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ABSTRACT

A numerical model for computation of flow in inlets
with junction is developed. The Galerkin technique is
coupled with a finite element analysis in the flow model.
The vertically integrated equations of momentum and mass
conservation  Leendertse �967!! are used with appropri-
ate boundary and initial conditions. The junction condi-
tions are introduced by the time rates of change of energy
and mass flux at the junction. A "double s~eep" approach
is used in solving for the dynamics of flow. A parabolic
shape function is adopted in the model to satisfy the
requirement of linear independence.

The numerical flow model is verified with field data
obtained from the U.S. Army Corps of Engineers �976!
for Carolina Beach Inlet, North Carolina. The U.S. Army
Corps of Engineers collected tide and current data in the
inlet gorge and Atlantic Intracoastal Waterway in Novem-
ber 1974. The tidal fluctuations in the inlet gorge and
tidal velocities in the Atlantic Intracoastal Waterway
were used as initial and boundary conditions respectively.
The tidal velocities in the inlet gorge and tidal fluc-
tuations in the Atlantic Intracoastal Waterway were com-
puted with the numerical simulation flow model and compared
with field data. The Galerkin finite element flow model
performed well considering the complex nature of flow in
a tidal inlet.



ACKNOWLEDGEMENT

The authors wish to express their thanks to
Mrs' Paula Howell for editing and typing the manuscript
and to Mr. Larry Watson for the drafting of the figures.

11



TABLE OF CONTENTS

Page

List of Tables

List of Figures v1

Introduction

General

Finite Element Method 10

13

Carolina Beach Inlet 13

15
15

Model Verification

15

29

30

31

34

Objective of Project

Review of Literature

Numerical Flow Model

The Governing Equations

Junction Conditions
Boundary and Initial Conditions
The Galerkin Principle

Solution System
Time Integration
Double Sweep Process
Choice of Shape Functions

Conceptual Flow Chart and Computer Program

Application of Numerical Simulation Model

Hydrographic Cross Sections
Tide and Current Data

Conclusion

References

Appendices

Appendix A. Conceptual Flow Char t for Main Progr

Appendix B. Computer Program

10
12
12
1.3



Appendix C. Computer Program Variables 43

Appendix E. Computer Tidal Velocities in Carolina
Beach Inlet Channels ............ 50

Appendix D. Computed Tidal Fluctuations in Carolina
Beach Inlet Channels ............ 46



LIST OF TABLES

1. Computer Program Variables

2. Computed Tidal Fluctuations in Carolina Beach
Inlet Channels

3. Computed Tidal Velocities in Carolina Beach
Inlet Channels

Page

47



I IST OF FIGURES

Page

1. Definition Sketch ~ ~ ~ 3

2. Flow at Junctions 6

143. Shape Functions

4. Location Map 16

17

18

19

s Cut,
20

21

22

23

27

32

5. Carolina Beach Inlet, North Carolina from
1956 to 1972

6. Carolina Beach Inlet, North Carolina 1976

7. Carolina Beach Inlet, February 1972

8. Atlantic Intracoastal waterway and Snow
North Carolina

9 ~ Carolina Beach Inlet, North Carolina

10. Hydrographic Cross Section of Range 2

11. Hydrographic Cross Section of Range 3

12. Hydrographic Cross Section of Range 4

13. Tide at Range 1

14. Tide at Range 2

15. Velocities at Range 3

16. Conceptual Plow Chart for Main Program

17. Computer Program

24

25

26



I NTRODUCT ION

General

Tidal inlets are major features of the Atlantic Coast
barrier islands. The inlets exert a major influence on the
stability of the coastline and on the dynamics of coastal
estuaries. Tidal inlets affect the coastal processes along
the shoreline. They control the circulation and flushing xn
estuarine systems. Inlets affect navigation, recreation and
fish migration.

Coastal engineers concerned with the development of new
tidal inlets on sandy barrier islands need simulation models
to predict the flow dynamics of tidal inlets. Flow models
are also needed to assess the impact of natural or man made
alterations to t' he inlet environment.

Ob'ective of Pro'ect

The objective of this project was to develop and cali-
brate a numerical flow model for a typical Atlantic Coast
barrier island tidal inlet.

Review of Literature

The finite difference scheme and the characteristic
theory have been used in the development of numerical models
for unsteady flow in coastal inlets. Shubinsky et al �965!
analyzed tidal flow in the Sacremento-San Joaquin Delta,
They discretised the zone with finite elements but used a
finite difference scheme for the analysis. Amein �975!
introduced the effects of channel junctions  via the con-
servation of mass and energy equations! into an implicit finite
difference scheme. Hinwood and Wallis �975! have reviewed
the use of numerical models in tidal hydraulics.

The use of finite element methods for analyzing flow in
tidal inlets is of comparatively recent origin. Whale using
the finite element technique two approaches are possible.'
�! the methods based on variational principles and �! the
methods of weighted residuals.

Variational principles do not exist for many fluid flow
problems because the situations do not yield a functional which
has a stationary value within the time and space domain of
interest. An extensive discussion on this topic is given
by Finlayson �972!, The methods of weighted residuals are,
however, quite general and do not require the existence of a
functional. Among the many methods of weighted residuals, the
Galerkin technique is particularly advantageous when coupled
with the finite element analysis. The weighting functions



of the Calerkin technique and the shape functions of the
finite element have a direct relationship. Moreover, sat-
is fying the boundary conditions us ing the nodal values has
an added advantage when using the Galerkin technique. The
effectiveness of this technique in solving initial value
problems has been demonstrated in recent years. Taylor and
Davis �975! have analyzed the two dimensional tidal flow in
the Southern North Sea using cubic isoparametric elements.
They also indicated how implicit equations can be developed
 leading to the use of large time steps! when the finite ele-
ment in time is coupled with the finite element in space.

NUMERICAL FLOW MODEL

The Governin E uations

Taking the atmospheric pressure to be the datum and
omitting the tide generating forces, the coriolis force and
the wind force, the one-dimensional momentum equation can be
written as:

~+U~ +g~+A =0av av an

The one-dimensional velocity can be mathematical,ly ex-
pressed as.

1
U ~ ~ ~ 2

i',h+n!
u dz ~ ~ r

where u is the point velocity and is a function of z at a
given section and h is the depth, While adopting the one-
dimensional approach the kinematic equation is written as:

+ = 0 ................ 3
at

which assumes unit width in the y-direction. In analyzing
inlet flow, variation of the area of flow with respect to x
must be taken into account; hence, the equation to be used for
unsteady flow is written as:

aA 4~ t ~ ~ ~ ~ ~ ~ ~0
at ax

where A is the area of flow and is a function of x and

where U is the one-dimensional velocity, n is the instantaneous
water level above a reference datum, g is the acceleration due
to gravity, A is the friction term and x and t are the inde-
pendent variables of space and time as shown in Figure 1.



FlGURE 1. DEFINITION SKETCH .



Equations 1 and 4 give the mathematical description of
the inlet flow. The friction term in Equation 1 and the area
in Equation 4 can be approximated as follows:

�! The friction term is expressed using Manning's Equa-
tion for open channel flow:

Af = gSf

The friction slope is given by:

+ o ~ ~ t ~ ~ ~ I 6

where n is Manning's constant, and R is the hydraulic radius.

It should be noted that both the area and wetted perimeter
are functions of the instantaneous water level at a given
section.

�! The area of flow can be expressed as a linear func-
tion of rl following Amein �975!:

0 1
A A + A g r ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ t ~ 7

where A and A are the section parameters.0 l

�! The wetted perimeter can also be expressed similarly:

P = P + P0 1
~ ~ ~ ~ ~ ~ ~ ~ 4 8

Equation 4 can now be rewritten as:

~kA!!A A!!=!
3x

~ e e ~ ~ + ~ s + 9

oi

Al a~ +  A0+Al ! ~" +V a  AO+Al ! 0 10
3t ax ax

The branches of an inlet are assumed to be of uniform
cross section and therefore, A0 and A are constants for a

2 2S U n
f R~

~ ~ ~ ~ ~ ~ ~ I ~ ~ 1 ~ ~ 4 ~ I 5





FlGURE 2. FLOW AT JUNCT lONS.



express the junction equations in terms of these rates.
Taking the time derivative of quantities in Equations 15,
16 and 17 results in the following equations:

Ul 'dAI ~U2 BA2 13
 Al Yt + Ul ~t +  A2 ~t + U2 ~t =  A3 ~t +

3A3
U3 ~t! > 4 4 ~ ~ ~ ~ ~ 4 ~

BUI >nl 1 BU3 Bn3
g 1 ~t ~t 3 ~ 3tg

g 2 Tt Tt g 3 Tt Wt

Using the dot notation for the time derivatives and remembering
that the area of flow is given by Equation 7, the junction
Equations 18, 19 and 20 can be simplified to yield the
following:

1 1 1A1 Ul Ul Al ~1 + A2 U2 + U2 A2 "2 = A3 U3 + U3 A3 q3 . 21

22

g
+ 23

It is to be noted that in Equation 21 the prime used with A
denotes the section parameter as defined in Equation 7. The
three Equations 21, 22 and 23 contain the six unknowns:

4

Ul' U2' U3, "1' ~2 and F3

Three of the unknowns will be supplied from appropriate
boundary conditions at the ends of the channels' Solutions
are obtained for the remaining three unknowns from the
Equations 21, 22 and 23.

Boundar and Initial Conditions. The tidal fluctuation.s
q at t e in et gorge wi e supp ied as the forcing function.
The velocity fluctuations of the downstream ends of the channels

7

UIU1
g

U2U
+

g

U3U3
3

g



will be given as additional boundary conditions. The initial
conditions include the values of velocities and water levels
at selected points which serve as the nodes in the numerical
scheme. Thus, the boundary and initial conditions for a sys"
tern of channels shown in Figure 2 will be as follows:  the
second subscript stands for the nodes!.

n3 2 for all t

Ul l for all t

U2 l for all

] 1] 2 l2 l l2 2 n3 ] n3 2 at t = 0

Ul l, Ul 2, U2 l, U2 2, U3 l, U3 2 at t = 0

The Galerkin Princi le. There are several methods of
h~ 4 k' . ll

squares, etc. In all these methods an approximation function
is selected to represent the variables which on substitution
in the governing equation yields a residual. This residual
is then forced to be zero by adopting a weighting function
and making the integral of the product go to zero as shown:

W 0 t t t 0 j ~ ~ ~ ~ ~ 4 ~ 4 ~ ~ ~R 24

D

The Galerkin technique employs the principle, that, if
the solution of the equation  L is an operator, 9 the unknown
and f a known function!:

Lg � f =0

can be expressed as a combination of functions Nl, N2, etc.

where R stands for the residual, W the weighting function and
D the domain under consideration. The different ways of
selecting the weighting function leads to different methods
of weigh ted residuals.



 LN f! Nl = 0

~ i r t ~ ~ ~ 26

 L|IJ � f! N2 = 0, t .

Assuming an approximation for g in the form:

m

X ai I'i
i~1

27

where the g. ' s are known func tions and the a - ' s are the un-
knowns . 1

Substituting for p in Equation 25 yields:

-f=R ~ ~ ~ ~ ~ i ~ ~ e 28

where R is the residual resulting from the approximation.
Imposing the orthogonality condition given by Equation 26
yie lds'

LF � f! 9 = 0
1

29

This means that there are m equations to solve for the
coefficients a , where i = 1, ...., m.

1

By comparing Equation 29 with Equation 24 it is seen
that the weighting functions in the case of the Galerkin
technique are the trial functions chosen to represent the
variable as in Equation 27.

in an interval I, then the function LQ-f is orthogonal to each
one of those functions in that interval



F in ite E lement Me thod

N i ~ ~ ~ ~ 0 ~ 4 4U
1 1

~ o ~ w ~ e ~ ~ e ~ ~ ~ 30

q=gqN.
i=1

3l

@here U and q are the nodal values and N is the shape
function corresponding to that node, Symbol m stands for
the number of nodes in an element. In general the shape
functions for U and q can be different, In the present
analysis the same shape functions are adopted for both the
variables for simplicity.

On substituting the values of U and
and 31 into Equations 13 and 19 theq from q

following results:

m m m m

 X UN! +  X UN! ~ X UN! +g � X nNi!
x. =1 i=1

m

+ g ,xl Sf Ni! = 0 ~ j ~ ~ t 32

m

~ ~ ~ ~ ~ t ~ ~ I ~ I 92 I ~ 92 ~ 0 ~ 92 ~ ~ 33

Rewritten, Equation 32 becomes:

m m m m

 N. U,! = �   g U.Ni!   g U � N ~ ! + g g
i=1 i=1 i=1 i=1

10

The inlet system is discretised using line elements,
each channel being represented by a single element. The
variables inside the element are approximated using the nodal
values of the variables and the shape functions:



BN ~
m

q ~ ~ +g g Sf N !
l=l 1

~ ~ e ~ ~ ~ + 34

Similarly, Equation 33 reduces to

35

At the initial time the nodal values of U and q are known
and hence the right side of Equations 34 and 35 are functions
of x. Equations 34 and 35 can be written as:

m aUi
= fl x!

i=1
~ ~ ~ ~ ~ a ~ ~ ~ ~ 36

~ ~ ~ ~ ~ ~ ~ ~ ~ 3 7

Now the Galerkin technique is used; i.e. the terms in
Equations 36 and 37 are multiplied by the shape functions
N- j=l,m! and integrated over the element.

j

aviN- Z N. ! ! dxj .=1 i 3t fl x! N ! dx...... 38
1

2 x! N ! dx 39

As the number of nodes is m, there are m equations of the
type in Equation 38 and m equations of the type in Equation
39.

The 2m equations thus obtained can be arranged in the.
matrix form as shown below;

11

3'
m 1

 Ni � ! =-
i=l 3 t

m BN.

Ni X  ni
i=1

i

8/i

f2  !
i=1

m

N ~ ! dx
~t

AO m m BN ~ m

 ~ + X  niNi!! Z Ui >�" + Z Ui



mxm " mxl 2 mxl 41

The members of the matrix C are given by

42N dx
1 jC i,j

4
The column vectors U and q represent the unknown time

rate of change of these variables. The column matrices Bl
and B are the quantities obtained from the RHS of Equa-
tions 38 and 39.

2

Time Inte rations. Assuming that the values of U and
are known at an instant the Euler Predictor-Corrector proce-
dure can be adopted for integration in the time domain.

43

The superscript p stands for the predictor and c for the cor-
rector. As it can be seen from Equations 43 and 44 the cor-
rector equation is based on the mean of the rates of change
at t and t+h,t. The value of 9t < is obtained by using the
predicted values  i.e., Up!. A similar procedure is
adopted for q. To test the improvement in accuracy as a
result of using higher order predictor-corrector methods the
third order Adams Moulton method was used for time integration.
The Euler Predictor-Corrector was found to be adequate.

Double Swee Process. The double sweep process has been
used zn t e past to so ve channel networks. This is found
to be useful in the present analysis. Here the channels are
first solved for U or p as the case may be and after satis-
fying the junction conditions they are solved for the other

12

The solution of the system of Eguations 40 and 41 yields
the time derivatives of U and n. Using these values, U and
can be advanced in the time domain by a time stepping procedure.



unknown. If a purely explicit method is adopted for the time
integration then the double sweep technique resulted in
instability. However, the predictor-corrector algorithms
effectively removed the anomaly introduced by that technique.

Choice of Sha e Functions. The trial function in the
Galer zn approximate.on s ou e such that they satisfy the
following conditions: �! completeness and �! linear inde-
pendence.

The first condition implies that the functions must
belong to a set taking sufficient terms of which we can
approximate any function in the region under considerations
The second states that the functions are not related to
each other by a proportionality constant.

An attempt was made to analyze an inlet using the linear
and quadratic shape functions commonly used in the finite
element method. The linear and quadratic shape functions
introduced spurious water slopes which led to oscillatory
instability during computation. A parabolic shape function
was utilized since the water surface conforms more or less
to a parabola, The parabolic shape function for the instant-
aneous water level was chosen as shown in Figure 3. The
same shape function was adopted for the velocity,
The parameter 'D' in the expression for the shape function
was found characteristic to a particular inlet. This shape
function gave good results while at the same time making the
convergence rapid.

Conce tual Flow Chart and Corn uter Pr~o~ram

The conceptual flow chart for the main program is shown
in Figure 16  Appendix A!. The computer program with sub-
routines is shown in Figure 17  Appendix B!. Variables in
the computer program are defined in Table 1  Appendix C!.

APPLICATION OF NUREKICAL
SIMULATION MODEL

The coastline of the southeastern United States is pri-
marily composed of sandy barrier islands which are separated
from the mainland by elongated lagoons containing expansive
marshlands. The marshlands or estuarine areas are character-
ized by salt marsh and shallows interlaced with small tidal
channels. The Atlantic Coast barrier islands are breached
by tidal inlets. One of these inlets under investigation
by the U.S. Army Corps of Fngineers �976! is Carolina Beach
Inlet, North Carolina.

Carolina Beach Inlet

Carolina Beach Inlet is located in the coastal zone of

13





the southeastern region of North Carolina ~ The Inlet is
approximately 18 miles �9 kilometer! north of the Cape
Fear River in New Hanover County as shown in Figure 4. A
history of the inlets is shown in Figures 5 and 6.

Carolina Beach Inlet was first opened in 1952 by exca-
vating through the barrier island. The inlet connected the
12 ft, �.7 m! deep Atlantic Intracoastal Waterway  AIWW!
through a 15 ft. �.6 m! deep gorge to the Atlantic Ocean
over an ocean bar as shown in Figure 7. The ocean bar
was 3 to 4 ft. �.9 to 1.2 m! deep below mean low water  MLW!.
The inlet is connected with the Cape Fear River through
snows cut as shown in Figure 8. Snows cut was completed in
1970 while connecting channels between the Atlantic Intra-
coastal Waterway and Masonboro Inlet were completed in 1957.

H dro ra hic Cross Sections, The U.S. Army Corps of
Engineers co ecte y rographic data for locations
shown in Figure 9. Cross sections and cross-sectional
areas for ranges 2 through 4 are shown in Figures 10 through
12.

The cross-sectional areas and wetted perimeters were
expressed as a linear function of instantaneous water level
in the numerical model.

Tide and Current Data. The U.S. Army Corps of Engineers
�976! co ecte tx e an current data at ranges 2 through
4eduring November 1974. The tide near range 3  i.e., n !
in the inlet gorge and the current velocities at range !'hand
3  i.e., U and U 1! in the Atlantic Intracoastal Water-
way were u!h3 as in/foal and boundary conditions respectively.

The inlet was subject to a tidal range of about 4 ft.
�.2 m! an average sprang range of 4.7 ft. �.2 m! and to
higher stage resulting from hurricane storm surges.

Model Verification

The model was verified with the tidal and current data
supplied by the U.S. Army Corps of Engineers �976! for
Carolina Beach Inlet, North Carolina. The velocities in the
inlet gorge  i.e. U3 2! and tidal fluctuations in the Atlantic
Intracoastal Waterway  i.e, ql and rl ! were computed in
the numerical simulation flow A4el. FF!h computed values
for tide and current are given in Appendices D and E and are
compared with the field values in Figures 13 through 15,

CONCLUSION

The analysis suggested by Taylor and Davis �975! has

15
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FIGURE 5 . CAROLINA BEACH INLET, NORTH

CAROLINA FROlVI l956 TO I972 .



FIGURE 6 . CAROLINA BEACH INLET, NORTH

CAROL IN@ IN l976 .
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FIGURE 8 . ATLA NT I C INTRACOASTAL WATERWAY AND

SNOWS CUT, NORTH CAROLINA .
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been used for inlets characterised by junctions adopting a
one dimensional approach. The vertically integrated equations
of momentum and mass conservation  Leendertse �967!! are
used with the appropriate boundary and initial conditions.
The Galerkin technique is coupled with the finite element
method in analyzing an inlet with channel junctions. The
method has several advantages in that the coefficient matrix
in the solution system does not change as the model is stepped
ahead in time.

The shape function adopted here is problem oriented and
is not a general 'basis function.' The parameter '0' was
found to be 700 times the length of the element, k, for
Carolina Beach Inlet. The parabolic shape function satisfies
only the requirement of linear independence. The complete-
ness requirement was not fulfilled by the shape function;
therefore, only long elements of the order of 600 ft. �83 m!
to 1000 ft, �05 m! were adopted. For these lengths the
error introduced was found to be low.

The Galerkin finite element model for flow in an
inlet was found satisfactory considering the complex
nature of the flow in a tidal inlet.
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STAR

INITIALIZATION AND INPtlT

Read in the number of channels in tt
number of nodes per element, hX for
of the Galerkin Integral, the area
wetted-perimeter parameters for each
erical integration, number of time
cle, the parameter ~ for predicting
next instant and finally the upstre.
boundary conditions. Supply initial
velocity at all nodes.

Compute the value of the
tions along each element
of hX.

Form the coefficient matri
channel.

Invert the coefficient mat

Define by new variables YI
the values of stage and vc
at the nodes, to be used
values at the instant to i
Euler Predictor-corrector.

I = 0

DO JKN = 1 NTS

Compute the areas of
flow and wetted peri-
meters at the instant
t I!

Note: I = Time Instant
NTS = Total Number of Time Steps.

Figure 16. Conceptual Flow Chart for Hain Program.
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Figure 16. Conceptual Flow Chart for Main Program  Cont.d! .
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APPENDIX C

COMPUTER PROGRAM VARIABLES



Table 1. Computer Program Variable s

EescriptionVariable

Area parameter, A , of channel, J.o 9

Area parameter, A, of channel, J.

The right handside of the matrix.

ARO J!

ARl J!

BN K!

The coefficient matrix for the
Channel I, J and K represent the
location in the square matrix.

C  I,J,K!

Shape func tion, Nl.
Shape function, N2.

Distance step, QX.

Time step, ht.

Element length of the channel, J.

DB

DE LX

DELT

EL J!

Corresponds to the distance, D, in
the shape func t ion when multipl ied by
the element len,~th,

Acceleration du~ to gravity.

Number of nodal points in each channel.

Iteration count while using the Pre-
dictor-Corrector.

Number of charm  ls in the system.NC

The highest power of the polynomial that
represents the .hape function for the
channel, I.

P I!

PRCII  J!

PRl J! Wetted perimeter parameter, Pl, of channel,
j.

Time derivative of U at the element J
and node K.

QD J,K!

Time derivative of U of the channel
1 at node 1.

QD11 I,J!

Wetted perimetei parameter, P , of channel,
J. o



qD21 I,J!

SF1

SF2

YD33 I,J!

U J,I!

YF and UF

Y J,I!

YD J,K!
YD J,K!

Time derivativ~ of U of the channel
2 at node l.

Energy slopes «t the beginning and end
of an element.

Velocity of th» channel J, node I.

The values of r! and U respectively at
an instant to be used in the Euler Pre-
dictor-Corrector.

Instantaneous water level of the
channe 1 J, node I.

Time derivative of q at the channel J
and node K.

Time derivative of rl of the channel 3
at node 2,
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TABLE 2. COMPUTED TIDAL FLUC'FUATIONS IN
CAROLINA BEACH I'NL~T CHANNELS.

STATION/R&GE 1AIWW SOUTH DM 156

 HRS.!
FL M

COND.
TIDE NO E 1 TIDE NO E 2FLi3W

CO:VD.
Fe. Ft ~

EBB E]3B

!I

EBB

FLOOD
EEB

FLCiOD

ji

tl
FLOODFLOOD

47

0800

0830

0900

0930

1000

1030

1100

1130

1200

1230

1300

1330

1400

1430

1500

1530

1600

1630

1700

1730

1800

1830

1900

1930

2000

2030

2100

2.97

2.45

2.24

1.987

1.311

0.996

0.524

0.071

0.201

0,723

1.113

1.156

1.484

1,560

l. 002

O. 644

0.251

0.314

0.911

1.803

1.974

2. 318

2 ~ 837

2.545

3.132

2 ' 361

0.904

0 745

0.681

0.605
0. 399

0. 303

0.160

0.022

0.061

0.220

0.339

0. 352

0.452

0 ' 475

0.305

0 ' 196
0.076

0.096

0.278

0.550

0.602

0.707

0.865

0.776

0.955

0.720

2.772

2.293

2.021

1.696

1.142

0.823

0.353

0.073

0.349
0.726

1.064

1.235

1.350

1.264

0.986

0.674

0.136

0,429

0.911

1.616

1 ~ 879

2.230

2.778

2.625

2.886

2.268

0.845

0.699

0.616

0.517

0.348

0,251

0.108

0.022

0.106

0.221

0.324

0.376
0.411

0.385

0.300

0.205

0.041

0.131

0.278

0.493
0.570

0.680

0.847

0.770

0.880

0.691



TABLE 2. COMPUTED TIDAL FLUCTUATIONS IN
CAROLINA BEACH INLET CHANNELS  CONT.!.

DM 150 S'IATION/RANGE 2AIWW NORTH!TIME

 HRS . !
TIDE NODE 1 TIDE NODE 2FLOW

COND.
FLOW

COND.
EBB EBB

EBB

FLOOD
EBB

F LOOD

FLOOD FLOOD

48

0800

0830

0900

0930

1000

1030

1100

1130

1200

1230

1300

1330

1400

1430

1500

1530

1600

1630
1700

1730

1800

1830

1900

1930

2000

2030

2. 940

2.434

2.221

1.977

1.324

1.025

0.576

0.077

0.234

0.595

0.992

1.356

1 ~ 442

1.222

1.153

0. 890

0. 067

0. 527

0 ~ 901

1. 705

1.941

2.335

2.850

2.571

3.106

2.331

0. 896

0. 742

0. 677

0. 602

0. 403

0. 312

0. 176

0 ~ 024

0.071

0.181

0. 302

0.413
0.439
0.372

0.351

0.271
0.020

0.161

0.275

0.520

0.592

0.712

0.869

0.784

0 ' 947

0.711

2.776

2.313

2.049

1.754

1.209

0.907

0.455

0.028

0.277

0.674

0.992

1.196

1.363

1.261

0.989

0.657
0.099

0.438

0.424

1.652

1.902

2 ~ 269

2. 794

2.532

2.889

2.272

0. 846

0. 705
0. 624

0.534

0.368

0.276

0.139

0.009

0.084

0.205

0.302

0.364

0.415
0.384

0.301

0.200

0.030

0.134

0.282

0.504

0.580

0.692

0.852

0.772

0.881

0.693



? COMPUTED TIDAL FLLCTUATIONS IN
CAROLINA BEACH INLET CHANNELS  CONT. ! .

INLET GORGE S TATI N/RANGETIME

 HRS ~ !
FLOW

COND.
TIDE NOD 1 TIDE NODEFLOW

COND. Ft.!  M!  Ft.!
EBB EBB

EBB

FLOOD
EBB

FLOOD

FLOOD FLOOD

49

0800

0830

0900

0930

1000

1030

1100

1130
1200

1230

1300

1330

1400
1430

1500

1530

1600

1630

1700

1730

1800

1830

1900

1930

2000

2030

2.766

2.264

1.983
1.622

1.055

0.730

0.255

0.149

0.425
0.789

1.077

1.245
1.369

1.264

0.986
0.671

0.139

0 399

0.862

1 ~ 564

1.833

2.178

2.755

2.512

2.879
2.266

0. 843

0. 690

0.604

0.494

0.321

0.223

0.078

0.045

0.129

0.240
0.328

0.379

G. 417
0. 385
0. 300

0. 204

0.042

0.122

0.263

0.477

0.559

0.664
0.840

0.766

0.878
0. 691

2,454

2.188

1.822

1.393

0.943

0.490

0.110

0.211
0.510

0.779

0.995
1 ' 166

1.205

1.113

0.877

0. 513

0.083

0.399

0.934

1.419

1.816

2.141

2.410
2.594

2.532

2.174

0. 748

0.667

0. 555

0.424

0.287

0.149
0 ' 034

0.064

0 ' 155

0.237

0.303

0.355

0.367
0.339

0.267

0 ' 156

0.025
0.122

0.285

0.433
0.554

0. 653
0.735

0.791

0.772

0.663
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TABLE 3o COMPUTED TIDAL VELOCITIES IN CAROLINA
BEACH INLET CHANNELS.

STATION RANGE
VELOCITY NODE 2 VELOCITY NODE ZFLOW

C 3ND.
FLOW

COND. HRS. !

0 ' 247
0.567

0.666

0.951
1.062

1.153

EBB 'EBB

1.269
1.227

1.148

1.055
0.927

0.708

0.368

0.178

0.029
-0.351

EBB
FLOOD

EBB

FLOOD

-0.587

-0.573

-0 ' 708

-0.790

-0.693

-0.785
-0.514

-0.375

-0.222

0.202FLOOD FLOOD

51

0800
0830

0900

0930

1000

1030
1100

1130

1200
1230

1300

1330
1400

1430

1500
1530

1600

1630
1700

1730

1800

1830

1900

1930
2000

2030

2100

0. 768

1, 483

2.159

2.753

3.228

3.560

3.727

3.724

3.543
3.202

2.720

2.119

1.440

0.722

0.003

0.673
1.263
1.742

2.073

2.241

2 ' 234

2.057
1. '716

1. 234
0. 633

0.046

0.234

0 ' 452
0.658

0.839

0.984

1.085

1.136

1.135

l. 080

0. 976

0. 829

0. 646
0.439
0. 220

0. 001
-0.205

-0.385

-0.531

-0,632

-0.683

-0.681

-0.627

-0.523

-0.376
-0.193

0.014

0. 810
1.860

2.185

3.120
3.484

3.783

4.163
4.026

3 ' 766

3.461

3.041

2.323

1.207

0.584

0.095

1.152

1.926

1. 880

2 ' 323

2.592

2.274

2.575

1.686
1.230

0.728

0.663



TABLE 3. COMPUTED TIDAL VELOCITIES IN CAROLINA

BEACH INLET CHANNELS ~,'CONT.!

 NORTH! DM 150  STATION/RANGE
TIME

 HRS.! Hd%
COND.

VELOCITY NODE 2VELOCITY NODE 1 FLOW

COND.V
Ft. Se

V
M Sec.

V
Ft. Sec.

V
M Sec.

EBB EBB

EBB

FLOOD
EBB

FLOOD

FLOOD FLOOD

52

0800

0830

0900

0930

1000

1030

1100

1130
1200
1230

1300

1330

1400

1430

1500

1530

I600

1630

1700

1730

1800

1830

1900

1930
2000

2030

0.614

1.188

1.729

2.201

2 ' 582

2.848

2.982

2.979

2.835

2.562

2.175

1.696

1.152

0.577

0.003

0.538

1.010

1.391

1.657

1.791

1.788

1.647
1.375

0.988

0.509

0.036

0. 187

0.362

0.527

0.671

0.787

0.868
0.909

0 ' 908
0.864

0.781

0.663

0.517

0.351

0.176

0.001
-0.164

-0.308

-0.424

-0.505

-0.546

-0.545

-0.502

-0.419

-0.301

-0.155

0.011

0.650

1.499

1.736

2.484

2.789

3.031

3.287

3.127

3.071

2.943

2.182

1.709

1,526
0. 325.

0.499

0. 558

1. 168

1.726

2.129

2.096
1 ~ 739

2.021

1.322

0.997

0.610

0.531

0.198

0.457

0.529

0.757

0.850

0.924

1.002

0.953

0.936

0.897

0.665

0.521

0.465

0. 099

-0.152

-0.170

-0.356

-0.526

-0.649

-0.639

-0.530

-0.616

-0.403
-0.304

-0.186

0.162



TABLE 3. COMPUTED TIDAL VELOCITIES IN CAROLINA
BEACH INLET QUDIKLS  CONT. !

INLET GORGE
TIME

 HRS. ! VELOCITY NODE 1 FLOW

CON! .

VELOCITY NODE 2PLOW

COND. V
Ft. Sec. M/5ec.Ft./Sec. M Kec.

EBB

EBB

FLOOD

~l

EBB

FLOOD

-0.834

-0.973

-0.660
-0.499

-0.296

0.340FLOOD FLOOD

53

0800

0830

0900

0930

1000

1030

1100

1130

1200

l230

1300

1330

1400

1430

1500

1530

1600

1630

1700

1730
1800
1830

1900

1930

2000

2030

1. 014

2. 310

2.677

3.829

4.203

4.524

4.875

4.596

4.344

3.996

3 ' 192

2.438

1.654

O.S45

0.256

1.056

1.962

2.343

2.946

3.173

2.729

3.159

2. 090

1.539

0 ' 932

0.820

0.309

0.704

0.816

1.161

1.281

1.379

1.486

1.401

1.324

1.218

0.973

0.743

0.504

0.166

-0.078

-0.322

-0.598

-0.714

-0 898

-0.967

-0.832

-0.963
-0.637

-0.469
-0.284

0.250

1.033

2.385

2.759

4.134
4.488

4.780

5.095
4.731

4.501

4.131

3.235

2.470

1.647

0.433

0.404

1.204

2.162

2.530

3.156

3.425

2.736

3.192

2.165

1.637

0.971

1.115

0.315

0.727

0.841

1.260

1.368

1.457

1.553

1.442

1.372

1.259

0.986

0.753

0.502

-0.132

-0.123

-0.367

-0.659

-0.771

-0.962

-1.044




