tj O n

heads and cutter units depending on t h e  type of m a t e r i a l  be ing dreul geul .

The conditions around the dredg ing system (i.e.. the thickness of sedi-

ment being dredged , the bot tom eleva t ion  a f t e r  dredg ing ,  as w e l l  as the

amount of resuspension) are monitored b~- h igh—fre qu ency ,mu ’oust Ic sensors

and an underwater televisi on camera. Based on production rt’u-oruls ,

the larger Oozer system lmas an approximate  dredg ing c . m p a c i t v  r a n g i n g

48 
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from 300 to 500 cu rn/hr. During one operation suspended solids levels

within 3 is of the dredging head were all within background concentra-

tions of less than 6 mg/c . Dredging costs (excluding disposal) using

the Oozer system are approximately $6 to $7/cu m.*

63. Mudlark. The Mudlark is another type of pneuma tic pump tha t

has been developed to transport dredged material. Similar to the Oozer ,

it has two chambers that are alternately phased ; however , with this

system compressed air drives a piston that pumps the slurry .

Clean U~p system

64. To avoid the sediment resuspension typ ical of a cu tterhead

dredge , TOA Harbor Works (TOA Kensetsu Kogyo Company , Ltd - , 5 Yobancho ,

Chiyoda—ku, Tokyo, Japan) has also developed a unique Clean Up system
49 , 50for dredging highly contaminated sediment. The Clean Up head

consists of a shielded auger that collects sediment as the dredge

swings back and forth and guides it toward the suction of a submerged

centrifugal pump (Figure 13). To minimize sediment resuspension , the

auger is shielded and a movable wing covers the sediment as it is being

collected by the auger. Any gas that is released from the sediment is

trapped by a shroud and vented to the surface where it is cellected .

Sonar devices on both sides of the head indicate the elevation of the

bottom in front of and behind the head ; an underwater television system

also indicates the amount of material being resuspended during a partic-

ular operation. During one dredging operation suspended solio. ,~oncen—

trations around the Clean Up head ranged from 1.7 to 3.3 mgR at the

surface and 1..I to 7.0 mg/Z 3 m above the suction equipment re la t ive  to

background near—surface levels of less than 4 mgR.

* Personal Coimnunication , 15 December 1977, Hyman Fine , Civil Engineer
U. S. Army Engineer District , Norfolk , Norfolk , Va .

49
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Figure 13. Cross—sectional view of the cutterhead of the Clean U p
system (Redrawn from References 49 and 50. Used
courtesy Symcon Marine Corp. and WODCON Assn.)

Dredge Selection

65. When considering an upcoming dredging operation , the project

engineer may be faced with the problem of selecting the “best” dredge

based on the cost and availability of different dredges , the operating

conditions at the project site , the ma terial to be dred ged , the job

specifications , and various environmental considerations.
51 According

to a comparison of conventional dredges by Wakeman , Sustar , and

Dickson ,52 “the cutterhead dredge seems to have the least effect on

water quality during the dredging operation . This is followed by the

hopper Jredge without overflow . The clamshell dredge and hopper dredge

during overflow periods both can produce elevated levels of suspended

solids in the water column.” Al though this may be true under a given

set of environmental conditions , the variabi l ity be tween d if f e ren t

sites, material types , dredge sizes and capabilities , as well as

perator performance and training makes it difficult to compare different

types of dredges.

50
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66. U n f o r t u n a t e l y ,  s ince  each dredging/disposal projeu-t Is site

specific , a dr edge th at may be Id eal in one situa t ion may no t be
su i t ab le  f o r  a n o t h e r .  The Pr o d u c t i o n  r a t e  of  a g iven dredge r e l a t i ve
to the  levels of t u r b i d i t y  t h a t  may he gener ated , the  d u r a t i o n  of the

project , and the back ground condi t ions  should a l l  be considered when
ev a l u a t i n g  the p o t e n t i a l  impact of different s Izt- s and t I C S  of

dred ges . It is also  Important to rementber t h a t  a sop h i s t  i cat ed  anti

expe nsive dred g ing system w i l l  not necessar i ly  t - 1 i n i i na  Ce all environ—

mental impac ts  associated with dred ging operations. In addition , it

is imperative to concurrently consider the com patibilit y of all the

components of the dredg ing ope ra t i on , i n c l u d i n g  ex c a v a t i o n , t r an s p o r t a—

tion , t r e a t m e n t , and d isposal , as a t o t a l  I n teg r at ed  sy s t em and not as

separate components . The relative impact of each o p e rat i on  must  he

objectively evaluated relative to Its cost and overall benefits.

I
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deflector plate. As the  dredge advances down the  chann el the  discharge

poin t is usually moved periodically to other disposal areas adjacent to

the channel. The dredg ing operation Is normally cont inuous , but  stay he

i n t e r r u p t e d  by mechanical  breakdown , shi p traff ic , or bad weather.

Modes of I)red ged M a t e r i a l  D ispersa l

68. The discharged dredged ntaterial slurry is gen er a l l y  d ispers ed

in three modes. Any coarse ma ter ial , such as gravel , c lay ball s, or
coarse sand , w i l l  imtunediatel y s e t t l e  to the bot tom of the disposal  area

and usually accumulate directly beneath the discharge point. The vast

majority of the fine—grained material in the slurry also descends

rap id l y to the bottom where it form s a low gradient circular or ellipti-

cal f lu id mud mound . 13 A small percentage (1 to 3 percent) of the

discharged ma terial  is stri pped away f r om the outs ide of the s l u r ry  j e t
53as it hits the wa ter su r fac e and descends through the wate r  column and

remains suspended in the wa te r  column as a t u r b i d i t y  p lume . These

latter two fo rm s of dredged mater ial di spersal w ill be eval ua ted in more

detail in the following discussion .

Turbidity Plumes

Plume cha rac te r i s t i c s13’53

69. The levels of suspended solids in the water column above thtt’

fluid mud layer generally range from a few tens of milligrams per litre

to a few hundred milligrams per litre . Concentrations rap idly decrease

wi th  increasing distance downstream from the discharge point  (Figure  15)

and laterally away from the plume center line due to settling and hori-

zontal dispersion of the suspended solids. Since solids concentrations

in the plume often increase with increasing dep th , the plume boundaries

may be more distinct in the near—bottom portion s of the water column .

Under tidal conditions , the p lume will extend inland during the incoming

(flood) tide and seaward during the outgoing (ebb) tide. The p l ume
length will usually be only sl ightly longer than the maximum distance of

53
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one t i d a l  excursion ( i . e . ,  the distance that th e suspended sediment is

transported during an ebb or flood tide). In other words , as the tide

changes direction a new plume will form downcurrent from the discharge

point and will be superimposed on th e older plume formed during the las t

t idal cycle; the new plume will continue to grow until the tide again

changes direct ion . In r ivers where the f low is u n i d i r e c t i o n a l, the

p lume length is con trolled by the st reng th of the curr en t and the set-

t ling properties of the suspended material. In both estuarlne and

r iverine  environments  the na tu ra l  levels of tu rbulence  and the  f luctua-

t ions in the rate  of slurry discharge w ill usuall y caus e the Ideal ized
teardrop—shaped plume to be dis tor ted by gyres or eddyl ike pa tt ern s
(Figure 16).

Fac tors con trolling plume charac teris tics

70. The large degree of variabili ty characteristic of most tur-

bidity plumes can be traced to several major factors : the discharge

ra te , charac ter of the dredged ma ter ial slu r ry , wa ter de pth , hydro—
dy namic r egime , and discha rge conf igura t ion . ‘l’he first four f a ~-t o rs

will be discussed below and used as input for a relatively simple  pl ume
model ; the discharge con f i gu ra t ion and its affect on slurry d ispersal
will be discussed in Part IV.

71. Par t i c le  se t t l ing  rates.  The na tu re  and persIs tence  of tur-

bidi ty plumes are con trolled largely by the settling rates of the

material  suspended in the water column . Low concentrations of silt antI

clay (with diameters of less than 0.03 mm) se t t le  very slowly causi ng
large , persistent turbidity plumes. Under certain conditions d a y

particles may collide to form aggregates or floes with diameters of 0.1

to 2 mm. If  the suspended pa r t ic les  are coarse—grained or composed of

la r ge f loes , they wil l  se t t le  re la t ive ly  r ap id ly ;  the suspended S O I l t I S

concentrations in the resulting plume will he r e l a t i ve l y low and tie-

crease very rap idly wi th  distance f rom the discharge po int .

72.  Turb id i ty  plumes wi l l  be r e l a t i v e l y  pe r s i s t en t  In f r e s h  w a t e r ,

because f ine—grained pa r t i c l e s  at low concen t r a t i ons  do not r ead i  iv f orm
54flocs. However , the degree of flocculation Increases very rap id 1~ as

salt concentrations Increase from 0 to 10 g/”~ and remains t’sst’mtt t a l l y

55
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(28—in.) pipel ine disposal operation in the Atchafalaya
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constant between concentration of 10 g/2~ and seawater concentrations of

35 g/i.12 The clay mineralogy of the dredged sediment may exert a

subtle influence on settling behavior but its importance is relatively

small due to the presence of naturally occurring organic material which

apparently coats the clay particles. In fac t , in salt water the set-

tling rate of the suspended material generally increases as the organic

content increases.54 Regardless of the sediment/water composition ,

settling rates generally increase with increasing solids concentrations

up to approximately 10 to 20 g/i;11’12’54 at higher solids concentra—

tions the particle settling rates are “hindered” or reduced due to

contact with adjacent sediment particles or floes.

73. Effect of various factors on plume characteristics. The

particle settling rates , slurry discharge rate , water depth , current

velocities, and the d i f f usion velocity (describing horizontal dispersion)

all interact to control the characteristics of the turbidity plume

during the disposal operation .53 As the current velocity increases ,
the plume (as defined by a specified level of suspended solids in excess

of background) will grow longer. With increasing depth of water in the

disposal area, the average concentration of suspended solids in the

plume will tend to decrease. As the dredge size increases or particle

settling rates decrease, the plume size and suspended solids concentra—

tions will tend to increase. In addition , as the diffusion velocity

increases for  a given current velocity, the plume becomes longer and
- 

- 
wider , while the solids concentrations in the plume decrease. (However ,

if there is no resuspension of bottom sediment , the total amount of

solids in the plume will remain the same.) Finally , with a decrease in

diffusion velocity or particle settling velocity, or an increase in

water depth , the length of time required for the plume to dissipate

after the disposal operation has ceased will increase .

Turbidity plume model53

74. A simple method for predicting plume characteristics has been

developed based on a theoretical hydraulic model. This model has subse—

quently been verified and empirically refined using field data collected

around three typical open—water pipeline disposal operatiens in estuarine

1 
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environments. Only six input parameters are necessary : the size of the

dredge, water depth and average current velocity in the disposal area ,

mean diameter or settling velocity of the sediment being dredged , an

estimate of the diffusion velocity, and the “age” of the plume. The

model will provide an approximate “worst case” predic tion of the shape

and dimensions of the plume , the corresponding average excess concen-

tration of suspended solids (above background) along the plume center

line as a function of distance from the discharge point , and the per-

sistence of the plume after the disposal operation has ceased . Factors

such as discharge configuration , waves , and wind , although important ,

are not considered in the model due to their complex and quantitatively

unpredictable effect on the plume characteristics .

75. Procedure. The following stepwise procedure indicates how the

six input parameters are used to calculate several nondimensional

variables that are plotted on the accompanying nomographs . The non—

dimensional numbers are then converted to physical units of metres and

milligrams per litre using distance and concentration scaling factors ,

respectively .

a. Determine the amount of material that will remain sus—
pended in the water column (g): q is at most 5 pe r cen t
of the total quan t i t y  of mater ia l  discharged by the  dredge
(Q) where :

Q(g/sec) = pipeline (cm2) x flow (cm/sec) solids con— (1)
area veloci ty tent  of

s lurry  (g/cm )

Therefore: q(g/sec) = 0.05 x Q(g/sec)
Convert q to mg/sec.

If the silt/clay content is less than 5 percent , use that
fractional amount instead of 0.05.

b. Determine the average vertical thickness of the Rlume (D):

D(cm) = one—half the average depth of the water in the
disposal area for depths less than 8 m.

c. Determine the rate of horizontal spread of the plume:
This rate is controlled by the diffusion velocity (t o) ,

which is estimated based on the following average values:

58 
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Environment to (cm/sec)

Lakes and r i v e r s  0 .3
Medium estuaries 1.0

( e . g . ,  Corpus Chr i s t i  Hay)
Large estua ries 1.4

( e . g .,  Chesapeake Bay)

d . Determine the mean par ticle se ttl ing veloci ty ( v )  A

size analysis  of a typ ical sediment sample front the
dredging s i te  should be performed using disposal s I t e
water; no dispersing agent should be used . From the size
dat a determine the mean diameter  of the sediment.  The
mean p a r t i c l e  se t t l ing  ve loc i ty  v (cm/sec)  can then be
approximated  us ing Fi gure 17. ~
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Figure 17. Settling velocity versus mean particle diameter

e. Determine the age of the plum e ( t ) :  The age of Ch i t ’  p l u m i ’
is the time ( t)  that is required for the plume to reau-h
Its  maximum length . In an estuary , where the current
reverses direction , this will occur at the end o f an ebb or
flood tide. In those estuaries where there are two hig h
and two low tides/day the age of the plume Is:

59
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4 - 4
= f-i hr 2 . 1 6  ‘- 1 0  s~~~~~ 2 ‘- 1 0  sec ( 3 )

Where there is onu’ hi gh and enu low t i d e  per day :

t (st -c 12 h r  4 Si 10 St ’d ( 4 )

I n i tvt Fs t i t t ’ f l o w  Is u n i d l r t - u - t  i onal ; t h er e l o r u - , p l ume z I g u ’
i s  di’! iited as the length et time that is  required for a
P~I r t  i d e  w i t h  a s e t t l i n g  v e l o c i t y  (v ) to settle a
spe~- ii it ’d v e r t  i c a l  d i s t a i i u -e rt’l at I v t ~~to t h e depth u t
w I t  t’r (P . The s u rf  act  p lume  will probab lv not be v is  i bit’

I I  t er t i i t ’  suspended  p ar t  Ic it’s hj v t - s et t l ed  approx in lat  c i v
10 ciii below the su r f  ace; there I ore , f us i the  s u r f  au-c p1 unit’:

(5 )
S

i-e r  the near—hot ttsm p lume :

P e term in e  t t  iver a ’e u-u r r t t i t velocity (u): For dstU~lr ie s
the  e \ ’erage cu r  rent  vel oc I t v  over the time i n t e r v a l  C
can he measured  in the f i e l d  (over several tidal cy c l e s )
or e s t imated  using a value of  maximum c u r r e n t  v e l o c i ty
(u ) usbtLijned f rusni tide tables pub l i shed  by the N at i o n a l

max - . -

Oceanic  and A t m o s p h e r i c  A d m i n i s t r a t i o n , The average
current veloci ty is then estimated using the following
f o r m u l a :

u ( c m / s u c )  = 
_
~~

\ U
max ( ~

For r i v e r s  u is simply  the average current velocity usvt’r
the I t’ngt Ii o t~ the disposa l oper~it 1(111 •

76. Knowing these six parameters , nenil imen s iona I r a t  los and seal-

ing f a c t o r s  can be developed and then used to ca l cu l a t e  wors t  ease

estimates of vertical lv averaged suspended sol ids  c o n c e n t r a t i o n s  (above

background) a long the plume ce nt er  lin e as a fu n e  t [on of ul i s t an c e  front

the discharge point.

a. Determine t h t ’ ~-a I t ie  1. I

b. Determine the v a l u e  of ~ 
whe r e:

‘- t
= —fr--- (~~)

and round off to 0.1 , 1, 3 . 2 , or 10.

L 
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c. Determine the Dis tance Scal ing Factor (DSF):
D SF(cm)  = Ut (9)

d. Determine the Concentration Scaling Factor (CSF):

CSF(mg/c c ) = s— (10)
115 Dt

e. Enter Fi gure 18 at the ca lcu la ted  value of s/u , move up to
the appropriate ~ cu rve , and then over to the  l e f t — h a n d
(ver t ica l )  scale to ob ta in  the  value of

Concentration (mg/i) at distance ut
CSF

Knowing this value and CSF , the concentration at distance
Ut can then be ca lcula ted.

f. To determine the distance X (cm) downstream of the dis-
charge point where the plume center line concentration
will  be a specified Y (mg/ i ) ,  above back ground ,

(1) Calcula te:

Y (mg/f)
Concentrat ion at d is tance  Ut (Step e)

(2)  Using this ra t io  enter  Figure 19 , 20 , 21 , or 22 ,
depending on value u~I t  ~

- , along the left—hand scale.

(3) Move hor izonta l ly  to the s/u curve closest to the
value calculated in Step a and d own to the lower

Dista nce Xscale. Obtain a value for 
DSF

where the average concentration will be Y (mg/i).

(4) This value of ~~stance X m u l t i p lied by the DSF is

equal to DIs tance  X .

To determine the concentration Y (mg/i) above background
at a specif ied distance X (cm) downstream from the dis-
cha r ge poin t ,

Distance X(1) Calc u la te : DSF

I
LL~ 
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(2) Using this ratio enter Figure 19, 20, 21. or 22 ,
depending on the value of ~

-
, along the horizontal

axis.

(3) Move vertically upward to the appropriate to/u curve ,
then horizontally across to the vertical axis. Obtain

Concentra t ion  at dis tance Xa value for
Concentration at distance ut

(4) ThI s  r a t io  m u l t i p l i e d  by the  concen t rat ion  at Ut
(Step c) g ives the average center  l ine  concen t r a t i on
at distance X .

h. To determine the approximate maximum width of the plume
(which occurs at an approximate distance ut) as specified
by a solids concentrat ion above background , m u l t i ply the
center line length of the I)lume (as defined by that con-
centration) by the appropriate factor listed below for the
respective s/u values .

s/u W id th fac tor

0.1 0 .25
0.3 0.6
1.0 1.3

1. Idealized plume shapes generated by the model are shown
in Figure 23 for various hydrodynamic conditions. For
values of to/u less than 0.1 the plume width will be less
than 0.25 t imes the length.  As to/u increases beyond 1.0
the plume will approach a circular “patc h” shape cente red
on the discharge point . Plume shapes are similar  for
d i f f e rent values of ‘y .

77 .  Example. To illustrate the use of this  model the following

example is given.

a. Operation : (1) 61—cm (24—in.) pipeline wi tit a radius
30 cm

(2) Velocity = 549 cut/sec (18 ft/sec)*

-: ( 3) Solids content  — 15 percent solids by
weight*

_ 5 1

Q — 11(30) -
~ 549 

-.- 0.15 — 2827 cm~ ‘- 549 ‘- 0.15 232 ,803 g/sec
q 232,803 x 0.05 — 11,640 g/set~ = 11.6 ~ 106 mg/seu-

* These approximate values may be used if better estimates are not
available.
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Fi gu re 23 . Ideal Ized plum e shapes generated by the model

b . D: 4 in = 400 cm (For a water depth of 8 iii )

c.  ?-iedium s iz e  estuary: to 1 cm/ set

d. Mean grain  d I a m e t e r :  4 x 10 cm; v 0.001 cm/sec

t . Tidal h a l f — c y c l e  = 6 hr ‘- 3600 ~~~~
—‘-- = 2 .16 ‘- 10~ set’hr

x l0~ st’c
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- - 2 Si 25 cm/ sect . Maximum u-u r r en t  ve1oclt~ : 25 CIil /St ’u- U =
— 

16 CI11 /5uC 

- 11

£~ 
to/u = 1/16 = 0.06

h. ‘i ~~~ 
Si 1o~~~~2 S i  l0)~~ = 0.05 Round to 0.1
(4 Si 10 )

-
~ !~ DSF = ( 16 em / sec)  (2 ‘ ~~ sec) = 3 2 IO4 ciii (or 1 .2 kin)

~~~~. CSF - 
11.6 \ 106 mg/sec  

~~~~~~~~~~ mg/cc
n (1 cm/ s t’t’) (400 c n i ) ( 2  Si 

~~~~~ see)

k .  Follow d o t t e d  l i n e  in Fig ur e 24a for  s/ u = 0.06 (“A”)

and ~ = o 1; 
Concentratfon~~~~~~)~~itj~~

Concen t r a t i on  at 3 .2  km = 0.05 Si CSF = (0.05) (0.4(s)
0.023 mg/cc = 2 13 m g / i

1. To de te rmine  the d i s t a n c e  X (cm) downstream ot the dis-
charge point where the plume center I jut’ eo i t ce f lt r . i t  ion v i 11
be 50 mg/f,

(1) 50 mgj 
= ~ 17 -) -

~23 mg/ i

(2) E nt e r  F igure  24b ( f o r  ~ = 0.1) along left—hand scale
at  2 . 2  (“ C ”)

(3) Move hor izontally to the to /u  = 0.1 curve and down to
the lower scale (“D”)

l)istance ~~ — 
~~DSF

(4) Dis tance  X = 0 .9 ‘- 3.2 = 2 . 9  km

This can be repeated for an~ specified c o n c e n t r a t i o n .

in. The above steps In 1 can be reversed to obtain the sol Iu t s  con-
centration at a specified distance X , say 1 km.

(1) 1 km
3.2 km

(2)  E nt er  F igu re  24h ( f o r  ‘y 0. 1) on lower sc a l e  at “IT ”
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(3) Move vertically up to the to/u 0.1 curve and over to
the left—hand scale to “F”

Concentration (mg/ i) at 1 km
23 mg/i

(4) Concentration at 1 km = 7 )< 23 = 161 mg/i

n. The concentration of excess suspended solids in this case
was 23 mg/i at a distance of 3.2 kin from the discharge
point. With to/u less than 0.1 the maximum width of the
plume as defined by the 23 mg/i. contour will be less than
0.25 x 3.2 km = 0.8 km.

-
‘ o. The shape of an idealized plume under these condi tions

- ;  will approximate the shape shown in Figure 23a.

78. The average center line concentration for this operation as a

function of distance from the discharge point is:

Distance, km Concentration , m~/2.

0.5 368
1.0 161
2.0  71
3.0 37
3.2 23
3.5 1.5

79. After the disposal operation has ceased , the suspended mate-

rial in the plume will settle (v) and diffuse laterally ( to ) . The
visual near—surface p lume will  usually disperse wi th in  a period of 1
to 2 hr (Equation 3);13~55 however , the subsurface plume may theoreti-
cally persist for a few days depending on the water depth , settling

velocity of the suspended particles , and the diffusion velocity. A

method for estimating the rate of decrease in the plume concentrations

due to settling and/or diffusion is given by Schubel et al.53

Fluid Mud Dispersion

80. Whereas a small percentage of the fine—grained dredged mate-

rial slurry discharged during open—water pipeline disposal operations Is

dispersed in the water column as a turbidity plume ,53 the vast major—

ity rapidly descends to the bottom of the disposal area where it
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accumulates under the discharge point in the form of a low gradient

fluid mud mound overlying the existing bottom sediment.’3 If the dis-

charge is moved as the dredge advances, a series of mounds will develop .

The majority of the mounded material is usually high—density (nonflow —

ing) fluid mud that is covered by a surface layer of low—density (f low-

ing or nonflowing) fluid mud . The short— and long—term dispersion

characteristics of the discharged slurry depend on many factors , in-

cluding the nature and rate of slurry discharge , the discharge configura—

tion, and the hydrodynamic regime and bottom topography in the disposal

area. These factors will, be evaluated in more detail in the following

discussion of fluid mud accumulation and dispersion.

Dispersion of low—density fluid mud

81. At a typ ical open—water pipeline disposal operation , an esti-

mated 97 to 99 percent53 of the fine—grained dredged material slurry

descends rapidly through the water column and impacts on the bottom .

During the descent and impact phaseA., the slurry usually entrains water

and may initially flow radially away from the discharge point over tile

bottom or surface of the existing mound as a fragmented flow of low—

density fluid mud .
13 The fluid mud front propagates in the form of a

near=bottom headvave56’57 (Figure 25). Under quiescent conditions more

“ 
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INCREASED VtLOCIIY AND
SLDIMENT CONCENTRATION - -

FIgure 25. Velocity/sediment concentration distribution within the
headwave of a low—density fluid mudflow . (Redrawn from
Reference 56 and used through courtesy of the Pacific
Section SEPM, P. 0. B- ~~~~~~ Ambassador Station ,
Los Angeles , Calif. -
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t i t an 98 percent of the sediment in the mudf low remains in the fluid mud

Liver at concentrations greater than 10 g/ i  , while tile remaining 2

percent is resuspended in a tu rb id  layer behind the headwave by turbu-

lence and upward mixing of tile sediment suspended at the upper su r face
of the mud layer.57 Hi gh sedimen t concen tra tions and f l ow veloc it ies
characterize the lower levels within the low dens ity f l u id  mud , whereas
relatively low solids concentrations and velocities are present  in the

overly ing turbid layer.56’57 Areal and temporal fluctuations in this

flow of low—density fluid mud are probably caused in part by pulses of

higher density dredged material slurry discharged from the p ipe.’3

82. Material  character is t ics .  Tile size distribution of tile dis—

char ged mate r ial wi l l  strongl y influence its flowing/mounding behavior.
Very coarse sand , gravel , and clayballs from “new work” dredging proj—

ec ts will  rapidly settle out at the  discharge Point independently of any

f ine—g rained material . However , in slurries of fine—grained material

containing less than 30 percent medium to f i n e  sand , the sand a p p a r e n t ly

does not settle out , hut tends to f low with t i le s l u r ry . As the sand

content inc reases above 30 percent , the fluid mud will tend to f low less

and mounding wil l  increase .l2 Tile r e l a t ive  percentages ot Si i t , clay ,

and organics may have a marg inal e f f e c t  on the b e h a v i o r  ot the fluid

mud; however , no such relationship has been documented .
83. Neither laboratory nor f ie ld  data  h i d  i cat e  ~,nv ot-I~’ [Otis d i f f e r -

ences between the f low cha r acte r ist ics  of f r e s h w a ter  anti e - st u a r  inc f l u i d

mud .
13’ ~~‘ Under similar flume test condititms freshwater . t ud  s a l t w a t e r

sediments appeared to generate mud f lows ol stmii ar thl t -k n-.’ss ant i I low

velocity; however , the over ly ing  t u rb id  L ive r  gt n e r . i t e d  . ib ’ve s.iltw .iter

flu id mudflows may be somewhat thinner due to I l oc c u l a t  ion of I m c —

grained material. 57

84. Bottom slope.57 The slope of the bottom probably has the

greatest influance on the f low characteristi cs of l o w — d e n s i t y  f l u i d  mud .

Mudflows propagating uphill decelerate very r api t i lv  due tt s in ~-r ca st’d

settling of tile suspended sediment. However , if tile bottom has .i
sufficient downsl.opc , the velocity of the f lowing mud w i l l  increase

un t i l  it reaches a constant terminal  v e l o c i ty .  For slopes less t h a n
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2 deg (1:30), the terminal velocity generally increases as both the

solids concentration of the fluid mud and the slope increase. Under

quiescent flume cou&Iitions , the minimum critical downslope angle at
which a channelized (i.e., nonexpanding) headwave will maintain a

constant velocity is approximately 0.75 deg (1:76). Under field condi—

- t tions , this critical angle may be less than 0.75 deg depending on the

pipeline configuration at the discharge , the slurry discharge rate , and

the hvdrodynamic regime in the disposal area. In other words , if fine—

grained dredged material slurry is discharged in open water where the

bottom slopes are greater then 0.75 deg, the fluid mud material will

flow downslope at velocities of approximately 0.1 to 0.3 rn/sec as long

as that  slope is maintained . At slopes of less than 2 deg the thickness

of the fluid med layer remains approximately the same regardless of the

slope; however, the thickness of the turbid layer overlying the f l u id

mud layer tends to increase as the downslope angle increases.

85. Discharge ra te . 57 
The flow characteristics of fluid mud also

depend in part on the discharge rate of the dredged material slurry .

• High discharge velocities produce maximum levels of dispersion , both

areally and throughout the water column. As the size of the dredge and

discharge r ates increase, the thickness of both the fluid mud and turbid

layers increase; however , the thickness does not appear to be signifi-

cantly dependent on the solids concentration of the discharged slurry .

86. Currents. Under laboratory flume conditions the flow charac—

teristics of low—density fluid mud are not significantly affected by

currents up to velocities as high as 3 cm/sec ; however , the thickness of

the overlying turbid layer will tend to increase when current velocities

exceed 1.8 cm/sec .57 
Under field conditions dominated by low current

velocities, this turbid layer is relatively thin with concentrations

increasing front  1 to 10 g/9. within a vertical interval of 5 to 10 cm; at

current velocities of 50 cm/sec the same transition zone may extend over

an interval of approximately 50 cm.13 This indicates that resuspension

and subsequent downcurrent movement of some material at the surface of

the low—density fluid mud layer may occur during periods dominated by
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hi gh c u r r e n t s .  However , s i g n i f i c a n t  resuspension and upward m i x i n g  of

fluid mud throughout the upper water column apparently does not  occur.

87. Waves. 57 Waves genera ted  by weak to  m o d er a t e  w inds  i n te r f e r e

very little with the overall motion or velocity of low—density fluid

mudf lows . In fac t , the near—bottom orbital mot ions in duc ed  isv ~-avcs

are damped si gn i f i can t ly by the presence o f a fluid mud l ay e r .  However ,
when orbital velocities exceed 1.8 cm/sec . the thickness of both the

fluid mud and turbid layers will tend to increase. The amount  of

resuspension and the height to which f ine—grained sediment is suspended

depends pr imar i l y on the dep th of wa ter , wave size , and length  of time

that the fluid mud is exposed to wave activit y . As these factors in—

crease in magn itude , so does the degree of sediment resuspension . In

most cases, typ ical tidal current velocities (e.g., 5 to 10 cm/ sec)

are much greater than wave—induced velocities except during periods of

hi gh winds and/or wave activity when dredging activities usually cease.

Fluid mud mound c h a r a c t e r i s t i c s

88. If the bottom slopes are not steep enough to maintain low—

dens i t y  f l u i d  mu df lows , the sediment suspended in the fluid mud layer

will tend to settle and the flow velocity of the headwave will

decrease.
57 

When suspended sediment concentrations exceed 200 g/i ,

the fluid mud is no longer capable of flowing freely, but ins tead will

accumulate under the discharge point in the form of a low gradien t

(e.g., 1:500) circular or e l l ip t i ca l  f l u i d  mud mound .

89. Solids concentrations)’
3 At the wa ter colum n / f l uid mud

in ter face , the solids concen t ra t ions  increase very rap idl y from approxi-

mate levels of a few hundred milligrams per litre to 200 g/i. Below

the 200 g/9. concentration level the solids concentration within tile 111gb—

density fluid mud increases at a slower rate with increasing depth.

Fluid mud layers may be stratified in sublayers of 20 to 30 cm thi ck wi th

each layer becoming increasingly more dense with depth in the fluid mud

mound . Concentrations at the base of the mound may be as high as

500 g/Q. depending on the thickness of the mound and its state of

consolidation.
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90. Flow characteristics. As the disposal operation continues ,

the thickness and radius of the mound will increase due to the addition

of dredged material slurry and the settling of the dredged mater ial

H suspended in the water column ; however , the rate of expansion of the

mound decreases exponentially with time . Flow velocities at the water

column/fluid mud interface generally range from zero to a few centi—

- j  met res per second indicating that recently discharged s lurry may f low
4 away from the discharge point along the surface of the existing mound as

a fragmented sheet of low—density fluid mud. Velocities decrease rap id-

ly with depth as the bulk density of the fluid mud increases. This

pa ttern indica tes tha t hi gh—density fluid mud within the mound probably
moves away from the discharge point by a very slow creeping process

13 or

occasional sudden failure (that was not detected by the field measure-

ments) when the slope of the mound exceeds a critical angle and/or the

fluid mud loses its strength due to rap id depos ition of sedimen t and

consequent generation of excess pore pressures.

91. Mound slopes. The slopes on the fluid mud mound are con-

trolled primarily by the dispersive characteristics of the discharged

dredged material slurry . During the disposal operation typical mound
13,55slopes may average about 1:500; however , tile surface of the mound

close to the discharge poin t may be pocked wi th conical hills and scour
p its with maximum slopes of 1:50 and a relief of approximately 0.5 rn.

13

If the slurry is widely dispersed , mound slopes will  probabl y range from

1:500 to 1:2 ,000. With a low degree of dispersion , the fluid mud mound

will have slopes ranging from 1:100 to 1:500.
13 Unfor tuna tely , the

dynamic nature of open—water environments , the high degree of varia-

bility associated with the disposal operation itself , and the lack of

extensive fluid mud field data make it very difficult to accurately

predict the mounding characteristics of the discharged dredged material.

However , the amount of slurry dispersion can be controlled by using

various pipeline configurations at the discharge point; this is dis—

cussed in Part IV .

92. Mound shapes. Tile areal and cross—sectional shape of a fluid 
—

mud mound on a nonslop ing bottom depends primarily on the st r ength
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and predominant d irec tion o f the curr en t and the conf igura tion of the
discharge .

13 
For a vertical discharge in an environment without

:~ si gnif ican t curren ts , the f l uid mud mound w i l l  have a conical  shape

4 with the apex centered on the discharge point (Figure 26a). Where

current velocities are greater than a few centimetres per second the

mound will be skewed in the direction of the predominant current.

Mound slopes on the downcur rcn t side will also be less than those

facing the predominant current direction (Figure 26b). Under low cur-

rent conditions a similarly skewed mound will result i f the discharge

is oriented at a low angle relative to the water surface (Figure 26c).

The degree of mound elongation is controlled by the discharge conf igura—

tion and the streng th of the curren ts, both of wh ich a f f e c t the dispersion

o f the f l u id mud (Fi gure 26d).
93. Mound consolidation. When the solids concentration of the

f l u id mud exceeds 200 g/ -~, the material will begin to undergo self—

weight consolidation. During this process , the bulk density of the

sediment increases, the hei gh t and slopes of the mound decrease , and the

ratt of consolidation decreases. In high energy environments the thick—

ness of the mound may also be reduced signif ican t ly by resuspens ion and

erosion of low—density f lu id  mud a t the sur face  of the mound by waves

and currents.

94. The time that Is required for the mound to reach its ultimate

state of consolidation depends primarily on the characteristics of the

mate rial and the thickness of the deposi t .  As the thickness of the

mound inc reases , the amount of time that will be required for tile

material to reach its final state of consolidation will increase;

doubling the thickness of the layer will decrease tile rate of consolida-

tion by as much as four t imes. However , the th icker tile layer , the

higher will be the final bulk density of the material after it has

undergone consolidation . Depending on the sedimentation/consolidation

charac teristics of the dredged sediment, comp le te consol ida t ion of a
58 , 59 , 60

fluid mud mound may continue from one to several years .
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PART IV: METHODS FOR CONTROLLING DREDCED MATERIAL DISPERSION :

OPEN—WATER PIPELINE DISPOSAL OPERAT iONS

95. Probably tile most promising method for controlling tile disper—

51011 of dr edged mater ia l slurry at open—water p ipel ine d isposal oper a—
tions  Invo lves  m o d i f y i n g  the  p ipel ine  c o n f i g u r a t i o n  at the  d ischarge

point. In addition , under certain circumstances silt curtains may he

used to control the dispersion of water—column turbidity by modify ing

the current flow patterns In tile vicinity of certain types of dredging

and disposal  ope ra t i ons .  F locculant s  m ay be i n j e c t e d  In to  t h e p ipel ine

to increase tile s e t t l i n g  rate of the fine—gralned material , but tills

technique is not recommended.

- 13 ,53 ,55 ,57 ,bl
~jj~~l ine i)isciiarge (-onE igurat ions

I)redged ma ter ia l d i sper sal

96. Of a 11 the cmv i ronmenta l  and o p e r a t i o n a l  f a c t o r s  a f f e c t i n g

tile d i spers ion  of dredged m a t e r i a l  s l u r r y  d u r i n g  open—water  p -t 1 t ’ l i n e

di sposal opera t ions , the conf igura ti on of the p ipeline at the discharge

point  appears  to be the  only p a r a m e t e r  tha t , f rom a p ra t -t  I cal po in t  of

view , can be var ied  to e f f e c t i ve l y  con t ro l  the characteristics of

dispers ion .  The p a t t e r n  of dred ged ma terial dispersa l is apparent lv

con troll ed by the c o n f i g u r a tion of the p ipeline at the discharge point

as well as the  angle and height of the d i s c har g e  r e l a t i ve  to the  water

surface (for above water discharge) or bo t tom ( f o r  submerged discharge ’).

97. Generally speaking, p ipeline configurations tha t minimize

w a t e r — c o l u m n  t u r b i d i t y  tend to produce fluid mud mounds with steep s I de

iopes , m a x i m u m  th ickness , and minima l areal coverage . Conversely, those

~-~- i i I  i g ur a t  tons  tha t genera te  maximum levels of wa te r—colu mn t u r b i d i t y

p i  , ‘du~ . t e h.i t I vt~ lv t i t  In I I uid mud mounds of maximum area I extent  . As

- i i i  L,hi~- I , .is the he i ght of the  mound decreases  by a f a c t o r  of

~ r .- -‘ I ove ra ci - I i t t  r e•Ises  by a f ac to r  of two. But as t ile mound

- - •. - -. . h~ •Imt’un t of w a v e— i n d u c e d  resw~pt-ns ion o I the

- - - p viii i i  -i. ’ ~I t -~ i ,- . l se  . This re hi t I onsil i p between mound
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Table 3

Fluid Mud Mound Characteristics (Mound Volume : 250,000 cu m)

Height , m Areal coverage , sq~~ Slope
4 187 ,500 1:61
2 375 ,000 1:173
1 750 ,000 1:489

0.5 1,500,000 1:1382

hei gh t and areal ex ten t /resuspension po ten tial should be considered when

evaluating the potential short— and long—term impact of a particular

disposal operation . Unfortunately, there is no “best” pipeline configu—

rat ion ; the design chosen should be based on the desired dispersal  of

dred ged material in the water column and on the bottom.

Typical conf i gurations

98. The dispersal characteristics of several typical discharge

configurations (Table 4) are  described below the table .

Table 4

E f f e c t of Pi pel ine Conf i gura tion on Dred ged Material Dispersion

WATER COLUMN 
______ 

FLUID MUD MOUND
TURBIDITY AREA RATE OF

TYPICAL PIPELINE CONFIGURATIONS ’ SURFACE MID-DEPTH HEIGHT SLOPE COVERED CONSOLIDATION

DIFFUSER -SUBMERGED LOW LOW HIGH HIGH LOW LOW
90 ELBOW WITH CONICAL EX- LOW LOW MEDIUM
PANSION SECTION-SUBMERGED
90 ELBOW-SUBMERGED LOW MEDIUM
90 ELBOW WITH SPLASHPLATE LOW HIGH
O WITH SPLASHPLATE -SUB MERGED MEDIUM HIGH
o WITH SPLASH PLATE -ABO V E MEDIUM HIGH -
20 OPEN END-SUBMERGED MEDIUM HIGH
o OPEN END-SUBMERGED HIGH HIGH
o OPEN END-ABOVE 

-— 
HIGH HIGH 

— 
LOW LOW HIGH HIGH

• PIPELINE ANGLE RELAT IVE TO WATER SURFACE.

a. With a simple open—ended pipeline discharg ing slurry at
4 to 6 rn/sec  para l le l  to the w at e r  su r f  ace , the  hi gh
momentum l eve l s  cau se a g rea t  (h e al  o f e n tr a i n m e n t  of
disposal site water as the slurry jet descends through
the w a t er  column and Impac ts  on the  b o t t o m .  T u r b i d i ty
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levels are generally high and the fluid mud layer is
relat ively thin and widely dispersed.

b . Submerging the discharge just below the water surface may
reduce the degree of slurry dispersion; however , based on
the field data , it is difficult to determine how signifi-
cant this reduction may be. If the discharge pipe is
submerged to a suf f ic ient dep th below the surface , a
visible plume may not be apparent .

C. At low discharge angles a signif ican t red uction in the
slurry momentum can be achieved with a deflector or
splashplate mounted at the end of the p ipe perpendicular
to the slurry flow. Although this tends to disperse
the slurry as it is discharged , the momen tum loss is
apparen tly significant enough to cause the dispersed
slurry to settle to the bottom relatively quickly ,  there-
by generating less water—column turbidity.

d. The amount of water—column turbidity generated by a sim-
ple submerged discharge decreases as the angle of the
pipeline increases from 0 to 90 deg . With a simple
90—deg elbow on the end of the pipeline , the slurry
is discharged ver tically towards the bottom with less
entrainment of disposal site water. Upon impac t on the
bottom , the vertical motion of the slurry is transla ted
into a horizontal flow, wh ich spreads radial ly from the
impact point. In areas where current velocities are
less than 10 cm/sec , this configuration produces near—
surface turbidi ty p lumes tha t are very d i f f u s e , wi th
occasional “puddles ” of higher solids concentrations at
vary ing distances from the discharge point .

e. By adding a splashpia te to the simp le 90—deg elbow , tile
amount of slurry dispersion can he increased . With the
end of a 69—cm (27—in.) pipel ine discharg ing at a dep th
of 1 m against a sp lashplate posit ioned at a depth  of 2 m ,
the s lur ry  is dispersed at tile depth  of the splashp late
with  traces of su r face  t u r b i d i ty  vis ible only wi th in
100 m of the discharge p o i n t . 55 *

f .  By add ing a 15—deg conical section at the end of the
s imple 90—deg elbow , t u e  e f f e c t i ve  v e loc i t y  of the  dis-
charged s lurry  can he reduced by a fac tor  of 2 or 3 (wi t i t—
ou t a f f e c ting the dredge ’s production rate). This will
tend to decrease the levels of water—column turbidity and
increase the mounding tendency of the fluid mud .

* Personal Communicat ion , 3 January 1978 , W i l l i a m  B. Cronin , Research
Scien t ist , Cheasa peake Bay Institute , Bal timore , Md .
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Submerged d i f fuser  system61

99. The amount of water—column turbidity generated by an open—

water pipeline disposal ope ration can probably be minimized most effec-

tively by using a submerged diffuser system (Figure 27) that has been

developed th rough extensive laborato ry flume tests. (Unfor tunate ly ,

the diffuser system has not been field tests.) This system has been

designed to eliminate all interaction between the slurry and upper water

column by radially discharging t he slurr y pa rallel to and jus t above the

bottom at a low velocity . The entire discharge system is composed of a

submerged diffuser and an anchored support barge attached to the end of

the dischar ge pipeline that positions the di f fuser  relative to the
1

bottom. As it is presently designed , the diffuser/barge system can be

used in water depths up to 9 m.

100. The primary purpose of the diffuser (Figure 28) is to reduce

the velocity and turbulence associated with the discharged slurry . This

is accomplished by routing the flow through a vertically oriented , 15—deg

axial diffuser with a cross—sectional area ratio of 4:1 followed by a

combined turning and radial diffuser section that increases the overall

ar ea ratio to 16:1. Therefore, the flow velocity of the slurry prior to

discharge is reduced by a factor of 16, yet the dredge’s discharge rate

(i.e., slurry flow velocity x the pipeline cross—sectional area) is noc

affected in any way by the diffuser . The conical and turning/radial

dif fuser sections are joined to form the d i f fuser  assembly , which is

f lange moun ted to the discharge p ipeline . An abrasion—resistan t im-

pingement plate is supported from the diffuser assembly by 4 to 6

struts. The parallel conical surfaces of the radial diffuser and im—

-
~~~ p ingement plate slope downward at an angle of 10 deg from the horizontal

so that stones and debris can roll down the sloped surface and auto-

matically clear the diffuser. The radial discharge area of the diffuser

can be adjusted by changing the length of the struts supporting the

impingement plate. In this manner both the thickness and velocity of

the discharged slurry can be controlled . The strut length , which deter-

mines not only the slurry discharge velocity, but also the maximum

diameter of an object that will pass through the diffuser , should be

82

_ _ _ _



- ~~~~~~~~~~~~~~~~~~~~~~~~~ : “~ - 
-- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~ -~~~~~

/

j 
~~~~~~ /

, 
/

~I I I ~~
~~~Li

/ 

/

7: 
~~~~~~~~~~~~~~~~~~~~ 

il
\ - - \ !

~ I!IS
\

\ 

\ \ ~ ~ -!-;
/ \ ~~ ~ \

~~ 

\~

\ 

\

\ 

\ ~~~~~~~

O W 
~

~~O \

D

‘I

1~~ :~
0
I-) 

-

2

83 

- -~~~~~~~~~~~~~~~~~
----



~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -::~~~
-

- j MOUNTING FLANGE

- SLURRY FLOW

CONICAL DIFFUSER

SECTION —_~

GAS 
VENT/ 

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

GAS SHROUD - -- 

I 

- 

SUPPORT STRUT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
D I S C H A R G E

ABRASION PLATE -

IMPINGMENT PLATE

/1/! /1/ 7 f//I 7//I ////

BOTTOM SEDIMENT

Figure 28. Submerged diffuser

app roximately f ive—si xths of the pipe diameter. Since the gas content
-
~~ of bottom sediment is often high ( e . g . ,  5 to 30 percent of the in s i tu

volume) , the d i f f u s e r  is also equi pped w i t h  a gas collection shroud

around the circumference of the radial diffuser section to trap any

sediment—covered gas bubbles before the slurry is discharged. The gas

is vented to the atmosphere through a hose extending from the shroud to

the top of the derrick . The diffuser for a 46—cm (18—in.) pipeline is

approximately 2. 4 m tall  from imp ingement p late to mount ing f lange  and

2.4 m in diameter at i ts base .

101. A discharge barge must be used in conj unction wi th  the dif-

fuser to provide both support and the capability for lowering the dif-

fuser to within 1 m of the bottom at tite beginning of the disposal

operation and raising it as the fluid mud accumulates under the diffu—

ser. The bai ge also provides a platform for the diffuser while it is

being adjusted , serviced , or moved to a new s i te .
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102 . Because the dredged material slurry discharged from the

d i f fuse r  will form a low—gradient fluid mud mound similar to that formed

-j by any typical open—water disposal operation , a schedule for lifting the

d i f f user as the mound accumulates has been developed by equating the

volume of slurr y discharged f r om the d i f fu ser to the resul t ing volu me of

the mound .

Volume of solids in the 
= 
Volume of solids in the

discharged slurry fluid mud mound

!
~ d V T B  = ~-R

2 H B  (11)
4 s 3

where:

d = inside diameter of the pipeline

V = flow velocity of the slu rr y in the pipeline
T total length of time of the disposal operation (at the same

site)

- j B5 solids ratio (by volume ) of tile slurry

R = radius of the fluid mud mound

H = height of the f luid mud mound
— B = solids ratio (by volume) of the f luid  mud mound

Assuming that the slope (S) of tile f luid mud mound (S = 
~~~

) is equal to

1/200, the average slurry velocity in the pipeline is 5.5 m/sec , and

the solids contents of the slurry and f lu id  mud mound are equal to

15 and 25 percent (by w e i g h t ) ,  respectively , Equation 11 can be

written as:

B 3 3
= _1._ —s —u-- =

s S d V  d

where :

F is expressed in days

H is expressed in metres

d is expressed in centimetres

Thi s formula can be used to develop a schedule for  ra is ing  the d i f f u s e r

or moving it to a new site to prevent interference with the mounded

- 

85 

- - 



-- _____ - - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~~ - -  ~~~~~~ ~1T~ - TJT r

material. Table 5 shows a typical schedule for adjusting the height of

di f fuser  above the bottom for  several different discharge pipeline
sizes. The mouM configurations at the ends of the time periods are

Table 5

Submerged Diffuser Movement Schedule

Total Pumping Time (Days) Elapsed
Hecosmiended Heig ht of At Disposal Site for Dredge Sizes Mound Height (H)

Time Diffuser Above Sottom 30 cm 1,0 cm 51 cm 61 cm 71 cm 8i cm At End of
Period At Beginning of Time Period , m 12 in. 16 in. 20 In. 2i 1n. 28 tn. 32 in. Time Period , a

1.0 0.1 0.2 0.1* 0.1’ <0.1’ ‘0.1’ 06

2 1.5 3.8 2.1 1.3 0.9 0.6 0.5 1.2

3 2.1 13.0 7.3 i.5 3.1 2.3 1.1 1.8
1. 2.7 30.8 17.3 10.6 7.1, 5.5 i.2 2.i

lute: To be conservative all numbers beyond the first decimal place are ignored.
* For pipeline size, exceeding 51 cm , the diffuser should be initially positioned 1.5 a above

the bottom.

shown in Figure 27. In most cases the movement of the diffuser to a new

• site would probably be determined by the advancement of the dredge

rather than excessive mounding of dredged material at the disposal site.
61103. Mathematical scaling techniques based on flume test data

can be used to compare the initial dispersive characteristics of fine—

grained dredged material slurry discharged from the diffuser with that

of a simple submerged p ipeline. For a 61—cm (24—in.) dredge discharging

slurry at 5.5 rn/sec In 3.7 m of water through a pipe section submerged

1.2 m below the water surface at an angle of 20 deg, the flud mud

layer a short distance (30 to 60 m) from the discharge point would be

approximately 1.5 m thick and would move away from the discharge point

at a velocity of about 0.3 rn/sec. A 0.7—rn—thick turbid layer might be

present above the surface of the fluid mud layer. Using a diffuser

system positioned 1 m above the bottom , the slurry would be discharged —

at a velocity slightly greater than 0.3 rn/ sec . A short distance from the

diffuser the headwave velocity of the flowing mud would probably be less

than 0.]. rn/sec . The f lu id  mud layer would be approximately 1 rn thick

or a reduction of about 33 percent over the 20—deg submerged discharge

configuration . The thickness of the turbid layer overlying the fluid mud
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layer would probably be about 0.6 in thick so that  the total  thickness of
the f luid mud/ turbid  water layer would be approximately 1.6 m , In

both cases the thickness of the fluid mud/turbid water layer will. de—

crease with increasing distance from the discharge point as the flow

expands radially and the bulk density of the fluid mud increases due to

settling of the suspended sediment.

104. Although the d i f fu se r  has not been field tested , it has a

great deal of potential  for  el iminat ing tu rb id i ty  in the wate r column

4 and maximizing the mounding tendency of the discharged dredged ma te r i a l .

The slurry remains in the pipeline/diffuser until it Is discharged at

low velocity near the bottom , thus eliminating all i~~’ ~~act io n of the

slurry with the water column above the d i f fuse r . This e f f e c t i v e l y

eliminates water—column turbidity as well as any depression of the

dissolved oxygen levels in the water column .53 m 62 U n f o r t u n a t e l y , us ing

the diffuser does not eliminate the impact of the fluid mud on the
ben thic organ isms ,55 ’63 nor does it eliminate the possible resuspension

of low—density mater ia l  at the surface  of the f lu id  mud mound by waves

and ambient currents.

- 

- 
Silt Curtains64

105 . One method for  physically controlling the dispersion of near—
surface turbid water in the vicinity of open—water pipeline disposal
operations, effluent discharges from upland containment areas , and

possibly clamshell dredging operations in quiescent environments in-

volves placing a silt curtain or turbidi ty  barrier  e i ther  downcurrent

from or around the operation . Silt curtains are not recommended f o r

operations in the open ocean, in currents exceeding 50 cm/st-c )
~~

in areas frequently exposed to high winds and large breaking  waves , ~‘t

a round hopper or cutterhead dredges where f requent  cu r t a in  movement

would be necessary.

General Description

106. Silt curtains (Figure 29) are impervious , f l o a t i ng h a r r i e r s

th at extend vertically from the water sur face  to a spec i f i ed  w at er
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I Figu re 29. Construction of a typical center tension silt curtain section

-j depth. The flexible, nylon—reinforced polyvinyl chloride (PVC) fabric

I forming the barrier is maintained in a vertical position by flotation

segments at the top and a ballast chain along the bottom. A tension
H cable is often built into the curtain immediately above or below the

flotation segments (top tension) or approximately 0.5 tn below the

flotation (center tension) to absorb stress imposed by currents and

other hydrodynamic forces. The curtains are usually manufactured in
- 30—rn sections that can be joined together at a particular site to pro—

vide a curtain of specified length. Anchored lines hold the curtain in

a deployed configuration that is usually U—shaped or circular.

Processes affecting silt curtain performance

107. In many cases the concentration of fine—grained suspended

solids inside the silt curtain enclosure may be relatively high (i.e.,

in excess of 1 g/i) or the suspended material may be composed of rela-

tively large, rapidly settling flocs. In the case of a typical pipeline

disposal operation surrounded by a silt curtain (Figure 30), the vast

majority (9~ to 99 percent) of the fine—grained material descends
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BOTTOM SEDIMENT

Figure 30. Processes affecting the performance of silt curtains In
controlling dredged material dispersion —

rapidly to the bottom where it forms a low gradient fluid mud mound .

While the curtain provides an enclosure where some of the remaining

fine—grained suspended material may flocculate and/or settle , most of

the turbid water and fluid mud flow under the curtain. The silt curtain

does not indefinitely contain turbid water , but instead diverts its flow

under the curtain , thereby minimizing the turbidity in the upper water

column outside the silt curtain .

108. Whereas properly deployed and maintained slit curtains can

effectively control the flow of turbid water , they are not designed to

contain or control fluid mud . In fact , when the accumulation of fluid

mud reaches the depth of the ballast chain , the curtain must be moved

away from the discharge ; otherwise, sediment accumulation on the lower
-
~~~ edge of the skirt will pull the curtain underwater and eventually bury

it. Consequently, the rate of fluid mud accumulation relative to

changes in water depth due to t ides must be considered during a silt —

curtain operation . When bottom slopes exceed 0.75 deg , the fluid

mud will not accumulate within the curtained area, but instead will

flow downslope under the curtain.
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Silt cur ta in  e f fec t iveness

109. Silt cur ta in  e f fec t iveness, defined as the degree of tu r—

bidity reduction outside the curtain relative to the turbidity levels

inside , depends on several factors: the nature of the operation ;

the quantity and type of material in suspension within or upstream of

the curtain ; the characteristics, construction, and condition of the

silt curtain as well as the area and configuration of the curtain en-

closure; the method of mooring ; and the hydrodynamic conditions (i.e.,

currents , tides , waves, etc.) present at the site. Because of the high

degree of variability in these factors, the effectiveness of different

silt curtain operations is highly variable.

110. Under relatively quiescent current conditions (i.e., 5 cm/sec

or less), turbidity levels in the water column outside the curtain can

be as much as 80 to 90 percent lower than the levels inside or upstream

of the curtain . While turbid water may flow under the curtain , the

amount of suspended material in the upper part of the water column, as

a whole, is substantially reduced . However , the effectiveness of silt

curtains can be significantly reduced in high energy regimes where high

currents cause silt curtains to flare. For example, in a current of

50 cm/sec the effective skirt depth of a 1.5—ni curtain is reduced to

approximately 0.9 m . Increased water turbulence around the curtain also

tends to resuspend the fluid mud lay -r and may cause the suspended

material flowing under the curtain to resurface just beyond the curtain .

Especially where anchoring is inadequate and/or reversing tidal currents

cause resuspension of the fluid mud as the curtain sweeps back and forth

(ovex the fluid mud) with changes in the direction of the current , the

turbidity levels outside the curtain can be substantially higher than

the levels inside the curtain. With respect to overall effectiveness

and deployment considerations, a current velocity of approximately 50

cm/sec appears to be a practical limiting condition for silt curtain

use.

Guidelines for selecting and using silt curtains

111. Site survey. Prior to selecting a curtain for a particular

project , it is necessary to characterize the deployment site with
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. 4 respect to current velocity, water depth ( r e l a t i v e  to t i d al  r a n g e ).

bottom slope and sediment types , and p o s s ib ly  background levels of

turbidity . Maximum surface currents over a tidal cycle (I.e., 12 or 24

hr )  should first be established from current measurements or tide

tables. In addition , information on current direction and water turbu-

lence may also indicate potential deployment problems and/or the best

configuration(s) to use.

112. If the hydrodynamic regime appears to be conducive to silt

curtain dep loyment (i.e., current velocities are less than 50 cm/sec) ,

a survey of the water depths over the entire site and surrounding

areas Is required so that a curtain with a proper skirt depth can be

selected and its initial and future placement geometries determined .

At sites where the t ida l  range ( I . e . ,  the d i f f e r e n c e  in depth between

hi gh and low t ide) Is negli gible , a simple survey of bottom depths can he

performed (p re fe rab ly  wi th  a vessel equi pped w ith a prec ision nav iga-

t ion system and a fathometer). However , if tide prediction tables

(or curves) indicate that the tidal range exceeds approximately 0.3 in

over a tidal cycle , the survey data must be adjusted to account for

changes in water depth that will occur during the operation. The

minimum depths (at the lowest low tide) are then used to determine the

necessary skirt depth allowing about 0.5 in clearance between the lower

edge of the skirt and the existing bottom . Unfortunately, this 0.5—ni

gap between the skirt and bottom may be difficult to maintain in very

shallow water. The effect of fluid mud accumulation on water depth

as well as the proposed schedule for moving the silt curtain to prevent

burial should also be considered in selecting the curtain skirt depth.

113. The character of the bottom sediment/vegetation at the pro-

posed deployment site should also be established using a grab sampler or

a coring device to determine the type of anchors to use and convenient

anchor points on the outer limits of the dep loyment site. The pote ntial

effect of boat traffic and boat—generated waves on the proposed dep IO\- —

ment configuration and mooring system should also be considered .

Since launching and retrieving the silt curtain will require the use

of a large truck and a boat(s), a launching ramp and possibly a erane

91



- ~~~~~~~~~~~~~~~~~~~~~~~ 
---. _

~
‘
~~~~~ ‘~~~ -..-~~----_.~~~~~~ —

~~~~~
—‘:

~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
-
~~

)4

should be located as near the s i te as possible. If an evaluation of

sil t  cur ta in  e f fec t iveness  relative to preoperation background condi—
-
~ tions is desired , background turbidity levels at various depths must be

determined , preferably under a variety of current and wave conditions .

114. Deployment confi&urations. After the deployment site has

been surveyed , the length and geometry of the proposed curtain should be

determined based on the type of silt curtain application , the hydro—

dynamic regime at the deployment site, any environmental policies

regulating allowable turbidity levels as a function of distance from the

operation , and such factors as boat traffic . Curtain lengths for typi-

cal operations might be 150 to 450 m for the U—shaped or semicircular

configura tions , 300 to 900 m for the circular/elliptical case.
115. In most cases a silt curtain can be deployed in an open—water

environmen t in the form of a maze , semicircle or U—shape , or a circle

-‘ or ellipse:

a. The maze confi gurat ion (“A ,” Figure 31) has been used on
rivers where boat traffic is present , but appears to be
relatively ineffective due to direct flow through the
gap between the two separate curtains .

b. On a river where the current does not reverse, a U—shaped
configuration (“B,” Figure 31) is acceptable , but the
distance between the anchored ends of the curtain should
be large enough to prevent leakage of turbid water around
the ends of the U.

c. Where tu rb id i ty  is being generated by e f f l u e n t  from a
containment area or a p ipeline disposal operation close
to the shoreline , the curtain can be anchored in a
semicircular or U—shaped configuration (“C,” Figure 31)
with the ends of the curtain anchored onshore approxi-
matel y equidistant from the discharge po in t .  The re-
qui r ed r adius of the conf i guration is determined by the
type and volume of material being disposed inside the
cur ta in  as well as the water depth.

d . In a tidal situation with reversing currents , a circular
or elliptical configurat ion (“ D , ” Fi gu re 31) is neces—
sary . Unfortunately, this latter case requires an exten-
sive mooring system .

116. Silt curtain specifications. The silt curtain can now

be selected based on the appropriate deployment geometry and the
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Figure 31. Typical silt curtain deployment configurations
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d. When current vel ocities are negli g ible . , no tension member
(othe r than the fabr ic  I tse’ l f )  is necessary.  For current
v e l o c i t i e s  betw een 5 and 50 cm/sec 1 a galvanized or
stain less steel  wir e rope should be used as a top or
center tension member; the cente’ r t ension curtain pro-
vides a somewhat gre ater effectiv e rk lrt depth , but
require s stronger tension members zus well as more eff ec—
t ive  anchor systems . The noncor ros i~~e , ba l l a s t  chain
should have’ a wei ght ranging from approximately 1 . 5  kg/rn
(1 l b / u n f t )  for  a 1 . 5 — r n  sk i r t  depth up to 3.0 kg/rn
(2 lh / l in  f t )  fo r  a 3—rn sk i r t  d e p t h .

117 .  Transportat ion.  When transporting si l t curtains f rom a

storage f a c i l i t y  to an unloading site , they should he furled (Figure 33),

t ied wi th  li ghtweight s t r ap s  or rope every 1 to 1 . 5  m , compac t ly  folded

FLOTATION

STRA P~~ A ~ 
STRAP 

,
7

— FLOTATION

A~~~~ 1 
_ _ _ _ _ _ _ _

s,~~r 
BALLAST
CHAIN BALLAST CHAIN

VIEW A-A

Figure 33 .  Furl ing of the c u rtain skir t for deployment
and /or  r e ’cov crv  of s i l t  curtains

accordion s ty le , packaged I nto large bundles , c a r e f u l l y  l i f t e d  i n to  t h e ’

t ransport vehicle , and t ranspor ted  to the unloading dock.  At the

unloading dock , the truck is hacked down the ramp so tha t  the tailgate’

is as close to the water as poss ible ; the cur ta in  is then c a r o t e i l l y

-
‘ pulled out of the truck (like a str ing of sausages ).  A f t e r  a l l  the 30—rn

sections have been payed out and joined , the curtain can he towed by

boat to the s i t e  a t  speeds o t approximately 1 rn/sec . The c u r t a i n  should

remain fu r l ed  except near the end c onnectors un t i l  i t  has been d eplo yed

at the opera t ion  s i te ’ .

118. An a l t e rna t ive  method involves maneuvering the c u r t a i n  onto

an open—decked workh oa t or barge ’ , t ransport ing t h e  cur ta I n  to the

95
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s i t e , .tntl , t [n a t t y , o I l  — l o a d  lug t he  c u r t a i n  In sect t o n s .  ‘I’iie’ se ’t ’t  l oui s

are then  h o m ed and the ’ cu r t a  In  dep loyed .

119 . ‘l~~i_rj~~~. Imprope r  and /ei r In ad equate ’  moor Ing  svs te’ms vp I ca I I v

c on t r i b u t e  te i s l i t  c u r t  a In h i d  I cot I veness and I a l l  t i re .  The’ recommended

mooring sy s te m  (Fi gure 14) c o n s i s ts  of an anchor , a c ha i n , an anchor

CROWN BUOY SIL T
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

R iN G BUOY c~~~~~~~

ROcl L~~~

ANCHOR ~~~

- - .  

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

—- - • - •

~ 

-
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BOT TO M SE D I M E N T

Ft  gur e ’  14 . Recommended s it t c curt a In m o o r i n g  sv st  cm

rode ’ ( I I  ti e’ or cab I e l  , and m o o r i n g  and crown buoy s.  I t  i s  u- ooomme ’ndt ’ tI

tha t t he  cu r t a  In he’ anchored I u’oni the soo t  ton lo in t s  every It ) in in  a

r a di a l  p a t t e r n  (FIgure’ II ) and on bo th  s ides  I I  t in’ cu r t  a In  i s e’xp oseel

to reversIng t Ida 1 c u r ren t s  • H a l f — i n c h  ( 1 .2 7 5  —cun ’
~ p01 \ ‘prop\ ’ lone ’ l b  no

used in con unc t ion w i  th 11gb twe ight  . so 11 — bcu rv  lu g anchors  w i t  ii we’ I gh t S

01 at  lea s t  4.  5 kg t o t  sanel y hot torn sect linen t and up t o 14 kg I or I I nn

mud w i l l  p roy I de ’ ade’qua t e’ h o l d i n g  power In  most s i t  nat  ions .  hlowever

w i t h  i n c re a s in g  c u r ren t  ye’ 1 oc (t i e s , t he’ anchor  we I gu t s  w i l l  a t  so l iav t ’ t o

be Increased .

120 . A i t t ’  u - t he  In t l  eel c u r t  a (ii has bot ’n anchored , i t  shi t ’tu I d he

checked t o  dlislu re ’ tha t t he’ s k i t -  t is  not  twIsted a round t h ’ I lot at Ion .

i t  t h i s  Is the t’a so , t lie e’u r t a  in shoti Id  he sepa t•a te d a t  t ile’ ni ’a res t
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connector , untwis ted , and rejoined . The cur ta in  in I t s  deployed , ti n—

twis ted configura tion can now be unfurled by simply cutting the furling

lines or s t r a p s .  I f  the ’  h a r r i e r  needs to be repos i t ioned  dur ing  the

opera t ton , ans’ e’urtain wi th a long skirt depth should he’ r e fu r l ed  before

it is mov e’d .

1 2 1 .  I 1 ~~~~~~nt  model .  The length of t ime th a t a s i l t  cur ta in  can

remain deployed in one ’ confi gura tion before the ent’lose’d area must he’

enlarged or the  c u r t a i n  moved to  a new locat ion to prevent silt.tt Ion

along the lower edge ot  the cur t ain depends on the accumula tio n of fluid

mud inside ’ the  c u r t a i n  re la t ive  t o  t h e ’  deployment geometr \ ’ , th e siurr

discharge ra te , and the initial bottom gap (i.e’ ., the distance between

t he lower skir t edge and the’ bottom sediment at the beginning of the

.- ipe rat lon ) (F igure  t S ) ~ The size ’ of the enclosure Is limi ted by the

I BOTTO M S(DIMENT

R 
~~~~-—~~~~~~~~~~- - ~~~~~ - - 

Figure’ ~~~~~ Parameters  a f f e c t i n g  the schedule for moving and
redep loy ing si l t cur tains

total length of the curtain available for the project; as the enclosed

area and bo ttom gap increase ’, t he lengt h of t ime before the curtain must

be moved also increases. Since it may be necessary to move a slit

cur tain during an operation , the following procedure can be used to

develop a general schedule for curtain movement and redep loYmen t.

122. h o Illustrat e the use of the nomograp h (Figur e’ 16) used In

this procedure , assume that approximately 975 m of curtain with a skirt

dep th of 1.S m surrounds an open—water p ipel ine dispos al operation

97
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located in a quiescent nontidal environment with a uniform water depth

of 2.7 in. The circular configuration has a radius of approximately 155

in.  The dredged material slurry with a solids content of 15 percent (by
F

; weight) is discharged from a 46—cm (18—in,) pipeline at a velocity of

5.5 rn/sec. To determine when the fluid mud dredged material will build
up to the lower edge of the silt curtain:

a. Enter graph I (upper left , Figure 36) at “A” for 152 m
radius.

b. Proceed vertically to “B,” the planned initial bottom gap
(i.e., 1.2 m) between the silt curtain and the existing
bottom sediment.

c. Move horizontally through the right—hand axis Indicating
the approximate volume of the fluid ‘nud dredged material
mound (I.e., 0.3 mIllion cu in) to “C” (graph 11).

d. Draw a vertical line from “C” through the lower axis
indicating the amount of slurry pumped (i.e., 0.57
million cu in) and into graph 1V.

— e. Enter graph Ill (lower left) at “D,” the appropriate flow
velocity (i.e., 5.5 m/sec).

f. Proceed vertically to the curve indicating the appropri-
ate pipeline diameter (i.e., 46 cm).

£• Draw a horizontal line from “E” through the right—hand
discharge rate axis (i.e., at 78,974 cu rn/day) and into
graph IV until it intersects the vertical “total volume
of slurry pumped ” line at “F.” The length of time before
the curtain needs to be moved is estimated from the
diagonal time line that goes through “F.”

123. In this example the operation can probab ly continue for

approximately 7.32 days before the curtain must be moved due to fluid

mud accumulation up to the lower skirt edge. Figure 37 shows that the

mound will be approximately 2 m thick under the discharge pipe and will

extend radially approximately 395 m. If the configuration were semi-

circular and located in a river (Figure 3lB), the above procedure

would be performed in the ~iame manner using the radius of the semi-

circle; however, with a semicircular configuration anchored onshore

(Figure 31C) the calculated time is divided In half. Similarly , if the
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Figure 36. Noniograph depicting the relationship among different
parameters that affect the redeployment schedule for
silt curtains during an operation. It Is assumed that
the dredged material slurry Is 15 percent solids by
weight , the fluid mud is 25 percent solids by weight ,
and the fluid mud mound has a slope of 1:200. “A”—”F”
refer to example in text (paragraph 122)
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Figure 37. Dimensions of a fluid mud mound with a slope of 1:200

curtain Is deployed in a square configuration with sides of length L,

assume that the curtain is circular or elliptical In shape with radius

of L/2.

124. As pointed out previously, this procedure can be used to

calculate an approximate schedule for moving silt curtains . Because of

the varying characteristics of an operation (i.e., slurry density ,

pumping time, etc.) and the settling/consolidatIon characteristics of

the fluid mud , there may be some variability associated with the rates

of dredged material accumulation. However, this model does provide a

conservative time framework (i.e., a shorter length of time between

curtain move’aencs than might be necessary) for planning the silt curtain

operation. Additional experience should Indicate possible modifications

for improving the accuracy of this procedure.

125. Maintenance. To maximize the effectiveness of a silt curtain

operation, maintenance Is extremely important . This entails moving the
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PAR T V :  DREDGED MATERIAL D I S P E R S I O N :

A PERSPECTIVE ON ENVIRONMENTAL IMPACT

128. The ultimate purpose of any environmental assessment is to

determine the relative impact of a proposed dredging or disposal opera-

tion. Using the information presented in the prev~ous parts of this

report , the dispersion of dredged material generated by an operation can

be predicted with a reasonable degree of certainty . These predictions

can then be Interpreted in light of related research results dealing with

the biolog ical and chemical impac t associated with the suspended dredged

material. The followIng paragraphs first discuss some of the impacts

tha t may be assoc iat ed  w i t h  a typical dredg ing or disposal operation ,

and then relate these potential effects to natural variations in the

environment and other “acceptable ” human activities.

Water—Column lmp ct

129. There are now ample research results indicating that the

traditional fears of water—qualit y degradation resulting from the resus-

pension of dredged material during dredging and disposal operations are

for the most part unfounded .6 Although the vast majority of heavy

metals, nutrients , and petroleum and ch1orinat~d hydrocarbons are

usually associated with the fine—grained and organic components of the

sediment ,1 there is no biologically signifIcant release of these chemi-

cal constituents from typ ical dredged material to the water column

during or after dredg ing or disposal operations . Levels of manganese ,

iron, aninonium nitrogen , orthophosphate , and reactive silica in the

water column may be increased somewhat for a matter of minutes over

background conditions during open—water disposal operations ; however ,

there are no well—deftn~d plumes of dissolved metals or nutrients at

levels significantly greater than background concentrations .’~’
6’53

130. The impact associated with depressed levels of dissolved

oxygen has also been of some concern , due to the very high oxygen demand

associated with fine—grained dredged material slurry. However , even at
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ope n — v a t  e’r ~ ip el  Inc d i sposa l  opt ’ra t  ions where the dl ssol  ve’d e ’xvge ’lt  d e c re a s e ’

sheet Id be g r ea t  e ’st  , n e a r — su r f a c e ’ dl  ssol  ve’d oxygen I t ’ve ’l s ot 8 t o  9 ppm

w i l l  he depressed dur ing  the’ ope ra t i on  by on l y .~ t o  I ppm at d i s t  anc ’c’s

~~~ .~O t o  .d.) in f r on t  the d i s c h a r g e’ p o i n t . l’he degree’ ot  oxygen de’p le t  ion

gen e’ r a l ly  inc re ’ases w i t h  dep th  and i n c re a s i n g  t’oflce ’flt r a t  Ion 01 t 0 Ia  1

suspended solids; n e a r — b o t t o m  l evel s  max ’ he less  than  ~ ppm . Hewe’ve ’r

dissolved oxygen lCV e ’ is  u sua l ly  increase w i t h  Inc reasing distance [rein

th i t ’ d i s c h a r g e  po in t  , due to di lut  ion and se’tt  I Ing of the  suspended
S3 ,b2$ m a t e r i a l .

131. t’ n t o r t u na t e ly , there  are s t i l l  many unanswered ques t i ons

about the chron ic  and s u b l e t h a l  ~‘ f t e c t s  ot  t u r b i d i ty  on d i f f e r e n t  aquatic

organisms . ‘ in  some’ case’s suspend ed  sol ids may red uce p h o t o sy n t h e s i s .

i n t e r f e r e  with resp irat ion or f e e d i n g  he’h i , t v io r  • e t c .  Oth e ’r  st cid t e ’5 show

appa re ’ta t  lv in stg u l  I ic . s tst  et  fec  t s on o r g a n i s m s  even a I t eL’  long e ’xp t ’s t Ire ’

t o  hi ig h le ’Ve ’ t s  o t suspende’d s o l i d s .  Al thoug h t h er e’ Is  a p pa r en t  1 v no

si gn I t  i c .t t i t  n i i ~~t .~t to t s  01 t r Jce ’ rne’t a l s  and h i v d t o c , t r l ’o t i s  i n to  s o l u b l e’

phases, these’ c otis t i t  uent s as soc I .it eel with (lie’ sci spt ’ude ’d pa i t  i cu  hit e’S

may have’ .7 in m e  r e I t e c  t on some’ organ i Sins t h a t  may cisc’ t he p .t r t Ic ul at  c’s

as a I ood SO UICe’ . Al though research i n d i c at e ’ s t h a t  e’VCU minor  im p a c t

~ .t t tse ’d by ingest ion ot I ine ’— gr a ined  suspende’d sedlme’nt is  hi g h ly  tin—

1ik e lv ,~~’’
~ the  t o x i c i t y  c i t  h i g h l y  c o n t a m i n a t e d  sed iment  should he’

evalua ted  tin a c.tse hv—case has I ; .

1 h~~. It  has been de’monst ra ted  t h a t  eleva ted  suspended sol ids  co n —

c e n t r at  ions are ge ’nera l  lv  c- ou t  lined to  the  i m me d i a t e  v i c i n i t y  ot the

dred ge or discharge p o i n t  and d i s s i p a t e  r a p i d ly  .it the  comple t ion  ot  t h e

operation . If  the amount ot  t u r b i d i ty  generated by a dredg ing or d isp osa l

operation is used as a basis for evaluating Its en v i ron m e n t a l  im p a ct ,  I t

is essent ia l  tha t  the  p red ic t ed  t u r b i d i ty  le’ve” l s  are ’ eva lua ted  in l igh t

of background conditions . Average’ turbidit y levels as w e l l  as the

occasional relatively hi gh levels that ar e’ often associated with naturaUv

occurring s torm s , high wave conditions , and/or f loods  should he’ considered .

For example , in San Francisco Bay , C a l i f o r n i a , suspended sol ids  l e ve l s

in 1.5 us of water can average 500 rngf~ when wind velocities e’xct’t’d

5 rn/sec. which occurs 30 percent of the timc .
’
~ On the Thames River .
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C o n n e c t i c u t , i t  the suspended solids levels  generated by a 1 2 . 8 — c u  in

c l amshe l l  ope ra t i on  are “compared to suspended m a t e r i a l  v a r i a t i o n s

associa ted  w i t h  n a t u r a l l y occu r r ing  a p e r i o d i c  storm events , the  dred g ing

r e l a t e d  impacts  appear  n eg l ig i b l e . ” 17

133. Othe r a c t i v i t i e s  of man may also be responsible fo r  gene-

r a t i n g  as much or more t u r b i d i ty  than dred ging and disposal operat ions .

For example , each year shr imp t r awle r s  In Corpus C h ri s t i  Bay suspend 16

to 131 t ime s the amount of sediment t ha t  is dredged annua l ly  f rom the

main  sh ip  channel .  In add i t ion , suspended solids levels of 100 to 550

m g / -~ generated behind the t r awle r s  are comparab le to those levels

measured in the t u r b i d i t y  p lumes around open—water  p ipeline disposal

operat ions .53 Resuspension of bo t tom sediment in the wake of large

ships , tugboats , and tows can also be considerable . 66 In f a c t , where

bot tom clearance is 1 m or less , the re  may be scour to a d e p t h  of 1 m i f

the  sediment is ea s i ly  resusp eiaded .67

Ben th ic  Impact

134 . Whereas the impact associated w i t h  wa te r—column t u r b i d i t y

around  dredging  and disposal operat ions appears to  be f o r  the  mos t p a r t

i n s i g n i f i c a n t , the dispersal  of f l u i d  mud dred ged ma te r i a l  appears to

have a r e l a t i v e ly sig n i f i c a n t  s h o r t — t e r m  impact on the h e n t h i c  organisms

w i t h i n  open—water  disposal areas.  Open—water p ipeline disposal of f i n e —

grained dred ged mate r ia l  s lu r ry  may result  in a 45 to 70 percent reduc-

t ion in the  average abundance of organisms and a decrease in the corn—

munity diversity in the area covered by the fluid mud .63’ 68 Despite

this immediate impact , recovery of the community apparently begins soon

after the disposal operation ceases. Assuming that the disposed mate-

rial is similar to the sediment in the disposal area, total recovery of

the disposal area to predisposal conditions has been observed to take

from 3 to 18 months . The recovery time depends on factors such as the

magnitude of the initial impact , the characteristics and seasonal re-

sponse of the Indigenous organisms to natural stresses , etc . Regardless

of the environment , the impact on benthic organisms can be minimized if
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the dredged material is disposed on similar sediment. In other words ,

mud should be disposed on stud , and not on sand .
5

Perspective

135. In most cases, the environmental impact associated with the

dredging of uncontaminated sediment will ‘~e insignificant. However, the

impact of fluid mud dispersal at open—water pipeline disposal operations

appears to be relatively significant, at least for short time periods

(i,e., months). Regardless of the type of dredging or disposal opera—

tion, there are certain environments (e.g., spawning grounds, breeding

areas, oyster and clam reefs, areas with poor circulation , etc.) and

organisms (e.g., coral, sea grasses, etc.) that may be extremely sensi-

tive to high levels of turbidity and/or burial by dredged material.
5’69’70

It is therefore necessary to evaluate the potential impact of each

3 proposed operation on a site—specific basis, considering : the character

of the dredged material, the type and size of dredge and Its mode of

operation , the mode of dredged material disposal, the nature of the

dredging and disposal environment and its associated seasonal cycles of

biological activity, and the degree and extent of the potential short—

and long—term impact relative to background conditions. Although the

impacts associated with existing dredging and disposal procedures are

proving not to be as severe as previously alleged, by implementing the

guidelines given in this report for selecting dredges, improving opera-

tional techniques , properly using silt curtains, and selecting appro—

priate pipeline discharge configurations , any dredging or disposal

operation can be conditioned to minimize its environmental impact.
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APPENDIX A: RELATIONSHIP BETWE EN SUSPENDED SOLIDS CONCENTRATION ,
BULK DENSITY , AND PERCENT SOLIDS BY WEIGHT

1. Suspended solids concentrations (in grams per litre) can be

converted to percent solids by weight or bulk density using the follow-

ing procedure:
Volume

a. Solids concentration (i.e., weight of dry solids) 
= 
of

Dry density of solids solids

b. 1000 cc of suspension — Volume of solids = Volume of liquid

c. Volume of liquid x Density of liquid = Weight of liquid

‘i d. Weight of s~lids x 100 = Percent solids (by
Weight of solids + Weight of liquid weight)

e. Weight of solids + Weight of liquid 
= 

Bulk density of
1000 cc of sample sample (g/cc)

EXAMPLE : solids concentration = 200 g/i, density of solids =

2.65 g/cc, and density of
liquid = 1.03 g/cc.

1. 200 g 
= 75.47 cc of solids2.65 g/cc

2. 1000 cc — 75.47 cc 924.53 cc of liquid

3. 924.52 x 1.03 g/cc 952.27 g of water

where: density of fresh water = 1.00 g/cc

density of seawater 1.035 g/cc

200 g + 952.27 g = 17.35 percent solids by weight

4. 200 g + 952.27 g 
— 1 152 Icc

• 1000 cc 
— g

2. The relationship among suspended solids concentrations, per—

• cent solids by weight, and bulk density is shown in Figure Al.
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