=2l

Watershed Analysis Risk Management
Framework (WARMPF) User's Guide

Documentation of Graphical User Interface

Effective December 6, 2006, this report has been made publicly available in
accordance with Section 734.3(b)(3) and published in accordance with
Section 734.7 of the U.S. Export Administration Regulations. As a result of
this publication, this report is subject to only copyright protection and does
not require any license agreement from EPRI. This notice supersedes the

oSED WARNING: e ) : , :
& 2 Please read the License Agreement |€XPOTrt control restrictions and any proprietary licensed material notices
] . . . .
5 ~ on the back cover before removing |embedded in the document prior to publication.
M AT("Q‘ the Wrapping Material.

Technical Report
|

Conzensus Hoad Map

todule  Scenano Help
1. Stakeholders List Organization

2. Wark Plan hdissian Tasks & Schedule

3. Water Cluality Issues  Designated Use Criteria

4. Learing Process Simulate Loading | W'ater Cuality

Scenatio; ItestE j Describe |
‘ Edit... ||P|:|int5c|urn:es j

5. Management Alternatives

b. Analysis Cost/ Benefit Cost Sharing

7. Resolution Pros & Cons Congensus?







Watershed Analysis Risk

Management Framework (WARMF)
User’s Guide

Documentation of Graphical User Interface
1000729

Topical Report, December 2000

EPRI Project Manager
Robert A. Goldstein

EPRI ¢ 3412 Hillview Avenue, Palo Alto, California 94304 « PO Box 10412, Palo Alto, California 94303 « USA
800.313.3774 « 650.855.2121 « askepri@epri.com ¢ www.epri.com



DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN
ACCOUNT OF WORK SPONSORED OR COSPONSORED BY THE ELECTRIC POWER RESEARCH
INSTITUTE, INC. (EPRI). NEITHER EPRI, ANY MEMBER OF EPRI, ANY COSPONSOR, THE
ORGANIZATION(S) BELOW, NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I)
WITH RESPECT TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR
SIMILAR ITEM DISCLOSED IN THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE, OR (ll) THAT SUCH USE DOES NOT INFRINGE ON OR
INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL
PROPERTY, OR (lll) THAT THIS DOCUMENT IS SUITABLE TO ANY PARTICULAR USER'S
CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER
(INCLUDING ANY CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR
SELECTION OR USE OF THIS DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD,
PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.

ORGANIZATION(S) THAT PREPARED THIS DOCUMENT

Systech Engineering

ORDERING INFORMATION

Requests for copies of this report should be directed to the EPRI Distribution Center, 207 Coggins
Drive, P.O. Box 23205, Pleasant Hill, CA 94523, (800) 313-3774.

Electric Power Research Institute and EPRI are registered service marks of the Electric Power
Research Institute, Inc. EPRI. ELECTRIFY THE WORLD is a service mark of the Electric Power
Research Institute, Inc.

Copyright © 2000 Electric Power Research Institute, Inc. All rights reserved.



CITATIONS

This report was prepared by

Systech Engineering
3190 Crow Canyon Place
Suite 260

San Ramon, CA 94583

Principal Investigators

C. Chen

J. Herr

L. Weintraub

This report describes research sponsored by EPRI.

The report is a corporate document that should be cited in the literature in the following manner:

Watrshed AndysisRisk Maragement Framework (WRMF) User’s Guide: Documendtion of
Graphical User InterfacezPRI, Palo Alto, CA: 2000. 1000729.






REPORT SUMMARY

EPRI’s Watershed Analysis Risk Management Framework (WARMF) provides adecision
support system for analyzing watershed management strategies as well as calculating, allocating,
and implementing total maximum daily loads (TMDLS). This report documents the Windows-
based graphical user interface and presents a user’ s guide for WARMF. It explains how to create
ascenario, run the simulation model, compare simulation results to observed data, view the
gpatial distribution of point and nonpoint source loads, and depict the resulting water quality in
color-coded maps. It also describes procedures for updating data and recalibrating the model.
Such system information will be valuable to industry, agriculture, environmental groups, and
government agencies involved in management and protection of watershed resources and
compliance with water quality criteria

Background

The U.S. EPA is promoting adoption of a new water resource management approach that uses
watershed analysis and stakeholder consensus building in lieu of command and control. This
approach considers all point and nonpoint sources within a watershed and the determination of
TMDLs of various pollutants for water quality limited sections. EPRI sponsored WARMF
development and testing to support the watershed approach and TMDL calculation and
allocation. In cooperation with EPRI members, WARMF is being tested on the Catawba River
(Duke Energy), Cheat River (AEP and Allegheny Power), Chartiers River (PA power
companies), and Oostanaula River (TVA) basins. In addition WARMF is being tested in
cooperation with government agencies and other stakeholdersin the Truckee River (CA) and
Blue River (CO) watersheds.

Objectives
* Todevelop ascientifically sound , user-friendly decision support system for watershed
management and TMDL applications.

* To provide adetailed description of various menus for issuing commands to WARMF,
discuss TMDL calculation procedures, and present example exercises.

Approach

WARMF devel opers adopted the popular graphical user interface (GUI) formatting and
Geographic Information System (GIS) mapping to facilitate easy use by stakeholders who have
little or no familiarity with modeling watersheds or water quality. The GUI—which simplifies
data entry and represents results in understandabl e format—implements a unique stakehol der
consensus building road map and TMDL calculator.



Results

The WARMF GUI documented in this report performs two important general functions. First, it
interacts with the user to facilitate data entry, command menus, context-sensitive help, and road
maps for TMDL calculation and the consensus building process. Second, it functions internally
to furnish data to ssmulation models in order to automatically interface catchment, stream, and
reservoir models as well as process simulation results for map displays. Following are specific
examples of GUI functions. The GUI displays a map of the river basin, which is divided into the
objects of catchments, river segments, and stratified lakes. By pointing and clicking at an object,
the user can review and change its parameter values. In addition, the GUI can show the map
locations of meteorology, stream gage, and water quality stations along with point source
discharges. By pointing and clicking at a station, the user can review its data.

One of the GUI’ s most important functionsis to provide a menu to help stakeholders select a
consensus TMDL plan that takes into account cost-effectiveness and cost sharing between point
and nonpoint dischargers. The consensus building road map provides a step-by-step procedure to
1) document stakeholder names, addresses, and concerns, 2) assign stakeholders to various
committees, 3) develop a mission statement and work plan, 4) formulate management
alternatives 5) display spatial distributions of waste |oads and water quality improvements, 6)
rank alternatives, 7) perform a cost-benefit analysis of alternative pollution trading schemes, 8)
display nominal scores of alternatives, and 9) reach consensus.

The TMDL calculator provides a step-by-step procedure to 1) select awater quality limited
section, its designated use, and associated water quality criteria, 2) define the TMDL pollutants
of concern, and 3) determine control strategies for point and nonpoint source loads. WARMF
will automatically step down point or nonpoint pollution loading until water quality criteriaare
met.

EPRI Perspective

The WARMF decision support system hel ps watershed and government agencies prepare for two
significant changes in water resource management policy—the use of watershed TMDLs and
stakeholder consensus decision making. For the next 20 years, TMDLs will be amajor factor in
determining water resource management policy. TMDLs will also affect air quality management
since atmospheric deposition is a significant nonpoint source in many watersheds. Stakeholder
consensus decision making creates opportunities for effluent trading and ecological resource
management, both of which are active areas of EPRI research and may result in new revenue
development. In the future, these two activities will likely be an integral part of many business
plans. EPRI Reports TR-110709, Watershed Analysis Risk Management Framework and
1000252, Peer Review of the Watershed Analysis Risk Management Framework provide further
information about WARMF.
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ABSTRACT

WARMEF is a decision support system designed for watershed analysis and TMDL calculation.
The scientific basis of WARMF has been described in the documentation report. This report
documents the Windows Graphical User Interface (GUI). The GUI performs several functions:

1) interacting with the user for data entry, command menu, context sensitive help and road maps
for TMDL calculation and consensus building process, 2) functioning internally to furnish data

to simulation models, to automatically interface catchment, stream and reservoir models, and to
process simulation results for map displays. The GUI displays a map of the river basin, which is
divided into the objects of catchments, river segments, and stratified lakes. By pointing and
clicking at an object, one can review and change its parameter values. The GUI can show the
map locations of meteorology, stream gage, and water quality stations, and point source
discharges. By pointing and clicking at a station, one can review its data. The GUI provides a
menu to assign intended uses to various points in the watershed, set water quality criteria for the
intended uses, and calculate multiple possible TMDL solutions to protect these intended uses.
The GUI also provides a menu to engage stakeholders to select a consensus TMDL plan that
takes into account cost-effectiveness and cost sharing between point and nonpoint dischargers.
This report is a user’s guide for WARMF. It explains how to create a scenario, run the simulation
model, compare simulation results to observed data, view the spatial distribution of point and
nonpoint source loads, and view the resulting water quality in color-coded maps. It also describes
the procedure for updating data and recalibrating the model. The report includes a series of
exercises for the general use of WARMF.
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SUMMARY

Watershed Analysis Risk Management Framework (WARMF) is a decision support system
(DSS) designed to support the watershed approach and TMDL calculation. This report
documents the Windows based graphical user interface, which makes WARMF user friendly.
The report provides a detail description of various menus to issue commands to WARMF. It also
describes the procedure to calculate TMDL. Example exercises are provided.
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INTRODUCTION

WARMF

WARMEF stands for Watershed Analysis Risk Management Framework, which is a decision
support system (DSS) designed for a watershed approach and TMDL calculation. WARMF
contains engineering, data, knowledge, consensus, and TMDL modules. The consensus and
TMDL modules provide road maps to engage stakeholders in building consensus on a watershed
management or TMDL plan. The engineering and data modules furnish scientific information to
each step of the road map in a format understandable to stakeholders.

Graphical User Interface

The Windows graphical user interface (GUI) of WARMF serves several functions. The first
function is to provide interface among modules so that they can work together as a unit. The
data module supplies data emgineeringmodule for model simulations. In teagineering

module, the output from catchment model is fed to the stream model and the output from stream
model is fed to the lake model. The stakeholders can specify the intended uses of water bodies
and water quality criteria for the intended usesansensusnodule. ThefTMDL module uses

the information to adjust point and nonpoint source loadings until the water quality criteria are
met. The GUI automatically handles the exchanges of information between modules and models.

The second function is the interface to interact with the user. The GUI provides menus and
dialog boxes for data entry, viewing data and coefficients, updating data, and displaying GIS
maps or time series plots. The GUI also provides a scenario manager to set up management
scenarios for alternative comparisons.

This report documents the graphical user interface of WARMF. It is intended to be a supplement
to the documentation report of WARMF (1), which described the theory, formulations, and
general application procedures.

User’s Guide

This report can serve as a user’s guide for WARMF. The report will provide information about

how to use the menus and dialog boxes in each module. Some structured exercises are included
to demonstrate how to formulate and evaluate alternatives and how to update data when new data
are collected during or after the TMDL process.
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Context Sensitive Help System

WARMEF contains a context help system. In any dialog, the user can click on the help button to
access valuable information related to the subject. For the engineering module, the focus of the
help system is on parameter descriptions and reasonable value ranges. For the consensus and
TMDL modules, the focus is on explaining the procedures for consensus building and TMDL
development.

Conventions

Windows

The GUI of WARMF follows the standard Windows convention. It uses a menu bar to display
main menu items and a pull down menu for sub-items. A sub-item is also referred to as a
function. WARMF GUI uses the point and click system to select a menu item. When the mouse

is pointed at a tool bar item, a screen tip is displayed in a pop-up box and its function is
described in the status bar. For some frequently used menu items, short cut icons are provided in
the tool bar.

For on-screen data entry, numerical values can be entered into dialog boxes. To change an
existing value, one can highlight the old and type in the new. The dialog box for date contains
month, day, and year fields separated by slashes. To change a date, one can highlight month,
date, or year and type over it. One can also click at a specific field and change its value with the
up or down arrows.

Some data entry has pre-defined selections. In that case, WARMF provides an empty box with a
pull down arrow to the right. Clicking on the pull down arrow will lead to a pull down list of
selections. Clicking on an item on the list will make the selection. The selected item will appear
in the box. In some cases, the user can add a new item to the pre-defined selections by typing it
into the blank line at the bottom of the list.

All new data entered during a session will be used in model simulation. However, it is not saved
until the user invokeSaveor Save Ascommands under tttéle or Scenariomenus.

Keyboard entry notation
WARMEF provides short cut for keyboard entry. Following are abbreviations used for keystrokes:

Alt = Alternate

Ctrl = Control

BkSp = Backspace«)
Del = Delete

Ins = Insert

Esc = Escape
arrow keys =—, 1, -, |
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When the key strokes are separated by commas (e.g. Alt, F, O), the strokes are pressed in
sequence with each key released after being typed. When the key strokes are linked by a plus
sign (e.g. Ctrl+0), all strokes are pressed down together.

Mouse notation

References to clicking or double-clicking with the mouse imply the left mouse button unless
otherwise specified.

Contact Information
If you have general questions or comments about WARMF, please contact:

Dr. Carl Chen

Systech Engineering

3180 Crow Canyon Place, Suite 260
San Ramon, CA 94583

PH: (925) 355-1780

FAX: (925) 355-1778

EMAIL: carl@systechengineering.com

Or

Dr. Robert A. Goldstein

Electric Power Research Institute
P.O. Box 10412

Palo Alto, CA 94303

PH: (650) 855-2593

FAX: (650) 855-2619

EMAIL: rogoldst@epri.com

For technical support, please send e-mail to support@systechengineering.com or call Systech by
phone from 9AM to 5PM Pacific Time.
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INSTALLATION

Computer Requirements

WARMF requires an IBM compatible PC, with a Pentium or better processor and 32 MB RAM,
running on a Windows 95/NT or higher platform. A faster processor and more RAM will provide
better performance.

The WARMF program and model coefficients files occupy 20 MB. Model results typically
require 1 MB to 100 MB depending on size of watershed and length of simulation.

WARMF CD

A WARMF CD contains the simulation models, the database for a specific river basin, and all
necessary software for graphs, spreadsheets, and GIS maps. WARMF is a self-contained system.
It does not require other licensed software (e.g. ArcView).

The database includes topography of the river basin, its soil and land use, meteorology, and point
source loading. It also includes model coefficients that have been calibrated to the river basin.
The level of calibration is always a function of time, budget, and available data for the model set
up. In addition, the database contains observed stream flow and water quality data for
comparison to the model results. The WARMF CD contains a base case that represents the
current condition. The user can make changes to the base case and create new scenarios that
represent specific management alternatives.

With a WARMF CD, the user can do the following: 1) review the parameter values used in the
model simulation; 2) change coefficients to improve calibration; 3) collect and store information
about stakeholders and their concerns; 4) educate stakeholders about the watershed; 5) calculate
TMDLs for various water quality limited sections; 6) evaluate various cost sharing schemes for
pollution trading between point and nonpoint dischargers; 6) try different management
alternatives to meet the water quality criteria or habitat requirements; 7) modify alternatives to
achieve consensus among stakeholders; and 8) enter new data, re-calibrate the model, and re-
evaluate alternatives as a continuous planning process.
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Installation
1. Insert the CD into CD ROM drive.
2. From Windows Explorer, go to the CD ROM drive and clickSatup.exe

3. The setup program will guide you through the installation process. By default, the program
will install WARMF in the C:\Program Files\Systech\WARMF directory.

Running WARMF
There are two ways to run WARMF from Windows 95/NT:

1. Click onStart/ Programsand selectWARME or

2. Click onStart/ Runand browse to the directory where the program is installed and choose
WARMF.EXE.

Opening a Project File

After starting WARMF, the user must open a project file that contains a watershed map and data
to run the model. Using the menu, gd-ite / Open Select a file with a WSM extension and

choose OK. Wait a few moments for WARMF to load. After opening a project, the following
dialog will appear showing the five modules.

Select Module

WARMF MODULES

; ’ E ] ‘

WATERSHED APPROACH

o

_»

Figure 2-1
The Five Modules of WARMF.
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WARMF Modules

WARMEF contains models, a database, and graphic software. It is organized into 5 modules,
integrated by a Windows-based graphical user interface (GUI). With the help of the GUI, a user
can enter, review and revise input, formulate alternatives, run simulations, and display map-
based output. All commands are done through the menu or by pointing and clicking with the
mouse.

Engineering Module

The engineering module contains catchment, river, and reservoir models. The catchment model
accepts daily meteorological data and monthly air quality data, and simulates canopy processes,
snow pack on the land, infiltration into the ground, ex-filtration of ground water, acid mine
drainage, surface runoff, and associated nonpoint source load. The river model accepts outflow
from catchments and point source discharges, and routes the hydrology and water quality from
one stream segment to the next until the water flows into a reservoir. The reservoir model
accepts inflow from adjacent rivers and catchments, direct point source discharges, and direct
deposition, and simulates thermal stratification and water quality in the lake and its outlet. The
outflow from a reservoir can enter a river which may flow into the next reservoir. The interface
between models is automatic and seamless. It allows WARMF to represent an entire watershed
as a single, interconnected system. WARMF outputs hydrology and water quality throughout the
river basin.

Consensus Module

The consensus module provides a road map that contains seven steps of the consensus building
process. The engineering module works in the background to provide scientific data for
stakeholders to make informed decisions. The consensus module engages stakeholders in place-
based water quality management and follows the guidelines of EPA’s watershed approach.

TMDL Module

The TMDL module provides a step-by-step process of calculating the total maximum daily load
of various pollutants entering upstream of a water quality limited section (WQLS). Calculation
moves from the most upstream WQLS to the most downstream WQLS. The engineering module
works in the background to supply scientific information to the TMDL module. The TMDL
module allows the public allocation of assimilative capacity and follows the guidelines of EPA’s
watershed approach.

Data Module

The data module plots time series data of meteorology, air quality, managed flow, observed
hydrology and water quality, and point source data. It also displays the data in a tabular format,
which can be edited by the user. Pictures of the watershed can also be added, removed, and
viewed within the data module.
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Knowledge Module

The knowledge module stores reference information about legal constraints on stream flow and
water quality in any part of the river basin. It may also contain suggestions based on the
experience of other WARMF applications.
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TMDL AND CONSENSUS MODULES

Introduction

TMDL and Consensus are two application modules that will be used most often by the
stakeholders. It is important to provide a quick overview of their menu functions and dialogs.

The WARMF documentation report (1) has devoted a chapter to the TMDL module and a
chapter to the consensus module. The report has provided a sufficient description of the menus
and dialogs used in these modules. This chapter provides an overview of the current menu
functions and dialogs.

Consensus Module

The EPA Guidelines require stakeholder involvement in the development of a TMDL plan. The
consensus module provides a road map to organize stakeholders, to develop a mission statement,
to identify water quality issues, to learn about the watershed, to evaluate alternatives, and to
weight technical, social, and economic factors in the selection of a TMDL plan.

To invoke the consensus module, click@wnsensusn the select module dialog (Figure 2-1) or
selectConsensusunder theModule menu. Figure 3-1 shows the first dialog of the consensus
module. It provides a 7-step road map for the consensus process.

Step 1lis to enlist and organize stakeholders. This step has two buttons: &t fand the

other forOrganization. By pushingList button, WARMF will display a dialog to enter

stakeholder information (i.e. name, address, phone number, e-mail address, organization). In this
dialog, there iConcern button, which can be pressed to enter the concerns important to each
stakeholder. After pushing tl@rganization button, a dialog will appear for the entry of

committee organization and assignments.
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Conzensuz Road Map

Module Scenario Help
1. Stakeholders List Drganization

2. Wyork Flan bdissian Tasks & Schedule

3 “Water Quality Issues  Designated Use Criteria

4, Learning Process Simulate Loading | YWiater Cluality

Scenario: ItEStE j Describe |
| Edit... ||P|:|intS|:|ur|:ES j

h. Management Alternatives

B. Analysis Costf Benefit Cost Sharing
7. Besolution Fros & Cans Consensus?
Figure 3-1

Road Map of Consensus Process.

Step 2is to develop a work plan. There are buttongM@sion andTasks & Schedule By

pushing theéMission button, a dialog will appear to show a proposed mission statement for the
stakeholders. The stakeholders can revise the mission statement to their liking. By pushing
Tasks & Schedule WARMF will show a spreadsheet to enter tasks, their beginning and ending
dates, and the committee responsible for each task.

Step 3is to identify water quality issues. The water quality issues arise when the water quality
cannot meet the criteria for the designated use, either for now or for the future. For that reason,
there ardDesignated UseandCriteria buttons for step 3.

WARMEF provides a list of sample designated uses, i.e. warm water fish, cold water fish,
swimmable, public water supply, and aesthetic enjoyment. To add a new designated use to the
list, push theDesignated Usdutton and then the pull down arrow on the right of the designated
use box. Click on the blank line at the bottom of the list and type in the new designated use.
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By pushing théesignated Usédutton, a dialog will appear for the user to add or delete

designated uses for various sections of the watershed. Select a designated use from the list. The
areas of the watershed for this use will be highlighted on the map. To add a new location to this
use, hold down the shift key and use the mouse to point and click at the new location on the
basin map. To delete a location from this use, hold down the shift key and point and click at the
location in the highlighted area. By this procedure, a given designated use can be applied to
multiple locations on the river basin. A given location can serve multiple uses.

By selecting the&Criteria button in step 3, the criteria editor will appear as shown in Figure 3-2.
This is the dialog to specify one or more water quality criteria to protect a designated use. A
criterion includes a specification of the parameter, its metric of evaluation, numerical criteria,

and percent compliance. To select a designated use, push the down arrow and click on a specific
use in the pull down list. Again, use the pull down list to select the first, second or third criterion.
A criterion can be added or removed. The parameter can be selected from a pull down list of
flow, depth, temperature, suspended sediment, dissolved oxygen, and concentrations of various
chemical constituents.

For the example shown in Figure 3-2, the first criterion for the protection of warm water fishery
is dissolved oxygen, whose minimum 4 day mean has to be above 5 mg/l 99.91% of time (once
every three years). The metric of evaluation is totally flexible. It can be adapted to any specific
criterion.

Edit Criteria ]|
Deszignated Lse: IWarm vagter fizhery j
Criterion #I'I vI &dd | Hem

Farametsr IDissuIved Ox=pgen, mgdl j
iz within water quality objectives when the...
Iminimum j | 4 day Iarithmetic j ==
is | above ¥] | B | 9991 % of the time

/ oK xl:ancel ? Help

Figure 3-2
Editor of Water Quality Criteria.

Step 4is learning how the watershed works. This is done through the use of the simulator. The
Simulate button is used to initiate the model run. Tlading button is used to display the

spatial distribution of point and nonpoint loading in GIS maps.VWhaeer Quality button is

used to display the water quality conditions in GIS color-coded maps. There is one GIS map for
each designated use. In the map, the river and lake segments that violate the criteria for the
designated use are colored red and the segments that meet the criteria are colored green. This
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step helps stakeholders understand where the pollution loads are coming from and what is the
resulting water quality.

Step 5provides a mechanism to evaluate management alternatives. The first thing is to assign a
scenario name for the proposed management alternative. To create a scenario name, select
Scenarioin the menu bar and thémanager. Click Copy and type in a name. At this point, the

new scenario will contain the same model coefficients, point, and nonpoint loading data as the
currently active scenario. With the new scenario selected, cli€pen. Push the down arrow

next to theScenariobox and select the new scenario name from the list.

To define the condition for the new scenario, push the down arrow nextEdithieutton.

WARMF will show a list of point source, nonpoint source, atmospheric deposition and diversion
where control measures can be proposed. WARMF allows a management alternative to include a
combination of controls. The user can specify the proposed reduction factors (or multipliers) for
the pollution load or flow diversion.

This is quick way to evaluate the impact of a global change in pollution load or flow diversion.
Alternatives involving changes in land use, buffer zone and/or fertilizer application can be
evaluated through tHengineering module.

Steps 4 and 5 are iterative. The user can go from one button to the other in any sequence.

Step 6is for analysis. A button allows the user to evaluatetstandbenefit of alternatives.

The cost is quantified in dollars, but the benefit is quantified by the percent of river miles or
reservoir segments that meet the criteria for their designated uses. Another button allows user to
evaluate &ost Sharingscheme in which point source dischargers may evaluate the options of
providing partial payment to the cost of nonpoint source controls in exchange for a less stringent
effluent requirement.

Step 7is for resolution. Th&ros & Consbutton allows stakeholders to rank alternatives with
respect to their areas of concern. A nominal score is calculated by giving each stakeholder an
equal weight. WARMF provides information about the ranking of each alternative based on the
category of stakeholders. It also provides ranking information with respect to each area of
concern. This information provides incentives for stakeholders to modify the alternatives that can
support the designated use and can win the widest support of stakeholders.

TMDL Module

According to EPA, the total maximum daily load (TMDL) is the sum of point and nonpoint loads
that can be discharged upstream of a water quality limited section (WQLS) without violating the
water quality criteria of its designated use. Many WQLS can exist in a watershed. The TMDL
module provides a road map to calculate TMDL for each WQLS one at a time, working from
upstream to downstream.
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To invoke theTMDL module, click onTMDL in the select module dialog (Figure 2-1) or select
TMDL in theModule menu. Figure 3-2 shows the first dialog of DL module. It provides
a 6-step road map to calculate TMDL.

The first step is to provide a scenario name for future reference (e.g. TMDL1). The scenario
name cannot be typed into the box. It must be chosen from a list by pushing the down arrow. If
the desired scenatrio is not on the list, click onSbenariomenu and seledflanager. Click

Copy and type in the desired scenario name (e.g. TMDL1). At this point, the TMDL1 scenario
will contain the same model coefficients, point, and nonpoint loading data as the currently active
scenario. With the new scenario selected, clickopan. Now, the user can push the pull down
arrow ofScenarioand select TMDL1 to activate the scenario. WARMF will adjust the loading
until the water quality meets the criterion for the designated use at the WQLS. The result will be
stored in the scenario name TMDL1.

The second step is to specify the WQLS for the TMDL calculation. WQLS can be an impaired
stream section or reservoir segment, which is on the 303(d) list. When there are many WQLS in
a river basin, the TMDL calculation must follow a bottom up approach. The calculation starts
with the most upstream WQLS and moves the downstream WQLS, one by one. To specify the
WQLS, push thé&electbutton. The basin map will appear. Use the mouse to click at the location
of the WQLS on the map. WARMF will display the name of the WQLS chosen (e.g. Lower
Sugar Creek).

The designated use for the selected WQLS can then be selected from a pull down list. For the
example, it is warm water fishery. If the TMDL is to be calculated to protect another designated
use, push th&dit button to make a change. The numerical criterion for the designated use can
be selected from a second pull down list. In this example, it is shown to be a minimum 7-day
mean dissolved oxygen concentration above 5 mg/l. Pudkdibéutton to make a change, if

the TMDL is to be calculated for an unlisted criterion. Step 3 is to specify TMDL pollutant to be
controlled in order to meet the water quality criteria for the designated use. To select a TMDL
pollutant, push the pull down arrow for a list and select the appropriate pollutant to control. The
TMDL pollutant may be different from the parameter for criterion. For example, BOD and
ammonia are pollutants to control for a dissolved oxygen criterion. Ammonia, nitrate, and
phosphorus are pollutants to control for an algae criterion. Sulfate is a pollutant to control for a
pH criterion.

3-5



EPRI Licensed Material

TMDL and Consensus Modules

THDL Calculation

Module Scenario Help

1. Specify scenario: |TMDL1 j

2. Specify Water Quality Limited Section: ||

| Lower Sugar Creek

Designated Use:| YWarm water fish Edit

[
[

Criterian: |min. /-day mean Diss. Dwygen abowve 5 mgyl Edit

3. Specify TMOL Pollutant. [BOD =

Calculate + Point Source > Nonpaint Source loading, given specified loading multipliers:

Point Sources | Monpoint Sources i‘
BOD 1
Ammonia 0.7 0.8
Aluminum 1 1
Calcium 1 1
Magnesium 1 1 -
< B
4. Run simulation otart
E iew Besults Loading YWhater Cluality |
B. 15 the TMOL acceptable? ves:  Sawe TMOL | e ThDLs
Mo: Try another combination of specified loading in step 3.
Figure 3-3

Road Map for TMDL Calculations.

With so many interrelated water quality parameters, it is possible for the user to specify an
incorrect TMDL pollutant. If an irrelevant TMDL pollutant is selected, the program will not
blow up. After two trials, the program will return a message “Control parameter does not affect
water quality criterion”.

The TMDL pollutant can be derived from point source and nonpoint source loads. The TMDL
can be calculated for point source allocation (WLA) or nonpoint source allocation (LA). Click
the diamond button of Point Source to calculate WLA or the diamond button of Nonpoint Source
to calculate LA. For WLA, the program will gradually step down (or up) the point source loads
until the water quality criterion is barely met. For LA, the program will step down (or up) the
nonpoint source loads until the water quality criterion is barely met.

Figure 3-3 presents a large number of possible variations for TMDL calculations. For example,

the TMDL for point source load can be calculated under various levels of nonpoint source
control. The TMDL of BOD (organic carbon or biochemical oxygen demand) can be calculated
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under various assumptions of ammonia removal at the treatment plant. With WARMF, the
stakeholders can explore a large number of possible scenarios to meet the water quality criteria.

After all the conditions for TMDL calculations are specified, p8#drt to initiate a simulation

(step 4). WARMF will show a control dialog for simulation, as shown in Figure 3-4. For TMDL
calculations, it is necessary to check the boxes for chemistry, sediment, fertilizers, and point
sources. It is also necessary to make sure that the subwatersheds contributing point and nonpoint
source loads to the WQLS are all high lighted. Also, make sure to check the Bentnate

Loading Data.

Simulation Control |
Subwatersheds:
Beginning Date | 090171992 5| [McAlpine Creek

. = Little Sugar Creek
Ending Date 08/3141993 |3| Upper Sugar Creek

Time step [hours] I 24 Lower Sugar Creek

Simulate Hydrology and...
v| Chemistry

v| Sediment . .
| Pesticides _| Hydrology Autocalibration

v| Fertilizers Numberofioops | 0

v| Point Sources v| Generate Loading Data
_ | Initial Conditions from Yarm Start File
Wharm Start Eile: SEIECL |

V 0K I anncel ? Help

Figure 3-4
Simulation Control Dialog.

WARMEF allows the user to break the entire river basin into subwatersheds. Each subwatershed
has a breakpoint, which allows the water and pollutants to transfer from the upstream section to
the downstream section. The breakpoint can be a lake or a river segment. The user can set a
breakpoint by clicking on théiew menu, selectingubwatershedfrom the pull down list, and
clicking on the desired breakpoint location on the basin map.

It is advisable to set all WQLS as a breakpoint. During the TMDL calculations, the user can save
time by turning on (highlighting) only the subwatersheds that contribute point and nonpoint
source loads to the WQLS. After the TMDL is calculated, the user can save the answer by
turning off the subwatersheds in subsequent calculations of TMDL for the downstream WQLS.
When the simulation is completed, one can view the results (step 5). The results are presented in
terms of loading and water quality. Push tleading button to compare loading under TMDL
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and base conditions. Push iMater Quality button and switch between BASE and TMDL
scenarios to see whether the color of the water quality limited segment changes from red (not
meeting the criterion) under the base condition to green (meeting the criterion) under the TMDL
condition.

Step 6 will determine whether there is a feasible solution of TMDL. If a solution is obtained, the
answer is yes to the question of “is the TMDL acceptable”. Pushawe TMDL button. The

TMDL solution will be saved in a spreadsheet. If the answer is no, it means that WARMF cannot
meet the water quality criterion by reducing the load of TMDL pollutant. This can happen in the
calculation of WLA when the nonpoint source load alone would cause a violation of the water
guality criterion. In such case, WARMF would advise the user to try again with a higher level of
nonpoint source control.

The user can push théew TMDLs button to review the spreadsheet for all feasible solutions of
TMDL. Any TMDL can be removed from the spreadsheet through this button.
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ENGINEERING MODULE—MAIN WINDOW

Main Window

The GUI Main Window for the engineering module is divided into several components. They are
CAPTION, MENU, TOOL BAR, DRAW TOOLS, MAP WINDOW and STATUS BAR.

ﬁ'w'atershed Analysziz Bisk M anagement Framework - [C-Awarmf\CATAWBA WSM]

' File Edt “iew Mode Scenano Doow Module Window RIEHMLU Help _Iﬁllﬂ
| e8| & sl 2] Plev| k| E R4 ?]«TooL Bar
= Elevation [f] =
+—[DRAW TOOLS 200
D O Ly 1200
K 2200
. Q 3200
T 4200
G200
oS | S 6
ara

MAP WINDOW Mountain Isl
3 Lake
¥, hd
A _"I_I
[ STATUS BAR | Fills T Aial: 12 [CAPS [NUM [SCR
Figure 4-1

The Main Window of WARMF.

The Caption contains the name of the application (i.e. Watershed Analysis Risk Management
Framework) and the name of the watershed file (i.e. CAWARMF\CATAWBA.WSM). (Note:
The!i® on the left side of the Caption is used to manipulate the Main Window of the GUI. The
buttons on the right side of the Caption are used to make the GUI an icon or reduce its
size.) TheMENU has many functions, which may be accessed either with the mouse or the
keyboard. To access the menu with the mouse, click on the item directly with the left mouse
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button. To access the menu using the keyboard, presdtthkey and let go. Then type
underlined letters or use the arrow keys to move through the menu.

(Note: The® button on the left side of the Menu is used to manipulate the Map Window within
the GUI main window. ThI=IZIX] buttons on the menu line are used to reduce the size of the
Map Window within the GUI main window.)

TheTOOL BAR has short cuts to some of the most frequently used menu functions. It also
contains several tools which change the actions taken when using the mouse. When the mouse is
held over one of the icons, a pop-up box appears and a brief description of the function appears
in the Status Bar.

TheDRAW TOOLS are used to create shapes, lines, and text in the Map Window. In general,
DRAW TOOL items are used to set up the model for a specific river basin. They are not
important to the general users who are not involved in the model setup.

(Note: Choose a draw tool by clicking on it with the mouse. Then use the mouse on the Map

Window to add to the Map. To restore the mouse to its original functions, cIEldn the
upper left corner of the Draw Tools. When the mouse is held over one of the icons, a brief
description of the function appears in the Status Bar.)

TheMAP WINDOW is the area on which the basin map of the project is drawn. It consists of
objects, which can be catchments, river segments, reservoir segments, descriptive text, and other
shapes.

The STATUS BAR has two functions. The first function, displayed on the left side, shows text
describing the function of an icon with the mouse placed over it. The second function, displayed
in the right side, show shows the color of fills and lines, the font and size of text, and keyboard
settings.

For example, when the mouse is over®d acon, the following message appears in the Status
Bar (Figure 4-2). It indicates that shapes is filled in white with a black border line. Text is Arial
12 point. Caps lock, Num lock, and Scroll lock are all on.

Splits & subcatchment into twa Fills | Arial 1 12 [CAPS [MUM [SCRL |

Figure 4-2
Status Bar Showing WARMF Split Tool.

Menu Bar
The menu bar provides eight (8) functions: File, Edit, View, Mode, Scenario, Docu, Module,

Window. In addition, there is Help menu at the far right of the menu bar. Each of these functions
and sub-functions are described as follow.
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File Menu

The pull down menu dfile provides a list of sub-functions as shown in Figure 4-3. Following
the Windows convention, they include menus for opening and closing files, saving files, and
printing files.

The file menu also has functions to import digital elevation maps (DEM) and ArcView shape
files for land use. It also has functions to delineate watershed boundaries. These functions are
used primarily to set up the model. They are deactivated in the distributed WARMF CD.

IXER Edit Wiew Mode Scenano Docu Module  indow

D e | £lol[ElD] 4]

Open
Lond Eome
Land Use
Save bz Ctrl+ DEM

Define DEM...  » [REEEEE o=
Subcatchments

Exit Chrl+4

Figure 4-3
Pull Down Menu of File.
New

This function is used to create a new blank Map Window.

Mouse short-culﬁ‘ in the Tool Bar
Keyboard shortcut: Alt, F, N.

Open

This function is used to open an existing watershed file.

B
Mouse short-cullgl_‘ in the Tool Bar
Keyboard shortcuts: Alt, F, O; Ctrl+O.

Close
This function is used to close a watershed file without exiting the GUI.

Keyboard shor-cuts: Alt, F, C; Ctrl+F4.
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Import—Land Forms

This function is used to import an ArcView shape file with polylines or polygons and overlay it
with the existing map. This feature is deactivated in the distributed WARMF CD.

Keyboard shortcut: Alt, F, I, F.

Import—Land Use

This function is used to import an ArcView shape file with land use/land cover coverage. The
imported polygons with their respective land uses are overlaid with the catchment boundaries in
WARMF to determine the overall percentage of each land use within each catchment.

Keyboard shortcut: Alt, F, I, U.

Import—DEM

This function is used to import Digital Elevation Map data (available from USGS Website) for a
new watershed. This feature is deactivated in the distributed WARMF CD.

Keyboard shortcut: Alt, F, I, D.

Import—Define DEM—Subcatchments

This function is used to delineate subcatchment boundaries. This controls the spatial resolution
of the model setup. This feature is deactivated in the distributed WARMF CD.

Keyboard shortcut: Alt, F, I, E, S.

Import—Define DEM—Watershed

This function is used to set areas, slopes, aspects, and elevations of an imported watershed and
define the connectivity between catchments, rivers, and reservoirs. This feature is deactivated in
the distributed WARMF CD.

Keyboard shortcut: Alt, F, I, E, W.

Save

This function is used to save changes made to the watershed project file.

B
Mouse shortcu\ﬂ
Keyboard shortcuts: Alt, F, S; Ctrl+S.
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Save As
This function is used to save the changes made to the watershed project file under a new name.

Keyboard shortcuts: Alt, F, A; Ctrl+A.

Print

This function is used to print the Map Window.

Mouse shortcu\g
Keyboard shortcuts: Alt, F, P; Ctrl+P.

Print Preview
This function is used to provide a preview of the Map Window to be printed.

Keyboard shortcut: Alt, F, V.

Printer Setup
This function is used to specify the printer and its settings.

Keyboard shortcut: Alt, F, U.

Exit

This function is used to exit from WARMF, which will close the project file. Before closing, the
program will prompt the user to save if changes have been made.

Keyboard shortcuts: Alt, F, X; Ctrl+X; Alt+F4.

Edit Menu

The pull down menu dEdit provides a list of sub-functions shown in Figure 4-4. Many of the
sub-functions are derived from Windows, i.e. Undo, Cut, Copy, Paste, Delete, Bring to Front,
Send to Back. Added features include Select Catchments, Select Reservoir Segments, Select
Rivers, Select All, River Point, Graphics and Text, Convert, Connect, Scale, Open Polygons,
Close Polygons, Weed Points, Match Polygons, Output List, Autocalibration Coefficients, Save
Calibrated Coefficients.
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File gl *fieww MMode Scenario Docu  Module  Window

j 5[ Unda Alt+BkSp % F"I EI;_., 1

Cut Shift+Drel
Copy Ctil+ g
Paszte Shift+lnz
Delete Ctrl+Drel

Select Catchments
Select Beservor Segments
Select Rivers

Select Al F3
Riwer Paint

Brinig ko Eront Shift+FS
Send to Back Shift+F10

Graphics and Text
Corvert

Connect

Scale

Open polyaons
Cloze polylines
"Weed Points
Match Polygons

Oukput List
Autocalibration Coeffizients
Save Calibrated Coefficients

Figure 4-4
Pull Down Menu of Edit.

Undo

This function is used to restore thkap Windows to its previous appearance before the most
recent change made by thkve or Deletefunction.

Mouse Shortcut =)
Keyboard shortcut: Alt, E, U; Alt+BkSp.

Cut

This function is used to cut the selected objects from the Map Window and places them in the
Clipboard.

Mouse shortculﬁ

Keyboard shortcut: Alt, E, T; Shift+Del.
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Copy

This function is used to copy selected objects from the Map Window and places them in the
Clipboard.

Mouse shortcu\ﬂ

Keyboard shortcuts: Alt, E, C; Ctrl+Ins.

Paste

This function is used to paste the objects stored in the Clipboard into the Map Window.

Mouse shortcu

Keyboard shortcuts: Alt, E, P; Shift+Ins.

Delete

This function is used to delete the selected objects on the Map Window. Deleted objects can be
recovered byndo.

Keyboard shortcuts: Alt, E, D; Ctrl+Del.

Select Catchments
This function is used to select and highlight all catchments in the Map Window.

Keyboard shortcut: Alt, E, H.

Select Reservoir Segments
This function is used to select and highlight all reservoir segments in the Map Window.

Keyboard shortcut: Alt, E, R.

Select Rivers
This function is used to select and highlight all river segments in the Map Window.

Keyboard shortcut: Alt, E, V.
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Select All
This function is used to select and highlight all objects in the Map Window.

Keyboard shortcuts: Alt, E, S; F3.

River Point

This function is used to toggle a river point (black dot) on selected river segment. Clicking on a
river point is the same as clicking on the stream segment.

Keyboard shortcut: Alt, E, I.

Bring to Front

This function is used to move selected objects to the front of the Map Window. This function can
prevent objects from being hidden behind other objects.

Keyboard shortcut: Alt, E, F.

Send to Back

This function is used to move selected objects to the back of the Map Window. This function can
prevent objects from being hidden behind other objects.

Keyboard shortcut: Alt, E, B.

Graphics and Text

This function is used to change the color of lines, polygons, and text in Map Window. The
changes are applicable to any selected map objects and to any map objects to be created.

=
Mouse shortcutE4
Keyboard shortcut: Alt, E, G.

Convert
This function is used only during the model set-up for defining watershed objects. It converts a

selected object into catchment, river, or reservoir segment. The object can be a polygon or line
created by the drawing tool.

Mouse shortcu\%l
Keyboard shortcut: Alt, E, E.
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Connect

This function is used to specify or change the flow connectivity between two objects. To do that,
selectConnectfrom the menu to change the function of the mouse. Move the pointer of the
mouse to the upstream object (catchment, river segment, or reservoir segment). Click with the
left mouse button. Hold down the button, drag the mouse to the downstream object and release
the button. The program will display all tributary connections by arrows. To turn off the arrows,
go toTributary Connections in the View menu.

Mouse shortculﬂ
Keyboard shortcut: Alt, E, N.

Scale

This function is used to set the scale of the map. To do that, Sekdefrom the menu to

change the function of the mouse. Click the button down at a point Mabé&Vindow. Hold

down the button and drag the mouse to another point iMapeWindow. Upon release of the

mouse, a prompt will ask for the distance between the two points. This feature is used during the
model set-up. It should not be used by general users.

Mouse shortculﬂ
Keyboard shortcut: Alt, E, A.

Open Polygons

This function is used to convert polygons to polylines. Select one or more polygons and select
this function. To convert, press Convert. This feature is used during the model set-up. It should
not be used by general users.

Keyboard shortcut: Alt, E, Y.

Close Polylines

This function is used to convert a polyline into a closed polygon. To do that, select one or more
polylines and select this function. This feature is used during the model set-up. It should not be
used by general users.

Keyboard shortcut: Alt, E, L.
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Weed Points

This function is used to discard duplicate points in a selected polygon. To do that, select one or
more polygons and then select this function. This feature is used during the model set-up. It
should not be used by general users.

Keyboard shortcut: Alt, E, W.

Match Polygons

This function is used to eliminate minor gaps or overlaps between adjacent catchments reservoir
segments. The program will adjust the points representing two adjacent polygons so that the
points will coincide. To do that, select two neighboring polygons and then select this function.
This feature is used during the model set-up. It should not be used by general users.

Keyboard shortcut: Alt, E, M.

Output List

This function is used to reduce the size of output files. It opens a dialog showing a list of
simulated constituents whose time series values may be stored in the output files. Removing
constituents from the list will reduce the size of output files. WARMF will continue to perform
calculations for all constituents, regardless of whether their output is to be stored or not.

Keyboard shortcut: Alt, E, O.

Autocalibration Coefficients

This function is used to specify the coefficients and watershed areas to adjust during the
hydrology autocalibration.

Keyboard shortcut: Alt, E, L.

Save Calibrated Coefficients

This function is used to store the calibrated coefficients into default values. It is necessary to
selectFile/Saveor Scenario/Saveo save them in the project file.

Keyboard shortcut: Alt, E, V.

View Menu

The pull down menu of View provides a list of sub-functions, as shown in Figure 4-5. They
include Zoom, Zoom In, Zoom Out, Restore Map, Tributary Connections, Entity IDs, Tributary
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Connections, Selected Entities’ Points, Subwatersheds, Meteorology Stations, Gaging Stations,
Water Quality Stations, Managed Flow, Point Sources, Air Quality Stations, Scale, Pictures, and
Labels.

NN Mode Scenaro Docu
£oom
Zoom ln
£ oo Dt

Restore Map
Tribukary Connections
Entity ID's

Selected Entities' Pointz
Subwatersheds
Metearalogy Stations
Gaging Stationz

W ater Quality Stationz
b anaged Flow

Foint Sources

Air Cluality Stations
Scale

Pictures

Labelz

Figure 4-5
Pull Down Menu of View.

Zoom
This function is used to expand a specified area of the map. Select the function and wait for the
change of mouse pointer. Press the left mouse button down at a point in the map. Drag the mouse

to encompass the area to be viewed, and let go of the mouse. The specified area will be expanded
to the full Map Window.

Mouse shortcu\ﬂ
Keyboard shortcut: Alt, V, Z.

Zoom In

This function is used to zoom in so that the objects itM&e Window appear twice as large as
before.

Keyboard shortcut: Alt, V, I.
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Zoom Out
This function zooms out so that the objects inNfag® Window appears half as large as before.

Keyboard shortcut: Alt, V, O.

Restore Map
This function is used to restore thkap Window to its original appearance.

Keyboard shortcut: Alt, V, R.

Tributary Connections

This function provides a toggle between showing and hidirfigutary Connections. The
tributary connections display arrows showing the flow path throughout the watershed.

Keyboard shortcut: Alt, V, T.

Entity ID’s

This function provides a toggle between showing and hiding Entity ID’s. It is used to display the
ID numbers of catchments, river segments, and reservoir segments. To change the font size, click

=
on Ea|,
Keyboard shortcut: Alt, V, E.

Selected Objects’ Points

This function provides a toggle between showing and hidfaglacted Objects’ PointsThe

menu will display objects’ points at the vertices of all selected polygons and polylines. An
object’s points can be moved by clicking on one with the left mouse button, dragging it to the
new location, and then releasing it.

Keyboard shortcut: Alt, V, P.
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Subwatersheds

The entire watershed is divided into sub-regions. This function can be selected to display the
subwatersheds in different colors on the map. To see the subwatershed names, select the
View/Labels function. This can sometimes make the basin map look too busy. To change the

-
font size, click or&l. ToggleView/Labels function to eliminate the display of subwatershed
names. Toggle thBubwatershedfunction to eliminate the display of subwatersheds in color.

(Note: The user can divide the entire watershed into subwatershed regions. The breakpoint for
subwatersheds can be a reservoir or a river segment. To create a new subwatershed, simply click
on the desired breakpoint location on the basin map. WARMF performs the simulation one
subwatershed at a time. The GUI provides the interface between subwatersheds. The user must
run the simulation for the entire watershed once. After that, the user can run for only one or a

few subwatersheds to save time.)

Keyboard shortcut: Alt, V, S.

Meteorology Stations

This function can be selected to display the meteorology stations with white dots on the map. To
see the names of meteorological stations, sele&tidve/Labels function. To display the
meteorological data, double-click on the white dot of a specific station. Toggle this selection to
eliminate its display.

Keyboard shortcut: Alt, V, R.

Gaging Stations

This function can be selected to display the gaging stations with white dots on the map. To see
the names of gaging stations, select\flewv/Labels function. To view the stream flow data,
double-click on the white dot a specific station. Toggle this selection to eliminate its display.

Keyboard shortcut: Alt, V, G.

Water Quality Stations

This function is used to display the water quality stations with white dots on the map. To see the
names of water quality stations, select\@w/Labels function. To view water quality data,
double-click on the white dot of a specific station. Toggle this selection to eliminate its display.

Keyboard shortcut: Alt, V, Q.
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Managed Flow

This function is used to display the locations of controlled flow diversions and flow releases with
white dots on the map. To see the names of managed flow points, seldettieabels

function. To view the managed flow data, double-click on the white dot of a specific point.
Toggle this selection to eliminate its display.

Keyboard shortcut: Alt, V, F.

Point Sources

This function is used to display the locations of point source discharges with white dots on the
map. To see the names of point source discharges, seld@ew&abels function. To review

the point source discharge information, double-click on the white dot of a specific point source.
Toggle this selection to eliminate its display.

Keyboard shortcut: Alt, V, N.

Air Quality Stations

This function can be selected to display the locations of air/rain chemistry stations with white
dots on the basin map. To see the station names, sel&iethikabels function. To view the air
quality data, double-click on the specific dot of a station. Toggle this selection to eliminate its
display. This type of data is not always available within the watershed, in which case the stations
will not appear on the map.

Keyboard shortcut: Alt, V, A.

Scale

This function is used to display the scale of the watershed map. Toggle this selection to eliminate
its display.

Keyboard shortcut: Alt, V, C.

Pictures

This function can be selected to display the locations, which have watershed pictures, with white
dots on the basin map. To see the picture captions, seldbethabels function. To see the
pictures, double click on the dot of a specific location. To eliminate the display, toggle the
selection.

Keyboard shortcut: Alt, V, U.
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Labels

As discussed above, this function can be selected to display the names of subwatersheds,
meteorology stations, gaging stations, water quality stations, air quality stations, managed flow
(diversion or reservoir release points), point source discharges, and locations with watershed

.
pictures. Change the font size WE'. To eliminate the labels, toggle this selection.

Keyboard shortcut: Alt, V, L.

Mode Menu

The engineering module can be operateldput or Output, as shown in Figure 4-6. Under the

input mode, one can double-click at an object (catchment, river segment, lake segment) to view
the parameter values and their units. Changes can be made on the computer screen. The changes
can be saved or not saved at the user’s discretion. Under the output mode, one can double-click
at any stream or reservoir segment to view time series comparison of simulated and observed
data on a graph.

File Edit “iew BEEREN Scenano Docu Module wWindow

(Pl &] i 2] 2o ElE

] utput

Figure 4-6
Pull Down Menu of Mode.

TheRun function, which originally resided here in this pull down menu, was moved to the
Scenariomenu. The dialogs for Input are discussed in Chapter 5 and the dialogs for Output are
discussed in Chapter 6 of this manual.

Keyboard shortcuts: Alt, M, I; Alt, M, O.

Scenario Menu

A scenario can be created to represent a simulation case. The input of a simulation case can
represent a combination of land use conditions, a management alternative, and model
coefficients. The input and output of the simulation case are stored under a scenario name, which
can be retrieved for evaluation.

A watershed project file can contain an unlimited number of scenarios. At any given time, only
one scenario is active (as shown by a check mark next to it at the bottom of this menu).

However, up to 4 scenarios can be opened for alternative comparisons. Scenarios can have
different applications. During the model calibration, a scenario can be used to represent one set
of model coefficients. The user can compare scenarios for a best set of model coefficients that
produce a good match between observed and simulated values. During the alternative evaluation,
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the model coefficients may be fixed, whereas the parameter values for management alternatives
are changed. The user can then compare scenarios for a best alternative to improve water quality.

Figure 4-7 shows the pull down menuSxfenaria The functions include Run, Manager, Save,
Save As, Delete, View Coefficient File, Compare, and a list of scenarios. The scenario with a
check mark next to it indicates that the scenario is activated.

Eile Edt “iew Mode Be=g=ie8 Cocu  Module window

{283 e D]y B Ei|

Wiew Coefficient File
Compare

v 1 baze
2 bufer
3 cropfac
4 ptarc

Figure 4-7
Pull Down Menu of Scenario.

TheRun function is selected to initiate a simulation for the active scenarioManager
function is used to create, delete, open, close, add, and remove scenarf@svd Bave As
View Coefficient File, andCompare functions will operate on the active scenario. Details of
these functions will be discussed later.

During the course of TMDL study, a large number of scenarios may be evaluated. To prevent

confusion, it is important to document the scenario as it is created. The documentation should
include the full scenario name, abbreviation, creator’'s name, creation date, purpose, and input
conditions. The documentation of scenario is througlib€U menu, to be discussed later.

In addition to the written documentation of scenario, WARMF automatically saves all the input
and output of each scenario. There are two ways to examine the record. One is through the
modern GUI and the other is through the old fashioned ASCII file. Through the GUI, the user
can activate a scenario and examine its input and output data in dialog boxes on the computer
screen. WARMF also writes all input data into a coefficient file. ThrougNige Coefficient

File function, the user can examine the data line-by-line and field-by-field. The user can also
select theCompare function for the computer to compare the input files of two scenarios and to
print out the differences.

In the example shown in Figure 4-7, there are four scenarios listed at the bottom of the scenario

menu for which input and output can be examined. These are considered “open”. The check
mark onBase Casendicates that it is active. To change the active scenaBaffer, simply
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select it in the menu. When editing input data, only the active scenario’s coefficients can be
modified. When viewing output for a specific catchment, river, or reservoir, results from all open
scenarios can be compared. However, when viewing spatial output, only one scenario’s results
can be displayed.

Run

This function is selected to start a simulation for the active scenario. Chapter 6 will have a more
detailed discussion of this function.

Keyboard shortcut: Alt, S, R..

Manager

Figure 4-8 shows the dialog of the scenario manager. On the left hand side, there are buttons for
modifying the scenario configuration. In the middle, a list shows all scenarios in the project. The
open scenarios are listed on the right.

Scenarnio Manager

Froject Scenarioz:  Open Scenarios

baze

bffer biffer
Copy cropfac cropfac
plarc plerc

tove Lp

taove Down

R
[

Bemove

Sdiddu:

k. x Cancel ? Help

Figure 4-8
Scenario Manager.

As stated earlier, a project can have many scenarios. Some of the scenarios may be saved on
disk, but not in the scenario manager. To add a scenatrio to the project, pAdd théton and

select the desired scenario. To remove a scenario from the project, select the scenario on the list
on the left and then push tRemovebutton.

The procedure to create a new scenario is accomplished tiCapyhWARMF comes with a

base case scenario, which represents the current condition, used in the model calibration. The
idea is to create a new scenario by making modifications to the base case. Before using the
scenario manager, ensure that the base case is active (has a check mark next to it in the scenario
menu). In the scenario manager, click on@ogy button. It creates a duplicate of the active
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scenario. Enter the new scenario name when prompted and then click Open in the scenario
manager with the new scenario selected. After leaving the scenario manager, activate the new
scenario in the scenario menu. Make changes to coefficients or parameters for the new
management scenario. Perform the model simulation with the new parameter values. Input and
output are saved under the new scenario name. Through this process, one can create as many
scenarios as necessary for the project.

In the example shown in Figure 4-8, the project scenarios include BASE, BUFFER, CROPFAC,
and PTSRC. To reorder the scenarios, click on a scenario and dhoeséJp or Move Down.

Up to four scenarios can be opened for alternative comparison. To open a scenario, select the
scenario in the list on the left. The scenario will be highlighted. When there are less than four
open scenarios listed on the right dialog box,Qipen button can be activated. Press @@en

button and the scenario will appear in the open scenario list. If the open scenario list is full, the
open button cannot be activated. In this case, click on an open scenario from the list on the right
and pres€loseto make room for another scenario.

Keyboard shortcut: Alt, S, M.

Save

This function is selected to save the conditions of the active scenario. It does not save changes
made to the map, the project file configuration, the consensus module or the TMDL module.

Keyboard shortcut: Alt, S, S.

Save As

This function is selected to save the conditions of the active scenario under a new name. It does
not save changes made to the map, the project file configuration, the consensus module or the
TMDL module.

Keyboard shortcut: Alt, S, A.

Delete

This function is selected to permanently delete a scenario from the hard disk. After selecting the
function, a directory will appear to show all scenarios. Click on the scenario to delete it.

Keyboard shortcut: Alt, S, D.
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View Coefficient File

WARMEF saves all input data of a given scenario in ASCII file. This function is selected to load
the coefficient file of the active scenario into a text editor for examination. Use “Coefficient File
Key.pdf” as an index to identify individual coefficients in the file. NEVER make changes to the
coefficient file directly. ALWAYS use the graphical user interface to view the coefficients.

Keyboard shortcut: Alt, S, V.

Compare

This function is selected to compare the coefficient file of the active scenario to the coefficient
file of another scenario. Use “Coefficient File Key.pdf” to interpret which coefficients are
different.

Keyboard shortcut: Alt, S, C.

Scenarios 1, 2, 3,4

This function is used to activate any scenario on the list. The active scenario will have a check
mark to the left. In switching from one active scenario to the other, WARMF will prompt to save
the data from the previously active scenario if changes have been made. If it is not saved,
changes made to that scenario will be lost.

Keyboard shortcuts: Alt, S, 1; Alt, S, 2; Alt, S, 3; Alt, S, 4.

Document Menu

Figure 4-9 shows the pull down menu for Docu (documentation). This menu is used to provide
an electronic note pad to document the watershed process as it progresses. While the memory is
still fresh, one can keep a record of model runs (model log) as well as consensus deliberations
(notes).

File Edit iew Mode Scenaro | Docu Module “Window

ez o el et 4] 7

Hotes

Figure 4-9
Document Menu.

4-19



EPRI Licensed Material

Engineering Module—Main Window

Model Log

This function is used to document a model run. The date, scenario name, author, assumptions,
interpretations, and conclusions of each model run can be briefly described for future reference.
The notepad file will have a LOG extension.

Keyboard shortcut: Alt, O, L.

Notes

This function can be used to document the consensus processes of stakeholders. The date,
participants, issues discussed, conclusions reached, and actions planned can all be recorded. The
notepad file will have a NOT extension.

Keyboard shortcut: Alt, O, N.

Module Menu

This menu provides an avenue to switch from one module to another in WARMF. Figure 4-10
shows the pull down list of functions for tModule menu.

File Edit iew Mode Scenaro Docu | Module “indow

BB =] Sl =] 2 e ] 2]

Enowledge
TMDL
Consensus
Figure 4-10
Module Menu.

The list only provides the modules to switch to. While in engineering module, the name of
engineering module is not on the list. Point and click at the destination module, the program will
bring you there. Once there, the engineering module will be on the module list.

Data
This function is used to switch WARMF to the Data Module.

Keyboard shortcut: Alt, U, D.

Knowledge
This function is used to switch WARMF to the Knowledge Module.
Keyboard shortcut: Alt, U, K.
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TMDL
This function is used to switch WARMF to the TMDL Module.

Keyboard shortcut: Alt, U, T.

Consensus
This function is used to switch WARMF to the Consensus Module.

Keyboard shortcut: Alt, U, C.

Window Menu

This menu provides tools to change the appearance of multiple Windows on the computer
screen. Figure 4-11 shows the pull down menu of Window.

File Edit “iew Mode Scenaro Docu  Module | SwWindow

J'E_E‘lEl %I Xl ﬂ*E]l | 3' plﬂl% %;T:cade

Arrange lcons
Cloze All

v 1 C:hwarmfh Catawba wsm

Figure 4-11
Pull Down Menu of Window.

Cascade

This function is used to arrange the Map Windows of all opened project files in cascade form. In
this form, Windows overlap each other with all captions visible. To activate a Window, one can
simply click on its caption on the top.

Keyboard shortcut: Alt, W, C.

Tile

This function is used to display multiple Map Windows of all open files in tile format. In this
format, Windows do not overlap each other. To activate a Window, one can simply click on its
caption on the top.

Keyboard shortcut: Alt, W, T.
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Arrange Icons

This function is used to put the icons of all minimized Map Windows in the lower left of the
available space. A Window is minimized by cIicking;I in the right upper corner.

Keyboard shortcut: Alt, W, 1.

Close All
This function is used to close all open watershed files without exiting from the GUI.

Keyboard shortcut: Alt, W, A.

Help

Figure 4-12 presents the pull down mentdefp, which is activated by pushiridelp at the far
right of the menu bar (Figure 3-1).

Help -8 x|

Contents
How to use help

- About

Figure 4-12
Pull Down Menu of Help.

Help—Contents
This function is used to open the help system and provides a complete list of help items by topic.

Help on a particular topic can be accessed by selecting that topic and clicking on Go To in the
dialog.

Mouse shortculﬂ

Keyboard shortcut: Alt, H, C.

Help—How to Use Help
This function is used to provide instructions on how to use the help system.

Keyboard shortcut: Alt, H, H.
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Help—About
This function is used to display the author and version of WARMF.

Keyboard shortcut: Alt, H, A.

Draw Tools

The draw tools are used to create shapes, lines, and text in the Map Window. They are used
primarily during the model set up, and not by general users of WARMF.

The draw tools are part of the engineering module. They are displayed by symbols in two
vertical columns on the left hand side of the Map Window as shown in Figure 3-1.

To use a draw tool, first click on it with the mouse. This changes the mouse function to drawing
tool. After that, move the cursor to a specific location on the Map Window where a new shape is
to be added, and click with the mouse. For a shape, hold down the mouse button, drag the mouse
for the desired shape, and then release the mouse. To reposition the drawn shape, first select the
object and move it to the desired location by dragging it with the mouse. The size of the shape

can also be changed by first selecting the object and then by positioning the cursor at the lower
left hand corner and dragging it in diagonal directions, while holding down the Ctrl key.

To restore the mouse to its original functions, clict"shin the upper left corner of the Draw
Tools.

Rectangleg

This button allows the mouse to draw a rectangle.

EIIipseg

This button allows the mouse to create an ellipse.

Pongon!I

This button allows the mouse to draw a polygon. Use the mouse to create vertices of the
polygon. When it has the desired shape, hit Enter. A connecting line is automatically drawn
between the first and last vertices to close the polygon.

PonIineﬁI

This button allows the mouse to draw a polyline. Use the mouse to draw the vertices of the
polyline. When it has the desired shape, hit Enter.
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Lineﬂ

This button allows the mouse to draw a straight line. After pushing the button, move the cursor
to the starting point on the Map Window, hold the mouse button down while drawing the line, let
the mouse button back up to finish.

Free Polygorﬁl

This button allows the mouse to draw a freehand polygon. After pushing the button, move the
cursor to the starting point on the Map Window, hold the mouse button down while drawing the
line, let the mouse button back up to finish. A line between the beginning and ending points is
automatically drawn to close the polygon.

Free PolyIinQ}E’I

This button allows the mouse to draw a freehand polyline. After pushing the button, move the
cursor to the starting point on the Map Window, hold the mouse button down while drawing the
line, let the mouse button back up to finish.

Textﬂ

This button allows text to be entered into the Map Window. Simply use the keyboard to type
text. To finish, type Esc.

Arrow (1 Head)il

This button allows the mouse to draw a one-headed arrow. After pushing the button, move the
cursor to the starting point on the Map Window, hold the mouse button down while drawing the
line, let the mouse button back up to finish.

Arrow (2 Head)ﬁl

This button allows the mouse to draw two headed arrows. After pushing the button, move the
cursor to the starting point on the Map Window, hold the mouse button down while drawing the
line, let the mouse button back up to finish.

Rubber Ban 5

This button allows the mouse to select all the objects within the rubber band. Click at the
beginning point of the rubber band. Hold down the mouse and drag it across the Map Window
for the area to be covered. When the button is released, all objects entirely within the rectangle
will be selected.
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Manipulating Objects

Using the drawing tools and a series of mouse operations, it is possible to manipulate objects in
the Map Window. In WARMF, an object can be a catchment, river segment, or reservoir
segment. It can also be any item in the Map Window.

Each object has its own properties, including location, points representing the boundary, fill

color, and line color. Objects may be manipulated to set up a Map or to change the appearance of
an existing Map. Following is a description of the method used to manipulate objects in

WARMF.

Selecting an Object

To select an object (e.g. catchment, river segment, or lake segment), move the mouse so that the
cursor is over the object. Click once with the mouse. A rectangle will appear around the object
and the object itself will invert colors to indicate that it has been selected, as shown in Figure 4-
13. Since this operation will select one object at a time, the previously selected object will
become un-selected.

—

et

- o --

Figure 4-13
Selecting an Object.

Selecting Multiple Objects

To select more than one object at the same time, select the first object as described previously.
Hold down theShift key and select other objects. When the hold down key is released, the colors
of all selected objects will be inverted inside a rectangle (Figure 4-14). This task can also be
accomplished througRubber Band tool, described earlier.
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Figure 4-14
Selecting Multiple Objects.

Changing the Appearance of Objects

Select the objects to change, as shown in Figure 4-15.

Figure 4-15
Selecting Objects to Change.

Then, selecEdit / Graphics and Text The dialog box as shown in Figure 4-16 will appear:
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Lines. Fillz and Text
Text Lines

Arial Bounded MT

- . oo |
Size:

Color: - Thickness II] 3:

Fill

. Change Font Colar | -
Vuk: xliancel

Figure 4-16
Dialog for Line, Fills and Text.

To change the font of text, click @hange Font To change the color of lines, click on the

Color button undet.ines, choose a color, and click OK. To change the thickness of lines, click
the box next td’ hicknessand change the thickness by the up and down arrows. To change the
color of polygons, click on th€olor button undeFill, choose a color, and click OK. This also
changes the default display of any objects created later.

Moving Objects

Select the objects to be moved. Then hold down the Ctrl key, click inside the selection rectangle,
and drag the mouse. When the objects are in the desired location, release the mouse (see Figure
4-17).

Figure 4-17
Moving Objects.
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To return an object to its original location, Wsdit / Undo. Undo can be performed several
times in sequence.

Resizing Objects

Select the objects to be resized as shown in Figure 4-18.

Figure 4-18
Selecting Objects for Resizing.

Then hold the Ctrl key down and move the mouse over a small square at the corners of the
selecting rectangle. The cursor will change appearance to look like a two-headed arrow. Click

and drag the mouse in the arrow directions. When the objects reach their desired size, release the
mouse.

Copying Objects

Select the objects to copy, as shown in Figure 4-19.

Figure 4-19
Copying Obijects.
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Then useedit / Copy to put a copy on the Windows Clipboard. To paste it into the Map

Window, useEdit / Paste The copied object may not be the same size as the original, but it can
be moved or resized as described previously.

Deleting Objects

Select the objects to be deleted. Thenkdieé/ Deleteto remove the objects as shown in Figure
4-20.

Figure 4-20
Deleted Objects.

To undelete the objects, uBdit / Undo. Undo can be performed several times in sequence.
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ENGINEERING MODULE—INPUT

Introduction

WARMEF requires two types of input: model coefficients and time series data. Model coefficients
are for parameters that describe physical, chemical and biological characteristics of the
watershed. Mostly, their values do not change with time. Time series data is time varying. They
are for meteorology, air quality, point source discharges, and managed flows (diversions or
releases) that are generally referred to as driving variables. Time series data also includes
observed flow and water quality, which are not model inputs, but are required for model
calibration.

Model coefficients can be entered directly into the dialog boxes on the computer screen. Time
series data is stored in ASCII files. WARMF also provides spreadsheet functions for the user to
import or update time series data through the data module.

During the model adaptation, the data for a given watershed is compiled and input to the model.
Model coefficients are adjusted for a good match between the simulated results and observed
data. Therefore, the WARMF CD will contain all input and observed data for the model. This
chapter describes the menus and dialogs that can be used to review, change, or update the model
coefficients and time series data. The model coefficients are classified into four groups. The first
group isCatchment Coefficients The second group River Coefficients. The third group is

Reservoir Coefficients The fourth group iSystem Coefficientsapplicable to the entire river

basin.

To review the model coefficients, WARMF must be in ltmgut mode. To be in thiput

mode, click orMode in the main menu bar of tlengineering module and then selelctput in

the pull down list. The user can point and click at a specific object (e.g. catchment, river
segment, or reservoir segment) on the basin map to access its coefficients. For the system
coefficients, point and double click at any location outside of the basin map and inside the Map
Window.

Catchment Coefficients
To edit coefficients for a catchment, double-click on that catchment on the basin map. To edit

coefficients for several catchments at once, select the catchments and then double-click on one of
them.
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Figure 5-1 presents the dialog box for catchment coefficients. The name of this catchment is
shown in theName box and in the caption of the dialog box. This can be the common name for
the piece of land. If a common name is not available, WARMF will display the catchment
identification (id) number in th8ubcatchment IDbox..

The image in the upper right corner is a shrunken copy of the Map. The catchment being edited
is highlighted. Below the shrunken map, there ¢sefficient selector Below it, there are nine
categories of dat&hysical Datg Meteorology, Land Use, Fertilization, Irrigation , Erosion,
BMP(s), Septics/ReactionsandSoil Coefficients The user can point and click at the diamond
button to activate a category of coefficients. Only one category can be activated at a time.

Catchment 115 EH |

MName ICatchment 115

Subcatchment ID; |115
Size and Slope

Area [sq. m)[1.06029¢+08  Aspect [deg) 187.353 Coefficient Selector

Slope I 0.02726 + Physical Data

Use scale to calculate | - Meteorology
= Width [m] I Zhh86.9 “ Land Use

> Fertilization
> Irrigation
> Erosion
Detention Storage [24] I L > BMP's
~ Reactions
Sﬁfacq Fllllughnf:ss Iiu3
[Manning’s n) Soil Coefficients
_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments
[v] Write Output To File / 0K annceI ? Help
Figure 5-1

Catchment Input Dialog—Physical Data.

Physical data

Figure 5-1 presents the input dialog for physical data of a catchment. The physical data includes
area, aspect, slope, width, detention storage, and surface roughness of the land catchment. Most
of the values shown in the dialog boxes are calculated by WARMF using the DEM data. For that
reason, their values have several decimal points.
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The variable names of physical data, their units, ranges, and definitions are shown in Table 5-1.

Table 5-1
Physical Data for Catchments.
Variable Units Range Description
Area m’ >0 Catchment area
Use Scale to Calculates the catchment area automatically
Calculate
Aspect degrees 0-360 Catchment facing, clockwise from north
Slope m/m >0 Average slope of the catchment
Width m >0 Average width of the catchment perpendicular to flow
Detention % 0-100 Surface depression storage
Storage
Surface 0.1-0.3 Manning’s coefficient
Roughness

All the numbers in dialog boxes can be modified directly on the computer screen. After the data
corrections, the user can have several options on how the changes are to be stored. When the
Apply Changes to Selected Catchmentsutton is checked, the changes, other than catchment
dimensions, will be made to all selected catchments. Whehpilg Changes to All
Catchmentsbutton is checked, the changes will be made to all catchments.

Click on Write Output to File for WARMF to write the simulation results in an output file for
this particular catchment. When this is not checked, the output for the catchment will not be
written to save disk space.

To save the changes made, cl@K. To ignore changes, clicRancel

Meteorology

Figure 5-2 presents the input dialog kdeteorology. This dialog provides a mechanism to

assign the data file (e.g. MORGANTN.MET) of a nearby meteorological station to a land
catchment. Data from a meteorological station can be assigned to multiple catchments, each with
appropriate adjustment factors for precipitation and temperature. The applicable air quality data
file (e.g. cranberry.air) can also be assigned in this dialog. The definition, unit, and range of
meteorological input variables are presented in Table 5-2.
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Catchment 115

Meterological File

MORGANTN.MET Select |

Precipitation Weighting 1.05

Average Temperature Coefficient Selector
Lapse [C]_ I -0.474 Physical Dat

Altitude Lapse [Cfm] I 0

Air Chemistry File

 Fertilization
> Irrigation
> Erosion

cranberry.air Select | -~ BMP's
~ Reactions

Soil Coefficients

_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments

[ Write Output To File / oK xcan.:e| ? Help

Figure 5-2

Catchment Input Dialog—Meteorology.

Table 5-2

Catchment Input Dialog—Meteorology.

Variable Units Range Description
Meteorology Meteorological data file. Click on Select to choose a
File file for the applicable station
Precipitation 0.5-1.5 A multiplier to adjust precipitation at meteorology
Weighting station to the catchment
Temperature °C -5-5 Temperature difference between the catchment and
Lapse the meteorology station.
Altitude °C/m 0.001-0.009 | Temperature lapse rate per meter of elevation
Lapse
Air Chemistry Air/rain chemistry data file. Click on Select to choose
File a file for the applicable station
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Land Use

Figure 5-3 is the input dialog fevand Use coefficients. The land use coefficients are expressed
in percent of catchment area. The values can range from 0 to 100%. The sum of all land uses
must equal 100.

Catchment 115

% |
Deciduous Forest 35.5383
Evergreen Forest 1.01046
Mixed Forest 5.32184
Shrubland 0.651872 —
Cultivated 4.73052 Coefficient Selector
Herbaceous 40.1928 - Physical Data
Water 0.168608 - Meteorology
Barren 1] p-ant w3t
Low Int. Develop. 3.08481 i ::rfr:imzllltizj:un
High Int. Develop. 9,30075 : Emgsiun
TOTAL 100 -~ BMP's
- ~ Reactions
Soil Coefficients
_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments
[v] Write Output To File / 0K xﬂancel ? Help

Figure 5-3
Catchment Input Dialog—Land Use.

Land use data can be imported a\eaView Shape File The data shown in Figure 5-3
represents the base case that has been imported during the model set up. The data can be
modified in this dialog.

To import a projected land use, the first step is to check if there are new land use categories. Add
the new land use categories into the land use category list (see a later section under System
Coefficients). After the land use category list is updated, seikect Import / Land Use and

then the appropriateHP file. The program will display the dialog in Figure 5-4, asking for the

field which contains land use:
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Arc¥iew Shape File Fields

Select a Shape File Field

ARER,
FERIMETER
CRLULC_

CRLULC D

/ [k anru:eI ? Help

Figure 5-4
Fields in the Arc View Shape File.

After the field selection, the program will display Figure 5-5, asking you to match the land use
codes:

Match land uses

tatch the land wze code ko the

b 1. Deciduous Fore a
exizting land use number

2. Evergreen Fore

Cod [Land Uses | =] |3 et
11 4 5. Cultrvated
6. Herbaceous
12 2 7. Wiater
13 8| | |2 Baren hd
1] r

/ [k anru:eI ? Help

Figure 5-5
Matching Land Use Codes

The first column shows the code numbers used in the Arc View Shape file. The numbers below
theLand Usescolumn are the corresponding land use categories used in WARMF. The
complete list of the land use categories is provided in the dialog box on the right. You can find
the corresponding land use from the list on the right and enter the number into the spreadsheet.
After matching all of the codes, sel€é@K and WARMF will import the new land use data.
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Figure 5-6 is the input dialog fétertilization coefficients. The fertilizer application is a

function of land use, time (month), and chemical compositions. For cropland, these may be the
actual fertilizer loadings. For others, they can be fertilizer equivalents, e.g. horse or cow manure
on grazing land, and lawn chemicals, pet droppings, automobile exhaust, and garbage on urban
land.

Catchment 115

Land Use ICuItivatEd j
April | May | June I:
Ammonia, kgfha N 0 30 30
Aluminum, kgfha 0 0 0
Calcium, kgfha 0 0 0
Maqnes.ium, ka/ha 0 0 0 Coefficient Selector
Potassium, kqgfha 0 1] 0 * Physical Data
Sodium, kqtha 0 1] I]_ > Meteorology
Sulfate, kg/ha 5 0 0 0 5
Nitrate, kqfha N 0 0 0
Chloride, kqgfha 0 1] 0
Phosphate, kg/ha P 0 16.5 16.5 * Erosion
Org. Carbon, kg/ha | 0.416667 1.25 1.25 - BMP's
Silica, kgfha Si 0 0 0 ~ Beactions
Fec. Coli., 1EG}ha 0.016 0.016 0.016 = . .
ll —I b Soil Coefficients
_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments
[v] Write Output To File / 0K xﬂancel ? Help
Figure 5-6

Catchment Input Dialog—Fertilization.

Push the down arrow for a pull down list of land uses. Select the land use for fertilizer
application. Monthly fertilizer loadings are for individual chemical constituents applied to the
land.

The loading data can be entered one by one into the spreadsheet. If there is a spreadsheet for the
fertilizer application rates, it can be copied into WARMF, using@m&L-C (copy) and
CTRL-V (paste) commands.
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Irrigation

Figure 5-7 is the input dialog farrigation coefficients. Irrigation is a function of land use. The
coefficients show the amount of irrigation water applied to the specific land use area of the
catchment. The coefficients also specify the source of irrigation water and percentage of its flow
used.

Subcatchment 371

Land Use IF‘asture
%
Stmboat.flo
Lschance.flo
Lake.flo 10 Coefficient Selector
| ~ Physical Data
= ~ Meteorology
> Land Use
Add ~ Fertilization
 lIrrigation:
Click on a row and then Cirl+Del to remove. “ Erosion
~ BMP's
~ Reactions
Soil Coefficients
_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments
[v] Write Output To File / 0K xﬂancel ? Help

Figure 5-7
Catchment Input Dialog—Irrigation.

Push the down arrow for a pull down list of land uses. Select the land use that is irrigated (e.g.
Pasture, or Farmland). Then add the names of the diversions where the water is coming from
with theAdd button. For each diversion, set the percentage of its flow to apply to the catchment.
The program allows for a land to be irrigated by water diverted from multiple locations. A single
diversion may irrigate more than one catchment as long as the total percent from the diversion is
less than or equal to 100. Diversions from rivers are set iRitleg Input Dialog .
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Erosion
Figure 5-8 shows the input dialog fiérosion coefficients. The erosion coefficients specify the

erosivity factor of the soil and its particle contents in terms of clay, silt, and sand. Table 5-3
provides a description of therosion coefficients.

Catchment 115 EH |

Soil Erosivity Factor I 0.1

Particle Content of Soil Surface [25]

Coefficient Selector
> Physical Data

Primary Clay ] ~ Meteorology
: : > Land Use
Primary Silt 0 > Fertilization

FPrimary Sand 0

A

 Reactions

Soil Coefficients

_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments

|v| Write Output To File / 0K annceI ? Help

Figure 5-8

Catchment Input Dialog—Erosion.

Table 5-3

Erosion Coefficients for a Catchment.

Variable Units Range Description
Soil Erosivity none 0.1-0.4 Erodibility of soil from Universal Soil Loss Equation
Primary Clay % 0-100 Fraction of clay in erodible soil
Primary Silt % 0-100 Fraction of silt in erodible soil
Primary Sand % 0-100 Fraction of sand in erodible soil
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BMP(s)

Figure 5-9 presents the input dialog of BMP(s). BMP(s) are best management practices, which
can be used to reduce nonpoint source pollution. There are hundreds of BMP(s) including
nonstructural and structural alternatives. The structural alternatives include animal fencing,
detention pond, and buffer zone. The nonstructural alternatives include street sweeping and the
application rate of fertilizer or pesticide. The user can adjust fertilizer application rate to evaluate
its effectiveness in improving water quality.

Subcatchment 371

Livestock Fencing
Livestock Land Use IF‘asturt: j
Direct Stream Access [*4) I 2h
Detention Pond Yolume [m*3) I 0 Coefficient Selector
> Physical Data
Street Sweeping ~ Meteorology
.. > Land Use
Erequency [days] 0 Efficiency [%] I 0 * Fertilization
Buffer Zone 2 Irrlg:a!tmn
» Eraslon
Percent Buffered I 50 Slope I 0.m * BMP's;
- Reactions
Width [m] I 10 Roughness I 0.3
Soil Coefficients

_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments
|v| Write Output To File / Ok xI:ancel ? Help
Figure 5-9

Catchment Input Dialog—BMP(s).

Livestock fencing is applicable to the pasture land only. The coefficient specifies the percentage
of animals that have a direct access to the river bank. The model assumes that these animals will
discharge their wastes directly into the river. The remaining animals will discharge their wastes

to the land as fertilizer.

The model coefficient for detention pond includes the total volume of all ponds in the land
catchment. The algorithm for the detention pond will be added in the near future.

Street sweeping is applied to the impervious area of urban land. Its coefficients include the
sweeping frequency and removal efficiency. Buffer zones or buffer strips are areas of land
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adjacent to a riverbank that may have more vegetation and a flatter slope. The sediment laden
surface runoff may flow over the buffer strips before entering the river. It is considered a best
management practice for controlling sediments and their associated nutrients outflow from land
to the river. Table 5-4 provides is a description of the coefficients associateBINR{s).

Table 5-4
BMP Data for Catchments.

Variable Units Range Description
Livestock The land use for livestock grazing
Land Use
Direct Stream % 0-100 Percent of livestock whose waste is discharged
Access directly to stream. The remaining livestock is

assumed to drop directly on to land

Detention m’ >0 Volume of all detention ponds in the catchment
Pond Volume

Street Sweep days 20 The number of days between street sweepings on
Frequency impervious surfaces

Street Sweep % <100 Percent of solid build-up removed by each street
Efficiency sweeping pass

Percent % 0-100 Percent of surface runoff that flows over a buffer strip,
Buffered i.e. the percent of total river length that is buffered in

the catchment.

Width m >0 Average width of buffer strip

Slope none >0 Average slope of buffer strip

Roughness m*/s 0.035-0.1 | Manning’s n for buffer strip ( Chow et. al 1988)
Septics / Reactions

Figure 5-10 is the input dialog for septic tanks and the oxidation rate of ferrous to ferric iron. For
each catchment, the population served by septic systems is specified. Septics usually discharge
into the top soil layer. Septics within each catchment are grouped into three categories: standard,
advanced treatment, and failing. In the system coefficients dialog, discharge concentrations of
the different septic types is specified.

For ferrous oxidation, the rate coefficient is the maximum oxidation rate under the atmospheric
condition of 21% oxygen.
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Subcatchment 159

Septic System Data

Dishcharge Layer I 1

Population Served by Septics 700

Distribution of Septic Systems
[total should equal 100)

Standard Septics %) 100 Coefficient Selector
Adv. Treatment Septics (%) I ] - Physical Data
Failing Septics [*] |7I] ; r;:suljzl:gy

~ Fertilization

Reactions > Irrigation

Eerrous Oxidation Rate, 1/d IW ; E;;lsjilgn

* Septics [ Reactions:

Soil Coefficients

_| Apply Changes To Selected Catchments _| Apply Changes To All Catchments
[ Write Output To File V 0K xCancel ? Help
Figure 5-10

Catchment Input Dialog—Septics / Reactions.

Soil Coefficients

Soil coefficients are divided into 6 subcategorizes, i.e. hydrology, solution, adsorption, mineral
weathering, TIC (total inorganic carbon), and mining. They are listed at the lower left corner of
the soil coefficients dialog. Push the diamond button of a specific category to bring up its
coefficients dialog.

Soil Hydrology

Figure 5-11 presents the input dialog &wil Hydrology Coefficients which is the default

dialog when the soil solution button is pressed. This dialog is for editing parameters that control
soil hydrology. The soil is divided into layers. The number of layers can range from 1 to 5. Layer
1 is on the top. Each layer has its own area, depth, field capacity, and hydraulic conductivity.
With variable areas of soil layers, the model can account for a bowl shape basin or a catchment
with constricting base rocks in each soil strata. Table 5-5 presents the variable names and their
value ranges.
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Soil Coefficients
MHumber af Soil Layers: |_4
Area Thickness Initial Field Sat. Horizontal | VYertical
mé cm Moisture |Capacity | Moisture |Cond. cmfd|{Cond. cmjd
1 | 22270000 17.21 0.465 0.332 0.535 6060 453
2 | 22270000 39.89 0.284 0.185 0.284 2060 285
3 | 22270000 44.38 0.237 0.226 0.331 1075 296
4 354900 1520 0.012 0.011 0.015 3 3
*  Hudrology ineral Composition
Sulutiu:ur'! Tl.l:. / Ok ? Help
Adszorphion Mining
Figure 5-11
Catchment Input Dialog—Hydrology Soil Coefficients.
Table 5-5
Soil Hydrology Coefficients.
Variable Units Range Description
Area m® >0 Surface area of the soil layer
Thickness cm >0 Thickness of the soil layer
Initial Moisture m°/m?® 0-0.6 Initial soil moisture by volume
Field Capacity m°/m’ 0-0.4 Field capacity of the soil
Saturation m°/m® 0.2-0.6 Saturated soil moisture of the soil
Moisture
Horizontal cm/ day >0 Horizontal hydraulic conductivity of the soil
Conductivity
Vertical cm/ day >0 Vertical hydraulic conductivity of the soil
Conductivity
Root none 0-1 Portion of roots in each soil layer. The total over all
Distribution soil layers should equal 1.
Density g/cm’ 2-3 Density of the soll
Soil Tortuosity m/m >1 Ratio of flow path length to straight line distance
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Soil Solution

Figure 5-12 presents the input dialog of soil solution coefficients. This is the dialog to specify the
initial condition of soil solution chemistry. The parameters include temperature and the
concentrations of ammonia, aluminum, calcium, magnesium, potassium, etc. The scroll bar can
be dragged at the bottom of the spreadsheet to bring other parameters into view. All parameter
values can be specified for each soil layer.

Soil Coefficients
Murnber of Soil Layers: |_4
Initial zolution concentrationz, mgsl. Temp. in Celsius.
Temp. NHAa | & | ca | Mg | Kk | N
1 15 0.05 0.15 25 2 3
2 15 0.05 0.15 2h 2 3
3 15 0.05 0.15 2h s 3
4 10 0.05 5 2h 2 3
<] |
Hydrology Mireral Corpozition
* Solution TIC / 0K ? Help
o o o =
Adzarption kininig
Figure 5-12

Catchment Input Dialog—Soil Solution Coefficients.

Adsorption

Figure 5-13 presents the input dialog for adsorption coefficients. The cation exchange capacity
(CEC) is expressed in meq/100g soil and cations adsorbed on the exchange sites are expressed in
percent of CEC as indicated in the dialog. The data can be determined by a standard laboratory
procedure of extracting and measuring soil solution chemistry, followed by flushing out the

cations on the exchange sites with concentrated barium chloride. The model assumes that the
CEC not occupied by major cations will be assigned to hydrogen ions. For anions (agdSO

PQ,), enter the adsorption coefficient as mg of parameter per 100 g of soil.
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Soil Coefficients
Murber of Sail Layers: |_4
Initial adzorbed concentrations
Cationz az & aof baze zaturation. Cation Exchange Capacity [CEC) az meqg100 g zoil
Aniohz az mgd100 g of zail.
CEC H | NHa | a1 | ca | Mg | ¥
1 36.68 435 3 0 33.8 14.6
2 12.22 80.7 2 0 12.5 2.5
3 9.31 28.3 1 0 47.6 19.3
4 0.5 98.39 0.m1 0 1 0.4
1] |
Hydrology Mineral Compozition
S ol
-:ulutu:un- TI-I:. V Ok ? Help
*  Adzorption kining
Figure 5-13

Catchment Input Dialog—Soil Adsorption Coefficients.

Mineral Composition

Figure 5-14 presents the input dialog to enter the mineral composition of each soil layer. The
units are percent by weight. The weathering by-products of each mineral are set through the
system coefficients dialog, which will be discussed later.

Soil Coefficientz
MHumber of Soil Layers: |_4

Mineral compozition, &

Hornblend Sphalerite| Calcite | Feldspar | Pyrite
1 1 1] ] 1 0.001
i h 1] ] b 0.01
3 15 0 0 10| 0.1
4 40 1 7 40 1.5

Hydrology *  hineral Compozition

Salutian TIC V ok

Adzorption Mining

? Help

Figure 5-14
Catchment Input Dialog—Mineral Composition.
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As described in the technical report, this part of the model was originally designed for
watersheds in the Adirondacks region of upstate New York, where the soils are glacial tills,
composed of primary minerals. For watersheds where the soils are made of well-weathered silt,
clay, and sand, the content of primary minerals can become very small.

TIC

Figure 5-15 presents the input dialog for TIC, which stands for total inorganic carbon. This is
provided so the model can account for the ground water being super saturated with carbon
dioxide.

Soil Coefficients |
Murnber of Sail Layers: |_4
Layer Optian Factor
1 Atmozphernc Equilibrium j B0
2 Atrmosphernic Equilibrium j &0
3 Atrmosphernic Equilibrium j G0
4 Atmozphernc Equilibrium j 3]

+ Hudralogy  Mineral Carmposition

> Soon < [TiE | vV o |

- Adsorption 2 Mining

? Help

Figure 5-15
Catchment Input Dialog—TIC Coefficients.

Three options are provided to calculate TIC. Table 5-6 describes the options. In general, the
Atmospheric Equilibrium option is recommendeé&actor indicates the degree of super
saturation over one atmosphere. Its value generally ranges from 20 to 100.

Table 5-6
TIC Calculation Options.

Option Description
Calculate Calculate TIC as the sum of TIC in water and CO, in air space.
Atmospheric Equilibrium Calculate TIC by Henry’s Law. A super saturation Factor is applied.

This option is recommended.

Constant Concentration Set TIC as a constant in moles/I.
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Mining

For the catchment with mining activities, there are three possibilities: deep mine only, surface
mine only, and a mixture of surface and deep mines. Figure 5-16 shows the dialog to enter data
for each possibility.

5Soil Coefficients

Murnber of 5 il La_l,lers:l 4

| Battom laver is deep mine overburden

K|

[

Bottam layer iz surface mine overburden in: | Strip Mines

Surface mine overburden charactenstics:

Area
mZ

Thickness
cm

Initial
Moisture

Field
Capacity

Sat.
Moisture

Horizontal
Cond. cmjd

Vertical
Cond. cmfd

1

114377.2

200

0.13

0.126

0.376

6000

296

1] [

 Mineral Carmpaosition
V /4 | ? Help

+ Hudralogy
~» Saolutian
2 Adsorphion

Figure 5-16
Catchment Input Dialog—Mining Coefficients.

If there are only deep mines, check the buttorb@iitom layer is deep mine overburdenAfter
that, push the down arrow bbttom layer is surface mine overburderand select no surface
mine in the pull down list. In this case, the catchment surface will have the land use as specified
in the input data. The water will percolate down to the deep mine tunnel for exit through a portal.

If there are only surface mines in the catchment, do not check the bultottarh layer is deep

mine overburden. Push the pull down arrow bbttom layer is surface mine overburden

select surface mine, and enter the parameter values for the characteristics of surface mine
overburden. Since the land has been disturbed, the soil characteristics may have a higher porosity
and hydraulic conductivity. In this case, WARMF will perform a separate simulation of acid

mine drainage from the surface mine area of the catchment. The hydrology and nonpoint source
load from other land uses in the catchment are simulated through normal procedure.

If there is a mixture of deep and surface mines, check the buttbotfom layer is deep mine
overbuden After that, push the pull down arrow ledttom layer is surface mine overburden

select surface mine, and enter the parameter values for the characteristics of surface mine
overburden. In this case, WARMF will perform a separate simulation of acid mine drainage from
surface mine area of catchment. The groundwater from other land use areas will percolate down
to the deep mine tunnel for exit through a portal.
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River Coefficients

To edit coefficients for a river segment, double-click on the river segment on the Map. Figure 5-
17 presents the dialog box of river coefficients. The name of this river segment is shown in the
Namebox. The default name of a river segment isStream ID number, which is used

internally for connectivity among objects. The user can change the default ID to its common
name by simply typing it over the default. The stream ID number cannot be changed. The image
in the upper right corner is a shrunken copy of the Map. Note that the river being edited is
highlighted in this window.

Below the shrunken map, there is a coefficient selector for the six categories of river coefficients:
Physical Data Stage-Width Curve, Diversions Point Sources Reactions andSediment

Transport. To select a category, click on the diamond button to the left. At the bottom of the
coefficient selector, there are two other buttdng: Conc. andAdd Observed Data

HemyFok T |
Mame; IHEI‘Ir‘f Fork
Stream ID: |1 22
Bed Elevations [m] Length and Depth
Length [m] I 474374
Upstream I 434.277
= Use scale to calculate. |
Downstream | 270.318 S Stameiwidth €
- Stage-Wi urve
Initial Depth I 0.5
nitial Depth [m] > Diversions
> Point Sources
Kinematic Yave Houting > Beactions
Manning's N I 0.1 - Sediment Transport
Init. Conc.
_| Apply Changes To Selected Rivers _| Apply Changes To All Rivers
|v| Write Output To File V 4 anncel ? Help Add Observed Data
Figure 5-17

River Input Dialog—Physical Data.

Physical Data

Figure 5-17 is the input dialog for physical data of a river segment. The physical data of a stream
segment includes bed elevations, length, initial water depth and Manning’'s N. WARMF
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automatically calculates the bed elevations with the DEM data. The user can pusk goale

to calculatebutton for WARMF to calculate the length of the river segment. If the river length

has been estimated or measured, the user can type in the river length in meters. The initial water
depth and Manning’s N must be entered by hand. If changes have been made to any coefficients
in the dialog boxes, there is a buttorAyaply Changes to Selected Riverslhere is also a

button toApply Changes to All Rivers

TheWrite Output to File button is used to save the simulation results for later analyses. If this
button is not checked, some disk space is saved but the simulation results for this particular
stream segment cannot be reviewed.

To save changes when closing this dialog, diék. To ignore changes, clicdRancel

Stage-Width Curve

Figure 5-18 is the input dialog for the stage-width curve. The spreadsheet provides two columns
to enter up to 9 pairs of stage and width data. The curve for the relationship is automatically
plotted. This curve represents the river cross section. It can be any shape. For the river with a
flood plain on the side, a large increase of width can occur with a small increase in stage.

Henry Fork

Enter up to 9 pairs of

stage-width data below. 20.0

Stage [m] “Width [m]) i
0.00 oo 180T
0.40 12.0 12.0 -
0.50 18.0 L
0.75 23.0 g0 L
1.00 29.0 - e
1 50 5.0 40 L Coefficient Selector
5 00 500 L  Physical Data
10.00 70.0/ 0.0 A + Stage-Width Curve!
20.00 £0.0 0 40 80 ~ Diversions

> Point Sources
 Reactions
-~ Sediment Transport

Init. Conc.

_| Apply Changes To Selected Rivers _| Apply Changes To All Rivers

[T write Output To File | g o | | Hcance ? Help Add Observed Data

Figure 5-18
River Input Dialog—Stage-Width Curve.
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Diversions

Figure 5-19 is the input dialog for diversions. The time series of a diversion is stored in an ASCII
file. The user can use this dialog to assign the diversion file to a stream segment. Several
diversions can be taken from a river segment. A stream segment can also receive flow from a
diversion. In the example shown, there are three diversions from Truckee River at Farad. No
diversion flow is discharged to this river segment. Diversion water used in land irrigation is
entered througlCatchment Input Dialog underirrigation .

Truckee River at Farad

Diversions From Diversions To
Katz.flo | ]
Stmboat.flo

steamm&i.flo

Coldron.flo

Coefficient Selector
 Physical Data
= = =

- Stage-Width Curve
A add * Diversions
Remove Remove ~ Point Sources

 Reactions
- Sediment Transport

Init. Conc.

_| Apply Changes To Selected Rivers _| Apply Changes To All Rivers

|v| Write Output To File V 4 anncel ? Help Add Observed Data

Figure 5-19
River Input Dialog—Diversions.

The Add andRemovebuttons are used to add or remove diversion files (i.e. Big.flo, Huhges.flo,
and Hansen.flo), which contains day, month, year, and diverted flow in cubic meter per second.
Their values can be viewed and modified throughtata Module underManaged Flow.

Point Sources
Figure 5-20 is the input dialog to assign the point source files to a river segment. WARMF stores

all point source files in the same directory. To add a point source to the river segment, simply
press theddd button. WARMF will show all point source files. Click on a specific discharge to
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add. To remove a point source discharge from the river segment, select the point source file and
press thd&kemovebutton.

Each discharger has a separate file that contains date, flow, and pollutant loadings. The data
point can be as little as only one for the entire period or as frequent as daily. The model uses a
step function to apply the pollutant loadings to the stream segment.

HenyFork [
NCD031119.PTS |B i

NCO0AD¥97.PTS
NCO05%0920.PTS

Add

Coefficient Selector
Remove - Physical Data

- Stage-Width Curve
> Diversions

# Point Sources
 Reactions

- Sediment Transport

Specify temperature and total loading.
YWater source Unspecified Constituents

* Zero
~ Biver Ambient

NPDES Permit INCI]I]31 118

_| Apply Changes To Selected Rivers _| Apply Changes To All Rivers

> Internal [from river]
* External

Init. Conc.

|v| Write Output To File V 4 anncel ? Help Add Observed Data

Figure 5-20
River Input Dialog—Point Sources.

A river segment can accept multiple point source discharges. WARMF accepts each discharge
separately and puts them into the river segment. The location of point sources can be seen on the
watershed map by selectifvgew/Point Sourcesfrom the main menu. To view point source

data, double click on the white dot for a specific discharger. Point source file contains date, flow,
and pollutant loading data. There is an issue of whether to enter the permitted loading or the
actual loading. For the calibration and base case, we recommend to use actual loading. The
permitted loading can be used in scenario evaluation.

Below the point source list, there is a linegter source information corresponds to selected
point sourcé€'. It invites user to point and click at a point source on the list to find out its water
source. When NC0004243 is selected, for example, the two boxes below the line become
activated. Since the water is from external source, the line changgsemfy temperature and
total loading”. It means that the data in the point source file is the actual loading.
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Point source load from a sewage treatment plant or an industrial facility is from an external
source. A thermal discharge, on the other hand, is from an internal source, because the power
plant withdraws water from the stream segment within the basin, adds heat or other chemical
constituents, and discharges it again. For the internal source discharge, the line underneath the
spreadsheet changes to “Specify changes in temperature and loading added”. In other words, the
numbers in the point source file represent the increase of pollution loads for temperature and
other water quality constituents. For the water quality constituents whose loading addition is not
specified, one can seldeiver Ambient to return the flow with the ambient concentrations of

the water when it was diverted. One can also s&ked to return the flow with zero

concentrations for all constituents not specified in the point source file.

Reactions

Figure 5-21 presents the input dialog of reaction coefficients for the river segment. The
definition, units, and range of each reaction coefficient are presented in Table 5-7.

Henry Fork

Aeration Factor, 1/day

50D, gfm2fday

=
—

Organic Carbon Decay, 1/day

Nitrification Rate, 1}/day

Coefficient Selector

Ferrous Oxidation Rate. [molfl)*2}d
 Physical Data

~ Stage-Width Curve
> Diversions
> Point Sources

Convective Heat Factor 1e-08 + ‘Reactions;

Sulfur Reduction, 1{day

Coliform Decay, 1/day

-~ Sediment Transport

oL

Precipitate Settling, mfday

Init. Conc.

_| Apply Changes To Selected Rivers _| Apply Changes To All Rivers

[T write Output To File | g o | | Hcance ? Help Add Observed Data

Figure 5-21
River Input Dialog—Reactions.
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Table 5-7
Coefficients for River Reactions.

Variable Units Range Description
Aeration none 1.0 Scale factor to adjust the internally calculated re-
Factor aeration rate
SOD g/ m?/ day 0.1-2 Sediment oxygen demand
Organic day* 0.1-1.0 Organic matter decay rate at 20 °C
Carbon Decay
Nitrification day* 0.1-1.0 Nitrification rate at 20 °C
Rate
Ferrous (mol/l’/d 1x10" The rate of ferrous (Fe*) oxidation to ferric ion (Fe*).
Oxidation
Rate
Sulfur day”’ 0-1.0 The rate of sulfate reduction to H,S under anoxic
Reduction conditions at 20 °C
Coliform day™ 0-1.0 The mortality of coliform bacteria at 20 °C
Decay
Convective none 1.0e” Empirical coefficient for convective heating

Heat Factor

Precipitate m/d 0-1 The settling rate of chemical precipitates in the water
Settling column

Sediment Transport

Figure 5-22 presents the input dialog for sediment transport coefficients. Table 5-8 provides a
description of the coefficients f&@ediment Transport.
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Henry Fork

Detachment Yelocity Multipliﬂrl he-07
Detachment Yelocity Expunf:ntl 1.2

Initial Sediment Depth [m]

¥egetation Factor

Bank Stability Factor

L.

Coefficient Selector

Particle Content of River Bed [*q] i Physical Data
Stage-¥Width Curve
Primary Clay I 20 - Diversions
. . > Point Sources
Primary Silt I 30 =
i  Beactions
Primary Sand I 50 #+ Sediment Transport:
Init. Conc.

_| Apply Changes To Selected Rivers _| Apply Changes To All Rivers

|v| Write Output To File V 4 xlianc:el ? Help Add Observed Data
Figure 5-22
River Input Dialog—Sediment Transport Coefficients.
Table 5-8
River Sediment Transport Coefficients.
Variable Units Range Description
Detachment empirical | usually 1.0e® | A proportional constant in the empirical sediment
Velocity Multiplier detachment equation.
Detachment none 1.0-2.0 An exponential constant in the empirical sediment
Velocity Exponent detachment equation.
Initial Sediment m >0 initial depth of sediment
Depth
Primary Clay % 0-100 fraction of clay in the sediment
Primary Silt % 0-100 fraction of silt in the sediment
Primary Sand % 0-100 fraction of sand in the sediment
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Initial Concentration

Figure 5-23 shows the input dialog for initial concentrations of water quality parameters when
thelnit. Conc. button is clicked. The initial concentrations of various water quality constituents
can be entered into the spreadsheet in the units specified®dssclose this dialog.

Initial Concentrations |

Temperature, C 20| =~
Ammonia, mgfl N 0.02
Aluminum, magfl 0.1
Calcium, mafl 3
Magnesium, mgfl 1
Potassium, mqfl Pl
Sodium, mgfl L
Sulfate, mgfl 5 5
Nitrate, mgfl N 0.05
Chloride, mgfl 2
Phosphate, mgfl P 0.005
Org. Carbon, mg/fl 2

Inorg. Carbon, mgjl i
Silica, mgfl i 4
Fec. Coli., #100 mli 100
Diss. Oxygen, mgfl ]
Pesticide 1. mq{l 0

Pesticide 2, ma/l 0| =|

oK I anrn::eI ? Help

Figure 5-23
River Input Dialog—Initial Concentrations.

Add Observed Data

Figure 5-24 shows the input dialog box fatd Observed Data.This dialog is used to provide a
link between an observed data file to the river segment. The observed data file can be for
hydrology with ORH extension or for water quality with ORC extension.
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Add Observed Data |

‘ * Hydrology > Water Quality

Observed Data File: |HNFWFK.DHH

Format of New Data
CERS BTG Blnaey File

OAELH File

Select a New Data File to Merge

Figure 5-24
River Input Dialog—Add Observed Data.

By selectingHydrology, the name for the existing observed hydrology data file will appear with
anORH extension. If no file name appears in the box, this river segment has no observed flow
data. If there is an observed data file for the river segment, simply type the file name with ORH
extension in the box.

By selectingWater Quality, the name for the existing observed water quality data file will

appear with a®RC extension. If no file name appears, this river segment has no observed water
quality data. If there is an observed data file, simply type the file name with ORC extension in
the box.

The preferred method to edit or update the observed data file is through the data module as
described in th&Jpdate and Recalibrationchapter of this report. However. it is still possible to
use an old method of merging water quality data in EPA STORET binary format into an existing
file. This method was developed previously and is retained in the dialog. To use this method,
click on Select New Dataand choose the name of the binary file to import. GDé&k to import

the data from the binary file to the observed water quality data file.

Reservoir Coefficients

To edit reservoir coefficients, double-click on a specific reservoir segment on the Map. Figure 5-
25 shows the input dialog for Lake Norman.
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Name; ILake MNorman

Reservoir ID: (243

Data for Whole Beservoir

Initial ¥Water Surface Elewvation, m I 230.92
Minimum Surface Elevation, m 198
Maximum Surface Elevation, m £33

3 is seq to seq flow following inflow pattern.

Outflow File: NORMAN.FLO

Qutlet Elev., m Width, m Type ﬂ
Spillway 232.0 500 O
Release 226.3 9.8 0
Diversion 226.3 1.0 1 =|

Outlet type: 0 is release; 1 is diversion; 2 is submerged weir;

Select

Engineering Module—Input

|v| Write Output To File

_| Apply Changes To All Reservoirs

annceI

Add Observed Data |

v

? Help

Coefficient Selector
# Physical Data

~ Meteorology

> Diffusion

- Stage-Flow Curve
 Stage-Area Curve

> Point Sources
 Initial Temperature

> Reactions | Sediment

Simulate reservoir as...
+ single mulitple
segment[s].

Init. Conc.

Figure 5-25
Reservoir Input Dialog—Physical Data.

The name of the reservoir segment is shown ifNtie box. The identification number of the
reservoir segment is shown in ldeNumber box. The user can type the name of the lake in the

name box, but cannot change the identification number of the reservoir used internally by
WARMF.

The image in the upper right corner is a shrunken copy of the Map. Note that the reservoir
segment being edited is highlighted in this window. Below the shrunken basin map, there is
coefficient selectorfor the eight categories of coefficients: Physical Data, Meteorology,
Diffusion, Stage-Flow Curve, Stage-Area Curve, Point Sources, Initial Temperature, and
Reaction Rates. The user can activate a category of coefficients by pointing and clicking at its
diamond button. Only one category of coefficients can be activated at a time. Below the
coefficient categories, the user may select whether to simulate the water bdgingle ar

Multiple segments. Single segment method is for reservoirs that can be stratified vertically, but
mixed horizontally. For a long and narrow reservoir, it may be more appropriate to divide the
reservoir into multiple segments, each of which can be stratified vertically but mixed
horizontally.

Below the selection button for segmentation, there igniheConc. button to specify the initial
conditions of the reservoir. At the lower left corner, there iAithe Observed Databutton to
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add or assign observed data files to the reservoirAppey Changes to All Reservoirsbutton

is used to apply all changes made to the coefficients in the dialog to all reservoir segments in the
river basin. Thé&Vrite Ouput to File button is used to save the time series of simulation results

for the reservoir segment. When this button is not checked, the output will not be available for
later use.

To save the changes made when closing the dialog,@KcKTo ignore changes, clidBRancel

Physical Data

Figure 5-25 is the dialog fd?hysical Data.The coefficients shown in this dialog are all related

to physical information such as initial water surface elevation, maximum water surface elevation,
minimum water surface elevation and outlets. Table 5-9 provides the definition of physical data
for reservoirs.

Table 5-9
Physical Data for Reservoirs.
Variable Units Range Description
Initial Water Surface m surface elevation at the beginning of simulation
Elevation
Minimum Surface m the elevation of dead storage capacity
Elevation
Maximum Surface m > min surface | elevation of water over the spill way
Elevation elevation
Outlet name of outlets
Outlet elevation m elevation of the outlet
Outlet width m width of the outlet
Outflow type 0—for releases at a specified depth; 1—for
diversion; 3—withdrawal from full depth
Spillway the structure for water to spill over the top
Diversions water is removed from the river basin
Outflow File contains data of daily reservoir releases and
flow diversions from each outlet

A reservoir can have multiple outlets. The first outlet is a spillway. Each outlet has its own
elevation. WARMF withdraws water from the strata near the outlet elevation. Currently,
WARMEF is designed to operate with the daily input of reservoir releases from each outlet other
than the spillway as specified in the outflow file. If spill data is available, that can be specified as
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an additional outlet with a column in the outflow file. The spillway algorithm built into WARMF
calculates the spill when the water level is higher than the spillway. This can be de-activated by
setting a very high spillway elevation in order to avoid double accounting when the spill data is
available.

The outflow file contains daily flow release data. It is an ASCII (text) file with a FLO extension.
Each line contains the data of day, month, year, and flow/sfar each outlet. The outflow file
can be viewed and modified in tBata Module under managed flow.

In general, WARMF can simulate the unimpaired flow, which is controlled only by natural
processes, with a reasonable accuracy. When the flow is modified by man-made diversions and
flow releases, the accuracy of the flow simulation is dictated by the accuracy of the managed
flow data.

Meteorology

Figure 5-26 is the input dialog fiMeteorology. WARMF requires the assignment of a
meteorological station to each reservoir. PAslectbutton for a pull down list of

meteorological stations. Click on a nearby station on the list. The name of file that contains
meteorological data for the station will appear in the meteorological file box. In this example, the
file is GASTONIA.MET. Table 5-10 provides the definition of meteorological data for

reservoirs.
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Lake HNorman

Meterological File

GASTONIA.MET Select |

The following parameters vary by segment:

Precipitation YWeighting I 1
Average Temperature Lapse [C] I 0o

Coefficient Selector

“Wind Speed Factor I 1 > Physical Data

Badiation Fraction Absorbed in % Mf:tt:urulugy
Tﬂp Layﬂr I I]_E -> QiHUSiun ............
Depth of Radiation Fraction I 0.5 - Stage-Flow Curve
Secchi Disk Depth [m) - Stage-Area Curve
Only used if YWQ not simulated I 1 > Point Sources

 Initial Temperature
> Reactions | Sediment

Air Chemistry File

cranberry.air Select

Simulate reservoir as...
[ Write Output To File _| Apply Changes To All Reservoirs | * single  ~ mulitple
P segment[s].

Add Observed Data | V i x':a”':e' ? FED Init. Conc.

Figure 5-26
Reservoir Input Dialog—Meteorology.

5-30



EPRI Licensed Material

Table 5-10

Meteorology Data for Reservoirs.

Engineering Module—Input

Variable Units Range Description
Meteorological File File with weather data
Precipitation none 0.6-1.4 Precipitation multiplier to account for orographic
Weighting effects
Average °C -4-4 Amount by which the reservoir is colder than the
Temperature Lapse weather station
Wind Speed Factor none 1-2 Wind speed multiplier to account for unobstructed

path of wind over lake surface

Radiation Fraction none Portion of radiation absorbed in the specified depth of
Absorbed in Top water
Layer
Depth of Radiation m Depth at which the above radiation is absorbed
Fraction
Secchi Disk Depth m Secchi disk depth (used only when water quality

simulation is turned off)

Air Chemistry File

File containing air/rain chemistry data

Diffusion Coefficients

Figure 5-27 is the input dialog for diffusion coefficients. There are two basic methods for
estimating reservoir diffusion. One is to estimate the diffusion rate as a function of wind speed.
The other is to estimate the diffusion rate as a function of the density gradient in the water
column. This dialog shows the empirical coefficients needed to perform the calculations. By
assigning appropriate coefficients, it is possible to direct WARMF to use one of the two methods
or to calculate diffusion using both methods and then use the larger value. To use only the wind
mixing method, selax. Diffusion Coefficient in the density gradient coefficients to 0. To use

only the density gradient method, d&x. Diffusion Coefficientin the wind mixing method to

0. When using both methods, it is best toMet Diffusion Coefficient to 0. Table 5-11

provides a description of the coefficients associated Riftflasion.

5-31



EPRI Licensed Material

Engineering Module—Input

Lake HNorman

Inflow Entrainment, % I 0
Min. Neg. Density Gradient, kgj‘mdl 0

YWind Mixing Diffusion Coefficients

Min. Diffusion Coefficient, m2/s I Te-07
AL, m I oe-05 AZ I 4.6 Coefficient Selector

Max. Diffusion Coefficient, m2fs | 0.0005 - Physical Data
~ Meteorology
7y B
Density Gradient Diffusion Coefficients T
- Stage-Flow Curve
Critical Density Gradient, 1/m I 1e-06  Stage-Area Curve
Max. Diffusion Coefficient, m2/s | 0.0005 - Point Sources
L : ~ Initial Temperature
Diffusion Attenuation Exponent I -0.7 * Reactions { Sediment

Simulate reservoir as...
[ Write Output To File _| Apply Changes To All Reservoirs | * single  ~ mulitple
P segment[s].

Add Observed Data | V i x':a”':e' ? FED Init. Conc.

Figure 5-27
Reservoir Input Dialog—Diffusion.
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Table 5-11
Diffusion Data for Reservoirs.
Variable Units Range Description
Inflow Entrainment 1/m 0-1 fraction of ambient water entrained into the inflow
Min. Negative kg / m* <0 smallest density gradient before overturn
Density Gradient
Wind Method
Min. Diffusion m*/s 1.0e"- minimum diffusion coefficient at calm wind
Coefficient 5.0e®
Al m 1.0e"- wind/diffusion proportionality constant
5.0e®
A2 none 4.6 factor to attenuate wind with depth
Max. Diffusion m’/s 5.0e* maximum diffusion coefficient at strong wind
Coefficient
Gradient Method
Critical Density 1/m 1.0e"- density gradient to impede diffusion at thermocline
Gradient 5.0e®
Max. Diffusion m*/s 1.5e"- maximum diffusion coefficient
Coefficient 1.0e*
Diffusion Attenuation none -0.7- attenuation exponent of density gradient with respect
Exponent -1.0 to diffusion coefficient

Stage-Flow Curve

Figure 5-28 is the input dialog for the stage-flow curve of the reservoir spillway:
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Lake HNorman

Enter up to 9 pairs of
stage-flow data below. 233.8
Stage [m] Flow [m3/s]

231.00 0 233.2

232.00 0

232.20 sg 2327

232.40 129 232 1 Coefficient Selector

232.60 200 1 - Physical Data

232 20 300 o316l * Meteorology

233.00 450 | ~ Diffusion

235.30 LRI T || N #+ Stage-Flow Curve:

313380 1,000 0 500 1000 ~ Stage-Area Curve
> Point Sources
 Initial Temperature
> Reactions | Sediment
Simulate reservoir as...

[ Write Output To File _| Apply Changes To All Reservoirs | * single  ~ mulitple
P segment[s].

Add Observed Data | V i x':a”':e' ? FED Init. Conc.

Figure 5-28
Reservoir Input Dialog—Stage-Flow Curve.

The stage-flow curve defines the spillway performance when spill is calculated automatically by
WARMF.

Stage-Area Curve

Figure 5-29 is the dialog for the stage-area curve of the reservoir.
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Lake HNorman

Enter up to 9 pairs of

stage-area data below. 233.0
Stage [m] Area [m2]

19Z.00 200,000 226.0
21500 27,000 000
220.00 49,000,000 213.0
225.00 78,500,000 212.0 Coefficient Selector
222.00 99,000,000 ' " Physical Data
23000 116,000,000 , 0 o " Meteorology
231.00 125,000,000 > Diffusion
434.00 134’000’000 198.0 AT BN .} StagE‘EIDW CUNE
233.00 143,000,000 200000 71600001430000 |+ Stage-Area Curve:

> Point Sources
 Initial Temperature
> Reactions | Sediment

Simulate reservoir as...
[ Write Output To File _| Apply Changes To All Reservoirs | * single  ~ mulitple
P segment[s].

Add Observed Data | V i x':a”':e' ? FED Init. Conc.

Figure 5-29
Reservoir Input Dialog—Stage-Area Curve.

The stage-area curve of the reservoir is described by 9 pairs of stage-area data. The surface
elevation is in the left column and the surface area is in the right column. The graph for the
stage-area relationship is updated as data is entered. When the reservoir is simukitegleas a
segment only one stage-area curve is needed. If the reservoir is simulatedtgue

segmentsa stage-area curve must be entered for each segment.

Point Sources

Figure 5-30 is the input dialog to assign the point source files to a reservoir segment. WARMF
stores all point source files in the same directory. To add a point source to the reservoir segment,
simply press thé&dd button. WARMF will show all point source files. Click on a specific

discharge to add. To remove a point source discharge from the river segment, select the point
source file and press tikemovebutton.

Each discharger has a separate file that contains date, flow, and pollutant loadings. The data
point can be as little as only one for the entire period or as frequent as daily. The model uses a
step function to apply the pollutant loadings to the stream segment.
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Lake HNorman

NCOOG7784.PTS |
NCO071528.PTS
NCO074535.PTS
NCO074772.PTS
NC0075205.PTS

NCO000000.PTS
NCOODA987A.PTS -

Add

Coefficient Selector
Physical Data

Meteorology
Diffusion

Remowve

Specify change in temperature and loading added.

YWater source Unspecified Constituents Stage-Flow Curve
+ Internal [from res.] il Stage-Area Curve
External _ *+ Reservoir Ambient + Paoint Sources

Outlet Elevation, m 222.5  OQutlet Width, m 0.5 'F'{:‘;i't iluzf:?::;'::ﬂm

Simulate reservoir as...

[/ Write Output To File Apply Changes To All Reservoirs ;egsrrtﬂ:::[sl mulitple
Add Observed Data ‘ / B xta”':e' ? iz Init. Conc.
Figure 5-30

Reservoir Input Dialog—Point Sources.

A reservoir segment can accept multiple point source discharges. WARMEF accepts each
discharge separately and puts them into the reservoir segment. The location of point sources can
be seen on the watershed map by selestiag/Point Sourcesfrom the main menu. To view

point source data, double click on the white dot for a specific discharger. Each point source file
contains date, flow, and pollutant loading data. There is an issue of whether to enter the
permitted loading or the actual loading. For the calibration and base case, we recommend to use
actual loading. The permitted loading can be used in scenario evaluation.

Below the point source list, there is a linegter source information corresponds to selected
point sourcé€'. It invites user to point and click at a point source on the list to find out its water
source. When NC0004243 is selected, for example, the two boxes below the line become
activated. Since the water is from external source, the line changgsemfy temperature and
total loading”. It means that the data in the point source file is the actual loading.

Point source load from a sewage treatment plant or an industrial facility is from an external
source. A thermal discharge, on the other hand, is from an internal source, because the power
plant withdraws water from the stream segment within the basin, adds heat or other chemical
constituents, and discharges it again. For the internal source discharge, the line underneath the
spreadsheet changes to “Specify changes in temperature and loading added”. In other words, the

5-36



EPRI Licensed Material

Engineering Module—Input

numbers in the point source file represent the increase of pollution loads for temperature and
other water quality constituents. All internal point sources to reservoirs must have the elevation
and width of the reservoir outlet (point source inlet).

Initial Temperature
Figure 5-31 is the dialog for initial temperature.

Lake HNorman

Enter up to 9 pairs of

depth-temperature data below. 0.0
Depth [m] Temperature [C]

40.00 135 -8.0

34.00 135

21.00 16.5 ~16.0

14.00 5.0 24.0 Coefficient Selector
0.01 410  Physical Data
0.00 0.0 45 - Meteorology
0.00 0.0 1 > Diffusion
0.00 0.4 A00 = L] -} StﬂgE‘EIDW CUNE
0.00 0.0 14 20 27 ~ Stage-Area Curve

> Point Sources
“* initial Temperature:;
> Reactions | Sediment

Simulate reservoir as...

[ Write Output To File _| Apply Changes To All Reservoirs | * single  ~ mulitple
P segment[s].

Add Observed Data | V i x':a”':e' ? FED Init. Conc.

Figure 5-31
Reservoir Input Dialog—Initial Temperature.

The initial depth-temperature curve can be entered as 9 pairs of dataPepits(not
elevations) is in the left column and the temperature is in the right column. The depth-
temperature curve will update itself as data is entered in the spreadsheet.
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Reactions / Sediment

Figure 5-32 shows the dialog box for rate coefficients. The reaction parameters involved are
similar to those used in the river model, described in the previous section. Table 5-12 provides a

description of the coefficients associated viRmactions / Sediment

Lake Horman

Reservoir Reaction Rates, 1/day, [entire reservoir]

Nitrification .05 Denitrification I 0.1
Org Carbon Sulfur
Decay ' Reduction I 0.1

Fecal Coli Decay

I

Coefficient Selector
~ Physical Data

Reservoir Sediment Coefficients [current segment]

50D, gim2{day I 0.?5  Thickness, [:ml 50 - Meteorology
> Diffusion

Bulk Density, I 1.8 26 Organic I 3  Stage-Flow Curve
kg/lL -~ Stage-Area Curve
Porosity I 0.4 Eligzsaiﬂn, I 0.0002 > Point Sources

Y ~ Initial Temperature
Detritus Decay, | 0.001 DOC Decay. | 0.001 + ‘Reactions / Sediment;
1jday 1iday — :

Simulate reservoir as...
[ Write Output To File _| Apply Changes To All Reservoirs | * single  ~ mulitple

seqment|s].
Add Observed Data | V ok Xtance' ? Help

Figure 5-32
Reservoir Input Dialog—Reactions / Sediment.

Init. Conc.
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Table 5-12
Reactions / Sediment Data for Reservoirs.

Variable Units Range Description
Nitrification Rate 1/day 0.1-1 | Nitrification rate at 20 °C
Organic Carbon 1/ day 0.1-1 Organic carbon decay rate at 20 °C
Decay Rate
Fecal Coliform Decay 1/day 0.1-1 Fecal coliform decay rate at 20 °C
Rate
Denitrification Rate 1/day 0.1-1 Denitrification rate under anoxic conditions at 20 °C
Sulfur Reduction 1/day 0.1-1 Sulfate reduction rate under anoxic conditions at 20 °C
Rate
SOD g/m?/d 0.1-2.0 | Sediment oxygen demand in lake bottom
Bulk Density kg/l 1.6-2.0 | Bulk density of lake bottom sediment
Porosity none 0.4 Porosity of lake bottom sediment

Detritus Decay Rate 1/day 0.001 Decay rate of settled detritus

Thickness m >0 Thickness of lake bottom sediment

% Organic % 3 Percentage of organic matter in lake bottom sediment

Diffusion m’/d 0.0002 | Diffusion rate of constituents out of the lake bottom
sediment

Organic Carbon 1/day 0.001 Decay rate of organic carbon in the lake bottom

Decay sediment

Initial Concentrations

Figure 5-33 shows the dialog box for initial concentrations. It is noted that only a single value is
used to specify the initial concentration. For that reason, it is recommended that the model
simulation be started in late fall, when the lake water is almost vertically mixed. During this
time, the lake may have a slight thermal stratification but little chemical stratification. The initial
temperature profile is set separately elsewhere in the reservoir input dialog.
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Initial Concentrations |

Ammonia, mgfl N 0.07| =
Aluminum, mgfl 0.1
Calcium, mafl 3
Magnesium, mgfl 1.5
Potassium, mqfl 1.5
Sodium, mgfl ' 5
Sulfate, mgfl 5 3
Nitrate, mgfl N 0.2
Chloride, mgfl 1
Phosphate, mgfl P 0.m
Org. Carbon, mofl 0.3
Inorg. Carbon, magfl 5

Silica, mgfl Si 4 —
Fec. Coli., #100 ml 100
Diss. Oxygen, magfl ]
Pesticide 1. mqg{l 0
Pesticide 2, mg/fl 0

Pesticide 3. ma/l 0| =|

? Help

Figure 5-33
Reservoir Input Dialog—Initial Concentrations.

Add Observed Data

The dialog forAdd Observed Datain the reservoir section is identical to the dialogAdd
Observed Datain the river section. The only difference is that the observed data file for

reservoir hydrology has &LH extension and the observed data file for reservoir water quality
has arOLC extension.

System Coefficients

System coefficients are those applicable to the entire watershed rather than a specific land
catchment, river segment or reservoir segment. To edit system coefficients, double-click in the
Map Window, but outside the Map. Figure 5-34 shows the dialog for system coefficients.
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System Coefficients |

oeptics | Minerals I sediment | Festicides | Phytoplankton | Fetiphytan | Detritus
Physical Data | Land Uses | Snow & lce | Heat & Light I Canapy I Litter I Reactions

Latitude 35.23
Longitude -81.447
Elewation, m 309 674

.

Wifatershed Area, m2 | 1.23325e+10

Figure 5-34
System Coefficients Dialog—Physical Data

The system coefficients are divided into categories, each of which is made visible by clicking on
its tab:Physical Datg Land Uses Snow & Ice, Heat & Light, Canopy, Litter , Reactions
Septics Minerals, Sediment Pesticides Phytoplankton, Periphyton, andDetritus.

Physical Data

Figure 5-34 is the input dialog for systemwide physical data. The parameters include latitude,
longitude, and elevation. The latitude is measured in degrees north of the equator. The watershed
basin in southern hemisphere should have negative latitude. The longitude is also measured in
degrees east of the Prime Meridian. The elevation is measured in meters above mean sea level.
Table 5-13 provides a description of the coefficients associatedPhwisical Data
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Table 5-13
Physical Data for Reservoirs.

Variable Units Range Description

Latitude degrees -90-90 Latitude north of the equator of the center of the
watershed’s north-south extents

Longitude degrees -180-180 | Latitude east of the prime meridian of the center of
the watershed’s east-west extents

Elevation m Representative elevation of the watershed above
mean sea level

Watershed Area m? >0 Area of the watershed (can not be edited)

Land Use
Figure 5-35 is the dialog for coefficients that can vary according to land use. By pushing the pull

down arrow, WARMF will provide a list of coefficients. One by one, the user can select a
coefficient and view its values for different land uses.
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System Coefficients |

meptics I Minerals | sediment | Festicides | Phytoplankton | Fetiphytan | Detritus
Physical Data  Land Uses | Snow & |ce | Heat & Light I Canopy I Litter I Reactions

Farareter: IDpen in Winter j Edit List |

Land Uses Value =
Deciduous Forest
Evergreen Forest

Mixed Forest 0.
Pasture
Cultivated
Recr. Grasses
YWater
Barren
Low Int. Develop.
High Int. Develop.
Comm | Industrial
YWetlands

<] [+

U R U U U I g e e =

Figure 5-35
System Coefficients Dialog—Land Use

The example dialog shows the value©gien in Winter for each land use. This coefficient
represents the fraction of land not shaded by vegetation in the winter. For deciduous forest area,
the value is close to 1. For coniferous forest area, the value can be zero. For a mixed forest land,
the value can be a half (0.5).

The user can click on the pull down arrow to select other parameters for evaluations. Table 5-14
provides a list of parameters and their typical values for various land uses. Many of these
coefficients are used to calculate terms such as atmospheric deposition to the canopy and the
uptake of nutrients from soils by vegetation.
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Table 5-14

Land Use Parameters.

Variable Units Range Description

Open in Winter None 0-1 fraction of land not shaded by the coniferous
canopy in the winter

Cropping Factor None 0.1-0.8 a coefficient for erosivity based on vegetation
cover

Rainfall g/cm’ 0.108 for a coefficient to calculate soil detachment as a

Detachment Factor exposed soil | function of rainfall intensity on exposed soll

Flow Detachment kg /m* usually 0.9 a coefficient to calculate soil detachment as a

Factor function of overland flow

Fraction Impervious None 0-1 fraction of the land covered by an impervious
surface that water cannot infiltrate

Interception Cm 0-0.3 precipitation intercepted by tree canopy

Storage

Long Term Growth none 1.0-1.2 long term annual growth factor of tree

Leaf Growth Factor none 1.0 annual growth factor for leaf

Productivity kg /m*/yr 0-1.2 productivity of vegetation on land

Active Respiration day* 0-1.0e” respiration expended on growth metabolism

Maintenance day* 0-6.0e* respiration expended on maintenance

Respiration metabolism

Dry Collection none usually 0.6 collection efficiency when canopy is dry

Efficiency

Wet Collection none usually 0.9 | collection efficiency when canopy is wet

Efficiency

Leaf Weight / Area g/cm’ 0.005-0.01 | leaf weight per unit leaf area

Canopy Height m 0-50 height of the canopy

Stomata Resistance s/cm 1-3 stomata resistance to SOx uptake

Leaf Area Index none 0-15 ratio of leaf area to ground area

Annual Uptake none 0-0.3 monthly allocation of annual growth

Distribution

Litter Fall Rate kg / m?/ 0-0.2 leaf fall in each month

month

Exudation Rate day* 0-2.0e*® amount of mass secreted by the vegetation to
its canopy in each month

Leaf Composition mg / g dry wt 0-20 chemical composition of leaves

Trunk Composition mg / g dry wt 0-1 chemical compostion of tree trunk
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When theEdit List button in Figure 5-35 is pushed, Figure 5-36 will appear. This is the dialog to
edit the land use list.

Edit Land Use List
Land Uzes

Evergreen Fe
tixed Forest
Shrubland
Cultivated
Herbaceous

W ater j

Move Up

Move Down

Bemove

10

/ [k anrn::eI ? Help

Figure 5-36
Dialog to Add / Remove Land Use on the List.

This step is performed before importing land use ArcView shape file. The editing of land use
categories is an initial step in model setup. When there is an update of land use data, some old
land uses can be removed and some new land uses can be added through this dialog.

To add a land use, click on tAeld button and enter the name of the new land use when
prompted. The order of land uses can be changed witiidlie Up andMove Down buttons,
and land uses can be deleted withRleenovebutton.

Snow & Ice Coefficients

Figure 5-37 shows the dialog for system wide snow and ice coefficients. These are coefficients
used to calculate snow pack accumulation, snow melt rate, constituent concentrations within the
snow pack, and parameters affecting lake ice cover.

Table 5-15 provides a description of the system wide snow coefficients.
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System Coefficients

Figure 5-37
System Coefficients Dialog—Snow & Ice.

5-46



EPRI Licensed Material

Engineering Module—Input

Table 5-15
Systemwide Snow & Ice Coefficients.

Variable Units Range Description
Snow °C 0-3 temperature at which snow forms
Formation T
Snowmelt T °C 0-3 temperature to initiate snow melt
Open Area cm/°C/day 0.05-0.1 snowmelt per degree above melting temperature

per day in deciduous forest, grassland, farms,
and urban areas

Forested Area cm/°C/day 0.05-0.1 snowmelt per degree above melting temperature
per day in coniferous forest

Rain Induced cm/cm/ day 0.0039 snowmelt induced by rain

Snow Field % >0 Moisture field capacity of snow
Capacity

Solute Fraction None 0.1 Fraction of solutes retained in ice
Snowmelt None 04 snowmelt leaching coefficient
Leaching

Snow 1/day 0 Nitrification rate in snow
Nitrification

Open Area cm/d 0.005 Open area snow sublimation rate
Sublimation

Forested Area cm/d 0.005 Forested area sublimation rate
Sublimation

Heat & Light Coefficients

Figure 5-38 shows the dialog for system wide heat and light coefficients. These are coefficients
relating to the transmission of heat and light.

Table 5-16 provides a description of the system wide heat and light coefficients.
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System Coefficients

Figure 5-38
System Coefficients Dialog—Heat & Light.
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Variable Units Range Description

Atmospheric none 2-5 Relative turbidity of the atmosphere

Turbidity

Magnitude none 0.6-1 Scaling factor for evaporation

Skewness none 0.6-1.4 The degree of variation in evaporation
between seasons

Soil Thermal cm/d 0.0003 Rate at which soil temperature equilibrates

Convection Factor with the atmosphere

Snow Thermal cm/d 0.0003 Rate at which the soil surface temperature

Convection Factor equilibrates with the atmosphere through
show

Ice Thermal cal/lcm/s/°C 0.005 Heat transfer rate through ice cover

Convection Factor

Snow Thermal cm/d 0.0003 Rate at which the soil surface temperature

Convection Factor equilibrates with the atmosphere through
snow

Ice Thermal cal/cm/s/°C 0.005 Heat transfer rate through ice cover

Convection Factor

Snow Nitrification 1/day 0 Nitrification rate in snow

Canopy

Figure 5-39 presents the input dialog for canopy. These are coefficients for interactions between
canopy and atmosphere. They describe the rates at which the dry particles and aerosols in the air
settle to the canopy surface and the ammonia accumulated on the canopy surface get nitrified to
nitrate, etc. The variable names and their ranges of values are presented in Table 5-17.
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System Coefficients |

meptics I Minerals I sediment | Festicides | FPhytoplankton | Fetiphytan | Detritus
Physical Data | Land Uses | Snow & lce | Heat & Light ~ Canopy | Litter I Reactions

Foliar Mitrification, 1/day I 0.05
Standing Biomass, kgfmz2 I 20

Deposition and Uptake “elocities, cm f sec

January | February | March | April | May

Particle Deposition 0.05 0.0% 0.0% 0.0% [
Gas Deposition 0.001 0.001 0.001 0.001 0.
Gas Uptake 0.0M1 0.0 0.0Mm 0.001 0.

*] | D

Figure 5-39
System Coefficients Dialog—Canopy.

Table 5-17
Canopy System Coefficients Data.

Variable Units Range Description

Foliar Nitrification day* 0.4 Nitrification rate of ammonia deposited to
canopy surface

Standing Biomass kg/m’ 10-25 Biomass of tree canopy

Particle Deposition cm/s 0.2-0.8 Settling velocity of dry atmospheric particles to
the canopy surface

Gas Deposition cm/s 0-0.5 Settling velocity of aerosol (NO, and SO,) to
the canopy surface

Gas Uptake cm/s 0-0.5 Uptake rate of NO, and SO, by the canopy
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Litter

Figure 5-40 presents the input dialog for litter. These coefficients describe the rates at which
coarse litter is broken down to fine litter, fine litter is decomposed to humus, ammonia is nitrified
to nitrate, nitrate is denitrified to nitrogen gas, etc. The names, definitions, and ranges of
parameter values are described in Table 5-18.

System Coefficients |

Deptics I Minerals I sediment | Festicides | FPhytoplankton | Fetiphyton | Detritus
Physical Data | Land Uses | anow & lce | Heat & Light I Canopy  Litter | Reactions

Fraction of Leachable lons

Decay Rates, 1fyear

i Iyi Litter | 0.1

Litter 1
Fine Litter I 0.25

Fine Litter I 0.06
Ii Hurmus I 0.7

Hurnus 0.005
Monstructural, 1/cm I 0.05

Figure 5-40
System Coefficients Dialog—Litter.
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Table 5-18
Litter System Coefficients Data.

Variable Units Range Description
Litter year® 1-2 Coarse litter to fine litter
Decay Rate
Fine Litter Decay year” 0.06 Fine litter to humus
Rate
Humus year” 0.005 Humus to organic acid
Decay Rate
Litter Leachable none 0-0.2 Labile fraction of coarse litter
Fine Litter none 0.2-0.7 Labile fraction of fine litter
Leachable
Humus none 0.2-0.7 Labile fraction of humus
Leachable
Nonstructural cm? 0.05 Leachable nonstructural part of litter
Leachable

Reactions

Figure 5-41 presents the input dialog for litter. These coefficients describe the rates at which
coarse litter is broken down to fine litter, fine litter is decomposed to humus, ammonia is nitrified
to nitrate, nitrate is denitrified to nitrogen gas, etc. The names, definitions, and ranges of
parameter values are described in Table 5-19.
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Figure 5-41
System Coefficients Dialog—Reactions.

5-53



EPRI Licensed Material

Engineering Module—Input

Table 5-19

Reactions System Coefficients Data.

Variable Units Range Description

Anoxic Limit mg/l >0 Dissolved oxygen concentration below which anoxic
reactions occur

Organic Acid year” 0.06 Organic acid to inorganic carbon reaction rate in

Decay Rate soil

Nitrification day™” 0.1 Ammonia to nitrate reaction rate in soil

Fecal Coliform day™ 0.1 Decomposition of fecal coliform

Decay

Denitrification day™ Nitrate to nitrogen gas reaction rate in soil under
anoxic conditions

Sulfate day* Sulfate to hydrogen sulfide reaction rate in soil

Reduction under anoxic conditions

Septics

Figure 5-42 shows the input dialog for septic systems and pesticides coefficients. WARMF
groups septic systems into 3 different types: Standard, Advanced Treatment, and Failing. For
each type, discharge quality concentrations are specified. Another input is a per capita flow rate
from the septics. Several septic tank parameters are also specified in catchment input including:
population served by septics, proportion of standard, advanced and failing septics and the

discharge soil layer.
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System Coefficients |

Physical Data | Land Uses | Snow & lce | Heat & Light I Canopy I Litter I Reactions
Septics | Minerals I Sediment | Festicides | FPhytaplankton | FPeriphytan | Detritus

Flow (Licap/day) I 0

Septic Discharge Quality (rmg/L)

Standard | Advanced | Failing =

Ammonia
Aluminum
Calcium
Magnesium
Potassium
Sodium
Sulfate
Nitrate
Chloride
Phosphate
Org. Carbon

e R e Y e R e Y e R e IR e R e IR e R e R e
[—RE—R—REE—R—RE—R—R—R—R—Ni—

g [—RE—RN—RN—RN—RN—RN— Ry — Ry — R — R —]
o]
o
(v
o
I
o
=]

Figure 5-42
System Coefficients—Septics.

Minerals

Figure 5-43 is the input dialog ftMinerals. The coefficients describe the mineral and their
weathering by-products. When a mineral is selected upelect the coefficients applicable to

that mineral are shown. Pyrite is the mineral that contains iron bisulfide. Weathering of pyrite
and leaching of its by-products by the ground water produces acid mine drainage. When pyrite is
selected in the mineral list, the dialog contain information about the pyrite weathering rate, the
rate dependency of pyrite oxidation with respect to pH, oxygen consumed per mole of pyrite
oxidation, and the molar by-products, i.e. sulfate, iron, and acid (negative alkalinity).
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System Coefficients |
Physical Data | Land Uses | Snow & lce | Heat & Light I Canopy I Litter I Reactions
Septics  Minerals | Sediment | Pesticides | Phytoplanktan | Periphyton | Detritus

Mineral Marme Reaction Product (megfmale)
. Ammonia 1]

Fryrit

I ymte Aluminum 1]

Select Calcium 0

Sphalerite ] Magnesium 0

Eallslte — Potassium 0

e Sodium 0

Sulfate 4000

Nitrate 0

Mol wt., gfmole | 11997 Chloride 0

Phosphate 0

Weathering rate, 1I3,rr| 0.02 Alkalinity -2000
pH Dependence I a QOrg. Carbon 0

Inorg. Carbon 0

Cixygen, modmole I 112000 Silica 0
| | R a0nnn ﬂ

V 0K | xl:ancel ? Help

Figure 5-43
System Coefficients Dialog—Minerals.

Sediment
Figure 5-44 is the input dialog for sediment. The coefficients describe the particle size, specific

weight, and settling velocity of clay, silt, and sand which make up the suspended sediment.
Parameter names and their range of values are described in Table 5-20.
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System Coefficients |
Physical Data | Land Uses | Snow & lce | Heat & Light I Canopy I Litter I Reactions
Septics I Minerals  Sediment | Pesticides | Phytoplankton | Periphyton | Detritus

Sediment Size Specific Settling Vel.
Type [mm] Gravity [mmys]
Clay 0.004 2.65 0.004

Silt 0.03 2.65 0.1
Sand 0.2 2.65 12

Figure 5-44

System Coefficients Dialog—Sediment.

Table 5-20

Sediment Data for System Coefficients.

Variable Units Range Description
Particle size mm 0.001-1 Diameter of sediment particles
Specific Gravity none 2.65 Density of sediment particles relative to water
Settling Velocity mm/s 0-50 Settling velocity of the sediment particles

Pesticides
Figure 5-45 shows the input dialog for pesticide coefficients. As shown, WARMF simulates

three different types of pesticides. The pesticide spray can land on the tree canopy or the soil.
Pesticides that land on the tree canopy can be washed down to the soil as a part of the
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throughfall. Each pesticide can have different decay rates on the canopy, in the soil, and in the
water. The model assumes that pesticides are adsorbed to the soil particles and are transported

together with the soll particles.

System Coefficients |

Physical Data | Land Uses | anow & lce | Heat & Light I Canopy I Litter I Reactions
Septics I Minerals I Sediment  Pesticides | Phytaplanktan | Petiphyton | Detritus

Pesticide Decay Rates, 1/day

Trees | Land | Water
Pesticide 1 0 0 0
Pesticide 2 0 0 0
Pesticide 3 ] ] 1]

Figure 5-45
System Coefficients—Pesticides.
Phytoplankton

Figure 5-46 shows the dialog for systemwide phytoplankton coefficients. They are used to
calculate the growth, mortality and succession of three types of algae, typically diatoms, green,

and blue-green algae.
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System Coefficients |

Physical Data | Land Uses | Snow & lce | Heat & Light | Canopy I Litter I Reactions
Septics I Minerals I Sediment | Pesticides ~ Phytoplankton | Feriphytan | Detritus

Temperature Range, C

Marne
Lavwer I 15
I BlueGreen
Select Upper I -
Optimurm I 22
Diatams
Green Algae Half Saturation Constants

Mitragen, maol 0.01

Maximum Growth, 1/day Phosphorus, mg/l 0.005

Respiration Rate, 1/day 0.15 ailica, mg/l 0.05
110

IREE

MWortality Rate, 1/day 0.05 Light Sat., WYWmZ

e

. 0.1
oettling Rate, miday Chl-a/Carbon 0.02

? Help

Figure 5-46
System Coefficients Dialog—Phytoplankton.

The coefficients are displayed for each type of algae. To select an algae type, click on one of the
three listed undeBelect The algae type will be highlighted and the name of the selected algae
will appear in theNamebox. The parameter values in the entire dialog are for the selected algae.
Table 5-21 provides a description of the phytoplankton coefficients.
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Table 5-21
Systemwide Phytoplankton Coefficients.
Variable Units Range Description
Maximum Growth day* 1.5-2.5 maximum growth rate under optimum nutrients, light
and temperature
Respiration Rate day™ 0.05-0.25 respiration rate of algae
Mortality Rate day* 0.02-1.0 total mortality rate of algae
Settling Rate m/day 0-2.0 settling rate of algae
Lower T °C 0-15 lowest temperature tolerance
Upper T °C 25-45 highest temperature tolerance
Optimum T °C 15-35 optimum temperature for algae
Chl-a / Carbon None 0.01-0.03 chlorophyll-a to carbon ratio of algae
Nitrogen mg/l 0.01-0.03 half saturation constant for nitrogen
Phosphorus mg/l 0.001-0.005 | half saturation constant for phosphorus
Silica mg/| 0-0.10 half saturation constant for silica
Light Saturation w/m? 50-200 saturating light intensity for growth
Periphyton

Figure 5-47 is the input dialog for periphyton. Periphyton is algae which grows on the rock at the
river bottom. Its coefficients are similar to those of phytoplankton (Table 5-21). Being attached,
periphyton rely on an optimum flow velocity to bring in nutrients to sustain its growth. The
names, definitions, and ranges of the parameter values are presented in Table 5-22.
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Figure 5-47
System Coefficients Dialog—Periphyton.

5-61



EPRI Licensed Material

Engineering Module—Input

Table 5-22

Systemwide Periphyton Coefficients.

Variable Units Range Description

Maximum Growth day* 1.5-2.5 Periphyton growth rate at the optimum conditions of
nutrients, space, light and temperature

Respiration Rate day™ 0.05-0.25 Periphyton respiration rate
Mortality Rate day* 0.02-1.0 Periphyton mortality rate
Spatial Limit Half g/m’ 0.1-0.2 Half saturation constant for crowding
Saturation
Spatial Limitation, none 0.1 Intercept of the Michael-Menden equation for
Intercept crowding effect
Lower °C 0-15 Lower temperature range
Upper °C 25-45 Upper temperature range
Optimum °C 15-35 Optimum temperature range
Chl-a / Carbon none 0.01-0.03 Chlorophyll-a to carbon ratio
Nitrogen mg/l 0.01-0.03 Half saturation constant for nitrogen
Phosphorus mg/l 0.001-0.005 | Half saturation constant for phosphorus
Velocity m/s 0.25 Half-saturation constant for flow velocity
Light Saturation W/m? 50-200 Saturated light intensity

Detritus

Figure 5-48 is the input dialog for detritus. The coefficients are for the settling and decay rates of

detritus (dead algae). The coefficients and their ranges are shown in Table 5-23.
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Figure 5-48
System Coefficients Dialog—Detritus.
Table 5-23
Detritus Data for System Coefficients.
Variable Units Range Description
Detritus Settling m/d >0 Settling velocity of detritus
Detritus Decay 1/day >0 Decomposition of detritus
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ENGINEERING MODULE—RUN AND OUTPUT

Run

The user can initiate a model run from three plaSesnariomenu of theEngineering Module,

TMDL Module , andConsensus ModuleThe purpose of multiple launching points is for
convenience. After the preparation of a scenario case, a condition for TMDL calculation, or a
revision of management alternative for consensus, there is quick access to starting a simulation.

In Chapter 3, a description of t&émulate button was made in bofMDL andConsensus
modules. In Chapter 4, tiitun item was mentioned in ti&cenariosection. In all those
sections, the report only provides a brief discussion. This section provides a more complete
description of running simulations.

Run Conditions

Figure 6-1 shows the dialog to specify conditions to control the model simulation. The first item

is the beginning and ending dates. The three numbers for month, day, and year are separated by
slashes. To change a number, move the cursor to the specific slot and click. Then use the up and
down arrows to change the value. The day, month, or year can also be entered directly with the
keyboard.

The second item is the time step in hours. The default time step is 24 hours or daily. To change
the time step, click in the box and enter a new number. Please note that the program will expect
meteorology and reservoir release data for each time step.

The third item is parameters to simulate. Hydrology is always simulated, but water quality
constituents are optional. Optional items may be turned on and off by toggling with the mouse on
the check box#l). Simulations of hydrology alone run very fast. Simulations for the complete
suite of water quality may take five times as long. The sediment, pesticides, fertilizers, and point
sources options do not have a large impact on simulation time. They should be checked if input
data is available.

The fourth item is the regions of the river basin to include in the simulation. It is not required to
simulate the entire watershed every time. However, the entire watershed must be simulated at
least once for WARMF to generate the boundary conditions between regions. WARMF will
automatically save the results for the interface points. After that, any subwatersheds can be
turned off to save time by unselecting subwatersheds from the list.
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Simulation Control
Subwatersheds:

s

Beginning Date | 09;0171992 15| [T (main body)
Lake Rhodhiss

-

Ending Date 09/3041994 {2 Lake Hickory
Time step [hours) 24 DIS Lake

Mountain Island Lake
Lake Wylie [Lower]

Simulate Hydrology and...

v Chemistry Fishing Creek [Lower] |
v| Sediment : :
Pesticides Hydrology Autocalibration

v| Fertilizers 0

v| Point Sources v| Generate Loading Data

Initial Conditions from YWarm Start File
‘/ 0K xcan.:e| ? Help

Figure 6-1
Dialog for Run Conditions

To see the subwatershed boundaries, s8ldaivatershedsrom theView menu. As stated
previously, the natural break point for subwatersheds is at reservoirs or lakes. Additional break
points can be set on river segments. Please read the sectiewidBubwatersheddor details.

WARMF provides an autocalibrator for hydrologic simulation. There is no autocalibrator for
water quality simulationHydrology Autocalibration can be activated by clicking on the check
box.

This dialog only allows the users to specify the number of loops to iterate. For the autocalibrator
to work, the user must have already set the autocalibration coefficients unBdittheenu. The

users can select which regions of the watershed and which variables to adjust during the
autocalibration.

By setting specific region to calibrate, the user can focus on different areas of the watershed, one
at a time. It is best to work from the most upstream subwatersheds to the downstream
subwatersheds.

Another option i<5enerate Loading Data If this option is selected, point and nonpoint loading

for each constituent are calculated for display in GIS maps. If this option is not selected,
WARMF will still simulate hydrology and water quality for each catchment, river, and reservoir.

6-2



EPRI Licensed Material

Engineering Module—Run And Output

To account for future growth in the TMDL process, WARMF can run under one land use
scenario for a few years (i. e. scenario A) and then run under a new projected land use for a few
years (i. e. scenario B). This is possible with\tfi&m Start option. For scenario A, WARMF

saves the final results in a warm start file wiW8&T extension. This file provides the initial
conditions for scenario B. When making run for scenario B, turkiVinen Start option on and

select the name of the warm start file from scenario A. For the program to work, it is important

that the ending date of the first scenario is exactly one day prior to the starting date of the second
scenario.

After all options are selected, click OK to start the simulation.

Progress of Simulation

During the simulation, a window will appear to show the progress. As stated previously,
WARMF performs simulation for subwatershed regions, one at a time. Figure 6-2 shows that the
program is working on subwatershed #1. The simulation is on day 99 out of a total of 760 days,
or 13%. However, the river basin has a total of 11 subwatershed regions. In term of total
simulation, the completion is only 1%.

: MODEL - [Graphic1] =] E3

ﬂ File Edit “iew State ‘wWindow Help _iﬁ’ijf_j

SUBWATERSHED # 1:
Simulating day

Percent completed:

There are 11 subwatersheds in this system
Percent completed of total system: 1%

| 3

|uning |

Figure 6-2
Progress of Simulation

WARMF will perform the simulation in the background, so the user is free to perform other
tasks with the computer. Care should be taken, however, to avoid opening files in use by the
simulation. When a simulation is successfully completed, the following dialog will appear
(Figure 6-3):
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simulation completed successfully.
Stop - Program terminated.

Frogram Terminated with exit code 0
E wit Wfind o ?

Figure 6-3
Completion Window

After clicking on Yes, the window will disappear and the user can view simulation output.

Output

Output of WARMF can be viewed from three modulesdineering, ConsensusandTMDL)

as well. TheEngineering module provides scientific details of the model simulation. The
ConsensusandTMDL modules only provide information of interest to stakeholders, i.e. the GIS
maps for the bar charts of point and nonpoint loadings from various regions of the watershed; the
GIS maps for the source contribution of pollutants to a given location in the watershed; and the
GIS maps showing the compliance or noncompliance with water quality criteria in various parts
of the watershed.

The dialogs to display pollution loads and water quality conditions have been described in the
consensus and TMDL modules of the documentation report (1). This section will describe only
the dialogs for thiMode/Output menu of theEngineering module.

WARMF must be put into th®utput mode to view output. To go to tieutput mode, choose
Mode on the menu and seledutput.

Output Types

In theEngineering module, the user can view four types of outtintie series output profile

output, mass output,andspatial output. Time series output shows simulation results and
observed data for one location over the time period of the model simulation. Profile output shows
simulation results and observed data through the depths of a reservoir segment for a particular
day. Mass output shows the total mass of a constituent in a reservoir over the time period of the
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model simulation. Spatial output shows simulation results over the entire watershed for a
particular day. Time series results are available for all catchments, river segments, and reservoir
segments. Profile and mass output results are available for all reservoir segments.

If observed data is available for the selected location, it will be plotted along with the simulation
results. If observed data is not available, WARMF will plot only the simulation results.

Viewing Output

Time Series Output

With the GUI in theDutput mode, double-click on any catchment, river segment, or reservoir
segment to view the time series outputMifite Output to File has not been checked for the
object chosen before a simulation run, there will be no output available for viewing. Below are
example dialog boxes for a river segment (Figure 6-4) and a reservoir segment (Figure 6-5).

The legend of the plot is shown below the X-axis. Black circles represent observed data points.
Observed data can be shown or hidden by togglin§tioev Observedoutton in the lower left

corner of the dialog. If no black circles are visible vBtiow Observedchecked, it means that

there is no observed data from the simulated time period. The output parameters are listed on the
left side of the dialog. To view a parameter, simply click on its name on the list.

The output can be exported to a text file for external processing. This is done by clicking on
Create Text File There are two options for the text filehis constituent, all scenarioption

will create a text file with a column for day, a column for each scenario showing the simulated
results for the highlighted constituent, and a column for the observed\tdaanstituents

option will create a text file with a column for day and a column for each of the simulated
constituent concentrations for a given scenario (e.g. BASE). To change scenarios, click on the
down arrowand choose the scenario to be written to the text file. A default file name is provided
(i.e. FLOW.DAT), which can be changed by typing over it.

Several Output plots can be viewed simultaneously. The dialogs can be moved around by
dragging. To close the output dialog, click on the “X” in the upper right corner.
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South Fork - Flow, cms [_ O] x|
Flow, crg
Depth, m I e
Welocity, mds @
Temperature, C T
pH. 5.1 o g
Amrnania, mgd M mt------ S
Calcium, mg#l E
bl agneszium, mol ;
Paotazzium, mag/l 2
Sodium, mal
Sulfate, ma/l S b It | A | S A
Mitrate, mgdl M |
Chloride, mg#l s s be Elk
Phosphate, mgdl P b b [ b P &g
Alkalinity, ma/l CaCo3 o } T T, | —————+
Org. Carbon, mg/| 3 %3835 3% 33 33 % 3
Total Algae. ugdl Chl-a =T R R Oz =2 2T o o2 Do oDz
Fec. Coli.. #4100 ml 2 2 2 2 2 2 2 2 5 2 2 9 9 3
Diigz. Ouypgen, mod = - =2 =2 =2 =2 = - =2 = =2 = = =
BlueGreen Algae, ug/ [LI

— newbase o Observed

| Show Obzerved Create Test File | < Thiz constituent, all scenarios ?
Help

Statistics | | [FlowDAT > il constiuents, [rewbase x|

Figure 6-4
River Time Series Output Dialog.

Lake Horman - Temperature, C H=1E

Elewation, m “
Walume, m™3
Spill, crms

pH. 5.L.

Arnrnania, mgdl M

Calzium, mg/l

k agnesium, ma/|
Patazzium, ma/l

Sodiurm, gl

Sulfate, magsl 5

Mitrate, mg/l

Chlaride, mg/l -
Phosphate, mg/l P
Alkalinity, madl CalC03 A
Org. Carban, mg/l

Total Algae, ugsl Chl-a
Fec. Coli., #1700 ml

Sed. Deposzition, m™3/d
Dizz. Oxygen, mal LI

Temperature, C

09011992
11/01:1992
014011993
03011993
05151993
07011993
09011993
110151993
01011994
030151994
D&01,1994
0711994
0911994
110151994

)
o
5]
1]
E:
1]
o

MHewbase o

#| Show Observed Create Text File | { Thiz constituent, all scenarios Profile: Plot |

Statistics | ITemperat DaT - All constituents, INewbase vI | e F'Iu:ntl

Figure 6-5
Reservoir Time Series Output Dialog.

I
@
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Statistics

At the lower left hand corner of the time series plot (e.g. Figure 6-4 and Figure 6-5), there is the
Statistics button. Pushing the statistic button will lead to the dialog shown in Figure 6-6. In this
dialog, WARMF presents a comparison of the frequency distribution of simulated and observed
values. The frequency distribution plot indicates whether the predicted and observed values are
in the same range and same proportion. This comparison is important, because the water quality
criteria must be met at a compliance level, rather than at a specific date.

South Fork - Flow, cms M=l E3

Newbase |Ohsewed
Mean 27.h9 30
Minimum 3.67 5.35
Maximum 244.8 275.5
Relative Error -1.846 0
Absolute Error 6.593 ]
BMS Error 13.8 1]
r squared 0.82 1

1|:||:|"__I__'|__T__l___l__'l' ________ T T T 1

R it ot SR TEE EEL RN SR B

|'E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

o) 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wl 0+ - - N T |

5 e

E 1 1 1 1 1 1 1 1 1 1 1 1 1

E P+ -fi--4--t--F-—-lm—t——F--Im—Hd -t - - -- -t -]

g Lfo

1 1 T r 1 A T r 1 T |

0O 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Flow, cms
MNewbasze Obzerved
g . . ?Help
=+ Scatter Plat < Frequency Distribution: > Cumulative 3 uantity

Figure 6-6
Frequency Distribution of Simulated and Observed Flows.

In the spreadsheet of Figure 6-6, the model result and observed data are compared for their mean,
minimum, and maximunmMean is the arithmetic average of all paired values over the entire

period of simulation. The minimum and maximum of all paired values are also shown. These
numbers indicate whether the model results are within the range of the observed data.
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WARMEF also calculates the relative, absolute, root mean square, and r-squared errors of the
model results. In these calculations, the observed data is assumed to be 100% correct. The
differences between simulated and observed values are errors.

Relative Error is the average of errors, i.e. the differences between simulated and observed
values. The over prediction can cancel out the under prediction in this calculation. The relative
error is a measure of model accuracy.

Absolute Error is the mean of the absolute value of the difference between simulated and
observed values. In this calculation, the over predictions do not cancel out the under predictions.
Absolute error is therefore a measure of model precision.

RMS Error, or “Root-Mean-Square” error, is calculated by taking the square root of the mean
of the squared differences between simulated and observed values.

r-squared is the square of the correlation coefficient between simulated and observed values. A
perfect correlation hassquared of 1. Itmeasures the percentage of variances in observed data
that can be accounted for by the model simulation

At the left lower corner of th8tatisticsdialog, there is a diamond button fecatter Plot

When this button is pressed, Figure 6-7 will appear. If there is a perfect correlation between the
simulated and observed values, all data points will fall on the 45-degree line. The degree of
scatter is a reflection of the statistics thatrtisgquared is 0.82. At the right lower corner of the
Statistics dialog, there is a diamond buttonGamulative Quantity. When this button is

pressed, Figure 6-8 will appear. The figure shows how well the model has simulated the
cumulative amount of observed runoff for the gaging station.

WARMF is a dynamic model that uses the time series of meteorology, point source loads, etc. to
calculate the time series of flow and water quality responses for so many locations in the river
basin. It is very difficult to match both the timing and magnitude of the model predictions to the
observed values.

WARMF presents various statistics for the user to evaluate the reliability of the model
predictions. The user must bear in mind that there is no single statistical measure for the
goodness of fit between two time series. If the simulated time series match the observed time
series in magnitude, but off by one day, the errors can still be very large, even though they may
not make any difference in TMDL calculations or management decisions. The calculation of
error terms, discussed above, is based on the assumption that the measured values are 100%
correct. This assumption may not necessary be correct.
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Figure 6-7
Scatter Plot of Simulated and Observed Flows.

6-9



EPRI Licensed Material

Engineering Module—Run And Output

South Fork - Flow, cms

=] E3

Mewhase |Gh5t:wt:d

Mean 27.59 30

Minimum 3.67 .35

Maximum 244.8 275.5

Relative Error -1.846 0

Absolute Error 6.598 0

RM5S Error 13.8 0

r squared 0.82 1
el L

1
L L L _J__

1

1

1

1 1 1 1 1 1
I B e s B B

“wilume, m™3 (x 10°6)

'.:"1 o4 Lo () () [l () () =+ =+ =t = =+ =+
(=] (=] (=] (=] (=] (=] (=] (=] (=1 (=] (=] (=] (=] (=]
z 2z 22 2 2z 2 2 2 2 2 Z Z
2 & 2 o 2 @ &2 & &g & &2 & &
(=1 — — () W r= (=7 — — () W - (=] —
=] — L] ] ] = o — ] [ ] [e] =] —
MNewbaze Observed
. . . R P S ‘g’Hap
=+ Scatter Plat > Frequency Distibution  <*  iCurmulative Quarntity:

Figure 6-8
Cumulative Quantity of Simulated and Observed Flows.

Profile Output
To view a water quality profile of a reservoir, double-click on a reservoir segment. Select a

parameter from the list on the left side of the dialog. Then clidRrofile Plot. The dialog,
shown in Figure 6-9, will appear:
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Figure 6-9

Profile Output Dialog.

The legend of the plot is displayed below the X-axis. Circles are for observed data and the line is
for simulated results. The date of the observed profile is indicated in the legend. The date of the
simulated profile is shown at the lower left corner of the dialog. Because observed profiles are
available only for few dates, it is not possible to compare the simulated and observed profile at
every date.

The user can change the simulation date to match the date of observed profile. To change the
date of the simulated profile, click the mouse on either the day, month, or year field. Click on the
up and down arrows to change date. By so doing, it is possible to see an animation of how the
water quality profile changes seasonally. The day, month, or year can also be entered directly
with the keyboard.

WhenShow Observeds checked but no data is shown, it means that there is no observed data.
To evaluate the model output externally, click@neate Text File The text file will contain
columns for date, depth, observed and simulated data.

Multiple output plots (scenarios) can be opened for simultaneous viewing. The dialogs can be

moved around on the screen by dragging. To close a dialog, click on the “X” in the upper left
corner.
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Mass Output

To view the total mass of a constituent in a reservoir, double-click on a reservoir segment when
the GUI is in theDutput mode. Select a water quality parameter in the list on the left side of the
dialog and click oriMass Output Plot Figure 6-10 appears:
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Figure 6-10
Mass Output Dialog.

The legend of the plot is displayed below the X-axis. To obtain the output in ASCII, click on
Create Text File The default text file name will be given based on the parameter selected (i.e.
AMMONIA.DAT). This file name can be changed. Also, several output dialogs can be opened

for simultaneous viewing. The dialogs can be moved around the screen by dragging. To close the
dialog, click on the “X” in the upper right corner.

Spatial Output
To view spatial output of simulation results, double-click in the Map Window outside of the

watershed boundary while the GUI is in thatput mode. Figure 6-11 is the dialog box that will
appear:

6-12



EPRI Licensed Material

Engineering Module—Run And Output

Spatial Output  [E[=]

Sn::enarin:l:l newbaze w7 I
[~ |

losmrnas Bl

xﬂancel ? Help

Figure 6-11
Spatial Output Dialog.

The dialog provides menu to select a scenario, a parameter and a date of spatial output. To select
a scenario, push the pull down arrow for a list of scenarios and select one (e.g. BASE). To select
a parameter, push the pull down arrow below for a list of parameters and select one (e.g.
temperature). To select a date, click on the date and change it by the up and down arrow.

Figure 6-12 shows the spatial output. The color of catchments, river segments, and reservoir
segments reflects their temperature according to a scale shown on the Map Window.
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Figure 6-12
Spatial Output Display.
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UPDATE AND RECALIBRATION

Introduction

The WARMF CD contains the database, simulation models, and graphical user interface.
Continuous research in WARMF may result in improvements on the simulation models and
graphical user interface. When it is warranted, a periodic update of WARMF may be issued. To
the extent possible, the program update will be made in such a way that the program will

continue to work with the old database. When an update of WARMF is furnished in a new CD,

the user can follow the instructions to install the program. If there is a compatibility problem, the
user should contact us, provide us the versions of new and old program, and explain the nature of
the problem.

The database on the other hand can be updated when more data becomes available. Thus, the
watershed managers can continue to use WARMF as a planning tool in the five years planning
cycle of the TMDL process.

This chapter will describe the graphical user interface for extension of the database and/or further
model calibration. It is assumed that the user already has a CD with an existing database.
Updating data will take 3 steps: compiling new data, recalling the existing database, and
amending new data to the old database.

Adding New Data

New data can be added through the data module. There are two ways to access specific data in
the Data module.

One way is to predglodule in the menu bar from any module and selzata Module from the
pull down list. WARMF will provide a list of data types, i.e. meteorology, point source, managed
flow, etc. Select a data type to display the file names for existing data. Choose a file to update.

Another way is to press thdew in the menu bar of théngineering module, and select a data
type. The stations with data for the data type are displayed as white dots on the basin map.
Double-clicking on a specific white dot will retrieve the existing data file to update.

The method to go through tiEgineering module is more intuitive than to go through Degta
module. In the engineering module, the stations for the existing data are displayed as white dots
on the map. It is a matter of pointing and clicking at a white dot to retrieve the data file. In the
data module, the user must learn the file name, which may be cryptic, for a specific station.
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Extension of Meteorology Data

The first step is to compile daily meteorology data of precipitation (cm), minimum temperature
(C), maximum temperature (C), cloud cover (%), dewpoint temperature (C), air pressure (mbar),
and wind speed (m/s). The data source for the meteorology station is documented in the existing
data file. The user can check the data source to get idea about where to obtain more recent data
for the station. The data can generally be obtained either from the National Climatic Data Center
(NCDC) or from a local Cooperative station.

For a higher order station, such as airports, the data for all parameters is usually available. For a
lower order station, only precipitation and temperature data is available. In that case, the user
may want to use the available precipitation and temperature data from the lower order station and
the data of missing parameters from a nearby higher order station. It is necessary to have
meteorology data for every parameter and every day of the simulation.

The second step is to retrieve the existing data. To do that, click viEWe menu and select
Meteorology Stations The available meteorology stations will be displayed as white dots on the
basin map. If the white dots are too small to see, use zoom function to enlarge the map. Double
click on a specific dot to retrieve the meteorological data for the station. The existing data will be
displayed in a spreadsheet or a time series plot.

The third step is to amend new data to the existing database. To do that, dlatkerio put

the database ihable mode. Click orAdd Blank Rows to End of Fileto extend the length of

the file. Scroll down to the new blank lines and enter the data. Data can be copied from an Excel
spreadsheet using CTRL+C and CTRL+V commands. To insert individual rows, select a cell
below which the new rows are to be add and push CTRL+INS. To delete a row, select the row
and push CTRL+DEL.

Extension of Managed Flow Data

The first step is to compile new managed flow data. Managed flow data includes reservoir
release data and diversion data and must be specified for every day of the simulation. The user
can consult the data source in the existing database to get idea about where the data came from.

Reservoir release data is usually available from the operator of the reservoir. If data is not
available, but the river is gaged directly downstream of the dam, this river flow data can be used
as reservoir release data. Diversion data is also usually available from the organization
responsible for the diversion. In some cases, water may be diverted only during certain times of
the year. For days with no diversion flow, the value should be set to zero. If data is available on a
monthly (or yearly) basis, there is no need to repeat the value for every day in the file. Simply set
the value for the first day it is valid and then leave the file blank until the day when the value
changes. Missing data for a date can lead to a simulation error.

The second step is to recall existing data. To do that, clidkema menu and seledflanaged
Flow. The locations with managed flow data will appear as white dots in the basin map. If

7-2



EPRI Licensed Material

Update and Recalibration

needed, use the zoom function to enlarge the map. Double click on a specific white dot to
retrieve the data file for the specific location.

The third step is to amend new data to the existing data file. Cli¢lalole to place the data
module inTable mode. Click orAdd Blank Rows to End of Fileto extend the length of the

file. Scroll down to the new blank lines and enter the data. Data can be copied from an Excel
spreadsheet using CTRL+C and CTRL+V commands. To insert individual rows, select a cell
below which the new rows are to be add and push CTRL+INS. To delete a row, select the row
and push CTRL+DEL.

Extension of Air Quality Data

The first step is to compile new air quality data. Air quality data includes chemical constituent
concentrations (mg/l) in precipitation and chemical constituent concentraiiging)(in the air.
Monthly average data is used by WARMF.

The source of air quality data is documented in the existing database. The user is advised to
check it to obtain idea about where to look for the more recent data. In general, rain chemistry
data is available from the National Atmospheric Deposition Program. The aerosol chemistry data
is available from the National Dry Deposition Monitoring Network. The monitoring stations are
sparse. In most case, only one station within or near the basin may be available.

The second step is to retrieve the existing data. To do that, click dothde menu, select
Data Module, and then sele&ir Quality . SelecfTable to view the data in spreadsheet.

The third step is to add new data to the spreadsheet. To do that, cfidkl @lank Rows to

End of File to extend the length of the file. Scroll down to the new blank lines and enter the data.
Be sure to add data for both tRain andAir categories. Data can be copied from an Excel
spreadsheet using CTRL+C and CTRL+V commands. To insert individual rows, select a cell
below which the new rows are to be add and push CTRL+INS. To delete a row, select the row
and push CTRL+DEL.

Point Source Load

The first step is to compile new point source data. Point source data includes flow, temperature,
and loading data for each NPDES discharge. The data source is documented in the existing
database. Consult it to get idea about where to obtain the new data. Generally, the data can be
obtained from the state regulatory agencies, NPDES permit holders, or the EPA Permit
Compliance System (PCS) database. The PCS database can be accessed via EPA’s website.

The second step is to retrieve the existing database. To do that, clickvbevth@enu from the
Engineering module and sele€oint Sources The locations of all point source dischargers will

be shown as white dots on the basin map. If needed, use the zoom function to enlarge the map.
Click at a white dot to retrieve the point source data at the specific location for update.
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The third step is to add new data to the spreadsheet. To do that, cfidkl @lank Rows to

End of File to extend the length of the file. Scroll down to the new blank lines and enter the data.
Data can be copied from an Excel spreadsheet using CTRL+C and CTRL+V commands. To
insert individual rows, select a cell below which the new rows are to be add and push
CTRL+INS. To delete a row, select the row and push CTRL+DEL.

Point source data can be entered for dates with irregular frequency. WARMF will use the flow
and loading data for the starting date for each day of simulation until the next available date. In
other words, it uses a step function approach for the point source load.

Update Land Use Data

It is desirable to update land use data on a periodic basis. WARMF can perform a model
simulation under one land use condition and save the results as initial conditions for another
simulation under the new land use conditions. WARMF does not have the capability to perform
an interpolation of land use changes between two periods.

The best way to update land use data is to import a new ArcView shape file. Many state and
local agencies have GIS departments that can prepare the ArcView shape files for historic or
projected conditions. The shape file can be imported directly into WARMF to replace the old

shape file. The import procedure is performed withRitee/ Import / Land Use function under

the main menu. This function was described in an earlier se@aini{ment Coefficient9 of

this report.

The new shape file may contain land use categories different from the old data. In this case, the
list of land use categories must be updated before importing the ArcView shape file. The
procedure to change the land use categories has been described earl®ystetime

Coefficients section of this report.

Extension of Observed Hydrology Data

The first step is to compile new observed hydrology data. The user can consult the data source
documented in the existing database to get idea about where the old data came from. This may be
the same source for new gaged flow data.

In general, daily stream flow data for most stations are obtained from the USGS website. Some
stakeholders may have flow data measured for a specific location and period. For reservoirs,
surface elevation and flow release data is usually compiled from the organization that operates
the reservoir.

The second step is to retrieve the existing database. Two methods can be used. For method 1,
click onView menu and selegaging stationsin the pull down menu. The gaging stations will

be shown as white dots in the basin map. If needed, use the zoom function to enlarge the map.
Double click at a white dot to retrieve the observed hydrology data for the specific gaging
station. For method 2, click dviodule and selecData module. Click on down arrow for type of
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data and sele@bserved Hydrology. Click the down arrow ofFile Nameto display available
data files for the observed hydrology. Select a file for the gaging station to be updated.

The third step is to add new data. To do that, select Table mode to display the existing data in
spreadsheet. Click olhdd Blank Rows to End of Fileto extend the length of the file. Scroll

down to the new blank lines and enter the data. Data can be copied from an Excel spreadsheet
using CTRL+C and CTRL+V commands. To insert individual rows, select a cell below which
the new rows are to be add and push CTRL+INS. To delete a row, select the row and push
CTRL+DEL.

It is not necessary to have observed data for every day of simulations. The observed data is only
used for comparing against model results.

Extension of Observed Water Quality Data

The first step is to compile new observed water quality data. Consult the data source documented
in the existing database. The EPA STORET database may have an update of new water quality
data for the same station. Stakeholder groups may have sponsored the collection of new water
guality data to monitor the water quality improvement since the adaptation of a new TMDL plan.
They can all be used to update observed water quality data.

The second step is to retrieve the existing database for update. Two methods can be used. For
method 1, click o’View menu and seleWater Quality Stations in the pull down menu. The

water quality stations will be shown as white dots in the basin map. If needed, use the zoom
function to enlarge the map. Double click on a white dot to retrieve the observed water quality
data for the specific station. For method 2, clickvodule and selecData module. Click on

down arrow for type of data and sel@tiserved Water Quality. Click the down arrow ofile
Nameto display available data files for the observed water quality. Select a file for the water
guality station to update.

The third step is to add new data. To do that, select Table mode to display the existing data in
spreadsheet. Click ohdd Blank Rows to End of Fileto extend the length of the file. Scroll

down to the new blank lines and enter the data. Data can be copied from an Excel spreadsheet
using CTRL+C and CTRL+V commands. To insert individual rows, select a cell below which
the new rows are to be add and push CTRL+INS. To delete a row, select the row and push
CTRL+DEL.

Model Recalibration

As the new data is entered into WARMF, the user may wish to recalibrate the model to the new
and better data. It is advisable for the user to first run the model without recalibration. If the
results are good, it can be considered as a verification of the model.
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For example, the model might initially use the annual average values of point source loads. As
the point source data is improved to the monthly averages or weekly averages, the user may see
the improvement in model prediction without the recalibration.

In most situations, model coefficients as contained in the CD have been calibrated with available
data, which was limited. In any model application, there is always room for improvement. To
adjust the model coefficients based on newer and better data can help improve WARMF on a
continuous basis.

Through a model review, some potential users may discover that the application of WARMF is
very data intensive. They have raised a legitimate question: do we have enough data to start a
project using WARMF? The answer is affirmative for two reasons. First, WARMF can be started
with input data that is readily available through Internet. Second, WARMF can grow with the
improved data. There is no need to wait at the beginning.

Calibration is still a combination of art and science. It would be impossible to develop an
autocalibration algorithm for a dynamic and multiple parameter model like WARMF. An
autocalibrator has been developed for the hydrologic module, where a limited number of
coefficients are adjusted in a logical sequence. Even for that, the application is carefully
monitored by experienced modelers. Water quality calibration must be performed by experienced
modelers also.

WARMF contains multiple parameter models involving numerous coefficients. A systematic
approach must be used to calibrate the models. The idea is to calibrate the models according to a
hierarchical order of parameters. For example, WARMF can be calibrated sequentially for
hydrology, temperature, sediment, conservative constituents, nutrients, algae, and dissolved
oxygen. In each step, a smaller but manageable group of coefficients can be adjusted to achieve
the match between simulated and observed values.

Calibration Coefficients and Their Menu Paths
The calibration coefficients are parameters to adjust. There are only a few key coefficients to

adjust for certain response variables. The menu path is the pathway to reach those key
coefficients. They are discussed according to the hierarchical groups of response variables.

Hydrology and Temperature Calibrations
The calibration coefficients for hydrology and temperature are grouped together because flow

and temperature profiles are coupled in a stratified reservoir. In the case where a stratified
reservoir is not involved, hydrology can be calibrated before temperature.
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Following is a listing of the calibration coefficients and their menu paths for hydrology and
temperature.

Menu path: Catchment coefficients / physical data category
* Detention storage

* Roughness

Menu path: Catchment coefficients / meteorology category
* Precipitation weighting factor
* Temperature lapse rate

» Altitude lapse rate

Menu path: Catchment coefficients / soil coefficients category
» Solil thickness

* Initial moisture

* Field capacity

» Saturation moisture

* Horizontal conductivity

* Vertical conductivity

* Initial soil temperature

Menu path: River coefficients / physical data category
* Manning’s N
Menu path: River coefficients / reactions category

* Convective Heat Factor

Menu path: River coefficients / initial concentration

» Initial river temperature

Menu path: Reservoir coefficients / meteorology category
* Precipitation weighting factor

* Temperature lapse rate
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Menu path: Reservoir coefficients / diffusion category
* Minimum negative density gradient
* Wind mixing diffusion coefficients

» Density gradient diffusion coefficients

Menu path: Reservoir coefficients / initial temperature category

* Initial temperature profile

Menu path: System Coefficients / physical data category
» Evaporation coefficients

 Thermal convection factors

Menu path: System Coefficients / land use category

* Fraction impervious

Menu path: System coefficients / snow category
* Snow formation temperature
e Snowmelt temperature

*  Snowmelt rates

Sediment Calibrations
Following is a listing of calibration coefficients and their menu paths for sediment:

Menu path: Catchment coefficient / erosion category
» Soil erosivity factor

* Sand, silt, and clay fractions of erodible soil

Menu path: Catchment coefficient / buffer zone category
* Percent buffered (length of buffer strip)

* Width of buffer strip

» Slope of buffer strip

* Roughness coefficient of buffer strip

Menu path: River coefficients / sediment category
» Detachment velocity factor
* Initial sediment depth
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* Sand, silt, and clay fractions of river bed
* Vegetation factor

* Bank stability factor

Menu path: System coefficients /land use category
* Cropping factor
* Rainfall detachment factor

* Flow (velocity) detachment factor

Menu path: System coefficients / sediment category
» Particle size

» Specific gravity

» Settling velocity

Conservative and Non-conservative Constituents

Following is a listing of calibration coefficients and their menu paths for conservative and non-
conservative substances:

Menu path: Catchment coefficients / fertilization category

» Fertilizer application rates including animal droppings, garbage, and automobile exhaust.

Menu path: Catchment coefficients / reactions category

* Ferrous ion oxidation rate

Menu path: Catchment coefficients / soil category

* Initial solution concentrations

* Initial adsorbed ions and cation exchange capacity of soil
* Mineral composition

» Surface mines and deep mines

Menu path: River coefficients/ reactions category
» Decay rates of various constituents

+ Oxidation rate of ferrous to ferric iron
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Menu path: Reservoir coefficients/ reaction category

» Decay rates of various constituents

Menu path: System coefficients / land use
* Collection efficiencies of aerosols
e Leaf area index

» Chemical composition of vegetation

Menu path: System coefficients /mineral category
* Mineral weathering rate coefficients

» Weathering by-products

» Equilibrium for pH

Nutrient, Algae, and Dissolved Oxygen

Following is a listing of calibration coefficients and their menu paths for nutrients, algae, and
dissolved oxygen:

Menu path: Catchment coefficients /fertilization category

» Fertilizer application rates including animal dropping, garbage, and automobile exhaust.

Menu path: Catchment coefficients /soil category
e |nitial solution concentrations
e Initial adsorbed ions and the CEC of soil

» Organic content in soil

Menu path: River coefficients /reaction category
* Sediment oxygen demand
* Nitrification rate

» Organic carbon decay rate

Menu path: Reservoir coefficients /reaction category
» Sediment oxygen demand
* Nitrification rate

» Organic carbon decay rate
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Menu path: System coefficients / land use category

Leaf area index
Collection efficiencies of aerosol

Chemical composition of vegetation

Menu path: System coefficients / algae and periphyton category

Maximum algal growth rates
Respiration, mortality, and settling rates
Half saturation constants of nutrients
Half saturation constants of light
Chemical composition of algae
Temperature tolerant ranges
Chl-a/Carbon Ratio

Menu path: System coefficients/ nitrification category

Foliar nitrification rate

Soil nitrification rate.

Calibration Procedure

The basic procedure for calibration is by trial and error. WARMF provides a graphical user
interface to facilitate such a process. The model calibration is performed through the engineering
module. Calibration can proceed according to the following steps:

1.

2.

3.

UnderModule menu, seledEngineering
UnderScenariomenu, seledtlanager

Under theScenariomenu, make sure Base scenario is active. Opebdieario Manager
pushCopy button, and give a new scenario name (e.g. calibl).

SelectOpento open the new scenario and click OK. Select the new scenario name (e.g.
calibl) in the bottom of the scenario menu. Thus all changes made will be saved under the
new scenario for comparison to the base case scenario.

UnderMode menu, seledinput
Determine appropriate calibration coefficients and their menu paths.

Point and click at catchments, stream segments, or reservoir segments according to the menu
paths.
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8. Make appropriate adjustments of coefficients in the dialog. The adjustments can be made for
as many locations and parameters as necessary.

9. UnderMode menu, seledRun
10. Wait for the simulation to complete.
11.UnderMode menu, seledDutput

12.Point and click at a location in the watershed where there are observed hydrology and water
quality data.

13. Select a parameter to display the plots of observed and simulated results for base case and
new scenario (e.g. calibl).

14.Repeat the process until a good calibration is obtained.

15.1f the results are satisfactory, cli@cenario Saveo save the new model coefficients under
the new scenario name (e.g. calibl).

Some rules must be observed in the recalibration. If there are measured values for the calibration
coefficients, use them directly. The adjustment of parameter values must be made within a
reasonable range. The range of literature values can be found by pdstgrigutton.

It is also important to recognize that errors can come from different sources. They may include
input data (meteorology, land use, etc.), model formulation, model coefficients, and observed
data (hydrology and water quality). Model coefficients are not the only cause for a deviation
from a perfect match.

A time series match is extremely difficult, because everything has to be lined up perfectly. In
some of our simulation results, the simulated seasonal pattern appears to match the observed
reasonable well by visual comparison. When the pairs of observed and simulated data for the
same time are compared, the statistical correlation is very poor due to minor shifts in the time
series.

A perfect match between simulated results and observed data should not be the only criteria to
judge the performance of a model. A perfect match can be achieved by a very simple model with
two lines of code: read the observed data and print it out as the answer. But, the model would not
be useful.

The bottom line is whether WARMF, with the uncertainties of its model assumptions and the

errors and uncertainties of it input data, can provide scientifically sound information for
stakeholders to make a management decision. Sensitivity and uncertainty analyses to address this
issue have been discussed in the documentation report of WARMF (1).
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EXERCISES

Introduction

To help users become familiar with WARMF and its features, a set of exercises have been
developed. Several of these exercises describe how to set up scenarios for hypothetical
management plans, e.g. point source loading reduction, BMP(s) for nonpoint source loading, or
water right purchase as a pollution trading scheme. One exercise shows how to set up TMDL
runs using multiple Water Quality Limited Sections in the 303(d) list. One exercise demonstrates
how to evaluate water quality due to projected future growth on a watershed. Another exercise
looks at the Cost Sharing worksheet where point source dischargers share the cost of BMP(s) of
nonpoint point source dischargers in exchange for a less stringent effluent limitation. The final
exe4rcise looks at the path to consensus. These are only a sample of the types of analyses that
can be performed using WARMF.

The exercises are written in a cookbook format. The user can follow the procedure by clicking
on the menus and buttons of the graphical interface.

Point Source Reduction
This exercise demonstrates the effect of making a global reduction in point source loading.

1. Under theScenariomenu, selecgcenario Manager select BASE, click o€opy, and give
a new name (e.g. PTSRC). Use @en button to open the new scenario and click OK.
Make the new scenario active by selecting it from the list unde3ddeariomenu item.

2. Under theModule menu, selec€onsensusGo to step 5. Click the pull down arrow tedit
box and seled®oint Sources PushEdit button to display global load reduction factors for
various pollutants. Reduce the point source loading by changing the weighting factors for
each constituent. A value of 1.0 means no reduction and a value 0.4 means a 60% reduction.
Click onOK to retain the changes. Click &tenario / Save

3. IntheConsensusnodule, go to step 4 and click tBanulate button. Make sure the
Generate Loading Dataswitch is on. Click OK to run the simulation with the existing
setting for beginning date, ending date, etc. Wait for the simulation to complete.

4. When the simulation finishes, click &wwading to see how the reduction of point sources
affects the overall loading.
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5. Click onWater Quality and switch between scenarios and intended uses to see what affect
the loading reduction had. Do some rivers and reservoirs change from red to green?

The exercise is for a global reduction of all point source dischargers. It may be desirable to make
a load reduction for only a selected number of point source dischargers. This evaluation can be
done through th&ngineering module.

First prepare the data files for the proposed changes of specific point source dischargers. Follow
step 1 describe above to create a new scenario. ar menu, seledinput. Double click on
specific river segments or reservoirs that will receive modified point source discharges. Click on
Point Sources.UseRemoveto remove the old point source data &led useAdd to assign the

new point source data file. Click @K and selec&cenario / SaveAfter that follow steps 3, 4,

and 5 described above.

Buffer Strips BMP

This exercise demonstrates the effect of buffer strips on nonpoint source loading and receiving
water quality.

1. UnderScenariomenu, seledtlanager. In theScenario Manager select BASE, click on
Copy, and give a new name (e.g. BUFFER). UseQben button to open the new scenario
and click OK. Make the new scenario active by selecting it from the list und8cémario
menu item.

2. UnderMode menu, seledihput. Point and click at one or more catchments where buffer
strips are proposed. In the catchment dialog, sBleifer Zone. Make changes to the buffer
zone coefficientsPercent Buffered Width, Slope andRoughness

3. To modify the buffer strips for the entire watershed on a global basis, click appheto
All Catchments. To change several catchments as a group, hold dovBHI# key while
single clicking on the catchments. Double click on the last catchment to be included in the
group while still holding th&HIFT key. Make the coefficient changes and then select
Apply to Selected Catchments

4. Under theScenariomenu, selecBaveto retain changes under the new scenario nameer
Mode menu, seledRun, set simulation conditions, turn tkéenerate Loading Dataswitch
on, and click OK to initiate the simulation. Wait for the simulation to complete.

5. In Consensusnodule, click orLoading in step 4 to see how the increase of buffer strips
affects the overall loading.

6. IntheConsensuanodule, click onNater Quality in step 4. Switch between scenarios and

intended uses to see the effects of more buffer strips. Do some rivers and reservoirs change
from red to green?
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Cropping Factors for Agricultural Land

This exercise simulates the benefit of another BMP: to improve farming practices. The cropping
factor, which ranges from 0.1 to 0.8, controls soil erosion and associated transport of phosphorus
and pesticides from land to surface waters. A proper selection of crops and tillage practices can
reduce the cropping factor for farmlands.

1. Under theModule menu, seledEngineering. Push the&scenariomenu and seledfianager.
In theScenario Manager select BASE, click o€opy, and give a new name (e.g.
CROPFAC). Use th®pen button to open the new scenario and click OK. Make the new
scenario active by selecting it from the list underSbhenariomenu item.

2. PushMode in the menu bar and seldnoput. Double-click outside of the basin map to edit
System Coefficients Selectand Usewith coefficient selector on the right column. Push
the down arrow of Parameter box and sel&dpping Factor from the list. Select land uses
for Cropland, Cultivated, Farm, andOrchard and reduce their cropping factor by 50%.
Click OK for the changes made.

3. Under theScenariomenu, selecbaveto retain changes under the new scenario nameer
theMode menu, selecRun, turn onthe Generate Loading Dataswitch, and pusK to
start the simulation. Wait for the simulation to complete.

4. Under theModule menu, selea€onsensusClick onLoading in step 4 to see how the
nonpoint source loading decreases.

5. Click onWater Quality and switch between scenarios and intended uses to see the affects of
reduced cropping factors. Do some rivers and reservoirs change from red to green?

Atmospheric Deposition

This exercise simulates the effects of cleaner air. Cleaner air can reduce wet and dry atmospheric
deposition to land. The deposited pollutants can be washed off to receiving waters.

1. Under theModule menu, seledEngineering. Under theScenariomenu, selecécenario
Manager. In Scenario Manager select BASE, click o€opy, and give a new name (e.g.
AIRDEP). Use thé@pen button to open the new scenario and click OK. Make the new
scenario active by selecting it from the list underSbhenariomenu item.

2. Under theModule menu, seled€onsensusGo to step 5 and push the pull down arrow of
Edit box and sele&tmospheric Depositionfrom the list. Push thEdit button for a list of
deposition factors for various air pollutants. Reduce their values by 50%, which will bee
made on both wet and dry depositions.

3. In theConsensusnodule, clickSimulate button in step 4. Set the simulation conditions and
turn theGenerate Loading Dataswitch on. Click OK to start simulation and wait for the run
to complete.
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4. When the simulation finishes, click dwwading to see how the reduction of air deposition
affects the overall loading.

5. Click onWater Quality and switch between scenarios and intended uses to see the effect of
loading reduction. Do some rivers and reservoirs change from red to green?

Fertilizer Application

This exercise simulates the effects of fertilizer application. WARMF tracks the amount of
fertilizer application to the land and subtracts the amount consumed by vegetation. The
remainder can be washed off to a river segment.

WARMF uses the same procedure to track all pollutants that can be applied to land. For that
purpose, the pollutant list expands from nitrogen and phosphorus of real fertilizer to such
parameter as BOD, fecal coliform, and metals. They can be derived from animal wastes in
pasture land. In urban land, they can be derived from lawn fertilizers, garbage in the streets, pet
wastes, and unlawful dumping into storm sewers.

A reduction of nonpoint source load can be achieved by farmers, street sweepers, or pollution
prevention promoters. WARMF can evaluate their effectiveness.

1. Under theScenariomenu, selecécenario Manager In theScenario Manager select
BASE, click onCopy, and give a new name (e.g. FERTILIZ). Use@peen button to open
the new scenario and click OK. Make the new scenario active by selecting it from the list
under theScenariomenu item.

2. UnderModule menu, selec€onsensusPush the pull down arrow f&dit box and select
Nonpoint Sourcesfrom the list.

3. Push theedit button for a global change of fertilizer applications. Push the pull down arrow
of the land use box for a list of land uses. Select a land use (e.g. cultivated land, grassland,
urban etc.) one at a time and reduce its monthly fertilizer applications by 50% for each
pollutant. Checl@pply to all subcatchmentsfor a global change. Selégtenario/Saveao
retain changes.

4. Click Simulate button in step 4. Set the simulation conditions and turGtmeerate
Loading Data switch on. Click OK to start simulation and wait for the run to complete.

5. When the simulation finishes, click twwading to see how the reduction of fertilization rates
affects the overall loading.

6. Click onWater Quality and switch between scenarios and intended uses to see the effect of
loading reduction. Do some rivers and reservoirs change from red to green?

If fertilizer applications are to be reduced only for a group of catchments, the evaluation must be
performed through engineering module. For that evaluation, the first step of creating and
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activating a new scenario is the same as described in step 1. Unkfierdille menu, select
engineering. Under thidode menu, seledinput. Click on a catchment and sel&drtilization .
Push the down arrow of land use box and select a land use to change its monthly fertilizer
application rates for various pollutants.

To modify the fertilizer rates the entire watershed on a global basis, click appheto All
Catchmentsbutton. To change several catchments as a group, hold doBrItR& key while

single clicking on several catchments until they are selected. Double click on the last catchment
to be included in the group while still holding {BEIIFT key. Make the coefficient changes and
then selecApply to Selected Catchments

After that, follow steps 4, 5, and 6 to see the impact of fertilizer applications on nonpoint source
loading and receiving water quality.

Water Rights Purchase

This exercise simulates the impact of purchasing water rights from farmers as a pollution-trading
scheme.

In some river basins, large quantities of water are diverted for municipal and agricultural uses.
This practice can not only reduce available dilution water but also increase nonpoint source load
from farmlands. One possible management option is for the point source dischargers to purchase
the water rights of some diversions and keep more water in the river. The goal of this purchase
would be to increase the assimilative capacity of the river which could result in a higher
allowance of point or nonpoint loading and/or improved water quality.

1. Create a new scenario for this exercise. Start with BASE as the active scenario. Go to
Scenario / Manager click onCopy, and give it a new name (such as BUYWATER). Use
the Open button to open the new scenario and click OK. Make the new scenario active by
selecting it from the list under tf8cenariomenu item.

2. Under theModule menu, selec€ConsensusGo to Step 5 and push the pull down arrow, and
selectDiversion from the list. Push thEdit button for a list of the diversions in the
watershed. Decide which diversions will be removed or reduced. Adjust the factors
accordingly. A factor of zero will remove the diversion completely. A factor of 0.5 will
reduce the diversion by 50%. Click @K andScenario/Saveo retain changes.

3. Turn theGenerate Loading Dataswitch on. Seled¥lode / Run from the main menu and
run a simulation for the entire watershed.

4. When the simulation finishes, click cwwading to see how the purchase of water rights
affects the overall loading.

5. Click onWater Quality and switch between scenarios and intended uses to see the effect of
the water rights purchase. Do some rivers and reservoirs change from red to green?
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Nested TMDL

This exercise demonstrates the procedure to calculate a TMDL for multiple water quality limited
sections (WQLS) on a watershed. The WQLS are locations that violate the water quality criteria
for its intended uses. In WARMF, WQLS and control points mean the same thing. The TMDL
calculation is made from the upstream to the downstream WQLS.

For the purpose of illustration, we will use Sugar Creek in Charlotte, North Carolina as an
example. If your CD does not contain the database for Sugar Creek, please follow the procedure
and apply it to your watershed system.

Figure 8-1 shows the map of three river sections that violated the intended use of warm water
fish habitat. They are Upper Sugar Creek, McAlpine Creek, and Lower Sugar Creek. The first
TMDL we will calculate is for Upper Sugar Creek.

CHARLOTTE
pper Sugar Creek
i

McAlpine Creek

\ . . anncel ? Help
' o —

—r

Figure 8-1
Map of Sugar Creek, NC.

The TMDL calculation will be carried out through TMDL module. However, the first step is to
create a new scenario name for TMDL.

1. Under theScenariomenu, select scenario manager, select BASE, clickamy and give it a
new name (e.g. TMDL1). Make the new scenario (TMDL1) active.

2. Under theMode menu, selectMDL . Push the down arrow of intended use box and select
Warm Water Fish. Push down arrow of criterion box and selaa. 7-day mean
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Dissolved Oxygen, mg/IPush the down arrow of TMDL box and selB@D as the loading
parameter to adjust.

. Click on theControl Point button. The basin map will appear along with a dialog. Drag the
dialog away if it covers the map section of interest. Follow the instruction in the dialog and
click once orUpper Sugar Creek The creek should be highlighted. Click OK on the dialog.
The name, Upper Sugar Creek, should appear next to the control point button.

. Set a level of either point or nonpoint source control. Let’s use a nonpoint control level of 0.4
for the first TMDL calculation. The TMDL for point source load will be determined together
with a 60% reduction in nonpoint source loading.

. Push the pull down arrow of simulation name box and select TMDL1. PuShathiebutton
and wait for the simulation to finish.

. To view the results, click ohoading button to see how the loading is reduced from Base
case to TMDLL1. Click oWater Quality button to see if Upper Sugar Creek improved.
Does it change from red to green when switching between BASE and TMDL1?

. If the color has changed from red to green, it is an indication that the TMDL calculation is
successful. The program will indicatesto the question of “is the TMDL acceptable?”
Click theSave TMDL button. The point and nonpoint load allocations will appear in the
spreadsheet.

. Ifitis not successful, the program will indicate to the question of “is the TMDL
acceptable?”. That means the water quality criterion cannot be met even with zero point
source loading. The program will suggest the user to try another solution at a higher level of
nonpoint source control. By this process, it is possible to generate multiple solutions of
TMDL with different point and nonpoint load allocations.

. To continue the TMDL calculation for the next downstream water quality limited segment,
make a new scenario (TMDL2), and go back to step 1 of TMDL module. For the control
point, select McAlpine Creek as the second water quality limited segment. Calculate the
TMDL for all loads upstream of McAlpine Creek, including those discharged to Upper Sugar
Creek.

10.To view results, click ohoading to see the loading change and clickater Quality to

see if the water quality of at the control point has improved. Does it change from red to green
when switching between BASE and TMDL runs?

11.Repeat the same procedure to calculate TMDL for Lower Sugar Creek as the control point.

You will end up with a table of loading allocations for each control point in the watershed.

Since TMDL is calculated for each control point, do not be surprised by a result that the TMDL
for the lower control point is higher than the TMDL for an upper control point. This can happen
when the stream segment receives another tributary inflow of higher water quality. In that case,
the TMDL for the upper stream segment is more restrictive and is the one to adopt. This will
result in a smaller total load to the lower stream segment. Thus, after all TMDLs are calculated
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for all control points in the entire watershed, the user must go through the results and adopt the
most restrictive TMDLSs for the final TMDL plan.

Alternatively, one may wish to calculate and preserved the TMDL for the upstream WQLS. To
do that, it is necessary to set a breakpoint for the upstream WQLS. After the calculation of
TMDL for the river section, turn off the subwatershed inRua dialog of the TMDL

calculations for the downstream WQLS. The procedure has been described in Chapter 3.

TMDLs can be calculated for rivers or reservoirs. They can also be calculated for a variety of
intended uses, criteria, and control parameters. By varying the level on nonpoint source control, a
user will end up with a matrix of potential point and nonpoint allocations. The total loads are not
constant, meaning that point and nonpoint load do not have the same water quality effect. Point
source loading is generally steady throughout the year. Nonpoint loading usually enters the
system during storm periods and can be attenuated by various natural processes. Because of
these differences, it is necessary to calculate TMDL with a tool such as WARMF. One cannot
calculate a TMDL and divide the total into point and nonpoint allocations on an equal weight
basis.

Because WARMF produces multiple solutions for TMDL, it is possible to engage stakeholders

in the public allocation of the assimilative capacity as stipulated in the Water Quality Act. In this
process, stakeholders can consider other factors such as cost, equity, pollution trading, and social
considerations in their deliberation for a final TMDL plan as long as they stay within the
acceptable TMDL solutions.

Growth Factor

The Water Quality Act requires that TMDL must take into account the growth factor. This
exercise is designed to evaluate the water quality effects of urban growth in the watershed.

1. Under theScenariomenu select th8cenario Manager,selecBASE, click onCopy and
give it a new name (e.g. GROWTH). Make the GROWTH scenario active.

2. Ask the responsible planning agencies to supply an ArcView shape file of projected land use
and import it into WARMF via th&ile/Import function.

3. If the projected land use shapefile is not available, the land use data can be modified by hand.
Under theModule menu, seledEngineering. Under theMode menu, select Input. Click on
catchments that are subjected to urban growth. Change their land use coefficients to reflect
an increase in residential, commercial, industrial, high or low density developments. Reduce
the land use for forest and cropland/pasture that have been converted to urban area. Click
OK.

4. To make the appropriate changes in the point source loading to accommodate the growth.
Prepare new point source files for dischargers with anticipated increase in loads. Click on the
stream or reservoir segments where the increased point source load will be discharged to. In
the dialog, seled®oint Source.UseAdd andRemovebuttons to replace the a new point
source files.
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5. To make the appropriate adjustment for increase in air pollution due to new growth in
industries and automobiles, select Consensus under the Module menu. Push down arrow of
data Edit box of step 5 and select Atmospheric deposition from the list. Push Edit button and
make global increases of deposition factors for various constituents.

6. Under theScenariomenu, selecbaveto retain the changes in land use, point source loading,
and atmospheric deposition under the new scenario name.

7. Under the Module menu, seldengineering. Under theMode menu, seledRun, turn
Generate Loading Dataswitch on, and make sure the simulation parameters are as intended
and push OK to start the simulation.

8. When the simulation finishes, click «woading to see how urban growth changes the point
and nonpoint source loading. Click Water Quality to assess the water quality impact of
urban growth. Has the water quality changed enough to affect the suitability for any intended
uses?

Cost / Benefit and Cost Sharing

This exercise is designed to show how WARMF evaluates cost-benefit of alternatives. It is also
designed to show how to calculate equitable contributions of funds from various point source
dischargers. These contributions will be used to pay for a part of the nonpoint source control cost
in exchange for a less stringent treatment requirement for point source dischargers.

The exercise will be performed through the consensus module. The exercise will use some of the
scenarios created previously.

It must be pointed out that WARMF is not an economics model. It does not calculate the cost of
various management alternatives. Rather, WARMF brings the cost data, which must be
generated outside of WARMF, into the matrix of decision variables for the stakeholders.

1. Under theModule menu, selec€onsensusUnder theéScenariomenu, select scenario
manager. Use the scenario manager to open BASE, BUFFER, CROPFAC, and AIRDEP.

2. Click on theCost / Benefitbutton. Enter costs of various management alternatives into the
spreadsheet.

3. Examine theBenefit section in the spreadsheet. In WARMF, the benefit is not expressed in
monetary terms. Rather it is expressed in percent compliance. Better alternatives will have
higher percentage of compliance. Click OK, instead of Cancel, to save the costs data in the
program.

4. Click onCost Sharing Enter theAnnual Overhead (i.e. 10 to 15%) for administering the
cost-sharing program.
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5. Enter the proposetlarget Point Source Sharehat is the desired amount of contribution
from point source dischargers. The remainder will be paid for by the nonpoint dischargers.
Remember that this is a term for negotiation during the consensus building process.

6. Enter the proposed Loading Fees of BOD, nitrogen, and phosphorus for point source
dischargers. Remember that the loading fees are also for negotiation during the consensus
building process. Their purpose is to assess sufficient funds to pay for the share of nonpoint
control cost. Knowing what the assessment will be, some point source dischargers may opt to
upgrade their treatment plants.

7. The loading fees can be adjusted untilAlwéual Point Source Shareis close to the target
value. WARMF allocates a share of the project cost to each discharger based on the current
loadings of BOD, nitrogen, and phosphorus.

Consensus

This exercise looks at the path to consensus. It is designed for stakeholders to register their
preference for the proposed management alternatives or TMDL plans. The preference is
converted into a nominal score, which gives each stakeholder an equal voice.

* While actual stakeholders are to be used in the consensus process, the exercise can be
performed by an individual or by a focus group. They just have to pretend that they act on
behalf of real stakeholders.

It is assumed that a large number of possible TMDL solutions are generated ahead of time. These
technically acceptable alternatives are to be evaluated by stakeholders with different interests and
concerns.

1. Under theModule menu, seled€onsensusClick on thelist button of step 1 and collect
stakeholder information and their concerns on various issues deemed important in the
watershed.

2. Under theScenariomenu, select th8cenario Manager Open all TMDL scenarios to be
compared.

3. Click Pros and Consof step 7. Push the down arrow button of stakeholder box. Select a
stakeholder and ask him/her to rank the TMDL alternatives from 1 to 5 (5 is the most
favored) in each area of his/her registered concern. For example, if one of the concerns is
good water quality, ask the stakeholder to find an alternative (or TMDL plan) that would give
the best water quality and give it a score of 5. The next alternative that would give the second
best a score of 4, and so on so forth. If a concern is cost and equity, ask the stakeholder to
register a score of 5 for the TMDL plan that is most cost effective and equitable.

4. Follow the same procedure to register the preferences for all stakeholders.
5. After all votes are taken and entered into WARMF, pushNibrainal Scoresbutton. The

program will display a nominal score summary and show the percentage of stakeholders who
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choose a given TMDL plan as the top 1, 2, and 3 choice. It will also display the preference of
each stakeholder group (i.e. local agency, water company, environmental organization, etc.).

. The nominal score summary gives a clear picture of what stakeholders like. Try to find out
why a certain group of stakeholders prefer one TMDL plan over the other. Try to find out
why a group of stakeholders does not like a certain plan. Also, try to see if a given plan can
be modified to receive a higher acceptance among stakeholders.
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the right to terminate the license and this agreement immediately if you fail to comply with any term or condition of this agreement.
Upon any termination you may destroy this package, but all obligations of nondisclosure will remain in effect.

5. DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

NEITHER EPRI,ANY MEMBER OF EPRI,ANY COSPONSOR, NOR ANY PERSON OR ORGANIZATION ACTING ON BEHALF
OFANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I) WITH RESPECT TO THE USE

OF ANY INFORMATION, APPARATUS, METHOD, PROCESS OR SIMILAR ITEM DISCLOSED IN THIS PACKAGE, INCLUDING
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, OR (Il) THAT SUCH USE DOES NOT INFRINGE ON OR
INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY’S INTELLECTUAL PROPERTY, OR (lll) THAT THIS
PACKAGE IS SUITABLE TO ANY PARTICULAR USER'S CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING ANY
CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS PACKAGE OR ANY INFORMATION,APPARATUS,
METHOD, PROCESS OR SIMILAR ITEM DISCLOSED IN THIS PACKAGE.
6.EXPORT
The laws and regulations of the United States restrict the export and re-export of any portion of this package, and you agree not to
export or re-export this package or any related technical data in any form without the appropriate United States and foreign
government approvals.

7. CHOICE OF LAW

This agreement will be governed by the laws of the State of California as applied to transactions taking place entirely in California
between California residents.

8.INTEGRATION

You have read and understand this agreement, and acknowledge that it is the final, complete and exclusive agreement between you
and EPRI concerning its subject matter, superseding any prior related understanding or agreement. No waiver, variation or different
terms of this agreement will be enforceable against EPRI unless EPRI gives its prior written consent, signed by an officer of EPRI.

EPRI « 3412 Hillview Avenue, Palo Alto, California 94304 < PO Box 10412, Palo Alto, California 94303 * USA
800.313.3774 + 650.855.2121 < askepri@epri.com * www.epri.com
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