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FOREWORD
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Center (CERC), and is conducted by CERC, WES, and other government agencies, and
by private organizations. This report was prepared by C. J. Huval and G. L. Wintergerst,
and is one in a series of reports concerned with an evaluation of physical and numerical
models of a tidal inlet performed as part of the GITI. Dr. G. H. Keulegan, Resident
Consultant, Hydraulics Laboratory, advised on several aspects of the study.

The report preparation was supervised by M. B. Boyd, Chief, Mathematical Hydraulics
Division, and H. B. Simmons, Chief, Hydraulics Laboratory. CERC technical direction was
provided by B. R. Bodine and D. L. Harris. Technical Directors of CERC and WES were
T. Saville, Jr., and F. R. Brown, respectively.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Congress, approved
31 July 1945, as supplemented by Public Law 172, 88th Congress, approved 7 November
1963.
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JOHN L. CANNON /ionN H. COUSINS

Colonel, Corps of %ngineers Colonel, Corps of Engineers
Commander and Lirector Commander and Director
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PREFACE

1. The Corps of Engineers, through its Civil Works program, has sponsored, over the past
23 years, research into the behavior and characteristics of tidal inlets. The Corps’ interest in
tidal inlet research stems from its responsibilities for navigation, beach erosion prevention
and control, and flood control. Tasked with the creation and maintenance of navigable U.S.
waterways, the Corps routinely dredges millions of cubic yards of material each year from
tidal inlets that connect the ocean with bays, estuaries, and lagoons. Design and
construction of navigation improvements to existing tidal inlets are an important part of the
work of many Corps’ offices. In some cases, design and construction of new inlets are
required. Development of information concerning the hydraulic characteristics of inlets is
important not only for navigation and inlet stability, but also because inlets, by allowing for
the ingress of storm surges and egress of flood waters, play an important role in the flushing
of bays and lagoons.

2. A research program, General Investigation of Tidal Inlets (GITI), was developed to
provide quantitative data for use in design of inlets and inlet improvements. It is designed to
meet the following objectives:

To determine the effects of wave action, tidal flow, and related phenomena on inlet
stability and on the hydraulic, geometric, and sedimentary characteristics of tidal
inlets; to develop the knowledge necessary to design effective navigation
improvements, new inlets, and sand transfer systems at existing tidal inlets; to evaluate
the water transfer and flushing capability of tidal inlets; and to define the processes
controlling inlet stability.

3. The GITI is divided into three major study areas: (a) inlet classification, (b) inlet
hydraulics, and (c) inlet dynamics.

a. Inlet Classification. The objectives of the inlet classification study are to classify
inlets according to their geometry, hydraulics, and stability, and to determine the
relationships that exist among the geometric and dynamic characteristics and the
environmental factors that control these characteristics. The classification study keeps the
general investigation closely related to real inlets and produces an important inlet data base
useful in documenting the characteristics of inlets.

b. inlet Hydraulics. The objectives of the inlet hydraulics study are to define the
tide-generated flow regime and water level fluctuations in the vicinity of coastal inlets and
to develop techniques for predicting these phenomena. The inlet hydraulics study is divided
into three areas: (1) idealized inlet model study, (2) evaluation of state-of-the-art physical
and numerical models, and (3) prototype inlet hydraulics.
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(1) The lIdealized Inlet Model. The objectives of this model study are to determine
the effect of inlet configurations and structures on discharge, head loss and velocity
distribution for a number of realistic inlet shapes and tide conditions. An initial set of tests
in a trapezoidal inlet was conducted between 1967 and 1970. However, in order that
subsequent inlet models are more representative of real inlets, a number of “idealized”
models representing various inlet morphological classes are being developed and tested. The
effects of jetties and wave action on the hydraulics are included in the study.

(2) Evaluation of State-of-the-Art Modeling Techniques. The objectives of this
part of the inlet hydraulics study are to determine the usefulness and reliability of existing
physical and numerical modeling techniques in predicting the hydraulic characteristics of
inlet-bay systems, and to determine whether simple tests, performed rapidly and
economically, are useful in the evaluation of proposed inlet improvements. Masonboro Inlet,
N. C., was selected as the prototype inlet which would be used along with hydraulic and
numerical models in the evaluation of existing techniques. In September 1969 a complete
set of hydraulic and bathymetric data was collected at Masonboro Inlet. Construction of the
fixed-bed physical model was initiated in 1969, and extensive tests have been performed
since then. In addition, three existing numerical models were applied to predict the inlet’s
hydraulics. Extensive field data were collected at Masonboro Inlet in August 1974 for use in
evaluating the capabilities of the physical and numerical models.

(3) Prototype Inlet Hydraulics. Field studies at a number of inlets are providing
information on prototype inlet-bay tidal hydraulic relationships and the effects of friction,
waves, tides, and inlet morphology on these relationships.

c. Inlet Dynamics. The basic objective of the inlet dynamics study is to investigate
the interactions of tidal flow, inlet configuration, and wave action at tidal inlets as a guide
to improvement of inlet channels and nearby shore protection works. The study is
subdivided into four specific areas: (1) model materials evaluation, (2) movable-bed
modeling evaluation, (3) reanalysis of a previous inlet model study, and (4) prototype inlet
studies.

(1) Model Materials Evaluation. This evaluation was initiated in 1969 to provide
data on the response of movable-bed model materials to waves and flow to allow selection
of the optimum bed materials for inlet models.

(2) Movable-Bed Model Evaluation. The objective of this study is to evaluate the
state-of-the-art of modeling techniques, in this case movable-bed inlet modeling. Since, in
many cases, movable-bed modeling is the only tool available for predicting the response of
an inlet to improvements, the capabilities and limitations of these models must be
established.




(3) Reanalysis of an Earlier Inlet Model Study. In 1957, a report entitled,
“Preliminary Report: Laboratory Study of the Effect of an Uncontrolled Inlet on the
Adjacent Beaches,” was published by the Beach Erosion Board (now CERC). A reanalysis of
the original data is being performed to aid in planning of additional GITI efforts.

(4) Prototype Dynamics. Field and office studies of a number of inlets are
providing information on the effects of physical forces and artificial improvements on inlet
morphology. Of particular importance are studies to define the mechanisms of natural sand
bypassing at inlets, the response of inlet navigation channels to dredging and natural forces,
and the effects of inlets on adjacent beaches.

4. This report discusses the calibration, base tests, and predictive tests of a numerical
model applied to Masonboro Inlet, N. C., as part of the evaluation of the state-of-the-art of
inlet modeling techniques. It presents the data necessary for a comparison of results of the
physical and numerical models discussed in the basic report and in the following
appendixes:

a. Appendix I. Sager, R.A., and Seabergh, W.C., “Fixed-Bed Hydraulic Model
Results.”

b. Appendix 2. Masch, F.D., Brandes, R.]., and Reagan, ].U., “Numerical
Simulation of Hydredynamics (WRE)” (In 2 Vols).

c. Appendix 3. Chen, R.M., and Hembree, L.A., “Numerical Simulation of
Hy drodynamics (TRACOR).”




1 INBRODUGEIQINE T e o i s i e B e s
1 BACKGROUND ON COMPUTATIONAL METHOD . . .. ... ..
1l VARIABLE BAY SURFACEAREA . . ... .. ..........
8% THEORY OF GENERALIZED LUMPED PARAMETER . . . . . . .
\% DETERMINATION OF EQUIVALENT K FOR
NONPRISMATIC INLETS® . L. & ool 6 o im o alwe o e
VI APPLICATION: MASONBORO INLET, NORTH CAROLINA . . . .
Vi SUMMARY AND RECOMMENDATIONS . . ... ... ......
LIFERATURE CITED: .0 oo 8 o ol cas s o s
BIBBIOGRARHY - g = e i i S i s L
APPENDIX
A TABLES OF NUMERICAL SOLUTIONS FOR VARIABLE
BAY SURBACE AREAS . 0 ol wiaiiii o v e s w4 e
B APPLICATION OF THE LUMPED PARAMETER TECHNIQUE . . . .
C DOCUMENTATION OF SECTION PLOTTING PROGRAM SECPLT. .
D DOCUMENTATION OF PROGRAM INLET . . ... ... ... ..

G W N -

CONTENTS

CONVERSION FACTORS, U.S. CUSTOMARY TO METRICS (SI) . . .

SYMBOLS AND DEFINITIONS . . . . ... ... .........

TABLES

Required data specifications for nonprismatic inlet computation . . . . . . ..
Prototype data-velocities and flows (Range 2), 12 September 1969 . . . . . .
Equivalent coefficient of repletion for nonprismatic inlet, 12 September 1969 . .
Computed tides and flows, 12 September 1969 . . . . . .. ... ... ...
Equivalent coefficient of repletion for nonprismatic inlet, 12 September 1969 . .

Page




19
20
21
22
23
24

CONTENTS

TABLES—Continued

Page
Computed tides and flows for nonprismatic inlet, 12 September 1969 . . . . . . 44
Equivalent coefficient of repletion for nonprismatic inlet, 1969 . . . . . . . .. 48
Computed tides and flows for nonprismatic inlet, 1969 . . . . . ... ... .. 49
Equivalent coefficient of repletion for nonprismatic inlet, 1964 . . . . . . . .. 53
Computed tide and flow for nonprismatic inlet, 1964 . . . . . ... ... ... 54
Equivalent coefficient of repletion for nonprismatic inlet, 1966 . . . . . . . .. 57
Computed tide and flow for nonprismatic inlet, 1966 . . . . . ... ... ... 58
Equivalent coefficient of repletion for nonprismatic inlet, 1969 . . . . . .. .. 61
. Computed tide and flow for nonprismatic inlet, 1969 . . . .. ... ... ... 62
Summary: of condifions R s e o 63
FIGURES
Masonboro Inletstudy area . . . . . . ... ... .. ... ... ..., 15
‘Eypical'inletideseriptioms s o e S it i D S s L 16
Variation off bay surface area: =i o sie oho. i LSl L L e e 19
Typical solution and definition of terms for variable bay solutions . . . . . . .. 22
Nonprismatic inlet representation . . . . . . . ... ... 27
Masonboro Inlet, North Carolina . . . . . . . .. ... ... .. ........ 31
Hydrography and assumed flow grid, October 1969 . . . . . . ... ... ... 32
Range 2 gaging stations and assumed flow sections, 12 September 1969 . . . . . 35
Tidal flows for Masonboro Inlet, 12 September 1969 . . . . . .. . ... ... 36
Prototype tidal elevations, 12 September 1969 . . . . . ... .......... 36
Cross seetion 1, 12 September 1909 . « o v & st e vin s o wvals & s v 48 37
Cross section 2, 12 September Y9060 .0 . . 7 & 0l s win s Ainn 5 5 a s 38
Cross section 3, 12 September 1969 . . . . . .. ... ... ......... 38
Cross section 4, 12 September 1969 . . . . . .. ... ... ... 39
Crose section 5, 22 September 1969 . « « o v v o vt v v v s s n s ww s vo s 40
Verification conditions, 12 September 1969 © . . . . . oo oo i 0 45
Observed tides, 12 September 1969 . . . . . ... v o i v o 46
Mean sea level condition, 1969 . oo v o 4 v v v v v viu e wia e 6 e e s e 50
Hydrographic survey for November 1964 . . . . . . ... ... ... ...... 51
Meaty contditiont, LIOd - o i sl o et At v b e e a6 e W e e 52
Hydrographic survey, 7 July to 1 August 1966 . . . . . ... .......... 55
Mean sea level condition; 1966 . . « « ¢ v v s wv v e s e b E b e e v sle 56
Proposedpln B, 1969 . . v s s v vm v v v ive v usr e v o vie e ne 59
Proposed plan B, 1969 . . .« o o o dsionniv wivn siu wwmnlalwie wowlninon ow 60




CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted to metric (SI)

units as follows:

Mu:tiply by To obtain
inches 25.4 millimeters
2.54 centimeters
square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square miles 259.0 hectares
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
ounces 28.35 grams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0.1745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins'

To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use formula: C = (5/9) (F — 32).
To obtain Kelvin (K) readings, use formula: K = (5/9) (F — 32) +273.15.
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SYMBOLS AND DEFINITIONS

variable bay surface area (constant for Keulegan model)
bay surface area at high water

bay surface area at low water

bay surface area at mean sea level datum

bay surface area at mean tide level datum

average surface area of tidal lagoon or bay

; o . 1 AL\ . o
a velocity coefficient defined as — |1 + —| in units L—
o
o

b) r

semirange ocean tide

elevation of basin water surface referred to MSL
elevation of ocean tide referred to MSL
semirange of bay tide

_ dH,
time derivative of bay tide, —

dt

T a 2gH
2rH A+[1 + L}%_

Keulegan’s dimensionless coefficient of repletion,

equivalent Keulegan’s coefficient of repletion for nonprismatic inlets

20n?

friction constant defined as (TZ%()—);
inlet length

subseript indicating maximum value
total inlet discharge

discharge in ith channel

tidal period (usually 12.42 hours)

velocity in tidal inlet channel
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Mi

xi

m

mi

SYMBOLS AND DEFINITIONS—Continued

maximum velocity in ith channel

velocity as function of x in ith channel

tidal inlet cross-sectional area

inlet area at minimum cross section

minimum cross-sectional area of it parallel channel
area as function of x in itk channel

inlet area at MSL

gravitational acceleration

H
dimensionless bay tide, ﬁl-

floodtide, maximum bay response, dimensionless
ebbtide, maximum bay response, dimensionless

average dimensionless bay tide

. ; ! 2
dimensionless ocean tide, E

channel index (i=1,2,3,...1y)

the maximum number of channels
cross-sectional index (j=1,2,3, ... jM)
maximum number of cross sections
subscript indicating minimum value
Manning’s roughness coefficient
discharge or flow into tidal bay

inlet hydraulic radius

effective inlet hydraulic radius at MSL




SYMBOLS AND DEFINITIONS—Continued

hydraulic radius of inlet at MSL

hydraulic radius of jth section of ith channel
hydraulic radius as function of x in ith channel
time from beginning of tidal cycle

dimensionless factor used in the determination of inlet velocity

(u= m for floodtide; u = —\/h]——hz, for ebbtide)
maximum value of u for floodtide

maximum negative value of u for ebbtide

inlet width at MSL

distance measured along the channel axis

d : 4 x 2mt
dimensionless tidal time, T

3.14159 . ..

sum of following indexed items

volume of tidal prism through the inlet, 2H , A/

lag of bay tide behind ocean tide

floodtide, lag of bay tide behind ocean tide

ebbtide, lag of bay tide behind ocean tide

parameter to characterize bay surface area variation

inlet width variation parameter, inlet beach side slope, horizontal-vertical
average tide height through inlet

dimensionless friction factor as expressed by Keulegan,
2gn? 2gn?
(3.2808)%/3 r'/3  (1.486)2 rV/3




SIMPLIFIED NUMERICAL (LUMPED PARAMETER) SIMULATION

by
C. J. Huval
and

G. L. Wintergerst

1. INTRODUCTION

This study is concerned with the implementation and application of a hydraulic
mathematical model for predicting ocean tide-induced current velocities within a coastal
inlet and the water level fluctuation in an adjoining embayment. The study of mathematical
models is part of a more general investigation of tidal inlets conducted by the U.S. Army,
Corps of Engineers, and is intended to evaluate the degree to which mathematical and
physical models can be used to predict quantitatively the hLydrodynamics (other than
sediment movement) of flow through tidal inlets. As a typical problem area, Masonboro
Inlet, North Carolina, was selected as a case study for extensive field, mathematical model,
and physical model investigations.

The mathematical model used in this study, referred to as the lumped parameter
approach, is based on an extension of the method developed by Keulegan (1967). Although
the method requires more effort to implement and apply than Keulegan’s method, it is
relatively simple to use in comparison to the more complete schemes which are presently
available. Moreover, in most cases it should give a better solution of inlet velocities and basin
response than Keulegan’s method since it incorporates more of the physical processes
involved.

The numerical system described in this study is composed of three computer programs,
each performing a separate function. One program generates a set of tables to give
generalized inlet hydraulics for some variable basin surface areas. A second program
(INLET) gives serial calculations of the inlet flow and the basin variations. The third
program (SECPLT) plots the ocean tide. basin tidal response, inlet velocity and inlet flow
and computes inlet cross-sectional arcas from digitized hydrographic data.

The objective of this study is to apply the lumped parameter model to Masonboro Inlet
and determine the tidal response of the system of inner-connecting channels and velocities

arising from a given ocean tide. The scope of this study is:

(a) Mathematical model implementation and confirmation.
(1) Adapt lumped parameter model to the 1969 bottom survey conditions.
(2) Calibrate the model for prototype currents and tides of 12 September
1969.




(b) Mathematical model application.
(1) Predict basin tides, tidal prism, and inlet currents for preproject
undeveloped inlet conditions of November 1964.
(2) Predict basin tides, tidal prism, and inlet currents for modified inlet and
north jetty conditions of July 1966.

In addition, a description of the model development is presented along with suggestions
for applying the model to other inlets. A documented listing of the computer programs
INLET and SECPLT are included.

The Masonboro Inlet study area (Fig. 1) is composed of an entrance channel and three
inner-connecting watercourses referred to as Masonboro Channel, Banks Channel, and Shinn
Creek. These inner channels all connect with the Atlantic Intracoastal Waterway. The mean
high  water (MHW) and mean low water (MLW) lines and locations where velocity
measurements were made, and the tidal heights observed for the 1969 survey conditions are

shown in Figure 1.

II. BACKGROUND ON COMPUTATIONAL METHOD

The subject of flows and corresponding water levels of tidal inlet-bay systems has been
investigated by several researchers. Brown (1928) presented a useful solution technique for
estimating flows through a coastal inlet and the variations of water level in an adjoining
embayment. Keulegan (1967) extended this work and gave a more useful solution based on
a dimensionless form of the equation for surface changes. Keulegan offered a simple and
convenient tool for computing the main hydraulics of tidal inlets. Because the method
presented in this study is based on an extension of Keulegan’s method, a brief review of his
basic assumptions and pertinent equations is given in this section.

An inlet system with a notation consistent with Keulegan’s formuiation is shown in
Figure 2. Keulegan’s method was based on several assumptions related primarily to the
physical characteristics of the system and the description of the ocean tide. These are

identified as:

(a) The basin responds only to the ocean tide. This implies that the basin is
bounded except at the inlet; thus, there is no freshwater inflow from streams or lateral
drainage and density currents are negligible. This condition also implies that wind
effects are neglected.

(b) The ocean tide is sinusoidal. The representation of ocean tides as sinusoidal is
simple, convenient, and often reliable; e.g., the east coast tides of the United States are
well represented in this manner. Along the U.S. gulf and Pacific coasts and in many
other coastal regions of the world, such a representation becomes significantly less
accurate because the tides do not exhibit simple sinusoidal form.
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(c) Inertia of the inlet flow is negligible. It is assumed that changes of flow in the
inlet channel are gradual and that flow acceleration can be neglected. Specifically, the
surface slope in the inlet channel is balanced by the velocity head and channel
resistance.

(d) Length and width of bay is less than the tidal wavelength. This condition
implies that the basin is small, and if deep enough, it can be assumed that the water
surface elevation varies uniformly throughout the bay. For example, if a basin is square
or circular (or similar in form) and flow is not seriously restricted, there may be a
nearly homogeneous change of the water surface elevation over the entire basin in
response to the ocean tide.

(e) The inlet is prismatic. The cross section of the inlet is assumed to be a uniform
open channel with entrance and outlet well defined. However, inlet boundaries are
often irregular.

(f) The inlet depth is large compared to the tidal range. This implies that the
cross-sectional area of the inlet is considered constant over the tidal cycle.

(g) Basin walls are vertical. This implies that the differential storage for any

differential change in water surface elevation within the basin remains constant.

Based on the above assumptions, it is possible to analyze the inlet-basin response for a
given variation in the ocean tide. Keulegan (1967) derived the following relations for
estimating the surface fluctuations in a basin when the surface of the sea is at a higher

elevation or a lower elevation than the surface of the water in the basin.

For floodtide:

Kvh, — h, . h, >h . 1)
For ebbtide:

dh
!~ —KVh, —h,, h, >h, , @)

a0

where, K is Keulegan’s dimensionless coefficient of repletion and defined by:

T a 2¢H
B W ore y 3)
2rH A 1 + LM
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where,

. : ' 1
h, = dimensionless bay tide = T
H,
h, = dimensionless ocean tide = —
2 H
2mt
U == m b b
I
H = semirange of ocean tide |,

T = tidal period: 12.42 hours for M, tide .
2gn
(1.486)%1/3 °

where r is measured in feet, and g is measured in feet per square

2
A = dimensionless friction coefficient:

second. Factor 1.486 is the conversion from metric units and has
the dimensions[(lcnglll)'/3/tim(ﬂ((jhow, 1959) .

r = inlet hydraulic radius ,

n = Manning’s resistance coefficient |,

a = inlet cross-sectional area |

t = time from beginning of tidal cycle ,

L = inlet length, and

A = bay or lagoon surface area .

An analytic solution to the above equations was found by a Fourier series. Tables by
Keulegan (1967), give relations to predict the bay maximum amplitude (equal for floodtide
and ebbtide), maximum inlet velocity (equal for floodtide and ebbtide), and the bay tidal

prism.

III. VARIABLE BAY SURFACE AREA

Van de Kreeke (1967) presented a numerical solution of the inlet-bay problem which
incorporated the effects of freshwater inflow. Mota Oliveira (1970) formulated and solved
numerically, an inlet problem which accounted for variable inlet depth and variable bay
surface area. A numerical computation method using bay inflow with solution curves was
reported by Glenne, Goodwin, and Glanzman (1971). Mota Oliveira (1970) indicated the
importance of including the effect of variable bay surface area in the computation because it
can have a significant effect on bay tidal response and inlet velocity. He determined the bay
surface area as a linear function of the bay surface elevation, and the inlet cross-sectional

area by assuming that the inlet water surface elevation is the average of ocean and bay
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elevations. Because inlet depth was allowed to vary it was possible to vary the inlet area with
respect to time. It was shown that inclusion of these improvements in the computational
scheme would give better results for predicting inlet hydraulics.

Although Keulegan (1967) did not account for a variation of bay surface area, his
method is useful because of convenience. The collection of inlet parameters of a single
coefficient, the coefficient of repletion, allows solution values for the governing equation to
be conveniently tabulated. On this basis, Keulegan’s method is used here but extended by
combining Mota Oliveira’s scheme for including the variation of bay surface area. Such a
solution technique would retain the essential simplicity of Keulegan’s original solution but
reduce the effect of the most restrictive assumption, that of vertical bay walls.

Figure 3 illustrates the linear variation of bay surface area with surface elevation of the
bay as suggested by Mota Oliveira (1970). The varying surface area is given by:

A=A, (1+8h), @)

where § is the linear bay surface area variation parameter, and A is the average surface
area in the bay.

Mean Surface Areq, Ao\

4 Bay Tide N\

Range = 2H .

Bay Section

A(hy)

o1 7 PN T

Ao

— — — — — — — — —

Figure 3. Variation of bay surface area.
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If high and low water areas can be determined from hydrographic charts and topographic
maps, A, may be taken as the mean surface area. Moreover, the surface area variation
parameter, (3, can then be estimated. The area-water level relationship is often nonlinear for
many problems encountered in practice. If the volume of the tidal prism, £, has been
determined for the system from discharge measurements at the inlet and the tidal range in
the bay is also known, then the value of A can be computed from:

A, = — ()

where, H,  is the tidal semirange in the bay. A corresponding value for § should be
obtained from the best available information relating surface area A and bay elevation H .

To include the effects of the variation of the bay area, a direct substitution of equation
(4) is made into equation (1). This gives for floodtide:

fdi T a / \/-—

6
d0 ~ 27H A, (1 +ph,) \/1+)\L/ ©)
Rearranging terms yield the simpler expression:
dh, vh, — h,~
T Faas @)

do (1+ph,)

where the coefficient of repletion is now based on the average bay surface area and is given

by:
o L "
27H A, 1 + 7\L/ "
r

This gives a differential equation of the surface changes for the system in parameters K and
B. The friction factor, A, expressed in terms of Manning’s n, and the hydraulic radius is

given by:

2gn?

PR s 9
(1.486)%r'/3 ° s
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Equation (7) is applicable if h, = h, and the corresponding equation for ebbtide

< 1s:
or hl < h2 is:

dh h, —h

s, RRT LR i N}
do i (1+8h) ~ 18

Equations (7) and (9) have been solved by numerical integration for various values

of B and K using a simple harmonic ocean tide defined by:

h, = sinf . (11)
Tables produced from these solutions are presented in Appendix A; a typical solution with
symbol definition is shown in Figure 4. The use of the tables is described below.

For a well defined inlet, the determination of a, r, and L is relatively simple; n may
be estimated from tables of Manning’s n and from the available information about bottom
roughness (more general cases will be discussed later). These data can be used with tidal data
and bay area characteristics to determine K as defined in equation (8); for specific values
of K and 8, values of h, ,, at, ut, hl_, a—, u—, and hl can be found from the
tables in Appendix A. The first six values provide data on maximum conditions for both
floodtide and ebbtide. For § greater than zero, E‘ will, in general be nonzero.
All h, values can be dimensionalized by multiplying the dimensionless form by the
semirange of tide in the sea, H; e.g., the maximum bay response is:

H._ = H¢+h . (12)

im 1+

The phase lag in degrees between maximum tide in the sea and the maximum water level in
the basin is denoted by a (Fig. 4), and may be converted to time by:

T

At = —a . 13
360 ° (13)

Maximum dimensionless inlet velocities, u+ and u—, at floodtide and ebbtide, are

determined from:

(1+ ph,) dh,

= 14
u R (14)
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From continuity,

27H (lhl a (13)
e e = W 2
T do A

where V = tidal inlet velocity. Solving for V gives:

2rH A dh,
V=—"—+-—1, (16)
T a doé

This may also be written in terms of the dimensionless channef velocity as:
(2]
RO '
V=" — Ku, a7)

with fh; = 0,0 or in the equivalent form:

2gH
V = /——————u (18)
1+ ?\L/r

IV. THEORY OF GENERALIZED LUMPED PARAMETER
In addition to improving the computational method by accounting for the effect of
variable surface area in the basin, it is also possible to include inertia effects in the flow
through the inlet without significantly increasing the computational effort. Although inertia
effects are generally small compared to the principal effects which govern the flow through
the inlet, their inclusion does provide a more complete description of the physical processes

involved. Shemdin and Forney (1970) developed a model which included the effect of flow
inertia in the iniet. The lumped parameter model developed below includes both the inertia
effects and Mota Oliveria’s technique for including the effect of variable surface area in the
basin.

The formulation of the lumped parameter model is derived here from energy and
continuity equations. The energy equation is taken as:

L
H, —H =CIViV+ V, (19)

where heights, H, and inlet velocity, V, and length, L, are as previously defined,

and V represents the time derivative of velocity or simply dV/dt (inlet flow acceleration).
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A velocity coefficient, C,, introduced for notational simplicity, accounts for inlet

resistance and exit losses. This coefficient is given by:
1 AL
€ === (l dee—11 . (20)

Based on procedures suggested by Mota Oliveira (1970), C, is a function of the head
differential (H, — H ) since the hydraulic radius, r, is allowed to vary with time. The
value of r is taken approximately as the sum of r,, the hydraulic radius at mean sea level

(MSL), and the average of H, and H,. Introducing n as the average of H, and H,,

1 ‘
n=g (41, 1)
then

L (22)

After substituting for X, C, becomes:

1 20m? L

c, =— |1 + FE— +4/3]. 23
v T 9 [ (Lagey "o t™ o

The expression of conservation of mass for the inlet-basin system, considering that the
density of the water remains constant, is given by:

AH, =aV + q, (24)
where the overdot signifies the time derivative and ¢ is any basin inflow which does not
pass through the inlet. This expression is an equation of volume continuity. The term on the
left-hand side of the equation represents the change in volume of water in the basin during
an interval of time. On the right-hand side of the equation, the first term is the discharge
through the inlet and the second term is the discharge either into or from the system other
than through the inlet during the same time interval. Note that q is positive when there is
inflow to the system and negative when there is outflow from the system. Inflow can be
caused by stream discharge, lateral drainage or direct rainfall on the basin. Outflow may
arise from water being discharged from the basin through channels which lead to other
bodies of water of lower head. Clearly q is to be taken as the algebraic sum when there is
both inflow and outflow; moreover, ¢ must be specified as a known function of time.
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Equations (19) and (24) expressed in the terms of the time derivatives of V and H, are:

V= £, —H, —Cy VIV) . (25)
g
H =5 @Y+ . (26)

This gives two simultaneous differential equations in which both H, and q are basic input
to the problem and prescribed as a function of time.

Equation (25) is nonlinear because energy losses in the inlet channel are governed by the
square of the inlet velocity and C, is a function of the head differential between the sea
and basin.

Mota Oliveira (1970) assumed vertical walls confining the inlet which yields a
cross-sectional area function given by:

a=a +wn. (27)

To eliminate the restriction of vertical inlet walls, a, may be taken as the area at
MSL, w, is taken as the width at MSL and { is introduced as the beach slope,
horizontal-vertical, within the tidal range. This gives a cross-sectional area function,
a=g +wn+n, (28)

It has been found that for beach slopes of less than 100:1, the quadratic term in equation
(28) will seldom be more than a few percent. Consequently, it is concluded that a precise
determination of § is unnecessary.

By using equations (25) and (26) both the bay tide, H,, and inlet velocity, V, can be
estimated if the following functions and parameters are known:

H,(t), ocean tide,
q(t), inflow,

A,, mean bay surface area,
B, surface area variation parameter,
a,, MSL inlet area,
Py MSL inlet hydraulic radius,
L, inlet length,
n, Manning’s n,
W, MSL inlet width, and
€ inlet beach slope.
25
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As mentioned previously, these data, other than Manning’s n, can be readily determined
for a well defined inlet; their determination for the more common irregularly defined inlets
is discussed in the following section. Manning’s n is essentially estimated from a knowledge

of bottom characteristics and later adjusted to a satisfactory calibration of the model.

V. DETERMINATION OF EQUIVALENT K FOR NONPRISMATIC INLETS

Because inlet channels are generally irregular in both width and depth throughout their
length, the assumption of a prismatic inlet is not always valid. To account for such
variations, the following method for calculating an equivalent K, has been developed.

The inlet vicinity is divided into several parallel channels (three shown in Fig. 5):
partitioning of the channel is arbitrary. The goal is to obtain nearly uniform values of r, A,
v, and A in each cell, but generally these conditions cannot be satisfied exactly. At each
cross section, A, B, C, D... the cross-sectional area for each channel 1, 2, 3,... is
determined, including the width of the channel. Along each shoreline and between adjacent
channels, iongitudinal segment length can be measured and averaged so that each channel
segment is given a representative length. Since an area and width are known for each section
and since depths are small compared to widths, representative hydraulic radii can be

computed for each section from:

area (29)
width &
Table 1 illustrates the data needed in defining the inlet characteristics for the inlet shown
schematically in Figure 5.

The coefficient of repletion represents the effect of inlet conditions on the energy

conversion within the inlet. This conversion is related to the expression,

2
it TR T (30)
2g r

Within the parentheses, the first term represents the loss of energy necessary to convert
potential energy in the sea to kinetic energy in the inlet channel. The velocity, V, in the
inlet reaches a maximum value where the contraction is the greatest or at the location where
a minimum cross-seciional area exists in the inlet. In general, this minimum inlet
cross-sectional area, a,, equals the sum of the minimum cross-sectional areas of

the ith channels,

e P —




Figure 5. Nonprismatic inlet representation.

Table 1. Required data specifications for nonprismatic inlet computation.

Section Channel
1 2 3
A-l an a2 a3
B-2 a2 a2 423
C3 a3, 39 333
D-4 an 842 43
Al ™ M2 M3
B-2 f21 T22 Ta3
C3 31 32 33
D-4 T a2 T43
0 0 0 0
ABI1 ALy, ALy, 1.,y
BC 2 DLy, ALy, ALy,
CD3 ALy, By, DLy,
4 0 0 0
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where i, = number of channels. For the example in Figure 5, the number of channels

equals three, i, = 3, and minimum cross-sectional areas for each ith channel are at

m
section C, so a, ;. = ac;. For this example, the minimum inlet cross-sectional

area, a, , is found by:

[
Il
MW

aC' .

The term AL/r represents the energy lost as a result of bottom friction. Its value can be
determined by integrating the differential effects over the entire inlet. The segmatized inlet
representation facilitates a numerical approximation to such a procedure.

According to Keulegan (1967), the energy loss in the inlet is equal to the head difference

between sea and basin. This is given by:
AL
v? (1 +-—) = 2sli(h, —h ) - 31)
r
For the ith irregular parallel channel this may be rewritten as:

L. v
Xi Xl
V24 f dx = 2gH (h, —h,) , (32)
0

Tyi

where V, A, and r are functions of x; Vi the maximum velocity in the channel, is
related to the flow Q;. Thus,

Q = ay; Vi > (33)
and
Qi = 3y Vyi (34)

Substituting equation (33) into equation (32) gives:

A
1 x
Q= |5+ [ 5 ax| =2k, -h). @35

, r.a.
mi 0 x x:
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Solving for Q; gives:

V2gH (h, —t
= —ta ) (36)

1 j!‘ >\xi
aT+ a2 dx

mi 0 x xi

By combining equations (12) and (15) the continuity equation may be expressed in the
form:

dH, an
T dt d
and Q, the flow in the entire inlet, is the sum of the flows in the individual channels,
Q—iz"' g (38)
LR R
Also,
an, _2ei i
dt T do
Thus,
im 27HA dh
Q= = = b (40)
i=1 Q' T de

Solving equation (40) for dh, /dg, substituting from equation (36) and multiplying both
numerator and denominator by a, give:

dh i 1 F
1 m
—1 = I \J2gH Z =k, .
do 2rH A = ¥ h, h, ol

To determine K, values of a, , A, a,,;,a,;, r,; are taken at mean tide level. The integral in
equation (36) is replaced by the numerical approximation

| 2 2gn? b pmim
: a 2 Im r;
a2 ] T dx o~ 2 /1.486) 2 oLe =% )% =0. (42)
e r.. a2 2 e a2 ' j—1 o
0 xi “xi Ji=k ji
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Thus, an effective coefficient of repletion can be determined with the following equation:

T a, M 1
K = — —2H ] 43
1~ o7H AV D) I T #2)
xi m
+f—— = dx
|
0

Ay
Ay xi xi

o0

=

mi

If an inlet is not prismatic, the determination of a,, L, w,, and { is more difficult. An
equivalent coefficient of repletion can be determined as described in the previous section.
For reasons similar to those discussed, a,, W, and ¢ should be determined in the throat
o being the MSL inlet area at the throat, w, the MSL width, and { the

representative beach slope of the inlet between high and low water.

region: a

The length, L, may be adequately defined as the average length of the parallel channels
selected. Only r, remains to be determined and the following procedure may be used.
Since K, may be computed from equation (44), r
original definition of K (eq. 8).

, may be taken as the unknown in the

Substitution from equations (8) and (9) rearranging terms and squaring both sides of the

resulting equation gives:

2rHAK, |? 2¢H
= p 2 )
Ta() 1 + _zﬂ['_ rv4/3
(1.486)2 ©

where K has been substituted for K in equation (8), and finally,

1
1.104 [ ¢ e\ s
T = Vel 2—H_<n1\'1,\,, ol i

Application of the lumped parameter technique is discussed in Appendix B.

V1. APPLICATION: MASONBORO INLET, NORTH CAROLINA

The calibration, verification, and application of the mathematical model described to
Masonboro Inlet, North Carolina, are discussed in this section (Fig. 6). The model was
calibrated by reproducing the prototype inlet velocities of 12 September 1969. Application
was then made to the system using hydrographic conditions of November 1964 and July
1966.

Hydrographic conditions in the immediate vicinity of Masonboro Inlet in October 1969
are shown in Figure 7. The grid shown in this figure indicates the independent channels

adopted for representing an equivalent prismatic inlet.
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A tabulation of measured prototype velocities for 12 September 1969 taken at the inlet
throat is included in Table 2. These velocities were used with the throat cross section
(Fig. 8) to compute the flows given in Table 2 and the tidal prism in Figure 9. An attempt
was made to compute the tidal prism from the bay surface areas but this method did not
give satisfactory results. This is probably due to the problem of delineating the effective
surface area which contributes to the tidal prism. On this basis the inlet velocity data were
used to determine the tidal prism. A bay tidal range of 4 feet was assumed for calculating
the mean bay surface area from the observed ocean tide for 12 September 1969 shown in
Figure 10. While the flows shown in Figure 9 indicate a small outflow through other outlets,
the magnitude is so slight in comparison to the total flow that its effect is considered
negligible. If sufficient information was available for describing this outflow it could have
been included in the numerical computations.

Using the procedure described previously, the grid of Figure 7 was cross-sectioned and
segmented so that the equivalent prismatic inlet characteristics could be found. The cross
sections used, indexing from ocean to lagoon, are shown in Figures 11 through 15. These
sections were plotted and their areas computed by the program SECPLT (App. C). The
various areas, widths, and lengths determined are listed in Table 3 with the resulting
equivalent area, width, length, and hydraulic radius produced by program INLET (App. D).
The values thus obtained are then used to define an inlet system which can be analyzed by
the subroutine INLT2 whose output is tabulated in Table 4. An initial computation was
made using a simple sinusoidal tide with a period of 12 hours and 25 minutes. A graphical
presentation of this analysis is shown in Figure 16 as produced by subroutine GRAPHIC;
this figure permits a comparison of computed and measured prototype velocities. The
relatively good velocity agreement was obtained by positioning the grid in Figure 7 so that
all of the channels at any given cross section had approximately the same cross-sectional
area and then adjusting the value assumed for Manning’s n to obtain maximum agreement
for the calibration condition.

In a second computation for the 12 September 1969 inlet conditions (Tables 5 and 6,
and Fig. 17), the observed ocean tide was used as input rather than approximating the ocean
tide by a simple sine curve of appropriate amplitude. Overall agreement between observed
and computed velocities was not substantially changed. Therefore, in later computations the
ocean tide was approximated by a sine curve. The values of Manning’s n, obtained in the
calibration procedure were retained.

After the computations for 12 September 1969 resulted in an acceptable comparison of
observed and calculated inlet velocities, the lumped parameter model was used to predict
inlet-bay interaction for various conditions. In all predictive computations, equivalent inlet
dimensions were developed by the same procedure used with the 12 September 1969 data
and the same Manning coefficient (0.027) was used.
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Table 2. Prototype data-velocities and flows (Range 2) 12 September 1969.

Measured velocities (ft/s)

Velocity

Time | Surface Range S Range C Range N Inflow
(h) (hgt) B M S B M S B M S | (mean) |(M#ftYs)
850| 178 | 08] 10| 05] 08] 10] 12] 18] 12] 12] 080 | 1508
900{ 148 |-1.0|-1.6 |-1.8 |-1.4 |14 |-18)-1.2] 10| 1.0]-093 15.42
950| 106 |-25|-35|-35|-28|-34|-34]|-08|-1.06]|-1.0]-260 160
1000 055 [-3.0 |-4.0 [—4.2 [-2.6 |40 {-38|-1.4 {-1.2|-1.0 | -2.98 45.75
1050 000 |-31|-48|-49 |-40|-48 |-47]|-08|-08| 08| 345 50.46
11.00 | -0.50 |-4.0 |-55 [-5.7 [-42 |-52 |-55 04 |06 |-08 | -3.80 53.20
11501 -096 |-42|-56-56 |-301-54 |-50]-11 [-12}-06}-383 |-5198
1200 | -143 |-4.0 |-5.0 |-5.0 |-24 |46 |-44]|-02[-1.2|-14 | -3.34 |-4262
12501 182 |-43 149 |-49 |-28]|-42 |42 |-10]-04]-02|-318 |-3898
13.00 | <206 |35 |-40 |-42 |-20 |-35 |-3.7 | -04 |06 |06 | -261 |-3122
1350 | 250 }-201-35(-33 [-23 | 30 1-30|-02 (=<05|-06}-219 |-2608
14.00 | -2.10 |-24 [-26 |-24 |-18 |22 |-22]-05|-03| 04 |-174 |-20.70
1450 § ~1.94 }—-1.0 {—14 {15 }-1.2}-12 |-L2| 05} 04] 05 }—077 -9.36
1500 <154 | 06| 06| 05| 05| 06 | 05| 05| 06| 06| 057 7.19
1550 ~1.25 J o6} 08} 1.2 ] 08{ 12| 14| 10| 14] 14] 1.08 13.99
1600 -065 | 13| 2171 20| 26| 26| 28] 18] 22| 28| 229 31.61
16501 o000 §f 17! 26| 2060 28] 28| 26 ) 23| 27| 30 257 37.61
1700 050 | 25| 31| 34| 30| 36| 30| 25| 30| 33| 312 47.77
1750 | 097 | 24| 34| 26 | 28| 36| 30| 26| 33( 36 313 49.86
1900) 130 | 26§ 28| 26| 22| 38 | 34| 22} 28} 83| 297 48.53
1850 | 157 | 28| 32| 30| 26| 34| 32| 18| 29| 34| 3.03 50.51
1900 190 | 30| 34| 30} 271 34 ) 32| 20| 30| 32] 3.08 52.74
1950 | 210 | 26| 28| 26 )1 20| 30| 30| 18] 251 29| 266 46.30
200] 210 | 20) 18} 22| 18] 20| 22} 18| 20| 20] 200 34.69
2050 189 | 06| 1.2 13109 08| 08] 07| 08| 1.0]| 093 15.91
21.00] 150 }-12 {-16|-18 |-12|-20 |-18 |-07 |-06|-08 {-139 |-23.09
B = bottom

M = mean depth

S = surface
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Figure 13. Cross section 3, 12 September 1969.
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Table 3. Equivalent coefficient of repletion for nonprismatic inlet, 12 September 1969.

Verification conditions

Area (ft?) Width (ft) Length (ft)
9610 9670 6910 8860 | 1170 1000 800 770 0 0 0 0
5530 3370 5540 6680 940 620 760 400 | 1030 1150 1320 1460
4260 6400 5130 4350 820 250 265 610 860 1180 1400 1570
3860 3900 3850 3030 575 165 160 410 365 585 665 725
4020 4020 4020 4020 485 160 160 340 437 532 545 550
0 0 0 0

Tidal period =12.417 hours.

Tidal semirange = 2.150 feet.

Bay area (mean sea level) = 1.928000E + 08 square feet.

Manning’s n =0.0270.

Coefficient of repletion =1.553.

Inlet area = 1.464000E + 04 square feet.

Inlet length = 3.593500E + 03 feet.

Inlet depth = 12.545 feet.

Inlet width = 1,310 feet.
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Table 4. Computed tides and flows, 12 September 1969.

Verification conditions

Time H2 Inflow H1 Velocity Discharge
(h) (it) M#+%s) (it) (t/s) M#tYs)
0.00 0.00 0.00 ~0.56 3.10 44.27
0.50 0.54 0.00 ~0.10 3.38 50.46
1.00 1.04 0.00 0.39 3.52 55.01
1.17 1.20 0.00 0.55 3.54! 56.01
1.50 1.48 0.00 0.86 3.50 56.98
1.58 1.54 0.00 0.94 3.48 56.99"
2.00 1.82 0.00 1.31 3.28 55.29
2.50 2.05 0.00 1.70 2.81 48.71
3.00 2.15 0.00 2.01 2.02 35.66
3.08 2.15! 0.00 2.05 1.84 32.68
3.50 2.11 0.00 2.19 0.71 12.70
3.67 2.06 0.00 221! 0.05 0.89
4.00 1.93 0.00 2.15 —1.54 —27.14
4.50 1.64 0.00 1.90 —2.26 ~38.80
5.00 1.23 0.00 1.61 —2.64 —43.88
5.50 0.75 0.00 1.26 ~3.05 ~48.90
6.00 0.23 0.00 0.85 -3.39 —52.07
6.42 ~0.23 0.00 0.49 —3.58 -52.961
6.50 ~0.32 0.00 0.41 ~3.60 ~52.95
6.92 —-0.75 0.00 0.01 -3.67! ~51.95
7.00 —0.84 6.00 ~0.07 —3.67 _51.57
7.50 ~1.31 0.00 ~0.56 -3.57 ~48.10
8.00 -1.69 0.00 ~1.04 -3.28 42,65
8.50 -1.97 0.00 ~1.50 —2.79 -35.16
9.00 —2.12 0.00 ~1.90 ~2.05 ~25.27
9.33 _2.15! 0.00 —2.10 ~1.37 ~16.77
9.50 —2.14 0.00 —2.16 ~0.95 ~11.61
9.83 —2.08 0.00 2,931 0.20 2.45

10.00 —2.02 0.00 —2.18 0.92 11.21

10.50 177 0.00 -1.95 1.59 19.80

11.00 ~1.41 0.00 ~1.66 1.89 24.24

11.50 —0.96 0.00 -1.32 2.35 31.12

12.00 ~0.45 0.00 ~0.93 2.79 38.42

12.50 0.09 0.00 —0.49 3.15 45.38
! Critical point value.

Tidal semirange = 2.150 feet.

Mean bay surface area = 1.9280E + 08 square feet.

Bay side slope parameter beta =0.350.

Average bay level =0.03 feet.

Inlet properties:
X-section area below mean tide level = 1.46400E + 04 square feet.

Inlet width at mean tide level = 1,310 feet.
Inlet beach slope =75:1.

Mean tide level depth = 12.545 feet.
Inlet length = 3,594 feet.
Manning’s n =0.0270.
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Table 5. Equivalent coefficient of repletion for nonprismatic inlet, 12 September 1969.

Observed tides

Area (ft?) Width (ft) Length (ft)
9610 9670 6910 8860 1170 1000 800 770 0 0 0
5530 3370 5540 6680 940 620 760 400 1030 1150 1320 72
4260 6400 5130 4350 820 250 265 610 860 1180 1400 755
3860 3900 3850 3030 575 165 160 410 365 585 665 350

4020 4020 4020 4020 485 160 160 340 437 532 545 2
0 0 0

an

12.417 hours.
2.150 feet.
1.92800E + 04 square feet.

Tidal period
Tidal semirange
Bay area (mean sea level)

1

Manning’s n =0.0270.

Coefficient of repletion = 1.636.

Inlet area = 1.46400E + 04 square feet.
Inlet length = 3.04250E + 03 feet.

Inlet depth =12.360 feet.

Inlet width = 1,310 feet.
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Table 6. Computed tides and flows for nonprismatic inlet, 12 September 1969.

Observed tide conditions

Time H2 Inflow H1 Velocity Discharge
) (ft) M#itds) (ft) (i/s) M#ftYs)
0.00 0.13 0.00 -0.45 3.37 48.67
0.50 0.63 0.00 0.04 3.48 52.55
0.75 0.88 0.00 0.28 3.52! 54.32
0.92 1.01 0.00 0.44 3.49 54.62!
1.00 1.07 0.00 0.52 3.46 54.35
1.50 1.36 0.00 0.96 3.04 49.38
2.00 1.65 0.00 1.33 2.72 45.63
2.50 1.94 0.00 1.67 2.58 44.47
3.00 2.08 0.00 1.96 1.98 34.79
3.17 2.09! 0.00 2.04 1.61 28.34
3.50 2.04 0.00 213 0.56 9.93
3.67 1.99 0.00 2.14! ~0.24 —4.23
4.00 1.87 0.00 2.05 -1.74 -30.41
4.50 1.61 0.00 1.81 —2.07 -35.47
5.00 107 0.00 1.54 -2.36 -39.18
5.50 0.82 0.00 1.22 -2.84 -45.59
6.00 0.28 0.00 0.83 -3.34 —51.42
6.33 -0.07 0.00 0.54 -3.52 —52.59!
6.50 —0.24 0.00 0.39 -3.55 -52.32
6.67 —0.40 0.00 0.24 ~3.56" —51.68
7.00 -0.71 0.00 -0.07 -3.53 —49.92
7.50 -1.18 0.00 -0.55 -3.44 —46.73
8.00 -1.60 0.00 -1.03 -3.26 —42.52
8.50 -1.91 0.00 ~1.49 -2.81 -35.52
9.00 —-2.05 0.00 -1.88 -1.96 —24.22
9.33 —2.07! 0.00 ~2.06 ~1.18 —14.44
9.50 -2.07 0.00 —2.11 —-0.72 -8.86
9.75 —-2.05 0.00 —2.14! 0.07 0.81

10.00 —-2.01 0.00 —2.10 0.85 10.37

10.50 -1.68 0.00 -1.89 1.70 21.26

10.83 -1.40 0.00 ~1.67 2.18! 27.96

10.92 -1.36 0.00 -1.61 2.18 28.05!

11.00 -1.32 0.00 ~1.56 2.14 27.64

11.25 ~1.18 0.00 -1.39 1.98! 25.90"

11.50 —-0.95 0.00 -1.23 2.13 28.36

12.00 —-0.34 0.00 —0.84 3.00 41.72

12.50 0.22 0.00 -0.37 3.40 49.43

! Critical point value.

Tidal semirange = 2.150 feet.
Mean bay surface area = 1.928E + 08 square feet.
Bay side slope parameter beta =0.350.
Average bay level = (.05 feet.
Inlet properties:
X-section area below mean tide level = 1.4640E + 04 square feet.
Inlet width at mean tide level = 1,310 feet.
Inlet beach slope =75:1.
Mean tide level depth =12.360 feet.
Inlet length = 3,042 feet.
Manning’s n =0.0270.
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The first such computation was for long-term mean conditions for 1969. Cross sections
for 12 September 1969 were adjusted by 0.35 foot to lower the reference to MSL. Then the
mean surface area of the bay was reduced from 192,800,000 square feet computed for MTL
on 12 September 1969 to the area corresponding to MSL. This reduction was obtained by
assuming that the area varies linearly with the water level and is governed by a § of 0.35.
The mean surface area at the MSL datum is given by:

A = A 1—Bli=1866><108ft2
OMSL °MTL 2H ' '

where ITI is the MTL superelevation of 0.35 foot and H is the long-term mean semirange
of 1.9 feet. Other inlet characteristics were revised accordingly and flow conditions
computed (Tables 7 and 8, and Fig. 18).

Similar computations were made for the following conditions:

(a) 1964 hydrography: before construction of north jetty (Figs. 19 and 20, and

Tables 9 and 10).

(b) 1966 hydrography: after north jetty was constructed (Figs. 21 and 22, and

Tables 11 and 12).

(¢) Proposed plan B: includes construction of south jetty and additional channel

dredging (Figs. 23 and 24, and Tables 13 and 14).

With all conditions modeled, major results (Table 15) show a general reduction in
maximum floodtide velocities from the 1964 through 1969 test conditions (3.50 to 3.20
feet per second). The introduction of the proposed south jetty would bring the maximum
floodtide velocities to a higher level (3.33 feet per second). Maximum ebbtide velocities are

similarly affected.

Vii. SUMMARY AND RECOMMENDATIONS
A lumped parameter mathematical model has been adapted to the Masonboro Inlet,
North Carolina, system. The model estimates tidal current velocities in the inlet and water
level fluctuations in the adjoining embayment. Calibration and verification of the model is
carried out by reproducing prototype conditions of 12 September 1969. Application is
made for preproject undeveloped inlet conditions of November 1964 and modified inlet and
north jetty conditions of July 1966.
The lumped parameter model is based on the method developed by Keulegan (1967), but
extended to include:
(a) Variable inlet and basin surface area,
(b) variable inlet channel depths,
(c¢) variable (nonsinusoidal) ocean tide,
(d) inlet inertia effects, and
(e) bay inflows or outflows other than the sea.
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Table 7. Equivalent coefficient of repletion for nonprismatic inlet, 1969.

Mean sea level condition

Area (ft?) Width (ft) Length (ft)
8350 8290 8460 8280 | 1080 870 1050 725 0 0 0 0
4990 4240 6710 3950 905 995 475 330 | 1030 1150 1320 720
3090 6600 4770 4820 750 255 250 625 860 1180 1400 755
4010 4400 3370 2320 550 190 150 360 365 585 665 350
4550 3220 4510 3280 500 130 180 345 437 532 545 275
0 0 0 0

Tidal period =12.417 hours.

Tidal semirange = 1.900 feet.

Bay area (mean sea level) = 1.86600E + 08 square feet.

Manning’s n =0.0270.

Coefficient of repletion = 1.681.

Inlet area = 1.41000E + 04 square feet.

Inlet length = 3.04250E + 03 feet.

Inlet depth = 11.591 feet.

Inlet width = 1,250 feet.
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Table 8. Computed tides and flows for nonprismatic inlet, 1969.

Mean sea level condition

Time H2 Inflow H1 Velocity Discharge
) (ft) M#tds) (ft) (£t/s) M#tTs)
0.00 0.00 0.00 —-0.44 2.82 39.04
0.50 0.48 0.00 -0.02 3.07 44.22
1.00 0.92 0.00 0.41 3.20 47.83
1.17 1.06 0.00 0.55 3.20! 48.54
1.50 1.31 0.00 0.83 3.16 49.05"
2.00 1.61 0.00 1.22 2.93 46.97
2.50 1.81 0.00 1.56 247 40.50
3.00 1.90 0.00 1.82 1.69 28.18
3.08 1.90! 0.00 1.85 1.52 25.38
3.50 1.86 0.00 1.95 0.38 6.36
3.58 1.84 0.00 1.95! 0.06 0.96
4.00 1.71 0.00 1.87 —-1.58 -26.16
4.50 1.45 0.00 1.65 -2.03 -32.87
5.00 1.09 0.00 1.39 —2.41 -37.93
5.50 0.67 0.00 1.07 -2.80 —42.75
6.00 0.20 0.00 0.71 -3.11 —45.70
6.42 -0.20 0.00 0.37 -3.27 —46.50"
6.50 —0.28 0.00 0.30 -3.29 —46.48
6.83 -0.59 0.00 0.01 -3.33! —45.80
7.00 -0.74 0.00 -0.14 -3.33 —45.11
7.50 -1.16 0.00 —0.58 -3.19 —41.71
8.00 -1.50 0.00 -1.03 -2.87 -36.33
8.50 -174 0.00 -1.44 -2.35 -28.91
9.00 -1.88 0.00 -1.77 —1.58 -19.03
9.33 -1.90" 0.00 ~1.92 ~0.87 -10.48
9.50 -1.89 0.00 -1.96 —0.43 —-5.20
9.67 -1.87 0.00 -1.97! 0.11 1.31

10.00 -1.79 0.00 -1.89 1.08 12.96

10.50 -1.57 0.00 -1.68 1.30 15.92

11.00 -1.25 0.00 -1.44 1.67 20.96

11.50 -0.85 0.00 -1.13 2.13 27.55

12.00 -0.40 0.00 -0.77 2.54 34.01

12.50 0.08 0.00 -0.37 2.87 39.98
L Critical point value.

Tidal semirange = 1.900 feet.

Mean bay surface area = 1.866E + 08 square feet.

Bay side slope parameter beta =0.350.

Average bay level =(0.02 feet.

Inlet properties:

X-section area below mean tide level = 1.4100E + 04 square feet.
Inlet width at mean tide level = 1,250 feet.

Inlet beach slope =75:1.

Mean tide level depth = 11.591 feet.

Inlet length = 3,042 feet.

Manning's n =0.0270.
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Note: Contours are in Feet and
Referred to MLW Beoufort
Datum

Scale In Feet

500 (o} 500 1000

Figure 19. Hydrographic survey for November 1964.
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Table 9. Equivalent coefficient of repletion for nonprismatic inlet, 1964.
Mean condition
Area (ft?) Width (ft) Length (ft)
5315 10875 8910 10310 | 1870 1080 1250 1710 0 0 0 0
4685 4190 4425 3430 | 1200 420 600 960 | 965 1130 1145 545
2890 3095 3330 3250 | 860 185 140 340 | 1075 1375 1375 675
5320 4730 4925 5470 [ 1150 310 250 520 | 600 800 800 400
0 0 0 0
Tidal period =12.417 hours.
Tidal semirange = 1.900 feet.

Bay area (mean sea level) = 1.86600E + 08 square feet.

Manning’s n

=0.0270.

Coefficient of repletion =1.520.

Inlet area

Inlet length
Inlet depth
Inlet width

= 1.25650E + 04 square feet.

= 2.72125E + 03 feet.

=11.003 feet.
= 1,525 feet.
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Table 10. Computed tide and flow for nonprismatic inlet, 1964.

Mean condition

Time H2 Inflow H1 Velocity Discharge
(h) (it) (M#fts) (ft) (t/s) M#itTs)
0.00 0.00 0.00 ~0.52 3.10 37.75
0.50 0.48 0.00 -0.10 3.36 43.20
1.00 0.92 0.00 0.32 3.49 47.21
.17 1.06 0.00 0.47 3.50! 48.09
1.50 1.31 0.00 0.75 3.46 48.95
1.58 1.36 0.00 0.82 3.43 48.96"
2.00 1.61 0.00 1.14 3.23 47.49
2.50 1.81 0.00 1.49 2.76 41.79
3.00 1.90 0.00 1.77 1.97 30.50
3.08 1.90! 0.00 1.80 1.80 27.92
3.50 1.86 0.00 1.92 0.67 10.43
3.67 1.82 0.00 1.94! ~0.01 ~0.21
4.00 1.71 0.00 1.88 ~1.56 -23.99
4.50 1.45 0.00 1.67 213 ~32.03
5.00 1.09 0.00 1.41 ~2.54 ~36.91
5.50 0.67 0.00 1.10 297 —41.37
6.00 0.20 0.00 0.75 ~3.31 —44.01
6.42 ~0.20 0.00 0.43 ~3.50 —44.63!
6.50 ~0.28 0.00 0.37 ~3.53 —44.59
7.00 —0.74 0.00 —0.04 ~3.61" ~43.24
7.50 ~1.16 0.00 047 ~3.54 ~40.16
8.00 ~1.50 0.00 —0.88 ~3.30 ~35.58
8.50 ~1.74 0.00 ~1.28 _2.86 ~29.56
9.00 ~1.88 0.00 ~1.62 —2.19 ~21.90
9.33 ~1.90! 0.00 ~1.80 ~1.57 -15.47
9.50 ~1.89 0.00 ~1.86 ~1.18 ~11.60
9.83 ~1.83 0.00 -1.93! ~0.12 ~1.15

10.00 ~1.79 0.00 ~1.92 0.68 6.71

10.50 ~1.57 0.00 -1.73 1.60 16.26

11.00 ~1.25 0.00 ~1.48 1.94 20.42

11.50 ~0.85 0.00 ~1.19 2.38 26.32

12.00 ~0.40 0.00 ~0.84 2.81 32.63

12.50 0.08 0.00 ~0.45 3.15 38.72

! Critical point value.
Tidal semirange 1.900 feet.
Mean bay surface area 1.866E + 08 square feet.
Bay side slope parameter beta =0.350.
Average bay level =0.03 feet.
Inlet properties:
X-section area below mean tide level = 1.2565E + 04 square feet.

Inlet width at mean tide level = 1,525 feet.
Inlet beach slope =30:1.
Mean tide level depth = 11.003 feet.
Inlet length = 2,721 feet.
Manning’s n =0.0270.
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Note: Contours are in Feet and
Referred to MLW Beaufort

Datum
Scole In Feet
(- ——— |
500 (o} 500 1000

Figure 21. Hydrographic survey, 7 July to 1 August 1966.
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Table 11. Equivalent coefficient of repletion for nonprismatic inlet, 1966.

Mean sea level condition

-

Area (ft?) Width (ft) Length (ft)
7860 6940 6900 9300 | 1670 940 620 665 0 0 0 0
4790 4840 5170 5060 | 1210 450 370 780 | 1375 1730 1775 880
4450 2630 2970 3510 | 1050 220 150 370 | 1340 1815 1990 1030
5340 6550 6510 4990 | 1300 400 310 440 715 1000 1015 505
0 0 0 0
Tidal period =12.417 hours.
Tidal semirange = 1.900 feet.

Bay area (mean sea level) = 1.86600E + 08 square feet.
Manning’s n =0.0270.
Coefficient of repletion = 1.585.

Inlet area = 1.35600E + 04 square feet.
Inlet length = 3.79250E + 03 feet.

Inlet depth =13.125 feet.

Inlet width =1,790 feet.
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Table 12. Computed tide and flow for nonprismatic inlet, 1966.

Mean sea level condition

Time H2 Inflow H1 Velocity Discharge
) (it) (M#itTs) (ft) (it/s) M#ts)
0.00 0.00 0.00 -0.50 2.93 38.46
0.50 0.48 0.00 —0.08 3.17 44.06
1.00 0.92 0.00 0.35 3.27 48.19
1.08 0.99 0.00 0.43 3.27! 48.67
1.50 1:31 0.00 0.78 3.22 49.931
2.00 1.61 0.00 1.19 2.98 48.26
2.50 1.81 0.00 1.54 2.51 42.04
3.00 1.90 0.00 1.81 1.74 29.86
3.08 1.90! 0.00 1.85 1.58 27.10
3.50 1.86 0.00 1.96 0.50 8.63
3.67 1.82 0.00 1.97! —-0.13 —2.24
4.00 1.71 0.00 1.90 -1.48 ~25.20
4.50 1.45 0.00 1.67 —2.07 —34.27
5.00 1.09 0.00 1.40 —2.40 ~38.19
5.50 0.67 0.00 1.09 —2.78 —42.28
6.00 0.20 0.00 0.73 -3.11 —44.75
6.33 —0.12 0.00 0.47 -3.26 _45.25!
6.50 —0.28 0.00 0.34 -3.32 -45.16
7.00 ~0.74 0.00 —0.08 —3.40! —43.62
7.50 ~1.16 0.00 —0.51 -3.33 ~40.35
8.00 ~1.50 0.00 —-0.93 -3.09 —35.56
8.50 —1.74 0.00 -1.33 267 -29.29
9.60 -1.88 0.00 -1.67 —2.00 —21.29
9.33 -1.90! 0.00 —1.84 ~1.39 —14.57
9.50 ~1.89 0.00 -1.91 -1.01 ~10.53
9.83 -1.83 0.00 -1.96! 0.02 0.17

10.00 ~1.79 0.00 -1.95 0.72 7.53

10.50 ~1.57 0.00 -1.74 1.61 17.42

11.00 -1.25 0.00 -1.48 1.87 21.05

11.50 —0.85 0.00 -1.18 2.27 26.79

12.00 —0.40 0.00 -0.83 2.66 33.21

12.50 0.08 0.00 —0.43 2.98 39.46

L Critical point value.

Tidal semirange = 1.900 feet.

Mean bay surface area = 1.866E + 08 square feet.
Bay side slope parameter beta =0.350.

Average bay level =0.02 feet.

Inlet properties:

X-section area below mean tide level = 1.3560F + 04 square feet.

Inlet width at mean tide level = 1,790 feet.
Inlet beach slope =175:1.

Mean tide level depth =13.125 feet.
Inlet length = 3,792 feet.
Manning’s n =0.0270.
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Table 13. Equivalent coefficient of repletion for nonprismatic inlet, 1969.

Plan B
Area (ft?) Width (ft) Length (ft)
3900 3900 3900 3900 | 485 275 235 180 0 0 0 0
5129 5120 5120 5120 | 585 320 465 325 | 1540 1715 1775 900
3430 3430 3430 3430 | 575 145 145 415 | 1860 1890 1925 975
4120 4120 4120 4120 | 570 255 170 385 615 685 680 330
0 0 0 0
Tidal period =12.417 hours.
Tidal semirange = 1.900 feet.
Bay area (mean sea level) = 1.86600E + 08 square feet.
Mannings’ n =0.0270.
Coefficient of repletion =1.802.
Inlet area = 1.37200E + 04 square feet.
Inlet length =3.72250E + 03 feet.
Inlet depth =16.703 feet.
Inlet width = 1,280 feet.
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Table 14. Computed tide and flow for nonprismatic inlet, 1969.

Plan B
Time H2 Inflow H1 Velocity Discharge
(h) () M#tYs) (i) (iV/s) M#1t7s)
0.00 0.00 0.00 —0.41 2.98 40.11
0.50 0.48 0.00 0.02 3.22 45.23
1.00 0.92 0.00 0.45 3.33 48.62
1.08 0.99 0.00 0.53 3.331 48.97

1.42 1.25 0.00 0.81 3.29 49,56
1.50 1.31 0.00 0.88 3.27 49.49
2.00 1.61 0.00 1.27 3.00 46.92
2.50 1.81 0.00 1.60 2.50 39.91
3.00 1.90 0.00 1.85 1.67 27.03
3.08 1.90! 0.00 1.88 1.49 24.14
3.50 1.86 0.00 1.98 0.30 4.88
3.58 1.84 0.00 1.981 —0.03 —0.43
4.00 1.71 0.00 1.89 -1.67 —26.94
4.50 1.45 0.00 1.66 —2.22 ~35.06
5.00 1.09 0.00 1.38 —2.56 ~39.33
5.50 0.67 0.00 1.06 -2.97 —44.02
6.00 0.20 0.00 0.68 -3.29 —47.03
6.42 -0.20 0.00 0.33 ~3.46 —47.78!
6.50 -0.28 0.00 0.26 ~3.48 —47.73
6.83 -0.59 0.00 —0.04 -3.521 ~46.89
7.00 —0.74 0.00 ~1.19 -3.51 —46.09
7.50 ~1.16 0.00 —0.66 -3.35 —42.19
8.00 ~1.50 0.00 111 —2.98 —36.12
8.50 ~1.74 0.00 ~1.52 -2.38 —27.85
9.00 ~1.88 0.00 ~1.84 ~1.49 ~17.06
9.33 -1.90! 0.00 -1.96 -0.70 -7.93
9.50 -1.89 0.00 -1.99 —0.21 242
9.58 ~1.88 0.00 ~1.99" 0.06 0.70

10.00 ~1.79 0.00 -1.89 1.21 13.83

10.50 ~1.57 0.00 ~1.67 1.42 16.61

11.00 -1.25 0.00 ~1.42 1.76 21.23

11.50 —0.85 0.00 -1.11 2.26 28.26

12.00 -0.40 0.00 —0.75 2.69 35.01

12.50 0.08 0.00 —0.34 3.03 41.05
Y Critical point value.

Tidal semirange = 1.900 feet.

Mean bay surface area = 1.866E + 08 square feet.

Bay side slope parameter beta =0.350.

Average bay level =0.02 feet.

Inlet properties:

X-section area below mean tide level = 1.3720E + 04 square feet.

Inlet width at mean tide level = 1,280 feet.

Inlet beach slope =30:1.

Mean tide level depth = 16.703 feet.

Inlet length = 3,722 feet.

Manning’s n =0.0270.
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Table 15. Summary of conditions.

Modeled and major results

Data Tides, 12 Sept. 1969 Long term N.S. jetties
Sinusoidal | Observed 1969 1966 1964 Plan B

H ft 2.15 2.15 1.90 1.90 1.90 1.90
q(t)
A M 2 192.8 192.8 186.6 186.6 186.6 186.6
b 0.35 0.35 0.35 0.35 0.35 0.35
a, ft? 14,640.00 | 14,640.00 |14,100.00 {13,560.00 |12,570.00 | 13,720.00
r, ft 12.4 12.4 11.6 13.1 11.0 16.7
L ft 3,040.00 | 3,040.00 | 3,040.00 | 3,790.00 | 3,720.00 ) 3,720.00
W, ft 1,310.00 | 1,310.00 | 1,250.00 | 1,790.00 | 1,525.00 | 1,280.00
§ 75:1 75:1 75:1 75:1 30:1 30:1
Response’
H, + ft 2.14 2.21 1.95 1.97 1.94 1.98
H,— #t 2.14 2.22 1.97 1.96 1.93 1.99
V + ft/s 3.52 3.58 3.20 3.27 3.50 3.33
V — ft/s 3.56 3.71 3.33 3.40 3.61 3.52
Q + M#ftYs 54.6 57.6 49.1 49.9 49.0 49.6
Q — M#ftYs 52.6 57.6 46.5 45.2 44.6 47.8
« + h 0.5 0.5 0.5 0.6 0.6 0.5
« — h 0.4 0.3 0.3 0.5 0.5 0.35

"Maximum values + floodtide — ebbtide.
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The method is based on a tidal system composed of a bay connected to the open ocean by
an inlet channel. It 1s presumed that the current velocities can only exist in the inlet channel
and those in the ocean and bay are small and may be neglected. Thus, a rise of water
elevation in the sea due to a tidal action results in a conversion of potential to kinetic energy .
in the inlet channel and then part of the kinetic energy is converted to potential energy in
the bay and part is lost due to energy dissipation in the channel. In the bay, this means that
the water surface varies uniformly over the entire basin.

The lumped parameter mathematical model has been programed for a GE 400 computer.
Two digital computer programs, one for the numerical computations of the inlet-basin
problem and the other for plotting and computing inlet cross-sectional areas, are provided
together with documentation. These programs should be generally adaptable to other
inlet-basin problems with a minimum of effort.

The lumped parameter model should be applicable for a variety of inlet problems where
ocean tides penetrate a tidal bay or lagoon through a single constricted inlet. The model is
sufficiently general to accommodate a variety of inlet shapes. However, care should be
exercised in using the model to predict water motions for all inlet-bay problems. Water
motions must be restricted to those induced only by ocean tides and the physical
characteristics of the system must approximately conform to those inferred by the
underlying assumptions used in developing the model.

It is believed that the lumped parameter model, while generally useful for estimating
current velocities in inlet channels and water level fluctuations in a connecting basin, could
be improved. The introduction of two coefficients of repletion, one for floodtide and one
for ebbtide, and a different computational method for the nonprismatic inlets to include the
large differences in floodtide and ebbtide flows through the inlet, are possible
improvements.
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APPENDIX A

TABLES OF NUMERICAL SOLUTIONS FCR VARIABLE BAY SURFACE AREAS

Table 1. Numerical solution for variable bay surface areas (Beta = 0.10).

Repletion Floodtide Ebbtide Average
coefficient
K H,! a U? H, a U H,
0.20 0.235 76.0 0.987 —-0.237 76.0 —-0.988 0.001
0.30 0.347 70.0 0.970 —0.351 70.0 -0.974 0.001
0.40 0.451 63.0 0.948 —-0.459 63.0 —0.954 0.002
0.50 0.546 58.0 0.920 —0.557 56.0 —-0.929 0.003
0.60 0.631 50.0 0.888 —-0.646 50.0 —-0.900 0.003
0.70 0.706 45.0 0.852 —0.724 43.0 —-0.868 0.004
0.80 0.769 40.0 0.815 —-0.790 38.0 —0.833 0.005
0.90 0.822 34.0 0.777 —0.844 32.0 —0.797 0.005
1.00 0.864 31.0 0.739 —0.886 28.0 —-0.760 0.005
1.10 0.898 26.0 0.702 -0.920 23.0 —-0.724 0.005
1.20 0.924 23.0 0.668 —-0.945 19.0 —0.689 0.005
1.30 0.945 19.0 0.635 —0.964 15.0 —0.656 0.004
1.40 0.960 16.0 0.604 -0.977 13.0 —0.624 0.004
1.50 0.972 14.0 0.576 —-0.986 10.0 —-0.595 0.003
1.60 0.981 12.0 0.550 -0.992 7.0 —-0.567 0.003
1.70 0.987 9.0 0.526 —0.996 5.0 —0.541 0.002
1.80 0.991 7.0 0.503 —-0.998 4.0 -0.518 0.002
1.90 0.995 6.0 0.482 —0.999 3.0 —0.495 0.002
2.00 0.997 5.0 0.463 -1.000 1.0 —0.475 0.001
2.10 0.998 4.0 0.444 —1.000 1.0 —0.456 0.001
2.20 0.999 2.0 0.427 —-1.000 0.0 —0.438 0.001
2.30 1.000 2.0 0411 —1.000 0.0 —0.421 0.001
2.40 1.000 1.0 0.397 —1.000 0.0 —0.406 0.001
2.50 1.000 1.0 0.383 —1.000 0.0 —0.391 0.001
2.60 1.000 1.0 0.369 —1.000 0.0 -0.377 0.001
2.70 1.000 0.0 0.357 -1.000 0.0 -0.364 0.000
2.80 1.000 0.0 0.345 —-1.000 0.0 -0.352 0.000
2.90 1.000 0.0 0.334 -1.000 0.0 —0.341 0.000
3.00 1.000 0.0 0.324 —1.000 0.0 —0.330 0.000

!Ratio bay amplitude to the sea amplitude.
2Dimensionless maximum inlet velocity.
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Table 2. Numerical solution for variable bay surface areas (Beta = 0.25).

Repletion Floodtide Ebbtide Average
coefficient
K H,! a u? H, a U H,

0.20 0.234 76.0 0.985 —0.239 76.0 —0.990 0.001
0.30 0.344 70.0 0.967 —0.355 68.0 —0.977 0.003
0.40 0.446 63.0 0.943 —0.465 63.0 —0.959 0.004
0.50 0.539 58.0 0913 —0.567 56.0 —0.936 0.007
0.60 0.622 52.0 0.878 —0.659 49.0 —-0.910 0.009
0.70 0.694 47.0 0.841 —-0.739 43.0 —0.880 0.010
0.80 0.756 41.0 0.802 —0.807 36.0 —0.847 0.012
0.90 0.868 36.0 0.763 —0.862 31.0 -0.813 0.013
1.00 0.849 32.0 0.725 —0.905 25.0 -0.777 0.013
1.10 0.883 28.0 0.689 —0.938 21.0 —0.742 0.012
1.20 0.969 24.0 0.656 —0.961 16.0 —0.708 0.012
1.30 0.931 22.0 0.624 -0.977 13.0 —0.675 0.011
1.40 0.948 19.0 0.595 —0.988 9.0 —0.643 0.010
1.50 0.961 16.0 0.568 —0.994 6.0 —0.613 0.008
1.60 0.971 14.0 0.544 —-0.997 4.0 —0.585 0.007
1.70 0.979 12.0 0.520 -0.999 3.0 —0.559 0.006
1.80 0.985 10.0 0.499 —1.000 1.0 —0.535 0.005
1.90 0.989 8.0 0.479 —1.000 0.0 —0.512 0.004
2.00 0.992 7.0 0.461 —1.000 0.0 —0.491 0.004
2.10 0.995 6.0 0.443 —1.000 0.0 —-0.471 0.003
2.20 0.997 5.0 0.427 —1.000 0.0 —0.453 0.003
2.30 0.998 4.0 0411 —1.000 0.0 —0.435 0.002
2.40 0.999 3.0 0.397 —1.000 0.0 -0.419 0.002
2.50 0.999 2.0 0.383 —1.000 0.0 —0.404 0.002
2.60 1.000 2.0 0.371 —1.000 0.0 -0.390 0.001
2.70 1.000 1.0 0.359 -1.000 0.0 —0.376 0.001
2.80 1.000 1.0 0.347 —1.000 0.0 —-0.364 0.001
2.90 1.000 1.0 0.337 —1.000 0.0 —0.352 0.001
3.00 1.000 0.0 0.327 —1.000 0.0 -0.341 0.001

IRatio bay amplitude to the sea amplitude.

2Dimensionless maximum inlet velocity.
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Table 3. Numerical solution for variable bay surface areas (Beta = 0.50).

Repletion Floodtide Ebbtide Average
coefficient
K H,! a U? H, a U H,
0.20 0.232 77.0 0.983 —0.242 76.0 —0.992 0.003
0.30 0.339 70.0 0.962 -0.362 68.0 —0.981 0.006
0.40 0.439 65.0 0.935 —0.478 61.0 —0.967 0.009
0.50 0.529 58.0 0.901 —0.588 54.0 —0.948 0.014
0.60 0.609 52.0 0.863 —-0.687 47.0 —0.925 0.018
0.70 0.679 47.0 0.823 -0.773 40.0 —0.899 0.021
0.80 0.737 43.0 0.783 —0.845 32.0 —-0.870 0.024
0.90 0.786 38.0 0.744 -0.900 25.0 —0.838 0.025
1.00 0.826 34.0 0.709 —0.941 20.0 —0.806 0.025
1.10 0.859 31.0 0.676 —0.969 14.0 -0.773 0.024
1.20 0.856 28.0 0.645 —0.986 10.0 —0.740 0.022
1.30 0.908 25.0 0.617 —0.996 5.0 -0.709 0.020
1.40 0.926 23.0 0.590 -0.999 2.0 -0.678 0.018
1.50 0.941 20.0 0.566 —1.000 0.0 —0.649 0.016
1.60 0.953 18.0 0.543 -1.000 0.0 —0.621 0.013
1.70 0.963 15.0 0.522 -1.000 0.0 —0.594 0.012
1.80 0.971 14.0 0.502 —1.000 0.0 —0.569 0.010
1.90 0.977 13.0 0.484 —1.000 0.0 —0.546 0.009
2.00 0.982 11.0 0.467 —1.000 0.0 —0.524 0.007
2.10 0.986 10.0 0.450 —1.000 0.0 -0.504 0.006
2.20 0.990 8.0 0.435 —1.000 0.0 —0.485 0.005
2.30 0.992 7.0 0.420 —1.000 0.0 —0.467 0.005
2.40 0.994 6.0 0.407 —1.000 0.0 —0.450 0.004
2.50 0.996 5.0 0.394 -1.000 0.0 —0.434 0.003
2.60 0.997 4.0 0.382 —1.000 0.0 -0.419 0.003
2.70 0.998 4.0 0.370 —1.000 0.0 —0.404 0.003
2.80 0.999 3.0 0.359 -1.000 1.0 -0.391 0.002
2.90 0.999 2.0 0.349 —1.000 1.0 -0.379 0.002
3.00 0.999 2.0 0.339 -1.000 0.0 -0.367 0.002
'Ratio bay amplitude to the sea amplitude.
2Dimensionless maximum inlet velocity,
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APPENDIX B

APPLICATION OF THE LUMPED PARAMETER TECHNIQUE

The fundamental equations of the lumped parameter approach to the study of tidal inlet

hydraulics are summarized below:
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Numerical constants have been simplified and auxiliary values introduced to simplify
programing, but each equation is algebraically equivalent to an equation already identified
in the text by the same arabic numeral.

Note that F is changed only by changes in Manning’s n: K; depends only on changes
in F and changes in the manner of partitioning the inlet to account for irregular cross
sections. Since the friction term, which involves F, is generally smaller than the other terms
in square brackets in the definition of K, ; K, itself, is not very sensitive to changes in the
manner of partitioning the inlet or to changes in n. The effective hydraulic radius, r,, isa
function of both F and K,. Since F modifies all terms in r_, not just the smaller term,
as for Ky, r, is more sensitive than K, to changes in Manning’sn. F, K, and r, are all
constant for any one value of Manning’s n and one partitioning system.

The calculation of C requires F and r,, both of which depend on Manning’s n, and
the tide levels in both bay and ocean, H; and H,. The tide levels, H, and H, are both
functions of time. Thus C, must be constantly updated throughout the calculation.

The differential equation (25b) is nonlinear because C, is a function of
both H; and H, and because a quadratic term in V appears. The differential equation
(26b) is nonlinear because the bay area, A, is a function of H, .

The first step in applying this technique is to partition the inlet into channels and sections
of channels to obtain reasonably uniform values of Tj in each segment and uniform cross
sections. The procedure is illustrated in Section VI by application to Masonboro Inlet. The
next step is to select a tentative value for Manning’s n. The values of g, F, K; and r, are
then evaluated. At time equals zero, V and H may both be taken as zero. By repeated use
of equation (23b) to define C,, equation (4b) to define A and integrating equations (25b)
and (26b) for one time step values of V(t) and H(t) are generated from prescribed values
of the open side tide H, (t).

Calculations for the tide in the bay are rarely satisfactory for the first few tidal cycles
because the proper initial conditions are unknown and the assumption that H, and V are
initially zero is not very accurate. However, friction causes the influence of the initial
conditions to decay with time, and the computed bay tide becomes periodic after a few
cycles. When the agreement between computed and observed bay tide becomes acceptable,
the model is said to be calibrated. It is rare to obtain satisfactory agreement with the first
value of Manning’s n selected.

If the first calculations are not satisfactory, a new value of n is selected and the
procedure is repeated. Several values of n may have to be tried before satisfactory
agreement is obtained.
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APPENDIX C

DOCUMENTATION OF SECTION PLOTTING PROGRAM SECPLT

Program SECPLT is used to plot and compute areas for inlet cross sections from digitized
hydrographic data. Section data are read from prepared data cards and the program
produces a listing of input data, a listing of accumulated cross-sectional areas at specified
width increments, and a tape of plotter data for CALCOMP drum plotting of the section(s).

The program allows variation of the water level datum for area calculations by allowing
the user to specify the number of the data point which should be used as the vertical datum.
Widths tabulated with corresponding areas are then referenced to the specified point. The
final tabulation table is useful in determining input data for the INLET program.

Description of input and output follows; the program is coded to operate on the WES
Honey well 437.

1. Input Data.

Card Type A.

A1-This card contains the number of sections to be plotted, the number of parallel
inlet channels, and an overall scale factor. The scale factor allows the plot size to be reduced
by the factor indicated and should be a number not exceeding 1.0. FORMAT (215, F5.2).

A2—This record consists of up to 32 contiguous alphameric characters which will be
printed out to identify all output. FORMAT (4A8).

2. Section Data.

A blank card is entered to indicate the end of a data set for a section; an additional blank
card is added at the end of all data sets.

Card Type B.

BI—The first data card for each section contains the number of the data point to be
used as the datum for the section, the horizontal increments at which areas are to be
computed and tabulated (maximum of 200 increments per section), the horizontal scale to
be used in plotting (feet per inch), and the vertical scale to be used in plotting. The length of
the y-axis below the datum is fixed at 6 inches and the scale should be chosen accordingly.
This length corresponds to a scale factor of 1.0 (card A1) and will be reduced if a reduction
factor is specified. FORMAT (15, F6.0, 2F6.1).

B2—This record is a 24-character label and is annotated on the associated section plot.
FORMAT (3A8).

B3—Data records are entered for each data point in this section, and contains: (a) A
point number which provides a notation for convenience in identifying the point. A number
must be entered but its value is ignored to allow for introduction of additional intermediate
data points if required, (b) horizontal coordinate of the point in feet, and (c) elevation of
the point in feet; positive values are below the zero elevation and negative values are above.
FORMAT (15, F6.0, F6.1).
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3. Output.

As each x-section set is processed, several diagnostic notes are printed to help in locating
data errors should a run prove unsuccessful. After a group of up to six sections has been
processed, the output routine prints out the output tables for the group. These tables
include a listing of the input data, a listing of the x-section areas as functions of the distance
along the section length, and a table of flow grid data. The flow grid data may be useful in
establishing the INLET program data for determining the equivalent prismatic properties of
an irregular inlet.

To produce the grid data, the program divides the total section area into as many equal
parts as the number of parallel channel segments specified. Then, the cumulative and
incremental widths at which those area increments occur are determined and printed.

This program can be useful but must be used carefully. The user should review the plots
to verify that they are reasonable interpretations of the data points. In plotting the cross
section, the program uses a cubic spline curve-fitting technique which may introduce
unnatural humps in the section. If unusual perturbations occur, they can usually be
eliminated by introducing additional data points in the given region. This problem is mostly
encountered in regions where the slope changes rapidly. When a reasonable plot is obtained,
the user should plot the flow grid over the inlet plan view to assure that the grid as
determined by the program allows for a reasonable flow pattern. If the pattern is
unacceptable, it will be necessary to adjust the grid and associated data before using the
INLET program. It may be found that the x-sections selected cannot produce a reasonable
flow pattern and that they must be revised.

The manual plotting, planimetering, and data calculations for the x-sections are very
tedious; however, initial use of manual techniques may be helpful in developing an
appreciation for the limitations of the program.
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SAMPLE INPUT FOR SECTION PLOTTING PROGRAM

.JOB,WINTERGE , RO HM
.OPTIONS,,,,,F

803-G9R0-181

OBJECT PROGRAM HERE)

.SODA, V300, PRNT
.PERIPH,T0404
.LOAD
(INSERT
.DATA
1 4 050
MASONBORO INLET JULY-AUG 1966
2 20 2000 50
SECTION 4--BAY END
1 whg. 3%
2 00 -19
3 50 00
31 200 15
32 400 18
36 800 20
38 1000 35
4 10 70
5 130 100
55 1600 175
6 1800 200
65 2000 170
7 2250 100
8 2350 50
9 2410 00
10 2470 -38
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SAMPLE OUTPUT FROM SECTION PLOTTING PROGRAM
MASONBORO INLET JULY-AUG 1966
READ SECTION DATA

X(1) = -50.00 Y(1)
X(N) = 2470.00 Y(N)

-3.80
-3.80

SECTION DATA READ 16 POINTS, ORIGIN = POINT 2
WIDTH INCREMENT = 20.0
SCALE:  200.0 HORIZ
5.0 VERT
CALL SPLINE
SPLINE COMPLETED
INITIALIZATION AND AXES COMPLETED
K = 122, KMAX = 123

MASONBORO INLET JULY-AUG 1966 L= 1 NUM-=

KMAX = 123 NUMWR = 1

OUTPUT ROUTINE REACHED
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9961 9NV-ATNL LATNI OYOINOSVW

ILNdIN0 ITIWVS

08°¢-
00°0
00°S
00° 01
00°LT
00°0¢Z
0S°LT
00°01
00°L
0S°¢
00°¢
08°T
0S°T
00°0
06°1-
08 ¢-

"0LYT
Y8 24
*0seC
*0SZz
*000Z
*008T
*009T
"09¢T
‘00eT
*000T
‘008
*0ov
*00Z
*0S
‘0
*0S-
X
I
Id--V1Ivd LNdNI

I 39vd

77

B R foes e

Aedford

e P




9961 ONV-ATNL LATINI OYOINOSVIW

L0dIN0 ATIIVS

M

8LV €T ‘0sve
SLV ST ‘ogve
6vv°¢C ‘0Tve
S6£°8C *06£2
L0£°€T ‘0LgT
S81°¢C *0SgC
££0°¢C ‘0ggT
988°¢¢ V) $5y4
659°¢¢C *06Z¢2
gvv-ze ‘0Lz
eIZ T *0sce
896°1I¢ *0£2e
60L°1C "01Ze
8¢V IC "0612
4] S 4 A ¥4
858°0Z *0STZC
1SS°0C U ¥4
[4 XA ‘011
€06° 61 *060¢
¥9S 61 *0L0Z
vIZ 61 *0s0C
SS8°8I *0£02
L8P 8T ‘0102
v M

I
ASY-SYIYV ‘ SYFaWNN NOILDIS

¢ d9vd

78

;4
4 - 3
e S




SAMPLE OUTPUT
INLET FLOW GRID MASONBORO INLET JULY-AUG 1966

CUMULATIVE AREAS
CHANNEL NUMBER
SECTION 1 2 3 4
1 5869. 11739. 17608. 23478.

CUMULATIVE WIDTHS
CHANNEL NUMBER

SECTION 1 2 3 4
1 1344, 1689. 1964. 2450.
WIDTHS
CHANNEL NUMBER
SECTION 1 2 3 4
1 1344, 345. 276. 486.
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SAMPLE X-SECTION FROM SECTION PLOTTING PROGRAM

s, BEST_AVAILABLE COPY
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0sTes, Si4s Son CARDS BLE CGPY
TASK(TNOAT2434sPWCERCLTRTS)SIMS <.
Fi~,

ATTACH(PLOY,PLOTTTo]DBRQY2U4N Ra 9CYEY)

LOAC(PLOT)

LGO,

RESIND(TAPEY)

COPYSBEF(TAPE3,0UTPUT)

PROGRAM SECPLY(INPUTOUTPUT TAPESEINPUTY,TAPEGENUTPUT, TAPEYIPUNCHS
1TAPE )

SECTION PLOTTING PROGRAM

NAPS VFRSION==0CY 71§

[aXaNalel

NIMENGTON TBUFF(1000)

PIMENGION x(100)e Y(100)e ACLI00)e TITLYI(Y)
2TITL2r3)s wRTARY(2¢64200)9 DATA(2460100)

AIMENSTINN NAC10)s w(b910)e DAA(10)

NATA AXSLBL/ZSHDATUM/s TRULIWRL/Se6/

NDATA y| BL/ZUHELEV/

NATA (PLTPE/ 3/

RE~INN IPLTPE

CALL PLOTS (IBUFFs 10004IPLTPE)

CALL PLOT(040000m3)

REAN CaARn TYPE Al CONTAINING

“PLTS (15)e NUMHER OF SFCTINNS TO BE PLOTTED
LCRNL (7S)= NUMBER OF PARALLEL INLET CHANNFLS
SCALE (FS5,2)= OVERALL SCALE FACYOR

QEAD (TRD142001) NPLTS, NCHNL,y SCALE

1FCFOFITIRDY))IY948

1F (NPLTS) 99y 99, 9

NCHy = NCHNL o

[ NaNaNaXel

N3 P NTTER SECTIOM INDEX

OO0 0>

N s O
CALL FACTOR (SCALE)
YPO 3 10,
REAN CARN TYYPE A2 CONTAINTNG
TITL) (uAB)w 32 CHARACTFR OUTPYT IDENTIFICATION
READ (TRN1,1001) TTTLY
ARITE (IwR1e1028) TITLY
XPO 3 2,

[a Xa)

NUM 3 ARSOLUTE INDEX

[aNaXal

NUM = 0
Y™AX g 0,
NU 9S L = 1 NPLTSe b
P T s 1y 6
NC 1 J = te 100
MATAC1e10Jd) B O
1 PATACD410JY ® 0,
ny 2 3 3 1. 200
awTady(1eleJ) = 0,
“HTARY(201eJ) & 0,

CLEAR ARRAY AFTER EACH SIX SFCTIONS

[aXaRa V]

NMAX 2 O
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laNaNaNaNaNaNaNaRe BV, Mo Ralle)

OO0

s ks KaNaNaNeNa)

- e
Ww N ©o

(aNalNal

[aXaXal

o) BEST_ AVAILABLE COPY

NUMWR = wRITE SET IMDEX

wRITE (IwR1s1011)
REAND CARp TYPE By CONTAINING
MZER (1S)e NUMBER GF DATA PNINT TO RE USED
AS THE DATII® FOR The SECTION
Ox (Fh ,n)e HORIZONTAL INCHREMENTS AT wHICH
AREAS ARE YO BE COMPUTED AND TARULATED
SCALEX (Fb6e1)® WURIZONTAL SCALE 70 Bt USED IN
PLNTTING (FEET PER INCH™)
SCALY (Fb.1)= VERTICAL SCALF Y0 BE uSED IN
PLOTYTING (FEET PER INCH)
READ (TRN142004) NZERe DXo SCALXe SCALY
READ CaRp TYPF B2 CONTAINING
TITL2 (3AR)e 24 CHARACTER LABEL ANNNDTATFD DH THE
ASSNCIATED SECTION PLOT,
REAN (TRD1,1001) TITLZ2
NPTS o
READ CARN TYPE B3 CONTAINING
J (158)e POIMNT NUMRER
X(NPTSYy (Fp,0)e HORTIZONTAL CO=ORDINATE 0F POINT IN FEETY
Y(NPTIS) (Fo,1)e ELEVATINN OF POINT N FEERTY
REAN NNE CARD FOR BACH DATA POINT
LASY CaRn GF NATA SET FOR a SFCTION IS BLANK
NL.F ADDITIONAL BLANK CARD AT END OF ALL PaTa SETS,
READ (1RD1,2004) Jy X(NPTS)e Y(NPTS)
IF (Jy 1Se 15¢ 12
NPTS 3 NPTS ¢ |
GO TN 10
NPTS g MPTS o |
WRITE €1«4R1s1020) X(1)o Y(1)e X(NPTS)y YINPTS)
WRITE (]wR1¢1008) NPTS, NZERe NDxe SCALXs SCALY
XCHK 3 0
nO 25 J 3 2¢ NPTS
1F (X(J) = X(J » 1)) 24y 2Us 25
24 ARITF (TwR101030) Jsie x(Jel)y X(J)
KCHK g KCHK ¢ |
2S CONTINUE
Y00 3 o,
XTRN g X(NZER) » X(1{)
WRITE (IwR141012)
Ik (XeHK) 270 274 28

PETERMINE SPLINE CONSTANTS

27 CALL SPLINF (Xo Yy NPTS, A)
wRITE fIwRis1018Y

SPLINF COMPLETED

28 X1 = x(1)

Nxs s 0,580X

AREA g 0,

SCAL2x = SCALX ¢ SCALX
SCXINyV = 1,/SCALX
SCYINy = ef,/SCALY

XP 3 yx())SSCXINV

YP = y(1)*SCYINY
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(s NaNal

[aXaXal

31
32

33
30

[aNaXal

wOOO

[aXa Ko RV ] o000
o

YAO & Y(NZER)®SCYINV T B!'E COPY
YTRN g Y(NZER)

YY{ = YAD e 6,0

X{ 3 Y(NZER)SSCXINV

XX 3 w2¢[FIX(0,S*SCXINVEXTRN ¢ {,0)
XNOTE ® SCALX®XX}

XX] 8 Y1 ¢ XX{

XAD ® 2, e SCXINVEX(1)

XL 8 SCXINVS(X(NPTS) ® X(1)) ¢ 4,0
CALL PLOT(XP040,00%)

CALL PLOT (XAQs YPO,a3)

PLOT x AXIS

CALL axIS13(XX1oYAO9AXSLBLS9042 oXLoeto0oXNOTEoSCAL2X,
2,0001,40)

PLOY NATA POINTS

ND 30 1 8 ¢ NPTS
DATA()oNUMWRe 0 ]I) B X(1)
NDATACoNUMWREL9]) & Y(Y)

1SUB 3 NPTS = I ¢ 1|

XP = gCxInyeX(ISUB)

YP = SCYINVSY(ISUR)

IF (Xp @ 100,) 31y 320 32

1F (Yp » 30,) 330 32+ %2

WRITE (IWR141032) TSUb, X(I8UB)e YCISUR)
KCHK 2 KCHMK ¢ |

GO TN 30

CALL SYMAOL (XPoYPe0,120S5¢04001)
CONTINUE

PLOY TITLES

CALL SYMBOL (O0ov®7,00428¢TITL {00,032)
CALL SYMAOL (0e0®7,500,28,TIT1290,,24)
SCAL2y = SCALY ¢ SCALY

YNOTE u wb6,%SCALY

PLOT v AXIS

CALL AXISIS (X1oYY1oYLRALIUG0,2198,09m143¢YNOTE,
1SCAL2y¢2409e140)

IF (xcHx) 3Se¢ 35 72

MOVE t0 FIRST POINT

CALL PLOT (XPyYPe3)

NUM 8 NUM ¢ |

NUMWR g8 NUMWR ¢ |

K = 0

WRITE (IwWR1e1014)

AXES cOMPLETED

JPT =
XT 3 xT ¢ DX

INTERPOLATE FOR Y(X)
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o000

60

[aNaNal

70

o000

7
L)

4]

8s
88

90

[aNaXal

92

72

BEST AVAILABLE COPY

CALL SPLINT(XToYOoY10XoVeAgNPTS,JPT)
COMPUTE AREA IF v HBELOW AXIS

1F (Yo ® YTRN) 60y 609 SS

AREA 3 AREA ¢ DXSs(YO0 ¢ YO e YTRN)
K s K ¢ |

WRTARY (1 oNUMWRIK) B XT o X(NZER)
WRTARY(2eNIIMMROIK) B AREA

Y00 8 Y0 e YTRN

XP = SCXINVEXT

YP 3 SCYINVEYQ

PLOT SFCTION

CALL PLOT (XPoYPe2)

IF (XT » X(NPTS) ¢ DX) %04 SO0, 70
WRTARY(2eNUMWRIKeL) B AREA ¢ (XS%YNO
WRTARY (1 oNUMWNRIKS]) ® WRTARY(joeNUMWRIK) ¢ DX
DACNUMWR) & WRTARY(2eNIIMAR K1) /NCHNL
W(NUMWRyNCHNL) 3 WRTARY(1oyNUMWR Ke1)

CLOSF ON LAST DATA POINY

XP = SCXINVSX(NPTS)
YP 3 SCYINVBY(NPTS)

CALL PLOT (XPyYPy2)

IF (NuAX,LT,NPTS) NMAX 8 NPTS
1P (KMAX @ K ® 1) T80 7de 74
KMAX & K ¢ |

wRITE (I»R191016) Ky KMAX

NS N e

18 (NyY4 ® NBLTS) 7S, 90y SO
1F (N « 2) 800 B85y 85

XPO 3 «XAO

XMAX g XP

YPO = 24,

GO T0 §

IF (XmAX e XP) 869 88¢ 88
X“Ax g XP

XPO = XMAX ¢ §,0

YPO = (0,

N3 0

1F (NUMWR @ 6) 5S¢ 909 90
WHITE (IWR1¢1010) TITLY LoNUMGKMAX(NUMWR
WRITE (IwR{1,1019)

I1PG = NYMAX/S0 ¢ |

N0 92 J3 = 1 IPG

NUTPUT ROUTINE

WRITE (14K1e1017) J3eTITLIG(JgJaLoNUM)

WRITE (IwR101018)

Tuax g S508J3

T™IN g IMAX = 49

1F (J3,EQ0,1PG) IMAX ® NMAX

NO 92 J2 s IMINy IMAX

ARTTF (TWRTo1019)COATACIoJt10J2)eDATA(2,J10J2) 0 121 eNUMKR)
IPG = KMAX/S0 ¢ |

NO 195 Ju = 1 IPG

wRITF (IwRY191005) JueTTTLLIo(JeJaLeNUM)Y
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91

93
193

140
145
95

99

1004
1004
1005

1006
1008

i0to0

1011
1012
1013
1014
1015
1016
1017

awecgmees BEST AVAILABLE COPY

IMIN 3 IMAX = &

IF (Ju,ER,IPG) IMAX 3 KMAX

DO 195 J2 = IMIN, TMAX

1F (NCHNL e 1) 1954195,91

DO 94 J3 = 1e NCHY

00 94 Ji & e NUMAR

DDA 3 FLOAT(J3)*DA(JY)

IF (WRTARY(2¢J1eJ2) = DDA) 93, 93, 94

IF (WRTARY(2eJ19J2¢1) @ DDA) QUs 9us 193

DX 8 WRTARY(19J1eJ2¢1) ® RRTARY(1eJ10d2)

DEL = Dx*(DDA @ WwRTARY(20J1¢J2))/(WRTARY(20J10J2¢1) =
IWRTARY(20J10Jd2))

W(JLeJ3) & wRTARY(1¢J1¢J2) + DEL

CONT INOE

WRITE (IwR1901006) (WRTARY(1eJ10eJ2)¢wRTARY(2eJ]leJd2)eJ1m]eNUMNR)
CONTINUE

IF (NCHNL = 1) 95, 95y 105

WRITE (IWR101021) TITL1e(CJ1y JI®ie NCHNL)

D0 110 JI 8 19 NCHNL

NAA(CJY) 3 0o

DO 13p JI 3 1o NUMRKR

DO 115 J2 = 1 NCHNL

DAA(JR) & J2*0A(JY)

WRITE (IwWR101025) Jie(nAaAa(JR)e J2 m 1y NCHNL)
WRITE (IwR191022) (J1eJ18]1¢NCHNL)

DO 185 J1 = 1¢ NUMWR

WRITE (IWR191025) Jieo (w(JyeJ2)y J2 ® 1y NCHNL)
WRITE (IWR191024) (J1eJ] = 1o NCHNL)

PO 145 J1 = 1o NUMWR

DAACLY =& w(Jlel)

DO 140 J2 3 2¢ NCHNL

DAA(J2) B8 W(J1eJ2) @ wW(Jled2my)

WRITE (1wWR1¢1025) Jio (DAA(JR2)e J2 ® |, NCHNL)
CONTINUE

60 10 4

XMAX g XMAY ¢ S,

CALL PLOT(XMAX00,¢999)
REwWIND 1PLTPE

sToP

FORMAT(3A1NeA2)

FORMAY (6(7Xe IHWy 9Xo {HA, 2X)/)

FORMAT (SHIPAGEs13440XeuAp//27H SECTION NUMBERSy AREASeKSE/
L6(12X%, I3 5X))

FORMAT (6(0PF10,09 =3PF10,3))

FORMAT (/1AH SECTION DATA READ lue 9H POINTSy
L1U4HURIGIN & PUINT, Ju/18H WIDTH INCREMENT By F5,1y
LTH SCALEts FBels 6H HORIZ/ 7X, FB,1e SH VERT)

FORMAT (/1Xe UABy S5Xy THL =4 13, 8H NUM 3y lu/
B7H KMaAX =y 14y 10OM NUMWR ®¢ 14/)

FORMAT (18H READ SFCTION DATA )

FORMAYT (12H 'CALL SPLINE)

FORMAT (17W SPLINE COMPLETED)

FORMATY (3uM INITIALIZATIUN AND .AXES COMPLETED)

FORMAY (23W OUTPUT ROUTINE REACKED/)

FORMAYT (UM K m9 JUy BHy KMAX ®y lU4)

FORMAY (SHIPAGEII3040XouAB//18H INPUT DATA®=FT,
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BEST AVAILABLE COPY

1018 FORMAT (6(TXe 1HXe 9Xs {HYs 2X)/)
1019 FORMAY (6(F10,00 F10,2))
1020 FORMAT(TH X(1) &8¢ FBe2y 9H Y(1) =9 FR,2/
L7H X(N) =y FB,2¢ 9H Y(N) sy FB,2)
1021 FORMAT (16HIINLET FLOW GRINe 10Xe uaB/y
R17H CUMULATIVE AREAS/
R40Xy %M CHANNEL NUMBER/ 8H SECTIONs l6e 30112)
1022 FORMAY (/1AH CUMULATIVE WIDTHS/ WoX,
S{UHCHANNFL NUMBER/ BH SECTION, 16, 10112)
1024 FORMAY (/7H WIDTHS/u0X, JUNMCHANNEL NUMRER/
8AH SECTION, Ib6e 10112)
1025 FORMAT (IS, 11F12,0)
1028 FORMAT (1M1 WABY/)
1030 FORMAT (/40MH % & & & % 5 & & & % & & s % & & & & 8% % //
2 16M ERRORy ABSISSCAy Jde 1Hee Fe,00
3 28K EXCEEDS SUCCEEODING VALUE OF, F6,0//
4 UOH = % % % % 3 % & g & 2 ¢ % & g % 5% K ¥ YY)
1032 FORMAY (/40N % % & & % 5 % & % 8 5 & ¢ % & % % % 8 8 //
26H POINTe I4e 2FR,2y 21H OUT OF PLNTTER RANGE//
340N & % & 5 5 % 2 8 % g 5 & % & 8 g8 gs B Y

2001 FORMAT (215¢F5.2)

2004 FORMAT (IS¢ Fbe00 2F6,1)
END
SUBROUTINE SPLINE(XeYoNyY1)

REAL L

N 8 NUMBER OF POINTSe EQUATIONS
Yy ® CALCULATED FIRST DERIVATIVES OF Y

[aNaNaNgl (2]

DIMENSTON X(N)o Y(N)o Y1(N)y AC100)s B(100)
NL &8 N = |

L ® 1,/7ABS(X(2) = X(1))

D1 3 3,8(Y(2) » Y(1))*Lal

R(1) s L

A(1) = B(1) ¢ B(1)

vi(1) s 0y

A 38 VECTOR OF PRINCIPAL OJAGONAL ELEMENTS
B = VECTOR OF 1ST OFF DIAGONALS
STORE CONSTANTS IN VY{

OOONO0

00 50 I & 24 NI
L &8 {,/7ABS(X(I*1) » X(1))
D2 B 3,#(Y(I*1) @ Y(I))nLm|
A(I) = L
ACI) = 2,%(B(1) ¢ B(ley))
Yi(1) = 01 ¢ D2

50 Ny s p2
A(N) = BINY) ¢ B(INY)
Y{(N) & D}

EQUATIONS SETy SYMMETHIC AND TRIDIAGONALe NOW TRIANGULATE

(2 NaNal

DO 60 I 8 24 N
F 8 B(Tal)/A(l=1)
ACL) & A(I) = B(l=t)eF
60 YI(I) 8 YI(I) ® Yi(la])yeF
YI(N) 8 YI(N)/ZA(N)
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BEST AVAILABLE COPY

¢
c
¢

T0

OO0 (2]

40

OO0

(" XaXa¥al

[ &aXalal

SOLVE Ry BACK SUBSTITUTION

DO 70 I s 19 Ni

Ju Nael

YI(J) = (Y1(J) = BGJI*Y1(Je1))/ACY)
RETURN

END

SURROUTINE SPLINT (XOovOoY10oXoYoYIgNgJ)

DIMENSION X(N)o Y(N)o YI(N)

J INDICATES SPAN OF LAST CALL TO RNUTINE
IF X LT, X(J)e START AT BEGINNING

IF (X0 « X(J)) 10s 200 20
J s

DO 25 I & Je¢ N

I1F (X0 = X(])) 40y 600 25
CONTINUE

X0 oGT, X(N)e EXTRAPOLATE FKOM X(N)

J s N

YO 8 y(N) ¢ (X0 & X(N))SY](N)
Y10 8 Yi(N)

RETURN

IF (1 o 1) 4Se 4S, S0

X0 oLT, X(1)9 EXTRAPOLATE FROM X(1)

Y10 8 vi(1)
YO 8 y(i) ¢ (X0 « X(1))eYi0
RETURN

INTERPALATE ON SPaN J

Js 1 e

TL 8 g,/7(X(J*1) = X(J))

X00 = x0 = X(J)

C s vYy({J)

0 8 Y(J)

B8 (y(Jel) o Y(J))sTLsTL

A TLS(TLE(YI(JY ¢ YI(J®1)) » B = B)
B s 3,8B « TLo(YI(J) ¢ YI(J) & YI(Je1))
YO ® A®x00%%3 ¢ Rsx00%y00 ¢ CxX00 ¢ O
Y10 8 3,%AsX008X00 ¢ 2,%8%%x00 ¢ C
RETURN

X0 IS AT A DATA POINT

YO = v(1)
Yi0 = vi§(l])
Jsi

RETURN

END

1 4 050
MASONBORO INLET JULY=AUG 1966

20 2000 S0

2
SECTION usepAY END
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1
2
3
31
32
36
38

5S
65

-9

5
00
S50

200

aoo0

800

1000
1300
1360
1600
1800
2000
2250
23s0
2430

38
{9
00
1S
18
20
35
70
100
1§78
200
170
100
So
10
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APPENDIX D

DOCUMENTATION OF PROGRAM INLET

INLET is a digital computer program which performs various numerical computations
and equation solutions required in the lumped parameter analysis of an inlet bay system.
The program operation can be divided into three principle functions: (a) Analysis of inlet
grid data for nonprismatic inlets to determine equivalent prismatic inlet properties according
to the method described in section III. This function may be deleted if not applicable; (b)
numerical solution of the simultaneous nonlinear differential equation (25) based on input
data and results of function (a); and (c) generation of a solution plot for function (b). This
feature may also be deleted if only a tabular solution is desired.

1. Input Data.

Input for INLET should be on punchcards in the formats shown for A and B.
Descriptions of individual card requirements follow.

Card Type A.

A1—This card indicates whether solution plots are desired at any point in the program
execution. Al in cc2 of this card indicates that plots are desired; if no plots are desired, the
card should be left blank.

A2—This card defines grid and system data for the chosen flow grid, inlet, bay, and
tidal conditions for the area. The first value indicates the number of flow channels in the
assumed flow grid; the second value similarly indicates the number of x-sections which have
been selected across the inlet. If the number of x-sections is entered as zero, the inlet is
assumed as prismatic and all parameters are entered on A4. The next two values are the tidal
period in hours and the tidal semirange in feet. Manning’s n for the inlet is specified next:
however, if it is desired to specify distinct values of n for each channel and x-section, zero
should be entered here; the distinct values will then be read later. The MTL surface area of
the bay in square feet is input in scientific notation with the mantissa entered to the left of
the “E” and the power of 10 to the right. The dimensionless surface area variation
parameter § follows and is determined as previously described. The final value for the card
is the beach slope § defined as horizontal to vertical differences.

A3—These two cards are title cards and each may contain up to 32 characters of
numerical or alphabetical information to identify the resulting output. These titles will also
appear on the solution plots if any are generated.

A4—This card is omitted if equivalent prismatic properties are to be computed from
data on card type B. This card should be used only if the number of sections on card A2 is
specified as zero, otherwise the B cards should be used in its place. For an inlet of known
prismatic properties, the data values on this card include the MTL cross-sectional inlet area
(square feet), inlet width (feet), inlet depth or hydraulic radius (feet), and the inlet length
(feet).
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A5—This card sets up the equation solution parameters. The first value is the time at
which the calculation is initialized and the second value is the time at which output is to
begin. If it is desired to start output at time zero, the beginning time should usually be some
negative multiple of the tidal cycle in hours, thus allowing a transient solution stage during
which the effects of inexact initial conditions may be dissipated. The third data value is the
time in hours at which the solution is to be terminated.

The next two values are the initial conditions for bay surface elevation and inlet velocity.
For sinusoidal ocean tides, the initial bay level (negative) may generally be taken as
one-fourth of the tidal semirange and the initial velocity will likely approximate 3 feet per
second. While the initial values chosen should not usually be critical, the closer they
approximate the steady-state conditions, the shorter may be the transient stage of the
solution. The next value specifies the time step in minutes to be used in the numerical
solution method. A 5-minute time step has been used successfully for sinusoidal tides but
may be varied if desired. All time steps need not be output as the seventh data value
specifies which values are to be printed. For example, if a 5-minute time step is entered and
a 12 is entered for the number of steps between output, output will be printed every 60
minutes. Critical values of all functions will always be printed.

The final value is a plot indicator and is set equal to one if a solution plot is desired. If
left blank, no plot is generated and this card terminates the data set.

A6—This card describes the data which establish the limits and scales for plotting the
computed solution if such a plot is desired. The first two values define the starting and
ending times for the plot and should not exceed the range of the tabulated output specified
on card A5.

The time-axis scale (hours per inch) is specified next and should be chosen to result in a
plot length of at least 10 inches to compiement the legend and title format. For the vertical
axis, the minimum value of tidal heights (feet) or velocities (foot per second), overall height
of plot (inches), scale of tidal heights (foot per inch), and velocities (foot per second),
minimum value of flows (thousand cubic feet per second), and scale of flow (thousand cubic
feet per second per inch) are specified.

The final data value on the card allows adjustment of the total plot size by the value
selected. For instance, if a single sheet plot size is desired, the above data should be selected
to produce a plot of approximately 5 by 10 inches. Specifying a size factor of 0.75 will then
produce a plot 3.75 by 7.5 inches which will fit on a standard sheet size with axes and
annotations. The size factor could also be used to increase the plot size if desired.

2. Irregular Inlet Grid Data.

Card Type B.

B1—Label card to indicate that data following are cross-sectional areas.

B2—Area cards; each card contains the cross-sectional area of each assumed flow
channel. One record should be used for each cross section.

9l
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B3—Label card for widths.

B4—Width cards; each card contains the width of each assumed flow channel for the
corresponding section.

B5—Label card for lengths.

B6—Length cards; each card contains the length between cross sections along the
boundaries of the assumed flow channels. The number of lengths per card is one greater
than the number of channels and the number of cards is one less than the number of
sections.

B7—Label card for Manning’s n.

B8—Values of Manning’s n for each channel of each cross section. A value should
correspond to each of the B2 and B4 data values.

Cards B7 and B8 must be omitted if a value of Manning’s n other than zero is specified
on card A2.
Cards A2 through B8 may be repeated if several problems are to be solved in a single run.
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SAMPLE INPUT FOR INLLET PROGRAM

.JOB ,WINTERGE RO HM 803-G9RO-182 10 H52962HV11 15
.OPTIONS,,,,,F

.SODA,0300 , COMP

.PERIPH,T0404

. DFAREA, 00 ,AM,ANY , 2000, 48

.LOAD

(PROGRAM OBJECT DECK INSERTED HERE)
.DATA

4 5 124166667 1900 00270 1866&8 03500 7500
MASONBORO INLET 1969
MEAN SEA LEVEL CONDITION
AREAS
8350 8290 8460 8280
4990 4240 6710 3950
3090 6600 4770 4820
4010 4400 3370 2320
4550 3220 4510 3280

WIDTHS
1080 870 1050 725
905 995 475 330
550 190 150 360
500 130 180 345
LENGTHS

960 1100 1200 1440 1500
650 1070 1290 1510 1640

190 540 630 700 870
350 525 540 550 500
-1241666 000000 1250000 =0500 3000 5 6 1

000000 1242050 125000 =-4000 4800 1667-60000 25000 0833

95




SAMPLE OUTPUT FOR INLET PROGRAM

EQUIVALENT COEFFICIENT OF REPLETION

AREAS
8350.
4990.
3090.
4010.
4550.

WIDTHS
1080.
905.
750.
550.
500.

LENGTHS
0.
1030.
860.
365.
437,

0.

FOR NON=-PRISMATIC INLET

MASONBORO INLET 1969
MEAN SEA LEVEL CONDITION

8290. 8460. 8280.
4240. 6710. 3950.
6600. 4770. 4820.
4400. 3370. 2320.
3220. 4510. 3280.
870. 1050. 725.
995. 475. 330.
255. 250. 625.
190. 150. 360.
130. 180. 345,
0. 0. 0.
1150. 1320. 720.
1180. 1400. 755.
585. 665. 350.
532. 545, 275%
0. 0. 0.

TIDAL PERIOD = 12,417 HR
TIDAL SEMIRANGE = 1.900 FT

BAY AREA (MSL)
MANNING’’S N

COEF OF REPL

= 1.86600E+08 SQ FT
0.0270

1.681

INLET AREA = 1.41000E+04 SQ FT
INLET LENGTH = 3.04250E+03 FT

INLET DEPTH
INLET WIDTH

11.591 FT
1250. FT

96
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BEST AVAILABLE COPY

SAMPLE OUTPUT FOR INLET PROGRAM

INLET ANALYSIS

MASONBORO INLET 1569

MEAN _SEA LEVEL CONDITYION

TIDAL SEMIRANGE =
MEAN HAY SURFACE AREA

1,900 FT

= 1, B66F+(C8 SO FT

BAY SIDE SLOPE PARAMETER BETA = 0,350

INLET PROPERTIES:
X-SECTION ARFA BFEIOW MTI = 1.4100E+04 SQ FY

INLET WIDTH AT MTL = 1250, FT
INLEY EEACH SLOPE 1511
“TL DEPTH 11,591 FT
INLET LENGTIH = 3042, F1
MANNING"S N = 0,0270
IIME HZ INFLOW H1 VYEL 0
HRS F1 KCFS F1 FPS KCFS
0,00 0.00 0,00 -.44 2.82 39,04
0.950 N.48 0.0p =02 3.02 44 ,22
1,00 0.92 0,00 V.41 3.20 47,83
1.12 1.06 0.00 0.5% J.20a 48 .54
1,50 1,31 0,00 0,83 J.16 49,05
2.00 1,69 0.00 1.22 2.93 46,97
2,50 1.1 0,00 1.5%6 2,47 40,50
3.00 1.90 0.00 1.82 1.69 28,18
3.08 1.90e .00 1,85 1.52 25,38
3.50 1.B6 0,00 1,995 0.38 6,36
3,58 1,64 0,00 1.95e 0.06 0.96
4,00 ) e L, 0,00 1.87 =1.5%8 =26.,16
4,50 1.45 0,00 1.65 -2,03 -32,87
5.00 1.09 0.00 1.39 =2.41 =37.93
5,90 0,67 0,00 1.07 -2.80 42,75
—e Ul 0,20 0,00 _ 0.71 _=585;11 ___ 45,70 . ___
6,42 -.20 0,00 0.37 -3.27 -46,50e
6.90 -.28 0.00 0.30 =3.29 -46.48
6083 -.59 0.00 .01 “3.33 -45,80
2.00 ~.74 0.00 -.14 =3.33 249,11
7.59 -1,16 0,00 -.58 -3.19 -41,71
8.00 =1.20 0,00 -1.03 -2.87 =36.33
8,50 -1.74 0,00 ~-1,44 -2.,35 -28,91
9.00 -1.P8 0.00 -1.22 S Sl 219,08
9,383 =1.90e 0,00 -1.92 -.87 -10.,48
9.50 -1.b69 0.00 =1.96 =243 -5.20
.67 -1.87 0,00 =1.97e 0.11 1,381
e A =LY v.aq ~1.489 1.08 12,96
10,50 =1.,57 0,00 -1,68 1,30 15,92
s ) =1.25% 0.00 =-1.44 1.67 20.96
11,50 -.b65 0.00 -1,13 2,13 27,55
12.00 _  =-,40 0,00 =227 2.54 34,01
12'50 0008 0,00 - 37 2.”7 39'98
AVG BAY LEVEL = 0,02 FT

& CRITICAL POINT VALUE
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SAMPLE OUTPUT FOR INLET PROGRAM

*%% TABULATION COMPLETED **%

ST 20

ST 30

PLOT X AXIS
PLOT RIGHT AXIS
PLOT LEFT AXIS
BORDER COMPLETE
=1

H -
]

1
2
3
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BEST AVAILABLE COPY

S43M--M04

SYH--3HI1L

2

INdIN0 DTHAVED dTdiVS NVIDONd LATINI

*14--S3I1I30713A *‘SIHOI3H

Sd4d-
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INLET Program — Subroutine Control Structure

MAIN
Control, computes
equivalent properties

1

bere . s

INLT2

Reads solution parameters,
controls D.E. solution

|

GRPHC

Plots solution

DEQ2RK

Solves two
simultaneous D.E.s

CRIT

Checks functions
for critical points

I

]

ey

PLOTLN
Plots various
line types

READIN

Reads solution
points from file

DEQ2

Sets up equations

for solution

100

FEXT
Supplies
tide, inflow




PROGRAM INLET ROUTINE TO CALCULATE

EQUIVALENT K + R FOR NONPRISMATIC INLET CHANNELS

101
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BEST AVAILABLE COPY

TASK(TNUQ72434sPWCERCLeTRTS)SIMS
FTN(R32)
ATTACH(PLOT,PLOTTT,IDEQG72440 MR 4CYRL)
Loap(PLOT)

QE*INC(YAPE],

COPYSRF (TAPE3,0UTPUT)

PROGRAM INLET(INPUT OUTPUT «TAPESBINPUT,TAPEGEOTPUTsTAPE9¢TAPE1O,
{TAPEY , PUNCHETAPEY)

£ 8 5 2 % % ¥ % %5 %5 % ¥ % 5 % 5 % g % 33
ROUTInF Y0 CALCULATE EQUIVALFNT K & R FOR
NONmPRISMATIC INLET CrANNELS,

aNaNela]

INTEGER Py (He Ply CH1e PMy

REAL N\No¢ %o nF

COMMON INUM“Y(1000) e BETAIWNIZETAIANGBAY NI oTLINIROIHY
1N2eNT  NTSeNsAXeHOURS ok (305) o MIHeQINOIINUT o IPLTSeXT
DIMFNGTION A(B9B)e R(ReR)e NL(9eB)e DDL(9)

DIMENSTION TITLIC(W)e TITL2(4)e ENCBOB)

NATA 150/5/

NATA PLTPF/ 3/

THE FCLLN®ING 2 CARDS APPLY ONLY TO CDC6600 = COPE 1200 CARD OUTPUT
AT REMOTF BATCwW TERMINAL
PUNCH
{ FORMAY(seaCs)

[aXalKal

RFAD CARPp TYPE Ay CONTAINING
IP (12)e | IN CC P INDICATES TF PLOTS ARE DESIRED
ABLANK INDICATES Nu PLOTS DFSIRFD
READ (15042001) 1IP

[aNaNala)

Cr = NNy, OF CHANNELS
P 3 No, OF X=SECT]IONS

[aEaNalal

10UTs ¢4
IPLYS = 0

o

I1F (1p) 10y 100 S

RewiNn IPLTPE

CALL PLOTSC(IOUMMY 1000, IPLTPE)
A0 = | E+25

»<1TE (10UT12T)

v

-
o

READ CARN TYPE A2 CONTAINING
CH (15)e NUMBER OF FLOw CHANNELS IN ASSUMED FLOW GRID
P (15)e NUMBER OF XeSECTIONS SELECTED ACROSS INLET,
T (Fi1p0,7)= TIDAL PERION IN mWOURS
H (Fh,= TINAL SEMIaRANGE IN FEET
N (Fh, u)= MANNING!S N FOR TWE INLEY OR 0
1F DISTINCT VALUES (OF N FOR EACH CHANNEL
Ann XeSECTION ARF YO HF SPFCIFIED
RAY (FR,3)= MTL SURFACE AREA OF THE BAY IN SUUARE FEEY (ENTER IN
E NOAYATION wITH MANTTISSA TN LEFT AND PNOWER OF 10 TO THE RIGHT)
BETA (Fbel)e DIMENSIONLESS SURFACE AREA VARIATION PARAMETER
LETA (Fh,2)= HEACH SLUPE

[aEaNaNelaRaNalaNaNaNaNaRaNe Nal

READ (75002002) CHe Po To Wy No BAYe RFTAs ZETa
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000 0ooa oo

[aKalal o000

[aXaKaNaRaNaNaXalel

(s NaNalelaNal

BEST AVAILABLE COPY

0 FOR NQ, OF CHNLS OR EOF MARK INDICATES END OF DATaA,

1S 1F(CH,FQ,0) GO TO 99
REAN CARN TYPF A3 (2 CARDS) COANTAINING
TITLY, TITL2 © (3A100A2/3A100A2) ® 2 LINES OF 32 CHARACTERS EACM
OUTPyUT IOFNTIFICATION, ALSO USED AS TITLE ON PLOTS,
NOTEsss CDCOH600 wORD SIZF IS 10 CHARACTERS
READ (15002003) TITL1eTITL?

FOR P = 0¢ DELETF CALCULATYON FOR FQUIVALENT K

1F (P,E0,0) GO YO 98
#RYITE (10UTe12S) TITLL, YITLR
READ CARp TYPF Bl CONTAINING

LABEL 7N INDICATE DAYTA FOLLOWING ARE
CROSS=SECTIONAL AREAS (NO DATAe READ)
FORMAT(BOX)

READ (15042004)

Pl = P ¢ |

PMY 3 P e |

Chi = CH ¢ 1

KF3G/(1,uR6882)
KF 3 14,5687
READ ¢ PRINT INPUT DATa,

ARFEAS
READ CARD TYPF B2 CONTAINING
ACJe1) ® 1BFB8,0) ®» CROSSwSECTIONAL ARFA EACH ASSUMED FLOW CHANNEL
(1), O%E CARD FOR EaCH CROSSeSECTION(J),

DO 40 J = 1¢ P

READ (1SA4101) (A(JeI)y I = 1, CH)
wRITE (IOU"‘oi) (A(J"). 1T 8 1e CH)
AMIN g 0,

PO 30 T = 1¢ CK

AMIN g AMIN & A(J D)

1F (AMIN = AD) §8, 400 WU

“iN 8 )

AO 3 AMIN

RETAIN SMALLEST XaSFCTYION FOUND (TWROAT),

CONTINUE
READ CARp TYPF B3 CONTAINING
LAREL FOR wIDTHS (NO DATA READ) FORMAT(AOX)
REAL (15042004)
wRITE CI0UTe111)
w0 8 0,
PO 4S J =2 1o P

AIDTHS
READ CARD TYPE Bu CONTAINING
R(Je]l) @ (BFB,0) w WIDTHS OF EACH ASSUMED FLOW CHANNEL (I)e ONE
CARD FOR EACH CROSSeSECTIONCJ),

READ (150¢101) (R(JoI), I 21, CH)

103
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WRITE (I0UTe101) (R(Jel)e T ® 14 CH)
DO 4S I = te CH

h TF (J = MIN) 44y 42y 4u - ‘E (:OPJ
¢ COMPUTF MSL WIDTM AT THROAT BESI AVA“.ABL J
ﬁz w0 8 wh ¢ R(Jo1) g

g CONVERY wINTHS TO WYDKR, RaADII,

Eu R(Jol) = ACJe1)/R(Jo1)

4s CONTINUE

DU S0 J & 19 Ply P
NO S0 T a3 19 CH
OL(Jer) = 0,

S0 CONTINUE
TL = 0o,

C READ CARN TYPE BS CONTAINING
¢ LABEL FOR LFNGTMS (NO DATA READ) FORMAT(BOX)
READ (150¢2004)
e DO 52 J = (¢ PM)
c LENGTHS
c
C READ CARn TYPF B6 CONTAINING
C  ODLCI) (BFB,0)= LENGTHS AETWEEN CROSSeSECTIONS ALONG THF
o BOUNDARTIES OF TWe ASSUMFD FLOW CHANNELS(I), THE NUMBER OF
¢ LENGTHS PER CARD IS ONE GREATER THAN THE NUMBER OF CHANNELS
[4 ANN THWE NUMBER OF CARDS IS ONE LESS THAN THE NUMBER OF SECTIONS

READ (1504101) (DDLCI)y I = 1,y CHY)
PO S2 1 = tes CH
DLCJ*1o]1) 3 0,58(CODOLCLY ¢ DOL(1e1))
TL o3 TL o+ ALGJeLW D)

S2 TNt
wults 01NUY1LY)
DU %4 J & (o P}

S4 WhITE (10UTe101) (PLCJel)e I B fo CH)
TL = tL/CH

FOR N ZERQy READ DIFFERENT N'S FOR EACH XeSECTION,

(2 ¥aXa)

1F (N) 1564 1569 154
154 00 156 I = ¢ CN
DO 15§ J & 1o P
ENCJoT) B N
185 CONTINUF
GO T0 (SA
C READ CARP TYPE BT CONTAINING
4 LABEL FOR MANINGS N (NU DATA READ) FORMAT(B0X)
(= NOT USED IF VALUE OF N 0N CARD TYPE A2 18 NOT ZpRO,
156 READ (150,2004)
wRITE (I0UTe121)
N0 157 J = {¢ P
C READ CARP TYPE BB CONTAINING
6 EN (Jel) © MANNINGS N FNR EACH CHANNEL NnF EACH CROSSeSECTION,
C NOT USEN T¢ VALUE OF N ON CAKD TyPt A2 1S NOT ZERQ
READ (150¢123) (EN(Jolyy I ® 19 CH)
WRITE €INUTe123) (FN(Jel)e I 8 19 CH)
157 CONTINUE
158 ROOT = 0,
NO 60 1T = (¢ CH
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5SS

(g XaNs] e NaRal- 4

aNalNal

RF

'EalaNaNalal

9

999

107
111
115
121
123
125

ROOTI = O,

DO 58S J = {¢ P

ROUTI = ROOTI ¢ (DL(Jo1) ¢ DL(Je1,y1))8R(J91)*¥ (w1 ,333333)
Lo (ENCI0IY/ZA(J 1)) 00p

CONTINUE

ROOTI = 1,/(SGRT(1,/(ACMIN,I)®¥%2) 4 KFeROOTI))

ROOY 2 ROOT ¢ ROOT!

CONTINUE

CALCULATE EQUIVALENT K
K = S72,968T8RO0T*SQRT(64,3%H)/(HSRAY)
CALCULATE EGUIVALENT R

RO = (145,08 T*AQ/(K&BAY)
RO 2 16,075%R0*K0O/H » {,
RO = (0,03u334%K0/(NENSTL))*%(@0,75)

NUTPUY DATA ¢ RESULTS

wNITE (J0UTH103) Te He BAY, N

wWRITE (I0UT4105) Ko AO, TL, ROe WO

CALL ROUTINE TO SOLVE FWUATION SET

CALL INLT2CTITLLeTITLE)Y

GO 10 N
AN CARN TYPE A4 CONTAINING
A0 (FA _N)e MTL CRNSSmSECTIONAL INLET ARFA IN SQUARE FEEY
wh (FA N)e TALET wWINTH th FEET
RO (FA _u)e INLET NDEPTH 0N HYDRAULIC RADTUS IN FEET
TL (FA,0)= INLET LENGTH IN FEFT

QEAD (715042005) AOs w0, ROy TL

CALL IMLT2(TITLIWTITLR)

60 10 10

TP CIPLTS,GT,0) CALL PLOT(XT40,0999)

9
C THE FOLLOWING 2 CARDS APPLY ONLY TO CNCo6en0 » COPF 1200 CARD NUTPUT
c

AT REMOTF RATCH TERMINAL
PUNCH Q99
FORMAT (8@ %)
sTop

FORMAY (AFA,0)

FORMAY (/ 154 TIDAL PERIOD =3¢ F7,3, 3H KR/
1184 TINAL SEMIRANGE =y F7,%3, 3H FTy

217H BaY AREA (MSL) =ms (PE12,6s 6H SO FY/
314K MANNING!IS N 3y 0PF7,4/)

FORMAY (15w COEF OF REPL =4 F7,3/
1134 INLET AREA =0 (PE1D,6y 6H SQ FT/
215% INLET LENGTH =9 E1D,69 3KW FY/
314X InLETY DEPTH =4 OPFY, 30 3~ FT/
d1aH INLET wWIDTH By F7,00 3H FT/)

FORMAT (SCIPEL14Sy 1HeY/ SCE11a50 (He)y F1145//77)
FORMAT (/74 WIDTHS)

FURMAT (/8W LENGTHS)

FORMAY (/ 1uH MANNING'S N1IS)

FORMAT (AFR,4)

FORMATY (/5Xe¢ 3ISHFQUIVALENY COEFFICYENT OF REPLFTION/
111Xy P3HFOR NON=PKRISMATIC INLET //
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2 206X, 3A104A2/)/ 6n AREAS)

FORMAT (/4UDMH]1® % & % % & % & 2 % % ¥ % & & & % % % % /)
FORMAT (12)

FORMATY (RISe F10479 FO,30 Fb,de FB8,30 Fb U4 Fb,2)
FORMAT(3A1NeA2/3A10442)

FORMAT (BOX)

FORMAT (2FB,0¢ FB, 4y FB,0)

END

SUBROUTINE INLT2(A1442)

SN

PROGRAM INLET2 = ANALYSES INLETwBAY SYSTEM
AY LUMPED PARAMETER APPROACH, INCLUDES
INERTIA OF FLOWy ALLUOWKS FRESH wATER INFLNW,

DEFINE OCEAN TIDF AND INFLNw AS FUwWCTINNS OF TIME IN
SUBROPTINE FEXT(ToH2)

T = Tivg IN SEC,

M2 3 NCEAN TIDE IN FEET

REAL KkFo No L

DIMENSTION AJ(d)y A2(U), NUMMY(B)

COMMNN INUMMY (1000) s HETAwONeZETAIAXOeAR0«GLILINIROY
IHOMF onT ¢ NTSeNeAX e HNURS ¢ F (§,5) ¢ M1MeNINOIFLI0IPLTS,
PEA

DATA kL2, 1FLS/S¢9/, ULP¥Y /601 Felgy

AN CARp TYPE A5 CONTAINING
T (FB,5)= TIME AT wWICh CALCULATION IS TNITIALIZED
T0 FB,5)= TIME AT wWICH QUTPUT IS TN BEGIN
TF FA,5)= TIME IN MOURS AT wHICH SOLUTINN IS TO BE.TERMINATED
H10 (Fae3)= INITIAL CONDITION FOR BAY SIRFACE ELEVATION
V (Fg,3)= INITIAL CONPRITION FOR INLET VFLOCITY
DT (Fe,0)= TIME STEP IN MINUTES T BE (SED IN NUMERICAL
SOLUTION METHON
NDT (I14h)= SPECIFIFS NUMAER OF TIMFS STEPS T0 BE PRINTED
IPLT (r4)= SET EWUAL YO | IF SOLUTINN PLOT IS DESIRED
READ (TFL242010) ToTOeTHoHI10sVeDTyNDT4IPLT
IF (IPLT.NE,O0) REWIND g
WRITE (IFL191004) A3y A2
WRITE (IFL1¢1005) Wy ARO® RETA
12ETA = ZETA
WRETEL_(IFL1¢1006) AXO¢ wOs [ZETAe ROs Lo N
WRITE (IFLY1¢1009)
NPT = wO,%DT
GL B 32,15/L
KF 3 29,122%NsNx|
RETA = RETA/H
T = 3500,%T
TO & 3600,%T0
TF 3 3600,%TF
DTS 3 0,5%DT
CALL DER2(ToHIDsHIL¢VoV]en20)
KOUNT 8 0
IF (T @« T0 ¢ DT ¢ DOTS) 240, 240y 250
CALL DFRPRK(ToHIO0gHI1oVeVieH20)
KOUNT 8 KOUNT ¢ |

SAFETY VALVE = ABORT IF KOUNT EXCEEDS 5000
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1F (XOUNT = 5000) 2309 230, 245
24s WRITE (IFL1¢1007)

RETURN
c
[+ BEGIN SOLUTION CYCLE wITH QUTPUT
c
250 F(1,1) = K20
F(1¢2)y = GINO
F(1e3) = H10
F(ledy 3 V

F(1¢8) =2 Q
CALL DEG2RK(ToHIO09HI1oveVieH20)
F(2e1) = H20

F(2¢2) = GUINO

F(2¢3) 2 H10

F(2¢4y) = V

F(2¢S) = ©

WiSuM 3 0,

CALL DEQ2RK(ToH109™110VyV]ieH20)
T10UT 2 0

CALL CRIT (H20wsM104VeIPRNT IOUT)
IF CIPLT) 271 271 256
256 WRITE (IFLY) HOURSe (Fe1elA)s IA & 19 §)
GO T 271
260 PO 270 1 = 1+ NOT
10U = 0
Hi{SUM = HISUM ¢ minN
CALL DFR2RK(ToH10om 1oV VieH20)
CALL CRIT (H20eH10eVelPKNT,IOUT)
IF (IPLT) 2704 270¢ 265
265 WRITE (IFLY) HUURSe (F(l1ela)e 1A = 1o §)
270 CONTINUE
IF (IOoUT) 271 2714 Pb0
271 WRITE (IFL1¢1010) HOURS, (F(1,IA), IA = 1, 52
280 IF (T o TF = DT) 2600 290, 290
290 HISUM g HISUMSDT/(TF = 10)
TF (IPLT,GT40) WRITE (IFL3Y DUMMY
WRITF (IFL1+1011) HISUM

(5
c END OF SOLUTION ROUTINE, GN TO PLOT ROUTINE OR
c READ NEXT DATA SET,
c
IF (IPLT4GTe0) CALL GRPHC(A1sA2)
RETURN
c

1001 FORMAT (3(5A6/))

1004 FORMAT (1H1e 20XelUnINLET ANALYSTS//2(12X04AB/Y/)

1005 FORMAT (SX¢ 17HTIDAL SFEMIKANGE 30 F7,3, 3H FT/
1SXe 23IHMEAN BAY SURFACE AREA =9 1PF10 4y 6H SQ FTy
25Xe 3y~BAY SIDE SLOPF PARAMETER BETA =4 O0PFb6,3/)

1006 FORMAT (SXo I7HINLFT PROPERTIESIZ AXe
126HX=SFCTINN AREA HFELOW MT| =3, 1PE{]1.5¢ #H SQ FT/
28X 9 20HINLET wIDTH AT MTL 2, OPFT7,0, 3W FT/ 8X,
S{OHINLEY BEACH SLOPE ®, lu,e 2HIL1/ RAXy
GLIHMTL DEPTH = F7,30 3IM FT/RXe 14MINLET LENGIN ®m,
SF7400 3IH FT/ 38Xy JIHMANNING!'S N 8y FT,u//)

1007 FORMAT (294 EXECUTION ABORTED, TRAMSIENT/
126H STAGE EXCEEDS 5000 STEPS,/)
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1009 FORMAT (UXy 4nTIMEs Ske 2MW2e UXe SHINFLOWY SXy 2HM],
15Xe 3WVELe 7Xe 1MQ/ SXo¢ 3HHRS, S5Xy 2HFTy SXo UWKCFSo
16Xe 2KFTe SXo IHFPSy OXy UMKCFS/)

1010 FORMAT (2FA,29 =3PF9,2, OPRFR,2¢ =3PFINn,2y 2F9,3)
1011 FORMAY (/ f16M AVG RAY EVEL &y Fb6,2¢ 3N FT//
§123H * CRITICAL POINT VALUE// 10Xy
228H% 83 TABULATION CUMPLETED sesy)
c
2010 FORMATY (3FB,S5¢ 2F6,3¢ Fos0s los 14y
END
SURROUTINE DEGR2 (TeH104M1JoVevieH2)

SURROUTINE DEWQ ASSEME|ES AND EVALUATES THE NONeL INEAR
SIMULYANEUNS Dok o'S CHARACTERIZING THE INLET

(s NeRalal

REAL kFo Lo N
COMMON INUMMY(1000)oRETAOWNYZETAOAXO9AROSGLILINIROIHIKF Y

(o]

IDTeDTSeQoeAX e HOURSoF(395) e H1HeQINOoTFL1oIPLTS XY
CALL FEXT FUR TIDE AND INFLOW

[aXa)

CALL FEXT(ToH2)
ETAD £ 0,5°(H10 + H2)

VELOCITY COEFFICIENT

(aXaNal

CV 3 n,01555%(1, ¢ KFX(RNGETAQ)**(m]s33333))

SURFACE AREA OF BAY

s NaXal

AB 8 ARO®(1, ¢ BETASKN]Q)

INLETY CROSS=SECTIONAL AREA

[aXeNal

AX B AXO0 ¢ (W0 ¢ ZETA®FTAQ)SETAOQ
Vi 8 GLB(H2 « H10 @ CVaV*ARS(V))
CUMPUTE DV/0T FWOM ENERGY EQUATION

[aNal

0 8 Axsy

COMPUTE DH{/0T FROM CONTINUITY EQUATION

(s Nalgl

Hil ® (Q ¢ GINO)/AR

HUURS @8 (2,7777777E=0uW)s(T = DT)
HiH 8 J,6E¢006%H]

RETURN

END

SUBROUTINE FEXT(ToH2)

SUBRNUTINE TO DEFINE UCEAN TIDE W2 AND INFLOW QINO AS
FUNCTIONS NP TIME T IN SECONDS

(¥ aXaXal

REAL kFo Le N

COMMON IDUMMY(1000) sRETAOwONsZETAIAXOAROeGLoOLINIROOHIKF
10T eDTEeQoAX I HOURSoF (398) o HIMoQINOoTFLIoIPLTS XY

CONVERT SECUNDS TO RADIANS

X 8 | 40S63uEkwOunT

(2] OO0
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SINUSOIDAL TIDE OF AMPLITUDE W
H2 & WaSIN(X)
INFLOW NEGLIGIBLE

OINO s O

RETURN

END

SURRNUTINE CRIT(H20em10sVeTIPRAT,I0HT)

SURRNITINE CRIT cOMPARFS 3 CONSECUTIVE FUNCTION POINTS
AND WRTTES “MIDDLE POINT IF IY IS A CRYTICAL POINTY

REAL xFo Lo N

COMMON TDUMMY (1000) ¢BETAswN o ZETAQAXO0AROoGLILONIROHoKE
I1NTo0OTG Qe AX ¢ HOURS ¢F (395) s HIMeQINOGTFLYIPLTSoXT
DIMENSTON MARK(S)

NATA MARKA/IH /9 MARKB/iHsy

F(341) 3 H20

F(3¢2) 8 QINO
F(3¢3) = H10
F(3s4y 2 v
F(3s5) = Q

DO 2070 TA 8 ¢ 5

MARK (TA) = MARKA

IF (F(2elA) = F(1oTA)) 20120 2020, 2014
IF (F(SelA) = F(P2e1A)) 20200 2015, 2015
TF (F(301A) ® F(241A)) 2018 2015, 2020
10UT =

MARK(1A) 3 MAKKH

COMNTINLE

NO 2025 IA 8 | §

FCleTa) = F(2eIM)

F(2e1a) 3 F(301A)

TF (10T EN,0) RETURN

wRITE (IFL102101) HOURSo(F(L1oTA)oMaARK(TAYIAR],S)
RETURN

FORMAY (2FRe2¢A1em3PFB,20A142(0PFT7,20A1),
4=3PFQ 2, Aty 2(FR,3y AY))

END

SURRO(ITINE DEG2RK(XoYoY1eZoZ14S)

RUNGE=®KUTTA=GILL SUBROUTINE TO SOLVE 2ND ORDER Dok
0R 2 STMULTANEOUS FIRST ORNER D,E,'S

REAL xFo Lo N

COMMNY INUMMY (1000) e BETAIWN ¢ ZFTAeAXO9AROGGLILINIROIHIKFY
INTeNTS NeAX ¢yHOURS ¢F395) sH1HeQINOGIFLYIPLTSoXT
CALL NEA2(XeYoY10Zel108)

Pl = y18DTS

Ny & 7180715

X 2 X ¢« D18

Y01 = v ¢ P§

201 = 7 + 0}

CALL PFR2(XoYO019Y1020502108)

P2 = y18DTS

N2 s 21#NT15

YOl = v ¢ P2

201 8 2 ¢+ Q2

CALL NEG2(XeYOloY10201,421+8)
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CALL NEQ2(XoYO1oY14201,42148)

P4 3 v|8NTS
Qu = 21%D7TS§

N1 = p,333333338(PJ1ePUeP24P2¢PTeP3)
N2 2 Ne333333338(01¢0WeQ2¢N2¢0T3e03

Yy 3 v e+ Ny
2 87 « 02

CALL NPEN2(XoeYeYie20eZ108)

RETURN
END

SURRDITINE PLOTLN(XoYoLNOINDX)

SURRNUTINE TO PLOYT VARIQUS LINE TYPES

IFEN 8 2
INDY g INDX ¢ |

GO T0 (20eu0e30010)0 L

® ® ® o ® e O
GO YO (40e 1S)
INDX & O

GO 10 3§

LN 8 ¢
INDX

LN ®

N

GO TO (uNel0ed0¢3504092%)y INDX

INOX 8 O
GO T0 358

GO T0 (4093504003594 0035040040040¢%2)

INDX & 0
IPEN 2 3

LN 8 2

CALL PLOT (XeYoIPEN)

RE TURN
END

SUHRNUTINE AXISI3(XoYoTHCDONCoyH9SIZEINNgTIXY o XMINoDXoSPACEVITIC,

INP10)

LN & 3

DIMENSTON ILBL(3)sMESAGP(S)

NATA | RL/ZTH(X10

)/

NATA MESAGE/13HAXIS TON LONG/

XYsixy
ANGLFzXY#*90,
TIC=T111C
SPAC=sPACE
GsH

P10sNpPYO
XT1=x

YTy

LINESBD
S1Z=S717E
IF(ST2)10169100
LINE=3
SIlZz=g12E
NDENA=NN
TE(NDY34242
NDIGENPe !
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G0 D %0

NDESND TGO

NSPACF3S12/5PACe,S
TLaINSPACF®SPAC
TFCYToaTLOXY®29,) Woedebn

CALL SYMBOL(XToYTe oo 1uoMESAGEI90,013)
RETURY,

“02=Ge ,S

H0T72mn2/3,5

HOTT2umu,*6
POWER=10,%*(=NP1N)
PELXSPNWER®DX
XMENSPNWERSXMIN

ANGE ) XY

NBENC

ALAH=y,

IF(NR)Sebeh

NBSeNR

ALAR3aY,
TICXYm(2.%XY=1,)%ALABSTICs, |
XTICSTTICXY®XY

YTICSTICXY®ANG

AXK=NR

1F(P10)60065060

AKZAKLA,

STITLESTL® ,S5=(7,%AKe3, )8H0T*,S
TICM1z2,16=TIC*,08

AMOMINE R4,

XNUMRgXMEN

LIn=d

NMAXEQ

IRA20

NO 12 1=TRAWNSPACE
NDIGITENDIG

CALL PLOT(XToYToLIN)
LINSLINE

CALL PLOT(XTeXTICoYTeYTICo2)
IF(G) Totla?

1TEMPg ,43Up9UuB2eA L OG(ABS(XNUMB) ¢ G810, 88 (aND) )oY,
TFCITEYP) 785075051

CONTINUE

NDIGITENDIGITeITEMP
TF(xNI™*R)9,8010

NDIGIT=O

NDIGITSNDIGITeL
IFINDIGITeANMAX) 77477452
CONTIMIIE

NMAXSNNDIGITY
CENTERSHOTX(7,#NDIGIT=3,)%,5
XANODSmALAB®XYS(TICMI¢CFNTER)®CENTER
YANOR AL ABSANGS(TICM ierN2)mN02
CALL NUMBER(XT#XANOoYToYANNDGoXNUMRy O, ¢NA)
XNUMBs XNUMASDEL X
TFCANOMIN=XAND) 1101053
ANOMINZXANOD

CALL PLOT(XTeYTs3)
XTSXT4SPACEANG

YTSYT4SPACEXY

CONTINUE

IF(G) 13016033

ANOWIDE(T ,sNMAX=3  YeH0T7%0,S

e L G 7 -
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XTITLE@X4XYSCANOMINGANOWID=AL ABS(ANOWINS ,18))¢ANG*STITLE
YTITLERY®ANG*(YANO+ALAR®(Geo18))#XYRSTITLE
CALL SYMBOLCXTITLEOYTITLEWGeIBCDeANGLE ¢NBR)
TIF(P1pY14etb01d
14 BNR(NRe])*G
XTUTLERXTITLE®ANGSAN
YTITLEmYTITLE+XY®*BN
CALL SYMBOL(XTITLEoYTITLEsGoLHRL(1)sANGLECT)
XTITLFRXTITLESANGRHOTTOUu=XYS®HN2
YTITLERYTITLE ¢XYSMOT?TR4u®ANG*HOR
CALL NUMBER(XTITLE¢YTITLE R o®HOT7eP100ANGLES=])
16 RETURN
END
SURRO|ITINE READIN (XoYoYFACOXFACOXO0XF o INDCoKK4LN)

SUBRONTINE TO READ SOLHTION TABULATION FROM FILE

(s Nalal

REAL kFo Le N
COMMON IDUMMY (1000)s BETAy w0y ZETA9AXO09ABOIGLoLINIROgHKE,
INToDTSsNeAX s HOURSoF(395) s HIHIQINOyIFLY o IPLTSe XY
DIMENSION Y(S)e YFAC(S)
READ (9Q) Xo Y
IF (X,GEel,E*75) KK & 2
INDC =2 0
IF (Kxk = 1) 10¢ 10¢ SO
10 IF (Xn @ X = DTS) 20¢ S0¢ SO
20 IF (X « XF = DT%) 30¢ 2S¢ 25
25 KK 3
GO 10 50
30 INDC s |
X & XFAC*(Xx = X0)
Y(LN)Y 3 YFACCLN)®Y(LN)
50 RETURN
END
SUBRO()TINE GRPHC(ALARLY ALABLR2)

SURROUTIME GRPHC WRITES PLNTTER TAPE FNR GRAPRICAL
QUTPUT OF SULUTION

[aNaNalel

COMMON TDUMMY(1000) ¢ RDUMMY (12)eDTSeSOUMMY(20) v TFLYIIPLTSeXT
DIMENSTON YLABLL(3)
DIMENSTON ALEGN('Se6)e ALABYI(U)sALARL2(U)
DIMENSTOMN SYM(3)e Y(S5)e YFAC(S)
NATA XLABL/ 9HTIMpearHRS/eY| AHLR/10KFLOW=aKCFS/
DATA YLARLL/Z1OHNEIGHTSe VelOHELOCITIESwoRH=FTy FPS/
NATA ALEGN/1OMHFLOw (KCFSe10H) o 3H v10HINLET VELOC1OMHCITY
1 (FT/Se3MEC) o 10OHBAY TINE (o10KFT) L v JOHINFLOW ' 10M
2 o 3M e JOHOCEAN TINEGJOH (FT) e 3H o JOHLEGEND RLL
3 o 3H /
TPLTS = IPLTS ¢ |
DTS 2 NTS/3600.
READ CARD TYPE Ab CONTAINING
X0 (FA,S5)e STARTING TIMF OF PLOT
XF (FA,5)= ENDING TIME NF PLOT
SCALX (FB8,S)= TIMewAx[S SCALE I'N WOURS PER INCHM
YLO (6e3)= MINIMUM vALUE OF TIDAL HEIGHTS IN FEETY OR VELOCITIES
IN FEET PER SECOND
YL (F6,3) = OVERALL HEIGWT OF PLOT TN INCHES
YLSCAL (F6,3)~ SCALE OF TIDAL HEIGHTS IN FEET PER INCH OR
VELOCITIES IN FEET PER SECNND
YRO (Fpo3)e MINIMUM VALUE OF FLOWS IN THWOUSAND CUBIC

(sl NelaXeNaNalaNaal
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FEET PER SFCOND

YRSCAL (F6,%) = SCALE OF FLOW IN THNUSAND CUBIC FEET PeR SECOND

SCALE (Fb6,3) = SCALF FACTOR FOR TOTAL PLOT SIZEt
READ ( 5¢2001) XOoXFoSCALXeYLOWYLoYLSCALIYROY
JYRSCALs SCALE

CALL FACTOR(SCALE)

CALL PLOT(040000°3)

PLOT LEGEND

PO 20 LN & 1o 3

INDX 2 0

YP 8 0,8 ¢ Ve2%LM

CALL PLOT (0e9wYPe0,060%)

DO 1S 1T & 1o 9

XP =& 0,1%]

LINE 8 4 = LN

CALL PLOTLN(XPo YP40,Ume LINE, INDX)
SYM(1) 8 ALEGNC1eLN)

SYM(2) 8 ALEGN(2eLN)

SYM(3)s ALEGN(3eLN)

CALL SYMROL(1410YPoOoluoSYM90,023)
CONTINUE

PHINT, 181 20!

WHITE €IPL101002)

NO 80 LN ® 4o b

INDX 8 0

YP & p,8 ¢ 0e2*LN

CALL PLDT (0eeYP40,0603)

DO 25 I = 1 9

XP 8 0.1*1

CALL PLOTLN(XPaYPe0,00,40INDX)
SYM(1y) 8 ALEGN(1eLN)

SYM(2) = ALEGN(24LN)

SYM(3ya ALFGN(34LN)

CALL SYMBOL(1eloYPoO0olUueSYMe0,023)

PRINT, 1ST S0

WRITE (IFL1+1003)

CALL SYMBOL (0ebe2e100,210ALEGN(106)00,06)
CALL SYMROL (345¢147500,210ALABLY1¢04932)
YMID & 3,0 ¢ 045%YL

TOP = 3, + YL

XL 8 (XF = X0)/SCALX

CALL SYMBOL(4,250¢1,2500,210ALABL2040,032)

PRINT, 'PLOT X AX]S!

WRITE (IFL141004)

XTIC = {+/SCALX

XL13 g =XTICXFLOAT(IFIX(XF = X0))

CALL AXIS13 (0ev3e0¢XLABLom9y0e1UoXL13,m)y09X0,
$1e00XTICele0)

PRINT, I1PLOT RIGHT AXIS!

WRITE (IFL1¢1005)
DYR 8 w0,5%YRO

13

T




[aNalel [aNalal

[aXaNa) o000

35

40
41

4e
4s

[aEaNal - HaNale)
o

BEST_AVAILABLE COPY

flea o

YRTIC s DYR/YRSCAL

CALL AXISIZ(XLoS,00YLARLRy@10y0,1doYLoeloloYRO,
IDYRy YRTICo100)

CALL PLOT (XLeTOP,3)

CALL PLOT (CeoTOPy2)

PRINT, tPLOT LEFY aXIS!

«RITE (1FLY101000)

NDYL 8 «0,5*YLO

YLTIC s NDYL/ZYLSCAL

CALL aXISI1Y (0.0!.nQVLlBLLQZBQO.lU'VL'.Iql"Lop
1DYLe YITTICe 1o 0)

CALL PLOT (0s03.0¢3)

CALL PINT (XLe3,042)

CALL PLOT (XLoY™IDoS)

CALL PLOT (0eeYMIDe=?2)

PRINT, 'RORDER COMPLETF!
CALL PIOT(we2200,0=3)

WHITE (IFLY1100T)
YHACCY) ® 1 ,/YLSCAL

YFAC(2) ® Nn,001/VYRSCAL
YEAC(3Y ® vEAC(Y))
YFACCu) s vPAC(Y)
YFAC(S) 8 YFAC(2)

INF 8 0

XPAC & 1,/SCALX

PLOT NCEAN TIDE AND INFLOw
DO S0 I ® 19 2

PRINT, 1DO SO I wty 1

WRTTE (IFL1+1009) I

CALL PLOT (04904038)

LL |

RE~IND 9

INDX 2 O

CALL RFADIN(XoYoYFACOXFACIXOoxXFoINNCoKK,1])
GO TO (40euS)y %K

IF (INDCY 35¢ 35, 4)

CALL PLOTLN(XoYC(I)edoINDK)
IF (Y(2)) W2e 35¢ 42
INF =

GO TO 3§

IF (INF) 60¢ 600 SO
CONTINUE

PLOT RAY RESPONSEs VELOCITYs PLOW
DO 80 I = 19 3

PRINT, IDD 80 I 1y I

WRITE (IFL1+1010) I

CALL PLOT (Vg0 Og0 3)

KR =
REWINP 9

114
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65 CALL READIN (XoYoYFACIXPACo X0y XF o INDCyKKyI®2)
GO TO (70, B0)s KK

T0 IF (INDCY ASe 659 T2

T2 CALL PLOTLN(XoY(I¢2)0I4INDX)
GO 10 65

0 COMTINLE

PRINT, !ST B80!

wHITE (IFL101008)
XT 3 xLed,

CALL PLOT(XT90s9=3)
RETURN

1001 FORMAT (hASK)
1002 FORMAT (6M1ST 20)
1003 FORMAT (6% ST 30)
1004 FORMAY (12w PLOT X AXIS)
100S FORMAT (16m PLOT RIGHT aXIS)
1006 FORMAT (1SW PLOT LFFT axls)
1007 FORMAT (16M HURDER COMPLETE)
1008 FORMATY (6% ST 80)
1009 FORMAT (10~ DO S50 I =y 12)
1010 FORMAT (10W 00 80 I ®y 12)
2001 FORMAT (3FR.S5¢ 6F0,3)
END

EOR

EOR

EO1
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Huval, Carl John

Comparison of numerical and physical hydraulic models, Mason-
boro Inlet, North Carolina; Appendix 4: Simplified numerical
(lumped parameter) simulation / by C. J. Huval and G. L. Winter-
gerst. Vicksburg, Miss. : U. S. Waterways Experiment Station ;
Springfield, Va. : Available from National Technical Informatioq
Service, 1977.

115 p. *: ill. ; 27 cm. (GITI report - U. S. Army. Corps of
Engineers ; 6, Appendix 4)

General investigation of tidal inlets; a program of research
conducted jointly by U. S. Army Coastal Engineering Research
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