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MOBILE HARBOR, ALABAMA, CHANNEL IMPROVEMENTS 
OFFSHORE DREDGED MATERIAL DISPOSAL 

1. The responsible lead agency is the US Army Corps of Engineers, Mobile 
District. 

2. Abstract. The US Army Corps of Engineers, Mobile District, completed a 
Survey Report and Environmental Impact Statement in October 1980 for channel 
improvements to Mobile Harbor, Alabama. This Supplemental Environmental 
Impact Statement considers the impacts which could result from offshore 
disposal of dredged material from construction and maintenance of the improved 
channel. Based upon characteristics of the offshore areas, two sites south
west of the mouth of Mobile Bay were chosen for detailed impact analysis. 
Impacts include minor release of nutrient constituents and some heavy metals 
during the disposal operation but not of sufficient concentrations to cause 
significant adverse biological impacts. Smothering of benthic organisms and 
turbidity is expected to occur in the immediate vicinity of the discharge 
point during construction and maintenance of the project, and additionally 
from natural resuspension of the sediments. Rapid recolonization of similar 
benthic species is expected to occur after stabilization of the bottom. 

3. Additional information on this Final Supplemental Environmental Impact 
Statement may be obtained from: 

Mr. K. Paul Bradley 
SAMPD-EE 
Mobile District 
U.S. Army Corps of Engineers 
P.O. Box 2288 
Mobile, Alabama 36628 

Commercial (205) 694-3860 
FTS 537-3860 

a 



SUMMARY 

FINAL SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT 

MOBILE HARBOR, ALABAMA, CHANNEL IMPROVEMENTS 
OFFSHORE DREDGED MATERIAL DISPOSAL 

c=J Draft Supplemental Environmental 
Impact Statement 

~ Final Supplemental Environmental 
Impact Statement 

Responsible Office: US Army Engineer District, Mobile 
PO Box 2288 
Mobile, AL 36628-0001 
Telephone: 205/694-3860 

1. Name of Action: c=J Administrative ~ Legislative 

2. Major Conclusions and Findings: This Supplemental Environmental Impact 
Statement (SEIS) is being prepared as part of the overall studies for modifi
cations to the Mobile Ship Channel, Alabama. The Mobile District completed a 
Survey Report and Environmental Impact Statement in October 1980 for naviga
tion improvements to Mobile Harbor. These reports recommended offshore 
disposal for a major portion of the material dredged for construction and 
future maintenance of the improved channel. To complete those plans, this 
SEIS is being prepared to support designation of a new large capacity offshore 
dredged material disposal area. 

The survey studies determined the need, and suitability of the dredged 
material, for offshore disposal. Results of the analysis also indicated an 
economically feasible and environmentally acceptable offshore disposal site 
could be found within an area generally encompassing a 16-mile radius from the 
mouth of Mobile Bay. This SEIS addresses the most environmentally desirable 
sites within the feasible siting zone and the potential impacts of disposal in 
these sites. 

Basically, there are two distinct siting options for offshore disposal within 
the feasible zone. These include offshore areas east and west of the mouth of 
Mobile Bay. Eastward from Mobile Bay off shore areas rapidly begin displaying 
characteristics of nonriver-influenced coastal zones in terms of sediment, 
grain-size, benthic organisms, and water clarity. Sediment characteristics of 
the western area are most similar to the proposed dredged material. Muddy 
sand benthic habitats dominate west of the mouth of Mobile Bay and these 
bottoms are composed of benthic species having a preference for fine-grained 
substrate and known to undergo rapid recolonization and/or immigration into 
areas of physical disturbance. The western areas are also often influenced by 
turbidity exiting Mobile Bay and Petit Bois Pass as well as resuspended 
offshore sediments. This would tend to mask turbidity from the disposal 
operations. 

Site specific studies addressed impacts of disposal in two areas (Mobile North 
and Mobile South) southwest of the mouth of Mobile Bay. Based upon analysis 
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of the dredged material and the potential disposal sites, the only impacts of 

substantial concern would be related to the smothering of benthic organisms 

and turbidity. Studies indicate that at least ninety percent of the dredged 

material falls out of the water column and settles to the bottom within 900 

feet of the discharge point. Offshore currents are expected to be sufficient 

to erode and transport the deposited material in either a westerly or north/ 

south fluctuating direction causing dispersion and mixing of the dredged 

material until it becomes, with distance from the disposal point, difficult to 

distinguish from natural bottoms. 

Results of the studies indicate both the Mobile North and South sites are 

suitable for offshore disposal of the dredged material. Minimization of the 

number of dump points in the area would contribute to confinement of the 

dredged material and aid in effective management and monitoring of the 

selected site. 

3. Area of Controversy: At this stage of evaluation, there are no areas of 

controversy. All environmental interests have generally been in favor of 

offshore disposal of the dredged material. 

4. Unresolved Issues: Based upon the results of this SEIS, a decision must 

be made for designation of a specific offshore disposal site. This would 

include delineation of specific boundary lines. An overall management and 

monitoring plan must also be developed based upon consideration of disposal 

techniques. 

5. Relationship to Environmental Requirements: Refer to Table S-1. 

6. The Draft Supplemental Environmental Impact Statement was filed with the 

Environmental Protection Agency on 1 March 1985. 

7 .. The Final Supplemental Environmental Impact Statement was filed with 

the Environmental Protection Agency on --------·--
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Table S-1 

Relationship of Proposed Offshore Disposal to 
Environmental Protection Statutes and Other 

Environmental Requirements 

Federal Statutes Compliance 

Archeological and Historic Preservation Act, as amended, 16 U.S.C. 469, ~seq. FC 
Cfean Air Act, as amended, 42 U.S.C. 1857h-7, et seq. FC 
Clean Water Act, as amended, (Federal Water PoTfution Control Act) 33 U.S.C. 1251, 

et seq. FC 
Coastar-zone Management Act, as amended, 16 U.S.C. 1451, et seq. FC 
EP,dangered Species Act, as amended, 16 U.S.C. 1531, ~seq. -- FC 
Estuary Protection Act, 16 U.S.C. 1221, et seq. FC 
Federal Water Project Recreation Act, asamended, 16 JJ.S.C. 460-1(12), ~seq. FC 
Fish and Wildlife Coordination Act, as amended, 16 U.S.C. 661, et seq. FC 
Land and Water Conservation Fund Act, as amended, 16 U.S.C. 460-Y-- 4601-11, ~seq. FC 
Marine Protection, Research and Sanctuaries Act, 33 U.S.C. 1401, et seq. FC 
National Historic Preservation Act, as amended, 16 U.S.C. 470a, etseq. FC 
National Environment Policy Act, as amended, 42 U.S.C. 4321, et seq-.- FC 
Rivers and Harbors Act, 33 U.S.C. 401, et seq. --- FC 
Watershed Protection and Flood Preventi""Otl Act, 16 U.S.C. 1001, et seq. NA 
Wild and Scenic Rivers Act, as amended, 16 U.S.C. 1271, ~seq. NA 

Executive Orders, Memoranda, etc. 

Floodplain Management (E.O. 11988) 
Protection of Wetlands (E.O. 11990) 
Environmental Effects Abroad of Major Federal Actions (E.O. 12114) 
Analysis of Impacts on Prime and Unique Farmlands (CEQ Memorandum, 11 Aug 80) 

NA 
NA 
NA 
NA 

NOTES: The compliance categories used in this table were assigned based on the following 
definitions: 

FC. !"ull compliance--All T'P<p1iT'PmPnts of the statute, E.O .. or other policv and 
related regulations have been met for this stage of planning. 

PC. Partial compliance--Some requirements of the statute, E.O., or other policy and 
related regulations remain to be met for this stage of planning. 

NC. Noncompliance--None of the requirements of the statute, E.O., or other policy and 
related regulations have been met for this stage of planning. 

NA. Not applicable--N/A statue, E.O., or other policy not applicable. 
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CHAPTER 1 
PURPOSE, NEED, AND OBJECTIVES 

STUDY AUTHORITY 

1.01 This supplemental EIS is being prepared as a part of the overall studies 
for modifications to the Mobile Ship Channel. The Mobile District Corps of 
Engineers completed a Survey Report and Environmental Impact Statement in 
October 1980 for navigation improvements to Mobile Harbor. The final EIS was 
filed with the Environmental Protection Agency on 22 May 1981. The survey 
studies were developed in compliance with a resolution adopted 24 June 1965 by 
the Public Works Committee, United States House of Representatives, directing 
that studies be made to determine whether the ship channel should be modified. 
Further details of the chronology of authorizations and studies for the Mobile 
Harbor project may be found in the Survey Report and accompanying EIS. 

1.02 In accordance with Sections 102 and 103 of the Marine Protection, 
Research, and Sanctuaries Act of 1972 (Public Law 92-532) and the National 
Environmental Policy Act, as amended, this supplemental EIS is being prepared 
to evaluate alternatives for a new, large capacity, offshore area for disposal 
of dredged material to complete plans for the Mobile Ship Channel improvements 
project. The area would accommodate new work material and long term mainte
nance disposal needs for Mobile Harbor and possibly, if needed, other suitable 
dredged material. 

PLANNING OBJECTIVES 

1.03 This supplemental EIS is being prepared to evaluate the environmental 
effects and assist the decisionmaker in the selection of an environmentally 
acceptable, operationally efficient, and economically feasible offshore 
disposal site. Factors considered in meeting this objective include: 

a. Variety of types and quantities of dredged material which must be 
disposed, as well as the frequency of disposal, and the range of impacts from 
such proposed disposal activities. 

b. Disposal management strategy, including consideration of multiple 
sites and beneficial uses such as artificial fishing reefs, beach nourishment, 
and like-on-like disposal of sediment. 

c. Minimization of impact area by restrictions in number and size of 
disposal sites. 

d. Delineation of incompatible use areas. 

e. Compliance with appropriate laws and regulations. 

f. Economically feasible distance from point of dredging. 
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INITIAL ALTERNATIVE SCREENING 

CHAPTER 2 
ALTERNATIVES 

2.01 Existing Navigation Project. The base or existing condition for the 

project, Figure 2-1 consists of a 42- by 600-foot channel about 1.5 miles long 

across the Mobile Bar, and a 40- by 400-foot channel in Mobile Bay to the 

mouth of Mobile ~iver. The bar channel is maintained with a hopper dredge 

with deposition of the dredged material in the open gulf in an approximately 

4.4-square-mile disposal area located just south of Dauphin Island. The Bay 

Channel is maintained with a hydraulic pipeline dredge and the dredged 

material is deposited in open water in the bay on both sides of the channel. 

Fifteen disposal sites paralleling the channel occupy approximately 20,000 

acres of bay bottom and are almost continuous along both sides of the channel. 

Adverse environmental impacts from the disposal operations include 

intermittent disruption of bottom dwelling organisms, temporary increases in 

turbidity, and a minor release of heavy metals and nutrients into the water 

column. Dredged material disposal buildup in the upper bay is thought to 

interfere with normal circulation patterns. The no-action alternative would 

be a continuation of these disposal practices. 

2.02 Recommendations from 1980 Survey Studies. The survey studies resulted 

ln a recommended plan for deepening and widening existing channels to 

accommodate large ocean-going bulk cargo vessels. Major components of the 

recommended channel improvements are as follows: 

a. Deepen and widen the entrance channel over the bar to 57 by 700 feet, 

distance of about 7.4 miles. 

b. Deepen and widen the Mobile Bay Channel from the mouth of bay to south 

of Mobile River, 55 by 550 feet, a distance of about 27.0 miles. 

c. Deepen and widen an additional 4.2 miles of Mobile Bay Channel to 55 

by 650 feet. 

d. Provide a 55-foot deep anchorage ar·~:: and turning basin ln the 

vicinity of Little Sand Island. 

e. Construct a 1, 710-acre dredged material disposal area adjacent to the 

Brookley Industrial Complex with new work dredged material from the upper bay 

channel. 

f. Gulf disposal of all new work dredged material from the entrance 

channel and lower bay channel . 
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g. Gulf disposal of all future maintenance material from the entire bay 
channel and entrance channel. 

2.03. Recommendations from Continuation of Planning and Engineering (CP&E). 
CP&E was initiated in 1982 to refine the design and evaluation of the plan 
recommended from the 1980 Survey Studies. This plan was evaluated in detail 
during CP&E to focus on those project features which could provide the most 
economical project and be acceptable to the local sponsor. No plans were 
considered during CP&E outside the scope of the recommended plan but several 
separable project features were evaluated so that project implementation could 
possibly be phased commensurate with the local sponsor's ability to provide 
the necessary financial support. As shown on Figure 2-2, CP&E studies have 
resulted in recommended modifications to the Mobile Ship Channel as follows: 

Deepen the entrance channel across the bar to 57 feet at the existing 
project width of 600 feet for a distance of about 7.8 miles. 

Deepen the Mobile Bay Ship Channel from the mouth of the bay to south 
of Mobile River to 55 feet at the existing project width of 400 feet, a 
distance of about 29.0 miles. 

Deepen and widen an additional 2.2 miles of Mobile Bay Ship Channel to 
55 x 650 feet in the vicinity south of McDuffie Island. 

Provide a 40-foot deep turning basin 1,500 feet square, including the 
ship channel, opposite McDuffie Island and just south of Little Sand 
Island. 

Provide a 40-foot deep anchorage area 4,000 feet long by 600 feet wide 
adjacent to and south of the turning basin. 

Provide for a passing lane at mid-bay which would be 3.0 miles long 
with a width of 625 feet for at least 2.0 miles. 

2.04 Disposal Alternatives Considered. A through discussion of alternative 
considerations, including comparative arrays leading to the recommendation for 
offshore disposal is contained in the Survey Report and EIS for the Mobile 
Harbor Project. In addition to various channel widths and depths studied, 
dredged material disposal options considered during the survey studies 
included construction of island and fill areas in upper and lower Mobile Bay; 
open water disposal in the bay and/or Gulf of Mexico; upland disposal; recycle 
material off existing disposal sites; and shoreline nourishment to abate 
erosion. The resultant proposed plan includes creation of a fill area in 
upper Mobile Bay (Figure 2-2) and offshore disposal in the Gulf of Mexico 
discussed in this SEIS. 
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2.05 Recommended Disposal Plan. Under the CP&E plan for improvements to 
Mobile Harbor, approximately 29,883,000 cubic yards of new work material would 
be removed from the upper bay reach of the channel (north of Hollingers Island 
Channel) and disposed in an approximately 1,000-acre island area just offshore 
of the Brookley Complex. Approximately 400 acres of marsh would be 
established between the disposal island and the existing shoreline as partial 
mitigation for the loss of bay bottom from the island construction. The 
remaining 51,676,000 cubic yards of new work material from the lower bay reach 
and all future maintenance material from the entire bay channel, approximately 
4.1 million cubic yards annually, would be excavated by hydraulic dredge or 
bucket dredge utilizing dump scours and towboats to transport the material to 
a gulf disposal area. During construction of the bar channel, approximately 
15,587,000 cubic yards of material would be removed and dumped in a gulf 
disposal area. An average annual volume of about 379,000 cubic yards of 
maintenance material would be dredged from the modified bar channel and placed 
offshore. 

2.06 Upon identifying the possible need for offshore disposal, extensive 
tests were conducted on the potential dredged material to determine its suit
ability for offshore disposal. In accordance with the 11 January 1977 Ocean 
Dumping Criteria established by the Environmental Protection Agency, samples 
of the dredged material were subjected to a series of tests including bulk 
sediment analysis, elutriate analysis, bioassay tests, and bio-accumulation 
analyses. Results of these tests indicate the material is suitable for 
offshore disposal. Details of these testing procedures and results may be 
found in the Survey Report and Project EIS. 

OFFSHORE DISPOSAL SITE ALTERNATIVES 

2.07 As detailed in Chapter 4, the technical approach for analysis of 
offshore disposal alternatives involved a screening technique or process of 
elimination of unsuitable areas leading to concentration on the most 
appropriate sites. This was accomplished by a three-phase site analysis 
process. The first phase initially established the broadest economically and 
operationally feasible offshore area of consideration. Available data were 
gathered for this area, identifying sensitive environmental, cultural, and 
social resources to delineate zones incompatible with dredged material 
disposal. This resulted in an initial array of potential environmentally 
suitable disposal areas. The second phase involved a more refined analysis of 
available data, and candidate sites were then identified for detailed field 
surveys and analysis. In the third phase site specific field surveys and 
detailed comparative studies were conducted for the candidate disposal areas 
as the final assessment to determine environmental suitability. 

2.08 Phase I Screening. The Phase I screening process was conducted as part 
of the Survey Report studies to determine project feasibility. It was first 
determined that in order for offshore disposal to remain economically and 
operationally feasible, the haul distance from the mouth of Mobile Bay could 
not exceed approximately 16 miles. The next step in this phase was to 
determine if there were any potential environmentally feasible and acceptable 
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sites within the siting zone. Analysis of available literature and data by 
Vittor 1977 and Pequegnat 1978 resulted in an initial array of potential 
offshore disposal areas as shown on Figure 2-3 including the site currently 
used for disposal of maintenance material dredged from the entrance channel. 
These areas emerged based upon elimination of incompatible use areas taking 
into consideration such things as hydrographic features, commercial and sport 
fishing grounds, biological habitat types, endangered species, bottom sediment 
types, recreational areas, and cultural resources. 

2.09 Phase II Screening. Further refinement of potential site locations was 
based upon additional consideration of disposal area site requirements, 
artificial fishing reefs in the area, and an additional literature search, 
Vittor and Associates 1983, providing an update of available information on 
the area within the 16 mile radius siting zone. This narrowed the site 
studies to two areas southwest of the mouth of Mobile Bay Figure 2-4, for 
detailed site specific environmental evaluations. 

2.10 Phase III Screening. The final screening phase involved site specific 
field data acquisition, Appendix A, an evaluation of sediment movement 
characteristics, Appendix B, a cultural resources survey, and final endangered 
species coordination. Results of these studies are discussed in Chapters 3 
and 4. 

2.11 Other Alternatives. Dredged material from the proposed deepening and 
future maintenance of the bar channel would be suitable for beach nourishment 
purposes. In particular, the shoreline of Dauphin Island has had a long 
history of shoreline changes. Possible concepts include nearshore disposal 
(in the littoral drift zone) or placement of the material directly on the 
beach. Both are considered environmental enhancement features but would 
require additional economic and operational consideration and environmental 
evaluation under the purview of Section 404 of the Clean Water Act of 1977. 

2.12 Other offshore disposal options include transporting the material 
farther away from the nearshore zone to deeper gulf areas. Two such sites 
recently addressed by the U.S. Environmental Protection Agency (1982) include 
a mid-shelf area and a deepwater area located 26 n mi. and 64 n mi., respec
tively, from the mouth of Mobile Bay. From an environmental standpoint both 
of these areas would probably be suitable for offshore disposal of dredged 
material, but neither displayed overall characteristics of being an environ
mentally preferred disposal area. The major limiting factors in use of the 
mid-shelf or deepwater zone are the operational and economic constraints of 
the longer haul distances which would prohibit the use of either site. Both 
of these alternatives are discussed in more detail in Chapter 4. 
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INTRODUCTION 

CHAPTER 3 
AFFECTED ENVIRONMENT 

3.01 The environmental features of the region potentially affected by the 
entire channel improvements project have been well described by the Alabama 
Coastal Area Board (1979); US Department of the Interior (1982), and Loyacano 
and Smith (eds. 1979). Also, environmental features of the Mobile Bay region, 
including Mobile and Baldwin counties, are described in recent U.S. Army Corps 
of Engineers publications, including the Mississippi Sound and Adjacent Areas 
Plan Formulation Report (June 1983) and the Final Generic Environmental Impact 
Statement for Exploration and Production of Hydrocarbon Resources in Coastal 
Alabama and Mississippi (December 1984). In particular, the affected environ
ment of the region relative to the proposed Mobile Channel improvements is 
described in Chapter 2 of the project EIS and is incorporated by reference, 
into this Supplement of that EIS. To avoid repetition, further discussion of 
the affected environment concentrates on the offshore area for which this 
Supplement is being prepared. 

CHARACTERISTICS OF THE OFFSHORE REGION 

3.02 A discussion is provided herein of offshore features and processes 
having direct bearing on the disposal options and areas under consideration. 

For a full-scale characterization of the offshore region, good sources of 
information include Galtsoff (ed. 1954), Boone (1973), and TerEco (1980). • 

3.03 As a general overview, the mouth of Mobile Bay is a divider between the 
Mississippi Sound barrier-island system and the western Florida barrier-spit
and-island system. As shown on Figure 3-1, west of the mouth of Mobile Bay, 
the Mississippi Sound barrier-island system consists of Cat, Ship, Horn, Petit 
Bois, and Dauphin Islands. The western Florida barrier-spit-and-island system 
extends eastward from Mobile Bay to Choctawhatchee Bay. It consists of Mobile 
Point Peninsula, Perdido Key Peninsula, and Santa Rosa Island. 

3.04 The gulf side shoreface of the Mississippi Sound barrier-islands slopes 
abruptly to depths of about 20 feet. East of Mobile Bay the gulf side 
shoreface of the western Florida barrier-spit-and-island system is also steep, 
the base of which is at a depth of 18 feet off Mobile Point and increases to a 
depth of SO to 60 feet at the eastern end of Santa Rosa Island. The area 
seaward of the shoreface is characterized as the Mississippi-Alabama shelf. 
This triangular area extends from the Mississippi River Delta on the west side 
of Mobile Bay to Desoto Canyon on the east side. The shelf is about 80 miles 
wide in the west and narrows to about 35 miles in the east. The shelf is an 
extensive, almost flat plain bounded on the landward side by the relatively 
steep but narrow shoreface of the Mississippi Sound barrier-island and western 
Florida barrier-island-and-spit systems. 
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3.05 The shoreface has a gradient of up to 50 to 60 feet per mile. The shelf 

has a gradient of 1.2 feet per mile off Dauphin Island and 8.5 feet per mile 

off Pensacola Ray. At a depth of approximately 180 feet, the slope increases 
to about 31 feet per mile (Upshaw and others, 1966) . 

.3.06 Prevailing south and southeast winds generate waves that produce a 
westward-flowing longshore current along the gulf side of the barriers. 
Longshore drift is the primary factor in transporting sediment to the islands 
(Kwon, 1969). Longshore drift of 130,000 cubic yards per year has been 
reported at the mouth of Perdido and Pensacola Bays (U.S. Army Corps of 
Engineers, 1971). It has never been quantitatively measured for the 
Mississippi Sound barrier-island system. However, erosion of the eastern ends 
of the islands composing the system and accretion of sediment to the western 
ends indicate that considerable drift does occur. The rate of accretion is 
greater than the rate of erosion so that the islands lengthen and migrate 
westward with time (Ludwick, 1964; May 1971; U.S. Army Corps of Engineers, 
1971). The rate of migration decreases from east to west indicating a 

westward decrease in longshore drift (Boone 1973). 

3.07 Dauphin Island is primarily being elongated by the accretion of sediment 

to its western end. Accretion has extended the western end of the island 
about 4 miles in the last 100 years (May, 1971). Erosion is active on the 
eastern end, but has not caused significant westward migration of that part of 
the island. Marsh deposits and tree stumps exposed in the surf zone indicate 
significant erosion on the gulf side of the island, in,particular, since 
Hurricane Frederic in 1979. 

3.08 The Mobile Bay tidal pass east of Dauphin Island is nearly stable, as 
shown by old charts. Sand transported by the westward longshore drift 
bypasses the tidal inlet by way of the tidal delta extending seaward from the 
mouth of Mobile Ray (Kwon, 1969), as shown on Figure 3-2. In the past, 
several small islands have been present on the delta. However, Sand Island is 

the only one occurring today. 

3.09 Water circulation characteristics of the offshore region can be 
generally described as two interrelated systems, the open gulf and the inshore 
gulf. The large scale circulation of the open gulf is influenced by the loop 
current and associated eddies, winds, waves, freshwater input, and the density 
structure of the water column. The more localized circulation in the inshore 
gulf of the shelf region is influenced by tides, local winds, freshwater 
input, and open gulf circulation features acting as a forcing mechanism on 
shelf areas. Winds and tides together are the major contributors to nearshore 
shelf circulation (Department of the Interior 1983). Under usual conditions, 
sustained winds are the primary force controlling water movements in the 
nearshore area. The combination of varied local winds and tides often create 
extremely erratic and varied circulation patterns near the inlet passes. 
Hurricanes or effects of the loop current also intermittently dominate the 

circulation patterns of the nearshore area (US Army Corps of Engineers 1978). 
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3.10 Wave intensity on the Mississippi-Alabama Shelf is low to moderate with 
wave periods ranging from three to eight seconds and wave heights rarely over 
7 feet. However, hurricane or storm conditions produce larger waves. 

CHARACTERISTICS OF THE FEASIBLE SITING ZONE (FSZ) 

3.11 Introduction. The FSZ as shown on Figure 3-3 encompasses an area 
projecting seaward from the mouth of Mobile Bay with an arc radius of 16 
miles. General characteristics of the offshore area relevant to this study 
include: 

Transportation routes for navigation 

Mineral resources 

Surface sediments 

Biological resources 

Commercial fisheries 

Water quality 

Recreation (including sportfishing) 

Aesthetics 

Cultural resources 

Endangered Species 

3.12 Navigation Fairways. As shown on Figure 3-4, approximately 90,600 acres 
of Gulf water within the FSZ are encompassed by navigation fairways. These 
navigation lanes support a diverse international shipping trade. Natural 
depths are sufficient for navigation except for the entrance channel to Mobile 
Bay. This channel is maintained with a hopper dredge with deposition of the 
dredged material in an approximately 4.4 square mile disposal area located 
just south of Dauphin Island. (Figure 2-1) 

3.13 An average annual quantity of approximately 324,000 cubic yards of sandy 
~aintenance material is dredged from the channel. The offshore disposal area 
has interim approval by the Environmental Protection Agency (EPA) as an ocean 

dumping site. The EPA is in the process of providing final site designation 
for the disposal area. 

3.14 Mineral Resources. Mineral resources of coastal and offshore Alabama 

include gas, oil, and possible heavy minerals. Figure 3-5 depicts the 
approximate locations of open-water bottoms leased by Federal and State 
agencies for oil and gas exploration and production. No other minerals are 
being commercially exploited within the FSZ. 
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3.15 Surface Sediment. In describing biological resources, Vittor and 
Associates (1982) included collection and interpretation of sediment data with 
habitat delineation of the benthic communities in the FSZ, Sediment distri
bution maps were generated based on this data and sediment results reported by 
EPA (1982) collected at points shown on Figure 3-6 plus extrapolation of 
results by Upshaw, et al. (1966). The resulting map, Figure 3-7, shows that 
sediments within the FSZ consist primarily of clean sands east of Mobile Point 
and become heterogeneous south of Dauphin Island, grading from sandy muds to 
muddy sands. 

3.16 Biological Resources. Vittor and Associates (1982) described three 
major offshore benthic infaunal assemblages from three areas within the 16-
mile radius. These areas correspond with three of the five proposed sites for 
evaluation of dredged material disposal (Figure 2-3), and are designated as 
station blocks li-00, 500, and 600, Figure 3-8. The 600-block, located nearest 
to Dauphin Island, is the only block represented by the 3 offshore habitats 
(mud, muddy sand, and clean sand habitats). The 400-block stations are 
represented by the muddy sand and clean sand habitats, while the 600-block 
station located furthest east contains only clean sand inhabitants. 

3.17 Four of the eight numerically important taxa of the mud habitat, 
Magelona cf. Phyllisae, Mediomastus spp., Paraprionospio pinnata, and 
Golfingia trichocephala, were also among the seven dominant taxa in the 
offshore muddy sand habitat. The predominant feeding types for dominant taxa 
at both the mud and muddy sand habitats were surface and subsurface deposit 
feeders. Paraprionospio pinnate and Mediomastus spp. were also among the 
dominant species at the sand habitat however, in much less density than the 
mud and muddy sand habitats. Branchiostoma caribaeum, Armandia maculata, and 
Spiophanes bombyx were true sand dominants at the sand habitat areas--:---A"s 
expected, the majority of the taxa for the sand habitat showed a high positive 
correlation with percent sand and negative correlation with percent fines 
(silt clay). The opposite was true for the mud and muddy sand habitats. 

3.18 Table 3-1 presents mean data for stations located in each block within 
the 16-mile radius. With the exception of the 600-block, a significant 
increase in density occurred between fall and spring seasons. The same was 
true of biomass. Benthic assemblages in the 600-block consist of sand
dwelling fauna that are characteristically diverse with relative stable 
populations. It should be noted that extremely high values for biomass in 
block 600 are due to the presence of echinoderm and gastropod molluscs in 
large numbers of two stations. These organisms, however, do not necessarily 
contribute as prey items to the higher trophic levels. Polychaetes, arthro
pods, and other soft-bodied organisms are more likely to become prey to 
demersal fish and large invertebrate predators. 
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Table 3-1. Sunnnary of benthic macroinfaunal connnunity data for the offshore 
Alabama study area. (From: Vittor & Associates, 1982; Interstate 
Electronics Corporation, 1982). See Figure 5 for station 
locations 

Abundance Diversity Richness Biomass 
Season (no./m2 ) (H') (S) (gm/m2 AFDW) 
Vittor & Associates, 400-13lock: 
Fall, 1980 2939 3.82 18.64 1.079 
Spring, 1981 5000 4.10 23.23 3.654 

Vittor & Associates, 500-Block: 
Fal 1, 1980 2808 3.36 15.62 5.563 
Spring, 1981 4434 3.64 17.65 10.800 

Vittor & Associates, 600-Block: 
Fall, 1980 2235 3.69 16.85 16.437 
Spring, 1981 2246 3.82 17.82 19.330 

Interstate Electronics Corporation: 
Winter, 1980 1753 ND ND ND 
Sunnner, 1980 4378 ND ND ND 

ND = No Data reported, since all species were not enumerated. 

3.19 Evaluation of the EPA (1982) benthic study reinforces the presence of 
heterogeneous muddy sand habitats in the eastern position of the 500-block. 
Both the EPA (1982) and Vittor and Associates (1983) describe the benthic 
inhabitants west of the ship channel as predominantly deposit feeders whose 
patchy distribution is probably regulated by small scale changes in sediment 
compos1t1on. This is largely corroborated by results in the 400- and 500-
blocks. These blocks contain large numbers of opportunistic species known to 
undergo rapid recolonization and/or innnigration into areas of physical 
disturbance. 

3.20 Use of offshore waters by migratory fish and shellfish has been reviewed 
by Benson (1982) for the Mississippi Sound and Adjacent Areas study being 
performed by the US Army Corps of Engineers. The majority of the fishes of 
the study area spawn in the Gulf of Mexico from the nearshore waters of the 
barrier islands and tidal passes to depths in excess of 4,500 feet near the 
edge of the outer Continental Shelf. Spawning activities are more concen
trated in depths less than 100 feet and particularly in the nearshore areas on 
the Gulf side of the barrier islands and in the deeper waters of the tidal 
passes. In the nearshore waters spawning activities are more concentrated in 
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the spring and summer months in response to warmer temperatures and variable 

salinity conditions. Commercially important, Brown shrimp spawn offshore from 

about November to April, and White shrimp from March to October. Crabs mate 

and spawn offshore from March through November with peak spawning from May 

through September (US Army Corps of Engineers 1983). 

3.21 Fish and shellfish migrate into and out of the estuaries through the 

tidal passes in both surface and bottom waters. The nearshore Gulf area is a 

major spring, sununer, and autumn migration area for larval, post larval, and 

juvenile fish and shellfish. Many species utilize the area for one or more of 

the following life history phases: breeding/spawning, nursery, feeding, or 

passage (US Army Corps of Engineers 1983). 

3.22 Commercial Fisheries. Several sources exist for commercial fishery data 

from offshore Alabama. These include monthly tabulations of landings and 

values by species and county provided by the US Department of Commerce, 

National Marine Fisheries Service (NMFS). NMFS also publishes an annual 

summary of fishery statistics (e.g., US Department of Commerce, 198'2). 

However, neither series of tabulations provides hard data on catch success per 

unit effort or exact location. 

3.23 Distributions of commercially important finfish and shellfish have been 

described by Roithmayer (1965, 1976), Osborn, et al. (1969), and Nicholson 

(1978). Roithmayer (1965) described the catch, age, size, and distributions 

of four bottomfish species in the northern Gulf. He provided additional 

statistics on the industrial bottomfish fishery and trawl fishery for croaker 

in this area from 1973-1975 (Roithmayer, 1976). Nicholson surmnarized the Gulf 

Menhaden fishery from 1964-1973 with respect to yield, age classes, and 

locations. Distribution maps for the three major shrimp species in the Gulf 

are presented by Osborn, et al., and depict temporal and spatial pattern of 

catch per unit effort. 

3.24 Figures 3-9, 3-10, 3-11 present fishing success information from these 

studies in the offshore Alabama area. It is apparent from these sources that 

the area west of the entrance to Mobile Bay supports the major share of the 

commercial fishery reported. 

3.25 The importance of these and other fishery species to Alabama's seafood 

processing industry has been reviewed by Swingle (1976, 1979). Swingle (1976) 

described the relative contributions of NMFS Statistical Zones 10 and 11 to 

total landings in Alabama and adjacent Gulf States. Table 3-2 summarizes the 

results of his review, based on catch statistics for 1972. It also includes 

fishery statistics provided by NMFS for 1979. 

3.26 According to Swingle (1976), only a small fraction of the shrimp taken 

from offshore Alabama and Mississippi (Zones 10 and 11 in Figure 3-10) are 

caught in Zone 10, or east of Mobile Bay. Osborn, et al. (1969) suggests that 

shrimp catch success drops drastically east of the bay entrance, where yearly 

average yields are on the order of 10% of those to the west. It is assumed 

that this percent contribution also adequately defines the value of Zone 10 to 

finfish yields, much of which is obtained through trawling. 

22 



~ISIANA . . Ml S . 

\ 

300N. - lft.t·n 
"8/ 

Ss· 

30"N. -

I ,0,0/ 

New -9/lt> 
Ori eans...; 

OF MEXICO 

Percent of Total 
Ho um Fished: 

>9.0 

2.0- a. 9 • 1.0-1.9 • 
0.1-0.9 • 

Figure 3-9a • Distribution of fishing effort in the industrial 
bottomfish fishery of the northern Gulf of Mexico during winter 
and spring, 1959-63 (from Roithmayrf 1965). 

LOUISIANA 

\ MIS . 
' • 
\ 

OF MEX/CO 

----~' 
/ 

Percent of Total 
Hours Fished: 

>9.0 

2.0-8.9 -

1.0-1.9 • 

0.1-0.9 • 

Figure 3-9b, Distribution of fishing effort in the industrial 
bottomfish fishery of the northern Gulf of Mexico during sunnner 
and fall, 1959-63 (from Roithmayr, 1965). 

23 



LA. 

ZONE 10 

, 
I , 

...- :> ,, , ____ _ 

ZONE t I 

PROD UC TIO N AREAS 

~ HIGH, 9-16 Fathoms 

~ MEO. 17-22 Fathoms 

• • LOW 2-:30 Fathoms 

Figure 3-10 Industrial bottomfish grounds in the north central Gulf of Mexico; 

Winter, Spring 1974-75. (From: Roithmayr, 1976) 

24 

/' 
;" 



Figure3-11 

Bon Secour Bay 

Yearly average commercial shrimp catches of brown, white, 
and pink shrimp (thousands of pounds per unit effort). 
(From: Osborn, et al., 1969) 
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Table 3-2. Summary of commercial fishery landings from offshore Alabama, 1972 and 1979. 

Shrimp 1 Other Shellfish2 Finfish Total 

Year/Zone Pounds Value Pounds Value Pounds Value Pounds Value 

1972 
Zone 103 949,700 $ 783,500 9,300 $ 4,500 868,800 $ 117 ,300 1,827,800 $ 905,300 

Zone 11 8,547,600 7,051,800 83,700 40,300 7,818,900 1,055,500 16,450,200 8,147,600 

N Totals 9,497,300 $7,835,300 93,000 $44,800 8,687,700 $1,172,800 18,278,000 $9,052,900 

"' 
19784: 

Zone 103 1,500,400 $ 2,325,700 6,900 $ 1,600 99,200 $ 28,800 1,606,500 $ 2,356,100 

Zone 11 13,504,000 20,931,100 62,500 14,200 892,700 259,300 14,459,400 21,204,600 

Totals: 15,004,400 23,256,800 69,400 $15,800 991,900 $288,100 16,065,900 23,560,700 

lshrimp catch based on "heads-on" weight and price dockside. 

2Excludes oysters. 

3Assumes that no more than 10% of total catch is taken in Zone 10 (From: -- Swingle, 1976). 

4Based on 1965-1971 average of 71% of total shrimp landings taken in Zones 10 and 11 combined, and 17% of total finfish 

(1964-1967) taken in Zones 10 and 11 (From: Swingle, 1976). 



3.27 Water Quality. The nearshore Gulf of Mexico waters (within 3 miles from 
land) have been classified by the State of Alabama for shellfish harvesting, 
water contact and fish wildlife. Dissolved oxygen levels in nearshore waters 
are nearly always at saturation levels; as much oxygen as is able to enter the 
water remains soluable (US Army Corps of Engineers 1982a). 

3.28 Surface water temperatures in the State jurisdictional waters of the 
Gulf of Mexico reflect air temperatures. The water column of the nearshore 
Gulf is said to be marginally stratified during winter and summer months with 
the following typical water temperatures (US Army Corps of Engineers, 1982b): 

Winter season 

Surface waters 
Bottom waters 

Summer season 

Surface waters 
Bottom waters 

15° c 
18° c 

30° c 
22° c 

Water temperatures are more uniform with depth during spring and fall 
seasons. 

3.29 Salinity patterns are primarily affected by mixing of Mississippi River 
water and other freshwaters with high salinity (34 to 36 parts per thousand) 
water from offshore. Surface salinities measured during January-February 1976 
ranged from 19 parts per thousand near the eastern end of Dauphin Island to 31 
parts per thousand 10 miles offshore. Bottom salinities were less variable, 
ranging from 30 to 35 parts per thousand. Sudden changes in salinity as a 
function of location are sometimes evident as well, particularly when fresh
water flows are significant (US Army Corps of Engineers, 1978a). Seasonal 
variations in freshwater flows entering Mobile Bay and Mississippi Sound are 
also an important variable. 

3.30 Nutrient data are limited within the gulf. Eleuterius C., (1972), 
collected nutrient data (nitrates, nitrites, orthophosphates, and total 
phosphates) at two locations south and southeast of Horn Island at the 10 
fathom contour between June 1968 to May 1969. Nutrient concentrations 
throughout the water column were generally the same throughout the year 
ranging between .01 mg/l to .2 mg/l. Orthophosphate concentrations were 
slightly higher during the low freshwater discharge period. Concentrations 
varied between .01 mg/l to .04/1. (US Army Corps of Engineers 1983) 

3.31 Dissolved trace metal (mid-depth) and pesticide data collected at two 
areas approximately 5 niles south of Dauphin Island and two areas approxi
mately 3 miles south of west Ship Island by EPA (1982) during January and June 
1981 finding that mercury concentrations ranged between <.003 g/l to .018 g/l, 
cadmium concentrations ranged between <.Ol g/l to .154 g/l, lead concentra
tions ranged between <.03 g/l to <.2 g/l, and, all pesticides ranged between 
nondetectable to 7.59 g/l. (US Army Corps of Engineers 1983) 

3.32 Nearshore water clarity i.s often influenced by suspended sediments 
exiting Mobile Bay and Petit Bois Pass. Historical Landsat imagery shows the 
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turbid water commonly extends from 10 to 15 miles offshore and has on occasion 

been documented at least 40 miles from the mouth of Mobile Bay during high 

river discharge conditions. However, correlation of the imagery to river dis

charge indicates suspended material can be transported out of the bay in the 

absence of significant river discharge. This is attributed to tidal currents 

transporting wind-wave resuspended bay material offshore. Additionally, 

resuspension of offshore sediments, in particular in silt-clay associated 

areas, often results in the presence of a nephloid layer. This is a common 

occurrence in the Texas, Louisiana, Mississippi, and Alabama nearshore areas 

floored with terrigenous sediment containing varying amounts of silt and clay. 

Rezak et al. (1983) 

3.33 Recreation. Recreational use of the waters offshore of Alabama is 

poorly quantified. Wade (1977) described private boat and charter fishing 

activities in both inshore and offshore waters, based on a 1975 census. He 

obtained a poor return of information from charter boat operators, but a 

significant response from other users. More recently, the National Marine 

Fisheries Service (NMFS) summarized recreational fishery statistics from 

surveys performed in 1981 (US Department of Commerce, 1982). 

3. 34 Table 3-3 summarizes data frva Wade (1977), as well as extrapolations 

made by Vittor & Associates based on the several assumptions indicated in the 

table. As shown on Figure 3-12 some key recreational fishing areas include 

artificial reefs, natural fishing banks, and shipwrecks. Other significant 

nearshore fishing areas include littoral zones, channels, navigation markers, 

and anchorage areas (Vittor and Associates, 1983). 

3.35 A large data gap also exists with regard to other recreational uses of 

this area, including sport diving and sailing. No statistics are available 

for these activities, although Daniel (1977) reviewed possible economic 

benefits associated with the liberty ship reefs off Mississippi and Alabama. 

3.36 Aesthetics. While certain aspects of offshore waters usage may include 

aesthetic considerations (e.g., the presence of appealing diving or sailing 

conditions), no data are available which define this parameter. In general, 

water clarity increases east of the mouth of Mobile Bay and nearshore bottoms 

eastward are composed of white sandy bottoms with scattered artificial reefs 

which provide excellent habitat for many sportfish species. Also, as 

previously discussed, fewer fishing trawlers are seen in the east area. As 

such, due to its greater aesthetic appeal, the area could be of greater 

importance to divers and recreational boaters (Vittor and Associates, 1983). 

3.37 Cultural Resources. The historical associations of the area range from 

the earliest explorers of this continent through to more recent events. Table 

3-4 presents a brief chronology of early events in Alabama. Historical 

resources in the area include sites of French forts, early homes and commer

cial buildings, lighthouses, and existing forts such as Fort Gaines (1818) on 

Dauphin Island and Fort Morgan (1833) at Mobile Point (Alabama Historical 

Commission, 1978). The Union ironclad, U.S.S. Tecumseh, is under 30 feet of 

water in Mobile Bay, north of Fort Morgan. The historical richness of the 

area is seen by the number of listings in historical site registers: over 50 
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listings in the National Park Service's National Register of Historic Places 
and nearly 20 listings in the Alabama Historical Connnission's Alabama Register 
of US Army Corps of Engineers ( 1984). 

Table 3-3. Recreational fishery uses attributed to offshore Alabama. 
(From: Wade, 1977) 

TOTAL 1975 TOTAL 1981 
CATEGORY VALUE VALUE! 

West of Bay Entrance: 
Private Boat Expense $ 734,000 $1,303,000 
Finfish Caught2 668,000 1,183,000 

Charter Boat Expense3 297,000 526,000 

Finf ish Caught 40,000 71,000 

TOTALS: 1,739,000 3,083,000 

East of Bay Entrance: 
Private Boat Expense 1,080,000 1, 913 ,000 
Finfish Caught2 332,000 588,000 

Charter Boat Expense3 297,000 526,000 

Finf ish Caught 40,000 71,000 

TOTALS: 1,749,000 $3,098,000 

lBased on annual increase of 10%. 

2eased on dockside value of $0.23/lb. in 1975. 

3Assumes that charter boats operated equally on both sides of bay entrance. 
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Figure 3~12.Locations of artificial reefs, natural fishing banks, and shipwrecks 
in the near offshore Alabama survey area. (From: TerEco, 1979) 
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1507 

1559 

1699 

1702 

1711 

1763 

1780 

1811 

1813 

1819 

TABLE 3-4 

EARLY CHRONOLOGY OF COASTAL ALABAJ•1A 

Mobile Bay outline on Waldseemueller map. 

Spanish settlement on Mobile Bay until 1561. 

Iberville establishes settlement on Dauphin Island. 

Bienville builds settlement at Fort Louis de la Mobile. 

Fort moved to present site of Mobile. 

Mobile ceded to Great Britain by Treaty of Paris. 

Mobile captured by Spanish forces. 

Mobile Centinel, Alabama Territory's first newspaper, published 
near Mount Vernon. 

Mobile recaptured from Spain. 

Alabama admitted into the Union as the 22nd State and Mobile 
granted city charter. 

Source: Adapted from Walker, 1975, as presented in US Army Corps of Engineers 
(1984). 

3.38 Endangered Species. The US Department of the Interior maintains a list 
of animal and plant species that are threatened and endangered in the United 
States. The State of Alabama has also compiled a list of plant and animal 
species that are considered threatened and endangered within the State. 
(Boschung, 1976) Animals from these lists that could occur within the off
shore study area are given in Table 3-5. Threatened and endangered species 
under the National Marine Fisheries Service (NMFS) jurisdiction are presented 
in Table 3-6. 

CHARACTERISTICS OF THE PHASE III AREAS 

3.39 Site specific characteristics of two areas southwest of the mouth of 
Mobile Bay are discussed in detail in Appendix A. Included within this 
discussion is consideration of the 11 specific criteria for site analysis 
required by 40 CFR 228.6, the Environmental Protection Agency Ocean Dumping 
Regulations and Criteria, as published in the Federal Register 11 January 
1977. Also included are the results of site specific field surveys of the two 
areas conducted in accordance with the EPA/COE Site Designation Procedures. 
Parameters addressed include bathymetry, hydrography, sediment texture 
nutrients, metals, pesticides, PCB's and high molecular weight hydrocarbons. 
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TABLE 3-5 

ENDANGERED AND THREATENED ANIMALS THAT COULD OCCUR IN THE 
NEARSHORE GULF OF MEXICO STUDY AREA 

Status 

Connnon Name Scientific Name Alabama Federal 

MAMMALS 
Manatee 
Humpback Whale 
Blue Whale 
Finback Whale 
Sperm Whale 
Sei Whale 

BIRDS 
Bald Eagle 
Peregrin Falcon 
Snowy Plover 
Brown Pelican 
Osprey 
Mottled Duck 
Reddish Egret 

AMPHIBIANS AND REPTILES 
Atlantic Hawksbill Turtle 

Atlantic Loggerhead Turtle 
Atlantic Ridley Turtle 
Leatherback Sea Turtle 
Green Sea Turtle 

FISH 
---:t\.tlantic Sturgeon 

E Endangered 
AL Alabama 
T Threatened 

Trichechus manatus 
Megatera novaeangliae 
Balaenoptera musculus 
Balaenoptera physalus 
Physeter catodon 
Balaenoptera borealis 

Haliaeetus leucocephalus 
Falco peregrinus 
Charadrius alexandrinus 
Pelecanus occidentalis 
Pandion haliaetus 
Anus fulvigula 
Dichromanassa rufescens 

Eretmochelys imbricata 
imbricata 

Caretta caretta caretta 
Lepidochelys kempi 
Dermochelys coreacea 
Chelonia mydas 

Acipenser oryrhynchus 

E 
E 
E 
E 
E 
T 
T 

E 

E 
E 
E 
E 

T 

E 
E 
E 
E 
E 
E 

E 
E 
E 
E 

E 

T 
E 
E 
T 

Source: US Army Corps of Engineers, 198la; Beccasio et al., 1982; 1983b. 
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TABLE 3-6 

ENDANGERED AND THREATENED SPECIES AND CRITICAL HABITATS 
UNDER NMFS JURISDICTION 

Listed Species 

right whale 
fin whale 
humpback whale 
sei whale 

green sea turtle 
Kemp's (Atlantic) 

ridley sea turtle 
leatherback sea turtle 
loggerhead sea turtle 

SPECIES PROPOSED FOR LISTING 

None 

CRITICAL HABITAT 

None 

ALABAMA 

Scientific Name 

Eubalaena glacialis 
Balaenoptera physalus 
Megaptera novaeangliae 
Balaenoptera borealis 

Chelonia mydas 

Lepidochelys kempi 
Dermochelys coriacea 
Caretta caretta 

CRITICAL HABITAT PROPOSED LISTING 

None 

E Endangered 
T = Threatened 

Status 

E 
E 
E 
E 

Th 

E 
E 
Th 

Date Listed 

12/02/70 
12/02/70 
12/02/70 
12/02/70 

07/28/78 

12/02/70 
06/02/70 
07/28/78 

Source: National Marine Fisheries Service, Southeast Region St. Petersburg, 
Florida 1984 
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CHAPTER 4 
ENVIRONMENTAL EFFECTS 

INITIAL ALTERNATIVE SCREENING 

4.01 Dredged material disposal options considered during the survey studies 

included construction of island and fill areas in upper and lower Mobile Bay; 

open water disposal in the bay and/or Gulf of Mexico; upland disposal; recycle 

material off existing disposal sites; and shoreline nourishment to abate 

erosion. Environmental impacts and comparison of these alternatives are 

discussed in the Survey Report and accompanying EIS. A recommendation for 

offshore disposal of dredged material resulted from those studies. As such, 

this SEIS is an extension of those studies and concentrates on the impacts of 

the various offshore disposal options including locations and techniques of 

disposal. 

4.02 Suitability of the dredged material for offshore disposal was addressed 

during the survey studies. In 1974, sediment core samples were taken along 

the entire length of the ship channel and subjected to bulk analyses for 

physical, chemical, heavy metals, and pesticides characteristics. Elutriate 

analyses were also performed to determine the potential release of chemicals 

and heavy metals constituents during the disposal operations. The Mobile 

Harbor sediments are composed typically of silts and clays with traces of 

graded sands. Bar channel sediments were reported to be sands and sands with 

traces of silt. Bulk analyses indicated the presence of nutrient related 

consituents and generally low levels of heavy metals and pesticides. In the 

elutriate tests the nutrient related constituents displayed a potential to be 

released to the water colurrm during the disposal operation along with a minor 

increase in some of the heavy metals constituents. 

4.03 Sediments collected from the main bay channel in the vicinity of the 

Theodore Ship Channel exhibited the greatest potential for undesirable effects 

on the water column. In 1978, sediments from this area were subjected to 

"three phase" (liquid, suspended particulate and solid phase) bioassay 

analyses to simulate a worst-case situation. Results of the bioassay tests 

indicate there would not be any lethal effects from the dredged material on 

zooplankton, crustaceans, fish, infaunal bivalves, or infaunal polycheates. 

Also, Mercenaria mercenaria (Infaunal bivalve) exposed to the solid phase of 

the dredged material did not demonstrate a potential for bio-accumulation of 

heavy metals, pesticides, or petroleum hydrocarbons. Based upon these results 

and the other sediment tests, the proposed dredged material was considered 

suitable for offshore disposal. 

4.04 Availability of offshore disposal sites was also addressed during the 

survey studies. Results of analyses indicated an economically feasible and 

environmentally acceptable site could be found within an area generally 

encompassing a 16-mile radius from the mouth of Mobile Bay. 
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NEARSHORE DISPOSAL SITE ALTERNATIVES 

4.05 Avoidance and minimization of impacts to significant resources, func
tions and uses is the major theme for impact analysis of offshore disposal 
options as reflected by the EPA Ocean Dumping Regulations, 1977 and the EPA/ 
COE Draft workbook on Technical Guidance for Designation of Ocean Dredged 
Material Disposal Sites, 1983. Accordingly, impact analysis is based upon: 
(1) delineation of incompatible use areas; (2) utilization of a buffer zone 
system of evaluation to avoid certain significant offshore resources and uses; 
(3) consideration of areas most compatible with dredged material disposal; and 
(4) evaluation of impacts of various disposal techniques. 

4.06 To eliminate potential conflicts and unnecessary additional impact 
analysis, incompatible use areas were designated including the shipping fair
ways, the littoral drift zone, artificial reefs, natural fishing banks, and 
shipwrecks, each of which are described in Chapter 3, Affected Environment. 
Impacts of disposal within navigation fairways include possible interference 
with navigation during disposal operations and potential disposal material 
mounding which would reduce navigable depths in the shipping lane. The 
artificial reefs, natural fishing banks and shipwrecks provide recreational 
fishing and diving areas which dredged material disposal could significantly 
disrupt through burial and turbidity. Disposal of large quantities of 
nonsandy dredged material in the littoral drift zone could reduce the amount 
of sand being naturally transported to the beach areas. This zone can 
generally be characterized as an area from the 30-foot contour shoreward. A 
conservative line would be 1 mile from shore or the 30-foot contour whichever 
is the farthest from shore. As shown on Figure 4-1, a maximi.nn buffer distance 
from the incompatible use area, while still leaving room for dredged material 
disposal, would equate to a distance of approximately two miles from any 
shoreline, artificial reef, shipwreck, or natural fishing banks, and a 
distance of one mile from the littoral drift zone. No buffer zone is 
considered necessary for the navigation fairways. 

4.07 Consideration of site characterization information, presented in Chapter 
3, indicates that the bottoms most compatible with disposal of the silt/clay 
dominated dredged material are those in the western portion of the study area. 
Sediment characteristics of the western area are most similar to the proposed 
dredged material which is a major consideration of the EPA Qcean Dumping 
Criteria. Based upon analysis of the dredged material, the only impacts of 
substantial concern would be related to the smothering of benthic organisms 
and turbidity. Muddy sand benthic habitat types dominate west of the mouth of 
Mobile Bay while the easternmost areas contain only clean sand inhabitants. 
Post disposal infaunal assemblages in the western areas would be expected to 
be similar to existing conditions since these bottoms are composed of large 
numbers of opportunistic species having a preference for fine-grained 
substrate and known to undergo rapid recolonization and/or immigration into 
areas of physical disturbance. The western area is also preferable in 
consideration of turbidity. As discussed in paragraph 3.32, the area is often 
influenced by suspended sediment exiting Mobile Bay and Petit Bois Pass as 
well as the occurrence of a nephloidal layer. Eastward of Mobile Bay, waters 
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are more typically clear of fine-grained suspended solids due to less 
influence from major river discharges. Additionally, the predominate westward 
moving currents encourage disposal west of the mouth of Mobile Bay for direct 
access to muddy coastal bottoms for fine-grained material subject to resuspen
sion from the disposal area. 

4.08 More detailed analyses concentrated on two areas southwest of the mouth 
of Mobile Bay, Figure 4-2, which have become known as the Mobile North and 
South sites. The results of these studies are summarized in the following 
paragraphs. 

SITE SPECIFIC EVALUATIONS 

4.09 Physical, Chemical, Biological. Site specific physical, chemical, and 
biological studies, Appendix A, were conducted to address the impacts of 
dredged material disposal in the two sites including considerations required 
by the EPA Ocean Dumping Regulations and Criteria. Additionally, field data 
collection was designed to compliment potential future monitoring efforts by 
serving as baseline surveys. Conclusions drawn from the studies are as 
follows: 

The two offshore sites are located in a dynamic area as reflected by 
sediment texture, benthic data, and current speed information. 

Sediment texture analysis indicated that both the Mobile North and 
South sites are predominately fine-grained sands. Trace amounts of 
silts and clays occur at all sampling stations with some stations 
exhibiting variable silt-clay fractions between sampling periods as 
high as 30 to 35 percent. This is comparable to previous studies of 
the offshore areas. 

Concentration of nutrients in the sediments at the two sites were 
comparable to the proposed dredged material. On the average, total 
Kjeldahl Nitrogen, total organic carbon, and oil and greases were 
higher in the proposed dredged material. Heavy metals concentrations 
were also comparable, with the exception of arsenic and cadmium which 
were relatively higher in the proposed dredged sediments. Elutriate 
analyses of sediments from the two sites displayed similar characteris
tics to that for the proposed dredged material. This, in conjunction 
with detailed analyses of the dredged material conducted during survey 
studies, indicates no significant contamination potential or pollution 
related impacts to the biota would result from dredged material dis
posal in the two areas. 

Benthic macroinvertebrate samples contained large numbers of 
opportunistic species highly adapted to physical disturbance. Ten of 
the 34 species occurring in the mixed sand substrate of the offshore 
areas are characterized as rapid recruitment species. Thirteen will 
reestablish at a moderate rate (within months) following disruption by 
burial. 

37 



MISSISSIPPI SOUND 

SCALE: 1
11 = 2.1 Miles 

I 
SAFETY 

FIGURE 4-2 

ISLAND 
··~-

~ Existing Dredge Material 
~ Disposal Site 

~ Candidate Dredge 
~ Material Disposal Site 

MOBILE NORTH AND MOBILE SOUTH CANDIDATE OFFSHORE DISPOSAL _,\REAS 

38 



A large number of species of fish and shellfish utilize all nearshore 
areas, including the potential disposal sites, for one or more life 
history phases including breeding, spawning, feeding, or passage. The 
Mobile North and South sites are not unique in their importance for any 
of these functions. Direct impact to the species would be related to 
turbidity and suspended solids from the dredged material disposal. The 
actual disposal operation would occupy a relatively small area of the 
total available to these species and the turbidity from the disposal 
operation would occasionally be masked by fluctuating turbidity levels 
from Mobile Bay discharge and intermittent nepheloid layer. 

Offshore currents can be sufficient to redistribute the existing bottom 
sediments and this would be expected to be the case with at least a 
portion of the dredged material disposed in the area. Possible impacts 
include further habitat disturbance from burial and turbidity. 

4.10 Sediment Transport. To better define the areal extent of sediment move
ment after disposal, additional analysis addressed the dredged material dis
posal process and sediment movement characteristics at the proposed Mobile 
North and South sites as discussed in Appendix B. In summary, there are three 
major approaches for evaluating sediment movement after disposal. These 
include drawing analogies to actual field observation, employing computer
assisted numerical simulation, and using analytical techniques derived from 
studies on thresholds of sediment movement. In-field monitoring of offshore 
dredged material disposal operations has been conducted at numerous disposal 
sites around the county. In particular, Bokuniewicz et al. (1978) in a study 
of dredged material disposal at several localities, found that despite a wide 
range in dredged material characteristics, site conditions, and quantities of 
material, the same basic sequence of placement processes took place at all 
sites for both hopper dredges and dump scow disposal operations. Upon release 
from the transport vessel, the dredged material is transported to the bottom 
in a narrowly defined jet of high density fluid and as blocks or clods of 
cohesive soil. Upon impact with the bottom, a radially expanding surge is 
formed that carries dispersed dredged materi~l away from the initial impact 
point. The surge material deposits in the form of a ring with the range of 
the ring, at typical disposal operations being about 450 to 900 feet, and 
deposition starting at about 300 feet from the initial impact area. Basco et 
al. (1974) cite studies which indicate that at least 90 percent of the dredged 
material falls out within 900 feet of the discharge point. Similar results 
were reported from an offshore test dump program conducted by the Corps of 
Engineers Norfolk District in October 1981. ·Acoustic profiles of the offshore 
area showed that the dumped material is largely confined to within a 900-foot 
radius, and that the bulk of the material settled quickly to the bottom. 
Bottom surges of material decayed rapidly within 6 to 10 minutes and little if 
any of the material was still in suspension 1 hour after a dump. 

4.11 As further discussed in Appendix B, the deposited dredged material will 
be subjected to offshore unidirectional currents and wave-generated bottom 
currents. Based upon limited available data, it appears the strength of these 
currents is sufficient to cause erosion and transportation of the disposed 
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material even under relatively average, non-storm conditions. Severe storms 
or hurricanes will be especially effective at moving material from the dump 
points. It is expected that currents would transport the material in either a 
westerly or ndrth/south fluctuating direction, causing dispersion and mixing 
of the dredged material within the disposal area becoming, with distance from 
the disposal point, difficult to distinguish from natural bot toms. Fishery 
trawling in the area would further contribute to this spreading and mixing 
process. 

4.12 Cultural Resources. In August 1982, cultural resources investigations 
were initiated for the Mobile Harbor Deepening Project. These studies 
included archival and historic research on the prehistory and history of the 
Mobile Bay area and remote sensing surveys of all areas that will be affected 
by construction of the Mobile Harbor Project. Survey equipment included 
magnetometer side-scan sonar and shallow-seismic profiler. Survey of the 
North and South Gulf Disposal Sites was based on a sampling scheme designed to 
establish high and low probability zones for submerged cultural resources. 
Line spacing was maintained at 150 meter intervals, providing a 35% sample of 
the alternate areas. A total of 110 survey lines were run. Three high 
probability z~nes were recommended as a result of the survey and are shown on 
Figure 4-3. 

4.13 The remote sensing surveys of the Gulf Disposal Sites recorded 33 
magnetic anomalies in the north site and seven in the south site. Of these, 
six anomalies in the north site and three in the south site were recommended 
for avoidance or additional evaluation. Direct impact to the anomalies can be 
avoided by not allowing discharge of dredged materials in proximity to any of 
these anomalies. Once the dredged materials are discharged, prevailing 
currents may nisperse sediments on the anomalies in a thin layer which would 
serve to protect any shipwrecks or other cultural materials lying on the 
bottom from currents and bottom scouring caused by storms. 

3.14 Endangered Species. Implementation of the proposed project is not 
expected to have significant detrimental effects on threatened and endangered 
fish and wildlife which may appear in the area. Proper contact has been made 
with the US Fish and Wildlife Service and the National Marine Fisheries 
Service implementing coordination procedures in accordance with the Endangered 
Species Act of 1973. Both agencies indicated several Federally listed species 
may occur within the project area, however, they would not be expected to be 
significantly affected by the proposed activity. 

4.15 Dredged Material Disposal Techniques. Basically two types of disposal 
methods could be employed. These are widespread placement of material over 
most of the disposal site or point dump confined to a minimum location within 
the disposal area. The widespread dumping concept would involve maximum 
dispersal of material in the disposal area such that the thinnest possible 
layer of material would be deposited on any one point. This would have 
advantages of more rapid mixing with the natural bottom sediments, cause the 
least change to bathymetric features, and provide better opportunity for rapid 
recruitment of burrowing species of benthic organisms capable of migrating 
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through th~n layers of material after burial. It would however, have more 
widespread direct effects on the benthic communities over most of the disposal 
area during the construction period, and would add difficulty and expense to 
management and monitoring of the operations. It would also involve direct 
placement of material on potential cultural resources. 

4.16 The other technique would involve dumping at the minimum number of 
concentrated dump points while maintaining adequate depths for navigation. 
This technique of disposal due to the smaller area involved could be more 
efficiently managed and monitored. It would also avoid direct placement of 
material on potential cultural resources. Some mounding of the dredged 
material would be expected to occur, in particular due to clay clumps, clay 
balls (formed by clay rolling in the dredge pipe), shell in the dredged 
material, and possibly other cohesion due to consolidation after disposal. 
Proper management of the area would be necessary to avoid significant 
mounding. However, mounding would add habitat diversity to the otherwise 
monotonous bathymetry of the area. As discussed in Chapter 3, habitat 
diversity has been sought by creation of artificial reefs in the nearshore 
areas, Thus, the mounding in conjunction with the slight nutrient 
enrichment expected from the material, would likely benefit certain offshore 
species. However, currents and trawlering activity wouJ.d probably eventually 
erode and level the mounded areas. 

4.17 Conclusion of Site Studies. Based upon the overall site studies it can 
be concluded that both the Mobile North and Mobile South sites would be 
environmentally suitable areas for dredged material disposal. The most 
significant impacts would be associated with ~~athering of benthic organisms 
at the immediate dump area, and turbidity pr; ,,arily during the period of 
construction and yearly maintenance dr[dging. Re-establishment by benthic 
organisms characteristic of the existing c.r·ea would be expected as is the case 
at the currently used offshore disposal area. The Mobile North site is an 
extension of the existing offshore disposal area. As such, use of the north 
area would encompass the existing site and continue to keep off shore disposal 
operations confined to the same locality. Minimization of the number of dump 
points in the area could further contribute to confinement of the material, 
avoid damaging potential cultural resources, and aid in effective management 
and monitoring of the site. 

CUMULATIVE IMPACTS 

4.18 The offshore disposal operations would represent an increase in the 
effects of human activities iu the study area. The impacts of this operation 
would also occur in conjunction with other current and planned activities 
during the time frame of the proposed action. 

4.19 Two primary impact activities expected in conjunction with the offshore 
disposal operations include fishery trawling and oil and gas exploration and 
production activities. Overlap of impacts from these activities in conjunc
tion with offshore dredged material disposal operations include bottom habitat 
disturbance and turbidity. Shrimp trawling is a frequent occurrence in tht> 
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area but only represents a minor temporary disturbance of the bottom' habitat. 
Offshore oil and gas drilling activities result in overboard disposal of 
drilling muds and cuttings for the duration of the drilling program which at 
some locations would probably be a number of years. However, habitat dis
turbance and turbidity from these operations are confined to the immediate 
area of the drilling site. If producible quantities of hydrocarbons are 
discovered, the construction of conveyance lines to onshore processing plants 
may involve some trenching for pipeline burial. This would result in some 
temporary habitat disturbance and turbidity. Even if all of these activities 
happen to occur simultaneously the relative area of impact would be small when 
compared to the overall habitat area. 

MITIGATION MEASURES 

4.20 The Mobile District Corps of Engineers has been working with the U.S. 
Fish and Wildlife Service in development of mitigation plans for the overall 
channel improvement project. Throughout the phases of planning for the 
project, the Fish and Wildlife Service has recommended offshore disposal of 
the dredged material. This analysis of the activity as contained in a Fish 
and Wildlife Coordination Act Report submitted to the Mobile District in March 
1984 is summarized in the following paragraph. 

4.21 Turbidity increase can be expected during the dredging activity. 
However, turbidity in Mobile Bay would be expected to be reduced by the Gulf 
disposal plan since open water disposal areas adjacent to the Mobile Bay Ship 
Channel would no longer be utilized. While this should improve the quality of 
the shallow bay waters it will undoubtedly increase the turbidity of the open 
Gulf disposal sites. However, the trade-off of these two areas (Bay vs. Gulf) 
in terms of disposal impacts is deemed positive. Spawning as well as migra
tion of larvel fishes and shellfishes could be affected depending on the time 
of disposal. It would, therefore, be preferable if the disposal could be 
conducted during the winter months. 

OTHER OFFSHORE DISPOSAL ALTERNATIVES 

4.22 Beach Nourishment. Dredged material from the proposed deepening and 
future maintenance of the bar channel would be suitable for beach nourishment 
purposes. In particular, the shoreline of Dauphin Island has had a long 
history of shoreline changes. Following Hurricane Frederic, 1979, the rela
tively stable east end of Dauphin Island began experiencing much more erosion 
problems. Some theorize this is due to shifting of the nearshore bar/sand 
island area caused by the hurricane. Consideration of this option would 
include application of environmental criteria used in evaluating discharges of 
dredged or fill material under the purview of Section 404 of the Clean Water 
Act of 1977. 

4.23 Nearshore gulf disposal has been suggested as a viable concept to 
alleviate some of the erosional problems on Dauphin Island. This would 
involve placing the dredged material in the littoral drift zone near Dauphin 
Island. This process would not create any new beach area or replace any 
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previously lost material but would serve to reduce the rate of future erosion 
(COE, 1978). Another concept, if economically feasible, would be direct 
placement of the material on the shoreline by hydraulic cutterhead dredge or 
hopper dredge with pump-out capabilities. Both of these concepts are 
presently considered to be environmental enhancement features but would 
require additional economic, operational, and environmental evaluations. 

4.24 Mid-Shelf and Deepwater Alternatives. Other possible disposal options 
include transporting the material farther away from the nearshore zone to 
deeper gulf areas. As mentioned previously in this DSEIS, the U.S. 
Environmental Protection Agency (1982) prepared an environmental impact state
ment for the existing offshore disposal area presently interim designated to 
receive dredged material from the existing Mobile bar channel. Their EIS 
identified two alternative offshore locations, Figure 4-4, which meet the 
general criteria used to select an ocean disposal site. This included a mid
shelf area and a deepwater area located 26 n miles and 64 n miles, respec
tively, from the mouth of Mobile Bay. Results of the EPA impact analysis for 
these two areas are summarized in paragraphs 4.25 through 4.30. 

4.25 According to the EPA study, concentrations of suspended sediment are 
lower in offshore waters of the rnid·-shelf and deepwater alternative areas than 
nearshore waters due to sandier bottoms, deeper water, and less influence from 
riverine drainage. Thus, dredged material disposal would be expected to 
produce suspended sediment concentrations appreciably higher than background 
levels. 

4.26 Trace metal concentrations in dredged sediments are generally similar to 
those reported for sediments in the vicinity of the mid-shelf alternative 
area. Trace metal concentrations in sediments of the deepwater alternative 
area have not been measured; however, concentrations at nearby MAFLA stations 
are generally similar to those of the dredged sediments. Also, releases of 
trace metals and nutrients at either the mid-shelf or deepwater alternative 
areas would be similar to minor releases expressed for the nearshore sites. 
Therefore, metal enrichment of sediments in the mid-shelf or deepwater sites 
should not result from dredged material disposal. Any increase in nutrient or 
metal concentrations in the water column would be expected to be localized due 
to rapid dilution and mixing. 

4.27 Long-term impacts to plankton and nekton would be minimal with possible 
impacts only being associated with entrainment in the localized turbidity 
plume consisting of fine-grained silts and clays. 

4.28 Tolerances of deepwater macrofauna for dredged material are generally 
unknown (Pequegnat et al., 1978). It has been suggested that recovery of 
benthic populations following disposal may be slower in more stable environ
ments (e.g., mid-shelf and deepwater areas), and where there is a difference 
between disposal site and dredged sediments (Hirsch et al., 1978; Wright, 
1978). The environment of the Mid-Shelf Alternative Sites is influenced by 
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many of the same physical factors which account for variability in the 

nearshore area, but to a lesser degree (mainly due to deeper water depth). 

Thus, recovery of benthic populations following dredged material disposal 

could be slower at sites in the mid-shelf than in the nearshore region, since 

existing organisms at the mid-shelf site are accustomed to a more stable 

environment and do not have as much resiliency. It may not be possible to 

match grain size characteristics of the dredged material to sediments of the 

Mid-Shelf Alternative Area; therefore, recovery rates may be hampered by 

differences of sediment type. The effects of dredged material disposal on 

benthic populations at a site selected from the Deepwater Alternative Area may 

be greater than at sites from either the mid-shelf or nearshore region because 

of greater environmental stability at deeper depths. However, it is likely 

that dredged sediments would match the deepwater sediments. Also, in support 

of deepwater disposal of dredged material, Pequegnat et al., (1978) noted that 

the density of organisms in deepwater areas is much less than in shallow 

water. 

4.29 In an overall comparison of the offshore disposal options, the EPA study 

concluded that few significant adverse impacts result from offshore disposal 

of dredged material. Short-term effects which would occur at nearshore sites 

and sites farther offshore include temporary increases in turbidity, releases 

of dissolved nutrients or trace metals, possible mounding of material, and 

potential changes in infaunal abundances and diversity (mainly depending upon 

the nearness of match between the sediment characteristics of the dredged 

material and disposal site). Results of the Corps of Engineers Waterways 

Experiment Station Dredged Material Research Program (Hirsch, et al., 1978) 

indicate that impacts within a site are minimized when dumping occurs in 

variable, high energy environments (e.g., the nearshore sites). Impacts 

associated with dumping dredged material at a deepwater site would be lessened 

by the diluting capacity of the receiving waters, the small biomass of organ

isms that could be affected, and the present limited use of the deep ocean by 

man (Pequegnat et al., 1978). Dumping at the nearshore sites may cause some 

interference with the productive nearshore fisheries since the sites are 

located within passage areas through which various life stages of nekton 

seasonally migrate. However, the sites represent only a small portion of the 

nearshore passage zone. 

4.30 In conclusion, it is expected that suitable areas for dredged material 

disposal could be found in the nearshore, mid-shelf, or deepwater zones. From 

an environmental standpoint, each of these zones have certain advantages and 

disadvantages with none displaying characteristics as an overall environmen

tally preferred disposal zone. The major limiting factors in use of the mid

shelf or deepwater zone are the operational and economic constraints of the 

longer haul distances resulting in longer vessel travel time, more fuel con

sumption, and increased navigation hazards of the open Gulf of Mexico. Since 

both of these zones beyond approximately 16 miles from the mouth of Mobile are 

not economically feasible for use and neither zone displays overall environ

mentally preferred characteristics over the nearshore zone, no additional 

analyses of these mid-shelf or deepwater sites was considered necessary. 
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THE RELATIONSHIP BETWEEN SHORT-TERM USES OF MAN'S ENVIRONMENT AND THE 
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

4.31 Approximately 20,000 acres of open water bottom in Mobile Bay of the 
total 264,000 acres of bay areas are currently cormnitted to disposal of 
maintenance material from the Mobile Ship Channel. Implementation of the 
offshore disposal option represents a shift in the long-term commitment of 
open water bottoms for dredged material disposal from Mobile Bay to the Gulf 
area. This represents an improvement in the long-term productivity of the 
more limited estuarine resource area. Long-term intermittent interruptions to 
biological productivity through smothering and turbidity will occur by commit
ment of the offshore water bottoms to dredged material disposal. 

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

4.32 The labor, materials, and energy necessary for transportation of the 
dredged material offshore would be irretrievable. This would be an additional 
commitment of resources beyond that currently experienced with hydraulic 
cutterhead dredging and adjacent open water disposal of dredged material. In 
particular, future maintenance of the project (due to transporting the 
material offshore) would require more fuel than is necessary for maintenance 
of the existing project. 

4.33 Benthic organisms destroyed during the disposal operation would be 
irretrievably lost. Intermittent habitat disturbance and destruction of 
benthic communities would occur from disposal of channel maintenance material 
for the life of the project. 
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CHAPTER 5 
LIST OF PREPARERS 

This Supplemental Environmental Impact Statement was prepared by the US Army 
Corps of Engineers Mobile District. Mr. K. Paul Bradley was the Environmental 
Impact Statement Project Manager for the Corps of Engineers. Support 
documents for offshore site characterizations and impact analysis were 
provided by TerEco Corporation, College Station, Texas; Vittor and Associates, 

Mobile, Alabama; Harmon Engineering, Inc., Auburn, Alabama; and the MITRE 
Corporation, McLean, Virginia. A list of Mobile District staff responsible 
for preparation of this Supplemental Environmental Impact Statement is given 
in Table 5-1. 

Preparer, Degr:ee 
Affiliation 

K. Paul Bradley 
B.S. Civil Engineering 
Planning Associate 
Registered Professional 

Engineer 
US Army Corps of Engineers 
Mobile District 

Jack Mallory 
B.A. Biology 
M.S. Ecology 
US Army Corps of Engineers 
Mobile District 

Dorothy H. Gibbens 
B.A. Anthropology 
M.A. Anthropology/ 

Cultural Geography 
US Army Corps of 
Engineers Mobile 
District 

TABLE 5-1 
LIST OF PREPARERS 

Experience 

11 years experience on 
environmental studies and 
Impact Statements, US 
Army Corps of Engineers 
dredging, permitting, and 
military programs 

5 years marine biologist, 
State of Alabama, 1 year 
mosquito control, Mobile 
County Health Department; 
3 years fisheries biolo
gist, US Fish and Wild
life Service; 14 years 
ecologist and endangered 
and threatened species 
specialist, US Army Corps 
of Engineers 

3 years Louisiana State 
Historic Preservation 
Office; 6 years prehis
toric/historic marine 
survey archeology, US 
Army Corps of Engineers 
Mobile District 
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CHAPTER 6 
PUBLIC INVOLVEMENT 

6.01 An initial public meeting for the Mobile Harbor study was held on 
25 April 1967 for the purpose of informing the public about the study and to 
obtain their views as to desired modifications to the existing project. Due 
to a request by local interests, study efforts were directed for the next 
several years to an interim study that addressed the authorization and 
advanced engineering and design studies for the Theodore Ship Channel part of 
the Mobile Harbor project. A Final Environmental Impact Statement for the 
Theodore Ship Channel project was filed with the Council on Environmental 
Quality on 10 March 1977. A second public meeting was held at Mobile, 
Alabama, on 22 November 1976. Subsequently, the Mobile Harbor EIS was 
circulated with a Survey Report for review and comment to Federal, State, and 
local agencies, citizens groups, and interested parties. A late stage public 
meeting was held on 31 July 1978 and the Final EIS was filed with the 
Environmental Protection Agency on 22 May 1981. In addition to the public 
meetings and workshops, informal working level meetings were conducted with 
various environmental agencies and an environmental quality committee to 
identify problems and needs of the area and to develop measures to enhance 
environmental quality. 

6.02 Significant issues analyzed in the Mobile Harbor Project EIS are 
associated with construction of a wider and deeper main bay channel and the 
various techniques for disposal of new work material and maintenance material 
for the 50-year economic life of the project. 

6.03 Federal and State agencies and environmental groups have spoken or 
written letters expressing concern or opposition to the project or certain 
dredged material disposal alternatives. Overall, these environmental 
interests support transporting the dredged material to an approved site in the 
Gulf of Mexico. 

6.04 Since completion of the Survey Report and EIS, efforts have been 
directed toward offshore disposal designation studies. A Notice of Intent to 
prepare a draft supplement to the Project EIS was published in the Federal 
Register on 9 December 1983. 

6.05 The Draft Supplemental Environmental Impact Statement was sent to the 
following: 

Governor George C. Wallace 
Senator Jeremiah A. Denton 
Senator Howell Hefflin 
Representative Jack Edwards 
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Government Agencies: 

U.S. Environmental Protection Agency 
U.S. Department of the Interior 
U.S. Department of Energy 
U.S. Department of Housing and Urban Development 
U.S. Department of Transportation 
U.S. Department of Agriculture 
U.S. Department of Health and Human Services 
U.S. Food and Drug Administration 
Federal Emergency Management Administration 
Advisory Council on Historic Preservation 
Alabama Attorney General 
Alabama Department of Environmental Management 
Alabama Department of Conservation and Natural Resources 
Alabama State Clearinghouse 
Alabama Oil and Gas Board 

Public Interests: 

6.06 The Draft SEIS was filed with the U.S. Environmental Protection Agency 
on 1 March 1985. Eleven letters of comments were received and are reproduced 
on following pages along with responses to corrnnents indicated in the margin of 
each letter. 
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United States Department of the Interior 
OFFICE OF ENVIRONMENT AL PROJECT REVIEW 

Southeast Region / Suite 1360 
Richard B. Russell Federal Building 

75 Spring Street, S. W. / Atlanta, Ga. 30303 

Telephone 404/221-4524 - FTS: 242-4524 

APR 111985 

ER-85/318 

Colonel Patrick J. Kelly 
District Engineer 
U.S. Army Cor:r;:s of Engineers 
Post Off ice BOK 2288 
Mooile, Alarema 36628 

DEar Colonel Kelly: 

We have reviewed the Draft Supplemental Environmental Statement, 
Channel Improvements, Off shore Dredged .Material Disposal, Mobile 
Harbor, Alabama, and have the follCMing a:mnents. 

General Carments 

The DSEIS adequately describes fish and wild.life resources within the 
project area and the impacts associated with offshore disposal. 
However, the Fish and Wild.life Service remains very ooncemed about 
the loss of 1, 000 acres of shallow w:i.ter habitat resulting fran the 
disposal of 32 million cubic yards of rraterial in the Brookley area as 

1_1 stated on Page 5, Paragrai;h 2.04. The fish and wild.life values of 
this area have been well documented. Sul:stantial imp:lcts to fish, 
shellfish, and wild.life resources would result fran its loss. These 
impacts could be avoided by taking all of the :rraterial to the deep 
gulf sites. This preferred develoµnent plan is explained in detail in 
our Fish and Wildlife Coordination Act Report (FWCAR) of September 
1984. 

Furthermore, we do oot believe that the Corps mitigation proposal, to 
create 400 acres of marsh from shallow waters by use of dredged 
material, is adequate compensation for the complete loss of 

1-2 1, 000 acres of shallow waters. This would in effect result in 
modifying the same type of habitat for which we are currently 
recommending mitigation (shallON w:i.ter less than 6 ft.). In addition, 
the Corps has not presented any rationale for the 400 acres of 
mitigation that are proposed. 

The FWS analyzed the proposal to fill 1,000 acres of Mobile Bay using 
our habitat evaluation procedures (HEP). We have recarmended two 

1-3 alternative methods of mitigation. One alternative recarmends that at 
least 5 70 acres of marsh be created by shaving dcMn lON productive 
uplands to elevations conducive to rrarsh establishment. The other 
mitigation alternative reccmnends establishment of atout 1,050 acres 
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RESPONSES 10 THE U. S. DEPARTMENT OF 1HE INTERIOR 

1-1 This SEIS addresses only the topic of offshore disposal of the dredged 
material. The 1980 project EIS adequately addresses the issue of the 
Brookley disposal area. The U.S. Fish and Wildlife Service's objection to 
the Brookley disposal area is well documented in the 1980 Final EIS and the 
1984 General Design Memorandum. The recorrmended plan subnitted to Congress 
includes the Brookley disposal area. If for some reason, however, the 
project is authorized without the Brookley disposal area, the Gulf sites 
could be managed to accommodate all of the dredged material. 

1-2 The U.S. Army Corps of Engineers mitigation plan includes creation of 
400 acres of marsh, discontinuance of open-water disposal on 20,000 acres of 
bay bottom currently being utilized for disposal of bay channel maintenance 
material, and preservation of the existing 70 acres of marsh along the 
Brookley shoreline. This plan is based upon application of Habitat 
Evaluation Procedures, the value of marsh compared to open bay bottoms, the 
amount of bay bottom to marsh ratio for Mobile Bay and the benefits 
(described by the Environmental Agencies for many years) attributed to 
discontinuance of open water disposal of bay channel maintenance material. 
This is not an absolute method for determining mitigation but we believe it 
is the best approach available and any error in the results is on the high 
side in favor of benefits to the environment. 
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1_3 I of marsh inside the Theodore Island dispasal island. Neither of these 
cont. alternatives have been given seriouc; oonsideration by the Corps to 

date. 

1-4 

1-5 

1-6 

The FWCAR also rrentioned the ooncern of filling rear the Mobile rorth 
gulf disposal sites and channel aligrment as :P05sibl.y oonflicting with 
the Coastal Brrriers Resource Act CPL97-348). Both actions are within 
the vicinity of the Pelican Island unit south of Dauphin Island. The 
channel was known to be in oonflict; h:Jwever, we are rot aware of any 
resolution of this situation. Disposal in this area oould also 
infringe upon the barrier island boundary wt m details of this have 
been provided. This should be addressed in the Final Envirornnental 
D:rp:l.ct Statement. 

The DSEIS a:mnented on avoiding artificial reefs, fishing grounds, and 
biologically sensitive areas. We have oo objection to the disposal 
sites as long as these key areas are avoided. 

Known mineral resources and mineral leases in the project area are 
adequately discussed in the report with one exception-oystershell has 
been produced fran Mobile Bay for uc;e in cement production. Although 
Bureau of Mines records indicate production of oystershell fran the 
Bay was discontinued in 1982, oystershell should be included in the 
mineral inventory. 

Adverse impacts anticipated from the disposal operations are 
considered in the report to be of limited extent. For a:mpleteness, 
we suggest the final supplanental Environmental Statanent include a 
statement regarding oystershell resources and a discussion of what 
impacts the project 'WOuld have on the oystershell. If oo significant 
imt;:acts are foreseen, a statanent to that effect should be included. 

Specific Ccmnents 

Page 5, Paragraph 2. 04 - It is stated that 400 acres of rrarsh 'WOuld 
be established as partial mitigation for the loss of 1,000 acres of 

1-7 bay bottom. The means by which this mitigation acreage was derived 
and the manner in which it will be created should be discussed in 
detail. This proposal has oot been ooordinated with other ooncerned 
agencies. 

Page 43, Paragraph 4. 20 - Currently the Corps disposes nearly 
6 million cubic yards of dredged rraterial on an annual l:asis over 
20, 000 acres of Mobile Bay along the na viga ti on channel. This 
activity has been viewed by the FWS and other agencies as being very 

1-8 detrimental to fish and wildlife resources because it increases 
turbidity, resuspends pollutants, and oontriwtes to circulation 
problems. Taking the rraterial to deep gulf 'WOuld therefore reduce the 
adverse impacts associated with existing practices. The deep gulf 
disposal provides a form of mitigation by avoiding .imp:tcts associated 
with the current open bay disposal method. HOY"ever, it does oot 
mitigate in any T.£y for the loss of 1,000 acres of shallav l:ay l:ottans 
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RESPONSES 1D THE U. S. DEPARTMENT OF THE INTERIOR 

1-3 We agree with the creation of marsh for loss of bay bottom; however, we 
have problems with the amount and location of 1he U.S. Fish and Wildlife 
Service's marsh proposals. 1he Theodore disposal island has been designated 
by Congress to receive future maintenance material from the Theodore Ship 
Channel project. If the inside of the island is dedicated to marsh 
establishment, a new disposal area would have to be found for the Theodore 
Ship Channel maintenance material. This proposal is not implementable under 
existing legislation. We have requested that the U. S. Fish and Wildlife 
Service identify 570 acres which would be feasible and accepted by the 
public for "shave down". Our coordination efforts will continue. 

1-4 The ideal channel alignment for navigation purposes would infringe upon 
the presently designated boundaries of the Pelican Island unit. If 
necessary, the channel alignment will be moved eastward to avoid the barrier 
island boundary. 1he Department of the Interior is currently reviewing all 
of the established boundary lines for possible revisions. We have requested 
a relocation of the boundary to avoid conflict with the proposed channel 
alignment. Neither the Mobile north nor Mobile south proposed off shore 
disposal areas would infringe upon the barrier island boundary. 

1-5 'Ihe corrment of no objection is acknowledged. 

1-6 There are no commercially producible oyster shell reserves at either of 
the off shore disposal areas. There is an active shell dredging operation in 
Mobile Bay. 'Ihe project EIS recognizes this operation. 1he channel 
dredging and off shore disposal would have no impacts on the shell dredging 
operations. 

1-7 Mitigation conepts were outlined in the 1980 EIS for the project. 1he 
specific type of mitigation was refined as part of the 1984 General Design 
Memorandum studies with direct input and participation by the U.S. Fish and 
Wildlife Service including your subnittal of a second Fish and Wildlife 
Coordination Act Report. These efforts included required agency 
coordination. Further refinement of mitigation plans will occur after 
project authorization. Also, see responses to comments numbered 1-2 and 1-
3. 
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1-8 
cont. 

1-9 

1-10 

at Brookley. That damage, as pr:-eviously stated, should be cx:mpensated 
by an adequate narsh creation pr:-ogram or other agreed upon mitigative 
rnea.sures • 

Page 4 3, Paragraph 4. 21 - The FWS maintains the position that the 
dredging and disposal should have sane seasonal restrictions. This 
should be discussed in the final report and should be specifically 
coordinated with the State and Federal agencies responsible for marine 
fish and rranmals. 

Sum:nary 

We believe the Il3EIS adequately oovers the existing fish and wildlife 
resources of the disposal areas as well as most of the i.mr:acts. 
However, several problans still exist and should be addressed in the 
FEIS. The Coastal Barrier Unit oonflict as noted in our Septanber 
19 8 4 FWCA report should be discussed. '!'he 400 acres of rrarsh creation 
mentioned in this report for mitigation of the losses of 1,000 acres 
of water bottoms at Brookley is still considered by the FWS as 
inadequate. 

Thank you for the opportunity to a:mnent on this Il3EIS. 

James H. Lee 
Regional Environmental Officer 

• 
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RESPONSES 'ID THE U. S. DEPARTMENT OF THE IN1ERIOR 

1-8 See response to comments numbered 1-1, 1-2, 1-3, and 1-4. 

1-9 There are three things which should be remembered when considering 
putting seasonal restrictions or a "winter window'' on the proposed dredging 
and offshore disposal operations. First, as stated in the SEIS, the 
off shore disposal areas were delineated through a process of avoidance of 
environmentally sensitive areas, keying in on the sites causing the least 
interference with aquatic resources. Second, the large amounts of dedged 
material associated with the new work construction and future maintenance of 
the project make it very impracticable to dredge only during winter months 
and adequately maintain project dimensions. Third, winter weather 
conditions may cause safety problems with tug boats and dump scows 
transporting dredged material at least five miles off shore. 

1-10 See responses to comments numbered 1-1, 1-2, 1-3, 1-4, 1-5, and 1-7. 
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2-1 

2-2 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IV 

APR 11 1985 
345 COURTLAND STREET 

ATLANTA, GEORGIA 30365 

4PM-EA/GM 

Mr. Lawrence R. Green 
Chief, Planning Division 
Mobile District, Corps of Engineers 
P.O. Box 2288 
Mobile, Alabama 36628-0001 

Dear Mr. Green: 

Under the authority of Section 309 of the Clean Air Act the 
Environmental Protection Agency (EPA) has reviewed the Draft 
Supplement to the Final Environmental Impact Statement (DSFEIS) 
on the proposed deepening. of the Mobile Harbor navigation 
channel primarily using offshore disposal of dredged material 
(Mobile County, Alabama). EPA agrees that while the project 
will have significant adverse environmental impacts, there 
are compelling economic and societal reasons for improving 
the port's navigation facilities. The primary thrust of this 
document deals with the environmental consequences of trans
porting the majority of new work material from the lower bay 
reach and all future maintenance material to a gulf disposal 
area. As you know, we have consistently urged this approach 
for disposing of such material. Our specific comments on 
this aspect of the document are contained in the attached 
comments. 

There remains, however, one significant point upon which we 
are still in fundamental disagreement. That is, the use of 
a portion of the spoil material from the initial channel en
largement to create a 1000-acre island adjacent to the Brookley 
Complex. Even though the current proposal has been downsized 
from the original onshore design, its impact remains geographic 
in scope, severe, and irreversible. Further, since practical 
and more environmentally sensitive alternatives exist for 
both spoil disposal and port related developments, we urge 
that this island terminal facility be eliminated from the 
final design. This contention is based on our evaluation 
that the unnecessary filling of 1000 acres of productive bay 
bottoms to create sites for potential future industrial expan
sion violates national environmental standards and policies. 
While approximately 400 acres of marsh would be established 
between the island and the adjacent shoreline, we do not view 
this as adequate mitigation for the environmental losses 
occasioned by the island fill. 
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RESPONSES ID TIIE U. S. ENVIRONMENTAL PROTECTION AGENCY 

2-1 The canments of support are acknowledged. 

2-2 The Environmental Protection Agency's opposition to the Brookley 
disposal area is well documented in the 1980 project EIS and subsequent 
correspondence. Also, see response to comment 1-1 and your subsequent 
specific carrnents. 
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2-3 

-2-

The value of shallow benthic habitat to the overall functioning 

of the bay ecosystem, together with its recurrent loss, has 

been well documented in previous Corps of Engineers documents. 

In this particular case the amount of loss would be among the 

largest for a single facility in the southeast. Of equal 

concern is the manner in which a productive system like Mobile 

Bay can be destroyed piecemeal before it can be unequivocally 

shown that its functioning is irreversibly damaged. Additional 

comments on cumulative impacts are also attached. 

Since 1974 EPA, Region IV, has taken every opportunity to urge 

the Mobile District to adopt the environmentally preferable 

option of disposing all the dredged material in the Gulf of 

Mexico rather than in the environmentally sensitive Mobile 

Bay estuary. This proposed project is just the latest of 

many within Mobile Bay in which productive wetlands and/or 

shallow benthic areas are to be sacrificed by open water 

disposal and/or fastland creation. Complicating the issue 

is the fact that this particular terminal facility may be 

just the initial phase of what will be a much larger, more 

complex development program. 

On the basis of our appraisal of the adverse environmental 

consequences resulting from the conversion of a thousand acres 

of bay bottoms to fastland for industrial/harbor terminal 

facilities, we have assigned a rating of E0-2. That is, 

while EPA endorses the concept of ocean disposal for this 

project, we have significant environmental objections to the 

Brookley Island proposal, and would like to continue discus

sions on this issue to see if a better solution can be devised. 

Dr. Gerald Miller (FTS 257-7901) will serve as our initial 

point of contact in this regard. 
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RESPONSES ID 1HE U. S. ENVIRONMENTAL PROTECTION AGENCY 

2-3 The carments of objection are noted; however, they reveal no 
inadequacies in the EIS. It is acknowledged there will be sane 
environmental impacts to aquatic resources with the project and adequate 
mitigation measures have been included in the recomnended plan in order to 
maintain the environmental integrity of Mobile Bay. Also, see responses to 
your subsequent specific carments. 
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2-5 

DETAILED COMMENTS 

For nearly fifteen years EPA has worked extensively with 
involved Federal, State, and local entities to avoid or 
mitigate the adverse environmental impacts which will and 
have already resulted from various upgrades/expansions to 
harbor facilities in Mobile Bay. From our perspective the 
involved parties remain committed to resolving significant 
difficulties and we believe this consultation process has 
been productive. In the final analysis of this proposal, 
it was determined that while the resultant adverse environ
mental impacts to the bay system are large, there are sound 
economic and societal reasons for this and other facility 

improvements. We do feel, however, that additional efforts 
are needed to further minimize these anticipated adverse 
impacts. 

There remains one outstanding environmental issue relative 
to the currently recommended plan, i.e., the use of a portion 

of the dredged material to create fastland adjacent to the 
Brookley Complex. The c.:,everity, size, and permanence of the 

impacts resulting from this decision are such that EPA, 
Region IV is gravely concerned with their long-term conse
quences. However, we have not reached an impasse in this 

matter since the environmentally preferable option of complete 

Gulf, rather that intrabay, disposal remains a feasible 
alternative. Using the former spoil option would save 1000 
acres of productive bay bottoms and avoid a long, complicated, 

and potentially unsuccessful mitigation process. This modi
fication would not necessarily be at the expense of sites for 

future industrial expansion. To this end disposal material 

from the channel could be used in a number of ways, e.g., 
to elevate land at Brookley Field above hurricane flood 
tides, thereby meeting the port authority's needs while 
conserving a valuable public resource. 

Possible Violations of National Environmental Standards or 

Policies 

Executive Order 11990 states in part, " ••• each agency, to the 

extent permitted by law, shall avoid undertaking or providing 

assistance for new construction located in wetlands unless 

the head of the agency finds (1) that there is no practicable 

alternative to such construction, and (2) that the proposed 

action includes all practicable measures to minimize harm to 

wetlands which may result from such use. In making this 
finding, the head of the agency may take into account economic, 

environmental, and other pertinent factors." 
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RESPONSES 1D THE U. S. ENVIRONMENTAL PROTECTION AGENCY 

2-4 We are confident that the reconmended mitigation plan can be 
successfully implemented. Channel construction and dredged material 
disposal alternatives were addressed by the Feasibility Studies and 
project FEIS. Subsequent fine tuning was made through preparation of the 
1984 General Design Mernorandun. The environmental impacts to the bay 
associated with construction of the Brookley disposal area are adequately 
discussed in these documents. The reconmended plan sul:mitted to Congress 
includes the Brookley disposal area. The U.S. Environmental Protection 
Agency's concerns are documented in the reports sul:mitted to Congress. 
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In our opinion, there are other environmentally acceptable 
alternatives for disposal of spoil material without destruc-

2-5 tion of the bay bottoms. Additionally, as was and will be 
Cont. noted there are other alternatives for the industrial develop

ment which could evolve on various sites created by a modified 
design. 

The Corps of Engineers' letter of October 4, 1979, to EPA 
states in part, " ••• on the basis of our studies to date of 
the various alternatives for disposal of dredged material, we 
concur with your view of the gulf being a viable disposal 
area in terms of physical impacts and environmental acceptability 
for material that would be excavated from Mobile Bay. In 
fact, as noted in our draft feasibility report, implementation 
of all plans that we have identified for detailed consideration 
not only includes, but is dependent upon gulf disposal for 
major portions of the material to be dredged." 

2-6 Section 230.1, Purpose and Policy of Part IV of the EPA 
"Guidelines for Specification of Disposal Sites for Dredged 
or Fill Material, " dated December 24, 1980, states: 

"(d) From a national perspective the degradation or 
destruction of special aquatic sites, such as filling 
operations in wetlands, is considered to be among the 
most severe environmental impacts covered by these 
Guidelines. The guiding principal should be that de
gradation or destruction of special sites may represent 
an irreversible loss of valuable aquatic resources" 

The filling and permanent loss of 1000 acres of productive 
shallow-water bay bottom constitutes an unacceptable, 
irreversible adverse impact to the Mobile Bay ecosystem as an 
individual impact. Temporary water quality degradation can 
be expected at both the dredge and fill sites as a result of 
elevated turbidities, increased siltation, and potential 
release of sediment bound pollutants in the dredged material. 
Long-term impacts resulting from the 1000 acres of fill and 
adjacent marsh creation at Brookley would be potential altera
tion of circulation patterns in the Bay and the attendant 
salinity changes that could result in significant impacts to 
its biota. 

Severity 

The entire Bay contains approximately 264,000 acres of open 
2-7 water; however, the northern portion, together with those 

shorelines having depths less than six feet, are the most 
productive. The area proposed to be filled is located in 
just such a shallow water estuarine habitat. The loss of 
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RESPONSES TO 'IHE U. S. ENVIRONMENTAL PROTECTION AGENCY 

2-5 As stated, Executive Order 11990 pertains to the protection of 
wetlands. The proposed design of the Brookley disposal area avoids filling 
wetlands. Mitigation for loss of bay bottom includes establishment of 400 
acres of wetlands on Mobile Bay. We feel the recommended plan, including 
the Brookley disposal area, are in compliance with Executive Order 11990. 

2-6 Each of these concerns are addressed by the 1980 project EIS. Results 
of tests for pollution potential indicate the dredged material is suitable 
for open-water disposal in the bay or off shore. Model studies have shown 
that the Brookley disposal area would not change bay circulation or salinity 
patterns. 
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cont. 

-3-

this area cannot be mitigated within the bay by the traditional 
method of establishing marsh since this would only consume 
additional productive bay bottoms. Additonally, mud flows 
radiating out from the filled area could adversely impact as 
much as an additional 2 square miles of productive shallow
water estuarine bottoms unless drastic and expensive counter
measures are taken. 

Geographical Scope 

The filling of 1,000 acres of shallow water estuarine habitat 
would represent one of the largest fill proposals of this 
type in the Southeastern United States. The adverse impacts 
expected are of equal magnitude. 

2-8 Duration 

2-9 

The fill would create permanent emergent land. The 
elimination of the 1,000 acres of shallow-water bay bottoms 
is irreversible; hence, there would be a permanent loss of 
all its related public benefits. 

Importance As a Precedent 

The proposed alternative would set a precedent which could 
complicate future dealings with nearly every other major 
harbor authority in the Southeast. Most harbors have spoil 
disposal problems which could be readily solved by following 
the DSFEIS recommended proposal for Mobile Bay. The end 
result could extend far beyond the loss of public benefits 
from just this particular wetland system to similar habitats 
throughout the Southeast. 

Availability of Environmentally Preferable Alternatives 

The Corps of Engineers' letter of October 4, 1979, to Mr. John 
White, then Regional Administrator of EPA Region IV, acknowl
eges the Gulf option of dredge disposal as a viable alternative. 
With this in mind, our letters of January 5, 1981, to the Board 
of Engineers for Rivers and Harbors, and July 16, 1981, to the 
Chief of Engineers, although not contained in this Supplement 

2-10 to in the EIS, proposed a number of other alternatives, e.g., 
the possibility of constructing a channel inland at or near 
the Arlington Channel into the Brookley Field area. This 
would minimize the destruction of marsh and estuarine areas 
since most of the area involved would be uplands. The only 
aquatic or marsh areas lost would be those occupied by the 
channel. The developed area could even be used as a disposal 
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RESPONSES ID THE U. S. ENVIRONMENTAL PROTECTION AGENCY 

2-7 We consider marsh establishment to be an appropriate means of 
mitigation and is consistent with national policy and regulations. The 
impact from mud flows is addressed by the project EIS. 

2-8 See response to your comments 2-1 through 2-7. 

2-9 We disagree that the Mobile Harbor project would set a negative 
precedent. In fact, the planning techniques and concepts utilized for the 
channel improvements project are on the forefront of engineering and 
scientific technology including environmental protection measures. The 
planning and design efforts leading to the ultimate reca:rmended plan 
should serve as an example and an aid to others where applicable. 
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site for materials from the channel which would elevate it 
above hurricane floods tides. We believe this alternative 
should be examined closely. Still another possibility, is 

2-10 better utilization of existing areas adjacent to the present 
cont. channels with subsequent expansion into the Theodore Industrial 

area as neccessary. 

2-11 

Our views concerning the project are thoroughly expressed in 
the aforementioned letters, our letter of August 29, 1979, 
covering the review of the Draft EIS, and our public statement 
of July 31, 1979. We request that copies of these documents 
be attached to any conununication regarding the project as it 
proceeds through the congressional authorization/funding 
process. 

Consideration of Environmental Effects at the Offshore 
Disposal Sites 

Impacts on the overall environment appear less at the Deep 
Water Alternative and at the Mid-Shelf Alternative, in the 
order given, but these sites were dropped from consideration 
because they were beyond the 16 mile limit and considered to 
be economically infeasible. 

Impacts on benthic organisms appear greater at the North 
Site than at the South Site because of the greater density 
of benthic organisms at the former. However, the North site 
would have the advantage of slightly alleviating shoreline 
erosion on Dauphin Island. Water depths at the North Site 
vary from 20 to 50 feet while depths at the South Site vary 
from 54 to 80 feet. If all of the new work material, estimated 
at 154, 000,000 cubic yards, were deposited on the North Site 
there is no assurance that it would erode away faster than it 
was deposited. Therefore, if only one site is to be approved, 
we would recommend that the South Site be designated. If two 
sites are approved, the North Site, which is presently used 
for maintaining the bar channel, would retain its present 
use. Material from the bar channel is fairly good quality 
sand; hence, some of it could be made available for longshore 
transportation onto downcurrent beaches. 
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RESPONSES ID 1HE U. S. ENVIRONMENTAL PROTECTION AGENCY 

2-10 The EPA position is well documented and has been brought to the 
attention of Congress through transmittal of the project reports, including 
the EPA correspondence. Alternatives to the reconmended plan are also 
addressed in these reports. 

2-11 The EPA order of preference for final site designation is 
acknowledged. 
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Colonel Patrick J. Kelly 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic 11111111! Atmospheric Administll"llt:lon 
NATIONAL MARINE FISHERIES SERVICE 

Southeast Regional Off ice 
9450 Koger Boulevard 
St. Petersburg, FL 33702 

April 2, 1985 F/SER113:MT 
904-234-5061 

District Engineer, Mobile District 
Department of the Army, Corps of Engineers 
P.O. Box 2288 
Mobile, AL 36628 

Dear Colonel Kelly: 

The National Marine Fisheries Service has reviewed the Draft Supplemental 
Environmental Impact Statement (DSEIS) regarding channel improvements and the 
disposal of dredged material in the Gulf of Mexico for Mobile Harbor, Alabama. 

In general, we believe that any adverse impacts to fishery resources 
associated with the offshore disposal of dredged material are significantly 
less than those associated with open bay disposal. Therefore, we support 

3-1 offshore disposal for all new work and future maintenance material. However, 
the Recommended Disposal Plan (paragraph 2.04, page 5) includes the placement 
of 31,330,000 cubic yards of new work material on approximately 1,000 acres of 
bay bottom adjacent to the Brookley complex. 

In our review of the original Environmental Impact Statement for the 
project, we stated strong objections to the disposal of dredged material on 
the Brookley flats. Accordingly, we also find the elimination of bay bottom 
and the attendant creation of fast-land, as included in the current DSEIS 
Recommended Disposal Plan, to be an unacceptable impact to fishery resources 
and recommend that it be deleted from the project. We have stated the reasons 
for this recommendation a number of times in the past. We continue to 
recommend that all new and maintenance dredged material be disposed of 
offshore. 

Sincerely yours, 

:!!:7 :::::.::4~ :l;/L 
Chief, Environmental Assessment Branch 
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RESPONSE 'ID 1HE U.S. DEPARTMENT OF COMMERCE, 
NATIONAL OCEANIC AND ATMJSPHERIC ADMINISTRATION, 

NATIONAL MARINE FISHERIES SERVICE 

3-1 The Natioinal Marine Fisheries Service's recommendation for total Gulf 
disposal is noted and is included in documents subnitted to Congress. 

71 



United States 
Department of 
Agriculture 

Soll 
Conservation 
Service 

Mr. Lawrence R. Green 
Chief, Planning Division 
Mobile District, Corps of Engineers 
U. S. Department of the Anny 
P. 0. Box 2288 
Mobile, AL 36628-0001 

Dear Mr. Green: 

P. 0. Box 311 
Auburn, Alabama 
36830 

March 28, 1985 

Our technical staff has reviewed the Draft Supplemental Environmental Impact 
Statement for offshore disposal of material dredged from the proposed Mobile 
Harbor Channel improvement project, as requested. We have no comments or 
suggestions to make at this time. 

Again, we appreciate your sending us documents of this sort for review. 

Sincerely, 

~J -u;. 11~ .tiC4. ~ -

Ernest V. Todd 
State Conservationist 

LETTER 4 

0 Ttt• Soll ConMrVatlon S.rvlc• 
11 an agttncy of th• 'W/ Unlt9CI Stat• O.par11Mnt of Agriculture 
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RESroNSE ID THE U. S. DEPARTMENT OF AGRICULTURE, 
SOIL CONSERVATION SERVICE 

4-1 The reply of no c011ITient is acknowledged. 
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COMMANDER 
EIGHTH COAST GUARD DISTRICT 
HALE BOGGS FEDERAL BLDG. 

Fran: Coounander, Eighth Coast Guard District 

Environmental Coality Section 
Department of the Army 
Corp:; of ~ineers 
P. O. Box 2288 
Mobile, AL 36628 

!500 CAMP ST. 
NEW ORLEANS. LA. 70130 

STAFF SYMBOL: (dpl) 
PHONE: FTS 682-2961 

504-589-2961 

16475 
4 March 1985 

Subj: MCBILE HARBOR, ALABAMA, OIANNEL IMPROVEMENTS CFFSHORE IREOOED MATERIAL 
DISPOSAL; mAFT SUPPLEMENTAL EIS 

1. ~ have revie~ the subject docl.ltlent and have no objections to the 
prop:>sed project. 

T. W. OOLS~ 
By direction 

LETTER 5 
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RESPONSE 'ID 1HE U. S. DEPARTMENT OF TRANSPORTATION, 
UNITED STATES COAST GUARD 

5-1 The comment of no objection is acknowledged. 
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U.S. Department 
of Transportation 

Federal Highway 
Administration 

Mr. Lawrence R. Green, Chief 
Department of the Army 
Mobile District - Corps of Engineers 
P. 0. Box 2288 
Mobile, Alabama 36628-0001 

Dear Mr. Green: 

Alabama Division Office 

Subject: Draft Supplemental Environmental 
Impact Statement (DSEIS) 
Offshore Disposal of Material 
Dredged from Proposed Mobile Harbor, 
Alabama, Channel Improvements Project 

441 High Street 
Montgomery, Alabama 36104 

March 1, 1985 

IN REPLY REFER TO: 

REC-AL 

We have completed our review of the subject DSEIS which was submitted by 

letter dated February 20, 1985. We appreciate receiving the DSEIS and 

the opportunity to review it; however, we do not have any comments to offer. 

Sincerely yours, 
r 

~-t~ 
Wilkerson 

Division Administrator 

LETTER 6 
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RESPONSE 1D THE U. S. DEPARTMENT OF TRANSPORTATION, 
FEDERAL HIGHWAY ADMINISTRATION 

6-1 The reply of no comment is acknowledged. 
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March 7, 1985 

Mr. Lawrence R. Green 
Chief, Planning Division 
Environmental Quality Section 
US Corps of Engineers 
Mobile District 
Post Office Box 2288 
Mobile, AL 36628-0001 

Dear Mr. Green: 

U.S. Department of Housing and Urban Development 

Atlanta Regional Office, Region IV 
Richard B Russell Federal Building 
75 Spring Street, S.W. 
Atlanta, Georgia 30303-3388 

Thank you for glv1ng us the opportunity to review and comment on the 
Draft Supplemental Environmental Impact Statement (DSEIS) for offshore 
disposal of material dredged from the proposed Mobile Harbor, Alabama, Channel 
Improvement Project. 

We have no adverse comments concerning the DSEIS since activity involves 
offshore disposal of dredged material from construction and maintenance of 
Mobile Harbor's improved ship channel and the proposed activity impacts no HUD 
projects. 

s~~cerely (\ 

~~-{~n_-, 
Ivar O. Iverson 
Regional Environmental Officer 

LETTER 7 
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RESPONSE 1D THE DEPARTMENT OF HOUSING AND URBAN DEVEIDPMENT 

7-1 The reply of no adverse comments is acknowledged. 
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GULF OF MEXICO FISHERY MANAGEMENT COUNCIL 
~---------------------Lincoln Center, Suite 881 • 5401 W. Kennedy Blvd. 

April 9, 1985 
Tampa, Florida 33609 • Phone: 813/228-2815 I 

0 0. APR. 8 5 *CC 3 0 0 2 . 

Colonel Patrick J. Kelly 
District Engineer, Mo bile District 
Department of the Army, Corps of Engineers 
Post Office Box 2288 
Mobile, Alabama 36628-0001 

Dear Colonel Kelly: 

The Gulf of Mexico Fishery Management Council (GMFMC) has reviewed the 
Draft Supplemental Environmental Impact Statement (DSEIS) for channel 
improvements and the disposal of dredged material in the Gulf of Mexico for 
Mobile Harbor, Alabama. 

The GMFMC's interest in the DSEIS relates to potential adverse effects on fishery 
resources we manage under the Magnuson Fishery Conservation and Management 
Act. Most of these fishery resources (e.g., shrimp) must use estuaries such as 
Mobile Bay during some part of their life cycle. The management and wise use of 
these resources heavily rely on maintaining their habitat so that adequate 
production of seafood for the nation can continue. 

We agree with the disposal of dredged material in the Gulf of Mexico in 
preference to open bay disposal in Mobile Bay. In this regard, we are extremely 
concerned that the recommended disposal plan (paragraph 2.04, page 5) includes 
the placement of 31,330,000 cubic yards of new work material on about 1,000 
acres of bay bottom adjacent to the Brookley complex. Ins view of the severe and 
irreparable harm that open bay disposal would have on the fishery resources we 
manage, the GMFMC recommends in the strongest terms that the recommended 
disposal plan be deleted from further consideration. 

Sincerely, 

Jo~re~ 
Chairman 

JMG:AM:lod 

cc: Gulf Council 
Florida/ Alabama Habitat Advisory Panel 
Mrs. Myrt Jones 
U.S. Fish and Wildlife Service (Atlanta) 
U.S. Fish and Wildlife Service (Daphne, AL) 
NOAA-PP2 
Richard Hoogland 
Staff 

LETTER 8 
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RESPONSES 10 THE GULF OF MEXICO FISHERY MANAGEMENT COUNCIL 

8-1 The Gulf of Mexico Fishery Management Council's comnent of objection to 
the Brookley disposal area is acknowledged. See response to similar 
comrnents by the U. S. Department of the Interior and the U. S. Environmental 
Protection Agency • 
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Alabama Department Of Economic And Community Affairs 
GEORGE C. WALLACE 

GOVERNOR May 1, 1985 

TO: Mr. Lawrence R. Green, Chief Planning Division 
~obile District, Corps of Engineers 
Attention: EnviroTh.~ental & Resources Branch 
P. O. 3ox 2288 

~J2~~L 
FROM: Donna J. Snowden, Single Point of Contact 

Alabama State Clearinghouse 
OSPFP Division, ADECA 

SUBJECT: PLANS, STUDIES, AND OTHER DOCUMENTS--REVIEW COMPLETE 

Applicant: 

Project: 

Mobile District, Corps of Engineers 

Draft Supplemental Environmental Impact Statement 
for offshore dis~osal of material dred~ed from 
the proposed Mobile qarbor, Alabama, c~annel 
improvements project 

State Application Identifier Number: OSP-007-85 

W.M. "BILL" RUSHTON 
DIRECTOR 

The above document has been reviewed by t~e appropriate agencies in 
accordance with ~xecutive Order No. 12372. 

Any comments received from the reviewing agencies are attached. 
"Please give any comments from our review agencies ilue 
consideration when compiling your final document. 

If you need assistance, please feel free to contact me at 
(2Q5) 284-8905. If I am not available, pV~ase talk with 
~oncell T11ornell at ( 2')5) 284-8904. 

OSP/05 

Agencies contacted for comment: 
South AL Regional Planning Commission 
Dept. of ~riculture & Industries 
Conservation & Natural Resources - ':fui te 
~Hstorical Commission 
Soil & Water Conservation 
Forestry Commission 
AL ::lept. of Environmental ~fanagement 
State Planning - Stevenson 

LETTER 9 
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REQUEST FOR REVIEW OF PROJECT NOTIFICATION 

TO: Mr. Richard D. Pruitt, Director 
South AL Regional Planning Comm. 

Ni..t111ber: OSP-007-85 

Applicant: Mobile District, Corps of Engineers 

Project: Draft Supplemental Environmental Impact Statement for 
offshore disposal of material dredged from the proposed 
Mobile Harbor, Alabama, channel improvements project 

.·. - -

.~~-.. 
Date: . FEB 25 r 1985 Return Prior to: April 5, :1985 

-.-, 

~\~~-~,~ 

l'.';. ---

·-;--_ - ·r: ~- ·: . . : : ~ : .. : -· 
. -~:' ·~ ~~ . ·.···.- .: .· ;' ,. 

- .::i -~ ~-:· ... 
--; . . - ;: . ·};1n~::.>~< .. 

,,•_ -~·to. -
;... ~ r 

·.'=.:~-~~~.~: 

~<:1.·~.~~5/~·. . . .· 
•! ·' 

., ·-· •• - -;--<,.. 

-. ' -~ ·: - ., . 
. . ... ~ . 

Please review the attached and indicate your comment· with respect to 
programs, and objectives of your .,agency. 

plan, i.~< 
.··',.: ._r.:_.>, ., ... ~::.:~,\~~:~• 

,· .... . ...... n~~f· Comments: block.) 

s does not conflict with plans, 
and objectives of our agency.) 

Comments (Elaborate below.) 

Comment here: 

LETTER 9 (cont,) 

Please Return Original to: 

ADECA - OSPFP Division 
State Clearinghouse 
3465 Norman Bridge Road 
P. 0. Box 2939 
Montgomery, AL 36105-0939 

.. ~-
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RECE\Vtl 
MAR ti 1985 
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.... •.·. 

1. 

·~J~ 
Signature 

.... ·. 

FOR.'1 CH-4 

· ... 

.. ·• t-. 
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REQUEST FOR REVIEW OF PROJECT ·NOTIFICATION 

TO: Mr. Joe Broadwater, Director Number: OSP-007-85 
AL Dept. of Environmental Management 

Applicant: Mobile District, Corps of Engineers 

Project: Draft Supplemental Environmental Impact Statement for 
offshore disposal of material dredged from the proposed 
Mobile Harbor, Alabama, channel improvements project 

- - . - - ~.... -
-; . ,. . .... . .. - ... ....... . 
~;{· ... -.·. > •. 

Date: FEB 25 • 1985 · Retur~ Prior to: April 5, 1985 
-- ·- ..... ~· 

-::~>- -. " t ... · -· ........... -;..._, .. ·.:,,. •. ~ -. .'.J.. ~ ,. ·~:·~· ... -."'"':., 

....... .. -. 

- .; .. , -·. 
·. · ...... 

_. ·-~ .. 
.. : 

.. ~ 

. ·.·. 
-l"-. -til'~. - ... - -·. :~-; 

. ..... , . ~- . .: 

._,_., 

. ,:, . -

.,. . .,. ... · ,, . .. .. ;:. 
: ~·-··::,.-: ,.: 

~ ..... 
. : -~><:~j..·.:..·. 

... ,.,-.... ' ................. - .. 

··..p-;-_, . . . -· ~· :~ . 
,"'-\ 

.·. ·,~>:.- .· 

~~~--;,~· 

;.,· .. ,·· 

Please ·review the attached and indicate your comment with respe~t to plan, · 
programs, and objectives of your agency. ·· ·· ··· ~-~ ·: V ~ ~ · · 

. . .··1 t CE l .. ~.-J ,-, \ · 
Comments: (Please check one block.) 

No comment (This does not conflict with plans,. 
programs, and objectives of our agency.) 

~mments (Elaborate below.) 

·, . ' -
...... _. ' . ~ "·. 

'. 
APR 8 198~- · 

Comment here: BasE.<l on infonnation presented in the Draft Supplemental Environmental 
Impact Statement, .there are expected to be no significant·adverse impacts to coastal 
resources. The concept of Gulf disposal of dredged material is consistent with the 
Alabalra Coastal Area Management Program and is highly preferred to filling of wetlands 
or Mobile Bay waterbottoms. 

One issue that could be further addressed in the document is the potential use 
of t..he dredged material for Dauphin Island beach nourishment by disposal at a favorable 
offshore site. Dauphin Island has a well documented erosional history. According · 

· to the Draft Supplemental EIS, the dredged ma.terial is suitable for beach nourishment. 
Also, the document states tl1at beach nourishment would be an environmental enhancement. 
feature. Ho.-;ever, because this option would require additional evaluation it appears 
from the document that it has been dismissed (see paragraph 4-23, page 44). 

-
Many economic, -social, and environmental benefits would result if advantageously 

placed dredged material resuited in the near continuous nourishment of the Dauphin 
Island beaches. These benefits could extend the value of proposed work considerably. 
Further investigation may be warranted. and A 

would be valuable. 

Please Return Or~ginal to: 

ADECA - OSPFP Division. 
State Clearinghouse 
3465 Norman Brldge Road 
P. 0. Box 2939 
Montgomery, AL 36105-0939 

. . ' 

FORM CH-4 
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RESPONSES ID THE ALABAMA DEPARTMENT OF ENVIRONMENTAL MAL'W\GEMENT 

9--1 The statement of consistency is acknowledged. 

9-2 The concept of beach nourishment has not been dismissed. We have 
initiated the additional studies considering this option. Results of these 
studies will be presented in future reports. 
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10-1 

PROPERTY OWNER 

Corps of Engineers 
P • 0. BOX 2288 
Mobile, Alahama 36'S28 

Attention: Environment and Resources Branch 

Gentlemen: 

P.O. BOX 366 

DAUPHIN ISLAND, ALA. 36528 

April 1, 1985 

On behalf of the Dauphin Island Property Owners Association, I write to 
expres3 can.ments on the :::;nvironmental Impact Statement referable to the 
disposal of dredged material from the Channel Improvements Project. 

This report is very well done and accurate in every detail. There is, however, 
one area of concern which we have. The report (pages 11 and 43) refers to the 
erosion p:-oblems on Dauphin Island and speaks to the possibility of utilizing 
some of the spoil for beach nourisr..ment. We know that you plan to place sorr.e 
material on the East end of the Island. Eut there is also the question of the 
effee!t 11hich changes in the configuration and location of Sand Island may have 

on the erosion problems on the Gulf side of Dauphin Island. It has been 
s'Jgges".:ed that consideration he :siven to utiliziYig some of the very large 
amoi;nt of material from the dredgi:i.g for the purpose of reconsti ~·1ting Sand 
Island and thus allow it to serve its purpose as a barrier island to Dauphin 

Island. 

We appreciate that the County has agreed to l::le a sponsor in requesting a study 
of erosion protler.:.s on the Island by the Corps of Engineers and know that you 
will "tle addressing this issue as a part of that study. :.Je also appreciate tre 
candid rela":;ionship we have in discussing our prol::llems and hope that we ::aa.y 

continue to work with you in addressing our joint concerns. 

:?lease let us know if we can provide further information or be of assistance to you. 

Sincerely, 

(For the ~<tt"d o:t~ Directors 
.~ ~ l_ /t/(.{,~~~----

Doris AnC:erson, President 

cc: Commissior:er Oliveth Archer 
~r. 8eorge Crozier 
Mr. Roger Serth, Corps of Engineers 
Dr. Robert Bucher. 
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RESONSE 1D THE DAUPHIN ISIAND PROPERTY OWNERS ASSOCIATION 

10-1 We will continue to coordinate with the Dauphin Island Property Owners 
Association during the course of the beach nourishment study. 
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11-1 

11-2 

11-3 

11-4 

THE MOBILE BAY AUDUBON SOCIETY 
BOX 9903 

MOBILE, ALABAMA 36609 

Col. Fat Kelly, D.E. 
Corps of Engineers 
P.O. Box 2288 
Mobile, Al. 36628 

April 18, 1985 

Joe Broadwater, Dir. 
ADEM 
1751 Federal Drive 
Montgomery, Al. 36130 

Re:SDEIS-Mobile Harbor, Channel Improvements, Offshore 
Dredged Material Disposal 

The Corps of Engineers and the promoters of the 55' 
channel continue to distort the facts with unstable pro
jections of projected exports. Recent news articles sup
port and report these miscalulations. 

This promotional tactic backfired on the supporters and 
promoters at the recent meeting with the Navy Surface 
Action Group. The Navy group made it clear they did not 
need a 55' channel-yet the Corps of Engineers presenta
tion appeared to center around this with the material 
put forth. It was a terrible presentation and apparently 
it didn't help our national trustworthy image. If Mobile 
is not selected as the Navy homeport,the Corps inept 
and bumbling promotion at the meeting in promoting the 
material for a 55' channel will be one of the major con
tributing factors. 

I This Society continues its opposition to the dredging of 

I a 55' channel. The Corps and promoters have not proven a 
need exists; haven't evaluated the true social, economic 

! and enviromental costs and impacts; and haven't followed 
i the requirements of NEPA in properly considering all al-
ternatives. The question of who will benefit and who will 
be paying-is quite evident-the taxpayer will be paying 
again---for many years to come-in many ways. 

l As for another island in the bay system-this is idiotic 
and threatening natural resources as well as possible lives. 

I Gaillard Island is unstable and costing us untold monies 
to try and stabilize-as well as possibly helping to fill 
up the bay in that area. Gaillard's Island should be a 
vivid picture of how unpredictable construction of areas 

! such as these are in a high hazard energy system. 

The G.ulf of lv:exico Fishery Management Council's letter 
to the Corps of April 9th shares our concern regarding 
placement of 31,330,000 cubic yaras of material on about 
l,000 acres of bay bottoms adjacent to the Brookley com-
plex. The Council views the threat as severe and irre-
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RESPONSES 1D THE MOBILE BAY AUDUBON SOCIETY 

11-1 Mobile was selected as home port for a portion of the Navy's Gulf 
Fleet. The proposed Mobile Harbor channel improvements project was 
presented only in the context that the 42' x 600' channel, then mentioned as 
possibly neede::l by the Navy, would essentially be included within the 55' x 
550' template of the proposed deepening project. 

11-2 The statement of opposition is noted. However, specific errors in our 
documentation are not mentioned. We consider our efforts to be procedurally 
correct and legally sufficient. 

11-3 We consider Gaillard Island to be an environmental and engineering 
success. Environmental benefits of the island disposal area are readily 
apparent by the approximately 15,000 birds utilizing the area for nesting 
purposes. In fact, the first nesting colony of Brown Pelicans ever recorded 
in the State of Alabama has occurred on the island and this nesting colony 
was cited as a primary reason for delisting the Brown Pelican from the 
endangered species list for Alabama in February 1985. From an engineering 
standpoint, the island is functioning as designed. This is particularly 
evident in how well the island withstsood the high wind and waves of 
Hurricane Elena. 
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11-4 
cont. 

11-5 

2 

parable on the fishery resources they manage and recom
mends in the strongest terms the "recommended disposal 
plan"(l,000 acre island)be deleted from further consid
eration. We concur. 

I have encouraged the use of the multi-million dollar 
research released through the haterways Experiment Sta
tion. such as dewatering/reuse of dredged material and 
this is now being put into operation on Blakely Island. 
We cannot continue to allow filling of wetlands and bay
bottoms. 
Keeping the port of Mobile open and competitive is im
portant, but so are the other billion dollar industries 
which bring visitors from all over the world-the sport/ 
commercial fisheries; recreation and tourism. We can 
have it all, but proper planning and consideration for 
the needs of all of these industries must be inclusive. 

ncerely~ 
l f' J • 

i~ii~-Sc;g~~-
President 
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RESPONSES TD THE l'VBILE BAY AUDUBON SOCIETY 

11-4 See response to the Gulf of Mexico Fishery Management Council, letter 
numbered 8. 

11-5 All of these topics are addressed by the Feasibility report and 
project EIS. 
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ABSTRACT 

The U.S. Army Corps of Engineers, Mobile District (Corps) desires 
to determine the suitability of two offshore ocean disposal sites for 
dredged material disposal. These two sites are located south of 
Dauphin Island; one site is to the north of the safety fairway (an 
exclusion is allowed for the "fish haven" immediately north of the 
fairway) and the second is located to the south of the fairway. The 
total area of the two sites is approximately 102 square miles. 

To assess the suitability of the sites, the Corps devised a data 
gathering program directed at responding to the ocean disposal site 
designation criteria given at 40 CFR 228. 6. This program included a 
literature survey of existing information regarding this portion of 
the Gulf of Mexico and the conduct of site investigations in the 
spring and summer of 1983. The site investigations provided new data 
on the physical, chemical and ecological nature of the sites. 

The review of site designation criteria, as applied to the two 

sites, was based on the new and historical data. The interpretation 
of site characteristics and the nature of material proposed to be 
dumped on the new sites indicates that, with appropriate precautions, 

the sites may reasonably be used for the intended purpose. The Corps 
has the continuing responsibility of determining the proper seasons, 
release rates and other factors regarding dredged material disposal at 
the sites. 
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FINDINGS AND CONCLUSIONS 

An investigation of two offshore areas for disposal of dredged 
material originating from the Mobile Bay channel deepening project was 
conducted between April and December 1983. The objective of the study 
was to determine if the disposal of as much as 154,000,000 cubic yards 
of dredged material within the proposed sites would result in any 
significant physical, chemical, biological, or cultural impacts which 
would limit the use of any portion of the proposed disposal sites. 

The principal findings of that investigation were: 

1. The material to be dredged and ocean-disposed appears to 
consist primarily of sandy silts and clays; the bottom 
materials in the disposal areas are expected to be primarily 
fine sands. 

2. The only potential cultural impact is the transport of 
suspended sediments over the fishing reefs resulting in 
reduced aesthetic quality for a short period. No adverse 
biological impacts from siltation are expected. 

3. The chemical quality of the channel sediments is mostly 
uniform. The overall comparison of the sediments shows 
ranges of heavy metals within limits that would not endanger 
biological resources and the essential absence of pesticide 
and polychlorinated biphenyl (PCB) contamination. 

4. The chemical quality of elutriates does not suggest any 
short- or long-term water quality deterioration from the 
disposal of channel sediments. 

5. The biologic resources of the two proposed disposal areas 
consist of passage areas for species spawning in the Mobile 
Bay and spawning areas for some non-commercial species. 
Natural and artificial reefs are located south of proposed 
disposal areas. No adverse biologic impacts to these 
organisms, infaunal, or epifaunal species are expected as a 
result of this dredged material disposal. 

These findings indicate that no major negative impacts to physi
cal, chemical, biological or recreational resources would result from 
the disposal of the dredged materials. Archeological resources may be 
present, however, which may require avoidance or further ivestigation. 
The following operational recommendations are made: 

1. During periods when winds and/or currents are tending to the 
south, it may be advisable to prohibit dredged material 

ix 



disposal in the southern portions of the north disposal area 
in order to prevent dispersal of suspended sediments over the 
designated fish haven. 

2. If mounding is undesireable, the disposal vessel should be in 
motion during disposal operations to aid in spreading dredged 
material. 

3. From a contaminant standpoint, the dredged material appears 
to be suitable for disposal in any part of the disposal 
areas. The northeastern portion of the north disposal area 
may be most desirable for disposal inasmuch as this area had 
the lowest chemical quality of sediments. 

4. Future monitoring in the disposal areas may be limited to 
TOC, oil and grease and TKN, inasmuch as these are parameters 
exhibiting elevated levels in the material to be disposed. 

These recommendations should be considered as operational sug
gestions. Based on the results of the 1983 investigations and 
pertinant literature referenced in this document, the decision to 
implement or continue to operate under these guidelines should be 
based on an actual assessment of disposal quantities and rates once 
the project is operational and the results of measurements of any 
actual impact occurring during operation. 
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SECTION 1 

INTRODUCTION 

1.1 PURPOSE 

The U.S. Army Corps of Engineers, Mobile District, presently has 
under consideration two sites south of Dauphin Island, Alabama, for 
disposal of dredged materials. The investigation is necessitated by 
the proposed Mobile Harbor Deepening project which may involve 
offshore disposal of as much as 154 million cubic yards of new work 
material and an average annual volume of as much as 4.5 million cubic 
yards of maintenance material. The technical evaluations contained 
herein are being performed in accordance with the final revision of 
the Regulations and Criteria governing ocean dumping published by the 
U.S. Environmental Protection Agency (U.S.E.P.A.) on 11 January 1977. 

This site specific investigation represents part of the final 
stage of a disposal area selection process. This process began as 
part of studies concerning the need for modifications to the existing 
Mobile Harbor Ship Channel. These studies, as discussed in the 
October 1980 Survey Report and Environmental Impact Statement (EIS), 
focused upon economically feasible areas likely to cause the least 
damage to features and processes of greatest environmental and social 
value. The initial array of possible disposal areas evolved from 
contract reports prepared by Vittor (1977) and Pequenat (1978). 
Subsequently, in March 1980, U.S.E.P.A. concurred with the Mobile 
District's position that an acceptable offshore disposal area could be 
found within a 16-mile radius from the mouth of Mobile Bay. 

Further refinement of potential site locations were based upon 
additional consideration of artificial fishing reefs in the area and a 
contract report by Vittor & Associates (1983) providing an update of 
available information on the area within the 16-mile limit. This 
narrowed the site selection process to two areas southwest of the 
mouth of Mobile Bay for detailed site specific evaluations. 

The EIS for the Mobile Harbor Deepening project addresses the 
need for offshore disposal. Suitability of the dredged material for 
offshore disposal is based upon analysis of sediment samples collected 
from the channel in 1974 and 1978. These analyses included grain 
size, heavy metals, pesticides, elutriate tests, bioassays, and 
bio-accumulation tests. Results of the analyses indicate the material 
is acceptable for offshore disposal. 

As a part of the U.S.E.P.A. 11 January 1977 Ocean Dumping 
Regulations, all historically used offshore dredged material disposal 
areas received an interim approved designation pending completion of 
site designation studies. As such, an area offshore from Mobile Bay, 
historically used for disposal of material from the entrance channel, 
currently carries an interim site designation. This interim 
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designation has been extended several times and the existing Mobile 
Harbor site is presently interim designated until such time as formal 
rulemaking is completed or until 31 January 1985, whichever is sooner. 
The U.S.E.P.A. has completed site specific studies for the interim 
approved area, and it is expected that they will complete an EIS for 
the site in early 1984. Information from this investigation has been 
taken into consideration where appropriate during performance of the 
studies for the two new offshore areas. 

The Mobile District is currently conducting a study of the 
existing dredging and dredged material disposal practices for the 
Mississippi Sound area navigation projects to determine how or if they 
should be modified. Study efforts have included the collection of 
oceanographic, meteorological, sediment and benthic data. Another 
aspect of the study has been the delineation of nursery areas, fish 
and shellfish migration routes, and habitat characterization maps. 
Completed work, relevant to the two proposed disposal sites offshore 
from Mobile, includes the sediment and benthic characterization data 
which are discussed herein as appropriate. The other studies are in 
various stages of completion and are addressed to the extent possible 
under this investigation. 

1 • 2 OBJECTIVES 

The overall objective of this evaluation is to determine the 
suitability of the proposed ocean disposal site for dumping dredged 
materials. This evaluation is to be conducted in accordance with 
eleven criteria designated at 40 CFR Part 228.6 as "Specific Criteria 
for Site Selection." These criteria address physical, chemical and 
biological sediment and water quality concerns as well as integrated 
ecological consideration and human amenities afforded by the proposed 
site. The intent of the evaluation is to determine if any resource 
will be impacted by disposal to the extent that the area cannot be 
considered suitable for disposal. 

Secondary objectives in support of the evaluation included the 
collection and analyses of data and information. The intent of this 
data gathering was to provide baseline data for supplementing the 
responses to various criteria and to assist in the interpretation of 
new data. 

1.3 SUMMARY 

This report is the result of a Corps-developed study plan 
directed toward providing data and information to the evaluation of 
the "eleven specific criteria" related to the site designation 
procedures for ocean dumping. Those criteria are: 

(1) Geographical position and site descriptions. 

(2) Location and relationship to areas utilized by marine species 
in their life history cycles. 
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(3) Location and relationship to amenity areas. 

(4) Types and quantities of waste proposed for disposal and types 
of release methods to be employed. 

(5) Feasibility of surveillance and monitoring. 

(6) Dispersal and mixing characteristics of the proposed area. 

(7) Existence of previous or current discharges and dumping in 
the proposed area. 

(8) Interference with commercial and recreational fishing 
mariculture or other activities of scientific importance. 

(9) Existing water quality and general ecology of the proposed 
sites. 

(10) Potential for development or recruitment of nuisance 
species in the disposal sites. 

(11) Proximity of the site to any significant natural or 
cultural features of historical importance. 

The study involved the integration of new and existing data to 
make the necessary evaluations~ 

New data and information were gathered during the two site 
investigations conducted during April and August, 1983. These 
investigations involved in-situ measurement, hydrographic properties 
and water quality as well as the collection of water, sediment and 
biological samples. Sediment samples were characterized for grain 
size and heavy metal, nutrient and hydrocarbon content. Elutriate 
tests were performed to determine the potential for release of 
sediment-borne contaminants and particles to the water column. 
Biological evaluations included the collection of epibenthic organisms 
for characterization of the project area community structure, chemical 
analysis of selected species for body burdens of contaminants, and 
presentation of data from previous studies on benthic macroinver
tebrate communities. 

Data and information from existing sources was also utilized in 
the evaluation. Specific areas of literature review were in the 
fisheries/nurseries evaluation, amenity areas, presence of 
cultural/archeological resources, type and quality of sediment to be 
disposed and general ecology of the proposed site. 
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SECTION 2 

SITE SELECTION CRITERIA 

The following section discusses the site selection criteria 
promulgated at 40 CFR 228.6. These criteria are utilized to aid in 
the determination of the suitability of proposed disposal sites for 
dredge spoil disposal. The eleven criteria described and discussed 
herein address site quality and ecology, recreational and commercial 
use, physical features and potential disruptions resulting from 
disposal activities. 

2.1 GEOGRAPHICAL POSITION, DEPTH OF WATER AND DISTANCE FROM COAST (40 
CFR 228.6(a)(1)) 

The Mobile-north site is located between two and six miles due 
south of Dauphin Island, Alabama. The Mobile-south site is located 
between eight and fifteen miles due south of Dauphin Island. Each 
site is adjacent to, and just west of, the approaches to the Mobile 
Harbor ship channel. The general geographical vicinity is 
characterized by Dauphin Island due north of each site and Mobile 
Point northwest of each site. The Mississippi Sound is located due 
north of Dauphin Island. Dauphin Island is a part of the barrier 
island system which extends from Louisiana east to the Florida 
panhandle. 

Northeast of Dauphin Island is Mobile Bay, an estuarine system 
approximately seven miles wide at the northern end and 30 miles wide 
at the southernmost end. Mobile Bay is approximately 30 miles long, 
stretching from the Mobile Delta to the :\:::.<iphin Island-Mobile Point 
entrance. The geographical vicinity associated with the Mobile sites 
is illustrated in Figure 2. 1. Specific sample site locations are 
depicted in Figure 2. 2 and navigational coordinates listed in Table 
2.1. Depths at the Mobile-north site range from 20 to 58 feet with an 
overall average of 43 feet (Section 3.2). Mobile-south depths range 
from 54 to 80 feet with an overall average of 66 feet (Section 3.2). 

2.2 LOCATION IN RELATION TO BREEDING, SPAWNING, NURSERY, FEEDING, OR 
PASSAGE AREAS OF LIVING RESOURCES IN ADULT OR JUVENILE PHASES (40 
CFR 228.6(a) (2)) 

Very few species of marine organisms considered to be of 
significant economic importance utilize the confines of semi-enclosed 
estuaries for spawning purposes. However, almost all these species, 
except for anadromous forms, migrate seaward seasonally for spawning, 
then the larvae and early juveniles return toward the estuaries which 
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STATION 

MOBILE-NORTH 

MNl 

MN2 

MN3 

MN4 

MN5 

MN6 

MN7 

MN8 

MN9 

MOBILE-SOUTH 

MNl 

MN2 

MN3 

MN4 

MN5 

MN6 

MN7 

MN8 

MN9 

TABLE 2.1 

NAVIGATION COORDINATES 

NORTH 
LATITUDE 

30° 11. 58 I 

30° 12.68' 

30° 10 0 
14 I 

30° 10.20' 

300 10. 78' 

30° 12.07' 

30° 09.31 I 

30° 09.26' 

30° 09.41' 

30° 06. 24 I 

30° 06.20' 

30° 05.50' 

30° 05.01' 

30° 04.43' 

30° 04.36' 

30° 02. 32 I 

30° 01.14 I 

29° 59.33' 
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WEST 
LONGITUDE 

88° 16.54' 

88° 11. 24 I 

88° 25.28' 

88° 19.42' 

880 13.98' 

88° 08.75' 

88° 16.31' 

88° 11. 14 I 

88° 08.59' 

88° 26.48' 

88° 22.70' 

88° 14.74' 

88° 11. 93 I 

88° 20. 80 I 

88° 17.32' 

88° 18 0 67 I 

88° 17.93' 

88° 18.79' 

LORAN-C 

12613.1-47072.6 

12669. 2-47077. 7 

12522.6-47065.4 

12583.2-47066.4 

12639.5-47069.3 

12693.1-47075.7 

12615.4-47063.0 

12668.4-47063.4 

12694.8-47064.4 

12510. 0-47048. 0 

12548.6-47049.4 

12633.0-47048.5 

12661.0-47046.5 

12567. 7-47042.1 

12603.2-47042.0 

12590.9-47033.1 

12597.0-47028.3 

12587.5-47020.6 



serve as nursery grounds. This phenomenon in direct relation to the 
sites considered in this report is documented in scores of publica
tions, but especially Christmas and Waller (1973), Loyacano and Smith 
(1979) and Benson (1982). 

In addition, a summary of all efforts presently underway which 
involves investigation of early life history of commercially important 
(and other) marine species in the Gulf of Mexico has been compiled by 
Diaz (1983). This work, entitled "SEAMAP Marine Directory" lists all 
investigators, projects, and sponsoring agencies on the Gulf coast. 
SEAMAP is an acronym for Southeast Area Monitoring and Assessment 
Program, a cooperative state, federal, university program for 
collection, management, and dissemination of fishery-independent data 
(data collected without direct reliance on any commercial or 
recreational fishery) and information in the southeast region. 

In relation to spawning activity, documentation is available 
verifying this activity in the immediate vicinity of the two sites by 
numerous species (Shipp, 1983) of which the most noteworthy are the 
bay anchovy (Anchoa mitchilli), the speckled trout or spotted sea 
trout ( Cynoscion nebulosus), and the red fish or red drum (Sciaenops 
ocellat us) • 

The bay anchovy is the most important forage species found along 
Gulf coast estuaries, at least in terms of numbers (Christmas and 
Waller, 1973; Swingle and Bland, 1974; Fore, 1975; Livingston et~ al., 
1976; Naughton and Soloman, 1978; Shipp, 1979). Spawning activity 
occurs throughout estuaries and nearshore Gulf waters, and is 
especially heavy during all warm months in the lower estuary and 
near shore waters which are influenced by estuarine run-off. The 
species is the primary link between zooplankton and higher trophic 
level finfish in the region (Sheridan, 1978). However, the species is 
ubiquitous throughout the northern Gulf of Mexico, and there are no 
data to indicate that one particular area is more sensitive than 
another within the confines of their areas of activity described 
above. Therefore, the two prospective sites serve as spawning area 
for the species, but neither represents an area essential to the 
maintenance of normal population levels. 

The above data are fairly extensive, and no gaps of substance 
appear to exist. Nevertheless, of the two sites under consideration, 
trawling activities of this study, as well as the ongoing sampling 
conducted by Shipp (see above) indicate the inner site is a far more 
active spawning area for the bay anchovy, while the outer Mobile site 
appears the more active for the other species of anchovies which 
frequent the region. Results of trawls conducted during this investi
gation are presented in Appendix C. 

Spotted sea trout and red fish are species of special interest to 
the coastal states, and at various times have been considered as "game 
fish", a legal designation, as in the state of Texas, which prohibits 
their sale in retail markets and in restaurants. A bill was recently 
introduced into the Alabama legislature with similar implications for 
these species but its ultimate fate is still uncertain. Both species 
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are known to spawn in lower estuaries, in nearshore areas, and around 

barrier islands (Perret et al., 1980, Williams et al., 1980; Benson, 

1982). Therefore, both sites are very likely prime spawning areas for 

these species. Wade (1979) addresses the spotted seatrout in relation 

to the Mobile Bay estuarine system, indicating that spawning occurs in 

"deeper channels and holes adjacent to shallow flats, bays, and 

bayous." and that "optimal salinity ••• between 20 and 35 parts per 

thousand" is optimal. However, Wade's data are based on the synopsis 

of Perret et al. (1980) cited above, which reviewed the literature of 

this century pertinent to spawning of the species in the Gulf of 

Mexico. These studies indicated that the earliest observations 
implied intra-estuarine spawning, while the more recent data, relying 
more heavily on empirical observations of presence and transport of 

eggs and larvae, indicate that most spawning is really salinity 
dependent, and in fact more activity is concentrated just off the 
barrier islands than previously thought. This opinion is supported 

for these specific sites by studies presently supported by the Alabama 
Department of Environmental Management. These studies indicate large 

numbers of eggs and larvae of several species of the drum family, 

including both spotted sea trout and red drum, are present in the 

vicinity of the sites. The passes into the Mobile Bay estuary are the 

lanes of transport for these larvae leading into the Bay. These 

passes are located several kilometers east of the sites. 

There is a strong possibility that all nearshore areas in the 

vicinity of Gulf passes are important spawning sites for these 
species, and the Mobile sites are not unique in their importance. 

Spawning location for the red drum is more definitive; although 
no published studies exist for the precise sites considered here. No 
conclusions are possible from the limited data generated in the field 

effort of this study. Christmas and Waller (1973) report spawning of 
red drum outside Mississippi barrier islands, near to passes, and 

indicate no mature females have ever been taken in estuarine waters 

along their area of study (Mississippi Gulf Coast). 

Seasonality of spawning activity varies for the three species 

mentioned above. The bay anchovy spawns from March through October, 

the spotted sea trout probably from mid spring through summer, with 

optimal temperatures about 200 _ 300 c (Arnold et al. 1978), and the 

red drum a fall spawner. The only months, therefore, when none of the 
above species utilize the sites for spawning activity is during the 
winter months, with variation due to the annual fluctuation of water 
temperatures. 

A large number of additional species use these sites and adjacent 
areas for spawning and early life history phases. These have been 
summarized recently (Benson, 1982) for forty one of the most important 

species. All these species utilize the area for one or more of the 

following life history phases: breeding/spawning nursery feeding, or 
passage. 

Tables 2.2A and 2.2B summarize the areas' known usage by signi
ficant marine species. 
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N 
I 

'--! 

COMMON 
NAME 

Short Squid 

Brown Shrimp 

White Shrimp 

Pink Shrimp 

Blue Crab 

Lesser Blue Crab 
Blacktip Shark 
Spinner Shark 
Atlantic Sharpnose 

Shark 
Atlantic Stingray 

Atlantic Thread 
Herring 

Gulf Menhaden 
Striped Anchovy 
Bay Anchovy 
Sea Catfish 

TABLE 2.2 A 

SIGNIFICANT MARINE SPECIES UTILIZING THE PROJECT AREA 
MOBILE NORTH SITE 

(BENSON, 1982) 

SCIENTIFIC 
NAME 

Lolliguncula brevis 

Penaeus aztecus 

Penaeus setiferus 

Penaeus duorarum 

Callinectes sapidus 

Callinectes similis 
Carcharhinus limbatus 
Carcharhinus brevipinna 

Rhizopironodon terraenovae 
Dasyatis sabina 

Opisthonema oglinum 
Brevoortia patronus 
Anchoa hepsetus 
Anchoa mitchilli 
Arius felis 

USE OF AREA 
FOR SPAWNING 

Possibly 

No 

Probably 

Minor 

Yes 

Possibly 
Yes 
No 

Yes 
Yes 

Probably 
Rarely 
Yes 
Yes 
No 

SPAWNING 
SEASON 

Spring-Early Winter 

November-April 

March-October 

May-November 

March-November 

Year-Round? 
June-July 
June-July 

June-August 
Winter 

Spring-Summer 
October-March 
March-August 
February-October 
May-August 

COMMENT 

Spawning is prin
cipally within the 
bay. 
Larval Transporta
tion, February
April. 
Larval Transporta
tion May-October. 
A rare species in 
the area. 
Larvae present in 
summer-fall. 

Pups born spring 
and fall. 

Young migrate out 
in fall. 



N 
I 

Cf:) 

COMMON 
NAME 

Southern Flounder 
Gulf Flounder 
Tidewater 

Silversides 
Striped Mullet 

King Mackerel 
Spanish Mackerel 
Atlantic Cutlassfish 
Florida Pompano 

Crevalle Jack 
Bluefish 
Cobia 
Striped Bass 
Tripetail 
Red Snapper 
Lane Snapper 
Gray Snapper 
Pinfish 
Sheepshead 
Spot 
South Kingfish 
Atlantic Croaker 

TABLE 2.2 A (Continued) 

SIGNIFICANT MARINE SPECIES UTILIZING THE PROJECT AREA 
MOBILE NORTH SITE 

SCIENTIFIC 
NAME 

Paralichthys lethostigma 
Paralichthys albigutta 

Menidia penisulae 
Mugil cephalus 

Scomberomorus cavalla 
Scomberomorus maculatus 
Trichiurus lepturus 
Trachinotus carolinus 

Caranx hippos 
Pomatomus saltatrix 
Rachycentron canadum 
Marone saxatilis 
Lobotes surinamensis 
Lutjanus caillJ2echanus 
Lutjanus synagris 
Lutjanus griseus 
Lagodon rhomboides 

(BENSON, 1982) 

USE OF AREA 
FOR SPAWNING 

No 
No 

No 
No 

Unlikely 
Yes 
No? 
? 

No 
No 
No 
No 
Probably 
Possibly 
No 
No 
No 

Archosargus probatocephalus Yes 
Leiostomus xanthurus No 
Menticirrhus americanus Yes 
Micropogonias undulatus Yes 

SPAWNING 
SEASON 

September- April 
Winter 

Winter 

Summer 
Summer 
Summer 
May-October 

Spring-Summer 
Fall-Spring 
Spring-Summer 

Summer 
Summer 
Spring-Summer 
Spring-Summer 
Winter 
Winter-Summer 
Winter 
Spring-Fall 
Fall-Spring 

COMMENT 

Pass area on 
spawning mi gr a-
ti on. 

Young move into 
area. 

Anadromous 

Larvae move in. 
Larvae move in. 
Larvae move in. 



N 
I 

'° 

COMMON 
NAME 

Black Drum 
Red Drum 
Sand Seatrout 
Spotted Seatrout 
Atlantic Spadefish 

TABLE 2.2 A (Concluded) 

SIGNIFICANT MARINE SPECIES UTILIZING THE PROJECT AREA 
MOBILE NORTH SITE 

SCIENTIFIC 
NAME 

Pogonias cromis 
Sciaenops--oceiTatus 
Cynoscion arenarius 
Cynoscion nebulosus 
Chaetodipterus f aber 

(BENSON, 1982) 

USE OF AREA 
FOR SPAWNING 

Yes 
Yes 
Yes 
Yes 
Possibly 

SPAWNING 
SEASON 

Winter-Spring 
Fall-Winter 
Spring-Fall 
Spring-Fall 
Spring-Summer 

COMMENT 
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N 
I 
~ 

0 

COMMON 
NAME 

Short Squid 
Brown Shrimp 

White Shrimp 

Pink Shrimp 

Blue Crab 
Lesser Blue Crab 
Blacktip Shark 
Spinner Shark 
Atlantic Sharpnose 

Shark 
Atlantic Stingray 

Atlantic Thread 
Herring 

Gulf Menhaden 
Striped Anchovy 
Bay Anchovy 
Sea Catfish 

TABLE 2.2 B 

SIGNIFICANT MARINE SPECIES UTILIZING THE PROJECT AREA 
MOBILE SOUTH SITE 

(BENSON, 1982) 

SCIENTIFIC 
NAME 

Lolliguncula brevis 
Penaeus aztecus 

Penaeus setiferus 

Penaeus duorarum 

Callinectes sapidus 
Callinectes similis 
Carcharhinus limbatus 
Carcharhinus brevipinna 

Rhizopironodon terraenovae 
Dasyatis sabina 

Opisthonema oglinum 
Brevoortia patronus 
Anchoa hepsetus 
Anchoa mitchilli 
Arius felis 

USE OF AREA 
FOR SPAWNING 

No 
No 

Yes 

Minor 

Yes-Minor 
Probably 
Probably 
Probably 

Yes 
Yes 

Probably 
Probably 
Yes 
Yes 
No 

SPAWNING 
SEASON 

Spring, May-Winter 
November-April 

March-October 

May-November 

March-November 
Year-Round 
June-July 
June-July 

June-August 
Winter 

Spring-Summer 
October-March 
March-August 
February-October 
May-August 

COMMENT 

Larval Transporta
tion February
April. 
Larval Transporta
tion May-October. 
A rare species in 
the area. 
Activity Lessened 

Pups born spring 
and fall. 

Young migrate out 
in fall. 



N 
I 
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COMMON 
NAME 

Southern Flounder 
Gulf Flounder 
Tidewater 

Silversides 
Striped Mullet 

King Mackerel 
Spanish Mackerel 
Atlantic Cutlassfish 
Florida Pompano 

Crevalle Jack 

Bluefish 
Cobia 
Striped Bass 
Tripetail 
Red Snapper 
Lane Snapper 
Gray Snapper 
Pinfish 
Sheepshead 
Spot 
Southern Kingf ish 
Atlantic Croaker 

TABLE 2.2 B (Continued) 

SIGNIFICANT MARINE SPECIES UTILIZING THE PROJECT AREA 
MOBILE SOUT~R-~~±!±~.0--~~~~~~~~~~~~~~~~~~~~~~~~~~~--+-~~ 

SCIENTIFIC 
NAME 

Paralichth~s lethostigma 
Paralichth~s al bi gutta 

Menidia penisulae 
Mugil cephalus 

Scomberomorus cavalla 
Scomberomorus maculatus 
Trichiurus lepturus 
Trachinotus carolinus 

Caranx hippos 

Pomatomus saltatrix 
Rachycentron canadum 
Morone saxatilis 
Lobotes surinamensis 
Lutjanus campechanus 
Lutjanus synagris 
Lutjanus griseus 
Lagodon rhomboides 

(BENSON, 1982) 

USE OF AREA 
FOR SPAWNING 

Possibly 
Possibly 

No 
No 

Possibly 
Yes 
Yes 
Yes? 

No 

No 
Possibly 
No 
? 
Yes 
Possibly 
Possibly 
Possibly 

Archosargus Erobatocephalus Possibly 
Leiostomus xanthurus Probably 
Menticirrhus americanus Yes 
MicroEogonias undulatus Yes 

SPAWNING 
SEASON 

September-April 
Winter 

Winter 

Summer 
Summer 
Summer 
May-October 

Spring-Summer 

Fall-Spring 
Spring-Summer 

Summer 
Summer 
Spring-Summer 
Spring-Summer 
Winter 
Winter-Summer 
Winter 
Spring-Fall 
Fall-Spring 

COMMENT 

Pass area on 
spawning migra-
ti on. 

Larvae and young 
move through area. 

Anadromous 

Larvae move in. 
Larvae move in. 



N 
I 

I-' 
N 

COMMON 
NAME 

Black Drum 
Red Drum 
Sand Seatrout 
Spotted Seatrout 
Atlantic Spadefish 

TABLE 2.2 B (Concluded) 

SIGNIFICANT MARINE SPECIES UTILIZING THE PROJECT AREA 
MOBILE SOUTH SITE 

SCIENTIFIC 
NAME 

Pogonias cromis 
Sciaenops ocellatus 
Cynoscion arenarius 
Cynoscion nebulosus 
Chaetodipterus faber 

(BENSON, 1982) 

USE OF AREA 
FOR SPAWNING 

Possibly 
Possibly 
Yes 
Probably 
Possibly 

SPAWNING 
SEASON 

Winter-Spring 
Fall-Winter 
Spring-Fall 
Spring-Fall 
Spring-Summer 

COMMENT 



2.3 LOCATION IN RELATION TO BEACHES AND OTHER AMENITY AREAS (40 CFR 
228.6(a)(3)) 

Both sites are located well offshore from any beach or recre
ational areas. The nearest beach front to both sites is the tiny (6 
km) dynamic barrier island known as Sand Island which is oriented 
southeastward to northwestward. This island is popular with persons 
operating out from the Mobile Bay/Gulf Shore vicinity. 

However, since it is not connected to the mainland and is of such 
low relief (maximum about 2 m), as well as being vulnerable to storms 
and strong tides, no structures of any substance are located there. 
The island continually changes its contour in response to the vagaries 
of meteorological conditions and was severed in several places by 
Hurricane Frederic in September of 1979. 

The remote location of the island, as well as its dynamic 
character described above, makes it a favorite spot to visit for 
boaters and overnight campers during the summer months. Very few 
visitors venture to it during cooler periods. 

The closest developed resort to the Mobile sites is Dauphin 
Island, Alabama, located about five kilometers landward of Sand 
Island. Dauphin Island is populated by several hundred permanent 
residents. However, the population may increase tenfold during the 
summer months, due to the presence of several hundred vacation and 
resort homes, several condominiums, and educational facilities. 

The Island also attracts several thousand additional daytime 
visitors during weekends, the numbers of which vary according to 
weather conditions. The largest single event on the Island, held 
annually during the middle weekend of July, is the Dauphin Island Deep 
Sea Fishing Rodeo, during which time the Mobile Junior Chamber of 
Commerce has estimated some 50,000 visitors may cross from the 
mainland to the Island. (Mobile Junior Chamber of Commerce, personal 
communication). 

Despite the populations described above, there is very little 
public access to Island beaches. The majority of beachfront is 
privately owned, and the extreme western end of the island, which is 
undeveloped, has been fenced to prevent public access. A fee is 
charged for use of this beach. Therefore, Dauphin Island cannot be 
considered a major resort/beach site for the general public. However, 
it is extensively developed for private ownership. 

More remote from the Mobile sites than either Sand or Dauphin 
Island is the Gulf Shores-Fort Morgan peninsula area. Actually, the 
extreme eastern tip of Fort Morgan peninsula is nearly the same 
distance(@ 15km) from the sites as is Dauphin Island, but the 
majority of this beach front extends directly eastward, ranging up to 
40 km from the o->:l. te. 
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The majority of this beachfront has remained little developed 
until the last several years'. The Gulf Shores area has become a major 
Gulf Coast tourist attraction, with scores of condominiums and motels, 
and an ever increasing westward moving wave of development. The fort 
Morgan peninsula has become the focal point of a great deal of 
controversy relating to condominium development and attendant water 
and sewage problems, dune line modification, and flood insurance 
restrictions. The future disposition of these and other similar 
projects will determine the degree of beach utilization in the area 
most nearly proximal to the Mobile sites. 

The single most useful source to summarize the site locations in 
relation to beaches and other amenity areas is the "Gulf Cost 
Ecological Inventory", published in 1982 by the Fish and Wildlife 
Service, U. s. Department of the Interior (Beccasio et al.). In 
addition to textual material describing the area, charts are provided 
delineating recreational areas, natural areas of special concern, 
nesting areas for various bird species, special land use areas, and 
other pertinent information. 

2. 4 TYPES AND QUANTITIES OF WASTE PROPOSED TO BE DISPOSED OF, AND 
PROPOSED METHODS OF RELEASE, INCLUDING METHODS OF PACKING THE 
WASTE, IF ANY (40 CFR 228.6(a)(4)) 

The Mobile Harbor deepening project will result in the dredging 
and subsequent off-shore disposal of significant quantities of dredged 
sediment material (Table 2.3). The Mobile Harbor sediments, as 
studied in 1974 (U.S. Army CE, 1980) were composed typically of 
sediments comprised of silts and clays with traces of graded sands. 
Bar Channel sediments (southern most extent of entrance channel) were 
reported to be sands and sands with traces of silt (U.S. Army CE, 
1980). 

In addition to these physical descriptions, the 1974 study also 
investigated the contamination potential of the Mobile Harbor 
sediments. Twenty-eight sites ranging from the I-10 tunnel area 
southward into the open areas of Mobile Bay were selected for this 
characterization. A summary of the results of sediment core data from 
nine of these sites are given in Table 2.4. Figure 2.3 depicts the 
location of core samples for the referenced data. Data obtained 
during these analyses indicated that the Mobile Harbor sediments have 
a wide range of sediment quality. The presence of organic material 
was indicated by TOC, oil and grease, volatile solids, and TKN found 
in several stations throughout the bay. Other indicators of domestic 
and commercial affects on sediment quality are indicated in the 
relatively high levels of nutrients, which were found in sporadic 
distribution throughout Mobile Bay. In general, the higher levels of 
organic contamination typically occurred in areas with higher 
silt/clay fractions. 

Non-nutrient analyses which were conducted during the 1974 study 
provided information regarding the distribution of heavy metals and 
pesticide compounds. Heavy metals were seen to vary from 
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TABLE 2.3 

DREDGING QUANTITIES FOR CONSTRUCTION 

Reach 

Mobile Ship Channel 

Turning Basin 

Anchorage Area 

Upper Channel 

Lower Channel 

Berthing Areas 

Total Pipeline Dredging 

Gulf Entrance Channel* 

Total Hopper Dredging 

Total Dredging Quantity for Construction** 

Quantity 
(cubic yards) 

3,611,852 

4,416,677 

55,371,500 

58,653,704 

1,890,000 

123,943,723 

19,018,594 

142,962,317 

* The lower 8,000 feet of the main channel is included in the 
quantities for hopper dredging. 

** Continuing Planning and Engineering studies, January 1984, indicate 
the total quantity of material may be as much as 154,000,000 cubic 
yards if upper and lower bay material is disposed offshore. The 
lower bay portion of the channel would result in 103,000,000 cubic 
yards of material for offshore disposal. This includes 26,400,000 
cubic yards from the bar channel. Quantities of maintenance 
material to be disposed offshore would be approximately 4.1 million 
cubic yards annually. 

Ref: Survey Report on Mobile Harbor, Alabama. 
U.S. Army Corps of Engineers, Vol. 2. October, 1980. 
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TABLE 2.4 

TYPICAL SEDIMENT QUALITY FOR 
MOBILE HARBOR, JULY 1974 

(Data from U.S. Corps of Engineers, 1980 
Stations MB 4, 8, 12, 16, 18, 20, 22, 24, 26) 

PARAMETER 

NUTRIENTS 

TOC 

Oil & Grease 

Total Phosphorus 

TKN 

COD 

Volatile Solids 

HEAVY METALS 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Mercury 

Nickel 

Zinc 

1
Dry weight basis. 

RANGE OF VALUES 

0.36 - 28.61 

26 - 10050 

2.5 - 170 

16.8 - 1797.6 

0.95 - 76.38 

0.26 - 67.49 

0.01 - 4.60 

<0.2 - 3.0 

<10 - 70 

<I - 20 

<.l - 0.8 

<10 - 30 

<O .02 - 1.60 

<10 - 20 

(5 - 100 
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UNITS 1 

mg/Kg x 103 

mg/Kg 

mg/Kg as P 

mg/Kg as N 

mg/Kg x 103 

% 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 
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non-detectable levels to some sporadically occurring values throughout 

the Bay area. In general, the sediments were found to typically 

contain low levels of heavy metals. 

Toxicity testing for dredged material was conducted in 1978 on 

three phases of the sediments, i.e., liquid (sediment extracted with 

site water), suspended particulate, and solid. The toxicity of the 

sediments in all cases was low or non-existent for each species 

subjected. Mysidopsis bahia (mysid shrimp), Cypinodon vasiegatus 

(sheepshead minnow), Mercenaria mercenaria (quahogs) and Neanthes 

arenaceodentata (polycheates) indicated little effects from each 

respective treatment. 

Most likely the dredged material in the bay channel cut will be 

collected by hydraulic dredges and transported to the disposal site by 

barge. At the disposal site, the barges will discharge the dredged 

material while underway. No prepacking of the waste will be 

conducted. Most likely bar channel material will be collected and 

disposed of via hopper dredges. 

Material of a nature similar to that to be disposed during the 

harbor deepening project, has been disposed by the hopper dredge 

method for Bar Channel materials. Studies within the existing 

off-shore site (located at the eastern end of the Mobile-north 

disposal site) have shown that no long term or irreversible effects 

have occurred as a result of dredged material disposal (U.S.E.P.A., 

1982). 

2.5 FEASIBILITY OF SURVEILLANCE AND MONITORING (40 CFR 228.6(a)(5)) 

The Environmental Protection Agency studies (U.S.E.P.A., 1982) 

have indicated that the Mobile-north and Mobile-south off-shore 

disposal sites are suitable for routine surveillance and monitoring 

during dredge material disposal operations. The surveillance 

suggested by the U.S.E.P.A. consists of both aerial surveillance to 

ensure that the dredge material is being disposed within the 

boundaries of the designated areas, and on-site open water monitoring 

to ensure that no adverse effects are occurring outside the designated 

disposal area. The u.s.E.P.A. has stated that the primary purpose of 

the monitoring program is to ensure that no significant long-term 

adverse effects occur outside of the disposal site boundaries. 

Logistically, surveillance of disposal activities is feasible in 

that the two areas are easily accessable from Dauphin Island. 

Accomodations for both air and marine transportation from Dauphi.n 

Island to the disposal areas are available. 

Baseline data presented herein, as well as data from similar 

studies in the vicinity, can serve as reference information for 

comparison of monitoring data and aid in estimating potential and 

actual impacts during disposal operations. 

2-18 



2.6 DISPERSAL, HORIZONTAL TRANSPORT, AND VERTICAL MIXING CHARACTER
ISTICS OF THE AREA INCLUDING PREVAILING CURRENT DIRECTION AND 
VELOCITY (40 CFR 228.6 (a)(6)) 

The material proposed for disposal varies in texture from 
silt/clays to sand. For the most part this material is a mixed 
texture, i.e., silty clays (U.S. Army CE, 1980). The salinity of 
water associated with the proposed sites is high enough to effect 
rapid settling of finer particles. Current velocities measured in the 
course of this investigation ranged from 21 cm/s to 41 cm/s at the 
North Site and 5 cm/s to 41 cm/s at the South Site (Table 2.5). 
Current directions measured during the April Survey (ebb tide 
conditions) tended toward the east while August directions (flood tide 
conditions) tended to the north-northwest. Figures 2. 4 illustrates 
these measurements. 

Figure 2.5 depicts current directions averaged over various time 
periods during a 1980 to 1981 current study in the near shore Gulf 
region (Kjerfve, 1983). 

Water depths in these areas (20 to 80 feet) may aid in minimizing 
meterological effects on sediment transport with the exception of 
suspended material in the near surface waters. 

Ninety-eight percent of discharged sediments from hydraulic 
dredging have been observed to settle out within 200 feet of discharge 
points during similar operations in the project vicinity (U.S. Army 
CE, 1978). Heaviest concentrations observed during this study 
occurred near the bottom and extended approximately 1800 feet from the 
discharge point. 

The proposed disposal sites are located adjacent to existing 
channels and as evidenced by current data observed during this program 
sediment, drift into these channels is a possibility. Disposal 
operations should be sensitive to the necessary margins needed to 
prevent this occurrence. 

2. 7 EXISTENCE AND EFFECTS OF CURRENT AND PREVIOUS DISCHARGES AND 
DUMPING IN THE AREA, INCLUDING CUMULATIVE EFFECTS (40 CFR 
228.6(a)(7)) 

The eastern portion of the Mobile-north proposed disposal site 
has been used for dredged material dumping since at least 1970. 
Approximately four million cubic yards of sediment has been placed on 
this portion (U.S.E.P.A., 1982). This dredged material has originated 
primarily from maintenance dredging of the bar channel. The 
Mobile-south site has not been utilized for dredged material disposal. 

The U.S.E.P.A. (1982) study of the used portion of the 
Mobile-north site concluded that no long-term or irreversible effects 
to the quality or biological integrity had occurred due to dredged 
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DATE 

April 1983 

August 1983 

TABLE 2.5 

VELOCITY AND CURRENT DIRECTION DATA 
FOR MOBILE-NORTH AND MOBILE-SOUTH SITES 

STATION 

MN3-T 
MN3-B 
MN6-T 
MN6-B 

MS2-T 
MS2-B 
MS8-T 
MS8-B 

MN3-T 
NN3-B 
MN6-T 
MN6-B 

MS2-T 
MS2-B 
MS8-T 
MS8-B 

CUR RENT SPEED 
CM/S 

21 
15 
15 
26 

15 
10 
5 

10 

21 
36 
26 
41 

36 
36 
31 
41 

CURRENT 
DIRECTION 

NE 
E-NE 
E 
E-SE 

NW 
E 
SE 
E 

NW 
NW 
NW 
NW 

NW 
NW 
E-NE 
E-NE 

T = Top: 3 meters below surface 

B = Bottom: 0.5 meters from bottom 
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TIDAL CYCLE 

Ebb 
Ebb 
Ebb 
Ebb 

Ebb 
Ebb 
Ebb 
Ebb 

Flood 
Flood 
Flood 
Flood 

Flood 
Flood 
Flood 
Flood 
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material disposal. The observed and supposed short-term effects of 
dredge material disposal include (U.S.E.P.A., 1982): 

• increases in suspended sediment content 
e localized mounding 
• possible releases of ammonia, phosphorus and some trace 

constituents 
• smothering of benthic organisms 

The measurement of suspended sediment transport during hopper 
dredging disposal activities has been the subject of extensive 
research. These studies have indicated that resuspended sediments 
increase turbidity in the water column and that maximum transport is 
less than 2000 feet from the disposal point (U.S. E.P.A., 1982). 

The problem of mounding is localized primarily within still water 
disposal areas which are not subject to storm and tide action. The 
bathymetry characteristics determined in this study did not reveal the 
presence of any measurable mounding due to previous disposal. 

The disruption of benthic infaunal and epifaunal communities by 
burial during dredge material disposal has been demonstrated to occur 
(U.S. Army CE, 1980). Studies conducted in the vicinity of Missssippi 
Sound have shown that recovery of the benthic communities typically 
occurs within 3 to 24 months (U.S. Army CE, 1978). Additional re
search in the off-shore areas near the proposed disposal site have 
shown that stable in faun al communities exist, and that the species 
composition of these communities is made up of organisms which are 
acclimated to shifting sediment type. This acclimation provides for 
ready recolonization of disrupted areas from adjacent areas (Vittor & 
Associates, 1982). 

Results of sediment quality measurements conducted during the 
1983 investigations (see Section 3) indicated that stations in the 
northeastern corner of the Mobile-north site may have been influenced 
by previous activities. Concentrations of lead and mercury in the 
sediments were elevated in this area as opposed to areas in the 
western portion. 

The proposed disposal will occur in areas without a previous 
history of such activity and the contamination potential of the 
materials to be disposed of is low. 

2.8 INTERFERENCE WITH SHIPPING, FISHING, RECREATION, MINERAL EXTRAC
TION, DESALINATION, FISH AND SHELLFISH CULTURE, AREAS OF SPECIAL 
SCIENTIFIC IMPORTANCE, AND OTHER LEGITIMATE USES OF THE OCEAN (40 
CFR 228.6(a)(8)) 

The location of the Mobile site is on either side of the safety 
shipping fairways, therefore there would be no obstruction to shipping 
interests. 
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There are no desalinization, fish or shellfish culturing 
activities within or adjacent to the sites. There are no indications 
that the areas are of special scientific importance, nor are there any 
other uses of the ocean that would be involved other than that 
described below. 

Figure 2. 6 illustrates the locations of State and Federal oil 
lease tracts south of Dauphin Island. Currently there are 30 tracts 
leased for proposed use, 10 of which are located within the Mobile 
north site and 2 within the south site. 

The area of the Mobile sites is actively fished and trawled by 
both sportsfishermen and shrimp trawlers during periods of favorable 
weather. 

The inner Mobile site is actively fished by anglers for the 
following species: Spanish mackerel (Scomberomerus maculatus), king 
mackerel (Scomberomerus cavalla), cobia (Rachycentron canadum), 
bluefish (Pomatomus saltatrix), Pompano (Trachinotus carolinus), 
little tunny (Euthynnus alletteratus), spotted sea trout (Cynoscion 
nebulosus), red drum (Sciaenops ocellatus), and several shark species. 
In addition, numerous species of less interest may be taken, including 
ladyfish (Elops saurus), Crevalle jack (Caranx hippos), blue runner 
(Caranx crysos) and black drum (Pogonias cromis). 

Trawlers work the area primarily for brown and white shrimp 
(Peneus aztecus and P. setiferous), but occasional trawlers seeking 
finfish species, including menhaden (Brevoortia patronus) and croaker 
(,!1icropogonias undulatus), as well as other industrial species may 
trawl thJ.s bottom. 

The outer site is also fished by anglers and trawlers. Included 
in the principle species sought by angL,;·s are: spanish mackerel 
(Scomberomerus maculatus), king mackerel (Scomberomerus cavalla), 
cobia (Rachycentron canadum), bluefish (Pomatomus saltatrix), Pompano 
CI.rachinotus carolinus), little tunny (Euthynnus _§llletteratus). In 
addition to these pelagic species, on site trawling effort for this 
report revealed areas of slight relief, with some broken bottom (shell 
fragments). This could indicate some small concentrations of reef 
related fish species, especially red snapper (Lutjanus campechanus) 
and groupers of the genera Epinephelus and Mycteroperca. Red snapper 
and members of the grouper family were captured during the aforemen
tioned trawling effort in the central region of this site. Less than 
5 km South of this site is located the remains of the Old Dauphin 
Island bridge which was destroyed by Hurricane Frederic, and was 
barged offshore and dumped. 
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All the precise locations of the bridge rubble are un~nown, however, 
as additional piles are discovered, more and more fishermen are 
utilizing the region just south of the outer Mobile site for snapper 
fishing and for fishing for other reef species. 

In addition to the permitted rubble sites described above, 
numerous discoveries of unauthorized dumpsites of Dauphin Island 
bridge debris have been located in recent months. The Dauphin Island 
Sea Lab and Mississippi Alabama Sea Grant Advisory Service are 
actively accumulating Loran C readings for these as they are 
discovered. Preliminary locations indicate that some may be in the 
southern Mobile site. Fishermen have been quick to sample these 
locations, and the area has become a popular, much frequented location 
for red snapper anglers. A listing of the possible sites discovered 
to date is included in Table 2.7. Table 2.8 lists the major 
authorized reef sites in Alabama waters and are illustrated in Figure 
2.7. 

Trawlers concentrate on the same species as were listed for the 
inner Mobile site. 

Angling activity begins in the spring with the first onset of 
warm weather and diminished seas, whereas trawling activity continues 
nearly year round during fair seas, al though it is concentrated in 
deeper waters during cooler months. Since both sites are passageways 
for commercial shrimp species, they may be intensely trawled during 
offshore migrations in summer and early fall. 

2.9 THE EXISTING WATER QUALITY AND ECOLOGY OF THE SITE, AS DETERMINED 
BY AVAILABLE DATA OR BY TREND ASSESSMENT OR BASELINE SURVEY (40 
CFR 228.6(a)(9)) 

Based on analytical data from the investigation discussed herein, 
water quality of the project area is typical of data reported in 
related projects (U.S. Army CE, 1980; U.S.E.P.A., 1982). Analysis of 
metals, nutrients and organics resulted in trace levels which were 
comparable to and acceptable with established standards (U. s. E. P.A., 
1980). No significant concentrations of the measured analytes were 
detected within the project area. 

Hydrographic data indicated sufficient dissolved oxygen concen
trations, water clarity, and typical salinity ranges. Little or no 
stratification in the water column was indicated. 

Sediment texture data at the Mobile-north and -south sites 
indicated that fine- to medium-grained sands predominate. This type 
of material resulted in insignificant release potential for dissolved 
constituents which may potentially enter the water column. 

A detailed presentation of ecological conditions for each site is 
given in Section 3 of this document. 
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TABLE 2.7 I 
LORAH-C COORDINATES OF DAUPHIN ISLAND 

BRIDGE RUBBLE OUTSIDE THE PERMITTED DUMP SITE 

1.a 1 • 12731. 10- .20 47053.38- • 39 2.c 46. 12711.37- 5.15 47037.22- 8.82 
2. 12734.70- .80 47050.54 4 7. 12711.47- 2.30 47036.80 
3. 12744. 80-5. 70 47050.05- . 68 48. 12711.67- . 80 47034.92- • 96 
4. 12748.20- .90 47051. 34- . 82 49. 12715.22 47035. 74- .75 

1.b 5. 12731. 35- • 40 47042.04 50. 12715.20- 8.52 47036.68-37.05 
6. 12734.90- .95 47041.84 51. 12716.63- .90 47034. 83- .98 
7. 12740. 85-1. 30 47044.00- .08 52. 12719.50-20.50 47034. 50- 5. 50 
8. 12743.60- .70 47043.68 53. 1271 9. 90-2 1 . 60 47037.71- 8.45 
9. 12744.85-6.55 47045.20- 6. 48 54. 12723.48- . 75 47036.30- .58 

10. 12744.90 47043.28 55. 12724.60-32.15 47034.91-36.25 
11. 12748. 10- • 20 47044.84- • 88 56. 12726.44- 8.40 47039.05- • 29 
12. 12748.30- .40 47041.21 57. 12728.90- 9.00 47036.78- 6.93 

1.c 13. 12740.00- • 10 47035.06- . 21 58. 12693.50- 7.80 47055.64-51.44 
14. 12745.50 47035.12 59. 12698. 10- .88 47050.34-51.85 
15. 12748.30- . 70 47034.68- . 70 60. 12700.38 47050.42- .43 
16. 12748.20- .30 47035.30 61. 12700. 05- . 60 47053. 73- .83 
17. 12747. 95-8. 50 47036.26- . 72 62. 12701.70 47051.42- • 43 
18. 12748.00-9.00 47037.92 63. 12702.20- .10 47050. 75- .76 
19. 12748. 00- • 65 47039.12- . 26 64 • 12703.20 47052.62 

2.a 20. 12710.10-1.10 47051. 80 65. 12708.40- 9.14 47048. 98-50. 89 
21. 12710.80 47054.48 3.b 66. 12710.10-11.10 47051.80 
22. 12713.60- .90 47052.38- • 54 67 • 12691.20- .85 47049. 76- .98 
23. 12713. 60-9. 02 47051. 60- 2. 54 68. 12694.50-702.5 47043.50- 8.76 

2.b 24. 12710.00- .53 47045.62- 9.24 69. 12698.03 4 7040. 97- .98 
25. 12711. 80-3. 70 47039.42-42.23 10. 12701.55- 2.60 47041. 30- 3. 97 
26. 12711.80-2.40 47045.64- . 65 71. 12702.03- • 12 47047.74 
27. 12712.27- .40 47043.02 72. 12703.65- 5.65 47046.62- 7.18 
28. 12713.70 47047.84 73. 12705.60- .77 47042.65 
29. 12713. 60 47049.62 74. 12705.62- 8.00 47040.80- 1. 29 
30. 12714.40 47043.43 75. 12707.40 47048.22 
31. 12 71 6 • 25-8 • 00 47045.41- . 45 76. 12708.23- • 25 47045.73- • 74 
32. 12716.80- .90 47049.41 77. 12709.30 47044.50 
33. 12717.03- .57 47040. 10- • 50 78 • 12709.94 47042.90 
34. 12717.65- .90 47042.79 3.c 79. 12702.14- .33 47039.58 
35. 12717.50 47043.92 80. 12701. 70 47036.98 
36. 12718.12 47048.00 81. 12702.95- 3.10 47036. 12- • 31 
37. 12718.12- . 80 4704 9. 92-50. 00 82. 12704.45- 9.1 47034.70- • 99 
38. 12718.25- .38 47041.15 83. 12705.32 47038.82 
39. 12719.50 47043. 76 84. 12709.70- • 90 47038. 74-_ • 85 
40. 12719.35- .40 47040.07 
41. 12720. 70-1. 30 47044.88- 5.30 K E Y 
42. 12721.15- .40 47040.21- • 77 1 • 12730 - 12750 a. 47050 - 47060 
43. 12724. 32- • 60 47043.88- 4.08 2. 12710 - 12730 b. 47040 - 47050 
44. 12724.90-6.55 47039.19-40.94 3. 12690 - 12710 c. 47034 - 47040 
45. 12727. 75- • 90 47043.61- • 62 
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REEF NAME 

Southwest Rock (1) 

N 
I 

N Dauphin Island Bridge (2) '° 

Dry dock (3) 

Tulsa Wreck (4) 

Anderson (5) 

Edwards (6) 

Southeast Banks (7) 

Buffalo Barge II (8) 

TABLE 2.8 

LOCATION OF ALABAMA'S ARTIFICIAL FISHING REEFS 

GULF CHAIN 
LORAN C 

12655.4 
47050.4 

12706.0 12735.0 
47035.0 47035.0 

12704.6 
47028.7 

12711.9 
47027.4 

12733.4 
47018.6 

12709.4 
47013.6 

12808.3 
47027.0 

12876.8 
47044.3 

COMPASS HEADINGS AND 
DISTANCE (MILES) FROM 

Sand Island 
Light 

269° (11.0) 

204° (12.0) 
190° (11.0) 

194° (10.6) 

190° (11.0) 

187° (10.3) 

190° (13.8) 

160° (11.6) 

116° (12.3) 

Perido Pass 
Sea Buoy 

239° (37.0) 

244° (34.0) 
240° (30. 0) 

241° (32.1) 

240° (32.5) 

240° (30.9) 

236° (34.4) 

233° (27.8) 

233° (17.7) 

WATER 
DEPTH 

66' 

65' 

72' 

84' 

82' 

84' 

75' 

66' 



REEF NAME 

Fort Morgan Pipes (9) 

N 
Buffalo Barge I (10) I 

(.;.) 

0 

Lipscomb Tug (11) 

105' Tug (12) 

Lillian Bridge II (13) 

Allen (14) 

Kelley Pipes & 
Lillian Bridge I (15) 

Wallace (16) 

TABLE 2.8 (Continued) 

LOCATION OF ALABAMA'S ARTIFICIAL FISHING REEFS 

GULF CHAIN 
LORAN C 

12883.1 
47040.0 

12881. 9 
47045.5 

12900.0 
47045.0 

12957.8 
47039.9 

13059.2 
47054.9 

13069. 2 
47059.0 

13046. 7 
47062.8 

13038. 0 
47046.0 

COMPASS HEADINGS AND 
DISTANCE (MILES) FROM 

Sand Island 
Light 

117° (13. 2) 

115° (13.0) 

114° (13.9) 

102° (19.0) 

920 (27.5) 

94° (26.3) 

100° (25.5) 

101° (25.3) 

Perido Pass 
Sea Buoy 

230° (18.0) 

231° (13.0) 

229° (16.5) 

212° (19.5) 

177° (9.0) 

172° (8.0) 

181° (9. 7) 

182° (10.5) 

1 

WATER 
DEPTH 

66' 

54' 

65' 

64 I 

92' 

88' 

60 I 

90' 



REEF NAME 

Sparkman (17) 

N Mobil Oil Platform (18) I 
w 
1-' 

Trysler Ground (19) 

TABLE 2.8 (Concluded) 

LOCATION OF ALABAMA'S ARTIFICIAL FISHING REEFS 

GULF CHAIN 
LORAN C 

12948.1 
47020.2 

13070.0 
47020.0 

46990.0 47000.0 
13100.0 13060.0 

COMPASS HEADINGS AND 
DISTANCE (MILES) FROM 

Sand Island 
Light 

120° (20 .3) 

113° (29.0) 

119° (31.0) 

Perido Pass 
Sea Buoy 

206 ° (17. 7) 

184 ° (17 .o) 

165° to 
174° (22.0) 

WATER 
DEPTH 

93' 

96' 

102' 



N 
I 

(.;.) 
N 

N 

l 

Refer to TABLE 2.8 
for location description. 
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2.10 POTENTIAL FOR DEVELOPMENT OR RECRUITMENT OF NUISANCE SPECIES IN 
THE DISPOSAL SITE (40 CFR 228.6(a)(10)) 

There are no marine species in the vicinity considered as 
nuisance species, nor are any known which would be recruited or 
developed within or adjacent to the proposed disposal areas. 

Previous analysis of the material proposed for disposal indicate 
the presence of fecal coliform bacteria (U. s. Army CE, 1980). The 
reported concentrations ranged from 65 to 1404 organisms/gram (dry 
weight basis). It is improbable that these organisms would become 
established following transport to the offshore sites due to the lack 
of optimum incubation temperature required (44.5°C) and the salinity. 

2.11 EXISTENCE AT OR IN CLOSE PROXIMITY TO THE SITE OF ANY SIGNIFI
CANT NATURAL OR CULTURAL FEATURES OF HISTORICAL IMPORTANCE (40 
CFR 228.6(a)(11)) 

Recent studies of the site areas (U.S.E.P.A., 1982) included an 
extensive survey of cultural and archaeological resources. Forty-five 
anomalies were encountered during a side-scanning radar and 
oceanographic magnetometer survey. Only one site was identified as 
being of potential cultural importance. This site was the wreck of 
the steel schooner "Tulsa" built in 1909. 

OSM Archeological Consultants, Inc. (1982) have identified 
several additional sites of potential importance. Three high 
probability zones for cultural resources were identified as a result 
of this study. One is located in the northern half of the 
Mobile-north site and two are within the Mobile-south area. Six 
anomalies in the north site and three in the south site have been 
recommended for identification and evaluations if studies of avoidance 
are infeasible. 
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SECTION 3 

RESULTS AND DISCUSSION 

3.1 INTRODUCTION 

This section presents the results of the field and laboratory 
determinations and analyses. Parameters discussed include bathymetry, 
hydrography, sediment texture, nutrients, metals, pesticides, PCB's, 
and high molecular weight hydrocarbons. Matrices include water, 
sediments, elutriates and epifaunal tissues. 

This section presents a narrative of each analyte and matrix 
investigated as well as the tabular results for the individual 
analyses. 

3.2 HYDROGRAPHY AND BATHYMETRY 

Hydrographic parameters determined at each site include dissolved 
oxygen, temperature, salinity, transmittance, current velocity and 
current direction. These determinations were made for stations 3 and 
6 in the Mobile-north site and for stations 2 and 8 in the 
Mobile-south site. 

Depth soundings for each site are illustrated in Figure 3. 1. 
Depths for the Mobile-north site range from 20 to518 feet with an 
overall average of 43 feet. Shallower areas at the north project site 
are along the northern edge of the northeast perimeter near the 
existing ship channel. Deeper stations ranging from 50 to 58 feet are 
found along the southern perimeter of the si t2. 

Mobile-south depths range from 54 to 80 feet with an overall 
average of 66 feet. The shallower areas are located in the northern 
edge of the site while deeper areas are found in the southernmost 
portion. 

In-situ hydrographic measurements were made at intervals 
throughout the water column; results are illustrated in Appendix A. 

April 

Dissolved oxygen concentrations for station MN3 ranged from 9. 8 mg/L at the surface to 8. 9 mg/L at near bottom. Dissolved oxygen 
concentrations for MN6 ranged from 9.7 mg/Lat the surface to 9.1 mg/L 
at near bottom. Changes in dissolved oxygen concentration over depth 
were very gradual and insignificant at both of these stations. 
Temperature determinations indicated marked differences between 
surface and near bottom at MN3 of the Mobile-north site. The 
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temperatures at this site ranged from 20.5°c at near surface to-17.5°c 
at near bottom. Temperature variations for MN6 were less drastic, 
ranging from 18.0°c at the surface to 16.5°c at near bottom. 

Salinity determinations indicated typical responses with 
increasing salinity concentrations from surface to bottom. Both MN3 
and 6 demonstrated similar results with salinities at near surface 
between 18 and 22 ppt increasing to concentrations at near bottom of 
between 36 and 37 ppt. The change in salinity gradient was noted at 
both sites with an abrupt change exhibited around 9 meters for MN3, 
and approximately 6 meters at MN6. Transmittance determinations were 
somewhat erratic for both MN3 and MN6 with definite clarity changes 
indicated from these determinations. MN3 transmittance values ranged 
from 95 percent to 85 percent at near bottom with noticeable changes 
occurring at 6 meters, 9 meters and 15 meters. Transmittance values 
for MN6 range from 80 percent at the surface, increasing to 
approximately 95 percent at mid-depth and decreasing to 50 percent at 
near bottom. 

Current velocity and direction determinations resulted in 15 and 
26 cm/sec at MN6 top and bottom, respectfully with a easterly 
direction, and 21 and 15 cm/sec (top and bottom) with a easterly 
direction at MN3. These determinations were made during ebb tide 
conditions. 

Dissolved oxygen concentrations at MS2 for the Mobile-south site 
ranged from 9.5 mg/L at the surface to 8.3 mg/L at near bottom. No 
abrupt changes in dissolved oxygen concentrations were indicated by 
the profiles at this station. Dissolved oxygen concentrations at MS8 
ranged from 9.8 mg/L at the surface to 6.9 mg/L at near bottom. MS8, 
being the deepest station (80 feet), demonstrated two significant 
changes in dissolved oxygen over depth with one change occurring at 6 
meters and a more abrupt change occurring at 13 meters. Temperature 
determinations indicated no significant results. Temperatures at MS2 
ranged from 22.0°c at the surface to 18.o0 c at near bottom, and from 
20.0°c at the surface to 18.o0 c at near bottom for MS8. 

Salinity profiles typically increased with depth. MS2 
concentrations ranged from 19. 6 ppt at the surface to 36 ppt at near 
bottom. MS8 concentrations ranged from 2~. 2 ppt at the surface to 
37. 5 ppt at near bottom. Transmittance values for both MS2 and MS8 
were consistent throughout with values at station 2 ranging from 96 
percent at the surface to 95 percent at near bottom. All points at 
station 8 were 95 percent. 

Current velocity and direction determinations made at the 
Mobile-south site resulted in a current speed of 15 and 10 cm/sec (top 
and bottom) for MS2 and a speed of 5 and 10 cm/sec (top and bottom) at 
MS8. The current direction for both sites was predominately in a 
southeasterly direction during ebb tide conditions. 
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August 

Dissolved oxygen concentrations at the Mobile-north site MN3 
ranged from 8.6 mg/L at the surface to 6.4 mg/L at near bottom. 
Station MN 6 demonstrated dissolved oxygen concentrations from 8. 3 
mg/L at the surface to 4.6 mg/L at near bottom. Some stratification 
was noted by the data at Station MN6 by the abrupt change in dissolved 
oxygen concentration below 5 meters depth. Water temperatures at 
these two sites ranged from 29. 5°c at top to 26. o0 c at bottom and 
30.0°c at top to 26.o 0 c at bottom and 30.0°c at top and 27.5°c at 
bottom for Stations MN3 and MN6, respectively. 

Salinity measurements indicated typical conditions for the 
project area with ranges from 19.2 to 25.5 ppt at Station MN3 and 2.6 
to 22.3 ppt at Station MN3. 

Tr ansmissi vity values fluctuated throughout the water cor~R'f at 
each station with a low value of 35 percent near bottom Station MN6 
and a high value of 87 percent at the top of Station MN6. 

Current velocity directions at Station MN3 ranged from 21 cm/sec 
at near surface to 36 cm/sec at near bottom. Station MN6 current 
velocities were 26 cm/sec at near top and 41 cm/sec at near bottom. 
Current directional determination at both sites indicated an overall 
direction of west, north-west during flood tide conditions. 

Mobile-south dissolved oxygen co~centrations at Station MS2 and 
MS8 ranged from 8.8 mg/L to 6"7 mg/L and 8.0 to 7.1 mg/L, respec
tively. Water temperature was very consistent over depth at each site 
ranging from 30. 0 to 24.o0 c at Station MS2 to 29.0 and 28.o0 c at 
Station MS8. 

Salinity concentrations for both sites, MS2 and MS8 ranged from a 
low of 17.9 ppt at MS8 to a high of 25.5 ppt at MS2. 

Transmissivity values were comparable to those obtained in the 
Mobile-north site ranging from 45 percent to 80 percent at both 
stations. Current velocities at the south site ranged from a low of 
31 cm/sec to a high of 41 cm/sec with directions tending towards the 
north, north-west at Station MS2 and north, north-east at Station MS8 
during flood tide conditions. 

3.3 SEDIMENTS 

3.3.l Grain Size 

Grain size analyses performed on sediments collected during the 
April and August surveys indicated that sediment texture both the 
Mobile-north and Mobile-south sites are predominantly fine grain 
sands. Overall ranges indicate that sand fractions for the Mobile
north site are 65 percent and greater while those fractions for the 
Mobile-south site are 95 percent and greater. Graphical presentations 
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of the sediment texture analyses are presented in Appendix B. Table 
3. 1 is a generalized outline of the results of these texture analyses. 

3.3a2 Nutrients 

April 

Nutrient concentrations for the Mobile-north site exhibited a 
general trend of higher towards the inland stations (MNl, MN2 and MN6) 
and lower at those stations further south. Ammonia concentrations 
ranged from 16 mg/Kg to 185 mg/Kg. Station MN5 exhibited the lowest 
concentration while Station MN6 demonstrated the higher concentration. 
Total Kjeldahl nitrogen (TKN) concentrations ranged from 510 mg/Kg at 
Station MNl to 3630 mg/Kg at Station MN6. Total phosphorus 
concentrations exhibited a similar trend as those for nitrogen. 
Station MN6 resulted in the highest concentration (610 mg/Kg) while 
Station MNl had the lowest level (125 mg/Kg). This value was closely 
followed by Station MN7 with a concentration of 128 mg/Kg. 

Mobile-south ammonia concentrations ranged from 4.0 mg/Kg (MS4) 
to 41 mg/Kg (MS8). The results of the ammonia concentrations as 
compared by station, are randomly distributed and no specific trends 
were evident in these results. TKN concentrations ranged from 81 
mg/Kg (MS3) to 660 mg/Kg (MSl). The relationship of the TKN values 
with those for the ammonia correlated favorably, and as demonstrated 
by ammonia concentrations, were somewhat randomly distributed over the 
site. Total phosphorus concentrations ranged from 59.8 mg/Kg (MS4) to 
152 mg/Kg (MSl). Phosphorus concentrations were also randomly 
distributed throughout the extent of the project area. No specific 
trends were noted for any of the nutrient values at this site. Table 
3.2 presents the nutrient results for both study areas. 

August 

Analyses for nutrient concentrations i.e., ammonia, nitrogen, 
phosphorus, resulted in comparable results with data collected during 
the April survey. Ammonia concentrations at the Mobile-north site 
ranged from 14 mg/Kg at MN 1 to 90 mg/Kg at Station MN6. Kjeldhal 
nitrogens ranged from 300 to 1, 770 mg/Kg at Stations MN4 to Stations 
MN6, respectively. Phosphorus concentrations resulted in a high of 
354 mg/Kg at Station MN6 to a low of 9.4 mg/Kg at Station MN1. 

Ammonia concentrations at the Mobile-south site ranged from a low 
of 3. 6 mg/Kg to a high of 47 mg/Kg. Kjeldhal nitrogens indicated 
fairly consistent results among the various stations with the 
exception of the lowest value of 65 mg/Kg occurring at Station MS3. 
The highest TKN recorded was 350 mg/Kg occurring at Station MS7. This 
value was comparable with values at most of the other stations. 
Phosphorus concentrations ranged from 49 mg/Kg at Station MS4 to 134 
mg/Kg at MS 1. 
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TABLE 3.1 

SEDIMENT GRAIN SIZE RESULTS FOR MOBILE-NORTH 
AND MOBILE-SOUTH 

APRIL 1983 

Station Fine to Coarse Sand Silt-Clay 
(Approximate Percent) (Approximate Percent) 

MNl 90 10 •. 

MN2 90 10 

MN3 90 10 

MN4 90 10 

MN5 90 10 

MN6 90 10 

MN7 90 10 

MN8 90 10 

MN9 90 10 

MS1 90 10 
MS2 90 10 

MS3 98 2 

HSI.I 98 2 
MS5 98 2 

MS6 98 2 

MS7 99 1 
MS8 98 2 

MS9 98 2 

AUGUST 1983 

Station Fine to Coarse Sand Silt-Clay 
(Approximate Percent) (Approximate Percent) 

MNl 92 8 
MN2 65 35 
MN3 90 10 

MN4 92 8 
MN5 85 15 

MN6 65 35 
MN7 92 8 
MN8 85 15 

MN9 80 20 

MS1 95 5 

MS2 95 5 

MS3 98 2 
MS4 95 5 
MS5 95 5 
MS6 90 10 
MS7 95 5 
MS8 96 4 
MS9 95 5 
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TABLE 3.2 

RESULTS OF NUTRIENT ANALYSIS IN SEDIMENTS 
FOR MOBILE-NORTH AND HOBILE-SOUTH, 

All values are mg/Kg 
APRIL 1983 

Station Arranonia-N TKN Total Phosphorus 

MN1 
(DUP) 2 34 510 125 

MN1 33 620 153 
MN2 52 1200 357 
MN3 16 140 157 
MN4 24 1000 198 
MN5 18 570 178 
MN6 185 3630 610 
MN7 21 1130 128 
MN8 47 790 227 
MN9 22 1340 348 

MS1 27 660 152 
MS2 31 505 104 
MS3 11 81 62. 3 
MS4 4.0 98 59.8 
MS5 25 360 124 
MS6 26 630 108 
MS7 8.0 310 109 
MS8 41 200 87.0 
MS9 20 430 132 

AUGUST 1983 

Station Ammonia-N TKN Total Phosphorus 

MN1 14 370 9.4 
MN2 56 1000 173 
MN3 20 350 108 
MN4 26 300 8.7 
MN5 25 580 135 
MN6 90 1770 354 
MN7 24 370 78 
HN8 27 550 162 
MN9 29 650 81 

MS1 6.0 220 134 
HS2 9.5 230 79 
HS3 6.9 65 54 
MS4 3.6 120 49 
MS5 12 110 83 
MS6 28 160 93 
HS7 16 350 100 
MS8 25 340 119 
MS9 47 290 127 

1 Dry weight basis. 
2 Duplicate sample collected and analyzed independently of other 

MN 1 sample. 
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3.3.3 Heavy Metals 

April 

Mobile-north 

Mercury concentrations at the Mobile-north site ranged from 0.03 
mg/Kg (MN4) to 0.32 mg/Kg (MN8). The overall average mercury 
concentration for the Mobile north site was 0.21 mg/Kg. 

Cadmium concentrations ranged from 0.20 mg/Kg (MN8) to 0.66 mg/Kg 
(MN1). Overall cadmium concentrations averaged 0.41 mg/Kg. 

Lead concentrations ranged from 8.0 mg/kg (MN9) to 120 mg/Kg. 
The overall average for lead was 36 mg/Kg. 

Copper concentrations ranged from 3.4 mg/Kg (MN8) to 18 mg/Kg 
(MN6). The average project site concentration for copper was 8.5 
mg/Kg. 

Arsenic concentrations ranged from 2. 3 mg/Kg (MNl) to 18 mg/Kg 
(MN6). The overall average arsenic concentration was 8.3 mg/Kg. 

Zinc values ranged from 22 mg/Kg to 80 mg/Kg (MN6). The overall 
average zinc concentration for the project site was 40 mg/Kg. 

Nickel concentrations ranged from 4.5 mg/Kg (MNl) to 36 mg/Kg 
(MN9). The overall average nickel concentration for the project site 
was 15 mg/Kg. 

Chromium concentrations ranged from 11 mg/Kg (MNl) closely 
followed by a concentration of 12 mg/Kg at Stations MN5 and MN7 to a 
high value of 45 mg/Kg at MN6. The overall chromium concentration for 
the project site was 21 mg/Kg. 

Iron concentrations were typical of those exhibited in other 
areas investigated during this project. Iron concentrations ranged 
from 7200 mg/Kg (MNl) to 26,000 mg/Kg (MN7). The overall average iron 
concentration was 12,039 mg/Kg. 

Barium concentrations ranged from 20 mg/Kg (MN7) to 59 mg/Kg 
(MN9). The overall barium concentration for the study site was 38 
mg/Kg. 

Stations MNl, MN2 and MN6 are the northernmost of nine stations. 
A trend of higher metal concentrations for these three stations 
coincides with the higher nutrient values discussed in previous 
sections. Results of the sediment metal analysis are presented in 
Table 3.3. 
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Parameter MN1 MN1 (DUP)* 

Mercury o. 14 o. o~ 
Cadmium 0.24 0.35 
Lead 60 120 
Copper 5.6 5.6 
Arsenic 2.3 2.9 
Zinc • 24 22 
Nie kel 4.5 5.7 
Chromium 11 18 

TABLE 3. 3 

RESULTS OF METAL ANALYSIS IN SEDIMENTS 
FOR MOBILE - NORTH 

APRIL 1983 

(all values are mg/Kg 1) 

STATION 

MN2 MN3 MN4 MN5 

o. 31 o. 30 o. 03 0.09 
0.36 0.46 0.28 0.66 

40 14 26 8.7 
21 5.5 7.9 7.1 
11 3.2 4.5 4.3 
69 48 39 26 
21 6.0 15 6. 1 
38 14 18 12 

MN6 

0.44 
0.41 

46 
18 
18 
80 
26 
45 Iron 7200 8500 22000 8600 13000 8000 26000 Barium 28 29 53 22 35 26 69 

AUGUST 1983 

STATION 

Parameter MN1 MN2 MN3 MN4 MN5 MN6 

Mercury o. 04 0.62 o. 38 o. 03 o. 32 0.20 Cadmium <0.005 0.20 0.03 0.03 0.03 . 0.05 
Lead 5,5 20 5.8 5. 1 9. 1 26 
Copper 2.5 7.1 2.1 3,3 9.4 9.7 Arsenic 12 21 10 11 12 21 Zinc 21 46 25 23 37 81 Nickel 2.8 9,3 2.5 2.2 5.4 12.3 Chromium 7,7 30 11 12 18 37 Iron 7200 17000 7900 7100 13000 23000 Barium 5 48 8 12 29 .38 

• D..iplicate sample collected and analyzed independent of other MN 1 sample. 
1 Dry weight basis. 

MN7 MN8 MN9 

0.27 0.32 0.20 
0.43 0.20 0.63 

19 16 8.0 
4.8 3.4 6.7 
2.7 30 4. 9 

25 38 31 
10 4.7 36 
12 18 23 

8500 9200 9400 
20 46 59 

MN7 MN8 MN9 

0.07 o. 05 0.08 
0.26 o. 17 0.14 
6.3 2.4 7.2 
5.5 2.1 3.8 
7.2 8.7 9.2 

29 31 27 
2.9 2. 1 5.0 

12 9,9 5.3 
8100 5900 9800 

1 4 10 
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April 

Mobile-south 

Mercury concentrations ranged from less than 0.005 mg/Kg (MS8) to 

0.45 mg/Kg (MS5). The lowest detectable value was 0.01 mg/Kg at 

Station MS9. The overall mercury concentration for the project site 

was 0 .15 mg/Kg. 

Cadmium concentrations ranged from <O. 005 mg/Kg (MSl) to O. 050 

mg/Kg (MS8). The overall cadmium concentration was 0.28 mg/Kg. 

The lowest detectable cadmium concentration was found at Station MS5 

with a value of 0.18 mg/Kg. 

Lead concentrations ranged from 0. 90 mg/Kg (MS3) to 12 mg/Kg (MS6 

and MS9). The project site average for lead was 6.9 mg/Kg. 

Copper concentrations ranged from 0.80 mg/Kg (MS3) to 4.9 mg/Kg 

(MS5). The value of 4. 9 mg/Kg at Station MS5 was closely followed by 

a concentration of 4. 8 mg/Kg at Station MSl. The overall copper 

concentration for the project site was 3.2 mg/Kg. 

Arsenic concentrations ranged from 0.9 mg/Kg (MS8) to 22 mg/Kg 

(MS7). Arsenic concentrations averaged 5. 6 mg/Kg over the project 

site. 

Zinc concentrations ranged from 4 mg/Kg (MS3) to 25 mg/Kg (MSl). 

The average zinc concentration was 14 mg/Kg. Zinc variability over 

the extent of the project site was negligable. Six of the nine sites 

ranged from 12 to 19 mg/Kg while two stations were less than or equal 

to 6 mg/Kg and only one high station at 25 mg/Kg. 

Nickel concentrations ranged from less than 0.05 mg/Kg (MS3) to 

7.2 mg/Kg (MS9). The average nickel concentration for the project 

area was 3.3 mg/Kg. The lowest detectable concentration reported was 

1.5 mg/Kg at Station MS4. 

Chromium concentrations ranged from 1. 8 mg/Kg (MS3) to 42 mg/Kg 

(MS8). The average chromium concentration for the project area was 

8. 5 mg/Kg. 

Iron values typical of previously reported data were highest of 

all metal constituents. These concentrations ranged from 1900 mg/Kg 

(MS3 and MS4) to 9500 mg/Kg (MSl). The average iron concentration for 

the project area was 4822 mg/Kg. 

Barium concentrations ranged from 7 mg/Kg (MS4) to 26 mg/Kg (MSl 

and MS9). The average barium concentration for the project site was 

19 mg/Kg. As demonstrated by zinc, barium values also exhibited 

little variability among stations. 

Metal concentrations for both the Mobile-north and Mobile-south 

sites were somewhat higher than those concentrations demonstrated at a 

nearby study area by U.S.E.P.A. (1982). This study area was located 
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just at southeast of the Mobile-north project site described herein 
with metal concentrations reported in sediment materials for mercury, 
cadmium and lead. A comparison of the data for these three metals 
demonstrates somewhat higher concentrations for the two Mobile study 
sites. Table 3. 4 presents the results of the Mobile-south sediment 
metal analysis. 

August 

Mobile-north 

Results of metal analysis for the August survey are presented in 
Table 3. 3. Mercury concentrations ranged from 0.3 mg/Kg at Station 
MN4 to 0.62 mg/Kg at MN2. 

Cadmium concentrations ranged from a low of non-detectable at MN1 
to a high of 0.26 at Station MN7. 

Lead values resulted in a range of 2.4 mg/Kg to 26 mg/kg at 
Station MN8 and MN6, respectively. 

Copper concentrations at the north site indicated a low value of 
2. 1 mg/Kg at Stations MN3 and MN8 and a high of 9. 7 mg/Kg at Station 
MN6. 

Arsenic concentrations ranged from 7.2 mg/Kg to 21 mg/Kg at 
Stations MN7 and MN5 and MN2, respectively. 

Zinc concentrations showed considerable consistency among the 
nine stations in the Mobile-north project area. Values ranged from 21 
mg/Kg at MN1 to 81 mg/Kg at MN6. The average of all results was 35.5 
mg/Kg with a standard deviation of~ 18.7 mg/Kg. 

As with most other metal parameters MN6 demonstrated the highest 
nickel concentration with 12. 3 mg/Kg. The lowest recorded value for 
nickel was 2.1 mg/Kg at Station MN8 which was closely followed by 2.2 
and 2.5 mg/Kg at Stations MN4 and MN3, respectively. 

Chromium concentrations ranged from 5. 3 to 37 mg/Kg at Stations 
MN9 and MN6, respectively. 

The highest iron concentrations were noted at Stations MN6, MN5, 
and MN2; the highest at which occurring at MN6 was 23,000 mg/Kg. The 
remaining stations demonstrated much lower concentrations; the lowest 
at which occurred at MN8 was 5,900 mg/Kg. 

Barium concentrations exhibited an extremely wide range of values 
over the north project site with a low of 1 mg/Kg at Station MN7 
closely followed by a concentration of 4 and 5 mg/Kg at Stations MN8 
and MN1, respectively. High barium concentrations were noted at 
Stations MN6 and MN2; the highest of which, MN2 was 48 mg/Kg. 
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TABLE 3.4 

RESULTS OF METAL ANALYSIS IN SEDIMENTS 
FOR MOBILE - SOUTH 

APRIL 1983 

(all 1 values are mg/Kg ) 

STATION 

Parameter MSl MS2 MS3 MS4 MS5 MS6 MS7 MS8 MS9 

Mercury 0.27 ,0.12 0.09 0.05 0.45 0.17 0.15 <0.005 0.01 
Cadmium <0.005 0.23 0.27 0.30 0.18 0.38 0.35 0.50 0.29 
Lead 9.9 6.9 0.90 5 .1 1. 6 12 8.9 5.0 12 
Copper 4.8 3.1 0.80 3.0 4.9 3.1 2.6 3.2 2.9 
Arsenic 4.9 3.2 1. 9 1.4 10 3.3 22 0.9 2.8 
Zinc 25 15 4 6 19 14 12 16 14 
Nickel 4.6 4.5 <0.05 1. 5 2.7 2/1 2.9 4 .1 7.2 
Chromium 10 6 1.8 3.3 8 17 5 32 5 
Iron 9500 5800 1900 1900 5b00 4900 3900 4800 5100 
Barium 26 16 18 7 22 21 15 23 26 

w 
I 

AUGUST 1983 ...... 
N 

STATION 

Parameter MSl MS2 MS3 MS4 MS5 MS6 MS7 MS8 MS9 

Mercury 0.25 0.05 0.01 0.09 0.01 0.05 0.03 0.06 0.12 
Cadmium 0.26 2. l 0.12 0.19 0.32 0.32 0.19 0.38 0.17 
Lead 4.2 2.7 1. 5 2. l 1. 3 7.6 5.6 6.5 4.6 
Copper 1.3 1.0 0.6 <0.05 0.1 2.0 1.0 0.4 1.8 
Arsenic 3.0 4.4 5.1 1. 7 2.0 5.7 4.7 3.7 4.4 
Zinc 20 15 9 13 18 20 18 17 19 
Nickel 2.6 3.8 0.1 0.1 0.6 2.3 1.8 4.0 2.5 
Chromium 9.1 4.8 4.0 3.9 4.3 7.1 6.4 10.4 7.4 
Iron 8500 4700 2200 2700 2900 5500 5700 5900 5600 
Barium 140 4 3 <0.5 <0.5 3 3 4 (0.5 

l Dry weight basis. 



August 

Mobile-south 

The results of the metal analysis for the Mobile-south August 
data are presented in Table 3.4. Mercury concentrations at the 
Mobile-south site were typically low with a range of O. 01 mg/Kg to 
0.25 mg/Kg. Average mercury values were 0.07 mg/Kg with a standard 
deviation of :t_ 0.07 mg/Kg. 

Cadmium concentrations resulted in a range of 0.12 mg/Kg at 
Station MS3 to a high of 2.1 mg/Kg at MS2. 

Only slight variability was indicated by lead concentrations at 
the south project area with the exceptions of Stations MS6 through 
MSB. Station MS5 indicated a low value of 1.3 mg/Kg with a high of 
7.6 mg/Kg occurring at Station MS6. 

The lowest detectable copper concentration for the south project 
site was 0.1 mg/Kg at MS5. A non-detectable level was indicated at 
Station MS4. The highest copper concentration detected was a value of 
2.0 mg/Kg at Station MS6. 

Arsenic concentrations ranged from 1. 7 to 5. 7 mg/Kg at Stations 
MS4 and MS6, respectively. For the most part arsenic concentrations 
were comparable among the nine south stations with the exception of 
Station MS4 and MS5. 

As with many of the other metal parameters, zinc also demon
strated low variability among the nine stations. The low concentra
tion of 9 mg/Kg was detected at Station MS3 with a high of 20 mg/Kg 
occurring at Stations MS1 and MS6. With the exception of Station MS3, 
ranges were very close resulting in values of 13 to 20 mg/Kg. 

Nickel concentrations ranged from o. 1 mg/Kg at Stations MS3 and 
MS4 to 4. 0 mg/Kg at Station MS8 which were closely followed by a 
resulting value of 3.8 mg/Kg at MS2. 

The low chromium concentration detected at the south site during 
the August survey was 3.9 mg/Kg at Station MS4 with a resulting high 
of 10. 4 mg/Kg at Station MS8. Stations MS2, 3, 4, and 5 resulted in 
comparable results with low variability. Ranges for these stations 
were 3. 9 to 4. 8 mg/Kg. Stations MS1 and MS6 7, 8, and 9 had 
comparably higher results with ranges for this group being 6.4 to 10.4 
mg/Kg. 

Iron concentrations at the south project site ranged from 2, 200 
mg/Kg at Station MS3 to a high of 8,500 mg/Kg at MS1. 

Barium concentrations were somewhat lower during the August 
survey as compared to those presented to the April survey with three 
stations indicating non-detectable levels (MS4, 5, and 9). The lowest 
detectable level (3 mg/Kg) was recorded for Stations MS3, 6, and 7 
with a high of 140 mg/Kg detected at Station MS1. 
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3.3.4 Pesticides and PCB's 

Mobile-north 

For the most part, pesticide constituents were non-detectable at 

all sample stations. Only a few randomly distributed concentrations 
were detected as presented in Table 3. 5A. These concentrations were 
at or very near the detection limit for each respective parameter. No 

pesticide or PCB constituents were detected during the August survey 
as indicated in Table 3.5B. 

Mobile-south 

Pesticide and PCB constituents were not detected in the south 
site during either the April or August surveys. The results of these 

analyses are indicated in Table 3.6A and 3.6B. 

3.3.5 High Molecular Weight Hydrocarbons 

Results of high molecular weight hydrocarbon analyses are 

presented in Tables 3.7 and 3.8. The concentrations and distributions 
of high molecular weight hydrocarbons were similar for the two study 

areas. Concentrations for the aliphatic hydrocarbons in the Mobile

north area range from 0.375 to 5.56 mg/Kg, and in the Mobile-south 
area from 0.350 to 3.54 mg/Kg. Concentrations for the aromatic hydro

carbons in the north project area range from 0.0891 to 3.23 mg/Kg, and 

in the south project area to 0.030 to 2.86 mg/Kg. 

All samples of the Mobile-north area have hydrocarbons whose 
origins stem from at least three distinct sources: fuel oil, marine 
organisms, and terrestrial plants. For many samples, there was also 

an input of algal material as evidenced by enhancement of the ~-C17 in 

those particular samples. Also, in the region between ~-C23 and 
n-C33, there were many compounds that cannot be accounted for by input 

of terrestrial plants. An abundance of branched and olefinic com

pounds occur in the aliphatic fractions of all the Mobile-north 
samples. This appears to be also due to an flux of anthropogenic 
sources but is very unlike fuel oil composition that generally shows 
up most predominantly in the n-C12 and n-C20 range. As further 
evidence of this unusual high molecular weight hydrocarbon input' a 

decided "hump" occurs in the high molecular weight hydrocarbon region 

similar to those seen in heavier weathered oils. The "hump" is 

referred to by many investigators as an unresolved complex mixture 

(UCM). Stations MN2, 5, 6, and 8 are those displaying the most 

prominent UCM of all the north site samples. All sites in this area 
were identical in percent clay composition, thereby removing that 

factor as consideration in interpretation and comparison of data. 

The aliphatic hydrocarbon distributions in the Mobile-south area 
are similar to those as indicated for the north project site but to a 
lesser magnitude. Some sites have little input of terrestrial plant 
hydrocarbons. This was expected since transport of terrrestrial 
debris is unusual this far offshore without significant currents to 

take it there. The same sites, MS3, 4, and 5 had most hydrocarbon 
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PARAMETER MN 1 

BHC- a <O. 001 
BHC- f3 <O. 001 
BHC- 'Y <O. 001 
BHC- D. <O. 002 
Heptachlor <O. 001 
Aldrin <O. 001 
Heptachlor Expoide <O. 017 
Y-Chlordane <0.003 
Endosulfan I <O. 003 
Dieldrin <O. 001 
pp' DDE <O. 001 
Endrin <O. 001 
Endosulfan II <O. 001 
pp' DDD <O. 002 
Endrin Aldehyde <O. 005 
Endosulfan Sulfate <0.013 
pp' DDT <O. 001 

TABLE 3. 5A 

RESULTS OF PESTICIDE ANALYSIS IN SEDIMENTS 
FOR MOBILE-NORTH, APRIL 1983 

(all values are mg!Kg 1) 

MN2 MN3 MN4 MN5 

<O. 001 <0.001 <O. 001 <O. 001 
<0.001 <0.001 <0.001 <0.001 
<O. 001 <0.001 <O. 001 o. 0010 
<0.002 <0.002 <0.002 <0.002 
<0.001 <O. 001 <O. 001 <O. 001 
<O. 001 <O. 001 <0.001 o. 0010 
<O. 017 <0.017 <O. 017 <0.017 
<0.003 <0.003 <0.003 <0.003 
<O. 003 <O. 003 <O. 003 <0.003 
<O. 001 <O. 001 <0.001 <0.001 
<O. 001 <O. 001 <0.001 <O. 001 
<O. 001 <0.001 <0.001 <0.001 
<O. 001 <0.001 <0.001 <O. 001 
<0.002 <0.002 <0.002 <0.002 
<0.005 <O. 005 <O. 005 <O. 005 

0.182 <0.013 <0.013 <0.013 
0.0010 <0.001 0. 011 <O. 001 

MN6 MN7 MN8 

0.0010 <0.001 <O. 001 
<O. 001 <0.001 <O. 001 
<0.001 <0.001 <O. 001 
<0.002 <O. 002 <0.002 
<0.001 <0.001 <O. 001 
<O. 001 <0.001 <0.001 
<O. 017 <0.017 <O. 017 
<0.003 <0.003 <0.003 
<0.003 <O. 003 <O. 003 
<0.001 <O. 001 <0.001 
o. 0017 <O. 001 <0.001 
<O. 001 <O. 001 <O. 001 
<O. 001 <0.001 <O. 001 
<0.002 <0.002 <0.002 
<0.005 <O. 005 <0.005 
<0.013 <O. 013 <O. 013 
<0.001 <0.001 <0.001 

1Dry Weight Basis 
Not confirmed as Endosulfan Sulfate by gas chromatographic/mass spec tr om etr ic analyses conducted as 
control measure; data should not be construed as evidence of contamination. 

MN9 

<O. 001 
<0.001 
<O. 001 
<0.002 
<O. 001 
<0.001 
<O. 017 
<0.003 
<O. 003 
<0.001 
<O. 001 
<0.001 
<O. 001 
<0.002 
<O. 005 
<0.013 
<O. 001 

a quality 



PARAMETER MNl 

BHc-a <0.001 
BHC-B <0.001 

w BHC-Y <0.001 
I BHC- 6 <0.002 "-' 

°' Heptachlor <0.001 
Aldrin <0.001 
Heptachlor Expoide <O. 017 
Y -Chlordane <0.003 
Endosulfan I <0.003 
Dieldrin <0.001 
pp'DDE <0.001 
Endrin <0.001 
Endosulfan II <0.001 
pp'DDD <0.002 
Endrin Aldehyde <0.005 
Endosulf an Sulfate <0.013 
pp' DDT <0.001 

1Dry Weight Basis 

TABLE 3.5B 

RESULTS OF PESTICIDE ANALYSIS IN SEDIMENTS 
FOR MOBILE-NORTH, AUGUST 1983 

(all values are mg/Kg1) 

MN2 MN3 MN4 MN5 

<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<O. 017 <0.017 <0.017 <O. 017 
<0.003 <0.003 <0.003 <0.003 
<0.003 <0.003 <0.003 <0.003 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.005 <0.005 <0.005 <0.005 
<0.013 <O. 013 <0.013 <0.013 
<0.001 <0.001 <0.001 <0.001 

MN6 MN7 MN8 MN9 

<0.001 <0.001 <O. 001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<O. 001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.017 <0.017 <0.017 <0.017 
<0.003 <0.003 <0.003 <0.003 
<0.003 <0.003 <0.003 <0.003 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.005 <0.005 <0.005 <0.005 
<0.013 <0.013 <0.013 <0.013 
<0.001 <0.001 <0.001 <0.001 



PARAMETER MN! 

BHC-a <0.001 
BHC-S <0.001 

w BHC-Y <0.001 
I BHC-ll <0.002 I-' 

---i Heptachlor <0.001 
Aldrin <0.001 
Heptachlor Expoide <O. 017 
Y-Chlordane <0.003 
Endosulfan I <0.003 
Dieldrin <0.001 
pp'DDE <0.001 
Endrin <0.001 
Endosulfan II <0.001 

' pp DDD <0.002 
Endrin Aldehyde <0.005 
Endosulf an Sulfate <0.013 
pp•DDT <0.001 

1 Dry Weight Basis 

TABLE 3.6A 

RESULTS OF PESTICIDE ANALYSIS IN SEDIMENTS 
FOR MOBILE-SOUTH, APRIL 1983 

(all values are mg/Kg1) 

MN2 MN3 MN4 MN5 

<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<O. 017 <0.017 <0.017 <O. 017 
<0.003 <0.003 <0.003 <0.003 
<0.003 <0.003 <0.003 <0.003 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.005 <0.005 <0.005 <0.005 
<0.013 <0.013 <0.013 <0.013 

<0.0010 <0.001 <0.001 <0.001 

MN6 MN7 MN8 MN9 

<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<O. 017 <O. 017 <0.017 <0.017 
<0.003 <0.003 <0.003 <0.003 
<0.003 <0.003 <0.003 <0.003 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.005 <0.005 <0.005 <0.005 
<0.013 <O. 013 <0.013 <0.013 
<0.001 <0.001 <0.001 <0.001 



PARAMETER MNl 

BHC- a <0.001 
BHC- B <0.001 
BHC-y <0.001 

\.;.) BHC- 6. <0.002 I ,_.. 
Heptachlor <0.001 CXl 

Aldrin <0.001 
Heptachlor Expoide <0.017 
Y -Chlordane <0.003 
Endosulfan I <0.003 
Dieldrin <0.001 
pp' DDE <0.001 
Endrin <0.001 
Endosulfan II <0.001 
pp' DDD <0.002 
Endrin Aldehyde <0.005 
Endosulfan Sulfate <0.013 
pp' DDT <0.001 

1Dry Weight Basis 

TABLE 3.6B 

RESULTS OF PESTICIDE ANALYSIS IN SEDIMENTS 
FOR MOBILE-SOUTH, AUGUST 1983 

(all values are mg/Kg1) 

MN2 MN3 MN4 MN5 

<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.017 <0.017 <0.017 <0.017 
<0.003 <0.003 <0.003 <0.003 
<0.003 <0.003 <0.003 <0.003 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.005 <0.005 <0.005 <0.005 
<0.013 <0.013 <0.013 <O. 013 

<0.0010 <0.001 <0.001 <0.001 

MN6 MN7 MN8 MN9 

<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.017 <0.017 <0.017 <0.017 
<0.003 <0.003 <0.003 <0.003 
<0.003 <0.003 <0.003 <0.003 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 <0.001 
<0.002 <0.002 <0.002 <0.002 
<0.005 <0.005 <0.005 <0.005 
<O. 013 <0.013 <0.013 <O. 013 
<0.001 <0.001 <O. 001 <0.001 



TABLE 3.7 

HIGH MOLECULAR WEIGHT HYDROCARBON DISTRIBUTION 
IN SEDIMENT FOR MOBILE-NORTH 

APRIL 1983 

MN! 
Field 

SAMPLE SITE MNl Dup MN2 MN3 MN4 MN5 MN6 MN7 MN8 MN9 

Dry Weight, g 66.4 62.6 58.3 63.1 68.8 65.0 46,7 71.4 60.2 51.8 
Aliphatics/Sed. Wt. 

mg/Kg 0.424 0.375 1.49 1.04 0.537 1.22 1.51 0.966 0.827 2 .45 
Aromatics/Sed. Wt. 

mg/Kg 0 .195 0.287 0,290 0.219 0 .186 0.201 0.521 0 .147 3,23 0.689 
.!!.-alkanes/Alipha-

tics % 52.1 37.1 39.9 47.0 67 .o 49.0 22.6 42.9 43,8 38,3 
Pristane/.!!.-c 17 0,568 0.564 0,784 0,434 0,688 0.668 0.728 0.791 0.846 0,578 
Phytane/.!!_-c18 0,547 0,534 1.39 0.474 0.452 0.570 0,593 0.652 0,876 0,698 
EOdd/Eeven 

< C20 0.959 1.01 1.56 0,683 2.44 1.09 1.04 1.32 1.00 1.30 
todd/Eeven 

> C21 3.66 2.27 0,719 2.10 1.45 2.54 1.82 1.72 2.68 2.26 
EOdd/l:even 

Total 2.23 1.95 2.21 1.47 1.54 1.46 1.54 1.63 1.89 2.08 

AUGUST 1983 

SAMPLE SITE MNl MN2 MN3 MN4 MN5 MN6 MN7 MN8 MN9 

Dry Weight, g 665 509 662 620 553 378 788 614 458 
Aliphatics/Sed. Wt. 

mg/Kg 2.28 3.82 0.899 1.30 3.05 5,56 1.39 3.27 1.92 
Aromatics/Sed. Wt. 

mg/Kg 0.470 0.794 0.0891 0.244 0,659 o.422 0.306 0.687 0,515 
.!!.-alkanes/Alipha-

tics % 24.6 22.0 36.1 25.5 35.3 34.2 30.4 28.5 33.6 
Pristane/.!!_-C17 1.18 1.13 0.619 0,827 1.55 0.909 0,809 2.00 0.881 
Phytane/.!!.-c18 0.674 0.675 0,576 0,575 0.506 0.468 0,560 0,737 0.601 
l:Odd/l:even 

< 20 0.740 0,974 1.10 1.08 0.553 0.890 1.02 0.830 1.15 
l:Odd/Eeven 

> C21 2 .10 1.55 1.08 2,39 2.15 1.66 2.24 2.24 2,67 
Wdd/Eeven 

Total 1. 76 1.46 1.09 2,03 1.86 1.54 1.95 2.00 2,28 



TABLE 3.8 

HIGH MOLECULAR WEIGHT HYDROCARBON DISTRIBUTION 
IN SEDIMENT FOR MOBILE-SOUTH 

APRIL 1983 

SAMPLE SITE MSl MS2 MS3 MS4 MS5 MS6 MS7 MS8 MS9 

Dry Weight, g 71.4 74.6 79.4 73.3 73.8 721. l 83.6 76.6 76.3 

Aliphatics/Sed. Wt. 
mg/Kg 1.14 0.946 * 0.350 0.838 1.06 0.545 0.594 0.904 

Aromatics/Sed. Wt. 
mg/Kg 0.322 0.569 * 0.156 0.188 0.485 0.129 0.030 0.132 

!!_-alkanes/Alipha-
tics % 4i. l 33.7 * 44.7 54.8 48.2 45.3 49.3 54.3 

Pristane/!!_-c17 
0.481 0.583 0.326 0.534 0.620 0.336 0.558 0. 715 0.359 

Phytane/!!_-c 18 0.485 0.582 0.639 0.511 1.08 0.511 0.616 0.633 0.314 
l: Odd/l:even 

< 20 1.35 1.06 0.544 1.26 0.634 1.00 0.966 1.62 1.90 
l:Odd/l:even 

UJ 
> C21 2 .19 1.38 1.08 2.11 1.54 4.64 1.28 1.19 l .15 

I EOdd/l:even 
N Total l. 91 1.28 0.95 1.53 l. 33 2.14 1.20 1.35 1.29 
0 

AUGUST 1983 

SAMPLE SITE MSl MS2 MS3 MS4 MS5 MS6 MS7 MS8 MS9 

Dry Weight, g 699 736 617 850 688 644 695 711 504 

Aliphatics/Sed. Wt. 
mg/Kg 3.49 1.92 0.374 0.366 0.684 3.54 1.63 1.19 1.28 

Aromatics/Sed. Wt. 
mg/Kg 0.762 0.540 0.0637 0 .106 0.0949 2.86 0 .372 0.557 0.280 

!!_-alkanes/Alipha-
tics % 20.9 24.7 37.2 36.6 30.8 20.4 25.3 28.4 32.0 

Pristane/!!_-c17 1.14 1.06 0.765 0.713 0.929 0.977 1.01 1.01 1.15 

Phytane/_!!-c18 0.597 0 .571 0.282 0.585 0.703 0.637 0.562 0.517 0.583 

l:Odd/l:even 
< 20 1.45 0.812 l.06 0.929 0.938 1.15 1.05 1.00 0.816 

l:Odd/l:even 
> C21 1.84 2.51 4.06 2.51 1.94 2 .16 1.92 2.24 1.82 

l:Odd/l:even 
Total l. 74 1.97 2.07 1.31 1.65 1.82 1.69 1.85 1.54 

* Poor Separation Between Fractions 



source input from marine organisms and fuel oil. Station MS6 is 
unusual in that the sediment had only 1 percent clay and the highest 
concentrations of hydrocarbons. In general, only a slight UMC "hump" 
was noted in the south samples as compared to the north sample. 
Aromatic hydrocarbons are more toxic and of more concern to the 
welfare of the marine environment. Most identified aromatics in the 
north were in low concentration. MN5, 7, 9, and 2 have other large 
cluster groups in what appears to be high molecular weight aromatics, 
but fluorescence synchronous scans reveal that they are not aromatic 
compounds. The fluorescent scans have major 328 nm and 348 nm peaks 
indicating the greatest contribution to be 1 and 2 ring aromatics. 
Identified compounds appearing in most Mobile-north samples were 
substituted naphthalenes (mono-di-trimethyls), fluoranthene, pyrene, 
dimethyl anthracene, and benzo(e)pyrene. Concentration trends of the 
aromatics are similar to those of the aliphatics with the eastern area 
containing highest concentrations. 

Aromatic hydrocarbons in the south area were similar in distri
bution to those in the north. However, concentrations in many cases 
were all higher relative to the abundance of aliphatic fractions to 
those in the north area. There are large unidentified peaks in the 
high molecular weight region of the aromatic fractions having the same 
relative retention times to those found in the Mobile north areas. 
These are not true aromatic compounds as shown by the fluorescence 
spectrophotometry. These unidentified compounds in the aromatic 
fractions are most likely aromatic-like compounds and/or polyolefins. 
The identified peaks found in most south site sediments were pyrene, 
naphthalenes, substituted naphthalenes, anthracene, phenanthrene, 
benzo(a)pyrene and benzo(e)pyrene. 

3.3.6 Oil and Grease and Total Organic Carbon 

April 

Mobile-north 

Oi 1 and grease concentrations for the Mobile-north site ranged 
from 45 mg/Kg to 220 mg/Kg at stations MN8 and MN9, respectively. 
Total organic carbon concentrations ranged from 4500 mg/Kg to 27, 800 
mg/Kg at stations MN3, MN5, and MN6, respectively. 

Specific trends were not evidenced by this data in that 
concentrations of both oil and grease and total organic carbon were 
randomly distributed over the project area. The resulting 
concentrations appear to be somewhat higher than those expected for 
the sediment type encountered, but may be attributable to the 
relatively close proximity to heavy traffic areas for commercial 
shipping and fishery activities. Presentation of oil and grease and 
TOC data for the Mobile-north area is given in Table 3.9. 

Mobile-south 

Oil and grease concentrations for the Mobile-south project area 
ranged from 22 mg/Kg to 86 mg/Kg for stations MS1 and MS2, 
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TABLE 3.9 

RESULTS OF OIL AND GREASE AND TOTAL ORGANIC CARBON 
ANALYSIS IN SEDIMENT FOR MOBILE - NORTH 

APRIL 1983 

(all values are mg/Kg1) 

Parameter MN1 MN1 (DUP)* MN2 MN3 MN4 MN5 

0 & G 108 74 93 48 100 130 

TOC 5500 6100 11300 4500 8300 4500 

AUGUST 1983 

Parameter MN1 MN2 MN3 MNll MN5 MN6 

0 & G 115 184 114 111 114 209 

TOC 2100 9600 2900 2400 5900 11200 

• Duplicate sample collected and analyzed independent of other MN1 sample. 

1 Dry weight basis. 

MN6 

230 

27800 

MN7 MN8 MN9 

61 45 220 

4600 6300 17200 

MN7 MN8 MN9 

99 101 183 

2600 3000 4000 

,, 



respecti vly. Total organic carbon concentrations ranged from 590 
mg/Kg to 6, 700 mg/Kg for stations MS4 and MS 1, respectively. The 
comparison of the oil and grease and TOC data among the nine stations 
indicated a consistent distribution over the project area. The 
resulting concentrations of both oil and grease and TOC's were 
somewhat lower than those indicated in the Mobile-north area. The 
presentation of the oil and grease TOC results are given in Table 
3. 10. 

August 

Mobile-north 

Table 3.9 presents the August oil and grease and TOC data. Oil 
and grease values for the Mobile-north area ranged from 99 mg/Kg at 
Station MN7 to 209 mg/Kg at Station MN6. Total organic carbon 
concentrations were highest at Station MN6 with the resulting value of 
11, 200 mg/Kg and lowest at Station MN1 with a resulting value of 100 
mg/Kg. 

Mobile-south 

Oil and grease concentrations in the south project area ranged 
from 60 to 101 mg/Kg at Stations MS4 and MS 1, respectively. Total 
organic carbon concentrations ranged from 800 to 2600 mg/Kg at 
Stations MS3 and MS6, respectively. 

No specific trends were indicated in either the Mobile-north or 
Mobile-south sites for oil and grease and TOC during the August 
survey. These parameters did, however, indicate lower concentrations 
in the Mobile-south area as opposed to those in the Mobile-north area. 

3.4 WATER 

3.4.1 Metals 

April 

Mobile-north 

Mercury concentrations at the Mobile-north site were 0.0001 mg/L 
and 0.0004 mg/L for Stations MN3 and MN6 respectively. These 
concentrations correlated with the 0.10 mg/L with safe levels 
established for marine life by u.s.E.P.A. (1980). 

Cadmium concentrations were 0.0007 mg/L and 0.0008 mg/L for 
Stations MN3 and MN6 respectively. Concentrations were well below 
those levels established as safe by U.S.E.P.A. (0.005 mg/L). 

Lead concentrations for MN3 and MN6 were O. 002 mg/L and O. 004 
mg/L respectively. Acceptable concentrations for marine life as 
established by u.s.E.P.A. (1980) are based on a 96 hour LC50 
bioassays. 
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TABLE 3.10 

RESULTS OF OIL AND GREASE AND TOTAL ORGANIC 
CARBON ANALYSIS IN SEDIMENT FOR MOBILE - SOUTH 

APRIL 1983 

(all ~alues are mg/Kg1) 

Parameter MSl MS2 MS3 MS4 MS5 MS6 MS7 MS8 MS9 

0 & G 22 86 78 58 72 75 75 60 24 

w TOG 
I 

6700 2700 630 590 2500 3000 2000 4200 3000 

N 
~ 

AUGUST 1983 

Parameter MSl MS2 MS3 MS4 MSS MS6 MS7 MS8 MS9 

0 & G 101 79 91 60 93 88 94 80 83 

TOC 2300 1800 800 1200 1600 2600 2000 1900 2500 

1 Dry weight basis. 



Copper levels were 0.003 and 0.002 mg/L for MN3 and MN6, 
respectively. 

Mobile-south 

Mercury concentrations for Mobile-south sites MS2 and MS8 were 
both O. 002 mg/L. Cadmium concentrations were o. 007 mg/L and o. 0003 
mg/L for MS2 and MS8, respectively. Lead resulted in levels of 0.002 
mg/L and non-detectable for Stations MS2 and MS8, respectively. 
Copper concentrations were 0. 002 mg/L and 0. 003 mg/L for MS2 and MS8 
respectively. 

These levels were comparable to or well below those standards 
established by U.S.E.P.A. for marine life as indicated in previous 
paragraphs. Table 3. 11 presents results from a metal analyses for 
water. 

August 

Mobile-north 

Results for metal analyses on water samples are presented in 
Table 3.11. Mercury analyses resulted in concentrations of 0.002 and 
0.007 mg/L at Stations MN3 and MN6, respectively. Cadmium concentra
tions were also very low with the resulting levels of 0.004 and 0.005 
mg/L at MN3 and MN6, respectively. Lead concentrations at Station MN3 
indicated somewhat higher results than those resulting from the April 
survey with a value of o. 054 mg/L. Station MN6 lead concentrations 
were less than that previously noted during April with a concentration 
of 0.001 mg/L. Copper concentrations were identical for both Stations 
MN3 and MN6 at O. 001 mg/L. All metal analyses for the Mobile-north 
site resulted in concentrations which were agreeable with water 
quality standards as applicable to U.S.E.P.A. Water Quality Criteria 
( 1980). 

Mobile-south 

With the exception of the lead and copper concentration at 
Station MS2, other metal analyses were very comparable to most results 
obtained at the south study area during the April survey. Lead 
concentrations at Station MS2 resulted in a value of 0.014 mg/L while 
copper was 0.012 mg/L. All of the metal values are acceptable as 
compared to the appropriate criteria as established by the U.S.E.P.A. 
( 1980). 

3.4.2 Pesticides and PCB's 

Mobile-north 

Results of the pesticides analyses for the Mobile-north stations 
during the April and August surveys are presented in Tabl.e 3. 12A and 
3. 12B. None of the pesticide constituents listed in Tables were 
present during either of the surveys. 
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PARAMETER 

Mercury 

Cadmium 

Lead 

Copper 

PARAMETER 

Mercury 

Cadmium 

Lead 

Copper 

TABLE 3. 11 

RESULTS OF METAL ANALYSIS IN WATER 
FOR MOBILE-NORTH AND MOBILE-SOUTH 

APRIL 1983 

(all values are mg/L) 

SOUTH STATION NORTH STATION 
MS2 MS8 MN3 MN6 

0.0002 0.0002 0.0001 0.0004 

0.0007 0.0003 0.0007 0.0008 

o. 002 0.001 0.002 0.004 

0.002 0.003 0.003 0.002 

AUGUST 1983 

SOUTH STATION NORTH STATION 
MS2 MS8 MN3 MN6 

0.0003 0.0001 0.0002 0.0007 

0.0001 0.0009 0.0004 0.0005 

0.014 0.001 0.054 0.001 

0.012 <O. 001 0.016 0.016 
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TABLE 3.12A 

RESULTS OF PESTICIDE ANALYSIS IN WATER 
FOR MOBILE-NORTH AND MOBILE-SOUTH, APRIL 1983 

(all values are µ g/L) 

PARAMETER MN3 MN6 MS2 

BHC- a <0.003 <0.003 <0.003 
BHC- B <0.006 <0.006 0.006 
BHC- Y <0.009 <0.009 <0.009 
BHC- f'i <0.004 <0.004 <0.004 
Heptachlor Epoxide <0.083 <O. 083 <0.083 
y -Chlordane <0.014 <0.014 <0.014 
Endosulf an I <0.014 <0.014 <0.014 
Dieldrin <0.002 <0.002 <0.002 
PP DDE <0.004 <0.004 <0.004 
Endrin <0.006 <0.006 <0.006 
Endosulfan II <0.004 <0.004 <0.004 
pp' DDD <O. 011 <0.011 <0.011 
Endrin Aldehyde <0.023 <0.023 <0.023 
Endosulfan Sulfate <0.066 <0.066 <0.066 
pp' DDT <0.012 <0.012 <0.012 
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MS8 

<0.003 
<0.006 
<0.009 
<0.004 
<0.083 
<0.014 
<0.014 
<O. 002 
<0.004 
<0.006 
<0.004 
<O. Oll 
<0.023 
<0.066 
<0.012 



TABLE 3.12B 

RESULTS OF PESTICIDE ANALYSIS IN WATER 
FOR MOBILE-NORTH AND MOBILE-SOUTH, AUGUST 1983 

(all values are µg/L) 

PARAMETER MN3 MN6 MS2 

BHC-a <0.003 <O. 003 <0.003 
BHC-S <O. 006 <0.006 <0.006 
BHC-Y <0.009 <0.009 <0.009 
BHC-L'i <0.004 <0.004 <0.004 
Heptachlor Epoxide <0.083 <0.083 <0.083 
y-Chlordane <0.014 <0.014 <0.014 
Endosulfan I <0.014 <0.014 <0.014 
Dieldrin <0.002 <0.002 <0.002 
pp DDE <0.004 <0.004 <0.004 
Endrin <0.006 <0.006 <0.006 
Endosulf an II <0.004 <0.004 <0.004 
pp DDD <O. 011 <O. Oll <O. 011 
Endrin Aldehyde <O. 023 <0.023 <0.023 
Endosulf an Sulfate <0.066 <0.066 <0.066 
pp DDT <0.012 <0.012 <0.012 
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MS8 

<0.003 
<0.006 
<0.009 
<0.004 
<0.083 
<0.014 
<0.014 
<O. 002 
<0.004 
<0.006 
<0.004 
<O. Oll 
<0.023 
<0.066 
<0.012 



Mobile-south 

Results of the pesticide analyses for the Mobile-south stations 
during the April and August surveys are presented in Table 3. 12A and 
3.12B. Of those constituents analyzed, only BHC-S was detected 
(0.0060 mg/L). This concentration is at the detection limit for the 
method. None of the other pesticide constituents were detected for 
either Mobile-south stations during either the April or August 
surveys. 

PCB' s were not detected at any of the Mobile-north or 
Mobile-south sites during either survey. 

3. '~. 3 High Molecular Weight Hydrocarbons 

The analysis of high molecular weight hydrocarbons from both the 
Mobile-north and Mobile-south sites during the April and August 
surveys revealed no discernable concentrations of any hydrocarbons of 
interest. Because no basic research has been performed in the area of 
interpreting high molecular weight hydrocarbon contamination of open 
ocean water, any conclusion based on these data would be tenuous; 
therefore, the data is presented for information purposes and no 
conclusion is presented. 

3.5 TISSUE 

3. 5. 1 Introduction 

Epi faun al species were collected at three transects within each 
proposed disposal site. Two species were selected from each trawl to 
be analyzed for metals, pesticides and PCBs, and high molecular weight 
hydrocarbons. Species retained from the collection to be utilized for 
analysis included two fish species, squid, and shrimp. The species 
utilized are those that are indicated in Tables 3.13 and 3.14. Due to 
the relatively low abundance of species in the project area during the 
April survey the trawls yielded insufficient quantities of species for 
analyses. Those analyses which were unable to be performed due to 
inadequate sample quantities are so indicated on the appropriate 
tables. 

The results of the epifaunal trawls are presented in Appendix c. 

3.5.2 Metals 

April 

Mobile-north 

Results of the mercury analyses for fish samples yielded 
relatively consistent values for each transect. These results were 
0.2, 0.2, and 0.1 mg/Kg for transects 1, 2 and 3, respectively. 
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TABLE 3.13 

RESULTS OF METAL ANALYSIS IN TISSUE 
FOR MOBILE-NORTH 

PARAMETER 

Transect 1 
Cynoscion arenarius 
Trachypeneus similis 

Transect 2 
Anchoa 
Lolliguncula brevis 

Transect 3 
Anchoa 
Lolliguncula brevis 

PARAMETER 

Transect 1 
Cynoscion arenarius 
Lolliguncula brevis 

Transect 2 
Lolliguncula brevis 
Stenotomus caprinus 

Transect 3 
Cynoscion arenarius 
Lolliguncula brevis 

Transect 1/3 (composite) 
Penaeus setiferus 

APRIL 1983 l 
(all values are mg/Kg) 

(all 

MERCURY CADMIUM 

0.2 0.23 
0 .1 0 .18 

0.2 0.08 

* * 

0 .1 0 .19 

* 0.31 

AUGUST 1983 l 
values are mg/Kg) 

MERCURY 

<O.l 
<O.l 

<O.l 
<O.l 

<O.l 
<O .1 

<O .1 

CADMIUM 

<0.02 
0 .10 

0.07 
0.02 

0.02 
0 .11 

0.30 

f Inadequate samples obtained to provide analysis. 
As received (wet weight basis). 
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LEAD 

0.4 
0.4 

0.3 

* 

0.3 
o.s 

LEAD 

0.3 
0.2 

0 .1 
0.2 

<O.l 
0 .1 

0.7 

COPPER 

3.4 
6.0 

0.9 

* 

4.0 
s.o 

COPPER 

1.2 
38 

30 
2.0 

0.6 
49 

30 



TABLE 3.14 

RESULTS OF METAL ANALYSIS IN TISSUE 
FOR MOBILE-SOUTH 

APRIL 1983 1 (all values are mg/Kg) 

PARAMETER MERCURY CADMIUM 

Transect 1 
Anchoa * * 
Lolliguncula brevis * * 

Transect 2 
Anchoa 1. 8 0. 14 
Loll iguncul a brevis 0.8 0.27 

Transect 3 
Anchoa 0.7 0. 19 
Loll igunc ul a brevis 0.7 0.26 

AUGUST 1983 1 
(all values are mg/Kg) 

PARAMETER MERCURY CADMIUM 

Transect 1 
Lutjanus campechanus <O. 1 o. 05 
Loligo peaun <0.1 0.61 

Transect 2 
Stenotomus caprinus <O. 1 <O. 02 
Diplec trum bi vi ttatum <0.1 o. 08 

Transect 3 
Syacium papillosvar <O. 1 <O. 02 
Diplec trum bi vi tta tum <O. 1 <0.02 

* Inadequate samples obtained to provide analysis. 1 As received (wet weight basis). 

3-31 

LEAD COPPER 

* * 
* * 

0.4 2. 1 
0.7 4.7 

0.2 0.9 
0.3 9.0 

LEAD COPPER 

0.2 11 
0.1 28 

o. 1 1. 7 
0.2 1. 3 

o. 1 2.3 
0.2 4.5 



Cadmium concentrations varied considerably between transects 
ranging from 0.08 to 0.31 mg/Kg. 

Lead concentrations for both species at all transects were 
similar ranging from only 0.3 to 0.5 mg/Kg. 

Copper concentrations were considerably higher than other 
metallic constituents, as indicated in Table 3.13, with only one low 
value reported (0. 9 mg/Kg, transect 2). Table 3.13 presents the 
analytical results for metal analyses in tissue for the Mobile-north 
site. 

Mobile-south 

As indicated in Table 3.14, only two transects of the three 
sampled for the Mobile-south site yielded sufficient quantities of 
test species in order to accomplish analyses. Mercury analyses for 
the Mobile-south site ranged from 0.7 to 1.8 mg/Kg for the two species 
sampled and was considerably higher than those concentrations found 
for species from the Mobile-north area. 

Cadmium concentrations ranged from 0.14 to 0.27 mg/Kg. The 

cadmium results for the Mobile-south site were very comparable to 
those concentrations resulting from species in the Mobile-north area. 

Lead concentrations for the Mobile-south site range from O. 2 to 
0.7 mg/Kg with little variation among species and transects. As with 
cadmium, lead concentrations were comparable between the Mobile-north 
and Mobile-south sites. 

As with copper concentrations in the Mobile-north area, the 
concentrations of copper in the south site were considerably higher 
than those for other metal constituents. These concentrations ranged 
from 0.9 to 9.0 mg/Kg with considerable variation between species and 
transects. 

August 

Mobile-north 

Most metal analyses indicated from the August survey were 
extremely low or non-detectable. The only exception for those values 
reported were copper in the squid tissue (Lolliguncula brevis). 

Mercury concentrations were 
Cadmium concentrations ranged 
(Penaeus setiferus). 

non-detectable for 
from non-detectable 

each species. 
to O. 3 mg/Kg 

Lead concentrations ranged from non-detectable to 0. 7 mg/Kg, and 
copper concentrations ranged from 0.6 to 49 mg/Kg. 
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Mobile-south 

As with the north project site, most metals within the Mobile
south area were non-detectable or low. Again as with the 
Mobile-north, copper was the only metal constituent showing notable 
results. 

Mercury concentrations were non-detectable in all species 
analyzed, Cadmium concentrations ranged from non-detectable to O. 61 
mg/L. Lead concentrations were consistently low among all species 
analyzed being O. 1 and 0.2 mg/Kg. Copper concentrations ranged from 
1 • 3 to 2 8 mg/K g • 

The comparison of these data with metal analyses for mercury, 
cadmium, and lead from a similar U.S.E.P.A. study (1982) indicate that 
these concentrations were in the general range reported by the 
U.S.E.P.A. The study area for the u.s.E.P.A. investigation was in the 
vicinity of the project area (southeast of the Mobile-north site). 
Although the concentrations of metals are within ranges reported by 
the U.S.E.P.A. study, a high degree of variability exists in the 
comparison of these data. Due to the migratory nature of the test 
species, variability is to be expected in that only a part of the life 
cycle of each of these species is spent in any given area and the 
bioaccumulation and depuration of these metals is variable. 

3~5~3 Pesticides-and PCB's 

April 

Mobile-north 

Four individual epifaunal species were analyzed for pesticide 
constituents at the Mobile-north project area. These species were 
Cynoscion arenarius (white trout), Anchoa S!.J. (anchovy), Trachypeneus 
similis (shrimp), and Lolliguncula brevis (squid). 

p,p'-DDE was detected at a level of 0,0040 mg/Kg in one anchovy 
sample. Results of the pesticide analyses for tissue are presented in 
Table 3.15A. 

Mobile-south 

Two epifaunal species were analyzed for pesticides in the 
Mobile-south area, i.e., Anchoa sp. (anchovy) and Lolliguncula brevis 
(squid). 

BHC-a, BHC- 13 and heptachlor were the only analytes detected. 
These three pesticide fractions all were found to be occurring in the 
anchovy species. The resultant concentrations were 0.005 mg/Kg, 0.015 
mg/Kg, and 0.007 mg/Kg, respectively. The results of the pesticide 
analyses for the Mobile-south project area are presented in Table 
3.16A. No PCB constituents were determined to be present in tissue 
samples collected from the Mobile-south site. 

3-33 



PARAMETER 

BHC-a 
BHC- f3 
BHC-y 
BHC-fl. 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Y-Chlordane 
Endosul fan I 
Dieldrin 
PP' ODE 
Endrin 
Endosulfan II 
pp' DOD 
Endrin Aldehyde 
Endosul fan Sul fate 
pp' DDT 

1 White trout 
~ Anchovy 

Shrimp 
4 Squid 
TR = Transect 

TABLE 3.15A 

RESULTS OF PESTICIDE ANALYSIS IN TISSUE 

FOR MOBILE-NORTH, APRIL ·1983 

(all values are mg/Kg)* 

Cynoscion 1 

arenarius 
TR 1 

Trachypeneus3 Lolliguncula4 

Anchoa sp. 2 similis brevis 
TR2 TR3 TR1 TR2 TR3 

<O. 00 3 <0.003 <0.003 <0.003 <0.003 <O. 003 

<0.006 <0.006 <0.006 <0.006 <0.006 <0.006 

<0.009 <0.009 <0.009 <0.009 <O. 009 <O. 009 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

<0.003 <O. 003 <O. 003 <O. 003 <O. 003 <O. 00 3 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

<0.083 <0.083 <0.083 <0.083 <0.083 <0.083 
<0.014 <0.014 <0.014 <0.014 <0.014 <0.014 
<0.014 <O. 01 4 <0.014 <0.014 <0.014 <0.014 

<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

<0.004 <0.004 0.0040 <0.004 <0.004 <0.004 
<0.006 <0.006 <0.006 <0.006 <0.006 <0.006 
<0.004 <O. 004 <0.004 <0.004 <O. 004 <0.004 

<0.011 <0.011 <0.011 <0.011 <0.011 <0.011 

<O. 02 3 <O. 02 3 <O. 02 3 <O. 023 <O. 02 3 <O. 023 
<0.066 <0.066 <0.066 <0.066 <0.066 <0.066 

<0.012 <0.012 <O. 012 <0.012 <O. 012 <O. 012 

* As received (wet weight basis). 
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TABLE 3.16A 

RESULTS OF PESTICIDE ANALYSIS IN TISSUE 
FOR MOBILE-SOUTH, APRIL 1983 

(all values are mg/Kg)* 

Anchoa sp. 1 

PARAMETER TR 1 TR2 TR 3 

BHC-a Note 1 0.0050 <0.003 
BHC-s 0.015 <O. 006 
BHC-y <0.009 <0.009 
BHC-1'1 <O. 004 <O. 004 
Heptachlor <0.003 0.007 
Aldrin <0.004 <O. 004 
Heptachlor Epoxide <0.083 <0.083 
y-Chlordane <0.014 <0.014 
Endosul fan I <0.014 <0.014 
Dieldrin <0.002 <O. 002 
pp' DDE <0.004 <0.004 
Endrin <0.006 <0.006 
Endosul fan II <0.004 <0.004 
pp' DDD <0.011 <O. 011 
Endrin Aldehyde <0.023 <0.023 
Endosul fan Sul fate <0.066 <0.066 
pp' DDT <0.012 <0.012 

1 
2 

Anchovy 
Squid 

Note 1. Insufficient sample for analysis. 
TR = Transect 
* As received (wet weight basis). 
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Lolliguncula brevis2 

TR1 TR2 TR3 

Note 1 <0.003 <0.003 
<0.006 <O. 006 
<0.009 <O. 009 
<0.004 <0.004 
<0.003 <0.003 
<O. 004 <O. 004 
<0.083 <0.083 
<O. 011-1 <O. 014 
<0.014 <0.014 
<O. 002 <O. 002 
<0.004 <0.004 
<O. 006 <O. 006 
<0.004 <0.004 
<O. 011 <0.011 
<O. 023 <O. 02 3 
<0.066 <0.066 
<0.012 <0.012 



August 

Mobile-north 

Pesticide data for tissue analysis during the August survey at 

the Mobile-north project site is presented in Table 3.158. All 
pesticides listed were present in non-detectable limits with the 

exception of Dieldrin and p ,p' DDD. Dieldrin concentrations were 

detected in Cynoscion arenarius at levels of O. 009 and 0. 010 mg/Kg. 
p,p'-DDD was detected in Stenotomus caprinus at a concentration of 
0.46 mg/Kg. 

Mobile-south 

Results of pesticide analyses tissues at the Mobile--south project 
area are presented in Table 3.168. 

All pesticide constituents analyzed for as indicated in these 

tables were present in non-detectable levels with the exception of 
heptachlor and endrin. Heptachlor was detected at a level of O. 004 
mg/Kg in Stenotomus caprinus and endrin at a level of 0.008 mg/Kg in 

the same species. 

No PCB constituents were determined to be present in any tissue 

samples collected from the Mobile-north or Mobile-south projects sites 

during either survey. 

3. 5. 4 High Molecular Weight Hy:'irocarbon~. 

April 

Four species were analyzed for the presence of high molecular 

hydrocarbons. Hydrocarbon associations are tabulated in Table 3.17A. 

August 

Four species were identified and analyzed for high molecular 

weight compounds in the August survey. The discernable quantities of 
hydrocarbons are tabulated in Table 3.17B. 

The lack of analytical data interpretation protocols makes any 

conclusion based on these analyses tenuous; apparently the 

hydrocarbons found in significant quantities in sediments do not 
accumulate in tissue. 
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TABLE 3. 15B 

RESULTS OF PESTICIDE ANALYSIS IN TISSUE 
FOR MOBILE-NORTII, AUGUST 1983 

(all values are mg/Kg)* 

Cynoscion 1 Loll igunc ula 2 Steno tomus 3 Penaeus 
4 

arenarius brevis caprinus setiferus 
PARAMETER TR 1 TR3 TR 1 TR2 TR3 TR2 TR1 /3 

-

BHC-a <O. 003 <O. 003 <O. 003 <O. 003 <O. 003 <O. 003 <O. 003 
BHC-13 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 
BHC-y <O. 009 <O. 009 <0.009 <O. 009 <O. 009 <0.009 <O. 009 
Bl-JC- 6. <O. 004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 
Heptachlor <O. 003 <O. 00 3 <O. 003 <O. 003 <O. 003 <O. 003 <O. 003 
Aldrin <O. OOl-l <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 
Heptachlor Epoxide <0.083 <O. 083 <0.083 <0.083 <O. 083 <0.083 <O. 083 
Y-Chlordane <0.014 <0.014 <0.014 <0.014 <0.014 <0.014 <0.014 
Endosul fan I <O. 014 <O. 014 <0.014 <0.014 <O. 014 <O. 014 <0.014 
Dielddn 0.009 0.010 <O. 002 <O. 002 <0.002 <0.002 <0.002 
pp' DDE <O. 004 <O. 004 <O. 004 <O. 004 <O. 004 <O. 004 <O. 004 
Endr in <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 
Endosul fan II <O. 008 <O. 004 <O. 004 <O. 004 <O. 004 <O. 004 <0.004 
pp' DDD <0.011 <O. 011 <O. 011 <0.011 <0.011 0.46 <0.011 
Endrin Aldehyde <O. 02 3 <O. 02 3 <O. 02 3 <O. 02 3 <O. 02 3 <O. 02 3 <O. 02 3 
Endosul fan Sul fate <0.066 <0.066 <0.066 <0.066 <0.066 <0.066 <0.066 
pp' DDT <0.012 <O. 012 <0.012 <0.012 <0.012 <O. 012 <0.012 

~ White trout 

3 
Anchovy 

4 
Porgy 
Shrimp 

TR = Transect 
* As received (wet weight basis) • 
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TABLE 3.16B 

RESULTS OF PESTICIDE ANALYSIS IN TISSUE 
FOR MOBILE-SOUTH, AUGUST 1983 

(all values are mg/Kg)* 

Lutjanus 
1 Loli go 

2 Steno tomus 3 Diplec trum 
4 Syacium5 

campechanus pealeii caprinus bi vi ttatum papillosvar 

Parameter tr 1 tr 1 tr2 tr2 tr3 tr3 

BHC-a <O. 003 <O. 003 <O. 003 <O. 003 <O. 003 <O. 003 

BHC- f3 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 

BHC-y <0.009 <O. 009 <O. 009 <O. 009 <O. 009 <O. 009 

BHC- t:, <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

Heptachlor <O. 003 <O. 003 0.004 <0.003 <O. 003 <O. 003 

Aldrin <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

Heptachlor Epoxide <0.083 <0.083 <0.083 <0.083 <O. 083 <0.083 

Y-Chlordane <0.014 <0.014 <0.014 <0.014 <0.014 <0.014 

Endosul fan I <O. 014 <O. 014 <0.014 <0.014 <O. 014 <O. 014 

Dieldrin <O. 002 <0.002 <0.002 <0.002 <0.002 <0.002 

PP' DDE <O. 004 <0.004 <O. 001.1 <0.004 <O. 004 <0.004 

Endrin <0.006 <0.006 0.008 <0.006 <0.006 <0.006 

Endosul fan II <O. 004 <0.004 <0.004 <O. 004 <O. 004 <O. 004 

pp' DDD <O. 011 <O. 011 <0.011 <0.011 <0.011 <0.011 

Endrin Aldehyde <O. 02 3 <O. 02 3 <O. 02 3 <O. 02 3 <O. 02 3 <O. 02 3 

Endosul fan Sul fate <0.066 <0.066 <0.066 <0.066 <0.066 <0.066 

PP' DDT <O. 012 <0.012 <0.012 <0.012 <O. 012 <0.012 

1 
2 

red snapper 

3 
squid 

4 
porgy 

5 
perch 
flounder 

TR = Transect 

* As received (wet weight basis). 
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PARAMETER Tl 

Total Aliphatics/ 
Tissue Weight (mg/Kg) 0.023 

Total Aromatics/Tissue 
Weight (mg/Kg) 0.233 

w _g_-alkanes/Total I 
w 
l.D Aliphatics (%) 88.5 

Pristane/Phytane 1.78 

Aromatics + Hydrocarbons 
(mg/Kg): 

Benzo(a) pyrene <O .01 
Benzanthracene <0.01 
Pyrene <0.01 
Phenanthrene <O .01 
Fluoranthene <O .01 

Tl = Cynoscion arenarius 
T2 = Trach:y:eeneus similis 
T3 = Anchoa sp. 
T4 = Lolliguncula brevis 

TABLE 3 • I ·;A 

DISTRIBUTION OF HIGH MOLECULAR WEIGHT HYDROCARBONS 
FOR MOBILE-NORTH AND MOBILE-SOUTH, APRIL 1983 

NORTH 1 
Tl DUP. T2 

0.133 0 .103 

0.819 0.232 

65.5 75.0 

5.5 1.19 

<0.01 <0.01 
<0.01 <0.01 
0.04 <0.01 

<O .01 <0.01 
<O .01 <0.01 

TRANSECT 
NORTH 2 

T2 DUP. T3 
NORTH 3 

T3 

0 .144 0.289 0.374 

0.028 0.0677 0.550 

76.4 Li8 .o 40.8 

1.25 51.2 37.8 

<0.01 <0.01 <0.01 
<0.01 <0.01 <0.01 
<0.01 <0.01 <0.01 
<O .01 <0.01 <0.01 
<0.01 <0.01 0.05 

SOUTH 2 
Tl T4 

1.28 0.538 

0 .111 0.083 

56.2 66.1 

31.2 11.0 

<0.01 <0.01 
<0.01 <0.01 
<0.01 <0.01 
<0.01 <0.01 
<0.01 <0.01 

SOUTH 3 
T4 

0.780 

0.657 

71.0 

32.7 

<0.01 
<0.01 
<0.01 
<0.01 
0.28 
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I 
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TABLE 3.17B 

DISTRIBUTION OF HIGH MOLECULAR WEIGHT HYDROCARBONS IN TISSUES 
FOR MOBILE-NORTH AND MOBILE-SOUTH, AUGUST 1983 

TRANSECT 
NORTH l • NORTH 2 NORTH 3 NORTH 1 /3 SOUTH 1 

PARAMETER Tl T2 T2 T3 T3DUP Tl T2 T4 TS T6 

Total Aliphatics/ 
Tissue Weight(mg/Kg) 0.022 0.051 3.014 0,030 0 .100 0.044 0.021 0.163 0.204 1.471 

Total Aromatics/Tissue 
Weight (mg/Kg) 0.085 0.024 0.069 0.415 0.379 0.252 0.287 0 .131 0.132 0.038 

!!_-alkanes/Total 
Aliphatics (%) 50.08 5.52 1.020 3.5 0.016 16 .2 15.72 14 .6 10 .43 16.9 

Pristane/Phytane 8.2 0 0 0 0 0 0 3.0 3.2 0 

Aromatics + Hydrocarbons 
(mg/Kg): 

Benzanthracene <O ,01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 (0,01 <0.01 

Pyrene <O ,01 0.01 (0,01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <O .01 

Phenanthrene <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Fluoranthene <0.01 <0.01 <0.01 0,03 0.02 0.04 <0.01 <0.01 <0.01 <0.01 

Tl = Cynoscion arenarius TS = Lutjanus campechanus 

T2 = Lolligunculus brevis T6 = Loligo pealeii 
T3 = Stenotomus caprinus T7 = Diplectrum bivittatum 

T4 m Penaeus setiferus T8 • Syacium papillosvar 

SOUTH 2 SOUTH 3 
T3 T7 TB T7 

I .261 0.020 0.012 0.874 

0.062 0.028 0.071 0.078 

1.2 29.3 41.06 2 .1 

0 0 0 0 

<0.01 <0.01 <0.01 <0.01 
<0.01 <0.01 <0.01 <0.01 
<0.01 <0.01 <O .Ol <0.01 
<0.01 <0.01 <0.01 <0.01 



3.6 ELUTRIATE ANALYSES 

3.6.1 Metals 

April 

Mobile-north 

The four metals analyzed (mercuqr1 . cadmium, lead and copper) for 
stations MN3 and MN6 resulted in elu~·\~oncentrations which were at 
or just above background concentrations. The exceptionLto this was 
replicate 1 for station MN6 which resulted in an elu·~:t\oncentration 
of 0.0014 mg/Las compared to a background of 0.0004 mg/L. Table 3.18 
presents the elutriate metal results. 

Mobi.le-south 

As for those metals analyzed from the Mobile-north site, the 
analyses for Mobile-south indicated elutriate concentrations which 
were at or just above background levels for stations MS2 and MS8. A 
major exception to this was the mercury analyses for station MS2. 
Background levels for MS2 were 0.0002 mg/L whereas the three replicate 
samples ranged from 0.0012 to 0.0016 mg/L. This resulted in a 
sediment extract concentration which averaged seven times the 
background level. Table 3.19 presents the elutriate metal analyses 
data for the Mobile-south site. 

August 

Mobile-north 

Results of the elutriate metal analysis for the Mobile-north area 
are presented in Table 3. 18. Mercury analysis for the two indicated 
(Stations MN3 and MN6) were comparable with those results obtained 
during the April survey. Values ranged from 0.0002 mg/Kg. to 0.0007 
mg/Kg. Cadmium concentrations are somewhat lower in most cases than 
those observed during April. Three replicates resulted in non-detec
table levels one of which occurred at Station MN3 and the others at 
MN6. Lead concentrations ranged from a low of O. 001 mg/L for one 
station at MN3 to a high of O. 044 mg/L. Copper concentrations 
resulted in only slightly higher values than those recorded in April 
with replicate ranges from 0.003 to 0.008 mg/Kg at MN3 and 
non-detectable to 0.003 at MN6. 
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TABLE 3.18 

RESULTS OF ELUTRIATE METAL ANALYSIS 
FOR MOBILE-NORTH 

APRIL 1983 
(all values are mg/L) 

PARAMETER 
STATION REPLICATE MERCURY CAll1IUM LEAD 

MN3 B 0.0001 0.0007 0.002 
1 0.0002 * 0.005 
2 0.0001 0.0002 0.004 
3 0.0002 0.0004 o. 003 

MN6 B o. 0004 0.0008 0.002 
1 0.0014 0.0002 0.004 
2 o. 0003 o. 0003 0.002 
3 0.0004 0.0002 0.002 

AUGUST 1983 

PARAMETER 
STATION REPLICATE MERCURY CADMIUM LEAD 

MN 3 B 0.0002 0.0004 0.054 
1 o. 0004 0.0004 0.002 
2 0.0002 0.0002 0.013 
3 o. 0003 <0.0001 0.044 

MN6 B 0.0007 0.0005 0.001 
1 0.0005 0.0002 0.004 
2 0.0002 <0.0001 0.005 
3 o. 0003 <O. 0001 0.001 

Note: B = baseline, water from sediment sampling site 
filtered through a 0.45 micron filter. 

* Sample con tam in a ted during elutriate preparation. 
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COPPER-

o. 003 
0.003 
0.002 
0.002 

0.002 
0.002 
0.001 
0.001 

COPPER 

0.016 
0.008 
0.003 
0.008 

0.016 
0.003 
0.002 

<0.001 



TABLE 3.19 

RESULTS OF ELUTRIATE METAL ANALYSIS 
FOR MOBILE-SOUTH 

APRIL 1983 
(all values are mg/L) 

PARAMETER 
STATION REPLICA.TE MERCURY CADMIUM LEAD 

MS2 B 0.0002 0.0007 0.002 
1 0.0015 0.0005 0.003 
2 0.0012 0.0004 0.001 
3 0.0016 0.0005 0.007 

MS8 B 0.0002 0.0003 <0.001 
1 0.0006 0.0006 o. 001 
2 0.0003 0.0004 0.017 
3 o. 0003 0.0006 0.004 

AUGUST 1983 

PARAMETER 
STATION REPLICATE MERCURY CA!}lfIUM LEAD 

MS2 B o. 0003 0.0001 0.014 
1 0.0004 0.0007 0.017 
2 o. 0006 0.0011 0.022 
3 0.0002 0.0002 0.009 

MS8 B 0.0001 0.0009 0.001 
1 0.0004 0.0007 0.057 
2 0.0004 0.0013 o. 024 
3 0.0003 0.0002 0.015 

Note: B = baseline, water from sediment sampling site 
filtered through a 0. 45 micron filter. 
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COPPER 

0.002 
0.002 
0.003 
0.002 

0.003 
0.001 
0.010 
0.006 

COPPER 

0.012 
0.007 
0.006 
0.002 

<O. 001 
0.001 
0.002 
0.003 



Mobile-south 

Mercury concentrations detected in the elutriate analyses for the 

August survey indicated somewhat lower results than those presented 

for April. Replicate ranges for MS2 were 0. 0002 to 0. 0006 mg/L and 

ranges for Station MS6 of 0.0003 to O. 0004 mg/L. Cadmium 

concentrations were comparable to both Stations MS2 and MS8 with a 

high at MS8 of 0.0013 mg/L and a low of 0.0002 mg/L at both stations. 

Lead concentrations were somewhat higher at Station MS8 as indicated 

by the data in Table 3. 19 with a replicate at 0.057 mg/L at Station 

MS8 and a high replicate of O. 022 at Station MS2. These higher lead 

concentrations as ex hi bi ted at Station MS8 coincide with the higher 

lead concentrations for bulk samples analysis as previously indicated. 

Copper concentrations for the south project site during August were 

comparable with those as presented for the April survey. The highest 

replicate recorded for Station MS2 is O. 007 mg/L with the lowest 

replicate recorded as 0.001 mg/L at Station MS8. 

3.6.2 Pesticides and PCB's 

!E_ril 

Mobile-north 

With the exception of one replicate at Station MN6, no pesticide 

constituents were detected at the Mobile-north site. Replicate 1 of 

the MN6 station resulted in a BHC-a co0aentration of 0.0073 ug/L. 

Mobile-south 

With the exception of one replicate at station MS8, no pesticide 

constituents were detected at the Mobile-south site. Replicate 3 for 

MS8 resulted in a concentration of 0.0030 ug/L for heptachlor. This 

concentration is the same as the detection limit and could be 

considered negligible. 

No PCB' s were determined to 
Mobile-north or Mobile-south project 
present the elutriate pesticide 
Mobile-south, respectively. 

August 

Mobile-north 

be present for either the 
areas. Tables 3.20 and 3.21 
data for Mobile-north and 

None of the pesticide constituents analyzed for the elutriate 

extracts were detected in either of the Mobile-north stations with the 

exception of heptachlor. Heptachlor was found to be present in a 

concentration of 0.004 and 0.008 mg/L for two replicates at MN3 and 

0.008 mg/L at MN6. 
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PARAMETER 

BHC-a 
BHC-B 
BHC-y 
BHC...ll 
Heptachlor 
Aldrin 
Heptachlor Epox ide 
y -Chl ord an e 
Endosul fan I 
Dieldrin 
pp' DDE 
Endrin 
Endosul fan II 
pp' DDD 
Endrin Aldehyde 
Endosul fan Sul fate 
pp' DDT 

TABLE 3.20A 

RESULTS OF ELUTRIATE PESTICIDE ANALYSIS* 
FOR MOBILE-NORTII, APRIL 1983 

(all values are µg/L) 

MN3 MN6 
Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 

<0.003 <0.003 <0.003 8.0073 <0.003 <0.003 
<0.006 <0.006 <O. 006 <0.006 <O. 006 <0.006 
<0.009 <0.009 <0.009 <0.009 <0.009 <0.009 
<0.004 <0.004 <0.004 <0.004 <O. 004 <0.004 
<0.003 <0.003 <0.003 <0.003 <0.003 <0.008 
<0.004 <0.004 <O. 004 <0.004 <O. 004 <0.004 
<0.083 <0.083 <0.083 <0.083 <0.083 <0.083 
<0.014 <0.014 <0.014 <0.014 <O. 014 <0.014 
<0.014 <0.014 <0.014 <0.014 <0.014 <0.014 
<0.002 <0.002 <O. 002 <0.002 <O. 002 <O. 002 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 
<0.006 <0.006 <0.006 <0.006 <O. 006 <0.006 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 
<0.011 <O. 011 <0.011 <0.011 <O. 011 <0.011 
<0.023 <0.023 <0.023 <0.023 <O. 023 <0.02 3 
<0.066 <O. 066 <O. 066 <0.066 <0.066 <0.066 
<0.012 <0.012 <0.012 <0.012 <0.012 <0.012 

* Bae kground values from water from sediment sampling site given in Table 
3. 12A. 
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Pl\RAMETER 

BHC-a 
BHC-B 
BHC-'Y 
BHC-ll 
Heptachlor 
Aldrin 
Heptachlor Epox ide 
Y-Chlordane 
Endosul fan I 
Dieldrin 

I 
pp DDE 
Fndrin 
Endosul fan II 
pp' DDD 
Endrin Aldehyde 
Endosul fan Sul fate 
pp' DDT 

TABLE 3.20B 

RESULTS OF ELUTRIATE PESTICIDE ANALYSIS* 
FOR MOBILE-NORTH, AUGUST 1983 

(all values are µg/L) 

MN3 MN6 
Rep. 1 Rep. 2 Rep. 3 Rep • 1 Rep • 2 Rep • 3 

<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 
<0.006 <O. 006 <O. 006 <0.006 <0.006 <O. 006 
<0.009 <0.009 <0.009 <0.009 (0.009 (0.009 
<O. 004 <O. 004 <O. 004 <0.004 (0. 004 <O. 004 

0.004 0.008 <0.003 <0.003 <0.003 0.008 
<O. OOl! (0. 004 <O. 004 (0.004 <O. 004 <0.004 
<0.083 <O. 083 (0. 083 (0. 083 <0.083 <O. 083 
<0.014 <0.014 (0. 014 <0.01).\ <0.014 (0. 014 
<0.01'-I <0.014 <0.014 <0.014 <0.014 <0.014 
<O. 002 <O. 002 <O. 002 <0.002 <O. 002 <O. 002 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 
<0.006 <O. 006 <O. 006 <0.006 <O. 006 <O. 006 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 
<0.011 <O. 011 <O. 011 <0.011 <O. 011 <O. 011 
<0.023 <0.023 <0.023 <O. 023 <0.023 <0.023 
<0.066 <O. 066 <O. 066 <0.066 <O. 066 <O. 066 
<0.012 <0.012 <0.012 <0.012 <0.012 <0.012 

* Bae kground values from water from sediment sampling site given in Table 

3. 128. 
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PARAMETER 

BHC-:J:x. 
BHC-S 
BHC-y 
BHC- t. 
Heptachlor 
Aldrin 
Heptachlor Epox ide 
Y-Chlordane 
Endosul fan I 
Dieldrin 
pp' DDE 
Endrin 
Endosul fan II 
pp' DDD 
Endrin Aldehyde 
Endosul fan Sul fate 
pp' DDT 

TABLE 3.21A 

RESULTS OF ELUTRIATE PESTICIDE ANALYSIS* 
FOR MOBILE-SOUTH, APRIL 1983 

(all values are µg/L) 

MS2 
Rep. 1 Rep. 2 Rep. 3 Rep. 1 

<0.003 <0.003 (0.003 <0.003 
<O. 006 <O. 006 <O. 006 <O. 006 
<0.009 <0.009 <0.009 <0.009 
<O. 004 <O. 004 <O. 004 <0.004 
<0.003 <0.003 <0.003 <O. 010 
(0. 004 <O. 004 <0.004 <O. 008 
<0.083 (0.083 <0.083 <0.083 
(0.014 <O. 014 <O. 014 (0. 014 
<0.014 <0.014 <0.014 <0.014 
<O. 002 <O. 002 <O. 002 <0.002 
<0.004 <0.004 <0.004 <0.004 
<O. 006 <O. 006 <O. 006 <0.006 
<0.004 <0.004 <0.004 <0.004 
<0.011 <0.011 <O. 011 <0.011 
<0.023 <0.023 <0.023 <0.023 
<O. 066 (0. 066 <O. 066 <O. 066 
<0.012 <0.012 <0.012 <0.012 

MS8 
Rep. 2 Rep. 3 

<0.003 <0.003 
<O. 006 (0. 006 
<0.009 <0.009 
<O. 004 <O. 004 
<0.003 o. 0030 
<0.004 <O. 004 
<0.083 <0.083 
<0.014 <O. 014 
<0.014 <0.014 
<0.002 <O. 002 
(0.004 <0.004 
<0.006 <O. 006 
<0.004 <0.004 
<0.011 <O. 011 
<0.023 (0.023 
<0.066 <O. 066 
<0.012 <0.012 

* Bae kg round values from water from sediment sampling site given in Table 
3. 12.IL 
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PARAMETER 

BHC- a 
BHC-13 
BHC-Y 
BHC-ll 
Hep tac hlor 
Aldrin 
Heptachlor Epoxide 
y-Chl ord an e 
Endosul fan I 
Dieldrin 
pp' DDE 
Endrin 
Endosul fan II 
pp' DDD 
Endrin Aldehyde 
Endosul fan Sul fate 
pp' DDT 

TABLE 3.21B 

RESULTS OF ELUTRIATE PESTICIDE ANALYSIS* 
FOR MOBILE-SOUTH, AUGUST 1983 

(all values are µg/L) 

MS2 MS8 
Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 

<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 
<O. 006 <O. 006 <O. 006 <0.006 <O. 006 0.007 
<0.009 <0.009 <0.009 <0.009 <0.009 <0.009 
<O. 004 <O. 004 <0.004 <0.004 <0.004 <O. 004 
<0.003 <0.003 <0.003 0.010 <0.003 <0.003 
<O. 004 <O. 004 <O. 004 0.008 <0.004 <O. 004 
<0.083 <O. 083 <0.083 <0.083 <0.083 <0.083 
<0.014 <0.014 <O. 014 <0.014 <O. 014 <0.014 
<0.014 <0.014 <0.014 <0.014 <0.014 <0.014 
<O. 002 <0.002 <O. 002 <0.002 <0.002 <O. 002 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

<0.006 <0.006 <O. 006 <0.006 Note 1 <O. 006 
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 
(0.011 <O. 011 <O. 011 <0.011 <0.011 <0.011 
(0.023 <O. 023 <O. 023 <O. 023 <O. 023 <O. 02 3 
<0.066 <0.066 <0.066 <0.066 <O. 066 <O. 066 
<0.012 <0.012 <0.012 <0.012 <0.012 <0.012 

* Bae kg round values from water from sediment sampling site given in Table 

3. 12B. 
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Mobile-south 

BHC- B , heptachlor, aldrin, and endrin were the only pesticide 
constituents detected at either of Mobile-south stations during 
August. BHC- B was detected in one replicate at MS8 with at 
concentration of 0.007 mg/L. Heptachlor was detected at a level of 
0. 010 mg/L in one replicate at MS8. Aldrin was detected at a level of 
0.008 mg/L in one replicate at Station MS8. Endrin was detected at a 
level of O. 026 in one replicae at MS8. No PCB constituents were 
detected for any of the sample stations for either the Mobile-north or 
Mobile-south stations. 

3.6.3 High Molecular Weight Hydrocarbons 

El utriate preparations were analyzed for the presence and 
distribution of aliphatic and aromatic compounds during both the April 
and August surveys. The intent of the elutriate procedure is to 
determine the solubility of sediment-borne contaminants into the water 
column during sediment resuspension. 

High molecular weight (HMW) hydrocarbons occurred only spora
dically in the elutriate samples. The principal identified components 
were ~-alkanes between c24 and C • No correlation between petroleum 
indicators (see Section 3.3.5) a~J these compounds were found. These 
data indicate the lack of potential for petroleum-based high molecular 
weight hydrocarbons to be released to the water column by sediment 
resuspension. 

As with the water results, no basic research exists to interpret 
the hydrocarbon data. 

3.7 BENTHIC MACROINVERTEBRATES 

Benthic macroinvertebrate communities associated with the project 
areas were investigated as part of a 1982 report for the Mississippi 
Sound area (Vittor and Associates, 198?). Seven sites in the 
reference study coincided with the Mobile-north area; nine sites 
coincided with Mobile-south area. Sampling stations in the 
Mississippi Sound Study which correlate with this investigation are 
given in Table 3.22, along with location coordinates. 

Excerpts of the referenced report are presented in Appendix D. 
These sections describe macroinvertebrate communities relevant to the 
project areas and possible effects of dredged spoil disposal on these 
communities. Figure 3. 2 illustrates the location of the above 
referenced stations. 

As presented in the appended sections, 10 of the 34 species 
occurring in mixed or sandy substrates offshore are characterized as 
rapid recruitment species. Thirteen of the 34 will re-establish at a 
moderate rate following disruption by burial. The project sites are 
located in areas which undergo relatively frequent benthic 
disturbances, i.e., sediment disposal, storm action, maritime 
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PROJECT 
AREA 

TABLE 3.22 

BENTHIC MACROINVERTEBRATE SAMPLING STATIONS 
CITED BY VITTOR & ASSOCIATES (1982) RELEVANT TO 

THE MOBILE-NORTH AND MOBILE-SOUTH PROJECT SITES 

VITTOR & ASSOC. NORTH WEST 
STATION NO. LATITUDE LONGITUDE 

Mobile-North S81 30° 11.S8 I 88 ° 16 • S4 I 

S82 30° 12.68' 88° 11.24 i 
S8S 30° 10.78' 88° 13. 98' 
S86 30° 12.07' 88 ° 08.75' 
S88 30° 09.31' 88° 16.31' 
S89 30° 09.26' 88° 11. 14 I 

S90 30° 09.41' 88° 08.S9' 

Mobile-South 470 30° OS.SO' 88° 17 • 78 I 

471 30° OS.01' 88° 11. 93 I 

473 30° 04.43' 88 ° 20.80' 
4 74 30° 04.36' 88° 17.32' 
47S 30° 02.32' 88° 18.67' 
476 30° 03.20' 88° 14 .40 t 
477 30° 09.89' 88° 27.63' 
478 30° 01.14 I 88 ° 17.93' 

3-'SO 

LORAN-C 

12613. 0-4 7072. 6 
12668.0-47077.6 
12639 .1-4 7069. 6 
12693.6-47075.7 
12614.6-47063.2 
12667.8-47063.5 
12694. 0-4 706!~. 5 

12629.5-47047.2 
126S7.8-4704S.l 
12S67.8-47043.0 
12602.9-47042.4 
12589.0-47033.4 
12634.8-47037.1 
12567.5-47028.4 
12S96.0-47028.5 
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activity. Species established in these areas are those tolerant to 

disruption and recolonize rapidly following burial or displacement. 

3.8 COMPARISON OF SURVEY SITES SEDIMENT QUALITY TO PROPOSED DREDGED 

MATERIAL QUALITY 

3.8.1 Sediment Texture 

Data gathered through the course of this survey indicates that 

sediment texture for the proposed sites consists primarily of fine 

sands. Only trace amounts of silts and clays are occurring at most 

sample points with a few stations exhibiting silt-clay fractions as 

high as 30 to 35 percent. Data from previous studies indicate that 

sediment texture for materials to be disposed of for harbor deepening 

projects consists almost exclusively for inorganic silts and clays 

(U.S. Army, 1975). 

3.8.2 Nutrients 

Table 3.23 delineates the results of nutrient analyses on 

sediments collected in the Mobile Harbor Channel during a previous 

study (U.S. Army, 1980). All results are an average of top, middle 

and bottom core sections for Stations MB4, MB8, MB16, MB18, MB22, and 

MB24. All results are in mg/Kg dry we1glit basis. 

Total Kjeldhal nitrogen (TKN) rdsults for the 1980 report data 

indicate nitrogen concentrations which are, on the average, slightly 

higher than those found at the Mobile-north project area. These data, 

as compared to TKN analysis for the Mobile-south site, indicate on the 

average total Kjeldhal nitrogen concentrations were considerably 

higher in the Harbor Channel areas than those in the Mobile-south 

project area. 

Total phosphorus analysis indicated that the total phosphorus 

concentrations at both the Mobile-north and Mobile-south project areas 

are somewhat higher than those indicated by the 1980 Corps report 

sampling data of phosphorus in the Mobile Harbor Channel. Of the nine 

stations sampled and analyzed in the 1980 report, phosphorus 

concentrations ranged from 22.3 mg/Kg to 93.3 mg/Kg. Phosphorus 

concentrations in the Mobile-north site as indicated in this survey 

resutled in a range of 9.4 mg/Kg to 610 mg/Kg. The Mobile-south 

phosphorus contents, although somewhat lower than the Mobile-north, 

were still considerably higher than those in the material to be 

disposed, ranging from 49 mg/Kg to 152 mg/Kg. 

In comparing data presented in Section 3 of this report with that 

in Table 3. 23, there is an overall higher TOC concentration in the 

proposed dredged material as compared to the proposed disposal site. 

The general trend for TOC distribution in the Mobile Harbor Channel 

indicated higher concentrations of TOC existing in the mid to lower 

sections of the channel, with a gradual decrease towards the upper 

reach of the channel. 
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STATION 

MB4 

MB8 

MB12 

MB16 

MB18 

MB20 

MB22 

MB24 

MB26 

TABLE 3.23 

NUTRIENT ANALYSIS 
U.S. ARMY CORPS OF ENGINEERS, 1980 

(all values ae mg/Kg) 1 

roc 2 
TOTAL PHOSPHORUS

2 

18610 88. 3 1090. 1 

21847 44.2 1028.5 

24163 79.2 1442.9 

12033 9 3. 3 7424.2 

14320 60. 8 1006. 1 

20440 60.8 942. 7 

4090 34.2 428. 4 

5406 25.0 60.6 

3627 22.3 182. 9 

OIL & GREASE
2 

711 

778 

1681 

5077 

6557 

7175 

2632 

374 

344 

Reference: Survey Reper t on Mobile Harbor, Alabama, U.S. Army Corps of 
Engineers, ~tober 1980. 

Note: Dry weight basis. 

2 
Results are averages of reported top, mid and bottom 
sections of core samples. 
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Oil and grease concentrations, as an overall average, were 

considerably higher for the proposed dredged material when compared to 

the offshore material at the proposed disposal areas. Oil and greased 

concentrations tend to be greatest around the middle portion of the 

channel (i.e., Stations MB12, MB16, MB18, MB22), as opposed to those 

at the extremities. Oil and grease concentrations for the proposed 

disposal site fell between 20 and 200 mg/Kg range while those for the 

proposed dredge material ranged from 344 to 7,175 mg/Kg. 

3.8.3 Metals 

The results of 1980 Corps of E~gineers report data for core 

samples at selected stations as described in the previous section are 

presented in Table 3. 24. These data are averages of concentrations 

found in the top, middle and bottom sections of core samples. 

Comparison of these data with data of offshore disposal sites in 

this investigation indicated that the concentrations of mercury, 

copper, zinc, lead, nickel, and chromium are, as an overall average, 

comparable to those concentrations for the same parameters in the 

Mobile Harbor Channel. 

Arsenic concentrations within the channel sediments are higher 

than those evidenced at the two proposed disposal sites. Arsenic 

concentrations for the Mobile Harbor Channel ranged from 0.09 mg/Kg to 

1.5 mg/Kg with a trend of increasing arsenic levels from the southern 

to the northern channel reaches. 

Cadmium concentrations also indicated a slightly higher presence 

of this constituent in the proposed dredged material as compared to 

the offshore disposal sites -with cadmium concentrations ranging from 

0.4 mg/Kg to 1.4 mg/Kg with the same general trend as arsenic being 

less concentrated at the northern extent of channel and rising 

southward. 

3.8.4 Elutriates 

Table 3.25 summarizes the elutriate data as presented in the 1980 

Corps of Engineers report for the proposed dredged material. A 

comparison of these with data collected on an elutriate analyses of 

this study, indicate that for mercury, cadmium, and lead, the 

sediments exhibited very similar characteristics for release of these 

metals upon resuspension. In both cases these three metals exhibited 

resolution levels in the sub-part per billion range to the low parts 

per billion. The lack of difference between the heavy metal release 

levels of the proposed dredged material and the disposal site levels 

indicates a general lack of soluble metals in the sediment. 

Zinc concentrations which were analyzed for the Corps study were 

not repeated for the site designation study. Likewise, copper concen

trations analyzed in this study were not utilized for the 1980 Corps 

report. 
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TABLE 3.24 

METALS ANALYSIS 
U.S. ARMY CORPS OF ENGINEERS, 1980 

(all results are in mg/Kg) 1 

STATION As 2 cu 2 zn 2 Cr 2 

MB4 o. 19 1.5 7.7 38 1. 2 10 17 27 

MB8 0.25 1. 0 3 16 23 1. 2 1 3 1 3 50 

MB12 0. 25 0.59 9.6 50 1. 4 23 1 3 47 

MB16 0.40 0.62 15 27 0.40 17 13 43 

MB18 o. 42 0.79 15 27 0.66 17 1 3 30 

MB20 0.75 0.66 16 20 0.60 13 1 3 40 

MB22 0.20 0. 41 o. 33 23 o. 96 13 6.6 40 

MB24 0.38 o. 2 3 11 13 0.77 1 3 10 23 

MB26 0. 41 o. 09 4.7 17 1. 0 3. 3 6.6 16 

Reference: Survey Report on Mobile Harbor, Alabama, U.S. Army Corps of 
Engineers, ~tober 1980. 

Note: 1 Dry weight basis. 
2 Results are averages of reported top, mid and bottom sections of 

core samples. 
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STATION 

4 

8 

12 

16 

18 

20 

22 

Reference: 

TABLE 3.25 

ELUTRIATE ANALYSIS 
U.S. ARMY CORPS OF ENGINEERS, 1980 

Hg 
mg/L 

<0.0002 

<0.0002 

0.0002 

<0.0002 

<O. 0002 

<0.0002 

<0.0002 

Cd 
mg/L 

0.0008 

0.0008 

0.0002 

0.0007 

0.0007 

0.0003 

0.0014 

Survey Report on Mobile Harbor, Alabama, U.S. 

Engineers, lli tober 1980. 
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Pb 
mg/L 

o. 002 3 

0.0048 

0.0014 

0.0063 

0.0016 

0.0027 

o. 0039 

Army Corps of 
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SECTION 4 

METHODS AND MATERIALS 

4.1 INTRODUCTION 

The following section describes the methods and materials 
utilized for both field and laboratory phases of the investigation. 
Inclusive of the field investigation methods are site locations, 
navigation techniques, sample collection techniques, on-board 
bookkeeping, bathymetry, and hydrography. Laboratory and analytical 
methods discussed include sediment grain size, nutrients, metals, 
pesticides, PCB's and high molecular weight hydrocarbons. Analytical 
methods include techniques for the analyses of water, sediment, and 
tissue matrices. 

Validation methods and quality control for the development of the 
non-standard techIJ.iques and verification of standard techniques for 
these matrices are also presented in this section. 

The methods and materials described herein are those presented in 
the Quality Control Plan and Procedures Manual for this investigation 
as prepared for the U.S. Army Corps of Engineers, dated December 1, 
1982, and are standard procedures adopted from U.S.E.P.A. and U.S. 
Corps of Engineer methodologies. 

4.2 SITE LOCATION AND NAVIGATION 

Sampling site locations were pre-selected and provided to HE&T by 
the Corps of Engineers, Mobile District. Loran-C, latitude and 
longitude coordinates were calculated for each station. During field 
investigations, sample sites were located by means of Si-tex Loran-C 
instrumentation. 

4.3 SAMPLE COLLECTION TECHNIQUES 

4.3.1 Water 

All water samples were collected at each site by means of a 
submersible electric pump from mid-depth in the water column. The 
pump was allowed to run for two to three minutes prior to collecting 
each sample. Two individual samples were collected for trace metal 
analyses. One sample was utilized for analysis of mercury, the other 
sample for additional trace metals. Mercury sample bottles consisted 
of one-liter glass bottles with teflon-lined lids. Samples to be 
utilized for additional trace metals samples were placed in one-liter 
polyethylene bottles with polyethylene caps. All sample containers 
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for trace metals were pre-cleaned utilizing distilled water and 

detergent, followed by a nitric acid rinse, hydrochloric acid rinse, 
tap water, and a final rinse of de-ionized distilled water. 
Immediately following collection, trace metal samples were filtered 
through a 0.45 micrometer polycarbonate filter, preserved with five 
milliliters of ultra-pure hydrochloric acid and stored at 4°c. 

Samples to be utilized for analysis of high molecular weight 
hydrocarbons were placed in one liter amber glass bottles with 
teflon-lined lids. Samples for PCB and chlorinated pesticide analysis 
were contained in 3.8 liter glass bottles with teflon-lined lids. All 
hydrocarbon bottles were pre-cleaned by rinsing with a detergent/water 
solution, followed by a final rinse of pest:lcide-grade hexane. 
Immediately following collectlon, hydrocarbon samples were stored at 
4°c. 

Table 4.1 presents the containerization, required sample size, 
and preservation for all water samples. 

Total suspended solid samples were collected from mid-depth as 
described for other samples and filtered through pre-weighed 0.45 
micrometer polycarbonate filters at the end of each working day. The 
volume of sample filtered was recorded and each filter stored in a dry 
condition, transported to the laboratory for final weighing and 
calculation of total suspended solid concentrations. 

4.3.2 Sediments 

Sediment samples were collected by means of a stainless steel 
Peterson dredge. Sediment samples collected with the Peterson dredge 
were emptied into a stainless steel receiving tray and the top 10 
centimeters sampled. 

Two sub-samples were collected for grain size analyses at each 
station to a depth of 10 centimeters. Approximately 500 grams of 
material was sub-sampled for each grain size sample. Approximately 
200 grams of sediment material was sub-sampled for trace metal 
analyses by means of a plastic or stainless steel scoop. Samples for 
trace metal analysis were place in pre-cleaned glass containers. 
Sediment samples to be utilized for PCBs, pesticides, high molecular 
weight hydrocarbons, and oil and grease were collected to a depth of 
approximately 10 centimeters and placed in hexane-cleaned glass 
containers with teflon-lined lids. TOC, total Kjeldhal nitrogen, 
ammonia nitrogen and total phosphorus samples were collected to a 
depth of 10 centimeters by means of a non-contaminating scoop and 
placed in pre-cleaned glass containers with teflon-lined lids. 

All sediment samples with the exception of those to be utilized 
for grain size analyses were sealed and frozen for transport to the 
laboratory. Table 4 .1 presents a listing of the containerization, 
required sample size and preservation for sediment samples. 
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TABLE 4.1 

SAMPLE CONTAINERIZATION AND PRESERVATION 

PARAffETER 

Sediment 
Texture 

TOC, TKN, 
NH -N T-P 3 , 

Metals, Oil & 
Grease, Pesti
cides, PCB's, 
ID1W-HC 

Water 
TSS 

Hg 

CONTAINER 

SOOmL, plastic 

1 L, glass 

1 L, glass 

none 

1 L, glass 

Cd, Cu, Pb 1 L, polyethylene 

ID1W-HC 1 L, glass 

Pesticides, 3.8 L, glass 
PCB Is 

Tissue 
Hg, Cd, Cu, Pb plastic bags 

ID1W-HC aluminum foil 

Pesticides, aluminum foil 
PCB 's 
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ShllPLE SIZE 

500 g 

2000 g 

2000 g 

1 L 

1 L 

1 L 

1 L 

3 L 

100 g 

100 g 

30 g 

PRESERVATION 

none 

freeze 

freeze 

filter on site 

filter on site, 
5 mL HCl, cool 
to 4°C 

filter on site, 
5 mL HCl, cool 
to 4°C 

300 mL hexane, 
dark 

Cool to 4°C 

freeze 

freeze 

freeze 



4.3.3 Tissue 

Epifaunal samples utilized for tissue analyses were collected by 
means of a 22-foot (gape) trawl with a 1.125 inch mesh size. Each 
trawl was performed by towing at a speed of approximately two to three 
knots for a period of approximately 30 minutes. Upon retrieval of 
each trawl, the contents were emptied, sorted by species, with each 
species being identified and the biomass of each species determined on 
a wet weight basis by means of hand-held spring scales. Those species 
to be utilized for tissue analyses were separated into two groups -
one group stored in aluminum foil, another group stored in plastic 
containers. Those species stored in aluminum foil were utilized for 
hydrocarbon analyses, while those stored in plastic containers were 
utilized for trace metal analyses. Other organisms collected in the 
trawl, but not utilized for metal or hydrocarbon analyses, were 
retained and archived for future reference. Table 4 .1 presents a 
listing of the containerization, required sample size and preservation 
for tissue samples. 

4.3.4 Water and Sediment - Elutriate Analyses_ 

Water collected for the e.lutriate procedure was done so as 
previously described for water column samples utilizing an electric 
submersible pump. Water for this procedure was collected at mid-depth 
with approximately five gallons taken at each site. Sediments col
lected for elutriate analysis were do-.'-, as previously described for 
benthic sediment sampling. One galJ .:,i of sediment was collected at 
each site, stored in glass containers with teflon-lined lids and 
maintained at 4°c for transport to the laboratory. 

4.4 ON-BOARD RECORDKEEPING 

Five individual logs were maintained during the field investiga
tion each day. These logs consisted of the bridge log, meteorological 
log, chief scientist log, sample inventory log, and the summary cruise 
report. Material contained within each log represents information 
regarding departure and return times, time on and off each station, 
sampling techniques and equipment utilized, weather and sea state 
conditions, scientific party engaged in that day's investigation, 
complete inventory of samples expected to be collected and those 
actually collected and transported to the laboratory facility, and a 
summary of the day's events giving the activities performed and the 
results of those activities. 

The original logs maintained during the field investigation are 
kept on permanent file at the laboratory facility. 

4-4 



4.5 BATHYMETRY AND HYDROGRAPHY 

The bathymetry surveys for each sampling site were conducted 
prior to sample collection by means of a Ross recording fathometer. 
North-south transects were made perpendicular to the longshore current 
at each site while cruising at a speed of approximately five to 10 
knots. Points on these recordings at approximately one to two mile 
distances apart were selected and plotted on contour maps. 

Hydrographic parameters for temperature, dissolved oxygen, and 
salinity were determined by means of a Hydrolab Surveyor 6D. Each 
parameter was determined at a depth of O. 5 meters below surface and 
every three-meter interval thereafter. Current velocity and direction 
was determined by means of an Endeco 5000 current meter. Current 
measurements were made at 0.5 meters below surface and every 
three-meter interval thereafter. Transmissivity was determined by 
means of a Beckman Envirotransmissometer. These measurements were 
made at the same intervals as previously described for other 
hydrogrphic parameters. 

4.6 SEDIMENTS 

A known aliquot of sediment sample was suspended in water. Grain 
size determinations were made by pipetting a small amount of the 
solution at a specified period of time and weighed to determine the 
amount of solid material. Results were calculated using standard 
tables defining the method. 

The coarse fraction of the sediment aliquots was determined by 
utilization of a series of standard sieves. Weight retained on each 
sieve was calculated and recorded. 

4.6.2 Nutrients 

Total Kjeldahl nitrogen was determined by digesting the sample 
aliquot with sulfuric acid-potassium persulfate-mercury sulfate 
solution to convert organic nitrogen to ammonia. The digestate was 
made alkaline and the ammonia analyzed by the specific ion electrode 
method. 

Ammonia nitrogen was determined on each sediment sample while 
making an aliquot of each sample basic with sodium hydroxide and 
steaming the ammonia off into a boric acid solution. Analysis of this 
solution was performed utilizing the ammonia specific ion electrode 
method. 
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Total phosphorus determinations were made by means of digesting 

the sample aliquot in a persulfate solution and converting all 

phosphates into orthophosphate. Orthophosphate analysis was conducted 

by utilizing the manual vanadomolybdophosphoric acid method. 

4.6.3 Heavy Metals 

Mercury analyses were accomplished by digesting sample aliquots 

to convert all organic mercury to free mercury. Analysis of· the 

sample was performed by the cold vapor technique of generating free 

mercury for analysis by an atomic absorption spectrophotometry. 

Arsenic concentrations were determined by digesting each sample 

and reducing to arsine. The arsine was stripped from the solution and 

analyzed as a hydride by atomic absorption. 

Cadmium, lead, copper, zinc, nickel, chromium, iron, and barium 

were each analyzed by the same method. An aliquot of the sample was 

subjected to nitric acid digestion to stimulate the release of all 

metals. The digestatc was analyzed by the atomic absorption 

spectrophotometer method utilizing carbon rod atomization except for 

zinc and iron which atomiz2d by flame. 

A portion of sediment was air dryed. 50 grams of dried material 

was added to methylene chloride, hexane and methanol and blended. The 

blended mixture is added to chromatography column and eluted with 250 

ml of 1:1 acetone/hexane. The eluate was concentrated to 100 ml with 

dry, filtered air. The concentrate was extracted with a water-sodium 

sulfate mixture followed by 15% methylene chloride in hexane. The 

concentrate was then eluted over florisil with hexane and methanol/ 

hexane. Constituents were determined by gas chromatography using an 

electron capture detector. 

4.6.5 Oil and Grease 

An aliquot of each sample was extracted with Freon and the 

extracted material qua_1\tified using an infrared spectrophotometer at a 

wavelength of 2930 cm • An "unknown" oil standard was used for all 

quantification. 

4.6.6 Total Organic Carbon 

A known weight of sediment was acidified to remove carbonate and 

carbon dioxide and sealed in an ampule for wet oxidation. Analysis of 

the resulting C0 2 generated was quantitatively determined by NDIR and 

the signal integrated to give the total carbon concentration. 

4.6.7 High Molecular Weight Hydrocarbons 

Approximately 
nearest 0.1 gram. 
approximately 50 mL 

100 grams of sediment was pre-weighed to the 

The sediment was then air-dryed and mixed with 

of methanol. The methanol washed sediment was 
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then extracted with three volumes of methylene chloride. The meth
ylene chloride extracts were filtered through sodium sulfate and 
combined in a flask containing petroleum ether extract. The petroleum 
ether/methylene chloride extracts were then evaporated to a volume of 
approximately 50 mL using a rotary evaporator. This fraction was then 
refluxed for approximately six hours in activated copper to remove 
sulfur interferences. Following reflux, the material was evaporated 
to approximately 50 mL. This 50 mL aliquot was saponified with a 
mixture of methanol, potassium hydroxide, and water. The final 
fraction of the solution was applied to a silica gel/alumina column. 
In this column, the aliphatics were eluted with three volumes of 
petroleum ether. The aromatics were subsequently eluted with three 
volumes of benzene. 

Fractions were analyzed seperately using a 60m phase bonded, 
fused silica capillary column with on-column injection of 10 uL 
aliquots. A flame ionization detector was used for analysis. The 
chromatograms were compared to standard mixtures of aliphatic and 
aromatic ocmpounds. The data were summarized and interpreted 
according to protocols developed by Drs. Tom and Julia Lytle of the 
Gulf Coast Research Laboratory (personal communications). 

4.7 WATER 

4.7.1 Total Suspended Solids 

A known volume of sample was vacuum filtered through a 
pre-weighed 0. 45 micrometer polycarbonate filter. Weight of the 
filter was determined before and after filtration and the difference 
in weight attributed to the amount of suspended solids in the sample. 

4.7.2 Metals 

Sample aliquots to be utilized for mercury analyses were filtered 
on site and placed in a one-liter glass container. The mercury 
analysis involved the use of a bromine-bromate digestion procedure 
which converted organically-bound mercury into inorganic mercury. 
Following digestion the samples were analyzed utilizing the cold vapor 
technique. The procedure utilized eliminated interferences from 
chlorine and sulfides. 

Cadmium, copper, and lead analyses were accomplished by first 
concentrating the sample aliquots by organic extraction. A 
200 ml aliquot of the filtered sample was chelated with the chelating 
agent and extracted into chloroform after a pH adjustment. The 
solvent layer was removed, evaporated, and the residue dissolved with 
nitric acid and brought to a known volume. Analysis of the solution 
was then accomplished by atomic absorption spectrophotometry with a 
carbon rod atomizer. 
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4.7.3 High Molecular Weight Hydrocarbons 

Each sample aliquot was adjusted to a pH of approximately 2. O, 
with concentrated hydrochloric acid and extracted with petroleum ether 
and methylene chloride. The product was then dried over sodium 
sulfate to remove trace amounts of water. Following evaporation and 
addition of a known quantity of internal standard, the extracts were 
analyzed by capillary gas chromatography utilizing an FID detector. 
Data analysis was simply the quantification of hydrocarbons matching 
the relative retention times of the standards. No data manipulation 
or interpretation has been proposed in the scientific literature. 

4.7.4 Pesticides and PCBs 

Samples were extracted with two volumes of 15 percent 
methylene chloride, petroleum ether, and once with petroleum ether 
alone. The extract was dried with sodium sulfate and evaporated to 
approximately one mL. An alumina column was utilized for cleanup, 
eluting with 25 percent benzene and petroleum ether. Final analysis 
of the petroleum-ether extract was accomplished by means of capillary 
gas chromatography and an electron capture detector. 

4.8 TISSUE 

4.8.1 Metals 

Samples for mercury analysis were digested separately from other 
metals and analysis of the digestate was accomplished by the cold 
vapor generator method. 

Samples for analysis of cadmium, copper and lead were digested 
utilizing nitric acid reflux and the digestate analyzed by atomic 
absorption using carbon rod atomization. The method of standard 
additions was utilized to quantify each parameter for all metals. 

4.8.2 High Molecular Weight Hydrocarbons 

Tissue homogenates were prepared with equal masses of water and 
tissue and saponified. Following dilution of the saponified material 
with water, nonsaponifiable materials were extracted with petroleum 
ether. Petroleum ether extracts were concentrated to approximately 1 
mL and applied to an alumina/silica gel column. Aliphatic compounds 
were eluted from the column with petroleum ether and aromatic 
compounds were subsequently eluted from the column with benzene. 
Aliphatic and aromatic fractions were prepared for GC analysis by 
evaporating the solvent and adding approximately 100 mL of internal 
standard solution. Analysis was for the water; no known data 
reduction scheme or interpretation is known. 

4.8.3 Pesticides and PCBs 

The tissue samples were combined with a mixture of distilled 
water, hexane and a spike of known concentration. The mixture was 

4-8 



mixed with a vortex mixture for approximately one minute. This 
mixture was centrifuged and the hexane layer separated. Mixing and 
centrifuging steps were repeated twice and all hexane fractions 
combined. The combined extracts were then evaporated to approximately 
0.5 ml and applied to a florisil column. The column was then eluted 
with successive portions of petroleum ether, methanol and petroleum 
ether; combining each extract. The eluates were then evaporated to 
near dryness. The final extract was analyzed by means of fused silica 
capillary gas chromatography and electron capture detection. 

4.9 PREPARATION OF ELUTRIATE SAMPLES 

Elutriate analyses were performed by combining appropriate 
quantities of sediment and water at a ratio of one to four by means of 
volumetric displacement. The sediment/water mixture was then 
vigorously shaken for 30 minutes followed by a one-hour settling 
period. The supernatant was then decanted and centrifuged until 
suspended matter was reduced substantially. The liquid portions were 
filtered through a 0. 45 micrometer membrane filter and preserved for 
subsequent analyses. In addition to the sediment extracts, baseline 
analyses were performed on the original water column samples following 
filtration through 0.45 micrometer membrane filters and analyzed for 
the same constituents as the sediment extracts. 

4.10 METHOD VALIDATION AND QUALITY CONTROL 

4.10.1 Methods Validation 

Analytical methods for sediment analysis were validated prior to 
the initiation of work on field samples. The validation procedures 
were conducted for nutrients, metals and organics. Two types of 
sediment materials were utilized for the validations, i.e., estuarine 
sediment Standard Reference Material prepared by the National Bureau 
of Standards (SRM 1646) and offshore sediment on known contaminant 
content from the Pascagoula Harbor area supplied by the Gulf Coast 
Research Laboratory. 

Nutrients 

Ammonia and TKN methods were verified by the addition of known 
standards to the offshore sediment. The average recoveries for both 
parameters was 93%. Duplicate analyses were run for both parameters 
to establish baseline concentrations and determine method precision. 
The average relative error for the precision determinations was 14%. 

Phosphorus validation was preformed by duplication (precision) 
and known addition of standard (accuracy) on the offshore sediment. 
Precision errors averaged 1% and spike recoveries 100.5%. 
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Metals 

Metal analysis validations were performed by utilization of the 

NBS standard reference sediment. Each metal constituent was 

determined in the reference standard by the standard addition 

technique. Table 4. 2 presents the recovery data for each analyte. 

Organics 

Total organic carbon procedures were validated by use of 

precision and accuracy data produced on the analysis of the offshore 

sediment. Precision results averaged 5.6% error and accuracy results 
averaged a per cent recovery of 114. 

Those parameters to be analyzed by gas chromotography (high 

molecular weight hydrocarbons, pesticides, PCBs) were validated by 

means of mixed standards. Various standard mixtures were analyzed for 

relative retention times in order to verify adequate separation. 

These mixtures were also determined at various concentration levels i11 

order to establish linear detector response. The offshore sediment 

sample was utilized for this validation by extracting it with the 

addition of known standards. Recovery data for these analysis were 

utilized to establish analytical proficiency. Problem steps in the 

procedure were isolated and refined until adequate recoveries were 

obtained. 

Methods for the determination of all parameters are those 

specified in previous sections herein and HE&T's Quality Control Plan 

and Procedures Manual for this investigation, dated December 1, 1982. 

4.10.2 Quality Control 

Quality Control for all analyses was based on the use of 

precision and accuracy data as well as comparisons of interrelated 

parameter results, e.g., ammonia/TKN. Precision data was calculated 

on duplicate analysis as per cent relative error of the mean. 

Accuracy results were determined as per cent recovery of a known 

standard. The QC calculations are as follows: 

• Precision 

• Accuracy 

lx-xl x 100 = % error 
y 

where: x = result A or B 
x = mean result of A plus B 

Result - Sample Concentration x 100 
Spike Concentration 

Appendix E presents Quality Control Data developed during these 

analyses. The degree of acceptable precision results (duplications) 

varies with relationship to the method detection limit. Results 

ranging from 2 to 5 times the detection limit may be acceptable with a 

20% to 50% relative error while data greater than 5 times the 
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PARAMETER 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Mercury 

Nickel 

Lead 

Zinc 

Bari urn (note) 

TABLE 4.2 

RECOVERY DATA FOR METAL ANALYSIS 
ON NBS REFERENCE STANDARD 

% RECOVERY 

97 

100 

109 

105 

85 

100 

97 

98 

98 

91 

Note: No reference value for barium given for the NBS standard; 
recovery data based on analysis spiked offshore sediments. 

4-11 



detection limit should not have errors exceeding 15%. A conservative, 
acceptable level of accuracy results (recoveries) ranges from 80% to 
120% recovery. 

Quality Control Data presented in Appendix E indicates precision 
and accuracy results which are acceptable and were maximized within 
the limits of the analytical method. High precision errors are noted 
for metal analysis are attributable to the slight degree of variation 
between detection limit values and reported concentrations. Accuracy 
values are for the most part very good with the exceptions of cadmium 
in tissue. The result was verified by repeat analyses; no additional 
sample was available to further determine the cause of the high 
recovery. 

Pesticides and PCB analyses were evaluated for Quality Control by 
means of internal standard and the use of spike samples. Aldrin was 
used as an internal standard and was reproducibily recovered from each 
extract. pp' - DDD was used to evaluate recovery through the 
extraction procedure; an average recovery of 933 was obtained. 

High molecular weight hydrocarbon quality control depended on the 
repeatable analysis of standards; at least one between every ten 

injections of samples. The parameters evaluated were relative 
retention time stability and calculated concentration based on 
internal standard recovery (this calculations was automatic within the 

chromatography data system). Proper •·esponse from these factors 
ensured reliable data aquisi ti on. Ad · i tionally, twelve hydrocarbons 
and four pesticide samples wert> ana1

. yzed by gas chromatography/mass 
spectroscopy; results of the analyses confirmed the GC identifications 
of the hydrocarbons and negated the identification of some pesticide 
compounds. 
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APPENDIX A/6 

HYDROGRAPHIC DATA 



TOTAL 
TIDAL DEPTH 

STATION TIME CYCLE (m) 

MNl 1034 Ebb 13.4 
MN2 0830 Ebb 10.4 
M3 1102 Ebb 17.4 

0\ 
I ,_.. 

MN4 0957 Ebb 17.4 
:MN5 0900 Ebb 13.7 
MN6 0745 Ebb 8.2 

MN7 1012 Ebb 15.8 
MN8 0930 Ebb 14.0 
MN9 0715 Ebb 11. 3 

Note: NR = Not required. 

HYDROGRAPHIC DATA 
MOBILE-NORTH, APRIL 11, 1983 

MEASURE- TEMPERA- DISSOLVED 
MENT DEPTH TURE OXYGEN 

(m) (oC) (mg/L) 

NR NR NR 
NR NR NR 
0.5 20.5 9.8 
3 19.0 9.6 
6 18.0 9.6 
9 18.0 9.5 

12 18.0 9.2 
15 18.0 9.1 
18 17.5 8.9 

NR NR NR 
NR NR NR 
0.5 18.0 9.7 
3 17.5 9.4 
6 16.5 9.2 
9 16.5 9.1 

NR NR NR 
NR NR NR 
NR NR NR 

TRANS- CURRENT CURRENT 
MISSIVITY SALINITY VELOCITY DIRECTION 

(%) (ppt) (Knots) (Degrees) 

NR NR NR NR 
NR NR NR NR 
95 22.4 0.3 150 
95 30.0 0.3 315 
95 34.4 0.3 70 
88 36.0 0.3 105 
88 36.0 0.3 105 

'85 36.0 0.2 90 
85 36.4 0.2 90 

NR NR NR NR 
NR NR NR NR 
82 18. 2 0.6 120 
95 32.0 0 .1 135 
95 36.0 0.4 135 
50 36.0 0.2 75 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 



TIDAL 
STATION TIME CYCLE 

MSl 1212 Flood 
MS2 1230 Flood 

°' I 
N 

MS3 1500 Flood 
MS4 1520 Flood 
MSS 1303 Flood 
MS6 1443 Flood 
MS7 1321 Flood 
MS8 1340 Flood 

Note: NR = Not required. 

*Below maximum operating depth 

TOTAL 
DEPTH 

(m) 

18.9 
18.6 

18.3 
18.3 
19.5 
20.1 
18.9 
19.8 

HYDROGRAPHIC DATA 
MOBILE-SOUTH, APRIL 11, 1983 

MEASURE- TEMPERA- DISSOLVED 
MENT DEPTH TURE OXYGEN 

(m) (oC) (mg/L) 

NR NR NR 
0.5 22.0 9.5 
3 19.5 9.4 
6 19.5 9.4 
9 19.0 9.4 

12 19.0 9.2 
15 19.0 8.6 
18 18.0 8.3 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
0.5 20.0 9.8 
3 19.0 9.8 
6 17.5 9.2 
9 17.5 9.2 

12 17.5 9.0 
15 18.0 7.6 
18 18. 0 7.0 
21 18.0 6.9 

of instrumentation. 

TRANS- CURRENT CURRENT 
MISSIVITY SALINITY VELOCITY DIRECTION 

(%) (ppt) (Knots) (Degrees) 

NR NR NR NR 
96 19.6 0.8 300 
96 25.2 0.4 so 
96 33.2 0.5 90 
95 34.0 0.4 120 
95 34.4 0.3 90 
95 34.6 0.3 75 
95 36.0 0.3 75 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
95 22.2 0.4 135 
95 25.4 0.3 105 
95 35.0 0.8 90 
95 36.0 0.8 105 
95 36.5 0.5 105 
95 37.0 0.5 120 

* 37.5 0.5 120 

* 37.5 0.5 120 
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MNl 
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MN3 
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MN5 
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MN7 
MN8 
MN9 

Note: 

TIME 

1000 
9036 
1226 

1207 
1045 
0830 

1017 
1121 
1106 

TIDAL 
CYCLE 

Flood 
Flood 
Flood 

Flood 
Flood 
Flood 

Flood 
Flood 
Flood 

NR = Not required. 

TOTAL 
DEPTH 

(m) 

13.1 
12.5 
18.6 

18.0 
14.3 
10.4 

17.4 
16.5 
16.2 

HYDROGRAPHIC DATA 
MOBILE-NORTH, AUGUST 22, 1983 

MEASURE
MENT DEPTH 

(m) 

NR 
NR 

0.2 
3.0 
6.1 
9.1 

12.2 
15.2 
18.3 
NR 
NR 
0.2 
3.0 
6.1 
9.1 

NR 
NR 
NR 

TEMPER
ATURE 
(oC) 

NR 
NR 
29.5 
29.5 
28.0 
28.0 
28.0 
27.5 
26.0 
NR 
NR 
30.0 
30.0 
30.0 
27.5 
NR 
NR 
NR 

DISSOLVED 
OXYGEN 
(mg/L) 

NR 
NR 
8.6 
8.3 
8.2 
7.8 
7.0 
6.5 
6.4 

NR 
NR 

8.3 
8.0 
7.6 
4.6 

NR 
NR 
NR 

* Below maximum operating depth of instrumentation. 

TRANSMIS
S IVITY % 

pH 

NR 
NR 

60/8.4 
65/8.3 
65/8.3 
70/8.2 
60/8.1 
60/7. 9 
*/7. 9 

NR 
NR 

87/8.2 
78/8.3 
62/8. 2 
35/8.1 

NR 
NR 
NR 

SALINITY 
(ppt) 

NR 
NR 
19.2 
19.2 
19.4 
21.3 
22.3 
23.0 
25.5 
NR 
NR 

2.6 
19.6 
22.0 
22.3 
NR 
NR 
NR 

CURRENT 
VELOCITY 

(Knots) 

NR 
NR 
0.4 
0.4 
0.7 
0.5 
0.5 
0.6 
0.7 

NR 
NR 
0.4 
0.5 
0.6 
0.8 

NR 
NR 
NR 

CURRENT 
DIRECTION 
(Degrees) 

NR 
NR 

280 
315 

10 
360 
310 
315 
310 

NR 
NR 

230 
270 
270 
270 

NR 
NR 
NR 
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STATION TIME 

MSl 1309 
MS2 1329 

MS3 1408 
MS4 1426 
MS5 1500 
MS6 1445 
MS7 1520 
MS8 1535 

MS9 1603 

Note: NR = Not 
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CYCLE 

Flood 
Flood 

Flood 
Flood 
Flood 
Flood 
Flood 
Flood 

Flood 

required. 

TOTAL 
DEPTH 

(m) 

19.2 
19.2 

18.0 
19.2 
20.7 
21.3 
23.2 
24.l 

25.9 

* Below maximum ope-r·+ting depth of 

HYDROGRAPHIC DATA 
MOBILE-SOUTH, AUGUST 22, 1983 

MEASURE
MENT DEPTH 

(m) 

NR 
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15.2 
18.3 
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NR 
NR 
NR 
NR 
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18.3 
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NR 

TEMPER
ATURE 
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NR 
29.0 
29.0 
29.0 
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28.0 
28.0 
28.0 
28.0 
NR 

instrumentation. 
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OXYGEN 
(mg/L) 
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NR 
NR 
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NR 
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NR 
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NR 
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NR 

SALINITY 
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21.0 
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NR 
NR 
NR 
NR 
NR 
17.9 
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21.6 
22.3 
22.3 
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CURRENT 
VELOCITY 
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0.8 
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0.7 

NR 
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NR 
NR 
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0.5 
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NR 

CURRENT 
DIRECTION 
(Degrees) 

NR 
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30 
30 
15 
45 

360 
NR 
NR 
NR 
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NR 
15 
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75 
75 
75 
75 
85 
85 
NR 
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APPENDIX B /7 

GRAIN SIZE DISTRIBUTION CURVES 
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APPENDIX C/8 

RESULTS OF EPIFAUNAL TRAWLS 



SCIENTIFIC NAME 

Anchoa hepsetus 
Anchoa mitchilli 
Arius felis 
Urophycis regia 
Trichiurus lepturus 
Antennarius radiosus 
Prionotus tribulus 
Chaeto dipterus f aber 
Larimus pasciatus 

00 Leiostomus xanthurus 
I Peprilus burti ,...... 

Citharichtnls macroEs 
EtroEus crossotus 
SymEhurus Elagiusa 
SEhoeroides Earvus 

Squilla emEusa 
TrachyEeneus similis 
Callinectes similis 
Callinectes sapidus 
Pagurus sp. (in shell) 
Lolliguncula brevis 

TOTALS 

AFS COMMON NAME 

Striped Anchovy 
Bay Anchovy 
Haroheao Catfish 
Spotted Hake 
Cutlass Fish Singlespot 
Frogfish 
Bighead Searobin 
Atlantic Spadefish 
Banded Croaker 
Spot 
Gulf Butterfish 
Spotted Whiff 
Fringed Flounder 
Blackcheek Tonbugfish 
Leact Puffer 

Mantis Shrimp 

Blue Crab 
Hermit Crab 
Squid 

MOBILE-NORTH 
APRIL 1983 

TRANSECT 1 
It wt, gms 

1 12 
32 91 

2 207 
2 58 
1 25 
1 4 

69 517 
1 19 
5 67 

1 13 

13 225 
1 7 

2 11 
8 25 
1 4 

1 8 
2 29 

142 1322 

TRANSECT 2 TRANSECT 3 TOTALS 
It wt, gms It wt, gms IF wt, gms 

2 17 3 29 
2 5 5 12 39 108 

2 95 4 302 
2 58 

58 209 3 5 62 239 
1 4 

69 517 
1 19 
5 67 

1 23 1 23 
4 46 4 46 

1 13 
1 9 1 9 

13 225 
1 6 2 13 

2 11 
8 25 
1 4 

2 13 2 13 
1 8 
2 29 

67 286 14 154 223 1762 



SCIENTIFIC NAME 

Lagondon rhomboides 
Anchoa mitchilli 
Synodus f oetens 
Halieutichthls aculeatus 
Scorpaena calcarata 
Peprilus burti 
Trachiurus lepturus 
Diplectrum bivittatum 

CXJ Lutjanus campechanus 
I 

N Stenotomus caprinus 
Trachurus lathami 
Syacium gunteri 
Etropus croscotus 
Sphoeroides parvus 

Gorgonian 
Sicyona brevirostris 
Trachypeneus similis 
Callinectes similis 
Lolliguncula brevis 

TOTALS 

AFS COMMON NAME 

Pinfish 
Bay Anchovy 
Inshore Lizardfish 
Pancake Batf ish 
Smooth Head Scopion Fish 
Gulf Butterfish 
Cutlass Fish 
Perch 
Red Snapper 
Longspined Porgy 
Rough Scad 
Shoal Flounder 
Fringed Flounder 
Least Puffer 

Sea Whip 
Rock Shrimp 
Sea Bob 

Squid 

MOBILE-SOUTH 
APRIL 1983 

TRANSECT 1 
If wt, gms 

1 3 
1 9 

1 12 

1 6 

1 8 

5 38 

TRANSECT 2 TRANSECT 3 TOTALS 
If wt, gms ti wt, gms If wt, gms 

5 120 5 120 
1 3 

1 20 2 29 
1 6 1 6 

1 12 
69 420 1 4 68 424 
49 654 50 660 
33 900 33 900 

1 22 1 22 
182 6900 2 62 184 6962 

3 25 3 25 
3 68 3 68 

7 58 1 3 8 61 
3 13 4 21 

1 4 1 4 
1 1 1 1 
1 3 1 3 
2 7 2 7 
2 3 2 3 

353 9118 13 165 361 9507 



SCIENTIFIC NAME AFS COMMON NAME 

Harengula pensacolae Scaled Sardine 
Anchoa sp. 
Anchoa hepsetus Striped Anchovy 
Synodus foetens Inshore Lizzardf ish 
Halieutichys aculeatus Panchake Batfish 
Centropristis philadelphia Rock Seabass co Chloroscombrus chrysurus Atlantic Bumper I 

w Vomer setapinnis Atlantic Moanfish 
Caranx hippos C re val le Jack 
Orthopristis chrysoptera Pigfish 
Stenotomus caprinis Longspine Progy 
Lagodon rhomboides Pinfish 
Menticirrhus americanus Southern Kingf ish 
Micropogonias undulatus Atlantic Croaker 
Leiostomus xanthurus Spot 
Lutjanus campechanus Red Snapper 
Polydactylus octonemus Atlantic Threadtin 
Prionotus rubio Blackfin Searobin 
Prionotus tribulus Bighead Searobin 
Etropus crossotus Fringed Flounder 
Etropus rimosus Grey Flounder 
Cynoscian arenarius White Trout 
Arius felis Sea Catfish 
Portunus sp. 
Luidia sp. Starfish 1 

Starfish 2 
Lolliguncula Squid 
LoliB:O Squid 

MOBILE-NORTH 
AUGUST 1983 

TRANSECT 1 
II wt, gms 

22 507 
42 36 

275 2225 
4 239 
1 4 

5 253 
4 35 
1 49 

1 55 

126 4315 
7 401 

27 1004 
11 55 

1 2 
7 63 

7 600 

1 5 
7 5 
2 9 

33 511 

TRANSECT 2 TRANSECT 3 TOTALS 
II wt, gms II wt, gms II wt, gms 

3 70 4 99 29 705 
31 28 14 16 87 167 

102 750 544 3519 
19 962 3 58 26 1259 

1 3 2 7 
1 5 1 5 

1 39 6 292 
1 1 5 36 

1 49 
1 22 1 22 

55 694 25 254 80 948 
1 55 

3 80 3 80 
77 4131 203 8446 
26 1816 33 2217 

1 4 1 4 
1 26 130 6129 158 7159 
5 69 17 124 

1 2 
8 54 15 117 

1 5 1 5 
5 450 12 1050 

15 2360 16 2724 31 5084 
1 5 

1 3 8 8 
2 9 

30 672 25 679 88 1862 
5 24 5 24 

I l 



SCIENTIFIC NAME 

Synodus foetens 
Halieuticthys aculeatus 
Prionotus salmonicolor 
Etropus crossotus 
Etropus rimosus 
Syacium gunteri 

00 Citharichthys spilopterus 
I 

.i::- Lutjanus Compechanus 
Stenotomus caprius 

Etropus crossotus 

Pagurid 
Parthenopid 
Portunus sp. 
Luidia 
Luidia 
Lolligunculus 
Loli go 

AFS COMMON NAME 

Inshore Lizzardfish 
Pancake Batf ish 
Blackwing Searobin 
Fringed Flounder 
Grey Flounder 
Sheal Flounder 
Bay Whiff 
Red Snapper 
Longspine Porgy 
Sand Perch 
Fringed Flounder 
Sea Catfish 

Crab 1 
Crab 2 
Crab 3 
Starfish 1 
Starfish 2 
Squid 
Squid 

MOBILE-SOUTH 
AUGUST 1983 

TRANSECT 1 
I) wt, gms 

1 6 

1 259 

2 5 
4 5 

20 175 
9 so 

TRANSECT 2 TRANSECT 3 TOTALS 
ti wt, gms ti wt, gms ti wt, gms 

1 67 1 67 
3 18 3 18 
1 12 1 6 2 18 
1 21 1 21 
2 15 3 16 6 37 
2 51 2 51 
1 1 1 1 

1 259 
7 75 7 75 
5 200 2 50 7 250 

1 75 1 75 
44 8172 44 8172 

1 8 1 8 .L 

2 10 2 10 
2 32 2 32 
3 4 5 9 

2 14 6 19 
20 175 

1 4 2 11 12 65 
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Habitat Characterizations 
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OFFSHORE MUD BOTTOM HABITAT 

Benthic stations representing the offshore mud bottom habitat 

include 157, 158, 261, 362, 364, 365, 582, 583, 586, fall station 581, 

and springs stations 259, 363, 366, 580, and 590. These stations, 

generally located nearshore to the barrier islands and predominately in 

the western portion of the offshore study area, were the shallowest, 

muddiest, and hydrographically most variable of the offshore stations 

sampled. Sand content of the sediments at these stations averaged less 

than 39% and mean grain size averaged over all stations was 5.70 phi, 

thus classifying the sediments as medium silt (Folk, 1974). 

As shown in Table 49, each of the dominant taxa in this habitat had 

extremely high frequencies of occurrence. Four of the numerically 

important taxa of this habitat, Magelona cf. phyllisae, Mediomastus 

spp., Paraprionospio pinnata, and Golfingia trichocephala, were also 

among the dominant taxa in the offshore muddy sand habitat. Only one of 

these, M. cf. phyllisae, showed a preference (in terms of infauna! 

densities) for the mud bottom stations. The predominant feeding types 

for these and other dominant taxa listed were surface and subsurface 

deposit-feeders. Biomass values for these four taxa were comparatively 

low as compared to the carnivorous-scavenger feeder Diopatra cuprea, a 

large tube-dwelling polychaete, and Cerebratulus cf. lacteus, a large 

burrowing, carnivorous nemertean. 

More characteristic species for this habitat indicate a positive 

association for finer (silt and/or clay) sediments with a high organic 

and moisture content and negative association for sands. A number of 

these species, Myriochele oculata, Hemipholis elongata, Micropholis 

atra, and Magelona cf. phyllisae, also indicate a preference for 

shallower waters offshore as shown by their negative correlation with 

9-2 
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Table 49. Faunal characteristics of the offshore mud bottom habitat. 

Density 1 
Numerically Dominant Taxa (no. indiv./m2) 

Magelona cf. _phyllisae (P)4 623 

Mediomastus spp. (P) 319 

Diopatra cuprea (P) 203 
Myriochele oculata (P) 201 

Oxyurostylis smithi (C) 123 
Paraprionospio pinnata (P) 98 

Golfingia trichocephala (S) 76 

Cerebratulus cf. lacteus (N) 70 

Characteristic Taxa 

Myriochele oculata (P) 

Hemipholis elongata (E) 

Micropholis ~ (E) 

Magelona cf. phyllisae (P) 

Nuculana concentrica (B) 

Diopatra cuprea (P) 

_Oxyurostylis ~ (C) 

Communitz Structure Parameters 

Mean number taxa/station 

Mean station density (individuals/m2) 

Mean station diversity (H') 

Mean station evenness (J') 

Mean station richness (D) 

Mean station biomass (g/m2) 

l 

-

% 
Fines 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

102 

3861 

3.19 

0.69 

a 13.49 

5.68 

Frequency 
Biomass 2 of Occurrence 

(%) (g AFDW/m2) 

100 0.0062 

100 0.0016 

100 0.4588 

100 0.0432 

96 0.0049 

100 0.0005 

92 0.0004 

100 0.0340 

Ske"1Iless roe Depth 

+ + 

+ 

+ 

+ + 

+ 

+ 
+ + 

Averaged over all stations in the habitat for both sampling seasons. 
2 
Calculated using an average AFDW per individual. 

3 
See Appendix D-3 for explanation of feeding types. 

4see Table 45 for explanation of taxonomic code. 

Feeding 
Type 3 

SD 

BD 

sc,c 
SD 

SD,F 

SD,SF 

SD 

c 

+ 

+ 

+ 

+ indicates positive correlation or loading on factors associated with particular 
environmental parameters. 

indicates negative correlation or loading on factors associated with particular 
environmental parameters. 
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depth. Four species, M. oculata, Nuculana concentrica, Diopatra cuprea, 

and Oxyurostylis smithi expressed a seasonal difference at these sta

tions. 

Community structure parameters, based on averages at all stations 

within a habitat type, indicate moderate faunal densities, and lower 

number of taxa, diversity, richness, evenness,and biomass at the muddy 

stations (Table 49) as compared to stations at the other two off shore 

habitat types. 

OFFSHORE MIXED SEDIMENT (MUDDY SAND) HABITAT 

The muddy sand habitat consisted of stations 260, 367,469,470, 476, 

477, 479, 585, 588, and 589 (both seasons), fall stations 259, 363, 366, 

and 590, and spring station 468. These stations, generally located in 

deeper waters seaward of the mud habitat and between mud and sand areas, 

were transitional with regards to average sand content (76%) and mean 

grain size (3.82 phi). Sediments were classified in the very fine sand 

range (Folk, 1974) and exhibited a higher degree of kurtosis than found 

in the mud bottom stations. Hydrographically, these stations exhibited 

higher and more stable salinities. 

As mentioned previously, similar dominant taxa were found in the 

mixed sediment habitat (Table 50) as found in the mud bottom habitat 

(Table 49). Exceptions include the polychaetes Lumbrineris spp., 

Aricidea sp. C, and Prionospio cristata. Except for Magelona cf. 

phyllisae, all codominants exhibited higher densities ln the mixed 

(muddy sand) stations than previously reported for the mud stations. 

Frequency of occurrence was extremely high for all dominant taxa, and 

biomass values were generally low and evenly distributed among the taxa. 

One exception was the large sipunculid Golfingia trichocephala whose 
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Table 50. Faunal characteristics of the offshore mixed sediment (muddy sand) 
habitat. 

Frequency 
Density 1 of Occurrence Biomass 2 

Numericalll Dominant Taxa (no. indiv./m2 ) (%) ~s AFDW/m2) 
Mediomastus spp. (P)4 593 100 0.0030 
Xagelona cf. Ehvllisae (P) 477 100 0.0048 
Lumbrineris spp. (P) 300 100 0.0014 
Aricidea sp. c (P) 266 100 0.0016 
ParaErionosEio Einnata (P) 238 100 0.0012 
Golfingia trichoceEhala (S) 160 96 0.0296 
PrionosEio cristata (P) 145 93 0.0015 

% % 

Feeding 
T1£e 3 

BD 

SD 

c 
BD 

SD,SF 

SD 

SD,SF 

Characteristic Taxa Sand Fines Skewness Kurtosis DeEth Season 

Aricidea sp. C (P) 

Tauberia gracilis (P) 

~ macromanus (C) 

Nereis micromma (P) 

Melin11.a maculata (P) 
AglaoEhamus verrilli (P) 

Community Structure Parameters 

Mean number taxa/station 156 
Mean station density (individuals/m2) • 6150 
Mean station 

Mean station 

Mean station 

Mean station 

1 

diversity (H') 

evenness (J') 

richness (D) 

biomass (g/m2) 

3.57 

0.70 

- 19. 92 

6.74 

+ 

+ 

+ 
+ + 

+ + 
+ 

Averaged over all stations in the habitat for both sampling seasons. 
2 
Calculated using average AFDW per individual. 

3 
See Appendix D-3 for explanation of feeding types. 

4see Table 45 for explanation of taxonomic code. 

+ 

+ 

+ 

+ indicates positive correlation or loading on factors associated with particular environmental parameters. 

indicates negative correlation or loading on factors associated with particular environmental parameters. 
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biomass value was generally an order of magnitude higher than the other 

dominant taxa. The predominant feeding types for dominant taxa at the 

mixed sediment stations was again surface and subsurface deposit 

feeders. Two species of spionid polychaetes, Paraprionospio pinnata and 

Prionospio cristata, also display faculative suspension feeding, 

Lumbrineris spp. was the only carnivore listed. 

Characteristic species listed for the mixed, muddy sand habitat 

(Table SO) showed positive correlations for skewness and kurtosis of the 

sediments, rather than a dichotomy for positive/negative correlations 

for sands or fines as seen for the offshore mud and sand bottom fauna. 

Three taxa, Aricidea sp. C, Tauberia gracilis, and Aglaophamus verrilli, 

responded positively to depth. The latter of these taxa also appears to 

be seasonal in its importance. 

Comparison of community structure parameters show that average 

station density for this habitat was nearly twice as high as that 

reported for the mud stations and almost three times greater than the 

mean station density for the clean sand habitat. Mean taxa per station 

was also distinctly higher in this habitat, but diversity was not as 

high as that reported for the sand stations. This may be attributed to 

the lower mean station evenness at these stations, even though species 

richness was higher. 

OFFSHORE CLEAN SAND HABITAT 

The clean sand habitat consisted of stations 471 to 475, 478, 584, 

587, 691 to 696 (both seasons), fall stations 468 and 580, and spring 

station 581. These stations were generally located further offshore and 

in the eastern portion of the study area than the other stations. Over

all sand content averaged about 93% and was less than 90% in only three 
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collections (fall 478, 692, and 696). Mean grain size of sediments, 

averaged over all stations, was 2.33 phi classifying these sediments as 

fine sand (Folk, 1974). 

Dominant taxa at the clean sand stations include Lumbrineris spp., 

Paraprionospio pinnata, and Mediomastus spp., which also dominated the 

mixed, muddy sand stations but in much higher densities. Polygordius 

spp., Branchiostoma caribaeum, Armandia maculata, and Spiophanes bombyx 

were true sand dominants, which, along with the other species listed 

(Table 51), characterize the clean sand habitat. These species were 

also numerically dominant or characteristic at the inshore tidal pass 

stations. Two species, ~· maculata and especially B. caribaeum con

tributed significantly to the biomass at the sand stations. The pre

dominant feeding type, again, was surface and subsurface deposit feeders 

with two spionid polychaetes, .~." pinnata and~· bombyx, acting as facu

lative suspension-feeders. As expected, the majority of these taxa 

showed a high positive correlation with percent sand and negative corre

lation with percent fines (silt and clay), skewness, and TOC. Three 

species, Aspidosiphon albus, Prionospio cristata, and Goniada littorea, 

also showed a high correlation with depth. Only !· bombyx was posi

tively associated with a factor depicting a seasonal component. 

Mean species diversity was higher at the sand stations than those 

of the other two habitats previously described, due primarily to a 

higher mean station evenness. Although mean station density of organ

isms was lower, mean station biomass was higher at the sand stations, 

indicating a suite of relatively larger organisms represented in this 

habitat type. 
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Table 51. Fauna! characteristics of the offshore clean sand habitat. 

Density1 
Frequency 

of Occurrence Biomass2 Feeding 

Numericallv Dominant Taxa (no. indiv./m2 ) (%) ~8 AFDW/mZ) TzEe3 

Polygordius spp. (P)4 220 97 0.0010 BD,SD 

Lumbrineris spp. (P) 129 94 0.0026 c 

Branchiostoma caribaeum (L) 102 87 0.0245 SD 

ParaErionosEio Einnata (P) 91 94 0.0009 SD,SF 

Mediomastus spp. (P) 85 100 0.0004 BD 

Annandia maculata (P) 59 100 0.0080 BD 

SEioEhanes bombyx (P) 59 71 0.0007 SD,SF 

Characteristic Taxa Sand ~ Skewness Kurtosis TOC DeEth Season 

Branchiostoma caribaeum (P) 

Polygordius spp. (L) 

Spiophanes bombyx (P) 

Brania wellfleetensis (P) 

+ 

+ 

+ 

Magelona sp. F (P) + 

AspidosiEhon albus (S) 

Prionospio cristata (P) 

Goniada littorea (P) 

CollDilunity Structure Parameters 

Mean number caxa/station 

+ 
+ 

+ 

Mean station density (individuals/m2) = 

115 

2272 

3.63 

o. 77 
Mean station diversity (H') 

Mean station evenness (J') 

Mean station richness (D) - 16.34 

Mean station biomass (g/m'l) 9.06 

l 

+ 

+ 

Averaged over all stations in the habitat for both sampling seasons. 

2 
Calculated using average AFDW per individual. 

3 
See Appendix D-3 for explanation of feeding types. 

4see Table 45 for explanation of taxonomic code. 

+ indicates positive correlation or loading on factors associated with 

environmental parameters. 

indicates negative correlation or loading on factors associated with 

environmental parameters. 
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The stenohaline marine species assemblage inhabiting clean offshore 

sands is represented primarily by the polychaetes Nephtys picta, 

Magelona sp. F, Aricidea wassi, and Aricidea sp. Hand the amphipods 

Protohaustorius sp. A and Platyischnopidae A. Several other taxa char-

acteristic of this assemblage (Aspidosiphon albus, Prionospio cristata, 

and Goniada littorea) showed a positive correlation for depth, indi-

eating a possible delineation of a shallow and deep off shore sand assem-

blage. 

APPLICATION OF BENTHIC CHARACTERIZATION STUDY 
TO DREDGED MATERIAL DISPOSAL 

Channel dredging and other types of harbor excavations currently 

generate about 15.1 million cubic yards of sedimentary material annually 

into the Mississippi Sound-Mobile Bay study area (U.S. Army Corps of 

Enginers, 1979). Most of this sediment is dumped onto the estuarine or 

nearshore seafloor, because onshore disposal is not always possible or 

desirable (Lee, 1976) and the cost of disposal in deep water offshore is 

prohibitive and may have adverse ecological effects (Sanders, 1977). 

During dredging and disposal practices, disruption and destruction of 

benthic communities result from excavation, burial, and/or resuspension 

of sediments, which affects the immediate and surrounding area of opera-

tion. Community recovery or succession is dependent upon the nature of 

the physical environment (i.e., sediment type, composition, hydrographic 

stability) and the structure of surrounding communities. 

In the few studies where benthic communities in the Mississippi 

Sound and Mobile Bay areas were evaluated before and after dredge and 

disposal operations (Taylor, 1972, 1978; Vittor, 1974, 1978; Lackey et 

al., 1973; and Markey 1975), species composition, diversity, and abundance 
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following each operation. In the majority of these studies, however, 

populations were shown to become reestablished within six weeks to two 

years, following perturbation. Unfortunately, with the exception of 

Taylor (1978), these studies were performed in the upper reaches of 

Mobile Bay in habitats not characteristic of those delineated in the 

present study. Taylor (1978) investigated differences in sediment and 

faunal composition between disposal, undisturbed, and channel areas 

along the Intracoastal Waterway from Lake Borgne, Louisiana to 

Apalachicola Bay, Florida. In this study, disposal areas contained 

slightly greater numbers of species than undisturbed areas, even though 

undisturbed areas ranked higher than disposal areas in faunal abundance. 

Undisturbed areas exhibited the greatest number of stations with average 

or higher values of diversity and abundance, while disposal areas ranked 

second, and channel areas were third. Four waterway sites within 

Mississippi Sound contained some of the most diverse and productive 

fauna in the entire study area. Taylor concluded that alterations 

caused by previous dredging were apparently localized and largely tempo

rary. Sediments and benthos at disposal and undisturbed areas were 

"essentially indistinguishable," even at sites that had undergone recent 

maintenance dredging. 

Dredge and disposal activities are not the only sources of physical 

disturbance to the benthos affecting infaunal populations. Storm waves, 

tidal scour, vessel traffic, and trawling activities of commercial 

bottom fisheries all act to disrupt and suspend the finer sediments in 

shallow inshore and nearshore waters. These short-term perturbations, 

along with the constant sediment discharge of the Mississippi and Mobile 

river systems, are much more common and, although not as disruptive in 
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volume of sediment moved or deposited locally, are geographically wide

spread and equally as unpredictable to the infauna as dredge and fill 

activities. These unpredictable, repeated disturbances act to keep the 

system in a state of continuous succession and high productivity. 

Following any disturbance to the benthos resulting in defaunation, 

colonization of shallow water marine sediments progresses in a similar 

fashion. This has been shown for dredge and fill activities (Salia et 

al., 1972; Oliver~ al., 1977; and Rhoads et al., 1978), pollution 

abatement studies (Dean and Haskins, 1964; Pearson and Rosenberg, 1976; 

and Rosenberg, 1976), storm-related bottom disturbances (Frankenburg, 

1971; Boesch~ al., 1976; McCall, 1978; Maurer and Aprill, 1979; and 

Johnson, 1980), hypoxia (Harper et al., 1981) and even toxic effects of 

red tide (Simon and Dauer, 1977). 

Early stage succession begins within a few days with the arrival of 

swimming crustaceans (i.e., amphipods and cumaceans) and more motile 

polychaetes and echinoderms (i.e.-, nereids and nephtyids and large 

ophiuroids) which immigrate into the defaunated area as adults from 

adjacent areas. More importantly, the larvae of relatively opportun

istic polychaetes and bivalve molluscs settle randomly or preferentially 

onto the new substratum from the overlying water column. The latter 

(Group I colonizers, sensu stricta McCall, 1978) are characterized by 

short generation times, small size, high fecundity, and high larval 

availa-bility. These species most commonly experience high mortality 

and may di.sappear locally as a result of competition and/or predation 

from the more motile immigrants. 

Latter phases of succession are usually characterized by the 

gradual reestablishment of Group III species which previously inhabited 

the undisturbed area or, in the case where sediment composition is 
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severely altered, a new fauna recruited from outside areas (McCall, 

1978). Group III colonizers are represented by the less mobile crus

taceans, molluscs, and miscellaneous phyla and less opportunistic poly

chaetes. These species, in contrast to Group I colonizers, maintain 

more or less constant, relatively low population densities, are usually 

larger in size and exhibit lower fecundity and recruitment potential. 

Individuals of these species may persist over long periods of time in 

the absence of severe perturbations. Group II species are intermediate 

in their mode or stage of colonization and life history strategies as 

described for the more extreme Groups I and III. Candidate species 

likely to fall within these three ~roups are listed in Table 57 for each 

of the inshore and offshore habitat/assemblages delineated in the 

present study. Tentative categorization of species are based on their 

population patterns, as exhibited in the present study and inference 

from other colonization and natural history studies of similar estuarine 

and nearshore areas (Reish 1972, 1973; Wass 1967; Boesch et al., 1976; 

McCall 1978, Johnson 1980). Confirmation, however, must await succes

sional studies of infaunal benthos, which to date, have not been per

formed along the northern Gulf coast. 

Shallow nearshore areas subject to chronic natural disturbance 

through wave-induced substrate motion or periodic sedimentation are 

among the most resilient benthic ecosystems (Copeland, 1970; Holling, 

1973; Boesch, 1974; Rhoads et al., 1978). This is because rapidly 

colonizing opportunistic species are likely to be present continuously. 

In the majority of benthic assemblages delineated in the Mississippi 

Sound study area, this appears to be true. 

As seen in Table 57, many Group I colonizers are found throughout 

the study area. For example, Mediomastus spp. may be expected to be an 
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Tabla 5 7. ~ndidata specie. for Group I, U, .-i.nd. fll colonizers of inshore and offshore: faun.al uat1mblA.gca aa deJ.iaeaced 1n tb• M.1.e•i.a111pp1 Sound and 
ad.jacanc wacera bea.chir: surva1. 

C.O.uca.1 Margin liabit.at. - ~iochele oc:.ulaca (P) 
- Ovwinia t~ifonn.1!11 (P) 

Lover Mobile !lay Hwl 
El&bit.ac 

Opiea. 501.Dld 

Clu.o. Sand Habit.at.a 
{TidaJ. Pua) 

Sballov Sound 

~ 
!iud Bottom 

Mi:md Sediment 

Sand Boer.om 

- ~11:rua-Paramphinome coaples (P) 
- Mediomaat.us app. (P) 
- Laicoacoloploa sp. A (P) 
- Parapr1oooapia pinnae.a (P) 
- Edot.ea cf. moncoa& 
- Polydora Ugni (P) 

- Mad1oma•t.ta •pp. (P) 
- lAit.oacolopl.oa •l'· A (P) 
- Hulinia Laceralis (B) 
- Ci•t.en& gould11 (P) 
- Paraprionoapio pinn.au. (P) 

- Hrriochela ~ (P) 
- Owani.a iuaiform1.a (P) 
- !iediomascua spp. (P) 
- Paraprionospio pinnae.a (P) 

LI.nopherua-Paramphinou. complu: (P) 
~sp. A (Ph) 

- Med.iomu tua app. (P) 
- Ac.a.nt.hohauacoriua sp. A (C) 

Spiophane11 bomoyx (P) 
- Armand.ia macu.La.c..a. (P) 

- Gema gemma {B) 
- ~diomascus 3p. 
- Acant.hohauscoriWI sp. A (C) 
- Lepidact.yiua sp. A (C) 
- Spiophanes bombyx (P) 

- Magelona cf. phyll1.s.ae (P) 
- Mediomaatu.s spp. (P) 
- Mrriocheic oculata (P) 
- O!yurost.yiia sm.it.h.1 (C) 
- Para.pri.onospio .einn.aca (P) 
- ~~a1i$ (B) 

- Hed.iomaatu.s spp. (P) 
- Magelon.a ci. phyllisa.e: (P) 
- Parapriono.~..P..!£ pinnata (P) 
- Photis m.acromao.us (C) 

Aslaopha1UW1 ~ (P) 

Paraprionospio pinnae.a. (P) 
- Medioma.stua spp. (P) 
- A.rmaadia m.aculat.a (P) 
~es oombyx (P) 

- _Protohaustorius sp. A (C) 

~ 
- Sigambra. centaculata (P) 
- Parandalia a..1ner1cam. (P) 
- Ogyridea al~ill (C) 
- Glycinde ~ (.P) 
- Gyptis brev1.palpa. (P) 
- Cerebratu.lu.s cf .. ~ (N) 

- ffa.minoea succin .. (G) 
- ~Cr"iCiiiiliculatA (G) 
- Cerebratulua cf. lacteua (H) 

Siga.mbra cenu.cula.ta (P) 

- Elemipholia eloa.gau. (E) 
- M.icropholia ~ (E) 
- Cosaura soveri (P) 
- Rhyncnoc~p. A (N} 
- Nucula.n.a concentric& (B) 

- Polygordiua epp.. (P) 
- Branchioacoma caribaeum (L) 
- Poecilochaecoua johnsoni (P) 
- Cra••inalla. ~ (B) 

- Polygordiu.. spp. (P) 
- Brancnios coma carib••lllll (L) 
- Na.aariua acuc~ 
- Paraonis cf. fu.lgen.a (P) 
- Cere.braculus cf .. ~ (N) 

Golfingia t.richocephala (S) 
Carebraculus cf. lacteu.a (N) 
H~pholis elongaca (E) 
~cropho!is ~ (E) 
Nucula.oa concentrica (B) 

tuaibrineris spp. (P) 
- Ar1cidea sp. C (P) 
- Golfingia crichocephala (S) 
- Prionospio c.riscaca (P) 
- Nereis micr~ 
- Melinna ma.culaca (P) 

Polygordius spp. (P) 
Branchioscoma. caribaeum (L) 

- Lumbrineris spp. (P) 
Brania vellflee.tensia (P) 

- ~selona sp. F (P) 
- Aspi.dosiphon albua (S) 
- Goniada ~ (P) 

. Bivalve (Pelecypods) H . H.em.ichordace 
Br . Branchiopod L ... Linceler.:. 
c • Crus ta.cean • Nemercean . Echinodena • Polychaece 
G • Gastropod• Ph . Phoronid 

s - Sipuncu.lid 
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GROUP III 

Bala.nngloesus cf. •uranti.a.cu&1 (l:l) 
- Amygdalum papyrium 
- ~minor (8) 

- ~ pea.rsei (C) 
- Diopacra cuprea. (P) 

-~~tB) 

- Nephcya ~ (P) 
- M.e.llita quinquiesperforata (!) 
- Semele nuculoides ~B) 
- Onuphia a.ebuloaa (P) 
- Caacum joho..sonl. (G) 

- Diopatra cuprea (P) 
- Naesarius acutu.s (G) 
~ lobacus (P) 

- ~ pe.arsei (C) 

- Notomastus sp. C (P) 
- Clymenella corqua.ta (P) 
- ~ gracilis (P) 
- .!!_llina \fersicolor (B) 

Callianassa acanthochirus (C) 

E.ncope michelini (.E) 
Glyc.era ox:vcephala (P) 
Caecum pu.lchellum (G) 
Onuphis nebulosa (P) 
~ephtvs picta ~P) 

-~ pyramidaca (Br) 



early colonizer in all habitat types listed, Paraprionospio pinnata in 

all habitats excluding inshore clean sands, and Spiophanes bombyx in 

both inshore and offshore sand habitats. Myriochele oculata appears to 

prefer a muddier substrate and may be expected to be an early colonizer 

of the inshore coastal margin and open sound as well as the shallower 

offshore mud areas. This species, along with a number of other small, 

opportunistic tube-dwellers (i.e., Owenia fusiformis, Phoronis sp. A, 

and Cistena gouldii) may rapidly colonize and dominate large areas of 

the benthos for some time due to their competitiveness for space (as 

tube-dwellers) (Woodin, 1974) and their ability to stabilize, through 

the physical presence of their tubes, the soft sediments from further 

low amplitude wave disturbance (McCall, 1978). If, however, disturbance 

is severe enough to disrupt these organisms, a new community will likely 

arise, depending on the early settlement of immigrant colonizers. Other 

suspected Group I colonizers in the study area include a number of small 

crustaceans (i.e., Acanthohaustorius sp. A, Lepidactylus sp. A, 

Oxyurostylis smithi, Photis macromanus, and Protohaustorius sp. A) and 

small pelecypods (i.e., Mulinia lateralis and Gemma gemma). The crus

taceans, with the possible exception of Oxyurostylis smithi, initially 

may colonize the sandier sediments, whereas the two pelecypods are 

common in shallow water in a wide variety of sediment types. 

Group II species are larger, more errant, surface and subsurface 

burrowing animals comprised of less opportunistic polychaetes, echino

derms, gastropods, nemerteans, and miscellaneous phyla (i.e., sipuncu

lids and cephalochordates). Trophically, the majority of species in 

this group are carnivores, presumably preying on the dense concentra

tions of Group I species in the area. A number of the Group II colo

nizers are characteristic species for faunal assemblages delineated in 
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( the study. These include the ophiuroids, Hemipholis elongata and 

Micropholis atra, associated with the offshore mud and open sound habi

tats, and the characteristic sand species of the entire study area, 

Polygordius spp. and Branchiostoma caribaeum. The remaining Group II 

species are generally habitat restricted, associated with one or two 

faunal assemblages, as opposed to the Group I species which typically 

inhabited two or more habitats. These species are expected to invade an 

area later on in succession and generally their populations are less 

likely to be affected by low level disturbance. 

Examples of Group III species were difficult to find in a few 

habitats within the study area. For example, according to the criteria 

presented earlier, the shallow sand habitat in Mississippi Sound and mud 

habitat in lower Mobile Bay produced no clearly definable Group III 

species. This could, in a sense, be expected since these two areas are 

considered the most hydrographically variable and potentially the most 

disruptive habitat physically in the study area. In this highly unpre

dictable area, Group III species presumably would not become established 

between each defaunating perturbation. 

In the remaining habitat types, an array of generally large, long

lived species were selected which, although generally found in lower 

density, characterize an area faunistically. A number of species are 

listed for more than one habitat type, indicating their similarity 

environmentally as well as faunistically. Examples include the co

occurrence of Pinnixa pearsei and Diopatra cuprea in the open sound and 

muddy offshore areas and the presence of Onuphis nebulosa and two genera 

with closely related species--Nephtys bucera, Nephyts picta and Caecum 

johnsoni and Caecum pulchellum--in the tidal pass and offshore clean 
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sand habitats, respectively. It is interesting to note that the number 

of suspected Group III colonizers identified for the various habitat 

types tend to increase from inshore to offshore. This again may be 

related to increased environmental stability in deeper offshore areas. 

Although environmental conditions may fluctuate in the tidal pass, they 

are more predictable than in the shallow inshore waters. 

Based on the discussion of colonization, the recovery or resiliency 

of benthic communities (faunal assemblages) in areas disrupted by dredg

ing and disposal activities are better understood. In summary, organ

isms inhabiting the physically variable, shallow water inshore and 

off shore habitats are more resilient to perturbations and can recover 

more quickly than the less variable (and more predictable) tidal pass 

and deep water offshore habitats. 

If a disturbance is regularly repeated after the initial recruit

ment period (i.e., colonization of Group I species), the system may be 

maintained in a state of continuous recruitment and high productivity. 

This multiple-disturbance scheme is part of Odum's (1969) pulse

stability concept of managing compromise ecosystems. In this system, 

necessary human disturbance of ecosystems, such as dredging activities, 

can be managed in such a way as to enhance productivity while maintain

ing a degree of environmental resiliency (Rhoads~ al., 1978). 

Rhoads ~al. (1978), in assessing the applicability of managing 

such a dredge-spoil disposal system in Long Island Sound suggested that 

four sets of biological information should be available: 

(1) Spatial distribution of the various potential colonizers; 

(2) rates of seasonal colonization and production; 

(3) how species in the system fit into the colonization sequence; and 

(4) effects of various spoil types on colonizers. 
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Results of the present study have laid the groundwork for such a 

management system. 

This benthic characterization study has identified the spatial 

distribution of various potential colonizers and a determination, based 

on those colonizers, has been made for the habitats and assemblages that 

are most resilient to disturbance. In order to provide the remaining 

information, a temporally directed benthic study would be needed to 

establish the true successional sequence of species in the various 

habitats and to estimate their natural rates of seasonal colonization 

and production. This study could also provide needed life history 

information (i.e., reproductive stage, length-width measurements, etc.) 

obtained primarily by experiments with settling trays and in situ obser

vation (McCall, 1978). With this information the time and location of 

disposal activities could be regulated for enhancing the productivity 

(and perhaps commercial value) of the benthos. Previous knowledge of 

the type of disposal material, i.e., new or maintenance material, is 

also an important factor for site determination. Furthermore, this 

information could be incorporated into a model of benthic productivity 

for the various habitats and assemblages delineated in this study and, 

in combination with the physical hydrodynamic model, provide an environ

mental management plan for area dredging and disposal activities. 
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Abstract 

The Mobile District of the U.S. Army Corps of Engineers is 

conducting studies in support of the potential deepening and widening 

of navigation channels and other facilities in Mobile Bay. MITRE was 

asked to address the potential for dredged material from these activ

ities to be eroded and transported from proposed dredged material 

disposal sites in the Northern Gulf of Mexico. The analysis focused 

on clayand silt-rich lower bay sediments, sandy bar channel sedi

ments, and maintenance dredging materials. 

Unconsolidated lower bay and bar channel sediments would prob

ably be eroded in all but the mildest of oceanographic and meteoro

logical conditions. Erosion of partially consolidated lower bay 

sediments would occur primarily during severe storms or hurricanes, 

though erosion during milder conditions may also occur. Once consol

idated, however, the lower bay sediments would likely be resistent to 

all but severe storm conditions. Maintenance dredging materials 

should respond similarly to lower bay or bar channel sediments of 

comparable physical and chemical composition. 

Other factors being equal, the effects of waves in generating 

oscillatory bottom currents is expected to be more effective for 

dredged material erosion at the Mobile North site than at the Mobile 

South site. Limited regional geologic and field monitoring evidence 

suggests that the long-term, net movement of eroded dredged material 

due to the combined effects of waves and unidirectional currents 

could be towards the west. 
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1.0 INTRODUCTION 

1.1 Purpose 

The purpose of this study is to evaluate the potential for 
dredged material to move from the point of deposition at two 
proposed dredged material disposal sites off Alabama in the Gulf of 
Mexico. The dredged material is composed of sediments obtained from 
deepening, widening, and maintaining the navigation channel in 
Mobile Bay. This study addresses the potential for physical erosion 
and transportion of these sediments. Quantifying this movement in 
terms of directions and transport rates are included to the extent 
possible. 

1.2 Organization 

In Section 2.0 important baseline information is presented. 
Relevant data on the dredging and disposal operation are provided, 
and the dredged material (sediments)* and disposal site 
characteristics are reviewed. These subjects are important inputs 
to assessing sediment transport characteristics. The emphasis in 
Section 2.0 is on the synthesis and summary of existing data, 
whereas later sections concentrate on the interpretation and 
analysis of such data. A brief summary of available methodologies 
for estimating sediment transport is provided in Section 3.0. 
Specific methodologies are selected from the technical literature 
based upon their relevance to the goals of this study and to the 
existing data base. In Section 4.0, these methods are applied to 
estimate sediment transport characteristics using the data presented 
in Section 2.0. The discussion of sediment transport 
characteristics considers both the initial hours after offshore 
disposal (short-term), as well as longer-term movement over 
subsequent weeks, months, and years. 

*Following convention, these terms are used interchangebly in this 
report. 
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2.0 DREDGING PROJECT BASELINE 

2.1 Dredging Project Description 

The modification and improvement project for Mobile Harbor and 
the Mobile Ship Channel has several major components (U.S. Army 
Corps of Engineers, 1980, 1984a) (Figure 2-1). 

o The deepening and widening of the offshore bar entrance 
channel to 57 feet by 700 feet (from 42 feet by 600 feet) 
over a distance of about 7.4 miles. 

o The deepening and widening of the Mobile Ship Channel, from 
the mouth of the bay to the City of Mobile to 55 feet by 550 
feet (from 40 feet by 400 feet) over a distance of 
approximately 27 miles. 

o The construction of a 1710 acre dredged material disposal 
area (Brookley Expansion Area) adjacent to the Brookley 
Industrial Complex. 

o Additional navigation improvements adjacent to the southern 
section of the Mobile Ship Channel 

The project also includes routine dredging to maintain the channels 
and improvements at their planned configuration. 

At the present time, only a portion of the dredged material is 
intended for offshore disposal. This portion includes all of the 
bar channel sediments (the first item above), sediments in the lower 
bay channel (most of the second item), and maintenance material from 
both the upper and lower channels. 

The dredging project would be implemented in two major phases. 
Stated simply, the first phase involves the deepening of the 
channels to their approximate design depths, although some widening 
would also be required to accomplish this. The first phase could 
begin as early as October, 1984 and is expected to last four years. 
The second phase involves the major widening effort. The total time 
required for this phase is less certain. For planning purposes, 
however, activities in the second phase that are relevant to 
off shore disposal are assumed to begin immediately after the first 
phase and to continue for two years thereafter. The volume of 
material projected for offshore disposal is presented in Table 2-1. 
The total construction-related material destined for offshore 
disposal is 65 percent of the entire Mobile Bay project totals for 
Phase 1 and 72 percent for Phase 2. 
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TABLE 2-1 

ESTIMATED VOLUME OF DREDGED MATERIAL 
PLANNED FOR OFFSHORE DISPOSAL FROM THE 

MOBILE SHIP CHANNEL DEEPENING AND WIDENING PROJECT 

Origin of Material 

Construction-Related Material 

Lower Bay Channel 

Bar Channel 

Total 

Maintenance Material (annual volume) 

Bay channel (upper and lower) 

Bar Channel 

Total 

Volume 
(million cubic yards) 

Phase 1 Phase 2 

51.1 25.6 

22.1 4.3 

73.2 29.9 

4.05 

0.70 

4.75 

Source: unpublished data, U.S. Army Corps of Engineers, Mobile 
District 
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The Corps of Engineers would not specify all dredging equipment 
to be used in the project, thereby giving contractors a wider range 
in available approaches. It is likely, however, that the sediment 
would be hydraulically dredged, carried to the disposal sites in 
barges, and released as an instantaneous "dump". The dredging and 
disposal operation would be active for 20 to 21 hours each day. 
Approximately 1600 cubic yards of solids per hour would be released 
offshore. Depending on the amount of bay water incorporated by the 
dredge, this 1600 cubic yards would be carried by two to four barges 
per hour. The choice of which section of the project area would be 
dredged at any time as well the sequencing of dredging would also be 
left to the contractor (Bradley, 1984). 

2.2 Dredged Material Characteristics 

The sediments which would be dredged and disposed offshore 
consist of three types; those beneath the lower bay channel, those 
comprising the offshore bar channel at the entrance to Mobile Bay, 
and maintenance dredging materials which accumulate in all these 
areas (including the upper bay channel). Each of these major 
sediment types are discussed from both engineering and 
sedimentological standpoints in this section. 

2.2.1 Lower Bay Sediments 

A major source of available data on the thickness and texture 
of the lower bay sediments are borings taken in 1964 in preparation 
for channel deepening to the 40 foot level (U.S. Army Corp of 
Engineers, 1980). These borings were carried out to approximately 
51 feet below mean low tide, or 4 feet higher than the current 
design depth of 55 feet. Since the proposed dredging involves 
additional deepening of some 4 feet (e.g., resulting in a final 59 
foot depth for advanced maintenance dredging and overdepth), the 
bulk of these data reflect almost two-thirds of the sediment 
thickness which would be dredged. The boring logs depict a layer 
which is classified almost exclusively as a clay-rich sediment of 
high plasticity. These "fat clays" as they are often called, are 
designated as CH materials based on the Unified Soil Classification 
system (Table A-1, Appendix A). Silt-rich sediments (MH and ML) are 
also reported in this region (U.S. Army Corps of Engineers, 1984a) 
though presumably in minor amounts. 

There is a considerable range in grain size distributions or 
sediment textures which can be classified as CH or "fat clays". The 
1964 borings do not, unfortunately, include textural information. 
A sediment coring project conducted in 1974 represents sampling to 
the as-planned channel depth at four locations (U.S Army Corps of 
Engineers, 1980). The median grain sizes range from .002 to .027 
mm; falling in the silt range (Table 2-2) (Figure A-1, Appendix A). 
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TABLE 2-2 

PARTICLE SIZE DISTRIBUTION FOR 
SELECTED FINE-GRAINED LOWER BAY SEDIMENTS 

Project Sample Particle Size (mm)b 
Boring No. a 

D90 DlO Depth D50 

1974 Sediment Coring - Mobile Bay Ship Channelc 

MB-4 top .039 .007 .003 
middle .140 .010 .004 
bottom .197 .022 .004 

MB-8 top .057 .017 .002 
middle .039 .013 .003 
bottom .035 .002 .001 

MB-12 top .046 .019 .001 
middle .039 .013 .001 
bottom .042 .003 .001 

MB-16 top .043 .018 .001 
middle .040 .011 .003 
bottom .136 .027 .001 

aDepth in feet below the sediment surface 
brnterpolated from grain size tables; D9o=90% of particles are 
finer than this size; Dso=50% finer; D1o=l0% finer. 

csample depths relates to position in boring - actual footage not 
specified; source: U.S. Army Corps of Engineers. 1980. 
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Since this is a rather limited number of samples, selected borings 
from the Theodore Ship Channel (U.S. Army Corps of Engineers, 1977), 
and from probable undisturbed sections beneath the Brookley 
Expansion Area project which encountered CH-type soils were also 
reviewed (Table A-2). Although these sediments exhibited on 
occasion, a wider range in grain sizes, the selection of a .002 to 
.027 mm range from the lower bay core borings was determined to be 
reasonable for the purposes of this study. At many locations in the 
bay, these fine-grained sediments occassionally contain sections of 
dense, partially-cemented oyster shell deposits. 

The in-place water content of the lower bay sediments is a 
factor which will be shown in later sections of this report as 
critical to transport analysis. The lower bay clay-rich sediments 
are particularly loose (unconsolidated) in their uppermost 
sections. Boring logs typically depict a several-foot-thick surface 

layer of "soupy" material. The in-place water content (weight of 
water versus weight of solids) of the sediments reflect this factor. 
A large number of samples of CH clays taken within 15 feet of the 
sediment/water interface show in-place water contents well over 100 
percent (Figure 2-2). At greater sample depths, some water contents 
still remain over 100 percent, but most drop to around 80 to 70 
percent. This change probably reflects the natural consolidation of 
the sediments. Specific consolir!a ti on tests were performed on these 
lower bay clays to ascertain settlement during artifical 
island/spoil site construction. Under test condition loadings 
reaching 8 tons per square foot, the water contents reduced usually 
to between 50 and 60 percent (U.S. Army Corp of Engineers, 1977, 
1980). For comparison purposes, such loads would result from a 
layer of dredged material nearly 100 feet high. Non-CH group 
sediments in the southernmost part of the lower bay area were shown 
to have an in-place water content most often between 40 and 60 
percent. The comparatively lower water contents of these sediments 
may be due to their coarser texture; a logical consequence of the 
position of these deposits at the boundary between the lower bay and 
bar channel areas. 

2.2.2 Bar Channel Sediments 

There are limited data on the bar channel sediments. Several 
in-channel borings taken in 1964 (U.S. Army Corps of Engineers, 
1980) do reach midway to the channel design depth north of Ft. 
Morgan. Deposits of inorganic plastic clays (CH) similar to those 
in the bay channel were encountered. Coarser deposits consisting of 
clayey sands (SP) and silty sands (SM) were found more often than in 

the lower bay area. A set of borings taken outside the channel in 
1982 also reflect conditions to the north of Ft. Morgan (e.g., nos. 
SG-6-82, SG-7-82, and SG-8-82; U.S. Army Corps of Engineers,1984b). 
These borings do not show uniformity in sediment texture from place 
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to place at the depths of interest. There is, however, a higher 

percentage of coarser material such as silty sand (SP-SM) and clayey 
sand (SC) at elevations similar to those to be affected by 

dredging. There are, unfortunately, insufficient grain size 

distribution data for samples from any of these borings. There is 

also limited information on the classification or texture of 

sediments at depth south of Ft. Morgan. A map of surface sediment 

types published by the U.S. Army Corps of Engineers (1980) shows 

sand and sand mixtures in these regions, though sediment textures 

are not specified. Surface sediment sampling in 1974 showed 
sand-size material (median grain size of medium sand) in these 

areas. For planning purposes, these analyses suggest that the 

median grain size of the bar channel sediments which will be dredged 
are in the fine to medium sand range. 

2.2.3 Maintenance Dredging Material 

Maintenance dredging material is that sediment deposited 
continually in an already existing channel and which must be dredged 
periodially to maintain channel dimensions. Data on sediment types 

which would be present as routine maintenance material can be 

derived from the surface layer sampling program conducted in the 

Mobile Harbor channel in 1974, and to some extent from the surface 
sediment map of Mobile Bay prepared by Isphording and Lamb (1979). 

The sediments at the surface in the bay channel are varying mixtures 
of clays, silts, and fine sands (ML and/or CL). They are commonly 

described as soft oozes, and most often have median grain sizes in 

the clay to medium silt range. Clay composition of surface 
sediments in Mobile Bay itself averages 60 percent montmorillonite 
(a lightweight and expandable clay), 27 percent kaolinite, and 13 

percent illite (Isphording and Lamb, 1979). Surface sediments in 

the bar channel area grade into sandier materials (SM and/or SP) 

towards the south, with median grain sizes in the fine to medium 
sand range. 

2.3 Disposal Site Characteristics 

2.3.1 Physical Setting 

A report by Harmon Engineering (1984) includes the most recent 

summary information on the physical and biological setting of the 
Mobile North and South disposal sites. Maps in that report indicate 

disposal site areas of approximately 50 square miles for each of the 

two sites. Water depth averages 43 feet at the former site and 66 
feet at the latter. A map depicting site bathymetry is included as 

Figure 2-3. Bottom sediments sampled by Harmon Engineering are 

sands, with median grain sizes exclusively in the fine sand category. 
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2.3.2 Currents 

2.3.2.1 Field Measurements. Data on currents in the project 
area are very limited in terms of the period of record and the 
oceanographic and meteorological conditions which were experienced. 
Three published field investigations provide a limited insight into 
bottom current speeds and directions (Figure 2-4). All three 
studies reflect "average" or "typical" conditions since no severe 
storms or hurricanes are reported to have occured in the area during 
the monitoring period. 

The earliest data are that of Schroeder (1977). Current roses 
showing the distribution of bottom current speeds and directions 
during the October through December deployment are shown in 
Figure 2-5. Nearly 90 percent of the measurements were found to 
occur in the two lowest speed categories (0.01 to .025 knot, and 
0.26 to 0.50 knots; in sum, equivalent to less than 1, to 26 cm/s). 
The remaining measurements fell primarily in the 0.51 to 0.76 knot 
(26-38 cm/s) range. The direction of current motion as shown by the 
current roses is clearly to the west. 

While Schroeder (1977) does exhibit current data for a summer 
deployment (June through August, 1976), the reported current speeds 
were later found to have been in error (Chuang et al., 1982). The 
summer 1976 data were estimated to be in fact, about one-third the 
originally reported value. When corrected, the current speeds would 
be equal or less than those found in the fall-winter deployment. 
The directional data during the summer deployment were not found to 
be in error. While the data for August exhibited the westerly trend 
in direction found in the fall-winter period, the June-July data 
showed a more mixed trend. 

The most complete set of data on bottom currents closer to the 
project area were gathered by Raytheon Ocean Systems Company (East 
Providence, Rhode Island) and analysed by Kjerfve and Sneed (1983). 
A summary of data from five stations in the project vicinity are 
included as Figures 2-6 and 2-7. The sampling period was 
characterized by generally mild currents, with speeds exceeding 20 
emfs for less than five percent of the record (Figure 2-6). 
Freshwater discharge to the Gulf of Mexico was substantially reduced 
during the time of monitoring, perhaps leading to reduced current 
speeds over the study period. 

The resultant directional data (Figure 2-7) are interesting. 
Some stations show a generally westward current flow similar to that 
found by Schroeder (1977) in the late summer, fall, and early winter 
period (e.g. Stations C7 and CS). Other stations show northerly 
(e.g. CS), mixed (e.g. C4), or northeasterly (e.g. C6) trends. The 
variety in current directons do suggest an "eddying" effect in the 
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project area, as current directions rotate in a counter-clockwise 
pattern from stations C8 through C7, CS, C4 and C6. Whether this 
pattern holds in more severe oceanographic and climate conditions 
than those encountered during the Raytheon deployment is uncertain. 

Instantaneous bottom current measurements (e.g. one-time "grab 
samples") are reported for the Mobile North and South sites in 
Harmon Engineering (1984) (Figure 2-8). Bottom currents of 15 and 25 
cm/s were measured in April 1983, and 36 and 41 cm/s were measured 
in August 1983 at the Mobile North site (station MN3 and MN6, 
respectively). At the southern site April measurements of 10 cm/s 
were noted, with 36 and 41 cm/s again recorded in August (stations 
MS2 and MS8, respectively). The directional data did not conform 
closely to those of Kjerfve and Sneed (1983). The April bottom 
currents were largely to the northwest (MN6), northeast (MN3), and 
east (MS2 and MS8). The August bottom currents were largely to the 
northwest (MN6, MN3, and MN2) and northeast (MS8). 

2.3.2.2 Geologic Evidence. The previously described field 
measurement programs focused on relatively short-term current speeds 
and directions. In such timeframes, currents were generally varible 
in nature. There are two major lines of geologic evidence which 
suggest general sediment migration towards the west over longer 
timeframes: 

o Westward migration of barrier islands. An examination of 
maps, remotely sensed, and other data have shown that 
erosion and westward migration of sediments from Dauphin 
Island has been a dominant factor in this century. Sapp et 
al. (1975) calculated the accretion of the western tip of 
Dauphin Island to be nearly 9000 feet over the period of 
1917 to 1974. 

o Sediment size distribution in the northern Gulf of Mexico 
near Mobile. The freshwater discharge from Mobile Bay 
consists of a mixture of sediment sizes, with appreciable 
amounts of fine sand, silt, and clay. While some of these 
sediments are carried to the deep waters of the continental 
slope (Davies, 1972), much settles out onto the continental 
shelf. Sediment maps of these offshore areas indicate a 
sand-rich mixture to the east of the Mobile Bay outlet, and 
finer-textured silty sand mixtures to the west (U.S. Army 
Corps of Enginers, 1979). This trend suggests the larger 
scale net westward movement of sediments discussed above. 
No studies which document the actual movement of specific 
"tagged" sediments (e.g. using radioactive tracers) were 
found for the project area, however, which could be cited as 
added confirmation of this theory. 
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2.3.3 Waves 

As will be shown in later sections of this report, wave 
activity has an important bearing on sediment transport 
capabilities. There are, unfortunately, no measurements of wave 
activity at the Mobile North and South sites. Data on wave activity 
and currents were sought from the National Oceanographic Data Center 
(Washington, D.C.). A search of their computerized data base on 
oceanographic measurements did not reveal any significant 
information in that portion of the Gulf of Mexico containing the 
project area. Offshore data buoys managed by the National Data Buoy 
Office (Figure 2-9) of the National Oceanographic and Atmospheric 
Administration are either too far away from the project area (e.g. 
42009), have recorded too limited a data set (e.g. EB-53), or 
probably represent different oceanographic conditions (e.g. 42007) 
to have been of direct use in this study. 

An acceptable surrogate for site-specific wave data was found 
in a data base originally developed by the Naval Weather Service 
Command. This organization summarized data on a wide range of 
oceanographic and meteorological conditions, based on ship 
observations. The series of published "Summary of Synoptic 
Meteorological Observations" (SSMO) aggregate data over large 
geographic areas and in varying water depths (U.S. Naval Weather 
Service Command, 1975). Although these data reflect both deep and 
shallower water conditions, the data can be considered as 
conservative and useful for the purposes of transport analyses. A 
portion of the raw data set eventually published in the SSMO's were 
aggregated for the Mobile-Pascagoula area (29° N to 31° N latitude; 
87° W to 90° W longitude) by the National Oceanographic and 
Atmospheric Administration (1972), and are shown in Table 2-3. 
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N 
I 
I-' 
\0 

Wave 
Period 

(Seconds) 1 1-2 3-4 

6 8.2 29.5 24.4 

6-7 .3 1.2 2.7 

8-9 .1 .2 .5 

10-11 .o .3 .1 

12-13 .o .o .3 

13 .o .o .o 
IND ET 8.5 3.1 1.4 

TABLE 2-3 

PERCENT FREQUENCY DISTRIBUTION OF WAVE HEIGHT VERSUS WAVE PERIOD FOR THE 
MOBILE-PENSACOLA AREA IN THE NORTHERN GULF OF MEXICO 

Wave Height (feet) 

5-6 7 8-9 10-11 12 13-16 17-19 20-22 

6.5 2.6 .7 .2 .1 * .o .o 
2.7 1.5 .7 .3 .1 * .o * 

.7 .7 .3 .2 * .1 * .o 

.2 .1 .1 .1 .1 .1 * .o 

.1 .1 .1 * * * .o .o 

* .1 .1 * * * .o .o 
.4 .2 * * .o * .o .o 

Total 
Number of 

23-25 26-32 32 Readings 

.o .o .o 7241 

.o .o .o 934 

.o .o .o 250 

.o .o .o 107 

.o .o .o 62 

.o * .o 26 

.o .o .o 1358 
---------------------------------------------------------------------------------------------------~-----------------------------------------------Total Number 
of Readings 36 3481 2894 1025 505 192 78 34 29 2 1 0 1 .o 9978 

Total 
Percentage 17.0 34.3 29.3 10.6 5.3 2.0 .8 .4 .3 * * .o * .o 100 

Note: o INDET signifies period not determined; * signifies percent frequency of 0 and .05, 
o Data aggregated for period of record within latitude 29 N to 31 N and longitude 87°W to 90°W. 
o Total percentages are taken directly from source documents; minor round off errors assumed. 

Source: National Oceanographic and Atmospheric Administration, 1972. 



3.0 METHODOLOGY 

There are three major approaches for evaluating the fate of 
dredged material after disposal: drawing analogies to actual field 
observations, employing computer-assisted numerical simulation, and 
using analytical techniques derived from studies on thresholds of 
sediment movement. Each of these principal approaches is discussed 
in turn in Sections 3.1 through 3.3. 

3.1 Field Experience 

In-field monitoring of dredged material movement over 
relatively short time-frames (e.g. minutes to days) after a release 
has been carried out at several disposal sites around the country. 
In-field monitoring of the initial minutes after the release of 
dredged material has been carried out by Bokuniewicz et. al (1978) 
at 5 dredged material disposal sites. The researchers report the 
following: 

"Data were obtained at one site in the open ocean, the New York 
Bight, and two sites on the Great Lakes, one at Ashtabula, 
Ohio, and one at Rochester, New York. Among these study sites 
the water depths ranged from 15 to 67 m and currents in the 
receiving water, from 0 to 0.7 m/sec. A wide range of sea 
states and weather conditions were encountered during the 
studies. The dredged material being placed ranged from highly 
fluid riverine mud to dense marine silt, and the quantities 

!j~c~:::~t!nt:~~ :~~:1~a~~=r~~i~~n~~~~~~s~r~~ ;:~ ~~u!!2~hat 
the same basic sequence of placement processes took place at 
each locality. Dredged material is transported to the bottom 
in a narrowly defined jet of high density fluid and as blocks 
or clods of cohesive soil. Upon impact with the bottom, a 
radially expanding surge is formed that carries dispersed 
dredged material away from the impact area. This material 
deposits in the form a a heavy ring having a radius of several 
hundred meters. Cohesive material remains at the impact area." 

During this important early phase, the dredged material was found to 
spread out over time but be confined to within 1000 feet of the 
release point (Figure 3-1). For water depths, ranging from about 65 
to 160 feet, the greatest thickness of the surge varied from about 
13 to 23 feet. 

Observations of dredged material disposal in the active, 
approved section of the Mobile North site are summarized by the 
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U.S. Army Corps of Engineers (1975). The disposal operations 
generated plumes of suspended solids which usually dissipated in 
about a day. 

Other literature on dredged material movement reviewed by Basco 
et al. (1974) also confirms the observation that the bulk of the 
material remains initially within 1000 feet of the point of 
discharge. The material is then subject to long term dispersal due 
to currents and waves. The texture of dredged material is also 
important since coarse particles (e.g., sand and pebbles) or 
aggregates (e.g., the commonly-encountered mud balls or cemented 
oyster shell deposits) tend to settle closer to the point of 
discharge. 

Oceanographic conditions, both seasonal and temporal, can be 
important controls on dispersal. Pequegnat et al. (1981) and 
Harlett and Kulm (1973) examined continental shelf waters at 
generally greater depths than those encountered at the Mobile Bay 
sites. The scientists report that suspended sediment plumes can 
move away from the release point along thermal- or density-stratified 
ocean-water layers (thermoclines; pycnoclines). Studies of disposal 
projects in and around Mobile Bay as reviewed by Vittor (1978), 
indicate a much greater initial dispersion of dredged material in 
storm conditions than in non-storm conditions. 

3.2 Numerical Simulation 

The Tetra-Tech model (Brandsma and Divoky, 1976) and 
modifications to it, are the principal approach to modeling the 
movement of dredged material in the initial minutes and hours after 
release. The Tetra-Tech model was calibrated and evaluated by 
Holliday et al., (1978). They found some difficulties in the 
model's application but concluded that it provided useful data for 
relatively qualitative estimates. The model was also run by the 
U.S. Army Waterways Experiment Station for a study on the New York 
Bight disposal site (as reported in Conner et al., 1979) in water 
depths similar to those at the Mobile North and South sites. The 
results from the model generally corroborated empirical evidence 
cited in Section 3.1 since the authors state "It is conservatively 
predicted that the bulk of the disposed material would be deposited 
on the bottom within several hours of the dump and would initially 
settle out within 1000 feet of the dump site." 

Computer simulation of dredged material movement after the 
initial dumping phase is even less developed. Wang (1982) believes 
that "numerical models based completely on physical and mathematical 
theories to simulate sediment transport have not been developed 
yet", and that the results from such models produce only qualitative 
help. 
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3.3 Analytical Approach to Determining Thresholds of Movement 

For several decades, sedimentologists and others in the fields 
of geology and oceanography have used analytical techniques derived 
from laboratory studies of sediment transport. These approaches 
center on comparing current velocities measured or estimated at the 
proposed disposal site to theoretical values above which erosion or 
transportation of particles similar to those planned for disposal is 
expected to occur. The methods were originally directed to 
non-cohesive particles of uniform grain size. Graphical 
methodologies such as the Hjulstrom (1939) family of "competency" 
curves, and modifications to those curves, are most often chosen. 
It should be remembered that the curves define whether erosion or 
transportation will occur under certain conditions, but do not 
indicate durations or quantities of movement. Although these 
curves were initially derived from flume or other controlled 
laboratory studies, some field verification and modifications have 
occurred (e.g. Sundborg, 1956). Analytical techniques are, 
therefore, an important initial step in understanding sediment 
movement. 

Many studies in the dredged material field rely on determining 
threshold criteria and utilize curves such as those of Hjulstrom 
(1939). Applications of these techniques have ranged from sites in 
the Pacific Northwest (Sternberg et al., 1977), to the Ashtabula 
River in Ohio (Danek et al., 1977), to the New York Bight (Conner et 
al., 1979). Of several modifications to the Hjulstrom curves, the 
one developed by Postma (1967) was chosen for this study since it is 
the most applicable to the fine-grained, silt- and clay-rich 
sedlments destined for offshore disposal near Mobile (Figure 3-2). 
These curves are also applicable to the non-cohesive, sand-sized 
sediment fraction also under investigation. 

To understand the use of the Postma (1967) method, consider the 
three example plots of grain size (all .01 mm) and current velo
cities (aproximately 4, 30 and 150 cm/sec) depicted in Figure 3-2. 
Point 1, for example, is completely within the .. deposition" zone and 
the grains will not be eroded. If a grain which is already in 
motion due to some higher current velocity is suddenly exposed to 
the same 4 cm/sec current depicted at point 1, the grain will tend 
to fall out of the flow and come to rest. At point 2, erosion will 
occur if the sediment layer comprising the aggregation of .01 mm 
particles has an approximately 80 percent or greater water content, 
since point 2 is above the 80 percent threshold curve. Erosion of 
sediment layers with less than 70 percent water content will not 
occur since the erosion threshold will not be exceeded. If, 
however, currents rise above that threshold, eroded grains will 
remain in the flow (be transported) even if the currents drop back 
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down to point 2, since the currents will be greater than the 
transportation/deposition threshold. At point 3, all sediment 
layers of .01 mm grains will be eroded regardless of water content. 

To apply techniques for determining thresholds of movement, 
certain data must be obtained on sediment characteristics and 
current velocities. The remaining discussion in Section 3.3 focuses 
on methodologies for selecting appropriate parameters in these areas. 

3.3.1 Sediment Characteristics 

Sediment size is a major parameter needed to apply competency 
or threshold curves. Natural sediments are rarely uniform in grain 
size, so a median grain size (by weight) is usually selected. This 
is a valid approach as long as the spread in grain size is 

relatively small, a somewhat subjective judgement since no measure 
of "acceptable spread'" is specified. The methods are most directly 
applicable to sand-sized or non-cohesive sediments. 

The cohesive forces present in sediments rich in clays and 
silts present additional complications in utilizing the threshold 
curves. Postma (1967) presents the most usable form of threshold 
curves for cohesive sediments. He recognizes the differences in 
transport capabilities as fine-grained sediments lose water and 

become consolidated. There is more than an order of magnitude 
difference in the velocity necessary to transport a newly-deposited 
sediment/water slurry (with a water content above 90 percent) from 
that required for erosion of a firm clay-silt bed. 

Even with this framework, it is difficult to account completely 
for such effects as flocculation and variations in clay mineralogy. 
Flocculation is the tendency of clay particles to aggregate once the 
salinity of the surrounding water increases, with the resultant 
settling rate (due to aggregation) reaching a maximum at salinities 
of one-third to one-half of normal seawater (Basco et al, 1974). 
These "composite" particles, ranging from a few tenths of microns to 
several millimeters in length, are common constituents of marine 
waters (Drake, 1976). The widely varying sedimentological behavior 
of different clay minerals is cited by researchers as one of the 
reasons why predictions of transport thresholds must be considered 
tentative, pending specific hydraulic model or flume tests (Drake, 
1976). 

There is insufficient information available on the likely 
behavior of flocculated Mobile Bay sediments subjected to erosive 
forces. One might speculate that an "equivalent grain size" for 
individual floes would be greater than that of the individual 
unflocculated grains. Depending on how far to the right these new 
grain size/velocity plots would be, the new "grains" would be either 
subject to erosion to a less than equivalent, or greater extent. 
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3.3.2 Unidirectional Currents 

As noted in Section 2.0, current measurements have been made at 
or near the Mobile North and South sites. Some of these 
measurements probably correspond to the annual occurrence of winter 
cold fronts, a condition which leads to strong cross-shelf currents 
over a several day period (Smith, 1977). Information is lacking, 
however, on currents during extreme hurricanes and tropical storms. 
Some current measurements have been made under these conditions at 
other locations on the continental shelf in the northern Gulf. 
These data are summarized in Table 3-1. In any year, there is about 
a 13 percent probability that a tropical cyclone (32 to 58 knot 
winds), hurricane (59 to 99 knot winds), or great hurricane (over 
100 knot winds) will occur in the Mobile area (Figure 3-3) (U.S. 
Environmental Protection Agency, 1982) • 

3.3.3 Wave-Generated Bottom Currents 

The currents described previously represent comparatively 
large-scale unidirectional movements of water from one part of the 
Gulf to another in response to large-scale physical and 
meteorological stress. A more localized generator of currents is 
the stress of the wind, which forms waves at the surface of the 
Gulf. As recently as the late 1960's, most researchers felt that 
such wave-generated bottom currents were active only in relatively 
shallow water (e.g., less than 20 meters). In the early 1970's, 
researchers such as Ewing (1973) began to show through calculations 
or observations that such currents are possible in waters of 50 to 
200 meters in depth. These wave-generated bottom currents are 
oscillatory in nature, tending to move particles in a back and forth 
motion. The previously described unidirectional current, even if 
below the threshold for erosion, might then be sufficient to 
transport sediment eroded by higher velocity wave-generated 
oscillatory currents (Sternberg, 1973; Komar, 1976). During extreme 
storm events, however, "wave-orbital velocity and mean current speed 
are not independent when the magnitude of either is high ••• " (Lesht 
et al., 1980). 

A major difficulty with understanding wave-generated bottom 
currents is the lack of appropriate in-field measurements. The 
majority of current meters deployed in the past including those 
employed for monitoring near Mobile (Section 2.3.2), use rotor-like 
sensors with long response times. The systems then typically 
average data over time periods of one-half hour or longer. This 
measurement approach is insufficient for detecting the fast-response 
orbital motion of wave-generated currents (Harlett and Kulm, 1973; 
Siedler and Seibold, 1974; Basco et al., 1974; Komar and Miller, 
1975; and Bokuniewicz et al., 1977). Given these difficulties, a 
standard approach is to calculate currents using existing wave 
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TABLE 3-1 

BOTTOM CURRENTS RESULTING FROM TROPICAL STORM AND HURRICANE ACTIVITY IN THE NORTHERN GULF OF MEXICO 

Dates Monitoring Distance from 

Storm Monitored Location Storm Tracka Bottom Current Data Source 

Hurricane August, 0.36 km 160 km between 50 and 80 cm/sec Murray, 1970 

Camille 1969 offshore from during strongest 6 hour+ 
Florida period of storm; pulses 
Panhandle on to 160 cm/sec 
ocean bottom 

Tropical September, apx. 43 km 0 over 100 cm/sec during Forristall et al., 

Storm Delia 1973 SSE of strongest 6 hour + 1977 
Galveston, TX; period of storm; at times 
deepest reading over 150 cm/sec with 
at 3 meters some wave generated 
above bottom current effects 

Hurricane August-September, apx. 21.5 km 350 km 60 to 70 cm/sec during Smith, 1978 

VJ 
Anita 1977 offshore from 2 days of peak storm 

I Port O'Connor, activity is 2 to 3 times 
CX> TX; deepest those characteristics of 

reading at 2 area during summer 
meters above 
bottom 

Hurricanes Bob, 1979 Florida Middle apx. 275 km Maximum unfiltered Schroeder and 

Frederick Grounds; for closest velocities from 25 McGrail, 1982 

and David; deepest storm to 61 cm/sec 

Tropical Storm reading apx. 
Claudette 4.5 meters 

above bottom 

8 Based on source docU11ents, or data in Neumann et al. (1983). 
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theory (Basco et al., 1974). The specific adaption of wave theory 
which was selected for application at the Mobile sites has been used 
for established disposal site analysis by Bokuniewicz et al. (1977) 
and Conner et al. (1979). Utilizing consistent units, the equation 
employed is: 

where: 

U = H/P sinh (2rrd/L) 

U = maximum near-bottom current velocity 
H = wave height 
P = wave period 
d = water depth 
L wave length 

McLennen (1973) suggests that to equate these oscillatory current 

data with the unidirectional currents discussed earlier, the oscil
latory current values (expressed in the formula as a maximum) should 

be reduced by one-third to yield an estimate of mean absolute speed. 

The currents which result from oscillatory wave action are, 
other factors being comparable, of higher magnitude in shallow 
waters than in deep waters. This relationship of depth to current 

speeds has been predicted to be relevant to conditions ranging from 
the several hundred foot depths of the North Atlantic continental 
shelf (Figure 3-4), to shallower waters of Long Island Sound 
(Figure 3-5). 

3.3.4 Estimating Sediment Transport Rates 

Techniques for quantifying the rates of sediment transport have 

been derived essentially for non-cohesive sediments. Many such 
techniques have been reviewed in the technical literature. Vincent 
et al. (1981) report on an interesting and relevant application of 
theories developed originally by Bagnold (1941). This approach is 
valid for estimating on a first-approximation basis, transport 
rates from the proposed Mobile North and South sites. Vincent et 
al. (1981) utilize the following general equation: 

where: 

= transport rate (gm/cm/sec) 

absolute value of mean current speed (cm/sec) 
(at 100 cm above the bed) 

= threshold velocity above which transport 
occurs (cm/sec) 
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4.0 ESTIMATION OF POTENTIAL SEDIMENT TRANSPORT CHARACTERISTICS 

In this section, data on site and dredged material 
characteristics presented in Section 2.0 are examined using the 
methodologies outlined in Section 3.0. The focus of the discussion 
in this section is whether erosion and transportation of dredged 
material is likely to occur. Quantification of this movement is 
presented to the extent possible with the available data base. 

4.1 Post-Release 

Based on the information presented in Section 3.0 , the bulk of 
the dredged material released from the disposal barges would settle 
in several hours, within 1000 feet from the release point. This 
basic assumption is reasonable given the history of field 
observations and modeling discussed in Sections 3.1 and 3.2. 
Density or thermal stratification in the Gulf waters near the study 
area, as noted by Chuang et al. (1982) and Kjerfve and Sneed (1983), 
would tend to yield a turbid layer above the Gulf bottom. This 
layer may dissipate over a period of perhaps one or more days. 
Cemented oyster-mud sections or mud balls would settle immediately 
after release. 

4.2 Movement After Initial Deposition 

After settling out of the water column, the sediments would be 
subjected to the effects of unidirectional currents and 
wave-generated bottom currents. The likelihood of transport is 
addressed in Sections 4.2.2 and 4.2.3, based on the methodologies 
reviewed in Section 3.3. First, however, key parameters for dredged 
material texture and current speeds at the proposed disposal sites 
must be selected from the data presented in Section 2.2 and 2.3. 

4.2.l Selection of Parameters 

While it is impossible to evaluate all possible combinations of 
currents and sediments, a reasonable data set which covers the range 
of possibilities can be selected from the data base on dredged 
material and disposal site characteristics discussed in Section 2.2 
and 2.3. The parameters selected are summarized in Table 4-1. Four 
unidirectional current conditions were selected for analysis. These 
conditions are defined as: 

o "Low normal" - currents in the 5 to 15 cm/s range are 
encountered routinely at the proposed disposal areas and 
reflect relatively quiescent oceanographic and 
meteorological stress. 
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TABLE 4-1 

EROSION AND TRANSPORTATION ANALYSIS PARAMETERS 

Sediment Source 

Lower Bay Channel 

Bar Channel 

Maintenance Material 

Degree of Consolidation 
of Lower Bay Channel Sediments 

Unconsolidated 

Partially Consolidated 

Consolidated 

Current Conditionsa 
(unidirectional) 

Low Normal 

High Normal 

Severe Stormb 

Hurricane in immediate 
area 

Median Grain Size 

.002 - .027 mm 

.125 - .500 mm 

as above 

Water Content 

90% 

75% 

55% 

Speeds 

5·-15 cm/s 

25-40 cm/s 

60-80 cm/s 

10 0-140 cm/ s 

aAlthough grouped by unidirectional current categories, 
wave-generated bottom currents fall within the 5 to loo+ cm/s 
range exhibited here. 

bGeneric term; includes effects from hurricane not in immediate 
area 
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o "High normal" - currents in the higher 25 to 40 cm/s range 
have been noted in field studies in the project area under 
relatively active, but non-severe-storm conditions. These 
currents could correspond to the passage of major winter 
fronts even in a year that on average, reflects "low normal" 
conditions. 

o "Severe storm" - Based on the literature of storm effects in 
the Northern Gulf of Mexico (Table 3-1), currents of 60 to 
80 cm/s may be expected due to severe storms in the area, or 
from hurricanes that are tens to hundreds of miles away. 

o "Hurricane" - a hurricane passing over the project area 
could generate current speeds in the 100 to 140 cm/s range 
(Table 3-1). 

Data were also required for this analysis on current speeds due 
to wave-generated bottom currents. Since site-specific data on 
these oscillatory currents are not available, they have been 
determined using wave data (Table 2-3) and wave theory calculations 
(as reviewed in Section 3.3.3). Selected results from these 
calculations are presented in Tables 4-2 through 4-6. The estimates 
in Table 4-2 are based on an average 55 foot water depth for both 
disposal sites. Tables 4-3 through 4-6 represent portions of each 
disposal site ranging in succession from the deep (75 foot) and 
shallow (62 foot) portions of the Mobile South site and deep (50 
foot) and shallow (32 foot) portion of the Mobile North site. 

The estimates in Tables 4-2 through 4-6 do display the 
consistent increase in wave-generated bottom currents with 
decreasing water depth, that was discussed generically in Section 
3.3.3. The current speeds in the shallow portions of the Mobile 
North site are about two to three times those in the deeper portion 
of the Mobile South site. This tendence towards increased speed is 
further enhanced by the fact that wave trains when entering 
shallower water will maintain wave periods while increasing wave 
heights (U.S. Army Coastal Engineering Research Center, 1977). The 
increase is current speed due to this additional factor is expected 
to be small, however, over the range in water depths across to the 
disposal sites. 

The wave-generated bottom currents exhibited in Tables 4-2 
through 4-6 span a range similar to that of the unidirectional 
currents described previously. The relative occurence of the wave 
height/wave period combinations which lead to the oscillatory 
currents should also be considered. The first wave period category 
ls the under-6 seconds category in the National Oceanographic and 
Atmsopheric Administration 9 s data base (Table 2-3). It is 
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Wave 
Period 

(Seconds) 

3 

4.5 

6-7 

+:- 8-9 1 
+:-

10-11 

12-13 

* - no 
to 

Note: 

TABLE 4-2 

ESTIMATED MEAN OF WAVE-GENERATED 
BOTTOM CURRENTS AT MOBILE NORTH AND SOUTH SITES: SUMMARY DATA 

(centimeters per second) 

Wave Height (feet) 

1-2 3-4 5-6 7 8-9 10-11 12 13-16 

<l <l <l <l <l <l <l <l 

1 3 5 7 8 10 11 14 

5 13 20 25 30 38 43 52 

8 18 29 37 45 55 63 76 

9 21 33 42 51 63 72 87 

* 23 36 46 55 68 78 94 

measurements in this range have been noted in the study area according 

the National Oceanographic and Atmospheric Administration (1972) 

0 Mean value is two-thirds of the maximum value, after methodology 

of McLennen (1973). 

0 Average water depth of 55 feet was assumed in the calculations. 

0 Wavelength (a necessary value for these calculations) was estimated 

18 

* 
* 
* 
95 

108 

* 

from wave period and water depth, using methodologies in U.S. Army Coastal 

Engineering Research Center (1977). 

o <6 second wave period category (Table 2-3) represented by 3 seconds and 

4.5 seconds. 
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TABLE 4-3 

ESTIMATED MEAN OF WAVE-GENERATED 
BOTTOM CURRENTS AT DEEPER SECTIONS OF THE MOBILE SOUTH 

(centimeters per second) 

Wave Wave Height (feet) 
Period 

1-2 3-4 5-6 7 8-9 10-11 12 (Seconds) 

3 <l <l <l <l <l <l <l 

4.5 1 1 2 2 2 3 3 

6-7 3 8 12 15 19 23 26 

8-9 6 13 21 26 32 39 45 

10-11 7 17 27 34 42 52 59 

12-13 8 19 29 37 45 56 64 

SITE 

13-16 

<l 

4 

32 

54 

71 

77 

18 

* 

* 

68~ 

88 

* 

* - no measurements in this range have been noted in the study area according to the 
National Oceanographic and Atmospheric Administration (1972) 

Note: o Mean value is two-thirds of the maximum value, after methodology of 
McLennen, 1973. 

o Average water depth of 75 feet was assumed in the calculations. 

o Wavelength (a necessary value for these calculations) was estimated from 
wave period and water depth, using methodologies in U.S. Army Coastal 
Engineering Research Center, 1977. 

o <6 second wave period category (Table 2-3) represented by 3 seconds and 
4.5 seconds. 
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TABLE 4-4 

ESTIMATED MEAN OF WAVE-GENERATED 
BOTTOM CURRENTS AT SHALLOWER SECTIONS OF THE MOBILE SOUTH SITE 

(centimeters per second) 

Wave Wave Height (feet) 
Period 

1-2 3-4 5-6 7 8-9 10-11 12 13-16 18 
(Seconds) 

3 Kl <l <l <l <l <l <l <l * 
4.5 1 2 3 4 5 7 7 9 * 
6-7 5 11 18 22 27 34 38 46 * 
8-9 7 17 27 34 42 52 59 71 88 

10-11 9 20 32 41 49 61 70 84 104 

12-13 10 22 35 45 54 67 77 93 * 

* - no measurements in this range have been noted in the study area according to the 
National Oceanographic and Atmospheric Administration (1972) 

Note: o Mean value is two-thirds of the maximum value, after methodology of 
McLennen, 1973. 

o Water depth of 62 feet was assumed in the calculations. 

o Wavelength (a necessary value for these calculations) was estimated from 
wave period and water depth, using methodologies in U.S. Army Coastal 
Engineering Research Center, 1977. 

o <6 second wave period category (Table 2-3) represented by 3 seconds and 
4.5 seconds. 
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TABLE 4-5 

ESTIMATED MEAN OF WAVE-GENERATED 
BOTTOM CURRENTS AT DEEPER SECTIONS OF THE MOBILE NORTH SITE 

(centimeters per second) 

Wave Wave Height (feet) 
Period 

1-2 3-4 5-6 7 8-9 10-11 12 13-16 18 (Seconds) 

3 <l <l <l <l <l 1 1 1 * 
4.5 2 5 7 9 11 14 16 19 * 
6.5 6 15 23 30 36 45 51 62 * 
8.5 9 20 32 41 49 6'1 70 84 104 

10.5 10 23 37 47 57 70 80 96 120 

12.5 11 25 39 50 60 74 85 103 * 

* - no measurements in this range have been noted in the study area according to the 
National Oceanographic and Atmospheric Administration (1972) 

Note: o Mean value is two-thirds of the maximum value, after methodology of 
McLennen, 1973. 

o Water depth of 50 feet was assumed in the calculations. 

o Wavelength (a necessary value for these calculations) was estimated from 
wave period and water depth, using methodologies in U.S. Army Coastal 
Engineering Research Center, 1977. 

o <6 second wave period category (Table 2-3) represented by 3 seconds and 
4.5 seconds. 
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Wave 
Period 

(Seconds) 

3 

4.5 

6-7 

8-9 
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12-13 

TABLE 4-6 

ESTIMATED MEAN OF WAVE-GENERATED 
BOTTOM CURRENTS AT SHALLOWER SECTIONS OF THE MOBILE NORTH SITE 

(centimeters per second) 

Wave Hei~ht (feet) 

1-2 3-4 5-6 7 8-9 10-11 12 13-16 

1 1 2 2 3 3 4 5 

6 14 22 28 34 42 48 56 

11 25 39 50 60 74 85 103 

13 29 46 59 71 88 101 122 

14 32 50 64 78 96 109 132 

14 33 52 66 80 99 113 136 

18 

* 

* 

* 
151 

164 

* 

* - no measurements in this range have been noted in the study area according to the 
National Oceanographic and Atmospheric Administration (1972) 

Note: 0 Mean value is two-thirds of the maximum value, after methodology of 
McLennen, 1973. 

0 Water depth of 32 feet was assumed in the calculations. 

o Wavelength (a necessary value for these calculations) was estimated from 
wave period and water depth, using methodologies in U.S. Army Coastal 
Engineering Research Center, 1977. 

o <6 second wave period category (Table 2-3) represented by 3 seconds and 
4.5 seconds. 



unfortunate that NOAA aggregates all data in this category, since it 
comprises 84 percent of all the measurements where the period could 
be determined (Table 2-3; as calculated from [7241/(9978 - 1358)]x 
100). Specific periods of 3 and 4.5 seconds were chosen for example 
purposes in the calculations of Tables 4-2 through 4-6. Waves in 
the 4.5 to 6 second wave period category would, however, lead to 
significantly greater currents than those in the under-4.5 second 
wave period category, as shown by the examples in Figure 4-1. How 
much of the data in the 84 percent, under-6 second wave period 
category is represented by potentially stronger or weaker 
current-generating waves is uncertain, due to this data base 
problem. What is apparent in the data of Tables 4-2 through 4-6 is 
the suggestion that the oscillatory currents would be consistently 
greater in the Mobile North site than in the deeper-water, Mobile 
South site. The implications of this condition on sediment 
transport are discussed below. 

4.2.2 Analysis: Likelihood of Sediment Erosion and 
Transportation 

The results from plotting site and dredged material parameters 
(Table 4-2) onto the Postma-style threshold curves are included in 
Figures 4-3 through 4-6. A legend to these curves is given in 
Figure 4-2. Figure 4-7 is a summary of the individual sediment 
analyses. These figures were prepared through the following steps: 

o Postma-style curves were prepared for each of the four 
sediment types, giving attention to appropriate ranges in 
water contents for cohesive sediments. Intermediate zones 
were identified; zones being bounded by the transportation/ 
erosion threshold at different water contents. 

o Boxes depicting representative combinations of median grain 
sizes (horizontal axis) and current speeds (vertical axis) 
were drawn. 

o Assessments were made as to whether the boxes fell within 
the erosion or transportation zones. Some subjective 
judgement was required in cases where only part of the boxes 
fell in a given zone. 

The following statements can be made as a result of these 
analyses: 

o Unconsolidated lower bay channel sediments would probably be 
subject to erosion at the disposal site in all but the 
mildest of oceanographic and meteorological conditions. 
Newly dredged and released lower bay channel sediments from 
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channel modification or maintenance dredging are charac
terized by high water contents (even if the original 
in-place water contents are lower), and can be considered to 
be in such an unconsolidated state. 

o Once eroded, unconsolidated bay channel sediments would be 
capable of being transported from the point of disposal 
under all conditions examined. It is possible that 
wave-generated (oscillatory) bottom currents could erode 
such sediments for conditions in which unidirectional 
currents are less than the erosion potential but greater 
than above the transportation threshold. 

o Partially consolidated lower bay channels sediments would 
probably be eroded during severe storm or hurricane activity, 
and possibly be eroded under even milder conditions. Given 
the tendency for newly deposited dredged material to be 
eroded, however, a mechanism must be found for allowing such 
materials to achieve partial consolidation. Partial consol
idation might result if a disposal mound is formed after 
release under very mild oceanographic and meteorological 
conditions. The weight of this concentrated pile of sedi
ments might then lead to some dewatering in the lower 
portion of the pile. 

o Partially consolidated lower bay channel sediments would 
probably be transported from the site of disposal even if 
unidirectional currents are in the lowest categories 
examined. 

o Consolidated lower bay channel sediments would be subject to 
erosion primarily during severe storm or hurricane activity. 
Most of these consolidated materials, however, may be in the 
form of "mud balls" or cemented chunks of oyster shells and 
mud rather than slowly consolidating dredged material. 

o Transportation of these consolidated lower bay channel 
sediments would be possible, even if unidirectional current 
speeds are in the lowest categories. 

o The bar channel sediments would probably be eroded and 
transported under all but "low normal" conditions. 

The next question to be asked is what additional effect the 
wave generated bottom currents would have on erosion and transporta
tion of dredged material. Since the unidirectional currents are by 
themselves sufficient to erode and transport dredged material under 
"high normal", "severe storm", and "hurricane" conditions, the 
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effects of oscillatory currents are of prime importance only under 
"low normal" conditions. It is possible to consider the two lowest 
wave period categores of Tables 4-2 through 4-6 as a working 
surrogate for "low normal". The resultant bottom currents are 
greater than the 5 to 15 cm/s unidirectional current category only 
at shallower portions of the Mobile North site. Such higher speeds 
would be effective at eroding and transporting unconsolidated lower 
bay sediments, but would be less effective at moving the remaining 
sediment types. It is reasonable to assume, however, that 
wave-generated bottom currents would serve as an additional means of 
moving the dredged material, but that additional effect would 
primarily be at the Mobile North site. 

In summary, erosion and transportation of the majority of 
dredged material planned for disposal at the Mobile North and South 
sites is likely to occur even under relatively average, non-storm 

conditions. Severe storms or hurricane activity would be especially 
effective at moving material from the disposal areas. 

4.2.3 Analysis: Potential Sediment Transport Rates 

Data indicating that erosion and transportation of dredged 
material could occur under many conditions has been presented in the 
previous section of this report. If thresholds for movement are 
exceeded, it is logical to inquire as to the rate at which movement 
could occur. If transportation occurs at a more rapid pace than 
disposal, mounding should not occur. The Bagnold-type equations 
employed by Vincent et al. (1981) for the New York Bight, for 
example, can be used for rough estimation of the transport rate of 
the sandy bar channel sediments after disposal at the Mobile North 
and South sites (Table 4-7). Example transport calculations are 
inclqded in Table 4-3. Some of the important assumptions in these 
calculations are: 

o The dredged material is assumed to settle to the bottom 
during quiescent conditions and then a undirectional current 
is applied. The effects of wave-generated bottom currents 
in resuspending sediments are not addressed. 

o The average values for thresholds of exceedance are taken 
from Figure 4-5. 

o All sediment entrained in the currents is assumed to be 
derived from the disposal areas; any sediment entrained in 
the currents before reaching the disposal areas is assumed 
to have been deposited and replaced by dredged material. 
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TABLE 4-7 

POTENTIAL TRANSPORT RATES FOR BAR CHANNEL SEDIMENTS 
DISPOSED AT THE MOBILE NORTH AND SOUTH SITES 

Average PotentiaI Seaiment Transport ~ates 
Threshold 

b 
(yd3/hr/1000 

a c Condition Exceedance gm/sec/cm meters) 

High Normal 15 .15 27 

Severe Storm 50 5.6 1000 

Hurricane 90 33. 5800 

aExceedance of erosion/transportation threshold. 

Disposal 
Rate 

2 

63 

360 

hcalculated using methodology of Vincent et al. (1981); as discussed in 
Section 3.3.4. 

cAssuming transport across a 1000 meter section of the disposal area; 
specific gravity of sands assumed to be 2.65. 

dshown for comparison purposes only, and based on 1600 yd3/hour 
average disposal rate (from data in Section 2.1). 
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o A 1000 meter section perpendicular to the unidirectional 
current was selected for illustrative purposes. Shorter or 
longer sections could also have been examined. 

The analyses presented in Table 4-7 suggest that despite the 
ability of currents to erode and transport these sediments, the 
transport rate may be less than the disposal rate under certain 
conditions. Sediment build-up would then occur. Disposal over 
wider regions perpendicular to the flow would lead to a reduced 
tendency for sediment build-up. The calculations also indicate that 
the transport rate under "high normal" conditions is exceeded by 
about 31 times under "severe storm" conditions, and 180 times under 
"hurricane" conditions. 

As discussed in Section 3.3.4, however, analytical techniques 
are available essentially for non-cohesive sediments only. Drawing 
analogies from these transport rates to those which might apply to 
the cohesive clays and silts of the lower bay channel is tenuous. 
The methodologies, crude as they are for non-cohesive sands, are not 
designed to consider varying moisture contents, flocculation, or 
other factors which control cohesive sediment behavior. It is 
possible to project, however, that the relatively lighter weight 
aggregates of montmorillonite-rich clays found in the area would 
tend to be transported more rapidly than the sands. Mounding would 
then occur less often. 

4.2.4 Analysis: Directions of Sediment Transport 

The above statements lead to the question of where these eroded 
sediments might come to rest over the long term. It is apparent, 
however, that the data base on dominant current directions at the 
project site can only support tentative conclusions at this time. 
There are several major concerns: 

o Such assessments require knowledge of current speeds, 
directions, and durations beyond those available for the 
Mobile North and South sites. 

o The bulk of the data on bottom currents which meet these 
requirements for the project sites is for a time when 
erosion and transportation is least likely to occur (e.g. 
"low normal" conditions). 

o Current measurements during "high normal" and more severe 
conditions were made for brief time periods, and at 
locations which may not reflect the true direction of 
sediment movement at the proposed disposal sites. It is, 
therefore, difficult to compare the relative occurence of 
these more erosive conditions relative to the "low normal" 
period described previously. 
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o The definition of thresholds of movement inherent in the 
analytical methodology used in this and similar studies (see 
Section 3.3) should be kept in mind. While sediments might 
theoretically be eroded and transported, there is no 
implication of how far they will travel, nor whether the 
sediment particles would move in suspension in the main body 
of flow, or roll along the Gulf bottom as bedload for a 
short distance. 

Despite the above complications, the most likely direction of 
long term net movement is to the west. This opinion is based on the 
geologic evidence of net movement in the near-shore Gulf of Mexico, 
(Section 2.3.2.2), and from some field sampling conducted in the 
project area (Section 2.3.2.1). It should be remembered, however, 
that the sediments would not likely move westward on a continuous, 
regular basis. The directions of storm tracks and hurricanes, for 
example, would undoubtedly play a role in short-term movement. Even 
over a period of weeks or months, sediments may in fact move in a 
circuitous or eddying pattern. 
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TABLE A-1 
UNIFIED SOIL CLASSIFICATION 

Laboratory Classification Criteria 
Group 

Major Division Symbol Finer than 
200 Sieve Supplementary Requirements 

% 

Coarse-grained Gravelly GW o-5* Dao/D10 greater than 4, 
(Over50%by soils (over D3o2/(Dso x D10) 
weight coarser half of GP 0-5* between 1 & 3 
than No. 200 coarse Not meeting above gradation for GW 
sieve) fraction GM 12 or more* Pl less than 4 or below A-line 

larger GC 12 or more* Pl over 7 and above A-Line 
than No. 4) 

Sandy soils SW 0-5* Dso/D10 greater than 4, 
(over half D30

2/(Dso x D10) 
of coarse SP o-5* between 1 & 3 
fraction Not meeting above gradation 
finer than SM 12 or more* requirements 
No.4) SC 12 or more* Pl less than 4 or below A-line 

Pl over 7 and above A-line 
Fine-grained Low com- ML Plasticity chart 

(Over50% by pressibilty 
weight finer (liquid CL Plasticity chart 
than No. 200 limitless OL Plasticity chart, organic odor or color 
sieve) than 50) 

High Com- MH Plasticity chart 
pressibility 
(liquid CH Plasticity chart 
limit more OH Plasticity chart, organic odor or color 

than 50 

Soils with fibrous Pt Fibrous organic matter; will char, burn, or glow 
organic matter 

'For soils having 5 to 12 per cent passing the No. 200 sieve, use a dual symbol such as GW-GC 

Source: Sowers and Sowers, 1970. 

Soil Description 

Well-graded gravels, sandy gravels 

Gap-graded or uniform gravels, sandy 
gravels 

Silty gravels, silty sandy gravels, 
Clayey gravels, clayey sandy gravels 

., 

Well-graded sands, gravelly sands 

Gap-graded or uniform sands, gravelly 
sands 

Silty sands, silty gravelly sands 
Clayey sands, clayey gravelly sands 

Silts, very fine sands, silty or clayey 
fine sands, micaceous silts 

Low plasticity clays, sandy or silty clays 
Organic silts and clays of low plasticity 

Micaceous silts, diatomaceous silts, 
volcanic ash 

Highly plastic clays and sandy clays 
Organic silts and clays of high plasticity 

Peat, sandy peats, and clayey peat 



Project 
Boring No. 

TABLE A-2 

PARTICLE SIZE DISTRIBUTION FOR 
SELECTED FINE-GRAINED SEDIMENTS 

Sample a Depth 
Particle Size (mm)b 

Theodore Ship Channel (adjacent to Mobile Ship Channel)C 

VC-30-75 21'-23' .008 .003 
VC-31-75 9'-12' .039 .002 

SS-11-75 19'-20' 3.60 .070 

UND-2-75 4'-6' .008 .001 
UND-2-75 6'-8' .009 .001 
UND-2-75 8'-10' 2.50 .004 
UND-2-75 10'-12' .033 .025 
UND-2-75 12'-14' 2.00 .003 
UND-2-75 14'-16' .021 .001 
UND-2-75 16'-18' 3.00 .035 
UND-2-75(1) 18'-20' .035 .002 
UND-2-75(1) 20'-22' .012 .001 
UND-2-75(1) 22'-24' .040 .001 

Proposed Brookley Expansion Aread 

SC-11-83 5'-7' .022 .002 
SC-11-83 15 '-17' .062 .008 
SC-11-83 25'-27' .040 .004 
SC-11-83 35'-37.5' .045 .001 

aDepth in feet below the sediment surface. 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

binterpolated from grain size tables or gradation charts; D90=90% 
of particles are finer than this size; D5o=50% finer; D10=10% 
finer. 

csource: U.S. Army Corps of Engineers, 1977. 

dsource: U.S. Army Corps of Engineers, 1984b. 
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Limiting 
(mm) 

2048 

1024 

512 

256 

128 

64 

Particle Diameter 
(<!> units) 

-11 

-10 

- 9 

- 8 

- 7 

- 6 

32--- - 5 

16-- - 4 

8 - 3 

4 - 2 

2 - 1 

0 
(Micronsµ) 

1/2 + 1 - 500 

1/4 + 2 - 250 

1/8 + 3 - 125 

1/16 + 4 - 62 

1/32 + 5 - 31 

1/64 + 6 - 16 

1/128 + 7 - 8 

1/256 + 8 - 4 

1/512 - + 9 - 2 

Source: Friedman and Sanders, 1978 

Size Class 

V. Large 

Large 
Boulders 

Medium 

Small 

Large 
Cobbles 

Small 

V. Coarse 

Coarse 

Medium Pebbles 

Fine 

V. Fine 

V. Coarse 

· Coarse 

Medium Sand 

Fine 

V. Fine 

V. Coarse 

Coarse 

Medium Silt 

Fine 

V. Fine 

Clay 

FIGURE A-1 
STANDARD SIZE CLASSES 

OF SEDIMENT 
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