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ABSTRACT 

!The James River, Virginia, is a tributary 
of the Chesapeake Bay polluted with the toxic 
pesticide Kepone. The Norfolk District, 
Corps of Engineers, will conduct a dredging 
demonstration project as part of the 
maintenance of the James River Channel. The 
goals of the demonstration are to achieve 
contaiment of a layer of polluted sediment; 
to ainimize resuspension of pollution at the 
dredge head; and to remove the sediment at 
in situ dens i ty. In order to achieve the se 
goals, a dustpan suction head will be 
specially adapted and fitted on a typical 
hydraulic pipeline dredge. The dredge will 
be operated in the dustpan mode using a 
dredging method designed to obtain precise 
positioning of the suction head within the 
specified layer of polluted sediment. The 
dredge will also be operated as a 
conventional cutter suction dredge for 
comparison with the dustpan arrange~ent. 
Monitoring of operating parameters on board 
the dredge, and of water quality parameters 
around the perimeter of the operation, will 
be acc\lllplished with appropriate 
instr\Dentation to document the effectiveness 
of the two dredging methods. It is antic­
ipated that the dredging demonstration will 
result in a method of adapting readily 
available cutterhead dredge plant for t he 
cleanup of polluted sediments. 
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INTRODUCTION 

The waterways within the Norfolk District of the Corps of 
Engineers are generally free of hazardous substances. Where 
dredging is required to maintain navigable channels, pollution 
noraally does not impede this activity. The Jaaes River, however, 
where the toxic pesticide Kepone has polluted the waterway, the 
dredging of the channel has became a aaj~r issue. The ~epone 
pollution has also directly resulted in the Norfolk District's 
dredging demonstration for Kepone removal. 

BACKGROUND 

The James River is a tributary of the Chesapeake Bay and is lo­
cate~ in the State of Virginia about 400 miles (640 kilometers) south 
of New York (Figure 1). Its sources are in the Allegheny Mountains 
of West Virginia and Virginia, Between the City of Richmond and the 
mouth at Hampton Roads, a distance of 90 miles (145 kilometers), the 
Jaaes is tidal and navigable. In this portion of the river, a 
navigation channel 25 feet (7.6 meters) deep is maintained to serve 
the ports of Rictaond, Hopewell, and the industries between these 
cities. These industries and port activities depend on the James 
River Channel for the economical transport of a.any coamodities and 
raw aaterials. Aa is the case on ~ny of the world's waterways, 
local industries have created pollution. In particular, the Allied 

Pigure 1. Location of the James River, Virginia 
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Chemical Corporation. at plants in the vicinity of Hopewell , 
Virginia. was responsible l or the release of Kepone into th Jam s 
River system. Between 1967 and 1975 it is estimated th t a much 
65.000 pounds of the highly toxic chemical were discha rged L1to the 
James River basin. 

The ext~nt of the Kepone pollution was not full y discov r ed 
untfl 1975. and the production and resultant discharg of the 
chem i al was ceased that yea r. The closing of the J ames Rive r t o 
fishing and shellfishing was ordered by the Governor o: Vi rgin ! i n 
December 1975. Since that time the State has periodica l ly s mpled 
the river and its seafood in order to monitor Kepone lev ls , nd 
promulgated regulati~ns pertaining to seafood harvesting i n t h 
Jams Rive r. In r ecent years. Kepone l ev l s have d e r as d in or­
ganisms to the extent that, for most species, comm r cial ha rv s ting 
i & again permitted within certain geographic a~d seasonal limit s . 
However. Kepone data obtained during the suaune r and fal l f 1981 by 
the State? sholli that this trend has reversed. perhaps only 
temporarily, and that Kepone levels in certain fish ha ve r i s n. 
While the now relaxed fishing regulations have not be n ma d mor 
restrictive. it is a pparent that the Kepone probl em wi ll per ·i t f r 
years. Following discovery of the extent of Kepone pollu t i on, nd 
formation of State and Federal ta~k forces, the U.S. Env ironme nt l 
Protection Agency (EPA) conducted the Kepone Mitigation Feas ib ility 
Study. As part of this effort. the Norfolk Distric t was request d 
to evaluate alternatives for the removal of Kepone-contamina t d 
sediments. and to investigate all potenti2l dredging technoiogy and 
methods to control resuspension and secondary pollution. During 
this mitigation study. a dele6ation from EPA and the Norfolk 
District visited J~pan to observe specialized methods of hand l i ng 
toxic sediments. The group was favorably imprecsed wi : h th 0oze r 
Dredge because of its alleged ability to achieve a high solids to 
water ratio and minimize resuspension. As a result of the Ja pan 
visit. the Norfolk District recommended that a demonstration project 
be conducted on the James River to evaluate the 0ozer Dredge in 
comparison with a conventional cutter suction dredge. The basis for 
the recommendation was that there would be a need to know the best 
method of reach•ing pollutant "hot spots"• whether consisting of 
Kepone in the James River or toxics in other areas of the country 
if the Corps were assigned a cleanup mission. 

The recommendation to conduct a demonstration project was made 
to higher authority in early 1979. and res~lted in much discussion 
among dredging experts both within and outside the Corps. 
Informally, it was suggested that a dustpan dredge, appropriately 
modified. could perform as well as the 0ozer Dredge in removing 
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pollut~d sediments. The duatpr.n type dredge uses hydraulic 
transport, as do cutter ~ction dredges, and is extensively e.:aployed 
by the Corp~ for navigation dredging of granular materials on the 
Lower Mississippi River. Furthermore, it was suggeated that parts 
frm retired Corps dustpan dredges, available in the St. Louis 
Diatrict, could be adapted to available cutterhead dredge plant. As 
a result of theae discussions, Allalgaaated Dr~dge Design, 
Incorporated, presented a formal proposal to modify an available 
dustpan suction head and adapt the dustpan to a contractor's cutter 
suction dredge. The effectiveness of this arrangement for dredging 
polluted sediment would then be tested and compared to the 
c Jventional cutterhead arrangement. The dredging would be 
11ccomplished as part of the maintenance of the James River Channel . 
. 'his proposal was the basis for the dredging demonstration project 
i ~ the James River. 

PROBLEM DESCRIPTION 

The problem is not ju1,t to dredge the contaminated sediments--
it is to attempt total co,1 tainaent at the dredge head of a specified 
layer of material as near in-place depsity as possible. This will 
involve minimizir.J resuspension of material at the head, minimizing 
the volume of the apecified material left behind, and minimizing the 
amount of water added during the dredging process. 

To achieve total containment, the problems discussed in the following 
paragraphs must be solved. 

Entry Design 

The entry design of the dustpan head must ensure that there is 
no escape of polluted material. The entry design must also be based 
vn the characteristics of the channel sediments to be dredged, which 
ere shown on Table l. 
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TAIIZ l. SEDIMENT PIOP!RTIES -----------------.. ------------
---------
_J_r_o.za_r_t._J__ __________________ !.,al~---

Cla11if icat ion (USCS)* 

Koi1t Uni t Weight (Avg.) 

Koi1ture Content (Avg.) 

Liquid Liait 

Plaltic Index 

lepone Content (Avg.) 

* Unified Soil Cla,sification Syste■. 

Silty-clay (QI) 

84 pound• per 
cubic foot 
(1300 graa1 
per lite r) 

144 percent 

100 percent or 
greater 

60 percent or 
greater 

0.1 part, per 
aillion 

The uter ial to be dredged fro■ the Jue, liver Channel exi1ts 
in a fluid 11:ate. Therefore, it ii not neceuary lo have any mean, 
to agitate or fl ,tdize the material; in fact, this would be 
unde1irable 1ince the goal 11 to ainiaize dilution and re1u1pen1ion 
of the u terial. 

An exi1ting du1tpan 1uction head fro■ the retired Corp, Dredge 
KENNEDY will be u1ed for the d-onetration project. Since duetpan 
dredge• nor.ally operate in granular uterial1, the head wa, 
equipped with digging teeth and water jets at the 110uthpiece to 
enhance the flow of material. Thia 110uthpiece section was removed 
froa the head and will be replaced with a newly fabricated 1ection 
without water jet• or teeth. 

The KENNEDY du1tpan head ii 28 feet (8.5 aeten) v:f.c'.e and 
8 inchea (20 centiaeter1) deep. In order to overco■f> the entry 
lo1ae1 of the flat, rectanaular aouthpiece, and to ac~elerate the 
uterial throuah the du1tpan, it will be nece1aary ►o build up a 
layer of uterial above the top edae of the entrance. A rollover 
plate, ahaped like a bulldozer blade, will be inetalled on the top 
of the du1tpan to artifically ~reate the needed head of uterial 
(Figure 2). 
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Dustp n head 

River Bottom -y--;-, -77 I' 
PROFILE 

Figure 2. Dustpan head with rollover plate 

The layer of material created above the entrance may have a 
tendency to spill over the sides, leaving .iome of the specified 
material undredged. To prevent this condition, wing plates will te 
~ttached to either side of the dustpan head and a splitter plate 
will be attached in the center, ~s shown in Figure 3. 

These wing plates and splitter plate will keep the layer of 
material above the entrance and provide some stability for the head 
as it advances into the cut. The wing plates will dso prP.vent the 
ingress of dilution water at the sides. 
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SUCTION 
PIPING 

WING 
PLATE 

Figure 3. 

Dredge Positioning 

ENTRANCE 

Modified du~tpan head 

Positioning of the dredge will be another problem which auat be 
solved in order to achieve total contairuaent of the polluted 
material. 

Dustpan dredges noraally operate by anchoring two crossed 
headwires upstre• of the dredge, and advancing on these wires into 
the cut. The strong river currents of the Mississippi or Missouri 
Rive rs and the crossed headwires keep the dredge in position within 
limits acceptable for channel maintenance dredging. 

On the Jaaes River, this system would not work well. The river 
currents vary in strength and direction with the tidal cycled& 
coapared to the strong, steady current in one direction on the 
Mississippi. Greater positioning accuracy, estimated to be 
+ 1 foot (0.3 aeter), aust be achieved for the goal of total 
containaent. The lack of a strong, steady current on the J•es, 
coupled with the need for greater accuracy, requires that other 
methods of dredge positioning be invest!gdted. 
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Electrooic poeitioning ayate•• were explored a~ a aeana of 
positioning the dredge. It vaa deterained that there 1• no 
coaaercially available ayatea which can guarantee the desired degree 
of accuracy . The eost accurate ayste■ available, which utilizes 
ae•aur•enta froa tree separate shore station• and a c011puterized 
]edit squares adjustment of these measurements (Figure 4), can 
guarantee precision of!,_ 3 feet (1 meter). 

Figure 4. 

• • • : ;" I .·t• ••· . 
: IMCMII • . . . • 

STATION 

. . . . . . 

Electronic positioning system 

Thia ayatea will be used in the deaonatration project to 
delineate the specified area• to be dredged. The probl• of 
poeitioning the dredge with the required degree of accuracy, 
howitver. cannot be solved with electronic equipaent. but auat 
instead be solved by the choice of an appropriate dredging aethod. 
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Ia!DGING HITBOO 

Th• aethod of dredgina by duatpan choeen for th• project i• 
unorthodox, but vill ,e.uable accurate and poeitiv• poeitioning of the 
dredp. aather than a1rking alona th• length of th• navigation 
channel, the dredge vil.l be working aero•• the channel and 
perpendicular to the t i dal current•• 

Five wir .. will be ~sed to poeition and uneuver the dredge in 
the duetpan mode (Figur,e 5). 
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Figure 5. Dredging wire diagram 

aadial vlre• A and B with a c01111on anchor point will aaintain 
the dreda• on a eliahtly curved path acroe• the channel. Vire C 
will aaintain a conatant tenaion in wire• A and B with th• uee of an 
in-line uneioaeter having a r•ote dieplay in the dredge lever 
rooa. Diuina wire D will pull the dredge into the cut, and return 
vl re E will bring the dredge back to the beJinning of the cut. 
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The step fr011 one cut to the next is 28 feet, the width of 
the dustpan head. This step will be acc011plished by paying out an 
equivaleot amount of wire on the calibrated radial wires and 
adjusting the constant tension wire. The desired accuracy of 
+ 1 foot (0.3 aeters) for dredge positioning will be obtained by 
accurate calibration and aeaaureaent of the amount payed out on the 
radial wires. 

CUTTER SUCTION DREDGE 

During May 1981, the Norfolk District advertised for bids for 
lease of a cutter suction dredge to be used in the James River 
demonstration project. A contract was subsequently awarded to 
Norfolk Dredging C011pany, t he low bidder, for lease of the 18-inch 
cutter auction dredge ESSEX. It was at this time that Amalgamated 
Dredge Design, under a separate contract with the Norfolk District, 
began detailed engineering and design work for the project based on 
the characteristics of the ESSEX. The principal characteristics 
are shown in TABLE 2. 

TABL! 2. CUTTER sucnoN DREDGE ESSEX 
PRINCIPAL CHARACTERISTICS 

------------------
--------------------------

Characteristics ----
Hull - Length 

Breadth 
Depth 

Cutting Power 
Dredging Depth 

Pmp - Suction 
Discharge 
Power 

Ladder and Swing 
Winch Power 

Value 

140 feet (42.7 meters) 
36 feet ~10.0 meters) 
10 feet ( 3.0 meters) 

300 horsepower (225 kw) 
40 feet (12.2 meters) 

21 inches (53 ca) 
18 inches (46 ca) 

2250 horsepower (1680 kw) 

75 horsepower (56 kw) 
,_ 400 rpm 

Upon close inspection it was deterained that the dredge ESSEX is 
well equipped to accoaaodMte the installation of the dustpan fr,a 
the dredge KENNEDY, with a ■iniaa of ■odificationa. The winchds on 
board can also be easily aodified to ena~le the dredge to oper~te in 
the dustpan ■ode as proposed. 
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MONITORING OF DREDGING OPERATIONS 

In order to compare the operation of the dredge ESSEX while 
teats are carried out in the dustpan mode with the operation of the 
dredge in the conventional cutterhead mode, several parameters will 
be closely monitored. 

On Board Instrmentation 

Dredge output will be continuously monitored through the use of 
a package of automatic instrumentation. The package consists of 
vacuum indicator, pressure indicator, density meter, velocity meter, 
production calculator, and yield indicator. A ladder depth 
indicator will enable accurate control of the dredging depth. 
Continuous tidal information will be provided by a radio tide 
tranS11itter, in order that the dredging depth may be accurately 
~djusted for the height of tide. 

The efficiency of removal at the dredge head will be monitored 
in order to determine if the goal of total containment is being 
achieved. This will be accomplished by taking water samples with a 
series of tubes mounted around the head and measuring the turbidity 
of the aaples with a transmissometer mounted on a sampling tank. 

Around the perimeter of the dredge and disposal sites, the 
Norfolk District will monitor water quality. Parameters to be 
measured include turbidity, suspended solids, dissolved Kepone, 
total water column Kepone, and current speed and direction. The 
monitoring program is designed to detect significant changes in 
Kepone level• resulting from the dredge opera ~ion. The Virginia 
Stat-. Water Control Board will also be monitoring the 
bioaccuaaulation of Kepone in local species of marine organisms. 
The effectiveness of a submerged diacharge diffuser developed by the 
Waterways Experiment Station will be tested at the disposal site as 
well. 

POTENTIAL PROBLEM AREAS 

The testing of the modified dustpan arrangement for dredging 
contaainated sediaents aay pot entially pre»ent opentional problems. 

Crew training will be essential in overc011ing these problems. 
The dredge crew of the cutter suction dredge ESSEX is not familiar 
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vith the duetpan Mthod of dredaina, auch l••• the unorthodox 
adaptation of thi• uthocl for dredaing in the J•H River Channel. 
Coapreh•n•iv• crew trainina •e••iou are beina planned and vill be 
conducted prior to •tart-up of du•tpan operation• in order for the 
crew to bi!coae f•iliar vit:, the dredaina aethod. 

Prior to •tart-up of dredae operation•, but follovlna the 
•ucce••ful alteration of th• ESSEX and iutallation of the duatpan 
head and te•t equipunt, a aerie, of teats will be run. These te•ts 
vill enaure that each of the •Y•t-■ on board the dredge 1• 
f1mctionin1 properly, and that the dredge as outfitted 1• capable of 
conductina the dredgina te•t•• An adequate •upply of •pare parts 
will be kept on hand •o that downtime of the instrumentation 
packaa• vUl be kept to a ainiaua. 

Much tiae will be required duri~g the deaon•tration project for 
aovina the dreqe to •tart each new cut since the cuts wilt be no 
aore than 350 feet (107 aeter•) in length. There will al•o be 
con•iderable tiae •pent re•etting the variou• anchor• for each new 
aerie• of cuts. While production is not a priury goal of the 
d•outration project , exce••ive nonpumping time would nonetheless 
be unde•irable. Accordingly, procedure• will be developed, and the 
crew properly trained, so that the maneuvering and resetting time of 
the dredge between cuts will be minillized. 

One aiaor pr~ol• 1• the po••ibility of the choking or blocking 
of the du•tpt,n !aead. It is anticipated that this condition will 
••ldoa occur; however, procedure• vill be developed to unblock the 
head •hould it becoae choked or blocked with debris. 

CONCLUSIONS 

De•ign drawings and •pacification• for the aoclificationa to the 
ESSIX are in the proc••• of finalization, and detailed plau for 
crew training and accoaplishaent of the dredging te•ts are in 
preparation. The duatpan head and dredging ladder froa the dredge 
DNHIDY have been r•oved and delivered to the contractor'• yard. 
The d•on•tration project a• a whole 1• about to aake the tran•ition 
fraa de•ign phaH to the con•truction and operation phases. 

A areat deal of effort has gone into the project up to this stage 
by the Norfolk District, our contractors, and the many technical 
advhor• within the Corp•• lnviromaental coordination of the 
project with the varioua r-.ulatory aaenciH ha• alao been a 
aon\laelltal ta•k• While it i• believed, at thi• •tage, that the 
technical phaN of de•ian and environaental coordination i• behind 
u•, the coutruction and operation pha•e• aay poN additional 
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hurdle■ to overcoae. The Norfolk Di■trict i■ opti■i■ tic, however, 
that the ■ucce■■ful coapletion of the project vill re■ult in 
re■aption of full ■aintenance of the J ... ■ River and a proven 
■ethod of adapting readily available dredge plant for cleanup of 
polluted aediaent■ • 
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