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ABSTRACT

A 38-day definitive study of the Neuse River circulation was undertaken
from 7 August to 14 September 1973. From this study the following conclusions
can be made:

(1) The net circulation in the river is slow and complicated (has

circular flow patterns across river and return flow up-stream). A

rough estimate of the mean net flow for the river is 1.81 cm/sec

and the corresponding transit time for water starting near New Bern

and entering Pamlico Sound is 32 days. Because of the complicated

cross—-stream, up-stream flow waste materials could remain in a leocal

area for a time considerably longer than that predicted by the rough
transit time included above.

(2) Lunar tides may be the driving mechanism for the observed

circulation at all stations up—stream from Pamlico Sound. All these

stations have a near tidal period in the up-stream, down-stream

current fluctuations., Only one of two stations at the mouth of the

river does not have a significant semi-diurnal component in its flow.

(3) The winds tend to, but do net always enhance the river circu-

lation., They are most generally diurnal (land breeze in morning, sea-

breeze in afternoon) and seem to have the largest effect on flow ap

Station 6B but these effects may be indire:t; i.e. may be due to

Pamlico Sound circulation which is generally understood to be wind-

driven

This report and the results of this study should be valuable to the North

Carolina Department of Air and Water Resources, to coastal and land-use

planning agencies and to other investigators studying the Neuse River.
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I. Introduction

The Neuse River estuary, one of two emptying into Pamlico Sound (Figure 1),
is Important as a fishing ground and as a recreatiomal site. Industrial and
residential grpwth has and will continue to put increasing environmental
pressures on the river. It has, therefore, become vitally important to under=-
stand it's biological and hydrological dynamics so that intelligent decisions
concerning the growth can be made.

Most studies to date have been concerned primarily with factors that
affect the biological conditions of the river: e.g. Hobbie, (1975)
has been monitoring the source and fate of nutrient concentratlions; the State
of North Carclina has been monitoring heavy metals and other trace elements.

No long-term definitive study of the circulatlon and flow dynamics of the river
has been made; the present 38-day study was designed to satisfy that need.

It has generally been understood (Marshall, 1951; Posner, 1959) that
there are no lunar tides 1n North Carolina Sounds except near inlets, which
of course, implies a general lack of tidal currents. Wind tides are dominant
(Roelofs and Bumpus, 1953) and easterly winds can cause 3 to 4 foot tides
above normal at New Bern (Neuse River) and Washington (Pamlico River), Marshall
(1951) indicates thét the sounds are too small to have an appreciable tide
generated within and any tide issuing from the ocean by way of the inlets would
be rapidly damped away from the inlets. Roelofs and Bumpus (1953} calculated
a hypothetical tidal range assuming the waters flowing in through the inlets
were uniformly distributed over the entire sound; they came up with range of
5 cm (about 2 inches).

Magnuson (1967) indicates that it may be a lack of firm data, however, that
fails to discern tidal ranges in the sounds. Indeed, in a House Document (1935)
it was reported that some slight tidal variations have been detected as much as

15 miles from Oregon Inlet near the northern end of Roanoke Island. Singer and
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Knowles (1975), using a power spectral density analysis of United States Army
Corps of Engineers tidal height records (20-3) June 1973) at Engelhard, RC (26
miles NW of Hatteras Inlet) and Stumpy Pt., NC (12 miles SW of Oregon Inlet),
and data theylrecorded at Oregon Inlet itself for the same period, found a
semi-diurnal tidal period of 12.8 hours at each of these locatiomns.

B. J. Copeland (personal communication) has unpublished current meter data
collected periodically in 1968-69 in the Bay River, NC, that indicates possible
lunar tidal action. The present study will also present strong evidence for

semi~diurnal tidal currents in the Neuse River.
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II. Present Study

General Considerations - Instrumentation

Seven stations in the Neuse River (Figure 2) were instrumented with
current and temperature sensors (see Appendix A for specifications) for the
period 7 August to 14 September 1973 (a period known generally for its low-
flow conditions). The data was recorded at approximately 15 minute intervals
by a film-recording data logger in each of the sensors for the entire study
period.

At stations 1, 3, 5, 6, and 7 river flow was measured by bot tom-mounted
current meters only; at stations 2 and 4 the flow was measured by both bottom
and near—-surface current meters. Bottom temperatures were recorded at stations
6 and 7. Tide gauges at stations 2, 3, and 7 were put in place but failed to
record any data.

A portable weather station was maintainec at Oriental, North Caroclina, on
the open lawn area adjacent to the River Neusc Motel and near the water, a
location giving good southern but somewhat restricted northern, eastern, and
western wind exposure. Except for periods of instrument malfunction, wind data
was recorded continuously (at a height of nine feet above ground) for nearly
the entire study period. It is included in this report (Appendix B and will
be correlated to the river flow.

Climatological data was obtained from the Monthly Summary for North Carolina

published by the National Weather Service and is also included in Appendix D.

Data Analysis Techaniques

The current meter data, recorded as a time sequence of the deflection angle,
Def (t), and the direction, ¢(t), were read from the data logger fiim, key-
punched, and used as input for the analysis program (see Appendix C for copies

of this and all computer programs).
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The deflection data, Def(t), were converted into speed (cm/sec) using the

sixth-order polynomial

V(t) = A + B*Def(t) + C*Def(t‘.)2 + D*Def(t)3
(1)

+ E*Def(t)z' + F*Def(t)5 -+ G*Def(t)6

which the author obtained by taking a least-square fit of the deflection-speed
calibration data supplied with the instruments by General Oceanics, where the

coefficients of (1) are

A = 2.3909

B = 1.1197

C = 2.8287 x 10’3

D = -1.2010 x 1073

° 2)

E = 3.8422 x 10

F o= -5.1582 x 107/

¢ = 2.6831 x 1077,

The polynomial in (1) had an R2 correlation of 0.999857 and a RMS deviation
from the calibration curve of = ¥ 0.1995 cm/sec.

To facilitate analysis of the river circulation, the angle of the axis of
the river channel for éach station was estimated and each curremt vector in the
time sequence was converted into its down-stream and cross-stream components as
shown in Figure 3, where 8 is the angle of the channel axis (in degrees) from
magnetic north, ¢, the current direction in degrees magnetic, and GR, the angle
of the current direction from the channel axis, i.e., 8g = ¢ -~ 8. The down-stream

and cross-stream components are given by

U

y |V| cos OR

U
X

|V| sin @R

respectively, where |V| is the current magnitude (cm/sec), with signs as shown

in Figure 3.



Table 1.

Station #

1

2

2

(Btm)
(Top)
(Btm)
(Btm)
(Top)
(Btm)
(Btm)
(Btm)

(Btm)

NEUSE RIVER

Station locations and mean Y-component velocities (cm/sec) at
each station, including the standard deviation of flow
(¥ cm/sec). Negative values indicate flow up-stream.

Approximate Location Mean Velocity Standard
and Channel Marker # Y-Comp. (cm/sec) Deviation (* cm/sec)
Johnson Pt., #19 4,77 8.67
Minnesott Beach, #2 4.26 8.09
Minnesott Beach, #2 0.27% 7.47%
Minneostt Beach, #9 2.87 8.97
Oriental Channel, #1 1.13 6.82
Oriental Channel, #1 -2.17 6.04
Oriental, #7 1.19 1.36
Korth Mouth 0.30 3.53
South Mouth 3.92%% 6.26%%

*¥16 days only
**17 days only



To dampen the effects of any possible directional fluctuations in the

recorded data, the components were smoothed with a 1-2-1 binomial filter, 1i.e.,

for the X-component,

U (1) = [20,(1) + U (2)]1/3,

Ux(l& (U (k-1) + 2u_ (k) + Ul(k+1)]/4, (3)

Ux(mk) = [2Ux(mk) + Ux(mk—l)]!3,

where t=kat, k=1, 2, 3, ..., nk, t is time, At is the time increment between
data points of the time sequence and mk is the last data poinf. A similar
expression was used for Uy.

To facilitate plotting of the results, the smoothed data for each statilon
were written into blocks of seven days beginning with Julian Day (J.D.) 219
(7 August, 1973).

The power spectral densities [in (cm/sec)2 HR, where HR is hours] for the
Uy(k) components were calculated using the program listed in Appendix C.

The temperature data, in degrees celcius, were corrected to degrees
fahrenheit and also written into blocks of seven days as discussed above for the

current meter data.

Results

1. River Flow
The flow data will be presented in a series of figures (Appendix 13)]
of the time sequence of the X- and Y- components of velocity {cm/sec) at each
station and a table (Table 1) of the average up stream-down stream velocities
and their standard deviatioms (also in cm/sec).
An examination of the figures show some general similarities: At every
station there is an X-component of veloc-ty, which, of course, indicates

some cross—stream flow. If the ¥- and Y- components are considered to be



vectors (which they are), then an analysis of their phase and magnitude may be
used to extract information concerning the dynamics of river cireulation, i.e.,
if the fluctuations of U, and Uy are always in ptase (X > 0, Y > 0 and X < 0,
Y< 0 (e.g., station 5B)}, or 180° out of pPhase (X > 0, Y< 0 and X< 0, Y > 0
€.g., station 6)), then it demonstrates not only the preferred direction of
flow, but also that the channel axis was not estimated properly. A rotation
of the axis to a larger angle for in-phase components and to a lesser angle
for 180° out of phase components could reduce Uy 2ssentially to zero. If the
components are of mixed phase (X > 0, Y > 0 and X < 0, Y > 0, etc.) then the
flow direction may be due to something other than the choice of the channel
axis orientation.

The positive and negative fluctuations of Uy at all stations indicates a
downstream and an upstream river flow. The uniform periodicity of these
fluctuations 1in Uy may help to explain the river circulation driving mechanisms.
The river flow at some stations and for certain periods {(e.g., Station 1B, J.D.
240-244 and Station 2T, J. D. 219~250) was rarely upstream, but periodically did
g0 to zero, indicating that during those periods zt least, the river flow was
either sufficient to overcome the upstream driving mechanism or the mechanism
itself was weaker.

In general for all statioms, none of these possible high downstream flow
periods have a positive correlation with the rainfall data (Appendix B). An
analysis of the wind data (Appendix B) will be made later, but this also
appears not to explain the semi~diurnal nature of the observations.

With these general considerations in mind, an analysis of the river flow
at each station will be made.

(a) Station 1B (Figure D1). This bottom station i3 In the narrowest part of the
river and as expected, shows the largest U, and the gmallast Ug,- For the

¥y
most part they are in phase (X » 0, Y > 0) and (X < 0, Y< 0) and the channel
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axig is probably nearer 150° than 145°. The upstream velocities (Y < 0)
are not generally as great as the downstrecam (Y > 0) (see Table 1), but
are substantial nonetheless (max of 30 cm/sec).

(b) StationIZT (Figure D2). This near surface station is adjacent to Minnesott

Beach. With a few notable exceptions, U_ tends to be positive but

y
periodic during all but the last seven days of data. During all but this
last period, Uy 1s generally toward the scuth bank of the river (X > 0),
is not as strongly periodic as Uy,_and its phase appears in general to be
only slightly correlated to it. During tlose periods when the flow is
upstream, however, Uy is toward the north river bank (X < Q) and the two
components are in phase and highly correlzted.

As at Station 1B, the angle of the channel axis is probably a little
greater; i.e., more near 110°,

(c) Station 2B (Figure D3). 1In general, the trend of river flow at this hottom
station is similar to 2T {located just abcve it). Differences lie in the
magnitude of the Y-components (the phase tceems to be correlated) and the
phase of the X-componentsg, i.e., the downctream velocities (Y > 0) are
almost always greater at 2T than at 2B, tle upstream velocities (Y < 0)
are almost always less at 2T than at 2B, while the magnitude of the cross-
stream velocities are about the same, but are as much out of phase as in.
The phase relationship between the Y- and X-components of 2B is highly
correlated, and while the upstream, downstream flow at 2B and 2T seems to
be geﬁerally the same, the cross-gstream flow is usually out of phase, with
the flow at 2T being not so periodic and usually toward the south bank of
the river.

(d) Station 3B (Figure D4). This bottom station 1s oppesite Minnesott Beach

and Station 2, but tends to exhibit different flow patterns than Station 2T.

11



(e)

(f)

(g)

There appears to be a good correlation between Uy and Uy and
they are in phase, which confirms the cobservation made above that the
Channel Axis should have a larger angle. Both components have negative
and. positive values, though as Table 1 indicates, the mean Uy is down-
stream.,
Station 4T (Figure D5). This near surface station is near the Oriental
Channel entrance and on the same side of the river as the only other
top station that recorded data (Station 2T), but has flow patterns very
different from it. As with Station 3B the flow is periodic in both Ug
and Uy and it seems to be highly correlated and in phase; the channel
axis should probably be about 055°. The mean downstream velocity is
only slightly positive (1.1l3cm/sec).
Statien 43 (Ticure D6). This station is at the same location near
Uriental Channel as 4T, but on the bottom. It is the only station that
shows a mean upstream velocity (-2.17 cm/sec) and since, near the
surface the flow is downstream, {(1.13 cm/sec}, it implies that there
is a vertical shear and that some external body force may be the driving
mechanism for the upstream flow on the bottom. Ux and Uy are strongly
periodic, but do not seem to have a consistent phase relationship:
for instance, on J. D, 239 they are very much in phase, on J. D. 245-246

they are 180° out of phase. The UX components also have a larger range

-of values than at the top. These two observations about phase and range

imply that the bottom flow is more confused and somewhat different in

direction than the top flow, which may in part be due to the proximity
of the station to the Oriental Channel.

Station 5B (Figure D7). This bottom staticn is across from Station 4

but shows very different flow characteristics, Whereas at 4B the mean

12



flow is upstream, at 5B the mean flow is downstream (1.19 cm/sec) and
is nearer in value to 4T than 4B. The flow is periodic, the range

of velocities is larger in Uy and Ux than at Station 4, and Ux and Uy
appear to be highly correlated and in phase.

(h) Station 6B (Figure D9). This bottom station is located at the north
mouth of the Neuse River at a point somewhat up from the main channel
and more exposed to the influence of Pamlico Sound than any of the
previous stations. The two velocity components appear to be highly
correlated and 180° out of phase, implying that the channel axis should
have been less, maybe 035°. As expected, the flow velocity at this
location is smaller (with a mean of 0.30 cm/sec) than at the upstream
stations and the fluctuations in Uy and Ux are not nearly as regularly
periodic.

(i) Station 7B (Figure D10). This bottom station is at the south mouth of
the lieuse River and near the main river channel. For the most part,
this 17 day record has components that appear to be highly correlated
and in phase, indicating that the flow was probably oriented on an
axis of 090° Mag. Both the preferred direction and magnitude of flow
is greater at this station than at 6B on the opposite mouth. This result
may be due to the fact that the station is more nearly in the channel
than Station 6B and, therefore, more influenced by its flow,

Correlation of Wind Data to River Circulation
The wind speed and directional data (recorded at Oriental, North

Carolina during the study period) have been expressed as time history plots

of the X- and Y~components for each of tte four channel axis orientations

and for a N-8, L-W orientation [See Apperdix B]. The former is to permit

13



the wind data to be used directly at each of the stations to correlate with
river circulation; the latter to assess the wind patterns themselves, i.e.,

is there a diurnal land-breeze, sea-breeze effect, and if so when does it
develop and from which direction do the winds blow. In describing the wind
in the text of this report, directiom will be usec in the traditional
meteorological sense, i.e., a north wind blows from the north; on the figures,
however, the sign convention (see Appendix B) that allows a direct comparison
of direction of the wind stress to the direction of water movement will be
used, i.e. wind blowlng upstream could cause flow upstream and both will

have negative signs,

As discussed in Appendix B, there is a very strong diurnal land breeze-
sea breeze nature to the wind patterns. For most of the research period, the
recorded data indicates a relative no-wind condition from midnight to late
morning (what wind there is is usually from North), and an increase in
velocity and a shift to Southwest winds in late afternocon. If the wind
patterns for each of the four channel axis orientations are examined, the
same diurnal trends are evident; if they are overlayed on the river flow
plots, it can be seen that the effect of the wind on the circulation seems
to be only partially causative.

Unfortunately, no wind data was recorded during the period J. D. 233
to 237 (AM) when rather rapid fluctuations in the river flow was evident.
1t may be that the wind was the perturbation mechanism, but during one other
such period (at Station 6B on J. D. 253 AM) these fluctuations occurred during
calm winds.

0f all the stations, the circulation at Station 6B appears to be the most
subject to wind domination; it is also (as will be discussed in the section on
lunar tides) the one station that has the least amount of spectral energy at

the semi-diurnal period. The circulation patterns at 6B are probably highly

14



affected by the circulation in Pamlico Souné, which is generally believed
to be predominately wind driven. What the f{low data at 6B (and the diurnal
peak in the power spectral density, Appendix F) may be showing is the
diurnal wind/circulation patterns of Pamlicc Sound rather than the semi-
diurnal patterns more evident up-stream in the river.

The effect of the wind on the Neuse River circulation should be most
evident at the two top stations (2T and 4T). There appears to be some
correlation of wind direction with current direction at 4T. Note in parti-
cular the Y-components on J. D.'s 240 (PM) and 249 (PM); here the strong
downtstream component of the wind seems to enhance the downstream flow. Look
also at J. D. 251 (PM) and 252 (PM). 1In all four of these days except 249
(PM) there appears to be a 2 to 3 hour lag of current to the wind.

At Station 2T, the wind may also have an enhancing affect on the down-
stream flow on J. D. 240 (PM), 242 (PM), and 249 (PM) thru 250 (PM), and on
the upstream flow on 245 (PM) and 252 (AM).

In summary, it appears that the wind tends to (particularly at the
surface and usually only in the afternoons) but does not always, enhance the
river circulation. Because there wind pattarns are basically diurnal, however,
they do not account for the semi-diurnal pericd of the Y-component of flow.

Water Temperature

The time sequence of water temperature fluctuations at Station 6B and
7B are included in Appendix E.

Both of these plots (Figure E1) show some long term trends (approx. 7
days) 1n water temperature with the changes at Station 7B leading 6B in
time. The short term fluctuations at 6B for the period J. D. 241-248 seem
generally to be diurnal, though on J. D. 245, these changes seem to be

gemi-diurnal. Station 7B seems to have the same characteristics,
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though not for as long a time period and it shows a large unexplained drop
in temperature on J. D. 249-250 that does not axist at Station 6B.

If these observations are combined with the data shown in Figure B6,
it becomés apparent that neither the long nor :he short term fluctuations
are due to climatological conditions, but are probably due to the wind/
circulation patterns of Pamlico Sound. This result is consistent with the
conclusion made in the preceeding section for rhe river circulation at
Station 6B.

Lunar Tidal Currents.

The semi-diurnal period in Uy (see Appendix F), the diurnal wind, the
vertical shear of velocities at Stations 4T and 4B, the net mean flow
upstream at Station 4B and the lack of any other apparent driving mechanism,
leads to the conclusion that a lunar tidal force may be necessary to
explain these conditions.

The evidence for lunar tides cited earlie: in the Introduction section
was primarily for the Pamlico Sound and was based on tidal height data. The
evidence presented here is from the first definitive study of river circu-
lation and the first to suggest that tidal forces may be responsible for ‘
the circulation in the Neuse River. Preliminary data from a Pamlico River
study in 1974 that is yet to be published also indicates a semi-diurnal
component in river flow.

It is not yet clear exactly how the tidal forces drive the circulation
in the river. As explained by Marshall (1951), Pamlico Sound is too small
to have a tide generated within and, according to Roelofs and Bumpus (1953),
the flow through the inlets when uniformly distributed over the sound would

cause only a tidal range of 5 ¢m; these commeni:s are even more relevant
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for the Neuse River estuary. Does the tidal head and flow of the coastal
inlets supply the driving force? 1Is a rise of 5 cm enough to support
currents of 20 cm/sec?

These questions are not answerable from this study; what has been
shown here for the first time is evidence of semi-diurnal fluctuations in
the Neuse River circulation that may suggest lunar tides as the driving

force.

Conclusions
It is apparent from this study that tae circulation in the Neuse River
is complicated and slow (at least in the sense of net flow). If an average
of the mean flows at all the stations are taken, a net river flow of 1.81
cm/sec downstream is obtained. If the Neuse River is assumed to be 50 km
long (from above Johnson Pt. to the mouth), then a very rough idea of the
transit time of a water particle starting near Johnson Pt. can be estimated.
This value (32 days) has implications that go beyond hydrology. Excess
nutrients or waste materials dumped into the river could cause considerable
damage even before it empties into Pamlico Sound. The apparent circular
flow patterns across the river and the return flow upstream could mean that
at some locations, these wastes could remain in a local area for a time
considerably longer than that predicted by the rough figures given above.
This research study was conducted during a "low=flow" period. To
fully appreciate the implications of this study, further research during the
winter or spring ("high-flow" conditions) should be made. Whether the semi-
diurnal driving force under these conditicns would be as apparent is an
interesting question; whether the force is lunar is an important questioum.
Data collected in this study is available upon request in the form of

key-punched cards (raw data), as a printed output (smoothed data) and on a

17



magnetic tape (smeothed data). It will be made available to anyone for

the cost of reproduction,
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Appendix A. Film-recording Sensors Used

Two types of General Oceanics film-recording sensors were ugsed in this

study: (1) Model 2010 Current Meter and (2) Model 3070 Thermegraph.

A. Data Logger.

Both sensors have the same type of self--contained timing and film-
recording data loggers.

These film data loggers employ a super 3 camera to advance the film
in single frame increments with each operation of a solenoid. This solenoid is
triggered by a solid state timing circuit that has selectable timing intervals
for various measurement requirements. Intervals of 5, 15, 30, or 60 minutes
between photographs are used for most installations in which relatively infre-
quent data points over long time periods are required. A small incandescent bulb
is flashed to illuminate the housing interior for each photograph; a second bulb
(with appropriate sensing circuitry) is provided as a redundant light source in
case of bulb failure while the instrument is on site. The circuiltry is powered
by 16 manganese alkaline batteries that are supposed to last up to 5 months.

The camera uses readily available super 8 film in convenient, daylight
loading cartridges. Individual frames are spaced at 6 frames/inch for a total
of 3600 frames in the normal 50 ft. cartridge. Approximately 3500 frames are
useable for data records after beginning and end leaders are taken into account.
At the 15 minute interval, the film capacity provides at least 35 days of recorded

data.



B. Model 2010 Current Meter Descriptionm.

The Model 2010 operates on the principle that a buoyant wand tethered
at one end will deflect into the current stream at an angle and direction that
are functions &f the current speed and direction. The sensing and recording of
this deflection yields information that can be readily translated into current
speed and direction data, A major advantage of this technique is the fact that
it requires no external moving parts such as impellers or rotors which are
highly vulnerable to fouling or impact damage.

The Model 2010 consists of a buoyant cylinc¢rical housing containing a
directional inclinometer and the data logger descrited above, which together
sense and record the inclination and compass heading of the instrument. It is
designed to be tethered to a ballast weight for bottom current measurements or
attached to an optional mid-water frame for profile studies. The mounting method
enables the Instrument to be placed over any type bcttom terrain. Two large
vanes are affixed to the housing to assist orientation and stabilization of the
current meter within the stream.

The directional inclinometer is a spherically shaped component mounted
on the innmer face of the lower housing end cap. The inclinometer design utilizes
4 transparent, fluid-filled housing containing a neutrally buoyant inner sphere.
This "floating" inmer sphere maintains a stable vertical attitude and an orienta-
tion towards magnetic north because of an internal bar magnet whose mounting
location gives the sphere a low center of gravity. The hollow inner sphere is
trimmed to neutral buoyancy by addition of silicon fluid which also serves to
dampen unwanted oscillations. The outer housing is filled with water to which a
wetting agent has been added to minimize drag on the inner sphere from motion of
the instrument. A small circular target at the top of the tramsparent housing can
be viewed against a grid of precision latitude and longitude lines scribed on the

free inner sphere. When photographed by the camera, this target mark enables
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direct reading of the instrument azimuth and inclination by its position within

the grid.

Specifications:

Weight: 5.6 kgs. (12.3 1bs.) 1in air; ...0 kg. (2.2 1bs.) positively
buoyant in seawater.

Exposed Materials: Rigid polyvinyl chloride (PVC) housing and end
caps; high density polyethylene vanes; stainless steel hardware.

Dimensions: 11.4 em. (4%") 0.D. x 51 cm. (20") long housing; 45.7 c¢m.
(8") diameter circular sector right angle vanes tapered to housing
basge.

Depth Rating: 50 meters (72 psi).

Inclinometer Range: 0° to 80° from vertical (not calibrated from
80°-90°).

Inclinometer Accuracy: *1°.

Speed Range: 0.05 to 1.7 kt. (0.08 to 2.75 fps.).

Speed Accuracy: *3% of full scale (0.35 knots, 0.08 fps.).

Directional Range: 0° to 360°.

Directional Accuracy: approximately *15° for inclinations less than
5% (.24 fps.), *8° for 5° to 10° (.42 fps.), *3° from 10° to 30°
(.87 fps.) and :1° above 30° inclinatrion. Inclinations above 80°
(2.70 fps.) are beyond range of calibratiom.

Main Battery Supply: Sixteen manganese-alkaline penlight cells
(Mallory MN1500 size AA, or equal).

Battery Operating Life: Five months or, if soomner, 11,000 data
records., (Watch battery, one year).

Mounting: Swivel eye at base of housing for mooring to ballast
welght or mid~water frame.

Time Reference: Battery powered calendar watch with second, minute,
and hour hands plue date window.

C. Model 3070 Thermograph.

The General Oceanics Model 3070 Film Recording Thermograph is a self-
contained instrument for measurement and recording of air and water temperatures
over extended periods of time. It is used to provide temperature vs. time data
for a variety of meteorological, hydrological, oceanographic, and other appli-
cations. The instrument provides an accurate vet economical means for data
collection in aqua—culture studies, underwater surveys, buoy installatioms, or
detection and monitoring of thermal effluents. The fully waterproof housing
enable deployment of the thermograph above water or at depths down to 50 meters.

(Housings with deeper ratings can be supplied on special order).



The Model 3070 sensor is a large dial thermometer mounted on one end cap
of the cylindrical instrument housing. The bi-metallic sensing element of the
thermometer protrudes through the end cap out into the environment for quick
response to temperature changes., This thermometer bulb is protected by a small
guard plece with a number of through~holes for easy circulation of air or water.
The thermometer dial is photographed at periodic intervals by a film data logger
at the opposite end of the housing. A battery powered calendar watch is mounted
in the center of the thermometer dial to provide an accurate time and date
reference for each film frame. The use of an independent watch for the data time
base yields much more accurate time data than can te achieved with Instruments in
which a single timing mechanism is utilized for both the data reference and film

(or chart) drive functions.

Specifications:

Weight: 3 kgs. (6% lbs.) in air; approximately 1 kg. (2.2 1bs.)
positively bucyant in water.

Exposed Materialg: Rigid polyvinyl chloride (PVC) housing, end caps,
and thermometer bulb guard; stainless steel hardware and thermometer
bulb.

Dimensions: 11.4 cm. (4%") 0.D. x 38 em. (15") overall length less
thermometer bulb guard piece.

Depth Rating: 50 meters (72 psi).

Temperature Range: 0° to 55° C.

Accuracy: 1% of full scale (.55° C).

Time Reference: Battery powered calendar watch with gsecond, minute,
and hour hands plus date window.

Watch Accuracy: *0.0035% (30 seconds per 24 hours).

Date Interval: Selectable at 5, 15, 30, or 60 minutes. Timing
intervals chosen by changing timing plugs in data logger circuit.

A 15 minute range was used in this study.

Main Battery Supply: 16 manganese-alkaline penlight cells. {Mallory
MN 1300, size AA, or equal).

Operating Life: 5 months or, if sooner, 11,000 camera operations.
(Watch battery, one year).




Appendix B. Wind and Climatological Data

Included in this appendix are time hiatory slots of the X- and Y- components
of the wind data collected at Oriemtal, North Carolina, and the air temperature
and rainfall at New Bern (FAA), both for the study period. The list given below
includes the figure number, the channel axis orientation (in deg. mag) used to
calculate the components, the use made of the particular plot and the page

numbers of each plot.

Figure Axis Use Pages
Bl 360° Diurnal wind analysis B-3 thru B-8
B2 145° Correlation with flow @ STA 1 B-9 thru B-14
B3 105° Correlation with flow @ STA's 2 & 3  B-15 thru B-20
B4 045° Correlation with flow @ STA's 4 & 5 B-21 thru B-26
B5 040° Correlation with flow @ £TA's 6 & 7 B-27 thru B-32

The ordinate in all the above figures and for both components show wind
stress in (dynes/cmz) x 101 [for Figure Bl, Y > 0 wind from south, Y< 0 wind
from north, X > 0 wind from west, X< 0 from east; for Figures B2 - Bj, Y< 0
wind from down-stream, Y > 0 wind from up-stream, X < 0 from right of channel
axis, X > 0 wind from left of channel axis]}; the abscissa shows time (Julian Date
and hours (EDT)).

The climatological data is given in figure Bé (p. B-33)

The wind data collected for this study at Oriental was at a distance of
9 feet above the ground. The wind stress is calculated by

T(t) = o Cpv? (B-1)
where ¢ is air demnsity (1.28 x 1073 gm/cm3), V is wind velocity (cm/sec), t is time
and Cp is the non-dimensicnal drag coefficient. A value of 2.5 x 10-3 was chosen
for Cp even though the wind was not recorded at the required height of 10 meters.
Because of the variable nature of the terrain sirrounding the recording site,
and the lack of other sufficient meteorological information to warrant a better

B-1



choice, the standard value for Cp was chosen. In all likelihood the wind
stress values calculated by (B.1l) are a little high, but for the purposes of
this study should aid in the analysis of the dynamics of the river circulation.

The component plots at the four different channel axis orientation's
(Figures B2 through B5) will be discussed in the text of the report; the NS,
EW orientation (Figure Bl) will be discussed below.

The diurnal nature of the winds is the most common feature of the data
shown in Figure Bl. In almost every case the morning winds (mid-night to
about 0900) are calm or light and variable and the afternoon winds are, starting
near 1800, much stronger (ave. about 10-12 knots o:‘.3 dynes/cmz) and from the
southwest. Some exceptions exist: i.e., on J.D. 220 (pm} the winds were very
nearly always from the east; on J.D. 221 (mid-day) there was a predominate east
wind before the shift to SW at 1400; the highest winds (SW) occurred on J.D, 222
(pm) and lasted into the next morning; on J.D.'s 247-248, except for early on
247 and late on 248 there was no wind; stronger winds (SW) reoccurred again on J.D.
249 and 250 (with early morning carry-overs); on J.D. 251 there were strong but
short duration winds (SW) at 1500; and finally on J.D., 252 (am) there were
substantial SE winds.

If the climatological data (Figure B6) is comdared to the wind (Figure B1)
no clear reasons can be found for some of these variations in the diurnal nature

of the winds.
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Figure Bl. Wind stress (dy'ne-,s/c:m2 x 101) vs time, with an axis orientation
of 360° mag (Diurnmal Analysis).
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Figure B2. Wind stress (dja,m(:.-.s/ctn2 x 101) vs time, with an axis orientation
of 145° mag (Station 1).
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Figure B3. Wind stress (dyneslcm2 X 101) vs -ime, with an axis orientation

of 105° mag (Stations 2 & 3).
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Figure B4. Wind stress (dynes/cmz x 101) vs time, with an axis orientation
of 045° mag (Stations & & 5).
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Figure B5. Wind stress (dynes/cm2 X 101) vs time, with an axis orientation
of 040° mag (Stations 6 & 7).

B=27



3140 NBINC ONY (103) SHNOH

¢ @2and1g

£cc ¢ce i1ce 0ce 612
¢ 81 21 9 0 8l 21 g9 8l 21 9 0 81 g1 9 0 Bl 21 g
—:______“____:::: :Z__Z:__:__:_:__: :___:::“_::E:_ _:__:::—_:::_::_ :::.::“:_:C.C._._.I

_ _ q | _ [
I | ; f ] g
[ _ i ! i N
I x [ [ I r
| i:?— i ! 1
_ 1{1A%f.rr >2r%&wr ALY i
L S .4. Py ! ) [
[ [ ) _ ! -
! i _ i t i
| I [ ! | B
| [ _ I | [
I [ t | I -
[ I I I _ [

o gt e 9 0 8 21 9 o 8l Pl 9 o @ 2 9 0 8 ¢ 9 o

=_:__:__¢__:_::: :_:______“:_:_:_: _:_:::__“__::_:__ ::_:__:“:____:_: ___________*_:_:::_
I [ | _ i |
! [ [ I | i
_ f | J _ L
t ! _ ! I [
) _ EPKﬁ | [ [
_ A 1\7&1r _ ! i
! i f j [
_ .I({_ _ J¢ﬁai£ [ _ _ i
I ! ! ! i [
! _ I | ; -
i ! I ! ! [
I I i [ I -
I _ I I I N

ONIM £°9 NOT1HiS

d3ATYH ISN3N

0

.

-2

[
—
1

o

1.0

Y-COMPON

2.2

X-COMPONENT

ENT

B-28



3190 NBITINC ONY (L03) SHNOH

¢d san81g

6EC 8EC LEC 9ge GEd hEe EEC o
o @ 21 9 O0 8 g 9 O 8 21 9 O e 2L 9 o0 @F 2 9 O 8T &I 9 O O e 9 0
:::::_“::_:_:_ _:::_:_“::_::: ::_:_:_“_—______:_ :__:__:_“_:__:_:_ :___:::“:_:_:_: :______:_“:__:_:: :::::.“::_::: a.;_
L
f 1 i I ; i I !
i i | } i { I ”n_
I ) i t [ I I [V
! ! I I 1 I I [
f a/rss_ | l | [ ,
?xélﬂ . I i [ I I F
et r I _ ! I ! i
_ _ ! _ 1 I ; -
; _ ! _ I I ! [ o
_ _ ! 1 | | i [
_ _ _ i I ! i 2
1 _ _ { i | i [
o 8 2 9 o0 8 21 9 o0 81 2 9 0 81 g 9 o0 8f 2l 9 O @I 2l G 0 @I 2 9 0
__._:____.“_::__:_: __:_:____“:__:_____ :_:_::_“___:__:: ___::____“:_:_:_: _:_:__:_“___::_:_ :___:—:__7:—:__:: __._E:_____“:_____:__ ]
! _ I ! ! _ _ i
1 _ I ! ! _ ' i
_ _ I ! [ _ 1 [T
1 _ ' ; i _ ; i
[ _ ! ' ! _ | [
1{f¢a \fsff.-nxaaexs_ _ 1 _ _ F g
zJi_ 1 b B ! t ! I [ -
1 _ ! ! I I I r
i _ ' I I | ! [ =
1 _ ! I I ! ! -
[ j I I l ! I .
! [ ! I ( ] ! [ o
| 1 | [ f _ l [ i
ONTM 79 NOILHLS
Y3IAIY 3ISN3IN

X-COMPONENT

Y-COMPONENT

B-29



3100 NBINC ONY (L03) SHNOH

cg 2an8Tg

942 Shé bhe Ehe che (%114 0hc o
p e e 9 0 8 2 ¢ 0 Bl 2 9 0 § 21 9 0 S 21 9 0 81 2| D 9l 21 9 g0
_::_____“_:__:_:_ :____::_“.:_:::: _::_:_:“:_:_:_: __:__::_____::___:_ :_:____:“:___::: __::::_“::_::: _:__:::“_:_:::_ t
! _ _ _ | | I [
! [ _ ! ! i | [ =
_ I I I [ ! | L1
I Rk f [ 1 i ! [
| | | I [ [ [ |
é \; ivlﬁﬁfn. A }E . .}5 I .r- 1 Lﬁf - u.
T ) I [ i P I " ] ] i
i ! [ | I ! tLlL { i
! i | i 1 { ! [ =
| | i I I | i ul
| t ! ! [ i { i
| | [ [ | [ I F o
! ! [ 1 { i ! [ o~
0 @l ¢ 9 0 8T 21 9 6 eI 21 9 o0 @I 21 o 0o el 21 9 a1 21 0 81 21 9 ¢ H
::_:__“:__:::_ ___:__:__“:_:_:_: __::::_“_:____:: ___:—::_"___:_:_: ______:_:“______::_ __:___::“_::_:___ __:_____:“:::::_ t
| | | | _ _ _ [
_ [ ! ! _ ] _ [ =
| | i I I I i L
I i [ I ! ! I i
N RN _ | _ |
— e o Iy i [ o
_ Vo | o [ ‘J¥L<<J<t L _ W
! I _ _ I -
| I I I § I 1 [ ©
i ! ! ] I | i wx
! _ | [ I | I C
| [ | | _ 1 | "o
! | i | [ | | [ o

ONIM £°9 NOILULS

¥3IATY 3SNAN

X—COMPONENT

Y-COMPONENT

B-30



3140 NUINC aNY (103) SHNOH

¢ 2andypg

£GC ¢Se 16¢ 0Ge 6he 8he Lhe o
0 o 2 9 o 81 21 9 9 @ 2I 9 0 8f 2 9 o0 8 2 9 0 9 2L 9 0 8 21 9 O .
::::_:“:::_:: ::_:_:_“::::___ ::__:_:“:__:_:: _:______:“____::_: _:___:__J:_:::: ::::_z__:_:_::_ ::__::—“:_:_::_ |
_ _ | | ! _ _ i
I 1 I f | I I - 2
I I ) [ I ) I [
I I ! I I ! I [
I ! ! I I _ I [
| | | | I [ o
R _ | L] [ ] .;¢
! _ 1 I I [ | -
t _ ! I I _ ! [ o
[ _ I [ I _ ! [
_ | I I ] 1 ' - o
| | | | ! | ! [ o
0 8 21 9 0 8 2 9 0 8 21 9 0 8 2 9 0 el 2 9 0 el 2 9 0 eI 2 9 0
:_:_:__.“:_:::: ::_:_:_“_::_::_ _:_____::":__:_:: _::__:__“:::::_ ::::_:“:_::_.: _:___:____“:._:_:__ _::_:_:“:_:::: 1
t _ I | I _ I [
! ! I _ I _ I P,
i ! I _ t 1 I [T
| ! | _ { _ I r
{ ! ! 1 I t 1 [
A | ] L _ ] I
i I l rr\vL ] ] VT
I ) I ! I | i
! ' I _ i I ] [ =
I ! ! _ t S I ol
I I } _ f 1 1 [
I t ] _ t I I o
I | ) [ I i I [ o
ONIM £°9 NOILHYLS
¥3IATY 3ISNIN

X-COMPONENT

Y-COMPONENT

B-31



NEUSE RIVER
STATION 6,7 WIND

s E > E
—————————————— Fey —m m s e s s = —m W
= E o
[rFrrrrrrrrrprrrr ot Fo LA LA L R L L E“
2.0 1.0 0. -1.0 2,0 2.0 1.0 t. -1.0  =2.0
Y-COMPONENT X-COMPONENT

B-32

HOURS (EDT) AND JULIAN DATE

Figure BS



(soUyout) ~
ITEINTIEd o©
aLvd
NVIIar

T
0.46
0.10

T

0.04
0.05
0.08
0.10

o%¢

SET 0ce Y44 0ze ¢1¢

AINIEIM 'S

-n ‘daemumg D ‘N Woad)

*€l6T “(VVd)

ulEy Jo °8oBi]

dma],

rdus] “XBW

{VVON ‘°0T1AI®S
*q N ‘ulag maR ‘eleg TedT3ojo9RWITD

"UTH

9g 2in814

Air Temperature

B-33



Appendix C. Computer Programs

The computer programs used to analyze the data in this study are as

follows:

Figure

cl

c2

C3

Ca

Data Analyzed

River Flow
Water Temperature
Wind

Power Spectral Density

Pages
C-2 thru C-5

C-6 thru ¢-8°
C-9 thru C-12

C-13 thru C-15

All of these programs were run on the IBM 370/135 computer at the Triangle

Universities Computation Center (TUCC), Research Triangle Park, North Carolina.

-



Figure Cl. Computer program for the analysis of river flow data.



C

c NN TATAL N, OF DATA PTS IN DATA SET

C IK CUUNTER FOR # DAYS DATA

C JJ COUNTEY OF & DATA PTS FOR TACH DAY

C JR COUNTER FROM | TO NN

C LL COUNTER FOR # DAYS IN 7 DAY [NCREMENT

C NM COUNTER FOR # PTS IN 7 DAY INCIEMENTS

C LP FLAG FOR WRITING PLOTTING SEQUENCES

C IFG FLAG Y] SKIP VYELDCITY CALCULATION (IFG=1; DEF

« ALREADY IN CM/SEC)

C JDLL ) # DATA PTS PER DAY

C KZ INTEGER? TO START WRITE STATEMENT ON OTHER THAN 1
C 1P WS CHANNEL AXIS ORENTATION

C 5D STANDARD DEvV1ATION

[« LOC LOCATIIN OF INSTRUMENTS

[ ST A STATION NO,

[ DATE MONTHDAY AND YEAR OF FIRST DAYS DATA FOR THIS
C DATA SET

C SENSOR INTERNAL SENSOR NQO,.

C Ay By Cs Oy EE, FF COEFFICENTS OF &TH DRDER PILYNOMIAL USED TO

C CALCULATS VELOCETY [CM/SEC) FROM DEFLECTION(DEG. }
C DELF TIME INCREMENT IN MINUTES

C DM IN, % [N 2 DIGIT NUMAER OF MINUTES

C IHR 4 DIGIT NUMIER OF HOuURS

[ IRM{J} IR + 9MIN

C IDT) 7 DIGIT NUM3IER OF JULIAN DATE WITH LAST &4 DEGITS
C FIR ADDITION OF TIME

C THARM{J) {oTJd + [AML D)

[ IOTY) JUL [ANM DATE

L JOT JULTAN DATE OF SIRST DAY IV FIRST 7 DAY [NCREMENT
C Xia) 1SPD IN CM/SEC)

[ XF (SPD IN FT/SEC}

C AAY{J) Y=COMP({WITH CURRENT) OF X[ .J},P0S DOWNSTRE AM

[ o AAX (D) X—CIMP{ACROSS CURRENT) OF K{ J) .r0S FO LEFT

C AX g AXXIX )} SMOOTHEND VALUES OF AAX(J)

C AY 2 AYY (<) SMODTHED VALUES OF AAY{J)

C AXF SMOOTHED VALUES OF X—COMP 1F XF

C AYF SMIDTHEN VYALUES OF Y=CDOMP 1% XF

c TANGL D) CURIENT DIRECTION IN DEGRELS MAGNETIC

C DEF(J) DEFLECTIIN OF CURRENT METE'Y IN DEGREES

C

c PROGAAM TO CALCULATE JULEAN DATE AND VIMIE FOR EACH CURRENT

C DATA POINT GIVEN THE TIME INCREMSENT(DFELT.) s, AND START TIMEELDATE
c CALCUL ATE THE CURRENT FROM OEFLECTION, SMOOTH IT AND BREAK IT
C INTD X= AND Y—-COMPONENTS.

C

DIMENS ION AL 36501 IANGU3I650)DEF{ 3650).IDT(120) +JD{40) 4 [RMIIB50),
1 THRM( 36501 AAX( 36501, AAY{ 3650) A XX{ 3650} ,AYY{3550)

DIMENSION LDCE3)+STA(2)DATECS) ySENSDR{3) JAI720) ,AY(720)

DOUBLE PRECESION Ko XKFsDEF sA 4T +C oD oF= 4FF oG

= 220
2200000
1300

34.

105

726
30566116
219

1197
2+.8287E-03
—1.201E=-03
3.8422E~05S
—D+138B2E-07
726831F-09

(g}
o

EE =
FF =
G =

READ({1420) LOC+STA,DATE 4 SENSOR
FORMAT{ 344, 2A8, 4A 4, 3A4)

READLI1+22) ([ TANGIK ). DEF(K Iy, =1 ,NN}
FORMAT (11(IXs T34 1X,F2.,0))

20

22

sxekkerR k%
SUM = (.

DO 400 J=14NN

CALCULATE TIME INTERVAL

[aNala BN ol s Yals!

IF{DMINGE+604)
TFIDMIN 2 GE 504 }

TH? =
DM I4 =

IHR + 100
DUMIN = A0,

Figure Cl

Cc-3



Figure Cl. Computer program for the analysis of river flow data.
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NN TOTAL N2, OF DATA PYS IN DATA SET

JK COUNTER FOR # DAYS DATA

JJ COUNTEY OF & DATA PTS FOP 1ACH DAY

JR COUNTER FRDOM {1 YO NN

LL COUNTER FOR # BAYS IN 7 DAY INCREMENT

NM COUNTER FOR # PTS IN 7 DAY INCREMENTS

LP FLAG FOR WRITING PLOTTING SEQUENCES

IFG FLAG TD SKI? VELDGCITY CALCJLATION (IFG=13; DEF
ALREADY [N CM/SEC)Y

JODIL) # DATA PTS PER DAY

Kr INTEGER TO START WRITE STATEMENT ON OTHER THAN 1

IPHS CHANMNEL A XIS DRENTATIDN

SD STANDAID DEVIATION

Lac LACATIIN OF INSTRUMENTS

5TA STATION NO.

DATE MONTHaDAY AND YEAR OF FIRST DAYS DATA FDOR THIS
DATA SET

SENSOR INTERNAL SENSOR NQ.

As B4 C, O, EE, FF COEFFICENTS OF 6TH DRNDER PIOLYNDMIAL USED TGO
CALCULATE VELDCITY {CM/SEC) FROM DEFLECTIONIDEG.)

DELT TIME INCREMENT IN MINUTES

OMIN, Y IN 2 DIGIY NUMAER DF MINUTES

4R 4 DIGIT NUM3IER OF HOuyns

IARM{JY IR + vI[IN

DTS 7 DIGIT NUMIER OF JULIAN DATE wITH LAST 4 DIGITS
FIR ADDITION OF TIME

1HRM(J ) IDTS + IRM{ 4}

1oT()) JUL TAN DA TE

JDT JULEAN DATE OF SIRST DAY IN FIRST 7 DAY INCREMENT

X(J) (532D IN CTM/SEC)

xXF tSPD IN FT/SEC)

AAY LD} Y-COMPIWITH CURRENT) OF XI J) 4PDS DOWNSTRE AM

AAXE ) ) X-CIMP{ ACIDSS CURRENT) DOF it{ J).POS TO LEFT

AX s AXX (%) SMOODTHED VALUES OF AAX{ J)

AY ¢ AYY {< } SMODTHED WVALUES OF AAY{J)

AXF SMOOTHED VALUES OF X-=COMP OF XF

AYF SMIDTHED VALUES OF Y-COMP (F XF

TANGL Y CURIENT DIRECTION IN DEGREES MAGNETIC

DEF{J) DEFLECTIIN OF CURRENT METER [N DEGREES

PROGRAM TO CALCULATE JULEIAN DATE AND TIME FDR EACH CURRENT

OATA 2OINT GIVEN YHE TIME [NCREMSENTIDELT), AND STARY TIMEEDATE
CALCUL ATE THE CURRENT FROM DEFLECTION, SMODTH I T AND BREAK IT
INTD X— AND Y-—COMPONENTS,.

lalalselalatatalatalntalalalatalatalatalalntalaNataYaYalatatalalatoalatalalatalalntalalatatsll

DIMENSION X{3650). IANGY 3650)+DEF{ 3650} +IDT(120)

1 THRM{ 36500+ AAX( 3650}, AAY{ 3650) yAXX{3I650) (AYY
CIMENSION LDC{3)sSTA{ 2)+DATE( &) , SENSDRE3) A (T2
DOUBLE PRECISION Ko XFaDEF oA 43 +C 4D 9ZZ 4FF 4G

+JD{A0) JTRMI3650)
{3650)
D) LAYLT720)

[
IFG = 2
Kz = 1
Jd = 1
JK = 1
LP = 6
IDT{1)} = 220
IDYJ = 2200000
IHR = 1300
DMIN = 34.
IPHS = 105
NN = T26
DELT = 30.566116
JDT = 219
AN = NN
A = 2.3909
B = tell9o7
€ = 2.8287E-03
D= —1.201E~03
EE = 3.8422F-05%
FF = «=5,1582E-~07
G = P.6831F-09
C
READL(L. 201 LOCs STAJDATE s SENSAOR
20 FORMAT { 3A4- 2A4, 404,30 4)
READ{1.22) [TANGIK FDEF{K JyK= 4NN}
22 FORMATETII{IXs T3, 1%:.F2.0))
L=
C FEEEERBT kN
C
S_UM = O
<
DO AD0 J= 14NN
C
C CALCULATE TIME INTERVAL
C

DMINLGE+604) I = [THR + 100

Fi
FIDMIN 2 GE=60.) MM I = DMIN. -~ /.

Figure Cl 7 C-3



.1

42

Inielsl

29

31

23

IaRakalsl

AN 0

400

[a BN alalalatal

TG

79
78
6656

24

61

sl Talal

IF(1IHR4GE.2400) GO TO 41
GO TO 42

1074 = IDYJ + 10000
JofJky = JJ - 1

JK = K 0+ 1

IOTEIK) = IDTH/10000

IHR = [HR - 2400

Ji =1

CONT INUE

} = IMN

J)y = 1074 + IMN

= DMIN + DELT
IF{J+EQ«NN} JDLIKI=JJ

NANG = [ANG{J) - IPHS
IF(DEF{JY«EQ«D0«0) GO 71 31
IF(IFG.EQel) XP = DEFLJ}Y
IF{IFG.EQs1) &GN TO 29

CALCULATE VELDCITY FIOM DEFLECTION ANGLE

") = A + BEDEF{J) + C¥IEF(J)*#2 + D¥DEF(J) %863 + EESDEF({I)¥%4
1 « FFRDEF[J }¥¥5 + GRDEF{ J)**6 ’
XtJ) = XP

GO TD 23

CONT INUE

XP = Q.

xX{J}y = xP
1ANGILJY) = 999
CONT INUE

CHANGE ANGLE TD ADIANSeREQRIENT AXIS TO THAY OF CHANNEL AND
BREAK VELOCITIES INTO WITH AND CROS5S CURRENT COMPONENTS

ANG NANG/ 572957795

ANG = ABS(ANG)

AAX(J)Y = XPeSIN{ANG)

AAY(J) = XPECOSUANG)

IF{MNANG.LT .0} AAXTJd) = =1e%aaX{J)

JI3 = JJ o+ 1

CONT INUE

(222 L2128 L)

SMODYH DATA WITH —2-1 FILTER

DO 666 K=1,NN

KM K-—-1

KP1 K+1

IF{K-EQ.1}% GD TD 76
IF(K.EQ.NN) GO TD 7?5

AYYLK ) (AAY(KML1) & 2.84AY
AXXIK) (AAXIKM 1) + Z.dAAX
GO Ta
AYY {K )
AXX{K)
GO0 TO0 7
AYY (K}
AXX EK )
CONT INUE

SUM = SUM + AXX({X)
CONT INUE

-

Wk il

(2.6 AAY(K ) & ABY(X
{(2.AAXIK) *

(2.xAAYIK) + AAY(K
{2.2AAXIK) +

SUM = SUM/AN

WRITE(3:24) LDC,STA,DATE, SENSOR
FDRMATI1H1¢///.lOX.'LDC\TIUN:‘-3A4.ZI|'STATIUN:'vaAQQJKu'S?&ﬂT DAT
1E2 P ,8A4, 3X, "SENSOR-NJ .14 3A4.//)

WRITE(3.61) JK. [PHS.NN

FORMAT [ IH + 20X, "NUMABER DAYS DATAT® oI 343X *NOWNSTREAM CHANNEL ORIEN
ITATION FROM MAG N29,14.*DEG."+3Xs *TOTAL NO«. DAaTA PTSI%.I5)

4R
[
NM
5D

[}
[ =Y=F]

HoHM

FE N E RN R RN

DN 94 L=1.JK

Figure Cl
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WRITE(3,37) IDT(L ¥}, JDIL )

37 FORMAT(LH +//+30X.'JULIAN DATE =1 ,13,5X,"NUMBER DATA POINTS THIS
leTE:'-13911-27!.‘TIME'.SK.'CM/S"6Xg'FT/S'.!!g'DlR‘-QK.'K—CDM'-
2 AXe 'Y=COM®, IX, * XF~COM® , 3X,YF=CON"', /)

D0 98 K=KZ,JQ

NM
JR
AX{ AXXILJR )

aY { AYY (IR}

AXF = AX{NM)/ 30,48

AYF = AY(MM}/30.48

XF = XI[JARYZ30.48

IHRMINM) = THRM{JR)

SD = SD + (AY(NM}—SUM }ex2 /4N

NM

JR
LR ]
M)

1
1

ZZu Y
i

WRITE(3, 38) Ko IRMIJR ) s XESIRD 9 XF s LANGE JR) dAXINM) sAY{ NM) AXF 4 AYF
38 FORMATIIH .ZOX-!3o3xoli-4X-F6.3-3x-=6.3.3x.13.3x.F6.z.3x.F5.z.3x.
t F6e2s 3%, F6.2)

38 CONTINUE

lntaln e

WRITE DATA OM DISK IN 7 DAY SEQUENCES FOR PLOTTING

IF(LL «EG.LP) GO TD 306
IF(L.EQ.JK) GO TO 306
GO TQO 305
306 WRITE(2.49) NM,JDT
49 FORMAT(I4,.1X,13}
WRITE(3,59) NM,JDT

S9 FORMAT{IMLI.2X, T4.1X,13)

WRIYE(2,40) (IHRMIK o AXIK ) e K=K7 « NM)

WRITEL2,.40) (ITHRN(K ) s AYTK § o K=KZ , NM}
40 FDORMAT{S{17.1X:Fta2,1X))

WRITE(3,50) {THRMIK ) s AX{K } s K=KZ 4 NM)

WRITE{3,50) {IHRM (K } 3 AY{ K Y4 K=KZ ¢ NM)
50 FORMATLIH +S(1Xe17s1XeFGe2))

Lp = 7

JDT = JOT + LP

LL = O

NM = 0O

305 CONTINUE
94 CONT INuUE

=
C anssrsmema s
C
SD = SQRT{S0O)
WRITE(3,77) SUM,SD
77T FORMAT(LH +//+30Xs "MEAN DOWNSTREAM VEL. ®,~5.241 % "CM/SECY ,3X,
!  *STDeDEVe'sE13e6)
<
DEBUG SUBCHK
sTop
: END
'y
Figure Cl



Figure C2. Computer program for the analysis of water temperature data.
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c
[ Lra INTEGER TO START @Rl TE STATEMENT ON OTHER THAN 1
C LP FLAG FOR WwRITING PLOFTING SEQUENCES

C SD STANDARD DEVIATION

C NN TUTAL NO. OF DATA PTS IN DATA SET

C JK COUNTER FOR # DAYS DATA

C J.4 COUNTER OF # DATA PTYS FCR EACH DAY

c JR COUNTER FROM 1 TO NN

C MM COQUNTER FOR # PTS IN 7 DAY INCREMENTS

C LL COUNTER FOR # DAYS IN 7 DAY INCREMENT

C JODCL ) # DATA PTS PER DAY

c DELT TIME INCREMENT IN MINUIES

C 10Ty ? DIGIT NUMBER OF JULIAN DAVE WITH LAST 4 DIGITS
C FOR ADDITIDN OF TIME

c 1HR 4 DIGIT NUMBER OF HOURS

c DMINGM IN 2 DIGIT NUMBER OF MINUTES

c IRM(J ) [t + MIN

C IHRM {4} iDTJ + IRM(J)} )
C Jor JUL IAN DATE OF FIRST DAY IN FIRSY 7 DAY [NCREMENT
c 1IDT LK) JUL 1AN OATE

c XP{NM) VALUE OF XF{J) IN 7 DAY INCREMENTS

C IFG FLAG FOR CALCULATIONC(IFG=1ITEMPIFG=2 :TIDE)

C LocC LUCATION OF INSTRUMENTS

C STA STATION NO.

c DATE MONTHe DAY AND YEAR OF FIRST DAYS DATA FOR THIS

c COMPUTER RUN

C SENSAOR INTERNAL SENSOR NO.

c ZF {K) FARENHE1T TEMPERATURE DR TIDAL HTS IN FT

C 2C (K} CEALCIUS TEMPERATURE OR TIDAL HTS [N PSI

c

C THIS PROGRAM INPUTS TEMP [N DEGREES CELCILS OR TIDAL HTS IN PSI
C AND CONVERTS IT TO DEGREES FARENHEILIT OR FT1, RESPECTI VELY

C {T _ALSOQ CALCULATES THE TIMES FOR EACH DATA POINT GIVEN THE TIME
c INTERVAL AND START TIME AND DA TE

c

DIMENS LON LOCU33.S5TA( 2} 4DATE[ 4) s SENSOR([3I)
DIMENS JON ZF(365OI-lDT(#O)-ZC(365OJ|JD(40).IRH(3650).IHRMI36501
DIMENSION XP(900) 4 JHRM{ 900 )

IFG = 1

LP = 7

JOT = 144

IDYJ = 2190040
f10T(1) = 219

NN = 3520

DELT = 14.,8519318
ITHR = 1900

DMIN = 23,

JOT = 219

[
[
onHh

T

N
READ{1,20) LOC+STA+DATE.SENSOR
20 FORMAY {3 A4 2A0+8A4, 3A4}

IF(IFGsEQs1) READ(1222) (ZCIK}4K=14NN)
22 FORMATIL20(F3.14+1X3})

IF{IFGLEGs2) READ{1429) [ZCLK)4KT14NN)
29 FORMAT (20(F3.2,1x)})

SUM = 0.

DO 23 J=14NN

CALCULATE TIME INTERVAL *

aon fnoo~n

IF({OMINLGE 6041} IHR = IHR + 10¢
IF{DM INwGE 450+ ) DMIN = DMIN ~ 60,
IF{IHR.GE«2400) Gd 1O 41
GO TO &2
31 1DTH = IDYJ + 190000
JDLJK) = a9 - 1
JEK = JK o+ 1
LOT(JK) = IDTI/S10Q000
IHR = JHR - 2400
40 = 1

42 CONTINUE
MIN = DMIN
IMN = EHR + MIN
IRMIJ ) = [MN
iHRMIJ) = IDTJ + IMN
OMIN = DMIN + DELT
IFE{JEQaNNY JDLJIK J=JJ

Mals

CUNVERT TEMP FROM DEGAEES CELCIUS TD DEGRE=ZS FARFNHEIT OR TIlDaL
LIS FROM PSL TU FT AND SUM

Figure C2 Cc-7



23

[aXal

3

24

&1

Ja

98

1] .3
59

49
%0
40

305

44

Q4

r7

1

1

IF{IFG.EV.1) IF{J)
IF({IFG=EQ«2) ZFLJ)
SUM = SUM + ZF{.J)}
dJJd = Jd + 1

[}

CONT INUE

SUM = SUM /AN

WRITE(3,24) LOC.STA+DATE, SENSOR
FDRNAI(lHI-III-loxq‘LUCATIDN:'.3A4.ZX.'SYATIDN:'.2A4.3X.'START DAT
EZ9.aA%: IX+*SENSOR NOW:"e3A4.77)

WRITE(3461) JK.NN

FORMAT{1H »,30Xs"NUMBER DAYS DATAZ"+13,3X."TOTAL ND. DATA PTS*:15)

JR
NM

r
-
WH BN

}
Cel) WRETE(3I«37T) IDT{LIsJDLIL)
H «/7+30Xs * UL IAN DATE = .13,
3o/ 7y ATX *TIMEY s SXs *FAR s 4 Xe*
Qe2) MWRETE(3439) IDT{L I JDELY)
H as/7e30Xs TJULTAN DATE = ',13.!
Je /e ITXL*TIME®* s 5X0u * FTos4X,"P

£;Xe YNUMBER DATA POLINTS THIS
EL®s/}

iXs "NUMBER DATA POINTS THIS
3i1¢,7)

g e [Ty e = £

D0 98 K=KZ.JG

NM = NI
JR = J
oIlF = Z
s0 = 5D
XPINM) =
JHAM{NM}

WRITE(3, 38) K. IRMCJR)I«ZF{JR) +ZCL JR) +DIF
FORMAT{LH 5 30X, 13+ 3Xe 14 4N Fhal s3KsF A1 +7XFSel)

CONTINUE
WRITE DATA ON DISK IN 7 DAY SEQUENCZS FOR PLOTTING

IF(LEQ«JK) GO T J06

IF{LL =EQaLP} G YO 306

GO0 YO 305

WRITE({3:5%]) MM, JDT

1HLe2Xe T4, 1Xe 13)

9) NM,,JDT

+ 1%y 13}

[1R) (JHRMEK ) XKP LK JaK=KZ o NM)
+5{ 1%+ 172 1XsF6e2))

[+D] (JHRM(K Jo XP (K ) s K=KZ s NM}
I7e1XeFHa2s LX)}

DT + LP

CONT TNUE

CONT INUE

$D = SAQRY(50)

WRITE{3, 77} SUM. SD _

FORMAT (11 «/7+25%Xe *MEAN TEMP OR TIDAL HT+*sF65.24'DEG F OR FT® 43X
*STDDEV<*21€13.6)

5TOR
END

Figure C2

c-8



Figure C3. Computer program for the analysis of wind data.
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lalalaletalatalslintalalatalafaloiatntalnalisintatialntaiatalatialnialitatalalinl el als

20
22

gl

21

aXainl N a BN e le NN a'

LuC
5TA
DATE

SENSOR
x(J)
AYY(J)
AXXLJ)
TANG( J)
VELL{ D)
P

NN
DELT
JK
JJ
JH
IcTJ

IHR
DMINJMIN
IDTLd)
[rvid)
THRM{ J)
IFLG
I1PH5
<o

48]

Jor
Joe)
AX {NM }
AY (NM)
NM

LL

LOCATION CF INSTRUMENTS

STATION NU.

MUNTH. DAY ANLC YFAK OF FIRST DAYS DATA FOH THIS
CAYA SET

INTERNAL SENSUOR NUa

wIiND STRESS

Y=COMPIWITH CURRENT) (OF X{(J),PCS ODOCWNSTREAM
X~COMIP{ ACHOSS CURRENT) OF X(J)},P0S YO RIGHT
WIND DIRECTION IN OEGREES MAGMETIC

WIND SPEED IN CM/LEC

FLAG FDR WRITING PLCTTING SEQUENCES INTO 7-UAY
INCREMENTS

TOTAL NJ. OF DATA PTS IN DATA SET

TIME INCREMENT It MENUTES

COUNT-ER FCR # LCAYS DATA

COUNTEHR OF # DATA PTS FOR EACH DAY

COUNYER FROM 1 TO NN

T DIGIT NUMBER OF JULIAN DATE WITH LAST 4 DIGITS
FUR AUDITIUN JUF TYIME

4 DIGIT NUMBER WF HOURS

2 DIGIT NUMBER OF MINUTES

JULTAN DATE

IHR + MIN

LOTD + IRM{J)

IFLG = 1.85PEEQ UK IFLG = 2, SPERD HIGHREDUCE
CHANNEL QRIENTAT ION AXIS

DRAG COEFFICENT

AlR DENSIYY

JULTAN STAKRTYT DATE FUnx FIRST DATA PLAT

# DATA PTS PEwx DAY

VALUES OF AXX{J) N 7 DAY INCRFMENTS

VALJES OF Avy{J) [N 7 LAY [NCREMENTS

COUNTER FOH # PUINTS IN 7 DAY INCREMENTS
COUNTER FOR ¥ DAYS IN 7 DAY INCREMENTS

PROGRAM TO CALCULATE JULIAN DATL AMD TIME FOHR EACH WIND DATA
PUINT GIVEN THE TIME [INCREMINTY [OELT)s ANO START TIME £ DATE.
CALCUALTE THE wWINO STHESS AND HUEAK IT INTQO ITS X— AND Y=

COMPUNENTS
NDIMENSION X{3650) s1ANG(3650) VELI3650).10T{120)+JD(40 ). IRM(3650)
DIMENSTION LOC(3)Y+S5TA(2),DATELS) ,SENSORL 3) ,AX(T700) LAY{T700Q)

DIMENS ION AXX{365C), A¥YY(3a50).IHRM F3650)
DOURLE PRECISION X,VEL

15

CD = 2a.5E-2
RHU = las28E—3
CEMNST = RHC®LD
AN = NN

SIS TN |

REAOD(]
FORMAT
READL 1

H

L)
[
'
FCRMAT(

1)*1 E4

239} LUC s STAyDATC » SENSUK

TAL 22 AL v A%+ A )

22) EVELIK) o JANGIK ) 4 K=1 s AN}
11(1XsF24091Xs13))

IFCIFGWE Q1) GU TI} 21

BC 71 L=1aKN

IFIVELIL)SEC+O4) GU TLO 13

VEL(LY = lao +
CONT INUE
CCAT INUE

« 21607 eVELIL}

LAE AR RIS E RS R ES SRR LR LR LR LS LY

SUM = 0O,

DG 400 JzT1ehD

CALCUALTE TIME INTERVAL

[IF{DMINGE 60}
IF(OMIN+CGE 60 a)

Figure C3

ITHR = IH&E + 1480
DMIN = DMIN = 60,
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IF(IHR.GE L2400 GL TO a1

GO TU 42

a1 1DTJ = 10TJ + 19000
JOCJKY = JJ - 1
JK = JKk o+ )

IDT{JK} = IDTI/ /10000
IHR = THR = 2400
Jao= o

42 CCUNTINUE
MIN = DMIN
IMN = [HR + MIN
IRN(J) = IMN
THRM{J} = 10Ty + ImN
DMIN = OMIN 4+ DELT
TFIJLEQaNNY JB{uK) = gy
NANG = TANG(J) - IPHS
IF{VEL(J).EQ.0.0} GU TO 31

CALCULATE WIND STRESS FROM WING VELCCITY

alsla!

VELLJ) = 43, 7%VELLJ)
XP = CUNSTHVEL{ J) *%2
ey X{Jd}y = xp

6L To 23
21 CONTINUE
XP = 0.
X€J) = xp
TANGE J) = 999
23  CAONT INUE

CHANGE ANGLE TO RADIANS., REORIENT AXIS TC THAT OF CHANNEL AND
BREAK wIND STRESS INTO WITH ANU CROSS CURAENT COMPONENTS AND
MULTIPLY BY —1 TO GIVE wiIND COMPONENTS THE RIGHT SIGN FOR
PLOTTING

[slatatulaTel

ANG
ANG
AYY(
AXX(
IF{N
AX Xt
AYYAL

NANG/S? o 2957795
ARSTANG)

= XP*COS{ANG}

= XP*SIN{ANG)
GebTa Q) AXX({J) = —1.%AXX{ J)
= ~le*kAXX{J}

= =1 e ¥AYY( J)

CWPLn
St e R

JIdo= Js o+

400 CONTINUE
*t***t****#**tt*t'tt*t*‘*#**t*

onoonon

WRITEC3+24) LGC,ySTAsDATLSENSOR
24 ronMATt1H1.//r.lox.-LucarluN:'.3Aa.2x.'srarlow:-.2n4.3x.-sranr DAT
{EI® 2444 ,3X, ' SENSUR ND.1%,3A647/)
WRITE{3+681) JK,IPHS.NN
&1 FORMAT(IH 420X+ *NUMBER DAYS DAYAZ V413, IX"DUWNSTREAM CHANNEL ORIEN
ITATION FHOM MAG NI® 314, DEGe" 43X, *TOTAL NCa DATA PYSIY, IS5)

la]

ZC
T A
bl N
aocoQ

AL R N R R

DO 94 L=14JK

N ann

LL = LL + 1
[IF{L.GTul) KZ=1
Ja = gL

WRITEL{3437) 1DTCL)Y 4 JD L)

37 FCRMAT{IH +/7.30X,'JulLIAN CATE =%',J3,EX, "NUMHER DATA POINTS THIS D
l#TEﬂ-13'NH27KHTIMP.SK-NW/S'&X.HNH fyAXCTAUT s AX, tX—COM?,
2 GR LY -COMY 33X, /)

00 98 K=KZ,Jq

M
WRITE(3
t

ajl KoIHM(JR).VEL(JHI-IANG(JR)-X(JR).AX{NM)cAY(NMI
38 FURMAT

+3
lH0201HJ03Xﬂ§'4lﬁ%-203Xﬂ3u3xﬂmoaﬁqu6dh3me-2)
98  CONTINUF

an

WRITE OATA ON DISK IN 7 DAY SEQUENCES FUOR BLCTTING

Figure CJ c-11



IF{L+EGsJK] GO TO 306
IF(LLLEUWJLP)Y GO TO 306
G0 TO 305

306 WRITEILI2,49) NM.JODT
49 FORMAT{I441X,13}

WRITE{3.39} NM,JDT
59 FORMATILIHL»2XslaelXel3}

WRITE(2+40) (IHRMIK) ¢AY{K) sK=KZ,hM)

WHITE{2+40) {THRMIK) s AX (K Y KZKL 4 NM)
49 FORMAT{S(I7slXeFHe241 %))

WRITEI Iy SOIIIHRMIK) s AYEK) JK=KZ 4NM)

WRITEL(S 4SO THRM{K }s AXIK Jo K=K Z,NM)
S0 FORMAT{LIH ,35{IXsI731XeFGa2})

LP = 7

JDT = JDT + LP

LL = ¢

NM = O

305 CONTINUE
94 CONTINUE

c
C LR NN EENENENNENRERNRNRENNEN]
c
STOP
ENC
e
7
77
Figure C3
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Figure C4. Computer program to compute the powe: spectral density function.
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fala B aYalalalalalalatalalalatalataYalalalal

R eZPmmEwRR
o v Wy PP A o
Lot R
- -

zZZ

g))mﬁE)NH-N“X
-

L
D0 R oa O rn

NQ
DELT
ML

THLIS PROGRAM
AND SMOQTH I

X—COMPONENTY RIVER FLOW 1IN BLOCKS OF 7 DAYS
Y—COMPONENT RIVER FLOw [N BLOCKS OF 7 DAYS
X—=COMPONENT + TOTAL TINMNE SEQUENCE

TIMES

SINE TRANSFORM OF Z{ J)

COSINE TRANSFOAM OF Z{.)

POWER SPECTRAL DENSITY FUNCTION

AMB(N) SMAOTHED WITH HANNING FILTER

COSENE TABLE FAOR USE IM TRANSFORM PROGRAM
SINE TABLE FOR USE IN TRANSFORM PROGRAM
FREQUENCIES

PERIOQDSI1/AKK{N} ]

STARV POINT FOR PUNCHIMG TRANSFORM DN CARDS
# FREG. VALUES CALCULATED

END POINT FOR WRITING TRANSFORM ON CARDS
TIME INTERVAL OF TIME S%ERIES

COUNTER TO OBTAEIN Z{ J)

WILL CALCULATE THE POMWER SPECTRAL DENSITY FUNCTIDN
T WITH A HANNING FILTEFR,

DIMENS JON X{(BSQ)eZ(I700) s ITM(BSQ) « XS(1900) 3 XC{1900) RILIFO00)»
c 1 C{ITO0) . S{ITO0IAMPL L200) + TITLECLS) s AKK{L 900).AJJ119002.Y(800)
NR = 12
Jo = 200
Ad = JQ
NGO = 90 + NR
NZ= 6
DELT = J 44495057
DELT = DELT/60.
ML = 0
READ{ 1. 49) TITLE
49 FORMATL{LGAM)
WRITE(J3.50) TIT E
S0 FORMAT(1HIL,: 10Xy 16A&e/7)
WRITE{2,61} TITLE
-3 1 FORMAT {3X» 1 6AS)
c DO 40 J=1.NZ
READ{9y 44) Ny JDT
44 FORMATIT&,1X%,13)
READ{ 9 45) {ITM{K )+ ¥IK Ju K=] ¢NN)
READ({ 9+ 45) (ATMOR )y XK Iy K] o NN)
45 FORMATISU{IT» I1XeF&a2,y1X))
C
C
DO 60 L=1,NN
C
NL = NL + 1
ZINC) = XIL)
63 CONT INUE
40 CONT INUE
C
C CM CJULATE FREGUENCY TNTERVYAL AND ASSIGN FREQUENCY YALUES
C FOR ALL OF FREQUENCY SEQUENCE
C
AL = NL
DELF = l./(DELTtAL)
MML = NL -
c .
DO 1Ll N=2.J0
A = N-1
AKKI{ND) = AQ®DELF
11 AJJIND = 1e/AKK{N]}
AJJi1} = Ou
AKKIL) = 0.
CALL FDURK(Ze¢Cu S X5 XCosNML ¢ JG )
0O 12 N=1.J0
AMP{N} = XSINIEX2 + XCIN)E*2
12 CONTINUE
DO 79 N=1.40G
NP] = N + 1
NME = N — |
C
IF(MNeEQeal) RIN)Y = L,S*¥AMPIN) + +S*AMP(NPL)
IF{N.EQLJQ) RIN} = S*AMP{NM1} + ,5%AMP(N)
[FIN.EQ.1} GO TD 76
TF{N.EQ.JQ) GO TO 76
RINY = 25«AMPINMI} + S5¢AMP(IN) + 25%aAMP(NPL)
76 CONTINUF
79 CONTINUE
Figure C4
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WRITE{(3,51)

FORMATC(LIH » /7, 10X "POWER SPECTRUNM®, //)

WRITE(3477) JQeDELF.NL

FORMATL{LH +10Xe " JO=" , 144X+ "FREQe INTERVAL=" sF 7o 41 X s YCYCLES/ HAY 4
IXs*NL = ", 14, /)

WRITE(3+21) (AKKIN)sAJI(NI«RIN) sAMPL{N) oN=] 4 40}
FORMATLLH o 3(IXoFTulo 1XsFBadp IXeFi0ed sl XoF| Ot} )
WRITE(2: 89) (AJIIN)+RINDoN=NR2NG)
FORMAT{A[F7.3, 1XeF 108 1X))

STOP

END

SUBROUT INE FOURK{XENeCySa XSINaXCOSsNL « JO}
ODUBLE PRECISION DTHy SUMoRUMARGe SUML 4 PI
DIMENSION XINC2)sCL13eS{1)aXSINCL)+XCOSCL)

THIS SUBROUTINE WILL TAKE SINE AND COSINE TRANSFORM OF INPUT XIN

Pl = 3.141592653589793
PNL = NL

NLN = NL + 1

DTH = Z.4PI/PNL

CONST = 2,/PNL

SINES AND COSINES

DO 1 J=ieNL

AJ = J-—1

ARG = AJ¥DTH
C{J) = DCOS{ARG
5(J) = DSINCARG
CONT TNUE

FOR ZERO FREQ

SUML = 0.

00 33 K=l+NLN

SUML = SUM1 + DSLE(XINIK})
XCOS{1L) = SUMI*CONST/2.
XSINT(1) = 0.

DO 35 N=2,JG

SUM PRODUCTS XINRCOS{ARG) AND XINSSINIARG)
SUM = 0.0
RUM = 0.0
NN = 1
DA 79 J = L+NLN
IF {NN=NL ) 70e70. 72
NN = NN — NL
SUM = SUM + DBLE(XIN{(.J) )M ENN]
RUM = RUM & DALEL(XIN(J))®S{NN)
NN = NN + [N-=-1)
CONT INUE

XCOS{N} = SUM¥CONST
XS ININ} = RUMECONST

CONT INUE

RETURN
END



Appendix D. River Flow Data

Included in this appendix are the time history plots of the up-stream, down-
stream (Y), and cross—-stream (X) components of river flow. The 1list below
includes the Figure no., the channel axis orientation (in deg. mag.) used to

calculate the components, the Station no. and the page numbers of each plot.

Figure Channel Axis Station Rumber Pages

D1 145° 1 Bottom D-2 thru D-8

D2 105° 2 Top D-9 thru D-15

D3 105° 2 Bottom D-16 thru D-19
D4 105° 3 Bottom D-20 thru D-26
D5 045° 4 Top D-27 thru D-33
D6 045° 4 Bottom D~-34 thru D-40
D7 045° 5 Fottom D-41 thru D-47
D8 040° 6 Lottom D48 thru D-53
D9 040° 7 Bottom D-54 thru D-38

The ordinate in all figures and for both components show current flow in
emf/sec [Y > 0 down-stream Y < 0 up-stream; X > 0 to right of channel axis; X< 0

to left of channel axis]; the abscissa shows time (Julian Date and hour (EDT)).



Figure D1. River flow at Station 1 Bottom, with channel axis of 145° mag.
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Figure D2. River flow at Station 2 Top, with channel axis of 105° mag.
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Figure D3. River flow at Station 2 Bottom, with chiannel axis of 105° mag.
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Figure D4. River flow at Station ] Bottom with channel axis of 105° mag.
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Figure D5. River flow at Station 4 Top, with channel axis of 045° mag.
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Figure D6. River flow at Station 4 Bottom, with channel axis of 045° nag.
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Figure D7. River flow at Station 5 Bottom, with channel axis of 045° mag.
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Figure D8, River flow at Station 6 Bottom, with ciamnel axis of 040° mag.
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Figure D9. River flow at Station 7 Bottom, with channel axis of 040° mag.
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Appendix E. Water Temperature

Included in this appendix are the time hisrtory plots of (Figure E1) bottom
water temperatures at Station 6 -(top half of figpure) and Station 7 (bottom half
of figure). The ordinate shows temperature (°F); the abscissa time (Julian Date

and hours (EDT)).
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Appendix F. Power Spectral Density Analysis

Included in this appendix are semi-log plots of the power spectral density
functions for the upstream-downstream component of river flow at all river
stations ((cmfsec)Z/CPH), and the N-S component of the wind field ((dynes/cmz/
CPH), where CPH is frequency in cycles per hours,

The ordinate shows the value of the spectral density function; the abscissa
the period in hours. Black arrows are shown on the figures at 12 and 24 hours
to aid in locating the period of the spectral peaks.

The list below includes the figure No., the Station No. and the page number

of each plot.

Figure Station Number Pages
Fl 1 Bottom F-2
F2 2 Top F-3
r3 2 Bottom F-4
F4 3 Bottom F-5
F5 4 Top F-6
F6 4 Bottom F-7
F7 5 Bottom F-8
F8 6 Bottom F-9
F9 7 Bottom | F-10

F10 (N-S) ORIENTAL Wind F-11
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