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Figure 15-3. Temporal distribution of wave data, Baltimore Canyon Trough
Shelf area. '
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outline the methods of observing waves for shipboard observers. In
the instructions of one of three procedures, it states:

"essOnly high values will be recorded and the result will be
the distribution of the highest parts of the short-crested
waves within the field of vision of the observer. The low
waves will be neglected or ignored by this procedure almost
entirely...”

It is for this reason that the data available from ship
observations closely represent the significant wave, and were,
therefore, utilized in the development of the wave climate. This is
also noted in Williams et al. (1977).

The twenty—five years of Ship Wave Observations were presented in
tables of Percent Frequency of Wave Heights and Periods; the
percentage of waves of a given height interval in a certain period
interval was presented for 30° compass directions (Figure 15-4).
Because height and period intervals are presented in the tables
instead of specific measurements for wave heights and periods, a mean
value for each interval was used in computation of the seasonal wave
parameters. Also, the Ship Wave Observations are presented for "NOAA
Seasons”. The four seasons employed by NOAA in presenting their data
are winter (December - March), spring (April - May), summer (June -
September), and fall (October — November). Because of this, all of
the other data used to compile this report were adapted to this
seasonal format. When Ship Wave Observations are used, it should be
kept in mind that the data are observations of the wave height and
period by a more or less untrained observer on board a ship; the data
are based on direct observation, and not on measurement, and are,
therefore, subject to a wide variety of biases. However, Ship Wave
Observations do provide valuable data on wave statistics. Studies by
Gutman (1976), Gutman et al. (1977), and reported here, show that
observations of wave height are closely correlatable to measured
significant wave heights, while observed wave periods are
approximately 25-50Z smaller than measured significant wave periods.
The latter appears to be due to the bias of the observer in seeing
only the shorter period waves when more than one wave train is
present.

The EG & G data were taken for two years from 3 April 1973 until
31 May 1975 by two closely-spaced waverider buoys in approximately 12
m of water off of Little Egg Inlet, New Jersey. Wave height and
period measurements were taken for 5 minutes once every six hours from
3 April 1973 through 3 August 1973. For the rest of the time that the
gages were in operation, measurements were made for 10 minutes once
every six hours. During some months, both buoys were in operation,
while there were other months that only one buoy was in operation.
There were also some time periods for which no record was available,
due to breakdown or servicing. (Time periods when the gage was not

15=9
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Figure 15-4. Example of data output from the Ship Wave Observations,
Marsden Square 116, Subsquares 82, 83, 92, and 93 for
fall 1948-1973, 290°-310° azimuth.
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operational are 9-22 January 1974, and 31 October - 6 November 1974.)
Each reading taken by the buoy was presented in a table giving both
the height and period measurement. The height reading was presented
in the form of significant wave height. According to the EG & G
reports, “"the significant wave height is defined in this report as
four times the standard deviation of a wave record. This yields a
measure very close to the one obtained by averaging the highest
one-third of the waves in a record (generally within 5%)" (EG & G
1974a) . The method in which the period was presented varied, thus,
requiring some recalculation of the data. During April 1973, the data
for the period was presented in the form of zero-up—crossing period
(Tz)*, while during all successive months, the peak spectral period
(Tp) was presented (Burch, EG & G, personal communication, 1977). In
order to compare this with the Ship Wave Observations, Ty and T, were
converted to Tg, significant wave period (Tg = 0.94 Tp, Tg = 1.37 Tz,
after Goda 1974). From the resulting height and period data, seasonal
and monthly wave statistics were calculated.

The data for BLM/NOAA Buoy EB-41 are composed of approximately
one year of measurements (all that was available), from 23 October
1975 to 7 September 1976. Period and height measurements were made
once every three hours by a buoy located in the southwest corner of
the lease Block at 38°42'N latitude and 73°36'W longitude. The
measurements were presented in tables giving the height and period
each time that the buoy took a reading (U.S. Department of Commerce,
Environmental Data Service, Asheville, North Carolina 1976). The wave
height measurements were presented in the form of Hg, and wave period
measurements were presented as T, (zero—up-crossing period). Because
the wave period presented in the supplied data is in the form of
zero-up-crossing period, this was converted to Tg (Tg = 1.37 T;) (Goda
1974). From the resulting data, mean seasonal heights and periods
were computed (Figures 15-5 and 15-6) (Tables 15-2a and 15-2b).

Discussion

Seasonal Wave Height and Period Variatioms

Since the NOAA Ship Wave Observations were presented by season
instead of by month, raw monthly data from BLM/NOAA Buoy EB-41 and the
EG & G gage (Tables 15-3a and 15-3b) were averaged and seasonal
heights and periods were graphed (Figures 15-5 and 15-6) to aid in
comparison. The graph of mean seasonal significant wave heights shows
that there is a pattern to the seasonal variations; the largest
heights occur during the winter and fall, and the spring and summer

*T, is defined as the interval of time between two adjacent upward

going zero crossings (Goda 1974, p. 321). Tp = T/.83, where T = mean
wave period (Goda 1974, p. 334).

(TEXT CONTINUES ON PAGE 15-17)
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Figure 15-5. Mean seasonal significant wave heights for Ship Wave Observations,
Marsden Square 116, Subsquares 82, 83, 92, and 93, NOAA Buoy
EB-41 (23 October 1975-7 September 1976), and the EG&G Wave Gage
(3 April 1973-31 May 1975).
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Mean seasonal significant wave periods for the Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92,
and 93 (December 1948-November 1973), BLM/NOAA Buoy EB-41

(23 October 1975-7 September 1976), and the EG&G Wave Gage
(3 April 1973-31 May 1975).
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Table 15-2a. Mean seasonal significant wave heights and standard deviation for ship wave
observations, BLM/NOAA Buoy EB-4l, and the EG & G wave gage, in meters.

. Winter Spring Summer Fall
Source ‘E; g ‘jii g ﬁ;ﬁ o EAA, g Dates Observations

Ship Wave Obs.

(MSs 116, SS 82-

83, 92-93) 1.70 1.21 1.20 0,80 1.15 0.77 1.50 1,04 12/48-12/73 17,945
Ship Wave Obs.

(10/75-9/76) 1.59 0.93 1.23 0.81 1.13 0.63 1.81 1.26  10/75-9/76 1,955
BLM/NOAA Buoy

EB-41 1.61 0.85 1.13 0.71 1.02  0.56 1.49 0.88 10/75-9/76 2,613
EG & G Wave

Gage 0.96 0.55 0.85 0.37 0.79 0.35 0.83 0.46 4/73-5/75 3,756




ST=CT

Table 15-2b. Mean seasonal significant wa§e periods and standard deviation for ship wave
observations, BLM/NOAA Buoy EB-41, and the EG & G wave gage, in seconds.

Winter Spring Summer Fall
Source Tg o Tg & Tg o Tg o Observations

Ship Wave Obs.

(MS 116, SS 82-

83, 92-93) 6.30 2,22 5,60 1.80 5.60 1.75 6.10 2.04 12/48-12/73 17,945
Ship Wave Obs.

(10/75-9/76) 5.68 1.91 5,24 1.35 5.37 1.53 6.28 2,32 10/75-9/76 1,955
BLM/NOAA Buoy
EB-41 7.64 2,21 6,99 1l.44 7,14 1,42 7,90 2.53 10/75-9/76 2,613
EG & G Wave

Gage 7.62 2,51 7,02 2,08 7.35 2,44 7.55 2.63 4/73-5/75 3,756




Table 15-3a. Mean monthly significant heights for BLM/NOAA Buoy EB-41
and EG & G Wave Gage. The EG & G data is for 3 April, 1973
to 31 May 1975, and BLM/NOAA Buoy EB-41 is for 23 October
1975 to 7 September 1976,

EG & G " EB-41
Month Hg (m) o _Hg (m) o
December 1.03 0.65 1.72 0.80
January 0.90 0.52 1.75 0.84
February 0.96 0.52 1.53 0.79
March 0.94 0.58 1.46 0.90
April 0.86 0.41 1.13 0.80
May 0.85 0.34 1.14 0.61
June 0.84 0.39 1.07 0.46
July 0.68 0.21 0.86 0.38
August 0.76 0.34 1.14 0.79
September 0.86 0.38 1.09 0.35
October 0.85 0.51 2,03 0.91
November 0.81 0.39 1.37 1.05

Table 15-3b. Mean monthly significant periods for BLM/NOAA Buoy EB-41
and EG & G Wave Gage. The EG & G data is for 3 April 1973
to 31 May 1975, and BLM/NOAA Buoy EB-41 is for 23 October
1975 to 7 September 1976.

EG & G _ EB-41

Month Tg (sec) g Ts (sec) g

December 8.30 2.71 8.27 1.55
January 7.57 2.24 7 .40 1.03
February 7.67 2,54 7,02 1.41
March 7.23 2.66 7.82 3.50
April 7.03 2.11 6.89 1.43
May 7.00 1.94 . 7.10 1.45
June 6.43 1.51 7.07 1.06
July 8.00 3.33 6.74 0.86
August 6.96 2,15 7.30 1.73
Septmeber 8.17 2.46 8.66 2.14
October 7.88 2.52 7.50 3.60
November 6.89 2.71 8.02 2.06

15-16



heights are lower. The lower heights observed for fall for the EG & G
data may be due to the fact that the gage was not working due to
servicing during the early part of November 1974. Also, during the
first 9 days of November 1973, only two measurements were made a day,
resulting in less data for the month of November.

The most interesting factor to be observed from the graph is the
reduction in the wave height from deep to shallow water (represented
by the EG & G data). In addition to showing the lowest wave heights,
the EG & G shallow water (i.e., 12 m depths) wave data show the least
difference between seasons., This is because many of the higher winter
and fall waves are caused by westerly winds, which become far less
important closer to shore. This correlates with both the data and
conclusions reported in Williams et al. (1977), in which ship
observations taken in both the inner and outer shelf were compared.
The fact that the wave heights of BLM/NOAA Buoy EB-41 are slightly
lower than the ship wave observations may also be related to the fact
that EB-41 is on the landward side of the area of ship wave
observations (Marsden Square 116).

The wave periods also show seasonal changes with winter and fall
having the longest waves (about 0.5 seconds more). However, there is
a large difference between observed and measured (EG & G and EB-41)
wave periods, with the latter being about 25 percent longer (7.5
versus 6 sec) than observed waves. This correlates with similar data
compiled for the area adjacent to southeast Virginia (Gutman 1976;
Gutman et al. 1977). Note that the values of mean seasonal wave
periods are quite similar for the EG & G gage and BLM/NOAA Buoy EB-41,
despite the different time periods encompassed in each of the two sets
of measurements.

Comparison Between Seasonal and Monthly Summaries

As a method of further study of the EG & G and EB-41 data,
monthly means and standard deviations were calculated and graphed
(Figures 15-7 and 15-8). Note that the deeper water wave heights
(Figure 15-8) are nearly twice as large as the waves in shallow water
(Figure 15-7). The graph of the EG & G data shows an interesting
month-to-month variation. The December high reflects the winter high
from the seasonal data. There is a question as to whether September
should be included as a summer month since this monthly mean wave
height is higher than either of the fall months. The difference of
0.18 m between July and September does not appear in the seasonal
data. The sharp increase in the standard deviation from the months of
July and August to September is also notable. In general, the
standard deviations are so large and differences in seasonal means so
small that there is a real statistical question as to seasonal
differences in the EG & G data (Figure 15-7).
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Figure 15-7. Comparison of mean monthly and mean seasonal significant

wave heights (including + 1 standard deviation) for the
EG&G Wave Gage (3 April 1973-31 May 1975).
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The monthly graph for BLM/NOAA Buoy EB-41 does not show a similar
summer variation. This is probably due to the fact that the
statistics for the month of September only represent one week of data.
However, here the seasonal differences in wave height are large
enough, relative to the standard deviations, that the seasonal
differences are quite pronounced.

With respect to long-term ship wave observations, wave height
frequency distributions were plotted for the different seasons to show
changes in the height distribution during the whole year (Figure
15-9), and for winter (Figure 15-10), and summer (Figure 15-11).
Comparison of the distribution for winter and summer (the only two
seasons included here) shows that there is a tendency for waves of.
greater heights during winter. This increased frequency occurs in all

height classes > 2m, with a concomitant decrease of about 20 percent
in the <1 m height class.

Since observed wave periods appear to be biased towards shorter
waves, the frequency distribution of the ship wave observations might
be expected to give minimal value. The total year distribution
(Figure 15-12) indicates that wave periods > 10 seconds may be
expected to occur at least 10 percent of the time (i.e., about 36.5
days per year), and probably more often. Similarly, wave periods of
12 - 13 seconds, and > 14 seconds, each occur at least 2 percent of
the time.

Concomitant Measured and Observed Wave Data

In order to check the accuracy of the NOAA Ship Wave
Observations, data from BLM/NOAA Buoy EB-41 were compared with Ship
Wave Observations for the same time period (October 1975 - September
1976) (Figures 15-13 and 15-14). The mean seasonal significant wave
heights of the two sources are very dramatically similar, with minor
exceptions during summer and fall. These differences can be
attributed to the fact that only one week of data from BLM/NOAA Buoy
EB-4]1 was available for each of the months of September and October.

The graph comparing the seasonal mean significant periods for the
Ship Wave Observations and BLM/NOAA Buoy EB-41 shows a marked
difference, with the observed wave periods being about 25 percent
shorter than the concomitant measured wave periods, as reported in
other studies (Gutman 1976). Thus, the observed wave heights appear
to be reliable data, but observed wave periods tend to be lower than
measured.

Directional Wave Data

The Ship Wave Observations were useful because they provided
information on the direction of wave approach not available from the

(TEXT CONTINUES ON PAGE 15-27)
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Figure 15-10. Percent frequency of wave heights for the Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83,
92, and 93 (December 1948-November 1973) for winter
(December-March).
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Figure 15-13. Comparison of mean seasonal significant wave heights for the Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92, and 93
(October 1975-September 1976), and NOAA Buoy EB-41 (23 October 1975~
7 September 1976).
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data of BLM/NOAA Buoy EB-41 and EG & G gage. These directional data
were compiled and plotted in wave roses for both the total year and
the NOAA seasons (Figures 15-15 through 15-20). The change in
direction of wave approach from winter to summer is notable. Whereas,
in winter the northwest is the dominant direction, in summer the
dominant wave approach direction is from the southwest. Also, the
east-northeast is more important in summer than in winter; and the
north wave direction is more important in winter. The directional
data applies, of course, to both wave height (Figures 15-15 through
15-17) and to wave period (Figures 15-18 through 15-20) distributions.
Over 90 percent of the annual Ship Wave Observations had H < 3.5

m, and 47 percent had 1.0 < Hg < 1.5 m (Figure 15-9). Since HS_Z 3.5
m occurred only a relatively small amount of the time, it is difficult
to discern directional trends for the largest waves (Figure 15-15).
However, there was a slight trend, and the azimuth directions with
most frequently occurring large wave heights were (descending order):
285°-345°, 345°-75°, 225°-255°, 75°-105°. The most common direction
in winter for H > 3 5 m was 285°—345° (northwest), and in summer, was
15° - 75° (northeast) (Figures 15-16 and 15-17)

The directions from which the longest waves (T > 10 sec) occurred
most frequently were 315°-345° (northwest), 45°-105%, 165°-315°, and
345°-015°, However, the biases against the reporting of storm waves
must be kept in mind.

Temporal Wave Climate Changes

The Ship Wave Observations represent the only long-term wave data
available for the lease block area. Plots of the percent frequency of
occurrence of the wave height and period data for the 25 years of Ship
Wave Observations were made (Figures 15-21 and 15-22). From these
plots, seasonality and trends in the wave data over time can be
observed. An unknown aspect in these plots was the sudden significant
increase in the percent frequency of shorter wave periods in winter
1965, This increase could possibly be due to a combination of
factors, such as a number of mild seasons, increasing the frequency of
low-period waves, coupled with the coding form change, which occurred
in 1968 (Quayle, Env. Data Service, Asheville, North Carolina,
personal communication, 1976). However, the cause is unknown, and is
probably some artifact in either the collection or processing
procedure, as there is no similar change in the wave height
compilations (Figure 15-21). The two most significant aspects of
these plots are the regularity of the seasonal changes, and the
apparent similarity of wave height distributions through time. This
needs to be statistically tested. If true, and coupled with the
excellent comparison of wave height observations with measured data,
this information qualitatively suggests that the wave climate in this
area has not appreciably changed since 1949. This is a very
significant conclusion with respect to the question of the
applicability of the present shelf studies to recent past events.

(TEXT CONTINUES ON PAGE 15-36)
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Figure 15-15. Percent frequency of wave heights by direction for Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92, and
93 (December 1948-November 1973) for total year.
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Figure 15~16. Percent frequency of wave heights By direction for Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92, and
93 (December 1948-November 1973) for winter (December-March).
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Figure 15-17. Percent frequency of wave heights by direction for Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92, and
93 (December 1948-November 1973) for summer (June-September).
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Figure 15-18.
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Percent frequency of wave periods by direction for Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92, and
93 (December 1948-November 1973) for total year.
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Figure 15-19. Percent frequency of wave periods by direction for Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92, and
93 (December 1948-November 1973) for winter (December-March).
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Figure 15-20. Percent frequency of wave periods by direction for Ship Wave
Observations, Marsden Square 116, Subsquares 82, 83, 92, and
93 (December 1948-November 1973) for summer (June-September).
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Figure 15-21. Percent frequency of wave heights by season, December 1948-
November 1973 for the Ship Wave Observations, Marsden Square
116, Subsquares 82, 83, 92, and 93.
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Figure 15-22. Percent frequency of wave periods by season, December 1948-
November 1973 for the Ship Wave Observations, Marsden Square
116, Subsquares 82, 83, 92, and 93.




Comparison with Wave Climatology Adjacent to Southeastern Virginia
(Gutman 1976)

The comparisons of the three sets of wave height data appear to
be quite compatible with the wave climatology developed by Gutman
(1976) for the shelf adjacent to Southeastern Virginia (Tables 15-4a
and 15-4b). Again, there is a dramatic difference in wave period data
between observed periods and recorded (or hindcasted) periods, and so,
observational wave period data should be viewed with some skepticism.
Seasonal differences in wave climate appear to be about the same in
both regions, though the Baltimore Canyon has slightly larger wave
heights than Southeastern Virginia. However, in both areas the
seasonal spread for the shelf Ship Observations (0.55 m) is about
three to four times that for the nearshore measured waves (0.15 m for
EG & G and 0.12 m for the Virginia Beach Gage). However, note the
large standard deviations in all these data. With respect to wave
periods, the Virginia Beach Gage appears to have wave periods about
one second longer than EG & G or EB-41. This may be due to slight
differences in wave climates during the different years encompassed by
each data set.

Summary

The following paragraphs provide a summary of the extensive
analyses and findings of this wave climate study incorporating three
different wave sources. These findings largely coincide with the
conclusions reached by Williams et al. (1977), who compared Ship Wave
Observations from different portions of the shelf for the same general
area.,

Seasonality

The highest wave heights and longest periods in all cases occur
during the seasons of fall and winter. The lowest heights and
shortest periods tend to occur during the seasons of spring and
summer.

Directional Wave Approach

The highest waves during the total year tend to approach from the
two northern quadrants. During winter, most waves approach from the
northwest, in particular 285°-345°, During summer, the direction of
approach of most waves is south-southwest (165°-255°). One fact that
is notable from all of the wave roses is that the major direction of
wave approach for both winter and summer is from the western
quadrants. If this is not due to bias in the data, it indicates that
most of the waves are traveling from the landward portion of the shelf
to the areas offshore, under the effects of the dominantly westerly
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Table 15-4a., Seasonal average significant wave height (ﬁs), in meters, and standard
deviation ( ) for Southeastern Virginia (Gutman 1976).

Winter Spring Summer Fall Years
Hg g Hg o Hg o Hg o
Ship Obser. 1,23 .85 1.12 77 .80 57 1.15 .76 12/48-12/73
Ches. Light 1.10 .63 1.02 .57 .99 S4 1,24 .66 1/70-12/72
SMB Hindcast 1.28 1.10 1.09 .90 1.11 .93 1.07 .94 1/48-1/50
COSOP .76 .93 J1 .85 .73 94 .79 1.03  4/54-12/65
Va. Beach Gage .70 1.43 W61 1.08 .58 1.15 J4 1.23  4/64-10/69

Table 15-4b, Seasonal average significant wave period (TS), in seconds, and standard
deviation ( ) for Southeastern Virginia (Gutman 1976).

Winter Spring Summer Fall Years
ES g TI'.S o} '_rs c '_rs o
Ship Obser. 5.37 1.70 5.21 1.87 5.18 1.44 5.43 1.71 12/48-12/73
SMB Hindcast 10.44 2,92 10.00 2,41 9.56 2.84 9.89 2,96 1/48-1/50
COSsoP 5.90 77 5.98 .64 6.01 .70 5.93 .78 4/54-10/65

Va., Beach Gage 8.20 2,71 7.93 2.39 8.49 2.10 8.80 2.48 4/64-10/69




winds in these latitudes (as also suggested by Neu 1976). It also
explains the dramatic decrease in wave heights in the landward

direction (i.e., Ship Wave Observations and Buoy EB-41 versus EG & G
wave gage).

Comparison of Wave Height and Period Data

Excellent comparisons are observed in concomitant wave height
observations and measurements. However, because the wave period data
from the Ship Wave Observations show a marked disparity when compared
with BLM/NOAA Data Buoy EB-41 data for the same time period, it is
difficult to ascertain the reliability of the observed wave periods,
though observed periods tend to be 25-50 percent smaller than measured
(see also Gutman 1976). Another bias in Ship Wave Observations is
toward fair weather conditions, as ships tend to avoid storms
(Goldsmith et al. 1974).

Temporal Changes

The wave climate appears to have been reasonably similar since
1949, though these data need to be statistically evaluated.

WAVE MODEL INPUT

Development of Wave Conditions

The 12 wave conditions chosen from the wave climate data are
represented in Table 15-5. These 12 conditions were input into the
first year's First Order Wave Model, utilizing the 0.5 NM (nautical
mile) depth grid. A subroutine incorporated into the program
determined when the input wave rays intersected the perimeter of the
new BLM Second Order Grid. The wave rays were terminated at the
points of intersection. The program then recorded the wave parameters
at the last point along each ray for input into the Second Order Grid
(Figure 15-23). These parameters were recorded by means of punched
cards. The data included the x and y coordinates, azimuth, and wave
height. The punched cards were then input into the modified wave
refraction program including the adoption of Komar and Miller (1973,
1975) maximum bottom orbital velocity (Umb) calculations.

The modified program utilized the new BLM Second Order Grid bound
by 39°37'N, 38°38'N, 73°43'W, and 72°20'W, with grid spacing of 0.25
NM (see depth grid section). This grid encompassing the leased blocks
is approximately 65 x 60 NM (104 x 96 km).

The wave ray diagrams were plotted at page size, the final
publication size (Figure 15-24). The wave ray density was input at
0.25 NM, doubling the density of the First Order Grid ray diagrams.
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Table 15-5. Wave input conditions for Second Order VIMS-BLM Wave
Climate Model.

Wave Dir. Wave Period Wave Height

(Az.) (sec) (meters) (feet)
60 9 2.5 8.12
60 11 3.0 9.84
60 13 3.5 11.48
*60 14 13.0 42,64
90 9 2,5 8.12
90 11 3.0 9.84
90 13 3.5 11.48
*90 14 13.0 42,64
150 9 2.5 8.12
150 11 3.0 9.84
150 13 3.5 11,48
*150 14 3.0 42,64

—

* "Design” Waves
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Depth Information

The depth input data consisted of 62,400 depths digitized and
stored on magnetic tape in a two-dimensional x-y array (260 x 240)
transcribed from NOS original sounding sheets, U.S.G.S. depth
"information in selected areas, and interpolations made to achieve a
0.25 NM, (Nautical Mile) grid. Because the original depth density was
about 0.25 NM, interpolations were minimal. The grid was transposed
onto a Transverse Mercator Projection. This Second Order Depth Grid
reflected the updated depth data compiled since the completion of the
BIM First Order Grid utilized in the first year's work (Figures 15-la,
15-1b, and 15-25; Table 15-6). These depths were contoured for the
lease block area (Figure 15-26).

The techniques and philosophy used are extensively described in
Goldsmith et al. (1974, p. 13-19), Goldsmith (1976), and Goldsmith
(1977). The accuracy of the depth information and depth transposition
technique employed here are discussed in Sallenger et al. (1975).

MODEL OUTPUT

Computations were made on an IBM 370 computer. The most
significant wave data listed in the computer printout were portrayed
graphically in the form of wave ray diagrams and contour plots. The
computer program for contouring is the same as used in the shelf
contour plots from the first year BLM work, and as described by Hamm
et al. (1975). This program was tested at the NASA-Langley Computer
Center before it was adopted. Also, the efficacy of using a computer
contouring routine with these data was exhaustively analyzed and
reported in detail in the first year's study, and shown to be
reliable. Whereas, the computer—generated valuesl are in English
units, all diagrams are in metric units. These diagrams and figure
numbers are listed in the Appendix.

Wave Ray Diagrams

Several comments concerning the preparation of the graphic
Calcomp plots are in order. All diagrams were plotted at page size in
order to promote accessibility and easy handling. Thus far, more
detail went into their preparation than might appear, given the scale
of presentation. For example, the 12 wave ray diagrams were computed
using a total of 62,400 depths on a 0.25 NM grid. Some indication can
be obtained from the diagrams by noting the large number of input wave

1 The extensive data are being temporally stored at VIMS, and only
the graphic summaries are included here.
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Table 15-6.

Sources of depth data used in the VIMS-BLM Second Order

depth grid.

Numbers refer to original hydrographic sounding

sheets (NOS), and the SUB areas are U.S.G.S. original depth

surveys. (See Figure 15-25 for locations)

Map No. Date Scale Soundings in:
6192 1936 1:120,000 fathoms
6219 1937 1:120,000 feet
6220 1937 1:120,000 fathoms
6345 1938 1: 80,000 fathoms
6346 1938 1: 40,000 fathoms
Subsquare 1 1:128,000 meters
Subsquare 2 1:128,000 meters
Subsquare 3 1:128,000 meters
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rays (Table 15-7). The number of wave rays varies with each condition
since the input is representative of the refracted condition from
beyond the lease block area., Thus, the angle of approach (e.g.
northeast versus east) will greatly affect this. Also, convergence or
divergence will alter the number of wave rays entering the designated
area. The original input was at 0.25 NM or the equivalent of one
Second Order Model grid unit.

Contour Diagrams

The lease block wave height diagrams were contoured at 2, 4, 6,
and 8 meters for nine of the input conditions, and 2, 6, 10, and 14
meters for the three design waves. The two sets of contour intervals
were developed to effectively display the data utilizing varying input
heights. This difference in contour intervals must be considered when
comparing wave height contour diagrams. The maximum bottom orbital
velocity was contoured at 15, 27, and 60 cm/sec, corresponding (very
approximately) to the minimum velocity required to initiate sediment
transport in fine, medium, and coarse sand, as discussed later., The
computations were made at intervals of 0.25 NM in "deep” water, and
lesser intervals in intermediate depths (Table 15-8), so that more
detailed information was available in shallower areas where greater
refraction occurs. Also, in order to save on paper, not every
computation point was printed (i.e., in deep water, depth (D)>1/2 wave
length (L), every tenth point along each wave ray was printed; in
areas of slight refraction (L/2 > D> L/4), every fifth point was
printed; and in depths where significant wave refraction could occur
(D < L/4), every point was printed). Every computation point was used
in the wave ray diagrams, but only the printed values were used in the
contour diagrams, Wave height and bottom velocities were only
contoured over those shelf areas in which wave refraction occurred.

Table 15-8. Distance along the wave rays between computation points,
in the vicinity of the lease blocks,

Input Wave Period (sec)

9 11 13 14
NM 0.25 0.23 0.21 0.20
Km 0.46 0.43 0.38 0.37
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Table 15-7. Input wave rays.

Wave Conditions No. of Input Rays into Grids

AZ (deg) T (sec) Ht (m) First Order Second Order
60 ‘ 9 2.5 440 328
60 11 3.0 440 331
60 13 3.5 440 361
60 14 13.0 440 373
90 9 2.5 292 239
90 11 3.0 292 239
90 13 3.5 292 241
90 14 13.0 292 244
150 9 2.5 446 321
150 11 3.0 446 321
150 13 3.5 446 321
150 14 13.0 446 321
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Threshold of Sediments

There are two major questions with respect to the computations of
the initiation of sediment motion on the shelf sea floor. First, what
are the velocities required to move different sizes of sediment and

second, where do these velocities occur for the 12 modeled wave -
conditions?

With respect to the former, computations suggested by Komar and
Miller (1973, 1975), discussed earlier, were made for various sediment
sizes for each of the four wave periods (9, 11, 13, and 14 seconds)
(Table 15-1).

-

The second aspect, where these velocities occur, are computed in the
Wave Model. The maximum bottom orbital velocity (Umb) is computed along
each wave ray. Concomitantly, a test is made to determine if the Umb is
large enough to transport any of the grain sizes. If positive, the
coarsest grain size capable of being moved by the wave at that depth and
location is stated. These values are indicated at each step along each
wave ray (intervals of approximately 0.24 NM (0.45 Km); Table 15-8), in
the computer printout. These data are available at VIMS but, because of
the extensive size of the printouts, are not included here.

However, areas of the shelf where different grain sizes can be
moved, for the 12 specific model wave condition, can be approximated by
comparing the values in Table 15-1 with those contoured Umb values
presented in Appendix C, for each of the 12 wave input conditions. This
was done, and the results discussed later. Here, Table 15-1 was divided
into three approximate groupings: (a) finer than 3.5 to 4.04, which are
the grain sizes moved by Umb = 15 cm/sec; (b) finer than 1.54, which is
moved by Umb = 27 cm/sec; and (c) finer than -1.5 to -1.04, which is
moved by Umb = 60 cm/sec. The broad grain size ranges in (a) and (c)
above are due to the differences between wave periods, as the longer
the wave the greater the threshold velocity required to initiate
sediment motion.

RESULTS

The output data are in three formats: (a) wave ray diagrams; (b)
contour plots of computed heights and maximum bottom orbital
velocities; and (c) calculations of the threshold of sediment motion
for the various input wave periods approximately summarized in several
figures. The results of these computations are discussed below.

Wave Ray Diagrams

When comparing these diagrams shown in Appendix A with those given
in the first year's study which used about one-third as many depths per

unit area (i.e., 0.5 NM versus 0.25 NM), it is apparent that there is a
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significant increase in detail of wave behavior with the greater depth
density (e.g., compare Figure 15-27 with Figures 15-A-6, and 15-A-7).
This is because the irregular shelf topography in this area is produced
in more detail in the 0.25 NM depth grid, resulting in greater wave
refraction. A coarser grid smooths the irregular topography. Thus, the
first study, which indicated that wave refraction is important in this
area, was verified by the results of this follow-up study. This study
shows that extensive wave refraction occurs for wave periods longer than
11 seconds for all easterly wave approach directions.

Extensive wave refraction, resulting in several areas of wave energy
concentration and diminution, occurs in the northwest portion of the
Baltimore Canyon Trough OCS lease block area, and to a lesser extent, the
southwest portion of this area. Whereas, the first area is greatly
affected by all wave directions and periods except nine seconds from 90°
and 150°, the latter area is only affected by 13 and 14 second waves from
60° and 150°, This is due to the non-uniform bathymetry. Greater
density in input directions are required for delineating the behavior
between these angles.

Within the northwest portion, the areas of wave energy concentration
for waves from 60° and 90° azimuths are approximately the extreme
northern area and lower central portions; between these two areas is an
area of wave energy diminution. However, for waves from 150°, the
central portion of this area is an area of wave energy concentration.

Contour Diagrams

Wave Height Distribution

The computer-contoured wave height distributions for all 12
conditions are shown in Appendix B. Areas of "enhanced” wave heights are
shown in Figure 15-28 for input wave conditions of 2.5 m and 3.5 m wave
heights, and in Figure 15-29 for input wave heights of 13 m. In general,
the "busiest” areas are landward of the lease blocks. Other areas of
“"enhanced” wave heights are at the shelf edge (where wave refraction is
initiated in the longer waves), and in the northwest and southwest
portion of the lease blocks. The longer 14 second waves, of course, show
many small areas of high wave heights (Figure 15-29). The specific areas
of largest wave heights for most of the 12 conditions are the northwest
portion and the west-central part of the southwest lease block portions.
Waves from 60° azimuth result in large wave heights over more of the
lease block area, and waves from 150° over less of the area, than the
other wave approach directions.

Maximum Bottom Wave Orbital Velocity (Umb) Distribution

The computer—contoured distributions for all 12 wave input
conditions are shown in Appendix C. Areas of "enhanced" bottom
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velocities (> 60 cm/sec) are shown in Figure 15-30 for input wave
conditions of 2.5 and 3.5 m wave heights, and in Figure 15-31 for input

wave heights of 13 m. In general, the Umb distribution follows the wave
height distribution previously discussed.

The general trend appears to be many small local areas of "enhanced”
bottom stirring for each of the various wave conditions, especially in
the northwest portion, and to a lesser extent, the southwest portion
(western part), and shelf edge portion of the lease block areas. The
"enhanced" areas for the 13 m input conditions (Figure 15-31) are more
evenly distributed throughout the lease block area.

Sediment Transport

Figures 15-32 to 15-34 illustrate the sand sizes of sediment
predicted capable of being moved in the lease block area, for the 12
modeled wave conditions. (Movement of silts and clays, which involve
aspects of cohesion, are not considered here.) As discussed earlier,
these diagrams are an approximation of the extensive data computed
along each wave ray. They were compiled by integrating the results of
Table 15-1 with the Umb contour diagrams, and summarizing the results
in terms of grain sizes moved by 15, 27, and 60 cm/sec, as computed
site-specifically. The threshold velocity will vary with the wave
period, but only over a 1/4¢ range, between 9 and 14 seconds, and,
therefore, not significantly.

Figure 15-32 shows that sand grain sizes finer than 3.04 are
capable of being moved throughout the lease block area by the combined
three design waves, and over most of the area (all except the shelf
edge) by the nine combined commonly-occurring conditions. That is,
there are areas of Umb = 15 cm/sec (velocities required to transport
sand finer than 3.04), indicated by the 12 wave conditions.

The results for sediment transport of sand grains finer than
1.0¢ (i.e., areas of threshold velocities = 27 cm/sec) show a similar
pattern (Figure 15-33) for the combined commonly occurring waves.

As expected, the lease shelf area is potentially capable of
transporting sand finer than -2.0¢4 (i.e., threshold velocities = 60
cm/sec). The numerous local areas are clearly indicated in Figure
15-34, 1In general, the lease block areas of potential tramsport for
the 12 wave conditions are in the northwest and shelf edge portions
and the areas with little transport of this coarse sediment are the
southwest and northeast portions.

In summary, for this lease block area: (a) sediments finer than
1.0¢ are capable of being moved throughout the area for at least one

of the 12 input conditions; and (b) the Umb computations are such that
areas where the threshold velocities are exceeded for the 12 wave

(TEXT CONTINUES ON PAGE 15-59)
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conditions and for sediments between 1.0 and -2.0¢ in size vary widely
throughout the lease block area.

DATA AVAILABILITY AND STORAGE

All computer generated output is stored on bound computer
printout and on magnetic tape at VIMS. These tapes will be retained
only to the end of the contract period (Tables 15-9a and 15-9b),
unless specifically requested otherwise. Since these data are
generated data, not environmental data, it is not planned to deposit

copies of the tapes with the Environmental Data Service along with
other VIMS-BLM data.

MODEL COMPARISONS WITH AERIAL PHOTOGRAPHS AND MEASURED WAVES

Comparison of Computed Wave Ray Diagrams
with Aerial Photographs

High altitude aerial color infrared transparencies from
NASA-Wallops Island were utilized for verification of the wave model.
All photographs of the New Jersey shoreline available at NASA-Wallops
Island were viewed. Unfortunately, the best combination of correct
scale and included area (in order to see waves approaching from deep
water to shore), and long period waves (which would show maximum
refraction) were not available for this area, and photographs with six
second waves had to be used. The photographs chosen have a scale of
1:130,000 (Table 15-10). Wave length and direction were determined
from the photograph in as deep water as possible, and then the period
was calculated utilizing the general equation

T2
L = EZF tanh (Z%Q).

A successful example of this is shown in Figure 15-35 (from Goldsmith

1976). 1t portrays a complex wave situation in Saco Bay, Maine, using
eight second waves.

The calculated condition was input into a wave refraction program
modified to plot equal time intervals along the wave rays in the form
of tic marks (Figure 15-36). The change of a pen command of the
plotter allowed only the tic marks to be plotted. The tic marks, when
connected, represent wave fronts equally spaced along the wave ray
with respect to time (Figure 15-37). The wave front diagrams were
then compared with the aerial photograph so that the refraction
patterns could be analyzed. These comparisons showed a fine
relationship between the refraction on the photographs and the
refraction on the computer model (Figure 15-38a and 15-38b). The only
exception on the comparison was the location of the shoreline.
However, this can be attributed to the time difference in years
between the most recent bathymetric survey (1938) represented in the

(TEXT CONTINUES ON PAGE 15-68)
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Table 15-9a. Magnetic tape storage of VIMS-BLM wave ray data and plots.
(DCB = LRECL = 132) (BLKSIZE = 2640)

Bin No. Wave No. of
Tape (0- ) Label Direction  Period Height Rays Plot VS0327
VS0321 063 1 60 14 13.0 m 328 Label 1
Vs0321 063 2 60 13 3.5 m 331 Label 2
VS0321 063 3 60 11 3.0m 361 Label 3
Vs0321 063 4 60 9 2.5 m 373 Label 4
VS0328 078 1 90 9 2.5 m 239 Label 5
VSs0328 078 2 90 11 3.0 m 239 Label 6
VS0328 078 3 90 13 3.5 m 241 Label 7
VS0328 078 4 90 14 13.0 m 244 Label 8
VS0330 080 1 150 14 13.0 m 321 Label 9
VS0330 080 2 150 13 3.5 m 321 Label 10
VS0330 080 3 150 11 3.0m 321 Label 11
VS0330 080 4 150 9 2.5 m 321 Label 12
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Table 15-9b. Magnetic tape storage of VIMS-BLM wave height and maximum orbital

velocity contour diagrams.

Bin No. Wave Contour
Tape (0- ) Label Data Direction Period Height Interval ISKIP
VsS0326 068 1 WH 60 14 13.0 2,6,10,14 16
VS0326 068 2 UMB 60 14 13.0 15,27,60 16
VS0326 068 3 WH 60 13 3.5 2,4,6,8 16
VS0326 068 4 UMB 60 13 3.5 15,27,60 16
Vs0329 079 1 WH 60 11 3.0 2,4,6,8 8
VS0329 079 2 UMB 60 11 3.0 2,4,6,8 8
VS0329 079 3 WH 60 9 2.5 2,4,6,8 8
Vs0329 079 4 UMB 60 9 2.5 15,27,60 8
VS0331 081 1 WH 90 9 2.5 2,4,6,8 8
Vs0331 081 2 UMB 90 9 2.5 15,27,60 8
Vs0331 081 3 WH 90 11 3.0 2,4,6,8 8
Vs0331 081 4 UMB 90 11 3.0 15,27,60 8
Vs0332 082 1 WH 90 13 3.5 2,4,6,8 16
VS0332 082 2 UMB 90 13 3.5 15,27,60 16
Vs0332 082 3 WH 90 14 13.0 2,6,10,14 16
Vs0332 082 4 UMB 90 14 13.0 15,27,60 16
Vs0333 083 1 WH 150 14 13.0 2,6,10,14 16
Vs0333 083 2 UMB 150 14 13.0 15,27,60 16
Vs0333 083 3 WH 150 13 3.5 2,4,6,8 16
VsS0333 083 4 UMB 150 13 3.5 15,27,60 16
VS0334 084 1 WH 150 11 3.0 2,4,6,8 ]
VS0334 084 2 UMB 150 11 3.0 15,27,60 8
VS0334 084 3 WH 150 9 2.5 2,4,6,8 8
V50334 084 4 UMB 150 9 2.5 15,27,60 8




Table 15-10, NASA-Wallops Island U-2 aerial photographs utilized in wave
model comparison with computed waves, in the vicinity of
Little Egg Inlet, New Jersey.

Photo No. Altitude Scale Flight No. Location Date

6709 65,000 1:130,000 72-209 38°57'N 74°52'w  12/1/72
39°31'N 74°25'W

6710 65,000 1:130,000 72-209 39°20'N 74°40'Ww  12/1/72
39°34'N 74°00'W

6711 65,000 1:130,000 72-209 39°36'N 74°20'W  12/1/72
39°22'N 74°34'W

6713 65,000 1:130,000 72-209 39°40'N 74°18'W  12/1/72
39°28'N 74°00'W

6715 65,000 1:130,000 72-209 39°51'N 74°16'Ww  12/1/72
39°35'N 73°56'W
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Figure 15-35. Comparison of vertical aerial photograph of Saco Bay, Maine,
and wave refraction diagram computed for T = 8.0 sec and
AZ = 1350,
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BLM WAVE REFRACTION TEST AZ=170.0,T=8.SEC,HT=6.0FT ,TI0E=0 ,AT CITY
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Figure 15-37. Wave fronts (i.e. tic marks) with wave orthogonals removed.
The wave fronts can now be compared with aerial photographs.
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WAVE FRONTS FROM AERIAL PHOTOGRAPHS

Figure 15-38a.

Wave fronts drawn from high altitude aerial photo-
graphy for comparison with computer-generated diagram
(Figure 15-38b). Computed wave condition, AZ = 1640,
Period = 6.4 sec, was determined from deep-water
portion of photography (i.e., southeast corner).

15-674
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Figure 15-38b. Computer-generated diagram of wave fronts in Atlantic

City, New Jersey, for comparison with diagram produced
from aerial photography (Figure 15-38a).
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computer model, and the shoreline on the more recent aerial
photographs (1972).

Comparison of EG & G Measured Wave Data with Computed Waves
Using Storm Hindcasts

As a method of attempted verification of the BCTWCM, times of
high waves were chosen from the EG & G recorded wave data and compared
with modeled waves. The high waves chosen were the result of storms
that occurred in the area and were recorded on the EG & G gage seaward
of Little Egg Inlet, New Jersey, and west of the study area (Figure
15-1b and 15-2), Storm characteristics (wind speed, fetch, distance
from gage) were chosen from the U. S. Weather Service Storm Charts for
use in hindcasting the passing storm. Since the storm charts are
presented only for six hour intervals, there is considerable
uncertainty in the storm location and hence wave approach directon,
for the storm—generated waves recorded at the EG & G gage. Deep—water
wave heights were hindcasted using both the PNJ method
(Pierson-Neuman-James) and the SMB method (Sverdrup, Munk &
Bretschneider) (C.E.R.C. 1973).

Because the PNJ method does not hindcast a significant period,

"the periods observed at the gage were used as the input periods; the

input PNJ height was computed for the period observed at the EG & G
gage. The hindcasted data for the seven storms for both PNJ and SMB
methods were used as input conditions for the BCTWCM, and a number of
wave rays were refracted across the shelf towards the gage. From the
output, the mean wave height at the gage for the two rays coming
closest, and straddling the gage, was calculated. An example of a ray
diagram for one of these storms is shown in Figure 15-39. The wave
heights were chosen from the printout of the wave parameters computed
along these rays. The hindcast data, input conditions and model
output are presented in Table 15-11.

In the course of conducting this study several weaknesses in the
existing methodology, unrelated to this study, became apparent.
First, the choice of the critical hindcast parameters of fetch, wind
velocity and duration from the weather maps produced at six—hour
intervals, is a highly qualitative process requiring more judgment
than exactness. Also, the ocean storms were in areas lacking adequate
weather data. Second, the mean wave periods produced by the two
hindcast procedures, PNJ and SMB, were not the same significant wave
periods reported by EG & G for the same time period, though in most

"~ instances they were within 1-2 seconds. Since wave periods do not

change across the shelf, this is surprising. However, this may be
simply due to the presence of other than storm waves in the EG & G
vicinity. Since this is a wide shelf with irregular topography,
significant differences in wave refraction could occur in the longer
waves using wave periods as different as 1-2 seconds.
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Figure 15-39.

Wave refraction diagram used for comparison of hindcasted
storm conditions (using PNJ method) with storm conditions
observed at the EG&G Wave Gage on 25 October 1973. AZ =
1359, T = 5.5 sec, Ht = 2.9 m.
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Table 15-11., Hindcast data (based on weather charts and C.E.R.C. 1973), input conditions, and output
data comparison with measured waves at the EG & G Gage.

Deep Water Hindcasts Hg Qutput
PNJ SMB (Refracted Waves) Wave Measurements Percent
Storm (C.E.R.C. 1973) Input Conditions Friction Coefs at E.G., & G. Gage Difference
Date Time
9/14/73 1600 7.5 6.7 10.0 5.5 9.4 9.4 135° 5.5 (SMB) 2.4 2.5 3.5 6.8 - 4,0
6.4 9.0 6.8 135° 5.0 (PNJ) 4,0 3.9 +60.0
6.0 8.0
10/25/73 1900 4,1 3.8 10.0 3.8 7.8 7.8 135° 3.8 (SMB) 3.0 2,5 3.7 5.5 +20.0
3.7 9.0 5.5 135° 2.9 (PNJ) 2.6 2.7 + 4,0
3.6 8.0
12/9/73 0400 6.5 6.2 10.0 4.4 8.6 8.6 90° 4.4 (SMB) 3.1 3.3 5.6 7.6 - 6.0
6.2 9.0 7.6  90° 5.4 (PNJ) 3.0 1.2 - 9.1
5.6 8.0
3/30/74 2200 4,9 4.5 10,0 3.7 7.5 7.5 90° 3.7 (SMB) 3.3 3.2 3.6 8.7 + 3.1
4.5 9.0 8.7 90° 4.4 (PNJ) 3.0 - 6.3
4,3 8.0
12/1/74 2200 7.7 5.9 10.0 5.8 9.8 9.5 135° 5.8 (SMB) 3.1 4,4 5.6 10.0 -29,5
5.4 4.9 9.0 10.0 135° 6.1 (PNJ) 3.5 -20.5
4,6 4.1 8.0
2/5/75 1000 2.9 2.6 10.0 2,3 6.0 6.0 90° 2.3 (SMB) 2.1 2.7 3.6 7.6 -22.0
2,7 9.0 7.6  90° 2.7 (PNJ) 2.9 + 7.4
2.7 8.0
3/19/75 2200 2.3 2.3 10,0 2.5 6.5 6.5 135° 2.5 (SMB) 2.7 3.5 4.7 7.6 -22,9
2.3 9.0 7.6 135° 2,2 (PNJ) 2.5 -28.6
2.3 8.0




Nevertheless, in conclusion there is a satisfactorily good
correlation when comparing the results at the gage location of the
wave heights refracted in the model based on hindcast data, with the
measured wave heights reported by EG & G. Thirteen out of fourteen
cases (PNJ and SMB hindcast input for each of the seven storms) are
within 29 percent of each other (i.e., between computed and measured
wave heights), and seven of the cases are within 9 percent of each
other. Also, use of a friction coefficient of 0.02 is clearly better
than 0.01, as previously concluded in Goldsmith (1976). Another
conclusion is that neither the SMB, nor the PNJ input data is clearly
better, when averaged over the seven cases. However, the specific PNJ
input data was chosen from the computed spectrum based on a priori
information, i.e., the wave period reported by EG & G. Thus, the
results of these comparisons are quite good, and the conclusions are
quite encouraging. However, because of the inexactness in choosing
the input wave conditions, concluding that the model was "verified"
would, perhaps, be a little strong. It can be said, however, that the
results of this comparison are quite good and considerably strengthen
the reliability of the wave modeling in this area.

SUMMARY OF SIGNIFICANT FINDINGS

The extensive studies reported here may be divided into five
portions: (1) formulation of input depth data; (2) formulation of
wave climatology for the area, which also provided a basis for
choosing the 12 wave input conditions; (3) wave output data including
wave refraction diagrams and computer contour diagrams of wave heights
and maximum bottom horizontal orbital velocity (Umb); (4) computations
of initiation of sediment transport for different grain sizes; and (5)
comparisons of model computations with aerial photographs of waves and
measured wave data, both in the study area. The significant findings
in each of these portions are summarized below.

Formulation of Input Depth Data

A second order depth grid bounded by 39°37'N, 38°38'N, 73°43'W,
72°20'W, encompassing the lease block area, approximately 65 x 60 NM
(104 x 96 km) consisting of 62,400 digitized depths from a 260 x 240
depth array at 0.25 NM spacing, was compiled from original
hydrographic sounding sheets and U.S.G.S. depth surveys. Since the
original depth data were available at this density, very little
interpolation was required. Major irregularities in bathymetry occur
landward from the shelf edge, and especially in the northwest portion
of the lease blocks. The contoured depth chart, included here, shows
that the bathymetry was sufficiently irregular that such detailed
information was needed to present the wave refraction output data at a
sufficiently large scale so as to properly compare these wave data
with the biological and chemical studies.
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Formulation of Wave Climatology

Wave data from three different wave sources were compiled,
analyzed, and compared. The wave sources consisted of: (a) NOAA Ship
Wave Observations for the four one-degree subsquares (82, 83, 92, and
93) within Marsden Square 116 (encompassing the lease block area), for
two time periods: 1948 to 1973, and October 1975 to September 1976,
(The latter time interval coincides with the second wave data source),
(b) BLM/NOAA Buoy EB-41; and (c) EG & G Waverider Buoy, located in 12
m depths landward of the lease block area.

The highest wave heights and longest wave periods from all three
sources occur during the fall and winter seasons. The only
directional data are from the wave observations. In the winter, the
northwest is the dominant wave approach direction, and in the summer,
the dominant direction is from the southwest, and secondarily, from
the east-northeast. This may be due, only in part, to presumed biases
against storms in ship observations (Goldsmith et al. 1974).

The landward decrease in wave heights and decrease in seasonal
difference are wave heights, from the lease block area to the EG & G
wave gage, is attributable to two causes. First, they show the
decreasing importance of westerly waves with decreasing fetch (as
reported by Neu 1976, for the North Atlantic), and secondly, they are
attributed to the increasing effects of bottom friction in decreasing
the wave heights with shallowing depths.

Comparisons between concomitant wave observations and measured
waves (October 1975 to September 1976) in the lease block area
indicate excellent correlations between wave height data and poor
correlations between wave period comparisons. Observed wave periods
are about 25 percent shorter than the measured periods.

Plots of the temporal distribution of wave height and period data
for 25 years (1948 - 1973) show no apparent significant change in the
wave climate with time. (A change in the wave periods in the winter
1965, but not the wave heights, is attributed to an artifact in the
procedures, and not considered real). The lack of change is important
for extrapolating the results of the 1975 - 1977 biological and
chemical studies back in time.

The results reported here show good correlation with a similar
study by Gutman (1976) and Gutman et al., (1977), for Virginia, and
with a study by Williams et al., (1977) comparing ship wave
observations from different portions of the shelf.

- On the basis of this compilation and analysis, 12 wave
conditions, (nine commonly occurring and three design waves) were

chosen as input to the Second Order Model Study. They are wave
periods of 9, 11, 13, and l4 seconds, with heights of 2.5, 3.0, 3.5,
and 13.0 m, respectively, from 60°, 90°, and 150°,
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Wave Model Output Data

The wave ray diagrams and contours of computed heights and Umb
show that there is extensive wave refraction in the area for these
modeled conditions. The major areas of wave energy concentration and
diminution, delineated in significant detail in these diagrams, are in
the northwest, southwest, and shelf edge portions of the lease block
area. Whereas, the first area 1s greatly affected by all wave
directions and periods except nine seconds from 90° and 150°, the
latter area is only affected by 13 and 14 second waves from 60° and
150°, These data show far more detail than indicated in the First
Order Model, due to greater depth density, and so provide the
necessary wave information for assisting in the other studies.

Threshold of Sediment Transport

Calculations of the initiation of sediment transport, developed
by Komar and Miller (1973, 1975), for sand-size sediment, were made
for the four wave periods for different sediment grain sizes. The
results were then tested against the computed Umb, and the grain sizes
capable of being moved were indicated in the printout for the study
area. This is the first attempt of such procedures. Additionally,
the results were summarized for three grain size groups: finer than
3.0 to 3.5¢4, 1.04, and -2.0 to -1.0¢4, corresponding to 15, 27, and 60
cm/sec, the three Umb contours.

The results indicate that large areas of this shelf area are
subject to sediment transport under these not-infrequently occurring
wave conditions: (a) sediments finer than 1.04 are capable of being
moved throughout the area for at least one of the 12 wave conditions;
and (b) the Umb computations for the 12 wave conditions are such that
areas where the threshold velocities are exceeded for sand-size
sediments between 1,04 and -2.0¢4 in size, vary widely throughout the
lease block area (as indicated in the summary diagrams).

Comparisons of Model Computations with Aerial Photography
and Measured Waves in the Study Area

Though these comparisons suffered from a lack of photography of
long-period waves in the area, and weaknesses in the hindcasting
methodology and weather data, good comparisons were achieved. For the
comparisons between computed and measured wave heights, seven out of
fourteen cases were within 9 percent and thirteen out of fourteen were
within 29 percent. These comparisons considerably strengthen the
reliability of the wave modeling conducted in this area as part of
this study.
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APPENDIX

List of Figures

Wave Conditions
Direction T Tide
Appendix (Figure) (from) (sec) (ft) Ht(m) Diagram Type Wave Parameter

A 1 602 9 0 2.5 Wave Ray
2 60 11 0 3.0 Diagrams
3 60° 13 0 3.5
4 *60° 14 0 13.0
5 90° 9 0 2.5
6 90° 11 0 3.0
7 90° 13 0 3.5
8 *90° 14 0 13.0
9 150° 9 0 2.5
10 150° 11 0 3.0
11 150° 13 0 3.5
12 %150° 14 0 13.0
B 1 60° 9 0 2.5 Shelf Wave Heights
2 60° 11 0 3.0 Contour (Contour Inter-
3 60° 13 0 3.5 (Computer) val=1,2,3 meters)
4 %60° 14 0 13.0
5 90° 9 0 2.5
6 90° 11 0 3.0
7 *90° 13 0 3.5
8 902 14 0 13.0
9 150 9 0 2.5
10 150° 11 0 3.0
11 150° 13 0 3.5
12 *150° 14 0 13.0
(o} 1 60o 9 0 2.5 Maximum Bottom Horizontal
| 2 60° 11 0 3.0 Wave Orbital Velocity
3 60° 13 0 3.5 (Hand)
4 *60° 14 0 13.0
5 90° 9 0 2.5
6 90° 11 0 3.0
7 90° 13 0 3.5
8 *90° 14 0 13.0
9 150° 9 0 2.5 (Contour Interval=
10 150° 11 0 3.0 15,27,60 cm/sec)
11 150° 13 0 3.5
12 %150° 14 0 13.0

* "Design' Waves.
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