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FOREWORD

This report was prepared as one of a series of reports from the
Corps of Engineers' General Investigation of Tidal Inlets (GITI). The
GITI research program is under the technical surveillance of the Coastal
Engineering Research Center (CERC), and is conducted by CERC, the U.S.
Army Engineer Waterways Experiment Station (WES), other Government agen-
cies, and private organizations. The model described in this report is
the latest in a series of developments of numerical inlet hydraulic models
beginning with Keulegan in 1967 and continuing with recent work at WES by
Huval and others.

The report was prepared by William N. Seelig, Coastal Structures
Branch, D. Lee Harris, Chief, Coastal Oceanography Branch, and
Barry E. Herchenroder, Coastal Oceanography Branch, CERC. Development
of this numerical model and report preparation were supervised by
R.M. Sorensen, Chief, Coastal Structures Branch. Technical assistance
was provided by C. Mason. Civilian members of the Coastal Engineering
Research Board, Dean M.P. O'Brien, Prof. R.G. Dean, and Prof. R.L. Wiegel,
reviewed this report.

‘ : Technical Directors of CERC and WES were T. Saville, Jr., and
l : F.R. Brown, respectively.

Comments on this publication are invited.
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PREFACE

1. The Corps of Engiheers, through its Civil Works program, has spon-
sored, over the past 23 years, research into the behavior and characteris-
tics 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 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 improve-
ments to existing tidal inlets are an important part of the work of many
Corps' offices. 1In some cases, design and construction of new inlets are
required. Development of information concerning the hydraulic character-
istics 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, the 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 cf wave action, tidal flow, and related
phenomena on inlet stability and on the hydraulic, geometric, and
sedimentary characteristics of tidal inlets; to develop the knowl-
edge necessary to design effective navigation improvements, new
inlets, and sand transfer systems at éxisting 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.

2. Inlet Claseification. The objectives of the inlet classifi-
cation study are to classify inlets according to their geometry, hydrau-
lics, 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 v
study are to define tide-generated flow regime and water level fluctua-
tions in the vicinity of coastal inlets and to develop techniques for
predicting these phenomena., The inlet hydraulics study is divided into
three arzas: (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 Idealized 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 num-
ber of realistic inlet shapes and tide conditions. An initial set of
tests in a trapezoidal inlet was conducted between 1967 and 1970. How-
ever, 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 deter-
mine 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, North Carolina, 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 irlet's hydraulics. Extensive field
data were collected at Masonboro Inlet in August 1974 for use in evaluat-
ing 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 mor-
phology on these relationships.

e. Inlet Dynamice. The basic objective of the inlet dynamics
study is to investigate the interactions of tidal flow, inlet configura-
tion, 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) reznalysis of a previous inlet model study,
and (4) prototype inlet studies.

(1) Model Materials Evaluation. This evaluation was initi-
ated in 1969 to provide data on the response of movable-bed model mate-
rials 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.




4. This report describes a numerical model that can be used to
predict inlet channel velocities and discharge as well as the resulting
bay surface level oscillations for inlets responding to the tide and
other long wave excitation. It has been developed as an easy to use,
inexpensive method for a good "first look' analysis of inlet hydraulics.
The need for this model arose during preliminary attempts to apply an
earlier model developed under the GITI numerical model evaluation
(see 3,b,(2) above), and described in Appendix 4 to GITI Report 6,

"A Simplified (Lumped Parameter) Numerical Simulation" (Huval and
Wintergerst, 1977). Although both models expand upon the Keulegan (1967)
concept of a simple one-dimensional analysis, this model supersedes that
of Appendix 4 since it provides more accurate results and is applicable
to a wider variety of situations and conditions.

5. Included in this report are a derivation of the numerical model,
documentation of the FORTRAN computer program used to apply the model,
and example applications of the model to evaluate the hydraulic conditions
at selected tidal and nontidal inlets.
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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 (S1) units as follows:

Multiply 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
knots 1.8532 kilometers per hour
acres 0.4047 hectares
g foot-pounds 1.3558 newton mcters :
§ millibars 1.0197 x 1073 kilcgrams per square centimeter 3
g .
é ounces 28.35 grams 1
pounds 453.6 grams é
0.4536 kilograms %
ton, long 1.0160 metric tons g
ton, short 0.9072 metric tons
degrees (angle) 0.1745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!

1o obtain Celsius (C) temperavure 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.




SYMBOLS AND DEFINITIONS

Symbol Symbal in the
in the computer program
report INLET
Ao A(1,J)
Ab AB

Ag AS
Abay ABAY
Ao ABY

- AO

B B(I,J)
Cs C(I)
C,,C, €1,C2
D D(I,J)
dbay —
dmazx -

F F

Fy -

-

g G

h H(I,J)
hg HB

hg HS

~ HOURS

Definition
cross-sectional area (square feet)

cross-sectional area at the bay end of
the inlet (square feet)

cross-sectional area at the sea end of
the inlet (square feet)

bay surface area (square feet)

bay surface area at datum (square feet)
ocean forcing amplitude (feet)

width (feet)

flow resistance parameter

coefficients to evaluate Manning's bottom-
friction factor, n, wheren=0C -C, *D

1
total water depth (feet)
depth of the bay (feet)
maximum water depth in the inlet (feet)
total inlet friction

minimum friction function

friction in the grid cells of a cross
section

acceleration of gravity (feet per second
squared)

water level above datum (feet)

water level at the bay end (feet)

water level at the sea end (feet)

model time (hours)

10
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SYMBOLS AND DEF INITIONS--Continued

IC

IS

.3

L(1,d)
LENGTH

NINLETS

NI
N(I,J)

NCYCLES

NT

Y(NI) |

Q(I1,J)

QINFLO

qQr

‘QINT(NI)

number of channels in a grid
geometry integral (see text)
number of sections in a grid
subscripts indicating grid location

a constant in Manning's equation to
maintain consistent units

length of a bay (feet)
length of a grid (feet)
inlet length (feet)

number of inlets connecting the bay to
the sea

subscript identifying the inlet number
Manning's bottom friction coefficient

number of forcing water level cycles used
in computation

number of time steps used in computations

discharge of an inlet (cubic feet per
second)

discharge of a grid (cubic'feet per
second)

net discharge of water into the bay from
sources other than the inlet (cubic feet
per second)

total discharge of all inlets connecting
a sea to a bay (cubic feet per second)

estimated inlet discharge at time the
model starts (cubic feet per second)

remainder terms (neglected)

forcing wave period in the sea (hours
or seconds)

BT
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SYMBOLS AND DEFINITIONS--Continued

THELM

TIME
v(I1,J)

VBAR

W(1J,)

DELT

BETA

ZETA

DERBY

inlet-hay Helmholtz period (hours or
seconds)

inlet-bay Helmholtz period estimated by
neglecting inlet friction (hours or
seconds)

time of model operation (seconds)

ratio of the Helmholtz to forcing wave
period

time (seconds)

water velocity (feet per second)
cross-sectional mean water velocity
(feet per second)

mean water velocity across the minimum
area section (feet per second)

grid weighting function for distributing
flow throughout an inlet grid flow net
distance along a channel (feet)

bay limit

sea limit

distances perpendicular to the main axis
of the inlet channel (feet)

variable finite-difference time step
(seconds)

bay surface area variation parameter
relating bay area to bay water level
where: ABAY = ABY (1. + BETA * HB)

inlet side slope, dZ/dy, where Z is
elevation

Lagrangian multiplier

derivative of inlet discharge with respect
to time (cubic feet per second squared)

component of the stress tensor
representing the bottom stress

12
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A SPATIALLY INTEGRATED NUMERICAL MODEL OF INLET HYDRAULICS

by
William N. Seelig, D. Lee Harris,
and Barry E. Herchenroder

I. INTRODUCTION

Quick, inexpensive estimates of inlet velocities and bay water
surface levels for tidal or nontidal sea level fluctuations are needed
in planning the design, construction, and maintenance of coastal inlets.
Field data are often unavailable, and available data are often incomplete.
In addition, hydraulic characteristics for proposed inlets are unavailable
and must be predicted.

This study discusses these needs by developing a numerical model
that can be used to estimate inlet velocities, discharge, and bay water
levels as functions of time for a given time-dependent sea level fluctu-
ation. The objective of this research was to develop a model that could
be used to quantitatively predict hydraulics for as wide a range of
conditions as possible, while being easy and inexpensive to use. Inlet
hydraulics are predicted in this model by marching through time, simul-
taneously solving the momentum equation for flow in the inlet and the
continuity equation relating the bay level to inlet discharge. The momen-
tum equation is evaluated at each time step by integrating two-dimensional
information into coefficients of the equation, using a weighting function
(see App. A) and a flow net (see App. B) which systematically distribute
flow throughout the inlet.

The advantages of this model are that it requires a minimum amount
of input data, and it is easy and inexpensive to use as compared to a
full two-dimensional model. Other features of the model are that it in-
cludes all potentially important terms developed from the three-dimensional
momentum equations, and it allows for special situations. For example,
water level fluctuations in the sea can be any function of time, the area
of the bay can be a function of water level, and inflow into the bay
from sources other than the inlet can be a function of time or water
level of the bay. Also, the cross-sectional area of the inlet can be
taken as a function of the local water depth. This model can be used to
predict hydraulics for tidal or nontidal, single and multiple inlet
systems. It assumes that the bay level "pumps' (i.e., rises and falls)
at the same rate and phase throughout the bay.

II. INLET HYDRAULICS

An inlet-bay system typically consists of a "sea'" (e.g., ocean or
lake) comnected to a 'bay" by one or more inlets (Fig. 1). Long waves
in the sea (i.e., astronomical tides, seiches, storm surges, tsunamis,
or other water level fluctuations) gemerate the primary hydraulic response
in the inlet-bay system. The difference in water level between the bay
and sea, caused by the sea forcing fluctuations, results in reversing
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Figure 1. Inlet-bay system.
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currents in the inlet which in turn cause the bay level to change. The
bay level may also be influenced by inflow from and outflow to other
sources (i.e., river discharge or evaporation) which may be a function
of time or of the bay level. Additional factors such as wind stress,
water density variations, and the earth's rotation may also affect the
system.

The prediction of reversing currents in the inlet and bay level
fluctuations requires a knowledge of the geometries of the inlets and
bay, the water level fluctuations in the sea which force the inlet-bay
system, and a model (analytical, numerical, or physical) to predict the
system response. For most inlets and bays, the geometries can be measured
in the field, obtained from dredging records, or evaluated from hydro-
graphic charts. Water level fluctuations in the sea must be measured
in the field, predicted from tide tables or physical or numerical hydro-
dynamic models.

The complete three-dimensional equations of motion that describe the
hydrodynamics of the inlet-bay system (Fig. 1) are complicated. Rather
than try to solve the complete equations, various investigators have
simplified them and attempted to model only the factors that the investi-
gators considered important in inlet hydraulics. Some models, such as
physical distorted scale models and some two-dimensional vertically inte-
grated numerical models, have been used to adequately predict inlet
hydraulics for most engineering purposes (Harris and Bodine, 1977).
However, operation of these models is relatively expensive, requires
expert operators, and usually takes several months of effort to obtain
the required results.

Simple analytical models such as those of Brown (1928) and Keulegan
(1967), which lump important parameters into a single quantity, require
a number of restrictive assumptions. O'Brien and Clark (1974) concluded:
"The Keulegan approach and similar analyses of inlet hydraulics provide
a useful qualitative framework for ordering data but they apply quanti-
tatively only to small inlets and lagoons with simple inlet channel
geometry."

More advanced lumped parameter models, such as those of King (1974)
and Huval and Wintergerst (1977), have included additional terms in the
equation of motion and have considered other effects to generalize the
models. However, many of these more advanced lumped parameter models
were based on earlier models and in the processes of expansion some
generality was lost. Huval and Wintergerst (1977) and Harris and Bodine
(1977) discuss previous models. :

III. THE NUMERICAL MODEL

1. Assumptions.

This spatially integrated numerical model is based on the equations
derived from the complete equations of motion by Harris and Bodine (1977).
Assumptions made in the process of model derivation were:
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(a) Sea level is a specified function of time.

(b) The bay water level remains horizontal. This means
that the bay water level rises and falls at the same rate through-
out the entire bay at each point in time. This occurs when the
length of the long wave forcing the system is much longer in the bay
than the longest axis of the bay.

(c) The bay is connected to the sea by one or more inlets.

(d) At least one inlet must continuously connect the bay to
the sea. Some areas of inlets may go dry during the water level
cycle, and one or more inlets may go dry as long as one inlet
contains water.

(e) Bay water surface area is a function of bay water level
(or a function of time).

(f) Inlet cross-sectional area is a function of local depth
(or a function of time).

(g) The local water level slope in the inlet is assumed to be
linearly related to the local friction loss along the inlet between
the sea and bay levels.

(h) There is a water level drop along the inlet that is pro-
portional to the unrecovered velocity head lost through turbulent
eddy diffusion in the bay (floodflow) or sea (ebb flow). (Alter-
nate schemes could be used.)

(i) Storage of water in the inlet is negligible. This means
that the flow into the inlet is equal to the flow exiting the inlet
at any time. In addition, the volume of water stored in the inlet
between high and low water should be small compared to the tidal
prism. This is generally the case if the surface area of the bay
is much larger than the surface area of the inlet.

(3) Wind stress on the inlet and bay surfaces is negligible.
This means that the model is most useful for cases when the wind is
light, has a short duration, or has a short fetch over the bay.

(k) Water has constant properties throughout the inlet and
bay. No attempt has been made to model saltwater intrusion or
other density gradient effects.

(1) Radiation stress (the interaction with wind waves) is
neglected.

(m) Coriolis effects are neglected.

If the characteristics of the inlet-bay systems modeled are not
consistent with these assumptions, model results may be in error.




2. Derivation.

The derivation of this model begins with the one-dimensional equation
of motion as derived by Harris and Bodine (1977):

Y2
3 . 13 L =~
R ’gﬁ_‘,\cf (ta2)z dy = R 1)
yl
where
u = cross-sectional mean water velocity in the inlet
(positive on floodflow)
t = time i
X = distance along the main axis of the inlet /
‘ h = water level above some datum ﬁ
g = acceleration due to gravity §
i As = inlet cross-sectional flow area at x g
‘z
] (taz), = component of the stress tensor at the bottom of the h
: inlet in the direction of the main axis of the inlet ﬁ
&
i R = remainder terms, which are neglected in this model (R=0). ;
1 This means that the water level is taken as constant at
‘ each inlet cross section. See Harris and Bodine (1977)
for a discussion of these neglected terms.
‘ The first term on the left of equation (1) is the temporal acceler-
ation, the second term is the convective or advective acceleration, the
third term is the slope of water surface along the inlet, and the fourth
term is the bottom stress.
To obtain a simplified equation, the expressions in equation 1)
are integrated over the length of the inlet between the sea and the bay,

where xg and x; are the respective limits:
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Carrying out some of the integrations and rearranging, equation
(2) becomes
X
b
d - AP on s
L f adx + > [@)2- @2 ]
X
8
(3)
xb 1 )’2
Bl [hb' 3]* ;c (‘tzx)z dydx = 0 .
Xg
1
In equation (3), terms involving 9x,/3t and Bxs/at have been
set to zero since X and xg are takek to be independent of time.
From continuity the cross-sectional mean inlet water velocity is
equal to the inlet discharge, Q, divided by the inlet cross-sectional
area, Ag,:
u= QA, . 4)

Substituting equation (4) and using the product rule for integration,
the first term on the left of equation (3) can be integrated to yield:

x, ./Q x Xy
b3 b
-g-gl- dx = ﬂ -d—x- +Q 3—- 9}- (5)
at at AO at Ac >
xg Xg xB
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where the second part of the equation,

§ 29
at A g
Xg

(¢4

is taken as zero because channel storage terms are neglected.

After substitution of equation (4), the second and third terms on
the left of equation (3) are

W T e
e S PR 4 gl = ) (6)
£ (Ai “5)

where A, and Ag; are the cross-sectional areas of the inlet at the
bay and Sea ends of the inlet, and h, and hg are the water levels

in the bay and sea referenced to a common datum. The convective acceler-
ation, the left term of equation (6), may also be expressed in terms of
empirical loss coefficients (see App. C).

The bottom stress is evaluated by using Manning's equation:

2
(tzz); = B |ulu )

where u is the water velocity in the inlet, D is the water depth at
that point, and k is a conversion factor to adapt Manning's equation to
the system of units used. The value of k is [1.0 meter (3.2808 feet)
per second cubed]2/3. The absolute value function of u accounts for ;
the alternating direction of bottom stress. The bottom stress is approxi- H
mated by determining the water velocity, u, at a number of grid points H
throughout the inlet.

o PRI WO on- # TN
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The value of u is obtained from a plan view flow net system of
channels and cross sections which are representative of flow throughout
the tidal cycle (see App. B). The main axis of each channel is drawn
approximately parallel to the direction of flow and the cross sections
are drawn approximately perpendicular to the flow. The subscript, 1,
then denotes the cross-section number and the subscript, j, indicates
the channel number (Fig. 2). Section i=1 is the seaward cross section
and section i=IS is the inlet cross section at the entrance to the bay.
Channel j=1 and channel j=IC are the two channels adjacent to land.
A typical cell, denoted as cell (i,j), consists of that part of channel
j situated between cross-sections i and i+l. The water velocity in
cell (i,j), wugj, is assumed to be at the centroid of cell (i,j) and
to act parallel to the axis of channel j (Fig. 2).
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A weighting function, .+, is then used to determine what fraction
of the total inlet flow, Q, passes through a grid cell (i,j) at an
instant in time:

Qij = wij Q (8)

where Q;; is the discharge in cell (i,j). Various weighting functions
are discussed later in this section.

The mean. water velocity in cell (i,j), u;is is taken equal to the
discharge in the cell divided by the mean cross-sectional area of the
cell perpendicular to flow, A{j; i.e.,

ujj = Wij QA5 . 9)

Substituting equations (7) and (9) into the fourth term of equation (3)
and integrating over x and y give the total bottom friction, F:

-1 (n; s 2\ Wi Wi AT T
“i 1 i g(n;;)? | Wij Q|Wij Q Bgj Lyj Sk
k (Dij)l/a Aw,z

i=1 j=1
(Ai4)

i=1

where n;; is the Manning's coefficient of friction for each grid cell,
D;; is the mean instantaneous water depth in a cell, and B;; and L;;
are the mean cell width and length, respectively. All of the cell param-
eters are taken to apply to the centroid of the cell (Fig. 2J.

Let Ig be a geometry integral defined for convenience as

1

1
o i %, - . (11)
dx 1S-1 &Lﬁj/lc
4 A f 2 N
i=1 Aij
j-

which has units of length.

Substituting equations (5), (6), and (10) into equation (3), multi-
plying by Ig, and setting dQ/dt equal to the other terms will obtain:
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where F 1is defined by equation (10).

If M inlets connect the bay to the sea, there will be one equation
(eq. 12) for each inlet. Let Q, be the discharge of the mth inlet,
then the total discharge for all inlets, Qp, 1is the sum of inlet dis-
charges:

QT:Z Qe (13)

The rate of change of water level in the bay, dh,/dt, is related
to inlet discharge, Qp, plus discharge into the bay from other sources,
Qinflows by the continuity equation: J

ﬂh = QT & Q-L'ntlow |
dt A A (14) 4
bay bay [

where Abay is the instantaneous surface area of the bay.

There are several methods available for solving the simultaneous
differential equations (eq. 12 for M inlets, and eq. 14 for a total
of M+l equations). The method selected for this model is a fourth-
order Runge-Kutta-Gill technique. Advantages of this method are that it
is self-starting, extremely stable, may use a longtime step, has wide
application, and converges quickly. The main disadvantage of this tech-
nique is that it may cost approximately twice as much as some methods
because the Runge-Kutta-Gill technique uses two calculations for each
time step to check error bounds and establish the time step (International
Business Machine, 1970). On a CDC 6600 computer the total computer cost
for computations per inlet for a tidal cycle using the Runge-Kutta-Gill
method has been, at most, several dollars (less than $2 per tide cycle)
for most test inlets. However, the ease in use of this method justifies
its cost.

The computer program based on this model (INLET) is presented in
Appendix D.
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3. Weighting Functions.

The weighting function, W;; (the fraction of the total flow that
passes through a grid cell at a time step), provides a systematic method
of distributing flow throughout an inlet for use in evaluating the bottom
stress (see App. A). There are three weighting functions developed in
this report,

First, a weighting function to distribute flow between channels at
each cross section so that total friction in the section is minimized
(option IWT=1 in the computer program INLET). This function may allow
some water to move perpendicular to the main axis of the flow net at
each cross section, but the flow should be small for a well-drawn net.

Second, a weighting function is developed by assuming that all flow
is parallel to the streamlines of the flow net and distributes the dis-
charge in each channel of the inlet to minimize overall friction
(option IWT=2 in the computer program INLET). This method is consistent
with the equations of motion used in the model derivation and assumes
that the grid system permits an accurate representation of the inlet
streamline patterns.

In practice both of the minimum friction weighting functions (IWT=1
and IWT=2)produce similar results for many inlets. Comparisons with
prototype measurements show that either minimum friction weighting func-
tion adequately predicts the flow distribution across inlet cross sections
tested. For example, at Brown Cedar Cut, Texas, minimum friction weight-
ing predicted the fraction of flow at any point at a cross section to
within several percent of the measured total flow (Fig. 3). At times in
the tidal cycle, minimum friction weighting slightly over or under pre-
dicts flow in parts of the section, but on the average this difference
will have little effect on the final result.

Differences between prototype and minimum friction weighting distri-
butions may occur for several reasons. First, Manning's uniform flow
friction relation, as used in this model, may not completely describe
friction losses for unsteady inlet flow. For example, Manning's equation
may overestimate friction when discharge is increasing because turbulence
has not developed to the point that would be reached for steady flow of
the same discharge. As the magnitude of discharge decreases, the opposite
effect occurs. Turbulence is higher than for the same steady-state 3
discharge, so Manning's equation underestimates actual friction. Changes i 1
in bed forms throughout the tide cycle may also change frictional resist-
ance.

:
3
:

Jet formation in flow exiting the inlet throat, not accounted for in
these weighting functions, may also cause differences between observed
and predicted flow patterns. However, an empirical coefficient may be
used to account for losses caused by jets (discussed in App. C).

See Appendix B for a detailed discussion of drawing flow nets based
on the minimum friction weighting function (IWT=1).
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Figure 3. Discharge of Brown Cedar Cut, Texas (after Mason
and Sorensen, 1971).
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The third weighting function (IWT=3) is the same as that used in
lumped parameter models (Huval and Wintergerst, 1977). It assumes that
discharge is the same in all grid cells throughout the inlet at any in-
stant in time. This means that the flow in each grid is equal to the
total flow for the inlet divided by the number of channels, IC, The
weighting function, W;; is evaluated by:

W;j = 1.0/1C (15)

Generally, this function will not accurately reproduce prototype condi-
tions because it is almost impossible to visually draw the grid that
corresponds to this condition. In addition, the function does not
consider changes in flow distribution that occur during the tidal cycle.
However, this weighting function is useful in obtaining an upper limit
for frictional effects because it overemphasizes friction in most cases.
By producing high friction the function tends to give a lower limit for
bay level fluctuations, mean inlet velocity, and inlet discharge.

Weighting functions are organized as subroutines in the computer
program INLET, so that other weighting functions may easily be added to
this numerical model as they are developed.

IV. USE OF THE COMPUTER PROGRAM

1. General Conditions for Model Use.

The computer program INLET (App. D) estimates inlet hydraulics by
solving equations (12), (13), and (14) with the use of appropriate geo-
metric and hydraulic inputs, This section summarizes the conditions
that can be modeled consistent with assumptions discussed in Section III.
Details of the application of the computer program are discussed in
Appendix D.

The conditions required when using the model are:
(a) The sea is much larger than the inlets and bay.
(b) The bay is much larger than the inlets.

(c) The bay and at least one of the inlets must contain
water throughout the water level cycle.

(d) The forcing seawater level fluctuations must be speci-
fied as a function of time. Start the model when the sea level
is zero.

(e) The inflow or outflow from sources other than the inlet
must be a specified function of time, a function of bay water
level, or constant (the computer model is programed for a
constant inflow).
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(f) The bay surface area must be constant, a function of
bay water level, or a function of time (the model is now pro-
gramed for bay area as a linear function of bay level).

(g) The inlet cross-sectional area at a section is a
function of local water level or time (the model is programed
for linear channel side slopes).

(h) The model assumes that the bay level remains horizontal.
This means that the forcing wavelength in the bay should be much
longer than the bay:

Tp "8dpgy >> Lpgy » (16)

where Lpg, is the length of the longest axis of the bay, dbay
is the depth of the bay, and Tp is the forcing wave period.

(i) This model uses a lower limit of the time step, At,
which is the time required for a shallow-water wave to travel
the length of the inlet channel:

2 7&‘-& a7)

where L;, is the length of the inlet, and d,;, is the maximum
water depth in the inlet. In practice, a much longer time step
may be used in some situations; the Runge-Kutta-Gill technique used
in INLET will automatically adjust the time step. A suggested

upper limit for the time step input to INLET is one-hundredth of
the forcing wave period, Tp.

(j) Recommended techniques for drawing inlet grid flow nets,
which are used in the evaluation of bottom friction, are presented
in Appendix B.

(k) The weighting function for distributing the flow through-
out the inlet must be selected (Sec. II). The minimum friction

weighting functions (option IWT=1 or IWT=2) are recommended for
most cases.

(1) If the seawater level fluctuation is of constant period
and amplitude, generally one to four cycles are required to
eliminate transient terms so that an equilibrium response is
reached in the inlet and bay., If friction is high, as in many
tidal inlets, the first cycle will give a good estimate of water
motions and levels. Four cycles are recommended for inlets
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with high temporal acceleration, such as inlets on the
Great Lakes.

(m) The prugram INLET is designed so that the sea
forcing is sinusoidal or is described by water levels sampled

uniform rate, Q;, & is constant, Abay is a linear
function of the bay water level, and the inlet”side slope is
linearly related to the local water depth. For more general
conditions, appropriate programing changes should be made to
the computer program. For example, if the surface area of the
bay is a nonlinear function of bay water level, the program
statement that evaluates bay surface area should be changed
to incorporate the given function.

(n) The recommended method of using this model is
similar to that for other inlet models. Obtain prototype
geometries, sea and bay water levels, and inlet velocities
for the system. Using this prototype information, calibrate
the model so that the predicted bay levels and inlet velocities
accurately reproduce the prototype data. The suggested method
of calibration is to vary the Manning's bottom friction factor,
n, or ebb and flood entrance and exit-loss coefficients
(App. C) until good agreement is obtained between observed and
predicted hydraulics. For short records of field data it is
recommended that the model first be calibrated so that predicted
inlet velocities or discharges reproduce prototype conditions,
because velocities are most sensitive to changes in model param-
eters. Bay levels are a form of integrated inlet discharge,
so levels are less sensitive to variation in model parameters.
After the model is calibrated for velocities, check bay level
predictions. '

If additional prototype data are available, the calibrated
model should be run with the additional data to verify that
the model produces adequate results.

If no prototype data are available for calibration, use
values of n and loss coefficients previously calibrated on
the model for similar inlets. The examples presented later in
this section provide estimates of values that apply to various
types of inlets. Specific applications of the model are also
presented.

A preliminary estimate of n can be obtained frowm the linear
relation recommended by Masch, Brandes, and Reagan (1977) for
grid cells of tidal inlet models. They reported that n. is weakly
dependent on water depth by the relation:

n=C -C D (18)
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where D is the stillwater depth, because the probability of
vegetation decreases with depth. For water depths less than 9.1
meters (30 feet) and greater than 1.2 meters (4 feet) they recommend
C, = 0.0377 and C2 = 0.000667. This condition is assumed if a
relation for n 1s not specified in input data. For depths less
than 1.2 meters they recommend ¢, = 0.055 and C, = 0.005.

(0) Note that asymmetry of the inlet and bay geometries
throughout the forcing cycle will result in asymmetrical inlet
hydraulics. For example, a sinusoidal ocean tide may produce
a nonsinusoidal bay tide due to effects such as the change in
inlet cross-sectional area with water depth (Keulegan, 1967).

- Ex!!gles.

The model was applied to a variety of tidal and nontidal inlets.
Five examples were selected to illustrate the range of conditions that
can be modeled: Pentwater Inlet, Michigan, to show the response of a
simple geometry, nontidal inlet to forcing at different wave periods
due to seiching of Lake Michigan; a hypothetical harbor, which illustrates
the application of the model to predict tsunami-induced hydraulics at a
harbor; Masonboro Inlet, North Carolina, to illustrate the evaluation of
tidal inlet hydraulics; Indian River, Delaware, to show how the model can
predict the effect of storm surge at a tidal inlet; and Cabin Point Creek,
Virginia, to show the effect of adding a second inlet to a one-inlet
tidal system.

a. Pentwater Inlet, Michigan. Pentwater Inlet, located on the
east coast of Lake Michigan, is an example of a nontidal Great Lakes
inlet (Fig. 4). Like many Great Lakes inlets, Pentwater is controlled
by parallel jetties and retaining walls, and is periodically dredged to
maintain the channel.

(1) Geometry. The channel is 610 meters (2,000 feet) long with
a width of 44 meters (145 feet) and a minimum depth of 3.6 meters (12 feet).
A survey of the channel at six cross sections with a spacing of 122 meters
(400 feet) was used to calculate the cross-sectional flow area along the
inlet (Fig. 5). Since the inlet cross-sectional area and depth are approx-
imately uniform, the inlet was modeled using a one-channel flow net. The
area of the bay, Pentwater Lake (1.68 x 10% square meters, 1.812 x 107
square feet), was measured from Lake Survey Chart 77.

Figure 6 summarizes geometric measurements used in the Pentwater
Inlet model.

(2) Forcing Hydraulics. Spectral analysis of water levels in
Pentwater Lake indicates that astronomical tides are not important and
that Pentwater is being forced by some higher seiching modes of Lake
Michigan (Fig. 7). For example, the 5.3-hour peak in the spectra corre-

sponds to the second longitudinal mode of oscillation of Lake Michigan;
the 3.5-hour peak is the third mode, etc. (Seelig and Sorensen, 1977).
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Figure 4. Pentwater, Michigan.
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(3) Calibration. The Pentwater Inlet model was calibrated by
using the geometries in Figure 6, observed water levels in Lake Michigan
(Duane and Saylor, 1967) to force the model, and the Masch, Brandes, and
Reagan (1977) method of determining Manning's n. Various values of the
flood- and ebb-loss coefficients were tested (see App. C); a value of 1.0
was found to give the best prediction of measured bay water levels (Duane
and Saylor, 1967). A comparison of the calibrated results for a selected
period of record (Fig. 8) shows that the forcing water levels contain a
number of wave periods, but waves shorter than the Helmholtz period (the
natural pumping period) of Pentwater, 1.8 hours, are filtered out inside
the harbor.

. This calibration is checked by comparing results from sinusoidal long
wave forcing of the model to spectral characteristics of level fluctua-
tions measured simultaneously in the bay and sea. The numerical model
was run for four cycles in these tests so that transient terms due to
startup conditions had died out. Separate runs were made at typical
seiche periods for Lake Michigan, using a forcing wave amplitude of 3
centimeters (0.1 foot). The results for Pentwater, forced at a period of
2 hours, are shown in Figure 9, which shows the given sea forcing levels,
predicted bay levels, and mean inlet velocity at the minimum area section.
The relative importance of each term in the equation of motion, as a
function of phase of the oscillation is shown in Figure 9. In order to
emphasize the relative importance of the terms, each term has been
normalized for each time step by division of the magnitude of the largest
term for that time step. These four curves do not show true time histo-
ries. The convective acceleration term is never dominant.

Figure 10 is a plot of predicted and observed wave amplification
factors for a range of forcing wave periods. Wave amplification is de-
fined as the bay level fluctuation amplitude, a;, divided by the forcing
amplitude, a,. The observed amplification factors are usually slightly
smaller than the predicted values on the Great Lakes because the temporal
variation in the prototype wave amplitude produces transient effects that
do not allow amplification to fully develop.

The maximun amplification at Pentwater occurs at a forcing period of
1.8 hours (Fig. 10) and the maximum velocity occurs at a period of 1.4
hours, assuming a constant forcing amplitude of 3 centimeters. The
relatively high amplification of the forcing wave, the short Helmholte
period, and the large ratio between surface area of the bay and inlet
cross-sectional area (10“) cause relatively large inlet velocities at
Pentwater (0.6 meter (2 feet) per second).

b. Tsunami Effects in a Planned Inlet. This model may also be used
to predict the effects of a tsunami at some inlets. This example analyzes-
the response of a hypothetical inlet-harbor system to an assumed tsunami.
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(1) Geometry. The inlet is 122 meters long, and 24 meters
(80 feet) wide with a design depth of 7.3 meters (24 feet). The bay
area is 4.6 x 10° square meters (5 x 10%® square feet).

(2) Forcing. The assumed tsunami seawater level fluctuation is
shown in Figure 11. This tsunami event includes four waves with a period
of approximately 20 minutes. The third wave is the largest with a crest
elevation of 0.4 meter (1.3 feet).

(3) Calibration. No data are available for calibration. How-
ever, other examples have shown that the Masch, Brandes, and Reagan
(1977) relation adequately describes Manning's n for inlets (eq. 18).
These examples also show that the empirical entrance- and exit-loss
coefficients for flood and ebb are approximately 1.0.

(4) Results. The numerical model predicts that the bay water
level fluctuations will lag the sea fluctuations by approximately 5
minutes, and will be smaller than the sea fluctuations (Fig. 12). The
maximum flood and ebb velocities will be approximately 2.7 meters (9 feet)
per second and will occur during the third wave (Fig. 12). Because of
temporal acceleration effects, the harbor will continue to oscillate
after the sea level forcing has stopped acting on the harbor. These
oscillations will die out exponentially due to friction losses (Fig. 12).

c. Masonboro Inlet, North Carolina. Masonboro Inlet is an example
of a tidal inlet connecting a poorly defined bay to the Atlantic Ocean.
The inlet is controlled by a single weir jetty on the northeast side of
the inlet (Fig. 13). The model was calibrated, using sea and bay water
levels and inlet velocities measured 12 and 13 September 1969.

(1) Geometry. Hydrography for 1969 was modeled, using a grid
system of four channels and seven cross sections drawn to estimate a flow
net for the inlet (Fig. 14). Grid measurements of cross-sectional area,
width, and length were made for each grid. Cross-sectional areas were
referenced to mean sea level (MSL), which is 1.88 feet above the local
Beaufort mean low water datum.

Although the Masonboro bay surface area is poorly defined, the tidal
prism was measured. Therefore, the effective bay area is taken as the
measured tidal prism divided by the mean bay tidal range measured at three
gages (gages 3, 4, and 5 in Fig. 14) to give an effective bay surface area
of 1.8 x 10® square feet at MSL. The bay surface area at any point in
time, - Abay. varies as a function of the bay water level because exten-
sive lowldna areas are flooded at high water. The assumed relation
between bay surface area and bay level is

Apgy = Ao(1 + Bhp) (19)

with B = 0.2 estimated from hydrographic charts.
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The slopes of Masonboro Inlet are estimated to be Q0.0133 from the
hydrographic survey.

(2) Forcing. Tidewater levels measured outside the inlet at
0.5-hour intervals for a period of 25 hours, 12 and 13 September 1969,
were used as the input to the model.

(3) Calibration. The prototype inlet velocities measured 12
September 1969 were used to calibrate the Masonboro model. Values of
Manning's n throughout the inlet grid system are assumed to be a func-
tion of the water depth below datum in each grid, Dij: using the rela-
tion recommended by Masch, Brandes, and Reagan (1977)%

n = 0.0377 - 0.000667 D;; (20)

Flow is distributed throughout the inlet so that friction is minimized
in each channel (IWT=2).

Figure 15 shows the forcing tide, predicted bay levels, inlet velocity
at the throat, and discharge. The plot of the importance of terms in the
equation of motion shows that the Masonboro Inlet flow is predominantly
controlled by head and frictional effects. Temporal acceleration becomes
important only for a short time near slack water.

Comparisons between observed and calibrated inlet velocities show
that this is a good model for predicting mean velocity in the throat at
Masonboro (Fig. 16). The standard deviation between observed and predicted
is 0.62.

This model was also used to estimate flow distribution throughout the
inlet using output from the subroutine TABLE in the computer program.
Predicted maximum ebb and flood velocities are illustrated in Figures
17 and 18. This calibration shows that highest velocities occur in the
deep gorge of the inlet adjacent to the jetty.

d. Indian River Inlet, Delaware. Indian River is an example of a
single-jettied inlet which connects an open bay to the Atlantic Ocean
(Fig. 19). This example illustrates the effects of a storm surge on
water motions in the inlet and bay.

(1) Geometry. The inlet, approximately 1,650 meters (5,400
feet) long, is comparatively straight and uniform throughout its length,
so the inlet is modeled using one channel and five cross sections (four
grids long). The channel dimensions of 1943 (Keulegan, 1967) were used
to model the inlet geometries (Fig. 20). The bay area is taken as
4.2 x 108 square feet (Keulegan, 1967) and as a first approximation the
effect of "The Ditches'" is neglected because flow through "The Ditches"
is small compared to the inlet discharge (Keulegan, 1967).
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Figure 17. Ebb velocity distribution (minimum friction weighting,
1100 hours, e.s.t.).
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(2) Forcing Hydraulics. The storm surge measured at Atlantic
City, New Jersey, 14 and 15 September 1944 is assumed representative of
the surge at Indian River (Jelesnianski, 1967). This surge is added to
the astronomical tide to obtain a time history of water levels in the
Atlantic Ocean at Indian River (Fig. 21).

(3) Calibration. No data are available for calibration of this
model to storm surge conditions. Keulegan (1967) found that a Manning's
n of 0.046 applied to Indian River Inlet, so this value is used in the
model. :

(4) Results. As a first approximation, this model predicts that
the storm surge and astronomical tide together produce a maximum flood
velocity of 200 centimeters (6.5 feet) per second followed by a maximum
ebb velocity of 110 centimeters (3.6 feet) per second (Fig. 21). Bottom "
stress and head are the most important terms in the equation of motion.
Temporal acceleration becomes important only near slack water. Convec-
tive acceleration is negligible. In spite of the large surge in the
Atlantic Ocean and the high inlet velocities, the bay level changes are
relatively small because the bay surface area is large compared to the
inlet cross-sectional area (a ratio of 10°) and the surge only lasts for
a few hours.

e. Cabin Point Creek, Virginia. Cabin Point Creek is a shallow,
natural tidal inlet (Fig. 22, inlet 1) connected to the Potomac River.
This example shows how the model can be used to assist in the design of
a second inlet (inlet 2).

(1) . The area of the bay, measured from hydrographic <
charts, is 3.3 x 10° square meters (3.5 x 108 square feet) and the length
of the natural inlet is 580 meters (1,900 feet). Only one cross section,
located one-third of the length of the inlet from the sea, was measured
for the inlet in May 1976 (Seelig, 1976). The maximum water depth was
0.6 meter (2.1 feet) with an inlet width of 15 meters (50 feet). This
inlet was modeled, using a three-channel flow net. The bay surface varia-
tion parameter, B, was determined from hydrographic charts as 0.2. i

(2) Forcing. Water level measurements in the Potomac River for
an 18-hour interval on 24 and 25 May 1976 were used to force the model.

(3) Calibration. The computer program model of Cabin Point was
calibrated by comparing observed and predicted bay levels. Masch, Brandes,
and Reagan's (1977) recommended relation between n and water depth for
depths less than 1.2 meters and ebb- and flood-loss coefficients of 1.0 to
adequately model bay levels (Fig. 23).

(4) Prediction. The calibrated model was used to predict the
hydraulics of the system if a second inlet (hypothetical), 91 meters
(300 feet) long, 1.2 meters deep, and 15 meters wide, were cut at
location 2 shown in Figure 22. The model predicts that the bay tide
range would increase by a factor of four (from 0.36 to 1.49 feet, 0.1 to
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0.45 meter) and the velocities in inlet 1 would decrease (Table 1).
The maximum water velocities in inlet 2 would be -1.3 and 1.7 feet
(-0.4 and 0.5 meter) per second for ebh and flood.

Table. Predicted Cabin Point Creek hydraulics.!

Tide range |Max. ebb | Max. flood
Cabin Point Creek bay | river | velocity | velocity
(ft) (ft/s) (ft/s)
Inlet 1 0.36 | 1.49 -0.6 0.9

(24 and 25 May 1976)

-1.45 | 1.49 -0.3
-1.49 | 1.49 1.3

Inlet. 1
Inlet 2!

- O
N

Predicted with second inﬂet
]

llnlet 2 has L = 300 feet, B = 50 feet, and D = 4 feet.

To illustrate the effect of the width of inlet 2 on velocities and
bay levels, the model was run with several widths between 0.6 meter and
30 meters (100 feet); the results are plotted in Figure 24. This analysis
shows that as the width of inlet 2 is increased the bay tide range in-
creases as the bay tide more closely follows the river tide. At a width
of 12 meters (40 feet), the bay range is the same as the river range.

As the width of inlet 2 increases and the bay tide more closely approxi-
mates the sea tide, the head differentials along the inlets decrease,

so the inlet velocitibs decrease (Fig. 24). The plot shows that for a
9-meter-wide, small Pbat navigation channel at inlet 2, the inlet veloc-
ities will be small (iess than or equal to 2 feet per second) for the
given tide condition. j;See Seelig (1976) for additional details of the
Cabin Point Creek example.

V. SUMMARY AND CONCLUSIONS

A numerical model based on an area averaged momentum equation for
the inlet, and a continuity equation for the bay has been shown to give
good predictions of bay levels and mean inlet velocities for a variety *
of inlets and forcing conditions. The model is designed for cases where
the bay water level fluctuates uniformly throughout the bay and the
volume of water stored in the inlet between high and low water is negli-
gible compared to the prism of water that moves through the inlet.

The ease of use and low cost of this model make it ideal for obtaining
a first estimate of inlet hydraulics for inlets forced by the astronomical
tide, storm surge, lake seiching, and tsunamis. The computer program
INLET (App. D), based on the model, can be used for hydraulic calculatioms
when one or more inlets connect a bay to a sea.
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There are several ways that this program can be used to aid the design
engineer and researcher. For example, when designing an inlet system
many physical parameters can be easily varied in the computer program to
determine the influence of each factor on inlet and bay hydraulics.

The model can also be used to obtain an estimate of the magnitude of
measurements to be made in the field. For example, at Masonboro the model
indicates that small head differences generate large inlet velocities.
This means that Masonboro water level measurements should be exceptionally
accurate and precise. The model shows that for Pentwater, waves with
periods of 1 to 2 hours and amplitudes of 0.1 foot can generate signifi-
cant inlet velocities. This suggests that the water level recorder and
stilling well (Seelig, 1977) at Pentwater should be designed to measure
the long waves with precision.

This numerical model can be used to examine the relative importance
of terms in the equation of motion of inlet hydraulics. For example,
application of the model for several locations shows that at tidal inlets,
pressure head and friction are the dominant terms in the equation of
motion throughout most of the tide cycle. Temporal acceleration becomes
important only near slack water. At nontidal inlets, such as on the
Great Lakes, three terms (temporal acceleration, pressure head, and
friction) are important throughout a major part of the water level cycle.
The strong influence of temporal acceleration on Great Lakes inlets
causes amplification of long waves near the natural pumping period of the
inlet-bay system.

In addition to INLET, a second computer program, INLET2, is now
available. INLET2 can be used to predict hydraulics for systems consist-
ing of one or more inlets bays, and seas, including complex systems.
These computer decks may be obtained from the Automatic Data Processing
Coordinator (CERDP), Coastal Engineering Research Center, Fort Belvoir,
Virginia 22060.

VI. RECOMMENDATIONS

There are several changes recommended for the computer programs
INLET and INLET2 to increase the generality of the model. Storage of
water in inlets, and radiation and wind stresses may be added to the
equations of motion for the inlet. Other weighting functions for dis-
tributing flow, for example a weighting function which includes the jet
action of water exiting the inlet, may be added to the program. Higher
order relations to evaluate bay surface area, inlet cross-sectional area,
and inflow into the bay from sources other than the inlet can also be
added to the computer program. A bottom-friction relation designed for
unsteady flow may slightly increase the quality of the results.
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APPENDIX A

WEIGHTING FUNCTIONS TO MINIMIZE FRICTION

Let the total bottom stress in an inlet cross section be described by:

3& 1
F = — w-z (A-l)
P e Y

where C; is a parameter that can be determined using results from the
previous time step:

A2 (0)1/3 (A-2)

2 n2
ng” By

C;

where W; is an unknown weighting function and Q is the inlet discharge.

C; can be evaluated for each grid (as in the computer subroutine WT1), or
for each channel (WT2). In many cases, it is reasonable to assume that
flow in an inlet is distributed so that total friction is minimized (i.e.,
fiow will follow the path of least resistance). In that case, find W;
to minimize F;. To find W; set up a new function, Fy, which includes
a Lagrangian multiplier, A:

Ic
.2
| { qut "‘L + A Zwi-l (A-3)
| e im1

Then differentiate with respect to each W; to obtain a series of
equations:

aFy 2W;
R Saaan Cll 5 B | S A-4
3'.,; L4 Ci L g R - » ( )

|

}
i
|

Alsoldiffor'ntiate equation (A-3) with respect to A to obtain:
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w = . W; - 1. (A-5)

Setting equations (A-4) and (A-5) to zero will give the values of W;
to obtain the minimum Fj, or

-Cz A g
W; = 2 s fml o TC S (A-6)

Substituting equation (A-6) into equation (A-5) for W;:

IC "
e

1=

and solving for A:

ey A (»-8)
2 (Co)

=1

=

Then substitute )\ into equation (A-6) to obtain the weighting function
to minimize friction:

C.
W = AN, B (A-9)

(£

where C; is given by equation (A-2).

This function to determine the weighting for minimum friction can
be applied in several ways. If flow is allowed to cross channels, the
minimum friction weighting can be applied at each cross section of grids
(WT1). This will give the lowest possible friction in the model. If
flow is not allowed to cross channels, then the routine can be applied
to distribute flow in each channel to minimize friction (WT2). This
will give more frictional resistance than in WT1.
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APPENDIX B

CONSTRUCTING FLOW NETS

A flow net for an inlet is a series of subchannels and cross sections
that divide the inlet into a set of grid cells. The primary purpose of
the flow net is to evaluate bottom friction throughout the inlet at each
time step. The process of constructing the flow net is subjective. The
subjectivity can be reduced by following the procedures described here.
Friction in each cell is determined by taking the mean geometric and
hydraulic conditions throughout each cell and applying them at the cen-
troid of the cell through the use of Manning's bottom-friction relation-
ship. Total inlet friction is the sum of friction in all the cells.

The flow net should be drawn so that flow parallels the subchannels and

is perpendicular to the cross sections. In prototype inlets, the actual
flow net system changes with time and these changes are partially accounted
for in the model by reevaluating the weighting function (IWT=1.and IWT=2)
at each time step.

1. Drawing Flow Nets.

One method of drawing a flow net for an inlet is by assuming that
flow is distributed at each cross section so that friction is minimized
(IWT=1 in the computer program; see App. A). The first procedure for
applying this method is to (a) draw a number of cross sections which are
approximately perpendicular to flow for the inlet, (b) apply the minimum
friction weighting function to each section to determine channel locations
so that flow through each channel will be equal, and (c) check to see that
the estimated cross sections are perpendicular to the channels drawn in
(b). If not, repeat steps (a) and (b).

A hypothetical inlet is used to illustrate the technique for drawing
flow nets (Fig. B-1). This idealized inlet has a maximum depth of 5.5
meters (18 feet) below MSL in the throat, is 366 meters (1,200 feet) wide
at the minimum width, and is symmetric about the longitudinal axis of the
inlet. A deep gorge runs through the centerline of the inlet.

The first step in drawing a flow net grid system is to draw a number
of inlet cross sections which are approximately perpendicular to flow in
the inlet. These estimated cross sections are drawn, keeping in mind
that in the throat and near the centerline of the inlet most flow will be
parallel to the main axis of the inlet. Beyond the inlet, the flow will
move in more of a radial direction where the inlet has the effect of a
source. Figure B-2 illustrates 15 cross sections estimated for the ideal-
ized inlet. These sections are placed closer together in the throat of
the inlet because this is a high friction region.

The second step is to determine water depths at points along each

cross section, and based on this information, determine channel loca-
tions so that flow is distributed to minimize the head loss due to
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friction. This task is aided by the FORTRAN computer program, NET,
discussed later in this appendix. Figure B-3 shows the channel locations
estimated so that flow is equal in all channels for section 12 of the
idealized inlet. Channels are widely spaced in shallow areas of the

inlet because friction in these areas is high and the flow per unit cross-
section width is small. Channels have much narrower spacing in deep areas
because friction is low and the greater depth allows for more flow per
unit width.

Channel location computations are made for all cross sections and the
locus of channel locations drawn to form a flow net (Fig. B-4).

Another output from the program NET is the predicted relative amount
of frictional dissipation per unit inlet length for each of the cross
sections. This friction loss is plotted on the left side of Figure B-4.
The flow net evaluates friction, so those sections located far from the
inlet where friction is small can be eliminated. For example, at sections
1 and 15, friction is extremely small because the water velocities at
these points are low. As a rule-of-thumb to account for most friction
losses, the first and last cross sections of a flow net should have cross-
sectional areas approximately 10 times larger than the minimum area in
the throat.

2. Documentation of the Computer Program NET.

NET is a FORTRAN computer program to aid the user in drawing a flow
net grid system of an inlet. Table B-1 lists the information needed for
input to the program. This information, including cross-sectional geome-
try, is analyzed using the weighting function to minimize friction (App.
A) to determine the location of channel boundaries so that flow through
all channels will be equal.

Output of the program includes a printer plot of each cross section
and the relative amount of discharge at points along the section (Fig.
B-3). Dimensions of channels for equal flow in all channels are plotted
and output in tabular form to be used as input to INLET (Fig. B-3). A
summary table gives the relative friction loss per foot of channel length
for each cross section (Table B-2). This table shows which areas of the
inlet are most important in dissipating friction; e.g., section 8 has the
highest friction loss for the idealized inlet (Table B-2, Fig. B-4).

Table B-3 is a listing of the program NET including comments on
program flow.

Output information from NET showing channel location (e.g., Fig. B-3)
should be added to each cross section and channels drawn by connecting
the channel location points (e.g., points A, B, C, D). If the cross sec-
tions are not perpendicular to the computed channel locations in high
friction areas of the inlet, these cross sections can be redrawn and
channel locations recomputed to obtain a more accurate flow net. How-
ever, this should not be necessary in most cases. Point A in Figure B-4
shows that section 1 is not perpendicular to flow and it should be re-
drawn if used in a model.
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Figure B-4. Idealized inlet flow net and predicted friction loss
along the inlet length (adapted from output from the
computer program NET).




Table B-1. Input to the computer program NET.

Card Format Description
1 110 Read the number of inlets to be input.
2 110, F10.0 Read number of channels, inlet discharge

(cubic feet per second).

3 110, F10.0, A4 Read number of depth readings, spacing between
depth readings (feet), title of section.
Spacing of depth readings should be small
enough so that linear interpolation between
readings will adequately describe the bottom
topography for each segment.

4 16F5.1 Read depths at equal spacing across the channel
(feet). The first and last values should be
0.0 (at the waterline at each end of the sec-
tion). Card type 4 is repeated as many times
as necessary to read all the depth values for
this section (e.g., for 20 depth readings
there would be two card type 4's for that
section).

NOTE.--For each cross section for an inlet repeat card types 3 and 4.

Place a hlank card after the last cross section of an inlet to in-
dicate the end of that inlet.

For each inlet repeat card types 2, 3, and 4.

Table B-2. Summary or friction losses. 3

Section Loss/ft channel length 1

(dimensionless) 5

1 0.206 :

2 0.398 <

3 0.699 <

4 1,845 .

5 5.740 b

6 11.298 %

7 13.057 ;|

8 21.451 3
9 14,598
10 14,222
11 6.860
12 4,360
13 2.471
14 1.695
15 1,100
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Table B-3. Listing of the computer program NET.

NET 14/% ortsy FTN webed20 1071/1

PROGRAM NETCINPUTIOUTPUT TAPESSINPUT,TAPEOSOUTPUT) 2
OIMENSION DP2(2000)0C(2000) oL (7)eB(7)eAlT)rw(T)eNS(T)eDP(300)
DIMENSION #(25)4FLO=(10)90PT(100)¢FLO#2C100)¢1PLOT(102+51)
DImENSTON XCCT)NCOR(Y)

PROGRAM TO A0 CONSTRUCTION OF INLET FLOW NETS, FLOw» S ODISTRIAUTED BY
ASSUMING THAT FRICTION IS MINIWILED, SEE SEELTGe MARRIS AND HERCWENRQDER,
19779 (A GENERALTZED LUMPED PARAMETER mpDEL OF INLET MYDRAULICS(y U,S,

ARRY COASTAL ENGINEFRING RESEARCH CENTER, KINGMaN BUILDINGs FT, BELVOIR,
VIRGINTA,

WORK UNIT P31019, GENERALTIZED INVESTIGATION OF vIDAL INLETS,

THIS PROGRAM™ I8 CATALOGED AS T20X6R1AGOCNET) IN TWME CERC PROGRAM ( [BRARY,

NINLETS ® NUMmgRS of INLETS TO 8€ COmPUTED
READ(Se1) NINLETY
00 999 TQUstoNINLET

IC ® NUMBER OF CwANNELS

Q& INLET DISCHARGELCPFS
READ(S.1) 1Cy0

1 FORMAT(110,710,0044)
wRITECGoe31) ICeN

31 PORMAT(img Sxe3nICuol10e3M Q8¢F10,0)
FSU~s0,
1980
nTe1,0/PLOAT(IC)
WRITR(0071) =T

Vi FORMAT(//7SXo3aunELGHT OF pACH CHMANNEL SHOULD BE s FS,2)

110 CONTINGE

FOR EACH CROSSSECTION READ DEPTH pATa AND DETERMINE CHANNEL GRID SPACING

80 ThaT FLO® N Eacw CHANNEL IS APPROXIMATELY EQUAL. FLOW 13 ASSUMED

T0 BE VISTRIBUTED TO MINIMIZE PRICTION,

READ CONTROL. anh OE®TH INFORMATIUN FOR EACH CROSSeSECTION

ND & NUMBER OF DEPTM READINGS ACNOSS THE CraANNEL

OELX ® DIBTANCE BETWEEN THE DEPTM READINGSy FT

ITITLE & FOUP cHARLCTER TITLE OF SgCYION

READ(S¢1) NOGOELXeITITLE
00 3§09 Isy,10

109 FLOw(])s0, N
00 1109 leg,100
0PT(l)en,

1109 FLOw2(])mn,
IF(ND,EO,0) GO YO 198
108180y
wRITEC(6¢332) 18

332 FPORMAT(IM) 423,13)
"RITEC0032) NDyNELXITITLE

32 FPORMAT(Sxo3™nOg,11000% DELXSIF10,005n (FT)e2X ONSECTION oAW)

OF & ZOQUALLY $PACE nEPTH READINGS ACROSS THE CHANNELe FY
READ(Sy2) (PP(1)elnlenD)

2 PORMAT(10FS,1)
00 3570 lsieNn

3370 OP(12mDP(T)e2,
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PROGRAM NEY 477 (LALEY FTIN Wo0¢020 1G/713/TT 14edde05

wRITE(ee13))
133 FOXMAT(2x.2%HEQiiAL SPACED DEPTHEy FY)
~R1Tk(0e33) (OPCI)el21enND)
33 FORMAT(SX.10FS,1)
AREARO,
NOMIBNDey
DO 231 IsmqND™y
Jeley’
231 OREASAREACDELXS(OP(1)e0P(J)) /2,
-ID:FIOELI-(ILBIT(Nggé))
wRITE(0e232) AREANW "
232 'Oﬁ“lY(sicE-l.[i. eEf2ur0M (FT2) 7w wiDtRe (12,4454 (FY) )

g CONVERT EOQUAL DISTANCE SPACED DEPTH READINGS TU 2000 EQUAL DISTANCE sPaCED
C DEPTH READINGS By _yWEAR INTERPOLATION
DELXZSDELYePLOAY(ND®1) /1009,
te2(1)a0,
DP2(2000)80,
DO 140 182,199¢
L18sFLOAT(1eg)onbiXR
JIsD1S/0ELX
CELDSDIS=FLOAT(JL)®DELX
Ji8Jiey
J2nlyey
CP2(1)sDPL 1) ((DPLI)=0PIJ1))/DELY)SDELD
1F(CPR(1) LELC,0) =RITE(e191) 1,0P2(1)
101 FCORMAT(Su,ewDP2,LEW0 ¢2Xe]13e2n0EL2,4)
1F(0P2(1), E,0,0) DP2tl)el,
160 CONTINUE
: csurso,

§ COMPUTE “Fah DEPTHS AND AEIGATS UF Eacw OF 1999 SECTIONS
00 1¢3 1s2,2000
Jsley
LIRS PISSTLILICIRTE 1)
480,03777.0,000007¢0P2(J)
1P (AN,LT,0,01) xNE0.01
ARLASDOP2(J)oDELN2
ClJIBnERse2, o0p2(J)990,3333/(anee2, 00002,9DE X2)

1681 CSuMsCsumectd)

00 358 Jey, 1999
Ctd)sced)scoum
18uB8(Jety/200e9
FLON(ISUBIRFLOrISUB)¢CLY)

C SAVE INFUSMATION FOR 100 GRIDS aLROBS FOR a4 PRINTER PLOY
18UB2e(Je1) /200
FLURZIISUS2) P 0n2(18UBR)¢CLI)®100,
CPTCISUN2)eOPT(TSUER)DPRLJ)/ 10,00

3586 CONTINUE

C COMPUTE CMaNNEL DIMENSIONS 80 TWAY EACH CMANNEL HAS EOQUAL DISCMARGE,
00 1142 Jege?
n8ildeo
atlrep,
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PUOGRAM NEY 16/% orYey FIN ao.00020 10713777 16,440,058

n(l)mo,
1142 B(1)e0,
¢ FIRST E871Imave
Jej
DO 142 11,1909
NS(JIenS () ey
A(JI®A(I)epP2(1)*0ELAR
8(JIsl(J)enELx?
s(J)Ba(d)ec(])
1F(A())GF,wT) C8Jed
17(J.67,3C) wRyTE(00134)
134 FOKMAT(Sx.7n) ERAOR )
162 CONTINUE
C ITERATE 7O ESTI=aYg CMANNEL LOCATIONS
N1TeS0
DO 1010 lrgmyent?
CCém0,
D0 241 Jsy,1C
DtJIBA(II/0()
ANS0,037720,000007¢D(J)
1P (XN LE,0,01) uNE0,01
w{JIBR(J)ne2, on(J)*®0, 3333/ (XN #08(J))
241 CCOsLCBenty)
00 242 Jmi,1C
2642 =(J)sa(J)scCH
¢ DFIEW™]INE NUMRER OF »10TMS Y0 CORRECT gaCM CHANNEL
C CAKE 1% TAKEN TO CORMNECTLY ROUND TWE NUMBERS TO OMTAIN 5999 =IDTH CELLS
RMAKS=1000000,
X“INS1000000,
ERNORS), .
] 00 223a Jsgele
LREABS(w(J)enwT)e100,
1F(ER,GT ERROR) ELRROREER
KC(J)B(w(J)enTyn}999,00,2
I (XC(J)oGYex¥ax) JMAXSJ
IFLNC(J) GY XMax) XMAXNSXC(J)
IFCXCOII LY XMIN) JMINGY
2236 IP(XC(J) (LT x™IN) x™INeXC(J)
nCCeo
00 2235 JeyelC
NCOR(Jymnec(d)y
2235 NCCENCCONCOR(J)
IF(NCC,LT,0) NCAR(JIMIN)SNCOR(JIMIN)ONEE
IP(NCC,GT,0) NCAREJ™AX)BNCOR(JIMAX)@NCC
180
00 2368 Jsi,1C
A(Jd)eo,
#(J)mo,
NB(J)snB(J)eNCOR(Y)
IFENBCII,LT,1) NECJIBY
NNSNBLJ)
00 233 Lesg NN
i8¢y




PHOGRAM NEY 764/7¢ 0PTe} FIN 4e00620 10713777 1a.48.0%

1P(1.01,1999) gn Y0 £33
ACJIBA(J)eDPR(])00ELAR
B8CJ)EB(J)DELND
233 CONTINUE
234 CONTINUE
1FC(ERROR,LT,0,3) 60 TO 1011
1010 CONTINUE
C WRITE CHANNEL OIMENSIONS
wR]T (] b
;:=‘ ra=-=;:/331.10u¢n5~~¢; DIMENBIONS FOR EQUAL DISCHARGE )
sRiTE(ee112Y)
1123 FORPAT( AxoiWJ 0Xo1NA912X 1N 12X ¢1M0)
DD 14e Jsi,1C
POITE(ge1aY) Joal3) et} eDLIdontd)
14?7 00~:A1¢§lcxs.3z|losa
a ONTIN
c‘cBHPSVt A"ggulxvt twk FRACTION OF FLOW IF TWE INLET I8 DIVIDED INTO 10
(4 tcult.l:ltgb‘tuluﬂgL..
(3 tlaedod)
382 foaunv:/.zi..snvalcVIoh OF FLOw FOR 10 EQUAL SPACED CHANNELS 3
ARITEC(ge307) trLgﬁgg"'l!-tolO)
387 FORnAY SuelOF10e
C PRINIER 'L;V oz-%nu AND PREDICTED RELATIVE DISCHARGE ACROSS THE CHANNEL
00 401 Jsi,102
DO 602 Js1,5)
1PLOTCTod)miM
602 CONTINUE
603 CONTINUE
00 603 1s2,102
603 JPLOT(Je30)siNe
00 o0& Jmi1,51
608 1PLOT(2,J)81ke
(TT
00 809 Jsi,1C
NNBNNe (1 0eNS(J)) /720
I1F(NN,GT.102) NNS102
00 610 JJu16eSy
010 IPLOT(NNoJJ)BENE
600 CONTINUE
FuaNep,
00 612 Is1,100
012 IF(FLORN2(1).6Y,FMAR) FHAXSPLONR(])
loraxe s
DO 608 191,100
11081¢2
1080PT(1)e16
17CI0,LT.1,00,10:67,51) 10a8)
1P(10,67,10%Ay) 1DPARSID
1°L07(310030)8 M0
10817,0FLON2(]) /P NARS LG,
IP(I0,LY.1,0m,1D.67,51) 10wy
08  I%L0T(1ID30)mynF
“R1TE(e+000)

RIS A,




PROGRAM NET T4/% orTey FIN 4ebed20 10/13/77 14,464,098

008 FORMAT(/,Sxe3IHCHANNEL LOCATION FOR EQUAL FLOW )
IPLOT(2e21)8iNg
IPLOT(3v20)81¥y
IPLOT(2020)81M0
1PLOT( el )miNMy
IPLOT(2+31)81NS
IPLOT( I e30)mINp
IPLOT(2e36)08%0
IPLOT( eut)uinp
IPLOT(2v01)0 NS
IPLOT(1e40)uiNg
1PLOT(240)m1Mp
IPLOT(1051)mYNY
1PLOT(2¢51)m1Mg
IPLOT (s g2)0imF
IPLOT(Se) 2)mm
1PLOT(ee)2)8iM0
IPLOT(Ye12)m NN
1PLOT(ee21)mMD
IPLOT(Se21)8iNE
IPLOT(ee21)miMP
1PLOT( 7921 )mnNy
IPLOT(8e21)m NN
IPLOT(921)m1,
IPLOT(10021)01NP
IPLOTCY1021)8INTY
00 606 Jei,10M™ax
' 606 PRITE(0e007) (TPLOT(ZeJd)elstol0d)
607 FORMAT(Ixej0RA%)
F(18)ep,
00 o801 JumielC
XNS0,037770,00006780(J)
FUIB)RF(18)eXNOXNOQRQOB(J) /(A(J)®82,0D(J)%%,333))
681 COnTInyt
FOUNSFUNGPLLN)
60* 70 .110
1986 CONTINUE
C »PITE 4 SUMMaRY YanLE OF THE RELATIVE FRICTION LOSS PER FOOT OF CHANNEL
€ LENGTW FPOR 5L SECTIONS OF THE INLET,
WRITE(g0104)
1060 FOMMAT(//7/4SKe26HBUMMARY OF FRICTION LOSSES /2%, THBECTION o
1 SRe3awLOBS/FT CHANNEL LENGTH (DIMENSIONLESS) /)
00 197 181,18
FCLIBF(T)/PBUMS100,
"RITECoe199) 1,7(1)
190 FONMAT(oX,12012%¢F0,3)
197  CONTINyUE
990 CONTINyE
(3014
(L1




A suggested flow net grid system which includes important friction
zones of the idealized inlet is shown in Figure B-S.

' R LN L
. Barrier

.

Sy A STV Ty

Chonnel

- TR 53

6 54 3 ¢ Sea

Figure B-5. A suggested grid cell system for the idealized inlet
(seven channels and eight cross sections).
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APPENDIX C

ALTERNATIVE DEVELOPMENT OF THE CONVECTIVE ACCELERATION TERM

In equation (1) it was assumed that the convective acceleration term
could be integrated along the length of the inlet. The resulting expres-
sion for convective acceleration is 1/2 (1/A} - 1/A‘) (see eq. 6, this
is option ICONV = 0 in the computer progr INLE1 This derivation
assumes that the effective head converted into acceleration of water as
water enters the inlet can be regained as the water exits the inlet.
However, some of this head may be lost due to turbulence and eddies.

If it is assumed that convective acceleration is described by a
combined empirical exit- and entrance-loss coefficient, Cp (Keulegan,
1967), and the water velocity far from the inlet is small, tnen the equa-
tion of motion for the inlet (eq. 12) can be rewritten:

& ‘g Gl g By - b - I F €-1)

-— = — (C
dt 2 D Aminz

where Ap;, is the minimum inlet cross-sectional area (the area at the
throat). If an inlet model corresponding to equation (C-1) is desired,
the option ICONV # 0 should be used in the computer program INLET.

The values of Cp for both ebb and flood must also be specified
(CDE and CDF input to INLET). As a first approximation, values of Cp
should be about 1.0 for ebb and flood for rapidly converging and diverg-
ing inlets. This means that one velocity head is lost due to the con-
traction and expansion process through the inlet. However, if the inlet
has a different shape on the sea and bay ends, this loss coefficient may
be different for ebb and flood. The hypothetical inlet in Figure C-1
illustrates possible reasons for different loss coefficients for ebb and
flood. On floodtide, the water converges in a radial fashion and acceler-
ates as it approaches the throat of the inlet. Convective acceleration
develops one throat velocity head at the throat. As the water exits the
inlet a significant part of this velocity head is lost in the form of
eddies. The loss coefficient, Cp, for floodflow is expected to be
equal or exceed 1.0 for this example. .

On the ebbtide, water approaches the inlet in an approximately radial
fashion and then diverges slowly due to the funnel shape of the seaside
of the inlet. This pattern of flow causes little head loss due to eddies,
so a significant part of head converted into acceleration of water on
entrance is regained as the flow exits the inlet. The value of Cp for
this flow condition is expected to be less than 1.0.

As a first approximation values of Cp for ebb and flood can be
taken as 1.0 for rapidly converging inlets. These loss coefficients can
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Figure C-1. Flood and ebb convective losses for a hypothetical inlet.
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then be adjusted during calibration to account for differences in ebb
flow and floodflow. For example, if in the prototype flood velocities
are lower than ebb velocities, the values of the ebb- and flood-loss
coefficients should be adjusted until the model reproduces observed
velocities. A larger value of the loss coefficient will mean a greater |
head loss and associated lower velocities. \
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APPENDIX D

COMPUTER PROGRAM (INLET) DOCUMENTATION

1. Program Description.

The numerical model to predict inlet hydraulics described in the
text is programed in FORTRAN for a CLC 6600 computer. The simultaneous
differential equations are solved using a variable time step Runge-Kutta-
Gill marching procedure. The organization of the computer program is
shown in Figure D-1. The following is a brief description of each routine:

INLET is the main routine which controls input-output and calls sub-
routines to execute a specific task. Figure D-1 summarizes control
throughout the program. Variable names in the program corresponding to
symbols used in the text are given in Symbols and Definitions. The
program is organized to accept up to three inlets connecting the bay to
the sea, up to seven channels for each inlet, and up to eight cross
sections (seven grids long).

Subroutine HELM uses an iterative method of estimating the natural
pumping period or Helmholtz period, Ty', for the inlet-bay system by
neglecting friction in the inlet to give

Lin + L7) A
T,' =2 ,, : = ., (b-1)
L4 ﬂc

where L' is added inlet length due to radiation, and given by:

'-;!.1 wB (D-2)
Y

Subroutine RKGS is a routine to solve simultaneous differential
equations. This subroutine was adapted from the Scientific Subroutine
Package (International Business Machines, 1970).

Subroutine SETEQ evaluates the right-hand side of the equation of
motion, one for each inlet, and the continuity equation between the inlet
and bay for each time step. This routine also evaluates the relative
rank of the four terms in the equation of motion for flow in each inlet.

Subroutine LEVEL determines the water level in the grids at each time

step. The routine interpolates the level between the sea and bay based
on the relative amount of friction in each grid cell.
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Subroutine TPWRTE writes hydraulic results from each time step on a
tape or disc, so o that this information can be used later by the output
routines.

Subroutine TABLE outputs a table of instantaneous hydraulics each
time the routine 1s called.

Subroutine SEA determines the water level in the sea as a function of
time either for a | given sine wave or by interpolating equal time-series
data.

Subroutine WT1 determines the grid weighting function by assuming
that the flow is distributed across each section so that friction is
minimized. This routine allows flow to cross channel boundaries, but
assumes that this flow will be small, so the flow is neglected in the
equation of motion. See Appendix A for a derivation of the procedure
used in this routine.

Subroutine WTI2 is similar to WT1l, except that flow is not allowed to
cross channel boundaries, and the flow is distributed in each channel so
that friction is minimized.

Subroutine WT3 determines the we1ght1ng function so that flow is
distributed equally in all grids. This is generally unrealistic, since
it will be difficult to visually draw this grid system. However, this
routine is useful since it provides an upper limit on frictional effects
and therefore gives a lower limit of bay levels and inlet velocities.
This weighting can be used to model simple geometry inlets where only one
channel is used to represent the inlet.

Subroutine CRIT prints a table of critical instantaneous hydraulics

(i.e., at high water, low water, maximum velocity, and maximum discharge).

This table is determined by storing a summary of conditions for each time
step, then scanning this list for critical values (routine adapted from
Huval and Wintergerst, 1977).

Subroutine GRPHC plots mean inlet hydraulics Ly scaling hydraulics in

storage and plotting the time interval requested on a digital x-y pen
plotter (adapted from Huval and Wintergerst, 1977).

Subroutine READIN is used by GRPHC to read data in storage and scale
values for plotting (adapted from Huval and Wintergerst, 1977).

2. Input.

The computer program INLET requires the following input, one deck
for each inlet-bay system:

7
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Card
Type

Variables

1

ALABL1
ALABL2

NINLET

IPLOT

IWT

ITABLE

% W

ICONV

DELT
AO

AB

ZETA

Format

4A10
4A10

5110, 2F10.5, 110

3F10.5, E10.4,
3F10.5, 2Fs.1

78

Descrigtion

First line of title
Second line of the title

Number of inlets

=1 for plot of results
Weighting type

=1 flow distributed to minimize

friction at each section

=2 flow distributed in each chan-
nel to minimize friction

=3 equal flow in channels

=1 for tables of instantaneous
hydraulics

Manning's n evaluated by:
n=Cl-C2*D; where D is
stillwater depth. If blank,
default values of Cl1 = 0.03777
and C2 = 0.000667 are assumed.
ICONV = 0 for convective acceler-
ation as derived in the text

ICONV # 0 for alternative
derivation (see App. C).

Forcing period, hours
Approximate time increment
Forcing wave amplitude (feet)
Bay area at datum (square feet)
Bay area variation parameter

Inlet side slope
D (2)/D(y)




Card
Type Variables Format Description
QINFLO Bay inflow from sources other
than the inlet (cubic feet per
second)
CDF An empirical flood-loss coeffi-
cient
CDE An empirical ebb-loss coefficient
4 2110, F10.0
IC Number of channels
IS Number of cross sections
QINT Estimated inlet discharge at
the time the model starts
| 5 (one card 10X, 7F10.5
' per sec-
L tion)
| A' Cell cross-sectional areas at
| the ends of each cell at datum
[ (square feet) (see Fig. B-2)
‘ 6 (one card 10X, 7F10.5 3
per sec-
tion)
B! Grid cell widths for the end of
each cell (feet) (see Fig. 2)
7 (one less 10X, 7F10.5
| card than
sections)
L' Lengths of the sides of cells

(see Fig. 2) (one less card
than number of sections, one
more value per card than the
number of channels)

For card types 5, 6, and 7 there will be one card for each cross
section of the inlet. The first card will be for the first cross section,
i.e., the section closest to the sea; the last section is adjacent to the
bay, The first value on each card will correspond to the first channel
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Card
Type Variables Format Description

which is adjacent to land, and the last value on a card will be for the
last channel, which is also adjacent to land (Fig. 2).

(FOR MORE THAN ONE INLET CONNECTING THE BAY TO THE SEA REPEAT CARD
TYPES 3 TO 7 FOR EACH ADDITIONAL INLET).

8 TDEL 34X, F6.2 Water level sampling interval
, (minutes)
NPTS 6X, I3 Number of sample points
= 0 for no data
9 (optional-no cards if NPTS = 0 from card type 8)
Y Eight water level values per card,

as many cards to include NPTS
points; start the model at a time
when the sea level is zero. Use
i 25 or more points per forcing
cycle for best results (i.e.,
levels at 30- or 15-minute inter-
vals for a 12-hour tide).

10 (optional-two plot cards, first card used only if IPLOT = 1
on card type 1)

8F10.5/,3F10.5, I10

X0 Starting time of plot (hours)

XF Ending time of plot (hours)

SCALX Time scale (hours per inch)

YLO Minimum value of water levels
(feet)

YL Overall height of plot (inches)

YLSCAL Scale of water level height

(feet per inch)

YRO Minimum flows (thousands cubic
feet per second)

YRSCAL Scale of flows (thousands cubic
feet per second per inch)
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Card

Type Variables Format Description
Second YVO Minimum velocity (feet per second)
card
YVSCAL Scale of velocities (feet per
second per inch)
SCALE Scale factor for total plot size
IQ IQ = 0 for no plot of inlet
discharge

11 If a plot is requested, repeat card types 8 and 9 for observed
bay levels to compare with predictions (card type 8 required;
use NPTS = 0 for no observed bay levels). Only one set of card
types 10 and 11 will be required for plotting even though the
system modeled may have more than one inlet,

12 End of file card.

The inlet data for a computer run of Masonboro Inlet are shown in
Figure D-2.

S Outgut.

The types of output include (a) a summary table of grid dimensions,
input parameters, and the Helmholtz period of the system estimated, assum-
ing there is no friction in the inlet; (b) (optional) summary tables of
instantaneous inlet hydraulics; (c) (optional) a pen plot of inlet
hydraulics; and (d) a table summarizing critical points throughout model
operation, such as high water, low water, point of maximum discharge,
and maximum velocity. Samples of input and output for the Masonboro run
are given in Figures D-3, D-4, and D-5. The computer plot is included
in the text (Fig. 15).

4. gggggter Pro'ran.

A listing of the computer program INLET follows the sample output
(Table D-5). The program was written in FORTRAN IV for a CDC 6600 com-
guter with plotter. Control cards, plotting instructions,and file con-
tywis say have to be changed for other computers. If no plotter is avail-
iix . the subroutine GRPHC and the call to the subroutine in the main
progres may be removed.
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MASONBOND 1069

CoFs2,
1 ) 1 2 1 0,
25,0 200, 2418 +20000Ee09 0,2 ne0133
" . °20000, g
Ay 28280, S§510. 6570, 2420,
A2 9725, T8RS, SAAN, 214h8,
A3 3080, SASh, 628, 37n0,
Ay 40, 2528, 10030, 5288,
AS ghn, 10%s, 5079, 4fan,
2p 1770, 850, €5%0. 3955,
Ay ax90. eata, aung, unon,
81 000, 6R0, 260, %,
82 1320, 1400, 3o, 100,
83 <00, 1380, 260, 2404
84 150, 430, asn, Saq,
8s 2R0. 150, 280, 180,
8e RUO. LLLI un, 4k,
87 afp, 670, aT0, 260,
L1 A%0, 90n, 1ann, 1900, 1000,
Le 750, s, 1000, 1000, 1n00,
L3 440, S50, 900, 1056, _ 1200,
La €00, 700, ASn, 980, 900,
Ls 4o, 800, 98¢, 600, 200,
Le 2600, 2100, 2'g0,  l4ga, 3400,
GAGEO 9/12/40 “ASONBORN ogLYs 30, MUms SO
1,39 eloh0 o1 ,h% 1,60 el.38 =0,98
0e34 neR? 1,29 1.70 2404 2,33
2,01 2.2? 1,91 1.5 1e 0,50
0,98 e1s32 1,55 *1e02 L "1.80 wlell
0,20 LS L 0,93 1,40 1e74 2010
2euR 2.29 1.97 180 1elb 0e6
=0,9 1,3 -
0, 22, 2. 3, 6, 1e
b, 7. 1 0
NO BaY
€on

Figure D-2.

0.

LLINY )

P.48
1,03

2.3
0,1t

LLLE

.000'
2.50
0450
©0,69
Q.49
“0e¢

20,

0,

Sample of input data for a computer run of
Masonboro Inlet, North Carolina.
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1687

CONTROL CaRDS
§ 1 L} L 1 0,00000 0,00000 1
25,00070 200,00000 2,15000 +2000E¢0" +20000 _oM!lO 0,00000 2.0 0,0

SUMMARY OF INLET GP1D CHARACTE®ISTICS
INLET NUMSER
.

SECTION 1

CHMANNEL o 1 2 3 [}

ARFA(FT))  19002.5 2007,8 512%,0 2280.0

wlOTH(FY) 2100,0 1000.0 20%,0 . 95,0

ODEPTH(PY) 8,80 [ ) 17.% 26,00

LEN(FTY) 875.0 50,0 1000.0 1000.0

~ 0319 «0338 0284 0210
SECTION 2

CHANNEL o 1 ? 3 [

AREA(FT)) 402,59 07e7,8 $652.5 292040

wInTH(PY) 90.0 1300.0 298,0 180.0

OEPTH(FY) 7,00 6,7 19,18 16,22

LEN(FTY) 050,0 78,0 1000.0 1000.0

~ «0331 *0348 <0250 00209
SECTION 3

CHANNEL ® 1 ? 3 [}

AREA(FT2) 201040 anel,.= 7027.5 a492,4

wINTH(Fy) “2%5.0 05,0 36%.0 490.0

DEPTH(FY) a,73 ‘82 21,48 11.23

LEN(FT) 49S,0 7235.0 978.0 1123%.0

N 0340 0308 «0238 «0303
SECTION o *

CHaNNEL @ ] 2 3 .

AREA(FTy) 72040 2780.% 75%54.% 82,8

wIDTH(FY) 315.0 29%,0 08,0 4aS,0

DEPTH(PY) 2429 9,89 2070 10.852

LENCET) 800,02 75,2 78,0 00,0

~ 0302 «0314 0240 ¢ »0300
SeCrion

CHANNE( » 1 2 3 ]

AREA(FT)) 2135.0 eaal,0 $200,.9% a002.8

wiOTH(FY) $60.0 $20.0 38n.0

DEPTH(FY) 3.0 (N1} 18,87

LEN(FT) 00,8 A?S.0 778.0

N <0352 «0321 0279 0312
SECTION o

CHANNEL » ? 3 ]

AREALFY)) 023040 086%,0 3%2.8

»10TH(FY) 00,0 Sa8,0 300.0

DEPTH(Fr) T.99 %“.. 11.08

LENCFT) 0 2100,0 2050,0 3800.0

«0340 «0320 0208 0308

~
FORCING PERyOD® 235,00 WOURS
TrELm(APPROY)S .17

TP/ e

INLET LENGTH ADDED LENGTH
1 as22¢8 1749,

TOELe MiNs 30,00 ~NPTgSe S0

1,30 ©1,60 21,65 01,00 ©1,38 o, 00 o, 00 «,00 34 82 1,29 1,70 2,00 2,33 2.48 2,%
okl 2.22 1e% 1450 1400 (50 0:00 2030 2090 21,32 #1,55 =1,02 1,60 o5, a8 of.03 U]
.20 .:: 93 1400 1,78 2,10 2031 2609 2.88 2,29 1,97 1,50 1410 00 10 =00
®,00 of,

Figure D-3. Sample output from INLET (summary table for
Masonboro Inlet input data).




®edeccccsan,arscscsacescnnneae

TI“Ee HAURS s 6,009 DELT. SEC = 400,00

INLEY 1

st. LFVELFTs 2,08

Sav LEVELeHTs 1.2%
DISCHARGESCFSE ,SuB1f 0%
BAy AREAR ,2U93E«09 FT2

CHANNEL SECTIUN ¢ 2 s ] s (] A4 FRICTION
FRIc 004 o 06 .07 2 o1 3 :
1 ol
1 LEVEL 2,08 2,00 2,00 170 1,82 1.26
1 V(FpS) W12 «33 ALl 2414 90 «53
1 G(CrS) 2802, 2m02, 2802, 202, 2802, 2802,
1 AETGHT «0S «0S o0S «0S onS «05
1 Fric 00 00 00 10 o0} #01
2 .19
2 Level 2,00 2.02 1,9 1060 1,39 1,29
2 v(Fe®) 1,01 93 1,82 2.71 1,73 1,20
2 (CES) 8993, 8003, £99y, 8993, 8993, 8993,
2 “EIgeT 10 ol0 ote 10 1) 10
2 Fric o014 01 02 «10 o0 «03
3 L1l
3 LEVEL 2.9 270 1,08 183 1e07 1,82
3 v(Fe$) S.40 0e% .63 377 S.18 6,07
3 Q(CFS) 31238, 31238, T21n, 31238, 3123m, 31238,
3 “EIGMT 57 57 «S7 57 14 57
3 '"c 03 N3 $02 o1 07 20
e 23
@ LEveL 2,07 2.00 1,08 175 1.54 1.37
e v(Fp$) 4,60 3.50 2.20 2413 2.82 2.62
4 9¢Cr8) 11772, 11772, 11775, 11772, 11772, 11772,
. NEIGHY 21 21 "I o21 21 21
Fric 00 oy ne 10 ML 00

vznr ACcs o6 CONV aCCs 32,4 "EAD' «]100.0 Ftlc- 7.0
MEAN VE OCITY AT TwE “INFWUM AREa SEcTIOvs 2,97 "IIEC AMINE 18029,73 FT2

Figure D-4. Sample output from INLET (summary table of instantaneous
hydraulics for Masonboro after 6 hours of model time).
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|

| QUNMARY TABLE OF WMYDMAULICE INLEY [}
Ting “§ INFLOW ne vEL (]
L11) (44 ({43 ] (24 RS

| o338 =i 800 0.000 «,239 o3, 0010
06000 =,951 «2,919
00000 o1,%502¢ «053
0.000 =,54¢ 2e4030
04000 *, 4% 204810
0000 o316 2,922¢

Y40e

0000 20

04000 2,988
04000 249688
04000 2957

0000 1,056  2.%0¢
06000 1,185  2.97¢e
0.000 1,338 2,97
0e000 41321 209580
0:000 2,387 2.158
04000 d,002¢ «088
06000 1.19
04000 l.180
0.000 3,055
04000 902
04000 <8069
04000 774
0000 079
0000 .302
04000 Ll
0000 <307
0.000 200
0000 108
04000 <087
06000 =,018
04000 el,018
0000 <1,005¢
04000 o), 249
Ge000
04000
0000
06000
0.040
0000
0+000
[]

86,519
eSu.126
«83,080

oo

i, !
¥ §
i ¥
A
§
!
!,
re% :
83,578 %
e$3,003
82,510 %
L] e)e4840  o%1,070 3
000 “3.4350  o851,003 3
04000 30000  o%p,167

0000 ©1,390% 0.000 ©2:39  <3%,%40

® CAITICAL POINT VALUE
Figure D-5. Sample output from INLET (table of critical points for

the model time: high water, low water, etc., for
Masonboro Inlet).




Table D-1. Listing of the computer program INLET.

PROGRAM INLETCINPUT,OUTPUToTAPESSINPUT TAPEAROUTPUT(TAPEQeTAPELOe INLEY 2

1 TAPE 3 PUNCHETAPES) INLET 3

C PROGWAM NUMRER 720X6R1880 (INLEY) ANALYSES AND PREDICTS INSTANEOUS INL INLET 4
C WYDRAULICS USING A LUMPED PARAMETER SCHEME (SEE SFELIGs HARRIS AND INLET S
C MFRCHENRODERe 19760 (A GENERALIZED LUMPED PARAMETER MODEL OF INLET INLEY 6
C HYDRAULICS (s A DRAFY CERC" REPORY) INLET 7
REAL LoLENGTHoLINoLXoNoNX INLETY 8
COMMON/NUMS/NToBoNTNLFT o ICHE3) o T8F(3) 00RsL(707)0BCT07)00(747)0 INLETY 9

1 ACTaT)eNCToT)aml T 7)oV ToT)00CT07) o HSeMBoH(To 7)o ICoISoAMINI(3) INLET 10
TEMINTC3) oL INOOXC3) ¢RINFLOVARAY SLENGTH(S) InLeTY 11
COMMONZNUMLZY(S) oDERY(S) o XonToIWNToZETAHN INLET 12
COFMON/NUM2/BXCSoTo7) o DXCIeToTIoNY(30Te7) ewX(SePe?IolX(307¢7)eNX(3 INLEY 13
1¢707) INLET 14
COMMON /NUMS/ZADoToARGRETA INLET 15
COMMON/NUMY/RNK(304) INLEY 16
OI*FNSION CORL(Y) INLET 17
DIMENSINN ALABLYI(E)aLABL2(A) ¢ IBUF(1000) ¢ NUMBER(20) INLET 18

3370 convINue INLET 19
L0 2193 Ilstel INLETY 20

2193 ox(11)ey, INLET r3)
c Geo ACCELERATION OF GRaVITY INLET 22
32,2 INLET 23

00 1211 lsy.20 INLEY 24

1211 numagi(1)e] INLET 1]
whiITE(642937) INLEY 26

29%7 FORMAT(//01 00 L () InLeY 27
REAN(Se1167) (ALARLY(T)elm], 4) InLeT 28
REAN(Se1167) C(ALABL2(1)0181,8) INLET 29

1167 PORMAT(aAL0) INLET 30
“RITE(0e1168) C(ALABLIC(I)el®10) 2 INLET 31

* wRITE(6e1168) C(ALABL2(I)vImya) INLEY 32
1168 FONMAT(ANIGAL0) INLET 33
wRITE(6.1208) INLETY 34

1208 POWMAT(eSue (CONTRDL CARDS () INLEY 35
C WEAD CQuTHOL CamDS InLe? . 1
4 INLET s
READ(Sey01y) 'l“t!'.ﬁc!tkllol’LOVo!iVolYA.tf:t&cc! INLEY 38
wRITECOe1012) NINLET NCYCLEGIPLOTINToETABLECIoC2 INLEY 39

1011 FORMAT(S571042F10,%) INLET 4o
1012 FORMAT(1XeS11042F10,5) INLEY ey
C NINLFTeTHE NUMAER nf INLETS INLRTY “
C NCYCLESS ANUMMER OF TIpaL CYCLES INLEY 63
¢ 1PLOT (1 rFOR ’ PLAT OF “EAN MYORAULICSs 0 FOR A0 PLOT) Ine? L7
C INT IS A PARANETER NESCRIAING THE TYPE oF wrFIGHYING DESIRED INLET a5
C Twtst pOR pLOw WEIRNTING TO ACMIEVE MINIMUM BRICTION INLEY ub
C Invs? POl wEIGHTING Pom MINIMUM FRICTION WITH NO PLO® ACROSS CHANNELS InLEY ar
C Iwtsy gGR guUUAL FLOW In aLL GRIDS TO GIVE MAXImMUM FRICTYION INLETY “
C IvagLtsy POm A TABLF OF OQUTPUT InLETY 'L
C CleC2 WNC1eC2 ® D, 15 €1 AND C2 ARE ZERO THE MaSCH VALULS OF INLET 50
C €1 8,03777 AND C28,000A87 ARE ySED InLEY S
IFCC1eL0,0,0,ANN,CP EN,0,0) C29 0,000807 InLeY S2
IF(C14€0,0,) Cim0,03777 INLEY s3

(4 INLEY sS4




1 FORMAT(ALLO) INLEY s
REAN(So111) TeDFLY A0,ARALTAGZETA,QINFLO INLET S
wRITECQoi1']) TeNELToAOABIBETAIZETALQINFLO INLET s7

111 FORMAT(3F10,90E10000ar10,9) INLEY L1

C TeTIDAL PERIODs MRS (LAYE® CONVERTYED YO SECONDS) INLET '
C  OELYSPSTIMATED YIWt SYEP.SEC INLEY 60
C AOm Spa TIDAL AMPLITUDE.+T INLET 13
(4 ARs BaY AREA AT THE DATUMe SQUARE FEEY INLET o2
C OETAS mAY AWEA VARIATTION PaARAMETER ( DLAB)/D(NE)) INLEY (31
C  ZETAs CHannEL BLOPE (DLY)/0(X)) ] INLEY o8
C  GINFLOS INFLOW INTO THE BAY FRum OTHER SOURCES (FTY3/BEC) INLETY (1]
4 INLEY o6
ENUSTONCYLLES®3400, IMLeY o7
IFPETA,LE,0,)2F AR AL2S INLEY 1)
(2L 1] InLEY 09
(4 INLET 70
C READ IN INFORMATION OF sack INLEY IMCET i
00 1110 NIsteNINLEY INLET 72
TUNTTSReNT INLEY 73
REAIND TUNTY InLET 74
REANCSe1) 1Ce18 INLEY s
C 1Ce VUwAER OF CHANNELS INLETY 76
C 189 NUrkER OF INLET CANSSeSECTIUNS INLEY 7
IFEICaGT, P, UR 18,67, 7) WRITE(GsioTY) INLET 78

1071 FONMATL//7,5%0 (000se 100 MaNY GRIDS FOR OIMENSIONS (e//) . INLETY 79

1enenldelc InLeY 80

€ RLAD SPCTINN AREAS ( Owk CARD R SECYIUN) InLe? 81
PO § lotels InLEY [}

S READ(Se2) (ACT4J)0Jm1,1C) INLET 8
‘ 2 pONMAT(10%,7¢10,5) INLETY 84
¢ LY [
C ®eaD BECTION wIDTHS (ONE CAMD BER SECTION) INLET 86
, 00 g Istily INLET [ 14

& READ(S42)  (B(14Jd)eJu11C) INLETY (1)
(4 InLET a8
1CPyelCey INLETY 9
181018e1 IsLe? 3]

C READ LENGTHG (ONE WORE LENGTH PEm CARD THAN CMANNELS) INLEY 92
(4 C ONE (L858 CaRD THaN THE NUMBLR OF SECTIOND) InLe? (2}
00 7 lejelgny LN 9%
REAN(Ye2) tLULeddeJatolCPY) InLeEY L 1]
¢ InLET %
€ INTYIALI2E VARIABLES TO WFGIN JTRRATION INLEY "
C NUMAL® OF GRING ALONG TWE CHANNEL I8 ONE LESS Twan THE NUMSER OF InLeY "
€ CRUSSedECTIONS INET L 1)

% 188p9e) INLET 100
18E(n])egs InLe? 101
18h1elBey IaLer te2
wRITE(0e3070) W) InLer 103

3670 FORMAT( /S0 (BUMMaRY OF INLEY GRID CHARACTERISTICS (o/ LY 108

1 19ue LInLEY NUMBLR(,13) INLET 108
wRITE(eel) 1Co18 INLEY 100

’ 00 10 Iste18 INET 107




1"
1207
1221

Do 11 Jeielc
LENGTYH(NT)BLENGTHINTYoL(1ed)/PLO0AT(IC)
ACloJ)mtAlTod)eatlered)) 2,
LleddmeL(goddeL(Lotet) )/,
BC1eJ)m(B(10J)0N(T01,40)) /20
Dtleddoatled)/ncledy
N(loJ)eCleC200(,J)
LE(NTeToddobL(Tod)
Bx(NIelod)af(lo))
DX(NIeled)oD(10))
NE(NTeleddaN(To )
aX(NTelod)ml, /7P LOAY(IC)

CONYINUF

sRITE(O,1207) 1

FONMAT (o ne (SECTIONLSID)
wRITE(001221) (NUMRERCIT)eIT0101C)
POMMAT (SN (CHANNEL ®(o10]10,4/)

C PRINT A SUmmally TABLE OF GLOWETRIES

1L 271
1972
1973
ieve
1978

wRITE(0e1971) (AlloJ)ed®ielr)
sulTE(0.1972) (A(T,J)edm1elE)
wRive(ael197Y) (N(1e0)edmiele)
welTE(0s1974) (L(Ls0)edmiele)
“RITECae19795) (N(Iod)ednlele)
POMMAT (S tANEACP T2y (410F10,1)
FONMAT(qRe (mIDTR(FTY (4)0F10,1)
PORMAT(SK. (DEPTM(FY) (,1Re10F10,2)
SONMAT(SN. (LENCPT) (o200 10F10,1)
PONGAT (SN (NLo1ARINF1004)
COnTINUE

10 ]
C PIND AMEA AND w10Tw AT Tup iNJuus BSECTION

100
1
c oY

1337

2200

ARINTINT)OQO Ee2
00 109 Tei1,18

Jei,lc
atledd

J
BT AnINI(NI)) GO TO 109
Aninging)0An
s int(ng)0NA
COnTINUE
COnY INYE
t™aTg Twe INLETeRAY wgLmwOLTR? PERI00
CALL MEL™CTHELM B, 0N )
teTreT/TRELN
wRITE(0e20]) ToTHELu NP
PORWAT(1Re (FORCING ERIO0O (P T 20 | HUURG (e
179000 THELHEAPPRON Y@ (+F 8,20 { HOURS (47
1 IR (TP /T™e Le 10N 0,2)
SRITECOe1337) (CJoLPNGYH(J) oCORLLJ) ) 0JotoNINLEY)
PORMAT( ogNo LINLEY LENGTYN  ADDED LENGTMI, (/o0NelR01Ne
1 Fo 1ednela,l))
YeTe3600,
CALL MxGOCENDIORLToNINLETsQINPLO0ETABL o T)
DELYREND/FLOAT(NT)
D0 2209 NleleNINLEY
LLITTY
CRITE(0e2208) N1
FONMAT(//7010R0 (BUMMARY TABLE OF WYDRAULICS InLET(.19)
TUNTTENTeB
CALL CRITENTIDELToTUNTToToNCYCLES)
IFCIPLOT,EQol s ANDNT ,EQs1) CALL PLOTSCIAUF100003)
IPCTPLOT EQ, 1) CALL GRPMCIALABLE oALABL2,DELTIIUNTTIND)
1PCIPLOT,E0.10ANDNT FONINLET) CALL PLNT(0,00,0999)
ConTYINUE
§Y0»
EnD

INLET
INLET
InLe?
InLeY
INLEY
INLEY
InLEY
INLRY
INLEY
InLeY
IsLe?
INLEY
INLEY
INLEY
th"
InLeY
INLEY
Init?
InLEY
InLeY
InLeY
N
e
s
st
InLe?
s’
e
ISt
sty
ISt
IsEY
Isie?
ey
LY 3
st
sty
InLEY
s
I
IsLeY
e
IsEY
Ine?
InLEY
Isui?
Ine?
e
IeLY
ISuEY
sty
LN
Inget
IneY
INEY
IseY
INEY
IMLEY
INLEY
INLEY
INLEY
INLEY
INLETY
INLEY
InLeY
INLRY
INLEY




SUOROUTINE RRGO(END,OFLToNINLEToOINFLO, 1TABLE,T) INLET 178
C MOUTINE TO SOLVE 4 SET NP SIMUTANEDUS DIFFERENTIAL FOUATIONS INLET 17
C ADAPYED FROm BCIENTTIFIC SUBROUTINE PACKAGE, 18mM, 1970 INLETY 177
COMMON/NUM ] /V(S) s DERVIS) o NoNToINTo2ETA Mg INLEY 178
COMMON/NUMg /RNK (S0 0) INLEY 179
DIMENBION AUNIN.S)satA)eB(0)eC(0)oPRNT () ANINI(]3) INLEY 180
wDIuaNINLETe Y INLET 401
pARY(L) ® 4, INLET 162
pany(R)etno INLEY 103
samy(1)eDELY Int? 104
panT(A) & INLEY 108
1701,67,30000,) DELTBEIN00, INLET 106
1FCY AL, 30000,) OF YRT/e, InLeY 107
00 1122 JNeloNINLEY INLEY 108
Y(JN)80,01 INLET 189
1122 OFRv(dnyen nol InLeY 190
vINDIN)e0, INLEY 194
OEMY(NDI™)al,0ePLOAT(NINLLT)O0,001 INLET 192 !
00 1 leyenpln INLEY 193
1 AURIBs1)00,00000000700ERY(]) INLEY 190
nePart(y) INLETY 19§
stanePuntig) InLey 198
webpst(y) INLETY 197
PARY(S)00, InLtY 198
cobL SeveOcaming) INLEY 199
1P (motutNion))3Re 3,2 INLLY 200
P CONTIVUE ey 201
Allyet, g Inltr 202
4(2)00,2900932 INLEY 20%
atsyet 707 07 InLeY 200
ale)sn, 10000007 tnLk? 209
e(iyel, InLer 200
t2yel, InE? 207
AtSyel, sty 208
wieyod, InNLEY 200
Eiatonce P
. LY} 11}
ulul.mr InLEY 212
. ees,s InLeY 21
} 00 3 leienpin sty 216 :
§ AURrIe YY) InLeY 218 4
! AUR(Re1)00gRY(]) Intr 216
& NI INLEY FI%
A 3 auateclyee, INLEY 218
1%tceo INLEY 210
nonem INLEY 220
InLreey TS ] 22
18%gpeg LN 22
1P anee Ine? 22)
o COnTINgP sty 22
1P (CNONQUEND)ON) TegeS InLLY 229
S COnTINUE InLET 226
o CONTINUE InLk? w2




weXgNDey INLET 228
1ENDE1 INLEY 229
7 CONTINUE INLEY 230
CALL SEA(MBeX) INLETY 251
CALL TPHRTECNINLET o xoM8e0INPLOIY o AMINT sRNKINT) INLEY 232
1FLAGIex/0ELYS INLEY 233
IFCIFLAGE (NE TFLAG2 ANDo ITABLE €D, 1) CALL TABLE INLET 234
1FLAG281FLAGY INLEY 2358
IP(PRMT(S)) 800840 INLEY 236
o CONTINUE INLET 231
1TRSTeQ INLETY 238
9 CONTINUE INLEY 239
18TEPSIgTEPe} INLEY 260
Jot INLEY 241
10 CONTINUE INLEY 262
AJmatd) INLETY 243
nisacd) INLEY 248
cJeccd) INLEY 248 {
00 11 IsjenNOIW INLEY 248
*lanedERY(L) INLEY 247
R2%AJ% (Riec@JOAUR(b.1)) INLEY 248
viiysv(1)end INLEY 249
R8N0 uPeR2 INLEY 250
1 AVELOsJ)IBAUN(S,1)*R2aCIeR] INLEY 251
19 0J=8)12415¢15 INLEY 252
12 ConTINUR INLEY 258
JoJdet INLEY 258
1F(Je3) 318013 INLEY 258
13 CONTINUF INLEY 2%
AsKePeSOM INLEY sy
16 CONTINUE INLEY 258
CALL BETEQ(AMINTG) InLLY 259
60 Y0 j0 INLEY 200
15 CONTINUE INLETY 201
IPCITRET)in016020 INLEY 262
16 CONYINUP INLEY 203
00 17 IsioNOIN INLEY 200
17 auxgaslyev(l) INLET 265
178878y INLEY 266
187Ep0]gTEPe18TPPe2 INLEY 207
18 CONTINUE INLEY 208 y
1uLFelnLPey INLEY 269
KXo lak INLEY 270
"ol 5% INLEY L34
00 1@ fai¢NOLM InLtY 272
v(lysaux(iel) INLEY 273
Otky(l)sauxt2el) INLEY 274
10 AUK(evI)SAUN(3eT) INLET 278
60 Y0 9 INLEY 27
20 COnTINUE IsLEY 2717
1»0pslsrEr/2 INLEY 278
17(19TEPeIn0D=IM00) 21,2321 INLEY 219
21 CONYINUE INLEY 200




P e TS

i i St AP Al e

22

-

w

27

3

3

»

30
30

CALL SETEA(AMINT)

DO 22 ImieNDIM
AUX(SeIymY(])
AUKCTe1)BDERY(])

GO YO 9

CONTINUE

OELTs®,

DO 24 Im)enDIM
ODELYSOELTeAUX(Bs1)0aBBCAUXCaeT)oY(]))
1F(NELT=PRMT(4)) 28420029
CONYINUF
IF(InLPe10)206e30030

CONT INUE

00 27 lslenNDIM
AUXCcas1)BAUX(SyT)
18TFPEISTEPISTEPey
XXk

1ENDSO

G0 YU 1A

CONT INUE

CALL SETEQ(AMINT)

DO 29 IsjeNDIM
AUXCLel)mY (D)
AUX(2¢1)ePERY(])
AUXCYe])BAUXCOeT)
YCIyeAUX(S, 1)
DERY(1)mAUX(T7¢])

CALL SEA(MSIX=N)

CALL TPWRTE(NINLET o NanoMBoQINFLOsY o AMINToRNKINT)
1PLaGie(xen) /DELYE
IPCTFLAGI NE IFLAG2,AND ITABLE,EQ,1) CaLL TaBLE
IFLAG2EIFLAGY
IF(PRnT(S)) 80030440
CONTINUE

DO 31 IslenDI™
Y(IymAun(i.l)
OERY([}sauxt2e])
IetcalnLs

IFCIENDYI24 32030
CONTINUE

IMLrelinLPey
18TEpsinTEn/2

LL LY

1P CInLFY&e33,33

CONTINUE

IMUQSISTEP /2
1F(18TEPeInNDe[MQ0)ay 340 e
CONTINUE
1F(NELTe0,020PRMT(4)) 3503500
CONT INUE

NP IN Fey
18TepuigTEP/2

NSNeM

GO 10 &

COnTYINUE

I%LFel )

CALL SLYEQ(AMINT)

G0 Y0 Se

CONYINUE

InLret2

GO Y0 3¢

CONTINUE

vLrely

CONTYINUE

CALL BEa(mpex)

CALL TPuRTE(NINLET oW oMBeQINPLOCVoaNINTsRNK(NT)
1PLAGIeX/0ELYS

IFCIPLAGY o NF IPLAGR, ANDSTABLE EQ,1) CALL TaBLE
1PLAG29TFLAGY

CONTINUE

RETURN

END

INLET 281
INLET 282
INLET 283
INLET 284
INLET 205
INLETY 286
INLETY 287
INLEY 208
INLETY 289
INLETY 29%0
INLET 29
INLET 292
INLETY 293
INLETY 29%
INLET 295
INLEY 29
INLEY 297
InLETY 294
INLETY 299
INLET 300
INLET 3o1
INLETY 302
INLET 303
INLETY 304
INLEY 305
INLETY 306
INLETY o7
InLEY 308
INLEY 309
INLETY 310
INLEY 3
INLETY 32
INLETY 313
INLETY 314
INLETY s
INLEY 316
InLEY 317
INLETY 318
INLEY e
INLEY 320
INLEY 321
InLET J22
INLEY 323
INLEY J2u
pLINY 32s
INLEY J2e
INLET 3Jer
INLEY 328
INMLEY 320
InLe?Y 330
INLEY 3
INLEY 3132
INLEY 333
InLeY 35
INLETY 335
InLeY 33e
INLEY 337
INLEY 338
IsLeY 330
InLeEY 3e0
InLeY 341
INLEY 342
INLEY 343
INLEY 30
INLEY 345
INLEY e
INLEY 1134
INLET 348
INLETY Jue
InLeY 3%0
INLEY 111}
INLEY 52
TN e ——————




SUBROUTINE SETEQ(AMEIN) INLEY 383
C ROUTINE TO SEUP TME EQUATIONS FOR THE WIGHT WAND SIDE OF THE EQUATIONS INLEY 354
C MOTION AND 7O DETZRMINE TME RANK OF THE TERMS IN THE CQUATION OF MOTIO INLET 355
REAL LoLENGTHoLINOILYyNoNXoLF INLEY 3%6
COMMON/ZNUMS /NI o GoNINLEToICH(3) o ISEC3) e0RoLLToT)oB(T07)0D(Ts7)0 INLETY 357
1 ACT?)oNCTeT) oWl 7o) oV Te7)e0(T07) o NBomMBoNCTo7) o ICIISsANINI(3) INLET 358
1BMINT U)oL INeOXE3) 9 QINFLOIARAY o LENGTHL]) INLEY 359
COMMON/NUMY 7Y (S) oOFRYLS) o XoNToIWToZETAIHN INLETY 360
COMMON/NUM2/8X (3o o) o0XC3070T)oMX(30T07)oWxC3oTeT) ol N30T 7)o NX(S INLET 3o}
1¢707) INLET 362
COMMON /NUMS /A0, ToARYBETA INLEY 363
COMMON/NUMG/ZRNK (30 a)Y INLeY 364
DIMENBION AMIN(Y) INLET 365
6e32,2 INLETY S06
00 220 Ni1s=je3 INLETY 367
DO 119 lei,a INLETY 300
119 RANK(NIoI)e0, INLRY 369
220 CONTINUE INLEY 370
CALL SEa(Maex) INLEY mn
LTI Y INLEY 372
‘ C PIND THE BAY AREA INLEY 373
HABYININLETS)) INLETY 374
ABAVSABYS (] ,0BETA®HR) INLETY 3718
| Qtsg, InLEY 376
C SEY uP PUUATIONS POr EacH INLEY InLeY 377
00 100 NIsjenINLEY IS 378
| ' AMINCN]) 8099090990090, INLEY 379
Gney(N]) InLeY s80
\ Qvsaveqn INLET 384
{3 I{8] INLEY 382
i 18s18E(N1) INLETY 383
Lesa, INLETY 384
00 oS Is1e18 INLEY 385
00 o8 Jsiell INLETY 386
NCleJIenNX(NToed) InLEY 387
LeIed)aLX(NTeTed) INLEY 388
LEsLESL(TeJ) /7 (FLOATYCIC)) INLETY s69
08  BCl.J)mAxX(NIeIY) INLEY 390
9 conyINyP INLET 394
CALL LevEL INLEY 392
ASsa, IMLEY 393

ANsg, INLEY 39 ;
afsg, INLETY 398
00 o7 Islell P LINS 3%
Absg, InLerY 3e7
OLso, INLEY 398
00 s Juielt INLETY 399
OLeNLOL(TeJ) /2 (PLOATCIC)®E) IneY a0
D(3eJ)EDNINTI S0 J)ON(TsJ) INLEY 401
1P (DC1ed) ol Yo0,) O(TeJ)R0,001 s INLEY .02
ACT0J)BB(10J)0DCI0 ) oMtT0J)0ABBINCTJ)) /LZRTASFLOAT(IC)) INLEY 403
IFLALTed)alY,0,) ACTeJ)m0,00) INLEY a0a
1PCY,E0,1) ABEASeA(TJ) INLEY [T1]

92




IF(1,L0,18) ABsABea(l4d) INLET a0s
% AdBaacAllW D) INLET w7
TF(AAGLY JAMININTE)) AMINCIND)eAA INLET 408
*7 afsagolL/sa INLET 409
AMINTINT)SAMINCND) INLEY 410
AES | /AE INLET a1
IFCIwT EQ, 1) CALL wTy INLET a2
IFCINT EQ,2) CALL Y2 INLET w3
IF(TwT FU,5) CALL wTB INLET até
DO 140 181,18 INLETY 415
D0 139 Jsi,1IC INLET aje
HX(NIeTlod)an(lvd) INLET a7
130 wx(NIeleddew(led) INLET “e
1640 CONTINUE INCET a9
ANK(nTo2)8ak/(2,0LE 1001 ,/7CAROO2) ],/ (AB002))000000 INLET [T1]
RANRINT03)SGOAE/LES (HBoHS) INLET 421
00 AS Isie1s INLET w22
ACen, INLEY 23
00 A4 JeieIC InLeY 42
(L] ACsaCea(leg) INLETY “2s
0O Ay JsieIC INLETY “”26
o3 RNA(NTo@)BANKINTo8)oaE/(LESAC)OGON(T0J)0020a08(M(10J)000)® INLEY w27
1%01,J)000/7(2,20000(1,J)000,33333%A( eJ)002)0L(20J)0B(10J) INLET T}
[ 1] CONTINUE INLEY 29
RNKENT o1 )NalNK(NTe2)oRNK(NT ,3)oRNK(N]oa) INLEY 430
DERY(NI)SRNK(NIo1) INLET 3
C PIND THE RELATIVE RANR AF TERMS, NORMALIZE AY THE LARGEST TERW, INLET 432
ARAYDO, INLETY 43y
00 101 tef,4 INLEY 45
101 ZFCABS(RNK(NTII])) (GT,XMAN) XMAKSABS(RNKINT])) INLET a3s
00 102 fmy,8 INLET ase
i 102 ANK(NIo])®100,0RNK(NT L) /RNAX INLET a3
100 CONTINU INLET a3
OERV(NINLET*1)eaT/anAYeQINFLO/ABAY INLEY (31
RETURN INLET [TT)
END INLET [T
SUBROUTINE TPRRTECNINLET o XonSoQINFLOIYoAMINTsRNKGNT) INLETY
C SUBROUTINE TO wRITE WYDRAULIC INFORMATION ON TAPES INLEY
DIMENBINN ANK(3o4) oV (S) 0 ANINI(S) INLEY
HOURBEX /3600, INLEY
: NTENT®) INLEY
% DO 100 NIwgenINLEY INLETY
3 TUNTTENTeA INLEY
g VeY(NI) 7AMINTINT) INLRY i
% 100 wRITECIUNIT) MQUARS,MEsOINFLOIYCNINLET®I) oVoy(NI) o CRNKINT o) oJuie@) INLEY 450 1
RETURN INLEY (131 {
END INLEY %2

s SN SN T




SUBROUTINE LEVEL INLET 53

C THI8 ROUTINF COMPUTES wATER LEVELS THROUGHOUT THE INLET ASSUMING LEVEL INLET s
C ARE LINFAR FROM BAY TO SFA INLEY s
HEAL LoLENGTHeLINILX oeNgNX INLETY “Se
COMMUN/NUNS/NT 4 GoNINLETOICH(S) o ISECS) 10RL(Te7)0B(707)¢D(7,7)¢ InLETY 57

1 ACTOT)oNCTOT) oW o7 aVEToT)00CToT) o HSeHBIHCToF) 0 ICIISeAMINIC3) e  INLEY use
18MINTCSY oLINIQN(3) oQINFLOABAYILENGTH(3) INLEY 459

00 20 JeleIC INLET 460

xLsn, INLET [T}

00 10 Imiels INLEY o2

10 xLesxLeL(IvJ) INLET (T3
xx® ()22, INLEY 4oa
HiloJ)BHSe (HBoKHE) /XLEXX INLET (1)

00 11 1m2418 INLET [T
XXS(LCTelo Yol (T0d))/72,4XX INLET 4e?

11 WUIeJ)unBe(HBeNS) /XLOXX INLETY 7y}
20 CONYINUE INLEY ae9
RETURN INLET a0

END INLET ary
SUBRUUTINE SEA(HSeTTIME) INLEY are

C THIS SURRUUTINE NETERMINES THE FORCING SEA LEVEL EITHER FROW INLETY 473
C EOUAL=TIMESSERIES DATA (IF AVAILABLE) OR BY SINUSODIAL PORCING, INLET 474
CUMMON /NUM3/ZA0,ToABIBETA INLET 1S
DIMENSION Yv(52) INLET 476
NNENNG Y INLET “r
IF(NNGNE,1) GO "0 10 INLEY “re
REAN(Se1) TOELINPTS INLETY 4719

1 FURMAT(34X Fp o200V 13) INLET weo
TDELSTDEL®0, INLETY a8y

C READ SEa LEVEL tQUAL TIME SERIES DATA THE FIRSY TIME SEA I8 CALLED INLET “82
C IF NPYS 18 GRFATER THAN | INLEY (13}
IF(NPTS,GT 1) READ(S42) (Y(J)eJu)oNpPTS) INLETY 4se

] FORMAT(AF10,S) INLEY ues
IPANPTS, 6T, 1) WRITE(®43) (Y(J)eJuioNPTE) INLET (LTS

3 FORMAT(3Xy16F0,2) INLETY (1}]
NIENPTSe | INLETY ues
N2SNPTSe2 INLET (11}
MALIPLAASY INLETY “90
vin2)mv(2) INLEY w9y
IF(NPTR, LY, 1) GN TO j00 INLETY a9

c lNY(ﬂ’OLAY! IN TIME INLEY a9}
ITSYIMELT INLEY 49
XTSYIMEwITOT INLET 49s
JeyT/T0EL INLET 4%

Jedey INLET 4“9
“l"(‘)’((V(JOI).V(J)).(IYO(JOI)‘YDCL)IYO(L ) INLEY a9y
WRETURN INLEY 499

C DETERMINE LEVEL JF SeA LEVEL FLUCTUATION I8 SINUSODIAL INLEY S00
100 w8m40% §IN(2,93,141580TINE/T) INLETY S04
RETURN INLRY S02

(1] INLETY S0}

-
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SUBROUTINE MELMCTHELMe ANy CORL) INLEY 506

C ESTINATE THE InLETenAY HMELMWOLTZ PER]OD INLET %05

C OF TWE TNLET/BAY SYSTEM (NEGLECY FRICTION) INLEY 506

REAL LoLENGTHOLTNoLXoNoNK INLET S07

COMMON/NUMG/NT o GoNINLETOICHCI) o ISECS) sORILLTeT)oB(ToT7)00(To7) 0 INLEY Soe

1 ACTeT)oNCTo?)om(To?) eV ToT7)0QCToT) e MBoMBoMN(To 7)o CelBeAMINTI(S) INLETY 509

IAMINTES) oL INIOXI3) o NINPLOPABAYILENGTH(S) INLET 510

OIMEMSINN CORL(Y) INLRTY 511

C USE FIVE ITERATIUNS TO OBTAIN THE ESTINMATE INLET S12

00 1000 11s1¢S InLETY 513

SUMS0 . INLET Sie

DO 100 wnm3eNINLET InLeY $15

AMINSAMINT (NN) IMET S1e

100 JUMSSUNeAMINZLLENGTH(NN) ¢CORLINN)) INLETY 17

THELME2 o3 14154 SNRT(AB/G)/ BORT(SUM) INLEY S1e

C ESYInATE THp WELMMOLTZ pERI00 IsLETY Si1e

DD 103 NNSLeNINLET INLET 520

C ESTIMATE THr INLEY LENGTM CORRECTION OUE TO RADJATION INLET %1

101 CONL(NN)SepMINT(NN) 23, 101580AL00(3,1013a00MINT(NN)/C SORT( INLEY S22

132.20AMINT(NN) ZRMINT (NN) )OS THELN) ) Iner 523

1000 CONYINUF ¥ InLET S2e

C CONVERT THE MELMWOLYZ PFRIOD TO MOURS INLEY 52

THELNSTHELR/3600, INLEY 52e

RETURN INLEY 27

END INLET 824

SUNROUT INE wT) INLETY 529

C THIS SURRDUTINE wEIGMTS TME FLOW IN GACH SECTION S0 THAY FRICTION InleY 530

C IN THAT SECTION I8 WINIMIZED, THIS MEANS THAT AT EACH SECTION FLOW 18 INLEY 551

C ALLN#ED TO MEDIBTRIAUTE ISTALLP THROUGHOUT THE CHANNELS TO MIngui2C PR Inie? 532

C MOngvENR, FLOW PERPENDICULAR TO TNE CHANNELD 18 ABSUMED TO BE SmaLL AND InLtTY 533

€ FLOW 18 x0TV INCLUDEN In. THE EOUATIONS OF MOTION, BY NINIWIZING PRICTI INLET 38

C ROUTINE GIVES aN UPPER LIMIY FUR AAY LEVEL FPLUCTUATIONS AND SMLET VELD INLET $3%

REAL LoLENGTHoLINOLNoNoNX InLe? s3e

COMMON/NUPS/NT o GoNINLETOICHEI) o IBE(3) 008oLLYeT)oBETe 7Y 00(T4T) 0 INLET 537

8 ALTeT)onlTo?donlTe) oV 707)00(T07) e MBonBoNTeP)e3Ce0eANINSE3)e  INLLEY 538

IBRINTE3) oL INoOR(3) 0 RINFLOIARAY JLENGTH(S) InLEY 53¢

DINENSION CL20) IeLEY Se0

00 100 1e1,18 InLEY Say

sunced, INLETY Se2

00 80 Jeiell InLEY Sa3
C(JIBALT9J)0820(D(10J)0%,303)¢ INLEY Sue |

1 (NCIeJd)ee200n(nl)eede0(led)oL(Led)) ey L1

sunceduncec(d) InLET Sen

00 60 Jsioltl INLEY a7

00 wileddogctdysaune INLEY S8

100 COnNTINUE InLEY (71)

RETURN IeLeT 50

€N INLEY 51
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SHOROUTINE T2

C MOUTINE TO NDLYERMINE Tug GRID WFIGHYING PUNCYION ASSUMING THAT

€ FLOW IN & GIVEN CHANNEL 18 TWF SAME ALONG THE ENTIRF CHANNEL

€ FLOW 18 DISTRIAUTED IN CHANNELS TO GIVE & MINIMUm TOTAL FRICTION

C FRICYION IN ThIS ROUTINE wILL AE SLIGHTLY WIGWER THAN In wT§ AnNO TwE

C In THIS SYSTE™ 18 CONBIRTANT WITH THL LQUATIONS OF MOTION,
REAL LoLENGTHOLTINeLNgNINR
COMMUN/NUMSINT ¢ GeNINLETJCHE3) e ISF () o0ReLLT07)0B(T757)0D(T,7)0
1 ACTeT)aNCToT)om(To7) eV ToT)00CTo7)oMBoMBeN(ToT)olCo 80ANINI(S)
IBMINTC3) oL INoON(3) o AINFLOCABAY LENGTN(S)
DImgnSION C(20)
.llﬂc-ﬁ.
00 100 181,1C
c(l)s0,
00 80 Jeiel8

SO0 CllyeC(r)e(N(Jel)®%e20nx(NI)O®20(B(Jol)OLLJeT))/
1 (A(Je]reee 0€Je1))e*,33333))
Ctlyesl,/Ct])

100 SumcesBumCec(])

00 70 JeielS
00 a0 IeielC

60 w(Jdollac(I)/ounc

70  CONTINUE
RETURN
EnD

SUGROUTINF wT3
THIS RONTINE Ag3UMELR THAY DISCHANGE 18 EOUALLY DISTRISUTED THROUGHOUT
THE INLEY GRID SYBTPM, In GENERAL THIS wILL NOY AE TRUE GECAUsE ‘1T I3
DIFFICULT TN aCCURATELY DRAW THIS TYPE OF GRID BY EVE AND FLOW DISTRUD
CHANGES WITw TIMg Tw MOST INLETS, TwIS WNOUTEINE 18 USEFUL IN GIVING AN
VELOCITTES and Bav LEVEL FLUCTVAYIONS,
GRIDS “TTH NEPTRE LT 0,1 FOOT aNC ABSUNED YO wavE NO FLOW

NEAL LoLENGTHOL INoNoNoNK

COMMON/NUNS ) NE o BoNINLEToSCHI3) 9 38ECI) 0ORLLT97) 0 B(T97)90(TeT)0

L ACTT)oNEToT) oWl 7)oV EToT)00(To7) s HBsMBIMNEToT) o 3CHEB0ANINTLS)

IA%INT(3) oL INeONC3) sOINFLOVARAY oLENGTHES)

00 2 Istels

asle

00 § Jeielc
¢ PRt en .
" . 0
100 FONMAY(S/7¢SKe | EAROR o= INLET WAg DRIED UP A INOICATED In wY3(e/
1 SN, (IMLETSLsasf SECTIONS (s389///)
IF(N.LEL0,) BTOP o

OANONN

00 3 Jegelc

wWiledImio/n
3 IFINCT0d)olT,0,01) w(lod)n0,
2 CONTEINUE

RETunwN

(104

Iney
Ine?
IneY
INLEY
Incer
Inget
InLET
sty
InLEY
INLEY
IneY
InLETY
INLETY
InLETY
InLeY
INLEY
IMLET
INLETY
InLEY
InLEY
INLET
InLeEY
InLe?
IneY
InLeY

%2




SUBROUTINE TARLE INLETY 02

C ROUTINE TO wRITE & TABLF 0F INSTANTANFOUS MYDRAULICS InLeY 603
REAL LoLENGTHOLTNoLXININX g INLEY 608
COMMON/NUNS/NE o BoNTHLEToZCH() o SBECRI sQAILTITIo0(707)eD(77)0 InLeTY (1}]
1 OACTATIoNEeY: swtTo) oV TeTIeRCT o) oMBIMNoN(ToT) 0 3CoTB0ANINTILD) e  INLEY 006
INMINTE3) oL INe0NI3) o RINFLOSABAY I LENGTHID) Ine?Y 07

COMMON/NUMEZYC(S) sOLRY(S) o XoNToINToZETACNM INLET 008 .

COMMANZNUMZ/0R LYo T o7)o0XCI0T0T) oMNCSoToT)owu(BoToTd ol X (Do To7)oNN(3 INLEY (11] :
1e7e7) InLeY o0
COMMON/NUMS/RNKC Y0 0) INLETY (1]
OIMENBION NAME (@) InLEY o2
DATA NAME/ZgMV(FPR)  oonALPTR) ooMuEIONT oonLEVEL INLET (1%}
HRBsX/3000, INLEY 16
MRITR(0e)) MRS InLeT oS
1 PORMNATC IR0 ( ({Y] InLET ole
19N (7InEy HOURS 8 (eF08,3) INLEY 1
00 100 NIsgonNINLEY InLL? (11]
wRITR(0010) MIoMBoMR,Y(N]) INLEY 19
10 PONMAT(/ 910X IINLET (033070 30X0 IBEA LAVELIFTE (oFT,20/010% (BAY LEVE INLEY 620
ILeFTalefT,20/7030X0 (DIBCHARGE(CFOuLoli0000/¢ 200 (CHANNEL SECY INLEY (T3]
130¥ 2 3 . [ ] o InLET 22
1CeICH(NT) INLETY 23

jeergt(ng) INLEY o2e :

00 & JeioiC InLLY 028 !

00 S Isiets InLtY (T !

ACTodIBARINT oo d)O(NUCINT Lo d)onN(NToSod) ) oMNtNToSed)OABB(NN(NToRod INLET Y34 !
1))/C2ETASFLOATCIC)) INLETY 28
IFCaCSed)olTo0,01) 4CToJ)B0, INLEY (T34
VEIeJg)uviNT)ouN(NToToJ)Z70(L0d) INLET e30
3, IPCa(3+3),LE,0,00) v(T1eJ)00, IMmeY (Y11
TPCSEU, 1) SRITELOe90) JoNAMEL(&) o CHR(NSeZ0d)ol0ell) INLEY (314

wRITE(0009) InLe? 633 !
09  FOMMAT(/) NLET (3 7]
aRITECOeS0) JonamE(1)o(V(TeS)elu]010) LY (311

S0  PONMAT(AXeI2¢320A0,2X0F10:2) ~ET 36 :
WRITEC0050) JoNAMF(2)o(ACT0S)0381010): INLEY (314
WRITEC0950) JoNAME(Y) o (WX(NToZed)elnlell) InLLY '$1)

| & CONTINVE “Er 039 i
; SRITELO059) (ANK(NToIT)0230148) NET (11]
§ PORMATCSXKs (TEMP ACCE (oF Tl ( CONV ACCO (P T 100 NEADB (sF T80l PRICO INLEY (1]
i 10eF7,1) MLT [1}]
{ VYDARSY(NE) sAmMINT(NS)Y (103} (13}
3 WRITECOo01) VOAR sAmINI(ND) NLET 608
i 61 PORMAT(SNe (MEAN VELOCITY AT THE NINTWUM AREA SECTIONS [oFTe20t FT/0 INLEY (13
{ L1ECLel AMING(oF 0,2, PTR() nLT [11)
g 100 CONTINUE NLET (1)}
! RETURN Lt o0
} NLRY ba9

!
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SUBROUTING CRITENT(AELTIIUNTTToNCYCLED)
SUBROUTING CRIT COMPARES 3 CONSECUTIVE PUNCTION POINTS
AND wRITRS MIDOLL PORINY 1P 31T 10 A CNIVICAL POINY

DINENBION PL3eS)oMannty) e TERNLA)
DATA MARRA N s MARRD/ING/
RENIND pUNEY
wLInNgBeo
1er/3000,
sRITR(001009)
00 § Neyed
1 READCIUNIT) RoCPENoJ)oJd®ieB) o (TERNCTIL) 01201 08)
00 100 we3 Ny
REANCIUNIT) Ro(PE3ed)eJoie) e lTERN(TIT) o120y 00)
170u,bT,01,08010) 6N 70 10}
10VTe0
00 2020 14 @ |, 3
nARu(lAY) ©® malny
17 (FC2e24) o PEiolA)) 2012, 20200 2014
NOIR 1P (pU3elA) = FL2e1a)) 2020, 20150 201%
8 1P (P(3e3A) o Fe2e2A)) 2019, 2015, 2020
JNETICAL POINY VaLug POunD
~319 J0UY ® 3§
WARK(3A) ® WaRKA
IPERa,E0.0 ,AND, PIR014),67,0,) WONBP(Re3A)
SPCTAER 1, AND P(2004),07,0,) Tion
IPCTA.ER,1,An0,F(2004),00,0,) noLeP(R014)
IPC2a.E001 AND,P(R034),0L0e0,) TR8X
IPCTA,E0,3,AND,P(3074),67,0,) HOnePF(3ela)
IPC2AEQa I AND,7(3004),87,0,) T30X
IPCTA,60,3,AN0,P(3024),LE,0,) MBLOP(S0TA)
IPCTA0EQ3,0N0,F(3oTa),LEs0,) YOOX
oAND P(2014),LT,0,) VESF(RelA)
TPCTAE0.0,AND,P(20TA),6T,0,) VFEF(201A)
2020 CONTINUE

00 2023 1A ® 1y §
PLlelh) ® PLRe1A)
2028 F(2,1A) ® F(3elA)
I7 (30UY,E0,0) €0 YO 100
¢ IPCR LT CNCYCLESeR)0TP) GO YO 100
NLINgOanL INESe
IPENLINED,6T,150) 60 10 100
WRITE (o o2101)  Re(PC1oBA) e ARKCTA)0340198)

100 CONTINUE

101 sy
AP ugHEH/HgH
ANPLONBL /HSL
Puia ABS(T3eT1)0300,/YF
PuLa ABG(TaeTR)0300,/1F
WRITECool011) AVPHPHMeVF e AUPLoPHLIVE
wRlvECoeiltt) 17

1101 PORNATC Sxe(TPelere,2)

RETyan
2303 FORMAT (2F0.30A10030F8,3001,2(0PF7,3041)0
3060, 50 Ale R(FA.3, A1)

1000 FONMATCARoaNTINE oSN QHHD QR o ONINFLOW I SX o 2MMO
1 SeIHVEL e TR 1M00 /oSN e SHHRGISR oINPT oSN ANNCP S
1 ONeRNPT N INPPBI 4R AMWRCERe/)

1003 PONNAT(2/04%e 10 CRIVICAL POINT VALUE (0///¢180y
1 (navL PROPAGATION [o/015%0 (ABZAO (eSNs IPHABE LAGLDES) WAK VEL (o
$770800 (N30 BATER LoRRe3F 100070
l'go LOW WaTER (o2,3710,8)




SUBROUTINE READIN (NoVoYPACIXFACIXOoXF o TNDCIKKoLNIIUNIT) mmer 713
¢ SUBROUTINE 7O RZAD SOLUTION TABULATION FROM FILE ;:t:; ;:;
¢

OIMENOION V() YFACLY) InLt? 716

0T8s,901,700, INEY "7

READ (JUNTT) XMoo ¥ INLET 716

SP(n,LT,01,0010) Kned InLEY 719

INDC & 0 INeT 720

IF (kK o 1) 10, 10, %0 INLEY 721
10 IF (X0 o X © OTS) 200 30¢ 50 INLEY 122
20 I7 (x @ XF o 079) 300 290 29 INLEY 723
% LI INLEY 720

60 10 %0 INLET 728
b ] INOC & | INLEY 126

X o yFagceix o xo0) INETY 127

viLN) & YPACILN)OY(LN) et 728
(1) "CTuRN INLEY 729

({1 INLEY 730

SUBROUTINE GRPHC(ALABLY 1ALARLROELTJUNTTINT) }:tg; ;;n
¢ £ 2
3 SUBROUTING GRPHC WRITES PLUTTER TAPE FOR GRAPNICAL INLET 733
[ OuTPUT OF SOLUTION INLEY 734
4 INLEY 739

OIPENBINN AL(2)e JBYM(S) InLET 750

OIMENSION YLABLLCS) s ALEGN(3¢a) o ALABLECA) 0ALABLRCA) oBYM(B) oV () oVPA INLET 133

1609 o XX(2000) o vV (2000)0TT(9:2) InLe? 738

0ATA YLABLL/Z{ONKEIGHTSe VeioNELOCITIEDR QNerY, FPO/ INLEY 73¢

DATA ALFGN/IOMFLOW (XCPOe10M) oSN oIOMINLEY VELO,30nCITY INLET 760

1 (PP 8eINEC) 0 10MDAY LEVELLy1ONPT) o3N o LOMINPLOW 010K INLEY 744

2 o3n  o10MOCEAN LEVE.IOMLEPT) oM W IOMLEGEND W iON INLET T42

3 oy INLET 743

DATA BL/10%OBSERVED B, 30NAY TIOE ’ INLEY 748

DATA 18vM/Sene3vR01/ INLETY 748

DATA TTCOe127104TENPORAL A/ INLEY Te0

DATA TT(602)/710MCCEL / INLEY 747

DATA TT(7e1)/710MCONVECTIVE/ IMEY 748

DAYTA TT(Ye2)/10M ACC / nLET Ta9

DATA TT(8¢1)/7104PRESQURE M/ INLRY 750

0ATA TT(8e2)/710MEAD / NLET 751

DATA TT(9¢1)/7104807T0M STR/ wLET 7%2

DATA T7(9:2)/710%E88 / NLETY 753
¢ INLETY 754
C READ INPORMATION TO DIRECTY PLOTTING INLEY 758
¢ INLEY 756
C FIRSY caRD NLEY 787
C X0 « DTANTING TINE OF PLOT (WNg) NLEY 758
C XF » ENDING TINE OF PLOT (MNS) NLLY 759

i C BCALX o TINE AXNIS SCALE IN WOURS PER INCW NLET 700
! € VYLD o WINIMyM valuE OF TIOAL WEIGMTS (FY) e 764
] € YL ® OVERALL MEIGWHT OF PLOT (INCHED) InLEY T2
! € YLOCHL = SCALE OF TI0aL MEIGHTS (PT/INCH) INLET 763
' € YRO ® WINIMUM VALUE OF PLOWS (YHOUBANOS OF CUBIC FEET PER SLCOND) INLETY Tes
{ € YRSCAL » SCALE OF FLOW ( THOUBANDS OF CUBIC FEEY PER SECOND/INCH) InLe? Te8
! ¢ INLEY 760
! ¢ CaFp 2 IneY 7%
i € YVO o ughgnum VELOCITY (FT/8EC) INLEY 760
€ YVECAL = Scalg OF VELOEITY (FEEY. PER OECOND/INCH) InLeY 760

€ OCAL = OCALE racYOR FOR YOTAL PLOT 8328 INLRY 770

. : 10 o NAY BOUAL YO 2ERG POR A PLOT OF INLEY OTaCHARGE {htl: ;;z

R




IPINTEQ.1) I8 34 773
IREAD ¢ s.a.on) OO o QCALXovLOGYLoVLBCALIVROIYROCALIYVOIYVECALY L 17
1 8CaLtl10 INLETY 1778
2001 PORMAT(AP10e50/4¢3P10,5¢110) INLET 776
WRITE(0e2002) NOOXFoBCALRIVLOoYLoYLBCALIYROIYROCALIYVOIYVECALY INLEY 77
1 8CaLE.10 INLEY 778
@002 FORMATC 7770380 (PLOY INFORNMATION ¢/ Ine? 77
1°1X00F10,50703%03F10,90310) INLETY 780
C DETER™INE SvMBUL SPACING INLLY 701
Ll“'v'l.liolcltl/(OCL'/IOOO ) INLETY 702
WRITE(0.1218) LINTYP INLEY 703
L1219 PORMAT( 1o (LINTYPS (416) teLeY 708
¢ InLEY 768
¢ PLOY LEGEND INLETY LY
4 INLEY 707
CALL BYMBOL(1oee¥l/R,0e00,2000MLEGENDIQ,06) INLEY 7688
00 20 AN e 19§ INLEY 709
I™Dx & 0 INLEY 7%
YPoovL/2,o, 80N, 2 INLEY 791
LLNveIBYm(LN) INLETY 792
CALL SYmBOL(0,0vPe,0600380LLN00g00Y) INLEY 793
SYMEL) w ALEGNC1oLNY INLET 7%
BYMER) ® ALEGN(D4LN) INLETY 798
YR (3)8 ALEGNCILN) INLEY 7%
CALL SYMBOLC o4oYPon, 1 08YMe0,023) INLEY 7%
CONTINUE INLEY 7%
c PLOT TITLE INLEY 799
CALL SYMBOL(3oSeoY /2,00 00020 0ALABLY00,¢32) INLEY 800
CALL SYMBOL (3080 oYL/Re 1 080,219ALABL200,032) INLEY 801
€ PLOY axpp INLETY 002
YLOseYL/2,0YL8CAL InLeY 803
CALL AXTB(000oYL/2,030NVELOCITYs FT/8ECI100YL90,0YVO INLET 804
1eYVECAL) INLEY 808
CALL AxT8(weBoovl/2,o1 IWNEIGNTE PTo31ovLe90,0YLOIYLOCAL) INLEY 00s
CALL AXIBC0,00YL/2,00MTINEY HRO9oQo (XPux0) /8CALNI0,00,08CALY) INLET. (1}]
IFLI0,NE,0) INLETY (11}
1CALL AXTBC(XFoX0)/8CALKIOYL /2,0 0MFLON KCPOoal0oYL 090,007 /2o%YR INLEY 009
18CAL YRECAL) INLEY 8o
IPLI0,E0,0) CALL PLAT(C XPox0)/8CALX oYL /2,¢3) INLET )
17(104€040) CALL PLOT((XFoX0)/8CALKIYL/2002) InLLY 012
CALL PLOT((XFoX0)/8CALRIYL/Re03) INLEY (18]
CALL PLOTLOGoYL/72002) INLETY (V] i
YPAC(1) & §,/YLACAL InLEY s i
YFAC(2) ® 0,001/YRQCAL INLETY (J1Y ]
YPAC(3) ® yraC(y) INLEY a1y $
YPAC(S) ® 1,/YVRCAL MET e §
YPAC(S) ® vPAC(D) NET 09 §
00 1234 1le64® : NLBY 20 i
1336 YPAC(1L)9,00) NLRY [ 11] !
l'lc @ l.I.CALl NLEY [ 11} H
s e iy NLET 823 i
G 1 !.CO 00 noY 'LDY DigcHaRGE NLY 824 !
IP(10,£0,0,480,1,E0,0) 00 TO 0% MEY (11] {
CORaYL/Re0(1e8)00,8 NLET 826 i
CaLL 'Lov (00 0450 9) NLEY (13} i
XK . NLEY 02 !
J8une mar (11] {
lC'llo NgY | NLRY (3 1] |




INDX ® InLeY o3
(1] CALL READIN (NoVoYPAC XPACINOoXFoINDCIKKo Lo TUNET) INLEY 032
60 Y0 (700 80)¢ KK InLeY 033
70 $FCINDC . LE,0) 6O TO oS InLEY 03¢
72 1SURB[B(iIBeg InLETY (F1]
IPCIBUB.GE,1990) lgubn1998 INLETY 03¢
xx(18Vs)ImY InLe? (31
yy(rsusjevcl) InLeY (J1}
1FC(1,67,5) Yv(iauB)esvy(28UB)eCOR INLeY 839
IPCISUS,Eu,1008) GO TO 80 INLEY [ I1]
GN 10 oS InLEY (1})
00 xx(fBUBe1)ao0, INLEY 0u2 :
XX(1gUBe2) 01,0 InLeT (T3] !
YY(I8UBe1)80, InLeY Suu
YY(I8Vbed)el, InieY [T
€ PLOT CURVES ( pN NOT PLNT 3F EGUAL YD ZENO THROUGMOUT) INLETY 84s
TP CvvInuUBed) €N, 0,0 ,AND, InLey 8u7
1 YY(IBUReY), L0,0 O,Auo VV(I.UI).!0.0.0) 60 70 o9 INLET (L1
1F(1,67,3) GO Tn 8as INLLY 849 i
CALL LINECXNoYYolBUReLoLINTYPe]) INLEY 850
60 10 oS InLET 851
009 CALL LINE(NXoYVeIBURN10090) INLET 852
CALL PLOTC(XPox0)/SCALXICON,D) INLEY (1%]
CALL PLNT(0,0COR2) Iser 85«
YMCLIEBTI(]01) INLEY 8ss
sYM(2)8TV(102) InLeY fSe
. CALL SYMQUL(e2,2¢CORs0o008YM00,020) Ity 857
0%  COnvINUP InLL?Y (11.)
C NEAD PHOTUTYPE MAY TIDE (PATA STARTS AT BEGINNING OF PLOToSAME PATUM)  InLe? 859 !
1P (NIeNEL1) GO YO 2010 INLEY 860 i
REAN(Set) TOELeNPTY . INLETY g
g 1 'on-AT()llo'o.aoolo!!$ Ime? ]
: IF(NPTS,LT,2) 60 TO 204 INLETY i
§ IP(NPTS GT,1) ugao«s.r) (vch).Jnx.nvv. ) InLET i
5 2 tou-nveullo.S) et :
£ JAR(NPTSe) )80, INLEY
i AA(NPTBe)EY, L IN34
4 YY(nPT8e1)a0, INLeTY
YY(NPTBed) 0, INLET
D0 3 JagynpTs InLEY
yyiJysyv(Jyovfac(l)y INLEY
3 XXCIISCTDEL/Z00,)0%P AL (Jol) Iner
CALL PLOTEXNCI)4YY(1)eD) INLEY
CALL LINECXXoYYoNPTR10000) INLEY
calL 'LOV({I(“’V.I!)o"(‘l'./l)ol) INLEY
CALL PLOT(XXN(NPYS/2) o vV (NPTE/2)¢, 7502 INLEY
CALL l""tlult"flIQIOotovvtﬂr'lllaooflo.loOLoO.o|7) InLEY (341
] 2010 CALL PLOT((RPOXO)/SCALN®E,00,003) INLEY 70
AETURN INLRY e
= (1] INLEY 080
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