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I. INTRGDUCTION

The purpose of this suppiement is to document some changes and
additions made to the "AUTP-QUAL M@DELLING SYSTEM" [1]. Only the additions
and changes to the original AUTP-QUAL models will be discussed here,
therefere, it is essential that the reader first read technicail Report
No. 54 [1] before reading this report.

The major additicns to the original models are the inclusion of
non-point sources ana loads into the solution. These additions represent
a new capability of the system, but do not change the original operating
arocedures in any way. Thus if one made the changes to the original
source decks that are presented here, one could continue to use the

‘ models in exactly the same manner as before, even if the new options were
not used.

No attempt is made here to present methods for catagorizing and
quantifying non-point source flows and loads. Instead the method of
inclusion of these data into the existing models is presented. The user may
find that these changes to the models will make them a viable tool for yse in
the determination of non-point source loads.

The descriptions, operating instructions and sensitivity runs
presented here should be viewed as  supplemental to those presented in
T.R. 54 and not definitive. Compiete program listings are given here to give

the reader a auick reference to the existing programs.

[i] R. L. Crim, N. L. Lovelace, "AUTP-OUAL Modelling System"
Technical Report No. 54, Environmental Protection Agency,
‘ Regicn 1II, Annapolis Field 0ffice, March 1973.



IT. DESCRIPTION OF METHODS

The inclusion of non-point source flows and loads into the AUT@-QUAL
models primarily represents an input-output modification. There was no need
to change either the structure of the programs or the computational
methods used in them. Both models required the same changes, therefore,
they will not be discussed separately at this point.

General:

The non-point source flows and loads are referenced to river miles and
entered as a rate per mile of stream. These data are linearly interpolated
to define values over the entire segment being modelied. This
interpolation procedure is identical to the one described in T.R. 54.

The non-point source data are considered as junction parameters and have
a default value of zero. '

Once values are established for each junction, they are multiplied
by the channel length to obtain an equivalent point source flow or load.
After the non-point source parameters have been reduced tc effective point
source data they are combined with the existing point sources and the
solution proceeds exactly has presented in T.R. 54.

Non-Point Source Flows:

This parameter represents the net non-point source inflow
(excluding rainfall) or non-point loss (excluding evaporation). It has the
units of (ft3/sec)/m11e and may assume either a positive or negative value.
A positive value represents an inflow while a negative one is a loss. The

variable defaults to zevo.



The non-point source inflows and/or non-point losses are distinguished
from the point source inflows and diversions during input and output
operations. However, they are combined for internal computations.

Non-Point Source Quality Parameters:

This parameter(s) represents the non-point source contribution of
whatever parameter(s) is beiing modelled. Both models have the capability to
have non-point source inputs for ali the quality parameters that they are
designed to model (CBOD, NBOD, DO and conservatives). The non-point source
values have the units of (1bs/day)/mile and default to zero if nothing is
entered.

Once values have been established for each junction (lineer
interpcistion), a mass loading rate (1bs/day) is computed for each junction
by multiplying the non-point source value by the channrel length. This
mass loadirg rate is then combined with the non-point and point source
inflows to give a inflow concentration. It is also combined with any
pcint source inflow concertrations. If there are no inflows (point
oy non-peint) at a junction then a fictitious one of 0.001 cfs is assigned
Tor the purpose of assigning an infiow concentration to the non-point
source loading. This fictitious inflow will nct influence the resulting
quality predictions, it did, however, greatly simplify the program modifications.
Also this method enables the model o handle non-point flow losses while

having non-point source mass loadings.



III. OPERATION AND RUNNING INSTRUCTION .
Both models may be used in precisely the same manner as before,

however, the user now has the option of entering non-point source

flows and loads. Again, only the additions and modifications to the

original operating instructions (T.R. 54) will be discussed here.

Entering Data:

The non-point parameters are entered as physical data in both
models. Since entering physical data (SUBROUTINE NETDAT) is the same
in both models, there is no need for distinction. Physical data is
entered under the program control card "DATA". The following new data

codes have been added for the non-point parameters:

Data Code Definition '
NONPFLAW -non-point source inflows (excluding
rainfall) and/or non-point flow losses
(excluding evaporation). (cfs/mile)
NONPCBPAD -non-point source ultimate carbonaceous
oxygen demand. (1bs CBOD/day)/mile
N@NPNBPAD -non-point source ultimate (1bs NBOD/day)/mile
NONPDP -non-pcint source oxygen. (excluding
reaeration and photosynthesis). This 07
contribution is usually associated with

runoff or rainfall. (1bs 0p/day)/mile

NONP (4 letter name of -non-point source contributions of
conservative parameter) whatever conservative constituent
is being modelled. (1bs/day)/mile .

The card formats and method of entry for these new variables is the

same as for other physical data (see T.R. 54).



Running Instructions:

The basic running instructions for both modeis remain unchanged.

However, computational data entered under the control cards FLPW,

CB@D, NB@D, D@ and the 4 letter conservative card are now strictly

point source data. The non-point source parameters are entered under

the "DATA" control card. Following are two general examples to demonstrate

the use of the program control cards with the new options:

Example 1 (AUTPSS)

PROBLEM; Run TDS, CB@D and D@ under flow condition No. 1 with

one set of non-point parameters. Then run CB@D, NB@PD and D2

under flow condition No. 2 with a different set of non-point

parameters.
DATA -
FLW

CB@D

DATA

FLOW

The control card set up for this probliem would be;
enter physical data and first set of non-point parameters.
enter point source inflows and diversions for flow
condition 1.
enter point source TDS inflow concentrations and boundary
conditions - compute solution.
enter point source CBPD concentrations and boundary
cenditions - compute solution.

enter point source DO concentrations and boundary
conditions - compute solution. |
enter new non-point parameters (there is no need to re-enter
other physical data unless it is to be changed).
enter point source inflows and diversions for flow

condition.no. 2.



CB@D - enter inflow CB@AD - compute solution.
NB@D - enter inflow NB@D - compute solution.
D@ - enter inflow D@ - compute solution.
HALT.

Example 2 (AUTQPQD)

PROBLEM: Run CB@D, NB@D and D@ for the period of 01/01/1972 through
02/01/]972.‘ Assume there are three flow regimes during this

period (01/01 - 01/10, 01/11 - 01/20, 01/21 - G2/01) and that the
non-point parameters are constant for the period of 01/01 - 01/20 and
change for the period 01/21 - 02/01. The control card set up for this

problem would be;

DATA - enter physical data and non-point parameters for the
period 01/01 - 01/20.

FLOW - enter point source inflows and diversions for
01/01/1972 - 01/10/1972.

DP - enter point source CB@D, NB@D and DP inflow concentrations
and boundary conditions for 01/01/1972 through 01/10/1972.

FLOW - enter point source inflows and diversion for 01/11/1972-
01/20/1972.

DP - enter point source inflow concentrations for 01/11/1972-
01/20/1972.

DATA - enter new non-point parameters for 01/21/1972 - 02/01/72.

FLOW - enter point source inflows and diversions for 01/21/1972-
02/01/1972.

D@ - enter point source inflow concentrations for 01/21/1972-
02/01/1972.

HALT.



IV. OQUTPUT DESCRIPTIONS AND LISTINGS
AUTPSS

As already discussed, the input operations for AUT@SS and AUTOQD
have not been significantly changed, except for the additional parameters.
The program output has the same basic structure, however, some new
data are printed:

Under the heading "Estuary/Stream Data" the non-point source

input data and other physical data is printed.

Under the heading "Steady State Flow Conditions" the point

source inflows and/or diversions, the non-point source inflows
and/or non-point losses, and the channel flows are printed. The
non-point losses, and the channel flows are printed. The non-point
inflows or non-point losses printed here are the equivalent
Junction inflows or diversions (the non-point source value

multiplied by the channel length).

Under the heading “"Steady State (Constituent Name) Input Conditions"
the point source inflow concentrations and equivalent non-point source
loadings are printed. The non-point source loading is the total

for the junction (non-point source value multipiied by the channel

length).

The following rew variables have been added to the program:

Variable

CBDNP (J) CBPD non-point source loading for junction J
(1bs. CBPD/day)/mile

CONNP (J) Conservative constituent non-point source loading

for function J (1bs/day)/mile



@XYNP(J)
QINP(J)
QIP(J)
QNP(J)

QPNP(J)
XNBNP(J)

Program Listing:

0, non-point source contribution (1bs 0,/day)/mile
Non-point source inflow to junction J (cfs)

Point source inflow to junction J (cfs)

Non-point source inflow or non-point source loss
at junction J (cfs/mile)

Non-point flow loss at junction J (cfs)

NB@D non-point source loading for junction J

(1bs NB@D/day)/mile

Following is a complete listing of program AUTPSS. New or changed

cards are marked by an arrow.
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Main Program (Cont'd)
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Main Program (Cont'd)
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Main Program (Cont'd)
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Subroutine SETUP
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Subroutine SETUP (Cont'd)
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Subroutine NETDAT (Cont'd)
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AUT@QD:
The program output has the same basic format with the following
additions:
Under the heading "Estuary/Stream Data" the non-point source

input data and other physical data is printed.

Under the heading "Flow Conditions for the Period (Month-Day-Year)
through (Month-Day-Year)" the point source inflows and/or diversions,
the non-point source inflows and/or non-point losses and

the channel flows are printed. The non-point values printed

here are the equivalent junction inflows and/or diversions

{non-point source value multiplied by channel Tlength)"

Under the heading"Input Conditions for (Month-Day-Year) through
{Month-Day-Year)" the point source inflow concentrations and
the equivalent non-point source loadings are printed.
The non-point source loading is the total mass Toading due to
non-point sources for the junctions {(non-point source
value multiplied by channel length).
The same new variables have been added to program AUT@QD that
were added to AUT@SS.

Progyam Listing

Foltowing is a complete Tisting of Program AUTAQD. New or changed

cards are marked by arrows.
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AUT@QD:

The program output has the same basic format with the following
additions:
Under the heading "Cstuary/Stream Data” the non-point source

input data and other physical data is printed.

Under the heading "Flow Conditions for the Period (Month-Day-Year)
through (Month-Day-Year)" the point source inflows and/or diversicns,
the non-point scurce inflows and/or non-point losses anrd

the channel flows are printed. The ron-point values printed

here are the equivaient junction inflows and/ov diversions

‘ {non-point source value multiplied by channel 1length)"

Under the heading”Input Conditions for (Month-Day-Year) through
(Month-Day-vear;" the point source inflow concentrations and
the equivalent »on-point source loadings are printed.
The non-point source lvading is the total mass Toading due to
non-point sourcez for the junctions (non-point source
value multiplied by channel Tlength).
The same new variables have been added to program AUT@QD that
were added to AUTQSS.

Program Listing

Following is a complete listing of Program AUT@QD. New or changed

cards are marked by arrows.
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Main Program (Cont'd)
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Main PROGRAM (Cont'd)
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Subroutine SETUP (Cont'd)
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v. EXAMPLE RUNS AND SENSITIVITY

) The following figures illustrate the sensitivity of the AUT@-QUAL
models to variations in the non-point variables. Sensitivities to
other variables are shown in T.R. 54. The sensitivity to various
factors will depend on the physical and biochemical properties of a
given system. Therefore, the user is urged to experiment with his own
systems before drawing any definite conclusions about a
variable.

AUT@SS was generally used for the sensitivity runs. The effects
are the same in AUTPQD as in AUT@SS. Figures 9,10 and 11 shows the
convergence of the AUTBQD solution to the AUT®SS solution over time.

A hypothetical estuary/stream (see figure 1) was used for the
sensitivity runs. The following data values were assigned to the

example estuary/stream;

Mile of Upstream end = 100.0

Mile of Downstream end = 0.0
Mile of fall line = 50.0
Number of Sections = 100

PHYSICAL DATA;

A -

'l’
Miles 0.0 through 48.0 A]:= 0.0
@ Mile 50.0 A] = 0.06
= 0.04

@ Mile 100.0 A
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Ay
Miles 0.0 through 48.0 AZ = 0.0
@ Mile 50.0 A, = 0.6
Miles 50.0 through 100.0 A2 = 0.6
Ags
@ Mile 0.0 Ay = 20.0
@ Mile 50.0 Ay = 10.0
Miles 50.1 through 100.0 A3 = 0.0
WIDTHS ;
@ Mile 0.0 Width = 5,000.0 ft.
@ Mile 50.0 Width = 500.0 ft.
Miles 50.0 through 100.0 Width = 500.0 ft.
DISPERSION COEFFICIENTS;
@ Mile 0.0 E= 5,000.0 ftZ/sec.
@ Mile 50.0 E = 100.0 ft°/sec.
Miles 50.0 through 100.0 E = 100.0 ft%/sec.
CBOD decay rate (@ 20°C);
Miles 0.0 through 100.0 CDECAY = 0.4 '/day
NBOD decay rate (@ 20°C);
Miles 0.0 through 100.0 NDECAY = 0.3 '/day
Non-point source CBOD;
Miles 0.0 through 100.0 N@NPCBED = 200.0
(1bs/day)/mile

Reareation Rate (@ 20° C)
Miles 0.0 through 100.0 REAER = 0.4 '/day



Non-point source NBOD;

Miles 0.0 through 100.0 N@NPNB@D

Non-point source EQS;

Miles 0.0 through 100.0 NONPTDS

Non-point source 02;

Miles 0.0 through 100.0 NONPD@ =
Non-point source Flows;
Miles 0.0 through 100.0 N@NPFLOW =

Computed Oxygen Saturation Concentrations.

94

200.0
(1bs/day)/mile

400.0
(1bs/day)/mile

50.0
(1bs/day)/mile

+1.0 cfs/mile

A1l other physical data assumes its respective default value.

Where point values are specified the program will interpolate

linearly between the points for intermediate values.

COMPUTATI@NAL DATA;

The following point source inflows and concentrations were

specified.
Mile 100.0; 500.0
5.0
4.0
20.0
9.0
Mile 95.0; 50.0
30.0
40.0
200.0
0.0

cfs
ppm
ppm
ppm
ppm
cfs
ppm
ppm
ppm
ppm

CB@D
NB@D
TDS

DP

CB@D
NB@D
TDS
D



Mile 25.0; 300.0 cfs
30.0 ppm CBSD
60.0 ppm NB@D
400.0 ppm TDS
0.0 ppm D§
These data constitute the base condition upon which the sensitivity runs
were made.
Following is the data deck used for running the base condition
on AUT@SS;
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SENSITIVITY FIGURES;
-schematic of example. streams/estuary.
-base condition for sensitivity runs.
-base condition for sensitivity runs with all non-point
parameters set to zero.
-base condition with varied non-point source inflows and
non-point losses.
-base condition with varied non-point source CB@D loadings.
-base condition with varied non-point source NB@D loadings.
-base condition with varied non-point source 02 contributions.
-base condition with varied non-point source TDS loadings.
-AUT@SS and AUT@QD CBPD comparison. -Ram with base
condition input values. The AUT@QD CB@D starting
concentrations were set at 3.4 ppm for the entire network.
-AUTPASS and AUTAQD NBPD comparison. Ran with base
condition input values. NB@D starting concentrations
were uniformly set at 3.5 ppm.
-AUT@SS and AUTPQD D@ comparison. Ran with base
condition input values. D starting concentrations

were uniformly set at 6.0 ppm.
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FIGURE 1
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FIGURE 2

Example stream/estuary with point and
non-point input parameters. Basic condition
for sensitivity runs,
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FIGURE 3

Example stream/estuary with only point
source input parameters.
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FIGURE 4

Sensitivity to non-point source
inflows and non-point losses.
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Dissolved Oxygen (ppm)
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FIGURE 5

Sensitivity to a non-point source
carbonaceous oxygen demand loading
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FIGURE 6

Sensitivity to a non-point source
nitrogenous oxygen demand loading
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FIGURE 7

Sensitivity to a non-point source
02 contribution
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FIGURE 8

Sensitivity to a conservative parameter
non-point source loading

120,0

100.0 -

80.0

60.0

\\ wee.
40.0 - ’\-
20.0 -

0.0

L) BLE L} 1 Ll ! ¥ I I 1

0 10 20 30 40 50 60 70 80 90 100
River Mile

n

— ——— Non-point source TDS 0.0 1bs/day/mile

[

Non-point source TDS = 400.0 1bs/day/mile

wemeeme NON-pOint source TDS = 800.0 1bs/day/mile

107



CBOD (ppm)

FIGURE 9

AUT@SS and AUT@AQD Comparison
Carbonaceous Oxygen Demand
at selected miles
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FIGURE 10

AUTASS and AUTOQD Comparison
Nitrogenous Oxygen Demand
at selected miles
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Dissolyed Oxygen (ppm)

AUTPSS and AUTPQD Comparison
Dissolved Oxygen at selected miles

FIGURE 11
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