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EXECUTIVE SUMMARY AND CONCLUSIONS 

Dredging and disposal of contaminated dredged material is a major 

problem facing most ports in the United States. Usually when disposal 

options are discussed the question of how to reduce dredging without 

sacrificing the economical operation of the port is raised. Dredging 

and disposal must continue to keep most of our ports open, but there 

are measures that can be taken to reduce the amount of material 

dredged and the levels of contamination. The goal of this study is to 

examine measures for reducing dredging and disposal of contaminated 

material for the Port of New York and New Jersey. Because many of the 

problems and potential solutions are shared by all ports, we hope that 

this case study can contribute significantly to our understanding of 

the problem and aid in identifying solutions on a nation-wide basis. 

Many approaches can be taken to reduce the need for dredging and 

the disposal of contaminated material. We studied three basic 

categories of reduction measures . The first involves reduction in 

dredging through reduction or elimination of dredging of some 

projects. Dredging projects in the Port of New York and New Jersey 

result from the division of the Port's waterways into many channels 

and channel systems by the U.S . Army Corps of Engineers. Projects 

vary widely in geographical extent, quantity of material dredged and 

quality (contaminant levels) of the material dredged. Ship traffic, 

the type and number of facilities served and the proportion of the 

traffic accounted for by deep draft vessels varies as well. By 

comparing the environmental costs of a particular project, as measured 

by the quantity and quality of the material dredged, with the economic 

value of the project as measured by ship traffic and cargo hand l ed, it 
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is possible to identify projects that may be candidates for reductions 

in dredging. 

Reductions in dredging requirements by reducing shoaling in 

channels is a second approach we studied . Changes in the hydraulic 

regime within the harbor by various means may be an economically 

attractive way to alter depositional patterns and reduce channel 

shoaling. Suggestions proposed include: removal of piers and slips, 

installation of tide gat es and other methods of enhancing flushing of 

the harbor. Another possibility is the relocation of channels to less 

active depositional zones . Eval uation of each of these measures 

requires an understanding of sediment transport within the harbor at a 

level not possible at present. Nevertheless, these possibilities 

should be considered to highlight needed research. 

A t hird approach we assessed involves reductions in dredging of 

contaminated sediments obtained by controlling sediment and 

contaminant inputs to the Port . The first step in this analysis was 

to inventory th e inputs to the system, including; tributaries, urban 

erosion, runoff, sewage, in situ biological production and oceanic 

sources . Once the primary sources had been identified , various 

contro l measures were reviewed to determine their overall 

effectiveness, cost, technical and legal practicality. Finally , the 

impact of each measure on dredged quantity and material quality was 

assessed using our present understanding of sediment and contaminant 

transport mechanisms in the estuary. 

We have not considered how changes in ship design with a shift to 

broad beam, shallow draft vessels would reduce re quired channel depths 

and as a result, maintenance dredging requirements. 
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Our report is divided into two major parts. The first deals with 

reductions in dredging through harbor modifications; the second deals 

with the control of sediment and contaminant inputs to the Port. 

Part I, Reductions in Dredging Through Harbor Modifications, 

includes a description of the study area, environmental and economic 

evaluations of the major dredging projects, and a discussion of 

potential hydraulic modifications to reduce dredging. The 

environmental and economic evaluations contain a summary of available 

data on dredged material quantity and contamination levels, ship 

traffic data and other pertinent economic information. Based on an 

analysis of these data, we identified projects with potential for 

reduced dredging without adverse economic impact. The maximum 

reduction in dredging volume that is possible through elimination of 

projects is approximately 11 . 6%. Projected~ dredging work in 

various parts of the Harbor may oven~helm any reductions realized in 

this way, but there will be little contamination associated with 

sediments dredged for~ work. 

Hydraulic modifications to the harbor also are discussed in 

Part I . To be successful, these kinds of measures require the ability 

to predict how hydraulic modifications affect sediment transport 

characteristics of the Harbor. In the early 1960's the Corps applied 

their physical model of New York Harbor to the study of shoalin g in 

the Lower Hudson River. Using a combination of expensive control 

measures, they predicted up to a 37% reduction in shoaling was 

possible. However, these measures were never implemented 

because of cost and uncertainty of effectiveness. Nevertheless, one 

area of the Harbor where this type of measure warrants further study 



is in reducing shoaling in berthing slips. Approximately, 1.4 million 

yd
3 

are removed annually from private projects. Experiments by the 

Corps and others discussed in this report indicate that up to a 17% 

reduction in slip shoaling may be practical. If implemented 

harbor-wide this could represent up to a 3.5% reduction in total 

maintenance dredging. 

Part II, Control of Sediment and Contaminant Inputs to the Port 

of New York and New Jersey, includes a review and tabulation of data 

available to quantify the sediment and contaminant sources to the 

Harbor. Although there are large gaps in the data, some conclusions 

can be reached. It appears that between 70% and 100% of the sediment 

entering the port from all sources is removed by dredging. The Hudson 

River and the New York Bight are the major sources of this sediment 

with smaller contributions from wastewater, urban runoff, in situ 

biological production, shore erosion and Long Island Sound. Assuming 

that reduced sediment loads are translated directly into reduced 

dredging, a 14 to 20% reduction in total maintenance dredging 

requirements is possible. Indications are that for tributary loads, 

at least, it may take decades for reductions in sediment yields to 

show up as reduced loads to the estuary. This means that dredging 

requirements to maintain existing projects may not be reduced 

significantly for many years. 

Data on sources of contaminants to the Harbor are more limited 

than data for sediment sources. PCB's are characterized best and up 

to 94% removal of PCB contamination from the Hudson River is thought 

by some to be possible, although a 72% removal is more likely, and 

even that may be an over-estimate. The Hudson is the major source of 
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PCB's to the Harbor, but wastewater and urban runoff also contribute. 

If the most likely controls are implemented a 27-32% reduction in PCB 

inputs to the Port is possible. Sources of metals and other 

contaminants sources must be quantified much better before loads and 

possible reductions can be quantified. 

In summary, measures discussed here could lead to overall 

reductions in current maintenance dredging requirements of up to 35%; 

11.6% through elimination of projects, 14-20% through erosion, 

wastewater and urban runoff controls and 3.5% through slip shoaling 

controls. Although this would be a significant improvement, proposed 

new dredging projects could result in as much as a 40% increase in 

dredging requirements. This is not to imply that control measures 

such as those discussed here are not worthwhile. They are. It is 

clear, however, that significant reductions in maintenance dredging 

requirements are not to be expected in the near future. The most 

promising controls appear to be those directed at reducing 

contamination, but more data are needed to quantify the magnitude and 

time needed for significant improvements in sediment quality. 

Reductions in contaminant inputs does not decrease maintenance 

dredging requirements, but it extends the range of acceptable disposal 

alternatives. Many decades of stringent controls are necessary to 

correct decades of past abuse, 

5 
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PART I. REDUCTIONS IN DREDGING THROUGH HARBOR MODIFICATIONS 

Description of the Study Area 

The Port of New York and New Jersey lies within the jurisdiction 

of both states. Because of this and its size and complexity, the Port 

presents an extremely difficult management problem. When considering 

development options for the Port, managers must consider not only the 

economic and environmental concerns common to all ports, but in the 

case of the Port of New York and New Jersey they must consider the 

impacts of shifting the balance in favor of one state or the other. 

The system of navigation channels providing access to the Port is 

shown on Figure 1-1. Construction and maintenance of the channels are 

the responsibility of the New York District of the U.S. Army Corps of 

Engineers. The Corps also is responsible for regulating the 

construction and maintenance of state, local and privately - operated 

channels and docking facilities . The channel system has been divided 

into a number of projects by the Corps. These are shown on a series 

of maps contained in Appendix A. 

General Dredging Requirements 

Dredging requirements for the Port have averaged over 8 million 

cubic yards annually over the last 15 years. As can be seen in Figure 

1-2, substantial year to year variations occur. The Corps divides 

their dredging statistics into three categories, shown on Figure I-3. 

The largest amount of dredging is done to maintain existing federal 

projects. Most of the annual variation in dredging is caused by 

variations in the second category - -new federal dredging. The third 
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category, private dredging, includes maintenance and new dredging done 

by anyone other than the Corps . This includes other federal, state 

and local government agencies as well as private interests. The total 

quantity of material dredged for each project and for each category of 

projects are summarized by year in Appendix A, Tables A-1 through A-3. 

Variability in federal maintenance dredging is largely a function of 

funds available. Certain projects, for example the Ambrose Channel, 

at the harbor entrance, must be maintained annually. Othets are more 

flexible and maintenance is scheduled around more pressing maintenance 

and new dredging work. In addition, dredging of some projects has 

been deferred because of contamination and associated environmental 

problems. Once acceptable disposal alternatives are made available, 

these projects may be completed. 

Ship Traffic 

The Corps also is responsible for publishing annual summaries of 

ship traffic statistics including tons of cargo landed, and numbers of 

ships, segregated by draft and type . Three categories of self­

propelled vessels--passenger and dry cargo, tankers, and towboats or 

tugboats--and two categories of non-self propelled vessels--dry cargo 

and tankers--are considered. These statistics are compiled and 

published in a series of volumes entitled, Waterborne Conunerce of the 

United States. Unfortunately, there is a substantial delay in 

publication and the most recent volume available at the time of this 

writing is for 1978 (USAGE, 1978). 

Statistics on tons of cargo landed are divided by product 

category and are given for different segments of the Harbor. Total 
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tons landed in the Port of New York and New Jers ey over the period 

1966-1978 are shown in Figure I-4(a). Although there are considerable 

fluctuations, it is evid ent that the Port is continuing t o grow . 

Figure I - 4(b) shows the importance of different segments of the 

channel systems in terms of tons tran spo rted. More cargo moves 

through four of the seven segments than through the entire Port of 

Baltimore, Maryland (47 mill ion tons in 1978 ; USAGE, 1978). The 

smallest segment, the Raritan River, handles on the order of 10 

mill ion t ons of cargo annually, the bulk of which is petroleum 

products. 

It is difficult to determine what portion of this cargo depends 

upon deep draft vessels, and is limited therefore by available channel 

depths. The number of ships using each segment of the Harbor is 

broken down by draft in the Corps ' ship traffic statistics (USAGE, 

1978). Table I -1 is a brief summary of these data. • In every case, 

the maximum draft ship using the channel is at the limits of 

navigability for the channel used . The data show that while only a 

relatively small number of the ships using each segment are deep draft 

vessels, they carry a disproportionately large share of the total 

cargo because of their larger volume ?er foot of draft. Because of 

the wide variety of shi p de signs , it is not poss ibl e to use a gen er al 

factor for conversion from draft to tons carried. As a result, the 

impact of reduced channel depths on cargo deliveries and shipping can 

not be quantified easily. 
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Economic Implications of Reduced Dredging 

To quantify the impact of the U.S. port industry on the national 

economy , the Maritime Administration (MARAD) has developed an 

input-output (I-0) model of the industry (MARAD, 1978). Every 

industry uses its own output, and the output produced by other 

industri es, as input to produce its products. I-0 analysis is based 

on development of a mathematical model of the interactions among major 

in dustri es and is used as a tool for pr edicting th e cumulative effect 

of potential changes, To define the limit s of the model, MARAD (1978) 

used the following definition: "A port industry is any economic 

ac tivi ty that is directly needed in the movement of waterborne cargo ". 

Over 8,000 in put- outp ut data items were needed to define the model. 

MARAD's analysis confirmed that the port industry is indeed a 

vital component of the U.S. economy. Directly and indirectly the port 

industry generated gross sal es of $28 billion, a $15 billion 

contribution to the gross national product , over I million jobs, 

personal income of $9.6 billion, business income of over $3 . 7 billion, 

federal taxe s of $5.2 billion, and state and local taxes of $2 

billion . 

Since it is one of the two largest ports in the country, and the 

largest in terms of value of cargo handled, the Port of New York and 

New Jersey generates a la rg e portion of this economic activity. To 

quantify its role in the economy, the Port Authority of New York and 

New Jersey has developed a regional input-output model that can be 

used to explore the impacts of various fac tor s on the regional 

economy . One such study, prepared by Ilan et al. (1979), investigated 

the regional economic impact of a hypothetical ban on dredging. 
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Table 1-1 

Numbers and drafts of · sh ips using N.Y, Harbor in 1978* 

Har bor Max. draft Total Number Number of ships 
Section reE orte d of shiE s greater t han 30 ' draf t 

Hudson Ri ver 38 24,889 161 

East River 40 26, 441 179 

Upper Bay 45 105 ,093 2 , 958 

Newark Bay 37 14,7 54 308 

N. y . & N.J. Channels 45 63,051 1,128 

Lower Bay 45 13,628 2,8 96 

*Based on sta ti stics from Waterborne Commerce of the U.S. for 1978, 
U.S . Army Corps of Engin eer s 
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To assess the economic impacts of a halt in all dredging of th e 

Port it was necessary to make certain assumptions about how shipping 

would be affected . The assumptions made by Ilan et ai . (1979) 

include: 1) all passen ger steamship activities would cease with in 

about two years because of shoaling at the Port Authority pa ssenger 

ship terminal berths; 2) nearly half the Port's general cargo traffic 

would be lost within about fiv e years because of berth shoaling, and 

all general cargo would be lost when channel depths reach 20 feet mean 

low water several years later; 3) given the availability of shi ppi ng, 

petroleum would continue to arrive by smaller or partially-loaded 

tankers for channel depths down to 25 feet; 4) cargo diverted from the 

Port of New York and New Jer s ey could eventually be accommodated both 

by land modes and by neighboring port fac ilities; and 5) the lowest 

value -p er -t on exports would no longer be economical to ship from th is 

region, eliminating some regional export production activities • 
• 

Table I-2 provides a summary of the economic impacts of a halt to 

all dredging given the assump tions listed above. These impacts result 

from lo sses in waterfront activities and a decline in the wholesale 

and retail trade industry, finance and insurance i ndustry and in part 

related governm ent activities. In addition, it can be expected that 

the reg ional freight bill also would increase significantly . The 

added cost of doing business in the region could have further 

detrimental impacts by discouraging new businesses from moving into 

the region . 

Obv iously the loss of the port industry would have a devastating 

affect on the regional economy . A total halt in dredging activity is 

unlikely. However, dredgin g costs are rising and will continue to 
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Table 1-2 

Economic I mpacts of the Eliminat io n of Dredging in N.Y. Harbor 

Halted: 

Lost : 

20 million long tons of cargo 

10,500 passeng e r and dry cargo ship arrivals 

330,000 passengers 

61,000 jobs 

$ 1 billion in personal income 

$ . s billion in business income 

$2 . 9 billion in regional sales incor.1e 

$100 million sta te and local taxes 

$300 million federal taxes 

Increased: 660 million in moving cargo and oil by other means 

Source: Ilan et aZ. (1979) Path N. Y. & N. J . 
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rise as environmental concerns are met . As a result, some port 

facilities may l ose their margin of profitabi l ity due to the expense 

of maintaining the necessary channels . In the past, government 

funding of dredging projects has insulated such marginal port 

facilities from the true cost of dredging. If one of the proposed 

user fee systems is adopted in the nation's ports, this protection 

would be reduced significantly and it would be necessary for each 

region to de t ermine whether it can afford the l oss of some segments of 

the port industry. This will require much more detailed economic 

analysis of the costs and benefits of dredging projects than those 

currently available. 

Environmental Evaluation of Dredging Projects 

To assess the possibilities for reducing dredging in the Port of 

New York and New Jersey by reducing or eliminating dredging of some 

projects, it was necessary to assemble available data on the quantity , 

characteristics and contaminant levels of materials dredged from each 

proje ct , and the levels of econo mic activity associated wi t h each 

project. Because of the form of the data, the Port of New York and 

New Jersey was divided into 32 projects for our analysis. The project 

name, an abbreviated code used in data tables, and the location of 

each project are given in a series of maps in Appendix A. 

Project Dredging Requirements 

A project by project breakdown of past dredging work was compiled 

from records of the New York District , Army Corps of Engineers and 

publications prepared for and by the Corps (Conner et al., 1979; 
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USACE, 1976 through 1980). Average annual federal maintenance and 

private dredging volumes for the period 1966 to 1980 are presented for 

each project in Table 1-3. The annual data upon which Table 1-3 is 

based are given in Appendix A, Tables A-1 and A-2 . 

For many projects there are substantial variations in the annual 

dredging activity which result primarily from delays of project 

maintenance during periods when substantial new dredging work is being 

done . Also, the practice of over dredging up to several feet deeper 

than needed may result in postponement of annual maintenance for a 

year, or more. In some case s , reduced dredging in recent years is the 

result of environmental restrictions on dredged material disposal. If 

the dredging record is long enough, however, these artificial 

variations should average out to give a reasonable estimate of the 

natural shoaling rate in each project. 

Ideally, dredging statistics should be based on pre - and 

post-dredging surveys of the cha~nel to obtain accurate estimates of 

the amount of material dredged. In practice, a variety of measurement 

techniques may be used to estimate quantities dredged at various times 

and locations . The result is that dredging statistics are highly 

inaccurate , a fact that should be considered before the data are used 

in any analysis. 

Physical Characteristics_£!. Dredged Material 

The physical characteri sti cs of dredged material most commonly 

reported are grain size distribution and water content. These two 

measurements typically are highly correlated, with sandy sediments 

generally containing less water. Particle size data for the 32 
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Table I-3 

Quantities Dr edged by Project , Por t of New York and New Jersey 

Proj e ct Name 

Hudson R. Battery - Weehawkin (HRBW) 

Raritan Bay (RB) 

Ambrose Channel (AMB) 

Bay Ridge - Red Hook Ch. (BRRH) 

Hudson R. Weehawki n - Edgewat er (HRvlE) 

Raritan River (RR) 

Newark Bay (NB) 

Arthur Kill (AK) 

Sandy Hook Channel (SHCH) 

Butt ermi l k Channel (BMLK) 

Upper Bay (UB) 

Na vy Termin a l (NTML) 

Sandy Hook Bay (SHB) 

Main Ship Chan nel (MSCH) 

Pa ss a ic River (PAS) 

Kill va n Kull (KK) 

Shooter • s Island (SHTR) 

Gowa nus Bay (GWB) 

Westchester CK. (WCHST) 

Hackensack River (HCK) 

Brooklyn Navy Yard (BKLNY) 

Jamai ca Bay (JAMB) 

Bronx River (BR.X) 

Flush in g Bay (FLSH) 

East River (ER) 

East River Spur Ch (SPUR) 

Harlem River (HRLM) 

Newtown CK. (NTI·1N) 

Eastches t er R. (EC~ST) 
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Average Annual Dredging (1000 yd
3

) 

Federal 
Maintenance 

423 

912 

834 

704 

594 

318 

21 2 

71 

256 

217 

162 

0 

136 

129 

78 

0 .. 

111 

0 

62 

24 

0 

30 

26 

19 

15 

11 

13 

9 

3 

Private 

601 

18 

0 

15 

2 

16 

72 

19 5 

0 

35 

9 

150 

2 

0 

39 

114 

0 

78 

0 

34 

56 

3 

0 

0 

1 

3 

0 

4 

0 

Total 

1024 

930 

834 

719 

596 

334 

284 

266 

256 

252 

171 

150 

138 

129 

117 

114 

111 

78 

62 

58 

56 

33 

26 

19 

16 

14 

13 

13 
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dredgin g projects are presented in Figure 1-5 (N.Y. District, U. S. 

Army Corps of Engineers, unpublished data). The da ta are not 

distributed uniformly; 12 of the 32 projects are repre sented by 2, or 

fewer, samples each. Variability of grain size within a project is 

quite large. Since physical characteristic s are an important 

determinant of the settling and dispersive behavior of dredged 

material , these limitations highlight the inadequacies of availab l e 

data for characterizing the relative environmental suitability of the 

dredged material for different disposal options. 

Measures E.i., Dredged Material Contamina t ion 

Data on the contamination of dredged material are even more 

limited than particle size data . In addition, there are many ways to 

measure contamination of dredged material and there is no general 

agreement on which measure is best or on how to evaluate the results. 

The objectives of the following analysis are to briefly describe some 

of the limitations of available measures of contamination and then to 

compare the relative levels of contamination for different projects in 

New York Harbor . 

Since the late 1960's when environmental concerns about dredging 

and dredged material disposal and regulations first arose, several 

different measures of contamination have been used to characterize 

dredged material. Unf ortunately, each of these techniques has 

inadequacies that limit its validity, even when comparing the relative 

contamination of different samples of dredged materials . 

Contaminants typically tend to be associated with the silt and 

clay fractions of the sediment. Dredged material that is 
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predominantly sand gen erally is less uncontaminated. However , with in 

the fine - graine d materials there are l arge variation s in contaminant 

concentrations . According to Engler (1 981), contaminants can be fou nd 

in any or all of five different phases within the sediment. In order 

of increas i ng strength of binding of cont aminants t o the sedimentary 

pa rt icles these are: 

1) Dissolved in inters ti tial water 

2) Mineral ex ch an ge phase 

- can be removed by ion exchange 

3) Reducible phase 

- associated with manganese and iron oxide and hydroxide 

phases ex is ti ng as surfac e coatings or discrete particles 

4) Organic phase 

sol ubl e aft er destruction of organic matter 

- con t ains tightly-bound elemen ts as well as th os e loosely 

chelated by organic molecules 

5) Residual phase 

- primary and weathered min er al s 

- located in crystalline lattice or interlayer posi tions on 

clay miner als 

The phase in which a con t aminant is he ld determines its availability 

under di ff erent conditions for re leas e and uptake . Slight changes 

i n the physicochemical environment can result in redis tr ibution among 

phases of certain contaminants, with the possibili t y of increasing 

contam in an t availability to t he environment and th e biota . 

Three types of contaminant measurements have been used r outin ely 

by the N.Y. District Corp s of Engineer s to cha r ac ter iz e dredged 
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material. The earliest test used was bulk contaminant analysis 

which is designed to assess the total amount of each contaminant 

present in all phases of a sediment sample. More re cently , bulk 

analysis has been replaced by a combination of elutriate and bioassay­

bioaccumulation testing procedures developed jointly by the Corps and 

EPA (USEPA/USACE, 1977) . 

Based on the results of several s tudies by the Corps' Dredged 

Materia l Research Pro gr am (DMRP), Brannon (1978) concluded that bulk 

contaminant levels ar e not related to the actual availability of 

con ta minants to the environment and the biota. DMRP r es ult s in di cat e 

that contaminants in some phases are not ava i lable for re leas e under 

naturally - oc currin g condi ti ons and , therefore, should not be 

considered in assessing contamination potential . According to Brannon 

(1978), t he elutriate test is much more useful in predicting water 

qua lit y impa ct s since it measu r es only available contam i nants . Engle r 

(1981) supports the se assertions based on much of the same research 

cited by Brannon (1978). In contrast, a recent pape r by 

Laskowski - Hoke and Prater ( 1981) reports that a gr ea ter numbe r of 

significant co rr el ations (26 vs . 4) wer e fo und between the percent 

mortality of fou r test species and bulk sediment chemistry than wer e 

found between percent mortality and elu t riate chemistry of the 

sediments . 

The elutriate test involv e s mixing dredged material with a 

specified volume of s ea wat er for a standard pe ri od of time, a l lowing 

the susp ended material to settle, followed by centrifuging and 

fil ter ing of the supernatant, and measurement of the dissolved 

con ta minant level s i n the filtrate. Exte ns iv e lab oratory tes tin g of 

the factors controlling elutria t e te s t r esults revealed th a t th e 

23 



availability of oxygen during mixing and the solid to liquid ratio of 

the mixture significantly affect the results (Jones and Lee 1978). 

Jones and Lee (1978) also found that elutriate tests conducted under 

oxic conditions compared favorably with measured releases during field 

studies of hydraulically-dredged, open water disposal operations. 

Similar comparisons showed barge dump releases were substantially 

overestimated using the elutriate test (Brannon 1978). Based on these 

results, it appears that physio-chemical conditions are critical in 

controlling contaminant releases in laboratory tests and in dredging 

operations. 

Because test conditions are so critical to the results of the 

elutriate test, careful control of conditions is required if the tests 

are to be used for comparison of contaminant levels in dredged 

materials. Unfortunately, over the ten - year history of the elutriate 

test, various changes in technique have been made which make 

comparison of results from different periods tenuous, at best . For 

example, the Ocean Dumping Guidelines, issued in October 1973, 

prescribe the initial mixing of one part bottom sediment with four 

parts water from the dump site and vigorously shaking the mixture for 

30 minutes (Little 1973 p. II-6). The 1977 version, "Ecological 

Evaluation of Proposed Discharge of Dredged Material Into Ocean 

Waters' ' (USEPA/USACE, 1977) permits use of either of two mixing 

techniques; the one described in 1973, or mixing by pumping compressed 

air through the slurry (p . BS). More recently (August 1981) , the New 

York district of the Corps in its "Guidance for Performing Tests on 

Dredged Material to be Disposed of in Ocean Waters" forbids the use of 

24 



compressed air fo r mixing and substitutes mixing using an industrial­

type stainless steel blade mixer. 

Although bulk sediment analysis measures contaminants that may 

not be available to the biota under natural conditions, the elutriate 

test does not measure some contaminants that may be available through 

mechanisms other than dissolution. For instance, more tightly-bound 

contaminants which would not be measured with the elutriate test might 

be released in the gut of burrowing animals. Two additional pr ob lems 

are shared by bulk and elutriate tests: (1) uncertainty as to how the 

tests should be used to assess environmental impact (e.g. what levels 

of contam ination are unacceptable) and (2) uncertainty as to what 

contaminants should be measured. 

In an attempt to provide a more direct estimate of the potential 

of contaminants associated with dredged materials for environmental 

impact, the EPA and Corps have developed the bioassay and bioaccumu­

lation tests (USEPA/USACE, 1977) which are summarized on Table I-4 . 

Because the measure of the bioassay test is an organism response 

(mortality), the test is not dependent on the selection of any one or 

combination of contaminants thought to be important. This eliminates 

the problem of deciding which contaminants to test for, but 

substitutes the problem of deciding which organisms to include in the 

analysis. In the bioaccumulation test, organisms are exposed to 

dredged material for a period of 10 days and then assessed for body 

burdens of a selected group of contaminants. This test thu s is 

subject to both problems mentioned earlier: selection of appropriate 

organisms and contaminants . 

The USEPA/USACE manual (1977 p. 15) acknowledges that the 

ecological significance of bioassays is not clear and cautions that 
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attempts sh oul d not be made to infe r it. In spite of this, 

evaluations of dredged material bioassays are made based on the 

assumption that any statistically si gnifican t inc re ase in mortality of 

te st organisms over controls is undesirable . In considering the 

bioaccumulation test, the report states that it is "impossible to 

quantify either the ecological consequences of a given tissue 

concentration of constituent that is b io accumulated or even the 

consequences of that body burden to the animal whose tissues contain 

it " (USEDA/USACE, 1977 p.18). However , the manual endorses the 

assumption tha t any statistically si gnifican t acc umulat ion in 

experimental animals re lativ e to animals in uncontaminated but 

otherwise similar sediments is undesirable. 

If it is assumed that the bioassay-bioaccumulation test can not 

be used to assess directly environmental impact, then most of its 

value lies in comparing the acute toxicity of one sample relati ve to 

that of anoth er. However, whether a sample passes or fails the 

criterion depends as much on the re ferenc e sediment selected for the 

control as on the nature of the dredged material. Proper selection of 

reference sediments is vital for a diagnostic analysis , but the 

procedures do not provide strict guidelines for selection of reference 

sediments. In addition , two other important procedural aspects make 

comparison of bioassay-bioaccumulation tests questionable. The first 

involves the procedures for sep ara ti on of the liquid, su spe nded solid, 

and solid phases. The mixing conditions are not specific enough in 

the te st procedures. As discussed for the elutriat e test, the 

conditions of mixing are critical to contaminant release and, as a 

result, probably to the uptake of contaminants by test organisms. 
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Second and more important, the organisms tested may vary wid el y in 

background body burdens and in resistance to contaminants because the 

sources of test organisms are not sta nd ardized. For these rea sons and 

possibly others, bioassay - bioaccumulation test s ru n by different labs 

ar e not comparable, and even the comparison of tests run by the same 

lab at different times is que s tionable. 

Contamination of Dredging Projects 

Although a strict ranking of projects based on levels of 

contamination is not appropriate because of the problems wi th t he 

available testing procedures mentioned above, it is possible to group 

the projects into ca te gories based on the results of the different 

tests for contamination. In the following analysis, each of the 

dredged material cha racteriz ation tests described above (bulk, 

elutriate and bioassay-bioaccumulation) was used to group the 

projects. 

At present the bi oassay -bioaccumulation tests are used to 

determine the eligibility of a given dredging project for open water 

disposal in New York Bight . If projects failing these tests (Table 

I-4) are dredged, the mate ri al must be disposed of in some other way. 

In a surv ey of past testing results Suszkowski and Mansky (1981) 

reported that LPC values for the suspende d solid phase have nev er be en 

exceeded an d LPC values for the suspended solid phase were only 

exceeded 3% of the time . Solid phase bioassay results have only 

exceeded th e criteria in 3 out of 121 tests according to these 

authors . 
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Table I-4 

1981 Crit er ia for Bioassay - Bioacc umulat ion Test Results 

Liquid and Suspended Particulate Phases 

1) Thre e species are te s t ed to determine the let hal con cent ration of 
the dredged material phase causing death of 50% of the individuals 
tested (LCSO) 

2) Limi~ing permis s ible concentrations (LPC) equal to 0. 01 x LCSO ha ve 
been established based on mixing zone calculations 

liquid phase LPC = . 07 
suspended particulate phase LPC = .001 

3) The LPC mus t be met in the mixing zone no more tha n 4 hrs . after 
dumping to satisfy the cri ter ia (Suszkowski and Mansky , 1981) 

So lid Pha se 

1) Th ree benthic spe cie s are te sted and fail t he crite ria i f res ults 
are significantly dif fe rent fr om the control an d survivals are more 
than 10% lower (Suszkowski and Mansky, 198 1) . 

2) Bioaccumulations are mea sured in the same thr ee species and fail 
the criteria if they are signi f icantl y higher than th e control an d 
ex cee d su gge sted matrix values (NhCOE, 1981). 

3) MatriA Levels for Th ree Test Species, N.Y. Distr ict 

Nereis Mercena ria Pal eo rnonetes 

PCB 0.4 0.1 0 . 1 

DDT 0. 04 0.04 0.04 

Hg 0.2 0.2 0.2 

Cd 0.3 0 . 3 0 . 3 

(NACOE, 1981) 

28 



Although bioassay tests produce very few failures , the bioaccu -

mulat ion results are another matter. Analysis of the results of 

bioaccumulation tests show that in nearly half of the tests run to 

date, petroleum hydrocarbons have been ac cumulated significantly over 

controls by all three test species. In addition , PCBs have been 

accumulated significantly over controls by the sand worm, Nereis , in 

nearly half of the tests (Suszkowski and Mansky 1981). While it is 

clear that certain contaminants are accumu late d by the test organ isms, 

the ecological implications of these accumulations are equivocal. 

In an attempt to place the bioma ccumulat ion test results in the 

proper ecological perspective, the North Atlantic Division of the Army 

Corps of Engineers dev elo ped an Interpretive Guid ance for 

Bi oaccumu lati on (NACOE, 1981). This document is the source of the 

matrix of concentrations giv en in Tab le I-4 . The authors of the 

Interpretive Guidance recommend that to prevent significant additional 

ecological stress in New York Bight, bioaccumulation of the contami ­

nants shown should not exceed the matrix levels . As its title 

indicates a great dea l of interpretive judgement is required to arrive 

at the appropriate matrix of contaminant bioaccumulation levels and 

these judgements are subj ect to much disagreement among the agencies 

and individuals involved with dr edging in the New York area. 

Recognizing fully the limitations and subjectivity of the 

interpretation of bioassay-bioaccumulation test results, a dredged 

material clas sif icati on scheme has been devised for the purposes of 

thi s report to group dredging projects based on the current criteria. 

New York dredging projects have been divided into thr ee groups based 

on the criteria given in Table I - 4. Group I projects are those that 
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have failed any part of the criteria at least once. Since s ome 

projects ha v e been tested several times with different results, any 

one failure, even if it is followed by a pass, is sufficient to place 

the project in Group I . In the case of private dredging, where many 

separate locations may be dredged, if any one site fails the criteria 

then all private dredging bordering that federal project is placed in 

Group I. Projects that do not fail the criteria but which exhibit 

bioaccumulation results exceeding the matrix standards for one or more 

test species are placed in Group II . All other projects are placed in 

Group III. Results of this classification are given in Table I-5. 

The locations of projects failing the criteria (Group I) are shown on 

Figure I - 6 . 

A second dredging project classification scheme was devised 

utilizing the res ults of the elutriate test . Elutriate test results 

are reported for the liquid phase of the bioassay-bioaccumulation test 

as part of the required dredged material testing and results have been 

included on testing summary sheets maintained by the N.Y. district of 

the Corps. These measurements have been used here to rank projects 

based on contamination as measured by the elutriate test. The basis 

of this ranking is an index of the form, 

I = A(PCB) + B(Hg) 
e 

where A and Bare factors to indicate the relative toxicity of 

concentrations of PCBs and mercury. These two contaminants are the 

only ones included in the index because they are the only contaminants 

of those for which elutriate data has been compiled that exceed 
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Table 1-5 

Classification of Projects Using Bioassay - Bioaccumulat io n Results , 

Group I - project s failing criteria at lea st once 

Proj ec t Name Avg. Annual Dredging 
(1 03yd3) 

Hudson R . Battery - Weehawkin (Private) HRBW(P) 60 1 
Passaic River PAS 117 
Raritan River RR 334 
Hudson R. Weehawkin - Edgewater (Private) HRWE(P) 2 
Newark Bay NB 284 
East River ER 16 
Kill van Kull Kl< 114 
Arthur Kill (Private) AK(P) 195 
Newtown CK. NTWN 13 
Gowanus Bay GWB 78 
Navy Terminal NTML 150 

Group II - projects passing criteria but exceeding 
matrix lim its 

Brooklyn Navy Yard 
Flushing Bay 
East River Spur Channel 
Bay Ridge - Red Hook Channel 
Shooter's Island Channel 
Upper Bay 
Buttermilk Channel 
Raritan Bay Channel 
Harlem River 

Group III - all other projects 

Hackensack River 
Bronx River 
Westchester CK. 
Arthur Kill (Federal) 

BKLNY 
FLSH 
SPUR 
BRRH 
SHTR 
UB 
BMLK 
RB 

HRLM 

HCK 
BRX 
WCHST 
AK(F) 

Sandy Hook Bay SHB 
Hudson R. Battery - Weehawkin (Federal) HRBW(F) 
Huds o n R. Weehawkin - Edgewat er (Federal) HRWE(F) 
Eastchester CK. ECHST 
Ambrose Channel AMB 
Main Ship Channel MSCH 
Sandy Hook Chan nel SHCH 
Jamaica Bay JANB 
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56 
19 
14 

719 
11 1 
171 
252 
930 

13 

58 
26 
62 
71 

138 
423 
594 

3 
834 
129 
256 
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Group I 
Total = 1904 

Group II 
Total= 2285 

Group II! 
Total= 2627 



current EPA water quality criteria (0.001 ppb f or PCB and 2 ppb for 

Hg). One example of the ra nking of proj ect s using th is index with 

A=2000 and B=l is shown on Table I -6. The factors A and B re f lect th e 

re la tive toxicity of PCB an d Hg based on the EPA st an dard s given 

abo ve. 

The thir d dr ed ging project c la ssific at ion scheme used here is 

bas ed on av ailable bu lk sediment analyses . A major probl em ass oc ia te d 

with ranking of projects using bulk sediment an alyses is that 

measurements are not available for many pro jects. To obtain a 

complete ranking of projects it was neces sa ry to es timate contaminant 

level s ba se d on actual meas urements from su r rounding proj ec ts. All 

available bulk contam i nant data were compiled f irst from N.Y. district 

Corps records and the scientific literature, and mean values fo r PCBs, 

Hg, Cd, As and Pb were computed for each project. These contam in ants 

we re selected because fairly extensive measur ements are available and 

because they fall within the categorie s of concern outlin ed by 

O'Conner and Sta nfo rd (1979). Based on these measured mean values and 

partic l e size data for the project with missing data , mean values were 

estim at ed for all projects lackin g data. The v alues obta in ed are 

given in Table I-7 . 

A bulk contamination index of th e f onn , 

IB = A(PCB) + B(HG) + C(CD) + D(AS) + E(PB) 

was use d to r ank th e projects i n New York Harbor. As in th e ca se of 

the e lu tr ia te index , th e lett er s A through E ar e meant t o indicate t he 

relative toxicity of the various contaminants. Unfortu na tely , it is 
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• PRIVATE PROJECTS 
- FEDERAL PROJECTS 

Figure 1-6. Location of projects failing bioassay-bioaccumulation 
criteria 
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Table I-6 

Ranking of Projects using Elutriate Index 

Project Name 

1) East River Spur Ch. (SPUR) 

2) Shooter's Island Ch. (SHTR) 

3) Upper Bay (UB) 

4) Brooklyn Navy Yard (BKLNY) 

5) Gowanus Bay (GWB) 

6) Kill van Kull (KI<) 

7) Bay Ridge - Red Hook (BRRH) 

8) Passaic River (PAS) 

9) Hudson R. Weehawkin - Edgewater (HRWE)-: -

10) Buttermilk Channel (BMLK) 

11) Hackensack River (HCK) 

12) Arthur Kill (AK) 

13) Raritan Bay (RB) 

14) Newark Bay (NB) 

15) East River (ER) 

16) hudson R. Battery - Weehawkin (HRBW) 

17) Newtown Ck. (NTWN) 

18) Navy Tenninal (NTML) 

19) Sandy Hook Bay (SHB) 

20) Bronx River (BRX) 

21) Harlem River (HRLM) 

22) Flushing Bay (FLSH) 

23) Westchester creek (WCHST) 

24) Eastchester Creek (ECHST) 

25) Raritan River (RR) 

26) Ambrose Channel (AMB) 

27) Jamaica Bay (JAMB) 

28) Sandy Hook Channel (SHCH) 

29) Main Ship Channel (MSCH) 

Value of 
Index 

920.8 

540.3 

340.3 

340.2 

300 .3 

240.0 

200.0 

180.2 

160.2 

120.3 

120.2 

120.2 

120 . 0 

80.0 

0.4 

0.4 

0.3 

O* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cumulative Annu a l 
Dredging (lo3yd3) 

14 

125 

296 

352 

430 

544 

1263 

1380 

1976 

222 8 

2286 

2552 

3482 

37 66 

3732 

4806 

4819 

4969 

5107 

5133 

51 46 

5165 

5227 

5230 

5564 

6398 

6431 

6687 

6816 

* Index equal to O indicates contaminants below detection limits 
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Table I-7 

Bulk Con taminant Le vels 

(all c6nc e ntrations ·in pp m) 
Pro j ect PCB HG CD AS PB % fines 

Hudson River - Battery to 
Weehawkin 4.80 2.30 5 . 40 1.00 230 82 

Raritan Bay <0.10* 1.80 3.49 9.90 148 46 

Ambrose Channel <0 . 10 1.00 2.20 3.00 25 5 

Bay Ridge - Red Hook <0.10 3.10 4.80 6.80 234 58 

Hudson River - Weehawkin 
to Edgewater 0 . 22 0.70 1.17 4.10 63 87 

Raritan River 0.20 2 . 20 2.60 31.10 161 67 
-

Newark Bay <0 . 10 4 . 22 8.55 5.56 268 92 

Arthur Kill 0.46 2 . 18 4 . 17 19.60 193 53 

Sandy Hook Channel <0 . 10 0.03 0.18 2.20 4 5 

Buttermilk Channe l <0. 10 2 . 20 6 . 10 1.90 239 39 

Upper Bay <0 . 10 1.23 1.63 10 . 38 77 34 

Navy Termina l <0 . 10 0.76 1.90 9 . 00 93 46 

Sandy Hook Bay .· <0.10 0 . 30 3.94 ll.40 133 81 

Main Ship Channel <0.10 1.90 3 . 27 6. 3,1 43 5 

Passaic River 0.20 11 . 21 11 . 84 7.80 478 84 

Kill van Kull <0.10 4.33 8.33 30.80 368 57 

Shooter ' s Island 0 . 90 9.29 18.76 10.19 400 53 

Gowanus Bay <0 .1 0 1.14 3 . 58 0 . 20 108 48 

Westchester Ck. 0 . 60 3.10 7 . 80 9.80 623 91 

Hac kensack R. <0 .10 3.76 6 . 60 20.40 238 77 

Brooklyn Navy Yd. 0.20 2 . 00 6.00 6. 0 0 400 92 

Jamaica Bay <0 . 10 1.00 1.0 0 3. 00 6 10 

Eronx River 0 . 15 1.50 4. 00 4 . 00 30 0 70 

Flushing Bay 0.20 2 . 00 6. 00 6. 00 40 0 86 

East River 0.20 2.00 6 . 00 6 . 00 400 87 

Spur Channel 0.20 2 . 00 6 . 00 6. 00 400 82 

Harlem River 0 . 15 1.00 3. 00 3.0 0 20 0 13 

Newtown Ck . 0.7 5.1 94.4 42.10 866 49 

Eastc hester Ck . 0.186 1.08 6 2 . 71 7.24 263 31 

*unde r lined values ar e estimat e d 

35 



not possible to quantitatively rate the importance of these contam­

nants as measured by bulk analysis . Lacking better information, EPA 

water quality standards were used as an indication of relative 

toxicities. EPA standards as reported by Conner et aZ. (1979 p. C-44) 

are: PCB 0.001 ppb, Hg= 2 ppb, Cd= 10 ppb, As= 50 ppb, Pb= 50 

ppb which gives A 50,000, B = 25, C = 5, D = 1 and E = 1. The results 

of this ranking scheme are shown in Table I-8. 

Since PCB measurements are unavailable for many projects, many of 

the rankings shown in Table 1-8 are estimated. Because of this, a 

similar ranking with A=O, which eliminates PCB's from consideration, 

has been made based only on the more common trace metal measurements. 

This ranking is shown in Table 1-9. The two lists (Tables I-8 and 

1-9) differ substantially indicating that PCBs are not well correlated 

with trace metals when compared on a project-by-project basis. 

Combined with particle size analysis results the contaminant 
• 

rankings described above can be used to separate dredging projects 

into classes based on their suitability for different types of 

disposal. A system consisting of four classes has been used here as 

an example. 

Class I - projects of high contamination 

Class II - projects of medium contamination 

Class III - projects of low contamination 

Class IV - projects of low contamination and a 

low percentage of fines 

Projects falling in the clean sand category (Class IV) can be 

identified easily. There is a large gap, in the average percent fines 

from 13% to 31% (see Table A-4) and the projects below 13% fines are 
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Table 1-8 

Bulk sedimen t ranking with toxicity fact or s PCB=S0 ,000 HG=25 CD=S 
AS=l PB=l 

Average Annual Dredging 

(103 yd3) 

Project Ind e x Value Each Project Cumulative 

1) HRBW 240315 1024 1024 

2) SHTR 45 736 111 1135 

3) NTWN 36507 13 1148 

4) WCHST 30754 62 1210 

5) A...'< 23287 266 1476 

6) HRWE 11090 596 2072 

7) PAS 10825 117 218 9 

8) BK.LNY 10486 56 22i; 5 

9) FLSH 10486 19 2264 

10) ER 10486 16 2280 

11) SPUR 10486 14 22 94 

12) RR 1026 0 334 2628 

13) ECHST 9610 3 2631 

14) BRX 7861 26 2657 

15) HRLM 7743 13 2670 

16) KK 5548 114 2784 

17) NB 5421 284 3068 

18) HCK 53 85 58 3126 

19) BRRH 5342 71 9 38 45 

20) BMLK 5326 252 4097 

21) RB 5220 930 50 27 

22) SHB 5171 138 5165 

23) GWo 5154 78 5243 

24) NTML 5130 150 53 93 

25) UB 5126 171 5564 

26) MSCH 5113 129 5693 

27) AMB 5064 834 6527 

28) JAt-19 5039 33 65 60 

29 ) SHCH 5007 256 6816 
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Table 1-9 

Bulk sediment ranking with toxicity factors PCB=O HG=25 CD=5 AS=l PB=l 

Average Annual Dredging 

(10
3 

yct3) 

Project Index Value Each Project Cumulative 

1) NTW~ 1507 13 13 

2) PAS 825 117 130 

3) WCHST 754 62 192 

4) SHTR 736 111 303 

5) KK 548 114 417 

6) BKLNY 486 56 473 

7) FLSH 486 19 492 

8) ER 486 16 508 

9) SPUR 486 14 522 

10) NB 421 284 806 

11) HCK 385 58 864 

12) BRX 361 26 890 

13) BRR.f.i 342 719 1609 

14) BMLK 326 252 1861 

15) HRBW 315 1024 2885 

16) ECHST 310 3 2883 

17) AK 287 266 3154 

18) RR 260 334 3488 

19) HRLM 243 13 3501 

20) RB 220 930 4431 

21) SHB 171 138 4569 

22) GWB 154 78 5647 

23) NTML 130 150 4797 

24} UB 126 171 4968 

25) MSCH 113 129 5097 

26) HRWE 90 596 5693 

27) AMB 64 834 6527 

28} JAMB 39 33 656 0 

29) SnCH 7 256 6816 
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among the cleanest by any of the ranking methods. For the projects 

with greater than 31% fines, classification is more difficult since 

the ranking of these projects is quite variable depending on the 

contaminant measure used. 

After a contaminant measure is chosen, one is faced with the 

problem of deciding where to draw the line between classes. As 

discussed previously, any ecologically based criteria would be 

equivocal because of the lack of predictive understanding of ecosystem 

responses to disturbances. However, regulatory criteria do exist for 

the bioassay-bioaccumulation test even though they are subject to 

considerable interpretation. Using the bioassay-bioaccumulation 

criteria as a basis for classification, projects have been separated 

into three groups. Classification using a four class system as 

described above is then a simple matter. A map showing the location 

of projects in each of the four classes is given in Figure I-7 . .. 
The other contaminant measures do not have similar sets of 

established criteria for interpretation and action. For comparative 

purposes, classes dredged material volume roughly equal to the volumes 

associated with the bioassay-bioaccumulation classes have been made 

based on the other ranking methods. Maps showing the location of 

projects in each class are given in Figures I-8 through I-10. 

A comparison of the results of each of the four dredging project 

ranking schemes was made and the results are shown in Table 1-10. It 

is clear from the table that there is considerable disagreement among 

the results. The projects falling into Class I using each of the 

ranking methods are listed on Table I-11. A total of 19 out of the 29 

projects evaluated, representing nearly 60% of the total average 
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~ CLASSill 

~ CLASSN 

BIOASSAY-BIOACCUMULATION 
CLASSES 

Figure 1-7. Classification using bioassay-bioaccumulation 
test results 
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~ CLASS I 

~ CLASS II 

0 CLASSIB 

ml CLASSN 

ELUTR IATE CLASSES 

Figure I-8. Classification using elutriate test results 
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~ CLASS I 

m CLASS .II 
(8 CLASS ill 

!,D CLASSN 

BULK CLASSES 
(including PCBs) 

Figure I -9. Classification using bulk sediment test results 
including PCBs 
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~ CLASS I 

m CLASS II 

1:-~ CLASS m 
m CLASS N 

BULK METAL CLASSES 
(no PCBs) 

Figure 1-10 . Classification using bulk sediment tests 
excluding PCB's . 
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Table I - 10 

Corr.parison of different contaminant measures 

Bulk Bulk 
Avg. annual

3 3 
metal PCB Elutriate aioassa y-

Location Dredgin9:(lO yd) contam . contam. conta m. b i oacc um . 
(numbers are -ranks using each method) 

1) HRBl'l 1024 15 1 16 I 
2) RB 930 19 21 13 II 
3) A.MB 834 27 27 26 III 
4) BRRH 719 13 19 7 II 
5) HRvlE 596 26 6 9 I 
6) RR 334 18 12 25 I 
7) NB 284 10 17 14 I 
8) A.l( 266 17 5 11 I 
9) SHCH 256 29 29 28 III 

10) BMLK 252 14 20 10 II 
11) UB 171 24 25 3 II 
12) NT.ML 150 23 24 18 I 
13) SHB 138 21 22 19 III 
14) MSCH 129 25 26 29 III 
1 5) PAS 117 2 7 8 I 
1 6) KK 114 5 16 6 I 
17) SHTR 111 4 2 2 II 
18) GWB 78 22 23 5 I 
19) WCHST 62 3 4 23 I~T .l.-

20) HCK 58 11 18 12 III 
21) BKLNY 56 6 8 4 II 
22) JAHB 33 28 28 27 III 
23) BRX 26 12 14 20 II! 
24) FLSH 19 7 9 22 II 
25) ER 16 8 10 15 I 
26) SPUR 14 9 11 l II 
27) HRLM 13 19 15 21 II 
28) NTWN 13 1 3 17 I 
29) ECHST 3 16 13 24 III 
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Table 1-11 

Projects falling into class I using various ran kin g meth ods 

Class I for: 
Cumulativ e 
Quantity 

Bioassay- Dre1ge1 
Project bioaccumulation Elutriate Bulk PCB's Bulk metals ( 10 vd ) 

N'TI-IN X X X 13 
PAS X X X 130 
HRWE (private) X X X 132 
KK X X X 246 
SHTR X X X 357 
NB X X 641 
ER X X 657 
AK (private) X X 852 
HRBW (priv at e) X X 1453 
GWB X X 1531 
SPUR X X 1545 
HRWE (federal) X X 2139 
BKLNY X X 2195 
BRRH X X 2914 
WCHST X X 2976 
RR X 3310 

NTML X 3460 

UB X 3631 
A..'I( (federal) X 3702 

FLSH X 372't. 

BRX X 3747 

HCK X 3805 

BMLK X 4057 

HRBW (federal) X 4480 
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~ PROJECTS IN CLASS I BY 
THREE RANKING METHODS 

f!D PROJECTS IN CLASS I BY 
TWO RANKING METHODS 

\ZJ PROJECTS IN CLASS I BY 
ONE RANKING METHOD 

Figure I-11. Classification based on all four methods 
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annual maintenance dredging, i s placed in Class I by at lea st one 

met hod . However , not a single project was assigned to Cl ass I by all 

four methods. Table I-11 suggests an other way of classifying dredging 

projects based on the number of time s a given project was as si gned t o 

Cla ss I. The resu lt s of this cl assifica tio n ar e shown in Figure I-11 . 

Conclusions 

Based on our analysis of the data, we conclude: 

1) The quant i ty of materi al dred ged from various projects in the 

Port of New York and New Jerse y is sub je ct to some uncertainty because 

of th e lack of consistent measurement techniques and data reporting. 

2) Dredging work is not based solely on shoaling r a tes since 

economic and environmental con s tr aints may limit work. This makes 

predictions of sh oa ling rates hi ghly unc ert ain when based on reported 

dredging work. 

3) The physical characterization of materials dredged in the 

past from various projects is constrained by limited hist orical data 

on particle size distribution and water content. 

4) Characterization of contaminant le vels an d contamination 

potential of dredged material is constraine d by se ve ral factors: 

a) Historical data are limited because measuremen t 

tec hniqu es an d te s t pr ocedu r es fo r assessing contaminant 

levels and contamination potential of dred ged materials 

have changed ; and consequently there is no s ingle 

set of consistent and comparable data for the ent ir e 

Port. 

b) Different contaminant measures give widely varying 

results and in some case s the same test perf ormed fo r 



different sites or by different labs does not give 

reproducible or comparable results. 

c) The interpretation of test results is controversial 

because of to the complexity of the issues and a lack of 

understanding of the ecological implic~tions. 

It must be recognized that none of the classification schemes 

described above is entirely satisfactory for scientific or regulatory 

purposes. Serious objections can be raised for all of them. Our 

analysis illustrates the complexity of the issues involved that 

judgements will have to continue to be made in the face of uncertainty 

and with incomplete data and information. Our analysis indicates some 

areas of research that could contribute to management of dredged 

materials. 

Eaonomio Evaluation of Dredging Projeats 

Introduction 

The preceeding analysis of dredging projects permits us to target 

those projects which present the most serious environmental risks. 

However, the economic importance of these projects must also be taken 

into account when considering which projects may be candidates for 

reductions in dredging. Prior to any additional dredging work, 

maintenance or new, a detailed cost-benefit analysis may be warranted 

on a case-by-case basis. Preliminary analysis can show which projects 

clearly are of great economic importance and could not be eliminated 

without substantial economic impact. Other projects may not be as 

important and should be evaluated further. 
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The purpose of the followin g portion of this report is to 

identif y the borderline projects in New York Harbor , those with a 

combination of highly contaminated sediments and limited economic 

importance. The economic importance of a particular project involves 

many factors which are interrelated, often in a complex way. In 

addition , even if a project is underutilized at present, the future 

development options for the area must be considered before abandoning 

that project. A thorough treatment of all the issues involved is far 

beyond the scope of this report. However, it is possible to provide a 

preliminary analysis to separate those projects which are clearly of 

such enormous economic importance that any reductions in access would 

be "u nacceptable " from those that are borderline and could possibly be 

considered as candidates for reduced maintenance dredging. This 

approach permits quantification of the maximum "practical" reductions 

in dredging that can be realized by reducing or eliminating dredging 

of some projects. 

Availability of Economic Data 

As discussed earlier in this report (in Description of the Study 

Area, Ship Traffic and Economic Implications of Reduced Dredging), 

the economics of the port industry is very complex and its analysis is 

limited by the availability of appropriate statistics . When 

attempting to evaluate the economic importance of individual portions 

of the waterways, tabulated statistics are limited even more severely. 

For example , shipping statistics are not tabulated separately for each 

waterway. Table 1-1 2 is a summary of available statistics for cargo 

transport and delivery on a project - by-project basis. Major projects 
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Table 1-12 Ranking of projects in terms of cargo handled (USACE, 1978) 

Project Name 

1) Upper Bay Channels 

2) Kill van Kull 

3) Shooter 's Is. 

4) Arthur Kill 

5) Raritan Bay 

6) Ambrose Ch. 

NY & NJ 

Channels 

7) Main Ship Ch. 

8) Sandy Hook Ch. 

Lower Entrance 

Channels 

9) East River 

10) Batte ry to Weehawkin 

11) Weehawkin to Edgewater 

12) Newark Bay 

13) Passaic River 

14) Bay Ridge-Red Hook 

15) Raritan River 

16) Jamaica Bay 

17) Newtown Ck 

18) Hackensack R. 

19) Gowanus Bay 

20) Buttermilk Channel 

21) Flushing Bay 

22) Eastchester Ck. 

23) Harlem River 

24) Westchester Ck. 

25) Bronx River 

Hudson 

River 

Million Tons of Cargo: 

Landed 

so 

20.3 

92.9 

0 

20.4 

20 . 9 

14.0 

8.9 

4.0 

7 . 6 

7.2 

5.8 

4.3 

3 .5 

1.9 

2.2 

1.9 

.9 

. 8 

.s 

Through 

123.9 

28 

106.5 

29.6 

21.4 

12 .7 

0 

3.7 

0 

0 

0 

0 

.s 

.9 

0 

0 

0 

0 

0 

Total 

144.2 

120 . 9 

106 .5 

50.0 

32.3 

26.7 

8 . 9 

7.7 

7.6 

7.2 

5.8 
4.3 

4.0 

2 .8 

2.2 

1.9 

.9 

.8 

.s 



have been grouped together in some cases, preventing evaluation of 

their relative importance. Another limitation is the lack of 

information on the value of the cargo received by port facilities 

dependent upon access by a particular proj ect. The Port Authority has 

tabulated these data on a port - wide basis, but they are not readily 

available for a project-by-project analysis . These are but two 

examples of data and information limitations; other data and 

statistics will be required for a more thorough analysis requiring an 

extensive research effort. The present preliminary analysis is 

limited to the ava ilable statistics . 

Appendix B contains summary sheets describing each proje ct and 

giving available shipping and dredging da ta. The descriptions and 

tabulation of port facilities were derived primarily from the U.S. 

Army Corps' Port Series No. 5, Por t of New York and New Jersey (USACE, 

1978). Shipping statistics wer e taken from Waterborne Commerce of the 

U.S. (USACE, 1978) and dredging statistics are from the analysis 

presented earl ier in this report. Drawing upon these surranaries and 

the preceeding environmental analy sis of the dredging projects, each 

project is discussed in the following sections . 

Dredging Project Evaluations 

Bay Ridge-Red Hook ChanneZ. The Bay Ridge-Red Hook Chann el 

system is located in the Upper Bay (see maps in Appendix A) and 

provides access to the Brooklyn waterfront. Approximately 7.7 million 

tons of cargo pass through this project annually; 4 . 0 million tons is 

landed at the port facilities there with the remainder passing t hroug h 

to another destina ti on. The Port Authority's Erie Basin Terminal is a 
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major facility served by this channel . In terms of maintenance 

dredging requirements, Bay Ridge -Re d Hook is the four th largest 

channel in the Port . The sediments ar e contaminated according to our 

ranking scheme sin ce the pro je ct was placed in Class I by 2 out of 4 

of the classification schemes described previously. However, th e 

project is not Class I for the bioassay -b ioaccumulation test and 

qualifies for ocean disposal under the current criteria . Because of 

the volume · of cargo tha t moves through the chann el, the presence of an 

important PATH terminal and the fact that its sediments pass the 

cur re nt ocean disposal criteria, it is highly unlikely that re duced 

dredging of the channel would be cost effective. In addition, the 

future development prospects for the depressed Brooklyn waterfront 

could be seriously affe cted by the loss of deep water access. 

Bronx River . The Bronx River Channel is of limi te d economic 

import ance, serving only two- pa rt y boat faciliti es, a scrap metal 

facility and a sand and gravel facility. It is the smallest project 

in terms of ton s of cargo landed (Tab le I - 12), but al so has one of the 

smallest maintenance dredging requirements. The pro je ct was assigned a 

Class I rating for the bulk metals analysis, ind ic ating that there is 

some danger of contamination. Based on this information the project 

is a candidat e for detailed cost-benefit ana l ysis and possible 

reductions on dredgin g. 

Brooklyn Navy Yard. Onl y two dry dock and vessel repair 

faciliti es curr ently ar e operating tha t are dependent upon this 

project. The dr edged material is contamina te d having been assigned 

Class I desi gnat io n for both th e elutriate and bulk met als analysis. 
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This project clearly de se rve s further study and should be considered 

for reduced dredging. 

Buttermilk Channel. As can be seen in Table I-12 a relatively 

small amount of cargo (2.8 million tons) is moved through this 

channel , although PATH's Brooklyn Marine Terminal and five general 

cargo/container faci lit ies are served by the channel. The Buttermilk 

project has a fairly large maintenance dredging requirement and there 

is some indication that the dredged material is contaminated based on 

the Class I rating it received for bulk metal analysis . However, 

since the dredged material is not highly contaminated rel ative to 

other projects and because it the presence of a major PATH cargo 

terminal and the prospects for future development, it is unlikely that 

reduced dredging of thi s project would be justified. 

Eastchester Creek . Serving eight separate petroleum product 

faciliti es, this project is used primarily for deliveries by barge and 

small tank vessels. Over 84% of the incoming vessels had drafts 

between 8 and 10 ft., which is the maximum depth of the channel. 

Since its dredging requirements are very small and it is not Class I 

fo r any of the contaminant measures, it is unlikely that reduced 

dredging would be cost effective. 

East Rive r. Based on the ship traffic alone, it is clear that 

the East River is far too important to be considered for reduced 

dredging at present . Fortunately, it s dredging requirements are 

relatively small alt hou gh certain parts of the waterway have 

contaminated sediments. 
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East River Spur Channel. Ship tra ff ic data are not available for 

this project, however, two petroleum facilities are se rved by the 

channel. The dredging requirements are fairly small and the sediments 

are moderately contaminated, having been assigned to Class I fo r the 

elutriate and bulk metals tests. Since so few facilities are accessed 

by the Spur Channel, it appears to be a potential candidate for 

reduced dredging . 

Flushing Bay. Flushing Bay Channel handles roughly 2.2 million 

tons of cargo annually and nearly 50% of the vessels were at the 

maximum channel draft. The sediments were assigned Class I only for 

the bulk metal analysis and channel maintenance requirements are 

relatively small. In light of the available information, it is 

unlikely that reduced dredging would be justified. 

Gowanus Bay. This project handles nearly 4 million tons of cargo 

annually . The most important products are petroleum and coal . In 

1978, 37 large (33-35 ft . ) draft tankers used the channel. The 

project is the focus of a recent report by the N.Y. District Army 

Corps of Engineers (NYACE, 1981) which recommends deepening of the 

channel . A major obstacle t o any improvement of the project is 

fa ilure of the sediments to pass the bioassay - bioaccumulation test. 

Material dredged from the channel can not be disposed of legally at 

sea, so alternatives must be found if the channel is to be dredged. 

Maintenance dredging also has been halted by the failure of sediments 

to pass the test criteria for ocean disposal and the lack of 

acceptable disposal alternatives . Given the quantity of cargo 
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delivered and the presence of a major oil terminal on the project , 

alternative disposal sites probably will be identified to ensure at 

least the maintenance of present project dimensions. 

Hackensack River. Although over 4 million tons of cargo were 

moved through this waterway, only 3 vessels over 18 ft. draft were 

reported in 1978 . The channel is dredged to 30 ft., apparently 

unnecessarily deep, and reduced dredging may be justified. 

Harlem River. This project carries a relatively small quantity 

of cargo, just under one million tons a year . Dredging requirements 

are small and the project has not been dredged since 1973. No 

bioassay - bioaccumulation tests have been performed because of the date 

of the most recent dredging. The only contamination test that has 

been done for this project is the elutriate test and the project is 

one 'of the least contaminated of those tested. Since the quantities 

dredged are small and the material is uncontaminated by available 

measures, it is unlikely that elimination of dredging is justified . 

If contamination becomes evident after further testing, this situation 

may change . 

Hudson River Channels. The dredging data for the Hudson River 

Channel have been divided into two segments, Battery to Weehawkin and 

Weehawkin to Edgewater. Unfortunately, ship traffic data is combined 

for these segments. Based on the Army Corps' Port Series Vol . 5 for 

New York Harbor (USACE, 1978) descriptions of port facilities, it is 

possible to get some idea of the economic importance of each of the 

two segments. The Battery - Weehawkin portion of the channel supports 
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many important facilities , including the Path Passenger Ship Terminal 

which requires deep water ("-42 ft.). The Weehawkin-Edgewater portion 

of the channel is 32 ft . deep and runs along the New Jersey shoreline . 

Naturally occurring deep water is found in the central and eastern 

part of the river . Therefore, the Weekhawkin-Edgewater Channel is 

necessary only for access t o the New Jersey shoreline. None of the 

facilities operating there in 1978 required more than 20 ft. of water. 

All of the facili ties, with the possible exception of a dry dock and 

repair facility, handle only tugs, barges , lighters and floating 

equipment and may not require even 20 ft. depth. The Weehawkin­

Edgewater dredging requirements are large, 596,000 yd 3/yr, and the 

dre dged material was assigned to Class I for both the elutriate and 

bulk PCBs contamination tests. Some private projects were assigned to 

Class I for the bio assay -b ioacc umulation te st as well. A careful 

review of this project is warranted based on this inform at ion, and it 

is possible that reduction or elimination of dredging in the 

Weehawkin - Edgewater Channel may be practical. The Battery - Weehawkin 

portion of the channel is quite important and is not a likely 

candidate for major dredging reductions. 

Jamaica Bay. This project is used heavily for petroleum 

del iveries to Kennedy Airport (5 . 9 million tons/yr). Dredging 

3 requirements are fairly small (33,000 yd /yr) and the levels of 

contamination are low . Reduced dred ging is unlikely. 

Lower Entrance Channels . The Lower Entrance Channels incl ude 

Ambrose, Main Ship and Sandy Hook Channels. Ship traffic data are not 

separated so it is not possible to easily distinguish among the 
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channels. Ambrose Chann el i s th e main entrance to the harbor and is 

vital to shipping. The Sandy Hook- Main Ship Channel route is used by 

large and unwie l dy ocean tows and barges to avoid the heavily 

trafficked Ambrose Channel (Hammon, 1976). The dredging r equ ir ements 

are la r ge but the dred ged material is pri marily clean sand and does 

not pre sent a disposal pr oblem . It is highly unlikely t hat dr edging 

will be reduced here. I n fact, several deepening proposals presently 

are being considered that would gre a tly increase dredging. 

Newark Bay. The Newark Bay Channel is used he av il y by deep draft 

container v essels bound to and f rom the Port Elizabeth-Port Newark 

Container Terminal. Ther e are also 4 major pe tr oleum fac il it i es in 

Newark Bay. The chan nel sy ste m is being considered for widening and 

de epeni ng and is the subject of a r ecent report by the New York 

District Army Corps of Engi neers (NYACE, 1980) . The project most 

likely will be a candidate for increased rathe r than for r educed 

dredging. 

Newtown Creek . This project is used primarily by petroleum 

barges. There are 12 separ ate pe tr oleum faciliti es bu t only the 

facility located near th e mouth of the Cree k is considered major 

(Hammon, 1976). A rela tiv el y l arge amount of cargo passes through the 

chann el (Table I-12). The dredging re quireme nt s are fa i rly small, 

however, t he sedimen ts are highly contaminated, having been as signed 

to Class I by all techniques exc ept the elutria t e tes t . The project 

is in need of maintenance dredging, but a suitable disposal site is 

not avai la bl e and maintenance has been dela ye d. Because of the highly 
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contaminated sediment, it is possible that dredging of this project 

could be di scontinued . This would require moving or closing the 

facilities now dependent upon the channel. 

New York and New Jersey Channels . These channels include the 

Kill van Kull, Shooters Island Channel, Arthur Kill and Raritan Bay 

Channel. The Kill van Kull and part of the Shooter's Island Channel 

are necessary for access to the Port Newark-Port Elizabeth Terminal 

and four major petroleum terminals on Newark Bay. Three other major 

petroleum terminals are located on Kill van Kull . These channels, 

along with Newark Bay, are being considered for deepening and widening 

which would result in increased dredging requirements (NYACE, 1980) . 

Given the high levels of traffic these channels support, any dredging 

reduction is highly unlikely. Arthur Kill supports 15 major petr oleum 

facilities (Hammon, 1976) so it is unlikely that dredging will be 

reduced here either. 

Raritan Bay Channel completes the loop that makes up the New York 

and New Jersey Channel system, I t provides an alternative route to 

access the Arthur Kill petroleum facilities and provides access t o th e 

Raritan River . Although its dredging requirements are large, the 

sediment is relatively uncontaminated. A major benefit of the channe l 

i s to improve ship traffic safety by reducing traffic over the 

northern route, thereby, reducing the risk of collisions and resulting 

spills . Increased safety, combined with shorter travel time to the 

Arthur Kill facilities and the Rar itan River, probably justifies the 

present levels of dredging. 
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Passaic River. This project supports many small petroleum 

terminals and a large refinery near the river mouth. Approximately 

8 . 9 million tons of petroleum products and other material is 

transported over the waterway each year, most in shallow draft 

vessels . Only 14 vessels with drafts greater than 30 ft. used the 

channel in 1978. The sediments are highly contaminated (Class I for 

all but bulk PCBs) and any reduction in dredging would be beneficial . 

It may be possible to allow the channel to shoal somewhat without 

seriously affecting shipping since so few deep draft (~30 ft.) vessels 

use the channel, but the channel will continue to require maintenance 

dredging at some level. 

Raritan River. Approximately 7.6 million tons of cargo are moved . 

over this water annually. In 1978, 34 inbound and 52 outbound vessels 

of 20-25 ft. draft used the channel. This is roughly 2 vessel trips a 

week by vessels which require either the maximum channel depth, or 

most of it. The dredging requirements for this project are fairly 

large and the dredged material is Class I for the bioassay­

bioaccumulation test. It is likely that the project would not qualify 

for ocean disposal having failed the current criteria. It may be 

possible to reduce the project depth, but eventually dredging will 

need to be continued if the petroleum facilities are to remain open. 

Upper New York Bay. This project handles more cargo and ship 

traffic than any other project in the port. Any reductions in 

dredging would create safety hazards that would not be acceptable. In 
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fact, part of the Upper Bay project in the vicinity of the Kill van 

Kull will be widened and deep~ned if proposed new work is approved 

(NYACE, 1980). 

Westchester Creek. Westchester Creek Channel provides access to 

3 petroleum facilities and handles only 0.8 million tons of cargo 

annually making it the second smallest project in terms of cargo 

handled. Dredging requirements are fairly large and the dredged 

material is moderately contaminated (Class I for both bulk PCBs and 

metals). Because it carries relatively little cargo but has a 

relatively large dredging requirement, this project is a good 

candidate for reduction or elimination of dredging after further 

analysis. 

Conclusions 

It must be stressed that our analysis of dredging projects is 

based on incomplete data and a more thorough review of each project is 

required before any changes should be recommended. The projects 

identified above as possible candidates for reduction or elimination 

of dredging are listed on Table I-13 along with the average quantity 

dredged on an annual basis. The total of these values represents the 

maximum possible reduction in dredging assuming all of these projects 

are eliminated . It is more likely that dredging only would be reduced 

in these projects, providing somewhat less reduction in dredging. 

Assuming these projects can be economically eliminated, the maximum 

possible reduction in maintenance dredging would be 791,000 yd
3

, 11.6% 

of the total average annual maintenance dredging for the Port. 
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New dredging work pre sent ly in the planning stage, could 

over shadow the reductions discussed above. The Kill v an Kull and 

Newa rk Bay projects a re bein g considered f or widening and deepening 

which would require 32 million yd3 of new dr edging and an undetermined 

incr eas e in maintenance dred gi ng (NYACE, 1980). The Gowanus Bay 

project is also bein g considered for enlargement requiring 400 , 000 yd 3 

of dredging (NYACE, 1981). 

Long range plans for new work also include t wo projects . One at 

3 Arthur Kill/Howla nd Hook would r equ ir e removal of 16 million yd of 

rock and hard pan, which has good potential for providing const r ucti on 

aggregate and thu s does not present a disp osal problem. The other 

proj ect involves plans f or a large coal terminal at Greenville-Bayonne 

and would require deepenin g of the Ambros e Entra nc e Channel and parts 

of the Upper Bay. Two project depths are under consideration, 45 or 

60 f t . , and depending upon t he depth selected dredging requirement s 

could be 30 to 100 million yd 3 • The new dredged mate r ia l is likely t o 

be clean, v irgin sediment th at has not been exp osed to significant 

contamination. However, any change in channel confi gurati on or depth 

will affect future maintenance req uir ements by changing the way new 

sedimen t accumulates . 

It is clear that significant reductions in dredg in g by the 

r eduction or elimination of existing projects ar e not possibl e without 

some short-term econ omic sacrifice . By car ef ul selection of si tes for 

the r el oca t io n of port fac il i ties or the construction of new 

f acili ti es , dr edging requirements and their environmental i mpa cts can 

be minimized in the f uture. The r es ult will be lower channel 

maintenance costs and reduced ship tr affic constraints with the i r 

associa te d economic bene fits. 
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Table I-13 Projects that may be candidates for reduction or elimination 
of dredging after further evaluation 

Project 

Bronx River 

Brooklyn Navy Yard 

East River Spur Channel 

Hackensack River 

Hudson River (Weehawkin -

Edgewater portion only) 

Newtown Creek 

Westchester Creek 

* 

* Total 

Average Annual 

Maintenance 

26 , 000 yd 3/yr. 

56 , 000 " 

14 , 000 

24,000 

596 , 000 

13,000 

62,000 

791,000 

" 
11 

11 

II 

" 

" 

This represents t h e average annual reduction in dredging if the above 
projects are completely eliminated 11.6% of the average annual maintenance • dredging 1966-80. 
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Hydraul i c Modificat i ons t o Reduce Dredgi ng 

In some areas of the harb or it may be possible to aff ect the 

hydrodynamic characteristics of the waterway to shift the locus of 

sedimentation away from channel areas, there by reducing the need for 

dredgin g . Such alterations in sedimentation patterns require a 

thorough under stand in g of the harbor ' s hydrodynamic and sediment 

transport characteristics to ensure the desired result. Because of 

the complexity of th e problem, extensive research is vital to the 

success of any specific project. Up to the presen t, dredging has been 

the only answer to shoaling problems, altho ugh recently prob lems of 

dredged mate r ial disposal have prompted the search for other methods 

to control sh oalin g. Hoffman (1982) describes four techniques being 

tested presently to reduce slip shoaling. Examples of successful 

large sca le efforts are la ckin g, however . This re fle ct s in large part 

the poor understanding of the processes controlling shoaling. 

Reducing Shoaling in New York Harbor 

In the early 1960' s the Corps of Engi neer s applie d th eir physical 

model of the Hudson River estuary to the study of shoaling in the 

Lower Hudson navigation channels and adjo inin g berths . At th at time, 

Panuzi o ( 1963) reported that over 5 . 5 million yd3 was being dredged 

annually from thes e slips and channels. Today dredging require ments 

have dropped to just over 1.5 million yd3 largely because of 

abandonment of underutilized slips . 

The model was used to test the performance of two different types 

of plans to reduce th e amount and/ or cost of dredging. The first 

approach employed large sediment traps to capture material in a single 

location i n order to reduce th e ex te nt and frequency of dredging. 
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Thirteen different t rap configurations were tested and the most 

succe ss ful reduced channel depo sition by over 50% and slip shoaling by 

approximately 20- 25% (Panuzio, 1963). However , the sediment trap 

option was never implemented. This probably is because it would only 

relocate and, perhaps, reduce dredging requirements but not eliminate 

them, and the anticipated savings in reduced dredging costs could not 

justify the expense of constructing the basin. 

The second type of alteration studied involved the red istribution 

of sedimentation out of channel areas to sites where it would not have 

t o be dredged. These options require more detailed understanding of 

the circu lation patterns of the estuary. The model studies confirmed 

what we know about the Harbor's estuarine circulation : that when 

averaged over several tidal cycles, water tends to flow out (seaward) 

of the estuary in the upper layers and into the estuary in the lower 

layers. This causes sediment that is delivered by the river to be 

trapped in the lower estuary where the major shoaling problems exist . 

Two factors peculiar t o the Hudson tend to focus sedimentation in 

the area of the navigation channels by disrupting the two layer flow 

pattern . One is a bathymetric constriction in the chann el in the 

vicinity of the George Washington Bridge ; the other is the incoming 

tidal flow of the Harlem River. Rather than having the landward 

flowing bottom water carry its sediment further upstream , these two 

factors introduce turbulence which cause redistribution of the 

sediment throughout the water column and transport back downstream 

(Sinnnons and Bobb , 1965). 

The physical model was used to test the effect of removing the 

constriction and controlling the Harlem River flow into the Hudson. 

Removal of the constriction at the George Washington Bridge was tested 

64 



using seven different plans requiring from 5.0 to 10.8 million yd 3 of 

dredging. 3 The most successful plan would require 7.1 million yd of 

dredging and construction of a 13,725 ft. long dike parallel to the 

shore from Fort Lee to Edgewater. The model predicted that this 

modification would reduce maintenance dredging by 30% in the channel 

and adj oin ing slips. Closure of the Harlem River during periods when 

flow would normally be into the Hudson was predicted to reduce 

dredging a similar amount (Panu z io, 1963) . Simmons and Bobb (1965) 

reported that when both modifications were t ested together a 37% 

reduction in shoaling wa s observed. 

The advantages of implementing these plans would be reduced 

shoalin g . Altho ugh these experiments were done with 1960' s shoaling 

data, if we assume the proportional reduction in shoaling remains the 

same, today's dredging load could be reduced by about 0.5 million 

yd 3/yr by either plan or it could be reduced by about 0.6 million 

3 yd /yr if both were impl ement ed . The di sadv ant ages incl ude the fact 

th a t 7 . 1 million yd3 of dredging and construction of a larg e dike 

would be required to implement Georg e Washington Bridge plan and tide 

gates would have to be installed on the Harlem Rive r . The cost of 

t h ese alterations would be high . Combine the costs with the 

uncertai nt ies associated with the model simulations and the 

advisability of implementation of either plan is questionable. 

Based on 1960 dredging data, the reduction in dredging 

requirements would have been 1. 4 million yd3 for either modification 

alone, and 1. 7 million yd 3 for the two modifications combined. Sinc e 

1960 the demand for dredging on the Lowe r Hudson has declined, 

particularly on the New Jersey side abov e Weehawkin . As a result, if 

the same modifications were made today, pres ent dred gi ng requirments 
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would not be reduced as much as they would have been in 1960 . Given 

that the proposed modifications apparen tly were not practic al i n 1960, 

it is unlikely that they would be practic al today since benefits would 

be less significant. 

Simmons and Bobb (1965) also described experiments to evaluate 

the effect of deepening the channels above the George Washington 

Bridge and the effect of realignment of the navigation channel below 

the Bridge . Neither plan showed significant potential for reduced 

shoaling . 

Reducing Shoaling in Slips 

Panuzio (1963) discussed experiments designed to test several 

plans for reducing shoaling in slips. Tec hniques investigated 

included a submerged dike across a slip entrance, an air screen across 

a slip entrance and an air bubble turbulence generator within the 

slip. The first two techniques are designed to reduce the amount of 

sediment entering the slip, and the last technique is designed to 

suspend sediment in the slip during the ebb tide so it is carried out . 

The most successful plan reduced dredging requirements by 17% and 

involved a submerged dike at 35 ft . below mean low water. Use of an 

air bubble turbulence gener ator within a slip was nearly equal in 

efficacy with a 15% reduction in dredging requir ements. 

The success of the submerged dike plan depends upon the way 

sediment is transported into the slip. According t o Panuzio (1963), 

sediment is carried into the slip on the flood tide in the bottom 

layers because of t he predominance of bottom wa ter flood tide in the 

estuary . Thus the sill prevents the entry of the most heavily 

sediment - laden waters during the flood phase of the tide . 
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More recently, Hoffman (1982) described res earch by the U.S. Navy 

to reducing slip shoaling. He discussed four techniques. Water jets 

have been used to f l ush a slip on ebb tide and applied to a berth in 

the Mare Island Ship Yard, Vallejo, CA. Problem s with slumping and 

disrupti on of the syste m by ships anchors have caused them to 

re-evaluate the design. Silt curtains that collapse to the bottom to 

permit ships to enter are also being tested at the Mare Island Ship 

Yard and are being considered for use in the Port of Rotterdam, 

Holland. It has been predicted that such a curtain in Rotterdam would 

reduce maintenance dredging requirements by 30% (Hoffman, 1982). 

Another device, which has been used to prevent shoaling of Rudee 

Inlet, Virginia Beach, VA, is an eductor. The eductor works on the 

principle of the Venturi tube, where constriction of flow through a 

tube creates a vacuum. As a result, sediment is sucked i nto the 

eductor and passed through a pipe out of the channel or slip (Hoffman, 

1982). The final techniqu e di s cussed by Hoffman (1982) is agitation 

dredging, where sediment is suspended by propeller wash or other 

physical disturbance during periods of favorable flow conditions. In 

this way, sediment is carried to other less troublesome areas . The 

Portland, OR, District of the Corps has been experimenting with a 

modi f ied twin-prop LCM vessel and the technique shows promise. 

Conclusions 

Design and implementation of control measures to redistribute 

shoaling patterns are limited by our understanding of hydrodynamics 

and sediment transport processes and by our understanding of specific 

estuarine sediment systems. The larger and more complex the system 

the more difficult it is to develop a workable control measure with 
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predictable cons equences. The Port of New York and New Jersey 

encompasses one of the most hydrodynamically complex systems in the 

U.S. As a result, i t is not possible at the present t ime to desi gn 

sediment contr ol measures to significantly and predictably reduce 

dredging on a larg e sc ale. 

There is an ex cellent opportunity to reduc e dredging requi re ments 

through control measures in the numerous berths and slips that are 

maintained around the harbor. A prime example is the Port Author i ty' s 

Pa sseng er Ship Terminal on the Hudson River . Over the past 5 to 6 

years approximately 300,000 yd 3 of material have be en dredged each 

year, and becau se of contaminant levels of this material has been a 

problem and will con tinue to be a problem. Numerou s other berths 

could benefit from the sediment control measu re s discussed above. 

These techniques will not reduce the overall main tenance dredging 

re quirem ent, however , since the sediments ev entuall y end up somewhe re 

else in the system. 
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PART II. CONTROL OF SEDIMENT AND CONTAMINANT 
INPUTS TO THE PORT OF NEW YORK 

NEW JERSEY 

Sediment Sources to New York Harbor 

To evaluate the effectiveness of sediment source controls in 

reducing the dredging requirement for the Port of New York and New 

Jersey, it was necessary first to quantify the various sources and to 

attempt to balance inputs with sinks to determine if the major sources 

have been estimated correctly. Major sediment inputs to the Port 

include its tributaries, urban runoff, municipal and industrial 

wastewater, shore erosion, in situ biological production, Long Island 

Sound and the Atlantic Ocean. Based on existing measurements of 

sediment inputs, it is clear that the Harbor and surrounding estuary 

are a trap for sediments introduced by rivers, Ocean and Sound . When 

all of the sources are totalled and compared with dredging volumes and 

deposition rates in areas surrounding the channels, a rough balance is 

obtained. 

Tributaries 

Because of the large variability of river flows and the larger 

variability in sediment loads, it is very difficult to obtain an 

accurate estimate of average annual fluvial sediment input . Available 

measurements generally span too short a period of time to encompass 

the full range of flows possible. It is well known that the majority 

of sediment is moved during floods which occur during a small 

percentage of the time (Meade, 1981). Such extreme events are 

difficult to measure and as a result their full impact has not been 

accurately determined. Another factor affecting the accuracy of 
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sediment yield measurements is the difficulty in sampling the entire 

cross section of the river. Bed load transport in particular may be 

significantly underestimated when using suspended sediment 

measurements to calculate sediment yield. 

Given these problems, it must be realized that available 

estimates of tributary sediment yields are subject to a large degree 

of uncertainty. Still, they are the best we have. Using U.S. 

Geological Survey (USGS) flow and suspended sediment data from water 

years 1975 through 1980, Mueller et al. (1981) calculated average 

annual sediment yields for the major rivers contributing to the 

estuary. For this period the estuary received an average annual 

sediment load of 1.387 x 106 metric tons (MT) (dry weight). The 

portion contributed by each major tributary is given in Table 11 -1. 

Other estimates of the Hudson River sediment yield are in fairly 

close agreement with the values obtained by Mueller et al. (1981). 

Using USGS flow data and his own suspended sediment measurements, 

averaged over a tidal cycle at MP-18, Olsen (1979) estimated that 

1.0 0.3 106 MT of suspended sediment are delivered annually to the 

lower Hudson estuary. A slightly lower estimate was obtained by 

Ellsworth (1982) using a different technique. Based on data from the 

New York State Erosion and Sediment Inventory (USDA-SCS, 1974), 

Ellsworth (1982) estimated that between 0.88 and 1.12 x 10
6 

MT of 

sediment are contributed annually by the Hudson River. 
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Table 11- 1 Estimates of Annual Sediment Yields in Metric Tons (MT) for 
Major Tri butaries to the Hudson- Rari tan Estuary 

Tributar;2 Muel ler et al. Olsen (1979) Ell sworth (1982) 
(1982) 

Hudson River 1.304 X 106 NT 1. 0±0 . 3 x 10 6 MT . 876 -1.12 x 106 MT 

Passaic River 0.043 X 106 MT 

Raritan River 0 . 024 x 106 MT 

Others* 0.016 x 106 MT 

* Hackensac k , Elizabeth and Rahway Rive rs 
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Waste Water 

Muelle r et al . (1982) provide the best available estimate of 

sediment discharges resulting from wastewater . They included data fo r 

1979 and 1980 from NYC water pollution control plant ope rat ing logs, 

Interstate Sanitat ion Colllt~issio n record s and Nationa l Pollution 

Discharge Elim i nation system files. For the period of record 1979-80, 

Mueller et al. esti mate a total annual sus pended solids del iv ery of 

248 , 000 MT. This is down from their earlier estimate of 317,000 MT/yr 

for the period 1970 -7 4 . The decrease reflects the up gra din g of raw 

and primary treatment plants to secondary treatment. 

Urban Runoff 

The New York City 208 study (NYCDEP, 1978) provides the best data 

presently available to permit est imation of the contribution of urban 

runoff to sediment load to the estuary . Twenty - one drainage basin s 

were sampled for 10 s torms and one or two dry weather days. Both 

combined and separate storm sewers were included in the effort. 

Results were summarized by Mueller et al. (1982) who estimate that 

urban runoff contributes 175,000 MT of sedi ment annually to the 

estuary. 

Bio lo gica l Production 

We were unable to find any published estimates of the amount of 

s ediment intr oduced to the entire estuary by in situ biological 

production. Olsen (1979) estimated 420 g/m2/yr for the Upper Bay, 

while Suskowski (1978) estimated 8,800 MT produced over 19.1 7 km
2 

of 

Newark Bay (459 g/m2/yr) . Using 640 km
2 for the area of the estuar y 
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below river inputs (Mueller et al. 1982), and assuming similar inputs 

6 for the entire area, these estimates give 0.27 x 10 MT and 

6 0.29 x 10 MT respectively for the annual contribution of sediment to 

the estuary. Obviously, more data are needed to improve the accuracy 

of these estimates. 

Shore Erosion 

Sediment input resulting from shore erosion is not well 

characterized for most of the Harbor area although indications are 

that it is not a very important sourc e of sediment to the system. For 

the lower Hudson River Ellsworth (1982) estimated that approximately 

6,000 MT of silt and clay are introduced annually from the shoreline. 

His estimate is based on field surveys of the shoreline to determine 

the extent of bulkheading and natural rock outcrops which prevent 

erosion. Erosion rates have not been estimated for the Upper Bay 

although in his sedimentological survey of Newark Bay Sus zkowski 

(1978) considers shoreline erosion an insignificant source of 

suspended material since most of the shoreline is bulkheaded. The 

Kills and Upper Bay are developed in a way similar to Newark Bay and 

thus we conclude that the inputs of sediment from shore erosion are 

insignificant . 

The Lower Bay appears to be much more significant as a source of 

sediment from shore erosion, but it is difficult to estimate erosion 

rates because of the numerous beach nourishment and construction 

projects that have been carried out over the years. The best 

available estimates have been made by the N. Y. District of the Army 

Corps of Engineers in several separate studies. Coney Island lost 
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about 100,000 MT/yr between 1961 and 1966 although nearly 50% of the 

total was the result of a single storm (NYD/COE, 1979) . Staten 

Island lost approximately 159 , 000 MT/yr between 1836 and 1885 

(NYD/COE, 1964) . Since then shore erosion has not been estimated 

because of unknown amounts of beach nourishment. Around 82,000 MT/yr 

were lost from the New Jersey coastline of the Lower Bay over the same 

period, 1836 to 1885 (NYD/COE, 1960) . Totalling the above estimates 

gives a shore erosion contribution to the estuary of approximately 

347,000 MT/yr. 

Long Island Sound 

Accurate estimates of the quantities of sediment transported 

through the East River can not be made because of a lack of data. Jay 

and Bowman (1975) present the most detailed study of the East River to 

date. They calculated that the long - term average net transport of 

water is from Long Island Sound into the harbor with a flow of 240 to 

3 
340 m /sec . The in estimate is based on differences in the average 

tidal elevations at the Battery and Throgs Neck and t akes into account 

the difference between ebb and flood cross sectional areas. Although 

advective transport normally is toward the Harbor , Jay and Bowman 

(1975) report that it may be toward the Sound for a month, or more, at 

a time . Actual flux calculations by various investigators compiled by 

3 3 Jay and Bowman range from 1100 m /sec into the Sound to 620 m /sec 

into the Harbor. However, the mean ebb and flood transport at Hell 

Gate is 125 x 106 m3/tide which is equivalent to a flow of about 2,000 

3 m /sec. Since net flux is so small relative to this , the authors 

concluded that the flux calculations are of questionable accuracy . 
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In a discussion of pollutant flux through the East River , Jay and 

Bowman (1975) describe the total flu x as re su lt ing fr om three 

components . 

1) Advective flux is toward th e Harbor on average. 

2) Estuarine circulation results in the tr an sp or t of sur face 

waters toward the Harbor in the River above Hell Gate. Bel ow 

Hell Gate the River is well-mixed. 

3) Dispersive flux depends on the gradient and can not be 

quantified wi th out more accurate data than are presently 

available. 

Assuming that net advective flux controls sediment transport, 

Bokuniewicz and Ellsworth (unpublished manuscript) have used a 

3 value for net flow of 340 m /sec and 8 mg/t as representative of 

the suspended sediment concentration to estimate th at 86 ,000 MT of 

sediment annually enter the Harbor f rom Long Island Sound . However, 

based on a single transect of the East River in June 1981, 

(Hirschberg , unpublished data) susp en ded solid concentration decreases 

from 9-10 mg/i in the Battery to Hell Gate portion of the River to 5 

mg/ i at Throgs Neck . These data indicate that a dispersive flux of 

sediment into the Sound is possible. Obviously, more detailed 

information is needed to obtain a re li able es timate of se diment 

tr ans port throu gh the East Riv er. 

New York Bight 

Swift et al . (in preparation) have made sediment flux 

calculations using two different data sets fo r the Sandy Hook -

Rockaway Point Tr ansect. Their calculations sh ow that estimates of 
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sediment 6 flux range from 0.4 x 10 MT/yr out of the estuary to 0.7 X 

6 
10 MT./yr into the estuary . The average flux over the year is 0.4 X 

6 10 MT/yr into the estuary. The authors caution that this estimate of 

net flux into the estuary is conservative and may be underestimated by 

as much as a factor of four because of a bias in the data toward fair 

weather conditions. 

Olsen (1979) has arrived at an estimate for marine sediment 

input to the Upper Bay based on a plutonium mass balance using average 

239 •240Pu activities on river suspended matter, surface sediments in 

the inner harbor and near shore marine sediments. He gives a best 

estimate for the annual flux of sediment into the Upper Bay of 

6 0 .2 5~0.25 x 10 MT/yr from marine and adjacent bay sources. Olsen 

states , however, that marine sources may ran ge from Oto 1.2 x 106 MT 

per year . The estimate of Swift et al. (in preparation) falls within 

this range. 

Figure II-1 shows th e relative amounts contributed by each of the 

sediment sources discussed above. 

Sediment Sinks 

Using data on the volumes dredged and the average water content 

of dredged material taken from each project, as presented in Section I 

of this report, we determined that approximately 4.4 x 106 MT of 

sediment are dredged each year for channel maintenance in the 

Hudson - Raritan Estuary. 
6 Of this total, approximately 1.4 x 10 MT/yr 

is sand removed from the Lower Bay Entrance Channels, primarily 

derived from littoral drift and bed transport from the N.Y. Bight and 

not included as a se diment source in the above estimate of transport 
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across the Sandy Hook - Rockaway Transect. Excluding this sand, 

approximately 3 x 106 MT/yr of sediment is dredged and removed from 

the Estuary. 

A second sink for sediments within the Estuary is deposition in 

non-channel areas and wetlands. Based on sedimentation rates 

determined by Olsen (1979) for the Hudson River and Upper Bay and on 

sediment deposit thickness in Rari t an Bay , Bokuniewicz and Ellsworth 

(in preparation) estimate that between 0.4 to 1.1 x 106 MT/yr is 

deposited in non-channel areas within the Estuary. Combined with 

dredging, this gives a total of 3.4 to 4.1 x 106 MT/yr of sediment 

stored or removed from the Estuary. 

Sediment Budget Summar y 

The tabulated estimates of sources and sinks for sediment in the 

Hudson-Raritan Estuary are shown in Table II-2. The estimates are 

crude, but, they probably are reasonable representations of the 

relative magnitudes of t he sources and sinks. Annual variations in 

the values are likely to be large because of dependence on weather and 

hydrologic conditions. Thus, within the accuracy of the available 

e stimates it appears that the mass of sediment ente ring the Estuary 

either is stored or removed by dredging. 

If we assume that all of the contributed sediment eventually is 

deposited within the estuary, then dredging accounts for between 71% 

and 100% of the sediment entering the Hudson-Raritan System. The 

range in values results from the large uncertainty in the contribution 

of sedimen t to the Lower Bay from the Ocean. Tributaries are the 

dominant sediment source, contributing 37% to 47% of the total, while 
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Table II-2 Sediment Budget for the Hudson-Raritan Estuary 

Tributari es (Hudson, Raritan & Passaic) 

Waste Water 

Urban Runoff 

In situ Biological Production 

Shore Erosion 

Total Internal Sources 

Long Island Sound 

N.Y. Bight 

Total External Sources 

Total Suspended Sediment Input 

Total Dredging 

Sand Removed from Lower Entrance Channels 
not included in suspended sed. inputs 

Total Dredgin g Excluding Sand 

Sediment Deposition outside Channels 

Total of Sedim en t Sinks 
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1. 4 x 10 6 aT/yr 

0.25 

0 . 2 

0 . 3 

0.35 

2.5 

.1 

. 4 1. 6 

• 5 1. 7 

3.0 - 4 . 2 

4 . 4 

1. 4 

3.0 

0.4 1.1 

3 . 4 - 4.1 



the Ocean may contr i bute 13% to 30% dependin g on the estimate used. 

Sourc es of Contami nants t o New York Harbor 

Althou gh contaminants frequently are linked very closely to 

sediments, with one notabl e ex cepti on the maj or sedi ment s ources - -t he 

tributaries and ocean -- are not the majo r source of contaminants to the 

sediments of the Harbor. Wa stewater and urb an runoff are the major 

sources of contaminants with the exception of PCBs, which are supplied 

approximately equal proportions by the tributaries and by wastewater 

discharges . Mueller et al. (1982) provide the most detailed summary 

available for sources of contaminants to the Hudson-Raritan Estuary . 

Table II-3 is taken from Muelle r et al . (1982) and shows the total and 

relative contributions of the major so urces of contaminants to the 

Estuary . 

Sediment and Contaminant Source Reduction 

Because the methods used to prevent sediments and cont aminants 

from entering a waterway are so closely related , it does not make 

sense to discuss sediment and contaminant source reductions 

separate l y . For example, improved soil conservation practices are a 

primary means of reducing erosion and, there f ore, sediment inputs. 

They also reduce contaminant inputs from excess fertilizer 

(nutrients), pesticides, and herbicides. I n urban areas, s treet 

cleaning is an effective control of both sediment and contaminants 

intr oduced to the waterways in urban runof f . These are onl y two 

examples of controls that can be effective in reducing both sediment 

and contaminant inputs. The following sections of this rep ort discuss 
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I-' 

Tabl e II-3 

Constituent 

now (m3/s) 

ss 
BOD 

TOC 

NH
3

-N 

Org-N 

N02-N 

N03-N 

Total N 

Total P 

011 & Grease 

Fecal Colic 

Total contaminant budget from Mueller et al. (1982) 

Total 
Hass Load 

(metric tons/d) 

1,000 

5,000 

1,000 

1,400 

130 

140 

2.8 

64 

340 

41 

350 

- Winter 1. 5x105 

- Summer 7.8x10 
4 

IIUDSON-RARITAN ESTUARY 
TOTAL HASS LOADSa 

j Contributed By Each Source 
Urban Accidental 

Wastewater Tribut ar ies Runoff Atmo.seheric ~ills 

13 78 6.9 2.5 -
14 . 77 9.7 - -
71 9.7 18 - -
51 34 13 - -
74 15 8.9 0.1 -
66 19 14 - -
34 54 11 - -
10 79 1.2 3. 1 -
61 26 11 0. 9 -
66 27 7.1 - -
48 12 34 - 6b 

73 0.3 26 - -
50 0.6 50 - -

Land f 111 
Leachate 

0.04 

0.2 

0,9 

2.2 

1. 2 

0.7 

0,04 

0 . 2 

0.8 

0,05 

0. 4 

negl, 

negl. 

aDashes indicate no data available, except for wastewater where constituents detected less than 

90J of the time were excluded. 
b Petroleum Hydrocarbons 

cColiform units are 1012 org./d. 



Table I I - 3 (cont'd) 

Total % Contributed By Each Sour ce 
Mass Load Urban Accidental Landfill 

Const i tuent (kg/d) Waste water Tribut ari es Runof f Atmospheric Spills Leachate 

Benzene 170 96 - 0. 6 - - 3. 6 

1, 1,1 Tri chloroethane 370 99,9 - - - - 0. 1 

1,1,2,2 - tetrachloroethane 6. 3 - - - - - 100 

Chloroform 1 ll 0 92 - 4. II - - 3.9 

1, 2-Dich lo r obenzene 119 99.9 - - - - o. 1 
c::, 1,1- Dichloroethylene 15 99. 9 - - - - 0. 1 
N 

1, 2-tran sd ichlor oethylene 2 1 99.9 - - - - 0. 1 

Ethyl benzene 66 96 - - - - 3. 8 
Fl uor anthene 50 - - 100 

Methyl ene Chloride 930 99 - 0.6 - - 0. 4 

Dichlorobromanethane 3.2..:3. 3 97- 99 - - - - 3-1 

Tr ichlor ofl uoromethane 5.2 - - 100 

Dichlorod i flu orCY.11ethane 27 - - - - - 100 

Naphthalene 35 ll9 - - - 51 

Pentachlorophenol 26 100 

Phenol 70 80 - 11 - - 9 

Bis(2-ethylhexyl)phthalate 350- 355 77-76 - 23 0 . 1- 1. 4 

Butyl benzyl phthalate 41 73 - 27 



Table II-J (cont'd) 

Total % Contributed By Each Source 
Mass Load Urban Accidental Land fi ll -
Constituent (kg/d) Wastewater T~ibutaries Runoff Atmospheric Spills Leachate 

Di-N-Buty l phthalate 56- 61 89-82 - 11- 10 0.35-8.2 

Diethylphthalate 20 80 - 20· 

Anthracene 29 - - 100 

Phenanthren e 20.5 12 - 88 

Pyrene 37 - - 100 

Tetrschloroethylene 530 99.8 -00 - - - 0. 2 
w 

Toluene 280 88 3.5 - - 3.3 5.3 

Trichloroethylene 300 95 - - - 3. 6 1 • 1 

Aldrin 0-1 . 0 - * - - 100- 97 0-3 
Gamma-BHC (Lindane) o. 116-4. 3 57-6 , 0 * - 43-911 

Chlordane 0.13 - 0,33 77- 30 • - 23-61 - 0-9 
DDT 1. 0-1. 1 - * 97-91 2.9-9 

Heptachlor 0.2-4 - * - 100 
PCB 11- 14 44-34 45- 41 8.9-6.8 1.9 - 14 - 0- 4. 1 
Toxaphene 0.1-1.3 - • - - 100-76 0- 211 

• Negligible or zero loads were estimated from sediment data . Water colunn data not available. 



Table II-3 (cont'd) 

Total % Contributed Br Each Source 
Mass Load Urban Accidental Land fi 11 

Constituent (kg/d) WastewatP.r Tributaries Runoff Atmospheric Spills Leachate 

Antimony 1, 100 100 

Arsenic 190-210 51-47 49-51 - o. 1-1. 4 - 0,2-1.2 
Beryllium 41-43 96-91 3.7-8.9 - - - 0.25-0.23 
Cadmium 130-190 56-38 12-39 30-22 1 • 6-1. 1 - 0.7-0.5 
Chromium 2020-2040 50 37 12 0,5 - 0.2 

CJ) Copper 3,400 52 
.!:' 

28 20 - - 0. 19 
Cyanide 990 99.8 - - - - 0.20 
Lead 2,800 39 29 29 3.5 - 0.26 
Mercury 62-92 89-60 8.9-37 2.6-3.2 - - 0.3-0.2 
Nickel 1,700 55 20 23 1. 2 - 0,3 
Selenium 120-160 65-49 34-51 - - - 0. 11-0. 3 
Silver 65-78 95-80 4.8-19 - - - 0.2-1.2 
Thallium 350 100 

Zinc 9,IJOO 60 19 19 2. 1 



some of the options for controlling inputs from the major sediment and 

contaminant sources. 

Tributaries 

Tributaries are the major source of sediments and PCBs to New 

York Harbor. Sediment is a natural product of erosion of the land 

surface, and is most commonly accelerated to some extent by human 

activities in the drainage basin. Sediment and associated 

contaminants supplied to the Harbor by the rivers can be reduced 

through soil conservation and other control measures, but they can not 

be eliminated. PCBs were introduced to the river over a number of 

years of wastewater disposal at two manufacturing facilities on the 

upper Hudson River. Much of the PCBs from these sources now reside in 

the sediments that line the river bottom. It is presently bein g 

debated just how the PCB problem can best be handled and it is still 

not certain how successful clean-up efforts through dredging would be. 

In this report the erosion problem will be dealt with first . 

Erosion Control 

In an erosion and sediment inventory for New York State 

(USDA-SCS, 1974) the Soil Conservation Servic e estimated that over 40 

million HT of sediment is eroded annually. Their data are summarized 

in Table II - 4. According to the report, proper conservation measures 

could reduce construction site erosion from 71.5 MT/ha/yr to 

approximately 6.7 MT/ha/yr. This would reduce total erosion by nearly 

3%. If all cropland also were treated adequately with erosion control 

measures, erosion could be reduced by nearly 27%. The only other 
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Table II - 4 New York State Erosion and Sediment Inventory (USDA- SCS, 1974) 

Sheet Erosion Summary 

3 Average Soil Total
3

Soil 
Ha (xlO ) Loss (MT/Ha/yr) Loss (10 MT/yr) 

Cropland 
Adequately Treated 1,278 2.82 3 ,603 

Cropland 
Needing Treatment 803 16.6 13,299 

Orchards, Vineyards, 
Bush Fruits 61 7 . 25 442 

Open Land 
Formerly Cropped 745 0.63 469 

Pasture Land 579 2.23 1 , 290 

Wood Land 6 , 707 0.97 6,537 

Other Land 244 1.55 378 

Federal Land 73 0 . 70 51 

Urban Land 601 1.31 789 

Construction Sites 19 71.5 1,358 

Land not Contributing 
Sediment 891 

Total 12 ,001 2 .3 5 28,216 

Bank Erosion Summary 

Bank length (km) MT/km/yr 3 10 MT/yr 

Roadbank 247,813 16 . 5 4,088 

Streambank 212,349 41.3 8,756 

Total 460,162 12,844 

Grand Total 41 , 060 
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categories with the potential for major reductions in erosion are road 

and stream banks. However, the report (USDA-SCS, 1974) does not 

provide any means to estimate potential reductions in these areas. 

A report by the Hudson River Basin Study Group (HRBSG, 1979) 

estimates that stream bank erosion could be reduced by 5% through 

implementation of appropriate protection measures in the Mohawk River 

Basin, where the problem is most severe. It is estimated that these 

measures would cost $1.2 million. An additional $2.6 million would be 

required for the remainder of the Hudson River Basin. Road Bank 

erosion protection is estimated to cost $85 million and the authors 

conclude that New York State can not afford basin wide protection 

against road bank erosion. Assuming that a 5% reduction in stream and 

road bank erosion were obtained, the overall reduction in erosion in 

the Hudson Basin would be approximately 28%. 

Whether or not this 28% reduction in erosion could be achieved 

realistically and how it could be achieved is another question. 

Existing and potential erosion control programs are discussed in the 

New York State Water Quality Plan (NYDEC, 1981). The primary sources 

of sediment to the rivers of New York State are non-point sources 

arising from overland runoff, stream bank and road bank erosion. 

Other sources to the rivers include combined sewer overflows, waste 

treatment plant effluents and urban storm runoff. These sources are 

discussed in more detail in the following sections . 

The non-point source program is an important part of the overall 

State Water Quality Plan. Sediment control is its primary focus, 

although nutrients and pest i cides are of concern as well. The New 
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York State Department of Environmental Conservation (DEC) intends to 

attack the problem through improved land use management procedures . 

Their strategy has four objectives: 1) to better define the magnitude 

and extent of non-point source pollution and identify control measures 

with significant potential; 2) to place maximum reliance on 

cooperation rather than regulation; 3) to adjust and strengthen 

existing programs; and 4) to support resource management objectives 

in areas other than water quality as well (NYDEC, 1981). 

Program development was based on a non-point source assessment 

relying upon interviews with knowledgeable local sources to identify 

"stressed" areas. Quantitative data were found to be lacking, thus 

limiting non-point source management to a very rudimentary level. In 

the future DEC will work cooperatively with county and local 

governments to refine non-point source assessments, develop local 

priorities and implement control measures. To improve understanding 

of the problems, detailed monitoring will be carried out in a limited 

number of different kinds of watersheds. Sampling systems will be 

developed to aid in analysis of water quality problems. 

Mitigation of agricultural erosion is achieved primarily through 

contouring, strip cropping, reduced tillage and other farming 

practices. Farm conservation planning is done on an individual basis 

by Soil Conservation District personnel in cooperation with 

landowners. Under New York State law farms of 25 acres or more are 

required to have an approved conservation plan. 

Silviculture is another source of erosion although it is not 

believed to be a major problem. The primary means of control is 

through proper site planning and management. As with farms, 
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landowners having 25 acres or more of forested land are required by 

law to have an approved soil and water conservation plan. However, it 

is estimated that less than one-half of all forest harvesting 

operations in the state currently receive the benefits of professional 

forestry advice (NYDEC, 1981). DEC's strategy is to focus on 

education of landowners and loggers and to randomly inspect harvesting 

operations, with the permission of the owners, to better assess the 

problem and evaluate accomplishments. 

Mining is another activity with the potential for erosion 

problems. The DEC reports that problems are not severe and that 

existing regulations and programs are sufficient to control the 

problem. The Mined Land Reclamation Law provides for control of all 

substantial mining operations by the DEC. Existing staffing was 

judged to be inadequate for proper enforcement and a major objective 

of the DEC is to increase staffing to meet this need. Education of 

mine operators concerning erosion control and an inventory of inactive 

mines were also mentioned (NYDEC, 1981). 

The DEC concluded that although there are numerous programs that 

relate to erosion from construction sites, there is an apparent need 

for a better system of preventive controls. The State Department of 

Transportation has adequate erosion control standards although there 

is a continuing need for individual project engineers to improve their 

enforcement efforts. County, town, village and city programs lack 

enforceable erosion standards, however. More explicit guidelines are 

needed to effectively control road bank erosion and highway runoff at 

the local level. In New York State, city, town or village governments 

control land use and regulate the design and construction of new 
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developments. To date (NYDEC, 1981) only 55% of local ·governmental 

units have adopted some form of zoning controls an<l f ew of these 

include erosion standards . DEC1 s strategy is to encourage local 

governments to institute and enforce appropriate erosion controls. 

Past attempts to institute state-wide controls have been defeated 

repeatedly in the legislature. 

The impact of erosion control measures on river sediment yields 

is the subject of a recent paper by R.H. Meade (1982). Although soil 

erosion is the original source of sediments, most rivers discharge a 

large portion of their annual sediment yield in a very small portion 

of the time, during storms. As a result fluvial sediments spend most 

of their time in storage in stream banks and beds. On time scales of 

years to centuries, important intermediate sources and sinks of 

sediments are storage sites between the uplands and estuaries. Meade 

(1982) cites the fact that since the large increase in erosion 

following settlement of the East Coast, soil conservation practices 

have improved and the amount of land in crop farming has declined. 

River sediment yields have not declined, however. Sediment resulting 

from a century or more of poor farming practices following settlement 

is stored in the valley bottoms and is the source of continued high 

river sediment yields. 

Meade (1982) reports that the time required for sediments to move 

through major river systems to their estuaries may be as long as a 

century. Hence, even though the supply of sediment may be reduced at 

the source through stringent soil conservation practices the results 

of past mistakes may be experienced in the river and the estuary for 

decade to a century. Meade cites a classic study of the Sacramento 
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River by Gilbert (1917), where excessive sed i ment released by 

hydraulic mining filled-in the river bed causing it to rise to peak 

levels 10 to 20 years after the mining was stopped. During the next 

30 to 40 years the bed elevation dropped steadily back to its previous 

levels. A great deal of sediment is still stored on the flood plains 

and will be removed more slowly than the cha nnel sediments . 

In summary, it is clear that erosion control measures are very 

important in reducing sediments and contaminants entering the rivers . 

The extent of the success of control measures is uncertain and the 

results may not be observable in the estuary for decades. Over the 

next several decades at least, erosion control measures will probably 

have little impact on dredging requirements. However, the impacts of 

erosion go far beyond their influence on dredging requirements; the 

loss of agricultural and other valuable lands should be of great 

concern. 

Control of PCBs 

According to Hetling et al. (1978) sediments in some places in 

the upper Hudson River contain PCBs at concentrations exceeding 1,000 

ppm. The contaminant orginated from waste discharges at two General 

Electric capacitor manufacturing faci l ities that no longer manufacture 

or discharge PCBs. At low flow the river transports PCBs at the rate 

of some 4-5 kg/day and movements by major storms have been measured at 

360 - 390 kg PCBs/day transported downstream. During the 1977 water 

year, approximately 2,600 kg of PCBs were moved downstream past 

Waterford, NY. Results of sediment transport modelling efforts 

indicate that 32-54 thousand kg of PCBs will be transported into the 
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Hudson estuary over the next 20 years, if no action is taken. 

The river and estuary are so heavily contaminated with PCBs that 

a ban on commercial fishing for some species was imposed because of 

unacceptable PCB levels in the tissues of fish. Some argue that if 

this situation is to improve, some action will be necessary. Hetling 

et al. (1978) have considered three treatment alternatives for the 

disposal of PCB-contaminated sediments. Incineration was not 

considered feasible since costs were estimated on the order of $57/yd
3 

of contaminated sediment even if co-generation of electricity were 

used to offset expenses. Biodegradation is another possibility, 

however, the techn ology is still at the stage of laboratory 

development and can not be used on large scale problems. It was 

mentioned that biodegradation was promising and might be feasible at 

some time in the future. Engineered encapsulation was the final 

alternative considered and was the only one perceived to be feasible 

at the present time. 

Four alternatives for the removal of PCB-contaminated sediments 

were considered by Hetling et al. (1978) . If no specific action is 

taken, maintenance dredging of the river channel will continue for the 

purposes of shipping interests. 
3 

Approximately 23 x 10 kg of PCB 

would be removed from the upper Hudson River at a cost of $2.5 

million. This is approximately 11% of the total estimated PCB 

inventory in the upper Hudson (Table 11-5). Dredging to remove 

remnant deposits between the former Ft. Edwards Darn site and Baker's 

Falls Dam would remove approximately 56 x 103 kg of PCBs. Combined 

with maintenance dredging , this alternative would remove 40% of the 

total estimated PCB inventory in the upper Hudson at an additional 

$6.3 million . Removal of the so-called "hot spots" (PCB> 50 ppm) 
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Table II - 5 Es t imated quar .tities of PCBs 
in Hudson River Sediments 
(from Hetling et al . 1978) 

Remnant deposits 63 X 

Upper Hudson River 
(above Troy, NY) 134 X 

Lower Hudson River 
and its estuary 91 X 

Total 288 X 

93 

103 
kg 

103 kg 

103 kg 

103 kg 



would reduce PCB deposits by 142 x 103 kg (72%) at a cost of $28.7 

million . The final option considered was to attempt to remove as much 

of the PCB-contaminated sediment as possible. It was estimated that 

this strategy could re move 95% of the total PCB inventory in the upper 

rive r at a cost of $204 million . 

The present plan calls for the contaminated sediments to be 

contained in upland disposal sites until methods have been developed 

to remove or destroy the PCBs. To date (Dec. 1983) none of the above 

alternatives has been impl emented. 

Schubel (in press) cautioned tha t even if all new sources of PCBs 

to the Hudson - Rari t an estuarine system could be eliminated totally the 

need to deal with PCB-contaminated sediments a lready in the system 

would persist for at least several decades regardless of what 

management strategy is used . He went on to point out that probably 

neither of the two end members of management alternatives is 

acceptable . If the objective is to isolate PCBs from the water and, 

as a result, from the aquatic resources to eliminate adverse 

ecological and public health impacts, then the "do nothing" 

alternative may be unacceptable- - at least in the short term. The 

other end member in the spectrum of strategies - -dredging the entire 

river below Fort Edward and the es tuary -- is economicall y unacceptable 

and environmentally unju s tified. According to Schubel, even if this 

alternative were economically feasible, its environmental impacts 

might be as large, or larger, than the "do nothing" alternative . As 

he points out, the problem is not in the dredging; it is in the 

long - term isolation of these materials after their disposal. Schubel 

suggested that strategies should be assessed which might lead to the 
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isolat ion of PCB-contaminated sediments by stabilization through 

burial in-p lace or by dispos al and capping in subaqueous pits. 

Wastewater 

Mueller et al. (1982) estimate that municip al and industrial 

wastewater flows into the Hudson-Raritan Estuary at a rate of 

3 approximately 130 m /sec. Of this, 15 m3/sec (11%) is raw, 

untreated sewage, 18 m3/sec (14%) is primary treated sewage, 82 m3/sec 

(63%) is secondary treated sewage, and 12 m3/sec (9%) is industrial 

wastewater . According to Mueller et a l . (1982) although wastewater 

contributes only 13% of the fresh water flow to the Harbor, it is the 

dominant source of BOD, nitrogen, phosphorus, oil and grease, and most 

of the toxic organics and heavy metals. 

Numerous approaches can be taken in dealing with wastewater 

pollution. Perhaps the most obvious approach is to upgrade the leve l 

of treatment of wastes at existing sewage treatment plants and to 

construct plants to treat wastes currently being discharged raw. 

Another approach is to reduce inputs to the sewage sys tem through 

industrial pretreatment, or industrial waste-water recycling . For 

certain contaminants, particularly heavy metals, removal at the source 

is the only type of treat ment that can produce significant results. 

Reducing the inf low of non -c ont aminate d water can also improve 

treatment efficiency by providing more concentrated sewage that can be 

tre ated more ef f ectivel y . Control of leaks fr om the water 

distribution system and metering of water use to encourage 

conservation are two possibilities for reducing inflows. 

95 



Table II - 5 Estimated quantities of PCBs 
in Hudson River Sediments 
(from Hetling et al. 1978) 

Remnant deposits 63 X 

Upper Hudson River 
(above Troy, NY) 134 X 

Lower Hudson River 
and its estuary 91 X 

Total 288 X 

96 

103 kg 

103 kg 

103 kg 

103 kg 



The fact that over 70% of New York City's sewers are combined 

sanitary/storm sewers presents another set of control possibilities 

and needs. Combined sewers, common in many urban areas, arise when a 

single network of pipes is used to drain both sewage and urban runoff. 

In dry weather and for periods of light rainfall, sewage treatment 

plants are capable of treating all of the load. New York's plants are 

designed to treat up to two times the average dry weather flow at the 

primary level and up to 1.5 times the dry weather flow at the 

secondary level (NYCDEP, 1979) . 

Regulators are mechanical devices designed to open when sewage 

flows combined with runoff due to storms exceed treatment plant 

capacity. When regulators open, raw wastewater is discharged directly 

to the receiving waters. Frequent maintenance of regulators is 

necessary to prevent raw sewage from leaking out of the system under 

normal flow conditions. A survey of New York City's 397 regulators 

indicated that 25% malfunctioned at any given time (NYCDEP, 1979). 

Improved maintenanc~ repairs and rehabilitation of the existing 

regulators would clearly reduce leakage of raw sewage into the river. 

A related problem is inflow of sea water into the sewer system. 

Tide gates are used at overflow discharges to prevent sea water 

inflow, but because of maintenance and repair problems, many of these 

do not function properly. The result is diluted sewage and reduced 

treatment efficiency. 

Treatment Plant Improvements 

As mentioned above, sediments and contaminants contributed to the 

Hudson-Raritan Estuary could be reduced significantly by upgrading 
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existing sewage treatment plants to provide full secondary treatment 

of wastewaters. A number of different plans for upgrading treatment 

facilities were considered in the 208 Water Quality Management Plan 

developed for New York City (NYCDEP, 1979). Each of the alternatives 

is described in the following paragraphs and Table II-6 is a summary 

of the impacts and costs of each alternative. 

Baseline conditions include completion of improvements currently 

under construction. These include seven secondary treatment plants in 

New York City; four secondary plants in New Jersey; and one secondary 

plant in Yonkers. Treatment plants at Newtown Creek, Coney Island and 

Owls Head would not be upgraded to secondary treatment, but would 

continue to provide better than primary treatment. Raw sewage will 

still be discharged from the Red Hook (Brooklyn) and North River (NW 

Manhattan) sewer service areas. Regulators, which divert the overflow 

from combined sewage/storm sewers directly to the receiving water body 

during storms, would continue to be maintained as at present (2 to 5% 

leakage of dry weather flows estimated, NYCDEP, 1979). 

The secondary treatment alterna tive includes construction of 

full secondary treatment facilities at North River and Red Hook; 

upgrading of facilities at Newtown Creek, Coney Island and Owls Head 

in New York City; and upgrading of treatment plants at Bayonne, 

Hoboken, Jersey City East and West in New Jersey . Regulators with 

chronic leakage problems would be repaired and routine maintenance 

would continue as at present. The primary benefits associated with 

this alternative are improved removal of suspended solids and BOD; 

much less chlorine would be needed as primary treatment facilities are 

eliminated; and the danger of contamination of surface waters by 
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Table II-6. Comparison of waste treatment options from NYC 208 study (NYCDEP ,1979) 

Susp. Solids 

Secondary+ 
Bas eline Second~ Nitrification 

red. 40%1 red. 70% red. 90% 

Secondary+ 
50% CSO Ca.E_. 

red. 70% + 

Present 
Re.9.uirements 

r ed. 85% 

Higher Modifie d Zero 
Use Use Dis char _~ 

red.85% red. 70% red. 90% 
----------------------------------------------------------------------------------- - -----
BOD red. 35% red. 75% red. 90% red . 75% + red. 85% red.85% r ed . 75% red. 90% 

----- - -- ---- - - -- ----- o ----- --- ---- ----------- --- 7 -- - N r ed- 60% 
Nutrients no chg. no chg. TKN red . 90% no chg, no chg. no chg, no chg . p red lOO% 
----------------------------------------------------------------------------------------------------------
Floatables no chg . reduced reduced red. 50% r ed. 90% red .9 0% reduced red .• 90% 
--------4 -------· -------- -- ------· ---------------- --------· 
Coliform red. 35% reduced reduced red . 50% red. 90% red.90% no chg. red . 90% 

-------- · ------ --· 
Chlorine use no chg . red . 35% red. 35% incr.5 - 10% in creased incr. incr. red. 35% + 

Me tals :s;;;aII reduced reduced reduced reduced ________________ red. ___________ _______________________ ___________________ ____________ ___________________ ____ _ reduced reduced red.25-40% 

Toxic organics no chg. no chg. no chg. no chg. no chg. no chg . no chg. reduced 
------- ------ ·- ·------- ------- ----------------

Oil & grease no chg . no chg. no chg. no chg. no chg. no chg. no chg. reduced 

Sludge dry tons 385 448 448 471 472 472 444 1,275 _______ £er_dat

0 
_____________________________________________________________________________________________ _ 

Cap. Costs($ 10) 2,067 1,336 2 2,063 2 1,421 2 4,739 2 5,007 2 1 ,1 71 2 8,298 2 

------------5------------------------------------------------------------------------------------------------
0&M Cost($10 /yr) 70 . 1 83.8 99.1 84.6 88.9 98.6 78 229 

Land Req.(acres) 3 31 200 31 46 95 15 461 
-------------------------------------------------------------------------------------------------------------3 Energy Req. (HKWH /yr) 530 900 570 571 571 523 1,070 
-------------------------------------------------------------------------------------------------------------
Jobs 1,947 2, 151 1,991 2,257 2,257 1 , 305 5,634 
------------------------------------------------------------------------------------------------------------
(1) r educed from 1975 conditions (2) cost does not include Baseline costs (3) land and energy r equire -
ments are in addition to Baseline requirements 



pathogenic bacteria would be reduced. Adverse effects of this 

alternative are increased capital, operating and maintenance costs; 

land requirements; energy needs; and increased production of sewage 

sludge. 

Secondary treatment plus nitrification is an alternative that 

adds nitrification units to all treatment plants. The purpose of 

these units is to reduce oxygen demands caused by the biological 

oxidation of nitrogen . The major benefit of this alternative over 

secondary tre a tment alone is the conversion of ammonia to nitrate, 

which reduces subsequ ent oxygen demand in the receiving water. The 

treatment process has the added benefit of more complete removal of 

suspended s olids. Since it is uncertain whether or not nitrification 

is occurring in the receiving waters, it may not improve dissolved 

oxygen levels beyond those obtained by secondary treatment alone . 

Capital, operating and maintenance, land and energy costs are 

higher . 

Secondary treatment plus 50% combined sewer overflow (CSO) 

capture would be achieved by tak ing advantage of both the excess 

treatment capacity remaining at treatment plants and by storage of 

sewage in sewer lines. Storage in the sewer lines would require 

significant modifications to existing control structures (regulators, 

valves, etc.) and installation of sewer line dams or sluice gates . 

In addition to those achieved by full secondary treatment, the major 

improvement to water quality resulting from this alternative would be 

up to 50% reduction in pathogenic bacteria and floatables . 

The Present Requirements alternative has as its objective 

complete comp.liance with all Federal, State, and interstate water 
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quality/effluent standards for the study area. This would require 

full secondary treatment plus t he addition of chemical polymer systems 

to nine plants that do not meet the USEPA 85% removal requirement with 

standard secondary treatment. In addition , 90% of all combined sewer 

overflows would be captured and treated . To do this , available 

in-line storage would need to be supplemented by additional off-line 

storage . The resulting improvements in water quality would be an 

additional 40% removal of floa t ables and pathogenic bacteria over the 

secondary plus 50% CSO capture alternative. Suspended solids and BOD 

removal would improve to 85% removal as required by the USEPA. Costs 

would be substantially increased over the other alternatives. 

The Higher Use alterna t ive is designed to achieve , as nearly as 

possible , the water uses proposed for the Harbor by the NYC 208 

Citizens Advisory Committee. It is similar to the Present 

Requirements alternative with the addition of more elaborate CSO 

controls in Jamaica and Eastchester Bays. 

The Modified Use alternative is intended to meet most State and 

regional water quality standards and use c l assifications with the 

exception of some shellfishing standards . All treatment plants 

except Newtown Creek would require secondary treatment. No CSO 

controls would be constructed . The benefits of this option would be 

similar to t he secondary treatment option. 

The Zero Discharge alternative is interpreted to mean no 

discharge of pollutants beyond levels that could be achieved with best 

available technology . Water treatment plants would provide tertiary 

treatment, including single stage lime treatment, granular media 

filtration and activated carbon abso r ption. CSO's would be captured 
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and treated fully. Obviously, this was the most costly alternative 

considered. 

The plans described briefly above were subjected to a series of 

evaluations to arrive at the recommended NYC 208 plan . The recom ­

mended plan is essentially the same as the Modified Use plan. 

Technical evaluation of the plans reviewed I) the effectiveness in 

meeting water quality objectives; 2) the flexibility in adap ting to 

future condi tion s and technology; 3) compatibility with existing 

wastewater treatment system and available resources; and 4) the 

reliability of plan elements. Institutional evaluation of the 

alternatives included 1) legal feasibility of implementation under 

existin g or new laws; 2) management feasibility by the existing 

agencies; 3) enforcement under existing regulations; 4) political 

feasibility of sensitive plan elements, and 5) financial feasibility 

in terms of available funding. 

Pretreatment of Industrial Wastes 

According to Mytelka et al. (1982) an industrial pretreatment 

program would be the single most effective strategy to reduce toxic 

metal inputs from industrial sources t o the N.Y. Bight. Costs and 

benefits for dealing with non -b iodegradable organics have not been 

estimated because quantitative loadings to the Bight are not known. 

Mytelka et al. (1982) estimate that best practicable treatment for 

metals would cost $60 million for capital expenditures alone . Annual 

costs were estimated at $32 million for an industrial pretreatment 

program for heavy metals to meet Federal requirements in New York City 

(NYCDEP, 1979). 
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The benefits of pretreatment can not be quantified accurately 

since there is considerable uncertainty associated with present 

discharge estimates . The major source for most metals is wastewater, 

however, urban r unoff is an important source as well and would remain 

unaffected by industrial pretreatment. Table II-7 shows estimated 

metals discharges under two different pretreatment scenarios, 

treatment by precipitation and best practicable treatment. 

In addition to water quality benefits , industrial pretreatment 

would reduce metals in municipal sewage sludge. However, studies 

conducted under the New York City 208 Program (NYCDEP, 1979) indicate 

that even wi t h pretreatment , sludge woul d not be acceptable for 

agricultural land application. Additional r eduction of loads from 

water supply and residential/commercial sources would probably be 

required, particularly for copper and zinc. 

The conclusion reached by the authors of the New York City 208 

study was that an industrial pretreatment program for heavy metals in 

New York City would by itself neither significantly improve the 

quality of the Harbor waters nor enhance the disposability of sewage 

sludge (NYCDEP, 1979) . 

It is clear that industrial contributions of heavy metals to the 

municipal waste stream can be removed most efficiently at the source . 

It is equally clear, however, that industrial pretreatment alone is 

not sufficient to eliminate metal contamination . Other sources must 

be more completely quantified and additional control measures 

developed and implemented. As is the case with toxic organics and 

other contaminants , possibly not yet identified, household and 

commercial contributions to wastewater , solid wastes (and their 
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Table II-7 N. Y. City Metropolitan Area waste treatment plant heavy metal 
discharges (Kg/day) and possible pretreatment discharges. 

Current Discharge Estimates vs. with Pretreatment 

(1) (2) (1) (1) 
NYC 208 Mueller et al. Best Practicable 

Metal 1980 1980 Precipitation Treatment 

Cd 84.8 49.4 - 106.4 84 . 8 52.2 

Cr 1,667 1,010 - 1,020 782 640 

Cu 2,303 1,768 2,057 1,900 

Pb 1,208 1,092 1,063 995 

Hg 18.6 37 - 81 18 . 6 6.6 

Ni 1,550 935 816 599 

Zn 2,480 6,204 2,367 2 , 218 

(1) from NYCDEP, 1979 

(2) from Mueller et al., 1982 
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leachates), and storm water runoff must be fully considered alon g with 

the industrial component . The automobile in particular contributes 

substantially to water qua l ity problems through roadway runoff. 

Urban Runoff 

For more than 80% of the total area of New York City, storm 

runoff is collected in the sewer system. Two types of sewers are used 

for ~his purpose . Storm sewers are used solely to carry storm runoff 

to the receiving water body. Combined sewers, which carry both sewage 

and storm water, transport up to two times the average dry weather 

flow to treatment plants prior to discharge. The combined sewers are 

designed with built-in regulators to act as relief valves to prevent 

overloading of the treatment plants during storms. Combined sewer 

overflows (CSO) result whenever a significant amount of rain falls on 

the city. The resulting water quality impacts can be quite severe. 

In their 1982 report, Mueller et al. estimate that while urban 

runoff is the source of 6.9% of the flow to the Harbor, it is the 

source of nearly 10% of the total solids input, 18% of the BOD and 16% 

of the total metals. For pollutants produced by the automobile, in 

particular oil and grease, and lead, it is a major source. At the 

Newtown Creek treatment plant, 24,000 gal l ons of oil, the equivalent 

of a moderate spil l , was by-passed during one 4-hour storm (Field and 

Turkeltaub, 1981). In Jamaica Bay, 50% of the hexane extractable 

material was attributed to CSO's (Feuerstein and Maddous, 1976) . 

Nationally, the storm and combined sewer program of the USEPA has 

been sampling for 11priority pollutants" in urban runoff. Initial 

analyses show significant amounts of priority pollutants in urban 
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Table 11-7 N. Y. City Metropolitan Area waste treatment plant heavy metal 
discharges (Kg/day) and possible pretreatment discharges. 

Current Discharge Estimates vs. with Pretreatment 

Metal 

Cd 

Cr 

Cu 

Pb 

Hg 

Ni 

Zn 

( 1) 
NYC 208 

1980 

84.8 

1,667 

2,303 

1,208 

18.6 

1,550 

2,480 

(1) from NYCDEP, 1979 

(2) 
Mueller et al. 

1980 

49.4 - 106.4 

1,010 - 1,020 

1,768 

1,092 

37 - 81 

935 

6,204 

(2) from Mueller et al., 1982 
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(1) 

Precipitation 

84.8 

782 

2,057 

1,063 

18.6 

816 

2,367 

(1) 
Best Practicable 

Treatment 

52.2 

640 

1,900 

995 

6.6 

599 

2,218 



samples. For example, 59 of the 129 priority pollutants have been 

identified including all 13 of the heavy metals, polynuc lear aromatic 

hydrocarbons, phythalate esters , aromatic hydrocarbons, halogen 

derivatives of hydrocarbons and phenols (Field and Turkeltaub, 1981). 

The principal secondary (proximate) "s ource " of conventional 

pollutants to the Harbor is remobiliz ation of materials deposited 

within the lines of combined sewer systems during periods of low flow . 

Figures from the New York City 208 study (NYCDEP, 1979) indicate that 

approximately 55% of the BOD and suspended soli ds introduced to the 

Harbor by CSO's originate from sewer deposition. Most of th e metals, 

toxic organics and oil and grease or igin ate from street surfaces 

(Wilbur and Hunter, 1979). These sources of contaminants give rise t o 

a "first flush" effect, th at is, th e first rain to hit the street 

carries most of the contaminan t load that has accumulated in the 

interval si nce the last rain. While this does not influence the total 

mass loads entering the receiving waters it does have important 

implications for treatment strategies. Treatment programs directed at 

the "first flush" volume can effectively treat a greater amount of 

contaminants in a smaller volume of ru n-off (Kaufman and Lai, 1980). 

The removal of sediments and contaminants from urban runoff are 

linked closely because of the strong affinity of most contaminants for 

sedimen t particl es . Programs for reduc ing the impacts of urban runof f 

on receiving water quality can be divided int o two categories: Best 

Management Practices (BMP), which use non-structural and elementary 

structural measures to control urban storm water pollution by treating 

the problem at its source or preventing its opportunity to develop; 

and structural measures aimed at trappin g and treating urban runof f 

before it enters the receiving water body (Finnemore, 1982). 
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Non-structural BMP's include preservation of natural land 

conditions, development controls, limits on e~bankment slopes, 

neighborhood cleaning, limiting chemical use, and drainage system 

maintenance. Elementary structural BMP's inc lu de : soil protection 

(berms , protective dikes, etc.); temporary stor age ba si ns ; detention 

ponds; and infiltration ponds. All of these meas ures are tar ge tted 

primarily at reducing erosion by controlling runoff and kee ping the 

land surface as clean as practical . 

St ructural measures include in - line and off - line storage of 

contaminated runoff with subsequent trea t ment of the ret ained 

contaminants at ex isting sewage tre a tment pla nts during dry weather . 

By designing storage facilities t o capture t he "first flush, " which is 

the most highly con taminated runo f f, th e effectiveness of limited 

treatment capacities can be maximiz ed. Ul tr a-h igh r ate fil tration 

systems can also be constructed to insure that urb an runoff and CS0' s 

are treated to some deg ree (Inner f eld and Ruggiero, 1980) even when 

sto r age capacit i es are exceeded. 

Land Use Controls 

The New York City 208 Report (NYCDEP, 1979) outl i nes a number of 

land use management strateg ies aimed at re ducin g storm-related i nputs 

to th e Har bor . For the most part, these controls are designed for 

ar e as und er development, which limit s their applic ability in New York 

Cit y to Staten Islan d and parts of Que ens . The remainder of the are as 

draining into th e Harbor are larg e ly develop ed and unlikely to change 

appreciably with respect to land use ch ar ac teristics at least over the 

next decade . 
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Land use proposals include th e formation of "preservation" and 

"natural area" districts designed to prevent development in are as with 

steep slopes, wetlands and unique natural areas. It was suggest ed 

that the City assume control over such sites by outright purchase, by 

zoning regulations, or by trading development rights for less 

sensitive areas. Other zoning arrangements proposed were a series of 

sequential controls, aimed pr imarily at currently unsewered areas, 

permitting development only as treatment f acilities became available . 

Up-zoning of high density areas was also suggested to provide lower 

populat ion densities and more open spaces to pe r mit infiltration of 

rainfall, thereby, reducing runoff. An area where this might be 

implemented is the South Bronx. It was estimated that up-zoning of 

the area from medium to low density residential would result in a 

0 . 15% overall reduction in runoff. Construc ti on site controls also 

were considered, althoug h these are not believed to be of 

significance . Because of t he highly devel oped nature of the City, 

very little land area is involved in const ruct ion activities. 

The 208 Study authors estimate that total reduction in runoff 

volume achievable woul d be on the order of 1% if the land use 

management plans discuss ed above were implemented. A similar 

reduction in sediment inputs to the Harbor could be expected. 

Non-Stru ctural Controls 

A number of methods aimed at controlling the amounts of solids 

and contaminants in urban runoff and involving lit t le or no structural 

revamping of the sewage system have been proposed. Most commonly 

suggested have been street sweeping , sewer flushing and catch basin 
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cleaning. The USEPA Report to Congress (1978) presented an evaluation 

of the relative efficiency of these strategies and estimated the cost 

of each on a per pound BOD re~oved basis. They estimated that street 

sweeping could remov!: 2 to 11% of th e combined sewer - borne BOD at a 

cost of $3 to $7 per pound BOD removed . Sewer flushing was capable of 

removing 20 to 50% of the BOD at $2 to $14 per pound BOD removed . 

They concluded t hat the cleaning of catch basins was impractical 

because of the low rate of removal of BOD and the high associated 

costs. 

Each of these low-structural management approaches also has been 

evaluated wi t h respect to the 208 Study area (NYCDEP, 1979). New 

York City currently owns 507 stre et sweeping machines , of which 

approximately 40% are inoperable at any given time. To effectively 

reduce the contaminant load from the streets, a s tr eet washing unit 

would need to be assigned to eath sweeper . Studies indicate that such 

a method could r educe BOD from urban runoff approximately 3-4%, 

although for those metals whose major source is automobiles, such as 

Pb, Ni, Cu, t his figure is on the order of ten percent (NYCDEP, 1979). 

Each s tr eet washing unit costs $35,000; the total cost estimate for 

repairing sweepers and assigning washers is $21 million . 

The New York City 208 Study (NYCDEP, 1979) also evaluated the 

efficacy of catch basin cleaning . As in the Feder al study , no 

benefits were observed and costs were estimated to be fairly high; 

$40 . per basin cleaned or $5 million overall. 

As noted earlier, resuspension and remobiliz atio n of materials 

stored temporarily in combined storm water sewer lines during periods 

of low flow contribute the largest part of the CSO load, and sewer 

flushing holds the greates t promi se of low-structural approaches for 
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the reduction of that load. There are three general methods for 

cleaning sewers: 1) the use of water from fire hydrants to f l ush 

sewer lines; 2) the use of partitions parallel to the direction of 

flow to divide sewers into two or three smaller conduits; and 3) the 

installation of control structures such as sluice gates or dams to 

allow sewage to be backed up, then released suddenly to flush the 

lines. 

Sewer flushing using fire hydrants is believed to be effective 

only in the smaller sewer lines. Enormous quantities of water would 

be required and deposition would still occur down line in the larger 

sewers. The installation of divided sewer lines probably is not 

feasible except as lines are replaced for repair or when new lines are 

installed. Control structures would be the most reasonable approach, 

but, 19,500 control units would be required at $6,000 per unit, a 

total of $117 million dollars (NYCDEP, 1979). 

Structural Controls 

Structural controls generally are aimed at detaining storm 

waters until they can be treated during periods of low flow, although 

some attempts have been made to treat _storm water during periods of 

high flow. Detention can be accomplished in a number of ways . Storm 

waters can be retained on specially designed roof top structures, in 

site ponds, within the sewer lines, and in off-line storage 

facilities. 

The USEPA (1978) reports that storage systems increase in cost 

effectiveness as the size of the watershed increases. They estimate 

that for watersheds of less than 100 acres (0.4 km2 it is more cost 
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effective to create separate storm and sanitary sewers, whereas over 

200 acres (0.8 km2) storage facilities become more cost ef f ective. 

In-line storage is practical if the sewer system has a large 

interceptor capacity . Such a system can remove up to 40% of BOD loads 

at a cost of $2 to $4 per pound BOD removed . Off-line storage can be 

very expensive in an urban watershed, where space is at a premium, but 

is considered the only technologically feasible way of removing 

greater than 65% of BOD. 

Several storm-water retention systems have been studied for their 

applicability to the New York area storm/CSO overflow problem. The 

New York City 208 Study (NYCDEP, 1979) assessed several types of 

on-site detention systems. Detention ponds and leaching basins were 

suggested for construction sites and areas of low- and middle-density 

residential housing. They estimated that such structures would cost 

approximately $2,000 per unit, and that each unit might serve 1-5 

dwelling units. They concluded that high-density residential and 

commercial buildings would be better served by rooftop detention in 

conjunction with a pumping capacity to deliver the detained waters to 

the sewer system during periods of lesser flows . Such a system is 

estimated to cost $10,000 per unit. 

In theory, in-line storage systems offer highly urbanized 

areas the advantage of utilizing existing structures and making no 

further demands on space. The New York municipal system has a total 

storage capacity of 456 million gallons, all of which could be treated 

in less than 48 hours with present treatment capacities. I t is, 

however, the opinion of the New York City Department of Environmental 

Protection (O'Hallaran, NYCDEP, personal connnunication) that the poor 

state of repair of New York's sewer lines and the frequent 
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malfunctionin g if it s regulators make it impracticable to consider 

in-line storage at th is t i me, as the dang er s of leaking and flooding 

outweig h the bene fit s to be ga ine d . 

Off - line tank storage fa cilities ar e fairly expensive in urban 

env ironmen ts where space is at a premium. Of the twelv e Water 

Pollution Control Plant s in th e New York metropolitan area , only th e 

Spring Creek plant has tank storage capacity. The re are 13 million 

gallons of off-line storage capacity in addition t o the av ailable 

12.39 mill i on gallons of in - line stora ge, serving a draina ge area of 

3 , 260 acres. Treatment is restr ict ed to settlin g , whi ch removes on 

the ord er of 30% BOD and 50% suspended solids . Off - lin e cap it al co sts 

were $0.96 per gallon, giv in g an overall storage cost of $0.47 pe r 

gallon. 

New York currently is experiment ing with a novel plan to store 

st orm waters in natural sites. A flow-balance system devised by Karl 

Dunkers and reported in Urba n Innovation Abroad (1981) utilizes 

streams and inlets to store storm waters by constructing a series of 

baffles made from plastic sheets suspended from wooden floats . I n the 

lacustrine sy s tems in Sweden where it has been implem ented, the storm 

wat er s displace the fre sh wate rs within th e baffles . A pump operating 

in t he chamber neare st the outfall maintains a continuous flow of 

wat er to the treat ment plant. In fact , in some cases pumps have been 

left oper atin g dur in g dry periods, effectively treat ing hi ghly 

eut ro ph ic la ke wat er s . Kjessler and Mannerstrale, A. B. , Consulting 

Engin eer s and Architects currently are under contract with the NYCDEP 

to modify th is system t o th e estuarine cond i tions of Fresh Creek in 

Jamaic a Bay . The pi l ot project will be half-scale and will cost 

$480 , 000, in contrast to the estimated $1 b i llion for tank facili t ie s 
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of similar capacity. If successful, a full scale plant may be 

constructed and similar facilities cons idered for other suitable water 

bodies (0 1 Hallaran, NYCDEP, personal communication). 

New York City al so has run a pilot program in high - volume solids 

removal. Reasoning that a removal system that was effective on both 

wet and dry weather f lows would be more cost-effective than a system 

reserved solely fo r treatment of either sanitary or storm flows alone, 

Innerfeld and Ruggiero (1980) tested an ultra-high rate filtration 

system at the Newtown Creek Water Pollution Control Plant during the 

period from October 1975 to July 1977. The Newtown Creek plant has a 

drainage area of 62.3 km2 , the city's highest flow (310 MGD) and the 

largest industrial component of all plants. The pilot plant was able 

to filter raw and combined sewer overflows at a rate of 11 

liters/m 2 sec, achieving suspended solids removal of 57- 75% and BOD 

removal of 32%. They observed an even higher COD removal (over 40%), 

reflecting the high industrial component of this effluent. The 

addition of alum increases these figures to 38% and 50% respectively. 

Over 95% of settleable solids were removed. 

In general , the urban runoff controls di scussed above are 

expensive and for the benefits obtained are thought by many not to be 

cost eff ect iv e . A great deal of money would be requ ir ed just to bring 

the ex is ting infrastructure up to satisfactory operating conditions. 

The 208 Study (NYCDEP, 1979) is evidence that the City is making 

substantial efforts to improve the wastewater situation. 

Atmospheric Inputs 

Mueller et al. (1982) have summarized available data concerning 

atmospheric deposition of contaminants into the Hudson - Raritan 
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Estuary. Their data is divided into an urban and rural contribution 

over water areas of 640 km2 and 71 km2 respectively. Estimate s of 

urban contributions were determined based on data from a ro of top 

s ampler loc a ted in downtown Manhattan. Rural contributions were 

estimated from data taken in Chester, NJ, 65 km west of New Yor k Cit y . 

~ueller et al . (1982) cautioned that organic pollut ant data in 

particular are scarce and of questionable accuracy. More data are 

needed to get accurate estimates. 

According to the data of Mueller et al. (1982; and Table II - 3 in 

this report) the only contaminants entering the estuary that originate 

primarily from atmospheric deposition are lindane , chlordane and 

heptachlor, all of which are chlorinated hydrocarbon pesticides. 

However, lindane has not been tested for in runoff, spills · or landfill 

leachate; chlordane ha s not been tested for in runoff or spills; and 

heptachlor has not been tested for in wastewater, runoff, spills or 

leachate. In view of these gaps in the data , it is uncertain whether 

atmospheric contributions of these contaminants are in fact of major 

importance . 

In a review of chemical pollutants of the New York Bight , 

O'Conner and Stanford (1979) report that quantitative data on these 

compounds and many other hal ogenated hydroc ar bons are i ns uff i cient to 

eva l uate ri sks to the marine env ironment. They recommend further 

investigation of sources, pathways and present le v els of contamination 

in the Bight . The only way to control contamination by atmospheric 

dep osition is to prevent contaminants from reaching the atmosphere 

through control of contaminants at the s ource. Much better data on 

s ources and pathways of contaminants into the environment are vital 

for development of effective management strategies. 
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For heavy metals , in particular lead, reduced automobile 

emissions and the shift to lead-free fuels has possibly caused the 

observed decrease in airborne le ad (Mueller et al . 1982) over the past 

few years. Data for vanadium and nickel, which are higher in winter, 

indicate that fuel oil is an important source of these contaminants. 

Presumably burning of low-sulfur fuel, which is lower in other 

contaminants , may be of benefit here . 

In general, it appears that atmospheric deposition is a 

relatively minor contribution of conta minants directly to the estuary. 

However, urban runoff is not and atmospheric contributions of 

contaminants to the land surface which are subsequently carried to the 

estuary by rainf all may be quite significant. In any event, 

atmospheric contamination is an important concern reg ardless of its 

impact on the Hudson - Raritan Estuary. 

Landfill Leachate Input 

In their analysis of the contribution of landfill leachate t o 

the contaminant l oad to the Hudson-Raritan estuary, Mueller et al . 

(1982) have attempted to include data from all landfills greater than 

5 acres (4 x 103 m2) in area that are downstream of tributary sampling 

stations. However, the files for some landfills were unavailable to 

them because of ongoing litiga t ion . New York City does not monitor 

any of its landfills, and toxic organics are measured at only a few 

sites. In addition, reported incidents of illegal dumping and 

unregulated dumpsites with unknown contents could not be included 

given resources available to Mueller et al. 
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The authors (Mueller et al. 1982) calculated pollutant loads 

from individual landfills based on average pollutant concentrations, 

total area and average percolation rates to obtain avera ge leachate 

concentrations. Over 23 km2 of landfills were included in their 

analysis. The degree of natural treatment before contacting ground 

water or surface water is unknown . Those authors caution that 

potential loads presented should be considered order of magni tude 

estimates at best. 

Based on this analysis (Mueller et al. 1982; and Table 11- 3 this 

report) 16 of 60 contaminants studied show greater than 1% of their 

input resulting from landfills. Of these only 3 , 1,1 , 2,1 -te tra­

chloroethane, dichlorofluoromethane and toxaphene are greater 

than 10% of the total load. For each of these, other potential 

sources have not been measured , however . As in many cases discussed 

previously, da ta are insufficient to quantify accurately the importance 

of landfills to overall levels of contamination in the estuary. 

Nevertheless , it is clear that landfills are a serious problem for 

other reasons , ground water contamination in particular. Efforts must 

be continued to locate and correct landfill related contamination 

problems. The USEPA "superfund" program is designed to give the 

problem much needed atten ti on . 

Accidental Spills 

Mueller et al . (1982) based their accidental spill estimates 

on the U. S. Coast Guard's Pollution Incident Reporting System data for 

1974 to 1979. This includes reported spills of oil and other 

hazardous materials. Becau s e the amount of each spill reported as 
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recovered frequently exceeded the quantity reported as spilled, 

presumably because of the recovery of water and debris as well, 

quantities spilled were used in their analysis. 

The quantity of contaminants spilled reported f or each year in 

the period of record was fairly consistent , with the exception of two 

major spills as isolated events . Causes of the spills included fires 

at storage facilities, mishaps during transfer operations , and 

grounding and collisions involving tankers . Most spills , however, 

were of unknown causes. 

Only six contaminants were introduced in appreciable quantities by 

accidental spills: oil (6% of total load), naphthalene (51%) , toluene 

(3.3%) , trichloroethylene (3.6%), aldrin (100 - 97%), and toxaphene 

(100 - 76%). In the cases where spills were shown as the dominant 

source, however, other sources had not been quantified. 

Perhaps the most effective ways to reduce spills to the Harbor, 

are to increase patrols by the Coast Guard and the Army Corps of 

Engineers and to impose stiffer penalties for offenders. 

Shore Erosion 

Shore erosion is a significant source of sediment primarily in 

the Lower Bay . The shoreline around most of the Harbor has been 

developed to the extent that bulkheading and other shore protection 

structures are dominant. Because of this, there is apparently no need 

for further shore protection measures in these areas . As discussed in 

previous sections , Coney Island, Staten Is l and and the New Jersey 

coast are subject to locally severe erosion problems . Landowners and 

the Army Corps of Engineers have been attempting to reduce erosion for 
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years with only limited success. Beaches, wetlands and other types of 

shoreline will continue to be a source of sediments unless widespread 

shore protection measures are taken. This is highly unlikely because 

of the recreational and ecological significance of such areas. 

Other Sources 

The remaining sediment and contaminant sources to the Port of New 

York and New Jersey are in situ biological production, Long Island 

Sound, and the N.Y. Bight. Biological production probably could not 

be significantly reduced as a sediment source without an enormous 

investment. According to Mearns et al. (1982), only about 10% of the 

nitrogen entering the estuary is actually used in primary production. 

Other factors, including light limitation, the high rate of flushing 

and low availability of silica are likely limiting factors. As a 

result, removal of over 90% of the nitrogen sources would be necessary 

to affect populations in the estuary. Long Island Sound and the N.Y. 

Bight are natural sources of sediment that probably can not be reduced 

significantly. 

Conclusions 

Table II -8 is a summary of the sediment and contaminant source 

reductions discussed above. Two categories are included in the table. 

"Possible Reductions" include any measures that have been identified 

as significant ways to reduce sediment and/or contaminants, and 

"Prob able Reductions" are measures that most likely are to be 

implemented in the future. The cost estimates are not complete. For 

example, erosion control measures for stream and road bank erosion in 
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the Hudso n River bas in ar e incl ud ed in the $88 million estimate of 

those costs , but t he significant add it ional expenditures that would be 

required for agr icul tu ral and other er osion control measures in t he 

Hudson bas in and other basins tri butary to the estuary are not 

included . For each measur e where significant additional expenditures 

would be requ ire d to achieve the ind icat ed redu cti ons a" +" has been 

ind ic ated . If all of the possible measures considered her e were taken 

to control sediment an d contamina nt s entering the estu ary, it woul d 

cost at least $9 .4 bill ion. 

Obviously, New Jersey , New York St ate and New York City can no t 

afford to implement all of these measur es . Furthermore, in most cases 

it is not possible t o estimate wit h acceptable accur acy what 

reductions would be likely to occur. It has been ind ica ted in the 

"Pr obable Reduction " column of Table II-8 whenever information is 

sufficient to make some judgement . 

Quantitative estimates of th e possib l e sediment and contaminant 

reductions th at could be achieved wi th the cont rol meas ures that have 

been investig a ted to date are given in Table II-9. The major part of 

the sed iment load reductions possible would be the re sul t of tributary 

basin erosion con tr ol measures. Erosi on con tr ol is an important 

problem fo r many re asons in addition to its impact on dredging and, 

therefore, th e probability is high that str in gent measures eventually 

will be fully imple ment ed. Other reductions in sediment load are from 

wastewater and urban runoff contr ols . Based on t he estimates of the 

New York City 208 St udy (NYCDEP, 1979) , sedim ent redu ctions of 70% in 

waste water and ver y little redu ctio n in CSO (urban runoff) load could 

pro babl y be achieved. For th is r easo n, ac tu al sed i ment l oad 

reductions achieved will probably only be approximately 14- 20% (0 .6 
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Table II-8 Summary of sediment and contaminant source reductions 1 

Source 

Tributaries 

Erosion Control 

PCB dredging 

Waste water 

Treatment plant 
improvements 

Urban runoff 

Land use controls 

Street washing 

Sewer flushing 

Roof top runoff 
control 

Stor ag e and 
treatment 

Atmospheric 

Landfill leachate 

Accidental spills 

Shore erosion 

Biological production 

Long Island Sound 

New York Bight 

Possible Reductions 

Reduction 

sed. 28% 

PCB 94% 

Cost 

$88.8+ 

$204 

Zero Discharge $8,298+ 
Table II-6 

runoff 1% unknown 

BOD 3.5% $21+ 

BOD 18.2% $117+ 

BOD 7.8% $1 , 400 

includ ed in Zero Discharge 
option for waste treatment 

Table II-6 

insufficient data 

insufficient data 

reductions unlikely 

reductions unlikely 

reducti ons unlikely 

reductions unlikely 

reductions unlikely 

(1) see text for exp lana tion 

121 

Probable Reductions 

Reduction 

unknown 

unknown 

Modified Use 
Table II-6 

unknown 

unknown 

unknown 

unlikely 

unlikely 

Cost 

unknown 

unknown 

$1,171+ 

unknown 

unknown 

unknown 

unlikely 

unlikely 



Table II - 9 Estimated possible reductions in sediment and contaminants 

Total Possible Reductions After Reductions 

Estimated Waste Urgan Total Total 

Load Tributaries Water Runoff Reduction load 

Sediment 3- 4.2 0.4 0.22 0.18 0.8 2.2 - 3 .4 

(10 6 MT/yr) (28%) (90%) (90%) (19- 27%) 

BOC 1,000 unknown 639 162 801 199 
(metric tons/day) {90%) (90%) (80%) 

Nitrogen 340 unknown 124 22 146 194 

(metric tons/day) (60%) (60%) (43%) 

41 unknown 27 
I 

Phosphorus I 3 30 11 

{metric tons/day) (100%) I (100%) (73%) 

Fecal Coliform 1.5 X 1017 unknown . 9 X 10
17 , 4 X 1017 1.3 X 1017 ,2 X 1017 

(org . /day) (90%) (90%) (87%) 

PCB 11- 14 4- 6 negligible negligible 4-6 7-8 
I-' (kg/day) (94%) (36-43%) 
N 
N 

Other toxic organics insufficient data 

Cadmium 130- 190 unknown 18-40 unknown 18-40 112- 150 

(kg/day) (38%) (14-21%) 

Chromium 2,020 - 2,040 unknown 626- 632 unknown 626-632 1394- 1408 

(kg/day) (62%) (30%) 

Copper 3, 400 unknown 300 unknown 300 3,100 

(kg/day) (17%) (8%) 

Lead 2, 800 unknown 197 unknown 197 2,603 

(kg/day) (18%) (7%) 

Mercury 62-92 unknown 24- 43 unknown 24- 43 38-39 

(kg/day) (65%) (38-57%) 

Nickel 1,700 unknown 570 unknown 570 1,130 

(kg/day) (61%) (34%) 

Zinc 9,400 unknown 620 unknown 620 8,780 

(kg/day) (11%) (7%) 



milli on metric t ons per year) rather than the pos sibl e 19-27% (0.8 

million metric tons per year) reduction. Whether or not this 

re duc tion will have a dir ect impa ct on main ten anc e dredging 

re quir ements is uncertain, but at most , dr edging co uld be reduced by 

20% given the above assump ti ons . 

The was te wate r tr ea tmen t plan recommended by the New York City 

208 Study (Modified us e) would result in a 75% reductio n in waste 

water BOD and would not reduce CSO significantly. This makes the 

probable reduction in total BOD only 53% vs. the possible 80% 

re duc tion. Nitrogen and phosphorou s most likely will not be r educ ed 

significantly and fecal coliforms will only be reduced slightly. The 

impac t of t hese ch anges on dredged material contamination is probably 

ne gligible. 

Al though av ailable da t a are not sufficient to quantify it , the 

impr oved removal of sediments in waste wate r will re duc e inputs of 

tox ic org anics and he avy metals. CSO's will remain a majo r source of 

th ese contaminants, however. The most effective con tro l measures for 

tox ic org anics and metals are those directed at the init ial sources of 

these cont aminants. These sources have not been quantified , however , 

to the extent necessary to permit development of eff ect ive contr ol 

strategies. Pre-treatm en t of industrial was tes could have si gnifi can t 

impacts on reducing contamination , but costs a r e currently perceived 

as bei ng prohibitiv e (NYCDEP, 1979) . 

PCB i s one toxic organic that has been quant ifi ed for the Hudson­

Raritan Est uary an d removal stra tegi es have be en developed . Based on 

the e stim ate s of PCB load (Mueller et aZ., 1982) and as sumi ng 94% 

predicted re movals (Hetling et al ., 1978) , up to a 43% reduction in 

the PCB inventory may be possible. The pro gr am th a t is fin ally 
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Table 
II-10 Estimated MAXIMUM probable removal of sediment and contaminants 

Total Possible Reductions After Reductions 

Estimated Waste Urban Total Total 

Load Tributaries Water Runoff Reduction Load 

Sediment 3- 4.2 0.4 0.18 negligible 0.6 2.4-3.6 
(1Q6MT/yr) (28%) (70) (14-20%) 

BOD 1,000 unknown 532 negligible 532 468 
(metric tons/day) (75%) (53%) 

Nutrients Slight reductions 

PCB 11-1 4 3-4.5 negligible negligible 3- 4.5 8- 9 .5 
(kg/day (72%) (27-32%) 

Toxic organics Slight re duc ti ons 

t-' Metals Slight reductions 
N 
.t:--



selected for PCB removal from the Upper Hudso n will de ter min e th e 

actual removals achiev ed . It has been predicted th at mos t l ik ely 

alternative , "Hot Spot" dredging, could achieve 72% removal of PCBs 

from the sediments. If it is assumed that this converts directly into 

a tributary load reduction of 72%, the total reduc t ion in PCB would be 

3-4.5 kg/day or 27 to 32%. It is no t at all clear tha t such removals 

ar e in fact possible, or that dredging of PCB- contaminated sediments 

and disp os al in land fills is de si rea ble . 

The est i mat ed probable removals are summarized in Table 11-1 0 . 

It must be emphasized that th es e are M.AXIHUM pr obable re moval 

estimates. Furthermore , it is not a t all clear over what time sc ales 

t hes e removals woul d be transla te d into reductions in requirements for 

maintenance dr edging and in improvements in the qua l ity of materials 

dredged. Ind ic ations are that tr ibutary erosion control would not 

affect dredging r equire ment s fo r at le as t a period of several decades . 

Nevertheless, control meas ure s are valuable for reason s beyond 

dredging and must be enc oura ged . 
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Appendix A 

Dredging Project Locations, Quantity Dredged 

and Contaminant Levels 
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BKLNY - Brooklyn Navy Yard BMLK - Buttermilk Channel 

BR.'lli - Bay Ridge - Red Hook Channel BRX -Bronx River 
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ECHST -Eastchester Creek ELZR- Elizabeth Rive r 

ER - Ea st River FLSH - Flushing Bay and Cr eek 
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FRKL - Fresh Kills GRKL -Great Kills 
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GRVS - Gravesend Bay GWB - Gowanus Bay and Creek 

HCK -Hackensack River HRAE - Hudson River - Above Edgewater 

HRBW -Hudson River-Battery to Weehawken HRLM - Harlem River 
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HRWE - Hudson River - Weehawken to Edgewater JAMB - Jamaica Bay 

KK - Kill Van Kull MSCH - Main Ship Channel 

NB - Newa r k Bay NTML - Navy Terminal Channel 
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NTWN - Newton Creek PAS - Passaic River 

RBCH - Raritan Bay Channel RR - Raritan River 

SHCH -Sandy Hook Channel SHTR -Shooters Is . Channels 
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SPUR -East River Spur Channel WCHST -Westchester Creek 
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'l'able A-1 

Annual Federal Mainten a nce Dredging (10
3

ya
3

) 

15-yr 
Avg 

I 

Project P,nnual 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 ----
RB 912 755 740 1728 615 1471 1223 1186 1539 819 2870 177 321 243 

AMB 834 522 247 1111 1501 1238 1844 2100 2319 1630 

BRRH 704 382 385 1399 1678 25 404 350 1368 1879 594 650 1296 148 

HRWE 594 468 900 713 729 1181 521 840 493 397 1451 860 357 

HRBW 423 910 791 1584 521 267 2273 

RR 318 185 1057 199 104 205 270 204 999 1541 

SIICll 256 64 654 503 469 434 243 188 188 626 471 

BMLK 217 400 650 271 1086 275 225 247 

NB 212 255 128 73 146 290 588 821 880 

UB 162 499 609 26 78 1224 
:.,. 
I SliB 136 276 78 556 563 563 

co 
MSCH 129 1158 777 

SHTR 111 335 550 60 726 

PAS 78 263 158 231 525 

AK 71 1066 

1·/CHST 62 274 85 135 441 

JAMB 30 31 277 141 

BRX 26 84 94 219 

IICK 24 355 

FLSH 19 279 

ER 15 202 28 

HRLM 13 10 179 

SPUR 11 122 41 

NTWN 9 104 36 

EC!IST 3 49 



Table A-2 

Annual P ri v at e Dredgi ng (103yd3) 

5- yr 
Avg 

Proj ec t Annual 1976 1977 197 8 1979 1980 

HRBW 601 66 4 660 977 366 338 

AK 195 1 40 27 8 38 286 23 4 

NTML 15 0 752 

KK 114 30 72 80 79 307 

GWB 78 43 78 253 

NB 72 235 127 

BKLNY 56 66 14 1 71 

PAS 39 126 24 18 25 

BMLK 35 175 

HCK 34 20 2 95 52 

RB 18 66 24 

BRRH 15 31 45 

UB 9 45 

NTWN 4 . 5 12 5 

SPUR 3 17 

JAMB ~ 1 12 

HRWE 2 11 

SHB 2 5 2 3 

ER .8 4 

HRLM . 5 2 

ECHST . 1 . 6 
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Table A-3 

Federal New lfork Dredging 

Location 1966 1967 

NB 

UB 

GRVS 

KK 660 302 

RR 104 

SHTR 

1968 1969 1970 

1374 

204 1324 259 

158 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 ----
625 2424 2009 

3297 3363 

1734 ll08 833 291 

197 

18 



Table A- 4 

Average Perc ent Fines for Dredged Material 

Number of 
Project Sampl e s 

Hudson River - Battery to Weehawkin 12 

-. Raritan Bay 10 

Ambrose Channel 

Bay Ridge - Red Hook 

Hudson River - Weehawkin to 
Edgewater 

Raritan River 

Newark Bay 

Arthur Kill 

Sandy Hook Channel 

Buttermilk Channel 

Upper Bay 

Navy Terminal 

Sandy Hook Bay 

Main Sh i p Channel 

Passaic River 

Kill var, Kull 

Shooter' s Island 

Gowanus Bay 

Westche s ter Ck . 

Hackensack R. 

Brooklyn Navy Yd. 

Jamaica Bay 

Bronx River 

Flushing Bay 

East Rive r 

Sp ur Channel 

Harl em River 

Ne wt own Ck . 

Ea st cheste r Ck . 

Huds on R. - above Edgewater 

Coney Is . Channel 

Grave~c.nd Bay 

Little Neck 

11 

19 

4 

4 

18 

11 

6 

1 

2 

10 

23 

9 

5 

5 

2 

3 

6 

2 

2 

6 

1 

12 

7 

6 

4 

A-11 

(%) 
Me an 

81.1 

45 . 3 

57 . 9 

86 . 9 

66.8 

91.5 

52.7 

38 . 6 

33 . 2 

46 . 0 

80 . 5 

83 . 9 

56 . 6 

52 .6 

47 . 2 

90.8 

76.5 

9 1. 3 

79. 5 

85 . 5 

8 7. 0 

81.6 

13 .o 
49 . 2 

30 . 4 

7 7. 0 

20 . 3 

Std. 
Dev . 

16.7 

22 . 4 

- ND -

26 . 2 

7.4 

25.7 

9.6 

30.8 

- ND -

21.9 

29. 4 

0 

14.8 

- ND -

11 . 5 

29 . 0 

34.0 

33.7 

9.5 

12 . 0 

3 . 5 

- ND -

10.6 

10. 6 

8 .5 

16.5 

0 

22.0 

24.3 

28. 4 

- ND -

7.0 

·· NO -

95% 
Confidence 

10 . 6 

16 . 0 

17. 6 

3 . 6 

40.9 

15.4 

15.3 

14.7 

30 . 9 

0 

133.4 

8 . 3 

12 . 5 

26.1 

41. 8 

11.8 

108.0 

8. 7 

ll.2 

95 .3 

76 . 2 

17.3 

0 

14.0 

22.4 

29.8 

11. 2 



Table A- 5 

Water Content of Dredged Material (Percent by mass) 

Project 

Hudson River - Battery to Weehawkin 

Raritan Bay 

Ambrose Channel 

Bay Ridge - Reh Hook 

Hudson River -Weehawkin to Edgewater 

Raritan River 

Newark Bay 

Arthur Kill 

Sandy Hook Channel 

Buttermilk Channel 

Upper Bay 

Navy Terminal 

Sandy Hook Bay 

Main Ship Channel 

Passaic River 

Kil l van Kull 

Shooter ' s Is l and 

Gowanus Bay 

Westchester Ck. 

Hackensack R. 

Brooklyn Navy Yd. 

Jamaica Bay 

Bronx River 

Flushing Bay 

East River 

Spur Channel 

Harlem River 

Newtown Ck. 

Eastchester Ck. 

Hudson R. - above Edgewater 

Coney Is. Channel 

Gravesand Bay 

Little Neck 

A- 12 

II of 
Samples 

13 

8 

11 

9 

3 

7 

4 

6 

2 

2 

9 

1 

2 

5 

2 

12 

7 

4 

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

Mean 

58.7 

51.2 

51.2 

58.0 

46.6 

53.0 

15 . 6 

60 . 3 

48.1 

48 .8 

55.1 

46.3 

35.7 

59.8 

34.6 

64 .5 

47.6 

38.4 



Table A-6 

Bulk PCB Levels 

Project 

Hudson River -Batter y to Weehawkin 

Raritan Bay 

Ambros e Channel 

Bay Ridge -Re d Hook 

Hudson River-Weehawkin to 
Edgewater 

Raritan River 

Newark Bay 

Arthur Kill 

Sandy Hook Channel 

Buttermilk Channel 

Upper Bay 

Navy Terminal 

Sandy Hook Bay 

Main Ship Channel 

Passaic River 

Kill van Kull 

Shooter ' s Island 

Gowanus Bay 

We stchester Ck. 

Hack en sack R. 

Brooklyn Navy Yd. 

Jamaica Bay 

Bronx River 

Flushing Bay 

East River 

Spur Channel 

Harlem Riv er 

Newtown Ck. 

Eastch ester Ck . 

Hudson R.-above Edgewater 

Coney Is. Channel 

Gravesend Bay 

Li tt le Neck 

Number of 
Samoles 

1 

8 

23 

7 

3 

42 

4 

6 

3 

2 

9 

1 

1 

6 

5 

2 

12 

7 

A- 13 

(ppm) 
Mean 

Std. 
Dev . 

4.80 

- ND -

- ND -

<0.l 

0.223 

0.2 

<0 .l 

0.468 

<0 .1 

- ND -

<0.1 

0.017 

<0 .1 

0.2 

- ND -

<0.l 

0.900 

0 . 052 

0.6 

<0.1 

- ND -

0 

ND 

0.186 

ND 

ND 

0 . 429 

ND 

ND 

0.012 

ND 

ND 

ND 

0 

0.038 

ND 

ND 

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

0 .7 

0.186 

- ND -

- ND -

- ND -

- ND -

ND 

0.121 

95 % 
Confidence 

0 

ND 

0 . 081 

ND 

ND 

0 . 130 

ND 

ND 

0.029 

ND 

ND 

ND 

0 

0.040 

ND 

ND 

ND 

0 . 112 



Table A-7 

Bulk Mercury Levels 

Project 

Hudson River-Batt er to Weehawkin 

Raritan Bay 

Ambrose Channel 

Bay Ridge-Red Hook 

Hudson River-Weehawkin to Edgewater 

Raritan River 

Newark Bay 

Arthur Kill 

Sandy Hook Channel 

Buttermilk Channel 

Upper Bay 

Navy Terminal 

Sandy Hook Bay 

Main Ship Channel 

Passaic River 

Kill van Kull 

Shooter's Island 

Gowanus Bay 

Westchester Ck. 

Hackensack R. 

Brooklyn Navy Yd. 

Jamaica Bay 

Bronx River 

Flushing Bay 

East River 

Spur Channel 

Harlem River 

Newtown Ck . 

Eastchester Ck. 

Hudson R. - abo ve Edgewater 

Coney Is. Channel 

Gravesand Bay 

Little Neck 

Number of 
Samples 

10· 

24. 

8 

23 

7 

79 

51 

4 

2 

3 

3 

2 

2 

7 

3 

23 

7 

5 

3 

12 

7 

3 

A- 14 

(ppm) 
Mean 

Std. 
Dev . 

2.3 

1. 8 

3.1 

ND 

ND 

- ND -

ND 

0.700 

2.2 

4.229 

2.180 

0.03 

2.2 

1.233 

0.767 

0.3 

1.9 

11. 21~ 

4.333 

9.296 

1.143 

3.3 

3.767 

5.1 

0.259 

ND 

2.513 

1.474 

ND 

ND 

0.153 

0.058 

ND 

ND 

9.177 

1.155 

4.238 

0.341 

ND 

3.41 2 

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

ND 

1 . 086 0 . 797 

0 . 933 

- ND -

- ND -

0.473 

- ND -

95 % 
Confidence 

ND 

ND 

ND 

0.112 

ND 

0.554 

0.404 

ND 

ND 

0.379 

0.143 

ND 

ND 

8 . 487 

2 . 869 

1.833 

0.315 

ND 

8.477 

ND 

0 .737 

1.174 



Table A-8 

Bulk Cadmium Levels 

Number of 
Project Samples 

Hudson River-Battery to Weehawkin 10 

Raritan Say 54 

Ambrose Channel 11 

Bay Ridge-Red Hook 8 

Hudson River-Weehawkin to Edgewater 23 

Raritan River 7 

Newark Bay 79 

Arthur Kill 55 

Sandy Hook Channel 4 

Buttermilk Channel 2 

Upper Bay 3 

Navy Terminal 5 

Sandy Hook Bay 12 

Main Ship Channel 8 

Passaic River 7 

Kill van Kull 3 

Shooter's Island 23 

Gowanus Bay 7 

Westchester Ck. 5 

Hackensack R. 3 

Brooklyn Navy Yd. 

Jamaica Bay 

Bronx River 

Flushing Bay 

East River 

Spur Channel 

Harlem River 

Newtown Ck. 

Eastchester Ck. 

Hudson R.-above Edgewater 

Coney Is. Channel 

Gravesend Bay 

Little Neck 

1 

12 

7 

3 

A-15 

(ppm) Std. 
Mean Dev. 

5.4 ND 

3.494 1.614 

2. 200 1. 362 

4.8 ND 

1.174 0.384 

2.6 ND 

8.558 5.851 

4.176 3.206 

0.18 ND 

6.1 ND 

1.633 0.929 

1.900 1.699 

3.942 1.917 

3.275 3.265 

11.841 5.238 

8.333 l.155 

18.765 8.448 

3.586 1.087 

7.8 ND 

6.600 3.857 

- ND -

1.000 0 

- ND -

- ND -

- ND -

- ND -

- NO -

94.4 NO 

2. 714 1. 505 

- ND -

- ND -

2 .100 1. 389 

- NO -

95% 
Confidence 

NO 

0. 430 

0.915 

NO 

0.166 

NO 

1.290 

0.847 

NO 

ND 

2. 308 

2.109 

1.218 

2.730 

4.844 

2.869 

3.654 

1.005 

NO 

9.583 

0 

ND 

1. 392 

3.451 



Table A-9 

Bulk Arsenic Levels 

Project 

Hudson River-Battery to Weehawkin 

Raritan Bay 

Ambrose Channel 

Bay Ridge-Red Hook 

Hudson River - Weehawkin to Edgewater 

Raritan River 

Newark Bay 

Arthur Kill 

Sandy Hook Channel 

Buttermilk Channel 

Upper Bay 

Navy Terminal 

Sandy Hook Bay 

Main Ship Channel 

Passaic River 

Ki l l van Kull 

Shooter ' s Island 

Gowanus Bay 

Westchester Ck. 

Hackensack R. 

Brooklyn Navy Yd . 

Jamaica Bay 

Bronx River 

Flushing Bay 

East River 

Spur Channel 

Harlem River 

Newtown Ck. 

Eastchester Ck. 

Hudson R. - above Edgewater 

Coney Is . Channel 

Gravesand Bay 

Little Neck 

Number of 
Samples 

10 

24 

8 

11 

7 

81 

7 

4 

2 

6 

2 

2 

9 

;i. 

18 

1 

5 

2 

12 

7 

4 

A- 16 

(ppm) 
Mean 

1.0 

9 . 9 

Std . 
Dev. 

ND 

ND 

- ND= 

6 . 8 

4.1 

31.1 

5.566 

19.6 

2.2 

1.9 

10.383 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

- ND -

11.4 ND 

6.3 ND 

7.8 ND 

30. 8 ND 

10 .189 11. 293 

0.2 o.o 
9.8 ND 

20.4 ND 

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -

- ND -
42.l 

7 . 243 

ND 

ND 

4 . 424 

- ND -

7.2 ND 

- ND -

95% 
Confidence 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

5.617 

o.o 
ND 

ND 

ND 

4.092 

ND 



Table A-10 

Bulk Lead Levels 

Number of 
Project Samples 

Hudson River-Battery to Weehawkin 10 

·. Raritan Bay 76 

Ambrose Channel 11 

Bay Ridge - Red Hook 8 

Hudson River-Weehawkin to Edgewater 23 

Raritan River 7 

Newark Bay 94 

Ar thur Kill 55 

Sandy Hook Channel 4 

Buttermilk Channel 2 

Upper Bay 6 

Navy Terminal 5 

Sandy Hook Bay 12 

Main Ship Channel 8 

Passaic River 9 

Kill van Kull 3 

Shooter ' s Island 23 

Gowanus Bay 7 

Westchester Ck. 5 

Hackensack R. 3 

Brooklyn Navy Yd. 

Jamaica Bay 

Bronx River 

Flushing Bay 

East River 

Spur Channel 

Harlem River 

Newtown Ck. 

Eastchester Ck. 

Hudson R. - above Edgewater 

Coney Is . Channel 

Graves::?.nd Bay 

Little Neck 

1 

12 

7 

A- i7 

(ppm) 
Mean 

Std. 
Dev. 

230.4 

148.5 

25.3 

234 . 2 

63.1 

160.6 

267.7 

192 . 8 

4.4 

238.5 

76.5 

92 . 7 

132 . 5 

43 .o 

477.8 

367.6 

400 . 4 

108.6 

623.7 

238.0 

6.0 

865.9 

263.2 

111. 6 

ND 

ND 

16.4 

ND 

23.8 

ND 

ND 

429 . 3 

ND 

ND 

ND 

68.2 

70.2 

22.0 

ND 

140 . 8 

129.4 

34.2 

ND 

71.0 

- ND -

o.o 
- ND -

- ND -

- ND -

- ND -

- ND -

ND 

140 . 5 

- ND -

- ND -

ND 

- ND -

95% 
Confidence 

ND 

ND 

11.0 

ND 

10 . 3 

ND 

ND 

113 . 4 

ND 

ND 

ND 

84.7 

44 . 6 

18.4 

ND 

350 . 0 

55 . 9 

31.7 

ND 

176.4 

0 . 0 

ND 

129 . 9 

ND 



Table A-11 

Mercury Levels for the Elutriate Test 

Number of 
Project Test s 

Hudson River - Batt er y to Weehawkin 2 

Raritan Bay 2 

Ambrose Channel 1 

Bay Ridge - Red Hook 3 

Hudson River - Weehawkin to 
Edgewat e r 4 

Raritan River 2 

Newark Bay 3 

Arthur Kill 10 

San dy Hook Channel 

Buttermilk Channel 

Uppe r Bay 

Navy Terminal 

Sandy Hook Bay 

Main Shi p Channel 

Pa ssa ic River 

Kill van Kull 

Shooter's Is la nd 

Gowanus Bay 

Westches t e r Ck . 

Hackensack R. 

Brooklyn Navy Yd. 

Jamaica Bay 

Br on x Riv er 

Flushing Bay 

Ea st Riv er 

Spur Channel 

Harlem Rive r 

Newtown Ck . 

Eastchester Ck. 

Hudso n R . - ab o ve Edg e water 

Coney Is . Ch ann el 

Gravesend Bay 

Little Neck 

2 

2 

2 

3 

9 

1 

2 

1 

2 

1 

2 

1 

1 

1 

4 

3 

1 

A- 18 

(ppb) 
Mean 

0.350 

0 . 200 

0.200 

0 . 173 

0 . 225 

0.200 

0.200 

0.212 

0.365 

0 .365 

0 . 200 

0.233 

0 . 18 9 

0.300 

0.315 

0.200 

0.250 

0 . 200 

0 .200 

o. 370 

0.800 

0 . 200 

0 . 275 

0.3 67 

0 . 200 

Std. 
Dev . 

0 . 212 

0 

0 

0 . 1 42 

0 . 050 

0 

0 

0 . 089 

- ND -

o.233 

0 . 233 

- ND -

0 

- ND -

0.0 58 

0 .0 76 

0 

0.163 

0 

- ND -

0 . 071 

- ND -

0 

0 

0 

0 

0 

0.1 50 

- ND -

0 . 208 

- ND -

0 

- ND -

95% 
Confidence 

1.906 

0 

0 

0.353 

0 . 080 

0 

0 

0.063 

2 . 096 

2.09 6 

0 

0.143 

0 . 058 

0 

1.461 

0 

0 . 635 

0 

0 

0 

0 

0 

0 . 23 9 

0 .51 7 

0 



Table A-12 

Cadmium Levels for the Elutriat e Te st 

Project 

Hudson River - Battery to Weehawkin 

Raritan Bay 

Ambrose Channel 

Bay Ridge - Red Hook 

!:iudson Ri ver - i·7eehawkin to Edgewater 

Raritan River 

Newark Bay 

Arthur Kill 

Sandy Hook Channel 

Buttermilk Channel 

Upper Bay 

Navy Terminal 

sandy Hook Bay 

Main Ship Channel 

Passaic River 

Kill van Kull 

Shooter' s Isla nd 

Gowanus Bay 

Westchester Ck. 

Hackensack R. 

Brooklyn Navy Yd. 

Jamaica Bay 

Bronx River 

Flushing Bay 

East Ri ver 

Spur Channel 

Harlem River 

Ne wtown Ck . 

Eastchester Ck. 

Hudson R. - above Edg ewat er 

Coney Is. Channel 

Gravesend Bay 

Little Neck 

Number of 
Tests 

2 

2 

1 

3 

4 

2 

3 

10 

2 

2 

2 

3 

9 

2 

2 

2 

1 

2 

1 

1 

1 

4 

3 

1 

A-19.' 

(ppb) 
Mean 

0.200 

0.240 

0 . 270 

0 . 190 

0 . 24 2 

0 . 235 

0.177 

0 .332 

<0.100 

0.450 

0.325 

0 . 233 

0 .7 37 

0.330 

<0.100 

2 . 950 

0 .5 40 

0 . 100 

0 . 30 0 

1 . 500 

0.400 

0.617 

1. 080 

0 . 260 

Std. 
Dev . 

0 .141 

0.198 

0 

O. ll5 

0 . 165 

0.021 

0 .133 

0 .36 4 

- ND -

0 

0.495 

- ND -

0 . 064 

- ND -

0.231 

1.518 

0 

0 

- ND -

- ND -

o. 311 

- ND -

0 

0 

0 

0 

0 

0 . 405 

- ND -

0 .5 70 

- ND -

0 

- ND -

95% 
Confidence 

1. 271 

1.779 

0 

0.287 

0.263 

0 .191 

0.330 

0 . 261 

0 

4.447 

0 . 572 

0.574 

1 . 167 

0 

0 

2.795 

0 

0 

0 

0 

0 

0 .644 

1. 417 

0 



Table A- 13 

PCB Levels for th e Elutriate Test 

Number of 
Project Samples 

Hudson Rive r - Bat te r y to Weehawkin 2 

Raritan Bay 2 

Ambrose Channel 1 

Bay Ridge - Red Hook 3 

Hudson River - Weehawkin to Edgewater 4 

Raritan River 2 

Ne wark Bay 3 

Arthur Kill 10 

San dy Hook Cha nnel 

Butt ermi lk Cha nn e l 

Upper Bay 

Navy Terminal 

Sandy Hook Bay 

Main Ship Channel 

Passaic River 

Kill van Kull 

Shooter's Is land 

Gowanus Bay 

Westchester Ck . 

Hack en sack R. 

Brooklyn Navy Yd. 

J amaica Bay 

Bronx River 

Flushing Bay 

East River 

Spur Channel 

Harl em Rive r 

Newtown Ck. 

Eastchester Ck. 

Hudson R. - abov e Edgewate r 

Coney Is . Chann el 

Grave s end Bay 

Li t tle Neck 

2 

2 

2 

3 

9 

1 

2 

1 

2 

1 

2 

2 

1 

1 

4 

3 

1 

A-20 

(ppb) 
Mean 

<0.1 

0.055 

<0.1 

0.103 

0.08 

<0.1 

0 . 04 

0.06 

0 . 055 

0.170 

Std. 
Dev. 

0 

0 . 064 

0 

0.095 

0 . 091 

0 

0.052 

0 . 045 

- ND -

0 . 064 

0 . 226 

- ND -

<0.l 

0 .09 

0 . 124 

0 . 270 

0 . 150 

<0 . 1 

0 . 165 

<0 . l 

<0.1 

<0 . 1 

0 .46 

<0.l 

<0 . 1 

0 

- ND -

0 . 075 

0.034 

0 

0 . 071 

0 

- ND -

0 .021 

- ND -

0 

0 

0 

0 

0 

0 

- ND -

0.153 0 . 092 

- ND -

<0 . l 0 

- ND -

95% 
Confidence 

0 

0 . 572 

0 

0 . 236 

0.144 

0 

0 .129 

0 . 032 

0 . 572 

2 . 033 

0 

o.1aa 
o.o:6 

0 

0 . 635 

0 

0 . 19 1 

0 

0 

0 

0 

0 

0 

o. 229 

0 



Sources of Dredging Data (Tables Bl to B3) 

1) U. S. Army Corps of Enginers, New York District, Unpublished data 

2) Conner et al. , 1979 

3) U.S. Army Corps of Engineers 1976 through 1979 

Sources of Bulk Contaminant Levels (Tables B4 to B8) 

1) U.S. Army Corps of Engineers, New York District, Water Quality 

Section, Unpublished data 

2) Conner et al . , 1979 

3) Meyerson et al., 1981 

4) Koons and Thomas, 1979 

5) Olsen et al., 1978 

6) Williams et al, 1978 

7) Suszkowski, 1978 

8) Greig and McGrath, 1977 

9) Bopp, 1979 

Sources of Particle Size and Elutriate Levels (Tables B9 to B12) 

1) U.S. Army Corps of Engineers, New York District Water Quality 

Section, Unpublished data 
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Appendix B 
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Wa_terway Name - Bay Ridge-Red Hook Channels 

Waterway Description - Bay Ridge Channel runs east from anchorage 
chan nel starting at the Narrows, and joins Red Hook Channel, ending at 
Buttermilk Channel just south of Governors Island. Together, they 
provide primary access to the Brooklyn waterfront. 

Waterway Dimensions - Bay Ridge Channel is 40' deep and ranges from 
l,200'-1,750' wide. Red Hook Channel is also 40' deep and 1,200' wide 
to the junction of but Termilk Channel. In the entrance to Gowanus 
Creek, the width narrows to 500'. Total length is 4 miles 

Tidal Range - Tidal range is 4.7' with an extreme range of 14.8' (MLW). 

Major use and facilities - These channels provide primary terminal 
access to the Brooklyn Waterfront, serving such facilities as the Port 
Authority's Erie Basin Terminal, Todd Shipyards, Bush & Military 
Ocean Terminals, Hellenic Lines, and the Owls Head Sewage Plant 

Tons Landed (1960- 1978 Yearly Average) - 4.0 million tons 

Tons Through (1960-1978 yearly average) - 3.7 million tons 

Passengers (1960-1978 yearly average) - 1.3 million 

Main Commodity Group (1978) - Waste & Scrap Material 37% (.85 million 
tons) 

Second Commodity Group (1978) - Food & kindred products 16% (.37 
million tons) 

Third Commodity Group (1978) - Petroleum Products 12% (.3 million tons) 

Inbound Vessel Movements (1978) - 8,760 

Outbound Vessel Movements (1978) - 8,611 

Movements by Vessel Draft - Over 96% of the incoming vessels had 
drafts of 18' and less, of which the greatest number (78%) were tugs 
and towboats. The remaining vessels were either passenger & dry 
cargo ships or tankers. 

Federal Maintenance Dredging (1966-1080) - 704,000 Cubic Yards per year 

Private Dredging Activities (1976-1980) - 15,000 Cubic Yards per year 

Combined Dredging Activities - 119,000 Cubic Yards per yea r 

Bioassay/Bioaccumulation tests and results - 6 reported tests with no 
failures (BR002-1980) 

B-2 



Waterway Name - Bronx River 

Waterway Description - The Bronx River Empties in to a sh al lo w bay 
in the north shore of the East River 11 miles by water northeast of 
the Battery . 

Water Dimensions - The project provides for a channel 10 ' deep and 
100'-200' wide, ext ending from deep water in the East River t o East 
172nd Street in the Bronx . The length of the navigable portion is 
2 . 6 miles. 

Tidal Range - Tidal ran ge is 6 . 9' with an extreme range of 19.5' 
(MLW). 

Major use and facilities - The Bronx River has 2 facilities used 
by party fishing vessels, and one facility each for the shipment of 
sc rap metal and sand, stone and gravel . 

Tons Landed (1960-1978 yearly average) - .5 million tons 

Tons Through (1960-1978 yearly average) -

Passengers (1960 - 1978 yea rly average) - .1 million 

Main Commodity Gr oup (1978) - Sand , Gravel & Crushed Rock 68% 
(.2 million tons) 

Second Commodity Group (1978) - I ron & steel scrap 32% (.1 million tons) 

Third Commodity Group (1978) -

Inbound Vessel Movements (1978) - 2 ,104 

Outbound Vessel Movements (1978) - 2,100 

Movements by vessel draft - Nearly 72% of all vessel movements were 
due to passenger and dry ca rgo sh ips with drafts of 7 ' and less 
(1 , 504). Tugboats and bar ges made up the remainder with the majority 
having dr af ts between 10' - 13'. 

Federal Maintenance Dredging (1966-1980) - 26,000 cubic years per year 

Private Dredging Activities (1976 -1 080) -

Combined Dredging Activities - 26 , 000 cubic yea rs per year 

Bioassay/Bioaccumulation Tests and Results - 1 reported test. 
No failures 
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Waterway Name - Brooklyn Navy Yard (Wallabout Channel) 

Waterway Description - Wallabout Channel is a tidal branch of the 
East River, about 2 .5 miles by water northeast of the Battery. It is 
located on the east side of the riv er immediately east of the Brooklyn 
Navy Yard. 

Waterway Dimensions - The project provides for a channel 20 ' deep , 
between 230'-350' wide, ext ending from the East River the inner end of 
the causeway at Clinton Avenue for a total length of about 2000 ' . 

Tidal Range - Tidal range is approximately 4.4 ' with an extreme range 
between 10 ' - 15' (MLW) . 

Major Use and Facili t ies - The former Brooklyn Navy Yard is found at 
the entrance to Wallabou t Bay, but is no longer operating. Two dry 
dock and vessel repair facilities operate within Wallabout Basin . 

Tons Landed (1960-1978 yearly average) - N/A 

Tons Thr ough (1960 - 1978 yearly average) - N/A 

Passengers (1960 - 1978 yearly average) - N/A 

Main Commodity Gr oup (1978) - N/A 

Third Commodity Group (1978) - N/A 

Inbound Vessel Movements (19 78) - 3 

Outbound Vessel Movements (1978) - 3 

Movements by Vessel Draft - One tugboat and two tankers with drafts 
of 13' and less were reported to have used Wallabout Channel in 1978 

Federal Maintenance Dredging (1966-1980) -

Private Dredging Activities (1976 - 1980) - 56,000 Cubic Yards per year 

Combined Dredging Activitie s - 56,000 Cubic Yards per year 

Bioassay/Bioaccumula ti on Tests and Results - 3 tests reported with 
no fai l ures . 
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Waterway Name - Buttermilk Channel 

Waterway Description - Buttermilk Channel lies between Governors 
Island and Brooklyn, and connects deep water in the Upper Bay with the 
East River . Together with Bay Ridge & Red Hook Channels, they form an 
easterly channel along the Brooklyn waterfront . 

Waterway Dimensions - A Channel 40' deep and 1000 ' -500' wide along 
the easterly half, and 35' deep and 500 1 wide along the westerly hal f 
is provided, with suitable widening at the junctions with the East 
River and Red Hook & Anchorage Channels. Length is 2.3 mil. 

Tidal Range - Tidal range is 4 . 4' with an extreme range of 14.4' (MLW). 

Major Use and Facilities - Buttermilk Channel serves the Governors 
Is . Coast Guard Base, the Port Authority's Brooklyn Marine Terminal, 
and 5 general cargo & container facilities. It's also used as a 
cut - off between anchorage and East River Channels . 

Tons Landed (1960 - 1978 yearly average) - 1. 9 million tons 

Tons Through (1960 - 1978 yearly average) - . 9 million tons 

Passengers (1960-1978 yearly average) - ·.001 million 

Main Commodity Group (1978) - Food & kindred products 22% 
(.3 million tons) 

Second Commodity Group (1978) - Petroleum products 18% (.27 million 
tons) 

Third Commodity Group (1978) - Farm produc t s 9% (.1 million tons) 

Inbound Vessel Movements (1978) - 7,182 

Outbound Vessel Movements (1978) - 7,370 

Movements by Vessel Draft - Over 70% of the incoming vessel movements 
were due to tugs and towboats of 18 ' and less draft. The incoming 
passenger and dry cargo had drafts ranging from less than 18' to 37' . 
Most incoming tankers (98 %) had dra f ts of 18' and less. 

Federal Maintenance Dredging (1966-1980) - 217,000 cubic yards per year 

Private Dredging Activities (1976-1980) - 35,000 cubic yards per year 

Combined Dredging Activities - 252,000 cubic years per year 

Bioassay/Bioaccumulation Tests and Results - 4 tests reported with 
no failures (BM000- 1979) 
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Waterway Name - Eastchester Creek 

Waterway Description - Eastchester Creek, also known as Hutchinson 
River, is a small tidal stream emptying into East Chester Bay, an 
indentation in the north shore of Long Island Sound immediately north 
of Throgs Neck, about 21 miles northeast of the Battery. 

Waterway Dimensions - A channel about 8' deep and between 70'-150' 
wide extends from Long Island Sound to a point about 300' above the 
Fulton Avenue Bridge. Total length is about 5 miles. 

Tidal Range - Tidal range is 7.3' with an extreme range of 19.3' (MLW). 

Major Use and Facilities - There are 8 facilities used for the 
handling of petroleum products from barge and small tank vessels. 
There are also 3 facilit deal with sand, stone and gravel. (Code 
ESOOO-ES900) 

Tons Landed (1960-1978 yearly average) - 1.9 million tons 

Tons Through (1960-1978 yearly average) -

Passengers (1960-1978 yearly average) -

Main Commodity Group (1978) - Petroleum & coal products 79% (1.3 
million tons) 

Second Commodity Group (1978) - Sand, gravel & crushed rock 20% 
(.3 million tons) 

Third Commodity Group (1978) - Iron and steel scrap 1% (.01 million 
tons) 

Inbound Vessel Movements (1978) - 2,220 

Movements by Vessel Draft - Over 84% of the incoming vessels had 
drafts between 8'-10', which is the maximum depth of the channel. 

Federal Maintenance Dredging (1966-1980) - 3,000 cubic yards per year 

Combined Dredging Activities - 3,100 cubic yards per year 

Bioassay/Bioaccumulation tests and results - 1 reported test. 
Passed. (ES000-1978) 
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Waterway Name - East River Channel System 

Waterway Description - The Ea st River is a tidal strait about 14 
miles long . It conn ects deep water at Governors Is . in the upper bay 
with Long Island Sound a t Throgs Neck, separating Long Island from the 
mainland. 

Waterway Dimensions - Depth: 40' f r om upper bay to Brooklyn Navy 
Yard ; 35 ' above Brooklyn Navy Yard . Width: 1000' wide in the 40' 
section and 550' - 1000 ' wide in the 35 ' section. 

Tidal Range - From 4.4' at the Batt ery to 7.1' at Throgs Neck; 
extreme tide ranges from 14.4' to 19.3' (MLW), respectively . 

Major Use and Facilities - The Eas t River provid es the major link 
between New York Harbor, the Hudson River and Long I sland Sound . 
Along the waterway are 6 major petroleum terminals, 2 steamship lines , 
and at least 3 majo r cargo terminals. (see listings EROOO-ER905) 

Tons Landed (1960-1978 yearly average) - 20.4 million tons 

Tons Through (1960-1978 yearly ave rage) - 29.6 million tons 

Passengers (1960-1978 yearly ave r age) - 22.6 million tons 

Main Conunodity Group (1978) - Petroleum & coal products 76% (12.3 million 
t ons) 

Second Commodity Group (1978) - Waste & scrap materials 13% (2 million 
t ons) 

Third Commodity Group (1978) - Farm products 3% (.4 million tons) 

Inbound Vessel Movements (1978) - 25,785 

Outbound Vessel Movements (1978) - 26,023 

Movements by Vessel Draft - of the 1,405 inbound tankers , only 125 
(9%) had drafts of 34' and greater, while 1,232 (88%) tanke r s had 
drafts of 18 ' and less. Of the 9,740 inbound passen ge r and dry carg o 
ships, 9 ,323 (96%) had drafts of 18 ' and less . 

Federal Maintenance Dredging (1966-1980) - 15 ,000 cubic yards per year 

Priv at e Dredging Activities (1976-1980) - 1,000 cubic ya rds per year 

Combined Dredging Activities - 16,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 5 reported tests with 2 
failures (ER905-1 979, 1980) 
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Waterway Name - East River Spur Channel 

Waterway Description - The East River Spur Channel is a recent 
modification to the East River Channel system and provides for the 
South Brother Island Channel leading to Astoria waterfront , passing 
between South Brother and Rikers IslJnds towards the south 

Waterway Dimensions - The channel is 35 ' deep and 400' wide with a 
turning basin at the head of the channel . Length is about 1 mile . 

Tidal Range - Tidal range varies from 4.4' at the Battery to 7.1 ' 
at Throgs Neck with extreme raf 14.4 ' and 19.3 ' respectively (MLW). 

Major Use and Facilities - The East River Spur Channel provides access 
from the East River to the Astoria waterfront for 2 petroleum 
receiving facilities, and fo r th e shipment of sludge from the Bowery 
Bay Water Pollution Control Plant . 

Tons Landed (1960 - 1978 yearly average) - not available 

Tons Through (1960 - 1978 yearly average) - N/A 

Passengers (1960-1978 yearly average) - N/A 

Main Commodity Group (1978) - Petroleum products 

Second Commodity Group (1978) -

Third Commodity Group (1978) -

Inbound Vessel Movements (1978) - N/A 

Outbound Vessel Movements (1978) - N/ A 

Movements by Vessel Draft - N/A 

Federal Maintenance Dredging (1966 - 1980) - 11,000 cubic yards per year 

Private Dredging Activ ities (1978-1980) - 3 ,000 cubic yards per year 

Combined Dredging Activities - 14 ,0 00 cubic yards per year 

Bioassay/Bioa c cumulation Tests and Results - 1 test reported with 
no failure. 
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Waterway Name - Flushing Bay and Creek 

Waterway Description - Flushing Bay is located on the north shore 
of Long Island, approximately 12 miles by water northeast of the 
Battery. Flushing bay is 2 miles long and Flushing Creek 1 mile. 

Waterway Dimensions - Depth is 15' in the Bay Channel and a width of 
300' from the East River to the maneuvering area (1.8 miles). The 
Creek Channel is also 15' deep and varies between 170' -200' wide (1.1 
mile) 

Tidal Range - Tidal range is 6.8' with an extreme range of 18.4' (MLW). 

Major Use and Facilities - There are 9 facilities specializing in 
the receipt of sand, stone and brick type cargoes along Flushing Bay 
and Creek, as well as 3 for the receipt of petroleum products by 
barge. There are also some recreational boat facilities in the bay 

Tons Landed (1960-1978 yearly average) - 2.2 million tons 

Tons Through (1960-1978 yearly average) -

Passengers (1960-1978 yearly average) -

Main Commodity Group (1978) - Petroleum & Coal products 39% 
(.7 million tons) 

Second Commodity Group (1978) - Sand, gravel & crushed rock 37% 
(.7 million tons) 

Third Commodity Group (1978) - Waste & scrap 21% (.4 million tons) 

Inbound Vessel Movements (1978) - 2,418 

Outbound Vessel Movements (1978) - 2,540 

Movements by Vessel Draft - Dry cargo barges and tugboats comprised 
nearly 88% of the vessel movements. of the tankers, nearly 50% had 
drafts between 12'-15'. 

Federal Maintenance Dredging (1966-1980) - 19,000 cubic yards per year 

Private Dredging Activities (1976-1980) -

Combined Dredging Activities - 19,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 2 tests reported. 
No failures 
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Waterway Name - Gowanus Bay and Creek 

Waterway Description - Gowanus Creek is a small tidal waterway 
in Brooklyn extending northeasterly about 1.5 miles from the north end 
of Bay Ridge Channel. 

Waterway Dimensions - A main channel of 30 ' depth and between 
200'-500 1 wide funs from Bay Ridge Channel to the Vicinity of 
Sigourney Street. The Channel reduces to a depth of 18' and width of 
100' around the Hamilton Ave. Bridge . Total length is about 0.8 miles 

Tidal Range - Tidal range is approximately 4 . 7' with an extreme range 
of 14.8' (MLW). 

Major Use and Facilities - At least 9 facilities dealing in the 
receipt and shipment of general cargo are found along this waterway. 
A large dry dock and vessel repair facility is located here. 
Petroleum, as well as sand and gravel facilities make use of Gowanus 
Bay 

Tons Landed (1960-1978 yearly average) - 3.5 million tons 

Tons Through (1960-1978 yearly average) - .5 million tons 

Passengers (1960-1978 yearly average) -

Main Commodity Group (1978) - Petroleum & coal products 78% 
(2.5 million tons) 

Second Commodity Group (1978) - Sand, gravel & crushed rock 7% 
(.2 million tons) 

Third Commodity Group (1978) - Food & kindred products 4% 
(.1 million tons) 

Inbound Vessel Movements (1978) - 5,307 

Outbound Vessel Movements (1978) - 5,169 

Movements by Vessel Draft - Over 96% of the incoming vessels had 
drafts of 18' and less with most of those being tugs and towboats. 
A fairly large number of self-propelled tankers (37), however, had 
drafts between 33'-35'. 

Federal Maintenance Dredging (1966-1980) -

Private Dredging Activities - 78,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 4 reported tests with 
2 failures (GB000-1979, GB904-1980) 

B-10 



Waterway Name - Hackensack River 

Waterway Description - The Hackensack River extends from the 
northeastern portion of Newark Bay for a navigable distance of more 
than 16 miles 

Waterway Dimensions - from the junction with the Newark Bay 
Channel, a 30' deep and 300' wide channel runs northeast up the 
Hackensack River for 4 miles to a small turning basin, then narrows 
and shallows to 12 1 deep for an additional 12.5 miles. 

Tidal Range - Tidal range is approximately 4.9', with an extreme 
tidal range of about 14.4' (MLW). 

Major Use and Facilities - The receipt of petroleum products by 
barge (at least 21 facilities), and of sand, stone & gravel (7 
facilities) dominate the waterfront usage of the river. There is also 
a large shipbreaking and scrap metal facility along the shore. 

Tons Landed (1960-1978 yearly average) - 4.3 million tons 

Tons Through (1960-1978 yearly average) -

Passengers (1960-1978 yearly average) -

Main Commodity Group (1978) - Petroleum & coal products 45% 
(1.2 million tons) 

Second Commodity Group (1978) - Sand, gravel & crushed rock 24% 
(.7 million tons) 

Third Commodity Group (1978) - Coal & lignite 22% (.6 million tons) 

Inbound Vessel Movements (1978) - 3,229 

Outbound Vessel Movements (1978) - 3,235 

Movements by Vessel Draft - with the exception of only 3 vessels, 
all incoming vessels had drafts of 181 and less . Tankers and tanker 
barges comprised only 27% of the total reported vessel movements, with 
dry cargo vessels and tugboats making up the remainder. 

Federal Maintenance Dredging (1966-1980) - 24,000 cubic yards per year 

Private Dredging Activities (1976-1980) - 34,000 cubic yards per year 

Combined Dredging Activities - 58,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 2 reported tests with 
no failures 
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Waterway Name - Harlem River 

Waterway Description - The Harlem River leads northward from the 
east River, between Manhattan and the Bronx , and connects with the 
Hudson River through the Spuyten Duyvil Creek. 

Waterway Dimensions - The existing project provides for a channel 
151

: deep and genera ll y 400 1 wide from the East River to the Hudson 
River, a distance of approximately 8 miles. 

Tidal Range - Ttdal -range varies from 4.9' at East River junction 
to 3 . 9' ·at Spuyten Duyvil. Extreme ranges are 15 .1' and 14 .1 1 

(MLW) respectively. 

Major Use and Facilitie~ - There are ·.3· facilities that deal with 
the re .c~ipt _ of petro l eum ·and _coal products along the Harlem . River and 
1 that handles the receipt of sand, gravel and crushed · rocks. High 
tidal velocities make navigat ion along the river difficult . 

. Tons Landed (1960-1978 yearly average) - .9 million tons 

Tons Through (1960 -1 978 yearly average) - .001 million tons 

Passengers (1960-1978 yearly average) -

Main Commodity Group (1978) - Petroleum & coat products 54% 
(.2 million tons) 

Second Cotninodity Group (1978) - Sand , gravel & crushed rock 46% 
(.18 million tons) 

Third Commodity Group (1978) -

Inbound Vessel Movements (1978) - 675 

Outbound Vessel Movements (1978) - 685 

Movements by Vessel Draft -
had drafts of 12' and less. 
had drafts of 12 1 and less. 
drafts of 12 1 and less . 

of the 107 inbound tankers, 82 (77%) 
All the incoming dry cargo vessels (169) 
Of the 399 tugboat or towboats, 398 had 

Federal Naintenance Dredging (1966-1980) - 13,000 cubic yards per year 

Private Dredging Activities (1976-1980) - less than 500 cubic yards 
per year 

Combined Dredging Activities - 13 , 500 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - No reported tests 
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Waterway Name - Hudson River-Combined Sections 

Waten;ray Description - The Hudson River separating New York from 
New Jersey empties into the upper bay at the Battery. The channel 
included in the federal maintenance project extends from deep water in 
the upper bay to a point along the edgwater waterfront. 

Waterway Dimensions - A channel 45' deep and 2000' wide runs from 
the upper bay to west 59 St. (Manhattan). From there northward, the 
Weehawken-Edgewater Channel (32' deep, 550'-750' wide) runs along the 
Jersey shore. 

Tidal Range - Tidal range is 4.4' with an extreme .range of 14 . 4' (MLW). 

Major Use and Facilities - Some of the major facilities located 
along the Hudson River include the passenger ship terminal, Dept. of 
Sanitation piers, coffee & sugar processing facilities, dry docks & 
ship repair facilities, and the container facility at Port Seatrain. 

Tons Landed (1960-1978 yearly average) - Battery-Edgewater 
10. 9 million tons Edgewater-Tarrytown 1.3 million tons 

Tons Through (1960-1978 yearly average) - Battery-Edgewater 
21.4 million tons Edgewater-Tarrytown 20.6 million tons 

Passengers (1960-1978 yearly average) - Battery-Edgewater 6 . 2 million 
Edgewater-Tarrytown . 6 million 

Main Commodity froup (1978) - Bat-Edge-waste & scrap 28% ( 1. 2 mi. tons) 
Edge-Tarry-petroleum prd 71% (.4 m tons) 

Second Commodity Group (1978) - Bat-Edge-petroluem prd 25% 
(1.1 m. Tons) Edge-Tarry-waster & scrap 19% (.1 m. tons) 

Third Commodity Group (1978) - Bat-Edge-food & kindred prd - 14% 
(.6 m. tons) Edge-Tarry-food & kindred - 10% (.06 m. tons) 

Inbound Vessel Movements (1978) - Battery-Edgewater 24,889 

Outbound Vessel Movements (1978) - Battery-Edgewater 24,065 

Movements by Vessel Draft - Al though nearly 98% of all incoming 
traffic had drafts of 18' and less, including a l most all the tanker 
traffic by barge, drafts reported for the passenger and dry cargo 
ships ranged from 18'-38' . over 100 ships had drafts of 30' and more. 

Federal Maintenance Dredging (1966-1980) - Battery-Weehawken (423,000 
cu . yd/yr) Weehawken-Edgewater (594,000 cu . yd/yr) 

Private Dredging Activities (1976-1980) - Battery-Weehawken 
(601,000 cu.yd/yr) 
Weehawken-Edgewater (2,000 cu./yd/yr) 

Combined Dredging Activities - Battery-Weehawken 
(1,024,000 cu.yd/yr) Weehawken-Edgewater (596,000 cu.yd/yr) 
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Bioassay/Bioaccumulation Tests and Results - B-W (13 reported tests, 2 
failures-BW901-1979, BW918-1980) W-E (3 tests, 0 failures) 
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Waterway Name - Jamaica Bay 

Waterway Description - Jamaica Bay is located along the so uth sho re 
of Long Island, and has its entrance about 17 miles by water southeast 
of the Battery. 

Waterw ay Dimensions - The Jamaica Bay Channel System is composed 
of a series of channels and turning basins ranging in depth from 
12'-20' and in wid th from 200'-1000'. The total length of the channel 
system is 19 .7 miles. 

Tidal Range - Tidal range is 4 . 9' with an extr eme range of 13.7' (MLW). 

Major Use and Facilities - The receipt of petroleum products and 
aviation fuel used at Kennedy Internati ona l Airport is handled by at 
least 17 facilities th roughou t the Bay. Floyd Bennett Field and the 
fishing vessels from Sheepshead Bay also use the channels. 

Tons Landed (1960-1978 yearly average) - 4.9 million ton s for Jamaica 
Bay 2 . 3 million tons for East Rockaway 

Tons Through (1960-1978 yearly average) -

Passe nge rs (1960 - 1978 yearly average) - .45 million for Jamaica Bay .13 
million for East Rockaway 

Main Collllllodity Group (1978) - Petrol eum products 81% (5.9 mill ion tons) 
Jamaica Bay 

Second Commodity Group (1978) - Wast e & scrap mat er ials 15% 
(1.1 million tons) Jamaica Bay 

Third Commodity Group (1978) - Sand, gravel & crushed rock 4% 
(.3 million tons) Jamaica Bay 

Inbound Vessel Movements (19 78) - 14,624 Ja maica Bay 

Outbound Vessel Movements (1978) - 14,666 Jamaica Bay 

Movements 
movements 
an d less . 
an d l ess. 
6' -1 4 

by Vessel Draft - Nearly 74% of the incoming vessel 
were by passenger and dry car go vessels with drafts of 12' 

Over 95% of the 1,600 incoming ta nkers had drafts of 13' 
For East Rockaway, nearly all ships had drafts betw een 

Federal Maintenance Dredgin g (1966-1980) - 30,000 cubic yards per year 

Private Dredging Activities (1976-1980) - 3,000 cubic yards per year 

Combined Dredging Activi tie s -33, 000 cubic yards per year 

Bioassay/Bioac cumultat io n Tests and Results - No reported tests 
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Waterway Name - Lower Entr ance Channels 

Waterwa y Descript io n - The lowe r entrance channel syst em of New 
York Harbor i s made up to Ambrose Channel, Sandy Hook Channel (East 
Section), Sandy Hook (Bayside Channel) , and th e main ship ch ann el 
(Chapel Hill Channel). 

Waterway Dimensions Ambrose-45' deep , 2000 ' wide , 10 . 2 miles 
long ; Sandy Hook (eas t) - 35' deep , 800' wide, 3.4 miles long; 
Bays id e- 35 ' deep, 800 ' wide, 3 . 7 mil es long ; main ship- 30' deep, 
1000 ' wide, 5 . 3 miles long. 

Tidal Range - Mean tidal r ange is 4 . 7 ' with an extr eme range of 14.8' 
(MLW). 

Major Use and Facili t ies - These chann els pro vide access to New York 
Harbor from the south. 

Tons Landed (1960 -1 978 yearly average) -

Tons Through (1960 - 1978 yearly average) - 106 . 5 million tons 

Pass en gers (1960 - 1978 yearly average) - . 7 million 

Main Commodity Group (1978) -

Second Commodity Group (1978) -

Third Commodity Group (1978) -

Inbound Vessel Movements (1978) - 13,628 

Outbo und Ves sel Movement s (1978) - 18,537 

Movements by Vess el Draft - ove r 500 vessels with drafts of 40 ' and 
greater used t he lower entr ance channels. By far , th e greatest number 
of deep draft vessel were la rg e , self-propelled tankers, with most of 
the pass enger & dry cargo ships having dr aft s le ss tha n 30 ' 

Federal Hai nten an ce dredging (1966 - 1980) - Ambrose - (834 ,0 00) 
Sandy Hook Channels - (256,000) main ship chann el - (129 ,000) 

Priva te Dredging Activities (1976-1980) -

Combined Dred ging Activities - Ambrose (834,000) Sandy Hook Channels 
256 ,0 00) main ship (129,000 cu .yd/yr) 

Bioassay/Bioaccumulation Tests and Results - No reported test s 
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Waterway Name - Newark Bay 

Waterway Description - Newark Bay lies to the north of Staten 
Island and is reached by either the Ar thu r Kill or the Kill Van Kull. 
From the northern end of Newark Bay extend the Hackensack and Passaic 
Rivers. 

Waterway Dimensions - The main Newark Bay Channel is 35 ' deep and 
between 500' - 1000 ' wide. There are branch channels and a pierhead 
channel leading to Port Newark and Port Elizabeth on the western 
shore . Total length of all Newark Bay channels is about 10 miles 

Tidal Range - Tidal range is 4.9' with an extreme range of about 14.4' 
(MLW), 

Major Use and Facilities - Newark Bay , with the Port Authority's 
facilities at Port Newark and Port Elizabeth handling large volumes of 
containerized and general cargo, along with the Texaco Bayonne 
Termina l, is a major center for New York's oceanborne commerce. 

Tons Landed (1960-1978 yearly average) - 14 million tons 

Tons Through (1960 -19 78 yearly average) - 12.7 million tons 

Passengers (1960 - 1978 yearly average) - 1,800 

Main Commodity Group (1978) - Petroleum & coal products 35% 
(6 . 2 million tons) 

Second Commodity Group (1978) - Food & kindred products 12% 
(2.1 million tons) 

Third Commodity Group (1978) - Miscellaneous commodities 9% 
(1.5 million tons) 

Inbound Vessel Movements (1978) - 14,754 

Outbound Vessel Movements (1978) - 14 ,73 4 

Movements by Vessel Draft - Over 300 ships with drafts of 30' and 
greater entered Newark Bay. These were generally large, 
self - propelled tankers and dry cargo ships. At least 9 ships with 
reported drafts of 37' used the Bay . 

Federal Maintenance Dredging (1966-1980) - 212,000 cubic yards per year 

Private Dredging Activities (1976-1980) - 72,000 cubic yards per year 

Combined Dredging Activities - 284,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Result s - 8 repor te d tests with 
2 failures (NB000-1978, 1979) 
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Waterway Name - Newtown Creek 

Haterway Description - Newtown Creek, a tidal arm of the East 
River, forms a portion of the boundary between Brooklyn and Queens . 
The entrance is on the east bank, approximately 3.6 miles above the 
Battery . 

Waterway Dimensions - Depth: 20 ' in main channel; 12 '- 20' from East 
River to south end of turning basin; ha.lance ranges from 9'-16'. 
Width varies from 75'-150'. Leng th is 5.6 miles. 

Tidal Range - Tidal range at Belmont Island (North entrance to 
Newtown Creek) is 4.2' with an extreme range of 10.7' (MLW). 

Major Use and Facilities - At least 12 facilities used for the 
receipt and shipment of petroleum products by barge are located along 
the waterway. Additionally , at least 3 facilities specialize in the 
shipment and receipt of waste materials. (Codes NTOOO-NT905) 

Tons Landed (1960-1978 yearly ave rage) - 5.8 mil lion tons 

Tons Through (1960-1978 yearly average) -

Passengers (1960 - 1978 yea r ly average) -

Main Commodity Group (1978) - Petroleum & coal products 60% 
(2 . 5 million tons) 

Second Commodity Group (1978) - Waste & scrap materials 25% 
(1.1 million m tons) 

Third Commodity Group (1978) - Sand, grav el & crushed rock 13% 
( . 5 million tons) 

Inbound Vessel lfovements (1978) - 5 , 782 

Outbound Vessel :Movements (1978) - 5 ,7 63 

Movements by Vessel Draft - Mostly tankers, tugboats and dry 
cargo ships with 92% having drafts of 12 ' and less . 

Federal Maintenance Dredging (1966 - 1980) - 9,000 cubic yards per year 

Privat~ Dredging Activities (1976 -1 980) - 4 ,000 cubic yards per year 

Combined Dredging Activities - 13 ,0 00 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 7 reported tests 
with 3 fail ures (NT000-1978, NTOOl-1978 , 1979) 
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Waterway Name - New York & New Jersey Channels 

Waterway Description - These channels extend from deep water 
northwest of Sandy Hook, through lower N.Y. Bay, to Perth Amboy, and 
then through Arthur Kill, Lower Newark Bay, and the Kill Van Kull to 
deep water in upper New York Bay. 

Waterway Dimensions - The main channel is 37' deep in rock, 35' in 
soft material with widths ranging from S00'-1400'. Two secondary 
channels (south of Shooters Is. & the Raritan River cut-off) are 
maintained under the existing project. Total length is 31 miles. 

Tidal Range - Mean tidal range is approximately 5.0' with an extreme 
range of 14.6' (MLW). 

Major Use and Facilities - At least 18 major petroleum terminals 
line the banks of the NY & NJ channels. In addition to providing 
access to the major port facilities in Newark Bay, the Howland Hook 
Containership Terminal is served by these channels. 

Tons Landed (1960-1978 yearly average) - 92.9 million tons 

Tons Through (1960-1978 yearly average) - 28 million tons 

Passengers (1960-1978 yearly average) - .1 million 

Main Commodity Group (1978) - Petroleum & coal products 68% (72.9 million 
tons) 

Second Commodity Group (1978) - Crude petroleum 21% (22.5 million tons) 

Third Commodity Group (1978) - Waste & scrap materials 4% (3.9 million tons) 

Inbound Vessel Movements (1978) - 63,015 

Outbound Vessel Movements (1978) - 673,171 

Movements by Vessel Draft - Tankers dominated the deep draft vessel 
movements with ships ranging in draft from 45' to 18' and less. Over 
230 tankers had drafts of 40' and greater. In general though, nearly 
97% of all reported vessel traffic had drafts of 18' and less 

Federal Maintenance Dredging (1966-1980) - Raritan Bay (912,000) Arthur Kill 
(71,000) Shooters Island (111,000 cu.yd/yr) 

Private Dredging Activities (1976-1980) - Raritan Bay (18,000) Arthur Kill 
(195,000) Kill Van Kull (114,000 cu.yd/yr) 

Combined Dredging Activities - Raritan Bay (930,000) Arthur Kill (266,000) 
Kill Van Kull (114,000) Shooter (111,000) 

Bioassay/Bioaccumulation Tests and Results - A.K(20 tests, 4 fail) K.K( l9 
tests, 5 fail) R.B(6 tests, pass) SHTR(6 tests, 4 fail) 
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Notes - Failures-Arthur Kill(AK.920-1979, AK918,AK921,AK925-1980) 
Kill Van Kul l (KK000-1979,KK907,KK912,K K913-1980) Shooters 
Island (SI000-1978,SIOOl-1978,1979) 
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Waterway Name - Pa ssa ic River 

Waterway Description - The Passaic River extends from the 
northwestern portion of Newark Bay for a distanc e of about 15 mile s. 
Along its banks are the tm-ms of Kearny and Newark. 

Waterway Dimensions The Passaic River Channel runs for 2.5 miles 
from the j unction with the Newark Bay Channel at a depth of 30' and a 
width of 300' . It then begins to shallow progre ssi vely to 20' , 16', 
and 10 ' for another 13 miles. 

Tidal Range - Tidal range is 4.9', with an extreme range of about 
14.4' (MLW). 

Major Use and Facilities - Petroleum facilities (23) including a 
number of large refineries and oil terminals are by far the dominant 
user s of the Passaic River Channel. A small number (5) of facilities 
deal with the receipt of sand, stone & gravel. 

Tons Landed (1960 - 1978 yea rl y average) - 8 . 9 million tons 

Tons Through (1960-1978 yearly average) -

Passengers (1960-1978 yearly average) - .004 million 

Main Commodity Group (1978) - petroleum products 87% (6 . 4 million tons) 

Second Commodity Group (1978) - Sand, gravel & crushed roc k 5% 
( . 4 million tons) 

Third Commodity Group (1978) - Waste and scrap materials 2% 
(.2 million tons) 

Inbound Vessel Movements (1978) - 5,531 

Outbound Vessel Movements (1978) - 5,488 

Movements by Vessel Draft - Over 83% of all incoming vessels had 
drafts of 12' and less. Tanker traffic ranged in draft from 34'-12' 
and less, with at least 14 incoming tankers having drafts of greater 
than 30'. 

Federal Maintenance Dredging (1966-1980) - 78 ,000 cubic yards per year 

Private Dredging Activities (1976 -1 980) - 39,000 cubic yards per year 

Combined Dredging Activities - 117,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 10 reported tests 
with 4 failures (PS000-1978, 1980, PS902-1 978, PS903-1980) 
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Waterway Name - Raritan River 

Wateruay Description - The Raritan River Channel leads west from 
Sandy Hook Channel in Raritan Bay up the river for nearly 6 miles, a 
southerly spur runs along the south shore for .6 miles, terminatin g at 
the Titanium Company, Inc. in Sayreville, NJ 

Waterway Dimensions - There channels have a maximum depth of 25 ' 
and range between 200'-300' wide. A shallower channel, 10'-15' deep 
and 100'-200' wide runs to the Delaware and Raritan Canal entrance at 
New Brunswick, about 13.8 miles . 

Tida l Range - Tidal range is 5.1' at Perth Amboy with an extreme 
range of 15 . 6' (MLW). 

Major Use and Facilities - At least 4 facilities dealing in the 
receipt of petroleum products, including the Amerada Hess Terminal and 
2 power plants are l ocated along the banks of the river. Two 
facilities deal with sand & gravel, and 1 with liquid chemical 
products 

Tons Landed (1960 - 1978 yearly average) - 7.6 million tons 

Tons Through (1960-1978 yearly av er age) -

Passengers (1960-1978 yearly average) -

Main Commodity Group (1978) - Petroleum & coal products 55% 
(3.1 million ton s) 

Second Commodity Group (1978) - Waste & scrap materials 36% 
(2 million tons) 

Third Commodity Group (1978) - Chemical products 8% (.5 million tons) 

Inbound Vessel Movements (1978) - 3,155 

Outbound Vessel Movements (1978) - 3,199 

Movements by Vessel Draft - Over 55% of the traffic on the Raritan 
River was by tugs and towbo ats , of which 83% had drafts of 12' and 
less . Tankers comprised 72% of the remaining traffic with drafts 
ranging from 12'-25'. Non self -pr opelled tankers were most numerous . 

Federal Mainten anc e Dredging (1966-1980) - 318,000 cubic yards per year 

Private Dredging Activities (1 976- 1980) - 16,000 cubic yards per year 

Combined Dredging Activities - 334 ,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 5 rep ort ed tests with 
2 failur es (RR000-1978, RROOl-1978) 
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Waterway Name - Upper New York Bay 

Waterway Description - The upper bay extends southerly from the 
junction of the Hudson and East Rivers 5.5 miles to the Narrows. It 
includes the Anchorage & NY/NJ pierhead channels, as well as the Red 
Hook Flats and Liberty Island anchorages. 

Waterway Dimensions - The project depths for the upper bay system 
is as follows: Anchorage Channel-45' deep, 5.7 miles: NY/NJ 
pierhead channel-20' deep, 3 miles: Red Hook flats anchorage-35'-45' 
deep, 928 acres: Liberty Island anchorage-20' deep, 160 acres. 

Tidal Range - Mean tidal range is 4.7', with an extreme range of 
14. 8' (MLW) • 

Major Use and Facilities - The upper bay comprises the major approach 
channels and anchorage facilities for vessels entering New York 
Harbor. It also includes an oil receiving facility and the State 
Island Ferry Terminal. 

Tons Landed (1960-1978 yearly average) - 20.3 million tons 

Tons Through (1960-1978 yearly average) - 123.9 million tons 

Passengers (1960-1978 yearly average) - 25.8 million 

Main Commodity Group (1978) - Petroleum products 75% (30.9 million tons) 

Second Commodity Group (1978) - Crude Petroleum 20% (8.3 million tons) 

Third Commodity Group (1978) - Iron & steel scrap 3% (1.1 million tons) 

Inbound Vessel Movements (1978) - 105,093 

Outbound Vessel Movements (1978) - 84,378 

Movements by Vessel Draft - Although 92% of all incoming vessels had 
drafts of 18;' and less, greater than 1,600 vessels had drafts between 
35'-45'. By and large, self propelled tankers made up the largest 
portion of the deep draft vessels. 

Federal Maintenance Dredging (1966-1980) - 162,000 cubic yards per year 

Private Dredging Activit i es (1976-1980) - 9,000 cubic yards per year 

Combined Dredging Activities - 171,000 cubic yards per year 

Bioassay/Bioaccumulation Tests and Results - 4 reported tests with no 
failures. 
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Waterway Name - Westchester Creek 

Waterway Descriptj_on - Westchester Creek is a tidal stream flowing 
into the East River from the north at a point 14 miles by water 
northeast of the Battery. 

Waterway Dimensions - A channel 12' deep and 100' wide is provided 
for a length of 2000 1 through the estuary. The remaining channel 
varies from 60'-80' wide with three turning basins along its length. 
The total length of the project is 2.6 miles. 

Tidal Range - Tidal range is 7.0' with an extreme range of 19.3' (MLW). 

Major Use and Facilities - There are 3 facilities that are used for the 
receipt of petroleum products by barge, and 1 that handles the shipment of 
scrap metal by barge. There is also a wharf used to dock small vessels. 
(Code WDOOO) 

Tons Landed (1960-1978 yearly average) - .8 million tons 

Tons Through (1960-1978 yearly average) -

Passengers (1960-1978 yearly average) - .03 million 

Main Commodity Group (1978) - Petroleum products 95% (.6 million tons) 

Second Connnodity Group (1978) - Sand, gravel & crushed rock 5% (. 03 million 
tons) 

Third Commodity Group (1978) -

Inbound Vessel Movements (1978) - 589 

Outbound Vessel Movements (1978) - 597 

Movements by Vessel Draft - Over 95% of the incoming vessels were tankers, 
tanker barges and their accompanying tugs and towboats. Only 7 
vessels had drafts greater than 13', but the remaining vessels were 
fairly evenly distributed over th range 6'-13'. 

Federal Maintenance Dredging (1966-1980) - 62,000 cubic yards per year 

Private Dredging Activities (1976-1980) -

Combined Dredging Activities - 62,000 cubic yards per year 

Bioassay/Bioaccumulation tests and results - 2 reported tests . 
No failures. 
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