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10 December 1984
Conditions of Use

The following conditions regulate the use of computer programs developed by the Hydrologic
Engineering Center (HEC), Corps of Engineers, Department of the Army.

1. The computer programs are furnished by the Government and are accepted and used by the
recipient individual or group entity with the express understanding that the United States
Government makes no warranties, expressed or implied, concerning the accuracy, completeness,
reliability, usability, or suitability for any particular purpose of the information or data contained
in the programs, or furnished in connection therewith, and that the United States Government
shall be under no liability whatsoever to any individual or group entity by reason of any use
made thereof.

2. The programs belong to the United States Government. Therefore, the recipient agrees
neither to assert any proprietary rights thereto nor to represent the programs to anyone as other
than Government programs.

3. The recipient may impose fees on clients only for ordinary charges for applying and
modifying these programs.

4. Should the recipient make any modifications to the program(s), the HEC must be informed
as to the nature and extent of those modifications. Recipients who modify HEC computer
programs assume all responsibility for problems arising from, or related to, those modifications.
User support from the HEC to third part recipients will only be provided after the second party
demonstrates that program difficulties were not caused by their modifications.

5. This "Conditions of Use" statement shall be furnished to all third parties that receive copies
of HEC programs from the recipient. Third party recipients must be notified that they will not
receive routine program updates, correction notices, and other program services from the HEC
unless they obtain the program(s) directly from the HEC.

6. All documents and reports conveying information obtained as a result of the use of the
program(s) by the recipient, or others, will acknowledge the Hydrologic Engineering Center,
Corps of Engineers, Department of the Army, as the origin of the program(s).
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I. INTRODUCTION
Background

The Hydrologic Engineering Center (HEC) of the U.S. Army Corps
of Engineers possesses and commonly uses a computer model capable
of analyzing either dynamic or steady-state water quality inter-
actions in river-reservoir systems. This model has been developed
over the years by numerous consulting engineering firms as discussed
in reference (1), and is called the "Water Quality For River-Reservoir
Systems" (WQRRS) Model.

Because of the volume of output generated by the Stream Quality
Module of the WQRRS Model, there has existed a need to develop
methods to assist users in interpretting and displaying the output
of this module. As a consequence, over the past several years the
HEC has developed a preliminary plotting routine and statistical pro-
gram to accomplish these goals. These programs have been finalized
by Tetra Tech, Inc., and are described herein. The resulting pro-
grams are compositely called the Stream Water Quality Post-Processor.

Project Organization

Dr. Marc W. Lorenzen served as principal-in-charge, and
Mr. William B. Mills served as project manager for Tetra Tech. All

computer programming was performed by Mr. Larry Woods of Tetra
Tech. Mr. Steve Gherini, also of Tetra Tech, aided in the prepa-

ration of the final report.
Mr. R. G. Willey of the Hydrologic Engineering Center served as

project officer, and provided technical assistance. Mr. AT Onodera

and Paul Ely of HEC also provided technical input.
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General Capabilities of the Post-Processor

The Stream Water Quality Post-Processor now consists of three
major components: two plotting programs and a statistical program.
Each of these programs can be executed independently of the other two,
and each accepts input from a tape containing selected output of the
Stream Quality Module. Additionally, cards containing observed data
can be read in with each program and comparisons can then be made
between the simulated and observed data. The capabilities of the
three programs will be discussed in detail in the chapters describing
each component of the post-processor, but their overall capabilities

will be summarized here.

Each of the three programs can analyze up to eleven water
quality parameters. The parameters are:

streamflow

water temperature
dissolved oxygen
ammonia nitrogen
nitrate nitrogen
phosphate phosphorus
alkalinity

coliforms

total dissolved solids
pH

b-day biochemical oxygen demand

The first plotting program plots the results of the stream simu-
lations as a function of time for any number of these eleven para-
meters at user specified Tocations throughout the study reach. The
user has the option to superimpose observed values on these plots.
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Water quality standards can be specified and plotted as well. In the
case of temperature and pH, both maximum and minimum standards values
can be plotted.

The second plotting program plots longitudinal profiles of
water quality parameters at all nodes throughout the study reach.
For each of the eleven parameters, plots of the maximum and/or mini-
mum simulated values over the study period at each node can be genera-
ted. The user can specify that observed data and water quality
standards be plotted as well. The water quality standards can be
changed as a function of river mile to reflect different stream
segment quality designations. As a separate option, the user can
also input cards containing values of the water quality parameters
that are indicative of a particular critical quality condition.

The mean error and standard deviation associated with these critical
values can also be plotted. The input values for this option gen-
erally come from the results of the statistical program.

The statistical program has the capability of summarizing by
node the maximum, minimum, mean, and standard deviation of the simu-
lated values over the study period, or over a selected subperiod for
each of the eleven water quality parameters. It can also compare
simulated parameter values against selected water quality standards
and determine the number and percent of points exceeding the selected
standards. Lastly, it can accept observed data via card input for
various locations throughout the study reach and then determine the
mean and standard deviation of the difference between the simulated

and observed values.

The two plotting programs have been written to use standardized
Cal-Comp software, and all three programs have been successfully
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tested on the CDC 7600 and the UNIVAC 1108. Unfortunately, Cal-Comp
software is not completely standardized between installations, and
this may necessitate that the user institute minor program changes
depending on the computer facility being used. The locations of
possible coding changes are discussed in the chapters dealing with
the plotting programs. Comments have been incorporated into the two
plotting programs to facilitate the adaptation of the programs to any
installation.
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IT1. WATER QUALITY VERSUS TIME PLOTTING PROGRAM

Description of Capabilities

This component of the post-processor plots water quality
parameters at specified Tocations within the study reach and over the
time period for which results are contained on the output tape from
the WQRRS model. A summary of each of the capabilities of the program
follows. The capabilities will later be demonstrated by an illustra-
tive test case. The word "simulated" in the following discussion is to
be associated with the output generated by the$WQRRS model, while the
word "observed" is to be associated with measured values, and is not
related to model output.

The capabilities of this plotting program are:

1. The program plots up to 11 water quality parameters
(including flow) at any selected node within the
study reach. Any combination of the eleven parameters
can be plotted at a location. The parameters normally
are contained on tape in the following order, and are
plotted with the units indicated:

streamflow, 1000's cfs
water temperature, °C
dissolved oxygen, mg/1
ammonia nitrogen, mg-N/1
nitrate nitrogen, mg-N/1
phosphate phosphorus, mg-P/1
alkalinity, mg/1 as CaCO3




log coliforms, log MPN/100 ml

total dissolved solids, mg/1

pH

5-day biochemical oxygen demand, mg/1

The same simulated water quality parameters that
are selected for plotting at one node are also
plotted at all other nodes selected for plotting.

Plots can be generated for up to five locations
within the study reach.

The simulated results are stored on tape
at intervals of 2 to 24 hours, constant
for the entire tape. A time interval for
plotting can be chosen which is an integral
multiple of this storage time interval.

The horizontal axis of the plots is always

labeled in Juiian days. Even if values are
plotted every two hours, hourly indicators

are not labeled. Tick marks are shown at midday,
however, and grid Tines are drawn at the beginning
and end of each day to facilitate the Jocation of
poimts on the plots. - e

Observed data for the same 11 water quality
parameters can be plotted at any or all of
the five or less locations at which
simulated data are plotted.




10.

When observed data are plotted at a particular
node for a particular parameter, simulated data
are also plotted for that parameter. However,

at the same location, simulated data may be
plotted for some parameters for which no observed
data are plotted.

The number of observed data points can vary by
location and by parameter. The total number of
data points at any one location may not exceed 50,

A Tine showing a water quality standard can be
plotted for each water quality parameter. For
temperature and pH, two Tines can be plotted that
show maximum and minimum standards (if specified).
The standard must remain constant during the
plotting time period.

For each execution of the program, exactly one reach
can be analyzed. If more than one reach is to be
analyzed, then sequential program runs must be made.
A reach, as used in this report, is a continuous
portion of a river system whose hydraulic and quality
characteristics can be analyzed by the WQRRS model.
An entire river system may be analyzed by dividing

it into several reaches. Figure II-1 shows how the
Oconee River in Georgia was divided into five reaches
and then analyzed using the WQRRS model (2). For a
more detailed description of the term "reach",
reference (1) can be consulted.




KEY:
@ Denotes reach number

«+—» Denotes extent of
reach

» Denotes beginning or
end of reach

Figure II-1. Division of the Oconee River into Reaches
for Analysis by the WQRRS Model
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11. Because of variations of Cal-Comp software between
computer installations, several of the subroutines
comprising the program contain cards that are
installation-dependent. These subroutines are:
INITPL, NEXTFR, and STOPPL. Their functions are
described in the next section. The program code
itself contains comment cards describing the
functions of these routines, and indicates
that they are system-dependent. Additionally
the call to subroutine AXIS from the main program
has different numbers of arguments depending on
the installation being used. In testing this
program it was found that the first eight
arguments were the same at both installations.

If a ninth argument is specified which defines
the number of 90° rotations to be performed
before drawing the axis, this integer argument
should be set to zero.

Description of Subroutines

PROGRAM WQPLOT 1is the main subroutine controlling operation of
the plotting program, as shown in Figure II-2. This routine first
reads data from input cards and then reads the simulated results
from tape and stores them temporarily on disk files to be read as
needed. It then calls other subroutines that actually create the

plots.

SUBROUTINE RJDC packs one array of hollerith characters in nAl
format into another array in which each computer word contains as




RJDC

INITPL

DDLBL

DDGRID LWGRID DRTICK

XFORM

XFORMO

STCURYV

NEXTFR

STOPPL

Figure II-2. Subroutines Comprising the Water-Quality
Versus Time Plotting Program
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many characters as the computer word size allows (4 or 6, for
example). This routine removes leading and trailing blanks from the
hollerith constants, and it also returns the number of non-blank
characters found (imbedded blanks in a string are counted as non-blank).

SUBRQUTINE INITPL initializes the plotting device. It is a
separate subroutine because portions of its code are installation-

dependent.

SUBROUTINE DDLBL writes Julian day numbers along the horizontal

axis.

SUBROUTINE DDGRID draws the grid lines and tick marks used for
each plot. It calls LWGRID four times (once each for the lower hori-
zontal axis, the upper horizontal axis, the left vertical axis, and

the right vertical axis).

SUBROUTINE LWGRID draws grid lines and tick marks along one
axis by repeatedly calling DRTICK.

SUBROUTINE DRTICK maves the plotter pen one increment of distance
along a given axis and then draws a line of specified length perpen-
dicular to that axis. This line could be either a tick mark or a

grid line.

SUBROUTINE XFORM performs any necessary data transformations on
simulated data such as conversion of flow units.

SUBROUTINE XFORMD performs any necessary data transformations

on observed data.
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SUBROUTINE STCURV draws minimum and/or maximum standards;curves
(straight horizontal lines) on a plot, provided that standards values
are specified.

SUBROUTINE NEXTFR advances the plotter to the next frame. It
is a separate routine because the code can vary from installation to
installation.

SUBROUTINE STOPPL terminates all plotting activity. It also
is a separate routine because the code is installation-dependent.

Card Format

This section contains a detailed description of every variable
on each input card. These descriptions will be found in Table II-1
which follows this discussion. Figure II-3 at the end of the section
shows the sequential arrangement of input cards for this plotting

routine.

A1l variables, except plot and axes titles, are specified by
fields of eight columns each. Titles are given as nAl format. Field
1 of each card is always reserved for card identification, and must
be lTeft justified.

The range of values a variable may assume and the corresponding
interpretations are described below. Some variables simply indicate
the program option to be used by specifying discrete numbers. For
those variables having a + sign shown under the column "value," the
numerical value of the variable is entered as input. Where the
value is zero, the corresponding input field may be left blank.

I1-8




Data for variables beginning with the Tetters I through N are
integers and should not include decimals, but should be right justi-
fied in their field. Data for variables beginning with letters A
through H and 0 through Z are floating point variables and should be
right justified in their field if the decimal points are not punched.
Variable names for plot and axes titles may begin with any letter,
and may begin in any column within their specified field.

The simulated results of the Stream Quality Module are read
from tape once the required data cards have been read. A detailed
understanding of how the program reads data from the tape is not
required of the user. However, the user does need to know which
parameters are stored on tape and their order because some of this
information must be specified on certain input cards. (See p. II-1
for the order in which the parameters are normally stored on the

WQRRS output tape.)

It is of interest to the user to note that, at the time of this
writing, an additional variable is being written onto tapes contain-
ing the stream water quality results which is not present on earlier
tapes. This additional variable specifies the river reach, and is
contained in the first field of each record on the tape. Otherwise,
the informatijon stored on the new and old tapes is identical. The
effect of this is that tapes containing results that do not have a
reach specification cannot be processed using this program without
modifying both the tape read statement contained in this program,
and the program logic that checks for the desired reach number.




TABLE TI-1

DETAILED DESCRIPTIONS OF INPUT CARDS
FOR WATER QUALITY VERSUS TIME PLOTTING PROGRAM

Title Description Card*

Field Variable

1

2-4 TIT1(1) to TIT1(20)™"
4-6 TIT2(1) to TIT2(20)™"

Value Description
TITLE Card identification.
alpha(A1) | TIT1 and TIT2 comprise
the plot title for all
frames 1in a run. This
alpha(A1) identifies the river

system and reach under

study (e.g., YORK RIVER).

*
This card and all remaining cards in this description are required
cards unless the specific card description defines it as being

optional.

*%
TIT1 ends in field 4 and TIT2 begins in field 4.

I1-10
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JOBI

TABLE II-1
(CONTINUED)

Job Description Card 1

Field Variable Value Q§§ggiE§iQQ

1 JOB1 Card identification.

2 NPTAPE + Number of parameters on
tape (from 1 to 11).

3 NPAR + Number of parameters to be
plotted (from 1 to NPTAPE).

4 NS + Number of nodes in the
reach.

5 NPTS + Number of nodes for which
simulated results are to
be plotted (<5).

6 NOBS + Number of nodes where there
are observed data
(from 0 to 5).

7 NHHI + Number of hours between
points to be plotted
(from 2 to 24).*

8 NHHIT + Number of hours between
simulated values stored
on tape (from 2 to 24),

9 NUMDY + Number of days for which
results are stored on
tape (>1).

10 INTDY + Number of days per plot.**

*NHHI must be an integral multiple of NHHIT.
*For example, if NUMDY=60 and INTDY=20, three plots are generated

for one water quality parameter. This relationship controls the
scale of the horizontal axis.
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Job Description Card 2

Field Variable

1
2

LNGTH

INTP

I0TMP

IFLOW

IREACH

INGRID

TABLE II-1
(CONTINUED)

Value

JOB2

#1

Description
Card identification.
Length of horizontal axis in
hundredths of inches. LNGTH
must equal INTDY (JOBl card,
field 10) times any integer
times ten.

Logical unit number of
simulated data file.*

Lowest of five consecutive
logical unit numbers to be
used for temporary storage
files.*

For observed flow in m3/s.**
For observed flow in cfs.**

Reach number for which plots
are to be generated.

Normal grid plotted.

Grid eliminated. This option

JOB?

may be used for making overlays

for color reproduction of
graphical outputs.

*Any unit number acceptable to the user's computer system may be used.
The numbers used may need to be assigned a magnetic tape or disk
name using the specific job control language for the user's computer

system.

**]f there are no observed values for stream flow, IFLOW does not

have to be specified.
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J0B2

TABLE II-1
(CONTINUED)
Job Description Card 2
Field Variable Value Description
8 INCDY 0 Every day Tabeled on graphical
output.
+ Magnitude of increment for
labeling graphical output.
This option is needed when the
horizontal distance per day is
too small for a daily label.
9 INCLIN 0 A vertical line at the end of
each day.
+ Magnitude of increment for
vertical Tines. This option
is used to produce an "open
grid."
10 INCTIC 0 Four tic marks or subdivisions
per vertical inch on the Y axis.
+ Number of tic marks or subdivisions

per vertical inch on the Y axis.
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~ JOB3-J0B4

TABLE II-1
(CONTINUED)
Job Description Card 3*
Field Variable Value Description
1 JOB3 Card identification.
2 PLOCS(I) + River mile where simulated
results are to be plotted.
3 RV(1,I) to RV(8,I) xok
. Title given to all plots
at this river mile (e.g.,
. . RIVER MILE 31.5).
7 RV(33,I) to RV(40,I) K

*There should be NPTS (JOB1 card, field 5) JOB3 cards.
*RV is in 40A1 format.

Job Description Card 4

Field Variable Value Description
1 JOB4 Card identification.
2 IPAR(I) + The number of the parameter on

tape which is to be plotted.
IPAR(I) is less than or equal

to NPTAPE (JOB1) card, field 2).'%

3 PSCAL1(I) + Minimum value of IPAR(I) for
plotting purposes.

4 PSCAL2(1I) + Maximum value of IPAR(I) for
plotting purposes.

fThere are NPAR (JOB1 card, field 3) JOB4 cards.
"For example, if the fifth parameter stored on tape is the first

parameter to be plotted, then IPAR(1)=5.
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JOBS-STAN

Job Description Card 5%

Field Variable
1
2.4 GRLBLE(1,4)
to GRLBLE(20,J)**
4-6 YLBUL(T1,4)

to YLBUL(15,J)**

TABLE II-1
(CONTINUED)

Value
JOB5

alpha(A1)

alpha(A1)

Description
Card identification.
Title to be given to all

plots of this parameter
(e.g., WATER TEMPERATURE).

Vertical axis label for
all plots of this param-
eter (e.g., DEG C).

*There are NPAR (JOB1 card, field 3) JOB5 cards.
**There is some overlap in field 4 between the Tast value of GRLBLE

and the first value of YLBUL.

Standards Description Card’ -

Field Varijable

1

2 STAND(1,IR,IPQ)
3 STAND(2,IR,IPQ)

Standards for coliforms are input as
log MPN/100 ml.

Value
STAN

+

Card identification.

Minimum standard for the
IRth node and IPQth param-
eter, Tt

Maximum standard for the
IRth node and IPQth
parameter.tT

T There are NPTS*NPAR (JOB1 card, fields 3 and 5) STAN cards.

H-11" no standards value is specified, the field should be Teft blank.
The standards should be specified for the same parameter at all
nodes before changing parameters (i.e., the variable IR varies

faster than the variable IPQ).

I1-15




0BS!

TABLE II-1
(CONTINUED)

Observed Data Description card® - include only if NOBS (JOB1 card,
field 6) #0. Otherwise, no more input cards are required for this
program.

Field Variable Value Description
1 0BS1 Card identification
2 RIV + River mile where observed

data occur (must be the same
as a location where simu-
lated data exist).

3 N + Total number of distinct
times at which observed
data were recorded at
this river mile.

*This card and the corresponding OBS2 and 0BS3 cards appear as a set
NOBS (JOB1 card, field 6) times.
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0BS2

TABLE II-1
(CONTINUED)

£4.

Observed Data Description Card 2* - Include only if NOBS (JOB1 card,
field 6) #0. Otherwise, no more cards are required for this program
input. Observed coliform data are input as Tog MPN/100 ml.

Field  Variable

2 JDAY
3 JHRS
4 0BSRV(1,d,K)
10 0BSRV(7,J,K)

Value
0BS?

+

Description
Card identification.

Julian date this observa-
tion was made. See
Appendix A to convert
calendar date to Julian
date.

Hour (an integer from 0
to 24) this observation
was made.

Observed data values for
the first 7 parameters or
first NPTAPE (JOB1 card,
field 2) parameters, if
NPTAPE is Tess than 7.

A missing value is denoted
by a blank. If a true
zero is observed, a small
positive number must be
entered instead.

*For a given river mile there are N (OBS1 card, field 3) OBS2 and
OBS3 cards. If the number of observed parameters is less than 8,
however, the 0BS3 card is omitted entirely, regardless of the value

of N. The 0BS1 card, and this entire sequence of 0BS2 and 0BS3 cards,
appear NOBS (JOB1 card, field 6) times.
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TABLE II-1
(CONTINUED

)

Observed Data Description Card 3* - Include only if NOBS (JOB 1 card,
field 6) #0 and the number of observed parameters exceeds 7.
coliforms are input as log MPN/100 ml.

Observed

Field Variable Value
1 0BS3
74 OBSRV(8,J,K) +
5 0BSRV(11,J,K) +

/

Description
Card identification.

Values of the observed
parameters 8 through

NPTAPE (JOB1 card, field 2)
when NPTAPE exceeds 7.

A missing value is denoted
by a blank. If a true
zero is observed, a small
positive number must be
entered instead.

*See the footnote pertaining to the OBSZ card.
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0BS3 ;0BSRV(8)}.. ...0BSRV(11) )
/2 N N N i I N R
7 OBSZI JDAY l JHRS lOBSRV(])I.. ’ ' l l ..?BSRV(75‘\
0BS1 RIV N 7 i\
/4 N N I N R R N
5 STAN 'STAND(lquAND(Z), l ’ l , l , N\
34 J0B5 IGRLBLE(U[.. GRLBL,EI(ZO) YLBIIJ'LH)... rLBULHS)! l , ! )
b4
3 NB4’ IPAR rP$ML1 IP$ML2’ l , l l | )
JOB3 | PLOCS  RV(T)... . -RV{40) “
WY Gl b I I O S I )
JOBZI LNGTH ! INTP I I0TMP ’ IFLOW ]IREACH iINGRID ] INCDY} INCLIN‘i INCTIC\
) L/
J0B1 INPTAPE , NPAR NS , NPTS l NOBS ' NHHI l NHHIT l NUMDY ’ INTDY ‘\ y
TITLE, TITi(1)... TITI(20) TI12(1)... TIT2(20) ™
L/
/
%
L/
Field Nunbers //
\‘ 1 2 3 4 5 6 7 8 9 10 -/
NoTe 1.  There are NPTS (JOBI card, field 5) JOB3 cards.
NaTe 2. Each element of the array RV occupies 1 column. Hence, 40 elements of RV occupy 5 fields (3 through 7).
NoTE 3.  There are NPAR (JOB1 card, field 3) JOB4 and JOB5 cards.
NoTE 4, GRLBLE occupies 20 spaces beginning in column 9; YLBUL occupies 15 spaces beginning in column 29.
NoTE 5.  There are NPTS#NPAR (JOBI card, fields 3 and 5) STAN cards.
NoTe 6, There are NOBS (JOB1 card, field 6) OBS1 cards. Before the OBS] card is repeated, N (0BST card, field 3)
08S2 and 0BS3 cards follow which pertain to the river mile, RIV, on the present 0BS1 card.
NoTe 7. There are N (0BS1 card, field 3) 0BS2 and 0BS3 cards {the 0BS3 card may be unnecessary depending on

the number of parameters observed).

Card Sequence for the Water Quality
Versus Time Plotting Program

Figure II-3.

I1-19




Application of Plotting Program

This plotting program has been applied to reach 3 of the Middle
Oconee River (river mile 31.5 to 17.0) near Athens, Georgia using
simulated results obtained during a study of the river from 1 October
1970 through 31 October 1970. The observed data that are used for
this test case are hypothetical and are used to iliustrate the progran's
capabilities.

Input

Figure II-4 shows the arrangement of the input data chosen for
this system. The TITLE card identifies the river system under study.
The next two cards, the JOB1 and JOBZ2 cards, contain information
specifying what the user wants plotted, how it is to be plotted,
and on what unit the data are stored.

In this example, all eleven parameters are stored on tape, and
plots are generated for all eleven parameters. Within the study
reach there are 30 nodes, and at five of these both simulated results
and observed data are plotted. The results are stored on the tape at
two-hour intervals and are also plotted at two-hour intervals. Data
for all 31 days for each parameter are plotted on one 8 inch plot.
The data are stored on unit number 20 and units 1 through 5 are used
for temporary storage files. The observed flow is input as cfs
(since IFLOW #1).

The JOB3 card shows the river mile where simulated results are
plotted (in this case river miles 31.5, 29.0, 25.5, 19.5, and 17.0)
and the plot titles (as contained in RV) identifying these Tocations.
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As shown by the 11 J0B4 cards, all water quality parameters
are plotted. The identification of each parameter is specified by
the variable GRLBLE on the JOB5 card (e.g., STREAM FLOW) and the
vertical axis Tabel is specified by YLBUL (e.g., 1000 CFS).

To illustrate a case where not all parameters are stored on
tape and only a portion of those that are stored are to be plotted,
consider the following instance. Suppose only streamflow, nitrate,
and phosphate are contained on the tape, and that only nitrate and
phosphate are to be plotted. In that case the JOB4 card would appear
as follows:

JOB4 2
JOB4 3

This indicates that the second (nitrate) and third (phosphate) param-
eters stored will be plotted. The JOB5 card would then contain

title information for these two nutrients, in the order they are to
be plotted.

The STAN card indicates that the following standards were chosen

for this test case:

water temperature 10°C minimum, 30°C maximum
dissolved oxygen 5 mg/1 minimum

ammonia nitrogen 0.5 mg/1 maximum

nitrate nitrogen 0.5 mg/T maximum

phosphate phosphorus 0.05 mg/T maximum

log coliform 3.38, 1og MPN/100 ml maximum
dissolved solids 500 mg/1 maximum

pH 5.5 minimum, 9.0 maximum
BOD5 5.0 mg/1 maximum
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Note that this card is repeated for each parameter to be plotted,
even if a standard is not specified (such as for streamflow and alka-
Tinity in this case). When a standard is not specified for a param-
eter to be plotted, a blank is left in the desired fields. For each
parameter at each location to be plotted, both maximum and minimum
standards must be entered on the STAN card (both entries could be
blanks). Standards which are identically zero are not allowed.
Standards can change from location to location, to refiect different
water quality designations of different river reaches.

The remaining input cards deal exclusively with observed data,
and if there are none, these cards (0BS1, 0BS2, and OBS3) are omitted
altogether. For the test case, observed data exist and are plotted
at the same five river miles as for the simulated results (river miles
31.5, 29.0, 25.5, 19.5, and 17.0) as shown on the OBS1 cards. Note
that the 0BSZ and 0BS3 cards pertaining to each river mile (such as
31.5) are inserted before the next 0BS1 card is repeated. The OBSI
card also contains the number of unique sampling times. For example,
at river mile 31.5, 11 observations were made, although no more than
ten observations of any single parameter were made. It should also
be noted that if the observed data were actually collected at a loca-
tion near a node but not exactly at a node, such as river mile 31.4,
the data have to be specified as being collected at a nearby node,
such as river mile 31.5, Unless the variable RIV contains a node
Tocation, the observed data are not plotted for that location.

The 0BS2 card specifies the date (Julian date) the observation
was made, the hour of the day, and the observed data for up to the
first seven parameters. If a parameter value was not observed, the
entry is left blank. Also, if the hour and date of the observation
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do not correspond to an hour and date specified to be plotted, the
point is plotted at the closest time for which a simulated value

is plotted. For example, the fourth observation at river mile 31.5
was made on day 280 at hour 21. Since hour 21 is not an hour for
which simulated data are to be plotted, but hour 20 is, this observa-
tion will be plotted at hour 20 of that same day.

The 0BS3 card follows the 0BS2 card and contains the remainder
of the parameters to be plotted for a single sampling date and hour.
These two cards are then repeated for the remainder of the sampling
dates and hours at the same river mile. At river mile 31.5, for
example, there are a total of 11 pairs of these cards. This sequence
of OBS1, 0BS2, and OBS3 cards is repeated for each additional Tocation
where observations were taken.

Output

The output of this plotting program consists of plots generated
by Cal-Comp software. Figures II-5 through II-7 illustrate the
plotting capabilities. In general, simulated results are shown by
the continuous wavy lines, while observed data points are depicted
by the triangles. Water quality standards are shown as horizontal
straight Tines, with the word 'MAX' bracketing the maximum standards
T1ine and the word 'MIN' bracketing the minimum standard Tine.

Figure II-5 shows a plot of streamflow over the period of record,
Julian day 274 through 304, or equivalently, 1 October through 31
October, at river mile 19.5 of the Oconee River, reach 3. The plot
contains both observed and simulated flow data. The title, "OCONEE
RIVER, GA. REACH 3," was generated by the TITLE card, "MILE 19.5"
by the J0OB3 card,_and "STREAM FLOW" by the JOB5 card. Grid Tines
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bracket each Julian date, and the tick mark directly above each

date denotes noon of that day. The curve of simulated results
connects points spaced at two-hour intervals and the triangles are
plotted at the closest two-hour interval to the time of observation.

Figure II-6, which shows water temperature, illustrates an
additional capability, the inclusion of standards. Both maximum
(30°C) and minimum (10°C) standards are specified and labeled.

The vertical axes of all plots are scaled to include the range
of simulated results, observed data, and standards. If the observed
data or standards have a range of values considerably different from
the simulated results, all values are scaled onto the plot, even if
the plot then lacks some resolution, as shown in Figure II-7. This
plot shows one observed phosphate value of 1.1 mg/1, while the high-
est simulated value is approximately 0.35 mg/1. If there is reason
to believe the 1.1 mg/1 observation is an outlier, it can be removed
from the input data, and the range of the vertical axis will then be
approximately from 0.0 to 0.4 mg/1, instead of from 0.0 to 1.6 mg/1,
and the plot will show more resolution.
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III. STATISTICAL PROGRAM

Description of Capabilities

This component of the Stream Water Quality Post-Processor
provides a statistical summary, by node within the study reach, of
the output of the Stream Quality Module of the WQRRS Model. The
specific capabilities of the program are described below:

1. The program computes statistics for the
11 water quality parameters (including flow)
stored on the output tape of the WQRRS model
which contains the results of the stream
quality simulations. The parameters are analyzed
in the following order and with the fol-
lowing units:

streamflow, m3/s

temperature, °C

dissolved oxygen, mg/1
ammonia nitrogen, mg/]
nitrate nitrogen, mg/1
phosphate phosphorus, mg/1
alkalinity, mg/1 as CaCO3
log coliforms, Tog MPN/100 ml
total dissolved solids, mg/1
pH

5-day biochemical oxygen demand, mg/]

For these parameters the program computes the

mean and standard deviation, and determines
the maximum and minimum values over the period
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of record. In computing the mean and standard
deviation of log coliforms and pH, the program
first takes the anti-logarithm of each logged
value, and then computes the mean and standard
deviation. The values that appear in the
tabulated output for the mean and standard
deviation of pH and log coliform are actually
the Togged values of each of these two statis-
tics. For example, suppose a number of pH
values produce a mean of 7.6 and standard
deviation of 8.6. Then 7.6 + 8.6 is not a
true indicator of the variability of the pH,
but rather the following is a true indicatijon
of the variability of the hydrogen ijon
concentration:

10—7.6 N 10—8.6

In this case the variability of the hydrogen
ion concentration is an order of magnitude
less than the mean value. It should also be
noted that averaging pH's is not entirely
scientifically justifiable, but is done in
this program to provide a general indication
of the average concentration of hydrogen ion.

The time period over which analyses are performed

can be identical with the study period, or it can
be a shorter period, as specified by the user.
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Any number of nodes within the study reach can

be analyzed, generally (but not necessarily)
beginning in the most upstream direction. Also,

it is possible to analyze more than one reach
sequentially. However, because of the way the
program is written it is inefficient computationally
to do this. It is suggested that to conserve
computer time when multiple reaches are to be
analyzed, each reach be written on a separate

file, and analyzed separately.

Observed data for all parameters except flow can
be compared against the simulated results at any
node. The program computes the error associated
with each observation (the difference between
simulated and observed values), and from this
difference it computes the mean error and standard
deviation. The program also determines the number
of observation points for each parameter (which
can differ from parameter to parameter).

Water quality standards can be specified for up to
ten parameters (stream flow not included), and the
number of points exceeding these standards is
computed over the study period. The percent of
simulated values exceeding the standards is also
calculated. Both maximum and minimum water
quality standards can be specified for temperature
and pH.
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Description of Subroutines

The statistical program is comprised of three basic programs,
as shown in Figure III-1. The program is only modularized to a minor
extent, and all statistical calculations are contained in the main
routine WQSTAT. ‘

SUBROUTINE SKIP skips to the appropriate place in the file of
selected data. The arguments of this subroutine are the logical
unit number and the number of records to be skipped.

SUBROUTINE JULDAY converts calendar dates contained in vari-
ables that have day, month, and year information embedded in them to
Julian date. The subroutine also puts the day, month, and year infor-
mation contained in the calendar dates into a COMMON block.

Card Format
This section contains a detailed description of every variable
on each input card. These descriptions will be found in Table III-]
which follows this discussion. Figure III-2 at the end of the section
shows the sequential arrangement of input cards for this program.

A1l variables, except those specified on the TITLE cards, are
specified by fields of eight columns each. Titles are given in A4
format. Field 1 of each card is always reserved for card identi-
fication, and must be Teft Jjustified.

The range of values a variable may assume and the corresponding
conditions are described below. Some variables simply indicate the
program option to be used by specifying discrete numbers. For those

I11-4




—Ul——lxm

— I - wm Do =

< IO ¢

Figure III-1. Subroutines Comprising Statistical Program

ITI-5




variables having a + sign shown under the column "value," the numer-
jcal value of the variable is entered as input. Where the value is
zero, the corresponding input field may be left blank.

Data for variables beginning with the letters I through N are
integers and should not include decimals, but should be right justi-
fied in their field. Data for variables beginning with Tetters A
through H and 0 through Z are floating point variables and should be
right justified in their field if the decimal points are not punched.
Variables containing titles may begin with any Tetter, and can begin

in any column in their specified field.

The simulated results of the Stream Quality Module are read from
tape once the required data cards have been read. A detailed under-
standing of how the program reads the data from the tape is not
required of the user. However, the user does have to prescribe
values of certain parameters stored on the tape via card input.

These parameters will be discussed with the input card descriptions.

It is also of interest to the user to note that, at the time of
this writing, an additional variable is being written onto the tape
containing the stream water quality results that was not present on
earlier tapes. This additional variable specifies the river reach,
and is contained in the first field of each record on the tape.
Otherwise, the information stored on the new and old tapes is
identical. The effect of this is that tapes containing results
that do not have a reach specification cannot be processed using
this program without modifying both the tape read statement con-
tained in this program, and the program logic that checks for the
desired reach number,
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TITLE

TABLE ITII-1

DETAILED DESCRIPTIONS OF INPUT CARDS
FOR STATISTICAL PROGRAM

Title Description Card* - Three title cards are required.

Field Variable Value Description
1 TITLE Card Identification.
2 TITLE(T) Alpha (A4)Y  1pe array TITLE is the title

that will be printed on the
top of each page of output.
Any alphanumeric characters

10 TITLE(18) Alpha (A4) may be used in the title.

*This card and all remaining cards in this description are required
cards unless the specific card description defines it as being optional.
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JOB1

TABLE III-1
(CONTINUED)

JOB1 Card - Designates input unit for simulation data and describes
river reach and simulation period.

Field
1
2

LP

RMST

RMEND

RMINC
IDAY

LDAY

INCHR

+

Value

JOBI

ITI-8

Description
Card identification.

Designates the input unit
number from which the program
will read the simulation data
generated by the WQRRS program.

If LP is not a positive
number, the program terminates
operation.

The river mile for the |

beginning of the reach for

the simulation data on unit
LP (JOB1 card, field 2).

The river mile for the end

of the reach for the simulation
data on unit LP (JOB1 card,
field 2).

Subreach length in miles.

First day of the simulation
period on unit LP (JOB1 card,
field 2). Enter as year,
month, day (e.g., 741001).

Last day of the simulation
period on unit LP (JOB1 card,
field 2). Enter as year,
month, day (e.g., 741031).

Simulation time interval in
hours.




TABLE III-1
(CONTINUED)

JOB2 Card - Designates river mile where calculations are to be made
and specifies time limits.

Field Variable Value Description
1 JOB2 Card identification.
2 RMOBS + River mile at which observed

or simulated values were made.
If RMOBS is not specified,
program returns to beginning
to read new TITLE card.

3 NORS + Number of observed data cards
(i.e., number of pairs of 0BS1
and OBS?2 cards).

0 If NOBS is zero, then no ob-
served data cards are read.

4 IDST + First day of "special study
period."* Enter as year, month
day (e.g., 740825). 1If no value
is entered, IDAY (JOB1l card,
field 6) will be used.

5 LDST + Last day of "special study
period."* [Enter as year,
month, day (e.g., 740910). If
no value is entered, LDAY (JOB1
card, field 7) will be used.

6 KFC 0 Indicates that observed temper-
ature data and temperature stan-
dards are in degrees Celsius.#%*

1 Indicates that observed temper-
ature data and temperature stan-
dards are in degrees Fahrenheit, K #¥

7 JSTN 0 Indicates that water quality
standard cards STD1 and STD2

will not follow the JOB2 card.#®¥%
1 Indicates that water quality

standard cards STD1l and STD2
will follow the JOB2 card.*#*¥*

See following page for footnotes.
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JOB2 TABLE ITI-1

(CONTINUED)
JOB2 Card (Continued)
Field Variable Value Description
8 JCOMP 0 Indicates that simulation data

are not to be compared with
water quality standards.

1 Indicates that simulation data
are to be compared with water
quality standards. JCOMP should
not be set equal to 1 unless
water quality standards have
been or will be read by the
program

9 KREACH + Reach number identifying the
study reach.

10 JMNMX + Index requesting output on
water quality concentrations
vs. % of time of exceedance.
These values are used to plot
quality duration curves.

0 Output as documented.

*Special study period is defined as that portion of the simulation
period on unit LP (JOBl card, field 2) which is of interest for
statistical summary purposes. If IDST, (JOB2 card, field 4) and
LDST (JOB2 card, field 5) are equal, the special study period is
one day.

#*The program performs all temperature calculations in degrees
Celsius. Hence, even if observed temperatures are input in degrees
Fahrenheit, they will be converted to degrees Celsius before any
computations are performed. Simulated temperature data are in
degrees Celsius.

#**The water quality standards cards STD1l and STD2 need not be read
more than once unless water quality standards change at a new river
mile. When standards are not reread set JSTN=0O. Otherwise, set
JSTN=1 and include the STD1 and STD2 cards.
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MIN Cards

Field Variable
1

2-10 MMIN
Field Variable
1

2 MMIN
MAX Cards

Field Variable
1

2-10 MMAX
Field Variable
1

2 MMAX

TABLE III-1 MIN-MAX

(CONTINUED)

Value Description
MIN1 Card identification.

+ The minimum simulated value expected
for each of the first 9 water quality
parameters. The field may be left
blank for any parameter not being
simulated.

Value Description
MIN2 Card identification.

+ The minimum simulated value expected
for the tenth water quality parameter.
The field may be left blank if the
parameter is not being simulated.

Value Description
MAX1 Card identification.

+ The maximum simulated value expected
for each of the first 9 water quality
parameters. The field may be left
blank for any parameter not being
simulated.

Value Description
MAX?2 Card identification
+ The maximum simulated value expected

for the tenth water quality parameter.
The field may be left blank if the
parameter is not being simulated.
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STD1

TABLE T1I-1
(CONTINUED)

STD1 Card* - Include only if JSTN (JOB2 card, field 7) is equal to
1. If it is not, skip to the OBS1 card.

Field Variable Value Description

1 STD1 Card identification.

2 STAN(1) + Standard for minimum water
temperature in degrees Celsius
or Fahrenheit as indicated by
the value of KFC (J0B2 card,
field 6).**

3 STAN(2) + Standard for maximum water
temperature in degrees Celsius
or Fahrenheit as indicated by
the value of KFC (JOB2 card,
field 6).**

4 STAN(3) + Standard for minimum dissolved
oxygen in mg/1.

5 STAN(4) + Standard for maximum ammonia
nitrogen in mg/1.

6 STAN(5) + Standard for maximum nitrate
nitrogen in mg/1.

7 STAN(6) + Standard for maximum phosphate
phosphorus in mg/1.

8 STAN(7) + Standard for maximum alkalinity
in mg/1.

9 STAN(8) + Standard for maximum coliform
in MPi/T00 ml. '

10 STAN(9) + Standard for maximum total

dissolved solids in mg/1.

*Standards values need to always be specified for all 12 STAN
values on the STD1 and STD2 cards. If no comparison is to be
made between the standards and the simulated values, the ap-
propriate STAN field is left blank.

**1f observed temperature values are read in as degrees Fahrenheit,

then STAN(1) and STAN(2) should be in degrees Fahrenheit.
Otherwise, they should be in degrees Celsius.
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STD2

TABLE III-1
(CONTINUED)

STD2 Card* - Include only if JSTN (JOB2 card, field 7) is equal
to 1. If it is not, skip to the OBST card.

Field Variable Value Description

1 . STD2 Card identification.

2 STAN(10) + Standard for minimum pH.

3 STAN(11) + Standard for maximum pH.

4 STAN(12) + Standard for maximum 5-day

carbonaceous BOD in mg/1.

*See the first footnote at the bottom of the STD1 card.
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0BS1

TABLE III-1
(CONTINUED)

0BS1 Card*- Include only if NOBS (JOB2 card, field 3) # O.

Field Variable Value Description
1 0BS1 Card identification.
2 NDOB + Calendar day of observation.

Enter as year, month, day
(e.g., 740805).

3 NHROB + The hour the observation was
made. Enter as a 4 digit
number from 0100 to 2400.
If no hour is entered, the
program will compute the error
as the difference between the
observed value and the maximum
or minimum simulated value for
the day using whichever error
is smaller.**

4 X0BS(1) + Water temperature in degrees
Celsius or Fahrenheit depending
on the value of KFC (JOB2
card, field 6).

5 X0BS(2) + Dissolved oxygen in mg/1.
6 X0BS(3) + Ammonia nitrogen in mg/1.
7 XOBS(4) + Nitrate nitrogen in mg/1.
8 XOBS(5) + Phosphate phosphorus in mg/1.
9 X0BS(6) + Alkalinity as calcium
carbonate in mg/1.
10 XO0BS(7) + Coliform in MPN/100 ml.

*

There must be one pair of 0BS1 and 0OBS2 cards for each observation.
Each pair should be placed in chronological order. Any pair with
NHROB (OBS1 card, field 3) not given should be placed after all
other observation cards for the same day. If no observed value is
to be specified for a particular field, that field is Teft blank.
If the observed value is a true zero, a small positive value
should be entered instead.

**If NHROB (OBS1 card, field 3) is no more than an hour different
from a time for which simulated data are stored on tape, the data
taken at this time will be compared to the simulated data at
the closest hour.
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0BS2

TABLE III-1
(CONTINUED)

0BS2 Card - Include only if NOBS (JOB2 card, field 3) # 0.

Field Variable Value Description

1 0BS2 Card identification.

2 X0BS(8) + Total dissolved solids 1in mg/1.
3 X0BS(9) + pH.

4 X0BS(10) + 5-day carbonaceous BOD in mg/1.
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TABLE III-1
(CONTINUED)

NOTE: If another river mile is to be analyzed, another JOB2 card
is to follow the 0BS2 card, which is then followed by the STD and
0BS cards. This sequence is repeated for each new river mile to
be analyzed before the card sequence is ended by 5 END cards.

END Description Card*

Field Variable Value Description

1 END Card identification.

%
If a single reach is being analyzed, five END cards are needed
as the last input cards. If another reach, stored on the same
file, is to be analyzed, only one END card is used, followed
by the repetition of the entire card stream, beginning with the
three TITLE cards.
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TITLE(T). .. . .TITLE(18) X #
L/
/
)
L/
Fileld Numbdrs L/
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NoTe 1. STDY and STD2 cards are required only if standards are to be read.

NoTe 2. These are NOBS (JOBZ card, field 3) pairs of OBS1 and 0BS2 cards.

Note 3. If another river mile is to be analyzed, another JOB2 card is to follow the 0BS2 card,
which is then followed by the STD and 0BS cards. This sequence is repeated for each
new river mile to be analyzed before the card sequence is ended by 5 END cards.

Figure I1I-2. Sequential Arrangement of Input Cards
for Statistical Program
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Application of Statistical Program

The statistical program has been applied to reach 3 of the
Middle Oconee River (river mile 31.5 to 17.0) near Athens, Georgia,
using simulated results obtained during a study of the river from
1 October 1970 through 31 October 1970. The observed data that are
used for this test case are hypothetical-and are used to illustrate
the program's capabilities.

Input

Figure III-3 shows the arrangement of the input data chosen for
this system. The TITLE cards identify the river system under study.
The JOB1 card indicates that the input unit number containing the
simulated data is number 20. The remainder of the information on
the JOBT card deals with the study reach and study period. The
study reach is from river mile 31.5 to river mile 17.0, and the
subreaches are of Tength 0.5 miles. The study period spans the
month of October, 1970. The simulation time interval is two hours,
and the study reach is designated reach number 3.

The JOB2 card designates the river mile of the node where
statistics are to be generated and specifies the time period to
be included in the analysis. For each river mile where statistics
are to be computed, the JOB2 card begins the set of data for that

node.

The first JOB2 card in the case shown in Figure II1I-3 is for
river mile 31.5, at which there are 11 observations. The entire
study period (the month of October) is chosen as the period for
which statistics will be computed, as evidenced by the variables
IDST and LDST being specified by blanks. The remaining three
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variables of the JOB2 card are dichotomous, each having values of
0 or 1. In this example, KFC has the value of 0, indicating that
the observed temperature is in degrees Celsius. JSTN equals 1,
indicating that water quality standard cards will follow the JOB?
card, and JCOMP is also 1 indicating that simulated data will be

compared with the water quality standards.

Since JSTN has the value of 1, the STD1 and STD2 cards con-
taining specified water quality standards follow the JOB2 card. In
this example, standards for all ten water quality parameters are

specified, since there are no blank fields.

Pairs of OBS1 and 0BS2 cards follow the STD2 card, the number
of pairs being equal to NOBS, defined in field 3 of the JOB2 card.
The OBS1 card contains the date (NDOB) and military time in hours
(NHROB) of the observation, as well as the observed values for the
first seven parameters (not including flow). The OBS2 card con-
tains the remaining three parameters. When no observed data were
taken for a particular parameter, that field is left blank.

Additional JOB2 cards follow the last 0BS2 card of a particular
data sequence (for a particular Tocation) when the statistics at
other locations are desired. For this test case there are five
JOB2 cards, indicating statistics are computed at river miles 31.5,
29.0, 25.5, 19.5, and 17.0.

The STD1 and STD2 cards and pairs of OBS1 and 0BS2 cards follow
each additional JOBZ2 card. Since the standards are the same at all
five locations, the Tast four pairs of STD1 and STD2 card