Sediment
and

Contaminant
Transport

1n

Surface
Waters



Sediment
and

Contaminant
Transport

1n

Surface
Waters

VA

Publishing

CRC Press
Taylor & Francis Group
Boca Raton London New York

Taylor & Francis Group, an informa business




CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2009 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Printed in the United States of America on acid-free paper
10987654321

International Standard Book Number-13: 978-1-4200-5987-8 (Hardcover)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts
have been made to publish reliable data and information, but the author and publisher cannot assume
responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize
to copyright holders if permission to publish in this form has not been obtained. If any copyright material
has not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, trans-
mitted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter
invented, including photocopying, microfilming, and recording, or in any information storage or retrieval
system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.
com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and
registration for a variety of users. For organizations that have been granted a photocopy license by the
CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are
used only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Lick, Wilbert J.

Sediment and contaminant transport in surface waters / author, Wilbert Lick.

p.cm.

“A CRC title.”

Includes bibliographical references.

ISBN 978-1-4200-5987-8 (alk. paper)

1. Water--Pollution. 2. Sediment transport. 3. Contaminated sediments. 4.
Streamflow. 5. Limnology. 6. Environmental geochemistry. I. Title.

TD425.L52 2009
628.1'68--dc22 2008023728

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

© 2009 by Taylor & Francis Group, LLC


http://www.copyright.com
http://www.copyright.com
http://www.copyright.com
http://www.taylorandfrancis.com
http://www.crcpress.com

Contents

PrEfaCe. ... eviiieeiieeeeee e e et xiii
ADOUL the AULNOT ...eociiiiiiiiccee ettt e eaaeeeeaneeeas XV
Chapter 1  IntroducCtion .........c.ecueeieriiesiesiieieeiieie ettt eeeneenee e 1
1.1 Examples of Contaminated Sediment Sites.........ccocceeveerierrieeneenieeneennne. 2
LT HudSon RIVET ..ouviiiiiiiiciiicciie ettt 2

1.1.2 Lower FOX RIVET ..ccuviiiiiiiiiie ettt 4

1.1.3  Passaic River/Newark Bay ..........ccccceeviiriiinieniiinieieeienieeeeee, 6

1.1.4  Palos Verdes Shelf ...........oooiiiiiiieiiiieeeecee et 7

1.2 Modeling, Parameterization, and Non-Unique Solutions ...........c...cccueen.... 9
L2.1 MOAEIING ..cvveiniiiiiiieiieeieette ettt 9

1.2.2 Parameterization and Non-Unique Solutions............cccecueeveernennne 10

1.3 The Importance of Big EVENtS ........ccceeviiiiiiiniiiiiiieiieeeceeee e 12
1.4 Overview Of BOOK ......cooiiiiiiiiiiiiiieeiieeceee e 17
Chapter 2 General Properties of Sediments..........cccceceveerineeneneeneneeeee. 21
2.1 PATUICIE SIZES ...uviiieeiieeeeee e e 21
2.1.1 Classification of SiZeS ........ccoeiieiuieiiiiieeiieeeeeee e 21

2.1.2 Measurements of Particle Size.........c..ccoovviieiiieieiiieeiieeeeieeeee. 23

2.1.3  Size DiStribDUtiONS........cccviiieiiiieiie et 23

2.1.4 Variations in Size of Natural Sediments throughout a System..... 26

2.2 Settling SPEEAS......eeiuieuiiiieiiieeet e 30
2.3 MINETAIOZY -ttt 33
2.4  Flocculation of Suspended Sediments ..........c.cceouevuerieneeienenienieeeeee 35
2.5 Bulk Densities of Bottom Sediments ..............ccceueeeeiuieeeiiieeeiieeecieeeenenen. 37
2.5.1 Measurements of Bulk Density........c.ccocevverenievienenieininininennn 39

2.5.2 Variations in Bulk Density..........ccccceevienirieniniinieenceceeeeeen 41
Chapter 3  Sediment EroSion .........cceevieeiiieniieiiienie ittt 45
3.1  Devices for Measuring Sediment Resuspension/Erosion ...........cc.cc..c..... 46
3.1 Annular FIUMES ......ooooiviiiiiiicciiecceeeee e 46

3.1.2 The ShaKer .....ccoviiiiiiiiciiieeees e e 50

313 SedfIume ..o e 51

3.1.4 A Comparison Of DEVICES......cccereereriiniriiniinienieeieneeenieeee e 54

3.2 Results of Field Measurements ...........c..cceeuveeevveeerieeeeireeeeieeeesveeesveeennns 56
3.2.1 Detroit RIVET ..occviiiiiiiieiiicecie e et 57

3.2.2 Kalamazoo RIVET ........cccueieiiiiiiiieceieeeeee e e 60

\"

© 2009 by Taylor & Francis Group, LLC



vi

Sediment and Contaminant Transport in Surface Waters

3.3  Effects of Bulk Properties on Erosion Rates .........ccccccccevvveninincnencnne. 67
331 Bulk Density c...oceevuerieniiiieniiiienieeienteeeieeeiee e 68
3.3.2 Particle SIZe .....cceoouieeeniieiiniiiiiiecieeeeeeeee e 70
3.3.3  MINETAIOZY ..cuviiieniiriieieeiieteete ettt 72
3.3.4  Organic CONENL.....cccueeruierieeiieriieeieentesteesite et esiteeteebeesreeiee e 75
3.3.5  SAlINIEY .eeuiiiiieie ettt 76
3300 GAS ettt st 77
3.3.7 Comparison of Erosion Rates ..........ccccceevueevieniiinieniieniienieeieee 79
3.3.8 Benthic Organisms and Bacteria .........ccceceveecienenienicnncneenennn. 80
3.4 Initiation of Motion and a Critical Shear Stress for Erosion.................... 81
3.4.1 Theoretical Analysis for Noncohesive Particles ............ccccceeenenne 83
3.4.2 Effects of Cohesive FOrces........c.cccoverieninieninciincniincenciecncneen 85
3.4.3 Effects of Bulk Density........coccoerereninenienenieiiieieicieceeeeeee 87
3.4.4 Effects of Clay MineralsS.......c.ccoceeverienenieniniiineeiencecsceeen 88
3.5 Approximate Equations for Erosion Rates...........ccccceeevienieniiinniinncennenn. 90
3.5.1 Cohesive SEdimMeNts .......ccceeeerueriierienieieeienie et 90
3.5.2 Noncohesive Sediments ........coceevuererienerreneeieneeieneeneeneeneenaees 91
3.5.3 A Uniformly Valid EQUation...........ccccecceveveerienienininieninencncneenen 92
3.5.4 Effects of Clay Minerals.......c..ccoceeveeririinennencnncneicnecicneenene 92
3.6 Effects of Surface SIOpe......c..coccevieiieniiiiiniiiinieieccecc e 93
3.6.1 Noncohesive SedimeNnts .........coceevueruerienerieniieieneeieneee e 93
3.6.2 Critical Stresses for Cohesive Sediments ..........ccccocevveevineencnnen. 96
3.6.3 Experimental Results for Cohesive Sediments..........c.cccecereennne. 97
Chapter 4 Flocculation, Settling, Deposition, and Consolidation................ 103
4.1  Basic Theory of Aggregation ..........coceecerierierienienienieeieneeieneeee e 104
4.1.1  Collision Frequency .........ccceeveerieenienieeiienie et 104
4.1.2  Particle INtEractions ..........ccecueeierieeieniieiesieeieseeie e 106
4.2 Results of Flocculation EXperiments ...........cccocveevueerieenieeneensieeneenneenne 108
4.2.1 Flocculation due to Fluid Shear...........cccceeeeviiiieninenieeeeens 109
4.2.2 Flocculation due to Differential Settling .........cccocevvevenieniennne. 116
4.3 Settling Speeds of FIOCS......c.cooiiiiiiiiiiiieiieiiecteseeee e 120
4.3.1 Flocs Produced in a Couette Flocculator...........cccccecvenerieniennnes 120
4.3.2 Flocs Produced in a Disk Flocculator.........cc.ccocceveneencnencnenens 122
4.3.3 An Approximate and Uniformly Valid Equation for the
Settling Speed of @ F1OC.......ccccooiriiiiniiiiniiiiicccceece, 125
4.4 Models of FIoCCUIAtion ...........coccueriiiiniiiiiiiiniiiieeiesieenteee e 126
4.4.1 General Formulation and Model..........c..ccoceeviniinininicnencnnens 126
442 A Simple MOdel ......cccooviiiiiiiiiinieeieeie et 130
4.4.3 A Very Simple Model .........cccooieiiiiiniiinieescee e 138
4.4.3.1 An Alternate Derivation..........ccocceceeveeveeneniencnncnennne. 139
4.4.4 Fractal ThEOTY .....ccccoiiiiiiiiiiiiiiiieiceeeeeee e 140

© 2009 by Taylor & Francis Group, LLC



Contents vii

4.5 DEPOSILION «..ouiiiiiieiiieiieie ettt 142
4.5.1 Processes and Parameters That Affect Deposition..................... 145
4.5.1.1 Fluid Turbulence...........ccccceeeieninciininiiniiinceencenee, 145
4.5.1.2 Particle DyNamics ........ccccuevuerierienieniinienie e 148
4.5.1.3 Particle Size Distribution .........cccceceverveencncencneencnnn. 148
4.5.1.4 FlocCulation........ccceeieruirieniieiesieeieie e 148
4.5.1.5 Bed Armoring/Consolidation..........cccceceevervencreennennen. 149
4.5.1.6 Partial Coverage of Previously Deposited Sediments
by Recently Deposited Sediments...........cccecueveeeennenne. 149
4.5.2 Experimental Results and Analyses ..........ccccevveenienvennieennennne. 149
4.5.3 Implications for Modeling Deposition...........cccceeveereerruenueeeennenns 154
4.6 ConSOIAALION ..c..eevuiiiiniieiiiiieieieeteee ettt 155
4.6.1 Experimental Results..........c.cccooiiiiiiiniininiiniiceeeeee 156
4.6.2 Basic Theory of Consolidation .........c..cecceveeienernienennienennenens 165
4.6.3 Consolidation Theory Including Gas.........ccccevvveerieriieenieeneennne. 169
APPEINAIX A .ottt ettt 171
APPENAIX B oot 172
Chapter 5 Hydrodynamic Modeling ..........ccccceeevienienenienienieienieieseeneeene 175
5.1  General Considerations in the Modeling of Currents..........cccccoceecuenee 176
5.1.1 Basic Equations and Boundary Conditions ..........cccceceeveereennne. 176
5.1.2 Eddy Coefficients........cceeeeviireinirienienieneeicneerene e 179
5.1.3 Bottom Shear Stress........ccceveriereriereeiereee e 182
5.1.3.1 Effects of CUITENLS ....oouveierieniiriiniieienieeicececseeeeeen 182
5.1.3.2 Effects of Waves and Currents........cccceeeeveeveereeeneeennnenn 185
514 WINA SEIESS ..evviniieiieiieiesieeie ettt 187
5.1.5  Sigma COOTAINALES ....cevuvieiieriieiiieeieeiee sttt 188
5.1.6  Numerical Stability ........ccccoerieriinierieiiiiiiieneeecceenen 189
5.2 Two-Dimensional, Vertically Integrated, Time-Dependent Models...... 190
5.2.1 Basic Equations and ApproXimations.........c..cecceeeervervenvenuennenes 190
5.2.2 The Lower FOX RIVET .....ccccviiiiniiiiiiiiiiiciicccceeee e 191
5.2.3 Wind-Driven Currents in Lake Erie .......c..ccccocecininiininninnn. 194
5.3  Two-Dimensional, Horizontally Integrated, Time-Dependent Models. 195
5.3.1 Basic Equations and ApproXimations..........cceecveerveesueenveenieennne. 196
5.3.2 Time-Dependent Thermal Stratification in Lake Erie................ 198
5.4  Three-Dimensional, Time-Dependent Models ...........cocceeereencniencnnee. 201
5.4.1 Lower Duwamish Waterway...........ccccoeeevenieniniieneniienenienens 202
5.4.1.1 Numerical Error due to Use of Sigma Coordinates ...... 204
5.4.1.2 Model of Currents and Salinities .......c..ccccoeceererveeneenee. 205
5.4.2 Flow around Partially Submerged Cylindrical Bridge Piers......206
5.5 WaVE ACHON c..eeuiiiiiiiiieieeiteteetete ettt ettt ettt sttt 210
5.5.1 Wave Generation.........ccceecuerueeriereeesiesiieiesieeieeseeneeeneeneeeeeseeeneesees 210

© 2009 by Taylor & Francis Group, LLC



viii

Sediment and Contaminant Transport in Surface Waters

5.5.2 LaKe EIIC..ciouiiiiiieiieiee e e 211
5.52.1 A Southwest Wind.........cocevirereneneieieeecececeeeeee 212

5.52.2 A North Wind.......ccooiiiiiiriiieeeeee e 213

5.5.2.3 Relation of Wave Action to Sediment Texture............... 213

Chapter 6 Modeling Sediment TranSport...........ceceevvereeriereerieneeneneeeneens 215
6.1  Overview of MOdeIS.........cccerieriiriiniiienieiceceee e 215
6.1.1  DIMENSIONS ..evviiieiiiiieiiniieie ettt 215

6.1.2 Quantities That Significantly Affect Sediment Transport........... 216

6.1.2.1 Erosion Rates.........ccccevirieniiieniiienecieeceeseen 216

6.1.2.2 Particle/Floc Size Distributions ........c...cccceceecveneeeenncnne. 217

6.1.2.3  Settling SPeeds.......cccevieieririeneiienerieeeee e 218

6.1.2.4 Deposition Rates........cocoververveenieniieniieieeie e 219

6.1.2.5 Flocculation of Particles.........cc.cceoererieninicninieicnene 219

6.1.2.6  Consolidation...........cccoeeeeririeninienienicreneereseeeeee e 219

6.1.2.7 Erosion into Suspended Load and/or Bedload.............. 220

6.1.2.8 Bed ATMOTING ..covvieriiiiieiieeiieieeieesite e 220

6.2 Transport as Suspended Load and Bedload...........cccceeceeiininnincnncnnen. 220
6.2.1 Suspended Load.........ccceeriiriiiniiniiiieeee e 220

6.2.2 Bedload ......cceeoieieieiiei s 221

6.2.3 Erosion into Suspended Load and/or Bedload.............ccceueeee. 223

6.2.4 Bed ATMOTING ..couviitiiiiiiieiiieeieeete ettt 226

6.3 Simple APPLICAIONS ..ovvieiieriiieiieeieeiee ettt 226
6.3.1 Transport and Coarsening in a Straight Channel ....................... 227

6.3.2 Transport in an Expansion Region...........cccccevvirvieniiiiieeneennen. 229

6.3.3 Transport in a Curved Channel...........cccccooeviiieniniininienieee 235

6.3.4 The Vertical Transport and Distribution of Flocs...........cccce..... 237

0.4 RIVEIS coeiiieiieeteee ettt sttt s 239
6.4.1 Sediment Transport in the Lower Fox River .........ccccooevernenneen. 239

6.4.1.1 Model Parameters..........ccceevueruerienieiienieniencene e 240

6.4.1.2 A Time-Varying FIOW .......cccccoviiriiiniiniiiiieeeen 242

6.4.2 Upstream Boundary Condition for Sediment Concentration ..... 246

6.4.3 Use of Sedflume Data in Modeling Erosion Rates ..................... 249

6.4.4 Effects of Grid SiZe........coceeviriiniiiiiniiiinenieeeeeeeeeeeee 251

6.4.5 Sediment Transport in the Saginaw River.........ccccecevviienniennnen. 252
6.4.5.1 Sediment Transport during Spring Runoff ................... 255

6.4.5.2 Long-Term Sediment Transport Predictions................. 257

6.5  Lakes and Bays ......coceoiiiiiiiiiiieieeee e 261
6.5.1 Modeling Big Events in Lake Erie.......cc.cccooceviiiniiniiininninnen. 261

6.5.1.1 Transport due to Uniform Winds .......c..ccccevceevvrcenennen. 261

6.5.1.2 The 1940 Armistice Day Storm ......cc.ccceceeviernieeneennnen. 263

6.5.1.3 Geochronology .......ccceevvererieniiieniieieeeeesceee e 264

6.5.2 Comparison of Sediment Transport Models for Green Bay....... 266

© 2009 by Taylor & Francis Group, LLC



Contents ix

6.6  Formation of a Turbidity Maximum in an Estuary.........cccccecceccvvcncnnene 271
6.6.1 Numerical Model and Transport Parameters.............cccccceceeunene. 272

6.6.2 Numerical Calculations ...........ccccceveereriieninieninienenicseereenes 273
6.6.2.1 A Constant-Depth, Steady-State Flow ..........c.ccccceenee. 273

6.6.2.2 A Variable-Depth, Steady-State Flow..........ccccceeveennen. 274

6.6.2.3 A Variable-Depth, Time-Dependent Tidal Flow .......... 277

Chapter 7 The Sorption and Partitioning of Hydrophobic Organic

CREMICAIS .....eiiiiiriiiiictceetetet et 279
7.1  Experimental Results and Analyses.........ccccevverviienierieenienieenienieenes 280
7.1.1  Basic EXPEriments ......ccceccveeueeriieeiiieniiesieeniie et sve e 280
7.1.2  Parameters That Affect Steady-State Sorption and Partitioning 285
7.1.2.1 Colloids from the Sediments...........cccceceveriencrencnnee. 285
7.1.2.2  Colloids from the Water ...........ccecevieveninnencenencene. 289
7.1.2.3  Organic Content of Sediments ...........ccceceeveverereniennn. 291
7.1.2.4 Sorption to Benthic Organisms and Bacteria................ 292
7.1.3  Nonlinear ISOtherms .........cccccueevierieecieiieeeeciee e 292
7.2 Modeling the Dynamics of SOTption..........cecevererierienienieiecinircncnenaens 297
7.2.1 A Diffusion Model.........ccooueriiiniiiniiiiiiiieiceeeeeeee, 298
7.2.2 A Simple and Computationally Efficient Model......................... 300
7.2.3 Calculations with the General Model and Comparisons with
Experimental ReSults..........ccocvverieniiiiniieniiiieiieeceeie e 303
7.2.3.1 DESOTPHOMN ..ttt 305
7.2.3.2  AdSOIPHON ...coveiiiieriiiieciieeeiteeeetee et 308
7.2.3.3 Short-Term Adsorption Followed by Desorption........... 310
7.2.3.4 Effects of Chemical Properties on Adsorption .............. 311
Chapter 8 Modeling the Transport and Fate of Hydrophobic Chemicals.....313
8.1  Effects of Erosion/Deposition and Transport ........cc.ccoceeveveereniennennene 316
8.1.1 The Saginaw RIVET........ccccviiiiiiiiiniiienieececeeecseee e 316
8.1.2 Green Bay, Effects of Finite Sorption Rates............c.cceecereennennee. 319
8.2  The Diffusion Approximation for the Sediment-Water Flux................. 322
8.2.1 Simple, or Fickian, Diffusion..........cccceceveeieniniininiinceeenee, 322
8.2.2 Sorption Equilibrium ........cccoooveiiiiiiiiieieieeee e 325
8.2.3 A Mass Transfer ApproXimation ............cceeeeeveeereereeeeeneeeeenueenns 326
8.3  The Sediment-Water Flux due to Molecular Diffusion ..............cc......... 327
8.3.1 Hexachlorobenzene (HCB) .......cccccooveiiviieiiiiiiiieeceeciieee e 328
8.3.1.1  EXPETiMENntS.....cccueevuierrieiieniieiiieniiesieenieeseeeiee e sneenns 328
8.3.1.2 Theoretical Models..........ccceverceimirrinieninicncnienennns 329
8.3.1.3 Diffusion of Tritiated Water..........cccceeceevireencneencnnns 330
8.3.1.4 HCB Diffusion and SOrption.........ccccceceevuereerieneennennenn 331

© 2009 by Taylor & Francis Group, LLC



X Sediment and Contaminant Transport in Surface Waters
8.3.2 Additional HOCS .....c.cccovirimininiiniiicniecicieeeteeee e 334
8.3.2.1 Experimental Results ...........c..ccccooiiiiniiiiniiiece. 334
8.3.2.2 Theoretical Model ...........coceeiiiiininiiniiiiieieeeee, 336
8.3.2.3 Numerical Calculations...........c.cccceeveenirieninncneeennn. 337
8.3.3 Long-Term Sediment-Water FIuXes ..........ccccccccoveviniininnncnnn. 338
8.3.4 Related Problems ............ccceoiiiiiiiiiniiiicceceeeeen 338
8.3.4.1 Flux from Contaminated Bottom Sediments to
Clean Overlying Water..........cccccceevuieieiiinvienieieeneeee. 338
8.3.4.2 Flux Due to a Contaminant Spill .............cccoceiininn. 341
8.4  The Sediment-Water Flux Due to Bioturbation ................c..cccooeieie 342
8.4.1 Physical Mixing of Sediments by Organisms...........c.ceccevervennene 343
8.4.2 The Flux of an HOC Due to Organisms........c..cocevevververvenvenenne. 344
8.4.2.1 Experimental Procedures............c.ccccceevievinininncncnne. 345
8.4.2.2 Theoretical Model .........c..coceeiiiiniiiiniiiiieieeee, 346
8.4.2.3 Experimental and Modeling Results.........c..cccceccrennnne. 348
8.4.3 Modeling Bioturbation as a Diffusion with Finite-Rate
SOrption ProCess ........cccoieviiriiiiiniiiiiiciececeeeeeee e 353
8.5  The Sediment-Water Flux Due to “Diffusion”.........ccccccccevcerenvenenennenee 355
8.5.1 The Flux and the Formation of Sediment Layers Due to
Erosion/Deposition ..........ccceceeeeereriinrenienienieiereeeeeeeeseesiesie e 355
8.5.2 Comparison of “Diffusive” Fluxes and Decay Times................. 356
8.5.3 Observations of Well-Mixed Layers ...........coceeevveveveeeeencencnnns 357
8.5.4 The Determination of an Effective h..........ccccoeviiiiiinininnnn, 359
8.6  Environmental Dredging: A Study of Contaminant Release and
TTANSPOTT ...ttt st e e 360
8.6.1 Transport of Dredged Particles..........coceveveveneniecieneieinincnnns 361
8.6.2 Transport and Desorption of Chemical Initially Sorbed to
Dredged Particles.......ccoiviririnineninenienieiceieeeeeeeeeeeieee e 362
8.6.3 Diffusive Release of Contaminant from the Residual Layers .... 363
8.6.4 VolatiliZation......cc.cceeuiruiriririinenentceresest ettt 365
8.7  Water Quality Modeling, Parameterization, and Non-Unique
SOIULIONS ..ttt ettt 366
8.7.1 Process MOdElS ..........ccceoieiiiiiiiiiiiicicciceec e 367
8.7.1.1 Sediment ErOSion ........cccceveverenienienenieieiecnencnceeene 367
8.7.1.2  Sediment Deposition ..........ccccevevvervenieieieinenineneneennen 367
8.7.1.3 Bed ATmOring ......ccoeceeeriereninienenieniereieieeeeeeeeeeenes 368
8.7.1.4 The Sediment-Water Flux of HOCs Due to “Diffusion” 368
8.7.1.5 Equilibrium Partitioning ..........cccceccvevvevveneevenenvencnenne. 368
8.7.1.6  Numerical GIid .......cccoceviveninininieneeicceeeeeeceee 369
8.7.2 Parameterization and Non-Unique Solutions............cccceceeverennene 369
8.7.3 Implications for Water Quality Modeling...........ccccceecvevruncnnens 370
References.............ccooiviiiiiiiiiiiiiiiiiicc 373

© 2009 by Taylor & Francis Group, LLC



Dedication

© 2009 by Taylor & Francis Group, LLC

To
Jim and Sarah

Xxi



Preface

This book began as brief sets of notes prepared for a graduate class of students
at the University of California at Santa Barbara (UCSB). The course emphasized
the transport of sediments and contaminants in surface waters. The students were
mainly from engineering, but there also were students from the departments of
environmental sciences and biology. The course was later given twice as a short
course (with the same emphasis) in Santa Barbara to professionals in the field,
primarily to personnel from the U.S. Environmental Protection Agency and the
U.S. Army Corps of Engineers but also to personnel from other federal and state
agencies, consulting companies, and educational institutions.

Sediment and contaminant transport is an enormously rich and complex field
and involves physical, chemical, and biological processes as well as the math-
ematical modeling of these processes. Many books and articles have been written
on the general topic, and much work is currently being done in this area. Rather
than review this extremely large set of investigations, the emphasis here is on top-
ics that have been recently investigated and not covered thoroughly elsewhere —
for example, the erosion, deposition, flocculation, and transport of fine-grained,
cohesive sediments; the effects of finite rates of sorption on the transport and fate
of hydrophobic contaminants; and the effects of big events such as floods and
storms. Despite this emphasis, the overall goal is to present a general descrip-
tion and understanding of the transport of sediments and contaminants in surface
waters as well as procedures to quantitatively predict this transport.

Much of the work described in this book is based on the research done by
graduate students and post-doctoral fellows in the author’s research group at
UCSB and previously at Case Western Reserve University. For their work, inspi-
ration, and input, I am enormously grateful. Because they are quite numerous,
it is difficult to list them with their specific contributions here; hopefully, I have
thoroughly referenced their contributions in the text itself. I am also grateful to
June Finney, who did much of the typing and assisted in many other ways. Sev-
eral researchers (Lawrence Burkhard, USEPA; Earl Hayter, U.S. Army Corps of
Engineers; Doug Endicott, Great Lakes Environmental Center; and Craig Jones,
Sea Engineering) have each reviewed two or more chapters of the text. Their com-
ments and suggestions were of great help.
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