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P RE F ACE

1. The Co rps  of t~ng in eer s , th rough i t s  C i v i l  W o r k s  p r o g r a m ,
has sponsored , over  t he  pa s t  ~3 years , resea rch  in t o the  b e h a v i o r
and c h a r a c t e r i s t i c s  of t i d a l  i n l e t s .  The Corps ’ i n t e r e s t  in t i d a l
i n l e t  r e s e a r c h  s t ems  f r o m  i t s  r e spons  ibil i t  ics  fo r  n a v i g a t  ion ,
beach erosion p r e v e n t i o n  and c o n t r o l , and f l ood  c o n t r o l .  Tasked
w i t h  the creation and maintenance of navigable U. S. wat erways ,
the Co r ps routinel y dredges millions of cubic yards of material
each year from tidal inlets that connect the ocean with bays ,
estuaries , and lagoons. De s ign and construction of navigation
improvements to  e x i s t i n g  t i d a l  i n l e t s  are an i m p o r t a n t  p a r t  of
t h e  w o r k  of many Corps o f f i c e s .  In  some cases , des i gn and con-
s t r u c t i o n  of new i n l e t s  a re  r e q u i r e d .  D e v e l o p m e n t  of i n f o r m a t i o n
c o n c e r n i n g  t h e  h y d r a u l i c  c h a r a c t e r i st i c s  of inlets i s impor t an t

not  o n l y  fo r  n a v i g a t i o n  and i n l e t  s t a b i l i t y ,  but  a l s o  because
i n l e t s , by a l l o w i n g  fo r  t h e  i n g r e s s  of s t o r m  su rges  and eg ress
of f l o o d  w a t e r s , p l a y  an i m p o r t a n t  r o l e  in t he  f l u s h i n g  of h a s
and l agoons .

A r e sea rch  p r o g r a m , G e n e r a l  I n v e s t i g a t i o n  of T ida l
In l e t s  (Girl) , was deve loped  to  p r o v i d e  qu a n t  i t a t  lye d a t a  fo r
use in d e s ign  of i n l e t s  and i n l e t  i m p r o v e m e n t s .  it is desi gned
to meet t h e  f o l l o w i n g  obj e c t i v e s :

To determ ine t h e  e f f e c t s  of w a v e  a c t i o n , t i d a l
f l o w , and related p he n omena on inlet stability
and on the  h y d r au  t i c  , g e o m e t r i c  , and sed i m e n t a r y
c h a r a c t e r i s t i c s  of t i d a l  i n l e t s ;  to deve lop  the
knowled ge n e c e s s a r y  to d e s i g n  e f f e c t i v e  n a v i ga-
t i o n  i m p r o v e m e n t s , new i n l e ts , and sand t r a n s f e r
s y s t e m s  at e x i s t i n g  tidal inlets; to evaluate
t h e  w a t e r  t r a n s f e r  and f l u s h i n g  c a p a b i l i t y  of
t i d a l  i n l e t s ;  and to  d e f i n e  t h e  p rocesses  con-
t r o l l i n g  i n l e t  s t a b i l i t y .

3. The G I T I  is  d i v i d e d  i n t o  t h r e e  m a j o r  s t u d y  a r e a s :
(a )  i n l e t  c l a s s  i f  i c a t  ion , (l~) in l e t  h v d r a u l  ics , and (c ) i n l e t
d y n a m i c s .

ii 
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a. The obj ec t ives  of the in le t  c l a s s i f i c a t i o n  stud y are
to c l a s s i fy i n l e t s  according to their geome tr y ,
hydraulics , and stability , and to determine the
relationships that exist among the geometric and
dynamic characteristics and the environmental
factors that control these characteristics. The
classification study keeps the general investi ga-
tion closely related to real inlets and produces an
important inlet data base useful in documenting the
characteristics of inlets.

b.  The objectives of the  inlet hydrau l i c s  study are to
define the tide-generated flow regime and water-
level fluctuations in the vicinity of coastal inlets
and to develop techniques for predicting these
phenomena. The inlet hydraulics study is divided
into three areas: idealized inlet model study ,
evaluation of state-of-the-art physical and nurner-
ical models , and prototype inlet hydraulics.
(1) The idealized inlet model. The objectives of

this model study are to determine the effect
of inlet configurations and structures on dis-
charge , head loss , and velocity distribution
for a number of realistic inlet shapes and tide
conditions. An initial set of tests in a
trapezoidal inlet was conducted between 1967
and 1970. However , in order that subsequent
inlet models are more representative of real
inlets , a number of “idealized” models repre-
senting various inlet morpholog ical classes are
being developed and tested. The effects of
jetties and wave action on the hydraulics are
int..luded in the study.

(.) Evaluation of state-of-the-art modeling tech-
ni ques. The obj ectives of this part of the
inlet hydraulics study arc to determine the
usefulness and reliability of existing physical
and numerical modeling techniques in predicting
the hydraulic characteristics of inlet/bay
systems , and to determine whether simple tests ,
performed rapidly and economically, are useful
in the evaluation of proposed inlet improve-
ments. Masonboro Inlet , North Carolina , was
selected as the prototype inlet which would be
used along with hydraulic and numerical models
in the evaluation of existing techniques. In
September 1969 a complete set of hydraulic and
bathymetric data was collected at Masonboro
Inlet. Construction of the fixed-bed physical
model was initiated in 1969 , and extensive

111 
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tests have been performed since then . In addi-
tion , three existing numerical models were ap-
plied to predict the inlet’ s hydraulics. Ex-
tensive field data were collected at Masonboro
Inlet in August 1974 for use in evaluating the
capabilities of the physical and numerical
models.

(3) Prototype inlet hydraulics. Field studies at a
number of inlets are providing information on
prototype inlet/bay tidal hydraulic relation-
ships and the effects of friction , waves , tides ,
and inlet morp hology on these relationshi ps.

c. The basic objective of the inlet dynamics study is
— 

to investi gate the interactions of tidal flow , inlet
configuration , and wave action at tidal inlets as a
guide to improvement of inlet channels and nearby
shore protection works . The study is subdivided
into four specific areas: model materials evalua-
tion , movable-bed modeling evaluation , reanalysis
of a previous inlet model study, and prototype in-
let studies.
(1) Model materials evaluation. This evaluation

was initiated in 1969 to provide data on the
response of movable-bed model materials to
waves and flow to allow selection of the opti-
mum bed materials for inlet models.

(2) Movable-bed model evaluation . The objective
of this study is to evaluate the state-of-the-
art modeling techni ques , in this case movable-
bed inlet modeling. Since , in many cases ,
movable-bed modeling is the only tool available
for predicting the response of an inlet to im-
provements , the capabilities and limitations of
these models must be established.

(3) Reanalysis of an earlier inlet model study. In
1957 , a report entitled , “Preliminary Report:
Laboratory Study of the Effect of an Uncon-
trolled Inlet on the Adjacent Beaches ,” was
published by the Beach Erosion Board (now CERC).
A reanalysis of the orig inal data is being
performed to aid in planning of additional
GITI efforts.

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

iv
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response of inlet navigation channels to
dredging and natural forces , and the effects
of inlets on adjacent beaches.

4. This appendix discusses the calibration , base tests ,
and predictive test of a numerical model of Masonboro Inlet ,
N. C., conducted as part of the evaluation of the state-of-the-art
inlet modeling techn iques. It presents the data necessary for a
comparison of results of the physical and numerical models dis-
cussed in the basic report and in the following appendixes:

a. Appendix 1. R. A. Sager and W. C. Seaberg h, “Fixed-
Bed Hydraulic Model Results. ”

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

(WRE)” (In 2 Vols).
c. Ap~endix 4. C. J. Huval and C. L. Wintergerst ,
— 

“Simp lified Numerical (Lumped Parameter) Simulation .”
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ABSTRACT

The purpose of this project was to modify an existing
two-dimensiona l numerical hydrodynamic model to be applied to
Masonboro Inlet , North Carolina . The model essentially consists
of a numerical solution to the time-dependent linearized shallow-
water equation . One of the modifications was the incorporation
of tida l flats which are important in the Masonboro Inlet system .
The second was to devise a procedure for handling open water
boundaries at which no boundary conditions were available .

Using data for September 1969 supplied by CERC, the friction
factor was adjusted to simulate the observed tide stage variation .
Satisfactory verification was obtained against tida l stage vari-
ation and intratida l current phasing . The magnitude of the
computed currents were consistentl y small but this is not thought
to seriously delimit the model ’s utility.
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1.0 INTRODUCTION

The objective of this study was the adapta tion of Tiacor ’s
two-dimensional hydraulic model to Masonboro Inlet , North Carolina ,
Fig. 1.1, in order to predict the water surface time history and
current velocities from Masonboro Inlet for two hydrographic condi-
tions. The project consisted of three main phases: a) adaptation of
Tracer ’s model to Masonboro Inlet, b) adjustment of the model to
allow reproduction of the pro totype tides and currents of 12
September 1969, and c) prediction of tides and currents for the
additiona l hydrographic conditions of the inlet for November 1964
and June 1967 using idealized mean and spring tides in the ocean .

Tracor ’s hydraulic model was initially developed in the

Galveston Bay Project modeling program and is described in Espey
et al. (1971). The model computes the dynamic vertical-mean water
velocity components in the x- and y- directions for each grid
cell in the bay system ; these velocities are the hydrodynamic
results of the major physical influences on the estuary or inlet ,
including tide , freshwater and wastewater inflows , bottom roughness ,
physiography and winds . The model has been used extensively on
Galveston Bay as well as on Nueces Bay and Corpus Christi Bay.

Problems normally encountered in changing a hydraulic model
from one set of physiographic conditions to another were aggravated
in this study by the fact that a new flag field had to be developed
to allow for flooding of the tida l flats and the unspecified

• boundary conditions at the ends of inlet channels . The development
of a new flag field logic was made necessary because the logic
originally contained in the program was not dynamic in nature ,
i.e. represented the estuary as a “fixed-bed” configuration .
Program code also did not contain any provision for the unspecified
boundary conditions, and this had to be added to the program.

I
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The basic theory and formulation of the numerical model
is described in Section 2.0. The above modifications necessary

for application to Masonboro Inlet are detailed in Section 3.0.
Verification results and the computed results for the 1964 and

1967 cases are presented in Section 4.0. In Section 5.0 the

FORTRAN programs are presented together with their corresponding

flow charts and listings . The data deck arrangement and a dis-
cussion of each of the input parameters are given in Section 

6.0.3



2.0 THE HYDRAULIC MODEL

The basic mathematical hydraulic model used was the same as
that described in Espey et al. (1971). However, extensive reprogram-
ming was required to handle the tida l flats and the unspecified
boundary conditions. The model considers the two horizonta l dimen-
sions representing the areal extent of the system using vertically
integrated equations of motion . The model is dynamic ; that is,
it describes the time-varying aspects of the hydraulic phenomena .

2.1 The Basic Model

The differential equations comprising the basic mathe-

matical model are referred to as the “linearized shallow water wave

equations” or “the storm surge equations”. The formulation
employed in the Tracor hydraulic model follows closely that
used by Reid and Bodine (1968) in their study of storm surges
in Galveston Bay.

The vertically integrated equations of motion and
continuity which form the basic mathematical hydraulic model
are:

+ gD -
~~~~~ - KWacose - fQQ

~
D ?  + Q~ 2wsin~~

÷ gD -
~~~~

. = KW’s i n E ~ - fQQ~ D - Q
~
2
~
isin

~
, (2)

all ~~x ~~and ~~~+~~~ - + - ~~~~- R , (3)
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where x , y = horizontal Cartesian coordinates ,
I t ime ,

Q,~ Q~, 
= vertically integrated x and y components of

flow per unit width , respec t ivel y,
g — acceleration due to gravity,

D — total water depth ,
H = water elevation with respec t to MSL,
K = d imensionless wind stress coeffic ient from

Wu (1969) ,

W = wind speed ,
= angle between wind vector  and the x-ax is ,

f dimensionless fr ict ion coef f i c ien t  after Reid
and Bodine (1968),

Q — magnitude of flow per unit w idth ,

angu lar ve loc i ty  of the earth ,
— latitude,

and H rainfall rate.

It will be noted that in equations (1) and (2) the
advection of momentum terms are omitted ; this omission is, in
fact , the distinguishing feature of the storm-surge equations.
The reasons for this omission are twofold : first , the nonlinear
character of the advection of momentum terms renders the math-
ematics practicall y intrac table , so that their omission results
in a considerable mathematical simp lification , and , second ,
these terms are not particularly important for the calculation
of tida l hydraulic s in shallow embayments or coasta l areas.

With regard to the former , the employment of numerical methods
does not avoid the mathematical problems . In fact , the nonlinear

terms de-stabilize the finite-difference computations even beyond

that inherent in linear stability requirements . They further

S



introduce additiona l sources of numerical error in allowing
nonlinear interaction between waves of various scales , thus
permitting severa l types of “aliasing” phenomena , all of which

can be disastrous computationally unless treated with con-

siderable sophistication (see Kreiss and Oliger (1973)).
With regard to the latter , use of the storm surge equations in

shallow water tidal hydrodynamics is exemplified by Defant (1961),

Dronkers (1964), Sverdrup et al. (1942), Neumann and Pierson (1966),

Lazanoff (1971), Masch et al. (1969), and many others. Espey et al.
(1971) note that even though this approximation may be generally

justified , there can be local regions where it fails, e.g. in
the vicinity of high-volume inflow sources such as tributary
mouths or power plant cooling water discharges. In these local-

ities , the nonlinear terms must be retained . Fortunately, there
do not seem to be any regions within Masonhoro Inlet where this

is required .

To imp lement the above mathematical model (the equations),
a means of relating the model to a physical system is required .
This is accomp lished by superimposing a lattice or grid system
over the area to be modeled . The spacing within the lattice
is determined by the degree of spatial resolution which is required
by the particular problem. Required resolution may range from a
few hundred feet to over a mile depending upon the phenomenon to
be investigated. The boundaries of the physical system mus t be

represented within the cell struc ture by the “walls” of the cells ,
therefore requiring a square grid representation of the phys ical
system , as demonstrated in Figure 2.1. In the example, some of

the detail of the real boundary is lost with the cell structure

representation. A smaller grid spacing could have been used ;

the finer the grid , the better the representation . However ,

there is generally a trade-off between more accurate spatia

l6



Bounda r y

FiG . 2.1 CELL STRUCT URE EXAMPLE

representation and cost , since a finer grid requires more computer
time to solve the necessary equations.

The grid system serves as the structure upon which
the mathematical model and the physical system are joined . The
various parameters are assigned values and positions within the
cell structure . Figure 2.2 shows the positions within a grid
where variables are defined in this model.

7
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FIG . 2 . 2  DEFINITION OF HYDRAULIC PARAMETERS

At the center of each cell a depth Z of the bottom of the bay
with respect to mean sea level (MSL) is assi gned to represent the
topography of the estuary . Again , the spatial detail of the mode l is
affected by the cell size , as the depth assigned to each cell mus t
represent an ave rage over the correspond ing area of the bay. As

the water level H relative to some datum changes dynamically
(while the model is being exercised) the instantaneous water
depth D is obtained by algebraically adding H to the constant Z.
Also note in Figure 2.2 tha t the components of flow per unit
width 

~~x 
and Qy) are defined at the right side and top side of

each cell , respective ly.

2.2 Boundary Conditions

Numerous boundary conditions are necessary in the

hydraulic model to reproduce physical conditions. Among these
are the simulation of land boundaries , open water boundaries ,
and submerged barriers and reefs . In general , the boundary
conditions are imp lemented by assigning prescribed values to
the components of flow per unit width and Q~) or the water
level (H) relative to the datum . Land-water boundaries in the

8
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model are handled in a straightforward manner by simply setting the
component of flow per unit width normal to the boundary equal to
zero ; e.g., 

~~ 
0 or Q~~ 

0 , depending upon the boundary ’s
orienta :ion. Open water boundaries are required to input a driving
tide at the opening of the bay to the ocean . This requires that
the water elevation with respect to the datum be specified . This
tidal record is obtained from gauge records of the United States
Corps of Engineers (USCE). Given this time history of water level ,
the flow per unit width is calculated by a modification of equations
(1) and (2) .

-2+ gD.
~~ = = fQQ

~
D (4)

+ gD~~ = ...fQQ D 2 (5)

Generally, the open boundary is oriented so that either x or y
is constant , hence only one of (4) and (5) is employed .

An initial distribution of H within the model domain
is specified arbitrarily (often taken to be constant for convenience),
and the observed tidal stage variation is specified at the boundary .
From this initial condition , ~H/ax and/or ~H/~y in (4) and (5)
may be computed , and the time evolution of 

~ 
, Q~, 

and H deter-
mined therefrom . The errors introduced by the initial distribution
of H induce a transient response in the system hydraulics , but
this transient soon propagates out of the system (a consequence of
the hyperbolic nature of equations (1) and (2)), the precise time
required depending upon its physiographic and hydraulic features.

Other open water boundaries may occur within an inlet
where no tide records may be available , for example , where the

9 
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channels in Masonboro Inlet intersect the grid boundary. When
this occurs there appear to be two recourses to resort to, 1)
make up a tidal record or obtain the tidal record from other
considerations, or 2) using physical constraints, extrapolate
the boundary condition. The second method follows a suggestion
of Bodine (private communication) and was used in this appli-
cation to Masonboro Inlet. The variable extrapolated is the
change in water level H. A simple linear extrapolation is
used ; i.e.,

L~H. 
= 2A H~_ 1 -

where the ~ indicates the change between time steps and i is
the cell index. The additional physical constraints are also
used (superscript indicates relative time step)

Ebb Tide Flood Tide

H~”~
1 � H~~ H~”~~ � HJ~

H “~~~ H’
~~~ H ~~ H~~~i ~ i-l i ~ i—l

When one reflects that the hydraulic behavior at these open
boundaries is in reality determined by the interaction between
the tidal hydraulics of the inlet area itself (which is within
the bounds of the computational model) and that of the adj.~cent
waterways and tidal inlets both upcoast and downcoast (which are

not within the boundaries of the model), then it becomes apparent
that this approach may not be adequate. However, these boundaries
can be handled with physical fealty only by either acquiring
empirical hydraulic data to be input as boundary conditions, or

by extending the model bounds to encompass the entirety of the
coastal hydraulic system. The former is impossible since the

10
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required data are not available , and the latter is manifestly
beyond the scope of the present project. Accordingly, the above
approximation was elected .

Boundary conditions for submerged barriers and reefs
closely follow those used by Reid and Bodine (1968) . The discharge
over a submerged barrier is taken as tha t for a submerged weir,
specifically

(or Q
y) 

= + C D b ‘JgjH~ - H2 , (6)

where C~ is the barrier discharge coefficient , Db is the water
depth over the barrier , and ~H1 - H2 1  is the d i f ference in water
level on eithe r side of the barrier. or Qy is c~~~pute d
depending upon the orientation of the barrier with respect to
the cell structure and the algebraic sign is assigned to correspond
to flow directed toward the low-head side of the barrier.

2.3 Mode l Implementation

Fina l implementation of the hydraulic model requires
that the differential equations (Equations (1), (2), and (3)) be
written in an exp licit finite-difference form using one-sided tem-
poral and centered spatiaL differences with the appropriate spatial
averaging. These finite-differen ce equations can then be advanced
through t ime to provide a time history of water surface behavior
and components of flow per unit width at all grid points described
in the mode l grid. These compose the principa l output of the
hydraulic model , because from these the tida l history at any point
in the bay and the spatial and temporal distribution of flow and
horizontal velocity can be determined.

In Figure 2.2 , the points within the cell struc ture
at which the primary variable is defined are depicted in general.

When imp lementing the f i n i t e—d i f fe rence  solution , a scheme for

ii 
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spatiall y indexing the variables and associating the indices

with the cell structure is required , as well as a determination
of the relationshi p of the variables with one another in time . The
spatial orientation is shown in Figure 2.3. (Note tha t within

each individua l cell , the scheme of Figure 2.2 ismaintained.) The
first index on each variable (i) increases in the positive x
direction , and the second (j) in the positive y direction .
The lower left cell in the structure is therefore cell (1 ,1).
(For simplicity , all variables are shown only on cell (i, j )  in
Fi gure 2.3 , but their location remains the same at any other cell.)
Wind stress , friction , and Coriolis force terms are computed
at locations consistent with the particular flow or Qy)
that is affected.

The temporal scheme for assigning the variables is
very important to accuracy and s imp licity of the model formulation .
When advancing the finite -difference equations through time , it
is important thai all the terms involved in the equation be
computed for the same instant in time . To accomplish this , the
variable H , and associa ted var iab les , D , Z , and R , and
the variables Q and Q , are assigned positions in time one-
half time increment (At) apart. That is to say 

~~ 
and

are computed at even half-time steps , t = nAt , and H is computed
at odd half-time steps , t = (n + ~)At , where n takes on increas-

ing integer values. By adopting this c~ iventlon , the time associ-

ated with the quantity (Qx~~~~~~
t 

- Q
nA t) is t he same as that

of H~~~~~~
t (the superscripts referring to the time) and like-

wise (H +3h/2
~~

t 
- ~ n-f~)At ) is at the same time as ~~~~~~~~~ Reference

to the finite -difference equations below will show that this

convention y ie lds equivalent t ime throughout each equation.

12
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Cell i, j+l

i,j+l xi j+l

Qy. .

__________________ __________________ ~
‘i+l ,j

Cell i-l,j Cell i,j Cell i+l,j

R. ~
H 

l~ J
•

D~~~J Q • Q
i—1 ,j x1~ 1,~ ~~~ ~~~ 

H
~+1,~ ~~~~~

Qy 
~ j -1 

___________________

Cell i,j — l

i,j—l X
j •J _ ]~

FIG . 2.3 CONVENTION EMPLOYED IN DESIGNATION
OF HYDRAULIC VARIABLES .
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The finite-difference forms of Equations (1) , (2) ,
and (3), which form the basic hydraulic model and are successively
advanced through time to obtain time histories of water elevation
and flow, are given by:

= Gi~~~ [Q~ 
- .~~~~~~~ [(~~ 

+ D
~ii~~) (H~I I~~J - H

~1)]

+ A tKW 2
cos + At  Q~

’ sin (7)
1 ,J J

Q~~1~ = _ _  - ~~~~ [(D~~~ + D~~ J÷~) (H~~~ ÷~ - H~~~)]

+ At KW 2sin B - ~ t ~~ 2w sin 6 and (8)
1,•J

rQn+l - Qfl+ l Qfl+l 
- Qn+l

= ~~~~ + A t J  ~ii  
X
i~~L~j~ + ~~~~~~ ~~~~~1 + ~~~~I.,] 1,]  Ax Ay 1,3

(9 )
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+Q
~ + Q

w here Qx
~~~

. = i—i ,1 
4 (10)

_ _ _  

Q + Q  + Q
and Q~. ~

‘i ,j- l Yi ,j 
(11)

1 ,3

Also , the effect of friction has been incorporated into the terms
C1 and G2 a f te r  Reid and Bodine (1968).

1 + f~~t [1 
D. : + D .  

~~~~~~~~~~~ (12)

and

(Q y. .) + x
G2 1 + fA t i.] 

. (13)
i,j D. + D .( 1 ,3

2

It is also preferable to incorporate the effect of submerged
barriers into an equivalent friction factor , specifically:

15
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• (D. . + D .  .) ~Q
= 1 + 

~~~~~~~~ 

[ D ) 2  
X
i .~~ ] ( 14)

and G2 
= I + 

~~~ 

~~~~~~~~~~~~~~~ ~~~~~~~~ (15)

depending upon the orientation of the barrier within the cell
structure .

The size of the time increment ( A t )  which can be

used to advance the finite difference equations ihrough time is
dicta ted by numerical stability . Platzman (1958) presents the
following stability requirement:

At � 
As (16)

‘12g Dmax

whe re As is the grid spacing in both directions , i.e., As = Ax =

Ay , and Dmax is the maximum water depth expected during the run .

After the grid structure has been determined , the

hydraulic model is operated as follows :

1) Initial value s for all variables are set. These
initial conditions may be from a previous model operation or some
set of unrealistic conditions which must be overcome by operating
the model through an initial transien t stage ;

2) Using the values of and Q~ 
at time 0 and H

at time At/2 , the values of and Q~ at \ t  and H at
3At/2 are computed using the finite-difference forms presented

16



above . Boundary conditions for submerged barriers , land boundaries ,
f reshwater  inflow , and tidal input are specified as required ;

~
) S te p  2 is repeated as t in e is advanced , comput ing

Q ai~d Q a t  (n+l)  ‘~ t and H at (n+3/ 2) \ t as 11 inc rease S

4) In the notation (i , j )  the i index corresponds
to the x axis or direction and the j index corresponds to the
y axis or direction. Normally the origin would be in the lower
lefthand corner and the i index would increase from left to
right and the j index from bottom to top. In this notation
the cells with the same i index would be a column and those
with the same j index would be a row . However , in a two-
dimensiona l computer array the subscript (1 ,1) is normally ta ken
to be in the upper lefthand corner , with the first subscript
indicating the row and the second subscript the column . Therefore ,
in transferring the grid indices from the actua l grid to the array
in the computer the grid is rotated 90° in a clockwise direction
and the rows of the grid become column in the computer array and
the column of grid become rows in the computer array. Therefore ,
for the purpose of clarity hereafter when a row or column is
referred to it is as defined in the actual grid system , not as
defined in the computer array. That is, a row is parallel to
the x axis and a column is para llel to the y axis.

The order in which the cells are processed is
as fo llows , assuming an n by m grid. The program s ta r ts
with the first cell in row one (cell [1,1], the bottom lefthand
cell) and works its way across the row to the last cell in row
one (cell [l ,m]). The program then moves up to the first cell
in the second row (cell [2,11) and works its way across the
second row to cell [2,m]. After the program has finished the
second row, it moves to the third . It continues this process

17



until it has reached the last cell in the last row , (cell [n ,m])
at which po int the computations are complete for tha t time Step .
In treating any given cell , the r i ght face is a lways treated
before the top face .

18
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3.0 MODEL DEVELOPMENT

Additional development of the existing computer program
was necessary to apply the two-dimensional hydrau lic model to
Masonboro Inlet. The areas that needed further development were
1) the procedure for handling unspecified boundary conditions ,
and 2) the revision for the flag field for tidal flats .

3.1 Unspecified Boundary Conditions

In the grid system adopted (Ax , Ay = 300 feet), the
three arms of the inlet intersect the grid boundaries (points A ,
B, and C in Fig. 3.1). At these intersections there are open
water boundaries where some form of boundary condition is required .
There are two kinds of boundary conditions that can be used in an
open water boundary: 1) the flow rate can be specified , or 2) the
water elevation can be specified . In the dynamic model thcse
boundary conditions will be time varying. However, in the data
available to this project there were no measurements that could
be used as a boundary condition at these points. Therefore, some
means had to be developed to handle these boundaries.

As noted in the preceding chapter there are basically
two approaches open to handle this problem in the present model.
These are 1) a set of water level records can be fabricated to
use as the boundary conditions, or 2) a means of extrapo lating
a variable to use as a boundary condition needs to be found.
The latter approach was chosen because the former could be
approached in two ways, neither of which are considered satis-
factory . One way is to prescribe a priori the tida l record,
however this introduces subjective error. The other is to imple-
ment a model encompassing a larger area and using the results
from that model to specify the tides at the boundaries of the
present model. It was felt, however, that this approach deviated
too much from the original project plan.

19 
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FIG . 3.1 GRID SYSTEM FOR SEPTEMBER 1969 CASE
(TOTAL FLOOD PLANE INCLUDED)
(Grid size = 300 feet)
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Once the second approach had been elected , there
remained the problem of determining which variable to extrapolate .
The variables that are available are the water level H , the

change in water level AM , and the flow rate Q . It was felt

that the flow rate was not a suitable variable for extrapo lation
because it is too dependent on the bottom topography and on other
flows into the cell. It was decided that AH would be the better
variable to extrapolate .

A linear extra~’~1ation procedure was used . The change

in H1~~ is found by the equation

E~
2
~+1~

j [ ~~~~~~~~~~~~~~~~~~~~~

Cells internal to grid

H”~~ ~ H” ‘

~ 
- - Hv ~A I,J ‘

~ 
‘~. I-l,J 

- H—l ,J} ‘~. I-2,J I-2 ,J

where superscript ‘~, indicates the time step . Similar equations

are used if one of the other cell walls has an unspecified boundary
condition . The new water level at cell (I,J) is found by adding

AH~~~ to the old water level, i.e.

ii H’~~~ -M
’
~ + HI ,J I ,J I ,J
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The newly found change in water level AH~
+

~ is then
used in equation (9),  page 13 , to find the flow asso~ iated with
the cell wall having the unspecified boundary condition . In the
example given above , the resulting equation would be

v+l - v+l v+l v+l AX 
~
‘ 

~~~~~~ ~x AT~~~
A I JI,J I-l ,J y

1,j _ 1  
~
‘
i,j

A requirement that is a result of this extrapolation
procedure is that the cells (I-l,J) and (I-2 ,J) must be flooded

while cell (I,J) is flooded, otherwise erroneous results would
occur . This requirement is important in tidal flats which have
unspecified boundary conditions as do the tidal flats to the
west of Banks Channel and north of Shinn Creek , see Fig. 3.1.

At first the program was operated using only the
extrapo lation procedure without any additiona l physical constraints .
However , it was discovered that to maintain computationa l stability
the following physical constraints on the water level in the cell
for which the extrapolation was performed had to be included . The
equations given correspond to the above example.

For ebb tide :

1. The extrapolated water level must
be less than the old water
level:

H”~~ < H”I , J I , J

2. The extrapo lated water level
• must be greater than the water level

in the cell from which the extrap-
olation was performed :

> H”~~I , J I-l ,J
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For f lood tide:
I . The ext rapo lated water level

must l)e re:i icr than the o Id
w d t er  l e v e l :

> 111 , J
2 .  ‘rhe extrapolated water level

must he tess than the waler
I eve 1 in the cel l  irom Wil ich
the ext rapo lat ion was per to rined

~+l v+l
< 11I—I. ,J

1 .2 F’Eag Fie ld  Re v i s ion

The I lag I Ic Id is the means by which the program knows

what ca Icu tat Ions to pe rfo rut . IL hid lea t es the nature of the
cell wa l l , 1.1’ . whether there is f low through i t  , i t  it Is a
land hounda rv , L’ t.c . The I. lag f ie ld  tha t was or igina liv emp toyed

In Traco r ‘s hyd i-au I Ic mode l was a fixed f lag I i e Ed; tha t is , once

spec [Lied ii did not. change as the program ran . There fore , the

program could not have cc l  Is In ii which we re drained or inundated .
Wlie re there were e~~tens lye tIda l ft at  s the program coti Id not

adequate ly represent the area . Sinc e there are severa I tida l
f la ts  In the Masonbo ro Inlet , the flag field had to he revised

to hand Ic the cc u s  In these areas . Fur the nub re • the f lag for
• the titispec I lied boundary a iso had to be imp lemen ted . The u hi

I lag Lie Ed sys tem did not lend I tse lf  to being ci f iciently
mod I Lied to become a dynamic flag field , thereto re • a comp Ic tel v
new f lag f ield system was deve loped

The f lag system deve loped in th is pro ket is based
upon set t ing hits in the computer word . Depending upon which

h i ts are set , various t)ranches in the program flow are selected .

The has t (1 e~i Si sign i tic ant ) 9 bits o I the computer wo rd are used
In the following discuss Ion bit posit  Ions are given from the right

23
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tha t is , the rightmost bit is bit number 1. Also , that a bit is
set means that it has the value one (1). If it is not set, it

• is zero (0) .

The significance of the bit positions Is given in
Table 3. 1. When bits 7 or 8 are set , a no-flow condition is
indicated for the corresponding walls .

TABLE 3.1

CORRESPONDENCE OF BITS IN COMPUTER WORD

AND WHAT THEY CORRESPOND TO

Bits Indicate

1 to 3 Condition of right wall

• 4 to 6 Condition of top wall

7 Flow or no-flow - left wall

8 Flow or no-flow - bottom wall

9 Cell permanently flooded

>9 Not used

Bit 9 is set when a cell is always flooded . The key to bits

1 to 3 and 4 to 6 is given in Table 3.2. A listing of all
possible flag combinations is given in Appendix A along with
their decimal equivalent. This information is necessary f~’
decoding a flag field print- out.

For further notes on how to specify the initial flags read

by tl~e program see Section 6.8on the flag cards.

24
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TABLE 3.2
KEY TO FLAG BITS 1 TO 6 FOR RIGHT

IND TOP WALLS OF CELL IN GRID SYSTEM

Top Right
Wall Wall Decimal Octa l 

*Bits 6 5 4 3 2 1 Equivalent Equivalent Wall Status

0 0 0 Free flow

1 1 1 Barrier

• 1 0 2 2 Tidal input

1 1 3 3 Special
boundary

1 0 0  4 4 External
tidal input

1 0 1  5 5 Variable
boundary

1 1 0 6 6 External+

1 1 1  7 7 Permanent
• boundary

0 0 0 Free flow

-
• 1 8 1 Barrier

1 0 16 2 Tidal input

1 1 24 3 Special
boundary

1 0 0 32 4 External
tidal input

1 0 1 40 5 Variable
boundary

1 1 0 48 6 Externa l~

1 1 1 56 7 Permanent
bounda ry

*Octal equivalent of three digits composing flag for that wall.
+All cell walls that are not involved in calculations, i.e., cell

• walls internal to a land mass.

— . - — -  ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



4.0 MODEL VERIFICATION, RESULTS AND CONCLUS IONS

4.1 Verification -

The model was verified using the September 1969 da ta
supplied . Verification was to consist of adjusting the model to
reproduce as closely as possible the measured tides and velocities
provided in the data . The locations of the sampling stations are
shown in Fig. 4 . 1.. The actual process of verification consists
of operating the model with one set of friction factors , checking
the results, and then rerunning using a different set of friction
factors. This process is repeated until the best reproduction
of tides and velocities is obtained .

It was originally planned to include the flood plain north

of Shinn Creek and to the west of Banks Channel as shown in Fig. 3.1.

However, numerical problems were encountered while the flood plain

was draining. Oscillations were set up whenever a cell emptied,

which caused the cells to alternately flood and drain. Another

problem encountered on the flood plains was the occasional drain-
ing of a cell while a shallower cell adjacent to it was still
flooded . This would cause the cell to dry up then flood again .
This may have been associated with the aforementioned oscillations
or may have been a separate numerical problem arising from the
flow from the shallower cell to the deeper cell not being large

• enough . An attemp t was made to rectify these problems by adjust-
ing the friction coefficients in the flood plain. However , this
did not correct the difficulty , and it was j udged tha t the problem

• did not merit the time which would be required to pursue other
approaches. Therefore , because it was not the flood plain itself

• but its boundaries with Shinn Creek and Banks Channel tha t were
important in the computations , this flood plain was eliminated
from the model and only its boundaries with the two creeks modeled .
The tidal flats at the intersection of Masonboro Channel and Shinn
Creek are left in the computat ions .

-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • — - •~~~~~~~~ ~~~• .  -- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• • ~~~-~~~~~~~~~~
• - - - •

~~ -~~~~~~-~~~~~--~~~~~~~~~~~~~~~~~~ .- • - - - • • • - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

:s

‘2i. ~~‘ V/At - :  . - • ..
,,~ ~~~~~~~~~ 

- -
~ 

- -~~~~~: •. • - . -- • z
‘/1 •~ 

- • • - - • •
. 0

• • C,,• j  : : • 

~~~~~~~~~~~~~~~~~~~~~
• • • •  

- 

0

27



The grid struc ture tha t was used for verification is
shown in Fig. 4.2.  The corresponding depths used are shown in
Fig. 4 .3 .  The depths were found by plotting cross sections of
the channel passing through the grid cell centers . Average depths
were found by planimetering the cross sectiona l areas which were

• then divided by the cell width (300 feet) . In Fig. 4.3 a depth
of 99.9 is inserted to signal a cell for which direct computations
are not made , viz , dry land and unused cells . The sta tus of a
particular cell marked 99.9 should be determined from Fig. 4.2
or from the flag field proper .

The stability criteria given in Section 2 (equation (16),
page 16) puts an upper limit of 6 seconds on the time step. There-

• fore, a 6 second time step was tried initially ; however , the
computations proved to be numerically unstable . In order to

maintain stability, the time step had to be reduced to 5 seconds .

The results of the verification are presented in

Figs. 4.4 to 4.24. In the verification runs the model was
started at 0400 hours with an initia l tida l level of .951 feet

• throughout. The tidal stage verification is considered adequate
both in amplitude and phasing . The current velocity time histories

calcula ted by the model appear satisfactory in zero-crossing and

in phasing in general. Their amplitudes are low, however , in

comparison with the measured currents , and sensitivity tests

indicated that no realistic variation of the friction coefficients

could yield amplitudes as high as those measured .

There can be severa l contributing factors to the amplitude

difference . The most obvious seems to lie in the fact that the

system modeled is effectively an “open” system, thus the distri-

bution of water level through the system may not uniquely
determine the velocity pattern . Insotar as cci~tinuity is
concerned, any divergence-free (two-dimensionally) velocity

field may be added to the model solution without violating (3)

28
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(for R = 0) if the boundary conditions
are given in terms of H alone. In
contrast , for a “closed” system Q is
specified somewhere (Q = 0 for a head
of tide or Q discharge for an inflowing

somewhere (Q = 0 for a head of tide

or Q = discharge for an inflowing
river) so the velocity is uniquely Q1 + Q ’
determined . A simple-minded analogy 4 .4—
is a two-port system with a variable
H which is specified at each Q2 + Q ’
opening . The value of Q ’ in the

figure obviously has no effect upon
the distribution or time variation

of H . Conversely , knowledge of H alone (viz, boundary conditions
or continuity) cannot permit complete inference of the flow, since

Q ’ cannot be determined . If one boundary condition is reformulated
in terms of discharge rather than H , then this problem disappears .
The analogy to Masonboro Inlet is apparen t (although the dynamic
equations (1) and (2) will delimit considerably the form the
indeterminate divergence-free velocity component can assume). It
would appear that either the model must be extended to encompass
the entirety of the inlet system, or the boundary condition at
the ocean must be in terms of discharge rather than H . It must
be emphasized that this is conjectural, and deserves a thorough
theoretical treatment. It does however suggest why the same
model app lied to other shallow embayments gives much more satis-
factory current magnitudes, in that all of the other applications
did not involve an “open” boundary (other than that at the ocean).

An additiona l possible explanation for this discrepancy
in velocities lies in the measured data themselves. In studying
the empirical data of Figs. 4.6 et 

~~ 
one notices that in general

there is a net discharge over the tidal cycle ; this is particularly
prominent at Stations 1 and 2. Approximate tidal-mean currents
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TABLE 4.1

APPROXIMATE TIDAL-MEAN CURRENTS,
FROM MEASUREMENTS OF 12 SEPTEMBER 1969
(Positive denotes flood, negative ebb)

Station Net Velocity (fps)

1 (north) -1.0
1 (center) —1.1
1 (south) -0.8

1 (mean) -1.0
2 (north) +0.8
2 (center)
2 (south) -1.0

2 (mean) -0.3
3 (north) -0.2

3 (center) -0.2
3 (south) +0.5 (?)

3 (mean) 0.0
4 (west) +0.1
4 (center) -0.1
4 (east) —0.3

4 (mean) -0.1
5 (west) 0.0
5 (center) -0.3
S (east) —0.1

5 (mean) -0.1
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from the time histories of Figs. 4.6 et ~~~~~~~ , are tabulated in

Table 4.1. The station “means” in this table are simp le arithmetic

means of the three lines to give an indication of the tida l net

flow ; no effort has been made to weight the lines by their tidal

depth. It can be seen from this table that the net discharge
into the inlet region is practically nil, as indicated by the
mean currents at Stations 3, 4 and 5 (see Fig. 4.1). Nevertheless
there is a dramatic tidal-mean discharge at each line of both
Stations 1 and 2. At Station 1, in the main channel, the net
flow is unidirectiona l and amounts to nearly 10,000 cfs net.
At Station 2, the tidal-mean circulation appears to describe a
gyre with inward flow on the north side and outward flow on the
south, with an intensity on the order of 3. x l0~ cfs and a net
discharge across the section on the order of 2. x l0~ cfs.

It is clear that the processes incorporated in the model
computations (viz., head gradient driven by tidal variation at
mouth, frictiona l resistance , con ch s acceleration) are incapable
of yielding circulations such as these. A precise agreement
between model results and data can be expected only if all of
the processes operating in the real world are represented in the
model, which does not seem to be the case here . As there are no

supporting observations available , we can only speculate as to
the cause of the departure between the observed situation and
the idealized model calculations . The most probable causes are
thought to be one or a combination of the following :

(1) The inlet system for the September 1969 data was
in a transient state , i.e. not in the tidal-mean
equilibrium assumed in the model computations .
In particu lar, at the start of the data run

(0700 EST 12 September), there was a surfeit of

water within the system , thus driving a net
discharge over the succeeding period . Although
such a situation is not theoretically prec luded
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by the model formulation , its simu lation requires

much more complete initial conditions, viz , point-

by-point specification of water level throughout

the system at the preceding slack current.

(2) The system was responding throughout the test
period to systematic accelerations not included
in the model computations . Two prime candidates
are :

(i) wind stress , produc ing wind-driven gyres in
semi-enc losed areas. In order to inc lude
this effect in the model calculations , repre-
sentative observations of wind speed and
direction within the Inlet and coastal area
are required . These were not available,
however , so the wind speed was arbitrarily
set to zero .

(ii) longshore currents , whose interaction with
the je t ty  produces a tida l-mean eddy. To
inc lude this effect , at the very minimum
tidal stage variations are required both
upcoast and downcoast from the Inlet entrance.

Factors such as these will not only influence the tidal-
mean velocities but the intratida l velocities as well . The
importance of such factors in the September 1969 data is strongly
suggested by the tidal-mean currents of Table 4.1. We infer
therefore that it is likely that the intratida l time histories
of Figs. 4.6 et ~~~~~~~~~ are similarly influenced , and for this
reason are not particularly alarmed at the discrepancy between
the measured tidal current amplitudes and the model calculations.
More precise comparison of model results and measurements requires
a more complete data set.
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4 .2  Model Runs

The November 1964 and June 1967 cases were each run
twice using two driving tides , 1) a mean tide and 2) a spring

tide . These tides are presented in Fig. 4. 25.

The hydrographic survey for the November 1964 case
is shown in Fig . 4 .26 and the corresponding grid and depths used
are given in Fi gs . 4. 27 and 4 .28. The predicted tides and
velocities are shown in Figs . 4.29 to 4.33 for the mean tide , and
Figs . 4.34 to 4.38 for the spring tide .

The hydrographic survey for the June 1967 case is shown
in Fig. 4.39 and the corresponding grid and depths in Figs . 4.40
and 4.41. The predicted tides and ve locities are shown in
Figs . 4.42 to 4.46 for the mean tide , and Figs. 4.47 to 4.51 for
the spring tide .

The predicted tidal prisms are given in Table 4 .2  for
all the runs including the verification run .
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FIG. 4 .36 RESULTS OF RUN FOR NOVEMBER, 1964, SPRING TIDE FOR STATION 3 ,
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FIG. 4.37 RESULTS OF RUN FOR NOVEMBER , 1964 , SPRING T i E FOR STATION 4 ,
a) TIDE , b) VELOCITY WEST , c) VELOCITY CENTER , d) VELOCITY
EAST
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FIG . 4,42 RESULTS OF RUN FOR JUNE 1967, ~~AN TIDE FOR STATION 1 .
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TABLE 4 . 2

TIDA L PRISMS

Case 

- 

Tida l Pr ism ( f t 3)

Ver i f ica tion  2.81 x 1O 7

November 1964
Mean 1.94 x 10~Spring 3.24 x

June 1967
Mean 2 .82 x l0~
Spring 3.89 x 1O 7
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be overlooked in this regard : events of the preceding
several days can continue to cause transient responses ,
even if the causal agent is no longer active .

2. A more detailed investigation of the influence of
the “unspecified” boundary conditions should be
conducted. There is a strong possibility that this
could be a source of error in the present compu tations,
and this possibility should be explored . The con-

jecture that the boundary conditions are under-
determined when applied to an open system needs a
thorough investigation. Alternative boundary
conditions should be given some study . The present
approach may prove to be entirely adequate if app lied

in the vicinity of a kinematical nodal point.
Physical model studies may be useful in investi-
gations of this and other related questions.

3. More study of numerical behavior of tida l flats
hydraulics would be welcome . There are evidently
some serious problems in large inundated areas, A
better formulation of bottom friction may be required .

4.5 Suggestions for Application to Other Systems

1. Best application can be made to systems which can
be completely encompassed by model calculation and
whose physiography is sufficiently uncomp licated to
permit large space steps (on the order of lO~ feet

or larger).

2. Tidal f la t s  appear to be very sensitive numerically ,
in that waves can be excited by draining and inundating
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4 cells which can corrup t the solution. If in doubt,
a smaller time step or perhaps larger friction
coefficients should be used in such areas. (See
also 5, below.)

3. Initial calculations should be made using short

duration runs only so as to catch bugs in input
data without waste of computer time.

4. Validity of approach is dependent upon relative
shallowu iess of system. Application to deeper
waterbodies or to systems with deep reaches should
be approached cautiously .

5. If a tidal-flat includes a special (open) boundary,
the adjacent cells should flood before the boundary
cell, or numerical instability can result. This
can be handled by making the water depths successively
shallower (by a small amount) as the boundary is
approached.

6. The magnitude and distribution of friction coefficients
can be roughly established very economically by oper-
ating first a “coarse-grid” model of the embayment,
with space steps three to five times that of the final
model.
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5,0 PROG RAMS

5.1 Genera l

The various programs comprising the Masonboro Inlet
model are presented and discussed in this section . Program
MASON is the main program and uses the subroutines FLAGS, MOD,
TRACE, WIN D, TIDAL2, PRINT1, SEARCH , and WFILE. The programs

require approximately 2500 decima l words (60000 octal) on the
UNIVAC 1108 with 36-bit words .

All of the programs are written in FORTRAN V and are
system independent with the exception of subroutines SEARCH

and WFILE . This subroutine is a tape positioning routine and
should be checked for system compatibility .

The parameters listed in the flow charts are defined

in Section 5.10.

The basic grid system used in this model, disp layed

in Fig. 4,2, is a 300 foot lattice. A driving tide is input for

the open sea boundary . The boundary conditions at the open water

boundaries in the three branches of the inlet are extrapolated

as explained in Sections 2.2 and 3.1.

Input and output to the program are accomplished by
both punched cards and tape . All tape input/output is by standrad
FORTRAN binary reads and writes. That is, by “READ(N) List” and
“WRITE(N) List” where N is the logical unit number and “List”
is a variable list. Flow charts and listings of the programs
are given in this section . There is a restart capability present

in the program.

All parameters in subroutine calls must be specified .
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5 . 2  Program MASON

Program MASON is the main program . It controls the
overall flow of the Masonboro model . The input of data , initializa-
tion of parameters , the actual i low computations , and output of
results are controlled by this routine. Intermediate results can
be printed at any specified time interval. A flow chart of the
program is given in Fig. 5,1 and a listing is given in Table 5.1

5,3 Subroutine FLAGS

This subroutine reads in the basic flag information and
defines a flag code for use by program MASON . The flag field code
describes the flow conditions (free flow, barrier , etc.) at the
cell walls so tha t the correct computations can be performed .
The flag field is dynamic ; that is, the flag field changes as
the water level changes to allow flooding and draining of cells .
Details of the flag system are given in Section 3.2. The initial
flag field is set up for a wa ter level of 0.0 feet. It is later
modified to the initial water level by subroutine MOD .

Subroutine FLAGS is called by the statement

CALL FLAGS (LHI, LHJ, LHK)

where LHI — a two-dimensional array of the I subscripts of the
special tida l input cells ,

LHJ a two—dimensional array of the J subscripts of the
special tidal input cells , and

LHK = a one-dimensiona l array containing the number of
special tida l input cells of each type .

A flow chart of the program is given in Fig. 5.2 and a program
listing is given in Tab le 5.2.
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5.4 Subroutine MOD

This subroutine modifies the flag field when called
according to newly computed water levels . That is, it checks

if any given cell should be flooded or dry and changes the
corresponding flag accordingly. To tell whether or not a cell

should be flooded , the program checks the elevation of water

level in the adjacent cells to see if it is greater than the eleva-

tion of the cell by some tolerance specified by the user in the data

cards . If a cell is already flooded and the water level in an

adjacent cell drops to within the specified amount of the bottom

elevation then the cell is taken out of the computations and
treated as dry land. In checking the cells the program scans
from cell (I = 1, J 1) to cell (I = IMAX , J = 1), increments

J and repeats , i.e ., it scans the grid by rows .

During flood tide subroutine MOD is called at a regular

interval specified by the user (variable NSTEP). During ebb tide

it is called whenever a negative depth is calculated . The calling

statement is

CALL MOD ( TIME , IPRNOD , 10FF)

where TIME = the time of day in minutes ,

IPRMO D number of calls to MOD between calls to subroutine

MODPRI by MOD, and

IOPP = the print contro l parameter for the call to

MODPRI (see subroutine MODPRI, Section 5.8).

A flow chart for the program is given in Fig. 5.3 and a listing

in Table 5.3.
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5~5 
Subroutine TRACE

This subroutine traces flooding backward through the
grid . That is, if a cell is initially flooded through the left ,
top, or right wall , then it is possible that the cells to its
left and bottom will be flooded by it. However , subroutine MOD
has already scanned these cells and would not detect this .
Therefore , whenever a cell is flooded through the left, top, or
right wall , subroutine TRACE is called to trace back through
the grid and flood any cells , if necessary.

The call to subroutine TRACE is

CALL TRACE (I, J, Z)

where I = the I subscript of the cell just flooded ,

J = the J subscript of the cell just flooded , and

Z = the bottom elevation array.

A flow chart of the program is given in Fig . 5.4 and a listing
in Table 5,4,

5. 6 Subroutine WIND

This subroutine calculates the wind effect (wind stresses)
as a function of time . The wind data is input via data cards . The
data consists of the wind speed , wind direction , and the time ,
in minutes , at which the wind changes either speed , direction, or
both . Also required is the heading of the positive x axis with

respect to north. There is currently a capacity for ten (10)
changes in the wind . In order to increase the number of changes ,
the dimension card must be modified . The wind changes are
currently trea ted as step functions with no interpo lation between
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wind changes . That is, a given wind change applies until the
next wind change occurs .

The calling sequence is

CALL WIND (TIME, XW, YW)

where TIME = the time,

XW = x component of the wind stress per unit mass in
2 .2

units of ft 1mm , and

YW = y component of the wind stress per unit mass in
units of ft2/min 2.

The values of XW and YW are returned from the subroutine .
The first call to WIND inputs the wind data and the variables
XW and XY are dummies.

Whenever the wind conditions change this subroutine

prints out a message indicating this along with the new values
of the components of wind stress.

A flow chart is given in Fig . 5.5 and a program listing
is given in Table 5.5.

5.7 Subroutine TIDAL2

This subroutine inputs the tide data and computes the
driving tide as a function of time . Input is via data cards,
The calling sequence is

CALL TIDAL ( TIME + DT2 , TIDE)

where DT2 = one-half the time step , and

TIDE = the returned value of the tide height .
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The first call to TIDAL inputs the tide data for half-hour intervals
and no computations are performed . Each succeeding call calculates
the present tide height using linear interpo lation between the
half-hour values. No additional data is required .

A flow chart is given in Fig . 5.6 and a program listing
is given in Table 5.b .

5.8 Subroutine PRINT 1

This subroutine handles the printing of outpu t from the
program. There are three forms that the printed output may take ;
1) the water elevation , and the magnitude and direction of the
cell-centered velocity at selected cells , 2) water level and
velocity at the five sta tions , or 3) complete arrays of specified
variables. This subroutine has three entry points: P1PREP, PRINT 1,
and MODPRI. The entry point MODPRI is independent of the other
two. Also the water leve l and velocities at the five stations
can be saved to be punched latter .

The entry points P1PREP and PRINT1 are interconnected .
These two entry points contro l the print-out of the first form
of output. The entry point PIPREP must be called first. The
calling statement is “CALL PRINT1 .” This entry poin t is used
only once and it directs the subroutine to read in the necessary
contro l information .

Entry point PRINTI has three func tions: 1) printing of
tidal elevaCions and magnitudes at selected cells whose indices
are read from cards via entry po int PIPREP , 2) printing a table
of tidal elevations and ve locities for the tivi ’ stations at

Masonboro In let , and 3 )  storing of t ida 1 el - a t  ion s  and ye b c  ities
at the five stations printed unde r 2 for punching when TLIM is
reached . Which of the three done is controlled by the parameter
IPCH read from data card . i’horv .~ re fc _c ur poss ibi lit ii’ s
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IPCH — 0 - information for specified cells and stations
printed but nothing stored , e.g. 1 and 2 above
done

— 1 - all of the above done

2 - specified cells not printed but station
information is printed and stored , i.e. 2
and 3 above done

= 3 - specified cells printed and station information
stored for punching , i.e. 1 and 3 above done .

The calling statement is

CALL PRINT1 (TIME, TIDE)

where TIME = the present time, and

TIDE = the present tide level.

The form of the output is

(TI1’IE)(TIDE)(E—water level with respect to datum level-~’)
(.~____magnitude of velocity vector (cfs) >)
j direction of velocity vector with

to positive x axis

The cells used to determine the information corresponding to the
five stations for which data were provided are shown in Tab le 5.7.
The velocities indicated are cell-centered velocities.

The entry point MODPRI is used for the second form of

output. Arrays of any one or more of the following variables
may be printed: 1) flag field , 2) water level, 3) water depth ,
4) flow in x-direction , 5) flow in y-direction , 6) velocity in

x-direction , and the velocity in the y-direction . The calling

statemen t is
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CALL MODPRI (10FF, TIME)

where IOPP = parame ter specif ying variables to be printed , add
up the numbers corresponding to the pa rameters

to be printed listed in Table 5.8,

TIME = time of day in hours.

A flow chart is given in Fig. 5.7 and a program listing in
Table 5.9.

5.9 Subroutine SEARCH

This is a tape positioning program using specially

formatted tapes. It is used in conjunc tion with subroutine
WFILE .

When called , SEARCH wi l l  position a tape immediately
following the file number requested ; tha t is , at the beginning
of the first data block following the requested file number.

When writing tapes , the usual will be one of two
possibi l i t ies : beg in a new tape , or add on data to a tape with

other files on it .

A. SEARCH will initialize a new tape if the file number
is 1; and the tape will be read y ,  when con trol is
returned , for writing of a data block.

B. When adding new data to a tape with files alread y
on it , all files after the requested file are no
longer accessible . Therefore , if one does not
wish to destroy any of the files on the tape the

116

— -— - -- - -•• - - .. “.- —. _—.
~~- ---— .-~-—_ - -— —_ ~~~~~~~~~~~~~~~~~ •— —-•~~~~~~ 

. .~~~~-.---
--——- .------ ‘-



file tha t should be the last file with da ta in it

plus one .

There are two entry points: SRCHOF and SRCHIF . SRCHOF

is cal led prior to wri ting on tape , and SRCHIF is called prior
to reading tape . The calling sequences are

CALL SRCHOF (FN , LUN)

and CALL SRCHIF (FN, LUN)

where FN is the file number and LUN is the FORTRAN logical unit
number. File number zero cannot be requested .

The following erro r stops and diagnostics are presen t :

A. “CANNOT LOCATE REQUESTED FILE NUMBER . REQUESTED
FILE NUMBER = X . LAST FILE NU MBER ON TAPE = Y OCTAL.”

ERROR Ol’~ LOGiCAL UNiT Z,”

This message will probably mean tha t the f i le  number
reques ted was larger than the null f i le  number . The
last file number printed is not the null file , but
the last file on tape with data ; that is, the number
of the null file minus 1. All numbers are in octal.
Job is aborted .

B. “FILE MARK NOT FOLLOWED BY FILE NUMBER . FILE TO BE
LOCATED WAS X OCTAL. ERROR ON LOGICAL UNIT Z.”

Job is aborted .

Two decks are provided : 1) UNIVAC exec 2 assembly
language deck , and 2) the equivalent binary deck. A listing of

the assembly language deck is given in Table 5.9.
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5 .10 Subroutine WFILE

WFILE is a program that writes file numbers and end-of-

tape sentinals on magnetic tape . Specifically , it writes a file
mark , a file number , another file mark, a 7777 77770000, and then
backspaces the tape two blocks to just before the second file
mark . This routine does no other tape positioning, and the tape
mus t be properl y posi t ioned prior to the WFILE call.

This routine has two entry points: WFILE and WFILEF.

The first -- without the “F” suffix -- is to be used for calls

using alphabetic (field data) tape unit designations . The
second is for calls using FORTRAN logical unit number designations .
For FORTRAN calls the calling sequence is

CALL WFILEF (FN, LUN )

where FN = a constant or variable containing file number , and

LUN = a constant or variable containing logical unit

number.

Two decks are provided , 1) the UNIVAC 1108 Exec 2
assemb ly language deck, and 2) the equivalent binary deck . A -

listing of the assembly language deck is given in Table 5.10.
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C STAR7D

SET CONSTAN
1 

- STAGE 1.0

1
~~~~

AD cONTROL 
1 

STAGE 2.0

IQYQXH:O 
NO

J
SET TMAX

J

____________ STAGE 3.0

BARRIER
• PARAMETERS I

rPARA~
TERS

~ 
STAGE 4.0

ELEVATIONS STAGE b.0

FIG. 5,1 FLOW CHART FOR PROGRAM MASON
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I SET FRICTION FACTORS STAGE 7.0

_______________  I

/~~ INT CONTROL /
/ 

PARAMETERS

rPRINT SEABED /• 
/  

ELEVATIONS 
/

YES 

‘~~~

--

~~ 

STAGE 8,0

/ PRINT FRICTION /
FACTORS 

/

SET CONSTANTS AND
INITIALIZE ARRAYS STAGE 9.0
AND VARIABLES AND 10.0

FIG . 5.1 (Continued) FLOW CHART FOR PROGRAM MASON
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B

- > 0IQY QXH STAGE 11.0

CALL
FLAGS

READ
PARAMETERS S TAGE 11 1AND VARIABLE

- 
ARRAY FROM

STAGE 11 .5 IQY QXH - TAPE

< 0

STACE 11 6 READ INITIAL SET INITIAL
= ‘ VALUES FROM WATER LEVELS

CARDS AND DEPTHS

STAGE 12,0

FIND DEPTHS YES ST < 0 NO

STAGE
11.2

TIME~~ ST
STAGE 14.0 CALL

SET TMAX

___ ____  
— — - I

[[ CALL I f
jj a

STAGE 15.0

[j CALL
ft~~DAL2

FIG . 5. 1 (Continued) FLOW CHART FOR PROGRAM MASON
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0
CALL

P 1PREP

CALL
PRINT1

STAGE 19. 0 
BEGIN COMPUTATIONS

CALL
WIND

LOOP O , TIME=TIME+DT
INCREMENT COUNTERS

CALL
TIDAL2

E

DO TO G 

BEGIN LOOP A

SET INDICES

F

FIG. 5.1 (Continued) FLOW CHART FOR PROG RAM MASON
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I MASK OUT K
LAND Y FLAGS

I PERFORM X-COMPONENT

L COMPUTATIONS STAGE 19.3

L PERFORM Y-CO~~ ONEN1 - STAGE 19.4

~~ END LOOP G

PERFORM COMPUTATIONS 1
FOR SPECIAL BOUNDARY —- -  -- STAGE 20 .0
CONDITION ON LEFT W~~~J

PERFORM COMPUTATIO~~1FOR SPECIAL BOUNDARY STAGE 21.0
CONDITION ON RIGHT WA9

PERFORM COMPUTATIONS
FOR SPECIAL BOUNDARY S TAGE 22 0

ON TOP WALL ‘

END FLOW
COMPUTATIONS

H

FIG. 5,1 (Continued) FLOW CHART FOR PROGRAM MASON
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H

TIME<TPRME YES
OR

IME>TPRME

NO

WATER STAGE 23.0
LEVEL GOING NO

UP

YES

FIND RUNNING
SUM FOR TIDAL

PRISM

FIG. 5.1 (Continued) FLOW CHART FOR PROGRAM MASON
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0
- STAGE 24,0

HN(1i,12) YES
H(11, 12)

STAGE 25.0 
NO 

OLD VALUES STAGE 26.0
WITh NEW

1

ANY NO KF~ 1 
YES

DEPTHS < 0 -

NO
STAGE 25.1 ‘~ES

LOOP i YES ICO NSTEP NO STAGE

NO YES
PRINT ERROR

LOOP 1 MESSAGE CALL• MOD

CALL
MOD 

STOP ICO= 0

E

NO TPRINT STAGE 28.0
TIME

• TPRINT=O YES

K
J

FIG . 5,1 (Continued) FLOW CHART FOR PROGRAM MASON
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- PRINTED

IPR 1 NO CALLT -  PRINT1

YES

ITAPE = o YES

STAGE 29.0
NO

TTEST YES
M

TIME

NO 
- - —  DUMP TO TAPE

IDUMP TO TAPE

[
FILE

-

• 

ITAPE = ITAPE+1
TTEST = TTEST+ITAPE

FIG. 5.1 (Continued) FLOW CHART FOR PROGRAM MASON
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YES
STAGE 33.0

I PUNCH
/ TIDE LEVEL
/ AND VELOCITIES

AT STATIONS

41

/ PRINT TIDAL PRIS~7

L~~
TOP D

FIG . 5.1 (Continued) FLOW CHART FOR PROGRAM MASON
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41 f t f t  (/ 5 4  ft 41 * 4 1  (1) 41
ft * 4 1  ~~~5- 41 ft 4 1 4 1  ~~ 44 41

0 41 41* 010 ft IS) U) 41 *41 0 1-  41 0’
O 41 4 1 4 1  1.0. ft 05 05 41 * 4 1  142 -4 41 0’ 0’

41 *4 1  50 41 15) 5(5 ft 0 *4 1  5 5-  ft 00 ’ U)
a. 41 (2 4 1 4 1  010 41 In ft * f t  010 ft U’0’

41 4 1 4 1  0. 41 00’ 0 41 0 4 1*  0. 41 IS) 0
41 0 4 1 *  . 0  41 1- lI) 1- ft z ** - o  * 0 1-

‘s-I l--S ft 2 4 1 *  04  41 It) 41 44 4 1 *  5*210 41 1-0 0’
1_i l-I 41 I.) *4 1  41 00 (00 ft ft - ft 0. 41 1- (00

41 41* ZI/) 41 101-  15) 10 41 4 1 *  00. 41 0 45) 0
0 0  41 4141 0 1.1 ft N ft 5 * 4 1  Z4 ft 40055’)
U D~ 41 I 4 1 f t  (*4 40 ft — 0-4- 0— 41 I *4 1  Iii 41 1010 0-’

ft I *4 1  -7 41 404 1- 41 5 4 1 *  .4.5 41 — 55) 1-
* ~~ ft I 4 1 4 1  4 ft .0 5- 41 4 1 *  0 41 — P’.

4/) 41 4 1 4 1  05 41 — .0 0 41 4 1 *  O Z  41 .0 .0’ C
C’) 41 4- 4 1 4 1  1-ti ft • 0 ) 4  0 .  ft U) *4 1  1-4  ft 4 1 0 0’
• r-. 41 • 4 1 4 1  41 5 *J 4 Z C . 5  0 ft • *4 1  5 41 • 1-Z 4 0

u~5 O  ft 4- f t f t  (140 ft 01-4 — 4*4 ft 4- 4 1 4 1  5.4 0 41 4 4- 2 4  — I.)
41 • 4 1 4 1  0.2 41 •.P ~~~~~• • 41 • 4 1 4 1  10 41 40 4 . 5 ’ ’  •
41 —4 4 1 4 1  5~54 ft 145 Cs (51 41 —4 * 4 1  5*5 0 ft .0 0 CS)
41 4 1 *  1 ft — C — 2  C -  ft *4 1  52  41 — 7  C
ft (8) 4 1 4 1  5’- ft — .541 U ’ ) —  ft 5.4 f t f t  41 ft .. •.-4 4 4fl~~~“C E-I 41 0 41 4 1  55 ft . 5 . - .  .5 41 10 *4 1  5 41 1- 0. ’ .5

E-I c/) 55) ft 41 4 1 4 1  010 41 • 1- -4  • 54’) 41 4 4 1 4 1  00. ft . 5_ I . 5  “55’)
H II 41 I— * 0  1 0 5 -  44 5 -_ I Q . . 51) 1.4 5 5 41 4- 4 1 *  0 .0  ft • • ‘  4 4 5 - I l
#4 — ft 4/) 4 1 4 1  14.10 ft — . 5 - ’) 2”— —  41 LI) 4 1 *  441- ~ 5- 5- . 5  Z~~~~~’— 41 4 1 *  41 (0 ~~~~• •W -”  ft *f t  5*

.5 41 1. 4 1 4 1  I~J I  41 4 1 4 05 -  41.5 41 54. * 4 1  1.5 ft I DN W 5 -  4~~)
- 41 C *41 00 ft _J F . J 4 1 —  “ _ I  ft C- * 4 1  00 41 4 1 N 4 1—  — _ I
5- 41 4 1*  010 41 1.N._J40 ~ 4 I~ 41 ft ft 0 1 0  41 _ I I _ I W  .51.’-~— 41 0) 4 *  O Il. ft 5 - 1 5 4 .4 + 1 - s— 41 0) * 4 1  0 1.. 41 4 4 ’ 4 4 4 1  . 5- —
40 41 2 4 1 4 1  41 — — P 4._I . 5— 4 0  41 2 *4 1  41 5 - -s ’- 5_I .-s (0
4 41 5.4 4 1 4 1  5 41 5 5 ) . 5 I I 1. - l”) 4 41 Ii) 4 1 4 1  I ft - 0 . 1 144 + I ~~~41
-2 ft 4 1 4 1  ft - - — 5 -  5- - _ I  41 4 1 4 1  ft 55) _ ) — 5-  5- - -2
1. ft 4 1 4 1  Il) ft l”) . - s. 5 l I  01. 41 4 1 4 1  sO ft • 1 I  ‘ 5 5 ) 1.
— 41 I * 4 1  • ft 55) 0- -”-  (0 55) 5- ft I * 4 1  • 41 0 5 - 0 . —  1 0 5 5) 5-
• ft I 4 1 4 1  4- ft P 4 . 4 . 5 . 44 ’- .  • ft I *4 1  .4- ft ff)”.5.5 4 -

55) ft I 41 *  • ft C — 0 .- + _ I 0 5 5)  ft I 4 1 4 1  • ft — I . - + J 0 5 5 )
- ft *4 1  ‘-4 41 _I I ’-4 1-451._I  - 41 * 4 1  — 41 C 5 -5 - 1 4 4 _ I  -

55) 41 4 1 4 1  ft 1. .55-1.0 ft 41 41 ft _j — ’ — ” ) 5- 4 455)
55) ft 0 4 1 4 1  (*5 41 4010 5- 55) ft 0 * 4 1  (45 41 U. 1010 5- I’)
— ft 4 1 4 1  ID 41 — — 4 4 1 1 — — —  41 * 4 1  5,0 41 — 44Il~~~~~~~~0 ft 0 4 1 *  4 41 - 2 _ I l  0 ft 0 * 4 1  4 ft - . 2_ i l C
_i ft 2 4 1 4 1  1- 41 1 . 1 . 1 . 4 4 . 5 1 . 4 4 . _ I  41 Z 4 1 4 1  1- 41 4 4 1 .*L 1 . . 5 1 . t* ._I
1. 41 (81 41 41 U) ft 5 - 5 -5 - 5 -5 - 5 - 5- 1 .  ft (85 ft ft U) 41 s-s 5 - P - 4  ‘-5 5- 5- 1.

C U)
0’ 0’
It) (1’

0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 00 0 0 0 0 0 0 0
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ft *4 1  ft 41 ft 41
ft f t f t  41 41 41 41
41 *4 1  41 41 41 41
41 4 1 4 1  41 41 ft ft
41 4 1 4 1  41 ft 41 ft
41 4 1 4 1  ft ft 41 ft
41 4 1 4 1  Z 41 41 ft 41
ft 4 1 4 1  ‘.4 ft ft 41 ft
41 4 1 4 1  ft 41 ft 41
41 4 1 4 1  -2 ft 41 ft U) 41
41 4 1 4 1  Ii) 41 41 4 1 1 5 )0 41
41 4 1*  > 41 ft *04- ft
ft *4 1  444*) ft 41 4 1 4 -  ft
ft *4 1  . 2 4 0  41 ft ft 0 41
41 4 1 4 1  4 41 41 *0 1-  ft
ft 4 1 *  1 0 1 0  41 41 411-  ft
41 41 41 (*1 5.4 * 41 41 0 41
41 4 1 4 1  1->  41 41 *0 4 0  41
41 4 1 4 1  44 41 41 *40 ft
41 4 1*  1 ft 41 ft — ft
ft 4 1 4 1  0 ’  ft 41 4 1 —  41
41 4 1 4 1  5,1) 1— LI) 41 ft f t . .  ft
41 41 41 0 -2 ft 41 *0 0  41
41 4 1 *  Z5- _I 41 ft 41 ft
41 (*,I 41 41 5- I*J Ii~I ft ft 4 1 ..  41

‘‘ ft 4 1 4 1  1.11)0 41 41 4 1 1- 1 -  ft
ft Cs f t f t  41 ft f t _ i _ I  41

~~ ft Z 4 1 4 1  •_I0 41 ft f t. .  41
ft (85 4 1 4 1  1.1*14*5 41 41 ft ft
41 4 1 4 1  > 0 41 0 ft 4 1 —  ft

p;:: 41 4 1 4 1  01.0 ft 0 ft 41.4.5 41
ft I 4 1*  Z _ I 0  41 .0 4 1 0 4 11 -  ft
41 I 4 1 4 1  (54 _l 41 41~~~~ *’ ) —4 ft
* I * 4 1  - 1 0 5* .  41 0 C —s 02 55) 4 1 0* - S  41
41 41 ft 1.5 41 1- 0 0 0 0 41 4 4 1 5 -  5- 41
41 4 1 *  01- 1- ft 4- 4- 4- 4- 1 0 4 1 1 0 4 1 — —  41
41 sO 4 1 4 1  1-42 ft 0 0 4 1  *00 41
41 • 4 1*  1481 ft 10 0 0 0 0 55)41 511 * 41
41 * 4 1 4 1 1 .0 ft 4- 1- 1- 1- 10 4 1 0 4 1. .  41
ft • 4 1*  10.4 ft — .00414*00 ft
41 —I 4 1*  (*i_i.5 ft 0 0 0 0 l f l 1 - f t 1 0 f t Z Z  ft
41 4 1 4 1  X ..4 C ft .-‘ 40 (() (0 10 ft ) - . 4 1 4 1 4 1  ft
41 58) 4 1*  5824 41 0 0041 4 1 . .  41
41 (0 4 1 4 1  50 41 0 — — — — 1 - 4 0 4 1 1 0*  41
ft 41 *4 1  0 LI, ft 0 4 1 0*——  ft
ft 1- ft ft 1000 ft . • • • . 0— 4 1 1 , 4 .41 —4 .5 41
41 LI) 4 1 4 1  1.44 41 0 0 0 0 0 41 f t 1  41
ft 4 1 4 1  0_I ft • . f t~~~~ ft . 5_  ft
41 Ii. 4 1 *  (8401. 41 1- . . . . — 0 4 1 0 4 1- 5  ft
41 0 4 1 4 1  00> 41 (0 1- 1- 1- 1- 4 14 4*5 - 5-  — ‘ f t
41 * 41 0_ I1. 41 • _I _I — _l — _ I  — 5 . 4 1 5 4 1 — —  4 - 5 4 1
41 0 4 1 4 1  0 1 ._ i  41 . . — . . 5.  — . 5 5 8j * O 4 1 NN  - f t
ft 2 * 4 1  ft ‘ S • 0. 5 -_ I f t  41 .541
41 515 4 1 4 1  I ft 4 — — .5— .4 — .5 N • * I f t . .  ft
41 4 1 4 1  ft 1- .5 —— ~ -~~) 0 . —  - NV ) . ft *1- I— 5 - 4 1
41 4 1 4 1  5- ft _I - .51 5- 5-0. — 1 4 1 - - ” -f t U )*4 0 4 D  — f t
ft I 4 1 4 1  • 41 44 . 5  - . 5  ‘- -4 — . 5  — 0 1 5 1 - 0 . 5 4 1. 4 1 . ’  4 4 *
41 S 4 1 4 1  4- ft 0 1 . 4 -  50. I -  X 5 -~~~~~~ _I “ 4 14 -ft 0041
41 5 4 1 4 1  • 41 — ‘-I 1 + 5 - . - I+ 5 -  + ‘._ j ) U ) W  ~- sft ‘4 11 10 4 4 1
ft 4 1 4 1  .4 41 4/) — 5 -— . - I 1 —+ 1— . -I 5 5 l II I 0 0 4 1 f t~~~~~~~~. 0 1 0 4 1
ft 4 1 4 1  41 10 ‘0 ‘0+~~~~0) ~~~0 +~~~~~~~ - ’ — I 5 5 - 0 4 1  4 1 1 1) 1!) 1 - 4 1
ft 445 4 1 *  (*5 41 4 Cs I U LI) 0 *1) 0LI) V) .5~~) 4 1  41 1.4 41 0 ft
41 4 1 4 1  40 41 0 l I — .-4 I J — ’ . s I I ~~~~1-s I I — 5 - 5 I I5 •~~~~1- -~~~~~ f t 4 0 *- - - ” -’ I — _ I f t
41 0 4 1 4 1  4 41 ‘- ‘ I I I  I I I  I I I  I I I  1 1 5 1 5 - 5- _ I  4 14 *  _ I f t
41 Z 41 41 1- 41 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~41 1*1 4 1 4 1  (/5 41 5 - 5 - ( l 1 5 - 5 - 4 / ) 5 - 5 - ( f l 5 - 5 - 5 , f ls-s 5- (fl 4 / 5 I C 35 - 5 - f t L f ) f t 5 -1 0 0f t

0’ C .4 (‘.5 55) U)
0’ 0 0 o 0 0
In 4- 4- 4- 4- 4-

0 0 0 0 00 0 0 0 0 0 0 0 0  0 0 0  0
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41 41 )C 41 ft 41 ft 41 ft 41 4- IS)
41 41 4 41 41 41 ft ft 41 41 050
41 41 s: ft 41 41 41 ft ft 41 15)4
41 41 9-. 41 41 41 41 ft ft ft .
41 41 II ft 41 41 41 41 ft ft .0
41 41 5- 41 41 41 ft 41 ft ft 0Z
41 41 41 41 41 41 41 f t_ i  ft
ft 41 I ft 41 41 ft 41 4 1 . 2  41
41 41 1- ft 41 41 41 41 41 4k) ft
41 41 5- ft * 1- 4 1  41 41 41 0 41 —.5
41 41 5 41 4 110 4 1  41 41) 41 41 41

-j 41 41 41 4 1 0 4 1  f t O *  41( 15 ft —~~~ft 41 Z 41 41 41 4 10 *  411)- ft
41 ft 1 ft 41 4/)41 *041 411-_ Ift
ft ft D 41 4 1 > - ft 4 1 _ i a .  ft 4041 — (0
41 ft _I 41 4 14 *  ft Ii.~~ ft 4 4 Z f t  (04
41 41 0 41 4 1 1*  41 41 4 15 - 1 . 441 4_ i
ft 41 0 41 4 1 _ I l l  4 1 5 - ft ft 0*  — 11.
41 41 41 4 1 4 1 *  f t 5 - f t  4 1 5 / 5 1 0 4 1  44 ’-’
41 41 44 41 41 ft ft ft ft~~~0 f t  5- Il
41 ft 5 41 4 1 1 0 4 1  41 1 45 41 4100* lI-
ft 41 1- 41 41041 0 4 1 5 - f t  4 1 1 . 2 0*  —.5
41 ft ft 41 41 4- ft 41 4 15 4*  . 5-
41 ft 2 41 4 1 0 4 1  .0 *I~J 4 1  4 1 0  ft

0 41 ft 5- 41 4 1 4 8 )  41 41 4*) 41 ft I/I ft ~~ 5-
~~~~~~ 41 ft 41 4 1 0 4 1  C 4 1 * 1 ) 4 1  ft lO ft

ft 41 41) ft f t o f t  1- ft 41 4 1 . 5 4 4 1  ‘-. 10
a. 41 41 _I ft 410 ft 410 41 ft -2 41 04

ft ft _I 41 f t _ I f t  0 411— ft 4101.41 4.-)
40 ft ft 1. ft *1.41 40 ft ft U) 4 17  ft _I1.

.~4 H  41 ft 0 ft ft 41 410. 41 0 4 1 4 4 4 4 4 1  10 4 45-
1-I 0) ft 41 ft *11) 41 — 4 1 5 4 1  .0 4 1. 5 *  0 0 40 5 -—

Z ft * 11) 41 *)- * ft~~~ ft ft — 4 1  4 - 4 -
0 0  44 ft 44 ~~ 41 4 1 4 1 4 1  — * . 5f t  0 4 1 0  ft .0 — 5 5 ’ )~~~

ft 41 0 ft 4 1 5 4 1  41 ft 1- 411-111* ‘.50 U)
ft * 1. 41 41.4 * • 410* 41 1.5 41 01010 lfl .4

I ~~ 41 41 I 41 441- ft 0 4111)41 C f t 5 ~j Ø 4 1  1- 00 . 01
U) (0 41 41 0 41 41 41 5~J 41 41 (0 4 1 1 0 7 4 1  • . 1 0 . I a J

C )  ft 41 ft 41 5/) 41 • 4 1 4 4 4 1  4 1 4 4 4 4 1  0 00  • •
- E’i C 41 41 0 ~ ft I-s ft 4 1 5 - f t  — ft- SI ft 0——  ‘Ui 10

1,5 0 Z 41 41 4- 41 U’) ft ft — 41 41 41 0 4 1  ~I .-l “ ‘0
Iii ft 41 .0 ft 15) 4 1 _ I *  — 4 1 * 4 1  I’ ft~~ ft ‘~~~~1 - — ~~~~~~41 ft 41 4- 4 1 _ I f t  .5 ft ft I’) *00 *  . 5 . 5’ )— . 5

Z 41 41 0 ft *481 41 - 4 1 1 - 4 1  (‘.5 4 1 1 0 24 1  4 . 5”
41 41 1- ft 0 41 0 4 1  ~ 4 1 1 0 4 1  411.441 ~~~~~~~~~~~~~~~~(0 41 ft ft 1- 41 41 5- 4 1 0 4 1  • ft ft _ I 5 - 5 -~~~~~~~~5 - -

I-I (I) 41 41 0. ft * 1 .4 1  — ft 41 1. ft I.J 0. ft W — 5 - 5 - —~~~4-I 0) 41 41 0 ft 0 4 1 5 - 4 1  10 41 .441 (0 f t C~~~~ 41 C s 1~~1b~~~~~ ’W ” ‘
#4 Z 41 ft 0 41 10 ft 41 4 4 1_ I f t  • *0 ft 4 4 1 0 10 4

44 ft ft _I ft ft~~~~ 41 _i 4 1 4 4 4 1  f t 0L t ft • - 2 - 24 1 4 1- 2 ( 0
41 ft 41 — . 4  *041 (8. 410* — 41 4 4 4 1  1- 1 . U ._ I _ I L i .4
41 ft 44 ft ~~ ft ljj ft 5- 41 41 .5 4 1 5 1 1 5 - f t  4 0 5 - 5 - 1 . 4 4 5 - _ i
41 41 I ft tf l C . 5  *1* - 41 1/5 * - 4 1 5 1 0 4 1  •II I I 5 - 5 - - 4 * .

10 41 41 1- 41 4 - 41 0 41 — 4 1 1 . 141 ~~ 41 5 - 0*  — — 1 1 -55) ’-’
ft ft ft 1- . 1 0  41 41 - 41 ft 5- * ft — - - I’) II

O ft 41 I * -2 01 0  4 1 1 4 1  N 4 1 1 *  — 4 1 5  41 . 5 0 - 1 . 5C -
Z 41 41 41 (sJ (8i .5 ft 41 (‘.1 ft 41 40 ft 41 - ‘~~ .5 -l5)55).5
14) 41 41 0 41 0 .11 f t f t  — 41 (51 41 4 * 4’) 41 ~~~~~~~~~41 (*1 ft • 41 .5 f t . 4 1  0 4 1 . 4 1  -2 41 ft ~~~~~~~~~~~~~~41 ~ 41 (‘51 41 5110  .-‘I -4 41 C54- ft _I 4 1 ( 5 1 41 1. 4 1 0 2  ft —5- i ’-s~~~~C)~~J 5 -

41 Z ft ft 1 0 0 5 + 4 1  ft 1. 41 41 5- 41 41 0 — — — ,I1k —
40 ft 5- ft 44 41 4 . 5 4- . 5 ’~~~* 4 4 4 1  *145 41 *4 4  41 (01010(8. 10

ft 1- ft (0 41 1- . 0 1 1 1 1 4 1 4 0 41 — 4 1 1 0 41 — 4 1 4 0  ft 44 4 — 4
0 ft 2 41 4 41 - 2 —  4 f t 4f t  4 14 *  4 1 4  41 ~~~~~~~ _I
Z 41 0 ft 1- 41 1 . 4 401 3 . 4 11-f t  1. 4 1 1 - 4 1  U. 41 4— ft 1.1.4444441.1.
1. ft U ft LI) 41 05-0.5.5 41 4/) 41 5- 41 1!) 41 ft 11) ft 5- 5-5-  5- ‘- ‘5-5-

0 -4
o 0
.0 .0

0 0 000  0 0 0 0 0 0 0  00 00  0 0 0 0 0  00 0 000  6.2
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ft 41 ft 4141 41 ft ft 41 41
ft 41 41 4 1 *  41 41 41 ft 41
ft ft 41 * 4 1  41 41 ft 41 41
41 ft 41 4 1 4 1  41 ft ft 41 41
ft 41 41 4 1 4 1  41 41 ft 41 41
ft 41 41 4 1 4 1  )- 41 ft ft 41 41
41 41 41 4 1 4 1  -2 ft 41 41 ft ft
ft 41 ft 4 1 4 1  10 41 ft 41 ft ft
411!) 41 41 4 1 4 1  Z ft 41 41 41 ft
41 5 41 41 41 41 _ I 5 -  41 41 41 ft ft
4 1 1-  41 41 41 41 _ I0  41 41 41 ft 41
410 . ft 41 4 1 *  1.10 41 41 41 * 0 .4 1
41 4.) ft 41 4 1 4 1  00  41 41 41 *0 4 1
*0  ft 41 4 1 *  0 41 f t Z f t  *0 4 1
41 41 ft 4 1 *  1.0 41 *041 4 1_ I f t
4 1 0  ft ft 4 1 4 1  5-4  ft * 5 - 4 1  ft ft
4 12  41 ft 4 1 4 1  ft * 1 - f t  4 1 4 4 4 1
414 41 ft 4 1 4 1  i/I l/) 41 4 1 0 4 1  *041
41 ft 41 * 4 1  ~~5 ft 41 1.4 41 41 41
41 41 ft 4 1 *  01- 41 * 1 04 1  4 1 0 *
4 1 0  ft ft 4 1 4 1  4 4 0 .  ft 4 1 5 - 4 1  4 1 Z 4 1
ft 41 ft 4 1 4 1  II.) 41 4 1 0 4 1  4 1 1 . 4 1
ft 41 41 4 1 4 1  00 ft 41 41 41 ft

0 410 41 ft 4 1 4 1  41 4 1) - ft 41 0 41
0 4110 41 41 4 1 4 1  00 41 4 1 Z 4 1  4-4- 4 1 1 - f t

~~~~~~~~~ 41 445 41 41 4 1 4 1  ~~ 41 4 1 4 4 1  0 C 4-  41 41
f t N ’ f t  41 .5 4 1 4 1  0 4  41 ft 41 .0.00 410. 41
ft 0 4 1  41 * 4 1  7 41 * 1*  .0 4 1 5 4 1
4 1 0 0 4 1  ft C 4 1 4 1  WV) 41 * 0 4 1  0 0  41~~~~ ft

~~~ *1-0* 41 7 4 1 4 1  40 ft 4 1 1 0 4 1  1-1-0 4 1 . 5 4 1
41 _ 4 *  41 1. 4 1 4 1  041 41 4 11 .4 1  1- 41 41
4 1 4 1 ) 5 4 1  ft 4 1 4 1  1-_ I 41 ft 41 00 4 1 1 4 1

o O * ~~ 
ft * * 4 1  )~. 41 *4/5 * 0100 41 ft

~~ 4 1 0 0 4 1  ft I 4 1 4 1  Ui 41 * 0 4 1  ID 4 1 0 ) 4 1
~~ f t _ I 1- f t  41 5 4 1 4 1  1041) 41 4 1 0 4 1  —— *0 4 1

I ~~ 4 1 5 * .  41 ft I 4 1 4 1  5.5 4*5 41 4 1 0 4 1  — 4 1 0 4 1
41 4 1 )4 1  ft *41 lID ft 4 1 . 24 1  44 4 1 _ I f t

C’) f t U i f t  ft *4 1  7 41 4 1 1 .4 1  1- 1-4  4 1 1 . 4 1
. g ,  4 1 1 - 1 . 4 1  41 55) 4 4 *  54  ft ft 41 _ I_ 1 1- 41 41
0 41 4 > 4 1  41 • 4 1 *  05  41 f t _ I 4 1  14) 145 _I 4 1 1 - f t

4 1 5 - 5 1 141 41 (‘55 *4 1  100 ft * _ i 4 1  00511 4 1 0 4 1
~~ 

ft 1 0~~I f t  ft 4 1 *  48. 41 f t 5 * g * C 4 1 2 4 1
4 10 .  41 ft 44 *4 1  0 ft 4 4 0*  .. 41 41
4 1 0 1 0 4 1  ft 10 4 1 4 1  W Z  ft 41 ft 1 - 1 - ’  41 *11 41

El *10SsJ ft 41 4 4 1 4 1  04 41 4 1 1 . 4 1  (0(01- *582 41
El U) *0 . 4- 4 1  ft 1- 4 1 4 1  0 41 ft~~~~ft ..to 4 1 0 4 1

H 410.441 41 U) 4 1 4 1  01!) 41 41 41 • 4 1 0 4 1
#4 41~~~~ 1f t  41 41 41 0 41 41~~~~ 41 — —  41 ft

ft ft 41 1. 4 1 4 1  48)0 ft * 0 4 1  N N —  4 1 _ I 4 1
*1-04 1  41 C 4 1 4 1  50 41 41 5.1 41 P ’J NN  4 1 _ I f t
f t 1~IZft 41 4 1 4 1  1-_ i  ft 4 1 5 4 1  I N  * 4.5 41
4 1 (/ ) 4 4 1  ft 0 * 4 1  1. ft f t U f t  I — I  4 1 0 *
41 41 .. ft Z 4 1 4 1  I ft 41 41 . 4 ”  41 41
4 1 1  ft 00  • 41 44 f t f t  41 4 1 5 4 1  .‘- S 4 1 1 4 1
41 ft 00 . 0 ft 4441 0 41 41 ft .5.50. ft ft
4 1 . 4  41 coo • ‘II ft 4 1 *  • * 41~~ 4 f t  - .~~ )  ~~~~~ 0
41 • 41 . ‘ 4 . I 1 10 0  41 I * 4 1  4- 41 — 41 • 4 1  .4~~~ — f t ’ f t
4 1 5 5 ’ )  ft I I — I I Il —1 0 41 I 4 1 4 1  • 41 .5 f t 4 - 4 1  ~~~~~~~~ 4 1 4 - f t  00
4 1 .  ft lI I l . 5 — — Z 4-  41 5 4 1 4 1  (51 ft • 4 1 . 4 1  5 - 5 -  4 1 • f t  4-
4 1 ( 1  41 — — - . 5. 5 . 5 .0  41 4 1 4 1  41 ~~ 41 (5) 41 ‘ — I ~~~ 4 1 ( 5 141 .0 5 5
ft 41 . 5 . 5— ’ — - -  41 4 1 4 1  14) 41 5- 41 41 I — I  41 ft
4 1 4 * 4  41 ~~~~~~~~~~~~~~ 41 .5 4 1 *  10 41 0 41 1.5 41 — — 41 (85 * 0 4
*0 41 ~~~~~5- 5- ’ - ’ 5 - 1 -  ft * 4 1  4 41 11 4-S 4 1 ( 0 41 ‘ 4110 41 1-I—
~~~~ 41 5- ft 0 4 1 4 1  1- ft s n  *4 *  4 1 4 4 1  j
4 1 1 -  44 — ‘ — X~~~)-)-0 41 2 4 1 4 1  U) ft .5N 4 1 1 - f t  1.44.5*. 4 1 1 - 4 1  05*5
4 1 41) 41 10000010 41 4.1 * 4 1  ft 5-N 4 1 1 1 5 41 5 - 5 - 5 -  41 (1) 41 100

0) U) 4-
0 0 0
.0 .0 ‘.0

0 00 0 0 0 0 0 0 00 0 0 0 0 0 0 0  0 0 00 0 0 0 0 0 0  0
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ft 41 ft 4 1 4 1  ft ft
41 ft ft * 4 1  ft ft
ft ft ft 4 1*  41 41
ft 41 41 4 1*  41 ft
41 1- 41 41 4 1*  ft 41
ft 1. 41 ft 4 1*  41 ft
ft 1. ft 41 4 1 *  s * 41
41 _J 41 ft 4 1*  0 41 ft
ft 41 41 4 1 *  10 ft 41
41 1 ft ft 4 1 4 1  LI. 41 41
41 0 41 ft 4 1 *  ft ft
ft 10 41 41 4 1*  0 41 41
41 (I. 41 41 4 1 4 1  515 41 ft
41 ft ft * 4 1  0 ft 41
ft 41) 41 ft * 4 1  0 ft ft
ft 0 41 41 4 1 *  0 41 ft
41 0 ft ft 4 1 4 1  _I )- 41 41
ft 0 41 ft 4 1*  4 4 _ i  41 ft
ft -2 41 41 f t 4 1  40 ft 41
ft 48. ft ft 4 1 f t  41) 2 41 0 ft
41 ft 1- 41 4 1 *  5 - 5 -  41 .4 41
41 _ I ft 0 .0 N ft 41* 0 41 .0 10 0 41
ft _I ft .0 0 0 ft 4 1*  -110 ft 0 — 41

0 41 4 4) -  ft .0 .0 41 f t a .  JO 41 0 .0 .0 41
0 41 0.4 ft 0 ft * 4 1  1*4 0 ft 1-0 ft

‘ t 2  41 (0 ft I — N  0 C 41 ~~ 4 1 4 1  00 41 .-‘ C C ft
*11 41 1.2 ft 0 1- I-• 41 4 1 4 1  41 41 0.0 1- 1- 41
~~~ 44 41 5-5- 4 1 0. 0  .0 41 0 414 1  5*. ft 40 (0 *

41 0 ft (0 00  0 41 Z 4 1 *  1-4 4/) 41 0 00 0 41
•.-I H ft 41) 10 ft 0 .010 (0 41 44 4 1 *  0 41 -‘- 1- 15) .040 10 41
u t-I ft ~~~0 ft — 1 -  41 4 1 4 1  U ) 4 1  ft II’) 41
~~~~~ 41 (10 41 4- 0—  — 41 4 1 4 1  ~~ _i ft . 004-  0 —  —‘ ft
o~~~ 41 W (.~ ft .000 1- 41 I *4 1  0 1*. ft (0 9-’ ft

~ 41 14 ft 0 U) .-~ N I”- 41 I 4 1 *  145 ft • •N  N N ft
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O 4 1 0 4 1  0 41 5114 1  41 00 ft — .5 410 41

~0 Z 4 1 4 4 *  1- 4111)41 41 0 41 (0 - 4 1 1 0  41(1) 41 0*  41 ~ ft 0 ft 5- 41 (85 ft
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TABLE 5.7

CELLS USED TO FIND VELOCITIES AND
TIDES FOR STATIONS USED

Station North South
Number (West) Center (East) Tide

1 (16 ,7) (15,7)+(16 ,7) (15,7)4(15,8) (16 ,6)+(16 ,7)
2 2 2

2 (16,14)+(16 ,15) (15,14)+(15 ,15) (j5,14)+(14,15) (18,7)
2 2 2

3 (16~22)+(l6~23) (15,22)+(16 ,23) (15,23) (15,23)
2 2

4 (29 , 18)+(28 ,18) (28 , 17) (28 , 16)+(28 , 17) (28 , 16)

2 2

5 (3,19)+(4 ,19) (3~ 18)+(4 ,19) (3,18)+(4 ,18) (3 ,18)
2 2 2
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TABLE 5.8

VALUES OF IOPP AND CORRESPON D ING 
-

VAR IABLE FOR USE IN CALL TO MODPRI

IOPP Variable Units

1 Flag f ield
2 Wa ter dep ths feet
4 Velocities in x-direction ft/second

8 Velocities in y-direction ft/second

16 Water levels feet (wrt datum)

32 Flows in x-direccion ft2/minute

64 Flows in y-direction ft2/minute
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TABLE 5.11 - con tinued
LISTING OF SUBROUTINE WILE

/
WF ILEFs LA 12,*1.11 • GET LIJN

LA 12,NTABS~ 12
SA 12,LUN
J WF ILE+2
• ARGUMENTS ARE FILE NBR AND LUN IN THAT ORDER W 05001
• BUT MUST BE FOLLOWED BY A NOP FOR A TOTAL. OF 3 WOR DS W050011

WFIL ES LA 12,*1.11 • GET LUN W 05002
SA 12.LUN W 050022

11’.SAVII • WQ 50023
LA 12.LUN • WQ 5003
SA,j  12.W F7 W0500*i
SA.1 12,WF I • STORE LUN W 05005
SA.1 12,WF2 • W 05006
SA.1 12 .WF3+ 1 • W 05007
SA.j  12 .WF4 • W 05008
SA.1 12,WF5 • W0 5009
SA.1 124WF6 • W05010
SA.1 12,WF6A • WO SO lOt
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6.0 DATA CARDS

The data cards required to run the Masonboro hydraulic
model are given in Table 6.1. A discussion of the parameters

fo l lows .

6 1  Card 1

~~~~~ is the number of columns in the cell structure ,

i.e ., the number of increments along the x-axis .

JMAX: is the number of rows in cell struc ture , i.e.,

the number of increments along the y-axis.

NREEF: is the number of cell walls that are designated

as barriers .

IECHO: this parameter indicates what data is to be

echo prin ted , if any. The options available are

O - no echo print of input data

1 - echo print input data and calculated friction

factors

2 - echo print input data only.

ITAPE: tape file number to which values of IFLAG , H

QX , and QY , and other control information are written .

If equal to zero (0), no output to tape is performed .

The tape unit number is one (1).

IQYQXH: this parameter controls the initialization of

the water height, the flow through the cell walls, and
other parameters. If it is positive , a restart is
assumed and the inpu t if from tape and IQYQXH
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TABLE 6.1

DATA CARDS

CARD 1: FORMAT( l6 15)

(I~ AX ,JMAX ,NREEF ,IECHO , ITAPE , IQYQXH , IPRT , IPRMOD ,NSTEP ,JB ,
I JBR ,IBU ,IOPP ,IOPP 1,IPCH

CARD 2: FORNAT(7FlO.3)

f i ~~TMAX ,PTIME ,DS ,TTAPE ,VAL ,TL1i~f l
CARD 3: FORMAT(6F 10.3)

rDELTA, DELTA2 ,TIME ,TINT, TPRMB , TPRMi]

BARRIER CARDS : FORNAT(3F10 .O)

CS(NREEF) ZB (NREEF) DYB(NREEF)

(~
ARDS FROM 2 TO NREEF -l  _______

(CS(l) ZB(l) DYB(l)

CORIOLIS CARD : FORMA T (2F1O.O)

f
’
~5~MEGA PHI

SEABED ELEVATION CARDS : FORMAT(2 0F4.O)

(

~~~(2l ~~~2 )

(z(1,2) z(2 ,2) Z(3 ,2) Z( 19 , 2) Z(2 0 , l)1_l

~~(4l , l) Z(42 , l) Z(46 , 1) I__I
(Z(2 1, l) Z(22 , l) Z(39 , l) Z(40~ l)}.l

Z(2 , l) Z(3 , 1) Z( 19 , l) Z( 20 , 1)IJ

235



TABLE 6.1 - Continued

FRICTION SCALING CARDS: FORMAT(llF7.3)

/
~F(12,2) 1

(F(1 ,2) F(2 ,2) F( l l ,2)~
(~~~3,l) F(304) J
(F( 12,l) F(22 ,l)!
(F(l,l) F(2 ,1) F( I O ,i) F(11,l)t

FLAG FIELD CARDS : FORNAT(80I1)

fCARD FOR LAST (#IMAX) COLU~~F]
(CARD FOR COLUMN S 2 TO IMAX- I

FOR FIRST COLUMN
(CAL’s.D FOR LAST (#JMA X) ROW

[CARD FOR ROWS 2 TO JMAX-l

FOR FIRS T ROW

INITIALIZATION CARDS : FORNA T(8E 1O.4) (IF USED)

(QY( 1,1 )

~~~~26 , 32) QX(27 , 32) QX(46 5 3
22J

i

~~X ( l , 1) QX(2 , 1) QX(2 0 , 1)

1
~~~~

26 ,32 1 H(27 ,32) H(45 ,32) H(46,32)

(u(ls,2) H(16,2) H(34 ,2)I-J

(~~
4l~~1) 1-1(46,1) 1-1(1,2) H( 14 , 2 )1_l

(~~~
1 ,I) H(40,1)j_I

(~~
L ,1) U ( 2 ,L )
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TABLE 6.1 - Continued

WIND CARDS : FORMAT(12,F IO . l)

~~~ROT~~J

FORNAT(3F 10.2)

(cSPEED(N) WDIR(N) 
WTIME(N)

(&RDS FROM 3 TO N— i

j~ SPEED(2) WDIR(2) WTIME(2)

(WsPEED (l) WDIR(1) WTII€(l)J~

TIDE CARDS : FORNAT(llO ,Fl0 .O)

[NDAY DSHIFT
~~1

FORHAT(A4 ,A6 ,F6.O ,4X ,12F4 .2/20X ,12F4 .2)

column 21

(D(l2)  TD(23)J

(i~oc DATE TZNCOR TD(O) T D (l l ) 1

PRINT CARDS : FORMAT( 15)

FORNAT( 10(A6 ,A 1) )

(TITLE Ii TITLE 12 

~TITLE I TITLE 2 TITLE lOj~

}‘ORNAT( 1615)

fiP(17) JP(17) ___________________________________________ I
(4P(9) JP(9) IP( 1O) JP ( 10)  IP(16) JP(16)}i

(IP(1) JP(1) IP(2) JP(2) IP(8) JP(8)~~

237 

—



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

-

~~~~

— -
.

- . - , .

~

-- - _ - —— -_.-

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

-- - — - - . _ - -. —--. --_

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

. -- —

~~~~~~,

is the file number. If it is negative, the input is
from cards . If zero (0), no input is assumed, and the
arrays are set to zero. The tape unit number is one (1).

For more information , see initialization cards .

IPRT: this parameter controls the form of the output

at the time interva l PTIME (see Card 2).

1 output through subroutine MODPRI

2 output through subroutine PRINT1

3 output through subroutines MODPRI and PRINT1

IPRNOD: number of calls to subrou tine MOD between calls

to subroutine MODPRI from subroutine MOD .

NSTEP: number of time steps between calls to subroutine

MOD from program MASON .

JB: smallest J index of tidal flat cell.

~~~: smallest J index of cells with special boundary
on right cell wall and that is not an external cell.

IBU: smallest 1 index of cells with special boundary
on top cell wall and that is not an ext~ rna1 cell.

IOPP: print contro l parameter sent to subroutine
MODPRI by subroutine MOD. For values see section on
subroutine MODPRI (Section 5.8).

IOPPI: print contro l parameter sent to subroutine
MODPRI by call in main program controlled by parameter

IPRT (see Section 5.8 and Table 5.8).
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IPCH: a second print contro l parame ter used in subroutine
PRINT1 to contro l the form of the output (see Section 5.8).

6.2 Card 2

DT and DS: the time increment , DT , and cell size,
DS , are dependent on each other. The dependence is
governed by the numerical stability requirement given
by equation (16) in Section 2.3. The equation is

DS
DT 

________

/2g Dmax

where g is the acceleration due to gravity and Dmax
is the maximum water depth expected . Using a one

nautical mile grid , DS = 6080 feet, the time increment
DT is at most approximately 2 minutes.

TMAX: is the length of the run in hours.

PTIME: this is the time interval at which H , QY
and QX are printed for up to seventeen (17) control
cells (see print cards).

DS: see DT above .

TTAPE: time interval in minutes between dumps to tape
starting with file ITAPE.

VAL : friction factor used in tidal flats.

TLIM: absolute t ime (not relative) in hours that run
is to stop.
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6.3 Card 3

DELTA: discrimina tion value in feed used to decide

whether a cell is flooded or not (see Section 5.4).

DELTA2: similar to DELTA but used to determine if
there is flow across a barrier .

TI:~~~ absolute time at start of program. If restarted

from tape this va lue is overridden by the value on the
tape .

TINT: initial water level. If restarted from tape

values on tape used .

TPRNB: time in hours after which tidal prism can be
calculated .

TPRI’4E: time in hours before which tidal prism can be
calculated .

TPRMB < TPRME

These values should bracket the period that the tide

is rising for which the tida l prism is desired .

6.4 Barrier Cards

The three parameters on each card are

C~ - the barrier discharge coefficients (see page
9 in Section 2 .2) ,

ZB - the barrier elevations with respect to da tum
level in feet , and
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DYB - the barrie r widths in feet . No t used in this
progra m .

These cards specify the parameters for the various
barriers. There should be one card for each cell wall
designated as a barrier . If there are two barriers for
a given cell , the barrier perpendicular to the flow in
the x direction (right wall barrier) is treated first

and then the other. The cards are arranged in the

order in which the barriers are encountered by the
program while it is stepping through the grid struc ture .

6.5 Corioljs Card

OMEGA — 0.0000729 rad/sec

PHI = latitude in deg of site .

6.6 Seabed Elevation Cards

These specify the bottom elevations with respect to
datum level. Elevations be low the datum are input as
positive numbers while those above the datum are
negative numbers. Elevations for external cells should

be 99.9. They are punched on the cards by row, see

page 195 and 4) in Section 2.3, page l~ .

6.7 Friction Scaling Cards

The values on these cards are multiplied times the base
values of the friction factors to modify them. The
base value for non-tida l flat cells is .0025 and that
for tidal flat cells is VAL specified on the second
data card . They are punched on the cards by row like
the seabed elevation cards.
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6.8 Initialization Cards

These cards specify the initial values of H , QX
and QY They need to be present only if the values

are nor read from tape (IQYQXH > 0) or are not set

equa l to zero (IQYQX}1 = 0). If the initial values

are read from cards , they are read in the following

order: 1) the water level array, H ; 2) the flow per
unit width in the x direction , QX ; and 3) the flow
per unit width in the y direction , QY - Each array

is read in its entirety before the next array is read .

The a r ray  e lemen ts of each a r r ay  are read in the order in
which the cells are processed b y the program (see end of

Section 2 . 3 ) .  For a given a r r a y , arrange the rows
side b y s ide to form a one-dimensiona l a r r a y .  Tha t
is , p lace row two (2 )  to the r igh t of row one (1) ,
row three  (3) to the ri ght  of row ( 2 ) ,  and so on.
Nex t , punch the va lues on the cards  using the requi red
format starting with the first value of row one (1)
and continuing until the last value has been punched.

6.9 Flag Field Cards

These cards specify the flag field for the program.
There is a one-to-one correspondence between the flags

and the cell walls .

In specifying the flags, the flags for the cell walls
perpendicular to the x-direction (vertical walls are

specified first). Starting with cell (1,1) the condition
of all the vertical cell walls in row one are specified
as they are encountered going in a positive x-direction .
Then the second row is done the same way and so on until

the last row is done . Each row goes on a separate
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card . A f t e r  a l l  of the rows are done then the hor izonta  I

cell walls are encoded in a similar manner  us ing  the
columns . Starting with cell (1,1) again , the flags
for the walls are specified as the wa l ls  are encountered
going up the column . After the first co lumn Is done
the second is done , and so on.  Each column is contained
on one card .

A l l  cell walls are encoded I n c lu d i n g  the ou te r  w a l l s .
Therefore , if the gr id  is N b y M . (N ,M ) ,  ther e w i l l
be N+ 1 numbers [or the row cards  and 11+1 numbers

~~ tl~~ ~~ luii~ c a r d s .

The cell walls are encoded as if all f lood  p l a i n s  were
completely f looded , i.e., f lag  — 0 . The f l ag  system i s
discussed in Section 3 . 3  and the f l ag  key is g iven in

Table  3 . 2 .  The t iag  cards are omit ted in r e s t a r t  runs .

6.10 Wind Cards

,j ’h ’ cards ~~~~ i l v  the changes in ho wind . A
change in the wind i s  dcl int ’.d as a ~~~~~~~~~~ jn c i  ther t he

wind speed or wind d i roc t ion . The wind changes are

cu rren I I v treated as s ep func  t ions  . No in t c rpo I at  j~ )i~

is 
~~ 

r It) rined to r t lines between the wind changes - The
p L’ogra;n w ill current I V a cc i’~ ) I up to  ten (10) wind changes
(see Sect  ion ~ fr) .

The va r  ía  I )  I c  s a

N — ~~~~~~~~~~ of w i n d  oh auges  . I set  eqtsa 1 to .:t’ i o ,

none o 1 the reina m i  ng Var I al) I - I 1 0  r equ I red
and c~ I t in  cond i_ Li ons rt’ .i~ ; a w a ’ t I  . l’I~

. c i  r ds
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normally containing WSPEED , WD IR , and
WTIME should be omitted .

ROT - the angle between north and the positive
x-axis . measured in a cl oc kwise direc tion
starting at north. For the GB model ROT —

51 .5° while for the P. H. Robinson and
Cedar Bayou model ROT equals 100

0 and 4j0,
respec tive ly.

WSPEED - the new wind speed (mph).

WDIR - the new wind direction with respec t to north
in a c lockwise direc tion . This is the
direction reported b y the U .  S . Wea ther Bureau .

WTIME - the t ime in minu te s  a t  wh ich  the changes
occurred .

6.11 Tide Cards

The actua l half-hourly record always starts in column
21 of the data cards with four cards per day of record .
Each day has associated with it a LOC , DATE , DSHIFT
and a TIMCOR

The variable definitions are

N - the number of days of inpuL tida l records .

DSHIFT - datum correction for input record in feet.
This is included so that if after the tide

cards have been punched the reference datum
is changed the tide cards need not be repunched .

The error introduced by the change need only
be entered here .

244



LOC - four (4) alphanumeric characters used to

identify the input record

DATE - the calendar date of record in the form

MMDDYY .

TIMECOR - time correction for date in minutes . Its use
is similar to DSHIFT above.

TD - actua l half-hourly record of tide level in

feet with respec t to mean sea level. Six (6)
hours of data appear on one card . The first

six (6) hours of a day are on the same card
as LOC , DATE , and TIMECOR . The remainder

are on the next three (3) cards.

6.12 Print Cards

— These cards are used to identify the cells for which

4 print out is desired (see Section 3.6). The variable

definitions are

IPT - the number of cells for which information is

to be printed . IPL must not exceed seventeen

(17) .

TITLE - a string of seven (7) alphanumeric characters

used to identify the cells on the outpu t for

which the information is to be printed .

IP & JP - arrays of the cell coordinates for the location

of the cells. The values for a given cell are

adjacent to each other on the data card with

the I subscript first.
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6.13 Data Deck Arrangement

To run the program one only needs to assemble the

program deck along with the proper contro l cards and data deck.
The data card arrangement in the data deck is the same as in

Table 6.1 at the beginning of this section . Tables 6.2 and 6 .3 are
listings of typical data decks used in the verification runs. The

data deck listed in Table 6.2 is for an initial start with tape
dumps to a clean tape . If the tape is not a clean tape , and it
is desired to save the files on the tape , the only difference
would be that the variable ITAPE (circled in listing) would be
equal to the last file that it is desired to save plus one . This

assumes that the tape was written using SEARCH and WFILE.

The data deck listed in Table 6.3 is for a restart from

tape file number ten on a tape . Note that in the restart deck

there are no flag cards present. When restarting , the input file

should have approximately the same water levels during the same
phase of the tidal cyc le as the restart time .
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The following is a complete listing of all possible
flag combinations . Those lines marked with an ‘~~ ‘ on the right
either are not legal combinations or program logic will not

handle them. The numbers given for bit position 6 to 4 are the
octal equivalent for those three bits . Bits are numbered from
the right.

The numbers in the right two columns are the decimal
equivalent and are printed when the flag field is listed .

/

E

A-i



~~~
‘
~~
-—--

~~

CONDITI ON OF WALLS DEC IMA L EQU IVALENT

BOTTOM LEFT TOP RIGHT SO~~~TIME S ALWAYS
BITS 8 7 6-4 3- 1 FLOODED F LOODED

o 0 0 0 0 256
o o 0 1. 1 257
o o 0 2 2 258
() 0 0 3 3 259
0 0 0 4 4 260*
0 0 0 5 5 261
o o 0 6 6 262*
0 0 0 7 7 263o 0 1 0 8 264
O 0 1 9 265
o o 1 2 10 266
o o i 3 11 267
o 0 1 12 268*
0 0 1 5 13 269
0 0 1 6 270*
0 0 1 7 15 271
o o 2 0 1~ 272
0 0 2 1 17 273
o 0 2 2 18 274
0 0 2 3 19 275
0 0 2 4 20 276*
0 0 2 5 21 277
O 0 2 6 22 278*
0 0 2 7 23 279
0 0 3 0 24 280
0 0 3 1 25 281
0 0 3 2 26 282
0 0 3 3 27 283
0 0 3 28 284*
0 0 3 5 2. 285
0 0 3 6 30 286*
o 0 3 7 31 287
0 0 4 0 32 288*
0 0 4 1 33 289*
0 0 4 2 34 290*
o a 4 3 35 291*
0 0 4 4 36 292*
0 0 4 5 37 293*
0 0 4 6 3e 294k
o o ~ 7 3 .  295*
0 0 5 0 40 29b
o 0 5 1 (4 1 297
0 0 5 2 42 298
0 0 5 3 43 299
0 0 5 4 (44 300*

A-2



CONDITI ON OF WALLS DECIMAL EQUIVA LENT
BO2TOM LEFT TOP RIGHT SOMETIMES ALWAYS

BITS 8 7 6-4 3-1 FLOODED FLOODED

0 0 5 5 ‘45 301
0 0 5 6 ‘46 302*
o 0 5 7 ‘47 303
0 0 6 0 ‘48 30(4 *
0 0 6 1 449 305*
0 0 6 2 50 306*
o 0 6 3 51 307*
O 0 6 (4 52 308*
o 0 6 5 53 309*
0 0 6 6 54 310*
o 0 6 7 55 311*
0 0 7 0 56 312
0 0 7 1 57 313
0 0 7 2 58 314
0 0 7 3 59 315
o 0 7 ‘4 60 316*
o 0 7 5 61 317
o 0 7 6 62 318*
o 0 7 7 63 319
o 1 0 0 64 320
o 1 0 1 65 321
o 1 0 2 66 322
o 1 0 3 67 323
o 1 0 ~4 68 324*
0 1 0 5 6’) 325
0 1 0 6 70 326*
0 1 0 7 7 j  327
o 1 1 0 72 328
o 1 1 1 73 329
0 1 1 2 74 330
O 1 1 3 75 331
0 1 1 ~4 76 332*
o 1 1 5 77 333
0 1 1 6 78 334*
o i 1 7 79 335
0 1 2 0 80 336
0 1 2 1 81 337
0 1 2 2 82 338
0 1 2 3 83 339
0 1 2 4 84 3(40*
0 1 2 5 85 341
0 1 2 6 86 342*
0 1 2 7 87 3’43

A-3
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CONDITION OF WALLS DECIMA L EQUIVALENT
BOTTOM LEFT TOP RIGHT SOMETIMES ALWAYS

BITS 8 7 6-4 3-1 FLOODED FLOODED

0 1 3 0 88 3(44
o i ~ 1 89 345
O 1 3 2 90 346
o 1 3 3 91 347*
C 1 3 4 92 348
0 1 3 5 93 349
0 1 3 6 94 350*
0 1 3 7 95 351
o i ~ 0 96 352*
o 1 4 1 97 353*
o 1 4 2 98 354*
o i ~ 

gq 355*
o 1 ‘4 4 100 356*
o i ~ 5 101 357*
o 1 4 6 102 35~ *
0 1 4 7 103 359*
O 1 5 0 1044 360
o 1 5 1 105 361
o i ~ 2 106 362
O 1 5 3 107 363*+
o i ~ 4 108 364 *
o 1 5 5 109 365
0 1 5 6 110 366 *
0 1 5 7 I i i  367
0 1 6 0 112 368*
o 1 6 1 113 36Q*
o 1 6 2 1144 370*
0 1 6 3 115 37j *
o i 6 4 116 372*
o 1 6 5 117 373*
0 1 6 o 118 374*
o 1 6 7 119 375*
O 1 7 0 120 37€
o i ~ 1 121 377
0 1 7 2 122 378
0 1 7 3 123 379*
0 1 7 (4 1244 380*
o i ~ 5 125 381
o i ~ 6 126 382*
o 1 7 7 127 383
1 0 0 0 128 3844
1 0 0 1 12° 385
1 0 0 2 130 386
.1 0 0 3 131 387
1 0 0 ii 132 388*

A~-4
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CONDITION OF WALLS DECIMAL EQUIVALENT

BOTTOM LEFT TOP RIGHT SOMETIMES ALWAYS
BITS 8 7 6-4 3—I FLOODED FLOODED

1 0 0 5 133 389
1 0 0 6 134 390*
1 0 0 7 135 391
1 0 1 0 136 392
1 0 1 1 137 393
1. 0 1 2 138 3944
1 0 1 ‘3 139 395
1 0 1 140 3.6*
1 0 1 5 1(4 1 397
1 0 1 6 142 398*
1 0 1 7 1’4 3 399
1 0 2 0 1444 400
1 0 2 1 145 ‘40 1
1 0 2 2 1(46 ‘402
1 0 2 3 147 403
1 0 2 44 1’4 8 (4044*
1 0 2 5 ]4Q 405
1 0 2 6 150 (406*
1 0 2 7 151 407
1 0 3 0 152 (408*
1 0 3 1 153 409*
1 0 3 2 154 4 10*
1 0 3 3 155 411*
1 0 3 4 156 4 12*
1 0 3 5 157 413*
1 0 3 o 158 414*
1 0 3 7 159 4j5*
1 0 ‘4 0 160 416*
1 0 ‘4 1 161 4417*
1 0 ‘4 2 162 (418*
1 0 4 3 163 4j 9 *
1 0 4 4 164 420 *
1 0 ‘4 5 165 4421*
1 0 4 6 166 1422*
1 0 4 7 167 423*
1 0 5 0 168 ‘424
1 0 5 1 159 ‘425
1 0 5 2 170 1426
1 0 5 3 171 427
1 0 5 172
1 0 5 5 173 ‘429
1 0 5 6 174 430*
1 0 5 7 175 ‘431
1 0 6 0 176 ‘432*
1 0 6 1 177 (433*

A-5
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CONDITION OF WALL S DECIMAL EQUIVALENT
BOTTOM LEFT TOP RIGHT SOMETIME S ALWAYS

BITS 8 7 6-4 3-1 FLOODED FLOODED

1 0 6 2 178 434*
1 0 6 3 179 4435*
1 0 6 44 180 436*
1 0 6 5 181 437*
1 0 6 6 182 438*
1 0 6 7 183 439*
1 0 7 0 184 444 Q
1 0 7 1 185 ‘441
1 0 7 2 186 442
1 0 7 3 187 (443
1 0 7 4 188 444*
1 0 7 5 189 ‘445
1 0 7 6 190 4146*
1 0 7 7 191 447
1 1 0 0 192 448
1 1 0 1 193 449
1 1 0 2 194 450
1 1 0 3 195 451*
1 1 0 4 196 ‘452 *
1 1 0 5 197 453
1 1 0 6 198 454*
1 1 0 7 199 455
1 1 1 0 200 45~1 1 1 1 201 457
1 1 1 2 202 458
1 1 1 3 203 (459*
1 1 1 4 204 i460*
1 1 1 5 205 461
1 1 1 6 206 462*
1 1 1 7 207 463
1 1 2 0 208 464
1 1 2 1 209 465
1 1 2 2 210 466*
1 1 2 3 211 (467*
1 1 2 ~4 212 468*
1 1 2 5 213 ‘469*
1 1 2 6 214 470*
1 1 2 7 215 47j*
1 1 3 0 216 472*
1 1 3 1 217 473*
1 1 3 2 218
1 1 3 3 219 475*
1 1 3 4 220
1 1 3 5 221 477*
1 1 3 6 222 478*

A- 6
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CONDITI ON OF WALLS DECIMA L EQU IVALENT
BOTTOM LEFT TOP RIGHT SOMETIMES ALWAYS

BITS 8 7 6-4 3-1 FLOODED FLOODED

1 1 3 7 223 4479*
1 1 ‘4 0 224 480*
1 1 4 1 225 481*
1 1 4 2 226 ‘482*
1 1 4 3 227 483*
1 1 ‘4 ‘4 228 494*
1 1 4 5 229 485*
1 1 4 6 230 486
1 1 ‘4 7 231 ‘487
1 1 5 0 232 488
1 1 5 1 233 489
1 1 5 2 234 490
1 1 5 3 235 491*
1 1 5 ‘4 236 492*
1 1 5 5 237 493
1 1 5 6 238 494*
1 1 5 7 239 ~495
1 1 6 0 240 496
1 1 6 1 241 497*
1 1 6 2 242 ‘498*
1 1 6 3 243 499*
1 1 6 4 244 500
1 1 6 5 245 501*
1 1 6 6 246 502
1 1 6 7 247 503
1 1 7 0 248 504
1 1 7 1 249 505
1 1 7 2 250 506*
1 1 7 3 251 507*
1 1 7 4 252 508
1 1 7 5 253 509
1 1 7 6 254 510
1 1 7 7 255 511

A-i
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Chen, R J
Comparison of numerical and physical hydraulic models .

Masonboro Inle t, North Carolina; Append ix 3: Numerical simu-
lation of hydrodynamics (Tracor) / by R. J. Chen and L. A.
Hembree, Jr. Vicksburg, MiSS. : U. S. Waterways Experiment
Station ; Spring field , Va. : available from National Technical
Information Service, 1977.

xiv , 254 , 7 p. : ill. ; 27 cm. (GITI report - U. S. Army.
Corps of Engineers ; 6 , Appendix 3)

Prepared for U. S. Army Coastal Engineering Research Center
under Contract DACW72-72-C-0029, by Tracor, Austin , Texas.

General investigation of tidal inlets; a program of research
conducted jointly by U S. Army Coastal Engineering Research
Center, Fort Belvoir, Virginia, ~and~ U. S. Army Engineer
Waterways Exper iment Station , Vicksburg, Mississippi.
References: p. 253-254.

1 . Hydraulic models. 2. Hydromechanics. 3. Masonboro Inlet ,
N.  C. 4 .  Mathematical models. 5. Numerical simulation.
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Comparison of numerical and physical hydraul ic models ,

Masonboro Inlet , North Carolina; Appendix 3: Numerical simu-
lation of hydrodynamics (Tracor) - - - 1977. (Card 2)

6. Tidal f l a ts. I .  Hembree , L. A., joint author. II. Tracor ,
Inc. I I I .  Uni ted States. Coastal Eng ineering Research Center.
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