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FOREWORD

This report is intended as a documentation of the computer program and as a

user's manual for the implementation of the mathematical model for the

prediction of unsteady salinity intrusion in estuaries. The details of the

model development and verification are contained in the following report:

"A Mathematical Model for the Prediction of Unsteady Salinity

Intrusion in Estuaries" by M. Llewellyn Thatcher and Donald

R. F. Harleman, Ralph M. Parsons Laboratory for Water Resources

and Hydrodynamics, Technical Report No. 144, February l972 [also

published by M.I.T. Sea Grant Project Office as Report No.

MITSG 72-7  index No . 72 � 307-Ccb!]

The unsteady salinity intrusion model is one-dimensional, although varying

degrees of stratification are accounted for in the assumed longitudinal

di.spersion relationship.

This model is a component in two additional studies, one of which is concerned

with the two-dimensional aspects of salinity intrusion  i.e. vertical salinity

and velocity distributions in estuarIes!:

"Mathematical Simulation of Tidal Time-Averages of Salinity

and Velocity Profiles in Estuaries" by John S. Fisher, John D.

Ditmars and Arthur T . Ippen, Ralph M. Parsons Laboratory for

Water Resources and Hydrodynamics, Technical Report No. 151,

July 1972 [also published by M.I.T. Sea Grant Project Office

as Report No. MITSG 72-11  index No. 72-311-Ccb!]

The second study is concerned with the development of a model for predicting

the transient longitudinal distribution of water quality parameters in estuaries:

"Numerical Model for the Prediction of Transient Water Quality

in Estuary Networks" by James E. Dailey and Donald R. F. Harleman,

Ralph M. Parsons Laboratory for Water Resources and Hydrodynamics,

Technical Report No. 158, October 1972 [also published by M.I.T.

Sea Grant Project Office as Report No. MITSG 72-15  index No. 72-315-Ccb!]

This user's manual therefore assists in the implementation of the analytical

and numerical models listed above.
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and an equation of state relating salinity and density,

�-i !p ~ 0-75 s + 1000

where

the total width of the channel ]bT 1 in Reference 1]
Total

the depth of water from surface to a horizontal datum

b

Q ~ cross-sectional discharge

q lateral inflow per unit length

average cross-sectional velocity of the conveyance area

g - acceleration of gravity

cross-sectional area of conveyance area  A of Reference 1]
core

total area of cross section, including storage
rotal

depth of the centroid of conveyance area

fluid density

Chezy coefficient

d
C

R " hydraulic radius

longitudinal dispersion coefficient

salinity representative of a cross-section  parts per thousand!

The boundary conditions required to solve these equations are:

�! the specification of tidal elevation at the ocean entrance

as a function of time

�! the specification of fresh water inflow at the upstream

boundary and of tributary inflows as functions of time

�! the specification of zero salt flux across the upstream

boundary and

�! the specification of conditions on sali,nity at the downstream

entrance of the estuary.

Xnformation on water surface elevations at the ocean entrance is usually

available from tide tables, and it is assumed that the user has fresh water

inflow hydrographs. Conditions on salinity at the downstream boundary requi~~



only a specification of ocean salinity, s or a maximum salinity. This
0

salinity specification constitutes the boundary condition during the flood

 incoming! flow. During ebb  outgoing! flow, the ocean boundary salinity
is not specified, as the solution is continued in terms of a convective

transport across the downstream boundary. When the ebb flow ceases and

flood begins, the salinity at the downstream boundary will return to its

maximum value s . When the downstream boundary coincides with the ocean0

entrance, the time of return of salinity to its maximum value will be rela-

tively rapid due to longshore currents which sweep away much of the diluted

water. It is assumed that this return is linear in time, and for the ocean

entrance good results have been obtained using 5X of a tidal period ae the

time span over which the salinity returns to its maximum.

Figure l.l shows that this time span can be specified as considerably

longer than 5X in order to account for the cases in which the downstream

boundary is not at the ocean entrance.

The longitudinal dispersion coefficient is related to the local non-es/s
0dimensional salinity gradient, �,  where L = length of estuary! in the

3x/L
salinity intrusion region. The dispersion coefficient for the entire estuary
is

as/s
5/6E x,t! ~ K + 77n uR  l-5!

u is the crass-sectional average velocity and R� is the hydraulic radius.
Reference I hss shown that a correlation exists between K/u L and an

0
estuary number IE�. This permits the determination of a value for K for each
tidal period based on the previous tidal period's calculated value of the tidal
prism, P , the densimetric Froude number, F , the fresh water inflow, Q , andD ' f'
the tidal period, T. These are the gross parameters which define the estuary
number

P IF 2

*D = Q,T  l-6!

where K is a constant of proportionality related to the degree of stratification
as measured by gross estuarine parameters. The second term represents the dis-
persion in the fresh water region where n is the Manning resistance coefficient,
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The correlation between K/u L and K, developed using steady-state salinity0

distribution data, covers a wide range of stratification conditions. This
relationship is shown in Figure 1.2.

Calculations of salinity, water surface elevation and discharge are
made by solving Equations 1-1, 1-2, 1-3 and 1-4 in finite difference form.
The numerical model consists of two fundamental components of calculation.
The first component solves for the water surface elevations and discharges
and is a modification of the numerical model of Harleman and Lee�!. The
second component is the finite difference solution of the salt balance Equation
1-3. Details of the finite-difference techniques used are described in
Reference 1-

The solution requires initial condition~ and advances in time in accord-
ance with the values of the time-varying boundary conditions of tidal elevation
at the entrance and fresh water inflows. The solution determines surface ele-
vations, discharges and salinities as functions of longitudinal distance and
time for any specified ~umber of tidal periods. Details pertaining to the
practical application of the transient salinity intrusion numerical model are
presented in the following sections of this report.
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in the A lication of the Numerical Model

2.1 Initial Decisions in Reducin Estuar Geometr to One-DimensionaI.

Parameters

The geometric configuration of the estuary must be studied to determine

the appropriate extent or domain af the estuary, and the degree of detail necessary
in terms af discretization. The longi.tudinal extent of t»e estuary is the

first determination to be made. The upstream boundary is usually taken at

the head of tide. This can be a physical closed � end such as a dam, lack,

waterfall or rapids. If no physical barrier exisi.s, tne estuary is of the

open-end type, and the upstream boundary is set at a point far enough upstream

so as to be unaffected by tidal action.

Ideally, the downstream boundary should coincide with the ocean entrance

to the estuary. The case studi.es presented in Ref. �! consider three differen.t

types of estuaries from the standpoint of downstream boundary location:

I, Delaware. The downstream boundary is at the ocean entrance

 Cape Henlopen-Cape May!.

2. Potomac. The downstream boundary is at the junction with

Chesapeake Bay.

3. Hudson, The downstream boundary was chosen to be at the Battery.
Below the Battery the estuary i.s no longer one-dimensional because

of the connection to Long Island Sound through the East River.

The salinity boundary condition for the Delaware and Potomac were assumed ta

follow "ramp A" of Fig~re 1.1 with the value of s being determined by salinity
o

conditions in the Atlantic and in Chesapeake Bay respectively. In the case
of the Hudson the salinity variation at the Battery was assumed to be more
nearly sinusoidal as shown by "ramp B" of Figure I.] .

Once the 1.imits of the estuary have been defined, the next decision is

that of determining the segment length, Ax, for discretization of the physical
characteristics. This interval of discretization, Lx, must be small enough
to be representative of the principal variation in geometry. Case studies
made in Ref. �! have shown that segment lengths of 2 ta 3 miles generally
provide sufficient detail. The computer model requires that the total number

af stations be an even number. This is the result of a staggered finite-difference
scheme in which water surface elevations and salinities are calculated at odd

numbered stations and discharges at even numbered stations. Figure 2.1 illustrates
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Lhe diVisif~n of a Simplified eStliary into 12 Stations  ll SegmentS!.

After the identification of longitudinal stations has been accomplished

Lhe schemaLization of the natural geometry into basic parameters of depth and

area is pel foI mell. Two basic types of schematization are available in this

model and Lhe user must choose that which best suits hi s particular study.

Tne first. type, Figure 2. 2a, is that of a trapezoidal cross-section.

This Lype of scilematization is especially useful in cases where it is important

Lo represent the change in estuary width with change in depth. Et assumes that

the entire trapezoidal area participates in the longitudinal tidal flow and

consequently it does not provide for portions of the estuary which act as storage.

It is noted that schematization to a rectangular cross-section is a special case

of tile trapeZoidal SChematization.

The second type, Figure 2.2b, represents the area of the discrete inter-

val by two rectangular areas; one for storage, the other for conveyance. This

schematization simplifies the cross-section in terms of geometry, and allows

the user to specially treat the cases of embayments and other portions of the

estuaries which do not act direcLly or significantly in terms of the longitudinal

tidal flow.

After the user has decided which of the types of schematization to use

he can proceed to the schematization process itsel.f. This process will depend

on the particular case, the time available and sources of data. The following

sections are intended to serve as an example of the schematization process.

2,2 General Princi les of Schematization

The numerical model employs discrete quantities. At each station

such as those indicated in Figure 2. 2 the user must determine basic parameters

whir h permit the calculation of a conveyance cross-sectional area, A , and,core'

if so chosen, a storage area, A These areas are to be representative of
storage

the estuary in the region of the station being considered. Nore precisely, they

represent an average for the segment centered on that station. The cross-section

at the station itself ~ma not be representative of the entire segment.

2. 3 Establishin the Datum

In order to correctly represent the water surface the data defining each

cross-section must be related to a common horizontal datum. Of ten this presents

-1 3-



Typical Cross-Section

Tra ezoidal Schematization

Figure 2.2a

ons

Schematized Cross-Section

Stora e and Conve aonve ance or Core! Area Schematization

Figure 2,2b



a problem because hydrographic charts are intended for navigation and not

for numerical modeling. Chart deptlrs are relative to some water surface

such as local mean low water, local mean river level, or other local

water surface which is not necessarily horizontal.

Xn order to accurately define the estuarine geometry the bottom

elevations of the schematized cross-sections must be specified relative

to a common horizontal datum. This entails obtaining information which

defines the local datums. Such information is usually available from the

organization that issued the charts.  For example, the National Ocean

Survey of the U. S. Department of Commerce. !

Figure 2.3 shows how the common horizontal datum is used. Each sta-

tion is schematized with reference to the mean water level  MWL! . The depth

from MWL to the bottom of the schematized cross-section is d.. The location
j

of the common horizontal datum is specified by the user, and the changes in
local datums are included by defining z so that d, + z measures the dis-

o, o~
r ance from the common horizontal datum to the local MWL ~ The changes in

local datums are illustrated in Figure 2,3 by the fact that the MWL varies
with respect to the horizontal.

If no data is available on the local daturns it is possible to assume

t.hat the l.ocal datums are all the same. This means rhat the MWL is assumed

to be horizontal from one end of the estuary to the other. The effect of

such an assumption is the introduction of an error in the depth of the schem-

atized cross-sections equal to the difference between the assumed local MWL

and the actual local MWL.

2.4 Schematization to a Tra ezoidal Cross-Section Without Stora e

The cross-section which typifies each reach is considered to be centered

on the station. The trapezoid which most closely represents the cross-section
of the reach should be found. This can be achieved by a variety of techniques
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Datum

Sketch of Common Datum

Figure 2.3



ranging from estimation by visual inspection to mathematical f itting tech-

niques employing chart soundings. Jn terms of required input data to the

computer program, the trapezoid selected must be defined by the foll. owing

four parameters as shown in Figure 2.4a:

1. bottom width b 4. distance from common datum to the bottom

2. depth, d of the channel, z
0

3. horizontal distance per unit vertical distance, SS

The depth is measured to mean water level  MWL! .

2.5 Schematization Includin Stora e and Conve ance  or Core! Areas

The plan view of Figure 2.2b shows a typical estuary reach containing

an embayment. The water in the embayment does not participate in the longitudinal

tidal transport, however it fills and empties with the change of water surface

elevation. The embayment acts as storage, and in estuaries where the surface

area of such embayments is a significant percentage of the total surface area,

the schematization should represent the storage action.

The schematization employed is based on the determination of a convey-

ance or core area which is defined in terms of a width b and a depth d.
core

This requires that the user determine an average cross-sectional area and width

for the segment. This area is then represented in rectangular form by dividing

it by the average width to obtain the depth, d.

Figure 2.4b shows how this core area is joined to a storage area. To

define the storage area it is necessary to define a depth of the storage area,

d'. This depth, multiplied by the surface area of storage, A yields astorage'
volume of storage V To obtain an equivalent cross-sectional storage-

storage
area A the volume of storage is divided by the segment length, Ax.storage'
Further division of this crass-sectional storage area by the storage depth, d'

gives the equivalent width, b of the schematized rectangular cross-section.storage'
These relationships are:

V =A d'
s to rage s to rage

A storage

-17
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Reference Tra ezoidal Schematization
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Datum  b!

Basic Schematized Cross-Sections

Figure 2.4



A A
~stora e t

storage d' Ax �-1!

The final relationship shows how the schematization process spreads out
surface area over the reach length Ax.

The data required by the computer program for each section are:
1. the core width, b

core
2. the core depth, d

3. the total wi.dth, b ~ b + b
total core storage

4. the storage depth, d'

5. the distance from the common datum to the bottom of the schematized
section, z

0
Again, it must be remembered that the depth is with respect to mean water level.
2.6 Verification of Tidal H draulics

2.6.1 Choice of ht Based on Stabilit Re uirements

hx
u+c

where u is the average cross-sectional velocity and c is the wave speed v'gh at
the same location. Equation 2-2 can be used to estimate the At corresponding to

a particular bx by estimating u and c. For example, if the maximum depth of

an estuary is 40 ft. and the expected tidal velocity vill not be greater than
5x2 feet per second, Fquation 2-2 limits Qt to a maximum of about 3B s o ~

For Ax = 10,000 feet, At < 263 seconds, and for a tidal. period of 12.4 hours,

this would require 170 time intervals per tidal cycle-

2 .6.2 Channel Rou hness as the Variable Parameter in Tidal

H draulics Verification

Tide table data on tidal range and phase is utilized to

numerical model correctly represents the advective characteristics of

The tidal verification process is executed by varying the channel «ughn
 Manning's n! so as tc achieve the best fit with available data'

is presented in terms of local tidal range and phase lags for a pa««u

-19-

The explicit finite-dif ference solution of the continuity and the mome~turn
equations �-1 and 1-2! imposes a li~it on the size of time increment, ~t. This
requirement can be approximated by



range at the ocean, or downstream boundary. The tidal verification runs

are made by assuming typical fresh water inflows and holding these constant

for each tidal cycle of calculation. The time varying surface elevation at

the ocean is repeated for each tidal cycle. Such a repetition of boundary

conditions defines a quasi-steady state condition. Initial conditions of

surface elevation and discharge can be approximated  or set equal to zero!

and any reasonable approximation of the longitudinal salinity distribution

can be used for an initial condition on salinity. The numerical model is then

run and it has been found that about 5 to S tidal periods of calculation will

result in tidal elevstions and discharges which are essentially the same from

one period to the next. This procedure can be applied for different variations

in channel roughness until the resulting convergent surface elevations give a
satisfactory verification of the tidal data. The unsteady salinity intrusion
study can then be continued using this distribution of channel roughness. It
is noted that the tidal hydraulics are not very sensitive to small changes in
the salinity distribution and this is why the above procedure can be successfull]
executed using only an approximate salinity distribution.

Typical values of Manning's n found in Ref. �.! are:

Delaware n ~ 0.017 to 0.033  ave. ~ 0.024!
Potomac n ~ 0.018

Hudson n ~ 0.015

2,7 Treatment of Entrance Salinit for Different Entrance Confi urations
When the estuary being studied can be schematized as far downstream as

the ocean, the boundary treatment requires the specification of the ocean
salinity, s , and the portion of the tidal period during which the salinityo

returns from the value at low water slack  LWS! to the maximum value, s - Fox'
0

such cases it has been found that a time equal to 0.05T for the return pox'tion
gives reasonable results. A well defined ocean boundary permits the prediction
of salinity distributions starting with initial conditions requiring only the
specification of the ocean salinity, s

0
In cases where the downstream boundary cannot be taken at the o«an.

but must be located farther upstream, the assumption that longshore currents wil
sweep away most of the diluted ebb flow is not as valid as it was for the ocean '

-20-



boundary. The user can predict longitudinal salinity distributions under

such conditions by specifying the maximum salinity at the downstream boundary

and also by specifying a reasonable return time during which the salinity will

return from its low water slack value to the maximum value. This return time

will be between Q.Q5T and 0.4T. Ref. �! has shown that for the Hudson a satis-

factory representation of the downstream boundary at the Battery was achieved

using 0.4T. The observed depth averaged salinity variation at the Battery was

approximately sinusoidal. Figure l.l illustrates how the different specifications

of return time affect the representation of the temporal variation of salinity

at the downstream boundary.

2.8 Initial Conditions

An initial longitudinal salinity distribution must be specified to

begin the calculation. In addition initial values of surface elevations and

discharges are required. As discussed in Section 2.6.2, the effect of arbitrary

initial conditions of surface elevation and discharge is negligible after 5 to

8 tidal cycles of calculation, and this characteristic can be used to generate

reali.stic initial conditions of surface elevatlons and discharges for the un-

steady salinity intrusion study.

Coast and Geodetic Tide Tables can be used to specify the maximum and

minimum tidal elevations at the downstream boundary. By assuming an approximate

salinity distribution, the user can back-up eight tidal cycles from the beginning

of the study period and initiate a calculation using initial values of elevation

and discharges equal to sero. The tidal surface elevations and the discharges

produced after eight cycles are appropriate initial conditions for rhe unsteady

study. The user can combine the elevations and discharges at the end of the

introductory eight cycles of calculation with the initial salinity distribution

and thus obtain a complete set of initial conditions for the unsteady salinity

intrusion study.

-21-



III. Ob ective and Sco e of the Com uter Pro ran
of the computer program is to calculate water surface

elevat ons, sa nl tion salinities and discharges as functions of tine and of longitudinal

distance along the estuary. This calculation is an implementation of

finite difference mathematical model developed in Ref.
The scope of the program is defined in terms of three areas of

control. These areas of control are �! specification of estuarine geometry
and roughness, �! specification of time-varying boundary conditions and of
initial conditions, and �! selection of the frequency and content of the

output from the computer.

In the specification of geometry the user describes the estuary cross-

sections in terms of either a rectangular or trapezoidal channel, or in terms

of a rectangular channel with a storage area  Sections 2.2, 2 ' 3, 2-4 and 2.5!.

Sistplified descriptions can be used for the special cases of a uniform rec-

tangular section and for a rectangular section whose width varies in an exponen-

tial manner. The channel roughness is described in terms of Manning's n and

wind shear effects can be specified.

The boundary conditions are: tidal surface elevations at the downstream

boundary, fresh water inflows at the head and at other locations along the

estuary, and the maximum salinity, s , at the downstream boundary. Zf the
0

tidal surface elevations at the downstream boundary are repeating from tidal

cycle to tidal cycle, then the specification of this boundary condition can

be made in terms of harmonic components or in tabular form. For the situation

in which tidal variations are expressed in terms of a series of high and low
water elevations  as from data found in t.ide tables!, the user can specify

the time series snd the program will fit a cosine curve to the specified values
high and low water elevations. The specification of fresh water inflows
the maximum entrance salinity s is made for each tidal period of calcula-

0
tion,

The initial conditions of surface elevation, discharge, and salinity
can be s ecif especified in a convenient form; either from the result of a Pre «us
calculation storedon stored as a data set , or in punch cardIt II

The corn uteromputer output can be printed or stored on a sequential data
device such as a mamagnetic tape. The program provides the user with the ab

-22-



to specify the frequency of printing the sux face elevations, salinities and

discharges. It is also possible to print out high water slack salinities

and to punch the final calculated values into cards so that these values can

become the initial conditions of a subsequent calculation. The storing of

calculated values of elevations, salinities and discharges on a sequential

data device is convenient for subsequent plotting of these results by a plotting

program such as that included in Appendix III. It is also possible to store

the calculated values of the longitudinal dispersion coefficient, E, on a

sequential data device.

-23-



IV. Structure of the Pro ram
Th r gram consists of two principal multipurpose routThe program co

single purpose routines.
The first principal multipurpose routine js thc main-line program,

hereafter referred to as HAIN. MAIN e ecutes the input routine~

OSIN and proceeds, cycle by cycle, to read in the time varying boundary specifi
cations and execute the basic calculation routine, HARCH. When

calculation is completed MAIN outputs the final values of surface elevation

discharge and salinity.

The second principal multipurpose routine is MARCH. MARCH performs the

basic calcul.ation in time steps of 2At, solving first the continuity equation,

then the momentum equation, and finally the salt balance equation. In the

solution of the salt balance equation, three routines are executed: �! TDISP,

which calculates the dispersion coefficient; �! TOCNB, which performs the

entrance or ocean boundary calculation; and �! TRIDG, which solves the resultingg

tri-diagonal simultaneous equations.

The output is produced by executing routine SPEW.

of the dispersion parameter K is determined by executing routine ESNOD which
P lF

determines the estuary number T D and determines K in terms of the specif ied
Q T

K/u l. correlation with the estuary number.o

The single purpose routines executed  " called ! by MAIN and by BIRCH

are:

TIDIN; An input routine for geometry, roughness, wind effects and entrance
t idal variation.

OSIN: An input routine for specification of parameters related

sol.ut ion of the salt bal.ance equation and for the specification
of output frequencies and options.

A calculation of the dispersion coefficient from the equationTDISP;

3sE= K � +nE
! 0 TX

�-1!

where n = l, unless otherwise specified by the user ~

-24-

At the end of each tidal cycle MARCH calculates the total mass of salt

in the estuary. If requested by the user, the time of high water slack is found

and the corresponding high water slack sal.inities are printed. Finally, the valise



This routine supplies the finite-difference equation for the
downstream element of the estuary  entrance boundary treatment!-
A solver of simultaneous equations in tri-diagonal form,
Calculates the tidal prism, P... the Gensimetric Froude number,

p II 2 Kthe estuary numoer T D and then uses the correlation of
2 T o

T D
vs. T to determine the value of Ji spersion parameter K to be

f

used in the next tidal cycle of calculation.

TRIDG:

ESNOD:

decks and to understand what went wrong.

SEQTST: A sequence checking routine.

Figure 4. l shows the basic structure of the program HAIN and Figure 4.2 shows
the basic structure of subroutine MARCH. In both figures the single purpose

routines used at the corresponding step are indicated in parenthesis.
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SPEW: An output routine for the surface elevation, discharge, and salinities.
ERRL: An error handling routine to assist the user in preparing input



 SPEW!

Structural Diagram of Routine MAIN

Figure 4.1
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For the user who has had little experience with FORTRAN programming, a

brief description of the format codes used in this section is included with

explanation in Appendix II.

5.2 In ut Descri tion a+ Format

 Note: Punch decimal point in all "F" format fields.!

Section 1. Description of Schematized Estuary

Card No. Format

20A4Descriptive Information for a Heading,

Descriptive Information for a Heading
Field I  right !ustified! Number of Sections  even! I5A3

Field 2 Total Length in Feet

Field 1  right ]ustified! Number of Time Intervals
Flo. <i

I5

Per Cycle  even!

Field 2 Tidal Period  cycle! in Seconds

Field 1, Type of Schematization, Number 1,2,3,4 or 5
in Column 5 for:

Flo. Ei
A5

I5

1: Rectangular Cross-Section

2: Irregular Cross-Section  storage!
3: Trapezoidal Cross-Section

4: Exponentially Varying Width, Rectangular Cross-Section
5: Constant Rectangular Cross-Section

Field 2, for Closed End Estuary Blank or 0,
«r Open End Case ~ 1

I5

-28�

ser Control Throu h In ut Data

5.1 Introduction

This section presents the requirements and format for control of the

compu e puter program. There are six subsections, each one defining input require-

ments. The input is in the form of eighty column unit record cards and the

per orat onrf ration of these cards is according to specified FORTRAN formats. The card

divided according to the format instructions which specify the columns that

correspond to each piece of input data. These columns constitute the "field"

in the card for each item of data. A detailed explanation of FORTRAN formats

can be found in many texts, the specific reference for this program is the IBM

Sys tem/360, "FORTRAN IV Language", manual Form C28-6515, obtainab le f rom local

IBM branch offices  Ref. 3!.



For each case:

Case 1 Rectan ular Cross-Section

For each section a card:

Card No,
Format

A6 �!

Z5,5x

Flo.d
A6 �!

etc.

Case 3 Tra ezoidal Cross-Section

A6 �!
I5, 5x

F10. dField 2 Depth, detc.

to a Unit Vertical Distance

Width is assumed to vary as

Elo. d

Flo.d
A6 �!

each station a card:

Sequence Number  right justified!�!
then for

Field 1A7 �!

Field 2 Depth, detc.

Field 3

1; Sequence Number  right justified!�!

2: Depth, d

3: Distance from Datum to Bottom of Section, z 0

4: Width at Section, b b
core

Case 2 Irre ular Cross Section  stora e!

For each section a card:

Field 1 Sequence Number  right justified!�!

Field 2 Depth, d
core

Field 3 Distance from Datum to Bottom of Section, z0

Field 4 Total Width, b
to tal

Field 5 Core Width, b
core

'Field 6 Storage Depth, d'

For each section a card:

Field 1 Sequence Number  right justified!�!

Field 3 Distance from Datum to Bottom of Section, z 0

Field 4 Side Slope, Horizontal Distance Corresponding

Field 5 Bottom Width, b
0

Case 4 Ex onentiall Var in Width Rectan ular Cross-Section

b  j ! = b �! exp  -6x!

Field 1 Argument, 6

Field 2 Width at Entrance, b�!

Distance from Datum to Bottom of Section, z 0

�!, Note: Sequencing need not start at the number 1, but must be ascending
with an increment of unity  i.e. j, j + 1, j + 2$ !

-29-

15,5x

F10. d

F10. d

F10. d

I5,5x

F10. d

F10. d



Card Ho.

1.0xAS S! Field 1 Slank

IS

IS, Sx

F10.d 30~ 'tc I

F10. d

F10. d

ZS

Flo. dC2

F10. d

IS

2Flo.d

Case 3 Repeating Tabular

C3�!

SF10. d

-30-

Case 5 Constant Recta ular Gross-Section

Field 2 Depth, d

Field 3 Distance fras Datum to Sottom of Section, s

Field 4 Midth, b b
core

Section 2. Channel Roughnaae and Mind Effects

Casa 1  Kntar "1" in Column 5!

Constant Roughness and Constant Mind Kffoct

Cage 2  Enter "2" in Column 5!

Variation in Roughness, Wind, or both

Zf Case 1 is specified only one card is necessary; for

Case 2 a card for each sectf.on must be punched.

Field 1 Sequence Number

Field 2 Manning'a "n" in ft-eec. unite

Field 3 Mind Speed ft/sec, V

Field 4 Angle of Wind in Radians Relative to

Axis of Channel  blowing upstream is 0 angle!

Section 3. Surface Elevation at Entrance

Cl Type of Variation: Number 1, 2, or 3 in Column S

Case 1 Cosine Fit to HW, LW Serfes

Case 2 Repeatfng, Harmonfcally Deffned in Terms of Amplitudes

and Periods of each Component

Case 3 Repeating, Defined by a Table of Values

Distance MWL above HSL at Entrance

Csee l Cosine Fit to HW, LW Series

C3 l! Field 1 Initfal HW with Respect to MWL at the Entrance

Case 2 Repeating, Harmonically Determined

C3�! Field 1 Number of Harmonics

C4�! Field 1 Amplitude in Feet, Field 2 Perf od in Seconds �!

Card A4 specified the number of time intervals per cycle

and the specification was an even number. A series of

elevations of length equal to 1/2 t: he number of time

intervals is required. Thus every other interval is

defined. The tabular information will be in five

fields per card.
�!,

Note; If only one harmonic, the period is t:aken as that of card A4.

F10- d

F10- d

F10. d



Card No.
Forms

Sec.t ion 4. Def initions Concerni.ng the Salt Balance Equat ion

Field 1 Initial Value of the Dispersion Parameter, K

Field 2 Multiplying Factor n in Equation 4-1, see below.
Flo.

If the field is set to zero or left blank n is auto-

DZ

Field 2 Kaximum limit of intrusion length for the calculation.

If left blank or set to zero the total estuary length
is taken.  This can be used to save computing time

in cases where the maximum intrusi.on is well known

and is significantly less than the total estuary
length.!

Field 3 Fraction �-o.5! of the tidal period during which the
F10. c

entrance saLinity returns linearly to s from its
o

value at LWS.  Usually 0.05 if entrance is at the

ocean but not more than 0.5.! FLO. d

Field 4 Fraction �-0.5! of the tidaI. period during which the
entrance saLinity remains at s after HWS  usually

o
0. 0!, Flo. d

Source of Initial Co~di.tions: Punch 1, 2 or 3 in Column 5

to define one of the following cases.

Case 1: Sequential dataset containing a complete tidal period of
elevations, n, salinities, s, and discharges

Case 2: Elevations, n, and discharges Q, from a sequential dataset
as in Case 1, but salinities s from cards.

Case 3: Elevations, n, salinities, s, and discharges, g, all

D3

I5from cards,

For cases 1 and 2: The sequential dataset is assumed to have

a FoRTRAH dataset reference number of 3 unless the user wishes

to override this by specifying another number in Columns 6-10~

right justified. It is assumed that the dataset is organized
in record lengths of "total number of sections /2" and that
there are "totaI. number of time intervals /2" sets of three

I5

-31�

matically set to 1. Right justify to Column 15.
 E=X,� +nE!aQ

I5
Bx T

Field 1 Intercept of K/u I vs ~ IE relation; if blank or zero,
intercept set at 0,00215, this corresponds to Figure 1.2! Flp,t



Format

Card No. records, the records being in the sequence z, s, Q.  All
elevations are assumed to be relative to MSL.! The last

set of n, s, and Q will be taken as the initial conditions.

For Case 2:

94�! Initial salinities, s, at each odd section starting
5F10. ci

at the entrance, 5 per card

For Case 3:

94�! Initial el.evations, n at each odd station starting at

entrance, 5 per card

Initial salinities s, at each odd station starting at

the entrance, 5 per card, the first value beginning a

nev card

5F10. Ci

5F] 0 ~ 8

Initial discharges Q, at each even station, starting

at the seaward~st station 5 per card, the first
5F10. civalue beginning a nev card

Section 5. Output Selection

Four options are taken by punching keywords into any of the
first four fields of 5 columns, aLways beginning on the

fir'st of the 5 columns.

El

~O tips 1: keyvord KEEP. This keyword vill cause the
program to store the calculated results of each time step
on a sequential detaset, thereby enabling the user to keep
the entire result for plotting or further processing. The

unit number of this dataset, will be 15 unless the user

specifies another number in Columns 26-30, right !ustified.
~uttoo 2: keyvord NNS. This keyword w111 cause the calcu�
lation of High Water Slack salinities and these will be

printed at the end of each tidal cycle.

~Otion 3: keyvord = FC. This keyword will cause the program

to punch out the final values of elevation, salinity and dis-

charge in the format which permits these cards to be used as

the initial conditions for a subsequent calculation. Eleva-

tions are relative to MSL.
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pormat

step to a sequential dataset. The unit number of this
dataset will be 11 unless the user specifies another number

in Columns 31-35 right justified.

Fre uenc of Basi.c Out ut

4 A4,lx!,
2IS

Frequency is measured in time increments between outputting

a calculated variable, rl, s, or Q. "0" would be not at all,

"2" would be at the end of each calculation, "m" would be at

the beginning of each tidal cycle and every m intervals there-

after.  Each calculation is of 2ht, therefore m must be even.!

Surface elevation specification' .H is punched in Column 1 and

the frequency is punched, right justified, in Columns 6-10.
Salinity specification: S is punched in Column 1 and the

frequency is punched, right justified, in Columns 6-10
Discharge specification: Q is punched in Column 1 and
the frequency is punched, right justi.fied, in Columns 6-10.
Note: Cards E2, E3 and E4 can be in any order relative to

each other.

Section 6. In ut of Time Var ina Boundary Parameters at

 A1,4x, IS!

E3

 A1,4x,IS!

each Tidal C cle

Specification of Transient Fresh Water Input Locations
Field 1: Number of Transient Fresh Water Inputs

Field 2: The number of these which will be summed to compute

Fl

the Qf used in calculating the estuary number.
Field 3,4,5,6, etc.: The section numbers of the inflows.

These refer to an inflow between the section designated

and the adjacent seaward section. The order given in
fields 3,4,5,6 .. ~ is the order to be followed in

the following specification cards for each tidal cycle.
Those inf iowa to be summed into Q as specif ied in

f

field 2 must be given first. 1615

F2 Number of tidal cycles of calculation in Columns 1-5,

r igh t j ust if ied IS

-33-

Card Eo. ~0 tiou 4; keyuord = E. This keyuord causes the program to
output the dispersion coefficient calculated at each time



Card No.

Time varying boundary parameters for each cycle.

Field l Humber of the Tidal Cycleetc.

FIO. cL

FIO- ~

FIOcycle, s
o

Fields 5,6,7,B,etc.

These fields are for specification of the fresh

water inf lowe. In the case of an open end estuary

field 5 contains the end discharge snd 6,7,8, etc.

the lateral inflows. Lateral inflows must be given

in the order specified in fields 3,4,5,6, etc. of

card Fl. If more than four values are specified

a second card can be included with fields of F10.d

There will be a card similar to this F3 for each

tidal cycle of calculation

4F10 .

End of Input to Program.
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Field 2 If surface elevation at the entrance is time

varying  case I!, the LW or minimum elevation.

Field 3 If surface elevation at the entrance is time

varying  case I!, the HM or maximum elevation

Field 4 The maximum salinity at the entrance during the



VI. Test Case and Exam le

6.1 Introduction

A test case is developed in order to further document the use of the
computer program and to furnish the user with a basis of comparison. The
user should be able to reproduce the results of the test case by using the
input decks described.

The test case is a study of the Potomac Estuary  Figure 6.1! with the

geometry described by Tables 6.1, 6.2 and 6.3.  Reference 1 also discusses

this case.! A step � by-step development of the input deck will be followed

in accordance with Section 5.2

6.2 In ut Pre aration and Results see Table 6.5 for listin !

Section 1

Cards Al and A2 contain descriptive information and are as shown.

Card A3:  Field 1! number of sections is taken as 40,  Field 2!

the total length is 603,768 ft.

Card A4:  Field 1! number of time intervals per cycle taken as

120,  Field 2! the tidal period is 44,640 seconds.

Card A5: The type of schematization for this case is that of the

irregular cross-section with provisions for storage. This is type

number 2. Field 2 is left blank for closed end case.

Cards A6�! A7�! A45 2!: These cards describe the fortv cross-

sections and are those shown in Table 6.3.  Note that the reference

datum is 40 ft. below HWL at the entrance, and that as a horizontal

~ater surface was assumed:d + z = 40 for all stations.!
0

Section 2

Card Bl: As Manning's n is constant for the entire estuary and no
wind effects are considered this is case number l.

Card B2:  Field 2! no sequence number is necessary as only one
card is required for case l.  Field 2! Manning' s n is taken at
0. 018.  Field 3! wind speed is 0.  The f ield can be lef t blank. !
 Field 4! no wind angle, leave blank.
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POTOMAC ESTUARY
 from Data Source Reference 1!

Figure 6.1



Segment Geometry of Potomac Estuary
Excluding Fmbayments  JEcan Water. Data!

 from Jaworski and Clark, Data Source Reference 1!

Length Average
in ft Width

 ,f rom Chain Bridge! in f t

Average
Depth
in ft

Segment
Number

24. 7

20.0

10.B

10.5

13.2

13.2

12.2

13.2

3,386

5,695

20.0

10,085

13,570

24,129

10 13.2

18.5

12 17.0

15,312

14,732

22,387

21, 859

13 15. 5

14 12.1

15 20.5

10�99

16,950

15,675

8,856

16 1.7. 9

22, 123

25,291

17 13.7

18 14. 2

28,354

24,816

19 20.3

20 15. 3

27,614

32	03

33,739

21 22.3

22 20.7

23 18.8

31,152

28,934

24 20,2

25 18. 35

42,135

31,416

51,163

26 25.0

27 26,846

44,342

33. 0

28 27.4

Table 6,1
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14,890

10,665

9,187

9,504

8,396

11,404

13,992

11,300

13,516

1,302

2,092

2,677

2,911

2, 708

3, 739

4,227

4,118

6,086

8,053

12,368

8, 732

13,l86

10,371

17,406

24,757

30,397

20,830

27,043



Embayment Data for Potomac Estuary  Hean Mater Data!
 from Jaworski and Clark, Data Source Rt ference 1!

Location

 Biles below
Chain Bridge!

Average
Depth

ft

Volume

R 10
3 8

4.65 - 5.760.16

10.40 5.810.46Tidal Basin

Washington Channel

Anacostia River

Four Rile  Hunter Pt.!

24.45

15,45

12.45

1.98

5.56

0.79

1.289.40Oxoa Creek  Upper!

OKOn Creek  Lower! l. 719. 35

3. 35 0. 71Bunting Creek

broad Creek

Piscataway Creek

4. 30 0. 70

I. 534.20

0.143. 10

G. 724,05

3,275.00

G. 353.95

4.80 3,33

8.635.80

0.54

6.568.80

0. 792. 70

3.70 0,84

2.'67 0. 36 40. 75

0.21 41. 64 � 42. 44

46.89 � 48.40

49.20 � 49.70

58.18 � 59.20

62.00 - 63.80

4.60 4.65

3.58 2.76

3.55 4.44

6.75 11.06

Table 6.2
 to be continued!
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Columbia Island Channel 6.40

Little Hunting Creek

Dogue Creek

Gunston Creek

Pomonkey Creek

Belmont Bay

Occoqusn Bsy

Povells Creek

Nattawoman Creek

guantico Creek

Chicamuxen Creek

Chopawamsic Creek

Mallovs Bay

kquia Creek

Potomac Creek

Nanjemoy Creek

Port Tobacco River

7,60 - 8.20

7. 60 � 8. 20

8. 79 � 9. 70

10.55 � 12.13

12.13 - 13.57

I2.13 - 13.50

14.90 - 15.92

18.11 - 18.63

19.90 � 20.33

21.85 � 22.80

24.02 � 25.42

26. 73 - 27. 10

31. 45 � 34.09

31.45 - 34.09

34. 79 - 35.92

34.13 � 35.60

38.10 - 38.55

36.91 - 37.75



Volume

ft x 10

Average
Depth

ft

Name

4.165.80

3. 80

0.472. 80

75.903. 80 0.70

3.605.80

0.23 79. 15l,85

9.92 38.62

9.90 15. 25

13. 409.90

6.80 8.57

7.85 7.27

0.884.80 96.10

4.45

11. 75 33.51

6.63 9. 39

7. 75 3. 77

6.636.60

6.60 1; 34 113.00
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Upper Machodoc Creek

Rosier Creek

Cuckold Creek

Monroe Creek

Mattox Creek

Popes Creek

Wicomico River

St. Clement Bay

Breton Bay

Homini Bay

Lower Machodoc Creek

Herring Creek

St. Georges Creek

St, Mary's River

Veocomico River

Smith Creek

Coan River

Hull Creek

Table 6.2
 continued!

Location

 Miles below
Chain Bridge!

69.45 � 71.32

72.60 � 73.27

72.00 � 72.21

75-98 � 77.32

80.52 � 82.85

86. 05 � 88. 35

89. 36 � 90. 20

87- 26 � 89. 48

91.15 - 93.38

102.96 � 104.35

102.96 � 104.35

103.80 � 104.65

105.15 � 106.65

107.20 � 109.00



dt
b total

feet

b core
feet

Section
ao.

0
feet feetfeet

Che

Bay

Chain

Bridge

Potomac Retuary
Schematized Geometry after Including Embayments

Table 6. 3
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2 3

4 7
Eh

ll
12
13
14
1 C

14
i 7
1 0
oq

20
21
'i 7
ii

74

25
26
77
2R
7O
3h
3'1
ii

3 3
14

36
i7

3R

41

in.nq

77 ~ R7

27 6>

3C ~ 46
4 7 ~ Q'7
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Section 3

Card CI: The type of eater surface variation at the entrance
will be that typically defined by tide tables, a HW and LW
series. This is case 1,

Card C2: The distance that HWL is above HSL at the entrance
is assumed to be 0.0 ft.

Card C3 I!: The initial HW value with respect to NWL at the
entrance is 0-52 ft.  from Table 6.4!.

Section 4

Card Dl:  Field 1! The initial value of the dispersion parameter
2K is taken as 600 ft /sec.  Field 2! To use the dispersion relation

aQ
E K � + 3E the multiplying factor n 3 must be punched in0 T

x
column 15,

Card D2:  Field 1! The K/u L vs. IE relations will be used with the0
standard intercept of 0.00215, therefore the field is left blank.
 Field 2! It is assumed that reliable information exists which per-
mits the specification of a limit for the salinity intrusion  and
thus calculations! at a point 540,000 ft. above the entrance.  With-
out such Justification the field would be left blank.!
 Field 3! The condi.tions at the entrance to the Potomac have been
assumed to be those of a longshore current and thus the salinity
is assumed to return to its maximum value in 0.05 of a tidal cycle
after LWS.  Field 4! The salinity is not restricted to remain at
its maximum value after HWS, therefore the field is either left
blank or set to 0.

Card D3: Sequential datasets will not be used in this test case
so as to accommodate those users without such facilities. Therefore
the initial conditions will be all from cards � case 3.

Cards D4�! D5 3! etc,: These are the initial conditions. Note
that they are specified every other station due to the staggered
mesh used in the finite difference calculations. Elevations and
salinities are defined on the odd numbered sections starting at the
entrance, whereas discharge is defined on the even numbered stations.
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Maximum and Minimum Tidal Elevations
at the Entrance to the Potomac

 Relative to NVk. at the Entrance!
Table 6.4

Tidal
Period

0 1 2

'3 5 6 7 8 9
10
	
12
13
14
15

l ~ 3f,
-~ ~ 40

le
1 ~ 7r

-1i 70
-1 ~ 70
-1 ~ Ap
-1 ~ 8".

'7 A

71

2 ~ 4Q
-2 ~:0

2 s1

-2 ~ Cp
CQ

i.o 20
' .83

? ~ 60
", 1.0
'l 7Q

2. 10
i ~ r0

'50

3. rpp

3- 10
~ CO

3. 0
2 20
3 ~ 20

~ rQ

Tidal
Period

15
17
1S

20
21
22
23
24
25
26
27
2R

31

-2 ~ CG
� 2 ~ Er
-1 ~ PP

7 r

� 7.70
-2.2P
-1 ~ 50

2 ~ c
-1,60
� 2 ' 10
-1 ~ HO
-2 ~ 4iJ

2 ~ 20
-2. 50

2 ~ 2
-2 kp

2 ' RP
] C I

2.60
2e C".

2.10
7 ~ gp

2 ~
5 l1

2 3r.

2 7
2 ~ j r.

P ll

2 ~
3.1r



For 40 stations this means 20 values, 5 per card for each

variable or four cards per variable.

Section 5

Card El: The output will not be put on a sequential data set
so opti.on 1 will not be taken. High water slack salinities

will be requested, therefore the letters HWS will be punched
in columns 1-3. As continuation after thi.s run might be of
interest, the third option of punching the final values will
be taken- The letters FC are thus punched in columns 6-7.
Et is not desired to place the time and spatially varying
dispersion coefficients on a sequential data set so option 4
will not be taken.

Card E2 E3 E4: For 120 time intervals per tidal cycle and a
possible output every other interval due to the staggered finite
difference mesh one could obtain 60 outputs per tidal cycle.
10 each cycle are to be specified which requires an output
interval of 12. In this case all three variables will be

assigned the same frequency. E2, E3 and E4 will contain the

letters H, S, and Q in column one and 12 in columns 9 and 10.
Section 6

Card Fl:  Field 1! Only one transient input is assumed.  Field 2!
Again one input is involved.  Field 3! The input is at the head
of the estuary and so it is identified as entering between section
39 and 40 by designating section 40.

Card F2: Only twc tidal cycles are specified as this is a test case.

Cards F3 F4:  Field 1! cycle no.  Field 2s3! The LW, HW from
Table 6.4.  Field 4! The maximum salinity at the entrance which is

taken to be~16.5 ppt for both cycles.  Field 5! The fresh water dis-
charge for these cycles which are 2730 and 2626 cfs.

The resulting input listing for this test case is in Table 6-5 and

the output for two tidal cycle's calculation is in Table 6.6.
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VII. Possible Error Messa es

There are a variety of error messages which may result from an inad-
vertent omission, a badly punched card or a misunderstanding in the preparation
of input data. The program has built-in checks on certain logic conditions,
and when these conditions occur a message is printed out to aid the user in
correcting the condition. The following messages are produced by the computer

program. All but the last are preceeded by
* SALINITY INTRUSION PROGRAM ERROR s A *

1! NUMBER OF SECTIONS MUST BE EVEN � This refers to card A3, field l.
2! NUMBER OF TIME INTERVALS MUST BE EVEN � This refers to card A4, field 1
3! CASE NOT 1 THRU 5 � This refers to card A5.
4! NEGATIVE INTRUSION LENGTH IN INPUT � This refers to card D2, field 2.
5! COLUMN 1 DOES NOT CONTAIN H, Q, OR S � in cards E2, E3 or E4

the first column is not correctly punched.

6! SEQUENCING ERROR IN INPUT STREAM � In the input of geometry, Manning's
n or wind data, the first sequence field shows that the cards are
not sequentially identified. The sequence number of each card
must be 1 greater than the preceding card.

7! INTERVAL FOR OUTPUT MUST BE EVEN � This refers to the interval
for outputing n  H!, S, or Q as specified in cards E2, E3 or E4.

8! WATER SURFACE BELOW THE BOTTOM WHICH INDICATES A PROBABLE NUMERICAL
INSTABILIITY. THE REMEDY MAY WELL BE A SMALLER DELTA-T. This
message speaks for itself and results from a probable instability.
A check of the stability criteria and of the calculated wave
speeds printed by the program may be of use to the user in specifying
a smaller At.

9! THE WATER SURFACE IN THE STORAGE AREA HAS FALLEN BKLOW THE BOTTOM.
THIS IS NOT NKCKSSARILY AN INSTABILITY, BUT IS PROBABLY A PROBLEM
IN SCHEMATIZATION � This message indicates that a deeper depth of
storage area is necessary ro continue the calculations. Often the
depth of storage area is calculated by dividing a total volume by a
planar or surface area. This may result in a depth which is less
than the expected lowering of the water surface during tidal action.
The program is not designed to account for schematizations which
contain bottom sections which become dry. To correct for this



situation it is recommended that the volume of storage be

maintained, but that a deeper depth of storage be taken with

a correspondingly narrower storage width.

jp! CA%!$ NpT IN SEQUENCE, EXIT TAKEN AF1ER LAST CYCLE'S CALCULATIOH

� The cards not iu sequence are F3, F4, . . . etc. which specify
the time varying boundary conditions from tidal cycle to tidal

cycle. It should be possible to restart the calculation from

the last cycle's calculation if the user so desires.
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VIII. ~lm lementation an Different Com uter S stems

This program has been implemented on IBN 360/65 and 370/155 computers
running in a MVT/OS environment. The G-level FORTRAN compiler has been used
for compilation of the FORTRAN program. The memory requirements corresponding
to the program as listed in this report are about 120 K bytes. This permits
discretizations of up to 200 sections by 449 time intervals-

Should the user find it necessary ta reduce the memory used by the
program he may do so by two different procedures. First of all he can overlay
the subroutines TIDIN and OSIN which are required for input operations only.

Secondly he can reduce the dimensioned variables used in the program, if such
a reduction is permitted by the size of his particular mesh of Ax and dt.
8.2 FORTRAN IV Restrictions

Some FORTRAN IV compilers are not always compatible with others. Possible

sources of incompatibility in this program's FORTRAN TV language are the use of
mixed-mode expressions, T format codes and literals enclosed in apostrophes. If
the user has available to him a comp~ter whose FORTRAN IV language does not
accept one or more of these conventions some minor reprogramming will be necessary.

8.3 Hints for Nodif in the Pro ram

It may be desirable for some users to modify or extend the program in
accordance with their specific needs. This section will give some details of
the program's construction whi.ch should prove helpful to those users.

The program's COMMON area i.s based on. that contained in the program
of Harleman and Lee, 1969  Ref. 2!. This was modified to form the Tidal Dynamics
part of this model. The modification consists of including a density gradient
term, and also eliminating rhe storage of the elevations and discharges at every
time step of a tidal cycle. This eliminated a huge matrix whi.ch was always only
one half full due to the use of subscripts which represented the full staggered
Ax, At mesh. Harleman and Lee's input routines have been slightly modified »d
form the subroutine TIDIN. The use of subscripting which includes each cross
section, rather than every other one still exists, and most arrays such »

S, and Q are only one half full as a result.

The computations proceed from time step to time step in the follow~"g
manner, First the Tidal Dynamics section j.s executed which produces elevat
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and discharge, Q, distributions at time t + At and t + 2At respectively. Then

the salinity, or Salt Balance Section, is executed using the n's, at t + Ar and

t � At and the Q's at time t. The salinity distribution calculated is at

time t + dt. The new n, S, and. Q distributions then become the old distrib-

utions for the next time step's calculation. The time subscripting is unfor-

tunately a bit complicated in this calculation which is accomplished in sub-
routine MARCH. This subroutine uses subscripts I, IH, or IQ for the old

time step and K, KH, or KQ for the new time step. These subscripts can be
either 1 or 2. At the end of a time step when the new values of n, S, and Q

became the old values for the next time step This transposition is accomplished

by simply setting the new value of subscripts I, IH or IQ equal to the old value
of subscript K, KH or KQ.
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Appendix II

Brief Descri tion of Formats Used in In ut

Fields are of three types: characters, integers and numbers with decimal
points. A field is always given a width. Field specifications can be repeated

times by placing n in front of the field specification. For example 20A4
repea~s a character field  A! of field width 4 a total of 20 times.
««ctively that all 80 columns �0 x 4! of the card are available for character
information. The formats used here are:

Aw � a character field of width "w"
� an integer field of width "w"

Fw.d � a decimal number field of width "w" and with a decimal
point and "d" digits after the decimal point

nx � a spacing between fields of "n" columns
 There is one Ew.d format, but it will not be discussed.!

The integer specification contains the restraint that the number punched
must be located all the way to the right of the field. This is called "right
justified". For example the number 7 in a field of I5 must be punched in the
5th column.  The machine takes blank columns as zeros.!

The decimal specification requires a decimal point, but the locat.ion
of the number within the field is completely up to the user as long as the
decimal point is included.

As a final example the format 2F10.d, 15,5Xy F10.d would require the
first two fields to be decimal numbers of 10 columns each, then a 5 column
for an integer number, then skip 5 columns and finally a last decimal field of
10 columns.



A Plottin Pro ram Usin a CALCOMP Plotter

III.L Introduction

As the results produced by the computer program are essentially a

time series of elevations, n, salinities, S, and discharges Q at each station
the presentation of results in graphical form is an obvious advantage. The
CALCOMP plotter is especially well suited for such an application because
« widely available and because it is a drum plotter permitting an abscissa of

The user must have specified the KEEP option in card El of the Salinity

Intrusion Program, thereby generating a sequential data set such as a magnetic

tape file which will serve as the source of data for the plotting program,

The user can plot any number of frames, each frame will consist of up

to 8 curves of one variable, n, S or Q and any number of indivi.dual points

corresponding to each curve.

The input data and its formats are described as follows:

FormatCard

!5The number of frames, right justified

For each frame:

Field 1:  right justified! Number of Sections  even!

Field 2: Total Length in Feet

Field 1:  right justified! Number of Time Intervals

per Cycle  even!. Field 2: Tidal Period in Seconds

Field 1: Number of Tidal Cycles Being Plot.ted.

Field 2: Plot Length in Inches

Field 1: Maximum Ordinate  v, S or Q!

I5Al

F10. d

15A2

F10.d

Flo.d

FLO.dA4

great length.

The plotting program is written in FORTRAN IV and utiLizes the CALCOMP

aubroutines described fully in Ref, 4.

The subroutines used are modifications of those described in Ref. 5,

however the modifications are minor. Most data processing installations with

CALCOK' plotter facilities have made some modifications to the basic subroutines

and the user is advised to consult the programming staff of his particular installa-

tion for assistance in rendering the plotting program compatible.

III.2 Instructions for Use of the Plottin Pro ram



Format

F10.d

Card

Field 2: Plat height in inches which corresponds

to the maximum ordinate

Field 1: The letter H, S, or Q which determines

the variable to be plotted  Elevation = H, Salinity

S, and Discharge = Q.!

Field 2: Humber of Stations to be Plotted

Field 3: Place a number in Column 10 if points

are to be plotted from card input. If left blank

Just the curves are plotted.

Fields l. through 8: In each field starting from

the left, punch the location of the station s! ta

be plotted  feet fram estuary entrance!.

If points are to be plotted as well as the curves,

then supply points corresponding to each c~rve as

follows:

Field 1: Number of Points of a Particular Symbol

Field 2: Symbol Code Described in Figure III.1.

For each point a card:

Field 1: Time of observation in days, assuming

that the 1.0 days means 1200 hrs. from the beginning

of the first tidal cycle

Field 2: Value af the observation

AlA5

I5

8F10. dA6

I5Bl

I5

F10. dC1,2
etc.

F10. d

An eXample of such a plot is given by the following listing which is of the F0RTRAX

program and input deck. The resulting plat is shown in Figure III.2.
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Table III.1
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