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FOREWORD

This report was prepared by the Mathematical Hydraulics Division of the Hydraulics
Laboratory at the U.S. Army Engineer Waterways Experiment Station (WES) as one in
a series of reports on the General Investigation of Tidal Inlets (GITI) . The GITI research
program is under the technical surveillance of the U.S. Arm y Coastal Engineering Research
Center (CERC), and is conducted by CERC, WES , and other government agencies , and
by private organizations. This report was prepared by C. J. Huval and G. L. Wintergerst ,
and is one in a series of reports concerned with an evaluation of physical and numerical
models of a tidal inlet performed as part of the GIll. Dr. G. H. Keulegan , Resident
Consultant , Hydraulics Laboratory , advised on several aspects of the study.

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

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166 , 79th Congress, approved
31 July 1945 , as supplemented by Public Law 172 , 88th Congress, approved 7 November
1963.
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PREFACE

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

2. A research program , General investi gation of Tidal Inlets (Gill), was developed to
provide quant i ta t ive data for use in design of inlets and inlet improvements. It is designed to
meet the following objectives:

To determine the effects of wave action , tidal flow , and related phenomena on inlet
stability and on the hy draulic, geometric , and sedimentary characteristics of tidal
inlet s~ to develop the knowled ge necessary to design effective navigation
impr ~vements , new inlets , and sand transfer systems at existing tidal inlets : to evaluate
the water transfer and flushing capability of tidal inle ts ; and to define t h e  ~~~~~~~
controllin g inlet stability .

3. The Gill is divided into three majo r stud y areas: (a) inlet classification , (b) inlet 0

hydrauli cs , and (c) in let dynamics.

a. Inl et Classif ica tion. The objecti ves of t h e  inlet classification study are to classif y
inlets according to their geometry , hydraulics , and stability , and to determine (lie
relationships that exist among the geometric and dynamic characteristics and the
environm ental  factors that control these characteristics. T h e  classification stu dy keeps t h e

~ ‘r iera l investi gation closely related to real inlets and produces an important inlet data base
useful in documenting the characteristics of inlets.

b. I nlet h y draulics. The obj ectives of the inlet hy draulics stud y are to define the
tide ’generated flow regime and water level fluctuations in th ir vicinity of coastal inlets and
to develop techni ques for predicting these phenomena. The inlet hy draulics studv is divided
into th ree areas: ( I )  idealized inlet model studs , (2) evaluation of state-of-the ’art p hysical
and numerical models, and (3) protot~ pe inlet h y draulics.
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( I )  TIa’ Idealized Inlet Mod el. The objectives of this model study are to determine
the (‘f feet of inlet confi gurations and structures on discharge , head loss and velocity
distribut ion for  a nt imb er of realistic inlet  shapes and ti(le conditions. An initial set of tests
in .i trap ezoidal inlet was conducted between 1967 and 1970. However , in order t h at
sti b sequ ent inlet models are more repr esentative of real inl(’ts , a number of ‘‘idealized”
models r( ’presenting various inlet morp hological classes are being developed and tested. The
t’t ect~ of j etties and wave action on the hivdrau hics are included in the stud y .

(2 ) Evaluat ion of State-of-the-Art Modeling Techni ques. The objectives of th is
part of tIn ’ inlet  li~ (Ir aulics s tudy are to ( l( ’termine the tisefulness and reliability of existing
ph y sical and numerical modelin g t echlni ( lu es ill pre ( l iCting the hydraulic characteristics of
in le t— ba ~ s~ sten is . and to determine whu ’t lir r simp le tests , performed ra 1ti d lv an( l
t ’conomically , are useful in t h e  evaluation of proposed inlet improvements. \lasonboro Inlet ,
\. C., was selected as t u e  protot y pe inlet wh i ich would be used along wit h hydraulic and
numerical mOd( ’lS ill t h e  evaluation of exis t ing techniques. In September 1969 a comp lete
set of hy draul ic  and bat h ymetric data was collected at Masonboro inlet. Construction of the
fixed-bed phy sical model was initiated in 1969 , aii d extensive tests have been performed
since then. in addition , three existing numerical m odels were app lied to predict t h e  inlet ’s
hydraulics , hxt cnsive field data were collected at \lasonburo Inlet in August 1974 for use in
evaluatin g the capabilities of the phiysic al and numerical models.

(3) Prototype inlet ll~ draulics. Field studies at a number of inlets are providing
information on ~rot oty pe inlet-bay tidal li y drau lic relationships and the effects of friction ,
waves, tides , and inlet morp h ology on these relationshi ps.

e. I nlet I)ynamics. The basic obj ective of’ the inlet dy namics study is to investi gate
(lit ’ interactions of tidal flow , inlet confi guration. and wav e action at tidal inlets as a guide
to im provement of inlet channels and nearb y shore protection works. The study is
subdivided into four specific areas: (1) model materials evaluation , (2) movable-bed
modeling evaluation , (3) reanal ysis of a previous inlet model stu dy, and (4) prototype inlet
stu dies.

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

(2) Movable-Bed Model Evaluation. The objective of this stu dy is to evaluate the
st ate- t ,f-tlie -art of modeling techni ques , iii this case movable-bed inlet modeling. Since , in
many cases, movable-bed modeling is the onl y tool available for predicting the response of
an inlet to improvements , th ie capabilities and l imitat ions of these models must be
established.

5



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

(4) Prototype Dynamics. Field and office studies of a number of inlets are
ros’iding inforniation on t h e  effects of physical forces and artificial improvements on inlet

m o r phology . Of particular importance are studies to define the mechanisms of natural sand
bypassing at inlets , the response of inlet navigation channels to dred ging and natural forces.
and the effects of inlets on adj acent beaches.

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

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

b. Appendix 2. Masch , F. D., Brandes , R. J ., and Reagan , J. U., “Numerical

~imnu I atio n of I ly dr ed ynamic s (WRE) ” (In 2 Vols).

c. Appendix 3. Chcn , R. M., and Hembree , L. A., “Numerical Simulation of
Hy drod ynamics (TRACOR) .
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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 (SI)
units as follows:

Mu tiply by To obtain

inches 25.4 millimeters

2.54 centimcter~
square inches 6.452 square centimeters

cubic inches 16.39 cubic centimeters

feet 30.48 centimeters

0.3048 meters

square feet 0M929 square meters

cubic feet 0.0283 cubic meters

yards 0.9 144 meters

square yards 0.836 square meters

cubic yards 0.7646 cubic meters

miles 1.6093 kilometers

square miles 259.0 hectares

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

ounces 28.35 grams

pounds 453.6 grams

0.4536 kilograms

ton , long 1.0160 metric tons

ton , short 0.9072 metric tons

degrees (angle) 0.1745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins ’

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

A variable ’ ha~ surface area (constant fu r Keul egan model)

1HW bay surface area at hi gh water

‘LW bay sur f ace area at l ow wa ter

A ba~ su rface area at mean sea level datum
°MSL -

A ba~ surfac e area at mean tide ’ level da tum
~~I TL

avera g e  surface area of tidal lagoon or bay

1 1  XL T2
C - a ve loeit ~ coel’fici ent defin ed as I i  + — in uni ts  —

- 2g \  r L

II senh ir ang e ocean tide

hl ~ eh ’vatio im of basimi water surface referred to MSL

11 2 elevation of ocean tide referred to \ISL

H im semirange of bay tide

dii
H time derivative of bay tide , ~~I 

~

- dt

T a I “uI -I
K Keulegan ’s dime,isionlcss coefficient of rep letion , 

~~jj

K 1 equivalent Keulcgan ’s coefficient of rep letion for r ionprismati e in le ts

2gn 2
friction constant defined as 

(1.486)2

I. inlet length

su bscri pt indicating max imum valu e

Q total inlet discharge

discharge in ~th channel

T tidal period (usually 12.42 hours)

ve lo c i t y  in tidal inlet c hi a mimi e l

l0



SYMBOLS AND DEFINITIONS—Continued

max imUfl l velocit in iM channel

velocity as function of x ~ ~th ch annel

a tidal inlet cross-sectional area

a~, inlet area at mninin lum cross section

a0,, minimum cross-sectional area of ~th parallel channel

a1, area as function of x in ith channel

a0 inlet area at MSL

g gravitational acceleration

11
dimensionless bay tide . ~~

+ floodtide , maximum bay response , dimensionless

h 1 — 
ebbtide , maximum bay response . diniensionless

average dimensionless ba~ tide

I-I
112 dimensionless ocean tide ,

channel index (i = 1. 2 , 3. . . . 
~M )

iM the maximum n umber of ch annels

j cross-sectional index (j = I , 2, 3 , . . . j 3, )

maximum number of cross sections

m subscri pt indicating minimum value

n Manning ’s roug hness coefficient

q dischiarge or flow into tidal bay

r in let hy draulic radius

effective inlet hy draul ic  radius at MSL



SYMBOLS AND DE FINITiONS—Continued

r0 hydraulic radius of inlet at \I SL

r 1 liv drau h ic radi u s of j t h  se’c tion of’ j t / I  channe l

rxj  hy draul ic  radius as function of x in ~th ch annel

time from beginnin g of tidal cycle ’

u dimen sionless factor used in the determination of inlet velocity
(u \/h 2 — hi7 for iloodtide; U = — ./i~ — hi 2~ for cbbtide)

LI + maximum ~‘alue of u for floodtide

u— maximum negative value of u for cbbtide

w0 inlet width at \lSl~

distance measured along the channel axis

2ir t
C dimensionless tidal time ,

3.14159...

sum of following indexed items

volume of tidal prism throug h the inlet , 2H 1m AO

a lag of bay tide behind ocean tide

a+ floodtide , lag of bay tide behind ocean tide

a— ebbtide , lag of bay tide behind ocean tide

parameter to characterize bay surface area variation

inlet width variation parameter , inlet beach side slope , horizontal-vertical

average tide height through inlet

A dimensionless friction factor as expressed by Keulegan ,
2gn 2 

— 
2gn 2

(3.2808)2/3 r i/3 — 

(l .486)2 rV3
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SIMPLIFIED N UMER ICAL (LUMPED PARAMETER) SIMULATION

b

C. J. !iui ’al

and

C. L. Hi n le rg erst

1. INTRODUCTION
This stu d~ is cui ,ce ’rned w i t h  t h e .’ imp lementat ion at id app licat ion of a li~ drau lic

mathematical model for predicting oceall tide -induced (~unT n 1 velocities within a coastal
inlet and thee ’ ~ ater lt’yel f luctuat ion in an adj oinin g embay n ient. The studs of mathe m atical
models is part of a more general inv e st igatio ni  of tidal inlets conducted by the ~ .S. Army .
(:or~s of Eng ineers , and is intended to evaluate the degree to which mathematical aiid
physical models can be used to predict e 1ua n ti tat ive lv the l~y drodv namics (other than
se’d in eeii t  niee ~e rnen t )  of flow throu g h tidal inlets. As a h’pical problem area , \ lasonboro
inlet ,  No r t h  Carolina. was selected as a e ase study for extensive field , mathematical model ,
and p h ysical model investi gations.

Flee ’ mathematical model used iii this study, referred to as the lumped param eter
appr oach . is based on an extension of th ee ’ method de veloped by Keulegan (1967). Although
the method requires inure effort  to inip k ’mnent and app ly than Keulegan ’s meth od , it is
r e ’I ativ ( ’l% simp le to use’ in comparison to the more comp lete schemes which are presentl y
available ’ . Moreover , in m ost east’s it should gi~e a better solution of inlet velocities and basin
response than Keulega mi ’s method s~nice it incorporates more of the physical processes
involved.

T h e  numerical system described iii this stud y is composed of three computer programs ,
eac h performing a separate function. One program generates a set of tables to give
ge’neralized inlet h ydraulics for soim’ variable ’ basin surface areas. A second program
(I N LET) give’s serial calculations of thee ’ inlet flow ami d thee basin variations. The third
program (SECPLT) plots the ocean tide , basin tidal response , inlet velocity and inlet flow
and computes inlet cross-sectional areas from di gitized htvdro grap hi ic data.

The obj t ’eti~e of this stud y is to app l~ thee ’ lumped parameter model to Masonboro Inlet
and determine thee tidal response of t ire ’ s~ stem of inner-connecting channels and velocities
arising from a give mi ocean tide. Thee scope of this stud y is:

(a) \l at liematica l model imp lementation and confirmation.
( I )  Adapt lumped parameter model to tIre 1969 bottom survt’~ conditions.
(2) Calibrate the model for prototype currents and tides of 12 September

1969.
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(li) Mathematical model app lication.
( I )  Predict basin tides, tidal prism , and inle’t currents for preproject

undeveloped inlet condi tions of November 1964.
(2) Predict basin tides , tidal prism , and inlet currents for modi fied inlet and

nort h j ett~ conditions of Jei l~ 1966,

In addition , a descr iption of thee model development i~ presented along wit h suggestions
for app ly in g th e e model to oth er inlets. A documented listing of the computer  programs
INLET and SECPLT are included.

T h e  Masonboro inlet studs area (Fi g. 1) is composed of an entrance channel an(I three
inner-connec ting watercourses referred to as Masonboro Channel , Bank s Channel . and Sh un
Creek. Th ese inner ch an nels all connect with the Atlantic Intraeoasta l Waterway . T h e  mean
hi gh water (\ l l l \ \  ) and mean low water (MLW) lines and locations where velocity
measurements we re m ade , amid the tidal heights observed for the 1969 survey condition s are
shown in Figure 1.

II. BACKGROUND ON COMPUTATIONAL METHOD
Thee subj ect of flows aiid corresponding water levels of tidal inlet-bay systems has been

investigated by several researchers. Brown (1928) presented a usefu l solution technique for
estimating flows through a coastal inlet and the variations of water level in an adj oining
embay ment. Keulegaii (1967) extended this work and gave a more useful solution based on
a dimensionless form of the equation for surface changes. Keulegan offered a simp le and
con venient tool for computing the main hy draulics of tidal inlets. Because the method
presented in this stud y is based on an extensiomi of Keulegan ’s method , a brief review of his
basic assump tions and pertinent equations is given in th is section.

An inlet s~ stem with a notation consistent with Keulegan ’s formulation is shown in
Figu re 2. Keulegan ’s method was based on several assump tions related primarily to th ee
ph ysical characteristics of the system and th ee descri pt ion of the ocean tide. Th ese are
identified as:

(a) Thee basin responds only to thee ocean tide. This implies that the basin is
boumeded except at tile inlet; thus , there is no freshiwater inflow from streams or lateral
drainage and density currents are negligible. This condition also imp lies that wind
effects are neglected.

(b) Tire ocean tide is sinusoidal . The representation of ocean tides as sinusoidal is
simp le , convenient , arid often reliable; e.g., the east coast tides of the United States are
well represented in this mar iner. Along the U.S. gulf and Pacific coasts and in many
other coastal regions of the’ world , such a representation becomes significantl y less
accurate because the tides do not exhibit simp le sinusoidal form.
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(c) Inertia of the inlet flow is negligible. It is assumed that changes of flow in the
inlet channel are gradual and that flow acceleration can be neglected. Specifical ly , thee

surface slope in the inlet channel is balanced by the velocity head and channel

resistance.

(d) Length and width of bay is less than the tidal wavelength. This condition

imp lies that tile basin is small, and if deep enough , it can be assumed th at th ee water
surface elevation varies uniformly throughout the bay. For examp le , if a basin is square
or circular (or similar in form) and flow is not seriously restricted , there ma~ be a
nearly homogeneous change of the water surface elevation over thee entire basin in
response to the ocean tide.

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

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

(g) Basin walls are vertical. This implies that the differential storage for any
differential change in water surface elevation within the basin rem ains constant.

Based on the above assumptions, it is possible to analyze the inlet-basin response for a

given variation in the ocean tide. Keulegan (1967) derived thie following relations for
estimating the surface fluctuations in a basin when the surface of the sea is at a higher
elevation or a lower elevation than the surface of the water in tile basin.

For floodtide :

K S[h~ — h 1 ,  h2 > hi~ (1)

For ebbtide :

dh
— K \“he~ — 

~~ ‘ ~~ > 112 , (2)

where, K is Keu legan ’s dimensionless coefficient of rep letion and defined by:

K = — ~-—~~- f 2gH (3)
2,rH A 

~j 1 + LX
,!
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~s hie ’r e ’ ,

hI ~hm ~ dimens ioniie ’ss bay tide —
,

112
11 2 = (Iinlt ’nsie)nl( ’ss u t - e a r l  tide ’

2ir t

II = se’neirange of ocean tide

‘I’ = tidal period: 1 2.42 hours for \l 2 tide

2gn 2
X = dimensionless friction coefficient: 

.486)~r~/~
whete r is measure d in fee t , and g is m easured in feet per square
second, Factor 1.486 is thee conversion from metric units and has
the’ dimensions glengthr) 1/3 /time] (Ch eow , 1959)

r = inlet hydraulic radius

m e = Mannin g ’s re ’sistanee coefficient

a = inlet cross-sectional area

= time f ’ronn beginning of tidal c~ ele

L = inlet length , ami d

A = bay or lagoon surface ’ area

An ana ly tic solution to thee above equations was found by a Fourier series. Tables by
Keu le ’gare (1967) . gi~e r e ’lations te) predict thee bay maximum amp litude (equal for floodtide
and ehht iel e) , n e ax imum inlet velocity (equal for floodtide and ebbtide), and the bay tidal
prism.

III. VARIABLE BAY SURFACE AREA
Van (he ’ hx r e ’e ’ke ’ (1967) pre s ’riteel a nu m erical solu tion of thee inlet-bay problem which

incorporated thee effects of fresh water inflow. Mota Oliveira (1970) formulated and solved
numericall y, an inlet problem whe ich e accounted for variable ’ inlet depth and variable bay
s erface area. A numerical computatiom e mm et ’tl e od using bay inflow with solution curves was
report ed by Glenine , Goodwi n , and Glamezman (1971). Mota Oliveira (1970) indicated the
importance of in cluding the effect of variable ba~ surface area in the computation because it
c ami leave ’ a sign i ficant effe c t ore bay tidal re’s1eomese aiid inlet velocity. He determined tire bay
su rface ’ area as a linear function of th e’ ba~ su rface elevation , and tire inlet cross-sectional
area Icy assuming that t h e  inlet water surface ’ e’levat ioa e is th ee average of ocean and ba~

8



elevations. Because inlet depth was allowed to vary it was possible to vary th ie inlet area with
respect to time. It was shown that inclusion of these improvements in the computational
scheme would give better results for predicting inlet hydraulics.

Although Keulegan (1967) did not account for a variation of bay surface area , his
method is useful because of convenience. The collection of inlet parameters of a single
coefficient , the coefficient of repletion , allows solution values for thie governing equation to
be conveniently tabulated, On this basis, Keulegan ’s method is used here but extended by
combining Mota Oliveira ’s scheme for including the variation of bay surface area. Such a S

solution technique would retain the essential simplicity of Keulega n ’s original solution but
reduce the effect of the most restrictive assump tion, that of vertical bay walls.

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

A = A0 (1 + j3h1~ , (4)

where j3 is the linear bay surface area variation parameter , and A0 is the average surface
area in the bay .

~~~~~~~~~~~~~~~~
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~~~~’A

o

~~~~~~
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~~~~~~~~~~~~~~~~~~

0

LW 

~l 

S

Figu re 3. Variation of bay surface area.
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If high and low water areas can be determined from hydrograp hic ch arts and topo gra p hic
maps, A0 may be taken as the mean surface area. Moreover , the su rface area variation
parameter , 13, can then be estimated. Th e  area-water level relationship is often nonlinear for
many problems encountered in practice. If the volume of the tidal prism , ~~~~ has been
determined for the system from discharge measurements at the inlet and t h e  tidal range in
the bay is also known , then the value of A0 can be computed from:

(5)
0 2H im

wh ere , H im is the tidal semirange in the bay . A corresponding value for j3 sh ould be
obtained from the best available information relatin g surface area A and bay elevatiote i-I s .

To invtude the effects of the varia tion of thee bay area , a direct substitution of equ ation
(4) is made into equation (1). This gives for floodtide:

dii1 T a / 2g H~~~~~j ~ h 6dO 
— 

27rH A0 (1 + j3h1) -~j i + XL/ 2 i ( )

Rearranging terms yield the simpler expression:

— K 2 
— h1~

dO (1+j3h 1) 
‘ (7)

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

T a I 2gH 
-

K =j~jij A~
-

\/ /
. ‘8)

Th is gives a differential equation of the surface changes for the system in parameters K and
13. The friction factor, A, expressed in terms of Manning’s n, and the hy draulic radius is
given by:

2gn 2 
(9)

(1.486)2rh/3

20

- ~~~—~~~~ - - - -—- - -  - - 5 - - -  — --  - -  -~~~~~-- - - - - -~~~~~~~~~_- ---- ---— — —



Equation (7) is applicable if h2 ~ h1 and the corresponding equation for ebbtide

or h1 ~ h2 is:

dh1 K ’ 2  10
dO (I+13h 1) ~

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

of 13 and K using a simple harmonic ocean tide defined by:

h2 = sin O . (11)

Tables produced from these solutions are presen ted in Appendix A; a typ ical solution withe
symbol definition is shower in Figure 4. The use of the tables is described below.

For a well defined inlet, the determination of a, r, and L is relatively simple; n may
be estimated from tables o~ Manning’s n and from the available information about bottom

roughness (more general cases will be discussed later). These data can be used with tidal data
and bay area characteristics to determine K as defined in equation (8); for specific values
of K and (3, values of h,+, a+, u+, h1 ,  a—, u— , and h1 can be found from the
tables in Appendix A. The first six values provide data on maximum conditions for both

floodtide and ebbtide. For j3 greater than zero, h , will, in general be nonzero.

All h1 values can be dimensionalized by multiply ing the dimensionless form by t h e
semirange of tide in the sea, H; e.g., the maximum bay response is:

11rm = H •h ,~ . (12)

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

L~t a .  (13)

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

determined from:

(1 + $3h ,) dh1 (14)
K dO
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From coe et ii euity,

2,rhl elIr a
= V (15)

T dO A

where ’ V tidal inlet ve ’locit v . Solving fe)r V gi~ e~ :

2irll A die
(16)

T}eis may also be written in terms of thee ’ ( limensi e) leh ess eh am enel ve1ueit ~ as: 
S

2-irfl A
V = Ku (17)

T a

with 13hi, 0.0 or in thee ’ equivalent forne :

= 

~~~~~~~~~~ 
~~~~, (18)

IV . THEORY OF GENERAL IZED LUMPE D PARAMETER

In addition to impr ovir eg the computational method by accountin g for thee effect of

variable surface area in the basin , it is also possible to include inertia effects in the fiosy

througle the inlet withou t significantly increasing tile computational effort. Alth ough inerti a

effects are generalh~ small compared to t h e  princi pal effects whic le govern the flow t leroug le

the inlet, th eir inclusion does provide a more complete description of tile ph~sical processes

involved. Shiemdin and Forney (1970) developed a model which included the effect of f low
inertia in thee ink’t. Tile lumped parameter model developed below includes both t h e  inertia
effects and Mota Ohiveria’s technique for including tile effect of variable surface area in the
basin.

Thee formulation of tIre lumped parameter model is derived here from energy and

continui ty equat ions. The energy equatio n is taken as:

L •
H 2 — H 1 = C~, lV i v + v , (19) 

5

wleere heights , hi , and inlet velocity , V, and lengthe , L, are as previously defined ,

and V represents the time derivative of velocity or simply dV/dt (inlet flow acceleration).
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A ~eloci t ~ coel’ficieiet , (~ ,, introduced for notational simp licity , aceouiets for inlet
res is tan ce an d ex i t  hosse ’s. This coefficient is giv eme b :

= 
~~~

- (
~

+
~

) .  (20)

Based ore procedures suggested by Mota Oliveira (1970), C~ is a function of thee head
differential (112 — hl ~ ) since the hy draulic radius , r , is allowed to vary wit h time. Thee
value of r is taken approximatel y as tire sum of r0 , the h y drauli c radius at mean sea level
(\I SL), and the average of Il~ ari d 112 . Introducin g r~ as thee average of Il~ and hl 2~

i i = ~~~
- (H~~+ H

2 )  
, (2 1)

tie etc

r r 0 + i ~~. (22)

Afte’r substitutireg for A, C~, becomes:

Cv = 

~
j  [1 + 

(I~~~~~~ 2 
(ro + 5?1y4131 . (23)

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

All , = a V + q ,  (24)

wh ere the overdot sign ifies the time derivative amid q is any basin inflow which does not
pass throug h the inlet, Tieis expression is an equation of volume continuity. TIre term on thee
left-hand side of thee equation represents thee change in volume of water iii thee basin during
an interval of time. On thee ri ght-hand side of thee equation , tIre first term is the discharge
th rough the inlet and the second term is tile discharge either into or from the system other
than th rough the inlet during the same time interval. Note thr at q is positive wh en there is
inflow to thee system and negative when there is outflow from the system. Inflow came be
caused by stream discharge , lateral drainage or direct rainfall on the basin. Outflow may
ar ise from water being disciearged from the basin th rough channels which lead to oth er
bodies of water of lower hecad. Clearl y q is to be taken as the algebraic sum wh en there is
both inflow and outflow; moreover, q must be specified as a known function of time.

24



Equations (19) and (24) expressed inc the terms of thee time derivatives of V arid il~ , are:

V~~~~~(H 2 _ H i _ c v lv Iy) . (25)

}h r ~~ (aV + q). (26)

This gives two simultaneous differential equations in wh ich both 112 and q are basic input
to thee problem and prescribed as a function of time.

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

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

a a 0 +w 0~~. (27)

To eliminate the restriction of vertical inlet walls, a0 may be taken as thee area at
MSL , w0 is taken as the width at MSL and ~ is introduced as the beach slope ,
h orizontal-vertical , with in the tidal range . This gives a cross-sectional area function,

a a 0 + w0~7 +~~~
2 . (28)

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

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

h 12 (t), ocean tide ,
q(t), inflow,
A0 , mean bay surface area ,
(3, surface area variation parameter ,
a0, MSL inlet area,
r0, MSL inlet hydraulic radius,

inlet length ,
n, Manning’s n,

MSL inlet width, and
inlet beach slope.

25
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\~~ nee ’metio ree ’d pn ’viousl y, th ese data , othrer than Manning ’s me , came be readil y deter mj m ,ed
for a well deftm red ir e le t ;  their dek ’rmir ,atior , for (lee more corn neozm irr~’gularIv (h ’fitH ’d in let s
is eh i se ’r , sse ’eI ire th e’ following section. \ l ar en ime g’s m e is essereti allv estimated from a knowled ge
of bottom characteristics and hater ad j u sted to a satisfactory cah ibr at iom e of thee ’ mode ’I .

V. DETERMINATION OF EQUIVALENT K FOR NONPR I SMAT I C I NL E TS
Because inlet chianm eels are gemeer ahl v irregular ime beetle widtl , and dept h th e rou g hu otet  t hce ’ ir

I em e gt he , thee assumption of a pr ism ati c -  i n let is not always valid. To ac -c ou n t for sto l e

~ ariations , thee following meth od for calculatin g ami equivalent K , leas been d c-c eloped.
Thee ime l et vici n ity is divided ire to sev e m- al parallel cheaeene ls (three shown in Fig. 5):

~art i t iom e ine g of thee che ameneh is arbi t rar y . Thee goal is to obtain n early uniform values of r. A .
v , ace d :~ in eacle cell , but genera Ih~ theese conditions car,not be satisfied exactly . At e-ac ’hi
cross sec tiore , A. B, C, D . . . th e’ cross-sectional area for each channel 1, 2 , 3, . . . is
determi meed , includin g th ee width , of th e e ’ ch annel. Along cache sh,orelinc and betweeme adj ace’nt
channels , longitud in eal segment length cane be measure d are d averaged so that each channel
sc- gmeee nt is givere a representative Iengtlr . Since an area amid width are knowre for cache section
aced silece depthes are small compared to widtles , representative ’ Ii~ draulic radii care be
computed for c- a c - I c section from:

area
r , . (29)

width

Table I illustrates thee data needed in defining the irelet characteristics for thee inlet sleown
sehe ’maticallv ire Figure 5.

The’ coefficient of rep letion represents the effect of inlet conditions ome thee cmee ’rgv
comeversio re withein the imelet. Th is conversion is related to the expression ,

(
~

) (~+
~~

) , (30)

With in the paremetieeses , thee first term represem rt s the loss of energy necessary to convert
potemetia l ereergy in thee sea to kinetic energy ire t ie” imilet channel. Thee velocity , V , in the
inlet reaches a maximum value wh ere thee contraction is thee greatest or at t lec locatiome where
a minimum cross-sectional area exists in thee in let. Ir e general , this mimeimune m eld
cross-sectional area , am , equals the m mmc of the minimum cross-sectional areas of
thee 1th channels,

1m
am = ~~ 

a,~
1 = 1

26
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Figure 5. Nonprismatic inlet represen tation.

Table 1. Required data specifications for nonprismatic inlet computation.

Section 
_______________ Channel ___________

1 2 3

A-i a,, a12 a13

11-2 a21 a22 a23

C-3 a31 a32 a33

[1-4 a41 a42 a43

A-I r 11 r 12 r 13

11-2 r21 r22 r23

C-3 r ee

D.4 r41 r42

0 0 0 0

A~B 1  ~ L1, i~L,2 ~L13

B.C 2 ~L22 ~L23

C.D 3 s~L31

4 0 0 0
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where rn = miumbe r of channels. For the example in Figure 5, thee number of channels
equal s th ree, ~m 3, amed minimum cross-sectional areas for each ~th channel are at
sectiore C, so amj  = aCI. For this examp le , the minimum inlet cross-sectioreal
area, am , is found by:

am = a C,

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

According to Keulegan (1967), thee energy loss in the inlet is equal to the head difference
between sea and basin. This is given by :

V2 ( i+ ~~~) 
= 2gH (h 2 — h 1 ) . (31)

For the ith irregu lar parallel channel this may be rewritten as:

L 
~ 

.

+ J Xi X’ dx = 2gH ( h 2 — ie 1 ) , (32)

where V , A, and r are functions of x; VM1, tIre maximum velocity in tiee chanmeel , is

related to thee flow Q1. Thus,

= arn i ~Mi ‘ 
(33)

and

= a3~ ~~ 
, (34)

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

1 
L 

~~ 1
= + 

~ r ~ 2 • 
dxl = 2gH (h 2 

— h 1 ) - (35)
mm o Xe xm j
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Solvireg for Q. gives:

= 
\~ gH (h 2 — i i , ) 

- (36)

+ 
~ r a2 . 

dx
me 0 xi xi

By combining equations (12) and (15) the cont eneuity equation may be expresse d in tl~e
form:

dH
Q = - ~-’ A , (37)

and Q, the flow ire tire entire inlet , is tire sum of the flows in tire individual cheanne ls ,

dHQ =  ~ Q, = A — ’ . (38)
i = 1  dt

Also,

d 
= 

~~~~~ 39
dt T dO -

Thus,

2irHA dh
= 

~~~ T 
(40)

Solving equatiom e (40) for die , Id 0, substitu ting from equation (36) and multi p ly ing bot le
neumerator and denominator by am give:

dIr T am ‘M 1
dO 

= 
2er II k ~~~~~~~~~~ 1 2 L 2 

~!Ir 2 — h1 . (41)

/~ + f — ~I- ~ dx
\J amj 0 

r11 a~1

K ,

To determine K 1 ,  values of am,  A, ami,  ax 1, r11 are take n at mea r r tide level. Tire integ ral in
equation (36) is rep laced by thee numerical approximatioee

a~, 
~ r a2 dx ~ a~ 

2gn
,~’~} 486)2 ~m ~~ 4’3 

(xj  
— x1_ 1 ) X0 = 0 . (42)

o xi xi J ii
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Titus , are el fe-cl ive coefficient of rep hetio n e can be detern cint- d with , th e’ followi n g equation:

K , = 

a,~ 

~
r—

~ 
‘M 

2 L 2 

(43)

~H + i - ~[~] dx
ami 0 

r
~1 ax,

If an in let is riot pr ismmiatic , the determination of a0, L, w0, amid ~
‘ is more difficult.  A i m

equ ival e-m r t coefficient of rep letion cane be determined as described ire thee previous section.
For r easo mrs simnilar to those discussed , a0 . cv~ , ane d ~ shroul d be- det e -rmine ed i m , tI,e t h roat
region: a0 bei meg thee MSL in let area at t h e  t ieroat , 

~~~~~ 
tire \1SL widt h , and ~

‘ thee
re presen tative beac le slope of tIre inlet b- twe - em e Ir i ghe and low water ,

Tiec lem igthr , L , may be adequatel y defined as tie c average lenegt l e of t l ,e- parallel chann els
selected. Only r0 remains to be deterneined aned thee followine g procedure may be used.
Since ~~~~ may be- computed from edluatio le (44). r0 may be takene as thee ur ekne owne in tle e
original definitio ,e of K (eq. 8).

Substitt ,tiome from equations (8) aced (9) rearramrgi ii g term s amid scj t e ari ng botle sides of thee
resu lting e ’quat i e )me give ’s:

r 
27TIIAK 1 

2 
= ___________________

L Ta0 + 
2gn~ L 

r 413
(1.486)2 0

wieere K , leas been substit re te ’d for K im e c-e 1uati on (8), ared fimeal ly ,

1.104 g / Ta0 \2 3/4
r0 = 

gn2 L 2H ~7rK ,A
O )  

— 1 . (44)

App lication of the lumped parameter techemei que is discussed in A pp emedix B.

Vi . APPLICATION: MASONBORO INLET , NORTH CAROLINA
Tin ’ calibration , verification c , and app lication of thee malhe ’matica l model describe’d to

\lasoreboro Inlet , North Carolina , are discussed ire this sectiore (Fi g. 6). Thee neode l was
calibrated by reproducing lice prototype inlet velocities of 12 Se’ptember 1969. App lication
was tie em e made to thee ’ system using hydrograpiric conditi omi s of \ovember 1964 and July

1966.
I f s  drograp leic conditiom ,s in thee ’ immediate vi c in i t y  e)f Mason,boro Inlet ml October 1969

are shown in Figure 7. Thee grid shown in theis fi gu re imedicates lice indepenedenet chea r enels
adopted for represt ’nti ieg ace e ’eiuiv alcnt prismatic inlet.
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A tabulation of measured prototype velocities for 12 September 1969 taken at thee iie let
throat is included in Table 2. These velocities were used witir the tieroat cross section
(Fig. 8) to compute tire flows given in Table 2 and the tidal prism ire Figure 9. An attem pt
was made to compute thee tidal prism from the bay surface areas but this metieod did not
give satisfactory results. This is probably due to the problem of delineating the effective
surface area whicir contributes to thee tidal prism. One this basis the inlet velocit y da ta were
used to determire e thee tidal prism . A bay tidal range of 4 feet was assumed for calculating
the meame bay surface area from thee observed ocean tide for 12 September 1969 sheown in
Figu re 10. While the flows shown in Figu re 9 indicate a small outflow through other outlets ,
the magneitude is so slight in comparison to thee total flow th at its effect is considered
negligible. If sufficient informati ore was available for describing this outflow it could leave
been irecluded in lice meumerical computationes.

Using tire procedure described previously, thee gr id of Figure 7 was cross-sectioned and
segmented so tieat tiee equivalent prismatic inlet characteristics could be found. The cross
sections used , indexing f rom ocean to lagoon , are shown in Figures 11 throughe 15. Th ese
sections were plotted and their areas computed by the program SECPLT (App . C). The
var ious areas , widths , and lengths determined are listed in Table 3 with lice resulting
equivalent area , width, length , and hy draulic radius produced by- program INLET (App. D).
The value ’s theus obtained are then used to define an inle t system which can be analyzed by
the subroutiree IN LT2 wheose output is tabulated in Table 4. An initial computation was
made usin g a simp le simeusoidal tide with a period of 12 hours and 25 minutes. A graphical
pr esenetatiom i of this analysis is shown ire Figure 16 as produced by subroutine GRAPHIC;
tieis fi gure permits a comparison of computed and measu red prototype velocities. Tire
re ’lative lv good vehoc ity agreement was obtained by positioning lice grid in Figure 7 so that
all of thee uhe arenie-I s at aies given cross section lead approximatel y thee same cross-sectional
area arid th eme adjusti ng thee value assumed for Manning ’s n to obtain maximum agreement
for the’ calibration conditiene.

Ire a s4’(-ond computation for lice 12 September 1969 inlet conditiones (Tables 5 and 6.
and Fig. I 7). thee ’ observe’d ocean tide was used as input ratieer t iean approximatin g t h e  ocean
tide by a simple sine curve of approp riate amp litude. Overall agr cemeret between observed
aie d comnput ed ve ’h n - it ie ’s  was reot substantiall y chanrged. Th erefore , m r  later computations the

tide was approximated by a sine curve. The values of Ma nenime g ’s n , obtain ed ii, thee
calibration procedure were retained.

After thee e-on ep ut a tions for 12 September 1969 resulted in an acceptable comparison e)f
observed amid ca b-um lat ed inlet velocities , thee lumped parameter model was used to predict
inlet-ba, interaction for various condition s. In all predictive computations , equivalent inlet
dimension s were deve-l op ed by thee same procedure used with the 12 September 1969 data
and the same Sl annu in g coefficient (0.027) was used.
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Table 2. Prototype data.velocities and flows (Range 2) 12 September 1969.

Measured velocities (IL/s)

Time Surface ~~~~~~ R~~g~~ Rai~g~ \ V elocih Inflow
(h) (h gt) hi M S B M S B M S (mean) (M#f t 3/~)

1LS() 1.78 08 1.0 - -0.5 0.8 1.0 L2 1.8 I ~ 1. 2 ( C 8~C I 18

) V00 1 .48 — IA ) — I M  — . 1.8 - LI - L4 — 1.8 1.2 I A )  i l l  U t )  I i .L
4) 5() 1 .06 2. 5 - - 3.5 — 3.5 -2.8 -34 3. 1 0.8 — I i )  1. 0 2.60 II  ~U

103)0 0.55 —3.0 —4.0 - - 4.2 — 2.6 S_43J —3.8 — I A  -- L2 — LU — 2.98 45.75

10.50 000 3.1 — -1.8 — 4 9  - LII — 4M —47 — 0.8 —0.8 - -(L8 3.45 50 . Ue

LOU — -(L50 —4.0 — - 5.5 - - 57  - 4.2 5.2 5.5 ( I . I - (L6 -- 011 - - - 3.80 53 2 (I

11.50 - - 0.96 — -1.2 —5.6 5.6 3.0 - - 54 — 5.0 — 1 . 1  --1.2 —0 .6 —3113 — 3L25

12 ( I ( )  —143 - 43) —5 3)  —5.0 - - 2 .-I —4.6 -- 4.4 — 0 2  — 1.2 — 1.4 —3 34 — 42 62

1250 - - 1.82 ~~~ --4.9 - 4.9 — 2 8  —-L2 - 4 2  — l . () — 0.4 --(L2 —3A 8 —38 .98

1331(1 2. 1)6 5 ) 5  —4.0 — 4 2  —2.0 —35 — 3.7 —0.4 —0.6 —0.6 —2.61 —3L22

I 3.5() - - 2 .11  — 2.0 -—3.5 3.3 --2.2 —33) — 30 —0.2 —0.5 —0.6 —2.19 —26.08

14381 —2. 10 - - 2.4 —2.6 24 —1. 8 - - 2.2 ---2.2 —0.5 —0.3 0.4 —1 .74 --20.70

1.50 —1.94 —1 .0 — 1 4  —1.5 — 1 .2  —L2 — 1.2 0.5 0.4 0,5 —0.77 —9.36

15 ( 8 )  - 1.51 0.6 0.6 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.57 7J9

15.5( 1 1 .25 0.6 0.8 L2 0.8 1.2 L4 1.0 1.4 1.4 1.08 13.99

1600 0.65 1.3 2.1 2.0 2.6 2.6 2.8 1.8 2.2 2.8 2.29 31.61

16.5(1 038) L7 2Jj 2.0 2.8 2.8 2.6 2.3 2.7 3.0 2.57 37.61

1 7.0(1 ( 1 . 51) 2.5 3.1 3.-I 3.0 3.6 3.0 2.5 3.0 3.3 3J2 47.77

17. 50 (( .97 2 .1 3.-I 2.6 2.8 3.6 3.0 2.6 3.3 3.6 3.13 49.86

18,01) 1.30 2.6 2.8 2.6 2.2 3.8 3.4 2.2 2.8 3.3 2.97 48.53

( 3.5 ( e  1.57 211 3.2 3.0 2.6 3.4 3.2 1.8 2.9 3.4 3.03 50.51

19. 1)1) 1.9(1 33) 3.4 3.0 2.7 3.4 3.2 2,0 3.0 3.2 3.08 52.74

I9~~(I 2 . 11) 2.6 2.8 2.6 2 0  3.0 33) 1.8 2.5 2.9 2.66 46,30
2 ( 1 (II I 2 10 2.0 1.8 2.2 1.8 23) 2 2  L8 2.0 2.0 2.00 34.69

1. 89 I l l s  1.2 L3 0.’) (1.8 0.8 0.7 0.8 1.0 0.93 15.91

21 ( H ) 1. 511 1.2 ~~~- 1.6 1.8 - - - L2 21) —1. 8 — (1 .7 —0.6 —0.8 —1.39 —23.09
i-u hs eeorn

ens-an dcptli
S = . earias e
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Figure 9. Tidal flows for Masonboro Inlet , 12 September 1969.
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Figure 10. Prototype tidal elevations , 12 September 1969.
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Table 3. Equivalent coefficient of repletion for nonpnsmatic inlet , 12 Septembe r 1969.

____________________________ 
Verification _conditions 

__________________________

Area (ft 2 )  Width (ft ) Length (It)

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

0 0 0 0

Tidal period = 12.417 hours.
Tidal semirange = 2.150 feet.
Bay area (mean sea level) = 1.928000E + 08 square feet.
Manning ’s n = 0.0270.
Coefficient of repletion = 1.553.
Inlet area = 1.464000E + 04 squar e feet.
Inlet length = 3.593500E + 03 feet.
Inlet depthi = 12.54 5 feet.
Inlet width = 1,310 feet.
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Table 4. Computed tides and flows , 12 Sep tember 1969.

Verification conditions
Time H2 Inflow Hi Velocity Discharge
(h) (it) (M#f ~~’s) (it) (ft/s) (M#ft~’s)
0,00 0,00 0,00 —0,56 3.10 44.27
0.50 0.54 0,00 —0,10 3.38 50 46
1,00 1.04 0.00 0.39 3.52 55.01
1.17 1.20 0.00 0.55 3,54 1 563)1
1.50 1.48 0.00 0,86 3.50 56 98
1.58 1.54 0.00 0.94 3.48 56.99 ’
2.00 1,82 0.00 1.31 3.28 55.29
2.50 2.05 0.00 1,70 2,81 48,71
3.00 2.15 0,00 2.01 2.02 35.66
3.08 2.15 k 0.00 2.05 1.84 32.68
3.50 2.11 0.00 2.19 0.71 12.70
3.67 2.06 0.00 2,21 k 0.05 0.89
4.00 1.93 0,00 2.15 —1.54 —27.14
4,50 1.64 0.00 1.90 —2.26 —38,80
5.00 1.23 0.00 1.61 —2.64 —43,88
5,50 0.75 0,00 1.26 —3.05 —48.90
6.00 0.23 0.00 0.85 —3,39 —52.07
6,42 —0.23 0,00 0.49 —3,58 —52.96 ’
6.50 —0.32 0,00 0.41 —3.60 —52.95
6.92 —0.75 0.00 0.01 —3.67 ’ —51.95
7.00 —0.84 0,00 —0.07 —3.67 —51.57
7.50 —1.31 0.00 —0.56 —3.57 —48.10
8.00 — 1,69 0.00 —1.04 —3.28 —42,65
8.50 —1,97 0.00 —1.50 —2.79 —35.16
93)0 —2 ,12 0.00 —1.90 —2,05 —25.27
9 3 3  —2.1 5 k 0.00 —2.10 —1 ,37 —16.77
9.50 —2.14 0,00 —2.16 —0.95 —11.61
9.83 —2.08 0.00 —2 .22 k 0.20 2,45

10.00 —2.02 0.00 —2.18 0.92 11,21
10.50 —1.77 0,00 — 1,95 1.59 19,80
11,00 —1.41 0.00 — 1,66 1.89 24.24
11.50 —0.96 0.00 —1.32 2.35 31.12
12,00 —0,45 0.00 —0.93 2,79 38.42
12.50 0.09 0.00 —0.49 3.15 45,38

‘Critical point value.
Tidal semiran ge 2.150 feet.
Mean bay surfa ce area = I .9280E + 08 square feet.
Bay side slope parameter beta = 0.350.
Average bay level = 0.03 feet .
I nlet properties :

X-section area below mean tide level = 1.46400E ÷ 04 square feet.
Inlet width at mean tide level 1,310 feet.
Inlet beach slope = 75:1.
Mean tide level depth = 12.545 feet.
Inlet length = 3,594 feet .
Manning ’s n = 0.0270 .
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Table 5. Equivalent coefficient of rep letion for nonpri smatic inlet , 12 September 1969,

_______________________ Obse rved tides 
______________________

Area (it 2 )  Width (it) Lengt h (f ’ t)

9610 967() 6910 8860 1170 1000 800 77() 0 0 0 0

5530 3370 354(1 6680 940 620 760 400 1030 1150 1320 72(1

4260 6400 5130 4350 820 250 265 610 860 1 180 1400 755

386() 3900 3850 3030 575 165 160 410 363 585 665 330
402() 402() 4020 4020 485 160 160 340 437 532 345 275

0 0 0 0

Tidal period 12.417 h ours.
Tidal s(~mirange 2.150 feet.
Ba~ area (mean sea level) = I .92800E + 04 square feet.
Ma nn iut g ’s ii = 0.0270.
Coefficie n t of rep letion 1.636.
Inlet area = 1.46400E + 04 square feet.
Inlet length = 3.04250E + 03 feet.
Inlet depth 12.360 feet.
In let width 1,310 feet.
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Table 6. Computed tides and flows for nonpria malic inlet , 12 September 1969.

Observed tide conditions
Time Inflow Hi Velocity Discha rge
(h) (ft) (M#(t%) (it) (ills) (M#ft%)

0.00 0.13 0.00 —0.45 3.37 48.67
0,50 0.63 0.00 0.04 3.48 52.55
0.75 0,88 0.00 0.28 3.52 ’ 54.32
0.92 1.01 0.00 0.44 3.49 54.62 ’
1.00 1.07 0.00 0.52 3.46 54.35
1.50 1.36 0.00 0.96 3.04 49.38
2.00 1.65 0.00 1.33 2.72 45.63
2.50 1.94 0.00 L67 2.58 44.47
3.00 2.08 000 1.96 1.98 34.79
3.17 2.09 ’ 0.00 2.04 1.61 28.34
3.50 2.04 0.00 2,13 0.56 9,93
3.67 1.99 0.00 2.14 ’ —0.24 —4.23
4.00 13)7 0.00 2.05 —1.74 —.30.4 1
4.50 1.61 0.00 1.81 —2.07 —35.47
5.00 1.27 0.00 1,54 —2.36 —39.18
5.50 0.82 0.00 1.22 —2.84 —45.59
6,00 0.28 0.00 0.83 —3.34 —51.42
6.33 —0.07 0.00 0.54 —3.52 —52,59 ’
6.50 —0.24 0.00 0,39 —3.55 —52.32
6.67 —0.40 0.00 0.24 —3.56 ’ —51.68
7.00 —0.71 0.00 —0.07 —3.53 —49.92
7.50 —1J 8 0.00 —0.55 —3.44 —46.73
8.00 —1.60 0.00 —1.03 —3,26 —42.52
850 —1.91 0.00 —1.49 —2.81 —35.52
9.00 —2.05 0.00 —1.88 —1.96 —24.22
9.33 —2.07 ’ 0.00 —2.06 —1.18 —14.44
9.50 —2.07 0.00 —2.11 —0.72 —8.86
9.75 —2.05 0.00 —2.14 k 0,07 0.81

10.00 —2.01 0.00 —2.10 0.85 10.37
10.50 —1.68 0.00 —1.89 1.70 21.26
10.83 —1.40 0.00 —1.67 2,18 k 27,96
10.92 —L36 0.00 —1.61 2, 18 28.05 k

11,00 —1.32 0.00 —1 .56 2.14 27,64
11.25 —1.18 0.00 —1.39 1.98 k 25 90 ’
11.50 —0.95 0.00 —1.23 2.13 28,36
12.00 —0.34 0.00 —0.84 3.00 41.72
12.50 

— 
0.22 0M’~ —0.37 3.40 49.43

1Crit ical point value,

Tidal semirange = 2,150 feet.
Mean bay surface area = 1.928E + 08 squ are feet.
Bay side slope parameter beta = 0.350.
Average bay level = 0,05 feet ,
Inlet properties :

X.section area below mean tide level = 1.4640E + 04 square feet.
Inlet width at mean tide level = 1,310 feet.
Inlet beach slope 75:1.
Mean tide level depth 12,360 feet.
inlet length = 3,042 feet.
Manni ng’s n = 0.0270.
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Tl,t ’ first siu~li conipt i ta t i on wa.~ for long .ter tn n ieati con di t ion s  for 1969. Cross —er ti ons
for 12 Scpt entibe r 1969 ~ crc adjust ed b~ 0.35 foot to tower t h e  reference to \ISI .. Ti teni  t h e
nil eani surfa ce area of ’ the ba~ was reduced from 192,800,000 square feet con tput ed for \ITL
oH 1 2 September 1969 to the area corresponding to ~s1SL. This reduction was obtain ed b~
:t~~ii  ming tha t  t h e  area varies linearl y with , the water k’~~-l and Is governed b a ~ of 0.35.

mean surface area at t h e  \ISL datum is given b~:

r ~hl
A = A I i  — —LI = 1.866 X 108 ft 2 .

°MSL °MTL [ 2H J
where is th e \ITL superelevation of 0.35 foot and II is the long-term mean semlraiige

ol I .9 ft-ct. Oth er inlet characteristics were revised according ly and flow condit iuits

~-umpu ted (Tables 7 an d 8, and Fig. 18).
Similar computations ‘.sere made for the following conditions:

(a) 1 964 h ydrograp h y ;  lu -fore constru ctio ni of north j et t \  (Figs. 19 and 20, and

Tables 9 and 10).
(b) 1 966 ht ~ drograp hi v :  after north j ett y was constructed (Figs. 21 and 22, and

Tables 11 and 1 2).
(c) l’ropose(l p lan B; includes construction of south j etty and additional channel

(Ired ging (F i gs. 23 and 24, and Tables 13 and 14).

\~ jIlt all conditions modeled , major results (Table 15) show a general reduction in
maximum floodt ide ~elo -iti es from the 1964 throu gh 1969 test conditions (3.50 to 3.20
ti-e l per second). Thu in t roduct ion of the proposed south j etty would bring t h e  max imum

tloodtide ‘~eloc i t i i ’s  to a hi gher level (3.33 feet per second). M aximu m ebhtid e velocities are
similar l~ affected.

VII. SUMMARY AND RECOMMENDAT iONS
\ lumped parameter m ath ematical model h a ”  beeti adapted to the \lasonboro Inlet.

Nort h  Carolina , s~ stem. The model estimates tidal curre nt  velocitie s in t h e  inlet and wat er
li-ve l f luctuat i onis in the adj oinin g (-mba v mcii I. Calibration ami d veri fj cati on of t h e  model is
carried out by reproducing prototy pe cotiditions of 12 Septe m ber 1969. App lication is
nuad i ’ for preproj (’ct undeveloped inlet conditions of N oven i l i e r  1964 and modified inlet and
north j ett~ conditwits of JuI~ 1966.

T h e  lumped parameter model is based on t h e  in etht otl developed by- Ket ilegan (1967), but
cx tended t include:

(a ) ‘s ariable inlet and basiti surface area ,

(b) variable inlet channel depths ,
(c) % ar iabl e (nons iiiusoida l ) ocean ti: l e .
(d) inlet inertia effects , and
(e) bay inf lows or ou t flows other than the sea.
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Table 7. Equivalent coefficient of repletion for nonprismatic inlet , 1969.
Mean sea level condition

Area (ft 2 ) Width (ft ) Length (ft )

8350 8290 8460 8280 1080 870 1050 725 0 0 0 0
4990 4240 6710 3950 905 995 475 330 1030 1150 1320 720

3090 6600 4770 4820 750 255 250 625 860 1180 1400 755
4010 4400 3370 2320 550 190 150 360 365 585 665 350

4550 3220 4510 3280 500 130 180 345 437 532 545 275

0 0 0 0
Tidal period = 12.4 17 hours.
Tidal semirange = 1.900 feet.
Bay area (mean sea level) = 1.86600E + 08 square feet.
Manning ’s n 0.0270.
Coefficient of repletion = 1.681.
Inlet area = 1.41000E + 04 square feet.
Inlet length = 3.04250E + 03 feet.
Inlet ~lepth = 11.591 feet.
Inlet width = 1,250 feet.
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Table 8. Computed tides and flows for nonpri smalic inlet, 1969.

Mean sea level condition
Time H2 Inflow Hi Velocity Discharge
(h) (it) (M*ft%) (it) (ills) (M#ft%)

0.00 0.00 0.00 —0.44 2.82 39 04
0.50 0.48 0.00 —0 .02 3,07 44.22
1.00 0.92 0.00 0.41 3.20 47.83
1.17 1.06 0.00 0.55 3.20 ’ 48.54
1.50 1.3 1 0.00 0.83 3.16 49.05 k

2.00 1.61 0.00 1.22 2.93 4.6.97
2.50 1.81 0.00 1.56 2.47 40.50
3.00 1.90 0.00 1.82 1.69 28.18
3.08 1.90 k 0.00 1.85 1.52 25.38
3.50 1.86 0.00 1.95 0.38 6.36
3.58 1.84 0.00 1.95 k 006 0.96
4.00 1.71 0.00 1.87 —1.58 —26.16
4.50 1.45 0.00 1.65 —2.03 —32.87
5.00 1.09 0.00 1.39 —2.41 —37.93
5.50 0.67 0.00 1.07 —2.80 —42 ,75
6.00 0.20 0.00 0.71 —3.11 —45.70
6.42 —0.20 0.00 0.37 —3.27 —46.50 k

6.50 —0.28 0.00 0.30 —3.29 —46.48
6.83 —0.59 0.00 0.01 _3~331 —45.80
7.00 —0.74 0.00 —0.14 —3.33 —45.11
7.50 —1.16 0.00 —0.58 —3.19 —41.71
8.00 —1.50 0.00 —1.03 —2.87 —36.33
8.50 — 1 74 0.00 — 1,44 —2.35 —28.91
9.00 —1.88 0.00 —1.77 —1.58 —19.0 3
9.33 —1.90 ’ 0.00 —1.92 —0. 87 —10.48
9.50 —1.89 0.00 — 1.96 —0.43 —5.20
9.67 —1.87 0.00 —1.97 ’ 0_ l i  1. 31

10.00 —1.79 0.00 —1.89 1.08 12.96
10.50 —1.57 0.00 —1.68 1.30 15.92
11.00 —1.25 03)0 —1.44 1.67 20.96
11.50 —0.85 0.00 —1. 13 2.13 27.55
12.00 —0.40 0.00 —0.77 2.54 34.01
12.50 0.08 0.00 —0.37 2.87 39.98

t Cr itica l point value .
Tidal semirange = 1.900 feet.
Mean bay surface area = I .866E + 08 square feet.
Bay side slope parameter beta 0.350.
Average bay level = 0.02 feet.
Inlet properties:

X-sect ion ares below mean tide level = I .4lOO E + 04 square feet.
l, ilet width at mean tide level = 1,250 feet.
Inlet beach slope 75:1. 5
\Iean tide level depth = 11.59 1 feet.
Inlet length = 3,042 feet ,
M anning ’s n = 0.0270.
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Table 9. Equivalent coefficient of rep letion for nonprismatic inlet , 1964.
Mean condition

Are a (ft 2 ) Width (ft ) Length (f t)
5315 10875 8910 10310 1870 1080 1250 1710 0 0 0 0
4685 4190 4425 3430 1200 420 600 960 965 1130 1145 345
2890 3095 3330 3250 860 185 140 340 1075 1375 1373 675
5320 4730 4925 5470 1150 310 250 520 600 800 800 400

0 0 0 0

Tidal period = 12.417 hours ,
Tidal semirange = 1.900 feet.
Bay area (mean sea level) = 1,86600E + 08 square feet.
Mann in g ’s r i  = 0.0270.
Coefficient of rep letion = 1.520.
Inlet area = 1.25650E + 04 square feet.
Inlet lengt h = 2.72125E + 03 feet.
Inlet depth 11.003 feet.
Inlet widtl~ = 1,525 feet.
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Table 10. Computed tide and flow for nonprisinatic inlet , 1964.

Mean condition

Time H2 Inflow HI Velocity Discharge
(Ii ) ( ‘ t) ~M#ft 3fs) (it) (Ills) ~M*it 3f5)

0.00 03)0 0,00 —0 .52 3.10 37.75
( 1 . 50 0.48 0.00 —0. 10 3.36 43.20
1.00 0.92 0,00 0.32 3.49 17 . 2 1
1. 17 L06 0.00 0.47 3. 50 k 48.09
1. 50 1.31 0.00 0.75 3.4~ 48.95

1 .58 1.36 0.00 0.82 3.43 48.9ô~
L61 0.00 1. 1-I 323 47.49

2.50 1.81 0,00 1.49 2 .76 4 1.79
33)0 1.90 0.00 1.77 1.97 30.50
3.08 1.90 k 0.00 1.80 1.80 27.92
3.50 1.86 000 1.92 0.67 1043
3.67 L82 0.00 l.94~ —0.01 —0.21
4.00 1.71 0.00 1.88 —L56 —23.99
4. 50 L45 0.00 1.67 —2. 13 —32.03
5.00 1.09 0.00 1.41 —2.54 —36.91
5.50 0.67 0.00 1.10 —2.97 —4L37
6.00 020 0.00 075 —3.31 —44.01
64 2  —0.20 0,00 0.43 —3.50 —44.63 ’

6.50 —0.28 0.00 0.37 —3.53 —44.59
7.00 —1174 9.00 —0,04 —3.6 1~ —43.24
7.50 — l J 6  0.00 --0.47 —3.54 —40.16
8.00 —1.50 03)0 —0.88 —3.30 —35.58
8.50 — [.74 0,00 —1.28 —2. 86 —29.56
9.00 —1.88 0.00 -- 1.62 —2.19 —21.90
9.33 _ 1.90 1 0.00 —1 .80 —1.57 —15.47
9.50 —1.89 0.00 —1.86 —1.18 —11.60
9.83 —1.83 0.00 —l. 93~ —0.12 —1.15

10.00 —1.79 0.00 —1.92 0.68 6.71
10.50 —1.57 0.00 — 1.73 1.60 16.26
11.00 -- 1 .25 0.00 — 1.48 1.94 20.12
11.50 —0.85 0.00 — 1J9 2.38 26.32
12.00 —0.40 0.00 —0.84 2.81 32.63
12.50 0.08 0.00 —0.45 3.15 38.72

t Critical po in t value .
Tidal semirange = 1.900 feel.
Mean bay surface area = l.866E + 08 square feet.
Ba~ side slope parameter beta = 0.350.
Ave rage bay level = 0.03 feet.
Inlet properties:

X-scetion area below mean tide level = 1.2565E + 04 square feet.
Inlet width at mean t~dc level = 1,525 feet.
Inlet beach slope = 30:1.
~h-an ti de level depth = 11.003 feet.
Inlet le ngth = 2,721 feet.
\laririiiig s n = 0.0270.
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Figu re 21. lb drugrap h ir survey , 7 July to I August 1966.
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Table 11. Equivalent coefficient of repletion for nonpr ismatic inlet , 1966.
Mean sea level condition

Area (ft 2 )  Width (ft) Length (ft )

7860 6940 6900 9300 1670 940 620 665 0 0 0 0

4790 4840 5170 5060 1210 450 370 780 1375 1730 1775 880

4450 2630 2970 3510 1050 220 150 370 1340 1815 1990 1030

5340 6550 6510 4990 1300 400 310 440 713 1000 1015 505

0 0 0 0

Tidal period 12.417 hours .
Tidal semiran ge 1.900 feet.
Bay area (mean sea level) = 1.86600E + 08 squa re feet.
Mannin g’s n = 0.0270.
Coefficient of rep letion = 1.585.
Inlet area = 1.35600E + 04 square feet.
Inlet length = 3.79250E + 03 feet.
Inlet dep th = 13.125 feet.
Inlet width = 1,790 feet.
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Table 12. Computed tide and flow for nonprisinatic inlet, 1966.

Mean sea level condition
Time 112 Inflow Hi Velocity Discharge
(h) (it) (M#ft 3/s) (it) (ills) (Milft%)

0.00 0.00 
- 

0.00 —0.50 2.93 38.46
0.50 0,48 0.00 —0.08 3.17 44.06
1.00 0.92 0.00 0.35 3.27 48,19
1.08 0.99 0.00 0.43 3.27 ’ 48.67
1.50 1.31 0.00 0.78 3.22 49,93 k

2.00 1.61 0.00 1.19 2.98 48.26
Z50 1.81 0.00 1.54 2.51 42.04
3.00 1.90 0.00 1.81 1.74 29.86
3.08 1.90 ’ 0.00 1.85 1.58 27.10
3.50 1.86 0.00 1.96 0.50 8.63
3.67 1.82 0.00 1.97 ’ —0.13 —2.24
4.00 1.71 0.00 1.90 —1.48 —25.20
4.50 1.45 0.00 1.67 —2.07 —34.27
5.00 1.09 0.00 1.40 —2.40 —38.19
5.50 0.67 0.00 1.09 —2.78 —42.28
6.00 0.20 0.00 0.73 —3.11 —44.75
6.33 —0.12 0.00 0.47 —3.26 —45.25 ’
6.50 —0.28 0.00 0.34 —3.32 —45.16
7.00 —0.74 0.00 —0.08 —3.40’ —43.62
7.50 — 1.16 0.00 —0.51 —3.33 —40.35
8.00 —1.50 0.00 —0.93 —3.09 —35.56
8.50 —1.74 0.00 —1 .33 —2.67 —29.29
9.00 —1.88 0.00 —1.67 —2.00 —21.29
9.33 —1.90 ’ 0.00 —1.84 —1.39 —14.57
9.50 —1.89 0.00 —1.91 —1.01 —10.53
9.83 —1.83 0.00 —1.96 ’ 0.02 0.17

10,00 —1.79 0.00 —1.95 0.72 7.53
10.50 —1.57 0.00 —1.74 1.61 17.42
11.00 —1.25 0.00 —1.48 1.87 21.05
11.50 —0.85 0.00 —1.18 2.27 26.79
12.00 —0.40 0.00 —0.83 2.66 33.21
12.50 0.08 0.00 —0.43 2.98 39.46

t Critical point value.
Tidal semirange = 1.900 feet.
Mean bay surface area = 1.866E + 08 square feet.
Bay side slope parameter beta = 0.350.
Average bay level = 0.02 feet.
Inlet properties :

X.aection area below mean tide level = 1.3560E + 04 square feet ,
Inlet width at mean tide level = 1,790 feet.
In let beach slope = 75:1.
Mean tide level depth = 13.125 feet.
Inle t length = 3,792 f eet.
Manning’s n = 0.0270 .
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Table 13. Equiv alent coefficient of rep letion for nonprismatic inlet , 1969.

_____________________ Plan B ____________________

Area (ft 2) Width (ft) Length (ft )

3900 3900 3900 3900 485 275 235 180 0 0 0 0
5129 5120 5120 5120 585 320 465 325 1540 1715 1775 900
3430 3430 3430 3430 575 145 145 415 1860 1890 1925 975
4120 4120 4120 4120 570 255 170 385 615 685 680 330

0 0 0 0

Tidal per iod = 12.4 17 hours.
Tidal semiran ge = 1.900 feet.
Bay area (mean sea level) = 1.86600E + 08 square feet.
Mannings’ n = 0.0270.
Coefficient of rep letion 1.802.
Inlet area = 1.37200E + 04 square feet.
Inlet length = 3.72250E + 03 feet.
Inlet dep th 16.703 feet.
Inlet width = 1,280 feet.
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Table 14. Computed aide and flow for nonpñamatic inlet, 1969.

Plan B
r,,,e H2 Inflow Hi Velocity Discharge
(h) (ft) (M#ft~ s) (it) 

— 
(ills) (M#ft ’3/~)

0.00 0.00 0.00 —0.4 1 2.98 40.11
0.50 0.48 0.00 0.02 3.22 45.23
1.00 0.92 0.00 0.45 3.33 48.62
1.08 0.99 0.00 0.53 3.33 k 48.97
1.42 1.25 0.00 0.81 3.29 49.56 k

1.50 1.31 0.00 0.88 3.27 49.49
2.00 1.61 0.00 1.27 3.00 46.92
2.50 1.81 0.00 1.60 2.50 39.91
3.00 1.90 0.00 1.85 1.67 27.03
3.08 1.90 ’ 0.00 1.88 1.49 24.14
3.50 1.86 0.00 1.98 0.30 4.88
3.58 1.84 0.00 1.98 ’ —0.03 —0.43
4.00 1.71 0.00 1.89 —1.67 —26.94
4.50 1.45 0.00 1.66 —2. 22 —35.06
5.00 1.09 0.00 1.38 —2.56 —39.33
5.50 0.67 0.00 1.06 —2.97 —44.02
6.00 0.20 0.00 0.68 —3.29 —47.03
6.42 --0.20 0.00 0.33 —3.46 —47.78’
6.50 —0.28 0.00 0.26 —3.48 —47.73
6.83 —0.59 0.00 —0.04 —3.52 k —46.89
7.00 —0.74 0.00 —1.19 —3.51 —46.09
7.50 —1.16 0.00 —0.66 —3.35 —42. 19
8.00 —1.50 0.00 — 1.11 —2.98 —36.12
8.50 —1.74 0.00 —1.52 —2.38 —27.85
9.00 —1.88 0.00 —1.84 —1.49 —17.06
9.33 —1.90 ’ 0.00 —1.96 —0.70 —7.93
9.50 —1.89 0.00 —1.99 —0. 21 —2.42
9.58 —1.88 0.00 —1.99 ’ 0.06 0.70

10.00 —1.79 0,00 —1.89 1.21 13.83
10.50 — 1.57 0.00 —1.67 1.42 16.61
11.00 —1.25 0.00 — 1.42 1.76 21.23
11.50 —0.85 0.00 — 1.11 2.26 28.26
12.00 —0.40 0.00 —0.75 2.69 35.01
12.50 0.08 0.00 —0.34 3.03 41.05

1Cri tical point value.
Tidal semirange = 1.900 feet.
Mean bay surface area = 1.866E + 08 square feet.
Bay side slope parameter bet a = 0.350.
Average bay level = 0.02 feet.
Inlet prop erties:

X.section area below mean tide level = 1.3720E + 04 square feet.
Inlet width at mean tide level = 1,280 feet.
Inle t beach slope 30:1.
Mean tide level depth 16.703 feet.
Inlet length = 3,722 feet.
Manning’s n = 0.0270.
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Table 15. Summary of conditions.

Modeled and major results

Da ta Tides , 12 Sept. 1969 
_________ 

Long term N.S. j etties

Sinusoidal Observed 1969 1966 1964 Plan B

lI ft 2.15 2.15 1.90 1.90 1.90 1.90

q(t)

~~~ ft2 192.8 192.8 186.6 186.6 186.6 186.6

0.35 0.35 0.35 0.35 0.35 0.35

a0 ft 2 14,640.00 14,640.00 14, 100.00 13 ,560.00 12 ,570.00 13 ,720.00

r0 ft 12.4 12.4 11.6 13.1 11.0 16.7

L ft 3,040.00 3,040.00 3,040.00 3 ,790.00 3 ,720.00 3 ,720.00

W0 ft 1,310.00 1,310.00 1,250.00 1,790.00 1,525.00 1,280.00

75:1 75:1 75:1 75:1 30:1 30:1

Response ’
H , + ft 2.14 2.21 1.95 1.97 1.94 1.98

H 1 — ft 2.14 2.22 1.97 1.96 1.93 1.99

V + ft/s 3.52 3.58 3.20 3.27 3.50 3.33

V — ft/s 3.56 3.71 3.33 3.40 3.61 3.52

Q + M#ft 3/s 54.6 57.6 49.1 49.9 49.0 49.6

Q — M#ft 3fs 52.6 57.6 46.5 45.2 44.6 47.8

~ + h 0.5 0.5 0.5 0.6 0.6 0.5

— Ii  0.4 0.3 0.3 0.5 0.5 0.35

‘Maximum values + floodtide — ebbt ide.
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The method is based on a tidal system composed of a bay connected to the open ocean by
an inlet channel. It IS presumed that the current velocities can only exist in the inlet channel
and those in the ocean and bay are small and may be neglected. Thus , a rise of water 

-
elevation in the sea due to a tidal action results in a conversion of potential to kinetic energy
in the inlet channel and then part of the kinetic energy is converted to potential energy in
the bay and part is lost due to energy dissipation in the channel. In the bay, this means that
the water surface varies uniforml y over the entire basin.

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

The lu mped parameter model should be app licable for a variety of inlet problems where
ocean tides penetrate a tidal bay or lagoon through a single constricted inlet. The model is
sufficientl y- general to accommodate a variety of inlet shapes. However , care should be
exercised in using the model to predict water motions for all inlet .bay problems. Water
motions must be restricted to those induced only by ocean tides and the physical
characteristics of the syste m must approximatel y conform to those inferred by the
underl y ing assumptions used in develop ing the model.

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

TABLES OF NUMERICAL SOLUTIONS FOR VARIABLE BAY SURFACE AREAS

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

Repletion Floodtide Ebbtide Average
coefficient

K H~’ a U 2 a U H ,

0.20 0.235 76.0 0.987 —0.237 76.0 —0.988 0.00 1
0.30 0.347 70.0 0.970 —0.351 70.0 —0.974 0.00 1

0.40 0.451 63.0 0.948 —0.459 63.0 —0.954 0.002
0.50 0.546 58.0 0.920 —0.557 56.0 —0.929 0.003
0.60 0.631 50.0 0.888 —0.646 50.0 —0.900 0.003
0.70 0.706 45.0 0.852 —0.724 43.0 —0.868 0.004
0.80 0.769 40.0 0.815 —0.790 38.0 —0.833 0.005
0.90 0.822 34.0 0.777 —0.844 32.0 —0.797 0.005
1.00 0.864 31.0 0.739 —0.886 28.0 —0.760 0.005
1.10 0.898 26.0 0.702 —0.920 23.0 —0.724 0.005
1.20 0.924 23.0 0.668 —0.945 19.0 —0.689 0.005
1.30 0.945 19.0 0.635 —0.964 15.0 —0.656 0.004
1.40 0.960 16.0 0.604 —0.977 13.0 —0.624 0.004
1.50 0.972 14.0 0.576 —0.986 10.0 —0.595 0.003
1.60 0.981 12.0 0.550 —0.992 7.0 —0.567 0.003
1.70 0.987 9.0 0.526 —0.996 5.0 —0.54 1 0.002

1.80 0.991 7.0 0.503 —0.998 4.0 —0.518 0.002
1.90 0.995 6.0 0.482 —0.999 3.0 —0.495 0.002
2.00 0.997 5.0 0.463 —1.000 1.0 —0.475 0.001
2.10 0.998 4.0 0.4.44 — 1.000 1.0 —0.456 0.001
2.20 0.999 2.0 0.427 —1.000 0.0 —0.438 0.001
2.30 1.000 2.0 0.411 —1.000 0.0 —0.421 0.00 1
2.40 1.000 1.0 0.397 — 1.000 0.0 —0.406 0.001
2.50 1.000 1.0 0.383 —1.000 0.0 —0.391 0.001
2.60 1.000 1.0 0.369 —1.000 0.0 —0.377 0.001
2.70 1.000 0.0 0.357 — 1.000 0.0 —0.364 0.000
2.80 1.000 0.0 0.345 —1.000 0.0 —0.352 0.000
2.90 1.000 0.0 0.334 —1.000 0.0 —0.341 0.000
3.00 1.000 0.0 0.324 — 1.000 0.0 —0.330 0.000

~ Ra tio bay amplitude to the sea amplitude.
2Dimenai onlesa maximum inlet velocity.
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Table 2. Numerical solution for variable bay surface areas (Beta = 0.25).
Repletion Floodtide Ebbtide Avera ge
coefficient

K H~’ a U2 H , a U H ,

0.20 0.234 76.0 0.985 —0.239 76.0 —0.990 0.001
0.30 0.344 70.0 0.967 —0.355 68.0 —0.977 0.003
0.40 0.446 63.0 0.943 —0.465 63.0 —0.959 0.004
0.50 0.539 58.0 0.913 —0.567 56.0 —0.936 0.007
0.60 0.622 52.0 0.878 —0.659 49.0 —0.9 10 0.009
0.70 0.694 47.0 0.841 —0.739 43.0 —0.880 0.010
0.80 0.756 41.0 0.802 —0.807 36.0 —0.847 0.012
0.90 0868 36.0 0.763 —0.862 31.0 —0.813 0.013
1.00 0.849 32.0 0.725 —0.905 25.0 —0.777 0.013
1.10 0.883 28.0 0.689 —0.938 21.0 —0.742 0.012
1.20 0.969 24.0 0.656 —0.961 16.0 —0.708 0.012
1.30 0.931 22.0 0.624 —0.977 13.0 —0.675 0.011
1.40 0.948 19.0 0.595 —0.988 9.0 —0.643 0.010
1.50 0.961 16.0 0.568 —0.994 6.0 —0.613 0.008
1.60 0.971 14.0 0.544 —0.997 4.0 —0.585 0.007
1.70 0.979 12.0 0.520 —0.999 3.0 —0.559 0.006
1.80 0.985 10.0 0.499 — 1.000 1.0 —0.535 0.005
1.90 0.989 8.0 0.479 — 1.000 0.0 —0.512 0.004
2.00 0.992 7.0 0.461 —1.000 0.0 —0.491 0.004

2.10 0.995 6.0 0.443 —1.000 0.0 —0.471 0.003 ~~~S~ 5

2.20 0.997 5.0 0.427 —1.000 0.0 —0.453 0.003
2.30 0.998 4.0 0.411 —1.000 0.0 —0.435 0.002

2.40 0.999 3.0 0.397 —1.000 0.0 —0.419 0.002
2.50 0.999 2.0 0.383 —1.000 0.0 —0.404 0.002
2.60 1.000 2.0 0.371 —1.000 0.0 —0.390 0.001
2.70 1.000 1.0 0.359 — 1.000 0.0 —0.376 0.001
2.80 1.000 1.0 0.347 —1.000 0.0 —0.364 0.001
2.90 1.000 1.0 0.337 —1.000 0.0 —0.352 0.001
3.00 1.000 0.0 0.327 —1.000 0.0 —0.341 0.001

bay amp litude to the sea amplitude.
maximum inlet velocity.
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Table 3. Numerical solution for variable bay surface areas (Beta = 0.50).

Repletion Floodtide Ebbtide Average
coefficient

K II , ’ a U 2 H , a U H ,

0.20 0.232 77.0 0.983 —0.242 76.0 —0.992 0.003
0.30 0.339 70.0 0.962 —0.362 68.0 —0.981 0.006
0.40 0.439 65.0 0.935 —0.478 61.0 —0.967 0.009

0.50 0.529 58.0 0.901 —0.588 54.0 —0.948 0.014
0.60 0.609 52.0 0.863 —0.687 47.0 —0.925 0.018
0.70 0.679 47.0 0.823 —0.773 40.0 —0.899 0.02 1
0.80 0.737 43.0 0.783 —0.845 32.0 —0.870 0.024
0.90 0.786 38.0 0.744 —0.900 25.0 —0.838 0.025
1.00 0.826 34.0 0.709 —0.941 20.0 —0.806 0.025
1.10 0.859 31.0 0.676 —0.969 14.0 —0.773 0.024
1.20 0.856 28.0 0.645 —0.986 10.0 —0.740 0.022
1.30 0.908 25.0 0.617 —0.996 5.0 —0.709 0.020
1.40 0.926 23.0 0.590 —0.999 2.0 —0.678 0.018
1.50 0.941 20.0 0.566 —1.000 0.0 —0.649 0.016
1.60 0.953 18.0 0.543 —1.000 0.0 —0.621 0.013
1.70 0.963 15.0 0.522 —1.000 0.0 —0.594 0.012
1.80 0.971 14.0 0.502 —1.000 0.0 —0.569 0.010
1.90 0.977 13.0 0.484 —1.000 0.0 —0.546 0.009

2.00 0.982 11.0 0.467 —1.000 0.0 —0.524 0.007
2.10 0.986 10.0 0.450 —1.000 0.0 —0.504 0.006

2.20 0.990 8.0 0.435 —1.000 0.0 —0.485 0.005
2.30 0.992 7.0 0.420 —1.000 

- 
0.0 —0.467 0.005

2.40 0.994 6.0 0.407 — 1.000 0.0 —0.450 0.004
2.50 0.996 5.0 0.394 — 1.000 0.0 —0.434 0.003
2.60 0.997 4.0 0.382 —1.000 0.0 —0.419 0.003
2.70 0.998 4.0 0.370 —1.000 0.0 —0.404 0.003
2.80 0.999 3.0 0.359 —1.000 1.0 —0.391 0.002

2.90 0.999 2.0 0.349 —1.000 1.0 —0.379 0.002

3.00 0.999 2.0 0.339 —1.000 0.0 —0.367 0.002

Ratio bay amplitude to the sea amplitude.
2 Dimen sion less maximum inlet velocity.
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APPENDIX B

APPLICATION OF THE LUMPED PARAMETER TECHNIQUE

The fundamental equations of the lumped parameter approach to the study of ti dal inlet
hy draulics are summarized below:

= ~~(!l~ — H , — C ~I V I V )  , (25b)

= -~~(aV + q) , (26b)

A A0 (1 +6h 1 ) , (4b)

C~ ~~~~~ {i 
+ FL [r o + (H , + H 2 )] 4/3} , (23b)

2gn2
F =

(1.486)2

1.104

I m  2

~ ~~g i ia 0
r0 = j L~~~~K i Ao) hj  , (44b)

T a a,~ 
2 

a2 
~m r - -  4~’3

K , = (—_) + F f 1
1 ~~ 

(x~ 
— x~_ ~) . (43b)
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Numerical constants have Is-en simp hi fi e( l and auxilia rv v al t j i -s  inl roduc eil  to sirn p lif ~
programing, but each equation is algebraicall y equival ent to an equation alread y id ent i f i e d
in the text by t h e  same arabic numeral.

Note that F is change d ouR by (- flanges ~fl M anni n g’s ii K 1 depends only on changes
in F and changes in the manner of partitioning t h e  inlet to account for irregular er(~~
sections. Since the friction term , which involves F, is geni era ll~ smaller tha ii the other terms
in square brackets in the definition of K 1 ; K , itself , is riot vers st ’risi t i% -( - to diange s in t h e
manner of partitioning the inlet or to changes in Ii. The effec l ive hy draul i c  radius , r~ . is a
function of both F’ and K , . Since F modifies all terms in r0 , not j ust ( lie smaller term ,
as for K ,,  r0 is more sensitive than K , to changes in Manning ’s n. F , K 1,  and r0 are all
constant fo r  any one value of ~l ann iiig ’s n and one partitioning sy stem .

The calculation of C,~ requires F and r0, both of which depend on M annin g ’s m i .  and
the tide levels in both bay and ocean , II , ami d 112 . The tide levels , lI~ and 112 are both
functions of time. Thus C~ must be constantl y up dated throughout  the calculation.

The differential equation (25b) is nonlinear because C~, is a function of
both I-I , and 1-12 and because a quadratic term in V appears. The differential equation
(26b) is nonlinear because the bay area , A, is a function of il ’.

The first step in app lying this technique is to partition the inle t into channels and sections
of channels to obtain reasonably uniform values of ~ iii each segment and uniform cross
sections. The procedure is illustrated in Section VI by app lication to Masonboro Inlet. T h e
next step is to select a tentative value for Manning ’s n. The values of P~ F. K 1 and r0 are
then evaluated. At time equal s zero , V and 11 may both be taken as zero. By repeated use
of equation (23b) to define C~, equation (41)) to define A arid integrating equations (25b)
and (26b) for one time step values of V(t) and II~ (1) are generated from prescribed values
of the open side tide l12(t).

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

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

DOCUMENTAT I ON OF SECTI ON PLOTTING PROGRAM SECPLT

Program SECPL T is used to plot ami d compute areas for inlet cross sections from digitized
ht yd rographic data. Section data are read from prepared data cards and the program
pr oduct-s a listing of input data , a listing of accumulated cross-sectional areas at specified
width , increments , and a tape of plotter data for CALCOMP dru m plotting of the section(s).

The program allows variation of the water level datu m for area calculations by allowing
the user to specif y the number of the data point wh ich should be used as the vertical datum.
Widths tabulated with corresponding areas are then referenced to the specified point. The
fi n al tabulation table is useful in determining input data for the INLET program.

Descri ption of input and output follows; the program is coded to operate on the WES
h oneywell 437.
l. In put Data.

Ca rd Type A.
Al—This card contains the number of sections to be plotted , the n umber of parallel

inlet channels , and art overall scale factor . The scale factor allows t h e  p lot size to be reduced
by the factor indicated and should be a number not exceeding 1.0. FORMAT (215, F5.2).

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

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

Ca rd Type B.
B 1—The first data card for each section contains the number of the data point to be

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

B2—This record is a 24-character label ami d is annotated on the associated section p lot.
FORMA T (3A8).

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

data errors should a run prove unsuccessful. After a group of up to six sections has been
processed , the out put routi ne prints out the out put tab les for the group. These tables
include a listing of the input data , a listing of the x-section areas as functions of the distance
along the section length , and a table of flow grid data. The flow grid data may be useful in
establishing the INLET program data for determinin g the equiv alent prismatic properties of
an irregular inlet.

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

This program can be usefu l but must be used carefu lly. The user should review the p lots
to verif y that they are reasonable interpretations of the data points. ln plotting the cross
section, the program uses a cubic spline curve-fitting technique which may introduce
unnatural humps in the section. If unusu al perturbations occur , they can usually be
eliminated by introducing additional data points in the given region. This problem is mostly
encountered in regions where the slope changes rap idly. When a reasonable plot is obtained ,
the user should plot the flow grid over the inlet plan view to assure that the gr id as
determined by the program allows for a reasonable flow pattern. If the pattern is
unacceptable , it will be necessary to adjust the grid and associated data befo re using t h e
INLET program. It may be found that the x-sections selected cannot produce a reasonable
flow pattern and that they must be re vised.

The manual plottin g, planimete ring, and data calculations for the x-sections are very
tedious; however, initial use of manual techniques may be helpful in developing an
appreciation for the limitations of the program.
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SAMPLE INP UT FOR SECTION PLOTTING PROGRAM

.JOB ,WINTERGE , RO HM 803-G9RO-181 10 1-152961HV11

.OPTIONS , , , ,
SODA, V300 , PRNT
PER IPH ,T0404

• LOAD

(INSERT OBJECT PROGRAM HERE )

• DATA
1 4 050

MASONBORO INLET JULY-AUG 1966
2 20 2000 50

SECT ION 4--BAY END
1 —50 -38
2 00 -19
3 50 00

31 200 15
32 400 18
36 800 20
38 1000 35

4 1300 70
5 1360 100

55 1600 175
6 1800 200

65 2000 170
7 2250 100
8 2350 50
9 2410 00

10 2470 -38
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SAMPLE OUTPUT FROM SECTION PLOTTING PROGRAM

MASONBORO INLET J U L Y-A U G  1966

READ SECTION DATA
X( 1) = —50.00 Y(1) = —3.80
X(N) = 2470.00 Y(N) = -3.80

SECTION DATA READ 16 POINTS , ORIGIN = POINT 2
WIDTH INCRE MENT = 20,0
SCALE : 200.0 HORIZ

5.0 VE RT
CALL SPLINE
SPLINE COMPLETED
INITIALIZATION AND AXES COMPLETED
K = 122 , KMA X = 123

MASONBORO INLET JULY-AUG 1966 L = 1 NUM =
KMAX = 123 NUt4~l~~= 1

OUT PUT ROUTINE REACHED
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SAMPLE OUTP UT

INLET FLOW GRID MASONBORO INLET JULY-AUG 1966

CUMU LATI VE AREAS
CHANNEL NUMBER

SECTION 1 2 3 4
1 5869 . 11739 . 17608 . 23478.

CUMULATIVE WIDTHS
CHANNE L NUMBER

SECTION 1 2 3 4
1 1344 . 1689 . 1964. 2450 .

WIDTHS
CHANNEL N UMBER

SECTION 1 2 3 4
1 1344. 345. 276 . 486 .
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BESTIAVAI LABLE COPY
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SECTION PLOTTING PROGRAM (SECPLT )
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~E - . I ’a r~ !P LT P E
tALL PL OTS (t~ U~~~, lOOn ,IPLT PE )
CA LL Pt OT(O .,0.,.3)

C h E A ’ ~ C A ~~r1 TYP F A l  cO~ T*I~~t~ G
C •~~ j 5 t~I S) ~ ~.U W I 4 E R  OF S F C T X r I N S  TO SE P L O T T E D
C ~- C~” t . ~T S ) —  ~U’~8~~P OF P A R A L L E L  !I~LET CNAN I~1FL5
C SCA LE  r F~~.2 ) —  ~ V~~PA I_ L S C A L E  F A C T O R
(S P 5 A ( ~ r TRO I.200 t) NPLTS , ‘~CNNL, SCALE

!~ ~F OF X~~OI ) 
)9Q,5

8 t~ (~~PLIS) 9Q, 
qq , ~

~ ‘~C’~I 2 ~C~ ’.aL • 1
C
C i P1.~~TT~~ S E C T y O ~i !NDLX
C

CALL FAC T OR (SCALEI
y P Ø  • 10,

C I4 !AO CA R r)  ~v P E Al CONTAINTI S G
C YXIL I ~S’A~~). 32 CN A IIA C 1FR (‘t,T~ u’ ID,NT IF1CA T~

0N
P EA D  (tR fl l.I 0Ol ) ITY L 1
~.I ~!y F  ~I a ~W 1 , l 0 2 8 )  T I T L I
x p n  i p,

C
C ~wu • ARSO LUT E !~ DFX
C

~L-~’ z I)

i 0.
OI.~ QS L ‘ ~~‘ ~PLTS, ~
~‘r ? ~ 2 I~ b
00 1 • I .  I~~0

2 0 ,
I 2 0,

r” ) i ‘ t ,  200
.w T A 4 y ~~I , 7 , J )  2 0 ,

2 .W’ A R , ( ~~,I,J) 2
C
C CL E A R  A R R A Y  A F T ~~P EA C M S IX  5F C 110 195
C

~4 P ’ A X  i 0
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BESTIAVA1LABLE S_ COPY
C NU MWP • ~W ! T E  SE T I N D E X
C
S ~~~~~ r I w R t , 1 0 t t )
C W e a r  C A R D  T Y P E  BI  C O N T A I N I N G
C ‘ 7 1 ”  ( y 5 ) •  NU’~’SE~4 OF D A T A  P 014 - i T T O RE USED
C AS T~~ F O A T I I M  ~OP THE SE C T I O N
C Dx ( 4 -~N

•
i )) .  MO R I Z O N T A L  I~J C W E M F N TS A T  ~~~X r N

C A~~E A 5 A RE TQ 8b CO~’PUTED ANO TA R U I A T E O

~ S C A L I X  ( F6. 1 )~~ M U P I L O N T A L  S C A L E  TO RE USEr) IN
C PL I ) ,T IY G  ( F E E T  PE~ ZN C ” 3
C SC AL Y (Fb.I ) V E R T I C A L  S C A L E  TO SE ‘ISED IN
C ~LO ,’Z’~O (FEE T PEW I~~C H)

R E A D  ( T W O I , 2 0 0 t 4 ) N 1 E P ,  D X ,  S C A L Y .  S C A L Y
C R~~~r) C A P O T Y P E  SI CONTA!’ -i !NG
C T T Y L 2  (3AR ). ?ie C M A R A C T F N  L A bF .L A N N O T A T E D  O4-~ 1~~E
C AS S O C I A T E D  SE CTIO N ~~~~~

RE Ar. (T R D I . I 0 0 I )  T T I L 2
2 1

C R~~A Q C A Q O  T Y P E  53 C O % T A I N I 4 -IG
C .3 (IS). POI~J T N U M N E P
C x~ N PrS~ ( F b ,O)~ 

k(IW T Z O N T A L  CO .0 R D I N A T E  OF P O I N T  IN FEET
C Y ( N P T S )  (Fb .1). E L I V A T I f l N  OF PO INT T N  FEET
C NEA r ,  r1#~~ C A R D  FO R I A C M  O A T *  P0I~JI
C L AS’ C~~’~r~ O F r)A TA SE? F O W  A SE C T ION IS B L A N K
C r~P.F A OD !T ION A L 5 L A N ~ C AR!) A l  END OF A LL r & T A  SETS .
10 P E A D  ~T~~f l 1 , 2 0 O ( S )  .3, X ( ~JPT S ). Y C N P T S )

t~ (J~ iS. 15. 12
12 N P T S  ~ N P I S  4 1

r.o TO 10
IS ..PTS • ~ P T $  • I

..Rt7€ t’ I - 4 R ’i , 1 0 2 0 )  X (1 ) ,  Y C I ), X(N PTS), V(NP TS )

~R T TE  (j M W l . 1 0 0 M )  N PTS , N Z F R ,  OX ,  S C A L Y ,  SCAL Y
C Mi ~ 0

00 2 S j  • ~~ N P T S
IF (x~~j) — X (J • 1) )  hi, lii . 25

2 * W T T F  r I~~R ’ . l 0 3 O )  .3 .1 .  x ( J . I ) .  XLI -)
i KC I 4 K  • I

25 C O N T I N u E
V O O  2 fl~
X T R N  • X C N Z E R )  • X ( 1~
~d. R T T E  ( I’R 1 , 1 0 1 2 )
T~ (‘C4-”() 27 ’  27 .  28

C
C T E R. , . T NE SPL I ’~E C O N S T A N T S
C

27 CAL l.  S P L ! NF  C x .  Y , !.P15, A)
,W T 1 E  qt w W s ,t 0 1 S )

C
C S PL INF CO MP L ETED
C

2* XI  a ~ ( j )
Ox i  I
A R E A  a 0•
SC A L IX  I S C A L X  4 SCAL Y
S C X I N v  a 1 , / S C A L A
S C Y I N V  I • I, / S C A LY
YP I x ( 1 ) * S C X I N V
V P I
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BESLAVAI LABLE COPY
V A O  U Y (N ZE N ) *S CY X N V
Y V P N  u Y ( N ! E R )
Y V I  I V A R  • 8,0
Y~ • X ( N Z E R ) S S C X I N V

X X I  I • 2 * I F I X C 0 .S* S C X I N V * X T R N  • 1 ,0)
ANOIE • S C A L X ’ X X I
X X I  • Y j  • X X I
A A O  U ~ , • S C X I N v . X ( 1~
X L I S C X I N V * C X C N P T S )  • X C I ) )  + 5 ,0
C A L L  P L O I ( X P 0 , O .,.~~)
CALL  PLO T (XA O , Y PA , . 3 )

C
C 0L0’ x A X I S
C

C A L L  ax!$13 (XXi ,VA 0, AX 5L B L, 4-j,Ø ,2~ .xL..i ,C ,XNOTE,SCA L2X,
I2, 0,. t , O )

C
C PLOT r )AI A PO INTS
C

00 30 T 1 
~ ‘ ~aPT S

O A T A ( 1 , N L J M N R + 1 , I )  I X C ! )
O * t A ( 2 , N U M . , R + 1 .I )  • Y ( T )
15 08 i N P T S  • 1 • I
X P  S C X ! P 1 V S X C I S U B )
V P I S C Y I N V $Y C I S U N )
YE C AP • IRO .) 31 . 3?. 32

31 1’ (V p  • 30 ,) 33. 32’ ~232 W N I T E  r! ww I ,10 3 2) Y SUb , X(~~5u~~), Y CI S UB )
I K CM K  4 1

GO 1’) 30
33 CAL L SY NR OL CXP .YP ,0,1� ,S,0 .,.1)
30 C O N T I N u E
C
C 0L 0 1 T IT L E S
C

CALL SYMBO L (0, ,.7, .0 .28 .  T IT L I  .0 . .32)
CA LL S Y M R O L  (0 .  ..7 ,5, 0 ,2 8 , T IT L I , 0 , , 2M)
S CAL 2Y • S C A L Y  4 SCALY
Y N O T E a eb ,* S C A L Y

C
C P LO T v A X I S
C

C A L L  A x I S I 3  ( X 1 , Y Y I , Y L R L . i ~, 0,2 I , 8 ,o , a j , 1  , Y N O T E .
1 S CA L 2 , . 2 . 0 , .I , 0 )

IF (K C MN )  35. 35. 72
C
C MOV E TV? F IRST POINT
C
35 CALL PLOT (X P,YP ,3)

NuJ M • 4 -J U N • I
I4 UMMP I NU MWR • I

MFI ITE ( ! W R I , i 0 1 ( S )
C
C A X E S  CO MP LE TE D
C

.JPT a I
50 A T $ A T 4 OX
C
C I N T E R P O L A T E  FO R Y ( X )
C
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BEST AVAILABLE COPY
CALL SDL !NT (XT,Y O ,Y j ,X, ’V,A ,NPTS,JP~~)

C
C COM PUTE AREA IF V BELOW AX IS
C

~F ( V O • Y T R N )  80, 80. 55
55 AREA a A R E A 4 D X S I C Y 0 0  4 YR • Y T R N )

K U K ,j

W q T A R y(~~,N tu M w R , X )  s A T  • X (NZL R )
w R T A q y C 2 , P , u u M I ~~I , l ( ) • A R E A
V O R  a V O • V T W 4 4

80 AP I S C X ! 4 - V * X T
VP U S C V ! N V * Y 0

C
C PLOT S E C T I O N
C

CA LL PLO T ( X P , Y P , 2 )
IF C A T  • X C N P T S )  + ØX) 50, 50 , 70

70 w pT A ~~y (2 ,N,uM ~~W ,A,j) I A R E A  4 r.X5 *YRO

~IM T A R Y (I.NLIMIR.k, I) I W W T A Q Y ( 1 , 4 - J I J 4 - 1 4 d R , K )  • DX
OA C #1u J uwN)  I

W ( N I J MN P ,NCWN L)  $ M R T A R Y ( 1  ,NUM IR ,K+l)

C
C CL OSE ON L A S I  D A T A  P O I ’ ~u T
C

x~ a S C X Z 4 - I V * X C N P T S )
VP $ S C Y ! 4 - . V $ Y ( N P T S )
CA LL PLOT (X P , Y P . 2)

72 IF (N M A X .LT ,4- J PT S) N M A X  a N PTS
14 - (K M A X  • K • 1) 71 . lii . 7W

71 ~~~~~~~~ • K • 1
R ITE  U — W I . I O l b ) K~ K M A X

7i~ ‘ 4 1 N 4

14- • N9 %15) 75, ‘4-o , 90
75 IF (N  • 2) 80, 85, 85
80 A P R  $ •X AO

Y M A X  a
Y P O  I 2W .
GO TO S

85 IF ( A M A X  — X P )  88, 88. 88
8a Y M A X a
88 IPO • X N A X  4 5.0

Y P O  U 10.
( l u )
IF (N ~iuwR — 8) ~ 90. 90Q~ .114 !TE ( I M R I . I 0 I 0 )  T IT L I ,L , NLI P4 ,K M A X ,N UM W P
w R I T E C I W R I , I 0 t S )
IPG • ‘JMAX/ 50 4 1
RI) 9? ~3 1 1,  I P G

C
C OUT PUT ROUT I N E
C

~ R! T F ~IMP4 I .10 17)  J 3 , T T T L I  • ( J , J . L , NU M)
.IuITE (IM Q I , 1 0 I B )

t M A x  I 50*J3
U I’ AX • (s q

~ F (Jj.EU .TPG ) IMA X • N M A X
00 9? .32 U IM IN . IM A X

92 a l W I F E  ( t a R t  .101’S ) (DA TA (I.J 1 ,J2 ),DATA (2, J I.J2 ),J 1 I1 ,NIIM NR)
T P G I ( M A X / S O  4 1
!)O jQ~ .3W I I~ IPG
• R T T F  ( T ~~~I .1005) Ja . T Y TL I , (J , J . L , N UM)
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~~~~;E( ~~~~~~~i0o 41 BEST AVAiLABLE COPY
IM IP. $ IM A K  • MR
IF CJ s s .EQ .IPG) I M A X  U ( ( M A X

DO ~R5 .32 IM I N , IM A X
IF C N C N N L  • I) 195 ,195 ,91

91 00 cu~ .33 • 1’ Nc H~
00 94 j ~ • 1. N)J4-.,R
DDA a F L O A T ( J 3 ) * O A ( J 1 )
IF (a R T A Q V I I ,J 1 ,J 2 )  • OD A )  93, 93, 98

93 IF (4 - I P TARV(?. J 1 ,J2 ,1 ) • D OA )  98, 945 , 193
193 DX a W RTAW Y(I ,.JI ,.12 ,1 ) • ~R T A R Y (t,J 1,Jp)

DEL : Ox s (OOA • a l W T A R Y C 2 ,J j ,J f l)/ (WRTAR Y(2 ,Ji ,J2 4j ) —
IW R T A R Y C 2 , J I  .J 2 ) )
w (Jj,.j~~ • •R TARV( 1 ,j1 ,J2 ) 4 DEL

9a C( uNt I~~flFW R I T E  (I~.Rl .10 08) (W R T A R Y ( t , J I  .J2),aR TARY (2 .J1,J2), J 1s1,NUMWR)
195 C O N T I N U E
C

IF (NC HNL • I )  Q S .  95, 105
105 W R I T E  ( IW R I ,1 0 2 1 )  T jILt ,(41 , .3111, N CRN ~~)

00 11~ J I  a 1 .  N C I I N L
110 OA A (J j )  I O •

DO 13ô .31 $ I. N UM W R
00 It S  .32 a I. NCH NL

115 D A A ( J ; • J 2 * O A ( J l )
130 w R I T E  ( I M R I , 1 0 2 b )  J 1 , ( r u A A ( J 2 ) .  J 2 • 1, N C P4 N L )

WR I T E  (I.’W l .1022) C J l , J 1 I 1 . N C M R L )
DO l 3~ .31 a j~ N()MM R

*35 W R I T E  ( I W R I , 1 0 2 5 )  . 31 .  ( w ( J ~~,J~~) ,  .32 • I s  NCHNL )
W R I T E ( I W R I , 1 0 2 8 )  ( J 1 .J 1  * 1. 4-~C$N L)
00 i~~s JL I I~ N U M N R
D A A (t )  I — ( . 3 1 . 1 )
DO I W O  .32 a 2. N CM N L

1(4 0 D A A (J2) U W C J L . J ? )  • W( J1 .J2 a * )
1445 w R I T E  (IWRI,1025) .3*’ (DA A CJ2) , J2 • 1. NC 4-4NL)
95 CO N T I N U E

r,o TO 5*
C
99 IMA X a Y M A X  4 5.

CALL  P L O T C A M A X , 0 . , 9 9 9 )
RL ’I 4- 4o IPLTPE
slo p

C
100 1 F O R M A , (3A 1 f l ,A 2 )  - S

b O a  F O R M A T  (b(7X. Ipiw, 9A. 1M A ,  2x)/ )
1005 F O R M A t  ( S M I PA O E . I 3 , V O X , SA S / /2 7H SEC TION NUM BE R S, *R EAS UK S P/

I b ( * 2 X , X .  5X ) )

10 08 F O R M A T  ( 8 C O P F I O , O ,  3PF I R ,3 ) )
1008 FOR MA T C / I A N  S E C T I O N  O A T A  R E A D  ~a• 9k PO I NTS,

& I W M O R T G IN • POI NT , 1 5 * / I A N  W I O T M  INCREM ENT a , ~~~~~~
Ilk SCAL EI. F8 .1, 8k MO P IZ/ 7X , F 8 , % ,  5k V EN T )

10 10  FO RMA T C / tX .  (SA 5, 5X, ~IIL a ,  I~S~ 8k RU M U , j ( 4 /
17k K)4A X a, 1W , IO N NUM I4 a ’

l o l l  F O RMA T (18k REA P SE C TI ON DA T A
1 012 F O R M A T  (12W ‘CALL SPL IN E )
1013 FO R MA T (17k SPL INE COM PL ET ED )
1014 F O RMA T (314k INIT I A L I ZA T I O N  AN D AX IS COM PLE TED)
1015 FOR MA T ( 3 k  OU TPUT RO UTI N E RE AC RE D/ )
10 18 F O R M A T  ((SM K a, 18, Ak , ((M A X  a’  1a
1017 F O R M A T  (SMIP A GE,I3,W 0X,W A S//1SM IN PUT D AT A FT,

-- - - - 
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13. SX)) 
BEST AVAILABLE COPY

10 18 FORMAT ( 6 ( Y X ,  I I4X, 9K,  jkY, 2X)/)
1019 F O R M A T  ( b ( F 1 O ,O, F t O . 2 ) )
1 020 F O R M A T ( 7 k  X C I )  • , F8 ,I, 9*4 Y (I) a, FA ,2/

1714 A C R I  a , 4-8,2. 94-4 Y (N )  •~ F e ,?)
102 1 FORMAT ( I 8 M I I NL L T  E L O ~ GR In, l O X .  45A8 //

11 714 C UM U L A T I V E  A R IAS/
1 ( S O X ,  15k C W A 4 - 4 N E L  NU4 ’BER/ SM S E C T I O N ,  IA. j O X I h I

1022 F O R M A T  C / I A N  C U M U L A T I V E  W I O T M S /  W O X ,

Ila 4 - I C MA NN F L NUMBEP/  Bk S E C T I O N , IA ,  10 1 12 )
l o2 a  F O R M A T  ( /7 k  I D t 4 - 4 S / OX , I W M C P4 A N N I L  NUPIPER /

IA N SECTIO N , lb. 1011?)
1025 FORMAT (IS. I1FI?,0)
1 028 FO R M A T  (14 - I l. W A8/)
1 030 FO RMA T C /W O N * * S I I S * * S * S * * * * * 5 S S S / /

2 16k E RROR, A B S I SSCA , ~8, j M ,, F b. O,
3 28k EXCEEDS SUCCE EDIN G VALUE OF , E6 ,fl//
8 (50*4 * S * I S * * * • S 5 5 * S 5 5 5 * * * /)

1032 FOR MA T ( /80 k  * I S S S S S S * S * 5 5 5 5 5 5 5 5 5 /I
2614 PO INT.  ~~~ 2FA ,?, h I M  OU T OF PLO T T ER RA N G E/ /
34 *0 *4 S S S * S S * I S $ * * * S S S S S S S / )

C
200 1 FO RMA T ( 2 I 5 , ES , h )
20GB F O R M A T  (IS, Fb ,0 ,  2F8 ,1)

END
S U B R O u T I N E  SPL IN E (X,Y,N,V1)

C
REA L L

C
C N I N L , M B E R  OF P O I N T S .  E Q U A T I O N S
C Y l  ~ CA L C U L A T E D  FIRST D E R I V A T I V E S  OF V
C

DIMENSIO N X (N), Y ( N ) ,  Y I ( N ) ,  A( lOO) , 8(100)
N I U N — I
L • 1,/ A A S ( X ( 2) — X C I ) )
Dl a 31 * (YC 2 ) • V ( 1 ) ) S L S L
8 (1 )  $ L
A ( I )  I 9( 1)  + 8 ( 1)
y j C j )  a 01

C
C A U V ECTO R OF PRINCIPA L D I A G O N A L  ELE M ENTS
C A a V EC TOR OF 1ST O FF D IA GO NALS
C STORE C O N S T A N T S  IN VI
C

00 50 I ~ 2. NI
L~~ * ./A * 4 S (XC 1 4 1 ) — X C I ) )
0 2 ’  3. S ( V ( I 4 1)  — Y C I ) ) * L * L
A C !) a L
A C ! )  • 2, 5 ( 6 ( I )  • B ( I .j ) )
V I C I ,  a 01 + 02

50 01 U 0?
A ( N ) a 8 ( N 1)  • BC NI )
Y 1 (N) a Di

C
C EQUAT ION S SET , SYMM E T R IC AND TR IDIAG ONA L , NOW T RIANGULAT E
C

00 60 I ~ 2. 4-4
F a A( T—1) /A (I 1)
A ( I) a A C ! )  • B(I.j)SF

80 Yl C I )  a VU! )  • YICI .b)S F
Y 1( N )  • Y j ( 4 - s ) / * C 4 - 4 )
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BEST AVAILABLE COP’(
C SOLVE At ’  SAC K SUB S T ITUT I ON
C

DO 70 I I ~ ‘ NI
J u N . !

70 Y I C J )  • ( V t ( J )  • 8(J)~~V 1CJ ,1) ) / A (J)
R ETUR N
END
SUM *4D UT INE S PLI NT ( X O , V O . V 1 0 , X 5 V . Y 1 , N , J )

C
D IME NSIO N X C N ) ,  Y ( N ) ,  v1 (N~

C
C .3 IND ICATES S PAN OF LA ST CALL TO ROU T IRE
C IF A • LT , x c i ) .  STAR T A l B EGIN NING
C

IF ( X 0  — X ( J ) )  10. 20 , 20
10 . 3 . 1
20 00 25 1 I J’ N

IF ( X ~ — X C I ) )  4 * 0,  60. 25
25 CO NT I NU E
C
C X 0 ,GT . X C N ) ,  E X T R A P O L A T E  FROM X ( N )
C

. 3 . 4 -4
YO I y C R I  + C X O  • X(N ) )SY I (N)
YlO a Y~~(N)
RE. TURN

~0 IF (I • 1) i5. 4(5, 50
C
C XQ  ,LT , X C I ) .  E X T R A P O L A T E F R O M  X C I )
C
44 5 V I G  • VI  C l )

VO I y (~~) • ( x0  • X (1))*Y 10
RET U R N

C
C INTE RPOLAT E ON SPAN .3
C
So J u l — I

TL U 1 , / C X ( J ~~l) • X (J))
XOO U • X ( J )
C U Yj( J )
0 • Y (J )

B a C Y ( J s l )  • Y ( J ) ) S T L * T L
A a TL S ( T L S ( Y I CJ )  • V l ( J + l ) )  • • B)
A a 3 ,55 — T L * ( Y 1 ( J )  S Y 1 ( J )  • Y 1 ( J • I ) )
V O a A* X 0 0* S 3 + A SX O O * X 0R  • C *X O0 • 0
Y l O  • 3, SA SX O O * X O 0  • 2 .sbS ~~00 • C
RE TURN

C
C KO IS AT A D A T A  POINT
C
60 V O • V ( I )

y in • V~~(I)
Ja~RETURN
END

1 (4 050
MA S O NB ORO INLET JU L Y — AUG 1986

2 20 2000 50
SECT ION a••RAV END
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00 • IQ BEST AVAILABLE COPY -
32 UOO IA
34’ 800 20
38 1000 35

W 1300 70
5 1360 100

55 1600 175
6 1800 200

65 200*) 170
7 2250 1 00
A 23S0 SO
9 21 (10 10 10 2470 .38

—9
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APPENDIX D

DOCUMENTAT ION OF PROGRAM INLET

INLET is a digit al computer program which performs various numerical computations
and equation solutions required in the lumped parameter analysis of an inlet bay system.
The program operation can be divided into three principle functions: (a) Anal ysis of inlet
grid data for nonprismatic inlets to determine equivalent prismatic inlet properties according
to the method described in section III . This function may be deleted if not app licable; (h)
numerical solution of the simultaneous nonlinear diffe ren tial equation (25) based on input
data and results of function (a); and (c) generation of a solu tion plot for function (b). This
feature may also be deleted if only a tabular solution is desired.
1. Inpu t Data.

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

Card Type A.
Al—T h is card indicates whether solution plots are desired at any point in the program

execution. Al in cc2 of this card indicates that plots are desired; if no plots are desired , the
card should be left blank.

A2—This card defines gr id and system data for the chosen flow grid , inlet , bay , and
tidal conditions for the area. The first value indicates the number of flow channels in the
assumed flow grid; the second value similarly indicates the number of x-sections which have
been selected across the inlet. If the number of x-sections is entered as zero , ti le inlet is
assumed as prismatic and all parameters are ente red on A4. Th e  next two values arc the tidal
period in hours and the tidal semirange in feet. Manning ’s n for the inle t is specified next:
however , if it is desired to specif y distinct values of n for each channel and x-section , zero
should be entered h ere ; the distinct values will then be read later. The ~1TL surface area of
the bay in square feet is input in scientific notation with the mantissa entered to the left of
the “E” and t h e  power of 10 to the right. The dimensionless su r face area variation
parameter /3 follows and is determined as previously described. The final value for the card
is the beach slope ~ defined as horizontal to vertical differences.

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

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

which the effects of inexact initial conditions may be dissipated. The third data value is the
time in hours at which the solution is to be terminated.

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

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

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

The time-axis scale (hours per inch ) is specified next and should be chosen to result in a

plot length of at least 10 inches to complement the legend and title format. For the vertical
axis, the minimum value of tidal heights (feet) or velocities (foot per second), overall height
of plot (inches), scale of tidal heights (foot per inch), and velocities (foot per second),
minimum value of flows (thousand cubic feet per second), and scale of flow (thousand cubic
feet per second per inch) are specified.

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

Card Type B.
Bi—Lahel card to indicate that data following are cross-sectional areas.
B2—Area cards; each card contains the cross-sectional area of each assumed flow

channel. One record should be used for each cross section.
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B3—Label card for widths.
B4—Wj dth cards ; each card contains the width of each assumed flow channel for the

corresponding section.
B5—Labe l card for lengths.
B6—Length cards; each card contains the length between cross sections along the

boundaries of the assumed flow channels. The number of lengths per card is one greate r
than the number of channels and the number of cards is one less than the number of
sections.

B7—Labe l card for Manning ’s n.
B8—Values of Manning ’s n for each channel of each cross section. A value should

correspond to each of the B2 and B4 data values.
Cards B7 and B8 must be omitted if a value of Manning ’s n other than zero is specified

on card A2.
Cards A2 through B8 may be repeated if several problems are to be solved in a single run.
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SAMPLE INPUT FOR IIILET PROGRAM

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

.OPTIONS , , , ,

.SODA,0300,COMP

.PERIPH ,T0404

.DFAREA,00,AN,ANY ,2000 48
• LOAD

(PROGRAM OBJECT DECK INSERTED HERE)

• DATA

4 5 124166667 1900 00270 1866&8 03500 7500
rIASONBORO INLET 1969
MEAN SEA LEVEL CONDITION

AREAS
8350 8290 8460 8280
4990 4240 6710 3950
3090 6600 4770 4820
4010 4400 3370 2320
4550 3220 4510 3280

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

LENGTHS
960 1100 1200 1440 1500
650 1070 1290 1510 1640
190 540 630 700 870
350 525 540 550 500

-1241666 000000 1250000 -0500 3000 5 6
000000 1242050 125000 -4000 4800 1667-60000 25000 0833
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SAMPLE OUTPUT FOR INLET PROGRAM

EQUIVALENT COEFFICIENT OF REPLETION
FOR NON-PRISMATIC INLET

MASONBORO INLET 1969
MEAN SEA LEVEL CONDITION

AREAS
8350 . 8290. 8460. 8280 .
4990. 4240. 6710. 3950.
3090. 6600. 4770. 4820.
4010. 4400. 3370. 2320.
4550. 3220. 4510. 3280.

WIDTHS
1080. 870. 1050. 725.
905. 995. 475. 330.
750. 255. 250. 625.
550. 190. 150. 360.
500. 130. 180. 345.

LENGTHS
0. 0. 0. 0.

1030. 1150. 1320. 720.
860. 1180 . 1400. 755.
365. 585. 665. 350.
437. 532. 545 . 275.

0. 0. 0. 0.

TIDAL PERIOD = 12.417 HR
TIDAL SENIRANGE = 1.900 FT
BAY AREA (MSL) = 1. 86600E+08 SQ FT
MANNING’’S N = 0.0270

COEF OF REPL = 1.681
INLET AREA = 1.41000E+04 SQ ~ r
INLET LENGTH = 3.O4250E+03 FT
INLET DEPTH = 11.59 1 ~r
INLET WIDTH = 1250. FT
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BEST AVAILABLE COPY
SAMPLE OUTPUT FOR INLET PROGRAM

INL ET ANALYSIS

MASONBORO INLET 1S69
ME4& 5 ~~ L EVEL CnM DI TIn~

TIDAL SEM IRANGE : 1~,90Q FT
MEAN H A Y  S L ) R F A r E  A R E A  = 1.~~~ AE.rR S~ ~ T

BAY SIDE SLOPE PARA METER BETA = 0,350

INLET PROPERTIES :
y - S F r . T I n w  A R ~~A R~~I O w  MT I j..4l~ lnE .04 5Q rY
I N L E T  ~‘.IDTH AT MIL 1250, FT
INLET ~EACH SI 0P~ 751j

MTL L)EPTH = 11.591 FT
LNLEI_LENOTH = •~fl42. 

I T
MA NNIN (”S N : 0.0270

T 1 ~ME 142 INILOW Hi VEL
H HS F T  K C F S  F T  IP S KCFS

0,00 0.00 0.00 — .44 2.82 39,04
0.50 fl. 4R fl . fl fl — . 112 3 . 0 7  4 4 . 7 2
1.00 0.92 0.00 u.41 3.20 47.83
1.1 7 1 . L A  0 , 01) f l . 55 3.~~fl . 4 R . S 4  -

1.50 1.31 0.00 0.83 3.16 4 9 , Q 5 a
2 . E l p 1~~~ 1 0 ,1)11 1~~22 2 - Q ~ 46.97
2 , 51) 1.61 0.00 1.56 2,47 40,50
3 . n n  1 . 9 n  fl .fln 1.A2 1.A9 —

3.08 1.9g. 0.00 1.85 1.52 25.38
3 ,Sp 1. B A  n ,~~~ 1. 95 ~~~~
3.58 1.84 0.00 1.95’ 0.06 0,96
4 .J)0 1 7 1  fl ,f l f l  1 R 7  — 1 . 5 1 4  — 2 ~~~j~A
4,SQ 1.45 0.00 1.65 —2 .03 —32,87
5.ufl 1.t 9 IJ 0O 1 . 3 9  — 2 . 4 1  —3/.93
5.50 0.67 0.00 1.07 —2 .80 —42,15

_______6 ...0fl 0.20 0.00 0.71. — 3 .11 — 45.70
6,42 — .21) 0,00 0.37 —3.27 —46.50.
6 . 51)  — .28 0.00 U . 3~ — 3 . 2 9  — 4 ~~~ 4 R
6,83 — .59 0.00 0.01 —3.33. —45.80
7.00 — .74  0. ’f lf l  — .14 —3 .13 —4 5.11
7 .51) —1,16 0,00 — .58 —3.19 —41 .71.
8~~u0 —1.51) (1.00 —1 .03 —2 .87 — 3 6 . 3 3
8,50 —1.74 0.00 —1. 44 —2.35 —28.91 

u. on - i . i i  — i .514 —1 9~~J3
9.33 — 1 .90* 0,00 —1.92 — .87 —10.48
9.50 —1.89 0.00 —1.96 — .4 3  — 5 . 2 0
9.67 —1,87 0.00 —1.97. 0.11. 1,31

1Q~ QQ -1.19 Q.0O -1.89 1.C8
10.50 —1. 57 0,01) —1.68 1,30 15,92
11.00 —1.25 0.00 —1.44 1.67 20..16
11.50 — .85 0.00 —1.13 2.13 27.55
12.00 — .40 0.00 — .77 2 .54  34.01
12.50 0,08 0,00 — .37 2,87 39,96

AVG BAY LEVEL • 0.02 FT

& CHITICA L POINT VALUE
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SAMPLE OUTPUT FOR INLET PROGRAM

TABULATION COMPLETED ***

ST 20
ST 30
PLOT X AXIS
PLOT RIGHT AXIS
PLOT LEFT AXIS
BORDE R COMPLETE
DO 50 I = 1
DO 80 I = 1
DO 80 I = 2
DO 80 I = 3
ST 80
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BEST ~AVA11AB1E COPY
(I)

SJ 3)4 -— MO1.~
0 0 Cr)
Co 0 I I

I 

-

~~~~ 
I—I

- 

~~~

/ /“~ \ 1—I
, I \

/ 1’ \ \ -~~~~ 
a :

= / , D
/ “, / ‘I  uJ/

.. ~‘ 
C/)

/ - ‘I ~ Z
/ 

/

I , , 1q . ~~0 1  ~~/ / ~ I LU

1/
~~ L0

1

/ 1 .—‘I, I, I—. >-•
‘ I I, 1I_ —I-
ll  -_——‘

~~~~~— , . .~~. I— —
z
— I, LU

‘a 0 ..JLL.I 
— LULU~~(I) 
~-. ~~~~~~~~

‘7 D ~~0~—i—
‘, I

’ 
,
~ —~~ ~~_J uJ~~/ / LU U. >- ..J C

I / ~ ~~ w c.. z ~~ ~~

~~~~

Sd.~ ‘1.~— — 9 3 I i I 3 O~UA ‘S1H~~I~~H
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INLET Program -. Subroutine Control Structure

MAIN 
_____________

Control , computes 
F

equivalent properties I INLT2
Reads solution parameters ,
controls D.E. solution

I 
_ _ _ _

DEQ2RK CRITGRPHC
Solves two CheCkS functionsPlots solution simultaneous D.E.s for critical points

I I 
_ _ _  _ _ _

PLOTLN 7 READIN DEQ2
Plots various Reads solution Sets up equations

[
~~e types points from file for solution

FE XT
Supplies
tide , inflow

I 00
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PROGRAM INLET ROUTINE TO CALCULATE

EQUIVALENT K + R FOR NONPRISMATIC INLET CHANNELS
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9 , ’ES , S E E L I G  TEST BESITAVAILABLE C01?1
~ A S k ( T N U Q 7 2 ~a 3 M , P W C ~~PC 1, 1 P TS )5 I M S

A t ? A  C P LO T , PLOTYT, !0~~OO72a4a Ca • . cv *i
LOA o( PLOT)

CO PvS8FC tAP~~~,0UtPtJT)

P1~Or.P*’~ !NLLTUNP UT,0UTPUT,TAPF5SP~PUT .TA PLba0,JTPUT,TAPE9,?A PEIO.
j  t * D~~~~ , PU~~Cw:TAP~~~)

C
C PO - ’ TT .~ ~0 CA L C U 1A T ~ LO U IV*LE~~T ~ ~ FOP
C ~ O 1 ._ P P T S U A T I C  I~’LET CP’A~~ E L S ,
C

T ’ rr ~~~ P , 
~~~~~ ~~~~~ ~~~~~ 

P~~i
PEA L . , ( , .F
cC ~~~O~ I Ou ~~” V ( 1 O 0 0 )  , R L T a , . . ~~, Z E ’ A , A n . B * v , ra1 , I L , N , R O,a ’I ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
O1~~F~’s1r) ~J * ( 8 .~~) .  P (M,$), OL (9.$), DDL (9)

~~in~ ttT LlC a fl , ‘I lL?( u ),  I ’ .C s , e)
r~A y a  r~~C ’/ 5 /
r~ A T A  !P(. TIIF, 3/

C
C T’~E ~~~~~~~~~~ ~ CA ~~~S 

API’IV O’~L~ TO CflCb~~0o — COPE 1200 CA R D OUTP UT
C A~ ~O T ~ ~* TCM PM~~ A L

~~ ‘~C ’ ~ ¶

C
C W~~*1) ~~~~ T v P ~ A (  CU~~’a1 ’~&C ID U2~. i !~. CC ? P.OIC*TES D PLOTS API DESIRED
C RLA ~~ I’~O I C A t E S  N0 PLOTS OFSIPFO

P LA !) ~T~~0.2OO1 ) IP
C
C ca~ • o , or CI4A N~~E L S
C P a ~~~~ O~ A — S E C T I O N S
C

TOL ) Ta. ,
T P L T S  a 0

C
!~ tI P) 10. tO . S

S ~~ L~~~ !Nr ~ IPLYPE
CAll.. PlOTSCIDUMM Y .~~0OO,IPLTPI )

10 *0 •

— .. !TE f T O U ’ , 1 2 7)
C
C P1*0 CA Pr I  T Y P E  *2 ~~~~~~~~~~~~
C C” ( ISa .  NLJ M BEQ OF ~ LOA C HAP. N EL $ T~.J *55111110 F LOw (R! D
C P (IS,. NU~ BEk OF X.SLtT!ONS SELECTED ACPOSS INLET ,
C t (i~~~ ,7). TIDA L PE P!Ur~ 1’. P~OURS
C w ~~~~~~ T I O A L  S f M I . R A 1~GE I~ FEET
C ~ CFa, •~j)— 

UAN N~~.GIS N FO R TWE INLET op 0
C r DTST I~~CT VA L UES oF 

~ FOP EAC N CWANNE L
C ANr ~ A—S E C T IO N AR E TO lIE SPFCTF!ED
C 5 & Y  t c~~.~~) — ~“L SI RF ACE *~~E~ OF P41 ~~~ P4 SOUARE FEET (E’TER IN
C I ~.~‘T~~TIr~’

. ,ITId M A N T I S S A  T O L E F T  AN 0 P flaER O~ 10 TO TP~E P1GM?)C P F T A  Cra , ,~~). D IW EN STO N L~ $S SuR~~*cE *~~f* v *RIATX fl N PARAMET ER
C LETA (r’,,2)— M E A C W  SLO PE
C
C

REA D cTSO,2002) C~’, P. y .  w ,  ~~ . R A Y ,  ~~~~~ ~E1*
C
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BEST AVAiLABLE COPY
TF (EO FtS))99, tS

C 0 ~ OR NO , OF C$NLS OR EOF MA RX INDICAT ES END Or DATA .
C

15 TF(CW ,FQ .0) GO TO 99
C REal) CaRn TYPf *3 C? CARDS) COP.?A! IM!NG
C T ITL I , TTTL2 • (~~A tO .A?/3A tO ,*2) — 2 LINES OF ~~ CRA RAC TERS EACH
C O U T P UT IDFNT IFIC*TI0~I. ALSO USED AS TITLE ON PLOTS.
C N O T E A S S  CDC6bOO wORD SIZF 15 10 CHAR A CTE R S

READ (150.7003) TITL I , TITL7
C
C FO~ P a 0. DELETE CALC u LA T IO N FOR EQU IVA LENT X
C

iF (~~,E O .O) GO TO qX
RT TE CX OU T.tlS) T I T L I ,  TITLe

C READ CAR!) TYPF 81 CO NTAI N IN G
C LAbE L yO INOI CA IE DATA FoLLfl~~ING A RE
C CROS S— SECTIONA L A REAS (NO DATA . READ )
C FORMAT(8O X )

R E A D (750,7009)
P t  = ~ . j

a P • 1
C”t • CM • 1

C
C K F a G / ( 1 . 4 $ 6 S S C )
C

•

C
C READ • PR I N T  INPUT DATA ,
C
C A REA S
C P EA l )  C a R o  TYP E 92 C O N T & I N T N G
C A C J s I )  • 18r8 ,O) — CROSS .SLCTIONAL A RE A EAC H AS SUMED FLOW CRANNE L
C U~ , O’.E CARD FOR EACH CROSS.SICTION (J),
C
C

DO ~0 J S j ’  P
P E A r l  ( T S A 1 I O I )  ( A ( . i , X ) ,  I a t, CM )
•RITE fXO U i ,1O1) ( * ~ J , f l,  I 5 1. CR)
IMIP. • 0.
00 30 1 a t~ CM

30 * ‘ t N  a A M I N  • A ( J . I )
IF (A M I P .  • A l) ) 35~ ~~~

3’, MP4 a j

*0 S A M IN
C —
C R E T A I N  $ MA LL ES T X . S F CT IO N  FOUND ( T H R O A T ) .
C
40 CONtINUE
C RE a D C A R l )  T Y P F  93 C O N T A T N Y N G
C LA ’41L FOR !DTP’S (NO DATA REAl)) FORMAT (AOX)

P E A l )  ( 7 ’ , O . 2 0 O~~)
— R I TE (IOUT, IL1 )

• 1’.
00 wS .1 a j

~~ 
P

C
C ~I0?MS
C R EA D  CA R o tYP E B aa C O N T A I N I N G
C R(J ,~~) • (8F8 .Q) • W IDTHS OF EaCH ASSUMED FLOW CHANNEL CI). ONE
C CA P~ FOP EACH CROSS.SECTIONCJ),
C

REA D (750,101) (R(J,I), I a 1, CM)
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W R IT E  (IOUT,10t) (~~CJ.!). 7 S 1• CM )
00 45 I • I. CM

~~~~~~~~ 
: . ~::~: 1 M P OA T  BEST_ AVAll..t~B~E Cc*!(

~2 a.O • wO 4 RC J ,t)
C
C CONVE RT •IDTMS TO H Y O M , RA D II ,
C

~~ R ( J , 1~ S ACJ,I)/Q (J,i)

~S CO~~~!’iI E
DO 50 .5 U I, Pt ,  P
DO 50 7 a l~ CM
D L ( J . t )  • 0,

50 CONtIi .~UE
TI. 0.

C REA r )  C A R D  T Y P E  85 C O N T A I N I N G
C L A BEL FO P L E N G T HS  (NO D A T A  R E A l ) )  F O R M A T , 8 0 x )

R E A D  ( 1 5 0 . 2 0 0 4 )
DO 52 J S 1, PHI

C
C LENGTHS
C
C READ CA R D TYPE Rb CONTAI N ING
C DDL1I~ (~~F8 ,0) LE P.GTMS RETWEER CROSS.SECTIONS ALONG THE
C bO UN DAR IES OF THE ASSU MED FLOW CHANMFLS (I), THE NU MBER OF
C LF Nl )~THS PER CAR !) IS O~~L GREATER T H A N  T141 NU MBER OF C HANN ELS
C ARl) THE NUMBER OF CA RDS IS ONE LESS THAN THE NUMSEN OF SECTIONS

P E A ’)  (750,101) (001(I), I • 1. CM I )
DO 5? 1 a t~ CM
r,L(j ,t , I) a 0,Ss(Dl)L (It • l)DL (I.1))
‘I • Y~ • DL (J .~~,1~

S~ :‘ .‘‘. E
•~~‘~~‘ ‘I’~~’’I i’,,

54 3 a .
54 ~.kITf (IfluT ,101) (

~~L (J,I). I • 1. C”)
TI a TI/CR

C
C FOR N 71P0, READ D I F FE R ENT P.15 FOR EA CH WaSE CTIO PI,
C

IF (N) 15b, ISb, 154
is ia ~o 155 I a t .  CM

DO 155 J 5 1. P —
ENCJ ,y ) a N

155 CONT I~ UE
GO TO ¶5B

C R E A l )  Ca R l) TYPE B? CON TAI N ING
C L A REL FOP MA P, I’~GS N (NO DATA ~€A D ) FORMAT(SO X )C NOT USED IF VAL UE OF N ON CARD TYPE *2 IS NOT ZERO ,
tSb R E AD ~t50,2O04)

•WItE C I l)UT,121)
00 157 .1 ‘ I. ~

C R E A D  C A R D  T Y P E  86 C O N T A I N I N G
C IN ( J . T )  • MA NNIN GS N Fri p EAC H CHANNEL OF EACH CROS$.3ECT!OPI,
C NOT USED IF VALU E OP N ON CARl) TYPE A? IS NOT ZERO

R E A D  ( ! S 0 . 1~~3) (EN(J , I ) ,  I S 1’ CM)
wR ITE (I~~Ut,123) CEN (J,I), I a 1. CM )

157 CO’~T!~ u E
15$ R~ O ? • 0 ,

DO ~ fl I S 
~~‘ 

CM

104
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BEST AVAILABLE COPY
RODI! • 0 ,
00 55 J a 1• P
ROUT ! • R O O T I s ( D L ( J . 7 )  • D L ( J . I , I ) ) * P ( J , I ) ~~S(. 1, 333333)

&S(EN(J,fl/A (J,I))SSC
Ss CONT INUE

ROOT ! a 1., (SURT(1,/ (A (MIN ,I)I*2) • Xp sROOT I))
ROO T a ROOT • ROOT !

60 C O N T I N U E
C
C CALCU LATE EQUIVALENT ~
C

a S77, R 6ST *WOOTS SQRT(64 .t*H )/(R *PAY )
C
C rA ~~CU1 AT 1 EQ UIVA LEN T H
C

P 0 5  t t R S .Q * T * * 0 / ( 5 * H * V )
P0 : 1 , ,OT5SPQ *Nfl /M • 1,
P0 a (n ,03l~33$*kO/(N*NSTL ) )**(•O,7’S)

C
C rUTPU T D A T A  • RE SULTS
C

W ITE UDUT,103) I, H , B A Y ,  N
•~~tTF (!OU’,l05 ) ~., A U ,  T L, ~0. W O

C CALL ROUT INE TO SOL~~E EQ UAT ION SET
CAL L 1~~LT 2C T I1LL, T ITLe,
GO TO !D

C R EA D  C* P r’  TYPE AU (:ONTAIN IP.G
C A 0  ( F D , f l )~ NIL CHOSS .SECTIO~i A L INLET A R E A  IN SQU AR E FEET
C —u ’ ( I B • D ).  ,‘~L L T  ~~~~~ p F F 1 T
C RD C W A ,U) .  INLE T flEPT N f lW HYD4AU LIC RAD,US IN FEET
C IL (111 ,0) .  INLET L EN G TH IN F I F T
9$ R E A D  (y’,0.?O0’,) A 0, •0. ~4O . TL

C A L L  IlLT2(T !TLI .TITL2)
GO T O 10

~Q 1I( IP LTS .GT ,0) CALL ~LOT (XT,0 ..999 )
C
C THE FO LLO W IN G ~ CAR DS A P PL Y ONLY TO CF’Cbbno • COPE 1200 CA R D  OUTPUT
C A T R E M O Y F  M A T C H  TFP P~I N aL

PUNCH QRR
990 F O R M A T ( s a • L S )

STOP
C
101 FOR A t ( BFP ,0)
103 FO RMA T (/ ~5M TIDAL PERIOD ~~, 17,3 , Jul IIR/

l j R M  T 7DAL SIM IRA NGE S.  F7 ,~~. 3$ PT,
217H R A Y  A R I A  (M SL) S. lPE12 .~~. b~ SQ Ft/
3 14k M * P.N IN r .IS N a~

C
105 F O P ø A t  (15$ COIl OF REPL ~~, F7 , 3 /

1 I 3~ IN LE T A R E A  K . IPEI? ,b, b~ SQ FT/
215w I NL ET LEN GTH a. F 1 ? ,P., 3M Ft /
3I4~ I.IIT DEPTH a . O PF i ,3, 3M El/
4 1 4 H  I’Ll’ .10TH S~~ F 7 , D ,  JP. F T / )

C
1~~7 F O R M A T  ( 5 (i P E I I . c , I” ,t/ 3~~F l ~~.5. IM,) ,  r j l,S/ , / /)
I l l  FORMA T (/7M W IDTHS )
I% S F O R M A T  (/8W LENGT P~S)12% FORMAT ( /  ) 9 P 4  M A N N Y N G I S  N I S )
123 FORMAT (PFA ,U)
125 F O R M A t (/SA. 3 ’,MFIJIII VA (EN T C (E FF IC IEN T or REPLPTION /

f IX . 23HFOP NOPI.PMISHAT IC IN L E T //

105
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BEST AVA1LA&E COPY
2 2 (oX , 3A 10 , A2/ )/ l,P. A R E A S )

C
127 FO P P A T  ( / U 0 H 1*  * * • * • • * • * * * * • * * * * * ,c~
2001 FO R M A T  (12 )
2002 FO R M A T  (715. 110, 7. Fb ,3. Fb ,4, P8 .3, Fb ,lS,  P6 ,2 )
2003 F O R M A T ( J A I n , A 2 / 3 A 1 0 ,  A~~)

2004 F O R M A T  ( M O X )
2005 FOR M A T  ( 2 1 8 , 0 ,  F 8 ,U, 18, 0)

EN!)
SUBRO UTIN E IN LT 2 (A 1 , A E )

C
C
C PPor.R~~ !NLET2 — A N A L Y S E S  TN~~iT.~~A Y SYS T FM
C DY L I MP ED P A R A M E T E R  a PPROA C H . I N C L U D E S
C INERT IA OF FLOW , ALL O W S  EW FSM ~A TER IN FLOW ,
C
C D E F I N E  O C E A N  T I D E  A ’~D I N F L O W  *5 Fu’~C TIflM 5 OF TIME IN
C SUBR0uJTI’~E F F x r (T, M2)
C T a T 1’ t  IN SI C ,
C M2 • OCE A N TIDE IN F E E T
C

PEAL  N P ,  ‘~~. I
DIM E P SIO~ a1(4). A2(U), D L I M M Y ( b )
COMM O, I D f ~~Y (10OO),MEFA,.O,Z l TA ,AX O .Ap 0 ,GL,l_ ,N,R0,

D A T A  I F t ~~, I~~L S / N , ~~/ ,  UL~~’ v f b s l ,r . 7’ , /
C
C R E A D  C A R P  TYP E A 5  C O N T A P , p G
C I (F9,5). T I M E  AT w H ICH CA L C U L A T I O N  IS TN III A LI ZEO
C TO FM .5i TI M E AT W H ICH O’)TPL,T IS TI’ b E GIN
C IF Ful ,ç) TIME IN MO L~WS A T 

~~ IC” SOLUT I ON IS TO BE.. T E RM I NA TED
C Mb (F h,3). INIT I A L  COND ITIO N FUR BAY 51tWF AC E E L E V A T I O N
C v (F b .3)~ I N I T I AL C O N D I T I ON  FOR INLET VEL OCITY
C 01 (Fa,,O)— T I P E  STE P I N  M I N UT E S  Tt ~ BE U S E D  IN N U M E RICAL
C S O I U T I O ’ . ME THOD
C NOT (IA)— S PECI F IES NI IP i R ER (iF TIME S STEPS TO BE PRINTED
C IPLT (Ia)— SET EQ UA L TO I IF SOLUT ION PLOT IS DESIRED

PE Al) (1112,2010) T , r f l , T p  . H b O , V , D T ,NDT ,,PLT
IF ( I P LT .NF, O ) RFw IP~’) P
W RIT E CI FL I ,100U) A t ,  A2
WH ITE (IFLI ,b 005) M~ A RO . PITA
YZ ETA • Z E T A
WR L ’TE.,..(!FL I,lOOb ) AXO, v.0, IZETA , P0. 1. N
WR ITE C IF L I , 1009)
DI Al ) , *’)T

a 3? ,15/L
WE a ?Q , 1 2 2*N *N *L
RETA a BETA/ H
T = 3ô00,*T
TO a 3A00 ,*T0
TF •
1)15 a 0.5*01
C A LL l)FO2 (T,H10,HI 1 ~~~~~ ‘“20)
KOU NT • 1)

23 0 IF (I — TO + DI + 015) 2~ 0. 240, 250240 CALL DFQ?RK(T,R i0,R1 I .v.V1 .H20)
1100141 a XOLJ’lT • I

C
C SAFETY V A LV E • A BO R T IF 11011N1 EXCEED S 5000
C
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BEST AVAILABLE COPY
IF (Kfl hjN T — 5o0~~) 230 . 230, 245

2aS wRITE C IFL I ,1007)
RETUR N

C
C REGI N SOLUTION CYCLE w ITH OUTPUT
C
250 F ( 1 , I )  5 P4 7 0

a Q INO
K

F (1, U~ a V
F (1.S~ a I)
CALL flE~~2RK (T, M 10,Ht1 ,v, V I, M2O)

S M70
1(2,2) a (J I NO
F(2,3~ a $10
F( 2, LI~ $ V
11?,5~ a U
H 1SUM a 0,
CAL L DE(J2R~C (T ,M 10, 4~I I .v ,V~ ,ui2o )
lO UT a 0
CA LL CR IT (N20,H1o,V ,IPH NI ,IOIJ T)
71 (IPLT) 771. 271, 258

256 WR ITE C!FL3) HOURS. (F(1’IA), IA ~ I. 5)
GO T O 271

260 1)0 270 I • 1. NOT
101 11 a 0
PIISUM • R % S o M  • H % 0
C A LL DFD?WX(T ,M)~~,H I1 ,V, V 1 , H2O )
CAL L CR IT (H20.H1O,V,Ip$NT,IOUT )
IF (IPLT) 770, 270, 265

265 WR ITE (IFL3) MOORS, (F(1,IA). IA a 1’ 5)
270 CONT IN UE

IF (louT ) 271, 271, ?Brl
2 7 %  W R I T E  ( 1 F L 1 , 1 0 1 0 )  HO UMS, F~~~,IA , IA a l, 5)
280 I~ (T — T E — DT )  260.  290.  2Q0
290 MI SUM • H % S U M * D T / ( T F  — T O )

IF (IPLT ,GT ,0) wRj Tp (1113) DuMMY
W R I T E  C I F L I . 1 0 1 1 )  M%S U I i

C
C END OF SOLUTION ROUTI N E, GO T (i PLOT ROUT I NE OK
C READ NE XT DATA SET ,
C

IF (I PLT ,GT .0) CALL GHPMC( A I ,A 2)
RETU R pj  -.

C
1001 FORMA T ( 3 ( ’j A b / ) )
1004 FORMAT (IHI. 20X.IRPI I NLET AN *LYSIS//? (%2X ,UAB/,/)
1005 F O R MA T  ( SX ,  I 7 T M T I O A L  S E M I N A N G E  a.  11 ,3, 3M FTf

15X~ 73MMEA N BAY SUR FAC E A R E A  a .  IP FIO ,4, oN SQ IT,
2SX, 31M~~AV SIDE SLOPE PARA M E T E R BETA a, 0PFb,3~ )C

b o a  FORMAT (5*, I7M I NLFT PHO PEQTIES$/ PX,
L?b HX .SPCTI0~ AR EA  811G w ~T I s~ 3~~EI1.5 , A M SQ FY/
2 8X , 2 O M I N L ET  IDTM A T NTL a , 0P17,O, 3~ ET/ 8*,
SI9MINLET BEACH SLOPE a . lu, 2H11/ A X .
I1%!MMTL DEPTH a,  F7 ,%, 3~ FT/Ax , 14w1NI.ET LEPIGIPI a,
517,0, 3M 11/ 8* ,  13M MA NNIN G IS N •~ 17,4/ / )

C
1007 FORM AT (294 .4 EXEC u T IO N A BO RTE D , TRA ”SIEN T /

126” STAGE EXCEEDS 5000 STEPS,,)
C

107
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BF.STIAVAIIABIE COPY
1009 FORM AT (UX , UHT IM E . 5*, 2M M7,  ~1X ,  b Pl tNF L flW, 5*, 2HHI,

15*, 3sV1L, 7*, % 4 4 Q/  5*, 3 . i w W S ,  5* , 7M~~~ , 5*. 4HXCFS,
lax . 2PIFT, 5*. 3PIFP5, OX, UHKCcs,)

C
1010 FOR M A T  (218.2, .3P19, 2, 0P71 A ,7, ~PP% fl ,7, 219,3)
1011 FORMA T (/ 1 6” AVG R A Y  L E V E L  5 . P6 ,7, 3M FT//

123M * CR IT ICA L POINT VAL IJE/, lOX,
228H*us TAB u LATION COMP LE TED ***/)

C
2010 F O R M A T  (3 18 ,5, 2F6,3. Fo.O, to. 14)

EN~
SUBROuTINE DEQ2 (T,P4I0 .H11, V ,V1 ,M2)

C
C SUBROuTINE 01u2 ASSEM~ IE 8 AND EVA LUAT ES THE NON —LI N EAR
C 5t”ULT ANEUIIS D , L ,’S CHAMA CT E P 1Z IN G THE INLET
C

REA L KF, L, N
CO MMON IOUMMY (1000) ,RLTA,w fl,ZETA,AxO ,ARO,G L ,L ,N,RQ ,M,K F,

C
IDT,DTS.0,AX ,P4OUKS,F (S.5),$IIH,QINO,TPLI,IPLTS ,XT

C CALL FEX T FUR TIDE AN D IN F LOW
C

CAL L FEXT(T , H2)
ET A O a O.5’ (MlO • ~2)

C
C VELOC ITY COEFFICIE NT
C

CV • n .015S5~~(1, • ~P S ( R i T + E T A o ) * * ( 1, 3~~3 33 ) )
C
C SURFACE *41 1* oF BAY
C

£8 • A RO * (1. • B F T A S W 1 O )
C
C INLET CROSS SLC TIONAL AREA
C

A X  • A X O  + (w ( J  4 Z E T A * E T A O ) * E I A 0
VI S GL* (M? • “10 • CV *V*A BS (V))

C C O”PL’TE OV/ DT IW OM E N E R G Y  E Q UA T I O N
C

0 5 A **V
C
C COMPUTE DM~~/OT EPON CONTI N IJ ITV EQ UATION
C

“II S (0  • GINO ),A R
HOURS • (2,7777777E 04)*(T — D T )
P1141 •
RE TURN
‘ND
SUBROUTINE P E X T C T ,~~2)

C
C SU IIPOII TINE TO DIP I~~E O C E A N  T I D E  “ 2 A~~D I N F L O W  01140 AS
C FUNCTIONS OF TI ME I IN SECONDS

RE AL W F , 1. N
COM MON !DUMMY (1000),BETA .wfl,ZETA,AXO ,ARO,GL ,L,N,RO ,M ,KF,
1DT,DT5,Q, Ax,M UURS,PC3,5),p~IM,QINO ,tPL1,1PLTS,*T

C
C CONVERT SECONDS TO RAD IAN S
C

X a I ,4056341.O4*T
C

08
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BEST AVAILABLE COPY
C SI NIJSOIOA L TIDE OF AMP LITU DE 4.4

C
M2 a M S S I N ( X )

C
C INFLO~ NEGLIGI BLE
C

DI NO a 0

~~~ U~ ~

S U RH O IT I N E CRIT (M20,M 1 0,V, TP~~lp T~ IO&I’T )
C
C SURPO JT IN I CHIT COM PAM ES 3 CONS ECU T IV E PIINCTI ON POINTS
C A N D  WR ITE S ~ ID O LE POINT IF 1.1 IS A CRTT ICA L . POINT
C

REAL (F, L. N
CO”MO ’, I DUW MY C I0 00),BETA,..fl ,7.ETA ,AXO ,ARO.G L,L,N ,R0,N ,K1 ,

IDT , DT c, C) , A X , HOURS, F ( 3, 5) , Pl j P4~ GINO, TEL l , IPLTS, XT
D I M E N S I O N  P I A R W ( 5 )
DAT A ~ *W K A / 1M  /. MA PWB/ l Pl */
F (3,1) • P470
F ( 1 , ? )  a D I NO

a “10
a V

F(3,’S) a 0
D O 2 0 7 0  TA  • 1. ‘,
‘l AW, (Ti) = M A H W A
IF (F (?,IA) — F(l.TA )) 2I’17~ 2020, 20%u

2012 IF ( F ( T . I A )  — 1 (7,1*)) 2020. 7015, 2015
20 14 T I ( 1( 3 , 1* )  • P ( ? , I A ) )  2015. 20 15. 2020
2015 TO u T a I

• M A 1 4 W~4
2020 CO’~T I~, I r E

1)0 -20 2c IA a % ,  5
1(1, 1*) = F ( 2 , IA )

2025 1(2 ,1*)  a 1 (3,1* ,
IF ( t ç ’. u T .EI’,O )  R E T u R N
w H I l E  I1L I .?IOI) H(fl 415,11 ( 1 , I A ) , M A M K ( T A , , I A U I , 5 )
R ET U’~ 

.~
2101 FOR MA T (2FA.2,~~l..3PF8 .2,AI . ? ( O P F 7 ,2 , A I ) ,

j 3 DFP ,7, ~~~ 2(18,3, A l ))
END
SUNRO IITINE DFU2RK(X , Y,YI.Z.Z l,S)

C
C PUNGE~~W U TT * GILL SLIB ROII T INE TO SOLVE 2ND ORDER D.E,
C OR 2. STH ’ILTA NEOU S FIRST ORDER D,E ,.S
C

PE AL . K F , 1. N
COM 4POo ~r)uJ4My( %00 ()),~~ETA , wO,Z~~T A,AX0.A qO,GL .L~~N .R0,M,IIF,

1OT ,DTS.D,AX, MOURS,1~~3,S),I1 l M ,QIN0,IFL1,IPLT5,*T
CA LL o~ Q ? ( X , Y ,Y 1 , Z , L 1  .S)
P %  S

01 a 71*1)15
* a x • O T S
Y0I a Y 4 P1
201 • 7 4 01
CA LL r’FO2 (X,YOi ,YI .Z01,Z1 .5)
P2 a v 1 *D I 5
02 a zISOTS
Y01 S Y 4 P2
70 1 5 7 + 02
CALL nE Q2 (X,Y01 ~V j , j O j  .71.5)

109
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BEST AVAilABLE COPY
* a X . 0T5
V
~~ 1 S V I P3
701 S 7 4 03
C ALL 0FU2(X,YOI ,Y j  .Z0 I .7 1,5)
94 a vt*015
Oil K 71*fiT5
01 • l,3~~333333*(PI,P4.P2+P2,93,P3)
~4 7 •
V S Y •

~ a 7 , 07
CALL llE u ?(X,Y, Y1,l,Z1 ~5)RI T u R ~EN!)

SL IBROIIT !NE PLO’LN (*,Y.LN,INDX)
C
C SUB R O u T INE TO 9 LOT V A R IOUS LINE TYPES
C

IREN • 2
P.0* • INDX • I
GO 10 ( 2 0 ,4 0 , j0 , l O ) ,  LN

C . • — . — • • LN a ii

10 GO TO (40 ,  IS) .  INDX
1 5 1140* a 0

GO TO 35
C — • — — —  LN S 1
2~ GO TO (4fl ,4O,40,3b,liO,?5), INOX
25 INOX • 0

r.o TO 35
C . . 114 S 3
~o 00 10 (4O,3S,a0,35,40,35,40,ao,4O,~ 7), INOX32 TPJ1)X a 0
35 IPE!~ • 3
C LN a 7
~0 CALL PL Ot CX.Y ,IPEN)

RETURN
END
SUN RO IJTINE AX ISI3 (*,Y,TBCD ,NC,H,5I71.IJN , TXY ,XM TN, DX ,SPACE , ITIC ,

INPIO)
DIM EN S ION l.NL (3).MES AGP (5)
DAT A LPL/74’ (XIO 1/
D A T A  ~ES AG E/13 MA XIS TO~ LONG/
X Y !Xy
ANG L FaXV *9O ,
TIC IT IC
SPA C: S P AC E
Oak
P1 0K~JP 1 0
Ilax
Y T K Y
lIN I ~?S I t a S y i E
P (517)1,16,100

1 L P.La3
512 .—SIZE

100 ND:NA :NN

I F  (ND ,3,2,7
2 NDI~~S~j D.l

110
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BEST AVAIlABLE COPY
3 ‘9DUND fl~.S0

30 N S P A C F a S I Z / S PA C I ,5
lIz N SR A C E  * S P A C
T F ( V T . T L 1 X Y 29 .) 4 . ’ i ,S 0

50 CAL L SVMB OL (*T ,YT+ .1, ,%W, MES AGE ,QO ,,I3)

~i
4

M O7 T 24 S R, IC.
P O W E Q a l O , S * ( 1 4 9 1 0 )
DEL X a P O w F R * O X

F~ N a POwE R * * MI N
A ’ ~G~~l ..X Y
N Ba ‘IC
A L A N :  i
IF

5 N~~~ .’JQ
A L A P a ..

6 TIC*Ya (2.1XY 1, )SA LA B*T ICS ,I
X T I C K T T CX Y *X Y
YT ICS!  I C X Y * A N G
A NM
I~ 

(P in  ) 60 , 65,60
60 A K a A M ,A ,
65 S T I T L I K T L * .5 ( 7 ,*AX.3 . ISM U T S ,5

TIC ’~I a , I A T I C S  .05
A N D ”  I ~ ~~~~X N U P R a X M E  P.
L INa~P4MA X S 4 I
I R A I O
DO 12 IK T RA, NSPACE
‘IDIGITSN DLC.
CA LL Pt OT(XT ,YT,L IN )
L IN 2L INE
CAL L #1 OT(XT,XTIC,YT,YTIC,?)
11(0)  7 , 1 1 , 7

7 IT E P I P S. 43 i l? 9 4 I 4 B I I A L O G ( A 8 5 ( X N L ) M 8 ) + , S* l O , * S C . N D ) ) 1 1 .
III T’E~~

P) 75.75.51
SI CON TINuE

14 0 I 0 ! T a e O I G I T I I T E M P
75 ? F ( * ’ ~u R ) 9 , 8 ,  10
8 ND1c~~T:o

9 N D I r , I ! a N n I r, IT ,1
10 I F ( N D T G Z T N ” A X )  77,11.52

32 CON1’INIIL
NM A *3 p40 Ii’, It

77 CE NTER5HO1*C7 .1NDIGIT .~~.)*,S
XA NOa..*LAH *XY* (TICMI,CFNTER ).CEP4TEP
Y A N 05*1*8 * A N 01(11CM lIMO 2) H 02
C ALL NUMB EP (XT+X *NO .YI.YA NO,C..XNU MR,O ,,N*)

* ‘It u MR aX P1 U MR +01 LX
TF ( A N O M I P . . X A N O )  1 1 , 1 1 . 5 3

53 ANOM INaX AN O
ji CALL PLOT(XT .YT,3)

* Ti X 7. 9P A C *  A NO
Y Ta v I, SP AC t XY

12 CONT IPJuJ I
IF (0)13,16.13

13 * 14 0w IDS (7,*NMAX.3 .)1 P407*0 ,S

I I I
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BEST~AVAII.AB1E COPY
X T X T L E , * 4 .~ Y t ( A N O M I N + A N O w I D . A L A B l ( A N O W I D , ,1 8 ) ) + A NG S 8 T ! l L L
YII TL E SY. A N G I ( YA N O + A L A R S ( G + . l 6 ) ) +X Y *S T T T L E
CALL SV4.BO L (XTIILE ,YTITLE,G, IBCO ,ANGLE,NA)
IF (Plo ) l~~

, 1 6,
14 B14a (NA ,1)*G

XT ITLE SXTI TL E+A NG *H ’I
YTXI L E aYT ITLE+X Y*B N
C ALL SVMROL .CX T ITL E ,*T ITL E ,G,LNL (t),ANGLE,7 )
X I I  T L F S X T I T L E , A N G * H O Y T 2 4 XY S H !1 2
Y T X T L E S Y T I T L E  • X V * M O 7 T 2 U + A N G I M O 2
CALL 4.JII M BER( X IIT LE ,YTITLE ,5 .1M07,PI 0,A NGLL ,’l )

lb R~ 7~jPp~
END
SUR WOIITINE W EAD IN (X,Y ,yPA C,XFA C ,X0 .X F ,I NDC,kP.,LN)

C
C SUBROIuTINE TO READ SOLuTION TABULAT iON FROM FILE.
C

REA L *1, L. N
COMMON IDOMP Y (1 000), b ETA , *0, ZETA, AXO .AB0 ,GL,L ,14,R 0,M,MP.
107 , DTS, 0. AX. M UUR S ,1 ( 3, 5) • M~~k~ 01140, TELl, IPLTS, XT
DIMENSION Y ( S ) ,  ‘FAd S)
READ (9) *. V
IF ( X .C. E . i ,E + 1 SJ  P(K 1 7
INOC a 0
I~ ( K M  — 1) 10’ 10. 50

10 II (X fl • x — 075) 20. 50’ 50
2 0 IF ( X  — X E — OTS) 30’ 25’ 25
25 MM S 7

GO TO 50
30 INOC • I

* a X r A C S ( X  • *0)
Y(LN) a YFACCL N) *Y(LN)

50 R E T U R 1 4
END
SUBR O u TI NE G R P H C ( A L A B L I , A 1 A b 1 2 )

C
C SUR R O UTI ’ uE GRP HC .4PITES PLOTTER TAPE FOR GRAPH ICA L
C OUTPU T OW S O L U T IO N
C

COMMON IDUMMY (l000),RUuuMMY (12),DTS,SDUMMY (20),IILI,IPt..TS,XT
D I M E N SI O N Y L A B L L (3 )
DIMENS IO N A L E G’ I (’3 , 6)  ‘ A L A B 1  ( U )  .ALA PL2 (U)
DI ’lLNSTOPI SVM (3), Y ( S ) ,  V F A C ( 5 )
DATA XLABL I QM1 IM t_ ~~H41S/,V I AML R/I OMP LOW .—MCFS/
DAtA YLAR LL /l 0 ’~*1~~IGHTS. 

V • ¶QMELOCITIES .,API FT, IPS/
DATA LLEG N/ IOHF LOW (KCFS ,lflM) , 34 1  .IOPIINLLT VLLO ,lOHCZ T~

1 (FT/S,;MEC),10418AY TIDE (,1O PIFT) ,38 , IOHI N F LO W , IBH
2 ,3H ,1O NO CEA N TInE,loM (El) ,.S H • IOH L EGL ’ ID  ,10 P
3 ,34 .4 /
TPLTS a IPLIS + I
0T5 • 0T5/3600,

C PrA D C A R D  TYPE *6 CONTAIN ING
C *0 (18 ,5). ST ARTING TIM E OF PLOT
C XE (FA •5)— END ING TIM E OF PLOT
C S CA L *  (18 ,5 ) —  I’IME .AXLS SCALE TN HOURS PIP TNC N
C Y L O ( 6 . 3 ) —  “ I N IM UM V A L u E It1 T I D A L  HEIGHTS Ih F E L T  OR V I L O CZ I T L S
C IN FEET PER SECOND
C YL (16 ,3) — OVERAL L ~L IG ~~T OF PLOT TN INC HES
C YLSCAL (Fb,3) SCALE OF TIDAL HEIGHTS IN FELT P~ R INCH ON
C V E LO C I T I ES  j N FEET PER SECOND
C YRO (Fé,3). MINIMUM VAL UE OF F L O W S  IN T HO USAND CUB IC

1 1 2
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BEST AVAILABLE COPY
C F E E T  PEM SECO ND
C Y R S C A L  (P6 ,3) — S C A L E  Oi ~LO~ I N THOUSANI) CUBIC FEET PEP SECOND
C SCALE (16.3) — SC A L P  F A C T O R  FOR T O T A L  P L O T  S IZE.

R EAD ( S’2001) X0 ,XF,SCALX,YLO ,YL ,VLSCA L ,YRO,

IYN SCA L , SCALE
C ALL FA CTO PC SCA L E)
C ALL PLO ICO. ,O.,’S)

C
C PLOT LEGE~~0
C

00 20 IN • 1. 3
1140* a 0
Y~ • 0.8 + u.2~~L~
C ALL PLOT (Q.,VP.tJ,00,3)
00 15 1 a I~ 9
XI’ U o .III
L I N E  • (1 — IN

15 C ALL PI.OTLN C XP, YP,0,UA, LINE., P.0*)
S Y M ( I) a A LEGN( l ,LN )
SV” (?) S ALEGN (2,LN)
S V M ( 3 ) i  A L E G P 4 ( 3 , L N )
CAL L SYMROL(1.1,YP,O .l t4,SVH,0,,23)

20 CON TI FUE
C
C PH I l ? , I S ?  ~ 0 ’
C

1411111 ( l ILt  , l u (u/ )
Fl U Sn LN • ~~. s
P.0* • 0
V P i o. $ + O . 2 * L P 1
CALL PLOT f0. .VP +0.Ob,3)
DO 25 1 a 1’ 9

a n .1t I
25 CALL PLOTLPI(XP .YP+0,06,4,INDX)

S Y ” ( 1~ • A L EGN (I,LN )
S Y M C 2 )  a A L E G N ( 2 , L N )
SY’l (S). ALFON(3,LN )

30 CALL SYM 8OLCI ,1,YP,0,l44,SV~~,O..23)
C
C PRINT , 1ST sO’
C

W R ITE (IFLI,1003)
CAL L. SV”BOL (0.6,2,1,O .21,ALEGN (I,6),0 ,,6)
CALL SYMPOL (3.5,1, 75,0,21 ,ALAB L I ,fl ,,32)
Y M I D  a 3,0 • 0 , S SV L  —

TOP • 3, + Y L
XL a ( X E — X f l ) / S C A L X
CAL L SYFI9OL (l4 .25, 1.25.o ,21,AL A (4L2,n ..3?)

C
C PHIl. ? , ‘P LO T ~ A X I S !
C

WR ITE (IILI,I00’)
*IXC a 1,/SCAL~
*113 a .XTTC IFLOA T(IFIX (X F — *0))

33 CALL A X I S I 3  ( 0 ,,3,0 , X L A RL, .q ,O ,14 , X LI3 , .I,O, X 0 ,
1 t . O , X T T C ,  1,0)

C
C PRINT , ‘PLOT RIO I4T AXI S’
C

WRITE (I 1Ll,1005)
DYR U •~~,5 iYRQ

113
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BESLAVAILABLE COPY
YRTIC • OY P /YR SCA L
CALL A XISI3( X L ,S ,0 ,YLA R LR , 10,0 ,I4S,YL,.l, I .YRO,

1DYP , ~v RTIC .I.O)
CALL PLOT (XL,TOP ,3)
CA LL PLO ? (0,,TOP ,?)

C
C PRI NT , ‘P LOT L E F T  A X I S ’
C

wHI TI (IFL I,l006)
OVL S • O . S I V L O
Y LT IC • DYL/ V LSCA L
CA LL IX ISI3 (0.,3,n , YLA BLL,28,O,l4,YL,.1,1,YLO,

I DYL, Vu TIC, 1. 0)
C AL L PLOT (O,.3 .O,3)
C ALL RI OT (xL,3 .0,2)
CAL L P L O T  (*L ,YM ID ,3 )
CA LL  PL O T  ( 0 , , V MT O , . ? )

C
C P11114? , , R O U D E W  C O M P L E T E ,
C

CA LL pi o’C— .2/’0.,—3 )
WHITI (T F L I , l f l 0hi
Y FA C (1 )  u ¶ , / Y L 5 C A L
Y F A C ( ? )  S (u .OOl /VNS CAL
V F A C ( 3 )  • Y I A C ( l )
Y F A C ( a )  S Y F A C ( ~~)
Y F A C ( S )  a Y I A C ( 2 )
IN~ u Lu
X F A C  ~ 1,/ S C A L *

C
C PLOT O C E A N  T ID E .  AN ! )  114110,.
C

00 50 1 a i. ~
C
C PR INT , ‘00 50 I a ’ , I
C

wHI TE (X 1L I ,lU09) I
C ALL PLO? (0,,O ,,jI
KM a
RE w IN D 9
1140* a 0

35 CALL  P F A ! ) I N ( X , Y , Y F A C , X F A C , X 0 , x E ,  INDC,MK ,I)
GO TO r.sO,isS), M M

‘*0 11 (INOC ) 35. 35. il ~
41 CA LL PLOTLN (X,Y (I).4,I NOX) —

T I ( Y ( 2 ) )  *i2, 35~ 117

‘*2 INF a I
GO T O 35

45 IF (INW ) 60. aO, 50
So CO’IT1~~t E
C
C •LOT R A Y  RFSPO~~SE, VELOCI TY , PLOW
C
60 DO 80 1 • 1’ 3
C
C PWt p . T , ‘1)0 80 I a ’ . I
C

wR ITE (IEL I.10l0 ) I
CAL L PLO ? (U ,, I),, 3)
K M  • I
RIw lNr. 9

‘‘4
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BESI-- AVAILABLE COPY
IN OX V = 0

65 CAL L PEAD IN (X ,Y ,YEAC ,Xp A C ,X fl , XF ,INDC ,Kiç ,~~+7)
GO 10 (7 0 ,  ‘80). MM

70 IF (I DC) MS . 65, 77
72 C ALL PIDTLNCX, Y(I,2),I.INDX )

GO TO 65
80 CO ” T  I~ If
C
C PRINT , ‘ S T  80 ’
C

.WITE (IFL I ,IOO B)
X I  $ XL,U .
C A LL PLOT(XT ‘0, ‘—3 )
RETURN

C
1001 FOR MA T (6Am)
1002 FORM AT (OMI ST 701
1003 FO RM At (6” SI 30)
10011 FOPIMA ? (121. PLOT X AXIS)
IO flS FORM A T (ION PLOT RIGHT AXIS)
100~ FORMA T ( 1 5H  PLOT LEE ? aXIS )
10 07 FOPPAT (IbM I4(JROER COMPLETE )
1008 FO NMAT (O H  ST 80)
1009 F O R M A T  ( IO N  DO 50 I •. 12)
10 10 F O R M A T  ( j O P ~ 00 80 I 5’  12)
200 1 ECI RMAT (S F8 .5, OFO,3)

END
€ 011
LOP
E O I

115
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In accordance with letter from DAEN-RDC , DAEN-ASI dated
22 July 1977 , Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Huval , Carl John
Compar ison of numerica l and physi ca l hydraul i c models , Mason-

boro Inle t, North Carol ina; Appendix 4: Simplified numerical
(lumped parameter) simulation I by C. J. Huval and C. L. Winter
gerst. Vicksburg, Miss. : 11. 5. Waterways Experiment Station
Spr ingf ie ld , Va. : Avai lable from Nationa l Techn ical Informa ti o
Service , 1977.

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

General investigation of tidal inlets; a program of research
conduc ted jointly by U. S. Army Coastal Engineering Research
Center, Fort Belvoir , Vi rginia , r and , U. S. Army Engineer
Waterways Experiment Station , Vicksburg, Mississ ippi.
1. Hydraul ic models. 2. Lumped parameter approach . 3. Mason-
boro In let , N. C. 4. Mathematical models. 5. Numerical simu-
lation . 6. Tidal inlets. I. Wintergerst , C. L., joint author.
II. United States. Coastal Engineering Research Center .
III. United States. Waterways Experiment Station , Vicksburg ,
Miss. IV. Series: United States. Army . Corps of Engineers.
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