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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P. O. BOX 631
VICKSBURG. MISSISSIPPI 39180

IN REPLY REFER TO: WHSYV 28 November 1975

SUBJECT: Transmittal of Contract Report D-75-3

TO: A11 Report Recipients

1. The Contract Report transmitted herewith represents the results of
one of several research efforts completed as part of Task 1D (Effects of
Dredging and Disposal on Aquatic Organisms) of the Corps of Engineers'
Dredged Material Research Program (DMRP). Task 1D is included as part

of the Environmental Impact and Criteria Development Project of the DMRP,
which, among other considerations, includes developing techniques for
evaluating the effects of dredging on the water quality and biological
productivity of disposal areas.

2. This research was a part of Work Unit 1DOL, Application of Simulated
Ecosystem Modeling to Dredged Material Research (Phase I), and is in-
directly related to Work Unit 1D08, Design and Establishment of an
Estuarine Ecosystem Simulation. Specific objectives were to review
available water-quality and ecological modeling techniques through lit-
erature surveys, to observe ongoing research, to further develop appli-
cable models, and to recommend techniques applicable to various environ-
mental problems assoclated with dredging and disposal of dredged
material. To help complete these objectives, three separate computer
programs were developed; these programs pertain to calculation of
(a) temporal variation of net productivity in flowing water (rivers)
(b) depth-averaged net productivity for a standing water body, and
(c) the depth distribution of net productivity in standing waters.

b

3. This report describes procedures for automated, in situ monitoring
of biological productivity and the dissolved oxygen budget of aquatic
systems and indicates how these techniques might be used for detecting
the biological effects of dredged material disposal. Computer programs
necessary to implement the methods are presented, and their use is
discussed. The study was accomplished under contract with the Univer-
sity of Virginia., The primary objective of the study was to produce
data analysis techniques to be used in field and laboratory research
efforts of the DMRP. However, the techniques are applicable to specific
project studies where dissolved oxygen concentrations are being moni-
tored, and an analysis of the dissolved oxygen budget and biological
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productivity is required for assessing environmental effects of engi-
neering activities. These methods are particularly well suited for use
with continuous automatic water-quality data-acquisition systems which
are receiving increasingly widespread use by field offices.

4. 'The techniques developed by this study are considered applicable
primarily to projects where significant environmental effects are an-
ticipated and a detailed study is required for environmental impact
assessment or permit evaluation. The computer programs necessary to
apply the methods are operational on the WES computer system. The com-
puter programs and assistance in specifying appropriate data acquisition
and analysis procedures for specific applications are available upon
request.
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Director



Unclagsified
SECURITY CLASSIFICATION OF THIS PAGE (When Date Enterod)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
t. REPORT NUMBER 2. SOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

Contract Report D-75-3

4. TITLE (and Subtitfe) 5. TYPE OF REPORT & PERIOD COVERED
METHODS OF DISSOLVED OXYGEN BUDGET ANALYSIS FOCR
ASSESSING EFFECTS OF DREDGED MATERIAL DISPOSAL Final report
ON BIOLOGICAL COMMUNITY METABOLISM 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(3) 8. CONTRACT OR GRANT NUMBER(S)
George M. Hornberger DACW-39-Th-C-0030
Mahlon G. Kelly (DMRP Work Unit 1DOL)
3. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

University of Virginia
Charlottesville, Va. 22903

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U. S. Army Engineer Waterways Experiment Station November 1975
Environmental Effects Laboratory 3. NUMBER OF PAGES
P. 0. Box 631, Vicksburg, Miss. 39180 84
T4, MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) | 15. SECURITY CL ASS. (of this report)
Unclassified
T5a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Aquatic environment Dredged material
 Biochemical oxygen demand Metabolism
Computer programs Oxygen

20. ABSTRACT (Continue on reverse side if necessary and identify by block number)

Three computer programs for calculating a continuous function (a Fourier
gseries) describing net community productivity in aquatic environments using
measurements of dissolved oxygen concentration, temperature, and salinity
with a solution to the oxygen mass balance eguation were prepared. These
respectively pertain to calculation of (a) temporal variation of net produc-
tivity in flowing waters (rivers), (b) depth-averaged net productivity for

(Continued)

DD , ':‘:z"f,a 1473  EDITION OF 1 NOV 65 1S OBSOLETE Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. ABSTRACT.

a standing water body, and {c) the depth distribution of net productivity in
standing waters. These methods are particularly well suited to use with
continuous automatic data recording. Because continuous monitoring of com-
munity productivity and respiration provides a direct measure of the biolog-
ical effects of water quality change, the methods can be useful in assessing
ef'fects of dredging and disposal on aguatic communities.

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




PREFACE

The work described in this report was performed under Contract
No. DACW-39-7L4-C-0030, 2 Oct 1973, between the U. S. Army Engineer
Waterways Experiment Station (WES), Vicksburg, Mississippi, and Univer-
sity of Virginia. The research was sponsored by the Office, Chief of
Engineers (DAEN-CWO-M), under the Civil Works Dredged Material Research
Program.

This report presents and discusses the use of computer programs
for calculating net biological productivity in aquatic environments.
Since community productivity and respiration provide a direct measure
of the biological effects of water quality change, the methods can
be useful in assessing effects of dredging and disposal on aquatic
communities.

The work was conducted by Dr. George M. Hornberger and
Dr. Mahlon G. Kelly, Assistant Professors of Environmental Sciences,
University of Virigina. Ms. Virginia Hendry did much of the computer
programming. The subroutines DECOMP, SOLVE, and SIGN were taken from
Computern Solution of Linearn Algebraic Systems by George E. Forsythe
and Cleve B. Moler, 1967, Prentice-Hall, Inc., Englewood Cliffs, N. J.

The contract was initiated and managed by Dr. Rex L. Eley, Chief,
Ecosystem Research and Simulation Division, under the general super-—
vision of Dr. John Harrison, Chief, Environmental Effects Laboratory.
Drs. John Keeley and Robert Engler were project managers. COL G. H.
Hilt was the Director,-and Mr. F. R. Brown was Technical Director of the
WES.
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METHODS OF DISSOLVED OXYGEN BUDGET ANALYSIS FOR ASSESSING EFFECTS
OF DREDGED MATERIAL DISPOSAL ON BIOLOGICAL
COMMUNITY METABOLISM

PART I: INTRODUCTION

1. Measurement of the direct and indirect effects of dredging and
disposal on biological communities is necessary if water-quality problems -
associated with dredged material disposal are to be identified and solu-
tions found.l Open-water disposal occurs in a wide variety of environ-
ments and thus both the causes of biological changes and the changes
themselves are diverse. Therefore, methods of measuring effects of
dredging and disposal must be very versatile if they are to have wide-
spread applicability. Short-term effects resulting from changes in tur-
bidity, the bottom sediments, and/or oxygen demand as well as long~term
changes associated with release of either biostimulants or toxins must
be sensed.

2. A method for automatically and continuously monitoring commu-
nity productivity and respiration can provide a direct measure of the
biological effects of water quality change. Input of inorganic nutrient-
containing wastes leads to excess photosynthetic production while pollu-
tion by organic material results in an increase in respiration by the
heterotrophic members of a community, producing an excess oxygen demand.
Additionally, toxins may result in a decrease in community productivity,
respiration, or both. Increased turbidity may result in decrease photo-
synthesis by decreasing available light and any other direct change in
the character of the autotrophs and heterotrophs of the community may
also change net productivity.

3. Most methods for estimating aquatic productivity have depended
on incubation measurements of carbon-lL4 uptake or free oxygen production,
but errors are caused by contalnment of the sample, and time resolution
is limited by the incubation period.2 Attempts to measure productivity

without perturbation by incubation have assumed the rate of change of



free oxygen and inorganic carbon concentration depends almost entirely
on community respiration, photosynthesis, physical mixing and transport,
and exchange with the atmosphere. Thus it is theoretically possible to
measure net community productivity (photosynthesis minus respiration)
from the rate .of change of inorganic carbon or oxygen concentration if
rates of mixing, transport, and exchange with the atmosphere are known.
Stated differently, net community productivity can, in theory, be esti-
mated by using a solution of the partial differential equation for
oxygen or inorganic carbon mass balance. This avoids errors due to con-
tainment and incubation. In the past, attempts to use free concentra-
tion measurements have involved problems in accounting for mixing and

transport and insolving the mass-balance equation.™’

These attempts
have also only been used to give measurements at discrete times or daily
mean values.

4., The use of a solution to the oxygen mass-balance equation with
measured oxygen concentrations allows calculation of a continuous func-

tion (a Fourier series) describing net community productivity.h’5

Many
of the problems inherent in previous methods of productivity measurement
are overcome and a much more detailed analysis of variation of produc-
tivity is permitted. The method is also well suited to use with auto-
mated data acquisition. This report describes this method for automati-
cally monitoring net productivity and indicates how it might be used for
detecting the biological effects of dredging and disposal. The computer
programs developed to implement the method are presented and their use
is discussed.

5. Dredged material is disposed of on land and in the open ocean,
bays, estuaries, and inland rivers and lakes. Disposal on land and in
shallow water may be unconfined or confined in diked areas. The mea-
surement of productivity is approached in a different fashion in each of
these enviromments; solution of the mass balance equation forms the
basis of the measurements in all cases, but different simplifications of
the equation apply in the different enviromnments. To this end three
separate computer programs have been developed; the three corresponding

equations and their solution are presented on the following pages. These



respectively pertain to calculation of (a) temporal variation of net
productivity in flowing water (rivers), (b) depth-averaged net produc-
tivity for a standing water body, and (c¢) the depth distribution of net
productivity in standing waters.

6. The major assumptions used in the development of a dissolved
oxygen budget have been stated by Odum and Hoskin6 as: a constant dif-
fusion rate for the 24-hr period; nighttime respiraticn similar to day-
time respiration; one gram of biomass produced for each gram of oxygen
released; no turbulent circulation patterns; and similar metabolic his-
tory of water entering and leaving an area.

T. Changes induced by dredging and/or disposal in rivers can be
monitored by directly using the flowing-water method. A significant
disruption of normal biological activity in a river segment can be de-
termined by measuring the productivity of the segment. The second and
third methods of determining net productivity pertain to standing waters.
When horizontal advection is negligible (e.g., possibly with disposal of
dredged material in quiescent lakes and/or bays), the productivity can
be calculated using the theory presented below. In certain other situ-
ations where advective flows may be important (e.g., a diked disposal
site), the average net productivity can be calculated by accounting for
the net inflow and outflow of oxygen. The complex hydrodynamics of
estuaries makes a meaningful solution of the free-water mass-balance
equation impractical with regard to productivity measurement. There-
fore monitoring productivity to observe effects of dredging and dis-
posal operations in estuarine waters must be accomplished by contain-
ing a sample. The method for measuring productivity in a containerized
sample is 1dentical to the technique for obtaining the average produc-
tivity of standing waters. Containment may be achieved with large plas-
tic bags, bottles, etec.

8. If these techniques for measuring productivity can be applied
in field situations, they can obviocusly be applied in laboratory studies.
Thus, the methods described below can be used for measurement in a vari-
ety of environments and in the three major applications for dredged mate-
rial research cited by Boyd et al.:l monitoring programs, field pilot

studies, and laboratory studies.



PART IT: THEORY

Flowing Water

9. The characteristic equations¥ of the partial differential

equation for oxygen mass balance in a river may be written as3’7
dx _
eriail (1a)
dc
_— = - + -
e K(cS c) +P -R (1b)

where
x = distance downstream (L)
t = time (T)
V = mean velocity (LT_l)
c = oxygen concentration (ML_3)
K = reaeration coefficient (T_l)
c, = saturation oxygen concentration (ML_3)
P - R = net productivity (ML_3T_1)

Equation 1b describes the rate of change of dissolved oxygen fol-
lowing the motion of the water. The problem then is to determine P - R
as an explicit function for the segment of river and day under consid-
eration. Since productivity varies with a diurnal period, we may write

P - R as a Fourier cosine series:

o

AO
- = ——
P -R 5 ZAn cos nwt (2)
n=1
where An are the Fourier coefficients and w = 2n/48 . A cosine

series with a L48-hr period was chosen so that values at the beginning

¥ TFor convenience, symbols are listed and defined in Notation (Appen-
dix D).



and end of a day are not constrained to be identical. The second 24-hr
interval of the cosine expansion is a mirror image of the first 24 hr
and is neglected.8

10. The problem now reduces to determining enough (say, N)
Fourier coefficients to accurately describe P - R for a particular
day. This may be done by using oxygen concentrations measured at two
stations on a river throughout the day to select coefficients so that
the integral of Equation 1lb accurately predicts the downstream values
from the upstream values.

11. If Equation 2 is substituted into Equation 1b and integrated,

we have:
tJ‘+l A
-K§ 1 Kt 0 -K§
c = e c, + e c (t) dt + ——-<l - )
J+1 J KtJ+l [ 2K
t.
J
N
A
+ ————E;————-(K cos nwt + nw sin nwt )
- .
K2 + (nw)2 g+l g+l
n=1
~-K§ .
-e K cos nwtj + nw sin nwtj) (3a)
Time tj+l is the time at which water present at the upstream station

at time tj reaches the downstream station, ¢ 1s the residence time

t. - t., , ¢, 1is the upstream concentration at time t., , and c,
J*l J J J J+l
is the downstream concentration at time tj+l

12. The Fourier coefficients must be chosen so that Equation 3a

accurately predicts measured downstream oxygen concentration from up-
stream values. If the predicted values are denoted by ngi and the
observed downstream values by cgii then choice of the An to minimize
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where M 1is the number of data points, gives the "best" coefficients

(in the least squares sense) for estimating P - R . The function J

(p)
J+l
Equation 3a) and minimization may be accomplished by setting the partial

depends upon the values of the Fourier coefficients <c is given by
derivative of J with respect to each An equal to zero. The result-
ing set of linear algebraic equations may be solved for the "best" val-
ues of the An . A continuous accurate estimate of net productivity may
then be obtained by using these coefficients in Equation 2. The net
daily production is the 24-hr integral of Equation 3A or simply 12AO .
13. The computer program which implements this method is de-

seribed in Appendix A.

Standing Water

1L4. A complete mathematical description of the variation of dis-
solved oxygen concentrations in three spatial dimensions and time is too
complex to be used in productivity measurement. In many cases, espe-
cially when vertical and temporal free oxygen concentration variations
outweigh horizontal variations, a one~dimensional model is useful.9

15. The oxygen mass balance equation for standing water may then
be derived by applying the principle of conservation of mass to a hori-
zontal slice of the water body. TFlows consist of advective inflow and
outflow, which are associated with vertical motions, and dispersive flux,
which is caused by turbulent mixing and by shear associated with the
existing velocity distributions. A term for net productivity must be

added to the equation since this is a source or sink of oxygen at any

depth. The resulting equation may be writtens’g’lo
sc , Qe _ 13 (p, 2, o
3t T A3z " A 9z <DVA az> * PR (4)



wWhere

¢ = oxygen concentration (ML—3)

t = time (7T)

Q = vertical flow (L3T_l)

A = horizontal area (L2)

z = vertical distance (L)
Dv = the vertical dispersion coefficient (L2T_l)
P-R = net community productivity (Mr~h)

A further simplification of Equation 4 is obtained if vertical advection

is negligiblell or considered to be accounted for by a dispersion
10

term. The mass-balance equation for oxygen then reduces to
ac 9 ac
— = — — 1} + P-R
3 az<Dv az> (5)

16. Equation 5 can be depth averaged to give the equation for
calculating the average column net productivity (productivity on an

areal basis) in standing waters. The result is

e v 2c ‘ + P-R (6)
d Z o
where d 1is the total depth (L) and the bar denotes an average over the
water column. The first term on the right of Equation 6 accounts for
flux across the surface (reaeration) and any exchange of oxygen with the
bottom. The surface term can be written as K(cS - cl)/d where « 1is
the gas exchange coefficient (LT—l), cS is the surface saturation con-
centration and cl is the actual surface concentration. The exchange
with the bottom can be included in the term for net column productivity
and Fquation 6 written as

K _c)+ PR (7)
a
17. P-R can be represented as a Fourier cosine series (Equa~

tion 2) and cS and cl can be treated as measured variables.



Equation 7 can then be integrated to give

J+1
_ _ AOG
= + — 4 ——
Cipq T ¢ K(cS cl) at 5
t.
d
An
+ n . s
zz nu)(51n nwtj+l sin nwtj) (8)
n=1
In this case Eﬁ and Eﬁ+l are average concentrations in the one loca-
tion and are separated in time by § = tj+l - tj

18. The An may again be determined by minimizing where the

M
Z[;;(o) i g<p>:|2
J+l J+l
J=1
predicted values are now given by Equation 8. The computer program
which implements this method is described in Appendix B.

19. In some cases calculation of the depth distribution of net
productivity may be desirable rather than (or in addition to) calcula-
tion of average column productivity. A time-continuous estimate of net
productivity at any depth can be obtained by using diurnal oxygen con-
centrations at that depth, and at depths Az above and below with a
solution to Equation 5.5 Using the subscript 1 +to denote depths at

which measurements are taken, the dispersion term of Equation 5 can be

approximated
8 < 5c> 1
—\{D /1= D c.
+
Sz v 0z (Az)2 Vi+l/2 i+l
- DV + Dv ¢y + DV ciq (9)
i+1/2 i-1/2 i-1/2

10



where

Dv = the dispersion coefficient between depth 1 and depth
i+l/2 i+l ; D is similarly defined.
v,
i-1/2
20. We can again write P-R as a Fourier consine series

z cos nwt (10)

where the superscript 1 on the Fourier coefficients indicates that the

ml
o k-

(P-R

expression refers to productivity at a particular depth.
21. Substituting Equations 9 and 10 into Eguation 5 gives the

following expression for the rate of change of free oxygen at depth 1

dey 1

= D C. + (D + D C.
+
& (p)? ['Vi+1/2 i+l < Vit1/2 Vi-1/2> +

Equation 11 can be treated as an initial value problem in s and

solved to give:

J+l
j+1 U8 j 1 Ut
et T =e ¢ +-7}€T~— (Vci+l + Wci_l) e = dt
J+l
t.
dJd
A4 Us N AL
+ — - + —_—
50 <l e > }5 U2 A (nm)e [U cos nwtj+l
n=1
. -U§ .
+ nw sin nwt, - e (U cos nwt, + nw sin nwt,) (12)
J+i J J

11



where

U={(D + D /(Az)2
< Vi+1/2 gi-l/e>
V=D /(Az)
Vit1/2 5
W=D /(Az)
Vica/e

Oxygen exchange at the surface and bottom may be handled in two ways.
The flux may be specified, in which case a slight modification of Equa-
tion 12 is required; the dispersion flux is replaced with the appropri-
ate known flux. Alternatively, of oxygen measurements near the surface
and bottom are used as boundary conditions, the depth-time distribution
of P-R may be determined for all but the very top and bottom of the
column without the need for determining surface reaeration or benthic
respiration. In either case the An are again determined by minimizing

the sum of squared errors. The computer program for this method is

described in Appendix C.

12



PART III: DATA REQUIREMENTS, INTERPRETATION OF RESULTS, AND USE

22. Inasmuch as the net productivity is calculated from the
oxygen mass—balance egquation, the primary data required are dissolved
oxygen measurements taken frequently enough in space and time to accu-
rately determine the oxygen budget of the system. In rivers this would
consist of oxygen measurements at two stations. If the residence
time within a river segment is 30 to 90 min, measurements made every
15 to 30 min throughout the day at the ends of the segment should
give satisfactory results.h If the river shows transverse variation in
dissolved oxygen (which is very unlikely except in the very largest
rivers), several measurements over the cross section should be taken to
determine a mean value. In containers and standing water a data inter-
val of 15 to 30 min again seems appropriate. Depth intervals would
depend upon the degree of stratification in the particular body of
water; for example, Welch12 collected data at 0.25-m increments in Lago

13 and Wrightlh collected data at 1-m intervals in Keystone

pond and Eley
Reservoir and Canyon Ferry Reservoir, respectively.

23. In addition to oxygen data, the temperature, salinity, re-
aeration coefficient, and/or dispersion coefficients may be required,
depending upon the situation under study. If the average productivity
of a volume of water is desired where inflow and outflow are appreciable
(e.g. a diked disposal site), the net advection of oxygen must also be
measured and the calculated net productivity suitably corrected.

2L. Temperature and salinity are used to calculate the oxygen sat-
uration concentration.15 The value of K , the reaeration coefficient,
may be estimated from stream velocity and depth (e.g., see Truesdale

15) 16

or by using measured oxygen and radiation values. The dis-

9,14

et al.
persion coefficients can be estimated from temperature data.
25. Provision of oxygen concentrations, temperature, salinity,
reaeration coefficient, and dispersion coefficients as appropriate in the
computer programs described in the appendices allows calculation of a
time-continuous function describing net productivity. Saturation con-

centrations are calculated internally in the programs using a polynomial

13



fit to the data of Truesdale et al.l5

The productivity function in it-
self can be used in water quality monitoring. For example, the total
daily respiration (the oxygen demand of the community) can be calculated
by assuming the mean nighttime respiration to be representative for the
entire day. P and R can than be calculated separately and the ratio
of P:R formed. Most "natural" streams and rivers have shown negative
net daily production or a gross production to respiration ratio (P:R)
17-19

less than one, and the communities thus depend on allochthanous
energy input. Nutrient enrichment modifies this such that P:R is
greater than one and organic material may be exported downstream.l8 A
drastic change in P or R may indicate either organic waste or
toxin-pollution.

26. If radiation is measured along with the parameters already
mentioned, another method of detecting water quality changes via bio-
logical activity is available. Kelly et al.h showed that a plot of net
community productivity for a river versus incident radiation yielded a
near-perfect straight-line relationship. The slope of this line is pro-
portional to the production efficiency. This is of course a measure of
production independent of light and thus it can be used to determine
changes in oxygen demand and production on a day-to-day basis indepen-
dent of solar radiation.

27. The methods described above thus should allow continuous
monitoring of net community productivity of respiration, and of photo-
synthesis independent of ambient light availability. As discussed in
the introduction, these in turn should reflect water quality changes due
to dredging activities.

28. Changes in biological community metabolism resulting from
dredged material disposal in rivers can be monitored by comparing meta-
bolic characteristics of the perturbed section of the river with meta-
bolic characteristics of a similar but unperturbed section (Figure 1).
Data required for this evaluation have already been stated and are sum-
marized in Figure 1. With this information from three sampling stations,
comparisons among successive river segments can be made to assess the

effects of dredging and disposal operations on the bioclogical community.

1k



o SAMPLING STATIONS~

CONTROL

TREATMENT

REQUIRED INPUT

REAERATION COEFFICIENT OR x DEPTH AND VELOCITY
RESIDENCE TIME

UPSTREAM DO, WATER TEMP, AND TIME OF MEASUREMENTS
DOWNSTREAM DO, WATER TEMP, AND TIME OF MEASUREMENTS

Figure 1. Application to a river segment

Unlike tests which use only indicator organisms or species, the dissolved
oxygen budget provides information about total community production and
respiration. This technique also permits the establishment of control
and treatment areas which are amenable to statistical analysis.

29. The method is equally applicable to standing water (Figure 2).
Control and treatment areas can again be established but the minimum
number of sampling stations is now reduced to two. For example, the
perturbed area represents the treatment and an adjacent and similar area
serves as the experimental control. Comparisons among areas can be made
on an average column basis using the depth-averaged program or on a
depth distribution basis. This latter comparison may be important in
stratified waters in determining deoxygenation or increased production

(i.e. algal blooms) as a function of depth.

15
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Figure 2. Application to standing water

30. The ratio of total community production to respiration (P:R)
is one measure of system functioning. In most natural standing waters,
this ratio is near 1.0. This ratio can be used to assess the biological
condition of the ecosystem. A sustained P:R much greater than 1.0 may
indicate a substantial release of nutrients from the dredged material
and an associated stimulation of photosynthetic plants. A ratio much
less than 1.0 may indicate the release of contaminants such as heavy
metals, toxins, or an increase in turbidity which inhibit photosynthetic
oxygen production. A return of P:R to near 1.0 may indicate improvement
of the quality of the.disposal area ecosystem.

31. All of the methods and programs have been tested using simu-
lated data, and the flowing water method has been extensively field
tested. The standing water methods should of course be field tested
before use for routine monitoring. We particularly recommend that these

methods be used with careful automated data acquisition.
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APPENDIX A: FLOWING WATER PROGRAM

Input

1. Definitions of the FORTRAN variables are given in Table Al.
The order in which the cards are read and the proper formats are speci-
fied in Table A2. The cards are read in the order indicated with sev-
eral exceptions: (a) card number 1 is not repeated when several days of
data are processed together; the information for the second day would
begin with card number 2; (b) the data are read according to the opera-
tion code (e.g. if KODE is set equal to 3 only upstream data are read
and cards N+5 through 2N+5 would be omitted); (c) the last card is nec-

essary only if radiation data are not available (KRAD = 0).

Listing

2. A listing of the computer program follows.

Output

3. Output from the program includes a printout of the input
oxygen concentrations, the saturation concentrations, radiation, and the
input parameters such as reaeration coefficient, pressure, residence
time, etec. The calculated Fourier parameters, the predicted oxygen con-
centrations, P:R as a function of time and, net daily production, res-
piration, and gross production are also printed. Line printer graphs
of the oxygen values, the net productivity, and productivity versus
radiation are also included in the output. Figure Al shows typical

output.
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THIs POGRAM €
T A
GEORGE ™, HORN

ALCULATES RATEs OF PHOTOSYNYHESIS AND RESPIRATION
D ED BY MAHLON Gy RELLY,
BERGER, AND 3. J, COSBY AT THE DEPARTMENT OF ENY

[RONMENTAC SCIENCES, UNTVERSTITY OF VIBGINTA, CHARLOTTESVILLE,

VIRGINIA, THE

SOLVE AND SING

PROGRAM WAS WRITTEN BY GEQRGE M, HBRNBERGER AND

WERE COPIED, WITH SLIGHT MODIFICATIONS. FROM COMPUTER

SOLUTION CF CINEAR ALGEBRATCU SYSTEMS BY GEORGE E, FORSYTHE AND

CLEVE B, MOLER

SPRENTICE-HALL, 1967),

FETHOD
THE RAT 9 3 T NCENTRATION IN A sTREAM MA
BE REPRESENTED BY THE EQUATION
DC/Dy = Kw{Cg=C) + (Pnp)
WHERE C = CONCENTRATIOM
CS = SATURATION CONCENTRATION
K = REAERATION COEFFICIENT
F-R = GROSS PRODUCTION
SS T W : S A S S
P=R & AD/2 + UM FRONM N=1 70 KO OF (AN@CQOg(NeW#TT]
WHERE AN = CUOEFFICIENTS
W = P1/PERIOD OF OBSERVATION
T = TIME
HE DIFFERENTTAL EQUAT ION MAY gE SULVED FOR ROWNSTREAM
CONECENTRATION
Did+1) =_EXE}-KaQ§LTA7§q}J> o ‘
- +T1/EXP(K®#T(J*1) )aINTEGRAL FROM T(JJ TO T(J*1) OF
EKBCS(T)4EXP(KaT)aDT)
vVTAU/72%RYe(L-EXP{-KaDELTAT)
+SUM FROM N31 TO Kg OF (AN/(K#a2+(NeW)aw2))e
- TKaCOS{NeWeT(J*+1)) « NoWuSIN(NaWaT{J+1Y)
“(EXP(KepELTA) ) #(KapcOSENaaT(JY)+
NeWaSIN(NaWaT(J3)))
WHERE D &€ DOWNGTREAM CONCENTRATION B
U = UPSTREAM CONCENTRATION o
- T = TIME
_ DELTA = T(J+1) - TtJ) 3 RESIDENCE TIME

gOLytION OF $HE EGQUATION [)gING OBQERVED (PgTREAM CONCENTRATION
r*vTErUS—wRFuTcTEn—nUszTRExn—ngcENTuxﬁtnWS WHICH MAW

BE COMPARED WITH OBSERVED VALUES+
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CHARACTER°1G ALL:AL23AL3AL4,ALS
COMMON AK
COMMUN M, DT
MZELR STAQT.ZCOS(50;100).ZSIN(SO,tOO):CSI(100)
COMMON KB, 7
COMHMAON BO(L00) ., u<1007 G(50)
COmMNN Dopnyd,DL,S
COMMAN/ZAL/ALL, ALZ AL3 AL4,AL5,KODE
ComMo /PR/PRVD(luﬂ),UPROD(loo) DPROD(1003,QPROD(103)
COMMaN,T/THRS
DIMEMSTON RM(5),PNESY,PG(S)
DIHENSTON HSAV(4,007, USS(lcd).09(100)nUS(jOO)oSAV¢1007-SS(1OO)
DIMENSIQN RAD(100)
DIMEASIAN TFCR(3)
DAA. AtaA2,A3,A4,A5%, A6/14 589,0,392503,6,34716FE-03+1,42111E~04,
+1.07886E-05,1,65321E=07/

T GEAD TW NUMRER OF DAYg 70 RUN

READ 19.N1)48
19 FORMAT(]2)

a o

READ IN ALPHAMUMERIC CHARACTERg FOR LOCATION AND DATE

HCHK =0
gonn TPRIN=D

READ 5000,AL1,AL2,AL3,AL4,ALS
5000 FORMAT(SALN)

c
T READ [N DAtTA FOTE INFORWMATION
C.
[of XONE=1 ALL METHODW®
C 22 TwWD STATION METHOD
o} = STNGLE STATION (UPSTREAM)
c = SINGLE STATION (DOWNSTREAM)
c,
c KRAD=0 MO RADIAyION DAyA AyAILABLE
C = RADTATION MgASURED AT UPSTREAM STATION
¢ =2 RADIATION MEASURED AT DOWNSTREAM STATION
T
Iy
of THRg=THREGHOLD VALUE OF RADIATION
o
REATT 20 4X0NR,.KRAD, THRg

20 FORMAT(Z212,F10,0)
T
o READ IW TI=RESIDENCE TIME (HOURS)
T DY=0ATA INTERVAL TROURSY
¢ PRES=ATMOSPHER]IC PRESSURE (MILLIBARS, CORRECTFD TO SEA LEVEL)
T NENUMEER OF DaTA POINTS
c Ko=NUMBER OF PARAMETERS
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r e

READ S;DADT:PRESprKO
W—>

ROADTY AK=REAFRATION COEFFICTENT (METERS/HOURY
START=STARTING TIME (HOURS)

o' Ro ek

READ 10aAK,g1ARYT
IO FORMAT{AFIN, 09 -

C
b i o
e INITIALTZE ARRAYg
[of
DO 800 [=14N
ochy=n, o
USCI)Y=, D
DACIY=0.0 ~

60N nScly=n,o

READ TN OXYGEN DATA
UZUPSTREAP CONCENTRATION (GRAMS/CUBIC METER) -
D0=NCWHSTREAM COMCENTRATION (GRAMS/CHBIC METFR)
US=UPSTRE ™ TEMPERATURE (DEGREFS CENTIGRADF)
NS=NCANSTREAM TEMPERATURE (DEGREES CENT[RADF)

O O O d

695 IF(KOME.EN,4) GO 10 409
G0 0 807 TEI,N )

o™

R[:An rr‘I~l)PSTREAW7UmW7(:t’QCEQTPKTIUNO TEFPERATURE' AND RA ][ATI ON

o

DT PQNMAT(VI
READ 61U0,US(I),U(l),yURAD
TEN TP IRRAMI R Y RADTUIYEURAD
IF(eONr B0, 3, ANDKRAD,FQ,2) GO TO 6090
T IFTRNOETERNTAY GO T0 g9
A1h TFIKADF.3E,.3) GO TO 3
s P RN, U L AN RODE L, EGL, &) GO 10 608
6NN DO 64 [=q48
- .
r Rean IN pCWHSTREAM OXYGEN oONEENTRATION, TEMPERATURE, ANp RAplAqION
C R .
READ 6100,105¢1),00¢1),DRAD
G1T TFIRRAT, BT, 2) RAD( T =zDRAT
JOTF(KRADWNE Q)Y GO TO 2

— st -
€ [F N0 RADIATINN DATA IS AVAILABLE, READ IN TIME OF SUNRISE
T 7 AR SURSET T(HOURS)

C

REATT T4FT,F4
1 FOQHAT(2F10.4)
TTTTTYIERLZOTH N0 o
12=<F2/NT+1.4

Al



2

TFONUMBL,EQ,B) NUMBEL
YMINZ1080,

VMAX=D,
Kl=1

KODET=1
KSAVEKODE

PAT=D
DAYSFLOAT(N-1)Dy

Wz6,28318/(2,08DAY)
M:D/DTQi'OOl

6000

PRINT #0500
FORMAT(IHL,50Hee0sc0nasaunt0000nnncasetonttotatntoodradabotosn)

COPRz(PRES+0,191729,92
IF (PRES.GT,50,0) CORR=(PRES=17,00/4043,2%

619

Do 78 Tai,WN

e leFe]

CONVERT TEMPERATURE TO SATURATION CONCENTRATION OF OXYGEN

Ug(IVZAZ-AZ& gl T+ATayg (T e+ Rasjg(T)ead~ ABaligt [ nadspabalg([)sns
DS(I)=A4-A2#CS (] #AZeDS(])#a2+A4aDS(])0nl- ABeDISU])andq+p6aDS(])1na5

CORRECT gATURATION FOp ATMOSPHERIC PRESSURE

qnn

Us(1)=Us(])#CORR

DS(1)=DS(])%CORR
SAV(1)aD0¢1y

SS(I)1=ns( N
USavelysucl)

USS(TTeUS(Ty
1IF (KODE ,EQ, 4) G0 TO 61

FIND MAXIMUM AND MINIMUM VALUES FOR CONCENTRATION

e O

IFCUCLY, LT, VMIN) VMINZU(D)

TFOUCTY (GT, VHAX) VMAXEU(T)
IFCUS(I) GT.VHMAX) YMAX2US(I)

61

IF{KODEGE.3J) GO YO 70
CONTINUE

F(OB (), LT, VITNY YMN=DO (1)
IF{Do(1),GT,yMAX) yMAX=DO(])

70

TF(DS(1),GT,VMAXY VMAXEeDS(I)
CONTINUE

!c:qcan

CALCWLATE THE INTEGRAL OF RADIATION QVER THE INTERVAL FROM SUNRISE

TO SUNSET, USING THE TRAPEZOIDAL RULE

RINT=0,0
IF(KRAD:EQ.Q? GO TO 750

1IF(RAD(4)«GT.THRS) GO Y0 /50
11=10000

DU 747 T=1,WN

TF(RADCI),LE. THRS) GO t0 730
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o MASHATI LD
RINT=<RAD( 1)‘RAD(I7)¢DT¢R1NT
12871
GO TM 740
730 YF(I.EU,I) gC TO 790
IF(RAD(I~1),LE.THRE) GO YO 740
CTRINT S RINTFIRAD( =1 V+RAD(T)1aDT
740 CONTINUE
TOTUTR(TE L EQ,TY Ti=1 T
RINTzRINT®#60.0/2,0
) "TFIRINTVEQ,J7T RKRADED T i
750 CONTINUE

c -
c PRINT HEADINGS
c S AL

RRINT 1041,AK,K0D

T1041 FORMATTEH 850X, ISHREAER, CUEF.,=,F6,3,5X, L1HPARAMFTERS=,12,5%,
+10KRES, TIME~,F5,2)
PRINT”bfgl.&lioAinALsuALA.ALS

5001 FORMAT( H 5410
) PRINT T T
1040 FSPMAT( HP 5UH&G#Q“#GQQQQ&“}QGll*#oo#uuu..!ﬁﬁ&!ol'l.ﬂGG&G.&QGG!!)
T PRINT_ 975

975 FORMAT(1HD,2X,34HUPSTREAM DOWNSTR UPSTREAM DOWNSTR)
T IR (RRANTNES DY GO TO 4% - T T
PRINT 980
980 FORMATIL, 73*f‘Unﬂ*YHEN“‘ﬁXYGEN*ASIfﬁﬁIf——srvaxT———f,MEI“"ﬂ'———*—
G0 TO 949
948 PRINT 985 : S
985 FORMAT(1H ,3x,50HOKYGEN  OXYGEN SATURAY SATURAT RADIATION  TIM

C
T T PRINT CONCENTRAYION DAYR AND FIME 7 7 7T
c

949 DO 990 T=E{AN - ' T
TIMES(1-1)aDT+START
T U TIF{RODESEW, 2 DSY 0,7 o T
JIF(KODELEQ . 4) UsSY1)=040
TP KRATNELVDY GO TO950¢ }
PRINT 100%,U¢1), DO(I?.US(I).DS(I).TIME
1S FORMATOIR 76F97 47y T
G0 TN 9%90
TS0 PRINT T OS U C ) y DOt ST DSt I RADTT Y TIFE T
950 CONTINUE

— CHNENEMFL N
o

T T TPRINT HEADINGS

c

ST IFtRODE LT 3V PRINY 1070 T
1070 FORMAT(LHL,ISHNET PRODUCTIVITY THO STATION METHQD)

- IFCRODESEN ) PRINT (U8B0 - —
1080 FORMAT(141,41HNET PRODUCTIVITY~SINGLE STATION(UPSTREAM))

A6



TFIKAUE.£Q,.4Y PRINY 1090
1090 FORMAT(1H1,43HNET PRODUCTIVITY~SINGLE STATION{DOWNSTREAM))

PRINT 4040
PRINT %uo1,AL1,AL2,AL3,AL4.AL5
PRYNT 1040
PRINT 1100
1700 FORMATULIND,2X, S8HDELTA NO, VALS, DAT/DELTA REAER PRFS,)
FRELEELE?

T PRTNT 1110 ,D NV W AK PRES
1110 FORMATC1y +F3,1,5%512,7X,12,5%,F5,2,2X,F8,2)

In0 TP UKADE,EQ, 3 GG TO 310
IF(KODE,EQ,4) CO TO 320
NG 71 131H

DOCIY=NO(T4+M=-1)
71 PSSl =nS(1+A=1)
6y Tn 350
T30 D3NS TELN
NOLIY={TeM-1)
312 NS sUSIT aM=1)
80 TO 350
U320 B0 3N5 TE{LN
DETY=8AV T
US{1Y=85()
DOCIY=SAV(T+M=1)
325 NS(IV=85(1+7=1)

_ AND STORE FOR CONVENIENCE,

C
[ CALCULATE PARTs OF THE EQUATION FOR DOWNSTREAM CONMCENTRATIODNS
C
[o)

IR0 ZaM-1,
D1=D/2Z
LLsKO=1
09 700 L=1/NN
AL=L
TsNaw(AL=1,0)8H
ng 700 I1934,LL
V=10
ZCOSCIQ,L)=C0SveT)
T80 ZSTHCIQaL) =S IN(V®T)
IF(8OnE, LT, 4y GO 1O 2001
T SEEXP({~Ak0]
DO 2000 I=4,N
Al=]
A= (DSCI)=Us (1) I/D
A S G R U B Y VAV Y& S S K O]
2001 FO!TIw\E

C
o SUARDUT (NE PARAM CALCULATES THE VALUES OF TWE FOURIER COEFFICIENTS
T TPAV SETERST
o
TELL FARAM S
o

AT



PRINT VALUES OF PARAMETERS

PRINT 1020

1020 FORMAT(LHO,A7HPARAMETER VALUES-)

00 <10 T=.,K0

240 PRINT 1030,1.G(1?

1030 FORMAT (IR , 1Z,2X,E15,8)

PRINT 10490

PRINT 1050

1050 FORMAT(3HO, 17HNOWNSTREAM OXYGEN)

PRINT 139

1060 FORMAT(IH ,2X,4HTIME, 4%, 9HPREDICTED, 11X, BHOBSERVED)

T
c SVBROUTINE COMPAR CALCULATES DOWNGTREAM OXYGEN CONCENTRATIONS Fpom
T URSTREAM TATA AND COMPARES CALCULATED AND OBSERVEN VALUES
C
TALL TOWPAR
o
T THTEGRATE PRODUCTION OVER THE DARK INTERVALs AND RIVIDE BY THE
c LENGTH OF THE INTERVALS TO CALCULATE MEAN RESPIRATION
o

RMEANEZD, 0

TFTRATTTYY.GT,THRS) G0 TO 215
QR=]1eNeM=1~12

TFIGREG0) GR=1
pt 211 I=1,11

211 RWEAN=RREANSLPROD(T)

TURN =1

IO 212 11271V

212 RMFANZRMEAN+*CPROD(])

AT R E A= P RO DI T+ PRUD T T I Y +OPRODT T Z T+ OPROD(IUT ) 72 ¢ 0
RMFAMz DAY #PMEAN/QR

C
C

CALCULATE NET AND Gg0Oss PrODUCTION OF OXYGEN

o]

215 PNETEDAY#G(1)

PLRUSSPNET-RPEAN
IPRINZIPRINY1

PNTIPRTN)ZPNET
RM(IPRIN)=RMEAN

PGTIPRINISPGROS
IF(KRAD.GE.4) GO TO 9

(o @]

PRINT PRODUCTION, RgSPIRATION AND RADIATION DATA

PolNT B4PNET.RMEANIPGROS

AP ORMAT LAY LS AMET FRODUTCTION®, F7,2,3X, 1 2ZHRESPIRATION®, F7,2,3X,17HG

LROSS PRODUCTION=sF7,2,3X, 27HNO RADIATION DATA AVAILARLE)

RO T0 214

9 PRINT 243,PNeT,RMEAN,PGRNS,RINT

2T FORFATHLRY, ISHNET PRDDUClIUN:a?/.2¢3X|12HRESPIRA7ION=|F7.203x51/HG

+ROSS PRODUCTIONZF7,2,3X,16HTOTAL RADIATIONSRF7,2)

A8



214

IF(KADE.NE, 1y GO YO 400
KODE=F2

400

KODE%X=~1%
IF(KADFE},GE,0) B0 TO 6030

kODE=zkDBE+1
IF(KNDE,GT.4) GO TO 4030

DeDT
NgNtM-d

M=2
N3N=-M4+]

6030

G0 TO 295
KONE :KSAV

NehN+M-1
NIX=N

6031

TX=0
JXE]X+1

MIX=F[X~50
IF(IX.6T.0) Go Tp 6031

xveld. 0

CALL sUBROUTIMEs 10 PLOT OXYGEN CONCENTYRATION AND PROBUCTION
DATA OVER TIME AND PRODUCTION AGAINST RADIATION

ol Aja

[F{KODE,EQ.4) GO 70 6010

6001

PRINT 6001,AL1,AL2yAL3,AL4,ALD
FORMAT(4H1,5410,30HUPSTREAM OXYGEN AND SATURATION)

6910

TALL OXYPLOT(NsUSAV,USS ) XViDT+VMINIVHMAX, 1X)
IF(KODELEQ.3) GO TO 5020

6002

PRINT 6002, AL1,AL2»A03,A0L4,AL5
FORMAT(1H1,5410,32WDOWNSTREAM OXYGEN AND SATURATION)

6020

CALL OXyPLOT(N,SAVsSS,XV,DT,VMIN,VMAX, TX]
CONTINUE

TF{RKODE.GE,3) GO T0 4021
RRINT 5002,AL1,AL2vAL3sAL4sALS

5002

FORMAT(1H1,5410,18HTW0 STATION METHOD)
CALy PLOT(4,PROD:IK,XV,DT)

IF(KRAD ,NE, ) CALL RADPLTUN,PROD,RAD,START,DT)
IF(KODE,EQ,2) GO TO 8000

KODEz3
KSAVE=-)

6021

IF(KoDEWNE.S)Y GO 10 6022
PRINT 5003,AL1,AL2)AL3 AL4,ALS

20035
7001

FORMATUIH1, 5410, 23HSTNGLE STATION UPSTREAM)
CALL PLOT(N,UPROD,IXsXVeDT)

_ 6022

TF{KRAT},NE, ) CALL RADPLY(N,UPROD,RAD,START,DT)
IF(KSAV4GE.g) GO TO 8gpp

KONE=KODBE+1
IF(KODE,NE,4) GO TO 6023

5004

TTOU2TEALL

PRYNT 5004, ALT AL2,AL3sALAsALD
FORMATt1H1,5410,25HSINGLE STATION DOWNSTREAM)

- B ’ ? ’ [R%
IF(KRAD,NE,0) CALL RADPLT(N,DPROD,RAD,START,DT)
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TTTTTTTEOTNTBO0N
6023 IF(KODE,NE,B)GO TO 6024 i .
’PRINT’DGUb.ALl ALZ+ AL 3, ALE,ALD
5005 FORMAT(1H1,5A10) [
; B0 TO 7007
6024 PRINT 5005,aL1,aL2nal 3saL4,aLS

B09C MCHKaINCHK e, B . .
- IFTTPRIN,ER,3) GO TO 7090
JUPs2 e R
BLE S
50 TQ 7095 R,
T7090TRATE=E]
1yrP=2 . ———
1phET
7095 KSUM=Q e I
"BE09T KSUMoIKSUMFYL
IF(K9UM, LE,2) GO Tp 8005 S
CIFTACHKWGE (NUMBY §T0F

60 T0 9000 o .

. N TEEY

¢ PRINT A SUMMARY OF CALCULAT]ONS S

e A SF

8np5 INY BG66,ALLIAL2 AL AL4IALSD

TBTES F§RHITTIHT727H*»-~F SUMMARY “waae,5X, 5810, /777,
IF(KODEG6T+2) GO Tn 8419 L
PRTHT Bg67

8067 FURMéjtxHO 1 18HTWD ST,TION METHOD) N B o
T T PRINT OV A k0T DAT T T T T
8070 FORMAT(140,10X,11HREAERATION-,F5,2,5%,11HPARAMETERS~, 12,5X, 15HRES]
T TTENCE TTTE=F 5,27 B
PR!NT 80711PN (1)
,,e,h.-’i \)Rw—ﬁ—zsx, 1RH\1E| PRODUCTTON 3X—ﬁ.21ﬁ:36ﬁGRKWS_UXYGEN PEREU
+B1C HMETER PER NAY)
T UPRINT a7 7aRNTLY -
8072 FORM\T(lu .25X-1?HREQPIRATION‘05X F74:203%)36HGRAMS OXYGEN PER CUBI
+FWFWW7¢WTAY) —
PRINT 8073.:RG(
8073 Foﬂﬁ‘?ft#h—?fx:17HPRﬂSS“?ﬁﬁDﬁC*TON“f7.2:3X‘16ﬁGRKﬁS“OXYGEN PER TU-
+R1C METER pER DAY) 7 )
7 IFYRRANGEQL QY GO TOO®QOY T T T —
PRINT 8074,RINT

BT 4 FORMETTIA 25X, 16HTO TR RADTRTTON=TIX; F 7. 25, 3%, PHUANGLEYSY
SLOPE=PG(1Y%60: g/RINT I
S PRINT BP75;SLOP
8075 FOFIATULHD 25X 6HS| OPE=,6X4F7,3,5X, 36H(RATIO 0F GROSS PROD' To ToT_
T SALTRADGIYT
FRINT BU76, PQOD(l)
BT F ORI TS X F T T SXT LT TP RO REGRESSTONTY T

PRINT 8q77,paQD(2) o R
~8077 FORMATTIH- 125X L ORINTERCEPT=72X3F 7% -
PRIHT B8078,PROD(S)



BO78 FORTAT(IT 25X, 12HCORRELATION=,F7.3,/77777)
8009 IF(A0DDE,EQ,2y GO TO 8099

BRLY TF(AQLE,EQ, %) GO YO 8012
~ 8pqq PRINT B(68

BUsY FORMATIIHD,Z3HSTINGLE STATION,UPSTRE AM)
PRTNT BB70,AK,XK0sD

PRINT BO71,RN (TUP)
PRIWNT BO72,RM([UP)

PRTHT 8073.,PGCIUP)
IF(KRAD,EQ, Q) GO TD 8012

FRTNT 8874,RINT
SLNPESPG(TURI#60.0/RINT

PRINT 8075,5L0PE
PRINT 8076, PROD(1)

PRTuT BO77,UPRODCZ)
PRINT 8078, UPROD(I)

8012 IF(KODE.EO.S) GO TO 8099
PRINT #069

BUAY FURMAT(LA0,25RSINGLE STATION, DOWNSTREAM)

PRINT Bg7psAKsKqnrD
“““‘FRINT“387f.Pm(IDN> '

PRINT B072,RVM(IDN)

PRINT BU/73,PGUINNY
IF (RAD,EG,B) GO TO 8099

PRINT 8074,RINT
SLOPE=PG(INNY«60, 0/RINT

PRINT 8072,8L QPE
PRINT R(76,DPROD{1}

PRINT B077,DPROG(2Y

PRINT BO7R,DPROD(3)

END



SURRoUTTNE PARAY T

C
T SUHROUTTNE PALAM CALCULATES THE VALUES OF THE FOURIER COEFEICIENTS
r (PARAMETERS), THE COFFFICIEMTS MUST BE CHOSEN TO MINIMIZE YHE L
© CUWULATTVFE FRROR, EXPRESSED AS THE SUN OF SAQUARED ERRORS BETWEEN
o OASERVED AND CALCULATFD DOWNSTREAM CONCENTRATIONS, WHEN PARTIAL
o) DERTVATTVES OF THE ERROR WITH RESPECT TO EACH COEFFICIENT ARE
€ FORMED ANC SET EQUAL TO ZERO, A SYSTEM OF L INEAR EQUATIONS IS
€ FOUND, WHICH Ma¥ THEN BE SOLVED TO YIELD OPTIMUM VALUES FOR THE
C PARAMETERS,
o
COMMON AK
COMIINN M,DT
COMMON START, 2C0St50,100),Z3IN(50,100),E6S81¢100) )
CUlMAN Kps 7 o T
COMMON D8<100)aU(190}.G(50) . o
COMMON TN WL D SyK 77 T ’
COMMAN/ZAL/AL1,AL2,AL3,AL4,ALS,K0DE
NIMERSTOY CON(100)
NIMENSION B(50,5n)yGAMI100s50),A0100),C(50)
TDIHENSTION L ¢50,50Y,6X(50)
CHARACTER 10 ALy pl2y L3, 4L 4 4L5
ZzN
o
o BpEAK DOAWN THE EQUATION FQgﬁDOWNsTREAM CONCENTRATION INTO ITS
£ COMPONETT PARTS A, R1 AND GAM FOR CONVENIENCE,
c
Do 1p 11,0 T
106 A{1)FCSTIIy*SaU(])
DO <0 Ls1,¥

GAM(L,1)=0.0

No 20 15=2,K7
V:IS-;]_

Tvels-1
LO=| +M~1

Wi=1.C/7{AKwsZ+ (Vo Tan))
w2=AK“ZcOS(IV;LO)#V»QfE§}N(IV:LQl-Sﬂ(Aﬁf;cOS(Iv,L)+vnwa

LZSINCIVRL)Y
20 GAM(L,1S)%WiaW2

SET UP MATRICEG B AND C 7D CONTAIN THE LINEAR gYSTEM FOUND FRONM

e TeNe Role]

FINTWNTZING THE ERROR, SUCH THAT B%ASC (WHERE MATRIX A CONTAINS
THE PARAMETERS),

DO 30 132,KG
DO 30 IFT, RGO o
R(l,J)%0,

T SUTLELN
30 BAI, =B ) +GAM (L, J)#GAMIL 1)

T Rl (A=Y 72 e ARY T __"

R(1,1)2B1%7



20 N0

leoReoRe]

DD 4NTTEIL,RD

35

407

81

400

B 1) ET,

CCECLANgLy-AcL)

EHn

ASSELN

no 35 L=t -
B(1 7‘?971—7**Gxn(c”15 T : e
r(!)=C(I)+nAN<L 1)& (DO (L)-A(L))

Call syU2gCyTINEg 10 SﬁLvE THE gYgTEM OF LINEAR EQUATIONS BY GAUSSIAN
TECTMINATICN,TF A SINGUUAR MATRIX T35 FOUND, STOP EXECUTTON,

CALL DECUTP{K{,BvUL,Kg7T o e ———
[F(XS,GT,0y sTNP
call 50LVE1KH ULCrGX)

STORE OPTIMUM VALUES FOp THE PARAMETERS IN G,

DU 40T TUEL KO . S : —
G(Jy=aX(J)
GLYTGTRY/2.0
RETHR:

Al3



SUBKQUTTINE TCoMPAKR

c
; ] “ULAT TCTED CONCENTRATIONg UsING THE
C OUATION FOR DOMNSTREAM CONCENTRATION. ERROR IN CALCULATION 1S
o) EXPRESSED AS THE SUM OF SAQUARED ERRORS BETWEEN NBSERVED AND
c CALCULATED DOWNSTREAM CONCENTRATIONS,
T
GOMMON  AK
COHMMON HaDT
COMMON START, 2C08¢50,100),2SIN(50,100),C51¢100)
CORMON KU»Z
COMMAON NO(100),UL1003,6(50)
COMMON Dy N, W,D01.,95,k
COMMON/ZAL/ALL,AL2,AL3,AL4,AL5,K0ODE
TOPHMONZPR7PRCDTI00 Y, UPROD(L00), DPRODTIOU), BPRON(I0T)
DIMENSION C(50)
CHARATTER¥ ¢y AL 17 AL 2 AL IV AL &2 ALD
DO 402 J21,K0
402 C{H=G{J)Y
1=0
T
c cALcULATE AND STORE PARTS OF THE EQUATION
o
DO 90 L=l,N
TUFLFH=1 T
ALEL
TI=DTeAL-1,00%W
T2:=Ti+Daw
RIFoHJILIT*F{CULY/7ARY {1, 0= +05T (L)
R2=0
RO 50 15=2,K0
V:ISrl
TYV=15-1
WisC(IS)H/(AKne2¢(VeU)nel)
T TR EFARELGOS TV L0V S VEWRISTNC TV LUV -5 R U AK#ZCOSY [V, LI *VeWEZS [NU IV, L YT
50 RPyF=R2+WieW2
[
v CALCULATE CONCENTRATION AMD TIME
C
60 R=R1+R2
TIETZ/W
TIME=T34START
GU T B8
88 IF(TIME,GT,24,0) GO TO B9
T
o FRIMT TIME AND CALCULATED AND OBGERVED VALUEg
|44
PRINT 1470, JIME,R,DOLL)
J.CIU FURTTA T U H’On/IDX!El‘h/‘OX t'.I.‘T ’]
GO YO 99
B9 TIMETTIME=24.0
to To 88

AL



CALCUYLATE AND PRINT gUM OF SQUARED EppOgs

EsZ+(R=-DO(L))en2

PRINT 1080,Z
FORMAT(1H0, 22HSUM OF SQUARED ERRORS=,E14,7)

PRINT 1090
FORMAT(1HD,4RTIME, S, 3HP~R)

NQE M=l
DO 110 J=1,N0

J

o4 -
nin n

T-1,0) eni
(1)

[

(
G

je Be ke

CALCYLATE AND PRINT GROSS PROD,CTION

N0 160 ls=2,K0
Q='8~1

100

YzY+C(IS)eCOS(QaWeT)
APROD(J Y=Y

TF(KODE LT, &) PRODEJV=Y

IF(KODE,EQ.3)  UPRQOp(J)aY

IFTKODEVEG, 4y DPROD( j)=Y
TIME=T«STARY

108

TFETIME,GT, 24,07 GO TO 109
PRINT 1100,TIME,Y

1150

FORMAT(IH ,F8,2,3X+EL5,8)
e0 70 140

109

TIMESTIME~24.,(
f0 TH 108

110

CONTINUE
RETURN

FMD
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SURRAUTTINE DECAMP (NN, A UL KS)

SUBRUUTINE DECOFMP PERFOgMg A TRIANGULAR DECOMPOSITION OF MATRIX
A. DIVINING IT INTO AN UPPER AND LOWER TRIANGULAR MATRIX,THE SYSTEM

AaX=B MAY THEN BE WRITTEN LeUwsX=8, WHICH 1S SOLVED IN SUBROUTINE

SHLVE.

qnﬁnnn

DIMENGION A(50,50),UL(50,50),$CALEG(50),1Pg(50)

COMMON/EQ/ TIPS
MaMN

K3=0
DO 5 T=3,H

IPS(I)y=]
ROWNRMED, 0

Ny 2 J=1N
BlLelodysptl,d

TFOROWIRM=ABS( T (T7J1)) 142,2
ROWHRM=ABS (UL (1,0}

COMTINUE
IF(ROWNNRI) 3,4,3

SCALES(I V=1 . 0/ROWNFM
60 TU 5

CALL SINGTD)
Kq=1

SCALES(17=0.7
CONTIHNUE

FREE IR

DO 17 K=1.HM1

nlG=0,0
Do 11 I:K’ A

TF=TPStD)
SIZE=aBS(UL(IP,K))®SCALES(IP)

10

TF(STZE-BTIGY 11,11710
prlG=g17E

11

ToXPivey
CONTINUE

12

TFTRIGY 13,12,13
cal.l StHWG(2)

KS=d
GO TO 17

13

TFCIDXPIV-K) 14,15,14
JEIPRG(K)

TFS{KI=IPSCITXPIV)
IPSCIDXPIVYS

15

KP=zTRS(K)
PIVOT=UL (KPR, K)

KFizK+1
DO 16 T3KP1,A

TPEIPS I
EMs~ULLIP,K)/PIVOT

ULTIP/RI=-FM
NY 16 JaKPL,\

ULTTIR, =i TP, JT+EMe L TKP , I)
CONT INUE

COMTTNUFR
KF o[RS (H)

TFTUL{FPANYY 19,1899
CALL SING(2)}

Ks=1d
RETURN

|SNE
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"7 BURRAUTTWE STLYETNN, UL B, X7

TH15 SURRCUTINE gOLVEs THE TWO gYgTEMg [ #Y=H AND T#X=V ¥ FIND
MATRIX X,

anonn

NIMENGTON L(50,503,8(50),X(50),1P45(50)
T T T CONMONTZETTITRS
NzMN
©TONFisnel
1P=1PS (1)
(LY =B (TP)

FURWARTD ELTWINATIUN

’—’.

" pl0 27T=2,V
1P=1PS(])
IM{=T-1
SUm=0,0
ne I U= TyE ‘ T T

1 SUM=SUMsULCIP )X LEY)

2 X(I)EQTIP)JSUM'"___“‘”*'
Te=lpSty)

X (TEXANTZUL (1P, )

T RATR SUTSTITUTION

aaa
‘ |
|

DO 4 TBATK=g N
12MP1-1BACK
IFeIPsSeTy "
IP1=X¢1
T T oTHUMzL. 0 T T
LY 3 J=IPi,N
3 éUp:Sﬂﬁtﬁ-ij,J)aXfUi o
4 X(1)E(XCIT-SUMI UL CIP, 1)
) RETURY -~ — "7 — T
END

SUBROUTTNE STNGUIWHY]
c
C HTg SURRCUTINE PRINTs DTAGNOSTICS TF A STNGULAR MATRIX 1§
C FOlth [N CECOMP

|

IFCIURY,E9,2) G0 YO 2
PRINT 13X
13 FORMATCLH], 33HMATREX WITH ZERO ROW IN DECOMPOSE)
HE TR
2 PRINT 12
___T?_VgﬁﬂWTTIW375IHSTNEUIKR“NKTVTY”TNAﬁECUWPﬁSFTAZFVﬁ_ﬁTVTﬁE_TWFEUIVET7
RETURN

END

mT



T SUBRGUTINE PLOT(MPT, VAL, TX, XVAL,CPLOT)

¢
rF THIS SURRCUTINE PLOTS OXYGEN PRODUCTION AGAINGT TIME. ~
¢

TUOHFDON AK ) e
COMMON M,DT

CORMMON 2 TART,, ZCUSTR0, 100 T, ZSTNTS0, 100y, CSTr1an)
COHMON/ZPT/P{5) ) YMAX, UMIN

'*"’""UFNENSIDN VAL(MPT)QCLEAN(S)lLINE(lni) S T

IwTEGER EANe INEYP,DOT, B ANK,STAR
T DATA TDOT; KNKLSTIW7TFTpI yIH®/ oo A

DATA PLA)/1HP/

"WTS?V?UFEUT”' e
¥=1x

© ePLOTEEPLOT, X - — T
XVaLz6, u~CPEOT

T OVMEREELENE, - ’ T
YMINZ1000,

Qoo

CALCuLATE MAXIMUM AND MINIMUM PRODUCTION VALUEg

DO 50 131, MRT,IX T
TFIVALTIV GT, VMAXY VNAXSVAL(T)
IFCVALCEY LT, VMIh VMINzVAL (]

TR EONTINTE T ¢ T e
XFACT=0,0
XYALT==TPLOT T ’ ’

PRINT TITLE — ) T T

T PRINT _IND
100 FORMAT(1HO, 25x.54HheT PRODUCTIVITY,GRAMS OXYGEN PER CURIC METER PE
«R HOORY e e Z_k
KPL=?

oman

c .
c SFALE AND PRINT PPODUchON AXIS
T

TR OVHAX, LY, 4.5, AND. VM!N GTe-1. 0) GO 70 60
UMINTE2, 0 I
viaAXzES3, 0
- PRINT 102 Tt T T T T e
102 FORM,TtEH .15x 4H-2,0,14X%,4HK=1, 0.16x:3Ho 0,16X,3H1,0, 17x.3H2 0,
— rfrfTKHS‘UT— —
cOo T 70
—— gt RPLIL—— . e
PRINT 101
— 10t FORM#Tfr;".15Xr4H‘t70714Y74ﬁ=ﬁ15716X73HUtﬁTtﬁxTGﬁﬂTﬁTi7x.SniTvT -
117%,341.3)
70700 110 JFY
LINE(J)SDOT
- MIMprdely2g) T e ——-
TF(u.EQ,0) LINE(J)®STAR

A18



TI0 CONTINTE
PRINT 403,L]\E

T3 FORMATIISX, 101417
DO 141 J=10304

111 LINECTY®RLANK
LINE(41)=DDT

I=20,
¢

e gTORE PRODYCTION valLuf FOR EACH TIME
o

DO 126 K=s1i,MPT,1X
XVALCSXVALC+CPLOT

TFIVAL(KY,GT,VMAX) VAL(KISVMAX
TFOVALIK) LT VMINY VALIKISYMIN

JEITD T8I0, 4% (VAL (KY+1))+1+5
TF(KPLLEQ,2) J=100.08(C0,6/VMaX)ayL(K)+8,4)+1,5

T IFUJ.Eq.41) Z=10,
LINECJY=P (1)

CLEAN(1Y3)
TF(ARS(XVAL-XVALC).GT.0.001) GO TQ 113

TTUXFACTEXFACT#..0
IFeZ.F0.0.) CIME(41)88T4R

YERD
XVAC=20.

XKe AFATUT# AVAL +gTARTY
50 TF ¢(X.GT,24,0) G0 TO 99

TF(XVAL,LT.3) GO TO &1

C PRTNT POIRTS

FrinNT 183, %, [TNE
104 FORMATIAX,F5,0,6H0N HRS,101A1)

GO 1O 11#
8% PRINT 105,%,LINE

T05 FORFAATUAY,F5, 241X, SHARS, IX, 101A1)
R0 TO 134

AU 4% S Y
G Ta &0

{13 PRINY 103, LIANE
114 ICLEANZCLEAN(D)

T LINECTCLEAY T =BLARK
LIMNEC41)=DnT

{16 cOFTINE
cPLOT=TSAY

RE TURN
END

M9



SUBROUTINE 0XYPLOT¥WPY, X1, X2, XVAL ,CPLOT, VMIN: VMAX, TX]

e Lo

THTs SURRCUTINE PLOTg OXYGEN CONCENTRATION AGAINGT TIME

COVMON AK
COMMUN M,DT

COMMON START,ZCOS(%0,100),2ZSIN(50,100),CcS1(¢(180)

DIMENSION X4 (MPT), Xo(MPT) ) CLEAN(2)+LINE(101)ePt2%,¥(5)
~ INTEGER CLUERN,[TNE,P7DOT, BLANK, ST 4R

NATA DOT,B AnKsSTAR/LH, y1H ,1Hs/

DATA P{37,P{(27/1HDs1HSY
CHARACTER®1 JRJ

EQUIVALENCE{JRJ, IDEN]
JRJ=1HO

TSAV=CPLOT

¥= XX - e o
CPLOT=X«CPLOT

XyALz6,02CPLOT

VMINS=VMIN
VMAXS=VMAX

T IMINETNTIVHTRY
IMAX= INT(yMAX+1,D0)
VMIN=IMIN
VMAXZIMAX

SCALE CONCENTRATIDN AXIg

oD

DYz (YMAX=YMINI/S,0
YOL)YTVMIN

1T YU =Y(I=17+TY
XVALC=0.0
XFACT=0,0
XyALC==-CPLOT B o ) o
FRINT 100

100 FORMAT(1HO,35X,42HOXYGEN CONCENTRATION,GRAMS PER CUBIC METER)

Q‘OO

PRINT CONCENYRAYION AXlg

PRINT 101,Y(1),Y(2),Y(3),Y(43,Y(5),Y(6) o
101 FORMATCLZ2X, 6(F5,1,I5%yy
N0 110 J=1,101
LINECJYEDQT
MzMOP (J=1,20) B
TTFIMLEG,T) CINETVYES7AR T
110 CONTINUE B ) L
PRINT 183,LINE
103 FORMAT(15X,101A1)
T T b0 iaL JEEaa01
111 LINEXJISRLANK )
T UUIRE(IYRpOT — R
C

A20



aaon

80

104
81

105

90

113
114

115

116

TCLEAN=ELEAN(L)

"VMAX®VMAXS

"STORE CONCENTRATIUN VALUES FOR EACH YYME

DO 116 REI WPT,1X - o ST
XVALC3XVALC+CPLOT

JECLOU 07 TURAX-VMINY Tw (X LK ~VHINY®L, 5
LINECJISIDEN

TELEARTIVYE)

JIEL00 B/ (UMAX-VHIN) Fo(X2(K)=VMIN) 41,5 .
LINEXU)=p(2) T -
ELEAN(2)3J

IF(ABS (XVALG=XVALY,GY, 0,003y GO Yo 113
XFACTzXFACT#440

LINETITSST)R
XVALE=D,

¥eXFACTOXVALWSTART
IF(X,GT,24,0) GO 7O 40
IF(XVAL;CT 3V GO YO 81T T —

PRINT CORCENTN;TTEN VALUES

INy 404, x,LINe I
rERnArrsx F§.0,6H08 KRS, 1X, 101A1)

80 T IT% -
PRINT 10%,%,LINE

FORMATCEX, F§, 2, 1 SARRS, TX7 10T LY
80 TO ¢34

x,xazt.a
G0 Tn 8P

PRINT B3, LINE — — — =
RO 1315 21,2

LINE(ICLEAN,:BLANK
CONTINUE S e T
LINE¢L)&DOTY
QONTINtE T T T T e e
VMINEYMINS

CPLOT=TSAY
RETURN™ e
END

A2l



SURRGUTTNE RADPL TN, ®, R, START, DY
c

T T TTHIS SUBROUYINE PLOTS NET PRODUCTIVITY AGATINST RABTATION
C

T COWMBN/T/MHgs R
DIMENSION PS(100).RS‘100)

’
INTEGER CLEANILXNEVDGToBLANKOSTARuTaT

T DATA DOT,BLANKSSTAR/AH V1IN iR&7 -
INTEGER W

T DATA WZ/AWWZ T T T
NATA Y/iHX/

' [} ’ 4

’ ’ ’ ’ ’
DATA TL6) T(7)2T48)sT(9)sT(40)/4HFsqHGsqMHIqHT 1 4HJ/

T DATA TR L T TYILT) s TI1A)  TUISY /1K, 4 WL, 1 HNM, {RN, 1F0/
IMINEC6,0-5TART)/DTeq.1

#*“‘"—Tﬁxivwzu JO-STARTY/ZDYSi71i i —
1S=

T
€ CALCULATE MaX1MUM V,LUES FOR PRODUCTION 4ND RADITION

c
RM,X= 1 G 0 ° 1
‘_—“p“f)(:-iumj“."f”" T T
PM]N’iOGO
PO 10 T¥L,N
TF(R(I)¢GT ,RMAX) RMANER(])
TTTTTTIRPUIYGT W RVAX) PEMAXAP (T
IF(PCI).LT.BMIN) PMIN=P (1)
{0 mONTINUE
1F (RMAX, LE-aS) DX=.04

. TRMAYX,GLE, 1507 DX¥. 02
1F (RMAX, GT 1 D.AND, RMAX,LE.135) DXy, 03
TR TRAAXGGT 3TST—DX'.UA
XVaL=3,0eDx
T XVALTESDX g —
XFACT=0,0
T
C PRINT TITLES
c r LES
PRINT 105
TS FORMET T T 3FRANET PRODUCTI¥ I TY VERSUS RADTATION]
PRINT 106
+ER HAUR)
- -y
o SCALE PROCUCTION aX!ls
> Eh ARA A _ —

YP(1)2=INT(40,0%ARg(PMIN)I*4,0)
YRTIYEYPTULIY/Z7IUWU
PMINTYP(1)
T PEAXE TN LT e PHMAXE L0 - - I
PhAx=PMAX/1Q;Q

A22



NYe(PMAX-YP{11/5,0
Do 15 1%2,6

{5 YR([)SYP{ -1 +DY"

o
T PRINT PRODUCTION AXTs T
C

PRINT L0L,YP(1Y,YPU2T,YP(3T,YP(4),YP(5),Yp (6}
'_Egl_EQRMAT<1?X.6(F5 2,15%))
DO 20 J31,101
_ LINEXJ)3DOT

MM=MOD(J-1,20)
IF (MM, FQ.0) LINE(Y)=BTAR

20 COUTINUE
PRINT 103,LINE
10T FORMAT{I5X,101A1Y
N N 2% Js1s40q
25 LTHECJ) s 3L ANK

CALCULATE POINTg AND gTORE VALUEs

(e Relke]

D0 106 J=1,%0
¥E(J=1)8DX
XPaX . D¥72,0
XM=X~UX/2 .0

Xvahosxyalcsrx
Kz ()

T DU s sl
IF(R(I’.LE.IHRS) G0 10 50 )
TF(RCIYLLT.XN,OR,R(]).GE,XPY GO To 50
POINT(K+4)zP(])

M{K+3)=T
KzK+i
T PSUISERIY
RS{5)sR(N
18541
50 ¢ONTMUE

KK =k

55 yw!N:lnou,
I VU 0
IFAPOINTOIY e T YMIN) GO TO 50

YRINZFOINT (1Y

50 EATT {E
PLTNT(IL)-tﬂﬂuU 0
KizkP=T
TP=(100,U/(PYAX=FMIN))® (YMIN-PMIN)+1,5

CLITECIPYEY

TECALCTT) LT IMINGQRMCTT Y GT o IMAY) GO TO 7%
o ITT4 FLUATcﬁ(II)-IHIN)uDT+1 4
HECIRY =T (1T



71

75

291

IFLIPLVEQ, TPSY LINETIR)Y =k
1RS=z1P

IF(KK.FR,MY G0 TO 75 777~

0 TO 5%

TF (ARSTXVALT-XyAL)7GT.0,0060001Y GO TO 96

XFACTXFACT+1,0

CETRECTIYSSTAR
XVALr::O )
XPLOT=XFALT®XVAL
FORMAT(1H+,97X,14HA-0600 TO 8659)

2n2 FORMAT({R+,97%, 14HB-0706 YO 0759
203 FORMATCIH,,97X,14%HC-0800 TO 08493

a4
295
206
2n7
20f F
209
210
211
212
213

215
21h

(o Ne Re

»}4

T e PRINTINITTINE

TTTYS DOUIN TETiA]

FORMATTqH+y 97Xy { 4HD=T90C 10 §959)
FORMAT(1H+,97X, 14HL -1000 TO 1059)
FonrAT(1H+,97Xa1¢HF 1100 Tp 1159)
FORMAT (1H+,97X, 14HG=3200 10 1259)

wRNAr(lnz 97X IHA=-1300 TO 13599

FORMAT (4H+, 97X ,4H1 =400 T0 4459)
FURIAT(%ﬂ1.97X‘fWH y
FuRmAT (114,97 Xy 14HK- 1600 To 1659)

FORMAT (1H+,97X, 14HL-§700 TD 17597

FURHAT(1H¢ 97xs14HM-1800 TO 1859y

214 FOPPAT(%H*.97X; 1 4HFT=4900 10 1959)

FAFMAT(IH+,97X,14H0-Z000 TO 2059)

FoRMRTUIR® 97X, 1THR-CoINCIDING POTNT S

FATNT RADIATION AXTS AND POINTS

PoINT 104, %PLOT, LINE ~ 7
FORKATU(3X,F5,2,1%, SHLYS, 3X, 101A1)

TYFT)EG ‘*) TFRINT 706
1F(JEne7) PRRINT 206

IF(JER IDY PRINT 299 ~ 7 ~ 7T

TFC . 50,13 PRINT 242
IF tJVEG, 167 PRINT 215
A0 TN 95

IF(J.EN. 23y PRINT 20%
IFCJEQy3Y “PRINT 207 -
TF¢J BN, 5) FRINT 204
IFLULEG, 8y PRINY 2ps— R
IFC(J.ED,BY  PRINT 297

CIFTIUEUY9Y O URRINT 278
IFGL.E0081)  PRINT 240

CIFCITETIEZY PRINTTR2IIT T 00 T

1FtJ.EV.14) PRINMT 243

IFCJ.ETVIS)  PRINT 24 T

IF{J.EMGL7y PRINT 216

96 LI'?(I):HLASK

LIttt rry=oor T

100 cOHTTIHUE
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SIRY=EN T
gqnrzn .0

PRAD=EVD
Syiy=20,0

SUNX=5 .0
19m=s15-1

L Pe10o0 l=1,1
SUHXESUAV+RES

_ _CALCULATE AMD PRINYT gLOPE, INTERCEPY AND CORRELATION COEFFICIENT

PO 1050 I=

Tg
(1)
SLPAY=SUMY PS(T)

S pROMELRON+ NS (D eps(TY

SIREG IR YRS ([ FED
S5AFY=SQRY+PS(1Yau?

XNE]GM

AT s {PROU-SUMX#SUMYZYNY 7 ( ((SAR-SUMX# 2 27/XN)# (SQRY=SUMYa#2/XN)Yue ,5)
ALz CLI#PROD-SUMX#*SUMY )/ (XNBSNR=SUMA##2)

AD= (SUMY=pa1aSUMXY /XN
PRINT 150,A0,A1,C0F

+OEFFICIENT=,F6.3)

CFORPEATOING, 1 0HINTERCEPT=,F7.,.3,3X, 6HSLOPE=,F7,4,3%X,24HCORRELATION C

P(L)=A1
P(?):An

Pi3Y=COF
RET G

Fb

A25



Table Al
Definitions of FORTRAN Variables

FORTRAN Identifier

AL1,AL2,AL3,ALL4 ,ALS

AK
D
DO
DRAD
DS
DT
Fl
F2
KO
KRAD

KODE

PRES

START
THRS

us

Definitions

Alphanumeric problem identifiers
(e.g. date)

Reaeration coefficient

Residence time

Downstream oxygen concentrations

Downstream radiation

Downstream temperature

Data sampling interval

Time of sunrise

Time of sunset

Number of Fourier coefficients

Code for radiation = 0 if no
data are available, = 1 if
radiation is measured at the
upstream station, = 2 if
radiation is measured at the
downstream station

Operation code = 2 for two sta-
tion method, = 3 for single
station upstream, = 4 for
single station downstream, = 1
for all of the above

Number of data points

Number of days of data to
process

Atmospheric pressure in millibars
corrected to sea level

Starting time

Threshold value of radiation
below which radiation is con-
sidered zero

Upstream oxygen concentrations

Upstream radiation

Upstream temperature




Cards For Input to Flowing Water Program

Table A2

Card Number

= w n

>

6 through N+5
N+5 through 2N+5
2N+6

Variables

NUMB

ALl ,AL2 ,AL3,ALL,ALS
KODE ,KRAD , THRS
D,DT,PRES,N,KO

AK ,START
US(I),U(I),URAD(I)
Ds(1),DO(I),DRAD(I)
F1,F2

Format

I2

S5A10
212,F10
3F10,21I5
2F10

Free field
Free field
2F10
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APPENDIX B: STANDING WATER, DEPTH AVERAGE PROGRAM

Input

1. Definitions of the FORTRAN variables are given in Tables Al
and Bl and the order in which the cards are read and the appropriate
formats are given in Table B2. The first card (NUMB) is required only
before the initial day of data and the last card (F1,F2) is required

only if radiation data are not available.
Listing
2. A listing of the computer program follows.

Output

3. The output from this program is similar to the output from the
flowing water program (Appendix A). Figure Bl shows examples of the

line printer plots.
4, Subroutines DECOMP, SOLVE, SING and RADPLT are also part of

this program. Listings of these subroutines are given in Appendix A.

Bl



THlg PRrOGgaM CALCULATES RATES OF PHOTOGYNTHES!S AMD RFESPIRATI

oN

IN"A RIVER COMMUNTTY USTNG A METHOD DEVELOPED BY MAHLON G, KELLY,
GCORGE M, HORNBERGER, AND B, J., COSBY AT THE DEPARTMENT OF ENV

IRONMENTAL SCIENCES, UNTVERSITY OF VIRGINIA, CHARLOTTESVILLE,

VIRGINIA, THE PROGRAM WAS WRITTEN BY GEORGE M, HORNBERGER AND

VIRGTATA HENDRY OF THAY DEPARTMENT, THE SUBROUTINES DECOMP,
SOLVE AND SING WERE COPIED., WITH SLIGHT MODIFICATIONS: FROM

EOMPUTER

SQLUTTION CF LINEAR ALGEPRRAIC SYSTEMS BY GEORGE E, FORSYTHE AND

CLEVE B, MOLER (PRENTICE-WALL. 1967),

NETHOD

MONTFICATION FOR gTANDING WATERg-AVERAGE OXYGEN BUDGET,

THEE YASS SALANCE EQUATION FOR OXYGEN IN STANDING WATER MAY _

BE REPRESENTED BY THE EQUATION

DCBAR/DT=Ka (Cg-CSURF) + (P-R)

WHFRE CBAR = AVERAGE CONCENTRATION (ENTIRE WATER BODY)
CS = SATURATION CONCENTRATION (SURFACE)
CSURF="SURFACE CONCENTRATION
K = REAERATION COEFFICIENT
P<R = NET PRODUCTIVITY

NET PRODUCTIVITY MAY BE REPRESENTED BY A FOURIER SERIES

TUUPSRTE AG/7 ¢« gUW FROM NE1 70 KO OF [AN#COS(NeWsT))
WHERE AN = COEFFICIENTS
W = PI/PERIOD OF DBSERVATION
T T = TINME

THE TIFFERENTTAL EGUATION MAY zE SOLVEp USINA KNOWN
SURFACE VALUES AND THE PREDICTED VALUES OF CRAR MaY

GO OO @O o O ﬁnnonnﬁnnnnnnnnnand

3B COMPARED WiTh OBSERVED VALUES,

COMMON/AL/ZALT ALZ, ALY, AL4,ALS
COMMON/A/AR,CTHKD, Z,N, W, KT, DEPTH

COMMONZBZ7START, YSIN(BT, IT0Y, Ui (100, aPRoD (10T
CUMMON/ZC/GIB0) »CAVG(400),CSURF(400),65(1680),TIM(100)

COMMON/TZTHRS
nIMENSTAN RAR(100y+TEMP(100)

CPEAL MATO(I00)
CHARACTER®4(Q AL12AL2,AL3)AL4,ALD

READ [N NUMBER OF DAYS T0 RUN

DIMENKRTON CDIFU100)
DIMENSION [FCR(3)

READ 19.NUMB

B2



LY FORRATITZY
NCHK=g

 READ IN ALPHANUMERIC CHARACTERS FOR LOCATION AND DATE

isAeRe]

Qon0 READ 35000-AL1,AL2,AL3,AL4,ALS

"B000 FURMATI®ALNY

C .
O 7T T RERD IN DaATA MODE INFORMTION o T
o . -
C T 7T TTXRAD=0 MO RADIATION DATA AVATLABLE
c =1 RADIATION MEASURED i B
. e
c THRg=THREGHOLD VALUE OF RADIATION
C e 07T TPRRRTVAY VAMUE G
‘ READ 20,KRAD, THRg o
© 20 FORMATIIZ,FI0, ) e -
c
T REJNTIT S LS, T c
v DT:DATA INTERVAL(HOURS) -
c "PRES=ATFOSPRER]C PRESS)REYMILLTEARS, CORRECTED T0 SEA LEYEL)
r N NUMBER OF DATA POINTS o B o
C . ——""KU=NUMRER OF PARAMETERS
o
* T READ TS, SALL, BY, PRESYN, KO -

5 FORMAT(Ié 2F10 0 2157 -
[Vl BT T
v READ IN AK=REAERATION cOEFFICIENT(METERS/H0uR) -
T 7 T T T STARTESTARTING "TTRETHUURS)Y
C
T T READTIUL AR, START T -

10 FORMAT(ZFl’ 0) ______
< A ——
c READ IN DEPTH (METERS)
T - F T S e

aEAD 910, DEPTH o
TTYYO FORTATIRS 2y

c
T TOINTYIAUTZE ARRAYg T T T T
o
T DOUENY IELGN
TIM(1y=0,0 S
T TURVGKTYEDL T

CSURF (1)=0+0 o
ToUTTTEMPYIYEOLT )
600 RANCLY=0, 0 ]

o _
TF{KpADGT, 0> GO YO 6N05 o —

AL L

o READ IN DXYGEN DATA

- oAA - I S

C TIMRTIME(HOURSY

B3



C

CAVG=AVERAGE CONCEMTRATION(GRAMS/CUBIC METER)
CSURF=SURFACE CONCENTRATION(GRAMS/CUBIC METER)

[

TEMP=5URF A,CE TEMPERATURE(DEGREES CENTIBRADE)
RAD=RADIATION{LANALEYS)

olah

FARMATIV)

REY]
no 601 I=1.n

631

REATY 6100, TIM(T),CAVG(T),CSURF (1), TEMP(T)
g T 3

675
606

Ha78me T=1,N
READ 6100, TIMC1yCAVG(]),CSURF (), TEMP(1),RAD{])

3

o
c

TFOFRADLIE, Q) G0 TO 2

" TIF MO pADTATION DATA Tg AVATLABLE, EAD IN TIME OF SUNRISE
AND SUNSET (HOURS)

€

READ 1,F1.F2

1

FORMAT(2FLI0, 4)
113F1/NT+1.40

2

T2=zF2/N7T+1.G
«T=224.0/DT+1,0

DAV -y IMIL]
WE6,28318/(2,0#DAY)

VMIN=ITDO,
VHAXED .

T TR ICAVGCTT, T UMAX)  VMAXECAVG

012

"0 912 121, N —
TFECAVGCT) LT VMINY  VMINSCAVG(])
B

[FECSCI)WGT, YMAX)  VMAXECS(])

6090

PRINT 680C

FOPMAT(1”1,53Hﬁ}#&&uabbhna%ca&huuouauQueﬂoﬁon&&oa.nli#uoi..ﬂhlui)

CORR=PRES/1013.25

2% ]

CONVEKT TEMPERATURE TN SATURATION CONCENTRATION OF OXVGEN

ng 70 T=1,%
CALL SATURAT(CS(I),TEMP(1},8AL)

o, 50
:

7"CQRRECT SATURATION FOR ATMOSPHERIC PRESSURE

Cgt1)=Cg(1)#CORR

vl
C

-

[

SONTTUE

- CKLCULCATE THE THTEGRAL OF RADIATION OVER THE INTERVAL FROM SURRISE
TO SUJSET, USING THE TRAPEZODIDAL RULE

[¢

RIMNT=(0,0

TF(CRAITXT BT, THRSY GO Y0 750
IFChPANEDL0) GO TO 750

TI=10007
no 7AC« ‘=1|N

Bl



DXETIH(TT=TIv(T-17
IF(I.EQ,1)  DX=TIM(1)

TE(RAD(DYLLEWTHRSY GO TO 730
IF¢IL.GT, 1) T1=]1-g

RIgT=(RAT(T-1) «+RADT 1Y ) e DX+ Ry
12=2]+1

730

GO TH 740
IF(I.EQ.1) GC TO 740

TFIRAD(T=4Y.LE.THRS) GO T0O 740
RINTaRINT+(RAD(I=434RaD(1)) 40X

TR

Coy TTyUE
1F¢11.6Q,0) 1154

RINT=RINT=a0, 072,10
IF(RINT.EQ,8) KRAD=20

750

b ]

CONTINUE

oy

FRINT {EAD TGS

1041

PoINT 1041, AK,KD
FgRMATtlH 1DOX s 13HREAER, COEF .~,F6,3,5%X,11HPARAMETERS~, 12,

5001

PRIFT SUUL AL LALZvAL S AL 4T ALD
FORMAT(LH ,5410)

1040

PRINT 1047
FORM AT (LN D0  punatnonsanssesto st e ntasatnsatesbenonaesintasntnns)

975

PRINT 975
FORMAT (440, 17X, 7HAVERAGE ,8X, THSURFACE,8X710HSATURATINON)

TFIRRADVNE,§7 GU TO 948
PRINT 98y

78U

FORMATIIH 1 IXARTIME, 312X, ISHCONCENTRATIONT)
G0 To 949

948
985

PRINT 985
FORMATCIH 441X 4HTIME, 3(2X, 13HCONCENTRATION) y6X, 9HRADIATION)

fsXe

PRINT CONCENTRATION DATA AND TIME

949

DO 950 I=14N

TE{RRAD.NE, Q) GO YO 8500
PRINT 1005, TIMLI),CAVG(]),CSURF(I),.CS(T)

1007

FORMATTIH 14F1° 4
G0 TO 950

SATU

1006

PRUMT X008, TR T CAVGT [T, CSURF T, CST Y RADT )
FORMAT(3H ,5F15.4)

G5

O

CUNTINUIR

PRINT HEADINGS

107¢C

PRINT 1070
FORMAT (341, 10X, 16HNET PRODUCTIVITY,

PRINT 10T .
PRINT 5001,AL1,AL25AL3,AL4,AL5

PRINT 10%0
PRINT 13100

B5



TITEU FORTATIINT, 1K, 90 . VALS . 15X, SHREAER ; 5X, SHPRES 1)
PRINT %%3 0N AK PRES

1110 FORMAT 18X, IZ,SY F5,2,2%,F8,2y o T T
t L
T CALTULATE PARTg OF THE EQUATION FOR DOWNgTREAM CONCENTRATIONS
Y AMD STORE FOR CONVENIENCE,
c
0 901 1=1,KQ . e o
ng 901 J=1,N
961 YSIN(CI,J)=SIN(TeWaTIN(J))

TTD0o 992 IELLN
962 CDIF(IY=CS(I)-CSURF (1)

Ny 904 J=1,N

Ultdy=n,0 o . B
- /W‘§c4 I=2,J
904 H1CJY=ulCJy+(CDIF(1)oCDIF(TI-4 ) (TIM(I)-TIM(1-1))/2,1 o
DO 905 J=1,N
208 UI¢JY=UTCJI#AK/DFEPTH

an

SUBROUTINE PARAM CALCULATES THE VALUES Op THE gOURIER COEFFICIENTS.
C ~ (PARAWETERSY

CALI, PARAH

PRINT ValLlLEs UF PARAMETERS

Kels Ke!

T PRINT 1020
1020 FD”MAT(IHG L7HPARAMETER  VALUES=)
no 210 1= LiKe
240 PRINT 1630+1,6G(1)
1730 TORMZT(IN ,12,2X7E15,8)
PR“U 1043 B -
TTOUTTRRINY {1650 0 0
1050 FORMAT(1HO,17HDOWNSTREAM OXYGEN) -
T UPRINT 068 B
1060 FuWMAT(14 12X 1 4HT IME, 4%, 9HPREDICTED, 11X, 8HOBSERVED)

JBROUTINE COMPAR CALCULATES DOYWNSTREAM OXYGEN CONCENTRATIONS Fpom

sTWtA1 TATA AND COMPARES CALCULATED AND OBSFRVED VALUES

CALL COMPAR

[H{EGRATE PRODUCTION OVER THE DARK INTERVALS AND NIVIDE BY THE
~ LENGTH IF THE INTERVALS TO CALCULATE MEAN RESPIRATION

s R Ee) O\WF)F

IF(KRADLGT, Q) J18TIM(I1)/DT+1,0 o
TFiKRED,GT.0Y 173 71M<1?7/DT+1*0
RMEAI=D, 0
TERETIAKT-T2
1P ¢QR,FQ, D) nR 1

N6 211 5141
Y11 RMIANZ RHFA“+rPROD(I)

B6



T UERT T T
N0 212 I=[2,1y
212 RWFAJ-WFF—TTFFROD(T)

RMEAN= RMEAJ—(QPR0D§15+QPROD(11)¢OPRDD(125*QPR0D(1U))/2 210

RMEAT=UAY#RMEAN/GR

o Ne el

T OPNFEYsDAYeG (LY 0 T T T
PGROS=PNET-RMEAN
TFIKRAD,GE, LY GO 10 B

-7 CALTULATE NET AND GROSS PRODUCTION OF OXY&EN

oaa |

PRINT BZPNET,RMEAN;PGRO§ =~~~

TPRINT PROTUCTION, REGFIRATION AND RADTATIPN DATA

8 FORMAT(1HO, 1bHNET PRODUCTION-.F? 2:3X,12HRESPIRATION=,F7,2,3%,17HG
+ROSS PRUDUCTIONEF 7.2, 33X 27HNU RADTATION DATA AVAILARLE) )

G0 TO 244

"9 PRINT  2X3,PNe T, RMEAN,PGROS,RINT

213 FORMAT(1HO, 15HNET RRODUCTION=,F7,2,3%,12HRESPIRATION=.F7,2,3X,17H6
© +ROSS PRODUCTIONZ7F7, 2, 3X, 16HTOTAL RADTATION=,F7,2)

214 yixsn
- IXs0 7 7
5031 Ixaslxey

R
IFEIX 6700 Gn To 6031

XVEST T

aaa

T TALL TNYERFICAVG; N; TIN, KT, DT, MA YD)
CALL INTERP(GCS,N,TIM,KT,NT,MATO)

CALLTTHTERPIRAD,N, TTM, KT, DT, MATDY

c

T

C

R
PRINT 6004,ALL,AL2/ALTALA,ALD

]

CALL INTERPOLATTON ROUTITINE TU ESTIMATE REGULARLY SPACED VALUES

"CALL "sUBRCUTINES 7O PLOT OXYGEN TONCERTRATION AND PRODUCTION —
DATA OVFR TIME AND PRODUCTION AGAINST RADIATION

003 FORMAT(1R1,5410,485HINTERPOLATED VALUES FOR UXYREN AND SATURATION y

5002 FOHMAT! Hi 5410)

CALL OXYPLNTtKT,CAVG,CSsXV) DT;VM!N.VMAX.IX)
PRINT Squ2e AL 1AL S7AC I AL VALY T 77 i

T U CALT PLOUTIRTLAPRODTTX XV, DT

IF(KRAD 1IE, 0) CALL RADPLT(KT, QPROD RAD START, WT)

TTNYS KSUMEY
3199 kSUMzSUMsq

TFTRSUMILE, ) GO TO gopS -

NCHK=HCHK+1
T VTF*.UF NCMRYSTOR
G0 Tn 9000
o IR e S
o4 PRINT A SLMMARY OF CALCULATIONS

BT



. .
8005 PRIMNT B8B66,ALL,AL23AL3 AL4)ALS

B0&6 FORMAT(IH1, g7 Heuweasw SUMMARY sone®,5Xo5A10,///)
PRINT BQ70,AK KQ

TBO70 FURMAT(IH , 1ZHRESPIRATION=,F5,2,5X, L11RPARAMEYERS, [2)
PRINT 8571 PNET

TR + 1AHNE
+R1C METER PER DAY)
FRINT 8072, RVNEAN
8072 FORMAT(IH ,25X,12HRESPIRATION~,5X,F7,2,3%,36HGRAMS DXYGEN PER CUB!
+& METER PER DAY)
PRIMNT BQ73,RGROS

A 3 ] 3 -y 2t ] A Y
+R1C wETER PER NAY)
IF(KRAD,EQ,3) GO Y0 8099
PRINT 8074,RINT
BU74 FURMATUIN , 45X, 1PHTOTAL RADTATION-,1X,F7:2,3X,BHLANGLEYS?
SLOPESPGROS#60.0/RINT
PRITY B075,5L0PE
8075 FORMAT(1HQ,25Xs 6HS| OPE-,6XF7,3,5X,36H(RATI0 oF GR0SS PRoD, To TOT
+AL RAD, 77
PRINT 8D76,QPROD(1)
876 FORFATIZH 4 3/X+F7.3:5Xs 1 /RIFROM REGRESSION))
PRINT 8p77,gPROD( 2)
B077 FURMAT(4H 1 25X+ 1OHINTERCEP T~ 2XsF 74 3)
PRINT 8078,9rFR0D(3)
BG78 FORMATIIR , 25X, 12HCORRE  ATION-F 7,3, ///77)
50 To 8099
END

B8



SURRUTTNE SATURATICS, 1,55

THIS sUBSROUTINE CALCULATEs THE SATURATION CONEENTRATION OF
OXYGEN FROM TEMPERATURE AND SALINITY VALUES

alnqa

DATA A12A2,A3,A41A8,46/14,589+0,392503,6.34746E-03,1,42111F~04,

+1.N7386E~05,1,65321E-07/
DA7A RB1,82,83,B4,B5,B6 /13,2934,~,370225,1,01064E-02,-2,44128E~04,

+3,76086E-06,-2.93824E-08/
DATA C1.C2,€3,C4,C5%,06 /1143993,-,2844418,5,572n8E=-03,-1.76234E-0%,

+~3.0078%%-06,4,75107£-08/
S0=A1-A2#peAleTesspdorual-ABeTaudsAburans

51=R1-BAsT+B3eTeu2+4B4uTaal~B5aTaud+R6aTa45
S2-C1-CluT+L3aTsu24CduTueld-C54TondelbaTuans

IF(S=14,46) 10,10415
10 £83853+(51~-5g)%(5/14.46)

RETURM
15 C8=S1+(S52-51)#(S~14,46)/34,3

RETURN
FND

B9



SUPROUTINE PARAM

SUBRQUTINE PARAM CALCULATES THE VALUES OF THE FOURIER COEFFICIENTS
(PARAMETERS), THE COFFFICIENTS MUST BE CHOSEN TO MINIMIZE THE
CUMULATIVE ERROR, EXPFRESSED AS THE SUM OF SNUARED ERRORS BETWEEN
NBSERVED aMD CALCULATFD DOWNSTREAM CONCENTRATIONS, WHEN PARTIAL
UERIVATIVES OF THE ERROR WITH RESPECT TO EACH COEFFICIENT ARE
FORMED ANT SEY EQUAL TQ 26RO, A SYSTEM OF LINEAR EQUATUONS 1S

FOUND, NHICH MAY TWEN BE SOLVED TO YIELD NPTIMUM VALUES FOR THE
HFARAMETERS,

Dol oo O a0

COMMON/ZAL/ALL AL2,AL3, AL4,ALS
COMMON/AZ7A%,CT, KU, Z,N,W,KT,DEPTH
COMMON/B/START,YSIN(50,100),11¢100),0PRoD(100)
COMMON/C/G(50)+CAVG (1 1 CSURF ( )+ CS ' TIM )
RIMENS 105 820,504 c 188 EDTR 5500 " C8 (1007 TIM (100
DIMENSTON UL (50,50%,6X(50)

CHARACTER®10 AL1,AL2,AL3,AL4,ALS

KS:V

T CALTULATE LINEAR EQUATIONg

AUL,17%0,0
DO 20 l=sl.N
I BT I780L, 13772, 0
nn 11 ks, «0
R(I/K)=00
DU 11 Jdzi,N
11T B Ry =B{L, KI+YSTNTK=1, I/ (K-1)1%W)
DO 12 K#2,K(
Bk, T)y=0,0
De 12 J=i,y
T2 AR IV EBK, LY+ (T IR Y 72 5 (YSIN(R -1, N 7 C (F =1V & T
Lo 13 KzszC
N 13 (22,40
B{K,1,)=20,0
DO 18 J3L, 4
13 BUK,L)TFBUC Y # CYSIN(K=-1, )/ CtKm 1 YW ) Y CYSIN(L=~1, )/ ¢lL=1)ab))
C(i)=0|9
DN 14 JzieN
14 CUIY =00 - (CAVE Iy -CaAvVe () +UT ()}
DO 1% Ks2,HD
CT{VI=],0
DO 18 Js1,%
15 C{RIECIRKY-(CAVG ()Y ~CAVO (I +UT () T (YSTN(F=1, )/ (tK=17aW) ?

CALL SURRTUTINES 70 §OLVE THE gYSTEM OF LINEAR FQUATIONS BY GAUSSIAN
ELIMINATION, IF & SINGULAR MATRIX 1S FOUND, STOP EXECUTION,

CALL NECOMP(KOBIULIKS)
IFTRS.GT, 0y STUP
CALL SOLVE(KZ,ULI/CGX)

o R e

STORE NPTIMUM VALUES FOR THE PARAMETERS IM 6,

ng A0G J=1,KG
AT GG EGY I
GUIy=Gtl) /2,0
RETURY
FaN
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TTTSURRGUTINE GCMPAR

SUBRQUTINE COMPAR CALCULATES PREDICTED CONCENTRATIONS USING THE
EQUATION FOR DONNSTREAM CONCENTRATION, ERROR IN CALCULATION 1S

" EXPRESSED AS THE SUM OF SQOUARED ERRORY BRETWEEM OBSERVED AND
_ CALCULATEC NOWNSTREAM CONCENTRAT]IONS,

]
i
i

ananan

COMMON/AL/ALL AL2,AL3,ALA,ALS e
T COMMON/ZA/AK,CT,KU0,2,R,W,%T,DEPTH
COMMON/B/START,YSIN(50,100),U1(100),0PROD(100)
 COMMON/L7G(5)+CAVG(10p) s CSURF(100)+CS(1007TIM(100)
DIMENSTION ctgo).suM(éS).épREn(ioo? e
U CHARATTER=LD AL A2 AT, ALE,AS

DO 9 1=%.KN

TCALCWLATE AND SYORE PARTg OF THE EQUATION

I 1 I AN E 3 P
SUM(.y=0,0
e I H=2, K00 T T T
10 SUM(J)I2SUMEUI+(GIM)/Z{ (M=9) W) ) #YSINC(M=1)rJ)
U To B 5 S 3 0P A
CPRED(JI=CAVG (L) +UL(U)+ (B¢ TNt )+SUMED)

o Beole]

__PRINT TIME AND CALCULATED AND OBSERVED VALUEg

11 PRINT 1070, 7IM(J),CPRED(J),CAVG(J) o
1070 FORKATURH 16,2, 5XvE%4,7,6%,EL3,7)

T T TTACCULATE AND TPRINT SUM OF SUUARED ERRURS o T

J oo

adadn

e T
DO 13 Jsi,y
13 7273 CPRED (JV-CAVG T T T4 w2 A

PRINT 1080,z

TIO0B0TFORARTUINO, E¢2HSUM OF SOUARED ERRURSE, EI%4577 T I
PRINT 4090

TITG0 FORMATTIIHO AR TIME, BX, IHP=RY A
DO 130 J=1.KT

— epE— bl
T=(Tr1,0)eDT
Y=Clq)

"
T 7 TCALCYLATE AND PRINT GROUSS PRODCTION  —
e
T U DUCIDTISEAG KD )
68=1Spl
TI00 YzYFCTTISTSUUS(GEWET) ) -
APRUN () =Y
- TINESTSSTART — - E
108 IF(TIME.GT,24,0) GO TO 109
T PRINT 1%00,TIME,Y
1100 FORMAT(1H ,F6.2,3XvE{5.8)
G0 Tp 140
109 TIME=TIME-24,0
60 Tn 1D8
110 GONTINUE
RETURN
END

Bl1



' SUBROUTINE INTERP(HATT, N, TIMKT,BT,MATO}

THIs SUBROUTINE CXLCULATES REGULARLY SPACED VALUES OF A
QUANTITY FROM ERRATICALLY SPACED INPUY VALUES,

o RsRe E¥]

REAL MATIA(NY}.MATR(KTI, TIMIN)

U0 201 ITL,KY
204 MATO{(1)¢0,0

NIT=KT
17=0

DO 1 J=%,KT
TJz(J-11#D7

TFOYJ,LE, TIN(LYT G0 70 2
TF(TJ.GE,TIM(N}) GO 70 3

G0 TO 4
2 MATO(J)gMATI (L)

IT=XT¢1
GO TO 4

T WATOC I¥MAT{(NT
NITENIT-1

I CORTINUE
NN oN=1

TO 9 TP NN
TAS(TIM(L)/DT)*1.0

IBE{TIM{T (11 /D7) 410
IF(1+EQed) 1AZIT

TFUTVEW V=17  1g#NIT
MATQLTAYSMATI(]

WATOY TR T=MATT (T#%)
INT21B=1A

DIFF=(MATO(I8)~MATO (TA)) ZIRT

IP(DW.NE.D.DT GYUTO 13
D0 12 k#lA,1B

{2 MATOXKITFMATQUTAT
G0 TO 9

IS TIATSINT-1
DO 8 J=3,IINT

=J® ATOUTAY
B GONTINUER
Y CONTIN(n
D0 200 [al,KT
z 89
RETURN
END

Bl12



R Re¥el

C T SUBRAUTINE OXYPLOTUMBT X1, X2, XVAL,CPLOT, VINeVMAX, IXY

TH1s SUBRCUTINE PLOTs OKYGEN CONCENTRATION AGAINST TIME
COMMON/A/AK,CT+K0,Z,8, W, KT,DEPTH =~
COMMON/B/START,YSIN(50,1003,01(1004,QPROD(100,

The remainder of this 'subroutine is identical with OXYPLOT

listed in Appendix A.

SUBROUTINE PLOT(MPT, VAL, IX,XVAL,CPLOT) —

o]

THIS SURRCUTINE PLOTS OXYGEM PRODUCTION AGAINST TIME,

COMNOY/A7AK,CT/KU, 2, N, W,KTDEPTH
COUMON/B/START, YSIN(50,1001,U1¢100y,0PROD(106,

The remainder of this subroutine is identical with PLOT

listed in Appendix A.
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Table B1
Definition of FORTRAN Variables

FORTRAN Tdentifier

CAVG

CSURF
DEPTH
RAD
SAL
TEMP
TIM

Definition

Average oxygen concentration over
depth

Surface oxygen concentration
Depth

Radiation

Salinity

Surface temperature

Time at which data are
collected

Table B2

Cards for Input to Standing Water,

Depth Average Program

Card Number

—~N O U W NN

N+8

through N+7

Variables Format

NUMB 12
ALl ,AL2,AL3,ALL,ALS 5410
KRAD , THRS 12,F10
SAL,DT,PRES,N,KO 16,2F710,215
AK,START 2F10
DEPTH F10
TIM(I),CAVG(I),CSURF(I),

TEMP(I) Free field

F1,F2 2F10
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APPENDIX C: STANDING WATER, DEPTH DISTRIBUTION PROGRAM

Input

1. Definitions of FORTRAN which have not already been given in
Tables Al and Bl are listed in Table Cl. The order in which the cards
are read and the appropriate formats are given in Table C2, The first
card (NUMB) is required only before the initial day of data and the

last card (F1,F2) is required only if radiation is not available.

Listing

2. A listing of the computer program follows.

Output

3. The output from this program is similar to the output from the
programs described in Appendix A and Appendix B except that output for
each depth in the water body is produced. Example output is shown in
Figure C1.

4, The subroutines DECOMP, SOLVE, SING, OXYPLOT, PLOT, and
RADPLT, which are part of this program, are identical with the subrou-
tines of the same name in the program for average productivity in

standing water (Appendix B).

Cl



TH1g PROGRAM CALCULATES RATEg OF PHOTOQYNTHEGIS AND RESPIRATION
TN A LAKE COMMUNITY USING A METHOD DEVELOPED BY GRORGE M,
HORNBERGER AND MAHLON G, KELLY OF THE DEPARTMENT NF ENVIRON-
“HRNTA NTA, CHARLOTTESVILL
VIRGINIA, THE PRBGRAM WAS WRITTEN RY GEORGE HORNBERGER

AND VIRGINTA HENDRY OF THAT DEPARTMENY, THE SUBROUTINES DECONP,
SOLVE, ANLC SING WERE COPIED WITH SLIGHT MODIFICATIONS FROM
COMPUTER SOLUTIDN OF LINEAR ALGEBRAIC SYSTEMS BY GEORGE E.
FORSYTHE AND CLEVE B, MOLER (PRENTICE=HALL, 1967),

METHOD

TXYGEN MEASUEMENTg ARE TAKEN IN & LAKE AT POINTS SEPARATED

BY A CONSTANT VERTICAL DISTANCE, THE RATE OF CHANGE OF OX YGEN
TONCENTRAYION AT & DEPYH | MAY BE REPRESENTED BY THE

EQUATION

BCCI)/Dy={DV(1+4/2)4C(1w1)=(DV(1+1/2)#DV(1=3/2))%C (1)
+DVI(T-1/727C(T-177/7082 + (P-RI(17

WHERE TI{T) = CONCENTRATION A7 UEFTH 1
DV(ly = DISPERSION COEFFICIENTY AT DEPTH 1
] THS
(P-R¥{1) = NEY PRODUCTIVITY AT DEPTH I

THE EQUATION pOR TWE SURFACE LAYER MAY RE WRITTEN

BC(1)/D7 & 2eDV(1s1/2)eC(2)/Z082 w (2uKsDV(1+1/2)
7TOV({T®7TT%CS = (ZQDV(i*f/Zl/zunZJb(i-(K'z)
/Dvi1y)eCely + (P-R)(1

K = REAERATION COEFFICIENT
N =

T SATURATION CONCENTRATION
AT PRES ER
SERIES
P-R = AD/2 « SUM FROM N=1 710 K0 OF !AN®COS(NaWaT))
WHERE AN = COEFFICIENTS
W= PI/PERIUD UF UBSERVATION
T = TIME

THESE EQUATIONS MAY BE INTEGRATED EXACTLY AND SOLVED:

USTNG UBSERVED CONCENTRATIONS, FOR THE FOURIER COEFFICIENTS
SO THAT A CONTINUQUS FUNCTION FOR NET PRODUCTIVITY MAY

BE CALLULAYED FOR EACH DEPTH,

S > T TOM 3 Ts CANNOT BE DEFINED,
NO PRODUCTIVITY ESTIMATES ARE MADE FOR THE BOTTOM LAYER,

c2



CHARACTER®18 ALL1:AL2;AL3,AL4,ALS
COMMON/S/START,DT
COMMON/GO/N, KO, IX,2,RKsW,S
COMMAN/BV/DY1,DV(58)

E0MMON/AR/CS(4007,G(509,D00(400,50),PROD(100,50)
COMMON/ AL/ ALL AL, AL 3, AL 4, ALY K

COMMON/ T/ THRS
DIMENSION RADC(100),MI50),DUMMY(100)

DATYA A3:AZ,A3,A4,A5,A6/14,589,0,392503,6,34746E=-03,1,42111F~04,
+1.07386E~05,1,65321E~07/

€
y READ IN NUMBER OF DAYe 70 RUN
c
READ 19iNyMB -
19 FORMAT(I1Z)
NCHK=0
o}
o READ IN ALPWANUMERIC CWARACTERS FOR LOCATION AND DATE

o}
9000 READ 5080,AL1sAL2,AL3,AL4,ALS

5000 FORMAT(3A10)

READ TN DATA MODE INFORMATION

KRAD=0 NO RADIATION DATA AVAILABLE
=] RADIATION MEASURED

THRg=THREGHOLD VALUE FOR RADIATION

Qi 0ol QN

pEAD 203KRAD. THRS
20 FORMAT(IZ2,F10,4)

READ TN  Z=7THICKNESS OF LATERS
DT=NATA INTERVAL

PRES=ATMOSPHERIC PRESSURE

NzNUMBER OF DATA POINTS

Ko=NUNRER OF PARAMETERS
(x=NUMBER OF pEPTWS

aln aoaolo alo

READ 5,%,DT,PRESiN»KD, IX
5 FORMAT(&F10,0,315)

1X8=1X

READ IN RK=REAERATION COEFFICIENT
START=STARTING TIME

‘o nﬁac{

rEAD 104RK,START

 INITIALIZE ARRAYs

Cc3



S ——
PO 220 K3lsIxg

CS(KT=0,0 o - -
DV(K)=z0,0 o
06 270 JEI4N R T -
220 DOtJaKYs0,0 — e
o0 ?21 J=1N
221 RAD(J)=H,0

o Ry Be i

READ_IN DI1gPERSTON COEFFICIENT FOR EACH DEPTH (METEpg SOUARED Pmr moum)

no_600 I=1,1X —
600 READZLZDV(])
21 FORMAT(F10,0) .
" Dy=DV(1) -
IX=]x-~1 , -
n0 601 T=1,Ix  —— T
601 DV(I)=(DV(I)+DV(Een)y/2,n

~ READ IN TEMPERATURE (NEGREEs CENTIGRADE)
RADIATION TF MEASURED (LANGLEYS)

‘6100 FORFATIVI— o -
Do 602 I=1,N o
IF(RRAD,FQ. 0y ~ READ &100,C5(13 )

692 IF (KRAD,GT,0)  READ 6100,CS¢I),RAD(I) A

- ' I

o READ IN OXxYGEN CONCENTRATIONg (GRAMg PER CUBIC METER)

. rhAl PN DRYEEN LUNLENTHATIVAS , ")

DO 620 [=s1,N ) L

"ZOREADTELO0TDC (L, Ty TEITIXS T

0o

e
C T READTIN NUMBER ‘OF DEPTHS TU BE PLOTTED
o
READ &€30,M¢ ~ — T — o T

630 FORMAT (13) .
7T TF(PRGEGL.OY T GO T0TA T

v
T T READ TN DEPTHs YD BE PLUYTED T e
o

DO BRI TTEL, MR - ' S
631 READ 630,M(1) _
T e+ T
o IF ND PAJIATION DATA 1S AVAILABLE, READ IN TIME OF SUNRISE AND SUNSET
oo —— v 1T TifE VR ~ ANY oUNoRT
4 IF(KRAD.EQ,Q) READ 1,F1,F2
1 FORMATIZFLD, 0y T
11=(FL14STARTY/DT+1.0 S
T YZE(F2FSTARTY/DTHFL O -
£
- pAYﬁrtUITT =1)epT— ’ — T
Ws6,28318/(2.00DAYY

Ch



CANVERT TEMPERATURE 7O SATURATION CONGEMTRATION OF OXYGEN

CORRECT SATURATION FOR ATMOSPHERIC PRESSURE

2 0y O O

COrRrzPRrES/1013.25
619 DO 70 l=1,n

CStTy=AL~A24CS{1)«A3aCS(Y)au2+AdalS(T)nad- ABeCSt])awd+»pA6eCS{]jeu5
70 CS(I)=CS(1)Y#*CORR

CALCHLATE THE TNTEGR,L OF RaDILTION OVER THE INTERV,L FROM SUNRISE

TO SUTTSET, USINg THE TRAFEZOIDAL RULE

e e io Re ]

RINTZ0,0
IF(KRAN,EQ, 0y GO TO 750

1F(RAD(3).6T.THRS) GO TO 750
11240000

DO 74l ‘I’llN’

TF(RAD(I), LE, THRS) GO YO 730
IF(I1,GT,1) Ii=s1-1
RINTSRINT+(RAD(1-1)+RAD(]))eDT

12=1+1
G0 TO 740

730 IF(1.EN,L) GC TO 740
IF(RAD(]~1),LE.THRS) GO To 740

RINT2(Ra0(T-1)*RAD(IT)#DT+RINT
740 CoNTINYE

TP (T1.6Q,0) 11°1
RINTZRINT#60.0/2.0

IF(RINT.EQ,0) KRADSO
750 CONTINUE

D0 555 IT=1, 71X

PRINT HEADINGS

o Re ko]

PRINT 6000

6000 FORMAT(1HL ,flHesrosonantaontandsndossssostasanobattsatbononnonene)

PRINT 1040

1040 FORMAT(IHD ,, D0H ot ot nant ot st e ot o0 et aat b s R ot O Rt OB laRotaonan)

PRINT 10’8:11
1070 FORMAT(AHO,R22HNET FRODUCTIYITY=-DEPTH,13,7/)

PRINT %040 ]
PRINT 5001, AL1s AL2¢ 4L 30 AL4sALS

5001 FORMAT(1H ,5410)
PRINT 18490

r
AKs2,8DV(1)/2002
AW=AK#® (1,~RK#7/DV1])
IF¢11,G67,1) AKE(DVLII)*DV(TI~1)) /7002
SEFXP(~AK#*DT)
c
T SURRUITINg PAPAM TALCULATES THg VALUES OF THg FOURIER CUgFFICTE NTS
¢ (PARAMETERS)Y

C5



WKell

CALL PARAM(IK)
[
T FRINT VALUES OF PARAWETERS
c

PRINT 1620

1020 FORMAT(4H0, A7THPARAMETER VALUES=)

Bo 410 T=1,K0
210 PRINT 4830,1.G(1?

1830 FORMATIYR »12,2X/EL15,8)
RRINT 4840

PRINT 1B50
1050 FORMAT(1HO,20HOXYGEN CONCENTRATION)

PRYNT 19°
1060 FORMATCIH ,2X,4HTIME, 4X,9HPREDICTED, 11X, 8HOBSERVED)

T TFUIT.EQ@s{7_ PRINY 3981
1061 FORMAT(1H+p50X:1UHSATURATION)

SUBROUTINE COMPAR CALCULATES DOWNSTREAM OXYGEN CONCENTRATIONS FROM

e Re B¢ Ne

UFSTREAM TATA AND COMPARES CALCULATED AND OBSERVED VAL (ES

—TALL COWFAR{JKD

c
T TNTEGRATE PRODUCTION OVER THE DARK TNTERVALS AND DIVIDE BT THE
c LENGTH OF THE INTERVALS TO CALCULATE MEAN RESPIRATION
T
RMEAN=0,0
TF{RAD(1,.GT.THRS, GO Y0 215
ARE] 14N -{2

TP {QREQ.0) GR=1
p0 211 1=1,11

211 NMEANSRREANSFRODIT, 1T
N0 212 1312,N

EAN¥FROD{IIT)
RMEANS RMEAn-tPRouci.xx).PRantIi.!x)+Pnonc12.!1).PRonlN.11>>lg.a

T T RREANEDAVYERREAN/UR

CALTWLATE NET AND GROSS PRODUTT [ON O "OXYGEM

Qo

215 PNET=DAY#G (1]
PGROS=PNET-RMEAN

PRINT PROTCTION, RESPTRATION AND RADTATION DATA

™ dga

FRINT B, PNET, RMEAN PGRUG

8 FORMAT(1HO,i5HMET PRODUCTION=Z,F7,2,3X,12HRESPIRATION=,F7.2,3%X,17HG
TRUSS PRUDUCTIONETF 7.2, 53X, 27HNU RADTATION DATA AVAILABLE)
80 TO 214

S PRINT 233, PNET, RMEAN PGROS,RINT
213 FORMAT(LHO,45HNET PRODUCTION=,F7,2,3X,12HRESPIRATION®,F7,2,3X,17HG

c6



~IRASS PROVUCTTONZ-F 7,2, 3%, 16RTOTAL RADIATIONZF7,2) .

[

c DETERHUINE WHETHER URRENT DEPTH 1S T0 g€ PRINTED
c
214 MIX=(MN/B0)+1
INDEX=0
Do 400 [=1,MR
400 JFLTL.EQeMeI ) INDE¥=1 , . -
- TF(INDEX,ED, D) GO TO 8005
c
c
o CALCULATE MAXIMUM AND MINIMUM VALUEe FOp CONCENTRATION
C
YMINZ1000,0 e B
YHMAXE-1000,0
Do 510 J?;LN e _—
TF(DOCJaTIY LT VHIN) YMIN=DO0(Js 1)
590 TF(DN(JAT]ILGT.YMAX) yMAX=D0¢J,11)
c
i CALL SURRCUTIME 10 PLOT OXYGEN CONCENTRATION

PRINT 6001,AL1,AL2,AL3 AL4ALD, 1]
6001 FORMAT(L1HL,5a10,30H0XYGEN AND SATURATION AT DEPTH, 13}
NQ 595 Kzq1aN
590 DUMMY(KI=DO(K1])
Call OXYPLOT (N, NUMMY, S,3.0, DT, VMIN, VM X NIX; JK)

c CALL SUBRCUTINE 10 PLOT OXYGEN PRODUCTION

PRINT 6002,AL1,AL2,AL3+AL4,AL5,11
6002 FORMAT(1H1,5410,23ENET FRODUCTION AT DEPTH,I3)
no 591 K=1,N
591 NDUMMY (K)}=PRQC(K,11)
cALL PLOT(M,DUMMY,NIX,3,0,DT)

C
c CalLL SURRCUTINE 7O PLOT RADIATION AGAINST PRQDUCTIQN
C
IF (KRADLNE.B)  CALL RADPLT(N,DUMMY,RAD,START,DT)
C
C PRINT A GUMMARY OF CALCULATIONg
C

8005 DO 560 1=1,2
PRINT B066,AL1,ALZ2,ALT,AL4,ALD ]
B066 FORMAT(AHL,27huntasw SUMMARY wenes, 5%, 5A10,//7)
TUTPRINT BEETLNIT T '
8067 FORMAT(AHO,5FDEPTH, 13y
- PRINT B071,PAET T
8071 FOPMATE1HO, 25X, 14HNET PRODUCTION,3X,F7,2,3%X,36HGRAMS OXYGEN RER CU
T TTUSRIT METER PER DAY)
PRINT 8072,RVEAN _ o
TBU72 FORMRTULIA 25X, 12RARESP IR, TION=,5X,F7,2,3X,36FGR M5 OXYGEN PER fufpl
+C 4ETER PER LAY)

cr



CPRINT BQU7I,PGROS. o o

8073 FORMAT(AH ,25X,17HGROSS PRODUCTION-,F7,2,3%,364GRAMS AMS OXYGEN PER EU

+B1C METER PER DAYY
TF(KRADEQ . g) GO To 56y

PRINT 8574, RINT A T
3074 FORMAT(LH ,25X,16HTOTAL RADIATION-,1X,F7,2,3X, BHLANGLEYS)

RLGPEEPGROG#60, g/RINT
PRIHT 8075,SLOPE

8075 FORMAT (LMD, 25X, 6HS OPE-,&X,F7,3,5X,36H(RATIO GF GROSS PROp, TO TOT

+AL RAD, M)
TFCINDEX, LT, 1) G0 TO 560
PRINT 8076 DUMMY (1)

8076 FORMET TR 37X/ F 7.3, 5X1 4 JHIFROM REGRESSIONI)
PRINT 8077.DUMMY<2)

8077 FORHAT (iH , 25X+ 10HINTERCEPT=,2%X,F 7,37
PRINT 8078,pumMHMy(3)

Bn78 FORMAT(3H 25X+ 1 2HCORRELATION=4F7.3:7/777)

560 CONTINI

" 555 HOMTINUE - T
NCHKENCHK+1
1F (NCHK,GE, NUMB ) STOF
h] To 90“0
END T

c8



FUNCTION C3T1(T,J7

THTS FUNCTION STORES PART OF THE EQUATION FOR PRENICTED OXYGEN

CANCENTRATION

e o Ne Fal

COMMAON/S/STARTDT

COMMOMN/CO/N, %0, 1X,T,RK,W,S
COMMON/ZBY/DVL,DV(50)

COMNON/AR/CS (1007,G(20),00(100,50),PROD(400,507
1Fe1,E0,1) GO To 100

MIDDLE LAYERS

Oy O

AKs(DVII+DV(I-11)/7282

‘LEDV(I,/ZQIT
AMEDV(1~1)/Z082

AV=(BO(J+1.T+1)« 00U T+1))72,0
AVEAVRAL

AVL=N0{J+1, 1-1)+00(], T-171/2,0
AVRSAVGEAM

CSH=(AVYAVRT/7AK
C51=CSS*(1.0~%)

o

RETURN

TOP TAYER

130

Az eIV /Zwe?
AKZAK=-(2,2NV (1)aRK/ (DV1w,))

ALz, 0DV T 7292
AM=2,8RK#DV(T1)/7(Dyie7)

NALLIACEE TREZ SR T IR SIS REA AL
AVzAYaA

AVGEXCE{I+ 11+ Cs Iy /2 0
AVGEAYLRAM

CSSE(AV=AVGI7AK
CS1=CSS#(1,0-5)

RETURN
END
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s kel

SURRNUT[HE PARAYTYTT o

SUBRCUTINE Pagraf CALCULATES THE VALUES OF YHE FOURIER COEFFICIENTS
(PARAMETERS), THE CGEFFICIENTS MUST BE CHOSEN TO MINIMIZE THE
CUMULETTVE ERROR, EXPPESSED &S THE SUM OF SOUARED ERRORS BETWEEN
ORSERVEND AND CALCULATEL DOWNSTREAM CONCENTRATIONS, WHEN PARTIAL

" DERTYATIVES OF THE FRROR WITH RESPECT T0 EACH COEFFICIENT ARE
FORMED AND SET EQUAL T0 ZERO, A SYSTEM OF LINEAR EGUATIONS IS
FOUND, WHTICH MaAY THEN BE SOLVED TO YIELD OPTIMUM VALUES FOR THE
PARAMETERS,

CUMMO/S/STARTIDT e
COPMANZTO/N, kT 1Y, Z,RK 1 W, S
CONHNN/AR/(S(100),6¢20),n0(100,50),PROp(%00,50) . e
COMMON/ALZ Al {» AL 2VAL 3 AL 4, ALS AK

CHARACTER#10 AL1,AL2,AL3,AL4,ALS

DIMELSTONT GAM(100520),B020,203,C(20),A(100),U_ (20,20)
7CNS (N, JIECOS(IN-1 )W (START+(J=1)0DT))

ISININ YV ITER IN (TN TeWa (START#(U=T)aDT 1)

KS=Q
Mzd-4

RREAKDOWN THE EQUATION FOR DOWNGTREAM CONCENTRATION INTO TTs
 COHPOMENT PARTS A, R1 AND GAM

no 1N Jsi,n -
L:J T TToT T oTTTr mrm e

10 A(JIECSI(l,L)+SeDO(L; 1) e
nog 2Ny e,y T T T o : e
GAM(LIl,:nnn

TN 2 ISESIKG ) - T

ke e N Nar

vel5—1
t0=Lsy - - Tt T T
Wiz1l,0/(AKna2+(yeW)oa?)
W2 aAKe2TOSTTs, LY * Ve WaZGINYIG, [ [D)Y-SatAKeZCOST IS, L)+ Vaka T T
12SINCIS,L))

20 CAVTLS TST=V18wWe

ST P TATRICES B AND C TO CONTAIN THE T IREAR SYSTEM FOuND FROM
MINTMIZING THE FRRQR, SUCH THAT B#A-C (WHERE MATRIX A CONTAINS
TTHE PAREMETERS), — 7 7 T T T T T

S3IPN MTITRESIRY : e

N 38 ,1%2,K0)

R(K, =0, e/

DN 36 L=l.y
30 BRI eBIR, J)+BAMIL JIRGARIL XY — 7 [ T T
R1=(1,0=5)/(2,04AK)
RTISIVEBTI® ™
DU 40 Ks2,rQ
C(KY=T,” oo e - T
Fedany=0,

C10



T ho 35 =1,

CRLLLK)EROLKI+GAM (L 4 K)

TS CRIEC(RT AAM L Ky W (DAL, DAk o o

40 F:(krl):ﬁl*ﬂ(an) o - B o
S 3 N o T B -

DO B0 LLF1,)

RO CtaysCty+nNo(L+1,» 1y-a(l)
C
T TCALL SLITRCUTINEs 70 gPLVE THE gYgTEM OF. RINEAR EQNATIONS BY GAy SSIAN
€ ELIMINATICH, IF A SINGULAR MATRIX 1S _FOUND, STOP EXECUTION,
C

81 CALL DECOMP(40.BsUL,Kg)

TF(KS,aT.0y 5T0P
CALL SOLVE(KC.UL1CsG)

Blydshlq)/ 2.0 T

Mahi+ed

RETURN  ————— - 7~/ T ot T e T S
Fon

Cl1



SURRNUTINE CaMPAR(TY)

SUBROYTINE COMPAR CALCULATES FREDICTED CONCENTRATIONS USING THE
FAUATIAY FOR DOWNSTRES! CONCFN$RATION. ERROR IN CALGULATION 1§

CXPRESS™D A5 THE SUM OF SQUARED ERRORS HETWFEN OBSERVED AND
CALCULATED DOWNSTREAM CONCENTRATIONS,

alodaan

T COMMON/AL/ AL AL 2 AL 3 AL A ALSAK

CCOMAON/S/STARTRT
COMIABN/CA/ 4,400 1%, 2, RK, 1, S
P04mnm/Ap/”S(1”0).b(&O).hn(lOO 50),PROD(100,50)

FHARA(TF7¢10 ALlsaL2,aL3,AL4,ALS

___CALCULATE AND ¢TORE PARTg OF THE EQUATION

Z>IN'W J)‘?[k((M 1)4N¢(START*(J -1)aDT)y
AZ=U.C

Nsh=1q

noo9n Lsi,

B .
p1=§»un<LL,I>*CSY<Y,LL)
R1ZR1I+(G(11/AK & (1.,0-5)

R?=0
NY HA NM=2,K0
Wl2AKeaZ s ((NM-1 )N pa2
Wiz gy 7ud
TUZEAR#ICOSINY L +1 )+ (NM-1IBWZSTININM,L+1)
M2sW2=58 (AusZ oSN, L)+ (MM=1)eaZSIN(NM, L))

-

RPTRAAFLIHND

TLALCULATE CONCENTRATION AND TIME
pEnl+p? oo T e e
TiMp=STARTLanT

‘M

170 TORMBATILA ,Fé,2,3%:F14,7,6%X,F14,7)

PRIVT TIME AND CaLCULATFD AND OBSERVED VALUFg
PRINT 1670, TIMF, p,D08L+1, 1)

TFel.Er, 1) PRIVT 1071, rs(l)

- M

FORMAT(H+  49XsE14.7 )

CEALGUTaTE ANp PRINT SUM OF SRAUARED FRKORS
AZEp 2+ (=01 +1, 1) 0e?2 - S T e
PHIAT 1050,A2 -

PR ATTTHT, 2ZRSUM OF 7 30UARED ERRCRSE,F1477)

FLEVLATE aAMD PRINT GRDSS PROCUCTICN o -
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~ PRINTITST .

1090 FORMAT(3H0,4KTIME,5X, 3HP-R)
© "RN=f9q T

DO 110 J=1,NA

Y=o{I) T

DO 1025 1S=2,KQ

" 1p0 'Y'!'YAH'HIS)I'ZCOS(IS“J)

PRODCJ, 1)5Y

TIMESTYARY . (U~1Y=DY
PRINT 11GOsTIMEY

1100 FORMAT(IF ,FE,2,3%.E15,8)
110 GONTINUE

ERT .
RETURK
END

Ci3



Table C1
Definitions of FORTRAN Variables

FORTRAN Identifier

DO(1,J)
DV
IX

MR

RK

Definition

Dissolved oxygen at time I and depth J
Dispersion coefficient

Number of depths at which data are
collected

Number of depths for which a line printer
graph is desired

Reaeration coefficient

Depth interval

Table C2
Cards for Input to Standing Water,

Depth Distribution Program

Card Number

1
2
3
L
>

6 through IX+6

IX+7 through
N+IX+7

N+IX+7 through
PN+IX+T

ON+IX+8
PN+IX+9

Variables Format
NUMB 12
AL1,AL2,AL3,ALL ,ALS 5A10
KRAD, THRS 12,F10
7 ,DT,PRES ,N,KO,IX 3F10,31I5
RK,START 2F10
DV(I) F10
Cs(I),RAD(T) Free field
DO(I,J),J=1 through IX Free field
MR 13

F1,F2 2F10
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APPENDIX D:

Ares

Fourier coefficient

Dissolved oxygen concentration

Saturation concentration of dissolved oxygen

Total depth for standing water

Vertical dispersion coefficient

Reaeration coefficient
Gross productivity
Vertical flow
Respiration

Time

Velocity

Horizontal distance
Vertical distance
Regidence time

Gas exchange coefficient

21 /L8

D1



In accordance with ER T0-2-3, paragraph 6c(1)(b),
dated 15 February 1973, a facsimile catalog card
in Library of Congress format is reproduced below.

Virginia. University.

Methods of dissolved oxygen budget analysis for assess-—
ing effects of dredged material disposal on biological
community metabolism, by George M. Hornberger rand; Mahlon
G. Kelly. Vicksburg, U. S. Army Engineer Waterways Ex-—
periment Station, 1975.

1 v. (various pagings) illus. 27 cm. (U. S. Water-
ways Experiment Station. Contract report D-75-3)

Prepared for Environmental Effects Laboratory, U. S.
Army Engineer Waterways Experiment Station, under Contract
No. DACW-39-74-C-0030, (DMRP Work Unit 1D0O4)

Includes bibliography.

1. Aquatic environment. 2. Biochemical oxygen demand.
3. Computer programs. 4. Dredged material. 5. Metabolism.
6. Oxygen. I. Hornberger, George M. 1I. Kelly, Mahlon
G., joint author. (Series: U. S. Waterways Experiment
Station, Vicksburg, Miss. Contract report D~75-3)
TA7.W34c no.D-75-3




