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1.0 INTRODUCTION AND METHODS.

The nearshore directional wave characteristics at Green
Harbor, Massachusetts, were measured from 15 June 1983 through 14
August 1983 to monitor the coastal wave climate in Cape Cod Bay,
Massachusetts. The instrument used for wave measurements was a
Sea Data Corporation Directional Wave Gage Model 735-9. 1Its
burst sampling capabilities permit measurement of waves as well
as mean flows. More complete theory of operation and error
analysis are contained in Aubrey (1981) and Grosskopf, Aubrey,
Mattie and Mathieson (1983). For this time period, waves were
sampléd once every eight hours (three times a day) for seventeen
minutes, acquiring a measurement of pressure and two horizontal
velocity components once every half second for a total of 2048
samples per'burst. Spectral estimates from these data were
ensemble—-averaged over 16 data subsets, yielding 32 degrees of
freedom, with a frequency resolution of 00,0156 hz. Confidence
intervals of 95% for these spectra with 32 degrees of freedom
give an expected spectral estimate within 0.65 and 1.76 of the
sample value,

The instrument was deployed with the pressure sensor
1.48 m above the bottom, and the current meter 2.06 m above the
bottom, above and slightly (<30 cm) to one side of the pressure
sensor. The bottom within approximately 50 meters of the
installation is flat, sandy, with medium sand grain size and
widely scattered 1-2 ft., high boulders. Attempts to fluidize in
a 1" I.D. pipe, and visual inspections, indicated that the sand

cover is about 6"-12" deep and overlies a cobbly bottom. -



2.0 RESULTS
Over the 61 day deployment, wave energy was very low,
2 2 )

averaging only 25 cm® in variance (Table 1). Variance ( n

is defined by

E = pg<n2?
where E is the total energy, p is density of water, and g is the
gravitational accelération; Variance therefore is a direct
function of the wave energy. Besides wave variance, another
useful parameter representing wave energy is the significant wave
height, Hl/3 ; where:
| Hy 3 = 4V <n’>
This wave height is close to the wave height one would estimate
visually from a random wave field.

For the period of measurement, the mean significant'
wave height was.only 0.12 m. The mean peak wave period was just
over 10 seconds. Because the analysis was cut-off at 4.0 seconds
due to depth limitations, periods less than this are not
reported. Variances calculated from pressure data did not agree
as well as expected with those calculated from velocity data,
although agreement is_still acceptable. Since velocity
information was primarily used only to es£ablish wave direction,
and secondarily, for variance comparison and calculation of mean
flow ﬁelocities, we do not consider this a serious problem.
Possible explanations for this situa£ion are a noisy current
meter probe or incorrect calibration of the probe. These are
being investigated at this time. Corrections, if required, will .
be provided in the next data report.

Wave propagation for the most part was toward the west



(=260) with an occasional shift toward the northwest or southwest
during locally generated events, Mean current flow for the
period was toward the northeast (030° TN) suggesting a
clockwise general mean circulation in Cape Cod Bay. Further data
now being collected will aid in establishing mean flow behavior.
In conclusion, for the measurement period, wave énergy
was very low, making it difficult to establish any regional
trends without further data. We have encouraged the N.E.D. of

the U.S.A.C.E. to extend the measurement period through the

winter months.,
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TABLE I

INSTRUMENT DEPLOYMENT SUMMARY

Instrument Type: Sea Data Corporation Directional Wave
Gage Model 635-9

Location: Green Harbor, MA;
vicinity of Buoy "1"

Deployment Date: 15 June 1983
Retrieval Date: 26 August 1983
Data Start Date: 15 June 1983
Data End Date: 14 August 1983
Burst Sample

Interval: 8 hours
Burst Duration: 1024 seconds
Burst Sample Rate: 0.5 seconds
Continuous  Sample

Rate: (N/A) *
Internal Averaging: Yes
Data Quality: Excellent

Height of Pressure
Sensor above Bottom: 1.48m

Height of Current .
Meter above Bottom: 2.06m

Orientation of Current Meter
(Positive X axis is towards "o
Direction from which + X flow is coming): 346.0 T.N.

Daily Measurement Times:

01: 0113 E.D.T.
02: 0913 E.D.T.
03: 1713 E.D.T.

*(N/A) - Not applicable in this instrument



TABLE I1

Analysis of the 61 day wave/tide record, measured at Green
Harbor, Massachusetts with a Sea Data 635-9. Values are re-

corded at 8 hour intervals for the following parameters:

h = mean water depth (m)

T = total energy varience in wave (cmz)
This parameter is proporticnal to the
amount of energyin the wave, Comparison
values calculated from pressure and _
velocity are presented. Velocity cal-
culated values are in parentheses,

Hl/3 = significant wave height (m)
This parameter is dev}z_d d_directly from
ET' Where: 1/3 < :
Peak F = peak wave frequency (sec“l)
1
Peak T = peak wave period = peak wave frequency
“o = direction of wave propagation, measured
in degrees clockwise from true north
P(ao) = angular spread of direction of propagation
of the wave field .
EP o = energy in peak frequency variance (cmz)
U,V = components of current velocity (m/sec);

U is positive to the north, V is positive
to the east

Dashes in the wave data indicates absence of significant
wave peaks at periods greater than 4 seconds.
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RUN W (m) Er{em®) B, s(m) Peak F  Peak T Ao Plao) Es(em®) n Y
(cec™ ) (see) (m/sec) (m/sce)

05 July 83 - Q1 8.12 1 (4) .04 .0938 10.7 271 32 0.4 -0.11 -0.04
- 02 9.68 2 (7) .06 L0625 16.0 260 60 0.5 -0.01 -0.09

- 03 9.68 2 {5) .06 L0918 t0.7 286 e 0.6 -0.10 -0.0%

06 July 83 - 01 8.06 1 (%) 04 L0625 0 RI) Sy 0.5 -0.02 -0.14
- 02  10.97 2 (%) 0k AT thLo RIS 07 L2 0.01 -0.17

- 03 9,34 2 (%) .05 AR L R L4 0.5 -0.07 -0.02

07 July 83 - O 8.33 2 (1) .06 AN S Gy 54 1.0 -0.06 -0.09
- 02 10.32 hy o (124) .26 LLNTS L R 5! 1. -0.07 -0.01

- 02 8.84 12 (38) 14 T Y. 288 A 2.0 0.03 -0.03

08 July 83 - Q! 72 7 (20) 11 1094 G.! R 6 L. -0.08 -0.03
- 02 1¢.32 12 (21) L4 L1094 9. e ER PRt 0.06 -0.01

- 03 o9 b (15) ) L2094 9.1 276 ) 3.5 0.06 0.03

09 July 83 - 01 9.33 3 (2 .07 .0781 12.8 27% 2 1.0 -0.14 -0.04
- Q2 0.0 v (L) .08 L L0y 9.1 67 67 ¢ 0.01 -0.01

- 03 7.51 2 (6 .06 78 12.8 268 ity 0.4 -0.03 -0.03

10 July 82 - 01 10,1t 6 (23) 20 078! 12.8 262 N6 1.3 -0.02 -0.09
- 02 5.55 b (27 D IO TE VI A 037 58 1.3 ~0.04 -0.12

- 03 7.64 2 () s YA 12,8 284 o 0.4 -0.00 ~0 .04

11 July 83 - 0!  10.74 2 (i) AL L0788 12.8 Loz 79 0.5 -0.08 -0.04
- 02 8.84 1 () s L0781 12.3 261 S 0.2 0.02 0.03

- 03 7.98 2 {4) L LG7EL 12,8 275 a4 G.6 -0.112 -0.04

12 July 83 - 01 11.21 Lo (10) .08 0938 0.7 2032 62 1.1 -0.05 -0.02
- 02 8.19 5 (13 iy L1094 a.L - 273 5 1.5 -0.02 -0.01

- 03 8.68 h (9) abs L1064 G.1 375 45 1. -0.04 -0.13

13 Zuly &3 - 01 11.23 16 (21) 15 078 19,8 230 62 8.8 -0.04 -0.02
: - 02 7.52 A8 (&) Lo ALY n 284 31 30. -0.01 0.05

- 03 ¥.39 LR A i AT 2.7 177 32 h.9 C O 0.06 -0.09
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RUN h (m) Er(em?) By, 3(m) Peak F  Peak ™ o Plao) En(em?) v v
(sec™ )  (sec) (m/sec) (m/sec)

14 July 83 - 01 10.75 17 (28) .16 L1094 9,1 252 48 3.6 -0.06 -0.04
- 02 7.0 S (14) L1 DI gL 50 31 K] ~0.02 -0.03
- 03 10.!% ¢ (25) L12 s ot Y hy 1.9 -0.0! -0.07

15 July 83 - 01 .95 p (20) na LG gt 283 35 1.8 -0.02 -0.

~ D

! 02
- (2 .58 2 (7) .0h Ll U, 270 53 0.8 -0.02 -0.06
- 03 10.58 3 (32 00 RS Ll 2h2 iif 1uh .02 -0.12

16 July 83 - 01  9.13 hoo(7) .08 ok a0 240} 21 1.0 ~0.06  -0.02
- 02 8.20 2 (5) R —— ———  Eqoan) — ——— -0.04  ~0.09
- 03 10.82 6 (11) 10 L1094 a. 212 65 1.3 ~0.02 . -0.02

17 July 83 - 01 8.48 2 (h) .06 IR g.n 252 51 0.3 -0.01 0.02
- 02 8.97 2 {6) 06 L0yss 1aL7 271 45 0.4 0.02 -0.05

- 03 10.60 6 (12) .10 LS $.0 210 ) 1.1 -0.0A 0.02

18 July 83 - 01 7.99 6 (11) L10 LT g, 270 33 2.1 -0.06 0.02
- 02 9.58 I (8 .08 IO a.n Sy 32 1.6 -0.03 -0.08

- 03 10.10 5 (3) L0 RRRALYH y,1 LR H7 1.6 -0.10 ~0.02

19 July 83 - 01 7.87 L (1) .08 L1004 9.1 285 0y 2.2 -0.03 -0.02
- 02  10.07 5 (o) L0 0o 9, 9 19 1.1 -0.01 -0.14

- 03 9,56 Hoo A Rt AT 0.1 80 17 1,0 ~-0.01 -0.01

20 July 83 - 0! ].12 3 (5) .n7 L1nog 9,1 287 Wi 1.0 -0.13 -0.04
- 02 10,137 i (%) LR RS A et an N 0.7 ~-0.07 -0.08

- 03 g.02 3 (7) .07 RN Gt 267 2 0.5 -0.02 0.0l

21 July 83 - 02 2,04 2 (5) .04 L1004 9.1 272 () 0.5 ~0.10 -0.07
- 02 10,28 ho (12) L0 Jrons 1.7 256 h 1.2 0.00 -0.07

- 03 8.47 (9) ofyel) L iann won 270 il 1, 9(vel) -0.07 0.01

22 July 83 - 01 9.16 2 (7) .06 L1094 9.1 277 49 0.5 -0.02 ~0.06
- 02  10.07 5 (15) NI L0092y 10,7 244 A6 0.7 0.02 -0.02

- 03 8.28 65 1124) L2 Lhen 7.0k 298 35 2%, -0.05 -0.01

23 July 83 - D1 a.75 110 {176) A2 LLA06A 7.1 253 29 40. -0.02 -0.05
R g.7. 187 (7)) Wi A 2.0 2h0 2 37. 0.03 -0.03

- 03, g2 37 (87) .58 RN 7.0 dht 2y 12. 0.01 0.01
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RUN h (m) Erflem®) Hy, :fm)  Peak ¥ Peak T oo Plao) Fe(em?) U v
{sec”™ ")  (sce) (m/sec) (m/sec)

L

July 83 - 01 10.17 19 -0.08 -0.06

R
(G o]

.0938 10.7 280 h5 2.
2

(28) 17 8
- 02 26 11 () .13 .0938 0.7 28 26 2.8 0.02 0.02
- 03 8.21 7 (Lo 1t L0938 0.7 N2 43 2.3 -0.06 -0.00

July 83 - 01 10.50 13 (18> .14 L0938 AN 207 6l 1.9 ~-0.11 ~0.10
- 02 .95 T GV hi LIRS R L 30 i3. -0.05 0.02
- 03 f.47 A 47 LY L2030 fs DL ha ok -0.03 —-0.0n

July 83 - 0! 10.7R% 34 {(Hh7 .23 L1875 5.3 248 ha 5.5 -0.07 -0.07
- 02 .57 1 RN L2 Lloudh v ) 2 L 0.00 0.04
- 03 8,77 3 (> L2 L1250 8.0 205 HE) 5.0 -0.04 -2.07

July 83 - 01 10.78 9] (1l D L1250 5.0 965 34 I.h -0.12 -0.07
- D2 2,4z on U L8 L1250 5.0 272 an 7. 0.0 0.0C
- 03 ) RS 2203 Lo Lann 8.0 asl 51 6,0 ~,03 -0.07

July 83 - 01 10.65 17 (19} LA JUIRE 12.8 257 39 5.6 -0.12 -0.00
- 02 2.09 f» 83 L Y ol Lih 24 7 AN 0.03
- 03 Qb 1! {(zz2) L nyse I8 281 hé 3.0 =004 -0.17

34 3.6 -0.11 ~-0.05
20 o .02 -0.02
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-0.03 0.00

= wg b
&)
=
<
<
a
w
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RUN h (m) Ex(em?) Hi,a(m) Peak F  Peak T Qo Plae) Ep(em?) v

(sec”™ ) (see) (m/scc)

01 Aug. 83 - 01 9.06 6 (N .10 .1094 9.1 285 36 0.9 ~0.07
02 8.50 6 (11) .10 L0781 12.8 968 A 1.3 -0.04

03  10.48 s (1) .1l L1044 9.1 267 65 1.4 -0.10

02 Aug. 83 - 01 8.61 5 (7) .09 L0781 12.8 271 26 1.2 -0.05
02 8.84 3 D) .07 L0938 10,7 279 10 1.3 -0.032

03 10.34 5 (6) .0y L0053 10,7 262 hY 1.3 -0.09

03 Aug. 83 - 01  8.19 7 (2) .06 J109h 9,1 287 28 0.7 0.0l
02 9.41 2 (2) L% L1094 9.1 GPN KE! 0.4 ~(.01

03  10.14 4 (4 LR L0781 12.8 It 5 0.7 ~0.01

04 Aug. 83 - 01 7.97 2 (2) N6 L1094 1 2432 1 0.4 ~-0.06
02 9,24 3 (2} 7 078 2.8 235 ) 0.4 ~0.04

03 9.72 3 (5} 07 078 12.8 274 33 0.6 ~0.01

05 Aug. 83 - 01 8.03 2 (2) 06 0781 12,8 281 3 0.6 -0.04
02 10.28 4 (4) 0 NORG 10.7 240 7 1.4 -0.03

03 9.26 2 () 00 L05EY 10,7 955 33 0.7 ~0.07

06 Aug. 83 - C1 8.43 1 (3) L0 noye 0.7 766 50 0.3 -0.01
02 10,43 2 (5) 06 LO3Y 1.7 vy S 0.5 -0.01

03 8.56 1 (2) 04 ue 9. “hd, ) 0.2 0.0l

07 Aug. 83 - 01 9.0R 2 (7) .06 L1004 9.1 RN 57 0.7 ~0.0h
N2 10.29 3 (7) 07 L0938 7 TR 58 0.7 Q.02

03 7,49 ) 14 06 L0938 D,y 85 76 5.5 —0.02

08 Aug. 83 - 01 9.85 2 (s5) .06 .0938 0.7 267 52 0.5 ~0.0%
02 9.78 yJ (4) .06 L0GAR 0,7 957 Y 0.4 —0,u

03 7.55 : () 04 NIDNE Ly 274 67 H.2 0.0k

09 Aug. 83 - 01  10.56 A (&) .08 .0938 10.7 259 hiy 1.2 -0.07
02 9.1k 2 (4) .06 . L0781 19,8 275 3y 0.5 0.0

0x. 7.74 1 (3) 04 L0781 12,8 977 4, 0.4 —0.02

10 Aug. 83 - 0r 11,23 4 (9) .08 L0781 12.8 252 67 1.3 ~0.C6
g2 8.46 17 (45) 16 L0 iy 957 2 3.4 0.00

03 £.27 7 (2 B3 LOTRY N 759 45 1.1 -0.10

Y
(mfsce)
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~0.
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L0t

.09
.08
01

.04
L6
.03
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11 Aug.

12 Aug.

13 Aug.

14 Aug.

MEAN
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Er(em®)

(17)
(4)
(67)

(386)
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(um

(45)
(173)

Hy 3(m)

P
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O
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Peak F
-1
(sec™ ")

.0781
LC781%
L2500

L2188
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L1094
L1250
L1280

Lloan
2G94
L1250

.
[ v o]
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Xo

237
272
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300

ann

vh7
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2hh

2Nh
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28N
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56 3.5
47 0.4
74 B.9
T 66,
5 7.3
&1 261
40 237,
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e bl
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I .,
hy 11

Page 7 of 7

u
{m/gec)

-0.02
-0.01
~0.04

0.04
-0.04
0.01

0.04
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-0.05

0.03
~-0.09
~0.07

-0.04

0.05

(m/s

-0,
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APPENDIX T

Theta in spectral plots indicates direction from which
waves are propagating. Note that this convention is
different from that in table and text.
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