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PREFACE
The user’s manual is intended for use with the version of LACOULEE indicated on the title page. The following are the minimum system requirements for execution of LACOULEE:


PC with an Intel® 486/66MHz (or 100% compatible) or higher processor.

Microsoft® Windows® 95, Windows 98, or Microsoft Window NT® Version 4 with Service  Pack 3 (or later) operating system.

A VGA monitor (1024x768 resolution is required for complete viewing of on-screen graphics output)

A mouse (or compatible pointing device)

LACOULEE is a steady-state one-dimensional non-branching water quality model that has been developed by the Watershed Support Division of the Louisiana Department of Environmental Quality.  Its history dates back to the AUTO-QUAL AUTOSS model developed by Region III of the United States Environmental Protection Agency. The original code was written by Robert L. Crim and Norman L. Lovelace in March 1973.

In 2001, the Louisiana Department of Environmental Quality and Wiland Consulting, Inc. developed  LACOULEE based on the AUTOSS. The program was converted from a DOS-based program to a Windows-based program with a graphical interface and enhanced graphic output. Other program modifications specific to the needs of Louisiana and the Louisiana DEQ were also made. LACOULEE is a user-oriented model and is intended to be a tool for evaluating total maximum daily loads and permit limitations in the State of Louisiana.

The current version is dimensioned for a maximum of 1000 junctions. The theoretical basis for LACOULEE is contained in EPA Region III Technical Report 54 “AUTO-QUAL Modelling System” by Crim and Lovelace. The executable version of LACOULEE with the graphic interface can be ordered free of charge from the Louisiana Department of Environmental Quality.  

Modifications that were made in during the development of LACOULEE from AUTOSS are listed as follows:

1. 
Conformance of the core code to American National Standard Fortran 90  (ANSI X.198-1992) and International Standards Organization standard ISO/IEC 1539-1991(E).

2. 
Development of a Windows graphical interface.

3. 
Development of on-screen graphic output showing predicted profiles and observed data.

4. 
Development of on-screen graphic output for sensitivity analysis

5. 
Allowing calculation of width based on flow.

6. 
Addition of new reaeration equations that more closely fit Louisiana conditions.

7. 
Changes to certain temperature correction factors

8. 
Addition of a Special Report Sensitivity Table.

9. 
Allowed user-selected output format for output fields

10. 
Addition of more diagnostics  to identify errors in the input data and format.

11. 
Addition of sensitivity analyses for modeling runs.

12. 
Restructuring of the program to make it compatible with Windows-based personal computers.

GETTING STARTED

INSTALLATION INSTRUCTIONS FOR LACOULEE

Create a new directory and unzip everything into it using WinZip or a similar utility. If you do not have a copy, a shareware version  is available for download from the Internet at www.winzip.com or www.pkware.com. There is one executable and a user’s manual. Once you have copied it to a directory, drag the executable to the desktop from the directory. You should get a shortcut to the executable on the desktop displayed using a Windows default icon. The default editor that LACOULEE  uses for editing/viewing input and output files is the Wordpad.exe utility that comes with Windows. You should have this program in your system path or provide the full path to this program in Preferences. To properly view the graphics output, Windows settings for the display area should be set to 1024x768 for both screen and desktop.  The program is now ready to be run. Double click on the icon to begin the program.

The following is a brief explanation of the main Windows Menu that appears upon execution of LACOULEE:

Load – allows the user to select the input file for the model.

Edit Input – allows the user to make changes to the input data set using the editor program*

Overlays – allows the user to make changes to the overlay input data sets using the editor program*

Sensitivity – sets up sensitivity parameters for running sensitivity using the following sensitivity codes:

WIDTH
DEPTH
TEMP
COXY

CSED
NOXY
NSET
SEDI

DISP
REAER
NONPFLOW
NONPDO

NONPBOD
NONPNBOD
NONPNO3
PHOTO

RESP
SATD
SLOPE

Xqt Model – executes the water quality simulation model using the loaded input data set

View – allows user to view printed output and sensitivity results after executing the model using the editor program*

Preferences – allows the user to select or unselect the following options:


Pause for warning confirmation


Run sensitivity


Display output after model execution  (select Graphics,  Output Reports, or Sensitivity Table)


Extension default for input file (.TXT, .DAT, or .IN)


Editor/viewer program (default is wordpad; must include full path if not in system path)*


Output Reports (determines type of reports to generate)


Graphical Display (determines certain options for graphical display)

About – gives the current model version and contact information for any questions or comments concerning the model
Exit – allows the user to exit the LACOULEE executable 

* The directory containing the editor (Microsoft Wordpad which comes with Microsoft Windows is the default) must be in the system path or the full path and program name must be provided in Preferences to function properly. 

The following is a brief explanation of the buttons that appear in the graphics display window after Xqt Model is pressed and Display Graphical Output in Preferences has been checked:

Exit – exits the graphics display window

Print –  prints the graphics display window to the default printer

Capture – captures the graphics display window as a bitmap in the file “image.bmp” for use in other programs such as word processors

Constituents/Coefficients – pressing any one of these 19 buttons displays a graph of that constituent/coefficient for whichever plot is currently active  (the cyan line on the Dissolved Oxygen plots represents the dissolved oxygen saturation value; other lines that may appear on the graphs are described in the section entitled Overlay File Format)

Sensitivity – when sensitivity has been requested, these buttons cycle up and down through the specified parameters described in the Sensitivity menu

Every effort has been made to produce a program and user’s manual that is free from errors.  However, if errors are detected, help in identifying these would be appreciated.  In addition, some computer systems have their own individual characteristics which could cause problems during execution.  Help in identifying these problems would also be appreciated so that the LACOULEE program can be executed on other computer systems with a minimal amount of effort.  Please contact:

Environmental Technology Division

Engineering Section 2

Louisiana Department of Environmental Quality

P.O. Box 82178

Baton Rouge, LA 70884-2178

225-765-0312
MODEL INPUT DATA
The data for LACOULEE are all referenced to river miles (statute). The channel section being modeled is described by a beginning downstream and ending upstream mile. The input data for the program is divided into title data, network data, physical data, and computational data. For physical data, the values are read in (at river mile X, the parameter has a value Y) and are interpolated to assign values over the entire river section. If a parameter is constant over the river section, only one value at any river mile need be read in. Computational data input values are also referenced to river miles. However, they are not interpolated since they are considered point values. The program may move them slightly or in some cases combine them to conform to the channel junction concept used in the model. It is important to keep in mind that input data will be interpolated linearly between points, and sufficient physical data points should be entered to adequately define the channel geometry.

The physical data associated with the stream and/or estuary being modeled can be assembled without regard to the starting mile and ending mile that define the section. A data set describing an entire river length may be prepared and used in Lacoulee even if only very small portions are to be studied in any particular run. 

I. Title Data

1. 
The first line of the data set. On this line is punched a title or description of the run being made. (cols. 1-80) 






II. Network Data

1.
The second line of the data set. Its format is:



Starting River Mile
cols. 1-10, include a decimal point



Ending River Mile  
cols. 11-20, include a decimal point



Mile of Fall Line  
cols. 21-30, include a decimal point



No. of Sections  
cols. 31-40, right justify, no decimal point

The fall line is the point above which there is little or no tidal action. When an estuary is being modeled the fall line will be at or above the ending river mile; otherwise, the tidal velocities which are entered will be zeroed above it. When a combination of an estuarine and a free flowing system is being modeled the fall line will lie somewhere in between the starting and ending mile. When a free flowing system is being modeled the fall line will be at the starting mile or below it. The fall line is important since entered tidal velocities will take precedence over the computed net velocities downstream of the fall line. Since velocities are only used in the reaeration rate computation, if the reaeration rate is entered rather than computed, it is unimportant where the fall line is placed.

The starting and ending river miles of the section being modeled are self-explanatory. The number of sections determines the number of channels and junctions in the network. The maximum number of sections as programmed is 999. The length of the segment is divided by the number of sections. The points along the channel separated by this length represent the midpoints of the junctions. Thus if 10 sections are specified there will be 11 junctions and 10 channels in the network.

III. Entering Physical Data

1.
The program control code DATA precedes these data lines. It directs the program to read in existing physical data. 


2.
The next line will contain the type of data (see data codes) being entered and the number of cards to be entered with this data. The format for this line is:



Data code

col. 1-8, left justify



No. of data points  
cols 11-21, no decimal point


3.
Next are the actual data lines with exactly the number of lines as specified on the data code card.  Only NONPFLOW requires the second parameter value. The format for these cards is:



Line no.  

cols. 1-5, right  justify, no decimal point



River mile

cols. 11-20, include a decimal point



First parameter value
cols. 21-30, include a decimal point



Second parameter value
cols. 31-40, include a decimal point


4.
Repeat steps 2 and 3 to enter additional physical data. There is no required order for entering physical data. 


5.
After all physical data have been entered, a line with the word  STOP in columns 1-4 columns is placed in the data set.


The following is a list of the parameters that may be entered under the program control line "DATA":


A1

The coefficient for the depth equation D=al Qa 2 + a3 (D in ft; Q in cfs).


A2

The exponent for the depth equation D=al Qa 2 + a3 (D in ft; Q in cfs).


A3

The constant for the depth equation D=al Qa 2 + a3 (D in ft; Q in cfs).


B1

The coefficient for the width equation W=bl Qb 2 + b3 (W in ft; Q in cfs).


B2

The exponent for the width equation W=bl Qb 2 + b3 (W in ft; Q in cfs).


B3

The constant for the width equation W=bl Qb 2 + b3 (W in ft; Q in cfs).


VELO
Tidal Velocities (ft/sec): The average tidal velocity (regardless of direction). These values are usually only entered in the case of estuaries. If a fall line is specified, the program sets the tidal velocities to zero above that point, regardless of what is entered. Velocities are used only to compute the reaeration rates (if that option is selected). If no tidal velocities are specified, or they are zero, the net velocity is computed in the flow computations.


TEMP
Water Temperatures (deg C): The average water temperatures for the condition being run. If no values are entered, the temperature is assigned a constant value of 20 deg C. Water temperatures are used to adjust the various rates and to compute the saturation dissolved oxygen concentrations (if that option is selected).


EVAP
Evaporation  Rainfall (in/month): The net (evaporation rainfall) for the period being modeled. A rainfall is negative, while an evaporation is positive.


PHOTO
Photosynthesis  Rate (g O2/m2/day): This represents the net production of dissolved oxygen by algal or macrophyte activity. This value represents a 24-hour average. The program assumes the value entered is for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K20 1.024(T- 20).


RESP
Respiration Rate (g O2/m2/day): This represents the net usage of dissolved oxygen by algal or macrophyte activity. This value represents a 24-hour average. The program assumes the value entered is for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K20 1.024(T- 20).


SEDI
Sediment Oxygen Demand  (g O2/m2/day): The net usage rate of oxygen by the sediments. The program assumes the value entered is deg for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K201.065(T- 20).


DISP
Dispersion Coefficient (ft2/sec): One of the most important parameters in estuaries. Tidal mixing is represented with this term since net flows are used. In tidal bodies it may have values as high as 6000 (ft2/sec). In free flowing systems it is generally much lower, 100 (ft2/sec). These values are determined by the user.


CDECAY
CBOD Decay Rates (1/day): The first stage (carbonaceous) BOD decay rate or deoxygenation rate. The program assumes the value entered is for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K20 1.047(T- 20).


CSED
 CBOD Settling Rates (1/day): The settling rate for CBOD present as suspended solids. The program assumes the value entered is for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K20 1.024(T- 20).


NDECAY
NBOD or NH3 Decay Rate (1/day): The second stage (nitrogenous) BOD deoxygenation rate or the NH3 decay rate. The program assumes the value entered is for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K20 1.070(T- 20).


NSED
NBOD Settling Rate (1/day): The second stage (nitrogenous) BOD settling rate.  The program assumes the value entered is for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K20 1.024(T- 20).


REAER
Reaeration Rate (1/day): This term represents the atmospheric reaeration rate. The program assumes the value entered is for 20 deg C, and the rate is corrected to the specified temperatures according to the equation: KT=K201.024(T- 20). The user may choose to have this rate computed. If so, use the C-REAER data code rather than this one.


DOSAT
Oxygen Saturation Concentration (mg/L): The saturation concentration of oxygen for the conditions being run. The user may choose to have this rate computed. If so, use the C-DOSAT data code rather than this one.


NONPFLOW
Nonpoint inflows [value1] and outflows [value 2] (cfs/mile).


NONPCBOD
Nonpoint CBOD concentrations (lb/day/mile).


NONPNBOD
Nonpoint NBOD Concentrations (lb/day/mile).


NONPNO3
Nonpoint  NO3 Concentrations (lb/day/mile).


NONPDO
Nonpoint Dissolved Oxygen (lb/day/mile).


NONPSAL
Nonpoint Salinity (lb/day/mile).


NONPTDS
Nonpoint Total Dissolved Solids (lb/day/mile).


NONPCONS
Nonpoint Conservative (lb/day/mile).


C-SATDO
Instructs the program to compute saturation dissolved oxygen concentrations; no data cards follow.


C-REAER
Instructs the program to compute the reaeration rates based on the equation shown in columns 11-20 (right justified); no data cards follow.


MINI-KL
Instructs the program to use the value in columns 11-20 (with decimal point) as the minimum KL rather than the default of 2.3; no data cards follow.


CESC
Escape coefficient used in Tsivoglou reaeration equation


SLOPE
Slope used in Tsivoglou reaeration equation

IV. Entering Computational Data
These data are read as input and consist of a word code, starting in column 1, entered on the line. Each control code causes the program to execute some function. FLOW should be the first of these program control codes. This is because the quality control codes use flows and values computed using flow in their functions. CBOD and/or NBOD should be run before DO if it is desired to consider their effects on the DO budget.  Salinity should be run before DO if the effect of salinity on dissolved oxygen saturation is to be considered. The program control codes and their respective functions are as follows:

FLOW

Directs the program to read in flow data and compute flow related physical constants. Data cards follow.

CBOD

Directs the program to read inflow CBOD and then to compute the steady-state CBOD concentrations. Data cards follow.

NBOD

Directs the program to read inflow NBOD and then compute the steady-state NBOD concentrations. Data cards follow. This is not used when NH3/NO3 are being modeled.

NH3

Directs the program to read inflow NH3 and then compute the steady-state concentrations. Data cards follow. This is not used when NBOD is being modeled.

NO3

Directs the program to read inflow NO3 and then compute the steady-state concentrations. Data cards follow. This is not used when NBOD is being modeled.

SALI

Directs the program to read inflow salinity and then to compute the steady-state salinity concentrations. Data cards follow.

TDS

Directs the program to read inflow TDS and then to compute the steady-state TDS concentrations. Data cards follow.

CONS

Directs the program to read inflow conservative constituent and then to compute the steady-state conservative constituent concentrations. Data cards follow.

DO

Directs the program to read inflow dissolved oxygen and then compute the steady-state concentrations based on the previously run CBOD and NBOD concentrations (if any). Data cards follow.

A. Flows


1.
The program control line containing the control code FLOW precedes these data lines. It directs the program to read in flow data.


2. 
Next are the flow data in the following format:



River mile of data point  
cols. 1-20 (include a decimal point)



Inflow (cfs)  

cols. 21-30 (include a decimal point)



Diversion (cfs)  

cols. 31-40 (include a decimal point)


3. 
After all flow data have been entered , a line with STOP in columns 1-4 columns is placed in the data set.

B. Water Quality


1. 
The program control line containing the control code  precedes the data cards.


2.
Next are the data cards in the following format: Note: If it is desired to fix (establish a boundary condition) the concentration of a point, the word FIXED is punched in the first 5 columns of that data card, otherwise these columns are left blank.



River mile of data point  
cols. 1-20 (include a decimal point)



Inflow at data point (cfs)
cols. 21-30 (include a decimal point)



Inflow concentration (mg/L)
cols. 31-40 (include a decimal point)



Fixed concentration (mg/L)
cols. 41-50 (include a decimal point)

3. 
After all data cards are entered a card with STOP punched in the first 4 columns is placed in the deck. Note: If the river concentration at a point other than an inflow point is to be fixed the corresponding inflow simply has a value of zero at that point.

V. Termination of Data
The next data line should be HALT, left justified, beginning in column 1. This indicates all data has been entered and execution can be completed. The final line in the data set should be the name of the overlay file to be used in the graphics display, left justified, beginning in column 1.

REAERATION OPTIONS
  
Option
Method
Equation (English units)


2
Churchill-Elmore-Buckingham  (1962)
K2 = 11.6 V 0.969



               D 1.673

3
O’Connor-Dobbins (1958)
K2 = 12.9 V 0.500



               D 1.500

4
Owens-Edwards-Gibbs  <5.0 fps (1964)
K2 = 21.7 V 0.670



               D 1.850

6
Langien-Durum (1967)
K2 = 7.6 V 1.000



               D 1.330

8
Tsivoglou
 K2 = C 86400 V S


11
Texas Equation (1982)
K2 = 4.022 V 0.273



               D 0.894

15
Louisiana Equation (1995)
K2 = 2.18 (1 + 6.56 V)




                      D

17
Isaacs-Gaudy (1968)
K2 = 8.62 V 1.000



               D 1.500
where:
K2
= reaeration rate (1/day)


Q
= flow (ft3/s)


V
= stream velocity (ft/s)


D
= depth (ft)


S
= slope (unitless, ft/ft)

OVERLAY FILE FORMAT

The overlay file can contain several types of  information: 1) station data which gives minimum, average, and maximum parameter values for various locations, 2) segment boundaries, 3) water quality standards criteria for specified parameters,  and 4) marking lines for arbitrary use. The overlay file must be contained in the same directory as the input data set. It can have any name and extension. A file extension of .OVL is recommended but not required. Plot colors of the overlays in the graphical display can be modified in the Preferences menu. The following is the format for each type of information in the overlay file:

Station Data
Station data is specified by a Station Location card followed immediately by any number of Parameter Value line entries for data related to that station. This set of line entries is repeated for each station location. The Station Location card gives information concerning the location of a station along the stream. The Parameter Value line entries give the minimum, average, and maximum values of parameters measured at that location. Any combination of the average and/or range (maximum and minimum) may be specified. Data for up to 30 stations may be entered. Any number or types of parameters may be specified for each station location, and they need not be the same from station to station.

Station Location Line Entry
Line Identifier (must be “STA”)


Columns    1-  3  (A3)

Station Label (optional)



Columns    9-11  (A3)

Location of Station in River Miles


Columns  23-32  (F10.0)

Parameter Value Line Entry
Parameter Code (see table of codes)


Columns    1-  2  (I2)

Minimum Value




Columns    6-15  (F10.0)

Average Value




Columns  16-25  (F10.0)

Maximum Value




Columns  26-35  (F10.0)

Table of Codes:

  1  = Temperature
11 = Total Nitrogen 
21 = Reaeration Rate
31 = Flow


  2  = Salinity
12 = Chlorides
22 = CBOD Decay Rate
32 = Dispersion

  3  = TDS
13 = Sulfates
23 = CBOD Settling Rate
33 = Depth

  4  = Conservative
14 = reserved
24 = Benthal Demand
34 = Width


  5  = Dissolved Oxygen (1)
15 = reserved
25 = NBOD/NH3 Decay Rate
35 = Advec. Velocity

  6  = CBOD
16 = reserved
26 = reserved
36 = Mean Velocity

  7  = reserved
17 = reserved
27 = reserved
37 = reserved

  8  = NBOD
18 = reserved
28 = reserved
38 = Travel Time

  9  = Ammonia Nitrogen
19 = reserved
29 = reserved
39 =

10  = Nitrate Nitrogen  
20 = DO Saturation
30 = reserved
40 =

Water Quality Standards
This line entry causes a horizontal line (default=green) representing the numerical water quality criteria to placed on the graphic plots . Up to 30 line entries  may be made.

Line Identifier (must be“STD”)



Columns    1-  3  (A3)

Parameter Code (see table of codes)


Columns    5-  6  (I2)

Numerical Criteria



Columns    8-17  (F10.0)

Upstream River Mile



Columns  18-27  (F10.0)

Downstream River Mile



Columns  28-37  (F10.0)

Segment Boundaries
This line entry causes a vertical line (default=blue) to be placed on the graphic plots at the location of a segment boundary. Up to 10 line entries  may be made.

Line Identifier (must be“SEG”)


Columns    1-  3  (A3)

River Mile of Segment Boundary


Columns    5-14  (F10.0)

Marking Lines
This card cause a vertical line (default=magenta) with label to be placed on the graphic plots at a given location. Up to 30 line entries  may be made.

Line Identifier (must be“MRK”)


Columns    1-  3  (A3)

River Mile of Marking Line


Columns    5-14  (F10.0)

Label for Marking Line



Columns    16-55  (A40)

IMPORTANT:
The last line in the file must read “END”, left justified.

                                                                  Example Overlay Data File

         1         2         3         4         5         6

1234567890123456789012345678901234567890123456789012345678901234567890

STATION  A  RIVERMILE 111.8

05   4.5       4.8       4.9

06   3.3       5.0       6.2

01             29.0       

15   10.9      11.5      12.7

STATION  B  RIVERMILE 105.9

05   5.8       6.2       7.5

06   3.1       4.5       5.2

15   10.0      10.5      11.0 

03             7.7

SEG 13.4

STD 05 5.0       130.0     65.7

STD 05 4.0        65.7     0.0 

MRK 14.5       Upper End of Impounded Area 

MRK 10.2       Lower End of Impounded Area

END 

         1         2         3         4         5         6

1234567890123456789012345678901234567890123456789012345678901234567890

EXAMPLE DATA SET
LACOULEE TEST PROBLEM

       0.0     100.0      50.0        49

DATA

WIDTH         2

    1            0.0   10000.0

    2           50.0    5000.0

DISP          3

    1            0.0    5000.0

    2           50.0     100.0

    2          100.0      50.0

VELO          1

    1            0.0       1.5

TEMP          1

    1            0.0      25.0

PHOTO         3

    1            0.0       1.5

    2           50.0       0.5

    3          100.0       0.0

SEDI          4

    1            0.0       1.0

    2           50.0       0.5

    3           75.0       1.0

    4           80.0       0.0

CDECAY        1

    1            0.0      0.23

NDECAY        1

    1            0.0      0.15

A1            3

    1         100.0       0.02

    2          51.0       0.05

    3          50.0        0.0

A2            3

    1         100.0        0.6

    2          51.0        0.6

    3          50.0        0.0

A3            2

    1          51.0        0.0

    2          50.0       15.0

C-SATDO

C-REAER       3

STOP

FLOW

              100.0     5000.0

               75.0      500.0

STOP

TDS

FIXED           0.0                        20000.0

STOP

CBOD

              100.0     5000.0       6.0

               75.0      500.0      20.0

STOP

NBOD

              100.0     5000.0       6.0

               75.0      500.0      20.0

STOP

DO

              100.0     5000.0       6.0

               75.0      500.0       2.0

STOP

HALT

