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HAVE GENERATED BOTTOM VELOCITIES IN BROWNS LEDGE AREA

INTRODUCTION

~ The Dobson wave refraction computer program (2) has been combined with
firstmordeﬁ Tinear Airy wave theory (4) to produce maximum bottom horizontal
water particle veTocities‘(bottom velocities) for waves moving across the
Browns Ledge area. :Equa11y‘spaced wave rays, simulating a monochromatic
wave front, are refracted acréss planar depth grids towards the proposed
Browns Ledge dredge disposal site. Various "deep waier" monochromatic wave
periods, neights, and directions ranging from the southwest to east (225°
to 90°) are advanced in the form of'wave orthogonals or wave rays. Groups
of these wave rays simulate a wave front, the computer simulation being
caiTed wave ray p]otslor diagrams. At points along these "refracted" wave
rays moving across the Browns Ledge areé, bottom ve]ocities are calculated.
These velocities are then computer contoured and plotted to elucidate bottom

regions of high energy (i.e., large bottom velocity regions).

THEORY

In order to‘study the movements of waves across the continental shelf,
the theory of "monochromatic"” wave refraction is employed. Monochromatic
wave refraction theory attempts to model the ﬁovement of wave energy from
deep to shallow water for a singular wave period, height, and direction.
Computerized wave refrqction methods employ wave rays, which are perpendicular
to a wave front. The assumptions are made that no energy passes laterally
across these orthogonals; that energy losses due to visious dissipation,
bottom friction.are heg?igib]e; no wind stress or currents are present, and
that Tinear wave theory holds (small ampiitude waves). As these gravity

water waves move from deep water in shallow water they tend to bend or refract

with phase velocity according to Snell's lLaw (4) (Figure 1).
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Equation [2.2] illustrates the dependency of Tinear phase velocity with

wave period and depth. Thus the angle of wave ray

travel becomes a func-

tion of the variatio’n of depth along a wave ray. The wave rays become

subject to progressive curving or bending as they progress into shallow

water tending to allign themselves perpendicular to bottom contour lines. [Fle-?;]
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As an iliustration, consider two adjacent wave rays representing a
wave front propagating into shallow water [Figure 3]. Allow b] to be the

distance between the orthogonals in deep water and b, the distance in shallow

2
water. Assuming wave energy is conétant, between rays, equation [3.1] follows

[3.1] b]H-12Cg.l = b2H22C92 o : a (4)

i

Cg
)

group velocity

wave height

The wave height in shallow water becomes

}
. o b])ﬂf@ Cg})la
[3.2]1  Hy = H {'55 Co,l = Mkeks
by
K. = — = refraction coefficient.
r bz
. 5 poat .
Ks = Eﬁg = shoaling coefficient

where the wave height is a function of a shoaling and refraction coefficient.
The mathematics of determining the change of wave ray angle, and refraction
coefficient are described in detail by Dobson (2), Rabe (5), Skovgaard et al.

(6)_and Breeding (1).




Of primary interest in this work are the wave generated bottom
velocities. The velocity potential for a small amplitude progressive airy

- wave travelling in the positive x-direction can be written as (IPPEN)

[4;1] b = = ag cosh k (n+7) cos (kx - ot).'

g cosh kh

The hqrizontaT velocity component may be obtained by differentiation of [4.1]

: ' - . 93¢ _ agk cosh k (h+z)
(4.2 v 8 ¢ cosh kh

sin (kx - ot)

t = time

o = wave frequency = 2 «/7

u = horizonfal water particle velocity
a = wave amptitide = H/2 ‘

Equation [4.2] defines the horizontal water particle velocity throughout
the water column Z, as a function of time, t, depth, h, wave number, k, and

wave amplitude, a [Figure 4].

PROBRESSIVE ALY WEANE TRAV
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Evaluating [4.2] at Z = - h (af the bottom) and setting sin (kx -~ ot) equal

%0 one, equation [4.3] is derived.




[4.3] U max ='%— %- Eé%ﬁl[%;ﬁ])

Z=-=nh T = wave period (secs.)

tinear Airy wave theory assumes no net water particle trahsporé with
time as evidenced by the cosine term in equation [4.1]. Equation [4.3]
illustrates the dependence of wave generated horizontal water particle
velocity with wave he1ght, phase speed, and water depth. MWave height, wave
ray refraction, and herizontaT particie velocities are all a function of

water depthg wave per1od, and initial wave ray direction . (4)

PROCEDURE OF STUDY
The Dobson wave refraction coﬁputer program was employed to model the

movement of wave rays across the southern Rhode Island continental shelf

. towards the Browns Ledge area and proposed dredge spoil dump site. The

Dobson program requires an array of equa]lj spaced depth values along a two-

dimensional Xx-y depth grid. Seven different depth grids of various scales

and grid unit capacities were required for use in this study (Figure 5

and Table i); Depth values were extracted at equally spaced points from the
1938 and 1967 C & G S Hydrographic mercator map projections (8). The grids
were chosea to provide an overlay of depth values for wave refraction, for
rays of generaT southwest to easterly direction. Grid 6 was extended to 40°
15! Iatitude in order to provide depths Tor storm waves approeching from the
3w to SE range. Grid 3, the general target area for wave rays in this.study
(Tongitude range 51°10';71°01'36" and latitude 41°16'-41°21.6') encompasses
the Browns Ledge area and the proposed dump site; range 71°04.8'-71°03.4',
41°17.8'-41°18.8". |

The original computer program was modified to 1ncorporafe the seven

depth grids, each of varying scale, spatial location and grid wnit sizes.

Depth values in each depth grid were punched on IBM cards and then stored on



il
Doy
A
: i

H

1

PR
'

) L

rm—

. '

. . ¥
' : '

v : i
e cr
"W 1

Dume 1

]

1S0d INAAATTL 2

SN NI ORI
‘WD D1 OLA0L DO9YWOZ



- GRID.
NUMBER

LATITUDE
RANGE

40°4¢'
41°00"

41°00'

41°21'36"

41°16"
41°21' 36"
41°00"
41°07' 50"
47°00"
41°15"
40°15'
40°45'
40°40"
41°00'

TABLE 1

LONGITUDE
RANGE

- 71°39'20"

70°33'

71°26° 56"
70°49"
71°10"
71° Q7' 38"
71°26°
71°36'14"
70°49¢
70°23'8"
72°36'48"
69°36'24"

70°15°
70°36'

X-Y GRID
UNITS

79x%
32y

92x
69y

50x
55y

- 20x%
26y

&0x
46y

138x
3y

17%
21y

GRID UNIT
- SIZE
(N.M.)

09645
0.318
0.103
Q.318
0.340
0.818

0.818

C & GS
MAP

H-6333
H-6447

H-6444
H-6445

H-6445
H-6330
0808N~-51
0808N=-52

=54

0808N=-51



on an IBM 370 disk member for use by the program.

Instabilities in the Beta (ray separation factor) variable in SUBROUTINE
HEIGHT (see Dobson [2]) led to refraction coefficients of 5 to 10 giving
unbeife?able wave heights. This happened whenever a’$§§;ray moved from

shallow water into deeper water {i.e., negative %% and %%’s). This instability

was overcome by averaging successive Beta values in the Tinite difference

s 3h 3h
equation whenever ax °F 3y

A graphical presentation of wave ray refraction was developed through the

(PHX or PHY) became negative ('A‘).

use of the URI IBM 370 plotting subroutine packages (3). A subroutine was
added to the Dobson program to draw the Tand boundéries and Tines of latitude
and Tongitude on the wave ray p]ots to provide visual references.

Bottom velocities were caiculated in the Dobson program using equation
[4.3] for each individual iteration point for wave rays moving inside Grid
3, the Browns Ledge area grid. These X-y co-ordinates and-corresponding
bottom velocities for each wave ray plot canlbe stored by fhe program on a
Pisk member. A program was written to contour the bottom velocity data for
monochrcmatic wave data at intervals of 5 cm/sec.

An alternate plotting routine was added to'the program as a “"blow up"

o plot wave rays across Grid 3, from deep water.

RESULTS

In order to gain insight into wave condftions in the.Squthern Rhode
Island area, ship observations (SSMO) were used and plotted in Figures 6, 7,
8-A,B.C,D, 9-A8B. These data were taken from Naval Ship Observatioﬁs (7).
within Marsden Square #5 (Figure oc). It is assumed as standard procedure
that wind direction.is the same as the wa#e direction in this data. Figure

6 shows a decrease of 2 to 3 feet in the significant height in the summer

(°A*) Personal discussion with Dr. Malcolm Spaulding, Dept. of Ocean Eng.,
University of Rhode Island.




9.
months as compared with the winter ané fall monthg. Figures 8~A, B, C and
. ﬁ illustrate wind direction recorded for the highest thixd of the waves on
l; a monfhly basis. Figures 9-2 and B describe a five—yeér accumﬁlatigg of
Vj_all wave height and wind direction data for the highest third of the waves.

Figure iQ illustrates deéth contours in 5 foot intervals for Grid 3,
the Browns Ledge aiea. The x'and vy axes are in Grid 3 units. The proposed
’ one square nautical mile dredge disposal site is marked on the contour map.
Included in the appendix are ééctions of wave ray-refraction
. plots and corresponding bottom velocity contour plots for 7.0, 8.0, 9;0,
10.0, 11.0, and 12.0 seconds respeétively. (Sections 1 = 6},

For each wave period there are six deep‘water directional approaches
ranging from SW to E;.225°, 202.50, 180.00, 157.50, 1350, and 90o respectively.
Upon these "main" refraction plots, thé Browns Ledge area (Grid 3) and the
disposal_site are marked with squares. A£ given deep water directions, for
each period, "blow upé'of the wave rays paséing through Grid 3 are given
as “"sub plots”. 'Followingleach wave ray subplot are given "monochromatic-
linear wave" generated bottom velocity plots at a giﬁen deep water wave
height for a specific deep water direction and period.

These bottom velocity charts are computer "fitted" contours for the
instantaneous maximum horizontal bottom ve;ocity at points along thé wave
rays passing across Grid 3, the Browns Ledge area, They illustrate regions
of instantaneous wave induced bottom energy.

It 1s interesting to note that the areas of high bottom velocities

»

{30 - 60 cm/sec) for wave periods of 9.0 seconds and greater correspond to
areas of shallow depths; in the range of 50 -~ 80 feet {(ledge areas ). For
16.0, 11,0, and 12.0, =second waves of 3.0 and 4.0 foot initial deep éater
height, bottom velocities across Browns Ledge range from 15 to 30 cm/sec

within the propoged dredge digpozal site. For wave periods of 7.0, 8.0,



0.
and 9.0 seconds, of initial deep water height, bottom. velocities inside

-the disposal site range from 5 to 20 cm/sec,

CONCLUSIONS:

These wave refraction.plots provide a visual experiment in wave
movement adross_thé'confihental shelf towards Browns Ledge. The bottom
selocity chérts should not be‘used to infer an overall direction or
magnitude of wave induced bottom drift current, as airy wave theory
assumes no net particle drift or mass transport. These numbers rep-
resent the instantaneous maximum horizontal bottom speed for a mono-
chromatic wave front.

Bottom sPeedS'inﬁrease with decreasing depth, increasing wave
period and wave height. It ié assumed that a wave spec&rum in direction
and period is not present, and that there are no interactions with the

tides, winds or density currents.
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SECTION 2

Wave Refraction Diagram

-(Computer Plotted Wave Rays)
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