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I. INTRODUCTION 

Environmental improvement is an important objective today in coun­

tries the world over. The term "pollution" has become very popular and 

is used to represent anything from a volcanic eruption to a political 

address. In this study, pollution will be considered as any impairment 

of the suitability of water for any of its intended beneficial uses, 

actual or potential, by man-made changes in the quality of the water. 

1.1 General Problem 

The degradation of rivers and estuaries has become a focal point 

of increasing concern not only of experts and governmental bodies, but 

of the general public as well. Too many estuaries, because of the 

enormous amount of waste materials they receive, have become unsightly, 

unproductive and are presenting a serious health hazard (3). Estuaries 

are important to man in providing him with accessibility to the sea. 

Many of the world's major seaports are situated on estuaries and are 

usually associated with centers of industry and a substantial population. 

In the past it has been customary for sewage and other wastes to 

be disposed of directly into the estuary, but with the increasing 

volume of waste material and the introduction of new and persistent 

chemical compounds, restrictions have been made with respect to the 

condition of wastes which are discharged into estuaries. 

There are a number of sound scientific and practical reasons for 

intensifying the study of estuaries. One tool for carrying out estuary 

investigation is the model. Developing reliable water pollution models 

and simplifying them so that they can be used by appropriate personnel 
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regardless of their experience in computer programming is extremely 

important. Mathematical models have been applied as a panacea to some 

estuaries, no matter what the situation, because computer-wise they are 

easy to use. Concurrently, models of good quality are not used because 

the necessary internal computer program alterations are too complicated. 

1.2 Objective 

The objective of this work will be to simplify the twelve component 

Schofield model (14) so that it may be used by those requiring a tool 

for estuarine analysis, irrespective of their previous exposure to the 

science of computer programming. Changes will be made on a specific 

version of the Schofield model as employed by Harry Bard on the James 

River Estuary (2). 



II. LITERATURE REVIEW 

The response of an estuarine system is affected by unpredictable 

fluctuations in a variety of environmental factors. In studying a 

system from the modeling standpoint, many random components, just one 

or maybe none at all may be considered. A stochastic model will account 

for all three situations while the use of a deterministic model could 

justifiably be applied to the last case alone. The use of a deter­

ministic model in the presence of random variables could lead to 

erroneous and misleading conclusions. Realistically speaking, there 

will always be a random variation around predicted values (whether 

qualitative or quantitative) affecting the estuarine environment and 

thus the stochastic nature of such components should be included. 

2.1 The MOdel of Schofield and Krutchkoff 

Schofield and Krutchkoff (14) developed a segmented estuary model 

in which parameters and conditions are allowed to vary through position 

and tidal phase and where constant coefficients within a segment are 

also free to vary_ In an attempt to describe the behavior of an 

estuary, the model predicts concentrations of twelve interacting 

components, subdivided into five biological factors and seven chemical 

factors. A list of these components is as follows: 

1. Organic carbon 

2. Inorganic carbon 

3. Organic nitrogen 

4. Annnonia 

5. Nitrite and nitrate 

3 
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6. Phosphorus 

7. Oxygen deficit 

8. Algae 

9. Protozoa 

10. Zooplankton 

11. Higher predators 

12. Bacteria 

The Schofield model is a one-dimensional dynamic model which pre-

dicts the concentrations of the above factors via twelve simultaneous 

differential equations. The general one-dimensional equation for the 

ith component is (14): 

aC i (x, t) 1 a aC.(x,t) 
----=--- ax [E(x,t)A(x,t) 1ax - V(x,t)A(x,t)C(x,t)] at A(x,t) 

where: 

A(x,t) 

E(x,t) 

C. (x,t) 
1 

V(x,t) 

Ci(x,t) 

A(x,t) 

is the estuary cross-sectional area as a function 

of position and time 

is the diffusion coefficient as a function of 

position and time 

is the concentration of component ni" as a function 

of position and time 

is the average cross section fluid velocity as a 

function of position and time 
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is the net rate of increase of Ci(x,t) based on 

all sources and sinks as a function of time, position 

and the other component concentrations. 

Since these equations are quite general, it was found that a numerical 

solution was necessary. A more detailed discussion of the derivation 

and solution of the diffusion equations is found in Schofield's Ph.D. 

publication written in 1971 (14). Using a high speed computer, the 

method was to define a system of grid points at which computations were 

made. It was important to space these points far enough apart to cur-

tail the amount of machine time used, while at the same time keeping 

them close enough together to insure a convergent solution with respect 

to integration. 

2.2 The Bard MOdel 

Schofield's program requires internal adjustments as well as basic 

input data when modeling any stream or estuary. This is due to the 

fact that watersheds have different applicable rate constants, boundary 

conditions, tidal lag and maximum tidal velocity rates. Harry Bard (2) 

made use of the Schofield program in modeling the James River Estuary 

and conducting sensitivity studies on a variety of specified parameters. 

Following is an explanation of program changes that were necessary in 

applying the model to the James. 

The Schofield model is composed of a main program followed by 

eleven subroutines. In order to relate these separate entities into 

a smooth working unit, a 'common block' was used to allocate the same 

storage register to variables specified by their order of listing. 
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This common block appears in each subroutine, (including MAIN), stating 

the appropriate variables with respect to their use in a particular 

subroutine. Since the James River Estuary was studied over a distance 

of 58.6 miles (as opposed to the 30 mile long Potomac Estuary studied 

by Schofield) it was broken up into 79 segments or 80 grid points. 

Therefore the dimension of all arrays in 'common' which reflected the 

number of grid points utilized had to be increased accordingly. 

The main program essentially reads data, calls upon a few of the 

subroutines for aid in solving the differential equations, adjusts the 

time step according to integration accuracy and defines some important 

variables. The variables of interest which had to be changed by Bard 

were those representing the maximum tidal velocity, [K(37,J)] and 

tidal lag, [K(38,J»). (See section 3.15 for description of program 

variables). These mathematical expressions are functions of the grid 

point positions and as mentioned before, have to be adjusted for each 

estuary modeled. Another mathematical expression for a vector defined 

in MAIN, is that of average cross-sectional area, XAREA(J). Bard 

chooses to omit this equation altogether and simply read in sets of 

data for cross-sectional area at approximately 4.6 mile intervals. 

The actual reading of these values occurs in the subroutine STORE 

whose purpose is to read and store initial input data for parameters 

and concentrations. Many of these parameters are variable with respect 

to time, temperature, flow rate and sunlight intensity. This vari­

ability is accounted for in subroutine UPDATE, appropriately named 

since its function is to update parameters which are subject to 

change. As one might think, with each estuary modeled, slight 
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modifications of the mathematical formulae must occur here. Particular 

to the James River Estuary, Bard had to replace the 'correction factor' 

in the expression for algae growth rate, GROB, with a smaller value and 

modify the numerical definition of the rate coefficient for the conver­

sion of organic nitrogen to ammonia. These alterations were minor but 

absolutely necessary with regard to reflecting the behavioral character­

istics of this specific watershed. 

Subroutine UPDATE also includes equations representing the boundary 

conditions for the twelve components considered in this model. Appropriate 

adjustments in these expressions for organic and inorganic carbon, 

nitrite and nitrate, organic nitrogen and ortho-phosphate which are all 

functions of the volumetric flow rate Q, were made. Again, modifications 

such as those mentioned above are vital in an attempt to represent the; 

true nature of each stream or estuary modeled. 

Subroutine FUNCT estimates partial derivatives of the twelve 

components with respect to time. For the Potomac, the organic carbon 

utilization rate coefficient, KIl, and the rate coefficient for the 

conversion of organic nitrogen to ammonia, Kl2, assume three slightly 

different values according to grid point position along the estuary_ 

In modeling the James, Bard chooses to maintain the same values of 

these coefficients throughout the stretch of the reach. Since the 

equations for the partial derivatives of organic carbon, carbon dioxide, 

organic nitrogen, ammonia nitrogen and oxygen deficit include the two 

coefficients, their respective values are affected by this change. 

Subroutine AREA performs a simple but important task by calculating 

the estuary cross-sectional area as a function of tidal phase and 
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position. In the expression for the above phenomenon, Bard found it 

necessary to reduce the 'correction factor' previously used on the 

Potomac due to the quantitative difference in the tidal phase lag 

vector of each estuary. Similarly, subroutines VELOC and VOLUM which 

calculate fluid velocity and volumetric flow rates respectively, as 

functions of freshwater flow rate, position and tidal phase, had to 

be altered for use on the James. This involved the manipulation of 

the volumetric flow rate Q, since its value depends on the grid point 

positions which naturally vary for every body of water modeled. 



III. PROGRAM DESCRIPTIONS 

This section describes the model GEM which is divided up into a 

main program and its thirteen subroutines. Each program description 

includes a brief written analysis of the program function. Section 

3.15 contains an alphabetical listing of all variables used in 

GEM. 

The computer program for the generalized Schofield model was 

written and developed in Fortran IV for application on an IBM 370 

machine. The amount of storage necessary for the entire program is 

approximately l80K and each day of simulated time takes from 15-30 

seconds to execute. The· . dimension of all applicable arrays was 

increased to enable the user to segment an estuary into a maximum 

of 199 sections or 200 grid points. If the user has reason to define 

a system of grid points which are more than 200 in number, he may do 

so by increasing the dimension of the first twelve arrays along with 

that of XAREA listed in the common statement to the appropriate size. 

The quantitative initialization values for arrays C, DCDX, K, XAREA 

and DCDT found in the BLOCK DATA subroutine must also be modified 

accordingly. Of course the user should realize that this type of 

action will require a larger number of storage locations and thus 

more computer time and expense. 

3.1 The MAIN Program 

MAIN has the basic function of receiving all pertinent informa­

tion from the user that is particular to the estuary being modeled. 

9 
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Once all of the variables are defined, subroutine SCHOFI is called to 

begin the solution. 

The flowchart for MAIN is illustrated in Appendix III-I. 

3.2 Subroutine SCHOFl 

This is the first subroutine of the program whose function is to 

read data, define many important variables, call upon other subroutines 

for aid in the solution of the differential equations, check the 

integrations for accuracy and adjust the time step accordingly. 

The subroutine flowchart is illustrated in Appendix lII-2. 

3.3 Subroutine STORE 

Subroutine Store reads and stores initial input data for pollutant 

concentrations and other parameters. It responds to three different 

types of input data; discharge at a point, constant within a segment 

and continuous values. 

The subroutine flowchart is shown in Appendix 111-3. 

3.4 Subroutine OUTPUT 

As its name implies, subroutine Output provides specified output, 

either punched card, or printed, depending on the choice of the user. 

Output also keeps track of the time and day of the solutions along 

with comparing observed data to predicted data for model verfication 

purposes. 

The subroutine flowchart is seen in Appendix 111-4. 
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3.5 Subroutine UPDATE 

The purpose of subroutine Update is to change all parameters which 

are variable with respect to time, temperature, flow rate and sunlight 

intensity. Updates concerning the component reaction rates and concen-

trations, which can be made on a daily, hourly or minute to minute 

basis, are executed in this program segment. 

A flowchart of the subroutine can be seen in Appendix 111-5. 

3.6 BLOCK DATA 

Block Data is a special subroutine which must be used when entering 

data into a labeled 'common' statement. It's used to initialize many 

parameters and values necessary to the program operation and is also 

helpful in storing data and assigning default values to the variables 

listed. 

The subroutine flowchart is illustrated in Appendix 111-6. 

3.7 Subroutine RKMI 

The subroutine RKMI is called by MAIN for initial evaluation of 

the component concentrations. Using the Runge-Kutta-Merson technique (14) 

of numerical integration, it integrates the partial derivative of con­

ae centration with respect to time, at ' and also measures the accuracy of 

the integration in time by comparing the observed error to the allowable 

error. 

The flowchart for subroutine RKMI is shown in Appendix 111-7. 
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3.8 Subroutine FUNCT 

Subroutine Funct evaluates the partial derivative for each com­

ponent concentration with respect to time. Predation, growth and 

respiration rates are calculated for the five biological components 

and subroutines Area, Ve1oc, Volum and First are called for their aid 

in the evaluation. 

The subroutine flowchart can be seen in Appendix 111-8. 

3.9 Subroutine FIRST 

Subroutine First numerically evaluates the components first partial 

derivatives with respect to position through the use of sixth order 

difference equations. The endpoints of the grid system are evaluated 

by second and fourth order difference equations. 

The subroutine flowchart is illustrated in Appendix 111-9. 

3.10 Subroutine AREA 

The purpose of subroutine Area is simply to calculate the estuary 

cross-sectional area as a function of tidal phase and position. 

The subroutine "flowchart can be seen in Appendix 111-10. 

3.11 Subroutine VELOC 

This short subroutine calculates fluid velocity as a function of 

the freshwater flow rate, position, cross-sectional area, tidal phase 

and tidal flow rate. 

The flowchart for this subroutine is shown in Appeadix III-II. 
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3.12 Subroutine VOLUM 

Subroutine Volum is vital to the program operation in that it 

calculates the volumetric flow rates as a function of the freshwater 

flow rate, tidal phase and position. 

The subroutine flowchart is displayed in Appendix 111-12. 

3.13 Subroutine INTP 

The purpose of subroutine Intp is to evaluate input data at the 

grid points by interpolation. It's also used to determine the value 

of component concentrations at positions other than the grid points. 

The subroutine flowchart is shown in Appendix 111-13. 

3.14 Subroutine BILDAX 

The function of subroutine Bildax is to draw and label the X and 

Y axes, along with tic marks and the appropriate incrementing numbers. 

The component concentrations along with the actual drawing and partial 

calculation of the afore mentioned is executed by subroutines PLOT, 

NUMBER and SYMBOL which are internal to the system. 

The subroutine flowchart is illustrated in Appendix 111-14. 
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3.15 Description of Variables in GEM 

Variable 

A(J) 

AO 

Al 

A2 

A3 

A4 

ABSE 

ABSX 

ACC 

~J 

~ 

A~ 

BA 

Definition 

Cross-sectional area (mi2) 

Coefficient in expression for maximum 

tidal velocity 

Coefficient of first order term in expres­

sion for maximum tidal velocity 

Coefficient of second order term in expres­

sion for maximum tidal velocity 

Coefficient of third order term in expres­

sion for maximum tidal velocity 

Coefficient of fourth order term in expres­

sion for maximum tidal velocity 

Absolute allowable error of integration 

through time (ppm) 

Absolute value of the right hand side of 

the diffusion equation other than the 

source and sink terms 

Defines the limit on interpolation error 

Adjustment of sewage input with time 

Subroutine to calculate X-area 

Average yearly water temperature (Oe) 

Bacteria growth rate coefficient at 

20o e/day 



Variable 

BC(J) 

J=l 

=2 

=3 

=4 

=5 

BCN 

C(I,IA,J) 

1=1 

C28 

C29 

C58 

=2 

-3 

=4 

=5 

=6 

=7 

=8 

=9 

=10 

=11 

=12 
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Definition 

Boundary conditions for: 

Algae (ppm) 

Protozoa (ppm) 

Zooplankton (ppm) 

Higher Predator (ppm) 

Bacteria (ppm) 

Boundary condition for organic nitrogen 

(ppm) 

Concentration of: 

Organic carbon 

Carbon dioxide 

Organic nitrogen 

Ammonia 

Nitrite and nitrate 

Ortho-phosphate 

Oxygen deficit 

Algae 

Protozoa 

Zooplankton 

Higher predator 

Bacteria 

Fraction of algae that 1s carbon 

Fraction of protozoa that .is carbon 

Fraction of algae that is nitrogen 



Variable 

C59 

C68 

C69 

C2l0 

e211 

e212 

C510 

C511 

C6l0 

C6ll 

CK3 

CL 

CONC(I,J) 

1=1 

=2 

=3 

=4 

=5 

=6 

=7 

=8 

=9 

=10 
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Definition 

Fraction of protozoa that is nitrogen 

Fraction of algae that is phosphorus 

Fraction of protozoa that is phosphorus 

Fraction of zooplankton that is carbon 

Fraction of higher predator that is carbon 

Fraction of bacteria that is carbon 

Fraction of zooplankton that is nitrogen 

Fraction of higher predator that is 

nitrogen 

Fraction of zooplankton that is phosphorus 

Fraction of bacteria that is phosphorus 

Fraction of the organic nutrients recycled 

Factor adjusting pollution discharge 

Name of components: 

Organic carbon 

Carbon dioxide 

Organic nitrogen 

Ammonia 

Nitrite and Nitrate 

Phosphorus 

Oxygen deficit 

Algae 

Protozoa 

Zooplankton 



Variable 

=11 

=12 

CSAT 

D1 

D2 

DADT(J) 

DCDT(I,IA,J) 

DCDX(I,J) 

DEV 

DIE(J) 

DIFF 

D02 

J=l 

=2 

=3 

=4 

=5 
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Definition 

Higher predator 

Bacteria 

CO2 saturation concentration (ppm) 

Light extinction coefficient due to causes 

other than self-shading l/ft 

Coefficient of the correction for se1f­

shading 

Partial derivative of X-area with respect 

to time 

Partial derivative of concentration with 

respect to time 

Array of values equal to the right hand 

side of the diffusion equation other than 

the source and sink terms 

Seasonal temperature deviation (OC) 

Death rate coefficient for: 

Algae (l/hr) 

Protozoa (l/hr) 

Zooplankton (l/hr) 

Higher predator (l/hr) 

Bacteria (1/hr) 

In verification, difference between an 

observed and predicted concentration (ppm) 

Time step for integration DT/2 



Variable 

D03 

0015 

DT 

DX 

DXl2 

DX60 

DY(J) 

DZS 

E 

EA(J) 

EADJ 

ERRSET 

Fl 

18 

Definition 

Time step for integration DT/3 

Time step for integration DT/IS 

Time step used in integration (hr) 

Length of each segment (mile) 

DX • 12; variable used for integration 

partial derivatives with respect to 

position 

of 

DX • 60; variable used for integration of 

partial derivatives with respect to 

position 

Appears in subroutine First only - vector 

of first derivatives of the dependent 

variable with respect to the independent 

variable (DY/DX) 

Step in time (hr) 

Variable which adjusts oxygen reaeration 

rate constant as a function of temperature 

Array containing the product of the 

diffusion coefficient and the X-area 

Adjustment to the diffusion coefficient 

dependent upon grid spacing, l/DX 

Subroutine built into the system which is 

part of the extended error message facility 

Proportion of organic carbon in land 

runoff 



Variable 

F3 

F5 

F6 

FAZ 

FIRST 

FRA(J) 

J=l 

=2 

=3 

=4 

=5 

=6 

FUNCT 

FX(J) 

19 

Definition 

Proportion of organic nitrogen in land 

runoff 

Proportion of nitrite and nitrate in 

land runoff 

Proportion of ortho-phosphate in land 

runoff 

Moon phase on initial time and day in 

computer operation 

Subroutine to integrate first partial 

derivative with respect to position 

Fraction of following components in 

sewage discharge: 

Organic carbon 

Carbon dioxide 

Organic nitrogen 

Ammonia 

Nitrite and nitrate 

Phosphorus 

Subroutine to estimate partial derivative 

of component concentrations with respect 

to time 

Used in interpolation to determine values 

at grid points, printout points and 

verification points 



Variable 

FXX 

FY 

GO 

Gl 

G2 

GRO(J) 

J=l 

=2 

GROB 

GR09 

GROlO 

GROll 

GR012 

IA 

=3 

=4 

20 

Definition 

Resulting interpolated value 

Intermediate interpolated value 

Coefficient in expression for tidal lag 

Coefficient of first order term in 

expression for tidal lag 

Coefficient of second order term in 

expression for tidal lag 

Constant in temperature expression for 

growth rate coefficient of: 

Algae (OC-hr)-l 

Protozoa (OC-hr)-l 

Zooplankton (OC-hr)-l 

Higher predator (OC-hr)-l 

Growth rate coefficient for algae (hr-1 ) 

Growth rate coefficient for protozoa 

(hr-1) 

Growth rate coefficient for zooplankton 

(hr-1) 

Growth rate coefficient for higher 

predator (hr-1) 

Growth rate coefficient for bacteria 

(hr-1) 

Index to indicate which one of the steps 

in the integration the concentrations are 

for 



Variable 

Ie 

IDAY 

IER 

III 

IK 

ILIST 

INTP 

IPDAY 

IPOS 

IPRI 

IPT 

ITYPE 

IWK2 

IZDAY 

JA 

JDAY 

21 

Definition 

Number of components modeled 

Day of year simulated 

Variable exponent in expression to adjust 

time step depending upon integration 

accuracy 

Number of days from the present to the 

next day of computer printout 

Grid point at which STP discharges enter. 

For verification purposes, it is the 

component number. 

Logic variable to determine if the 

Name1ist option is exercised 

Subroutine to interpolate variable values 

Day of printout 

Grid point nearest actual observed data 

Logic variable to determine if punched 

output is required 

Indicates the form of some input data 

Defines input as a parameter or component 

Adjusts reaeration rate as a function of 

wind velocity 

Initial day of year modeled 

Index to determine step of integration 

between t and t+Dt 

Day of year observed data available for 

verification 



Variable 

K(I,J) 

I-I 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

=9 

-10 

-II 

=12 

=13 

-14 

=15 

-16 

-17 

=18 

=19 

=20 

22 

Definition 

Utility array 

Diffusion coefficient (mi2/hr) 

Benthal demand (lb/mi3·hr) 

Average X-area (mi2) 

Time variable pollution discharge rate 

(lb/mi3·hr) 

Oxygen reaeration rate constant (hr-1) 

Land runoff (lb/mi3·hr) 

Predation rate on algae (lb/mi3·hr) 

Predation rate on protozoa (lb/mi3·hr) 

Predation rate on zooplankton (lb/mi3·hr) 

Predation rate on higher predator (lb/mi3·hr) 

Natural death rate for algae (lb/mi 3·hr) 

Natural death rate for protozoa (lb/mi 3.hr) 

Natural death rate for zooplankton 

(lb/mi 3·hr) 

Natural death rate for higher predator 

(lb/mi3·hr) 

Recycle of organic carbon (lb/mi3.hr) 

Recycle of inorganic carbon (lb/mi 3·hr) 

Recycle of organic nitrogen (lb/mi 3·hr) 

Recycle of organic phosphorus (lb/mi 3·hr) 

Growth rate for algae (lb/mi 3·hr) 

Growth rate for protozoa (lb/mi 3·hr) 



Variable 

=21 

=22 

K2 

=23 

=24 

=25 

=26 

=27 

=28 

=29 

=30 

=31 

=32 

=33 

=34 

=35 

=36 

=37 

=38 

23 

Definition 

Growth rate for zooplankton (lb/mi 3·hr) 

Growth rate for higher predator 

(lb/mi 3 ·hr) 

Respiration rate for algae (lb/mi3·hr) 

Respiration rate for protozoa (lb/mi 3·hr) 

Respiration rate for zooplankton 

(lb/mi3·hr) 

Respiration rate for higher predator 

(lb/mi 3·hr) 

Total ecosystem respiration rate 

(lb/mi 3 -hr) 

Average pollution discharge rate (lb/day) 

Inorganic carbon reaeration rate (hr-1) 

Estuary depth, hydraulic radius (ft) 

Tidal phase 

Predation rate on bacteria (lb/mi 3.hr) 

Natural death rate of bacteria (lb/mi3-hr) 

Respiration rate for bacteria (lb/mi 3 ·hr) 

Growth rate for bacteria (lb/mi 3 ·hr) 

Maximum fractional deviation in X-area 

from the average at high or low tide 

Maximum tidal velocity (mi/hr) 

Tidal lag (hr) 

Indicates which reaeration equation to use 



Variable 

K2X 

KII 

Kl2 

K36 

KM8 

KM9 

KMlO 

KMll 

KMI2 
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Definition 

Constant in expression for oxygen 

reaeration coefficient (day-I) 

Organic carbon utilization rate 

coefficient (hr-1 ) 

Rate coefficient of the conversion of 

organic nitrogen to ammonia (hr-1 ) 

Rate coefficient for the utilization of 

ortho-phosphate (hr-1 ) 

Michaelis-Menten or half saturation 

concentration of substrate for algae 

(lb/mi 3) 

Michaelis-Menten or half saturation 

concentration of substrate for protozoa 

(lb/mi 3 ) 

Michaelis-Menten or half saturation 

concentration of substrate for zooplankton 

(lb/mi 3) 

Michaelis-Menten or half saturation 

concentration of substrate for higher 

predator (lb/mi 3) 

Michaelis-Menten or half saturation 

concentration of substrate for bacteria 

(lb/mi.1) 



Variable 

KP 

LIST1 

LOG 

LOGUP 

=1 

MDAY 

NC 

NCOEF 

ND 

NDATA 

NHSEC 

NM 

=2 

=3 
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Definition 

Logic variable to determine if punched 

output requested on final day of computer 

operation 

Name of the Namelist 

Logic variable determining regular output 

(=1) or a comparison with observed data 

(=0) 

Logic variable to indicate type of update: 

for initial definitions before solu­

tion begins 

for daily update 

for minute to minute update 

Final day of year of computer operation 

Parameter or pollutant number in array 

K(NC,J) 

Number of estuary segments at which 

volumetric freshwater flow rate will 

change 

Determines positions of printed concen­

tration output 

Total number of data values used in 

verification 

Number of .01 seconds between printout 

Number of grid points 



Variable 

NN 

N02N03 

NV(J) 

NVIK 

OSAT, 02SAT 

PHASE 

POS 

POSIT 

PRED(J) 

PRED8 

PRED9 

J=l 

==2 

=3 

=4 

=5 
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Definition 

Number of estuary sections 

Boundary condition of nitrite and nitrate 

(ppm) 

Array of the component used in verification 

Specifies which component is being compared 

with the observed data 

Saturation concentration of oxygen, as a 

function of temperature (lb/mi 3 or ppm) 

Tidal phase 

Position at which observed data taken 

(mile) 

Position at which parameter or pollutant 

values are known (mile) 

Constant of linear temperature expression 

for the predation rate coefficient on: 

Algae (l/oC·ppm·hr) 

Protozoa (l/oC·ppm-hr) 

Zooplankton (l/oC·ppm-hr) 

Higher predator (l/oC·ppm-hr) 

Bacteria (l/oC·ppm-hr) 

Algae predation rate coefficient 

(lb/mi 3·hr)-1 

Protozoa predation rate coefficient 

(lb/mi 3·hr)-1 



Variable 

PREDlO 

PREDll 

PRED12 

PRI 

PRIE 

Q 

R 

RELE 

RES(J) 

J=l 

=2 

=3 

=4 
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Definition 

Zooplankton predation rate coefficient 

(lb!mi3-hr)-1 

Higher predator predation rate coefficient 

(hr-1 ) 

Bacteria predation rate coefficient 

(lb!mi 3·hr)-1 

Number of printouts per tidal cycle 

Maximum allowable error between specified 

and actual printout time 

Volumetric flow rate (cfs) 

Factor multiplied to maximum growth rate 

of algae due to non-optimum sunlight 

intensity 

Allowable relative error of integration 

through time 

Constant in the temperature expression for: 

Algae respiration rate coefficient 

(OC-hr)-l 

Protozoa respiration rate coefficient 

(OC-hr)-l 

Zooplankton respiration rate coefficient 

(OC-hr)-l 

Higher predator respiration rate co­

efficient (OC-hr)-l 



Variable 

=5 

RESP8 

RESP9 

RESPlO 

RESPII 

RESP12 

RKMI 

RR 

S 

SS 

STORE 

SUM 

SUN 

SUNMAX 
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Definition 

Bacteria respiration rate coefficient 

(OC hr)-l 

Respiration rate coefficient for algae 

(hr-1 ) 

Respiration rate coefficient for protozoa 

(hr-1) 

Respiration rate coefficient for zoo­

plankton (hr-1 ) 

Respiration rate coefficient for higher 

predator (hr-1) 

Respiration rate coefficient for bacteria 

(hr-1) 

Subroutine to evaluate partial derivative 

of component concentrations with respect 

to time 

Ratio of sunlight intensity to optimum 

sunlight intensity 

Conversion factor for ppm to lb/mi 3 ; 

Ippm=9.19xl06 1b/mi 3 

Sum of squares of error in verification 

Subroutine to read and store data 

Sum or errors in verification 

Daily sunlight totals (langleys) 

Maximum instantaneous sunlight intensity 



Variable 

SUNSAT 

T 

TDATA 

TEMP 

TI 

TIDE 

TITLE(J) 

TIMON, TIMECK 

TIC 

TM 

TMAX 

TMIN 

TON 

TOC 

TP04 

TPR 
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Definition 

Optimum sunlight intensity 

Real time of model operation (hr) 

Time at which actual data was taken 

Water temperature (OC) 

Initial time of day 

Time of high tide on first day of model 

operation (hr) 

Array of names of the parameter read as 

input data 

Internal system subroutines to determine CPU 

time for a certain amount of processing 

Boundary condition for inorganic carbon 

(ppm) 

Final time of final day (hr) 

Maximum number of computer minutes 

allotted to run 

Machine time used 

Boundary condition for organic nitrogen 

(ppm) 

Boundary condition for organic carbon 

(ppm) 

Boundary condition for ortho-phosphate 

(ppm) 

Hour of day requiring output 



Variable 

TQQ 

UA(J) 

UABS 

UPDATE 

VAL(J) 

VALUE 

VELOC 

VOLUM 

WF 

WORK,WORKl,WORK2 

WT 

XI 

XK2 
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Definition 

Measure of error in integration through 

time 

Array of volumetric flow rates at the grid 

points (mi 3/hr) 

Absolute value of fluid velocity (ft/sec) 

Subroutine to update parameters 

Array of observed concentrations required 

in the verification (ppm) 

Input value of parameters for point 

source discharge or discrete constants 

Subroutine to calculate fluid velocity 

Subroutine to calculate volumetric flow 

rate 

Period of the sine function used in 

expressions for point source discharge 

and sunlight intensity (hr- l ) 

Utility matrices used in integration, 

interpolation and reading in initial 

values 

=2IT, required for tidal and temperature 

expressions 

Upstream boundary (miles) 

Variable to allocate user expression for 

oxygen reaeration (day-I) 



Variable 

XII 

X36 

XO 

XPOS(I) 

XP2 

XQ 

XQCOEF(I) 

XSEC 

XXX 

XY 

yyy 

Z(I) 
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Definition 

Organic carbon utilization rate coefficient 

at 20°C/day 

Ortho-phosphate utilization rate co­

efficient at 20°C/day 

Downstream boundary (miles) 

Array of grid point positions (mile) 

The square of XPOS 

Volumetric freshwater flow rate (mi 3 /hr) 

Array to increase value of XQ by a 

multiplicative constant as XPOS increases 

Number of sec/real time day 

Product of light extinction coefficient 

and water depth--needed to calculate 

sunlight intensity 

Concentration of the growth limiting 

substrate in the Michaelis-Menten expres­

sion 

Constant in the time step determination 

expression 

Array to specify at which grid points the 

volumetric flow rate will increase 



IV. PROGRAM LOGIC 

Although a piece by piece breakdown of GEM is beneficial with 

respect to understanding the purpose of each subroutine, there is still 

need to explain the operation of the program as a combined unit. 

MAIN depends on the user to define all listed variables which are 

subject to change for each estuary modeled. A description of these 

variables is supplied via comment cards in the main program and further 

elaboration is given in Section 6.1. Once this information is obtained, 

MAIN calls upon SCHOFI to begin the program loop by reading the data. 

SCHOFI, in turn, calls upon RKMI for initial evaluation of the compo­

nent concentrations. In order to perform the Runge-Kutta-Merson 

technique of integration, UPDATE is called three times and FUNCT is 

called five times. With each call to FUNCT, subroutines AREA, VELOC. 

VOLUM and FIRST are called for aid in determining the value of the 

component concentrations with respect to time. This particular 

integration method has a variable step size in time whose magnitude 

is dependent upon the degree of accuracy of the solution. In fact, 

it is the integration accuracy which determines the next step taken. 

The integration technique provides an estimate of the maximum solution 

error (observed error) at each step. It is a function of the partial 

derivative of component concentrations with respect to time. A 

maximum allowable absolute error which is a function of the component 

concentrations is also defined, and the ratio (observed error/allowable 

error) is formed. If the observed error is less than 10% of the 

allowable error, the step size (DT) is increased by 3%. If the 

32 
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ohserved error iR 10% to 100% of the allowable error, DT remains un­

cllanged; between 100% and 200%, DT 1s decreased by 3% and the integration 

is accepted. When the observed error is more than 200% of the allowable 

error, the integration is rejected and the time step DT is reduced by 

the following formula: 

K 
DTNEW = DTOLD x .97 

where K is the maximum integer less than or equal to the ratio of the 

observed error to the allowable error. A maximum value of 3 was estab­

lished for K to prevent DT from becoming much smaller than necessary for 

a convergent solution. It should also be noted that an upper bound has 

been placed on DT to prevent temporal instability. When the error 

exceeds 200%, SCHOFI will call UPDATE and FUNCT and the program loop 

will be repeated. Otherwise subroutine Output is called to decide 

whether verification is necessary, to print and/or punch output, or to 

continue the operation with a return to SCHOFI. Once all specified 

days are modeled and the results printed, SCHOFI returns to MAIN to 

cease execution. 

A flowchart portraying the operational logic of GEM is illustrated 

in Appendix 111-15. 



V. PBOGRAM DATA REQUIREMENTS 

In order to adequately .odel an estuary, GEM requires a variety of 

both physical and chemical data. This information may be categorized 

into hydrological, geometrical, meteorological and water quality data. 

S.l Hydrological ~ 

A description of flow in a one-dfmensional dynamic model includes 

information concerning the freshwater flow rate, the tidal phase lag 

and the maximum tidal velocity. A regression analysis was performed on 

collected data from different estuaries and the following expression 

for maximum tidal velocity was developed: 

where 

MTV - AO + AIX + A2X2 + A3X3 + A4X4 

MrV -'maximum tidal velocity (mi/hr) 

AO' AI' A2, Al' A4 - appropriate constants 

X - position (mi) 

The values for the constants vary with each estuary modeled and are 

dependent upon some or all possible combinations of the following 

factors: the estuary width, depth, roughness, instantaneous water 

surface elevation with respect to a reference water level, lateral 

discharge per unit of longitudinal length, non-tidal freshwater flow 

and perhaps other features relative to a particular watershed. 

Sfmilarly, a study on the tidal phase lag yielded the following 

general equation: 
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where 

L - phase (hr) 

GO' Gl , G2 - appropriate constants 

X - position (mi) 

As in the first equation, the values of the constants change with each 

estuary studied and these values in both expressions can usually be 

estimated from information given in tide table surveys on a specific 

estuary. 

5.2 Geometrical ~ 

The basic geometric parameters of an estuary must be known. These 

parameters are the average cross-sectional area, the maximum fractional 

deviation of cross-sectional area at high or low tide and the water 

depth. The collected hydrological and geometrical data are then used 

in two expressions to determine cross-sectional area and fluid velocity 

at any time and position in the estuary. These expressions are in 

subroutines AREA and VELOC, respectively. 

5.3 Meteorological Data 

Daily sunlight intensity totals (langleys) and moon phase on the 

initial day modeled are the only meteorological data requirements. 

The sunlight totals are used in the calculation of instantaneous 

surface intensity found in subroutine UPDATE. This solar intensity 

data relates to the growth rate and population of algae. The position 
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of the moon affects not only the .time of the tides but also the height 

and mass of water involved in the tidal current. 

5.4 Water Quality Data 

In order to determine sewage input, the location and discharged 

amount of point and line sources must be known as well as the nutrient 

composition of the effluent. Boundary conditions for the five biological 

components are given default values in the BLOCK DATA subprogram, but 

should be changed through the Namelist option (discussed in section 

6.2) if more precise information is available. Also, if an estuary 

study is conducted which permits the generation of expressions for 

reaction rate coefficients or other necessary modeling parameters, they 

should be used in place of the existing expressions found in subroutine 

UPDATE. MOdifications can only result in increasing the accuracy of the 

model's predictions. GEM is written to allow for temperature corrections 

of rate constants. To obtain an estimate of the turbulent diffusion 

coefficient, the user must know the estuary fluid velocity (ft/sec) and 

hydraulic radius or estuary depth (ft). The estimating equation for 

diffusivity is located in subroutine FUNCT. Replacement of the equations 

pertaining to the preceeding data requirements by more suitable expres­

sions should be carried out wherever possible. The present formulations 

should not be permanently employed since the use of mathematical models 

requires continuous updating of parameter values and expressions to 

yield more precise predictions. 



VI. INPUT DATA REQUIREMENTS 

All input data required for the operation of GEM is supplied i~ 

card form either in program segment MAIN or at the end of the deck. 

The program is set up in such a way as to enable cards to be read on 

units 5, 8 and 9; however, the majority of the data is read on unit 5. 

Cards read on unit 8 serve only model verification purposes while those 

read on unit 9 pertain only to the Namelist option. 

6.1 Data Supplied Through MAIN 

The purpose of MAIN is to provide all information specific to 

each estuary modeled so that the user will not have to make any internal 

program adjustments. The user needs to be concerned only with basic 

input data which has no special format since it appears in the form of 

executable statements in the main program itself. Users are not 

restricted to this procedure and should take the liberty of changing 

any of the internal program formulations, providing such action yields 

a more representative description of the estuary being modeled. 

The first thirteen cards in MAIN contain the essential data re­

quired for the solution as follows: 

Card 1: NN = Number of sections in estuary (1 oS NN ~ 199) 

2: XI = Upstream boundary (mile) 

3: XO = Downstream boundary (mile) 

4: TI = Initial time of day (hour) 

5: IDAY = Initial time of year 

6: TM= Final time of day (hour) 
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7: MDAY = Final day of year 

8: PRI = Number of printouts for each tidal cycle 

9: IC = Number of pollution components modeled 

10: TIDE = Time of high tide on initial day 

11: FAZ = Moon phase at initial time and day 

12: TMAX = Number of minutes authorized for computer run 

13: KP = Logic variable used to choose punched output on 

final day: KP=0, No; KP;0, Yes. 

Cards fourteen and fifteen allow the user to choose one of several 

equations for determining the oxygen reaeration rate (K2) accordingly: 

Card 14: K2=l 

Card 15: XK2=0 

The above specification uses the formula 

(14) 

where 

u - tidal velocity (fps) 

H - depth (ft) 

which applies to estuary depths of 1-30 feet and velocities of .5-1.6 

feet per second. This formulation is used to describe the reaeration 

rate of both the Potomac and the James River Estuaries. 

Card 14: K2=2 

Card 15: XK.2=0 

This particular choice opts the equation (4) 

K = 11.6 u 
2 Hl.67 
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which should be applied to estuary depths of 2-11 feet and velocities 

of 1.8-5.0 feet per second. 

Card 14: K2=3 

Card 15: XK2=0 

The above designation calls on the formula (15) 

21.6 uO•67 

HI •BS 

which pertains to estuary depths of 4-11 feet and velocities of .1-5.0 

feet per second. 

Card 14: K2~4 

Card 15: XK2=0 

This selection should be chosen for an estuary which does not fall into 

any of the three categories above. It uses the expression (13) 

where 

D - diffusivity of oxygen in water (.000081 ft 2 /hr) 

Card 14: K2=0 

Card 15: XK2=user expression or numerical value 

The above specification allows the user to ignore all of the given 

formulas for reaeration and apply his own expression or numerical 

value. A reliable range of values for K2 is O-lOO/d~y. When employing 

a particular equation, the user must define all variables in 'common' 

throughout the program. The reaeration rate as a function of wind 

velocity is related by the variable IWK2 on card sixteen. Increasing 
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K2 rates by 25% compensates for a la-knot wind. Values should be 

assigned to the variable IWK2 as follows: 

Card 16: IWK2=0 for no wind 

=1 for a 10 knot wind 

=2 for a 20 knot wind 

=3 for a 30 knot wind 

=4 for a 40 knot wind 

=5 for a 50 knot wind 

=6 for a 60 knot wind 

Cards seventeen to twenty-one pertain to the coefficients in the 

following expression for maximum tidal velocity: 

where 

MVT - maximum tidal velocity (mi/hr) 

AO' AI' A2, A3, A4 - appropriate constants 

X - position (mi) 

The values of these constants must be derived from data collected. For 

example, in a study of the James River Estuary, the following coefficient 

values were evaluated: 

Card 17: A0 = .58002 

18: Al = .0550658 

19: A2 = -.000457297 

20: A3 = -.00000731172 

21: A4 = .0000000751213 
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Cards twenty-two to twenty-four deal with the coefficients in the 

formula for tidal lag: 

where 

L - tidal phase lag (hr) 

GO' Gl , G2 - appropriate constants 

X - position (mi) 

The value of these coefficients must be developed from the geometrical 

and hydrological data collected from each particular estuary. Modeling 

the James yielded these values: 

Card 22: G0 - 7.2211 

23: Gl = - •• 415148 

24: G2 - .000415578 

Cards twenty-five to forty-five pertain to data input used in the 

determination of the volumetric freshwater flow rate (XQ) as a function 

of position. The flow rate tends to increase in the downstream 

direction due to various hydrological considerations. In reference 

to GEM, XQ is made to increase by a multiplicative constant (XQCOEF(I» 

at specific grid point positions (Z(I». These values are chosen by 

the user who shall also indicate the number of estuarine subdivisions 

(NCOEF) at which he expects a change in the flow rate. NCOEF must be 

assigned a minimum value of one, to indicate that no increase in XQ 

is expected throughout the estuary reach, and a maximum value of ten, 

to indicate that ten different increases in the volumetric flow rate 
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are expected. It should be clear that NCOEF is free to assume any other 

integer value between one and ten. The arrays XQCOEF(I) and Z(I) each 

consist of ten parts, corresponding to the ten possible subdivisions 

determined by NCOEF. An example as applied to the James will help to 

clarify the function of the variables mentioned above. 

Card 25: NCOEF == 2 

26: Z(l) .. 20.0 

27: XQCOEF(l) = 2.0 

28: Z(2) = 45.0 

29: XQCOEF(2) .. 5.0 

30: Z(3) .. 0.0 

31: XQCOEF(3) :: 0.0 

32: Z(4) = 0." 
33: XQCOEF(4) = 0.0 

34: Z(5) = 0.0 

35: XQCOEF(5) = 0.0 

36: Z(6) .. 0.0 

37: XQCOEF(6) :: 0.0 

38: Z(7) :: 0.0 

39: XQCOEF(7) - 0.0 

40: Z(8) .. 0." 

41: XQCOEF(8) III 0." 

42: Z(9) .. 0." 

43: XQCOEF(9) -= 0.0 

44: Z(lO) = 0.0 

45: XQCOEF(lO) = 0.0 
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In this case, the value of 2 on card #25 indicates an expectation of 

two changes in the volumetric freshwater flow rate. Accordingly, Z(l) 

and XQCOEF(l) are indicative of an expectation of the flow rate doubling 

at the twentieth grid point. The variables Z(2) and XQCOEF(2) indicate 

that at the forty-fifth grid point, the flow rate will increase by a 

factor of five. Since NCOEF-2, Z(3), XQCOEF(3), Z(4), XQCOEF(4), ••• , 

Z(lO), XQCOEF(lO) are all equated to zero. In the event that five 

changes in the flow rate were expected at various grid point positions, 

NCOEF would equal five, Z(l), XQCOEF(l), Z(2), XQCOEF(2), ••• , Z(5), 

XQCOEF(5) would be specified as five different grid point positions 

coupled with an appropriate multiplicative constant and Z(6), 

XQCOEF(6), Z(7), XQCOEF(7), ••• , Z{lO), XQCOEF(lO) would all be designated 

as zero. In order to insure proper program operation, the grid point 

numbers assigned to Z(I) must appear in ascending order. 

The program listing which appears in Appendix II is included as 

an aid to the user in visualizing the discussion given in this section. 

The numbers which appear in the main program segment have been chosen 

specifically for application to the James River Estuary and do not 

represent general values for modeling other estuaries. 

6.2 ~ Supplied Behind Program Deck 

The remaining input data provided by the user is positioned after 

the program deck. The first twelve cards required in this section 

identify the twelve parameters considered in the model. The complete 

titles of these parameters (see section 2.1) must be punched between 

eCl (card column one) and Ce40. They are: 
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1. Organic carbon 

2. Inorganic carbon 

3. Organic nitrogen 

4. Ammonia 

5. Nitrite and nitrate 

6. Phosphorus 

7. Oxygen deficit 

8. Algae 

9. Protozoa 

10. Zooplankton 

11. Higher predators 

12. Bacteria 

The next eighteen sets of input data must each be preceded by a "header 

card ll which identifies the parameter and the form of the data to be 

read. The parameters considered in the following order are cross­

sectional area (mi2 ), sewage input (lb/day), benthal demand (lb/mi 3 ·hr), 

land runoff (lb/mi3 .hr), maximum fractional deviation of cross-sectional 

area, estuary depth (ft) and the concentrations of the twelve components 

(ppm). The header card categorizes this data and follows the form 

below with format (315, 5X, 10A4). 

1. CCl-5 identifies the value of IPT which indicates the form 

of the data. 

IPT = 1 point source discharge 

= 2 constant within a segment 

> 2 continuous 
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2. CC6-10 identifies the variable NC which indicates the particular 

parameter or pollutant to be considered. 

3. CCII-IS identifies ITYPE whose chosen value distinguishes 

between a parameter or a pollutant. 

I TYPE = 1 

= 2 

for a parameter 

for a pollutant 

4. CC21-60 identifies the complete name of the parameter or 

pollutant. 

If IPT=l, the cards to follow will each contain a value in units 

of lb/day and a position in terms of miles with format (2E20.5). 

Reading will terminate when a negative position appears. Figure VI-IA 

illustrates a sample header card where IPT=1 indicating a point-source 

discharge, NC=28 indicating an average pollution discharge rate (see 

K(28,J) in section 3.15) and ITYPE=1 indicating a parameter description 

which is identified by the characters 'SEWAGE INPUT' in CC2l-60. (Refer 

to program listing for illustration of data.) In this model, sewage 

input is the only point source discharge considered. In general, however, 

all industrial effluents, municipal wastes and river point source dis­

charges would fall into this category. 

If IPT=2, the proceeding data cards will each contain a value and 

a position in miles with format (2E20.S). The grid points which fall 

between the last position read and the new position are assigned the 

previously specified value. Reading terminates when a position less 

than or equal to zero is encountered. Figure VI-IB shows a sample 

header card with IPT=2 indicating a value which is constant within a 

segment, NC=6 indicating land runoff in lb/mi 3·hr (see K(6,J) in 
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section 3.15) and ITYPE=l indicating a parameter which is identified 

by the characters 'LAND RUNOFF' in CC2l-60. (See program listing for 

illustration of data). Benthal demand, land runoff and maximum frac­

tional deviation of cross-sectional area fall into this category. 

If IPT>2, the cards to follow will contain continuous data. The 

numerical value of IPT determines the number of value-position (miles) 

pairs to be read. Each data card must include four pairs of data with 

format (8FIO.6). F~gure VI-Ie illustrates a sample header card with 

IPT>2 indicating continuous data, NC=12 indicating bacteria concentra­

tion (see C(12, LA, J) in section 3.15) and ITYPE=2 indicating a pollu­

tant which is described by the characters 'BACTERIA' in CC2l-60. 

(See program listing for illustration of data). Examples of data sets 

appearing in this category are estuary depth, cross-sectional area and 

all component initial conditions. Immediately following the eighteenth 

data set in this section is a blank card which indicates completion of 

the reading of parameters. 

The next set of cards read each contain data including the daily 

water temperature, volumetric flow rate, daily. sunlight total, and the 

options to request punched card output, exercise the Namelist, and 

call for plotted data of the twelve components. Each day modeled 

requires a card with the preceding information in format 

(3FlO.4, 20X, 315) as follows: 



Variable 

Water temperature (OC) 

Volumetric flow rate (cfs) 
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Daily sunlight totals (langleys) 

Skip 20 spaces 

Punch option 

Namelist option 

Plot option 

Card Columns 

1-10 

11-20 

21-30 

31-50 

51-55 

56-60 

61-65 

Since every day modeled calls for a card with the above information, 

the number of cards in this data segment corresponds to the number of 

days modeled. (See program listing for illustration of sample data). 

The user may choose to omit reading in values for water temperature, in 

which case they will be determined by an expression internal to the 

program. (See program listing--subroutine UPDATE). The number one in 

CCSS orders .the computer to punch the component concentrations for that 

day. Any integer value other than zero in CC56-60 exercises the 

Namelist option to be explained later. Any integer value other than 

zero in CC6l-65 calls for plotted output of the twelve component con­

centrations for that day_ Figures 1-12 in Appendix I illustrate plots 

of the constituent concentrations for a typical day modeled. 

The upcoming data set must be preceded by a job control language 

(JCL) card to designate commencement of reading on unit 8. The user 

should refer to the JCL manual for whatever system is available to 

him as to the contents of this card. Cards read on unit 8 serve only 

model verification purposes. A card is read for each position and 
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and time data was collected. Each card has the format (IS, F5.0, 

F5.2, 5X, 6 (12, FB.3», and includes: 

Variable 

Day of the year 

Time (hr) 

Position (mi) 

Blank 

Component Number 

Observed value 

Card Column 

"1-5 

6-10 

11-15 

16-20 

21-22, 31-32, 41-42, 

51-52, 61-62, 71-72 

23-30, 33-40, 43-50, 

53-60, 63-70, 73-80 

This set is immediately followed by a blank card specifying the end of 

the data set to be read. The user should realize that if model verifi­

cation is not to take place, the afore mentioned data set is simply 

omitted. 

The last segment corresponds to the Namelist option if selected 

by the user on one or more of the daily modeling data cards previously 

read. It means that the user has expressed a desire to update certain 

parameter values by reading a card on unit 9. Preceding this data set 

is a JCL card specifying that the upcoming values are to be read on 

unit 9. Again, to determine the contents of this card the user should 

refer to the JCL manual for the system applicable to him. All variables 

included in the Namelist (see program listing--subroutine SCHOFI) are 

subject to change. A new list can be read daily dependent upon the 

Namelist option value read that day. If the user exercises this option, 

he must punch the following card(s): 
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The first character must be blank. CC2 must be-an ampersand (&) 

followed by the Namelist name (LISTl) in CC3. The next space must be 

blank. The end of the data associated with the Namelist is signaled 

by the characters n&ENDn • Between the characters &L1STl and &END, 

there should appear the combination 

variable name = constant 

for each value that is to be read. Each combination must be followed 

by a comma if there is more than one. If values are being read into 

an array, the array name should be written without subscripts, followed 

by an equal sign and values for all of the array elements written and 

separated by commas. Figure VI-lD illustrates a sample Namelist data 

card. 

6.3 Obtaining Required Data 

Before computer operation of GEM begins, the user must have all 

the data discussed in Section V. What he is not expected to know is the 

component concentrations. The header cards pertaining to this informa-

tion must be present, however, followed by zero concentration value-

position pairs on each card. Starting from the zero mile point and 

. length of es tuary 
~ncrementing by the fraction ( # of grid pts) up to the last mile 

point yields the correct position values corresponding to the grid 

points in miles. That is, all component concentrations are set equal 

to zero at the appropriate mile points. Next the model is run for 

approximately 15 minutes (computer time) or 30 days at which time pseudo-

steady-state or equilibrium will be reached. The user is to request 

punched output on this last day of simulation, yielding predicted 
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data for the constituent concentrations at the beginning of pseudo­

steady-state conditions. The pollution concentrations contained on the 

punched cards are already properly formatted and should be used as input 

for subsequent runs. 



RECOMMENDATIONS 

1. As the program stands, there is a strict ordering of the com­

ponent concentration data; hence, all twelve components must be modeled. 

The expressions representing the pollutant concentrations, modeling param­

eters and reaction rates should be altered to enable the user to model 

as few or as many pollutants desired irrespective of their order. 

2. It is recommended that the model be adjusted to enable contin­

uous operation after the initial 30 day equilibrium has been reached. 

This would delete the chore of requesting punched output of the predicted 

pollution concentrations at the beginning of pseudo-steady-state conditions 

and making a second computer run. 

3. It would also be helpful to modify the program in such a way 

that the predicted and observed concentrations of the same pollutant be 

plotted on one graph for visual inspection. 

52 



BIBLIOGRAPHY 

1. Bailey, T.E., "Estuarine Oxygen Resources--Photosynthesis and 
Reaeration," ASCE J. Sanitary Eng. Div., Vol. 96, No. SA2, 
April, 1970. 

2. Bard, H. and R.G. Krutchkoff, Predicting Pollution in the James 
River Estuary, Water Resources Research Center, Virginia Poly­
technic Institute and State University, Blacksburg, Virginia 
24061, Bulletin 70, 1972. 

3. Barile, J.G., "A Stochastic Simulation Study of the Biochemical 
Oxygen Demand and Dissolved Oxygen in Streams and Estuaries." 
Unpublished MS Thesis, Virginia Polytechnic Institute and 
State University, September, 1970. 

4. Churchill, M.A., H.L. Elmore and R.A. Buckingham, "The Prediction 
of Stream Reaeration Rates," ASCE J. Sanitary Eng. Div., Vol. 88, 
No. SA4, July, 1962, Paper 3199. 

5. Custer, S.W. and R.G. Krutchkoff, Stochastic Model for Biochemical 
Oxygen Demand and Dissolved Oxygen, Water Resources Research 
Center, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia 24061, Bulletin 22, February, 1969. 

6. Dyer, K.R., Estuaries; a Physical Introduction, John Wiley and Sons, 
Inc., New York, 1973. 

7. Ippen, A.T., Estuary and Coastline Hydrodynamics, McGraw-Hill Book 
Co., New York, 1966. 

8. Macmillan, D.H., Tides, American Elsevier Publishing Co., Inc., 
New York, 1966. 

9. Nemerow, N.L., Scientific Stream Pollution Analysis, McGraw-Hill 
Book Co., New York, 1974. 

10. Norton, W.R., et. al., Computer Program Documentation for the 
Stream Quality MOdel Qual II, Environmental Protection Agency 
Systems Development Branch, Washington, D.C., August, 1974, 
Contract No. 68-01-1869. 

11. O'Connor, D.J., Notes from Summer Institute in Water Pollution 
Control, Stream and Estuarine Analysis, Manhattan College, 
New York, 1968. 

12. O'Connor, D.J., Notes from Mathematical Modeling of Natural Systema, 
Manhattan College, New York, 1975. 

53 



54 

13. O'Connor, D.J. and W.E. Dobbins, If The Mechanism of Reaeration in 
Natural Streams," ~ J. of Sanitary Eng. Div., Vol. 123, 
No. SA6, December, 1965, Paper 1115. 

14. Schofield, W.R. and R.G. Krutchkoff, Stochastic Model for a 
Dynamic Ecosystem, Water Resources Research Center, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia 
24061, Bulletin 60, 1971. 

15. Thomann, R.V., Systems Analysis and Water Quality Management, 
McGraw-Hill Book Co., New York, 1974. 

16. Tracor, Inc., Estuarine Modeling: An Assessment, Water Quality 
Office, Washington, D.C., Environmental Protection Agency 
Project No. l6070DZV, February, 1971, Contract No. 14-12-551. 



APPENDIX I 

PLOTS 

55 



s: 7.275 
a. 
a,. 1.875 
Z o 
........ 7 .. 
~ 
cr 
(k&,,,,. 
t-
Z 
WSW .. 
U 

~ sm u 

... 17 .. 

... ". 
''''' 
3.173 

3.213 

2.." 

2.'''' 
Z 
o 
Q) 2.G13 
(k 
cr 
U 1.111 

U 
..... l.m 
Z a: 
\!) ., 

lX o 0.0 31 1. J 10 ~ ,l". & 1.] a. ~ 2S.' :a. 3 3Z. ~ ., 1Q 3 13' "'.1 51..) 5'\, !Il' 
POSl T ION-Ml LES 

FIGURE 1. ORGANIC C. .. \RBON CONCENTRATION (ppm) FOR FIRST DAY HODELED 

V1 
.0\ 



~'l_ 

a. 
Or z 'teet 
0 
""" t-:!.z cr 
~ ~i11 
Z 
~ 3.1IIJ 
Z 

83.211 

:sCB7 \\ 2._ 
2. 61" 

Z 1.135 o 
(i) 
£xS" cr 
W 

V \ \ I \I \ 

OD 
:U T.' .Q' .U •• ' 2L' :a, :a' .... ,., ... .... 41.' Sl.' 50' ... 

POS IT 1 ON..M I l E S 

FIGURE 2. CARBON DIOXIDE CONCENTRATIO~ (ppm) FOR FIRST DAY ~~DELED 

Vl 
-..J 



~l.lM 
Or 
~1._ 
I'""t 

t- 1.18't 
a: 
t:t 
t- 1. US 
Z 
LaJ 
U 1.[25 

~ 
U.Ml 

•• . 7. 
.7Q:J 

.619 

•• 
. 1!IJ 

Z 
t.aJ.71 
l!) 
o ex. f!f1 
t-.... 
Z 21. 

U 
..... U5 
Z 
(I 
I..!)~ 

a: 
o OD 3. & 7.3 U1' a 6 18] 2L ') 2S' 2!!l3 lIZ.' .. Ii "Il:3 11' 101. & Sf.;' S't. ') 91. 

PQS 1 T ION.".. I l E S 

FIGURE 3. ORGANIC NITROGEN CONCENTRATION (ppm) FOR FIRST DAY NODELED 

VI 
00 



1:.­
Q. 

0,. .& 
Z 
o 
..... 7S 
I-
a: 
Ct.713 
I-
Z lIJ._ 
U 
Z 0._ 
u .-

.s. 

.171 

.1'l1 

.31S7 

.31l 

.210 

.2Il5 

1!R 

a: -." Z 
o 
rOll 
l: 
ct CD 

3. & 7:9 1Q' 1'\ & 1& l 2L, a & 2!L.J lI'l.' 3&. Ii 11! '\3! "' 6 5L] s.., !II. & 

POSl T I ON..M I LES 

FIGURE 4. ~IONIA CONCENrR~TION (ppm) FOR FIRST DAY MODELED 

VI 
\0 



2: 
Q.. .110 
a,. Z., 
o ..... 
to- . SI!D 
a: 
Ct 
..... sa 
z 
w 
U .1!!U 
Z o 
U ... 

•• 
. a 

•• 
.,. 
.lI2 

•• 
wa 
t-
a: 
~­.... -~ 113 

W 
.... 1" -a: ....... -Z 00 3 , y. 3 IQ' u., 1&) 21.' 2S.' Zl) lIZ.' .. , 10. J 1!.' 11.' 51.. 3 5'l, ., 

pos I T I ON J1 I L E 5 

FIGURE 5. NITRITE AND NITRATE CONCENTRATION (ppm) FOR FIRST DAY MODELED 

Q\ 
o 



~ . ., 
a.. 
a, 
Z·8 
o 
..... ae 
.... ' 

([ 

c.t,., ..... 
Z 
~.712 
Z 

8·-.-
.S 

. !18 

.151 

•• 
. 3't7 

.215 

. I'D 

W 1. 
t-
([ 

l: .us a. 
~mr 
% 
Q. GO 3' .,.) lQ' 1'\ I 18) 21.' a, a J .. t .. , 111' '0.' ..,., SL) 5'l' ., 

POS I T 1 ON.JI11 L E S 

FIGURE 6. PHOSPHATE CONCENTRATION (ppm) FOR FIRST DAY MODELED 

d\ ..... 



S!l. 
I: 
a 31SJ 0,.. 
Z 
02._ ,.... 
t-
a: 2. •• a:: 
t­
%2.M5 
LaJ 
U 
Z tm o 
u 

2D 

2.111. 

1 • ." 

1._ 

1.115 

1._ 

1._ 

1. III .. 
. ,. .. 

gOD'S' 7.' lQ' a, 18' 2L' a I a J • t ... 10' 1S' ..." !ii.) !K., •• 
POS IT 1 CNoM I L E 5 

FIGURE 7. OXYGEN DEFICIT CONCENTRATION (ppm) FOR FIRST DAY MODELED 

'" N 



63 

- A • ~ 
,..J 

.- ~ 

,: A 
0 
):! 

lit 

~ ~ - c:l 

• f-4 
It ga , ~ 

c.a.. 
It 

51 ex: 

-In ~ . ..., "'" ..J e .- .... Q. 

.~ Q. -__ z 
z ,.0 
0 M H 
H 

~ 
H 
Z 
!:xl 
U 
Z 
0 
U 

~ 
~ 
. 

CO 

~ 
::;J 

8 C,!) 
H 

II I • 8 f ! , • • a Pl 5 r: ... 
" I 

~ 
A ... II III 

01 01 III III . ..I ...; ...; ..I . ... .... ... 
Wd~NO[L~~lN3JNOJ 3t:f9'~ 



x:.oe 
Q. 
0.. .017 
Z o 
...... Ott 
I-
a: cr: .otl 
I-
Z 
...... -U 
Z 0._ 
u 

.:t o 

.-
.CIII 

.C18 

.ce 

.C8J 

.eM? 

.(11 

.eMl 

em 

~.CD 
t-
O CD 

~ UII s. 7.' lGS 1" I.) a.S 81 aJ ., •• 'IIJ ..a, "'.1 ILJ '" _I 
POS I T ION ..... 1 L E S 

FIGURE 9. PROTOZOA CONCENTRATION (ppm) FOR FIRST DAY MODELED 

0\ 
~ 



~.oe 
Q. 
a, 
Z .at7 
o 
;: . .,... 
CC 
~.Otl 
Z 
ltJ.a 
U 
Z 

S·· 
· em 

• 02!1 

.ca 

· era 

.S 

.017 

.CIl1 

.au z 
o 
t- CIII 
:.:: 
z 
CI .CD 
..J 

~GIII 
2 Q&J S Ii 7.' lQ' 1'\ Ii 18) 1L, a Ii a, .. S .... <Ill, 1S, 17.' s.) s.., !II.. 

POSI T ION..MI LES 

FIGL~ 10. ZOOPLANKTON CONCENTRATION (ppm) FOR FIRST DAY MODELED 

0\ 
\;1'1 



1: a. .O!IJ 
0.­
~.Dt7 .... 
~.CM 
ct 
f- .0t1 
Z 
LaJ U._ 
Z 
o 
U . cas 

.em 

. era 

.0215 

.023 

.am 

.el7 

til 
~.at1 ... 
([ .atl o 
W 
(k CD 
a. 
ct . em 
w 
J: 
\!) CD -:r GO 3. & 1.' 1Q' 1'\ i 1&' 2L ~ a & a] .. , .. & 11] .. , ..,. & 5&.. J ,." ., 

DOS I T ION.,.. I L E 5 

FIGURE 11. HIGHER PREDATOR CONCENTRATION (ppm) FOR FIRST DAY MODELED 

0\ 
0\ 



J: .• 
G.. 
0, .1It'I 
Z o ....... 
t-a: 
ce .• .... 
z 
w.cn u 
z 
o . or! 
U 

.C115 -

. O!!B 

.OW 

.012 .-
O!D 

.ms 

0I!t 
CI .... 
CC .m) ..... 
t-
U tD 

~ QD 31 ?, 10' 1'1 la, a., 81 2!l.J ., &, 1:1, .... , •. 1 51.] s.., ., 
POS I T I ON..H I L E 5 

FIGURE 12. BACTERIA CONCENTRATION (ppm) FOR FIRST DAY MODELED 

Q\ 
....... 



APPENDIX II 

LISTING OF COMPUTER PROGRAM 

68 



c 
c 
c 

SOLUTION PRGGRAM FOR GENERAL DETERMINISTIC MODEL. 

REAL K,KIl,KI4,K2L,K21,K36,KMd,KM9,KMlO,KMll,KM12,KI2,K2X 
CCMMON IEO/C(12t2,200),OCDT(12,~,200 ),K(38,200l,WORK(200), 

*WURK1(200),WOKK2(lOO),DCOXI12,200),EA(ZOC ),UA(200),XPOS(200), 
*OEV,NO,OAOT(ZOO),A(ZOO),WT,NM,NN,OT,OX,OZS,IA,TPR,LOGUP,INLOG 
*,AbSE,RELF,TEMP,TIDE,T,SUN,~t02SAT,CSATtIOAy,JOAy,TOATA,Kll, 

*K14tK27fK36tGROdtGKC9,GROIO,IC,E,G~OlltXC,K2X,FRA(6),OIE{S), 
*RESP12,GR012,IPRI,Cl,PRED8,PRE09,PREOIO,PREDll,WF,RRIBI/CK31 
*S2/KM8,KM9,KMIO,KMII/B3/C28,C29,C210,C211/B4/C58,C59,C510, 
*C511/d5/C68,C69,C610,C611/B6/C8,C9,CIO,Cll,CI2,KM12,S187/C212, 
*C512,Cu12/B8/RESPS,RESP9,RESPIO,RfSPII/B9/Fl,F3,F5,F6,FAIt 
*IZOAy,PUS,CCNC(12,lO),~V(6),VAl(6),TITLE(lO),IPOAy,LCG,OSAT,Dl, 

*PRI,OU2,003,0015,BC(5),PREO(S),GRO(5),RES(5),BA,Xll,X14,X36, 
*SUNSAT/alO/TMIN,ILIST,PRIE,XI,8CN,SUM,SS,~DATA,yyy,EAOJ, 

*XARfA(12,200),K12,AVE,D2,Tl,TM,MOAY,TMAX/ElI/KP,K2,AQ,AI,A2, 
*A3tA~,GO,Gl,G2,XK2/Bll/XQCOEF(lO)tl(lO),~COfFtl~K2/813/IPlUT,NPl 

* .. 
* 

c***********************************************************************~******* 
c * 
C Tit!: L.Jf-ORMAT IJI~ I~ THI S ~AI N PRUGxAM SEGt-tE::NT I S TO of * 
~ SUPPLIED BY THE USER * 
C * 
c*******·********··************·*******·**************************************** 
C******~**************~****************·**·*********************.*******.******* 
C 
c 

C 
r 
"" 

c. 

NpJ = ;'-lC fF SFCTIGNS Te BE USED 
t\N=79 

XI = 0~STREA~ HUUNOARY lJCATION IN Mlt~S 

XI=U.J 

* 

• 

0"1 
\0 



c 

c 
c 

c 
c 

c 
c 

c 
c 

c 
c 

C 
L 

c 
c 

c 
c 

c 

XQ = OOkNSTR~AM lOCATICN I~ ~ILES 
XO=58.65 

II :: INITIAL TIME Gf DAY 
TI=O.J22 

IDAY = 1~ITIAl DAY CF YEAR 
ICAY=120 

fM = Fl~Al TIME OF CAY 
TM=O.O 

MDAY : FIN~l DAY OF YfAR 
MOAY==121 

PKI = NC CF TIME/TICAL CYClF PRI~T(O CUTPUT Q['UIREO 
P~I=O.5 

Ie == NC [F POLlUTICN CO~PONENTS 
1(=12 

TIJ::: = lIME OF HIGH TIDE eN IOAY 
TIO[=9.0 

~Al = ~OCN ?HAS~ AT TI & IDAY 
Fdl=O.O 

* 

* 

* 

* 

* 

* 

* 

* 

* 

C TMAX = ~AX Nl Dr C(~PUTER ~l~UT~S AUT~OPIlE~ rG~ THIS RU~ * 
c 
c 
\.... 

TMAX=-;')9. 

Kt-> = lCGIC VA?IAbLE fC lNDICATf IF ~Ur-.CH~C OUTPtJT Af T,.. 
& ~DhY IS ~~~urR~~ * 

* 

-....J 
o 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
(, 

c 
c 
c 
c 
c 
c 
c 
c 

KP=O. 

DETERMINING APPROPRIATE EQUATION FOR REAERATION 

K2 = OXYGfN REAE~ATION R'TE 
U = TIDAL VELOCITY (FPS) 
H = DEPTH eFT) 
o = DIFFUSIVITY UF OXYGFN IN ~ATfR 

FOR DEPTHS OF 1 FT-]O FT AND VEL OF .5-1.6 FPS 
PUT K2 = 1 TO USE THE FOllOWI~G EQUATION: 
K2 = 12.9*SQRT U/H**1.5 

F~R DEPTHS OF 2 FT-ll FT AND VEL OF 1.d-5.0 FPS 
PUT Kl = 2 TO USE CHURCHILL'S [QUAlION: 
K2 = 11.6*U/H**1.61 

FOR DEPTHS OF 4 FT-ll FT AND VEL OF .1-5.0 FPS 
PUT K2 = 3 TO USE OWENS EQUATICN: 
K2 = ll.6*U**O.b7/H**1.85 

FOR AN ESTUARY WHICH OOFS NOT FAll T~TO ANY OF 
THE 3 CATEGORIES A6UVf, 
PUT Kl = 4 TO USE O'CONNUR'S FC~ATION INVOLVING 
THF. OIFfUSIVITY CG~STANT 0: « 0=.000081 FT**2/HR 
K2 = (D*U)**.5/H**1.5 

TO USE OWN EXPRESSION FOR REAERATION, 
PUT K2 = 0 
PUT XK2 fXPRESSICN O~ NUMERICAL VALUE 

~l 1 

* 
* * 
* .. 
* 
* • .. 
* .. 
* .. .. .. 
* .. 
* .. .. 
* .. .. 
* .. .. .. .. 
* 

""'" I-' 



c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
~ 

c 
c 

\... 

C 

XK2 = 0 

REAERATION WIll INCREASE 25% WITH EVERY 10 KNOT WINO OR * 
APPROXIMATELY 11.5 MPH WINO 

PUT IWK2 = O,1,2t3t~t5,6 TO COMPENSATE FOR NO WINO, • 
10 KNOT, 20 KNOT ••• 60 KNOT WINOS RESPECTIVELY * 

IWK2=1 

THE COEFfICIENTS IN THE FOllCWING EQUATIONS FOR 
MAX TIDAL VEL & TIDAL LAG MUST eE DERIVED 
FUR EACH ESTUARY MODELED 

x = POSITION (MilE) 
MAX TIDAL VEL: 

K(37,J) = AO+Al*X+A2*X**2+A3*X.*3+A4*X**4 

AO = .158002 
Al = .055065S 
A2 = -.0004572Q1 
A3 = -.00000131112 
A4 = .OOC0000151213 

GO = 
G1 = 
G2 = 

TIDAL LAG: 
K(38,J) = GO+Gl*X+G2*X.*2 

1.2211 
-.J41'148 
-.OOC41557d 

f0 :)ETERMINE VuLUMt:TPIC FI{~S"'~ATFR fLC'A HATF 

* 
* 
* 
* 
* 
* 

* 
* 
* 
* 

* 
* 

....... 
N 



c 
c 
C 
c 
c 
c 

·c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 

AS A fUNCTION OF POSITION: 

XPOS = GRID POINT POSITION (MILE) 

XQ = VOL FRESHWATER FLOW RATE (CUBIC MI/HR) 

NCOEF = NO OF ESTUARY SUBDIVISIONS WITH RESPECT 
TO VOL FRESHWATER FLOW RATE 

AS GRID POINT POSITION INCREASES, XQ INCREASES BY A 
MULTIPLE OF XQCOEF 

Z(I) = GRID POINT POSITION (MILE) IN ASCENDING 
ORDER 

IF (XPOS .GT. I(l) XQ :: XQ*XQCOEF(!) 

NCOEF :: 2 

Z(l) :: 20.0 
XQCUEf(1) = 2.0 

l(2) = 45.0 
XQCOEF(2) = 5.0 

Z(3) = J.D 
XQCOEf ( 3) = C. 0 

l(4) = J.O 
XQCOEF (4) = c.o 

ztS) = 0.0 

1=1,10 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

* 

* 

* 

* 

-..,J 
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XQCOEF(5) = 0.0 
C * Z(6) .:: 0.0 

XQCOEF(6} = 0.0 
C * Z(7) :: 0.0 

X QC 0 E F (1) ;: 0 • 0 
C * Z(S) = 0.0 

XCCOEF(S) = 0.0 
C * Z(9) ;: 0.0 

XQCOEF(9) = 0.0 
C * 

Z(lO) ;: O.C 
XCCOEF(lO) .:: 0.0 

C * 
C * c****************.************************************************************** 

NPL=O 
CAll SCHOFI 
IF (NPl .GT. 0) CALL PlCT(O.,O.t-~) 

SlOP 
F"lO 

...... 
...a::-. 



c 
C THE ORIGINAL MAIN PROGRAM 
C 

SUBROUTINE SCHOFI 
REAL K,Kll,K14.K22,K21.K36,KM8,KM9,KMlO,KMI1,KM12,K12,K2X 
COMMON 180/Ct12,2,200),DCDTt12,5,lOO ),K(38,200),WORK(200), 

*WORKl(200),WORK2(200),DCDXCll,20C),fA(200 ),UA(200),XPOS(200), 
*DEV,ND,OADT(200),A(200),WT,NM,NN,OT,DX,QlS,IA,TPR,lOGUP,INlOG 
*,ABSE,RElE.TEHP,TIOE,T,SUN,Q,02SAT,CSAT,ICAY,JOAY,TDATA,Kll, 
*K14,K27,K36,GROa,GROQ,GROIO,IC,E,GROll,XO,K2X,FRA(6),DIE(5), 
*RESPll,GR012,IPRI,Cl,PRED8,PRED9,PREDlO,PREOll.WF,RRI BI/CK31 
*eZ/KH8,KHQ,KMIO,KMII/B3/C28,C29,C210,C211/B4/C58,C59,C5l0, 
*C511/B5IC68,C69,C610,C611/B6/Ce,C9,CIO,Cll,C12,KH12,S1811(212, 
*C512,C612IB8/RESP8,RESP9,RESPIOt~ESPII/B9/Fl,F3,F5,F6,fAZ, 
*IIDAY,POS,eONC(12,lOl,NV(6),VAL(6),TITlEtlO),IPOAY,lOG,OSAT,Dl, 
*PRI,002,DC3,D015,ut(5),PRED(S),GHO(S),RES(5),BA,Xll,X14,X36, 
*SUNSAT/BIO/TMIN,ILIST,PRIE,Xl,BCN,SUM,SS,NDATA,VYY,EAOJ, 
*XAREA(12,200),K12,AVE,D2,TI,TM,MDAY,TMAX/BII/KP,K2,AO,Al,A2, 
*A3,A4,GO,Gl,G2,XK2/B12JXQCOEFllO),Z(lO),NCOEF,IWK2JBl3/lPlOT,NPl 

C*******··****·*·*~*********************·*·************************************* 
C 
C 
C 
C 
C 
C 

NAHElIST OPTION TO ~ODIFY OEF'ULT VALUES OR TO UPDATE Ace * 
PARAMETERS INCLUDED IN LIST. * 

ANY VARIAelE MENTIONED IN THE ABOVE COMMON STATEMENT 
MAY BE INCLUDED IN THIS LIST * 

* 
C**~******.*****·*·***************************~********************************* 

NAMEllST IlISTI/ABSE,RflE,BC,PRED,GRO,PES,BA,Xll,X14,X36,FRA,DIE, 
lCT,Fl,F3,F5,F6,PRIE,KMe,KMq,KMlOtKMll,~~12,Cl,BCN,IPRI,YYY,AVE,OEV 

2,K2X.Ol,Dl,CK3 
CAll ER~SET (2C7,260,-1,1,O.2Jb) 
REAO(9,lISTl,ENO=l005) 

....... 
I.\J1 



c 
C 

C 
1005 

10 
17 

WRITE(b,lISTl) 
SUBROUTINES TIMON AND TIMECK ARE SUPPLIED ON THE SYSTEM USED * 

fOR THIS WORK. THEY MOST BE OUH~tEO OUT IF NOT AVAILABLE.* 
CALL TIMON 

READI~G NAMES FOR THE TWELVE PGllUTICN COMPONENTS 
DC 10 1=1,12 
REAO(S.17,END=999) (CONCeI.J).J=l,lO) 
FGRMATIIOA4) 
PRI=ll.425/PRI 
IICAY=IOAY 
1=Tt 
IPR=TI 
IPOAY=IOAY 
OX=(XO-XTJ/NN 
~M=NN+l 

WRITE(o,ld) NM,XI,XQ,TI,IDAY.TM,MDAY,PRI,IC,TIOE,FAl 

* 

18 FO~MAT('l',19Xt'NO OF GRID POINTS',14X.I5/ 2JX,'UPSTRFAM 
lSCUNOARY,MIlES·,lOX,F5.11 20X,'CtWNSTREAM BOUNDARY',14X, 
2F5.11 20X,'INIIIAl TIME OF DAY·,14X,F5.11 
320X,'INITIAL C~Y OF YEAR',12X,I5/20X,'FIhAl TIMF OF CAY',16X,F5.11 
420X,'FINAl CAY',22X,15/20X,'PRINT INTERVAl,HOURS',14X,f5.21 
520X,'NO OF SIMU OifF fQUATIONS',bX,151 20X,'TIME Of HIGH 
bTIDE ON FIRST OAY·,4X,F5.2/20X,·MCON P~ISE AT BEGINNING',11X,F5.2} 

C**~**************.***********************.************************************* 
~ FGRMING POSITICN VECTOR (XPGS), ~AXIMU" TIDAL VELOCITY VECTOR * 
C (K(31,*», AND TIDAL PHASE LAG VECTCR (K(38,*J) * 

00 4 J=l,NM 
XPOS(J)~XI+FLOAT(J-1)*OX 

XP2=XPOS(J)*xPOSeJ) 
".. 
;... 

K(37.J) = AO+A1*XPCS(J )+A2*XP2+A3*XP2*XPCS(J)+A4*XP2*XP2 
c 

....... 
0\ 



K(38,J) = GO+Gl*XPOS(J)+GZ*XP2 
c 
t***********************************···***************************************** 

4 CCNTINUE 
C READING CCNOITIONS AND SOME PARAMETER VALUES.A HEADER * 
C CARD MUST BE READ BEFORE EACH NEW SET OF DATA.THE HEAD CARD * 
C CONTAINS VALUES FOR IPT,NC,ITYPE AND TITLE.tPT INDICATES THE * 
C FuRM OF THE DATA,NC WHICH PA~AMETER CR POLLUTANT WIll BE DES * 
C (RISEO AND ITYPE INDICATES IF IT IS A PARAMETER OR A POllUTe * 
C IPT=; 1 ~EANS STP DISCHARGE, 2 MEANS OlSCPETE CONSTANTS, >2 CONT.* 
C INUOUS eAIA. * 
C Nt=;1 MEANS THE ITH PARAMETER OR POlLlTANT IS SEING DEFINED * 
C ITVPE= ; 1 MEANS PARAMETER, 2 MEANS POLLUTANT ,AND 0 MEANS INPUT * 
C COMPLETED. * 

c 
c 
c 

1 READ(S,6,END=999) IPT,NC,ITYPE,lITlE 
6 FC~MAT(315t5~tlOA4) 

IF(ITVPE.LT.l} GO TO 1 
CALL STORE(IPTtXI,OXtNM,WO~K,~OR~1,WORK2,XPOStCl,K) 
GO Tu(B,9),llYPE 

8 DC 12 J=l,NM 
1£ K(NC,J)=wORKlJ) 

9 If(IPf.LE.2) WRITE(6,3) TITLf,(WCRKeJ),J=l,NM) 
3 FORMAT(III 20X,lOA4 11(' ·,lOF12.2) 

1002 FU~MAT(11120X,10A41Ie' ·,lOF12.4)) 
IF(IPT.GT.2J WRITEC6,lOOZJ TITlF,(WORK(J),J=l,NM) 
If(ITVPE.FQ.l) GU TO 1 
DC 13 J=1,NM 

13 C(~C,1.J)=kORK'J)*S 
GO TO 1 

CARCS READ ON UNIT d SERVE CNlY ~DDEl VFRIFICATION 
PU~POSFS 

* 
* 
* 

....... ..... 



c 
c 
c 

READING FIRST OdSERVEO OATA CARD. 

1 READta,11,END=999J JDAY,TOATA,POS,(NV(J),VAl(J),J=1,6) 
11 FORMAT(I5,F5.0,F5.2,5X,6(I2,F8.3») 

* 
* 

* 

C READING CONOITIONS FOR FIRST DAY IF(IPPl.EQ.l) PUNCHED CARD OUT * 
C PUT IS REQUESTED.tF(IltST.Nf.O) PARAMETER UPDATE IS REQUESTED. 
C THROUGH NAMEllST OPTION. * 

REAO(5t14,END=~99) TEMP,Q,SUN,IPRI,IlIST,IPLOT 
14 FORMATl3FIO.4,20X,3tS) 

CAll ARE"A(IOAV,IlDAY,T,TIDE,FAI,NM,XAREA,K,WT,A) 
OSAT=(14.652-0.4102*TEMP+O.00199*'EMP*TEMP-O.77174*TEMP*TEMP/IOOOO 

•• C*TEMP)*S 
(All UPDATE 
CALL FUNCT(l) 
GO TO 39 

C MAI~ PROGRAM lOOP. * 
36 002=01/2.0 

DC3=DT/3.0 
DC15=01115.0 

C CHECKING FOR FINISHING TIME. * 
IF(T.GE.TM.ANO.IOAV.GE.HDAY) GO TO 1000 

C CHECKING FOR ~ACHINE TIME ALLOCATION. * 
IF(TMIN.GT.TMAX) GO TO 1000 

C CALLING INTEGRATION SUBROUTINE. * 
CALL RKMltIER) 

C AOJUSTING TIME STEP(OT). * 
DT=OT*VYV**IER 

C C~fCKING FOR ACCURACY. * 
40 IF(IER.LT.3) GO Tu 41 
42 T=T-OZS 

CALL UPOATF 

""-.I 
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CAll FUNCT(l) 
GC TO 36 

C CHECKING FOR UPPER LIMITS ON OT. * 
41 IF(OT.GT.PRII DT=PRI 

IF(Ol.GT.l.4) OT=1.4 
IA:3-IA 

3q DZS=DT 
CALL OUTPUT 
OT=DlS 

C CHECKING FOR NAMELIST OPTION FOR PARAMETER UPDATE * 
IF(IlIST.EQ.O) GO TO 36 
REAO(9,l 1ST 1) 
WRITE(6,lIS11) 
IltST=O 
GO TO 36 

~ ~~ECKING FOR PUNCHED OUTPUT OF FINAL CCNDITIONS * 
1000 IF(KP.EQ.Ot GO 10 994 

00 998 1:1,1C. 
DO 996 J=1,t-f4 

996 CCI,IA,J)=C(I,IA,J»'S 
9~6 WRITE(7.997) NM,I,(CONCCI,J),J=l,lO),IC(I,IA,JI,XPOSeJ).J=l,NM) 
9q1 FC~MAT'215,' 2',5X,lOA4/C8FIO.4» 
994 WPIIE'6t9~S) SUM,SS,NOATA.IDAY,T 
9~5 FO~MAT('l'III' SUM OF ERRORS=',FIO.2,' SUMSQ ERRORS=',FIO.2,· 

• ~u OF DATA VAlUfS='~I5111/'I' OAY=I,15.' TtME=',F7.3) 
~9~ RETURN 

rNf) 

...... 
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C 
C 
C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

SUBROUTINE STORE(IPT,XltDX,NM,WORKtWORK1,~ORKZ,XPOS,CL,R) 
SUBROUTINE TO READ AND STORE INITIAL INPUT DATA FOR CONCENTR- * 

AllONS AND PARAMETERS. * 
t~PUT FORMAT IF IPT= * 
1 DATA IS IN THE FORM DISCHARGE RATE(IN lBS/DAY)ANO LOCATION OF * 

DlSCHARGE(IN MILES) WITH A (2E20.5) FCRMAT.MORE THAN ONE SlP * 
CAN eE CONSIDERED.THE STP DATA INPUT TERMINATES WHEN A NEGAT •• 
puSITICN IS READ. * 

2 tArA IS IN FORM OF VAlUE-POSITICN.THE PARAMETER OR POLLUTANT IS* 
GIVEN THE READ VALUE FOR ALL LOCATIONS BETWEEN T~E PREVIOUS • 
POSITION(IF ANY OR XI) AND THE P~ESENT POSITION.THIS TERMIN- * 
AlES WHE~ A ZERO OR NEGATIVE POSITION IS READ.FORMAT(ZE20.5).* 

72 DATA IS IN THE FORM CF VALue ANO POSITION PAIRS WITH THE NO. OF* 
PAl~S EQUAL TO IPT.THE DATA IS TREATED AS VALUES fROM A CONT-* 
INuaus FUNCTION ANC VALUES ARE INTERPOLATED FOR LOCATIONS * 
BETWEEN lHE POSITIO~S GIVEN. * 

WORKl AND WORK2 ARE DIMENSIONED THf GREATER OF IPT OR NM 
OIMfNSION WORK(NM),WURK1(SO) ,WORK2(80) ,XPCS(~M),R(38tNM) 
IPT=l FQ~ FF,IPT=2 FOR DISC~ETE CC~STANTS,ANO IPT>2 fOR INTERPOlING. 
If(IPT.GT.2) GO TO 3 
IF(IPT.EC.2) GG TO 2 
DC S J=l,NM 

~ WDRKIJ)=O.O 
4 RF.AO(5,l,ENO=9Q9) VAlUf,POSIT 
1 FURMAT(2E20.5) 

IF(POSIT.lT.XI) GO Tu S99 
IK=lFIX«PCSIT-XI)/DX+1.5) 
Ir(IK.E~.l) IK=2 
!F(lK.~E.~M) IK=NM-l 
W~PK(IK)=WCRK(IKJ+VAlUf*Cl/IOX*24.0*R(3,lK») 

GL T2 4 
2 IK=C 

00 o 



6 READ(5,l,ENO=9Q9) VALUE,POSIT 
IF'PO~IT.lE.xt) GO TO 999 
tl=IK+l 
IK=IFIX(CPOSIl -XI)/DX+l.5) 
IF(IK.GT.NM) IK=NM 
DO 5 I=II,IK 

5 WORK (I )=VAlUE 
GO TO 6 

3 RfAO(S,1.ENO=999) (WORKl(J),WORK2(J),J=1,IPT) 
1 FCRMAT(SFIO.6) 

DC 8 l=l,NM 
X:XPOSlI) 
CAll INTP(3,IPT,WORK2.kORKltX,V,O.OOl.~M) 

8 WORK(I)=Y 
<199 RETURN 

END 
(XI 

""'"' 



SUBROUTINE OUTPUT 
C SUBROUTINE TO PROVIDE SPECIFIED OUTPUT,MAKE COHPAIRISON WITH ACT-* 
C UAl DATA,KEEP TRACK OF TIME 'NO CAY OF SOlUTION,ETC.lOG IS A * 
C LOGIC VARIABLE WHICH INDICATES WHETHEr< STANDARD PRINTED OUT- * 
C PUT OR A COMPARISON TO ACTUAL OATA WILL BE REQUIRED AT THE * 
C NEXT OL IPUT TIME. * 

KEAl K,Kll,K14,K22,K27,K36,KM8,KM9,KM10,K~11tKM12,K12,K2X 
DIMENSION HOLD(16J,RlIT(lS) 
COMMON IBO/C(12.2.200),OCOT(12,5,200 ),K(3a,200)tWO~K(200), 

*WORK1(200),WORK2(ZOO),OCOX(12,200),EA(200 ),UA(200),XPOS(200J, 
*OEV,NO,OAOT(ZOO),A(ZOOI,WT,NM,NN,OT,OX,OZS,IA,TPR,LOGUP,INlOG 
*,ABSE,RElE,TEMP,TIOE,T,SUN,Q,02SAT,CSAT,IDAY,JOAY,TOATA,Kll, 
*K14,K21,K36,GROa,GR09,GROI0,IC,E,GROll,XO,K2X,FRA(6), DIE(S), 
*RESPll,GR012,IPRI,Cl,PRE08,PREC9,PREClO,FREOll,WF,RRIBI/CK31 
*B2/KM8,KM9,KMIO,KMII/B3/C28,C29,C210,C211/B4/C58,C59,C510, 
*C511/B5/C68,C69,C610,C611/86/C8,CQ,CIO,Cll,C12,KM12,S1811C212, 
*C512,C612/B8/RESP8,RESP9,RESPIO,RESPII/B9/Fl,f3,F5,F6,FAIt 
*IlCAY,POS,CCNCC12,lOJ,NV(b),VAl(6),TIIlE(lO),IPOAY,lOG,OSAT,OI, 
*P~I,Ou2,003,D015,BC(5JtPRED(5),GPO(5)tRES(51,RA,Xll,X14,X36, 
*SUNSAT/BIO/TMIN,IlISTtPRIEtXI,8CN,SU~,SSJNOATA,yyy,EAOJ, 

*XAREA(12,200)tK12,AVEtD2fTI,TM,MDA~,THAX/BII/KP,K2,AOtAltA2, 
*A3,A4,GO,Gl,G2,XK2/S12/XQCOEF(lO),l(lO),NCOEF,IWK2/Bl3/1PlOT,NPL 

CATA RlIT(ll)/t CuN'I, RlIT(12)/·CF.NT'I, PLIT(13)/'RATI'I, 
*RlIT(14)/'GN-P'I, RlIT(15)/'PM " 

C llG=l MEANS R~G.OUTPUT ;lOG=Q MEA~S A C(~FARISCN WIT~ ACTUAL nATA. 
14 IF(ABS(TPR-T).lT.~kIE.ANO.TPOAY.EQ.IOA~) f,O TO 21 
22 If(T+DlS.lT.TPR.OR.IOAY.Ll.IPOAV) GO Te ~~9 

23 Ol=TPR-T 
CC:;=DT/3. 
l)(2=IJT 12. 
0015=LJT/15. 
( ALL R K ~4 I ( I E R ) 

ex> 
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IA=3-IA 
21 If(lOG.EC.l) GO TO 1 

C CCMPARISON TO ACTUAL DATA WILL BE MADE AND THE DIFFERENCE PUNCHEO* 
C FOR DETAILED ANALYSIS * 

IK=l 
2 If(NV(lK).EQ. O.OR.IK.GT.6) GO TO 3 

NV I1<=NV ( I K) 
DC 4- J=l,NM 
WURK(J)=C(NVIK,IA,J) 

4 WC~K2(J)=K(31tJ) 
CAll INTP'5,NM,XPOS."ORKtPOS,FXXtO.OOl,N~) 
DIFF=VAl(IK)-FXX/S 
SU,.=SUM+OIFF 
SS=SS+DIFF*Dtff 
NOATA=NDATA+l 
C~lL IN1~(St~M.XPCS,~ORK2tPOS,PH~SE,U.COltNM) 
(PGS=IfIX(POS-XI)/DX+l.499) 
VrlO=UA(IPCS)/A(TPUS) 
WHITE(1,5) N~(IK)tDlff,ltIOAy,PHASE,SU~,VAl'IK),VElO,POS 

5 Fr.~MAT(15t2FIO.4,I5,5FIO.4) 
If<=IK+l 
GC TO 2 

3 RfAC(8t~,END=50) JDAY,TDATA,POS,(NV(J),VAl(J),J=l,b) 
o f(~MAT(I5tF5.0tF5.2,5X,b(12,F8.2) 

I~'PQS.GT.XG.OR.POS.lT.XI) GO Tt 3 
GC TO 10 

SO JCA't-=lOOOO 
GO TO 10 

C STANCARO PRI~lEO OUTPUT .S~E OUTPUT lISTl~G FGllOWING THIS PRO- * 
C GR A~ II S TIN G FOR 0 ETA ItS. * 

1 ~ALL TI~fCK(NHSEC) 
XSfC=FL0AT(NH~EC)/IOO.O/PRI*24.0 

00 
w 



TMIN=TMIN+FlOATlNHSEC)/6000.0 
WRITE(6,7l IOAV,T,DZS,XSEC,TMIN,(XPOSeJ),J=l,NM,NDJ 

7 FORMAT"1'/IIIOX,'DAY=',15,' TIME=',F5.2,' DELTA T=',f5.2,' 
.MACHINE TIME=',FIO.3,· SEC/REAL TIME DAY MACHINE MIN USED=', 
*f~.2/'23X,'POSITI0N,MILES·/(· ',16F8.3) 

WRTTE(6,ll) (K(31,J),J=1,NM,ND) 
11 FO~MAT{/23Xt'TIDAl PHASE'/C' ',16F8.3)) 

C PUNCHED OUTPlT OPTION (IPRl=l). * 
IF(IPRI.EQ.l) WRITE(1,16) IDAY,T 

c 
c 
c 

16 FORMATt ' S$$$$S*** ••• **$$$$$S',I5,FIO.4) 
00 6 I=l,IC 
DC 13 J=l,NM 

13 C{I,IA,J)=CII,IA,J)/S 
WRITE(6,8) (CONCII,J),J=l,lot,(C(I,IA,J),J=l,NM,ND) 
IFCIPRI.EQ.l) WRITE(l,lS) ~M,I,(Ca~C(I,J)tJ=l,lO),(C(l,IAtJ)t 

*XPOS(J),J=l,~M. 
00 6 J=l,NM 

6 CII,IA,J)=CtI,IA,J)*S 

CHECKING FOR PLOTTED OUTPUT 

IF (IPLOT .Ee. 0) GO TC 38 
NPl=I~PL+ 1 
SCAlX=XO/16. 
DC 33 l=I,IC 
l=O 
OJ 34 J=l,~M,NIJ 
l=l+l 

~4 HOlD(ll=C(I,IA,J)/S 
I~(NPL .E~. 1 .AND. I .EQ. 1) GO Tf 36 
CALL PlQT(12.,C.,-3) 
G'~ TU :.,~ 

* 
* 

CIJ 
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36 CALL PLOT(3.,2.,-3) 
35 DO 37 J=1.10 
31 RlIT(J)=CONC{I.J) 

33 
C 

3d 
8 

15 

17 

10 

CAll SCAlE(H~lD,16,B.,XMIN,S'AlF,1) 
CAll BIlOAX(O •• O.,O.,O.,l,SCAlX,8.,· PCSITION-MIlES ',4,.5,1,0) 
C~ll BIlDAX(O.,O.,O •• XMIN,3,SCAlF/2.,8.,RLfT,15,.5,1,1) 
l=O 
00 33 J=l,NM,ND 
RMILE=XPOS(J)*C8./XO) 
l=L+l 
CALL PLOT(RMllE,HOLO(l),2) 
CONTINUE 

IPRI=O 
FeRMAT"1 ZOX,10A4/ (' ·,16F8.3)) 
FORMATI215,' Z',5X,lOA4/(8FIO.4») 
WRITE(6,11) Q,TEMP,SUN 
fCRHATt t OQ=',FIO.2,' TEMp:',FIO.2,· 
CALL lIMGN 
III=IFIX(IT+PRI)/24.0) 
lPR=T+PRI-24.0*FlOAT(III) 
IFDAY=IOAY+III 
lOG=l 

* 

SUN LIGHT INTENS=',FIO.2) 

c********··*****····*******···************************************************** 
c 
c 
c 
c 

THE FOLlCWING CARCS MAY BE O~ITTED If MODEL VERIFICATION * 
IS NOT INTENDED. * 

IF(JOAY.GE.IPOAY.ANO.TOATA.GE.TPR) GO TO ~99 
IF(JOAY.GT.IPOAY.ANO.TDATA.LT.TPR) GO TO 999 
TP~=TDATA 

IPCAV=JDAY 

(lO 
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lOG=O 
GO TO 14 

c 
c********************************************.********************************** 

999 IF(T.lT.24.0) GO TO 1000 
C UPDATING TIME,OAY.AND CONDITICNS. • 

READ(S,12,END=51) TEMP.Q,SUN,IPRI,IlIST,IFlOT 
II FO~MAT(3FIO.4,20Xt315) 
51 IDAY=IOAY+l 

T=T-24.0 
lOGUP=2 
CAll UPDATE 

1000 RETURN 
END 

GO 
0\ 



c 
c 

c 
c 
c 
c 
c 

SUSROUTINE UPDATE 
SUBROUTINE TO UPDATE ANY T'IME,OAY,GR TE~PERATURE VARIABLE PARA- * 

METERS,fCRMING fUNCTIO~S,CONCITICNS,E1C. * 
REAL K,Kll.K14.K22,K27,K36,KM8,K~9tKMlO.KM11,~M12,K12,K2X 
CCMHON 180/C(12,2,200),OCOT(12,5,200 ),K(38,200),WORK(lOOt, 

*WURKl(200),WGRK2(ZOO),DCOX(12,200),fA(200 ),UA(2001,XPOS(200), 
*DEV,ND,OAOT(200),A(2CO),WT,NM,NN,DT,DX,DlS,IA,TPR,lOGUP,INlOG 
*,A~SE,RElEtTEMP,TIOEtT,SUN,Q,02SAT,tSAT,JOAy,JOAY,TDATA,K1l, 

*K14,K21,K3b,GRGS,GR09,GROlO,IC,E,GRCll,X(,K2X,fRA(6),DIE'S), 
*RESP12,GP012,IPRl,Cl,PRED8,PRED9,PREOlOtPRE011tWF,R~1 B1/CK31 
*B2/KMd,KM9,KM10,KHII/B3/C28,C29,C210,C211/B4/C58,C59,C510, 
*(511/B5/C68tC6~,C610,C611/B6/C8,C9,CIO,C11,C12,KM12,S181/C212, 
*C512,C612IB8/RESP8,RESP9,RESPlO,RESPII/B9/Fl,F3,f5,F6,FAIt 
*IICAY,POS,CGNC(12,lO),NV(6),VAL(6),TITlf(lO),}POAY,lOG,OSAT,Ol, 
*PRT,002,D03,D015,BC(Sl,PREO(S),GRC(S),RES(5),SA,Xll,X14,X36, 
*SLhSAT/dlO/TMIN,llIST,PRIE,XI,oCN,SUM,SS,NOATA,YYY,EAOJ, 
*XAkEA(12t200),~12,AVE,D2,TltTM,~D~y,TMAXJfll/KP,K2,AO,AI,A2, 

*A3tA4tGOtGltG2tXK2'Bl~/~~CUEF'lC),l'10)t~CJEFtIWK2 
lCGUP IS A leGIC VARIAdlE ~HICH INDICATES WHAT TYPE OF UPDATE IS * 

TO ~E EXECLTED. • 
lCGUP=l BEfORE SOLUTIO~ BEGINS feR INIllAl OEFINITICNS. * 

=2 FOR DAILY UPDATE. * 
=3 FOR ~INUTE TO ~INUTE UPO~Tt. * 

GC Tu(1,2,3),lOGUP 
1 Of' 4 1=13.12 

D.-J 4 J = 1,2 
4 C ( I , J, 1) = BC ( 1-1 ) * S 

EAOJ=l.:J/r'JX 
NC=1+(r..M-l)/16 

2 SU~MAX=SUN*2.~22~ 
c~·~*****·*****************·************~***~*********************************** 
C IF TfMP IS NOT INClunEO IN THf rAT~ THE fGLluWI~G 

Q) ...., 



C 
C 

c 
c 
c 
c 
c 

EXPRESSION WIll CALCULATE ITS VALUE: 

IF(TEMP.EQ.O.O) TEMP=AVE+OEV*SIN(WT/365.C*FlOAT(JOAY-120)) 

DEFAULT VALUES fOR AVE AND OEV FOUND IN BLK DATA SHOULD 
BE CHECKED FOR APPROPRIATENESS FOR EACH ESTUARY 
MODELED. 

* 

* 
* 
* 

L*********************************.*.*.**.** ••• ***********.********************* 
PRE08=PREO(1)*TEMP/S 
PRED9=PREC(2)*TEMP/S 
PREDIO=PRED())*TEMP/S 
PREOll=PREOC~)*TEMP 
GR08=GRO(1)*TEMP+O.02 
GKCS=GRO(2)*TE~P 
GROIO=GRO(3)*TEMP 
GROll=GRC(4)*TEMP 
G~ull= BA*l.050**(TE~P-20.0)/24.0 
RESP8=RESll)*TEMP 
RESP9=RES(2)*TfMP 
RESPIO=RES(3J*TEMP 
RE5Pll=RES(4)*TEMP 
KFSPIZ=RfS(SJ*TEMP 
[=1.C21*·CTEMP-20.0) 
CSAT=(2550.C-43.0*TEMP)*S 

C KIl= Xll*1.C41**(TEMP-20.0J/24.C 
Kll= Xll*1.OlO**(TEHP-20.0)/24.0 
K12=X14*1.OlC**(TEMP-20.01/24.0 
Kl4= X14*1.18S*.(TEMP-20.01/24.0 

L K36= X36*1.CS4**(TE~P-2G.O)/24.0/S 

K36= X~o*1.OlO**(lEMP-20.C)/24.C/S 
C2SAT=(14.652-0.4102.Tf~P+C.U0199.TEMP*TF~P-O.71114*TEMP*TfMP/1000 

IX) 
IX) 



.C.O*TEMP)*S 
ODIFF=02SAT-CSAT 
DO 6 J=l,NM 

6 C(7,IA,J)=C(1,IA,J)+OOlfF 
OSAT=02SAT 

C BOUNDARY CCNOIIIONS 
BOD=61.3*Q**(O.d172-1.0)/5.4*S 
PI=C.llu*C**(1.209-1.01/5.38*S 
TP04=O.lOl*C*.(1.276-1.0)J5.38*S 
TKN=2.197*g*$(1.012-1.0)/5.38*S 
TCC=33.960*Q**(.965-1.0J/5.38*S 
NG2NQ3=19.5~O*Q**(.780-1.0)/5.38*S 
TIC=2468.0*Q**(O.539S-1.0J/5.4*S*O.5 
Cll,l,l)=TOC 
C (1,2, l)=TOC 
C(2,l,l)=TIC 
C(2,2,1)=TIC 
C (5, 1, 1)='4C2~(j3 
C(5t2,l)=NC2~C3 
((6.l,l)=TPG4 
C(6,2,l)=TP04 
C(4,l,l)=G.02S*Q**(1.37-1.0)/5.38*S 
C(4,2,1)=O.C25*Q**(1.37-1.0)/5.38*S 
TCf\=TKN-((4,l,l) 
C(3,1,1)=TCN 
C(3,2,l)=TCN 
C(1,1.1)=3.0*(1.O-Q/(lCcoa.C+Q»*S 
L(7,2.1)=C(1,l,ll 

3 SUN=O.O 
IF(T.LT.6.0.CK.T.GT.ld.C) GJ TO € 

C SU~LIGHT INTENSITY 
Sx-=sI· ... (wr*( T-iJ.O)) 

* 

* 

(Xl 
\0 



c 

IF{SX.LT.O.C) SX=O.O 
SUN=SUN~AX*SQRT(SX) 

STP DISCHARGE RATE 
8 AOJ=1.O+O.4*SIN(WF*(T-16.0)) 

00 5 J=l,hM 
5 K(4,J)=AOJ*Kt28,J)*K(3,J)/A(J) 

RR=SUN/SUNSAT 
RFTURN 
ENO 

* 

\0 
o 



c 
BLOCK DATA 
SUBPROGRAM TO DEFINE DEFAULT VALUES FOP V.RIASlES LISTED * 
REAL K,Kll,Kl4,K22,K27,K36,KM8,KM9,KMlO,KMll,KM12,K12,K2X 
CCHMON 180/((12,2,200),0(OT(12,5,200 ),K(38,200),WORK(200I, 

*WORKl(200),WCRK2(200),OCDX(12,200),EAC200 ),UA(200J,XPOS(200), 
*DEV,ND,OADT(200),A(200),WT,NM,NN,OT,OX,OIS,IA,TPR,LOGUP,INLOG 
.,ABSE,RElE,TfMP,TIDE,T,SUN,Q,C2SAT,CSAT,I[AY,JCAY,TCATA,K1l, 
*K14tK21tK36tGR08,GR09,GROIo,IC,E,G~ClltXC,K2X,FRA(o)tOIE(S), 
*RESP12,G~012tIPRI,Cl,PRED8,PRE09,PREDICtPRfDll,Wf,RRIBI/CK31 
*B2/KMatKM9tK~lOtKMll/63/C28,C29,C210,C211/84/(58,C59,C510, 
*C511/3S/C6S,C69,C610,C611/86/C8.C9,CI0,Cll,C12,KM12.S187/C212, 
*C512,C612/88/RESP8,RESP9,RESPIO,RESPII/B9/Fl,F3,F5,F6,FAZ, 
*IICAY,POS.CCNC(12,lOI,NV(6),VAl(6),TITlE(lO).IPDAY,lOG,OSAT,Ol, 
*PRI,OU2,003,D015tBC(5),PRED(5J,GRO(5JtRES(~),BA,Xll,X14,X36, 
*SUNSAT/310/TMIN,IlIST,PRIE,XI,BCN,SUM,SS,NOATA,YYY,EAOJ, 
*X~KEA'12t200),K12,AVE,D2,TI,TM,MDAYtTMAX/811/KPtK2tAO,AI,A2. 
*A~,A4,GO,Gl,G2,XK2/B12/XQ(OEF(lO),Z(lO),~COEF,IWK2 

DATA tK3/0.9/,KM8,KM9,KMIO,KMI1/0.23E01,C.b6E07,9.19E06,9.1 9E06/, 
.C28,C29,C210,C211/.70,.83,.17,.831,C58,C59,(510,C511/.28,.14,.18, 
•• 14/,C68,C69.C610,C611/.01,.04,.05,.04/,C6,C9,CIO,Cll ,C12/.66,.662 
.t.66,.662,.667/,C212,C512,C612/.77 •• 18,.05/,fl,F3,F5,F6/.7,.2,.1, • 
• O/,A8SE,RElE,lOG,S,DT,IA,lOGUP/ 5000CO.,O.OOO,1,9.19f+06,1.O,l,1/, 
.5UNSAT,WF/30C.O,O.2618/,BC/5*.05/,PRFD/3*C.0002,O.OOO l,.OI,GRO/.OO 
.4C, 0.004, 0.004, G.C02,O.u/,RES/2*O.0002,O.0002,O.OOOl,.OOOl/,BA, 
.Xll,X14,X36/C.33,O.230,C.068,O.C225/,FNA/C.40,O.05,Q.40,0.05,0.0 
.,C.IO/tDIE/Q.OlO,2*O.OC50,O.0020,O.0051,K~12,PRIE,Cll9.19E+Ob,O.05 
.,l.O/,C/1440*S.lYf06,3360*O.OI,OCOX/24CO*O.O/,KI1600*O.OI,SS,SUM, 
.dCN,NOATA/O.O,Q.O,O.1,C/,TM[N/O.C/,IPRJ/O/,YVY/.970/,AVE, 
.OFV/16 •• 14./,NDI21,WT/6.2831€5/,K2X/12.9/,Ol,02/1.0,O.051, 
.XAkEA/24CO*C.C/,OCOT/12000*O.OI 

FNC 

\0 
I-' 



c 

c 

c 

SUBROUTINE RKMIC Jl) 
SUBROUTINE TO INTEGRATE THROUGH TIME. * 
REAL K,Kl1tK14,K22.K21,K36,KM8,K~9,KMlO,K~11,KM12,K12,K2X 
CCMMON IBO/C(12,2,200),OCOT(12,5,200 ),K(38,200),WORK(200J, 

*WURKl(200),WCRK2(2001,DCDX(12,200),EA(20C ),UA(200),XPOS(200), 
*DEV,ND,DADT(200),A(200),WT,NH,NN,OT,OX,DlS,IA,TPR,lOGUP,INlOG 
*,ABSE,RElE,TEMP,TIOE,T,SUN,Q,02SAT,CSAT,IOAY,JDAY,TDATA,Kll, 
*Kl4,K21,K36,GR08,GRC9,GROIO,IC,E,GROll,XC,K2X,FRA(6),OIE(SJ, 
*RESP12,GR012,IPRI,CltPRE06,PRED~,PREOIOtPREOll,WF,RRIBI/CK3! 
*82/KM8,K~qtK~10tKMll/B3/C28tC29,C210tC211/B4/C58,C59,(510, 
*C511/B5/C6S,Cb9,C610tC611/B6!CB,C9,CIO,Cll,CI2,KM12,S187/C212, 
*C512,C612!B8/RESP8,RESP9,RESPIO,RESPII/B9/Fl,F3,F5,F6.FAI, 
*llCAY,POS,CONCC12,lOJ,NV(6),VAl(6),TITlE(lO).IPDAY,lOG,OSAT,Dl. 
*PRI.002,D03,0015,BC(S),PRED(S),GRO(5),RES(S),BA,Xll,X14,X36, 
*SlINSAT/alO/TMlN,IlIST,PRIE,XI,BCN,SUM,SS,NDATA,YYY,EAOJ, 
*XAREA(12,200),K12,AVE,C2,TI,TM,MDAY,TMAX/BII/KP,K2,AO,AI,A2, 
*A3,A4tGOtGltG2,XK2/B12/~QCCEF(lO},l(lO)t~COEFtIWK2 

TOQ=O.O 
J~=3-IA 

LCGUP=3 
ESTI~ATING C AT T&OT/3 USI~G C AND oeOT AT T * 
DC 1 l=l,IC 
CC 1 J=2,~M 
C(I,JA,J)=C(T,IA,J)+C03*DCOT(I, 1,J) 
[F(CCI,JA,J).lF.O.O) C(I,JA,J)=C.O 

1 C(NTtNUE 
T=T+003 
CALL UPOATF 
CAll FU~CT(2) 
UPCATING ESTI~ATE OF C AT T&OT/3 USING C AND nCOT AT T&nT/3 * 
DC 2 I=l,IC 
~c L J=2,~M 

\D 
N 



c 

c 
c 

C(I,JA,J)=C(I,JA,J)+003*(OCOT(I, 2,J)-OCDTII, 1,J)/2.0 
If(C(I,JA,J).lf.O.O) C(I,JA,J)=O.O 

2 CCNTINUE 

• 

CAll FUNCT(3J 
DO 3 I=l,IC 
DU 3 J=2,NM 
CCI,JA,J)=C(I,JA,J)+003*Cl.125*DCDT(I,3,J)-O.S*DCOT(I,2,J)-O.125~ 

OCOT(I.,l,J» 
IftC(I,JA,J).lE.O.O) C(I,JA,J)=O.O 

3 CLNTINUE 

• 

1=T-00:3+002 
CAll UPDATE 
CAll FUNCT(4) 
ESTIMATING C AT T+OT/2 USING C ~NC [eCT ~T T&OT/3 
DC 4 l=l,IC 
DC 4 J:::2,~,." 

C(I,JA,J)=C(I,JA,J)+003*(1.125*OCDTCI,1,JI-5.625*DCOT(1,3,J)+6.0* 
DCOT(I,4,J») 

If(C(I,JA,J).LE.O.O) C(I,JA,J)=O.O 
4 CCNTINUE 

T=T+OU2 
CAll UPOATF 
CJ\LL FUNCT(S) 
ESTIMATING C AT TCOT USING C AND OCD1 AT f&OT/2 
(HtCKING ACCLRACY 
ell ~ I=l, Ie 
DO 5 J=2,l'iM 
T nCDT(I,1,J)-4.5*OCCT(1,3,J)+4.0*OCOTII,4,J)-O.S*CCDT(1,5,J. 
C(I,JA,J)=CC),JA,J)-D03*TO 
t~(C(I,JAtJ).L[.O.O) CCI,JA,J)=O.C 
I~l'.NE.l.ANO.I.NE.3) GC TO 5 
T .~= il C 15* T ~I (~t l E * A H S ( C ( 1 ,JA t J) ) .. A ~ SF} 

* 

* 
* 

0..0 
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SLBROUTINE FLNeT(l) 
C SUBROUTINE TC ESTIMATE Deor • 

RFAL K,Kl19K14tK22tK21,K36,KM8tK~9,KMlO,KHlltKM12,K12tKZX 
C(MMON 180/C(12,2,200),OC01(12,5,200 ),K(38,200),WORK(200), 

*WORKl(loot,WORK2(ZOO),DCDX(12,200),EA(200 ),UA{200),XPGS(200), 
*OEV,ND,OAOT(200),A(200),WT,NM,NN,DT,DX,CIS,IA,TPR,lCGUP,INLOG 
.,ABSE,RELE,TEMP,TIDE,T,SUN,Q,02SAT,CSAT,IOAY,JOAy,TOATA,Kll, 
*K14,K21,K36,GR08.GR09,GRUIO,IC,f,GROll,XU,K2X,FRA(b),OIE(S), 
*RESP12tGRa12,IPRI,Cl,PRED8,PRED9tPPECIOfFREDll,~F,MRI BI/CK31 
*B2/KM8.KM9,KMIO,KMII/B3/C26,CZ9,C210,C211/34/C58,C59,(510, 
*C511/S5/C68,C69,C61Q,Cbll/B6/C8,C9,ClO,C11,C12,KMI2,S1811C212, 
*C512,C612/8BJRESP8,RESP9,RESPIO,RESPII/B9/FI,f3,F5,F6,fAZ, 
*TICAy,POS,CONC(12,lO),NY{6),VAl(6J,TITLECIO),IPDAy,LOG,QSAT,Dl, 
*PRI,002,D03t0015,BC(5),PRED(5)tG~O(5.,RES(5),eA,Xll,X14,X36, 
*SUNSAT/810/T~INtilIST,PRIF,XItBCNtSU~,SS,~OATAtyyy,EAOJ, 
*XAREA{12,2001,K12,AVE,D2,TI,TM,MDAy,TMAXJ811/kP,K2,AO,AI,A2, 
*A3,A4,GO t Gl,G2,XK2/812JXQCGEF(lO),Z(IO),NCOEF,IWK2 

IA=3-IA 
C CALCULATE PRE[ATION 

1 DO to J=2,~M 
K(1,J)=~RED8.C(8,IA,J)*(C(9,IA,J)+C(lO,IAtJ)+C(11,IA,J) 
K(ti,J)=PKED9*C(9,IA,J)*C(lO,IA,J) 
K(9,J)=~REDIC*C(lOtIA,J)*C(11,IA,J) 
KlIO,J)=PREOll*C(ll,IA,J) 

86 K(32,J)=P~FD8*C(9,tA,J).C(12,IA,J) 
C CALCULATE G~OhlH 

DO 84 J=2,NM 
XXX=K(30,J)*(OI+D2/C8*C(S,IA,JI/S) 
R=(EXP(-RR*E)P(-XXX»-EXP(-RR)/XXX*2.118 
K(1~,J)=GRC8*R*(C(5,IA,J)/(KM8+C(5,IA,Jl)*C(8tfA,J) 
XY=P~f03.C(9,IA,J)*(C(8,IA,J)+C(12,I"J» 
K(2~,J)~GkC~.(XY/(K~S+XY)*C(9,IA,J) 

"" VI 



XY=(PRED8*C(B,IA,J)+PRED9*C(9,IA,J))*CCIO,IA,J) 
K(Zl,J)=GRGIO*(XY/(KHIO+XY»)*C{lO,IA,J) 
XY=(PREDS*C(S,IA,JJ+PREDIO*C(lO,IA,J))*Clll,IA,J) 
K(22,J)=GROll*(XY'(KHll+XY»)*C(11,IA,J) 

d4 K(35,J)=GR012*C(4,IA,J)/CKM12+C(4,IA,J»)*C(12,tA,J) 
C CALCULATE RESPIRATION 

00 85 J=2,NM 
Kt23,J)=RESP8*C(8,IA,J) 
K(24.J)=RESPS*C(9,IA,J) 
K(25,J)=RESPIO*CIIO,IA,J) 
K(26,J)=RESPll*C(11,IA,J) 
KC34,J)=RESP12*C(12,IA,J) 

85 K(21,JJ=K(23,J)+K(24,J)+KC25,J)+K(26,J)+K(34,J) 
C CALCULATE DEATH 

DO A7 J=2,~M 

K(11,J)=OIEC1)*C(S,IA,J) 
K(12,J)=Olf(2)*C(9.IA,J) 
K(1~,J)=OIE(3)*C(lO,IA,J) 
K(14,J)=OIE(4)*C(11,IA,J) 

B7 K(33,J)=OIE(S)*C(12,IA,J) 
C CALCULATE RECYCLING 

OG aq J=2,NM 
~(15,J)=CK3*(C28*(K(1,J)+K{11tJ»+C29*(K'b,J)+X(12tJ)-K(lO,J)-K(24 

,J)+C'lO*(K(~,J)+K'13,J)-K(21.J)-K(25,J)+C211*(K(la,J)+K( 
14.J)-K(22,J)-K(2b,J»+C212*(K(32,JJ+K(33.J»)J 

K(16,J)=C2S*K(2~,J)+C2S*K'24tJ)+C210*K(25tJ)+C211*K(26,JJ+C212* 
K(34,J) 

K(11,JJ=CK3*CC58*(K(l,J)+K(11,J)+K(23,J))+C59*(K(S,J)+K(12,J)-K(20 
.tJ))+C~lO*(K(~,J)+K( 1~,J)-~(21,J)+C211*(K(lO,J)+K(14,J)-K(L2,J»+ 
.C512*(K(32.J)+K(33,J)+K(34,J») 

~Q K(13,J):C~3*(C6e*'k'7tJ)+~(11,J)+K(23,J)J+C6~.(K(b,J)+K(1?,J)-K(20 
.,J))+l~lO.(K(q,J).K( 1~,J.-K(21,J)+C611*(K(10,J)+K(1~,J)-K(2l,J»+ 

\C 
0\ 



.C612*lK(3Z,J)+K(33,J)+K(34,J)Jt 
C UPDATING VALUES FOR AREA,VELOCITy,VOlU~ETRIC FLOW RATE AND THEN * 
C ~EAERATION RATES,AND DIFFUSION COEFFICIENTS. * 

CALL AREAIICAy,IIOAy,T,TIDE,fAZ,N~tXAREA,K,WT,A) 
CALL VElOC(XPOStQ,A,WT,NM,K,UA) 
CAll VOLUM{A,N~,UA.Q,WORK,XPOS) 

40 DC 88 J=l,NM 
UAbS=AUS(UA(J)*1.466 
K(l,J)=O.003t*UABS*K{30,J)*EAOJ 

c***********************·************···************·*************************** 
c * 
C FORMULATIONS FOR K2 OPTICN * 

10 

20 

:0 

~5 

36 
C 
C 
C 

7 

8 

GC TO ( 10,20,30,35 ), K2 
IF (K2 .EQ. C) KI5,J)=XK2 
GC TO 36 
K(S,J) = K2X~SQKT(UABS/K(30tJ»)/K(30,J) 
GO TJ 36 
K(S.J) = 11.6*UA8S/K(30,J).*1.67 
GC TO 36 
K(S,J) = 21.6*UABS**O.67/K(30,J)**1.S5 
G( TO 36 
K(5,J) = 12.96*UABS**.5/K(30,J)**1.5 
K(S,J) = K(S,J'/24.0 

TO CGMP~~SATf FeR ~o WI;~O, 10 KNOT, 20 K~GT ••• bO KNOT * 
WINOS * 

Ir (!wKl .EO. 0) ~u TO ;1 
Gr TO (7,8,3,4,5,6),IWK2 
K(5,J)=~(5,J)*1.25 
GL TJ 37 
K(5,J)=K(S,J)*1.5 
GC TO ~1 

1.0 ...... 



3 K(5.J)=K(5,J)*1.75 
GO TO 31 

4 K(5,J) = K(S,J)*2.0 
GC TO 37 

5 K(S,J)=K(5,J)*2.25 
GC TO 37 

6 K(S,J)= K(5,J)*2.5 
C * 
c*************************************************************.************ •• *** 

31 K(29,J)=O.C003*K(5,J) 
E~(J)=K( l,J).A(J) 

8A UA(J)=UA(J)*~(J) 
CAll FIRSTCWCRK,WORK2,OX,NM) 
f)U '13 J=1~NM 

93 CADTtJJ=-WCRK2(J) 
DC gO l=i,(C 
DC 'ii J=l,"'M 

91 wORK(J)=C(I,IA,J) 
CAll fIRST(WGRK,WORK2,OX,NM) 
"M=~M-2 
DC 1t1 J=M",NM 

41 IFtWORK2(J).GT.O.O) WORK2(J)=O.O 
00 '12 J=ltNM 
wC~K(J)=WORK2'J)*EA(J)-LA(J)*C(I,IA,JI 

~2 IFtl.EQ.8) WCRKeJ)=O.60*WORKIJ) 
CAll FIRST(hGRK,WORK2,Dx,~M) 
DC 90 J=2,NM 
DCCX(t,J)=(WGRK2(J)-C(I,IA,JI*r,AOT(J»)/A(J) 
Ab5X=ABSlDCCXtl,J) 

~L tF(A8SX.GT.l.OE.OS) DCCX(I,J)=nCOX(ltJ)/~eSX$1.OE+08 

C.:-: <;4 J=2,~M 
C 1 L,GA~[L LA~~[~ 

\0 
en 



DCOT(I, l,J)=DCDXll,J)+FRAtl)*K(4,J)-Kll*C(1,IA,J)+K'15,JJ+fl*K(6, 
• J) 

C 2 CAR8eN DIOXIDE 
OCOT(2, l,J)=OCDXC2,J).FRA(2)*K(4,J)+Kll*C(l,IA,J)+K(29,J)*E*'(SAT 

• -C(2,IA,J))+K{16,J)-(C2S*K(lQ,Jl+C29*K(20,J)+C210*K(21, 
• J) +C211*K(22,Jt+C212*KC35,J») 

C j O~GANTC NITROGEN 

C 4 

C 5 

C 6 

C 1 

DCDT(3, l,J)=OCDX(3,J'+FKA(31.K(4,JI-K12*C(3,IA,J)+K(17,Jl+f3*K(6, 
• J) 

AMMCNIA NITROGEN 
OC01(4, ltJ)=DCDX(4,J)+FRA(4J*K(4,J)+KI2*CC3,IA,J)-20.0*KC35,J) 

~ITRITE AND NITRATE NITROGEN 
DeoT(5, l,J)=OtOX(5,J)+FRA(5)*K(4,J)+1~.C.KC35,JJ -CC58*K(19,J)+ 

• C59*K(20,J)+C510*K(21,J)+C511*K(22tJ)+C512*K(35,J»)+F5*K(6,J) 
U~TH(-PHOSPHATE PHOSPHORUS 

• 
OCOTC6, l,J)=OCDX(6,J)+FRAC6)*K(4,J)-KJ6*C(6,IA,J)*C(6,IA,J)+ 

Kt18,JJ-IC68*K(19,J)+C69*K(20,JI+C610*K(2I,J)+C611* 
K(22,J)+C612*K(35,J)+Fb*K(6,J) 

CXYGfN DEFICIT 
OCCT(l, l,JJ:DCDX(7,JJ-K(S,JJ*E*C(1,IA,J) + K(2,J)+2.66l*(K(21, 

• c a AlGAF 
J)-C2d*K(19,J)+Kll*C(1,IA,J»+4.511*19.0*K(35,J) 

OeoT(8, l,J)=DCDX(S,J)+K(19,J)-K(23,J)-K(7,J)-KCll,J) 
C 9 Pt<OTClOA 

OCCT(9, l,J)=OCDX(Q,J).K(20,J)-K(S,J)-KC12,J) 
C 10 ICOPlANKTCN 

0(OTC10 ,l,J):DCOX(lO,J)+K(21,J)-K(Q,J)-K(13,J) 
C It HIGHF~ PR~OIT(RS 

DeOT(ll, l,J)=DCDX(11,J)+KCZ2,JJ-K(lO,Jl-KCI4,Jt 
r: 1, BACTfRIA 

;CDT(12,l,J)=OCOX(12,J)+KC35,J)-K(33,J)-K(32,J) 
Y4 C~~ T (NUE 

\0 
\0 
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c 
c 
c 
c 
c 
c 
c 
c 

SUBRQUTINE FIRSTIY,OY,DX,NH) 
SUBROUTINETC NUMERICALLY EVALUATE FIRST DERIVATIVES. * 

Y [5 A VECTOR OF VALUES FOR THE INDEPENDENT VARIABLE CORRES- * 
peNDING TO EQUAllY SPACED VALUES Of THE INDEPENDENT * 
vARIABlE(X). * 

DY IS THE VECTOR OF FIRST DERIVATIVES OF THE DEPENDENT VARt- * 
AtilE ~ITH RESPECT TG T~F INOEPENDENT VARIABLE(OYDX). * 

ox IS TrE SPACING BETWEEN SuCCESSIVE VALUES OF THE INOfP.VAR.* 
NM 15 TrE LENGTH OF THE VECTURS ~ AND DY. * 

OIMENSION Y(hM),DY(NM) 
CXbO=DX*60.0 
DX12=DX*12.0 
OY(~M)=(Y(~M)-Y(NM-l»/CX 

DYI 2)=(Y( 3)-Y( 1»/(2.0*OX) 
DY(~M-l}=(Y(NM)-Y(NM-2))/(2.0*OX) 

DY( 3)=(-Y( 5)+8.*Y( 4)-H.*Y( 2)+Y( l)}/CX12 
OY(NM-2)='-Y(NM)+8.0*Y(NM-l)-o.O*Y'N~-3)+~(NM-4»/OX12 
~M=~M-3 

DO 1 1=4,MM 
1 ny(t)=(Y(I+3)-Y(I-3)-~.*(Y{I+2)-Y(I-2)+45.*(Y(T+l)-V(l-lt))/DX60 

KETURN 
E~O 

~ 
o 
~ 



SUBROUTINE AREA(IDAY,IICAy,T,TIOE,fAZ,NM,XAREA,R,WT,A) 
C SUBROUTINE TC CALCULATE ESTUARY CROSS SEC1IUNAl AREA AS A FUNCT- * 
C ION Of TIDAL PHASE AND POSITION * 

DIMENSION XAREA(12tNM),R(38,~M)t~(NM) 
DO 10 J=l,NM 
PHASE=(T+(ICAY-IZDAY)*24.0-TIOE-R(38,J»)/12.425 
R(31,J)=PHASE-fLOAT(IFIXCPHASE)) 
IF(R(31,J).lT.O.O) R(31,J)~1.0+R(31tJ) 

10 AtJ)=R(3,J)*(1.O+R(36,J)*SlN(WT*(R(31,J)+O.126))) 
RETURN 
END 

\-l 
o 
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SU8ROUTINE VElOC(XPOS,Q,At~TtNM,R,UA) 
C SUBROUTINE TO CALCULATE FLUID VELOCITY AS A FUNCTION OF FRFSH * 
C WATER Flew RATE,POSITltN,CROSS SECTIC~AL AREA,AND TIDAL PHASE* 

CGMMON IB12/XQCOEF(lO),ZtlO),NCOEF,IWK2 
DIMfNSIO~ XPOStNM),A(NM),R(38,NM),UA(NM) 
Dl 10 J=l,NM 
X\J=<J*2.445F-CS 
00 20 l=l,NCCEF 
IF(XPOS(J) .GT. Ztl») X,=XO*XQCCEf(l) 

20 CCNTINUE 
10 UAeJ)=IXQ/A(J)+R(31,J)*SINlkT*R(31,J))} 

Rf:TURN 
END 

f-l 
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SUBROUTINE VClUM(A,NM,UA,Q,WORK,XPOS) 
C SUBROUTINE TO CALCULATE VOLUMETRIC FLOW RATE AS A FUNCTION OF * 
C FRESH wA1E~ FLOW RATE,POSITICN,AND TIDAL PHASE. * 

COMMON IB12/XQCOEF(lOJ,ZllO),NCOEF,IWK2 
DIMENSION AINM),UA(NM),WORK(NM),XPOS(NM) 
DC 10 J:1 t NM 
XQ=Q*2.41t5E-C8 
00 20 l=l,NCCEF 
IF(XPOSIJ) .GT. Z(l») X,=XQ*XQCOEF(l) 

20 CCNTINUE 
10 WORK(J)=A(J)*UA(J)-XQ+2.445E-08*Q 

RETURN 
END 

I-' 
o 
~ 



SUBROUTINE I~TP(lNtNPtXtFX,XX,FXX,ACCtNH) 
DIMENSION FY(1), Y(l), X( NM), FX( ~M) 
l=O 
1<=-1 
filM=1 
DC 90 I=l,NP 
IF(X(I)-XXl 90,91,91 

91 IF(ABS(X(I)-XX)-(ACC+A8S(XX»)*ACC)q2,92t~3 
92 f'{(l)=FX(I) 

G( TO 94 
93 J=I 

GO TO 95 
90 CCNTINUE 

J=NP 
l=-l 

-15 Y(1)=XlJ)-XX 
FY(l)=FX(J) 
FYY=FY(l) 

96 IF(ll 97.98,91 
91 J=J+L 

GO TO 99 
q8 J=J+K 

IF(K) 1,2,3 
1 XK=-l. 

GC TO 4 
2 XK=C.O 

GC TO 4 
:3 XK= 1. 
4 K=K-(2*K+XK) 

If'J-NP)lCl,lOl,lOO 
lvC J=J+K 

l=-l 

i-' 
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GC TO 99 
101 IF(J-l) l02,~9,99 
102 J=J+K 

l=1 
99 MM=MM+1 

Y(MM)=X(J)-XX 
FY(MM)=FX(J) 
ll=MM-l 
DC 104 NN=1,ll 

104 FY{MM)=(FY(NN)*Y(HM)-FY(MM)*Y'Nh})/(Y(~M.-Y(NN)) 
IFILN-ll) 105,94,105 

105 IF(ABS(FYY-FV(MM))-ACC*(ACC+ABS(fY(MM)))) 94 ,l06,106 
106 IF(MM-6) lC1,101,94 
101 FYY=FY(MM) 

GC TO 96 
94 FXX=FY(MM) 

RETU~N 

END 

\-00& 
o 
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c***** •• • •• ·*****.*·*******************.**************************************** 
c * C THE REST OF THE USER INPUT INFORMAIICN IS TO FOllOW * 
C IMMEDIATELY AFTER THIS SUBROUTINE * 
C * 
C·****************************************************************************** 
C $ $ ! $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $$ $ $ $ S $ $ $ SPlQ 
C SUBROUTINE BllCAX ***** OPAW VERTICAL ANC HCRllONTAl AXIS *** 
C $ S $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $$ $ $ $ $ $ $ $ $PlO 
C THIS ROUTINE PLOTS AN AXISIVERTICAL CR HGRIZONAl) WITH TIC MARKS 
C AT EACH GIVEN INTERVAL OR AT 1 I~CH INTEFVAlS. PUTS NUMBERS AT 
C TIC MARK, AND LABELS THE AXIS. 
C A SINGLE CAll DRAWS ONE (X CR Yl AXIS DEPENDING ON 'NT' BELOW. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c. 
C 
L 
c 

ceNTROl PARAMETERS 
X,Y = lOCATICN uf GKAPH ORGINCO.O,O.O) IN INC~IES (REAL' 
HI = HEIGHT IN INCHES OF ThE NUMBERS TC BE PLOTTED eN AXIS (REAL) 

IF HEIGHT =0.0 PROGRAM WIll SET HEIGHT =0.10 
FP = ~EGIN~I~G NUMBE~ Te BE PLOTTED AT CRGIN Of AXIS CREAL) 
NO = I~UMBER OF DECIMAL DIGITS TO THE RIGHT OF THE OECIMAl POINT 

JF NUM8ERS TO BE PLOTTED, If ND=-1 ~LM8fRS WILL BE PLOTTED 
WITHGUT A DECIMAL PCINT(CNlY DIGITS TO LEfT OF DECIMAL) 
IF ND=O PROGRAM WILL SET NO=2 FOR 2 DECI~Al PotNTS(INTEGER) 

VI = VALUE TO INCREMENT NUM8ERS BY FOR EACH TIC MARK (~EAL) 
Al = lE~GTH cr AXIS IN INC~ES (REAL) 
AlAS = LAdEl TO Sf WRITTEN uN AxIS(MAX OF 80 CHA~ACTFRS) 

THE LABEL fOR AXIS MAY BE PASSED TG THE ROUTINE 
SY (NE OF THE FOLLOWING ~ETHons IN THE CAll STATFMENTi;; 

1. CAll BIlOAX(X,y,HTtFP,~CtVltAL,AlABtN4tTC,Ln,NT) WHERF 
ALAS IS A VARIABlf READ INTO STURAr,E AS 44 WJRQS 

L. CAll BILOAX(X,YtHT,FPtNDtVI,Alt'Y-AXIS--',2tTCtL~,NT) 
~HFR~ lA8El IS A LITERAL ST~I~G 

J-I 
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c 
c 
c 
c 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 

N4 = 
Te = 
LO = 

NT = 

3. CALL BllDAX(Xty,HT,FPtNO,VI,Alt8~Y-AXIS--t2tTC,LD,NT) 

~HERE LABEL IS HOLLERITH STRI~G 
THE NINTH ARGUMENT IN THE CAll IS TM~ TOTAL NUMBER OF 

LETTERS IN STRING DIVIOE BY 4 PADDED BLANKS MAKE THE 
LABEL EVENLY DIVISIA6LE BY 4). SEE N4 BELOW:: 

NUMBER Of A4'S ALAS WILL DIVIDE INTOCTHE ALAe IS READ 
IN A4 FeRMAT N4 WIll 8E THE ~UMBER Cf A4'S READ MAX 20A4'S 
LENGTH IN INCHES BETWEEN TIC MARKS: TC IS SET TO 1.0 BY 
ROUTINE IF Te WAS CODED =0.0 (REAL) 
SIDE OF AXIS TIC ~ARKS WILL APPEA~ Ch: 
IF Y-AXIS O=RIGHT SIDE, 1= LEFT SIDE OF AXIS 
IF X-AXIS a=up, 1= DOW~ F~CM AXIS 
TYPf Of AXIS TO BE DRAWN ON THIS CAll:: 
0= HURIlCNAlIX), l=VfRTICAlCY) AXIS TVPE 

SU~ROUTtNE 8'LCAXCX,y,~TtfPtNn,VltAl,ALAB,N4,TC,Lo,NT) 

DIMENSION Al~8'N4) 
~START=O 

A-=X 
B=Y 
AT=HT 
If(AT.LF.O.OIAT=O.lO 
b T-=AT*l. 5 
AC=TC 
If(AC.LE.O.O)AC=l.O 
AP=FP 
KO=ND 
1 F (KC. E(~.O)KD=2 
(1\=6.11. 
CL=I.5/J. 
NX-=N4*4 

~ o 
ex> 



C 

C=AT 
0=-1.0 
WN=AT*CN 
Wl=BT*Cl 
G=AT/2. 
W=BT/2. 
~MAX=O 

R=O.O 

t CRAW AXIS 
C 

IF(NT.EQ.O) GO TO 4 
AY=Al+B 
CAll PlOT(A,AY,2) 
GO TO 6 

4 
C 

AX=AL+A 
AX=Al+A 

C 
C 

CCUNT DIGITS AND ORAWN NUMSERS AND TIC MARKS 

CAll PLQTlAX,B,2) 
6 IMAX=IFIXlAP) 

N:l 
l-= q 
DO 1 J=lt7 
IF(IMAX.lE.l) GO TO 2 
N-=N+l 
l=(Cl+l)*lO)-l 

1 CCNTINUE 
2 IF(KD.GT.O) ~=N+KQ+l 

IF(~.GT.hMAX) ~MAX=N 
TN=FLOAT(N)."N 
AC=O.O 

.... 
o 
\0 



c 

If(lO.EQ.IJAC=C 
IF(~T.EQ.O)GO TO 1 
E=O* (TN+ AD+A 1 + X) 
F=f-G 
Gl TO 9 

1 E=#\-(TNI2.C) 
F=Y+(O*(AC+(2.0*AT))) 

9 rF(~START.EC.l) GO TO 3 
CAll NUMB~k(E9FtATtAP,C.OtKD) 
NSTART=l 
GC TO 5 

3 CAll PlOT(A,B,3) 
S=C 
IF(lO.EQ.l)S=C*O 
If(NT.EQ.O) S+Y 
IF(NT.EQ.l) S=S+X 
IF(NT. .0) CAll PlOT(A,S,2) 
IflNT.EQ.l) CAll PlOl(S,BtZ) 
C~ll NUMBER(E,F,AT,AP,O.O,KO) 

5 IF'NT.EQ.O) A=A+AC 
IF(NT.EU.l} B=B+AC 
P=R+AC 
AF=~P+VI 

IF(R.l~.Al) GO TO 6 

~ PUT eN lAdElS 
c 

AO=O .0 
IF(LD.E~.l)AC=C 

IF(NT.E~.a) GG TO 10 
T~=FLJAT'NMAX)*W~ 
E:: t~ * L __ + T 1\ + A C ... ( 2.0 * A f ) ) 

..... ..... 
o 



F=Y+({Al-tNX*Wll)/2.01 
CAll SYMSUl(E,F,BT,AlAB,90.0,NX) 
GG TO 11 

10 E=X+((AL-(NX*Wl»/2.0) 
F=Y+(O*(AO+(3.0*AT)+BT») 
CALL SYMBOl(E,F,BT,ALAB,Q.O,NX) 

11 CAll PlOT(X,Y,3) 
RETURN 
END 

..... ..... ..... 



URGANIC CAKBON 
CAt<8CN IJIOXIOE 
ORGAf\IC NITROGEt. 
AMMONIA 
NITRtTE+NITRATE 
PHOSPHATE 
00 
ALGAE 
PHOTOZOA 
lUOPlAhKTON 
HIGHER PREDATORS 
BACTERIA 
52 3 

1).000232 
O.vQ0270 
0.000)41 
0.000386 
0.000463 
0.000888 
0.002162 
0.002411 
0.002311 
0.002180 
0.004236 
0.004015 
O.OJ45!:>o 

1 La 

1 CROSS-SECTIONAL AREA 
0.0 0.000232 1.150179 0.000232 
4.fJ~11& C.00057S 5.75J8S5 O.CCC3CS 
9.206232 C.000347 10.351010 0.OC0210 
13.dCS33C O.OJ0347 14.960120 O.0003~6 
18.41l46C O.0003fo 19.5632~C C.COCSf5 
23.01556 0.OU1191 24.16635 0.00112 
21.61866 0.U02317 28.76947 O.002t64 
32.2218 0.001313 33.37251 C.Q016S~ 
3b.~2492 O.OJ1815 37.g1569 0.002896 
41.4£€03 O.C01506 42.51881 O.COI8~3 
40.03114 0.004286 47.181~3 O.C03127 
50.63426 0.00444 51.1d504 O.0054d3 
~5.2~13a 0.005184 5e.38815 0.004402 

1 SEwAGE INPUT 
520CO. 

IbGe. 
440C. 
4COC. 

24C. 

0.1 
0.5 

b.SOl: 
6.'1C6 
1.482 

2.30155d O.OOO2~2 3.452:\36 
0.904674 O.O~O425 3.055452 

)oooot 
)oooot 

11.507180 0.000386 12.653550 N 

16.1109 0.000772 11.261610 
20.114 0.001120 21. &641q 
25.31112 0.001583 26.4618q 
29.92024 0.001815 ~1.07101 
34.52336 0.001815 35.61413 
39.12646 0.001815 40.27125 
43.12958 O.O()366B 44.8803-' 
48.3321 0.003707 49.48347 
52.93582 0.005361 54.0d66 
57.53894 0.004826 58.63911 



1CCC. 21.2935 
1000C. 23.02 

300e. 23.5~6 
39840. 23.88 
3'i4CO. 24.171 

1280. 2't.171 
I2ec. 24.71 
50ce. 24.11 

-1. 
2 2. 1 8ENTHAl DEMAND 

40000. 5d.65 

2 6 1 LAND RUNOFF 
ICOOOC. 52.00 

IOCOOCC. 54.00 
lCOOOC. :)0.65 

2 36 1 ~AXIMUH DEVIATIC~ (F X-~REA 
O.24881E CO C.69C41E Cl 
0.213SRf CO O.12659E C2 
C.1606SE 00 C.1841.21: 02 
O.19121E 00 C.24166E C2 
C.39261E 00 C.2~920F. 02 
C.22851f CO O.35614E (2 
O.129C6f 00 C.~1428F C2 
C.92593E-Ol C.47182E 02 
O.lj5B3E CO C.52S36E C2 
C.16416F 00 C.5~bqOF C2 

:JL ..)0 1 HYURAUlIC RACIUS, ESTUAR~ DEPT~ 
2.ft'11 

21. Sf. 19 
0.0 13.l~74 1.72e2 12.C135 
~.11t5 1~.CS45 6.3293 IB.241? 

2.€76'9 
7.4801 

14.1404 
19 • ~ 866 

4.0217 
d.630€ 

~ 
t-' 
w 



12.Q5S3 9.7816 12.1119 10.9324 10.0066 12.0832 8.0381 13.2339 
13.6811 14.31:4'7 11.3517 15.5355 35.2362 16.6863 19.4882 11.8311 
11.2205 18.9878 31.36~8 20.1386 10.8596 21.2891t 8.16q3 22.4402 
5.1415 23.5<';10 3.7402 24.7417 5.1509 25.8925 6.1680 27.0433 
5.5116 28.1941 10.1612 29.3448 12.0407 30.4956 11.6798 31.6464 
9.2192 32.7912 6.0361 33.9480 12.6CJ69 35.0987 28.5105 36.2495 

13.9164 37.4CC3 13.0906 3b.5511 14.6325 39.1019 13.6811 40.8526 
l1.91t;S 42.0034 14.5013 43.1542 19.(617 44.3050 23.1"J55 45.4551 
23.3924 46.6065 20.1772 41.1573 19.4554 48.9081 10.6299 50.0589 
lO.1e12 51.2CS7 9.0223 ~2.36C4 11.7126 53.5112 10.8268 54.6620 
8.4318 55.8128 14.0148 ~6.9635 13.9108 58.1143 16.1145 5~.2651 

80 1 2 URGANIC C.4RBCN 
4.5613 c.e 8.1113 0.1424 4.8366 1.4848 7.2304 2..2272 
4.8460 2.96ti6 6.8224 3. 1120 :.1C97 4.4544 6. ~3696 5.1q68 
5.1424 5.93'i2 5.56<)7 6.6016 5.1401 7.4240 5.1129 b.1665 .... .... 
5.3345 8.9C89 4.7722 9.6513 4.4805 10.3<]31 4.6910 11.1361 .J:' 

4.3018 11.8785 4.7165 12.6209 4.f.:585 13.3633 5.2391 1' •• 1057 
5. C521 14.E4fl ':).3862 15.5Y05 5.3640 16.3.329 5.7524 1'1.0153 
5.8620 17.8117 6.1146 18.SbCl 4."405 19.3025 2.1862 20.0449 
~.8?44 2().781] 3.1SQl 21.5291 4.Sf168 22.2721 3.8190 23.0145 
5.015 1 23.1510 5.3906 24.4<;<;4 5.4485 25.l41d 4.2.l150 25.c)842 
3.4299 2t.1266 .3.703'i 27.46SC 4.1305 28.2114 3.1436 28.<;538 
3.0560 2~.6S6L 3.2766 .30.4386 4.1(;;43 31.1810 4.1104 31.~2.34 
4.43fLt 32.6658 :).9341 33.4082 4.2454 34.1506 4.1219 34.8930 
4.0307 3~.6354 3.9925 ;6.311fJ 3. €S4 3 31.1l02 4.0216 31.8626 
3.SC;~~ _is.60'S1 4.02Ul 3'1.3475 3.t2d6 40. oe '7') 4.1257 40.t:323 
3.7253 41.5747 3.4536 42.:"171 1. 1412 43.0595 O.Rll8 43.8019 
U.5b<;4 44.5li43 1.5042 4(j.2867 l.8e12 46.0291 1. 24B 8 46.1115 
1.5462 47.513~ 1.00-;1 40.2563 0.9055 4J.'.i'id7 0.6757 49.7411 
C.b 515 5C.4E2j 0.874C 'jl.~259 1. 2~ 1 j 51.~6ti3 1.~3'13 ?2.7107 
1.4 JU<"? Lj) .453? 1.31'}4 "34.1<";56 1.C842 54.9380 1.0170 5'i.6R04 
1.03~c 'jt.422u 1.1~25 5l.1052 1.,)~o7 :'7.'jC7o 1.79bl 58 .i· 500 



dO i 2 CARBON OIOXIOE 
3.2362 0.0 0.1602 0.1424 3.C742 1.4848 0.4329 2.2212 
3.0475 2.416<;6 0.9118 3.1120 3.1991 4.4544 1.9489 5.1968 
4.8408 5. C; 392 1.5701 6.6816 4.1213 7.-4240 1.5398 8.1665 
4.5481 s.scet) 1.3669 9.6513 4.1426 10.3937 1.4634 11.1361 
4.1C15 11.8785 2.0525 12.6209 4.5089 13.3633 1.<J955 14.1051 
4.2957 14.8481 2.3950 15.59C5 4.Cf715 16.3329 2.6954 11.0153 
4.<;500 17.ti117 1.5962 18.5601 3.5198 19.3025 0.9100 20.0449 
2.5301 20.1813 1. 7552 21.5297 3.2957 22.2121 2.0919 23.0145 
3.0f54 23.1570 2.1072 24.4994 2.3971 25.2418 1.3715 25.9842 
2.05;2 26.1266 3.0256 21.ltbC;O 3.6163 28.2114 2.5620 28.9538 
2.9554 29.6S62 2.8443 30.-4386 3.9990 31.1810 3.5215 31.9234 
4.3122 32.6658 2.1488 33.4082 4.3602 34.1506 3.8836 34.8930 
4.1Q05 j5.t.354 3.9118 36.3178 4. 1082 31.1202 3.9601 31.8626 
4.1626 38.6C51 4.119f 39.3475 4.3564 40.0899 4.4210 40.11123 
4. 231 7 41. 51.1t 7 3.8115 42.3111 1.5064 43.0595 0.9245 43.B019 

.... .... 
0.7292 44.54-43 1.195f 45.28l:1 2.2150 46.0291 1.5045 46.1715 

V1 

I.GaI5 41.5139 1.2058 48.2563 1.2142 48.9987 0.9218 4'1.1411 
0.84)60 50.4f35 1.0235 51.2l59 1.3934 51.9683 1.6164 52.1101 
1.6990 53.4532 1.5832 54.1S56 1.41j73 54.93dO 1.2421 55.6804 
1.3642 56.4228 1.37ql 51.1652 1.1381 51.9C16 1.9158 58.6500 

80 3 2 ORGANIC NllROGF.f\ 
O.43b7 0.0 1.313t C.7424 (.1£:.09 1.434ti 1.3191 2.2212 
-.J.81C5 2.«1696 1.2712 3.1120 0.7034 4.4544 1.0494 5.1968 
o.s~<;o 5.~392 1.0036 6.6816 C.t:~86 1.4240 0.9441 tl.1665 
0.5(;<';9 8.9C69 o. (,288 9.6513 0.5456 10.3937 0.8874 11.1361 
O.~IS8 11.S1€~ 0.1762 12.6209 C.41:.21 13.363~ 0.7700 14.1057 
0.4C,79 14.E4S1 0.7118 15.5905 C.5429 16.332'1 0.7050 17.0153 
0.4<153 11.8117 0.8265 18.5601 C.1t332 1~e3025 0.2b40 20.0449 
J.~568 2C.7f.73 O.4!l24 21.52S1 C.3S61 22.2121 0.4653 23.0145 
o. 5 .. 1 \1 23.7510 O. 74.J 29 24.4':;S4 C.t033 25.241d J e( .. )\)61 25.)842 
,J.4113 ~6.721.6 0.3'165 21.46S0 C.5463 2e.2114 0.6146 2J.<153f: 



0.5C73 29.6C;62 0.4851 30.4386 C.3867 31.1810 0.4168 31.9234 
0.3321 32.6658 0.4873 33.4082 C.3004 34.1506 0.3663 34.8930 
0.3115 35.6354 0.3424 36.3118 0.3046 31.1202 0.3432 37.8626 
0.2791 38.6051 o. 2911 39.3415 C • .2232 40.0899 0.2835 40.8323 
0.2299 41.5741 0.2412 42.3111 0.0464 43.05S5 0.0592 43.8019 
0.0341 44.5443 0.0976 45.2861 C.I093 46.0291 0.0814 46.1115 
O.Oc;l7 . 47.5139 O.OB64 48.2563 O. (628 48.9S87 0.0556 49.7411 
C.C506 50.4835 0.0895 51.2259 0.1438 51.9683 0.1162 52.1101 
0.1500 53.4532 0.1273 54.1q56 0.C850 54.9380 0.1246 55.6804 
O.C~23 56.422H 0.1330 51.1652 0.1677 S1.9016 0.1918 58.6500 

80 4 2 AMMONIA 
0.1421 0.0 0.1995 0.7424 0.4627 1.4848 0.2976 2.2212 
O.544~ 2.9696 0.3592 3.1120 0.5625 4.4544 0.3590 5.1968 
0.Sel1 5.-;392 0.3500 6.6ti16 C.5b71 7.4240 0.3828 8.1665 
0.5522 c.<JC89 0.3782 9.6513 C.5C23 10.3937 0.3197 11.1361 t-' 
0.4803 11.8185 0.3221 12.6209 0.5773 13.3633 0.4018 14.1051 t-' 

0'\ 
0.6812 l4.84€1 0.4829 15.5gC5 C.6901 16.~329 0.5306 11.0753 
0.8822 11.8117 0.4078 18.56C1 0.6626 1'-1.3025 0.2090 20.0449 
0.50b4 20.1873 0.4031 21.5297 O.b11t2 22.2721 0.4422 73.0145 
O.b021 23.1570 0.5124 24.4<194 0.4573 25.2418 0.3126 25.9d42 
C.3C;22 26.1266 0.5444 ?7.46'iO C.1811 28.2114 0.6580 28.q538 
O.6SS2 29.6S62 0.6622 30.4386 0.8649 31.1810 0.1771 31.9234 
0.9118 32.6658 0.6336 33.4C82 (.9154 34.1506 0.8581 34.8930 
0.<72<;5 35.6354 0.9050 16.3118 O.S411 31.1202 0.9462 37.8626 
C.'i717 38.6C51 0.4)<Jd8 39.3415 1.0255 40.0899 1.0589 40.8323 
1.0044 It 1.5741 O.90Q4 42.3171 c. 3475 43.0595 0.2172 43.8019 
(;.167«; 44.5443 0.4164 45.2£167 C.50Q5 46.02Q1 0.3446 46. 1715 
(;.44~8 47.5139 O.2b72 48.2~b3 G.2638 48.9987 0.1910 49.1411 
O.lJJt ~C.4ti35 0.213'1 51.2259 0.2955 Sl.~6d3 0.1454 52.7107 
~.36C4 53.4532 0.3312 54.1<j~6 C.3059 54.9380 0.2528 55.6804 
C.L79~ :>6.422.8 0.2841 51.1052 C.3689 51.9076 .).423Q 58.t500 

de ') 2- 1-.1 I T R I T E +1\ I r RAT F. 



0.4764 0.0 0.3498 0.1424 O.~234 1.4848 0.3060 2.2212 
0.5009 2.96t;6 0.3130 3.7120 '.5549 4.4544 0.3986 5.1968 
0.6602 5.9392 0.3704 6.6816 0.6600 7.4240 0.3666 8.1665 
O.f316 8.S069 0.3338 9.6513 0.5153 10.3931 0.3142 11.1361 
0.5463 11.8785 0.3518 12.6209 C.6C51 13.3633 0.3894 14.1057 
0.6320 14.8481 0.4561 15.59C5 O.l:196 16.3329 0.4825 11.0153 
0.b9(;.2 17.8177 0.3834 18.5601 0.5102 19.3025 0.1665 20.0449 
0.3159 20.1873 0.3118 21.5297 C.4168 22.2121 0.3545 23.0145 
0.4636 23. 1510 0.3611 24.4t;S4 0.3316 25.2418 0.2097 25.9842 
0.2562 26.1266 O.38t;O 27.46C;O 0.4498 28.2114 0.3093 28.9538 
0.3466 29.6S62 0.3485 30.4386 C.4187 31.1810 0.4344 31.9234 
0.5151 32.6656 0.3998 33.4082 0.5396 34.1506 0.5250 34.8930 
0.5339 .l5.6354 0.5211 36.3118 C.~170 31.1202 0.5258 31.8626 
0.5247 38.6051 0.5419 39.3475 C.5556 40.0899 0.6023 40.8323 
0.56.35 41.5147 0.5341 42.3111 C.1860 43.05-;5 0.1331 43.8019 
0.1004 44.5443 0.2563 45.2667 C.3C93 46.0291 0.2110 46.7115 

~ 
~ 

0.2613 41.5139 0.11'16 48.2563 0.1606 48.9981 0.1244 49.1411 
....... 

0.1201 50.4S35 0.1604 51.2259 0.2351 51.9683 0.2810 52.7107 
0.2711 53.4532 0.2490 54.1'156 0.2121 54.9380 0.2020 55.6804 
0.2e70 56.4228 0.2321 57.1652 0.3071 51.9076 0.3558 53.6500 

00 6 2 PHOSPHATE 
C.240d 0.0 0.7261 0.1424 C.8625 1.4848 0.8341 2.2272 
0.9403 2.S6Sb 0.8195 3.7120 0.8562 4.4544 0.6784 5.1968 
0.7287 5.93S2 0.6334 6.6816 C.7C4H 7.4240 0.6134 8.1665 
C.bOO9 8.9089 0.5524 9.6513 C.4169 10.3931 0.4537 11. 1361 
0.'*236 11.1:185 0.4415 12.6209 0.5468 13.3633 0.5961 14.1057 
O.b82Y 14.€481 o.o2a4 15.59C5 C.l5tlO 16.3329 0.5949 11.0153 
(;.7183 11.8117 0.5415 18.5601 o. S663 1'1.3025 0.2116 20.0449 
0.1.t343 20.1813 0.4028 21.5291 0.5202 22.2721 0.4181 23.0145 
0.':>701 23.1510 0.5515 24.4'7"4 C.3704 25.2418 O.219fJ 25.<1842 
C.3(;02 26.7266 O.433Q 27.46<;0 0.5712 28.2114 0.4533 za.Q538 
0.4547 2C;.6C;6~ O.43Q7 30.4586 0.5452 31.1810 0.4881 31.9234 



0.5418 32.6658 0.3895 33.4CS2 0.5270 34.1506 0.4d46 34.8930 
0.5067 35.6354 O.481Lt 36.3118 0.4825 37.1202 0.4566 31.8626 
0.4612 38.6051 0.4605 39.3475 0.4630 .. 0.0899 0.4670 40.8323 
0.4388 41.5747 0.3882 42.3111 0.1504 43.0595 0.0898 43.8019 
0.0699 44.5443 0.1715 if5.2867 0.2110 46.0291 0.1401 46.1715 
O.1iJ72 47.513Y 0.1017 48.2563 O. 1098 48.9<i87 0.0188 49.7411' 
O.OhlSQ 50.4€35 0.0852 ~1.2259 C.1163 51.96tJ3 0.1346 52.7101 
0.1405 53.4532 0.1286 54.1QS6 O. 1187 54.9380 0.0951 55.6804 
0.1036 56.4228 0.1019 57.1652 0.1285 57.9016 0.1464 58.6500 ao 7 2 aD 
1.4142 0.0 0.1619 0.1424 1.3517 1.4848 0.1544 2.2272 
1. 61 ~6 2.C)6c;6 0.5403 3.7120 2.0"07 4.4544 0.9539 5.1968 
2.5260 5.9392 0.1573 6.6816 2.~155 1.4240 0.8500 8.1665 
2.5111 8.90e9 0.9396 9.6513 2.4223 10.3931 1.2201 11.1361 
2.SBb5 11.8185 1.6949 12.6209 2.9332 13.3633 1.7270 14.1051 ..... ..... 
2.8573 14.ti481 1.921C 15.5CJ05 2.8474 16.3329 2.3031 11.0'753 (X) 

3.5886 17.B117 I.CJ569 18.5601 2.6064 19.3025 0.8794 20.0449 
2.1467 20.1873 1.7526 21.5297 2.1653 22.27l1 1.9110 23.0145 
2.4624 23.1570 1.6521 24.4994 1.1885 25.2418 1.0349 25.9842 
1.4105 26.12t6 1.9261 27.4690 2.1630 28.2114 1.3541 28.9538 
1.5300 29.6S62 1.4081 30.4386 2.2148 31.1810 l.9,337 31.9234 
2.5669 32.6658 1.3511 33.4082 2.6427 34.1506 2.3869 34.ts930 
2.t412 ;'~.6354 2.4570 36.3118 2.5541 37.1202 2.5116 37.8626 
2.7~10 38.6051 2.13739 3g.3475 3.1557 40.0899 3.2268 40.8323 
3.1446 41.5141 2.1996 42.3171 1.1201 43.05'35 0.6593 43.8019 
C.5261 44.5443 1.3"91 45.2867 1.6€10 46.0291 1.1354 46.1715 
1.5050 47.5139 0.9177 48.2563 C.GC83 48.9t;S7 0.6112 4q.7411 
C.638C 5C.4l:35 o. 1268 51.2259 0.SS48 51.fi683 1.1669 52.1107 
1.2Llo ~3.45~2 1.1138 54.1~5b 1. 0241 54.9380 O.b391 55.6804 
e.'i?52 :>6.4228 O.Q219 51.1652 1.1846 51.9016 1.3570 58.6500 

de e 2 ALGAE 
o.osoe c.o 0.0 J.7424 c. 1e 14 1.4843 0.0001 2.2272 



1.0918 2.9696 0.1251 3.1120 0.S117 4.4544 0.4323 5.1968 
1.0514 5.9392 0.0380 6.6816 0.9091 1.4240 0.0131 8.1665 
1.1849 8.9C89 0.0111 9.6513 1.1760 10.3931 0.0 11.1361 
1.3589 11.878S 0.2912 12.6209 1.5886 13.3633 0.2912 14.1057 
1.3047 14.8461 0.2992 15.5905 1.1246 16.3329 1.0227 17.0753 
2.3380 11.8117 0.2691 18.5601 1.6818 19.3025 0.2524 20.0449 
1.0448 20.7873 1.4000 21.52S1 1.5008 22.2121 1.0102 23.0145 
0.5918 23.1570 0.1341 24.4'i'i1t 1.3561 25.2418 1.0121 25.9842 
C.6802 26.1266 0.8181 21.46'10 O. "628 28.2114 0.6828 28.9538 
0.5216 29.6<';62 0.4680 30.4386 O.3Lt82 31.1810 0.3941 31.9234 
0.5566 32.6658 0.2609 33.40B2 0.3928 34.1506 0.4364 34.8930 
0.4445 35.6354 0.4108 36.3118 0.4455 31.1202 0.2014 31.8626 
0.3229 3€.6051 0.3308 39.3475 0.2446 40.0899 0.1914 40.8323 
o. 2512 41.5741 0.1971 42.3111 0.1111 43.0595 0.0535 43.8019 
0.0328 44.5443 0.0661 45.2t367 C.I066 46.0291 0.0707 46.1715 
0.0911 47.5139 0.0381 4a.l~63 0.0355 48.9981 0.0396 49.1411 J-I 

J-I 
0.0552 50.4B35 0.0633 51.2259 0.0515 51.«;683 0.0543 52.7107 \0 

0.0575 :'3.4532 0.06-;0 54.1956 C.06b7 54.9380 0.0593 ~5.6804 
0.0420 56.4228 O.038f 57.1652 0.C524 Sl.9C76 0.0586 58.6500 

80 9 2 PROTOICA 
0.050C 0.0 0.0544 0.7,.24 0.(439 1.4848 0.0487 2.2212 
0.0417 2.96S6 0.0461 3. 712 Q 0.0439 4.4544 0.0415 5.1968 
0.0483 5.fJ392 0.0443 6.6816 0.0516 7.4240 0.0438 8.1665 
0.0524 8.9CE9 0.0447 9.6513 C.OSOS 10.~931 0.0464 11.1361 
0.0493 11.d7t:~ 0.0455 J.2.620Q 0.C459 13.3633 0.0418 14.1057 
0.0430 14.84El 0.0421 15.5905 0.0443 16.3329 0.0446 17.0753 
0.0458 17.81 71 0.0462 18.5601 0.0365 19.3025 0.0162 20.0449 
0.0283 20.1S7~ 0.021<1 21.5297 0.0333 22.2121 0.0287 23.0145 
0.0331 23.1510 0.0326 .24.4'Slt C.03l1 25.2418 0.0240 25.9A42 
0.0214 21:..1266 0.0262 27.46<)0 0.0306 28.2114 0.0262 28.<1538 
0.0245 2<;.6S62 0.0231 30.4386 O.C250 ji.1810 0.02..;6 31.9234 
C.0240 32.6650 L.J2uA 3.3.4C82 C.0239 14.15C6 0.0223 34.8Q30 



0.0223 35.6354 0.0213 36.3118 C.(206 31.1202 0.0188 37.8626 
0.0 IS 3 38.6051 0.0173 39.3415 0.0162 40.0899 0.0162 40.8323 
0.0148 41.5147 0.0130 42 • .3171 0.0048 43.0595 0.0029 43.8019 
0.C022 44.5443 0.0053 45.2861 o.oe6S 46.0291 0.0042 46.1115 
0.0051 47.5139 0.0031 48.256.3 0.0032 48.9981 0.0022 49.7411 
0.0021 50.4835 0.0023 51.2259 C.OG32 51.9683 0.0031 52.7107 
0.0038 53.4532 0.0035 54.1956 0.0032 54.9380 0.0025 55.b804 c. C02 7 56.4228 0.002(: 57.1652 C.0032 51.9076 0.0037 58.6500 

SO 10 2 lOOPlAhKTON 
0.0500 0.0 0.0534 0.1424 0.0442 1.4848 0.0481 2.2212 
0.04.21 2.964)6 0.0451 3. "1120 O.C442 4.4544 0.0412 5.1968 
0.0-485 5.93S2 0.0442 6.6616 O.C.511 7.4240 0.0438 8.1665 
0.0527 8.<';C89 0.0449 9.6'313 C.0510 10.3931 0.0466 11.1361 
0.0499 II.a1ES 0.0456 1.2.620-; 0.0463 13.3633 0.0417 14.1057 
0.04;'3 14.3481 0.0419 15.59C5 0.0445 16.3329 0.0444 17.0753 

..... 
N 

0.0460 17.8111 0.0459 18.5601 0.0365 19.3025 0.0162 20.0449 0 

0.0283 2C.1€13 0.0279 21.5297 C.C333 22.2721 0.0287 23.0145 
0.0330 23.7570 0.0323 24.4'1'14 0.0305 25.2418 0.0235 25.98"2 
0.0213 26.12f6 0.0263 27.4690 C.0309 28.2114 0.0268 28.9538 
0.0250 29.6S62 0.0234 30.4386 C.C253 31.1810 0.0237 31.9234 
0.0249 32.6658 0.0209 33.4082 0.0242 34.1506 0.0227 34.8930 
0.0228 35.6354 0.0218 36.3178 0.0211 37.1202 0.0194 31.13626 
O.01H9 38.6C51 O.017~ 3<;.3415 0.01&8 40.0899 0.0169 40.8323 
0.0154 ' .. 1.5141 0.0135 42.3111 C.C050 43.0595 0.0030 43.8019 
0.0023 44.5443 0.0056 45.2861 0.C068 46.0291 0.0044 46.7115 
0.0(60 41.5139 0.0032 48.2563 O.OO3~ 48.9987 0.0023 49.7411 
0.0022 50.4835 0.0024 51.2259 0.0033 51.9683 0.0038 52.7107 
0.0040 53.4532 0.0036 54.1956 C.C033 54.9380 0.0026 55.6804 
0.0021 56.4228 0.0021 57.1652 C.0033 51.9C76 0.0038 58.6500 

80 11 2 HIGHER PREOATC'RS 
o.osco 0.0 0.0549 0.7424 C.C440 1.4b48 0.0412 2..2272 
U.0414 2.9696 0.0444 3.7120 O.C446 4.4544 0.0464 5.1S68 



0.0499 5.93S2 0.0418 6.681b O.C528 7.4240 0.0403 8.1665 
0.0519 8.9C89 0.0399 9.6513 0.0415 10.3g31 0.0415 11.1361 
0.0461 II.8IS5 0.0424 12.6209 0.0450 13.3633 0.0413 14.1057 
0.0431 14.S4S1 0.0419 15.5905 0.0440 16.3329 0.0438 17.0153 
0.0453 11.8111 0.0445 18.5601 £:.0364 19.3025 0.0156 20.0449 
0.0219 20.1E13 0.0266 21.5291 C.0338 22.2121 0.027'6 23.0145 
0.0335 2?'.7510 0.0311 24.4994 0.0321 l5.2418 0.0239 25.9B42 
O.C2CQ 26.1266 0.02157 27.46C30 C.0279 28.2114 0.0209 28.9538 
0.0201 2<;.6962 0.0198 30.4386 0.0236 31 .. 1810 0.0220 31.9234 
0.0238 32.6658 0.0185 33.4C82 0.0223 34.1506 0.0197 34.8930 
0.0194 '35.6354 0.0180 3b. 3 '118 0.0112 37.1202 0.0153 37.8626 
0.0154 38.6051 0.0146 39.3415 0.0143 40.0899 0.0143 40.8323 
0.0133 41.5147 0.0111 42.3111 o.oe45 43.05<;5 0.0027 43.8019 
0.0021 44.5443 0.0052 45.2867 0.0063 46.02<i1 0.0042 46.1115 
0.005e 41.513«3 G.C033 "8.2563 O.CC34 'ttl.9981 0.0025 4q.7411 .... 0.0024 50.4635 0.0021 j1.2259 O.De37 51.9683 0.0043 ~2.71a7 N .... 0.0045 53.4532 O.G041 54.1<i56 0.0038 '>4.9380 0.0031 5S.6804 
0.0035 50.4228 0.0035 51.1~52 0.C(44 57.9C16 O.OO~1 5t;.6~OG 

80 12 2 BACTF.RIA 
G. 1 C 00 0.0 0.1033 0.7424 0.0901 1.4848 0.oe94 2.2272 
0.0855 2.96S6 0.0846 3. 1120 (;.C'121 4.4544 0.089 b 5.1968 
u.lC35 5.9392 0.0798 6.6816 C.IC86 1.4240 0.0113 6.1665 
0.1(74 S.<;CB9 O.O7~6 9.6513 C.C<;81 10.3937 0.0175 Il.1361 
iJ. C ';j 4 t) 11.b1BS O.C195 12.62C9 Q.C<;44 13.3t33 0.0779 14.1057 
C. d ',14 14.84£1 0.080<; 15.5905 c.eS13 16.3329 0.0346 11.0753 
0.C(.:71 17.6111 0.081" J.d.~6C1 c. C161 19.3025 0.0302 20.044Q 
0.0577 20.'1d73 0.0532 21.52<;7 C.(11)3 22.2121 0.0564 23.0145 
O.Ot;Sl 23.151U 0.0636 24.4<)S4 O.C636 25.2418 0.0463 25.9842 
D. J4:{ 0 26.12.66 0.05-47 21.4e~O c. C 59 8 28.2114 0.0442 28.9538 

, , I • V-i , __ .~ <i .6<;62 0.0423 30.4386 0.0519 31.1810 0.0476 31.9234 
C. C :) ~) j2.665d 0.0410 33.4CE2 0.0534 34.1.506 O.049j 34.6930 
u.04':1'1 35.t354 0.04-'1 3e.J/7ci C.C459 37.1202 0.iJ423 37.8626 



0 .. 0428 38.6051 0.0417 39.34'75 C.0417 4Q.0899 0.0421 40.8323 
O.03c;S 41.5141 0.0351 42.3171 0.0134 43.05'i5 0.0081 43.8019 
0.0062 44.5443 0.0153 45.2861 C.0188 46.0291 0.0124 46.1715 
0.0166 41.5139 0.0095 48.2563 0.0096 48.9987 0.0068 49.1411 
0.oe66 50.4835 0.0074 51.2259 0.0101 51.9683 0.0111 52.7107 
0.0122 53.4532 0.0111 54.1'i56 0.0102 54.9380 0.0082 55.6804 
O.CC8b 56.4228 0.0081 57.1652 0.0110 57.9(J16 0.0125 58.6500 

16. 10350. 450. 120 a 2 
8150. 597. 121 0 3 
8000. 600. 122 a 3 
8700. 650. 123 a 3 
8700. 655. 124 0 3 
8122. 543. 125 0 3 
8705. 643. 126 0 "3 ...... 

N 

1622. 563. 121 0 3 
,tv 

166u. 569. 128 0 ':\ 
&lISTl PRIE=.OI,Cl=I.0 ,FRA=.44,.lO,.164,.OQ15,.0175,.181,X11=.lO,X36=O.lO, 
8A=O.16,nl=.20,GRO(1)=.OO15,X14~.6 ,KM12=.50[01,PRFD(1)=.OOlOt D2=.40, 

CK3=1.O,BCtl)=C.C5,BC(5)=O.lO,OEV=11.O, &ENO 



APPENDIX III 

FLOWCHARTS 

123 



124 

START 

DEFINE ALL VARIABLES 
SUBJECT TO CHANGE 
WITH EACH ESTUARY 

CALL SCHOFI 

STOP 

FIGURE 1. FLOWCHART FOR MAIN PROGRAM 



125 

ENTER SUBROUTINE SCHOFI 

MODIFY SOME 
PARAMETER INPUT 

FROM MAIN 

FORM MAX. TIDAL 
VELOCITY, TIDAL PHASE 

LAG AND POSITION 
VECTORS 

READ CONDITIONS 
..----------cIfo AND MORE PARAMETER 

VALUES 

NO 

FIGURE 2. FLOWCHART FOR SUBROUTINE SCHOFI 

CALL 
STORE 



126 

c 

YES 

YES 

YES 

'--ofE>Oo.J WRITE TITLE 

NO 

C(NC,1,J)= 
WORK(J)*S 

FIGURE 2. (Can't.) 

WORK (J) 

READ 1ST OBSERVED 
DATA CARD AND CONDI­

TIONS FOR 1ST DAY 

CALL AREA 

DEFINE OXYGEN 
SATURATION 

CONCENTRATION 

CALL UPDATE 

.r---t::i1H K (NC , J) -= 
WORK(J) 
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NO 
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~ __ Y_ES_...,..-.ii~witTE SUM,SS, 

H 

CONVERT PPM 
TO LB/M13 

PUNCH COMPONENT 
CONCENTRATIONS AND 

POSITION 

FIGURE 2. (Can't.) 

NDATA,IDAY,T 

NO 
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E 

RETURN 
FIGURE 2. (Con't.) 
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CALL 
UPDATE 

CALL FUNCT(l) 

F 

CALL 
RKMI 

ADJUST TIME 
STEP 

YES 
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ENTER SUBROUTINE STORE 

INITIALIZE Jo..c!IIo_N_O_~ 
WORK(J) TO 

Z~RO 

READ INITIAL DATA 
FOR POINT-SOURCE 

DISCHARGES 

>-__ YE_S_-B-I READ INITIAL 

DATA FOR 
CONTINUOUS 

VALUES 

READ INITIAL DATA 
.>-------./FOR DISCRETE CONSTANT ... ,.....a----. 

INTERPOLATE 
---I DISCHARGE TO 

GRIDPOINT 
POSITION 

RETURN 

WORK(J)= 
VALUE 

YES 

FIGURE 3. FLOWCHART FOR SUBROUTINE STORE 
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YES 

CALL ~_Y~E~S~~~ 
TIMECK 

DEFINE XSEC, 
!'MIN 

DEFINE INTEG. 
TIME STEPS 

CALL RKMI 

IA=3-IA 

YES 

FIGURE 4. FLOWCHART FOR SUBROUTINE OUTPUT 

YES 



E A 

PRINT HEADINGS 
CONC. 

YES 

IPRI==O 

A 

FIGURE 4. (Can't.) 

PLOT 
CONC. 
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D 

'D 

B 

NO 

NVIK==NV (IK) 

FILL UTILITY 
MATRICES WITH 

CONC. 

CALL INTP 

F 

NO 

UPDATE 
COND. 



PRINT Q, 
TEMP, SUN 

CALL TIMON 

REDEFINE 
OUTPUT VARIABLES 

D 

COMPARE OBSERVED 
WITH PREDICTED DATA 
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B 

DEFINE IPOS 
AND VELO 

PUNCH DIFFERENCE 
BETWEEN ACTUAL AND 

OBSERVED DATA 

F 

READ FROM 
DISK OBSERVELJIII"'""""O~ 

DATA USED IN 
VERIFICATION 

JDAY= ........ ___ ~ ...... 

10,000 

RETURN 
FIGURE 4. (Con 't.) 

c 



133 

ENTER SUBROUTINE UPDATE 

NO 

YES 

>-_Y_E .... Sjillloo-----f. INITIALIZE BOUNDARY 
CONDITION MATRIX 

UPDATE MAX INSTANTANEOUS 
>--Y=E:;,;:;;S91-1 SUNLIGHT INTENSITY (DAILY) 

UPDATE PREDATION, GROWTH 
AND RESPIRATION RATES FOR 

ALGAE, PROTOZOA, ZOOPLANKTON, 
HIGHER PREDATOR AND BACTERIA 

(DAILY) 

UPDATE CO2 AND O2 SAT. 

CONCENTRATIONS AND RATE 
COEFFICIENTS FOR ORG. CARBON, 

ORG. NITROGEN, ORTHO-PHOS. 
MIN TO MIN UPDATE: AND OD CONCENTRATIONS 

(DAILY) SUN=O.O 

UPDATE BOUNDARY 
CONDITIONS FOR BOD, 

TP04, TKN, TOC, N02N03, 
TIC, PI, ORG. NIT., AND 

OD DAILY 

FIGURE 5. FLOWCHART FOR SUBROUTINE UPDATE 



FIGURE 5. (Con't.) 
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").----:::.:.:'----a ........ UPDATE SUNL IGHT 

YES 

UPDATE STP 
DISCHARGE 

RATE 

SUNLIGHT INTENSITY 
RR-OPTIMUM SUNLIGHT INTENSITY 

RETURN 

INTENSITY 
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ENTER BLOCK DATA 

INITIALIZE ALL VARIABLES 
LISTED IN DATA STATEMENT 

TO THE CORRESPONDING 
VALUE 

RETURN 

FIGURE 6. . FLOWCHART FOR BLOCK DATA 
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ENTER SUBROUTINE RKMI 

INITIALIZE TQQ, JA 
AND LOGUP 

ESTIMATE CONCENTRATIONS 

AT T AND D; USING C AND 

DCDT AT T 

CALL UPDATE 

CALL FUNCT(2) 

UPDATE ESTIMATE OF C AT 

T AND D; USING C AND DCDT 
AT T AND DT 

A 

FIGURE 7. FLOWCHART FOR SUBROUTINE RKMI 



FIGURE 7. (Con't.) 
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YES 

ESTIMATE e AT T AND D~ 
USING e AND DeDT AT T AND 

DT 
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YES 

NO 

T=T-D03+D02 

CALL UPDATE 

CALL FUNCT(4) 

ESTIMATE C AT T AND DT 
USING e AND DCDT AT T AND 

DT 
"2 



FIGURE 7. (Con't.) 
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T=T+D02 

CALL UPDATE 

CALL FUNCT(5) 

CHECK INTEGRATION 
ACCURACY 

CALL FUNCT(l) 

RETURN 

YES 

YES 

YES 
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ENTER SUBROUTINE FUNCT 

CALCULATE PREDATION, GROWTH 
RESPIRATION AND DEATH RATES FOR 

ALGAE, PROTOZOA, ZOOPLANKTON, 
HIGHER PRED. AND BACTERIA 

CALCULATE RECYCLING OF ORG. 
CARBON, INORG. CARBON, ORG. NIT. 

AND ORG. PHOSe 

CALL AREA, VELOC, 
VOLUM 

UPDATE VALUES FOR REAERATION 
RATES AND DIFFUSION COEFFICIENT 

jCALL FIRST I 

EVALUATE 1ST DERIV. OF CROSS­
SECT. AREA AND THE 12 

COMPONENTS 

RETURN 

FIGURE 8. FLOWCHART FOR SUBROUTINE FUNCT 
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ENTER SUBROUTINE FIRS 

DEFINE VARIABLES NEEDED FOR 
INTEGRATION OF THE PARTIAL 
DERIVATIVES WITH RESPECT TO 

POSITION 

DEFINE DY=VECTOR OF 1ST 
DERIVATIVES AT EVERY 

GRID POINT 

RETURN 

FIGURE 9. FLOWCHART FOR SUBROUTINE FIRST 
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ENTER SUBROUTINE AREA 

DEFINE TIDAL PHASE, 
K(31,J) 

.1fII--__ Y_E_S -tiJI"'"'"i K (31, J) =K (31, J)+ 1.0 

NO 

DEFINE CROSS-SECTIONAL 
AREA, A(J) 

RETURN 

FIGURE 10. FLOWCHARr FOR SUBROUTINE AREA 
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ENTER SUBROUTINE VELOC 

XQ=Q*2.445E-08 

D-__ YE.....;.S~_~ XQ=XQ*ZQCOEF(I) 

NO 

EQUATION TO DEFINE FLUID 
VELOCITY AT THE GRID POINTS 

RETURN 

FIGURE 11. FLOWCHART FOR SUBROUTINE YELOC 
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ENTER SUBROUTINE VOLUM 

XQ=Q*2.445E-08 

v--__ Y_ES
_---11iJ11o-t XQ=XQ*XQCOEF (I) 

NO 

EQUATION TO INTERPOLATE 
VOLUMETRIC FLOW RATES AT 

THE GRID POINTS 

RETURN 

FIGURE 12. FLOWCHART FOR SUBROUTINE VOLUM 



144 

ENTER SUBROUTINE INTP 

INITIALIZE COUNTERS L, 
K, MM 

J--___ Y_ES_--,_.....fiiiIIo-l J=NM AND 

YES 

DEFINE INTERMEDIATE 
INTERPOLATED VALUE, 

FY 

NO 

FIGURE 13. FLOWCHART FOR SUBROUTINE INTP 

L=-l 

YES 
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DEFINE 
RESULTING INTERPOLATED 

VALUE, FXX 

FIGURE 13. (Con't.) 

DEFINE INTERMEDIATE 
INTERPOLATED VALUES, 

FY, FYY 

K=K-(2K+XK)r-----J 
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E c 

YES 

NO 
NO 

Y(MM)=XPOS(J)-POS 

FY(MM)=WORK(J) 

YES 

E 

FIGURE 13. (Con't.) 



147 

YES 

FYY=FY (MM) t-----4J---f---------' 

RETURN 

FIGURE 13. (Con' t.) 
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ENTER SUBROUTINE BILDAX 

I DEFINE PARAMETERS I 

CALL PLOT TO 
DRAW AXES AND 

TIC MARKS 

1 r 

CALL NUMBER TO 
DRAW A FLOATING 

PT. NO. 

CALL SYMBOL TO 
LABEL AXES 

r CALL PLOT I 

RETURN 

FIGURE 14. FLOWCHART FOR SUBROUTINE B ILDAX 
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START 

MODELING 
PARAMETERS DEFINED 

IN MAIN 

CALL SCHOFI 

READ DATA 

WRITE PARAMETER 
INPUT 

FORM POSITION AND 
HYDROLOGICAL VECTORS 

CALL STORE 

FIGURE 15. FLOWCHART FOR OPERATION OF GEM 
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READ CONDITIONS AND 
MORE PARAMETER VALUES 

CALL AREA 

CALL UPDATE 

CALL FUNCT 

YES 

FIGURE 15. (Con't.) 

NO 
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YES 

PUNCH COMPONENTS 
CONe. AND POSITIO 

NO 

YES 

WRITE ERROR 
VERIFICATION INFO, 

TIME AND DAY OF 
SIMULATION 

C 

FIGURE 15. (Can't.) 

NO 

CALL RKMI 

ADJUST TIME 
STEP 

F 
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C 

-......--............ CALL UPDATE 

YES 

CALL FUNCT 

STOP 

FIGURE 15. (Can't.) 
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GEM: GENERALIZED ESTUARY MODEL 
A VARIATION ON THE SCHOFIELD-KRUTCHKOFF 

STOCHASTIC MODEL FOR ESTUARIES 

by 

Sandra Ann DePietro 

(ABSTRACT) 

In recent years, many mathematical models have been developed to 

be used as mechanisms for carrying out stream and estuary investigations. 

In 1971, W.R. Schofield and R.G. Krutchkoff completed work on a stochas-

tic model in an attempt to accurately describe the behavior of an 

estuary. Through the use of a high-speed computer this one-dimensional 

model predicts the concentrations of twelve interacting components, 

subdivided into five biological and seven chemical factors. This is a 

valuable tool, but from a practical viewpoint the model is difficult 

to apply without a fairly strong background in computer science. It 

is the aim of the present study to simplify the use of the Schofield-

Krutchkoff estuary model so that it can be readily accessible to the 

appropriate personnel, irrespective of their previous exposure to 

computer programming. 

Dependent upon the particular estuary studied, it was necessary 

to make internal program adjustments with respect to boundary conditions, 

applicable rate constants, tidal lag and maximum tidal velocity rates. 

These constants have been replaced by variables for the user to define 

as input data to the main program segment. The options to choose one 

of several expressions for the oxygen reaeration rate K2, whether 



to weight this equation with wind velocity, vary the volumetric fresh­

water flow rate with position and request plotted output for each day 

modeled have also been added. 




