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1. Type of Action. 

( X ) 
( ) 

Administrative/Regulatory Action 
Legislative action 

2. Description of the proposed Action. The proposed action is the U.S. 
Bnvironmental Protection Agency's (EPA) permanent designation of an 
environmentally acceptable, adequately sized and economically feasible ocean 
Dredged Material Disposal Site (ODMDS) for the Fort Pierce Harbor, Florida area. 
This action complies with the Marine Protection, Research, and Sanctuaries Act 
(HPRSA) of 1972, as amended, by providing an environmentally acceptable ODMDS in 
compliance with the ocean Dumping Regulations (40 CPR 220-229). The site will 
be managed in accordance with an approved Site Management and Monitoring Plan 
(SHHP). The draft SHMP can be found in Appendix D. Because the use of suitable 
dredged material for beach disposal is the preferred disposal alternative for all 
dredging projects, the placement of beach quality material in the Fort Pierce 
Harbor ODMDS is subject to agreement between the State of Florida and the US Army 
Corps of Engineers as described in the dredged material disposal plan. 

3. Environmental Effects of the Proposed Action. Use of the proposed site is 
expected to produce the following adverse environmental effects: ( 1) water 
quality perturbations (turbidity plumes, release of chemicals, lowering dissolved 
oxygen concentration); (2) smothering of the site's benthic biota; (3) changing 
the site bathymetry; and (4) altering the site's sediment composition. 
Generally, effects of water quality perturbations should be local and short-term 
and should have minimal effect on the region. Recovery of the benthic community 
should occur rapidly following disposal. In addition, the present Site 
Management and Monitoring Plan (SMMP) will allow for detection of any significant 
effects and for modifications to be made to insure there is no unreasonable 
degradation of the marine environment. 

4. Need for the Proposed Action. Limited upland disposal sites in the Fort 
Pierce area and the need to dredge 30,000 cy of material annually with annual 
ocean disposal of 21,000 cy justify the need for an offshore disposal site. 

5. Alternatives to the proposed Action. The alternatives to the proposed action 
aral (1) no action, Le., the EPA interim-designation of the existing Fort 
Piarc., sita would not achieve final designation and no new ODMDS would be 
designated, or (2) designation of a new ODMDS. 
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1.00 SUMMARY 

FINAL 
ENVIRONMENTAL IMPACT STATEMENT 

FOR THE DESIGNATION OF AN OCEAN DREDGED 
MATERIAL DISPOSAL SITE LOCATED OFF 

FORT PIERCE, FLORIDA 

1.01 Major Findings and Conclusions. Investigations of the inter~-designated 
ocean dredged material disposal site (ODHOS) and of environmental amenities 
considered to be within its zone of influence were conducted. Studies at the 
site included physical, chemical and biological characteristics and their 
interactive effects (Conservation Consultants, Inc., 1985). The probable 
dispersion characteristics of dredged materials that might be dumped at the site 
was also modeled (Scheffner and Swain, 1989). A recent survey of the inter~ 
site in 1991 revealed hard bottom communities near and within the northern site 
boundary (Appendix E). This resulted in a shift of the site 0.5 NM southward. 
The resulting site has undergone additional physical, chemical and biological 
analyses since the publication of the Draft EIS. This included a Benthic 
Communities study (Appendix I) and a Sed~ent Mapping study (Appendix J). All 
information was compared with relevant provisions of Section 103 of the Marine 
Protection, Research and sanctuaries Act of 1972 (MPRSA). The conclusion herein 
documented is that the proposed site is suitable for disposal of dredged material 
and meets all evaluation criteria for designation as an ocean dredged material 
disposal site. 

1.02 Areas of Controversy. No areas of controversy have been identified. 

1.03 Unresolved Issues. There are no major unresolved issues. 

1.04 Relationship of Alternative Actions to Environmental Protection Statutes, 
Executive Orders, and other Requirements. The relationship of the alternative 
actions to environmental protection statutes and other environmental-requirements 
is presented in Table 1. 

2.00 PURPOSE AND NEED FOR ACTION 

2.01 National Environmental Policy Act. The National Environmental policy Act 
(NEPA) of 1969, as amended, requires that an Environmental Impact Statement (EIS) 
be prepared for major Federal actions that may significantly affect the quality 
of the human environment. This EIS has been prepared to fulfill the NEPA 
requirements of the U.S. Environmental Protection Agency (EPA) and the U.S. Army 
Corps of Engineers. This EIS carries out the EPA's policy to prepare EIS's (30 
FR 16186 [Kay 7, 1984]) as part of the designation process of an OCean Dredged 
Material Disposal Site (ODHOS) under Section 102 of the Marine Protection, 
Research, and Sanctuaries Act (MPRSA) of 1972, as amended, and it will satisfy 
the U.S. Army Corps of Engineers need for NEPA documentation relating to 
permitting under Section 103 of the MPRSA. 

2.02 Marine Protection, Research, and Sanctuaries Act. The dumping of all types 
of materials into ocean waters is regulated by the MPRSA. Section 102 of the Act 
authorizes the EPA to designate sites for ocean disposal pursuant to criteria 
established in this section. EPA's site designation does not, by itself, 
authorize any dredging or dumping of dredged material. EPA OCean Dumping 
Regulations and Criteria (40 CFR 220-229) establish procedures and criteria for 
selection and management of ocean disposal sites and evaluation of permits. 
Section 103 of the Act authorizes the Corps of Engineers to issue permits for the 
transportation of dredged material for the purpose of dumping it into ocean 
waters. The purpose of the actlon is to comply with the provisions of the MPRSA 
and 40 CPR 220-229 by providing the information required to evaluate the 
suitability of the proposed site for designation as an ocean disposal site as 
well as providing information required in the corps of Engineers permitting 
process. 
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TABLE 1 

RELATIONSHIP Ql ALTERNATIVES TO ENVIRONMENTAL REQUIREMENTS 

FEDERAL STATUTES 
Archeological & Historic Preservation Act, as amended 16 USC 469, et seq. PL 93-291 
Clean Air Act, as amended, 42 USC 1857h-7, et seq. PL 91-604 
Clean Water Act, as amended, (Federal water Pollution Control Act) 33 USC 1251, 

et seq. PL 92-500 
Coastal Barrier Resources Act, 16 USC 3501 et seq. PL 97-348 
Coastal Zone Management Act, as amended, 16 USC 1451, et seg. PL 92-583 
Endangered Species Act, as amended, 16 USC 1531, et seq. PL 93-205 
Estuary Protection Act, 16 USC 1221, et seq. PL 90-454 
Federal Water Project Recreation Act, as amended, 16 USC 460-1(12), et seq. PL 89-72 
Fish and Wildlife COordination Act, as amended, 16 USC 661, et seq. PL 85-624 
Land and Water COnservation Fund Act, as amended, 16 USC 4601-4601-11, et seq. 

PL 88-578 
Marine Mammal Protection Act 16 USC 1361, et seq. PL 92-522 
Marine Protection, Research and Sanctuaries Act, 33 USC 1401, et seq. PL 92-532 
National Historic Preservation Act, as amended, 16 USC 470a, at seq. PL 89-655 
National Environmental Policy Act, as amended, 42 USC 4321, et seq. PL 91-190 
River and Harbor Act, 33 USC 401, et seq. 
watershed Proteotion and Flood Prevention Act, 16 USC 1001, et seq. PL 83-566 
Wild and Scenic Rivers Act, as amended, 16 USC 1271, et seq. PL 90-542 

EXECU'l'IVI ORDERS 
Floodplain Hanagement (EO 11988) 
Protection of Wetlands (EO 11990) 
Protection and Enhancement of Environmental Quality (EO 11514, as amended EO 11991) 
Protection and Enhancement of the CUltural Environment (EO 11593) 
Federal compliance with Pollution COntrol Standards 

STATI POLICIIS 
rlorida COa.tal Management Program 

NO ACTION 

F/c· 
Flc 

Flc 
N/A·· 
Flc 
Flc 
N/A 
rIc 
rIc 

Flc 
rIc 
Flc 
pIc 
pIc 
pIc 
RIA 
N/A 

N/A 
N/A 
pIc 
N/A 
pIc 

pIc 

Flc 
Flc 

Flc 
N/A 
Flc 
Flc 
N/A 
Flc 
Flc 

Flc 
Flc 
Flc 
Flc 
Flc 
Flc 
N/A 
N/A 

N/A 
N/A 
pIc 
N/A 
Flc 

Flc 

NOTES, ~or each item listed enter one of the following' 
* pIc Full COmpliance. Having met all requirements of the statute, BO, or other envirol1lD8ntal 

requirements in the current stage of planning (either pre or poat authorization). 
**R/A. Rot applicable. 
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2.03 Fort Pierce Harbor, Florida. The EPA has designated the Fort Pierce Harbor 
Ocean Dredged Material Disposal Site (ODMDS) as an approved interim disposal site 
for the disposal of sediments from permitted dredging operations in the Fort 
Pierce vicinity. Final EPA approval is contingent upon evaluation of the 
baseline data for this site described in paragraphs 4.01 through 4.55. 

3.00 ALTERNATIVES 

3.01 Introduction. The proposed action is the final designation of an 
environmentally and economically acceptable ocean disposal site offshore of Fort 
Pierce Harbor, Florida. The designation of an ocean dredged material disposal 
site does not preempt any other disposal options but does ensure that an ocean 
disposal option is available. The site has been used for ocean disposal since 
1949. Approximately 30,300 CY of material have been dredged annually from Fort 
Pierce Harbor. Of this, about 21,000 CY have been disposed of annually in the 
interim ODMDS. Individual disposal actions will continue to be evaluated on a 
case-by-case basis and the method of disposal that best serves the public 
interest will be selected. 

3.02 Non-Ocean Disposal Alternatives. During the Fort Pierce navigation channel 
improvement study, (Corps of Engineers, Final Feasibility Report, 1984) three 
categories of non-ocean disposal sites were considered: (a) upland; (b) 
nearshore; (C) beach; and (d) open water disposal. An excerp~ from this study 
is attached as Appendix H. 

3.03 Upland Disposal. Seven upland disposal sites have been investigated. 
Three of the sites are sanitary landfills requiring cover material, two are 
undeveloped land, one is vacant land zoned for light industrial use and one is 
vacant land zoned for residential development. One of the landfill sites was 
eliminated from consideration due to the recent cleanup effort and development 
in the area. The other two landfill sites were eliminated due to contamination 
by hazardous and toxic wastes. The acquisition of these sites'would likely 
include the acceptance of the existing contamination problem which would include 
a costly and time consuming effort prior to using the site for disposal. A cost 
analysis was performed on the four remaining sites for a volume of 650,000 cubic 
yards. A cost comparison of the offshore disposal costs with the remaining 
upland sites shows that offshore disposal is less expensive by $533,000 than the 
least cost upland alternative. More detailed information on the upland disposal 
sites can be found in the General Revaluation Report for Fort Pierce Harbor 
prepared by the U.S. Army Corps of Engineers Jacksonville, Florida District, 
scheduled to be released in draft form in November 1992. 

3.04 Nearshore Disposal. A nearshore disposal alternative was considered for 
placement of sand mixed with rock to accomplish two objectives: (a) placement 
of sand in an area where wave action would, over a period of time, cause it to 
move onshore and nourish the beach; and (b) create ecological habitat diversity 
with the rock portion. This alternative was eliminated at the suggestion of 
Barbor Branch Consortium scientists who suggested that sand placement and later 
movement had a high potential to smother adjacent reefs, and that hard bottom 
habitat was already abundant in the area. 

3.05 Beach Disposal. The use of suitable dredged material for beach disposal 
is usually the preferred disposal alternative for all dredging projects. 
Consequently, the placement of beach quality material in the Fort Pierce ODMDS 
is subject to agreement between the State of Florida and the US Army Corps of 
Engineers as described in a dredged material disposal plan. The estimated beach 
fill capacity of the 2,000-foot beach disposal areas currently used for beach 
disposal is a maximum of 220,000 cubic yards. 

3.06 Open Water pisposal. Consideration of the Indian River Lagoon disposal 
areas has been dropped because of objectives raised by the Florida Department of 
Environmental Regulation. 
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3.07 Alternative Mid-Shelf Sites. The Fort Pierce interim ODMDS has been in use 
since 1949. Its location minimizes dredged material transport costs for harbor 
dredging sites. Its use has produced no apparent adverse impact on resources in 
the vicinity, and it satisfies the 11 specific criteria listed in the Ocean 
Dumping Regulations. For these reasons, alternative mid-shelf sites were not 
considered. 

3.0S Alternative Outer-Shelf Sites. Environmentally sensitive reefs and hard 
bottom areas are scattered intermittently both east and north of the interim 
ODMDS (Figure 3). Relocation of the ODMDS to a shelf site beyond the current 
ODMDS would disrupt an additional area and could pose a risk to coastal fishery 
resources. Disposal on the outer shelf or beyond would increase transport costs 
substantially over the base cost of using the interim site. 

3.09 Alternative Sites Located at the Shelf-Break or Beyond. The continental 
shelf extends approximately 17 nmi (32 Jan) off Fort Pierce Inlet. The transport 
of materials to the edge of the shelf or beyond is considered economically 
impractical as it would increase the cost substantially over the base cost of 
using the interim site. 

3.10 Selected Site. The proposed site is shown on Figure 1. The center of this 
site is one-half (1/2) nautical mile due south of the center of the interim site. 
The site was moved following a field survey and video mapping on January 29-30, 
1991, which revealed a considerable area of low relief outcrops/ledges and live 
bottom located generally along the northern quarter of the interim site (Figure 
3). Surveys one-half mile to the south of and contiguous to the interim site 
revealed bare sand bottom. Therefore, to avoid the rock ledges and live bottom, 
the site was moved to the south. the new coordinates are: 

27°2S'OO"N, and SOo12'33"W; 
27°2S'OO"N, and SOo11'27"W, 
27°27'OO"N, and SOo11'27"W, 
27°27'OO"N, and SOo12'33"W; 

The proposed site meets the general criteria for selection as set forth in 
Section 22S.5 of EPA'S Final Revision of Ocean Dumping Regulationa and Criteria 
(40 CFR) of January 11, 1977. 

3.11 The selected site also meets the 11 specific ocean dispoaal aite criteria 
set forth in Section 22S.6 (aee 5.02 through 5.2S and Table 3). Thia aite haa 
been used, without evidence of environmental degradation, since 1949. Sediments 
at the selected site are compatible with sediments from Fort Pierce Harbor, the 
materials most likely to be disposed at the site (see 5. OS-5 .10 for a description 
of materials coming from the harbor). This site is also suitable in terms of 
practicality and economic feasibility. 

3.12 No Action. The No Action alternative would not provide a final BPA
approved ODMDS offshore Fort Pierce, Florida, but it would allow the continued 
use of the existing interim site. 

4.00 AFFECTED ENVIRONMENT 

4.01 Introduction. This EIS describes the environmental characteristica of the 
area which may be affected by the continued disposal of dredged materials at the 
Fort Pierce Harbor interim ODMDS. A general location map of the area ia 
presented in Figure 1. 
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4.02 Geological Characteristics. The bottom topography at the proposed ODMDS, 
shown in Figure 2, is relatively flat. Depths at the disposal site range from 
40 to 54 feet. The average declivity of the continental shelf in the ODMDS 
vicinity is about eight feet per nautical mile. A December 1985 survey (Appendix 
A) found surficial sediments in the ODMDS vicinity to be primarily comprised of 
moderately sorted, coarse to medium sands. Shell material was also a major 
constituent of the sediments. The 1991 Video Survey revealed. the presence of 
hard rock formations in the northern half of the interim site (Appendix E). 

4.03 The November 18, 1992 study, Mapping of Sediment Chemistry at the Proposed 
Fort Pierce, Florida ODMDS and Postdisposal Mapping at the Interim ODMDS 
concluded that the proposed ODMDS appeared to be very uniform in gamma activity, 
elemental, and physical content. The site appears to consist of medium to very 
coarse calcium carbonate sand. No distinct signs of fine sediment were detected 
during the sediment mapping survey. Any dredged material deposited within the 
interim ODMDS must have been similar to the sediment found at the disposal site 
or has since been removed from the area due to ocean transport. This report is 
included as Appendix J. 

4.04 No differences in sediment texture were noted between stations located 
within the ODMDS and those in the surrounding area. The results of this survey 
agree with those previously reported for the area. Meisburger and Duane (1971) 
found the surficial sediments off Fort Pierce between the 40 and 60-foot depth 
contours to consist primarily of coarse, brown shell/sand, forming an irregular 
blanket deposit of varying thickness. Gallagher (1977) described the surficial 
sediments midway between the ODMDS and Hutchinson Island as being primarily 
coarse, clean, poorly sorted sands with a high shell content. 

4.05 Tides and Currents. OVer most continental shelves, circulation is 
primarily governed by tides and winds. The Florida current lies 32 miles from 
the site and therefore is expected to have a minimal effect. (Paragraphs 5.12 
through 5.17 contain a theoretical dispersion rate for dredged material placed 
in the ODMDS). 

4.06 Current directions and velocities on the COntinental Shelf off Fort Pierce 
have been reported by Florida Power and Light COmpany (1970) I Lee, et ale (1977), 
worth and Hollinger (1977); Kerr (1980); and Smith (1982, 1985 pers. comm.). The 
predominant directions of flow are north-south. Nearshore currents are generally 
directed longshore toward the south. More intense, northerly directed currents 
prevail on the mid-shelf. These currents display periodic north-to-south 
reversals that are correlated with wind stress. Tidally driven currents in this 
area are generally of low velocity and are also oriented parallel to the 
coastline. 

4.07 Kerr (1980) reported prevailing northerly currents for two stations in the 
ODMDS vicinity. Mean current velocities of 8.8 centimeters per second (cm/sec) 
were reported for a mid-shelf station located approximately eight nmi offshore 
of Hutchinson Island. Mean current velocities were 2.8 em/sec at a site located 
about 3 nmi from shore. Maximum current velocities at both stations were 
directed along the north-south axis and were approximately 60 em/sec in both 
directions. Much weaker currents, averaging 1.7 cm/ sec, occurred along the east
west axis. While prevailing cross-shelf currents were to the east for much of 
the year, the strongest currents occurred during on-shore reversals. 

4.08 Surface currents in the study area have been described by Worth and 
Hollinger (1977). These authors reported average annual surface speeds of about 
20 em/sec for sites located midway between the ODMDS and Hutchinson Island. 
Surface flow was controlled by winds and was primarily directed along the north
south axis, with northerly flow patterns generally predominating. 
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4.09 Tides in the Fort Pierce ODHOS vicinity are semidiurnal. The u.s. 
Department of Commerce (USDC, 1985) reports a mean tidal range of 2.6 ft. and a 
spring tide range of 3.1 ft (1.9m) for Fort Pierce Inlet. 

4.10 water Temperature. EPA (1973) has reported surface water temperatures for 
the disposal site vicinity ranging from a low of around 20° Celsius (C) in 
February to a high of about 29°C in July. Worth and Hollinger (1977) report an 
annual range of 16°C to 27°C for nearshore area waters. Coastal waters in the 
area are essentially isothermal. Throughout the year, variation in surface and 
bottom water temperatures in the ODHOS vicinity rarely exceeds 1°C (Worth and 
Hollinger, 1977). 

4.11 Salinity. EPA (1973) reports a mean salinity of 35.4 parts per thousand 
(ppt) for ocean waters off Fort Pierce, and Worth and Hollinger (1977) report 
nearshore salinities off Hutchinson Island ranging from 33 to 38.5 ppt. 
Salinities measured in the ODHOS vicinity in December 1985 (Appendix A) ranged 
between 36.2 and 36.4 ppt. 

4.12 Salinity stratification is not expected to occur in the disposal site 
vicinity. Little tendency for stratification was observed by EPA (1973) in 
studies of southeast Florida continental shelf waters. Worth and Hollinger 
(1977) report maximum surface-to-bottom salinity differences in nearshore waters 
of about 3 ppt. Differences, when they occur, are generally temporary and 
associated with increased freshwater discharge. 

4.13 Physical and Chemical Characteristics. Chemical and physio-chemical water 
quality parameters that are relevant to this ODHOS evaluation include dissolved 
oxygen, suspended solids, turbidity, trace metals, pesticides, polychlorinated 
biphenyls (PCB's) and high molecular weight (BMW) hydrocarbons. The results of 
testing are discussed below and in Appendix A. 

4.14 Dissolved oxygen (DO) concentrations in the disposal site vicinity were 
measured in December 1985 (Appendix A). COncentrations were similar at sites 
within the ODHOS and in surrounding areas. DO concentrations measured in 
disposal area surface waters between midmorning and midafternoon averaged about 
7.4 ppm. No DO stratification was noted. COncentrations generally decreased 
less than 0.5 ppm between the surface and bottom. DO concentrations were above 
saturation and did not vary from saturation by more than 15 percent. 

4.15 Total suspended solids (TSS) concentrations measured in disposal area 
bottom wate,rs in December 1985 (Appendix A) ranged from 5 to 24 mg/!. No 
differences· were observed between sites located within the ODHOS and those in the 
surrounding area. Turbidity samples were collected from surface, mid-depth, and 
bottom waters at stations in the ODHOS vicinity in December 1985 (Appendix A). 
Turbidity values were low, ranging from 0.6 to 2.2 nephelometer units, and were 
characteristic of shelf waters. No zone of elevated turbidity was found, and no 
differences between stations located within the ODHOS and those in the 
surrounding areas were observed. 

4.16 The potential for water quality impacts resulting from dredged material 
disposal depends upon the specific constituents present and their concentrations, 
ambient water quality characteristics, and mixing and dilution rates. Dredged 
materials shown to contain toxic constituents in significant concentrations is 
not approved for disposal under EPA'S Ocean Dumping Regulations and Criteria. 

4.17 In December 1985, samples were collected from surface and near-bottom 
waters in the Fort Pierce Harbor interim ODHOS vicinity to identify water quality 
impacts that may have resulted from prior use of the site and to establish 
baseline conditions (Appendix A). The specific groups of potential contaminants 
selected for investigation included trace metals, pesticides, PCB's, and bmw 
hydrocarbons. None of these compounds was found in significant concentrations 
in surface or near-bottom waters sampled at sites outside and within the 
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boundaries of the designated interim ODMDS. A similar study took place in Karch 
1992. The completed analysis and reports will be added as appendices in the 
FEIS. 

4.18 Sediments from the ODMDS vicinity were collected in December 1985 and 
analyzed to determine concentrations of selected trace metals, pesticides, PCBs, 
BMW hydrocarbons, total organic carbon (TOe), and oil and grease. The results 
of these analyses are summarized below and are detailed in Appendix A. 

4.19 Concentrations of the trace metals, mercury, cadmium, and lead were low in 
seawater elutriates of sediments collected from the disposal site and the 
surrounding area. When subjected to weak acid extraction, a sediment sample from 
the ODKDS yielded higher concentrations of cadmium and lead and a lower 
concentration of mercury than a sample collected from a site outside the disposal 
area. 

4.20 No chlorinated hydrocarbon pesticides or pesticide derivatives were 
detected in area sediments. PCB's were detected at low levels in samples taken 
from sites located outside the ODMDS. 

4.21 Sediment concentrations of BMW hydrocarbons exhibited no consistent pattern 
of distribution. Highest total BMW hydrocarbon concentrations were found in 
sediments collected outside the ODMDS. However, component. BMW hydrocarbon 
fractions were generally higher in disposal site sediments than in sediments from 
the surrounding area. 

4.22 Oil and grease concentrations varied widely and do not appear to be related 
to prior disposal site utilization. Highest, and comparable, concentrations were 
found in sediments from sites located both within and upstream (south) of the 
disposal area. 

4.23 TOe content of area sediments was low, ranging from 3.7 to 7.6 mg/g, and 
exhibited no definitive spatial trends. The highest TOe concentration was 
measured in sediments taken from the disposal area. 

4.24 Biological Characteristics. The biological communities addressed in this 
section include benthic macroinfauna, benthic meiofauna, epibenthic 
invertebrates, and fishes. species of special concern which may utilize the 
interim ODKDS are also addressed. Biota restricted to the benthic environment 
are of principal concern in disposal area investigations. Disposal impacts on 
planktonic communities are generally considered to be temporary; larger, motile 
organisms (nekton) are liJeely able to avoid dredged material disposal operations. 

4.25 A December 1985 survey of the benthos of the ODMDS vicinity (Appendix A) 
found that polychaetes accounted for about 51 percent of the area's macroinfauna. 
other major groups contributing to benthic community numbers were nematodes (13 
percent), turbellarians (7 percent), crustaceans (6 percent), molluscs (6 
percent), oligochaete worms (5 percent), and echinoderms (4 percent). 

4.26 Polychaete Families characteristic of the area included Syllidae, 
Goniadidae, Dorvilleidae, and Eunicidae. The Family Sabellidae was locally 
abundant at one site on the disposal area's western boundary. 

4.27 Species diversity is an. index which is frequently used as an indicator of 
stability to identify disturbed areas, and to compare communities. Results of 
a December 1985 survey (Appendix A & B) do not indicate consistent differences 
in benthic macro invertebrate diversity between stations located within the ODKDS 
and those located in nearby environs. 

4.28 Faunal similarity indices did not reveal consistent differences between 
benthic communities located within the ODHOS and those in surrounding areas 
(Appendix A). It was noted, however, that one station within the disposal site 
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and one station on the ODMDS boundary supported communities uncharacteristic of 
the overall area. Macroinfauna at the site within the disposal area were 
dominated by deposit feeding taxa, while suspension feeding taxa were found to 
be dominant at a site on the western boundary of the ODMDS. Carnivores were 
predominant at other sites within and outside the ODMDS. The dominance of 
deposit feeders at the station within the ODMDS may be in response to localized 
increases in sediment organic content resulting from prior disposal operations. 
The dominance of suspension feeders at the ODMDS boundary may reflect the 
relatively coarse sediment texture of the local area and is probably not related 
to previous dredged material deposition. 

4.29 The meiofaunal invertebrates of the ODMDS vicinity were charactericad in 
a survey conducted in December 1985 (Appendix A). Nematodes and harpaoticoid 
cbpepods were the dominant meiofaunal taxa. Other groups characteristic of the 
area include polychaete larvae, cyclopoid copepods, crustacean nauplii, 
turbellarians, and representatives of the phylum Gastrotricha. No differences 
in abundance or diversity between the meiofauna of the ODMDS and the meiofauna 
of the surrounding area were noted. 

4.30 The ratio between nematodes and copepods or harpacticoid copepods has been 
proposed as an indicator of sediment organic content (Raffaelli and Mason, 1981). 
In theory, as the organic content of sediments increases, deposit-feeding 
nematodes increase and/or copepods decrease, resulting in a higher nematode: 
copepoda or nematode: harpacticoid ratio. Nematode: copepoda ratios calculated 
for the meiofauna of the Fort Pierce Harbor ODMDS vicinity were diverse and 
exhibited no trends. Nematode:harpacticoid ratios were highest within the ODMDS. 
While potentially indicative of the prior disposal of organic sediments, based 
on meiofaunal variability and the paucity of data available this observation is 
inconclusive. Meiofaunal ratios were unrelated to grain size distributions or 
measured concentrations of organic carbon in area sediments. 

4.31 In a study of the shallow shelf between the ODMDS and Hutchinson Island, 
Campe et a1. (1977) found several crustacean species to be characteristic of the 
sandy offshore environment. These included two crabs, Portunus gibbessii and 
Portunus spinimanus, and the shrimp, Trachhypenaeus constrictus. 

4.32 Few epibenthic invertebrates were collected in a December 1985 survey of 
the disposal site vicinity (Appendix A). All epibenthos collected during this 
survey were echinoderms. Taxa represented included the sea urchin (LytlChinus 
variegatus), starfish (Eschinaster sp. and Luidia clathrata), and brittle stars. 

4.33 Few demersal fish were collected in the December 1985 survey of the ODHDS 
vicinity (Appendix A). Species collected were lane snapper (Lut1anus eynaaris), 
sand perch (Diplectrum formosum), lizardfish (Synodus foetens), bay whiff 
(Citharicthys spilopterus), striped grunt (Haemulon 'striatum), leopard sea robin 
(Prionotus scitulus), sea catfish (Arius felis), striped burrfish (Chilomycterus 
schoepfi), and planehead filefish (Honacanthus hispidus). 

4.34 Putch and Dwinell (1977) also report poor returns from trawl sampling on 
the shallow shelf off Fort Pierce. Benthic fish listed by these authors as 
characteristic of the sandy offshore environment and common to the DecaDber 1985 
survey were lizardfish, leopard sea robin, and sea catfish. Other fish 
frequently represented in collections froli\ this environment were spotted flounder 
(Bothus robinsi), spotted whiff (Citharicthys macrops), dusky flounder (ByacLum 
papillosum), and rock sea bass (Centropristis philadelphica). Reef fish were 
also common in, but not endemic to, this sandy offshore environment. 

4.35 Threatened and Endangered Species. Aquatic species classified by the State 
of Florida or the u.S. Fish and Wildlife Service (J'WS) as endangered or 
threatened.found in the coastal waters off Fort Pierce include the green turtle 
(Chelonia mydas), hawksbill turtle (Bretmoghelys imbricata), Kemp'S (Atlantic) 
ridley turtle (Lepidochelys kempii), leatherback turtle (Permochelys coriacea), 
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loggerhead turtle (Caretta caretta), and the west Indian (Florida) manatee 
(Trichechus manatus). The regulatory status of these animals is given in 
Table 2. 

4.36 Hutchinson Island is one of the major nesting beaches on the east coast for 
the Atlantic loggerhead sea turtle, the leatherback sea turtle, and the green sea 
turtle (U.S. Fish and Wildlife Service (FWS), 1980). 

4.37 The West Indian manatee frequents the Indian River and nearshore waters. 
Manatees are most abundant in these warm, protected waters in the winter months 
(FWS, 1980). 

Table 2. SpeCies of the Fort Pierce Harbor ODMeS Area that Are Classified 
as Bndangered or Threatened by Federal Agencies 

commonHame Scientific Hame Federal 

REPTILES 

Green turtle 

Hawkabill turtle 

Kemp's (Atlantic) 
ridley turtle 

Leatherback turtle 

Loggerhead turtle 

West Indian manatee 

Finback whale 

Humpback whale 

Right whale 

Sei whale 

Sperm whale 

Chelonia mydas 

Eretmochelys imbricata 

LeJ;!idochelys kempii 

Dermochelys coriacea 

Caretta caretta 

Trichechus manatus 

BalaenoJ;!tera physalus 

MegaJ;!tera novaeangliae 

Bubalaena glacialis 

Balaenoptera borealis 

Physeter macrocephalus 

Federal I Listed by the U.S. Fish and Wildlife Service (FWS) or the 
Hational Marine Fisheries Service (NMFS) 

Legend I B = Bndangered 
T - Threatened 
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4.38 Several endangered species of whales may occur on a transitional basis in 
area waters. These are the humpback whale (Kegaptera novaeangliae), right whale 
(Eubalaena glacialis), sei whale (Balaenoptera bore,lis), fioback whale 
(Balaenoptera physalus), and sperm whale (Pbyseter macrocephalus). Use of the 
proposed ODMDS is not expected to affect any of these species. 

4.39 This EIS will serve as a Biological Assessment for purposes of Section 7 
of the Endangered species Act coordination. Site designation of the Fort Pierce 
ODMDS will not, and use of this site is not expected to adversely tmpact any 
threatened or endangered species. However, in conformance with the Bndangered 
Species Act each proposed use of the site for disposal will be evaluated in 
consultation with the National Marine Fisheries Service (NHJ'S) and the PWS. 
Letters of concurrence from the NMP'S and, if appropriate, the P'WS are requested 
by EPA. 

4.40 Commercial Fi.heries., Little commercial fishing activity i. concentrated 
in the Fort Pierce ODMDS vicinity. The low-relief Continental Shelf of the study 
area does not support a commercial bottom fishery. capron Shoal, located 
approximately 1 omi southwest of the study area, is fished commercially for 
pelagic species in the winter months. Spanish mackerel (Scomberomoru. p'aculatus) 
is the principal fish taken by gill net at this site. 

4.41 Shrimp are harvested for both food and bait from coastal water. in the 
disposal site vicinity. Species collected include brown shrimp (Penaeus 
aztecus), white shrimp (Penaeus setiferus), and pink shrimp (Penaeus duorarum). 
Commercial shrimping in the area is limited. Kuncy (1984) report. that St. Lucie 
Inlet is the southern extent of the geographic range of the white shrimp. pink 
shrimp are not commercially abundant in area waters (Bielsa, et al., 1983). 

4.42 The coastal waters off St. Lucie County are believed to be the .outhern 
extent of the known range of the calico scallop (Argopectep gibbu.) on the 
southeastern Atlantic coast. Populations have been discovered further .outh 
(Biscayne Bay) but have not been demonstrated to occur in commercial 
concentrations in the area. 

4.43 Recreational Fishing. The coastal waters of st. Lucie County support an 
active recreational fishery. Much of the recreational fishing is concentrated 
in in.hore waters and along area beaches. Most offshore activity is concentrated 
around artificial reefs, natural reefs, and .hoals. 

4.44 Two artificial reef areas are located in the general ODMDS vicinity (Figure 
3). An inshore reef begins approximately 1 omi north of Fort Pierce Inlet and 
1. 5 omi from shore and runs 1 omi to the NNE. Depth. on this reef range from 26 
ft to 28 ft. Another artificial reef area is located approximately 1.5 omi 
southeast of the disposal area at a depth of about 55 ft. 

4.45 Florida Sea Grant (1979) has noted the position of natural reefs in the 
area extending from the northern border of st. Lucie County to St. Lucie Inlet. 
One of these reef areas is located approximately 1.3 omi due east of the Ft. 
Pierce ODMDS. This reef site is described as a flat bottom with heavy coral 
growth. 

4.46 Figure 3 shows the locations of documented natural and artificial reefs in 
the ODMDS area. Also shown are areas that are utilized by local recreational 
fishing interests. These areas include reefs, shoals, obstruction., and areas 
where bottom relief promotes the aggregation of recreational fishes. 

4.47 Recre,tiop. The waters of the Fort Pierce Barbor area support a wide 
variety of recreational activities. Fishing has been addressed in previous 
sections of this document. Inshore and coastal waters are also utilized for 
swimming, skiing, sailing, boating, surfing, skin diving, and SCUBA diving. 
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4.48 Inshore and nearshore waters are subject to intense recreational use. 
Designated recreational areas include the Indian River Aquatic preserve, the 
North Fort st. Lucie Aquatic Preserve, the Savannas State Prese~e, Pepper Beach 
State Park, and Fort Pierce Inlet state Park. the location of theee protected 
areas is shown in Fiqure 4. 

4.49 Shipping. The Fort Pierce Harbor ODMDS is not located in proximity to any 
designated shipping channel. The disposal site is located about 2.5 nmi outside 
the seaward extent of the Fort Pierce Inlet entrance channel. 

4.50 Military Usage. The Atlantic OCean off Fort Pierce is used by the United 
states armed forces for training, testing, and research activities. The ODMDS 
lies near the southern boundary of the designated fleet operating area off the 
east coast of Florida as defined by the u.s. Department of the Interior (1977). 

4.51 Mineral Resources. There are no known mineral resources in the Fort Pierce 
Harbor ODMDS vicinity. 

4.52 Underwater Video Narrative. An underwater video survey of the candidate 
Fort Pierce Ocean Dredged Material Disposal Site (ODMDS) was done on May 20 and 
21, 1987. Depths at the site range from 40 feet on the western (shoreward) side 
to 55 feet on the eastern (seaward) side. Approximately 8 hours of film were 
used to record the survey. Ten video transects were surveyed, each corresponding 
to a previously established bathymetric transect. Each transect was 
approximately 2 nautical miles long and oriented along an east-west axis between 
longitude 80ol0'54"W and 800 13'06"N. 

4.53 The bottom topography is rather flat, with a series of low, parallel ridges 
throughout the area (Ref. Section 4.02). Surface sediments in and adjacent to 
the ODMDS appear to be coarse to medium sand, with shells a large constituent of 
the material. There is no apparent difference between sediments in and adjacent 
to the ODMDS. 

4.54 The entire ODMDS appears to support a sparse to moderate population of 
burrowing organisms, sea urchins, crabs, shrimp, small fishes and other 
invertebrates. OCcasional larger fishes such as small snapper, sand perch, 
1izardfish, flounders and sea robins were observed. No large concentrations or 
schools of fish were seen during the 1987 video survey. 

4.55 A field survey and video mapping performed by EPA on January 29-30, 1991 
(Appendix E), revealed a considerable area of low relief, outcrops and ledges and 
live bottom located generally in the northern one-quarter of the interim site. 
Video observations indicated that the live bottoms consisted of various 
assemblages of sponqes, hydroids, hard corals, octocorals encrusting low relief 
(.05m) limestone outcrops. Where ledges occurred, black sea bass were observed 
in large numbers. 
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5.00 ENVIRONMENTAL IMPACTS 

5.01 Introduction. criteri. promQlgated in 40 crR, Sections 228.5 and 228.6, 
concern the evaluation of ocean disposal locations and JI'~i~ements for effective 
management to prevent unreasonable degradation of the marine enviroruaant. These 
criteria have been used as the basis of an environmental assessment of impacts 
at the candidate site. Evaluation of t~ Fort Pierce Harbor interim OOHOS 
utilized the literature base, interviews, and baseline data collected at the site 
(CCI, 1985) to assess c~liance with both the general and the specific criteria 
of 40 CFR. .. 

Each criterion is addressed below as it ~elates to the site's suitability as a 
disposal site. COnsiderations fqr final site designation based on the specific 
criteria of 228.6 are summarized in Table 3. 

~.02 Geographical Position, Depth of water,@ottR!P 70RQgraphy ag4 p~stance Prom 
Coast [40 CFR228.6(alll. The proposed Fort Pierce Harbor OOHOS is a one square 
nautical mile area within the foliowing corner coordinates: 

27°28'OO"N and 800 12'33"W 
27°28'OO~N and 800 11'27"W 
27°27'00"N and 800 11'27''W 
27°27 'CO"N and 800 12' 33"W 

The general location of the Fort Pierce Harbor OOHOS is shQWn in I'igure 1. The 
shoreward boundary of the disposal site is located approximately 4.5 ami from 
shore and 5.0 nmi (9.2 Jan) from the northern end of Hutchinson Island and Fort 
Pierce Inlet. 

5.03 The bottom topography (Figure 2) at the disposal site is relatively flat. 
Depths at the site range from 40 to 54 feet. Depths are shallowest at the 
southwest corner of the site and deepest at the northeast corner.' The average 
declivity of the Continental Shelf in the OOHOS vicinity is about eight feet per 
nautical mile (1.85 Jan/nmi) (Ref. $ections 4.52-4.55). 

5.04 Location in Relation to Breeding, Spawnina. hrHrv, FeecU.na OF Pf.sage 
Areas of Living Resources in Adult or Juyenile PhUes (40 ClI 22,~(a)21. The 
Fort Pi.erce ODHJ)S is located in general pro¥imity to breeding, Spawn~9' nursery, 
feeding, and passage ar.as for a wide vqiety of me.rine and estuarine organiBIDS. 
The most active breeding and nursery areas are located in the Indian River 
estuary and along adjacent beaches or in offshore waters and reef areas. While 
breeding, spawning, and feeding activities may take place in tbe ODMDS., these 
activities are not believed to be confined to, concentrated in, or dependent on 
this area. 

5.05 Specific migratory routes in the area are largely unknown. While marine 
and estuarine species would be expected to pass through the OOHOS, passage is not 
geographically restricted to this area. The motility of organiems passing 
through the area makes significant impacts from dredged material disposal 
unlikely. 
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TABLE 3 
SUMMARY OF THE SPECIFIC CRITERIA AS APPLIED TO 

THE CANDIDATE SITE 

criteria as Listed 
in 40 CFR 228.6(a) 

1. Geographical position, 
depth of water, bottom 
topography and distance from 
coast. 

2. Location in relation to 
breeding, spawning, nursery, 
feeding or passage areas of 
living resources in adult or 
juvenile phases. 

3. Location in relation to 
beaches and other resource areas. 

4. Types and quantities of waste 
proposed to be disposed of, and 
proposed methods of release, 
including methods of packing 
the waste, if any. 

5. Feasibility of surveillance 
and monitoring. 
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Candidate Site 

See Figure 1 and 2. Depths at the 
site range from 40 to 54 ft. (12.2 
to 16.5 m). The site exhibits little 
topographic relief and gradually 
deepens from the southwest to the 
northeast. The site lies about 4.5 
nmi (8.4 km) from the coast. 

Most breeding, spawning, nursery, 
and feeding activities take place 
in inshore waters or at reef areas 
located seaward of the site. 
Passage through the ODKDS is not 
geographically restricted. 

The candidate site is located about 
4.5 nmi (8.4 km) from coastal beaches 
and approximately 6.0 nmi (11.1 km) 
from protected inshore waters. Bard 
bottom coamunities have been identified 
near and within the northern interim 
site boundary. (Appendix E, Figure 1) 

Dredged materials complying with the 
applicable evaluation criteria of 
40 CFR 227, Subparts A and B, will 
be transported and discharged by 
hopper dredge or barge. Anticipated 
Fort Pierce Barbor dredging would 
primarily involve sand, fine sand, 
and silt. Annual disposal since 1949 
has averaged 21,400 cubic yds/yr, 
however, quantities are expected to 
increase in the future to an annual 
maximum of 67,000 cy/yr. (See Table 4) 
Special methods of disposal are 
discussed in Appendix D. 

Surveillance and monitoring programs 
can be readily implemented at the site. 



6. Dispersal, horizontal transport, 
and vertical mixing characteristics 
of the area, including prevailing 
current direction and velocity, if 
any. 

7. Existence and effects of 
current and previous discharges 
and dumping in the area (including 
cumulative effects). 

8. Interference with shipping, 
fishing, recreation, mineral 
extraction, fish and shellfish 
culture, areas of special 
scientific importance, and other 
legitimate uses of the ocean. 

9. The existing water quality 
and ecology of the site as 
determined by available data, 
or by trend assessment or 
baseline surveys. 

10. Potential for the development 
of nuisance species in the 
disposal site. 

11. Existence at or in close 
proximity to the site of any 
significant natural or cultural 
features of historioal importance. 
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Prevailing currents parallel the 
coast and are generally oriented 
along a north-south axis. North
erly flow predominates with mean 
velocities between 2.8 and 20 eml 
sec and maximum velocities 
generally less than 60 em/sec. 
Waters of the area are well
mixed. Vertical stratification 
at the candidate ODMDS has not 
been observed and is unlikely 
to occur. A dredged material 
dispersion study conducted by the 
Corps for both short and long-term 
fate of material disposed at the 
proposed site indicates little 
possibility of disposal material 
affecting near-shore reefs. (see 
paragraphs 5.12-5.17) 

The designated interim site has been 
in use since 1949 (see Table 4). 
Previous use has not resulted in 
apparent on-site or off-site 
long-term, adverse impacts to water 
quality, the physical and chemical 
composition of sediments, or biological 
communities (See Appendix A). 

No interference has been noted or 
is anticipated. No fishing areas 
are located within 1.0 ami (1.85 km) 
of the site. 

Coastal waters in the site vicinity 
are influenced by both estuarine 
and oceanic intrusions. The interim 
site and the surrounding area support 
species characteristic of sandy shelf 
environments. 

No evidence of undesirable 
organisms noted in literature or 
survey as a result of previous 
disposal activity (Appendix A). 

No known significant cultural r&8OU1"C8S 
noted, however, hard batteD oc:m.mitiee 
were observed in the northern half of 
the interim site resulting in a shift 
in location 0.5 miles to the south 
(Appendix E). 



5.06 Location in Relation to Beaches and Other Recreational, Cultural, and 
Protected Areas (40 CFR 228.6(a)3). Beaches and adjacent nearshore areas 
approximately 5.0 nmi west of the ODMDS support a wide variety of recreational 
activities. Several protected areas lie inshore west of the ODMDS (see Figure 
4). The largest of these is the Indian River Aquatic Preserve that encompasses 
almost all inshore waters between the barrier islands and the west Florida 
mainland. other protected areas in the Fort Pierce ODMDS vicinity include the 
North Fork St. Lucie Aquatic Preserve, the Savannas State Preserve, Pepper Beach 
State Park, and Fort Pierce Inlet State Park. The Florida Department of 
Environmental Regulation (FDER) has given the waters of these areas special 
protection by designating them as OUtstanding Florida waters (OFWs). 

5.07 Past surveys indicated one natural reef and one artificial reef site are 
located in the Fort Pierce ODMDS vicinity (Figure 3). The natural reef area is 
located approximately 1.3 nmi due east of the disposal site and has been 
described by Florida Sea Grant (1979) as a flat bottom with heavy coral growth. 
The artificial reef site has been established approximately 1.5 nmi southeast of 
the ODMDS. More recent investigations have revealed the presence of hard bottom 
communities in the northern portion of the interim site resulting in a shift in 
location of the propof3ed site to 0.5 miles to the south (Appendix E). The model 
indicates that it is unlikely that any disposed material would be transported as 
far as these sites from the disposal area (paragraphs 5.12-5.17 describe results 
of dredged material dispersion modeling). 

5.08 Types and Quantities of Waste to Be Disposed of and Proposed Methods of 
Release, Including Methods of Packing the Waste, If Any (40 CPR 228.6(a)4). 
Materials to be disposed of at the site are natural sediments dredged from the 
Fort Pierce Barbor entrance channel and turning basin. These sediments are 
variable in composition. Sediments of the entrance channel are predominantly 
sand, while those of the turning basin are finer sands, shell and silt. All 
dredged materials dumped in ocean disposal sites must comply with applicable EPA 
dredged material criteria as specified in section 227, Subparts A and B, of the 
Ocean Dumping Regulations and Criteria (40 CPR). 

5.09 Disposal methods currently practiced at the existing Fort Pierce Harbor 
ODMDS are acceptable for future disposal operations. Dredged materials are 
transported to the disposal site by barge or hopper dredge and discharged at the 
surface or from underwater ports while the vessel is underway. Details of the 
disposal technique are given in Appendix D. Because of the shallowness of the 
disposal site and the weakness of the currents in the vicinity, disposed material 
settles within a short distance of the disposal point (paragraphs 5.12-5.17). 

5.10 Since September 1949, approximately 900,000 cubic yards of dredged material 
have been discharged at the interim site. Removal of accumulated sediments from 
the Fort Pierce Harbor complex is usually required every two to three years. 
Annual dredging volumes have averaged 30,300 CY with average annual ocean 
disposal of 21,000 cy for the period of record (Table 4). At the existing 
channel depth, maximum annual dredging volumes of 153,000 cy with maximum annual 
ocean disposal of 53,000 cy have been estimated. At the proposed-deepening depth, 
maximum annual dredging volumes of 217,000 cy with maximum annual ocean disposal 
of 67,000 cy have been estimated. 

5.11 lea.ibility of Surveillance and Monitoring (40 CPR 228.6(a)5). The 
geographic and physical setting of the candidate site poses no special problems 
for monitoring or surveillance. Water depth at the site is amenable to diver 
collection or surface sampling and does not require use of a large, specialized 
surface vessel. The areal extent of the site allows use of towed trawls for 
bottom and water column sampling. Baseline data collected at the site can serve 
as reference information for future monitoring and aid in assessing possible 
perturbations resulting from disposal at the site. A detailed Site Management 
and Monitoring Plan is presented in Appendix D. 
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5.12 Dispersion Characteristics Modeling Study. In 1989, the Army Corps of 
Engineers waterways Experiment Station (WES) performed a technical study of the 
Gulf stream meanders, spin-off eddies and prevailing tides and currents off the 
east coast of Florida with respect to the potential for contamination of 
nearshore amenities by dredged material placed in the Fort Pierce ODHOS (Appendix 
C). A numerical modeling approach was used for estimating both ahort-term and 
long-term rate of dredged material dispersal at the proposed ODHOS. The modeling 
of the short-term dumping operation was performed using the disposal from an 
Instantaneous Dump (DIFID) model. Long-term simulations were conducted to 
determine whether non-storm related currents are capable of transporting 
sediments outside of the proposed ODHOS over long periods of time. The effecta 
of storm erosion were separately modeled by simulating the passage of a storm 
surge over the site. CUrrent velocities used were estimated, not measured. For 
the study, the dredged material was assumed to be 90 percent sand (fine to 
medium) and 10 percent silt and clay. The results of the study indicate that the 
Fort Pierce ODHOS poses no threat to reef areas. 

5.13 Short-Term Modeling Results. The short-term modeling of the diaposal 
operation shows that most of the material from the disposal load settles into a 
mound within several hours after the initial release of the sediment from the 
dredge. Model results indicate the maximum distance from the barge showing 
deposition in excess of 0.01 feet was 400 feet. The silt and clay portion of the 
disposal load creates a suspension cloud or turbidity plume ,which is transported 
toward the reefs by the specified ambient currents. This cloud increases in size 
and decreases in concentration with distance from the point of disposal. The 
concentration of the suspended sediment cloud was computed at five specific 
depths for each silt simulation. The results indicate concentrations of 
suspended materials, at the time they reach the reef, to be below the practical 
range of detectability, Le., the local ambient velocity fields are not adequate 
in magnitude to transport any significant amount of material from the dumping 
operation onto the reef area. 

5.14 Additional Short-Term Modeling Results. Additional short-term modeling of 
the disposal operation using worst case properties of the disposal material was 
performed by EPA Region IV using the Instantaneous Dump (DIFID) model mentioned 
in paragraph 5.12 (Appendix F). For this model, the dredged material was assumed 
to be 10 percent sand (fine to medium) and 90 percent cohesive silt and clay. 
All other parameters used were equivalent to those in the WES technical study. 
Results' indicate for a single dump the maximum distance from the barge showing 
deposition in excess of 0.01 ft was 650 feet. The nearest amenity, hard bottom 
communities in the northern portion of the interim site, are at a distance of 1.2 
nmiles from the fine material dump location. 

5.15 The concentration of the suspended sediment cloud was computed at five 
specific depths for each silt simulation as in the WES study. In addition, above 
ambient suspended sediment concentrations were computed as a function of time for 
the four amenities discussed in paragraphs 4.43 to 4.46 for three hour cycle 
periods for dumping. For the three nearest amenities, suspended sediment 
concentrations drop below detection between dumps and remain above 4 mg/l for 
periods of less than one half hour every three hours. For the furthest reef 
coamunity, concentrations remain above detectable limits after the first dump due 
to the dispersiveness of the sediment clouds at that distance. However, peak 
concentrations are below 1.7 mg/l. Limited ambient suspended sediment data 
collected in this area (Appendix A), ranged from five to 24 mg/l with a mean 
value of 12 mg/l. consequently, the dredge disposal operation should not 
significantly increase suspended sediment concentrations above ambient 
conditions. 

5.16 The natural and artifioial reefs referred to in paragraphs 4.43 to 4.46 are 
not scleractinian coral reefs and therefore are not dependent upon the same water 
quality conditions commonly associated with tropical reef building corals, i.e. 
clear, low nutrient, warm waters. Most of the organisms comprising the 
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communities found nearby the proposed ODHOS are not likely to be adversely 
affected by such low predicted suspended sediment loadings. 

5.17 Long-Term Modeling Results. The long-term modeling effort was conducted 
to determine whether a disposal mound is stable over long periods of time. 
Results of the simulation show that the mound at Fort Pierce erodes, deforms and 
migrates at a rate of approximately 2-3 feet a day. These results were based on 
a one-year simulation in which the centroid of the mound moved approximately 700 
feet. Additional shorter duration simulations were made to investigate storm
related transport of material from the mound onto the sensitive areas. Results 
for a 24-hour sustained storm surge of 4.0 ft/second show that material was moved 
a maximum distance of approximatel.y 550 feet in that time. Conclusions of the 
long-term simulation indicate that sediment will be transported from the Fort 
Pierce site during both ambient and storm conditions, but that the rate and 
distance of movement should not affect the reef system. 

5.18 Existence and Effects of Current and Previous Discharges and Dumping in the 
Area (Including cumulative Effects) [40 CFR 228.6{a)7]. Dredged materials have 
been disposed at the Fort Pierce Harbor interim ODHOS since 1949 (Table 4). An 
environmental survey of the Fort Pierce Harbor ODHOS was conducted in December 
1985 (CCI, 1985 in Appendix A). This survey detected no consistent differences 
in water quality, sediment quality, or sediment composition between the ODHOS and 
nearby areas. Potential disposal-induced changes in benthic macro-invertebrate 
community structure were localized within the ODHOS and did not extend beyond 
ODHOS boundaries. 

5.19 Prior disposals at the ODHOS have resulted in minor localized changes in 
the community structure of the area. Deposit feeding macroinfauna are dominant 
at the disposal site while suspension feeding macroinfauna are dominant in the 
surrounding area. This may be due to higher organic content in the discharged 
materials (see paragraph 4.30). If this is the case, it would be an indication 
of the high level of stability of the discharged materials since the l.ast 
disposal took place in May 1983. There are no differences in the abundance or 
diversity of the meiofauna of the disposal area, although nematode:harpacticoid 
ratios are highest within the disposal area, which may be a further indication 
of the higher organic content of the discharged materials. No differences in 
epibenthic invertebrate, fish, or plankton populations are evident. It is 
expected that any further discharge at the site would not significantly change 
these conditions. 

5.20 Interference with Shipping, Fishing, Recreation, Mineral Extraction, 
pesalination, Fish and Shellfish CUlture, Areas of Special Scientific Importance, 
and other Legitimate Uses of the OCean [40 CFR 228.6(a)8). The Fort Pierce 
Harbor ODHOS is located about 2.5 nmi outside the seaward extent of the Fort 
Pierce Inlet entrance channel. Use of this site to date has not interfered with 
shipping and continued intermittent use of the site should not disrupt either 
commercial shipping or recreational boating. 

5.21 Most commercial and recreational fishing activity is concentrated in 
inshore and nearshore waters or at offshore natural or artificial reefs. The 
nearest natural reef is located 1.3 nmi east of the disposal site (Florida Sea 
Grant, 1979). Because of the north-south orientation of the prevailing currents, 
no adverse impacts to this reef area have occurred from dredged material disposal 
operations. An artificial reef area has recently been established approximately 
1.5 nmi southeast of the ODHOS. 

5.22 No mineral extraction, desalination, or mariculture activities occur in the 
immediate area. Recreational and scientific resources are extensive throughout 
the area but are not geographically limited to the disposal site or nearby 
waters. 
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Table 4. Dredged Material Disposal Record, Fort Pierce Harbor. 

COmRletion Dat!!s gy.nti.~X'!2l!l T}rJ)t of BAtKi.Al ~iemoaal. Si.Y 

1949 164,423 Not bown OCean 

1951 63,412 Not ItnOwn OCean 

1954 153,190 Not bown OCean 

1955 76,700 Not bown OCean 

1956-1957 73,656 tfot bown OCean 

1958 6,587 Not bown ocean 

1959 23,988 Not bown ocean 

1966 184,916 Not bown OCean 

1973-74 219,000 Not bown Bellab/Upland 

1974 12,276 Sand OCean 

1976 14,566 Sand OCean 

1978 49,773 Sand Beach 

1980 14,592 Shell, Sand OCean 

1983 106,268 Silty Sand OCean 

1985 11,000 Shell, Sand OCean 

1987 29,773 Sand Beach 

1988-1989- 47,792 Sand Beach 

1990 55,700 Sand Beach 

TOTAL I 1,307,612 
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5.23 Existing Water Quality and Ecology of the Site as Determined by Available 
Data or by Trend Assessment or Baseline Surveys [40 CFR 228.6(a)9]. Water 
quality at the ODHOS is variable and influenced both by discharges from inshore 
estuarine systems and by periodic oceanic intrusions. Estuarine discharges are 
greatest during the wet season, from late summer to early fall, and may deliver 
both nutrients and anthropogenic contaminants to coastal waters. Nutrients may 
also be introduced to shelf waters by upwellings (Worth and Hollinger, 1977). 
Surface and bottom waters sampled in the ODHOS vicinity in December 1985 
(Appendix A) did not contain measurable concentrations of selected trace metals, 
pesticides, hydrocarbons, or PCBs. 

5.24 Benthic communities in the ODMDS vicinity have been described from a survey 
conducted in December 1985 (Appendix A). Nematodes, copepoda crustaceans, and 
larval polychaetes are the most abundant representatives of the meifaunal 
community. The area's diverse benthic macro invertebrate fauna are dominated by 
carnivorous polychaete worms of the family Syllidae. other abundant 
macroinfaunal groups included nematodes, oligochaete worms, molluscs, amphipod 
crustaceans and turbellarians. 

5.25 Epibenthic invertebrates characteristic of the disposal site vicinity 
include the crabs Portunus gibbesi and Portunus spinimanus, the shrimp, 
Trachypenaeus constrictus, the sea urchin, Lytechinus variegatus, starfish and 
brittle stars (Camp el al., 1977; Appendix A). 

5.26 The demersal fish fauna of the area are not abundant (Futch and Dwinell, 
1977; Appendix A). Fish characteristic of the sandy offshore ODHOS environment 
include leopard sea robin (Prionotus scitulus), sand perch (Diplectrum formosum), 
and lizardfish (Synodus foetens). 

5.27 Potential for the Development or Recruitment of Nuisance Species in the 
Disposal Site [40 CFR 228.6(a)10). The Fort Pierce Harbor ODHOS has been 
utilized since 1949. To date, no nuisance species have been reported from the 
interim ODMDS or nearby previously utilized disposal sites. The potential for 
the development or recruitment of nuisance species at this site is considered 
quite low. A December 1985 survey of the ODMDS vicinity (Appendix A) yielded no 
evidence of undesirable organisms. 

5.28 Existence at or in Close Proximity to the Site of Any Significant Natural 
or CUltural Features of Historical Importance [40 CFR 228.6(a)111. It is 
unlikely that significant natural or cultural features of historical importance 
exist at the di~posal site. In the unlikely event that historical features are 
present on site, they will have been covered with sand and would be further 
covered by continued disposal operations. 

5.29 The dumping of materials into the ocean will be permitted only at sites or 
in areas selected to minimize the interference of disposal activities with other 
activities in the marine environment, particularly avoiding areas of existing 
fisheries or shellfisheries, and regions of heavy commercial or recreational 
navigation [40 CFR 228.5(a)1. The Fort Pierce Harbor ODHOS does not support 
either commercial or recreational fisheries. The closest artificial and natural 
reef sites lie approximately 1.5 nmi from the ODHOS boundary. The locations of 
commercial and recreational fishing sites with respect to the preferred disposal 
site are shown in Figure 3. 

5.30 The Fort Pierce Harbor ODMDS is not located in proximity to any designated 
shipping channel, safety fairway, or anchorage. The disposal site is located 
about 2.5 nmi outside the seaward extent of the Fort Pierce Inlet entrance 
channel. Use of this site to date has not interfered with shipping and continued 
intermittent use of the site should not disrupt either commercial shipping or 
recreational boating. 
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5.31 Locations and boundaries of disposal sites will be so chosen that temporary 
perturbations in water guality or other environmental conditions during initial 
mixing caused by disposal operations anywhere within the site Can be expected to 
be reduced to normal ambient seawater levels or to undetectable contaminant 
concentrations or effects before reaching any beach. shoreline. marine sanctuary, 
or known geographically limited fishery or shellfishery [40 CPR 228.5(b)11. The 
temporary fluctuations in water quality resulting from disposal operations should 
be reduced to ambient or undetectable levels within a short distance of the 
release point. Waters at the site are expected to be well mixed throughout the 
year (Worth and Hollinger, 1977; EPA, 1973; Appendix A). Prevailing currents at 
this site are to the north about 4 nmi (7.4 km) from the nearest landfall. At 
this location, the likelihood of impacts to shoreward resources and protected 
areas is minimal. The disposal site does not lie in the vicinity of 
geographically limited fishery or shellfishery resources. 

5.32 If, at any time during or after disposal site evaluation studies. it is 
determined that existing disposal sites presently approved on an interim basis 
for ocean dumping do not meet the criteria for site selection set forth in 228.5 
and 228.6. the use of such sites will be terminated as Soon as alternate disposal 
sites can be designated [40 CPR 228.5(c) 1. The proposed disposal site meets the 
criteria for site selection set forth in 40 CFR, Sections 228.5 and 228.6. 
Should future investigations indicate that these criteria are not being met, 
alternatives will be developed and evaluated and an alternate disposal site 
selected. 

5.33 The sizes of ocean disposal sites will be limited in order to localize for 
identification and control any immediate Adverse impacts and permit the 
implementation of effective monitoring and surveillance programs to prevent 
adverse long-range impacts. The size. configuration. and location of any 
disposal site will be determined as part of the disposal site evaluation or 
designation study [40 CFR 228.5(d) 1. An area of about 1 square nautical mile has 
been designated as the ODMDS. The size (1 nautical mile square), iocation (4.5 
nautical miles from shore), and relatively shallow depth (40 to 54 feet) of the 
site would facilitate monitoring and surveillance operations. 

5.34 EPA will. wherever feasible. designate ocean dumping sites beyond the edge 
of the continental Shelf and other such sites that have been historically used 
[40 CPR 228.5(e) 1. The proposed site has been used for disposal activities since 
1949 with no discernable adverse environmental effects (Appendix A). The 
COntinental Shelf extends approximately 17 nmi off Fort Pierce Inlet, to the 50 
fathom contour. The transport of dredged materials beyond the shelf would be 
economically prohibitive, substantially increasing cubic yard costs over the base 
cost to the interim site. Monitoring and surveillance programs would also be 
more difficult and costly to implement at sites located in deeper offshore 
waters. No historically used disposal site in deep water exists in the Fort 
Pierce area. Disposal activities in deep water would also impact a previously 
undisturbed area. 

5.35 Relationship Between Short-Term Uses and Long-Term Productivity. Disposal 
operations have been conducted at the current ODMDS since 1949. Longterm 
productivity in the nearby marine environment is not affected. 
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5.36 Irreversible or Irretrievable Commitments of Resources. 
committed by ocean disposal operations include: 

Resources 

.Use of energy and economic resources associated with disposal operations • 

• Loss of some planktonic and benthic marine organisms as a direct result 
of disposal • 

• Use of economic resources that will be committed to the testing of dredged 
materials, surveillance of disposal operations, and monitoring of the 
disposal sites. 

5.37 Unavoidable Adverse Environmental Effects and Mitigating Measures. Adverse 
effects associated with disposal would include the temporary degradation of water 
quality at the disposal site and the smothering of a portion of the benthic 
community. Minor changes in bathymetry and sediment texture within the ODMDS 
would also occur. No mitigation measures would be necessary. 
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O.S. Department of Agriculture - Soil COnservation Service' 
O.S. Geological Survey - Water Resources Division 
National Marine Fisheries Service - Environmental Aaaessment Branch 
National Marine Fisheries Service - Regional Director 
National Marine Fisheries Service - Protected Specie. Branch 
Minerals Management Service - Regional Director 
National Park Service - Regional Director 
National Science Foundation 
Naval Facilities Engineering Command - Southern Division 
Naval Facilities Engineering Command 
Honorable Bob Graham (O.S. Senate) 
Honorable COnnie Mack (O.S. Senate) 
Honorable Tom Lewis (O.S. House of Representatives) 
South Atlantic Fisheries Management COuncil 

State and Local Agencies 
Agricultural Advisory Council 
Board of Trustees of the Internal Improvement Trust Fund 
Bureau of Marine Research 
Department of Archives 
Department of Bnvironmental Resources Management 
State Clearinghouse 
State Archaeologist 
Gulf States Marine Fisheries COmmission 
Florida Sea Grant Extension Program 
Florida Department of Natural Resources 
Florida Department of Environmental Regulation 
Florida Department of Environmental Regulation - Southeaat Di.trict 
Florida Department of Transportation 
Florida Game & Freshwater Fish Committee 
Florida Marine Fisheries Comm 

28 



Florida Inland Navigation District 
Florida Historic Preservation Office 
Honorable Lawton Chiles (Governor, state of Florida) 
Florida House of Representatives 

Honorable Rick Minton (78th District) 
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Nature Conservancy 
Organized Fisherman of Florida 
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University of Miami - Rosenstiel School of Marine & Atmospheric Science 
Mote Marine Laboratory 
Florida state University 
Harbor Branch Oceanographic Institute 
University of Florida 
University of South Florida 
University of West Florida 
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coordination with the National Marine Fisheries Service as required by Section 
7 of the Endangered Species Act of 1973 has been concluded. The National Marine 
Fisheries Service in a letter dated March 3, 1993 concurred with the 
determination that populations of endangered or threatened species under their 
purview would not be adversely affected by the proposed action. Should 
additional information become available concerning possible impacts or should the 
activity be modified, additional consultation would be requested. 

The Notice of Availability of the Draft BIS was published in the Federal Register 
on January 22, 1993 and the public comment period closed on March 8, 1993. A 
total of 15 comment letters were received during the public review period. All 
the comment letters are included on the following pages along with responses to 
the comments. The comment numbers in the left margin of the comment letter 
correspond to the response numbers on the pages immecSiately following the comment 
letter. 

30 



Mr. Greer C. Tidwell 
Regional Administrator 

-UNITED STATES L. jlARTMENT OF COMMERCE 
National Oceanic and AtlTloepherlc AdlTllnlatretion 
Office of the Chief Sclentlet 
Washington, D.C- 20230 

February 25, 1993 

u.s. Environmental Protection Agency 
345 Courtland street, N.E. 
Atlanta, Georgia 30365 

Dear Mr. Tidwell: 

Enclosed are comments on the Draft Environmental Impact statement 
for an Ocean Dredged Material Disposal site (ODMDS) offshore Fort 
Pierce, Florida. Thank you for giving us an opportunity to 
review the document. . 

Enclosures 

Sincerely, 

~!J)~ 
(f")David cottingham 

Director 
Ecology and Conservation Office 
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MEMORANDUM FOR: 

FROM: 

SUBJECT: 

UNITED STAT(1cePARTMENT OF COMMERCE 
National Oceanic end At:rnoapharlc Admlnlat:ret:lon 
NA nONAL OCEAN SERVICE 
Coast and Geodetic Survey 

Rockville, Maryland 20852 

FEB 23 1993 

David Cottingham 
~~logy and Environmental Conservation 
)9~%rr:ef Scientist 

Rear Ad oral . Austin Yeager, NOAA ~Direct r, Co st and Geodetic Survey 

Office 

DEIS 9301.01 - Designation of an Ocean Dredged 
Material Disposal Site Located Offshore from 
Fort Pierce, Florida 

The subject statement has been reviewed within the areas of Coast 
and Geodetic Survey's (C&GS) responsibility and expertise and in 
terms of the impact of the proposed actions on C&GS activities 
and projects. Since safety of navigation is one of C&GS' primary 
concerns, this proposal was examined with that in mind and any 
other impact it may have on C&GS activities and projects. 

C&GS considers projects affecting navigation to be extremely 
important. From the navigational point of view, it is hever 
desirable to place materials in the ocean in the vicinity of 
ports, harbors, and channels. Sites on shore or in deep water 
are always preferable from our point of view. However, 
considering all alternatives, the selected site appears to be a 
reasonable alternative. 

C&GS has no objections to the proposed site. However, we are 
obligated to note that the proposed site is not due south of 
the interim site according to National Ocean rrvice nautical 
chart 11474. It is almost due southeast of t e interim site. In 
addition, we would be very interested in bein informed about the 
status of the interim site if this new site i approved. 

This area is covered on the above noted chart, and all changes 
resulting from this project will be reflected on the chart. To 
ensure proper depiction of this area, we request clarification of 
the position of these sites and the status of the interim site 
after the proposed new site is placed into service. 

For further information concerning this response, please contact 
the External and Cooperative Affairs Group, N/CG22x2, WSC1, 
room 808, Nautical Charting Division, NOAA, Rockville, Maryland 
20852, telephone 301~443-8157. 

cc: N/CGlxl1 - R. Taylor 
N/CG17 - J. Spencer 
N/CG22x2 - E. Frey 

FEB 25 \993 

~ 



RESPONSE 
COAST AND GEODETIC SURVEY 

1. The longitudinal coordinates given in figures 1 through 4 and in the text were 
incorrect in the Draft EIS. The coordinates have been corrected. 
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March 4, 1993 

Greer C. Tidwill 
Regional Administrator 
Lhi ted States Environmental Protection Agency 
Region IV 
345 Courtland Street N.E. 
Atlanta, Georgia 30365 

Re: Draft EIS for ODMDS offshore Fort Pierce, Florida 

Dear Administrator Greer: 

J 

.1 

I did not receive a copy of the draft until yesterday. I reviewed it as well 
as I could in two days, and have a few conments. Realizing that you perhaps 
can do nothing about it, I still RUst say that to have the U.S. Army Corps 
compile the information and data for this project and to rely on it for your 
analysis is beyond comprehension. I liken this abomination to allowing 
accused criminals control of the law enforcement agency in charge of in
vestigating their crimes. 

It is likely you are unaware of the controversy this project has generated in 
St. Lucie County. If you want copies of newspaper articles, television 
coverage of protests, etc., please let me know. Those opposed to the project 
have, by way of a lawsuit, forced the Corps to undertake a supplemental EIS 
and to admit the existence of valuable habitat that would be impacted. The 
corps has made some lTOdifications, rut due to the fragile egos of those in 
charge, no further admission of wrong have occurred. Those who are in favor 
of the project are a mix of the greedy, the political hacks, and the sincere 
but terribly uninformed. Perhaps you will reexamine your position on some 
elements of this project. 

It is very clear that in appendix C the characteristics of dredged material 
are not based on the core borings obtained by the Corps. Silt and clay con
centrations exceed those "assumed", and those in the analysis used, and this 
completely invalidates the model. 

Historical disposal should not be used to justify current disposal as the 
scope and areas of dredging are not the same and the material is not the same. 

Alternatives to ocean dumping exist; upland properties are available. This 
would also tremendously reduce inshore impacts from clamshell dredge and 
hopper operations. The corps simply does not want to spend the additional 
funds for al ternatives, even though substantial savings in project cost have 
already been made through modifications in scope. 

Economic analysis used to justify the project have been skewed and do not 
reflect reality. The expansion, or any activity over and above maintenance of 
the existing channel and basin, should not be permitted. It is classic pork 
barrel spending, and the damage to existing sport and commercial fisheries is 
not acceptable. 



The Indian River Lagoon is an Estuary of Natienal Significance, and although 
the inlet channel and basin have been exempted from the designatien, the lines 
of separatien are en paper, and in reality the eXparlsien of p:>rt facilities 
directly effects the Lagoon. 

Two days ago, cement dust was dumped into the basin. lklsubstantiated reports 
say the total spill was severai tons. Becawseof the limited depth, ship size 
is restricted. With expansien, widening and deepening, the potential dangers 
to the envirenment increase expc:nentiall y. 

Overall, you should not permit the use of the use of the OIl'1DS for this 
project. Tt-e sediment dispersal models are not useful or accurate, enviren
mentally sound alternatives exist, and immediate and long term impacts to tt-e 
Lagoon system are not justifiable. 

~iiJK' 
Blaine Williams 
2822 I\W 44 Th Place 
Gainesville, FI 32605-1557 

Enclosed is tt-e mailing label fran the package centaining the draft showing 
tt-e postmark date. 
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Mr. Robert B. Howard 
Chief, Coastal Regulatory Unit 

; Wi....... ............. w .. r .. n I '.1 .. '.. wr "'W ........ ". 
: National Oceanic and Atmospheric Administ:ral 
, NATIONAL MARINE FISHI;RIES SERVICE I Southeast Regional Office 

9450 Koger Boulevard 
st. Petersburg, Florida 33702 

February 10, 1993 

u.s. Environmental Protection Agency 
Region IV 
345 Courtland street NE 
Atlanta, Georgia 30365 

Dear Mr. Howard: 
I 

This is in response to your letter dated Deceuer 4, 1992, 
requesting comments regarding the Draft Environmental Impact 
statement (DEIS) for Ocean Dredged Material Disposal site (ODHOS) 
Designation offshore Fort Pierce, Florida. 

The National Marine Fisheries Service has reviewed the subject DEIS 
and generally found~hat the document is clear and well written. 
We have no specific comments to provide regarding marine fishery 
habitat issues with respect to the area to be ~sed as an ODHOS. If 
we can be of'further assistance, please contact Mr. David N. Dale 
of our Panama city Branch Office at 904/234-5061. 

sincerely, 

%u-~,;-
Andreas Mager, Jr. 
Assistant Regional Director 
Habitat Conservation Division 



RESPONSE 
BLAINE WILLIAMS 

The response received from Mr. Blaine Williams contained comments regarding both 
the Draft EIS for an ODHOS and the authorized modifications to the existing 
Federal Project at Fort Pierce Harbor. Because these are separate independent 
actions, only the ODHOS Draft EIS comments will be addressed here. 

1. The short-term modeling described in Appendix C used a dredged material 
composition characteristic of typical dredge material. This composition 
consisted of 63 percent sand, 7 percent silt-clay, and 30 percent water, 
volumetrically. The Fort Pierce ODHOS however will typically receive finer 
grained dredge material since sandy material will typically be placed as beach 
renourishment. Therefore, additional modeling was performed using a revised 
conservative dredged material composition consisting of 3 percent sand, 27 
percent silt-clay and 70 percent water volumetrically. This corresponds to 90 
percent silt-clay and 10 percent sand on a solids basis. This additional 
modeling was presented in Appendix F of the Draft EIS. 

The long-term modeling described in Appendix C used a 0.2mm material in the 
transport computations to provide a threshold indication of fine material 
transport and to yield a "worst case" prediction of sediment erosion from the 
mound. 

2. The Fort Pierce ODHOS will undergo monito.ring to determine the environmental 
effects of dredge disposal. Based on the type and volume of material disposed, 
various monitoring surveys will be used to determine if and where the disposed 
material is moving, and what environmental effect the material is having on the 
site and adjacent area. More detail on the monitoring plan is given in Appendix 
0, Site Management and Monitoring Plan. 

3. A discussion of non-ocean disposal alternatives was presented on the Fort 
Pierce Harbor General Reevaluation Report. Alternatives considered were beach 
disposal, Indian River disposal, Offshore disposal and upland disposal. A 
discussion of ~hese alternatives, as taken from the Fort Pierce Harbor Report, 
is presented in Appendix H. 
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DEPARTMENT OF HEALTh & HUMAN SERVICES 

Robert B. Howard, Chief 
Coastal Regulatory Unit 
U.S. Environmental Protection Agency 
Region IV 
345 Courtland Screec, HE 
Atlanta, Georgia 30365 

Dear Mr. Howard: 

Public Health Service 

Centers for Disease Control 
Atlanta GA 30333 

March 3, 1993 

We have completed our review of the Draft Environmental Impact Statement 
(DEIS) for the Fort Pierce Ocean Dredged Material Disposal Site Designation. 
We are responding on behalf of the U.S. Public Health Service. 

We note that dredged materials shown to contain toxic constituents in 
significant concentrations is not approved for disposal under EPA's Ocean 
Dumping Regulations and Criteria. The proposed site meets the eleven specific 
ocean disposal site criteria, and has been used since 1949 without evidence of 
environmental degradation. If future dredged material continues to be similar 
in physical and chemical characteristics, we would not anticipate adverse 
impacts from the proposed designation and continued use of the site. 

Thank you for the opportunity to review and comment on this draft document. 
Please ensure that we are included on your mailing list to receive a copy of 
the Final EIS, and future DEIS's which may indicate potential public health 
impacts and are developed under the National Envirormental Policy Act (NEPA). 

Sincerely yours, 

Kenneth W. Holt, M.S.E.H. 
Special Programs Group (F29) 
National Center for Environmental 

Health 



Mr. Robert B. Howard 
U. S. EPA 
Coastal Programs Section 
345 Courtland Street, ~E 
Atlanta, Georgia ~OB65 

Dear Mr. Howard: 

'u.s. Oepartment'ol ttouaing ad Utban 'Development 

Atlanta Regional Office. Region IV 
Richard B Russell Federal Building 
7S Spring Street. S.w. 
Atlanta, Georgia 30303-3388 

This refers to your memorandum dated December 4, 1992, 
transmitting the Draft Environmental Impact Statement (DELS) for 
an Ocean Dredge Haterial Disposal Site (ODMDS) offshore Fort 
Pierce, Florida. 

Our review indicates there will be no significant adverse 
impact on any HUDprograms as a result of this project. 

Thank you for the opportunity to review and comment on your 
proposed project. 

cc: 
Rea Boothby 
U. S. Army Corps of Engineers 
Environmental Resources Branch 
P. O. Box 4970 

Sincerely, 

Director 
program Support Division 
Regional Environmental 

Clearance Officer 

Jacksonville, Florida 33232-0019 



• 

NATIONAL SCIENCE FOUNDATION 

WASHINGTON. D.C. 20550 

OFFICE OF THE 
ASSISTANT DIRECTOR 

FOR GEOSCIENCES 

Dr. Robert B. Howard 
Chief 
Coastal Regulatory unit 

fEB - 8 1993 

u.s. Environmental Protection Agency 
Region IV 
345 Courtland street, N.E. 
Atlanta, Georgia 30365 

Dear Dr. Howard: 

The National Science Foundation has no comment on the Draft 

Environmental Impact statement (EIS) for an Ocean Dredge Material 

Disposal site offshore Fort Pierce, Florida. 

sincerely, 

Vanessa Richardson 
Chairperson 
Committee on Environmental 

Matters 



I. 

26 January 1993 
17 Fairglen Drive, 
Titusville, FL 32796 

Mr. Robert B. Howard, Chief 
Coastal Regulatory Unit 
U.s. EPA, Region IV 
345 Courtland Street, NE 
Atlanta, Georgia 30365 

Dear Mr. Howard: 

Responding to your request for comments, dated 4 Dec 92, 
our organization has reviewed the Draft Environmental Impact 
Statement (ElS) for an ocean Dredge Material Disposal site 
(ODMDS) offshore Fort Pierce, Florida. We forward the 
following comments for your consideration. 

We have no doubt that studies previous to this one have 
determined that Ocean Dumping is the least cost option for 
the Corps of Engineers and the local cooperating agency. 
However since we are dealing with local, state, national and 
world resources, the real question shoUld be "What is the 
most beneficial option considering the human, natural and 
economic needs and resources of all parties concerned?" 
While our small organization does not have the resources to 
provide a definitive answer to that complex question, we 
fear that the present proposal is not the answer. 

There is a real need to make an asset out of what is 
now considered a liability to be disposed of in the least 
cost manner which produces only acceptable damage. As is 
the case with most natural resources, this resource will 
probably become an asset only after some additional 
processing, the processing in this case being sorting and 
grading the spoil material into at least three categories: 

1. rock and shell 
2. sand 
3. silt and fines. 

Florida has a great need for each of these three items: 
rock and shell to be used as concrete aggregate or road 
base, sand to replenish our eroding beaches, and silt and 
fines to increase the fertility of our sterile soils and for 
use as fill in areas detrimentally affected by rising sea 
levels. What Florida does not need is to destroy any more 
of the ocean bottom and the benthos organisms which 
reside therein. 

Since sand and rock aggregate can be economically 
dredged, sorted and marketed from the Ohio River channel 
in the vicinity of Louisville, Kentucky, can you please 
inform us as to why a similar system cannot be used at Fort 
Pierce? We would very much appreciate an answer. 

Sincerely, 

Jane J. Ferguson, president 
N. Brevard Environmental Action Committees 

Copies to: Gov. Lawton Chiles, Dept. of Nat. Resources, DER, 
Chairman st. Lucie Co. Commission, Port Director 



Wesley B. Crum 
Chief, Coastal Programs Section 
u.S. EPA 
Coastal Programs section 
345 Courtland street, NE 
Atlanta, GA 30365 

Dear Mr. Crum: 

UNITED STATES DEPARTMENT OF COMMERCI 
National Oceanic and Atmospheric Administratic 
NATIONAL MARINE FISHERIES SERVICE 
Southeast Regional Office 
9450 Koger Boulevard 
st. Petersburg, FL 33702 

March 3, 1993 F/SE013:JEB 

This responds to your letter of January 15, 1993 and the attached 
draft environmental impact statement (DEIS) for the designation 
of an Ocean Dredged Material Disposal Site (ODMDS) located 
offshore of Fort Pierce, Florida. While you do not specifically 
request Endangered Species Act (ESA) section 7 consultation on 
this action it is clear from your letter and section 4.39 of the 
DEIS that this is your intention. For the purpose of this 
conSUltation the DEIS will serve as the biological assessment 
(BA) . 

We have reviewed the BA and concur the with your determination 
that populations of endangered/threatened species under our 
purview would not be adversely affected by the proposed action. 
The DEIS mentions that right whales may occur in the area on a 
transitional basis. In fact, right whales with calves may be 
found in the vicinity of Ft. Pierce from December through March I of each year. Designation of the ODMDS would not adversely 

• affect right whales but the use of the disposal area by dredges 
may increase the risk of vessel/whale collisions. 

This concludes conSUltation responsibilities under section 7 of 
the ESA. However, conSUltation should be reinitiated if new 
informaticr. reveals impacts of the identified activity that may 
affect listed species or their critical habitat, a new species is 
listed, the identified activity is subsequently modified, or 
critical habitat is determined that may be affected by the 
proposed activity. 

If you have any questions please contact Jeffrey Brown, Fishery 
Biologist, at (813) 893-3366. 

cc: F/PR2 

Sincerely, 

~a..<9~ 
~ Andrew J. Kemmerer 
D Regional Director 



RESPONSE 
Ms. JANE J. FERGUSON 

1. The Corps did an analysis of cost for sorting rock, sand and fines for the 
Miami Harbor Channel Design Memorandum Report date October 1989. The analysis 
indicated that the cost of obtaining unwashed rock 2+ in diameter added $44 per 
cubic yard to the cost of dredging. Complete sorting of material added $144 per 
cubic yard. It is assumed that costs for the similar work at Fort Pierce Harbor 
would be similar, thus making the project prohibitively expensive. 
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United States Department of the Interior 

In Reply Refer To: 
ER 93/64 

Mr. Robert B. Howard 

OFFICE OF THE SECRETARY 
Washington, D.C. 20240 

MAR 2 1993 

Chief, Coastal Regulatory Unit 
u.s. Environmental Protection Agency, Region IV 
345 Courtland street, NE 
Atlanta, Georgia 30365 

Dear Mr. Howard: 

The Department of the Interior has reviewed the draft 
Environmental Impact statement (DEIS) for the designation of an 
ocean dredged material disposal site located offshore Fort 
Pierce, Florida, as proposed by the Environmental Protection 
Agency (EPA). 

The proposal involves dredging of the Fort Pierce Harbor entrance 
channel and turning basin at a maximum annual rate of 67,000 
cubic yards. The dredged material will be transported about 10 
miles using barges and disposed of at the designated site. The 
diesel fuel powered engines operating the dredge and tugboats to 
move barges will be emitting air pollutants which have the 
potential to impact onshore air quality. 

The analysis in the DEIS is deficient because it neglects to 
assess or discuss the impacts associated with these air emissions 
on the onshore air quality. Air emissions associated with this 
proposed action can be estimated using an EPA publication 
entitled: "Compilation of Air Pollutant Emission Factors," (AP-
42, Fourth Edition, September 1985). The EPA should consider 
calculating air emission impacts on the onshore air quality 
likely to result from this proposal using computer models such as 
the Offshore and Coastal Dispersion Model. Calculated impacts 
can then be compared with the National Ambient Air Quality 
Standards (NAAQS) and maximum allowable Prevention of Significant 
Deterioration (PSD) increments to determine their effects on 
onshore air quality. 



USPONS~ 
NATIONAL MARtHE FISHaRIES SERVICE 

SOtI'rHEM'l' ~IONAL OFFICE 
ANDREW J. KEMMERER 

1. Insofar as possible effects on threatened or endangered species, use of the 
disposal area will be ev~luated on a project-by-project basie. 
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RESPONSE 
U.S. DEPARTMENT OF THE INTERIOR 

1. There will be no air emissions associated with the site designation process 
per se. Air emission impacts for specific projects will be evaluated on a 
project-by-project basis. 
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We appreciate the' opportunfty to' E:Omment on the DE'IS and hope 
that our comments are helpf~l. We laok forward to' reviewing the 
final EIS when it is pu.l!>lisrlted., I£ you have Cft1¥ g1I1estions 
regarding' our comments, y(!)U lttiillJ coDtact Ken Havran' in the' Oiffice 
of Environmental A·ffairs (lit (2'02) 2o:a;-71 16 • 

athan 
D,'rectar 

.fice of Environmental Affairs 



LAWIDN CHILES 
GOVERNOR 

STATE OF FLORIDA 

11ffi CAPiTOL 

TALLAHASSEE. FLORIDA 32399-000] 

March 29, 1993 

Mr. Robert B. Howard 
u.s. Environmental Protection Agency 
Coastal Programs section 
345 Courtland street, Northeast 
Atlanta, Georgia 30365 

RE: Draft Environmental Impact statement (DEIS) for an Ocean 
Dredge Material Disposal site (ODMDS) Offshore Fort Pierce, 
Florida 
SAl: FL9301150134C 

Dear Mr. Howard: 

The State has completed its review and comment on the DEIS for 
the Fort Pierce interim-designated ODMDS in accordance with 
National Environmental Policy Act guidelines in 40 CFR 1501-
1508. We are providing the following state agency suggestions 
(enclosed) to assist you with the completion of the preliminary 
document. Thank you for your patience during the review period; 
we look forward to working with you on subsequent versions of the 
EIS. 

Agency concerns are itemized as follows: 

* Inclusion of the 1992 surveys in body of the study 

* Upland disposal property for non-beach quality 
. material 

* Fort Pierce Inlet dredged material disposal plan 

* Habitat map, especial hardground and live bottom 
locations 

* Verification of dredged material suitability in Site 
Management and Monitoring Plan 

* Plume monitoring to verify DIFID model predictions 

* Monitoring before, during and after disposal 

* Long-term effects of anticipated dredged material 
disposal. 



Mr. RobertB.Howard 
March 29, 1993 
Page Two 

Please coordWf.te the "NEPA pJ:~essor t~c;1eral .consistency 
positi.on wi~h Don Henn~ngs,en C!t <9,04~) 4Sf;l-S686;1' 

EW/dh 

Sincerely, 

. ~dd /rJ~ tt./~ ,~-
E.stus Whitfield 
Policy Coor~inator 
Environmental Poliey/Community 
and Economic Development Unit 

Enclosures 

cc: Rea Boothby, Jack~onville District, COE 
Lynn Griffin, Department ot Environmental Regulation 
Fritz Wettstetn, Departllent Qf Natural Resources 
Chris MCCaY, Departinent of Community Affairs 
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Florida Department oj Environmental Regulatio1 
Twin Towers Office Bldg. • 2600 Blair Stone Road • Tallahassee, Florida 52399-240 

lawwn ChUa., Govtrnor 

March 26, 1993 

Estus Whitfield 
Executive Office of the Governor 
Office of Planning and Budgeting 
The capitol 
Tallahassee, Florida 32399-0001 

Dear Mr. whitfield: 

Re: Draft Environmental Impact statement, 
Ocean Dredged Material Disposal site Designation, 
Ft. Pierce, Florida 
SAI FL93011S0134C 

We previously reviewed the preliminary draft 
environmental impact statement (EIS) for this designation and 
provided comments dated May 12, 1992 (enclosed). Many of the 
issues and points we raised were addressed in this latest 
version. We have the following additional comments. 

The results of the 1992 surveys were not included in the 
draft EIS as we requested. Instead, EPA plans to include 
this information as an appendix to the final EIS. This 
information may be important to a complete description of the 
affected environment and the impacts evaluation and should 
have been included in the draft document. It is 
inappropriate for new, basic data and information to appear 
for the first time in a final EIS. 

The non-ocean disposal alternatives analysis should have 
evaluated the use of the 80 acres of upland property adjacent 
to the existing port which the port plans to use for 
expansion in the near future. This property would be a 
logical site to use for storage of material dredged for the 
port project. 

Section 3.05 still needs to describe the specific 
provisions of the Ft. Pierce Inlet dredged material disposal 
plan. 



5. 

Mr. Whitfield 
March 26, 1993 
Page Two 

The video survey narrative in sections 4.52-4.55 still 
needs to be supplemented with a habitat map as requested in 
our earlier comments. The map should show the locations of 
the hardground and live bottom areas documented in the 1991 
surveys along with any other features discovered in the 1992 
surveys. 

The site management and monitoring plan (SMMP) (Appendix 
D) still needs to explain the details of the three year 
verification of dredged material suitability. We continue to 
recommend the SMMP include plume monitoring or tracking in 
order to verify the predictions of the DIFID model. 

Based on the information available at this time, we have 
no objections to this site designation and consider it to be 
consistent with the Department's statutory authorities in the 
Florida Coastal Management Program. However, there are 
several improvements which should be made to the draft EIS 
before it is finalized. The comments made above should be 
addressed by making appropriate changes in the final EIS. We 
would like an opportunity to review the results of the 1992 
surveys prior to the release of the final document. 

We appreciate the opportunity to comment on this draft 
and will review the final !IS when it is prepared. If there 
are any questions concerning these comments, please contact 
me at 488-0784. 

LG/l 
Enclosure 
cc: Tom Franklin 

Marlene stern 

Cordially, 

~f~ 
Environmental Specialist 
Intergovernmental Programs 
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FLORIDA DEPARTMENT OF NATURAL RESOURCES 
Marjory Stoneman [)ougtas Building 

3900 Commonw&Alth Boulevard 
'Jallaha83(1('., Florida 32399 

March 15, 1993 

..... :~~ -- ...... ,~ ... ; ..... ~ 
l.a.lon ClWes-'~ 

Gov,mtl' --

Jim SlIIitll 
S«rcary of StW! 

Bob BuUtrwortll 
Atl.om8Y Gtioenl 

(im.ld lot'AiA 
S~ CoIIIPtrolllr 

Tom (jallJ.«l!fr 
State'li'easmr 

ISob en .. iunl 
(',ollllRiNioner or A:rieull 

Janice L. Alcott, Director 
state ClearinghouGe 

Belly ('a\or 
CollllniMioneT of F.dur.at 

office of Planning and Budgeting 
Executive Office of the Governor 
The Capitol 
Tallahassee, FL 32399-0001 

RE: 

SAl #: 

Fort Pierce Ocean Dredge Material Disposal Site (OOMDS), 
Draft Environmental Impact statement 

FL9301150134C 

Dear Ms. Alcott: 

The Department of Natural Resources has completed its second 
review of this document. The Department finds the Draft EIS 
generally complete, with the following reservations. First, the 
need for the site. has not yet been. conclusively demonstrated. 
Upland disposal of dredged material not of beach quality should be 
given more serious consideration. Second, the site must be 
intensively monitored before, during, and after disposal in order 
that the effects of disposal can be traced. Funding sources for 
the monitoring should be identified. Third, the Department has the 
following specific comments on the document: 

4.02-4.04: 

4.05: 

4.15: 

4.45: 

5.13: 

Admini.lratiun 

There is no difference in sediment composition 
between the ODMDS and surrounding areas most 
probably because previously deposited silt has been 
transported out of the site, dispersed, and 
intermixed with the sediments of adjacent areas. 

There is most likely some influence from the 
Florida current (Gulf stream). 

Turbidi ty during periods of stronger currents or 
storms is not assessed. 

The Florida Sea Grant pUblication referred to 
(Recreational use of reefs in florida: Artificial 
and natural, 1979) is too general for the purpose 
of this document. It also does not mention the 
hardbottom, low-relief reef located in the interim 
ODMDS. 

The site will be used for disposal of dredged 
material for years to come. This is not a one-time 

Law Enlorctmfnt Il&,eluon and hr\<; 



RESPONSE 
FLORIDA DEPARTMENT OF ENVIRONMENTAL REGULATION 

1. The results of the 1992 survey have been distributed to concerned parties for 
review prior to printing and distribution of the Final EIS. The results have 
been incorporated in this Final EIS and are attached as Appendix ? 

2. A discussion of non-ocean disposal alternatives was presented on the Fort 
Pierce Harbor General Reevaluation Report. Alternatives considered were beach 
disposal, Indian River disposal, Offshore disposal and upland disposal. A 
discussion of these alternatives, as taken from the Fort Pierce Harbor Report, 
is presented in Appendix H. 

3. The dredged material disposal plan is an agreement between the State of 
Florida and the U. S. Army Corps of Engineers for determining the disposal 
alternatives of dredged material on a project by project basis. The designation 
of the ODHOS provides one disposal alternative for dredged material that meets 
ocean disposal criteria, therefore, specific provisions outlining State of 
Florida and Corps of Engineers procedures for determining individual project 
preferred disposal alternatives is beyond the scope of this EIS. 

4. A habitat map has been added to the survey report in Appendix E. 

5. The summary of the three year verification process of dredged material 
suitability has been expanded in the SMMP in Appendix D. Further details of the 
process can be found in the 1991 EPA/COE Dredged Material Testing Manual (The 
Green Book). An interagency SMMP team, consisting of representatives of EPA, 
COE, State of Florida and the user(s) has been established to finalize the SMMP 
to recommend monitoring techniques, level of monitoring, significance of results 
and potential management options. How plume monitoring or tracking will be 
incorporated in the monitoring and management plan will be determined by the 
interagency SMMP team. 
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RESPONSES 
FLORIDA DEPARTMENT OF NATURAL RESOURCES 

1. A discussion of non-ocean disposal alternatives was presented on the Fort 
Pierce Harbor General Reevaluation Report. Alternatives considered were beach 
disposal, Indian River disposal, Offshore disposal and upland disposal. A 
discussion of these alternatives, as taken from the Fort Pierce Harbor Report, 
is presented in Appendix H. 

2. Site monitoring is discussed in the SMMP in Appendix D. An interagency SMMP 
team, consisting of representatives of EPA, COE, State of Florida and the user(s) 
is being established to finalize the SMMP to recommend monitoring techniques, 
level of monitoring, significance of results and potential management options. 

3. Previously disposed dredged material could have been removed from the area due 
to transport processes or the dredged material could have been similar to the 
sediment found at the disposal site. Historical records, given in Table 4 of the 
DEIS, show that the type of material deposited in the past has consisted mostly 
of shell and sand. In either case, the findings of little variability in 
sediment composition suggests that past dredge disposal in the interim ODHOS has 
had little adverse affect on the surrounding geological characteristics. 

4. There is likely some influence from the Florida current. However, because 
the current lies 32 miles from the site, the influence is most likely minimal 
compared to other forces such as wind and tides. Paragraph 4.05 has been 
corrected. 

5. The 1985 Environmental Survey of the Fort Pierce ODHOS included turbidity 
sampling but did not include current measurement. Therefore, no correlation 
between current speed and ambient turbidity could be obtained. The turbidity 
sampling taken represent general background levels and do not correspond to 
periods of weak or strong currents. Computer modeling results presented in 
paragraph 5.14 estimated suspended sediment loads as a result of dredged material 
disposal. 

6. This section is in reference to recreational fishing. There is no 
documentation nor indications that the live bottom areas found in the northern 
area of the interim ODHOS provide habitat or affect recreational fish species. 

7. Additional short-term modelling using worst case properties of dredged 
mater ial (90% fines) was performed. This was discussed in paragraphs 5.14, 5.15 
and Appendix F of the Draft EIS. 

8. This section is intended to deal only with short term perturbations in water 
quality. Possible long-term effects are addressed in paragraph 5.17 and will be 
monitored as part of the Site Management and Monitoring Plan. 
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Ms. Janice L. Alcott 
March 15, 1993 
page 2 

8. 5.31: 

occurrence. The percentage of silt in sediments 
off Fort Pierce has probably already increased from 
dredged-material disposal. 

This section does not take long-term effects into 
consideration. 

Thank you for the opportunity to comment. If you have any 
questions, please call (904) 488-1555 or write Mail Station 10 of 
the letterhead address. 

JFw/mag 

cc: Kalani Cairns, BSLP-IRLAP 
George Henderson, FMRI 

Sincerely, 

John F. wettstein 
senior Management Analyst 
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APPENDIX A 

This report details the methods and results of an environ

mental survey of the Fort Pierce Harbor interim Ocean Dredged 

Haterial Disposal site (ODMDS) vicinity. This survey was 

conducted by Conservation Consultants, Inc. (CCI) on December 

3 through 7, 1985. site bathymetry was determined on a 

supplemental survey conducted on Hay 20 and 21, 1986. 

A.1 METHODS 

A.1.1 Location of Study Area and Sampling Locations 

The Fort Pierce Harbor interim ODHDS is a one square nautical 

mile area with the following corner coordinates: 

(NW) 27·28'30" N 
80°12'33" W 

(SW) 27°27'30" N 
80°12'33" W 

(NE) 27°28'30" N 
80°11'27" W 

(SE) 27°27'30" N 
80·11'27" W 

The general location of the ODHDS is shown in Figure A-1. 

Nine sampling stations were located in the Fort Pierce Harbor 

study area. The relationship of these stations to the 

designated interim ODHDS is shown in Figure A-2. The location 

and the type of sampling conducted at each of these stations 

is given in Table A-1. 
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Table A-l. statioo Locations and Types of Sanples Cbllected fran the 
Ft. Pierce Harbor ()[lofil; stlXly Area. 

station No. latitude (N) lJ:lrqi tu1e (W) Sanples Cbllected 

FP-1 27°30'00" 80°12'16.5" SediIoonts 
Benthic Invertebrates 
Trawl 

FP-2 27°29'00" 80°12'16.5" SediIoonts 
Benthic Invertebrates 

FP-3 27°28'22.5" 80°12'16.5" SediIoonts 
Benthic Invertebrates 
Water QJality 

FP-4 27°28'00" 80°12'33" SediIoonts 
Benthic Invertebrates 

FP-5 27°27'45" 80°11'43.5" secllinents 
Benthic Invertebrates 
Trawl 
Water QJality 

FP-6 27°27'30" 80°10'54" secllinents 
Benthic Invertebrates 

FP-7 27°27'22.5" 80°13'06" SediIoonts 
Benthic Invertebrates 

FP-8 27°27'00" 80°12'16.5" secllinents 
Benthic Invertebrates 
Trawl 
Water QJality 

FP-9 27°26'00" 80"12'16.5" secllinents 
Benthic Invertebrates 
Trawl 
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A.l.2 Physical and Geological Characteristics 

A.l.2.l Bathymetry 

A bathymetric survey was conducted along ten transects in the 

Fort Pierce Harbor OOMOS study area. Each of these transects 

was approximately two nautical miles in length and oriented in 

an east-west direction. Transects were established to run 

between SO·10'42.s" and SO·13'17.s" west longitude at the 

following latitudes. 

Transect No. 

FP-Tl 
FP-T2 
FP-T3 
FP-T4 
FP-Ts 
FP-T6 
FP-T7 
FP-TS 
FP-T9 
FP-T10 

Latitude eN) 

27°30'07.5" 
27·29'07.5" 
27·2S'37.S" 
27·2s'30" 
27·2S'ls" 
27·2S'00" 
27·27'45" 
27°27'30" 
27·27'00" 
27·26'00" 

FP-T1 and FP-T2 are located approximately 1.5 and 0.5 nautical 

miles north of the OOMOS, respectively. Transect FP-Tl passed 

near sampling Station FP-1 while FP-T2 crossed near station 

FP-2. Transect FP-T3 ran just north of the northern boundary 

of the OOHDS. Transects FP-T9 and FP-TIO were established 

about 0.5 and 1.5 nautical miles south of the disposal site, 

respectively. Transect FP-T9 crossed sampling station FP-S, 

and FP-T10 crossed station FP-9. The remaining five transects 

traversed the OOMOS. Each of the ten transects extended 

approximately 0.5 nautical mile (O.9 km) beyond both the east 

and west boundaries of the ODMOS. 
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A.1.2.2 Granulometry 

Sediment samples·were collected from each of the nine sediment 

sampling stations with a ponar grab sampler. Subsamples of 

the relatively undisturbed grab samples were taken with 3 cm 

(i.d.) Plexiglass coring tubes for granulometric analyses. 

These tubes were pushed into the sediment, sealed top and 

bottom with rubber stoppers, and then removed. The top ten 

centimeters of each core was then extruded into a labeled 

plastic bottle and transported to the laboratory for analysis. 

Grain size determinations generally followed the procedures 

outlined by pequegnat et ale (1981) in u.S. Army Waterways 

Experiment station Technical Report EL-81-1i Procedural Guide 

for Designation Surveys of Ocean Dredged Material Disposal 

Sites. Samples were first wet sieved through a 62 um sieve, 

using a 5 gil sodium hexametaphosphate dispersant, to separate 

the sand-shell fraction from the silt-clay fraction. The 

sand-shell fraction then underwent grain size analysis by dry 

sieving, while pipette analysis was used to quantify the silt

clay fraction. A Tyler Sieve Shaker (Model R-X24) and nested 

8-inch brass sieves with mesh sizes of 2.0, 1.0, 0.5, 0.25, 

0.177, 0.12, and 0.06 mm were used to conduct the sieve 

analysis. 
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A.1.3 Chemical Characteristics 

A.1.3.1 Water Quality 

Grab samples for chemical analysis were collected from just 

below the surface and from approximately one meter off the 

bottom at each of three designated water quality sampling 

stations. Methods of preservation and analysis are summarized 

in Table A-2. 

A.1.3.2 Sediment Chemistry 

Sediment samples for chemical analysis were taken with a ponar 

grab sampler. Well-mixed composite samples were collected 

from each station for analysis. Upon collection, sediment 

samples were placed in labeled glass jars and kept on ice 

until delivered to the laboratory. 

Two methods were used for the extraction of trace metals from 

sediment samples, as recommended by Pequegnat et ale (1981). 

Seven of the nine samples collected were treated by seawater 

elutriation and two by 0.1 N He1 partial extraction. Methods 

used for the chemical analysis of sediments are given in 

Table A-2. 
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Table A-2. Method. of Chemical Analy.i. of Water, Sedim.nt, and Tis.u. Sample •. 

param.t.r 

Cadmium 

L.ad 

Mercury 

Chlorinated Bydro

carbon. (Pca. and 

P •• tlcid •• ) 

BHW Bydrocarbon. 

Totel Su.p.nded 

Solid. 

Total Orlanic Carbon 

Oil .nd Gr •••• 

Turbidity 

Sample Trp. 

Water 

S.dim.nt 

Ti.lue 

Water 

Sedim.nt 

Til.ue 

Water 

Sedim.nt 

Ti.lue 

Water 

Sedim.nt 

Tl •• ue 

Water 

Water 

Sediment 

Wat.r 

Pr.'.rvation 

Nltric Acld 

Chill.d 

Chl11.d 

Nitric Acld 

ChUled 

Chl11ed 

Nitric Acld 

Chl11.d 

ChUled 

Chill.d 

Chill.d 

ChUled 

Chill.d 

Chllled 

Chllled 

Chllled 

Chilled 

ChUl.d 

In-.ltu 

AnalItlcal M.thods 

Atomic Ab.orption Sp.ctrophotom.try/Graphlt. Furnace 

Atomlc Ab.orption Spectrophotom.try/Graphlt. rurnac. 

Atomlc Ab.orption Spectrophotom.try/Graphlte rurnace 

Atomic Ab.orption Sp.ctrophotom.try/Graphlte Furnac. 

Atomlc Ab.orptlon Spectrophotom.try/Graphlt. Furnac. 

Atomlc Ab.orptlon Sp.ctrophotometry/Graphlt. Furnac. 

Atomic Ab.orption Sp.ctrophotom.try/Cold Vapor 

Atomlc Ab.orptlon Sp.ctrophotometry/Cold Vapor 

Atomlc Ab.orptlon Sp.ctrophotom.try/Cold Vapor 

Ga. Chromatolraphy/El.ctron Capure O.t.ctor 

Ga. Chromatolraphy/El.ctron C.pur. O.t.ctor 

Ca. Chromatolraphy/El.ctron Capure O.t.ctor 

Ca. Chro.atolraphy/Fl ••• Ionl.atlon O.t.ctor 

Ga. Chromatolraphy/Fla.e Ionl.ation O.t.ctor 

Ca. Chro.atolraphy/Plam. Ioni.atlon O.tector 

Cravlm.trlc 

W.t Combustlon/Infrar.d O.t.ctor 

Soxhl.t Extractlon (h.xan.) 

Neph.lometry 

NOTE 1. Analytlcal •• thod. follow.d tho.e outlln.d ln P'queln.t (1981) U.S. Army Wat.rvay. Exp.rlment 
Statlon, 

NOTE 2. 

T.chnlcal R.port EL-81-1. Procedural Gulde for 0 •• lanlt10n Survey. of Ocean Credled Haterlal Dl.po.al 
Sites. 

PCB. Polychlorinated BIphenyls. 

RHW RiSh Holecular Welght. 
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A.l.4 Biological Characteristics 

A.l.4.1 Benthic Macroinvertebrates 

Benthic macro invertebrates were sampled by ponar dredge at 

nine stations in the Fort Pierce Harbor ODMDS study area. The 

ponar dredge samples 0.0225 square meters of sediment surface. 

Five samples, representing 0.1125 square meters of bottom 

surface, were taken at each station. 

Upon collection, samples were fixed in a ten percent solution 

of buffered Formalin to which a stain, rose bengal (200 mg/l), 

had been added. This stain concentrates in animal tissues and 

facilitates the effective recovery of organisms for analysis. 

In the laboratory, samples were sieved through a 500 u mesh 

and re-preserved in a 70 percent solution of isopropyl 

alcohol. The sieved samples were then sorted under a dissect

ing microscope to recover all benthic organisms. At least 30 

percent of all samples were cross-checked to ensure the 

efficiency of sample processing. 

Following sorting, identifications and counts were made under 

a dissecting microscope. Representative specimens have been 

preserved in a reference collection. 

A.l.4.2 Meiofauna 

Two meiofauna samples were collected at each of the nine 

benthic sampling stations in the Ft. Pierce Harbor ODMDS study 
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area. Meiofauna samples were taken by coring sediments 

collected by ponar dredge with a 3 cm (1.2 in) i.d. Plexiglass 

coring tube. The coring tube was then capped at both ends, 

removed from the sediment, and the top 20 cm (7.87 in) of 

material extruded into a labeled sample container. Meiofauna 

samples were preserved in a 5 percent solution of buffered 

Formalin to which a stain, rose bengal (200 mg/l), had been 

added. 

In the laboratory, meiofaunal samples were first sieved 

through a 500 u mesh screen to remove representatives of the 

macrobenthos. The remaining material was passed through a 64 

u sieve, and the portion retained sorted to remove meiofauna. 

All counts and identifications were made under a binocular 

dissecting microscope at a magnification of 25 X. 

A.1.4.3 Macroepifauna 

Macroepifauna were collected by trawl at four sites in the 

study area. Two 10 minute tows with a 10 ft. (3.1 m) trawl 

were made at each site. The wet weight biomass of each sample 

was determined immediately after collection with a Hanson 

(Model 600) spring sca~e. 

Following biomass determination, organisms were counted and 

identified to the extent possible in the field. Those 

organisms which were selected for tissue analyses were removed 

at this time, identified, weighed, and placed on ice. All 

other organisms were preserved in a 10 percent Formalin 



solution. Upon return to the laboratory, taxonomic verifica

tions were made and all samples were placed in storage. 

A.l.4.4 Tissue Analyses 

Tissues for analysis were taken from macroepifaunal organisms 

collected by trawl as described in Section A.1.4.J. Edible or 

soft tissues were removed from each of the specimens selected 

for analysis. These tissues were frozen and transported in a 

chilled state to the laboratory for analysis. 

Tissue constituents analyzed and methods of analysis are given 

in Table A-2. 

A.2 Results and Discussion 

A.2.1 Physical and Geological Characteristics 

A.2.1.1 Bathymetry 

Depths at the Ft. Pierce ODMDS range from about 40 to 54 ft. 

(12.1 to 16.5 m). Little relief and no evidence of mounding 

was apparent from bathymetric profiles. A bathymetric map of 

the ODMDS vicinity is presented as Figure A-J. Depths are 

shallowest at the southwest corner of the disposal area and 

shoal rapidly beyond the site toward Capron Shoal. Depths are 

greatest at the northeast corner of the disposal site. Low 

relief mounding potentially associated with prior dumping was 

noted to the north of the ODMDS. 
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A.2.1.2 Hydrography 

Hydrographic profiles were made at each of the nine stations 

in the study area. Measurements of temperature, salinity, pH, 

and dissolved oxygen were taken at 3 ft (0.91 m) intervals. 

These profiles are presented in Table A-3. 

Temperature 

Temperatures measured during this survey ranged from 23.9 to 

24.7·C. These temperatures are within the range previously 

reported for area waters. The u.s. Environmental Protection 

Agency (EPA, 1973) reports surface water temperatures for the 

vicinity ranging from a low of around 21·C in February to a 

high of about 29·C in July. Worth and Hollinge~ (1977) report 

an annual range of 16·C to 27·C for nearshore area waters. 

No evidence of thermal stratification was noted during this 

December, 1985 survey. Variation between surface and bottom 

temperatures did not exceed O.l·C. Throughout the year, 

variation in surface and bottom water temperatures in the 

ODMDS vicinity rarely exceeds l·C (Worth and Hollinger, 1977). 

salinity 

Salinities measured in the ODMDS vicinity in December, 1985 

ranged between 36.2 and 36.4 parts per thousand (ppt). 

similar salinities have previously been reported for area 

waters. EPA (1973) reports a mean salinity of 35.4 ppt for 

ocean waters off Ft. Pierce, and Worth and Hollinger (1977) 
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Table A-3. 'l'el'rperature, Salinity, Pi, am Dissolved OXygen Profiles Taken at 
stations in the Ft. Pierce Harbor Or::MIl:) Vicinity: December 6, 1985. 

Dissolved Dissolved 
Depth 'I'e!rperature Salinity Oxygen oxygen 

Station Time (ft.) ( ·el Coot) ttl (ron) \ Saturation 

FP-1 1352 3 24.1 36.2 7.9 7.5 110 
6 24.1 36.2 7.9 7.4 109 
9 24.1 36.2 7.9 7.4 109 

12 24.2 36.2 7.9 7.4 109 
15 24.2 36.2 7.9 7.4 109 
18 24.2 36.2 7.9 7.4 109 
21 24.2 36.2 7.9 7.4 109 
24 24.2 36.2 7.9 7.4 109 
27 24.2 36.2 7.9 7.4 109 
30 24.2 36.2 7.9 7.4 109 
33 24.2 36.2 7.9 7.4 109 
36 24.2 36.2 7.9 7.5 110 
39 24.2 36.2 7.9 7.5 110 
42 24.2 36.2 7.9 7.5 110 
45 24.2 36.2 7.9 7.5 110 

FP-2 1244 3 24.2 36.2 7.8 7.5 110 
6 24.2 36.3 7.9 7.4 109 
9 24.2 36.2 7.9 7.4 109 

12 24.2 36.2 7.9 7.4 109 
15 24.2 36.2 7.8 7.4 109 
18 24.2 36.2 7.8 7.4 109 
21 24.2 36.2 7.9 7.4 109 
24 24.2 36.2 7.9 7.4 109 
27 24.2 36.2 7.9 7.4 109 
30 24.2 36.2 7.9 7.4 109 
33 24.2 36.2 7.9 7.4 109 
36 24.2 36.2 7.9 7.4 109 
39 24.2 36.2 7.9 7.4 109 
42 24.2 36.2 7.9 7.4 109 
45 24.2 36.2 7.9 7.3 107 

FP-3 1540 3 24.7 36.3 7.8 7.7 115 
6 24.7 36.3 7.8 7.6 113 
9 24.7 36.3 7.8 7.3 109 

12 24.7 36.3 7.8 7.4 110 
15 24.7 36.3 7.8 7.3 109 
18 24.7 36.3 7.8 7.4 110 
21 24.7 36.3 7.8 7.3 109 
24 24.7 36.3 7.8 7.3 109 
27 24.7 36.3 7.8 7.3 109 
30 24.7 36.3 7.8 7.3 109 
33 24.7 36.3 7.8 7.3 109 
36 24.7 36.3 7.8 7.3 109 
39 24.7 36.3 7.8 7.3 109 
42 24.7 36.3 7.8 7.3 109 
45 24.7 36.3 7.8 7.2 107 
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Table A-3. (cantirued) 

Dissolved Dissolved 
Depth Te:tperature Salinity OXygen Oxygen 

station Tilne (ft. ) ( 'e) (rot) Iii Cmnl % Saturation 

FP-4 1122 3 24.0 36.4 7.8 7.6 111 
6 24.1 36.4 7.8 7.4 109 
9 24.1 36.4 7.8 7.4 109 

12 24.1 36.3 7.8 7.4 109 
15 24.1 36.3 7.8 7.4 109 
18 24.1 36.3 7.8 7.4 109 
21 24.1 36.3 7.8 7.4 109 
24 ' 24.1 36.3 7.8 7.4 109 
27 24.1 36.3 7.8 7.4 109 
30 24.1 36.3 7.8 7.4 109 
33 24.1 36.3 7.8 7.4 109 
36 24.1 36.3 7.8 7.4 109 
39 24.1 36.3 7.8 7.4 109 
42 24.1 36.3 7.8 7.4 109 

FP-S 1440 3 24.6 36.4 7.8 7.6 113 
6 24.6 36.4 7.8 7.3 109 
9 24.6 36.4 7.8 7.2 107 

12 24.6 36.4 7.8 7.5 112 
15 24.6 36.4 7.8 7.4 110 
18 24.6 36.4 7.8 7.3 109 
21 24.6 36.4 7.8 7.3 109 
24 24.6 36.4 7.8 7.4 110 
27 24.6 36.4 7.8 7.3 109 
30 24.6 36.4 7.8 7.3 109 
33 24.6 36.4 7.8 7.3 109 
36 24.6 36.4 7.8 7.3 109 
39 24.6 36.4 7.8 7.4 110 
42 24.6 36.4 7.8 7.4 110 
45 24.6 36.4 7.8 7.4 110 
48 24.6 36.4 7.8 7.4 110 

FP-6 1457 3 24.1 36.3 7.9 7.7 113 
6 24.1 36.3 7.9 7.6 111 
9 24.2 36.3 7.9 7.5 110 

12 24.2 36.3 7.9 7.5 110 
15 24.2 36.3 7.9 7.5 110 
18 24.2 36.3 7.9 7.5 110 
21 24.2 36.3 7.9 7.5 110 
24 24.2 36.3 7.9 7.5 110 
27 24.2 36.2 7.9 7.5 110 
30 24.2 36.3 7.9 7.5 110 
33 24.2 36.2 7.9 7.5 110 
36 24.2 36.2 7.9 7.5 110 
39 24.2 36.2 7.9 7.5 110 
42 24.2 36.2 7.9 7.5 110 
45 24.2 36.2 7.9 7.5 110 
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Table A-3. (COntinued) 

Dissolved Dissolved 
Depth 'l'E!n'(:lerature Salinity Oxygen Oxygen 

station Time (ft. ) ee) (ppt) qt (pgn) % Saturation 

FP-7 1000 3 23.9 36.4 7.7 7.6 111 
6 23.9 36.4 7.7 7.3 107 
9 23.9 36.4 7.7 7.4 109 

12 24.0 36.4 7.7 7.4 109 
15 24.0 36.4 7.7 7.4 109 
lS 24.0 36.4 7.7 7.4 109 
21 24.0 36.4 7.7 7.4 109 
24 24.0 36.4 7.S 7.4 109 
27 24.0 36.4 7.S 7.4 109 
30 24.0 36.4 7.S 7.4 109 
33 24.0 36.4 7.S 7.4 109 
36 24.0 36.4 7.S 7.4 109 
39 24.0 36.4 7.S 7.4 109 
42 24.0 36.3 7.S 7.4 109 
45 24.0 36.3 7.S 7.4 109 

FP-S 1330 3 24.6 36.4 7.S 7.5 112 
6 24.6 36.4 7.S 7.3 109 
9 24.6 36.4 7.S 7.4 110 

12 24.6 36.4 7.S 7.3 109 
15 24.6 36.4 7.S 7.3 109 
lS 24.6 36.4 7.S 7.3 109 
21 24.6 36.4 7.S 7.3 109 
24 24.6 36.4 7.S 7.3 109 
27 24.6 36.4 7.S 7.3 109 
30 24.6 36.4 7.S 7.3 109 
33 24.6 36.4 7.S 7.3 109 
36 24.6 36.4 7.S 7.4 112 
39 24.6 36.4 7.S 7.3 109 
42 24.6 36.4 7.S 7.3 109 

FP-9 1555 3 24.0 36.3 7.9 7.5 110 
6 24.0 36.3 7.9 7.4 109 
9 24.0 36.3 7.9 7.4 109 

12 24.0 36.3 7.9 7.5 110 
15 24.1 36.3 7.9 7.5 110 
lS 24.0 36.3 7.9 7.6 111 
21 24.0 36.2 7.9 7.5 110 
24 24.0 36.2 7.9 7.5 110 
27 24.0 36.2 7.9 7.5 110 
30 24.0 36.2 7.9 7.5 110 
33 24.0 36.2 7.9 7.5 110 
36 24.0 36.2 7.9 7.5 110 
39 24.0 36.2 7.9 7.6 ill 
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report nearshore salinities off Hutchin$on Island ranging frol 

33 to 38.5 ppt. 

No evidence of salinity stratification was apparent and none 

is expected to occur in the disposal si~e vicinity. Little 

tendency for stratification was observed by EPA (1973) in 

studies of southeast Florida Shelf waters. Worth and 

Hollinger (1977) report maximum surface to bottom salinity 

differences in nearshore waters of about 3 ppt. Differences 

when they occur are generally temporary and associated with 

increased freshwater discharge. 

pH 

Values for pH ranged from 7.7 to 7.9 and were slightly lower 

than would generally be expected for well-mixed coastal 

waters. The pH of marine waters in equilibrium with the 

atmosphere ranges from about 8.1 to 8.3 (Sverdrup et al., 

1942). Lower values in coastal waters are often associated 

with periods of high freshwater discharge. 

Dissolved Oxygen 

Dissolved oxygen (00) concentrations measured in area waters 

on December 6, 1985 ranged from 7.2 to 7.7 ppm. Waters were 

consistently above saturation with respect to oxygen. Little 

variation in 00 concentration with depth was observed, 

reflecting the well-mixed nature of waters in the Ft. Pierce 

ODMDS vicinity. 
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Solids (Suspended Solids and Turbidity) 

Total suspended solids (TSS) concentrations were measured in 

near bottom waters collected from each station in the study 

area. Results of these analyses are presented in Table A-4. 

Suspended solids concentrations ranged from 5 to 24 mg/l. 

Turbidity is defined as the optical property of a sample which 

causes light to be scattered and absorbed rather than trans

mitted in straight lines. Turbidity is commonly measured with 

a nephelometer, which measures scattered light, and is 

reported in NTUs (nephelometric turbidity units). Turbidity 

samples were collected from near the surface, at mid-depth, 

and from near the bottom at each station. Results of turbi

dity analyses are given in Table A-4. Turbidity values were 

low, ranging from 0.6 to 2.2 NTU, and were characteristic of 

Shelf waters. No zone of elevated turbidity was found, and no 

patterns in the distribution of values between stations or 

with depth were observed. 

A.2.1.3 Granulometry 

The grain size distributions of surficial sediments collected 

in the study area are presented in Table A-5. Mean grain 

sizes, modes, and inclusive standard deviations, calculated 

for the sediments collected from each station are given in 

Table A-6. 

Surficial sediments in the Ft. Pierce OOMOS vicinity are 

primarily comprised of coarse to medium sands. Shell material 
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Table A-4. Total SUspended Solids Cbnoentrations an:i 'I\lrbidity levels at 
staticrJS in the Ft. Pierce Harbor C>r.MI:l:; Vicinity. 

Depth Total SUspe.rrled 'I\n:bidity 
Station Position· (Ft. ) Solids (nq/l) (mu) 

FP-l S 3 -- 1.1 
M 21 1.2 
B 45 10 1.2 

FP-2 S 3 1.4 
M 21 1.0 
B 45 24 1.1 

FP-3 S 3 0.7 
M 21 0.6 
B 45 13 1.1 

FP-4 S 3 1.1 
M 
B 42 8 0.9 

FP-5 S 3 0.8 
M 27 0.7 
B 48 5 1.2 

FP-6 S 3 0.9 
M 21 1.0 
B 45 9 1.1 

FP-7 S 3 1.7 
M 
B 45 18 2.2 

FP-8 S 3 0.7 
M 21 0.7 
B 42 7 0.4 

FP-9 S 3 1.0 
M 21 0.9 
B 39 13 0.8 

*S = surface 
M = Mid-Depth 
B = Near Bottan 
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Table A-5. Grain Size Distribution of Sediments Collected from the Ft. Pierce 
Harbor ODMDS Vicinity. 

Percent Comeosition 
Shell Coarse sands Medium sands Fine sands silt Clay 

Station (~ -1 J') (-1 to 1 J') (1 to 2 J') (2 to 4 J') (4 to 8 ~) (~ 8 J') 

FP-1 13 18 41 24 <1 3 

FP-2 33 48 13 2 <1 4 

FP-3 19 58 19 2 <1 2 

FP-4 30 56 10 1 <1 3 

FP-5 11 38 45 5 <1 <1 

:r 
FP-6 19 61 to..) 16 3 <1 1 

0 

FP-7 15 42 28 8 <1 7 

FP-8 30 42 22 3 <1 3 

FP-9 24 61 10 1 <1 4 



Table A-6. Granulcmetric Cllaracteristics of Sediments Collected fran the 
Ft. Pierce Harbor ()[H:S Vicinity. 

Mean l-k:lde Irx:l~ive $tamard 
station (Iirl, ~) (Iirl, ~) reviation C'Iirl, ~) , 

FP-1 1.0 1.0 1.4 

FP-2 -0.3 -1.0 1.S 

FP-3 0.2 1.0 1.2 

FP-4 -0.3 1.0 1.1 

FP-5 O.S 2.0 1.2 

FP-6 0 1.0 1.0 

FP-7 0.5 2.0 2.S 

FP-S 0 -1.0 1.4 

FP-9 -0.2 -1.0 1.0 
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was also a major constituent of the sediments. No differences 

were noted between stations located within the OOHOS and those 

in the surrounding area. 

Inclusive graphic standard deviations were calculated as a 

measure of the uniformity or sorting of sediments. Values for 

this statistic generally range from 0.35 phi for well-sorted 

sediments to 4.00 phi for poorly sorted, non-uniform sediments 

(Pequegnat et al., 1981). Surficial sediments in the study 

area were moderately sorted, with inclusive standard deviation 

values ranging from 1.0 to 2.8. 

The results of this survey agree well with those previously 

reported for the area. Meisburger and Duane (1971) found the 

surficial sediments off Ft. Pierce between the 40 and 60 foot 

depth contours to consist primarily of coarse, brown shell 

sand forming an irregular blanket deposit of varying thick

ness. Gallagher (1977) described the surficial sediments 

midway between the OOHOS and Hutchinson Island as being 

primarily coarse, clean, poorly sorted sands with a high shell 

content. 

A.2.2 Chemical Characteristics 

A.2.2.1 water Quality 

Water samples for chemical analysis were collected from just 

below the surface and approximately one meter off the bottom 

at stations FP-3, FP-5, and FP-8. stations FP-3 and FP-5 are 
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within the Ft. Pierce Harbor ODMDS while Station FP-B is 

located to the south (upstream) of the disposal site. Samples 

were analyzed for selected trace metals, pesticides, poly

chlorinated biphenyls (PCBs), and high molecular weight (HMW) 

hydrocarbons. None of these contaminants were detected in 

samples. specific parameters measured in surface and near 

bottom waters, and analytical detection limits are given in 

Tables A-7 and A-B. 

A.2.2.2 Sediment Chemistry 

Sediments were collected from each station for chemical 

analysis. Constituents analyzed were trace metals, pesti

cides, polychlorinated biphenyls (PCBs), high molecular weight 

hydrocarbons, total organic carbon, and oil and grease. 

Metals were extracted from sediments collected from Stations 

FP-l, FP-2, FP-3, FP-5, FP-6, FP-7 and FP-9 by seawater 

elutriation. Weak acid extraction (O.l N HCl) was used to 

extract metals from sediments collected from FP-4 and FP-B. 

Results of sediment chemistry analyses are presented in Table 

A-9. 

Concentrations of metals in sediments were low. Levels of 

mercury and lead were below detection in all seawater elutri

ates. Cadmium was detected, at the detection limit (0.5 

ug/l), at station FP-7. Levels of mercury, cadmium, and lead 

were generally comparable in acid extracts of sediments from 

~he disposal site (FP-4) and upstream station FP-B. Highest 
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Table A-7. ResUlts of Cl'lemi.cal Analyses of Sllrface Waters o:>Uected 
fran the Fort Pierce Harbor OrMIlS Sb.rly Area. 

station 

Parameter FP-3 FP-5 

Trace Metals 
MercUry, u;jl <0.2 <0.2 
cadmitnn, u;jl <0.05 <0.05 
Lead, u;jl <0.5 <0.5 

Pesticides 
Al~ - me, ugjl <0.005 <0.005 
Gamrra - me, u;jl <0.006 <0.006 
Heptachlor, u;jl <0.02 <0.02 
Beta - me, ug:/l <0.03 <0.03 
Aldrin,. ugjl <0.009 <0.009 
Heptachlor Epoxide, ugjl <0.02 <0.02 
4,4' - DOE, ugjl <0.02 <0.02 
4,4' - DOD, ugjl <0.05 <0.05 
4,4' - DOT, ugjl <0.06 <0.06 
o,p' - DOD, ug:/l <0.1 <0.1 
o,p' - DOT, u;jl <0.1 <0.1 
Chlordane, ugjl <0.1 <0.1 
Dieldrin, ugjl <0.03 <0.03 
Errlrin,u;/l <0.06 <0.06 

Total ~ as Archlo}: 
1254, ugjl <0.4 <0.4 

High Molecular Weicmt HYdrocarbons 
Volume of sample 

FP-8 

<0.2 
<0.05 
<0.5 

<0.005 
<0.006 
<0.02 
<0.03 
<0.009 
<0.02 
<0.02 
<0.05 
<0.06 
<0.1 
<0.1 
<0.01 
<0.03 
<0.06 

<0.4 

extracte::i, ml 1500 1500 1500 
Weight of extractables, 
wn <5.0 <5.0 <5.0 
Ali"[i1atics arrl aranatics, 
~ <0.5 <0.5 <0.5 
Resel ved hydrocarbc:ns, 
~ <0.5 <0.5 <0.5 
Unresolved hydrocarbc:ns, 
i:¢ <0.5 <0.5 <0.5 
SUm of n-alkanes, R:b <0.5 <0.5 <0.5 
SUm of even n-al.kanes, 
Wb <0.5 <0.5 <0.5 
SUm of od:l n-alkanes, 
Wb <0.5 <0.5 <0.5 
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Table A-8. Results of Olemical Analyses of Near Bottan Waters Collected 
fran the Fort pierce Hartx>r Or:M:S Study Area. 

Station 

Parameter FP-3 FP-5· FP-8 

Trace Metals 
MercuIy, ug,Il <0.2 <0.2 <0.2 
cadmium, ug,Il <0.05 <0.05 <0.05 
Lead, ug,Il <0.5 <0.5 <0.5 

Pesticides 
AlIila - mc, U}/l <0.005 <0.005 <0.005 
Gamna - I:IIC, ug,Il <0.006 <0.006 <0.006 
Heptachlor, ug,Il <0.02 <0.02 <0.02 
Beta - mc, ug,Il <0.03 <0.03 <0.03 
Aldrin,. uyl <0.009 <0.009 <0.009 
Heptachlor Epoxi.de, ug,Il <0.02 <0.02 <0.02 
4,4' - DOE, ug,Il <0.02 <0.02 <0.02 
4,4' - DOD, ug,Il <0.05 <0.05 <0.05 
4,4' - DOT, ug,Il <0.06 <0.06 <0.06 
o,p' - DOD, ug,Il <0.1 <0.1 <0.1 
o,p' - DDI', ug,Il <0.1 <0.1 <0.1 
Ollordane, ugjl <0.1 <0.1 <0.01 
Dieldrin, ug,Il <0.03 <0.03 <0.03 
Errlrin, ug,Il <0.06 <0.06 <0.06 

Total PCBs as Ard1l.or 
1254, ug/l <0.4 <0.4 <0.4 

High Molec:ular Weight Hydroc.aIDons 
Volume of sample 
extracted, ml 1500 1500 1500 

Weight of extractables, 
ppn <5.0 <5.0 <5.0 
AliIi'latics am. aranatics, 
PIX> <0.5 <0.5 <0.5 
Resolved hydrocal::tx:J:, 
PIX> <0.5 <0.5 <0.5 
Unresolved hydrocal::tx:J:, 
I¥> <0.5 <0.5 <0.5 
SUm of n-alkanes, g:b <0.5 <0.5 <0.5 
SUm of even n-al.kanes, 
RX> <0.5 <0.5 <0.5' 
SUm of cxH n-alkanes, 
~ <0.5 <0.5 <0.5 
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Table 10-9. aesults of ChemLcal Anal,..e. of Sediments Coll.cted from the Fort Pierce Uarbor OOMOS VicinLt,.. 

Stat Lon 

PARAMETER FP-1 FP-2 FP-3 FP-' FP-5 [P-6 FP-7 FP-8 FP-9 

I,ace n.Sal! 

Mercur,. (10 a.avater elutrLat.).* u,/l <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Cad.lwa (1n a.avat.r .lutriat.). u,/l <0.05 <0.05 <0.05 <0.05 <0.05 0.05 <0.05 

L.ad (in a.a.at.r .lutrlate). u,/l <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Mercurr (in acid l.achat.).*· u,/,. dr,. 0.09 0.11 

Cadmium (in acid l.achat.) • u,/,. dr,. 0.073 0.0'2 

L.ad (in acid l.achat.). u,/,. dr,. 0.83 0.62 

l·Ulcld·1 

Alpha-laC. u,/It, <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Ga_a-Iac. u,/It, <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Ueptachlor. u,/It, <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 

~ B.ta-BUC. u,/It, <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 
N Aldrin. u,/It, <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 0\ 

aeptachlor lpo.ide. u,/It, <0.0' <0.0' <0.04 <0.0' <0.0' <0.0' <0.0' <0.04 <0.0' 
••• ·-DDS. u,/It, <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 
••• ·-DDO. u,/Ita <0.' <0.4 <0.4 <0.' <0.' <0.' <0.4 <0.4 <0.' 
••• ·-DDT. u,/It, <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
o.p·-DDD. u,/It, <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
o.p·-DDT. u,/It, <0 .• <0.' <0.4 <0.4 <0.4 <0.' <0.' <0.' <0.' 
Chlordane. u,/It, <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Dieldrin. u,/It, <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Indrl0. u,/It, <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

I9tal rCBa al 6r Cbl2[ 1254 • u,/It, <0.8 1.1 <0.8 <0.8 <0.8 <0.8 1 . 1 <o.iI <0.8 



Tabl. A-9. (Con~inued) 

PARAHEUI\ 

Bllh Hol.cular W.llh~ Hrdrocarbon. 

W.~ v.iaht of .aapl •• xtract.d. a 

Dry v.iaht of .a.pla axtractad. a 

Parcant dry vaiaht of vat valaht 

W'i,ht of •• tractabla •• pp •• dry 

Aliphatic. and aroaatic •• pp •• dry 

l •• olv.d hydrocarbon •• pp •• dry 

Unr •• olv.d hydrocarbon •• pp •• dry 

Sua of n-alkan ••• ppa. dry 

Sua of .v.n n-alkan ••• pp •• dry 

Sua of odd n-alkan ••• ppm. dry 

Unr.solv.d hydrocarbons/r.solv.d 

hydrocarbon. 

Odd n-alkanas/even n-alkane. 

Phytan.in-Cla 

Prlstane/n-C17 

Iot.l oraanic carbon. aa/, 
011 and Ir ••••• ua/l 

FP-l 

BO 

173 

69 

630 
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concentrations of cadmium and lead were measured in the acid 

extract of FP-4 sediment, while higher mercury concentrations 

were measured in the extract of FP-8 sediment. 

No chlorinated hydrocarbon pesticides or pesticide derivatives 

were detected in study area sediments. Polychlorinated 

biphenyls were detected at low levels in sediments from 

stations FP-2 and FP-7, both located outside OOMOS boundaries. 

Sediment concentrations of HMW hydrocarbons exhibited no 

consistent patterns of distribution. Highest total HMW 

hydrocarbon concentrations were found at FP-l, located 

upstream of the disposal site. Component HMW hydrocarbon 

fractions measured were generally higher in disposal site 

sediments than in sediments collected from the surrounding 

area. 

Total organic carbon concentrations were low, ranging from 3.7 

to 7.6 mg/g, and exhibited no definitive spatial trends. The 

highest TOC concentration was found at station FP-3, within 

the OOMOS. 

oil and grease concentrations varied from 14 to 140 ug/g. 

Highest concentrations were found at Stations FP-5 in the 

OOMOS, and at stations FP-7 and FP-8, located upstream (so?th) 

of the disposal site. The concentration of oil and grease in 

area sediments does not appear to be related to prior disposal 

site utilization. 
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A.2.3 Biological Characteristics 

The biological ca.mmunities included in this investigation were 

benthic macroinvertebrates, benthic meiofauna, and epibenthic 

fish and invertebrates. 

A.2.3.1 Benthic Macroinvertebrates 

A total of 122 benthic macro invertebrate taxa were represented 

in samples collected from the Ft. Pierce Harbor OOMOS vici

nity. A listing of the benthic macroinvertebrate taxa 

identified in this program is given in Appendix B, Table B-1. 

The composition, abundance, and diversity of invertebrates 

collected in each sample taken from the nine stations in the 

study area are presented in Appendix B, Tables B-2 through 

B-10. 

The mean abundance, overall diversity, and number of taxa 

present in samples collected from each station are presented 

in Table A-10. Average densities ranged from 620 organisms/m2 

at FP-l, located about 1.5 nmi (2.8 km) north of the OOMOS, to 

1,886 organisms/m2 at stations FP-2 and FP-9, located 0.5 nmi 

(0.93 km) north and 1.5 nmi (2.8 km) south of the disposal 

area, respectively. The mean density of benthic macroinverte

brates, averaged over all stations in the study area, was 

1,073 organisms/m2 • 

Shannon-Weaver diversities, calculated for all the organisms 

collected from each station, ranged from 3.49 to 4.50. Values 
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Table A-10. Mean Abundance and Diversity of Benthic Macro
invertebrates Collected from Stations in the 
Ft. Pierce Harbor ODMDS Vicinity. 

Abundance Number of Shannon-Weaver 
station (Organisms/m2 )* Taxa** Diversity** 

FP-1 620 ± 142 25 3.85 

FP-2 1886 ± 1526 52 4.54 

FP-3 672 ± 690 21 3.49 

FP-4 1025 ± 826 36 3.85 

FP-5 741 ± 555 25 3.70 

FP-6 1137 ± 1063 33 3.75 

FP-7 929 ± 810 39 4.50 

FP-8 758 ± 332 25 3.70 

FP-9 1886 ± 2586 43 4.30 

*Value given is the mean ± one standard deviation of the five 
samples taken at each station. 

**Calculated based on data composited from the five samples 
taken at each station. 
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in this range are often considered characteristic of stable 

environments. 

No distinct spatial patterns were apparent in the distribution 

of macroinfaunal densities or diversities. The overall 

abundance and diversity of macro invertebrates was slightly, 

though not consistently, lower within than outside the ODMDS. 

The composition of the benthic macroinfaunal community, by 

major taxonomic group, is given in Table A-l1. Polychaete 

worms were the most abundant group at all stations and 

accounted for 51 percent of all organisms collected from the 

study area. Polychaete numbers and the contribution of this 

group to total macro invertebrate abundance were highest at 

stations FP-2 and FP-9, located outside ODMDS boundaries. 

polychaete abundance and percent composition was lowest at 

station FP-3, located within the ODMDS. 

In addition to polychaetes, several other groups are charac-

teristic of the ODMDS vicinity. Nematodes were relatively 

abundant at all stations and accounted for 13 percent of the 

macroinfaunal community. other major groups comprising the 

areawide benthic macroinvertebrate assemblage included 

turbellarians (7 percent), crustaceans (6 percent), molluscs 

(6 percent), oligochaetes (5 percent), and echinoderms (4 

percent). 

The most abundant benthic macroinfaunal taxa, ranked for each 

station in the study area, are listed in Table A-12. The 
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Table A-ll. Benthic Hacroinvertebrate Community Compositionl by HaJor Group. 

Percent Composition 

Station Poltcbaat .. Nematode. Turballar1an. Crustaceans Mollu.cs Oillochaete. Echinoderm. Othefl 

'P-1 46 17 4 3 4 3 23 

,,·z " 10 4 3 8 5 5 6 

'P-3 31 19 5 1 19 19 6 

'P-4 53 4 1 30 4 1 1 6 

'P-5 56 13 13 2 11 5 

'P-6 53 24 11 2 5 1 3 1 

~ 
W 
IV 

'P-7 50 7 9 9 3 7 7 8 

'P-8 49 16 15 1 8 1 2 8 

'P-9 63 11 4 3 <1 7 2 10 

Avera,e 51 13 7 6 6 4 8 

1I0TE: -- indicate. ,roup not pr •• ent. 
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Table A-12. Benthic Macroinvertebrate Taxa of the Ft. pierce Harbor OJ::Mlli Vicinity Ranked in 
Order of AD.m:iance. 

Taxon* Rank 

station 1 2 3 4 5 

FP-l Syllidae NeIratoda Hydrozoa Goniadidae Fllnicidae 

FP-2 Syllidae Nematoda Goniadidae Oligochaeta PolyplaCXl(i1ora** 

FP-3 NeIratoda Oligodlaeta** Polyplacqilora Syllidae Ouysc.petalidae 
'l\lIbel.laria 

FP-4 sabellidae Q)rqiliidae Syllidae ~rovillidae Nematoda 

FP-5 Syllidae ~rovillidae Nematoda 'l\.1rbellaria ** qiliuroidea 
:r 

Syllidae 'l\.1rbellaria ** Glyceridae w FP-6 Nem:ltoda Goniadidae w 

FP-7 Syllidae 'l\.lrbel.laria Ihyllcxiocidae Nematoda Ol igochaeta* * 

FP-8 Syllidae Nematoda 'l\.1rbellaria Goniadidae** Crepidulidae 
Net:hytidae 
Ce(ilal.ochordata 

FP-9 Syllidae Nematoda Elmicidae oligochaeta Polypla<:XPx>ra 

OVerall Syllidae Nematoda Goniadidae 'l\lIbel.laria Oligochaeta 

*Ranked by taxonanic family or by lowest: practical taxonanic level. 
**TaXal was present in same aWrrlanoe (am has same actual rank) as previoosly ranked species. 



polychaete family Syllidae was the most abundant taxa at all 

stations except FP-3 and FP-4. This family accounted for 25 

percent of the macro invertebrates collected from the disposal 

site vicinity. other polychaete families characteristic of 

the area were Goniadidae, Dorovillidae, and Eunicidae. 

Nematodes, turbellarians, and oligochaetes were also rela

tively important throughout the study area. 

A trophic classification of the most abundant macroinfaunal 

taxa of the study area is presented in Table A-13. Carni

vorous taxa, including the polychaete families Syllidae, 

Gonadidae, Eunicidae, and Dorovillidae, and turbellarians and 

hydrozoans, were dominant at all stations except FP-3 and 

FP-4. 

Deposit feeding taxa, including nematodes, oligochaetes, and 

polyplacophoran molluscs, were dominant at FP-3. Such taxa 

typically colonize organic sediments. While the organic 

content of area sediments sampled was found to be relatively 

low overall, highest concentration of total organic carbon 

were measured in sediments from FP-3. Increased organic 

carbon concentrations and associated faunal communities may 

reflect the prior disposal and subsequent colonization of 

inshore or nearshore materials which typically contain higher 

organic fractions than coastal sediments. 

At Station FP-4, suspension feeders of ,the poly~haete family 

Sabellidae and the crustacean amphipod family Corophiidae were 

dominant. Suspension feeders filter their food from overlying 
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Table A-13. Trophic Classification of Major Benthic Macroinvertebrate Taxa 
Collected from the Ft. Pierce Harbor ODMDS Vicinity. 

Trophic Trophic 
Phylum Class/Order Family Guild Type 

Annelida Polychaeta Chrysopetalidae CMT C 
Annelida Polychaeta Dorovillidae CMJ C 
Annelida Polychaeta Eunicidae CMJ C 
Annelida Polychaeta Glyceridae CMJ/BMJ C/NSDF 
Annelida Polychaeta Goniadidae CMJ C 
Annelida Polychaeta Nephtyidae CMJ C 
Annelida Polychaeta Phyllodocidae CMS C 
Annelida Polychaeta Sabellidae FST SF· 
Annelida Polychaeta Syllidae CMJ C 
Annelida Oligochaeta BMX NSDF 

Arthropoda Amphipoda Corophiidae SOX SF 

Aschelminthes Nematoda SMX NSDF 

Chordata Cephalochordata Branchiostomidae FHX SF 

Cnidaria Hydrozoa CST C 

Echinodermata Ophiuroidea SMJ NSDF/C 

Mollusca Gastropoda Crepidulidae SMX NSDF 
Mollusca Polyplacophora SMX NSDF 

Platyhelminthes Turbellaria CMX C 

Trophic Guild Codes: 
Feeding Preference: S - Surface deposit; B - Subsurface deposit; C - Carnivore; 

F - Filter feeder 
Mobility: 

Feeding Structures: 

Trophic Type Codes: 

M - Motile; 0 - Discreetly motile; S - Sessile; 
J - Jaws; T - Tentacles; X - Miscellaneous. 

C - Carnivore; 0 - Omnivore; SF - Suspension feeder; 
SDF - Selective deposit feeder; 

NSDF - Non-selective deposit feeder. 



or interstitial waters. Sediments at this station were 

relatively coarse with a low organic content. Sediment 

character and faunal composition do not appear to be related 

to disposal site utilization. 

Three similarity indices were used to aid in the classifica

tion and evaluation of the benthic macroinfauna collected at 

stations in the Ft. Pierce Harbor OOMOS vicinity. Indices 

used were the Morisita index, Bray-CUrtis index, and a simple 

matching index. The Morisita and Bray-Curtis indices are 

quantitative and take into account both the occurrence and the 

abundance of organisms. The simple matching index is qualita

tive and is based solely on the presence of common species in 

samples compared. 

Cluster analyses were based on the above determinations of 

similarity. Results of cluster analyses based on the Morisita 

index, Bray-curtis index, and simple matching are presented in 

Figures A-4, A-5, and A-6, respectively. Analyses based on 

each of these indices paired Stations FP-l and FP-3. Each of 

these indices also identified Station FP-4 as an outlier; 

relatively different from the other stations in the area in 

teras of macroinfaunal composition. other clustering rela

tionships were more subject to variation based on the clu~ter

ing technique employed. 

Both the Morisita and the Bray-curtis index paired Stations 

FP-6 and FP-7. The Bray-CUrtis also included station FP-5 in 

this cluster. Both of these quantitative indices also paired 
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FIGURE A-4 

CLUSTER DENDOGRAM SHOWING STATION ASSOCIATIONS BASED ON BENTHIC 
MACROINVERTEBRATE SIMILARITY AS DETERMINED USING THE MORISITA INDEX 
Ocean Dredged Material DI.po.al Site Ft. Pierce, Florida 
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stations FP-2 and FP-9 and associated this cluster, at a 

relatively low similarity level, with the clusters including 

FP-6 and FP-7. 

The simple matching index resulted in only two clusters. In 

addition to the pairing of FP-l and FP-3, simple matching 

clustered stations FP-5, FP-6, and FP-9. These two groups of 

stations are more similar to each other than to other stations 

in the area in terms of faunal presence or absence. 

Cluster analyses did not reveal consistent differences between 

stations located within the disposal site and those located 

outside OOMOS boundaries. Benthic communities at Stations 

FP-3 and FP-5, located within the disposal area, were similar 

to communities found at stations located outside the OOMOS. 

Station FP-4, on the disposal area's western boundary, was an 

outlier. The unique faunal community at FP-4 may reflect the 

relatively coarse nature of sediments at this site. 

Based on the results of this survey of benthic infaunal 

communities in the Ft. Pierce Harbor OOMOS vicinity, the 

following observations can be made. 

1. Polychaete worms dominated the benthic infauna 

numerically. 

2. In terms of abundance, number of taxa, and 

diversity, consistent differences between stations 

located within the OOMOS and those outside the 

OOMOS were not observed. Potential effects of 
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disposal on benthic community trophic structure 

were noted at Station FP-3. 

3. Cluster analyses based on several similarity 

indices do not reveal differences between benthic 

communities at stations located within the 

disposal site and those in surrounding areas. 

Faunal differences observed are more likely 

related to substrate character or other undeter

mined environmental variables. 

A.2.3.2 Meiofauna 

The composition, abundance and diversity of meiofauna 

collected from the study area is given in Table A-14. 

Nematodes and harpacticoid copepods were the most abundant 

taxa and together accounted for 53 percent of the meiofaunal 

community. Polychaete larvae and cyclopoid copopods were also 

abundant. Other common though less abundant taxa included 

crustacean nauplii, turbellarians, and members of the phylum 

Gastrotricha. 

No consistent trends in meiofaunal composition, abundance, or 

diversity were noted. The meiofaunal community within the 

ODMDS appears to be similar to that in the surrounding area. 

The nematode-to-copepod or nematode-to-harpacticoid copepod 

ratio has been proposed as an index to detect differences in 

sediment type (Raffaelli and Mason, 1981 in Shiells and 

Anderson, 1985). In theory, as the organic content of 
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T.bl. A-14. H.lof.un. Coll.cted from St.tlons In the Fort Pl.rce H.rbor ODHDS Vicinity. 
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sediments increases, deposit-feeding nematodes increase and/or 

copepods decrease, resulting in a higher nematode:copepod 

ratio. The usefulness of this index, given the,. temporal and 

spatial variability of meiofaunal populations, has recently 

been questioned by a number of authors (Gee, et al., 1985; 

Shiells and Anderson, 1985). 

Values for the nematode:copepod ranged from 0.41 to 1.56 while 

values for the nematode:harpacticoid ratio ranged between 0.82 

and 2.26. Nematode:copepod and nematode:harpacticoid ratios 

for each station in the study area are given in Table A-15 . 

Nematode:copepod ratios were variable and exhibited no trends. 

Nematode:harpacticoid ratios were highest at stations FP-3 and 

FP-5, within the ODMDS. The significance of this finding or 

the potential utility of this ratio for future site monitoring 

cannot be determined from the number of samples collected. 

Neither ratio was related to grain size or concentrations of 

total organic carbon measured in area sediments. 

A.2.3.3 Macroepifauna 

Fish 

Table A-16 lists the fish and invertebrates collected in 

replicate trawls at Stations FP-1, FP-5, FP-8, and FP-9. 

Macroepifauna were not abundant. Only 16 fish, representing 9 

species were collected. Species collected were lane snapper 

(Lutjanus synagris), sand perch (Diplectrum formosum), lizard

fish (Synodus foetens), bay whiff (Citharicthys spilopterus), 
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Table A-15. Nematode:Cq:lepod an::l Nematode:Harpactiroid Ratios calrulated for Meiofauna COllected fran 
the Ft. pierce Hal:bor O[ltfOO. 

Nematcxies Total Cqlepods Harpactiroid Nematode: Ccpepod Nematode: Harpactiroid 
station (No. /SaJrple) (No./SCurple) Ccpepcxis (No./sanple) Ratio Ratio 

FP-1 117 288 142 0.41 0.82 

FP-2 112 230 124 0.49 0.90 

FP-3 187 178 95 1.05 1.97 

FP-4 323 387 329 0.83 0.98 

FP-5 217 139 96 1.56 2.26 

;t>t FP-6 92 149 56 0.62 1.64 I 
A 
A 

FP-7 3U 458 298 0.68 1.05 

FP-8 247 179 148 1.38 1.67 

FP-9 165 U4 114 1.33 1.45 



Table A-16. Fish arrl Invertebrates Collected by Trawl fran the Ft. pierce Hartx>r 0lHl> Vicinity. 

Species 
station Replicate Scientific Name 0::rrIta1 Name Nl.mtler Weight Sant>le Bianass 

(wet, g) (wet, g) 

FP-1 A Invertebrates 
Edli.naster sp. Starfish 1 12.8 
I.uidia clathrata Starfish 2 47.5 
oplluroidea Brittle star 1 0.4 

60.7 

B Fish 
Prionotus scitulus l.Bq)ard sea 

rebin 1 55.7 55.7 

FP-5 A Fish 
Citharicthys spilcpterus Bay whiff 1 169.0 

~ Haenul.on striatum striped grunt 1 107.5 
.c:. IJ.ttj anus synagris lane SDaRl& 4 324.3 U1 

600.8 

B Fish 
Monacanthus hispidus Planehead file-

fish 1 29.8 

Invertebrates 
JNtechinus variegatus Sea urchin 1 12.7 

42.5 

FP-8 A Fish 
Mius felis Sea catfish 1 39.8 

Invertebrates 
1Dlliquncula brevis Squid 1 5.5 
JNtechinus variegatus Sea urchin 8 36.0 

81.3 



Table A-16. (Continued) 

Species 
station Replicate Scientific NaJoo Ccm'Ial Nane N\.mt)er Weight sanple Bianass 

(wet. g) (wet. g) 

FP-8 B Fish 
Cllilanycterus sdloepfi striped rurrtish 1 240.0 
Diplectrum fonoosum sam perch 2 175.0 

415.0 

FP-9 A Fish 
Piplectrum formosum sam perch 1 66.0 
SyncxhJs foetens Lizardfish 1 164.5 

Invertebrates 
Iqrtechinus yariegatus Sea urchin 5 33.5 

264.0 
:r 

Fish .c. B 
'" Diplectrum formosum Sarrl perch 1 116.8 

Synodus foetens Lizardfish 1 242.0 

Invertebrates 
JHtechinus yariegatus Sea urchin 3 10.3 
opriuroidea Brittle star 1 0.2 

369.3 



striped grunt (Haemulon striatum), leopard sea robin 

(PriQDotus scitulus) , sea catfish (Arius felis), striped 

burrfish (Chilomycterus schoepfi), and planehead filefish 

(Monacanthus hispidus). 

Futch and Dwinell (1977) also report poor returns from trawl 

sampling on the shallow Shelf off Ft. Pierce. Benthic fish 

listed by these authors as characteristic of the sandy 

offshore environment and common to the December, 1985 survey 

were lizardfish, leopard sea robin, and sea catfish. Other 

fish frequently represented in collections from this environ

ment were spotted flounder (Bothus robinsi), spotted whiff 

(Citharicthys macrops), dusky flounder (Syacium papillosum), 

and rock sea bass (Centropristis philadelphica)., Reef fish 

were also common in, but not endemic to, the sandy offshore 

environ. 

Invertebrates 

Few invertebrates were collected by trawl from the Ft. Pierce 

Harbor ODMDS. With the exception of one pelagic specimen, a 

squid, all invertebrates collected were echinoderms. The sea 

urchin, Lytechinus variegatus was the most common species 

collected. Other invertebrates represented in samples were 

the starfish Echinaster sp. and Luidia clathrata and ophiu~oid 

brittle stars. 

In a previous study of the epibenthos of the shallow Shelf 

between the ODHDS a.nd Hutchinson Island, Camp et ale (1977) 

found several crustacean species to be characteristic of the 
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offshore sand environment. These included two crabs, portunus 

gibbesii and E. spinimanus, and the shrimp, Trachypenaeus 

constrictus. 

A.2.3.4 Tissue Analyses 

Levels of trace metals, pesticides, polychlorinated biphenyls 

(PCBs), and high molecular weight (HMW) hydrocarbons were 

measured in a variety of organisms collected by trawl from the 

Ft. Pierce ODMDS vicinity. The results of these analyses are 

presented in Table A-17. 

Lead, chlorinated hydrocarbon pesticides, and pecticide 

derivatives were not detected in any of the tissues analyzed. 

In general, concentrations of mercury, cadmium, PCBs, and HMW 

hydrocarbons, were comparable in tissues collected from 

outside the OOMOS and within the OOMDS. No indications of 

unusual contaminant accumulation were noted. 

Tissue data obtained serve primarily as an aid to establishing 

a baseline for this area. Poor trawl returns did not allow 

for between station comparisons of constituent concentrations 

between representatives of individual species collected from 

both inside and outside the OOMDS. 
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Table A-l'. ".ulta of Ii •• ue Analy.e. of Fi.h and Invertebrate Species Collected frCID the Fort Pierce Barbor OOHDS Vicinity. 

Station IT-I [l-~ fP-~ u-s U-S FP-9 [l-2 
Scientific "- Prloootus !cituluJ Lut1anu! 'rnalris !Oith.rlc~hIs plRlectrua fopnosum l.oUll!:!D§:ula brevh plpl.ct~ fOnDDsum ~12wnI 

IPUopterul 

PARAK!TE!!,· 
Comgn "-

(L'0Rtrd I.a robln) (Lallt IMoon) (Bn wMff) (Sand perch) (Squld) (Sand PUfb) (Lhtr4f1tb) 

I'I~I tsl'.~1 
" .... \I~ 111/. 0.0. 0.04 0.07 0.03 0.09 0.07 0.0. 
eadlllllu. ~/, 0.001 0.021 0.012 0.007 0.007 0.012 0.001 

k~ u.', <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 

fl'Uslde. 
Alpha-BBC, ua/q <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 
"--BSC, ua/q <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 
Btptacblor, ua/q <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Beu-asc. ua/"- <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
Aldrln. ua/"- <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

~ Baptacblor EpoJllde. ua/q <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
.t. 

••• ·-DD£. \0 ua/"- <0.3 <0.3 <0.3 <0.3 <II. 3 <I), 3 <0.3 
••• ·-Doo. III lit, <0 .• <0 .• <0.' <fl .• <0.' <0 .• <0.' 
••• ·-DDT. III/q <0.4 <0.4 <0.4 <0.4 <0 .• <0.4 <0.4 
o.p·-Doo. ua/It, <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
o,p'-DDT, III/It. <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Ollorclane. u,/q <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Dl!ldrln. III/q <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Endrln. ua/q <0.4 <0.4 <0.4 <0.4 <0.4 <0.' <0.4 

Total fCB.·. a! Archlor 1254, IIII/q <0.006 0.025 <0.006 <0.006 <0.006 0.006 0.013 

Blab ~le~l![ Wellh~ 8~roc.[bon. 
Wel,ht of .ampl •• Jltracttd. • 100 100 100 100 100 100 100 
Welaht of .Jltractabl .. , ppaI 9S0 1100 2800 1600 6S0 860 4600 
Allphatlc! and arccatlc!, ppaI O.OS 0.09 0.07 0.09 0.09 0.09 0.25 
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Table A-17. (Contirwed) 

St.tlon [f-l 
Sc lantlf1c "_ i![i2m!lU ! Icltulus 

PARAMETER· Cocgnon ,,- (kaop·rei ,.a 

Bleb !!pl'gyl., "'labs BrdrRS'gOQ' (Cont) 

",olv" h,.trocubon" ,pi 0.11 

UnruolYed hJdroearbona. Ppi 

Su. of n-.lkana., ppII 

Su. of a .. n n-.Ut.", ... PPII 

Su. of odd n-.lkana •• ppII 

Unra.olYed hJdroc.rbonai 
r,.ol_d bTdrooarbonl 

Odd n-alkane./avan n-alkana. 

0.04 

O.Ol 

0.01 

<0.01 

0.36 

N/A··· 

robln) 

U1 o -AU valu .. axpralled on • _t _l.ht b.,lI . 

•• pc ••• PolychlorLnated biphenyl. 

FP-~ 

kutl·nul !I!!!lrh 

(Lane sRapper) 

0.13 

0.05 

0.03 

0.02 

0.01 

0.38 

0.05 

···Ratlo cannot ba c.lcul.ted (ona p.r_ter not detactad). 

FP-5 

Cltharlcthls 

spllopterus 

(Sal whiff) 

0.12 

0.08 

0.04 

0.03 

0.01 

0.66 

0.33 

"-8 "P-8 "-9 fI!-9 
Pipl.,ctnn for'll"O'UID Loll1&uncula ~ p1plectruD fo[!!!OsUID ~~.nl 

(Sand perch) (Squ1d) (Sand perch) {UI!rslU.h.' 

0.09 0.10 O.U O.ll 

0.10 0.04 0.05 0.22 

0.02 0.02 0.02 0.08 

0.02 0.02 0.02 0.05 

<0.01 <0.01 <0.01 0.03 

1.1 0.40 0.33 0.67 

MIA MIA RIA 0.60 



APPENPIX S 

Benthic Macroinfauna Collected from 
the Ft. Pierce Harbor ODMDS Vicinity, 

December, 1985 



· Table B-1. Benthic Macroinvertebrates Collected from statior 
in the Ft. Pierce Harbor ODMDS Vicinity. 

Phylum 
Class/Order 

Family 
Genus Species 

Porifera 
Cnidaria 

Anthozoa 
Hydrozoa 

Hydrozoa A 
Hydrozoa B 
Hydrozoa C 
Hydrozoa spp. 

Platyhelminthes 
Turbellaria 

Rhynchocoela 
Nemertea 

Aschelminthes 
Nematoda 

Annelida 
Polychaeta 

Arabellidae 
Arabella sp. 

Capitellidae 
Mastiobranchus sp. 
Mediomastus sp. 

Chrysopetalidae 
Bhwania heteroseta 
Psammolyce ctenidophora 

Cirratulidae 
Cirriformia sp. 

Dorvilleidae 
Schistomeringos pectinata 
Schistomeringos rudo1fi 

Eunicidae 
Eunice antennata 
Eunice sp. 

Flabelligeridae 
Glyceridae 

Hemipodus roseus 
Goniadidae 

Goniadides carolinae 
Hesionidae 

Podarke obscur~ 
Lumbrineridae 

Lumbrineriopsis paradoxa 
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Table B-1. (Continued) 

Phylum 
Class/Order 

Family 
Genus Species 

Maldanidae 
Axiothella sp. A 
Petaloproctus sp. 

Nereidae 
Nephtyidae 

Nephtys picta 
Nephtys squamosa 

Opheliidae 
Ophelina sp. 

Orbininidae 
Leitoscoloplos robustus 

Oweniidae 
Owenia sp. 

Phyllodocidae 
Eteone lactea 
Phyllodoce castanaea 
Phyllodoce sp. 

Pisionidae 
Pisione remota 

Polynoidae 
Sabellidae 

Sabellaria floridensis 
Serpulidae 
Spionidae 

Aonides mayaquezensis 
Paraprionospio pinnata 
prionospiQ sp. 
Prionospio heterogranchia 
Scolelepis squamata 

Syllidae 
Brania sp. 
Exogone sp. 
Trypanosyllis sp. 

Terebellidae 
Loimia medusa 
Polycirrus plumosus 

Oligochaeta 
Mollusca 

Gastropoda 
Columbellidae 

Anachis obesa 
Anachis semiplicQta 
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Table B-1. (Continued) 

Phylum 
Class/Order 

Family 
Genus Species 

crepidulidae 
Calyptraea centralis 

Cyclostrematidae 
Arene tricarinata 

Mellanellidae 
Pyramidellidae 

Turbonilla protracta 
Trochidae 

Caecum sp. 
Synaptoecochlea picta 

Polyplacophora 
Chaetopleuridae 

Chaetopleura apiculata 
Bivalvia 

Crassinellidae 
Crassinella lunulata 

Veneridae 
Chione g.D!.§ 
Chione sp. 
Gouldina cerina 

Scaphopoda 
pentalium sp. 

Bryozoa 
Ectoprocta sp. 

Arthropoda 
Amphipoda 

TrichophoXYs sp. 
Ampithoidae 

Cymadusa compta 
Bateidae 

Batea catharinensis 
caprellidae 
Corophiidae 

Cerapus tubularis 
Cerapus sp. 

Haustoriidae 
Acanthohaustorius sp. 

Melitidae 
Melita c.f. dentata 

Stenothoidae 
Stenothoe sp. 

Branchiopoda 
Copepoda 
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Table B-1. (Continued) 

Phylum 
Class/Order 

Family 
Genus Species 

Harpacticoida 
Cumacea 
Decapoda 

Decapod zoea 
Majidae 
Paguridae 
Processidae 

Processa sp. 
Isopoda 

Anthuridae 
Xenathura brevitelson 

Ostracoda 
Sipuncula 

sipunculida 
Aspidosophonidae 

Aspidosiphon albus 
Aspidosiphon go§noldi 
Aspidosiphon sp. 

Sipunculidae 
Echinodermata 

Echinoidea 
Ophiuroidea 

Amphiuridae 
Amphiodia pulchella 
Amphiodia sp. 

Ophiolepididae 
Ophiolepis sp. 

Ophiothricidae 
Ophiothrix angulata 

Chaetognatha 
Cephalochordata 

Branchiostoma sp. 
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Table B-2. ~ of Macroinfauna Collected at station FP-l. 

Fhylum 
Class/Order 

Re,pli~teL (OrQanj,smslm2L-Family Mean AW 
Genus Species 1 2 ~ 4. 5 (Ol:ganis 

Clidaria 
Hydrozoa 

Hydrozoa B 474 95 
Platyhelminthes 

'l\lrbellaria 43 43 43 26 
Rhynchocoela 43 43 17 
Aschelminthes 

Nenatoda 86 172 259 103 
Annelida 

Polychaeta 
Eunicidae 

Eunice sp. 43 43 17 
Goniadidae 129 86 43 
Maldanidae 

Petaloproctus sp. 43 9 
N~tyidae 

Nephtys sguanosa 43 9 
Orbiniidae 43 9 
Serpllidae 43 9 
Spionidae 

Prionospio sp. 43 43 17 
syllidae 86 43 129 86 216 112 

Exoooro sp. 86 43 43 34 
Trypanosyllis sp. 86 17 

Terebellidae 
Ioimia medusa 43 9 

Mollusca 
Polyplacq:hora 43 9 
Ola~leuridae 43 9 

t 
Olaetopleura apiculata 43 9 

Bryozoa P P 
Arthrqxxla 

Cqlepoja 43 9 
AnPripcx3a 

AlIpithoidae 43 9 
Sip.m::ula 

Sip.n::ulida 
Aspidosqixni.dae 

AspidosiOOon albls 43 43 17 
Edrirodennata 
~uroidea 43 9 
~otricidae 

Miotbrix amulata 43 9 
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'Fable B-2. 

Rlylum 
Class/Order 

Family 

(Continued) 

Genus Specie§ 

~c:d1ordata . 
Branc:hiostana sp. 

Totals 

Number of Species 

Shanoon-weaver Diversity 

B~licatet. (oroanj,smst.m21- Mean AOOroance 
1 2 3 4 5 {Organisms/m2 L 

43 43 17 

775 645 645 387 647 620 

6 13 8 8 6 25 

1.83 3.46 2.79 2.95 2.10 3.85 
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Table B-3. ~ of MacroinfatD'la Collected at station FP-2. 

Rlylum 
Class/Order 

ReglicateL(OrganismsL~1---Family Mean Al::Ilm: 
Genus SJ?E!Cies 1 2 3 4 5 (organisms 

O1idaria 
Hydrozoa 

Hydrozoa A 43 86 26 
Platyhelminthes 86 17 

'I\lrlJellaria 86 43 216 43 78 
Rhynchocoela 

Nemertea 43 43 43 26 
Aschelminthes 

Nematoda 259 86 388 216 190 
Annelida 

Polydlaeta 
Clnysopetalidae 

Bhwania heteroseta 43 43 17 
Psarmplyce ctenidophora 43 9 

cirratulidae 
cirrifonnia sp. 43 9 

IX.>:rvilleidae 43 43 43 26 
Sdlistaneringos pectinata 43 43 17 
Schistaneringos rudolfi 86 17 

Elmicidae 43 9 
Eunice antennata 86 172 517 43 164 
Eunice sp. 43 9 

Glyloeridae 86 17 
Hernipodus roseus 129 26 

Goniadidae 86 43 26 
Goniadides carolinae 129 26 

Hesionidae 172 34 
Maldanidae 43 43 17 
Neri1tyidae 

Nerotys sguanpsa 43 43 17 
Rlyllexkx::idae 

Rlyllodcx::e ca.stanoea 129 26 
Pisionidae 

Pisione renpta 43 9 
Sabellidae 43 9 
Spiati.dae 43 9 

Aonides nayaguezensis 43 9 
Paraprionospio pinnata 43 9 
Prionospio sp. 43 9 

Syllidae 345 302 129 
Exogone sp. 43 302 1466 172 397 
Trypanosyllis sp. 86 172 52 

Oligochaeta 172 43 259 95 
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Table B-3. ( Ccrltinue:i) 

Fhylum 
Class/Order 

ReolicateL (Qroanj,smsM.l..-.-Family Mean AbJrrlance 
Genus Species 1 2 3 4 5 (Organisms/m2 L 

Mollusca 
Gastropoda 

Crepidulidae 
calyptraea centralis 86 17 

cyclostrematidae 
Arene tricarinata 43 9 

Mellanellidae 
Mellanella sp. 43 9 

Polyplac::q;i1ora 43 9 
Chaetopleuridae 

Chaet.g?leura apiculata 86 216 172 95 
Bivalvia 

Veneridae 
O1ione m:Ya 43 9 
Gouldina cerina 43 9 

Scaphq;xXla 
Dentalium sp. 43 9 

Bryozoa P P 
Arthropoda 

CopeopOOa 43 9 
Harpacticoid 43 9 

lsopoda 43 9 
AnPrlpoda 

Anpithoidae 43 43 17 
Melitidae 43 9 

Sipuncula 
Aspic:iosqi1onidae 

Aspidosiphon gosnoldi 86 43 26 
Aspidosiphon sp. 86 86 34 

Echinodermata 
Ophiuroidea 43 86 43 34 

AnPrluridae 
Amphiodia pulchella 43 9 

Echinoidea 216 43 

Totals 904 1894 4482 1464 688 1886 

Number of Species 11 18 26 17 12 52 

Shannon-weav~ Qiversi£l 3 zU J.77 JI§~ J I 7Q ~.~~ ~.5~ 
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Table &-4. Ab.Irx:larx::e of Macroinfauna Collected at station FP-3. 

Fhylum 
Class/Order 

Reolica~L (OIoanismsLnfL-Family Mean Arun: 
Genus Species 1 2 3 4 5 (Organi~ 

Oridaria 
Hydrozoa • 

Hydrozoa B 43 9 
Anthozoa 43 43 17 

Platyhelminthes 
'I\.1rbe11aria U9 43 34 

Aschelminthes 
Nematoda 43 302 259 43 129 

Annelida 
Polychaeta 

capitellidae 
Mediarastus sp. 43 9 
~talidae 

Bhwania heteroseta 43 43 86 34 
Cirratulidae 

cirriformia 43 9 
Goniadidae 86 17 
Maldanidae 

Petaloproc;tus sp. 43 9 
NeIi1tyidae 

Nephtys picta 43 43 17 
O«eniidae 

ONenia sp. 86 17 
Fhyllodcx:idae 

Eteone lactea 43 9 
Spionidae 43 9 
5yllidae 43 43 172 U9 77 

Oligochaeta 43 43 560 U9 
Mollusca 

Gast.ropc:rla 
Crepidulidae 

calyptraea centralis 43 9 
Pol yplac:q;:tlora 86 474 1U 

O1aetopleuridae 43 9 
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Table B-4. ( continued) 

Rlylum 
Class/order 

Reoli~~L (Orctanj.smsJm2L-Family Mean Ab.JOOance 
Genus Species 1 2 3 4 5 (Organisms 1m2 L 

Bryozoa p P P P P 
Arthropoda 

C\lmacea 43 9 
eeIi1alochordata 

Branc:hiostana sp. 43 9 

Totals 387 301 1852 689 129 672 

Number of Species 8 7 11 9 4 21 

Shannon-weaver Di versi ty 2.73 2.52 2.67 2.61 1.58 3.49 
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Table B-5. Ab.lrx:lanoe of Macroinfauna a:>llected at station FP-4. 

Fhylum 
Class/Order 

ReglicateL (Oraanismsfnt2~ Family Mean Ab.Jnjc 
Genus Species 1 2 3 4 5 (Organisms, 

O1idaria 
Anthozoa 43 9 
Hydrozoa 

Hydrozoa B 43 9 
Platyhelminthes 

'I\lrbellaria 43 9 
Rhynchocoela 

Nemertea 43 86 26 
Aschelmi.nthes 

Nematoda 43 86 86 43 
Annelida 

Polydlaeta 
D:>:rvilleidae 216 86 60 
EUnicidae 43 9 
Glyceridae 

HemiJXrlus roseus 43 9 
Goniadidae 129 26 
N~tyidae 

Neghtys picta 43 9 
Opheliidae. 

Ophelina sp. 43 9 
Sabellidae 

Sabellaria floridensis 1422 284 
Spionidae 

Prionospio sp. 43 129 34 
syllidae 259 43 86 78 
'I'e.rebellidae 43 86 26 

Oligochaeta 
Mollusca 

Gast:rqx:x2 
a:>lUl1iJellidae 

Anachis serniplicata 43 9 
Crepidulidae 

calyptraea centralis 43 9 
cyclO6trematidae 

Arene tricarinata 43 9 
Troc:hidae 

Synaptoec:odll. ~ 43 9 
Bivalvia 

Crassinellidae 
erassinella lunulata 43 9 
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Table 8-5. ( COnti.rAled) 

Rlylum 
Class/Order 

Repl i,cateL (Otganisms/m2 L-Family Mean Ab.m:3ance 
Gemls Species 1 2 3 4 5 COrganismsLIn2 L 

Bryozoa 
Ectoprocta 43 9 

Art.hl:qxlda 
Brarrlrlc:p:xia 43 9 
Iscpoda 

Anthuridae 43 9 
Anthl-poda 

Anpithoidae 43 9 
cyrnadusa cgrpt:a 43 9 

caprellidae 86 17 
eorq:hlidae 

Cerarus tuJ;;W.aris 991 198 
Melitidae 

Melita £.t..L. dentata 43 9 
stenothoidae 43 9 

Stenothoe sp. 86 17 
Decapoda 

Decapod zoea 86 17 
Pagueidae 43 9 

Echincdennata 
OIiriuroidea 

AnPriuridae 
Amphicxlia p..tlchella 43 9 

Cephalochordata 
Branchiostorra sp. 43 9 

Totals 2068 1594 258 172 1032 1025 

Number of Species 15 5 5 4 15 36 

Shannon-Weaver Diversity 2.77 0.71 2.25 1.50 3.77 3.85 
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Table 8-6. ~ of Macroinfauna Collected at station FP-5. 

Fhylum 
. ,t+ $ . 

Class/Order 
RealicateL: (Oroanj.smsLm2.l..-.-Family Mean~ 

Genus Species 1 2 3 4 5 (Organisms, 

aridaria 
Hydrozoa 

Hydrozoa C 43 9 
Platyhelminthes 

'I\.1rbellaria 43 388 43 95 
Aschelminthes 

Nematoda 216 86 172 95 
Annelida 

Polychaeta 
Qu:ysopetalidae 

Bhwania heteroseta 43 9 
Ibrvilleidae 43 345 78 

Schistomeringos pectinata 345 69 
Eunicidae 

Eunice antennata 43 9 
Glyceridae 43 9 
Goniactidae 86 43 43 34 
I.1mlbrineridae 

Ipmbrmeriopsis paradoxa 43 9 
Fhyllodocidae 43 9 
Syllidae 388 431 164 

Brania sp. 43 9 
Exogone sp. 43 9 
Tryrenosyllis sp. 43 9 

Arthropoda 
AIrPllpc:x3a 

Melitidae 
Melita c.f. dentata 43 9 

~pc:x3a 
Majidae 43 9 

Si~a 
Aspidosq:honidae 

AspidosiOOon albls 43 43 17 
AspidosiOOon gosnoldi 43 9 

Ec:hinodennata 
Cl{:hluroidea 86 43 26 

An;hl.uridae 43 9 
Arrphiodia plldJella 86 17 



Table 8-6. (Continued) 

Rlylum 
Class/order 

Rel2licateL (OraanismsJm2 L-Family Mean AbJrrlance 
Genus Species 1 2 3 4 5 (OrganisrnsLm2 L 

Echinoidea 86 43 26 
CeFhalochordata 

Branchiostoma sp. 43 9 

Totals 1293 818 86 1249 258 741 

Number of Species 10 7 2 11 6 25 

Shannon-weaver Di versi ty 2.70 2.32 1.00 2.61 2.58 3.70 
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Table B-7. Ab.ln::lanc:::e of Macroinfauna Collected at station FP-6. 

Fhylum 
Class/Order 

ReolicateL (OIganisrrsLm2 L-Family Mean AbJrxlance 
Genus Species 1 2 3 4 5 (OrganisrrsLm2 L 

O1.idaria 
Anthozoa 
Hydrozoa 

Hydrozoa A 43 9 
Platyhelminthes 

'I\.1rbel.laria 259 43 43 129 129 121 
Aschelminthes 

Nematoda 1078 43 259 276 
Annelida 

Polyc::haeta 
capitellidae 

Mastiobranchus sp. 41 9 
OU:ysopetalidae 

Bhwania heteroseta 86 17 
[):)tvilleidae 86 43 43 34 
E.Uni.cidae 

Etmioe antennata 43 9 
Flal:elligeridae 86 ·17 
Glyloeridae 172 34 

Hemipodus roseus 43 9 
Goniadidae 345 69 

Goniadides carol inae 216 43 43 60 
NePltyidae 

Nephtys picta 43 9 
Orbininidae 

lei toscoloplos robustus 43 9 
Spionidae 43 9 
syllidae 647 43 129 43 216 216 

Exooone sp. 43 172 129 69 
Trypanosyllis sp. 129 26 

Terebellidae 43 9 
Oligochaeta 86 17 

Mollusca 
Gastrqxxla 

caecum sp. 43 9 
Columbel.lidae 

Anadlis ~ 43 9 
Pyram:idellidae 

Turbonilla protracta 43 9 
Polypla<XPx.>ra 
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·Table B-7. (Continued) 

Fbylum 
Class/Order 

ReolicateL(OraanisnsLnr1-Family Mean~ 
Genus Species 1 2 3 4 5 (Organ i smsLm2 .L 

O1aetq:>leuridae 
Olaetopleura apiculata 43 43 43 26 

Bryozoa. P P 
Arthropoda 

AnPripcda 
Ba:teidae 

Batea catharinensis 43 9 
Decapoda 

Processidae 
Processa sp. 43 9 

Sipmcula 
Aspidosc:p-tonidae 

Aspidosiphon alJ::ys 43 9 
Echinodermata 

Ophiruoidea 
AnPriuridae 

Arrphiodia tulchella 43 43 17 
Ophiolepis sp. 43 9 

Echinoidea 43 9 

Totals 2716 U9 559 559 1723 1137 

Number of Species 11 3 13 9 16 33 

Shannon-Weaver Diversity 2.58 1.58 3.33 2.72 3.59 3.75 
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Table B-8. Ab.In:iance of Macroinfauna Collected at Station FP-7. 

Fhylum 
Class/Order 

Re~11cateL (OroanisrnsLm2 L-Family Mean Aburrlance 
Genus Species 1 2 3 4 5 (Organisrns/rn2 L 

Cri.daria 
Hydrozoa 

Hydrozoa A 43 9 
Platyhelminthes 

'I\1rbellaria 388 43 86 
Rhynchocoela 43 9 

Nemertea 
Aschelminthes 

Nematoda 259 43 43 69 
Annelida 

Polychaeta 
Olrysopetalidae 

Bhwania heteroseta 43 9 
Ibrvilleidae 43 86 43 34 
Eunicidae 

Eunice antennata 43 9 
Glylceridae 43 43 17 

Hemipodus roseus 43 9 
Goniadidae 43 43 43 26 

Goniadides carolinae 86 17 
Maldanidae 

Axiothella sp. A 43 9 
Petalqproctus sp. 43 9 

NeIiltyidae 
Nephtys picta 43 9 

Fhyllcx::locidae 129 26 
Fhyllcx::loce castanaea 43 9 
Fhyllcx::loce sp. 86 129 43 

Spionidae 
Prionospio heterobranchia 43 9 
Prionospio sp. 43 9 

Syllidae 603 129 172 86 198 
Exooone sp. 43 9 

Terebellidae 43 43 17 
Oligoc:haeta 172 43 129 69 

Mollusca 
Gastrcpoda 

Crepidulidae 
calyptraea central is 43 9 

Mel lanell idae 43 9 
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Table 8-8. (caltinued) 

Rlylum 
Class/Order 

Real;i,cateL (QroanisnsL'm2 L-. Family Mean Al:::Alroance 
Genus Species 1 2 3 4 5 (QrganismsLJIl2 L __ 

fbI ypIacq:hora 
O1aetopleuridae 

Olaetopleura apiculata 43 9 
Arthropoja 

lsop::da 
Anthuridae 

Xenathura brevitelson 43 43 17 
Amphipcda 

Trichophoxus 43 9 
Col:'qXriidae 

Cerapus sp. 129 26 
Haustoriidae 43 9 

Acanthohaustorius sp. 43 9 
Melitidae 

Melita ~ dentata 43 9 
Sipmcula 

Sipmculida 
Sip.mculidae 43 9 
AspidOSCJIilonidae 

Aspidosiphon albls 43 43 17 
Echinodennata 

Ophiuroidea 172 34 
ArrPUruidae 

Amphiodia sp. 43 43 17 
Echinoidea 86 17 

Cephalochordata 
Branchiostana sp. 43 43 17 

Totals 516 2368 516 731 516 929 

Nur!tler of Species 9 21 10 8 10 39 

Shannon-Weaver Diversity 3.02 3.66 3.19 2.75 3.25 4.50 
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Table 8-9. .Ab.lrdar'x::e of Macroinfauna Collected at station FP-8. 

Iby1um 
Class/Order 

Be~licateL(OroanismsL~1---Family Mean JbJrdance 
Genus Species 1 2 3 4 5 (OrganismsLm2 L 

cnidaria 
Hydrozoa 

Hydrozoa A 43 9 
Platyhelminthes 

'I\.1rbel1aria 259 302 112 
Rhynchocoela 

Nemertea 86 17 
Aschel.minthes 

Nematoda 86 172 345 121 
Annelida 

Po1ychaeta 
Arabel1idae 

Arabella sp. 43 9 
capitel1idae 43 9 
G1y1ceridae 43 9 

Hemipodus roseus 43 9 
Goniaclidae 

Goniadides caro1inae 345 43 172 112 
Maldanidae 43 9 
Netiltyidae 

Nephtys ~icta 43 86 43 34 
Ibyllodocidae 43 9 
Spionidae 

5aJlelepis squamata 43 9 
Syllidae 302 129 129 86 129 

Exogone sp. 43 43 17 
Terebellidae 

IDimia medusa 43 9 
pglycirrus ~lumosus 43 9 

01igochaeta 43 9 
Mollusca 
~ 

Crepidulidae 
calyPtraea centralis 43 129 34 

Po1yp1a~ra 
O"laet.opleuridae 

Olaetooleuxa a~icu1ata 43 86 26 
Bryozoa P P P P 
Arthrcp:x:1a 

Copepoda 43 9 
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Table B-9. (conti.rrued) 

Fhylum 
Class/order 

Family 
Genus Species 

Echinodermata 
OFhiuroidea 

ArnPliuridae 
Anphiooia glicheUa 

Echinoidea 
Cephaloc.hordata 

Branchiostoma sp. 

Totals 

Number of Species 

Shannon-weaver Diversity 

Replicatel (Qrganisms/nf L- Mean Ablrrlance 
1 2 3 4 5 (Qrganisms/m21--

43 
43 

43 86 43 

905 430 430 1206 818 

7 6 9 10 10 

2.22 2.12 2.85 2.87 2.75 
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· Table B-I0. Aburrlanoe of Macroinfauna Q:)11ecte:i at station FP-9. 

Fhyltml 
Class/Order 

Re~l icateL (OrQanisms!m2 L-Family Mean Ab..Irrlance 
GemlS Species 1 2 3 4 5 (OrganismsLrn2 L 

C1idaria 
Hydrozoa 

Hydrozoa A 43 9 
Hydrozoa B 43 9 

Platyhelminthes 
Turbel.laria 86 43 86 86 43 69 

Rhynchocoela 
Nemertea 43 86 43 216 78 

AsdlelIninthes 
Nematoda 259 86 172 517 207 

Annelida 
Polychaeta 

capite1lidae 
Mastiobranchus sp. 86 17 
MediOl'M.stus sp. 43 9 

cirratulidae 
Cirrifonnia 43 9 

D:>rvilleidae 43 86 26 
Elmicidae 

Elmice antennata 129 603 146 
Elmice sp. 129 26 

Glylceridae 43 9 
Hemipodus roseus 86 17 

Goniadidae 43 86 129 52 
Goniadides carolinae 43 9 

Hesionidae 
Podarke obscura 43 9 

lJ..Imbrineridae 43 9 
Maldanidae 43 9 

Petaloproctus sp. 43 9 
Nereidae 43 9 
Nefiltyidae 

Nephtys sguanpsa 43 9 
Fhyllodocidae 172 34 
Polynoidae 172 34 
Spionidae 

Aonides mayaguezensis 43 9 
Prionospio sp. 172 34 

Syllidae 259 172 129 1509 414 
Brania sp. 431 86 
Exogone sp. 43 474 103 
Trypanosyllis sp. 431 86 
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Table B-I0. (Continued) 

Rlylum 
Class/Order 

Family Em21icateL (Oraanisms/m2L-. Mean Al::mx:1ance 
Genus Species 1 2 3 4 5 COrqanisms/rn2 L 

Terebellidae 86 17 
Oligochaeta 86 129 172 302 138 

M:>llusca 
Polypla~ora 172 34 

Cl1aetopleuridae 
Cllaetqpleura apiculata 43 216 52 

Mollusca 
Bivalvia 

Veneridae 
O1ione sp. 43 9 

Al:thropOOa 
COpepoda 

Harpacticoid 86 17 
ostracoda 43 9 
AItphipoda 

AIltJithoidae 
AnPUpoda 43 9 

DeCapoda 
Processidae 

DeCapcxi ~ 43 9 
Processa sp. 43 9 

Echinodermata 
ophiuroidea 43 43 17 

Amphiuridae 43 9 
Echinoidea 43 9 

Cl1aetognatha 43 9 

Totals 862 688 516 860 6505 1886 

Ntnnber of Species 8 10 7 8 33 43 

Shannon-weaver Diversity 2.57 3.16 2.58 2.85 4.14 4.30 
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PREFACE 

This report describes a comprehensive approach for evaluating the 

environmental suitability of proposed open water disposal sites for dredged 

material. Two proposed Florida disposal sites are evaluated in this investi

gation, one off the coast of Miami and one off the coast of Fort Pierce. The 

purpose of the evaluation is to determine whether either site poses a contami

nation threat to sensitive nearshore coral reefs. Two criteria are necessary 

of a site if it is to be approved as environmentally acceptable. The first is 

concerned with the immediate effects of the disposal operation, material from 

the descending plume of sediments can not contaminate areas outside the 

designated disposal site. This short-term phase analysis represents several 

minutes to several hours following the initial release of material from the 

dredge. The second phase of investigation determines whether material 

deposited within the disposal site can be eroded and subsequently transported 

out of the site by either local current fields or by storm conditions. This 

long-term phase examines mound stability for periods of time up to one year 

following the disposal operation. 

A two-phase numerical modeling methodology was selected for this 

investigation. The approach utilizes the Disposal From an Instantaneous Dump 

(DIFID) model for calculating the short-term fate and a coupled hydrodynamic/ 

sediment transport model for computing the long-term fate of the disposed 

material. The project was authorized and funded by the US Army Engineer 

District, Jacksonville (SAJ), under the project management of Mr. Ronald Tapp 

and Ms. Elizabeth Rhodes and under the general direction of Mr. A. J. Salem. 

Much of the prototype data required for numerical model input were 

provided by or extracted from research publications of Dr. T. N. Lee, School 

of Marine and Atmospheric Science, Division of Meteorology and Physical 

Oceanography, University of Miami, Florida. Supplementary velocity 

measurement data were also obtained from other sources. The study was 

conducted at the US Army Engineer Waterways Experiment Station's (WES) Coastal 

Engineering Research Center (CERC). The numerical investigation was 

completed, and this report prepared by Drs. Norman W. Scheffner and A. Swain. 

Providing general supervision were Dr. James R. Houston and Mr. Charles C. 

Calhoun, Jr., Chief and Assistant Chief, respectively, CERC; direct supervision 
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the project was provided by Mr. H. L. Butler, Chief of the Research Division, 

and Mr. Bruce A. Ebersole, Chief of the Coastal Processes Branch of the 

Research Division. Commander and Direct~r of YES during the course of this 

study and the preparation and publication of this report was COL Dwayne G. 

Lee, CEo Technical Director was Dr. Robert. W. Whalin. 
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EVALUATION OF THE DISPERSION CHARACTERISTICS 

OF THE MIAMI AND FORT PIERCE 

DREDGED MATERIAL DISPOSAL SITES 

INTRODUCTION 

Background and Objective 

1. Dredging of estuaries, bays, harbors, and coastal inlet~ in the 

United States is often required in order to maintain minimum navigation 

depths. The selection of an environmentally acceptable disposal site for this 

dredged material requires some means of predicting the effects of the disposal 

operation on the coastal and inland water environment. One means of predic

tion is the utilization of numerical models capable of simulating the short

and long-term diffusion and transport of dredged material from the disposal 

site. 

2. The Corps of Engineers have become increasingly active in the area 

of maintenance dredging of harbor channels and coastal inlets. The 

designation of acceptable disposal sites for this material is, however, 

becoming increasingly difficult. Open water disposal sites are often selected 

as a means of minimizing any adverse effects resulting from the disposal of 

material in the vicinity of the dredging operation. This approach is accept

able if the designated site is far enough removed from any environmentally 

sensitive area that material at the site will remain at the site and not 

represent a possible source of contamination. 

3. The Planning Division, US Army Engineer District, Jacksonville 

(SAJ) , is preparing an Environmental Impact Statement (EIS) for submission to 

the US Environmental Protection Agency (EPA). The purpose of the EIS is to 

evaluate the environmental impact of dredged material disposed at the proposed 

Ocean Dredged Material Disposal Sites (ODMDS) offshore of Miami and Fort Pierce, 

Florida. The location and bathymetries of these sites are shown in Figures 1.1 

and 1.2. 
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4. The EPA has expressed a concern regarding the fate of the disposed 

materials at both proposed ODMDS. It is feared that discharged sediments from 

either disposal site may be carried by the Gulf Stream and its spin-off eddies 

onto sensitive shore-parallel coral reefs located approximately 1 mile off

shore of the barrier islands. In addition to sediment transported by eddies 

and ambient currents, the possibility of resuspension and subsequent transport 

of material from the disposal site during storm events is also an expressed 

concern. 

5. The SAJ requested the US Army Engineer Waterways Experiment 

Station's (WES) Coastal Engineering Research Center (CERC) to perform a 

technical study of the Gulf Stream, the spin-off eddies, and other relevant 

environmental forces, with respect to the potentials for reef contamination by 

dredged material originating from either proposed ODMDS. The CERC was first 

requested to study the acceptability of the proposed sites offshore of Miami 

and Fort Pierce. If these sites are not found to be environmentally 

acceptable, the first acceptable offshore location which does not pose a 

contamination threat to the reefs should be identified. 

6. A preliminary technical review was performed by the CERC (MFR, 

9 February 1988) of the available literature provided by SAJ (Memorandum, 

4 December 1987). The review concluded that a detailed disposal site evalua

tion should be performed in order to determine whether velocities in the Gulf 

Stream and its spin-off eddies are sufficient in magnitude to transport 

disposed material from the proposed ODMDS onto the coral reefs. 

7. The study reported here uses a numerical modeling approach for 

estimating both short-term and long-term fate of dredged material disposed at 

a proposed ODMDS. The modeling of the short-term dumping operation is 

performed by the Disposal From an Instantaneous Dump (DIFID) model (Johnson 

et al. 1988). Long-term simulations, using a newly developed coupled 

hydrodynamic/sediment transport model (Scheffner 1988), use depth averaged 

velocity fields to determine whether non-storm related currents are capable of 

transporting sediments outside of the designated ODMDS over long periods of 

time following the initial deposition. The effects of storm erosion are 

separately examined with the model by simulating the passage of a storm surge 

over the site. 
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Scope of Report 

8. The purpose of this study is to evaluate the dispersion character

istics of the proposed disposal sites offshore of Miami and Fort Pierce. 

These two sites were selected as representative of the two primary 

environments found off the east coast of Florida. The first is typified by 

the proposed Miami site at which the bathymetry is complex, the water is deep 

(greater than 500 ft), and the site is directly influenced by the Gulf Stream 

and its spin-off eddies. Oue to the close proximity of the Gulf Stream to the 

disposal site, it is feared that disposed sedimen~s may be carried onto the 

coral reefs by spin-off eddies shed by the Gulf Stream. 

9. In contrast to the Miami site, the Fort Pierce disposal site is 

removed from the direct effects of the Gulf Stream, is situated on a broad, 

gently sloping shelf, and is located in shallow water (less than 75 ft). This 

OOHOS has a small cross-sectional area of flow compared to that of the Miami 

site. A comparison of the site characteristics of both the Miami and 

Fort Pierce OOMOS is given in Table 1.1. 

10. This investigation will classify ~ach of the proposed disposal sites 

as either dispersive of non-dispersive according to whether the local current 

fields are capable of transporting material from the disposal site onto the 

reef area. This approach requires documenting the local velocities at each 

site in order to identify a reef-directed component which may be attributed to 

the Gulf Stream. This component will be used to compute a sediment transport 

rate and direction for use in evaluating the possibility of disposal site 

related reef contamination. The following section represents the result of an 

extensive literature review which begins with a description of the Gulf Stream 

and its major characteristics. This portion of the review is included to 

verify that shoreward directed spinoff eddies do exist and should be inves

tigated as a possible source of sediment transport. This background documen

tation will be followed by a quantification of velocity magnitudes and 

directions which are shown to be representative of each site. These 

velocities will then be used as model input for the short- and long-term 

stability analyses of Parts II and III. 
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Table 1.1 

Disposal Site Characteristics for Miami and Fort Pierce 

Characteristics 

Water depth 

Bottom slope 

Topography 

Terrace 

Flow cross
section of 
ODMDS 

Continental 
Margin 

Continental 

Direction of 
Velocity 

Magnitude of 
velocities: 

westerly 
northerly 

Average axis of 
Gulf Stream 

Coastal currents 
are primarily 
driven by 

Gulf Stream 
Effects 

Dredged 
materials 

Miami 

Greater than 500 ft 

Steep (0.02-0.05) 

Complex (nonlinear) 

Miami Terrace confined 
to a 2 mile offshore zone 

About 3,168,000 sq ft 

Wide 

Contains inner, mid, and 
and outer shelf with sharp 
shelf break. 

Westerly and northerly 

0.15-1. 5ft/sec 
0.7-3.5ft/sec 

15 miles offshore 

Gulf Stream 

Present 

90% sand (fine 
to medium) 

10% clay 

11 

Fort Pierce 

Less than 75 ft 

Mild (0.001-0.002) 

Simple (linear) 

No terrace zone 

About 294,000 sq ft 

Narrow 

Contains inner shelf 
only 

Northerly 

0.05-0.5ft/sec 
0.20-1.5ft/sec 

80 miles offshore 

Wind and tidal forcing 

Free 

90% sand (fine 
to medium) 

10% clay 



PART I: LITERATURE REVIEW 

The Gulf Stream 

11. The objective of the literature review is to identify the primary 

characteristics of the Gulf Stream and quantify its basic structure, 

magnitude, and limits of influence along the south and southeast coast of the 

United States. A brief summary of the origin and dynamics of the Gulf Stream 

is presented in this section as a preliminary background for the present ODMDS 

selection study as well as for future site selection studies. The terms Gulf 

Stream or stream are used throughout this section of the report to refer to 

the entire current system off the south and east coast of the United States, 

including the Florida Current. 

12. Figure 1.3 presents a schematic diagram of the dominant currents 

and current induced secondary circulation patterns off the east coast of the 

United States. The origin of the Gulf Stream begins as the Atlantic and North 

Equatorial Current systems combine with the South Equatorial and Guyana 

Current systems. This combined flow discharges through the Caribbean Sea 

and Yucatan Channel into the southeastern portion of the Gulf of Mexico. 

Because the waters are colder than the surrounding Gulf of Mexico, a density 

differential is created which results in a deflection of the current from the 

Gulf of Mexico toward the Straights of Florida. This density driven flow is 

most pronounced during winter months. During this time, the current is often 

sharply deflected from the Yucatan Channel through the Straights of Florida 

as shown in Figure 1.3. However, the loop current can extend well into the 

Gulf of Mexico during the summer months (Leipper 1967). Regardless of the 

specific path, the current enters the Straights of Florida in nearly the same 

temperature, salinity, and density as when it entered the Caribbean Sea 

(Lee, et al. 1977). 

13. The dynamics of the Gulf Stream are driven by the large tides of 

the Caribbean Sea which dominate the smaller tides of the Gulf of Mexico. 

These large tides force water through the long channel between the Florida 

Peninsula and the islands of Cuba and the Bahamas, developing a water level 

differential of about 2/3 ft (Stommel 1965) between the Gulf of Mexico and 

12 
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the Atlantic Ocean. As the current flows through the Straights of Florida 

toward Miami, the axis of flow makes an abrupt 90 degree turn to the north and 

enters the continental shelf channel. The approximate point of deflection is 

indicated as position A in Figure 1.3. The cross-sectional area occupied by 

the stream undergoes a change from approximately 90 miles wide and 1 mile deep 

at Key West to approximately 50 miles wide and 0.5 miles deep in the vicinity 

of Miami. This reduction in flow area causes an increase in stream velocity 

with an accompanying decrease in free surface water level between Key West and 

Miami. 

14. The Gulf Stream continues along the south and southeast coast of 

the United States as shown in Figure 1.3. It is seen that the stream hugs the 

continental shelf from the deep water region offshore of Miami, north to 

shallow water depths of less than 100 m at Cape Canaveral. Beyond Cape 

Canaveral, the stream is diverted into deeper water in the vicinity of the 

Charleston bump (Brooks and Bane, 1978; Legeckis 1979), a topography anomaly 

in the continental shelf slope between the 200 and 600 m isobaths. North of 

the bump, the stream moves back onshore into waters of about 300 m. This 

onshore shift of the current is primarily due to a steady increase in bottom 

slope north of Charleston. This increasing slope, coupled with ridge and 

trough bottom features, prevalent strong northwest winds, and baroclinic 

instabilities cause the stream to subsequently deflect off the continental 

shelf and become confined to a path between the 300 m and 400 m isobaths. 

Position B in Figure 1.3 indicates the approximate location of the offshore 

point of deflection. 

15. The lateral extent of the width of the stream about its average 

axis is shown in Figure 1.4. This figure, obtained from the National Oceanic 

and Atmospheric Administration's (NOAA) field station at Miami and reproduced 

in the Journal of Geophysical Research (1983) represents satellite imagery of 

the Sea Surface Temperature (SST) structure of the Gulf Stream. The figure 

demonstrates the variability in width of influence of the Gulf Stream about 

its mean axis. The following section will investigate the spatial and 

temporal characteristics of the Gulf Stream. 
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Figure 1./1, Satellite·derived path of thE' Gul f Stream (NOAA 1983) 
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Gulf Stream Meanders 

16. The Gulf Stream is a high velocity thermal current which flows 

along the outer continental shelf. The time-dependent structure of the stream 

is a function of a combination of forces including the current distribution, 

bottom topography, wind stress, ~ntrainment of fluid from below the free 

surface, and rotational forces developed due to the rotation of the earth. 

The constantly changing spatial and temporal structure of the stream has been 

widely studied and documented in the literature. Although an attempt to 

quantify these dynamics are beyond the scope of this report, many of the 

references used in this literature review to document the characteristics of 

the Gulf Stream have been included in the list of references. Since this 

report is intended to determine whether the Gulf Stream can adversely affect 

either of the two proposed disposal sites, this section begins with a 

description of commonly observed features which may directly impact either 

ODMDS. 

17. The high velocity main body of the Gulf Stream propagates in wave 

like patterns referred to as meanders. The dynamic features are' a result of 

forces such as shearing instabilities of the stream, geostrophic imbalances, 

the transfer of kinetic energy to the mean flow, the passage of cold fronts, 

the random passage of wind events, etc. Although the mean axis of the stream 

propagates to the north, these forcings can produce localized undulations 

about the mean axis which can locally flow either upstream (southerly), 

downstream (northerly), onshore or offshore. 

18. Many documenting measurements quantifying the spatial variation of 

meanders have been reported. Duing (1975) obtained 2 weeks of current profile 

measurements off the coast of Miami and identified a current meander with a 

4-6 day period which was propagating to the north at approximately 45 cm/sec 

with a wave length of nearly 200 km. Duing's data showed that when the axis 

of the Gulf Stream was displaced offshore, southerly flows occurred over 

portions of the Miami terrace. Conversely, when the axis of the stream was 

displaced onshore, flows over the terrace were directed to the north. Thermal 

gradients can be used to measure the primary features of meanders as they grow 

in size or become skewed. Lee and Moore (1977), for example, have correlated 

the distribution of meanders with the propagation of SST derived isotherms. 
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19. Meanders of the stream are commonly observed between Jupiter Inlet 

and Cape Hatteras where the stream enters the wide continental shelf region 

after passing through the topographic constriction formed by the Florida coast 

and the Little Bahama bank. This discharge of water from a confined to an 

unconfined area results in meanders in the stream axis which are no longer 

primarily controlled by the continental shelf bathymetry (Lee et al 1981) but 

are strongly influenced by weather patterns, long waves from the deep sea, 

tidal forcing, and local wind fields. Northeast of Cape Hatteras, the Gulf 

Stream moves beyond our area of interest into deep water where they are no 

longer controlled by continental shelf bathymetry. 

20. The meandering process is well illustrated in an example presented 

by Bane and Brooks (1979) and Bane (1983), shown in Figures 1.5 and 1.6. In 

Figure 1.5, a 64-week period of SST data are used to show the shoreward and 

seaward envelope of occupation of the Gulf Stream in relation to the location 

of the time-averaged mean axis shown by the dashed line. Figures 1.6 uses 

quarter-period (16-week) incremental plots of the axis to illustrates how two 

typical meanders (labeled A and B) occupy the shaded limits of the stream as 

they propagate northward. Table 1.2 lists the basic dimensions ·of meanders 

typical of those documented along the south and southeast coasts of Florida. 
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Table 1.2 

Basic Dimensions of the Gulf Stream Meanders 

Features 

Wave length (longitudinal) 

Lateral displacement (east-west) 

Average velocity of propagation 

Maximum downstream current speed recorded 

Dimensions 

90 - 260 km 

1 - 100 km 

47 cm/sec 

134 cm/sec 

Results of this investigation have shown that much of the Continental Shelf 

area south of Cape Hatteras is subject to the direct influence of the Gulf 

Stream. Nearshore areas can also be affected by the Gulf Stream even though 

the area in question may not be directly impacted by the envelope of meanders. 

The following section will address Gulf Stream eddies in order quantify their 

potential impact on the proposed Miami and Fort Pierce disposal sites. 

Spin-off Eddies 

21. The movement of the Gulf Stream through the continental shelf often 

creates rotational patterns which propagate away from the main body of the 

Stream. These patterns generally represent unstable meanders which have 

become detached from the main body of the stream. This can occur if the 

meander becomes too pronounced or deviates too f~r from the main axis of flow, 

in which case, detachment into the low velocity ambient current can be caused 

by topography anomalies, wind fields, or barotropic instabilities. These 

detached secondary currents are referred to as spin-off eddies and are 

commonly observed in the shallow slope and terrace waters (40-80 m) off the 

coast of Florida. The following sections describe some of their basic 

characteristics. 

22. Richardson (1985) identifies three distinct zones of the Gulf 

Stream. These are the clockwise rotating onshore eddy, the axis or main body 

of the Stream, and the counterclockwise rotating offshore eddy. The high 

velocity axis of the Gulf Stream acts as a barrier separating the onshore and 

offshore regions. Depending on the environmental conditions, detached onshore 

eddies can propagate to the north, shoreward, or to the south with short-lived 
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periods ranging from 2 days to 2 weeks. Eddy diameters range from 10 to 30 km 

and can extend from the surface to a depth of approximately 200 m (Lee and 

Mayer 1977). Detached eddies have been observed to propagate with surface 

velocities ranging from 20 to 100 em/sec. 

23. The above sections of this report have documented the dynamic 

properties of the Gulf Stream and its spin-off eddies. The data presented 

indicate that, at times, the Gulf Stream does generate, or contribute to, 

shoreward directed velocity fields which may affect either or both of the 

proposed disposal sites. The effects can be compounded when coupled with 

shoreward-directed flood tide conditions. The magnitude of this total 

shoreward directed velocity field will be determined from the available data 

such that a boundary condition velocity field for each ODMDS can be defined as 

input to the short- and long-term sediment transport calculations. The 

following sections describe the selection of a maximum shoreward-directed 

velocity for each of the designated sites based on available prototype data. 

Prototype Velocity Data 

24. The site designation approach utilizes sediment transport theory 

and numerical modeling techniques to determine possible magnitudes of erosion 

and/or transport of sediment from a specified disposal site. The computations 

are based on a specific depth and background velocity field for each site 

which will be documented to be representative of the location. The site 

evaluation approach is inherently conservative in that a constant, maximum

valued, reef-directed velocity is selected as a boundary condition for 

sediment transport calculations. In reality, the velocity field is continu

ously fluctuating as a function of tides, wind fields, waves, the Gulf Stream, 

etc.; therefore, no single representative value is truly descriptive of any 

location. Also, two measuring periods would yield two different values; 

however, when the length of data is sufficiently long, the two computations 

should not vary significantly in magnitude. Data which cover sufficiently 

long periods of time to satisfy these criteria will be used in determining 

appropriate boundary conditions. 

25. Since maximum values are to be selected, the degree of accuracy 

achieved by this approach is considered adequate as a basis for reliable 
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predictions of the dispersion characteristics of a disposal site. If it can 

be shown, for example, that the prototype velocity in 500 ft of water never 

exceeds 30 cm/sec (or 40, or 50) and that a velocity magnitude of 100 cm/sec 

is necessary for initiating and transporting sediment transport at that depth, 

then the data are adequate to show that the site under investigation is non

dispersive and will not represent a source of contamination. Severe storm 

conditions are not included in this analysis since it is assumed that disposal 

operations would be discontinued during storm events. 

26. A large data base of published current meter data was identified 

which was acceptable for quantifying the velocity patterns off the eastern 

coast of Florida. Data included measurements at mUltiple depths in the water 

column for various mooring string sites extending from so~th of Miami to north 

of Fort Pierce and from less than 1 km to more than 100 km offshore. Although 

the spatial distribution of data is sparse in its coverage of the disposal 

site locations, the data base is adequate for determining a velocity field 

which is representative of each survey area and can be used to evaluate the 

transport potential of each disposal site. In the present context, adequacy 

refers to data which covers a sufficient length of time and numoer of vertical 

locations within the water column, that a reliable depth-averaged velocity can 

be computed. 

27. Multiple sources of acceptable velocity data were located for 

application in the present Miami and Fort Pierce disposal site study. The 

following sections will use this data, in addition to other available data, to 

develop a spatially consistent data base of depth averaged velocity vectors. 

The intent of this multiple station analysis and inter-comparison is to 

develop velocity vectors which are consistent with surrounding data and are, 

therefore, truly representative of the area. 

Depth Averaged Velocity 

28. The site designation approach computes short-term and long-term 

potentials for sediment transport as a function of a site-specific, depth

averaged velocity field. The depth averaged condition was selected for two 

reasons. First, due to the limited time available for this study, a represen

tative velocity field had to be defined from existing data. Available data 
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was sufficient for determining a maximum shore-directed, depth-averaged 

current but was not adequate in either duration or distribution to define any 

meaningful vertical velocity distribution trend. Secondly, an "average" 

vertical distribution probably does not exist, since the vertical velocity 

structure shows a continuously changing current gradient due to variations in 

the wave fields, salinity gradients, thermoclines, and Gulf Stream meanders. 

Also, attempting to compute site-specific sediment movement as a function of a 

three-dimensional velocity distribution is not feasible. For these reasons, a 

depth-averaged current was selected for input to both the DIFID and long-term 

sediment models. The computation of the selected velocity field is described 

in the following sections. 

29. Two examples data sources are used here to demonstrate the 

computation of a shoreward-directed depth-averaged velocity field. Both 

sources of data are reported by Lee, Brooks, and Duing (1977). The Miami data 

was collected as a portion of the SYNOPS 71 (Synoptic Observations of Profiles 

in the Straights) project. The research vessels Calanus (C), Humble (H), 

Pillsbury (P), and Gerda (G) simultaneously collected 16 days of vertical 

profiles of horizontal velocities. These measurements were taken every 3 

hours at the four locations between Miami and Bimini shown in Figure 1.7. 

Ship-deployed measurement stations for the Fort Pierce area are shown in 

Figure 1.8. These reported data are based on the analysis of mUltiple data 

sets, collected at each of the data collection stations over a period of 

approximately 5.5 years. 

30. Velocity measurements for the Miami transects are based on 

Profiling Current Meter data (PCM). The data were reduced to u (+ to the 

east) and v (+ to the north) velocity components and then averaged over 5 m 

depth intervals. Details of the deployment can be found in Lee, Brooks, and 

Duing 1977, Duing and Johnson 1972 and Duing 1973. Figure 1.9 displays three 

types of velocity profiles which were constructed from the velocity time 

series data records for mooring sites C, H, P, and G. These represent the 

measured maximum, minimum, and mean velocity. The depth averaged value is 

also indicated in the figure. The minimum u velocity (negative referring to 

westward) and corresponding v component were used to compute the shore

directed depth-averaged velocity vector indicated by the dotted line. 
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31. The Dropsonde data collection method was used to measure the 

velocity distribution for the Fort Pierce transects shown in Figure 1.8. This 

technique involves the deployment of mUltiple Dropsonde instruments which 

record the vertical distribution of the horizontal velocity field as the 

instrument descends through the water column. A cubic spline function is then 

used to compute a vertically averaged velocity vector at 50-m increments 

throughout the water column. The data set for Fort Pierce is based on 18 days 

of Dropsonde deployment (Lee, Brooks, and Duing 1977). Details of the 

measurement technique are reported in Richardson and Schmitz 1965. The 

minimum (westerly) u, corresponding v, and computed depth averaged values 

for each of the Fort Pierce stations are shown in Figure 1.10. 
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32. Available current meter data for all additional locations between 

Miami and Fort Pierce were similarly analyzed. The purpose was to demonstrate 

a spatial consistency in depth averaged velocities in order to show that the 

velocities assigned to each proposed site are representative of their 

respective locations. Table 1.5 identifies the current meter stations, 

coordinates, and depth-averaged u and v velocity components for all gage 

locations identified in the literature review. 

Table 1. 5 

Current Meter Locations and Depth Averaged Velocities 

Current 
Meter Latitude 
Stations (North) 

Lee, 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 

Lee, 
C 
H 
P 
G 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
100 

Brooks, and 
25 32.0 
25 31. 0 
25 32.0 
25 32.0 
25 32.0 
25 32.0 
25 32.0 
25 32.0 
25 32.0 
25 32.2 
25 32.2 
25 32.2 
25 32.2 

Brooks, and 
25 45.0 
25 45.0 
25 45.0 
25 45.0 
25 44.5 
25 44.5 
25 44.5 
25 44.5 
35 44.5 
25 44.5 
25 44.5 
25 44.5 
25 44.5 
25 44.5 
25 44.5 

Longitude 
(West) 

Duing 1977 
80 3.0 
80 0.0 
79 57.1 
79 54.1 
79 51.1 
79 48.1 
79 42.1 
79 36.2 
79 30.2 
79 24.2 
79 21. 2 
79 19.5 
79 17.1 

Duing 1977 
79 59.0 
79 52.5 
79 47.0 
79 36.0 
80 3.0 
80 0.0 
79 57.0 
79 54.0 
79 51.1 
79 48.1 
79 42.1 
79 36.1 
79 30.1 
79 19.4 
79 27.1 

Eastward 
Velocity 

em/sec 

Northward 
Velocity Vector 

em/sec em/sec 

Miami(Spring) 
17.5 55.5 
12.2 45.3 

7.1 66.8 
8.2 59.7 

22.6 26.9 
21. 2 50.8 
12.5 54.9 
21.3 43.5 
19.1 34.2 
20.4 23.4 
22.7 26.3 
24.5 20.9 
35.3 20.4 

Miami 
25.6 
29.3 
21. 2 
24.0 
14.5 
25.6 
29.0 
31.4 
29.3 
25.2 
26.3 
24.0 
23.4 
13.5 
15.2 

30 

20.4 
44.7 
50.8 
58.8 
47.0 
20.4 
5.3 

14.0 
44.7 
12.4 
57.1 
58.8 
35.8 
26.8 
38.9 

58.2 
46.9 
67.2 
60.3 
35.2 
55.0 
56.3 
48.4 
39.2 
31.1 
34.8 
32.2 
40.8 

49.3 
53.4 
55.0 
63.5 
49.3 
32.8 
29.4 
34.4 
53.4 
28.1 
63.0 
63.5 
42.8 
30.0 
41. 8 

Direction 
(from north) 

degs 

342 
345 
354 
352 
320 
337 
347 
334 
330 
319 
319 
310 
300 

343 
327 
337 
328 
343 
309 
280 
294 
327 
296 
335 
338 
327 
333 
339 



110 25 44.5 79 24.1 12.1 43.3 45.0 344 
120 25 44.5 79 21. 2 16.2 43.5 46.4 340 
130 25 44.5 79 19.4 13.5 26.8 30.0 333 

Lee, Brooks, and Duing 1977 Miami Ba1 Harbor 
10 25 51. 0 80 5.7 21.0 46.0 50.6 335 
20 25 51. 0 80 4.5 18.0 46.0 76.2 346 
30 25 51.0 80 1.6 21. 5 28.8 35.9 323 
40 25 51. 0 79 58.6 32.6 3.8 32.8 276 
50 25 51.0 79 56.1 30.5 1.8 30.6 275 
60 25 51.0 79 53.6 37.8 43.0 57.3 319 
70 25 51.0 79 51.1 36.2 64.0 73.5 330 
80 25 51. 0 79 47.4 29.4 24.1 38.0 309 
90 25 51.0 79 41.0 21.1 44.8 49.5 335 

100 25 34.6 79 34.6 19.6 44.0 48.2 336 
110 25 51.0 79 28.3 10.1 33.0 34.5 343 
120 25 51.0 79 21. 2 12.1 14.0 14.8 305 
130 25 51. 0 79 17.8 12.3 6.0 13.7 296 

Lee, Brooks, and Duing 1977 Near Miami 
R 25 50.7 80 05.0 31.0 72.4 78.9 337 

R2 25 50.9 80 4.3 34.8 79.0 86.3 334 
R3 25 51.0 80 3.3 29.1 10.5 30.9 290 
R5 25 5l. 1 79 57.3 4l. 2 20.4 45.0 296 
R6 25 51. 1 79 51.1 52.4 17 .5 55.3 289 
N1 25 51. 2 79 47.4 25.1 55.0 60.5 336· 
N2 25 50.9 79 22.0 5.0 5.0 7.1 315 
R7 25 34.5 80 04.0 26.2 57.4 63.1 336 
R9 26 8.9 80 3.7 18.2 55.5 58.4 342 

RIO 26 23.0 80 1.8 28.7 55.4 62.4 333 

Lee, Brooks and Duing 1977 Fort Pierce 
40 27 26.0 79 53.7 2l. 3 .78.0 80.8 345 
50 27 26.0 79 50.7 12.6 31.0 33.5 338 
60 27 26.0 79 47.6 32.5 69.8 77 .0 335 
70 27 26.0 79 44.6 17.6 86.4 88.2 349 
80 27 26.0 79 38.5 7.7 100.0 100.2 356 
90 27 26.0 79 32.5 10.4 74.5 75.2 352 

100 27 26.0 79 26.4 28.5 48.8 56.5 330 
110 27 26.0 79 20.3 29.0 49.5 57.4 330 

Leaman and Vertes 1982 Near Jupiter Inlet 
1 27 01 79 52 11.8 91. 2 92.0 353 
2 27 01 79 48 7.9 103.6 103.9 355 
3 27 01 79 42 2.9 106.8 106.9 359 
4 27 01 79 38 27.9 96.2 100.4 344 
5 27 01 79 31 2.3 79.8 78.9 358 
6 27 01 79 25 11.8 65.0 66.0 350 
7 27 01 79 18 11.1 70.0 70.9 351 
8 27 01 79 12 10.5 45.4 46.7 347 
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Richardson, Schmitz, and Niiler 1969 Cape Kennedy 
Sec 5 28 20 80 06 16.2 33.5 37.2 334 

28 20 79 58.5 19.0 51. 8 55.2 339 
28 20 79 52.5 16.3 75.0 77 .0 348 
28 20 79 33 18.0 80.7 82.0 347 
28 20 79 07 31. 7 33.5 46.1 317 

Lee et al 1986 Ponce De Leon Inlet 
1 26 58.0 79 56.8 17.2 58.2 60.6 344 
2 27 29.9 79 59.1 19.9 75.1 77.7 345 
3 28 00.2 79 59.8 19.2 22.1 29.0 345 
4 28 58.2 80 39.2 5.7 44.8 45.0 353 
5 29 00.7 80 21. 7 15.1 44.6 47.0 341 
6 29 00.0 80 08.2 25.5 52.9 58.7 334 
7 29 00.2 80 02.2 23.5 35.4 42.5 327 
8 29 03.9 79 50.9 11.7 39.3 41.0 344 
9 29 00.2 79 00.2 27.1 11.1 29.3 293 

10 29 00.1 79 07.5 16.8 20.4 26.1 320 
11 30 00.6 80 16.3 20.7 53.4 57.3 339 

Lee and Atkinson 1983 Near St. Augustine Inlet 
4 29 10.0 80 10.0 20.0 6.0 20.9 287 
5 29 30.0 80 30.0 14.0 14.0 19.8 315 
6 29 30.0 80 20.0 12.0 75.0 76.0 351 
9 30 00.0 80 30.0 30.0 28.1 41.1 313 

10 30 00.0 80 20.0 35.0 75.0 82.8 345 
12 30 40.0 80 15.0 18.0 10.0 20.6 300 
15 30 50.0 80 10.0 10.0 8.0 12.8 307 
25 32 30.0 78 30.0 30.0 15.1 33.5 297 

Lee and Waddel 1983 
A 30 00.0 80 15.0 20.2 31.4 37.3 327 
B 30 00.0 79 40.0 32.2 1.2 32.3 270 
C 30 00.0 79 20.0 19.6 5.4 20.4 286 
D 30 00.0 78 10.0 20.4 26.6 33.5 323 
E 30 00.0 77 00.0 26.0 34.4 43.6 323 

Williams and Lee 1987 
Al 28 35.8 80 31. 2 5.2 60.3 60.5 355 
A2 28 37.9 80 21. 2 14.3 46.3 48.5 343 
B1 29 53.6 81 14.9 2.8 12.0 12.3 347 
B2 29 57.8 81 1.2 4.2 34.0 34.3 353 
C1 31 1.1 81 16.6 5.6 15.0 20.0 340 
C2 30 57.2 80 56.1 4.9 31.5 31. 9 351 
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33. The velocity data presented in Table 1.5 are shown in vector form 

in Figure 1.11 for the lower east coast (Miami to Fort Pierce) and Figure 1.12 

for the upper east coast. At Miami the mainstream vectors are directed toward 

the shore due to the combined effects of a complex bathymetry and the approxi

mate 90 degree northerly deflection of the Gulf Stream at Miami. Flow is 

generally directed to the north at Jupiter Inlet and Fort Pierce, as demon

strated by the vectors at these two locations. This uniform orientation is 

partially due to the fact that the offshore topography at Jupiter Inlet and 

Fort Pierce is smooth and mild in gradient across the entire continental shelf 

(Lee and Atkinson 1983). In addition to the mild bathymetry and shallow water 

depth, the area is relatively free from the direct influence of the Gulf 

Stream. 

34. The velocity data presented in Table 1.5 and shown in Figures 1.11 

and 1.12 were analyzed to produce summary velocity vectors at 2 mile intervals 

across transects offshore of Miami and Fort Pierce. The proposed disposal 

site locations are each located approximately 4 miles offshore. Tables 1.6 

and 1.7 present these vector data along with the corresponding distance 

offshore, water depth, and bottom slope. The results presented 1n Tables 6 

and 7 are shown in vector form in Figures 1.13 and 1.14. 
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Table 1. 6 

Velocity Distribution Qffsbore of Miami 

Dlatanoe Depth u , Kacnl~ Dlreotlon 

IIUes 

2 2/1 0.0222 34.4 71. 9 79.7 335. Too 3hallow to dump 

/I 258 0.0222 111.11 47.0 119.3 3113. 

6 834 0.0545 25.6 20.11 32.8 309. 

8 960 0.0119 27 .3 12.9 30.2 295. 

10 1092 0.0125 30.2 9.7 31.7 288. 

12 1152 0.0057 31./1 14.0 311.11 2911. 

14 1800 0.0670 29.3 1111.7 53.11 327. 

16 21100 0.0568 25.2 12.11 28.1 296. 

18 2562 0.0153 26.3 311.8 113.6 323. 

20 2568 0.0006 26.2 57.1 63.0 335. 

Table 1.7 

Velocity Distribution Qffshore of Fort Pierce 

------

D13tance Depth U V Magnitude Direction 

miles -fL Slope ~ £!!lL.!.!£ em/sec uegrees "t:" ~ 

2 32 0.0021 5.6 15.0 16.0 340. Too shallow to dump 

4 113 0.0010 10.0 8.0 12.8 308. 

6 50 0.0009 20.0 6.0 20.9 287. 

B to 0.0009 25.5 52.9 58.1 334. 

10 63 0.0003 23.5 35.11 112.5 326. 

12 71 0.0013 28.7 55.11 62.4 333. 

111 102 0.00211 25.0 66.7 71.2 339. 

16 155 0.0050 21.3 78.0 80.85 345. 

18 255 0.0095 12.6 31.0 33.5 338. 

20 376 0.0115 32.5 69.8 77.0 335. 
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Velocity Field Input Data 

35. The short-term DIFID model and the long-term sediment transport 

model require a velocity field boundary condition for each site in order to 

calculate sediment transport. The velocity fields for driving the long-term 

simulations were based on an approximate average of the 2, 4, 6, and 8 mile 

offshore values for the Miami and Fort Pierce data shown in Tables 1.6 

and 1.7. Values of 50 cm/sec (1.64 ft/sec) for Miami and 30 cm/sec (0.98 

ft/sec) for Fort Pierce were used. In order to account for short-term 

velocity fluctuations about the selected long-term values, the approximate 

maximum of the inner 8-mile values shown in Tables 1.6 and 1.7 were selected 

for the short-term simulations. Values of 85 cm/sec (2.79 ft/sec) and 60 

cm/sec (1.97 ft/sec) were adopted for the Miami and Fort Pierce sites. The 

corresponding angles of orientation (measured clockwise from true north) for 

the velocity vectors are approximately 320 and 317 degrees for Miami and Fort 

Pierce. 

36. The depth averaged non-storm related velocity field approach for 

analyzing the stability of each proposed ODHOS was used to analyze sediment 

dispersion during dumping and to investigate long-term erosion resulting from 

normal meteorological conditions. However, storm-induced erosion of an 

existing mound may initiate sediment transport which may adversely impact the 

reefs when normal long-term conditions would not. For this reason, a storm

related velocity field was selected for simulation with the long-term model. 

37. Peak velocities for a storm event were based on prototype obser

vations during hurricane David. Smith (1982) investigated the influence of 

this hurricane on the continental shelf waters off south Florida north of Fort 

Pierce Inlet. On 3 September 1979 hurricane David passed over an inner and 

middle shelf prototype data collection area near Fort Pierce, producing a 

record water level at the Fort Pierce inlet. Bottom pressure fluctuations 

recorded on the inner shelf indicated a storm surge of approximately 3 ft 

above the normal high water mark with a corresponding current of over 

2.7 ft/sec. Based on these prototype velocity data, a numerical model input 

velocity of 6 ft/sec for Miami and 4 ft/sec for Fort Pierce were used in the 

long-term sediment transport model to simulate storm effects at the respective 

sites. 
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Upwelling and Downwelling 

38. All prototype velocity data obtained in the literature review 

represent horizontal velocities and all numerical modeling effarts are depth 

averaged; therefore, vertical transport of sediments are not addressed in the 

present approach. This section of the report briefly investigates the 

occurrences of upwelling and downwelling in the vicinity of the Gulf Stream as 

a possible source of tra~sport of dredged material from the disposal site onto 

the reefs. During upwelling, the deep waters are brought into the euphotic 

zone (water depth less than 50 m) along the outer continental shelf (Lee et al 

1981). The intent of this section is to determine whether these vertical 

currents are adequate to erode and transport sediment. 

39. The precise origin of upwelling and downwelling appears unclear; 

however, it is suspected that they are a response to the movement of the Gulf 

Stream (Smith 1983). Upwelling and downwelling events have been observed in 

the vicinity of meander crests (Brooks and Bane, 1983) and halVe been corre

lated with wind stress forcings which contribute to the formation of meanders. 

Green (1944) documented an upwelling event off Daytona Beach which was 

associated with southerly winds during July and August. Brooks and Mooers 

(1977) investigated the relationship between wind fields and upwelling and 

downwelling offshore of Miami. They concluded that southerly winds cause 

upwelling while northerly winds produce downwelling on both side of the Stream 

axis. The purpose of this section is to review the available literature and 

document the magnitude of the vertical velocity w associated with an 

upwelling event in order to assess its potential for transporting sediment. 

40. Lee and Atkinson (1983) documented upwelling velocities associated 

with a frontal eddy to be on the order of 0.01 em/sec based on the measured 

movement of an isotherm associated with an upwelling event. They also 

estimated w by using vorticity conservation principles and calculated a 

value of 0.014 em/sec. Osgood et al. (1987) used surface floats and current 

meter data to compute a value of 0.048 em/sec for a time series of data from a 

documented event. A summary of reported upwelling velocity magnitudes 

reported by Osgood et al. (1987), is shown in Table 1.8. 

39 



Table 1.8 

Summary of Upwelling Related Velocity Calculations 
(Osgood et al. 1987) 

Method of Depth of 
Researchers Calculation Calculation (m) 

Lee and Atkinson tracking an isotherm 50 
(1983) 

Lee and Atkinson vorticity conservation 50 
(1983) 

w 
cm/sec 

0.010 

0.014 

Chew et al. tracking an isotherm 28-45 -0.010 
(1985) 

Chew et al. thermal wind balance 200 0.100 
(1985) 

Rossby et al. Rafos floats 500 0.100 
(1985) 

Levine et al. Swallow float 400 0.080 
(1986) 

Osgood et al. Heat equation 219 0.048 
(1987) 

41. The results of this brief examination indicate that vertical 

velocities during an upwelling event are on the order of 0.1 cm/sec. As a 

sediment transporting mechanism, velocities of this magnitude are not 

considered significant with respect to horizontal velocities on the order of 

30 to 40 cm/sec. Any possible transport by these vertical velocities would be 

insignificant in comparison to sediment transported by the horizontal velocity 

field. The following sections will, therefore, address sediment transport as 

a function of only the horizontal velocity fields previously described. 
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PART II: THE SHORT-TERM SIMUlATION OF DISPOSAL OPERAtIONS 

42. Section II of this report investigates the short-te~ fabe (less 

than a day) of dredged material at the proposed Miami and Fort Pierce disposal 

sites. The analysis approach will determine whether the combined effects of 

the local topography at the site and the depth-averaged velocity field 

developed in Section I, impact the effectiveness of the dredged material 

disposal operation. Can the dredged material be physically placed within the 

designated ODMDS limits as the material descends through the water column to 

the ocean floor or are the local currents of sufficient magnitude to transport 

material from the disposal vessel onto sensitive coral reefs? If the dredged 

material can not be confined within the designated ODMDS limits, then an 

alternate site further offshore should be evaluated for site designation. 

43. The short-term site evaluation phase is made by numerically 

modeling the disposal operation using the DIFID numerical model. Theory and 

background of the model are reported in Johnson and Holliday (1978), Johnson 

(1987), and Johnson, Trawle, and Adamec (1988). The model computes the time 

history of a single disposal operation from the time the dredged material is 

released from the barge until it reaches equilibrium on the ocean floor. The 

DIFID model separates the dumping operation into three distinct phases. In 

the first phase, material released from the bin is assumed to form a 

hemispherically shaped cloud which descends through the water column under the 

influence of gravity. This phase is called the convective descent phase. In 

shallow water, such as the Fort Pierce site, this can be completed within a 

few seconds of the initial dump. In deep water, such as the Miami site, this 

time can be greater than 3 minutes. The increased descent time is due to both 

the greater depth and to a corresponding loss of momentum of the released 

material as it travels through the water column. 

44. The cloud of material continues to descend through the water column 

until it either impacts the bottom or has reached a stable point of neutral 

buoyancy. In either case, the horizontal spreading of material marks the end 

of the descent phase and beginning of the dynamic collapse phase. If the 

disposal load is primarily composed of non-cohesive material, this phase may 

simply represent a settling and consolidation of the sediment into a mound; 

however, if the load contains cohesive sediment, a combination of buoyancy and 
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suspension may occur in which the cloud of suspended sediment may be 

transported a considerable distance from the point of disposal. 

45. When the rate of horizontal spreading in the dynamic collapse phase 

becomes l~ss than the spreading rate due to turbulent diffusion, the material 

begins the final transport-diffusion phase. The termination of this phase 

marks the end of the short-term investigation. The resulting post-disposal 

sediment mound represents the initial boundary condition for the long-term 

transport computations to be described in Section III. An idealization of 

all three phases of the short-term disposal are shown in Figure 2.1 

Input Data Requirement 

46. The DIFID model requires site-specific input data in order to 

quantitatively predict the short-term fate of sediment released during a 

disposal operation. Input data include the characteristics of the dredge, a 

description of the local environment to include the local depth and velocity 

field, and a knowledge of the characteristics of the dredged material. In 

addition, certain modeling parameters and coefficients must be specified. A 

brief description of these input parameters is presented here. 

47. The primary goal of the short-term modeling effort is to determine 

whether disposed material could be transported from the disposal site onto the 

reefs. Since the potential for reef contamination increases with increasing 

volumes of material in the water column, a conservative approach was adopted 

in which a large capacity dredge was specified for model simulation. The 

selected dimensions shown in Table 2.1 are representative of the largest 

instantaneous dumping type dredge anticipated by SAJ (Tapp, 1988) to be 

involved with the Miami and Fort Pierce dredging operation. A dredge of these 

dimensions was, therefore, used for both the Miami and Fort Pierce 

simulations. 
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CONVECTIVE DYNAMIC COLLAPSE ON LONG- TERM PASSIVE 
DESCENT BOTTOM DIFFUSION 

BOTTOM DIFFUSIVE SPREADING 
ENCOUNTER GREA TER THAN 

DYNAMIC SPREADING 

NOTE: Typical durations of descent and collapse 
phases in 400-ft-deep water. 
Convective descent - 1/2 min. 
Dynamic collapse - 10 min. 

Figure 2.1. Computational phases of the DIFID model 
(from Brandsma and Divorky, 1976) 
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Table 2.1 

Instantaneous Dredge Capacities and Dimensions 

Overall length 236 ft 

Beam length 53 ft 

Depth of container 21 ft 

Opening width of bin 12 ft 

Unloaded draft of vessel 3.9 ft 

Loaded draft of vessel 19.7 ft 

Volume 4000 cu yds 

Capacity 5400 tons 

The location maps shown in Figures 1.1 and 1.2 show the disposal site 

environment for Miami and Fort Pierce. 

48. The Miami site is located in deep water with bathymetry contours 

between approximately 400 and 750 ft. A depth of 400 feet, corresponding to 

the shoreward limit of the designated site, with a bottom slope of 0.0658 was 

specified for the simulations. An examination of bathymetry at the Fort 

Pierce site indicates that the water depth varies between approximately 40 and 

54 ft. 

49. The DIFID model computes the convective descent of a cloud of 

sediment from the bottom of the loaded dredge through the water column. In 

order to properly model the descent phase, the total water depth must be 

greater than the loaded draft of the dredge plus the computed radius of the 

released sediment cloud. The specified dredge dimensions used for both site 

simulations required a minimum of 60 ft of depth. The shallower depth at Fort 

Pierce produced unstable results because the sediment cloud corresponding to 

the 4000 cu yd load did not have a chance to complete the convective descent 

stage. The choice of utilizing the 60 ft depth for the Fort Pierce simula

tions was selected over the option of specifying a smaller capacity dredge. 

This is not a severe assumption considering that depths of almost 

55 ft are representative of that site. A bottom slope of 0.0 was specified. 

50. Depth-averaged velocities of 2.79 ft/sec (85 cm/sec) for the Miami site 

and 1.97 ft/sec (60 em/sec) for the Fort Pierce site were selected as input to 
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the DIFID model. The angles of orientati.on of the velcci·ty vecte-rs for the 

Miami and Fort Pierce sites is 320 and 317 degrees, measured cloekwis·e from 

magnetic north. The simulations performed in this section are relative to 

this axis. 

51. Additional input required for the DIFID model include specifying 

the composition of the material in the dredge. Normally, the dredged materia: 

is composed of a solid fraction (rock, sand, clay, etc.) and a fluid 

component. Each component must be defined according to its respective 

density, concentration by volume (component percentage of total load volume), 

fall velocity, and voids ratio (volume of water to volume of solids ratio). 

In addition, the in-barge percent distribution of solids must be specified. 

The selection of material densities, fall velocities, and void ratios for bott 

the Miami and Fort Pierce sites was based on information obtained from SAJ 

(Tapp 1988), from a recent DIFID application in Mobile Bay (Reese 1988), and 

from numerous DIFID applications reported by Johnson and Holliday (1978). ThE 

selected composition of the disposal load used for both sites is shown in 

Table 2.2 

Table 2.2 

Characterization of Dredged Material for Miami and Fort Pierce 

Density Volumetric Fall Velocity Cohesive? 
Q~~sa;:1~tlon glSS IilUQ f~l:u!C VQld~ Riltlo (l OI: 0) 

SAND 2.650 0.6300 0.04660 0.00 0 

SIL-ClAY 2.650 0.0700 0.00256 1.00 1 

WATER 1.023 0.3000 0.00 

52. The concentration percentages of the total load are based on an 

assumed solids content of 70 percent by volume of the material in the barge. 

Sieve analyses received from SAJ (Tapp 1988) showed medium well graded sand 

(non-cohesive) was representative of at least 90 percent of the solids in the 

load (90' of 70, - 63'). Cohesive silts and clays were specified for the 

remaining 10 percent of solids. A bulk density of 2.16 gm/cc and an aggregate 
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void ratio of 1.4 was specified for both sites to compute the final thickness 

of the composite mound. 

53. There are numerous model parameters in addition to the internal 

model coefficients required as input to the DIFID model. Grid resolution and 

time step parameters were selected to best represent each disposal site. The 

internal model coefficients recommended by Johnson and Holliday (1978) and 

used by Reese (1988) were used for both site simulations. The parameters and 

coefficients used are shown in Table 2.3. 

Table 2.3 

Input Data Related to Disposal Operation for 

the Miami and Fort Pierce OPMDS 

Variables 

Grid size (ft) 

Number of cells: 
cross-shore direction 
Alongshore direction 

Time step (~ec) 

Duration of simulation (sec) 

Ambient velocity (ft/sec) 

Ambient density (gm/cc) 

DINCRl 

DINCR2 

Entrainment coefficient ALAPHO 

BETA 

CM 

Drag coefficient for sphere, CD 

GAMA 

Drag coefficient for elliptic 
cylinder, CDRAG 

200 

105 
28 

100 

6000* 

2.79 

1.023 

1.0 

1.0 

0.200* 

0.0 

1.0 

0.5 

0.25 

l.0 
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Fort Pierce 

200 

105 
28 

100 

10800 

1. 97 

1.023 

1.0 

1.0 

0.235 

0.0 

1.0 

0.5 

0.25 

l.0 



CFRIC 0.01 0.01 

CD3 0.10 0.10 

CD4 1.00 1.00 

Entrainment due to cloud collapse, 
ALPHAC 0.0010 0.0010 

Bottom friction, FRICTN 0.0100 0.0100 

AlAMDA 0.005 0.005 

Vertical diffusion coefficient, 
AKYO 0.0100 0.0100 

* Adjustments in value from those of Fort Pierce were reCiluired far the deeper 
depths of the Miami site. 

Method and Procedure for Short-Term Model Simulations 

54. The objective of the short-term simulations was to determine 

whether dredged material could be effectively placed within the limits of the 

designated disposal sites under the action of a realistic localized velocity 

field. Of particular interest was whether the settling material (primarily 

sand) or the suspended sediment cloud (silts and clays) could be transported 

from the dredge onto the reef area. Data received from SAJ (Tapp, 1988) and 

shown in Figures 1.1 and 1.2 indicated that the reef areas are located a 

minimum of approximately 1.5 miles due west of the shoreward edge or 2.0 miles 

from the center of either ODMDS. If the average release point is considered 

to be at the center of the designated site, an effective distance between the 

disposal site and the nearest reef of approximately 3.0 miles is computed from 

the angle of orientation of the velocity vector. In order to investigate 

these far field effects, the model grid dimensions were specified to be 105 

cells in the flow direction by 28 cells in the transverse direction. The grid 

spacing of 200 ft produces an effective modeling area of 1 mile by 4 miles. 

The disposal release point was selected at approximately 0.4 miles (grid cell 

10) from the upstream boundary. 
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55. The approach taken to investigate the possibility of reef contamina

tion was to determine both the depth and extent of deposition and the sediment 

plume concentration impact produced by a single disposal load under the 

maximum, reef-directed, non-storm condition likely to be encountered during a 

dumping operation. Two parameters were of interest. First, the total 

deposition pattern was computed to indicate the maximum distance from the 

dredge at which measurable (above 0.01 ft) deposition could be expected. This 

maximum excursion distance provides an indication of the spatial extent of 

direct deposition of material on the bottom. 

56. The second measure of impact, and the primary parameter of interest 

to this study, quantifies the movement and concentration of the moving cloud 

of suspended sediments. As the cloud is transported from the dredge by the 

ambient currents, it grows larger (diffuses) and, correspondingly, less 

concentrated. The second phase of investigation looks at the change in time 

of the location and concentration of this cloud of sediment as it is diffused 

and transported toward the reef area. An example of transport and diffusion 

of the cloud is shown in Figures 2.2, 2.3, 2.4, and 2.5 in which the horizon

tal distribution of the suspended sediment concentration of the silt-clay 

cloud is shown at the 200 ft level (below the surface) for the Miami simula

tion. With the release point assumemed to be at the center of the disposal 

site (specified as cell 10, the nearest reef is located at approximately grid 

cell number 89. The 1500, 3000, 4500, and 6000 sec snapshots shows the 

increase in size and corresponding decrease in concentration of the settling 

cloud as it is transported toward the reef area. 

57. Results of the concentration computation are used to produce a 

concentration (in ppt or mg/l above ambient conditions) versus distance 

relationship along the axis of the grid at five discrete depths for four 

specified time periods (i.e., along the axis of symmetry at grid N - 14 of 

Figures 2.2-2.5). Quarter-point times were selected to show results at the 

1/4, 1/2, 3/4 and final point of any specified time period following the 

initial release of material from the barge. The following sections present 

the results of these simulations for the Miami and Fort Pierce sites. 
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Figure 2.4. 

Figure 2.5. 
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Miami Disposal Site 

58. Results of the sediment concentration computation for Miami are 

shown in Figure 2.6. The disposal release point is located at approximately 

mile 0.4 and the reef at approximately mile 3.5. Note that these figures 

represent distance-concentration plots at the quarter-point times along the 

reef-directed cloud axis. The uppermost graph of Figure 2.6, for example, 

summarizes the data presented in Figures 2.2 through 2.5. The depths of 200, 

250, 300, 350, and 400 ft were used in order to present an overall representa

tion of the numerical results. For example, at 1500 sec after the initial 

dump, simulations of the disposal operation shows concentrations of suspended 

silt and clay at the 200 ft depth to be 10- 12 ppm. Results demonstrate that 

the descent phase of the hemispherically shaped cloud passes through the water 

rapidly leaving little sediment in the upper water column. The examples 

presented in Figure 2.6 indicate that a point of maximum concentration is 

reached at a depth of approximately 350 ft and that a concentration decrease 

is seen both above and below this point. This relationship of maximum 

concentration is maintained for each quarter point as the cloud disperses. 

All results indicate a decreasing concentration in both time after disposal 

and distance from the release point as shown in the summary Table 2.4. 
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Table 2.4 

Summary of Computed Maximum Suspended Silt and Clay Concentration 

(Concentration in mgl1 above ambient) 

Elapsed Time (sec)/Approximate Distance from Dredge (Miles) 
Depth 1500 3000 4500 6000 
if.t.L 0,8 1,6 2,3 3.2 

200 1.2x10- 13 6.7x10- 7 1.7x10- 6 1. Ox10- 6 

250 7.1x10- 9 4.3x10- 6 2.5x10- 6 9.2x10- 7 

300 5.5x10- 6 8.7x10- 6 2.2x10- 6 6.6x10- 7 

350 5.7x10- 5 5.8x10- 6 1.1x10- 6 3.8x10- 7 

400 1.5x10- 5 2.4x10- 6 6.9x10- 7 2.6x10- 7 

59. A plot of the total sediment deposition versus distance along the 

axis of the disposal grid is shown in Figure 2.7. A three-dimensional view of 

the resulting disposal pattern is shown in Figure 2.8 with the corresponding 

contour plot shown in Figure 2.9. The stable material mound is composed 

primarily of the sand portion of the disposal load and will be the subject of 

the long-te~ disposal simulations described in Section III. 
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Figure 2.8. Three-dimensional view of the Miami site disposal mound 
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Figure 2.9. Contour plot of the deposition pattern for the Miami site 
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Fort Pierce Disposal Site 

60. Results of the sediment concentration computation for the Fort 

Pierce site are shown in Figure 2.10. Depths of 10, 20, 30, 40, and 50 ft 

were specified in the simulation. Note that because of the shallow depth, 

sediment remains in suspension throughout the water column. Also, the figures 

show the depth of maximum concentration to be located at approximately the 

30 ft depth. A trend, similar to that shown in the Miami simulations, of 

decreasing concentration with increasing distance and time is seen. This 

trend can be seen in the concentration summary Table 2.5. 

61. A plot of the total deposition in ft versus distance along the axis 

of the disposal grid is shown in Figure 2.11. Three-dimensional results of 

the disposal mound are shown in Figure 2.12 with the corresponding contour 

plot shown in Figure 2.13. Due to the shallow water depths and relatively low 

velocities, the stable mound can be seen to be conical in shape. 

Depth 
-Llll 

10 

20 

30 

40 

50 

Table 2.5 

Summary of Computed Maximum Suspended Sediment Concentration 

(Concentration in mg/l above ambient) 

Time (sec)/Approximate Distance from Dredge (Miles) 
2700 5400 8100 10800 
1.0 2.0 3.0 ~ 

1.2xlO-5 

2.3xlO-5 

2.8xlO-5 

2.3xlO-5 

1.2xlO-5 

2.4xlO-6 

4.4xlO-6 

5.5xlO-6 

4.4xlO-6 

2.4xlO-6 

7.8xlO-7 

1.4xlO-6 

1. 7xlO-6 

1.4xlO-6 

7.BxlO-7 

* 
* 
* 
* 
* 

* Results at the 10BOO sec were below the computational threshold of the 
model, hence, no values are reported. 
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PART III: THE SIMULATION OF LONG-TERM DISPOSAL FATE 

62. The final task of the evaluation study investigates the long-term 

fate of disposed material in open water. This analysis will concentrate on 

classifying the disposal sites as either dispersive or non-dispersive based on 

whether the local velocity field is adequate to erode and transport material 

from the mound onto the coral reefs. Transport simulations will be made for 

periods of time ranging from a day to a year. This phase of the project 

differs from Phase II in that the short-term investigation determined whether 

the material could be effectively placed within a designated site during the 

dumping process when material descends through the water column and collapses 

on the ocean bottom. The long-term analysis assumes that the material has 

been successfully deposited on the bottom and has assumed a stable mound 

configuration. Whether the mound is dispersive or non-dispersive now depends 

on whether the local current field is capable of resuspending and transporting 

material such that the mound deformes and is moved from its initial position. 

Changes in the computed sediment transport patterns are used to compute these 

changes in location and configuration. For example, as material is eroded 

from the higher velocity regions near the top of the mound and deposited in 

areas of lower velocity in the lee of the mound, the shape, orientation, and 

center of mass of the mound change. 

63. The long-term analysis will consist of two approaches. The first 

will utilize the long-term velocity field developed in Section I of this 

report to determine whether these velocities are sufficient in magnitude to 

suspend and transport bottom sediments from an existing disposal mound of a 

specified initial configuration. The second phase will simulate the passage 

of a storm surge over the mound. Both approaches will use a sediment 

transport model to compute non-cohesive sediment transport and the associated 

bathymetric change as a result of a time varying velocity field around the 

mound. A brief description of the modeling approach follows. 
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Sediment Transport 

64. Empirical relationships for computing sediment transport as a 

primary function of ambient water velocity, depth, and sediment grain size 

were reported by Ackers and White (1973). These relationships were subse

quently modified by Swart (1976) to reflect an increase in sediment transport 

when a wave field is superimposed on the ambient current field. This addi

tional transport reflects the fact that additional sediments are suspended by 

wave induced bottom orbital velocities. These additional sediments in the 

water column are available for transport by the localized velocity field. 

Details of an application of the combined Ackers-White and Swart modification 

methodology were reported by Vemulakonda et al. (1987) in which computed 

erosion and deposition volumes were shown to adequately reproduce measured 

bathymetric changes computed from periodic maintenance dredging surveys in the 

entrance channel of St Marys Inlet, Florida. 

65. Prior to computing long-term simulations, a sensitivity test of the 

transport predictions was performed for the local conditions at the proposed 

Miami and Fort Pierce disposal locations. The goal of this testing was to 

determine threshold velocities needed to initiate sediment movement at each 

site under the localized environmental conditions of depth and wave field. 

Sediment transport curves were prepared for each site for a velocity range of 

0.0 to 4.0 ft/sec and for a sediment diameter size of 0.1 mm to 0.2 mm in 

increments of .02 mm. These curves are shown in Figures 3.1 and 3.2. 

66. Approximations for wave height and period used in the generation of 

Figures 3.1 and 3.2 were determined from the Wave Information Study (WIS) 

20-yr hindcast data base (Jensen, 1983). Figures 3.3 and 3.4 represent a 

reproduction of the wave summary statistics for WIS Stations 163 (for the 

Miami site) and 153 (for the Fort Pierce site). Note that the wave heights 

and periods selected are representative of larger than average wave 

conditions; hence the transport rates used in this analysis will be 

conservative. Average depths of 600 ft for Miami and 50 ft for Fort Pierce 

were selected from Figures 1.2 and 1.3 to represent depths at the center of 

the designated sites. 
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67. Depth-averaged non-storm velocity fields were shown in Section I of 

this report to be approximately 1.64 ft/sec (50 cm/sec) for the Miami site and 

0.98 ft/sec (30 cm/sec) for the Fort Pierce site. Results shown in Figures 

3.1 and 3.2 indicate that these velocities are marginally adequate to trans

port sediment; however, locally elevated velocity vectors in the vicinity of 

the mound crest may be adequate to transport sediment from the mound. The 

following section will address the velocity field distribution as the ambient 

current field flows over the mound. 

Velocity Field Distribution 

68. The sediment transport modeling approach is based on an accurate 

velocity distribution around the mound. 

developed specifically for this purpose. 

A steady state numerical model was 

The model, based on the simplified 

equations of motion and the continuity equation, computes a velocity 

distribution around a mound of specified dimensions as a result of a constant 

imposed "upstream" velocity field boundary condition. A sample computation is 

shown in Figure 3.5 in which the depth averaged velocity vectors can be seen 

to increase in magnitude and change orientation as the velocity field is 

influenced by the presence of the disposal mound. 

69. A sediment transport rate corresponding to each vector is computed 

for the entire numerical grid in order to yield a spatial transport 

distribution. This distribution is input to a non-cohesive sediment con

tinuity model which computes bathymetric changes as a result of transport 

gradients. When more sediment enters a computational cell than exits the 

cell, deposition will occur. Conversely, when more leave than enter, erosion 

will be shown. No net change occurs for a uniform flow field in which equal 

amounts of sediment enter and leave a cell. When the velocity field is below 

the local transport threshold value (such as those shown in Figures 3.1 and 

3.2), no transport occurs and no net erosion or deposition results. 
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Figure 3.5. Velocity vectors around an idealized disposal mound 

70. Velocity field simulation computations are updated at a 3-hr time 

step to reflect the changing shape of the mound. As the transport patterns 

adjust in response to the time-varying velocity field, material is transported 

from regions of high velocity and deposited in regions of low velocity. This 

process will continue until either the velocities fall below the threshold 

value required to transport sediment or the mound reaches an equilibrium 

condition in which equal amounts of sediment enter and leave a computational 

cell. In the latter scenario, the mound has dispersed to the point that the 

identity of the mound has been lost and it no longer effects the current 

regime. 

71. Erosion and deposition patterns associated with the changing shape 

of the disposal mound are also computed at every 3-hr time step. These 

computations indicate the time variation in depth of sediment deposition 

versus distance from the mound. The distance at which zero depth changes 

occur will indicate the first location from the mound at which no mound 

material has been deposited; hence, the maximum radius of mound influence on 

the environment. If material from the mound is deposited beyond a designated 

63 



point, i.e., on the reefs, then the disposal site can be considered 

dispersive. For the present study, the critical distance of excursion is the 

distance from the disposal mound to the reefs. 

72. Two simulations will be used to determine whether the presence of 

the mound poses a potential threat to the coral reef area. The first is a 

long-term simulation in which the mean non-storm velocity field and wave 

condition for each site is continually subjected to the mound. Simulations 

are performed to determine either an excursion rate of the mound in feet per -

day or to demonstrate that a point of equilibrium has been reached and the 

mound ceases to move. The second is to simulate a storm related event and 

compute the total excursion associated with that storm. This simulation will 

utilize a sustained storm driven velocity surge for a duration of 24 hours, a 

time scale typical of a hurricane event. If either the long-term average 

velocities or the high intensity storm induced velocities can be shown to be 

of sufficient magnitude to transport material from the mound onto the reef 

areas, it can be concluded that the site is potentially dispersive with 

respect to long-term events, and that alternate disposal areas further 

offshore should be investigated. 

Sediment Transport Due to Non-Storm Velocity Fields 

73. The results shown in Figures 3.1 and 3.2 indicate that sediment 

transport is initiated at velocity threshold values of approximately 1.0 

ft/sec and 2.0 ft/sec for the Fort Pierce and Miami sites respectively. 

Although the observed ambient velocities at both sites are below these 

critical values (0.98 and 1.64 ft/sec), the effect of the mound on the 

velocity distribution may result in elevated velocities on the mound which are 

sufficient in magnitude to erode and transport material. In addition to the 

velocity magnitude, model input includes the specification of a single 

sediment size. 

74. Although Figures 3.1 and 3.2 show that the mean sediment diameter 

is not a critical parameter when the velocity magnitude is near the sediment 

transport threshold, a sediment size of 0.2 mm was selected for all 

simulations. The specification of a fine-grained non-cohesive sediment for 

both sites provides a threshold evaluation of the onset of mound erosion since 

64 



fine grained materials are eroded before coarse grained materials are. 

Results obtained from SAJ (Tapp, 1988) indicate average specific gravities of 

materials which will be disposed of at the Miami and Fort Pierce sites to be 

2.78 and 2.70 respectively, indicative of quartz sand. A typical grain size 

analysis of a sample obtained from the Fort Pierce harbor is shown in Figure 

3.6. The report classifies the material as "poorly graded sand (SP)." In 

view of this classification, a fine sand specification will provide an 

estimate of maximum erosion potential. The analysis further indicates a D50 

diameter of approximately 3 mm; therefore, the use of a 0.2 mm material in the 

transport computations serves two functions. It provides a threshold 

indication of fine material transport, and it provides an indication of fine 

grain mound transport; as such, it yields a "worst case" prediction of 

sediment erosion from the mound. 

75. A test mound measuring 250 ft square and 10 ft high was used as the 

design mound configuration for both simulations. A mound of this dimension 

would contain a volume of approximately 20,000 cubic yards. Although 

idealized, this configuration will provide an indication of mound stability. 

The following sections will address the long-term and storm event analysis. 

Fort Pierce 

76. The proposed disposal site offshore of Fort Pierce (Figure 1.1) is 

located in shallow water, with an average depth of only approximately 50 ft. 

A wave with a height of 8.17 ft (2.49 m) and period of 8 seconds was used to 

indicate a rough, but non-storm, sea state. Results of Section I indicate 

this area to be outside of the direct influence of the Gulf Stream; therefore, 

depth averaged velocities are relatively low, on the order of 0;98 ft/sec (30 

cm/sec). This velocity represents a maximum, non-storm, depth-averaged 

velocity field and does not represent a sustained flow field; therefore, 

long-term simulations using this velocity field represent a highly conser

vative condition. In reality, the velocity field at this location is 

primarily a function of tidal forcing and wind induced flow and is not 

necessarily directed toward the reefs. However, long-term simulations were 

made using this maximum velocity in order to determine the maximum possible 

rate of mound erosion and migration. 
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77. A I-year simulation of the idealized mound at the Fort Pierce site 

was made. Results indicate that material from the mound migrated a total 

distance of 600 ft in 6 months of sustained maximum current. At this point, 

the outer edge of the mound reached the computational boundary. The 

approximate center of mass of the mound migrated approximately 700 ft during 

the 1 year simulation. During this time, the shape of the mound became 

elongated, and a scour hole developed in front of the mound. Figures 3.7, 

3.8, and 3.9 show the initial configuration, the mid-simulation shape, and the 

configuration at the end of the simulation. Figure 3.10 presents the monthly 

change of shape through a central cross-section of the mound. The rate of 

excursion of the leading edge of the mound is approximately 3 ft per day. 

Center of mass migration is less than 2.0 ft per day. At either rate, a 

migration onto the reef area would require in excess of 10 years. During this 

time, the mound would realistically erode and disperse in many directions, 

resulting in a lower, less dispersive profile. 

78. In order to investigate the erosion producing capability of a storm 

event, a hypothetical hurricane was constructed with a sustained 24-hour 

depth-averaged surge velocity of 4 ft/sec. The initial mound configuration is 

identical to that shown in Figure 3.7. The final mound shape at the end of 

the storm event is shown in Figure 3.11. Cross-sectional profiles at 6-hr 

intervals are shown in Figure 3.12. Results indicate that the maximum radius 

of transport resulting in deposition of more than 0.1 ft to be approximately 

500 ft. The corresponding mound crest migration is 350 ft. 
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79. The proposed disposal site for Miami is located at a depth of 

approximately 600 ft with a corresponding maximum velocity field of approxi

mately 1.64 ft/sec (50 cm/sec). A 3-month simulation of the idealized mound, 

using a wave height of 6.53 ft (1.99 m) and period of 6 sees, was performed. 

The initial and final mound configuration and the evolution of the mound with 

time, shown on Figures 3.13, 3.14, and 3.15, indicate no transport or erosion. 

The result that the velocity field is not adequate to either suspend or 

transport material at a depth of 600 ft is not surprising in view of the 

threshold values shown in Figure 3.1. 

80. A storm event for the Miami site was assumed to have a sustained 

velocity of 6.0 ft. sec for 24 hours. The post-storm mound configuration is 

shown in Figure 3.16. The corresponding time changes of the cross-section at 

6-hr intervals is shown in Figure 3.17. As can be seen in the figures, a 

mound located in 600 ft of water is little effected by velocities of a 

magnitude realistically representative of the disposal site offshore of Miami. 
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Figure 3.13. Initial mound configuration for Miami 
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PART IV: CONCLUSION 

81. The purpose of this investigation is to determine whether sediment 

from the proposed Miami and Fort Pierce disposal sites could be transported 

onto the sensitive near-shore coral reefs. Numerical modeling techniques were 

utilized to answer these questions. The approach taken was first to review 

the available literature and document the magnitude of velocities which are 

representative of each site. The question of reef contamination was then 

addressed in a two-phase modeling approach. In the short-term analysis, the 

actual disposal operation was modeled to determine whether material from the 

descending sediment plume could be carried in suspension by the ambient 

velocity field onto the reefs before settling into the disposal site. The 

long-term investigation computes sediment transport and the associated erosion 

and deposition of the disposal mound as a function of the local velocity 

field. Results of the study indicate that neither the Miami nor the Fort 

Pierce site pose an environmental threat to the reef areas. These results are 

briefly summarized below. 

82. The first level of investigation requires the defining of a non

storm velocity field for both proposed disposal sites. Existing velocity 

records were extensively examined to quantify a depth-averaged velocity field 

which would represent the most severe reef-directed currents. The approach is 

based on the assumption that shore parallel or offshore directed velocities 

present no environmental threat to the reefs but that a worst case condition 

of maximum shoreward directed velocities could possibly effect the reef areas. 

The review of data showed that a maximum depth-averaged, velocity of 0.97 

ft/sec (30 em/sec) and 1.64 ft/sec (SO cm/sec) was representative of the 

Fort Pierce and Miami sites. In order to simulate a more extreme condition, 

larger values of 2.79 ft/sec (85 em/sec) for Miami and 1.97 ft/sec (60 cm/sec) 

for Fort Pierce were selected for the short-term simulation phase. 

83. The short-term modeling of the disposal operation shows that most 

of the material from the disposal load settles into a mound within several 

hours after the initial release of sediment from the dredge. Model results 

indicate the maximum distance from the barge showing deposition in excess of 

0.01 ft was 1600 ft for Miami and 400 ft for Fort Pierce. The silt and clay 

portion of the disposal load creates a suspension cloud or turbidity plume 
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which is transported toward the reefs by the specified ambient currents. This 

cloud increases in size and decreases in concentration with distance from the 

point of disposal. The concentration of the suspended sediment cloud was 

computed at five specified depths for each site simulation. Results at the 

conclusion of the simulation indicate maximum concentrations above background 

levels at the reef (taken to be approximately 3 miles from the disposal area) 

to be 0.00000089 mg/1 at a depth of 200 feet for the Miami site. This value 

corresponds to an elapsed time of 1.66 hours after the initial sediment 

release. At 2.25 hours after disposal, a maximum concentration of 0.0000017 

mg/l at a depth of 30 ft was computed for the Fort Pierce site. As shown, 

both values are less than one part per million. The short-term modeling 

efforts, therefore, indicate that the local ambient velocity fields are not 

adequate in magnitude to transport any significant amount of material from the 

dumping operation onto the reef area. 

84. The long-term modeling effort was conducted to determine whether a 

disposal mound is stable over long periods of time. Two types of simulations 

were conducted. A long duration simulation of a specified mound configuration 

was conducted for each site using a reef directed non-storm depth-averaged 

velocity field of 0.97 ft/sec (30 cm/sec) and 1.64 ft/sec (50 cm/sec) for the 

Fort Pierce and Miami sites. Results of these simulations show that the local 

velocity field at Miami is below the threshold value required for eroding and 

transporting material, i.e., a 3-month simulation showed no erosion of a mound 

located in 600 ft of water. The mound at Fort Pierce was shown to erode, 

deform, and migrate at a rate of approximately 2-3 ft/day. These results were 

based on a 1-year simulation in which the centroid of the mound moved approx

imately 700 ft. Additional shorter duration simulations were made for each 

site in order to investigate storm related transport of material from the 

mound onto the reefs. A 24-hour sustained storm surge velocity of 4.0 ft/sec 

for Fort Pierce and 6.0 ft/sec for Miami was input to the long-term sediment 

transport model. Results for the Fort Pierce simulation show that material 

was moved a maximum distance of approximately 550 ft in 24 hours. The Miami 

simulation showed that essentially no material was transported as a result of 

the surge. Conclusions of the long-term simulation indicate that sediment 

will be transported from the Fort Pierce site during both ambient and storm 

conditions, but that the rate of movement should not effect the reef system. 
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For the proposed Miami site, simulations show that local velocity fields are 

simply not adequate to move material in 600 ft of water. 

85. The simulation approach taken in this study involves the specifica

tion of a local velocity field directed to maximize the transport of material 

from the disposal site onto the sensitive reef area. Numerical simulations 

are used to evaluate whether this velocity field is adequate to contaminate 

the coral reef with dredged material. The disposal operation and the disposal 

mound are modeled as a potential source of contamination. Both the short-term 

disposal and long-term erosion simulations of sediment transport as a function 

of local velocity fields indicate little possibility of reef contamination as 

a direct result of either proposed Miami or Fort Pierce disposal sites. 
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TABLE D-l: 

Completion 
Date 

1949 
Not known 
Not known 
1955 
1956-57 
1958 
1959 
1966 
1973-74 
1974 
1976 
1978 
1980 
1982-83 
1985 
1987 
1988-89 
1990 

Fort Pierce Dredge Material Disposal Volumes and Site 
Locations 1949-1990. 

Volume 
(cubic yards) 

164,423 
63,412 

153,190 
76,700 
73,656 

6,587 
23,988 

184,916 
219,000 
12,276 
14,566 
49,773 
14,592 

106,268 
11,000 
29,773 
47,792 
55,700 

Composition 

not known 

Sand 
Sand 
Sand 
Sand/Shell 
Silty Sand 
Shell/Sand 
Sand 
Sand 
Sand 

Disposal Site 

Ocean 

.. 

.. 

Beach/Upland 
Ocean 
Ocean 
Beach 
Ocean 
Ocean 
Ocean 
Beach 
Beach 
Beach 

No restrictions are presently placed on disposal volumes. 'Disposal of 
unrestricted volumes is dependent upon results from future monitoring 
surveys. 

Material suitability. Material from two sources are to be placed at 
the site, i.e. construction or new work dredged material and 
maintenance dredged material. These materials will consist of 
mixtures of silt, clay and sand in varying percentages. 

The disposition of any significant quantities of beach compatible sand 
from future projects will be determined during permitting activities 
for any such projects. It is expected that the State of Florida will 
exercise its authority and responsibility, regarding beach 
nourishment, to the full extent during any future permitting 
activities. Utilization of any significant quantities of beach 
compatible dredged material for beach nourishment is strongly 
encouraged and supported by EPA. Di sposal of coars(~r material should 
be planned to allow the rnat(~rial to be placed fJO t.haL it will be 
within or accessible to Lhe sr.lnd--f.,ilaring sy:;t:ern, to the maximum extent 
practical, and following the provisions of tile Clean water Act. 
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TABLE D-1: 

Completion 
Date 

1949 
Not known 
Not known 
1955 
1956-57 
1958 
1959 
1966 
1973-74 
1974 
1976 
1978 
1980 
1982-83 
1985 
1987 
1988-89 
1990 

Fort Pierce Dredge Material Disposal Volumes and Site 
Locations 1949-1990, 

Volume 
(cubic yards) 

164,423 
63,412 

153,190 
76,700 
73,656 

6,587 
23,988 

181,916 
219,000 

12,276 
14,566 
49,773 
14,592 

106,268 
11,000 
29,773 
47,792 
55,700 

Composition 

not known 

Sand 
Sand 
Sand 
Sand/Shell 
Silty Sand 
Shell/Sand 
Sand 
Sand 
Sand 

Disposal Site 

Ocean 

Beach/Upland 
Ocean 
Ocean 
Beach 
Ocean 
Ocean 
Ocean 
Beach 
Beach 
Beach 

No restrictions are presently placed on disposal volumes. 'Disposal of 
unrestricted volumes is dependent upon results from future monitoring 
surveys. 

Material suitability. Material from two sources are to be placed at 
the site, i.e. construction or new work dredged material and 
maintenance dredged material. These materials will consist of 
mixtures of silt, clay and sand in varying percentages. 

The disposition of any significant quantities of beach compatible sand 
from future projects will be determined during permitting activities 
for any such projects. It is expected that the State of Florida will 
exercise its authority and responsibility, regarding beach 
nourishment, to the full extent during any future permitting 
activities. Utilization of any significant quantities of beach 
compatible dredged material for beach nourishment is strongly 
encouraged and supported by EPA. Disposal of coarser material should 
be planned to allow the material to be placed so that it will be 
within or accessible to the sand-sharing system, to the maximum extent 
practical, and following the provisions of the Clean Water Act. 
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In addition, the suitability of dredged material for ocean disposal 
must be verified by the COE and agreed to by EPA PFior to disposal. 
Verification will be valid for three years from the time last 
verified. Verification will involve: 1) a case-specific evaluation 
against the exclusion criteria (40 CFR 227.13(b», 2) a determination 
of the necessity for bioassay (toxicity and bioaccumulation) testing 
for non-excluded material based on the potential for contamination of 
the sediment since last tested, and 3) carrying out the testing and 
determining that the non-excluded, tested material is suitable for 
ocean disposal. 

Documentation of verification will be completed prior to use of the 
site. Documentation for material suitability for dredging events 
proposed for ocean disposal more than 5 years since last verified will 
be a new 103 evaluation and public notice. Documentation for ,material 
suitability for dredging events proposed for ocean disposal less than 
5 years but more than 3 years since last verified will be an exchange 
of letters between the COE and EPA. 

Should EPA conclude that reasonable potential exists for contamination 
to have occurred, acceptable testing will be completed prior to use of 
the site. Testing procedures to be used will be those delineated in 
the 1991 EPA/COE Dredged Material Testing Manual and 1992 Regional 
Implementation Manual. Only material determined to be suitable 
through the verification process by the COE and EPA will be placed at 
the designated ocean disposal site. 

Time of disposal. At present no restrictions have been determined to 
be necessary for disposal related to seasonal variations in ocean 
current or biotic activity. As monitoring results are compiled, 
should any such restrictions appear necessary, disposal activities 
will be scheduled so as to avoid adverse impacts. Additionally, if 
new information indicates that endangered or threatened species are 
being adversely impacted, restrictions may be incurred. 

Disposal Technique. Prior to disposal of each dredging project, an 
agreement will be reached between the EPA and COE concerning the exact 
placement for each project with permits/contracts specifying the exact 
locations for disposal. Fine-grained materials will be placed in the 
southeastern corner in accordance with Figure 1 to afford greater 
protection of live bottoms to the northwest. 

SITE MONITORING 

Part 228 of the Ocean Dumping Regulations establishes the need for 
evaluating the impacts of disposal on the marine environment. Section 
228.9 indicates that the primary purpose of this monitoring program is 
to evaluate the impact of disposal on the marine environment by 
referencing the monitoring results to a set of baseline conditions. 
Section 228.10(b) states that in addition to other necessary or 
appropriate considerations, the following types of effects will be 
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considered in determining to what extent the marine environment has 
been impacted by materials disposed at an ocean site (excerpted): 

1. Movement of materials into estuaries or marine sanctuaries, 
or onto ocean-front beaches, or shorelines; 

2. Movement of materials toward productive fishery and 
shellfishery areas; 

3. Absence from the disposal site of pollution-sensitive biota 
characteristic of the general area; 

4. Progressive, non-seasonal, changes in water quality or 
sediment composition at the disposal site, when these changes 
are attributable to materials disposed of at the site; 

5. Progressive, non-seasonal, changes in composition or numbers 
of pelagic, demersal, or benthic biota at or near the 
disposal site, when these changes can be attributed to the 
effects of materials disposed at the site; and 

6. Accumulation of material constituents (including without 
limitation, human pathogens) in marine biota at or near the 
site. 

Part 228.l0(c) states: "The determination of the overall severity of 
disposal at the site on the marine environment, including without 
limitation, the disposal site and adjacent areas, will be based on the 
evaluation of the entire body of pertinent data using appropriate 
methods of data analysis for the quantity and type of data available. 
Impacts will be classified according to the overall condition of the 
environment of the disposal site and adjacent areas based on the 
determination by the EPA management authority assessing the nature and 
extent of the effects identified in paragraph (b) of this section in 
addition to other necessary or appropriate considerations." 

The monitoring approach for the Fort Pierce OOMOS will be based on the 
attached generic figure entitled "OOMOS Monitoring" (Figure 2) . 
Frequency of monitoring will be based on frequency of disposal and 
previous monitoring results. 

Baseline Monitoring. The results of investigations presented in the 
designation EIS will serve as the main body of baseline data for the 
monitoring of the impacts associated with the use of the Fort Pierce 
OOMOS (see OEIS) . 

A bathymetric survey will be conducted by the COE or site user prior 
to dredging cycle or project disposal. The number of transects 
required will be dependent upon the length of the disposal operation 
and the quantity of material proposed for disposal. The surveys will 
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be taken along lines spaced at 200-foot intervals or less and be of 
sufficient length to adequately cover the disposal area. Accuracy of 
the surveys will be ± 1.0 feet. These surveys will be referenced to 
the appropriate datum and corrected for tide conditions at the time of 
survey. No additional pre-disposal monitoring at this site is 
proposed. 

Disposal Monitoring. For all disposal activities, the dredging 
contractor will be required to prepare and operate under an approved 
electronic verification plan for all disposal operations. As part of 
this plan, the contractor will provide an automated system that will 
continuously track the horizontal location and draft condition 
(vertical) of the disposal vessel from the point of dredging to the 
disposal area, and return to the point of dredging. Required digital 
data are as follows: 

(a) Date; 

(b) Time; 

(c) Vessel Name; 

(d) Captain of Vessel; 

(e) Number of Scows in tow and distance from vessel or 
other vessel used; 

(f) Vessel position, every five (5) minutes '(time 
recorded) when within the channel limits, every two (2) 
minutes between the dredging area and the disposal area, 
every thirty (30) seconds when within the disposal area 
limits, where disposal occurs, and similar intervals on 
the return of vessel and scow(s) to the dredging area; 

(g) Actual location at points of initiation and 
completion of disposal event; 

(h) Dredge scow draft, coincidental measurement with 
"f" above; 

(i) Volume of material dispos ed; and 

(j) Disposal technique used. 

As a follow-up to the baseline bathymetric survey, the COE or other 
site user will conduct a survey after disposal. The number of 
transects required will be the same as in the baseline survey. 
The user will be required to prepare and submit to the COE daily 
reports of operations and a monthly report of operations for each 
month or partial month's work. The user is also required to notify 
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the COE and the EPA if a violation of the permit and/or contract 
conditions occur during disposal operations. 

Material Tracking and Disposal Effects Monitoring. Based on the type 
and volume of material disposed, various monitoring surveys could be 
used to determine if and where the disposed material is moving, and 
what environmental effect the material is having on the site and 
adjacent area. Previous studies on this site have begun these tasks. 
A tiered approach will be used to determine the level of monitoring 
effort required following each future disposal event. An interagency 
SMMP team, consisting of representatives of EPA, COE, State of Florida 
and the user(s), will be established to finalize this SMMP. Other 
agencies, such as National Marine Fisheries Service (NMFS) , will be 
asked to participate where appropriate. This SMMP team would evaluate 
existing monitoring data, the type of proposed disposal (i.e., O&M vs. 
construction), the type of material (i.e., sand vs. mud), location of 
placement within the ODMDS and quantity of proposed material. This 
team would then make recommendations to the EPA and the COE on 
appropriate monitoring techniques, level of monitoring, significance 
of results and potential management options. 

The monitoring program proposed for the area addresses possible 
changes in bathymetric, sedimentological, chemical, and biological 
aspects of the ODMDS and surrounding area as a result of the disposal 
of dredged material at the site. proposed monitoring includes a study 
to determine ambient levels of suspended load and levels during 
disposal operations at the nearest resource. In addition, a sediment 
tracking survey and subsequent benthic assessment will be completed 
within 2 to 4 years of final designation. Additional sampling 
techniques such as remote bottom video and/or side scan sonar may be 
used as deemed necessary by SMMP team to determine the overall effects 
of disposal in the Fort Pierce ODMDS. Should the future disposal at 
the permanently-designated ODMDS result in unacceptable adverse 
impacts, further studies may be required to determine the persistence 
of these impacts, the extent of the impacts within the marine system, 
and/or possible means of mitigation. In addition, the management plan 
presented may require revision based on the outcome of the monitoring 
program. 

Reporting and Data FOrmatting. Any data collected will be provided to 
federal and state agencies as appropriate. Data will be provided to 
other interested parties requesting such data to the extent possible. 
Data will be provided for all surveys in a report generated by the 
action agency. The report should indicate how the survey relates to 
the SMMP and list previous surveys at the Fort Pierce ODMDS. Reports 
should be provided within 90 days (bathymetric surveys within 45 days) 
after completion. Exception to the time limit will be possible if 
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outside contracts stipulate a longer period of time. The report 
should provide data interpretations, conclusions, and recommendations, 
and should project the next phase of the SMMP. 

Modification of OPMDS SMMP. A need for modification of the use of the 
Fort Pierce ODMDS because of unacceptable impacts is not anticipated. 
However, should the results of the monitoring surveys indicate that 
continuing use of the ODMDS would lead to unacceptable impacts, then 
either the ODMDS Management plan will be modified to alleviate the 
impacts, or the location of the ODMDS would be modified. 
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INTRODUCTION 

Ft. Pierce, Florida ODMDS 
Video Happing Survey 
Initial Survey Report 

During the period January 27-30, 1991 personnel from the 
Environmental Protection Agency, Region IV, Environmental 
Services Division and Water Division conducted a video mapping 
survey of the Ft. Pierce, Florida ODMDS. The work was conducted 
to supplement and upgrade site video clearing which was initially 
conducted under contract by the Jacksonville District, Corps of 
Engineers. Video transects at that time were limited in their 
extent of area coverage as well being non-definitive due to poor 
visibility and excessive boat speed. 

OBJECTIVES 

The objective of the survey, as specified in the survey plan for 
the cruise, was to map the ODMDS using continuous video 
supplemented by selective 3Smm still camera photos of unique 
features. Video coverage was proposed along transects with a 
line spacing 'of approximately 700 feet. Initial plans called for 
transect orientation along the east/west axis but due ~o currents 
at the time of the survey, transect orientation was repositioned 
along the north/south axis. Each transect was to be a minimum of 
two nautical miles with additional coverage afforded by 
continuing visual coverage during ship turns between each 
transect, thus adding an addition quarter mile to half mile to 
each transect. 

All objectives of the survey were accomplished. All 
predetermined transects were completed and, because of live 
bottom findings within the northern sector of the survey area, 
additional transects along the western and southern sides of the 
survey area were conducted to clear an area for possible 
repositioning of the site to gain separation from live bottom 
habitat. 

Figure 1 depicts the survey configuration and transects. 
Observed live bottom areas are indicated by small blocks imposed 
on the ship track. The "Y' marks are positions, located 
generally 700 feet apart, where coordinates and visual 
observations were manually logged and voice recorded on the video 
tape for reference. A total of 23 transects were completed with 
420 logged coordinates of observed bottom features. 
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PROBLEMS ENCOUNTERED 

The Ft. Pierce ODMDS survey marked the first test of the new 
Hydro Vision pan and tilt camera system purchased by Region IV 
and assigned to the OSV Anderson. Unfortunately, upon first 
deployment, the camera system suffered a "ground loop" electrical 
short which delayed start of the video survey for one and one
half days. To temporarily correct the problem, Hydro Vision 
International air freighted the necessary parts overnight from 
Houston. With the appropriated insulators installed, the mission 
was accomplished well ahead of the actually expected survey time. 
This factory error in camera design will be corrected by Region 
IV personnel shipping the camera back to the manufacturer for 
repair. 

RECOMMENDATIONS FOR IMPROVEMENT IN SHIPBOARD DATA ACQUISITION 

Region IV and Headquarters have been working for over two years 
having Battelle Ocean Science develop a -VIDLOG- tracking and 
data logging system for video mapping surveys. This system still 
remains unusable and, accordingly, we are still logging data and 
coordinates manually. Additionally, with the video camera and 
lighting controls now installed in the wet lab, thus removed from 
the shipboard computers, it is essential that an additional 
computer and navigation plotter be installed in conjunction with 
the video system if we are ever to achieve the efficiency we have 
planned for the video surveys. 

Beginning in April of this year (1991) we have three extensive 
video and side scan sonar surveys back to back here in Region IV. 
It will be immensely beneficial to have the vidlog program and 
video station, with its computer, completed and operational 
before these surveys begin. 

PROJECT PERSONNEL 

In addition to the OSV Anderson crew, the scientific crew from 
EPA, Region IV, included the following personnel: 

Philip Murphy 
Russell Todd 
Gary Collins 
Catherine Fox 

- EPA/ESD, Athens, 
~ EPA/ESD, Athens, 
- EPA/WD, Atlanta, 
-' EPA/WD, Atlanta, 

Ga. 
Ga. 
Ga. 
Ga. 
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FIGURE 1. FT. PIERCE, FLORIDA, ODHDS, VIDBO SURVEY TRARSEC'.rS 
WITH LIVE BOTTOM LOCATIONS, JANUARY 29-30, 1991 • 
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Introduction 

APPENDIX F 
Short-Term Modeling 

Worst Case Sediment Scenario 

The u.S. Army Corps of Engineers Waterways Experiment Station 
(WES) prepared a report, Evaluation of the Dispersion 
Characteristics of the Miami and Fort Pierce Dredged Material 
Disposal Sites, for the u.S. Army Engineer Jacksonville District 
(EIS Appendix C). The report used a two-phase numerical modeling 
methodology utilizing the Disposal From an Instantaneous Dump 
(DIFID) model for calculating the short-term fate and a coupled 
hydrodynamic/sediment transport model for computing the long-term 
fate of the disposed material. The sediment distribution used in 
the models was 10 percent silt and clay and 90 percent sand. A 
more conservative or worst case distribution for the Fort Pierce 
sediment is 10 percent sand and 90 percent silt and clay. This 
report presents EPA Region IV's results using an updated DIFID 
model (version 4.10) with the conservative sediment distribution. 
A description of the model can be found in the WES report in 
Appendix C. 

Model Parameters 

The selected composition of the disposal load used by WES for the 
Fort Pierce site is shown in Table F-1. 

Table F-1 
Original Characterization of Dredged Material for Fort Pierde 

Density Volume Fall Vel. Voids 
Descri)2tion gLcc ratio ftLsec Ratio Cohesive 
Sand 2.65 0.63 0.04660 0.00 No 
Silt-Clay 2.65 0.07 0.00256 1.00 Yes 
Water 1.023 0.30 

The revised conservative composition of the disposed load for the 
Fort Pierce site is shown in Table F-2. 

Table F-2 
Revised Characterization of Dredged Material for Fort Pierce 

Description 
Sand 
Silt-Clay 
Water 

Density 
gLcc 

2.65 
2.65 
1. 023 

Volume 
ratio 
0.03 
0.27 
0.70 

F-l 

Fall Vel. 
ftLsec 
0.04660 
0.00256 

voids 
Ratio 

0.00 
1.00 

Cohesive 
No 
Yes 



These values were obtained from the Corps of Engineers 
Jacksonville District. The volume of solids was reduced to 30 
percent to reflect the high percentage of fine grain materials. 
All other parameters and coefficients in the simulation were 
maintained at the values reported in the WES report. 

Results 

Results presented here are in a similar format as those presented 
in the WES report for easy comparison. The results of the 
concentration computation are used to produce a concentration (in 
ppm or mg/l above ambient conditions) versus distance 
relationship along the axis of the grid (direction of prevailing 
current) at five discrete depths of 10, 20, 30, 40 and 50 feet 
for four specified time periods. These results are shown in 
Figure F-1. The dump in this simulation occurs at approximately 
0.4 nmiles from the origin. Maximum concentrations are found at 
depths of 30 feet and do not exceed 5 mg/l beyond 2 nmiles from 
the dump site. A concentration summary is given in Table F-3. 
The concentration values in this report differ from those in the 
WES report by orders of magnitude. The WES values were reported 
in units of mg/l, but were actually unitless.and represenative of 
a solids volumentric ratio. The WES values should therefore be 
multiplied by the density of the solids to obtain concentration 
values in units of mg/l. 

Table F-3 
Summary of Computed Maximum Suspended Sediment Concentration 

·(Concentration in mg/l or ppm above ambient) 

Time(sec)/Approximate Distance from Dredge Dump(nmiles) 

Depth 2700 5400 8100 10800 
(ft) 0.85 1. 78 2.64 3.42 
10 8.48 1.96 0.81 0.41 
20 22.3 5.04 2.11 1.07 
30 34.6 7.96 3.19 1.67 
40 29.2 6.89 2.93 1.48 
50 16.7 3.70 1.56 0.78 

A plot of the total deposition in feet versus distance along the 
axis of the disposal grid is shown in Figure F-2. Again, the 
dump location occurs at approximately 0.4 nmiles from the origin. 
Accumulation does not exceed 0.10 feet per dump at distances 
greater than approximately 650 feet from the disposal site. 

F-2 
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In addition, suspended sediment concentration above ambient 
versus time has been plotted for four specific locations of 
concern in Figure F-3. The four areas correspond to: the live 
bottom areas found in the northern portion of the interim site, 
the natural reef described as flat bottom with heavy coral 
growth, and two artificial reefs. These areas are discussed in 
the Fort Pierce DEIS in paragraphs 4.43 to 4.46. Depths of 50 
feet were used in the model for the live bottom area, the natural 
reef and the nearest artificial reef. A depth of 30 feet was 
used for the furthest artificial reef. Distances to the four 
areas were based on material dumping occurring within the portion 
of the ODMDS designated for fines (see Appendix D). 

The results shown in Figure F-3, are based on three hour cycle 
periods for dumping. According to the COE Jacksonville District, 
three hour cycle periods would be typical for material consisting 
mostly of fines and could continue 24 hoqrs a day. Figure F-3 
shows just the first six hours of a dredging operation, but the 
general trend can be discerned. 

For all four locations, ,a current of 1.97 feet/sec was assumed in 
the direction of the amenity. This is highly conservative for 
the reef community east of the ODMDS and the artificial reef 
community southeast of the ODMDS. According to the WES report, 
current meter data for all gages was in a northerly or slightly 
northwesterly direction. This value was used for these two 
locations for simplicity and for 
conservativeness. 

Conclusions . 

For the first three locations, the above ambient sediment 
concentrations drop below detectable limits between dumps. For 
the northwest reef community, concentrations remain above 
detectable limits after the first dump due to the dispersiveness 
of the sediment clouds at that distance. However, peak 
concentrations at this location are low. 

In 1985, total suspended solids concentrations and turbidity 
levels were taken at nine stations in the viCinity of the interim 
disposal site (Fort Pierce DEIS Appendix A). This data 
represents only one sample event and is not representative of a 
seasonal or annual average. However, although the data is 
limited, it indicates that background suspended sediment 
concentrations are significantly higher than the short term 
fluctuations due to the dredge material plume. The background 
concentrations ranged from five to 24 mq/l with a mean value of 
12 mg/l. At the amenity location nearest the ODMDS, 
concentrations are predicted to exceed 4 mg/l (33% of the 
recorded mean ambient level) one half hour every three hours. At 
the furthest location, concentrations will exceed 0.5 mg/l (10% 
of the recorded low and 4% of the mean ambient level) 
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continually, but remain below 1.7 mg/l, during operation based on 
a three hour cycle. 

The natural and artificial reefs referred to in paragraphs 4.43 
to 4.46 are not scleractinian coral reefs and therefore are not 
dependent upon the same water quality conditions commonly 
associated with tropical reef building corals, i.e. clear, low 
nutrient, warm waters. Most of the organisms comprising the 
communities found nearby the proposed ODMeS are not likely to be 
adversely affected by such low predicted suspended sediment 
loadings. 
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I. INTRODUCTION 

The U.S. Environmental Protection Agency (EPA), in 
cooperation with the U.S. Army Corps of Engineers (COE) , has 
prepared a Draft Environmental Impact statement (DEIS) titled 
"Draft Environmental Impact Statement For Designation of a Fort 
Pierce, Florida Ocean Dredged Material Disposal Site." This DEIS 
evaluates the environmental conditions relevant to the 
designation of an ocean disposal site offshore Fort pierce, 
Florida. Additionally, the DEIS evaluates the proposed Fort 
Pierce site according to the eleven environmental criteria 
required for site designations under 40 CFR 228.6 (Ocean Dumping 
Regulations) . 

The site proposed for final designation is 0.5 nautical 
miles south of the Fort Pierce interim site. The total area of 
the proposed site is 1 square nautical mile (nmi). The 
coordinates of the site are: 

27°28'00"N, and 80 0 12'55"W; 
27°28'00"N, and 80 0 11'45"W; 
27°27'00"N, and 800 11'45"W; 
27°27'00"N, and 80 0 12'55"W 

Since September 1949, approximately 900,000 cubic yards of 
dredged material have been disposed at the interim si~e. 

The site designation is needed in this area to provide an 
ocean disposal option for dredging projects in the Fort Pierce 
vicinity. It should be emphasized that final designation of the 
Fort Pierce site does not by itself authorize any dredging or on
site disposal of dredged material. EPA and the COE must conduct 
an environmental review of each proposed ocean disposal project. 
That review ensures that there is a demonstrated need for ocean 
disposal and that the material proposed for disposal meets the 
requirements for dredged material given in the Ocean Dumping 
Regulations. 

II. THE FLORIDA COASTAL ZONE MANAGEMENT PROGRAM (CZMP) 

There are eight Florida statutes relating to ocean disposal 
site designations. This assessment discusses how the referenced 
DEIS for the Fort Pierce site designation will meet the CZMP 
objectives to protect coastal resources while allowing multiple 
use of coastal areas. Consult the DEIS for further data and 
information. 

Although the EIS serves a dual role of NEPA documentation for 
site designation and COE permitting under Section 103 of the 
Marine protection, Research, and Sanctuaries Act (MPRSA) of 1972, 
as amended (see Section 2.01 of DEIS) , this CZMP consistency 
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evaluation is only relevant for site designation. Therefore, COE 
permitting actions will need a separate CZMP consistency 
evaluation. 

A. Chapter 161: Beach and Shore Preservation 

The intent of Chapter 161 is the protection of thousands of 
miles of Florida's coastline by regulating construction 
activities near and within these areas. The Fort Pierce site 
designation will, by itself, require no new construction and 
therefore no related support activities will be subject to the 
construction regulations in this chapter. 

Sediment transport in the vicinity of the site is driven 
mainly by weather events. Because of this, dispersion of the 
material can be in any direction. Modelling has indicated that 
no significant transport of dredged material toward any amenity 
should occur (Appendix C and F of Fort Pierce EIS). In the event 
that significant accumulation of the dredged material towards any 
amenity is evident, use of the site can be modified or terminated 
by EPA. 

B. Chapter 253: State Lands 

This chapter addresses the responsibilities of the State 
Board of Trustees in managing the State sovereign lanqs by 
issuing leases, easements, rights of way, or other forms of 
consent for those wishing to use State lands, including State 
submerged lands. 

Since the Fort Pierce site is not within State waters, 
Chapter 253 is not relevant. 

C. Chapter 258: State Parks and Preserves 

Figure 4 in the DEIS locates the Parks and Preserves in the 
vicinity of the proposed Fort Pierce site. As similarly 
discussed in Section A above, the distance from these areas to 
the proposed site should prevent any impacts to these areas from 
use of the site. 

D. Chapter 267: Historic Preservation 

There are no known features of historical importance in the 
vicinity of the proposed site, and therefore it is unlikely that 
the proposed site designation will result in any impact to these 
areas. The bottom video survey of the ODMDS did not reveal any 
new such areas. 
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E. Chapter 288; Commercial Development and Capital 
Improvements; Industrial Siting Act 

The final designation of the Fort Pierce site provides an 
environmentally acceptable ocean location for the disposal of 
dredged material that meets the Ocean Dumping Criteria. If ocean 
disposal is selected as the most feasible option for a dredged 
material disposal project, this site designation ensures that an 
ocean disposal option is available in the area. Therefore, the 
designation removes one barrier to free and advantageous flow of 
commerce in the area in that dredging projects and their 
associated navigational benefits cannot be halted due to the lack 
of an acceptable ocean disposal site. 

The Industrial Siting Act is not applicable to this proposed 
site designation. 

F. Chapter 370; Saltwater Fisheries 

Chapter 370 ensures the preservation, management and 
protection of saltwater fisheries and other marine life. Most 
commercial and recreational fishing activity in the Fort Pierce 
vicinity is concentrated in inshore and nearshore waters. The 
nearest fisheries area is located about 1.3 nmi from the site. 
In short, the Fort Pierce site does not represent a unique 
habitat for any of the important commercial or recreational 
fisheries. Use of the site will smother the non-motife or slow 
moving benthic organisms at the site. However, the ability of 
these organisms to recolonize in similar sediments renders this 
impact short-term and insignificant. Should the disposed 
material differ in grain-size, other benthic organisms would 
likely colonize the area. The DEIS will serve as the Biological 
Assessment from which the National Marine Fisheries Service 
(NMFS) and, as appropriate, the u.S. Fish and Wildlife Service 
(FWS) can determine any adverse impacts of the proposed EIS 
action on threatened and endangered species under their purview. 

G. Chapter 376; . Pollutant Discharge Prevention and Removal 

possible effects associated with the use of this site are 
local mounding, temporary increases in turbidity and the 
smothering of benthic organisms. The effect on the benthos 
should be minor as discussed in Section F above. The great 
depths at the site will ensure that any mounding does not become 
a hazard to navigation. Turbidities resulting from use of the 
site will be temporary. Any suspended sediments remaining in the 
water column will be diluted and dispersed so that the long term 
effect would not be greater than ambient suspended solids 
concentrations. This is supported by the results of dispersion 
modelling, which will be followed-up by surveys at the site. 
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Any material proposed for ocean disposal must meet the 
criteria given in 40 CFR Part 227 (Ocean Dumping Criteria). EPA 
and the COE will continue to monitor the site as long as it is 
used to detect movement of the material and any associated 
impacts. The Site Management and Monitoring Plan (SMMP) for the 
Fort Pierce ODMDS is included in the DEIS (see Appendix D) . 

H. Chapter 403: Enyironmental Control 

The principle concerns raised in this chapter are similar to 
those addressed in many of the chapters discussed above: 
pollution control, waste disposal and dredging. 

The COE and EPA will evaluate all federal dredged material 
disposal projects in accordance with the EPA criteria given in 
the Ocean Dumping Regulations (40 CFR Sections 220-229), the COE 
regulations (33 CFR 209.120 and 209.145), and any state 
requirements. The COE will also issue permits to private dredged 
material disposal projects after review under the same 
regulations. EPA has the right to disapprove any ocean disposal 
project if, in its judgement, all provisions of the MPRSA and 
associated implementing regulations have not been met. 

III. CONCLUSIONS 

Based on the information presented in the DEIS and the above 
summary, EPA concludes that the proposed designation O'f the Fort 
Pierce ODMDS is consistent with the Florida CZMP to the extent 
feasible. 
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APPENDIX H 

NON-OCEAN DISPOSAL ALTERNATIVES 



A discussion of non-ocean disposal alternatives was presented on the Fort 
Pierce Harbor General Reevaluation Report. Alternatives considered were beach 
disposal, Indian River disposal, Offshore disposal and upland disposal. A 
discussion of these alternatives, as taken from the Fort Pierce Harbor Report, 
is presented below. 

DISPOSAL ALTERNATIVES 

The identification of potential disposal alternatives in the feasibility 
study and report included uplands, inner bay, beach, nearshore, and offshore 
areas. The nearshore area for the disposal of sand was not acceptable in the 
feasibility study as it offered too great a potential for severe adverse impact 
on extensive reef systems paralleling the shoreline. For that reason, the 
authorized plan did not provide for the placement of dredged material in a 
nearshore area south of the inlet. That alternative received no further 
consideration during the reevaluation study of the project. The remaining 
alternatives were a part of the reevaluation effort. 

BEACH DISPOSAL ALTERNATIVE 

Suitable material for beach nourishment from construction and maintenance of 
the authorized project will go on the beaches south of the inlet. The Florida 
Department of Natural Resources supports this part of the authorized plan as it 
helps mitigate the adverse impact of the project navigation features which 
collect sand in the littoral drift movement. Mitigation for that impact is to 
place sand either directly on the beaches to the south of the inlet or in a 
nearshore area paralleling the beach for nourishment. As the nearshore area has 
a potentially greater adverse impact on the reefs in the area, that alternative 
was not a consideration for further analysis. The reevaluation analysis 
considers the possible impact of the beach disposal of material on the offshore 
reefs. 

INDIAN RIVER DISPOSAL ALTERNATIVE 

The Indian River disposal alternative was a u.s. Fish and Wildlife Service 
proposal for mitigation. The idea was to use excavated material from deepening 
and widening to fill a deep hole in the Indian River and make it a more 
productive habitat for marine species. Excavated material to go into the hole 
would include primarily rock and sand from the project deepening and widening. 
Reevaluation of that alternative considers the significant and adverse impacts 
on organisms discovered in the hole as well as the problems with turbidity on 
surrounding seagrass beds. This alternative has been dismissed due to State 
concerns over excessive turbidity caused by placing dredged material into open 
water. 

OFFSHORE DISPOSAL ALTERNATIVE 

The material to be dredged from Fort Pierce Harbor will be evaluated further 
to dotttrminu If it ia suitable for ocean disposal. Based on existing test 
results, the material would be suitable, and the cost for ocean disposal would 
be an estimated $4.29 a cubic yard. That cost includes the dredging operation 
to remove the material from the channel with mechanical equipment, such as a clam 
shell and barge. The dredging operation involves the placement of the material 
into an ocean-going barge for transport about 5 statue miles to the designated 
offshore disposal site. The expense for transporting the material to the 
disposal site is included the unit cost but not the costs for mobilization and 
demobilization of equipment to and from the job site nor any contingency costs 
associated with the dredging and disposal operation. 
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UPLAND DISPOSAL ALTERNATIVES 

In the feasibility study, the evaluation involved four upland areas for the 
disposal of the predominately silty materials from excavation work on the 
authorized project. Three of the four areas were sanitary landfills in need of 
cover material. The fourth area was a wooded area with potential wildlife 
impacts as well as being near adjoining residential development and in close 
proximity to proposed well fields at the time of the feasibility report. The 
reevaluation effort on upland disposal alternatives again considered those areas 
as potential upland sites as well as other, undeveloped lands in the area for a 
total of seven. The location of sites in the reevaluation study is shown on 
figure 0-1. Subsequent paragraphs provide the results of the reevaluation 
analysis on those areas. Three si.tes were eliminated from further study, with 
sites Al, 0, E and F retained for more detailed evaluati.on. 

SITE "An NORTH OF THE AIRPORT 

In the feasibility report, Site A waG one of the sanitary landfill areas 
needing cover material and located mostly in the southern half of Section 20, 
Township 34 South, Range 40 East, in St. Lucie County. A small portion of the 
site did extend into the southeast quadrant of Section 19. The larger of two 
parcels of land is about 317 acres and belongs to the st. Lucie county Port and 
Airport Authority. That parcel covered all the southwest quadrant and a portion 
of the southeast quadrant in Section 20. 

Operation of the landfill involved the old trench and fill technique with no 
liner to protect the ground water. Today, most of the area designated as Site 
A is now a golf course in which the County has invested about $4 million to 
develop. One of the main purposes for that development was to cleanup the ground 
water contamination. The county operates and maintains the golf course and uses 
a system of wells to obtain ground water which is run through a treatment system 
before using it for irrigation on the course. That process helps clean up the 
ground water contamination. Use of that site for disposal of material is no 
longer a reasonable alternative considering the development in the area. More 
reasonable alternatives exist in using other undeveloped sites in the vicinity 
of the airport. • 

SITE "Al' WEST OF SITE "A" 

To the west of Site A in Section 19 are 5 parcels of land with the largest 
being approximately 248 acres and undeveloped at this time. That parcel belongs 
to the st. Lucie County Port and Airport Authority. It is located to the west 
and north of the existing airport runways (see figure 0-1). That area has only 
trees and low growing vegetation presently growing on the land. To use the area 
for disposal of material, clearing and grubbing would have to precede the 
construction of dikes. The clearing operation could have environmental impacts 
and result in some mitigation actions. In the development of the golf course 
property on Site A, the county had to reconcile environmental impacts to various 
species such as the scrub jay, eagle, and gopher tortoise in the project area. 
Similar problems could exist in other areas adjacent to the airport and require 
mitigation action if this area was developed as a disposal site. 

There is contamination from other landfill sites around the airport. Since 
the airport's water is supplied by city, the level of contaminants from those 
landfill operations may not be a significant factor. However, to the south of 
the airport, there are several trailer parks that could have wells. The various 
sources of contamination in the area may provide more of a risk than any 
excavated material from the project modifications. To avoid further problems 
with contamination, a liner would probably be required for the disposal of 
material in the area. The site has potential as a disposal area for further 
evaluation under cost considerations. 
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SITE "B" WEST OF AIRPORT 

In the feasibility report Site B was another sanitary landfill that needed 
cover material. The site is entirely within one parcel of land about 71 acres 
in size which is located adjacent to the west side of the airport property. That 
one parcel is in the lower half of the northwest quadrant in Section 30 (see 
figure D-1). The landfill operation again involved the old trench and fill 
technique with no liner for ground water protection. Some of the contamination 
at the site may be from hazardous and toxic wastes. The Florida Department of 
Environmental Regulation has a site assessment underway to identify the amount 
and source of contamination. The county sold the site with the stipulation that 
any contamination would need to undergo cleanup efforts. The cleanup effort is 
under litigation. 

considering the existing contamination problems, use of the site is very 
questionable as a disposal area. To acquire the site for disposal would likely 
include the acceptance of existing contamination problems and require a costly 
cleanup effort prior to using the area for disposal. In addition to cost, the 
cleanup would require considerable time and effort to make the site acceptable. 
A liner would most likely be required to prevent water seepage in the disposal 
area from leaching down into the old landfill and causing further problems. 
Based on the potential problems, Site B is not a good potential alternative for 
a timely and cost efficient solution. As there are other sites in the vicinity 
of the airport with less potential problems and more cost efficient to utilize, 
no further consideration is given to site B. 

SITE "C" 

The feasibility report identified Site C as a sanitary landfill that needed 
cover material. The site has similar contamination problems as those discussed 
for Site B. Assuming the liability for a cleanup effort before using the 
landfill as a disposal area would be an expensive process in addition to the 
other costs to prepare the area for disposal. Based on the prospect of 
contamination problems, use of that site was not a consideration for further 
analysis as other undeveloped land in the area of the airport would be more cost 
efficient for upland disposal. 

SITE "D" 

Site D in the feasibility report was an undeveloped area in the southern half 
of Section 32, Township 34 South, Range 40 East, in st. Lucie County (see figure 
D-1). The site now is broken into 11 parcels with the largest being about 56 
acres of undeveloped land covered with trees and low vegetation. An adjacent 
parcel to the south has about 9 acres of undeveloped land which could be combined 
with the 56 acres for a total of about 65 acres. The combined acreage is 
potentially a low cost subdivision development of 5 to 9 units per acres. The 
area is sufficient for the disposal of material but the surrounding neighborhood 
influences would make utilization somewhat risky. 

The remaining parcels are small in acreage with development on two of them. 
The location of the two developed parcels is such that a usable combination of 
the other areas is difficult without including the developed areas. A paved road 
extends from east to west across the middle of the quadrant to further separate 
the parcels. Adjacent residential developments also exist on both the east and 
west sides of the 64 acre site. The close proximity of residential areas would 
also impact use as a permanent disposal area. Disregarding potential problems 
associated with locating the disposal site near residential areas, the 64 acre 
site is included as a possible disposal alternative for further evaluation. 
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SITE "E" 

This site was not in the feasibility report and comprises one parcel of land 
that is in the north half of Section 32, Township 34, Range 40 East, in st. Lucie 
County (see figure D-l). That parcel contains about 79 acres of vacant land and 
is zoned for light industrial use. Vegeti~tion on the parcel is mainly scrub, dry 
prairie, and mesic flatwoods. Previous uses may have been related to livestock 
based on the presence of a wooden loading chute on the property and woven-wire 
fencing around the property. Some of the ground cover was missing as if it was 
recently scraped leaving sandy material exposed in many areas. The acreage would 
be sufficient for a disposal area. As it is a marketable industrial tract in 
close proximity to the airport, use of 'che site will be evaluated further for 
both temporary and permanent dispoflc'). of dredged mat.er la1. 

SITE "F" 

This is the BO-acre site refer~ed Lo by Florida DER. The feasibility report 
did not include this site for an:'!l ys j '.'. The land be longa to tho Macl\rthur 
Foundation and consist of about 118 aCLes on the causeway lsland to the south of 
the port. The single parcel of I 'lnr] j, located in Section 2 of Township 35 
South, Range 40 East, in st. Luc 1..i'.' ·::CU. :, (see figure D-1). Current zoning on 
the site is for residential development. The parcel is bordered on the south by 
the Indian River and to the north l:'>y S7:."t':,: Koad Al.A. Portions of the property 
have already been used for ,Uaposal of ichUldy material from dredging of the City 
Marina. The county has an agreement. ,,·li.th t:he MacArthur Foundation to allow the 
beach quality sand to be removed fur beach nourishn'ent .. 

Interior dirt roads provide a~C83a to the diked areas. Land outside the 
diked areas and roads have natural veg(~tat.ion including palms, Australian pines, 
and scrub grasses. The site has been vacant for years and there are no current 
plans for residential development. Considering the location, the site has a very 
good potential for residential development and adjacent neighborhood influences 
make disposal over a long term somewhat doubtful. Use of the site will be 
evaluated further for both temporary and permanent disposal of dredged material. 

DESIGN CONSIDERATIONS 

The undeveloped, upland sites under consideration would require clearing and 
diking in preparation for disposal. To hold approximately 535,000 cubic yards 
of material from channel and turning basin excavation, an area of 65 acres would 
require diking to a height of 8 to 10 feet. Dike construction would involve the 
excavation and placement of about 65,000 cubic yards of material from within the 
disposal site. If the material at the disposal site is not suitable for dike 
construction, a borrow source would have to be located for the dike material. 
The expense of excavating, loading, and transporting the dike material to the 
disposal site would be an additional cost. At this time, the material within the 
potential disposal sites is assumed to be suitable for dike construction. 

Excavation of the bottom materials from the Ft. Pierce Harbor project and 
transport to the potential disposal sites involved the use of a hydraulic dredge 
with booster pumps, as required to move the material through a submerged 
pipeline. At this time, that type of equipment is considered to be the most 
efficient means to dredge and transport the material to the upland disposal sites 
under consideration. In estimating costs two size dredges were considered in 
determining the most efficient costs. 

In the situation where the upland area would be leased for use as a temporary 
disposal site, a secondary site would be necessary for final disposal. In 
discussions with county officials operating the sanitary landfill, use of that 
area would be a possibility, if the material is suitable. Assuming the dredged 
material is suitable, the material would need to be moved to the landfill after 
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it has had time to dewater. From the disposal areas near the port, the sanitary 
landfill is 8 to 10 miles away. To move that material overland, trucking is 
considered the most efficient means of conveyance when compared to pumping the 
material through a pipeline. The costs for the truck haul are shown in table 0-1 
along with other dredging and transport costs related to the alternative upland 
sites. 

DREDGING AND TRANSPORT COSTS 

In estimating the costs for initial excavation and material transport, the 
hydraulic pipeline dredge is considered to be the most efficient equipment for 
placing material in a upland area near the job site. other means of 
accomplishing the excavation are to use a hopper dredge with pumpout capability, 
a clamshell bucket, or dragline with the latter two requiring a crane and barges 
to operate. That equipment would need a vessel berth with landside access to 
unload the excavated material. The hopper dredge could either pump the material 
to an interim disposal area for eventual movement to a permanent disposal site 
or directly to the permanent site, if located nearby. The clamshell or dragline 
would place excavated material into a barge for transport to the shoreline where 
a dock would be necessary for unloading. The unloading process would depend on 
the distance to the disposal area. If the permanent disposal site is not more 
than 2 miles from the berth, the material could be pumped to the site from the 
barge. More distant areas may require an interim disposal site close to the 
berth which would be used for the material to dewater before truck hauling to the 
distant disposal site. The costs for those operations involve rehandling 
operations that are considered excessive in comparison to using a pipeline 
dredge. 

In determining the size of the pipeline dredge for the work, consideration 
was given to an 18 inch and 27 inch diameter pipeline. The amount of material 
for the dredges to handle remained constant at an estimated 535,000 cubic yards. 
For the more distant disposal sites (AI, D, and E), the 27 inch pipeline dredge 
provides a more cost efficient means to excavate and transport the material which 
is shown in table 0-1. For disposal site F, which is closer to the dredging 
area, the smaller 18 inch pipeline dredge provides a more cost efficient means 
to excavate and transport the material cost. 

TABLE D-1 

Estimated Excavation and Transport Costs 

Disposal Transport Unit Combined Dredge and 
Site Mode Distance Costs TransEort costs l 

Al 18" Pipeline 30,000' $6.50 $3,478,000 
27" Pipeline 30,000' 5.00 2,675,000 

D 18" Pipeline 18,000' 3.90 2,087,000 
27" Pipeline 18,000' 3.40 1,819,000 

E 18" Pipeline 18,000' 3.90 2,087,000 
27" Pipeline 18,000' 3.40 1,819,000 

F 18" Pipeline 5,000' 1. 70 910,000 
27" Pipeline 5,000' 1.80 963,000 

Sanitary 
Landfill 12 c.y. Truck 47,500,2 3.07 1,643,000 

Offshore 
Site Barge 26,400' 4.29 2,295,000 

1. Combined dredge and transport cost except for sanitary landfill site. 

2. Approximate distance from port area to sanitary landfill. 
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The cost estimates in table D-1 include no mobilization or demobilization 
expense necessary to move the equipment to and from the project nor any 
contingency costs associated with the dredging and disposal operation. The 
trucking cost for disposal in the sanitary landfill is only for the trucking 
operation and does not include any dredging costs to get material into an interim 
site for drying or the cost for obtaining and preparing the site. 

UPLAND AREA PREPARATION COSTS 

Preparation of the upland disposal site alternatives would involve diking, 
clearing, and grubbing about 65 acres as well as weir construction. The only 
exceptions would be the sanitary landfill, Site E, and Site F. The aanitary 
landfill has sufficient area reportedly available for the atoraga of 53S,000 
cubic yards of material without the need for any aite preparationa. Sita B ha. 
some cleared area with an estimated 80 percent needing to be cleared and grubbed 
before use. Site F has some diked areas which will need expanding for more 
acreage and possibly some additional work to raise the existing dikes to a higher 
elevation. The quantity of material estimated for dike construction was reduced 
by 30 percent to account for the existing dikes at the site. The estimated cost 
for preparing the disposal areas to receive the dredged material is in table D-2. 

Disposal 
Site 

A1 

D 

E 

F 

TABLE D-2 

Estimated Upland Disposal Area 
Preparation Costs 1 

Item Description 

Dike construction 
Clearing & grubbing 
Weir construction 

TOTAL 

Dike construction 
Clearing & grubbing 
Weir construction 

TOTAL 

Dike construction 
Clearing & grubbing 
Weir construction 

TOTAL 

Dike construction 
Clearing & grubbing 
Weir construction 

TOTAL 

Unit 
Quantity 

65,000 c.y. 
65 acres 

2 

65,000 c.y. 
65 acres 

2 

65,000 c.y. 
52 acres 

2 

45,500 c.y. 
65 acres 

2 

Total 
Costs 

$3.25 
1,400 
80,000 

$3.25 
1,400 
80,000 

$3.25 
1,400 
80,000 

$3.25 
1,400 
80,000 

Costs 

$211,000 
91,000 

160,000 

$462,000 

$211,000 
91,000 

160,000 

$462,000 

$211,000 
73,000 

160,000 

$444,000 

$148,000 
91,000 

160,000 

$399,000 

1. No cost included for mobilization or demobilization of equipment to do the 
site preparation work. 
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Infauna! abundance, often related to the productivity of the benthos, was reported as 

the total number of individuals per station and as the number of individuals per square meter. 

Species richness Was reported as both the total number of taxa represented in a given station 

collection and by Margalers Index D (Margalef, 1958). This is estimated as D = (S.-1){lnN, where 

S is the number of taxa and N is the number of individuals in the sample. 

Species diversity, which is often related to the ecological stability and environmental 

-quality" of the benthos, was estimated by the Shannon-Weaver Index (Shannon and Weaver, 

1963). The following formula has been applied: 

S 
H' = - I.:Pi(lnPi) 

i = 1 

where S is the number ofspedes in the sample, i is the ith species in the sample, and Pi is the 

number of individuals of the ith species divided by the total number of individuals of all species 

in the sample. 

Species diversity within a given community is dependent on both the number of taxa 

present (species richness) and the distribution of all individuals among those species (equitability 

or .evenness). To quantify and compare the equitability in th~ fauna to the species diversity for 

a given area, Pielou'slndex J' (Pielou, 1966) was calculated as J' = H'!ln S, where H' is the 

Shannon-Weaver Index of diversity (as calculated above) and S is the number of taxa in the 

sample. 

3.2 FAUNAL SIMILARITIES 

N1llllorienl clll!uiilimlion nUlllysiH (Boesch, HJ77) wns performed on tile faUlUll data to 

examine between-station differences at the Ft. Pierce Harbor site and to compare faunal 

composition at each station within the site .. Classification analysis bY both station (n~~~) . 

and species Onverse analysis) was performed by using the Czekanowski quantitative index of 

f.a~ similaritY (Ficld and M.ocFarlane, 1968) •. This index considers bothtbe number of species 

in common.and the difference in number of individuals among stations. Although it is weighted 
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The summary in table D-4 provides the estimated costs for representative 
upland areas in different locations with potential for use in the disposal of 
excavated material. The cost for offshore dispoaal of 535,000 cubic yarde of 
material is an estimated $2,295,000 as shown in table D-1. A comparieon of the 
offshore disposal costs with the different upland eitee coneideratione in table 
D-4 shows that offshore disposal is less expensive by $636,000 th.n the le •• t 
cost upland alternative of using Site D for permanent diapoaal of the material. 
Based on the results of the analysis, the conclusions is that distant areae 
around the airport would be too costly for use as would closer areas around the 
port and nearby inland properties. The offshore disposal site would be the 
preferred means of disposal. 
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TABLE D-4 

Sununary of Estimated Disposal' Area Costs 

Disposal Estimated 
Site Estimated use Cost it.ems Costs 

D Permanent disposal Excavation & 
transport $1,819,000 

Preparation 462,000 
Real estate 650,000 

TOTAL $2,931,000 

Temporary disposal Excavation & 
transport $1,819,000 

Preparation 462,000 
Real estate 260,000 
Truck to landfill 1,643,000 

TOTAL $4,184,000 

E Permanent disposal Excavation & 
transport $1:,819,000 

Preparation 444,000 
Real estate 1,300,000 

TOTAL $3,563,000 

F Temporary disposal Excavation & 
transport $1,819,000 

Preparation 444,000 
Real Estate 520,000 
Truck to landfill 1,643,000 

TOTAL $4,426,000 

Permanent disposal Excavation & 
transport $ 910,000 

Preparation 399,000 
Real Estate 3,250£000 

TOTAL $4,559,000 

Temporary disposal Excavation & 
transport $ 910,000 

Preparation 399,000 
Real Estate 1,300,000 
Truck to landfill 1£643£000 

TOTAL $4,252,000 
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1.0 . INTRODUCTION 

The Ft. Pierce Harbor, FloriC:la Ocean Dredged Material Disposal Site (ODMDS) was 

investigated by the U. S. Environmental Protection Agency (EPA) during March 1992 as part of 
, 

a monitoring study of disposal at that site. One aspect of this evaluation was ben~c community 

characterization, which was accomplished via sample collection by EPA personnel and via 

laboratory and data anaJ,ysis by Barry A. Vittor & Associates, Inc. (BV A). 

The Ft. Pierce Harbor ODMDS is centered approximately at coordinates 27°28.0' and 

80 ° 12.0'W (Figure 1). Four benthic monitoring stations were located within the disposal area and 

seven stations were ~just outside this area, which measures approximately 1.1 nmi wide and 

1.1 nmi long (Figure 1). Station coordinates and approximate water ~eptbs are provided in Table 

1. 

2.0 METHODS 

2.1 SAMPLE COLLECTION AND HANDLING : 

Divers used handheld cylindrical corers to collect bottom samples with a diameter of 

10 em, or a surface area of 0.0079 m 2• ~n replicate cores were obtained at each of nine 

stations, and 30 replicates were collected at each of two other stations. Macroinfaunal samples 

were sieved through a O.6-mm mesh screen and 'preserved with 10% formalin on the ship. 

Macroinf'aunal samples were transported to the BVA laboratory in Mobile, Alabama. 

The larger number ofreplieate cores was collected to ~~ tl?-e .. 11~ of replicates 
" 

needed to adequate\y represent the numbers of species in ~thic assemblages in the stu~ area. 

Sampling representativeness was evaluated on the basis of species-area curves, and via the method 

of Dennison and HssY (196'1), for each of the two stations. As shown in Figure 2, the number of 

replicates needed to ~present the total infal1DaJ assemblage at each site was estimated to be in 
, ! .• Ii'" , 

the range from 16 to 16.111 The former (16) was selected as'the most appropriate number of 

replicates to be analyzed f~r the remaining nine stations. 

.1 ~, • ,.' 1 
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Figure 1. Locations of benthic and sediment sa.pling stations at the Ft. 
Pierce, Florida ODMDS. 
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Table 1. Ft. Pierce Harbor, Florida ODMDS benthic sample station coordinates and 
approximate water depths. 

STATION DEPTH(m) LATITUDE (N) LONGITUDE (W) 

1 27°28.93' SOo12.00' 

2 14.0 27°28.52' 80°13.10' 

3 27°28.52' 80°12.55' 

4 15.0 27°28.56' SOol1.97' 

5 14.5 27°28.70' SO ° 11.00' 

6 27°27.79' SOo12.S7' 

7 27°27.79' 80°11.72' 
: 

8 14.0 27°27.50' 80°10.88' 

9 12.0 27°27.45' SOo12.88' 

10 13.0 27°27.27' SO ° 12.00' 

11 27°26.50' SOo12.00' 

........ 

J .. ~! '. i .. 

. \.1 .... :.;. .,., . 
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Figure 2. Species saturation curves for benthic macroinfauna sampling 
at the Ft. Pierce, Florida ODHDS in Karch 1992. 
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Two additional handheld· cores were collected at each station for sediment teXture 

analysis. Sediment samples were placed in plastic bags and frozen onboard the ship. 

2.2 SEDIMENT ANALYSIS 

Sediment texture was determined at laalf-phi intervals, using the hydrometer technique 

for fractions smaller than 44 Ilm and nested sieves for larger fractions.· 

Texture parameters that were computed included percent gravel, sand, silt, and clay. 

In addition, textural descriptions were generated, based on the Wentworth Scale. Organic content 

was measured as ash-free dry weight, expressed as percent. 

2.8 MACROINFAUNAL SAMPLE ANALYSIS 

Upon arrival at the BVA laboratory, samples were inventoried, then rinsed gently 

through a O.5-mmmesh sieve to remove preservatives and silt, and then stored in '10% isopropanol 

solution until processed. ':.. -.' 

" 
Sample material (consisting of sediment, detritus, and organisms) was placed in a white 

epame1 tray for examination under a WJld M-5A dissecting microscope. All macroinvertebrates 

found. w~ careful\y removed with forceps and p1aced. in appropriate glass vials containing '10% 

isopropanol,· according ,to. ~or. taxonomic' ~ (Le .. Pobrcbaeta, Mollusca, Crustacea, 

Echinoderm.ata, and Others). 

All macroinfiuJDa recovered during sample ,rough-sorting were identified down to the 

otherwise unidentifiable animals). The numbers of indiViduals of each taxon, ~uding ~ents, 

were recorded. 

'.' A voucher collection was prepared, composed. of representative individuals of each 

': ,species not-previousJ.Y. ~untered in samples from the Ft.·Pierce ODMDS area. Specimenswere 

;;!'i,.~ in ~~:lrith;~ ~_pnd.labeled. The J8be1.,~ in 

India Ink, contained the species name, project location, statiOn and replicate,'.collection·date, 
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taxonomist's name or initials, identification date, and the number of specimens prescnt in the vial. 

fudividual vials were placed inside museum jars with preservative, cataloged, and added to the 

project voucher collection. 

, Wet-weight biomass of mnjor taxonomic groupH (i.c., Polychndll, MOUW;"'II, (:rwll.lu·'·II, 

Echinodermata, Miscellaneous) was measured for each lll.UCroiuIuUlW tlIunple, "ner idcllliliell-

tion/enumeration. Each set of organisms was removed from its sample vial, blol-dried on fIller 

paper, and then weighed on a Mettler balance accurate to ±O.l mg. 

3.0 DATA ANALYSIS METHODS 

The analytic strategies and methods used for this study are currently incorporated in 

similar benthic communi~ characterization reports prepared for EPA ODMDS surveys in the Gulf 

of Mexico (e.g., Vittor & Associates, 1991). Through the use ofvarious univariate and multivariate 

statistical analyses, large data sets can be reduced and synthesized. to reveal important trends and 

ecological relationships in the benthic community. Benthic community analysis ~nerally includes 
. 

habitat characterization and characterization of macroinfaunal assemblages. 

Macroinfaunal characterization involves an evaluation of several biological community 

structure parameters (e.g .. species composition, species diversity indices, biomass measurements) 

during initial data reduction, followed by pattern and c1aMifieation analysis for delineation of 

species assemblages. Because species are distributed along environmental gradients, there are 

generally no distinct boundaries between communities. ' However, 'the relationships between 

habitats and species assemblages reflect the interactions of p~ and 'biolOgical factors and 

express the major ecological trends. 

8.1 COMMUNITY STRUCTURE 

Various types of numerical indices were chosen for anaJ,ysis and interpretation of the 

macroinfaunal·'database.SeIection was based primarily on the ability of the indices to provide a 

meaningful Summary·of·data,.as wen as on their usefulness in the ebaracterization of benthic 

. connitunities. d ", ,~;, , ' ()j , 
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c, 

Infauna! abundance, often related to the productivity of the benthos, was reported as 

the total number of individuals per station and as the number of individuals per square meter. 

Species richness Was reported as both the total number of taxa represented in a given station 

collection and by MargaIers Index D (Marplef, 1958). This is estimared as D =-= (S.-1)/lnN, where 

S is the number of taxa and N is the nwnber .f individuals ia the sample. 

Species diversity, which is often related to the ecological stability and environmental 

-quality" of the benthos, was estimated by the Shanmm-Weaver Index (Shannon and Weaver, 

1963). The following formula has been applied: 

S 
H' = - EPi(lnPi) 

i = 1 

where S is the number of species in the sample, i is the ith species in the sample, and P 1 is the 

number of individuals of the ith species divided by the total number of individuals of all species 

in the sample. 

Species diversity within a given community is dependent on both the number of taxa 

present (species richness) and the distribution of all individuals among those species (equitability 

or .evenness). To quantify and compare the equitability in th~ fauna to the species diversity for 

a given area, Pie1ou's Index J' (pie1ou, 1966) was calculated 85 J' = H' /In S, where H' is the 

S~on-Weaver Index of diversity (as calculated above) and S is the number of taxa in the· 

sample. 

3.2 FAUNAL SIMILARITIES 

Numerical clas.crification analysis (Boesch, 1977) was performed on the faunal data·to 

examine between-station differences at the Ft. Pierce Harbor ~te and to compare faunal 

composition at each station within the site .. Classification analysis bY both station (no~~) 

and species (InVerse analysis) was performed by using the Czekanowski quantitative index of 

faun,a1 similarit.Y (Ficld and MacFarlane, 1968). This index considers both the. number of species 

in common'.and the difference in number of individuals among stations. Although it is weighted 
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Stations 2,5,9, and 11 were characterized by at least 30% gravel (probably shell hash). Highest 

percent clay was found at Station 10, where gravel was only 1.5%. The largest silt fraction (3.1%) 

occurred at Station 6, which was located in the northwest corner of the new diHposa\ IIn'll. I A)Wt't;t 

percent ~ilt plus clay was observed at Station 1, which wa ... locllt.t~d north or t.hl' tli:lpO!III\ "ii". 

Highest organic content was found at Stations 5 and 6. Station fi wns 1<X:lIted nortllt'lllit of tilt' 

disposal site. 

5.0 BENTHIC COMMUNITY CHARACTERIZATION 

5.1 FAUNAL COMPOSITION, ABUNDANCE, AND COMMUNITY S1'RUCTURE 

Species enumeration at each of the survey stations was presented as Data Summary 

Reports, which are provided separately to EPA Each report includes a phylogenetic listing, by 

station, of species count data and percent representation of each taxon, plus number of species, 

individual density, and basic community statistics (i.e., species diversity, species evenness, and 

species richness). Appendix A provides a complete phylogenetic species list for all·survey stations 

combined. 

A total of 11,256 individuals, representing 417 taxa, was identified from 165 samples 

(Table 3). Annelids contributed the largest number oft&xa (164, or 39.8%), and largest number 

of individuals (6,006, or 63.4%) censused. Five of the top 10 taxa were polycbaetes. Dominant 

polychaetes included Goniadides carolinae, which was the ~econd most-abundant taxon, Serpulidae 

r IL), SchistomeringO$ pectinata, Dendatisyllis carolinae, 8D.dS~ioPIJ.~esbombyx. Most of 

these taxa. are associated p~ with grayelly sand sediments. (S. bomb;yx is more typical of 

sandy silt sediments). 

Arthropods contributed the second-highest number of species (117, or 28.1%) and the 

third-highest number' of individuals sampled (1,211, or 10.8%). The most abundant arthropod was 

the cumacean Cyclaspis varians, which ranked seventeenth in overall abundance. Other 

numerically important species included the amphipodErichthonius bT'tUiliensis and the Cl1maceans 

Cyclaspis pustulaJa and Oxyurostylis (LPIL). 
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Table 3. Taxonomic listing 
March 199.2. 

and abundance of phyla an. numerically dominant taxa from EPA - Ft. Pierce survey, 

f!!!!&!1 NO. INDIVIDUALS , 'l'O'rAL 'TAXA , TOTAL 

ANNELIDA 6006 53.3582 164 39.33 
NlLLUSCA 1192 10.5899 105 25.18 
ARTHROPODA 1211 10.7587 117 28.06 
ECHINODERMATA 1781 15.8227 10 2.40 
0'l'HER PHYLA 1066 9.4705 21 5.04 -------- --------
'l'OTALS 11256 417 

NUMERICALLY DOK!NANT SPECIES 

NO. STATION , 5TATION 
~ INDIVIDUALS ~ CUMULATIVE , OCCURRENCE OCCURRENCE 

01'HIUROIDEA (LPIL) (B) 1430 12.7043 12.7043 11 100.00 
OORIADIDES CAROLlNAE (P) 975 8.6620 21. 3663 11 100.00 
OLlGOCHAE":U (LPIL) (0) 888 7.8891 29.2554 11 100.00 
5ERPULIDAE (LPIL) (P) 837 7.4360 36.6914 11 100.00 
SCHIS'l'OMERINOOS PECTINl\TA (P) 591 5.2505 41.9419 11 100.00 
RHYNCHOCOELA (LPIL) (R) 387 3.4382 45.3801 11 100.00 
HOLO'l'll1JlUA 51'.A (E) 258 2.2921 47 .6722 10 90.91 
CAECtIH 8P.A (H) 211 1.8746 49.546B 10 90.91 
DBllTA:rI8YLLI8 CAROLINAE (P) 177 1.5725 51.1193 11 100.00 
SPI01'BANBS BOHBYX (P) 143 1.2704 52.3897 11 100.00 
ASPIDOSIPBOII ALBOS (8) 130 1.1549 53.5446 10 90.91 
BETBRIJPODI.lIl PORHALIS (P) 109 0.96B4 54.5130 10 90.91 
ACTIHIARIA (LPIL) (Cn) 100 0.8B84 55.4014 10 90.91 
LUMIIRIlmRIDBS Acov. (P) 97 0.8618 56.2632 11 100.00 
BBAWAIIIA~ (P) 95 0.8440 57.1072 11 100.00 
ARCISTBOSYLLIS BARI:KARAE (P) 89 0.7907 57.8979 11 100.00 
CYCLASPIS VARIA!iS (C) 88 0.7818 58.6797 11 100.00 
JroRICB VI'l"rATA (P) 86 0.7640 59.4437 8 72.73 
HALDARmAE (LPIL) (P) 0 0.7640 60.2077 11 100.00 
HEDIOMAS'l'US (LPIL) (P) 84 0.7463 60.9540 10 90.91 
PRIOROSPIO CRIsv.n (P) 77 0.6841 61.6381 11 100.00 
CAECtIH c001'ERI (H) 76 0.6752 62.3133 11 100.00 
01'ISTnODONTA 51'.D (1') 72 0.6397 62.9530 10 90.91 
POLYOORDIUS (LPIL) (1') 72 0.6397 63.5927 11 100.00 
ECHINOIDEA (LPIL) (El 72 0.6397 64.2324 10 90.91 
PRIOHOS1'IO (LPILI (1') 71 0.630B 64.8632 10 90.91 
ElCOGONE LOUREI (P) 69 0.6130 65.4762 11 100.00 
PBAnCOLIOR 8P.B (8) 68 0.6041 66.0803 10 90.91 
ERICllTHORIUS BRASILIENSIS (Cl 63 0.5597 66.6400 11 100.00 
CYCLASPI8 PUSTULAXA (C) 63 0.5597 67.1997 7 63.64 
oxrtmos'rYI.l:8 (LPIL) (Cl 59 0.5242 67.7239 11 ' 100.00 
KAGELORA SP. C (P) 58 0.5153 68.2392 9 81.82 
s:uRBELLARIA (LPIL) (Pl) 53 0.4709 68.7101 11 100.00 
18CHROCBI'l'OlIf 81'. C (H) 52 0.4620 69.1721 10 90.91 
CRABSItIBLLA LUIruLA'l'A (H) 51 0.4531 69.6252 8 72.73 
ERVILIA CORCENTRICA (H) 50 0.4442 70.0694 10 90.91 
B1IAIiICHIOS'l'OKA FLORIDAE (Ce) 49, 0.4353 70.5047 9 81.B2 
pIOROSYLLm GRSAE (P) 48 0.4264 70.9311 10 90.91 
CYCLASPI8 51'.D (C) 47 0.4176 71.3487 5 45.45 
BEKlPODOS lnSEUS (P) 46 0.4'087 71.75-74 ·10 90.91 
PHYLLODOCmAE (LPIL) (P) 44 0.3909 72.1483 9 81.B2 
LII.JB!IOItGIA SP.A (C) 42 0.3731 72.5214 10 90.91 
Cl1'BXLu. DBBTICIJI.ATA (P) 41 0.3643 72.8857 5 45.45 
PARAPIORQSYLLXS tnml!:I.ACJ:ERA (P) 41 0.3643 73.2500 7 63.64 
nPOSYLLm AKICA (1') 41 0.3643 73.6143 9 81.82 
1lOWMARIXLLA PORl'ORICERSl8 (C) 39 0.H65 73.9608 9 81.82 
SCHlIJ'J.'OKKRDlOOS CP. RUDOLPHI (P) 38 0.3376 74.29B4 7 63.64 
ARERB !rRICA1lI1Un (H) 38 0.3376 74.6360 9 81.82 
PLU:OSYLLI8 QUADRIClCtJ'LAn (P) 35 0.3109 74.9469 9 81.82 
8!!BRIJ !!RIA SP.A (P) 35 0.3109 75.257B 7 63.64 
BnlOMBlPORKIB ADlUCIJlC'l'IJS (H) 33 0.2932 75.5510 ·9 -81.82 
CRASSDIBLLA HARrIlilCENSI8 (H) 32 0.2B43 75.8353 10 90.91 
HRYRl!U!! SP.E (H) 31 0.2754 76.1107 4 36.36 
C1lmA!1'OI.IDAE (LPIL) (1') 30 0.2665 76.3772 9 81.82 
AOIIIIDBS KAYAGUEZERSI8 '"'(PI 30 0.2665 76.6437 9 81.B2 
PAG1JRIDAE (LPIL) (C) 30 0.2665 76.9102 10 90.91 

(C) - Crustacea, (Ce) - Cophalochordata, (Cn) - Cn1c!aria, (E) - Echinodermata, (H) - Mollusca, (0) - 011gochaeta, (1') - Polychaeta, (1'1) - Platyhelminth •• , (R) - Rbynchocoola, (S) - SipWlcula 

\ 
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Molluscs ranked third in species abwldance (105, or 25.2%) and fourth in individual 

abWldance (1,192, or 10.6%). Caecum sp. A was the most abWldant mollusc taxon present, and 

eighth most abWldant overall. Other dominant mollusCan taxa were Caecum coo peri and 

Ischnochiton sp. C. 

Echinoderms were represented by only 10 taxa (2.4%), but ranked second in individulIl 

abWldance (1,781 or 15.8%). An Wlidentified ophiuroid was the most nlllllldant taxon IIlIlI 

comprised 15.8% of all organisms censused. 

Other phyla comprised approximately 9% of individuaL<, and G% of UIXll. 'j'he most 

abWldunt miscellaneo~ taxon was Rhynchocoeln (LPIL) , which ranked sixth in abWldance. 

Thirteen phyla were represented anlong the infaunal community (Appendix A). 

CommWlity statistics by station (Table 4) reflect very high similarity anlong stations. 

Species abWldance ranged from 184 to 184 while individual abWldance ranged from 6,489 to 

ll,189/m2 • Mean densities were very uniform with respect to intra-station variability, and 

coefficients of variation ranged from 25.8% (Station 7) to 61.8% (Station 8). Station 11, which was 

located furthest from (south 00 the disposal site had a moderate number of taxa (188), while 

Station 10, which was located in the south portion of the old disposal site had 184 taxa and the 

lowest individual abWldance. Extremely high individual abWldance at Station 5 was attnouted to 

several domiruint taxa, including the polychaete Serpulidae (LPIL), the echinoderm Holothuria sp. 

A. and the mollusc Caecum sp. A Station 6 also had very high individual abWldance, and was 

dominated by Ophiuroid~ (LPIL). 

Shannon-Weaver species diversity H' ranged from 8.20 (Station 6) to 4.82 (Station 8), 

and was very high at all sample stations. As stated earlier, Station 6 infauna were dominated by 

. the echinoderm Ophiuroidea (LPIL) which comprised 88.5% of the organisms present at that 

station. This taxon was also the numerical dominant at Station 8, but comprised less than 14% 

of total individuals. 
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Table 4. Benthic community statistics for monitoring performed at the Ft. Pierce, Florida 
ODMDS in March 1992. 

STATION TOTAL MEANTAXA TOTAL NO. MEAN STANDARD 
NUMBER TAXA PERREPL. INDIVIDUALS DENSITY DEVIATION H' 

1 162 29.7 990 8864 8594 8.97 
2 168 29.4 872 7859 2672 4.09 
8 189 27.4 1006 8481 8211 8.60· 
4 185 26.2 772 6515 2678 8.89 
6 175 26.0 1820 11189 8817 8.84 
6 141 19.0 l224 10829 8919 8.20 
7 141 81.9 1181 9644 2461 8.62 
8 184 86;8 1184 9570 6869 4.82 
9 168 86.0 1088 8118 4187 8.84 

10 184 26.8 768 6489 8448 3.84 
11 188 26.0 1012 8641 4855 8.46 

::: .'.;. 
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0.79 21.89 
0.81 22.45 
0.73 19.96 
0.79 20.15 
0.74 24.22 
0.65 19.69 
0.73 19.91 
0.83 26.02 
0.76 22.62 
0.78 20.04 
0.70 19.80 
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BRANCH [QSTOHA FLORIDAE 
PHYLLODOC IDAE (LPIL) 
STROMBIFORMIS AURICINCTUS 
ISCHNOCHITON SP.C 
PLAKOSYLLIS QUADRIOCULATA 
CRASSINELLA KARTINICEN$IS 
AONIDES KAYAGUEZENSIS 
ECHINOIDEA (LPIL) 
HETEROPODARKE FORHALIS 

~ 
LILJEBORGIA SP:A 
PIONOSYLLIS GESAE 
BOWHANIELLA PORTORICENSIS 
OXYUROSTYLIS (LPIL) 
CYCLASPIS VAIlIANS 
ERICUTRONIUS BRASILIENSIS 
DENTATISYLLIS CAROLINAE I--- -SPIOPHANES BOHBYX -
EXOGONE LOURE I -
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:=J-
~ 

PRIONOSPIO CRISTATA 
PHASCOLION SP. B 
TURBELLAB.IA (LPIL) 
POLYGORDIUS (LPIL) 
CAECUM COOPERI 

I""'-
~ 1 

TYPOSYLLIS AKICA t--HEDIOKASTUS (LPIL) 
ARERE TRlCAlUNATA 
ERVILIA CONCEHTRICA 

SJ ANCISTROSYLLIS RAIlTKANAE 
ASPlDOSIPHON ALBUS 
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RO~ SP.A 
CAECUM SP.A r- 3 OPISTHODONTA SP. B 
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OPHIUROIDEA (LPlL) 
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}II r.un~ /f. Inverse (species) classification analysis dendrogram for infauna 
Illimpled nt the Ft. Pierce, Florida ODtmS in March 1992. 
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Table 6. Data matrix of station and species groups compiled from classification analyols dendrograms (or 
EPA Fort Pierce Rarbor, Florida OD~~~nthi~==::~Y-,_ ~rc:~~~2" 

-
B RANCBIOS'l'OMA FLORIDAE 
P HYLLODOCIDAE (LPIL) 
S TROMBlFORKIB AURICINCTUS 
I BCllNOCBlTON B1'.C 
P LAmSYLLIS QUADRIOCULATA 

SINBLLA HARTINlCENSIS CRAB 
AO NIDES HAYAGUEZENSIS 

CRINOIDEA (LPIL) E 
HE'l'ERO 
L 

PODARKE FORHALIS 
ILJEBORGIA S1'.A 
IONOSYLLIS GESAE P 

BOWMAN 
OXYUR 

!ELLA POR'l'ORICENSIS 
OSTYLIS (LPIL) 

CYCLAS1'IS VARIANS 
ERICHTBONIUS BRASILIENSIS 
DENTA!rISYLLIS CAROLlNAE 
BPIOPHANES BOKBYX 
EXOGONE ~I 
HALDANIDAE (LPIL) 
BHAWANIA BETEROSEV. 
LUKBlUlIERIDES ACUTA 
PRIONOSPIO (LPIL) 
PRIONOSPIO CRISTA!rA 
PBASCOLION SP.B 
~(LPIL) 
POLYGOlU)IUS (LPIL) 
CAECUM COO1'ERI 
TYPOSYLLIS AMICA 
MEDIOMAS'l'US (LPIL) 
ARENE TRICARINA!rA 
ERVILIA CONCENTRICA 
ANCIS'l'ROSYLLIS HARTMANA.E 
AS1'lDOSI1'HON ALBUS 
HAGELONA S1'. C 
HEMIPODUS ROSEUS 
PAGURIDAE (L1'IL) 
CIRRA!rULIDAE (LPIL) 
ACTINIARIA (LPIL) 

CYCLASPIS 1'USTULATA 
1'ARAPIONOSYLLIS UEBBI.AC%ERAE 
SCBISToMElUNGOS CP. RUDOLPHI 
CRABSlRELLA L~ 

HOLOTHUilIA S1'.A 
CAECUM S1'.A 
O1'ISTSODONTA 81'.B 
EUNICE VITTAV. 

OPHIlJlU)mEA (LPIL) 
OLIOOCBAETA (LPlL) 
GOIIUDmES CAllOLlNAE 
SBRPULmAE (LPlL) 
8CBIIr.I."OKBRIl(OOS P~ 
REIYlfCBOCOBLA (LPlL) 

8AJIELLA1lIA SP.A 

CYCLASPIS SP.D 

OPHELIA DE!lTIctJLM!A 

HELANBLLA SP.B 
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9 
3 
9 
1 
6 
2 
2 
2 
4 
2 
2 
2 
3 
J 
1 
7 
5 
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8 

14 
15 

3 
2 
6 
2 
2 
1 
0 
0 
0 
2 

11 
25 

9 
10 

1 
4 
6 

5 
3 
0 
9 

1 
12 
11 

1 

87 
187 
173 

55 
22 
44 

3 

0 

0 
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A 

9 7 6 

4 6 3 
4 7 3 
5 1 7 
5 13 4 
5 7 3 
5 4 0 
2 6 3 
5 9 2 
6 20 2 
3 2 2 
5 3 4 
1 4 2 
2 J 8 
4 1 2 
5 J J 

15 17 6 
13 17 19 

8 5 6 
14 8 6 
19 11 10 

2 14 15 
3 6 10 
6 11 13 
6 6 15 
7 4 9 
9 4 14 
8 12 7 
4 5 6 

10 40 5 
7 7 1 
6 3 2 

16 8 11 
8 6. 11 

13 10 8 
3 6 6 
1 2 1 
3 2 1 
1 1 0 

5 10 13 
2 8 2 

11 7 1 
5 '6 12 

21 0 12 
20 16 5 
12 4 1 

3 0 3 

177 181 410 
89 144 81 
76 127 145 
89 82 46 
47 39 42 
23 26 44 

0 1 0 

0 0 0 

0 0 0 

4 0 0 

II1JK1lKlt lIlllIVlIlllAl.lt/l;'""TlIlN 

B c 
10 2 5 8 4 3 1 

0 6 10 4 5 2 0 
3 4 8 0 11 0 1 
1 4 1 0 4 1 0 
1 4 6 3 1 0 14 
2 4 2 !> 0 0 1 
1 9 1 5 1 1 3 
8 5 1 1 0 2 0 

16 0 1 7 10 10 10 
18 0 2 15 17 15 10 

7 0 4 5 10 5 2 
11 0 1 6 9 1 4 

4 0 J 7 6 10 0 
14 2 1 14 4 6 2 
19 10 5 25 J 7 9 

5 10 4 9 18 1 4 
9 13 15 47 12 22 14 

15 9 17 12 22 6 8 
5 7 10 14 5 1 3 
8 6 12 10 2 2 10 

10 13 5 4 '2 1 6 
5 11 11 3 5 3 13 
2 10 8 9 9 11 0 
6 3 8 7 11 9 1 
6 0 7 11 7 2 2 
6 2 5 6 3 3 6 
1 14 18 1 ~ 5 2 
1 3 1 7 6 7 23 
0 3 1 7 3 8 4 
2 8 1 12 1 3 2 
3 4 7 0 1 3 5 
4 4 2 0 8 14 5 
5 11 2 2 5 16 2 
1 3 3 0 49 22 2 
1 2 0 0 5 2 8 
3 4 0 1 2 7 4 
0 3 6 5 3 2 6 
0 1 0 3 3 8 5 
3 3 12 60 2 7 5 

5 0 11 14 0 0 0 
5 0 9 12 0 0 0 
3 1 6 9 0 0 0' 
6 0 10 0 0 1 2 

10 36 138 4 1 1 34 
2 22 116 9 0 1 8 
1 19 15 5 0 1 3 
1 2 63 12 0 0 1 

89 35 18 ISO' 73 129 81 
88 72 25 16 51 26 109 
66 II', 40 24 53 110 47 

7 42 261 48 33 66 108 
54 25 20 50 71 168 53 
43 30 37 30 43 44 23 

1 0 4 22 1 0 3 

0 5 5 0 13 4 20 

4 0 0 10 4 5 18 

3 13 0 0 0 0 0 



amoWlts of silt, and low percent or~cs. Group C stations were located both within and outside 

the disposal site. 

Classification of the 66 taxa at the 11 statioos was interpreted at a five-group level 

(Figure 4). This classification based the grouping of species OIl their overall distribution patterns. 

Species groups were relatively homogeneous and were de1iDeatec1 at a ~ or higher level of . 

similarity. The relationship of species or species groups to the probaW.e habitat types identified 

through classification of stations was best represen.te4 by a two-WBl" coiD.c:i.clenca table in which a 

data matrix was arranged by station and species groups (Table 6). Quantitative interpretation of 

the degree of coinciden~e between station groups and species was then examined via nodal analysis 

of constancy, fidelity, and abWldance. Nodal diagrams (Figure 5) are discussed below. 

Species Group 1 contained 88 of the 66 taxa considered, and represented a diverse 

assemblage typical of both shelly sand and silty sand habitats. Species Group 1 contained 

moderately dominant taxa, including Spiophanes bombyx, Caecum coopui, ~d Dendatisyllis 

carolinae. Group 1 species showed high constancy, fidelity, and abundance at Group A stations. 

These taxa showed moderate association with station Group C (those with lower percent gravel). 

Species Group 2 contained 4 taxa, most of which are generally characteristic of silty 

sand habitats. The species in this group were moderately abundant; but were not among the most 

dominant taxa. Group 2 showed high constancy and fidelity at Group A stations, but bad generally 

lowaffmity for this group with respect to abundance. Species Group 2 bad low affinity for station 

Groups A and B. 

Species Group 8 also contained 4 taxa, generaUy associated with silty sand substrates 

(e.g., the echinoderm Holothuria sp. A; the gastropods Caecum sp. A and Opisthodonta sp. B; and 

the poJycha.ete Eunice vittata. These species :were locaD.y abundant, and had high constancy and 

fidelity at Group A stations, despite the presence of coarser substrate at Group A stations. 

Species Group 4: contained 6 of the 66 taxa. These taxa generaIJ.y associated with both 

silty sand and shell-bash sediments, and were the most abundant taxa censused. Group 4: species 
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Figure 5. Nodal analysis diagrams of groups based on numerical 
classi.fication analysis for the Ft. Pierce, Florida 
ODMDS benthic survey, March 1992. 
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showed high constancy, fidelity, and abundance at Group A stations, and high constancy and 

abundance at Group C stations. 

Species· Groups 5, 6, 7, and 8 each contained only one species. These taxa. occurred in 
, 

low numbers at most stations. 

6.3 SPECIES ASSEMBLAGES 

The above analyses of the Ft. Pierce Harbor infauna! data indicated the presence of 

two main species assemblages, based on apparent habitat type. Representative taxa are listed 

below. 

Gravelly Sand assemblage (Stations 2.5.6.7.9. 10. 11) 
I 

Bhawll!'ia heteroseta (P) 
Lumbrinerides acuta (P) 
Polygordius (LPIL) (P) 
&histomeringos c£ rudolphi (P) 
Eunice vittata (P) 
Holothuria sp. A (E) 
Caecum sp. A (M) 
Opisthodonta &p. 13 (M) 

Silty sand assemblage (Stations I. 3, 4, 8) 

Aspidosiphon albus 
Ervilia concen.trica 
Ophelia denticulata 
Cyclaspis sp. D 
Caecum cooperi 

(S) 
(M) 
(P) 
(C) 
(M) 

These assemblages were not clearly distinguished at the Ft. Pierce ODMDSJ due to the generally . 

high similarity among stations. 

6.0 SUMMARY 

The results of the benthic survey of the Ft. Pierce Harbor ODMDS may be summarized 

as follows. 

1. Coarsest (gravelly sand) bottoms occurred in the southern portion of the study area, 

and silty sand stations occurred in the northern part of the disposal site. Percent silt, clay. and 

organic was very low throughout the study area. 
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2. Annelids, arthropods, lind molluscs ('ontriillll.,'d tI\I' lIuUoril.v of 11Ixti '"C"llllw\t",1 ,lu!'iug 

the survey, while annelids, echinoderms, and arthropods accounted for ther,rentm;l pruJlurtioll of 

individuals. 

3. Species abundance was very high at all stations, with greatest numbers of taxa at 

stations characterized by sand sediments with high gravel content. Somewhat lower species 

abundance occurred at stations that exhibited low to high percent gravel 

4. Individual abundance was moderately high and was generally uniform throughout the 

study area, and did not appear to be related consistently to sediment texture. 

5. Species diversity, evenness, and richness were very high throughout the study area. 

Highest diversities were not consistently related to elevated percent gravel 

6. Community classification analyses indicated the presence ·of two IlUljor station groups 

and four major species groups. Station groups were related primari1y to location and percent 

gravel Species groups also showed correspondence to these parameters. 

7. N oda! analyses identified constancy, fidelity, and abundance of species groups in relation 

to station groups, and showed two infauna! species assemblages based on habitat type: gravelly 

sand and silty sand species assemblages. 
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TAXONOMIC LISTING 
Taxonolic Species List 09125/92 
EPA - Ft. Pierce -- March 1992 
::=============:::::=:::=:=:=====::::=========:=====::=========::======:===:::== 

ANNELIDA 
OLIGOCHAETA 

POLYCHAETA 
OLIGOCHAETA (LPIL) 

ACROCIRRIDAE 
HACROCHAETA SP.A 

AHPHARETIDAE 
AHPHARETE (LPIL) 
AHPHARETE SP.A 
AHPHARETIDAE (LPIL) 
ISOLDA PULCHELLA 

AHPHINOHIDAE 
EURYTHOE SP.B 
PARAHPHINOHE SP.8 

ARABELLIOAE 
ARABELLA HUTANS 
ARABELLIOAE (LPIL) 
ORILONEREIS SP.E 
LABROROSTRATUS (LPIL) 

CAPITELLIDAE 
CAPITELLIOAE (LPIL) 
OASYBRANCHUS SP.C 
HEOIOHASTUS (LPIL) 
HEOIOHASTUS CALIFORNIENSIS 
NOTOHASTUS (LPIL) 

CHAETOPTERIDAE 
KESOCHAETOPTERUS (LPIL) 
KESOCHAETOPTERUS CAPEHSIS 
SPIOCHAETOPTERUS OCULATUS 

CHRYSOPETALIOAE 
BHAWAHIA HETEROSETA 
PALEANOTUS SP.A 

CIRRATULIDAE 
CAULLERIELLA (LPIL) 
CAULLERIELLA CF. ALATA 
CAUlLERIEllA SP.B 
CIRRATUlIOAE (LPIL) 
OODECACERIA SP.A 
THARYX CF. AHHULOSUS 

OORVILLEIOAE 
PETTIBONEIA DUOFURCA 
SCHISTOHERINGOS CF. RUDOLPHI 
SCHISTOKERIHGOS PECTIHATA 

EUNICIOAE 
EUNICE SP.B 
EUNICE SP.C 
EUNICE VITTATA 
EUHICIDAE (lPIL) 

lYSIDICE SP.G 
Page 1 
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TAXONOMIC LISTING 
Taxonolic Species List 09125/92 
EPA - ·~t. Pierce -- HaTch.1992 
=:=:=:=::==:=====::=:=:=:~================================:=========:===-~~==:: : 

KARPHYSA (LPIL) 
HEHATOHEREIS HEBES 

GLYCERIOAE 
GLYCERA (LPIL) 
GLYCERA SP.F 
GLYCERIOAE (LPIL) 
HEKIPOOUS ROSEUS 

GOtUA.OIOAE 
GOHIAOIOES CAROLIHAE 

HESIOHIOAE 
HESIOHIOAE (LPIL) 
HETEROPOOARKE FORHALIS 
HETEROPOOARKE LYOHSI 
KICROPHTHALHUS HARTHAHAE 
POOARKE SP.D 
POOARKEOPSIS LEYIFUSCIHA 

LUKBRINERIOAE 
lUMBRIKERIOAE (lPIL) 
lUKBRIHERIDES (LPIL) 
lUHBRIHERIDES ACUTA 
LUHBRIKERIS LATREILLI 
LUHBRIHERIS YERRILLI 

KAGELONIDAE 
KAGELOHA (LPIL) 
KAGELOHA SP.B 
KAGELOHA SP.C 
KAGELOHA SP.I 

'ltALDAKlDAE 
AXIOTHELLA KUCOSA 
AXIOTHELLA SP.A 
KAlDANIOAE (LPIL) 
PETALOPROCTUS SP.A 
PETALOPROCTUS SP.B 

HEPHTYIOAE 
NEPHTYIOAE (LPIL) 
NEPHTYS SIHOHI 
NEPHTYS SQUAMOSA 

KEREIDAE 
t£RATOHERElS lONGICIRRAIA 
UIOAE (LPIL) 
NEREIS (lPIl) 

ONUPHI&AE 
OIOPAUA CUPREA 
IIOOREOHUPHIS CF. NEBUlOSA 
llGOREOHUPHIS PAlLIOUlA 
OHUPHIDAE (LPIL) 

OPHElIIOAE 
ARHANOIA KACULATA 

OPHELIA OEHTICULATA 



TAXONOMIC lISTING 
Taxonomic Species list 09/25/92 
EPA -"Ft. Pierce -- Harch 1992 
======================================================:========================= 

ORBINIIDAE 
ORBINIIDAE (lPIl) 
SCOlOPlOS RUBRA 

OIlENIIDAE 
GAlATHOIIENIA OCUlATA 
OIlENIA SP.A 
OIlENIIDAE (lPIl) 

PARAONIDAE 
ARICIDEA CF. CERRUTII 
ARICIDEA SP.A 
CIRROPHORUS (LPIL) 
CIRROPHORUS BRANCHIATUS 
PARAONIDAE (lPIl) 

PHYLLODOCIDAE 
ANAl TIDES KADERIENSIS 
ANAITIDES KUCOSA 
EUHIDA SANGUINEA 
NEREIPHYllA FRAGILIS 
PARANAITIS SPECIOSA 
PHYLLODOCIDAE (LPIL) 

PILARGIDAE 
ANCISTROSYLLIS (LPIL) 
ANCISTROSYLLIS CAROLINENSIS 
ANCISTROSYLLIS HARTMANAE 
ANCISTROSYLLIS JONES I 
LITOCORSA ANTENNATA 
PILARGIOAE (LPIL) 
PILARGIS BERKELEYAE 
SIGAHBRA BASSI 
SYNELKIS CF. ALBINI 
SYNELKIS EllING I 

PISIONIDAE 
PISIONE REHOTA 

POECILOCHAETIDAE 
POECILOCHAETUS (LPIL) 

POLYGORDIIOAE 
POLYGORDIUS (LPIL) 

POLYHOIDAE 
HARHOTHOE SP.B 
HARHOTHOE SP.C 
POLYNOIOAE (LPIL) 

SABELLARIIOAE 
SABELLARIA SP.A 

SABELLIDAE 
CHONE (LPIL) 

"HYPSICOKUS PHAETOENIA 
POTASPINA SP.A 
SABELlIDAE (LPIL) 

SACCOCIRRIDAE 
" SACCOCIRRUS SP.A 

Page 3 



TAXONO~IC LISTING 
Taxonolic Species List 09/25/92 
EPA - Ft. Pierce -- Marcb 1992 
:============:::===================::=======================:=:=:=:==:=:==:=;~:: 

SERPUlIDAE 
PSEUDOVERKIlIA OCCIDENTALIS 
SERPULIDAE (lPIl) 

SIGALIDNIDAE 
PSAKMOLYCE CTENIOOPHORA 
SI6ALION SP.A 
SIGALIONIDAE (LPIL) 

SPIOHIDAE 
AONIOES KAYAGUEZENSIS 
lAOKICE CIRRATA 
"ICROSPIO PIGKENTATA 
PARAPRIONOSPIO PINNATA 
POLYDORA SOCIALIS 
PRIOKOSPIO (lPIL) 
PRIONOSPIO CIRRIFERA 
PRIOHOSPIO CRISTATA 
SCOlElEPIS SQUAMATA 
SPIO PETTIBONEAE 
SPIONIOAE (lPIL) 
SPIOPHANES BOKBYX 

SYLLIDAE 
AUTOlYTUS DENTALIUS 
OEHTATISYllIS CAROLINAE 
EHlERSIA CORNUTA 
EHlERSIA SP.A 
EXOGONE ATLANTICA 
EXOGONE DISPAR 
EXD60HE lOUREl 
GRUBEOSYllIS CLAVATA 
OPISTHOOONTA SP.B 
PARAPIONOSYllIS LONGICIRRATA 
PARAPIONOSYlLIS UEBELACKERAE 
PIOHOSYllIS GESAE . 
PIONOSYLllS SP.K 
PLAKOSYLlIS QUAORIO~UlATA 
SPHAEROSYllIS BILOBATA 
SPHAEROSYLLIS CENTROAKERICAHA 
SPHAEROSYlLIS 6LAKDUlATA 
SPHAEROSYLLIS PIRIFEROPSIS 
SPHAEROSYLLIS TAYLORI 
SlREPTOSYllIS PETTIBOHEAE 
STREPIOSYLLIS SP.C 
SYUIDt\E (lPIL) 
SYlLIDAE GENUS F 
SYllIDES SANSEI 
SYlllOES FlORIDAHUS 
SYlLIS GRACILIS 
TRYPAKOSYllIS COELIACA 

TYPOSYlLIS AKICA 
Page 4 



TAXONOHIC LISTING " 
Taxonolic Species List 09/25/92 
EPA - ft. Pierce -- Harch 1992 
===:====================:====:==============:===========:====================:== 

TYPOSYLLlS SP.8 
TEREBEllIDAE 

ARTHROPODA (ARACHNIDA) 
HYDRACARINA 

HAUCHIEllA SP.A 
lOIMIA MEDUSA 
lYSIllA SP.B 
POlYCIRRUS (lPIL) 
TEREBElLIDAE (LPIL) 

SPERCHONTIDAE 
SPERCHOH (LPIl) 

ARTHROPODA (CRUSTACEA) 
AHPHIPODA 

AKPHIPODA (lPIL) 
AEGINElLlDAE 

AEGINEllIDAE (LPIL) 
DEUTElLA (lP Il ) 
OEUTEllA IKCERTA 

AMPELISCIDAE 
AKPElISCA AGASSIZI 

AKPHIlOCHIDAE 
AHPHIlOCHUS (lPIL) 
GITAHOPSIS SP.O 

AHPITHOIDAE 
AHPITHOE SP.A 

AORIDAE 
AORIDAE (lPIl) 

" "HICRODEUTOPUS HYERS I 
RIlOAROAHUS lAKiNOSA 

ARIGISSIOAE 
ARGISSIDAE (LPIL) 

CAPREtlIDAE 
CAPREllA (lPIL) 
CAPRElU SP. A 
CAPRElliOAE (lPIL) 

COROPHIIOAE 
COROPHIIOAE (lPIl) 

GAKHARIOAE 
GAKKARIOAE.(LPIL) 

. AiIB8EROSUS ,( lPIl) 
. "6isBEROSiifKYERS I 

HAUSTORIIOAE 
ACANTHOHAUSTORIUS SP.P 

ISAEID~' 
ISAEIOAE (lPIL) 
KEGAKPHOPUS (lP IL ) 
PKOTIS (lPIl) 

ISCHYROCERIOItE 

CERAPUS (LPIL) 
Page S 



TAXONOMIC LISTING 
laxonolic Species List 0912)/92 

EPA - Ft. Pierce -- Karch 1992 
::=:==:=:=:=::::=:::=::::::::::::::=:=====:::=:=:===:= ====::~:=::::::==~:===;;~: 

CUKACEA 

CERAPUS SP.B 
CERAPUS SP.E 
ERICHTHONIUS (LPIL) 
ERICHTHONIUS BRASILIENSIS 
ISCHYROCERIDAE (LPIL) 

llLJEBORGIlDAE 
LILJEBORGIA (LPIL) 
LILJEBORGIA SP.A 
LILJEBORGIIOAE (LPIL) 

KElITIOAE 
ElASKOPUS (LP IL ) 

. HAERA (LPIl) 
KAERA SP.C 
KElITIOAE (lPIL) 

NEOKEGAKPHOPIOAE 
NEOKEGAKPHOPUS (LPIL) 
NEOHEGAKPHOPUS HIATUS 
NEOKEGAHPHOPUS KALANII 

OEOICEROTIDAE 
OEOICEROTIOAE (LPIl) 

PHLIANTIDAE 
HETEROPHLIAS SEClUSIS 

PODOCERIOAE 
POOOCERIDAE (lPIl) 

. POOOCERUS (lPILt 
STEHOTHOIOAE 

STEHOTHOE SP.E 
STENOTHOIOAE (LPIl) 

SYNOPIIOAE 
SYHOPIIDAE (lPIL) 
TIROH (LPIL) 
TIRON SP.E 
TIRON TRIOCELLATUS 
TIRON TROPAKIS 

CUKACEA (LPIL) 
BOOOTRIIOAE 

BOOOTRIIOAE (LPIL) 
tYClASPIS (LPIL) 
CYCLASPIS PUSTULATA 
CYCLASPIS SP.O 
CYCLASPIS SP.F 
CYCLASPIS UNICORHIS 

-'CYCLAspis VARIAHS 
DIASTYlIOAE 

. DIASTYLIDAE (LPIl) 
OXYUR05TYlIS (LPIL) 
OXYUROSTYLIS SP.J 

NAHHASTACIOAE 
CUHElLA (lPIL) 



· . 
TAXONOMIC lISTING 

Taxonomic Species list 09125/92 
EPA - Ft. Pierce -- Karch 1992 
::::::::=::::=:=:=:::===================:========::=:============:=:=====:=:==== 

DECAPODA 
OECAPODA (lPIl) 

DECAPOOA (HATAHTIA) 
OECAPOOA HATAHTIA (lPIl) 

AlPHEIOAE 
AlPHEOPSIS TRISPIHOSUS 
AlPHEUS (lP I l ) 
AlPHEUS SP.C 
AUTOKA TE (lPIl) 

HIPPOl YTIDAE 
lATREUTES PARVUlUS 

lUCIFERIOAE 
lUCIFER FAXOHI 
lUCIFERIOAE (LPIL) 

PALAEKOHIDAE 
PALAE"OKIDAE (LPIL) 

PROCESSIOAE 
PROCESS A BERKUDIEKSIS 
PROCESSIDAE (LPIL) 

SERGESTIOAE 
SERGESTIDAE (LPIL) 

SICYOHIIDAE 
SICYOHIA (LPIL) 
SICYOHIIDAE (LPIL) 

DECAPODA (REPTAKTIA) 

ISOPODA 

OECAPODA REPTAHTIA (LPIL) 
BRACHYURA 

BRACHYURA (LPIL) 
KAJIOAE 

"AlIDAE (LPIL) 
PAGURIOAE 

PAGURIQAE (LPIL) 
PIHHOTHERIDAE 

FABIA (LPIL) 
FABIA TELLlKAE 
PIHHIXA (LPIL) 
PIKKIXA FLORIDAKA 
PIHNOTHERIDAE (LPIL) 

UPOGEBIIDAE 
UPOGEBIA (~PIl) 

ISOPODA (LPIL) 
AKTHURIDAE 

AKAKUSAKTHURA KAGNIFICA 
AHTHURIOAE (LPIl) 

CIROLAKIOAE .~ 

EURYDICE (lPIL) 
EURYDICE·COHYEXA 

EURYDICE SP.B 
Page 7 
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TAXONOHIC LISTING 
Taxonoaic Species Liit 09125/92 
EPA - Ft. Pierce -- Karch 1992 
:==============:=:===:=:::===:::::::==:==:=====::::::: =:=~=:=:==:=:=:=:=:=:::=:= 

BRYOZOA 

IIYSIOACEA 

OSTRAtODA 

HYSSURIDAE 
HYS5URIDAE (LPIL) 
KUPELLONURA (LPIL) 
KUPELLONURA SP.A 
XENANTHURA BREYITELSON 

SPHAE ROHA 11 DAE 
SPHAEROHATIDAE (LPIL) 

HYSIDACEA (LPIL) 
IIYSIDAE 

BOWIIANIELLA (LPIL) 
BOWKANIELLA PORTORICENSIS 
I1YSIDAE (LPIL) 

OSTRACODA (LPIL) 
CYlINDROLEBERIDIDAE 

AKBOLEBERIS AKERICANA 
PHIlOKEDIDAE 

HARBANSUS PAUCICHELATUS 
PHIlOKEDIDAE (LPIL) 
PSEUDOPHILOMEDES (LPIL) 
PSEUDOPHIlOKEDES FERULANUS 

RUlIOERKATIDAE 
RUTIDERKA (LPIL) 
RUnDERKA DARBYI 
RUTIOERKA KOLLITUK 
RUTIDERKATIDAE (LPIl) 

STOI'IATOPODA 

TAHAIDACEA 
STOIIATOPODA (LPIL) 

TANAIDACEA (LPIL) 
KALLIAPSEUDIDAE 

KALLIAPSEUDES BAHAKAENSIS' 
NOTOTANAIDAE 

TANAISSUS (LPIL) 
TANAISSUS SP.B 

BRYOZOA (lPIL) 
CEPHAlOCHOROIiTA 

CHIOARIA' 

L£PTOCAROlI . _ 

ACTINI~RIA 

HYDROZOA 

BRAHCHIOSTOKIDAE 
BRANCHIOSTOKA (LPIl) 
BRAHCHIOSTOKA FLORIDAE 
BRANCHIOSTOKA lOHGIROSTIUft 

CNIOARIA (lPIL) 
. ;":~.:-'" 

ACTINIARIA (lPIl) 

HYDROZOA (lPIL) 
Paae . 8 
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Taxonolic Species List 09/25/92 
EPA - Ft. Pierce -- Harch 1992 
:::::=:=:============================================================:========== 

ECHINODERHATA 
ASTEROIDEA 

ECHIURA 

MOLLUSCA 

ECHINOIDEA 

HOLOTHUROIDEA 

ASTEROIDEA (LPIL) 

ECHINOIDEA (LPIL) 

HOLOTHUROIDEA (LPIL) 
HOLOTHURIIDAE 

HOLOTHURIA SP.A 
PHYLLOPHORIDAE 

PHYLLOPHORUS OCCIDENTAL IS 
SY.NAPTIDAE 

OPHIUROIDEA 

SYNAPTIDAE (LPIL) 
SYNAPTULA SP.A 

OPHIUROIDEA (LPIL) 
AHPHIURIDAE 

GASTROPODA 

OPHIOPHRAGKUS SEPTUS 
OPHIOLEPIDIDAE 

OPHIOLEPIS ELEGANS 

ECHIURA (LPIL) 

GASTROPODA (LPIL) 
CAECIDAE 

CAECIDAE (LPIL) 
CAECUK (LP IL ) 
CAECUH COOPERI 
CAECUK HELADUK 
CAECUK PULCHELLUH 
CAECUK SP.A 

CERITHIIDAE 
CERITHIIDAE (LPIL) 

COLUHBElLIDAE 
AHACHIS SEKIPLICATA 
COLUHBELLIDAE (LPIL) 
HITRElLA lUNATA 

CREPIDUlIDAE 
CAlYPTRAEA CENTRAlIS 
CREPlDUlA "HACUlOSA 
CREPIDULA PLANA 

CYClOSTREKATIDAE 
ARENE TRICARIKATA 

EPITONUDAE 
. EPlTONIIDAE (lPIl) 
EPITONIUH (lPIL) 

EULIHIDAE 

EUliKIDAE (lPIl) 
Page 9 
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EPA - Ft. Pierce -- Harch 1992 
:==:===:=:::=~===:==:=:===========:==:==:===::====::=:====:::===:===:=::::::=::: 

HELAHELLA (LPIL) 
HELAHELLA SP.E 
STROHBIFORHIS (LPIL) 
STROHBIFORHIS AURICINCTUS 
STROHBIFORHIS SP.I 
STROHBIFORHIS SP.J 

NASSAR I IOAE 
HASSARIIOAE (LPIL) 
HASSARIUS (LPIL) 
NASSARIUS ALBUS 
NASSAR IUS VIBEX 

NATICIOAE 
HA TICA (LPIL) 
HATICA PUSIlLA 
NA TlCIOAE (LPIL) 
SIHUH PERSPECTIVUH 

OlIVIOAE 
OLIVElLA OEALBATA 

PYRAHIOELLIOAE 
OOOSTOHIA 6IBBOSA 
PYRAHIOEllIOAE (lPIL) 
TURBOHIlLA (LPIL) 
TURBOHILLA SP.AS 

RISSOIDAE 
ALVAHIA (LPIL) 
ALVAHIA AUSERIANA 
ALVAHIA SP.6 
RISSOIDAE (LPIL) 

RISSOIHIDAE 
RISSOIHA CATESBYANA 
RISSOIHA SP.B 
IEBINA BROIIHIANA 

SCAPHAHORIOAE 
ACTEOCINA (LPIL) 
ACTEotIHA LEPTA 

TORHIOAE 
KACROKPHALIHA (LP IL ) 
KACROKPHALlNA PALHALITORIS 

TROCHIOAE 
TROCHIOAE" tLPIL ) 

TURRIOAC' ... . 
ITHYCYTHARA LAHCEOLATA 

VlTRlHELLIOAE 
VITRIHELLIDAE (LPIL) 

HUOIBRAHtHIA 

PELECypODA 
WDIBRANCHIA (LPIL) 

PELECYPODA (LPIL) 

AHOHIIDAE 
AHOKIA SIKPLEX 
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TAXONOMIC LISTING 
Taxonomic Species List 09/25/92 
EPA - Ft. Pierce -- Harch 1992 
::==:=====:==:=:=:===================================:===================:====== 

ARCIDAE 
ARCOPSIS ADAKSI 
BARBATIA DOKINGUENSIS 

CARDUDAE 
CARDIIDAE (LPIL) 

CARDITlDAE 
CARDITIDAE (LPIL) 
PTEROKERIS PERPLANA 

CHAMIDAE 
CHAKA (LPIL) 
CHAKA CONGREGATA 

. CHAKIDAE (LPIL) 
CORBULIDAE 

CORBUlA CONTRACTA 
CORBULIDAE (LPIL) 

CRASSATELLIDAE 
CRASSATELLlDAE (LPIL) 
CRASSINELLA(lPIL ). 
CRASSIHELLA LUHULATA 
CRASSINElLA KARTINICENSIS . 

GLYCYKERIDIDAE 
GLYCYKERIDIDAE (LPIL) 
GlYCYKERIS (LPIl) 
GLYCYKERIS AMERICANA 
GlYCYKERIS SP.B 

lUCINIDAE 
LUCINIDAE (LPIl) 

KESODESKATIDAE 
ERYILIA (LPIl) 
ERYIllA CONCENTRICA 
KESODESKATIDAE (lPIL) 

KYTll1DAE 
CRENELlA DIYARICATA 
KODIOLUS (LPIl) 
KYTILIDAE (LPIL) 

PANDORIDAE 
PANDORA (LPIL) 
PANDORA ARENOSA 

PECTIHIDAE 

':::~f~~}~~~~l,uts<cOHCEHTRI 
PECTIHIOAE(LPii'.') , '. 

SEKE(IDAE'~<J:'1'~"J' ";, .;.., 
SE"EI:E'~EI:uST~IAT" 
SEKEli(ft6CUl.OIDES~··'i. " 

·4·:SEitEtfDAEtftPii.~· .. ':~;', 
, , "yetc"'IR:<~':; ........ , ... ".<-,' ", .' 

SOlEH~~~~~loAt~('[pIl)~~t" .' 
. -"~, .. ' .' < ~~~. ' 

TElllNIDAE . ,,,'. 
KACOKAJ lPIL) "~~. . 

~age .'.11 ":·A;. : I 
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===::===:=:::=:==:===:=:::=:===:=:====::==========::::============::::==::==:=:= 

PHORONIOA 

KACOHA BREVIFRONS 
TELLINA (LP IL ) 
TELL INA PARAHERA 
TELLINIOAE (lPIl) 

VENERIOAE 
CHIONE (LPIl) 
CHIONE INTAPURPUREA 
GEKHA GENNA 
VENERIOAE (lPIL) 

POLYPLACOPHORA 

SCAPHOPOOA 

POLYPLACOPHORA (LPIL) 
ISCHNOCHITONIOAE 

ISCHNOCHITON (LPIL) 
ISCHNOCHITON SP.C 
ISCHNOCHITON SP.D 
ISCHNOCHITON SP.E 

SCAPHOPODA (LPlL) 
OENTAlIIOAE 

OENTALIUN (LPIL) 
OENTAlIUH CALAHUS 

PHORONIS (LPIL) 
PLATYHELMINTHES 

TURBElLARIA 

RHYNCHOCOELA 

SIPUNCULA 

TURBELLARIA (LPlL) 

RHYHCHOCOELA (LPIl) 

SIPUNCULA (LPlL) 
ASPIOOSIPHONIOAE 

ASPIDOSIPHON (LPIL) 
ASPIOOSIPHON ALBUS 
ASPIOOSIPHON GOSHOLOI 
ASPIOOSIPHON KUELLERI 
ASPIOOSIPHON PARVULUS 

GOLFING III>AE 
PHASeOLION (LPIL) 
PHASCOLION SP.B 

UROCROROATA 
ASCIOIAeEA 

ASCIOIACEA (LPIL) 

Page 12 
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1.0 INTRODUCfION 

Ocean disposal of dredged materials can affect the environment of a disposal site by 

disrupting the benthic community and potentially causing long-term reduction of oxygen in 

the pore waters of the surficial sediments and the overlying water column. Dredged 

materials may also be transported by natural ocean processes into habitats adjacent to the 

disposal site. Because careful selection of a disposal site can mjnimjze impact to sensitive 

areas, an Environmental Impact Statement is prepared to address these ecological 

considerations. Once a site is chosen for disposal of dredged materials, the Environmental 

Protection Agency (EPA), in conjunction with the United States Army Corps of Engineers 

(USACE), becomes responsible for managing and monitoring the disposal site and 

associated disposal activities. This responsibility is mandated under Section 102 of the 

Marine Protection, Research, and Sanctuaries Act of 1972 (MPRSA). EPA Region IV is 

ciiriently responsible for managing and monitoring 34 ocean dredged-material disposal sites 

(ODMDS). A critical component of the monitoring programs is the tracking of sediment 

and sediment movement patterns in and around the ODMDSs. Determining the transport 

and fate of deposited material is the key to understanding the potential long-term effects 

of the dredged-material disposal and identifying where the effects may be manifested. 

To assist in the designation and future monitoring of the proposed Fort Pierce ODMDS, 

EPA Region IV used two rapid seafloor sediment-sampling and analysis systems developed 

by the Center for Applied Isotope Studies (CAIS). 01l:e ~stem,_ the Gamma Isotope 

Mapping System (GIMS), uses a towed sled with gamma spec.troscopy capabilities for 

determining the seafloor lithology. The second system, the Continuous Sediment Sampling 

System (CS3), uses a specially equipped sled that pumps a sediment slurry to a survey vessel 

where the slurry density is viewed through a sight tube and filtered. The retained particles 

are later analyzed by x-ray fluorescence (XRF) at the CAlS laboratory. The GIMS and the 

CS3 enabled the survey team to acquire real-time mapping of seafloor sediments in and 

around a disposal site, and permitted in situ evaluations of native sediments and dredged 

material. -
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Because EPA Region IV has routinely used the GIMSand CSJ during ODMDS monitoring 

activities over the past several years, the operation of these two systems and the subsequent 

analysis of collected samples has become routine. Therefore, the EPA determined that one 

generic, comprebensive (19-point) Quality Assurance Project Plan (QAP.jP) would be 

applicable to all ODMDS surveys using these systems. This QAPjP (EPA, 1991) sbould be 

referenced for detailed descriptions of the technical approaches, quality assurance, and 

quality control methods for the GIMS and CS3
• 

2.0 OBJECTIVE 

This was the first sediment mapping survey performed on the proposed Fort Pierce' 

ODMDS. The primary purpose of the survey was to document the sediment lithology within 

and immediately surrounding the ODMDS. The data collected as a result of the sediment 

mapping survey will be reviewed as part of the official designation of the site. A secondary 

objective was to locate and identify dredged material deposited within th~ interim ODMDS 

during past dredge disposal activities. 

3.0 TECHNICAL APPROACH 

The March 1992 survey involved the systematic mapping of, the relative elemental 

composition of-sediments at and near the proposed Fort Pierce ODMDS. 1\vo- and tbree

dimensional maps were generated- using the GIMS· survey data. The target analytes 

monitored are presented in Table 1. Box-core samples were collected and analyzed using 

XRF for elemental content, a Ge(Li) detector for gamma radiation, and standard testing 

sieves for particle size. Target analytes and particle-site classification measured on the box

core sediment samples are also listed in Table 1. Table 2 lists the'technical data for the 

GIMS and tbeCS3• 

The survey was conducted using the EPA Ocean SUrvey Vessel Peter W. Anderson (OSV 

Anderson). The-Loran navigation system aboard the ,survey vessel was used as the primary 

2 



Table 1. Analytes and Reporting Units According to Analytical Method 
1 

t 
I , 

Analytical System Analyte Reporting Units 

] 

r 
GIMS K-40 Potassium Counts per minute (cpm) 

1 Bi-214 Bismuth 
I TI-208 Thalium 

Total 

1 
I XRF (CS3 and box cores) Mg Magnesium Weight percent (wt%) 

AI Aluminum 
Si Silicon 

1 S Sulfur 
Ca Calcium 
Fe lion 

] 
P Phosphorus 
Sr Strontium 

1 Ti TItanium Parts per million (ppm) 
Cr Clromium 
Mn Manganese 

) 
Ni Nickel 
Cu Copper 
Zn Zinc 
Zz Zirconium 

] Cd Cadmium 
Sn Tm 
Sb Antimony 

, Ba Barium I Pb Lead J 

] Radiometric U Uranium P~co~uries per kilogram (pCi/kg) 
Th Thorium 
K Potassium 

J 

1 
Particle size >l.000-mm very coarse sand Percent (%) by weight 

1.000-O.500-mm coarse sand 
O.500-0.250-mm medium sand 

} 
O.2.S0-0.125-mm fine sand 
O.12.S·0.062-mm very fine sand 
<O.062-mm silt 
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GlMS 

Data results 
Listing 

·'l'able 2. 

Tune between stations 
Calibration standard 
Calibration results 

Navigational ~ethod 

Operating range 
Gamma signal depth 
Reference 
Reference channel 
Resolution 
Gain 
Preferred gain 
Ship speed 

Analytical method 
Data results 

Listing 
Distance between stations 
Calibration test 

Navigational method 

Operating range 
Penetration (sled) 
Ship speed 
Sample 
Sample size 
Sample weight 

GIMS and CS3 Technical Data 

Counts per minute (cpm) 
Hard-copy printout 
60s 
Monazite sand 
Spectrum printout 

Loran and Global Positioning System (GPS) 

-2San 
Cs-137 
55 
-8% 
0-255 
50-220 
2.S to 31m 

XRF 
Parts per million (ppm) 
Weight percent (wt%) 
Hard-copy printout 
305m 
NIST standards for XRF 

Loran and Global Position System 

-2-10 an 
2.S to 3 1m 
Sediment pellet or wafer on glass fiber filter 
-31mm 
20-200 mg 
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navigation system. The Loran navigation system and fathometer within the eAIS sampling 

systems were calibrated to the ship's navigation system. 

3.1 Gamma Isotope Mapping System 

The first system deployed was the GIMS. This system recorded gamma radiation data in 

counts per minute for Bi-214, .TI-208, K-40, and the total activity. Bi-214 reflected the 

uranium content of phosphatic deposits often found along the coast of the southeas,tem 

United States. TI-208 indicated heavy mineral content. K-40 indicated fine clay sediments. 

Total gamma activity repr~sented the total spectrum of gamma radiation measured in the 

survey region. 

Prior to deployment, the G~S .was tested with a radioactive monazite-sand reference 

sample to check the cahbration of the spectrometer. The gamma sled was lowered to the 

seafloor and activated .. It was towed at speeds of 2.5 to 3 kn along transects predetermined 

by EPA personnel. The GIMS transects were identified by time and location (latitude and 

longitude). Data were siored on computer diskette, and a hard copy was produced for 

review during the survey. 

The GIMS recorded the latitude, longitude, and water depth of each station with a Loran 

navigation system and a fathometer calibrated to the ship • s systems. There was a 60-s delay 

from the time when the coordinates and depth were recorded to the time when the data 

were retrieved from the spectrometer. This allowed the system-to record the actual position 

of the gamma sled. 

A four-color plot showing the ship • s transects and Bi-~14 gamma intensities was produced 

while the survey was in progress; blue indicated the lowest level of activity, and green, red, 

and orange indicated increasing levels of activity. The main purpose of this map was to 

track the ship' s transects during the survey and to provide a visual aid for evaluation of 
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changes in the seafloor lithology. The color map was used only during the survey and W:'LIi 

stored in the survey logbook. 

Upon completion of the GIMS survey, a postdeployment calibration test was performed with 

the same monazite-sand reference sample. Once the calibration test had been completed, 

two- and three-dimensional sediment lithology maps of Bi-214, K-40, TI-208, water depth, 

and total gamma activity were generated while onboard the OSV Anderson to show the 

variations of the gamma activity on the seafloor. The dredged sediments were identified 

through the isotopic differences found as a result of the survey. 

3.2 Continuous Sediment Sampling System 

The second system deployed was the CS3
• This system used the same shipboard electronics 

as the GIMS to locate and record the station coordinates. The CS3 sled was towed at 

approximately the same speed at which the GIMS was towed (= 2.5 to 3 kn) along the same 

transects recorded by the GIMS. The sled housed a displacement pump made of Delrin 

plastic. A suspended sediment slurry was pumped through a rubber hose to the shipboard 

processor, which contained wetted parts that were made entirely of rubber and plastic. The 

continuous flow of the sediment slurry was monitored through the sight tube during the 

survey. Due to the absence of fine sediment on the seafloor, no CS3 samples were acquired. 

In addition to recording the station coordinates, a visual description of the approximate 

density of sediment slurry was recorded in the field notebook This information was later 

used to determine possible box-core sampling locations. 

3.3 Box-Core Sampling 

Upon completion of the CS3 survey, box-core sample sites were selected based on the GIMS 

data. The box-cores samples were used to ground truth the GIMS and CS3 data, and also 

to' provide additional data to identify the sediment particle size at the sites. The survey 
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ship's Loran was used to locate the box-core sampling sites. The box corer was supplied by 

the OSV Anderson. The box core was thoroughly cleaned and inspected before and after 

each deployment. The top 75 em of the box-core sample were collected. After collection, 

the samples were stored in plastic bags, labeled according to site number, and immediately 

refrigerated. The box-core samples were transported, under refrigeration, to the CAIS 

laboratory for analysis. 

3A Ge(Li) Gamma Detector (Box Cores Only) 

The box-core samples were dried at 50 to 60°C, homogenized, and separated into two 

portions. A 1-kg aliquot of the first portion was ground to O.3-mm or less particle size, 

packed into a tared 05-L Marinelli beaker, and weighed. The dry weight was used for 

determining the isotope concentrations in the samples. The beaker was sealed with vinyl 

tape and stored for a mjnjmum of 14 days before analysis. This allowed for the in-growth 

of the U and Th daughter products. The sample was placed in a Ge(Ii) ~adiation detector 

and pulse-height analyzer for a counting time of 20,000 s. The results for U, Th, and K 

were recorded in counts per 20,000 s, and were converted to picocuries per kilogram 

(PO/kg). 

3.5 XRF Analysis (Box Cores) 

The second portion of the dried box-core sediment saniple was subsampled for XRF 

analysis. A representative subsample, not exceeding 6 g, was prepared for XRF analysis. 

Using an acid-washed mortar and pestle, the subs ample was ground into coarse, sand-sized 

particles. It was again ground with an acid-washed ball mill until at least 80% of the 

subsample passed through a 120-mesh sieve. The ground subs ample was mixed with a 

cellulose binder, and pressed into a standard pellet for XRF analysis. 
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Box-core pellets were analyzed using standard CAIS procedures for XRF thUllysis (EPA, 

1991). Algorithms were defined and applied to enhance optimum elemental evaluation of 

the site-specific sediment chemistry. Calibration checks of the system were performed daily 

using NIST 2704 and NIST 1646 standard reference materials. 

3.6 Particle Size 

The remainder of the box-core sample was processed in the laboratory for particle-size 

determinations using u.s. Standard Testing Sieves. The sample was weighed prior to 

sieving, and after sieving each sieve fraction was reweighed to adjust for material lost during 

the process. Percentages of each particle-size fraction were calculated and recorded in a 

laboratory notebook. 

4.0 SURVEY 

The survey started on March 10, 1992, at 1400 h with the arrival of the CAIS crew at the 

Indian River Terminal at Fort Pierce, Florida. The equipment was loaded onto the OSV 

Anderson. Installation and calibration of the GIMS was completed by 1650 h. The 

following morning the ship departed the Indian River Terminal and headed for the proposed 

offshore disposal site shown in Figure 1. 

The GIMS was deployed at 0900 h on March 11. It was on Station 0001 (27~6.81'N and 

800 13.12'W) and operating by 0908 h. The system continued to record data from the 

seafloor until the final station, 464 (2r28.62'N and 80010.88'W), was reached at 1928 h. 

The sled was retrieved from the seafloor on March 11 by 1950 h, and postcalibration of the 

system was performed at 2000 h. The calibration of the system was confirmed by the 

comparison of the pulse height spectra of the Cs-137 peak as well as the Bi-214, 11-208, and 

K-40 peaks. The recorded gamma activity data for all stations are given in Appendix A 
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Even though the CS3 and GIMS transects were approximately the same, the stations were 

recorded by different methods. The GIMS stations were recorded on a 60-s interval, and 

the CS3 stations were fixed approximately 305 m apart. The CS3 sled was deployed at 2000 

h and was on Station 01 (2r.26.57'N and 80013.12'W) by 2110 h. The system encountered 

several pump failures due to the coarse sand seafloor environment at the site~ However, 

the entire site was surveyed by examining every other GIMS transect. The final station, 87 

(2n7.31'N and 80010.86'W), was reached at 0657 h on March 12. The CS3 sled was 
, 

retrieved by 0715 h. 

Locatio~for bulk quantity samples were chosen by CAIS and EPA personnel using the 

GIMS and CS3 survey data. The two- and three-dimensional isotopic maps from the GIMS 

and the absence of sediment density as noted from the CS3 sight tube were reviewed to 

determine· the actual box-coring locations. A box-core sampler, supplied by the OSV 

Anderson, was used to obtain the samples. Box-.core sampling began at Station 6 

(27~7.89'N and 80011.67'W) on March 12 at 0842 h, and ended at 1003 hat Station 2 
. . 

. (2~.58'N and 80012.55'W). A total of six box-core stations were sampled during the 

survey. The OSV Anderson returned to th~ Indian River Terminal by 1050 h. The CAIS 

crew offioaded the sediment mapping equipment from the OSV Anderson and departed Fort 

Pierce by 1700 b. 

10 
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5.0 RESULTS 

The total area covered by the GIMS during the March 1992 survey is shown in Figure 2. 

Figure 3 shows the water depth and topographic profile of the seafloor generated by data 

acquired during the GIMS portion of the survey. The water depth ranged from 39 to 57 ft 

for the surveyed region. Figures 4(a) through (d) are two- and three-dimensional gamma 

activity maps generated by the GIMS. These maps were generated during the survey and 

used for evaluation of the site. 

Figure 5 shows the area covered by the CS3 during the survey. No CS3 or bottle samples 

were collected due to the absence of any fine sediments within the surveyed region. As a 

result, no computer generated elemental concentration maps were presented in this report. 

Figure 6 shows the location of the six box-core stations in relation to the proposed Fort 

Pierce ODMDS. Figures 7 and 8 show the particle size and laboratory gamma analyses for 

the box-core samples. Table 3 shows the XRF and radiometric analyses op the six box-core 

sediment samples. 

6.0 DISCUSSION 

The overall gamma activity levels for the proposed Fort Pierce ODMDS are relatively low 

with little variation within the proposed ODMDS boundary. However, the most significant 

anomaly found during the survey was located near the northern regio~ of the surveyed area. 
~ ~ - ~'.'". 

The TI-208, K-40, and total gamma activity maps show the most activity in this region. The 

total gamma activity map best accentuates this anomaly. 

During an EPA video survey in February 1991 conducted on the interim ODMDS, it was 

discovered that the northwestern comer and a strip along the northern boundary of the 

interim site contained a live-bottom environment with rock outcrops. The live, bard-bottom 

environment found in this area was the primary reason for shifting the interim ODMDS 

southward to the proposed ODMDS location. Figure 9 displays the relation of the higher 

11 
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Table 3. Fort Pierce ODMDS SUlVey Box-Core Sediment Analyses 

Boxc:qre: 1 2 3 4 S 6 
~ 

LaLN 27'27.11' 21'2858' 27'2755' rrrT.53' 27'27.88' 27'27.89' 
Long. W s0012.OO' SOO12.SS' so-lO.86' 8<M2.81' s0012.3S' SOOlL67' 

Elem.cnt wt% 

Mg 0.42 0.37 0.36 0.37 0.28 0.37 
AI 0.38 0.24 0.24 0.19 0.20 0.17 
Si 8.06 10.26 8.3S 6.02 7.89 S.5S 
P 0.()4 0.06 0.05 0.11 0.02 O.OS 
S 0.32 0.23 ·o:n 0.31 0.24 0.24 
Ca 28.65 26.71 28.38 30.28 28.72 29.66 
Fc 0.58 0.68 0.59 051 0.62 0.79 
Sr 0.19 0.19 0.17 0.18 0.18 0.20 

ppm 

Ti 2(10.38 170.()4 121.37 158.01 156.00 111.61 
Cr 26.42 15.07 14.83 17.19 23.33 19.13 
Mn 47.21 43.59 39.99 39.28 SI.19 S2.39 
Ni 25.99 18.43 22.78 26.19 27.78 30.80 
Cu 4.91 6.64 7.97 6.03 6.79 S.51 
Zu 18.24 20.34 17.52 15.49 19.94 17.5S 
Zz 22.08 25.08 22.89 8.83 13.7S lL12 
Cd 3.37 2.28 3.52 3.36 1.34 1.21 
Sn 3.17 2.21 2.68 4.24 2.89 3.93 
Sb 2.66 2.61 3.54 2.96 4.22 4.73 
Ba 40.61 40.87 33.03 31.43 30.32 38.12 
Pb 12.76 20.92 13.80 11.97 22.20 9.80 

Radiometric (pO/kg) 

U (Bi-,214) 219 20S 196 203 209 210 
Th (11-208) 56 49 89 49 48 57 
K~) 367 308 282 160 213 329 
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total gamma activity to the interim and proposed ODMDS. The water depth map for the 

survey is also shown in this figure. The location of the rock outcrops coincide with" higher 

gamma activity and a depression in the seafloor found near the northwest corner of the 

interim site. 

The box-core sediment XRF analyses proved to be very uniform in elemental content. Ca 

was the most prominent element at the Fort Pierce area with some Si present. The particle 

size analysis for these samples was also very uniform with a few exceptions. Sediments from 

box-core Samples 1 and 2 were nearly identical. Sediments from box-core Samples 4 

through 6 were also very similar in particle size distnoution. The majority of these samples 

were composed of medium. and coarse sand with a lesser amount of very coarse sand 

present in the samples. Box-core Sample 3 sediment was the only sample containing fine 

sand (27 wt%) along with SO wt% of medium sand. Box-core 3 was located east of the 

proposed ODMDS by approximately a half mile. Only minute amounts !If very fine sand 

and silt were found in any of the box-core samples. . This verified the absence of fine 

sediment as detected by the CS3 during survey. 

The laboratory gamma analyses performed on the six box-core samples also proved to be 

very uniform. The only exception was the box-core 3 sample with a slightly higher Th value 

than the rest of the samples. 

7.0 CONCLUSION 

A live, hard-bottom environment exists to the north and northwest of the proposed Fort 

Pierce ODMDS. This area revealed a higher gamma activity than the area to the south 

encompassing the proposed ODMDS. The proposed ODMDS appeared to be very uniform 

in gamma activity, elemental, and physical content. Excluding the hard bottom region, the 

site appears to consist of medium to very coarse calcium carbonate sand. No distinct signs 

of fine sediment were detected during the sediment mapping survey. Any dredged material 
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deposited within the interim ODMDS must have been similar to the sediment found at the 

disposal site or has since been removed from the area due to ocean transport. 

8.0 SAMPLE CUSTODY AND RECORDS 

All samples obtained as a result of the survey are stored at the CAlS building for at least 

1 year after completion of the survey. The computer-generated maps are stored on 

computer diskette for a minimum of 1 year. A log book was maiDtained during the survey 

referencing major events, GIMS calibration spectra, and any other related data pertaining 

the survey. Records of laboratory analysis have been stored in notebooks relating to the 

specific types of equipment used. 
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FORT PIERCE SHIPBOARD DATA - GAMMA RADIATION 
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) APPENDIX A: Fort Pierce Shipboard Data - Gamma Radiation 

site Latitude Longitude Depth K-40 Bi-214 Tl-208 Total 

1 
(ft) (cpm) (cpm) (cpm) (cpm) 

1 27 26.81 80 13.12 43 17 13 9 1797 
2 27 26.90 80 13.11 43 0 4 0 1833 
3 27 26.98 80 13.10 43 75 36 20 1873 

] 4 27 27.02 80 13.11 43 103 29 15 1828 
5 27 27.08 80 13.09 43 93 32 11 1863 
6 27 27.16 80 13.09 43 70 33 22 1802 

1 
7 27 27.24 80 13.09 42 66 28 20 1830 
8 27 27.32 80 13.13 42 25 42 13 1897 
9 27 27.40 80 13.15 43 45 18 6 1896 

] 
10 27 27.48 80 13.16 44 82 0 24 1806 
11 27 27.55 80 13.17 46 36 17 41 1844 
12 27 27.64 80 13.17 46 56 20 11 1816 
13 27 27.72 80 13.17 46 61 12 11 1763 

] 14 27 27.80 80 13.16 47 91 12 30 1723 
15 27 27.88 80 13.16 48 69 38 5 1814 
16 27 27.96 80 13.15 48 29 40 0 1968 

J 
17 27 28.04 80 13.15 48 71 31 8 1973 
18 27 28.12 80 13.15 47 71 17 3 1948 
19 27 28.19 80 13.15 49 45 41 31 1936 
20 27 28.27 80 13.15 51 36 45 31 1831 

] 21 27 28.36 80 13.16 50 81 42 31 1960 
22 27 28.43 80 13.15 51 74 25 0 1892 
23 27 28.50 80 13.15 51 74 51 26 1934 

] 24 27 28.59 80 13.15 52 91 48 20 1977 
25 27 28.66 80 13.15 52 106 45 34 2005 
26 27 28.73 80 13.15 52 89 24 12 2043 
27 27 28.81 80 13.14 54 74 42 5 2010 

J 28 27 28.89 80 13.14 51 52 37 8 2406 
29 27 28.96 80 13.14 48 40 0 30 2334 
30 27 29.02 80 13.07 52 58 9 0 1979 

] 31 27 29.00 80 12.98 51 24 16 14 1834 
32 27 28.93 80 12.96 50 40 37 21 1883 
33 27 28.85 80 12.95 52 66 10 10 1940 

J 
34 27 28.76 80 12.94 50 66 24 16 2012 
35 27 28.66 80 12.91 51 75 43 17 2026 
36 27 28.59 80 12.91 50 52 30 7 2056 
37 27 28.54 80 12.91 49 53 12 19 2270 

1 
38 27 28.47 80 12.91- 52 88 26 24 2175 
39 27 28.40 80 12.91 50 80 42 6 2211 
40 27 28.33 80 12.92 -50 91 21 25 1965 

J 
41 27 28.26 80 12.94 50 70 50 0 2241 
42 27 28.19 80 12.94 49 42 14 36 2152 
43 27 28.12 80 12.94 50 75 49 48 2221 

J 
44 27 28.05 80 12.94 50 42 37 35 1932 

_. 



APPENDiX A: Fort Pierce Shipboard Data - Gamma Radiation 

site Latitude Longitude Depth K-40 ai-214 Tl-208 Total 
(ft.) (cpm) (cpm) (cpm) (cpm) 

45 27 27.97 80 12.95 49 29 64 1 2005 
46 27 27.90 80 12.95 48 85 30 22 1839 
47 27 27.83 80 12.95 .48 20 40 35 2018 
48 27 27.76 80 12.96 47 23 43 7 1912 
49 27 27.69 80 12.96 47 107 36 17 1931 
50 27 27.62 80 12.97 45 32 31 7 1944 
51 27 27.55 80 12.96 44 45 19 28 1899 
52 27 27.48 80 12.97 46 14 33 23 1937 
53 27 27.40 80 12.96 46 53 11 8 1850 
54 27 27.34 80 12.96 46 52 51 32 1933 
55 27 27.26 80 .12.95 45 54 48 31 1874 
56 27 27.19 80 12~95 44 88 5 9 1827 
57 27 27.12 80 12.9.6 45 50 26 9 1763 
58 27 27.05 80 12.96 45 73 -0 7 1735 
59 27 26.98 80 12.95 43 53 25 4 1764 
60 27 26.91 80 12.95 43 24 34 9 1836 
61 27 26.85 80 12.95 43 23 21 10 1746 
62 27 26.78 80 12.95 42 82 42 7 1786 
63 27 26.71 80 12.95 43 54 59 6 1881 
64 27 26.64 80 12.96 42 71 14 15 1870 
65 27 26.57 80 12.96 41 38 63 26 1786 '~", 

66 27 26.49 80 12.96 41 39 34 6 1832 
67 27 26.43 80 12.96 40 68 0 14 1749 
68 27 26.36 80 12.96 40 29 25 16 1885 
69 27 26.29 80 12.96 39 62 29 16 1850 
70 27 26.22 80 12.96 40 7 30 20 1837 
71 27 26.15 89 12.98 39 48 50 26 1845 
72 27 26.08 80 12.96 39 70 6 0 1831 
73 27 26.02 80 12.92 39 58 12 10 1850 
74 27 25.98 80 12.86 39 29 9 14 1799 
75 27 25.97 80 12.80 39 55 26 11 1795 
76 27 25.99 80 12.75 40 7.1 .' ·:24 6 1783 
77 27 26.03 80 12.71 41 51 22 2 1864 
78 27 26.08 80 12.70 40 62 43 5 1817 
79 27 26.13 80 12.69 43 35 44 22 1820 
80 27 26.19 80 12.67 41 65 40 9 18.85 
81 27 26.24 80 12.69 42 38 20 9 1921 
82 27 26.29 80 12.71 42 27 2 31 1760 
83 27 26.33 80 12.74 41 36 27 14 1806 
84 27 26.37 80 12.77 41 76 44 0 1989 
85 . 27 26.42 80 12.79 43 60 12 0 1830 
86 27 26.47 80 12.79 42 79 34 18 1885 
87 27 26.53 . 80 12.79 42 86 27 22 2068 
88 27 26.58 80 12.78 43 62 26 40 1972 
89 27 26.63 80 12.78 43 50 39 29 1850 
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APPENDIX A: Fort Pierce Shipboard Data - Gamma Radiation 

site Latitude Longitude Depth K-40 . Bi-214 Tl-208 Total 
(ft) (cpm) (cpm) (cpm) (cpm) 

135 27 27.99 80 12.55 51 62 46 25 1982 
136 27 27.91 80 12.56 51 74 25 17 1749 
137 27 27.82 80 12.56 51 45 ·0 31 1803 
138 27 27.73 80 12.57 49 84 22 14 1834 
139 27 27.64 80 12.57 49 18 24 8 1796 
140 27 27.56 80 12.57 49 45 25 24 1906 
141 27 27.47 80 12.57 48 36 20 2 1805 
142 27 27.38 80 12.57 48 61 12 ·23 1895 
143 27 27.30 80 12.56 47 75 49 14 1774 
144 27 27.22 80 12.56 46 58 5 3 1766 

] 145 27 27.13 80 12.55 47 52 32 17 1733 
146 27 27.05 80 12.54 46 67 22 24 1738 
147 27 26.96 80 12.53 45 32 18 16 1713 

1 
148 27 26.88 80 12.55 45 58 20 4 1776 

·149 27 26.79 80 12.55 45 47 10 16 1777 
150 27 26.71 80 12.55 42 15 29 12 1833 
151 27 26.63 80 12.56 43 40 35 18 1836 

) 152 27 26.54 80 12.57 41 64 13 13 1839 
153 27 26.46 80 12.56 41 39 31 37 1859 
154 27 26.37 80 12.57 40 66 39 0 1771 

r 155 27 26.29 80 12.58 41 76 37 21 1683 
156 27 26.22 80 12.54 40 42 30 0 1782 
157 27 26.18· 80 12.46 41 67· 17 15 1794 
158 27 26.18 80 12.38 42 22 13 9 1777 

1 159 27 26.21 80 12.33 ··45 22 49 30 1716 
160 27 26.27 80 12.32 44 47 1 6 1897 
161 27 26.33 80 12.34 45 7 25 0 1921 , 162 27 26.38 80 12.36 43 32 33 11 1818 

j 163 27 26.45 80 12.38 43 89 12 29 1907 
164 27 26.50 80 12.37 44 46 25 0 1947 

] 
165 27 26.56 80 12.35 44 38 18 19 1994 
166 27 26.62 80 12.36 45 37 0 18 1837 
167 27 26.68 80 12.37 44 15 28 28 1874 
168 27 26.73 80 12.35 46 91 18 22 2151 

1 169 27 26.79 80 12.34 46 50 16 8 1866 
j 170 27 26.85 80 12.34 45 80 33 0 1955 

171 27 26.91 80 12.36 47 23· 26 . 31 1852 

1 
172 27 26.97 80 12.37 47 53 4 0 1693 
173 27 27.03 80 12.37 47 33 34 4 1780 
174 27 27.08 80 12.35 47 44 16 17 1772 
175 27 27.13 80 12.32 47 37 17 4 1734 

1 176 27 27.20 80 12.32 48 4 37 24 1824 
j 177 27 27.25 80 12.34 47 53 56 3 1861 

178 27 27.30 80 12.37 48 86 39 20 1923 
1 179 27 27.36 80 12.38 49 56 11 16 1860 
I 

J 



APPENDIX A: Fort Pierce shipboard Data - Gamma Radiation 

Site Latitude Longitude Depth K-40 Bi-214 'r1-20S 'rota 1 
(ft) (cpm) (cpm) (cpm) (cpm) 

lS0 27 27.43 80 12.3S 48 . 27 38 22 1746 
lSl 27 27.4S 80 12.36 49 49 18 11 1802 
182 27 27.54 SO·12.36 50 54 30 18 1823 
183 27 27.59 SO 12.40 50 40 12 0 1821 
184 27 27.65 SO 12.38 50 68 31 12 1931 
185 27 27.71 SO 12.39 51 63 44 22 1752 
18~ 27 ·27.77 SO 12.37 51 76 23 12 1871 
187 27 27.S3 SO 12.36 53 71 20 9 lS85 
lS8 27 27.89 80 12.34 53 51 31 1 2021 
189 27 27.95 SO 12.34 53 67 33 1 lS24 
190 27 28.00 80 12.36 52 57 14 0 1888 
191 27 28.06 SO 12.3S 53 47 40 21 lSSS 
192 27 2S.11 SO 12.3S 53 75 23 7 1916 
193 27 2S.17 SO 12.39 54 S3 32 4 1975 
194 27 28.22 SO 12.40 53 94 2 25 1961 
195 27 2S.29 SO 12.3S 55 0 37 lS 1924 
196 27 2S.34 SO 12.37 54 34 44· 11 1993 
197 27 28.40 SO 12.37 53 59 22 20 1945 
198 27 2S.45 SO 12.36 54 69 30 7 1895 
199 27 2S.51 SO 12.35 55 76 64 23 1944 
200 27 2S.57 SO 12.37 55 35 42 14 1911 
201 27 28.62 SO 12.40 55 Sl 39 11 1968 
202 27 2S.65 80 12.46 54 63 15 20 1917 
203 27 2S.71 SO 12.47 50 74 44 17 1992 
204 27 2S.73 SO 12.40 50 62 43 7 2025 
205 27 28.73 SO 12.32 54 88 36 2 1974 
206 27 2S.69 SO 12.24 55 62 3 24 2030 
207 27 2S.62 SO 12.19 53 66 9 6 1890 
208 27 2S.53 SO 12.21 52 14 37 19 1968 
209 27 2S.44 SO 12.19 52 56 14 14 2145 
210 27 2S.35 SO 12.21 53 76 21 11 2286 
211 27 2S.27 SO 12.1S 52 64 .2 29 2119 
212 27 28.1S S·O 12.18 53 82 52 26 2097 
213 27 2S.09 SO 12.1S 51 111 12 13 2106 
214 27 28.01 SO 12.18 52 59 0 10 1849 
215 27 27.92 80 12.19 51 44 31 3 1749 
216 27 27.82 80 12.1S 50 41 31 12 1880 
217 27 27.74 80 12.17 49 56 43 11 1759 
21S' 27 27.65 SO 12.17 50 42 24 0 1777 
219 27 27~56 SO 12.17 50 49 34 13 1775 
220 27 27.47 SO 12.17 49 57 32 13 1780 
221 27 27.39 SO 12.16 49 53 23 0 16S6 
222 27 27.30 SO 12.17 49 62 24 16 1804 
223 27 27.21 SO 12.17 49 24 41 27 1732 
224 27 27.12 SO 12.16 49 54 18 17 lS62 
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1 APPENDIX A: Fort Pierce Shipboard Data - Gamma Radiation 

site Latitude Longitude Depth K-40 Bi-214 Tl-208 Total 

1 (ft) (cpm) (cpm) (cpm) (cpm) 
225 27 27.04 80 12.17 46 28 46 5 1769 
226 27 26.95 80 12.18 46 53 0 0 1785 

) 227 27 26.87 80 12.18 45 30 25 0 1670 
228 27 26.78 80 12.18 45 29 37 20 1744 
229 27 26.70 80 12.18 46 56 21 21 1822 
230 27 26.61 80 12·.16 43 28 33 1.6 1813 

] 231 27 26.52 80 12.16 44 72 29 42 2142 
232 27 26.44 80 12.17 42 69 ·24 19 1900 
233 27 26.35 80 12.18 43 59 -0 26 1904 

] 234 27 26.28 80 12.13 42 72 28 17 1794 
235 27 26.25 80 12.06 42 35 26 16 1785 
236 27 26.26 80 11.98 43 67 2 0 1729 

] 
237 27 26.31 80 11.96 43 10 38 4 1778 
238 27 26.36 80 11.98 43 60 16 12 1886 
239 27 26.44 80 12.00 45 57 56 9 1792 
240 27 26.52 80 11.98 45 79 21 19 1745 

:1 
241 27 26.62 80 11.97 46 87 21 0 1795 
242 27 26.70 80 12.00 46 32 ·17 24 1844 
243 27 26.78 80 11.~9 46 71 24 13 1959 

] 244 27 26.85 - 80 11.96 45 25 22 17 1874 
245 27 26.93 80 11.95 46 28 29 7 1802 
246 27 27.01 80 11.97 45 45 0 ·22 1842 
247 27 27.08 80 11.99 45 18 19 24 1833 

] 248 27 27.16 80 11.99 47 61 37 7 1830 
249 27 27.23 80 11.96 48 65 28 6 1792 
250 27 27.30 80 11.97 48 33 40 22 2023 

J 251 27 27.37 80 11.99 51 114 25 22 1976 
252 27 27.45 80 12.00 51 77 30 0 1822 
253 27 27.53 80 12.01 50 46 6 8 1883 

1 
254 27 27.60 80 12.02 50 57 40 19 1809 
255 27 27.68 80 12.03 50 45 39 11 1888 

..J 256 27 27.75 80 12.01 50 55 25 0 1813 
257 27 27.83 80 12.00 50 58 4 12 1805 

J 258 27 27.91 80 12.01 51 73 0 15 1865 
259 27 27.98 80 12.01 52 41 19 23 1749 
260 27 28.05 80 11.99 53 59 23 9 1750 

] 261 27 28.13 80 11.97 53 40 36 19 1856 
262 27 28.20 80 11.99 53 20 63 12 1940 
263 27 28.27 80 11.99 53 48 66 18 2126 
264 27 28.35 80 11.98 53 39 6 32 2067 

J 265 27 28.42 80 11.97 53 71 23 17 2124 
266 27 28 .• 50 80 11.98 54 72 43 21 2085 
267 27 28.57 80 12.01 52 20 0 8 2067 

! 268 27 28.64 80 12.05 53 49 32 21 1966 
j 269 27 28.70 80 12.06 56 16 45 1 1867 



APPENDIX A: Fort Pierce Shipboard Data - Gamma Radiation 

site Latitude Longitude Depth K-40 Bi-214 Tl-208 Total , 

(ft) (cpm) (cpm) (cpm) (cpm) 
270 27 28.70 80 11.96 57 63 44 14 1913 
271 27 28.64 80 11.87 54 50 16 27 1729 
272 27 28.55 80 11.82 53 61 53 22 1825 
273 27 28.45 80 11.80 53 54 47 17 1834 
274 ~7 28.35 80 11.81 53 88 26 14 1925 
275 27 28.26 80 11.81 52 69 38 9 1894 
276 27 28.17 80 11.80 52 78 28 13 1945 
277 27 28.09 80 11.80 53 29 26 11 1886 
278 27 28.01 80 11.80 54 73 17 24 1807 
279 27 27.93 80 11.79 53 73 18 0 1806 
280 27 27.85 80 11.79 53 57 36 11 1780 

,281 27 27.77 80 11.78 52 59 53 12 1763 
282 27 27.69 80 11.79 53 122 5 22 1776 
283 27 27.60 80 11.78 52 32 48 21 1794 
284 27 27.52 80 11.79 51 56 31 17 1821 
285 27 27.44 80 11.79 51 49 21 12 1779 
286 27 27.36 80 11.79 51 74 25 37 1729 
287 27 27.28 80 11.79 51 108 15 4 1847 
288 27 27.20 80 11.79 51 38 26 0 1835 
'289 27 27.12 80 11.80 48 24 38 16 1723 
290 27 27.04 80 11.80 50 38 36 0 1795 
291 27 26.96 80 11.80 47 44 39 6 1790 
292 27 26.88 80 11.80 46 64 6 15 1718 
293 27 26.80 80 11.80 45 76 11 27 1821 
294 27 26.72 80 11.80 45 58 13 9 1901 
295 27 26.65 80 11.80 45 31 25 31 1796 
296 27 26.56 80 11.80 44 74 28 13 1826 
297 27 26.49 80 11.80 45 76 37 7 1816 
298 27 26.41 80 11.79 44 83 27 20 1853 
299 27 26.33 80 11.77 45 21 23 4 1794 
300 27 26.28 80 11.73 42 59 37 37 1729 
301 27 26.28 80 11.63 44 66 40 25 1780 
302 27 26.36 80 11.64 43 79 18 14 1781 
303 27 26.45 80 11.67 44 66 5 13 1724 
304 27 26.52 80 11.66 46 55 10 15 1792 
305 27 26.58 80 11.65 46 56 6 8 1800 
306 27 26.63 80 11.62 46 76 0 12 1745 
307 27 26.70 80 11.61 45 37 29 13 1781 
308 27 26.77 80 11.63 46 43 28 0 1816 
309 27 26.85 80 11.63 47 53 '37 13 1852 
310 27 26.92 80 11.63 47 67 45 24 1793 
311 27 26.98 80 11.62 48 30 34 16 1825 
312 27 27.06 80 11.62 50 63 35 18 1745 
313 27 27.13 80 11.62 49 51 47 9 1805 
314 27 27.22 80 11.62 51 16 21 14 1741 
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1 APPENDIX A: Fort Pierce shipboard Data - Gamma Radiation 
I 

site Latitude Longitude Depth K-40 Bi-214 Tl-208 Total 
, 1 (ft) (cpm) (cpm) (cpm) (cpm) 

. I 315 27 27.29 80 11.61 51 98 0 3 1781 
316 27 27.38 80 11.59 51 67 20 20 1814 
317 27 27.47 80 11.60 52 69 36 5 1926 

1 318 27 27.55 80 11.60 53 32 27 14 1757 
j 319 27 27.64 80 11.59 52 102 33 13 1692 

320 27 27.73 80 11.59 52 38 15 7 1758 

1 
321 27 27.81 80 11.59 52 61 24 4 1770 
322 27 27.89 80 11.60 53 84 25 0 1708 
323 27 -27 .. 98 80 11.61 52 52 35 12 1819 
324 27 28.06 80 11.60 51 68 21 21 1873 

] 325 27 28.15 80 11.60 53 89 31 0 1871 
326 27 28.23 80 11.61 52 55 3 17 1809 
327 27 28.32 80 11.61 52 45 38 7 1999 

J 
328 27 28.40 80 11.61 52 35 23 22 1967 
329 27 28.49 80. 11.60 53 65 47 33 2086 
330 27 28.58 80 11.62 54 98 35 21 1953 
331 27 28.67 80 11.60 54 62 5 4 1868 

J 332 27 28.74 80 11.57 54 57 5 19 1793 
333 27 28.70 80 11.48 53 114 23 27 2040 
334 27 28.60 80 11.46 54 56 52 27 1931 

I 

] #0 335 27 28.48 80 11.46 53 71 39 18 1757 
336 27 28.36 80 11.45 51 50 22 15 1791 
337 27 28.24 80 11.44 53 57 40 14 2028 

] 
-338 27 28.~3 80 11.42 54 59 46 13 1856 
339 27 28.01 80 11.41 54 59 22 14 1795 
340 27 27.92 80 11.41 53 52 36 12 1782 
341 27 27.83 80 11.42 52 26 43 15 1928 

J 342 27 27.74 80 11.42 53 73 3 8 1748 
343 27 27.66 80 11.43 54 46 14 6 1884 
344 27 27.57 80 11.45 54 61 27 7 1835 

J 345 27 27.48 80 11.44 53 55 8 7 1777 
346 27 27.40 80 11.45 53 58 42 21 1771 
347 27 27.30 80 11.45 51 35 32 7 1849 
348 27 27.21 80 11.44 50 55 36 9 1824 

1 349 27 27.11 80 11.44 50 66 6 4 1736 J 350 27 27.01 80 11.44 48 65 30 0 1772 
351 27 26.91 80 11.43 48 54 33 13 1769 

) 352 27 26.81 80 11.42 47 52 31 3 1801 
353 27 26.71 80 11.42 46 53 24 0 1817 
354 27·26.62 80 11.42 45 56 44 14 1757 

] 
355 27 26.51 80 11.42 48 81 8 15 1787 
356 27 26.42 80 11.42 46 36 44 6 1685 
357 27 26.32 80 11.41 47 64 27 21 1692 
358 27 26.24 80 11.35 46 63 37 14 1792 

I 359 27 26.20 80 11.25 48 53 32 12 1714 
j 



APPENDIX A: Fort Pierce Shipboard Data - Gamma Radiation 

Site Latitude Longitude Depth K-40 Bi-214 Tl-208 Total 
(ft) (cpm) (cpm) (cpm) (cpm) 

360 27 26.20 80 11.17 47 ·110 0 17 1714 
361 27 26.25 80 11.11 46 62 33 2 1854 
362 27 26.30 80 11.12 46 45 24 17 1781 
363 27 26.35 80 11.18 46 48 12 18 1766 
364 27 26.40 80 11.23 46 78 27 14 1854 
365 27 26.46 80 11.26 46 54 17 16 1724 
366 27 26.53 80 11.24 47 55 10 10 1833 
367 27 26.60 80 11.23 47 66 33 4 1824 
368 27 26.67 80 11.21 48 50 35 4 1786 
369 27 26.74 80 11.21 47 86 0 11 1770 
370 27 26.81 80 11.22 47 40 9 16 1827 
371 27 26.90 80 11.22 48 86 30 9 1804 
372 27 26.98 80 11.23 49 42 15 12 1881 
373 27 27.05 80 11.22 49 55 40 23 1942 
374 27 27.14 80 11.23 51 40 44 17 1856 
375 27 27.22 80 11.21 53 109 15 0 1855 
376 27 27.30 80 11.20 52 61 40 14 1783 
377 27 27.38 80 11.20 53 36 11 10 1827 
378 27 27.47 80 11.21 52 31 59 0 1877 
379 27 27.54 80 11.22 52 95 44 2 1840 
380 27 27.63 80 11.21 51 58 30 21 1819 
381 27 27.71 80 11.21 52 36 25 22 1758 
382 27 27.79 80 11.21 53 48 18 13 1688 
383 27 27.87 80 11.22 54 59 11 2 1807 
384 27 27.95 80 11.21 52 97 15 0 1910 
385 27 28.04 80 11.22 54 91 26 14 1996 
386 27 28.12 SO 11.23 S3 62 36 24 1906 
387 27 28.20 80 11.22 56 44 15 8 1805 
388 27 28.28 80 11.24 52 78 13 0 1849 
389 27 28.37 SO 11.23 51 29 40 20 2055 
390 27 28.45 80 11.23 55 78 44 0 2303 
391 27 2S.53 80 11.22 53 57 24 18 1832 
392 27 28.61 80 11.21 50 23- 3·9 12 2114 
393 27 2S.69 SO 11.20 49 69 48 31 2429 . 
394 27 28.76 80 11.19 50 77 14 35 2382 
395 27 2S.78 80 11.10 54 S4 53 17 2395 
396 27 28.70 80 11.04 51 87" 20 24 . 2049 
397 27 28.59 SO 11.03 53 49 62 0 2394 
398 27 28.48 80 11.04 55 41 45 11 2178 
399 27 28.37 80 11.03 51 56 18 38 2144 
400 27 2S.27 80 11.02 53 63 8 0 1909 
401 27 28.20 80 11.02 51 66 29 8 1847 
402 27 28.13 80 11.02 53 42 34 0 1810 
403 27 28.06 SO 11.02 52 104 29 0 2045 
404 27 27.99 80 11.02 51 31 39 16 1801 
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) APPENDIX A: Fort Pierce Shipboard Data - Gamma Radiation 

Site Latitude Longitude Depth K-40 Bi-214 Tl-208 Total 

!1 (ft) (cpm) (cpm) (cpm) (cpm) 
405 27 27.92 80 11.02 52 71 15 17 1946 
406 27 27.84 80 -11.01 51 52 13 0 1853 
407 27 27.77 80 11.01 51 50 21 24 1832 

] 408 27 27.70 80-11.02 52 80 16- 9 1887 
409 27 27.62 80-11.02 55 57 19 17 1852 
410 27 27.55 80 11.02 53 77 0 12 1881 

1 
411 27 27.47 80 11.01 53 63 16 21 2017 
412 27 27.40 80 11.02 54 79 0 0 204Q 
413 27 27.33 80 11.02 53 41 33 21 2045 
414 27 27.26 80 11.01 53 62 27 3 2065 

] 415 27 27.19 80 11.01 53 58 55 9 2180 
416 27 27.12 80 11.00 52 64 14 6 1879 
417 27 27.05 80 11.01 51 58 8 3 1861 

] 418 27 26.98 80 11.01 50 65 5 22 1901 
419 27 26.91 80 11.01 50 29 0 33 1898 
420 27 26.84 80 11.00 49 88 35 34 1935 

J 
421 27 26.76 80 11.01 50 54 32 18 1851 
422 27 26.69 80 11.01 51 71 1 9 1914 
423 27 26.62 80 11.01 50 63 0 19 1936 
424 27 26.55 80 11.01 47 65 30 24 1816 

] 425 27 26.48 80 11.01 47 67 8 14 1913 
426 27 26.41 80 11.02 46 61 0 19 1827 
427 27 26.34 80 11.01 45 77 19 36 1858 

] 
428 27 26.28 80 10.97 44 54 21 35 1803 
429 27 26.26 80 10.91 44 66 15 4 1808 
430 27 26.27 80 10.84 48 49 64 0 1805 
431 27 26.33 80 10.82 50 46 6 7 1854 

J 432 27 26.40 80 10.81 48 102 18 12 1815 
433 27 26.46 80 10.81 48 68 17 9 1868 
434 27 26.52 80 10.82 49 71 5 16 1767 

J 435 27 26.58 80 10.83 48 66 28 16 1755 
436 27 26.65 80 10.82 51 21 34 16 1739 
437 27 26.72 80 10.83 50 83 35 10 1717 

} 
438 27 26.78 80 10.83 49 84 35 14 1733 
439 27 26.84 80 10.83 50 60 12 33 1872 1 440 27 26.91 80 10.84 52 59 18 14 1939 
441 27 26.97 80 10.85 50 35 0 9 1793 

] 442 27 27.04 80 10.84 51 62 14 18 1810 
443 27 27.10 80 10.85 52 48 39 24 1932 
444 27 27.16 80 10.86- 53 74 13 0 1922 

J 
445 27 27.22 80 10.83 55 57 25 15 1830 
446 27 27.29 80 10.82 53 105 33 14 1971 
447 27 27.35 80 10.83 53 75 22 7 2042 

J 
448 27 27.41 80 10.82 55 84 28 26 2007 
449 27 27.48 80 10.80 55 28 10 10 2061 

J 

I 
I 



APPENDIX A: Fort Pierce Shipboard Data - Gamma Radiation 

site Latitude Longitude Oepth K-40 8i-214 Tl-208 Total 
(ft) (cpm) (cpm) (cpm) (cpm) 

450 27 27.54 80 10.80 54 53 17 21 1919 
451 27 27.61 SO 10.81 55 83 30 0 2027 
452 27 27.69 80 10.83 55 81 35 12 2182 
453 27 27.77 80 10.84 56 43 4 11 1805 
454 27 27.84 80 10.86 54 81 10 17 1899 
455 27 27.92 80 10.86 53 28 3;5 3 1829 
456 27 28.01 80 10.85 54 89 42 15 1769 
457 27 28.09 80 10.84 50 42 34 9 1886 
458 27 28.17 80 10.82 52 83 23 21 2313 
459 27 28.24 80 10.82 53 51 31 28 2188 
460 27 28.32 80 10.82 53 64 14 26 1712 
461 27 28.39 80 10.81 54 73 52 22 2219 
462 27 28.47 80 10.83 56 93 31 18 2224 
463 27 28.54 80 10·.85 53 97 53 39 2196 
464 27 28.62 80 10.88 49 102 59 1 2478 
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Appendix B 

FORT PIERCE ODMDS - CS3 SAMPLE STATIONS 
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APPENDIX B: Fort Pierce ODMDS - CS3 Sample Stations 
~I 

site Latitude Longitude Depth 

-1 
(ft) 

1 '27 26.57 SO 13.12 22 
2 27 26.76 SO 13.13 24 
3 27 26.S9 SO 13.11 23 

-. 4 27 27.06 SO 13.12 22 
i 5 27 27.20 SO 13.11 23 

6 27 27.36 SO 13.10 22 
7 27 27.49 SO 13.11 23 
S 27 27.62 SO 13.10 24 
9 27 2S.4S SO 12.76 2S 

10 27 2S.36 SO 12.73 2S 
-l 11 27 2S.20 SO 12.73 27 
I 12 27 2S.00 SO 12.72 27 

13 27 27.S0 SO 12.72 27 ., 14 27 27.73 SO 12.72 26 

.J 15 27 27.59 SO 12.74 26 
16 27 27.43 SO 12.75 ·25 
17 27 27.31 SO 12.75 24 

'1 lS 27 27.15 SO 12.77 24 
19 27 26.99 SO 12.77 23 
20 27 26.S4 SO 12.77 23 

II 21 27 26.70 SO 12.7S 23 
22 27 26.55 SO 12.77 22 
23 27 26.57 SO 12.3S 25 
24 27 26.130 SO 12.37 25 q 25 27 26.S9 SO 12.35 25 

LJ 26 27 27.02 SO 12.34 26 
27 27 27.17 SO 12.32 26 

, ) 2S 27 27.36 SO 12.33 26 
I ' , : 29 27 27.47 SO 12.34 2S l I 

30 27 27.61 SO 12.35 2S 

U 
31 27 27.76 SO 12.37 27 
32 27 27.93 80 12.38 29 
33 27 2S.08 80 12.37 28 
34 27 28.22 80 12.38 29 

I , 35 27 28.37 80 12.36 29 
j 36 27 28.53 80 12.34 30 

37 27 28.73 80 12.09 30 

.l 
38 27 28.54 80 11.96 28 
39 27 28.37 80 11.98 29 
40 27 28.21 80 11.98 28 
41 27 2S.08 80 11.98 28 

1 42 27 27.92 80 11.99 29 
.. J 43 27 27.78 80 12.00 27 

44 27 27.63 80 11.98 27 
'. 



APPENDIX B: Fort Pierce ODMDS - CS) Samplo :;t.rt\ iouu 

site Latitude Longitude Depth 
(ft) 

45 27 27.48 80 11.98 26 
46 27 27.33 80 11.96 26 
47 27 27.18 80 11.99 26 
48 27 27.03 80 11.98 25 
49 27 26.88 80 11.99 26 
50 27 26.73 80 11.98 25 
51 27 26.58 80 12.00 24 
52 27 26.54 80 12.01 24 
53 27 26.56 80 11.61 25 
54 27 26.70 80 11.63 25 
55 27 26.$6 80 11.59 27 
56 27 27.01 80 11.61 27 
57 27 27.15 80 11.59 28 
58 27 27.30 80 11.59 28 
59 27 27.45 80- 11.61 28 
60 27 27.61 80 11.63 28 
61 27 27.75 80 11.61 29 
62 27 27.90 80 11.63 29 
63 27 28.06 80 11.61 30 
64 27 28.22 80 11.63 28 
65 27 28.36 80 11.61 29 
66 27·28.51 80 11.64 29 
67 27 28.56 80 11.63 29 
68 27 28.75 80 11.38 30 
69 27 28.53 80 11.22 30 
70 27 28.37 80 11.21 28 
71 27 28.23 80 11.23 29 
72 27 28.08 80 11.22 30 
73 27 27.93 80 11.22 29 
74 27 27.77 80 11.21 28 
75 27 27.63 80 11.20 28 
76 27 27.48 80 11.21 29 
77 27 27.33 80 11.21 28 
78 27 27.18 80 11.22 26 
79 27 27.02 80 11.24 28 
80 27 26.88 80 11.23 26 
81 27 26.73 80 11.24 27 
82. 27 26.59 80 11.23 27 
83 27 26.53 80 11.23 26 
84 27 26.56 80 10.82 26 
85 27 26.72 80 10.82 27 
86 27 27.20 80 10.83 28 
87 27 27.31 80 10.86 29 
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Appendix C 

QUALITY ASSURANCE AND CONTROL 
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c.o QUALITY ASSURANCE AND CONTROL 

Several steps were taken to ensure that the systems used to perform the sUlVey were 

operating properly at all times. The methods for the quality assurance and control are 

documented in the QAPjP (EPA, 1991) for this project. 

C.l GIMS 

To check the operating system of the GIMS, a CAIS monazite-sand standard was used. A 

spectrum was printed on' paper before and after the sUlVey. The operator of the system 

reviewed the spectrum to ensure that the operational peaks were in the proper settings. The 

operator also checked the systems gain, reference cbannel, and resolution. Figure C-1 shows 

the two cahoration spectra recorded before and after the GIMS portion of the sUlVey. 

c.2 XRF (CS3 and box core) 

A replicate sample analysis was performed for the box-core pellet Table C-1 shows the 

results of the replicate analyses for the pellet processed from box core 1 sediments. The 

precision results were generated by repeating XRF analysis on the same pellet five times. 

The accuracy determinations were generated by repeating XRF analysis on an NIST 

Standard 2704. 

- ' 

The replicate series for box core 1 did show three elements to be inconsistent with the 

expected precision range. P, Zr, and Pb did exceed the expected ranges for precision as 

stated by the QA/QC project plan. It has been determined that P and Pb sometimes 

experience signal peak interference with other elements during XRF analyses. Steps are 

currently underway to eliminate this problem. Zr was possibly nearing the minimum 

detection limit (MOL) for these elements. Determination of the MDLs for the xRF are 

currently being investigated and will be appended to the QAPjP. 

I, :,' 

C-l 
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Figure C-l. Calibration spectra for GIMS. 
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Before survey 

After survey 
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Table C-l. XRF Data Quality Measurements for Box Core 1 
-, 

.i 
System Analyte Precision· AccuracY' Precisionc Accuracr 

" 

1 
XRF AI :l5.6% ±0.5% ±2S% %25% 

", wt% Si ±1.2% ±0.3% ±2S% ±2S% 

r S ±7.1% ±1.0% ±2S% ±2S% 
Fe ±0.4% ±0.4% %25% ±2S% 

'~i 
Ca ±0.4% ±0.8% %25% ±2S% 
Mg ±8.6% ±2.7% ±2S% %25% 

.j P %32.8% ±21.1% ±2S% ±2S% 
Sr ±O.O% ±2.2% :t2S% ±2S% 

"\ L 
±0.9% ppm Ti ±4.0% ±2S% ±2S% 

t-' Cr ±19.2% ±4.6% :t2S% ±2S% 

lr Mn ±16.4% ±7.8% %25% :l:2S% 
Ni :1:6.6% :1:18.2% :l:2S% :l:2S% 

.Cu :1:19.9% :1:1.5% :t2S% :l:2S% 

0 Zn :1:6.6% :1:0.5% :l:2S% :l:2S% 
Zz :l58.1% :1:0.9% :l:2S% :l:2S% 
Cd %31.9% :1:11.9% :t4O% :1:40% 

II Sb ±31.3% ±21.7% ±4O% ±4O% 

,1. Sn :1:23.0% :1:18.6% ±4O% :1:40% 
Ba :1:14.6% :t2.8% :t2S% :t2S% 

n Pb ±5O.2% :t11.2% ±2S% :l:2S% 

-Relative standard deviation based on replicate analysis of bOx core 1. 
bOifference from true value based on replicate analysis of NIST 2704. 

[j cAcceptance/rejectioD values. 

: 1 
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c.3 Ge(Li) Detector 

A replicate analyiis of box cote 2 was performed. U was found to be at a concentration 

level of 205 pCi/kg. 1b was 49 pCi/kg, and K was 308 pCi/kg fot the first analysis. For the 

second analysis, U was 214 pCi/kg; Th was 39 pCi/kg. and K was 278 pCi/kg. An EPA 

pitchblende standard was analyzed along with the six box-core samples to monitor the 

operation of the qe(U) dete~ot. The standard was recorded at 3174 pCi/kg U, which lies 

within the expected range of ±2.5% error. A background sample was also analyzed with the 

box-core samples, and recorded no detectable levels of gamma radiation. 

C-4 
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