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PREFACE 

One method of predicting the effects of sewage and industrial 

waste which is being used is the mathematical model. Presently with 

the increased understanding of the interactions between chemical and 

biological components, more complex and detailed mathematical models 

have been developed to model the effect of waste discharge in estuaries. 

Further work is still needed to provide better models and to refine old 

ones. 

The model by Schofield and Krutchkoff (5) is one of the most 

efficient in existence but is not currently being used effectively due 

to its complicated strueture. The model was designed to handle twelve 

components and cannot easily be used for fewer components. 

The model was originally developed as a general deterministic 

model for an estuary, which allows the estuary to be segmented into any 

number of parts with conditions varying from segment to segment.· The 

model considers twelve biological and chemical components and provides 

one dimensional predictions of concentrations of the twelve components, 

in time and position. It does this by solving twelve simultaneous 

differential equations of the form 

1 a = A(x,t) ax [E(x,t)A(x,t) 

1 

ac.(x,t) 
1 

ax - V(x,t)A(x,t)C1 (x,t)J 

(5) 



where 

A(x, t) 

E(x,t) 

V(x,t) 

2 

is the cross-sectional area of the estuary as a 

function of position and time 

is the concentration of component i as a function 

of position and time 

is the diffusion coefficient as a function of 

position and time 

is the average cross-sectional fluid velocity as 

a function of position and time 

is the set rate of increase of Ci(x,t) due to all 

sources and sinks as a function of position, time 

and of all the other component concentrations 

and the i components are: 

1. Organic carbon 

2. Inorganic carbon 

3. Organic nitrogen 

4. Ammonia 

S. Nitrite and nitrate 

6. Phosphorous 

7. Oxygen deficit 

8. Phytoplankton (algae) 

9. Protozoa 

10. Zooplankton 

11. Higher predators 

12. Bacteria (nitrosomonas) 
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No analytical solution can be found for these twelve simultaneous 

differential equations and therefore a computer solution was developed. 

At each grid point an initial concentration is specified for each of 

the twelve components. This determines the value of everything on the 

right hand side of the equation thus enabling aci./at to be found. 

Since the solution is done by computer a careful selection of the grid 

spacing must be chosen to assure a convergent solution and at the same 

time not use excessive computer time. 

The Schofield model was originally run for verification purposes 

on the Potomac estuary and thus certain internal equations and specific 

rate constants were chosen to pertain to the Potomac. Whenever apply-

ing it to another estuary certain features of that particular estuary 

make it necessary for some internal adjustments in the equations and 

rate constants. 

Harry Bard (1) took the Schofield model and applied it to the 

James River estuary. He did a sensitivity analysis on some of the 

parameters in the model. Bard incorporated a common block which con-

tained all pertinent parameters of the main program and its eleven 

subroutines. This makes all variables the same from one subroutine 

to the next. In order to model the James, Bard chose to change 

expressions for the maximum tidal velocity and maximum tidal lage. 

which are functions of the grid point position and thus depend on the 

particular estuary modeled. He also chose to replace the mathematical 

expression for the average cross-sectional area with data for the 

cross-sectional area at each grid point. The calculations of fluid 

velocity and volumetric flow rates as a function of freshwater flow 
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rate, position and tidal phase were also changed to fit the James. 

His changes made the program more applicable for the James River. 

Si,m:Uar changes must be undertaken in modeling other estuaries, in 

order to adapt the program to fit the estuary intended. 

Sandra DePietro (2) took the Bard version of the program and made 

further changes to make it even more general and easier to adapt to a 

specific estuary. DePietro took expressions for the maximum tidal 

velocity and tidal phase lag which were in the form of regression 

equations specific to the estuary modeled and used these. The maximum 

tidal velocity was as follows: 

(2) 

where 

MTV = maximum tidal velocity (mi/hr) 

A0, A1 , A2, A3, A4 = appropriate constants 

X =position (mi). 

The tidal phase lag was 

L = G + G X + G x2 0 1 2 (2) 

where 

L = phase (hr) 

G0 , G1 , G2 = appropriate constants 

X = position (mi) • 
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The values of the constants vary with each estuary and can be estimated 

from information given in tide table surveys. 

She also changed expressions for oxygen reaeration rate which 

enabled the user to choose the one which best fits the modeled estuary 

because of differences in estuary depth and velocity. The following 

equations were used: 

K2 = 12.9µ 112 

H3/2 
estuary depths of 1-30 feet, velocities 

of • 5-1. 6 ft/ sec. 

K2 
11.6 estuary depths of 2-11 feet, velocities = Hl.67 

of 1.8-5.0 ft/sec. 

K2 = 
21. 6µ 0.67 

estuary depths 4-11 feet, velocities of Hl.85 
.1-5.0 ft/sec. 

Kz = (D•µ).5 
for estuaries not in above three categories 

Hl.5 

where 

µ - tidal velocity (ft/sec) 

H - depth (ft) 

D - diffusivity of oxygen in water (.000081 ft2/hr) • 

In addition reaeration rates were also made functions of wind velocity. 

The reaeration rate increased 25% with every 10 knot wind increase. 

The major obstacle to practical utilization of the model is that 

it is necessary to have all twelve components in the model in order to 

use it. Many times, however, only a subset· of the twelve are available. 

The concentrations are found by solving twelve simultaneous dif feren-



6 

tial equations, which are interlinked by the concentration of one com-

ponent being dependent on the concentrations of some of the others, thus 

reducing the number of equations requiring adjustments in these dependen-

cies. The equations are linked by the term Ri(x,t,i::;), the rate of in-

crease due to all sources and sinks of the ith concentration. It is 

these which must be altered to accommodate the use of less than twelve 

equatio.1s. One accomplishes this by assigning default values for com-

ponents not wanted in the model and solving the reduced number of 

equatio1s. As an example, consider taking one of the equations, say 

ammoni1. In the program the concentration of algae is found by first 

evaluating the terms 

1 a aci(x,t) 
ax [E(x,t) ax - V(x,t)A(x,t)Ci(x,t)] A(x, t) 

and setting them equal to ac/ax. Then ac/at is found by computing 

In the case of ammonia this equation yields 

ac/at = ac/ax + FRA(4)*K(4,J) + K12*C(3,IA,J) - 20.0*K(35,J) 

where 

FRA(4) 

K(4,J) 

Kl2 

C(3,IA,J) 

K(35,J) 

= fraction of ammonia in sewage discharge 

= time variable pollution discharge rate (lb/mi3hr) 

= rate coefficient of conversion of organic nitrogen 

= concentration of organic nitrogen 

= growth rate for bacteria (lb/mi 3hr) 
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In this equation it can be seen that everything is known when all 

twelve components are in the model. However, if one drops some of the 

components then some of tht=se.terms might not be known. If organic 

nitrogen is dropped along with bacteria then the amount of organic 

nitrogen converted to ammonia is not known and the growth rate for 

bacteria (given by K(35,J)) = GR012*C(4',IA,J)/(KM12 + C(4,IA,J)* 

C(l2,IA,J) where 

K(35 ,J) = growth rate for bacteria (lbs/mi3hr) 

GRO 12 = growth rate coefficient for bacteria 

C(4,IA,J) = concentration of ammonia at grid point j 

KM12 = Michaelis-Men ten or half saturation concentration 

of substrate for bacteria (lb/mi 3) 

C(12,IA,J) = concentration of bacteria at grid point j 

is :1lso not known because the concentrations of organic nitrogen and 

bacceria, which normally would also have been calculated had they been 

in the model, are now not known. All other components have similar 

Ri(x,t,~) terms which can not be evaluated if some components are dropped 

from the model. 

By assigning default values for components not in the equation 

the unknown quantities can be calculated and the model can run as it 

does normally. If the built-in default values are not wanted, then 

the user can supply one of two types of default values depending on 

what he knows or prefers. One method is to give a component, not in 

the model, an average concentration over the length of the estuary 

model (in parts per million) that the user thinks is appropriate for 

that estuary. This enables certain rate constants to be calculated 
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in the operation of the program. The other method is to supply the rate 

constants directly for those not in the model. These rate constants 

arc 3;rOwth., predation and respiration rates. of . the five biological 

components, the model, the percentage of organic ca.rbon used per hour, 

and percentage of organic nitrogen converted to ammonia. As in the 

case of ammonia, if organic nitrogen was not in the model the term 

Kl2*C(3,IA,J) must be specified and if bacteria was not in the model 

K(35,J) must be specified. For other equations similar values must 

be given depending on which components are dropped from the model. 

In the initial development of the model, the stochastic co-

ef icient /J.,_was used and it was shown that the concentrations followed 

a : caled Poisson distribution (5). This coefficient /J.i relates the 

me:n and variance of the ith concentration distribution and is a function 

of fluid turbulence, concentration, pollution type, system stability 

and other factors which reflect the degree of randomness. A large 

value of tJ.1 would. be expected during periods of process instability or 

for pollution types with more unpredictable behavior. The relation-

ship between the mean, variance and /J.i is as follows. 

Vari(concentration) = /J.i • E(concentration) 

from this /J.i can be estimated by 

vari(concentration) 
/J.1 = E1(concentration) 

where the mean and variance can be estimated from data already collected. 

Once this was done confidence intervals were found using the Poisson. 
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However, the Poisson is a discrete distribution while the concentrations 

are continuous so it was advantageous to approximate the Poisson distri-

bution using a gamma distribution by 

1 -x/B a-1 f(x,a,8) = ~~~ e x 
r(a)Ba 

0 < x < QQ a,B > O • 

For the ganuna distribution the mean and variance are 

µ = aB 

and 

By specifying ~ for each of the i components and given the mean 

(from prediction in the program) we can obtain estimates of a and B by using 

and 

The gamma distribution is now completely specified and can be used in 

finding confidence intervals. This was done by using a program which 

gave values of the incomplete ganuna function and then incrementing 

until the appropriate endpoints were found for the canf idence co-

efficient specified. 



I. PROGRAM USE 

This version of the S~hofield model may be used to predict the 

concentrations of up to twelve biological and chemical components in 

a stream or estuary. Any of the twelve may be selected in any com-

bination desired. The input requirements are broken into four categories, 

hydrological, geometrical, meteorological and water quality data. 

Hydrological data 

The hydrological data needed are the freshwater flow rate, tidal 

phase lag, and maximum tidal velocity as a function of distance along 

the stretch. For tidal phase lag and maximum tidal velocity these 

functions are estimated using the regression equation 

MTV = Ao + AlX + A2x2 + A3x3 + A4x4 

L = Go + GlX + G2X2 

The coefficients in these equations must be supplied for each stretch. 

They can be estimated from information in tide table surveys. 

Geometrical data 

This data consists of average cross-sectional area and the 

maximum fractional deviation of cross-sectional area at high or low 

tide and depth of the estuary for selected grid points along the 

stretch. 

10 
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Meteorological data 

This model requires the daily sunlight intensity (langleys) and 

moon phase on the first day modeled. 

Water Quality data 

The sewage discharge rate, the benthal demand, and land runoff 

are needed as well as the water temperature. The internal concentra-

tions, of the components selected in the model, at the selected grid 

points downstretch are required but are not expected to be known and 

are obtained from an initial run of the program. (The concentrations 

of these components are then punched on cards to be used for making 

the prediction run.) 

Miscellaneous data 

The number of grid points into which the stretch is divided, the 

upstretch and downstretch boundaries in miles, initial and final time 

of day, initial and final day of year modeled and number of simulta-

neous differential equations in the model are all required. A number 

of output options can also be selected. 

Output Options 

I. Graphs of the output on any given day can be requested and the type 

of axis to be used can be specified. These types are: 

1. axis vary day to day 

2. axis used on first day used for all days 

3. same axis to be used for every day modeled 

II. Punched output is available for any of the days modeled or on just 

the last day modeled. 
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III. Confidence intervals on the concentrations, with the confidence 

coefficient an option, can be graphed 

IV. Regular output of concentrations of components printed at points 

downstretch(this is always given). 

When first using the program it is necessary to make an initial 

run to obtain estimates of the pollutant concentrations in the model. 

This is done by selecting the initial run option in the program and 

supplying all the necessary data except the component concentrations 

at the grid points downstretch. Punched output is then obtained to 

be used in the actual runs for prediction. 



II. INPUT DATA 

2.1 Data Supplied Through.MAIN 

The data supplied through MAIN allows one to select the approximate 

oxygen reaeration rate equation. Two cards are typed beginning in 

card column seven and are put in following the common statement in 

program MAIN. For formula 

H - estuary depths of 1-30 ft 

µ - velocities of .5-1.6 ft/sec 

use cards K2 = 1 

XK2 = 0 

For formula 

H - estuary depths of 2-11 ft 

µ - velocities of 1.85-5 ft/sec 

use cards K2 = 2 

XK2=0. 

For formula 

K = 21.6 µ0.67 
2 Hl.25 

H - estuary depths of 4-11 ft 

µ - velocities of .5-5.0 ft/sec 

13 
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use cards K2 = 3 

XK2 = 0 

For formula 

for estuaries not in the above three categories 

D = diffusivity of oxygen in water (.000071 ft 2/hr) 

use cards K2 = 4 

XK2 = 0 

And for formula 

K2 = user supplied expression or numerical value 

use cards K2 = 0 

XK2 = user supplied expression or numerical value. 

2.2 Data Supplied Through Cards Read in.£!!. Units lt_ .!!_t._ and 1. 
Data must be supplied by reading in cards at the end of the deck. 

What components are to be in the model, what type of default values for 

those components not in the model must be provided as well as the initial 

run option to reach steady state. One must also specify the type of 

axis to be used in plotting and whether of not confidence intervals 

are to be calculated. Also the data regarding the make up of the 

estuary and sewage input are read in. 

The first card is the card which sets up the conditions of the 

estuary under which the model is to be run. Thirteen variables are to 

be read in with format (F3,2Fl0.4,F5.3,I3,F5.3,I3,F5.3,I3,3Fl0.5,Il) 



card column 

1-3 

4-13 

14-23 

24-28 

29-31 

32-36 

37-39 

40-44 

45-47 

48-57 

58-67 

68-77 

78 

79 

15 

variable 

NN - number of sections in estuary 

XI - upstream boundary point (mile) 

XO - downstream boundary point (mile) 

TI - initial time of day (hour) 

IDAY - initial day of year 

TM - final time of day (hour) 

MDAY - final day of year 

PR! - number of printouts for each tidal 

cycle 

IND - number of pollution components 

model 

TIDE - time of high tide on initial day 

FAZ - moon phase at initial time of day 

TMAX - number of minutes authorized 

for computer run 

KP - 1 for punched output on final day 

0 for no punched output 

IWK2 = 0 for no wind 

1 for 10 knot wind 

= 2 for 20 knot wind 

= 3 for 30 knot wind 

= 4 for 40 knot wind 

= 5 for 50 knot wind 

= 6 for 60 knot wind 

where each 10 knot increases, increases 

reaeration 25% 
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The next card read is the option card. In card columns one through 

twc~lve one selects which components are to be included in the model and 
. 

whether the default values are internal or user supplied. The compo-

neats are numbered as follows: 

1. organic carbon 

2. inorganic carbon 

3. organic nitrogen 

4. anunonia 

5. nitrite and nitrate 

6. phosphorus 

7. oxygen deficit 

8. algae 

9. pl;'otozoa 

10 •. zooplank.ton 

11. higher predators 

12. bacteria. 

This ordering must be kept at all times throughout the reading in of 

data. The first twelve card columns define INDEX(I) as follows: 

CCl-12 = 0 if particular component is in model 

= 1 if particular component is not in model but default. 

values are internal 

= 2 if particular component is not in model but default 

values are user supplied. 

Next in CC13 !DEF is defined as to what type of default values are Ufled 

CC13 = 0 if default values are to be. used as concentrations in ppm 

= 1 if default values are to be used as rate constants. 
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In CC14 !PLOT is defined and determines which_ type of axis is to be used 

in plotting 

CC14 = 0 if axis is to be determined from day to day 

1 if the axis for the first day is to be used for all 

subsequent days 

= 2 if the axis is to be the same for every day and are to 

be read in. 

In CC15 INRUN is defined as to whether an initial run is being made 

CC15 = 0 if the program is a regular run for predictions 

= 1 if the program is being run to reach. steady state with 

punched output. 

If a 1 is chosen then in CCl-12 a 1 is put in those not to be in the 

model, and IDEF CC13 = 0. 
ICON in CC16 is defined to chose the option of confidence intervals 

CC16 = 0 no confidence intervals calculated 

= 1 confidence intervals calculated. 

The options chosen in the first card determines what cards are 

read in next. If a 2 in any of the CCl-12 appears, a default value must 

be read in for that component. The number of cards read in here must 

equal the number of 2's on the option cards. 

If IDEF = 0 then default values are read in as ppm for the concen-

tration wi.th a format (F6.4). That is CCl-6 = value of concentration in 

ppm. These cards must come in the order of the components left out from 

lowest numbered to highest number component not included. 

If IDEF = 1 then default values are read in for rate constants 

with format (4F6.4) as follows for the five biological components 
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numbered 8-12 left out. 

CCl-6 predation rate 

CC7-J2· = growth rate 

CC13-l8 death rate 

CC19-24 = respiration rate. 

If CCl = 2 on the option card and IDEF = 1 then the amount of organic 

carbon urnd per hour is read in as format (Fl2.5)_ Le.CCl-12 =amount 

used. If CC 3 = 2 on the option card and !DEF = 1 then the amount of 

organic nitrogen converted to ammonia is supplied by format (Fl2. 5) 

i.e. CCl-12 = amount converted. These cards are read in in the order 

given above but only if IDEF = 1 and a 2 appears in the card column 

on the option card in CC8-12, CCl, or CC3. Otherwise they are left out. 

Next if NPLOT = z·the data for the axis are supplied as follows. 

For each of the components in the model: 

XMIN(I) 

SCAI f!"'(I) 

=minimum value that the ith component is expected 

to reach 

= scale factors of units per inch., on an eight inch 

graph chosen such that the largest expected value of 
th the i component will be on the axis with format 

(2Fl2. 5) 

CCl-12 = value of XMIN(I) 

CC13-24 = value of SCALF(I) 

and the ordering coming once again from lowest numbered component to 

highest numbered. If NPLOT 1 2 then these cards are left out. 

The next cards are supplied only if ICON = 1. They involve the 

stochastic coefficient 8 and the confidence coefficient. The value ~-
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is an expression which relates the randomness and instability of the 

component and an estimate can be obtained from previous data by the 

formula 

mean of ·concentration A = ~~~~~~~~~~~~ 
variance of concentration 

The value of A and the confidence coefficient are read in on cards with 

format (2F6.4): 

CCl-6 = value of A 

CC7-12 =value of confidence coefficient. 

Once again these cards occur in the order of the components in the 

model. The next two cards contain the values of the regression co-

efficients in the equation 

The 

Next 

first card 

CCl-12 

CC13-24 

CC25-36 

CC37-48 

CC49-60 

MTV = Ao + AlX + A2x2 + A3x3 + A4X~ 

L = Go + GlX + G2x2 

contains the A coefficients with format (SF12.10): 

= value of AO 

= value of Al 

= value of A2 

= value of A3 

= value of A4 

is the G coefficient with format (3F12.10) 

CCl-12 = value of GO 

CC13-24 = value of Gl 

CC25-36 = value of G2 
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The next eleven cards give data for determining the volumetric 

freshwater flow rate (XQ), which tends to increase downstretch as a 

function of position (Z(I)). The constant increase as well as the 

number of positions the flow rate will increase is chosen. NCOEF 

determines how many positions downstretch that will increase up to a 

maximum of ten. XQCOEF(I) and Z(I) are used as pairs to determine at 

which grid point (Z(I)) and at what constant increase XQCOEF(I). The 

number of grid points at which increases will occur NCOEF is specified 

and then Z(I) through ••• Z(NCOEF) will designate at which grid point 

increases will occur. The grid points must occur in ascending order. 

The value of XQCOEF(l) ••• XQCOEF(NCOEF) will specify the multiplicative 

increase in the flow rate. The remaining pairs Z(NCOEF+l) ••• Z(lO) and 

XQCOEF(NCOEF+l) •.• XQCOEF(lO) are all set equal to zero. The eleven 

cards are read in as follows: 

card 1 format (I2) 

CCl-2 = value of NCOEF 

cards 2-11 format (2Fl0.6) 

CCl-10 = value of Z(I) 

CCll-20 = value of XQCOEF(I) 

The next cards identify the twelve components in the model. The 

titles of these components (see previous listing) are punched in 

CC1-CC40. They must come in ascending order according to their numbers 

listed and all twelve supplied. 

Sets of inputs each of which is preceded by a "header card" now 

follow and identify the parameters and the form of the data to be read. 

The ones considered are cross-sectional area (mi2), sewage input (lb/day), 
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benthal demand (lb/mi 3hr), land runoff (lb/mi 3hr), maximum fractional 

deviation of cross-sectional area, estuary depth (ft) and the concen-

tration of the components selected (ppm). The header card describes 

the type of data to follow and is in the format (315, 5X, IDA4) where 

CCl-5 

CC6-10 

identify the value of IPT which gives the type of data 

IPT = 1 point source discharge 

= 2 constant within a segment 

> 2 continuous 

identifies the variable NC which the parameter or 

pollutant to be considered 

CCll-15 identifies ITYPE which distinguishes between a parameter 

(1) or a pollutant (2) 

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

If IPT = 1, the cards following will contain a value in units of lb/day 

and a position in miles with format (2E20.5). Reading will stop when a 

negative position appears. 

If IPT = 2,the cards following will contain a value and a position 

in miles with format (2E20.5). The grid points which fall between the 

last position read and the new position are assigned the previously 

specified value. Reading will stop when a position less than or equal 

to zero occurs. 

If IPT > 2, the cards following will contain continuous data. 

The numerical value of IPT determines the number of value position 

pairs to be read. Each card has four pairs of data with format (8Fl0.6). 
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For values of IPT = 1 the type of data are sewage input, industrial 

waste and river point sources. For this category the value of NC read in 

is determined by the variable K(I,J) (see appendix) for NC = I. 

For values of IPT = 2 benthal demand, land runoff and maximum 

fractional deviation of cross-sectional area data are considered and are 

found in K(I,J) for the values of NC. 

For values of !PT > 2 the twelve components, estuary depth, 

and cross-sectional area are considered. After all these data sets 

have been read in a blank card follows to signal the end of reading 

parameters. 

Next come the cards which contain the data for each day modeled. 

They include daily water temperature, volumetric flow rate, daily 

sunlight total, options on punched output for that day, Narnelist 

option and plotted output for that day. The format is (3Fl0.4, 20X, 

3I5) where: 

Card Column 

1-10 

11-20 

21-30 

31-50 

51-55 

61-65 

Variable 

Water temperature (°C) 

Volumetric flow rate (cfs) 

Daily sunlight totals (langleys) 

Skip 20 spaces 

Card punch option 

Plot option 

If the user desires, no temperature may be put in and an equation 

internal to the program will be used to calculate it. 

CC51-55 = any integer other than 0 gives punched output 

CC61-65 = any integer other than 0 gives plotted output. 
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When an initial run is being made to reach £teady state, only one card 

specifying the conditions of the day is read in, and the conditions 

should be chosen so as to be about an average day for the time of year 

being modeled. This ends the data to be read in on Unit 5. 

Unit 8 is to be used only when comparison of actual data is wanted 

and must be accompanied by the appropriate job control language for the 

system being used. A card is read for each position and time data was 

collected with the following format (15, FS.O, F5.2, 5X, 6(12, F8.3)). 

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 

Variable 

Day of year· 

Time (hr) 

Position (mi) 

Blank 

Component number 

Observed value 

These cards are followed by a blank indicating the end of the data to 

be read and are left out if no comparison is to be made. 

Next Unit 9 is used to exercise the Namelist option if selected 

on the data cards used for describing each day modeled, and the 

appropriate job control language is once again necessary. All variables 

included in the Namelist may be changed either initially or for a 

particular day if the option is used. The following cards are used 

if Namelist option is chosen. The first CC is blank, CC2 is an 

ampersand (&) followed by the Namelist name (LlSTl) in CC3-7. The 
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next space must be blank. Next the variable name = constant for each 

vaJ_ue to be read appears and is separated by a conuna if there is more 

than one. If values are read into an array, the array name should be 

wri.tten without subscripts, followed by an equal sign and values for 

all of the array elements and separated by commas. The end of reading 

is then signaled by &END. 
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I.l MAIN Program 

The MAIN program is used to specify the conditions under which the 

program is to run for the estuary modeled. The user will specify many 

options he wishes to use and selection of which components he wants in 

the model. MAIN then calls subroutine SCHOFI to solve the equations. 

I.2 Subroutine SCHOFI 

SCHOFI's function is to read data pertaining to pollution dis-

charges, component concentrations along the estuary and other physical 

data of the estuary. It then goes into a loop which solves the 

equations for each day modeled by use of other subroutines. 

I.3 Subroutine STORE 

This is the subroutine which does the actual reading of data 

for pollutants depending on the type being read in and then returns 

these values to SCHOFI to be used in the solution. 

I.4 Subroutine OUTPUT 

Subroutine OUTPUT is used to print the output for all days 

modeled whether printed output or keypunched cards. It also checks 

to see if a comparison to actual data is wanted for verification 

purposes and whether or not plotted output is required. 

I.5 Subroutine UPDATE 

This subroutine updates parameters that may vary with time for 

beginning of solution, minute to minute, or day by day depending on 

the user. It also sets up boundary conditions for the components. 
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Here is where the sewage discharge rate is calculated and can be altered 

to fit the existing conditions. Also equations for sunlight intensity 

and temperature are found here and can be changed to suit the estuary 

being modeled, 

I.6 Subroutine BLOCK DATA 

BLOCK DATA is used to initialize some of the variables in the 

model and to give values to some of the rate constants. Here is where 

these rate constants may be changed to better fit the conditions. Also 

the default values for the components not in the model are provided here 

so that the user need not specify his own. It should be noted that many 

of the values provided pertain to the James River Estuary and can be 

changed, if need be, for use with other estuaries. 

I.7 Subroutine RKMI 

This is the actual subroutine which solves the simultaneous 

differential equations by use of the Runge-Kutta-Merson technique. 

It intergrates the partial derivatives of concentration with respect 

to time ac/at by use of subroutines UPDATE and FUNCT. 

I.8 Subroutine FUNCT 

The partial derivatives of the concentration with respect to time 

are evaluated here as well as the growth, death, predation and respira-

tion rates of the biological components. The recycling of components 

and the reareation rates, are evaluated here. 
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I.9 Subroutine FIRST 

This subroutine numerically evaluates the first derivatives of the 

components with respect to position through the use.of sixth order 

difference equations and the endpoints are evaluated by second and 

fourth order difference equations. 

I.10 Subroutine AREA 

Subroutine AREA calculates the cross-sectional area of the estuary 

as a function of position, tidal phase and day of year. This equation 

uses a sine wave relation to describe the phase lag and may be changed 

if the user has a better relationship. 

I.11 Subroutine VELOC 

VELOC is the subroutine which calculates fluid velocity as a 

function of freshwater flow rate, position, cross-sectional.area, and 

tidal phase. It also uses a sine wave function and may be changed if 

necessary. 

I.12 Subroutine VOLUM 

The volumetric flow rate as a function of freshwater flow rate, 

position and tidal phase is calculated and may be rnodif ied if the user 

has a better method. 

I.13 Subroutine INTP 

This subroutine uses interpolation to evaluate input data at the 

grid points and to determine the value of component concentrations at 

points other than the grid points. 
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I.14 Subroutine BILDAX 

This subroutine plots the axis for plotting the concentrations with 

two marks at each given inter\Tal or at one inch intervals, puts numbers 

at tic mark and labels the axis. It uses subroutines Plot Number and 

_Symbol which are internal to the system. Each computing facility must 

be checked to see if they are available. 

I.15 Subroutine CONF 

This subroutine calculates confidence intervals about each point 

using the gannna distribution if alpha is less than 50, and the normal 

distribution if alpha is greater than 50. 

I.16 Subroutine IGAMMA 

This subroutine calculates the incomplete gannna function for given 

values of x in the form 

P(x<X) = 1 Jx e-t tct-1 
r (a) 0 
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Variable 

A(J) 

AO 

Al 

A2 

A3 

A4 

ABSE 

ABSX 

ACC 

ADJ 

AREA 

AVE 

BA 

32 

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 (°C) 

Bacteria growth rate coefficient at 

20°C/day 
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Vari:1ble Definition 

BC(J) Boundary conditions for: 

J=l Algae (ppm) 

Protozoa (ppm) 

=3 Zooplankton (ppm) 

-==4 Higher Predator (ppm) 

=5 Bacteria (ppm) 

BCN Boundary condition for organic nitrogen 

(ppm) 

C(I,IA,J) Concentration of: 

I==l Organic carbon 

=2 Carbon dioxide 

=3 Organic nitrogen 

=4 Ammonia 

=5 Nitrite and nitrate 

=6 Or tho-phosphate 

=7 Oxygen deficit 

=8 Algae 

=9 Protozoa 

=10 Zooplankton 

=11 Higher Predator 

=12 Bacteria 

C28 Fraction of algae that is carbon 

C29 Fraction of protozoa that is carbon 

C58 Fraction of algae that is nitrogen 



Variable 

C59 

C68 

C69 

C210 

C211 

C212 

C510 

C511 

C610 

C611 

CK3 

CL 

CONC(I,J) 

I=l 

=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 

CONF 

CSAT 

Dl 

D2 

DADT(J) 

DCDT(I,IA,J) 

DCDX(I,J) 

DEATHl(I) 

DEATH2(I) 

DEFl(I) 
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Definition 

Higher predator 

Bacteria 

Subroutine to calculate confidence 

intervals at each point 

co2 saturation concentration (ppm) 

Light extinction coefficient due to causes 

other than self-shading l/ft 

Coefficient of the correlation for self-

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 

The death rate supplied by the program 

for the five biological components which 

are selected not to be in the model 

The death rate supplied by the user for 

the five biological components which are 

selected not to be in the model 

The default value supplied by the program 

for the components not in the model, in 

the form of parts per million, for the 

twelve components 



Variable 

DEF2(I) 

DEV 

DIE(J) 

DIFF 

D02 

D03 

D015 

DT 

DX 

DX12 

DX60 

J=l 

=2 

=3 

=4 

=5 
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Definition 

The default values supplied by the user 

for the components not in the model in 

the form of parts per million for the 

twelve components 

Seasonal temperature deviation (°C) 

Death rate coefficient for: 

Algae (l/hr) 

Protozoa (l/hr) 

Zooplankton (l/hr) 

Higher predator (1/hr) 

Bacteria (l/hr) 

In verification, difference between an 

observed and predicted concentration (ppm) 

Time step for integration DT/2 

Time step for integration DT/3 

Time step for integration DT/15 

Time step used in integration (hr) 

Length of Each segment (mile) 

DX ~ 12; variable used for integration of 

partial derivatives with respect to 

position 

DX • 60; variable used for integration of 

partial derivatives with respect to 

position 



Variable 

DY(J) 

DZS 

E 

EA(J) 

EADJ 

ERRS ET 

Fl 

F3 

F5 

F6 

FAZ 

FIRST 
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Definition 

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 

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 



Variable 

FRA(J) 

J=l 

=2 

=3 

=4 

=5 

=6 

FUN CT 

FX(J) 

FXX 

FY 

GO 

Gl 

G2 

GRO(J) 

J=l 

=2 
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Definition 

Fraction of following components in 

sewai~e discharge: 

o.~ganic carbon 

Carbon dioxide 

O.cganic 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 

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 (°C-hr)-1 

Protozoa (°C-hr)-1 



Variable 

GROB 

GR09 

GROlO 

GROll 

GR012 

::;:) 

=4 

GROWl(I) 

GROW2(I) 

IA 

IC 

ICON 

IDAY 

39 

Definition 

Zooplankton (°C-hr)-l 

Higher predator (°C-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 ) 

The growth rate supplied by the program 

for the five biological components which 

are selected not to be in the model 

The growth rate supplied by the user for 

the five biological components which are 

selected not to be in the model 

Index to indicate which one of the steps 

in the integration the concentrations are 

for 

Maximum number of components modeled 

Logical variable to decide if confidence 

intervals are to be calculated 

Day of year simulated 



Variable 

IER 

I GAMMA 

III 

IK 

IL I ST 

IND 

INDEF 

INDEX(I) 

40 

Definition 

Variable exponent in expression to adjust 

time step depending upon integration 

accuracy 

Subroutine to find values of the in-

complete garrnna function 

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 

Namelist option is exercised 

Number of components in the model 

Logical variable to determine which type 

of default values will be used for the 

components not in the model (!=concentration 

in ppm, 2=conversion rate constants) 

Logical variable to determine whether or 

not the ith component is in the model and 

which default value it has (O=in the 

model; l=not in model, default is in ppm; 

2=not in model, default is in rate con 

stants) 



Variable 

INRUN 

INTP 

IP DAY 

IPOS 

IPRI 

IPT 

I TYPE 

IWK2 

IZDAY 

JA 

JDAY 

K(I,J) 

I=l 

=2 

=3 

=4 

=5 
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Definition 

Logical variable to determine whether 

the program is being run initially to 

reach a steady stat (=l) or whether it 

it is a regular run (=2) 

Subroutine to interpolate variable value 

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 

Utility array 

Diffusion coefficient (mi2/hr) 

Benthal demand (lb/mi3•hr) 

Average X-area (mi2) 

Time variable pollution discharge rate 

(lb/mi 3 •hr) 

Oxygen reaeration rate constant (hr-1) 



Variable 

=6 

=7 

=:8 

;:9 

=cclO 

"'11 

~:12 

=13 

=14 

=15 

=16 

=17 

=18 

=19 

=20 

=21 

=22 

=23 

=24 

=25 
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Definition 

Land runoff (lb/mi 3 •hr) 

Predation rate on algae (lb/mi 3•hr) 

Predation rate on protozoa (lb/mi 3·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 for protozoa (lb/mi3·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/mi3•hr) 

Recycle of organic phosphorus (lb/mi3•hr) 

Growth rate for algae (lb/mi3•hr) 

Growth rate for protozoa (lb/mi3•hr) 

Growth rate for zooplankton (lb/mi3•hr) 

Growth rate for higher predator 

(lb/mi 3 ·hr) 

Respiration rate for algae (lb/mi3•hr) 

Respiration rate for protozoa (lb/mi3•hr) 

Respiration rate for zooplankton 

(lb/mi 3 •hr) 



Variable 

=26 

=27 

=28 

=29 

=30 

=31 

=32 

=33 

=34 

=35 

==36 

=37 

=38 

K2 

K2X 

Kll 

K12 

K36 

43 

Definition 

Respiration rate for higher predator 
3 . 

(lb/mi •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/mi 3•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 

Constant in expression for oxygen 

reaeration coefficient (day-1) 

Organic carbon utilization rate 

coefficient (hr-1) 

Rate coefficient of the conversion of 

organic nitrogen to anunonia (hr-1) 

Rate coefficient for the utilization of 

ortho-phosphate (hr-1) 



Variable 

KM8 

KM9 

KMlO 

KMll 

KM12 

KP 

LIM 

LIS Tl 

LOG 

44 

Definition 

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 of half saturation 

concentration of substrate for zooplankton 

(lb/mi 3) 

Michaelis-Menten or half saturation 

concentration of substrate for higher 

predator (lb/mi3) 

Michaelis-Menten or half saturation 

concentration of substrate for bacteria 

(lb/mi 3) 

Logic variable to determine if punched 

output requested on final day of computer 

operation 

Number of days the model is run to reach 

steady state 

Name of the Namelist 

Logic variable determining regular output 

(=l) or a comparison with observed data 

(=O) 



Variable 

LOG UP 

MDAY 

NC 

NCOEF 

ND 

NDATA 

NHS EC 

NM 

=l 

=2 

.:3 

NN 

N02N03 

NP LOT 

45 

Definition 

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 or printed concen-

tration output 

Total number of data values used in 

verification 

Number of .01 seconds between printout 

Number of grid points 

Number of estuary sections 

Boundary condition of nitrite and nitrate 

(ppm) 

Logical variable to determine which type 

of axis is to be used for each day (O= 

axis determined by values of concentration 

for each day modeled, l=axis determined 

by the axis used on first day and then 
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Variable Definition 

used for successive days, 2=user to supply 

axis to be used for all days. 

NV(J) Array of the component used in verification 

NVIK Specifies which component is being compared 

with the observed data 

OSAT, 02SAT Saturation concentration of oxygen, as a 

function of temperature (lb/mi3 or ppm) 

PHASE Tidal phase 

POS Position at which observed data taken 

(mile) 

POSIT Position at which parameter or pollutant 

values are known (mile) 

PRDl(I) The predation rate supplied by the pro-

gram for the five biological components 

which are selected not to be in the 

model 

PRD2 (I) The predation rate supplied by the user 

for the five biological components which 

are selected not to be in the model 

PRED(J) Constant of linear temperature expression 

for the predation rate coefficient on: 

J=l Algae (l/°C•ppm•hr) 

=2 Protozoa (1/°C•ppm•hr) 

=3 Zooplankton (l/°C•ppm•hr) 



Variable 

PRED8 

PRED9 

PREDlO 

PREDll 

PRED12 

PRI 

PRIE 

Q 

R 

RELE 

=4 

=5 

RES(J) 

J=l 

47 

Definition 

Higher predator (l/°C•ppm•hr) 

Bacteria (l/°C•ppm•hr) 

Algae predation rate coefficient 

(lb/mi 3·hr)-1 

Protozoa predation rate coefficient 

(lb/mi3·hr)-1 

Zooplankton predation rate coefficient 

(lb/mi 3·hr)-1 

Higher predator predation rate coefficient 

(hr -i) 

Bacteria predation rate coefficient 

(lb/mi3•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 

(°C•hr)-l 
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Variable Definition 
, 

=2 Protozoa respiration rate coefficient 

=3 Zooplankton respiration rate coefficient 

=4 Higher predator respiration rate co-

efficient (°C•hr)-l 

=5 Bacteria respiration rate coefficient 

RESl(I) The respiration rate supplied by the pro-

gram for the five biological comp)nents 

which are selected not to be in the model 

RES2(I) The respiration rate supplied by the user 

for the five biological components which 

are selected not to be in the model 

RESP8 Respiration rate coefficient for algae 

RESP9 Respiration rate coefficient for protozoa 

(hr-I) 

RESPlO Respiration rate coefficient for ;-:oo-

RESPll Respiration rate coefficient for higher 

predator (hr-1) 

RESP12 Respiration rate coefficient for bacteria 



Variable 

RKMI 

RR 

s 

SCALF(I) 

SS 

STORE 

SUM 

SUN 

SUNMAX 

SUN SAT 

T 

TDATA 

TEMP 

TI 

TIDE 

TITLE(J) 

49 

Definition 

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/mi3; 

lppm=9.19xl06 lb/mi3 

The scale factor which the user supplies 

to build the axis which the components 

are to be plotted on for all days modeled 

(in units per inch) 

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 

Optimum sunlight intensity 

Real time of model operation (hr) 

Time at which actual data was taken 

Water temperature (°C) 

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 



Variable 

TIMON, TIMECK 

TIC 

TM 

TMAX 

TMIN 

TON 

TOC 

TP04 

TPR 

TQQ 

UA(J) 

UABS 

UPDATE 

Vl 

50 

Definition 

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 use 

Boundary condition for organic nitrogen 

(ppm) 

Boundary condition for organic carbon 

(ppm) 

Boundary condition for ortho-phosphate 

(ppm) 

Hour of day requiring output 

Measure of error in integration through 

time 

Array of volumetric flow rates at the 

grid points (mi3/hr) 

Absolute value of fluid velocity (ft/sec) 

Subroutine to update parameters 

The percentage of organic concentration 

used per hour supplied by the program 

when organic carbon is not in the model 



Variable 

V2 

VAL(J) 

VALUE 

VELOC 

VO LUM 

WF 

WORK,WORK1,WORK2 

WT 

XI 

XK2 

Xll 

X36 

51 

Definition 

The percentage of organic concentration 

used per hour supplied by the user when 

organic carbon is not in the model 

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-1) 

Utility matrices used in integration, 

interpolation and reading in initial 

values 

=ZIT, required for tidal and temperature 

expressions 

Upstream boundary (miles) 

Variable to allocate user expression for 

oxygen reaeration (day-1) 

Organic carbon utilization rate coefficient 

at 20°C/day 

Ortho-phosphate utilization rate co-

efficient at 20°C/day 



Variable 

XO 

XMIN(I) 

XPOS(I) 

XP2 

XQ 

XQCOEF(I) 

XSEC 

xxx 

XY 

yyy 

Z(I) 

52 

Definition 

Downstream boundary (miles) 

.M. . 1 h h .th i 1nl.lllum va ue t at t e 1 component s 

expected to reach 

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 inten'3ity 

Concentration of the growth limiting 

substrate in t.le Michaelis-Menten 

expression 

Constant in the time step determination 

expression 

Array to specify at which grid points the 

volumetric flew rate will increase 
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c 
c 

SOLUTION PROGRAM FOR GENERAL DETERMINISTIC MODEL. 

REAL K,Kll,Kl4,K22,K27,K36,KMB,KM9,KMLO,KMll,KM12,Kl2,K2X 
CCMMUN /BO/C(l2t2t200,,0CDT(l2,5,200 ),K(38,200l,WORK(200), 

*WORK1(200),WORK2(200),0CDXtl2,200),EA(200 ),UA(200J,XPOS{200), 
*D £ v' r-rn' D ADT ( 200) 'A ( 2 00) 'WT' NM' NN, OT' ox ,nz st I At TPR 'LOGUP' I NLOG 
•,ABSE,RELE,TEMP,TIDE,T,SUN,Q,02SAT,CSAT,IOAY,JOAY,TDATA,Kll, 
*Kl4,K27,K36,GR08,GR09,GR010,IC,F,G?Oll,XO,K2X,FRA(6),0IE(5), 
*RFSPll,GR012,IPRI,CL,PREDR,PRED9,PREDlO,PREOlltWF,RR/Bl/CK3/ 
*B2/KMB,KM9,KMlO,KMll/B3/C28,C29,C210,C211/B4/C58,C59,C5lO, 
*C5ll/B5/C68,C69,C6lO,C6ll/86/C8,C9tC10,Cll,Cl2tKM12,S/B7/C212, 
*C512,C612/RB/RESPB,RESP9,RESP10,RESP11/B9/Fl,F3,F5,F6,FAZ, 
*IZDAY,PQS,CONCl12,10),NV(6},yAL(6),TITLE(l0),IPDAY,LOG,OSAT,Dl, 
*PRI,D02t003,0015,BC(5),PRE0(5},GR0(5),RESi5),8A,XlltX14,X36, 
*SUNSAT/BlO/TMIN,ILIST,PRIE,XI,BCN,SUM,SS,NDATA,YYY,EADJ, 
*XAREA(l2,200),Kl2,AVE,02,TI,TM,MDAY,TMAX/Bll/KP,K2,AO,Al,A2, 
>:< A 3 , l.\ 4 , GO , G l , G 2 , X K2 / B 12 I X QC 0 E F ( 10 ) , Z ( 10 ), NC 0 E F, I WK 21 B 13 /I Pl 0 T , NP L , 
*INOEX{l2) ,DEF1(12J,OEF2(12) 
*/Bl4/IDEF,PR01(12),PR02(12),GROW1{12),GROW2fl2),RES1(12), 
*RFSZ ( 12) ,oE.~THl( 12 ),OfATH2 {12) ,v1,v2,En, 82 
*,NPLOT,NNN,XMIN(l2l,SCALF(l2),INRUN,KOUNT,LIM,IND,OLT(l2) 
*,CC OE F <12), I CON 

* 
* 

C******************************************************************************* 
c * 

c 
c 
c 
c 
c 

L IM=3 0 
K ChJNT=O 

THE INFORMATION IN THIS MAIN PROGRAM SEGMENT IS TO 8E 
SUPPLIEO BY THE USER 

IC= 12 
OETfRMlNING APPROPRJATF EQUATION FOR PEAERATION 

* * * 
* 
* 

VI 
.i::--



c 
c 
c 
c 
c 
c 
c ,.. 
~.J 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
( 

c 
c 
c 
c 
c 
c 
c. 

c 
c: 
c 

K2 = OXYGEN REAERATION RATE 
U = TIDAL VELOCITY (FPS) 
H = DEPTH (FT) 
D = DIFFUSIVITY OF OXYGEN IN WATER 

FOR DEPTHS OF 1 FT-30 FT AND VEL OF .5-1.6 FPS 
PUT K2 = 1 TO USE THf FOLLOWING EQUATION: 
K2 = 12.9*SORT U/H**l.5 

FOR DEPTHS OF 2 FT-11 FT AND VEL OF 1.8-5.0 FPS 
PUT K2 = 2 TO USE CHURCHILL'S EQUATION: 
K2 = ll.6*UIH**l.67 

FOR DEPTHS Of 4 FT-11 FT AND VEL OF .1-s.o FPS 
PUT K2 = 3 TO USE OWENS EQUATION: 
K2 = 2l.6*U**0.67/H**l.85 

FOR AN ESTUARY WHICH DOES NOT FALL INTO ANY OF 
THE 3 CATEGORIES ABOVE. 
PUT K2 = 4 TO USE O•CCNNOR•S EQUATION INVOLVING 
THE DIFFUSIVITY CO~STANT D: ( D=.000081 FT**2/HR ) 
K2 = CD*Ul**•5/H**l.5 

TO USE OWN EXPRESSICN FOR REAERATtON, 
PUT K2 = 0 

K 2 = 1 
XK2 : 0 

PUT XK2 = EXPRESSION OR NUMERICAL VALUE 

* 
* * * 
* * 
* * * * * 
* 
* * \JI 

\JI 

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

* 



READ(5,555)NN,XI,XO,TI,IOAY,TM,MOAY,PRl,INO,TIDE,FAZ,TMAX 
*,KP,IWK2 

555 FO~MAT(l3,2Fl0.4,F5.3,I3,F5.3,J3,FS.3,I3,3Fl0.5,2lll 

KK=NN+l 
READ{5,l) tINOEX{I),I=l,ICJ,JDEF,NPLOT,INRUN ,ICON 

l FORMAT(lbll) 
IF(INRUN.EQ.l} GO TO 1000 
IF( IOEF.EQ. l) GO TO 100 
003 I=l,IC 
IF(INDEX(H.EQ.2) REAO(S,33) 0Ef2(1) 

33 FORMATt12F6.4) 
IFCINDEX(l).EQ.l} GO TO 5 
IF{INDEX(U.EQ.2) GO TO 6 
GO TO 3 

5 DO B IK=l,KK 
DO 8 KJ= 1,2 

8 CtI,KJ,IK)=DEFl(l)*S 
GO TO 3 

6 DO 10 IK=l,KK 
on 10 KJ=l,2 

lJ C(I,K.J,,IKl=DEF2{Il*S 
3 CONT I NUE 

GO TD llO 
100 00 121 1=8,IC 

121 JF(INOEX(I).EQ.2) REA0(5,lll~ PR02(J),GROW2(l),OEATH2(I),RES2(1} 
111 FORMAT{4Fl2.5) 

IFtINDEX(U.EQ.2) REAO(S,111) V2 
IF<INDEX(3).EQ.2} REA0(5,llU B2 
GO TO llO 

lOOJ CONTINUE 
KP=l 
MD AY=i"lDAY+L I M+l 

IJ1 

°' 



00 1001 l=l,IC 
00 1001 JA=l,KK 
00 1001 JN=l,2 

1001 CCI,JN,JA)=O 
(******************************************************************************* 
110 CONTINUE 

or 999 JJJ=l,IC 
IF(INDEX(JJJJ.GT.0) GO TO 999 
IF(NPLOT.E0.2IREA0(5,lll) X~IN(JJJ),SCALF(JJJ) 

999 CONTINUE 
~n 990 I=l,IC 
IF(INDEX(I}.GT.0) GO TO 990 
IF CICON.EQ.l) READ(5,8B8) OLT(IJ,CCOEF(l) 

889 FORMAT(2F6.4) 
990 CCNTINUE 

N~N=O 

NPL=O 
CALL SCHOFI 
IF CNPL .GT. 0) CALL PLOT(0.,0.,-4) 
STOP 
END 

Ln 
....... 



C THE ORIGINAL MAIN PROGRAM 
c 

SUBROUTINE SCHOFI 
RFAL K,Kll,Kl41K221K27,K36,KM8,KM9,KMlO,KMll,KM121Kl2,K2X 
COMMON /BO/C(l2,2,200),0CDT(12,5,200 ),K(38,200),WORK(200), 

*WORK1l200),WORK2(200),0COX(12,200),EA(200 ),UA(200),XPOS(200), 
*DEV,ND,OAOT(200),A(200),WT,NM,NN,OT,ox,ozs,IA,TPR,LOGUP,INLOG 
•,ABSE,RELE,TEMP,TIOE,T,SUN,Q,02SAT,CSAT,IDAY,JOAY,TOATA,Kll, 
*Kl4,K27,K36,GR06,GR09,GR010,IC,E,GR011,XO,K2X,FRA(6),0IE(5), 
*RESP12,GROl2,IPRI,CL,PRED8,PRE09,PREOlO,PREDll,WF,RR/Bl/CK3/ 
*B2/KM8,KM9,KM10,KM11/B3/C28,C29,C210,C2ll/84/C58,C59,C510t 
*C511/B5/C68,C69,C610,C611/B6/CS,C9,Cl01Cll1Cl21KMl2,S/B7/CZ12, 
*C512,C612/B8/RESP8,RESP9,RESP10,RESP11/B9/fl,F3,f5,f6,FAZ, 
*IZOAY,POS,CONCC12,10),NV(6),VAL(6),TITLE(l0),IPOAY,LOG10SAT1Dl, 
*PPI,002,003,0015,BC(5J,PRED{5),GR0(5),RESC5),BA,Xll,Xl4tX36, 
*SUNSAT/BlO/TMIN,ILIST,PRIE,Xl,BCN,SUM,SS,NOATA,YYY,EAOJ, 
*XAREA(l2,200),Kl2,AVE,02,TI,TM,MOAY,TMAX/Bll/KP,K2,AO,Al,A2, 
*A3,A4,GO,Gl,G2,XK2/Bl2/XQCOEF(l0),Z(l0),NCOEF,IWK2/B13/IPL0Tt~Pl, 

*INDEX(l2),0EF1(12),0EF2Cl2) 
*/814/IDEF,PR01(12),PR02(12) 1 GROW1(12),GROW2(12),RESlfl2) 1 

*RES2ll2),0EATH1(12),0EATH2Cl2)1Vl,V2,BltB2 
*,NPLOT,NNN,XMINl12J,SCALF(l2),INRUN,KOUNT,LIM,IND,OLTll2) 
*,CCOEF(l2),ICON 

C******************************************************************************* 
c 
c 
c 
c 
c 
c 

NAMELIST OPTION TO MODIFY DEFAULT VALUES OR TO UPDATE 
PARAMETERS INCLUDED IN LIST. 

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

ACC * 
* * * 

(******************************************************************************* 
NAMELIST /LIST1/ABSE,RELE,BC,PREO,GRO,RES,BA,Xll,Xl41 X36,FRA,DIE, 

V1 
00 



lDT,Fl,F3,F5,F6,PRIE,KM8,KM9,KMlO,KMll,KM12,CL,BCN,IPRI,YYY,AVE,DEV 
2,K2X,Ol,D2,CK3 

CALL ERRSET (207,260,-l,1,o,20e) 
READ(9,LISTI,END=l005) 
WRITE(6,LISTU 

C SUBROUTINES TIMON AND TIMECK ARE SUPPLIED ON THE SYSTEM USED * 
C FOR THIS WORK.THEY MOST BE DUMMIED OUT IF NOT AVAILABLE.* 

C All T !MON 
C READING NAMES FOR THE TWELVE POLLUTION COMPONENTS * 

REA0(5,556)AO,Al,A2,A3,A4 
556 FORMAT(5Fl2.10) 

Rf.AD(5,557)GO,Gl,G2 
557 FORMAT{3Fl2.10) 

REA0(5,558):'JCOEF 
553 FOR'J!Af({2) 

DO 339 KM=l,10 
331 RFAD(5,559)Z(KM),XQCQEF(KM) 
559 FO~MAf(2flJ.6) 

lOJ5 no to 1=1,12 
10 READ(5,l7,END=999) (CONC(l,J),J=l,10) 
l 7 FORMAT( l OA4) 

PRI= 12.425/PR I 
IZDAY=IDAY 
T=TI 
TPR=TI 
IPDAY=IDAY 
QX=(XO-XI~/NN 

NM=f\JN+ l 
WRITE(6,lR)NM,XI,XO,TI1IDAY,TM,MDAY,PRI,INO,TlDE,FAZ 

18 FORMAT('l',19X,'NO OF GRID POINTS',14X,J5/ 2ox,•uPSTREAM 
1BOU~OARY,MILES 1 ,1ox,FS.l/ 2ox, 1 DOWNSTREAM BOUNOARY',14X, 
2F5.l/ 20X,'INITIAL TIME Of DAY',14X,F5.l/ 

V1 
\,() 



320X, 1 1NITIAL DAY OF YEAR',12X,I5/20X, 1 FINAL TIME OF OAY 1 ,16X,F5.l/ 
42 OX, 1 FINAL DAY 1 , 22X, I 5/20X,' PR I NT INTEfWAL ,HOURS', 14X, F5 .2/ 
520X,•NO OF SIMU DIFF EQUATIONS 1 ,6X,15/ 20X, 1 TIME OF HIGH 
6TIDE ON FIRST DAY 1 ,4X,F5.2/20X, 1 MOON PHASE AT BEGINNING1 ,llX,F5.2) 

C******************************************************************************* 
C FORMING POSITION VECTOR (XPOS), MAXIMUM TIDAL VELOCITY VECTOR * 
C CK(37,•)), AND TIDAL PHASE LAG VECTOR (K(38,*)) * 

DO 4 J=l ,NM 
XPOS(J)=XI+FLOAT(J-ll*DX 
XP2:XPOS(J)*XPOS(J) 

c 
K(37,J) = AO+Al*XPOSCJ )+A2*XP2+A3*XP2*XPOS(J)+A4*XP2*XP2 

c 
K(38,J) = GO+Gl*XPOS(J)+G2*XP2 

c 
C******************************************************************************* 

4 CONTINUE 
C READING CONDITIONS ANO SOME PARAMETER VALUES A HEADER * 
C CARD MUST BE READ BEFORE EACH NEW SET OF DATA.THE HEAD CARO * 
C CONTAIN VALUES FOR IPT,NC,ITYPE,ANO TITLE.IPT INDICATES THE * 
C FORM OF THE DATA,NC WHICH PARAMETER OR POLLUTANT WILL BE OES * 
C CRIBED ANO ITYPE INDICATES IF IT IS A PARAMETER OR A POLLUT. * 
C IPT=; l MEANS STP DISCHARGE, 2 MEANS DISCRETE CONSTANTS,>2 CONT.* 
C INUOUS DATA. * 
C NC= ; I MEANS THE ITH PARAMETER OR POLL UT ANT IS BEING DEF INEO * 
C ITYPE= ; l MEANS PARAMETER, 2 MEANS POLLUTANT ,ANO 0 MEANS INPUT * 
C COMPLETED. * 

l READC5,6,EN0=999J IPT,NC,ITYPE,TITLE 
6 FORMAT(315,5X,10A4) 

IF(lTYPE.LT.l) GO TO 1 
C All STORE (I PT ,,XI, OX, NM ,WORK ,WORKl ,WORK2, XPOS, CL, K) 
GO T0(8,9),ITYPE 

Q\ 
0 



c 
c 
r 
L 

c 
c 
c 

c 
c 
r 
'-' 

a on 12 J=l,N"1 
12 K{NC,J)=WORK(Jl 

9 I F ( IP T. LE. 2 ) WR I TE ( 6, 3) TI Tl E , (WORK ( J) , J = l , NM) 
3 FORMAT(/// 20X,10A4 //(' 1 ,lOF12.2)J 

lOQ2 FOR1'1Af(///2QX,10A4//(' 1 ,10Fl2.4)) 

13 

1 
l l 

l 1,.. 

IF( IPT.GT.2) WRITE(6,1J02) TITLE,(WO~K(J),J=l,NtiO 

IF(ITYPE.EQ.l) GO TO 1 
on 13 J=l,NM 
CCNC,l,JJ=WORK{J)*S 
Gr; TO 1 

CARDS READ ON UNIT 8 SERVE ONLY MODEL VERIFICATION 
PURPOSES 

RFADING FI~ST OBSERVED DATA CARD. 

READ(8,ll,END=999) JDAY,TDATA,POS,(NV(J) 1 VAL(J),J=l,6) 
F0RMAT(15,F5.0,F5.2,5X,6{I2,F8.3}) 

* * * 
* 
* * 

READING CONDITIONS FOR FIRST DAY lf(IPRl.EQ.1) PUNCHED CARD OUT * 
PUT IS REQUESTEO.IFCILIST.NE.O) PARAMETFR UPDATE JS REQUESTED* 
THROUGH NAMELIST OPTION. * 

REA0{5,14,ENO=q99) TEMP,Q,SUN,IPRI,ILIST,IPLOT 
FOR~AT(3fl0.4,20Xr315) 
CALL AREA(IOAY,IZDAY,T,TIDE,FAZ,NM,XAREA,K,WT,A) 
DSAT=(l~.652-0.4l02*TE~P+0.00799*TEMP*TEMP-0.77774*TEMP*TEMP/10000 

•• O*TEMPl*S 
CALL UPDATE 
CALL FUNCT(l) 
GO TO 39 

C MAIN PROGRA~ LOOP. * 36 Dn2=0T/2.Q 
DD3=0T/3.0 

"' ....... 



0015=0T/l 5. 0 
C CHECKING FOR FINISHING TIME. 

IF(lNRUN.EQ.l.ANO.KOUNT.GT.LIM) GO TO 1000 
IF(T.GE.TM.ANO.IDAY.GT.MDAY) GO TO 1000 

C CHECKING FOR MACHINE TIME ALLOCATION. 
lf(TMIN.GT.TMAX) GO TO 1000 

C CALLING INTEGRATION SUBROUTINE. 
CALL RKMI(IER) 

C ADJUSTING TIME STEPCDT). 
D T=D T*YYY** I ER 

C CHECKING FOR ACCURACY. 
40 IF(lER.LT.3) GO TO 41 
42 T=T-DZS 

CALL UPDATE 
CALL FUNCT(l) 
GO TO 36 

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

If(DT.GT.1.4) DT=l.4 
IA=3-IA 

39 DZS=DT 
CALL OUTPUT 
DT=DZS 

C CHECKING FOR NAMELIST OPTION FOR PARAMETER UPDATE 
IF(ILIST.EQ.O) GO TO 36 
REA0(9,LIST1) 
WR ·1 TE ( 6, L I ST 1) 
llIST=O 
GO TO 36 

C CHECKING FOR PUNCHED OUTPUT Of FINAL CONDITIONS 
1000 IF(KP.EQ.O) GO TO 994 

DO <398 I=l, IC 

* 

* 

* 
* 

* 

* 

* 

* 

°' N 



996 

998 
{'FH 
994 
995 

999 

IF ( lNDEX(IJ.GE.l) GO TO 998 
DO 996 J=l,NM 
C(I, IA,J)=C(I,IA,J)/S 
WRITE(7,997) NM,!,(CONC(l,J),J=l,10),(C(I,IA,JJ,XPOS(J),J=l,NM) 
crNTINUE 
FORMAT(215,' 2 1 ,5X,LOA4/(8fl0.4l) 
WRITE(6,995) SUM,SS,NOATA,JDAY,T 
FnRMATC'l 1 ///' SUM OF ERRORS=',Fl0.2,• SUMSQ ERRORS= 1 ,Fl0.2,• 

• NO OF OATA VALUES= 1 ,I5////// 1 OAY=',IS, 1 TIME= 1 ,F7.3) 
RETURN 
E~~I) 

suqqouTINE STORE(IPT,XI,OX,NM,WORK,WORK1,WORK2,XPOS,CL,R) 

°' w 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE TO READ AND STORE INITIAL INPUT OATA FOR CONCENTR- * 
ATIONS AND PARAMETERS. * 

INPUT FORMAT IF IPT= * 
l OATA IS IN THE FORM DISCHARGE RATE(IN LBS/DAYlANO LOCATION OF * 

DISCHARGE(IN MILES) WITH A (2E20.5) FORMAT.MORE THAN ONE STP * 
CAN RE CONSIDERED.THE STP DATA INPUT TERMINATES WHEN A NEGAT.* 
POSITION IS READ. * 

2 Dti.TA IS TN FORM OF VALUE-POSITION.THE PARAMETER OR POLLUTANT IS* 
GIVEN THE READ VALUE FOR ALL LOCATIONS BETWEEN THE PREVIOUS * 
POSITION( IF ANY OR XI) ANO THE PRESENT POSITION.THIS TERMIN- * 
ATES WHEN A ZERO OR NEGATIVE POSITION IS READ.FORMAT(2E20.5).* 

72 UATA IS IN THE FORM OF VALUE AND POSITION PAIRS WITH THE NO. OF* 
PAIRS EQUAL TO !PT.THE DATA IS TREATED AS VALUES FROM A CONT-• 
INUDUS FUNCTION AND VALUES ARE INTERPOLATED FOR LOCATIONS * 
BETWEEN THE POSITIONS GIVEN. * 

WORKl ANO WDRK2 ARE DIMENSIONED THE GREATER OF lPT OR NM 
OI~ENSION WORK(NMJ,WORK1(80) ,WORK2(80) ,XPOS(NM),R(38,NM) 
IPT=l FOR FF,IPT=2 FOR DISCRETE CONSTANTS,AND IPT>2 FOR INTERPOLING. 
IF{!PT.GT.2J GO TO 3 
IF(IPT.EQ.2) GO TO 2 
DO 9 J=l, NM 

9 WORK(J)=O.O 
4 RFAD(5,l,EN0=999) VALUE,POSIT 
l FORMi\T(2E20.5) 

IF(POSIT.LT.XIl GO TO 9q9 
IK=IFIX((POSIT-Xll/DX+l.5} 
IF{IK.EQ.U IK=2 
If( IK.GE.NM) IK=NM-1 
WORK(IK)=WORK(JK)+VALUE*Cl/(DX*24.0*Rt3,IK)) 
GO TO 4 

? I K=O 
6 READ(5,l ,END=999) VALUF,POSIT 

"' ~ 



IF<POSIT.LE.XI) GO TO 999 
II=IK+l 
IK=IFlX( (POSIT -XJ)/DX+l.SJ 
IF(IK.GT.NM) IK=NM 
DC5 I=Il,IK 

5 WllRK(l)=VALUE 
Gfl TO 6 

3 READ(5,7,EN0=999) (WORK1(J),WORK2(J),J=l,IPT) 
7 FQRMAT(8Fl0.6t 

on 8 I=l,NM 
X=XPOS{I) 
CALL INTP(3, IPT ,WORK2 ,woRKl,X, Y,O.OOl,"4M) 

8 ~.JflRK (I) =Y 
999 RF.TURN 

END 
°' \J1 



SUBROUTINE OUTPUT 
C SURROUTINE TO PROVIDE SPECIFIED OUTPUT,MAKE COMPAIRISON WITH ACT-* 
C UAL DATA,KEEP TRACK OF TIME AN11 DAY OF SOLUTION,ETC.LOG IS A* 
C LOGIC VARIABLE WHICH INDICATES WHETHER STANDARD PRINTED OUT- * 
C PUT OR A C0MPARISON TO ACTUAL DATA WILL BE REQUiqEO AT THE * 
C NEXT OUTPUT TIMf. * 

RFAL K,Kll,Kl4,K22,K27,K36,KM8,KMlO,K~ll,KM12,Kl2tK2X,MU,KM9 1 LCL 
Dl~ENSIDN HOLD(l&),RLIT(l5},H0l02(16),HOLD3{16J,STRING(60) 
CCMMON /BO/C(l2,2,200),0COT(l2,5,200 ),K(38,200),WORK(200), 

*WORK1(200),WORK2(200),0(0X(12,200),EA{200 t,UA(200),XPOSl200), 
*O EV t ND, OAOT{ 200), A ( 2 00), WT, NM,NN, OT, DX ,DZS, I A .,TPR,LOGUP, INLOG 
~,ABSE,RELE,TFMP,TIOE,T,SUN,Q,02SAT,CSAT, IOAY,JDAV,TOATAtKll, 
*Kl4,K27,K36,GR08,GR09,GROlO,IC,E,GROll,XO,K2X,FRA(6),0IE(5), 
*RF5Pl2,GR012,IPRI,CL,PRE08,PRED9,PREDlO,PREOll,WF,RR/Bl/CK3/ 
*B2/KM3,KM9,KM10,KMll/B3/C28,C29,C210,C211/~4/C53,C59,C5lO, 

*C511/85/C6B,C69,C61D,C6ll/9b/C8,C9,Cl0,Cll,Cl2,KM12,S/B7/C212, 
*C~12,C612/B3/RESP8,RESP9,RESP10,RESP11/B9/Fl,f3,F5,f6,FAZ., 

*IZOAY,POS,CONC(l2,10),NV(6J,VAl(6),TITLF(l0).,IPDAY,LOG,OSAT,Dl, 
*PRI,002,D03,0015,BC(5),PRE0(5),GR0(5),RES(5J,RA,Xll.,Xl47 X36, 
•SUNSAT/BlO/TMIN,ILIST,PRIE,XI,BCN,SUM,SS,NDATA,YYY,EADJ., 
*XAREA(l2,200),Kl2,AVE,o2,r1,TM,MOAY,TMAX/Bll/KP,K2tAO,Al,A2, 
*A3,~4,GO,Gl,G2,XK2/Bl2/XQCOEF(lO),Z{lOJ,NCOEF,IWK2/Bl3/IPLOT,NPL, 
•INOEXC12).,0Efl(l2l,OEF2(12) 
*/Rl4/IDEF,PR01{12),PRD2(12),GROW1{12),GROW2{12),RES1(12), 
*RFS2(12),DEATH1(12),0EATH2(12),Vl,V2,Bl,B2 
*,NPLOT,NNN,XMINC12J,SCALF(l2),INRUN,KOUNT,LIM,INO,OLT(l2) 
*,CCOEF(l2), fCON 

DATA RLIT(ll)/ 1 CON'/, RLITC12}/'CENT 1 /, RLIT(l3)/ 1 RATl 1 /, 

*RLIT{l4)/ 1 0N-P•/, RLIT(l5)/ 1 PM 1 / 

C LGG=l MEANS REG.OUTPUT ;LOG=O MEANS A COMPARISON WITH ACTUAL DATA. 
14 I~(ABS(TPR-f).LT.PRIE.ANO.IPOAY.EQ.IOAY) GO TO 21 
22 IF(T+JZS.LT.TPR.OR.IDAY.LT.IPOAY) GO TO 999 

°' °' 



23 OT=TPR-T 
003=DT/3. 
D02=DT/2. 
D015=DT/15. 
CALL RKMICIER) 
I A=3-IA 

21 IF(LOG.EQ.l) GO TO l 
C COMPARISON TO ACTUAL DATA WILL BE MAOE ANO THE DIFFERENCE PUNCHED* 
C FOR DETAILED ANALYSIS * 

I K= l 
2 IF (INOEX(l).GE.lJ GO TO 101 

IF(NV{IK).EQ. o.oR.IK.GT.6) GO TO 3 
NVIK=NV( IK) 
00 4 J=l,NM 
WORK(J)=C(NVIK,JA,J) 

4 WORK2lJ)=K(31,J) 
CALL INTP(5,NM,XPOS,WORK,POS,FXX,O.OOltNM) 
DIFF=VALCIK}-FXX/S 
SUM=SUM+DIFF 
SS=SS+DIFF*fllFF 
NOATA=NDATA+l 
CALL INTP(5,NM,XPOS,WORK2,POS,PHASE,0.001 1 NM) 
I POS= I FIX ( C POS-X I )/OX+l .499) 
VELO=UA(IPOS)/A(IPOS) 
WRITE(7,5) NVCIK),OIFF,T,IOAY,PHASE,SUN,VAL(IK),VELO,POS 

5 FORMATCI5,2Fl0.4,f5,5F10.4) 
101 IK=IK+l 

GO TO 2 
3 RFA0(8,9,END=50) JOAY,TDATA,POS,(NVIJ),VAL(J),J=l,6) 
9 FORMAT(J5,F5.0,F5.2,5X,6(12,F8.2)) 

IF(POS.GT.XO.OR.POS.LT.XI) GO TO 3 
GO TO 10 

°' ....... 



50 J O.hY= lOJOO 
GO TO 10 

C STANOARJ PRINTED OUTPUT .SEE OUTPUT LISTING FOLLOWING THIS PRO- * 
C GRAM LISTING FOR DETAILS. * 

1 CALL TIMECK{NHSECt 
XSEC=FLOAT(NHSECl/lOO.O/PRI*24.0 
TMIN=TMIN+FLOATCNHSEC)/6000.0 
IF(INRUN.EQ.1.AND.KOUNT.LT.LIM) GO TO 900 
WRITE(6,7) IOAY,T,OZS,XSEC,TMIN,tXPOS{J),J=l,NM,NO) 

7 FORMATt 1 l'///LOX,•DAY= 1 ,I5,• TIME=',F5.2,' DELTA f=',F5.2,' 
.~/\CHINE TIME=',fl0.3,' SEC/REAL TIME DAY MACHINE MIN USED=', 
*F9.2//23X, 1 POSITION,MILES 1 /l' ',l6f8.3)) 

WRITE(6,ll) (K(3l,J),J=l,NM,NDJ 
11 FORMAT{/23X, 1 TIDAL PHASE'/(' ',16F8.3)) 

C PUNCHED OUTPUT OPTION CIPRl=l}. * 
JF(IPRI.EQ.l) WRITf{7,16) I0AY,T 

16 FORMAT( 1 $$$$SS********$$$$$S',I5,Fl0.4) 
on 6 I=l,IC 
IF CINDEX(l).GE.l) GO TO 6 
00 13 J=l,NM 

1 3 C ( I , I A , J ) =C ( I , I A , J ) I S 
WRITE(6,8) (CONCtI,JJ,J=l,10),(C(J,IA,J),J=l,NM,NDl 
JF(JPRI.EQ.l) WRITF(7,l5) NM,l,(CONC(l,J},J=l,10),(C(I,IA,J), 

t;:XPOS(J),J=l,NM) 
DD 6 J=l ,NM 
C(I, IA,J)=C( I, IA,J)*S 

6 CONTINUE 
IFCICON.EQ.l) GO TO 700 
IF ({PLJT .EQ. 0) GO TO 38 
KK=O 
NPL=NPL+l 
SCALX=X0/16. 

°' (X) 



DO 33 I=l,IC 
[F(INOEXtIJ.GT.O) GO TO 33 
KK=KK+l 
L=O 
on 34 J=l,NM,NO 
L=L+l 

34 HCLD(L)=CCI,IA,J)/S 
IF(NPL .EQ. l .AND.KK .EQ. l) GO TO 36 
CALL PLOT(ll.,0.,-3) 
GO TO 35 

36 CALL PLDT(3.,2.,-3) 
35 00 37 J=l,10 
37 RLIT(J)=CO~~cc I,J) 

IF(NPLOT.EQ.i.AND.NNN.GE.l) GO TO 100 
IF{NPLOT.EQ.2)GO TO 100 
CALL SCALE(HOLD,16,8.,XMIN(l),SCALF{It,ll 
XMINlll=XMINtil-.Z*XMIN(IJ 
SCALf(l)=SCALF(IJ+.2•SCAlf(I) 

100 CALL BILDAX(0.,0.,0.,0.,1,scALX,8., 1 POSITION-MILES •,4, .• s,1,0} 
CALL 1ILDAX{O.,o.,o.,xMIN{T),3,sCALF(Il/2.,e.,RLIT,15,.5,l,l) 
L=O 
DO 33 J=l,f\JM,NO 
RMILE=XPOS{J)*(B./XOt 
L=t+l 
IFlNPLOT.EQ.2) HOLD(l)={HOLO(l)/SCALF(J))-(XMJNtl)/SCALF(l)) 
CA.LL PLOT(RMILE,HOU)(t ),2) 

33 CONTINUF 
GO TO 200 

700 NPL==NPL+l 
KK==O 
SCAL X-=XO / l 6 
DO 200 I=l, IC 

°' \0 



210 

'300 
310 

320 

400 

500 

510 

117 

If(INOEX(I).GT.O) GO TO 200 
KK=KK+l 
l=O 
DO 210 J=l,NM,ND 
l=L+l 
HOLD(L)=C(I,IA,J)/S 
IFCNPL.EQ.l.ANO.KK.EQ.l) GO TO 300 
CALL Pl0T(12.,0.,-3) 
GO TO 310 
CALL PLOTCJ.,2.,-3) 
00 320 J=l,10 
RLIT(J)=CONC(l,J) 
LK=O 
DO 400 NI=l,NM,NO 
LK=LK+l 
MU=C (I ,I A,N I) /S 
ALPHA=MU/OL TC I) 
CALL CONFCALPHA,OLTCIJ,CCOEF(IJ,UCL,LCL,MU,GAMAIN,IFLAGl 
HOL02(LK)=UCL 
H OLD3 ( LK) =LCL 
CONTINUE 
KL=NM/ND 
00 500 LJ=l,Kl 
STRING{LJ)=HOL02(LJ) 
KKL=KL 
DC 510 NK=l,KKl 
STRING(Kl+NKJ=HOLD3(NK) 
NKK=Kl 
NNK=KL+KKL 
D 0 111 Jl=l, NKK 
STRING(NNK+JL)=HOLO(Jl) 
MJ=NNK+KL 

...... 
0 



CALL SCALE( STRING,M.J,A. ,XMHHl ),SCALF( I) .,1) 
CALL BILDAX(0.,0.,0 • .,0.,1,scALX,8.,' POSITION-MILES •,4,.5,1,0} 
CALL BILDAX(O.,o.,o.,xMIN( IJ,3,SCALF(l)/2.,8.,RLIT,15,.5.,t.,l) 
00 333 LJ=l,Kl 

333 HCLD2(LJJ=STRING(LJ} 
DO 444 NK=l, KKL 

444 HOL03tNK)=SfRING(Kl+NK) 
D n 5 5 5 .J l = 1 , NK K 

555 HOLO(JL)=STRING(NNK+JL) 
L=O 
on 600 JJ=l,NM,NO 
RMILE=XPOS(JJ)*(8./XO) 
L=l+l 

60J CALL PLOT(RMILE,HOLO(L},2) 
L=O 
00 610 JJ=l,NM,ND 
l=L+ l 
RMILE=XPOS{JJ)*(8./XO) 
lF{JJ.EQ.l) GO TO 620 

630 CALL PL!JT(RMILE,HOLD2(L),Zl 
GO TO 610 

620 CALL PLOT(R~IlErHOLD2(l),3) 

610 CONTINUE 
L=O 
DO 710 JJ=l,NM,ND 
L=L+l 
RMILE=XPOS(JJ)*(8./XO) 
TF(JJ.EQ.l) GO TO 720 

730 C/\Ll PLOT{RMILE,HOL03(L),2) 
Gn TO 710 

721 CALL PLOTlR''4ILE,HOtD3(L),3) 
710 CONTINUi= 

...... 

...... 



200 

38 
8 

Pi 

CONTINUE 
NNN=NNN+l 
[PRI=O 
FORMAT(// 2JX,lOA4/ (' 1 ,16F8.3)) 
FORMAT(ZJ5, 1 2',5X,10A4/(8fl0.4)) 
WRITE(6,17J Q,TEMP,SUN 

17 FORMAT{ 1 0Q= 1 ,Fl0.2,' TEMP=',fl0.2,• SUN LIGdT INTENS=•,ft0.2) 
900 CONTINUE 

CALL TIMON 
10 IIl=IFIXltT+PRl)/24.0) 

TPR=T+P~I-24.0*FLOAT(lll) 

IPDAY=IOAY+III 
LOG=l 

(******************************************************************************* c 
c 
c 
[ 

THE FOLLOWING CARDS MAY BE OMITTED IF MODEL VERIFICATION * 
IS NOT INTENOED. * 

IF(JDAY.GE.IPDAY.AND.TOATA.GE.TPR) GO TO 999 
lf(JDAY.GT.IPDAY.ANO.TDATA.LT.TPR) GO TO 99q 
TPR=TDATA 
IPDAY=JOAY 
LOG=O 
GO TO 14 

c 
(******************************************************************************* 

999 IF(T.LT.24.0) GO TO 1000 
IF{INRUN.EQ.l) GO TO 901 
IF<IDAY.EQ.MOAY)GO TO 51 
REA0(5,12,EN0=5l) TEMP,Q,SUN,IPRI,ILIST,IPLOT 

12 FORMAT{3Fl0.4,20X,315) 
C UPDATING TI~E,OAV,AND CONDITIONS. * 

....... 
N 
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c 
c 

c 
c 
c 
c 
c 

SUBROUTINE UPDATE 
SUBROUTINE ro UPDATE ANY TIME,DAY,CR TEMPERATURE VARIABLE PARI- * 

METERS,FORMING FUNCTIONS,CONOITIONS,ETC. * 
RFAL K,Kll,Kl4,K22,K27,K36,KM8,KM9,KMlO,KMll,KM12,Kl2,K2X 
CO~MQN /BO/Cll2,Z,200),DCDTC12,5t200 ),K(38 1 200) 1 WORK(Z00), 

*WORK1{20Q),WORK2{200),0COX(l2,200),fA{200 ),UA(200),XPOS(200), 
*DfV,NO,OADT{200),A(200),WT,NM,NN,OT,OX,OZS,IA,TPR,LOGUP,INLOG 
*,ABSE,RELE,TEMP,TIDE,T,SUN,Q,02SAT,CSAT,IOAY,JOAY,TOATA,Kll, 
*Kl4,K27,K36,GR08,GR09,GROIO,IC,E,GROll,XO,K2X,FRAC6),0IE(5J, 
*RFSP12,~ROl2,IPRI,CL,PRE08,PRE09,PRE010,PREDll,WF,RR/Bl/CK3/ 

*B2/KM8,KM9,KMlO,KMll/B3/C28,C29,C2lO,C211/B4/C58,C59,C510, 
*C511/B5/C68,C69,C610,C6ll/B6/C8,C9,ClO,Cll,Cl2,KM12,S/B7/C212, 
*C512,C612/B8/RESP8,PESPq,RESP10,RESPll/Bq/fl,F3,F5,F6,FAZ, 
*I ZDAY, POS ,C ONC { 12, 10), NV ( 6 l, VAL ( 6 l, TI TlE ( 10) , I PD AY, LOG, OSA T, 01, 
*PRI,D02,003,0015,BC(5),PRED(5),GR0(5),RES{5),BA,Xll,Xl4,X36, 
*SUNSAT/BlO/TMIN,ILIST,PRIE,XI,BCN,SUM,SS,NDATA,YVY,EAOJ, 
*XAREA{l2,20J),Kl2,AVf,02,TI,TM,MOAY,TMAX/Bll/KP,K2,AO,AltA2, 
*A3,A4,GO,Gl,G2,XK2/Bl2/XQCOEF(l0),ZtlOJ,NCOEF,IWK2/Bl3/JPLOT,NPl 
•,I~DEX(l2),DEF1(12),DEF2(12) 
*/Rl4/IOEF,PRD1(12},PR02(12),GROWl{l2),GROW2tl2),RESl(l2), 
*RFS2(12J ,OFATH1Cl2),0EATH2(12),Vl,V2,Bl,B2 
*,NPLOT,NNN,XMIN(l2),SCALF{l2J,INRUN,KOUNT,LIM,IND,OLT(l2) 
*,CCOEFt12ttlCON 

LOG0P IS A LOGIC VARIABLE WHICH INDICATES WHAT TYPE OF UPDATE IS * 
TO BE EXECUTED. * 

LOGUP=l BEFORE SOLUTION BEGINS FOR INITIAL DEFINITIONS. * 
=2 FO~ OAlLY UPDATE. * 
=3 FOR MI NUTE TO MI NUTE UPDATE. * 

GO TO{l,2,3),LOGUP 
1 DO 4 I=Btl2 

0(1 4 J=l,2 
4 cn,J,1>=sc<1-1)*S 

" ~ 



FADJ=l.O/DX 
NO=l+(NM-1)/16 

2 SUNMAX=SUN*Z.&224 
C******************************************************************************* 
C IF TEMP IS NOT INCLUDED IN THE DATA THE FOLLOWING 
C EXPRESSION WILL CALCULATE ITS VALUE: * 
c 
c 
c 
c 
c 
c 

lf(TEMP.EQ.0.0) TEMP=AVE+OEV*SIN(WT/365.0*FlOAT(IOAY-lZOJ) 

DEFAULT VALUES FOR AVE ANO DEV FOUND IN BlK DATA SHOULD 
BE CHECKED FOR APPROPRIATENESS FOR EACH ESTUARY 
MODELED. 

* 
* * 

(***$*************************************************************************** 
PRFD8=PRED(l)*TEMP/S 
PRE09=PRE0(2)*TEMP/S 
PREOlJ=PREOl3)*TfMP/S 
PREDll=PRE0(4)*TEMP 
GRQq=GROCll*TEMP+0.02 
GR09=GR0(2l*TEMP 
GROlO=GR0(3)*TEMP 
GPnll=GR0(4l*TEMP 
GR012= qA*l.OSO**(TEMP-20.0J/24.0 
RESP8=RES(l)*TEMP 
RESP9=RESt2)*TEMP 
RESP10=RES(3)*TEMP 
RESPll=RES(4)*TEMP 
RESP12=RES(5}*TEMP 
E=l.02l**(TEMP-20.0) 
CSAT={2550.0-43.0*TEMP)*S 

C Kll= Xll*l.047**{TEMP-20.0)/24.0 
Kll= Xll*l.JlO**{TEMP-20.0)/24.0 

..... 
V1 



c 

c 

Kl2=XL4*l.Ol0**<TEMP-20.0l/24.0 
Kl4= Xl4*l.l88**(TEMP-20.0}/24.0 
K36= X36*l.084**(TEMP-20.0)/24.0/S 
K36= X36*l.010**(TEMP-20.0)/24.0/S 
02SAT={l4.652-0.4102*TEMP+0.00799*TEMP*TEMP-0.77774*TEMP*TEMP/1000 

.O.O*TEMP)*S 
ODIFF=02SAT-OSAT 
DC 6 J=l,NM 

6 Ct7,IA,J)=C{7,IA,J)+ODIFF 
OSAT=02SAT 
BOUNDARY CONDITIONS * 
BOD=b7.3*(1/Q**•1828)/5.4*S 
Pl=O.llO*O**(l.209-l.0)/5.38*S 
TP04=0.10l*O**ll.216-l.0)/5.38*S 
TKN=2.797*0**(1.0l2-1.0)/5.38*S 
TOC=33.960*(1/0**•035)/5.38*S 
N02NJ3=19.590*(1/0**•220)/5.3B*S 
TIC=2468.0*{l/Q**•4605)/5.4*S*0.5 
cc1,1,1J=TOC 
C(l,2,l)=TOC 
C(2,l,1J=TIC 
C(2,21l)=TIC 
C(5,l,ll=N02N03 
C(5,2,l}=NOZN03 
C(6~1,l}=TP04 

~{6,2,l)=TP04 

Cl4,l,1J=0.025*Q**(l.37-l.0)/5.38*S 
Cf4,2,l)=O.J25*Q**(l.37-l.0}/5.38*S 
T0N=TKN-C(4,l,l) 
C(3,l,l)=TON 
Cf3,2,l)=TON 
C{7,l,1)=3.0*{l.O-Q/{10000.0+Q))*S 

"-J 
O' 



c 

c 

C(7,211J=C(7,l,l) 
3 SUN=O.O 

IFtT.LT.6.0.0R.T.GT.18.0) GO TO 8 
SUNLIGHT INTENSITY 
SX=SIN(~F*fT-6.0)) 
IF(SX.LT.0.0) SX=O.O 
SUN=SUNMAX*SORTlSX) 
STP DISCHARGE RATE 

8 AOJ=l.0+0.4*SIN(WF*(T-l6.0)} 
on s J=l,NM 

5 K{4,J)=AOJ*Kt28,J)*K(3,J)/A(J} 
RR= SUN/SUNS AT 
RETURN 
END 

* 

* 

..._, ..._, 



c 
BLOCK DATA 
SU~PROGRAM TO DEFINE DEFAULT VALUES FOR VARIABLES LISTED * 
REAL KtKll,Kl4,K22,K27,K36,KM8,KM9,KMlO,KMll,KM12,Kl2,K2X 
CCMMON /BO/Ctl2,2,200),0COT(l2,5,200 ),K(38,200),WQRK(200), 

*WrRK1(200),WORK2{200),DCOX(12,200J,EA{200 J,UA(200),XPOS(200), 
*DEV,NO,OADT(200J,A(200),WT,NM,NN,DT,DX,DZS,IA,TPR,LOGUP,1NLOG 
*,ARSE,RELE,TEMP,TIOE,T,SUN,Q,02SAT,CSAT,IDAY,JDAY,TDATA,Kllt 
*Kl4,K27,K36,GR08,GR09,GR010rIC,F,GROll,XO,K2X,FRA{6),DIE(5), 
*RESP12,GR012,JPRI,Cl,PRE08,PRE09,PREOlO,PREDll,WF,RR/Bl/CK3/ 
*R2/KM8,KM9,KMlO,KMll/B3/C28,C29,C210,C211/B4/C58,C59,C510, 
*C511/B5/C68,C69,C610,C611/B6/C8,C9,Cl0,Cll,Cl2,KM12,S/87/C212, 
*C512,C612/B8/RESP8,RESPQ,RESPlO,RESPll/B9/Fl,F3,F5,F6,FAZ, 
*IZOAY,POS,CCNC(l2,10),NV(6),VAL(6),TITLE(l0),tPOAY,LOG,OSAT,Dlt 
•PPl,002,003,0015,BC{5),PRE0{5),GR0(5J,RES(5),BA,Xll,Xl4,X36, 
*SUNSAT/BlO/TMIN,ILIST,PRIE,XI,BCN,SUM,SS,NDATA,YYY,EADJ, 
*XAREA(l2,200),Kl2,AVE,D2,TI,TM,MDAY,TMAX/Pll/KP,K2,AO,Al,A2, 
*A3,A4,GO,Gl,G2,XK2/Bl2/XQCOEF(l0),Z(l0),NCOEF,tWK2/Bl3/IPLOT,NPL, 
*INDEX(l2},0EF1(12),0EF2{12) 
*/Bl4/IOEF,PR01{12),PR02(12) 1 GROW1(12),GROW2(12),RES1(12), 
*RES2(12),0EATH1(12l,DEATH2(12),Vl,V2,Bl,B2 
•,NPLOT,NNN,XMIN(12),SCALF(l2),INRUN,KOUNT,LIM,INO,OLT(l2) 
,;., CCDEF(l2), ICON 

DATA CK3/0.9/,KMB,KM9,KMlO,KMll/0.23E07,0.66E07,9.19E06,9.19E06/, 
.c2a,c29,c210,c2111.10,.a3,.11,.a31,cse,csq,c510,cs111.2e,.14,.1s, 
•• l4/,C6B,C69,C6lO,C6ll/.07,.04,.05,.04/,C8,C9,ClOrCll,Cl2/.66,.662 
.,.66,.662,.667/,C212,C512,C612/.77,.1a,.os1,Fl,F3,f5,F6/.7,.2,.l, • 
• o/,ABSE,RELE,LOG,S,OT,IA,LOGUP/ 500000.,o.aoo,1,9.19E•06,l.0,1,11, 
.SUNSAT,WF/300.0,0.2618/,BC/5*.05/,PRED/3*0.0002,o.0001,.ol,GRO/.OO 
.40, 0.004, 0.004, o.002,o.01,RES/2•0.0002,0.0002,0.000l,.OOOl/,BA, 
.x11,x14,X36/0.33,0.230,0.068,0.0Z25/,FRA/0.4Q,0.05,0.40,0.05,0.0 
.,o.101,DIE/O.Olo,2•0.ooso,o.0020,o.oos/,KM12,PRIE,CL/9.l9E+06,0.05 
.,l.O/,C/l440*9.19E06,3360*0.0/,DCDX/2400*0•0/,K/7600*0•0/,SS,SUM, 

..... 
00 



.SCN,NDATA/O.O,O.O,O.l,O/,TMIN/O.O/,JPRI/O/,YYY/.970/,AVE, 

.DEV/l6.,14./,N0/2/,WT/6.283185/,K2X/12.9/,Dl,02/l.0,0.05/, 

.XAREA/2400*0.0/,DCDT/12000*0.0/,0Efl/3.56,3.106,.485,.573,.426, 
•• 514,2.239,.710,.036,.026,.027,.047/ 

END 

........ 
\C 



c 

c 

SUBROUTINE RKMI{ Jl) 
SUBROUTINE TO INTEGRATE THROUGH TIME. * 
RE t\L K, K 11, K 14 ,K22, K27,K36,10'18, K M9, K~ 10, KM 11 ,I< Ml2, K 12, K2 X 
COMMON /BO/C(l2,2,200),0CDT(l2,5,200 ),K(38,200),WORK(200), 

*WORK1{200},WORK2t200),0CDX{l2r200J,EA(200 ),UA(200),XPOS(200), 
*DEV,ND,DADT(200),A(200),WT,NM,NN,OT,ox,ozS,IA,TPR,LOGUP,JNLOG 
•,ABSE,RELE,TEMP,TIOE,T,SUN,Q,02SAT,CSAT,IDAY,JDAY,TOATA,Kll, 
*Kl4,K27,K36,GR08,GR09,GR010,IC,E,GROll,XO,K2X,FRA(6),0IE(5) 1 

*RFSP12,GR012,IPRt,CL,PREOB,PRE09,PREOlO,PREDlltWf,RR/Bl/CK3/ 
*B2/KM8,KM9,KMlO,KMll/B3/C28,C29,C210,C2ll/84/C58,C59 1 C5lO, 
*C5ll/B5/C68,C69,C610,C6ll/86/C8,C9,ClO,C11,Cl2tKM12,S/87/C212, 
*C512,C612/B3/RESP8,PESP9,RESPlO,RESPll/B9/Fl,f3,F5,f6,fAZ, 
*IZDAY,POS,CONC(l2,10),NV{6),VAL(6),TJTLE(l0),IPOAY,LOG,OSAT,Ol, 
*PRl,D02,003,D015,BC(5),PRED(5),GR0(5J,RES(5),BA,Xll,Xl4,X36, 
*SUNSAT/BlO/TMIN,ILIST,PRIE,XI,BCN,SUM,SS,NOATA,YYY,EADJ, 
*XAREA(l2,200),Kl2,AVE,02,TI,TM,MOAY,TMAX/Bll/KP,K2,AO,AltA2, 
*A3,~4,GO,Gl,G2,XK2/Bl2/XQCOEF(l0),Z(lOJ,NCOEF,IWK2/Bl3/IPLOT,NPL, 

*INOEXtlZ),OEFlfl2),DEF2C12) 
*/Al4/IOEF,PR01(12),PRD2{12),GROW1112),GROW2(12),RES1(12J, 
*RES2(12l,DE~TH1(12),0EATH2{12),Vl,V2,Bl,82 

•,NPLOT,NNN,XMIN(l2),SCALF(l2),INRUN,KOUNT,LIM,IND,DLT(12) 
*,CCOEf(l2),ICON 

TQQ=O.O 
J A=3-I A 
l Q(;UP=3 
ESTIMATING C AT T&OT/3 USING C ANO DCDT AT T 
DD l I=l,IC 
IF(INOEX(I).Gf.1.ANO.INRUN.EQ.Ol GO TO 1 
or l J=2,N'4 
C(I,JA,J)=C(I,IA,Jl+003*DCOT(I, l,J) 
IF(C( J,JA,JJ.LE.0.0) C(l,Jl\,J)=O.O 

1 CONTI !\IUF 

* 

00 
0 



c 

c 

T=T+D03 
CALL UPDATE 
C Al L F U~J CT{ 2) 
UPDATING ESTIMATE OF C ,l\T Ti:DT/3 USING C ANO DCOT AT T&.OT/3 
DO 2 I=l,IC 
IF{INOEX(I).GE.l.ANO.INRUN.EQ.0) GO TO 2 
on 2 J=2, NM 
C {I , J A, J ) =C ( I , JA 1 J) +D03 * {D COT ( I , 2, J )-DC OT ( I , l , J ) ) / 2. 0 
IF(C(I,JA,J).LE.0.0) C(I,JA,J)=O.O 

2 CONTINUE 

• 

C 1'LL FUNCTt 3) 
DO 3 I=l,IC 
IF(INDEX(l).GE.l.ANO.INRUN.EQ.O} GO TO 3 
00 3 J=2, NM 
~(I,JA,JJ=CCl,JA,J)+D03*(1.125*0COT{I,3,J)-0.5*DCOT(t,2,J)-0.125* 

DOH ( I , l , J ) ) 
IF(C{I,JA,J>.LE.O.Ol C(l,JA,JJ=O.O 

3 C CNT I NUE 
T =T-00-1+002 
CALL UPDATE 
CALL FUNCTf 4) 
ES TI MA TI NG C \ T T+OT/2 USING C AND OCOT AT T&DT/3 
0041=1,IC 
IFCINOEX{I).GE.l.AND.INRUN.EQ.O) GO TO 4 
DO 4 J=2,"iM 
C (I , J A, J ) -::: C ( I , J A , J ) +DO 3 * (1 • 12 5 *DC D T ( l , l, J ) - 5 • 6 2 5 *DC 0 T( I , 3 , J ) + 6 • 0 * 

• DC iJ T( I , 4 , J ) ) 
u=tc{ I,JA,J).LE.0.0) CCI,JA,Jl=O.O 

4 C CNT 1 NUt 
T=T+orJ2 
CALL UPDATE 
C ~,LL FUNCT< 5) 

* 

* 

00 
1--' 



c 
c 

ESTIMATING C AT T&OT USING C AND OCDT AT TtDT/2 
CHECKING ACCURACY 
DO 5 I=l,IC 
IF(INOEX(l).GE.l.ANO.INRUN.EQ.0) GO TO 5 
DO 5 J=2,N~ 
TQ=OCOT(l,1,J)-4.5*0COT(I,3,J)+4.0*0CDT(l,4,J)-0.5*0COT(l,5,J) 
C(I,JA,JJ=C(l,JA,JJ-003*TO 
IF(C(I,JA,JJ.LE.O.OJ C(l,JA,J)=O.O 
IF(l.NE.l.ANO.I.NE.3) GO TO 5 
TQ=0015*TQ/(RELE*ABS(C(l,JA,J)J+ABSE) 
TQ=ABS CT Q) 
IF(TQ.GT.TQQ) TQQ=TQ 

5 CONTINUE 
Jl=IFIXCTQQ) 
IF(TQQ.LT.0.10) Jl=-1 
IF(Jl.GT.3) Jl=3 
C All FUNCT< 1) 
RETURN 
END 

* * 

00 
N 



SUBROUTINE FUNCT(l) 
r SURROUTINE TO ESTIMATE OCDT * 

REAL K,Kll,Kl4,K22,K27,K36,KM8,KM9,KM10,KMlltKM12tK12,K2X 
COMMON /BO/C(l2,2,200),0CDT{l2t5,200 },K(38,200),WORK(200), 
*~ORK1(200),WORK2(200),0CDX(l2,200J,EA(200 ),UA(200),XPOS(200), 
*DEV,NO,DADT(200),A(200),WT,NM,NN,OT,nx,DZS,IA,TPR,LOGUP,INLOG 
*,ABSE,RELE,TEMP,TIDE,T,SUN,Q,02SAT,CSAT,IOAY,JOAY,TDATAtKll, 
*Kl4,K27,K36,GR08,GR09,GROlO,IC,E,GRDll,XO,K2X,FRAf6),0IE(5), 
*RESP12,GR012,IPRI,CL,PRED8,PRED9,PRE010,PRED11,WF,RR/Bl/CK3/ 
*32/KM8,KM9,KM10,KM11/B3/C28,C29,C210,C211/84/C58,C59,C510, 
*C511/B5/C68,C69,C610,C6ll/B6/C8,C9,Cl0,Cll,Cl2,KM12,S/B7/C212, 
*C512,C6l2/B8/RfSP8,RESP9,RESPlO,RESPll/B9/Fl,F3,F5,F6,FAZ, 
*IZDAY,POS,CONC{12t10),NV(6),VAL(&),TITLE(l0),IPDAY,LOG,OSAT,Dl, 
*PRI,D02,003,D015,8C(5),pRED(5),GR0(5),RES(5),BA,Xll,Xl4,X36, 
*SlJ~SAT/RlO/TMIN,ILIST,PRIE,XI,BCN,SUM,SS,NOATA,YYY,EAOJ, 
*XAREA(l2,200),Kl2 1 AVE,OZ,TI,TM,MDAY,TMAX/Bll/KP,K2,AO,Al,A2, 
*A3,A4rGO,GltG2,XK2/Bl2/XQCOEFflO),ZtlO),NCOEF,tWK2/Bl3/IPLOT,NPl, 
*INOEX(l2),0EF1{12),DEF2(12) 
*/Bl4/IDEF,PRD1(12),PRn2(12),GROWl(l2),GROW2(12J,RES1{12), 
*RES2(12),DE4TH1(12),0EATH2(12),Vl,V2,Bl,B2 
*,NPLOT,NNN1XMINtl2),SCAlf(l2),INRUN,KOUNT,LIM,INO,OlT(l2) 
*,CCOEF{l2),ICON 

IA=3-IA 
C CALCULATE PREDATION 

l DD 86 J=2,NM 
lf{IDEF.EQ.l.AND.lNDEX(8).GT.0) GO TO 200 
K{7,Jl=PRED3*C(8,IA,J)*(C(9,IA,J)+C{l0,JA,J)+C(lltlA,J)) 

400 IFfIDEF.EQ.t.ANO.INOEXC9J.GT.O) GO TO 210 
K(B,J)=PRED9*C(9,IA,JJ*C(l0,IA,J) 

41J IFlIOEF.EQ.l.AND.INDEX(lO).GT.0} GO TO 220 
K(q,J)=PREDlO*C{lO,IA,J)*C(ll,IA,J) 

420 IF(IDEF.EQ.t.AND.INDEX<lll.GT.0) GO TO 230 

CXl w 



K(lO,J}=PREOll*C<ll,IA,J) 
430 IF(IOEF.EQ.l.ANO.[NOEX(l2).GT.O> GO TO 240 

K(32,JJ=PRED8*C(Q,JA,J)*C<l2,IA,J) 
GO T 0 8& 

200 IF{INDEX{8).EQ.l) K(7,J)=PR01(8) 
IF(INDEX(8).EQ.2) K(7,J)=P~D2(8) 
GO TO 400 

210 IFCINUEX(9}.EQ.l) K(8,JJ=PRD1(9) 
JF(INDEX(9).EQ.2) K(8,J)=PR02(9) 
GO TO 410 

22J IF(INDEX(lO).EQ.1) K(9,J)=PR01(10) 
IF(INOEXtlO).EQ.2) K(9,J)=PR02(10) 
GO TO 420 

23J IF(INOEX(llJ.EQ.l) K(lQ,J)=PROl(ll) 
IF(INDEX(ll).EQ.2l K(l0,J)=PRD2(11) 
Gn TO 430 

24J IF(INOEX{l2).EQ.l) K(32,J)=PR01(12) 
IF(INDEX{l2).EQ.2) Kt32,J)=PR02(12) 

86 CCNTINUF. 
C CALCULATE GROWTH 

DO fFt J=2,N"1 
IFCIDEF.EQ.l.AND.INDEX(8).GT.0) GO TO 300 
XXX=K{30,J)*(Di+D2/CB*C(8,IA,J)/S) 
R=<EXP(-RR•EXPt-XXX))-EXP(-RR))/XXX*2•718 
K(l9,J)=GROB*R*(C(5,IA,J)/(KM8+C(5,JA,J)))*C(B,1A,JJ 

500 IFCIOEF.EQ.l.ANO.tNOEX(9).GT.O) GO TO 310 
XY=PREnB•C(9,JA,J)*(C(8,IA,J)+C(l2,IA,J)) 
K(20,J)=GR09*(XY/{KM9+XY))*C(9,IA,J) 

510 IFCIDEF.EQ.l.ANO.INDEX(lO).GT.O) GO TO 320 
XY=IPREDB*C(8,[A,JJ+PRE09*C{9,IA,Jl)*C(l0,JA,Jl 
K(21,J)=GR010*fXY/(KM10+XY))*C(l0,IA,J) 

520 lf{IOEF.EQ.l.AND.INOEX(ll).GT.Ol GO TO 330 

00 
-!:'-



XY=(PREDB*C{8,IA,J)+PREDlO*C(10,IA,Jl)*C(ll,IA,J) 
Kt2Z,Jt=GROll*(XY/(KMll+XY)J*C(ll,IA,J) 

530 IFtIOEF.EQ.l.ANO.INDEX(l2J.GT.0) GO TO 340 
K(35,J)=GR012*C(4,IA,J}/(KM12+C(4,IA,J))*C(l2,IA,JJ 
GO TO 84 

300 lf(INOEX(8).EQ.l) K(l9,J)=GROW1(8) 
IF{JNOFX(S).EQ.2) Ktl9,J)=GROW2(8) 
GO TO 500 

3lJ IFIINDEX(9).EQ.l) K(20,J)=GROW1(9) 
IF(INOEX(9).EQ.2) K(20,J)=GROW2(9) 
GO TO 510 

320 IF(INDEX(lOl.EQ.1) K{2l,J)=GR0Wl(l0) 
IF(JNDEX(l0).E0.2l KC21,Jl=GROW2(10) 
GO TO 520 

330 IF(INOEX(ll).EQ.l) K(22,J)=GROWl(ll) 
IF(INDEX(ll).EQ.2) K(22,J)=GROW2(11) 
Gr TO 530 

340 IF(INDEX{l2).EQ.l) K(35,J)=GROWlll2) 
1F(INDEX(l2).EQ.2) K(35,JJ=GROW2(12) 

3~ CONTINUE 
C CALCULATE RESPIRATION 

DO 85 J=2,NM 
IFfIOEF.EQ.l.AND.INOEX(8).GT.0) GD TO 600 
Kf23,J)=RESPB*C(8,IA,J) 

700 JF(IDEF.EQ.l.AND.INDEX{9).GT.O) GO TO 610 
K(24,JJ=RESP9*C(9,JA,J) 

71:) lf(IOEF.EQ.l.AND.INDEX(lO).GT.Ol GO TO 620 
K(Z5,J)=RESP10*C(10,IA,J) 

72,) !F(IOEF.EQ.l.ANO.INOEX(ll).GT.0) GO TO 630 
K(26,J)=RES?ll*C<ll, IA,J} 

73J IF(IDEF.EQ.l.AND.INDEX(l2).GT.0) GO TO 640 
K(34,J)=RESP12*C(l2,IA,J} 

00 
\JI 



740 K(27,J)=K(23,J)+K(24tJt+K(25,J)+K(26,J)+K(34,J) 
GO TD 85 

600 IF(INDEX(8).EQ.l) K(23,J)=RES1(8) 
IF(lNDEX(8).EQ.2) K(23,J)=RES2(8) 
GO TO 700 

610 lF(iNOEX(9).EQ.l} K(24,J}=RES1C9) 
IF{l~DEX(9).EQ.2) K(24,J)=AES2(9) 
GO TO 710 

620 [ F ( IND EX ( la ) • E Q. l) K { 2 5 , J ) =RES 1 { l 0 } 
IF(INDEX(lOl.EQ.2) K(25,JJ=RES2fl0) 
GO TO 720 

630 IF( INDEX { ll) .EQ .. l) K ( 26 , J) =RES 1 ( 11 ) 
IF{INOEX(lll.EQ.2) K ( 2 6 t J) =RES 2 ( l U 

00 
GO TO 730 a.. 

64,) IFlINDEX(l2).EQ.lJ K(34,J)=RES1(12) 
IF(INDEX(12).EQ.2) K(34,J)=RE$2(12) 
GO TO 740 

35 CCNTINUE 
c C4l CUL ATE DEA TH 

00 87 J=2,NM 
If(IOEF.EQ.l.AND.INDEX(8).GT.0) GO TO 800 
K(ll,J)=OlE(l)*C(B,JA,JJ 

900 IF(£0EF.EO.l.ANO.INOEX(9).GT.0) GO TO 810 
K{l2,J)=Olf(2)*C(9,IA,J) 

91 ') lF(lDEF.EQ.l.AND.INOEXflO).GT.O! GO TD 820 
K{l3,J)=OfE(3J*C(l0,IA,J) 

920 IF(IDEF.EO.l.ANO.INDEX(llJ.GT.Ol GO TO 830 
K(l4,J)=OIE(4)*C(ll,IA,J) 

93) IFllOEF.EQ.l.AND.INOEX{12).GT.0) GO TO 840 
K(J3,J)=OIE(5)*C(l2,IA,J) 
GO TO 87 

3{J:) If(lNOEXlB).EQ.l) K(ll,J)=DEATH1(8J 



c 

r 
·~ 

c 

IF(INDEX(8).EQ.21 Klll,Jl=DEATH2(8) 
GO TO 900 

AID IFCINDEX(9).EQ.l) Kfl2,J)=OEATH1(9) 
IF(INDEX{9).EQ.2J K(l2,J)=OEATH2(9) 
GO TO 910 

?20 lf(INOEX(lO).EQ.l) K(l3,J)=OEATH1(10) 
IF< INDEX(lOl.EQ.2) K(l3,J)=OEATH2(10J 
GO TO 920 

930 IF(INDEX{ll).EO.l) K(l4,J)=DEATHl(lll 
JF(INDEX(ll).EQ.21 K(l4,J)=OEATH2(ll) 
GO TO 930 

840 IF(INDEX{l2).EQ.l) K{33,J)=OEATH1(12) 
IF(INDEX(l2J.EQ.2} K(33,J)=OEATH2ll2) 

87 CCNTINUE 
CALCULATE RECYCLING 

• 
• 

DO 89 J=2,NM 
Kll5,J)=CK3•(C28*(K(7,J)+K(llrJl)+C29*(K(B,J)+K(12,J)-K(20,J)-K(24 

,J)J+C210*{K{9,J)+K(l3,J)-K(21,J)-K{25,J))+C2ll*(K(l0,J)+K( 
14,J)-K(22,J)-K{26,JJ)+C212*(K(32,J)+K(33,J))) 

K(l6,J)=C28*K(23,J)+C2q*K(24,J)+C210*K(25,J)+C2ll*K{26,J)+C212* 
K(34,J) 

Kll7,J)=CK3*(C58*(K(7,J}+Klll,J)+K(23,J))+C59*(K{8,J)+K{ l2,J)-K{20 
.,J))+C510*(K(9,J}+K(l3,J)-K(21,J))+C2ll*CK{l0,J)+K(l4,J)-K(22,J))+ 
.C512*(K(32,JJ+K(33,J)+K(34,J))) 

so K{l8,Jl=CK3*(C68*(K(7,Jl+K{ll,JJ+K(23,J))+C69*(K(8,JJ+K( l2,J)-KC20 
.,J)t+C610*(K(9,J)+K(l3,J)-K(21,J))+C6ll*(KtlO,Jt+K(l4,J)-K(22,J))+ 
.C612*(K(32,J)+K(33,Jl+K(34,J))} 

UPDATING VALUES FnR ARFA,VELOCITY,VOLUMETRIC FLOW RATE ANO THEN * 
REAfRATION RATES,ANO DIFFUSION COEFFICIENTS. 

CALL AREACIOAY,IZDAY,T,TIOE,FAZ,NM,XAREA,K,WT,A) 
CALL VELOC{XPOS,Q,A,WT,N~,K,UA) 

C~LL VOLU~(A,NM,UA,O,WORK,XPOS) 

* 

00 
"--J 



40 DO 98 J=l,N"'t 
UARS=ABS(UA(J)l*l.466 
K(l,J)=0.0036*UABS*K(30,J)*EADJ 

(******************************************************************************* 
c * 
C FORHULATlONS FOR K2 OPTION * 

c 
c 
c 

1 () 

20 

30 

35 
36 

Gn TO ( 10,20,30,35 ), K2 
IF {K2 .EQ. 0} K(5,J)=XK2 
Gn ro 3b 
K{5,JJ = K2X*SQAT(UABS/K(30,J))/K(30,J) 
GO TO 36 
K(5,J) = ll.6*UARS/K{30,J)**l.67 
GO TO 3o 
K(5,J) = 21.6*UABS**0.67/K(30,J)••l.85 
GO TO 35 
K{5,J) = 12.96*UABS**•5/K(30,J)**l.5 
K(5,J) = K(5,J}/24.0 

TO COMPENSATE FOR NO WINO, 10 KNOT, 20 KNOT ••• 60 KNOT * 
WINDS * 

IF <IWK2 .EQ. Ol GO TO 31 
Gn TO (7,a,3,4,5,6},IWK2 

7 K(5,Jl=K(5,J}*l.25 
GO TO 37 

8 K(5,J)=K(5,J)*l.5 
Gfl TO 37 

3 Kt5,J)=K(5,J)*l.75 
GO TO 37 

4 Kl51J) = K(5,J)*2.0 
Gfl TO 37 

5 K{5,J)=K(5~J)*2.25 

GO TO 37 

00 
00 



6 K(5,J)= K(5,J)*2.5 
c * 
C**~~*************************************************************************** 

37 K(zq,J)=O.OG03*K(5,J) 
EA(JJ=K(l,jJ*A(J) 

88 UA(J)=UA(J)*A(J) 
CALL FIRST(WO~K,WORK2,0X,NM) 

on 93 J=l,NM 
93 OADT(J)=-WORK2(J) 

DO 90 I=l,JC 
IF(INDEX{l).GE.I.AND.INRUN.EQ.O) GO TO 90 
Oi'J 91 J=l,NM 

91 WORK(JJ=Ctl,IA,J) 
CALL FIRST(WORK,WORK2,0X,NM) 
MM=NM-2 
00 41 J=MM,NM 

41 IF(WORK2(JJ.GT.O.OJ WORK2(J)=O.O 
DD 92 J=I,N'Y! 
WORK(J)=WORK2(JJ•EA(J)-UA(J)*C(I,1A,J) 

92 IF<I.EQ.8) WORK(J)=0.60*WORK(J) 
CALL FIRST(WORK,WORK2,DX,NM) 
DO 90 J=2,NM 
DCOX(l,J)=(WORK2(J)-C{l,JA,J)*OADT{J))/ACJ) 
ABS X::: /\RS ( DC rJ X ( I , J ) ) 
IFCA3SX.GT.l.OE+OB) DCOX(l,J)=DCDX(l,J)/ABSX*l.OE+D8 

90 C 1JNT I NUE 
DO 94 J=2,NM 
IF(INRUN.EQ.l) GO TO 1003 

C l DRGANIC CAR~O~ 

IF(INOEX(l).EQ.0) OCDT(l,L,J):DCDX(l,J)+FRA(l)*K(4,J)-Kll* 
• C (I, I A, J ) +K ( 15, J hF l *K { 6, J ) 

C 2 CARRON O[OXIDE 

co 
"° 



IfllNDEX(l).GT.O.AND.INDEXfZJ.EQ.O) GO TO 100 
lJl IF(INDEX(2).EQ.O) DCDT{2,L,Jl=DCDX(2,J)+FRA(2)*K(4,J)+Kll* 

.C{l,I~,J)+K(29,JJ*E*(CSAT 
• -C(2,tA,J))+K(l6,J)-(C2A*K(l9,J}•C29*K(20,J)+C210*K{21, 

J) +C2ll*K{22,Jl+C212*K(35,J)) 
1J3 CD~TINUE 

C 3 QPGANIC NITROSEN 
IF(INDEX(3).EQ.Ol DCOT(J,l,Jl=OCOX(3,J)+FRA(3)*K(4,Jl-Kl2* 

.C(3,IA,J)+K(l7,J)+f3*K(6,J) 
C 4 AMMONIA NITROGEN 

If{INDEXl3l.GT.O.AND.INDEX(4).EQ.O) GO TO 110 
112 IF(INDEX(4).EQ.O) OCOT(4,L,J)=OCOX(4,J}+FRA(4)*K(4,J)+Kl2* 

.~{3, IA,J)-2J.O*K(35,J) 
lll CONTINUE 
C 5 NITPITE AND NITRATE NITROGEN 

IFtINJEX(5).EQ.Ol OCOT(5,L,Jl=DCDX{5,J)+FRA(5}*K(4,J)+l9.0*K(35,JJ 
• -(C58*K(l9,J)+ 
• C59*K(20,J)+C510*K(21,Jl+C5ll*Kf22,J)+C512*K(35,J))+F5*K{6,J) 

C 6 nRTHO-PHOSPHATE PHOSPHORUS 
IF(INDEX(6).EQ.O) OCDT(6,L,Jl=DCDX{6,Jl+FRA(6t*Kt4,J)-K36 

.*C(6,lA,J)*C(6,IA,J)+ 
• K(l8,J)-(C68*K(l9,J}+C69*K(20,J)+C610*K(21,J)+C611* 
• K(22,J)+C612*K(J5,J))+f6*K(6,J) 

C 7 OXYGEN DEFICIT 
IF{INOEX(ll.GT.O.AND.INDEJ(7}.EQ.O) GO TO 120 

122 If{INOEX(7).EQ.0) OCDT(7,L,J)=DCOJ(7,J)-K(5,J)*E*C(7,IA,J)+K(2,J} 
• +2.667*lK(27,JJ-C28*K(l9,J)+Kll*C(l,IA,J))+4.571*19.0*K(35,J) 

121 CONTINUE 
C 8 ALGAE 

IFCINDEXl8).EQ.0) DCOT(8,L,J)=DCDX(8,J)+K(l9,Jl-K(23,J)-K(7,JJ 
• -K{ll,J} 

C q PROTOZOA 

l.O 
0 



IF{INOEX(9).EQ.O) OCDT(q,L,J)=DCDX{G,J)+K{20,Jl-K(8,J)-K(l2,Jl 
C 10 ZOOPLANKTON 

c tl 

c 12 

FJO 

110 

120 

1003 

IF(INDEX(lO).EQ.O) DCOT(l0,L,Jl=~OX(l0,J)+K(2l,JJ-K(9,J)-K(l3,J) 
HIGHER PREDITORS 

IF(lNDEX{ll).EQ.OJDCDT(ll,L,J)=OCDXlll,J)+K(22,J)-K{l0,J)-K{l4,J} 
dACTERIA 

• 
• 
• 

• 
• 
• 

• 

• 

,. 

• 

IF(INOEX(lZl.EQ.0) DCDT(l2,l,J)=OCDXtl2,J)+K(35,J)-K(33,J)-K(32,J} 
GO TO 94 
IF{IDEF.EQ.J) GU TO 101 
lF(INnEX(l).EQ.l) DCOT(2,L,J)=OCOX(2,J)+FRA(2)*K(4,J}+Vl 

+K(29,J)*E*fCSAT 
-C(2,IA,J))+Kll6,J)-(C28*K(l9,Jl+C29*K{20,J)+C210*KC21, 

J} +C2ll*Kt22,JJ+C2l2*K(35,J)) 
IF(INOEX(l).EQ.2) OCOT(Z,L,J)=DCOX(2,J)+FRA(2}*K(4,J)+V2 

+K(29,Jl*E*(CSAT 
-C{2,IA,J))+K(l6,J)-(C28*K(l9,J)+C29*K(20,J)+C210*K(2lt 

J} +C2ll*K(22,JJ+C212*K(35,J)) 
GO TO 103 
IF<IDEF.EQ.0) GO TO 112 
IF(INOEX{3}.EQ.l) DCDT(4,L,J)=DCDX(4,J)+F~A{4)*K(4,J)+Bl 

-20.0*Kt35,J) 
IF(INOEX{3).FQ.2) DCOT(4,L,Jl=OCDX(4,J)+FPAf4J*K(4,J)+82 

-20.0*Kl35,J} 
GO TO 111 
lf(IDEF.EC.O) GO TO 122 
IF(I~OEX(ll.EQ.l) DCDT(7,L,J)=OCOX(7,Jl-K(5,J)*E*C(7,IA,J)+K(2,J) 
+2.~67*(K(27,J)-C28*K(l9,J}+Vl) +4.571*19.0*KC35,J) 

IF(INJEX(l •• FQ.2) DCOT(7,L,J)=OCOX{7,J)-K(5,J)*E*C(7,IA,Jt+K(2,J) 
+2.667*(K(27,Jl-C28*K(19,J)+V2) +4.57l*l9.0*Kl35,J) 

GO TO 121 
CONTINUE 
DCDT(l, L,J)=OCDX{l,J)+FRA(l)*K(4,J)-Kll*f(l,JA,J)+K(l5,J)+Fl*K(6, 

\0 
f""" 



• 

• 

• 

J) 
D(OT(Z, L,J)=OCDX{2,J)+FRA(2)*K(4,J)+Kll*C(l,IA,J)+K(29,Jl*E*(CSAT 

-C(2,IA,J)l+K(l6,J)-(C2B•K(19,J)+C29*Kf20,J)+C210*K(21, 
J) +C2ll*Kf22,J)+C212*K(35,J)) 

DCOT(3, L,J)=DCOX(3,J)+FRA(3)*K(4,J)-Kl2*C(3,IA,J)+K(l7,J)+f3*K{6, 
J) 

DCDT(4, L,JJ=OCOX(4,J)+FRA{4)*K(4,J)+Kl2*C{3,IA,J)-20.0*K(35,J) 
OfDT(S, L,J)=OCnXt5,J)+FRA(5)*K(4,J)+lq.o•Kl35,J) -(C58*K(l9,J)+ 

• C59*K(20,J)+C510*K(21,J)+C5ll*K(22,J)~512*K(35,J)}+F5*K(6,J) 
orOT{t,, L,J)=DCOX(6,J)+FRA(6)*K(4,J)-K36*C(6,JA,J)*C(6,IA,J)+ 

K(l8,J)-(C6B*K(l9,J)+C69*K(20,J)+C610*K(21,J)+C6ll* 
K(22,J)+(6l2*K(35,J))+F6*K(6,J) 

• 
• 

• 
OCOT(7, L.J)=DCOX(7,J)-K(5,J}*E*C(7,JA,J) + K(2 1 J)+2.667*1Kl27, 

J)-C28*K(l9,J)+Kll*C(l,IA,J))+4.571*19.0*Kf35,J) 
DCDT(B, L,JJ=DCDX(8,J)+K(l9,J)-K(23,J)-K(7,J)-K(ll,J) 
DCDT(9, L,J)=DCOX(9,J)+K(20,J)-K{8,JJ-K(l2,JJ 
DCDT(lO ,l,J)=DCOX{l0,Jl+K(21,J)-K(9,J)-Ktl3,J) 
D~DT(llt L,J)=OCDX(ll,J)+K(22,J)-K(l0,J)-K(l4,J) 

DCDT(l2,L,J)=OCOX(l2,J)+KIJ5,J)-K(33,J}-K(32,J) 
04 CONTINUE 

IA=3-I~ 

2 RETURN 
END 

l.O 
N 



c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE FIRST(Y,OY,DX,NMl 
SUBROUTI~E TO NU~ERICALLV EVALUATE FIRST DERIVATIVES. * 

Y IS A VECTOR OF VALUES FOR THE INDEPENDENT VARIABLE CORRES- * 
PONDING TO EQUALLY SPACED VALUES OF THE INDEPENDENT * 
VARIABLE{X). * 

DY IS THE VECTOR OF FIRST DERIVATIVES OF THE DEPENDENT VARI- * 
ABLE WITH RESPECT TO THE INDEPENDENT VARIABLECDYOX). * 

DX IS THE SPACING BETWEEN SUCCESSIVE VALUES Of THE INOEP.VAR.* 
NM IS THE LENGTH OF THE VECTORS Y AND DY. * 

DIMENSION Y(NM),DY(NMJ 
fJ X60= 0 X*60. 0 
OX12=DX*l2.0 
OY(NM)=(Y(NM)-Y{NM-1)}/0X 
DY( 2)=(Y( 3)-Yf lJ)/(2.0•DX) 
DY(NM-l)=(YlNM)-Y{N~-2))/(2.0*0X) 

DY( 3)=(-Y( 5}+8.*Y( 4)-8.*Yl 2)+Y( Ul/DX12 
D Y ( N M-2 ) = ( -Y ( NM ) +8 • 0 *Y C NM- l l - 8 • 0 *Y ( NM-3 ) + Y ( NM- 4 l ) I 0 X 12 
MM=NM-3 
on l I =4' MM 

l DY( I )=(Y( I+3 )-Y( I-3 )-9.*(Y( I+2)-Y( I-2) )+45.*{Y(I+l)-Y( 1-1)) )/JX60 
RF TURN 
ENO 

\0 w 



SUBROUTINE AREAtIDAY,IZDAY,T,TIOE,FAZ,NM,XAREA,R,WT,A) 
C SUBROUTINE TO CALCULATE ESTUARY CROSS SECTIONAL AREA AS A FUNCT- * 
C ION OF TIDAL PHASE ANO POSITION * 

DIMENSION XAREA{l2,NM),R(38,NM),A(NM) 
DO 10 J=l,NM 
PHASE=(T+f IDAY-IZOAY)*24.0-TIOE-R(38,J))/12.425 
R(31,JJ~PHASE-FLOATCIFIX(PHASE)) 

IF{R(31,J).LT.0.0) R(31,J)=l.O+R(31,J) 
LO A(J)=R(3,J)*{l.O+R(36,J)*SIN(WT*(R(31,Jl+0.126))) 

RETURN 
END 

I.Cl 

""" 



SUBROUTINE VELOC{XPOS,Q,A,WT,NM,R,UA, 
C SUBROUTINE TO CALCULATE FLUID VELOCITY AS A FUNCTION OF FRESH * 
C WATER FLOW RATE,POSITTON,CROSS SECTIONAL AREA,AND TIDAL PHASE* 

COMMON /312/XQCOFFC10),l(l0),NCOEF,1WK2 
OlMENSlON XPOS(NM),A{NM),R{38 1 NM),UA(NM) 
DO 10 J-.:::1,NM 
XQ=0*2.445E-08 
D 0 2 0 L = l , NC 0 E I= 
If(XPOS(J) .GT. Z(L)) XQ=XO*X(~COEF(L) 

20 CONTINUE 
10 UAlJ)=lXQ/A(J)+Rf37,J)*SIN(WT*R431,J))) 

RFTURN 
END 

"° V1 



SUBROUTINE VOLUMCA,NM,UA,Q,WORK,XPOSJ 
C SUBROUTINE TO CALCULATE VOLUMETRIC FLOW RATE AS A FUNCTION OF 
C FRESH WATER FLOW RATE,POSITION,ANO TtOAL PHASE. 

COMMON /Bl2/XQCOEf(l0),Z(l0),NCOEF,IWK2 
DIMENSION ACNMJ,UA(NM),WORK{NM),XPOS(NM) 
00 10 J=l,NM 
XO=Q*2.445E-08 
DO 20 L=l,NCOEF 
IF(XPOS(J) .GT. Z(l)) XQ=XQ*XQCOEF(L) 

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

RETURN 
END 

* * 

"° °' 



SU8ROUTINE INTP(LN.NP.x,Fx,xX,FXX,ACC,NM) 
DIMENSION FY(7J, Y{7), X( NM), fX( NM} 
l=O 
K=-1 
M M=l 
DO 90 I=l,NP 
I Ff X( I )-XX} 90,91,91 

91 IF(ABS(X{I)-XX)-(ACC+ABS(XX1)*ACC}q2,92,93 
92 FV(l)=FX(I) 

GO TO 94 
03 J=I 

GO TO 95 
90 Cf'.HINUE 

J=NP 
l=-1 

9'5 Y(l)=X(J)-XX 
FYtl )=FX(J) 
FYY=FY{l) 

96 IF(L} 97,93,97 
97 J =J+l 

Gll TO 99 
98 J=J+K 

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

GO TO 4 
2 XK=O.O 

GO TO 4 
3 X K=l. 
4 K=K-(2*K+XK} 

IF{J-NP)lOl,101,100 
100 J=J+K 

L=-1 

l.O 
....... 



GO TO 99 
10 1 I F ( J- l ) l 02 , 99., 99 
102 J=J+K 

L=l 
99 fv'.M=MM+l 

Y(MM)=X(J)-XX 
FY(MM)=FX{J) 
LL-=MM-1 
on 104 t\JN=l,Lt 

104 FY{MM)=(FY(NN)*Y{MM)-FVIMM)*Y(NN))/(Y{MM)-Y{NN)) 
If(LN-LL) io5,04,1os 

105 IFtABS(FYY-FY(MM))-ACC*(ACC+ABS(FY(MM)})) 94, 106,106 
106 If(MM-6) 107,107,94 
107 FYY=FV(MM) 

GO TO 96 
94 FXX=FY(MM) 

RFTURN 
fND 

"° 00 



C SUBROUTINE BILOAX ***** DRAW VERTICAL AND HORIZONTAL AXIS *** 
C S $ $ $ S $ $ S $ $ $ $ S $ $ $ $ $ $ $ $ S ' $ $ SS $ $ $ S S I $ SPL) 
C THIS ROUTINE PLOTS AN AXIS(VERTICAL OR HORIZONAL) WITH TIC MARKS 
C AT EACH GIVEN INTERVAL OR AT 1 INCH INTERVALS, PUTS NUMBERS AT 
C TIC MARK, A~D LABELS THE AXIS. 
C A SINGLE CALL DRAWS ONE (X OR Y) AXIS DEPENDING ON 'NT' BELOW. 
c 
c 
c 
c 
c 
c 
r ,, 
c 
c 
c 
c 
c 
c 
c 
( 

c 
c 
c 
c 
c 
c 
( 

c ,.. 
\., 

c 
c 

CONTROL PARAMETERS 
x,v = LOCATION OF GRAPH ORGIN(O.o,o.o> IN INCHES (REAL) 
HT= HEIGHT IN INCHES OF THE NUMBERS TO BE PLOTTED ON AXIS CREAL) 

IF HEIGHT =O.O PROGRAM WILL SET HEIGHT =0.10 
FP = BEGINNING NUMBER TC BE PLOTTED AT ORGlN OF AXIS (REAL) 
ND= NUMBER OF DECIMAL DIGITS TO THE RIGHT OF THE DECIMAL POINT 

!JF NUMJ3f'{S TO BE PLOTTED, IF ND=-1 NUMBERS WILL BE PLOTTED 
WITHOUT A DECIMAL POINT{ONLY DIGITS TO LEFT OF DECIMAL) 
IF NO=~ PROGRAM Will SET ND=2 FOR 2 DECIMAL POINTS(l~TEGER) 

VI = VALUE TO INCREMENT NUMAERS BY FOR EACH TIC MARK tREALl 
Al = LE~GTH OF AXIS IN INfHES (REAL) 
ALAB =LABEL TO BE WRITTEN ON AXIS(MAX OF BO CHARACTERS) 

THE LABEL FOR AX[S ~AV BE PASSED TO THE ROUTINE 
BY ONF OF THE FOLLOWING METHODS IN THE CALL STATEMENT;;; 

l. CALL BILDAX{X,V,HT,FP,ND,VI,Al,ALAB,N4,TC,LDtNT) WHERE 
ALAB IS A VARIABLE READ INTO STORAGE AS A4 WORDS 

2. CALL BILDAX(X,Y,HT,FP,NOtVItAL,•Y-AXIS--•,2,TC,LO,NT) 
WHERE LABEL IS A LITERAL STRING 

3. CALL BILOAX(X,Y,HT,FP,NO,VI,AL,8HY-AXIS--,2,TC,LO,NT) 
WHERE lABfl IS HOLLERITH STRING 

THE NINTH ARGUMENT IN THE CALL IS THE TOTAL NUMBER OF 
LETTERS IN STRING DIVIDE BY 4 PADDED BLANKS MAKE THE 

LA3EL EVENLY DIVISIABLE BY 4). SEE N4 BELOW:: 
N4 = NUMBER OF A4 1 S ALAB Will DIVIDE INTO(THE ALAB IS READ 

IN A4 FORMAT N4 Will BE THE NUMBER OF A4'S READ MAX 20A4'S 

"° "° 



c 
c 
c 
c 
c 
c 
c 
c 
c 

TC = 
LO = 

NT = 

LE~GTH IN INCHES BETWEEN TIC MARKS: TC IS SET TO 1.0 BY 
ROUTINE IF TC WAS COOED =O.O (REAL) 
SIDE OF AXIS TIC MARKS Will APPEAR ON: 
IF Y-AXIS O=RIGHT SIDE, l= LEFT SIDE OF AXIS 
IF X-AXIS O=UP, l= DOWN FROM AXIS 
TYPE OF AXIS TO Rf DRAWN ON THIS CALL:: 
O= HORIZONAL(X), l=VERTICAL(Yl AXIS TYPE 

SUAROUTINE BILDAX{X,Y,HT,FP,NO,VI,Al,ALAB,N4,TC,LO,NT) 
DIMENSION ALAB(N4) 
NSTART=O 
A=X 
B=Y 
AT=HT 
IF(AT.LE.O.J)AT=0.10 
qT=AT*l.5 
AC=TC 
IF{AC.LE.O.JJAC=l.O 
AP=FP 
KD=ND 
IF(KO.f0.0)KD=2 
CN=6./7. 
Cl=7.5/7. 
NX=N4*4 
C=AT 
0=-1.0 
WN=AT*CN 
Wl=BT*Cl 
G=AT/2. 
W=BT/2. 
NMAX=O 

...... 
0 
0 



R =O.O 
c 
C ORA~ AXIS 
c 

IF(NT.EQ.O) GO TO 4 
AY=hL+B 
CALL PLOT(A,AY,2) 
GO TO 6 

4 AX=Al+A 
C AX=AL+A 
C COUNT DIGITS ANO DRAWN NUMBERS ANO TIC MARKS 
c 

6 
CALL PLDTlAX,8,2) 
IMAX=IFIX(AP) 
N=l 
L=9 
00 l J=l,7 
IF(IMAX.LE.L) GO TO 2 
N=N+l 
L={(L+U*l0)-1 

l CONTINUE 
? (F(KD.GT.O) N=N+KD+l 

IFCN.GT.NMAX) NMAX=N 
TN=FLDAT (N) *WN 
A O=O.O 
IF ( l D. H). l} AD=C 
lF(NT.EQ.OJGO TO 7 
E=D*(TN+AO+AT+X) 
F=B-G 
GC TO 9 

7 E=A-(TN/2.0, 
F=Y+{D*( A0+(2.0*AT))} 

I-' 
0 
I-' 



9 

3 

5 

c 

lflNSTART.EQ.l) GO TO 3 
CALL NUMBER(E,F,AT,AP,O.O,KD) 
NSTART=l 
GO TO 5 
CALL PLOT(A.,6,3) 
S=C 
IF(LD.EQ.US=C*O 
If(NT.EQ.O) S=S+Y 
IF (NT. EQ. l) S=S+X 
IF(NT.EQ.0) CALL PLOT(A,S,2) 
IF(NT.EQ.l) CALL PlOT(S.,B,21 
CALL NUMBER(E.,f.,AT,AP,O.O,KO) 
IF(NT.EQ.0) A=A+AC 
IF(NT.EQ.lJ B=B+AC 
R=R+AC 
AP=AP+VI 
IF(R.LE.AL) GO TO 6 

C P UT 0 N l ABELS 
c 

AO=O.O 
IF(LD.EQ.l)AD=C 
IF(NT.EQ.0) GO TO 10 
TN=FLOAT(NMAX)*WN 
E=D*lX+TN+AD+l2.0*AT)) 
F=Y+((AL-CNX*WL))/2.0) 
CALL SYMBOL(E,F,BT,ALAB,90.0,NX) 
GO TO 11 

10 E=X+l(AL-(NX*WL))/2.0) 
F=Y+(O*CA0+(3.0*AT)+BTJ) 
CALL SYMBOL(E,F,BT,ALAB,O.O,NX) 

11 CALL PLOT(X,Y,3) 

I-' 
0 
I-.) 
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90 

SUBROUTINE CONF(ALPHA,BETA,CCOfF,UCL,LCL,MU,GAMAIN,IFLAG) 
COMMON Ul,LL 
REAL LOGAMA,LCL,MU,Ll,LCOff 
I=O 
IFLAG=O 
[F{MU.LE.O)DELTA=.01 
IF(MU.GT.0) DfLTA=.l 
X=MU 
uroEF=(l-CCOEF)/2+CCOEF 
LfOEF=(l-CCOEFl/2 
[f(4LPHA.GT.50) GO TO 31 
GAMA=GAMMA(ALPHAJ 
LOGAMA=ALOG(GAMA) 
CALL IG~MMACX,ALPHA,LOGAMA,GAMAIN,lFAULT) 

CHECK=UCOfF-GAMAIN 
IF(ABS(CHECKl.LT •• 0001) GO TO 100 
IF (CHECK.LT.0) GO TO 110 
X=X+OELTA 
GO TO 90 

110 DELJA=OELTA/10 
I=l 

AO X=X-OELTA 
CALL IGAMMAtX,ALPHA,LOGAMA,GAMAIN,IFAULT) 
CHECK=UCOEF-GAMAIN 
IF{ABS(CHECK).LT •• 0001) GO TO 100 
IF{CHECK.GT.O) GO TO 70 
GO TO 80 

?<':l IFLAG=l 
lOJ UCL=X *BETA 

Ul=GAMAlN 
X=O.O 
IF{I.EQ.l)OELTA=DELTA*lO 

f--1 
0 
~ 



60 CALL IGAMMA(X,ALPHA,LOGAMA,GAMAIN,tFAULT) 
CHECK=LCOEF-GAMAIN 
IF{ABSCCHECK).LT •• 0001) GO TO 200 
IF <CHECK.LT.O) GO TO 210 
X=X+DELTA 
GO TO 60 

210 DELTA=OELTA/10 
40 X=X-OELTA 

CALL IGAMMA(X,ALPHA,LOGAMA,GAMAIN,IFAULT) 
CHECK=Lf.OEF-GAMAIN 
IFlABS(CHECK).LT •• 0001) GO TO 200 
IF(CHECK.GT.O)GO TO 50 
GO TO 40 

50 IFLAG=l 
200 LCL=X*BETA 

ll=GA~AIN 
GAMAIN=Ul-ll 
GO TO 33 

31 CDNTINUf 
C0=2.515517 
Cl=0.802853 
C?=.010328 
Dl=l.432788 
02=.189269 
03=.001303 
SS=ALPHA*RETA*BET~ 
SIGMA=SQRTlSS) 
LCOEF=LCOEF*LCOEf 
SLQS=l/LCOEF 
A=ALOG(SLQS) 
T=SQRT(A) 
X=T-(CO+Cl*T+C2*T*T)/(l+Ol*T+D2*T*T+03*T*T*T) 

1--1 
0 
V1 
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c * C******************************************************************************* 
c * 
C TYE REST OF THE USER INPUT INFORMATION tS TO FOLLOW * 
C IM~EDIATELY AFTER THIS SUBROUTINE * 
C $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $$ $ $ $ $ $ $ $ $PLO 
(******************************************************************************* 
c 

SUBROUTINE IGAMMA{X,P,G,GAMAIN,IFAULT) 
DIMENSIDN P~{6) 
ACU=l.JE-3 
DFLO=l.OE30 
GIN=O.O 
IFAULT=O 
IF(P .LE. 0.0) IFAULT=l 
IFf X .LT. 0.0) IFAULT=2 
JF(IFAULT .GT. 0 .OR. X .EQ. 0.0) GO TO 50 
FACTOR=fXP(P*ALUG(XJ-X-G) 
IF(X .GT. l.O .ANO. X .GE. Pt GO TO 30 
GlN=l.u 
TERM=l.O 
RN=P 

21 R~=RN+l.O 
TERM=TERM*X/RN 
GIN=GIN+TERM 
IF(TERM .GT. ACU} GO rn 20 
GIN=GIN*FACTOR/P 
GO TO 5J 

30 ~=l.O-P 
R=A+X+l.O 
TFRM=O.O 
PN(lJ=l.O 

t-' 
0 
-..i 



PN(2 )=X 
PN(3J=X+l.O 
PNC 4) =X*B 
GIN=PN(3)/Pt\1(4> 

32 A=A+l.O 
B=B+2.0 
TERM=TERM+l.O 
AN=A*TERM 
00 33 1=1.2 

33 PN(I+4J=B*PN(l+2)-AN*PN(I) 
IF(PN(6) .EQ. O.O) GO TO 35 
R N= P N ( 5 ) I PN ( 6 ) 
OIF=ABSlGIN-RNt 
lf(DIF .GT. ACU) GO TO 34 
IF(DIF .LE. ACU*RN) GO TO 42 

34 G IN=RN 
35 DO 36 I=l.4 
36 PN( I )=PN ( 1+2) 

IF(ABS(PN(5)) .LT. OFLO) GO TO 32 
DO 41 I=l.4 

41 PN(l)=PN(l)/DFLO 
GO TO 32 

42 G!N=l.O-FACTOR*GIN 
50 GAMAIN=GIN 

RETURN 
ENO 

I-' 
0 
00 



//GO.SYSIN DD* 
79 o.o 58.56 

0000001111 l.1 1 
.9 • 95 
.9 • <?5 
• 51 • 95 
1.1 •<JS 

.1 .c:s 
• 01 • 95 
.158002 .0550658 
7.2211 -.0415148 

2 
20.0 2.0 
45.0 5.0 

ORGANIC CARBON 
CARBON DIOXIDE 
ORGANIC NITROGEN 
A~MONIA 

NITRITE+NITRATE 
PHOSPHATE 
:10 
l~LGAf 

PROTOZOA 
l DOP LANK TON 

0.0221200.0 1220.5 69.0 o.o 

-.000457297 -.0000073117.00000007512 
-.000415578 

999 01 

...... 
0 

"° 



HIGHER PREDATORS 
BACTEqIA 
52 3 l CROSS-SFCTIONAL AREA 

0.000232 o.o 0.000232 1.150779 0.000232 
).OOJ27C 4.603116 0.000579 5.753895 0.000309 
0.000347 9.206232 0.000347 10.357010 0.000210 
0.000386 13.809330 0.000347 14.9601?0 0.000386 
0.000463 ia.412460 0.000386 19.563230 0.000965 
0.000888 23.01556 0.001197 24.16635 0.00112 
0.002162 27.61968 0.002317 28.76947 0.002664 
0.002411 32.221a 0.001313 33.37257 o.oot6Q9 
0.002317 36.82492 0.001815 37.97569 0.002896 
o.ooz1eo 41.42803 0.001506 42.57881 o.001as3 
0.004286 46.03114 0.004286 47.18193 0.003127 
0.004015 S0.63426 0.00444 51.78504 O.OQ5483 
0.034556 55.23738 0.003784 56.38815 0.004402 

l 28 l SEWAGE INPUT 

2 2 

520JO. 0.1 
1600. o.s 
4400. 6.906 
4000. 6.906 

240. 
1000. 

10000. 
3000. 

39840. 
39400. 

12BO. 
1200. 
5000. 

1 

7.482 
21.2935 

23. 02 
23.596 
23.88 

24. l 71 
24.171 
24.71 
24.71 

-1. 
BENTHAL DfMAND 

2.301558 
6.904674 
11.507780 
16.1109 
20.714 
25. 31 712 
29.92024 
34.52336 
39.12646 
43.72958 
48.3327 
52.93582 
57.53894 

0.000232 
0.000425 
0.000386 
0.000112 
o. 001120 
0.001583 
o. 001815 
o. 001815 
0.001815 
o. 003668 
o. 003707 
o. 005367 
o. 00482!> 

3.452336 
8.055452 
12.658550 
17.261670 
21.86479 
26.46789 
31.07101 
35.67413 
40.27725 
44.88037 
49.48347 
54.0.866 
58.68971 

1--' 
1--' 
0 



40000. 58.65 

2 6 l LAND RUNOFF 
l 00000. 52.00 

l JOOOO O. 54.00 
1 OOO·JO. 58.65 

2 36 1 MAXIMUM DEVIATION Of X-AREA 
0.24381E 00 0.69047E 01 
0.21358E 00 O.l2659E 02 
0.16069E 0') 0.,18412E 02 
0 .1972 7E 00 0.24166E 02 
0.39267E 00 0.29920f 02 I-" o. 22857E 00 0.35674E 02 '""' '""' O. l2906E 00 0.41428E 02 
0.92593E-01 0.47182E 02 
0. 135 83E 00 0.52936E 02 
O.l64lbE 00 0.58690F 02 

52 30 l HYDRAULIC RADIUS. ESTUARY DEPTH 
2. 8871 o.o l.3.2874 1.7262 12.0735 2.8769 14.1404 4.0277 

21.5879 5.1'785 19.0945 6.3293 18.2415 7 .4801 19.5866 8.6308 
12.9593 9.7816 12.1719 10.9324 10. 0066 12.0832 8.0381 13.2339 
13.6811 14.3:347 11.3517 15.5355 35.2362 16.6863 19.4882 17. 8371 
11.2205 18. 9878 31.3648 20.1386 10. 8596 21.2894 8.1693 22.4402 

5.7415 23.5910 3.7402 24.7417 s.1soq 25.8925 6.161:10 27.0433 
5. 5118 28.1941 10.7612 29.3448 12.0407 30.4956 11.6798 31.6464 
9.2192 32.7972 6. 0367 33.9480 12.6969 35.0987 28 .. 5105 36.2495 

13. 9 764 37.4003 13.0906 38.5511 14.6325 39.7019 13.6811 40.8526 
21. 9199 42.0034 14.5013 43.1542 19.0617 44.3050 23.1955 45.4557 
23. 3924 46.6065 20.1772 47.7573 19.4554 48.9081 10.6299 50.0589 
10.7612 .51.20<)7 9.0223 52.3604 11.7126 53.5112 10.8268 54. 6620 



8.4318 55.8128 14.0748 56.9635 13. 9108 58.1143 16.1745 59.2651 
80 1 2 ORGANIC CARBON 

4. 5673 o.o 8.1113 0.7424 4.8366 1.4848 7.2304 2. 2272 
4 .. 8460 2.9696 6.8224 3. 7120 5. 1097 4.4544 6.3696 5.1968 
5.1424 5.9392 5.5697 6.6816 5. 7401 7.4240 5.1129 8.1665 
5.3345 8.9)89 4.7722 9.6513 4.4805 10.3937 4.6910 11.1361 
4. 3 0 78 11.8785 4.7165 12.6209 4.65'35 13.3633 5.2391 14.1057 
5.0527 14.8481 5.3 862 15.5905 5. 3640 16.3329 5.7524 17.0753 
5. i3l20 17.8177 6.1146 18. 5601 4.9405 19.3025 2.186.2 20. 0449 
3. 8244 20.7373 3.7597 21.5297 4.5968 22.2721 3.8790 2'3.0145 
5.0151 23.7570 5.3906 24.4994 5.4485 25.2418 4.3750 25.9842 
3. ft299 26.7266 3. 7039 27.4690 4.1305 28.2114 3.1436 28.9538 
3.0560 29.6962 3.2766 30.4386 4.1643 31.1810 4.1104 31.9234 I-' 
4. 4384 32.6658 3.9341 33. 4082 4.2454 34.1.506 4.1219 34.8930 I-' 

N 
4. 0 307 3 5.6354 3.9925 36.3778 3.8943 37.1202 4.0216 37.8626 
3. gq99 38.6051 4.0201 39.3475 3. 8286 40.0899 4.1257 40.8323 
3. 7 253 41.5741 3. l't536 42. 31 71 1. 1412 43.0595 0.8118 43.8019 
o. 5 894 44.5443 l.5042 45.2867 l.8072 46.0291 1.2488 46.7715 
1. 5462 47.5139 l.0091 48.2563 o. 9055 48.9987 0.6757 49.7411 
o. 6 505 50.4835 0.8740 51. 2259 1. 2913 51. 9683 l. 5393 52.7107 
1. 4809 53.4532 1.3124 54.1956 1.0842 54.9380 1.0770 55. 6804 
r. 012 s 56.4228 l.1925 57 .16 52 1. 556 7 51. 9076 1. 7961 58. 6.500 

80 z 2 CARBON DIOXIDE 
3.:?362 o.o 0.7602 0.7424 3. 0742 1.4848 0.4329 2. 2272 
3. 0475 2.9696 0.9118 3.7120 3.7997 4.4544 1.94-89 5.1968 
4.8408 5.9392 1.5701 6.6816 4.7213 7.4240 1. 539 8 8.1665 
4 • .5481 8.9089 l.366G 9.6513 4. 1426 10.3937 1.4634 11.1361 
4.1075 11.8785 2.0525 12. 62 09 4.5089 13.3633 1.9955 14.1057 
4.2G57 14.8481 2. 3950 15.5905 4.0915 16 •. 3329 2.6954 17.0753 
4.9500 17.8177 l.5Q62 18. 5601 3.5798 19.3025 0.9100 20.0449 
2.5301 20.7873 1. 7552 21.5297 3.2957 22.2721 2.0919 23.0145 
3.0854 23.7570 2.101.2 24.4q94 ? • 3971 25.2418 1.3715 25. 9842 



2.0572 26.7266 3.0256 27.4690 3.6163 28.2114 2. 5620 28.9538 
2.9554 29.6962. 2.8443 30. 43 86 3.9990 31.1810 3.5215 31.q234 
4 • .3122 32.6658 2.7488 33.4082 4.3602 34.1506 3.8836 34.8930 
4.1005 3 5.6354 3.9718 36.3778 4.lC82 37.1202 3.9607 37.8626 
4. 1620 38.6051 4.1796 39.34 75 4.3564 40.0899 4.4210 40.8323 
4.2 317 41.5747 3.8115 42.3171 1. 5064 43. 0595 0.9245 43.8019 
0.7292 44. 5443 1.7958 45.2867 2. 2150 46.0291 1.5045 46.7715 
1.981.5 47.5139 1.2058 48.2563 1. 2142 48.9967 0.9218 49. 74ll 
o. 8 960 50.4H35 l. 0235 51.2259 l. 3934 51.9683 1.6164 52.7107 
l.6996 53.4532 1.5832 54.19 56 1. 4873 54.9380 1.2427 55.6804 
1. 3 642 56.4228 1.3797 57.1652 l. 7381 57.9076 1.9758 58.6500 

ao 3 2 ORGANIC NITROGEN 
0.4387 o.o 1. 3736 0.7424 o. 7809 l.4848 1.3797 2.2212 I-' 
0.8105 2.9696 1.2772 3. 7120 0.7034 4.4544 1.0494 5.1968 I-' w 
0.5390 s.q3qz l. 0036 6.6816 0.6386 7.4240 0.9441 A.1665 
o.5999 8.9J89 0.9288 9.6513 0.5456 10.3931 o.aa14 11.1361 
0.5198 11.8785 o.7762 12.62 09 0.4627 13.3633 o. 7700 14.1057 
0. 4'979 14.8481 0.7178 15.5905 o.5429 16.3329 0.7050 17.0753 
o. 49 53 17.3177 0.8265 18.5601 0.4332 19.3025 0.2640 2C>.0449 
o. 3 568 2 o. 7973 0.4524 21.5297 o. 3867 22.2721 0.4653 23.0145 
o. 5 4 lO 23.7570 0.792CJ 2.4.4994 o. 6033 25.2418 0.6067 25.9842 
0.4113 26.7266 0.3968 ?_7.4690 0.5463 28 .. 2114 0.6146 28.953R 
0.5C73 29.6962 0.4851 30.4.386 o. 3867 31.1810 0.4168 31.9234 
D. 3 321 32.6658 0.4873 .33.4082 0.3004 34.1506 0.3663 34.8930 
o. 3115 35.6354 0.3424 36.3778 0.3046 37.1202 0.3432 37.8626 
0.2791 38.6051 0.2911 39.3475 0.2232 40.0899 o.2835 40.8323 
0.2299 41.5747 0.2412 42.3171 o. 0464 43.05q5 0.0592 43.8019 
o.o:Y+l 44.5443 0.0976 45.2867 o. 1093 46. 0291 o. 0874 46.7715 
0.092.7 lt7.5139 0.0864 411. 2563 o. 0628 48.9987 0.0556 49. 7411 
o.o 506 50.4 83 5 0.0895 51.2259 o. 1438 51.9683 0.1762 52.1101 
a. l soo 53.4532 0 .1213 54.19 56 0.0850 54.9380 0.1246 55.6804 
o. 0923 56.4228 0.1330 SJ.1652 o. 1677 57.9076 0.1918 58.6500 



80 4 2 AMMONIA 
0.1421 o.o 0.1995 0.7424 o. 4627 1.4848 0.2976 2. 2272 
o. 5449 2.9696 0.3592 3. 7120 o. 5625 4.4544 0.3590 5.1C)68 
0.5611 5.9392 o.3500 6.6816 0.5671 7.4240 0.3828 8.1665 
o. 5522 8.9089 0.3782 9.6513 0.5023 10.3937 0.3197 11.1361 
0.4803 11.8785 0.3221 12. 6209 o. 5773 13.3633 0.4018 14.1057 
0.6812 14.8481 0.4829 15. 5905 o. 6907 16.3329 0.5386 17.0753 
o. 8 822 17.8177 0.4078 18. 5601 o. 6826 19.3025 0.2090 20.0449 
0.5064 20.7873 0.4031 21.5297 0.6142 22.2721 0.4422 23.0145 
o. 6C21 23.7570 o.s124 24.4994 0.4573 25.2418 o.3126 25.9842 
o.3922 2 6. 7266 0.5444 27.4690 0. 7811 28.2114 0.6580 28.9538 
0.6992 29.6962 0.6622 .30. 43 86 0.8649 31.1810 0.1111 31.9234 
0.9118 32.6658 0.6336 33.4082 0.9154 34.1506 o. 8581 34.8930 I-' 
0.9295 35.6354 0.9050 36.3778 o. 941 7 3 7.1202 0.9462 37.8626 I-' 

.i::--
0.9777 38.6051 0.9988 39.3475 I. 0255 40.0899 1.0589 40.8323 
1.0044 41.5747 0.9094 42.3171 0.3475 43.0595 0.2112 43.8019 
0.1679 44.5443 o.4164 45.2867 o. 5095 46. 0291 0.3446 46.7715 
0.4488 47.5139 0.2672 48.2563 o. 2638 48.9987 0.1910 49.7411 
0.1836 50.4835 0.2139 51.2259 o. 2<155 51.9683 0.3454 52.7107 
0.3604 53.4532 0.3312 54.1956 0.3059 54.9380 o. 252 8 55.6804 
o. 2 795 56.4228 0.2841 57.16 52 o.3689 57.9076 0.4239 58. 6500 

80 5 2 NITRITE+NITRATE 
0.4 764 o.o o.34qs 0.7424 o.5234 1.4848 0.3060 2.2212 
o.5009 2.9696 0.3130 3.1120 0.5549 4.4544 0.3986 5.1968 
0.6602 5.9392 0.3704 6.6816 0.6600 7.4240 0.3666 8.1665 
0.6376 8.9089 0.3338 9.6513 o. 5753 10.3937 0.3142 11.1361 
o.5463 11.8785 o.3518 12.6209 o. 6051 13.3633 o.3894 14.1057 
0.6320 14.8481 0.4561 15. 5905 0.6196 16.3329 0.4825 17.0753 
0.6962 17.8177 0.3834 18.5601 o. 5102 19.3025 0.1665 20.0449 
0.3759 2 o. 7873 0.3118 21. 5297 o. 4768 22.2121 0.3545 23.0145 
0.4636 23.7570 0.3611 24.4994 0.3316 25.2418 0.2097 25.9842 
o. 2 562 2 6. 7266 0.3890 27.4690 0.4498 28.2114 0.3093 28. 9538 



:).3466 29.6962 0.3485 33.4386 o.47q7 31.1810 0.4344 31.9234 
0.5151 32.6658 0.3998 33.4082 0.5396 34.1506 0.5?.50 34.8930 
0.5339 35.6354 0.5211 36.3778 o. 5170 3 7.1202 0.5258 37.8626 
o.5247 38.6051 0.5479 39.3475 0.5556 40.0899 0.6023 40.8323 
o.5635 41.5747 o.5347 42.3171 0.1860 43 .0595 0.1337 43.8019 
0.10J4 44.5443 0.2563 45.2867 0.3093 46.0291 0.2170 46.7715 
o.2673 4 7. 51 ~39 0.1796 48. 2563 -0.. 1606 48.9987 0.1244 49.7411 
0.1201 50.4-835 0.1604 51.22 59 o. 2351 51.9683 0.2810 52.7107 
0.2771 53.;.532 o. 249 0 54.1956 0.2121 54.9380 0.2020 55.6804 
0.2C70 56.4228 0.2321 57.1652 0.3071 57.9076 0.3558 58.6500 

80 6 2 PHOSPHATE 
o. 2408 o.o o. 7261 0.7424 0.8625 1.4848 0.8341 2.2272 
o. 9403 2 .9696 0.81<?5 3. 7120 0.8562 4.4544 0.6784 5.1968 I-' 
0.7287 5.9392 0.6334 6.6816 0.7048 7 .4240 0.6134 8.1665 I-' 

V1 
0.6009 8.9089 0.552'+ q.6513 o .• 4769 10.393 7 0.4537 ll.1361 
0.4?38 11.3785 0.4415 12. 6209 0.5468 13.3633 0.5961 14.1057 
0.6829 14.3481 0.6284 15. 5905 o.658:J 16.3329 o. 5949 17. 0753 
0.7183 17.8177 0.5415 18.5601 0.5663 19.3025 0.2176 20.0449 
0.4343 20.7873 0.4028 21. 5297 o. 5202 22.2121 0.4181 23.0145 
o. 5 70 l 23.7570 0.5515 24.4<._rq4 o. 3704 25.2418 0.2798 25.9842 
0. 3 002 26.7266 0.433<1 27.4690 o. 5772 28.2114 0.4533 28.q53A 
o. 454 7 29.696:?. 0.4397 30.4386 o.5452 31.1810 0.4881 31.9234 
0.5418 32.6658 0.3895 33.4082 o. 5270 34.1506 0.4846 34.8930 
o. 5067 35.6354 0.4814 36.3778 0.4A25 37.1202 IJ.4566 37.8626 
0.4672 38.6051 0.4605 39.34 75 0.4630 40.0899 0.4670 40.8323 
0.4388 41.5747 0.3882 42.3171 0.1504 43.0595 0.0898 43.8019 
o.0699 44.5443 0.1715 45.2867 D. 2110 46.0291 0.1401 46. 7715 
0.1872 47.5139 0.1077 48. 2 563 0.1098 48.9987 o.01as 49.7411 
0.0759 50.4835 0.0852 51.2259 o. 1163 51.9683 o.1346 52.7107 
o.14r)5 53.4532 0.1286 54.1956 o. 118 7 54.9380 o. 0957 55.6804 
0.1036 56.4228 0.1019 57.1652 0.1285 57.9076 0.1464 5A.6500 



16. lJ.350. 
8000. 
8750. 

//GO.FT08F001 DO * 

//GO.FT09F001 DD * 

450. 
600. 
597. 

120 
122 
121 

1 
1 
1 

&LISTl PRIE=.Ot,CL=l.O ,FRA=.44,.l0,.164,.0915,.Jl75,.18ltXll=.lO,X36=0.lO, 
RA=0.16,Dl=.20,GRO(t,=.0015,Xl4=.6 ,KM12=.50E07,PRED(l)=.0010,02=.40, 

CK3=l.O,BC(l)=0.05,8C(5)=0.10,0EV=ll.O, £ENO 
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The next two graphs illustrate the estimated concentration of 

oxygen deficit obtained from the full model and from a reduced model. 

The components in the reduced model in this case are organic carbon, 

carbon dioxide, algae and oxygen deficit. These were chosen as they 

are the four most frequently used components and a thorough study of 

all possible subsets of the twelve original components is not feasible 

at this time. In order to reduce the model to these four, default 

values in ppm, that are internal to the program, were assigned to the 

remaining eight components. Two runs were made under identical estuary 

conditions: one for the reduced model and one for the full model. 

The first graph depicts the oxygen deficit concentration as estimated 

for the full model and the second depicts that for the reduced model. 

Initially the two concentrations are similar, but they tend to 

diverge with increased time and distance. In the full model each 

concentration is changing and affecting the others, whereas in the 

reduced model only four are free to interact while the rest are held 

to constant values. 

If actual data were available, a more thorough study of the 

effects of using a variety of reduced models could be made by com-

paring the results obtained by each to the true values instead of to 

those obtained through the use of the full model. Addition informa-

tion could be obtained by varying the default values used and again 

comparing the results to the actual values. 
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MODIFICATIONS ON THE SCHOFIELD STOCHASTIC · 

MODELS FOR ESTUARIES 

by 

Nicholas John Manthos 

(ABSTRACT) 

Now with the continuing development of computers, more detailed 

and complex mathematical models are being developed for the use of 

modeling estuaries. Schofield and Krutchkoff developed a one-

dimensional stochastic model to predict the concentration of twelve 

components, five biological and seven chemical. 

It was criticized because all the components had to be included 

in the model in order for its operation when in fact one only wanted 

to study a subset of them. It was the object of this work to reduce 

the restrictions that all twelve had to be included and make it able 

to use any subset of the twelve that are wished, in such a way that 

with limited experience in computer programming was sufficient to 

operate the program. 

Also more options as to what type of graphs, and initial run 

conditions were added to make use easier, as well as the addition of 

confidence intervals for each component concentration. 

It is now hoped that with these simplifications and added options 

that this model can now become a viable tool in the field of water 

pollution. 
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