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ABSTRACT

Present sand arid gravel mining operations within the Lower Bay of New

York Harbor are restricted to the east bank of Ambrose Channel and to the vi-

cinity of Chapel Hill North Channel because of the concern than mining in other

areas might adversely affect ~ater quality and shore erosion. As part of an

evaluation of environmental affects associated with expanded sand and gravel

mining we have simulated numerically tidal circulation patterns and tidal el-

evations in Lower Bay for a number of altered bath!metrics corresponding to

hypothetical mining operations. Results suggest that tidal currents will de-

celerate over the mined region and accelerate outside of them, and that the

tidal stream will be deflected towards the region, It is also clear rhat the

mining near the mouth of the Bay could increase tidal range along Staten Island

substantially.



INTRODUCTION

Research having as an overall goal the evaluation of environmental ef-

fects of sand and gravel mining in New York harbor is presently being sponsored

by New York State Sea Grant Institute. Stated goals of this research include

an assessment of the environmental impacts that would result from varied and

expanded sand and gravel mining activities including different rates and patterns

of remov"l in different parts of the Harbor. Present. mining operations within

the harbor are restricted to the east bank of Ambrose Channel and to the Chapel

Hill North Channel  Figure 1!. These restrictions «ere imposed largely because

of concern of the New York Department of Environmental Conservation that acute

ecological impacts of mining in other areas would be greater and thar. cha~ges

in the bathymetry might adversely affect water quality and shore erosio~. There

is no scientific basis for these assertions and restriction of mining to the

present area has diminished the economic value of recovered sand because it is

suitable only as fill. ln other areas of the Harbor aggregate grade material

does occur  Figure 1! and it should be utilized if no persistent adverse effects

would occur.

Fundamental to an assessme~t of the environmental impacts which would re-

sult from varied or expanded mining activity is a determination of the changes

tidal circulation and tida' elevation in the Lower Hay which would be pro-

duced by the changes in bathymetry. Using a numerical model, «:e have simulated

tidal circulation patterns and idal elevations in the 5ay for a number of a'�

tered bathymetries corresponding to hypothetical sand and gravel mining operaticns.

l~'e have attempted tc assess the effects of mining activities on tidal circulation

and tidal elevation in light of these simulations. These assessments should be

useful for the development of an effective management plan for sand and gravel

mining in Lower Bay.
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, METHODOLOGY

The model used here for the prediction of tidal circulation patterns and

tidal elevations in Lower Bav is a finite element h:drodynamical-numerical

model CAFE-1 developed under the Sea Grant program at the Nassachusetts Institute

of Technology [Connor et al., 1973; I"ang and Connor, 1975; Pagenkopf et al.,

1976]. It is based on vertically integrated conti~uity and momentum equations,

which are adequate for simulations of tidal circulation in the shallow waters

of the Lower Bay, and it provides for a flexible gridding stategy.

In our application of the model, the Lo»er Bay is enclosed by four land

and four open boundaries  Figures 2a & b!. The open boundaries are at the. Narrows,

at the mouth of the Raritan River from South Amboy to Perth Amboy, along the

Sandy Hook to Rockaway Point transect, and at Rockaway Inlet. The land boundaries

follow the mean low water 2 m isobath. 4'e have subdivided the interior domain

of the Bav into 490 grid elements  Figure 2a!. The grid size »as refined to

about 500 m in the areas of potential sand and gravel mining  Figure 1! and ex-

panded in the areas »here the bottom material is mud  Figure 1!.

Basic information which must be supplied is a representative mean lo»

water depth for each node and the time variation in surface elevation along all

open boundaries. This information is available from the National Ocean Survey

in the form of hydrographic charts and harmonic constants for the different

tidal constituents, For -simplicity, »e specified only the semi � diurnal lunar

tide at the open bounda:ies  Table 1!, and we assumed that along an open

boundary the tidal elevation is in phase and has a constant amplitude.

Our m- in objective was to assess the effects of specific bath~~etric

cha ages on the tidal circulation and tidal elevations in the Lo»er Bay. This

objective was met by f i" st running the model f or several tida' cycles to compute

tidal currents  Figures 3a & b! and tidal elevit ions for exi sti ng bathymetry  XOS
I

hydrographic chart No. 12327, 70th L'd., July, 1977! .
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Table l. Ampl ' tude and phase oi ."fz t''de specified at the open
boundaries.

Boundary

0.673 220,7Kara.ows

0.737 2l3. 2

0.676 218.0

0.737Rockaway Inlet 2la 2

Perth Amboy � South Am'boy

Sandy Hook � Rockaway Point

Amplitude

 m!
Phase v

  !



The frictional coefficient was adjusted to obtain reasonable agreement

bet! een simulated currents and current observations made bv the Nat ional Oc ean

Survey and reported by Pritchard, Okubo and i~fehr [1962]. Bottom stress terms

in the model are in the form

b q
= C o q'+q!

x f x y z

b = c p q' + q'!" ~
f x

b
where r and z are horizontal bottom shear stresses in the x and y directicns,v

q and q are discharges per unit width, H i
X y

the water, and C, = n g/H~/ is the Manning'

s the depth, o is the density of

s friction coefficient. We have

used a constant value of 0,036 sm . ~ for and thus C is inverselv propor-
f

tional to H- . Since our main concern was the tidal circulation, no surface

wind st ess was applied.

Ve selected a time step of 40 seconds fcr the computa iions in connection

Having run the model or several tidal cycles for existing bath!-.,ietz y,

the model on thE same grio f ol 2 'var- e.y cf bath!metric con igu a-we teen ran

tions altered to re-resent the effects of sand and gravel mining activities and

co=,-ared the results ".o those fro= t',ie first run. For eight separate conf igu-

rat' ons  Figure 2b! we artif 'cialli increased the death tc 15 m below mean ' ow

water. The depth cf 15 m is in keeping with curren U. S. Ar..iy Corps of Engineer '

regulations. Our objective was io assess the importance of both the positicning

and the areal extent of the mined region with'n the Lower Bay The locaticns

10

with the grid system in Figure 2a. This time step was determined by the Courant-

Friedrichs-Lew! Criteria that requires Lt LS/i~2gH where 'S is tne grid spec"ng

and H is the depth.



chosen corresponds to areas of potential sand and gravel mining. This was de-

termined by the geophysical and sedimentalogical studies of Schubel and Fray

<Kastens e a2., 197&] who have documer'.ted the distributio~ and character of

the re ource throughout the Lover Bay of New York Harbor  Figure 1!.

Figures 4, 5 and 6 provide - comparison of the tidal circulation pat-

ternss before and after hypothetical miring at seven of the locations. Solid

lines indicate the outline of the hypothetical mining area, dashed arrows in-

dicate current vectors for existirg bathymetry, and solid arrows indicate the

predicted tidal currert vectors after the hypothetical mining to a depth of 15 m

below mean low water. Ve have not presented a comparison for the large hole

. 'ned in Raritan Bay; the computed tidal currents in the area for existing

bathi~etry are quite low, often of the order 5 cm s , and the change in currents!

for the altered bathymetry is at most a few centimeters per second. For selected

elements  Figure 2a! we have tabulated the magnitude of current velocities

 Table 2! to demonstrate quantitatively the effects of mining.

The tidal elevation above mean low water at each node is also computed

bv the model. Ve have examined the effects of ~ining on tidal range along

Staten island where shore erosion has been a serious problem. Figures 7 and 8

provi<.e a comparison of tidal elevation before and a ter each of the eight

hypothetical ~ining activities for nodes 10 and 116  Figure 2a!, respectively.

RESULTS

The circul-tion patterns n Figures 0 through 6 indicate that hypothetical

sand and gravel mining activities could change not cnly the magnitude but also

direction of the curren s, All comparisons inoicate that the current vel-

oci v decreases inside the mined area  the hole! and i~creases outside the

11
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Figure 6

14

Comparison of tidal current vectors near maximum ebb
at Sandy Hook computed for existing bathymetry  dashed
arrows! and altered bathymetry  solid arrows! for  a!
small region,  b! intermediate size region,  c! very
large region mined near Staten island  see Figure 2b!.
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perimeter of the hole. Table 2 suggests that the change in current magnitude

can exceed 20 cm s and currents may be accelerated over some distance ~ rom

the hole. Figures 4 through 6 show that upstream of the mined area the flow

is deflected towards the hole, and that the deflect- on increases with the size

of the hole. In general, it is clear that a large hole is capable of acce' cr-

ating currents and changing their direction substantially over some distance

from its perimeter, while a smaller hole is more effective in decelerating the

currents within its perimeter.

To see why flow towards a hole first accelerates and then decelerates, it

is useful to examine the idealized problem of two-dimensional potential flow

 no friction! over a semicircular ditch with a uniform flow U at great distance

upstream of the ditch  Figure 9a!. Milne-Thomson �965! derived a relationship

between the square of the current magnitude Q and the coaxal coordinates e and

n  Figure 9b! for this flow pattern:

16 U~ cosh n � cos E
81 2q 2c

cosh � - cos�
3 3

�!

By examining Q we can see how the velocity of the flow changes as it approaches

the ditch from infinity. At infinity Q ~ U~  equation 2! . As the flow p-2 2

proaches the ditch from upstream, it is no longer uniform; the streamlines are

compressed and the speed increases. Two points upstream of the ditch, A' and

A"  Figure 9b!, have been chosen to demonstrate this situation. From equat ion

The speed can therefore become quite large near the ditch. Once the flow has

past over the edge of the ditch, tne speed decreases according to equation �!,

At the bottom of the ditch  n = 0, s 3x/2!, for example, the speed of the flow

18

�!, Q at A' is 1,12 U~ and Q at A" is 1.07 U . 3i'hen the flow approaches
2n

the edge of the ditch, n becomes very 'arge and from equation �! Q ~ e 3 .



Figure 9 Two-dimensional potential flow past a semicircular
ditch  a!; coordinate systero defining the coaxal
coordi~ate t = 6> - 82 and n = ln r~/r~! used to describe
flow  b!  see text!.
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is only 0.22 U~. Similarly, from equation �!, the flow will be accelerated

do~mstream of the ditch.

This simple case of a two-dimensional potential flow over a ditch is

frictionless. In our problem the flow is not frictionless, larger holes are

relatively less effective in decelerating the flow inside their perimeter than

smaller holes since bottom stress is reduced over a larger area and the flow

tends to accelerate.

In examining the tidal elevation in Figures 7 and 8, it is important to

realize that the time scale in both figures extends only to 16800 seconds,'ap-

proximately ~< tidal cycle! and that approximately the f irst 6000 seconds are

model spin-up. 'The solid and dashed lines represent tidal elevation above some

arbitrary datum; the tide is actually oscillating about mean tide level at some

distance above that datum. With this in mind and referring to Figure 7a, for

example, we can see that there has actually been an increase in tidal amplitude

of approximately 6 cm at node 10 for the small hole mined near Sandy Hook.

The results presented in Figures 7a b! and 8a b! suggest that mining ac-

tivity near Sandy Hook could increase the tidal range along Staten Island

substantially. Ihe small hole near Sandy Hook will increase the tidal amplitude

at node 10 by 6.3 cm and at node 116 by 4.9 cm, The large hole near Sandy Hook

will increase the tidal amplitude at node 10 by 15.3 cm and at node 116 by 11.6

cm. Results for mining near Rockaway Point are similar  Figures 7c d! and 8c d!!

Ihe small hole will increase the tidal amplitude by 7.3 cm and 9.9 cm at nodes

10 and 116, respectively. The large hole will increase the tidal amplitude at

node 10 bv 10.8 cm and at rode 116 by 10.3 cm. This suggests that the tidal

range along Staten Island might increase as a result of any increased sand and

gravel mining activity near the mouth of the Bay. Ihe degree of increase in

tidal range seems to be determined by both the location and the size of the hole.

20



The effect on tidal range of mining activity near Staten Island  Fig-

ures 7e through 7g and 8e through Bg! is much less thar that associated with

mining near the mouth of the Bay. At node 10 all three holes tend to decrease

the tidal amplitude slightly; at node 116 the smallest hole tends to decrease

the tidal range, the larger one has little affect, and the largest hole tends

to i~crease the tidal range slightly. The nature of the cha~ge in tidal am-

plitudes at node ll6 seems to be determined primarily by the position of the

hole. At points near the hole the tidal range increases; at points distant

from the hole the tidal ranges decreases. Figures 7h and Hh indicated that the

lar e hole in Raritan Bay has almost no effect on the tidal range along Staten

Island.

CQi~'CLUSIONS

It is apparent from the current simulations that increased sand and

gravel mining would change the tidal circulation patterns in the Lower Bay,

Currents will decelerate within the holes and accelerate outside of them. The

water upstream of a hole is deflected towards the hole, Larger holes are more

ef f ective in changing the magnitude and direction of the current outside their

perimeter while smaller holes are more effective in decelerating the current

within the hole.

It is also clear that hypothetical mining near the mouth of the Bay

could increase -he tidal range along Staten Island substantially; the degree

of increase would depend on the location and size of the hole. Mining activitv

near Staten Island would alter the tidal range slightly and mining wjrhin

Raritan Bay would have almost no effect on the tidal range along Staten Island.

We can conclude that expanding the sand and gravel mining activities

21



east of Ambrose Channel and near the mouth of Lower Bay could alter the cir-

culation pattern somewhat. A possibly more important effect, however, would be

the substantial increase in tidal range along Staten Island. The effects of

mining west of Ambrose Channel would be similar. This increase in tidal range

might aggravate the problem of sncre erosion along Staten Island; it could,

however, have the beneficial effect of improving flushing rates between Raritan

Bay and the eastern part of Lower Bay, Mining activities further removed . rom

the vicinity of the mouth of Lower Bay should produce less of an increase in

tidal range along Staten Island.
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C f 1'tanning' s Frictional Coefficient

H depth

q discharge per unit width in y direction

Q' square of current speed

density of the water
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T botto~ shear stress in x direction
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L'S grid s1ze

time increment
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gravitational acceleration

discharge per unit width .n x direction

uniform stream at infinity

coaxal coordinates, see Figure 9

bottom shear stress in y direction
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