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EULERIAN CURRENT MEASUREMENTS AT PHELPS BANK

INTRODUCTION

From July 5-25, 1982 scientists from NRL and other laboratories con-
ducted a cooperative, remote sensing experiment. The general purpose of
the experiment was to obtain information on oceanographic processes
responsible for the surface expression of bathymetry (SEBEX) and hydro-~
graphy in the wave field and radar imagery of relatively shallow seas. To
this end, simultaneous and coordinated remote sensing, oceanographic,
meteorological, hydrographic and bathymetric measurements were made. The
site chosen as the central point for the experiment was Phelps Bank. The
bank is a relatively isolated, subsurface, topographic feature located
approximately 37 nautical miles southeast of Nantucket Island
(40°50'N=69°20'W). Figure 1 shows where the bank appears on the navi-
gational chart (NOAA, 1979).

The field exercise was under the direction of Dr. Davidson Chen (NRL
Code 7912C) and Dr. Gaspar Valenzuela (NRL Code 4305). Mr. William
Garrett (NRL Code 4333) served as senior scientist aboard the USNS HAYES.
The overall plan of the NRL Remote Sensing Experiment has been submitted
for publication by Valenzuela (1981) and a review of surface effects
attributable to subsurface processes has been published by Chen (1982).
This report summarizes the Eulerian current measurements made during the

remote sensing experiment.

BACKGROUND
Among the first investigators to report that radar imagery of the

surface waves of shallow seas included features that were related to the

Manuscript approved January 19, 1983.
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Fig. 1. - A section of National Ocean Survey Chart #13200 (NOAA, 1979)
showing the location of Phelps Bank. The arrow indicates the

gite of the moored, current meters.
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bottom topography were DelLoor and Brunsveld van Hulten (1978). The
phenomenon has been treated in some detail in DeLoor's more recent work
{DeLoor 1981). The bottom topography effect has been particularly notice-
able in SAR (synthetic aperture radar) imagery from the SEASAT satellite
(English Channel and Nantucket Shoals) although airborne SAR and SLAR
{side~looking airborne radar) also show the effect. Mcleish et al (1981)
have published an interpretation of SLAR imagery of surface wave patterns
in the North Sea which are related to sea-floor topography. General
reviews of radar imagery of the ocean surface may be found in the recent
book "Spaceborne synthetic aperature radar for oceanography” Beal et al.
eds. (1981) and in Alpers et al. (1981).

In order to interpret surface manifestations of subsurface topography
it is necessary to have information regarding the flow of current over and
around the particular topographic feature (in this case Phelps Bank).
Currents at the site were anticipated to be predominantly rotary tides (1
to 2 knots), based on data provided for the nearest locations in the NOAA
Tidal Current Tables published by the U.S. Department of Commerce (NOAA,
1981). The locations provided by the tide tables are Nantucket Shoals
40°37'N-69°37'W; Davis Bank East 41°02'N~69°41'W; and Great South Channel
40°31'N-68°47'W. These locations are 15, 19 and 32 nautical miles
respectively from Phelps Bank. The tidal predictions at the three sites
are based on the time of maximum flood tide at Pollock Rip which is
located approximately 48 nautical miles northwest of Phelps Bank. Pro-
gressive vector diagrams of the current speeds and directions were plotted
for the three sites. The major axes of the resultant tidal ellipses

varied in direction from 345° to 40° and the current speeds ranged between
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0.8 and 1.7 kt. for the same tidal phase. This relatively large variation
in both current speed and direction at the locations provided by standard
tide tables clearly indicated the need for real-time current measurements

at the specific site in question (Phelps Bank).

FIELD MEASUREMENTS

Currents in the vicinity of Phelps Bank were measured by an Eulerian
method in addition to the Lagrangian drogue measurements that have been
reported previously (Greenewalt and Gordon, 1982). The Eulerian tech-
nique consists of recording the speeds and directions of currents as they
flow past a fixed point. In this case the fixed point was a moored
array of three recording current meters. The mooring was located at a
position approximately 1.2 naut. mi. east of the shallowest part of Phelps
Bank (40° 50.07'N ~ 69° 19.81'W as marked in Figure 1.). The depth at the
site is nominally 30 m with an uncertainty estimated to be *2 m. The
uncertainty accounts for errors in depth measurement and tide level range,
The mooring system is shown schematically in Figures 2 and 3. The
buoyancy (Fg approximately 110 1b.) was provided by two 17" diameter
hollow zlass spheres. This flotation supported a 1/4" diameter steel
cable which was attached to a 250 1b., anchor. A surface buoy to aid in
relocation and recovery of the mooring was connected to the subsurface
flotation by 150' of polypropylene line. The recording current meters
were attached to the steel cable at the positions shown in Figure 2.
Under conditions of slow currents the meters designated at My, Mj, and M3
were at nominal depths of 20.6, 11.4 and 3.4 meters respectively. 1In the

presence of the stronger currents the actual depths of the current meters
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will vary due to the angular displacement (@) of the mooring by hydrodynamic
drag forces (Fp) on the entire system.

In order to predict the amount of displacement at a particular
current, it is necessary to estimate the drag force Fp. For present pur-
poses it will be assumed that the drag is pressure drag as expressed by

the formula
1 2

where p is the mass density of sea water, Cp is the experimental drag
coefficient, A is the projected area of the drag forms and V is the
current speed. For the mooring in question p is taken as 2 sec? ft"4,

Cp for the combination of suspended spheres and cylinders is taken as

0.75 and A is estimated to be about 8 ft2. For purposes of simplifying
the calculation it will be assumed that all the drag is concentrated at
the flotation depth and that the line to the anchor is straight and
weightless. Since the drag coefficients are imprecise estimates, this

can be done without any overall sacrifice of accuracy. The displacenment
angle & of the mooring system can then be calculated as tan® = Fp/Fg. The

resulting variations of the meter depths are then matters of simple geome-

try. The estimates of drag effects on the mooring are given in Table 1.




Table 1. The effect of drag on the mooring

DRAG DISPLACE- CURRENT METER DEPTH (M)
CURRENT (Fp LBS.) MENT ANGLE My M2 M3
(KT) (8 DEG)
. 0.25 1.1 0.5 20,63 11.41 3.41
‘ 0.50 4.4 2.2 20.64 11,42 3.43
0.75 10.0 5.1 20.67 11.48 3.51
i 1.00 17.7 9.0 20.74 11.64 3.73
i 1.25 27.7 13.9 20.90 11.95 4.19
‘ 1.50 39.9 19.6 21.17 12.49 4,95
1.75 54.3 25.9 21.57 13.27 6.07
2.00 70.9 32.3 22,08 14.29 7.52
2.25 89.8 38.7 22.69 15.50 9.26
It should be noted that in Table 1 the significant figures for meter 1ths

represent only the geometry and not absolute precision. It is seen f ;
the table that under the given conditions meter M3 may vary in depth

as much as 4 meters in the current range from one to two knots. Below one
xnot the meters change depth very little. This is a consequence of the
fact that the drag force is proportional to the square of the current,
i.e., FD~V2. The major sources of uncertainty in the calculations

, for Table 1 are the drag coefficient Cp and the assumption that the drag
is localized at the flotation. The overall error is estimated to be the

order of *207%.

The current meters attached to the mooring are of the pressure—vane
type, that is, their suspension angle depends on the current roughly in
proportion to V2. The devices are film recording curreat meters, manu-
factured by General Oceanics, Inc. of Miami, Florida. Figure 4 is a cut-
away drawing of the meter. In the words of the manufacturer it..e...

"eevsoconsists of a finned cylindrical housing containing a direc-

tional inclinometer and Super-8 cartridge camera which sense and
record the inclination and compass heading of the instrument.
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Fins are affixed to the current meter housing to assist in direc-
tional orientation and stabilization. The fin-housing combination
within the current stream creates a drag resulting in an inclina-
tion of the instrument from the vertical which changes in direct
relation to the current velocity.

The data recording camera is triggered to photograph the
inclinometer by a quartz crystal controlled timing circuit con-
tained within the camera., The self-contained battery supply and
the film cartridge capacity enable up to 7200 data records to be
taken over operating periods of up to ten months.

The directional inclinometer is a spherically shaped compon-
ent mounted on the inner face of the lower housing end cap. The
inclinometer design utilizes a transparent fluid filled housing
containing a negatively buoyant inner sphere floating on a bear-
ing of liquid mercury. The inner sphere maintains a stable vert-
ical attitude and magnetic north orientation because of an
internal bar magnet whose mounting location gives the sphere a low
center of gravity. A small circular target at the top of the
transparent housing is viewed by the camera against a grid of
precision latitude and longitude lines inscribed on the free
inner sphere. When photographed by the camera, this target mark
enables direct reading of the instrument attitude and azimuth by
its position relative to the latitude and longitude lines.

Also located on the lower end cap above and to one side of

the directional inclinometer is a battery powered quartz crystal
watch which provides the time, day and date for each data frame.’

Needlass to say the data interpretation procedure is rather tedious,
that is, each frame of motion picture film provides only one reading of

i current speed and direction. The directional inclinometer is read as

follows:

“The inner sphere of the directional inclinometer is gradu-
ated in increments of 10°. Every circle of latitude is equal to
10°, starting at zero and finishing at 20°. The stamped circles,
i.e.y, 3, 5, 7, & 9, indicate 30°, 50°, 70° and 90° respectively
from the vertical.

The lines of longitude are graduated in thirty-six 10°
increments for a total of 360 degrees. Every letter indicates
30° of compass heading, e.g., "D" at 060°; "N at 0° (or 360°)."

Figure 5 shows how the circular target appears between the lines of

inclination and magnetic orientation. 1In Figure 5 the deflection is 65°
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and the magnetic orientation is 225°, i.e., between south and west. The
65° tilt or deflection angle is related to the current speed and can be
converted to speed using the calibration curves provided by the manufac-
turer. Figure 6 is an example of such a calibration curve and using it
the 65° deflection is found to be equivalent to a curreant speed of 52
c¢m/sec. It should be noted that during the measurements reported here

the currents were relatively fast (1-2 knots) and the deflection angles of
the current meters were near the maximum of their calibrated range.
Because of this and variations in the mountings, the absolute accuracy of
the measurements should be considered no better than +*10%.

For the measurements described here the current-meter mooring was
deployed at about 0910 local time July 10, 1982 and recovered at 1800
local time on July 20. The duration of the measurement time series was,
therefore, 249 hours. The cameras recorded 8 frames per hour in the
three current meters for a total of about 6000 readings of current speeds
and directions. All 6000 readings are not listed here in tabular form,
however all the values have been stored on tape and can be made available.
The following tables (Tables 2-4) list hour by hour averages of the current
speeds and directions (8 data points) for the 10 days the mooring was
deployed. The current averages include one half hour before and one half
hour after the times given ian the tables. For purposes of comparison with
the current meter arrangement shown in Fig 2. Meter "X" was at a nominal
depth of about 5 m and corresponds to M3; "M" corresponds to My at
about 13 m and "N" corresponds to Mj; at 21 m. The times in the tables
are in universal time (U.T.). To convert to local time (EST) subtract

four hours or to obtain Daylight Saving Time (ZEDST) subtract 5 hours.
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Table 2. Current Measurements at Phelps Bank (40° 50.07'N -~ 69° 19.81'W).
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Table 3. Current Measurements at Phelps Bank (40° 50.07'N - 69° 19.81'W).
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Table 4. Current Measurements at Phelps Bank (40° 50.07'N ~ 69° 19.81'W).
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Two qualitative aspects of the currents can be established from simple
inspection of the tables. First of all, it is seen that the current direc-
tion varies continuously in a clockwise manner at a rate of approximately
29° per hour. That is, the curreant at Phelps Bank is dominated by a rotary
tidal component with a period of about 12-1/2 hours. It is also seen from
the tables that the tidal current is fairly strong, occasionally reaching
values of 1.8-1.9 knots (.92-.98 msec™l). The slowest currents fall in
the range of 0.50 knots (.26 msec™l). The high currents are associated
with directions in the 210°=-260° range while the slow currents are corre-
lated with directions between 290° and about 110°. This indicates that
the trajectory of the water during a tidal cyvcle is generally elliptical.

The information in Tables 2-4 is presented graphically in Fig. 7, A-C,
which shows the hourly averaged values of current speed and direction for
all three meters during the 10 days the mooring was in place. Perhaps
the most striking feature of Fig. 7 is that the current meters at diff-
arent depths show no gross differences in their speeds and directions.

For example, the speed maxima and minima have very nearly the same values.
e most noticeable, consistent variation is that the direction of the
deep meter (N) almost always lags behind the upper two meters by
approximately 30°, The only other obvious consistency is that the current
speed measured bv the deep current meter is always about 1/4 kt. slower
than the upper meters when the flow direction is in the 100°-140° range.
The physical mechanisms responsible for these effects are not clear but
they mav be related to veering due to bottom drag or to local topographic

influence.
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Current measurements from a fixed mooring can also be represented
3graphically as progressive vector diagrams. This is the traditional
method for producing a current "quasi-trajectory” based on measurements
made at a fixed site. This is accomplished by considering each measured
speed and direction as a vector and sequentially adding these vectors to
each other in a time series. An example of this approach is shown in
Fig. 8. Here all the current nlus direction records (8 per hour) from
the near-surface current meter X (~ 5 m depth) are vectorially added for
the 10 day duration of the deployment.

When the data are presented in this way, two additional aspects of
the current at this location become evident. The first and most obvious
is that there is a progressive drift toward the southwest (220°), that is,
the current includes a relatively steady component in addition to the
rotary tidal motion mentioned earlier. The second noticeable feature is
that the relative amplitudes of sequential, 12.5-hour rotary tides change
along the time series from July 10 to July 20 (Julian day 191 to 201).
This pattern is typical of semi~diurnal tides and is associated with the
tilt of the earth's axis of rotation relative to the ecliptic, the lati-
tude of the observations and the time in the lunar month. Detailed dis-
cussions of this tidal phenomenon are available in most standard oceano-
graphic reference texts (Hansen, 1962) and it will not be pursued here.

We will now return to a consideration of the long-term flow over
Phelps Bank. It is seen from Fig. 8 that there is some variability in the
speed and direction of the drift current with an average speed of approxi-
mately 0.47 kt (22 cm sec™l). It should be noted here that the other

two current meters at 13 (M, My) and 21 m (N, M;) depth do not record the

27
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same “steady” component as meter X (M3) at 5 m, which is shown in Fig. 8.
The relative, quasi-trajectories of the steady components of current as
recorded by the 3 meters are illustrated in Fig. 9 and listed in Table 5.
It can be seen that the drift current indicated by the mid-depth meter
(M, 13 m) is in approximately the same direction (220°) as that recorded
by the near-surface meter (X, 5 m) but it is slower by about .12 kt. The
deep meter (N, 21 m) records the same current speed as the mid-depth
meter but the direction of the flow differs by about 10° (210°). Whether
this latter a2ffect is due to veering as a result of bottom drag, local
topography or ianstrumental error is not demonstrable from the limited data
available. What is clear is that there is a considerable vertical shear
in the steady drift current. The shear between meters X (5 m) and M (13
m) is approximately 8.5 X 1973 sec™l and is primarilyv a result of speed
differences. Between meters v (13 m) and N (21 m) the shear is about

3.2 X 10=3 sec~! and is mainly actributable to differences in direction.

These shears are relatively large but not atvpical of those measured in

the upper ocean.
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Table 5. Drift current speeds and directions recorded by the 3 current

meters for the 25 hour intervals shown in Figure 9

Meter X (5 m) Meter M (13 m) Meter N (21 m)

Speed Direction Speed Direction Speed Direction
(cmsec™1) (deg) (cmsec™1) (deg) (cmsec™l)  (deg)
22.4 217 14,2 221 16.8 206
22.3 216 14.8 212 15.2 204
23.1 2138 15.1 216 13.2 208
22.6 222 14,6 226 13.3 207
25.6 224 16.6 228 13.5 213
22.9 213 15.0 219 16.3 207
22.0 211 16.2 219 18.6 213
17.1 204 16.3 212 18.3 210
17.7 198 16.3 213 16.8 212

Avg 21.8 (.52%t) 15.4 (.30kt) 15.8 (.31kt)

The daily, averaged drift currents listed in Table 5 can be sub-
tracted from the total currents to obtain the votarv tidal component.

The result for the near-surface current metar (X, 5 m) is shown in Fig.

10, The plot is disconcertingly reminiscent of the classical "NIDUS RATTI"

but does serve to iliustrate the rotary tidal flow and makes it possible

o produce tide tables for the specific location. This is accomplished by
averaging the speeds and directions of the tidal currents and expressing
them in terms of the time after maximum flood tide at Pollock Rip. The
tidal current at the Phelps Bank mooring site can then be predicted for
any time in the future by using the Pollock Rip data from published tide
tables (NOAA, 1981 or equivalent) and Table 6 given here. The procedure
for obtaining past or future tides at various locations on Nantucket Shoals
are described in detail in the National Ocean Survey, Tidal Current Tables

(N0AA, 1981),
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Table 6. Rotary tidal currents at the mooring site on Phelps Bank
(40° 50.07'N-69° 19.81'W)
Times are given in hours after maximum flood current
at Pollock Rip Channel

1. Meter X, nominal depth 5 m.

TIME DIRECTION SPEED
hours degrees knots
| 0 35 1.30
1 61 1.44
2 33 1.36
3 111 1.13
4 146 .93
5 188 .96
6 216 1.11
7 237 1.14
8 254 1.16
9 272 1.11
10 301 1.00
11 347 .96

II. Meter M, nominal depth 13 m.

TIME DIRECTION SPEED
hours degrees knots
0 39 1.264
1 63 1.28
2 85 1.16
3 119 .98
4 1592 .93
5 200 1.19
) 223 1.19
7 247 1.26
8 263 1,22
9 284 .94
10 327 .78
11 9 .97
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III. Meter N, noninal depth 21 m.

TIME DIRECTION SPEED
hours degrees knots
0 19 1.11
1 35 1.24
2 54 1.21
3 80 .94
4 115 .76
5 168 .73
6 91 1.00
7 211 1.18
3 223 1.22
9 248 1.05
10 283 .78
11 333 .75

The progressive averaging of the data in Fig. 10 over 25-hour and
12.5-hour tidal cycles is shown graphically in Figs. 11 and 12 respect-
ively. t is seen that the 12.5 hour averaging required *» produce
Table 6 removes che sequential asymmetry associated with the relative
2arth-moon positions that was mentioned earlier. The equivalent 12.5-
hour averaged rotary tides for the deeper meters (M at 13 m, N at 21 m)
are plotted in Figs. 13 and 14. 4 comparison of Figs. 12, 13 and 14
indicates that the rotary tidal component of the current is almost
identical at depths of 5 and 13 m while the east-west tidal amplitude is
somewhat reduced at 21 m depth. This difference shows that there is some
shear in the rotary tidal component of the current as well as in the
"steady” component discussed earlier. At 13 m and shallower the rotary
component moves essentially as a slab. Below 13 m the east-west current
is somewhat slower. The data set is not adequate to attribute this effect

to any specific hydrographic or hydrodynamic cause.
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COMPARISON TO LAGRANGIAN METHOD

When reviewing and interpreting the information presented in this
report, it is instructive to compare and coutrast these results with our
previously published results of current measurements in the vicinity made
by Lagrangian methods (Greenewalt and Gordom, 1982)., The two reports
should be congidered complementary. The most striking distinction between
currents measured on the bank by Eulerian methods and those measured east
and west of the bank by drogue following (Lagrangian technique) is graph-
ically illustrated in Fig. 15. The plot shows the trajectory of a current-
following drogue (A) at 6 m depth at a location centered about 4.3 nautical
miles west of Phelps Bank comparad to the "quasi-trajectory” (progressive
vector diagram) of currents measured at the same time by Eulerian technique
at the mooring (Meter X). The meter array was deployed near the east side
of the bank (nominal depth = 5 m, July 10-11, 1982). Both tracks show the
elliptical shape typical of rotary tides, however, the ellipse measured
off the bank where the sea was about 40 m deep has a major axis in a
roughly Worth-South direction while for the ellipse measured over the bank
(~ 30 m depth or less) the East-West dimension is extended. The resul:
shown in Fig. 15 is a typical one and applies to all cases when there were
simultaneous current measurements by Eulerian methods at the bank and
Lagrangian methods in the vicinity of the bank. We have interpreted this
enhancement of current flow across the short dimension of Phelps Bank as a
topographic effect of the bank itself, namely, an acceleration of the flow
due to the vertical reduction of its "channel depth”. This interpretation

is also consistent with current speed changes across the hank measured by
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using the ship (USNS HAYES) as a Lagrangian drifter. Whether the inter-
pretation can be quantitatively confirmed depends on more detailed

‘ measurements of the local bathymetry and current speeds across the topo-~
graphic feature. Elementary continuity analysis of the current speed and
depth measurements across the bank (Greenewalt and Gordon, 1982) indicate
that the situation may be somewhat more complex than simple channel con-
straint, i.e., the product of depth and current speed is not constant over

Phelps Bank.

SUMMARY

The primary purpose of this report was to supply the participants in
the NRL Remote Sensing Experiment (July 5-25, 1982) with hour by hour
measurements of current at Phelps Bank to aid in their interpretation of
hydrographic, radar, wave, IR, photographic and other simultaneous
measurements in the vicinity. A second objective was to provide a means
of predicting currents at Phelps Bank at some future time for purposes of
operational planning. Both these tasks have been accomplished with the
data listings and tide tables produced.

Comparison to current measurements made by Lagrangian methods indi-
cates that the "channel depth constraint” of Phelps Bank causes the East-
West component of the rotary tidal currents to be enhanced as it flows over
the topographic feature.

For purposes of planning future field exercises of a similar nature,
it is recommended that current meters be moored on both sides of Phelps
Bank as well as on the central crest of the bank. Current meters should be

deployed in at least 6 locations: 2 east, 2 west and 2 on top of Phelps

41




Bank. The measurements by Eulerian methods must be accompanied by simul-
taneous Lagrangian measurements for purposes of mutual calibration and

interpretation of the hydrodynamics of the flow regime.
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APPENDIX

This appendix includes the computer programs developed for the data
treatment. The language is BASIC and the documentation is self-

explanatory.
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PROGFAM “RITECH”

THIS PROGPAM 13 USED 70 ENTEPR
CURRENT METEF SPEEDS AHD
DIRECTIOQNS FROM KEYBOHRPD Arl
STORE THEM 0N TAFE. OATA MAY EE
CORRECTED RFTER EVERY 16 ENTRIES

DARUR ST DR ot
L ROl G

-~
Q

o0
.9

AL I — W0
DT

e = A

e
-3
Q&

LINR N VR L v

[V Vg
DAL ADAR R L

244

491
500
5198

OPTION BRSE 1

RES

DIM Soeinn. D15

CFE="UMZEXF"

DE="CM20DRT"

DIZP “THIS PROGRAM STORES C-
M SPEEDS HAND DIRECTIONS IH

FORM SS . DDOD"

DISP “IM S FILES 0OF 3& HUMEE
RS. AN ADDITIONAL FILE.'C
M-EXFP' GIVES"

ISP “DATES STARRT TIME, RANMD

TIME INTERMVAL"

CRERTE C$.1

CRERTE Df.5

ASSIGN# 1 TO 0%

ASSIGN® 2 TD C¥

c=1

DIE

DISP "ENTER ORTE RS JULIAN O
HY L}

INPUT O

DISP “ENTER 3TRRT TIME.RAS HH
R MMM

INPUT T1.T72

OISP "ENTER TIME INTERVAL"
INPLIT D1t

Ti=T1¥t6u+T2

PRIMNT® 2 : T1,D.01

Foarp =1 TD 18

DISP “SEGMENT" . J:"3Ew HO" . L
DISP “ENTER 15 SFEEDS.DIRECT
IOMNS"

FOrR I=1 TN 16

INPUT 3(I3.0CID

L=C+1

NEXT [

IMACE 0OD.9X,000.%5%,000

DISF .

DISP “Ni} 2P0 oie o

FoOrR I=1 T 1€

DISP USING 399 & [.35<(1..01)
HEYT 1

DIsP

DISP “RNY CORPPECTIONS®

INPUT HS$

IF AsS#“YES" THEHW 4328

DISP "ENTER LINE NO.,.CORFECT
SPEED. CORPECT OIRECTIONY
INPUT [.SCID.07 I

GoTO 32 G .

FOrR 1=1 TGO 16

D<I>=0C1>-10@8

E=SC1:+DC1)

PRINT# 1 , E

NEXT 1

MEXT J

DISP “ENTER END DATE w3 JD"
INPUT O

DISP "EMTEP END TIME,HH.MM"

00 =4 F A e ek o

JdARAARg
oSG D DS

METER ORTA FFOM TAPE

Py

Ty e fot
5 15 1St ¢

=~
W

0
D

[ ol g

ES T 5 Y0 N RN R RV Rl R ]
RV TN WA T AT RW- O]

£ )R o P P ) e — e
WU S & W

INPUT T1.T2
T1=T1%edD+T2

FRINT# 2 ; D,TI1
ASSIGHN® 1 TO X

ASSIGH® 2 TO %

DISP "“C-M DATA ENTERED"

END

FROGFARN "TFEHTD®

PFROCEHM TRFANSFERS CUR
T 1

OFT LUy TRTE

DEIS

CE="CMZESP - D7@a"

O&="CMZOAT D7 BE"

DI=P “"THIS PROGEAM STOFE: -
M SPEERS FAND DIRECTION:E TH
FORM <5 000D O OIS FROM TRP
OISP “IM 1SFILET QF Z& HUMEBE
FS A AOCITIONAL FILE.'C
M=EXP GIWVES"

O1=pPp “STAFT TIME. EHDO TINME.
ODRTE AND INTEPUYAL BETWEEN [
ATAR"

IPERTE CF, 1

CRERTE Df,15

R3ISICH# L T Df

ASSIGhs 2 TO C¥

T=" T"

DRTAH CHMIDAT.CHSOAT . CHMeDAT
ASSIGH® 2 T “"CMAEXP T

READ® * . R.E

ASCIGN#® 2 TO "CMeESP T"
READ#® 3  F.G.T . N F
PRPINT® 2 : A.EB.L.L it
FOR J=1 TQ 3
FERD Fs

ASSIGH# 2 TN F$2TE

Far I=1 T0O 1&a

PERDS® 2 ;

PRINT® I , C

HEXT 1
MEXT J

DISP “DATRA TPHNSFERED"
END




PROUGRAM “LSaymM3I

THIZ PROGEAM FLOTES THE
PPOGRESSIVE WECTOR DIAGRANM FOR
CURRENT METER M FPOM SPEED ARMD
DIRECTIOM OATA FILED IM “CMADART®
THROUGH “CM4DAT" .

OFTION BRSE

PLOTTER I3 78BS

DEG

Kig i g=13

DATH CHMADSR) . 153, CH-0AT. 224, C
MIDAT. 488 . CMZCAT . 426

DATA CM3IDAT. 430, CM4DAT . 144
SCHLE -38v00,6000,-26020. 106
a

I rufh) — r=
form D

Gt
- Gl

32 GCLEAR

I3 MOVE X3, 73

34 FOR J4=1 TO &

35 READ Os$.HN

68 ASSIGN® 1 TO Ds
83 FOR I=1 TO M

9a REAROE 1| ; C

21 S=IP«Cs R D=FP«Cs%1
106 X=SXSINC(D) ® Y=S¥C0S5.D»
119 X@8=Xg+X R YQ=YO+7
1306 PLOT Xe.vYa

149 PENUP

158 NEXT [

163 HEXT O

170 END
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PROGRAM “F1TEDFFT"

THIS PROGFAM CALCULATES THE EAST
HHD HORTH COMPOMENTS OF DRIFT OF
THE PROGRESSIVE YECTOR DIAGRAM
QYER A 2S5 HOUR PERIOD FOR
CURRENT METER X AMD STOFES THESE
IN THE FORM OF SFEEDS (cm-Sec:
IN FILE ‘ODRIFT-X"

OPTIUN BRSE |

DEG

DATA CALDRT.CHZORT, CHSORAT
ASSIGHS | TO "CHADAT"
CREATE “"OPIFT -¥" .14
RESIGH® & 1O "QORIFT-l"
FOR J=1 TO 23

xR, Ye=a

D AN U U MU KA

on P v SO 0D T B ] [ e

FOR I=1 T 214

1 READ® |  C

1 S=IP Cs i OU=FPCHt 1003

1 ASSESIn L) @B Y=S¥LOL 0

1 XB=XR3+X @ YO=YG+Y

1 IF J=3 AND I=8& THEN GOSUB 2
28

1S9 IF J=% AND 1=160 THEN G0S5UB
zza

169 IF J=% AND [=43 THEN GOJSUB &
ey

173 MEMXT 1

128 <B=£a- 298 B (d=7@-208

199 PPINT® 2 ; Xa.v@

269 HEXT J

218 STOP

229 RERD Cs

239 RASSIGH® | TO Dy
249 RETURN
259 END




PROGRAM “WSUMS Y

IN THIS FROGFAM. THE FPOGRESIIVE
VECTOR DIRGPAM FOR TUPRENT METER
¥ IS PLOTTER. BUT WITH THE QFIFT
REMOVED FOR EACH 25 HOUR 289
POINTSY FERIOD THE RESULT IS f
i SERIES 0OF OVERLRFPING TIOAL
LOOPS <nidus ratti:

OPTIONM BRAZE 1
PLOTTER 12 ¥@5
TES

SCALE —-1623,4008.-2199. 2139
SGULERFE

ORTH CRI0ORT.CXZORT . CHS0AT
RESIGN® 1 TO "CaeDAT™
RSSIGHE 2 TO "QRIFT-4"
PENUF

FOR J=t T 2

READ® 2 ; Xi.¥1
ua,Ye=a

FOR 1=1 TO 2096
RERD®#  : ¢

S=1F:C2r # O=FP: F:t1

MO g T TSN & (e
&S S e S 50 0 e D ST

-

Y=S¥SINLD -1 @
1

o=

r‘- =

=1i]
SXCU

=K@+ R (OSYA+T

et b
6 I O AN

=3 AND =23 THEN GUSUB 3

-

J=%5 AND I=158 THEMN GUJSUR

'S

& & &—~a

—
[

J=8 ANO I=42 THEN GOSUB 3

4L

ASSIGHE 1 TO 0f
RETURN
FRAME

MAVE —-1993G.
CeIZE 3‘ T
LABEL "CUR RENT METER "

419 CSIZE 2 5. .19

429 LABEL "P POGRES°IvE WELTOR 01
RHGR AN

LABEL "OF SPEED AMOD OIRECTIO
Nll

LABEL “FOR JULY 19 TO 23.1%3

[OEX DN ENENT S
~J T b e D

4 Wy
[ RN Y X
IO DS

—

&
w
&

+
Fs
9

LABEL "DRIFT PEMOYED"™
MOVE -1u@a, 1200

ORAW —-556.,1290

MOGVE -10800. 19086

LABEL * 2 KMo

ERD

P
\D o4~ N
QE—-IIT
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FROQFAM tRIiamen

A 25 AQUR T I0AL CWCLE I:
FPEQOUCED Byv CHRALCULRTING TrE
RVERAGE WhLVES FOR FOINTS 1 TO
1 3% FOR ‘e TEM DAY CURRENT
METEF 1 RECOROS THESE POIMTE
RRE PLOTTED AS PROGFESSIVE

20 HsiH loeM o I+18BY 02
VECTOR DIRGEAMS . THE 25 HOUR ST Voya [oevi lH1am ass
AYERAGES ARE THEMN FURTHER S4a PRIMT® 1 ZRY
AVERAGED TNTC R 12.5 HOUR (148 SSa MEWT I
POINTY TIOAL CYCLE. RAMD THESE Sai END
POINTS ARE STORED IM FILE “MTICE
19 OPTION BRSE |
‘ L1 ODIM 30 2980, V2080
? 29 PLOTTER 1S 7@s
; 9 DEG
21 SCALE -1509. 3909, -219a.2180
32 GLLERE
I3 FOR I=1 TO 249
‘ 34 Molaay.lv=a PROGFAM "TRELE-T"
IS HEXT I
408 DATA CM~DAT.CMLOAT, CMEDAT. TN THIZ FROGRAM USEZ THE 12.5 HOUF
I0AT. ¥ TIDAL CYCLE OATA STORED IN
9 AESIGh# 1 TO “CHODAT® “MTIDE" TO FPRINT A TIDE THAELE
51 AZSIGH# 2 To "DRIFT-nM" FOF CURPEMT METER M
S2 PEMUP
| £@ FOF J=1 TQ = 1% OPTION BRSE 1
51 RERD# &2 ¥1.v1 20 OEG
39 FOR I=1 TO 206 TH ODIM SC12,00120
39 RERD® 1 : L 43 ASIIGHE 1 TO “MTIDE"
198 S=IP Cr @ D=FPICH¥1800 S RERO® 1 . ALH
129 ReIy=iu Lo+ 3RETHIDI-R1 @ Y0 1o £9 PRINT “  CUFRRENT METER M®
=YL+ SXC0S DY =Y 79 PRINT TIDE TREBLE"
149 IF J=1 AND 1=158 THEHN GOSUE o PRINT
340 3 PRINT “TIME DIRECTION SPEE
152 IF J=I AHD I=154 THEN GO3UE .
348 190 thours desrses knot
150 IF J=5 AMD I=£3 THEH GISUE 3
45 1146
179 IF J=7 AND I=144 THEH GO3SUE 120
: 348 139
! 159 HEXT 1 {am
] 218 NEXT O 150
211 2}, vo=yg 155
J 229 FOR i=1 TO 224 1TA
270 ACIa=N0Ir A @ YOli=veio o 13
246 Xa=sygescl ., 8 OYGEYOLYr I Y
252 PLOT ¥9.Y9 09
26 HEAT 1 216
279 GoTD 379 229 IF D\JJ(ﬁ THEN D7U>=D(J)+358
240 RERD Ds 23m MEXT J
359 ASSIGH#® 1 T 0§ 249 J=0r
360 RETURN 25% PRINT USING 289 & 0.Du12),S¢
379 FRAME 125
329 MOVE -IUBW 1249 263 FOR uy=1 TO 11
396 CS1ZE 3. .7 1@ 273 PRINT USING 298 ; J,DcJ. 304
499 LABEL "IUPPENT METER M" 3
410 CSI12E 2 S, 18 226 NEXT o4 :
A 420 LABEL 'PROGPESSIVE VECTOR DI 232 IMAGE 2¢,00,4%,000,4X%,0. 00
< AGRAN OF“ I06 ASSIGHS 1 TO ¢
429 LABEL “AYEPAGE ZPEED AND DIF 319 EMD
ECTIOM"
4493 LABEL “FOP JULY 16 T 29.1%2

453 LAEBEL “"ORIFT FEMOIVED®
do MOVE ‘Guq SO

473 ORAW -5%

1 MOVE -16 CE1-
2 LABEL 2 kn

9 CFEATE “"MTIDE" ,-T'
3 RZSIGH® 1 T "MTIQE"
18 FOF i=1 TO 166

r—t.)»-
DD
T .;-1

e

i |
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PRUGRAM “T1DEHDUR®

THIS PROGFAM CAHLCULATES AVEFPRAGE
ZURRENT METER SPEEDS AND
DIRECTIONS FOF EACH HOUR «FROM
172 HOUR BEFDRE TO 12 HOLR
AFTER THE AOURY AND LISTS THESE

3 FOR THE 12 DAYS OF OPERRTION.
19 DEG
3 OPTION EARSE | 4726 IF kK=-1 THEH PRIHT & PRIM' =~
o DARTA CN1DAT.CNZDAT,CN3OAT PRINT @ PRINMT
43 RSSIGHN# 1 TOQ “CNoORAT® 449 FRIWNT * DAY 09 Y JULY "N
41 READ® | , C.C.C.,C Pt1aaen
S D2=19% 2 M=% @ T=1S - 441 FRINT
6A PRINT “TIDE THRBLE DERIVED FF 453 IF K=1 THEN 438
gMe 468 PRINT " HOUR SPEED ODIFR
; 79 PRINT "“IUURRENT METER 'H' AT ECTION®
DEFTH OF" 478 PRINT * ut kts. de9
3% PRINT "THWENTY ONE METERS" rees®
9p PRINT “"Sepweds and directionsz 471 PRINT
are” 4o RETURN
199 PRINT "averades ot 213ht mea 512 READ F¥
surenents” 526 RSSIGH# | TO F§
119 FRINT * The table si1wes ho 53Q RETURN
urly sepeeds” S48 END

129 PRINT "and direcrions tor th
e ten o

139 PRINT “Period from Julr 18 ¢
¢ 20.1332"

149 FRINT "Hours are 1n uniuyeria
1 taine

159 PRINT “Subtract tour bours

or lecal”

PRINT “time or five hgours o

‘ r Eastern®

PRIMT "Standard Time "

PRINT

K=1

GOSUE 904@

FOR J=1 TQ 233

LY B=a

FOR I=1 T 3

READH® 1 . C

S=IPCy % D=FPrr&1D00

X=CSXSINCO)Y ® Y=S¥C0S<0:

278 ¥PR=Xa+X @ Y@=+

271 IF J=53% AND I=4 THEM GOSUE ©
1a

272 1F J=119%9 AND I=4 THEN $OSUB

—
a
-9}

-
M

(AR N AR u RV e )
DGO

R To Lo P T e e
FN
Ly

[ XY
[«
<

)
u
h

Y
—
=~
W

J=
)

AND - I=4 THEN G03UB

[AV]

-~

(%]
e LY = ]
- -

0

274 J=239 AND I=4 THEN T49
289 NEXT 1

299 XB=X0-8 B YA=YA Y

398 S=SQAR(XAA2+YA~2)

361 5=S%. 9194

318 D=ATHZXa.Ye

329 IF 0<8 THEN D=D+360@

330 PRINT USING 3%@ : T1.S.,D
349 T=T+1

359 IF T=z«4 THEN GOSUB 231
366 NEXT J

399 IMAGE SX.DD,SX.D 0D,SX.0CD
391 T=e

499 D9=D9+1 @ N=N+|

419 k=Ki¥-1

423 PRINT @ PRIMT 2 PRIMT
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PPRIIGRAM "FLICH”

EIGHY YALLES OF SPEED HHD
DIFRECTION FOP CURPENT METER X
ARE COMVEPRPTED T2 X AND Y AND
RVERRAGED. THEM RELCONVERTED T
GIVE HOURLY SPEEDS AND DIRECTIONM
THESE RRE PLOTTED ACRO3S THREE
SHEETS OF PRPER. PROGRAM EDITIHG
RLLOWS CURRENT METERS M AND M TO
BE SIMILARLY TRERTED

LES

OPTION BRIE

PLUTTER IS 7895

ORTA CXIDAT.CR20ORT. CRI0ORT

AZSIGH® 1| TO “CHADRT™

RPERD® 1 - C.C.C.C

fo=19%8a @ M=G & T=i¢

SCRALE -4.189.-199, 183

LINETVYFE 1

YARIS -138.24,¢

XAxIS 95.24.,49.,

k=0

YRXIS ¥

YRAXIS v ’

LIMNETYFE 3,4

158 PEMUP

229 FOR J4=1 TO 239
3

1SS DD D

=l
_
10

YO ;v

s
. 136

Q=)
[

Al

1)

sla. -1
7.5,

LY

fo P @O @ T A L LGED
%)

e -
AWV

238 Xa.Yo=v

<49 FOR (=1 TQ

25 FERD® 1 :

269 3=[PvLY B D=FPCTYK1O0G

273 X=SASINDY B Y=SXCOSCD)

2389 <B=XA+X 2 YB=Ya+y

221 1IF J=959% AND 1=4 THEHN GUSUE S

72

299 IF =113 AND I=4 THEN GOSUE
T

369 IF J=17% AND 1=4 THEN GOsUE

Ta

339 1F J=235 AND 1=4 THEN 509

349 NEXT I

359 Ka=x9o2 @ YA=voR

368 3=SQP-xm”£+YB~2-'

383 D=ATH2(¥D, vYa)

39 1F 0.9 THEM D=0+3x8
dag ¢ PLOT J-K.3-148

419 PLOT J-¥.D/4+10d

429 IF J=96 THEH GOSUE 44u
421 IF J=192 THEN GOSUB 449
430 NEXT J

449 BEEP

441 DISP “THRANGE PRPER"
442 DISP "PRESS CONTINUE"
459 PAUSE

451 LINETYFE 1

463 XAXIS -190.24,3. 96
461 RRAIS 55,24,0,96

462 K=K+38

463 TAXIS 9,10,-1929,9

464 YAXIS 6.7.5,16,1090
465 LIMNETYPE 8 4

455 PENUF

473 PETURM

S78 READ F¥¢

580 ASSICH# 1 TO F$

530 RETURN

sA¥ END
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FROGEAN == LP0L AR

THIZ PROGFEM FLOTS A FROGFEST "U'E
WECTOR DOIRGRAM FOF CUPREHT ng it
# FOF THE FIRST TWEMNTY OHE Huio
FOR COMPARISON WITH THE TRALH
QOROGUES DEPLOYED WEST 0OF PHELPS
BANK .

-

0ES

PLOTTER I3 TOS

ZSIGH® 1 TO “CxabATe
HSZICHE 2 T “DRIFT-x*
FEHD# RS T B

A T £ i) T
AR AR I

184
1164
129 35
176
14y o 7
154 XB=EM*A [CERN R R
153 FEHMUP
178 FPLOT »a.ve
133 MEXT 1
139 MOVE -SRAaE. -4aGh
2939 CTIZE 3 TR
2192 LAEBEL HFFENT METEF
229 CLIZE 2 S0 T4
273 LREEL 314287 Dav 191 1o 1178
Z Dav 1322
249 END
FROGEFAM RO a~BG
THI:Z FROGRHM FLTTS R DEed
POSITIONS FOR TR LU ..n
IH FILE"A-pOY" ) OH THE Sk
SCALE AT THE PLOT FROM PROGFRM
"H-W-0FROGLE"
TORTIOMN BRZE I
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