OCS Study
MMS 99-0052

FINAL REPORT

ENVIRONMENTAL SURVEY OF IDENTIFIED SAND
RESOURCE AREAS OFFSHORE ALABAMA

VOLUME I: MAIN TEXT

Aubrey Consulting, Inc., Prime Contractor

Prepared by:

Applied Coastal Research and Engineering, Inc.
766 Falmouth Road
Building A, Unit 1-C
Mashpee, MA 02649

In Cooperation With:

Continental Shelf Associates, Inc.
Barry A. Vittor & Associates, Inc.
Aubrey Consulting, Inc.

5000 0 5000 g
- ee——

Zone 16
North American Datum 1983

-30.0t0-280
Depths inm

Mississippi Sound Mobile Bay

Prepared for:

U.S. Department of Interior
Minerals Management Service
International Activities and Marine
Minerals Division (INTERMAR)

Funded Under Contract Number 14-35-01-97-CT-30840

U.S. Department of the Interior

M Minerals Management Service
International Activities & Marine Minerals Division




DISCLAIMER

This report has been reviewed by the Minerals Management Service and approved for publication.
Approval does not signify that the contents necessarily reflect the views and policies of the Service,
nor does mention of trade names or commercial products constitute endorsement or
recommendation for use.

SUGGESTED CITATION

Byrnes, M.R., R.M. Hammer, B.A. Vittor, J.S. Ramsey, D.B. Snyder, K.F. Bosma, J.D. Wood, T.D.
Thibaut, N.W. Phillips, 1999. Environmental Survey of Identified Sand Resource Areas Offshore
Alabama: Volume I: Main Text, Volume II: Appendices. U.S. Department of Interior, Minerals
Management Service, International Activities and Marine Minerals Division (INTERMAR), Herndon,
VA. OCS Report MMS 99-0052, 326 pp. + 132 pp. appendices.



FINAL REPORT

Environmental Survey Of Identified Sand Resource Areas
Offshore Alabama

September 1999

Mark R. Byrnes
Physical Processes Project Manager, Co-Editor
(Applied Coastal Research and Engineering, Inc.)

Richard M. Hammer
Biological Component Project Manager, Co-Editor
(Continental Shelf Associates, Inc.)

With Contributions From:
Barry A. Vittor

Barry A. Vittor & Associates, Inc.

John S. Ramsey
Applied Coastal Research and Engineering, Inc.

David B. Snyder
Continental Shelf Associates, Inc.

Kirk F. Bosma

Aubrey Consulting , Inc.

Jon D. Wood

Applied Coastal Research and Engineering, Inc.
Tim D. Thibaut

Barry A. Vittor & Associates, Inc.

Neal W. Phillips
Continental Shelf Associates, Inc.

Aubrey Consulting, Inc., Prime Contractor

Prepared by: Prepared for:

Applied Coastal Research and Engineering, Inc. U.S. Department of Interior

766 Falmouth Road Minerals Management Service
Building A, Unit 1C International Activities and Marine
Mashpee, MA 02649 Minerals Division (INTERMAR)

381 Elden Street, MS 4030
Herndon, VA 22070
In Cooperation With:

Continental Shelf Associates, Inc.
Barry A. Vittor & Associates, Inc.
Aubrey Consulting, Inc.

Contract Number 14-35-01-97-CT-30840



ACKNOWLEDGMENTS

Numerous people contributed to the project titled Environmental Survey of Identified Sand Resource
Areas Offshore Alabama, which was funded by the U.S. Department of Interior, Minerals Management Service
(MMS), International Activities and Marine Minerals Division (INTERMAR). Mr. Barry S. Drucker provided
assistance and direction during the project as the MMS Contracting Officer’'s Technical Representative. Ms.
Jane Carlson served as the MMS Contracting Officer. Mr. Barry Drucker, Mr. Khaled Bassim, and Mr. Keith
Good of the MMS reviewed the draft document.

Dr. Mark R. Byrnes of Applied Coastal Research and Engineering, Inc. (Applied Coastal) served as
Project Manager, Physical Processes Component Manager, co-authored Sections 1.0 (Introduction) and 3.0
(Regional Geomorphic Change), authored Section 2.1 (Offshore Sedimentary Environment), and was Co-
Editor of the report. He was Program Manager from April 1997 to May 1998 while employed at Aubrey
Consulting, Inc. (ACI). Dr. Richard M. Hammer of Continental Shelf Associates, Inc. (CSA) served as the
Biological Component Manager, authored Sections 7.5.1 (Effects of Offshore Dredging on Benthic Fauna)
and 7.5.2 (Recolonization Rate and Success), and was Co-Editor of the report. ACI was the prime contractor
for the overall study, with Dr. David G. Aubrey serving as the Program Manager beginning May 1998.

Other Applied Coastal personnel who participated in the project included Mr. John S. Ramsey who led
the nearshore sediment transport modeling component of the study. Mr. Ramsey authored Sections 2.2.6
(Nearshore Sediment Transport), 5.2.2 (Nearshore Sediment Transport Modeling), and 7.3.3 (Nearshore
Sediment Transport Trends). Mr. Jon D. Wood designed and led the field data collection efforts to quantify
short-term spatial and seasonal variability of shelf currents in the sand resource areas. Mr. Wood authored
Sections 5.1.1 (Historical Data Set Analysis), 5.1.2 (Field Data Collection), 5.1.3 (Summary of Flow Regimes
at Offshore Borrow Sites), 7.2 (Currents and Circulation), and co-authored Section 2.2 (Circulation and
Physical Oceanography). Ms. Feng Li was responsible for shoreline and bathymetry change data compilation
and surface modeling. Ms. Elizabeth A. Wadman provided report compilation and editorial assistance during
production of the report.

Additional CSA personnel who contributed to the project included Mr. David B.Snyder who served as
Chief Scientist during Biological Field Survey 1; authored Sections 2.3.2.1 and 7.6.1 (Zooplankton), 2.3.2.2
and 7.6.2 (Squids), and 2.3.2.3 and 7.6.3 (Fishes); and incorporated Sections 6.3.3 (Infauna), 6.3.4 (Epifauna
and Demersal Ichthyofauna), and 6.4 (Discussion) into the remainder of Section 6.0 (Biological Field Surveys)
which he authored. Dr. Alan D. Hart led the sampling design and statistical analyses for the biological data.
Dr. Neal W. Phillips wrote Sections 2.3.2.4 and 7.6.4 (Sea Turtles), 2.3.2.5 and 7.6.5 (Marine Mammals), and
reviewed the report. Mr. Paul S. Fitzgerald served as a Scientist during Biological Field Survey 1 and Chief
Scientist for Survey 2. Messrs. Bruce D. Graham, Mark H. Schroeder, and Brock E. Stanaland served as
Scientists during Survey 2. Mr. Frederick B. Ayer, Il directed the field surveys and pre-plotted the station
locations. Mr. Lynwood R. Powell, Jr. produced the field survey post-plot figures. Ms. Melody Powell provided
editorial assistance and supervised CSA support staff during production of the biological sections of the report.

Personnel from Aubrey Consulting, Inc. who contributed to the project included Mr. Kirk F. Bosma who
led the wave transformation numerical modeling effort and authored Sections 4.0 (Wave Transformation
Numerical Modeling), 5.1.4 (Wave-Generated Currents), 5.2.1 (Sediment Transport at Borrow Sites), and 7.1
(Wave Transformation). Mr. Steven Jachec provided technical assistance on Sections 4.0 (Wave
Transformation Numerical Modeling) and 5.2.1 (Sediment Transport at Borrow Sites). Ms. Imogene Bump
provided technical assistance relative to analysis of currents and general circulation within the study area. Ms.
Nadine Sweeney provided editorial assistance for the ACI portion of the report.

Personnel from Barry A. Vittor & Associates, Inc. (BVA) who contributed to the project included Dr.
Barry A. Vittor, who served as Manager of BVA's responsibilities for the field surveys and report. Mr. Tim D.
Thibaut authored Sections 2.3.1 (Benthic Environment), 6.3.3 (Infauna), 6.3.4 (Epifauna and Demersal
Ichthyofauna), 6.4 (Discussion), and 7.5.3 (Predictions Relative to the Five Borrow Sites) of the report, with
assistance from Dr. Vittor. Ms. Linda W. Sierke served as a Scientist during both field surveys. Ms. Sierke
and Ms. Marianne P. Whitehurst supervised personnel associated with taxonomic identifications. Mr. Felix
Fernandez served as Manager for BVA's benthic macroinfaunal data entry and analysis.



TABLE OF CONTENTS

1.0 INTRODUCGTION ....ettiiiiittiie ettt ettt ettt e abe et e e e e bbbt e e e e st et e e e s aabb et e e s asbbe e e e s ansbeeeesanbneeannneees 1
1.1 STUDY AREA ..ttt ettt ettt e e e sttt e e s e bt e e e e b et e e e e abb e e e e e nnbbe e e e nnnes 2
1.2 STUDY PURPOSE ......oueiiiiiitiiii ettt ettt e et e e s e e e s s b e e e s abtaeeeeane 4
1.3 STUDY APPROACH.......c ittt et e et e e s s bt e e e s snbbeeeeeaas 4

1.3.1 Baseline Ecological CONAItIONS .......cciiiiieeiiiiiiciiiiiee e a e e e 5
1.3.2 Benthic Infaunal EVAlUALION ..........ocuiiiiiiiiiiiic e 5
1.3.3 Project SCheduling ..........uuviiiiiiie e 5
1.3.4 Wave MOAIfICALIONS ........ueiiiiiiiiieiiiiiie et naaae e e anes 5
1.3.5 Sediment TransSpOort Patterns...........ceivieee i 7
1.4 DOCUMENT ORGANIZATION. .. ..utiiiiiiiiiiee ettt e e 7

2.0 ENVIRONMENTAL SETTING ..ooiiiiiiiiieeiiiie et e e e sttt e s sea e e s ssteea e s snsteeeesannaeaaeasssaeeessnnseneenans 8

2.1 OFFSHORE SEDIMENTARY ENVIRONMENT ....coiiiiiiieiiiiiee et e e siee e e sieee e 9
2.1.1 Seabed MOrPROIOQY........cooiiiiiiiiiee et e e e 12
2.1.2 SUIface SEAIMENTS ....ccoeiieee e e e e e e e e eeeeeeeas 13
2.1.3 SUDSUIMTACE DEPOSIES. ...ceeiiiriiieeiiiiiie ettt e e 16
2.1.4 SANd RESOUICE AIBAS.......ccueeieeiiiieeeee e e e e e ettt e e e e e e ae e e e s e aa e reeeeeeaaaeeseaaaannneeees 16

2.2 CIRCULATION AND PHYSICAL OCEANOGRAPHY .....cceiiiiiiiiieeeiiiiieeeeeesiieea e 32
2.2.1 Waves and Wave-Generated CUIMENES .......c.cuiiieeeeiiiiiiiiiieeieeeee e e e e e 33
2.2.2 Wind-Generated CUIMTENTS .........uuiiiiiieeeeee et e e e e e e e e s e e eereaaaee e e e e aannneees 34
P T T oI O U4 = 0 PSR 35
2.2.4 ETTECES OF DBNSITY ..coeeeeieieiieie ettt e e 35
2.2.5 GUITF LOOP CUIMENT ..ottt e e e e e e e e e e aaa 36
2.2.6 Nearshore Sediment TranNSPOI .........ccuuiieiriiieeee e 36

P2 = [ ] 1 PRSI 37
2.3.1 BenthiC ENVIONMENL.......ccooii i, 37

2.3.1. 1 INfAUN@ ..o ———————- 37
2.3.1.2 Epifauna and Demersal Ichthyofauna............cccccoiiiiiiic i 40
2.3.2 PelagiC ENVIFONMENT......coiiiiiieiiiiiee ettt 43
2.3.2.1 ZOOPIANKION ...ttt 43
2.3.2.2 SQUIOS ...ttt ettt e e e s e e 52
A T T 1 £ 1= T P OPPPPPPPRS 52
2.3.2.4 SEA TUIIES ..ottt ae e aeaees 53
2.3.2.5 Marine MammalS ..........coooviiiiiiiiiiiiieieeeeeeeeeeeeeee ettt e e e e e eeeees 58

3.0 REGIONAL GEOMORPHIC CHANGE.......cciiiiiiiiiiiiee sttt 62

3.1 SHORELINE POSITION CHANGE ......ooiiiiiiie e 62
3.1.1 PreVIOUS STUdIES ....eeiiiiiiiiiiiitt ettt e e e e e et e e e e e e e e e bbb aeeeeeas 62
3.1.2 Shoreline PosSition Data BASE...........ccuuiiiiiiiieieiiiiiiieeee e 64
3.1.3 Historical Change TrendS ... e e e e e e e 66

3.1.3.1 18AT7/67 10 LOLT/A8. ..ottt 66
3.1.3.2 1917118 E0 1934ttt 68
3.1.3.3 193410 1057 i 68
3.1.3.4 1957 10 1978IB2....cei ettt 71
3.1.3.5 Cumulative Shoreline Position Change (1847/67 to 1978/82)................... 71

3.2 NEARSHORE BATHYMETRY CHANGE ......cccoiiiiiiiiiiiiie ettt 74
3.2.1 Bathymetry Data Base and Potential Errors...........ccccceeevviviiieeveeiiviiiiiicceee e 74
3.2.2 Digital Surface MOUEIS...........ooiiiiieieeeeeeee e e e 75

3.2.2.1 1917/20 BathymetriC SUIMacCe ...........uuvuviuieiiiiiiii e 75
3.2.2.2 1982/91 BathymetriC SUIMacCe ...........uuvvimvieiiiiiiiii e 78



3.2.3 Shelf Sediment TranSPOrt DYNAMICS .......ccuiiieeiiiiiiiiiiiiee e e e eeeeeee e 78

3.2.4 Magnitude and Direction of Change..........ccooorriiiiiiiicer e 83
3.2.5 Net Longshore Sand Transport RALES...........ccouiiiiiieeiiiiieiee e 85

3.3 SUMMARY ..tiiie ettt ettt e e e et e e e st e e e e sae e e e e s te e e e e e se e e e e e anae e e e e nnaeeeeaanraeeeeannnae s 85
4.0 WAVE TRANSFORMATION NUMERICAL MODELING ......ccciiiiiiiiiiiiiee e 86
4.1 ANALYSIS APPROACH ...ttt ettt e e e 86
4.1.1 Wave Model DESCIIPLION..........ciciieeiee e e e e e a e e e e e neeaes 86
4.1.1.1 Refraction and DiffraCtion...........cooccuiiiiiiiiiiiiei e 90

4.1.1.2 Energy DiSSIPatiON.........ceiiiieiiiiiiiiiiei e 90

4.1.1.3 WaVe Breaking .......ccccuviiiiiiie ettt 91

4.1.1.4 RAIatiON SIMESSES .....uvviieiiiiiiie ittt e ettt e et e e e e e s nbreee e 92

4.1.1.5 SUBGIIAS.....cc oo e 92

4.1.2 Required INpUt CONAItIONS .......uviiiiiiiiiee e e e e e e anneees 93
4.1.3 Wave Model Limitations and Modifications .............ccceeeiiiiiiieie e 93

4.2 WAVE CHARACTERISTICS AND INPUT SPECTRA .....oiiiiiiiiiee e 94
4.2.1 Wave Data Analysis and SOUICES ..........ccccuviiiiiiiiieee e 94
4.2.1.1 Wave Information Study and NOAA Buoy Data..............ccccoeeevvicnnvvvinnnnnn. 94

N W O T - W @40 .4 0= 14110 ] o FU 96

4.2.1.3 Seasonal CharaCteriStiCS. .......ouiiuiiiiiiiiiei et 96

4.2.1.4 High ENergy EVENIS .......uuuuuiiiiiiiiiiiiiiiiiiiiiiiinisieinieieinrnenrnnnnnnnnnnnn... 100

4.2.2 Seasonal Condition Parameters..........coouiiiiiiiiiiiiiiiii e 102
4.2.2.1 Spectra DeVelOPMENT........uuuuiiiiiiiiiiiiiiiiiiiiiiirirere . 102

4.2.2.2 Selection of Wave ConditioNS ...........c..uuueeieiiiiiiiiiiiiiiiiieeeeeee e 103

4.2.3 High Energy Event Parameters .........cccccccviiiiiiieeeeeeeeeeee e 104

4.3 GRID GENERATION ..ottt ittt ettt e e e st e e e s ebbaeeesane 107
G T8 A {1 1] T @] T 1110 o 1P PSPRSPPRR 107
4.3.2 POSt-Dredging SCENANOS.........ccuivieiiieiiiieiiiiiiiiiirrasss s s e s e e e e e seaaaaaaaeeeeeeeeeeesenernne 109
4.3.2.1 Sand Borrow Site Selection..............uuveeiiiiiiiiiiiiie e 109

4.3.2.2 Numerical Excavation of Gridded SUrfaces .........ccccccceeiiiiiiiiiiiiiiiiinnnee. 111

4.4 PRE-DREDGING RESULTS ...ttt sttt e e 112
4.4.1 Seasonal SIMUIALIONS ........cooiiiiiiiiie e e 112
4.4.2 High Energy Wave Events ReSUILS ...........cccccveviiiiieeeeeeeeee 115
4.4.3 Model Results Relative to Historical Shoreline Change.........ccccceevviiviiiiiiiineennnn, 116

4.5 COMPARISON OF PRE- AND POST-DREDGING RESULTS .....cccccoviiiveiiiiieeee 118
4.5.1 Post-Dredging RESUILS.........ccouviiiiiiiiiiiiiiiiiicess s e e e e e e e e e e e e e e e e e e e eeeeeeeeaenene 118
4.5.2 Existing Conditions Versus Post-Dredging Seasonal Results............c.c.oooee.e. 118
4.5.3 High Energy Wave Event ReSUItS ... 122

4.6 DISCUSSION ... .eoiiiiiiiiie ettt et e e s st e e e s st et e e s abbe e e e s anbaee e e e nnneeeeeennees 124
5.0 CIRCULATION AND SEDIMENT TRANSPORT DYNAMICS ......oovviiiiiiiiiiee e 125
5.1 CURRENTS AND CIRCULATION . .....cuttiiiiiiiiiie e eiiier e e e e eiiee e e s saree e e e s nnsaeea e s s snnsneeeeans 125
5.1.1 Historical Data ANAIYSIS .......ccoiiuriiiiiiiiie et 125
5.1.1.1 Decomposition Of Total CUIMENTS...........eviiiiiiiieiiiiiee e 127

5.1.1.2 Current COMPONENTS ....ccevvieeiiiiiiiiieiie et e e e e e e e e e e e s sane e e eeeees 132

5.1.1.3 Total Observed CUITENTS .......cc.ueiiiiiiiee et e e e e e e e e e e e e e e eeneereeeee s 132

5.1.1.4 Seasonal Variability .............ccooiiiiiiiiiie e 137

5.1.2 Field Data COlECHON...........uueiiiieee et e e e e e e e e eaeeeeeas 139
5.1.2.1 Survey Instrumentation and TEChNIQUES...........cccevriiiiiieeeiiiiiiieee e 139

5.1.2.2 Spring 1997 SUrVeY RESUIS ..........cooeiiiiiiiiieiiiiiee e 140

5.1.2.3 Fall 1997 SUrveY RESUILS.......cccoiiiiiiiieiiiiie et 151

5.1.3 Summary of Flow Regimes at Offshore Borrow Sites..........ccccccevveeeviiiciiieennnnnn. 159



6.0

7.0

5.1.4 Wave-INduced BOttOmM CUIMENTS ......cveeeeeeeee ettt et e e e e e e e e e e e e reeanns 160

5.1.5 Wave-Induced Longshore CUMreNntS ...........coooiiiiiiiiiiieiiiiiiisrrs s e e e e e e e 162

5.1.5.1 Governing EQUALIONS ..........cceeeii it e e e 162

LT T I 1 (=Y = |1, 1] o o 164

5.1.5.3 Model VErfiCatiON .........uuiiiiiiieeeii it 166

5.1.5.4 Wave-Induced Currents Along the Alabama Coast.............cccccevvinrnnnen. 168

5.2 SEDIMENT TRANSPORT MODELING........cciiiiiiiiiiiee et 170

5.2.1 Sediment Transport at BOITOW SItES.........c.ccuuriiiiiiiiieeiiieeee e 170
5.2.1.1 Initiation of Sediment Motion Under Combined Wave and Current

1o o SRS 170

5.2.1.2 Relative Magnitude and Direction of TranSport...........ccccooecvvveeeeriiinennnnn. 175

5.2.2 Nearshore Sediment Transport MOdeling ..........cccceoiiiiiiiniiieeiee e 183

5.2.2.1 Model DEVEIOPIMENL.......ciiiiiiiiieeeiieeee et 184

5.2.2.2 Sediment Transport Along the Alabama Coast.............c.occvveveeiiiiiiienneen. 185

5.2.2.3 Nearshore Sediment Transport Versus Historical Shoreline Change .....187

BIOLOGICAL FIELD SURVEYS ... ..ottt ittt ettt a e nibaeee e 192

6.1 BACKGROUND .....ouiiiiiiiiiiiie ettt ettt e et e e s st e e e s asbb e e e e e abn e e e e enneees 192

6.2 METHODS ...ttt e e st e e s ettt e e e et bt e e e e anbn e e e e e nbe e e e 192

B.2.1 SUIVEY DBSIgN i 192

6.2.2 Field MEthOOS .....ccooieee e a e 200

B.2.2.1 VESSEI .. s 200

(ST \\F= AV o T- (o] o [P 200

6.2.2.3 Water COUMN.......iii e 200

6.2.2.4 Sediment GraiN SiZE........ccouiiiiiiiieiie e 200

6.2.2.5 INTAUNA....coii e 201

6.2.2.6 Epifauna and Demersal Ichthyofauna............ccccceeviiiiiiiincn, 201

6.2.3 Laboratory MEthOUS ........cceveiiiiiiiiiiiiiiiiissssss s s e e e e e e e e e e aeaa e e e e e e et eeeeeeeeeeeesenernnes 201

6.2.3.1 Sediment GraiN SiZE........ccouiiiiiiiiiiiie e 201

6.2.3.2 INTAUNA. ... 201

6.2.3.3 Epifauna and Demersal Ichthyofauna............ccccceeviiiiiiiie, 201

6.2.4 Data ANAIYSIS ..coe i 202

6.2.4.1 Water COIUMN.....c.ii e 202

6.2.4.2 Sediment GraiN SiZE........coouiiiiiiiiiiie e 202

6.2.4.3 INTAUNA.....oii e e 202

6.2.4.4 Epifauna and Demersal Ichthyofauna............ccccceeviiiiiiiiiic, 203

(ST oY =T 0 | I S TP 203

6.3.1 WaAter COIUMIN ....ouiiiiiiie e e e e s eeeeas 203

6.3.2 SediMent Grain SIZE .......cccuuiieiiii e 205

OGRS B [ 0] = 10 o = L TP PPPP TP RPP 205

6.3.4 Epifauna and Demersal Ichthyofauna............ccccoorrmiiiiiiiicii e, 227

6.4 DISCUSSION ....coiiiiiiiiie ettt ettt et e e et e e e e sbe e e e s abb e e e e e anbaeeeeannneeeeeanneees 233

POTENTIAL EFFECTS. ..ttt ettt e e e e e e e et r e e e e e e s s e nsneaaeeeeaeeeeannneeees 239

7.1 POTENTIAL SAND BORROW SITES ....iii oottt 239

7.2 WAVE TRANSFORMATION ...eeiiiiiee ettt e e e e e e e e e s eeeeaaeeessannnes 244

7.3 CURRENTS AND CIRCULATION .. ..utttittiittiieeee e ie ettt e e e e e e e e s s asnseneaeeeeeeaaaeeeaeananns 244

7.4 SEDIMENT TRANSPORT ..ottt ittt e e et e e e e e e e s neareeeeeeaeeeesanneees 247

7.4.1 Historical Sediment Transport Patterns. ... 248

7.4.2 Sediment Transport Modeling at Potential Borrow Sites..........cccocccvveviiieeeennne. 248

7.4.3 Nearshore Sediment Transport TreNdS..........ccoouiiiiiieeiiiiieeeeeeie e 249

7.4.3.1 Eastern Alabama Coast ........ccccuuiiiiiiiiiiee e 249



7.4.3.2 Western AlaDama COASt ......oceviieee et eenns 254

7.4.3.3 Significance of Transport TreNdS .........coooceviiiiiiiiiieee e 254

7.5 BENTHIC ENVIRONMENT ...coiiiiiie ettt et et e e e et e e astee e e e snnae e e e annneeaeennnes 255
7.5.1 Effects of Offshore Dredging on Benthic Fauna ...........cccccccccceeieiiiii v, 256
7.5.1.1 Sediment REMOVA ..........coooiiiiiiiiiiiie e 256

7.5.1.2 Sediment SUSPENSION/DISPEISION .........evviiiiiiiiiieeeiieiee e 257

7.5.1.3 Sediment DEPOSITION .......ccocuiiiiiiiiiiie et 258

7.5.2 Recolonization Rate and SUCCESS.........uuuuiiiiiiiiiieaeee et e e e e e e e e 258
7.5.2.1 Adaptations for Recolonization and SUCCESSION.............cccvvveeeiiiiiniennnn. 258

7.5.2.2 SUCCESSIONAI STAQES «..eiiiee ettt 259

7.5.2.3 ReColONization RAES.......ccooi it 260

7.5.2.4 Recolonization Success and RECOVETY...........oevveiiiiviiiieeniiiiiee e 261

7.5.3 Predictions Relative to the BOIrOW SItES .......cooviviiiiiieiee e 262
7.5.3.1 Potential Benthic EffECtS .......c..ovviiiiiieiiii e 263

7.5.3.2 Potential Recolonization Rate and SUCCESS ............ccoecceviiiiiiiiiiiiieeeeeennn. 265

7.6 PELAGIC ENVIRONMENT ..ottt ettt e e e e e e s e ee e e e e e e e e enneees 267
7.6.1 ZOOPIANKION ...ttt 267

A0 0 R o= 1 1= | SRS 267

7.6.1.2 TUMIAILY ..ottt 267

7.6.1.3 Project SCheduUliNg.........coooiiiiiiiieiee e 268

T.6.2 SOUITS ...ttt ettt et e e et e e ekt e e e s ab e e e e e e e e e e nnr e e e n e 269
A R = o i = U 1= | SRS 269

AL I A\ - 1o 1o o 1RSSR 269

7.6.2.3 Project SCheduUliNg.........coooiiiiiiiie e 269

AL TR T T =T RSP 269
7.6.3.1 ENraiNMENT ....cooiiiiieiei et e e e e e e e e e eas 269

AL RS T A\ - 1o 1o o 1SS 270

7.6.3.3 TUMIAILY ..o 270

7.6.3.4 Project SCheduUliNg.........coooiiiiiiiee e 270

7.6.3.5 Essential Fish Habitat............cccuuiiiiiiiii e 270

T.6.4 SEA TUIIES. ..ot e e e e ettt e e e e e e e e s nne e e e e e e e e e e eneneeeeas 272
7.6.4.1 PRYSICAl INJUIY ....oiiiiiiiie et 272

7.6.4.2 Turbidity @nd ANOXIA .......ccceiiureiieiiiiiei et 272

AL T N[ 1= SRS 272

7.6.4.4 Project SChedUIING.........oviiiiiiiiiic e 273

7.6.5 Marine MamMAIS .........coiiiiiiiiiiii et e e e e e e e e e s nenraeeeeeas 273
7.6.5.1 PRYSICAl INJUIY....oiiiiiiiiieeee et 273

7.6.5.2 TUMIAILY ..t 274

AL TR T N[ 7= PRSP 274

7.6.5.4 Project SCheduUliNg.........coooiiiiiiiiiiee e 274

7.7 POTENTIAL CUMULATIVE EFFECTS ..ottt 274
8.0 SUMMARY AND CONCLUSIONS ....ocoiitiiieiiiiiie ettt e e nnnneeas 276
8.1 WAVE TRANSFORMATION MODELING........ccciiiiiiiiieiiiiiee i 276
8.2 CIRCULATION AND SEDIMENT TRANSPORT DYNAMICS ......cccooiieiiiiiiieee e 278
8.2.1 Historical Sediment Transport Patterns............cccccee e, 278
8.2.2 Sediment Transport at Potential Borrow Sites ..........cccceeeeeei 278
8.2.3 Nearshore Sediment Transport Modeling ..., 279

8.3 BENTHIC ENVIRONMENT ...ttt e e ee e 280
8.4 PELAGIC ENVIRONMENT ...oiiittiiie ettt e s e e e s annae e e e nnnes 281
8.5 SYNTHESIS ... .o e et e e st e e e nnbe e e e s nnbe e e e e e nnaeeeeeannes 282
9.0 LITERATURE CITED ...ciiiiiii ittt ettt ettt e e e e e e e et e e e e e e e s aennneaaeeeeeeeeennnnsees 283



APPENDICES

APPENDIX A. HIGH-WATER SHORELINE POSITION CHANGE.........cccccviiiriiiee e A-1
APPENDIX B. WAVE TRANSFORMATION NUMERICAL MODELING INFORMATION ....... B-1
B1. Directional and Frequency Verification ...............oooiiiiiiiiiiiiiieee e B-2
B2. Existing Conditions Wave MOEI ... e e B-7
B3. Post-Dredging Wave Model RESUILS..........coooiiiiiiiiee e B-12
B4. Pre- and Post-Dredging Difference PIOtS............ooooiiiiiiiiiiiieeeeeee e B-17
APPENDIX C. SEDIMENT TRANSFORMATION NUMERICAL MODELING
INFORMATION . ..ttt ittet e e ettt e ettt e e ettt e e e st e e e e sste e e e e s sta e e e e s sseeeeeansseeaeaansseeeesansaeeeeannnneeens C-1
C1. Hydrodynamic and Sediment Transport Results at Sand Resource
YN (=T= S T | o Lo G T Cc-2
C2. Longshore Sediment Transport Model RESUILS .............ocoiiiiiiiiiiiiiieee e C-12
APPENDIX D. FIELD SURVEY DATA ..ottt D-1
D1. Sample Types, Sample Codes, Coordinates, and Water Depths............cccccvvvvneeee. D-2
D2. Hydrolah Datal ........ueeeiiieeiiiiiiieiee et e e e e e e aae e D-8
D3. Sediment Grain SizZ€ Data ..........cueeiiiiiiiieiiiiiie et D-10
D4, INFAUNGI DALA........ueeiiieiiiiie ettt e st e e e e e e naneeas D-18
D5. Acoustic Doppler Current Profiler Data ............ccooooiiiiiiiiiiieeiieee e D-49



LIST OF FIGURES

Figure 1-1. Location diagram illustrating sand resource areas and State-Federal boundary

relative to 1982/91 batNYMELIY. .....c.oiiieiiee e e ea e 3
1o [0 R = (o] [=Tox A =Y o R RS UPEPP 6
Figure 2-1. Coastal Alabama and vicinity (from Hummell, 1996). ...........ccccociiiiiiiiiiiiie e, 8
Figure 2-2. Sedimentary facies on the east Louisiana-Mississippi-Alabama shelf (after

Ludwick, 1964; from Parker et al., 1997)........uuuiiiiiiiieiiii i e 10
Figure 2-3. Surface sediment texture map compiled from previous sediment texture data

in the study area (from U.S. Army Corps of Engineers, 1984).............ccccceevcvviiiiiieeieieeeeeeenn. 11
Figure 2-4. Geomorphology of the ebb-tidal delta seaward of Mobile Bay entrance (from

HUMMEIL, 1996). .oeeeiiieiii ittt e e e e e e e e e e s e et e e e e e e e e s eaantneaaeeeeaeeesaanseeees 12
Figure 2-5. Vibracore, boring, and bottom grab locations in the Alabama EEZ study area

(from Parker €t al., 1997). .. ..uuiiiiiiee ettt e e e e e e e e e e e e e e e e e e e aaaraaaaeeane 14
Figure 2-6. Surface facies distribution in the Alabama EEZ study area (from Parker et al.,

RS I TSRO RPROPP 15
Figure 2-7. Surficial sediment textures in the Alabama EEZ study area (from Parker et al.,

RS I TSP RPROP 17
Figure 2-8. Surface sediment distribution in the west Alabama inner continental shelf (from

HUMMEI, 1996). .oiiiiiiiiiiiiiieieieeee ettt a e e e e e e e e e e e e e e e e e e e aaaaaeeeananas 18

Figure 2-9. Map of the mean grain size of Graded Shelly Sand Lithofacies vibracore
sediment samples 0.1 m below the sediment-water interface (from Hummell and

SMILN, 1996).... ettt e e r e e e e e b bt e e e e e e e nraeeeeaan 19
Figure 2-10. Generalized stratigraphic sequence of the Alabama EEZ study area (from

Parker et al., 1997). ..o 20
Figure 2-11. Map of the Sand Resource Area 1 (shaded area) showing location of cross

section (A-A’ and bathymetric profiles (1 and 2) (from Parker et al., 1997)......cccccvvvvvvvvvennennn. 22
Figure 2-12. Sand isopach (A) and surface sediment texture (B) maps for Sand Resource

Area 1 (from Parker et al., 1997). cccooiiiiiii e 23

Figure 2-13. Map of Sand Resource Area 2 (shaded area) showing location of cross
sections (A-A') and (B-B') and bathymetric profiles (1 and 2) (from Parker et al.,

S TR PP 24
Figure 2-14. Sand isopach (A) and surface sediment type (B) for Sand Resource Area 2
(from Parker €t al., 1997). .. ..uiiiiiiiiee ettt e e e e e e e e e e e e e e e e e s e et areaaaeeaae 25

Figure 2-15. Map of Sand Resource Area 3 (shaded area) showing location of cross
sections (A-A', B-B', and C-C') and bathymetric profiles (1 and 2) (from Parker et al.,

S I PSP 26
Figure 2-16. Sand isopach (A) and surface sediment texture (B) maps for Sand Resource

Area 3 (from Parker et al., 1997). ccccooiiiii i 27
Figure 2-17. Map of Sand Resource Area 4 showing location of vibracores and foundation

borings (from Hummell and Smith, 1996).............uuuiiiiiiiie e 29
Figure 2-18. Surface facies distribution in Sand Resource Area 4 (from Hummell and Smith,

1L 1 ) TS 30

Figure 2-19. Map of Sand Resource Area 5 (shaded area) showing location of cross
sections (A-A' and B-B') and bathymetric profiles (1 and 2) (from Parker et al.,

S TR PP 31
Figure 2-20. Sand isopach (A) and surface sediment texture (B) maps for Sand Resource
Area 5 (from Parker et al., 1997). ..coooiii oo 32

vi



Figure 2-21. Infaunal assemblages associated with habitats on the inner continental shelf

(<20 m depth) in the northeastern Gulf of Mexico study area (from Barry A. Vittor &

ASSOCIALES, INC., L1O85). ..ot e e e e e e e e e r e e e e e e e s e e 38
Figure 3-1. Map of southeastern Dauphin Island Gulf shoreline showing principal areas of

erosion during the period 1955 to 1985 and estimated volumes of sand required for

restoration of eroded areas (shaded) to the approximate position of the 1955 shoreline

(from Parker €t al., 1997). .. ..uuiiiiiiie ettt e s e e e e e e e e e s e e e e e e e e e s e aarraaaaeeaaes 63
Figure 3-2. Gulf and Bon Secour Bay shoreline of Baldwin County, Alabama, showing

locations of potential shoreline restoration and nourishment (from Parker et al.,

RS TSP RPROPP 64
Figure 3-3. Shoreline position change along the Alabama coast, 1847/67 to 1917/20. ................. 67
Figure 3-4. Shoreline position change along the Alabama coast, 1917/20t0 1934. ...........cccn... 69
Figure 3-5. Shoreline position change along the Alabama coast, 1934 t0 1957............................. 70
Figure 3-6. Shoreline position change along the Alabama coast, 1957 to 1978/82. ............cccu..... 72
Figure 3-7. Shoreline position change along the Alabama coast, 1847/67 to 1978/82. ................. 73
Figure 3-8. Nearshore bathymetry (1917/20) for the southwestern Alabama coastal

p40 ] 0[S PP P PP PP PP PTPPPPPPPPPPPP 76
Figure 3-9. Nearshore bathymetry (1917/20) for the southeastern Alabama coastal zone. ........... 77
Figure 3-10. Nearshore bathymetry (1985/91) for the southwestern Alabama coastal

F40 ] 0[S PSP PP PP PP PTPPPPPPPPPPPP 79
Figure 3-11. Nearshore bathymetry (1982/85) for the southeastern Alabama coastal

F40 ] 0 [T PSP PP PP PTPPPPPPPPPPP 80
Figure 3-12. Nearshore bathymetry change (1917/20 to 1985/91) for the southwestern

Alabama CoASTAl ZONE. ..o 81
Figure 3-13. Nearshore bathymetry change (1917/20 to 1982/85) for the southeastern

Alabama COASTIAl ZONE. ..o 82
Figure 3-14. Sand resource site location relative to dredged material deposition for

RESOUICE ATBA 4. ... e e e e e e e e e e e e 84
Figure 3-15. Sand resource site location relative to sand ridge erosion and deposition in

RESOUICE ATBA 2. ... e e e e e 84

Figure 4-1. Comparison between a spectral (REF/DIF S) and monochromatic (REF/DIF 1)
wave models. Wave height results are compared to measured data (*) collected by

Vincent and Briggs (1989). .. .uuuuuuuuuiuiiiiiasis it sttt e e e e e e e e e e e e e e e e e et ettt r e ————————————— 87
Figure 4-2. Coordinate and angle convention used for the wave modeling in the present

5] (1810 Y 89
Figure 4-3. Diagram indicating the effects of refraction and diffraction as waves approach

the coastline (from Svendsen and JONSSON, 1976)..........ccuvvuiiiiiiiiiiiiinieei e e e 91
Figure 4-4. Example of subgrid development over a borrow pit feature (Kirby and Ozkan,

S TSP RPN 93
Figure 4-5. Comparison of WIS hindcast (dotted) and NOAA observed (solid) significant

wave height for two time periods iN L1988. ...........eeeiiiiiiiii e 97

Figure 4-6. Histogram plots of 20-yr averaged peak periods and associated wave directions

for the month of May at WIS Station G1046. The vertical bars are normalized by the

greateSt OCCUITENCE DIN. ......iiiiieiiie e e e e e e e e e r e e e e e e s e e sntaraeeeeas 98
Figure 4-7. Histogram plots of 20-yr averaged peak periods and associated wave directions

for the month of November at WIS Station G1046. The vertical bars are normalized

by the greatest OCCUITENCE DIN. ... ..oiiiiiieee e e 98
Figure 4-8. Twenty-year averaged wave rose for May at WIS Station G1046. ................cceeeeeeenns 99
Figure 4-9. Twenty-year averaged wave rose for November at WIS Station G1046. ..................... 99

Vii



Figure 4-10. Histogram plots of 20-yr averaged peak periods and associated wave directions
for the spring season at WIS Station G1046. Vertical bars are normalized by the

Lo C=T= N (=TS Ao To ol UL =T [o =N o] o TR 101
Figure 4-11. Twenty-year averaged wave rose for the spring season at WIS Station

GLOAB. .ottt b bRt e R b e e R bt e e R bt e Rb e e e aRb e e e anbr e e areeenreean 101
Figure 4-12. Energy and directional spectra verification and input set-up for the spring

season at WIS Station GLOA7 (Grid A). ..eeeeeiiiee et e e e e e e e e e e e neeeeees 105
Figure 4-13. Energy and directional spectra verification and input set-up for the summer

season at WIS Station GL1046 (Grid B). ...coeeiiieeeeiiiiiieiiieiieeee e a e e 105
Figure 4-14. lllustration of reference grid notation (Kirby and Ozkan, 1994).........c.ccccccevevrvveriernenne. 107

Figure 4-15. Bathymetry for Reference Grid A (Dauphin Island), with locations of WIS and

NOAA stations, the defined sand resource areas, and the nearshore Dauphin Island

SUDGIIA. .. 108
Figure 4-16. Bathymetry for Reference Grid B (Morgan Peninsula). With locations of WIS

and NOAA stations, the defined sand resource areas, and the nearshore Morgan

Peninsula SUDGIId. ... e e e e e e e e e e 109
Figure 4-17. Potential borrow site locations (solid black lines) east of Main Pass...........cccccccoo..... 110
Figure 4-18. Potential borrow site location (solid black line) in Sand Resource Area 4.................. 110
Figure 4-19. The four sand resource areas (outlined by the thick black line) and associated

borrow sites (indicated by the thin black liN@)...........ooooiiii e 112
Figure 4-20. Spectral wave modeling results for existing conditions utilizing a typical spring

SEASON At FEfErENCE GIU A.....eeiiiiie it e e et e e e e e e e e st e e e e e e e e s aeeneneeeeees 113
Figure 4-21. Spectral wave modeling results for existing conditions utilizing a typical spring

Season at referenCe G B..... ...t a e e e e 115
Figure 4-22. Spectral wave modeling results for existing conditions simulating a 50-yr storm

event at referenCe Grid A. ... e oottt e e e e e e e e e e e e e e e e e nenneeeeens 116

Figure 4-23. Wave height (thin line) taken from a baseline 100 m seaward of the Dauphin
Island shoreline compared with historical shoreline change rates (thick line; 1847/67
to 1978/82). Points along the coastline that indicate increased wave height
correspond to areas of historical erosion, while areas of historical accretion
correspond to reduced wave NEIGNES. ... 117
Figure 4-24. Wave height results (thin line) taken from a baseline 100 m seaward of the
Morgan Peninsula shoreline compared to historical shoreline change rates (thick line;

Ry (o T K < 7 R 119
Figure 4-25. Spectral wave modeling results for post-dredging scenario utilizing a typical
Spring season at referenNCe Grid A.......coi it 120

Figure 4-26. Wave height modifications resulting from potential offshore mining at Sand

Resource Area 4 for a typical spring season. Hot colors (reds) identify areas of

increased wave height, while cold colors (blues) identify areas of decreased wave

NEIGNTL. e 121
Figure 4-27. Wave height modifications resulting from potential offshore mining at Sand

Resource Areas 1, 2, and 3 for a typical spring season. Hot colors (reds) identify

areas of increased wave height, while cold colors (blues) identify areas of decreased

WAVE NEIGNT. ... 122
Figure 4-28. Wave height modifications resulting from potential offshore mining in Sand

Resource Area 4 for a 50-yr storm event. Hot colors (reds) identify areas of increased

wave height, while cold colors (blues) identify areas of decreased wave height................... 123
Figure 4-29. Wave height modifications resulting from potential offshore mining in Sand

Resource Areas 1, 2, and 3 for the 50-yr storm event. Hot colors (reds) identify areas

of increased wave height, while cold colors (blues) identify areas of decreased wave

TS T | o TP P TSP PPPRPPPP 123

viii



Figure 5-1. Map of sand resource areas east of Mobile Bay; Sand Resource Area 1 (far
east) and Sand Resource Area 3 (far west). The five Gulf Shores mooring locations
are shown as asterisks (*). Contours are labeled in M. .........cccccoviiiiiiii e, 126
Figure 5-2. An example of the numerical separation of bottom current data collected within
Shell Block 132, to the immediate southeast of the entrance to Mobile Bay (from
Continental Shelf Associates, Inc. 1989). The data represent the east component of

L1001 PP PSPPI UPPPPPPPPRP 129
Figure 5-3. Variance histogram for Shell Block 132 Mooring, representing the fraction of

total energy attributed to individual forcing mechanisms. ...........cccoooveiiiiiiiec e 130
Figure 5-4. Variance histogram for Gulf Shores Mooring 1M, representing the fraction of

total energy attributed to individual forcing mechanisms. ...........cccooveiiiieieciieee e 130
Figure 5-5. Variance histogram for Gulf Shores Mooring 4S, representing the fraction of

total energy attributed to the individual forcing mechanisms. ...........cccocoiieiiiiiiiiiieee e, 131
Figure 5-6. Variance histogram for Gulf Shores Mooring 4B, representing the fraction of

total energy attributed to the individual forcing mechanisSms. ...........cccociieiiiiiiiiiieee e, 131

Figure 5-7. Rose diagrams illustrating four historical data sets in the study area. The spokes

of the diagram represent compass directions (90=east, 270=west, etc). The

circumferential lines represent percent occurrence, with the inner annulus

representing 10%, and the outside diameter representing 20% occurrence. A ‘pie

slice’ extending to the outer circumference means that 20% of the time, currents are

flowing in that direction. Current speeds are represented by the shading of the pie

slice, with white (no shading) portions representing the fraction of time currents are

between 0 and 5 cm/sec and black portions indicating the percent occurrence of

CUITENES OVEE 50 CIM/SEC. «.neiiiiiiieiiee ettt ettt e e e e e e e et e e e e e e e e e e annneaeeeeaaeeeeannenenneeens 133
Figure 5-8. Rose diagrams for individual processes at Shell Block 132 (west of Mobile Bay,

near-bottom) from September 30, 1987 to October 24, 1988. These data illustrate the

relative strength of wind, and that water flow was directed primarily parallel to the

isobaths, which are oriented Nnorthwest-soUthEast. .........c..oiiiiiiiiiiii e 134
Figure 5-9. Rose diagrams for individual processes at Mooring 4S (near-surface). These

data illustrate that wind influence was primarily in the alongshore direction, the high-

and low-frequency currents possessed the greatest directional variability, and that

tides flowed predominantly to the east-NOrtheast............ccocvviiiiiiiiiiiii e 135
Figure 5-10. Rose diagrams for individual processes at Mooring 4B (near-bottom). These

data indicate that wind influence was rotated counter-clockwise relative to surface

currents (Figure 5.9), that high- and low-frequency currents possessed the greatest

directional variability, and that tides flowed predominantly to the northwest. ......................... 136
Figure 5-11. Rose diagrams for seasonal currents observed at Shell Block 132 (near-bottom

currents). The individual plots represent the original time series divided into seasonal

[S1] 00 KPP PP PPPRPPPPN 137
Figure 5-12. Comparison of seasonal winds versus seasonal wind-driven currents for Shell

Block 132 (near-bottom) observations. Wind data were obtained from the NOAA

station on Dauphin Island. Wind speed units are m/sec; current speed units are

cm/sec. Radial circles of each plot represent the frequency of occurrence (in percent);

the outer radius depicts 20%, the inner annulus depicts 10% OCCUITENCE. ............ccuvvveeeeennns 138
Figure 5-13. Wind conditions prior to and during the field surveys on May 21-22, 1997.

Dashed grid lines depict 0000 hours of the day labeled on the bottom axis. Winds are

reported as direction from which the wind iS DIOWING. ... 142
Figure 5-14. Water elevation readings obtained from the NDBC station on Dauphin Island
prior to and during field surveys on May 21-22, 1997. ........ccoiiiuiiiieiiiiiiee e 143

Figure 5-15. Vector map of observed flow patterns for Sand Resource Area 4; May 21, 1997
from 0727 hours to 1150 hours. Current vectors represent average flow in the surface



layer only (upper one-third of the water column). Bathymetry of Main Pass is noted

in the upper right of the figure. The numbers in each corner of the transect grid (

0727, 0948, 0848, and 1047) state the time (hour of day) that the transect line was

5] ¥ 1 = o RSP 144
Figure 5-16. Vector map of observed flow patterns for Sand Resource Area 4; May 21, 1997

from 0727 hours to 1150 hours. Current vectors represent average flow in the bottom

layer only (lower one-third of the water COlUMN)............oooiiiiiiiiii e 145
Figure 5-17. Vector map of observed flow patterns for Sand Resource Area 4; May 21, 1997

from 1157 hours to 1620 hours. Current vectors represent average flow in the bottom

layer only (lower one-third of the water COIUMN)............cooiiiiiiiiiii e 146
Figure 5-18. Vector map of observed flow patterns for Sand Resource Area 4; May 21, 1997

from 1621 hours to 1930 hours. Current vectors represent average flow in the surface

layer only (upper one-third of the water column). These currents were measured as

wind squalls and thunderstorms passed the area, and demonstrate the rapid response

of surface flow to sudden changes of wind speed and direCtion. ..............ccccvvveeriiniiiineeennnns 147
Figure 5-19. Example of a single vertical current profile measured in Sand Resource Area

2 on May 22, 1997. Strong vertical shear is apparent, as surface flow was directed to

the east (90°) at approximately 35 cm/sec. Mid-layer and bottom flow were directed

to the northwest (315°) at about 20 t0 30 CM/SEC. ....ccuvviiiiiiiiiiiee e 148
Figure 5-20. Vector map of observed flow patterns for Sand Resource Area 2; May 22, 1997

from 0736 hours to 1130 hours. Current vectors represent average flow in the surface

layer only (upper one-third of the water CoOlUMN). ... 148
Figure 5-21. Vector map of observed flow patterns for Sand Resource Area 2; May 22, 1997

from 0736 hours to 1130 hours. Current vectors represent average flow in the bottom

layer only (lower one-third of the water COlUMN)............oooiiiiiiiii e, 150
Figure 5-22. Vector map of observed flow patterns for Sand Resource Area 2; May 22, 1997

from 1534 hours to 1929 hours. Current vectors represent average flow in the bottom

layer only (lower one-third of the water column). Note the 180° counterclockwise

rotation of flow vectors since the beginning of the survey (see Figure 5-21). .........c.c.ccoo..... 151
Figure 5-23. Time series of wind speed and direction for 10 days preceding the fall 1997

field survey. Surveys were completed on September 30 and October 1, 1997. The

horizontal dashed grid lines represent 0000 hours on the specified day.....................ccceeees 152
Figure 5-24. Water elevation readings obtained from the NDBC station on Dauphin Island

prior to and during the fall field surveys. The data show the tides were near the

equatorial (minimum) phase of the cycle on September 30 and October 1, 1997. ................ 153
Figure 5-25. Vector map of observed flow patterns for Sand Resource Area 4; September

30, 1997 from 0829 hours to 1255 hours. Currents vectors represent average flow in

the surface layer only (upper one-third of the water column)..........ccceeeevvveeieeeiiiiiiicccieee, 154
Figure 5-26. Vector map of observed flow patterns for Sand Resource Area 4; September

30, 1997 from 0829 hours to 1255 hours. Currents vectors represent average flow in

the bottom layer only (lower one-third of the water column). ..........cccovveveeiii e, 155
Figure 5-27. Vector map of observed flow patterns for Sand Resource Area 4; September

30, 1997 from 0829 hours to 1255 hours. Currents vectors represent average flow in

the surface layer only (upper one-third of the water column)............ceeeevvieeieeeiiiiiiicciiiiieee, 156
Figure 5-28. Vector map of observed flow patterns for Sand Resource Area 2; October 1,

1997 from 0827 hours to 1215 hours. Currents vectors represent average flow in the

surface layer only (upper one-third of the water Column).............uviiiiiiiiniii e, 157
Figure 5-29. Vector map of observed flow patterns for Sand Resource Area 2; October 1,

1997 from 0827 hours to 1215 hours. Currents vectors represent average flow in the

bottom layer only (lower one-third of the water column). ............covvviiiiiiiiiiiiieee, 158
Figure 5-30. Shallow water and deep water Wave OFbILS. ...........ciiiiiiiiiiiii e 160



Figure 5-31. Schematic of wave-induced bottom VEIOCItIES. ........uuuiiiiiiiiiiiieeiecrr e, 161
Figure 5-32. Schematic longshore velocity profiles with and without cross-shore mixing (the

abrupt reduction in velocity for the without mixing case occurs at the breaker line)............... 165
Figure 5-33. Comparison of model and observed longshore current velocities from field
measurements taken by Kraus and Sasaki (1979). ......uuuuiiiiiiiiiiiiiieeeee e 167
Figure 5-34. Comparison of modeled to observed longshore current velocities from field
measurements taken by Thornton and Guza (1989). .........uuuiiiiiiiiiiiiieeeeeee e 168
Figure 5-35. S,, radiation stress and maximum longshore current velocities predicted by the
wave-induced current model for the Morgan Peninsula during the spring season................. 169

Figure 5-36. Longshore current profiles along selected transects at Morgan Peninsula
(colored transects in the top sub-plot correspond to like colored profiles in the bottom

L] o I o] (o PSS R 170
Figure 5-37. Forces acting on grains resting on the seabed (Fredsoe and Deigaard, 1992).

F. = lifting force, Fp = drag force, and W = grain weight. ............ccccoviiiiiiiiiiieeeeeeeeeeeeee, 171
Figure 5-38. lllustration indicating the angle between the apparent bottom current and wave-

induced bottom current (Grant and Madsen, 1979). ... 172
Figure 5-39. lllustration of a particle on a (a) transverse slope, and on a (b) longitudinal

][] o1 PRSP 174

Figure 5-40. Location of the offshore subgrid regions within Sand Resource Areas 1, 2, and

3. These subgrids were used to determine potential sediment transport at the borrow

areas following numerical dredging. ...... ..o 176
Figure 5-41. Location of the offshore subgrid region within Sand Resource Area 4. This

subgrid was used to determine potential sediment transport at the borrow area

(o] {201V TqTo I aT0TgaT=T g Tor=1 e [ £=To [o] oo TR RS 176
Figure 5-42. Southeast winter hydrodynamic and sediment transport results at Sand

Resource Area 4. The solid black lines represent depth contours, and sediment

transport results are based on 200-m cell WIdthS. ... 179
Figure 5-43. Northwest winter hydrodynamic and sediment transport results at Sand

Resource Area 4. The solid black lines represent depth contours, and sediment

transport results are based on 200-m cell WIdthS. ... 179
Figure 5-44. Spring hydrodynamic and sediment transport results at Sand Resource Area

4. The solid black lines represent depth contours, and sediment transport results are

based on 200-m Cell WIAINS. ..o 180
Figure 5-45. Summer hydrodynamic and sediment transport results at Sand Resource Area

4. Solid black lines represent depth contours, and sediment transport results are

based on 200-m Cell WIAINS. ... e 180
Figure 5-46. Fall hydrodynamic and sediment transport results at Sand Resource Area 4.

Solid black lines represent depth contours, and sediment transport results are based

0N 200-M CEIIWIALNS. ....eiiiee et e e e e e e e e e e e e nneaeeeas 181
Figure 5-47. Extreme hydrodynamic and sediment transport results at Sand Resource Area

4. Solid black lines represent depth contours, and sediment transport results are

based on 200-m Cell WIAINS. ..o e 181
Figure 5-48. S,y radiation stress values and annualized sediment transport potential for the

spring season at Morgan PENINSUIAL. .......c..uiiei it a e e 186
Figure 5-49. S, radiation stress and annualized sediment transport potential for existing

conditions at Dauphin Island during the SUMMEr SEASON. .........cccoiiiiiiiiieiiiiiiiee e 186
Figure 5-50. Cross-shore distribution of longshore current and sediment transport for three

selected transects (spring season at Morgan Peninsula). ...........coooeviiiiiiiiiiiiiiiiiieeeeeeee e 188

Figure 5-51. Annual longshore sediment transport potential, normalized change in
longshore transport (modeled accretion/erosion potential), and observed shoreline
change between 1847/67 and 1978/81 for the Morgan Peninsula. ............cccccveeeiiiiiiiieeeennnns 189

Xi



Figure 5-52. Annual longshore sediment transport potential, normalized change in
longshore transport (modeled accretion/erosion potential), and observed shoreline

change between 1847/67 and 1978/81 for Dauphin ISland. ...........c.occveveeiiiiiiieeee e 190
Figure 6-1. Sampling locations for grain size and infauna relative to the five sand resource

areas and the Alabama coast (adapted from Parker et al.,1997)..........ccccccciiiiiiiiiiiieeieneeeenn. 194
Figure 6-2. Sampling locations for Alabama Sand Resource Area 1. Inner box represents

the limits of Area 1. Outer box provides reference coordinates. ...........cccovcvveveeiiiieeeniiiieeeennns 195
Figure 6-3. Sampling locations for Alabama Sand Resource Area 2. Inner box represents

the limits of Area 2. Outer box provides reference coordinates. ...........cccoecveveeiiiiieeniiieeeennns 196
Figure 6-4. Sampling locations for Alabama Sand Resource Area 3. Inner box represents

the limits of Area 3. Outer box provides reference coordinates. ..........ccccoecvveveeiiiieeeniiieeeennns 197
Figure 6-5. Sampling locations for Alabama Sand Resource Area 4. Inner box represents

the limits of Area 4. Outer box provides reference coordinates. ............ccccccveeeeeiiiiciiienennnn. 198
Figure 6-6. Sampling locations for Alabama Sand Resource Area 5. Inner box represents

the limits of Area 5. Outer box provides reference coordinates. ............cccccccveeeeeiiiiiiiienennn. 199

Figure 6-7. Temperature (°C), salinity (ppt), and dissolved oxygen (mg/l) measured near-

bottom by Hydrolab during May and December 1997 at the five sand resource areas

offshore Alabama. Two sets of measurements were made in each sand resource

L2 T U TP P PP PP PP PP PP PPPPPPPPPP 204
Figure 6-8. Station groupings (A to F) based on normal cluster analysis of infaunal samples

collected during the May 1997 Survey 1 and December 1997 Survey 2 in the five sand

resources areas (1 to 5) offshore Alabama.............ccovveeiiiiiiiiiiii e 209
Figure 6-9. Grain size composition of infaunal samples collected during the May 1997

Survey 1 and December 1997 Survey 2 in the five sand resource areas offshore

Alabama. Sample order and Groups A-F are based on normal cluster analysis. ................. 210
Figure 6-10. Normal cluster analysis of infaunal samples collected during the May 1997

Survey 1 (S1) and December 1997 Survey (S2) in Sand Resource Area 1 offshore

FANF= L =T - T PP PP PRTPRR 213
Figure 6-11. Inverse cluster analysis of infaunal taxa from samples collected during the May

1997 Survey land December 1997 Survey 2 in Sand Resource Area 1 offshore

FANF= L =T - T PP RPN PRPPRR 215
Figure 6-12. Normal cluster analysis of infaunal samples collected during the May 1997

Survey 1(S1) and December 1997 Survey 2 (S2) in Sand Resource Area 2 offshore

ALBDAIMAL . et e e e e e e e e e et rreaaaaeas 217
Figure 6-13. Inverse cluster analysis of infaunal taxa from samples collected during the May

1997 Survey 1 and December 1997 Survey 2 in Sand Resource Area 2 offshore

ALBDAIMAL .t e e e e e e e e e e st reeeaaaeas 218
Figure 6-14. Normal cluster analysis of infaunal samples collected during the May 1997

Survey (S1) and December 1997 Survey 2 (S2) in Sand Resource Area 3 offshore

ALBDAIMAL ... et e e e e e e e e e e e r e e e e e as 220
Figure 6-15. Inverse cluster analysis of infaunal taxa from samples collected during the May

1997 Survey 1 and December 1997 Survey 2 in Sand Resource Area 3 offshore

ALBDAIMAL .t e et e e e e e e e r e e aaaeas 223
Figure 6-16. Normal cluster analysis of infaunal samples collected during the May 1997

Survey 1 (S1) and December 1997 Survey 2 (S2) in Sand Resource Area 4 offshore

ALBDAIMAL .. a e e a e e e et reeeaeeeas 224
Figure 6-17. Inverse cluster analysis of infaunal taxa from samples collected during the May

1997 Survey 1 and December 1997 Survey 2 in Sand Resource Area 4 offshore

F N E= 1 o= 1 0 F- TP PPPR TP 226

Xii



Figure 6-18. Normal cluster analysis of infaunal samples collected during the May 1997
Survey 1 (S1) and December 1997 Survey 2 (S2) in Sand Resource Area 5 offshore

F N =1 o= 1 o = VAT 228

Figure 6-19. Inverse cluster analysis of infaunal samples collected during the May 1997
Survey 1 and December 1997 Survey 2 in Sand Resource Area 5 offshore

F N =1 o= 1 ¢ = VAT 230

Figure 6-20. Normal cluster analysis of epifaunal trawl samples collected during the May
1997 Survey 1 (S1) and December 1997 Survey 2 (S2) in the five sand resource areas

(Al to A5) along the north (1) and south (2) transects offshore Alabama. ............................. 234
Figure 7-1. Location of potential borrow sites for RESOUrce Area 4. ..........ccccceevviieeeeiiiieee e 241
Figure 7-2. Location of potential borrow sites for Sand Resource Areas 1,2 and 3...........cc...o.e 243
Figure 7-3. Present shoreline configuration (thick line) compared to differences in wave

heights (thin line) caused by potential dredging scenarios offshore Dauphin Island.

Wave heights (post-dredging minus pre-dredging) were taken from a baseline

approximately 100 m seaward of the coastline. ..............coccoiiiiiii e, 245
Figure 7-4. Present shoreline configuration (thick line) compared to differences in wave

heights (thin line) caused by potential dredging scenarios offshore Morgan Peninsula.

Wave heights (post-dredging minus pre-dredging) were taken from a baseline

approximately 100 m seaward of the coastline. ...............ccciiiiii 246
Figure 7-5. Difference in average annual transport rates associated with dredging sand

resource sites along Morgan PeniNSUIA. ...........cooiiiiiiiiiiiiii e 250
Figure 7-6. Difference in transport rates for 50-yr storm event associated with dredging sand

resource sites along Morgan PeniNSUIA. ...........cooouiiiiiiiiiiiiic e 251
Figure 7-7. Difference in average annual transport rates associated with dredging sand

resource area along Dauphin ISIaNd. ..............ooooiiiic e 252
Figure 7-8. Difference in transport rates for 50-yr storm event associated with dredging sand

resource area along Dauphin ISIaNd. ..............ooooiiic e 253

Xiii



LIST OF TABLES

Table 1-1. UTM Coordinates defining resource areas offshore Alabama (see Figure 1-1)............. 2
Table 2-1. Sand resource area characteristics (Parker et al., 1997; Hummell, 1999). .................. 27
Table 2-2. Epifaunal assemblages of the northern Gulf of Mexico which pertain to the

Alabama study area (from Defenbaugh, 1976). ..........ceeiiiieieeiiiiiiiiee e 41

Table 2-3. Eight taxonomic groups resulting from a synthesis of community analyses of
trawl samples collected in the northeastern Gulf of Mexico study area during the 1982
and 1983 SEAMAP groundfish surveys (from Barry A. Vittor & Associates, Inc.,

RS T TSRO RTP PP 44
Table 2-4. Monthly occurrence of copepods collected in Mississippi Sound (adapted from

YTt VT T L ) PR 47
Table 2-5. Spawning times of economically important fishes (F) and invertebrates (1) in the

northern Gulf of Mexico (adapted from Barry A. Vittor & Associates, Inc., 1985).................. 50
Table 2-6. Occurrence () and peak seasonal occurrence () of larval fishes in coastal

waters of Mississippi (Adapted from: Stuck and Perry, 1981D). ........cccviiiiiieeiiiiiiiieee e, 51
Table 2-7. Food habits of coastal pelagic fishes collected from the northern Gulf of

1o o J P 54

Table 2-8. Monthly commercial landings (Ibs) of coastal pelagic fishes for Alabama
averaged over the years 1992 to 1996 (U.S. Department of Commerce, National

Marine Fisheries ServiCe, 1998). ... .. i it e e e e e e e e eeeeeaaeeeeeanns 54
Table 2-9. Sea turtle species potentially occurring in coastal Alabama waters. .............cccceveeeenne 55
Table 3-1. Summary of shoreline source data characteristics for the coast between western

Dauphin Island (at Petit Bois Pass) and Perdido Pass, Alabama............cccccccooviiiiiiiiiinnnnee. 65
Table 3-2. Estimates of potential error associated with shoreline position surveys.............ccccec... 65
Table 3-3. Maximum root-mean-square potential error for shoreline change data from

western Dauphin Island (at Petit Bois Pass) to Perdido Pass, Alabama...............cccccuvveveeeen. 66
Table 3-4. Summary of bathymetry source data characteristics for the offshore area

between western Dauphin Island (at Petit Bois Pass) and Perdido Pass, Alabama.............. 74
Table 4-1. Summary of relevant WIS stations in the modeling domain. ............cccceeeiiiiieeeiniinneene 95
Table 4-2. Inventory of relevant NOAA stations in the modeling domain............ccccccoviiiiieiiiiieeene 96
Table 4-3. Summary of the seasonal breakdown of the 1976-1995 WIS data. ............ccccccuvnnnnnnns 100
Table 4-4. Return periods based on the 1976 t0 1995 WIS data........cccccvvvviiiiiiiiiiiiiiiiieeeeeeee e 102
Table 4-5. Wave transformation numerical modeling input conditions and scenarios for Grid

A (DAUPNIN ISIANA) ... 106
Table 4-6. Wave transformation numerical modeling input conditions and scenarios for Grid

B (MOrgan PENINSUIA) .......coouuuiiieiiiiiie ettt e e e e et e e s s 106
Table 4-7. Reference grid diMENSIONS. ........coiiiiiiiiiiiie e e e 108
Table 4-8. Subgrid IMENSIONS. ... e e e e e e e e e s e s e e e e eaaaaeeeseanneenes 109
Table 4-9. Dredged depth and resulting sand volume within respective sand resource

= 1 ST PPN 111
Table 5-1. Current meter data sets collected in the Study area............cccoeeuvveeiiiiiiee e 126
Table 5-2. Average salinity profiles at sand resource areas 1 —5 May 1997 ..............cee e 143
Table 5-3. Sediment sizes at Sand Resource Areas 1 through 4. ...........ccooieeiiiiiiee e 177
Table 5-4. Summary of seasonally-averaged sediment transport results using potential

cumulative dredged SaNd VOIUMES. .........uviiiiiiiiic e 182
Table 5-5. Summary of seasonally-averaged sediment transport results relative to sand

dredging volumes per beach replenishment event. ... 183

Table 6-1. Sample types and numbers for the May 1997 Survey 1 and December 1997
Survey 2 of the five sand resource areas offshore Alabama. Gravity coring was
conducted only in Area 4 STAtiON 14, ........ooiiiiiiiiiiee et 193

Xiv



Table 6-2. Five most abundant infaunal taxa from samples collected during the May 1997
Survey 1 and December 1997 Survey 2 in the five sand resource areas offshore

Y = o - o 2 - TSP 206
Table 6-3. Summary of infaunal statistics by survey and sand resource area offshore
Y = o = o o - TSP 207

Table 6-4. Infaunal species groups resolved from inverse cluster analysis of all samples

collected during the May 1997 Survey 1 and December 1997 Survey 2 in the five sand

resource areas OffShore AlaDAMA. ..........ooviiiiiiiii e 211
Table 6-5. Two-way matrix from cluster analysis of infaunal samples collected during the

May 1997 Survey 1 (S1) and December 1997 Survey 2 (S2) in Sand Resource Area

1 OffSNOIE AIBDAMAL .....eeiiiiiiie e e s 214
Table 6-6. Two-way matrix from cluster analysis of infaunal samples collected during the

May 1997 Survey 1 (S1) and December 1997 Survey 2 (S2) in Sand Resource Area

2 OffSNOre AlADAMAL. ..o 219
Table 6-7. Two-way matrix from cluster analysis of infaunal samples collected during the

May 1997 Survey 1 (S1) and December 1997 Survey 2 (S2) in Sand Resource Area

3 0ffSNOre AlADAMAL. ..o 221
Table 6-8. Two-way matrix from cluster analysis of infaunal samples collected during the

May 1997 Survey 1 (S1) and December 1997 Survey 2 (S2) in Sand Resource Area

o 5] gL (= AN F= 1 T= g - VSRR 225
Table 6-9. Two-way matrix from cluster analysis of infaunal samples collected during the

May 1997 Survey 1 (S1) and December 1997 Survey 2 (S2) in Sand Resource Area

5 0ffSNOre AlBDAMAL. .....ooiiiiiiiii e e e e 229
Table 6-10. Epifauna collected by mongoose trawl and ranked by numerical abundance

from the May 1997 Survey (S1) in the five potential sand resource areas (Al to A5)

along north (1) and south (2) transects offshore Alabama. ...........ccccccivvieiiiiiiiiieeieeeee 231
Table 6-11. Epifauna collected by mongoose trawl and ranked by numerical abundance

from the December 1997 Survey (S2) in the five potential sand resource areas (Al to

Ab5) along north (1) and south (2) transects offshore Alabama............ccccccciiiiiiiiiiiines 232
Table 7-1. UTM Coordinates defining borrow site polygons offshore Alabama...............ccccccceeee 242
Table 7-2. Statistical parameters for annual average sediment transport conditions

associated with Sand Resource Areas 1 through 4. ... 254
Table 7-3. Statistical parameters for 50-year event sediment transport conditions associated

with Sand Resource Areas 1 through 4...........coooiiiii i 254

Table 7-4. Invertebrate and fish species managed by the Gulf of Mexico Fishery
Management Council for which Essential Fish Habitat has been identified in the
vicinity of the five sand resource areas offshore Alabama (adapted from Gulf of
Mexico Fishery Management CounCil, 1998). .........ccouiiiiiiiiiiiiiiiie e 271

XV



LIST OF ABBREVIATIONS

U micron

ACI Aubrey Consulting, Inc.

ADCP Acoustic Doppler Current Profiler

ASTM American Society for Testing Materials
BVA Barry Vittor & Associates, Inc.

CEQ Council on Environmental Quality

CERC Coastal Engineering Research Center
CHL Coastal Hydraulics Laboratory

cm centimeter

CSA Continental Shelf Associates, Inc.

DGPS Differential Global Positioning System
EA Environmental Assessment

EEZ Exclusive Economic Zone

EEH Essential Fish Habitat

EIS Environmental Impact Statement
ELMAS East Louisiana-Mississippi-Alabama Shelf
ESA Endangered Species Act

FMP Fishery Management Plan

ft feet

GMEMC Gulf of Mexico Fishery Management Council
GSA Geological Survey of Alabama

ha hectare

INTERMAR Office of International Activities and Marine Minerals
km kilometers

kts knots

LPIL Lowest Practical Identification Level

m meter

MAFLA Mississippi-Alabama-Florida

MAME Mississippi Alabama Marine Ecosystems
MCM million cubic meters

mcy million cubic yards

mi statute mile

mm millimeter

MWL Mean Water Level

NAD North American Datum

NDBC National Data Buoy Center

NEGOM northeastern Gulf of Mexico

NEPA National Environmental Policy Act
NGVD National Geodetic Vertical Datum

NMES National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
OCS Outer Continental Shelf

OCSLA Outer Continental Shelf Lands Act

ppt parts per thousand

SEAMAP Southeastern Area Monitoring and Assessment Program
sec second

USACE U.S. Army Corps of Engineers

USDOI U.S. Department of the Interior

USFWS U.S. Fish and Wildlife Service

UTM Universal Transverse Mercator

WIS Wave Information Study

yd yard

yr year

XVi



