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Introduction

This technical document provided by Dynamic Solutions International, LLC (DSI) (www.ds-intl.biz)

describes the step-by-step procedures needed to create an EFDC hydrodynamic model results binary file
(*.HYD) that is formatted for linkage as an input file to the WASP7 water quality model. This technical
memorandum provides the information needed and example problems to show the step-by-step
procedures needed to successfully create and apply an EFDC project to export a hydrodynamic file
(*.HYD) for linkage as an input file for a WASP7 water quality model project. The description contained
in this document assumes that the user has completed the setup of a working EFDC project for a
hydrodynamic model and wishes to generate a binary HYD file as input to a WASP7 water quality model.

The user is reminded that the EFDC model and the EFDC_Explorer interface can be obtained from DSI’s
EFDC_Explorer web site (www.eemodelingsystem.com ) includes a fully functioning coupled sediment

transport and water quality model in a single EFDC model source code. The EFDC water quality model is
comparable to the state variables included in the WASP7 water quality model.

Two example problems are developed by DSI to show how an EFDC model can be setup and linked to a
WASP7 water quality model.

Example Problem#2. A 3D time variable lake model for hydrodynamics, sediment and water quality is

setup as an EFDC model. The hydrodynamic results file (HYD) is then used to setup the same 3D lake
model in WASP7. All input files needed for the EFDC and the WASP7 models are provided for the 3D lake
model problem.

This document presents the information and data needed for link age of the EFDC 3D Lake model to a
WASP7 3D Lake model.

DSI recommends using the EFDC_DSI coupled hydrodynamic and water quality model instead of the
EFDC/WASP linkage process as a faster approach to water quality modeling and it provides the user
with more robust tools for pre- and post-processing the water quality model. This allows the user to
focus more on producing a better modeling study rather than wasting time with model/linkage
mechanics.
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The US Environmental Protection Agency (EPA) supports a number of public domain watershed,
hydrodynamic and water quality models for use in water quality management studies including TMDL
evaluations. The EPA Watershed & Water Quality Modeling Technical Support Center is the portal for
downloading EPA supported models ( http://www.epa.gov/athens/wwgtsc/index.html).

EPA
o’
\’ United States Environmental ction Agency

LEARN THE ISSUES A SCIENCE & TECHNOLOGY LAWS & REGULATIONS  ABOUT EPA

Advanced Search A-Z Index

Ecosystems Research I Contact Us @ share

You are here: EPA Home » Exposure Research » Ecosystems Resarch » WWQTSC
Ecosystems Research

re . Watershed & Water Qualit

Methods, Models, Tool, WWQTCS Home

Eoede Modeling Technical Support Center

Publications e
The Watershed and Water Quality Modeling Technical Support Center provides &/ \Za:;::;d Mo
Clean Water Act implementation assistance to EPA Regions, State and Local o LSPC
Ecosystems Research Governments, and their contractors. The Center, which is part of EPA's Research 0 WAMView
Staff program, offers access to technically defensible tools and approaches that can be o SWMM
used in the development of Total Maximum Daily Loads (TMDL), waste load o WARMF
allocations, and watershed protection plans. The Center reaches out to experts o Warer Quality Models
throughout EPA and States to provide technical expertise. o WASP
- Ecosystems © QUAL2K
0 Aquatox
szt Technical Support Center fact sheet (PDF) (2 pp, 733 K8, about PDF) Sk

K 5 e, R AP ; ‘ o Hydrodynamic Models
o EFOC
© EPD-RIV]

- Sustainability o Database
Contact the Athens, GA Ecosystems Research Web editor to ask a question, provide Training

- Water feedback, or report a problem

Fact Sheets

Research Topics:

- Chemical Safety

- Land and Waste
Management TMDL Modeling Toolbox fact sheet (PDF) (2 pp, 697 KB, about PDF)

Figure 1- EPA Watershed & Water Quality Modeling Technical Support Center

The current version of the EPA supported WASP7 model (Version 7.5) can be downloaded from the URL
link http://www.epa.gov/athens/wwqgtsc/html/wasp.html

Screenshots of the WASP7 pages from the EPA website are shown below.
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“EPA......

Advanced Search A-Z Index
LEARN THE ISSUES =~ SCIENCE & TECHNOLOGY  LAWS & REGULATIONS | ~ABOUT EPA O

Ecosystems Research, Athens GA

Water Quality Analysis Simulation Program (WASP)

The Water Quality Analysis Simulation Program. (WASP7), an enhancement of the original WASP (Di Toro et al.,
1983; Connolly and Winfield, 1984; Ambrose, R.B. et al., 1988). This model helps users interpret and predict

WWQTCS Info

water quality resp to natural ph and p ion for various polluti © WWQTCS Home
decisions. WASP is a dynamic compar deling prog for aquatic sy including both the water ® Technical Support
column and the underlying benthos. WASP allows the user to i gate 1, 2, and 3 d ional sy ,anda | e Tools
variety of pollutant types. The state variables for the given modules are given in the table below. The time © Watershed Models
varying processes of advection, dispersion, point and diffuse mass loading and boundary exchange are © Basins
represented in the model. WASP also can be linked with hydrody and port models that can o LspC
provide flows, depths velocities, temperature, salinity and sediment fluxes. : :’xx"w

R o ) © WARMF
WASP has been used to examine eutrophication of Tampa Bay, FL; phosphorus loading to Lake Okeechobee, FL; © Water Quality Models
eutrophication of the Neuse River Estuary, NC; eutrophication Coosa River and Reservoirs, AL; PCB pollution of o WASP
the Great Lakes, eutrophication of the Potomac Estuary, kepone pollution of the James River Estuary, volatile o QUAL2K
organic pollution of the Delaware Estuary, and heavy metal pollution of the Deep River, North Carolina, mercury o Aquatox
in the Savannah River, GA. o EPD-RIV]

© Hydrodynamic Models
WASP Preprocessor o EFDC
© EPD-RIVI

The data preprocessor allows for the rapid development of input datasets. The ability to bring data into the © Database

model is as simple as cut and paste or queried from a database. The preprocessor provides detailed descriptionf | * 219
of all model parameters and kinetic constants. When linking WASP with hydrodynamic models it is as simple as|
pointing to the hydrodynamic linkage file.

* Import time series from WRDB, Spreadsheet, Text Files

. ically import hy y ic model interface information
.

.

Multi-session capable
Run time diagnosis

Figure 2- Water Quality Analysis Simulation Program (WASP), page 1 of2

Post Processor

The Post-Processor (MOVEM) provides an efficient method for reviewing model predictions and comparing them with field data for calibration.
MOVEM has the ability to display results from all of the WASP models as well as others. MOVEM allows the modeler to displays the results in two
graphical formats:

1. Spatial Grid . a two dimensional rendition of the model network is displayed in a window where the model network is color shaded based
upon the predicted concentration.
2. x/y Plots -- generates an x/y line plot of predicted and/or observed model results in a window.

There is no limit on the number of x/y plots, spatial grids or even model result files the user can utilize in a session. Separate windows are created
for each spatial grid or x/y plot created by the user.

WASP Model Information

Figure 3- Water Quality Analysis Simulation Program (WASP), page 2 of2
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The current versions of the Dynamic Solutions-International EFDC model and EFDC_Explorer can be
downloaded from the URL link:

http://efdc-explorer.com/en/products/efdc-model

Example Problem #2: Three Dimensional (3D) Time Variable Lake Model

The setting for the 3D lake model includes watershed loading represented by tributary inflows and
nonpoint distributed inflows (Figure 4). The lake model is setup with 195 horizontal segments (Figure 5 )
and the boundary locations identified in Figure 4. Model bathymetry is shown in Figure 6 and the
bottom profile along the centerline of the lake with the 10 vertical layers is shown in Figure 7. The EFDC
model is activated for state variable modules checked off in Figure 8. The model is setup to simulate lake
level, water temperature (Figure 9), cohesive sediments (Figure 10 to Figure 12) and water quality
(Figure 13). The sediment diagenesis model is also activated to provide internal coupling of water
column particulate organic matter deposition with sediment-water interface fluxes of nutrients and
oxygen. Kinetic coefficients for the water quality model are assigned in the screen shown in Figure 14.

The EFDC model is configured to generate a hydrodynamic (HYD) file for linkage to the WASP7 water
quality model. The WASP7 water quality model is setup with the EFDC grid cell scheme and the
hydrodynamic transport data from the HYD file. The default boundary condition settings of 1.0 mg/L for
all state variables, all boundary segments and all boundary layers are setup by linkage of the lake model
HYD file with WASP7.

The boundary condition data sets for cohesive sediment and water quality for the EFDC lake model are
not setup in the WASP7 model. The settling velocity data used in the EFDC lake model for cohesive
sediment, particulate organic matter and algae is also not setup for the WASP7 model. The effort
required to setup boundary conditions and solids settling data for input to WASP7 is left to the user who
wishes to learn how to setup a WASP7 model by developing a 3D WASP7 lake model that can be
compared to the existing EFDC 3D lake model.

The timing of the EFDC model is shown in Figure 15. Linkage with EFDC_Explorer and WASP7 is shown in
Figure 16 and Figure 17.
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( Edit ] W' ater Cluality: [REa e
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Figure 4- Boundary Conditions for 3D Lake.
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" J. ViewPlan: 20 XY Viewer & Graphical Editor | L= S
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|

" BCs Options™
Min:

max: I

iLabel BC'sifX

[ Show Mask
[ Enable Edit
[X Show Grid

Layer2—

() Velocities
(") CellMap ID
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Figure 5- Boundary Condition Locations for 3D Lake. Dashed line shows centerline of lake.
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Figure 6- Bottom Elevation of 3D Lake.
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Figure 7- Bottom Profile Along Centerline of lake.
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Drirechony: |E:'\Models\EFDC\Prniects‘\EFDEW'AS FP7LINEAEE FIMewhLakeE nampls'

# Cels: INEE T Dates: [IEEE - RN

Map
Descriptian | [ Activate 5 alinity
Dromain X Activate Temperature

Active Modules > [® Activate Dype

Timing ¢ Linkage [ Activate Shellfish
Hydrodynamics . [® Activate Cohesive Sediments
Temperature | Activate Mon-Cohesive Sediments
DypelAge [T Activate Towics
Sediments [% Activate W ater Quality

[T Activate Waves
" ater Cualiy

[ Activate Lagrangian Particle Tracks
todel Analysis

Sediments & Sediment Bed Settings
I @ Use EFDC Sediment Model

() Uge SEDZLJ Sediment Maodel

tatched 86 Cellz ta the Line

0S| Lake st QualipModel Q015052681834 |
Sed Layers: - Water Layers: -

Model Selection
(@ Use EFDC_DSI Madel
() Use EPA GYC Model

When changing an existing
model of one type to the other
type, pleaze carefully review
the model layering options and

boundary conditions.

Sub-Model Computational Options
Global Transport Options

'Llpwind Difference

’.t’-‘mti-Diffusion Carrection v]

’Nn Flue= Lirnitar vl

[ Details ]

todel Results Loaded b etric DSl | “er 130526

Figure 8- Active Modules for 3D Lake Problem.
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(3 EFDC_Explorer7.1 (FULL Version - PMC Version) l WO G oy - [N

(A EERP s B- 3R LB 8-
EFDC Informnation
Directany: |E:'\Mc-dels\EFDC\Prniects‘\EFDE\-\-"ASP?LINK'\EEN MHewLakeE=zamplzh
‘ater [uality Model
 Cells: 135 C Lirvilinear Dates: Sed Layers: Water Lapers:
Map I
Description Heat/Temperature |
Dlamain . Surface Heat Exchange Submodel: | Eguilibrium Temp [CE-QUALAW 2 Method. V] [ Settings
Active Modules | EQ Transfer Coeff: 0
Timing / Link age
Hydiodynamics Atmozpheric Data
Temperature > Shade Factors Series Weighting Atmogpheric: I
Dyeitoe
Sediments . Initial Conditions Time Series Data
W ater Cluality . Constant/wg: 5 R E Temparature: E
todel Analysis l
Initial Conditions - Bed Temperatures
Results Not Loaded b etric DS | Wer 130526

Figure 9- Water Temperature.

Heat/Temperature Option for “Equilibrium Temp (CE-QUAL-W2) Method)” is selected for the 3D lake
model.
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Warning! Changing these may cause loss of current imtial and boundary conditions

[ Morph & Conzol 1 Bed Processes 1 Initial Conditions 1
General 1 Cohesives 1 MonCoh Susp 1 MNonCoh Bedload I
Prirnary Computational Options Bed Shear Calculation Options
[® Simulate Cohesives @ Aggregate Bed Shear [Standard)

[~ Simulate Non-Cohesives (") Separate Bed Stress into Coh & MonCo

(71 Reaggregate Bed Stress by Mass Weightin
[T Usze Bedload - da=d & e

(71 Independent Log Law [Read SEDROUGH.IMP)

Bank Erozion (") Separate Bed Shess by Weighted Coh/MonC and Log Law

[Disal:uleu:l v] (71 Separate Bed Stess by Weighted Coh/MonC and Fower Law
# of Bank./Channel Pairs: - Comect Grain Stress Partitioning For Mon-Uniform Flow Effects [~

# of Time Senes - Hydrodynamic Smoothhezs Cosfficient; _4 .
eneral Kinematic Wizcozity far Splitting Cohesive Stress: _EI.EIEIEIEIEI'I .
Sediment Timeztep: 10 . MNon-Cohesive Roughness Grainzize
’V Ilze DE0 Diamneter
wiite Debugging Diagnostics [

Cancel | [ k. ]

Figure 10-Cohesive Sediment.

One class of cohesive sediment is setup for example problem. One bed layer is required for sediment
transport model.
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Cancel

Figure 11- Cohesive Erosion and Deposition Parameters.
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Figure 12- Bed Morphology and Consolidation.
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Figure 13- Water Quality. Module 1 (Standard) is selected.
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Figure 14- Kinetic coefficients and parameters of the EFDC water quality model.
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€ EFDC_brplore.1 FULL Version - PMC version) [N T -
: EEFIFEEN R SN EE S

EFDC Informnation
Drirechony: |E:'\Mc-dels\EFD ChProjects\EFD CwWASPTLINKAEE 71N ewhLakeE xample

R0 Lake st Qualip Model 01505301554 |
 Cells: _ _ Dates: _ to _ Sed Layers: - Water La_l,lers:-

Map
. Model Run Timing ] EFDC_Explorer Linkagel Legacy Output ] WASP Linkage]
Description
Dromain
- ime o Stat. 2558 - NSRRI
Active Madules Time of Start [days] Date Start
[ ) # Reference Periods: 365 Date End: | S EEENE
Timing / Llnkage>
; | Duration of Reference Period: 24 [hrs]
Hydrodynamics
Tirme Step: 20 [sec)
Temperature
Dynarmic Timeztep Options todel Simulation Start Time [For Synchronization ta Other Data)
Dyeitoe .
| Safety Factar: 0 .
Sediments # Rramp-Up Loops: 1000 Begining D ate/Time:  1/1/1385
Wwater Quality Mawinnum dH / dT: 0
todel Analysis

EFDLC Restart Option [Input) Wiite Restart Files
[ Use Option [ Dye Ovenwirte [ ‘write File
Fesults ot Loaded b etric DSl | “er 130526

Figure 15- Timing and Linkage for 3D Lake Problem.

1/1/1985 is assigned as the reference base date. The simulation begins on 1 Jan 1992 (day=2556) and
ends 365 days later. A time step of 20 seconds is used to maintain a stable solution.
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& EFDC.Brplorer7 (UL Version - PMC Version) TR 0 0 N e
E EEFIFEEN BEEEE TSRS

EFDC Informnation
Drirechony: |E:'\Mc-dels\EFD ChProjects\EFD CwWASPTLINKAEE 71N ewhLakeE xample

R0 Lake st Qualip Model 01505301554 |
 Cells: _ _ Dates: _ to _ Sed Layers: - Water La_l,lers:-

De:::ztion tadel Run Timing £ EFDC_Explorer Linkage l Legacy Output | WASP Linkage |
Domain EFDC_Ezplorer Dutput Options [REQUIRED for Post-Procezzing]
] EFDC_Es=plorer Linkage Primary Model Results Linkage Ophions
Gl i Link EFDC Results to EFDC_Explorer Azl 0 Lot Dyprens M
Timing / Linkage> [® wiater Suface
[ Hydrodunarics | Linkage Output Freqency: 60 [min] IR water Column Velocities €
Temperature . Rooted Plant & Epiphyte Model Sediment Bed Layers [Inarganic Sediments)
Dyediige . [T Usze Output Interval: |1 ™ Lse Output Interval: 1
Sediments High Frequency Dates Sediment Diagenesis
s ater Cuality | [ Domain # Dates: [ Set Dates ™ Use Output Interval: 12
todel Analyziz l [ Cell:  #Dates N Set Dates
EFDLC Restart Option [Input) Wiite Restart Files

[ Use Option [ Dye Ovenairte [ twirite File

Fesults ot Loaded b etric DSl | “er 130526

Figure 16- EFDC Explorer Linkage. EFDC results are written to output files at 60 minute intervals
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€ EFDC_brplore.1 FULL Version - PMC version) [N T -
: EEFIFEEN R SN EE S

EFDC Informnation
Drirechony: |E:'\Mc-dels\EFD ChProjects\EFD CwWASPTLINKAEE 71N ewhLakeE xample

R0 Lake st Qualip Model 01505301554 |
 Cells: _ _ Dates: _ to _ Sed Layers: - Water La_l,lers:-

Map :
. Model Run Timing] EFDC_E=plorer Linkagel Legacy Output §
Description
Domain . ]
| Link.age to ' ater Quality Modelz
Active Modules ) Mane
Timing / Linkage> ® WASP [WﬁSP?HYDHD v]

() CE-QUAL_ICH

Hydrodynamics i .
() RCA Model [fwCA28 Production Yersion)

Temperature
P # of Time Periods ta Average: 180
Dyeitoe
Sediments

" ater Cualiy

todel Analysis

EFDLC Restart Option [Input) Wiite Restart Files
[ Use Option [ Dye Ovenwirte [ ‘write File
Fesults ot Loaded b etric DSl | “er 130526

Figure 17- WASP Linkage.

WASP7HYDRO is selected from the drop down list for WASP linkage. The # Time periods to average is

assigned 180 to match the 60 minute output interval assigned for EFDC Explorer linkage. With a time

step of 20 sec and an EFDC output interval of 60 minutes (=3600 seconds), the EFDC model results are
averaged over 180 iterations (180 =3600 sec/20 sec DT).
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EFDC-WASP7 Linkage Control File EFDC.WSP

Successful generation of an EFDC hydrodynamic linkage (HYD) file requires (a) setup of an EFDC
hydrodynamic model; and (b) user created input control file named EFDC.WSP. A description of the
data provided in the EFDC.WSP file is presented in the EFDC Hydro user’s manual. The User manual can
be downloaded from EPA website:

http://www.epa.gov/athens/wwatsc/html/efdc.html

5.4 Input File efdc.wsp

The file efde.wsp provides data for controlling the linkage of EFDC and the WASP water quality model
(Ambrose. et. al. 1993) writing WASP format input files specifying cell volumes, flow and diffusion
linkages and flow files in either generic or DYNHYD format. An example of the efdc.wsp input file is

shown below.

Cl CELL VOLUME PARAMETERS for WASP-EFDC Linkage
Cl IVOPT IBDEV SCALV CONVV VMULT VEXP DMULT DEXP
2 0 1.0 1.0 1.0 0. 1.0 0.

Cc2 DIFFUSION AND DISPERSION PARAMETERS
c2 NRFLD SCALR CONVR ISNKH

2 1.0 1.0 1
C3 ADVECTION PARAMETERS (igopt=3 ASCII HYD, =4 for binary HYD file)
C3 IQOPT NFIELD SCALQ CONVQ HYDFIL ISWASPD ISDHD
3 5 1.0 1.0 "NORWALK.HYD’ 0 0
Cc4 DEPTH OF SEDIMENT LAYER (METERS)
c4 DEPSED TDINTS SEDIFF WSS1 WSSs2 WSS3
0.1 366 2.315E-09 0.05 0.10 0.15

The parameters on card images 1 and 2 are identical to those defined in the WASP user’s manuals. Card
images 3 and 4 provide information for the flow and diffusive transport fields and the sediment submodel.
EFDC users considering activating the WASP linkage option should contact the author for further

information and guidance.

Figure 18- Input File EFDC.WSP from EFDC-HYDRO User Manual (EPA, 2002)

EFDC.WSP is an ASCII text file that can be created in any text editor. As shown in the code shown below,
the filename EFDC.WSP is hardwired in the EFDC model source code that uses the control file to support
generation of the EFDC HYD file for linkage to WASP7. The EFDC.WSP control file must be located in the
same folder used for all the EFDC project input files.
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¢ for jswasp=1 only first entry
OPEN(1,FILE="EFDC.WSP',STATUS="UNKNOWN')

The current version of the EFDC source code that can be obtained from Dynamic Solutions International
uses a version of the EFDC.WSP control file for creation of the EFDC HYD file that is similar, but not
identical, to the record structure shown in the above screenshot from the EFDC-HYDRO user manual
(Figure 18). The available WASP7 user manuals and documentation reports available from EPA do not
provide any documentation of the modified format required for the EFDC.WSP control file.

Screenshots of the EFDC.WSP file used for the 3D Lake problem are shown below. The EFDC.WSP text
file is included in the files provided for this sample problem.

File Edit Format View Help

c1 WASP7-EFDC1iw Linkage DSI 3D Lake Example -
c1 Not Used -

999 999 999.0 999.0 9939.0 999.0 999.0 999.0
c2 DIFFUSION AND DISPERSION Limiting PARAMETERS

c2 XXXXX XXXXX  XXXXX  XXXX ADCOEFF ABMAX
999 993.0 99%.0 999 0.9 0.001
c3 Hyd file name and IDAYS PARAMETERS =
c3 XXXX XAXXXK XXXXXX XXXXX Hyd File Name XXXXXX XXXX IDAYS
4 999 9939.0 993.0 LAKE(EE71).hyd 999 999 (s}
c4 Not Used
c4 XXXX AXXXXXX XXXXXX XXXXX AXXXXX AXXXXX
993.0 999 999.0 993.0 993.0 993.0
Cc5 Not Used
Ccs iyear imon iday
1985 1 1

ADCOEFF - coefficient that 1imit the max dispersion flux to a fraction of the volume divided by the time step

ABMAX - global maximum dispersion in m2/s - this set an upper limit on the vertical dispersion

IDAYS - number of reference time periods, usually days, after the simulation starts to start writing to hydfil

C5 T1ist of cell specific ABmax; overrides global ABMAX for cells listed; ABMAX for all cells writen out to ABmax.txt file
ESHLE ABmax IJ waspSeg Data for DSI 3D Lake Problem

J
3
3
3
3
3
3
4
4
4
4
4
4
4
5

AOUONAVAWONOV AW
0000000000000 O0

Figure 19- EFDC.WSP Control File used for 3D Lake problem, partial listing.

As can be seen in the data entered in the EFDC.WSP control file (Figure 19), most of the ”“legacy”
parameters shown in the EFDC-HYDRO manual are assigned dummy integer or floating point values of
999 or 999.0.

Card image C2 includes new data for ADCOEFF and ABMAX as shown in the C2 records below

C2 DIFFUSION AND DISPERSION Limiting PARAMETERS
C2 XXXXX XXXXX XXXXX XKXXX ADCOEFF ABMAX
999 999.0 999.0 999 0.9 0.001

These two parameters are described in the EFDC.WSP control file as:
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\DSI
o ADCOEFF - coefficient that limit the max dispersion flux to a fraction of the volume divided by
the time step

e ABMAX - global maximum dispersion in m2/s - this set an upper limit on the vertical dispersion

Card Image C3 is the record where the user assigns the filename for the EFDC HYD file.

C3 Hyd file name and IDAYS PARAMETERS
C3 XXXX KXXXXX XKXXXXX XXXXX Hyd File Name XxXXXXX XXXX IDAYS
4 999 999.0 999.0 LAKE (EE71) .hyd 999 999 0

Card Image C5 is where the user assigns the reference beginning date for the EFDC hydrodynamic model
project. See screenshot from EFDC_Explorer for data input for the 3D Lake hydrodynamic project
(Figure 20).

C5 Not Used
C5 iyear imon iday
1985 1 1

EEGEEREEREYN BERE SN BEE
||

EFDC Information
Diirectony: |E:'\Models\EFD ChProjectsh\EFDCWwWASPFLINEAEE 71MewtLakeE xampleh,

QRO 5! Lake st Qualip odel 01305301554 |
# Cells: _ _ Dates: _ to _ Sed Lavers: - Water Layers:-

tap . l
. ] EFDC_E=plarer Linkagel Legacy Dutput ] WASP Linkage] I
Description |
Dramain 1
. | ime o Stat. 2555 - NP ECE
Active Modules Time of Start [dayz] [rate Start:
. B # Reference Perods: 365 Date End: | SN
Timing / Llnkage>
: | Duration of Reference Perod: 24 [hrs]
Hydrodynamics
i Tirme Step: 20 [z&i)
Temperature
Dynamic Timestep Options tModel Simulation Start Time [For Synchronization ta Other Data) I
Dpedége .
| Safety Factor, 0 .
Sediments # RampJp Loops: 1000 Beqining Date,Tirne; _1.-"1 #1985
Wwater Quality M aximum dH / dT: 0 |
todel Analysis
. . . L
EFDLC Restart Option [Input) Wwiite Restart Files
[ Use Option [ Dye Ovenwirte [ write File

Rezultz Mot Loaded M etric DSl | “Wer 130526

Figure 20- EFDC_Explorer Model Run Timing.
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Beginning date/time for reference date for EFDC Julian day values is 1/1/1985 for the 3D Lake. EFDC
Start simulation Day 2556 is 1-Jan-1992 00:00. Reference date is entered on Card image C5 to assign the
beginning year, month, day for the WASP7 project.

After the control file input for the beginning date of the EFDC/WASP7 project the user must enter a set
of data records to assign the spatial dependence of ABMAX for each horizontal grid cell (I, J) of the EFDC
model domain.

C5 list of cell specific ABmax; overrides global ABMAX for cells listed; ABMAX for all cells written out to

ABmax.txt file. The first few records of this part of the EFDC.WSP file are shown below.
C5 ABmax I J Wasp Segment Data for 3D LAKE Problem
0
0
0

w w w H
o W G

The EFDC source code that reads the ABMAX data provided in the EFDC.WSP file reads in the loop from
LT=2, LALT as shown below.

DO LT=2,LALT
read(l, *,err=12)1i,j,abwmax
1=113(1,3)
abwmx (1) =abwmax
write (*,*) '<EFDC.WSP7> ',1i,]j,abwmax
ENDDO
12 continue

The sequence of the data records in the loop LT=2, LALT reads each horizontal grid cell in the EFDC
project in a sequence identical to the loop used to read EFDC input data from the DXDY.INP file as
shown in the screen shot of the file for the 3D Lake problem (Figure 21).
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File Edit Format View Help

D¥DY.INP FILE, IN FREE FORMAT ACROSS COLUMNS for

L=
~
C Project: EFDC-WASP?7 Linkage(EE7.1)
C
C

I J DX DY DEPTH

3 3 513.4 504.6 70.467
3 4 576.2 653.2 70.480
3 5 652.0 796.7 &60.728
E] & 7Z20.8 779.2 E5.93E8
3 7 771.0 664.7 42.000
3 =] 792.9 694.1 46.096
4 3 478.2 7B1.8 70. 467
4 4 541.3 623.1 69.667
4 5 6l6. 6 T47.1 &60.728
4 [ 671.2 735.0 43.146
4 7 709.9 636.0 &60.728
4 =] 750.8 &673.5 48.070
4 9 7rO0.7¥ 711.4 47.670
5 4 Se4.3 599.8 &8. 867
5 5 582.5 719.9 &658.067
5 [ 6159.3 634.0 67.410
5 7 665.6 815.% 65.110
5 =] 6958.1 626.3 56.688
[ 5 497.2 702.9 &60.765
[ [ 580.6 859.4 68.067
[ 7 637.4 £93.3 &0. 266
[ =] 683.2 577.6 E5.529
[ 9 7o1.7 400.9 50.0%0
7 & 652.5 626.3 &67.267
7 7 664.9 580.2 E0.751
7 =) 66E8. 4 E27.3 5E0.751
=] & 620.6 573.6 &64.878
=] 7 659.0 586.9 &5 . 600
B =) 681.7 484.5% 65.339
=] =] 703.6 478.9 46.096

Figure 21-DXDY.INp file for 3D Lake problem.

BOTTOM
ELEV
123.533
123.520
133.272
138.002
152. 000
147.904
123.533
124.333
133.272
150.854
133.272
145.930
146.330
125.133
125.933
126.530
128.5%90
137.312
133.235
125.933
133.734
138.471
143.910
126.733
143.249
143.249
129.122
128. 400
128.661
147.904

196 Active Cells

ZR.OUGH

. D200
0200
0200
. 0200
0200
0200
. 0200
0200
0200
. 0200
0200
0200
. 0200

00000000000 000000000000000000

ozoo

. 0200
. 0200

ozoo

0200
0200
. D200
0200
0200
. 0200
0200
0200
. 0200
0200
0200
. 0200
0200

Vg
TYPE

m

First two data columns provide the sequence of all horizontal (I, J) grid cells that are required for correct

setup of the EFDC.WSP control file. The user can prepare a correctly formatted EFDC.WSP file by
importing the DXDY.INP file into Excel to get the correct sequence of | and J grid cells. Insert a third

column after the imported |, J records from the DXDY.INP and insert the assignment of ABMAX value (as

m**2/sec) desired for each grid cell.
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9 { » Computer » OS(C:) » Models » EFDC » Projects » EFDCWASP7LINK » EE7INew » LakeExample » v Search LakeExample P ll

—

Organize v g] Open v Burn New folder

3% Favorites Name Date modified Type

L Zoutput 5/28/20137:39 PM  File folder

- Libraries . Zanalysis 5/30/20131:24 PM  File folder
Documents |17 eFrocwsp 5/27/201310:09 PM  WSP File
o Music 0_RunEFDC.Bat 5/28/20136:35PM  Windows Batch File
[&5] Pictures | 7] LICENSE.TMP 5/28/20136:35PM  TMP File
£ Videos 3 || ZBRENT.LOG 4/18/2012 4:47PM  Text Document

| ABmax.txt 5/14/2013 2252 PM  Text Document

+& Homegroup =] wqwerst.out 5/28/20136:35PM  OUT File

@ wser.inp 5/30/20133:54 PM  INP File

18 Computer |7] wgsdmap.inp 5/30/20133:54 PM  INP File
(&l 05 (C) L3 7] wg3dwe.inp 5/30/20133:54 PM  INP File
w My Passport (E:) 7] we3dsd.inp SRARMZTIELDLe ENP File

=3 e Type: INP File )
|7 vege.inp Size: 44.7 KB NP File
€l Network 7] tserinp Date modified: 5/30/2013 3:54 PM fiNP File

EFDC.WSP State: 3B Shared Size: 7.28 KB Shared with: Everyone
WSP File  Date modified: 5/27/2013 10:09 PM Date created: 5/17/2013 11:58 AM

Figure 22--Input files for 3D Lake problem. EFDC.WSP file must be located in folder for EFDC project.
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Linkage of EFDC Generated HYD file and Setup of WASP7 Project

Successful generation of an EFDC hydrodynamic linkage (HYD) file requires (a) setup of a working EFDC
hydrodynamic model; and (b) user created input control file EFDC.WSP as described above. The EFDC
model writes the hydrodynamic (HYD) file for linkage to the WASP7 project to the EFDC project folder
................. \#output\wasp\ (see Figure 23). The EFDC HYD hydrodynamic linkage file is used to setup a
new WASP7 project as described in Ambrose and Wool (2009).

http://cfpub.epa.gov/si/si_public record report.cfm?dirEntryld=213988&fed org id=770&SIType=PR&
TIMSType=Published+Report&showCriteria=0&address=nerl/pubs.htm|&view=citation&sortBy=pubDate
Year&count=100&dateEndPublishedPresented=12/31/2009

Ambrose, R.A. and T. Wool (2009) WASP7 Stream Transport- Model Theory and User’s Guide,
EPA/600/R-09/100, September.

Section 4.1.4 and 4.1.5 text presented below is taken from Ambrose and Wool (2009)

4.1.4 Hydrodynamics

There are currently three surface flow options available for WASP. The first two options
pertain to how WASP will calculate the exchange of mass between adjoining segments
with flow in both directions across a segment interface. The three flow options available
for surface water flow are:

1. Gross Flows -- WASP will calculate net transport across a segment interface that has
opposing flow. WASP will net the flows and move the mass from the segment that has
the higher flow leaving. If the opposed flows are equal no mass is moved.

2. Net Flows -- Pertains to mass and water being moved without regard to net flow.

3. Kinematic Wave -- For one-dimensional, branching streams or rivers, kinematic wave
flow routing is a simple but realistic option to drive advective transport. The kinematic
wave equation calculates flow wave propagation and resulting variations in flows,
volumes, depths, and velocities throughout a stream network.

4. Hydrodynamic Linkage -- Realistic simulations of unsteady transport in rivers,
reservoirs, and estuaries can be accomplished by linking WASP7 to a compatible
hydrodynamic simulation. This linkage is accomplished through an external “hyd” file
chosen by the user at simulation time. The hydrodynamic file contains segment volumes
at the beginning of each time step, and average segment interfacial flows during each
time step. WASP7 uses the interfacial flows to calculate mass transport, and the
volumes to calculate constituent concentrations. Segment depths and velocities may
also be contained in the hydrodynamic file for use in calculating reaeration and
volatilization rates. Before using hydrodynamic linkage files with WASP, a compatible
hydrodynamic model must be set up for the water body and run successfully, creating a
hydrodynamic linkage file with the extension of *.hyd. This is an important step in the
development of the WASP input file because the hydrodynamic linkage file contains all
necessary network and flow information. When Hydrodynamic Linkage is selected in the
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Data Set Parameters screen, the user cannot provide any additional surface flow
information. When you are ready to begin the development of a WASP input deck,
simply open the hydrodynamic linkage file from within the data preprocessor. The
hydrodynamic linkage dialog box allows the user to browse and select a hydrodynamic
linkage file. The data preprocessor will open the hydrodynamic interface file and extract
the number of segments, the starting and ending time. The data processor will also
determine the set of boundary segments (segments that receive flow from outside the
model network) and set the boundary concentrations to 1.0 mg/L. Once a hydrodynamic
linkage file is selected in the data preprocessor, WASP has enough information to
execute a simple test run with no loads or kinetics enabled. This step is recommended
to test the network and transport integrity. If the simulation is run for a sufficient
duration, concentrations should approach 1.0 mg/L throughout the network. If you are
getting a number other than 1 mg/L, you may have to use a different time step in the
hydrodynamic model. This is especially true if the concentrations are oscillating
between large and small numbers, a clear indication of numerical instability. WASP has
the ability to get hydrodynamic information from a host of hydrodynamic models. If a
hydrodynamic model does not support the WASP linkage it is relative straightforward to
create a hydrodynamic linkage file (see Appendix X for file format). The hydrodynamic
models that currently support the WASP7.x file format are: EFDC (three dimensions),
DYNHYD (one dimension branching), RIVMOD (one dimension no branching, CE-QUAL-
RIV1 (one dimension branching), SWMM/Transport (one dimension branching,
SWMMY/Extran (one dimension branching)

4.1.5 Solution Technique

The user now has the ability to select the model solution technique to be used by the
water quality module during the simulation. Currently there are 3 solution techniques
that can be selected: 1) Euler — which is the traditional solution technique that has been
in WASP since its inception, 2) COSMIC Flux Limiting — this solution technique is typically
used when WASP is linked to multi-dimensional hydrodynamic models like EFDC, 3)
Runge-Kutta 4 step solution technique used for diurnal simulations.

[} <« Models » EFDC » Projects » EFDCWASPTLINK » EETINew » Lakebxample » Foutput » wasp ~[4]

Organize v || Open Burn New folder

»

Name Date modified Type

R -
3¢ Favorites

£ | ABmax.txt 5/28/2013 6:35 PM Text Document 5KB

4 Libraries | || LAKE(EET1).hyd 5/28/20137:40 PM  HYD File 505,824 KB

@ Documents | log.ixt 5/30/201312:59 PM  Text Document 2KB

@' Music | WASP7SEG_EFDCUK.DAT 5/28/20136:35PM  DAT File 56 KB

|&=] Pictures
Videos

-

t LAKE(EE71).hyd State: 28 Shared Size: 493 MB Shared with: Everyone
HYD File Date modified: 5/28/2013 7:40 PM Date created: 5/17/2013 11:58 AM

Figure 23- EFDC generated HYD file LAKE(EE71).HYD for 3D Lake problem.

www.eemodelingsystem.com 28



http://www.eemodelingsystem.com/

A step-by-step sequence of screen shots is shown in Figure 24 through Figure 33 to illustrate how to link
the EFDC generated HYD file to setup and save a new WASP7 project.

File Project Pre-processor Model Post-Processor Help

D@8 | He|ol0 K=

Figure 24- Startup screen when WASP7 is open.

Pre-processor button is grey so data cannot be entered yet. Click on File and select the first item in drop
down list to define a ‘New’ file
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. File Project Pre-processor Model Post-Processor Help

D@ <] B |o]C]#] K=

Figure 25- After clicking “New “ the pre-processor button is now ready to be activated to import the
EFDC HYD file
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Descnption

Comments

|Innamed %A5PF Input Data Set

Model Type

I E utrophication

=]

~Time Range
Start Date
| 52772013

Start Time
|14:03
End Date

| /27 /2013

e I

—Festart Option——————————
f* Mo Festart File

{~ Create Restart File

(¥ Load restart file now

—Maon Paint Source File

[T Use MPS file @, Browse |
MPS File Hame
—Hydrodpnamic
% Met Flows
 Gross Flows

= 1-D Metwork, Kinematic wave

End Time
|1¢n3

Skip Ahead to Date
|5£2?£zn13

= Hydrodynamic Linkage
Hydrodynamic Linkage File

!
2, Browse |

Skip Ahead Time

|1¢n3

Solution Technique
|EULER

=]

% Dizable WASP o WASP linkage
" Enable WaSP to WASE linkage

—BedVolumes——————————
% Static

 Diynarnic

Bed Compaction Time Step

| 0.00
—Time Step

Fraction of max time step

I 0.30

bl aw tirme step

I 1.0000

kir time step
I 0.00Mm

—Solution Option
[T Megative Solution Allowed

X Cancel |

W OK I

Figure 26- Hydrodynamic Linkage File.

When you click on Pre-Processor, this screen is opened. This is the screen where you load the EFDC HYD

file. Click the button for ‘Hydrodynamic Linkage File’ and use the browser to locate the EFDC HYD file

generated for the project. EFDC writes the HYD file to the EFDC project folder
................ \LakeExample\#output\wasp\
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[_ Lo Mod » EFDC » Projects » EFDCWASP7LINK » EE71INew » LakeExample » Foutput » wasp v Search wasp bl

Organize v || Open Burn New folder

>

Name Date modified Type

R -
¢ Favorites

| ABmax.txt 5/28/20136:35PM  Text Document 5KB

- Libraries | || LAKE(EE71).hyd 5/28/20137:40PM  HYD File 505,824 KB

Documents | log.bt 5/30/201312:59 PM  Text Document 2KB

J Music =] WASP7SEG_EFDCUK.DAT /28/20136:35PM  DAT File 56 KB

|&=| Pictures
£ Videos

-

t LAKE(EE71).hyd State: 2B Shared Size: 493 MB Shared with: Everyone
HYD File Date modified: 5/28/2013 7:40 PM Date created: 5/17/2013 11:58 AM

Figure 27- EFDC generated HYD file for 3D Lake problem.

Select and open the HYD file in the WASP7 screen. Path is shown in Figure 23 for the EFDC HYD file for
the project.

Initialize Segments and B

When setting the hydrodynamic linkage file you
have the option of reading the selected hydrodynamic
linkage file and initializing the segments and boundaries

based on the selected file. Do you wish to reinitialize
the segments and boundaries by reading the selected file?

Figure 28- Message from WASP7 when HYD file is selected.

Select ‘Yes’ to setup the new WASP7 project for the 3D Lake problem.
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Pamnlete-

Description Model Type Festart Option—————————
—

IUnnamed WASE [nput D ata Set IEutru:uphiu:atiu:un LI % Mo Restart File

Comments " Create Bestart File

(V3 Load restart file now

—Time Range——— Mon Point Source File BedVolumes

Start D ate [T Use NPS file &, Browse | f* Static
MPS File Mame = Dynaric

I a/zients I Bed Compaction Time Step
Start Time I 0.00
I-I 403 —?,Id;qudyslamic
et Flows —Ti
Time Step
End Date £ Gross Flows . _
) : Fraction of max time step
I BA2742013  1-D Metwork Kinematic wave
¥ Hydrodynanic Link | 0.30
End Time po _I,Ir.1am.||: i age
|1 YN Hydrodynamic Linkage File M ax tirne: step

IE:"-.M odels\EFDChProject:\EFDCWASPFLINEN I 1.0000

Skip Ahead to Date @ Browse | Min fime step
| /272013 |—
0.0001

5kip Ahead Time Solution Technigue
v S olution O pion

|1 4:03 [~ Negative Solution Allowed
f+ Dizable WASP to 'WASE linkage
i~ Enable WASP to WASP linkage ¢ ok I x Cancel |

Figure 29- EFDC HYD file selected. Click OK to read the HYD file.
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-
e USEPA WASP: C\Models\WASPT\Projects\EFDCWASPTLINK\LakeExample\L akeExample.wif (DSI Lake Example, Eutrcphic...Elﬂ‘ﬂ

File Project Pre-processor Model Post-Processor  Help

0@ ¢ BioO e K= [l -4 B

B

CEIME

Hpdrodynamic [nterface DLL
Last Updated: March 2011
DLL Supports: WaASP Hydro_Link DLL
Wersion: 4.0

HGRRD

I Hydrodynamic: File Summary Information
I Hydro Linkage File is: C:\Models\EFDC\Projects\EFDCWASFFLINEAEET 1M ewhLakeE xampleh\Houtputhwasph LAKEEE ...
I Starting Date and Time for Hydrodynamic File: 14141992 0:00:00
I Ending Date and Time for Hydrodynamic File: 12/30/1332 23:00:00
I Tatal Mumber of Days in Hydrodynamic File = 364, 958344
I Reading Hydradynamic: File Header Infarmation
I File Created by: EFDC
I Murnber of Segments = 1950
= Murnber of Flows = 45675
= Murnber of Layers = 10
I Murnber of ‘Wi Timesteps per HYD File Interval = 180
I Hydrodynamic bModel Timestep = 20000000 Seconds
I Mumber of Moments = 8760
=" ater Quality Model Time Step = 0.000000 Days
I Reading Initial Waolumes, Depths, Welocities
N Setting Segment Tppe
= Setting Segment Below Current Segment
= Setting Initial Volumes, Depths, Welocities
I Setting Disperzion Fields Based on HYD File
I IF The Mumber of Boundary Segs in Interface file iz 100
=

Time remaining: 0:00:00

Figure 30- Data read from EFDC HYD file for the 3D Lake problem, page 1 of 2
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r ™
e USEPA WASP: C\Models\WASPT\Projects\EFDCWASPTLINK\LakeExample\L akeExample.wif (DSI Lake Example, Eutrcphic...élm

File Project Pre-processor Model Post-Processor  Help

D8] | W80 KIS [l 2] &

B Hydrodynamic Model Timestep = 20000000 Seconds -
0= Mumber of Moments = 8760

0w ater Quality Model Time Step = 0.000000 Days

I Reading Initial Wolumes, Depthe, Yelocities

I Setting Segment Type

I Setting Segment Below Current Segment

CEIME

I Setting Initial Yolumes, Depthe, Velocities
I Setting Dizpersion Fields Based on HYD File
I The Number of Boundary Segs in Interface file iz 100
1
I Processing System Mumber: 1 Setting ta 1.000000
I Processing System Mumber: 2 Setting ta 1.000000
I Proceszing System Mumber: 3 Setting ta 1.000000
I Proceszing System Mumber: 4 Setting ta 1.000000
I Proceszing System Mumber: B Setting ta 1.000000
I Proceszing System Mumber: B Setting ta 1.000000
I Proceszing System Mumber: ¥ Setting ta 1.000000
I Proceszing System Mumber: 8 Setting ta 1.000000
¥ Proceszing Sestem Mumber: 3 Setting bo 1.000000
¥ Proceszing Sestem Mumber: 10 Sefting to 1.000000
I Proceszsing Sestem Mumber: 17 Setting to 1.000000
I Proceszing Sestem Mumber: 12 Setting ta 1.000000
I Processing Sestem Mumber: 13 Setting to 1.000000
I Proceszing Sestem Mumber: 14 Setting to 1.000000
¥ Processing Sestem Mumber: 15 Setting to 1.000000
I ¥ Processing Sestem Mumber: 16 Setting ta 1.000000
=
B Done Reading Hydrodynamic Linkage File |

Time remaining: 0:00:00

1

Figure 31- Data read from EFDC HYD file for the 3D Lake problem, page 2 of 2
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e L e

Description LJoe 2l U5 2 —Restart Optio
;—-——

D5 Lake Example IEutn:uphi-:atiDn ;I % Mo EBestart File

Comments " Create Restart File

(B Load restart file now

~Time Range——— [ Mon Point Source File Bed “olume

Start Date [ Use NPS file B Browse | % Static
NP5 File Mame  Dynamic

I 17171332 I Bed Compaction Time Step
Start Time I Q.00
I 000 —:I__I:Idrrqnd_l,lplamic
et Flows T
Time Step
End Date " Gross Flows . .
) ) Fraction of max time step

|1 2/30/1932 = 1-D Network Kinematic wave

* Hydrodynamic Linkage I 030
End Time [ ENETEL ?
300 Hydrodynamic Linkage File Max time step
I ' |E:'\MDdels'\EFDI:'\F'rl:uiects‘-.EFDEW.-*-.SF'?LINK'\I I 1.0000

Skip Ahead to Date @? Browse | Min time step
|‘I£1H1E|E|2 o000

Skip Ahead Time Solution Technhigue
|cosmic R ~Solution Dption

I 0:00 [ Megative Solution Allowed
& Dizable WaSP to WASE linkage
™ Enable 'WAaSP to WASP linkage / 0k, x Canicel |

Figure 32- Parameters Screen for Data Set.

Pre-processor page now shows beginning and ending date and time 1/1/1992 00:00 and 12/30/1992
23:00 for the model run. Note that the solution technique has correctly been changed from EULER to
COSMIC because the HYD linkage has been correctly read by WASP7. User can enter project name and
description of the run/problem etc in space at top of the screen. Next step is to save the new WASP7
project file as *.WIF.

Go back to “File” button on main screen and click ‘Save As’ project file, then you use browser to save the
WASP7 project file to the folder for WASP7 projects (not EFDC projects).
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Savein: I_L. LakeExample j = £ Elv

Date modified Type
3/28/2013 7:55 AM - WASP Inp

Mame
W LakeBxample.wif
p

L 2

File name:

|
| LakeExample wi =l
[=]

| WASP Input Files ("wif)

Save as type:

Save I
Cancel |

» Computer » OS(C) » Models » WASP7 » Projects » EFDCWASPTLINK » LakeExample = Search LakeExample I

Organize v 4 Open v Burn New folder

-~ o N =
X Favorites Name Date modified Type Size

[*% LakeBxample.wif
|| WASP7-LAKE-SEG1762-WTEMP.TXT
|| WASP7-LAKE-SEG7-WTEMP.TXT

5/28/2013 7:55 AM
5/30/2013 1:11 PM
5/30/2013 1:11 PM

WASP Input File 1,554 KB
Text Document 93 KB
Text Document 93 KB

- Libraries
Documents

$ Music
|&=] Pictures
Videos

+& Homegroup

18 Computer
i 05 (C)

a My Passport (E:)

f' Network

-

|| LOG.TXT

= LakeExample.OUT
|| LakeExample.MSB
=] LakeExample.BMD
@ Water_Velocity.csv

@ Water_Temperature.csv

@ Total_Depth.csv

@ Segment_Depth.csv
@ Inorganic_Solids.csv

5/28/2013 1:28 PM

5/28/201312:58 PM
5/28/201312:58 PM
5/28/201312:58 PM
5/28/201312:58 PM
5/28/201312:58 PM
5/28/201312:58 PM
5/28/2013 12:58 PM
5/28/201312:58 PM

Text Document
QUT File
MSB File
MOVEM

Microsoft Office E...
Microsoft Office E...
Microsoft Office E...
Microsoft Office E...
Microsoft Office E...

3KB

2,869 KB
465 KB
2,476,538 KB
125,201 KB
125,201 KB
125,201 KB
125,201 KB
125,201 KB

Size: 1.51 MB
Date created: 5/17/20131:18 PM

;,'ﬁ‘ LakeExample.wif State: 38 Shared Shared with: Everyone
B WASP Input File  Date modified: 5/28/2013 7:55 AM

Figure 33- WASP7 project file saved in WASP7 project folder (not the EFDC project folder).
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The next set of steps in setting up the WASP7 project is the input of boundary condition data for each
state variable and each boundary segment. Screenshots shown in Figure 34 through Figure 43 show the
assignment of default boundary condition data and testing the boundary condition settings for the 3D
Lake problem.

-

Boundaries | Scale and Conversion Factors I

= 2’ Arnrmonia [madl)

- 2’ Mitrate [marL]

- 2’ Crganic Mitrogen [masL]

- 2’ Qrthophozphate [modL)

- 2’ Qrganic Phosphorus [masL)
- 2’ Phtoplankton Chla (ugiL)
- 2’ Dizzolved Osygen madL)
B3 CBOD 1 [Ultimate) (rmgAL)
B CRBOD 2 [Ultimate) (rmgAL)
B ¥ CBOD 3 [Ultimate) [rmgAL)
- 2’ Detrital Carbon [mgL)

- 2’ Detrital Mitrogen [madL]

- 2’ Detrital Phogphorus [modL)
A 2’ Solidz [madL]

-B¥ S 5linity [ppt] i
Time Functions

m

Date Time Yalue
[
=+ Insert — [Delete ﬂ Drelete all ﬁ Graph
Copy E}; Fazte Fill /Calz Import

J Ok x Cancel |

Figure 34- Pre-Processor Selection for (+) Boundaries brings up this screen.
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B oundaries | Scale and Convverzion Factors

=" ¥ Ammonia [ma/L) -
----- ¥ |1=10)=41K=10 A
----- '2! [=3]=4k=10

----- g¥ 1=23)=43K=10

----- g% 1=8J=16K=10

----- '2! [=121=24K=10

----- g% 1=14J=34K=10

----- Og¥ 1=24)=41K=10

----- gt 1=25)=37K=10 i
Time Functions

Date Time Yalue

=+ Insert — [Delete ﬂ Drelete all ﬁ Graph

Copy m Fazte Fill /Calz Import

J Ok x Cancel |

Figure 35- Click on Ammonia (+) and list of boundary segments is displayed.

K=10 is WASP7 surface layer. Boundary data is entered for all 10 vertical layers for each of the boundary
locations.
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e I | P i

Boundaries | Scale and Conversion Factors I

El@' Boundaries .
=¥ Ammoria [mgdl) E

o3

----- |=10)=41K=10
a3

----- |=31=4k=10

----- E& |=22l=43K=10

----- Ba¥ |=8)=1Ek=10

----- E& I=121=24K=10

----- BaF |=14)=34K=10

----- S 1=24)=41K=10

Time functions faor segment 173 [1=100=41£=10], Armmonia [mgsL]

Date Time Value Interpalation

- 1/1/1992 0:00 1 | Linear -
12/30/1992 2300 1

=+ Insert — [Delete ﬂ Drelete all ﬁ Graph

Copy m Fazte Fill /Calz Import

J Ok x Cancel |

Figure 36- Click on segment 1=10 J=41 K=10 and the default setting of 1.0 for boundary condition data
is displayed in the Time Function screen.

Ammonia boundary value of 1.0 is set for begin date/time 1/1/1992 00:00 and end date/time
12/30/1992 23:00. WASP7 assigns a default setting of 1.0 for all boundary conditions for all state
variables. WASP7 boundary segments are setup with linkage data for the EFDC grid cell model domain.
When setting up a new WASP7 project, EPA recommends that a model run be executed at this point to
test that the data provided by EFDC hydrodynamic linkage will result in a stable WASP7 model solution.
Next step is to go to main screen and execute the WASP7 model to test the boundary settings of 1.0.
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:_/DSEII

il |
- USEPA WASP: C\Models\WASPT\Projects\EFDCWASPLINK\LakeExample\LakeExample.wif (DSI Lake Example, Eutrophic... 2 |o() e S

File Project Pre-processor Model Post-Processor  Help

Ds@ o &Wio|Ol K=l |7l 4] Bl

Ammonia | MNirate | Ortho-P Chl-a BOD[1]1 | BOD(2) | BOD[3) DO Org-N Org-P Salinity | Detritus | +

0.000000 | 0.000000 | 0.000000 | 0000000 | 0000000 | 0000000 @ 0.231414 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0.000000 | 0.000000 | 0.000000 | 0000000 | 0000000 | 0.000000 | 0.000000 | 0163803 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0.000000 | 0.000000 | 0.000000 | 0000000 | Q000000 | 0000000 @ 0000000 @ 072314 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0.000000 | 0.000000 | 0.000000 | 0000000 | 0000000 | 0000000 | 0000000 | 0214402 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0.000000 | 0.000000 @ 0.000000 | 0000000 | 0000000 [ 0.000000 | 0.000000 | 0163325 | 0.000000 | 0.000000 | 0.000000 | 0.000000

0.000000 | 0.000000 | 0.000000 | 0.000000 | 0000000 | 0000000 | 0.000000 | 0386756 | 0.000000 | 0.000000 | 0.000000 | 0000000 | <
b

CEIME

a @ | =

' I Serving Disp D ata &
& Serving BC Data

I Getting Kinetic: Constants

Periphytan D:C set to default = 4.0

Periphytan M:C st to default = 0.01

Periphytan P:C set to default = 0.0011

Phytoplarkton D:C zet b default = 2.5

Phytoplarikton M:C get to default = 0,25

Phytoplarkton P:C zet to default = 0.025

Light option unspecified; Defaulting to Steele Light Option 1 [hon-diel]

Reaeration Theta Set to 1.024

Covar Method being used to calculate reaeration

Qwpgen: Carbon Set to 2,66

Optimal Algal Light S aturation Set to 300,

Carbor::Chlorophyll Ratio Mot Set, Defaulting to 30 ||
Fraction of Algal Dieath that Recycles to Organic Mitrogen Mot Set, Defaulting to 1.0
Fraction of Algal Dieath that Recycles to Organic Phosphoruz Mot Set, Defaulting to 1.0
Fraction of Detrituz to BOD Spstems Mot Specified, All Detrituz goes to BOD(T)
{Fraction of Denitirification Carbon Source Mot Specified, All Denitiification Carbor will be: rermoved from BOD(] § -

Stop Twbo  |Simulation Time: 14441332 21:23:39 Time remaining: 5:16:47

—— = - e

m

B (o5 o3 oo 0a3 a3 ool 023 0o o oo 5aD o 0o} 03 053 o3

Figure 37- Click on Model and execute WASP7.

Figure 37 shows screen display when WASP7 is executing. Estimate of time remaining for model run is
shown at lower right of screen.

www.eemodelingsystem.com 41



http://www.eemodelingsystem.com/

[_/DS\I

LLC

EL TextPad - C:\Models\WASPT\Projects\EFDCWASPTLINK)| akeExamplelLakeExample.OUT " [
File Edit Search View Toeols Macros Configure Window Help
CAModels\WASPT\Projects\EFDCW... ] - X
Water Juality Analysis Simnulation FProgram (WASE) —
Developed : L
Us EFa
Hational Exposure Hessarch Laboratory

Ecosystems Resesrch Division
960 Collegse Station Road
Athens, G4 30605
For Technical Support:
Enail: wool.tim@=pa . gow
Voice: 404-562-9260
Version 7.41
Compiled on: Date: June 2010

MHaximum Paramsters for this Model

Sy=temn=: 16 Segment=s: 7401 Breal. Point=: 1
Farameters: 47 Constant=: a0n EBoundary Cond: a7o
Waste Loads: 150 Print Interwal: o] Time Function: 23
Max Flow Pairs: 22203 Max Flow Functions: 50
Simulation Start Time: 1~ 11992 o: o: 0
Humber of Segment=s ———3 1950 Humber of Sv=tems ——3 16

“« (11} 2

1 1 Read Owr Block Sync Rec Caps

= =

Figure 38- WASP7 run has completed successfully.

The linkage of EFDC water temperature with WASP7 water temperature is checked with the WASP7

post-processor. Water temperature is extracted for Wasp7 segment 7 (surface layer) and segment 1762
(bottom layer) (see Figure 39). A lookup table WASP7SEG_EFDCIJK.DAT is written by EFDC to provide a

mapping from EFDC (l,J,K) grid cell coordinates to WASP7 segment numbers and vertical layers (see
Figure 40). The upper and lower panel shows the mapping of EFDC grid cell L=8 |1=4 J=5 for the surface
layer (EFDC K=10, WASP7 Layer=1) and the bottom layer (EFDC K=1 WASP7 Layer=10) to WASP7

Segment 7 (surface) and Segment 1792 (bottom).
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f. ViewPlan: 2D XY Viev

Viewing Opt's

EFDC-WASP7 Llnkage(EE7.1), DSl Lake Water Quality Model -

Time: 2556
lL="8:1,j= 4.5
.Y = 314168.172,3942151.563
D=, Dy = B16.600 [m), 747.100 (m) 'y
Bot El = 133.272 (m) 3 “Options— [4]

Depth = B0.728 (m) ® No Labels
. ) Show | &J's

O ShowL's

Cell Indexes /-
IS Show East[
: Show South [

Transparent[
iSkip: 1
1 Skip: 1

Reset List

[ Show Mask

X Show Grid

| Metric |X:311,908.9

Figure 39-EFDC and WASP7 grid cell selected to extract water temperature results.
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I R asp\WASPTSE... E

WASPTL 1Mewi\LakeExample'#c
|| : File Edit Search View Tools Macros Cenfigure Window Help
|| - C\Models\EFDC\Projects\EFDCWAS... | - X
B 81 g R g g R g R gt g g R R g =
t File = WASP?SEG_EFDCIJE . DAT i
# Field#l = EFDC Cell L-Humber 1
# Field#2? = EFDC Cell I-Index
# Field#3 = EFDC Cell J-Index
¥ Field#4 = EFDC Cell E-Lawver [l=Bottom KC=Surface]
# Field#5 = WASE Segment Humber
¥ Field#s = WASF Segment Layer [KC=Bottom;l=Surface]
######################################################
2, 3. a.1o. 1.1
3. 4, a.1o. 2.1
4, 3. .10, 3.1
5. i, 4,10, i, 1
6. 5. 4.10. 5.1
= 2= S0 E—1
g. 4, 5.10, 7.1
ER 5. 5. 10, 5. 1
10. b. 5.10. 9.1
11. 3. 6,10, 10, 1
12, 4, 6,10, 11, 1
13. 5. 6.10. 12,1
14, b, 6,10, 13,1
15, 7. 6,10, 14, 1
16. a. 6.10. 15, 1
17. 3. 7,10, 16, 1
13, 4, 7,10, 17, 1 -
4 r
1 1 Read | Owr Block Sync Rec Caps
< JCWASPTLIN

: File Edit Search View Tools

Macros Configure Window Help
_~~ C:\Models\EFDC\Projects\EFDCWAS... | v X
195, 23, 42, 2, 1754, 9 —
196, 23, 43, 2, 1755, 9 -
2, 3. 3, 1, 1756.10
3. 4, 3., 1, 1757.10
4, 3:2 4, 1, 1758.10
5. 4, 4, 1, 1759.10
6, 5. 4, 1, 1760,10
7 = 13176118
8. 4, 5.1, 1762.10
9. 5. 5. 1, 1763.10
10, 6. 5. 1, 1764.10
11. 3. 6, 1, 1765.10
12, 4, 6., 1, 1766.10
13, 5. 6, 1, 1767.,10
14, 6. 6, 1, 1768,10
155 T 6, 1, 1769.10
16, 8. 6, 1, 1770,10 i !
17, 3. 7,1, 1771.,10 (4
18, 4, 7.1, 1772.10
19, 5. 7.1, 1773.10
20, 6. 7. 1, 1774.10 24
< »
1747 28 Read Ovr Block Sync Rec Caps

For Help, press F1

Figure 40-WASP7SEG_EFDCUK.DAT Lookup Table from EFDC (1,J,K) to WASP7 (Segment, Layer)
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F ™

Could not load the specified file

Organize v E Open ~ Burn New folder

—

Name Date modified Type Size

-

7 Favorites
@ Inorganic_Solids.csv 5/30/2013 5:13 PM Microsoft Office E... 1,984 KB
. Libraries |E LakeExample.BMD 5/30/20135:08 PM  MOVEM 0 KB
|| Documents || LakeExample.MSB 5/30/20135:05PM  MSB File 0KB
J" Music =] LakeExample.OUT 5/30/2013 5:08 PM OUT File 2,864 KB
|&=] Pictures 3 e LakeExample.wif 5/30/2013 5:08 PM WASP Input File 1,554 KB
E Videos | LOG.TXT 5/28/20131:28 PM Text Document 3 KB
i5}) Segment_Depth.csv 5/30/2013513PM  Microsoft Office E... 1,984 KB
+& Homegroup i3] Total_Depth.csv 5/30/20135:13PM  Microsoft Office E... 1,984 KB
|| WASP7-LAKE-SEG7-WTEMP.TXT 5/30/20131:11 PM Text Document 93 KB
1% Computer | WASP7-LAKE-SEG1762-WTEMP.TXT 5/30/2013 1:11 PM Text Document 93 KB
{ﬂ 0S(C) C:ﬂ Water_Temperature.csv 5/30/2013 5:13 PM Microsoft Office E... 1,984 KB

a My Passport (E:) §%)) Water_Velocity.csv Type: Microsoft Office Excel Comma Separated Values File } 1,984 KB
Size: 1.93 MB
Date modified: 5/30/2013 5:13 PM
LakeExample.BMD State: 28 Shared SiZer U bytes "SRared With: Everyone
MOVEM Date modified: 5/30/2013 5:08 PM Date created: 5/30/2013 5:05 PM

-

Figure 41- Select BMD file for post-processing time series results

www.eemodelingsystem.com 45



http://www.eemodelingsystem.com/
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Data | Representation | Miscellaneous |

_ Diata Source Predicted data
C:AMODELSYWwWaSPYSFPRO.
* Predicted
{" Obzerved
{" Calculated - @ 5
W ariables Seqgment
Depth m SH1: 1=31=3K=10 -
Tatal Depth [m SH2: 1=41=3K=10 D
SH3: 1=31=4k=10
wind mdsec SH4: 1=41=4K=10
Wel mizec SHE: I=hl=4K=10
Ihiarg Solids mogsL SHE: 1=31=5K=10
POM mgdL |=4.J=5k,
T55 madlL |=Rl=

www.eemodelingsystem.com

QK I Cancel Apply

Figure 42-Select Water Temperature for viewing in S#7 1=4 J=5 K=10.

This is a surface layer segment near the dam in the forebay shown in the grid cell map (Figure 40).
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File Edit View XVPlot Window Help

o Flede

XV Plot - Chart|
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Figure 43-Water temperature for Wasp7 segment 7 at forebay, Surface layer.

[i] Po 3

File Edit View XYPlot Window Help

2 =

< || &85 E| w2 ealm | = |

Figure 44-Water temperature for Wasp7 segment 1762 at forebay, Bottom layer.
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WASP7 Boundary Condition Input for 3D Lake Problem

After it has been confirmed that the EFDC-WASP7 model linkage works correctly with the default
boundary values of 1.0, the user must setup the time series data for the actual boundary conditions and
kinetic constants for each state variable and each boundary segment and each vertical layer for the
WASP7 project.

Model Parameters and Kinetic Coefficients Input for 3D Lake Problem

EFDC model parameters and kinetic coefficients used for the 3D Lake problem are given in the EFDC
WQ3dWC.INP input files and screens for the water quality model. The user can use the parameters and
kinetic coefficients developed for the EFDC lake water quality model to assign input to the WASP7 model
‘Constants’.

WASP7 Model Output and Post Processing Results

Output Control allows the user to write CSV files for selected model output variables. Data is written to
CSV files as a flat data block file for all time intervals for all segments. CSV files are selected for a number
of model output variables as shown in screenshot below.

[ s Cutput Control [ =HEc ﬂh,r

Descnption Urnits Output | CSY =+

1 ent Depth meters x| x|

2 Tatal Depth MWertical] m x| x|

3 |Water Temperature C x| x|

4 |Wind Speed mizec x| I

B [water Velocity mésec x| x|

5 [rarganic Solids masL x| x|

T |Particulate Organic Matter mgsL x| I

8 |Total Solds gL x| I

9 |Porosity fraction x| Il

10 | Salinity ppt x| I

11 | Dizsolved Oxpgen mgsL x| I

12 | DO Minimum gL x| I

13 | Pt bl swienn i - =] (il i

4 I

W OF X Cancel |

Figure 45- Output Control selection of CSV files for 3D Lake problem
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» Computer » OS(C:) » Models » WASP7 » Projects » EFDCWASP7LINK » LakeExample v ; Search LakeExample :

Organize v @ Open Print Burn New folder

- =
Y% Favorites “  Name Date modified Type

|@ Inorganic_Solids.csv 5/30/2013 5:20 PM  Microsoft Office E... 5136 KB |
- Libraries |@ Segment_Depth.csv 5/30/2013 5:20 PM  Microsoft Office E... 5,136 KB I
Documents |54 Total_Depth.csv 5/30/20135:20 PM  Microsoft Office E... 5136 KB|
J Music |$_&] Water_Temperature.csv 5/30/2013 5:220 PM  Microsoft Office E... 5136 KB I
|| Pictures g @ Water_Velocity.csv 5/30/2013 5:20 PM  Microsoft Office E.., 5,136 KB I
B Videos =] LakeExample.BMD 5/30/2013 5:20 PM  MOVEM 101,691 KB
|| LakeExample.MSB 5/30/20135:20 PM  MSB File 16 KB
+& Homegroup ] LakeExample.OUT 5/30/20135:08 PM  OUT File 2,864 KB

| LOG.TXT : ext Document 3KB

! [ % 5 x Type: OUT File
18 Computer || WASP7-LAKE-SEG7-WTEMP.TXT Size: 279 MB Document 93 KB

ﬁ 0S (C) || WASP7-LAKE-SEG1762-WTEMP.T| Date modified: 5/30/2013 5:08 PM Document 93 KB
s My Passport (E:) e LakeExample.wif 5/30/2013 5:08 PM WASP Input File 1,554 KB

-

5 items selected State: 2B Shared Size: 25.0 MB Shared with: Everyone
Date modified: 5/30/2013 5:20 PM Date created: 5/30/2013 5:04 PM

Figure 46- Output CSV files written for 3D Lake problem.
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Comparison of Model Results for EFDC and WASP7 Models

Results are extracted from EFDC and WASP7 for surface and bottom layer water temperature for a grid
cell in the forebay of the lake (see Figure 39). The time series comparison of model results is shown in
Figure 47. As can be seen in the plot, the results match exactly since water temperature is provided to
WASP7 in the HYD file linkage.

A B85 Wa) e ] s 4= 8=t % e

EFDC-WASPT Linkage(EEY.1), DSl Lake Water Quality Model

20

Temperature (*C)

Legend
i=4 j=5.k=1 (EFDC BOT)
i=4 j=5.k=10 (EFDC SFC)
JIWASPT SEG 1762 EFDC 194 J=5 K=1] BOT
[WASPT SEG 7 EFDC |=4 J=5 K=10] SFC

Jan 82 Feb 92 Itar 92 Apr 92 May 92 Jun 82 Julgz Aug 82 Sep 92 Qet 92 Hov 92 Dec 92
Time (days)

Figure 47- EFDC and WASP7 results for water temperature at grid cell 1=4, J=5, K=1 & K=10.
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Comparison of Run Times for EFDC and WASP7 Models

The specifications for the computer used for the EFDC and WASP7 model runs for the 3D Lake problem
are shown in Figure 48. The run time for a 365 day simulation for the EFDC 3D lake model is given in
Error! Reference source not found.. Total elapsed time for the computer using a single thread was 2.0
hrs. The run time for the lake model with the same computer using 4 threads was 1.1 hrs. The EFDC
model simulated hydrodynamics, sediment transport, water quality and sediment diagenesis. The run
time for the WASP7 3D lake model, shown in Error! Reference source not found., was 5 hrs. The WASP7
model used the linked HYD model for hydrodynamics and simulated sediment and water quality.

@uv‘j » Control Panel » All Control Panel ltems » System v I 47‘ [ Search Control P.., O [
File Edit View Tools Help
Control Panel H ® z
ontrol Panel Home " oricce .
View basic information about your computer
& Device Manager Windows edition
F/ Remote settings Windows 7 Ultimate
) System protection Copyright @ 2009 Microsoft Corporation. All rights reserved.
“:,‘ Advanced system settings Service Pack 1
System
Manufacturer: Dell 1
Model: Latitude E6420
Rating: m Windows Experience Index
Processor: Intel(R) Core(TM) i7-2720QM CPU @ 2.20GHz 219 GHz
Installed memory (RAM):  8.00 GB (7.88 GB usable)
System type: 64-bit Operating System
Pen and Touch: No Pen or Touch Input is available for this Display
Dell support
Website: Online support
See also Computer name, domain, and workgroup settings |3
Action Center Computer name: DSI-L01 “‘_}‘Change settings
Windows Update Full computer name: DSI-L01
Performance Information and Computer description: Paul Craig Laptop
ok Workgroup: DS-INTL

Figure 48-Specifications for Windows 7 Computer used for EFDC and WASP7 model runs.
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Table 1 EFDC_DSI and WASP runtimes.
Water Quality Model Run Times
Number of Horizontal Cells 195
Number of Layers 10
Simulation Period 1 Year
CPU Time
Number of Used
Processors (Hrs) Speed!
WASP 1 6.43 -
EFDC with Hydrodynamics and Water Quality 1 2.12 3.0
2 1.38 4.7
4 1.07 6.0

! Ratio of WASP run time to EFDC_DSI.
e.g. EFDC_DSI with 4 processors is 6 times faster than WASP

## End EFDC-WASP7 Linkage Documentation ##
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