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Management of New York Harbor's Sand
and Gravel Resources *

1 . 2
J. R. Schubel and D. F. Squires

New York Harbor has been a major source of sand for
metropolitan New York and New Jersey for more than 28 years;
since 1963 it has been its principal source. Between 1950
and 1975 the rate of removal averaged about 3.6 million
cubic yards per year. Since 1973 mining has been confined
to the East Bank of Ambrose Channel and to the Chapel Hill
North Channel. It was believed that mining in other areas
might adversely affect water quality and productive fishery
areas, and aggravate erosion problems along Staten Island;
that the deposits in the designated areas are renewed by
littoral drift; and that mining of channels is an alter
native to maintenance dredging.

In 1975 the N.Y. Sea Grant Institute initiated studies
to assess these concerns. Application of a numerical model
indicated that changes in bathymetry produced by mining
decelerate tidal currents over the hole, accelerate them
outside of it, and deflect them toward the hole. Mining
near the mouth of Lower Bay could substantially increase
the tidal range along Staten Island. A second model showed
that wave refraction and the distribution of wave energy
along the shoreline is very sensitive to the mining strat
egy employed. Selective mining can be used to focus or
defocus wave energy.

The effects of mined pits on water quality are local;
confined to the holes.

Diagnostic models have been constructed to address
management concerns. The results should be incorporated
into new management plans.

A BRIEF HISTORICAL OVERVIEW

Mining sand from the bottom of New York Harbor has
been occurring as long as man has had the capability to do
it. The rocky coast of Manhattan surrounded by New Jersey
and Long Island's low lands did not provide enough sand
for construction aggregate and for fill material. Since
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about 1963, harbor bottom sand, particularly from the Lower
Bay, has displaced Long Island as the principal source of
sand to the Metropolitan region. Continued suburbanization
has foreclosed expansion of sub-aerial sand mining within
an economic distance of the greater New York City area.

Between 1950 and 1975 the rate of removal of sand from
the Lower Bay ranged from 300 thousand to more than 19
million cubic yards per year and has averaged about 3.6
million cubic yards per year, making it one of the largest
open-pit sand mines in the Country. The New York State
Officejjf General Services predicts that more than 34
million cubic yards of sand will be needed in the Metro
politan region over the next 5 years (James Marotta, per
sonal communication, 1979).

The increasing pressure to provide sand and gravel
from the Lower Bay of New York Harbor (Fig. 1) poses a,
number of important problems for the State of New York
The principal issues are: (1) allocation of the Harbor
between living and non-living resources; (2) protection of
the environment, including the shoreline, and the biota;
(3) stimulation of private sector development; and (4)
ensurance of an appropriate return to the citizens of the
State from exploitation of a public resource.

Fig. 1. Map of Lower Bay of New York Harbor.

j i i i • • • "«»' •

"Tlew York and New Jersey share ownership of the Lower Bay,
but this paper deals only with New York State's portion.
New Jersey has not permitted mining in the Lower Bay for
at least the past two decades (Peter Sanko, personal
communication, 1979).
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The two State agencies involved in the management of
New York's submerged sand and gravel resources are the
Office of General Services (OGS) and the Department of
Environmental Conservation (DEC). DEC issues the permits
required for the initiation of all mining operations, and
OGS has authority for licensing mining operations. A
variety of Federal agencies are also involved, particu
larly the U.S. Army Corps of Engineers.

Prior to 1968, mining was permitted in a wide tract
of the West Bank of Ambrose Channel under a 1966 "Recommen
dation" issued by the Department of Environmental Conser
vation. In 1968 additional requirements for sand led to
the authorization of East Bank sites for mining. These
were granted primarily: (a) to protect the bays of Long
Island — the historic sites for mining — from further
exploitation; (b) to protect finfish habitats on the West
Bank Shoal and Romer Shoals; and (c) to mitigate erosion
of Staten Island which had been attributed to mining on the
West Bank and off Staten Island.

Through 1973 it became increasingly more difficult to
obtain mining permits because of public pressure groups.
A confrontation was reached in June 1973 when an Order on
Court was issued by a New York court against a mining firm
for excavating a deep hole (deeper than the allowable maxi
mum of 35 ft. below mean low water) in an unauthorized
area. That action essentially foreclosed the issuance of
any new permits, and mining slowly decreased in volume.
The offending company was ordered to backfill the hole with
uncontaminated material, or face a heavy fine. This
unprecedented action put the spotlight on the need for
management of sand mining in N.Y. Harbor.

In July 1973, the Office of General Services, which
had previously managed sand mining in desultory fashion,
hired a "dredging licensing operations specialist" who
quickly established contact with DEC staff. This demon
stration of concern for improving the management of mining
operations lessened tension between the two agencies.
Concurrently, DEC staff began revising policies on sand
mining.

On 22 June 1977, the Department of Environmental
Conservation issued a Policy for Aggregate Mining in New
York Harbor. That Policy set forth goals of

1) Effectively managing the aggregate
resource for the benefit of the people
of New York State;

2) Preventing water quality degradation
and damage to marine resources;

3) Providing for safe navigation in the
Harbor;

4) Assuring that fill would be available
for construction projects;
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5) Preventing an increase in the erosion rate
of surrounding lands;

6) Assuring compliance with the conditions
of the permits to protect the public
interest.

The 1977 Policy officially limited mining to narrowly de
fined areas of the East Bank of Ambrose Channel and to
Chapel Hill Channel where maintenance dredging is required,
and to depths of not more than 45 ft. below MLW. These
restrictions had been in effect since 1973, but had not
been stated as official policy.

The 1977 policy statement reiterated a series of
concerns contained in policy drafts dating back to 1966
which in the view of the Department of Environmental Con
servation had to be resolved before an intelligent manage
ment plan could be implemented, and before expansion of
authorized mining areas would be considered.

The environmental concerns are summarized below.

"Environmental Impact and Resource
Management Problems

1. The effect of deepening the Harbor
upon water quality, flushing rates,
and circulations is unknown.

2. The effect of deepening the West Bank
upon the already severe rate of erosion
on Staten Island is unknown.

3. Detailed biological studies of the Lower
Bay have not been done. Accordingly, it
is not possible to determine all the
effects of dredging on the aquatic
resources of Lower Bay.

4. The quantity and quality of aggregate
available has not been catalogued.
Therefore, the extent and value of the
resource is unknown.

5. The rate of sediment movement into the
various sections of the resource should
be known if proper management is to occur.

6. The effect of dredging deep pockets upon
water quality, stability of adjacent
sediments, and aquatic life is not known
in detail."

In the fall of 1973, OGS specialists requested assist
ance from the N.Y. Sea Grant Institute in initiating a
research program. In the summer of 1974 staff members of
the N.Y. Sea Grant Institute, DEC and OGS decided that a
research program should be designed to address the concerns
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listed above. In the fall of 1975 a planning grant was
made to the senior author and in 1976 a full scale research
program was initiated with support from the federal Sea
Grant office and the Office of General Services under a
contractual agreement with the N.Y. Sea Grant Institute.
In this report we briefly describe the research carried
out to address the environmental concerns listed above.

THE EXTENT AND CHARACTER OF THE RESOURCE

Jones et al. (1979) identified 25 surficial sand and
mud bodies in the Lower Bay and Bokuniewicz and Fray (1979)
added one additional minor sand body — the Ward Point
Sands — off the southern tip of Staten Island, Fig. 2.
Bokuniewicz and Fray examined the third dimension of the
sand deposits, their vertical extent, and estimated that
the volume of these surficial sand deposits total more than
3.5 billion cubic yards in the upper 100 ft. of sediments —
the lower limit of their investigation. Hastens et al.
(1978) and Jones et al. (1979) determined the textural
characteristics of the surficial deposits and presented
maps of a variety of diagnostic textural parameters.

Fig. 2. Map of Lower Bay showing different surficial
sediment bodies.

Knowing the distributioa^and character of the resource
one can select the areas of the Lower Bay that have mate
rials suitable for aggregate, fill, and beach nourishment.
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EFFECTS OF MINING ON TIDAL CIRCULATION AND
TIDAL ELEVATION

Wong and Wilson (1979) adapted to the Lower Bay a
finite element, hydrodynamical-numerical model (Wang and
O'Connor, 1975) to assess the changes in tidal circulation
and tidal elevations that would result from modifications
in bathymetry by sand mining. The model is based on verti
cally-integrated continuity and momentum equations and pro
vides for a flexible gridding strategy. Wong and Wilson
sub-divided the Lower Bay into 490 grid elements of varia
ble size with the mesh being as small as 500 m on a side
in potential mining areas, and coarser in muddy areas
unsuitable for mining. The model was tested by comparing
observed data for tidal currents and tidal elevations
reported by the National Ocean Survey with values computed
from the model for existing bathymetry. Frictional co
efficients were adjusted until reasonable agreement was
obtained. Once this match between observed and computed
data was acceptable, the bathymetry, which was stored in
the memory of the computer, could be altered to reflect
virtually any hypothetical mining strategy, and the model
run again. The new tidal currents and tidal elevations
can be compared with those previously computed for present
bathymetry. At that point, it is up to decision makers.

Wong and Wilson (1979) found that mining could change
not only the magnitude of the tidal currents but also their
direction. The general effects of mining are to decelerate
the flow within the pit and accelerate the flow around its
perimeter. Changes in current speed can exceed 20 cm/sec
and currents may be accelerated over a relatively large
distance from the hole. They applied the model to hypothet
ical mining operations near Sandy Hook (Fig. 3), and to
other areas.

Fig. 3. Map of Lower Bay showing grid and hypothetical
mining areas near Sandy Hook.
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Changes in the flow fields for maximum ebb current
conditions before and after mining a small and a large
hole near Sandy Hook are shown in Fig. 4.

Fig. 4. Tidal current vectors near maximum ebb at Sandy
Hook before and after mining a small and a large
hole to 45 ft. below MLW (Fig. 3).
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Wong and Wilson's calculations indicate that signifi
cant changes in water surface elevation could occur along
Staten Island for certain changes in bathymetry produced by
sand mining, particularly for areas near the mouth of the
Lower Bay. Mining a small hole near Sandy Hook would in
crease the tidal amplitude near the southern tip of Staten
Island by more than 6 cm. A large hole near Sandy Hook
would increase the tidal amplitude in the same area by more
than 15 cm. Mining near Rockaway Point would have similar
effects. The effect of mining near Staten Island on tidal
amplitude along the Island is much less than that produced
by mining near the mouth of the Bay. Some mining strate
gies near Staten Island actually decrease the tidal range
along the Island. Since Staten Island is an area of rela
tively severe shore erosion, any increases in tidal eleva
tion are undesirable.

This model has been developed to the point where it
can be an effective management tool for predicting the
effects different mining strategies would have on tidal
circulation and tidal elevations before a permit is issued.
Alterations in bathymetry by sand mining can have other
effects on the physical processes in the Lower Bay, partic
ularly on wave refraction. To evaluate these changes, a
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second model was needed.

EFFECTS OF MINING ON WAVE REFRACTION AND ON
THE DISTRIBUTION OF WAVE ENERGY ALONG THE SHORELINE

Kinsman et al. (1979) adapted a simple wave refraction
model developed by Wilson (1966) to the Lower Bay to eval
uate changes in the distribution of wave energy along the
coast of the Harbor that would result from changing the
bathymetry. When offshore, deepwater, wave trains move
into shoaling water and begin to "feel bottom" their crests
are deflected. When the coastal bathymetry is complicated,
as it is in N.Y. Harbor, the wave energy propagation can
be very substantially altered and the energy may be either
focused or defocused.

Until the advent of the high-speed computer our abil
ity to trace wave rays has been of little practical value
to those who must make decisions about coastal protection
and the issuance of dredging and mining permits. The
process required months of tedious labor at the drafting
board for even the simplest situations. Today, however,
wave ray tracing is a practical tool. The existing bathy
metry can be stored in the memory of a computer and rays
for the characteristic systems of waves which exist off
shore rapidly traced in to their points of impact. This
identifies those parts of the coast under intense wave
attack and permits comparisons of energy expended on the
several sections of a coastline. More important, it offers
a relatively simple way to determine the effect of any pro
posed mining on the distribution of wave energy along the
coastline before any permit is issued. One simply alters
the bathymetry in the computer memory to conform to the
depths of the proposed mining, re-computes the wave ray
patterns, and compares them with the previous results. At
this point the decision maker must determine whether the
changes are acceptable.

Kinsman et al. (1979) examined the effects of mining
different cells in the approved area on the East Bank of
Ambrose Channel to depths of 45 and 90 ft. below MLW. They
examined waves of 2, 6, and 10 second periods approaching
the Harbor directly from the East, and parallel to Ambrose
Channel traveling toward 297° T.

Their analysis indicates that there are now two
regions of particularly heavy wave attack: the stretch from
Hugenot Beach to Midland Beach on Staten Island and Coney
Island. Experience confirms what their computer tells us
about these two areas and lends some confidence that the
analysis for situations which could only be verified by
tearing up the Lower Bay are also valid. Their analysis
indicates that mining within the approved area on the East
Bank of Ambrose Channel would not eliminate attack on these
two areas, but would shift the intensity of attack on
points within them under different mining strategies.

This model has now been developed to the point that it
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can be an effective management tool for assessing the
effects of bathymetric changes associated with different
mining strategies on the distribution of wave energy along
the shore line of the Lower Bay.

EFFECTS OF MINED PITS ON WATER QUALITY

The question of the effects of mined pits on water
quality within the pits and in contiguous areas was
addressed by Swartz and Brinkhuis (1978).

They found that pits on the West Bank of Ambrose
Channel are being filled naturally with fine-grained,
organic-rich sediments. Brinkhuis (personal communication,
1979) estimates sedimentation rates of up to 10 cm/yr.
During summer, oxygen levels in the bottom waters of the
deep holes on the West Bank are depressed relative to those
in contiguous areas (Swartz and Brinkhuis, 1978). Through
out the remainder of the year, the waters within the holes
are generally well oxygenated.

Holes mined into the East Bank were flushed more
frequently by the estuarine flow. They did not accumulate
fine sediments, and remained relatively high in oxygen
throughout the year.

The effects of the pits on water quality are local;
confined to the pits. Their effects on tidal currents and
on tidal levels are more widespread. If the effects of
changes in bathymetry are unacceptable, there may be a
choice short of no mining.

POTENTIAL CREATIVE USES OF SAND MINING

Bokuniewicz and Schubel (1978) suggested that sand
mining might be coupled with dredged material disposal to
solve two of New York's pressing problems at once. Their
strategy calls for mining relatively deep pits into the sea
floor, backfilling them with fine-grained dredged materials
and capping with clean sand. While present policy prohibits
the excavation of deep pits, several already exist and
it has been proposed to backfill one of them with uncon-
taminated fine-grained material. If the necessary permits
are obtained, studies will be carried out to determine the
behavior of dredged material during dumping from a scow,
and subsequent to its emplacement on the pit floor. The
principal unresolved questions relate to the ability to
effectively cap fine-grained material that is relatively
high in water content and low in load-bearing capacity with
coarser-grained material, sand.

Whether back-filling and capping is a feasible opera
tion and whether it would immobilize deeply buried contam
inants to a sufficient extent deserves study. The possib
ility of solving two of New York's pressing problems at
once is intriguing.

Mining strategies could be devised to have other bene
ficial environmental effects. Mining near the mouth of the
Lower Bay could increase the tidal prism in the Lower Bay
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and the average tidal flow through the Sandy Hook-Rockaway
transect by as much as 20 percent. This increased flushing
would improve the water quality of the lower estuary. As
pointed out previously, however, mining near the mouth
could exacerbate shore erosion along Staten Island.

ECONOMIC CONSIDERATIONS

Concurrently with the environmental research, a series
of studies was carried out on the economic feasibility of
offshore mining for aggregate. It is important to distin
guish between mining for fill and mining for aggregate. The
texture of fill material is less well specified because its
use often does not require structural strength. Aggregate
material, on the other hand, must meet a variety of speci
fications for texture, composition, and physical properties,
depending upon the specific use intended. Most aggregate
materials consist of medium to coarse sands and gravels and
are mixed with portland cement to make concrete. Fill
material commands a lower price than aggregate and must be
able to be transported by the least expensive means possible.
Its commercial value is derived primarily from the very
large amounts needed. Underwater aggregate mining has not
been extensively carried out in the Metropolitan region to
date because of extensive deposits on Long Island and in
the Hudson Valley. These resources, however, are rapidly
being closed out, or exhausted.

Carlisle and Wallace (1978) concluded that regional
shortages of aggregate could be expected by the year 2000,
and that prior to that time transportation costs for aggre
gate materials would be sufficiently high to cause sup
pliers to look to offshore sources. Large quantities of
clean sand which would be suitable were found off New York,
but much of the nearshore material, and all of that in
approved mining sections of N.Y. Harbor, was too fine
grained for use as^aggregate. They concluded that "state
of the art" dredges could provide for the yearly construc
tion aggregate needs of the greater Metropolitan area in
about 12 weeks of operation, or less. This means that off
shore mining could be independent of weather, that offshore
processing and barge storage were feasible, but that some
sort of on-shore storage would have to be considered.

Guyette and Wallace (1979) made a cost analysis of
mining operations offshore of the Metropolitan region and
Courtney et al. (1979) considered the economic viability
of an offshore mining industry. They concluded that the
offshore mining for aggregate is currently economically
viable and would not be jeopardized by fluctuations in
annual demand. Economies of scale resulting from larger
capacity dredges are also apparent. Barge movement of sand
from mining site to shore was shown to be less expensive
than pipeline. The less expensive mining equipment "alter
natives" were mechanical methods, with the clamshell dredge
being least expensive. In terms of location of mining
sites, from purely economic considerations, New York Harbor
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and the region off the south shore of Long Island are the
two best sites. A projected future demand of 8.5 to 10.7
million tons annually, or about 64% to 80% of the total
regional demand was forecast. Potential annual saving
realized by the establishment of a least-cost offshore
industry as opposed to the alternative of no offshore
industry ranged from 35% to 41%.

Concluding Remarks

Studies have been completed: (1) to characterize the
quality and quantity of the sand and gravel resources of
the Lower Bay of New York Harbor, (2) to develop models to
assess the effects of different mining strategies on tidal
circulation, on tidal elevations, and on the refraction of
waves and the distribution of wave energy along the shore
line, and (3) to assess the impacts of deep pits on water
quality in the pits and in contiguous areas. These studies
are, in our opinion, adequate for management purposes. They
could, and should, be incorporated into a plan for effec
tive management of the mining of sand and gravel resources
of the Lower Bay with predictable and acceptable effects
on the environment. Only the detailed biological studies
remain to be done.

It is ironic that while we were preparing this paper
the State of New Jersey issued its first permit in more
than two decades for sand mining in its portion of the
Lower Bay of New York Harbor. The area they chose is near
the mouth of the Bay close to Romer Shoal. The proposed
mining area is contiguous to the area where New York State
prohibits mining because of potential adverse effects. The
permit for removal of approximately 2 million cubic yards
was issued apparently in a perfunctory fashion, without
any environmental assessment. Only after it was issued
did appropriate New York State agencies learn of the action.

It is distressingly clear that improved scientific
understanding is no guarantee of better, more effective,
management of mining activities in the Lower Bay of New York
Harbor.
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Storm-caused erosion and flooding of the nation's shorelines which
have long been subject to rapid and dense development pressures, have
in many cases resulted in economic losses and damage to coastal
ecosystems. The coastline of Nantucket is that island's most pre
cious aesthetic, recreational and economic resource. Nantucket cannot
affort indiscriminate development of its shoreline. Large areas of
previously undeveloped shoreline property on Nantucket present the
unique opportunity to apply effective coastal resource management in
order to avoid the consequences of inappropriate development.

It is becoming increasingly difficult for local regulatory officials
and planners on Nantucket to prevent development along sections of
the shoreline which are subject to severe erosion and floodings, and
are seriously unstable. To help them convince real estate agents,
developers, banks, and the potential purchasers of waterfront property
that any permanent development directly along the most unstable
sections of shoreline will almost certainly result in needless economic
losses and encironmental damage, these officials require reliable
data which document shoreline changes.

This study was initiated in cooperation with state and local officials
in order to provide data documenting historical shoreline changes as
a tool for coastal resource management. Erosion/accretion trends
over a total of 125 years were determined from two sources: historical
Coast and Geodetic Survey Charts (compiled by U.S. Army corps of
Engineers Beach Erosion Board) for the periods 1846-1887 and 1887-
19S5, and vertical aerial photography for the periods 1938-1951, 1951-
1961 and 1961-1970. Linear and area measurement of shoreline trends
taken by hand (historical charts) and with a zoom transfer scope
(aerial photographs) every 1000 feet around the entire shoreline of
Nantucket for the five time intervals, combined with error estimates,
were compiled to provide a complete record of average historical
shoreline changes. Detailed base map keys to the transects are pro
vided in the final study report so that any official developer, real
estate agent, mortgage examiner, or private buyer could locate a
particular piece of waterfront property to within 500 feet of a
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transect, and derive historical erosion/accretion trends from the
tabulated data. For those with a basic interest in the entire

Nantucket coast, summaries of general shoreline trends are included.

The most severe erosion problems on the island are along the south
shore where erosion has averaged 6-10 feet per year and in some cases
has exceeded 20 feet per year. The east shore was much more stable
than would be expected, given an open ocean exposure to the north
east. Erosion rates from less than 1-3 feet per year are attributed
to extensive shoals offshore which dissipate much of the incoming
storm wave energy. The section between Great Point and the East
Jetty was the roost stable shoreline examined. Here, the overall trend
was accretional, though at a very low rate. Erosion averaged 1-3
feet per year between the West Jetty and Smith Point. In general,
of more than 215,000 feet of shoreline examined, -only 20,000 feet
were consistently depositional over the entire 125 year period.
Accretion did occur at many locations, but only as a transient
condition.

This study was undertaken to document transient shoreline change
patterns to help avoid the consequences of development at unstable
locations. Examples are presented showing how the study has already
been used to resolve conflicts between developers and local regula
tory officials, protect the investment interests of potential buyers
of shoreline real estate, and as an aid to town planners and conser
vation interests for coastal resource management. Essentially, the
results of the study will be used as a tool to effectively manage the
shoreline and avoid the economic and environmental waste associated

with mismanagement so common along other shorelines of the United
States.
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Coastal Geologist, New England River Basins Commission
^Research Assistant
4Executive Secretary, Nantucket Conservation Foundation, Inc.
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