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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:

�! The net circulation in the river is slow and complicated  has

circular flow patterns across river and return f1ow up � stream!. A

rough estimate of the mean net flow for th« 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 local

area for a time considerably longer than that predicted by the rough

transit time included above.

�! 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 stat ions at the ~outh of the

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

�! The ~inds tend to, but do not always «nhance the river circu-

lation. They are most generally diurnaj  .Land breeze in morning, sea-

breeze in afternoon! and seem to have the Largest effect on flow at

Station 68 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 Ai.r and Mater Resources, to coastal and land-use

planning agencies and to other investigators studying the Neuse River.
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I. Introduc t i on

The Neuse River estuary, one of two emptying into Pamlico Sound  Figure 1!,

is important as a fishing ground and as a recreational site. Industrial and

residential growth 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 conditfons of the river: e.g. Hobbie, �975!

h as been monitoring the source and fate of nutrient concentrations; the State

of North Carolina has been monitoring heavy metals and other trace elements.

No lang-term definitive study of the circulatfon 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  Naxshall, 1951; Posner, 1959! that

there are no lunar tides in North Carolina Socnds 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

�951! indicates that 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 �953! calculated

a hypothetfcal tidal range assuming the waters flowing in through the inlets

were uniformly distributed over the entfre sound; they came up with range of

5 cm  about 2 inches!.

Magnuson �967! indicates that it may be a lack of firm data, however, that

fails to discern tidal ranges in the sounds. Indeed, fn a House Document �935!

it was reported that some slight tidal variat ons have been detected as much as

15 miles from Oregon Inlet near the northern a nd of Roanoke Island. Singer and





Knowles �975!, using a power spectral density analysis of United States Army

Corps of Engineers tidal height records �0-33 3une 1973! at Engelhard, NC �6

miles NW of Hatteras Inlet! and Stumpy Pt., N" �2 miles SW of Oregon Inlet!,

and data they recorded at Oregon Inlet itself for the same period, found a

semi-diurnal tidal period of 12.8 hours at each of these locations.

B. J. Copeland  personal communicatioII! has unpublished current meter data

collected periodically in 1968-69 in the Bay River, AC, 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 St:~d

A. 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 Carolina, on

the open lawn area adjacent to the River Neus~ Motel and near the water, a

location giving good southern but somewhat re:;tricted northern, eastern, and

western wind exposure. Except for periods of instrument malfunction, wind data

was recorded continuously  at a height of nin» feet above ground! for nearly

the entire study period. It is included in this report  Appendix I 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 B,

Te~chni mes

The current meter data, recorded as a time sequence of the deflection angle,

Def  t!, and the direction, P t!, were read from the data logger film, 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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Figure 3. Neuse River channel axes and vector dia ~rara relating river current
direction to the channel axes.



The deflection data, Def t!, were converted into speed  cm/sec! using the

six th-order polynomial

V t! = A + B*Def  t! + C*Def  t! + D"Def  t!. 2 3

+ E*Def  t! + P*Def  t! -t G*Def  t!4 5. 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 �! are

A = 2.3909

B = 1.1197

C = 2.8287 x 10

D = -1.2010 x 10

E = 3 8422 x 10

�!

-7
F = -5.1582 x 10

G = 2 6831 x 10

The polynomial in �! had an R correlation of 0.999857 and a HMS deviation2

from the calibration curve of = + 0.1995 em/sec.

To facilitate analysis of the river circulation, the angle of the axis of

the river channel for each station was estimated and each current vector in the

U = iVI cos
R

sin ~!R
X

respectively, where l Vl is the current magnitude  cm/sec!, with signs as shown

in Figure 3.

time sequence was converted into its down-stream and cross � stream components as

shown in Figure 3, where 9 is the angle of th» channel axis  in degrees! from

magnetic nort'h, $, the current direction in d< grees magnetic, and 8>, the angle

of the current direction from the channel axi., i.e., QR = 4 � Q. The down-stream

and cross-stream components are given by



Table 1. 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
and Channel Marker 0

Mean Velocity
Y-Comp.  cro/sec!

Standard

Deviation  + cm/sec!

4.77 8.67

4.26 8.09

0.27* 7.47*

2.87 8. 97

1.13 6 ' 82

-2.17 6. 04

1.19 7.36

0. 30 3.53

3 92** 264*

*l6 days only
**17 days only

Station 0

1  Bt !

2  Top!

2  Btm!

3  BtIR!

4  Top!

4  Btm!

5  Btm!

6  Bt10!

7  B tm!

Johnson Pt., !$19

Minnesott Beach, fi2

Minnesott Beach, f/2

Minneostt Beach, //9

Oriental Channel, Pl

Oriental Channel, >$1

Oriental, //7

North Mouth

South Mouth



To dampen the effects of any possible directional fluctuations in the

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

for the X-component,

U �! = [2U �! + U �!]/3,

U  k! = [U  k-1! + 2U  k! + U  k+1!]/4, �!

U  mk! = [2U  mk! + U  mk � 1!]/3,
x x x

C. Result s

1. River Flow

The flow data will be presented in a series of figures  Appendix D!

of the time sequence of the X- and Y- conponents of velocity  cm/sec! at each

station and a table  Table 1! of the average up stream � down stream velocities

and their standard deviations  also in cni/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 X- and Y- components are considered to be

where t= k 6 t, k = 1, 2, 3, ..., mk, t is time, ht is the time increment between

data points of the time sequence and mk is th< last data point. A similar

expression was used for Uy.

To facilitate plotting of the results, the smoothed data for each station

were written into blocks of seven days beginning with Julian Day  J,D. ! 219

� August, 1973!.

The power spectral densities [in  cm/sec! HR, where HR is hours] for the2

U  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.



vectors  which they are!, then an analysis of their phase and magni.tude may be
used to extract information concerning the dynamics of river circulation, i.e.,
if the fluctuations of U and U are always in pl;ase  X > 0, Y > 0 and X < 0,X y

Y < 0  e.g., station 5B!!, or 180' out of phase  X > 0, Y < 0 and X < 0, Y > 0
e.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 Vx essentially 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 in U may help to explain the river <irculation 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
go to zero, indicating that during those periods ;.t least, the river flow was

either sufficient to overcome the upstream driving mechanism or the mechanism
itself was weaker.

Ln general for all stations, none of these possible hi.gh downstream flow

periods have a positive correlation with the rainfall data  Appendix B!. An

analysis of the wind data  Appendix B! wi.ll 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 Dl!. This bottom station is in the narrowest part of the
river and as expected, shows the largest U and the smallest U . For the

most part they are in phase  X > 0, Y > 0! and  X < 0, Y < 0! and the channel
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axis is probably nearer 150' than 145'. The upstream velocities  Y < 0!

are not generally as great as the downstream  Y > 0!  see Table 1!, but

are substantial nonetheless  max of 30 cm/sec!.

 b! Station 2T  Figure D2!. This near surfac» station is adjacent to Minnesott

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

periodic during all but the last seven days of data. During all but this

last period, Ux is generally toward the sruth bank of the river  X > 0!,

is not as strongly periodic as U , and its phase appears in general to be

only slightly correlated to it. During tl.ose periods when. the flow is

upstream, however, Ux is toward the north river bank  X < 0! and the two

components are in phase and highly correl-.ted.

As at Station lB, the angle of the cl...annel axis is probably a little

greater; i.e., more near 110'.

 c! Station 2B  Figure D3!. In general, the trend of river flow at this bottom

station is similar to 2T  located just above it!. Differences lie in the

magnitude of the Y-components  the phase .eems to be correlated! and the

phase of the K-components, i.e., the downstream velocities  Y > 0! are

almost always greater at 2T than at 2B, tl-.e upstream velocities  Y < 0!

are almost always less at 2T than at 2B, «hile 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 K-components of 2B is highly

correlated, and while the upstream, downstream flow at 2B and 2T seems to

be generally the same, the cross-stream flow is usually out of phase, with

the flow at 2T being not so periodic and x.sually toward the south bank of

the river.

 d! Station 3B  Figure D4!. Thi.s bottom station is opposite Minnesott Beach

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

11



There appears to be a good correlatiorr between Ux and Uy and

they are in phase, which confirms the observation 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-

s tream.

 e! 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 Ux

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  L.L3cm/sec!.

 f! Station 4B  Figure D6!. Ttris station is at the same location near

Oriental 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, �.13 cm/sec!, it implies that there

is a vertical shear and that some external body force may be the driviug

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 muclr 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.

 g! Station 513  Figure D7!. This bottom station is across from Station 4

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

12



flow is upstream, at 58 the mean flow is down. stream �.19 cm/sec! and

is nearer in value to 4T than 48. 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 irr phase.

 h! Station 68  Figure D9!. This bottom station is located at the north

mouth of the Neuse River at a point omewhat up from the main channel

and more exposed to the influence of Pamlico Sound than any of the

previous stations. The two velocity camponents appear ta be highly

carrelated and 180' out of phase, implying that the channel axis should

have been less, maybe 035'. As expel:ted, 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 78  Figure D10!. This bottortr station is at the south mouth of

the Reuse River and near the main riser channel. For the most part,

this 17 day record has components that appear to be highly correlated

and in phase, indicating that the flaw was probably oriented on an

axis of 090 Mag, Both the preferred direction and magnitude af flow

is greater at this station than at 6B on the opposite mouth. This result

may be due ta the fact that the station is more nearly in the channel

than Station 68 and, therefore, mare influenced by its flow.

2. Correlation of Mind 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 tl e four channel axis orientations

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



the wind data to be used directly at each of the stations to correlate with

river circulation; the latter to assess the wind I atterns 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, direction will be user 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 tf water movement will be

used, i.e. wind blowing upstream could cause flow upstream and both will

have negative signs.

As discussed in Appendix B, there is a very trong 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 afternoon. 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  AN! when rather rapid fluctuations in the river flow was evident.

It may be that the wind was the perturbation mechanism, but during one other

such period  at Station 6B on J. D. 253 AN! these fluctuations occurred during

calm winds.

Of 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 Sounc, which is generally believed

to be predominately wind driven. What the flow data at 68  and the diurnal

peak in the power spectral density, Appendix F! may be showing is the

diurnal wind/circulation patterns of Pamlica 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 �T 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  PN! hand 249  PN!; here the strong

downstream component of the wind seems to enhance the downstream flow. Look

also at J. D. 251  PM! and 252  PM!. In all four of these days except 249

 PN! there appears ta be a 2 to 3 hour lag of current to the wind.

At Station 2T, the wind may also have «n enhancing affect on the down-

stream flow an J. D. 240  PM!, 242  PN!, anil 249  PM! thru 250  PM!, and on

the upstrea~ 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 patt ms are basically di.urnal, however,

they do not account for the semi-diurnal period of the Y-component of flaw.

3. Water Tem erature

The time sequence of water temperature fluctuations at Station 6B and

7B are included in Appendix E.

Both of these plots  Figure El! show some long term trends  approx. 7

days! in 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

semi-diurnal. Station 7B seems to have the same characteristics,
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though not for as long a time period and it shms a large unexplained drop

in temperature on J. D. 249-250 that does not ~~ist at Station 6B.

If these observations are combined with the data shown in Figure B6,

it becomes apparent that neither the long nor :he short term fluctuations

are due to climatological conditions, but are probably due to the wind/

ci.rculation patterns of Pamlico Sound. This ri suit is consistent with the

conclusion made in the preceeding section for the river circulation at

Station 6B.

4. 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 for< e may be necessary to

explain these condi.tions.

The evidence for lunar tides cited earlier 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 defirritive study of river circu-

lation and the first to suggest that tidal forr es may be responsible for

the circulation in the Neuse River. Preliminar.y 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 �951!, Pamlico Sound is too small

to have a tide generated within and, according to Roelofs and Bumpus �953!,

the flow through the inlets when uniformly disr ributed over the sound would

cause only a tidal range of 5 cm; these corrrmen1 s are even more relevant

16



for the Neuse River estuary. Does the tidal head and flow of the coastal

inlets supply the driving force? Is a ris~ 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

forceps

D. Conclusions

It is apparent from this study that t.ie 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 �2 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 conditions would be as apparent is an

interesting question; whether the force i' lunar is an important question.

Data col.lected in this study is avai] able upon request in the form of

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

17



magnetic tape  smoothed data! . It will be made available to anyone for

the cost of reproduction.
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Appendix A. Film-recording !'ensors Used

Two types of General Oceanics film � recording sensors were used in this

study: �! Model 2010 Current Meter and �! Model 3070 Thermograph.

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 circuitry 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 enc'. 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 Descri tion.

The Model 2010 operates on the principle that a buoyant wand tethered

at one end will deflect into the current stream at «n angle and direction that

are functions of the current speed and direction. 'J'he sensing and recording of

this deflection yields information that can be readily translated into current

speed and direction data. A major advantage of thi.: 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 cylincrical housing containing a

directional inclinometer and the data logger described 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 inner face of the lower housing end cap. The inclinometer design utilizes

a transparent, fluid-filled housing containing a neutrally buoyant inner sphere.

This "floating" inner 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 fi.lied 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 transparent 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 f.nc lination by its position within

the grid' W i ht: 5.6 kgs. �2. 3 lbs.! in air; .. 0 kg- �. 2 lbs.! positively
buoyant in seawater.

~Ex peed Materials' .Rigid polyvinyl chloride  PVC! housing and end
caps; high density polyethylene vane.;; stainless steel hardware.

Dimensions: 11.4 cm.  ~"! O.D. x 51   m. �0"! long housing; 45.7 cm.
 8"! diameter circular sector right,ogle vanes tapered to housing
base.

~De th ~Ratin .' 50 meters �2 psi.!.
Inclinometer ~Ran e; 0' to 80' from vertical  not calibrated from

80'-90'!.
Inclinometer ~Accurse : tl'.
~S eed ~kan a: 0.05 to 1.7 kt. �,08 to 2.75 fps.!.
S e d A~course I: r32 of full scale � . 35 knots . 0 F 08 fps. ! .
Directional ~gan e: 0' to 360'.
Directional ~kecurac : 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' inclination. Inclinations above 80'
�.70 fps.! are beyond range of calibration.

Main Bartezar ~Su l~: Sixteen manganese-alkaline penlight cells
 Mallory MN1500 size AA, or equal!.

Battery ~eratin Life: Five months or, if sooner, 11,000 data
records.  Watch battery, one year!.

~Nountin : Swivel eye at base of housing for mooring to ballast
weight or mid-water frame.

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

C. Model 3070 Thermo ra h.

The General Oceanics Model 3070 Film Recording Thermograph is a self�

contained instrument for measurement and recorcling of air and water temperatures

over extended periods of time. Zt is used to provide temperature vs. time data

for a variety of meteorological, hydrological, oceanographic, and other appli.�

cations. The instrument provides an accurate Syet economical means for data

collection in aqua-culture studies, underwater surveys, buoy installations, or

detection and monitoring of thermal effluents. The fully waterproof housing

enable deployment of the thermograph above watt r or at depths down to 50 meters.

 Housings with deeper ratings can be supplied on special order!.
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The Model 3070 sensor is a large dial therrzometer 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 piece 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 rrruch more accurate time data than can be achieved with instruments in

which a single timing mechanism is utilized for both the data reference and film

 or chart! drive functions.

W~ei ht: 3 kgs. �Q lbs.! in air; approximately 1 keg. �.2 lbs.!
positively buoyant in water.

Exposed Materials: Rigid polyvinyl chloride  PVC! housing, end caps,
and thermometer bulb guard; stainless steel hardware and thermometer
bulb.

Dimensions: 11.4 cm. �Q"! O.D. x 38 cm. �5"! overall length less
thermometer bulb guard piece.

~De th ~Ratio: 50 meters �2 psi!.

~Accurse: '12 of full scale  .55' 0!.
Time Reference: Battery powered calendaz awatch with second, minute,

and hour hands plus date window.
Watch ~Accurse : ~R0.00352 �0 seconds pet 24 hours!.
Date Interval: Selectable at 5, 15, 30, or 60 minutes. Timing

intervals chosen by changing timing pl ..gs in data logger circuit.
A 15 minute range was used in this study.

Main chatterer S~ui~: 16 manganese � alkaline penlight cells.  Mallory
MN 1500, size AA, or equal!.

~Oeratfn Life: 5 months or, if sooner, 11,000 camera operations.
 Watch battery, one year!.



Appendix B. Wind and Climatilogical Data

Included in this appendix are time history plots of the X- and Y- components

of the wind data collected at Oriental, 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.

~FA use Axis Use

Bl 360' Diurnal wind analysis B-3 thru B-8

B2 145' Correlation with fLow 8 <TA 1 B-9 thru B-14

B3 105' Correlation with flow 9 BTA's 2 6 3 B-15 thru B-20

B4 045 Correlation with flow 9 <TA's 4 6 5 B-21 thru B-26

B5 040' Correlation with flow 9 .'TA's 6 5 7 B-27 thru B-32

The ordinate in all the above figures and for both components show wind

stress in  dynes/cm ! x 10 [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 � B5, Y < 0

wind from down-stream, Y > 0 wind from up-streazi, 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 B6  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! = p CDv2

where p is air density �.28 x l0 gm/cm !, V Ls wind velocity  cm/sec!, t is time-3 3

and CD is the non-dimensional drag coefficient. A value of 2.5 x 10 3 was chosen

for CD even though the wind was not recorded at the required height of 10 meters.

Because of the variable nature of the terrain s ~rrounding the recording site,

and the lack of other sufficient meteorological information to warrant a better



choice, the standard value for CD was chosen. In all likelihood the wind

stress values calculated by  B.l! 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,

KW 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 on .3 dynes/cm ! 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 corn>ared to the wind  Figure Bl!

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  dynes/cm x. 10 ! vs time, with an axis orientation2 1

of 360' mag  Diurnal Analysis! .
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Pigure B2. Mind stress  dynes/cm ~ 10 ! vs time, Mth an axi.s orientation2 1

of 145' mag  Station 1! .
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Figure B3. Wind stress  dynesjcm x 10 ! vs ime, with an axis orientation
of 105' mag  Stations 2 & 3!.
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Figure B4. Wind stress  dynes/cm2 x 101! vs time, vtth an axis orientation
of 045' mag  Stations 4 & 5!.
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Pig@re. B5. Wind stress  dynee/cm x 10 ! vs time., with an axis orientation

of 040 mag  Stations 6 & 7!.
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Appendix C. Computer Progreas

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

follows:

Cl C-2 thru C-5

C-6 thru C-8

C-9 thru C-12

River Flow

C2 Water Temperature

Wind

C-13 thru C-15Power Spectral Density

All of these programs were run on the EBM 370/13.i computer at the Triangle

Universities Computation Center  TUCC!, Research Tria»gle Park, North Carolina.



Figure Cl. Computer program for the. analysia of rfver flow data.
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C C C

C C C C C C C C C C C
C C C
C C C
C C C

C C C C C C
C C
C C C

C C C C C C
C C C C C C

C C C

C C C
C

HH
JK
JJ
JR
LL
HM
LP
IF G

JD L !
KZ
IP HS
SD
LOC
SIA
DATE

SE NSQ R
A«8» C, Dr EE, FF

DEL T
DM IH«V [H
I HR
IRM J !
ID! J

IHR!H J !
[DT J !
JDT
X J!
XF
AAy J !
AAX  J !
AX» AXX K !
AY» AYY  < !
AXF
AYF
IANG J !
DEF  J !

PROGRAIH TQ CALCUI ATE JUL  AN DA TE AND TI MI= FOR EACH CURRENT
DAT A ~DIN  GIVEN THE T  ME liNCRE M NT  QELT,I ~ AND START T I MECDATE ~
CALCUL ATF THE CURRENT FROM DEFLEC Tl ON ~ SIHQOTH I T AHD BREAK IT
[NTO X- AND Y- COMPQNEN TS ~

DIMENSION X  3650! ~ IAHG  3650! ~ DEF  3650! ~ 19 T  'I 2Q! JD�0 }  RM�650 ! ~
I IHRM   3650! ~ AAX  3650! ~ AA Y  3650! «A XX  3650! ~ AYY�650!

DI MENS ION I QC  3! ~ STA  2! ~ DA TE  4! SENSOR  3! ~ AX'I 72 0! ~ AY  720'!
DABBLE oRECISIQH X. XF«OEF ~ a »5 ~ C ~ 0 EE»~F .G

RE AD  1 ~
20 FORMAT 

READ  lr
22 iFORM AT  

4%44444444

SUM = 0

DO 400

70! LOC ~ STA» DATE ~ SENSOR
344r ZA4» 44 4» 3A 4 !
? 2!    ANG K ! ~ DFF K !»K= 1 ~ NN!
11 lX ~ [3«!X»F?r0! !

J= Ir N«I

CAL CUL AT F T IME [H TER VAL

 F   DM  H. GE ~ 60 ~ !
>F  DM IN rGEr60 ~ 1

[tR = IHR «100
DM Iq �,- DV IN: 60«

 FG = 2
KZ
JJ = I
JK = 1
LP = 6
IDT l ! = 220
 DT J = 2200000
I HR = I 300
DM IH = 34 ~
IPHS = 105
IHIN = 77. 6
DELT = 30 ~ 566116
JDT = 2[r!
AH = NN
A = 2r 3%Or!
8 = 1 ~ 1197
C = 2 ~ 8287E-03
0 = � I ~ 20 IF-0 3
EE = 3 ' 8422E-05
FF = � 5 ~ 1582E-0 7
G = 7 »683! F-0 !

TQ TAL HQ ~ QF DATA PT5 I H 0 ATA SET
COUNTER FOR W DA YS DA TA
COURTER OF 4 DATA PTS FOP '=ACH DAY
COUIH TER FROM I TO NN
COUN TER FOR W DA YS I N 7 DA y I NCRE MENT
COUNTER FOR W PT 5 I N 7 DAY I NC RF MENTS
FLAG FDR WR I TING PLOT Tl NG SF DUE NCE5
FLAG T3 SKIP VELOC  T Y CALC ULATION   IFG=I; OEF
AI READY [N C M/SEC '!
4 DATA PTS PER DAY
INTEGER TO START WRITE STATFMEHT QH OTHER THAN
CHANNEL 4 XI S OREHTAT[ON
STAN!DARD DE VIA TION
LQCAT[3 I OF  NSTRUMEHTS
STA J ION NO ~
MOrl TH ~ DAY AND YE AR OF F I RST DAYS DAT A FOR THIS
DATA SE T
INTERNAL SENSOR NO ~
COEFF ICE NT5 OF 61'H ORDER P '!LYNOMI AL USED T Q
CALCULA TE VELOC I T Y   CM/SEC ! FROM DEFLECT ION DEG ~ !
T I'HE INCREMENT I N MI NUTE 5
2 D IG r NUMBER OF Mr MUTE 5
4 DIGIT HUMSFR OF HOURS
IHR + H IN
7 D IGI T NUMBER QF JULI AN 0 4TE WI TH LAST 4 DIG[  5
FDR ADD I T  ON OF TIME
 DTJ + IRM  J !
JUL  AN DA TE
JUL [AN DATE QF ~ IR5T DAY I 'H F  RST 7 DAY [NCREMEHT
  SPD IH CM/SF C !
  SPD IH F T/SEC !
Y-CI!MP  WITH CURRENT! OF X I J! «POS DOWNSTREAM
X � CDMP  ACROSS CURRENT! OF X  J! »POS TO I EFT
SMQD THEO VALUE 5 OF A AX  Jl
SMQQTHED VALUE 5 OF AAY  J!
SMQO THF D VALUE 5 OF X-C OMP I!F XF
SMDQ THEO VAL UE 5 OF Y-C OMP i!F XF
CUR REM T 0 IREC T ION [H DEGREI=. S MAGNET IC
DEFL ECT 13 N QF C URREN T ME TE I  I N DFGRFES
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Figure Cl. Computer program for the aaalysia of river floe data.



C C C C C C
C C
C C

C C C C
C C C C
C C C
C C C
C C C
C C C C
C C C

C C C C C C
C C C C C C

C C C

C C C
C

PROGRAM TO CALCULATE JUL IAN DA TE AND Tl ME FOR EACH CURRENT
DAT A oQINT GIVEN THE TIME KNCREM IVT  DEl.Tl ~ AND START Tl MECI!ATE ~
CALCUL ATF THE CURRENT FROM DEFLEC TI ONr St DOTH I T ANO BREAK KT
KNTQ X � AND Y-CQMoQNEN TS ~

DIMENSION X�650!. IAVGC 3650!.DEF  3650! ~ ln T�20! r JD�0! rIRN�650!,
I IHRV  3650 l ~ AAX  3650! r*A YC 3650! rA XX  3650! i AYY�650!
DKMENS ION L OCC 3! ~ STA  2 ! ~ 04 TEC 4! SENSORC 3l ~ AX'  72 0! ~ AY  720 !
DOUBLE OREC I SIQV X ~ XF ~ DEF ~ 4 ~ 5 C rD ~ F= ~ <F G

I 'FG = 2
KZ = I
J J
JK = I
LP = 6
I DT� ! = 220
IDTJ = 2200000
I HR = I 300
OM IN = 34'
CPHS = 105
NN = 726
DELl' = 30 56*1 I 6
JDT = 219
AN = NN
A = 2+3909
8 = t r t97
C = 2 ~ 8287E � 03
D = � 2+20 F-03
EE = 3~8422E-05
FF = -5 ~ 1582E-0 7
G = 2~683 F-09

READ  I ~ 20! Lnc sTA DATF sFNSOR
20 FORM AT C 3A4r 244r 4A 4r 3A 4 l

READ  I ~ ?2 l   IANG K !I OFF K !rK= 1rNN!
22 FORMAT   I I < I Xr 13r I XrF2 ~ 0! I

44444 4 ~ 4 44

SIJIM = 0 ~

DQ 400 J= 1 ~ NN

CALCUL ATE T IME KNTERVAL

IF DMIN ~ GE ~ 60r l Ital = IHR + 100
t F DM IN GF 60 I nM IV = DV KN � 6Q

HN
JK
JJ
JR
LL
NM
LP
IFG

JD L !
KZ
IP HS

SD
LQC
ST A
DATE

SE NSQR
Ar Br Cr Or EEr FF

DEL I
DM IN ~ 'V IV
KHR
IRM  J !
IQTJ

IHRV J }
IDT J I
JDT
X J!
XF
AAYCJ !
AAX  J !
AX ~ AXX  K !
AY ~ AYY  C !
*XC
AYF
IANG J !
DEFI J !

TOTAL NO ~ QF DATA PTS IN DATA SFT
COUN TER FOR AI DA YS DA TA
COUNTER QF e DATA PTS FOP I=ACH DAY
CO UN TER FROM 1 TO NN
COUNTER FQR v DA YS IN 7 DA r I NCREMENT
COUN TFR FQR V PT5 IN 7 DAY I NC RF MENTS
FLAG FOR VR I Tf NG PLOT Tl NG SE DUE NCE5
FI AG T3 SK Io VELQCK '1 Y CALCULATION   I FG=I I nEF
AI READY  N C Mf sEC !

DATA PTS PER 0*Y
INTEGER TQ START VR  TE STA TFME NT Oti OTHER THAN
CHANNEL 4 Xl S ORE NTATI ON
STANDARD DEV A TION
LQCAT13N OF IHSTRUIVENTS
STA T ION NQ ~
MOV TiH ~ DAY AND Y'EAR QF FIR 5 f DAYS DAT A FOR TiHI S
DATA SE T
IN TERNAL SEN SOR NQ ~
CQEFF ICE.iTS QF 6TH ORnER Pi!LYNQMIAL USED TQ
CALCULA TE VELOC 1 T Y   CMiSEC,i FROM DEFLECT I ON  DEG ~ !
T IVE IVCREIV N T I N MI NUTF5
2 0 I GKT NUMB'ER OF Ml NU TE 5
4 DIGIT NUM3ER OF HQU'R 5
ItlR + V IN
7 DIGIT NUMBER OF JUL  AN DIITE VI TH LAST 4 DIGITS
FQR ADO I TION DF TIME
IDTJ + KRM  J!
JUL f AN DA TE
JUL I AN DATE QF ~ IRST DAY IN FIRST 7 DAY INCREMENT
C SoD IV C M/SEC !
  SPD IV F T/SEC !
Y-COMP  V 1 TH C URRENT! QF XI J! ~ POS DO'VHSTRE AM
X-C3MP  ACROSS CURRENT! OF I<  J!,POS TO LEFT
sMQD THEO vAL UE 5 QF A Ax  J!
SMOD THEO VALUE 5 OF A AY  J!
SMOQTHF. 0 VAL UE 5 OF X-C QMP OF XF
SMQD THEn VAL UE 5 OF Y-C QMP  IF XF
CURRENT 0 IREC T ION IN DEGREES MAGNETIC
DEFLECT 13 N QF CURRFN T M TF <t I N DEGREES

Figure Cl C-3



IF   IHR ~ GE ~ 2400 ! GO TO 41
GO TD 42
IDTJ = IDTJ + 10000
JO JK ! = JJ
JK = JK + I
IDT   JK ! = IDT J/10000
I HR = I HR � 2400
JJ = I

41

CONT INUE
M IN = DM IN
IMN = IHR 4 M IN
IRMl J ! = IMN
IHRM  J ! = IDTJ + IMH
OMIH = DMIN + DEUT
IF   J «ED«HH ! JD  JK != J J
NANGi � I ANG  J ! � IP HS
 F DEF J ! ~ E0 ~ 0«0! GD T'3 31
IF IFG ~ EO I ! Xo = DEF  J!
IF  IFG ~ EO ~ 1! GD TO 29

42

C C C CALCULATE VELOCITY FROM DEFLFC T ION AHGLE

XP A + B4OEF  J ! + C43EF  J! 442 + D4OEF  J! 443 + EE4DEF  J! 444
+ FF4DEF J �45 + GADEF  J�46

29 X J! = XP

GO TD 23
CONT IHUE
XP = 0 ~
X J! = XP
IANG J! = 999
CONT I HUE

31

23

C C C C CHANGE ANGLE TD RADIANS ~ REORIENT 4 XI S TO THAT OF CHANNEL AND
BREAK VELDC IT IES INTO 'I	TH ANO CR 0 SS C URRE'NT COMPONENTS

ANG = N ANG/57«2957795
ANG = ABS AHG!
AAX J ! = XP4SIN ANG!
AAY J ! = XP4CDS ANG!
IF HANG«LT «0! AAXl J ! = -I ~ 4AAX  J!

JJ = JJ + I
C
C

400 CONT I NUE
C 4444444444
C
C SMOOTH DATA WITH 1-2- I F ILTER
C
C

DO 666 K= I ~ NN

GQ TD 76
! GO TO 75
AAY KM I ! + 2«4AA Y  K ! i AAY KP I ! ! /4 ~
AAX KM I ! + 2«4AAX  K ! + AA X'I KPI ! ! /4 ~

2 ~ WAAY K ! 4 AA Y KP I ! ! /3«
2«WAAX K ! t AAX  KP1 ! ! r 3«

2 ~ 4AAY'IK! + AAY KMI!!/3 ~
2 ~ 4AAX K!+AAX' KM 1!! /3 ~

+ AXX K !

76

75

78

666
C

SUM = SUM/AN

W R IT E   3« 24! LOCi S TA ~ DATE ~ SEN SDR
FORMAT I IHlw/// ~ IOXi LOC4 TION ~ 3A 4 ~ 2 l ~ STATI DN ~ «2 A4 ~ 3X ~ ST A>T DAT

IE ~ 4A4«3Xi SENSOR ND « ~ 344 ~ //!
IIR IT'E�«61 ! JK ~ IPHSiNN
FORMAT I I H i 20 Xi NUMBER DAYS DA TA . ~ I ! ~ 3X ~ DO'KNSTREAM CHAHNFL OR IEN

I f AT ION FROM MAG N' i ~ 14 ~ DEG ~ i +3K iTO fAL NO DATA PTS: i ~ 15!

24

JR
LL
NM
SO

0
0
0
0«

C «« ~ ~ ~
C

DO
C

94 L=I,JK

Figure C1
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KM 1
KPI
IF K
IF K«
AYY K
AX X K
GO TO
AYY K
AXX K
GO TO
AYY  K
AX X  K
CONT I
SUM
CONf I

K � I
K+I

ED ~ 1!
EO ~ NH
! =  
! =  
78

! =  
! =  

75
! = l
! =  
NUE

SUM
NU E



LL = LL t I
IF L ~ GT ~ I } KZ= I
JO = JD L !

WRITE � ~ 37} lDT L ! ~ JD ' !
37 FORMAT I 1H ~ // ~ 30X«JUL IAN DATE ~ I 3 ~ SX« NUM8ER DATA POINTS THIS

I DATE e 13»// ~ 27X ~ TIME ~ 5X ~ CM/S »6Xe F Ti S ~ 3 X «DIR »4X ~ X COH ~
2 4X ~ Y CDM «3X ~ XF CQM e 3X ~ YF COH ~ /!

DO 98 K=KZ»JQ

NM = NH + I
JR = JR + I
AX {NH ! = AX X  JR !
AY {NM ! = AYY  JR !
AXF = AX NH !/30 48
AYF - AY  NM !/30 «48
XF = X  JR !/30 »48
I HRM {NH ! = I HRM  JR !
SD > SD 4   AY NM !-SUV �42/AN

C
98

C C C
CONT INUE

WR IT E DATA OV D ISK I V 7 DAY SEOUENCE S f OR PLOTTI NG

IF  LL eED ~ LP ! GO TO 306
IF  L 'ED JK ! GO TO 306
GO TO 305
WRITE �«49! NM «JDT
FORH AT   14 ~ I X ~ 13 !
'WRITE �» 59 ! NH ~ JOT
FORM AT { IHI ~ 2X ~ 14« 1X ~ �!
W R I T E   2» 40 } l I !II M   K ! ~ A X   K ! ~ K =K 7 ~ N H !
WRITE�«40 }   IHRM K ! ~ AY K ! »K=KZ ~ NMI
FORMAT   5  I 7« I X» F6e2 ~ I X ! !
WR IT E l 3 ~ 50 } t IHRM t K ! ~ AX K ! ~ K=KZ ~ NM!
WR IT El 3 ~ 50 } { IHRM  K ! ~ AY  K ! ~ K=KZ « NM}
FORMAT   IH ~ 5  I X ~ 17« I X ~ F6 ~ 2! !
LP
JDT = JDT + 1P
LL = 0
NM = 0
CONT INuE
CONT INUF

306
49

305
94

C
C ee
C

SD = SQRT  SD!

WRITE�«77! SUH ~ SD
FORM AT { IH « //' ~ 30X«VEAN DOWNSTREAM VEL ~ » 6 e 2 ~ I X ~ CM/SEC «3X ~

~ STD»DEV ~ ' »E13«6!
77

DE8UG SVBCHK
STOP
END

Figure Cl
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WR IT E 13 ~ 381 K ~ IQM   JR ! X  JR ! ~ XF I ANG{ JR ! ~ AX  NM! ~ AY  NM! ~ AXF AYF
38 FORMAT  IH ZOX ~ I 3 ~ 3X 14 4X F6 ~ 3 ~ 3X ~ ~6 3 »3 X ~ 13»3X ~ f6 ~ 2 ~ 3X ~ f 6 2 »3X ~

I F6 ~ 2 ~ 3X«F6 ~ 2!



Figure C2. Computer program for the analyst.i of water temperature data.
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C C
C C

C C C C
C C

C C C
C C C C
C C C
C C C C
C C
C C

C C C C
C C C

20
C

22

29
C

C C C

41

C
42

C C

I HIS PROGRAM INPUTS TEMP IN DEGREE S CELC I L 5 OR TIDAL HTS I N PS I
AND CONVERTS KT TO DEGREES FAMENHEL T OR F I ~ RESPECTI VELY
IT ALSO CALCULATES THE TIMES FOR tACH DATA POI NT Gl VEN THE TIME
INTERV AL AND STAR T TIME AND D4 TE

0 l! ENS LON LQC I 3! ~ 5TA  2! «DA TE { 4! ~ SENSOR{ 3!
DIMENS ION ZF   3650 ! ~ IDT  40! ~ ZC  3650! ~ JD  40! ~ I RM{ 3650! ~ IHRM�650!
DIMENS ION XP  900! «J HRM '900!

LFG= I
LP = 7
JDT = 144
LDT J = 2190000
IDT�! = 219
NN = 3520
DELT = I 4 ~ 6 193 1 8
I HR = L90 0
DM IN = 23 ~
JDT = 2 9
KZ = 1
JJ = 1
JK = 1
AN � NN
READ  1«20 ! LDC ~ STA ~ DATF «StNSOR
FORM AT   3 44«2A4«44 4«34 4 !

IF l  FG ~ EQ ~ 1 ! RE 4D  1 ~ 22!   ZCl K ! ~ K= 1 ~ NN!
FORMAT �0  F3«1 « I X ! !
IF  LFG«EQ ~ 2! READ  I ~ 29!   ZC  K ! «K= 1 ~ NN!
FORMAT   20 F3 2 ~ !X! !

SUM = 0«

DO 23 J=l «NN

CALCULATE I lME IN TERVAL

 HR = IHR + 100
DM IN = DM KN � 60 ~
GU TO 4 I

LF   OM IN «GE «60 ~ !
IF DM IN ~ GE ~ 60 ~ !
IF   IHR ~ GE ~ 2400!
GO TD 42
LDT J = LOT J + 10000
JD JK! = JJ � I
JK = JK + I
I DT   JK! = LOT J/�000
I HR = I HR � 2400
JJ = 1

CONT LNUE
MIN = DMIN
IMN = KHR + M IN
KRM  J ! =  MN
KHRMI J! = LDTJ + KMN
OMLN = DMIN + DELT
LF J ~ FQeNN! JD  JK I=J J

CQNV tgT TEMP FROM DEGREES CELC I US TQ DEGRF = S FARFIVHE IT OR T I DAL
I FRUM P 5 I TQ FT AND SUM

KZ
LP
SO
NN
JK
JJ
JR
NM
LL
JO L !
DELT
IOTJ

I HR
DMIN«M IN
IRM{J !
IHRM J !
JDT
IDT  K !
XP  NM !
IFG
LOC
ST A
DA7 E

S CENSOR
ZF K!
ZC K !

IN TEGER TO START WRI TE STA TE ME NT DN OTHER THAN 1
FLA G FOR WR 1 TING PLOT TKNG SE DUE NCE5
STANDARD DEVIA TION
TOTAL NO ~ OF DATA PTS KN DA!A SET
COUN TER FOR 4 DA YS DA TA
COUNTER QF 4 DA TA PTS FOR EACH DAY
CO UN TEll FROM 1 TO NN
COUVTER FOR 4 PTS IN 7 DAY I NCRE MENTS
COUNTER FOR 4 DAYS IN 7 DAY INCREMENT

DATA PTS PER DA Y
TIME INCREMENT I N MI NU TE 5
7 DIGIT NUMBER OF JULI AN DA 1E WI TH LAST 4 Dt GITS
FOR 4DD I T ION OF T  llE
4 DIGIT NUMBER QF HOURS
2 DIGIT NUl4BER OF MINUTE S
IHR + M IN
IDTJ + KRM  J !
JUL KAN DA TE OF F IRST DAY LN FIRST 7 DAY INCREMENT

JUL LAN OA TE
VALUE OF XF{ J! LN 7 OAY INCREMEN'TS

FLAG FOR CALC ULA TLON  IFG=L TEMP ~ IFG=Z ' TIDE !
LQ CAT ION OF INSTRUMENTS
STAT IQN NO ~
MONTH«DAY AND YEAR QF FIRST DAY S DATA FOR THI S
COMPUTER RUN
INT ERNAL SENSOR ND «
FAR ENHE I 7 TEMPERA TURE OR TIDAL H TS I N FT
CELC LUS TEMPERATURE OR T I DAL H Tl I N PSK

Figure C2



IF  IFG ED I } ZFI J! = ZC  J �! 8 4 32 ~
 F   IFG»EI} ~ 2! ZF  J ! = ZC  J ! 42»245
SUM = SUM + ZF J}
JJ = JJ + I

23 CONT INUE

SUM = SUM / AN
W RITE �» 24 ! LOC» STAe DATE ~ SENSORFORMAT    HI ~ /// ~ I OX I OCA T I OH ~ 3A 4 2X ~ STA TI ON ~ 2A4 ~ 3X ST IRT DAT24

IE ~ ~ 4 A4 ~ 3X ~ SENSOR NO ~ ~ 3A4e//!
WRlTE �» 61 ! JK ~ NNFORMAT   I I»» 30Xe NUMBER DAYS DATA» ~ I 3»3 X ~ TOTAL NO» D ATA PTS ~ 15!61

C
JR = 0
NM = 0
LL»- 0
SD = 0»

DO 94 L= I ~ JK

IF L ~ GT ~ I ! KZ = I
LL =,LL + I
JO = JD L !
IF  IFG»EO ~ I ! WR lTE  3 ~ 37! IDT L ! ~
FORMAT   I H ~ //e 30X ~ JW IAH DATE

1DATE: ~ 13»//» 37X ~ TIME ~ SX ~ f IR ~
IF   IFG»EO ~ 2!WR lTE  3e 39! IDT l- ! ~
FORMAT   IN ~ // ~ 30X ~ » JUL IAN DATE

I DATE e 13» // ~ 37X» T IME ~ 5X ~ FT ~

JD L I
~ ~ 13 ~ '. X. ~ NUMBER DATA POtNTS THIS
4 Xe CEL e/!
JD  L!

~ I 3 ~ >X ~ »NUMBER DATA POIHTS THIS
4X» »PSI ~ ~ /!39

DO 98 K=K Z ~ J 0

NM = NM + I
JR = JR + I
D F = ZF JR! � SVM
SD = SD» D IF++ 2/AN
XP HM ! = ZF JR !
JHRM  NM! = IHRM   JR !

WRITE�» 38! K ~ IRM  JR ! ~ ZF  JR! ~ ZC  JR!»D  F
FORMAT  1H ~ 30 X» 13» 3X ~ 14 ~ 4X ~ F4» I »3X»F4 ~ I ~ 7X,FS» I !3$

C
98

C C
COHT I NU EWR IT iE DATA ON D ISK IH 7 DAY SE DUEHC= S FOR PLOTTI NG

GO TO 306
l GO TO 306

IF L»EQ ~ JK !
If  LL»EG»LP
GO TO 305
WRIT E � ~ 59!
FO RM AT    HI ~
WRIT E� ~ 49!
FORMAT   14» 1
w R IT E �» 50 !
FORM AT   IH
WR  TE� ~ 40!
FORMAT �  I 7
I P = 7
JDT = JOT
LL = 0
NM = 0
CONT I NUE
CONT INVF

HM ~ JDT
2X ~ 14 ~ ix ~

HM ~ J DT
X» l3!

 J HRM K
5  1x, 17. I

  JNRM K
~ I X» F6»2 ~

306
59 13!

49 ! ~ XP K ! ~ K=KZ ~
X»F6 ' 2!!
! ~ XP   K !»K=KZ ~
IX!!

NM!

NM}

40

LP

305
94

C
SD =- SORT  SD}

STOP
END

Figure C2

W R I T E   3» 7 7 ! SVM ~ SOFORMAT   IN»/I ~ ?5X ~ MEAN TEMP OR TIDAL HT ~ »F6»2 ~ OEG F OR FT»3X»
I 'STD»DEV ~ ' ~ F13 6!



Figure C3. Computer program for the analysia of wind data.
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LUC
ST A
DATE

S E NSQR
X  J!
AYY J!
AXX J!
I ANG  J!
VEL J!
LP

Nhl
OELT
JK
JJ
JR
 DTJ

IHR
9 hl   k ~ MIN
ID    J !
 RI»  J!
 HRM  J!
I FLG
I PHS
CD
k h>Q
JD T
JU  L!
AX  NM !
AY NM>
NM
LL

I FHS = 45
K7
IDT�! = 237
ID'IJ = li3T�!t!aE4
NN = 1672
II.R = 1400
Qw1h = 0 ~
JDT = 233
LP = 3
IFLG = ?.
JJ = I
JK
DE LT = 15~
CD = ? ~ SE-2
RHU = 1 ~ 2 >E � 3
C ChST = RHCtC 0
Ah, = hh.

REA>3� ~ ?J ! LUC>STA>IJAT< ~ SFN
FOf MAT � A4 >2A4 ~ 4A4i3A4 >
R EAD   I > 2'2 !   VEL   K! ~ I ANG   K ! >
FCRMA'T�1  IX ~ F2 ~ Oi IX ~ 1 J! >

SU»

K= 1 >hh >
22

IF  IFG> ~ LI3~ I ! GU Tll 2 I

DC 7 l L=l ~ hh

If- VFL L! ~ ECi0~! GC TU !S
vEL l ! = 1 ~ 6 + ~ 2>7 �l>t> rtvEL IL >
C Ohlr 1 HUE
CC>T I hUE

tttttttttttttttttttttttttttttC

C C SUM = 0 ~

l!G 4»G J= 1 ~ hh
C C
C

CALCUALTE 1 IME INTERVAL

Figure C3

C C C
C C

C C C
C C

C C C
C C C C
C C C
C C

C C C C C C
C C C

C C C C C C C C C

LOCA T I Oh CF INSTR I MEhT5
STATION NU.
hlUNTH ~ OAY ANC YFAII QF F  R ST Dh YS DATA FOR TH I S
DATA SF T
INTERNAL SENSC>t h le
'w I hD ST RESS
Y-COMP  WITH CURREtIT! QF X  J!, aCS DOWNSTREAM
X-COhlP  ACROSS CUR IEN T> OF X  J ! POS TQ R GHT
W 1NI3 D RECT I QN IN DEGREES M AGNET IC
W IND SPEED IN CM/'>EC
FLAG FOR WRIT I NG f'LOT T I hG> SE OUFNCES INTO 7-l!AY
I NCRE>WENT S
TOTAL N>3 ~ QF DATA PT S lhl DATA SET
TIME INCREMENT I I> MlhUTES
C OUh>T Ek FOR  I CAY.'> D AT A
COUNTF k Uf. >t DATA PT S F Qk EACH DAY
COUNT Ek FROM I TO hlN
7 I3 G IT NUMI3Ek UF JUL I AN l3ATE lll 1TH LAST 4 D IGl TS
FUR AUDI T IUN IJt= Tl ME
4 DIGIT NUM !Ek UF HOURS
2 Dl GIT NU>HdEk CF l4II hUTES
JUL I AN OA TE
I HR + M I hi
IOT J + IRMI J!
IFLG = I ~ SPEFi3 UK; IFLG = 2 ~ >>PEED HIGH+REDUCE
CHANNFJ ORIENT AT I  >N AXIS
DRAG CUiEFF I CENT
AIR DENSITY
JULI Ah ST AHT DAT t FOk F IkST DATA PLQT

DATA PTS PER DAY
VALUES UF A XX  J !' ,N 7 DA Y IhlCRFMENTS
VALUES OF AY Y   J ! IN 7 CAY INCkEMENTS
COUNTEH FQH w POINTS lh 7 DAY INCREMENTS
COUNT ER FQR If QADI>  N 7 DA Y I NCREhlF NTS

I ROGRAM TC CALCULATE JUL  AN DA Tl' AND T tHE. FOR 'EACH W INC DATA
POINT GIVEh> THE T IMF  NCRFM:NT , 'DELT ! > AND START TlhlE 7 DATE ~
CALCUALTF THE WIN>3 STRESS AND  !I EAK 1T lhlT O ITS X � AhlD Y-
C QiHPUNF N T g

I'>   MEN SI CN X �650! e I AhG  JPSO ! ~ VLL �l>SO ! IQT  120 ! ~ JD   40 ! ~ IRM   36SO!
D MENS ON LOC�! ~ STA�!>'3ATE�! >SElvSOR  3! >AX�00! ~ AY�00!
Ol MEh>S 1 QN AXX �6SO ! > AYY   36 >0 ! > IHR I>t> 3650 !
I!QUI3LE PkF. Cl SI ON X > VF-L

IF  l3M IN ~ GE 60 ~ > I Hk = 1 Ilk + 100
IF C>MIN ~ CE ~ 60m > OMIN = 13 >t N - t>0 ~



41

C C
C

VEL  J ! = 44 ~ 74VEL  J !
XP = CUNST4VE{   J! 442
X J! = XP29

C

C
JJ = JJ t 1

CQKTI kUF,
444444444484444444444444444

C 400
C C

24

el

JR = 0
0

NM 0

~ 1 ~ ~ ~ e ~ ~ ~ «11 ~ ~ 1111 ~ ~ ~ ~ ~

DQ 94 L= 1 ~ JK

lL = LL + 1
IF {L ~ GT ~ I ! KZ=1
JO = JO L I

WR I TE  3 ~ 31! IDT L!» JD L !
3 7 FCRMAT  IH // 30X ~ ~ JIJL I AN DATE: = ~ I 3 ~ X ~ NUMLIER DATA POINTS THI S D

I ATE ' ~ I 3 t// ~ 27X «TI ME ~ 5Xe CM/5 ~ 6X» DIR ~ 3X ~ TAU «4X ~ X COM ~
2 4X ~ AY-CQM««3X«/l

DQ 9R K=KZ ~ JQ

C

Figure C3

23

C C C
C
C C

38
C

98
C
C

IF   IHR«GB«2400! GL, TQ 41
GQ TQ 42
I OT J = IOT J 4 10000
JD  JK! = JJ
JK = JK +
IDT  JK! = IDTJ/10000

I HR � 2400
J J = I

C  KTI
Mlk
IMN
IR!t  J
IHRM{
DM!k
I F   Je
NA NG
I F   VE.

KUE
DMIN
IHR + MIN

IMN
J! =  DTJ + IMh

DMIN + DELT
EO ~ kk! JD JK } = JJ

I AhG  J } � I PHS
I  J! ~ EQ 0 ~ 0! GU TQ 31

CALCULATE WI ND STI{k SS FROM W INC VELCC I'I Y

GG TQ 23
CONTE IVUE
XP = 0 ~
X J! = XP
IANG  J! = 999
CONT INUF

CHANGF ANGLE TC RADIANS ~ REORIEKT AXIS TC THAT OF CHANNEL AhlD
BREAK W IND STRESS INTO WITH ANU CROSS  :URRENT COMPONENTS AND
MULTf PLY BY � I TO 6 IVF 4 INO COMPQNFNTS THE R I GHT S IGN FQR
PLOT I I NG

ANG = NAKG/5T ~ 2957795
ANG = ABS ANG!
AYY J ! = XP4COS ANG!
AXX  J! = XP4SIN ANG!
IF NANG ~ LT ~ 0! AXX{ J! = -1 4AXX  J}
AXX  J ! = I »4AXX{ J!
AYY J! = -1 ~ 4AYY J!

IIRITE ;I ~ 24} LQC ESTD DATE»SFNSOR
FORMAT { I HI ~ ///« IQX «LUCATI ON ~ ~ 3A4 ~ 2X ~ 1 STATION ~ ~ 2A4 «3X» STAR T DAT
E 14A4 ~ 3X«SENSOR NO ~ I ~ 344»/r !
WRITE f 3«61! JK» IPHSeNN
FORMAT�  1H ~ 2GX» «NUMOER DAYS «!AT 4 ' « f 3» 3X ~ ~ DQlhlNSTREAM CHANNEL OR IE N

I TATI ON FROM MAG N» 14 DEG ~ ~ 3X«TOT AL NO ~ DATA PTS ~ 15!

NM + I
JR = JR + I
AX NM} = AXX JR!
AY{MR! = AYY JR!
I HRM{ kM} = IHRM  JR!

WR ITE{ 3 ~ 38! K« IRM  JR }«VEL JR ! ~ IANG  JR ! ~ X  !R } ~ AX NM! «AY NM!
I=QRMA T  1H ~ 20X ~ 13 «3X « f 4» 4X ~ F6 ~ 2 ~ 3X ~ I 3 ~ 3 X» FI> ~ 2 ~ 3X ~ F6 e2 ~ 3X ~ F6 ~ 2 !
CONT INUF

WR I TE DATA QN 0 I SK I N 7 DAY SECUENCES VIER PLCTT  KG



306
49

59

40

50

305
94

C
C ~
C

/4
//
//

~ I ~ ~ ~ i ~ ~ ~ ~ I ~ ~ ~ 81 ~ ~ ~ 0 ~ Oi ~

5TQP
FN0

IF{1 ~ FG ~ JK ! GO TQ 30{>
IF  LL ~ 20 ~ LP! GO TQ 305
GQ TO 305
WA TF� >49! NM ~ JOT
FORMAT�4 ~ 1 X ~ 13!
WRITE� ~ 59! NMi JOT
FORMAT �HL ~ 2X ~ � ~ LX ~ 13
WRITB�t40!   IHRM K! ~
WHITB�140! { IHRM K! ~
F ORMAT { 5 { 17 ~ 1 X ~ F6 ~ 2 ~ 1 X
WR ITC   3> 50 ! { I HAM f K! +AY
wAIT 2 � ~ 50 !   IHRM  K ! ~ AX
FORMA I  IH >5  LX ~ 17 ~ I X ~
LP = 7
JDT = JDT + LP

0
NM = 0
CQhTI hUE
CQhTI hVh

!
AY{K! ~ K=KZ>hM!
AX  K ! ~ K=K Z ~ HM !
!!
 K! ~ K=KZohM!
 K ! ~ K=K Z ~ NM !
Fa ~ 2! }

Figure C3



Ff.gure C4. Computer program to compute the. powe; spectral denskty function.



THIS PROGRAM W ILL CALCULA TE THE POWER SPECTRAL DENSI TY FUNCTION
AHO SMOOTH IT W  TH A HAMMING F IL TER ~

D  MENS IOH X  B50 ! ~ Z   3700! ~ I TM  850! ~ XS  1 900! ~ XC� 900! ~ R  1900! ~
I CC 3>00 ! ~ 5  3700! ~ AMP  1900! ~ Tl TLE  I 6! AKK  I 900! ~ A 3 J{ 1900! r Y  $00!

C
HR = 12
JQ ~ 200
AJ = JQ
NQ = 90 + HR
NZ= 6
DELT = 14 F 495057
BELT = OELT/60 '
NL = 0
READ  1 ~ 49! T ITLE
FORMAT{ 16A4!
WRITE�r 50 ! TITLE
FORM AT  1H1 ~ l OX ~ 16A4 ~ //!
WRITE�r 61 ! TITLE
FORM AT   3X ~ 1 6A4 !

49

50

61
IC

DO 40 J= l ~ NZ

READ{9r 44! HH ~ JDT
FORMAT   14r l Xr 13!
R'E AD{ 9r 45 !   I T M   K ! r V { K ! ~ K~ I ~ HN !
READ{9r 45! { ITM K! ~ X K! r K~I ~ HN!
FORMAT { 5  17 ~ IX ~ F6 ~ 2 ~  X ! !45

C
IC

DO 60 L> I ~ HN

HL = HL + I
Z NL ! = XlL !
CONT !HUE
CONT IHUE

60
40

C C C C CALCULATE FREQUENCY INTERVAL AHD A I SIGN FREQUENCY VALUES
FOR ALL OF FREQ UENC Y SEQUENCE

AL = M
DELF = '1 ~ / DEL TEAL !
HML = HL � l

DO l 1 M=2 ~ JQ
AQ = N � 1
*KK H ! = AQW DELE
AJJ H! = 1 ~ /AKK{H!
AJJ�! = 0 ~
AKK�! = 0 ~

CALL FOlj RK   Z r C ~ S ~ X 5 ~ XC ~ NML r JQ !

DO 12 H= I ~ JQ
AMP H! ~ XS H l44 2 + XC H�42
CONT I NU E12

C
DO 79 N= I ~ JQ

NP1 = N
NMI = N

 F  H ~ EQ « 1 I R{H! = ~ 5WAMP H ! + ~ 54AMP  hP !
IF H EQ J 0 I R  H I = ~ 5WANP{ NM 1 ! + ~ 54AItP  H!
IF  H ~ EO ~   ! GO T0 76
IF  H ~ EQ ~ JQ I GO Tlj 76
R N! = ~ 25+AMP<NII I l + «5f*MP N! + ~ 25>AMP HPL l
CONT INUF
CONT I HUE

76
79

Figure C4
C-14

C C C C C C C
C C C C C
C C C C C

X K !
Y K!
ZC J!
ITM{K !
XS N !
XC N!
AMP{ N !
R{H!
C J!
S{ J!
AKK '1 N!
AJ J   N!
NR
JQ
HQ
DELT
NL

X-COMPONENT R l VER FLOW I h BLOCKS OF 7 DAYS
Y � COMPONENT R I VER F LO'W I N BLOCKS � 7 DAYS
X-COMPONEHT r TOTAL TI NE SEQUENCE
T  MES
5 INE TRAN SFORM OF ZC J!
CO 5 IHE TRANSFORM OF Z  .I!
PO'WER SPECTRAL DEN SI TY F UHC TI OH
AMP H ! SHOO THEO Wl TH HA HHI HG F IL TER
CO 5 CNE TABLE FOR USE I II TRANSFORM PROGRAM
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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 riiFer flow. The list 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.

Station NumberChannel Axis~F| ure

145'D1

10S'

105'

105'

045

045'

045'

040' 6 EottomD8

040' 7 E>ottom

The ordinate in all figures and for both components show current flow in

cm/sec [Y > 0 down-stream Y < 0 up-stream; X > 0 to right of channel axis,' X. < 0

to left of channel axis J; the abscissa shows time  Julian Date and hour  EDT!!.

1 B>ttom

2 Top

2 Bottom

3 Bottom

4 Top

4 Bottom

5 bottom

~Pa ee

D-2 thru D-8

D-9 thru D-15

D-16 thru D-19

D-20 thru D-26

D-27 thru D-33

D-34 thru D-40

D-41 thru D-47

D � 48 thru D � 53

D-S4 thru D-58



F+ure Dl. River flow at Station 1 Bottarn, wi.th channel axis of 145' mag.
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Figure D2. River flow at Station 2 Top, with channel axe of 105 mag.
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Figure D3. River flow at Station 2 Bottom, with ch,annel axia of 105 mag.
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Figure. D4. River flow at Station 3 Bottom with. channiQ axis of 105 mag.
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Figure D5. River flow at Station 4 Top, with channel axis of 045' wag.
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Figure D6. River flow at Station 4 Bottam, with channe1 axis of 045' mag.
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Figure D7. River flow at Station 5 3ottom, with channe1 axis of 045' mag.



y -CON'ONE w r !C-COMP ! NFN T

K C!
I�
I�
CD

Lu
%v>

C!
W~
Cn�-
IM�
+I-
%CO

'IQ. 30. 20. LO. 0. -10. -20. -30. '50. 30. 20. 10. O. -LO. -20. -30.



LLJ
O I-

CU

Z

C!

cn a
Z
CL

o LLJ

m cc
CV ~

fU CD

X-CQMPDNFNTY-COmo~E~t

K'
C!
I�
I�
CO

Ce'en
Lu

EZ
a

co~
'D CL

ZW

Cl
40. 30. 20. 10. 0. -10. -20. -39, +0. SO, 20. 10, 0. -10. -20. 00,



C3
I�

CO

CO

DCC

M CO

~0. 30. 20. 10. 3. -L9. -29. -30. +0. 3'3. 20. 19. 0. -10. -20. -30.

Y -CO"1P OMEN l



CO
CU

Al ~
AJ G

Al
<U

C!
hl ~

X-COMPONENTY -COMPOI4EN T

K C3
f-
C3

 X~

M MZ C3
%P-
WCA
Wf-
W Cf!

'tO. 30. 20. lO. 0. -10. -20. -30. PO. 30. 20, lO, 0. -10. -20, -30.



a 4J

~ CD

Y-COMPONENT X-COMf'ONEN T

I�
CD

M cA
LU

XZ
CD

co~

UJt�

%0. 30. 20. 10. 0, -10. -20. -30, 10, 0. -10. -20. -30.



NEUSE RIVER
S 1 ATION 5 BOTTOM

O

C3

C!
C!

re

I
~ 0 6 12 18 0 6 12 18 0 6 12

OC
I

C!C3 D I I
5 0 6 12 18 0 6 12 18 0 6 12

25'I 255 256

HOURS  EOT! AND J JLIAN DATE

Figure D7



Figure D8. River flow at Station 6 Bottom, with channel 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 history plots of  Figure El! bottom

water temperatures at Station 6  top half of figure! and Station 7  bottom half

of figure!. The ordinate shows temperature  'F!; the abscissa time  Julian Date

and hours  FDT!!.
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Appendix F. Power Spectral Density Analysis

Station Number

F � 21 Bottom

2 Top

2 Bottom

3 Bottom

4 Top

4 Bottom

5 Bottom

6 Bottom

7 Bottom

 N � S! ORIENTAL Rind

F-3F2

F � 5

F-6F5

F6

F-8F7

F-9

F-10F9

F-llFlo

Included in this appendix are semi-log plots of the power spectral density

functions for the upstream-downs'tream component of river flow at all river

stations   cm/sec! /CPH!, and the N-S component of the wind field   dynes/cm /2 2

CPH!, where CPH i.s frequency in cycles per hours.

The ordinate shows the value of the spectral density function; the abscissa

the peri.od 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.
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