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9 ABSTRACT ~c”ntm”c on reverie ifnemmy ad idenrify by block ownbe,, 

,“dia”a Harbor and Canal are part of a small, highly industrialized watershed in north 
western Indiana. The Grand Calumet River discharges into Lake Mia0.0967  T6ga  Tr 48.2405 52.56 3  Tr -0.3194  Tc2180328  Tw 86ischargvia Tr 28.8003 04.4D 3  Tr -0.2287  Tc 9215  Tw 175alumet t0  Tr 23.7602 0  TD 3  Tr -0.3487  Tc4383201  Tw 514diana. quality problems and have been 

identified by the International Joint Commissio” a” the to maintain a deep-draft navigation project at 
Indiana Harbor and Canal. Two reaches of the navigation channel contain sediments with co” 
centrations of polychlorinated biphenyls (PCBs) above SO ppm. In addition, the sediments 
contain elevated concentrations of metals and other organic contaminants. 

dredging and dis- 
posing of the RX-contaminated sediments from Indiana Harbor using appropriate testing 
protocols. The US Army Engineer Waterways Experiment Station has developed a management 
strategy for disposal of dredged material which describes a logical sequence for testing an 
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Experiment Statjon (WES) has developed a management strategy for disposal of 

dredged material (FrancingueWES) 

and evaluation of disposal alternatives. A decisionmaking frame- 

work (Peddicord et al. 1986) has also been developed to provide a logical 

methodology 



and direct uptake by plants or animals. Since there was no routinely applied 

laboratory testing protocol to predict leachate quality from dredged material 

confined disposal sites. Tests were conducted for use in evaluating the 

thickness of cap required to isolate contaminated sedimwts from the overlying 

water column and from aquatic and benthic biota. Innovative disposal alterna- 

tives and management techniques that were evaluated included confined disposal 

with appropriate restrictions and capping of contaminated sediments after con- 

trolled placement in the aquatic environment. 

The testirlg results were compared with Indiana water quality standards 

and USEPA Federal water qual~ity criteria. Plant and animal uptake tests were 

compared with the Food and Drug Administration's (FDA) allowable concentra- 

tions for foodstuffs. These comparisons were the basis of discussion of 

appropriate contaminant control measures for the disposal alternatives con- 

sidered. The final design of the selected disposal alternative should be 

based on later comparisons of test results and specific criteria agreed upon 

by the concerned regulatory agencies. 

Disposal alternatives 

Three disposal alternatives were identified (contained aquatic disposal 

and two confined disposal alternatives) for the PCB-contaminated sediments and 

evaluated to determine technical feasibility and control 



Contained aquatic disposal (CAD) was investigated in an effort to broaden 

the disposal options available. In laboratory tests, a 12 in. layer of Lake 

Michigan sediment overlying Indiana Harbor sediment was effective in pre- 

venting the transfer of heavy metals, PAHs, phenol, and PCBs from the con- 

taminated sediment into the overlying water and aquatic biota. However, to 

protect against the effects of deep burrowing animals, a minimum cap depth of 

20 in. is needed to maintain an effective chemical seal. The most likely area 

in Lake Michigan for CAD sites for disposal of the Indiana Harbor material is 

4 to 8 miles east of Indiana Harbor in water depths of 40 to 60 ft. There 

were no feasible CAD sites identified in the entrance channel and canal areas 

of Indiana Harbor that were capable of handling the required volumes. 

An in-lake confined disposal facility (CDF) has been proposed to confine 

Indiana Harbor sediments that are classified cleaner clays and silts. Encapsulation of the 

PCB-contaminated sediments should prevent any long-term plant and animal 

uptake and minimize leaching of contaminants and loss of volatile organics 

from the CDF. The effluent from the fn-lake CDF would meet Indiana Lake 

Michigan water quality standards if mechanical 



very hydrophobic and are adsorbed very easily. Design and operational 

considerations for the in-lake CDF should also include chemical clarification, 

and control of oils. 

An upland CDF for the disposal of PCB-contaminated sediment8 was 

evaluated, though no specific site has been identified. Control measures 

would be required to reduce the release of contaminants in effluent, surface 

runoff, volatilization, leachate, and plant and animal uptake. Effluent from 

an upland CDF would exceed Indiana Harbor water quality standards for some 

parameters, even with treatment controls (filtration and carbon adsorption). 

A mixing znne would be required for the effluent discharge. Surface runoff 

would require control measures similar to the effluent, until a surface cover 

could be applied. A surface cover of compacted clay would restrict infiltra- 

tion and present surface runoff and plant and animal uptake. Volatile loss 

could be reduced by codisposal with less contaminated sediments. A liner of 

compacted clay would restrict seepage of leachate. Leachate collection and 

treatment could enhance liner performance. 

Equipment demonstrations 

Demonstrations of a clamshell dredge, a cutterhead suction dredge, the 

Dutch matchbox dredge, and a submerged diffuser were conducted dredging and disposal. 

The suspended sediment concentrations observed in the cutterhead and 

matchbox plumes were generally less than 20 mg/k at distances of 100 ft or 

greater from the dredges. Razed on the results of the field studies, both the 

matchbox and cutterhead dredges are capable of removing the PCB-contaminated 

sediments with little sediment reswpension. If a clamshell dredge is 

selected, the bucket should be enclosed to reduce resuspensjon. 



The submerged diffuser demonstration proved that sediment could be 

hydraulically placed in water with a minf~mum amount of resuspension and 

spread. The diffuser was able to significantly reduce the slurry velocity, 

confine the discharged material to the l~ower 20 to 30 percent of the water 

demonstration gD1352  Tw (percent ) Tj0  Tr 54.8569 0  Tduce 



PREFACE 

The studies described in this report were report this Indiana Harbor, 

provided by the US Army Engineer District, Chicago, under 

Intra-Army Order for Reimbursable Services No. NCC-IA-85-11, dated 30 October 

1984. The Chicago District Project Manager for the studies was Mr. Shame1 

Abou-El-Seoud. 

Part I of this report was written by Dr. Michael R. Palermo, EL, and 

Mr. Jan Miller of the Chicago District. Part II 

was written by Drs. Palermo, 

Paul R. Schroeder, Bobby L. Folsom, Jr., Tom L. Hart, James M. Brannon, 

Douglas L. Cunnison and Mr. Tommy E. Myers, all of EL, and Mr. Miller. 

Part III was written by Drs. Brannon, Dixie M. Griffin, Jr., and Messrs. Myers 

and John G. Skogerboe, all of EL. Part IV was written by Mr. Clifford L. 

Truitt, and Drs. Schroeder, Brannon, and Palermo, all of EL, and Mr. Miller. 

Part V was written by Mr. T. Neil McLellan, EL. Appendixes A-J are included 

in Volume II. 

The WES Study Manager was Dr. Raymond L. Montgomery, Chief, Environmental 

Engineering Division, EL, WES. This work was coordinated with other dredging 

studies by Dr. Robert M. Engler, Manager, Environmental Effects of Dredging 

Programs, EL. 

The work was conducted under the general supervision of Dr. John 

Harrison, 



COL Dwayne G. Lee, CE, was the Commander and Director of WES. 

Dr. Robert W. Whalin "as the 



CONTENTS 

s 

EXECUTIVESLJMMARY ........................... i 

PREFACE ................................ vii 

CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT .... x 

PART I: INTRODUCTION ......................... 1 
Background ............................ 1 
Objective ............................ 6 
Scope .............................. 6 
Identification of Alternatives .................. 8 

PART II: DISPOSAL PROBLEM DEFINITION ................. 12 
General ............................. 12 
Polychlorobiphenyl Chemistry and Properties ........... 13 
Application of Management Strategy for 

Contaminant Testing and Controls ................ 18 
criteria for Selection of Co"trols ................ 22 
Sediment Collection and and Preparation ............. 24 
Sediment Characterization .................... 25 
Water Quality Evaluations .................... 28 
Engineering Evaluations ..................... 35 
Biological Evaluations ...................... 37 
Summary ............................. 46 

PART III: APPLICATION OF RESEARCH TECHNOLOGY ............. 47 
Development of Techniques for Predicting 

Leachate Quality ........................ 48 
Surface Runoff Evaluations .................... 58 
Contaminant Immobilization Research ............... 70 

PART IV: EVALUATION OF ALTERNATIVES ................. 83 
Evaluation of the In-Place Effects of Bottom 

Sediments from the Grand Calumet River and 
Indiana Harbor on Water Quality ................ 84 

TSCA-Approved Disposal Alternatives ............... 91 
Contained Aquatic Disposal .................... 101 
Confined Disposal Alternatives .................. 128 

PART V: DREDGING EQUIPMENT EVALUATIONS ................ 167 
Dredging Equipment ........................ 167 
Dredged Materi~al Transport and Placement ............. 176 
Equipment Demonstration ..................... 182 
Discussion and Potential Application ............... 186 

PART VI: SUMMARY AND CONCLUSIONS ................... 189 
Summary ............................. 189 
Co"clusio"s ........................... 190 

REFERENCES .............................. 198 

ix 



CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 

Non-S1 units of measurement used in this report can be converted to SI 

(metric) units be SI 

SI 

be be units be units be be b e  be 

By 

4,046.873 

1,233.489 

0.02831685 

0.093 

cubic yards 0.7645549 

Fahrenheit degrees 5/g 

feet 

gallons 

horsepower (550 foot-pounds 

0.3048 

3.705412 

745.6999 
(force) per second) 

inches 

knots (international) 

miles (US statute) per 
second per metre 

cubic metres 

Celsius degrees or 
Kelvins" 

metres 

cubic decimetres 

watts 

centimetres 

metres per second 

kilometres 

kilopascals 

kilograms 

kilograms per cubic 
metre 

kilograms per square 
metre 

square centioletres 

metres 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings. 
use the following formula: C = (5/9) (F - 32). To obtain Kelvin (K) read- 
ings. use K = (5/9) (F - 32) + 273.15. 

x 



DISPOSAL ALTERNATIVES FOR PCB-CONTAMINATED 

SEDIMENTS FROM INDIANA HARBOR, INDIANA 

PART I: INTRODUCTION 

Background 

1. Indiana Harbor and Canal are part of a small, but highly industri- 

alized watershed located in East Chicago, Indiana. The Grand Calumet River 

drains approximately 77 square miles of Lake and Porter counties and dis- 

charges to southwestern Lake Michigan via the Indiana Harbor and Canal. Major 

industries along the waterway include steel and petro-chemical. The Grand 

Calumet River (GCR)/Indiana Harbor Canal (IHC) has a long history of water 

quality problems and has been identified by the International Joint Commission 

on the Great Lakes as a major area of concern. 

2. The Indiana Harbor deep-draft navigation project, shown in Figure 1, 

was authorized by the River and Harbor Act of 191.0. Authorized depths in the 

Federal navigation channels are from 22 to 29 ft*. Channel widths range from 

160 to 800 ft. The Chicago District, US Army Corps of Engineers (CE). main- 

tains the navigation channel by periodic dredging. Prior to 1968, dredged 

material from the project was placed in the open waters of Lake Michigan. 

After 1968. Federal environmental regulations prohibited the unconfined dis- 

posal of contaminated dredged material. The CE has been unable to maintain 

the navigation channel at Indiana Harbor since 1972 because no acceptable 

* A table of factors for converting non-S1 units of measurement to SI 
(metric) units is presented on page X. 
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disposal site was available. The CE could not locate a site or local sponsor 

for over 10 years. 

3. The bottom sediments in Indiana Harbor and Canal contain a variety of 

contaminants, including oil and grease, nutrients, heavy metals, and organics. 

The US Environmental Protection Agency (USEPA) Region V developed criteria in 

1977 for classification of sediments from Great Lakes harbors, These criteria 

are used to classify sediments as non-polluted, moderately-polluted, or 

heavily-polluted based on the bulk chemical concentrations of selected con- 

taminants. The sediments from Indiana Harbor and Canal have been sampled and 

analyzed by the CE and USEPA. The USEPA has determined that most of the sedi- 

ments in the navigation channel are heavily-polluted according to these crite- 

ria. Sediments in two localized reaches of the Canal were found to contain 

levels of polychlorinated biphenyls (PCBs) exceeding 50 mg/kg dry weight. 

These reaches are shown in Figure 2. Not all the sediments in these reaches 

exceeded 50 ppm PCBs. but averaging of discrete samples for purposes of deter- 

mining pollution classification was not allowed by the USEPA. One reach con- 

tains about 50,000 cu yd of PCB-contaminated** sediment while the other 

contains about 150,000 cu yd. 

4. Because of the contaminated nature of the sediments and the fact that 

municipal drinking water intakes are located in the lake near the Indiana 

Harbor mouth, special precautions are required during dredging and ultimate 

disposal of the sediments from the PCB-contaminated reaches. Studies were 

therefore required to identify dredging and dredged material disposal tech- 

niques for material from these two reaches. 

** For purposes of this report, the term "PCB-contaminated sediments," refers 
to those Indiana Harbor sediments with PCB concentrations above 50 ppm. 
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5. In 1983, the Chicago District completed a Site Selection Study for 

potential disposal sites. The Lake County Board of Commissioners6  Tc -0.08764T0  TD 3  Tr -0.2574  Tc -00.0603 63850(a2st.2848/.678Tr 27.4285 0  TD 3  Tr -0.194  Tc -3321533  Tw 732) Tj0 ci  Tr 47.3141 0  TD 3  Tr -0.1788  Tc -0.0873  Tw (of ) Tj0  Tr 19.8856 
 -517.7123 -24.6  TD 3  Tr -0.2171  Tc -0.1782  Tw (East ) Tj0  Tr 34.2856 0  TD 3  Tr -0.194  Tc -0.2046  Tw (Chicago ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2995  Tc -0.084  Tw (supported ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3786  Tc -0.6794  Tw (construction ) Tj0  Tr 88.4568 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.7142 0  TD 3  Tr -0.3294  Tc -0.0499  Tw (confined ) Tj0  Tr 61.7141 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.0283 0  TD 3  Tr -0.2729  Tc -0.8001  Tw (facility ) Tj0  Tr 62.3998 0  TD 3  Tr -0.1696  Tc -0.2325  Tw ((CDF) ) Tj0  Tr 39.7713 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr -505.3695 -24  TD 3  Tr -0.1788  Tc -0.222  Tw (Lake ) Tj0  Tr 33.5999 0  TD 3  Tr -0.3014  Tc -0.7676  Tw (Michigan ) Tj0  Tr 63.0855 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (for ) Tj0  Tr 27.4285 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.7141 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3584  Tc -0.7024  Tw (moderately ) Tj0  Tr 76.114 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 19.1999 0  TD 3  Tr -0.464  Tc -0.5817  Tw (heavily ) Tj0  Tr 54.8569 0  TD 3  Tr -0.3618  Tc -0.0129  Tw (polluted ) Tj0  Tr 61.7141 0  TD 3  Tr -0.2865  Tc -0.0989  Tw (sediments ) Tj0  Tr -443.6554 -24  TD 3  Tr -0.3857  Tc 0.0145  Tw (from ) Tj0  Tr 34.9713 0  TD 3  Tr -0.4437  Tc 0.0808  Tw (Indiana ) Tj0  Tr 53.4855 0  TD 3  Tr -0.3207  Tc -0.0598  Tw (Harbor ) Tj0  Tr 47.9998 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3481  Tc -0.0285  Tw (Canal. ) Tj0  Tr 54.1712 0  TD 3  Tr -0.0609  Tc 0.329  Tw (A ) Tj0  Tr 14.3999 0  TD 3  Tr -0.2779  Tc -0.1087  Tw (Draft ) Tj0  Tr 41.1427 0  TD 3  Tr -0.4352  Tc 0.071  Tw (Environmental ) Tj0  Tr 95.9996 0  TD 3  Tr -0.4447  Tc 0.0819  Tw (Impact ) Tj0  Tr 47.3141 0  TD 3  Tr -0.3639  Tc -0.0104  Tw (Statement ) Tj0  Tr 68.5712 0  TD
 3  Tr -0.3938  Tc 0.0237  Tw ((EIS) ) Tj0  Tr -486.1696 -24  TD 3  Tr -0.3564  Tc -0.019  Tw (was ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2171  Tc -0.1782  Tw (prepared ) Tj0  Tr 62.3998 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (for ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (this ) Tj0  Tr 33.5999 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.7141 0  TD 3  Tr -0.2729  Tc -0.8001  Tw (facility ) Tj0  Tr 63.0855 0  TD 3  Tr -0.2684  Tc 0.5661  Tw ((IJSACE ) Tj0  Tr 47.3141 0  TD 3  Tr -0.2436  Tc -0.1479  Tw (1986). ) Tj0  Tr 53.4855 0  TD 3  Tr -0.2594  Tc -0.1299  Tw (Public ) Tj0  Tr 47.3141 0  TD 3  Tr -0.1904  Tc -0.8945  Tw (opposition ) Tj0  Tr 74.7426 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr -497.8267 -24  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2673  Tc -0.1209  Tw (lack ) Tj0  Tr 33.5999 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.3374  Tc -0.0407  Tw (support ) Tj0  Tr 54.1712 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (by ) Tj0  Tr 21.2571 0  TD 3  Tr -0.2802  Tc -0.1061  Tw (state ) Tj0  Tr 40.457 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.2765  Tc -0.1103  Tw (federal ) Tj0  Tr 54.1712 0  TD 3  Tr -0.4056  Tc -0.6485  Tw (regulatory ) Tj0  Tr 74.7426 0  TD 3  Tr -0.2171  Tc -0.1782  Tw (agencies ) Tj0  Tr 60.3426 0  TD 3  Tr -0.2707  Tc -0.117  Tw (made ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3786  Tc -0.6794  Tw (construction ) Tj0  Tr -450.5125 -24.6  TD 3  Tr -0.2966  Tc -0.0873  Tw (at ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (this ) Tj0  Tr 34.2856 0  TD 3  Tr -0.1489  Tc -0.2562  Tw (site ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2397  Tc -0.1524  Tw (infeasible. ) Tj0  Tr 87.7711 0  TD 3  Tr -0.2436  Tc -0.1479  Tw (At ) Tj0  Tr 21.9428 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2408  Tc -0.1512  Tw (time ) Tj0  Tr 33.5999 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.3203  Tc
 -0.0603  Tw (this ) Tj0  Tr 33.5999 0  TD 3  Tr -0.2984  Tc -0.0853  Tw (report, ) Tj0  Tr 54.8569 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.194  Tc -0.2046  Tw (Chicago ) Tj0  Tr 54.1712 0  TD 3  Tr -0.1534  Tc -0.2511  Tw (District ) Tj0  Tr 61.7141 0  TD 3  Tr -0.0011  Tc -0.4251  Tw (is ) Tj0  Tr -512.2266 -24  TD 3  Tr -0.3627  Tc -0.0119  Tw (examining ) Tj0  Tr 68.5712 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2096  Tc -0.8725  Tw (feasibility ) Tj0  Tr 81.5997 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (an ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3572  Tc -0.0182  Tw (alternate ) Tj0  Tr 68.5712 0  TD 3  Tr -0.0376  Tc -0.3834  Tw (CDF ) Tj0  Tr 27.4285 0  TD 3  Tr -0.1489  Tc -0.2562  Tw (site ) Tj0  Tr 33.5999 0  TD 3  Tr -0.3273  Tc -0.0523  Tw (recommended ) Tj0  Tr 81.5997 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (by ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2495  Tc -0.1412  Tw (State ) Tj0  Tr 40.457 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr -517.7123 -24  TD 3  Tr -0.4416  Tc 0.0783  Tw (Indiana. ) Tj0  Tr 33.5999 -24.6  TD 3  Tr -0.2966  Tc -0.0873  Tw (6. ) Tj0  Tr 27.4285 0.6  TD 3  Tr -0.7466  Tc -0.2587  Tw (On ) Tj0  Tr 19.8856 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.7142 0  TD 3  Tr -0.3618  Tc -0.0129  Tw (national ) Tj0  Tr 61.7141 0  TD 3  Tr -0.1628  Tc -0.2403  Tw (basis, ) Tj0  Tr 48.6855 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.0316  Tc 0.2955  Tw (CE ) Tj0  Tr 19.8856 0  TD 3  Tr -0.5188  Tc 0.1666  Tw (must ) Tj0  Tr 34.9713 0  TD 3  Tr -0.2564  Tc -0.1333  Tw (sometimes ) Tj0  Tr 67.8855 0  TD 3  Tr -0.2004  Tc -0.1973  Tw (dredge ) Tj0  Tr 47.9998 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 26.7428 0  TD 3  Tr -0.1263  Tc -0.2819  Tw (dispose ) Tj0  Tr 54.8569 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr -484.7981 -24  TD
 3  Tr -0.5056  Tc -0.5342  Tw (highly ) Tj0  Tr 48.6855 0  TD 3  Tr -0.3314  Tc -0.0476  Tw (contaminated ) Tj0  Tr 89.1425 0  TD 3  Tr -0.2865  Tc -0.0989  Tw (sediments ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3857  Tc 0.0145  Tw (from ) Tj0  Tr 33.5999 0  TD 3  Tr -0.231  Tc -0.1623  Tw (Federal ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2915  Tc -0.0932  Tw (projects. ) Tj0  Tr 75.4283 0  TD 3  Tr -0.6045  Tc 0.2646  Tw (The ) Tj0  Tr 27.4285 0  TD 3  Tr -0.0316  Tc 0.2955  Tw (CE ) Tj0  Tr 20.5714 0  TD 3  Tr -0.0011  Tc -0.4251  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.2799  Tc -0.1064  Tw (committed ) Tj0  Tr 68.5712 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr -506.0552 -24.6  TD 3  Tr -0.2806  Tc -0.1057  Tw (accomplishing ) Tj0  Tr 96.6853 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (this ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2555  Tc -0.1344  Tw (task ) Tj0  Tr 33.5999 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (an ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4758  Tc -0.5683  Tw (environmentally ) Tj0  Tr 109.0282 0  TD 3  Tr -0.233  Tc -0.16  Tw (acceptable ) Tj0  Tr 74.0569 0  TD 3  Tr -0.4879  Tc 0.1312  Tw (manner. ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3902  Tc 0.0196  Tw (Therefore, ) Tj0  Tr -449.1411 -24  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.298  Tc -0.7715  Tw (situation ) Tj0  Tr 68.5712 0  TD 3  Tr -0.4931  Tc 0.1372  Tw (found ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.4437  Tc 0.0808  Tw (Indiana ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3207  Tc -0.0598  Tw (Harbor ) Tj0  Tr 47.9998 0  TD 3  Tr -0.0011  Tc -0.4251  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.482  Tc 0.1245  Tw (not ) Tj0  Tr 27.4285 0  TD 3  Tr -0.4437  Tc 0.0808  Tw (unique. ) Tj0  Tr 61.7141 0  TD 3  Tr -0.5791  Tc -0.4502  Tw (Through ) Tj0  Tr 54.1712 0  TD 3  Tr -0.398  Tc 0.0285  Tw (extensive ) Tj0  Tr -451.1983 -24  TD 3  Tr
 -0.3147  Tc -0.7524  Tw (research ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3076  Tc -0.0748  Tw (experience, ) Tj0  Tr 82.2854 0.6  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.0316  Tc 0.2955  Tw (CE ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4113  Tc 0.0437  Tw (has ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2825  Tc -0.1035  Tw (developed ) Tj0  Tr 68.5712 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2627  Tc -0.1261  Tw (expertise ) Tj0  Tr 68.5712 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 19.8856 0  TD 3  Tr -0.2004  Tc -0.1973  Tw (dredge ) Tj0  Tr 47.9998 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 26.7428 0  TD 3  Tr -0.1342  Tc -0.273  Tw (dis- ) Tj0  Tr -505.3695 -24.6  TD 3  Tr -0.1788  Tc -0.222  Tw (pose ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (such ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2865  Tc -0.0989  Tw (sediments ) Tj0  Tr 67.8855 0  TD 3  Tr -0.3749  Tc 0.0021  Tw (using ) Tj0  Tr 41.1427 0  TD 3  Tr -0.2436  Tc -0.1479  Tw (best ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2744  Tc -0.1127  Tw (available ) Tj0  Tr 67.8855 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.0283 0  TD 3  Tr -0.413  Tc 0.0457  Tw (management ) Tj0  Tr 76.114 0  TD 3  Tr -0.3753  Tc 0.0026  Tw (techniques. ) Tj0  Tr -437.484 -24  TD 3  Tr -0.3237  Tc -0.7421  Tw (Each ) Tj0  Tr 33.5999 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2927  Tc -0.0918  Tw (potential ) Tj0  Tr 68.5712 0  TD 3  Tr -0.2882  Tc -0.097  Tw (problems ) Tj0  Tr 61.7141 0  TD 3  Tr -0.1692  Tc -0.233  Tw (associated ) Tj0  Tr 74.7426 0  TD 3  Tr -0.4387  Tc -0.6106  Tw (with ) Tj0  Tr 34.9713 0  TD 3  Tr -0.2304  Tc -0.163  Tw (dredging ) Tj0  Tr 61.0283 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.1694  Tc -0.2327  Tw
 (disposing ) Tj0  Tr 67.8855 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4004  Tc 0.0312  Tw (con- ) Tj0  Tr -498.5124 -24.6  TD 3  Tr -0.3048  Tc -0.078  Tw (taminated ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3005  Tc -0.083  Tw (sediments, ) Tj0  Tr 75.4283 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (such ) Tj0  Tr 33.5999 0  TD 3  Tr -0.1906  Tc -0.2085  Tw (as ) Tj0  Tr 21.2571 0  TD 3  Tr -0.3654  Tc -0.0087  Tw (those ) Tj0  Tr 41.1427 0  TD 3  Tr -0.4931  Tc 0.1372  Tw (found ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4437  Tc 0.0808  Tw (Indiana ) Tj0  Tr 53.4855 0  TD 3  Tr -0.3358  Tc -0.0426  Tw (Harbor, ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4113  Tc -0.642  Tw (can ) Tj0  Tr 26.7428 0  TD 3  Tr -0.167  Tc -0.2355  Tw (be ) Tj0  Tr 21.2571 0  TD 3  Tr -0.3279  Tc -0.0516  Tw (resolved ) Tj0  Tr 60.3426 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (by ) Tj0  Tr -518.398 -24  TD 3  Tr -0.2161  Tc -0.865  Tw (application ) Tj0  Tr 82.2854 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2436  Tc -0.1479  Tw (best ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2304  Tc -0.163  Tw (dredging ) Tj0  Tr 61.0283 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.1956  Tc -0.2028  Tw (dredged ) Tj0  Tr 53.4855 0  TD 3  Tr -0.2673  Tc -0.1209  Tw (material ) Tj0  Tr 62.3998 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.0283 0  TD 3  Tr -0.2152  Tc -0.1804  Tw (practices. ) Tj0  Tr -394.9699 -24.6  TD 3  Tr -0.2966  Tc -0.0873  Tw (7. ) Tj0  Tr 26.057 0.6  TD 3  Tr -0.4122  Tc 0.0448  Tw (This ) Tj0  Tr 34.2856 0  TD 3  Tr -0.512  Tc -0.5268  Tw (study ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3412  Tc -0.0364  Tw (includes ) Tj0  Tr 61.7141 0  TD 3  Tr -0.2161  Tc -0.865  Tw (application ) Tj0  Tr 82.2854 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 19.8856 0  TD 3  Tr -0.2879  Tc -0.0973  Tw (existing ) Tj0  Tr
 62.3998 0  TD 3  Tr -0.2916  Tc -0.093  Tw (testing ) Tj0  Tr 53.4855 0  TD 3  Tr -0.2627  Tc -0.1261  Tw (protocols ) Tj0  Tr 67.8855 0  TD 3  Tr -0.2339  Tc -0.1591  Tw (appro- ) Tj0  Tr -484.7981 -24.6  TD 3  Tr -0.1805  Tc -0.2201  Tw (priate ) Tj0  Tr 48.6855 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3324  Tc -0.0465  Tw (needs, ) Tj0  Tr 47.9998 0.6  TD 3  Tr -0.3851  Tc 0.0138  Tw (development ) Tj0  Tr 81.5997 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2627  Tc -0.1261  Tw (protocols ) Tj0  Tr 69.2569 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (for ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3294  Tc -0.0499  Tw (leachate ) Tj0  Tr 61.0283 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.4505  Tc 0.0886  Tw (sur- ) Tj0  Tr -491.6552 -24  TD 3  Tr -0.2436  Tc -0.1479  Tw (face ) Tj0  Tr 34.2856 0  TD 3  Tr -0.5154  Tc 0.1627  Tw (runoff ) Tj0  Tr 46.6284 0  TD 3  Tr -0.3632  Tc -0.0113  Tw (water ) Tj0  Tr 42.5141 0  TD 3  Tr -0.3964  Tc -0.6591  Tw (quality ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3835  Tc 0.0119  Tw (evaluations, ) Tj0  Tr 89.1425 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3256  Tc -0.0542  Tw (demonstrations ) Tj0  Tr 102.171 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4008  Tc 0.0318  Tw (innovative ) Tj0  Tr 74.7426 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr -491.6552 -24.6  TD 3  Tr -0.4758  Tc -0.5683  Tw (environmentally ) Tj0  Tr 109.0282 0  TD 3  Tr -0.4507  Tc 0.0888  Tw (sound ) Tj0  Tr 41.1427 0  TD 3  Tr -0.19.2201  Tw (priate ) 0 2o2 -24856 0  TD 3  .2201  Tw (environmentally ) Tj0  Tr 109.028uations, 



Objective 

8. The objective of this investigation was 







and maintain the Federal navigation project. This is not a "cleanup" author- 

ity, but can be used if an environmentally acceptable solution is cost- 

effective, based on the benefits to navigation. The Chicago District will 

only proceed with a project under this authority if a local governmental 

agency (City, County, State) actively sponsors the proposed project. 

14. The second authority is Section 115 of the Federal Water Pollution 

Control Act. It authorizes the USEPA to identify in-place toxic materials in 

harbors and navigable waterways, and, acting through the Secretary of the 

Army, make contracts for the removal and confinement of these materials. 

Although $15 million was authorized by Congress to carry out the provisions of 

this Section, this authority has not been used to implement any significant 

in-place contaminant cleanup to date. 

15. The third authority is under the Comprehensive Environmental 

Response, Compensation, and Liability Act of 1980 (Superfund). Under this 

authority, the USEPA must inspect a potential cleanup site and rate the site 

using the Hazardous Ranking System (HRS). If the ranking exceeds specified 

numerical cutoff, the ranking is referred to the State for concurrence. The 

site may then be proposed for inclusion on the National Priorities Listing 

which requires it to be published in the Federal Register for public review 

and comment. Presently there are over 800 proposed or final sites for Super- 

fund cleanup on the National Priorities List. Once finalized, a site is 

prioritized along with others by the State which must provide lo-percent 

matching funds for any cleanup. The LJSEPA performs a remedial investigation 

of the site and presents a feasibility study of alternative plans. The USEPA 

makes a record of decision as to the proposed plan to be implemented through 

the CE, which is responsible for contracting design and construction. To 

date, Indiana Harbor has not been considered for listing as a Superfund site. 
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Toxic Substances Control Act considerations 

16. Sediments contaminated with PCBs at levels exceeding 50 ppm are 

subject to regulation under the Toxic Substances Control Act of 1976 (TSCA). 

The USEPA's Final Rule for Polychlorinated Biphenyls (PCBs) Manufacturing, 

Processing, Distribution in Commerce, and Use Prohibitions was published in 

the Federal Register (40 CFR, Part 761) on 31 May 1979. Disposal alternatives 

for any material contaminated with PCBs (>50 ppm) include incineration, a 

chemical waste landfill, or a disposal method approved by the USEPA Regional 

Administrator. 

17. A conceptual evaluation of TSCA-approved disposal alternatives was 

conducted for purposes of a cost comparison. The estimated costs and project 

duration for the handling and disposal of PCB-contaminated sediments from 

Indiana Harbor Canal by TSCA-approved methods of incineration and chemical 

waste landfill are summarized as follows: 

Estimated Time 
total cost cost per frame 
(millions) cubic yard (ye===) 

Incineration onsite $205-305 $1030-1540 17 
Incineration offsite $277-7352 $1385-1760 8 
TSCA landfill $ 74- 92 $ 370- 460 6-8 

The above costs are in sharp contrast to the estimated costs of the proposed 

confined disposal facility for the bulk of contaminated sediments from Indiana 

Harbor and Canal. The CDF. designed to receive about 1.300,OOO cu yd of 

dredged material, is estimated to cost $30 million ($23 per cu yd). including 

construction, dredging, operation, and maintenance. The conceptual evaluation 

of TSCA-approved alternatives which serves as the basis of the above cost 

estimates is presented in Part IV as a separate alternative. 

18. The estimated costs of the above TSCA-approved disposal alternatives 

for PCB-contaminated sediments are far beyond the limits which could be 
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justified under the Corps' navigation maintenance authority. Alternative 

methods of disposal approved by the USEPA Regional Administrator appear to be 

the only feasible option available to the Corps under the presently available 

funding authority. 

Dredging and disposal alternatives 

19. Dredging and disposal of the PCB-contaminated sediments with appro- 

priate contaminant control measures is an alternative under the TSCA category 

of alternative methods to be approved by the USEPA Regional Administrator, 

other than the approved TSCA alternatives of incineration and chemical waste 

landfill. The following parts of this report will present results of inves- 

tigations conducted at WES to evaluate dredging and disposal alternatives for 

PCB-contaminated dredged material. A Management Strategy, developed by the 

Corps to serve as a decisionmaking framework will be described in Part II and 

applied throughout for the specific case of Indiana Harbor. Laboratory anal- 

yses Part anal- anal- anal- Laboratory disposal alternatives and determine appropriate 

control measures will be described in Parts II and III. The evaluations of 

disposal alternatives and dredging equipment are presented in Parts IV and V, 

respectively. For purposes of comparison, discussions of the no-action alter- 

native and TSCA-approved alternatives are also included in Part IV. 
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PART II: DISPOSAL PROBLEM DEFINITION 

20. This part of the report is concerned with identification of problems 

associated with the dredging and disposal of Indiana Harbor PCB-contaminated 

sediments. A description of the nature of PCB chemistry and properties is 

presented. The magnitude and possible impacts of dredging and disposal opera- 

tions are evaluated using a Management Strategy which includes testing proto- 

cols and procedures specifically designed to consider the unique nature of 

these materials and the physicochemical conditions of each disposal alter- 

native. Procedures used to collect samples and protocols for testing are 

described. Test results are used to determine the potential for environmental 

harm from contamination, examine the interrelationships of the problems and 

potential solutions. and determine what controls are needed for each disposal 

alternative. 

General 

21. All waterways carry sediment , and sedimentation is a natural 

the deposition of suspended particles. Sediments enter urban 

waterways from runoff and from controlled or uncontrolled discharges. Pollu- 

tion enters waterways by the same routes. Sediments are predominantly soil 

particles 



22. Federal and state regulations 2th apast2twentyshavestoughtstoscurb2th 2discharg apolluions

success 

in the regulation of point discharges. Nonpoint discharges are less easily 

regulated and for the most part remain. Bottom sediments may represent a sig- 

nificant nonpoint source of pollution in some waterways. Rivers now having 

well controlled point discharges may have water quality improvements limited by 

the persistence of nonpoint sources of pollution, including in-place bottom 

sediments. Removal of polluted bottom sediments in all waterways would be a 

cleanup effort of mammoth proportions. Funding for removal of in-place pol- 

luted sediments is either sparse or nonexistent. Only 

a handful of sediment 

cleanups, generally associated with spills or specific point dischargers have 

been planned or implemented. In rivers having authorized navigation channels, 

maintenance dredging may represent the only means by which in-place polluted 

sediments can be removed. 

23. Nationwide, over 300 million cu yd of sediments are dredged by the 

Corps of Engineers every year. Less than 20 percent of these dredged materials 

are considered polluted, and a far smaller percentage may be considered highly 

contaminated. Despite the variety of terms used to characterize dredged mate- 

rials (nonpolluted, polluted, contaminated, toxic, etc.) they are predominantly 

soil particles (sand, silt, and clay) and water. 

Polychlorobiphenyl Chemistry and Properties 

Description and nomenclature 

24. Polychlorinated biphenyls 



biphenyl; this is then substituted with up to 10 chlorine atoms at the remain- 

ing apices. PCB isomers can be distinguished by numbering the apex of each 

ring. starting at the junction point of each ring and using primes (‘) to 

differentiate rings (Kornreich et al. 1976). Numbering from the ring junction 

can be either clockwise or counterclockwise, but must be chosen to give the 

lowest number(s) or sum of numbers assigned to the points of chlorine attach- 

merit. For example, as shown in Figure 3. the compound illustrated is 

3.4’-dichlorobiphenyl, not 4’,5-dichlorobiphenyl. 

25. PCBs are commonly found in the environment as mixtures of congeners 

(individual PCB compounds), since commercial PCBs were produced only as mix- 

tures by the Monsanto Chemical Company, the sole US producer. Monsanto gave 

PCBs the trade name Aroclor; p articular congener mixtures are identified by the 

word Aroclor followed by a four-digit number. The first two digits of the four 

digit identification number can be either 12. which identifies biphenyl, or a 

44 or 54, which identifies terphenyl. The second pair of numbers in the four- 

digit identification number identifies the percentage of the 

Aroclor 1242 and contains about 40 percent chlorine. 

26. PCBs possess high resistance to thermal degradation and, except for 

PCBs with a low level of chlorination, are nonflammable. PCBs also exhibit 

excellent electrical insulating properties (Hutzinger et al. 1974) and are 

relatively insoluble in water, with solubility tending to decrease with 

increasing chlorine content (Wallnofer et al. 1973, Haque and Schmedding 1975, 

Wiese and Griffin 1978). The same properties that make PCBs excellent 
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Figure 3. 3,4'-dichlorobiphenyl 

compounds for industrial use in transformers, fire retardants, and heat 

transfer operations, also make them resistant to degradation in the 

environment. 

Significance of Aroclors, 
isomer groups, and congeners 

27. In the past, PCBs in the environment have been widely identified and 

measured on the basis of Aroclors. primarily because it was the only practical 

approach. This method of identifying PCBs, however, does have a number of 

marked disadvantages. Gas chromatographic (GC) patterns produced by PCBs in 

extracts from environmental samples frequently are different from Aroclor 

patterns. This is due to a lower degree of 

chlorination. Results of many workers (Ahmed and Focht 1973, Wong and Kaiser 
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1975, Tucker et al. 1975, Furukawa and Matsumura 1976) have shown that the PCBs 

with a lower degree of chlorination will be preferentially degraded under 

aerobic conditions. Other differences 

complicated if more than one Aroclor residue is present in the environmental 

sample or if the PCBs were not introduced into the environment as Aroclors. 

28. In addition to the analytical difficulties discussed in the previous 

paragraph, there are other disadvantages to quantifying PCBs as Aroclors. For 

many environmental samples, determination of a particular Aroclor or mixture of 
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isomer group analysis has not proved to be substantially more useful than that 

obtained from Aroclor analysis. Congener analysis appears to be the method- 

ology that will be followed in the future since the USEPA has recently 
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promulgated Method 680 for determination of PCB congeners in water and sediment 

(Alford-Stevens et al. 1985). 

PCB association with sediment 

30. PCHs as a class are highly insoluble in water and therefore tend to 

become closely bound to sediment. Fisher, Petty, and Lick (1983) stated that 

sediments of any water body must be viewed as the largest sink-source for PCBs. 

Other workers (Steen, Paris, and Baughman 1978; Hiraizumi, Takahashi, and 

Nishimwa 1979) have demonstrated that particle-size distribution and total 

sediment organic carbon were important factors affecting the adsorption of PCBs 

to sediment. Chiou, Peters, and Freed (1979, 1981) have show" that sorption of 

no"ionic organic compounds from water onto soil consists primarily of partition 

into the soil organic phase with adsorption by the the of solute insolubility in water is the 

primary factor affecting the partitioning of nonionic organic compounds, such 

as PCBs, onto soil organic matter. 

31. There has not been as much work conducted on desorption of PCBs as on 

adsorption of these compounds by soils and sediments. HfX.EWZr, some conclu- 

sions can be drawn based on the behavior of PCBs and other hydrophobic organic 

chemicals. Karickoff (1984). in a review of the relevant literature, showed 

that adsorption partitioning of neutral organic chemicals by soils and sediment 

is a function of the weight fraction of sediment organic carbon and the 

octanol-water partition coefficient of the 1 9 8 5 ) 0 . 1 5 1 6   T w  ( c w a t 4 2 e  )  T j  0   T r  2 6 . 0 5 3 1 0 . 2 2 9 2   T  T r - 0 . 5 1 9 1  a l y z e d T c  0 . 2 3 4 8   T w  7 i m e 8 3 9 T j  0   T r  - 4 8 4 . 7 9 8 1 7 1  0   T D  3   T r  - 0 . 4 3 2 6   T c  0 . 2 3 4 8   T w  ( a n d  )  T j  0   T r  2 7 . 4 2 4 5 4  0   T D  3 2 5  0   T 4 3 2 d a t 1   T c  0 . 3 3 3 7  3 4 . n d   s e d i m 7 o n  



organic carbon normalized adsorption partition coefficient. Adsorption and 

desorption in sediment-water systems are therefore complicated and subject to 

many variables that can influence the results obtained in either field or 

laboratory studies. 

Application of Management Strategy for 
Contaminant Testing and Controls 

32. A strategy for selecting the most appropriate disposal alternative 

from an environmental standpoint is essential when the disposal of contaminated 

or potentially contaminated dredged material is required. The CE has recently 

developed an evaluation strategy (Francingues et al. 1985) and decisionmaking 

framework (Peddicord et al. 1986) for use in selecting alternatives and for 

determining what contaminant control measures are appropriate. This strategy 

has been recommended as USACE policy for studies involving disposal of con- 

taminated sediments (Kelly 1985). This strategy was applied in evaluating 

disposal alternatives for the contaminated Indiana Harbor sediments. For 

purposes of simplicity, they are herein referred to as the Management Strategy 

and Decisionmaking Framework. 

33. The Management Strategy is an environmentally sound approach for 

selecting alternatives for the disposal of dredged material with any level of 

contamination. The Management nature and level of contamination in sediment vary greatly 

on a project-to-project basis, the appropriate method of disposal may involve 

any of several available disposal alternatives. Further, control measures to 
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manage specific problems associated with the presence or mobility of contami- 

"ants may be required as a part of any given disposal alternative. 

35. The selection of a" appropriate disposal alternative is partially 

dependent on the nature of the the the the disposal site environment, 

available dredging alternatives, project size, and site-specific physical and 

chemical conditions; all of which influence the potential for environmental 

impacts. Technical feasibility, economics, and other socioeconomic factors 

must also be considered in the final dredged material disposal alternative 

selection. The Management Strategy used in this report mainly considers the 

nature and degree of contamination, physicochemical conditions at disposal 

sites, potential environmental impacts, and related technical factors. The 

steps for managing dredged material disposal consist of the following: 

a. Evaluate contamination potential. 

b. Consider potential disposal alternatives. 

C. Identify potential problems. 

d. Apply appropriate testing protocols. 

e. Assess the need for disposal restrictions. 

f. Select an implementation plan. 

B* Identify available control options. 

h. Evaluate design considerations. 

i. Select appropriate control measures. 

These steps are graphically presented in Figure 4. 

36. The first step in the application of the Management Strategy is a" 

initial evaluation of whether or not there is reason to believe the sediments 

are contaminated. This is most commonly done from a survey of existing data on 

sediments or sources of pollution. For the case of Indiana Harbor, previous 
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- SOLO OUTLINES INDICATE THOSE PORTIONS 
OF THE OVERALL STRATEGY WHICH WERE 
APPLIED IN THIS STUDY 

Figure 4. Manzgement strategy flowchert 



sampling by the USEPA and Corps had shown that the sediments were highly con- 

taminated. For this reason the consideration of unconfined open-water disposal 

was not appropriate and tests used to evaluate this disposal alternative were 

not performed. This leaves two general disposal alternatives available; 

open-water disposal with restrictions, and confined disposal. Three specific 

alternatives for the disposal of PCB-contaminated sediments from Indiana Harbor 

were considered in detail: 

a. c0ntahd aquatic disposal (CAD). 

ii* Confined disposal in an in-water facility. 

c. Confined disposal in an upland facility. 

37. Testing protocols appropriate to these disposal alternatives were 

selected in applying the Management Strategy. The tests were designed to 

evaluate potential water quality (effluent, surface runoff, and leachate) and 

biological (plant and animal uptake) impacts for confined disposal and to pro- 

vide engineering guidance for contained aquatic disposal (cap thickness and 

gradation). Those testing protocols and control options which were evaluated 

as part of this study are indicated with bold outlines in Figure 4. Most of 

these testing p r c e d g u r e s  are and have been used widely for evalu- 

ation of dredged materials. The remainder of this part provides details on the 

chemical and engineering characteristics of Indiana Harbor sediment and testing 

protocols used in assessing the disposal alternatives. In Part III, testing 

protocols developed as part of this research study are described and results 

with Indiana Harbor sediments presented. 
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criteria for Selection of Controls 

38. The results of dredged material testing protocols are compared to 

state or Federal regulatory criteria to determine where control measures 

(treatment, liners, capping, etc.) are appropriate. Around the Great Lakes the 

discharge of dredged material to navigable waters is regulated under 

Section 404 of the Clean Water Act (CWA). For disposal of maintenance dredg- 



Table 1 

Summary of Water Quality Standards 

constituent 
Arsenic 

Cadmium 

Chromium 

copper 

Lead 

Mercury 

Nickel 

Zinc 

Iron 

Manganese 

Total phosphorus 

NH3-N 

PCB-1248 

Phenol 

Dissolved solids 

Constituent Concentrations, ppm 
Drinking USEPA 



Sediment Collection and Preparation 

Sediment collection 

41. Sediment samples were collected from Indiana Harbor using a CE 

clamshell dredge. Two sites had been selected by Chicago Distric~t personnel 

for sample collection. These sites were selected because previou:~ studies 

indicated the sediments had very high PCB concentrations (>50 ppm). An addi- 

tional site in Lake Michigan was selected for collection of an uncontaminated 

sediment. The uncontaminated Lake Michigan sediment was to be usBd in the 

capping study. Forty drums (each 55 gal) sediment  cwere scollelzed gfromthe 

thw Lontaminated seite (e20 drums gfrom ach seite) Five drums of !:ediment were 

collected from the uncontaminated site. The drums were new and had been steam- 

washed prior to shipment to the collection site. The dredge was jpositioned 

over the selected site during sampling and the clamshell lowered 'to the desired 

depth. After filling, the drums were sealed immediately with the included seal 

and lid. The 45 drums of sediment were loaded into a temperature-controlled, 

refrigerated (4°C) truck and transported to WES. 

Sediment preparation 

42. The sediments were mixed at WES. Each drum (from the PCB- 

contaminated sediment) was taken from the truck, the lid san the fedim sent cpourd dino sa trepviously washed and cleaned concrete mixer. When 



Sediment Characterization 

Engineering characterization 

43. Engineering characterization tests were conducted on the composite 

sediment sample to include grain size analysis, liquid and plastic limits, and 

specific gravity. The grain-size 
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Table 2 

Comparative Chemical Composition of Indiana Harbor 

and Lake 



45. Indiana Harbor sediment contained much higher levels of polynuclear 

aromatic hydrocarbon (PAH) compounds than did the Lake Michjgan material 

(Table 2). The only PAH compound present in detectable 



the site as effluent during active dredging operations. The effluent may con- 

tain both dissolved and ciatew (and ) Tj0157Tr  0.4348iq.1li1cp5  88 t1 34.97 0.2348  Twtaminantations. 

con- 

a n d  the 

o p e r i o n s .  a s  

developed under the CE Long-Term Effects of Dredging (LEDO) 

Program (Palermo 1985), was used to predict both the dissolved and particulate- 

associated concentrations of contaminants under confined disposal conditions. 

The test reflects the sedimentation behavior of dredged material, the retention 

time of the containment area, and the chemical environme"t in ponded water 

during active disposal of hydraulically dredged materials. The acceptability 

of the proposed confined disposal operation was evaluated by comparing the pre- 

dicted contaminant concentrations with applicable 

water quality criteria while 

considering a" appropriate mixing zone. 

50. Results. The prediction of the effluent requires interpretation and 

analysis using the modified elutriate test results, the leaching test results, 

settling test results, and design information. Based on results of the mod- 

ified elutriate and other tests presented in Appendices A and B, the effluent 

quality is a function of the disposal alternative used. For evaluation of 

in-lake CDFs, effluent quality predictions were made for the case of hydraulic 

transfer of the material to a CDF from scows, direct pumping from a hydraulic 

dredge using a matchbox type dredgehead, and mechanical placement. For upland 

disposal, effluent quality following suspended solids (SS) removal is con- 

sidered equal to dissolved concentrations as determined by the modified 

elutriate test. Additional contaminant removals could be achieved by other 

processes such as carbon adsorption. The results for parameters above 
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detection are summarized in Table 3. The CDF estimates assume that the water 

in the CDF prior to disposal has no contaminants, the quantity of water avail- 

able for dilution is the minimum to maintain one foot of ponding, the effluent 

following filtration contains 0.5 mg/9. suspended solids, and the concentration 

of dissolved contaminants does not change while passing through the filter 

dikes. Significant adsorption of solids, 



Table 3 

Summary of Estimated Effluent Water Quality 

Estimated Constituent Concentrations, ppm* 
In-Lake CDF 

Hydraulic Matchbox Mechanical Modified Elutriate 
Filtered Water Transfer Dredge Disposal constituent 

t 0.007 ppm 

0.38 + 0.10 ppm 

44.2 f 0.5 ppm 

0.00011 2 0.00003 ppm 

0.00004 + 0.00006 ppm 

0.0034 f 0.0017 ppm 

44.5 2 3.7 ppm 

0.037 t 0.004 ppm 

0.014 0.003 

0.0080 0.0015 

0.122 0.022 

0.122 0.022 

0.224 0.041 

0.112 0.020 

1.505 0.275 

2.402 0.440 

0.136 0.025 

1.33 0.25 

154.7 28.3 

0.00039 0.00007 

0.00014 0.00003 

0.0238 0.0051 

156 28.6 

0.130 0.024 

0.5 0 . .5 

347,000 1.070,000 

CDF has no contaminants prior to disposal, 
that the water available for dilution is the volume for initial storage for 
the new lift of material plus the ponded volume for a 



53. Only the concentrations of PCBs for all three alternatives exceeds 

the water quality standards. The concentrations of chromium, lead, iron, 

manganese, total phosphorus, ammonia, phenol, and probably total organic carbon 

for the hydraulic transfer from scows alternative exceed the water quality 

standards. The concentrations of total phosphorus, ammonia, phenol, and pos- 

sibly total organic carbon for the matchbox dredging alternative barely exceed 

the water quality standards without considering a mixing zone. Detailed 

results are presented in Appendix B. 

Surface runoff quality 

54. Procedures. After dredged material has been placed in a confined 

disposal site and the dewatering process has been initiated, contaminant mobil- 

ity in rainfall-induced runoff is considered in the overall environmental 

impact of the dredged material being placed in a confined disposal site. The 

quality of the runoff water can vary depending on the physicochemical processes 

which occur during drying and the contaminants present in the dredged material. 

55. An appropriate test for evaluating surface runoff water quality must 

consider the effects of the drying process to adequately estimate and predict (Lee and Skogerboe 1983). This test protocol involves taking a sediment 

sample from a waterway and placing it in a soil-bed lysimeter. At intervals 

during the drying process, rainfall events are applied to the lysimeter, and 

surface runoff water samples are collected and analyzed for selected water 

quality parameters. From these results, control measures can be formulated to 

treat surface runoff water, if required, to minimize the environmental impact 

to surrounding areas. 
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56. Results. During the the Dur232 Dur93 Du2721 Dur23g Dur652 Du2859 Du5191 Dur893 Due the Due298Tj0  Tr 16c 3  Tin. -0.4326  T1967  6c 0.1824  Tw (Due ) Tj0  Tr 2TD 3  Trd,. -0.4326  Tc 0.2348  Tw (the ) Tj259 Dur74 Du5191 Dur652 the the298Tj0  Tr 16c 3  Tin. -0.4326  Tc0.5714c 0.1824  Tw (Due ) Tj0  Tr 2TD 3  Trd,. -0.4326  Tc60057c 0.1824  Tw (Dur963 ) Tj01934c 3  Tunfilter,dTD 3  Tr -0.-463.576 0-Trc 0.0235  Tw (Res585 ) Tj00r59D 3  Tsample  TD 3  Tr -0.3867  Tc 0.1824  Tw (Du4732 ) Tj0967D 3  TAs  TD 3  Tr -21es571c 0.1824  Tw (Due ) Tj0  Tr 2TD 3  Trd,. -0.4326  Tc 0.2348  Tw (the ) Tj3341 Dur3  Tthe SS concentrations decreased, thereby 

decreasing the unfiltered contaminant concentrations. Filtered concentrations 

during this period were low compared with the unfiltered concentrations but 

would still be of concern when compared with the USEPA Maximum Criteria for the 

Protection of Aquatic Life. Until the sediment became oxidized and the pH 

decreased to about 6.5, the filtered concentrations of contaminants would also 

decrease significantly. Results of the lysimeter tests represented the worst 

possible case that could occur during the wet, anaerobic such as 

the use of sedimentation basins, control structures, filters, or chemical floc- 

culants should be considered. 

57. After the sediment dried and oxidized. the surface runoff water 

quality constituents of concern changed. Organic compounds were present in low 

concentrations or were not detected in runoff from oxidized sediment. Most of 

the organic compounds had been from not 



extent of the other metals. Filtered concentrations of cadmium, copper, zinc, 

and lead were high enough to be of concern as they were greater than or equal 

to the USEPA criteria. As the sediment 



leaching test protocol for confined dredged material. These evaluations were 

made as part of the research effort described in Part III. From these evalua- 

tions, leach tests were identified that provide informati,on on the intrinsic 

release ch 4 27.4285 0  TD 3  cteristic57 0  TD 3  T109 Tj83342  Tc -0.7301 296 (tests ) 87



determine the required disposal area pending depth and 
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Cyperus esculentus 
-YELLOW NUTSEDGE 

Moisture Tensiometer 

@I \ 22.7-L Bain Marie 

11-7.6-L Bain Marie 

Tubers 

Dredged or Fill Material 

Washed Quartz Sand 

Polyurethane Sponge 

i2.54 cm PVC Pipe 

Figure 6. Plant bioassay experimental unit. 
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67. After the sediment has been placed into the container, a soil- 

moisture tensiometer was placed into each EU for the measurement of sediment 

moisture. Sediment moisture of all the upland treatments was maintained 

between 0.03-0.05 Megapascal between between between 

maintained 

fromw (between )394080 Tr 67.8855 0  TD3203Tc -0.240603Tc -0.thisw (between )33.599 Tr 54.8569 0  TD 802Tr -0.241061Tc -0.pointw (between )41486 7Tr 77.485391. TD5098Tr -0.37529 Tr -0.onw (between )2142571Tr 67.8855 0  TD482Tc c 24124 Tc -0.themaintained maintained 

n o t  allowed to drain or dry out for the flooded treatment. At 

least a 5-cm depth of water was maintained over the surface of the sediment in 

the flooded treatment by addition of water as needed. 

68. An EU containing WES reference soil fertilized for adequate plant 

growth was included with the test to ensure an adequate greenhouse environment 

was maintained during the course of the experiment. Plant growth and yield 

were the only parameters of the WES EU used for comparative purposes. Three 

sprouted Cyperus esculentus (common name, yellow nutgrass) tubers were planted 

in each watered when the reading on the tensi- 

ometer was greater than 0.05. The tensiometers were monitored daily; all 

upland EU were maintained between 0.03 and 0.05 MPa. Temperature of the green- 

house was maintained at 9O0F from 0600 hrs to 2200 hrs. and 70°F from 2200 hrs 

to 0600 hrs. After 45 days, the 



c. ESCUlentUS 
INOIANA HARBOR 

UPLAND : nmcn a:, 

Figure 7. Plant growth of Cyperus esculentus on sediments 
from Indiana Harbor and the WES reference soil (WESKEF) 

under flooded and upland conditions 
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glass jar (this tissue was to be used for organic analysis). The other half 

(this tissue was to be used for heavy metal analysis) was placed jnto a paper 

bag and oven-dried at 70°C until constant weight. This procedure was 

repeated for each EU. 

70. The upland EUs did not have suffici~ent plant growth in each 

replicate to allow chemical analysis for either metals or organics. Therefore, 

a composite sample was made by combining the plant tissue from a31 four 

replicates to give enough tissue for subsequent analyses. The sediments were 

analyzed for pH, lime requirement, particle size, cation exchange capacity, and 

electrical conductivity. Total and Diethylenetriaminepentaaceticacid (DTPA) 

extractable potentially low available 

nitrogen and phosphorus, and very low concentrations 

of unknown organics that may limit plant growth. Air-drying of the original 

flooded sediments resulted in reduced levels of organic matter and several of 

the PAH compounds. Volatile organics, such 3s “apthalene, acenaphthalene, and 

acenaphthene showed over a 50 percent loss by air drying. 

72. Plant growth (Figure 7) on the flooded sediments was greater than 

that on the upland sediment. Reduced plant growth under upland conditions 
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could be due to nutrient limitations, inhibition of root function by organic 

compounds, and/or toxic metals. Organic contaminants were not found in plant 

tissues and, apparently, not found in other studies (Folsom, Lee, and Bates 

1981; Folsom and Lee 1981). Plant cadmium and lead were quite high in the 

plants grown on the upland sediments (14.5 pg/g and 47.0 ug/g. respectively). 

The cadmium value is above the FDA allowable level of 10 ug/g ug/g08um823  Tc 0.0654.Tw 55251s 3  Tr -0.49.8856 0  TD 3  Tr -0and823  Tc 0.06-477  T53 -24.6f 



10 percent of their original PCB concentration. of of229nt of o r 3 5 0 T c o D o  Q   4 1  T j  0   p a r 2  c u l a r l y T D  3   T r  - 0 . 8 8  4 5 6 8 1 3  D o  Q   8 o 0   0  4 6 0  T j  0   T 2 6 7  4 1 . 1 4 2 n a p h t h a l e n e , T D  3   T r  - 0 . 8 7 . 7 7 0 1 c  0 . 1 8 5 4   T w  ( o f  0 9  8 o D o  Q  0 9 4  4 1 . 1 4 2 w h i c h T D  3   T r  - 0 . 4 0 8 8 2 8 m 1 3  D o  Q   8 o 0   0  r 6 8  T j  0   T 2 7 6 3 5 7 0  0  d r o p p e d T D  3   T r  - 0 . 3 8 9 3   T c  0 . 1 8 5 4   T w  ( o f  )  T j  0   T r  2 0 . 5 7 1 4  0 t o T D  3   T r  - 0 . - 5 3 3 3 7 5  T r - 2 4 . 6  D o  Q   8 o 0   0  r 6 7 n a l  )  T j  7 4 . 5 7 1 4  0 a b o u t T D  3   T r  - 0 . 4 0 8 2   T c  0 . 2 0 6 9   T w  ( o r  )  T j  0   T r  1 9 . 1 9 9 9  0 2 e i r  o f r c e n t  of original concentration. The total of all 16 PAHs ana- 

lyzed dropped an entire order of magnitude, largely as the result of the loss 

of naphthalene. 

76. The earthworms burrowed as rapidly into the aged sediment as into the 

manure controls. Periodic examination of the test sedimeat indicated that the 

worms actively burrowed throughout the entire volume of sediment in each cylin- 

der and were not balled up in a state of inactivity within the cracks and air 

pockets. The worms remained active and no dead or moribund worms were observed 

on the sediment surface throughout the entire Z&day expmure period. Earth- 

worm recovery at the end of the exposure period exceeded '95 percent in both the 

manure earthworm tissues during the M-day exposure 

period, whereas, chromium, mercury, and zinc did not. Computation of concen- 

tration factors (ratios of metal concentrations in bioass,ay worms to those in 

the aged sediments), however, showed that most of the metals found in the sedi- 

ments were not readily available to earthworms. 

78. The uptake of PCBs by earthworms was significant during the 28-day 

exposure period. The earthworms accumulated PCB concentrations that were about 

25 percent of those in the aged sediments. Of the 15 PCB congeners analyzed in 

the sediments and worms, significant bioaccumulation occurred in only one 

tetrachlorinatedficant one and one 

congenes. significant 



(p > F = 0.0754) in one additional tetrachlorinated congener. Other congeners 

were near or below detection Urnits in both worms and sediments. 

79. The bioaccumulation of PAHs by earthworms was significant only for 5 

of the 16 compounds analyzed [pyrenr, 



literature indicates that metals, PCBs, and some PAHs are bioaccumulated from 

sediments by earthworms (Marquenie and Simmers 1984; Simmers, Lee, and 

Marquenie 1984; Simmers, Wilhelm, and Rhett 1984; Marquenie. Simmers, and Kay, 

in preparation). 

81. Of immediate concern in the upland disposal of Indiana Harbor dredged 

material would be the potential for acute toxicity to soil invertebrates due to 



PCB-contaminated sediments were evaluated using a Management Strategy which 

incorporates testing protocols designed especially for dredged material. 

Settling, consolidation, modified elutriate, surface runoff, leachate, plant 

uptake, and animal uptake tests were performed and results were used to deter- 

mine if control measures are appropriate. The control measures were incorpo- 

rated in the evaluation of disposal alternatives presented in Part IV. 
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PART III: APPLICATION OF RESEARCH TECHNOLOGY 

84. The processes involved with release or immobilization of most 

sediment-associated contaminants are regulated to a large extent disposal, 

chemical and biological processes important in determining 

environmental con- 

sequences of potentially toxic materials may be affected. Depending on the 

disposal methods selected and the properties of the dredged material, changes 

in the physicochemical conditions at the disposal site may result in substan- 

tial mobilization of certain contaminants. Understanding the interactions 

between contaminants, dredged material properties, and physical, chemical, and 

biological conditions at the proposed disposal sites will permit selection of 

disposal methods and control measures that will will appropriate disposal alternatives 

and identify control measures, evaluations of leachate and surface runoff 

water quality were conducted. In addition, dredged material treatment alter- 

natives in conjunction with confined disposal were evaluated. These evalua- 

tions required specific research on contaminant leaching, surface runoff, and 

contaminant immobilization because there either were no standardized testing 

protocols available or the existing protocol was too costly to be applied on a 
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routine basis. This research with Indiana Harbor sediments made possible the 

completion of several goals: 

a. A thorough evaluation of disposal 343123  Tw (0343osal )alternativesl 320323  Tw (0603osal )forl 279323  Tw (1071osal )PCB-contaminatedl 286523  Tw (0989osal )sedimentsl 385323  T (0145osal )froml 



quality are therefore needed to fully evaluate the confined disposal alterna- 

tive for Indiana Harbor dredged material. If the CE can predict leachate 

quality and quantity, the potential impacts of using an in-water or upland CDF 

for dispcsal of contaminated dredged material can be determined, all~owing the 

most cost-effective si.te design to be utilized. 

Objective and approach 

88. The objective of this phase of the Indiana Harbor study was to 

develop, evaluate, and apply appropriate testing procedures for estimating 

leachate contaminant levels from Indiana Harbor sediment for the in-water and 

upland CDF disposal alternatives. Laboratory evaluations of various leaching 

tests considered appropriate for the prediction of both short- and long-term 

leachate quality were conducted. These laboratory evaluations included 

sequential batch leach tests and permeameter testing (a modified, continuous 

flow column test). Results from these tests were coupled with equations 

describing contaminant movement in a saturated flow system. Detail Tc 0.0343  Tw (from ) Tj0  Tr 34.24  Tc 0067  Tw (system. 3) Tj0 74t.2856 0  TD 3  Tr -0.2213  Tc -0.0067  Tw (system. ) Tj0 0934.24  0  TD4D 3  Tr -0.1733  Tc 0.6243  Tw (tests ) Tj0  Tr 39.08-492  T14284.6TD 3  Tr -0.306380.1361  T75.4were 



questions regarding the pollutant potential of Indiana Harbor sediment via 

leaching. Only the highlights are discussed. For a more detailed analysis of 

the data and an evaluation of the testing protocol, the reader is referred to 

Appendix G. 

91. Batch testing. The intrinsic release characteristics of Indiana 

Harbor sediment for arsenic, cadmium, chromium, lead, zinc, PAHs, and PCBs 

were determined using sequential batch leach tests, Tests were also conducted 

to determine shaking time required to reach steady-state values, the proper 

liquid-solids ratio at which to conduct batch tests, and the potential for 

alteration of sediment release characteristics caused by changes in the oxi- 

dation status of the sediment. 

92. Operational difficulties were pronounced during the batch testing 

because of the oil content in the sediment. During batch testing, this oil 

emulsified and the anaerobic interstitial water sample 

for organic analysis. Oil removal was necessary because the oil was highly 

contaminated with PAHs and PCBs (Appendix G). Oil remaining in the leachate 

would therefore result in experimental artifacts that would result in 

extremely 



the leachate. Procedures used in the sequential batch leaching tests are 

summarized in Table 4. The sequential batch leaching ter:ts were conducted 

using sediment maintained under anaerobic conditions and sediment that had 

been exposed to air for 6 months. From the desorption isotherms, the leach- 

able contaminant concentration, 
qL ' and the steady-state distribution 

coefficients, ' for contaminant 



Table 4 

Test Sequence for Sequential Batch Leaching and 

Challenge Testing of Anaerobic Indiana Harbor 

Sediment for Metals and Organic Contaminant 

STEP 1 Load sediment into appropriate centrifuge tubes: 500 Ill poly- 
carbonate for metals and 450 m stainless steel for organic 
contaminants. Add sufficient water to each tube to bring 
final water-to-sediment ratio to 4:l. Sufficient stainless 
steel tubes must be loadedn7bel tubes acetone- 

washed glass wool for 



coefficients indicate that these organics have a strong affinity for the sed- 

iment solids. 1" terms of leaching potential, the higher the Kd , the lower 

the leachate concentration that a given qL will support. The lower the qL 

, the less contaminant available for release. 

94. A series of batch leaching tests was run to determine if exposure of 

leachate from a batch test to unleached sediment would change the intrinsic 

leaching characteristics of the sediment. These tests involved challenging 

""leached anaerobic Indiana Harbor sediment with leachate developed in batch 

leaching tests of anaerobic and aerobic Indiana Harbor sediment. Results 

indicated that distribution coefficients for metals in ar~aerobic leachate did 

not change appreciably following exposure to ""leached anaerobic sediment. 

Exposure of leachate from aerobic sediment to unleached anaerobic sediment 

resulted in marginally higher distribution coefficients for arsenic, chromium, 

lead, and zinc. 

95. Permeameter testing. Continuous flow column leaching tests were con- 

ducted in divided-flow stainless steel permeameters (Figure 8). Specific 

details of permeameter loading and operation are presented in Appendix G. 

Permeameter leaching tests were 

meameter leaching tests on aerobic sediment. Even after 6 months of exposure 

to the air, the residual sediment oxygen demand was such that the "aerobic" 

columns went anaerobic shortly after the test began. 

96. A permeant-porous media equation was used to predict permeameter 

leachate quality as a function of volume throughput. The source term in the 

predictive equation for interphase transfer of contaminant from the dredged 
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Figure 8. Divided-flow permeameter 
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and cadmium concentrations in leachate from 

the permeameters plotted as a function of cumulative pore volume for anaerobic 

sediment. On the same plots are shown predictive curves which were developed 

from an analytical solution of the permeant-porous media equation containing 

an equilibrium source term (Ogata and Kd i s  equal to zero (no desorption). The observed data 

from the permeameters are represented by squares. The arsenic and cadmium 

permeameter concentrations fall between the predictive curves. suggesting that 

some d&sorption i s  occurring, although to a lesser extent than predicted using 

batch coefficients. 

98. The results presented in Figure 9 are representative of the observed 

and predicted anaerobic permeameter leachate concentrations for the other con- 

taminants that were studied. 

Figures that compare observed to predicted 

anaerobic permeameter leachate concentrations for other contaminants are 

presented in Appendix G. The anaerobic permeameter leachate data for these 

contaminants 

are 

for below. 

99. For lead most of the observed data fall between 0.002 and 0.004 mg/.L. 

These data 

are too close to the detection limit to be considered significant. 

The observed lead concentrations were below those predicted. Similarly, for 

chromium most of the observed values are just above the detection limit and 

below those predicted. The dissolved organic carbon values also indicate that 

some desorption is occurring. 
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DETECTION LIMIT 

I 

Figure 9. Comparison of arsenic and cadmium concentrations 
in anaerobic permeameter leachate with predicted values 
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100. PAHs in the permeameter effluent for anaerobic sediment were below 

the detection limit (0.005 mg/E) in practically all of the samples analyzed. 

PCBs were usually below the detection limit (0.00001 mg/L), but not always. 

Trace amounts of PCB congeners were usually present. The sequential batch 

data showed the PAHs and PCBs to be strongly partitioned toward the sediment 

phase. When the distribution ccefficient determined that a tendency for concentra- 

tions to decrease or wash-out was observed. 

101. The effluent curves from the aerobic permeameters were not compared 

with the aerobic batch test results because the aerobic permeameter leach 

tests did not 



permeameter data showed that linear, equilibrium controlled desorption is a 

conservative assumption for anaero0 TD 0.1429  .6 0 0 55.2 0 0.6 cTr -0.393  Tc 0.8753 320 0 55.2 0 0.6157  Tw (a ) Tj0  Tr -503.998 -24  TDc 0ediment.  Tw (is ) Tj00569m i s  



Table 5 

Summary of Probable Maximum Leachate Contaminant 

Concentrations for Indiana Harbor Sediment 

contaminant 

Ar.Sf!llic 

Cadmium 

Chromium 

Lead 

Zinc 

Total PCR 

Total PAH 

Concentration (mglk) 
Anaerobic Aerobic 



Erosion can result in suspended solids concentrations ranging from 5,000 to 

50,000 mg/i in surface runoff. Concentrations of contaminants in unfiltered 

runoff could be very high during this period, but dissolved concentrations in 

filtered runoff may be very low. 

104. When material is placed in a confined upland disposal site, physico- 

chemical changes occur as the wet, anaerobic materj~al dries and oxidizes. The 

extent to which these changes occur may significantly affect the surface run- 

off water quality, particularly the dissolved portion. As the sediment dries 

and oxidizes, it becomes more resistant to erosion, with suspended solids 

decreasing to 10 to 1,000 mg/e. Unfiltered concentrations of contaminants 

will be several orders of magnitude less become very soluble in surface runoff. 

105. The WES Rainfall Simulator is a modified version of a rotatingoluble version natural 

rainfall. Calibration tests showed the WES Rainfall Simulator to be extremely 

effective at simulating the kinetic D  3 . 4 8 2   T c  0 . 1 5 9 n a 7 3 T w  ( a t  )  T j  0   T r 4 2 1 . 2 5 7 1  0  0 3 6 4  3   T r p e r c e n t )  T c  - 0 . 0 9 0 6   T w  ( R a i n f a l l  )  T j  0   T r  6 8 . 5 7 1 2  0   T D  3   T r  o f . 2 9 6 6   T c  - 0 . 0 8 8 w  ( i n e t i c  )  T j  0   T r 7 l y  in 

the WES Rainfall Simulator-Lysimeter System were constructed of aluminum with 

surface dimensions of 4.6 m by 1.2 m. The lysimeter depth could be adjusted 

in increments of 15 cm to a total depth of 1.2 m. The lysimeter slope could 

also be varied from 0 to 20 percent. Surface runoff water quality tests were 

initiated immediately after placing the dredged material in the greenhouse 

lysimeters using a 5 cmfhr, 30 min storm event. A second series of surface 
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metals and PAHs (Table 6). The only PCB found above detectable limits in 

either the sediment or runoff analysis was PCB-1248. The pesticide DDE was 

detected in the filtered portion of the runoff, but was extremely low. The SS 

concentrations in the surface runoff were high with an average of 6,600 mg/L 

and a range of 2,000-12,000 mg/L. Runoff pH and conductivity values were nor- 

mal for freshwater sediment during the early stages of drying. 

109. High concentrations of PARS were found in the bulk sediment analysis 

(Table (Ta4 Tc -26708  Tc0911681  TNaphthalenable 

the H e s m e n t  

sediment concentratent 

2000 pg/g, 

and the remaining PAHs varied from 22 to 200 ~/g. Unfiltered runoff concen- 

trations of PAHs mirrored the sediment concentrations. Unfiltered concentra- 

tions of all PAHs were high at 18 mg/L and several individual PAH values 

exceeded 1 mg/L. Naphthalene had the highest unfiltered runoff concentration 

of 6.91 mg/.t. Filtered PAHs wars detected mostly in the lower molecular 

weight PAHs (naphthalene through phenanthrene), and solubility seemed to 

decrease with increased molecular weight. Unfiltered metal concentrations in 

surface runoff also mirrored sediment concentrations. Filtered metal concen- 

trations were significantly lower 



Table 6 

Lysimeter Surface Runoff Water Quality During Early, Wet, Unoxidized Stage 

Mean Unfil. Mean Filt. USEPA 

Parameter 

PH 
Conductivity** 

Sh 

ss 

DDE 
PCB-1248 

PAHs 
Naphtbalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 

Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benzo(a) 

anthracene 
Benzo(b) 

fluoranthene 
Benzo(k) 

fluoranthene 
Indeno(l.2,3-C D) 

pyrene 
Dibenzo(A H) 

anthracene 
Benzo(G H) 

perylen 

Heavy Metals 
Cadmium 
copper 
Nickel 
zinc 
Manganese 
Chromium 
Lead 
Iron 
Mercury 
Arsenic 

Runoff 
Cont. mgfll 

1.64 
0.0052 

Runoff 
Cont. mg/f, 

Maximum 
criteria 

7.66 NA* 
0.0052 NA 

6,600 NA NA 

<0.00001 0.00004 NA 
0.096 0.0015 0.014 

18.03 0.148 NA 
6.91 0.115 NA 
0.212 <0.005 NA 
0.857 0.0131 NA 
0.780 0.010 NA 
1.67 0.0097 NA 

0.494 <0.005 NA 
1.57 <0.005 NA 
1.35 <0.005 NA 
0.853 co.005 NA 
0.787 <0.005 NA 

1.12 <0.005 

<0.005 

co.005 

co.005 

<0.005 

NA 

1.12 NA 

0.194 NA 

<O.OlO NA 

0.124 NA 

0.154 
1.79 
0.707 

30.9 
9.04 
4.06 
6.80 

627 
0.0037 
0.232 

0.0021+ 
0.0237+ 
0.0297 
0.360 + 
0.0170 
0.0567 
0.0670 
1.39 

<0.0002 
<0.005 

0.0015-0.0024 
0.012-0.043 
1.1~-3.1 
0.180-0.570 

NA 
2.2-9.9 
0.074-0.400 

NA 
0.0017 
0.440 

* NA = Standards NA xx S/m = Siemans per mieter = 0.1 X mmhos per centimetre. 
+ Concentrations eqal or exceed USEPA 

Maximum Water Quality Criteria 
Protection of Aquatic Life. 
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Table 7 

Lysimeter Surface Runoff Water Quality During Dry, Oxidized Stage 

Mean Unfil. Mean Filt. Flll0reIIe 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrmle 
Chrysene 
Benz0 (a) 

anthracene 
Benzo (b) 

fluoranthene 
Indeno-1,2,3,-C D 

pyX%V2 
Benzo (g h i) 

perylene 

0.025 A 
co.005 
<0.005 
<0.005 
0.0069 A 

co.005 
0.0067 
0.0061 

co.005 
<0.005 

co.005 

co.005 

co.005 

Heavy metals 
Cadmium 
copper 
Chromium 
Nickel 

ZillC 

Manganese 
Lead 
IrOn 
Mercury 
ArSeIliC 

0.0011 
0.054 
0.027 
0.038 
0.34 
0.28 
0.032 
5.14 

co. 0002 
co.005 

NA 

<0.0002 

0.023 A 
co.005 
co.005 
co.005 
0.0056 A 

co.005 co.005 co.005 
co.005 
co.005 
0.0056 0-0.2 Tr (co.005 ) Tj0  Tr 0 -12  TD 3r -80609  Tc 38839  Tw (0-0.2 Tr (co.005 ) Tj0  Tr 0 -12  TD 3r -80609 .023.  Tr -0.219.33.4 0  TD1- 5 ) Tj Tj0  Tr 0.68578+..  TD1- 5. -12  T0.
0  Tr 81.5997 -0.6  TD 3  Tr -0.2223  Tc -0.1723  Tw (0.0015-0.0024 ) Tj0  Tr -130.2852 -12  TD 3  Tr -0.2188  Tc -0.1762  Tw (0.072 ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3883  Tc 0.0174  Tw (**,+ ) Tj0  Tr 89.1425 -0.6  TD 3  Tr -0.2324  Tc -0.1608  Tw (0.012-0.043 ) Tj0  Tr -130.2852 -11.4  TD 3  Tr -0.2102  Tc -0.1861  Tw (0.0043 ) Tj0  Tr 130.2852 -0.6  TD 3  Tr -0.2188  Tc -0.1762  Tw (0.021 ) Tj0  Tr -130.2852 -11.4  TD 3  Tr (0.046 ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (** ) Tj0  Tr 89.8282 0  TD 3  Tr -0.2697  Tc -0.1181  Tw (1.1-3.0.021 ) Tj0  Tr -130.2850  Tr 89.8282 0 (0.021 ) Tj0  Tr -852 -11.4 89.94 Tr -852 r -130.2854930.00.2854930.00.28054.+

** 
** 

co.005 0.440 

M~XilllUlll 
Criteria 

NA* 
NA 

NA 

0.014 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 

N 

N 



metals were mostly soluble. The solubility of chromium and lead also 

increased significantly but were not as soluble as the other metals. Iron 

concentrations were relatively high, but still were less than 1 percent 

soluble. 

Potential problems 

114. Wet Tcn 

Filtered concentrations of PCBs were below USEPA criter,ia; however, several 

heavy metals were equal to or slightly above USEPA critferia (Table 6). Con- 

centrations of zinc. cadmium, and chromium were in the :range of USEPA cri- 

teria, however, none of the contaminants were significantly greater. Any 

dilution of discharged runoff from the disposal site wi:Ll reduce soluble con- 

centrations of contaminants to below the USEPA criteria. Surface runoff water 

from Indiana Harbor dredged material was also compared lea the Lake Michigan 

water quality standards for lead and PCB which were less than the USEPA cri- 

teria (lead = 0.00005 ppm and PCB = 0.000001 ppm). These Indiana Lake Mich- 

igan water quality criteria were exceeded by surface runoff water from the 

Indiana Harbor dredged material during the wet, anaerobztc stage and therefore 

could require some control measures, restrictions or consideration of a mixing 

zane. 

115. Contaminants in surface runoff water were present in poorly soluble 

forms closely associated with the particulates (Table 6) for which no criteria 

ex:ist. The USEPA Criteria for the Protection of Aquatic Life and the Lake 

Indiana Michigan Water Quality Criteria were based on filtered or dissolved 

data and thus should only be compared to filtered concentrations. Unfiltered 
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concentrations of PCBs, cadmium, copper, zinc, manganese, chromium, lead, 

iron, mercury, and arsenic were high and of concern so that restrictions for 

controlling the movement of SS from a" upland disposal site should be 

investigated. 

116. Dry, oxidized sediment. Filtered concentrations in surface runoff 

from dry, oxidized sediment were also compared to the USEPA Maximum Water 

Quality Criteria for the Protection of Aquatic Life (Table 7). The metals 

cadmium, copper, nickle, zinc, manganese, and lead were present primarily in 

the dissolved form, and of these, cadmium, copper, and zinc, were equal to or 

greater than the USEPA maximum criteria. Surface runoff water during the dry, 

oxidized stage equaled or exceeded the Indiana Lake Michigan water 



if they became vegetated. Dense vegetation is commonplace on diied dredged 

materials, and usually has to be controlled rather than promoted. Additional 

restrictions on the dissolved portions of the surface runoff from Indiana 

Harbor sediment may, therefore, be required if the sediments are dried and 

vegetation is restricted for whatever reason. The availability of an appro- 

priate mixing zone should be considered prior to the implementation of surface 

runoff treatment. If a" appropriate mixing zone is not available, then treat- 

ment of surface runoff should be investigated. 

Laboratory tests as a" alternative to 
the rainfall simulator-lysimeter tests 

118. Based on the laboratory test results from this study presented in 

Appendix E, an extraction procedure, utilizing hydrogen peroxide, can estimate 

the physicochemical changes that occur in a dredged material when it is dried 

and oxidized. This extraction procedure a n d  a  extraction it is dredg564r -0.1313ich -0.2028  Tw 2.5141w (extraction ) Tj4941.8284 02pm0.198could -0.2028  Tw (d.71ried ) Tj0  Tr -8  Tw (dredged )7c-d -re850r3  Tr -0.29 -0.3039  Tw (it ) Tj0  3  Tc 64.9713 0  TD 0.a-0.3955  Tc 0.0257  Tw (and ) Tj0  289Tc 64.971395  TD 0.least -0.2028  Tw (d.71ried ) Tj0  Tr -Tr 20.571483 0  TD 3 68 x9 Tr -0.13856Tw ied and means. Filtered 

concentrations from wet, anaerobic dredged material can be estimated using the 

simple water sediment dilution method. Further refinement and testing of the 

hydrogen peroxide procedure will greatly improve its accuracy and reliability. 

Additional verification on several different types of dredged material is 

required before this procedure can be widely used as a standard procedure for 

predicting surface runoff water quality from contaminated dredged material. 

These verification tests should include both freshwater and estuarine dredged 

material as well as dredged material with a wide range of particle size dis- 

tributions and organic matter contents. 
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119. During the early, wet, anaerobic stages, contaminants were mostly 

bound to the SS in the surface runoff and occurred mostly in the unfiltered 

samples. Filtered concentrations during this period were low compared to the 

unfiltered concentrations, but would still be of concern when compared to the 

USEPA Maximum Criteria for the Protection of Aquatic Life or Lake Michigan 

Water Quality Standards. As the. sediment dried, the SS concentrations 

should concentrate on use of 

sedimentation basins, control structures, filters, or chemical flocculants 

should be considered. 

120. After the sediment dried and oxidized, the surface runoff water 

quality constituents of concern changed. Organic compounds were not a problem 

during this stage since most of the compounds had been lost from the sediment 

due to volatilization into the atmosphere or adsorption to soil particles. 

Some "aphthalene was present in both the filtered and unfiltered samples, but 

the total PAHs were very low. No PCBs were detectable in runoff from the dry, 

oxidized sediment. Heavy metals did, however, continue to be a potential 

problem. Filtered concentrations of the metals cadmium, copper, nickel, zinc, 

manganese, and lead were not statistically different from the unfiltered con- 

centrations. These metals were present in soluble forms which are more diffi- 

cult to control. 



of the other metals. Filtered concentrations of cadmium, copper, zinc, and 

lead were high enough to be of concern, as they were greater than or equal to 

the USEPA criteria or Indiana Lake Michigan water quality criteria. As the 

sediment continues to age, hard aggregate chunks will weather and increase by similar amounts. Therefore, some type of restric- 

t:ion or control measure should be considered, or a mixing zone should be con- 

s:ldered if the sediment is placed in an upland environment. Control measures 

mtght include soil amendments, vegetating the site, capping, or runoff 

treatment. 

Contaminant Immobilization Resear'ch - 

Background - 

121. Because of sediment contamination in parts of the Indiana Harbor 

Canal, innovative contaminant immobilization techniques may be needed in order 

to satisfy site-specific environmental constraints for disposal. one prom- 

ising technique is solidification/stabilization. Solid:Lfication/ 

stabilization is an emerging technology for producing stable solids with 

inlproved contaminant isolation and containment characteristics. Contaminant 

inmobilization research as applied to sediment from Indiana Harbor Canal 

refers 



122. Solidification is the process of eliminating the free water in a 

semi-solid by hydration with a setting agent(s). Typical setting agents 

include portland cement, lime, fly ash, kiln dust, slag, and combinations of 

these materials. Co-additives such as bentonite, soluble silicates, and other 

materials are sometimes used with the setting agents to give special prop- 

erties to the final products. Stabilization can be both physical ation of the chemical form of the contaminants to make them less soluble 

and/or less leachable. Solidification usually provides physical stabilization 

but not necessarily chemical stabilization. 

123. Since physical stabilization and solidification interchangeably, albeit 

not without some confusion. In this report, physical stabilization and chem- 

ical stabilization are discussed together asD 3  Tr -0.3203  Tc 
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in dredged material are tightly bound to the sediment phase, solidification is 

an important immobilizing mechanism (Kita and Kubo 1983). partially determines the rate at which contaminants are 

leached. 

Objective and approach 

125. The objective of the contaminant immobilization research was to 

investigate the technical feasibility of reducing contaminant mobility in 

Indiana Harbor sediments using solidification/stabilization technology. The 

technical approach consisted of laboratory-scale applications of selected 

solidification/stabilization processes to Indiana Harbor sediment, and an 

evaluation of the this study were portland 

cement, portland cement with fly ash, portland cement with fly ash and/or 

sodium silicate, Firmix (a proprietary additive), portland cement with Firmix, 

Portland cement with WEST-P (a proprietary polymer), Finnix with WEST-P and 

fly ash with lime. There are several commercially available solidification/ 

stabilization processes in the United States that use one or more of these 

setting agents (Mal1 







Table 8 

28-Day 



release were determined for comparison to those obtained for untreated sedi- 

merit. Most of the solidification/stabilization processes effectively reduced 

contaminant mobility, in particular the leachability of metals. Cadmium and 

zinc were completely immobilized by some processes. The processes involving 

Firmix and WEST-P were among the best. The fly ash with lime process in sc~me 

cases actually increased the concentrations of leachable contaminants. 

Solidification/stabilization did not significantly alter the sorption capacity 

of the sediment for organic carbon. Data were not available to evaluate the 

potential of solidification/stabilization technology to reduce the leach- 

ability of specific organic compounds. Because scme solidification/ 

stabilization agents tend to increase the leachable contaminant concentration, 

careful process selection is needed to maximize chemical stabilization. 

(Francingues 1984). These concepts are shown in 

Figure 10. 

134. The "layered" concept (Figure lOa) involves alternating layers (thin 

Lffts) of relatively clean dredged material and contaminated dredged material. 

that is solidified/stabilized. 



DISPOSAL CONCEPT-A- ALTERNATING LAYERS OF STABILIZED MATERIAL 

b. DISPOSAL CONCEPT “B”STABlLlZATlON FOR LINER SYSTEM 

c. DISPOSAL CONCEPT “c” STABILIZATION IN SECURE FACILITY 

Figure 10. Implementation concepts for solidification/ 
stabilization of Indiana Harbor sediment 
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137. Additive mixing. The implementation of onsite solidification/ 

stabilization technology can also be classified according to the manner in 

which the setting agents are added to and mixed with the dredged material. 

Three basic onsite methods of agent addition and mixing are available 

(Fsancingues 1984). These are in-situ mixing, plant mixing, and area mixing. 

138. In-situ mixing is suitable for dredged slurries that have been 

initially dewatered. In-situ mixing is most applicable for the addition of 



agents with the dredged material in a scow before it is unloaded. Mixing may 

bee accomplished enroute to a docking site using a specially designed system 

mounted on the scow for this purpose, or by using a shore based injection 

system. In the latter, track mounted injection equipment would move along the 

dock and reach all parts of the SCOW. Solidifying agent in a dry state is 

p:Lped directly from a tank truck8  Tc 0.2843  Tw (p:Lped ) Tj0  Tr 1ar -491.6552 -23.3t854ck8  TcoTr 27.4285 0 w (is4 Tr -0.4744  Tc 0.1206  Tw 234ate ) TtheTr 27.4285 0  TD 3  Tr -0.2943  Tc 31552 -23.3t01state 097et1nc T665285 0  proces.4  TD 3  Tr -07Tj98 Tc 2.82 -23.3t21



laboratory tests. Information on several important aspects of field appli- 

cation, however, is not readily available. Therefore, field testing and 

evaluation are needed to address mixing efficiency and scale-up factors, long- 

term stability of solidified/stabilized dredged material, and construction 

procedures and quality control before full-scale application will   T r - 0 . 3 9 5 5  T c  c  - l . p i l i z  efficiency qua55.5ion cost data for solidification/stabilization of dredged 

material are not available. Application of the technology to industrial waste 

is estimated to cost $30 to $50 per ton (Cullinane 1985). Actual cost will 

vary with the amount of setting agent(s) and the retention of water normally 

removed by drying and/or consolidation. Setting agents may represent 25 to 

150 percent of the dredged material (wet) volume. As a result, a much larger 

area/volume is required to hold the solidified/stabilized dredged material. 

Summary 

144. Solidification/stabilization offers a variety of contaminant immobi- 

lization alternatives for the design engineer to choose. Evaluation of the 

physical properties of solidified/stabilized products for selected processes 

showed that sediment from Indiana Harbor Canal can be physically stabilized by 

a variety of solidification/stabilization processes (Appendix H). There are 

no major technical obstacles, such as chemical interference, when applying 

solidification/stabilization technology to Indiana Harbor sediments. The 

technology has the flexibility 



solidification/stabilization of Indiana Harbor sediment reduced the mobility 

of some contaminants, depending on the type of setting agent(s) and additive 

dosages used. The mobility of most metals was reduced, while the mobility of 

organic carbon was not different from the untreated sediment. The economic 

feasibility of solidification/stabilization is probably affected as much by 

the implementation strategy that is selected as it is by the unit cost for 

additives and increased volume requirements. 

145. The contaminant immobilization strategies discussed in this report 

embody solidification/stabilization techniques that are state-of-the-art for 

improving the environmental quality of upland disposal of dredged material. 

Due to the developmental nature of the technology, additional testing and 

evaluation are recommended before the technology is applied full-scale. 

Additional testing and evaluation should address scale-up factors, long-term 

stability of the solidified/stabilized product, immobilization potential for 

selected organic contaminants such as polychlorinated biphenyls, construction 

procedures. quality control, and engineering economy. 
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PART IV: EVALUATION OF ALTERNATIVES 

146. Disposal alternatives to be considered in this part include 

no-action, approved TSCA methods, contained aquatic disposal, and confined 

disposal. The evaluations made are based on the results of laboratory testing 

of Indiana Harbor sediments, site investigations, existing information on 

sediment and site conditions, information from District personnel, experience 

and knowledge gained from dredged material research programs, and innovative 

technologies from domestic and foreign sources. Information and data from 

these sources were compiled and evaluated to provide the Chicago District with 

sufficient information for choosing of the 

TSCA-approved techniques includes separate evaluations of incineration and 

placement of the sediment in a chemical waste landfill. These evaluations are 

performed at a conceptual level for purposes of establishing comparative 

costs. 

148. The 

Management Strategy has been applied to the PCB-contaminated 

sediments from Indiana Harbor in order to organize the evaluation of dredging 

and disposal alternatives in a logical framework. Preliminary evaluation has 

eliminated one alternative: unconfined disposal to open-water. This has been 

followed by a structured sequence of testing protocols. The next step in the 

application of the Management Strategy (Figure 4) is to determine the tech- 

nical feasibility of the remaining disposal alternatives and determine control 

measures required for implementation. The need for control measures was 

determined by comparison of test results with applicable standards or 
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c.riteria. The selection of appropriate control measures is dependent on the 

d  TD 3 -497.8220799 0  TD 18883 -u50 ocioe Tromic TmsDw  0 0 95.313 (on ) Tj0  Tr 20.899 0  TD 1081r -ina Trdient s.D  -7220  TD0.17en2Tw 48ures Evaluation of the In-Place Effects of Bottom Sediments from the 
Grand Calumet River and Indiana Harbor on Water Quality 

(No-Action Alternative) 

Background - 

149. Bottom sediments contaminated with organic matter, heavy metals, oil 

and grease, nutrients, and pesticides are present in most urban waterways. 

Federal navigation channels often act as catchment basins for these polluted 

sediments. As a consequence, the CE must, as required by Federal statutes, 

determine the environmental impacts of dredging and the disposal of these 

sediments before initiating dredging activities. Previously, the CE analyzed 

bottom sediments only for the purpose of assessing the effects of dredging and 

disposal of these materials. No effort was made to determine the environ- 

mental effects of polluted bottom sediments on the overlying water column and 

biota or the environmental benefits derived from the removal and confined 

disposal of contaminated sediment on a waterway. 

150. Many environmental groups voice strong object:ions to the dredging and 

disposal activities of the CE when heavily contaminated sediments are 

involved; the belief seems to be that such materials are better left in place 

on the river bottom--out of sight and mind. Heavily contaminated sediments. 

however, are rarely stationary or inert. The presence of these materials can 

exert a significant oxygen demand; support few, if any, benthic organisms, and 

provide a long-term source of contaminants. The resuspension of contaminated 

sediments can greatly affect the quality of the overlying water column and 
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impact downstream water quality. Although Federal channels are authorized for 

navigation, the maintenance of these channels may also provide long-term 

environmental benefits through the removal and confinement of heavily contami- 

nated sediments. If the CE can demonstrate or quantify these benefits, it can 

then offer them as a form of mitigation to the short-term impacts of dredging 

and disposal. 

151. The objective of these evaluations is to assess the influence as 

relevant information on the chemical, biological, and physical properties of 

the CCR/IHC. 

Mechanisms affecting water 
guality and contaminant loading 

152. The scientific literature consistently identifies suspended sediment 

as the major mechanism for transport of sediment contaminants. Other routes 

of contaminant mobilization from the sediment are through release of adsorbed 

contaminants from resuspended sediments deposited sediment. Another mechanism for contaminant movement is through 

bioaccumulation. At present, this last mechanism is of minor importance in 

the GCR/IHC. The existing aquatic life is limited to pollution tolerant 

species of variable numbers and lower numbers of less pollution tolerant fish 

species. The studies conducted at WES have shown that the high toxicity of 

Indiana Harbor Canal sediment may be a contributing factor to the low 
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d:lversity of fish and benthic biota. Therefore, before other than a the sourcss of sediment and how these sediments 

move through the system is needed. 

Wastewater reallocation 

153. In order to understand the role of sediment as a source of contami- 

nants in the GCR/IHC, it is necessary to understand the relative importance of 

sediment and water as contaminant sources to Lake Michigan. To accomplish 

this, existing data on sources of pollutants to the GCR/IHC was examined and a 

waste load allocation model was developed for the Grand Calumet River. 

154. Data from the National Pollution Discharge Elimination system (NPDES) 

on municipal and industrial point sources are available for use in calculating 

loads of conventional and some nonconventional pollutants. Estimates have 

also been made for some conventional pollutant loads from combined sewer over- 

flows and urban runoff; however, due to lack of data, pollutant load estimates 

for waste fills could not be made. Further, existing information is 

inadequate to either predict toxic organic loading from pollution sourcss or 

to confirm the presence of toxic organics. Existing data will not allow 

separation of sediment contaminant inputs from those of point and nonpoint 

ri.verine sources. 

155. Evaluation of the waste load allocation model developed for the Grand 

Calumet River system by the Indiana State Board of Health showed that the 

model simulates field water quality data for dissolved oxygen and conservative 

pollutants (subject only to transport) within a reasonable range of accuracy. 

At present, the model is unsuitable for nonconservative contaminants such as 

PCBs. PA&, and heavy metals. Weaknesses identified by this study in the 

existing database included unmonitored loads and limited flow data for the 
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stream and harbor. Review at WES has also identified surprisingly low values 

of sediment oxygen demand in the waste load allocation models as a potential 

weakness. The values appear to be low because the waste loads for the Grand 

Calumet River are similar to or heavier than waste loads in other systems that 

have much higher sediment oxygen demands. The low levels of the sediment 

oxygen demand constitute a weakness because unrealistically low values may not 

trigger the release from suspended sediment of metals that are normally 

released in the GCR/IHC. Finally, the waste load allocation model study did 

not consider toxic organics , resuspension of sediment, stormwater loads, 

pollutant release from sediment, or oil and grease. 

156. Waste load allocation models currently in use are of limited value 

for evaluating the transport of sediment contaminants out of the system or for 

quantifying the impacts of contaminated sediment on water quality. Their 

value resides in the evaluation of such parameters as dissolved oxygen, total 

dissolved solids, chlorides, and sulfates. These models are currently unsuit- 

able for evaluating remobilization and transport of nonconservative chemical 

contaminants. 

Sediment oxygen demand 

157. Sediment oxygen demand (SOD) is an important oxygen consumption 

process and is also instrumental in turning on and off the sediment surface 

layer as a "valve" for oxidized and reduced materials. SOD is also a key 

parameter in any water quality model that includes dissolved oxygen utiliza- 

tion and balance. From the data available for waterways in the Chicago area, 

it appears that SOD is frequently found to be quite high; this is not 

unexpected in streams that are moderately to heavily polluted. However, it is 

not possible to state with any degree of certainty the existing SOD values for 

the GCR/IHC system. The values given in HydroQual (1984) 



values give" for similarly polluted streams in the Chicago area and thus are 

probably too low. I" addition, the investigators who obtained the data for 

HydroQual (1984) were often unable to obtain satisfactory SOD readings within 

the Indiana Harbor Canal region. The reasons for this were not clear from 

HydroQual (1984). 

Equilibrium partitioning 

158. Diffusion rate.s of PCB into the water column from deposited sediments 

were developed by estimating equilibrium partitioning values of PCB in sedi- 

ment interstitial waters and appropriate diffusion equations. The estimated 

diffusion ratts of PCBs in the Indiana Harbor Canal sediments indicate that, 

in the absence of disturbances, movement of soluble PCBs is relatively minor. 

0" the average, 1 sq m of bottom sediment would annually contribute 0.025 "g 

of PCBs to the overlying water. This value would be increased in the presence 

of bioturbatio", but would remain a fairly minor component of contaminant 

input into the overlying water. 

159. Results of equilibrium partitioning calculations made using data 

specific for the GCR/IHC system indicate that FDA limits on PCB concentrations 

in fish tissue for human consumption will be exceeded, provided that fish 

survive in the Indiana Harbor Canal for a sufficient period to come to equi- 

librium with sediment PCBs. Unfortunately. equilibrium partitioning cannot be 

conducted on compounds other than hydrophobic organics. This means that polar 

organic compounds and inorganic heavy metals cannot be evaluated by this 

procedure. In addition, a major weakness of the equilibrium partitioning 

approach is that the time necessary to reach equilibrium between sediment 

contamiliants and the biota is unknown. Thus, it is impossible to between time time is time the is 



Sediment resuspension and transport 

160. Under nondredging conditions, there are two major avenues for the 

resuspension and transport of sediment from the GCR/IHC system--normal ship 

traffic and storm events. The ability of the Indiana Harbor Canal to act as a 

sediment trap is illustrated by the annual removal of an average of 

100,000 cubic yards of dredged material from the channel between 1955 and 1972 

(US Army Engineer District, Chicago, 1986). This represents approximately 

60 percent of the estimated annual suspended solids loading to the GCR/IHC in 

1974. Examination of data from bathymetric surveys for the years 1972, 1976, 

1980, and 1984 indicate that the Indiana Harbor Canal has reached a shoaled 

equilib2 0  TD cTD 3  Tr -0.3003  Tc -7r98i9302o4  c -7r98i9302o4  c5s 



analytical techniques more sophisticated than those already conducted can be 

applied to the GCR/IHC system for either metals or toxic: organics. Therefore, 

the immediate detailed application of either hydrodynamic or contaminant 

models is not recommended. 

162. The relative importance of mechanisms controlling contaminant move- 

ment from sediment in the GCR/IHC was examined during thLis study. The move- 

ment of sediment particulates is consistently identified: as the major factor. 

Results of this study have shown that the data available allow only rough 

estimates, such as conducted by the Chicago District for the Indiana Harbor 

CDF Draft EIS (USAE District Chicago, 1986), of sediment loadings and sediment 

yield, and benefits that would accrue from dredging the Indiana Harbor Canal. 

More detailed hydrodynamic and suspended sediment transport data are necessary 

to allow "se of more sophisticated analytical techniques; for evaluating sedi- 

ment sources, sediment resuspension, and sediment transport. Historical 

dredging data strongly suggest, however, that dredging the Indiana Harbor 

Canal would allow it to act as a sediment trap, retaining contaminated sedi- 

ment that would otherwise be transported into Lake Michigan. Additional data 

must also be collected before analytical techniques more sophisticated than 

those already conducted can be applied to the GCR/IHC system for either metals 

or toxic organics. Therefore, the immediate detailed application of either 

hydrodynamic or contaminant models is not recommended. 

163. Any studies conducted in the GCR/IHC system require a knowledge of 

the system's hydrodynamic and sediment transport properties. The information 

required for an assessment of GCR/IHC system hydrodynamics and sediment 

transport will necessitate both short-term (on the order of a day) and 

longer-term (on the order of four to six days) field data sets. Following 

these hydrodynamic studies, one or more options presented in this report can be 
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utilized. These include: 1) quantifying mass loadings to the water column 

during dredging and nondredging conditions; 2) determining relative loadings 

from sediments prior to and following dredging operations and between sediment 

and nonsediment loadings to the GCR/IHC; and 3) determining the long-term fate 

of contaminants in the GCR/IHC system. 

164. We know that in-place contaminated sediment in the diverse aquatic biota so long as the 

contaminated sediments remain in the system. 

165. The detailed results of 





dewatering, collect and treat the return water and runoff. A conceptual 

design of such a holding area would be a diked facility having two or three 

"cells." Dredged material would be rehandled from one cell at a time. The 

diked facility would be sized to facilitate dewatering, which is achieved by 

surface drainage, drying, and cracking. Underdrainage is of limited 

effectiveness due to the low permeability of the silt and clay sediments. 

Mechanical dewatering could be accomplished. However, this type dewatering 

for dredged material is expensive and could not keep pace with the dredging 

operation. 

170. A dredged material lift (thickness) of 10 ft "as assumed for the con- 

ceptual design of the storage/rehandling facility. A diked facility of 

approximately 15 acres would be required and this facility would be lined with 

a minimum of three ft of compacted clay to prevent groundwater contamination. 

171. The process of dewatering requires collection and treatment of 

dredged water and surface runoff. Water would be collected and pumped to 

"package" treatment facilities. The treated effluent would be returned to 

Indiana Harbor Canal. The end product of dewatering would be facility by about 20-30 percent, this volume will be returned due to the 

bulking factor from rehandling. 

172. The approximate costs of the storage/rehandling facility and dredging 

are as follo"s: 
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Co”structio” costs 

Land and easement costs 

Dredging costs 

$3.000,000 

500,000 

2,000,000 - 

$5,500,000 

However, this cost could be as high as $7,500,000. 

Incineration 

173. Incineration is currently widely used for the thermal destruction of 

contaminated waste material. Other processes which use a thermal process to 

destroy contaminated wastes are emerging but are not in c"mm"" usage at the 

present time. 

174. Disposal of PCB-contaminated wastes is controlled by provisions of 

TSCA. Specific reference by theo f  o f  prB-contaminated oastes 



will be more portable incineration unfts available. The portable incinerator 

units will be referred to in this section as "onsite TSCA incinerators." 

176. Though incineration has prove" to be a" effective means of contaminant 

destruction for small-scale toxic and hazardous waste cleanup projects, 

incineration has not been attempted on a scale and complexity that would be 

required for the Indiana Harbor dredging project. Many hidden costs and 

variables would probably turn up if a detailed analysis of 





d- Assemble the portable incinerator onsite (2 years). 

e. Incinerate the dredged material after dewatering (approximately 
200,000 cu yd) and the filtration material (approximately 
30 cu yd). It is estimated at a feed rate of 40 cu yd a day and 
290 days of operation per year, it will take one onsite 
incinerator approximately 15 :years to complete the incineration. 

f. The residue from the incineration process will be disposed of 
permanently in the storage/rehandling facility. 

181. The costs for ""site incineration used in this study were origInally 

developed by the USEPA for similar studies involving PCB-contaminated sedi- 

ments. The specific sites in which incineration cost data were estimated by 

the USEPA were Waukegan Harbor in Waukegan, Illinois and Fields Brook in 

Ashtabula, Ohio. The local USEPA office (Region V) supplied the Chicago Dis- 

trict with data either from published reports or verbally from data in its 

files. The USEPA in Washington was contacted for information on incineration 

as well as the Illinois EPA in Springfield, Illinois. 

182. Previous studies by the USEPA identified costs in the range of 

$1,000 to $1,500 per cu yd of dredged materfal for incineration using a 

portable incinerator and disposal. This does "at include the cost of dredgfng 

or the cost of constructing the storage/rehandling facility. Based on these 

costs, incineration and disposal of 200,000 cu yd of co"t,sminated sediments 

would be in the range of $200 million to $300 million. The time frame for the 

project would be approximately 17 years using one incinerator. This does not 

include time for site layout and obtaining necessary permLts. These activi- 

ties could add several years to the time frame. The time frame could be 

reduced by use of more than one portable incinerator. The capital cost would 

increase proportionately. 

183. Offsite incineration. The procedure for offsite incineration would 

be as follows: 
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a. Construction of an onsite storage/rehandling facility with a - 
treatment system (1 year). 

b. Dredge 200,000 cu yd of material from the Indiana Harbor Canal - 
and dispose in the storage/rehandling facility (3 months). 

C. Dewater dredge 



containerization of the sediments, and transportation materials may be disposed in ar. approved chemical 

waste landfill. The specifications of a chemical waste landfill are described 

in Annex II, CFR 761.41. These requirements state that the approved landfill 

should be located in areas having relativelm
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 (200,000 ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2167  Tc -0.0119  Tw (cu ) Tj0  Tr 20.5714 0  TD 3  Tr -0.5595  Tc 0.3799  Tw (yd ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3434  Tc 0.133  Tw (material ) Tj0  Tr 62.3998 0  TD 3  Tr -0.2571  Tc 0.0343  Tw (from ) Tj0  Tr 34.2856 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.5544  Tc 0.3741  Tw (Indiana ) Tj0  Tr 54.1712 0  TD 3  Tr -0.4722  Tc 0.2801  Tw (Harbor ) Tj0  Tr 47.9998 0  TD 3  Tr -0.4305  Tc 0.2324  Tw (Canal ) Tj0  Tr -389.4842 -12  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3208  Tc 0.107  Tw (dispt3t7t8tg92801
 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr -416.9127 -12  TD 3  Tr -0.3434  Tc 0.133  Tw (clay ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3774  Tc 0.1717  Tw (liner ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (to ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.5152  Tc -0.3565  Tw (TSCA ) Tj0  Tr 34.9713 0  TD 3  Tr -0.382  Tc 0.177  Tw (landfill. ) Tj0  Tr -218.742 -24  TD 3  Tr -0.4542  Tc 0.2595  Tw (188. ) Tj0  Tr 39.7713 0  TD 3  Tr -0.4885  Tc 0.2988  Tw (The ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3454  Tc 0.1352  Tw (nearest ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4853  Tc 0.2951  Tw (approved ) Tj0  Tr 61.7141 0  TD 3  Tr -0.5152  Tc -0.3565  Tw (TSCA ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3973  Tc 0.1945  Tw (landfill ) Tj0  Tr 61.0283 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3701  Tc 0.1634  Tw (located ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4298  Tc 0.2316  Tw (in ) Tj0  Tr 18.5142 0  TD 3  Tr -0.2901  Tc 0.072  Tw (Williamsburg, ) Tj0  Tr 95.9996 0  TD 3  Tr -0.3624  Tc 0.1546  Tw (Ohio, ) Tj0  Tr -499.1981 -23.4  TD 3  Tr -0.3095  Tc 0.0942  Tw (which ) Tj0  Tr 42.5141 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.4313  Tc 0.2333  Tw (near ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3442  Tc 0.1338  Tw (Cincinnati. ) Tj0  Tr 88.4568 0  TD 3  Tr -0.4885  Tc 0.2988  Tw (The ) Tj0  Tr 28.7999 0  TD 3  Tr -0.3973  Tc 0.1945  Tw (landfill ) Tj0  Tr 61.0283 0  TD 3  Tr -0.2583  Tc 0.0357  Tw (site ) Tj0  Tr 34.9713 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 19.1999 0  TD 3  Tr -0.4672  Tc 0.2744  Tw (about ) Tj0  Tr 41.8284 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (270 ) Tj0  Tr 26.057 0  TD 3  Tr -0.4673  Tc 0.2746  Tw (highway ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2393  Tc 0.6996  Tw (miles ) Tj0  Tr 41.8284 0  TD 3  Tr -0.2571  Tc 0.0343  Tw (from ) Tj0  Tr -491.6552 -24.6  TD 3  Tr -0.5544  Tc 0.3741  Tw (Indiana ) Tj0  Tr 53.4855 0  TD 3  Tr -0.4418  Tc 0.2454  Tw (Harbor. ) Tj0  Tr 62.3998 0  TD 3  Tr -0.4885  Tc 0.2988  Tw (The ) Tj
0  Tr 28.1142 0  TD 3  Tr -0.3973  Tc 0.1945  Tw (landfill ) Tj0  Tr 61.7141 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.4427  Tc 0.2464  Tw (operated ) Tj0  Tr 61.0283 0  TD 3  Tr -0.5595  Tc 0.3799  Tw (by ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2752  Tc 0.055  Tw (CECOS ) Tj0  Tr 41.1427 0  TD 3  Tr -0.4433  Tc 0.2471  Tw (International, ) Tj0  Tr 101.4853 0  TD 3  Tr -0.3095  Tc 0.0942  Tw (which ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3175  Tc 0.789  Tw (has ) Tj0  Tr -491.6552 -24  TD 3  Tr -0.463  Tc 0.2695  Tw (provided ) Tj0  Tr 61.0283 0  TD 3  Tr -0.2586  Tc 0.036  Tw (much ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3677  Tc 0.1607  Tw (information ) Tj0  Tr 81.5997 0  TD 3  Tr -0.3679  Tc 0.1609  Tw (used ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (to ) Tj0  Tr 20.5714 0  TD 3  Tr -0.5051  Tc 0.3177  Tw (develop ) Tj0  Tr 54.8569 0  TD 3  Tr -0.2583  Tc 0.7214  Tw (this ) Tj0  Tr 33.5999 0  TD 3  Tr -0.1518  Tc -0.0861  Tw (cost ) Tj0  Tr 34.2856 0  TD 3  Tr -0.297  Tc 0.0798  Tw (estimate. ) Tj0  Tr -375.0843 -24  TD 3  Tr -0.4542  Tc 0.2595  Tw (189. ) Tj0  Tr 40.457 -0.6  TD 3  Tr -0.6024  Tc 0.4289  Tw (It ) Tj0  Tr 20.5714 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.2839  Tc 0.0649  Tw (assumed ) Tj0  Tr 55.5426 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (that ) Tj0  Tr 33.5999 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 28.1142 0  TD 3  Tr -0.482  Tc 0.2913  Tw (200,000 ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2167  Tc -0.0119  Tw (cu ) Tj0  Tr 19.8856 0  TD 3  Tr -0.5595  Tc 0.3799  Tw (yd ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4689  Tc 0.2763  Tw (dredged ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3434  Tc 0.133  Tw (material ) Tj0  Tr 61.0283 0  TD 3  Tr -0.319  Tc 0.1051  Tw (will ) Tj0  Tr 34.2856 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (be ) Tj0  Tr -492.341 -23.4  TD 3  Tr -0.4936  Tc 0.3045  Tw (handled ) Tj0  Tr 56.2284 0  TD 3  Tr -0.4298  Tc 0.2316  Tw
 (in ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3025  Tc 0.0862  Tw (accordance ) Tj0  Tr 74.7426 0  TD 3  Tr -0.3434  Tc 0.133  Tw (with ) Tj0  Tr 35.657 0  TD 3  Tr -0.3765  Tc 0.1707  Tw (existing ) Tj0  Tr 61.0283 0  TD 3  Tr -0.4089  Tc 0.2078  Tw (Federal, ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3807  Tc 0.1756  Tw (State ) Tj0  Tr 40.457 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3267  Tc 0.1138  Tw (local ) Tj0  Tr 40.457 0  TD 3  Tr -0.4172  Tc 0.2173  Tw (environmental ) Tj0  Tr -416.9127 -24  TD 3  Tr -0.2571  Tc 0.72  Tw (laws ) Tj0  Tr 33.5999 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 26.7428 0  TD 3  Tr -0.4  Tc 0.1976  Tw (all ) Tj0  Tr 28.1142 0  TD 3  Tr -0.2431  Tc 0.704  Tw (contractors ) Tj0  Tr 82.2854 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3612  Tc 0.1532  Tw (their ) Tj0  Tr 40.457 0  TD 3  Tr -0.375  Tc 0.8548  Tw (agents ) Tj0  Tr 47.9998 0  TD 3  Tr -0.319  Tc 0.1051  Tw (will ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3292  Tc 0.1166  Tw (comply ) Tj0  Tr 46.6284 0  TD 3  Tr -0.3434  Tc 0.133  Tw (with ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3462  Tc 0.1361  Tw (these ) Tj0  Tr 41.1427 0  TD 3  Tr -0.2576  Tc 0.0349  Tw (laws. ) Tj0  Tr -444.3412 -24  TD 3  Tr -0.357  Tc 0.1484  Tw (Special ) Tj0  Tr 53.4855 0  TD 3  Tr -0.4744  Tc 0.2827  Tw (handling ) Tj0  Tr 62.3998 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.2952  Tc 0.0779  Tw (special ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3373  Tc 0.8117  Tw (precautions ) Tj0  Tr 81.5997 0  TD 3  Tr -0.319  Tc 0.1051  Tw (will ) Tj0  Tr 34.2856 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (be ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4089  Tc 0.2078  Tw (required ) Tj0  Tr 61.0283 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (at ) Tj0  Tr 20.5714 0  TD 3  Tr -0.374.2856 0  TD 3  Tr -0.5191  Tc 0.3337  Tw aTj0  Tr 61.0283 0  TD 3  Tr -0.3893  Tc c4nt79ling ) Tj0  Tr 62.3998 0  TD 3  Tr -0.t361TD 3  Tr -0.408  TD 3  Th8ep Tj0  Tr 61.0283 0  TD 3  Tr -0.3893  ing spec2r -0.t361TD 3  Tr -0.408  TD 3  Th .5191  Tc 0.3337 r3853 TD 3  T 3   Tr -0.5191 24579  TD-73.2at 



process moving the materLx1 from the onsite holding fac,ility to the TSCA 

landfill. Trucking is one approved method of transport. 

190. The volume of PCB-contaminated material to be sent to the TSCA land- 

fill is estimated to include 200,000 cu yd of dredged material, 30,000 to 

70,000 cu yd of clay liner from the storage/rehandling :Eacility, and some 30 

to 60 cu yd of filter c l a y  of :8(dredged ) Tj0  Tr 2015714 0  TD2 3  Tr processes.c 0.1039  Tw81.5acility, 

water content) is estimated to range 

between 230,000 to 280,000 tons. Based on 20 tons per truck, 11,500 to 



The 

to $420 per 

cu yd. This does not include the 

costs of dredging or the construction, 

operation, and closure of the storage/rehandling facility. This disposal 

alternative would take about 6-8 years to complete. 

Co"clusio"s 

192. The estimated costs and project duras52
 40.457 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (on ) Tj0  Tr 21.2571 0  TD 3  Tr -0.2909  Tc 0.7587  Tw (economic ) Tj0  Tr 61.0283 0  TD 3  Tr -0.3163  Tc 0.1019  Tw (considerations, ) Tj0  Tr 109.0282 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr -492.341 -24.6  TD 3  Tr -0.5152  Tc -0.3565  Tw (TSCA ) Tj0  Tr 34.9713 0  TD 3  Tr -0.4853  Tc 0.2951  Tw (approved ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3232  Tc 0.1099  Tw (disposal ) Tj0  Tr 60.3426 0  TD 3  Tr -0.3332  Tc 0.8069  Tw (methods ) Tj0  Tr 55.5426 0  TD 3  Tr -0.402  Tc 0.1999  Tw (are ) Tj0  Tr 26.7428 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (not ) Tj0  Tr 28.7999 0  TD 3  Tr -0.3664  Tc 0.1592  Tw (feasible ) Tj0  Tr 61.0283 0  TD 3  Tr -0.4488  Tc 0.2534  Tw (under ) Tj0  Tr 41.1427 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2301  Tc 0.0034  Tw (Corps' ) Tj0  Tr 47.3141 0  TD 3  Tr -0.4655  Tc 0.2724  Tw (navigation ) Tj0  Tr -443.6554 -24  TD 3  Tr -0.3963  Tc 0.1934  Tw (authority. ) Tj0  Tr 81.5997 0  TD 3  Tr -0.3636  Tc 0.156  Tw (Based ) Tj0  Tr 41.8284 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (on ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3161  Tc 0.1018  Tw (technical ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3163  Tc 0.1019  Tw (considerations, ) Tj0  Tr 109.7139 0  TD 3  Tr -0.3  Tc 0.0833  Tw (it ) Tj0  Tr 20.5714 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.2851  Tc 0.0663  Tw (unce!rtain ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3  Tc 0.0833  Tw (if ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3462  Tc 0.1361  Tw (these ) Tj0  Tr 40.457 0  TD 3  Tr -0.2921  Tc 0.0743  Tw (sedi- ) Tj0  Tr -493.0267 -24.6  TD 3  Tr -0.2588  Tc 0.722  Tw (ments ) Tj0  Tr 41.8284 0  TD 3  Tr -0.3175  Tc 0.1033  Tw (can ) Tj0  Tr 26.7428 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (be ) Tj0  Tr 21.9428 0  TD 3  Tr -0.3761  Tc 0.1703  Tw (incinerated ) Tj0  Tr 80.914 0  TD 3  Tr -0.3434  Tc 0.133  Tw (with ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3543  Tc 0.1454  Tw (acceptable ) Tj
0  Tr 75.4283 0  TD 3  Tr -0.3424  Tc 0.1318  Tw (air ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2323  Tc 0.0059  Tw (emissions. ) Tj0  Tr 81.5997 0.6  TD 3  Tr -0.4885  Tc 0.2988  Tw (The ) Tj0  Tr 27.4285 0  TD 3  Tr -0.417  Tc 0.217  Tw (ability ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr -471.0839 -24  TD 3  Tr -0.3731  Tc 0.1669  Tw (incineration ) Tj0  Tr 89.8282 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (to ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3061  Tc 0.0903  Tw (accommodate ) Tj0  Tr 82.9711 0  TD 3  Tr -0.3462  Tc 0.1361  Tw (these ) Tj0  Tr 39.7713 0  TD 3  Tr -0.3772  Tc 0.1716  Tw (high-ash ) Tj0  Tr 61.0283 0  TD 3  Tr -0.2958  Tc 0.7642  Tw (materials ) Tj0  Tr 69.9426 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3462  Tc 0.1361  Tw (a:Lso ) Tj0  Tr 33.5999 0  TD 3  Tr -0.3537  Tc 0.1447  Tw (uncertain. ) Tj0  Tr 82.2854 0  TD 3  Tr -0.2991  Tc 0.0823  Tw (From ) Tj0  Tr -499.8838 -24  TD 3  Tr -0.4622  Tc 0.2687  Tw (a" ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4172  Tc 0.2173  Tw (environmental ) Tj0  Tr 96.6853 0  TD 3  Tr -0.3771  Tc 0.16dni2l these 





Figure 11. Schematic of typA6c 



innovative approach, and the physical, chemical, and bl,ological impacts and 

benefits must be understood before the project can be designed and 

constructed. 

196. One of the principal desfgn decisions in a CAD project is the nature 

and thickness of the capping or cover provides the isolation necessary to 

control the movement of contaminants out of the dredged material and into the 

overlying water column, and to prevent direct and direct 

t'he important physical 

function of stabilizing the material and protecting it Erom transport or 

dispersion away from the site. The design of the cap, therefore, requires a 

twofold approach. It must result in a capping layer with a grain size and 

thickness that functions as a" adequate seal, yet the material must not be 



d. Produce a conceptual design of a CAD project incorporating the - 
controlling requirements from above and the additional con- 
siderations of site availability, special controls or modifica- 
tions necessary to improve the level of site performance, 
construction methods, and site monitoring. 

198. The remainder of thist8o81.0357  Tw (c9a12  TD 7.1988 -12 .1988 -18  Tw (controls ) Tj0  Tr 61.7141 0  .5eiD 3  Tr -0  Tw (19wlriefly 0  TD 3  Tr -0iTj0  Tr 61.7i0  Tr -e-7Tcgnscribes4  Tc 0.0689  Tw (necessary ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4326  Tc 06.7337emainder ) Tj0  Tr 88.456879 TD 3  apr -ach,6  Tc 0.1663  Tw (remainder ) Tj0  Tr 62.3998 0  TD 3  Tr -0.5191  Tc -491.6595.ring. ) Tj0  Tr 2915414 -12.59 TD 3  present692  Tc 0.7338  Tw (controls ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4326  Tc 0.2988  Tw (The ) Tj0  66r 88.456844  TD 3 f0.3677692  Tc 0.7338  057 methods, recommendations supporting these objectives. The 

section is organized into four four d. Monitoring. - 

Considerable further detail on the test methods, laboratory findings, and site 

data can be found in Appendixes F, I, and J. 

site selection 

199. In the early planning of the investigation it was realized that 

potential subaqueous disposal sites might be available within the area of the 

harbor itself, and/or in the more “pen waters of Lake Michigan. Because of 

the significant differences in the physical environment of: these two areas and 

the different considerations that would influence site suitability, two paral- 

lel efforts were directed toward site selection. Among the criteria consid- towarction. that9 Tj, were39.7n. were volumetric capacity of the site; 

nearby obstructions or structures; haul distances; bottom shear stresses in 

the area due to currents, waves, and ship traffic; and ice influences. 

zoo. In both the harbor area and the lake, the evaluation began with a 

review of existing data contained in charts and District files. site visits 

were made for familiarization, although no new field work was done. 



numerical modelling was performed to establish values f,x bottom shear 

stresses possible in the area. Both analytical and empirical methods were 

used to evaluate the stability of bottom materials under the predicted shear 

stresses. 

201. The portion of the study directed toward potential sites in 

Lake Michigan focused on the area between the 30- and 70-ft depth contours. 

The 70-ft contour was selected as corresponding to a remonable maximum haul 

distance from the harbor at a radius of roughly 11 mile!; from the harbor 

entrance. The 30-ft contour was similarly selected as ;an approximation of the 

minimum depth of water in which the site could be constructed without influ- 

encing local navigation draft requirements. Based on local historical~ obser- 

vations it is also a reasonable approximation of the seaward limit of ice 



cwlc.oo . 7 LAKE MICHIGAN 

Figure 13. Area of potential CAD sites (shaded) in 

southern Lake Michigan 
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203. Although wave forecasts were extended into the outer portions of the 

harbor, the suitability of 1 5920  Tr 2  Tlo.lhar.3893  T4w264  Tw (1 5920  Tr 2  Tlo.lhar.3893  T43  Tr w (suitability ) Tj0  T6 Tr -0.4Tlo.lhar.319.8 (the ) Tj0  Tr 26..457 0  TD 3  Tr -0.both7  Tc 0.3082  Tw (extended ) Tj0  T057 0  TD 3  Tr -0.3969  Tc 0.1941  Tw71 59ter ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3448  Tc 0.8202 Tw (Although ) Tj0  T1911.7141 0337  Tr -an95  Tc 0.208528.1  Txtended h a r . 6 e n d e d  p o r t i o n s  t h e  primarily by navigation requirements and/or geometry 

and obstructions. The outer turning basin has sufficisnt area to accommodate 

the entire required volume (Figure 14). The entrance channel into the inner 

harbor has a capacity on the order of 100,000 yd, or 



LAKE MICHIGAN 

INDIANA HARBOR, 
INDIANA 

Figure 14. Proposed CAD site in outer portion of Indiana Harbor 
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b. Large column capping tests are conducted to verify the results 
obtained in the small column tests. The vo:lume of the smalls 
predictive tests is too small to permit introduction of aquatic 
biota. The activities of these 

organisms can cause disturbance of the sediment surface (bioturbation) and 

possible sediment; this process may also expose 

the underlying contaminated sediment to the water column, with possible 

resuspension of PCB-contaminated particles. 

207. Many aquatic organisms are able to “process” much of the water in a 

given location, passing the water either over their gills in the capping 



can then be used to indicate if the contaminant is able to move through the 

cap material and whether there is a change in the relea:;e pattern of the 

contaminant with time. 

208. The use of aquatic organisms in the large column tests differs from 

the usual previous use of organisms in bioassayfbioaccunlulation tests because 

the organisms were used here as a source of bioturbation and to monitor the 

possible movement of contaminants through the cap mater?.al. 

209. The effectiveness of a cap of Lake Michigan sediment in chemically 

and biologically Isolating Indiana Harbor sediment from the overlying water 

column and aquatic biota was verified using 250 liter laboratory reactor 

units. The organisms used in these studies were red swamp crayfish 

(Procambarus clarkii), yellow perch fingerlings (Perca flavescens), and the -- 

clam Anondonta grandis. A comparison was made of Lake Michigan sediment only 

(control), Indiana Harbor sediment only, and Indiana Harbor sediment capped 

with 30 cm of Lake Michigan sediment (the 30 cm depth suggested from the 

results of the small column tests). 

210. The large column studies were run for 40 days. Samples of clams 

were taken at 10 and 40 days. Samples of other animals were taken at 40 days 

only. Samples of animal tissue taken prior to exposure to the various 



a. Uncapped Indiana Harbor sediment "as extremely toxic to the test 
animals. Crayfish were used because they are both surface 
dwellers and bioturbators. However, uncapped Indiana Harbor 
sediment killed all added crayfish within three days after the 
large column studies were initiated. In addition, large numbers 
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tcrayfishabioturbational

anctivity

dcaus5714 0  TD 3  T54.56  0  TD 3  Tr -0.42437 Tc 0.0280  Tw (dIndiana4 0  TD 3  T53t142 0  TD 3  Tr -0.23037 Tc -0.7059  Tw (dHarbor) Tj0  Tr 418.642 0  TD 3  Tr -0.2295  Tc -0.1088  Tw (isediment) Tj0  Tr 36187.482  Tc 0.1245  Tw296  Tw(in ) 870  Tr to) Tj0  Tr 219.856 0  TD 3  Tr -0.0167 Tc -0.7235  Tw (tb ) Tj0  Tr 271255782  Tc 0.1245  Tw309 Tw (in ) 49  Tw (sauspendd ) Tj0  Tr 367.856 0  TD 3  Tr -0.2303  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 2767 570  TD 3  Tr -0.2363  Tc -0.04110  Tr water



external occurrence. In order to provide comparative values and to allow for 

economic evaluation, events having return periods of 20, 50 and 100 years were 

investigated. Deep water wave heights and periods for each return interval 

were determined using hindcasting techniques and WES’ Coastal Engineering 

Research Center Wave Information Study (WIS). These deep water wave charac- 

teristics wese then mathematically transformed, i.e. refracted and diffracted, 

into the actual study area using the Regional Coastal Pmcesses Wave 

Refraction-Diffraction (RCPWAVE) model. The resulting local wave heights can 

be equated (using linear wave theory) to a maximum water: particle velocity as 

a function of water depth. 

213. In a similar approach, the currents and due to 

wave action were then taken as additive to produce a conservative, 



suggests that ship traffic in the area routinely uses all (and more) of the 

available draft in the channel and direct shear between vessel hulls or props 

and the bottom is common. 

215. Results of resuspension and transport studies were as follows: 

a. Studies indicated that the deep water wave heights in 
Lake Michigan can approach 23 ft. Transforming these waves 
across the study area produced a design wave at the harbor 
entrance on the order of 13 ft. This prediction agrees well 
with historical observations of 18 ft storm waves off the 
Calumet breakwater. Wave heights inside the harbor itself are 
on the order of 3 to 4 ft. 

b -* The maximum bottom currents due to the local wave conditions and 
to wind-induced motion were combined to give a conservative 
estimate of the total maximum bottom velocity at a specific 
point. These computed velocities ranged from 6.0 to 12.9 fps. 

C. As expected, bottom stresses in the lake generally increase as 
the water depth decreases and the minimum size/weight necessary 
for a particle to remain stable on the bottom becomes greater. 
Predicted minimum weights necessary for stability under each 
return period event in the lake ranged from 1 or 2 lb to as high 
as 100 lb. The weights as a function of location are show" as 
contour bands in Figures 16-18. A comparison of these particle 
weights (sizes) with the grain-size distribution curve for 
native Lake Michigan sediments presented earlier leads to the 
conclusion that a cap constructed only of the existing lake 
bottom sands would not act as a stable armor structure under the 
combined effects of a conservative design storm. This does not 
imply that native lake sands cannot be successfully used as a 
cap or that a" armor layer is a necessity. As discussed in 
desi,gn recommendations below, a number of alternatives are 
available for consideration by the District. 

The sheltered environment in the harbor results in reduced 
bottom stresses due to water motion, and in significantly 
smaller grain sizes required at that locatiozn for stability. 
Application of the Ackers-White method 
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AREA PARTICLE WEIGHT (LB) 

A 1-2 

B 2-5 

C 5-10 

D 10-20 

E 20-30 

AREAS OF BREAKING WAVES, SHOALS, 
I AND SHALLOW WATER, NOT REC~DMMENDED 

AS SITES FOR CAD 

Figure 16. Armor cap material sizes based on 20.-year design wave 1 
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minimum cap thickness recommended for isolation is 20 in. This thickness must 

be the minimum achieved at any point on the disposal site and must be main- 

tained (i.e., after storm events, etc.). The 20-i”. thickness is that 

measurement from the sediment-cap interface to the top of the cap and does not 

consider any mixed layer, sinking, cap consolidation, etc. 

217. A cap constructed of only native sandy sediment will not act as a 

stable armor structure under the influence of predicted storm events, and 

material may be expected to be transported at the site. Even though sediment 

finer than the stable particle weights is likely to be transported, it is dif- 

ficult to predict the effect such transport would actually have on the 

isolating capability of the cap. Sediment transport is generally a continuous 

process with most natural systems maintaining a cap. natural capaparticleTj0  Tr 53.4684 0  TD 3  Tr -0.34344  T leaving an area, e.g. it would be very rare to find a 

site at which material was uniformly transported “away” in all directions. 

Certainly under storm conditions there can be a net loss of bottom sediment in 

an area, but actual profile lowering in these water depths would be relatively 

small for a single event. Alternatives for dealing with such losses are 

either armoring of the 



variations in bottom stress. The locations will also influence required 

construction techniques which will in turn drive many design features. 

219. The volumetric requirements are such that to place the entire volume 

of contaminated sediment (with a" appropriate bulking factor of design will focus principally on sites in southern 

Lake Michigan and in the outer harbor. 

220. For preliminary discussion purposes the design will assume that the 

bulking factor of approximately 2 , which is generally consistent with the 

testing supporting the CDF evaluation, can be applied to hydraulically dredged 

sediment placed in a CAD. Therefore, sites must have a capacity approaching 

400,000 cu yd. (Actually, volumetric requirements will depend on the total 

time over which placement occurs since some initial consolidation will take 

place.) Because of storms and high bottom stresses it ,would be desirable to 

have the completed cap elevation at the same level as the existing lake 

bottom. Therefore, for this study, excavation of a CAD site appears to be 

indicated rather than capping of a mound of material above existing contours. 

The excavation provides additional lateral containment Eor hydraulically 

dredged slurry. More detailed bathymetry at potential :sites may lead to 

identification of existing depressions that could be expanded. A typical site 

would require excavation approximately 15 ft below surrounding bottom eleva- 

tions with side slopes of approximately IV to 4 or 5H. The area required 

would then be very roughly 1 million sq ft, or 1,000 ft by 1,000 ft. 

221. A single, open excavation'of that size is not a desirable approach. 

Rather, the site should be configured so as to contain the required volume in 

a series of smaller "compartments" or possibly parallel trenches. 
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Compartmentalization is necessary to provide the maximum 'degree of confinement 

for the soft sediment of f o r  f o r  r e d u c ( o f  )  T j  0   T r  6 7   T r 7 8  0   T D  3   T r  - 0 . 2 3 8 1   T c  0 . 0 1 2 6   T w  ( s o f t  )  T j  0   T r 2 6 . 7 4 2 8  0   T D  3   T r  - 0 2 5 3   T r  - 0 0 3 6 0 . 1 8 5 4  s u r f a c e e g r e e  confinement 

material 

exposed at any one time); and to reduce the effects of erosion/breaching by 

storm action during or after construction. 

222. Lake Michigan sites. The most likely area in the lake itself for 

sites of the required size is 4 to 8 miles east of Indiana Harbor in water 

depths of 40 to 60 ft. To produce a site with the recommended depth of 

approximately 15 ft would then require a digging depth of 55 to 75 ft. This 

would exceed the construction capability of a conventiona:lly configured 

(without l~adder pump) hydraulic cutterhead dredge. In addition, the normal 

wind and wave climate in the open lake is such that a cutcerhead dredge could 

not safely operate in these areas. A mechanical dredge could perform the 

excavation, although it would be operating at the limits of its practical 

depth, positioning/stability requirements, and economical time. The logical 

choice to construct a site in the lake would be a hopper dredge. It is 

capable of operating in the lake environment and can complete the required 

excavation to the necessary depths in a feasible time. 

223. A reasonable construction sequence might be as follows (Figure 19). 

Regin excavation with the hopper dredge of a trench approximately 2,000 ft 

long and 15 ft below existing bottom. The 



Figure 19. Sequence of construction for (CAD site 
in lake area 
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berm of material along along 

of the material would likely 

involve the use of a pump-out barge and the submerged diffuser to reduce 

resuspension and to ensure accurate placement and accounting of the 

contaminated sediment. 

224. Some additional testing will need to be accomplished prior to even sidecasting, or similar sand spreading equ:lpment tested by the 

Japanese. In each case, the unknowns to be addressed are not so much the 

equipment, but the time before the initial lift of cap can be placed and the 

rate at which additional lifts can be added. Waiting to place the cap 

increases the internal shear strength of the contaminated sediment and reduces 

the chance of displacement during capping, but leaves the contaminated surface 

#exposed to the overlying biota and to transport by sudden storm action. 

Additives or other forms of stabilization are possible if fnvestigation 

,Lndicates such a need. 

225. Whatever final method is used, the operation lends itself well to 

sequential construction. Cap 



timing, 

and traffic control at the site will be 

critical; otherwise, the operation of the equipment is conventional and the 

staging is a logical process. 

Four such trenches would contain the entire 

volume. 

226. The design of the cap sectlon will require input from the District 

on economic requirements and risk analysis. aTe t 2 0 - i n  theicknes fror risola-

ttin rista aminimum eA earmor elayer esize fror the alOO-yearreqturn tinterval

astorm and aplace on ta f g r a d e  frilter tbe eabove the cap n\ay be an extreme 

approach that is warranted only as the most conservative approach. Incipient 

motion theory addresses only stability and not transport, especially not 

transport rates. A thickness of much smaller (gravel) material could be 

placed through a diffuser or similar technique and have some potential for 

motion although infrequently. 

as well as leave it. Net 

loss might take place over time, but maintenance may be more economical than 

armoring. The berm of material left in place could provide a source for 

movement onto the site that would slow loss rates. 

227. Outer harbor site. Design considerations for a site in the outer 

harbor (and possible smaller demonstration sites in the inner harbor) are 

similar to those described above. 

The primary difference is in the equipment 

used for the excavation. In the harbor areas, 





228. The configuration of the turning basin dictates a site that is 

rectangular rather than the linear trenches. Compartmentalization is still 

important, but could be achieved by subdividing the site into six to nine 

smaller sections in a "checkerboardge0.16Tr 26.7417746  Tw (in ) Tj0rr 5o1mk3nlle1h
 -0.7544  Tw (directly ) Tj0  Tr 61.7141 0  TD 3  Tr -0.5266  Tc -0.5103  Tw (through ) Tj0  Tr 54.8569 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.0285 0  TD 3  Tr -0.1963  Tc -0.202  Tw (pipeline ) Tj0  Tr 61.0283 0  TD 3  Tr -0.4387  Tc -0.6106  Tw (with ) Tj0  Tr 34.9713 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (an ) Tj0  Tr 21.2571 0  TD 3  Tr -0.3572  Tc -0.0182  Tw (:Lntegral ) Tj0  Tr 60.3426 0  TD 3  Tr -0.315  Tc -0.0663  Tw (diffuser. ) Tj0  Tr -437.484 -24.6  TD 3  Tr -0.2417  Tc -0.1501  Tw (Figure ) Tj0  Tr 48.6855 0  TD 3  Tr -0.167  Tc -0.2355  Tw (21 ) Tj0  Tr 19.8856 0  TD 3  Tr -0.4272  Tc 0.0619  Tw (shows ) Tj0  Tr 41.8284 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (this ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3502  Tc -0.0261  Tw (sequence ) Tj0  Tr 61.0283 0  TD 3  Tr -0.1566  Tc -0.2473  Tw (applied ) Tj0  Tr 54.8569 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.057 0  TD 3  Tr -0.3481  Tc -0.0285  Tw (harbor ) Tj0  Tr 47.9998 0  TD 3  Tr -0.259  Tc -0.1304  Tw (area. ) Tj0  Tr 47.3141 0  TD 3  Tr -0.3659  Tc -0.0082  Tw (Among ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3961  Tc 0.0264  Tw (other ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3664  Tc -0.0076  Tw (assump- ) Tj0  Tr -484.1124 -23.4  TD 3  Tr -0.3124  Tc -0.0693  Tw (tions, ) Tj0  Tr 47.9998 -0.6  TD 3  Tr -0.3203  Tc -0.0603  Tw (this ) Tj0  Tr 33.5999 0  TD 3  Tr -0.2613  Tc -0.8134  Tw (option ) Tj0  Tr 47.9998 0  TD 3  Tr -0.3415  Tc -0.0361  Tw (presumes ) Tj0  Tr 62.3998 0  TD 3  Tr -0.4681  Tc 0.1086  Tw (that ) Tj0  Tr 34.2856 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.057 0  TD 3  Tr -0.3835  Tc 0.0119  Tw (native ) Tj0  Tr 47.3141 0  TD 3  Tr -0.2673  Tc -0.1209  Tw (material ) Tj0  Tr 62.3998 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (at ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3961  Tc 0.0264  Tw (outer ) Tj0  Tr 40.457 0  TD 3  Tr -0.3481  Tc -0.0285  Tw (harbor ) Tj0  Tr 48.6855 0  TD 3  Tr -0.1489  Tc -0.2562  Tw (site ) Tj0  Tr -498.5124 -23.4  TD 3  Tr -0.0011  Tc -0.4251  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.282  Tc -0.1041  Tw (suitable ) Tj0  Tr 61.0283 0  TD 3  Tr -0.1906  Tc -0.2085  Tw (as ) Tj0  Tr 21.2571 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.7142 0  TD 3  Tr -0.2175  Tc -0.1777  Tw (capping ) Tj0  Tr 54.1712 0  TD 3  Tr
 -0.285  Tc -0.1007  Tw (material. ) Tj0  Tr 75.4283 -0.6  TD 3  Tr -0.7167  Tc -0.2929  Tw (Only ) Tj0  Tr 34.9713 0  TD 3  Tr -0.2555  Tc -0.1344  Tw (lake ) Tj0  Tr 32.9142 0  TD 3  Tr -0.3226  Tc -0.0577  Tw (bottom ) Tj0  Tr 48.6855 0  TD 3  Tr -0.2865  Tc -0.0989  Tw (sediments ) Tj0  Tr 67.1997 0  TD 3  Tr -0.5216  Tc 0.1698  Tw (have ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3384  Tc -0.7253  Tw (been ) Tj0  Tr -464.2268 -23.4  TD 3  Tr -0.2849  Tc -0.1008  Tw (tested. ) Tj0  Tr 61.0283 -0.6  TD 3  Tr -0.6045  Tc 0.2646  Tw (The ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3314  Tc -0.0476  Tw (contaminated ) Tj0  Tr 89.1425 0  TD 3  Tr -0.2955  Tc -0.0886  Tw (sediment ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3749  Tc 0.0021  Tw (could ) Tj0  Tr 40.457 0  TD 3  Tr -0.2555  Tc -0.1344  Tw (also ) Tj0  Tr 33.5999 0  TD 3  Tr -0.167  Tc -0.2355  Tw (be ) Tj0  Tr 20.5714 0  TD 3  Tr -0.226  Tc -0.1681  Tw (placed ) Tj0  Tr 48.6855 0  TD 3  Tr -0.313  Tc -0.7544  Tw (directly ) Tj0  Tr 60.3426 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (by ) Tj0  Tr 20.5714 0  TD 3  Tr -0.1963  Tc -0.202  Tw (pipeline ) Tj0  Tr -464.9125 -23.4  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3011  Tc -0.0822  Tw (diffuser ) Tj0  Tr 61.7141 0  TD 3  Tr -0.1071  Tc -0.3039  Tw (if ) Tj0  Tr 20.5714 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.0285 0  TD 3  Tr -0.4203  Tc 0.054  Tw (hydraulic ) Tj0  Tr 69.2569 0  TD 3  Tr -0.2004  Tc -0.1973  Tw (dredge ) Tj0  Tr 47.9998 0  TD 3  Tr -0.0011  Tc -0.4251  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3502  Tc -0.0261  Tw (used ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (for ) Tj0  Tr 26.7428 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3835  Tc 0.0119  Tw (actual ) Tj0  Tr 47.9998 0  TD 3  Tr -0.4063  Tc 0.038  Tw (removal. ) Tj0  Tr -368.9129 -24  TD 3  Tr -0.2318  Tc -0.1614  Tw (229. ) Tj0  Tr 41.1427 0  TD 3  Tr -0.1121  Tc -0.2983  Tw (Cap ) Tj0  Tr 27.4285 0  TD 3  Tr -0.226  Tc -0.8538  Tw (design ) Tj0  Tr 48.6855 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.057 0  TD 3  Tr -0.3481  Tc -0.0285  Tw (harbor ) Tj0  Tr 48.6855 0  TD 3  Tr -0.2614  Tc -0.1276  Tw (requires ) Tj0  Tr 61.0283 0  TD 3  Tr -0.2568  Tc -0.8186  Tw (consideration ) Tj0  Tr 95.3139 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr
 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2916  Tc -0.093  Tw (effects ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr -499.1981 -24.6  TD 3  Tr -0.2555  Tc -0.1344  Tw (ship ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (transit ) Tj0  Tr 54.8569 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (on ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3226  Tc -0.0577  Tw (bottom ) Tj0  Tr 47.9998 0  TD 3  Tr -0.1906  Tc -0.2085  Tw (as ) Tj0  Tr 19.8856 0  TD 3  Tr -0.4505  Tc 0.0886  Tw (well ) Tj0  Tr 34.9713 0  TD 3  Tr -0.1906  Tc -0.2085  Tw (as ) Tj0  Tr 21.2571 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2927  Tc -0.0918  Tw (potential ) Tj0  Tr 68.5712 0  TD 3  Tr -0.2916  Tc -0.093  Tw (effects ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.6399  Tc -0.3808  Tw (any ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3073  Tc -0.0751  Tw (armoring ) Tj0  Tr 61.0283 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (on ) Tj0  Tr -519.0837 -23.4  TD 3  Tr -0.3654  Tc -0.0087  Tw (those ) Tj0  Tr 41.8284 0  TD 3  Tr -0.2771  Tc -0.1097  Tw (ships. ) Tj0  Tr 54.1712 0  TD 3  Tr -0.439  Tc 0.0753  Tw (These ) Tj0  Tr 41.8284 0  TD 3  Tr -0.2417  Tc -0.1501  Tw (issues ) Tj0  Tr 47.3141 0  TD 3  Tr -0.5216  Tc 0.1698  Tw (have ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3384  Tc -0.7253  Tw (been ) Tj0  Tr 34.9713 0  TD 3  Tr -0.2221  Tc -0.1725  Tw (discussed ) Tj0  Tr 67.8855 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3279  Tc -0.0516  Tw (previous ) Tj0  Tr 61.7141 0  TD 3  Tr -0.2555  Tc -0.1344  Tw (sections ) Tj0  Tr 60.3426 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr -493.0267 -24  TD 3  Tr -0.1981  Tc -0.1999  Tw (detail ) Tj0  Tr 48.67 -24  TD 3  Tr -0.1981  Tc -0.1999  Tw (detail ) Tj0  Tr 48.67 -24  TD 3  T1 TD 3  T1 TD 3  T1 TD 90..1999  34.2856 0  TD 3  Tr -0.6espendixe1  Tc -0.1097 8  T42etail and issues of 



Figure 21. Sequence of construction for CAD site 
in harbor areas 
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of the construction monitoring should be on bathymetry, accurate positioning, 

and accounting for the volume/mass of sediment handled. Moored buoys will be 

required at the site together with a real time and reco,rding positioning 

system. Replicate soundings must be taken frequently during placement of the 

sediment and the capping. Side-scan sonar and video equipment could the water column analysis should include one to two 

metals (probably arsenic), phenol, one to two PAHs, total PCBs, and total 

suspended solids. A complete series should be taken on completion of the 

construction, and again after 1, 3, and 6 months. Bathymetry should also be 

repeated at these intervals. 

233. Long term. Similar water column and sediment series should be com- 

pleted at 1, 3, 5, and 10 years after construction. Bathymetry and consolida- 

tion should also be measured at these intervals. 

234. contingency. In addition to the above regular monitoring, specific 

contingency plans should be developed to complete a sim:llar monitoring series 

after a prespecified threshold storm event or ship incident. 

Confined Disposal Alternatives 

Background 

235. A confined disposal facility is an upland or in-water structure 

constructed for the disposal of dredged materials. About 60 percent of all 

dredged materials in the United States are confined in one type of facility or 

another. Upland confined disposal facilities may be formed by the 
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construction of earthen dikes or "se of existing pits or depressions. 

In-water CDF's are typically made of stone-filled dikes, 88e of disposal facilities are often constructed in Europe 

and Japan for special purposes, such as the creation of "fast" land for port 

development. 

236. The Corps has constructed some 30 confined disposal facilities 

around the Great Lakes since the 1960's. These facilities were authorized 

under the diked disposal program (PL 91-611). Facilities were constructed to 

confine polluted dredged materials deemed unsuitable for <open-water disposal. 

Of the facilities built around the Great Lakes, eight havea been upland CDF's 

and 22 are in-water facilities. Sizes have ranged from a few acres to several 

hundred. A number of 



levee. Geotechnical and structural evaluations of dike foundation and mate- 

rials for construction are used in the analysis of dike stability. Hydraulic 

evaluations of the wave climate and coastal the application application po54.8569 Tr 26.7428 0  T5210nd9cl7116997hD 0 hav.0918  Tw (po3329669 Tr 26.7428 0  T338 0  TD 3 72520.5714bee 3  Tr -  3 34.971 -0.2161  586f ) 357 0  TD 3  179-0.482ex(o3ted..2161  r.5o374ent69 Tr 26.7428 0  T6045nd9cl71264 -0.482T0.0918  Tw (po-477.90  Tj0  Tr 47.3141.5125 -24  TD 3  Tr -0.3658  Tc -0.0083  Tw) Tj0  Tr 26.7428 0  T30  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) 669l ) Tj0  Tr -450.5 3  Tr -0.4087  Tc 0.0407  Tw (contamio9 -0.2161  Tc -0.86to1.599s )gm30.ar19  Tw (o3t 0  TD 3   Tr -00.9y, ) Tj0  Tr 67.8(of ) Tj0  Tr 20.5714 0 m  TD 3  Tr -  3 698(of9 Tr 26.7428 0  T3955nd9cl71p2r -0.345and865  Tw (application ) Tj0  Tr 82.D 3  Tr -0.2927  T
 (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2815  Tc -0.1047  Tw (corresponding ) Tj0  Tr 95.3139 0  TD 3  Tr -0.2916  Tc -0.093  Tw (testing ) Tj0  Tr -437.484 -24  TD 3  Tr -0.2627  Tc -0.1261  Tw (protocols ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3812  Tc 0.0093  Tw (control ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3415  Tc -0.0361  Tw (measures ) Tj0  Tr 62.3998 0  TD 3  Tr -0.1906  Tc -0.2085  Tw (as ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2771  Tc -0.1097  Tw (called ) Tj0  Tr 47.9998 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (for ) Tj0  Tr 26.7428 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (by ) Tj0  Tr 21.2571 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.057 0  TD 3  Tr -0.413  Tc 0.0457  Tw (Management ) Tj0  Tr 76.114 0  TD 3  Tr -0.3353  Tc -0.7289  Tw (Strategy ) Tj0  Tr 61.0283 0  TD 3  Tr -0.2339  Tc -0.1591  Tw (are ) Tj0  Tr -492.341 -24  TD 3  Tr -0.193  Tc -0.2058  Tw (indicated ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3726  Tc -0  Tw (lower ) Tj0  Tr 39.7713 0  TD 3  Tr -0.2765  Tc -0.7961  Tw (portion ) Tj0  Tr 54.8569 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.2417  Tc -0.1501  Tw (Figure ) Tj0  Tr 47.3141 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (4. ) Tj0  Tr -253.0276 -24  TD 3  Tr -0.2318  Tc -0.1614  Tw (240. ) Tj0  Tr 41.1427 0  TD 3  Tr -0.6045  Tc 0.2646  Tw (The ) Tj0  Tr 27.4285 0  TD 3  Tr -0.1926  Tc -0.2063  Tw (appropriate ) Tj0  Tr 82.9711 0  TD 3  Tr -0.337  Tc -0.7269  Tw (laboratory ) Tj0  Tr 75.4283 0  TD 3  Tr -0.2896  Tc -0.0953  Tw (tests ) Tj0  Tr 39.7713 0  TD 3  Tr -0.5216  Tc 0.1698  Tw (have ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3384  Tc -0.7253  Tw (been ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2812  Tc -0.1049  Tw (completed ) Tj0  Tr 67.8855 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.388  Tc 0.017  Tw (results ) Tj0  Tr -486.8553 -24  TD 3  Tr -0.3558  Tc -0.0197  Tw (will ) Tj0  Tr 34.9713 0  TD 3  Tr -0.167  Tc -0.2355  Tw (be ) Tj0  Tr 20.5714 0  TD
 3  Tr -0.3502  Tc -0.0261  Tw (used ) Tj0  Tr 34.9713 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4151  Tc 0.048  Tw (evaluate ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3812  Tc 0.0093  Tw (control ) Tj0  Tr 53.4855 0  TD 3  Tr -0.3415  Tc -0.0361  Tw (measures ) Tj0  Tr 63.0855 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (for ) Tj0  Tr 27.4285 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3294  Tc -0.0499  Tw (confined ) Tj0  Tr 61.0283 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.7141 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.1229  Tc -0.2859  Tw (PCB- ) Tj0  Tr -485.4839 -24  TD 3  Tr -0.3314  Tc -0.0476  Tw (contaminated ) Tj0  Tr 89.1425 0  TD 3  Tr -0.2865  Tc -0.0989  Tw (sediments ) Tj0  Tr 69.2569 0  TD 3  Tr -0.3857  Tc 0.0145  Tw (from ) Tj0  Tr 33.5999 0  TD 3  Tr -0.4437  Tc 0.0808  Tw (Indiana ) Tj0  Tr 54.8569 0  TD 3  Tr -0.3358  Tc -0.0426  Tw (Harbor. ) Tj0  Tr 61.0283 0  TD 3  Tr -0.5496  Tc 0.2018  Tw (Two ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3294  Tc -0.0499  Tw (confined ) Tj0  Tr 61.0283 0  TD 3  Tr -0.1697  Tc -0.2323  Tw (disposal ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3736  Tc 0  Tw (alterna- ) Tj0  Tr -458.7411 -24.6  TD 3  Tr -0.2991  Tc -0.0845  Tw (tives ) Tj0  Tr 39.7713 0  TD 3  Tr -0.3558  Tc -0.0197  Tw (will ) Tj0  Tr 34.9713 0  TD 3  Tr -0.167  Tc -0.2355  Tw (be ) Tj0  Tr 21.2571 0  TD 3  Tr -0.2453  Tc -0.146  Tw (considered, ) Tj0  Tr 82.2854 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (an ) Tj0  Tr 21.2571 0  TD 3  Tr -0.353  Tc -0.0229  Tw (in-water ) Tj0  Tr 60.3426 0  TD 3  Tr -0.0376  Tc -0.3834  Tw (CDF ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (an ) Tj0  Tr 19.8856 0  TD 3  Tr -0.4466  Tc 0.0841  Tw (upland ) Tj0  Tr 47.9998 0  TD 3  Tr -0.1348  Tc -0.2723  Tw (CDF. ) Tj0  Tr -382.6271 -24  TD 3  Tr -0.4354  Tc 0.0712  Tw (In-Lake ) Tj0  Tr 54.1712 0  TD 3  Tr -0.0376  Tc -0.3834  Tw (CDF ) Tj0  Tr -26.7427 -24  TD 3  Tr -0.2318  Tc -0.1614  Tw (241. ) Tj0  Tr 40.457 0.6  TD 3  Tr -0.6045  Tc 0.2646  Tw (The ) Tj0  Tr 28.7999 0  TD 3  Tr
 -0.29  Tc -0.0949  Tw (in-lake ) Tj0  Tr 54.1712 0  TD 3  Tr -0.0376  Tc -0.3834  Tw (CDF ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2272  Tc -0.1667  Tw (considered ) Tj0  Tr 76.114 0  TD 3  Tr -0.3203  Tc -0.746  Tw (in ) Tj0  Tr 19.8856 0  TD 3  Tr -0.0603  Tw (this ) Tj0  Tr 33.5999 0  TD 3  Tr -0.282  Tc -0.1041  Tw (part ) Tj0  Tr 34.9713 0  TD 3  Tr -0.0011  Tc -0.4251  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.7142 0  TD 3  Tr -0.1489  Tc -0.2562  Tw (site ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2815  Tc -0.1047  Tw (corresponding ) Tj0  Tr -438.8555 -24  TD 3  Tr -0.226  Tc -0.8538  Tw (design ) Tj0  Tr 47.9998 0  TD 3  Tr -0.198  Tc -0.2001  Tw (proposed ) Tj0  Tr 61.7141 0  TD 3  Tr -0.5335  Tc -0.5024  Tw (by ) Tj0  Tr 21.2571 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.194  Tc -0.2046  Tw (Chicago ) Tj0  Tr 54.1712 0  TD 3  Tr -0.1534  Tc -0.2511  Tw (District ) Tj0  Tr 62.3998 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3525  Tc -0.0234  Tw (confine ) Tj0  Tr 55.5426 0  TD 3  Tr -0.3825  Tc 0.0108  Tw (1,300,OOO ) Tj0  Tr 67.1997 0  TD 3  Tr -0.0735  Tc 0.3434  Tw (c" ) Tj0  Tr 20.5714 0  TD 3  Tr -0.5335  Tc 0.1833  Tw (yd ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr -458.7411 -24.6  TD 3  Tr -0.3584  Tc -0.7024  Tw (moderately ) Tj0  Tr 76.114 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 20.5714 0  TD 3  Tr -0.464  Tc -0.5817  Tw (heavily ) Tj0  Tr 54.8569 0  TD 3  Tr -0.3618  Tc -0.0129  Tw (polluted ) Tj0  Tr 61.7141 0  TD 3  Tr -0.1956  Tc -0.2028  Tw (dredged ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2614  Tc -0.1276  Tw (materials ) Tj0  Tr 69.2569 0  TD 3  Tr -0.3857  Tc 0.0145  Tw (from ) Tj0  Tr 34.2856 0  TD 3  Tr -0.4437  Tc 0.0808  Tw (Indiana ) Tj0  Tr 53.4855 0  TD 3  Tr -0.3207  Tc -0.0598  Tw (Harbor ) Tj0  Tr 47.9998 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3325  Tc -0.0464  Tw (Canal ) Tj0  Tr -497.8267 -23.4  TD 3  Tr -0.2068  Tc 0.4957  Tw ((USACE ) Tj0  Tr 47.3141 0  TD 3  Tr -0.2436  Tc -0.1479  Tw
 (1986). ) Tj0  Tr 53.4855 0  TD 3  Tr -0.4122  Tc 0.0448  Tw (This ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3471  Tc -0.0297  Tw (analysis ) Tj0  Tr 60.3426 0  TD 3  Tr -0.3558  Tc -0.0197  Tw (will ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3662  Tc -0.0078  Tw (assume ) Tj0  Tr 48.6855 0  TD 3  Tr -0.4681  Tc 0.1086  Tw (that ) Tj0  Tr 33.5999 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (this ) Tj0  Tr 34.2856 0  TD 3  Tr -0.1489  Tc -0.2562  Tw (site ) Tj0  Tr 33.5999 0  TD 3  Tr -0.3564  Tc -0.019  Tw (was ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3161  Tc -0.0651  Tw (enlarged ) Tj0  Tr 61.7141 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr -473.1411 -24  TD 3  Tr -0.2462  Tc -0.145  Tw (provide ) Tj0  Tr 55.5426 0  TD 3  Tr -0.2555  Tc -0.8201  Tw (capacity ) Tj0  Tr 62.3998 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (for ) Tj0  Tr 26.7428 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 28.1142 0  TD 3  Tr -0.204  Tc -0.1932  Tw (200,000 ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2472  Tc -0.1438  Tw (cubic ) Tj0  Tr 40.457 0  TD 3  Tr -0.3632  Tc -0.0113  Tw (yards ) Tj0  Tr 41.8284 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 19.8856 0  TD 3  Tr -0.2793  Tc -0.1071  Tw (PCB-contaminated ) Tj0  Tr 115.8853 0  TD 3  Tr -0.285  Tc -0.1007  Tw (material. ) Tj0  Tr -445.0269 -24.6  TD 3  Tr -0.4122  Tc 0.0448  Tw (This ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3961  Tc -0.6593  Tw (evaluation ) Tj0  Tr 75.4283 0  TD 3  Tr -0.2555  Tc -0.1344  Tw (also ) Tj0  Tr 34.2856 0  TD 3  Tr -0.4696  Tc 0.1104  Tw (would ) Tj0  Tr 41.1427 0  TD 3  Tr -0.2555  Tc -0.1344  Tw (also ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3749  Tc -0.6836  Tw (apply ) Tj0  Tr 41.1427 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 19.8856 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.7142 0  TD 3  Tr -0.3117  Tc -0.07  Tw (similarle ) TjTr 2a:lgn0  Tr 115.885329  TD 3  Tr -0.4681  T0370.0873  T383also ) CDF  Tr 28.1142 7  TD 3  Tr -0.4681  Tc -0.0873  Tw (to ) Tj0  Tr 33.599920.5 TD3  Tr -0.4696  Tc28.1104  T063a 



242. Engineering evaluation. Engineering evaluation is divided into the 

four areas of concern for confined disposal: effluent quslity, runoff 

quality, leachate quality, and plant and animal uptake and volatilization. 

These contaminant pathways are shown conceptually for sn :Ln-lake CDF in Fig- 

ure 22. Possible contaminant control measures for the in-lake CDF are sum- 

marized below and discussed in the following paragraphs. 

Possible Control Measures for In-Lake CDF - 

Contsmin~ant Pathway 

Effluent 

Con1:rol 

Settling 
Filter Dike 
Chemical Clxif ication 

Surface Runoff 

Plant/Animal Uptake 

Leschate (Through Dikes) 

Vol.atilization 

Encapsulation 
Place Below Lake revel 

Encapsulation 

Filter Dikes 
Operational Controls 
Encapsulation 

Encapsulation 
Place Below Lake Level 

243. The evaluation of effluent quality examines the sedimentstion design 

for storage and water quality; the chemical clarification concept for 

additional solids removal; the filter design for filtering rate, clogging 

potential, removal 



VOLATILIZATION 

BIOTURBATION 

SATURATED 

Figure 22. Contaminant pathways for an in-lake confined disposal facility 



measures to reduce contaminant release by runoff. The evaluatim of leachate 

quality presents the results of leaching tests indicating leachate quality as 

a function of volume of leachate produced and assesses the potential attenu- 

ation in contaminant concentration before reaching the groundwater or the 

lake water. Potential restrictions in the disposal operations to reduce the 

rate and contaminant concentration leaching from the site are discussed. The 

evaluation of plant and animal uptake summarizes the potential uptake of 

contaminants in both an aerobic and anaerobic environment and presents the 

restrictions required for both environments. The evaluation of volatilization 

presents the potential for losses by volatilization and gives control measures 

to reduce it during and after dredgfng. 

244. Proposed operation and Pr98esT0.875 0 0 1 61.8 451.4314  s a0  0.2334  9w (givesThe0  Tr 27.4280.4314  Tc 0.2334 A50i 99 0.8588 197 (to ) ped ) Tj0  Tr 62.39914  s 
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246. The CDF will be divided into two settling basins separated by a 

cross dike. The large primary basin will receive all of the dredged material 

and will be used for plain sedimentation and storage. The small secondary 

basin will be for chemical clarification and will receive only clarified 

supernatant water or filtered water from the primary basin. The CDF will be 

constructed of previous dikes and all water leaving the CDF will either filter 

through the dike or evaporate. 



effluent quality of the supernatant and the loading on the filter dikes are 

highly dependent filling. As presented in Appendix A the suspended solids loading on the 

filter dikes, that is the supernatant solids concentration following settling 

is summarized as follows: 

Predominant 
Dredging and Disposal Settling Behavior Suspended Solids Loadings to 

Method in CDF 
Hydraulic Dredging 

Filter Dikes Following Settling 
Flocculent 2.1 g/a 

with Direct Pumping Zone 0.4 g/L 

Mec’hanical Dredging Flocculent 1.3 g/k 
wit’h Hydraulic Zone 0.25 g/e 
Off ‘-Loading 

Mechanical Dredging 0.020 g/a 
with Mechanical 
Of f,-Loading 

As shown in the summary, the loading for hydraulic disposal may be much lower 

if the influent concentration is kept high and the settling is controlled by 

zone settling instead of flocculent settling. Detailed discussion is found in 

Appendix A. 

250. Filter dike. The dikes (shown in Figure 24) appear to be suffi- 

ciently high to prevent overtopping by waves. Waves in the region under 

severe winds could be as large as 20 by migration into the layers of 

larger stones should be prevented by the filter fabric. If lake sand is used 

in the dike section as proposed the grain size and permeability are too small 

to prevent 



material and depth of filter sand is sufficient to remove virtually all sus- 

pended solids from the effluent. 

251. Disposal operation and control measures. A plan view of the CDF 

showing a possible arrangement of contaminant control measures for the PCB- 

contaminated sediments is shown In Figure 25. Sediment:, will be dredged 

either mechanically by a clamshell dredge or hydraulically by a matchbox 

dredge. If dredged hydraulically, the material either mechanically or hydrau- 

lically using water from the CDF to aid the transfer. The CDF will be divided 

into two cells--a primary cell of about 40 acres and a secondary cell of about of6d42. 3.c 02.3337  Tw (40 ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2069  Tc 0.6626  Tw (acres ) 2167  Tr 20.7355 0  Tas3  Tr -0.3893  Tc 0.1854  Tw (of ) 345
 0.2348  Tw (25. ) Tj0  Tr 33.5999 -0.6  TD 3  Tr -0.4885  Tc 0.2988  Tw (The ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3423  Tc 0.1317  Tw (primary ) Tj0  Tr 54.8569 0  TD 3  Tr -0.2786  Tc 0.0588  Tw (cell ) Tj0  Tr 34.2856 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3155  Tc 0.101  Tw (for ) Tj0  Tr 26.7428 0  TD 3  Tr -0.4476  Tc 0.252  Tw (plain ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3715  Tc 0.1651  Tw (sedimentation ) Tj0  Tr -424.4555 -24  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3347  Tc 0.123  Tw (storage, ) Tj0  Tr 61.0283 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3546  Tc 0.1458  Tw (secondary ) Tj0  Tr 68.5712 0  TD 3  Tr -0.2786  Tc 0.0588  Tw (cell ) Tj0  Tr 34.2856 0  TD 3  Tr -0.1274  Tc 0.5717  Tw (is ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3155  Tc 0.101  Tw (for ) Tj0  Tr 26.7428 0  TD 3  Tr -0.4395  Tc 0.2428  Tw (additional ) Tj0  Tr 75.4283 0  TD 3  Tr -0.3525  Tc 0.1433  Tw (filtration ) Tj0  Tr 74.7426 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2686  Tc 0.0474  Tw (chemical ) Tj0  Tr -471.0839 -24  TD 3  Tr -0.3041  Tc 0.088  Tw (clarification ) Tj0  Tr 95.9996 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.385  Tc 0.1804  Tw (supernatant ) Tj0  Tr 81.5997 0  TD 3  Tr -0.33  Tc 0.1176  Tw (water. ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4885  Tc 0.2988  Tw (The ) Tj0  Tr 28.1142 0  TD 3  Tr -0.3123  Tc 0.0973  Tw (CDF ) Tj0  Tr 26.057 0  TD 3  Tr -0.319  Tc 0.1051  Tw (will ) Tj0  Tr 34.2856 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (be ) Tj0  Tr 21.2571 0  TD 3  Tr -0.275  Tc 0.0548  Tw (constructed ) Tj0  Tr 81.5997 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3874  Tc 0.8689  Tw (previous ) Tj0  Tr -465.5982 -24  TD 3  Tr -0.3786  Tc 0.8588  Tw (dikes ) Tj0  Tr 41.1427 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.4  Tc 0.1976  Tw (all ) Tj0  Tr 26.7428 0  TD 3  Tr -0.344  Tc 0.1337  Tw (water ) Tj0  Tr 42.5141 0  TD 3  Tr -0.4796  Tc 0.2886  Tw (leaving ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3123  Tc 0.0973  Tw (CDF ) Tj0  Tr 26.057 0  TD 3  Tr -0.319  Tc 0.1051  Tw (will ) Tj0  Tr 35.657 0  TD 3  Tr -0.3875  Tc 0.1833  Tw (either ) Tj0  Tr 47.3141 0  TD 3  Tr -0.3145  Tc
 0.0998  Tw (filter ) Tj0  Tr 47.9998 0  TD 3  Tr -0.4318  Tc 0.234  Tw (through ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.4946  Tc 0.3058  Tw (dike ) Tj0  Tr 33.5999 0  TD 3  Tr -0.3434  Tc 0.133  Tw (or ) Tj0  Tr -491.6552 -24  TD 3  Tr -0.4401  Tc 0.2435  Tw (evaporate. ) Tj0  Tr 81.5997 0  TD 3  Tr -0.275  Tc 0.0547  Tw (Water ) Tj0  Tr 41.1427 0  TD 3  Tr -0.319  Tc 0.1051  Tw (will ) Tj0  Tr 34.9713 0  TD 3  Tr -0.2167  Tc 0.6738  Tw (pass ) Tj0  Tr 34.9713 0  TD 3  Tr -0.5607  Tc 0.3813  Tw (Into ) Tj0  Tr 33.5999 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3546  Tc 0.1458  Tw (secondary ) Tj0  Tr 68.5712 0  TD 3  Tr -0.2786  Tc 0.0588  Tw (cell ) Tj0  Tr 33.5999 0  TD 3  Tr -0.2571  Tc 0.0343  Tw (from ) Tj0  Tr 34.2856 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3423  Tc 0.1317  Tw (primary ) Tj0  Tr 54.8569 0  TD 3  Tr -0.2786  Tc 0.0588  Tw (cell ) Tj0  Tr 33.5999 0  TD 3  Tr -0.5595  Tc 0.3799  Tw (by ) Tj0  Tr -505.3695 -24  TD 3  Tr -0.3628  Tc 0.1551  Tw (filtering ) Tj0  Tr 68.5712 0  TD 3  Tr -0.4318  Tc 0.234  Tw (through ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.0859  Tc 0.5244  Tw (cross ) Tj0  Tr 40.457 0  TD 3  Tr -0.4946  Tc 0.3058  Tw (dike ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3797  Tc 0.1743  Tw (separating ) Tj0  Tr 75.4283 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2057  Tc 0.6613  Tw (cells ) Tj0  Tr 42.5141 0  TD 3  Tr -0.3137  Tc 0.099  Tw ((prior ) Tj0  Tr 46.6284 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (to ) Tj0  Tr 19.8856 0  TD 3  Tr -0.3732  Tc 0.1669  Tw (clogging) ) Tj0  Tr 67.8855 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (and ) Tj0  Tr -506.0552 -24.6  TD 3  Tr -0.5595  Tc 0.3799  Tw (by ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4833  Tc 0.2928  Tw (being ) Tj0  Tr 41.1427 0  TD 3  Tr -0.4462  Tc 0.2505  Tw (pumped ) Tj0  Tr 49.3712 0  TD 3  Tr -0.2571  Tc 0.0343  Tw (from ) Tj0  Tr 33.5999 0  TD 3  Tr -0.5191  Tc 0.3337  Tw (an ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4595  Tc 0.2656  Tw (intake ) Tj0  Tr 47.9998 0  TD 3  Tr -0.2489  Tc 0.025  Tw (structure ) Tj0  Tr 68.5712 0  TD 3  Tr -0.4298  Tc 0.2316  Tw (in ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.0859  Tc 0.5244  Tw (cross ) Tj0  Tr 41.1427 0  TD 3  Tr -0.4476  Tc
 0.252  Tw (dike. ) Tj0  Tr 47.3141 0  TD 3  Tr -0.275  Tc 0.0547  Tw (Water ) Tj0  Tr 41.1427 0  TD 3  Tr -0.3208  Tc 0.107  Tw (passing ) Tj0  Tr -458.0554 -24  TD 3  Tr -0.4318  Tc 0.234  Tw (through ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.4098  Tc 0.208
 3  Tr -0.5595  Tc 0.3799  Tw (by ) Tj0  Tr 21.2571 0  TD 3  Tr -0.3875  Tc 0.1833  Tw (either ) Tj0  Tr 47.9998 0  TD 3  Tr -0.4547  Tc 0.2601  Tw (evaporation ) Tj0  Tr 82.2854 0  TD 3  Tr -0.3434  Tc 0.133  Tw (or ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4327  Tc 0.2349  Tw (seepage ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4318  Tc 0.234  Tw (through ) Tj0  Tr 54.8569 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3587  Tc 0.1504  Tw (dikes. ) Tj0  Tr -382.6271 -23.4  TD 3  Tr -0.4542  Tc 0.2595  Tw (252. ) Tj0  Tr 39.7713 0  TD 3  Tr -0.3003  Tc 0.7694  Tw (This ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3232  Tc 0.1099  Tw (disposal ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3092  Tc 0.0938  Tw (concept ) Tj0  Tr 54.8569 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4326  Tc 0.2348  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3996  Tc 0.1971  Tw (proposed ) Tj0  Tr 62.3998 0  TD 3  Tr -0.3434  Tc 0.133  Tw (in-water ) Tj0  Tr 60.3426 0  TD 3  Tr -0.3123  Tc 0.0973  Tw (CDF ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3825  Tc 0.8633  Tw (appears ) Tj0  Tr 54.8569 0  TD 3  Tr -0.3893  Tc 0.1854  Tw (to ) Tj0  Tr -472.4553 -2 Tr -0.3232  Tc8907rei Tr -0.3434  Te7ie0  Tr 39.7713 0  TD 3  Tr -0.3003  Tc tze4  Tc 0.133  Tw (in-water ) Tj0  T.7428 0  TD 3  Tr -0.3996  Tc 0.1971  Tw (proposed ) Tj0  4214.8569 0 220.3232 potenti092  Tc 0.0938 9TD (to ) Tj0  Tr -4726782.6271 -607D 3  Tretriment092  Tc 0.0938 Tw (or ) Tj0  Tr 20.5234.8569 0 3  Tr -0.effect93  Tc 0.1854  Tw (to ) Tj0  Tr -472.4553 -2 Tr -0.3232  Tc8907rei Tr   Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3996  Tc 0.1971  Tw (proposed ) Tj0  41TD 3   TD 147D 3  Tenvironment2  Tc 0.0938 0.9(the ) Tj0  Tr 2633  Tr 998 0 16D 3  Twhil96  Tc 0.197141.828r proposed concept a p p e a r s  disposal i  T e   T 2 e a r s  
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procedures. However, several operational problems may exist in the execution 

of this concept. 

253. The supernatant from the primary cell may contain oil and grease 

which have the potential to clog the previous dikes. Oil and grease can clog 

filter sands having large effective grain sizes. Therefore, a device such as 

an oil boom with a skimmer or an oil absorbent should be installed as shown in 

Figure 25 to skim the oil and grease around the inlet before the oil reaches 

the dikes or is emulsified by turbulence. A similar device should also be 

placed in the primary cell where the supernatant passes through the pumpout 

structure to the secondary cell. For additional oil removal, the polymeric 

flocculant used for chemical clarification should be selected in part for its 

ability to remove oil and grease. Oil removal is very important since PCB is 

commonly associated 



256. The chronological order of the dredging projects should be arranged 

in a manner to seal the PCB-contaminated material subaqueously between layers 

of less contaminated clays and silts as shown in Figure 26. The moderately 

polluted sands should be deposited in the CDF last. In this manner less con- 

taminated clays and silts would seal the bottom and sides of the primary cell 

before PCB-contaminated materials are introduced into the CDF. Less con- 

taminated clays and silts are then placed above the PCB-contaminated material 

in the CDF. The clays and silts have low permeability which will slow any 

potential migration of contaminants from the CDF by leaching. The less con- 

taminated clays and silts also have the potential to adsorb some of the con- 

taminants which will attenuate the impact of any potential release. 

257. Keeping the PCB-contaminated material encapsula,ted in a subaqueous 

environment and covered by cleaner the life of the CDF also allows the available volume for 

settling is the smallest. This will improve the supernatant quality at the 

end of the disposal operation. The sand cover would also minimize the 

potential for erosion. 

259. Effluent quality. Estimation of the likely effluent quality is 

based on the results of the settling, filtering, and modified elutriate tests. 

Effluent quality for the in-lake CDF refers only to that supernatant water 

that filters through the dikes (see Figure 22); the quality of water leaching 
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Figure 26. Disposal concept for encapsulation of PCB-contaminated 
dredged material within alternating layers of cleaner 

dredged material 
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from the settled material may be drastically different. The Dl,, for the 

secmdary cell dikes will be about 0.5 mm based on projected permeability of 

the sand; therefore, using Krizek's (1976) relationships, the effluent 

suspended solids concentration will be less than 0.5 mg/.t. 

260. The modified elutriate results are discussed in Part II and in 

Appendix B. Filtering is expected to remove all of the contaminants adsorbed 

on solid particles. Only dissolved contaminants are expected to be released. 

The modified elutriate test predicts dissolved contaminant concentrations in 

the supernatant following disposal by hydraulic means and plain sedimentstim. 

The modified elutriate test was run using an initial concentration of 100 g/P. 

which is characteristic of the influent for disposal by hydraulic means from 

scows. Laboratory tests are not available for directly evaluating effluent 

quality from clamshell disposal into CDF's or from disposal using a matchbox 

dredge with a submerged diffuser. 

261. The effects of chemical clarification by polymer addition and of 

filtration are not modeled by the modified elutriate test or any other 

standard test protocol. Chemical clarification is likely to contain only the 

dissolved contaminants predicted by the modified elutriate test. However, the 

concentration of very hydrophobic, easily adsorbed contaminants such as PCBs 

'may be reduced significantly by adsorption PCBs 

contain elutri8'7DTj0  Tr -493.0267 -24  TD 3  Tr -0.44233.598 -24lutuTD (PCBs )fine-gr Tr 



Appendl~x B. The CDF effluent wirh hydraulic transfer would exceed Indiana 

Lake Michigan standards for cadmium, lead, iron, phosphorus, phenol, and PCB. 

This assumes the sediments are reslurried and hydraulically for all parameters with the possible exception of PCB's, 

which should approach ambient Lake concentrations (approximately 0.02 up/E). 

The concentrations of most contaminants would be lowest for mechanical dis- 

posal and highest for hydraulic transfer from scows. If a small mixing zone 

were considered (less than 100 feet), the concentrations associated with match- 

box dredging would fall within the standards. No mixing zone, 

mixing as89855 ng No 

f e e t ) ,  as899od576i5745  TdimTr 5  Tc 0.7856 670.4Tw (standards. ) Tr -493.0267 -24.6  TD 3  Tr -0.3652  Tc 0.1578  Tw (were ) Tj0ng zone m457 0  TD The potential for leaching from the proposed CDF 

is very small. As dredged material ins placed in the CDF, the material 

gradually spreads and settles across the bottom of the entire CDF and in time 

consolidates to form a layer that can virtually seal the CDF. Consolidated 

dredged material can have a permeability as low as 10 
-9 

cmlsec. In addition 

to the low permeability, the driving force for seepage is very small since the 

difference in head between the lake and the CDF is likely to be small. Co*- 

sequently, if the contaminated materials were placed in the CDF after previous 

disposal operations had deposited enough material to seal the CDF, the 

potential for leaching to release contaminants is very small. 

264. Leaching tests have been run to estimate the water quality of the 

leachate from the contaminated sediments. The tests indicate that the sedi- 

ments have a tendency to retain heavy metals and 



quantities in the leachate. The results of the leaching tests are presented 

in I?art III and Appendix G. The concentration of contaminants would be 

further attenuated by adsorption on clean materials that the leachate will 

pass through prior to reaching the lake or groundwater. Consequently, if the 

CDF is managed properly, leaching is not expected to be a significant problem 

due to the small quantity of leachate expected and the low concentrations of 

contaminants. 

265. Use of mechanical dredging and disposal instead of hydraulic 

dredging would further reduce the quantity of leachate an'd release of contami- 

nants since the quantity of water in the deposited material that will be 

released during consolidation is much smaller. The water content of about 130 percent. In addition, the 

permeability of the mechanically deposited material is smaller 



runoff from contacting PCB-contaminated materials. In addition, all runoff 

will be filtered by the dikes before leaving the CDF and entering the lake. 

267. Contaminant uptake. Encapsulating the PCB-contaminated dredged 

material should prevent any long-term plant and animal uptake. The short-term 

uptake should also be small since the PCB-contaminated material will be placed 

under water in an enclosed area offshore. Consequently, plant and animal 

uptake should not pose a significant The PCB-contaminated materials, if hydraulically 

disposed, should be pumped into the CDF through a submerged inlet to minimize 

splashing and turbulence at the surface thereby minimizj.ng stripping of 

volatiles. In addition, the PCB-contaminated material should be disposed 

below the lake level to keep the material saturated. Drying and subsequent 

wetting would significantly release volatiles from the dredged material 

(Thibodeaux 1979, and Chiou and Shoup 1985). Therefore, it is important to 

design the cap to keep the dredged material saturated and to provide a capil- 

lary break between the dredged material and the cap. A layer of sand placed 

above the lake level provides a good capillary break and promotes drainage. 

269. Summary. The proposed in-water CDF appears to mitigate the poten- 

tial detrimental effects to the environment when operated properly. The 

settling and storage designs appear adequate. The filter design is good 

except for the effective particle size of the filter layer for the secondary 

cell. Several design and operational considerations need to be made regarding 

chemical clarification, oil removal, and sequencing the disposal projects. 

The effluent quality nearly meets the Lake Michigan water quality standards, 
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particularly if a small mixing zone is permitted. The cmcentrations of iron, 

lead, phenol, PCBs, armnonia, and total phosphorus are likely to be somewhat 

higher than the standards if hydraulic disposal is used. Only the concentra- 

specified by the Chicago 

District for consideration, but it was assumed that such a site could be 

designed which would satisfy the intent of TSCA regulations and guidelines. 

Therefore, an upland CDF design which performs like a TSCA landfill "ill be 

assumed for the purpose of evaluation later in this part. This site would be 

used solely for the approximately 200,000 cubic yards of PCB-contaminated 

dredged material. 

271. Engineering evaluation. This evaluation examines several control 

measures for disposal of PCB-contaminated sediments in a conventional upland 

dredged material containment area. Each control measure is evaluated for its 

ability to fulfill the intent of TSCA land disposal regulations. As in the 
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Figure 27. Contaminant pathways for an upland confined disposal facility 
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Possible Control Measures for Upland C:DF - 

Contaminant Pathway 

Effluent (Hydraulic Filling) 

Control 

Settling 
Chemical Clarification 
Filtration 
upland site differs from disposal. in the proposed 

in-lake CDF in numerous ways. Material. fn an upland site becomes aerobic and 

oxidized upon drying, while material placed below the lake level in an in-lake 

CDF remains anaerobic and reduced. Contaminants (particularly heavy metals) 

tend to be more mobile and are released at higher concentrations in an 

aerobic, oxidized environment. During dewatering and drying at an upland 

site, volatile contaminants are released with the evaporation of site water. 

Volatilization increases with cyclic wetting such as the infiltration fol- 

lowing rainfall events (see discussion of volatilization in wind can scour exposed material and 

transport contaminated dust. The quantity of seepage or leachate released 

from an upland site is greater than from an in-lake CDF of similar design 

because the pressure head differential between the saturated material and the 

surrounding environment is greater. In the in-lake CDF, 

it is proposed that 
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273. Results of tests peri.2896  Tc -0.0953 med12 0  TD 3  Tr -0.482  Tc 0.1245  Tw032(peri.28651 Tj0  both56 0  TD 3  Tr -0.482  Tc 0.1245  T596 (peri.28529) Tj0 9996 0  TD 3  Tr -0.2896  Tc -0.0953 w (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3925  Tc 0.0222  221 (leachin173) Tj0 9rig 89l41 0  TD 3  Tr -0.3857  Tc 0.0145  2 Tw(leachin1651 Tr 27.4aerobic12 0  TD 3  Tr -0.482  Tc 0.1245  T2w (and ) Tj08Tj0  Tsedim Tr4839 -24  TD 364.91.33358c 0.4Tc 0.0257  Tw (and ) Tj0  Tr 27.4285 0  TD 3  Tr -0.4058  Tc 0.0374  596 (peri.28529) Tj0 9996 0  TD 3  Tr -0.2896  Tc -0.0953 180(and ) Tj2201 Tr 27dried,7 0  TD 3  Tr7 -0.3925  Tc 0.0222  18 (leachin217 Tj0  aerobic,41 0  TD 3  Tr -0.3857  Tc 0.0145  25 (and ) Tj134) Tj0 9xidized12 0  TD 3  Tr -0.3857  Tc 0.0145  2w (and ) Tj08Tj0  Tsedim Tr4839 -24  TDTr -0.3857  Tc 0.0145  19 (leachin200  Tr EindicTr d12 0  TD 3  T7.8854058  Tc 0.0374  T681the ) Tj08Tj0  Tthar4839 -24  TD33.5-0.058  Tc 0.0374  T ) Tj ) Tj15



measures for maintaining effluent quality would be a major part of the design. 

If mechanical filling were used, effluent would be only a minor concern. 

276. Effluent treatment. Most of the contaminants in dredged material 

are primarily associated with the sediment particles and the suspended solids. 

Therefore, the chief goal of effluent treatment for hydraulic filling is the 

removal of suspended solids. The treatment method employed to remove 

suspended solids is dependent on the concentration of these solids. When dis- 

posed in an upland site, the dredged material undergoes primary settling and 

consolidation, generating supernatant to be discharged. The suspended solids 

concentration in the supernatant is dependent on the method of dredging and 

disposal, being much higher for sediments hydraulically dredged or disposed. 

277. Based on settling test results , chemical clarification (addition of 

polymeric flocculant followed by secondary settling) is re’quired for hydrau- 

lically handled sediments. Chemical clarification can reliably reduce the 

suspended solids concentration to about 20 mg/R in a dred;ged material con- 

tainment area. Based on sampling of the supernatant in the Chicago c o n c e n t r a a e r n a o ( 8 T j  0   T r  7 5   T c  0 . 1 0 3 3 4   C D F r  - 0 . 3 7 7 2   T c  9 5 9 2  8 1  T w  ( t a i n m e n t  )  T j  2 1 . 2 5 7 1  0   T D  3   T r  a t . 3 4 4 2   T c  0 . 1 3 3 8   T w  ( s a m p l i n g  )  T j  5 6 . 2 5 7 1  0   4 7 . 1 0 3 3   T a l u m e t  )  T D  3   T r  - 0 . 4 3 2 6 r  4 7 - 0 . 3 6 3 i c o n 
  3   T r  - 0 . 4 3 0 8   T c  0 . 2 3 2 8   T w  ( d u r i n g  )  T j  0   T r  4 7 . 3 1 4 1  0   T D  3   T r  - 0 . 3 1 8 7   T c  0 . 1 0 4 7   T w  ( m e c h a n i c a l  )  T j  0   T r  7 6 . 1 1 4  0   T D  3   T r  - 0 . 4 5 2 8   T c  0 . 2 5 8   T w  ( d r e d g i n g  )  T j  0   T r  6 1 . 7 1 4 1  0   T D  3   T r  - 0 . 5 1 9 1   T c  0 . 3 3 3 7   T w  ( a n d  )  T j  0   T r  2 7 . 4 2 8 5  0   T D  3   T r  - 0 . 3 1 6 1   T c  0 . 1 0 1 8   T w  ( d i s p o s a l ,  )  T j  0   T r  6 7 . 8 8 5 5  0   T D  3   T r  - 0 . 2 6 8 6   T c  0 . 0 4 7 4   T w  ( c h e m i c a l  )  T j  0   T r  6 1 . 7 1 4 1  0   T D  3   T r  - 0 . 2 4 8 3   T c  0 . 0 2 4 3   T w  ( c l a r i f i c a -  )  T j  0   T r  - 4 6 4 . 9 1 2 5  - 2 4 . 6   T D  3   T r  - 0 . 4 0 9 5   T c  0 . 2 0 8 5   T w  ( t i o n  )  T j  0   T r  3 4 . 2 8 5 6  0   T D  3   T r  - 0 . 1 2 7 4   T c  0 . 5 7 1 7   T w  ( i s  )  T j  0   T r  1 9 . 8 8 5 6  0   T D  3   T r  - 0 . 4 6 3   T c  0 . 2 6 9 5   T w  ( p r o b a b l y  )  T j  0   T r  6 1 . 0 2 8 3  0   T D  3   T r  - 0 . 4 3 2 6   T c  0 . 2 3 4 8   T w  ( n o t  )  T j  0   T r  2 8 . 1 1 4 2  0   T D  3   T r  - 0 . 5 1 9 1   T c  0 . 3 3 3 7   T w  ( n e e d e d  )  T j  0   T r  4 8 . 6 8 5 5  0   T D  3   T r  - 0 . 3 8 9 3   T c  0 . 1 8 5 4   T w  ( t o  )  T j  0   T r  2 0 . 5 7 1 4  0   T D  3   T r  - 0 . 3 4 4 6   T c  0 . 1 3 4 2   T w  ( f u r t h e r  )  T j  0   T r  5 4 . 1 7 1 2  0   T D  3   T r  - 0 . 3 5 9 7   T c  0 . 1 5 1 6   T w  ( r e d u c e  )  T j  0   T r  4 7 . 9 9 9 8  0   T D  3   T r  - 0 . 4 3 2 6   T c  0 . 2 3 4 8   T w  ( t h e  )  T j  0   T r  2 7 . 4 2 8 5  0   T D  3   T r  - 0 . 3 8 4 7   T c  0 . 1 8 0 1   T w  ( s u s p e n d e d  )  T j  0   T r  6 7 . 8 8 5 5  0   T D  3   T r  - 0 . 2 5 7 9   T c  0 . 7 2 0 9   T w  ( s o l i d s  )  T j  0   T r  4 7 . 9 9 9 8  0   T D  3   T r  - 0 . 3 0 1 9   T c  0 . 0 8 5 5   T w  ( c o n c e n t r a -  )  T j  0   T r  - 4 5 8 . 0 5 5 4  - 2 4 . 6   T D  3   T r  - 0 . 4 0 9 5   T c  0 . 2 0 8 5   T w  ( t i o n  )  T j  0   T r  3 4 . 2 8 5 6  0   T D  3   T r  - 0 . 1 7 8 4 i  3  2 s 2



filtration is dependent on the methods of dredging and disposal. Filtrate for 

sediments sediments 

sc2.10215 -0.38charac- -0.403  Tc 04641  T8 (hy ) Tj0  Tr 68.81Tr 61.7163351 694.teristic8  Tw (dredging ) Tj0  Te0sQ BT283 0  TD 3  Tr -0.5191  Tc 0.3337  1.9w 8nt 

as Iisted in Table 3. 

Filtrate for sediments mechanically dredged and disposed is expected to have 

the quality of the dissolved or filtered fraction of the interstitial pore 

water or the initial leachate from the anaerobic sediment as given in 

Tables G5, G38, and G39 of Appendix G. The volume of filtrate for mechan- 

ically dredged and disposed sediments is about 10 percent of that for hydrau- 

lically handled sediments. Consequently, the mass of contaminant loss in the 

effluent is much smaller for mechanically handled sediments. 

279. The effluent quality from the upland CDF, using hydraulic 

dredging/disposal would exceed most of the Indiana water quality standards for 

the Indiana Harbor/Grand Calumet River (iron, phosphorus, ammonia, phenol, and 

PCB). A small 

mixing zone would be required for most of these parameters to 

meet the standards. The concentration of PCB's exceeds the water quality 

standards by a factor of about 4000. However, the concentration of the 

filtered modified elutriate water is only about 10 times the PCB concentration 

of site water collected from Indiana Harbor Canal for the analysis (0.3 pg/L). 

280. Carbon adsorption may be used to provide additional removal of the 

trace organics, PCBs, and to a much lesser extent, heavy metals. Specific 

tests were not run to evaluate this control measure, but based on the results 

reported in the literature, significant reductions in concentration are to be 

expected. Reductions of soluble, 



concentration for this measure and to evaluate the cost effectiveness of this 

control measure. 

281. In summary, effluent treatment is required to p,roduce an acceptable 

effluent. Afc9fent. filtration should be employed to produce an effluent 

nearly free of suspended solids which would yield an efflluent that approaches 

acceptable water quality with a small t7(water ) Tj0  Tr 4229869 0  TD D 3  Tr iTc 0.1444  Tw19.8di6the one per 283. 



PCB's. The filtered surface runoff from the dry, oxidized sediments would 

contain lower concentrations of dissolved organic contaminants, but increased 

levels of most heavy metals. 

204. by heavy equipment. The time required for drying and consolidation of 

dredged material will depend on sediment characteristics, the method of 

dredging and disposal, the thickness of the dredged material lift, and 

meteorological conditions. An interim control for surface runoff would be 

codisposal with less contaminated sediments, which could be placed on top of 

the PCB-contaminated sediments hydraulically. This woul~d require an increase 

in the size (capacity) of the upland CDF. 

285. Volatilizatio". Testing procedures during surface runoff and plant 

and animal uptake studies have demonstrated that significant amounts of organic 

contaminants can be released from Indiana Harbor sedimen~ts during aging or 

drying. The concentrations of volatile the potential contaminant loss through volatiliza- 

tion (see discussion in Appendix G). 

286. Controls for volatile loss from a" upland CDF are more limited than 

for the in-lake CDF. Controls must reduce the exposure of PCB-contaminated 

sediments to drying and rewetting. This is best done by keeping the sediments 

permanently saturated, which in the upland CDF would promote leachate movement 

and prohibit the application of a graded, low-permeability surface cover. 
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&disposal, with less contaminated sediments (as suggested for runoff control) 

should reduce the volatile loss from the upland CDF. 

267. caps or covers. Three types of covers were evaluated for their 

potential to reduce infiltration into the th0  Tr 47.9998 0v6  3  Tr -0.3085  T
 -0.0397  Tw (covers ) Tj0  Tr 47.3141 0  TD 3  Tr -0.2339  Tc -0.1591  Tw (are ) Tj0  Tr 27.4285 0  TD 3  Tr -0.3203  Tc -0.0603  Tw (illustrated ) Tj0  Tr 82.2854 0  TD 3  Tr -0.746  Tw (in ) Tj0  Tr 19.8856 0  TD 3  Tr -0.2417  Tc -0.1501  Tw (Figure ) Tj0  Tr 47.9998 0  TD 3  Tr -0.2534  Tc -0.1367  Tw (28. ) Tj0  Tr -492.341 -24  TD 3  Tr -0.3207  Tc -0.0598  Tw (Cover ) Tj0  Tr 42.5141 0  TD 3  Tr -0.167  Tc -0.2355  Tw (1 ) Tj0  Tr 12.3428 0  TD 3  Tr -0.2456  Tc -0.1456  Tw (consisted ) Tj0  Tr 68.5712 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.5983  Tc -0.4283  Tw (only ) Tj0  Tr 34.2856 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (an ) Tj0  Tr 21.9428 0  TD 3  Tr -0.3459  Tc -0.0311  Tw (la-in. ) Tj0  Tr 46.6284 0.6  TD 3  Tr -0.415  Tc 0.048  Tw (layer ) Tj0  Tr 40.457 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.4387  Tc -0.6106  Tw (clay ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3474  Tc -0.0293  Tw (loam ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2004  Tc -0.1973  Tw (topsoil ) Tj0  Tr 54.1712 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (on ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2534  Tc -0.1367  Tw (top ) Tj0  Tr 26.7428 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr -497.8267 -24.6  TD 3  Tr -0.2004  Tc -0.1973  Tw (graded ) Tj0  Tr 47.9998 0  TD 3  Tr -0.3442  Tc -0.033  Tw (surface ) Tj0  Tr 54.1712 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 26.7428 0  TD 3  Tr -0.3256  Tc -0.74  Tw (partially ) Tj0  Tr 68.5712 0  TD 3  Tr -0.276  Tc -0.1109  Tw (dewatered ) Tj0  Tr 68.5712 0  TD 3  Tr -0.1956  Tc -0.2028  Tw (dredged ) Tj0  Tr 53.4855 0  TD 3  Tr -0.285  Tc -0.1007  Tw (material. ) Tj0  Tr 75.4283 0  TD 3  Tr -0.3207  Tc -0.0598  Tw (Cover ) Tj0  Tr 41.8284 0  TD 3  Tr -0.167  Tc -0.2355  Tw (2 ) Tj0  Tr 13.0285 0  TD 3  Tr -0.3113  Tc -0.0706  Tw (contained ) Tj0  Tr -471.0839 -24  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 27.4285 0  TD 3  Tr -0.2825  Tc -0.1034  Tw (same ) Tj0  Tr 34.2856 0  TD 3  Tr -0.2004  Tc -0.1973  Tw (topsoil ) Tj0  Tr 54.1712 0  TD 3  Tr -0.415  Tc 0.048  Tw (layer ) Tj0  Tr 40.457 0  TD 3  Tr -0.482  Tc 0.1245  Tw (but ) Tj0  Tr 28.7999 0  TD 3  Tr -0.1071  Tc -0.3039  Tw (it ) Tj0  Tr 19.1999 0  TD 3  Tr -0.3564  Tc -0.019  Tw (was ) Tj0  Tr 28.1142 0  TD 3  Tr -0.4098  Tc -0.6437  Tw (underlain ) Tj0  Tr 67.8855 0  TD 3  Tr
 -0.5335  Tc -0.5024  Tw (by ) Tj0  Tr 20.5714 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 14.3999 0  TD 3  Tr -0.2947  Tc -0.0895  Tw (24-in. ) Tj0  Tr 47.3141 0  TD 3  Tr -0.2524  Tc -0.1379  Tw (compacted ) Tj0  Tr 67.8855 0  TD 3  Tr -0.4387  Tc -0.6106  Tw (clay ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3298  Tc -0.0495  Tw (liner ) Tj0  Tr -485.4839 -24  TD 3  Tr -0.4545  Tc 0.0931  Tw (having ) Tj0  Tr 47.9998 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.7142 0  TD 3  Tr -0.4203  Tc 0.054  Tw (hydraulic ) Tj0  Tr 69.2569 0  TD 3  Tr -0.3914  Tc -0.6648  Tw (conductivity ) Tj0  Tr 88.4568 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.9428 0  TD 3  Tr -0.167  Tc -0.2355  Tw (1 ) Tj0  Tr 12.3428 0  TD 3  Tr -0.0609  Tc 0.329  Tw (X ) Tj0  Tr 15.0857 0  TD 3  Tr -0.2481  Tc -0.1428  Tw (10X*(-7) ) Tj0  Tr 60.3426 0  TD 3  Tr -0.3509  Tc -0.0253  Tw (cm/set. ) Tj0  Tr 60.3426 0  TD 3  Tr -0.6045  Tc 0.2646  Tw (The ) Tj0  Tr 28.7999 0  TD 3  Tr -0.2004  Tc -0.1973  Tw (topsoil ) Tj0  Tr 53.4855 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr -471.0839 -24.6  TD 3  Tr -0.1956  Tc -0.2028  Tw (dredged ) Tj0  Tr 53.4855 0  TD 3  Tr -0.2673  Tc -0.1209  Tw (material ) Tj0  Tr 61.7141 0  TD 3  Tr -0.3474  Tc -0.0293  Tw (were ) Tj0  Tr 34.9713 0  TD 3  Tr -0.3377  Tc -0.0404  Tw (assumed ) Tj0  Tr 55.5426 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (to ) Tj0  Tr 19.1999 0  TD 3  Tr -0.5216  Tc 0.1698  Tw (have ) Tj0  Tr 34.9713 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 13.0285 0  TD 3  Tr -0.4203  Tc 0.054  Tw (hydraulic ) Tj0  Tr 68.5712 0  TD 3  Tr -0.3914  Tc -0.6648  Tw (conductivity ) Tj0  Tr 88.4568 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr -429.2555 -23.4  TD 3  Tr -0.2318  Tc -0.1614  Tw (1.38 ) Tj0  Tr 32.9142 0  TD 3  Tr -0.0609  Tc 0.329  Tw (X ) Tj0  Tr 15.0857 0  TD 3  Tr -0.3781  Tc 0.0058  Tw (lO**(-4) ) Tj0  Tr 61.0283 0  TD 3  Tr -0.3383  Tc -0.0397  Tw (cm/set ) Tj0  Tr 47.3141 0  TD 3  Tr -0.3955  Tc 0.0257  Tw (and ) Tj0  Tr 28.1142 0  TD 3  Tr -0.2318  Tc -0.1614  Tw (2.25 ) Tj0  Tr 33.5999 0  TD 3  Tr -0.0609  Tc 0.329  Tw (X ) Tj0  Tr 15.0857 0  TD 3  Tr -0.3781  Tc 0.0058  Tw (lO**(-5) ) Tj0  Tr 60.3426 0  TD 3  Tr -0.3509  Tc -0.0253  Tw (cm/set, ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3368  Tc -0.0414  Tw (respectively. ) Tj0  Tr 102.171 0  TD 3  Tr -0.3207  Tc -0.0598  Tw (Cover ) Tj0  Tr 41.8284 0  TD 3  Tr -0.167  Tc -0.2355  Tw (3 ) Tj0  Tr -492.341 -24  TD 3  Tr -0.2456  Tc
 -0.1456  Tw (consisted ) Tj0  Tr 67.8855 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.5098  Tc -0.5294  Tw (an ) Tj0  Tr 21.9428 0  TD 3  Tr -0.2947  Tc -0.0895  Tw (18-in. ) Tj0  Tr 47.3141 0  TD 3  Tr -0.415  Tc 0.048  Tw (layer ) Tj0  Tr 40.457 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 21.2571 0  TD 3  Tr -0.2004  Tc -0.1973  Tw (topsoil ) Tj0  Tr 54.1712 0  TD 3  Tr -0.3279  Tc -0.0516  Tw (covering ) Tj0  Tr 61.0283 0  TD 3  Tr -0.167  Tc -0.2355  Tw (a ) Tj0  Tr 15.0857 0  TD 3  Tr -0.2947  Tc -0.0895  Tw (12-in. ) Tj0  Tr 46.6284 0  TD 3  Tr -0.2684  Tc -0.8053  Tw (drain ) Tj0  Tr 41.1427 0  TD 3  Tr -0.415  Tc 0.048  Tw (layer ) Tj0  Tr 40.457 0  TD 3  Tr -0.2966  Tc -0.0873  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.3502  Tc -0.0261  Tw (sand ) Tj0  Tr -498.5124 -24.6  TD 3  Tr -0.4203  Tc 0.054  Tw (overlying ) Tj0  Tr 68.5712 0  TD 3  Tr -0.482  Tc 0.1245  Tw (the ) Tj0  Tr 28.1142 0  TD 3  Tr -0.2947  Tc -0.0895  Tw (24-in. ) Tj0  Tr 47.3141 0.6  TD 3  Tr -0.4387  Tc -0.6106  Tw (clay ) Tj0  Tr 34.2856 0  TD 3  Tr -0.3298  Tc -0.0495  Tw (liner ) Tj0  Tr 40.457 0  TD 3  Tr -0.1577  Tc -0.2461  Tw (described ) Tj0  Tr 6erlying the clay 
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porosities and saturated hydraulic conductivities were assumed to remain 

essentially unchanged during the five year modeling period. This assumption 

is not very good since significant consolidation of the dredged material is 

expected during this period. Nevertheless, this assumption is acceptable 

because it represents a worst case analysis since consolidation will restrict 

infiltration. The in-place dredged material during capping was assumed to 

have properties similar to that of the in-situ sediment. The topsoil was 

assumed to be vegetative with a fair stand of grass. 

289. The precipitation averaged 34.08 in. 

h-I./year)n. Percentn. 7.55 22.15 

Cover 2 1.65 4.04 

Cover 3 1.36 3.98 

clay 

liner provides a very substantial reduction in the percolation besides 

additional protection against plant and animal uptake. 

290. Additional reductions in percolation are practicably attainable only 

by the installation of a synthetic flexible membrane liner on the surface of 

the clay liner. These additional reductions may not be justifiable due to the 

saturated condition of the dredged material. The dredged material after 

primary consolidation and initial dewatering, assuming that the material 

returns to the soil moisture content of the in-situ sediment, contains about 

30 in. of drainable water for approximately an 11-ft depth of dredged 
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material. This corresponds to the volume of percolation through Cover 2 

generated in 18 years. Therefore, the percolation through the percolatio8917.99  Tw (thD 3 (Tlays ) Tj0  Tr 35 0  TD 3  Tr -0.6698  Tc -0257  TD 3 linver ) Tj0  Tr-473Tw 583 -24  TD 3  Tr -009887.99  Tw46thD 3 (Tonstitutesn ) Tj0  Tr 83.3015 0  TD 3  Tr -0.4375  Tc -0.0583  Tw a8 the of the the t h e  After consolida- 

tion occurs, the leachate production rate will decrease. In the leaching 

permeameters, the hydraulic conductivity decreased drastically as the pore 

water leached out the bottom and the material consolidated. The hydraulic 

conductivity decreased to less than 1 X 10X*(-8) cm/set, a tenth of the 

hydraulic conductivity value assumed for the clay liner. In summary, the 

potential for leachate production is largely controlled by the water content 

and consolidation of the dredged material , and the impact of percolation 

through the cover is 



whose roots may penetrate the liner and release contaminants. predominantly 

cadmium. 

293. Liners and leachate collection. Three types of liners for the 

bottom of the upland dredged material containment area were evaluated for 

their potential to restrict percolation of leachate from the site. The liner 

types are illustrated in Figure 29. Liner 1 consisted only of an assumed 

natural foundation of 60 in. of undisturbed, moderately compacted silty clay 

loam having a hydraulic conductivity of 1.45 X lo**<-6) cm/set. Liner 2 con- 

sisted of a 24-in. compacted clay liner that was identical to that used in the 

cover design. The hydraulic conductivity was 1 X lO**(-7) cm/set. Liner 3 

contained the same clay liner but it was overlain by a 12-in. sand layer. The 

sand layer was identical to that used in Cover 3 and had a hydraulic con- 

ductivity of 8.43 X 10*X(-3) cm/set. The sand layer was assumed to be placed 

on a 3-percent slope with parallel drain pipes spaced 100 the effectiveness of a leachate 

collection system. A filter fabric (geotextile) should be placed on top of 

the sand layer to inhibit clogging. 

294. The liners were evaluated using the HELP model to estimate percola- 

tion through the liner for a assumed that this procedure would be 

sufficient to observe the leachate production from draining the initially 

saturated dredged material besides from infiltration through the cover. The 

evaluation was performed for each liner overlain by 10 ft of saturated dredged 
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material capped by Cover 1 in one case and by Cover 2 in another case. The 

porosity and drainable porosity of the dredged material was assumed to be 

0.72 in./in. and 0.42 in./in., respectively. Its saturated hydraulic conduc- 

tivity was 



Table 9 

Sulmnary of Liner Performance 

Percolation through Leachate Collection, 
Liner, in. (Average in. (Average per 

per year)* year) * 
Cover 1 Cover 2 Cover 1 Cover 2 

Liner 1 10.20 4.23 

Liner 2 7.19 3.84 

Liner 3 

* Values for each year decreased exponentially during the 20 year period 
modeled. 
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saturated hydraulic conductivity is assumed to remain constant. The percola- 

tion of 



concentration of contaminants in the leachate exceeds water quality standards 

for only cadmium, lead, PCBs, and possibly dissolved organic carbon (DO0 

under aerobic, oxidizing conditions and for only chromium, lead, PCBs, and 

possibly DOC. Only the concentrations of PCBs and DOC are high in comparison 

to water quality standards. PCBs have a high affinity for soils and virtually 

all of it is likely to adsorb to the clay liner as evident by the high parti- 

tioning coefficient between the soil and water. This affinity was found both 

in this study and in the literature. The behavior of DOC in passing through 

the clay liner and foundation soils is unknown since its composition is 

unknown. It is expected that the DOC will have scxne affinity for soil since 

it must have had an affinity for the sediment to have stayed with the sediment 

in the channel rather than escaping to the water column in the channel. 

HWWJsr, the affinity cannot be too strong to be present at its high concen- 

tration in the leachate. The impact on the groundwater also depends on 

specific site conditions such as flow pattern, groundwater quality, and 

groundwater use. In conclusion, additional testing and analysis are required 

to evaluate the impact of leachate on groundwater. Only the DOC readily poses 

concern when Liner 3 is employed without a flexible membrane liner. 

297. In surmnary, a leachate collection system consisting of a 12-in. sand 

layer to collect leachate and a 24-in. clay liner to restrict percolation of 

leachate to the groundwater provides good protection against release of con- 

taminants by leaching. The system can reduce leachate losses by as much as 

90 percent prior to 



298. Leachate treatment. As stated above, only DOC and and and and s t a t e d  of conditions best 

7. Trj0  Tr 20.5714 0  T  TD 3  T847141 0Tleacha.22  Tw (quali  Tw (conditions ) Tj0  ) Tj0  T13623364  Tccause1829  Tw (biological ) Tj0  Tr 76.  -24.6  TD 3  Tr -0.3722  Tc 0.1652268  Tc 0.0467  Tw (su474T  Tr 612827141 0Thigh.8107  Tw (conditions ) Tj0  Tr 74 Tje2Tr 1t37tion0.3439  c545 0.0.1335  Tw (unif102 ) Tj0  Tr -464.2268 -24.6  TD 3  Tr -0.3722  Tc 0.1658  Tw (inflow ) Tj0  T227ary, ) Tj004711 TcDOC22  Tc 0.16528perf Tj0  Tr 34.28560.6  TD 3  Tr -0.7322  Tc 0.5772  Tw (In ) Tj0  Tr 20.571422424.6  - Tj0323364  PCBs.4  Tc 0.1592  Tw 91 5 Additional testing and analysis is required but carbon adsorption appears to 

be the process of choice. 

299. Summary. Disposal in an upland dredged material containment area 

requires control measures to reduce the release of contaminants by plant and 

animal uptake and discharge of effluent, surface runoff, volatilization, and 

leachate. The control measures include effluent treatment, capping, lining, 

,and leachate treatment. Since the contaminants are predom:lnantly associated 

VrYith the suspended solids in the effluent, filtration is the minimum treatment 

to produce an acceptable effluent of supernatant and surface runoff. The 

PCB-contaminated material should be capped by a layer of topsoil underlain by 

a 24-in. compacted clay liner to restrict infiltration, reduce potential 
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leachate production. provide a physical barrier between plants and animals and 

the 



PART V: DREDGING EQUIPMENT EVALUATIONS 

300. The two proposed dredging reaches, totaling 200,000 c" yd, of 

contaminated material in Indiana Harbor have high concentrations of PCBs and 

other contaminants. When these sediments are disturbed, as in dredging opera- 

t ions, contaminants may be transferred for a short period of time to the water 

column either through resuspension of the sediment 



suitable for removing the contaminated Indiana Harbor sediments; these dredges 

fall into three broad categories: Hydraulic, Mechanical and Special Purpose 

Dredges. 

Hydraulic dredges 

303. Characteristics. Research under the IOMT program has shown that 

hydraulic dredges tend to generate less turbidity than mechanical dredges 

(Hayes, Raymond, and McLellan 1984). This is particularly true for conven- 

tional cutterhead dredges and for hopper dredges not allowing overflow. 

However, lack of maneuverability in a restricted area precludes using a hopper 

dredge at Indiana Harbor. 

304. A cutterhead suction dredge (Figure 30), using the proper operating 

techni,ques, limits sediment resuspension to the lower portion of the water 

COlUIllIl. Indeed, the cutterhead may be the most sensitive of any dredge type 

to changes in operating techniques. The sediment resuspended by a cutterhead 

dredge is dependent on thickness of cut, rate of swing, and cutter rotation 

rate (Barnard 1978). Proper balance of these operational parameters can 

decrease sediment resuspension while having little or no adverse effect on 

production (Hayes, Raymond, and McLellan 1984). 

305. Operational controls. Operational controls will reduce the amount 

of material disturbed by the cutterhead but not entrained by the suction 

(Huston and Huston 1976). Based on the impact of the factors described above, 

the following operational controls to reduce levels of sediment resuspension 

are recommended: 

2. Large sets, very thick cuts, and very shallow cuts should be 
avoided. Thick cuts tend to bury the cutterhead and may cause 
high levels of resuspension if the suction cannot pick up all of 
the dislodged material, while in shallow cuts the cutter tends 
to “throw” the sediments beyond the intake of the dredge (Hayes, 
Raymond, and McLellan 1984). 
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/ ,“A” FRAME 

Figure 30. Cutterhead suction dredge 
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b. The leverman should swing the dredge so that the cutterhead will 
cover as much of the hottom as possible. This minimizes the 
formation of windrows or ridges of partially disturbed material 
between the cuts; these windrows tend to slough into the cuts, 
and the material in the windrows may be susceptible to 
resuspension by ambient currents and turbulence caused modifying the basic stepping methods used to 

advance the dredge or using a Wagger or spud carriage system. 

c. Side slopes of channels are usually dredged by making a vertical 
box cut; the material on the upper half of the cut then sloughs 
to the specified slope. To minimize resuspension, the specified 
slope should he cut by making a series of smaller boxes. This 
method, called "stepping the slope," will reduce but not 
eliminate all sloughing. 

4. On some dredging projects, it may be more economical to roughly 
cut and remove most of the material, leaving a relatively thin 
layer for final cleanup after the project has been roughed out. 
However, this remaining material may be subject to resuspension 
by ambient currents or prop wash from passing ship traffic; 
therefore, this method should not be used in Indiana Harbor. 

306. The above mg/e near the dredgehead, and 

the overall length limited to 800 ft down current from the dredge. 

Mechanical dredges 

307. Characteristics. The IOMT program has shown that mechanical dredges 

produce larger suspended sediment levels than hydraulic dredges (Hayes, 

Raymond, McLellan 1984) (other than a hopper dredge 



- 

Figure 31. Clamshell dredge 
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310. Equipment design. Recent monitoring conducted during dredging at 

the Calumet River using a clamshell bucket showed a plume of suspended solids 

approximately 2 times background levels extending 25 feet from the dredge. An 

enclosed bucket (Figure 32) has been developed in 





Figure 33. Dutch Matchbox dredge (provided by U.S. Army Engineer 
District, Chicago) 

-- 



Dredged Material Transport and Placement 

315. Dredged material is normally transported to a disposal sire by towed 

or t o w e d  



it is thoroughly washed out, the material remaining in the line near the break 

will fall out into the surrounding water, releasing contaminated material. 

However, if the line is properly washed out. only clean water will escape when 

the break is made, and sediment suspension will be avoided. 

318. Two types of pipelines are available for dredging discharge lines: 

steel and high density polyethylene (HDPE). HDPE is a lightweight, flexible 

material that, if used properly, can be used to advantage over steel. Connec- 

tioas between sections of steel line are usually made with ball joints to give 

flexibility to the line. If the joints are old and 



barge for disposing of the material, the hopper doors sh'mld open quickly and 

smoothly so as not to "sprinkle" the contaminated material over a long period 

of time. 

Special equipment 

320. The amount of water column turbidity generated by an open-water 

pipeline disposal operation or barge pumpout can probabl:y be minimized most 

effectively by using a submerged diffuser system (Figure 34) that has been 

developed through extensive laboratory flume tests condwted under DMFLP (Neal, 

Henry, and Greene 1978). This system has been designed to eliminate all 

interaction between the slurry and upper water column by radially discharging 

the slurry parallel to and just above the bottom at a low velocity. The 

entire discharge system is composed of a submerged diffwer and an anchored 

support barge attached to the end of the discharge pipelfne that positions the 

diffuser relative to the bottom. 

321. The primary purpose of the diffuser is to redwe the velocity and 

turbulence associated with the discharged slurry. In omz DMRP design, this is 

accomplished by routing the flow through a vertically oriented, 15-deg conical 

diffuser with a cross-sectional area ratio of 4:l follow~ed by a combined 

turning and radial diffuser section that increases the overall area ratio to 

16:l compared to the pipeline. Therefore, the flow velmity 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 not 

affected in any way by the diffuser. The conical and twning/radial diffuser 

sections are joined to form the diffuser assembly, which is flange mounted to 

the discharge pipeline. An abrasion-resistant impingeme:~t plate is supported 

from the diffuser assembly by 4 to 6 struts. The parallszl conical surface of 

the radial diffuser and impingement plate slope downward at an angle of 10 deg 
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Figure 34. Submerged diffuser system 

from the horizontal so that stones and debris can roll down the sloped surface 

and automatically clear the diffuser. The radial discharge area of the dif- 

fuser can be adjusted by changing the length of the struts supporting the 

impingement plant. In this manner both the thickness and velocity of the 

discharged slurry can be controlled. The strut length, which determines not 

only the slurry discharge velocity but also the maximum diameter of an object 

that will pass through the diffuser, should be approximately five-sixths of 

,the pipe diameter. 

322. A discharge barge (Figure 35) must be used in conjunction with the 

diffuser to provide both support and the capability for lowering the diffuser. 

The barge also provides a platform for the diffuser while it is being 

adjusted, serviced, or moved to a new site. Figure 35 also depicts the use of 
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the diffuser while constructing a CAD facility. The diffuser's ability t" 

accmately place the dredged material and cap (see Part IV for details on CAD) 

wou:ld increase the overall efficiency of such an operation. 

323. The diffuser has a great deal of potential for eliminating turbidity 

in the water column and maximizing the mounding tendency of the discharged 

dredged material. The slurry remains in the pipeline/diffuser until it is 

discharged at low velocity near the bottom, or below a z""e of high current 

velocity, thus eliminating all interaction of the slurry with the water column 

above the diffuser, 

Navigational and positioning equipment - 

324. Accurate navigation to a CAD site and precise positioning during 

material placement discharge are necessary for the capping work, if this 

option of disposal is selected. The type of navigational and positioning 

equipment used will depend on the location of the site selected for the CAD 

option. If the site is be explored for the Indiana Harbor 

CAD site. These options include accurately placed taut-wire buoys, a" array 

of acoustical positioning devices, or the construction of shore-based towers 

to f:Lx positions offshore. The accuracy of positioning equipment depends on 

the site conditions, distance offshore, depth, etc., of the offshore 



Equipment 



13 sampling stations at varying distances from the dredging operation were 

used and samples were collected at near-bottom, middepth, and near-surface. 

The field study identified a suspended sediment plume with the 

ambient suspended sediment concentration. The rapid reduction in area of the 

plums from bottom to middepth indicates that the plume is generated primarily 

by the impact, penetration, and withdrawal of the bucket from the sediment. 

The highest concentrations and greatest variability of the plume ware found 

near the bottom where samples collected within 50 ft of the dredge ranged from 

540 mg/e to 49 mg/a. 

Hydraulic dredge field evaluation 

327. The cutterhead demonstration was conducted in Calumet Harbor “ear 

the Chicago Area CDF. The monitoring plan included observations of the 

cutterhead operation and collection of discrete water samples to measure sus- 

pended solids. The cutterhead operational parameters measured included 

production rate, swing speed, cutter rotational speed, and depth of each cut. 

The discrete water samples were collected from a specially designed head 

sampler attached to the dredge’s ladder, which allowed collection of samples 

within 5 ft of the cutterhead. Additional water samples were collected at 

6 to 10 stations located in and around the dredging operation at 5, 50, 80, 

<and 95 percent of the total water depth. The field demonstration of the Dutch 

matchbox dredge was also conducted at Calumet Harbor. The dredge was the same 

done used in the cutterhead suction demonstration, except that the cutterhead 

was removed and the matchbox head installed. The monitoring plan was similar 

~to that used for the cutterhead dredge. The dredge head sampl~er was modified 
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since the matchbox has no cutter, but the operation of both dredges was 

similar. The demonstration of the matchbox suction head dredge was the first 

us<? of the dredge in this country. 

328. Two days of background sampling preceded the two days of matchbox 

testing which was followed by another day of background sampling and three 

days of cutterhead testing. A suspended sediment plume with a concentration 

of at least 10 mg/9. above ambient was identified for the 
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diffuser exit in 20 ft of water, water column samples were collected at 

increments of 5, 50, 80, and 95 percent total depth, every 5 minutes 

throughout the dredging period. With ambient total suspended solids (TSS) 

concentrations ranging between 2 and 10 mg/R, the average TSS level for the 5 

and 50 percent samples was 9.6 mg/ll, while the average of the lower two in the 

discharge path was 3,266 mg/ll. The diffuser was able to significantly reduce 

the slurry velocity, confine the discharged material to the lower 20 to 



levels of resuspension near the matchbox. Consequently, before the matchbox 

suction head could be recommended over the cutterhead for removing contami- 

nated sediments, additional studies need via computer. This 

equipment is available (Taylor 1986) and although a properly designed system 

may not increase production it would optimize the efficiency, density of 

dredged slurry, and effectiveness, precise removal of sediment layer, of the 

matchbox dredge. 

332. The submerged diffuser was able to reduce the pipeline exit velocity 

by 75 to 80 percent. However, the exit velocities were 3 to 4 times greater 

than the theoretical predictions. Additional investigations may be needed to 

evaluate these variations. The demonstration clearly showed the diffusers 

abil:Lty to limit sediment resuspension to the lower 54.8569 0  T9 0  TD 34133l. TD 3  Tr6v60.36859poremonstration material to the lower 20 to 30 percent of the water 

column. and reduce suspended sediment effects in the upper portion of the 

water. 

333. The dredging alternatives chosen for a particular project depend on, 

but are not limited to, availability of equipment, disposal site selected, 

dredged material contaminant levels, hydraulic characteristics of the area, 

and physical characteristics of sediment. Using the DMRP and IOMT research 

aof IbackgrouMT IOMT area, 

sediment. the demonstrations, several innova- 

tive dredging alternatives have been identified for the Indiana Harbor 

Projecu -the dredging alternatives Indiana the Harbor aheaified d (the ) Tj0 474439.7428 0  TD 3  Tr4427368 TrTc46.26ofratp(settified ) Tj0  Tr 61.7141 0  TD 32766448.4528  Tc 3.26ofraundearbor 

d(the ) Tj0  Tr 27.4285 0  TD 33w ons, 





PART VI: SUMMARY AND CONCLUSIONS 

summary 

334. This study evaluated dredging and dredged material disposal alter- 

natives for approximately 200,000 cu yd of PCB-contaminated sediment from the 

Indiana Harbor Canal. Samples of sediments were obtained from two PCB- 

contaminated reaches for use in laboratory testing. A Management Strategy was 

applied which uses technically appropriate testing protocols designed 

especially for the unique nature of dredged material and the physicochemical 

conditions of various disposal alternatives. The Management Strategy was used 

to determine the potential for environmental harm from contamination, to 

examine the interrelationships of the problems and potentl~al solutions, and to 

detwmine what restrictions are required for each disposal alternative under 

consideration. Effluent quality, surface runoff quality, leachate quality, 

settling, consolidation, plant contaminant uptake, and animal contaminant 

uptake tests were performed. Research to develop or improve leachate, surface 

runoff, and contaminant immobilization tests "as also conducted. 

335. Three dredged material disposal alternatives were evaluated: con- 

tained aquatic disposal, confined disposal in an in-lake CDF, and confined 

disposal in an upland CDF. The no-action alternative and the TSCA-approved 

disposal alternatives of incineration and placement in a chemical waste land- 

fill were also evaluated for purposes of comparison. Application of the 

Management Strategy identified the required contaminant control measures for 

each of the dredged material disposal alternatives. New emerging technologies 

were evaluated for application to the PCB-contaminated sediments but these 

technologies were limited to contaminant containment and immobilization 
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techniques. No innovative contaminant destruction technologies were found to 

be appropriate for these sediments. Demonstrations of :fnnovative and conven- 

tional equipment for dredging and disposal of the PCB-contaminated sediments 

were conducted to provide information for equipment selection. Specific 

conclusions for each aspect of the study are given in tlhe following 

paragraphs. 

Conclusions 

Potential problems and testing results - 

336. Criteria for selection of controls. Results :from effluent and 

runoff tests were compared with Indiana water quality standards and 

USEPA Federal water quality criteria for the protection of freshwater aquatic 

li.fe. Results from plant and animal uptake tests were Icompared with the FDA 

allowable concentrations for foodstuffs. There were no appropriate criteria 

for comparison with leachate test results. The comparisons of test 

criteria 702sults. basi Tr -464.912541.828  Tr -0.2381  Tc 0.1854  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2381  Tc 04085  Tw (016 ) Tj0discussi  Tr 74.7426 0  TD 3  Tr -0.3434  Tc 0.1854  Tw (of ) Tj0  Tr 20.5714 0  TD 3  Tr -0.2381  Tc 41585  Tw (215304 te approp0    Tr 61.7141 082.2of )Tr -0.3893  Tc 060904  Tw 153parisonsntaminantTr 81.5997 0  TD 3  Tr -0.3893  Tc 019904  Tw 1061parisonsntrolTr -464.9125 -72.4553p 3Tr -0.3155  Tc 261854  Tw 73 for The 

largely associated with suspended solids in the disposal area 

ponded waters. If mixing is considered, removal of suspended solids will 

reduce effluent contaminant concentrations to acceptable levels for the 
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in-lake CDF with the possible exception of PCB's. The removal of dissolved 

contaminants for the upland disposal alternative may be required to approach 

water quality standards. 

338. Surface runoff. The results of the surface runoff studies indicated 

that excessive contaminant release could occur if the PCB- contaminated 

Indiana Harbor sediments were placed in the upland environment without surface 

capping or covering with a low permeability material. During the early, wet, 

anaerobic stages, contaminants were mostly bound to the suspended solids in 

the surface runoff and were mainly in the unfiltered samples. As the sediment 

dried, the SS concentrations decreased, thereby decreasing the unfiltered 

contaminant concentrations. Filtered concentrations during the wet, anaerobic 

stage were low compared with the unfiltered concentrations but would still be 

of concern when compared with the USEPA Maximum Criteria for the Protection of 

Aquatic Life. Until the sediment became oxidized and the pH decreased to 

about 6.5, the filtered concentrations of contaminants would also decrease 

significantly. Results of the tests represented the worst possible case that 

could occur during the wet, anaerobic stage. Control measures for surface 

runoff should concentrate on control of the SS in the runoff 



Harbor sediments are tightly bound to the sediment solids. Metal concentra- 

tions measured did not exceed Drinking Water Standards during batch, column, 

or interstitial water testing of either anaerobic or aerobic Indiana Harbor 

sediment. The fraction of metals resistant to leaching was generally greater 

than 99 percent. Releases of metals during leaching from aerobic Indiana 

Harbor sediments should not be of major concern. 

340. Batch testing of organic contaminant releases under anaerobic and 

aerobic conditions has also shown that the majority of these compounds are 

tightly bound to the sediment. The batch from sediments in 

compression settling is considerably lower than the results of the modified 

elutriate test. This indicates that mechanical dredging and placement of the 

contaminated sediments into a confined facility would minimize contaminant 

release at the disposal site. 

342. Solidification/stabilization of contaminated sediments. 

Solidification/stabilization reduced the leachability of arsenic, cadmium, 

chromium, lead, and zinc. Cadmium and zinc were completely immobilized by 

some processes. Because some solidification/stabilization tend to increase 

the leachable metal concentration, careful process selection is needed to 

maximize chemical stabilization. The most effective processes for metal 

immobilization were Firmix with WEST-polymer and Firmix. 

343. Solidification/stabilization did not significantly alter the 

sorption capacity of the sediment for total organic carbon. Data were not 

available to evaluate the potential of solidification/stabilization technology 

to reduce the leachability of specific organic compounds. 
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344. Plant contaminant uptake. Plant bioassays indicated high electrical 

conductivity, potentially low available nitrogen and phosphorus, as well as 

low concentrations of unknown organics that could limit plant growth. Plant 

growth on flooded sediments was greater than that on the upland sediments. 

Organic contaminants were not found in plant tissues. However, the content of 

heavy metals in plants grown on the upland sediments was greater than that of 

plants grown on the flooded sediment. 

345. Plant cadmium and lead levels are high in the plants grown on the 

upland sediments. The cadmium level of 14.5 up/g is above the FDA and indi- 

cates that control measures are needed if the material is disposed of in the 

upland environment. 

346. Animal contaminant uptake. Animal bioassays, using sediment tested 

in its original state, found the sediments to be extremely toxic to earth- 

worm,*. Earthworm survival was not observed until the sediment was aged for 

6 months in snlightd in the 



The migration of sediment contaminants in any waterway is primarily the result 

of sediment resuspension and transport. Additional hydrodynamic information 

must be available to fully describe sediment transport processes 



352. In-lake CDF. An in-lake CDF has been proposed to confine Indiana 

Harbor sediments that have been classified as moderately to heavily polluted. 

This CDF or one of similar design could also be considered for codisposal of 

the 200,000 cu yd of PCB-contaminated material. 

353. Use of a two-celled CDF with filter dikes should remove virtually 

all suspended solids and associated contaminants in the 

CDF filter dike section should be selected to prevent clogging during the life 

of the disposal area. 

354. Design and operational controls for the CDF should also include 

chemical clarification, oil removal, and sequencing of dredged material dis- 

posal to provide maximum environmental protection. 

355. The chronological order of the dredging projects should be arranged 

in a manner 355f 



357. Surface runoff from an upland CDF should be controlled. Filtration 

and carbon adsorption may be necessary for treatment of runoff until a surface 

cover can be applied. A surface ccwer (cap) of topsoil underlain by a 24-inch 

layer of compacted clay would restricted infiltration, reduce potential 

leachate, and prevent contaminant loss in surface runoff and by plant and 

animal uptake. Codisposal of the PCB-contaminated sediments with less con- 

taminated sediments would reduce the contaminant loss b:y volatilization. 

358. The upland CDF should be lined by a 24-inch compacted clay liner to 

restrict seepage of leachate. The performance of the clay liner may be 

inlproved by a leachate collection system. 

Dredging and disposal equipment - 

359. Performance of a clamshell dredge, a conventional cutterhead 

hydraulic dredge, and an innovative matchbox hydraulic dredge were compared in 

field demonstrations to obtain data on sediment resuspension during dredging. 

Resuspension from cutterhead and matchbox operations was restricted to the 

lower water column and was lower than that for the standard (open) clamshell 

dredge. If a clamshell dredge is selected, the bucket should be enclosed. 

360. the water column and greatly 

reduced pipeline dischaf water 



could be used to provide environmentally sound disposal of the PCB- 

contaminated 
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